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Preface 




CONTENT 

Large Animal Internal Medicine is an encyclopedic volume 
for the large-animal veterinarian working with horses, 
cattle, sheep, or goats. Using the same popular format as 
the third edition, this edition provides the most current 
information available by utilizing over 190 experts as 
authors. This edition contains five entirely new chapters 
and more than 450 illustrations. Many sections have been 
strengthened by the addition of outstanding new authors, 
and chapters have been revised and improved with new 
references added. 

PROBLEM-ORIENTED APPROACH TO 
DISEASE DIAGNOSIS 

The catch-22 of most textbooks is that the clinician must know 
the diagnosis to locate and read about a specific disease. Large 
Animal Internal Medicine is a multiauthored text that allows the 
clinician to use the problem-oriented approach to the diagno¬ 
sis of diseases of horses, cattle, sheep, and goats. Over 130 clin¬ 
ical signs or manifestations of disease are discussed. They are 
listed alphabetically on pp. 21 and 22; this list can be used to 
locate a particular manifestation of disease. These same mani¬ 
festations are listed by organ system at the beginning of Chap¬ 
ters 3 to 14 (Part Two of the book). A favorite feature of the 
previous editions is the differential diagnosis boxes. We have 
retained these invaluable diagnostic tools in this edition. 
Throughout Part Two, complete lists of common, less com¬ 
mon, and uncommon diseases associated with manifestations 
or signs of disease are given in these easy-to-find boxes (see pp. 
xx to xxi for examples). The clinician is given an approach to 
each manifestation of disease and a method to work toward 
a diagnosis. The pathophysiology of a particular manifestation 
of disease is concisely summarized. Even if a final diagnosis is 
not reached, the animal with diarrhea, cough, or other prob¬ 
lem can be treated symptomatically, a practice that is com¬ 
monly used in the everyday world. 

Similarly, abnormalities in laboratory test results are dis¬ 
cussed in Part Four, and complete lists of diseases associated 
with a given laboratory abnormality are found in easy-to-read 
boxes (see p. xxi for an example). Interpretation of abnormal¬ 
ities in clinical chemistry, hematology, blood proteins, and 
clotting tests is made easy. For example, if the problem is ele¬ 
vated serum calcium, the causes of hypercalcemia are dis¬ 
cussed concisely, and lists of diseases are given. The clinician 
can then proceed to a rational approach to the particular labo¬ 
ratory abnormality. Many readers have found the table for con¬ 
version from "American" units to SI units extremely useful. 

ORGANIZATION 

The basic organization has not changed from the third edi¬ 
tion. ITte book is divided into seven parts: 


PART ONE: History, Physical Examination, and Medical 
Records 

PART TWO: Manifestations of Disease 
PART THREE: Disorders and Management of the Neonate 
PART FOUR: Collection of Samples and Interpretation of 
Laboratory Tests 

PART FIVE: Disorders of the Organ Systems 
PART SIX: Preventive and Therapeutic Strategies 
PART SEVEN: Congenital, Hereditary, Immunologic, and 
Toxic Disorders 

A detailed discussion of each disease is contained in Parts 
Five, Six, and Seven of Large Animal Internal Medicine. Once 
the reader has a list of diseases that fit the current problem, 
specific diseases can be found in these final sections of 
the book. The organization is that of a traditional disease- 
oriented text: 

Definition and Etiology 

Clinical Signs and Differential Diagnosis 

Clinical Pathology 

Pathophysiology 

Epidemiology 

Necropsy Findings 

Treatment and Prognosis 

Prevention and Control 

Pan Five is organized according to body system and 
includes internal medicine approaches. Diagnostic tests 
used in that system are delineated, including ultrasound, 
endoscopy, radiography, thermography, computed tomog¬ 
raphy, magnetic resonance imaging, sample collection tech¬ 
niques, electrocardiography, cerebrospinal fluid collection, 
and biopsy of organs. Numerous illustrations include 
photographs, ultrasound images, radiographs, electrocar¬ 
diogram tracings, and endoscopic views. These chapters 
are written by experts in the field of large animal internal 
medicine and give details of the most up-to-date treatments 
available. Large Animal Internal Medicine complements exist¬ 
ing texts dealing with current therapy. 

A neonatal disease section (Part Three), organized by 
presenting problem, discusses everything from diarrhea to 
septicemia of foals, calves, lambs, and kids. To aid the clini¬ 
cian in arriving at the proper diagnosis, lists of diseases are 
given for each manifestation of neonatal disease and are 
presented in Chapters 19 and 20. Chapters 51 and 52 deal 
with genetic disorders and genetic tests, most of which have 
only recently been developed. Differences in approach to 
diagnosis or treatment of neonates and adult animals are 
cross-referenced throughout the text. 

Preventive and Therapeutic Strategies, Part Six, includes 
chapters with practical information on critical care and fluid 
therapy, antimicrobial therapy, infection control, prevention 
and detection of foreign animal diseases, vaccines and vaccina¬ 
tion programs, and parasite control programs. Chapter 50 
addresses nutrition of the sick animal and gives formulas for 
both enteral and parenteral support. 
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Preface 




CONTENT 

Large Animal Internal Medicine is an encyclopedic volume 
for the large-animal veterinarian working with horses, 
cattle, sheep, or goats. Using the same popular format as 
the third edition, this edition provides the most current 
information available by utilizing over 190 experts as 
authors. This edition contains five entirely new chapters 
and more than 450 illustrations. Many sections have been 
strengthened by the addition of outstanding new authors, 
and chapters have been revised and improved with new 
references added. 

PROBLEM-ORIENTED APPROACH TO 
DISEASE DIAGNOSIS 

The catch-22 of most textbooks is that the clinician must know 
the diagnosis to locate and read about a specific disease. Large 
Animal Internal Medicine is a multiauthored text that allows the 
clinician to use the problem-oriented approach to the diagno¬ 
sis of diseases of horses, cattle, sheep, and goats. Over 130 clin¬ 
ical signs or manifestations of disease are discussed. They are 
listed alphabetically on pp. 21 and 22; this list can be used to 
locate a particular manifestation of disease. These same mani¬ 
festations are listed by organ system at the beginning of Chap¬ 
ters 3 to 14 (Part Two of the book). A favorite feature of the 
previous editions is the differential diagnosis boxes. We have 
retained these invaluable diagnostic tools in this edition. 
Throughout Part Two, complete lists of common, less com¬ 
mon, and uncommon diseases associated with manifestations 
or signs of disease are given in these easy-to-find boxes (see pp. 
xx to xxi for examples). The clinician is given an approach to 
each manifestation of disease and a method to work toward 
a diagnosis. The pathophysiology of a particular manifestation 
of disease is concisely summarized. Even if a final diagnosis is 
not reached, the animal with diarrhea, cough, or other prob¬ 
lem can be treated symptomatically, a practice that is com¬ 
monly used in the everyday world. 

Similarly, abnormalities in laboratory test results are dis¬ 
cussed in Part Four, and complete lists of diseases associated 
with a given laboratory abnormality are found in easy-to-read 
boxes (see p. xxi for an example). Interpretation of abnormal¬ 
ities in clinical chemistry, hematology, blood proteins, and 
clotting tests is made easy. For example, if the problem is ele¬ 
vated serum calcium, the causes of hypercalcemia are dis¬ 
cussed concisely, and lists of diseases are given. The clinician 
can then proceed to a rational approach to the particular labo¬ 
ratory abnormality. Many readers have found the table for con¬ 
version from "American" units to SI units extremely useful. 

ORGANIZATION 

The basic organization has not changed from the third edi¬ 
tion. ITte book is divided into seven parts: 


PART ONE: History, Physical Examination, and Medical 
Records 

PART TWO: Manifestations of Disease 
PART THREE: Disorders and Management of the Neonate 
PART FOUR: Collection of Samples and Interpretation of 
Laboratory Tests 

PART FIVE: Disorders of the Organ Systems 
PART SIX: Preventive and Therapeutic Strategies 
PART SEVEN: Congenital, Hereditary, Immunologic, and 
Toxic Disorders 

A detailed discussion of each disease is contained in Parts 
Five, Six, and Seven of Large Animal Internal Medicine. Once 
the reader has a list of diseases that fit the current problem, 
specific diseases can be found in these final sections of 
the book. The organization is that of a traditional disease- 
oriented text: 

Definition and Etiology 

Clinical Signs and Differential Diagnosis 

Clinical Pathology 

Pathophysiology 

Epidemiology 

Necropsy Findings 

Treatment and Prognosis 

Prevention and Control 

Pan Five is organized according to body system and 
includes internal medicine approaches. Diagnostic tests 
used in that system are delineated, including ultrasound, 
endoscopy, radiography, thermography, computed tomog¬ 
raphy, magnetic resonance imaging, sample collection tech¬ 
niques, electrocardiography, cerebrospinal fluid collection, 
and biopsy of organs. Numerous illustrations include 
photographs, ultrasound images, radiographs, electrocar¬ 
diogram tracings, and endoscopic views. These chapters 
are written by experts in the field of large animal internal 
medicine and give details of the most up-to-date treatments 
available. Large Animal Internal Medicine complements exist¬ 
ing texts dealing with current therapy. 

A neonatal disease section (Part Three), organized by 
presenting problem, discusses everything from diarrhea to 
septicemia of foals, calves, lambs, and kids. To aid the clini¬ 
cian in arriving at the proper diagnosis, lists of diseases are 
given for each manifestation of neonatal disease and are 
presented in Chapters 19 and 20. Chapters 51 and 52 deal 
with genetic disorders and genetic tests, most of which have 
only recently been developed. Differences in approach to 
diagnosis or treatment of neonates and adult animals are 
cross-referenced throughout the text. 

Preventive and Therapeutic Strategies, Part Six, includes 
chapters with practical information on critical care and fluid 
therapy, antimicrobial therapy, infection control, prevention 
and detection of foreign animal diseases, vaccines and vaccina¬ 
tion programs, and parasite control programs. Chapter 50 
addresses nutrition of the sick animal and gives formulas for 
both enteral and parenteral support. 
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POPULAR FEATURES RETAINED 

COLOR INSERTS. Chapter 32, Diseases of the Alimen¬ 
tary Tract, has color plates that give endoscopic views of 
equine alimentary tract disorders. Chapter 39, Diseases of 
the Eye, contains color plates of ophthalmologic conditions 
that are best seen in full color. 

PRINTED ENDPAPERS. The printed endpapers found in 
the front and back of the text provide information that is 
referred to frequently: 

Manifestations of Disease 
Manifestations of Disease in the*Neonate 
Clinical Chemistry: Normal Ranges for Large Animals 
Normal Values for Erythron Data in Ruminants and the 
Horse 

Normal Values for Leukogram Data (Adult Animals) 
Normal Values for Hemostatic Data in Ruminants and 
the Horse 


NEW TO THIS EDITION 

NEW TOPICS. The range of new topics is extraordinary. 
Every chapter has been thoroughly updated. A sampling 
of new topics includes collection and evaluation of bone 
marrow, antigen detection tests and PCR, new aspects of 
critical care, infection control methods for a large animal 
hospital, prevention, detection, and response to foreign 
animal diseases, new genetic tests, new tests for Clostrid¬ 
ium difficile, and new findings on bovine viral diarrhea 
infection. New ultrasound images are widely used, 
National Research Council tables have been updated, 
the neonatal sections are extensively revised, new findings 
in the etiologies of pinkeye are described, legal require¬ 
ments for use of pharmaceuticals in food animals, and 
vaccine advances, advances in treating headshaking in 
horses, and advances in endocrine and muscle disorders 
have been added. 


INDEX 

As a reference, a book is only as good as its index. The index 
of Large Animal Internal Medicine is thorough and extensive, 
making it an easy-to-use reference to find the answer to any 
question you may have. The initial page number given is 
the primary listing. 
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Causes of Icterus in Horses 
LIVER 

Common Causes 

Pyrrolizidine alkaloid toxicity 
Semm-assodated hepatitis 
Acute hepatitis 
Chronic active hepatitis 
Cholangitis or cholangiohepatitis 
Bile stones, other biliary obstruction 
Fasting hyperbilirubinemia 

Less Common Causes 

Aflatoxicosis with liver failure 
Tyzzefs disease (foals) 

Hepatic lipidosis 
Hepatic abscess 

Uncommon Causes 

Black disease (infectious necrotic hepatitis) 
Hemangioma, hemangiosarcoma, angiosarcoma 
Cardiac neoplasm 
Viral arteritis 

Gastric or duodenal ulcers 
Severe ascarid infection 
Lymphosarcoma 

HEMOLYTIC ANEMIA 
Common Causes 

Immune-mediated hemolytic anemia 


Ehrlichiosis (Ehrlichia equi) 

Neonatal isoerythrolysis 

Less Common Causes 

Piroplasmosis (babesiosis) 

Snake bite 
Blood transfusion 
Erythrocytosis 

Uncommon Causes 

Equine viral arteritis 
Leptospirosis 
Bee or wasp sting 
Sulfur toxicity 

Trichloroethylene-extracted feed 

Iron toxicity 

Phosphorus toxicity 

Herbicide toxicity 

Phenothiazine toxicity 

White snakeroot poisoning (tremetol) 

Onions 

Red maple (Acer rubrum) 

Pentachlorophenol toxicity 
Oak toxicity 
Mycotoxicosis 

Surra, Trypanosoma evansi (exotic) 

Mai de caderas, Trypanosoma equinum (exotic) 
Murrina de caderas, Trypanosoma hippicum (exotic) 
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Causes of Icterus in Ruminants 


LIVER 

Bacillary hemoglobinuria (Clostridium hemolyticum) 

Common Causes 

Piroplasmosis, babesiosis (exotic) 

Pyrrolizidine alkaloid toxicity 

Less Common Causes 

Aflatoxicosis 

Snake bite 

Fat cow syndrome (fatty liver) 

Immune-mediated hemolytic anemia 

Less Common Causes 

Transfusion reaction 

Acute hepatitis 

Postparturient hemolytic anemia 

Liver flukes 

Copper toxicity (especially sheep) 

Infectious necrotic hepatitis (black disease) 

Neonatal isoerythro lysis 

Liver abscess 

Yellow lamb disease ( Clostridium perfringens type A) (O) 

Cholangiohepatitis 

Uncommon Causes 

Uncommon Causes 

Anaplasma ovis 

Sarcocystosis 

Eperythrozoonosis 

Hepatic neoplasia 

Bee or wasp sting 

Ruptured gallbladder 

Brassica species toxicity 

Cholelithiasis 

Trichloroethylene-extracted feed toxicity 

Biliary obstruction 

Iron toxicity 

Nolina (beargrass) toxicity 

Onion poisoning 

Lantana toxicity 

Zinc poisoning 

Agave toxicity 

Phosphorus poisoning 

Wesselsbron disease (exotic) (B, O) 

Mercury poisoning 

HEMOLYTIC ANEMIA 

Fireweed (Kochia scoparia) poisoning 

Common Causes 

Mycotic lupinosis 

Leptospirosis 

Anaplasmosis 

Mycosporum poisoning 

Theileriosis (East Coast fever) (exotic) 


B, Bovine; O, ovine. 


Causes of Elevations in Serum Enzymes 

ELEVATION OF SDH 
Common Causes 

Acute liver failure 
Liver abscess 

Secondary to damaged bowel 
Strangulating intestinal lesion 
Acute toxic enteritis 
Chronic liver failure 
Less Common Causes 
Acute and severe anemia 
General anesthesia 
Anoxia 

ELEVATION OF GGT 
Common Causes 

Acute liver failure 
Chronic liver failure 
Pyrrolizidine alkaloid toxicity 
Aflatoxicosis 
Cholangiohepatitis 
Cholelithiasis 
Liver flukes 
Uncommon Causes 

Higher normal range in young animals 
Fatty liver 

ELEVATION OF AP 
Common Causes 

Acute liver failure 
Chronic liver failure 
Pyrrolizidine alkaloid toxicity 
Cholangiohepatitis 
Cholelithiasis 
liver flukes 
Uncommon Causes 

Higher normal range in young animals 
Fatty liver 

ELEVATION OF CPK 
Common Causes 

Exertional rhabdomyolysis (azoturia, myositis, tying-up) 


Nutritional myodegeneration (selenium, vitamin E 
deficiency) 

Postendurance ride multisystemic disorder 
Alert downer cow syndrome (muscle crush syndrome) 
Malignant hyperthermia 
Malignant edema 

Prolonged recumbency with inability to rise 

Uncommon Causes 

Normal postexercise or postshipping modest increase 

Acute cardiomyopathy 

Purpura hemorrhagica 

Equine influenza 

Sarcosporidiosis 

Local irritation from intramuscular injections 

ELEVATION OF LDH 
Common Causes 
Muscle Disease 

Exertional rhabdomyolysis (azoturia, myositis, tying-up) 
Nutritional myodegeneration (selenium, vitamin E 
deficiency) 

Postendurance ride multisystemic disorder 
Alert downer cow syndrome (muscle crush syndrome) 
Malignant hyperthermia 
Malignant edema 
Liver Disease 

Acute liver failure 
Chronic liver failure 
Cholangiohepatitis 
Cholelithiasis 
In Vitro Hemolysis 
Uncommon Causes 
Hemolytic anemia 
Acute cardiomyopathy 
Purpura hemorrhagica 
Equine influenza 
Sarcosporidiosis 

Local irritation from intramuscular injections 
Fatty liver 







Use of the 

Consultant Diagnostic Database 

for Development of This Textbook 

MAURICE E. WHITE 

uni" •» in, . 


The writing of each edition of Large Animal Internal Medicine 
has been facilitated by the online diagnostic system CfrruirF 
tant 1 Omsidfanf contains information on diseases described 
in the veterinary literature: 1183 diseases of cattle; 1165 of 
horses; 808 of sheep; 662 of goats; 606 of pigs; 1491 of 
dogs; 1046 of cats; and 395 of birds at the time this is being 
written For each disease there is a brief description, refer¬ 
ences, links to the ever-expanding number of online journal 
articles, and clinical signs that might he seen. Information 
in CcmsuJtom is updated daily based on review of periodical 
literature available online and on paper through the Flower- 
Spreeher Veterinary library at Cornell University. Consultant 
is on the Web at h tip ://www vet. Cornell edu/consul tant/ 
consult.asp; in 2006 it received about 1.3 million page 
views from 380,000 visits. 

Two characteristics of Consultant are the keys to its use for 
this textbook. Online editing is rapid, and information from 
the literature appears in the database quickly; this rapid 
updating combined with the large number of information 
sources allows Comidtan f to contain a breadth of up-to-date 
material that is difficult to find elsewhere, including infor¬ 
mation on poisonings, rare diseases, or diseases exotic to 
North America. The second important factor is the ability 
of the user to enter a clinical sign or signs (eg., cough, colic, 
abortion) for a given species and be presented with a list of 
diseases for which that sign or signs have been reported. 

How was Consultant used for development of Large Ani¬ 
mal Internal Medicine? Much of this textbook is organized 
by dinical signs Consultant provided a broad overview of 
possible causes for dinical problems that authors were 
encouraged to incorporate into their lists of differential 
diagnoses. Contributors were encouraged to compress, 
rank, and add to Consulmnregenerated lists on the basis of 


clinical experience. The use of the database in this fashion 
facilitated the organization of sign-based chapters, 

Consultant and this textbook are symbiotic. The database 
can be thought of as a generalist that "knows" some up-to- 
date information on almost every disease in veterinary med¬ 
icine Despite that, it remains merely a tool for the clinician 
who uses it For example, there are dozens of causes of epi- 
staxis in the horse and it is simple to get a complete list of 
them and other information from Cdmuftam. The clinician 
must take that list and decide which causes to pursue in 
an individual patient, in what order, by what means, at 
what cost and to what Treatment or prognostic end. When 
tough decisions must be made, expert opinions such as 
those found in this book are of great help. 

We are in the nascent stages of new ways of accessing vet¬ 
erinary information—online journal articles; online text¬ 
books; "distributed" textbooks with reviews by experts on 
servers throughoul the world. As 1 write this, the website 
"Veterinary Wiki" has no content and coverage of veterinary 
topics in Wikipedia is spotty, but growth of the Wiki mode 
of handling information seems inexorable.* In spite of these 
trends the printed word remains a popular and effective way 
to capture knowledge. Cooperation such as that between 
Consultant and large AmmaJ Internal Median* allows practi¬ 
tioners and students to benefit from the linkage between the 
tireless memory and ease of retrieval of the computer and 
the convenience of expert knowledge in book form 
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OBTAINING THE HISTORY 

The initial and often the most important step in the diag 
nostic approach to the sick ruminant is the physical exami¬ 
nation. Throughout this process an anamnesis is obtained 
by asking questions of the owner or manager during the 
examination of the animal. The examiner should obtain 
the signalmen* either by observation or by questioning the 
owner. The information that one wishes to obtain while 
taking the history is that related to the chief, or presenting 
complaint—that is. the com plaint the duration, whether 
the onset was gradual or sudden, and any associated signs 
that have been noted For females, one must know when 
the last parturition occurred, and for dairy cows, what the 
production parameters were in the previous lactation as 
welt as in the current lactation. With dairy cows a drop in 
milk production is often the only sign noted by the owner. 
Weight can be either approximated, via heart-ginh measure¬ 
ments, or determined exactly if facilities exist to do so. What 
and how the animal is fed are questions to be asked. Does 
the animal refuse any or all of the feed offered? Is there 
more than one ration or feeding regirnen for this particular 
operation? If so, are these same signs noted in animals 
exposed to different feeding practices? The examiner also 
obtains vaccination and worming history and inquires 
about pasture or housing practices to determine the influ¬ 
ence that management factors have on the incidence of 
the disease. Previous diseases noted in the herd, therapeutic 
regimens used, and resolutions of previous problems are 
pertinent aspects. Finally, the examiner should note the 
treatment history of the patient. An example of a history 
questionnaire that can be used for ruminants is included 
[Fig M). Specific problems that are noted in the history 
or physical examination can be looked up on pp. 2) and 22, 
and lists of differential diagnoses considered 

EXAMINATION 

A complete examination should always be performed even 
if the presenting complaint is easily recognizable. The phys¬ 
ical examination provides the veterinarian with information 
that is used to assess the health status of the patient. This 
information, combined with that obtained while taking 
the history, enables the practitioner to determine which 
specific signs of disease are present and often to localize 
the disease process to specific organ systems. The physical 
examination also helps to determine which ancillary diag¬ 
nostic tests must be performed, Additional information gath¬ 
ered during the examination may reveal disorders other than 
the presenting complaint that warrant further attention and 


may have a profound influence on the prognosis of the case. 
Realistically, economic and temporal constraints preclude 
full examinations in some cases. In these situations the veter¬ 
inarian must be familiar enough with the complete physical 
examination to know which aspects can be excluded and 
which should be performed. 

A systematic approach to the animal must be developed 
and used in every physical examination. The first step is to 
form an initial overall impression by observing the animal 
from a distance. The animal is then restrained and exam¬ 
ined topographically, beginning on one side, moving to 
the other, then evaluating the rear and finally the head 
and neck. Thus individual organs and systems are examined 
completely, although disjointedly, and the information 
gained is correlated to form the complete diagnosis. 

Visual Examination 

As observations are made and a physical examination per¬ 
formed, it is important to follow a systematic approach 
and to record findings. A checklist has been found to be 
extremely useful (Fig. 1-2). While observing the animal 
from a distance, the examiner should assess its posture, gait, 
behavior, and physical condition, Observation of the other 
members of the flock or herd helps to differentiate normal 
from abnormal characteristics under each particular man¬ 
agement system because normal may vary from farm to 
farm and because what is considered "normal" for a farm 
by the owner or herdsman might actually be abnormal; this 
information is valuable for assessing the incidence of a dis¬ 
ease or disorder that is caused by management. As more 
animals in more herds are observed, a background of 
knowledge is gained that allows the practitioner to assess 
these management deficiencies more reliably. 

The general appearance and conformation of the animal 
are included in determining posture. These are assessed in 
light of the age and breed of the patient Determining 
abnormalities in posture can be difficult; however, noting 
these subtle changes can contribute greatly to the diagnosis 
of a disease process. Conformation is recognized by looking 
at the overall size and shape with particular regard to 
height, width, and relationship of the head, neck and legs 
to the trunk. The general appearance of the patient in light 
of overall conformation can then be assessed. Determining 
a body condition score and correlating it with stage of lacta¬ 
tion can offer insight into the course of the presenting com¬ 
plaint, Is the young, growing animal within breed standards 
for size and weight? (See Chapters 9 and 13.) The condition 
of the hair coat and presence of external parasites can be 
noted during the physical examination (e.g., frank hair loss, 
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as seen in louse infestation, or dander and scruffiness of die 
hair coat as seen in chronic debilitating diseases). 

Observe the animal for signs of abdominal splinting or 
arching of the back, as can be seen with peritonitis. This 
posture can also be noted with other disease processes when 


these produce pain in the ventral abdomen. Lateral curva¬ 
ture of the spine could indicate a congenital defect or a 
chronic spina! lesion. Carrying the tail up away from the 
body is seen with conditions resulting in pain or irritation 
in the perineal region, vagina, or rectum. Standing with all 







CHAPTER i Ruminant History, Physical Examination, and Records 


5 





FIG. I -2 M Example of a data sheet far the recording of the peninmi finding* from the physical examtnatKHi 


four legs in the classic "saw-horse" stance with the neck and 
tail held erect is typical of tetanus. Abduction of the elbows 
ts seen in disorders that cause thoracic pain. Lameness can 
be noted by observing unwillingness to bear weight fully 
on the affected Limb, while either standing or walking. Loss 
of extensor or flexor capabilities of the joints is seen in 


nerve paralysis or paresis; it can also be caused by tendon 
and/or joint contractures, in which case joints are rigid. 
Walking as if all four feet are sore may indicate laminitis. 
With bright and alert recumbent animals, a thorou^i exam¬ 
ination to rule out fractures or severe joint trauma is essen¬ 
tial. Once these have been ruled out. inability to stand may 
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be indicative of generalized muscular paresis or paralysis, 
these can be of a primary nature, as with lesions within 
the spinal column causing cord compression, or secondary 
to mineral or electrolyte deficiencies (e.g,, hypocalcemia, 
hypomagnesemia, or hypokalemia). 

To be able to judge the behavior of the animal as being 
normal or abnormal, the observer must call on a large 
amount of experience. Observing the animal from a dis¬ 
tance a Horn assessment of eating and drinking behavior, 
as well as assessment of the subject as it is ruminating, uri¬ 
nating, and defecating How the animal gets up or lies down 
and now it ambulates are important. Signs indicative of 
estrus or signs commonly seen with calving might be con¬ 
sidered normal or abnormal, given the history and behavior 
of the animal during these events. Observing the patient 
during the milking process may also be beneficial The 
influence of the manager on animal behavior is very impor¬ 
tant, as is the overall temperament of the particular breed or 
herd in question Normal animals react to the approach of a 
human being by moving away; however, those that have 
had extensive contact with people may be more inquisitive. 
Within a herd one can note animals that are more tolerant 
than others, more stubborn, more restless, and more anx¬ 
ious These traits are not necessarily abnormal and need to 
be differentiated from behavior that would be considered 
secondary to disease. In general, one must determine 
whether the behavior is one of a depressed or apathetic ani¬ 
mal or of a hyper excitable or frenzied animal. 

Nutritional status and physical condition are assessed by 
means of observation and palpation. Special attention is 
paid to the dewlap, the spinous processes of the thoracic 
and lumbar vertebrae, the shoulder area, and the area 
around the railhead. Determination of body condition will 
then result in a classification of the animal as being any¬ 
where from severely emaciated or cachectic to extremely 
overconditioned or fat (see Chapters 9 and 13 for body 
scores). Next it must he determined whether the condition 
is of a primary or nutritional nature or the result of disease. 
Disease processes can influence or be influenced by the 
animal's body condition. Extremely thin animals are seen 
in primary undernutriiion arid also with chronic disease. 
Females carrying multiple fetuses and lactating animals with 
metabolic abnormalities secondary to abomasal displace¬ 
ments would also show signs of weight loss. Overcondi¬ 
tioned animals are at greater risk for a wide variety of 
disorders primarily related to the accumulation of fa I in 
the liver and excessive fat storage in the omentum. 

Physical Examination 

With the animal properly restrained, the physical examina¬ 
tion can now progress to specific palpation, auscultation, 
and percussion. Obtaining a sample of urine for urinalysis 
is of great value if incorporated into the physical examina¬ 
tion; it is easy to perform with the use of dipsticks such as 
N-Muliistix. Stroking the perineal region can aid in eliciting 
urination in the bovine; however, even this is futile if the 
animal is apprehensive Consequently, it is recommended 
that this be done first, while the patient is still fairly relaxed. 
Jn the male, elicitation of urination is slightly more difficult 
and requires massaging of the preputial orifice. Another 
method is to wash the outside of the prepuce with warm 
water, bin this is less successful In the female sheep and 
goal, stroking the perineal area can be attempted, but posi¬ 
tive results are rarely achieved A method that is more reli¬ 
able bui that causes the animal much greater stress is to 
prevent it from breathing until urination is stimulated. In 
male or castrated male sheep and goats, gentle massage of 
the prepuce sometimes results in urination. If that fails. 


the breath-holding technique can be used. It is recom¬ 
mended that this not be attempted on patients that are 
severely compromised because of any disease process. (See 
Chapter 22 for further information on interpretation of 
the urinalysis ) 

Body temperature is then measured with a recta) ther¬ 
mometer Normal values for each species are given in 
Table 1-1. There are no absolute values, and the upper 
and lower limits should be adjusted as necessary- to account 
for ambient temperature and housing. For example, if the 
ambient temperature is greater than 37.5* C (100 F), a 
body temperature of 39.5* C (10T F) may still be consid¬ 
ered normal for the adult bovine, especially if the animal 
is not allowed access to shade. When body temperatures 
approach 4i : C (106* F), as a result of very high ambient 
temperatures, heat stroke may occur Keep in mind that 
the animal tries to maintain its body temperature within 
these normal limits, and marked deviation from the norm 
would be indicative of a disease process. A markedly ele¬ 
vated temperature is seen in acute, severe inflammatory pro¬ 
cesses. Pathologic lowering of the body temperature is seen 
in disorders that cause an inhibition of metabolism such as 
post part orient paresis, neonatal hypoglycemia, the end 
stages of a chronic disease, or severe septicemia resulting 
from gram-negative bacteria. There is a normal diurnal vari¬ 
ation in body temperature of as much as 0,5° to I 0 C. In the 
female there can also be a slight increase in temperature in 
the days preceding estrus. Neonates are poor thermo regula¬ 
tors and often have a normal body temperature that is 0,5* 
to r C higher than that of adults. 

In the evaluation of the thoracic and abdominal cavities, 
the initial step is the ballottement of the abdomen on the 
right side. An increase in fluid being sequestered imraab- 
dominally could be related to some degree of intestinal or 
ruminal stasis or associated with an increase in peritoneal 
fluid as with peritonitis or ruptured bladder. Ballottement 
can also reveal whether any firm mass such as a fetus, 
impacted abomasum, abscess, or tumor is located in the 
abdomen. In goats the abdominal fat pad is quite promi¬ 
nent and tends to obscure any significant finding on ballot- 
temem. Deep palpation of ilic paralumbar fossa can 
sometimes reveal masses in this region, including lympho¬ 
mas, fat necrosis, or abscesses In goats, lambs, and calves, 
two hands are used to deeply palpate the abdomen; the nor¬ 
mal freely movable left kidney is usually readily palpable. 
On the right side an enlarged or painftil liver or kidney 
can be noted. Palpation of an abnormal swelling or firm¬ 
ness, especially with ihe elicitation of pain, indicates a prob¬ 
lem that must be further evaluated, 


TABLE l-l 

Normal Values for Temperature in the Ruminant l,J 


1 Animal 

Degrees Celsius 

Degrees Fahrenheit || 

CATTLE 

Adult 

38-39 

100,5-102.5 

Calf 

39-40,5 

1013-103 

SHEEP 

Adult 

39-40 

102-103.5 

lamb 

39.5-40 5 

102.5-104 

COAT 

Adult 

38.5-395 

101.5-103.5 

Kid 

39-40.5 

102-104 
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The spinal column and ribcage are then palpated; the 
presence of fractures, enlargement of the costochondral 
functions, or the elicitation of pain is noted. Enlargement 
or fractures of the costochondral junctions are commonly 
seen in young animals with deficiencies of calcium, copper, 
or vitamin D, 

Auscultation with concurrent percussion by snapping the 
finger against the thoracic and abdominal walls is the next 
procedure. Gas trapped within abdominal viscera elidts a 
"pinging" sound that can be heard with the stethoscope. 
Localization of these gas pings to certain areas within the 
abdomen is helpful in determining which alimentary struc¬ 
ture is involved (Figs, 1-3 to 1-5), If the cecum is enlarged 
and gas filled, an abdominal ping can be heard. This can 
extend caudally to the tuber coxae and cranially through 


the paralumbar fossa and under the ribcage on the right side 
(see Fig. 1-3). The diameter of this area can be variable and 
range from 6 inches (15 cm) in a cecal displacement to 3 feet 
(1 m) horizontally in cecal torsions. Spiral colon pings are 
generally localized to the right dorsocraniaf paralumbar 
fossa and rarely extend farther forward than the tenth inter¬ 
costal space. They tend to be round areas 10 inches (25 cm) 
or less in diameter centered high under the last rib (see 
Fig, 1-3) and are commonly found in sick cattle that are ano¬ 
rectic These pings have no specific diagnostic significance. 
Gas pings associated with a right-sided displacement or tor* 
sion of the abomasum can extend as far cranially as the ninth 
intercostal space and caudally into the paralumbar fossa 
(see Fig 1-4). The diameter of displacements is usually 
18 inches (45 cm), whereas that of torsions can be up to 


FIG, JO H Schematic representation of areas of gas pings elicited by percussion of the cecum and spiral colon 


FIG, 1-4 M Schematic representation of the area of the ga* ping percussed in association with a right displaced abomasum (RDA) or abomasa! torsion. 
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FIG. J-S H Schema* repfoematkm of the of ih* gas ping pctniurd to usocution with * left displaced jhomuum (LDA) Of fps ping in the rumen 


3 feel (1 m). In cases of abomasal volvulus, the animal is 
usually exhibiting other systemic signs such as increased heart 
rate, dehydration, depression, scleral injection, and mild 
colic. In simple right-sided displacements or dilations of the 
abomasum, the only significant finding may be the small 
gas ping localised to the abomasum in a cow with depressed 
appetite and decreased milk production. 

On the Left side, gas pings can be noted as originating 
from the rumen, the peritoneum, or a left displaced aboma- 
sum (IDA). The auscultation of a gas ping that is primarily 
localized to the dorsal aspect of the paraTumbar fossa and 
auscukable on both sides of the spinal column would be 
indicative of a pneumoperitoneum. The extern of these pings 
can be from the thoracolumbar junction caudally to the ret¬ 
roperitoneal space. Pings associated with ruminal tympany 
occupy the whole of the paralumbar fossa and can extend 
dorsally to the spinal column but generally do not extend 
over to the right side (see Fig. 1-5). LDA results in a gas ping 
that is localized easily outlined, and approximately 12 to 18 
inches (30 to 45 cm) in diameter. Caudal extent of the 
displacement is generally the thirteenth rib; however, it can 
extend into the paralumbar fossa, in which case the outline 
of the abomasum can be easily palpated. The LDA should 
ping over the eleventh rib on a line from the hip to the elbow 
(see Fig. 1-5), Rumen gas associated with a left-sided ping 
will rarely ping at this location Identification of a fluid tine 
within the displacement can aid in diagnosis and is accom¬ 
plished by ballotting the left paralumbar fossa while auscul¬ 
tating the area of the gas ping concurrently, a process known 
as juccussidn. LDA often gives a pitch that changes in tone as 
it is percussed, as a result of movement of the rumen behind 
the abomasum- Often with LDA intermittent gas bubbling 
or "sloshing fluid" sounds are heard Rumen gas can be fur¬ 
ther differentiated from gas trapped in an LDA by rectal pal¬ 
pation of the rumen. One can also differentiate rumen gas 
from that trapped in an LDA by passage of a stomach tube 
into the rumen. Blowing into the rumen yields obviously 
auscultable sounds unless an LDA is present in which case 
the sounds are muffled as the practitioner listens over 
the area of the ping. Performing a rumen or abomasal tap, 
the Liptac test, can ninher differentiate whether the ping ori¬ 
ginates from an LDA or the rumen. Fluid collected from an 


LDA would have a pH of less than 4, whereas that of the 
rumen should be 6 or higher. 

The rumen is examined by both auscultation and palpa¬ 
tion, It should have a doughy texture with a small gas cap in 
its dorsal regions and usually is not distended above a plane 
formed by die coxofemoral joints. Increased accumulation 
of gas within the rumen would be seen with acute primary 
frothy bloat and also with free gas bloat The rumen con¬ 
tractions should be counted, observed, and auscultated. 
Normally, primary ruminal contractions occur one and 
one-half to three times per minute, and the force of the con¬ 
traction should displace the lateral body wall at least V? to 
1 inch (l to 2 cm) When auscultated, the ruminal contrac¬ 
tion sounds like a dull roar that starts quietly, rises to a 
peak, and dies away Hypocalcemia and peritonitis are 
examples of disorders that result in weak or absent ruminal 
contractions. Hypermoiility is rarely seen but can occur and 
has been described in association with vagal indigestion. 

The cardiac region of the thorax is auscultated next. 
Heart rate and rhythm are determined at this time. Rate var¬ 
ies among species, and age differences within species are 
noted. In general, older or larger animals have a slower 
heart rate. Table 1-2 lists the ranges of heart rate that are 


TABLE 1-2 

Normal Resting Heart Races (Beaca/Min) for Adult 
and Young (<10 Days of Age) Ruminants' ’ 


[ Animal 

Average 

Range 1 

cattle 

Adult 

60 

40-80 

Calf 

120 

100-140 

SHEEP 

Adult 

75 

60-120 

Lamb 

140 

120-160 

GOAT 

Adult 

85 

70-110 

Kid 

140 

120-160 
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considered normal for the ruminant species, depending on 
age. Tachycardia can be seen in animals that have been 
stressed or excited, as in the process of restraint. However- 
with time the rate should return to within a more normal 
range. Any deviation from the normal heart rate in a quiet, 
relaxed animal implies a general disturbance of the normal 
health of the animal Increased heart rate can be seen with 
fever, inflammation, pain, hypocalcemia, or metabolic dis~ 
turbantes that result in hypovolemia. Bradycardia is seen 
with conduction disorders within the heart musde and with 
some metabolic disorders (uremia- hypokalemia). The most 
common causes of arrhythmias are atrial fibrillation in 
adult cattle and hyperkalemia In diarrhetic neonates. Loca- 
lion and intensity of the heart sounds are also important 
to note, because muffling or displacement of the sounds 
can indicate space-occupying lesions within the thorax, 
pericardium, or mediastinum. With pericardial effusion 
the heart sounds are initially dull but develop splashy wash¬ 
ing machine sounds as a gas fluid interface develops. This 
often takes weeks. Normally the heart occupies a space on 
the ventral thorax between the third and sixth ribs. Most 
of the heart mass is located on the left side of the chest; thus 
the heart sounds should be louder on that side. However, if 
the heart is muffled on the left side and Louder than normal 
on the right one should consider the possibility of inflam¬ 
mation of the pericardium or lung lobes on the left side of 
the chesL Displacements of the heart sounds caudally are an 
indication of a space-occupying lesion in the anterior thorax 
or mediastinum, such as an abscess or neoplasm. Cranial 
displacements of the heart sounds would be noted with dis¬ 
tention of the ruminoreticulum. eventration of abdominal 
viscera into the thorax through a diaphragmatic hernia, or 
other space-occupying lesions as noted previously. If any mur¬ 
murs are noted on auscultation, an attempt should be made to 
localize the murmur to a specific heart valve. While the heart is 
auscultated, the pulse should also be palpated. The easiest 
point to fine a pulse while the heart is being auscultated is at 
the vascular notch of the mandible where the facial artery is 
easily palpated. Pulse deficits in conjunction with an increase 
in heart rate are seen in arterial fibrillation and premature ven¬ 
tricular contractions. The heart rhythm is also noted. Dropped 
beats, gallop rhythm, and sinus arrhythmias should be com* 
pared with oiheF clinical signs to determine importance. 

The prefemoral and prescapular lymph nodes are pal¬ 
pated. Enlargements would be seen with inflammatory pro¬ 
cesses occurring in the regions that they drain. The skin is 
then palpated, starting along the top line and moving down 
over the abdominal and chest walls to the ventral midline. 
The presence of subcutaneous gas or edema is noted, as is 
any elicitation of pain. Emphysema can have iatrogenic 
causes (e g., be secondary to abdominal surgery) or result 
from pulmonary alveolar rupture, gas gangrene, or puncture 
wounds. Edema, if noted, is usually ventral and is the result 
of lowered plasma oncotic pressure or increased venous 
pressure. Right-sided heart failure, as seen in traumatic retic¬ 
ule pericarditis. pericarditis, mediastinal masses, or severe 
pulmonary disease, results in increased venous pressure !f 
this is the case, a distention of the jugular veins with jugular 
pulse should also be evident Protein-losing enteropathies 
or nephropathies are causes of lowered oncotic pressure, as 
is Inner failure, which results in a lack of synthesis of plasma 
proteins, fluid and gas from subcutaneous infection of large 
volumes of medications such as calcium gluconate can some¬ 
times be confusing, 

Ihe thorax is then auscultated and percussed. Respiratory 
rate (Table 1-3) and pattern are determined at this time, and 
the lungs are auscultated. If increased inspiratory or expira¬ 
tory effort is noted, it should be correlated with auscultatory 
and percussive findings in an effort to determine lung 



Normal Resting Respiratory Rates (Breachs/Min) for 
Adult and Young Ruminants 11 


| Animal 

Average 

Range j 

CATTLE 

Adult 

24 

12-36 

Calf 

48 

30-60 

SHEEP 

Adult 

36 

12-72 

Lamb 

50 

30-70 

COAT 

Adult 

28 

15-40 

m 

50 

40-65 


pathology. Normal mminam lung sounds vary greatly 
among species. In calves, sheep, and goals the relatively thin 
chest wall allows one to hear inspiratory sounds ventrally 
and over the large airways, whereas expiratory sounds are 
minimal {except in sheep, where they are frequently audible 
because of the large amount of mucus in sheep airways}. 
In larger cattle, only very faint inspiratory sounds are nor¬ 
mally heard. Lung sounds can be classified as normal or harsh 
(tubular) or as wheezes or oacklcs these sounds can vary 
over the different areas of the thorax or can be found singu¬ 
larly over the entire lung field, Significant pulmonary pathol¬ 
ogy may be present in ruminants u'it/wui any auscul table 
abnormalities. Total absence of lung sounds ventrally indi¬ 
cates pleural effusion or pulmonary' abscessation with loss 
of airways. When ventral consolidation of the lung occurs, 
airway sounds are transmitted well and easily heard ventrally 
as pipestem sounds similar to those heard over the trachea, 
whereas percussion reveals a marked increase in ventral lung 
density. The trachea should also he auscultated. Inspiratory 
dyspnea and stridor are usually the result of extrathoracic 
obstructions to airflow (nose, pharynx, larynx, extrathorac- 
ic trachea). Pneumothorax can also result in loss of austult- 
able airway sounds, which may be absent dorsal ly or entirely 
over the entire side if the lung has collapsed completely. 

Place the middle finger in the intercostal space and slap 
the finger with the opposite hand or use a tablespoon and 
rubber hammer to accomplish percussion of the chest w'all 
to determine the ventral lung border. Percussion is most 
useful in goats and calves, lit sheep the wool precludes 
effective use of the technique, and in adult cattk the chest 
wall is often loo thick to effectively evaluate changes in per¬ 
cussion tones. The chest is percussed in a dorsal-to-ventral 
direction, moving caudal to cranial on the chest wail. 
A change in resonance is noted when the ventral border U 
reached; a line demarcating this change in resonance is the 
junction of the diaphragm to the thoracic wall. In the rumi¬ 
nant this line should be described by joining a point at the 
junction of the eleventh rib and the epaxial musculature 
dorsally to a point at the middle of the ninth rib, then era 
nially to the point of the olecranon, live cranioventral por¬ 
tion of the percussed thorax is dull because of the heart field 
(approximately 3 inches |7.5tm) above the olecranon in 
adult cattle; 1 to 2 inches ]2.5 to 5 cm) in calves, sheep, 
and goats). Finding an increased area of dullness in the 
cranioventral lung field associated with harsh lung sounds 
would be an indication of lung consolidation as seen in Pas¬ 
teur dia pneumonia. Pulmonary emphysema (atypical inter¬ 
stitial pneumonia) should be considered when the lung 
field is larger than expected, the animal is dyspneit, and air¬ 
way sounds are minimal. A ventral border ihat is markedly 
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elevated and in a straight line could be an indication of 
pleural effusion. In this case auscultation would reveal 
decreased lung sounds vent rally and possibly the presence 
of pleural friction rubs. Acoustic percussion of the lung field 
tan extend into the chest only to a depth of 2 to 2Vi inches 
(5 to 6 cm). Ijesions within the thoracic cavity that lie deep- 
er than this cannot be percussed. 

The next step in the physical examination is to assess for 
evidence of pain in the ventral portion of the abdomen and 
thorax. This can be accomplished through the use of the 
withers pinch test or by ballottement of the xiphoid region. 
The withers pinch test involves auscultating the trachea 
while the withers are simultaneously squeezed and pushed 
ventrally. Painful lesions result in the ruminant resisting 
normal ventral movement of the spine and/or emitting a 
grunt or holding its breath when this test is performed. 
Balloitement of the xiphoid is also done while the trachea 
is auscultated. The xiphoid region is pushed with a knee 
or struck with a dosed fist and an elicitation of a grunt 
would indicate pain in this region. Ihe examiner can then 
ballotte the remainder of the ventral abdomen and thorax 
to classify the lesion as localized or diffuse. If localized, 
the region affected should be identified. It should be noted 
that the animal may kick the examiner during the xiphoid 
balloitement test thus proper precautions should be taken. 

Ihe subcutaneous abdominal veins are assessed next and 
palpated along their length for the presence of thickened 
walls, distention, or pulses Distention and pulses may be 
abnormal if they correlate with other clinical evidence of 
right-sided heart failure. Thickening of the wail or evidence 
of thrombosis is often a consequence of faulty intravenous 
infection of irritating substances or of injuries that result 
in hematomas or abscesses. 

If the animal is lame or has postural abnormalities, the 
feet and legs are palpated next. If the animal is uncoopera 
live, it may be necessary to sedate and/or cast it. If sedation 
is necessary, it should be performed at the end of the physi¬ 
cal examination. Care should be exercised for obvious rea¬ 
sons. The examination consists of comparing one foreleg 
with the other then comparing both with the expected 
norm, ihe same procedure is followed for ihe hind legs. 
Abnormalities in the shape of the claw may be hereditary 
or may be caused by nutritional deficiencies, poor leg con¬ 
formation, poor housing or as a sequela to laminins Ihe 
coronary bands should be palpated for evidence of pain or 
increased heal. An attempt should be made to pick up all 
four feet individually and observe the soles and interdigital 
regions for necrotic areas, areas of bruising or swelling 
draining tracts, or presence of foreign bodies. The fetlock, 
carpal and tarsal, stifle, and elbow joints are all easily acces¬ 
sible and should be examined for swelling tenderness, 
edema, heat, instability, and crepitation. Each joint should 
be tested over its full range of motion, and any elicitation 
of pain should be noted. Physical findings should be conso¬ 
lidated into a decision as to whether the joint problems are 
infectious or traumatic. Sheep or goats with acute polyar¬ 
thritis most commonly have mycoplasma or chlamydial 
infection. Chronic ioint pain in goats (often with soft-tissue 
thickening and enlargement caused by synovitis) is fre¬ 
quently attributable to caprine arthritis encephalomyelitis. 
Conformation of the legs should be analyzed because this 
could contribute to a joint or fool problem. The pelvic 
girdle does not lend itself to extensive examination; how¬ 
ever, one can note symmetry or asymmetry and further 
evaluate during the rectal examination, fractures of the 
tuber coxae, subluxation of the sacroiliac junction, acetabu¬ 
lar fractures, fractures of the head or neck of the femur and 
dislocation of the coxofemoral joint may alt be diagnosed 
by evidence gained during palpation and observation of 


the pelvic area. The dislocated or fractured limb is frequently 
shoner than the normal opposite limb. The tail can also be 
examined for evidence of fractures, paresis, or paralysis. 

The perineal region is examined by noting the external 
condition of the genitals and rectum. Anal sphincter lone 
can be assessed, and the presence of vaginal discharge can 
be noted. In males the testicles, spermatic cord, and epidid¬ 
ymis should be palpated for the presence of nodules or 
areas of fibrosis. The testicular circumference can be 
measured and compared with what is expected for age and 
breed These measurements are noted in Tables 1-4 and 
l-S, The perineal part of the penis can he palpated for the 
presence of hematoma or swelling and pain (cellulitis or 
abscess). In the female the supra mammary lymph nodes 
can he felt at the attachment of the udder to the perineum. 
Enlargement of these nodes occurs with mastitis or lympho¬ 
sarcoma, The udder is palpated for the presence of fibrotic 
areas, commonly seen secondary to staphylococcal mastitis 
or associated with Arcanoharrmum fActinomyces) pyrenes 
abscesses. The presence of a swollen quarter or quarters with 
pain and heat may be associated with mastitis caused by 
gram-negative bacteria. Cold damp areas of skin on the 
udder that are discolored, necrotic, and possibly sloughing 
are evidence of gangrenous mastitis. In laaating animals, 
milk should be present in each quarter, and some of this 
milk should be expressed for examination. The milk should 
be of normal color and consistency and should not have 
any appreciable smell The presence of leukocytic flakes or 
dots (garget) is an indication that the udder is mounting 
an inflammatory response This response can be measured 
qualitatively by using the California Mastitis Test (CMT). 
One should also col lea individual quarter samples from 
those quarters showing garget or those that test positive 
on the CMT for baaerial culture and sensitivity. 

The next step is to evaluate the head and neck regions. 
The head should be symmetric in appearance, and any 
asymmetry should be evaluated to determine whether the 
deviation is caused by a neuromuscular or a skeletal defect 
Facial nerve paralysis results in one type of asymmetry, 
whereas a frontal sinusitis with concurrent displacement of 
the frontal bone appears differently. Discharges from Lhe 


TABLE 1-4 


Expected Values for the Scrotal Circumference 
of the Bull at Different Ages 4 


jj Age (Months) 

Scrotal Circumference (cm) 1 

12-14 

30-34 

15-20 

31-36 

21-30 

32-38 

>31 

34-39 


TABLE 1-5 


Expected Values for the Scrotal Circumference 
of the Ram at Different Body Weights 1 

1 Body Weight (kg) 

Scrotal I'irciimference (cm) 1 

<45 


23-27 

45-70 


27*33 

70-90 


30 36 

90-115 


31-37 

115-135 


33-38 

135-160 


36-40 
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eyes, ears, nose, or mouth are noted and correlated with 
other physical findings. The oral cavity is examined by 
grasping the longue with the hand and extending it out 
through the interdental space. Muscular tone of the tongue 
is evaluated at this time. The normal animal will resist 
extraction of the tongue and will quickly retract the tongue 
into the oral cavity when released, Increased ease of extrac- 
lion and delayed retraction are indicative of diseases result¬ 
ing in flaccid paralysis or paresis of skeletal muscle, such as 
seen in botulism, for example. The tongue and oral mucosa 
are examined for the presence of erosions, ulcerations, for¬ 
eign bodies, or areas of necrosis. The dental arcade is evalu¬ 
ated for age of animal, absence of teeth, loose teeth, or 
necrotizing gingivitis The color of the mucous membranes 
is noted. Icterus, pallor, hyperemia, cyanosis, excessive red- 
dening or brown JJ mud-colored" mucous membranes can 
all be noted, depending on the underlying disorder. 
Mucous membrane color is best evaluated in the eyes and/ 
or vulva because of the presence of pigments in the oral 
mucosa of many ruminants. The smell of the breath is 
noted and, if fetid, might be an indication of a retropharyn¬ 
geal abscess caused by trauma, lung abscess, or gangrenous 
pneumonia. If the breath is foul, deep palpation within the 
oral cavity for an abscess or necrotic area is indicated. 

The mucous membranes of the nares are examined, and 
erosions and ulcerations are noted. Nasal discharges can 
be an indication of a pulmonic problem but can also be 
seen with sinusitis. Bilateral discharge is most commonly 
associated with pneumonia, and unilateral discharge is 
more often an indication of a sinus problem. However, per¬ 
cussion of the sinuses is necessary to fully evaluate the pres¬ 
ence of a discharge. Normal sinuses percuss with a hollow 
sound, much like that of a hollow tree, and dullness on per¬ 
cussion might indicate sinusitis, sinus cyst or other fluid or 
mass in the sinus. 

The eyes are examined next. The sclera and mucous mem¬ 
branes are evaluated in much the same manner as the oral 
and nasal mucous membranes. The corneas are examined 
for the presence of opacities, discolorations, ulcerations, 
and lacerations. The position and size of the comeal opaci¬ 
ties or ulcerations can be helpful in determining the cause, 
foreign bodies such as plant awns and seeds beneath the 
third eyelid often cause opacity of the medial aspen of the 
cornea. Infectious bovine keratoconjunctivitis (pinkeye) is 
usually localized to the central cornea and causes severe cor¬ 
neal ulceration. When the mucosal diseases cause corneal 
opacities, they generally do so at the junction of the cornea 
and sdera and usually do not ulcerate the cornea. The anterior 
chamber should be examined for the presence of hyphema or 
hypopyon. These can sometimes be seen in animals with 
severe bacteremia, especially in neonates with failure of passive 
transfer . The animal should be evaluated for th e presence of a 
menace reflex (absent in normal neonates for up to 2 weeks), 
and the pupillary light responses should be observed. Nystag¬ 
mus and strabismus should be characterized, if present, 
because the direction is important in localizing the lesion. 
Nystagmus or strabismus or a deficit noted in the pupillary 
light reflex or menace reflex is indicative of underlying 
neurologic or ophthalmologic disease. 

The ears should be palpated and evaluated as to their 
temperature and the presence of skin lesions. They should 
be warm to the touch. Ears that are cold are an indication 
that there is decreased blood flow to the periphery, as seen 
in hypocalcemic states, with decreased cardiac output, or in 
severe toxic states caused by peripheral vasoconstriction. 
The presence of small crusty areas or erosions of the skin 
of the pinna is seen in some of the mucosal diseases such 
as bluexongue or bovine virus diarrhea. In sheep with acute 
bluetongue, edema of the face and ears sometimes occurs. 


If aural discharge or head tilt Is present, the ear canal should 
be examined grossly and with the use of an otoscope for the 
presence of foreign body or parasites. Purulent discharge 
can be noted and is an indication of otitis externa. Noting 
that the eardrum has Tuptured along with the purulent dis¬ 
charge is diagnostic of otitis media (and possibly otitis 
interna). Animals that have suffered trauma to the laryngeal 
or throat latch region and have a basisphenoid fracture can 
have bloody discharge from the aural canal. Correlation of 
the otoscopic findings with other clinical findings is neces¬ 
sary to arrive at a definitive diagnosis 

The palpable lymph nodes of the head and neck include 
the parotid, the submandibular, and the deep retropharyn¬ 
geal The deep retro pharyngeals can be palpated externally, 
if enlarged, in the sheep, goat and calf. They can be exam¬ 
ined in the adult bovine by extending the hand through 
the mouth and palpating the pharynx. By keeping the ani¬ 
mals mouth open with one hand and guiding the other 
hand along the dorsum of the tongue to its base, the exam¬ 
iner can then extend the hand aborally into the pharynx. 
Enlargements of the deep retropharyngeals, abscesses, or 
other masses can then be palpated. The most common 
causes of masses or abscesses in the pharyngeal region are 
infectious or iatrogenic (e.g., secondary to trauma from a 
balling gun, paste wormer gun, or other instrument). 
The submandibular nodes are located in the intennandibu- 
lar space and are identified by slipping the skin and under¬ 
lying tissue through the fingers. These nodes are oval and 
about the size of a walnut or 1 to 2 inches in diameter 
(2.5 to 5 on). The parotid lymph nodes are almond shaped 
and are located just caudal to the ramus of the mandible 
and about 4 inches (10 cm) ventral to the ear 

The skin of the neck is palpated, with attention paid 
to the presence of abscesses, lacerations, or other lesions. 
Skin turgor can be assessed by tenting the skin and measur¬ 
ing the time it takes for the skin to return to normal shape. 
This is used to determine the state of hydration. In normal, 
hydrated animals the skin returns to normal position within 
1 second. Using other factors such as sunken eyes, dryness 
of mucous membranes, abnormal heart rate, and degree of 
illness, an estimation of percent dehydration is made. 
Dehydration is first noted clinically when the animal is 
approximately 5% dehydrated, and death occurs at 12% to 
15% dehydration. 

The larynx should be palpated for enlargement and the 
presence of pain. The trachea should also be palpated for 
the presence of fractured tracheal rings, collapsed areas, 
and pain on palpation. The jugular veins are examined for 
the presence of distention and pulses. Thrombosed veins 
should also be noted because this condition may alter the 
desired course of therapy and often prevents placement of 
a catheter. The venous stasis test is performed on the jugular 
by holding off the vein in the midcervical region. Normally 
the vessel fills above the point of occlusion and remains col¬ 
lapsed below. With restricted venous blood How, as seen in 
cases of right-sided heart failure, a positive stasis test can 
result- In these cases the vessel below the occluded point 
fails to collapse or takes a prolonged time to do so, and a 
jugular pulse is frequently present 

The final step in the physical examination is rectal palpa¬ 
tion. This cannot be accomplished in small ruminants, so 
this section is directed primarily toward the bovine. The pel¬ 
vic area is evaluated for the presence of retroperitoneal 
abscesses or fractures of the pelvic bones, Ibe left kidney 
can be palpated for overall size and shape, which is normally 
lobulated in cattle, and the kidney can be gently squeezed to 
determine if pain is evident. The rumen should be palpated 
and the findings compared with those noted on percussion 
and auscultation. If there is any evidence of intraabdominal 
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gas pings, an attempt should be made to palpate the sus¬ 
pected organ. This can provide Information that may be 
helpful in determining therapeutic or diagnostic directions. 
The rectal palpation can reveal the presence of masses that 
were not palpable externally, such as fat necrosis or tumors. 
Adhesions and evidence of peritonitis can also be palpated 
rectally. and attempts should be made to localize them to a 
specific area of the abdomen to establish potential cause, 
The preiliac (or internal iliac) lymph nodes are located by 
sweeping the hand along the craniodorsal face of the ilium. 
These nodes normally have the size and shape of a walnut, 
Enlargements are noted with lymphosarcoma, peritonitis, 
and severe limb inflammation. Thejymph nodes of the aor¬ 
tic bifurcation are very small and not easily palpated. Iheir 
ability to be palpated would be evidence of abnormal 
enlargement. Palpation of the genital tract is directed toward 
establishing size, shape, and presence of abnormalities. 
These contents could be normal, as with a pregnant animal 
bearing a fetus, or abnormal as seen with a pyometra. If it 
is determined that a cow is not pregnant the ovaries and ovi¬ 
ducts should be palpated for structures and abnormalities. In 
the bull, particular attention should be paid to the prostate, 
seminal vesides, and bulbourethral gland 

Diagnostic imaging using an ultrasound probe in con¬ 
junction with rectal palpation can add to the information 
already gathered during the physical examination to further 
refine the problem and aid in prognostication and develop¬ 
ment of the therapeutic plan . Proper manipulation of the 
probe can allow for imaging the kidney, the uterus, the 
bladder, and the rumen wall. Abnormal structures noted 
on palpation of the abdominal cavity can also be imaged. 
The accessory sex glands in the male can be visualized also. 

MEDICAL RECORD 

The information gathered by means of the physical examina¬ 
tion (see Fig, 1-2) is compiled and correlated with the data 
obtained during the history (see Fig. 1-1). A problem list 
should be formulated through the physical examination 
and anamnesis, leading to the development of a specific di ag¬ 
nostic plan, diagnostic ruleouts, and a proposed course of 
therapy (Fig. 1-6). Prognosis can also be assessed with the 
information now in the examiner's hands. Accurate recording 
of the abnormalities noted during the examination should 
become part of the medical record and can prove valuable 
in following the course of the case. In addition, with each 
complete and accurate physical examination performed, the 
practitioner becomes more skilled in the procedure, adapting 
it to fit his or her needs, and using his or her time more effi¬ 
ciently, With the number of diagnostic tests available to the 
profession today, the information gained from the physical 
examination will allow the examiner to pick the tests that 
are specific for those disorders suspected, which saves the 
practitioner time and the client money, 

DIAGNOSTIC TESTS THAT CAN BE 
APPLIED IN THE FIELD 

There are laboratory procedures that can be performed in 
the field, the results of which would prove beneficial in 
the development of a diagnostic plan. These include the 
CMT, partial urinalysis (dipsticks), ruminal pH determina¬ 
tion, and milk or blood progesterone tests. In addition, 
some serum chemistries can be performed towside with 
the use of the i-Stat,* 


*i*Stai Scrum Chemistry Analyzer, i-Stat Corp., Princeton, N|; 
distributed by Heska Corp., Waukesha, Wl. 


The CMT is a simple procedure that aids in the detection of 
clinical or subdinical mastitis (see Chapter 36). This proce¬ 
dure is done routinely during all physical examinations of iac- 
tating cows. Partial urinalysis is accomplished by collecting the 
urine and using any one of a number of urine dipsticks that 
can be commercially obtained. With a suspected case of lactic 
acidosis, a rumen sample can be collected through the stom¬ 
ach tube or via percutaneous needle puncture, and rumen 
pH can be determined. Most drugstores carry pH paper that 
can be used for this procedure. Be certain that the paper has 
a standard rangbecause there ate papers that are specific 
for the addic or the alkaline range, A rumen pH below 4.5 
would be indicative of lactic acidosis. Numerous cowside pro¬ 
gesterone assays that use either milk or blood as substrate have 
recently been developed. These can be relatively easy to use 
and interpret or they can be difficult, so discretion should be 
used when making initial purchases. These ancillary diagnostic 
procedures are explained in greater detail later in this text. 

INSURANCE, INTERSTATE, AND 
PREPURCHASE HEALTH EXAMINATIONS 

The complete physical examination as described in the pre¬ 
ceding sections is necessary for a proper prepurchase or 
insurance examination. For insurance purposes a more 
complete accounting of the examination must be done. This 
means that all findings, whether normal or abnormal, have 
to be recorded. A specific form is generally provided by 
the insuring agent and this should be used. Potential for 
future legal action also exists whenever an animal is insured; 
therefore it is in the practitioner's best interest to complete 
the insurance form accurately. 

The prepurchase examination is similar to the insurance 
examination. The physical examination form (see Fig. 1 -2) 
can be used to record findings The prepurchase examina¬ 
tion could be performed on the highly pedigreed female 
that is being consigned to sale, but it is more often per¬ 
formed on the male scheduled for use as an artificial insem¬ 
ination stud. Occasionally one could be asked to examine 
an animal under consideration for purchase. Experience 
indicates that the veterinarian should be employed by 
the potential buyer in these cases. 'Phis arrangement avoids 
any potential accusations of conflict of interest on the 
pan of the examining veterinarian. A complete blood count 
and a chemistry panel should he run. Generally it is prudent 
to certify that the animal is healthy and to test for tubercu¬ 
losis, brucellosis, and bovine leukosis (using agar gel immu- 
nodifiusion). Additional laboratory tests for anaplasmosis 
and bluetongue may be indicated. Often an animal being 
consigned to sale or one going into artificial insemination 
service is required to meet federal regulations for interstate 
shipment. This information can be obtained from the fed¬ 
eral veterinarian in charge in your area or from the office 
of the state veterinarian in the state of destination. 

A problem arises when the number of animals submitted 
for interstate health examination is targe Economic and tem¬ 
poral constraints usually preclude complete examination of 
all the animals presented. At such times the visual examina¬ 
tion described earlier can prove helpful in determining 
which animals are to be singled out for the more complete 
physical examination, the examination of individuals is less 
complete than for prepurchase or insurance examinations, 
because such factors as fertility are not at issue when filling 
out an interstate health certificate Choosing animals with 
abnormalities in behavior, physical condition, gait, or pos¬ 
ture allows the practitioner to concentrate on those that have 
the most potential to be diseased. Also, one can be fairly con¬ 
fident that if all the animals appear normal on the general 
examination, they are healthy and would be suitable for 
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Lander Veterinary Clinic, Inc 

2930 Lander Avenue Telephone (209) 634-5801 

Turlock, California 95830 Fax (209) 634-2228 

DIAGNOSTIC AND TREATMENT SHEET 
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ANIMAL ID NUMBER_ PRODUCTION CLASS_ 
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PHYSICAL EXAM 


TEMPERATURE 

NORMAL 

FEVER 

HYPOTHERMIA 
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NORMAL 

WEAK 

ABSENT 

BLOAT 

COLLAPSED 

ABDOMINAL I^GS^PLASHE&WUN 

NORMAL 

ABNORMAL 

uwnpMro 
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DIARRHEA 

RECTAL PALRATON FINWNGS 

NORMAL 
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KIDNEY 
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NORMAL 
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INJURY 
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TREATMENT 
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DEXTROSE 
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xa 

1 ELECTROLYTES 

PHOSPHAID 

ANTIINFLAMMATORY 
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PREDEF 2X 

BAN AMINE 
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ASPIRIN 
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ANTIBIOTICS 
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polyflex 

NAXCEL 
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rumenatorics 

LAXATIVE BOLUS 

EPSOM SALTS 

CHARCOAL 

mineral OIL 

NUTRADRENCH 

NAHC03 

VITAMlNS/MINERALS 
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B 12 
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vit dse 

ORAL KCL 

ORAL PCM 

ANALGESICS 

TORBUGESIC 

VALIUM 

EPIDURAL 

SEDATION 



LONG ACTING ANTIBIOTICS 

LA 200 

MICOTii 

NUFLOR 

LS50 

ERYTHROMYCIN 

LA SULFA 

hormones 

oxytocin 
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lutalyse 

ECP 



other 

equipoise 

NA IODIDE 

iu oxytet bol 
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interstate shipment as long as the results of the imradermal 
tuberculosis test and required serologic tests prove negative. 
To sign an interstate health certificate, a veterinarian must 
be accredited and licensed in a state It is essential that a vet¬ 
erinarian signing an interstate health certificate have exam¬ 
ined the livestock sufficiently and diligently enough to be 


confident that no infectious or contagious diseases are pres¬ 
ent in the consigned group. A call should be placed to the 
office of the slate veterinarian in the state of destination to 
be sure that all current requirements are fulfilled before 
shipment is scheduled. 




Equine History, Physical 
Examination, and Records 

KATHLEEN CASEY GONDA and T. DOUGLAS BYARS 


The ideal purpose of the physical examination is to deter¬ 
mine what or if a problem exists. The results should be used 
to establish a diagnostic plan, prepare a therapeutic 
approach, and develop a prognosis. 

The nature of an internal medicine problem does not 
always allow for each objective of the physical examination 
to spontaneously or quickly generate either a diagnosis or a 
prognosis. More realistically, the examination process dic¬ 
tates the specific laboratory tests or procedures to be per¬ 
formed that support the diagnostic or therapeutic effort. 
The clinician's self-discipline regarding the extent of the 
physical examination should be guided by experience, effi¬ 
ciency of time, and the ancillary diagnostic aids that are 
available. A complete and extensive examination of each 
patient may not always be practical especially in busy pri¬ 
vate or academic practice situations. In these cases the clini¬ 
cian should provide for the client's concerns with an 
expedient history and a pertinent physical examination pro¬ 
cess that addresses the clients complaint (e,g., a rectal 
examination is not required for an evaluation of a pneumo¬ 
nia patient}. 

PHYSICAL EXAMINATION RECORD 

Preparation for the initial contact lime with the client and 
patient should begin with a system of record keeping. 
Ambulatory records are usually more flexible than 'in- 
house" hospital admission forms. Both field and clinic 
forms should include designated spaces for the client or 
agent's address and phone number. An area for the com¬ 
plete signal mem [name, sex breed, color, age), including 
an estimated weight, should be provided. If the patient is 
unnamed, as with foals, it should be listed in the dam's 
name with the year of birth (e g . Curious ’06). The sire's 
name should not be used because more than one foal per 
year would be expected from a stallion's crop. Whenever 
surrogate mares produce multiple foals from a single 
embryo transfer dam, a new system of naming and identifi¬ 
cation will have to be incorporated. Additional identifica¬ 
tion of the patient may include a lip tattoo, freeze brand, 
or microchip number and if available should be noted in 
the horse's record. By 2009 the federal government will 
have in place a system that uses microchip technology to 
permanently identify and track the movement of all species 
of livestock including Equidae. In the event of a disease 
outbreak, rapid identification and surveillance of affected 
or exposed individuals will be possible. The National Ani¬ 
mal Identification System (NAIS) will allow all livestock 
owners, including hobbyists, to enroll and participate in 
this program. 1 


EQUINE INSURANCE 

If the animal is insured, this should be documented, prefer¬ 
ably with the insurers telephone number In addition, the 
type of insurance should be noted (e g. mortality and/or 
surgical and medical) It is the clients or his or her agent's 
responsibility to notify the insurance company representa¬ 
tive whenever an animal insured for hill mortality contracts 
an illness or sustains an insult life-threatening or not that 
requires a veterinary examination If the patient is insured, 
it is considered a professional courtesy for the veterinarian 
to also communicate directly with the insurance company, 
especially with a life-threatening illness. Also, permission 
from the insurance company is required whenever a general 
anesthetic, surgical procedure, or euthanasia is to be per¬ 
formed. Whenever euthanasia is requested, the insurance 
company may require a second opinion from an adjusting 
veterinarian. If a direct representative from ihe insurance 
company cannot be contacted immediately, the clinician 
must exercise professional judgment in assuming the 
responsibility for a humane or critical decision. The client 
or agent should be in agreement with the decision, and all 
communications and pertinent data should be documented 
in the medical record. If a necropsy is to be performed, it 
should preferably be in the presence of another veterinarian 
from a different practice The American Association of 
Equine Practitioners (AAEP) provides an insurance pam¬ 
phlet as a guide to veterinarians . 2 Table 2-1 is an abbre¬ 
viated list of the types of equine insurance offered. 1 

HISTORY 

The medical history should be directed to the clinical prob¬ 
lem. The "herd health" of the stable or farm is briefly depicted 
by the vaccination and parasite control program. The diet 
should be determined including supplements, the grazing 
environment stall or housing schedule, and the medical pro¬ 
blems concerning other animals on the premises that may 
coincide with a group incidence of the client's complaint. 

When a veterinarian is dealing with neonates, the repro¬ 
ductive and foaling history of the mare b important in 
establishing an early diagnosis Any compromise to the 
mare's gestation (e g., systemic disease, general anesthesia, 
or administration of certain medications), foaling, or lacta¬ 
tion: placental abnormalities: and any problems that 
occurred during previous pregnancies should be questioned 
and considered to be important, pertinent historical data 

A description of the types of medication used before 
hospitalization may aid in determining if "masking" agents 
have inadvertently been used, Tranquilizers or sedatives are 
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TABLE 2-1 
Equine Insurance 


type of 
Insurance* 


Mortality* 


Major medical 
or surgical 


Coverage 


Covers mortality claims for shipping accidents, 
fire* and natural disasters such as lightning 
Covers mortality claims for all life-threatening 
conditions (eg, colics) 

Covers a loss in intended use (e.g., racing, fertility ) 


Covers payment of medical or surgical costs with 
set limits based on policy 


Role of Attending Veterinarian 


Inform diems of responsibility to inform insurance 
company 

Inform clients of responsibility to inform insurance 
company of any anesthetic surgical needs, or 
euthanasia 

Infomi clients of responsibility to inform insurance 
company of any anesthetic, surgical needs, or 
euthanasia 

Inform clients of responsibility to inform insurance 
company before procedures 

Supply estimate of cost to client 

Policy is in addition to mortality coverage 


‘ the client is responsible lor the costs or veterinary care and treatment uni™ j medical and surgical policy exists 
’trial mortality insurance coven unborn foaliv usually until 24 hours after birth 


frequently used for vanning and shipping purposes, and in 
many instances a van driver or hauler is unaware of medica¬ 
tions used or the patient’s medical condition. Analgesics 
such as fiunixin meglumine, which are often inappropri¬ 
ately administered by owners or farm staff, may mask signs 
of pain or colic and alter interpretation of the severity of the 
horse’s condition on arrival. These drug* can cause con¬ 
founding clinical signs of hypotension, bradycardia, leth¬ 
argy, weakness, and ataxia, f ailure of such an analgesic to 
abolish clinical signs may necessitate hospital or dinic 
admission for further evaluation or surgical consultation. 
Conversely, the failure of other previous medical treatments 
can aid in the initial selection of more appropriate thera¬ 
peutic planning. 

The patient’s individual problems should be determined 
according to such factors as clinical history of onset, feed 
and water consumption, fevers, and decrease in perfor¬ 
mance. In essence, the clinician must effectively "zero in" 
on the problems at hand. 

PHYSICAL EXAMINATION 

The extent of the physical examination will be subject to the 
environment where the examination is conducted (field vs. 
hospital), the equipment at hand, and the ancillary person¬ 
nel available for restraint and procedural purposes. In a hos¬ 
pital setting the clinician should have immediate access to 
most of the equipment and diagnostic instrumentation 
listed in Box 2-1. The physical examination sheet should 
provide a systematic list of the organ systems being evalu¬ 
ated. Vital signs (temperature, pulse, and respiratory rate) 
should be documented in the "calm" animal, if possible 
Abnormal findings are described in an appropriate space 
provided usually below the body systems checklist. Using 
the same numeral for each body system throughout the 
examination process and in problem identification b useful 
for future caseload recall, especially if a computer is used 
and codes can be applied to clinical findings and diagnosis 
At the completion of the physical examination, the major 
problems identified are listed, and appropriate laboratory 
tests can be requested. The final diagnosis is seldom deter¬ 
mined at the time of the initial examination. The final diag¬ 
nosis represents the final assessment and should be filled in 
at the appropriate time (e,g„ hospital discharge). 

A general evaluation of the equine patient should be 
made from afar, This is particularly important for neonates 


Recommended Examination Room Equipment and 
Ancillary Services 

EXAMINATION ROOM EQUIPMENT 

Records (examination sheet and request forms) 

Thermometer 

Clock with second hand 

Stethoscope 

Twitch 

Rectal sleeves, sterile examination gloves, and lubricants 

Nasogastric tube 

Hoof knife and testers 

Ophthalmoscope 

Otoscope 

Endoscope 

Electrocardiogram (ECG) machine 
Ultrasound (linear or r sector scanner) * 

Sphygmomanometer and Doppler ultrasound scanner (tail 
or limb) 

ANCILLARY SERVICES 

Radiology and imaging services 
Ultrasound consultation 

Laboratory services including point-of-care diagnostics 

•The ultrasound service ii more appropriately located in the 
exataifutkifi room rather than as a consul la non service. 

at the side of their dams. The initial observations of body 
condition, posture, weakness, lethargy, incoordination, 
lameness, and musculoskeletal asymmetry are more easily 
observed a slight distance away from the patient 

The integumentary system can usually be quickly evalu¬ 
ated as to the type, distribution, and number of lesions and 
site and layer of involvement—for example, B x & x 2 cm 
raised, nodular, nonpainful mass involving the cutis and sub¬ 
cutis, Such a lesion would be readily available for superficial 
evaluation. However, subtle lesions of petechia and ecchy- 
moeis cannot be visualized in the integument because the 
hair coat and pigment hide lesions that are obvious in other 
species, such as purpura of non pigmented humans and pigs. 
In these instances the mucous membranes must be examined 
as an extension of the integumentary system. If obvious mul¬ 
tiple lesions of the skin are present, documentation is usually 
expedited by drawing a picture of a horse and indicating the 
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distribution in the drawing, including both sides of the 
horse (see Skin Disease Examination, Chapter II). Gross 
generalized distortions (e.g., anasarca) may be viewed as 
lesions of possibly more than one body system (integumen¬ 
tary and circulatory). 

For the internist, evaluation of the musculoskeletal sys¬ 
tem usually involves a rudimentary examination of the site 
and appearance of the disease processes. Primary lameness 
is more commonly evaluated by clinicians familiar with 
diagnostic nerve blocks, arthrocentesis methods (e.g., septic 
arthritis in foals), and radiographic findings. It should be 
noted, however, that acute (caused by fracture] or chronic 
lameness can coexist with primary, neurologic disorders 
(e.g., equine protozoal myeloeneephalitis). Therefore, when 
warranted, the patient should receive a cursory neurologic 
evaluation (see Chapter 8) in conjunction with the muscu- 
loskeletal examination. Conversely, all horses presented 
with systemic illness (pneumonia, colitis) should also be 
evaluated for the presence of Laminins, as this complication 
is often the limiting factor for the horse s survival. Careful 
palpation of the lower limbs may indicate increased inten¬ 
sity of digital pulses or changes in the coronary band that 
may be related to the "sinker syndrome (distal phalangeal 
displacement). 4 If laminins is present as a complicating fac¬ 
tor, the clinician should be able to add to the clinical prog¬ 
nosis by using Obel grading (1 to 4)* 

Evaluation of the circulatory system starts with assess¬ 
ment of heart rate, rhythm, and any presence of murnxurs- 
Mucous membrane color, capillary refill time, scleral injec¬ 
tion. palpable changes in the temperature of the ears and 
extremities, jugular pulsation, and pitting subcutaneous 
edema are the most common obvious circulatory physical 
examination parameters The heart should be auscultated 
bilaterally, and murmurs graded according to intensity 
(1 to VT or I to V), character, the valvular site, and phase 
of the cardiac cycle. Arrhythmias usually involve a request 
for an electrocardiogram (ECG), except with the common 
findings such as type 11 heart blocks in clinically asymp¬ 
tomatic horses. Type 11 heart block in normal horses can 
usually be obliterated by exciting the horse with a threat¬ 
ening gesture. In addition to electrocardiography, transcu¬ 
taneous ultrasound examination of the heart and 
pericardium and transreaal evaluation of the caudal aorta 
and lilacs for tntraabdommal thrombotic lesions can be 
used. 5,6 If procedural assessments of blood pressure are 
needed, a manometer for central venous pressure or a 
sphygmomanometer with Doppler ultrasound is used on 
the base of the tail in adults and the tail or inside radius 
(forearm) in foals. 7 

The respiratory system is similar to the circulatory system 
in that the breathing rate and mucous membrane color are 
important assessments, Respiratory effort and the phase of 
increased work should be assessed [e.g., heaves). Ausculta¬ 
tion should be of both the upper (larynx and trachea) and 
lower airways. Kasai airflow can be determined by wetting 
the hands and holding them gently over the nostrils so 
that both intensity and equality of air movement can be 
assessed Smelling the breath for fetid or necrotic odors 
(ozena) is similarly important and endoscopic evaluation 
of the upper airways should be an adjunct to abnormal clin¬ 
ical findings, A penlighl can be used to visualize the internal 
nares (septal mucosa). Percussion of the sinuses should be 
performed for detection of dullness, suggesting sinusitis or 
the presence of fluid within the sinus cavity. In addition, 
the head should be carefully examined ventrally and tau- 
dally for the presence of lymph adenopathy, 

the interpretation of lung sounds has been described 
elsewhere, 8 and the clinician should make an effort to aus¬ 
cultate dorsal and ventral regions of die thorax bilaterally 


and document findings as to the location or absence of 
sounds and the phase of respiradons involved. 

Percussion is a reliable clinical tool and should be per¬ 
formed in cases of suspected abscess, tumor, or pleural effu¬ 
sion. A pleximeter and tablespoon are the only tools 
required, although some clinicians are adept at direct finger 
percussion of the chest. In foals, percussion can be per¬ 
formed by placing a stethoscope on one side of the chest 
and reaching over the back of the foal to manually percuss 
the opposite side. Fractured ribs may be recognized in the 
neonatal foal as palpable asymmetry or a bony crepitus 
("clicks"), often with edema of die sternum or elbow coin¬ 
ciding with the fractured side. 

Ultrasound has revolutionized the clinical evaluation of 
the thoracic cavity. Unfortunately, the familiarity of clini¬ 
cians in thoracic interpretation is directly related to access 
and frequency of ultrasound use. However, subtle pneumo¬ 
nia, abscess, and pleural effusion rep resen i rapid and defin¬ 
itive objective findings. 5 Because radiographic changes often 
lag behind clinical disease, serial examinations via ultra¬ 
sound may be a more accurate way of monitoring response 
to treatment. Ultrasound may, in fact eliminate the need 
for chest radiographs in numerous cases, thereby increasing 
efficiency and decreasing client costs 

A systematic approach should always be used when 
examining the horse for gastrointestinal disease. Although 
the majority of emergencies and referrals are related to colic 
or acute intestinal disease, the clinician should resist the 
temptation to focus only on the abdomen, so that impor¬ 
tant clinical signs relating to other problems are not missed 
(e.g,. gastric ulceration, botulism). If a clinical complaint 
involving the abdomen is present or in suspected cases 
of intestinal displacement, obstruction, or volvulus, the 
gastrointestinal system is initially examined by bilateral 
auscultation of intestinal sounds. In addition, the abdomen 
should be auscultated ventrally for sounds similar to "ocean 
waves" or sand pouring on itself, indicative of the presence 
of sand within the gastrointestinal tract. ? In cases in which 
the gastrointestinal tract is the site of the primary Lesion, 
checking for gastric reflux and performing a rectal examina¬ 
tion 10 may become a necessity. Clinicians should strive to 
become adept at rectal palpation and regard the procedure 
as a premier diagnostic skill while respecting the risks 
involved for the patient and veterinarian. 

The patient should be observed for the presence of nor¬ 
mal prehension, earing, and drinking whenever dysphagia 
is present or neurologic dysfunction is suspected. The evalu¬ 
ation of the gastrointestinal system should also include a 
denial examination for the presence of malocclusion and 
dental abnormalities (e.g, missing or damaged teeth) that 
can affect prehension or mastication. Accurate notation of 
affected teeth should be made in the medical record using 
a universally accepted identification system, such as a 
numeric system in which the horse's head is divided into 
four quadrants, with each tooth described by its own num¬ 
ber (e.g., two central upper incisors on horse's right and left 
would be 101 and 201, respectively). Clinicians should also 
become adept at dental age determinations, albeit with an 
awareness of its limitations and subjectivity. 11 Nasogastric 
intubation is useful in evaluating dysphagia and esophageal 
blockage (choke) and determining the presence or absence 
of gastric reflux. In addition, the volume and character 
(e.g., color, pH, presence of blood or toxic plant material) 
of reflux obtained can be rapidly evaluated and may aid in 
the diagnosis. 

The use of long endoscopes (e.g., 2 to 3 m) is valuable in 
the visual assessment of the esophagus and stomach with 
lesions such as esophageal stricture and gastric ulceration. 
For a diagnostic endoscopic examination of the stomach, 
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it is recommended that the patient be muzzled or held off 
feed for at least 10 houra to allow complete visualization 
of the stomach. 12 

Ultrasound evaluation of the abdomen in conjunction 
with aspiration and analysis of fluid visualized may quickly 
reveal peritonitis, uroperitoneum, hemorrhage ascites, vis* 
ceral rupture, or abdominal masses. In adults, palpable 
abdominal masses and enlarged Lymph nodes usually can 
be scanned transrecta lly 

The urogenital system can be examined by manual 
palpation, rectal palpation, vaginoscopic (speculum exami¬ 
nation) viewing, endoscopic viewing, and ultrasound. 
The caudal portion of the left kklqey is easily palpated in 
most horses. Calheterized samples should be obtained 
[e.g., cultures, urinalysis) before any contaminating invasive 
procedures (e.g,, rectal palpation) are performed and before 
fluid therapy is initiated. Sphincter tone may be subjectively 
or objectively (urethral pressure profile) assessed in horses 
with urinary incontinence or stranguria. Horses with incon¬ 
tinence often demonstrate “scalding" of the perineum and 
hind legs 

The eyes can be examined by a rapid visual assessment 
using a penlighi. The cornea and cranial and caudal lens 
capsules can be evaluated by horizontally moving the pen- 
light and noting the crossing light reflexes. Pupillary con¬ 
striction to light and the 'menace" response should be 
observed, although these reflexes may be significantly 
slower or absent in the neonate. An ophthalmoscopic reti¬ 
nal examination should be performed whenever the eyes 
represent the primary complaint, and fluorescein dye strips 
should be used for the detection of comeal ulcers. Blind¬ 
folding of one eye at a time may aid in the assessment of 
unilateral blindness and should be conducted in a safe area 
with "blunt" devices contrived as an obstacle course. 

The neurologic system examination should involve 
a consistent procedure for all patients with nervous system 
disorders (see Nervous System Examination, Chapters 
8 and 35). The patient's attitude, posture, and head carriage 
should be assessed from afar. The cranial nerves should be 
evaluated followed by examination of the spinal reflexes 
and tail tone. Sensory deficits should be noted at this time. 
Conscious proprioception and postural responses (e.g., 
placement, hemi hop ping, sway) can then be assessed before 
observing the patient in locomotion. Notes regarding sym¬ 
metry. asymmetry, ambulation, paresis, muscle atrophy, 
and upper and lower motor neuron deficits should be docu¬ 
mented to aid in determining the sites for any additional 
ancillary tests such as radiographs or cerebral spinal fluid 
collection. Blindfolding should be conducted in a safe area, 
especially for patients with vestibular disease. An area of 
incline is useful for evaluating the locomotor deficits, espe¬ 
cially when the horse is led with the head elevated 

The lymphatic system is usually evaluated merely by 
recording any obvious lymphadenopathy. This can be 
regional or local (as in strangles) or generalized (cutaneous 
lymphosarcoma) and may be appreciated on rectal exami¬ 
nation. Lymphangitis or the presence of edema should alio 
be noted 

Once a patient has been admitted to the clinic or hospital, 
well-organized flow charts should be used for monitoring 
and assessing the patient. 

Use of Ancillary Equipment in the 
Examination Procedure 

Advancing technologies are allowing the practitioner or 
clinician to add to or replace many physical examination 
procedures with techniques capable of providing diagnostic 
information or direct therapeutic intervention. Ultrasound 


of the chest for the definitive diagnosis of a pleural effusion 
is an example of an objective procedure that may obviate 
much of the traditional physical examination procedures 
used for the clinical diagnosis of pleuropneumonia (e.g., 
auscultation, percussion, ballottement). For diagnostic 
equipment to be used in this capacity, it should be available 
in the physical examination area. 

The size of equipment is a determining factor in whether 
or not a diagnostic tool is suitable for the examination area. 
For example, equipment such as computerized axial tomog¬ 
raphy scanners, magnetic resonance imaging (MR!) units, 
and nuclear scintigraphy units do not currently fit into the 
space available in most hospital physical plants. Urge, 
modular ultrasound machines can be cumbersome in small 
areas, although units available for field reproductive use 
(linear or sector scanners) are appropriate for any area, 
including vehicle transport. The choice of ultrasound equip¬ 
ment is an individual decision based on need, budget and 
available units. Security should also be a consideration in 
stocking an examination area with equipment and medica¬ 
tions, The diniea] examination areas of most facilities tend 
to be high-traffic regions; this may be a primary reason for 
not stocking certain pieces of equipment in both university 
practices and private facilities, 

MEDICAL RECORD 

In 1968 Lawrence Weed 13 published on the use of the prob¬ 
lem-oriented medical record. This system of recordkeeping 
emphasizes the justifications for daily decision making dur¬ 
ing hospitalization. Problems are defined by the history, 
physical examination, and Laboratory findings Daily (and 
more frequently for intensive care unit patients) subjective 
findings (e.g, appetite, attitude) are documented, and 
abjective data (e.g., heart rate, temperature) are recorded. 
This information (e.g, patient is febrile) is then assessed 
by the clinician, and a plan (e.g., resubmit laboratory tests, 
change antibiotic medications) is derived based on the 
assessment. The abbreviated form of this type of medical 
record is SOAP, and this method is applied to each problem 
identified. Although the system encourages medical judg¬ 
ment and accountability, it more directly serves as a teach¬ 
ing tool within institutions by which the student's clinical 
thinking can be evaluated by the in-charge clinician In pri¬ 
vate practices the method ol record keeping is more flexible 
and tends to document vita! information that primarily 
serves as an accounting of services and provides a medicole¬ 
gal record. Unfortunately, many medical records function 
only as invoices and do not record medical information 
regarding the patient. This is more often true of ambulatory 
records but can be found in certain hospital practices. 
Whichever system is used, the responsibly prepared medical 
record should provide medical information, justification for 
charges, and a protection from liability, A thorough medical 
record further allows for the retrieval of retrospective infor¬ 
mation. The accumulation of data is beneficial to the com¬ 
munication of clinical caseload experiences to other 
clinicians for the benefit of their patients. 

Medical Record Filing 

Two major systems of medical record filing exist: numeric 
and name filing. Numeric systems offer consistency of 
the record and avoid the confusion of patients with 
similar names. The problem of name similarity is primarily 
confined to the non registered breeds of horses. Breed 
registration requires name approval to avoid duplication, 
among other undesirable designations. Again, for record- 
keeping purposes, clinic or ambulatory records for unnamed 
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young horses are best designated by the dam's name and the 
foals year of birth {eg. Curious '06) and hied by month and 
year of examination. A ‘'master" admission log should be 
maintained for record retrieval purposes, especially when a 
patient has been seen on multiple occasions. Color coding, 
along with numbering of the file folders, may be helpful in 
record retrieval Computers offeT the advantage that records 
can be retrieved through any one of a number of recall 
parameters (e.g, problem, client), 

Computer-Generated Medical Records 

Traditionally, patient medical records (PMRs) are main¬ 
tained via a manual, p a per - based, 6n-site system of data 
storage and retrieval as described previously. Before com¬ 
puterization and its acceptance by the medical community, 
all information regarding patient history, diagnostic testing, 
and treatment notes was handwritten and filed. Unfortu¬ 
nately, a number of problems coexist with a paper-based 
system, including illegible handwriting by practitioners or 
staff, poor integration of patient information (e.g., diagnos¬ 
tic test results and imaging studies filed separately from 
PMR), and loss of or damage to files. 14 In addition, state 
veterinary boards require that all patient records and imag¬ 
ing studies be retained by a practice for minimum period 
of time before they can legally be disposed of. Storage issues 
can be a particular problem for equine practices that do 
many prepurchase examinations, in which radiographs 
may be retained for 10 to 20 years. Although many veteri¬ 
nary facilities currently use computers for various tasks, 
such as accounting and inventory, few have eliminated the 
paper-based PMR completely. 

Computers offer the advantages of legibility, quick data 
retrieval, and immense archiving capacity, The need for 
rapid transfer of medical information from doctor to doctor 
or doctor to referral facility is being met by advances in 
computer software and Internet access. Thus, the current 
trend in human and veterinary medicine is the development 
and implementation of an electronic medical record (BMP) 
that is entirely computer generated. An EMR permits one or 
more individuals, simultaneously, to access laboratory 
results, imaging studies, and other pertinent patient infor¬ 
mation, 1 s For the equine practitioner, the availability of 
real-time ultrasound imaging and digital radiography has 
revolutionized the production and transmission of high* 
quality diagnostic images, via computer, within moments 
after they have been taken. This has greatly increased the 
quality of medicine and efficiency of patient care, allowing 
genera] practitioners rapid access to the opinions of specia¬ 
lists at sites distant from the patient. Over time, acceptance 
of the EMR may result in the complete dissolution of the 
pa per-based medical record. 

Ai this time, several software systems are available to 
veterinarians that are designed specifically for equine hospi¬ 
tals and include adaptations for ambulatory "off site" 
data entry and retrieval, * t: In addition to patient informa¬ 
tion, other applications, such as dknt invoking, inventory 


management, payroll, and so on, are included in these soft¬ 
ware packages. 

Three basic types of systems are currently available to the 
equine practitioner standalone and multiuser on-site sys¬ 
tems; on-site systems with external synchronization; and 
Internet-based multiuser systems. The first and second types 
of systems are similar, but with the addition of external syn¬ 
chronization, patient information can be collected on hand¬ 
held devices or laptop computers away from the main hos¬ 
pital (e g , by ambulatory staff) and downloaded directly to 
an in-house computer. The third system is the most techno¬ 
logically advanced and offers not only greater efficiency, but 
the ability to continuously upgrade software. This system 
offers access to the Internet through either a hospital Web 
page or a client Internet server and allows practitioners in 
the field the ability to transmit information, such as 
digital radiographs, immediately to other donors, referral 
hospitals, or specialists throughout the world. These con¬ 
nections can be made via wireless (e.g, cell phone) or direct 
Internet access (e.g, phone line, cable) Currently, certain 
veterinary laboratories are capable of sending test results 
directly to the PMR as soon as they are available ** Another 
advantage to this system is that all information contained in 
the EMR can be stored on an off-site server and downloaded 
to the hard drives of in-house computers. 

This technology can be a cost-effective, important tool in 
modem practice management that increases efficiency and 
quality of patient care and dramatically reduces storage 
requirements. 

Record Keeping for Special Purposes 

The Drug Enforcement Administration (DEA) requires vet¬ 
erinary practices to maintain detailed inventory records for 
scheduled drugs. Drug inventory and use must be docu¬ 
mented in a record book kept accessible to the area 
contained behind two locks where the scheduled drugs are 
stored. Records must be documented to either a clinic area 
where a minimal volume of drug can be kept (e,g„ a single 
vial of diazepam), or for patient use. Use should identify 
the patient, volume used, date, and authorized person 
who obtained the drug. The dnig use should be further 
documented in the PMR so as to account for the volume 
having been depleted from the inventory, A monthly or 
bimonthly accounting suitable for inspection should be 
conducted from the storage inventory and patient files to 
accurately account for scheduled drug use. This same 
accounting and inventory system applies to ambulatory 
vehicles. 

Occupational Safety and Health Administration (OSHA) 
records are comparable to the DEA ongoing inventory and 
use records and are stringent in terms of compliance with 
OSH A regulations.Documentation regarding safety proce¬ 
dures (e g, fire safety inspections) is required after an initial 
inspection for labeling and safety protocol Upgrading of 
Material Safety Data Sheets (MSDSs) is a further require¬ 
ment and should comply with current standard 


* Mobile Data Software. Inc, Mesa, AZ. 
*EBnc Corporation, Plano, TX. 

*Jdcnx Laboratories, Westbrook. ME. 


*Idexx laboratories, Westbrook ML. 
*VGA Anteth, Jnc, Los Angeles, CA. 
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MANIFESTATIONS of 
■ DISEASE* 


Abdominal distention, I OS 
Abdominal pain, 27, 107 
Abortion, 204 

Agalactia (fescue toxicosis), 207 

Anestrus, 199 

Anuria, 177 

Ascites, 83 

Ataxia, \ 14 

Behavior, abnormal, 122, 134 
Blindness, hemianopsia, 137, 139 
Body condition, poor, 154 
Bruxism, 28, 104 
Cardiac arrhythmia, 84 
Circling, 125, 138 
Colic (abdominal pain), 23, 102 
Collapse or sudden death, 233 
Coma, semicoma, 134 
Conscious proprioceptive 
deficit, 125 
Constipation, 108 
Cough, 42 
Crusting, skin, 188 
Crystalluria, 175 
Cyanosis, 68 


Cyclic irregularity, 198 
Deafness, 141 
Dental abnormalities, I 14 
Depressed mentation, 122 
Diarrhea, 109 
Dysentery, 107 
Dysphagia, 111, 141 
Dyspnea, 40 

Dysrhythmia, cardiac, 84 
Dystocia, 210 
Oysuria, 170 

Early embryonic death, 204 
Edema, peripheral, 83 
Elbows, abduction of, 29 
Eptstaxis, 54 
Erosions, oral, 112 
Estrus, irregular, 198 
Exercise intolerance, poor 
performance, 74 
Exercise intolerance, weakness, 
syncope, 90 

Facial anesthesia, analgesia, 140 

Facial paralysis, 144 

Feces; blood, fibrin, mucus in, 107 


Fetal membranes, retained, 212 
Fever, 33 

Flaccid tail and anus, 144 
Gait, abnormal, 29, 124 
Galactorrhea, 214 
Gestation, prolonged, 218 
Growth, decreased, 147 
Grunting, 29, 104 
Hair coat, length and density, 
abnormal, 189 
Head pressing, 122, 134 
Head tilt, 125, 138, 141 
Heart rate, elevated, 90 
Heart sounds, muffled, 89 
Hematuria, 172 

Hemianopsia, blindness, 130, 134, 
137 

Hemoptysis, 56 
Hy permetria, 139 
Hyperreflexia, 128, 144 
Hyporeflexia, 128, 144 
Hypothermia, 40 
Icterus (jaundice), 115 
Incontinence, urinary, 146 
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Jaw weakness, 139 
Lactation, alterations in, 214 
Lameness, stiffness, 2 17 
Lymph nodes, enlarged. 93 
Mammary gland, enlarged, 214 
Helena, I 86 

Menace, loss, of, 130, 131, 137 
Murmurs, cardiac, 80 
Muscle spasms and myoclonus, 230 
Muscular rigidity or flaccldlty, 146 
Myoclonus and muscle spasms, 230 
Narcolepsy, 123, 134 
Nasal discharge, 50 
Neck, reluctance to bend, 30 
Nodules, tumors, and swellings, 185 
Nystagmus, 138, 141 
Obesity, 166 
Oliguria, 177 
Opisthotonos, (38 
Pain in abdomen, 27 
Pain in back or neck, 29 
Pain in chest, 28 
Pain in extremities, 29 
Pain on urination, 30 
Papules, pustules, and vesicles, 
skin, 186 

Paralysis, 134, 143, 146 
Paresis and ataxia, 143* 227 
Performance reduced, 81 
Pica, 169 

Pigmentation, abnormal, 191 


Pigmenturta* 172 
Pleural effusion* 83 
Polydipsia, 176 
Polyuria, 176 
Postural deformities, 223 
Pregnancy loss, 203 
Prolonged gestation, 209 
Pruritus, 183 

Pulse, abnormal peripheral, 94 
Pustules, papules, and vesicles, 
skin, 186 
Pyuria, 174 

Reflexes* abnormal, 126 
Regurgitation or vomiting (feed 
returning to mouth or nares), 109, 
133 

Repeat breeder, 201 
Respiratory distress (dyspnea), 64 
Respiratory noise* abnormal, 71 
Respiratory rate, elevated, 60 
Retained fetal membranes, 212 
Roaring, snoring, dysphonia. 132, 141 
Scaling* crusting skin, 188 
Seizures (convulsions), 123, 134 
Sensorium, abnormal, 122, 134 
Sexual functions* male* alterations 
in, 194 

Spasticity, 126, 146 
Strabismus, 139 
Straining to urinate, 31, 170 
Stranguria, 170 


Stridor, 71 

Sudden death, collapse, 233 
Sweating, absence of, 33 
Swelling in limb, 93 
Swellings, enlargements, 
musculoskeletal, 225 
Swellings, painful peripheral, 93 
Syncope, weakness, exercise 
intolerance, 90 
Tachypnea* 60 

Teeth grinding (bruxlsm), 28, 104 
Temperature, elevated, 33 
Temperature, subnormal, 40 
Thorax, splinting, 29 
Treading, 104 
Tremors, intention, 139 
Udder edema* 215 
Ulcerations and erosions* skin, 186 
Ulcers or growths, oral, 112 
Urachal leakage or urine, 177 
Uremia, 177 

Urinary incontinence, 170 
Venous distention or pulsations, 91 
Vesicles, pustules, and papules, 
skin, 186 

Vocalization, abnormal* 122 
Vomiting, 109 

Weight gain, decreased, 147 
Weight loss, 156 




3 

Pain 

JAMES N. MOORE, Cons idling Editor 


MAJOR CONICAL SIGNS OR PROBLEMS ENCOUNTERED 


Abdominal pain, 27 

Tail swishing 
Bruxism (teeth grinding) 

Pawing 

Stamping the feet 
Stretching 

Looking at the abdomen 
Kicking at the abdomen 
Lying down 
Treading the hind feet 
Splinting 

Elevated heart and respiratory rates 

Sweating 

Rolling 

Grunting 

Decreased milk production 

Ketosis 

Anorexia 

Depression 


Chest pain, 28 

Reduced movement 
Rapid, shallow respiration 
Splinting of the thorax 
Grunting 

Abduction of the elbows 
Weight loss 
Hemoptysis 

Pain in the extremities, 29 

Reluctance to move 
Abnormal gait 
Swelling 

Skin abrasions or lacerations 
Weight loss 
Decubttal sores 
Exudation 

Back or neck pain, 29 

Reluctance to move 
Reluctance to bend neck 


Pain on palpation 
Reduced performance 
Recumbency 
Straining 

Pain on urination, 30 
Straining 

Prolonged urination or dripping urine 

Grunting 

Restlessness 

Estrus behavior 

Arching of the back 

Kicking at abdomen 

Tail switching 

Treading 

Recumbency 

Discharge 


ANATOMIC AND PHYSIOLOGIC 
BASIS OF PAIN 

What Is Pain? 

STEVEN a kamesujm; 

IAMBS N. MOORE 

The International Association for the Study of Pain 
describes pain as an unpleasant sensory and emotional 
experience associated with actual or imminent tissue dam- 
age. 1 However, this definition continues to be debated 
All hough most agree that pain is "perceived" by organisms 
that have a nervous system, the degree of "suffering" experi¬ 
enced by various animals is controversial In human medi¬ 
cine many believe that pain must be defined in the 
context of intelligence, consciousness, and the memory of 
painful experiences. However, pain reactions are readily rec¬ 
ognizable in large animals and are clearly "remembered 1 by 
animals that have experienced them. Perhaps what differ¬ 
entiates humans and other animals is the complexity and 
manner in which pain is expressed In verbally competent 
humans, linguistically reported pain is the gold standard. 
In human neonates and animals, recognition of pain reac¬ 
tions or behaviors becomes of paramount importance. 
Despite phylogenetic differences among members of the 
animal kingdom, it is incumbent on the veterinary practi¬ 
tioner to presume that large animals perceive, react to, and 
suffer from painful stimuli and experiences. 


Nociceptors and Nociception 

The International Association for the Study of Pain's defini¬ 
tion of pain highlights two important aspects of pain, 
namely a sensory discriminative component and an emo¬ 
tional, or affective, component The sensory component of 
pain is often referred to as nociception, or the sensory recep¬ 
tion of noxious or injurious stimuli by nociceptors. Noci¬ 
ceptors are sensory neurons having free, unmyelinated 
nerve endings These nociceptors respond selectively to nox¬ 
ious stimuli but cannot be characterized based purely on 
histology The three main functional types of nociceptors 
are mechanical thermal, and chemical Anatomically they 
are classified as A-delta or C-polymodai. A-delta nociceptors 
are unimodal high-threshold, small diameter, myelinated 
fibers that respond to deforming mechanical stimuli such 
as tissue compression. They typically do not respond to 
excessive temperatures or chemicals unless sensitized 
C-polymodal nociceptors are small-diameter, unmyelin¬ 
ated, slowly conducting fibers that respond to chemical, 
thermal and mechanical extremes Thermal nociceptors, 
typically present in skin, respond to temperatures exceeding 
45 C. For example, radiant heat sufficient to raise the tem¬ 
perature of the skin over the withers (44° to 5(T C) elicits 
the protective twitch reflex within 5 seconds. Chemical 
nociceptors respond to noxious chemicals (eg., caustics, 
acids, bases, hypertonic solutions) or inflammatory media¬ 
tors (e g., prostaglandins, bradykinin). Nociceptors exist in 
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musdes, the skin, the periosteum, most internal organs, the 
tooth pulp, the cornea, and the meninges With the excep¬ 
tion of pain in the meninges (i.e., headache), "pain" in 
these tissues can be readily recognized, 

Nociceptors serve to warn an animal of imminent or 
ongoing tissue injury This warning typically elicits protec¬ 
tive reflexes, such as the skin twitch reflex described 
previously, that attempt to separate the animal from the 
noxious stimulus. The limb withdrawal reflex after the 
application of a hoof tester can be used as a measure of pain 
threshold in horses, 3 Pain threshold can be defined as the 
stimulus intensity (e.g., temperature, pressure) that is suffi¬ 
cient to elicit a behavioral pain resppnse, Nonsteroidal anti¬ 
inflammatory analgesics increase the amount of hoof 
compression tolerated by laminitic horses,* and opioid 
analgesics lengthen the lime required to produce the limb 
withdrawal and skin twitch reflexes in horses exposed to 
noxious heat.' 4 Because these analgesics act preferentially 
on nodceptors and their peripheral and central pathways, 
these reflexes represent true "pain responses" by the horse. 
Clearly, such reflexes are critical in protecting horses from 
hostile environmental insults. 

Inflammatory Pain and Hyperalgesia 

The reflexes discussed previously signal imminent tissue 
injury; but what happens when tissues actually are dam¬ 
aged? The sensitivity of damaged tissues (especially the 
skin) to pain and other stimuli differs from that of normal 
intact tissue. The first phenomenon observed in injured tis¬ 
sues is allodynia. the production of pain by a stimulus that 
previously was nonpamfuL For example, lightly probing 
the withers of a horse does not usually elicit a response. 
However, gently stroking the same site in horses with severe 
dermatophylosis can elicit a vigorous, attention-getting 
twitch response. This is an example of allodynia, The sec¬ 
ond phenomenon is hyperalgesia, which occurs when previ¬ 
ously painful stimuli produce pain of greater magnitude, 
duration, or area. Osteoarthritis is a condition associated 
with inflammatory hyperalgesia, in which weight bearing 
on already painful joints results in a greater degree of pain. 
Nonsteroidal antiinflammatory drugs are particularly effec¬ 
tive in reducing hyperalgesia hut have little effect on pain 
sensitivity in healthy tissues. 

The phenomenon of hyperalgesia is a subject of consid¬ 
erable research. Current theories suggest that persistent 
tissue injury is mediated by numerous endogenous chemi¬ 
cals, which alter both the peripheral and the central nervous 
systems. Peripheral hyperalgesia occurs at the site of injury 
and is mediated by the release and conversion of aradiido- 
nic acid into prostaglandins (mainly PGE 2 ) and leuko- 
trienes (mainly ITB* products). Together with btadykinin 
and histamine, these mediators render nodceptors hyperre- 
spensive to noxious stimuli. Serotonin from platelets and 
mast cells, interleukins I and 6, and tumor necrosis factor 
from immune cells contribute to hyperalgesia. Retrograde 
release of substance P and calcitonin gene-related peptide 
from neighboring nodceptors amplifies the hyperalgesia. 
The sympathetic nervous system appears to be involved in 
hyperalgesia, as norepinephrine, released from sympathetic 
efferents, provides additional amplification In fact, sym¬ 
pathectomies have been used to minimize certain types of 
intractable pain. 

More recently adenosine (and other products of adeno¬ 
sine triphosphate [ATP] metabolism) and the exdtatory 
amino acid glutamate have been implicated in the pain 
amplification cascade. The short-lived gaseous neuroirans- 
m it ter nitric oxide is produced at inflammatory sites and 
by pain neurons in the central nervous system. Nitric oxide 


is formed by the action of nitric oxide synthase, an enzyme, 
on L-arginine. In fan. nitric oxide synthase inhibitors (e.g., 
l-NAME) reduce inflammatory pain in several laboratory 
animal spedes. Nerve growth factor has also been recog¬ 
nized as contributing to hyperalgesia A number of these 
mediators appear to exist in horses and other spedes. 
Currently they are targets for pharmacologic intervention 
in the pain process.^ 

Hyperalgesia also appears to occur centrally within the 
spinal coni mirroring the peripheral event. Many of the 
same transmitter substances released peripherally by noci¬ 
ceptors are released in the spinal cord. Persistent tissue 
damage triggers the release of substance P> and glutamate/ 
aspartate from the imraspmal terminals of the nodceptors, 
activating NK-1 and NMDA/AMPA receptors, respectively. 
These powerful excitatory transmitters appear to lower the 
response thresholds of second-order dorsal horn neurons. 
This process appears to mediate both allodynia and hyperal¬ 
gesia and is often referred to as secondary or central hyperalgt- 
m Recent evidence suggests that prostaglandins are also 
released into the spinal cord from peripherally activated 
nodceptors Therefore nonsteroidal antiinflammatory drugs 
that inhibit prostaglandin synthesis may act at the site of 
injury and centrally to relieve inflammatory' pain. Lastly, 
persistent tissue inflammation may recruit previously inac¬ 
tive neurons or silent nociceptors, which are quiescent in 
normal tissue. These nociceptors may further enhance the 
excitability of the spinal cord to peripheral pain. 

The prevention of secondary hyperalgesia is of great 
interest in human and veterinary medicine, ft has been pro¬ 
posed that if the barrage of sensory impulses from damaged 
tissue can be prevented from influencing the spinal cord, 
less central hyperalgesia should occur. This has been sup¬ 
ported by the results of several studies. For example, intra- 
spinal administration of local anesthetics and opiates to 
animals before surgery results in less postoperative pain 
than if the same drugs are administered postoperatively. 
Thus, (he preemptive use of analgesics and anesthetics 
may reduce postoperative pain and improve recovery from 
surgery. The relatively common procedure of lumbar punc¬ 
ture should lend itself well to preemptive analgesic therapy 
in horses and other large animals. From these approaches, it 
has been suggested that the developing nervous system 
remembers pain. Stated another way, pain changes the ner¬ 
vous system. Consequently, the long-term impact of sur¬ 
gery-induced pain should perhaps be reexamined. 

Pain Transmission Within the Central 
Nervous System 

The simplest pain responses are unconscious motor reflexes 
These reflexes are segmentally controlled within the spinal 
cord and do not require conscious intervention. Animals 
whose spinal cords have been severed can still demonstrate 
withdrawal reflexes below the level of transection. Such 
reflexes normally serve to protea animals from injury. 

Noxious stimuli are initially transduced by A-delta and C 
nodceptors, which then synapse with spmal cord dorsal 
horn neurons in several of the layers or laminae. lamina I 
(Le** the marginal zone), the most superficially located 
layer, receives A-delta and C fibers that carry pain and tem¬ 
perature information Lamina II (Lt, the substantia gelati- 
nosa) consists mostly of intemeurons that integrate 
information from A-delta and C fibers from Lissauer's iraa. 
Warmth, cold, and pain are integrated and modulated in 
laminae HI and IV. Lamina V and VI neurons are critical 
in pain processing and modulation. They receive informa¬ 
tion primarily from thermosensitive and mechanosensirive 
nociceptors and may projea directly to the thalamus and 



brain. These neurons also receive input from descending brain¬ 
stem pathways capable of modulating pain signals. 6 The 
relatively superficial location of the pain pathways in the 
spinal cord helps explain the rapid and selective analgesia 
achieved after intrathecal administration of local anes¬ 
thetics in horses. 

The dorsal column pathway and spinothalamic Iran are 
involved in conveying pain signals from the spinal cord to 
the brainstem or brain. There are species differences in the 
roles of each of these pathways. For example, the spinotha¬ 
lamic tract is more important in pain transmission in pri¬ 
mates than in nonprimates. The dorsal column-medial 
lemniscus pathway carries information about pain, touch, 
and pressure. It is unique in that stime nociceptors travel 
directly to the brainstem via this pathway, resulting in rapid 
contact between periphery and brain. The brainstem plays a 
key role in the autonomic responses to pain (see later). 
Cells from the medial lemniscus synapse with the intralami¬ 
nar nuclei of the thalamus. The spinothalamic tract carries 
information about pain, temperature, and to some extent 
touch. However, spinothalamic tract cells originate mainly 
in lamina V and do not synapse with the brainstem. Instead 
they innervate the ventral posterior and other nuclei of the 
thalamus. The trigeminal nerve contains nociceptors that 
convey temperature and pain information from the face, 
|aw, teeth, tongue, and lips These trigeminal nociceptors 
synapse with the nudeus of the spinal tract (similar to the 
spinothalamic tract] and go on to form the trigeminothala¬ 
mic (ran. This is a particularly important pathway in horses* 
considering that orofacial pain, applied through a bit, is 
used to command attention and control motor behavior. 
The spinothalamic tract pathways appear to play an impor¬ 
tant albeit not exclusive, role in chronic burning pain states 
especially involving the polymodal nociceptors. Overall, it 
is generally believed that the lateral thalamus is involved 
in the discriminative sensory component of pain, whereas 
the medial thalamus mediates the emotional and motiva¬ 
tional aspects of pain/ 

Processing of pain in conical sites may to some extent 
underlie species differences in the experience and expression 
of pain. Clearly the relative size and complexity of the cere¬ 
bral cortex differs among animals. Modem functional imag¬ 
ing studies show that painful stimuli activate subcortical 
regions such as the periaqueductal gray, the hypothalamus, 
the amygdala, and the cerebellum. However, painful stimuli 
selectively activate cortical sites such as the insular and 
cingulate cortices, which receive input from the thalamus 
It is interesting to note that the frontal and dngulate corti¬ 
ces of the cerebrum seem to be necessary for experiencing 
suffering. Earfy human studies have indicated that patients 
receiving frontal lobotomies were able to describe a painful 
stimulus but not to be concerned about iL 7 * 


Types of Physical Pain 

Pain has often been categorized as superficial, deep somatic, 
and visceral. Cutaneous or superficial pain tends to be 
definitive, well Localized, and constant and may follow* the 
distribution of somatic nerves. Deep somatic and visceral 
pain tends to be diffuse, dull, poorly localized, and periodic 
and elicits more pronounced autonomic changes. Visceral 
pain may also be referred to other deep or cutaneous sites. 

It may be more relevant for the practitioner to identify 
pain in terms of its site of origin. Visceral, musculoskeletal, 
and cutaneous areas are perhaps the most recognizable sites 
for pain in large animals. Rapid distention, ischemia, pull¬ 
ing on the root of the mesentery, or high luminal pressure 
in any portion of the hollow viseus elicits pain behavior 
in horses and cattle. This is most rapidly characterized by 
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biting, looking at, or kicking at the abdomen or thorax 
and probably reflects an attempt to remove the painful 
stimulus from the referred site. DotsoLateral rolling, whole 
body hyperexiension, and groaning can be observed in 
horses with severe intestinal colic. Muscle pain can be 
induced by strenuous exercise, trauma, or sustained contrac¬ 
tion Alterations in weight bearing, abnormal body pos¬ 
tures, and lameness and tenderness on palpation are the 
most recognizable signs. Severe rhabdomyolysis ('"tying 
up") certainly initiates dramatic changes in muscle tension. 
Joint pain accompanies acute traumatic, infectious, and 
degenerative arthritis and is associated with decreased range 
of motion, hypoactivity, and lameness. Cutaneous pain 
usually results from traumatic skin injury, bite wounds, or 
infections. Typically these sites of injury may be guarded, 
scratched, or licked. Exaggerated withdrawal or evasive 
reflexes may occur in an attempt to remove the noxious 
stimulus. Corneal pain can be elicited by chemical, thermal, 
or mechanical stimuli and is often accompanied by 
increased tear production and blinking. Dental pain, per¬ 
haps the only sensation in teeth, is difficult to detect in large 
animals but has been associated with head tossing, jaw 
opening, or mandibular activation. Whereas headache pain 
is of considerable concern in human medicine, there have 
been no systematic attempts to identify or characterize this 
phenomenon in large animals. 


Autonomic and Emotional (Affective) 

Components of Pain 

Affective, or emotional, responses to painful stimuli appear 
to vary* widely in the animal kingdom and within a species 
The neuroanatomic correlates of emotional pain involve 
higher brain functions and add another dimension to simple 
reflex responses. Humans experiencing pain often use terms 
such as exhausting, terrifying, sickening, cruel and vicious. 
Changes in facial expression, body posture, and gestures sig¬ 
naling disgust, fear, and anger have also been described^ 
These expressions serve to alert others to an individuals con¬ 
dition of pain. Some of these human "emotions" may have 
large-animal counterparts. In addition to site-related motor 
responses, changes in temperament have been described. 10 
Animals showing aggression in the form of kicking, biting 
striking head butting teeth grinding fighting and escaping 
may be in pain. Grunting moaning or squealing may be 
heard. On the other hand, some individuals may appear doc¬ 
ile and defeated. Changes in facial expression such as dull 
eyes; drooping eyelids, ears, and head; excessive tears; and 
hyperresponsiveness to light or sound may be observed. 
Thus, animals and humans may share the fear-, anxiety-, 
and anger-associated expressions of pain. 

Along with the expression of pain behaviors, autonomic 
disturbances in homeostasis occur. It is worth noting that 
some nociceptive dorsal horn neurons synapse with the 
pontine and midbrain reticular formation, the lateral peria¬ 
queductal gray, the ventral medulla, and the hypothalamus. 
Nociceptive activation of the ventral medulla results in 
increases in heart rate, respiratory rate, and blood pressure. 
Activation of the hypothalamus results in the release of 
vasopressin and adrenocorticotropic hormone (ACTH), 
which affect hemodynamics and blood glucose concentra¬ 
tion. Stimulation of the reticular formation results in 
enhanced vigilance and attention. Activation of the peria¬ 
queductal gray results in recruitment of an endogenous, 
descending pain suppression system (see endogenous pain 
suppression later), which "attempts" to modulate the inten¬ 
sity of painful stimuli at the level of the spinal cord. These 
gross autonomic and metabolic responses contribute to 
the aversive and arousal nature of the painful experience. 
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in addition to its aversive quality, pain can motivate and 
be learned and avoided by animals The application of acute 
pain is used universally to control equine behavior Com¬ 
mon examples include the use of a bit to coerce movement 
the application of a whip to increase racing performance, 
the application of a twitch for restraint and sole "soring" 
to increase gait animation- There is little doubt that the 
average horse learns and remembers the aversiveness of 
these stimuli and "works" to avoid them. However, acute 
pain (eg., kicking, biting) is inflicted conspecifjcally to 
establish social and reproductive dominance within a herd. 
Pain can also be used to subdue adversarial predators. Past 
experiences can profoundly influence the affective response 
to pain. Factors such as anticipation, anxiety, and fear can 
negatively influence future pain response. Horses that 
appear "head shy" after years of abuse have learned, all 
too well, how to detea and avoid imminent tissue injury. 

PATHOPHYSIOLOGIC EFFECTS OF PAIN 
Acute Pain 

Pain of short duration alerts animals to potential injury and 
is adaptive for survival. It is also a signal to stop using 
injured tissues, to promote healing. Acute pain usually eh 
dis quick behavioral action and resolves without a signifi¬ 
cant disruption in homeostasis Acute pain may be caused 
by environmental stimuli, trauma, surgery, acute medical 
conditions, or normal physiologic processes (eg,, parturi¬ 
tion). A common constellation of signs may be seen in large 
animals. Neurologic signs include behavioral excitement, 
confusion, tremors, rigdiry, twitching hyperrefiexia, and 
ataxia or immobility, paralysis, and inertia. Cardiorespira¬ 
tory signs include hypertension, tachycardia, vasospasm, 
venous stasis, and tachypnea. Gastrointestinal hypomotiltty 
or hypermotility, urinary retention, sweating and hyper¬ 
thermia may also occur. Acute pain of a more debilitating 
nature may produce more profound changes in posture, 
temperament, and Locomotion. 1 lead and neck ptosis, roll¬ 
ing on the ground, hyperextension or hyperflexion of the 
body and neck, widened stance, and prolonged sternal or 
lateral recumbency may be observed. A spectrum of emo¬ 
tional read ions from aggressiveness, anxiety, self-mutilation, 
and vocalization (moaning, grunting) to marked depres¬ 
sion may occur. Specific lamenesses and weight-bearing 
deficits may accompany more specific musculoskeletal 
insults. 10 

Chronic Pain 

Fortunately, most acute pain resolves and homeostasis is 
restored. However, exietisrve tissue injury or disease may 
result in pain that persists for days or weeks. Such pain is 
often associated with inflammation and accompanying 
allodynia and hyperalgesia. Pain states that persist for 
months, even after healing has occurred, are classified as 
chronic. Chronic pain often includes a continuation of the 
acute manifestations described previously. However, more 
global, systemic changes emerge as unabated pain 
continues. 

Chronic pain can be best assessed by noting changes in 
eating sleeping social behavior, reproductive activity, per¬ 
sonality, growth and performance, body position, and activ¬ 
ity level and certain physiologic signs. Chronic unrelieved 
pain may result in depression, in appetence, weight loss, 
and reduced growth or milk production (e.g., in cows or 
goats). Musculoskeletal pain may actually impair mobility 
and prevent normal social competition for food, contribut¬ 
ing to further weight loss. Disruption in sleep-wake cycles 


may add to the overall debility. Psychologic alterations 
expressed as personality changes toward an owner or cohort 
may emerge along with a positional change in the herd 
hierarchy. Con specific grooming and other social interac¬ 
tions may decline as well. Sigpis of psychomotor stress 
may develop including trembling and rigidity, as well as 
stereotypies such as pacing head shaking pawing scratch¬ 
ing and stall walking 

The persistent disruption in homeostasis may have seri¬ 
ous long-term consequences. Increased release of cortisol, 
catecholamines, and renin is associated with pain and other 
forms of distress. These hormonal responses can impair 
normal cardiovascular function and may contribute to 
hypertension. In faa, acute changes in plasma concentra¬ 
tions of cortisol, catecholamines, glucagon, blood glucose, 
insulin, p-endorphin, lactate, and growth hormone have 
been used as indirect measures of pain. Depending on the 
site of pain or injury, prolonged recumbency in large 
animals can result in pulmonary congestion, hypoxemia, 
pneumonia, and altered thermoregulation. Data also 
suggest that chronic pain may be immunosuppressive. 

Although the use of analgesics for pain relief is not dis¬ 
cussed in this chapter, it is worth noting that analgesics 
can be used to diagnose pain. Opiates elevate the nocicep¬ 
tive threshold by preferentially inhibiting dorsal hom neu¬ 
rons in pain reflex pathways. This in part explains their 
ability to dull pain sensations This otcuts without altering 
other sensory modalities {e.g, touch, pressure). Opiates 
also activate (1) descending brainstem inhibitory pathways, 
which alter spinal pain transmission, and (2) ascending 
pathways to the nucleus ac cum bens, amygdala, frontal cor¬ 
tex striatum, thalamus, hypothalamus, and ventral hippo¬ 
campus. 11 These latter sites are intimately associated with 
emotionality and the affective and autonomic responses to 
pain Therefore, relief of the aforementioned behavioral 
signs and symptoms by opioids is indirect evidence that 
pain contributed to their expression. 

Are Animal and Human Pain Equivalent? 

Whether nonhuman animals feel pain the way humans do 
continues to he debated, along with the need for analgesics. 
Arguments favoring a difference include the following: 

■ The relative speed with which animals recover from major 
surgery 

■ Stoicism in the face of severe injury 

• Anatomic differences in pain pathways 

■ Lesser-developed cortices in nonhuman animals 

• Unusual responses to some analgesic drugs 
Arguments favoring a similarity indude the following: 

■ The hypothesis that stoicism is adaptive and reflects a dif¬ 
ference in pain expression rather than perception 

• Acute and chronic pain symptoms and sequelae are 
similar, 

■ Autonomic and endocrine responses to pain are similar 

■ The same chemical, thermal, and mechanical stimuli 
didt pain in humans and animals 

• The same pain-mediating neurotransmitters and modula¬ 
tors are present in humans and animals. 

• There are qualitative similarities in the neu roan atomic 
pain pathways 

• SurgicaJ procedures (e.g, auricular, thoracotomy) and 
diseases (e g, arthritis, pancreatitis, colic) that are painful 
to humans are also painful to animals. 

■ Opioids are universally analgesic. 

Although these arguments persist, many large animal 
praaitioners avoid using analgesics because they mask 
symptoms and impair the diagnosis of underlying disease. 
Drugs such as nonsteroidal antiinflammatory drugs may 



also produce serious side effects such as gastric and aboma¬ 
sa! ulcers. On the other hand, public and regulatory agen¬ 
cies insist that animal pain be recognized, avoided, and 
treated whenever possible. 

Endogenous Pain Suppression 

The expression of pain seems to differ widely across and 
within animat species. Some animals (and humans) cry 
out at the slightest provocation, whereas others seem to 
endure traumatic insults interminably Most veterinary prac¬ 
titioners have had the misfortune of observing a horse fin¬ 
ish or perhaps win a race, undeterred, with a fractured 
cannon bone. One may ask how thi< occurs- There is grow¬ 
ing neurochemical and neuroanatom ic evidence for the 
existence of an endogenous pain suppression system with 
segmental and suprasegmemal components. 

The segmental component is thought to exist within the 
dorsal horn of the spinal cord, h is probably this system 
that we activate when we lightly but vigorously mb a 
recently acquired bruise for pain relief. Ihe licking or light 
rubbing of a fresh wound by an animal would represent 
the corollary process. The light touch or vibration stimulates 
larger-dia meter, A-beta mechanoceptive afferent at or near 
the site of injury. At the same time, A-deha and C fibers 
are transmitting nociceptive signals from the injured site. 
These fibers soma to topically converge on a common spi¬ 
nothalamic tract cell. However, the A beta fiber is thought 
to activate an inhibitory intemeuron en route to the spi¬ 
nothalamic tract cell. Thus, the large fiber damps down or 
doses the gate to pain signals delivered by the neighboring 
nodceptor. This formed the basis of the Gate Control The¬ 
ory of Pain by Meizack and Wall 12 This theory has abo 
been advocated to explain the operation of transcutaneous 
electrical nerve stimulation devices These devices deliver 
nonnoxious electrical stimuli to the skin via electrodes 
placed at or near injured or inflamed sites. The direct cur¬ 
rent (DC) electrical current activates mainly Jaige-diameter, 
cutaneous, low-thresh old mechanoceptors, which damp 
down nodceptor input from converging dermatomes. Var¬ 
iations in impulse magnitude, shape, frequency, and dura¬ 
tion are selected to maximize this effect. Transcutaneous 
electrical nerve stimulation devices are used routinely In 
human medicine and by racetrack practitioners to reduce 
inflammatory pain 

For (unction in the face of severe pain and distress, cer¬ 
tain endogenous coping mechanisms exist that modulate 
the intensity and quality of pain. The best understood of 
these is the descending pain suppression system. This sys¬ 
tem consists of a family of descending neurons from the 
hypothalamus, midbrain periaqueductal gray, rostral ven¬ 
tromedial medulla, and dorsolateral pontine tegmentum. 
These pathways form a cascading neuronal circuit that ulti¬ 
mately influences activity in pain-sensitive spinothalamic 
tract cells in the spinal cord dorsal hom, The neuronal com* 
ponerus of this descending system are activated by pain and 
other stressful stimuli, 11 

The command center of the system is the periaqueductal 
gray. The periaqueductal gray contains both opiate receptors 
and enkephalins. Enkephalins are small, short-acting pep¬ 
tides that bind io opiate receptors and mimic the actions 
of morphine. In fact, the name is derived from the term 
endogenous cephalic peptide. Activation of or application 
of morphine or enkephalin into the periaqueductal gray 
activates the rostral ventromedial medulla. The rostral ven¬ 
tromedial medulla then releases serotonin from its term* 
inals in the spinal cord dorsal hom. Serotonin is an 
indoleamine neuroiransminer involved in the control of 
mood vigilance, sleep, and pain threshold. Once released 
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into the spinal cord, serotonin activates specific dorsal hom 
intemeurons that contain enkephalin. The enkephalins 
then act on opioid receptors located on pain-responsive 
neurons in the spinal cord. Stimulation of these opioid 
receptors inhibits the pain-responsive cells, rendering them 
less excitable by nociceptive signals from the periphery 
The periaqueductal gray also activates the dorsolateral pon¬ 
tine tegmentum, which sends its norepinephrine-releasing 
neurons to the dorsal hom as well. The norepinephrine acts 
on ^-receptors also located on pain-sensitive neurons, inhi¬ 
biting them. Thus, three separate neuroiransminer systems 
play a role in endogenous pain modulation-serotonin, 
enkephalin, and norepinephrine. Activation of these sys¬ 
tems ultimately results in inhibition of pain reflexes and 
pain sensations (Le., analgesia). 11 This mechanism not only 
explains how pain can induce endogenous analgesia, but 
also how intrathecal and systemically administered mor¬ 
phine and xylazine relieve pain. 

Another important morphine-like peptide involved in 
the production of endogenous analgesia is JTendorphin. 
Pain, parturition, exercise-stress, acupuncture, and surgery 
increase circulating levels of this pituitary hormone along 
with ACTH. p-Endorphin, which can be detected in plasma 
and cerebrospinal fluid, is larger and longer-acting than 
enkephalin and also binds to opioid receptors. It produces 
analgesia when administered, and its effects can be blocked 
by the opioid antagonist naloxone. Endorphins are 
involved in regulating pain threshold in horses, as they fol¬ 
low the same diurnal rhythm. 11 Plasma concentrations of 
endorphins and pain threshold also appear to increase after 
strenuous exercise in thoroughbred horses Endogenous 
opioids are also present in the gastrointestinal tract and 
are thought to modulate muscle tone and possibly sensa¬ 
tion. We believe that this system is operative in the horse, 
as we have observed colic pain and diarrhea in horses 
receiving the opioid antagonist naloxone. 15 


Approach to Diagnosis of Abdominal Pain 

Diseases characterized by abdominal pain occur commonly 
in horses and ruminants. In most instances the painful sti¬ 
muli originate secondary to an intestinal obstruction or 
malposition (Boxes 3*1 and 3-2). In male or castrated male 
sheep and goats, the most common cause of abdominal 
pain is urolithiasis. When the pain is intestinal in origin, 
there may be distention of the intestinal wall with gas or 
ingesta, increased tension on the mesentery, or ischemia 
of the intestine. The clinical signs exhibited by the animal 
depend on the species, the age of the particular animal, 
and the severity of the underlying cause The presence of 
abdominal pain may be characterized by outward clinical 
signs ranging from mild depression to repealed pawing or 
stamping of the feet to violent behavior For example, in 
the horse many problems can cause abdominal pain, rang* 
ing from distention of the cecum with gas to simple 
obstruction of the intestinal lumen with ingesta to strangu¬ 
lation obstruction of the intestine (see Colic, Chapter 7). 
Consequently the clinical signs exhibited by the horse may 
range from repeated pawing with a front foot and turning 
around to look at the abdominal region to uncontrollable 
rolling and thrashing. Although the severity of the clinical 
signs exhibited by the horse tends to correlate with the 
severity of the underlying problem, exceptions lo this rule 
occur commonly Thus, the importance of performing a 
thorough physical examination in these instances cannot 
be overstated Finally, the age of the animal must be consid¬ 
ered in tight of the clinical signs manifested. For example, 
the foal frequently swishes its tail from side io side and rolls 
up onto its back as part of its characteristic response to the 
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BOX 3>i 


Causes of Abdominal Pain in (he Horse 


COMMON CAUSES 

Accumulation of gas 
Intestinal obstruction 
Intestinal muscle spasm (cramps) 

Gastric ulcers (foal) 

Meconium impaction (neonate) 

Parturition 

LESS COMMON CAUSES 

Colitis or enteritis 
Colonic displacements 
Colonic volvulus 
Ileal impaction 
Ileus 

Intestinal foreign body (sand, enterolith, phytobezoar) 
Irritant cathartics 
Parasympathomimetic drugs 
Peritonitis 

Proximal enteritis (duodenitisdejuniiis) 

Small intestinal strangulation obstructions 
Th romboembol ism 

Unoperitoneum (ruptured bladder in newborn) 

Uterine torsion 

UNCOMMON CAUSES 

Acute hepatitis 
Acute toxic enteritis 
Ascarid impaction 
Botulism 

Ca ntharidin toxicity 
Cholelithiasis 

(CorynebMterium) equi mesenteric abscess 
Equine viral arteritis 

Gastric dilation (cribbing, wind sucking) 

Hernias (diaphragmatic, umbilical, other) 

Intraabdominal adhesions 
Intussusception 
Malignant mesothelioma 

Mesenteric abscess e^ui, Streptococcus ztwepidemicui) 

Necrotizing emerocolitis (foals) 

Neoplasia 

Pedunculated lipoma 
Plant poisonings 
Potomac horse fever 
Psychogenic colic 
Rectal tear 

Stenosis or stricture of bowel 

Tetanus 

Urolithiasis 


presence of abdominal pain. In addition, bruxism is not an 
uncommon manifestation of pain in foals. Abdominal pain 
caused by liver disease is uncommon; however, it can occur 
in cases of severe hepatic lipidosis (especially in ponies and 
miniature horses). In horses with cholelithiasis, intermittent 
abdominal pain is the most common clinical sign, presum¬ 
ably resulting from bile duct distention. 16 

Approach to Diagnosis of Chest Pain 

Generally pain associated with conditions involving the 
pleural cavity is severe. The painful stimuli usually originate 
from the inflamed parietal pleura because few nociceptors 
are present in the visceral pleura. Because of the primary 



Causes of Abdominal Pain in Ruminants 


COMMON CAUSES 

Abomasal gas (calf) 

Abomasa! volvulus 
Abomasa! ulcer 
Accumulation of gas (bloat) 

Cecal displacement or torsion 
Intestinal torsion or volvulus 
Intussusception 
Peritonitis 

Traumatic reticuloperiionitis 
Urolithiasis 

Uterine tear with peritonitis or adhesions 
Vagus indigestion 

LESS COMMON CAUSES 

Abomasal displacement 
Abomasa I impaction 
Atresia coli (neonate) 

Cholelithiasis 

Cystitis nr pyelonephritis 

Enierotoxemia 

Enterotoxigenic colibacillus is (neonate) 
Fat necrosis with intestinal obstruction 
Ileus 

Intestinal adhesions 
Rumenilis 
Thrombophlebitis 
Uterine torsion 

UNCOMMON CAUSES 

Hepatitis or liver abscess 
Intestinal neoplasia 
Plant poisonings 


involvement of the parietal pleura, the pain is referred to a 
site directly overlying the thoracic wall. Consequently, if 
the focus of inflammation is relatively well localized, as 
occurs with traumatic reticuloperitonitis-pericarditis, sensi¬ 
tivity to externally applied pressure may be restricted to 
one area of the chest wall (Box 3-3). If, however, the inflam¬ 
mation is generalized, as in equine pleuropneumonia, pain 
may be elicited by applying digital pressure over several 
sites. Similarly, because movement of the inflamed tissue 
accentuates the production of painful impulses, the animal 



Causes of Chest Pain in the Horse 


COMMON CAUSES 

lung abscess 
Pleuritis 

Pleuropneumonia 

Pneumonia 

LESS COMMON CAUSES 

Choke 

Fractured ribs 

Mediastinal masses (abscess, tumor) 

Neoplasia 
Osteomyelitis 
Ruptured esophagus 

White muscle disease (rhabdomyolysis, tying up) 












BOX J 4 


Causes of Chest Pain in Ruminants 


COMMON CAUSES 

Pleuropneumonia 

Pneumonia 

Shipping fever complex 
Thrombosis of the caudal vena cava 
Trau matic ret iculoperi ton i tis- pericard i t is 

LESS COMMON CAUSES 

Acute bovine emphysema (atypical interstitial pneumonia) 
Choke 

Fractured ribs 

Mediastinal masses (abscess, tumor) 

Osteomyelitis 

Pleuritis 

Ruptured esophagus 


remains stationary and is reluctant to lie down; the elbows 
are abducted; the chest wall is splinted; and the respiratory 
excursions are shallow, rapid, and accompanied by grunt- 
ing. It is common that the severity of pain is reduced as 
the volume of pleural effusion increases. 

Chest pain may also develop acutely as a result of 
pulmonary arterial thromboembolism in cattle (Box 3-4). 
Presumably the acute development of pulmonic ischemia 
in such instances causes the local generation and release 
of several proinflammatory substances. Most of these 
problems occur secondary to thrombosis of the caudal vena 
cava. 

Although less dramatic than that accompanying either 
pleuropneumonia or thromboembolism, pain also accom¬ 
panies pneumonia and pulmonary contusions. The pain 
associated with pneumonia occurs secondary to pleural irri¬ 
tation and is well localized only if the parietal pleura is 
involved. Because the pain appears to be most evident dur¬ 
ing forced respiratory excursions, splinting of the thorax is 
common. Chest pain may also occur secondary to traumatic 
incidents. Although rib fractures occur rarely in horses and 
ruminants, they must be given some consideration in an 
animal exhibiting clinical signs of chest pain. Rib fractures 
occur more commonly in neonatal foals during birth and 
may result in respiratory distress. Obviously the force 
required to fracture a rib will cause severe bruising and 
inflammation of the underlying pleura. 

Approach to Diagnosis of Pain in the Extremities 

Although the reflex contraction of flexor muscles occurs 
with ail types of pain, this reflex is most evident with pain 
in the extremities, 'lltus, as a result of a painful stimulus 
and to minimize the continued stimulation of the nocicep¬ 
tors in the affected area, the animal alters its stance or gait 
to protect the source of pain. Therefore, it is vital that the 
animal be inspected initially from a distance to determine 
which limb is involved. It may be necessary to move the 
animal at either a walk or a faster gait to identify the 
affected limb. It is important for the clinician to recognize 
that (I) the painful impulses may originate from several 
tissues in the extremity, including the skin, joint, perios¬ 
teum, muscle, and the sensitive laminae of the distal pha¬ 
lanx; and (2) several factors may be contributing to the 
source of the pain. These factors may represent a particular 
conformational, breed, or familial predisposition toward 
development of the condition, the effects of nutritional 
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imbalances on the development or stability of either bone 
or soft tissue, the effects of the use or performance of the 
animal, the possible involvement of infectious agents, and 
the effects of trauma (Boxes 3-5 and 3-6). 

Careful palpation of both the soft tissues and the bones 
of the limbs musi be performed to identify sources of 
inflammation or pain. Furthermore, the responses, if any, 
to flexion and extension of the joints must be evaluated, 
and the examination performed in a systematic manner. 
It may be necessary to inject a local anesthetic over a sen¬ 
sory nerve or into a synovial structure {joint, tendon 
sheath, bursa) to prevent the conduction of pain impulses 
to the central nervous system. The judicious use of local 
anesthesia combined with a careful physical examination 
should allow the affected site to be identified. On the basis 
of this information, the clinician can then make efficient 
use of other diagnostic aids (radiography, synovial fluid 
analysis, scintigraphy, ultrasonography) to determine 
the underlying cause of the pain and direct therapy 
accordingly. 

Approach to Diagnosis of Back and Neck Pain 

The association between pain arising from either the back 
or the neck and irritation of spinal nerve roots has not been 
as well established in large animal species as it has in small 
animals and people. However, there is considerable evi¬ 
dence that muscle damage, ligamentous strain, sacroiliac 
strain, and either fracture or overriding of the dorsal spi¬ 
nous processes of the thoracic vertebrae cause varying 
degrees of back pain in horses. 17 ' 1 * Attention must be given 
to the detection and treatment of exertional rhabdomyolysis 
in horses and postanesthetic myopathy in horses and cattle 



Causes of Pain in Extremities of the Horse 


COMMON CAUSES 

Degenerative joint disease 
Hoof wall defects 
improper trimming or shoeing 
Lacerations 

Ligamentous strain (sprain) 

Navicular disease 

Sole abscesses and bruises 

Synovitis 

LESS COMMON CAUSES 

Bucked shins 
Cellulitis or abscess 
Epiphysitis 

Flexural deformities (contracted tendons) 

Fractures 

Desmitis 

Laminitis 

Osteomyelitis 

Osteochondrosis 

Sep lie arthritis or physilis 

Tenosynovitis 

UNCOMMON CAUSES 

Keratoma 

Neoplasia 

Purpura hemorrhagica 
Toxins 

Ulcerative lymphangitis 

Upward fixation of the patella 

While musde disease (rhabdomyolysis, tying up) 




COMMON CAUSES 

Degenerative arthritis 
Foot rrn 

In ter digital fibroma 

Lacerations and foreign bodies 

Lunin it is (horizontal fissures of hoof wall) 

Sole abscess 

Sole bruise: puncture wounds 
Sole ulcers 
Traumatic gonitis 

Vertical fissure of hoof wall (sand crack) 

LESS COMMON CAUSES 

Caprine arthritis encephalomyelitis fC) 
Chlamydial polyarthritis (O, C) 
Coxofemoral luxation 
Digital tenosynovitis 
M>icopfasJfui polyarthritis (O, C) 

Rupture of cranial cruciate ligament 
Septic arthritis 
Septic navicular bursitis 
Upward fixation of the patella 

UNCOMMON CAUSES 

Bone or physeal abscess 
Bicipital bursitis 
Rescue foot 
Fractures 
Neoplasia 

Peripheral nerve paralyses 
Sacroiliac luxation 
Toxins and plant poisonings 

G Caprine; O. ovine. 


COMMON CAUSES 

Meningitis 
Muscle injury 
Tuber coxae fractures 
Urolithiasis 

Vertebral and sacral fractures 
White muscle disease 
Vertebral and spinal abscess 

LESS COMMON CAUSES 

Bladder calculus 
Clostridial myopathy 
Pharyngeal abscess 

Renal pain (acute pyelonephritis or renal calculus) 
Ruptured or ulcerated esophagus 
Sacroiliac sub luxation 
Tetanus 

Thrombophlebitis 
Vertebral neoplasia 


incidents that may result in fracture of either cervical or 
sacra! vertebrae. Horses occasionally rear up and fall over 
backward, fracturing the sacrum or dorsal processes of the 
thoracic vertebrae. Cattle fracture the pelvis or develop 
sacroiliac luxations when they slip on concrete floors, often 
when mounting is occurring during estrus. 

Neck pain is frequently manifested by splinting and 
unwillingness to eat from the ground or assume any but 
the most benign neck position. Trauma is the most corn- 
mon cause, but meningitis may also cause severe neck pain. 


(Boxes 3-7 and 3-fl). Each of these conditions is character¬ 
ized by painful impulses originating from ischemic or dam- 
aged muscles. Similarly, the development of nutritional 
myopathy associated with selenium deficiency must he 
considered in horses and ruminants in certain areas of 
the country. All large animals are susceptible to traumatic 


Cau»s of Neck vid Back Pain in the Horse 

COMMON CAUSES 

Exertional rhabdomyolysis 
Fractures of dorsal spinous processes 
Ligamentous strain 
Muscular damage 

Overriding dorsal spinous processes 
Thrombophlebitis 

LESS COMMON CAUSES 

Fracture of the cervical vertebrae 
Meningitis 

Ossifying spondylosis 
Postanesthetrt myopathy 
Tetanus 

UNCOMMON CAUSES 

Clostridial myopathy 
Congenital defects 

Renal pain (acute pyelonephritis, renal calculus) 
White muscle disease 


Approach to Diagnosis of Pain on Urination 

Although the term dysuria means difficult urination, its use 
has become synonymous with pain on urination. The pain¬ 
ful impulses may arise from distention of the wall of the 
urethra, bladder, or pelvis of the kidney or irritation or 
spasm of the urethra. The most common causes of dysuria 
are inflammatory or obstructive conditions involving the 
urethra (Boxes 3-9 and 3-tO), Thus, care must be exercised 
to identify uroliths, strictures, urethritis, vaginitis, neoplasia, 
or fractures involving the pelvic bones. Because urethritis 
may coexist with other inflammatory conditions involving 
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Causes of Pain on Urination in the Horse 

COMMON CAUSES 

Bladder calculus 
Ruptured bladder 

LESS COMMON CAUSES 

Cystitis 
Neoplasia 
Urethritis 
Urethral calculi 
Vaginitis 

UNCOMMON CAUSES 

Pelvic fracture 
Urethral strictures 










BOX 3*10 


Causes of PaJn on Urination In Ruminants 


COMMON CAUSE 

Urolithiasis 

LESS COMMON CAUSES 

Cystitis 

PraUpscd prepuce 
Pyelonephritis 
Preputial injury or infection 
Vagin ills 


the urinary tract (e.g,, cystitis, pyelonephritis), the diagnos¬ 
tic plan should include physical and laboratory assessments 
of the kidneys, ureters, and bladder. Urine should be col* 
lected Tor urinalysis, culture, and sensitivity testing. A rectal 
examination should be performed to detea vesical calculi, 
tumors, and alterations in the architecture of the kidneys 
or the size of the ureters. In many cases ultrasonography 
will be used to evaluate the kidney. Because the severity of 
pain can resemble that associated with acute abdominal 
obstruaion, the physical examination must be thorough. 
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Urolithiasis occurs more commonly in ruminants than 
in horses. Of the ruminants, young feedlot steers less than 
18 months of age and male sheep and goats (intact or cas¬ 
trated) appear to he at the highest risk. There is an associa¬ 
tion among sorghum feeds, diets high in magnesium, and 
the development of the condition. In horses, urinary calculi 
occur most commonly in geldings, and straining to urinate 
is the most common clinical sign. Renal examination of 
the bladder, endoscopic examination of the urethra, and 
urinalysis are important aspects of the diagnostic plan. 
Most calculi in horses are rough, calcium carbonate stones, 
whereas most calculi in ruminants are magnesium ammo 
niurn phosphate, calcium phosphate, carbonate, or silicate 
in composition (see Chapter 32}. Rupture of the bladder, 
the urethra, or occasionally the ureter may occur secondary 
to the obstruaion. 

Straining to urinate is a common clinical sign in new¬ 
born foals with a ruptured bladder. This condition generally 
occurs after the first 24 hours of life, occurs most commonly 
in males, and involves the dorsal aspect of the bladder. Pre¬ 
sumably the rupture occurs during parturition. The diagno¬ 
sis is facilitated by comparison of creatinine concentration 
in the blood and peritoneal fluid and by determination of 
serum electrolyte status. Most foals with the condition are 
hyperkalemic, hyponatremic, and hypochloremic. 
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Alterations in Body Temperature 


SUSAN L WHITE 


MAJOR CLINICAL SIGNS OR PROBLEMS ENCOUNTERED 

Fever or elevated temperature, 33 Hypothermia or subnormal 

temperature, 40 


CONTROL OF BODY TEMPERATURE 

Mammalian species maintain core body temperature within 
a narrow range despite mremes in environmental condi¬ 
tions. Core body temperature is not constant but exhibits 
diurnal variation. The normal range of temperature for indi¬ 
viduals within a species may vary by as much as 1° C (2 B F). 

Maintenance of body temperature is under neuronal 
control in a negative feedback system. Warm- and cold-sen¬ 
sitive neurons within the hypothalamus sense existing core 
body temperature via peripheral nerve receptors and blood 
bathing the hypothalamus. Integrative structures located in 
the preoptic region of the anterior hypothalamus (POAH) 
that act similarly to a thermostat with a desired "set point ' 
recognize temperatures as either too low or too high and 
activate both behavioral and autonomic effector responses 
to either lose or gain heat (Fig 4-1}, 1 

Heat production occurs primarily from muscle activity, 
which can vary according to need. Muscle activity may 
range from inapparent contractions to generalized shiver 
ing, Digestion of food also contributes significantly to total 
body heat and may be clinically important as a means of 
heat production in ruminants both in low environmental 
temperatures and in high temperatures when the threshold 
for heat stroke may be lowered. Heat conservation occurs 
from adrenergic autonomic stimuli to decrease peripheral 
circulation and cause piloerection. Behavioral means of 
heat conservation include adopting a "huddled" posture, 
group aggregation, and seeking a sheltered environment 
Heat loss occurs from conduction, convection, and radia¬ 
tion from body surfaces and by evaporation. Sympathetic 
vasodilation of cutaneous vessels contributes to surface cool¬ 
ing. As ambient temperature rises, evaporative heat loss 
becomes more important. In ruminants evaporative beat 
loss is confined to the respiratory system: respiratory rate 
increases concurrently with temperature In horses, sweating 
aids evaporative heat loss. Behavioral responses that contrib¬ 
ute to heat loss include seeking shade and wind currents and 
wading into water. 

CONDITIONS OF INCREASED 
BODY TEMPERATURE 

Body temperature disorders in which the core body temper¬ 
ature set point is unaltered can occur from increased 
heat production, absorption of heat, or impairment of heat 


loss. Central nervous system disorders that disturb the 
hypothalamic regulatory center, certain drugs, and meta¬ 
bolic disorders may also cause temperature changes. Pheno- 
thiazine tranquilizers are a recognized cause of loss of 
ability to control body temperature.'’ Erythromycin may 
induce hyperthermia during hoi weather, particularly in 
foals, 5 Hyperkalemk periodic paralysis of horses has also 
been associated with episodes of hyperthermia. 4 

Exercise 

During sustained exercise, heat production may exceed the 
ability of heat loss mechanisms, leading to a stable increase 
in core body temperature proportional to the intensity and 
duration of exercise. The elevation in temperature often per¬ 
sists for several hours after exercise, but temperature returns 
to normal with rest as heat loss mechanisms remain acti¬ 
vated, Body temperatures during exercise greater than T C 
(4° F) above normal especially if reached early in exercise, 
are usually the resull of severe environmental conditions 
and/or failure in heat loss mechanisms Peripheral cooling 
to augment heat loss should be used to lower body temper¬ 
ature, as increases in temperature caused by exercise are 
unaffected by antipyretic drugs. 3 ** 6 

The intense muscular activity associated with generalized 
tonic clonic seizures may, like vigorous exercise, cause a rise 
in body temperature. If central heat regulatory systems are 
unaffected by the disease process, body temperatures return 
to normal no longer than 48 hours after the last seizure. 7 
Elevated temperatures that persist for longer periods should 
prompt investigation into other causes for the increased 
temperature. 

Malignant Hyperthermia 

Malignant hyperthermia consists of a group of inherited 
skeletal muscle calcium metabolism disorders in which a 
hypermetabolic state of muscle is induced by the administra¬ 
tion of halogen a ted inhalation anesthetics, depolarizing skel¬ 
etal muscle relaxants, or, occasionally, local anesthetics 
Although malignant hyperthermia is most common in 
humans and pig$, it has been reported in horses ®' 11 Muta¬ 
tion of the ryanodine receptor 1 gene, which is essential in 
skeletal muscle excitation-contraction coupling, is the basis 
of malignant hyperthermia in humans, pigs, and dogs. Muta¬ 
tion of this gene has been documented in two horses with 
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malignant hyperthermia. 17 Rapid increase in core body tem¬ 
perature (39° C to 42° C), skeletal muscle rigidity, tachycardia, 
metabolic acidosis, and muscle necrosis may lead to death. 

Ergopeptine Alkaloid Toxicosis 

Tall fescue infected with the endophyte Neotyphodium coemo- 
phialum contains vasoactive ergppeptine alkaloids that cause 
vasoconstriction and reduced blood flow to the skin of 
ruminants. These alkaloids also induce bronchoconstriction 
and pulmonary vasoconstriction, which further compro¬ 
mise ruminants' ability to lose heat especially during hot 
environmental conditions. Affected animals have a poor 
appetite and other indications of poor performance recog¬ 
nized as pan of the syndrome of fescue toxicosis or 
"summer slump/" 15 A related endophyte infesting perennial 
ryegrass has been found to produce a similar hyperthermic 
condition in the western United States. 14 Ctavieeps purpurea 
infestations of annual or perennial ryegrass and of cereal 
grain heads have also been reported to produce a similar 
hyperthermic syndrome, which may lead to heat prostra¬ 
tion and death when ambient temperatures are high. 15 37 

Cattle affected by any of these ergopeptine alkaloids have few 
to no din Seal signs when environmental conditions are cool 
and heat loss mechanisms are noi challenged It is not yet 
known, however, if all of the effects of the alkaloids are periph¬ 
eral or if they may also act within the central nervous system 13 

Heat Stroke 

When animals are exposed to high ambient temperatures, 
intense solar radiation, and/or high humidity so that heat 
load increases at a rate faster than heat can be dissipated heat 
stroke may develop. Heat stroke is more common in rumi¬ 
nants because of their inability to sweat and thus their dimin¬ 
ished evaporative ability for heat loss. Sheep with fleece and 
large dense cattle are especially prone to heat stroke when 
denied access to shade or adequate water and/or when physi¬ 
cal activity is imposed on them . Rectal temperature will often 
exceed 41,5 e C (107° F), and central body temperature may 
exceed 44.5° C (112° F). Horses continuously exercised in 
high heat and humidity may also develop heal stroke. Evapo¬ 
rative heat loss from sweating is the most important means of 
heat loss as metabolic heat prod union increases during exer¬ 
cise. especially as ambient temperature and humidity 
increase Efficiency of evaporative heat loss diminishes 
when temperature and humidity are high and there is a signif¬ 
icant radiation component resulting from strong sunshine. 1 * 
Horses' susceptibility to heat stroke is enhanced if dehydration 


and electrolyte imbalances occur because of large losses of 
sweat (see Exhaustion in Endurance Horses, Chapter 42). 

As rectal temperature increases above 41.5° C (107° F), the 
homeostatic mechanisms of temperature regulation fail; peri¬ 
pheral vasoconstriction, decreased blood pressure, and decre¬ 
ased cardiac output occur. The animals are lethargic and have 
weak flaccid muscles; prostration and shock occur rapidly 
Disseminated intravascular coagulation. Liver damage, renal 
failure, and myocardial necrosis are frequent complications. 

Anhidrosts 

As many as 25% of horses in hot, humid environments lose 
their ability to sweat and subsequently suffer from hyper¬ 
thermia as a result of impairment of heat loss 70 Horses in 
training have been reported to have a higher frequency of 
anhidrosis, as are horses shipped to hot environments from 
mote temperate regions, however, horses indigenous to hot, 
humid areas that perform less rigorously or not at all may 
also develop anhidrosis 2122 In addition to hyperthermia, 
clinical signs are poor performance, total or partial loss of 
ability to sweat, increased respiratory rates (three to five 
times normal), and dry, thin hair coats with areas of alope¬ 
cia (see also Anhidrosis, Chapter 41). 

Diseases of the Nervous System 

Central nervous system disorders that damage areas of the 
hypothalamus associated with temperature regulation may 
lead to either decreases or increases in body temperature, 
although hypothermia is most common. Hemorrhage, space- 
occupying masses (abscesses, tumors), infectious or inflam¬ 
matory diseases, and degenerative disorders have all been 
implicated in hyperthermia. Central hyperthermia is usually 
characterized by lack of diurnal variation, absence of sweating, 
resistance to antipyretic drugs, and excessive response to exter¬ 
nal cooling. 1 * 7 

Certain toxins and drugs may act to increase body tem¬ 
perature by causing an increase in metabolic work (Boxes 
40 to 4-3), Chlorophenols and nitrophenols, used as herbi¬ 
cides and wood preservatives, cause uncoupling of oxidative 
phosphorylation within mitochondria and lead to rapid 
extreme rises in body temperature. 11 Chronic and/or Low- 
level exposure to these compounds may manifest clinically 
as hyperthermia. 

FEVER 

True fever differs from other hyperthermic states in that 
the desired core body temperature or set point is elevated. 







Drugs Associated with Fever 


FREQUENTLY 

Penicillins 

Sulfonamides 

Erythromycin 

Antihistamines 

Procainamide 

Quinidine 

Amphotericin B 

OCCASIONALLY 

Cephalosporins 

Cimetidine 

Ranitidine 

Iodides 

Rifampin 

Ranitidine 

Leva mi sole 

Furazolidone 

RARELY 

Chloramphenicol 

Tctracydincs 

Phenothiazines 

Salicylates 

Herbal remedies 

Others 


Toxins Associated with Fever in Ruminants 


Arsenic 

Selenium 

Mercury 

Zinc 

Crude oil, kerosine, coal oil 

Organochlorine, chlorinated hydrocarbons 

Iodine 

Paraquat 

Dinitrophenol 

Propylene glycol 

Trichloroethylene-extracted feeds 
Halothane toxicity (C) 

PLANT TOXINS 

Fescue toxicosis (B) 

Ergot (Onvicfps} (B) 

Pynolizidine alkaloid-containing plants, algae 
Bmuira species {mustards, crucifers, cress) 

Bracken fern 
Castor bean 
Water hemlock 

Milkweed {Asdeptos specks) (8, O) 

Buttercup (Caltha pdJiomj and Ranunt'ufjo species) (O) 
Rhododendron (Q O) 

Gossypoi toxicity (B) 

fimson weed (Domra sn'diwntumj 


8. Bovine C caprine O. ovine. 


Toxins Associated with Fever in the Horse 

Blister beetle (cantharidin) 

Selenium 

Arsenic 

Mercury 

Chlorinated hydrocarbons 
Dinitrophenol 
Propylene glycol 
Trichloroethylene extracted feed 

PLANT TOXINS 

Pynoliridine alkaloid-containing plants 
Algae 

Castor bean (Ririrrus species) 

Water hemlock (CimLj species) 
limson weed (Datura ammonium) 

Mycotnxjcosis 


Exogenous or endogenous stimulus 

Intachon. mflsnunsBon, Injury 
Imniunotogtc ruction, toxin 
M, TNF. IFN 


Mononuclear phagocytes, 

Endothelium, neutrophHs, lymphocytes, 
Glial cells, mesangium, mwencrtyroal cells 
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This new, higher set point is vigorously defended by the 
same mechanisms that maintain body temperature in 
health Initiation of the febrile state can occur by a variety 
of infectious, inflammatory', immunologic, neoplastic, or 
injurious conditions. In the classic model of fever these sti¬ 
muli cause the prod union of multifunctional pyrogenic 
cytokines by a wide variety of cells# but primarily by fixed 
or circulating monocytes and macrophages (Fig. 4-2). Cur¬ 
rently at least 11 cytokines have been shown to induce the 
febrile response in humans and animals. Of these cytokines# 
interleukin l (IL-lx IL-ip) and tumor necrosis factor alpha 
(TNF-ot) are the most potent. Each of these cytokines induces 
others and stimulates the production of other pyrogenic 
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cytokines (IL-6, interferon [IFN-x lFN-p r IFN-yJ, ciliary neu- 
rotropic factor [CNF], and IL-l 1) that signal ceils through a 
common receptor (glycoprotein ISO) Pyrogenic cytokines 
reach the POAH via the circulation and attach to receptors 
on the endothelium of the capil la ties of the drcumventricular 
vascular organs (CWOs), which induce the production of 
arachidonic add and its metabolism to prostaglandin E 2 
(PGE 2 ), by the cyclooxygenase (COX)-2 pathway, PGE 2 , 
produced on the brain side of the CWOs, binds to PGE 2 type 
3 receptors of glial cells and possibly neuronal cells to initiate 
neuronal signaling by producing a cascade of changes in 
cydic nucleotides, calcium, and neurotransmitters that 
result in a higher "set point" wiiftin the hypothalamic 
thermoregulatory center** 135 (see Fig, 4-2), COX inhibitors, 
and specifically COX-2 inhibitors, effectively reduce the 
febrile temperature to normal but have no effect on normal 
body temperature. 2115 

This model however, does not fully explain the presence 
of fever, because specific blockade of IL-l or TNF~x activity 
does not diminish the febrile response to lipopolysaccha- 
ride (LPS) or other microbial products in experimental stud¬ 
ies or in patients with natural infections, Microbial products 
from a variety of agents bind to toll-like receptors (TLRs) on 
the surface of cells TolFlike receptors and IL-l receptors 
share the same signaling areas and, along with other pyro¬ 
genic cytokines, a common pathway to activate nudear fac¬ 
tor (NF)-kB, Activated NF-xB in turn results in expression 
of CQX~2 or COX-3 and PCE 2 synthesis. Mice defident in 
COX-2 and injected with LPS, IL-l. TNF-x or IL-G either 
intravenously or within the central nervous system do not 
develop a fever. 25 Thus the induction of COX-2 and the 
subsequent production of PGEj provide a common path¬ 
way for divergent pyrogens to produce the febrile response 
(see Fig 4-2). 

There is an apparent role for the vagal nerve in the pro¬ 
duction of the febrile response. Studies in laboratory ani¬ 
mals in which the hepatic branch of the vagus neFve is 
severed have shown diminution of the febrile response to 
a relatively low dose of intraperitoneally injected LPS but 
not intramuscularly administered LPS or high-dose intra¬ 
peritoneally injected LPS. Local production of cytokines 
may stimulate primary hepatic vagal receptors that via vagal 
afferent fibers and AI/A2 noradrenergic cell groups in the 
brainstem, release noradrenaline, which subsequently 
induces the production of PGE 2 and fever 26 

In addition to a rise in body temperature, the febrile state 
is accompanied by a variety of metabolic, hematologic, 
and immunologic changes, IL-6 and IL-l 1, induced by 
IL-lx IL-lfL and TNF-x induce the synthesis of fibrino¬ 
gen, C-reactive protein, haptoglobin, ceruloplasmin, and 
terrain macroglobulins, known collectively as acute phase pr& 
teim. by hepatotytes. In addition, these cytokines mediate the 
accompanying hypoferremia, hypoaincemia. and hypercu- 
premia of the acute phase response. Pyrogenic cytokines stim¬ 
ulate the activation and proliferation ofT-lymphocytes and 
of antibody-producing B lymphocytes which, in turn, pro¬ 
duce additional cytokines that both enhance and inhibit fur 
ther production of pyrogenic cytokines. 27 * 25 Pyrogenic 
cytokines, particularly IL-l and TNF-x cause membrane per¬ 
turbation in a variety of body tissues, with a resultant increase 
in phospholipases and the production of arachidonic add. 
Subsequent production of mediators is dependent on the 
metabolic pathways for arachidonic acid in the target tissue. 
Prostaglandins induced by pyrogenic cytokines have been 
shown to stimulate the muscle catabolism associated with 
fever and to induce collagenase synthesis from synovial 
cells. 2 ^ These processes contribute to the muscle and joint 
pain associated with fevers that are relieved by COX inhibi¬ 
tors. Lymphocyte and granulocyte response to IL-l has been 


shown to be blocked by inhibitors of lipoxygenase but unaf¬ 
fected by indomethacin, 27 Local tissue responses to IL-1 p and 
TNF*a may stimulate afferent neural impulses that are 
responsible for many of the behavioral changes (increased 
steep, decreased appetite, and loss of social behavior) asso- 
dated with fever. Transection of the visceral vagal afferent* 
has been shown to attenuate febrile behavioral responses, 
but not the associated temperature elevation, to high-dose 
intraperitoneal LPS injection in rats. 50 

Physiologic control of the febrile response is multi facto¬ 
rial and prevents extreme elevations in body temperature 
that are incompatible with life in most instances. TNF-a 
inhibits further production of itself. IL-l and other inhibi¬ 
tory cytokines stimulate the production of IL-l receptor 
agonist, which prevents further binding of IL-l. In addi¬ 
tion, one of the receptors on cell surfaces for IL-l [type II 
receptor) does not result in cell signaling and is thought 
to serve as a "decoy'' receptor to decrease the concentration 
of IL-l. 51 1L-I0, induced by pyrogenic cytokines, inhibits 
IL-l, INF, and IL-6 production and suppresses the produc¬ 
tion of 1L-2 and IFN-y by T-helper cells. 11 * 32 Circulating 
pyrogenic cytokines may be bound to carrier molecules 
that reduce or prevent the interaction with receptors. 
For example. It-1 p has been shown to bind to ^-macro- 
globulin, a protein increased during the acute phase 
response. 1 Glucocorticoids inhibit the transcription of 
numerous genes encoding the pyrogenic cytokines IL-lfL 
11-6. and TNF-x Within the brain both arginine vasopres¬ 
sin (AVP) and alpha melanocyte stimulating hormone 
(xMSH) act as potent antipyretic agents. Receptors for 
A VP* which acts as a neurotransmitter within the brain, 
are found lateral to the PAOH and decrease fever in 
both natural and experi men tally induced fever, whereas 
in lection of A VP receptor antagonist elevates fever and 
delays defervescence. * 3 54 oMSH binds to local melanocor- 
tin receptors within the brain and on cell receptors of 
immune cells to decrease fever and inflammation. When 
administered systemically to humans, xMSH is 20,000 
times more potent on a molar basis than acetaminophen 
in decreasing fever from endogenous pyrogens,In the 
brain, nitric oxide (NO), by activating soluble guanylate 
cyclase and increasing cyclic guanosine monophosphate 
(cGMP) levels, participates in regulation of body tempera¬ 
ture, Intracerebral ventricular injection of NO donors 
depresses fever in rats, whereas inhibition of NO synthesis 
within the central nervous system enhances fever.’ 1 

In summary, the occurrence of fever during disease 
results from a complex interaction of multiple cytokines 
and microbial products that act locally [site of tissue 
injury), systemically (in the circulation) and in the POAH 
of the brain and affect the immune, endocrine, and nervous 
systems. 

Beneficial Effects of Fever 

Body temperature elevation in pyrogenic mediated fevers, in 
contrast to hyperthermic slates, rarely exceeds 2.5° C (5° F) 
above normal. Although the severity of some viral infec¬ 
tions is decreased at these temperatures, most pathogens 
are not affected by a modest rise in temperature. Studies 
on bacteria] infections in fish, lizards, rabbits, and humans, 
however, have shown an increase in survival correlated with 
the presence of fever, 2 35 * 15 One well-studied effect of fever 
on bacterial proliferation is the effect of hypoferremia. Bac¬ 
teria, which require iron for multiplication, are inhibited by 
the reduced availability of iron during the acute phase 
reaction. This response is augmented by the increased sus¬ 
ceptibility of bacteria to low iron at higher temperatures. 37 35 
Certain neoplastic cells are inhibited during fever, although 
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it is likely that inhibition of neoplastic cell division results 
from augmentation of immune responses. 

Literature on the effect of fever is conflicting owing to the 
multiple variables present in in vivo studies and the applica¬ 
tion of heat in temperature ranges exceeding those of natural 
fevers in in vitro studies. Enhancement of host defenses, 
however, appears to be the primary beneficial effect of 
fever. Fever or heat applied in in vitro studies within the 
physiologic range of natural fevers has a beneficial effect on 
multiple processes of the adaptive immune response. Neutro¬ 
phils and monocytes have increased motility and emigration, 
enhanced phagocytosis, increased oxygen radical production, 
and enhanced killing of intracellular bacteria. IFN produc¬ 
tion increases, and its antiviral, antitumor, antiproliferative, 
and natural killer (NK) cell-stimulating properties are 
enhanced. Increased T-cell proliferative responses to nonspe¬ 
cific mitogens IL-1 and 11^2, and enhanced T-helper cell acti¬ 
vation, expression, recruitment, and cytotoxicity have all 
been correlated with fever. Enhancement of B cells, with a 
subsequent increase in production of antibodies, and 
enhanced expression of Fc receptors occur during fever. 59 

Activity of pyTOgenic cytokines is also influenced by tem¬ 
peratures achieved during fever. For example, in a mouse- 
endotoxin model, fever enhanced the early expression of 
TNF-ot but limited the duration of its expression. Production 
of 1H p was delayed, whereas that of IL-6 (which downregu- 
lates production ofTNF-a and IL-lf3) was enhanced, prevent¬ 
ing the simultaneous expression ofTNF-tf and IL-ip and the 
potential harmful effects of their simultaneous expression.* 0 
Other studies have demonstrated that the effect of fever on 
various cytokines is specific for each cytokine and specific 
to body compartments. Thus fever is an important compo¬ 
nent of the coordinated and specific cytokine response of 
the host to various inflammatory stimuli, 1 28 59 

Adverse Effects of Fever 

The beneficial effects of fever during bacterial infections in 
rabbits have been shown to reverse at temperatures greater 
than 3° C {5“ F) above normal. Cytokine deregulation 
may result in prolonged or extreme fevers with adverse 
effects on a variety of body functions in addition to the 
immune response. Catabolic metabolic processes during 
fever are markedly different from catabolism of starvation. 
Protein loss occurs four times as rapidly in individuals with 
infectious or inflammatory diseases as compared with star¬ 
vation-adapted individuals. Ketonemia is inhibited, result¬ 
ing in the oxidation of large amounts of muscle-derived 
amino acids for energy This cytokine-driven catabolism, 
combined with the decreased feeding behavior that accom¬ 
panies fever, variable anorexia (even if feed is provided), 
and increased metabolic rate at higher temperatures, can 
result in rapid and severe muscle wasting, weakness, and 
atrophy. In humans high fevers frequently cause seizures, 
especially in children, 2 but this is rare in animals unless 
temperatures reach 42° C (108" F) in neonates. Prolonged 
high fevers in debilitated animals may lead to failure of 
the cardiovascular system. 

Fever is one of the earliest and most prominent manifes¬ 
tations of the acute phase reaction. Veterinarians have used 
the clinical thermometer to aid in diagnosis and to monitor 
the progress of illness in animals since 1770, With 
the increased knowledge of the pathogenesis of fever has 
come a better appreciation for the diverse causes of the 
febrile state. In ruminants and horses, however, infectious 
disease remains the most common reason for development 
of fever (Boxes 4-4 and 4-5). Careful evaluation for the pres¬ 
ence of infectious disease is always indicated, especially 
when the onset of a fever is abrupt; the temperature is 



Infectious Causes of Fever in Hones 


COMMON CAUSES 

Upper respiratory viral diseases 
Strangles, Streptococci equi 
Pneumonia, bacterial or viral 
Pleuropneumonia 
Gastrointestinal parasitic infections 

Enteritis, Ciajmdium difficile, ljtwsonia t or of unknown causes 
Salmonellosis 

Equine monocytic ehrlichiosis {Potomac horse fever) 
Proximal duodenitis-jejuni^tis 
Rotavirus diarrhea (foals) 

Endotoxemia from gastrointestinal disorders 
Septicemia, septic arthritis, osteomyelitis (foals) 

Urachal abscess (foals) 

Metritis (mares) 

Peritonitis 

Tetanus 

Traumatic tenosynovitis, cellulitis 
Localized occult abscesses (thorax, abdomen, upper 
respiratory system) 

Tumors (see list in Box 4-6) 

LESS COMMON CAUSES 

Equine encephalomyelitis (EEE, WEE) 

West Nile virus 
Osteomyelitis (adults) 

Vesicular stomatitis 
Tyzzer's disease (foals) 

Malignant edema 
Bacterial endocarditis 
Mastitis 
Pyelonephritis 
Equine infectious anemia 
Equine viral arteritis 
Otitis media and interna 

UNCOMMON CAUSES 

Pericarditis 

Systemic or pneumonic aspergillosis, candidiasis 

Pneumocystis carirni 

Brucellosis 

Tularemia 

Anthrax 

Rabies 

Lyme disease (Borrelia burgdorferi} 

Nocardiosis 
Cocci d ioid o mycosis 
Babesiosis, piroplasmosis 
Toxoplasmosis 


EEE, Eastern equine encephalitis. WEE, western equine encephalitis. 


>39,4° C (103 u F); and the fever is accompanied by depres¬ 
sion, variable loss of appetite, serous nasal exudate, epi¬ 
phora, enlargement of lymph nodes, or diarrhea and a 
decreased or increased leukocyte count. Other causes of 
fever are neoplasia (Boxes 4*6 and 4-7). immune-media ted 
diseases (Boxes 4-8 and 4-9), noninfectious inflammation 
(Boxes 4*10 and 4-11), and certain drugs, 

FEVERS OF UNKNOWN ORIGIN 

Most febrile illnesses encountered in large animal practice 
are caused by infectious diseases that are readily diagnosed 
by careful evaluation of history and physical examination 
or are of short duration, run their course, and progress to 
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Infectious Causes of Fever In Ruminants 


COMMON CAUSES 

Mastitis 

Metritis 

Pneumonia: viral, mycoplasma, bacterial 
Traumatic reticuloperitonitis (B) 

Leptospirosis 

Septicemia, osteomyelitis, infectious arthritis, 
omphalophlebitis (neonates) 

Toxemia from gastrointestinal disorders 
Enteritis - 

Abscesses 
Pharyngeal 

Internal lymph nodes (G O) 

Associated with foot 
Verminous pneumonia (BJ 
Usterosis 

Bovine viraJ diarrhea (BVD), mucosal disease (B) 
Otitis media, interna 
Balanoposthitis (0) 

Clostridial infections 
Blackleg (Clostridium rfiauraei) 

Clostridium perjringcns types D f A (C, 0) 
Anaplasmosis 

Contagious ecthyma (C, 0) 

HnemopMus somnus infection (thromboembolic 
m eni ngoen cep ha I omy el i l is) 

Mycoplasma species arthritis, septicemia (C) 

LESS COMMON CAUSES 

Endocarditis 
Pericarditis (B) 

Rluetongtie (O) 

Tetanus 

Vesicular stomatitis 
Malignant catarrhal fever (B) 

Verminous pneumonia (C O) 

Cystitis, pyelonephritis 
Epididymitis (C, O) 

Chlamydial abortion 
Enzootic abortion (G O) 

Epizootic abortion (B) 

Caprine arthritis encephalomyelitis (C) 

Hoof abscess, footrot 

UNCOMMON CAUSES 

Neoplasms (see list in Box 4-7) 

Rabies 

Infectious necrotic hepatitis (Clostridium no\y\] 
Sarcocystosis (B) 

Tuberculosis (B) 

Systemic candidiasis, aspergillosis 
Epe ryth rozoo nos is 
Brainstem, pituitary abscess 
Systemic toxoplasmosis (C, O) 

Tularemia 

Pseudorabies 

Brucellosis 

Ovine progressive pneumonia 

Chlamydial sporadic bovine encephalomyelitis 


B, Bovine: G caprine; O, ovine, 

complete recovery within 2 weeks without a specific etio- 
logir diagnosis having been made. Some febrile conditions, 
however, continue for weeks or months, accompanied only 
by nonspecific signs of depression, variable anorexia, and 
weight loss, while the diagnosis remains obscure. Patients 
with prolonged febrile episodes of 3 weeks' duration or 


Neoplastic Causes of Fever in Hones 

COMMON CAUSES 

Metastatic melanomas 
Lymphosarcoma 
Squamous cell carcinoma 
Fibrosarcoma 

LESS COMMON CAUSES 

Granulosa cell tumors in mares 
Undifferentiated reticuloendothelial cell sarcomas 
Adenocarcinomas 
Myeloproliferative diseases 

UNCOMMON CAUSES 

Hemangiosarcoma 
Mesothelioma 
Pheoch romocytoma 
Osteosarcoma 

Myeloma of the gastrointestinal tract 


Neoplastic Causes of Fever in Ruminants 


COMMON CAUSES 

Bovine leukosis (B) 
Lymphosarcoma 

LESS COMMON CAUSES 

Adenocarcinoma 
Metastatic melanoma (C) 
Liver neoplasia 
Mesothelioma 

UNCOMMON CAUSES 

Skeletal neoplasia 
Malignant neuroblastoma 



Immunologic Causes of Fever in Horses 


COMMON CAUSES 

Purpura hemorrhagica 
Urticaria 

Drug-induced fever 

LESS COMMON CAUSES 

Immune-mediated hemolytic anemia, thrombocytopenia 

Combined immunodeficiency of foals 

IgM deficiency 

Pemphigus foliaceus 

Chronic necrotizing vasculitis 

Neonatal isoerythrolysis 

UNCOMMON CAUSES 

Connective tissue disorders, rheumatoid arthritis 
Transient agammaglobulinemia of foals 
Bullous pemphigoid 
Common variable immunodeficiency 

IgM, immunoglobulin M 
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Immunologic Causes of Fever in Ruminants 

COMMON CAUSES 

Drug atlcrgks 

Urticaria (milk alln^ in tank) 

LESS COMMON CAUSE 

Neonatal isoerythrolysis (B) 

UNCOMMON CAUSE 

Pemphigus fotiaceus (C) 

B, Bovine; C caprine 


Non infectious Inflammatory and Hhceilaneoui 
Causes of Fewer in Hones 


Hepatic disorders 

Hyperlipidemia equine hepatic lipidosis 
Acute hepatic necrosis (Thaler's disease) 
Chronic active hepatitis 
Cholelithiasis 

Hypokalemic periodic paralysis 
Foreign bodies 

Nasal, oral pharyngeal, tracheal bronchial 

Thrombophleb i tis 

Ocular trauma, recurrent uveitis 

Bums, smoke inhalation 

Snake bite 

Acute renal failure 

Idiopathic interstitial pneumonia 


Noninfcctious Inflammatory and Miscellaneous 
Causes of Fever In the Ruminant 


Phlebitis, thrombophlebitis 
Salt toxicity, water deprivation 
Acute bovine pulmonary emphysema 
Fat necrosis (H) 

Bum, smoke inhalation 
Ocular trauma 
Snake bite 
Acute renal failure 
Primary photosensitization 
Cholelithiasis (B) 

Postpart orient hemoglobinuria (B ) 


longer in which a diagnosis has not been made after a week 
of routine diagnostic efforts or after 3 days of hospitaliza¬ 
tion and diagnostic tests are considered to have fever of 
unknown origin (FUG). The majority of cases that meet 
the definition of FUO have infectious causes. Neoplastic 
diseases, immune mediated vasculitides, and autoimmune 
diseases are the next most common causes. Adverse drug 
reactions and other miscellaneous diagnoses are the least 
common documented causes of FUO. Most cases of FUO 
are caused by common diseases with an unusual presenta¬ 
tion; an ordered, problem-oriented approach to diagnosis 


will render a diagnosis in 90% of cases. 37 41 The following 
steps are suggested (Fig 4-3). 

Document Fever 

A temperature chan consisting of at least twice daily deter¬ 
mination of rectal temperature should be completed to 
characterize the fever pattern. Intermittent fivers are charac¬ 
terized by diurnal variation in which a peak elevation of 
temperature of >0.75° C (1.5° F) occurs, followed by a 
decline in temperature, which in some patients falls within 
the normal range. Most intermittent fevers peak in late after¬ 
noon or evening with ihe lowest temperatures occurring in 
the morning but approximately 10% of cases will have a 
reverse pattern. Intermittent fever is most commonly asso¬ 
ciated with pyrogenic infections, although it niay occur in 
neoplasia, especially if tissue necrosis and inflammation 
are concurrent. Remtneni fevers are characterized by a period 
of days in which elevated temperatures occur, followed by 
several days of normal temperature, only to have the cycle 
repeat again Brucellosis in ruminants, equine infectious 
anemia (ELA) in horses, and blood-borne protozoal diseases 
such as babesiosis may exhibit this type of pattern. Sustained 
/ewers are characterized by a consistently raised temperature 
without variation and appear as a "flat line*' on a tempera¬ 
ture chan. Fevers caused by drug administration and certain 
toxins may be of this type, especially if the patient does not 
exhibit any other signs of illness. 2 Any pharmacologic 
agents being administered to the patient should be discon¬ 
tinued. Defervescence of fever from drug administration 
should occur in 48 hours. 
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Consideration of Epidemiology 

Repeated efforts to obtain a complete history in chronologic 
order of development of clinical signs may be necessary to 
extract all the information pertaining to the individual ani¬ 
mal. A knowledge of forage available, presence of nutrient 
deficiencies and excesses, toxic plants, and infectious organ¬ 
isms indigenous to the area, as well as the threat of exotic 
diseases, is necessary for the present and past geographic 
environment of the animal 


Physical Examination 

A physical examination (see Chapters I and 2) should be 
carefully performed to evaluate all body systems as thor¬ 
oughly as possible and repeated as often as practical 
because it is unusual for a disease to cause a prolonged fever 
without the occurrence of some physical signs. Examination 
should include the followings 
1- Horses 

a. Complete visual or manual oral examination; per¬ 
cussion of sinuses; endoscopic examination of 
upper airway structures and of the trachea and 
bronchi (if length of the endoscope allows) 

b. Complete ophthalmic examination 

c Thorough auscultation of cardiopulmonary system 
at rest, with rebreathing bag, and following exercise, 
evaluation of peripheral perfusion before and after 
exercise 

d. Palpation of external lymph nodes, ballottement, 
and deep palpation of external abdomen for pain 

e. Rectal examination 

f. Fecal odor, consistency, volume; frequency of 
defecation 

g. Evaluation of external genitalia and mammary gland 

h. Evaluation of musculoskeletal conformation and 
gait analysis for lameness 

2, Ruminants 

a. Complete visual or manual oral examination; per¬ 
cussion of sinuses 

b. Complete ophthalmic examination 

c. Thorough auscultation of cardiopulmonary system, 
evaluation of peripheral perfusion 

d. Palpation of all external lymph nodes 

e. Rate and quality of rumen contractions, abdominal 
ping, and ballottement for rumen fill and pain 

f Fecal color, consistency, volume; frequency of 
defecation 

g, Complete udder examination and milk evaluation 
of laaating females 

h. Testicular and penile palpation of males 

i Complete rectal examination (cattle) 

j. Evaluation of musculoskeletal conformation and 
gait analysis for lameness 


Diagnostic Aids (Table 4-1) 

All cases of FUO should have a laboratory database consist¬ 
ing of a complete blood count (CBC), urinalysis, and bio¬ 
chemical profile. The CBC should include morphology of 
red blood cells and white blood cells (WBCs), WBC differ¬ 
ential, and fibrinogen determination. Chronic inflamma¬ 
tory disease produces characteristic changes in the CBC 
(see Chapters 24 to 26), and morphologic evaluation of 
the blood smear may reveal blood-borne parasites. 

Serum protein and albumin detenuinations characterize 
either hypoprotelnemia or hyperp rote uremia. Serum protein 


electrophoresis and Immunoelectrophoresis further classify 
deficiencies or increased production of proteins. Serum 
enzyme determinations and bile add coneeniration for liver 
evaluation are also warranted. 

Because much of the abdomen is unavailable to rectal pal¬ 
pation, abdominocentests and evaluation of peritoneal fluid 
for protein, celhilarity, and cell morphology are justified. 
Peritoneal fluid is obtained more consistently in horses than 
in ruminants with abdominal disease because of the presence 
of the greater omentum and the rapid formation of fibrinous 
adhesions in ruminants with inflammatory abdominal dis¬ 
ease. Peritoneal fluid evaluation is usually most helpful in 
inflammatory diseases, but it may be diagnostic in some cases 
of abdominal neoplasia. Bacterial culture and sensitivity of 
peritoneal fluid are indicated in inflammatory diseases when 
WBCs show degenerative or toxic changes but are rarely posi¬ 
tive unless gross bowel contamination has occurred. Poly¬ 
merase chain reaction (PCR) for Streptococcus equi and/or 
flhodocotnis equi may be warranted in horses with evidence 
of chronic inflammation of the abdominal cavity. 

Blood cultures are best used after characterization of a remit¬ 
tent fever and evidence of pyogenic inflammatory disease from 
the laboratory database. Any antimicrobial therapy should be 
discontinued 48 to 72 hours before sampling. Three to five 
samples should be collected at least 45 minutes apart and are 
best taken directly into culture media. Sampling just before 
and during a temperature rise is more likely to yidd positive 
results than sampling at the temperature peak and dedine. 

Serologic evaluation for infectious diseases common in 
the geographic area and/or patient population should be 
performed. Single serologic determinations usually are of 
value only in those diseases in which one positive liter is 
significant and when the disease is characterized by persis¬ 
tent infection such as E1A, brucellosis, or Johne's disease. 
In many instances vaccination history and/or accompany¬ 
ing clinical signs must be correlated with titer determina¬ 
tions. Paired samples for toxoplasmosis, babesiosis, and 
various mycotic diseases (especially coccidioidomycosis) 
are indicated when the diagnosis remains obscure. Serologic 
determination of antibody titers to the SeM protein of 
S> equi can aid in the diagnosis of internal abscessation. 42 
Virus isolation and/or PCR, particularly in persistent bovine 
viral diarrhea (BVD)-infected cattle, may be helpful. 

Evidence of gastrointestinal protein loss, chronic diar¬ 
rhea, or persistent mdena warrants several fecal or rectal 
biopsy cultures for salmonella in horses and calves, whereas 
such signs in adult dairy cattle warrant ruling out bovine 
leukosis as the cause. 

Also helpful are biopsies of enlarged lymph nodes, acces¬ 
sible abdominal masses, and the liver and kidney when lab¬ 
oratory data indicate abnormalities. Liver biopsies should 
be cultured and evaluated histologically, because bacterial 
cholangiohepatitis can be a cause of FUO. Evaluation of 
biopsies for the presence of immunoglobulins, particularly 
if skin lesions are present, may add in diagnosis of immune- 
mediated disorders. Antinuclear antibody determinations 
and a Coombs' test are also indicated in suspected immure¬ 
mediated diseases. 

Radiographic evaluation, particularly of the thorax, 
should be performed in horses and small ruminants and 
is often possible in dairy cattle. Ultrasonographic examina¬ 
tion of the heart may definitively diagnose cardiac abnorm¬ 
alities and may provide more complete scrutiny of other 
organs in the thorax and abdomen, as well as deep struc¬ 
tures of the musculoskeletal system. Ultrasonographic 
examination also aids in percutaneous biopsy of internal 
structures and may help the practitioner make the decision 
for exploratory laparotomy. 
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TABLE 4-1 

Nvtr of Unknown Origin: Diagnostic Procedures 


Procedure 


Abdominocemrais 

Biopsy 

Blood culture 


Radiography 

Synovial fluid aspirate 
Thoracocentesis 

Transtracheal aspirate 

Bronchial alveolar lavage 
lm mu nodi agnostic screening 
Serum protein electrophoresis 
Serum protein Immunoelectrophoresis 

Direct Coombs" test 

Skin biopsy direct immunofluorescence 

Antinuclear antibody 
ECG 

Bone marrow aspiration 

Gastrointestinal absorptive tests (horse) 
Serology 

Exploratory laparotomy 
Ultrasonography 


ECG, ElrctrocatdioBtam, RBQ ml blood cdl 


V 



Abdominal pain 

Abnormal rectal examination [eg., mass) 

Fluid wave on ballottement or ultrasonography 
Enlarged lymph nodes or other maw found 
Abnormal renal or liver function test results 
Vesicular or ulcerative skin lesions 

Intermittent fever, especially in a neonate with failure of passive transfer 
Neutropenia or neutrophilia ± bands 
Increased fibrinogen 

Cardiac murmurs (bacterial endocarditis) 

Any musculoskeletal pain, heat swelling 
Thorax, see transtracheal aspirate 
Joint effusion, heat, pain 
Abnormal percussion of chest 
Fluid line thoracic radiographs 
Fluid found on ultrasonography 

Persistent cough or nasal exudate with normal upper respiratory tract 
Abnormal auscultation or percussion of thorax 
Persistent increased respiratory tale 
Exercise intolerance with normal cardiovascular system 

Abnormal serum protein 
Hypergam magi obu i I nemia 
Hypogammaglobulinemia (horses) 

Hcmofyik anemia 

RBC autoagglutmation 

Vasculitis, purpura 

Bullous or ulcerative skill lesions 

Multiple notiinfectious arthritis 

Dysrhythmia, congestive heart failure 

Anemia 

Thrombocytopenia 

1 lypoproieinemia with normal kidney, liver 
Persistent undiagnosed disease 
Abnormal rectal examination, ultrasonography 
Chronic abdominal pain 
Abnormal peritoneal fluid 
Cardiac murmurs, dysrhythmias 
Abnormal liver or kidney function tests 
Abdominal mass 

Suspect fluid in thorax, pericardium, abdomen 


Exp I oratory laparotomy without direct evidence of 
abdominal disease should be performed only in patients 
that are becoming progressively debilitated and in which 
all other avenues of diagnosis have been exhausted. Blind 
exploratory laparotomies usually do not contribute to diag¬ 
nosis. are costly, and are not without risk. Exploratory lapa¬ 
rotomy is used for diagnostic purposes more routinely in 
ruminants than in horses. 

Nuclear imaging and imaging using autologous WBCs 
labeled with technetium-99m or indium-111 are increas¬ 
ingly used in human and small animal medicine. 4 ' These 
procedures may be helpful in localizing abscesses, particu¬ 
larly osteoarticular infections. These modalities may prove 
to be of benefit for large animals as the modalities' avail¬ 
ability increases. 

The use of therapeutic trials of antimicrobials in FUO 
should be restricted to cases in which strong evidence of a 
bacterial infection exists. The therapeutic regimen should be 
as specific as possible and administered for a predetermined 
amount of time. Inappropriate use of broad-spectrum 


antimicrobials for all febrile diseases contributes to interfer¬ 
ence in accurate diagnosis. 

HYPOTHERMIA 

Decreases in body temperature may occur when environ¬ 
mental stresses (cold, wet wind) overwhelm the body's 
capability of heat production (especially when the body is 
weakened from disease), when central nervous system dis¬ 
ease has resulted in damage to the regulatory centers within 
the hypothalamus, or when adrenergic or sympathetic effec¬ 
tor systems have been damaged. Newborns, cachexic and 
very aged animals are most susceptible to heat loss caused 
by cold exposure (see neonatal sepsis and weak calf syn¬ 
drome, Chapter 20). Concurrent signs of septic disease in 
hypothermic animals signify a guarded prognosis because 
the body's defense mechanisms are often overwhelmed 
when core body temperature declines. Severely hypothermic 
animals (core body temperature >30° C) are profoundly 
depressed and have marked reduction in ventilation. 
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absence of muscle activity, and decreased regexes. Decreased 
intravascular volume and depressed cardiac function Lead to 
hypo50a. acidemia, and cardiac dysrhythmias. Newborns are 
often hypoglycemic and have potassium imbalances. These 
animats should be warmed by protecting them from wind 
or drafts, drying them, and providing a microenvironment 
of high ambient temperature. Applying thermal blankets 
and housing them in an insulated stall, with or without sup- 
lementaJ heat, are superior to direct external heat from 
cat lamps or other sources. Direct external heat without 
environmental control causes cutaneous vasodilation, often 
exacerbates central hypothermia, and contributes to cardio¬ 
vascular compromise, 

Animals with severe hypothermia should be warmed grad¬ 
ually over 24 hours, with careful monitoring of body temper¬ 
ature and the cardiovascular system. Maintenance of 
adequate systemic perfusion is the most important means of 
preventing cardiac failure. 44 ,1 ' Acidosis and potassium 
imbalances are common and may fluctuate rapidly. Conse¬ 
quently, repeated measurements, especially when a patients 
clinical condition worsens in the process of warming are 


often necessary. Appropriate crystalloid fluids, warmed to 
body temperature, are usually necessary throughout the 
warming process. Evaluation of blood glucose and concur¬ 
rent dextrose therapy, especially in neonates, should also be 
performed. 

Warmed humidified oxygen therapy both as an aid in 
treatment of hypoxia and as a means of warming is helpful. 
Castric (rumen) or rectal lavage with warmed fluids may also 
be used. However, care should be taken in rapid rewarming, 
because an imbalance in the basal metabolic rate (which is 
temperature dependent) and systemic perfusion may result 
in life-threatening cardiac dysrhythmias and worsening of 
metabolic acidosis and hypoxia. Hypothermia attenuates 
the inflammatory response by a multiplicity of effects on 
cytokines and other key signaling mechanisms. 46 Thus the 
adverse metabolic effects of disease are slowed at low body 
temperatures, and, as body temperature elevates, signs of sys¬ 
temic disease become apparent 4 ' In hypothermic animals in 
shock, particularly neonates, severe anoxic changes in the 
bowel wall may result in severe diarrhea, sloughing of 
mucosa, or clostridial growth in the bowel. 
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Alterations in Respiratory Function 
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MAJOR CLINICAL SIGNS OR PROBLEMS ENCOUNTERED 

Cough, 42 Respiratory distress (dyspnea), 60 Exercise intolerance and poor 

Nasal discharge, SO Cyanosis, 60 performance in horses, 76 

Epistaxis and hemoptysis, £6 Abnormal respiratory noise 

Tachypnea, 60 (stridor), 71 


COUGH 

II Definition. Coughing, a normal and important respira- 
lory defense mechanism, is ihe sudden, forceful, noisy 
expulsion of air through the glottis to dear mucus, panicles, 
and other material from the tracheobronchial tree and 
glottis. 

II Pathophysiology. The mucociliary escalator and the cough 
reflex are the major protective mechanisms that function 
together to remove material from the respiratory tract"' 2 
Particles trapped in mucus are carried toward the trachea by 
continuous waves of ciliary motion that start at the level of 
the terminal bronchioles. Coughing may effectively remove 
secretions from the tracheobronchial tree proximal to the 
level of the segmental bronchi, 1 

NEURAL PATHWAYS INVOLVED IN THE COUGH 
REFLEX. Coughing is an involuntary reflex that can also 
be suppressed or initialed voluntarily , 1 Hie reflex pathway 
involves sensory receptors of nerve Fibers that extend 
between epithelial cells and ramify throughout the tracheo¬ 
bronchial tree from the level of the larynx to the respiratory 
bronchioles 4 * These receptors, many of which are irritant 
receptors, are particularly' numerous in the trachea and 
bronchi, especially around the hilus of the lung and at the 
bifurcation of bronchi 1 ' 4 Other receptors that can stimulate 
coughing are found in the lung parenchyma, in the pleura, 
and in other locations. Myelinated afferent Fibers from 
cough receptors pass predominantly in the vagal, but also 
in the glossopharyngeal, trigeminal and phrenic nerves, to 
the cough center in the medulla oblongata. 1-3 5 Brainstem 
neuronal pathways for the cough reflex in the horse are 
not well characterized- Efferent Fibers pass in the vagal 
phrenic, intercostal, and lumbar nerves and motor portions 
of the trigeminal facial, hypoglossal and accessory nerves 
to supply the striated and smooth muscles of the larynx, 
tracheobronchial tree* diaphragm, intercostal muscles, 
abdominal muscles, and glands of the respiratory tract, 1-4 7 
Irritant receptors are stimulated by mechanical defor¬ 
mation such as that induced by pinching the trachea or 
by bronthoconstriction, by chemically inert dusts such 
as carbon, by pollutant gases such as ammonia, by inflam¬ 
matory conditions, and by chemical mediators such as 


histamine [Boxes 5-1 and 5-2). 2,4 Sensitivity to mechanical 
stimulation varies along the airway, and in horses the 
upper airway cough receptors appear to be less active than 
in many other species * For example, a stomach tube inad¬ 
vertently passed into the trachea frequently does not 
induce coughing until it reaches the bifurcation. Similarly, 
endoscopic examination often reveals a large pool of exu¬ 
date in the trachea of horses with little or no history of 
coughing. 6 Foals with equi pneumonia often 

have a tracheal rattle, reflecting accumulation of tenacious 
exudate in the trachea, but may not cough. Repeated stim¬ 
ulation of irritant receptors over several hours does not 
appear to diminish sensitivity but may lead to changes in 
threshold. 4 

Bronchoeonstriction is a constant component of cough, 3-7- ® 
and stimuli of cough also may induce reflex hronth ©constric¬ 
tion through the parasympathetic nervous system 4 1 lowever, 
cough and bronchoeonstriction are separate airway reflexes. 7 
Whereas stimulation of irritant receptors in large airways 
may induce both cough and reflex bronchoeonstriction inde¬ 
pendently. stimulation of nerve endings in smaller airways 
does not directly initiate coughing but does cause broncho- 
constriction, which may initiate coughing indirectly- 4 The 
role of bronchoconstriciion in the induction of coughing is 
supported by studies showing that coughing in asthmatic 
people can be prevented by aerosol administration of salbu 
tamo! (a bronchodilator) or of local anesthetics or cromolyn 
sodium.*' 10 This suggests that mediator release (blocked by 
cromolyn) causes bronchoeonstriction (blocked by broncho- 
dilators), which stimulates irritant receptors (blocked by 
local anesthetics) and causes coughing. 4 Much of the airflow 
obstruction in horses with recurrent airway obstruction 
(RAO) appears to be mediated through these pathways and 
in many cases can be eliminated with atropine, a parasym¬ 
patholytic bro nch od i I alor. 4 

Mechanics of Coughing 

The mechanical events that produce coughing occur during 
four phases: inspiration, compression, expression, and relax¬ 
ation. 3 " 1 Ihe First three phases are necessary to create the 
decreased airway cross-sectional area and high airflow' rates 
needed for an effective cough. Coughing is a maximum 


42 


CHAFTiR $ Alterations in Respiratory Function 


43 



BOX 5-1 


Causes of Coughing in Horses 


COMMON CAUSES 

Mycoplasma species pleuriiis 

Equine influenza A 2 virus 

Tularemia 

Equine herpesvirus types 1 and 4 (EHV-i, EHV-4) 

Pulmonary hydatidosts 

Other viruses (rhino virus types 1. 2, 3; reo virus) 

Tracheal perforation or rupture 

Bacterial pneumonia 

Cryptococcosis 

Bacterial pleuropneumonia, pleuritis 

Dorsal displacement of the soft palate (laryngopalatal 

Recurrent airway obstruction (RAO or CO PD) 

dislocation) 

Mechanical causes (e.g., non sped fie dust irritation] 

Rostral displacement of the palatopharyngeal arch 

Pharyngitis (acute; chronic pharyngeal lymphoid hyperplasia) 

Idiopathic laryngeal hemiplegia 

Postviral hyperreactive airways * 

Guttural pouch neoplasia 


Rectus capitis ventral is muscle rupture 

LESS COMMON CAUSES 

Adenovirus Infection 

Strangles (Streptflcoccui equi infection] 

Pneumocyitis iurinii pneumonia 

Equine vital arteritis 

Bophageal ectasia, dysfunction, stricture, perforation. 

Pjrruanrs etjucmm migration 

esophagitis 

Pharyngeal paresis 

Megaesophagus 

Cultural pouch empyema 

Progressive ethmoidal hematoma 

Guttural pouch mycosis 

Nasal or paranasal sinus neoplasia 

Pharyngeal laryngeal trauma or surgery 

Fistula (pharyngeal, esophageal, esophagobronchial 

Postsurgjcal aspiration (eg. after laryngeal 

esophagotracheal, bronchob diary) 

prosthesis surgery) 

Foreign body (nasal, pharyngeal, laryngeal. 

F.pigjotta! entrapment 

trachea], bronchial) 

1 Subepiglottal cyst or abscess 

In fa rciive lobar pneumonia 

Chondritis, chondromas of the arytenoid cartilage 

Bronchopleural fistula 

Retropharyngeal abscess 

Pleural mesothelioma 

Tracheal collapse (including scabbard trachea in ponies) 

Pneumothorax 

Tracheal stenosis, stricture 

Pulmonary tumor, primary or metastatk 

Choke, esophageal obstruction 

Lymphosarcoma, lymphoma, leukemia 

Aspiration pneumonia (foreign bodies, feed material) 

Pulmonary aspergillosis 

Inhalation pneumonia (smoke, thermal injury, noxious gases) 

Phycomycosis, pythtosb 

Lungworm infection (Dkryocauhti amfieldi) 

Plant awn stematitis 

Pulmonary abscessatton 

Anaphylaxis or acute drug reaction 

Exercise-induced pulmonary hemorrhage (ElPH) 

Atrial fibrillation 

Pulmonary edema (smoke inhalation, acute renal failure. 

Tetralogy of Fallot 

overtiydration, septicemia, anaphylaxis) 

Cor pulmonale 

Summer pasture-associated obstructive airway disease (SPOAD) 

Endocarditis 

left-sided heart failure 

Ruptured mitral chordae tendineae 

Congestive cardiac failure 

Melioidosis, P^vdomoruLi pteudomaUei (exotic) 

Neonatal septicemia 

Glanders (exotic) 


African horse sickness (exotic) 

UNCOMMON CAUSES 


Tuberculosis 

TOXIC CAUSES 

Pneumoconiosis or silicosis; other interstitial pneumonias 

Glutton weed (Eupalonum adenophoruru) 

Eosinophilic interstitial pneumonia 

x-Naphthyl thiourea (ANTU) 

Nocardiosis 

Pen tachloropheno 1 

Coccidioidomycosis 

Orga nophosphate 

ChUmydui psitwei pneumonia 

Carbamate 


expiratory flow maneuver that begins with deep inhalation to 
expand lung volume, increase elastic recoil and dilate the 
airways through the tethering effect exerted by surrounding 
lung tissue. 11 Closure of the glottis is followed by forced expi- 
ratory efforts involving the rib cage, abdomen, and dia¬ 
phragm, which increase pressure in the abdominal, pleural, 
and alveolar spaces to over 500 mm Hg 4 The glottis then 
opens suddenly, allowing the elevated alveolar pressure to 
rapidly accelerate gas How from the respiratory tree. 2 * 4 *" 'Ibis 
high-velocity gas stream shears exudate from die airway walls 
and lumen and carries it to the nasopharynx, from which 
poim it exits the respiratory tract as nasal discharge or is swal 
lowed. 11 Airflow stops before the animal has exhaled to resid¬ 
ual volume because the glottis doses or the driving force 
provided by the muscles abates. 4 The characteristic sound 


of coughing is produced by vibration of laryngeal and pha¬ 
ryngeal tissues, narrowing and deformation of airways, vibra¬ 
tion of surrounding lung tissues, and turbulent gas flow 
vibration in the airway 4 ' 

During forced expiration such as occurs with coughing, 
the increased pleural pressure is transmitted to the intratho- 
radc airways and alveoli. Intraalveolar pressure exceeds 
pleural pressure by an amount equal to the elastic recoil 
pressure of the lung,*'” A pressure gradient thus exists 
between the alveoli and atmospheric pressure at the nostrils 
and mouth. At a point in the airways known as the equal 
pressure point (EPP), the pressure in the airway lumen equals 
the pleural pressure because the elastic recoil pressure has 
been dissipated. 2 " 1 * 11 In the imratboradc airways rostral to 
this point, the intraluminal pressure is lower than the pleural 
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Causes of Coughing In Ruminants 


COMMON CAUSES 

High altitude disease (B) 

Siannheimia hemolytica* or Pasieurclla multocida pneumonia 

Enzootic bovine leukosis (B) 

(indudes shipping fever and enzootic calf pneumonia) 

Chlamydia psittaci pneumonia 

Haemophilus somnus pneumonia (B) 


Lungworm infection, verminous pneumonia 

UNCOMMON CAU5ES 

Atypical interstitial pneumonia (B) 

Diaphragmatic hernia 

Chronic bacterial pneumonia with abscessation or 

Pleural mesothelioma (B, C) 

consolidation (Arcanobacterium (Actinomyces} pyogenes* and 

Sarcocystosis (B) 

other bacteria) 

Sporadic bovine leukosis, thymic lymphosarcoma (B) 

Infectious bovine rhinotracheitis (1BR; bovine herpesvirus type ] 

Tuberculosis 

[BHV-l |) (B, C) 

Tularemia (O) 

Bovine respiratory syncytial virus (B) 

Tracheal actinomycosis 

Parainfluenza virus type 3 

Tracheal collapse, stricture, stenosis 

Mycoplasma species pneumonia 

Phycomycosis, pylhiosis (B) 

Caprine Mycoplasma mycoides subsp. mycoides infection (C) 

Pulmonary aspergillosis 

Caprine arthritis-encephalomyelitis (CAE) pneumonia (C) 

Rhinosporidiosis 

Necrotic laryngitis, calf diphtheria (B, O) 

Zygomycosis, mucormycosis (B) 

Abscess (oral, lingual, retropharyngeal, pharyngeal, laryngeal) 

Pulmonary listeriosis (B) 

Trauma (pharyngeal, laryngeal, tracheal, bronchial, chest wall) 

Pneumoqrstis caiinii pneumonia 

Esophageal obstruction, foreign body choke 

Cor pulmonale (C) 

Septicemia (neonates) 

Neoplasia (nasopharyngeal, oropharyngeal, pulmonary) 


Postpartum hemolytic-uremic syndrome (B) 

LESS COMMON CAUSES 

Esophageal rupture, laceration, ulceration, megaesophagus. 

Bovine rhinovirus (B) 

hiatal hernia 

Bovine adenovirus (B) 

Neoplasia, skeletal (B, Q) 

Bovine malignant catarrhal fever (B) 

Buss disease, chlamydial sporadic bovine encephalomyelitis (B) 

Bovine virus diarrhea (BVD-MD) (B) 

Winter dysentery (B) 

Herpesvirus DN-599 (B) 

Ascuris suum migration in calves (B) 

Bovine herpesvirus type 4 (BHV-4) (B) 

Rinderpest (exotic) 

Bovine coronavirus (B) 

Theileriosis, East Coast fever (exotic) 

Pulmonary adenomatosis (Jaagsiekte) (O) 

Melioidosis, Pseudo m on as pseudomallei (exotic) 

Ovine adenovirus (O) 

Contagious bovine pleuropneumonia (exotic) (B) 

Caprine respiratory syncytial virus (C) 

African bovine malignant catarrhal fever (exotic) (B) 

Ovine progressive pneumonia and arthritis, maedi (G) 

Virulent sheep and goat pox (exotic) (O, C) 

Aspiration, foreign body pneumonia 

Peste des perils mm in ants (exotic) (O, C) 

Foreign body (pharyngeal, laryngeal, tracheal, bronchial. 

Contagious caprine pleuropneumonia (exotic) (C) 

pulmonary) 

Viral dermatitis of goats (exotic) (C) 

Inhalation pneumonia (smoke, noxious gases, thermal injury) 

tbaraki disease (exotic) (B) 

Pulmonary embolus from posterior vena cava thrombosis (B) 


Anaphylaxis or adverse drug reaction 

TOXIC CAUSES 

Reaction to death of parasites after anthelmintic 

Organophosphate, carbamate 

treatment (B) 

Mercury (B) 

Milk allergy in cows (B) 

Iodine (B, O) 

Fanner's lung disease (hypersensitivity to Faenia rectivirguta and 

Insect fogger (B) 

other mold spores) (B) 

Levamisole (O, C) 

Pietiritis, pleural effusion 

Nitrogen dioxide (B) 

Pneumothorax 

Harry vetch (Vicia villosa) (B) 

Diffuse fibrosing alveolitis (B) 

Sneezeweed (HWenium species) 

Left-sided heart failure (left atrioventricular [mitral 1 

Aflatoxicosis (C) 

insufficiency, pericarditis, congenital cardiac defects, 


other causes] 



B, Bovine; G caprine; O, avine. 
■formerly named Pasurutelia hemalytica. 
formerly named Acriiwnijraj pyogenes. 


pressure; therefore a transmural pressure gradient exists, 
which tends to cause the airways to be dynamically com¬ 
pressed or collapsed. 3-4- * 1 The location of the FTP is deter¬ 
mined by the elastic recoil pressure, and thus indirectly by 
lung volume, and by the frictional resistance to flow in the 
airways between the alveoli and the EPP 4 At high lung 
volumes, elastic recoil pressure is high, resistance in periph¬ 
eral airways is low, and the EPP is typically located in the 
larger intrathoradc airways, which have cartilaginous support 
for their walls, thereby preventing airway collapse. 4 As lung 
volume decreases, elastic recoil force decreases, airway 


resistance increases, and the EPP moves more peripherally, 
subsea ing lower and less well-sup ported parts of the tra¬ 
cheobronchial tree to dynamic compression. 5411 Dynamic 
compression reduces the cross-sectional area of intrathoradc 
airways and thus increases the velocity of airflow through the 
narrowed segment 4 These spikes of accelerated airflow pro¬ 
mote more effective shearing of mucus and debris from the 
airway wall and lumen during coughing. 11 

Dynamic compression also increases the resistance to air¬ 
flow. 4 Once dynamic compression of peripheral (smaller) 
airways occurs, further increases in expiratory effort cause 


CHAPTER % Alterations in Respiratory Function 


45 


greater nanowing of the airway; thus the How rate that can 
be generated at a given lung volume does not increase 
beyond a certain maximum point (maximum expiratory 
flow), 4 Maximum expiratory flow decreases progressively 
as the animal exhales because lung volume declines. Thus 
coughing beginning at high lung volumes achieves the 
highest airflows. 4 However, only the larger intrathoracic 
airways are compressed and subjected to these spikes of 
higher airflow velocity, 11 As lung volume falls or if 
cough is initiated at lower lung volumes, smaller airways 
are dynamically compressed and cleared of mucus, 2tJ ’ 11 The 
effectiveness of coughing can thus be improved by repeating 
it several times in succession, either m a progression from 
high to low lung volume during die same breath or by 
inhaling between breaths 4 

Because maximum airflows are lower in smaller airways, 
coughing is probably less effective in clearing material from 
the smaller airways than from the larger ones, 4 In the alve¬ 
olar regions of the lung, gas flow is too slow for coughing 
lo be an effective means of clearance, 11 Because only intra¬ 
thoracic airways are dynamically compressed and subjected 
to these spikes of higher flow velocity during forced expira¬ 
tion, the extra thoracic trachea should be less effectively 
cleared by coughing, 4 However, horses and other animals 
with long necks do not seem to have great difficulty in clear¬ 
ing their airways, although they do lower their heads and 
straighten their airways during coughing to assist the dear 
ance process. 

In diseases such as RAO that cause narrowing of the airway 
lumen, the increased resistance to airflow, especially in 
peripheral airways, causes the EPF to move more peripherally 
toward the alveoli, resulting in a reduction in the maximum 
expiratory flow rate. 2 * 4 In this situation the effectiveness of 
coughing in clearing the airways is reduced. Thus administra¬ 
tion of a branch od if a tor may greatly improve the effective¬ 
ness of coughing in patients with RAO, 4 

COUGH STIMULI* Cough may be stimulated by bram 
choconstriction, excessive mucous production, deposition 
of inhaled particles in the airways, release of inflammatory 
mediators (infectious diseases), exposure to hot or cold 
air, intramural or extramural pressure or tension on the air¬ 
ways (tumor, granuloma, abscess, or decreased pulmonary 
compliance caused by restrictive disease such as interstitial 
fibrosis or pleural effusion), sloughing of airway epithelial 
cells, and enhanced epithelial permeability (pulmonary 
edema). 12 Epithelial sloughing and enhanced epithelial 
permeability theoretically increase the accessibility of cough 
receptors to the mechanical or chemical agents that stimu¬ 
late them. Loss of integrity of the epithelial lining of the 
respiratory tract is a common feature in many respiratory 
diseases associated with cough (infectious diseases); how¬ 
ever, a cause-and-effect relationship between alterations in 
pulmonary epithelium and cough has not been estab¬ 
lished 12 Diseases of the respiratory' tract may alter the 
sensitivity of the cough reflex 12 For example, viral infec¬ 
tions may increase the responsiveness of cough receptors 
to stimuli 712 Of the many causes of coughing in large 
animals, viral infections such as equine influenza and infec¬ 
tious bovine rhinotracheitis (1BR) are particularly impor¬ 
tant, because they cause outbreaks of respiratory disease 
that has acute onset of coughing as a prominent feature 
and that is frequently associated with persistence of cough¬ 
ing for prolonged periods after signs of acute disease have 
abated. These features of viral infections reflea the 
decreased effectiveness of mucociliary clearance resulting 
from virus-induced injury to ciliated epithelial cells, 
together with exposure and sensitization of irritant airway 
receptors, which lead to persistent bronchial hyperre 
activity 413 Affecied individuals show bronchoconstriction 


and coughing in response to mildly irritating stimuli such 
as dust, stable pollutants, cold air, dry air, and exercise that 
would not normally cause coughing. Coughing subsides 
only when the airway epithelium has healed, which takes 
approximately 7 weeks. 4 

The role of mucus in coughing is not clear. 4 Fluid flushed 
over the tracheobronchial epithelium stimulates irritant re¬ 
ceptors, particularly if the fluid is hypertonic or hypo- 
ionic.*' l0 ' u Coughing is also stimulated by fluid that lacks 
permeant anions (i.t, anions that have a hydrated size and 
membrane-penetrating charaaeristics similar to the chloride 
anion). 13 Excessive accumulation of mucus in the airways 
may mechanically stimulate irritant receptors and cause 
coughing 4 However, mucus may have a protective effect 
by coating the epithelium with a layer that separates the 
receptors from the irritants 4 

Coughing is a prominent feature of cardiac disease in 
many species, although cardiac diseases are not often 
encountered in large domestic animals Failure of the left 
side of the heart as a result of congenital defects, valvular ste¬ 
nosis or incompetence, conduction disturbances, myocardial 
disorders, or restrictive pericardial disease causes an increase 
in pressure in the pulmonary venous return from the lung. 
This results in transudation of fluid from the pulmonary 
capillaries into the pulmonary parenchyma and airspaces 
(cardiogenic pulmonary edema) and causes swelling of 
the mucosal lining of small airways. 2 These changes stimu¬ 
late cough receptors and initiate the cough reflex Coughing 
that occurs secondary to cardiac disease to usually chronic 
although acute-onset coughing may be observed with ruptured 
mitral chordae tendineae and bacterial endocarditis. 16 


Approach to Diagnosis of Coughing 

his TORT. The history should include questioning rela¬ 
tive to the patient, the cough, the environment and man¬ 
agement. The of the affected animal to important 
because many conditions have a marked age incidence. 
For example, R* etfui pneumonia occurs primarily in foals 
younger than 6 months of age, equine herpesvirus type 4 
predominantly affects weanling and yearling horses, atypi¬ 
cal interstitial pneumonia (fog fever) affects predominantly 
astured adult cattle, and RAO affects primarily mature sta¬ 
led horses. The use of the horse; its state of fitness; the pres¬ 
ence of vices such as crib biting; and any history of contact 
with other horses at shows, events, sales, racetracks, or breed¬ 
ing farms should be determined. 

Recent stressors such as transportation, surgery, strenuous 
activity, or weaning should be determined, because these 
are known risk faaors for conditions such as pneumonia 
and pleuropneumonia. The duration of ownership of the 
animal, its previous health, and the geographic location of 
origin, if it was recently purchased, may help identify 
regional diseases not normally seen in the area (e g., sys¬ 
temic mycosis, lungworms, or silicosis in horses) or indicate 
the degree of stress likely to have been recently experienced. 
For recently purchased feed lot cattle and sheep, it should be 
determined if the animals were preconditioned before sale, 
their place of origin, the number of sale yards through 
which they have passed, and the duration of transportation. 

When evaluating for potentially contagious diseases or 
those related to common environmental conditions, the 
vaccination status of the affected animal and herdmates 
and the presence of similar clinical signs in other in-contaa 
animals sharing common facilities or common airspaces 
should be determined In nursing animals the vaccination 
status of the dam is important. A history of other signs such 
as anorexia, nasal discharge, weight loss, exercise intolerance. 
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stridor, lymph adenopathy, facial swelling, diarrhea, colic 
and edema may provide important clues to the cause of 
the current problem. Weight loss occurs in many acute 
and chronic diseases, both infectious and noninfmious^ 
Anorexia may indicate that ihe animal feels too systemicahy 
sick to eat that it has a sore throat or that it is devoting so 
much effort to breathing that it will not eat. 

Environmental considerations such as the introduction of 
new animals into the environment or the return of animals 
from shows, sales, training centers, or breeding farms 
should increase the suspicion of infectious viral or bacterial 
diseases such as ISR in cattle or influenza in horses For dis¬ 
eases such as R eifiri pneumonia jn foals, it is useful to 
know if similar cases have been seen on the premises in 
the past. The type of housing or pasturing facilities should 
be evaluated, particularly with regard to airspace, ventila¬ 
tion, sanitation, stocking density, dust, shade, and shelter. 
Equine stabling facilities that have enclosed bams, particu¬ 
larly when the stalls face a central arena or are located under 
a hay storage loft, promote the spread of contagious agents 
and almost invariably increase the concentration of dust, 
mold spores, and noxious gases such as ammonia and trac¬ 
tor exhaust fumes in the environment The type of feed and 
bedding, storage facilities, and feeding arrangements should 
be evaluated, especially in chronically coughing horses sus¬ 
pected of having allergic lung disease. Quantitative mea¬ 
sures of ventilation and environmental quality can be 
made and can prove helpful in case management and in 
monitoring the effectiveness of measures to reduce environ¬ 
mental dust and other pollutants. 17 Similarly, the sampling 
of air in bams or paddocks using special devices that allow 
quantitation of bacterial pathogens such as R equi may 
prove to be useful for assessing risk of infection. 

A history of recent access to lush green pastures is fre¬ 
quently obtained in cattle with atypical interstitial pneumo¬ 
nia (fog fever) The quality of the feed should be evaluated 
visually and by smell, particularly with regard to the pres¬ 
ence of mold spores. General management, pasture man¬ 
agement, and parasite control measures should also be 
evaluated, especially if lungworm infection is suspected. 
Horses with lungworm infection almost invariably have a 
history of current or previous co-grazing with donkeys. 
The season and seasonal incidence of recurrence of the 
coughing can provide useful clues (e.g., marked seasonal 
worsening of signs in the late autumn when horses are stabled 
suggests chronic allergic respiratory disease). The history 
should also include the nature of previous treatments and 
the response 

Important historical features of the cough include the time 
and speed of onset frequency; duration (chronic if longer 
than l month); relation to feeding, housing, or weather 
relation to exercise and timing during ecerctse; improve¬ 
ment, deterioration, or other change since onset; and the 
presence of and similarity to previous episodes of coughing 
or respiratory disease. Many coughs are exacerbated by exer¬ 
cise because exercise places greater stress on the respiratory 
tract. The resulting rapid airflow improves mobilization of 
secretions and irritates the airway directly. Coughs that 
occur during eating suggest specific or nonspecific sensitiv¬ 
ity to molds, pollen, or other dusts in feed; inflammatory 
conditions of the larynx or pharyngeal region; laryngeal or 
pharyngeal problems, including complications of surgery, 
that interfere with swallowing or guarding of the lower air¬ 
way; or esophageal obstruction (choke). The effort required 
to cough and associated pain may also give dues to the 
cause of the cough. 

The character of the cough should be evaluated, because 
certain features of a cough tend to point toward its origin 
and possible causes but are by no means pathognomonic 


for either. Coughs originating in the upper airway are usu¬ 
ally of acute onset, loud, harsh, coarse, dry, hacking, and 
nonproductive in character. Painful upper airway condi¬ 
tions such as acute pharyngitis, strangles, or necrotizing 
laryngitis can make the cough more muted. Lower airway 
coughs are usually soft, deep, and productive (mucus, 
pus) and tend to be more persistent than coughs originat¬ 
ing in the upper airway. However, chest pain frequently 
attenuates coughing in horses with pleuropneumonia. In 
horses the fixed intranarial position of the larynx usually 
precludes expectoration of sputum into the mouth; thus 
the productive nature of the cough is difficult to assess. 
Excess mucus or exudate that is coughed up into the phar- 
yryt is usually swallowed; thus a cough can be productive 
without evidence of a nasal discharge. Swallowing efforts 
that follow a cough generally indicate that the cough is 
productive, 

PHYSICAL EXAMINATION. The extent of the physical 
examination varies with the information already gained 
and the severity of the problem. It should include both 
distant and dose evaluation of the patient and the envi¬ 
ronment, In addition to a detailed examination of the 
respiratory and cardiovascular systems, a general physical 
examination should be completed so that diseases in other 
systems can be detected and systemic manifestations of 
cardiopulmonary disease can be evaluated. Ihe attitude 
of the animal, the respiratory rate and character, the pres¬ 
ence of excessive intercostal or abdominal respiratory 
effort or of a '"heave line" or "bairel chest," the presence 
and nature of respiratory distress or stridor at rest and 
the presence and character of any nasal and ocular dis¬ 
charge should be noted before the animal is restrained. 
The following should then be determined: (1) rectal tem¬ 
perature, pulse rate, pulse rhythm and character, mucous 
membrane color, and capillary refill time; (2) symmetry 
of airflow from each nostril; (3) odor from the nostrils 
and mouth, (4) facial symmetry and swelling; (S) reso¬ 
nance or painful response on percussion of the maxillary 
and frontal sinuses, (6) enlargement of submandibular, 
parotid, retropharyngeal, and other regional lymph nodes, 
(7) enlargement of the parotid salivary glands or thyroid 
gland; (8) swelling, pain, or palpable abnormalities in the 
retropharyngeal region; (9) palpable swelling or flattening 
of the cervical trachea; and (10) masses at the thoracic inlet 
and palpable turbulence such as a tracheal rattle in the 
extrathoracic airway. The oral cavity should also be exam¬ 
ined. If spontaneous coughing is not heard during the 
physical examination, a cough should be induced after aus¬ 
cultation of the airways by pinching the larynx or trachea, 
and it should be ascertained whether the induced cough 
sounds like the animal's spontaneous cough. Pinching of 
the trachea generally causes normal animals to cough once 
or twice, whereas it often induces paroxysmal coughing in 
animals with lower airway disease. The laryngeal or tracheal 
cough reflexes show increased sensitivity in most infective 
and inflammatory airway diseases. 

The larynx, trachea, lungs, and heart should be carefully 
auscultated on both sides of the chest in a quiet environment 
with the animal at rest and after the rate and depth of respi¬ 
ration have been increased by application of a rebreathing 
bag, by temporary occlusion of the nostrils, or by light 
exercise (see Cyanosis, p. 68). This permits detection of 
turbulent airflow, increased or decreased bronchovesicular 
sounds, wheezes, crackles, pleural friction rubs, or pleural 
fluid splashes, all of which indicate disease of the airways, 
pulmonary parenchyma, or pleura. Wheezes and crackles 
reflect airway narrowing and dynamic airway collapse, 
respectively, and are both evidence of small airway dis¬ 
ease. 16 A small or medium-size plastic trash bag makes an 
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adequate rebreathing bag, a plastic rectal sleeve is satisfac¬ 
tory for foals or calves if the opening is stretched so that it 
does not occlude the nostrils. The response to application 
of a rebreathing bag should also be noted. Most horses 
tolerate this procedure well and breathe more deeply, 
whereas animals with chest pain often do not. Norma) 
horses do not cough when ihe bag is applied unless they 
have been eating recently, whereas horses with airway irrita¬ 
tion caused by pneumonia or other conditions often cough 
paroxysmally in response to application of a rebreathing 
hag. The time taken to regain the normal respiratory rate 
and character after removal of the bag provides a reasonable 
crude indicator of ventilatory reserve. Normal animals 
recover quickly, within a few breaths, whereas respiration 
may be altered for several minutes in animals with signifi¬ 
cant lung disease. 

The chest wall should be palpated to detect pleural fric¬ 
tion rubs or lesions such as rib fractures, and the symmetry 
of chest expansion should be determined. Unilateral chest 
pain (pleurodynia) often reduces chest excursion on the 
affected side. Both sides of the chest should be percussed 
systematically to detect changes in resonance and chest 
pain. The caudoventral percussion border in the normal 
horse traces from the level of the tuber coxae at the seven¬ 
teenth intercostal space (the horse normally has IS pairs of 
ribs) to the level of the tuber ischii at the fifteenth intercos¬ 
tal space to the midthorax at the thirteenth intercostal 
space to the level of the point of shoulder at the eleventh 
intercostal space; it continues as a curving line to a point 
l to 3 inches above the olecranon The normal caudoverv 
iral percussion boundary in cattle and small ruminants 
traces from the eleventh intercostal space at the level of 
the lateral edge of the epaxial musculature to the ninth rib 
at a level halfway between the costochondral junction and 
the lateral edge of the epaxial musculature to the fifth rib 
at the olecranon (cattle, goats, and sheep normally have 
13 pairs of ribs). Percussion is an important diagnostic tool 
in all large animals, but it is most useful in foals, calves, and 
goats. The precise percussion boundaries, degree of reso¬ 
nance, and auscultation findings are influenced by age, size, 
body condition, fitness, and hair coat, as well as by disease 
processes; a gas-filled abdominal vise us can also confuse 
interpretation. Hyporesonance (dullness) may indicate pul¬ 
monary consolidation, large mass lesions, cardiomegaly, 
pleural effusion, or other pleural disease. Free pleural fluid 
usually causes an abrupt change from normal resonance 
above a horizontal fluid line to hyporesonance below this 
line. I lyperinflaiion or pneumothorax may cause hyperre¬ 
sonance with or without expansion of the normal percus¬ 
sion boundaries. A painful response to percussion may 
indicate pleuritis or some other inflammatory process 
involving the parietal pleura. 

In cattle the presence of thoracic or cranial abdominal 
pain should be ascertained by application of upward pres¬ 
sure to the xiphoid area with the knee or by application 
of downward pressure with both hands just caudal to the 
withers. Animals with cranial abdominal or thoracic pain 
resist these maneuvers and may make an audible or austul- 
table grunting noise. Signs such as jugular distention or 
pulsation (or both) and peripheral edema, which may 
indicate heart failure, should be noted; and the heart 
should be auscultated to detea murmurs, dysrhythmias, 
muffling of heart sounds, or other abnormalities that would 
indicate the need for further cardiovascular diagnostic 
procedures. 

COMPLETE BLOOD COUNT A complete blood count 
including fibrinogen concentration, usually reveals nonspe¬ 
cific findings but may be useful in the evaluation of cases 
in which primary or secondary inflammatory conditions 


are suspected and in conditions such as pulmonary throm¬ 
boembolism secondary to caudal vena cava thrombosis 
(CVCT) in cattle and guttural pouch mycosis in horses in 
which blood-loss anemia is likely to be a complicating 
problem. Acute viral infeaions often induce a transient 
anemia and leukopenia, predominantly lymphopenia, fol¬ 
lowed by a monocytosis during recovery. Neutrophilia and 
hyperfibrinogenemia are features of many inflammatory 
conditions but are usually most marked when bane rial 
infection is involved. Some parasitic diseases (e.g„ lung- 
worm infection in cattle) may induce eosinophilia, as may 
allergic conditions, but eosinophilia is not a common 
feature of either lungworm infection or allergic RAO in the 
horse. 

NASAL OR NASOPHARYNGEAL SWABBING. Nasopha¬ 
ryngeal swabbing and direct cytologic examination and cul¬ 
ture are indicated for confirmation of viral or baaerial 
infeaions that involve the upper airway. Because a large 
number of bacteria normally inhabit the nasopharynx, only 
the presence of Strep&xrocors equ\ or some other pathogen 
not considered part of the resident flora can be considered 
significant. When clinical signs suggest a viral respiratory 
infection, especially when an outbreak of coughing occurs 
in several animals, molecular detection by polymerase chain 
reaction (PCR), antigen detection by antigen-capture enzyme - 
linked irnmunakTrfeem assay (ELISA), or virus isotafum from 
nasal or nasopharyngeal swabs, tracheal wash, and/or bufiy 
coat (ethylenediaminaetraacetic add JEDTA] blood) sam¬ 
ples collected during the acute phase of the disease and vim/ 
serokgk rests on acute and convalescent serum samples are 
indicated. 18 Under these circumstances, sampling as many 
of the most severely affeaed, often younger, animals as 
early as possible in the disease course maximizes the 
chances of establishing an etiologic diagnosis. Large absor¬ 
bent Dacron or rayon swabs* should be used for nasopha¬ 
ryngeal swabbing Ihe swab should be placed in viral 
transport medium for dispatch to the diagnostic Laboratory 
if virus isolation is desired, and the laboratory should 
be notified in advance that samples will be submitted. 
Antigen-capture ELISA* and PCR tests are now available 
for testing of nasal or nasopharyngeal swabs and other sam¬ 
ples to confirm a diagnosis of viral infection,* 8 These 
rapid-screening tests are sensitive, less cumbersome to per¬ 
form than virus isolation, do not require such stringent 
conditions for handling and transporting samples, and 
provide results sufficiently quickly that specific control 
measures can be implemented. However, they do not yield 
an isolate that can be used to monitor genetic and antigenic 
evolution of the viral agent. Serologic testing often pro¬ 
vides only retrospeaive information, but it can prove very 
helpful in the formulation of future control measures, 
including vaccination, Ihe larger the number of animals 
tested, the more informative are the results of serologic 
testing in a herd or flock Serologic testing is also indicated 
when pneumonia caused by Coccidioides immtns or other 
fungal agents is suspeaed. 

ENDOSCOPIC EXAMINATION. Endoscopic examina¬ 
tion of the nasal passages, conchae (turbinates), pharynx, 
larynx, and trachea allows the presence, nature, and source 
of exudates and the presence of anatomic or functional 
abnormalities or mass lesions to be noted. Endoscopic 
examination of the upper airway of the horse to evaluate 
for partial airway obstruction is best performed without 
the use of sedatives or tranquilizers if possible because these 


'Fox 16-inch Procto Swabs. Allegiance Healthcare, Hayward. Calif. 

example, influeriaa Directs gen Hu A test, Beetorr Dickinson, 
Frariklin 1-akes, NJ. 
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alter the tone and function of the muscles supporting 
laryngeal and phapmgeal anatomy and function and 
confuse interpretation of endoscopic findings. In the 
horse the interior of the guttural pouches may be exam¬ 
ined by advancing the endoscope through the pharyngeal 
openings of each guttural pouch using a guide wire such 
as a closed biopsy instrument passed through the biopsy 
channel of the endoscope and into the pouch. Most 
coughing horses have lower airway disease, which may 
be reflected in accumulation of endoscopically visible 
exudate in the horizontal trachea, particularly after 
exercise, Lungworm larvae may be grossly visible in the 
trachea of horses with lungworm infection. Deeper bron- 
choscopic examination is necessary to determine whether 
exudate is a reflection of diffuse airway disease or whether 
it arises from a specific area of the lung, such as would 
occur with a pulmonary abscess or a foreign body lodged 
in a bronchus. Sedation may or may not be needed 
to permit endoscopic examination of the extratboracic 
airways in the standing horse; however, sedation with 
xylazine, detomidine, or romifidine supplemented with 
butorphanol is recommended to facilitate bronchoscopy 
and to dampen the cough reflex, as is spraying of the 
carina and bronchial branches with 2% lidocaine via the 
biopsy channel of the endoscope to reduce coughing 
during the procedure. Tracheobronchial aspiration and 
bronchoalveolar lavage (BAl) can be performed by intro* 
duct ion of appropriate catheters via the biopsy channel of 
the endoscope. 

TRACHEAL aspiration. Tracheal aspiration with 
cytologic studies and quantitative or semiquamicative aer¬ 
obic and anaerobic culture of collected samples is indi¬ 
cated in the evaluation of patients suspected of having 
disease of the lungs or pleura, particularly if an infectious 
cause is likely. Tracheal wash samples collected using 
the percutaneous transtracheal technique are preferred 
for bacteria] culture because they are not contaminated 
by oropharyngeal organisms, 19 ' 10 Collection of samples by 
introduction of a sterile catheter through the biopsy chan¬ 
nel of a presterilized endoscope inserted within a sterile 
sheath, or by introduction of a double-sheathed catheter 
via the biopsy channel, is acceptable and less subject to 
complications than is the transtracheal technique, but sam¬ 
ples obtained transendoscopically may be contaminated 
with Pseudomonas species and anaerobic bacteria despite 
use of a guarded technique, 20 If tracheal aspiration is to 
be performed percutaneous I y, the procedure should pre¬ 
cede endoscopic examination of the lower airways to avoid 
contamination. Culture may fail to reveal the primary bac¬ 
terial pathogen, especially in animals that have been treated 
with antibiotics. The diagnostic value of tracheal wash sam¬ 
ples can be improved by discontinuing antibiotic therapy 
for at least 24 hours before collecting samples, rapidly pro¬ 
cessing samples, using antibiotic removal devicesand selec¬ 
tive culture media and, if necessary, repeating sampling. 
Culture results should be evaluated in relation to the clini¬ 
cal signs, clinical experience (especially on the farm of ori¬ 
gin of the patient), results of cytologic evaluation, and 
response to treatment. The trachea is not a sterile environ¬ 
ment; therefore, culture of small numbers of bacteria with¬ 
out cytologic evidence of infection is of questionable 
significance. 

BRONCHOALVEOLAR LAVAGE. Samples collected by 
BAL are less useful than those collected by tracheal aspira¬ 
tion for evaluating infectious lower airway diseases and 
focal pulmonary conditions because the technique sam¬ 
ples secretions from only a limited area of the caudodorsal 
lung on one side and is subject to contamination during 


collection. However, BAL yields better samples for cyto¬ 
logic assessment and is therefore preferred for evaluation 
of patients with generalized, nomnfectious lower airway 
diseases such as RAO or silicosis. 1 * 1 BAL samples can be 
collected under endoscopic guidance by means of catheters 
introduced through the biopsy channel of a suitable 
endoscope (less than 9 mm in diameter and longer than 
ISO cm) or by using commercially available BAL tubes. 
The advantage of collection via endoscopy is that specific 
areas of the lung can be sampled, although gaining access 
to the cranial lung lobes is difficult with any method. Dif¬ 
ferential cell counts in BAL fluid of normal horses vary 
depending on age, environment, activity, and other fac¬ 
tors, In young horses (<6 years of age), the distribution 
of macrophages, lymphocytes, neutrophils, mast cells, 
and eosinophils is on average 65%, 50%, 3%, 0.5%, and 
0%, respectively. 21 In horses >6 years of age, the neutro¬ 
phil population may reach 15% in normal horses, with a 
corresponding decrease in the proportion of lymphocytes 
and macrophages. 21 

Neutrophils are usually the predominant cell type in BAL 
fluid or tracheal washes of horses with RAO and in animals 
with bacterial infections. The neutrophils usually show 
degenerative changes when significant bacterial infection 
is present. Urge numbers of eosinophils are a feature of par¬ 
asitic infections such as lungworms, some allergic condi¬ 
tions, and infiltrative eosinophilic interstitial pneumonia. 
The presence of hemosiderin-laden macrophages is an indi¬ 
cation of recent pulmonary hemorrhage, and finding refrac- 
lile imracytoplasmic granules in macrophages or giant cells 
should raise the suspicion of silicosis, especially in animals 
showing radiographic evidence of marked pulmonary 
interstitial disease. Noting the presence, number, location 
{intracellular or extracellular), and Gram stain characteris¬ 
tics of bacteria permits a reasoned selection of antibiotic 
treatment while awaiting the results of culture and suscep¬ 
tibility tests. 

ULTRASOUND EXAMINATION. Ultrasound examina¬ 
tion is useful for examining externally visible lesions such 
as possible retropharyngeal abscesses that may be imping¬ 
ing on the airway and causing coughing. Ultrasound exami¬ 
nation of the chest is indicated to determine the presence 
and extent of pleural effusion, pleural roughening, pleural 
fibrin deposits, gas echoes in pleural fluid, pleural adhesions, 
and pulmonary lesions such as consolidation, atelectasis, 
or abscessation in animals with lesions in contact with the 
pleural surface or in animals in which sufficient pleural 
fluid has accumulated to allow evaluation of the underlying 
lung. The tissue-to-air interface at the visceral surface of the 
normal lung appears as a thin, smooth, bright echogenic 
line on ultrasound because it reflects the ultrasound beam, 
precluding visualization of deeper structures. Penetration of 
the ultrasound beam beyond the surface of the lung occurs 
only in the presence of lung pathology that extends to the 
visceral pleural surface of the lung in the area being 
scanned. 

BLOOD GAS ANALYSIS, Blood gas analysis on arterial 
blood to determine oxygen (0 2 ) and carbon dioxide (C0 2 ) 
tensions is indicated in the evaluation and monitoring of 
patients in which a history or clinical signs of coughing are 
accompanied by signs of respiratory distress or cyanosis 
(see Respiratory Distress, p. 60, and Cyanosis, p. 68). 

THORACOCENTESIS. Thoracocentesis with culture and 
cytologic examination of collected samples is indicated 
in animals with clinical or ultrasonographic evidence of 
effusive pleural disease. Normal pleural fluid is odorless, 
pale yellow to straw colored, and transparent and has a 
total nucleated cell count of < 10,000/pL cells, most of 
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which arc mononuclear cells (macrophages and mesothe- 
kial cells), and a protein concentration of <2,5 g/dL* s 
Determination of the pH and concentrations of glucose, 
lactate, and lactate dehydrogenase (LDH) in pleural fluid 
collected into a heparinized tube or syringe helps differ¬ 
entiate septic from nonseptic effusions while awaiting culture 
results. 22 Septic effusions are typically acidic (pH <7.2), 
have a low glucose concentration (<40m^dL), a high 
LDH concentration (>1000 tU/L), and a lactate concentra¬ 
tion higher than that present in venous blood. 22 ' 24 The 
best site for collecting pleural fluid can be confirmed by 
ultrasonography after auscultation and percussion of the 
chest. The sixth or seventh intercostal spaces at the level of 
the costochondral function are commonly used sites in 
horses and cattle The thorax should be penetrated in the 
part of the intercostal space immediately adjacent to the 
cranial border of the rib to avoid the intercostal vessels 
and nerves. 

RLE u R o SC OP Y. Heuroscopy is a more invasive proce¬ 
dure with limited indications that include investigation of 
chronic pleural diseases such as abscesses, pleural adhe¬ 
sions, and possible primary or metastatic pulmonary or 
pleural neoplasia such as lymphosarcoma, gastric squamous 
cell carcinoma, or mesothelioma, 

FECAL EXAMINATION. Fecal examination using the 
Baermann technique to detea lungworm larvae is indicated 
in ruminants suspected of having a lungworm infeaion. 
Because lungworm infections in the horse rarely become 
patent, larvae are not usually demonstrable by fecal exam¬ 
ination. Pulmonary signs related to Parascaris equorum 
infection in foals occur during the prepatent (migratory) 
period; therefore the fecal flotation test for ascarid eggs 
often yields a negative result despite significant parasitic 
infection. 

RADIOGRAPHIC EXAMINATION. Radiography of the 
chest is indicated in patients suspeaed of having lower 
airway disease to determine the presence, severity, and pat¬ 
tern of disease changes involving the lungs, pleura, and 
mediastinum. Four overlapping lateral projeaions usually 
are required to evaluate the whole lung field in an adult 
horse. Because ventrodorsal projections are possible only 
in young foals, lateral projections from each side may he 
necessary to lateralize lesions within the chest. Radio¬ 
graphs of the lungs are particularly useful for determining 
the prognosis and for monitoring the response to therapy 
of pulmonary diseases such as bacterial pneumonia and 
lung abscesses. The cardiac silhouette and the pattern 
and caliber of the aorta, vena cava, pulmonary artery, 
pulmonary veins, and other vessels should be evaluated 
for evidence of cardiac failure and pulmonary vascular dis¬ 
ease Radiographs of the pharynx retropharyngeal area 
(including guttural pouches in the horse}, larynx and 
proximal trachea are indicated in some cases to confirm 
problems not definitively diagnosed by clinical examina¬ 
tion and endoscopy, 

NUCLEAR SCINTIGRAPHY. Nuclear scintigraphy using 
aerosolized technetium-99m ( 99 ™1'c)-labeled diethylene- 
triaminepentaacetic arid (DPTA) and intravenously injeaed 
97m Tc-labeied microaggregated albumin panicles has been 
used to determ i ne patterns of pul monary ven ti I ation, perfusio n, 
and ventilation/perfusion ratios. 17 ' 25 This technique requires 
special equipment and personnel but provides an objective 
assessment of pulmonary funaion and gas exchange 
capability. 25 

BIOPSY. Biopsy, with histologic evaluation of samples, is 
indicated to diagnose certain mass Lesions such as neo¬ 
plasms, cysts, polyps, fungal granulomas, or foreign body 
granulomas in or surrounding the airway. Masses in the 


airway can be biopsied through the biopsy channel of an 
endoscope, but these samples inevitably are small. Biopsies 
can also be collected at the time of exploratory or corrective 
surgery from lesions in the upper airway. Lung biopsies can 
be collected blindly, using Tru-Cut, Biopty, or similar 
instruments, preferably from the peripheral areas of the 
lung to reduce the likelihood of serious hemorrhage (see 
Chapter SI), Focal lesions should be visualized uitrasono- 
graphically or radiographically before or during the biopsy 
procedure. Lung biopsy is most useful for diagnosing dif¬ 
fuse nonseptic conditions such as pneumoconiosis. The 
inherent risks associated with the procedure indicate that 
percutaneous lung biopsy should be reserved for circum¬ 
stances in which the animal is not showing signs of marked 
respiratory distress, uncontrollable coughing or bleeding 
disorders and a high likelihood exists that the procedure 
will yield significant diagnostic information. Open lung 
biopsy is rarely indicated, 

IMMUNOGLOBULIN DETERMINATIONS. Quantitative 
immunoglobulin determinations and possibly other 
immune funaion tests may be indicated in animals, especially 
young ones, with chronic or recurrent respiratory tract infec¬ 
tions or other indications of immune compromise. 

ALLERGEN TESTING. Intradermal allergen testing (IDT), 
a radioallergosorbent test (RAST), ELISA tests far immunog/ufru- 
Jin £ (IgE) on serum, and inhaled challenge have been advo¬ 
cated for the evaluation of horses suspeaed of having 
allergic respiratory disease based on exacerbation of signs 
in certain environments or with certain feeding practices. 
Whereas there are anecdotal reports that horses with RAO 
have been hyposensitized successfully using allergens 
selected on the basis of these allergen tests, we are unaware 
of documentation in well-controlled studies. In addition, 
a recent study showed that compared with normal nonatopic 
horses, RAO-affected horses did noi have a significantly 
greater number of positive reanions in intradermal skin 
tests (IDT) against any allergen group (molds, grasses, 
weeds, trees, and inseas), leading the authors to conclude 
that reaaions to individual allergens in IDTs should not 
be used to determine that horses have clinically relevant 
hypersensitivity. 26 Many normal horses show sensitivity to 
individual mold spores and other allergens, and there is 
poor correlation between the dermal and pulmonary reac¬ 
tivities to mold antigens. u Furthermore, when compared 
with the results of IDT. RAST and ELISA serum allergy tests 
have been shown to have low sensitivity in deteaing aller¬ 
gen sensitivity. 27 Whereas the use of recombinant allergens 
rather than crude mold extracts in EUSA tests substantially 
improves sensitivity in detecting levels of allergen-specific 
IgE. 2 * and significantly more RAO-affected horses than nor¬ 
mal horses have high allergen-specific Igfc levels, the degree 
of overlap of results precludes use for diagnostic purposes. 27 
The crude trial-and-error approach of adding or removing 
potential allergens from the environment is sometimes 
very helpful diagnostically and therapeutically in RAO cases 
in which an allergic cause is suspeaed Feeding of pellets 
instead of hay and using shredded paper, peat moss, 
or wood shavings instead of straw bedding are common 
examples of this approach (see the sea ion on RAO in 
Chapter 31), 

PULMONARY FUNCTION TESTING. With the exception 
of measurement of pleural pressure using an esophageal 
balloon catheter attached to a pneumotachograph, pulmo¬ 
nary function testing and evaluation of airway dynamics 
during exercise have until recently been largely research 
techniques that were not readily applicable to clinical 
patients. Recent development of the minimally invasive tech¬ 
niques of oscillometry (forced oscillatory mechanics [FOM|), 
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forced expiratory maneuvers, and flowmetrics now per* 
mils physiologic assessment of lung function in clinical 
patients. 50 31 When coupled with histamine provocation 
tests to assess airway reactivity and bronchodilaior response 
tests, pulmonary function tests can provide a considerable 
amount of information to guide therapy and prognosis 
Indications for pulmonary function testing might include 
evaluating horses with a history of poor performance or 
exercise intolerance but no other detectable abnormalities; 
assessing the degree of functional impairment in horses 
with known evidence of respiratory disease; assessing the 
efficacy of therapeutic regimens; determining if a horse 
has recovered from a diagnosed respiratory disorder and 
can be returned to training; and ruling out functional pul- 
mo nary abnormalities in horses with upper airway 
conditions. 

BRONCHOOILATOR RESPONSE TESTING. Bronchodiia- 
tor response testing involves determining the response of 
measured pulmonary functions and pleura! pressures to 
rapidly acting bronchodilaior drugs such as albuterol (450 
to 900 meg) or ipratropium bromide, administered by aero¬ 
sol, or atropine administered paremeralfy. 30 Results are 
often helpful in determining the pathogenesis of RAO and 
the likely response to bronchodilaior therapy. In the field 
setting, useful information can be gained by assessing the 
response of respiratory rare, respiratory character, and lung 
sounds to intravenous (IV) administration of a low dose 
of atropine (5 to 7 mg/450-kg horse). This test can be made 
more objective by measuring pleural pressures using a Ven- 
tigraph recorder* attached to an esophageal catheter or 
flowmeuic techniques, , ** ua * 5J 

DIFFERENTIAL DIAGNOSIS OF COUGHING. The differ 
ential diagnosis of coughing can be enhanced by arbitrarily 
categorizing it on the basis of duration of rigm into acute 
or chronic (more than 1 month) and by the presence or 
absence of fever 34 It should be kept in mind that some acute 
coughs become chronic and that conversely, conditions 
that cause chronic coughing may be seen early in the disease 
course Conditions typically associated with acute coughing 
include viral, bacterial, and parasitic infections of the upper 
and lower respiratory tract acute allergic reactions or acute 
toxic injury to the lung such as in atypical interstitial pneu¬ 
monia {fog fever) of cattle; foreign bodies; choke; injuries 
to the larynx, trachea, or chest; pharyngeal or laryngeal 
dysfunction secondary to neurologic disorders or surgery; 
aspiration of food material or foreign bodies; smoke inhala¬ 
tion; and compressive upper airway lesions such as retrophar¬ 
yngeal abscesses or necrotic laryngitis. In most instances, 
outbreaks of sudden-onset coughing in groups of animals 
are the result of viral infection involving the upper and lower 
respiratory tract * 1 * 

Conditions typically associated with chronic coughing 
include chronic bacterial pneumonia; pulmonary abscess; 
chronic pleuriiis; chronic allergic pulmonary diseases such 
as RAO in horses and farmer's lung disease in cattle; post- 
viral bronchial hyperreactivity, chronic viral respiratory 
disease such as ovine progressive pneumonia and caprine 
arthritis-encephalomyelitis pneumonia; irritant airway 
disease caused by environmental irritants such as dust 
lungworm infections, particularly in horses and small rumi¬ 
nants; functional or anatomic problems in the pharynx or 
larynx that interfere with guarding of the airway, including 
postsuigical problems; heart failure resulting in pulmonary 
edema, tumors or polyps in the upper airway or lung; 
mycotic infections of the upper airway, lung or pleura; 
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chronic guttural pouch infections in horses, tracheal col¬ 
lapse, especially in ponies, chronic interstitial disease such 
as pneumoconiosis caused by inhalation of particulate 
material; and so-called "nuisance coughs/' Nuisance coughs 
are common in horses, especially at the beginning of exer¬ 
cise, which emphasizes the fan that coughing is a normal 
airway protective mechanism and not always evidence of 
disease. Nuisance coughs lend to bother the owner more 
than the horse and can result from habit vices such as crib 
biting wind sucking or greedy eating and environmental 
factors such as dust ammonia, and cold air. Some of these 
nuisance coughs are correctable by modifying the stabling 
or work environment. 

Cough with fever usually indicates a primary infectious 
cause or a secondary infection superimposed on a noninfec- 
tious cause. 34 Fever is a typical but not an invariable feature 
of aspiration pneumonia, bacterial pneumonia, pulmonary 
abscess, viral respiratory tract infection, strangles, fungal 
pneumonia pleuropneumonia (bacterial, viral, or mycoplas¬ 
mal), acute bronchointemitial pneumonia, and thoracic 
neoplasia. 34 

Cough without fever is typically found in RAO, abnormal¬ 
ities of the larynx or pharynx, parasitic pneumonia, exercise- 
induced pulmonary hemorrhage {EJPH), tracheobronchial 
foreign body, tracheal collapse, and airway-oriented neopla¬ 
sia (e.g, bronchial carcinoma). 54 Horses with chronic 
inientilial pneumonia such as silicosis or granulomatous 
pneumonia are usually afebrile but may have mild to 
moderate fever, 1 

NASAL DISCHARGE 

II Definition. Nasal discharge, which is any nongaseous 
material that exits the respiratory tract through the external 
nares, is described according to its physical characteristics 
(serous, mucoid, purulent, hemorrhagic [sanguineous], or 
a combination of these types or feed material); acuteness of 
onset (sudden or insidious); origin (unilateral or bilateral); 
volume (profuse or scant); and disDcufum tt*idi activity (spon¬ 
taneous or intermittent). 35 ' 37 


II Pathophysiology 

NORMAL NASAL SECRETIONS, The dliated pseudo- 
stratified columnar epithelium lining the respiratory tract 
from the nasal passages to the level of the respiratory bron¬ 
chioles contains serous, mucous, and mixed lubuloalveoiar 
glands in its lamina propria, 35 Goblet cells are present in 
large numbers throughout the nasal cavity and are present 
in the airway mucosa to the level of secondary and tertiary 
bronchi. 35 The secretions of these glands and goblet cells 
and the fluid transudated from serum together sene to warm 
and humidify inspired air, (rap paniculate matter, protea the 
respiratory epithelium from desiccation and infeaion, and 
provide the serous-mucous bilayer necessary for effective cili¬ 
ary function. 3 * 35 The tracheobronchial fluid that constitutes 
the mucous blanket in the lower parts of the respiratory traa 
contains exfoliated epithelial cells, alveolar macrophages, 
and other mononuclear cells, glycoproteins, bacteriostatic pro¬ 
teins (primarily lysozyme), laciofenin, secretory IgA IgC, IgM, 
and serum proteins (primarily albuminThe cilia lining 
the pseudostratified columnar epithelium beat in coordinated 
waves to carry mucus, trapped particles, and cells from the 
lower respiratory met to the nasopharynx. Material cleared 
from the tracheobronchial tree is normally swallowed on 
reaching the pharynx but may appear at the external nares as 
nasal discharge. 35 

Serous nasal secretions in normal animats are responsi¬ 
ble for the moist appearance of the ventral portion of the 
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external nares. In cattle normal nasal secretions are more 
voluminous and more mucoid compared with other large 
animal species. Healthy tattle keep their external nares 
dean through licking. Cattle that are systemically ill or 
otherwise debilitated often neglect to do this, and as a 
result mucoid secretions accumulate and crust around 
the external nares. On the other hand, a buildup of nasal 
discharge in cattle with respiratory disease can he 
removed by frequent nose licking, masking the presence 
of disease. 

Lacrimal secretions also drain into the nasal passages 
through the nasolacrimal ducts and may appear at the 
external nares as a thin, watery, clear, nonviscous discharge, 
particularly in animals with conjunctiva] irritation or ocular 
Inflammatory diseases that stimulate excessive lacrimation. 3 * 

ABNORMAL NASAL SECRETIONS. Inflammatory con¬ 
ditions involving the nasal cavity stimulate increased 
production of glandular secretions. M These secretions initially 
are serous but later become mucoid and purulent as second 
ary bacterial invasion induces an influx of neutrophils.” 
Serous nasal discharge generally indicates disease conditions 
affecting the nasal passages or upper respiratory tract. 

In flam mar ion, irritation, and other pathologic states 
affecting the trachea and bronchi increase the production of 
mucous and serous secretions in the tracheobronchial tree” 
(Boxes 5-3 and 5-4). Initially the accompanying nasal 
discharge is mucoid (dear, colorless, thin, and elastic in con¬ 
sistency), but with dironicity and secondary bacterial inva¬ 
sion, neutrophils and other inflammatory cells accumulate 
in the tracheobronchial secretions and the nasal discharge 
becomes purulent progressing from cloudy to opaque and 
then to viscous with a whitish cream color (Boxes 5*5 
and 5-6). 

Conditions such as chronic bronchitis and RAO cause 
goblet cell hyperplasia and increased mucous production. 


which may be reflected as a discharge at the external nares, 
depending on the efficiency with which the animal swal¬ 
lows these secretions. In some cases nasal discharge is 
evident only early in the morning or after a period of 
recumbency because in these situations secretions accumu¬ 
late in the trachea and pharynx, drain into the nasal 
passages, and exit from the nares 

Hemorrhagic (sanguinous) nasal discharge, or epistaxis, 
occurs secondary to trauma, coagulopathies, and erosive 
or invasive conditions that insult the richly vascular nasal 
mucosa or secondary to conditions that invade regional 
blood vessels such as occurs when the internal carotid artery 
is eroded by a mycotic plaque in horses with guttural pouch 
mycosis. Pulmonary disorders such as infarnive pneumonia 
in horses and pulmonary thromboembolism secondary to 
posterior vena cava thrombosis in cattle may also induce 
epistaxis (see Fpistaxis, p, 56}.” 17 

Foul odor (ozena) accompanying nasal discharge 
suggests an anaerobic infection, a necrotizing condition 
(e g ,fungal infection, neoplasia, turbinate necrosis, or nec¬ 
rotizing pneumonia), foreign body, or communication 
between the oral and nasal cavities (e g, maxillary sinusitis 
secondary 1 to a patent infundibulum in the horse),* 7 
Food or water may drain from the external nares when 
there is communication between the oral and nasal cavities 
e g . cleft palate); in association with swallowing disorders 
e g., pharyngeal paresis secondary to botulism, cranial 
nerve damage secondary to guttural pouch mycosis in the 
horse); or in cases of obstructive dysphagia (e g.. severe 
pharyngitis, guttural pouch enlargement in horses, retro¬ 
pharyngeal abscesses, esophageal obstruction, obstructions 
of the gastrointestinal tract that lead to regurgitation of food 
from the stomach). 35 “ 37 The respiratory position of the 
epiglottis dorsal to the soft palate in the horse means that 
except in cases of dorsal displacement of the soft palate 


Causes of Serous and Mucoid Nasal Discharge in Horses 


COMMON CAUSES 

Influenza 

Equine herpesvirus types l and 4 (EHV-I, EHV-4) 
Rhinovirus 

Other viruses (e.g, adenovirus, reovirus, EHV-2) 
Pharyngitis, chronic pharyngeal lymphoid hyperplasia 
Nasal or paranasal sinus infection, cysts, polyps, tumors 
Early bacterial pneumonia or pleuritis 
Early strangles [Streptococcus equr infection) 

Guttural pouch infection, mycosis 

Overflow of nasolacrimal ducts 

Recurrent airway obstruction (RAO or COPD) 


UNCOMMON CAUSES 

Nasal fungal infection (rhinophytomycosis), aspergillosis 

Nasal amyloidosis 

Coccidioidomycosis 

Restrictive pulmonary disease, pneumoconiosis 
Trauma to the skull or upper airway 
Tuberculosis 


Tularemia 

Guttural pouch neoplasia 
Chlamydia psittad pneumonia 
Nocardiosis 
Cryptococcosis 

Fungal granuloma, maduromycosis, rhinosporidiosls, 
mycetoma, pyihiosis 

Lungworm infection (Diriyucdidio amfieldi) 

Ascarid migration 

Cyst (pharyngeal, subepigloua!) 

Progressive ethmoidal hematoma 
Lymphosarcoma, lymphoma leukemia 
HaJurepAuitobw (Micrtmtma) drirtnx granuloma 
Pulmonary edema 
Pulmonary aspergillosis 
Suchybotiyotoxicosis 
Trichloroethylene-extracted feed toxicity 
Penuchlorophenol taridty 
Organophosphate. carbamate toxici ty 
Ammonia toxicity 

Si George disease (Pimeica species poisoning) (exotic) 
TnpLiniwrmj rumst Surra (exotic) 

Trypanosoma tqumum, mal de cad eras (exotic) 
Tryparunama hippkum, murrina de cad eras (exotic) 
Besnoitiosis, globidiosis (exotic) 

African horse sickness (exotic) 

Get ah virus (exotic) 

Glanders (exotic) 

Looping ill (exotic) 


LESS COMMON CAUSES 

Equine viral arteritis 
Bum (thermal, chemical) 

Anaphylaxis or acute drug reaction 

Aspiration or foreign body pneumonia, smoke inhalation 
Foreign body (nasal, pharyngeal. guttural pouch, tracheal, or 
bronchial) 

Summer pasture-associated obstructive airway disease (SPOAD) 
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BOX 5*4 


Causes of Serous of Mucoid Nasal Discharge in Ruminants 


COMMON CAUSES 

Pheujnacyjtis cannu pneumonia 

Debilitating illnesses that reduce lingual nose cleaning in cattle (B) 

Neoplasia (nasal paranasal sinus, pharyngeal pulmonary) 

Mdnnherrma hemctytxa or P*tsteu refid multoada pneumonia 

Buss disease* chlamydial sporadic bovine encephalomyelitis (B) 

(includes shipping fever and enzootic calf pneumonia) 

Winter dysentery (B) 

Hatmophilw somnrn pneumonia (B) 

Immunodeficiency states 

Nose hots (Oestrus ovis) (O. C) 

Pregnancy toxemia (B) 

l ungworm infection, verminous pneumonia 

Border disease (hairy shaker) (O, G) 

Atypical interstitial pneumonia (H) 

Lymphosarcoma 

Infectious bovine rhinoiracheitis (1BR; BHV-1) (B H C) 

Johne's disease 

Bovine respiratory syncytial virus (B) 

Listeriosis (C) 

Parainfluenza virus type 3 

Tetanus 

Mycoplasma species pneumonia 

Rinderpest (exotic) 

Caprine Mycoplasma mycoides subsp. mycoides infection (C) 

Theileriosis, East Coast feveT (exotic) 

Caprine arthriiis-encephalomyelitis (CAE) pneumonia (C) 

Contagious bovine pleuropneumonia (exotic) (B) 

Eariy bacterial pneumonia 

African bovine malignant catarrhal fever, early (exotic) (B) 

Trauma (nasal, oral, pharyngeal Laryngeal tracheal bronchial 

Virulent sheep and goal pox (exotic) (O, C) 

chest wall) 

Pestt dcs perils ruminants (exotic) (O. C) 

Abscess (oral, pharyngeal, retropharyngeal) 

Contagious caprine pleuropneumonia (exotic) (C) 

Esophageal obstruct ion, foreign body, choke 

Rift Valley- fever (exotic) 

Septicemia (neonates) 

St George disease (Ptmetau species poisoning) (exotic) 

Trypanosoma eiurisr, surra (exotic) (B) 

LESS COMMON CAUSES 

T rypanosomiasis, nagana (exotic) 

Paranasal sinus infection 

Jembrana disease (exotk) (B) 

Foreign body (oral pharyngeal laryngeal, tracheal bronchial. 

Sweating sickness (exotic) (8, O) 

pulmonary) 

Oestrum poisoning (exotic) 

Aspiration, foreign body pneumonia 

Stinkweed poisoning (exotic) (B) 

Ovine progressive pneumonia and arthritis, maedi (O) 

Endemic ethmoid carcinoma (exotk) (B) 

Bluetongue 

Ephemeral fever (exotk) (B) 

Bovine virus diarrhea (BVD-MD) (B> 

Lumpy skin disease (exotk) (B) 

Ovine adenovirus (G) 

Nasal schistosomiasis (exotk) 

Caprine respiratory syncytial virus (C) 

Resnoitiosis. globidlosis (exotk) 

Bovine rhinoviius (B) 

Louping ill (exotic) 

Bovine adenovirus (B) 

ThoJcod rhodensis (exotk) 

Bovine malignant catarrhal fever, early (B) 

Cotyledon species poisoning Krimpsiekte (exotic) (O, C) 

Herpesvirus DN*599 (B) 

G edaclstia hasten nasal hots (exotic) (O, C) 

Bovine herpesvirus type 4 (BHV-4) (B) 

Nairobi sheep disease (exotic) (0, C] 

Pulmonary adenomatosis (laagsickte) (0) 

Inhalation pneumonia, smoke, noxious gases 

Schistosoma nrnak (exotic) (B) 

Anaphylaxis or adverse drug reaction 

TOXIC CAUSES 

Milk allergy in cows (B) 

OTganophosphate or carbamate 

Farmer's lung disease (hypersensitivity to Faertia reaiinrgulu. 

Mercury (B) 

Aspergillus fumi&aius, and other mold spores) (B) 

Iodine (B, O) 

Oi/dmydui prittdri pneumonia 

Ammonia 

Bums (thermal chemical) 

Sodium hydroxide (caustic soda) 

Vagal indigestion, ahomasal impact ion 

Tridrluroethylene-extracted feed (B, O) 

Nasal adenoma, adenopapilloma, adenocarcinoma. 

Formaldehyde irritation 

polyp (O, C) 

Oxalate (B, O) 

Thallium (O) 

UNCOMMON CAUSES 

Furazolidone 

Familial alletgk rhinitis (B) 

Hairy vetch fVku psUou i) (B) 

Bovine nasal granuloma, atopic rhinitis, summer snuffles (B) 

Ergot (CLtsnceps purpura) 

1 Fungal granuloma, maduromycosis, mycetoma. 

Sneezeweed (Heknium species) 

rhinosporidiosis 

Afiatoxkosts (C) 

Nasal actinobaallosis (B) 

Rubber weed (Jfymenoiys species) 

SarcocystOKs (B) 

Acorn, oak (B, O) 

Tularemia (O) 

Perennial broom weed (Gutierrezm species) 

Phytomycosis* pythiosis (B) 

Chinese tallow (Sapmm setnferum) (B) 

Pulmonary aspergillosis 

Stachybotiyotoxkosts 

Bronchobiliary fistula (yellow froth) (B) 

Zygomycosis, mucormycosis (B) 

Slender ice plant {MtsembryanthenL m nodtfforum} 


A Bovine C caprine O. ovi s*. 
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Causes of Purulent Nasal Discharge in Horses 


COMMON CAUSES 

Postviral bacterial infection of the respiratory tract 
Strangles (Streptococcus etjui infection) 

Bacterial rhinitis 

Pharyngitis 

Bacterial pneumonia 

Bacterial pleuritis or pleuropneumonia 

Guttural pouch empyema or chondroids 

Guttural pouch mycosis 

Lung abscess 

Pharyngeal retropharyngeal abscess 
Paranasal sinus infection* cyst tumor (unilateral discharge) 
Fungal rhinitis (rhinophycomycosis)* nasal granuloma, nasal 
aspergillosis (unilateral discharge) 

Nasal foreign body (unilateral discharge) 

C one ha I necrosis (unilateral discharge) 

Progressive ethmoidal hematoma (unilateral discharge) 

Nasal tumor, polyp, cyst f uni lateral discharge] 

Trauma (nasal, skull, upper airway) (unilateral or bilateral 
discharge) 

LESS COMMON CAUSES 

Bum (thermal, chemical) 

Aspiration or foreign body pneumonia, smoke inhalation 
Foreign body (pharyngeal, guttural pouch, tracheal, bronchial) 


Esophageal obstruction, choke stricture, ectasia, 
megaesophagus 

Neurologic deficits affecting swallowing 

UNCOMMON CAUSES 

Coccidioidomycosis 

tuberculosis 

Tularemia 

Guttural pouch neoplasia 
CJi/tfifiyrlw psittaci pneumonia 
Nocardiosis 
Cryptococcosis 

Fungal granuloma, maduromycosis, rhinosporidiosis, 
mycetoma* pytbiosis 
Ascarid migration 

Lymphosarcoma, lymphoma* leukemia 

Halitfpkalabw (M\cronrmji) delttrix granulomas 

Pulmonary aspergillosis 

fVieuniutysm affirm pneumonia 

Ammonia toxicity 

TryjwiwsiwM nttmt* surra (exotic) 

Besnoiliosh* glohidiosis (exotic) 

African hone sickness (exotic) 

Glanders (exotic) 

Melioidosis, Pwvdomonas pseudonmtlei (exotic) 


BOX 5-6 


Causes of Purulent Nasal Discharge In Ruminants 


COMMON CAUSES 

Debilitating illnesses that reduce lingual nose cleaning in cattle 
Postviral bacterial infection of the respiratory tract 
Mannheim ta hemotytica or p£Utourc//d mtt/torida pneumonia 
Haemophilia sornnus pneumonia (B) 

Necrotic laryngitis* calf diphtheria (R) 

I ungworm infection* verminous pneumonia 
Mycopksrto species pneumonia 

Caprine SUiopltismu mycouiei suhsp mynrafa: infection (C) 
Chronic bacterial pneumonia with consolidation or 

absceaaation (Aramofacztriuffi iMtinemycaj pyogenes and 
other bacteria) 

Esophageal obstruction, foreign body, choke 
Nose boa ( Oestrus ms/ [O. C) 

Trauma (nasal, oral pharyngeal, laryngeal, tracheal, bronchial, 
chest wall ) 

Abscess (oral, pharyngeal, retropharyngeal) 

Septicemia (neonates) 

LESS COMMON CAUSES 

Foreign body (oral, pharyngeal, laryngeal, tracheal, 
bronchial, pulmonary) 

Aspiration, foreign body pneumonia 
Paranasal sinus infection 

Pulmonary embolism from posterior vena cava thrombosis (B) 
Ovine progressive pneumonia and arthritis* maedi (G) 

Bovine malignant catarrhal fever (B) 

Bluetongue 

Pulmonary adenomatosis (laagsickte) (O) 


Inhalation pneumonia, smoke* noxious gases 
C/i/rtinydia psiftori pneumonia 
Bums (thermal* chemical) 

Vagal indigestion* abomasa! impaction 
Nasal adenoma, adenopapilloma* adenocarcinoma, 
polyp (0, C) 

UNCOMMON CAUSES 

Ovine nasal granuloma* atopic rhinitis* summer 
snuffles (B) 

Fungal granuloma, maduromycosis, mycetoma, 
rhinosporidiosis 
Nasal actinoharillosis (B) 

Bovine salmonellosis (B) 

Sarcocystosis (B) 

Tularemia (O) 

Tuberculosis 

Phycomycosis. pythio&ts (B) 

Pulmonary aspergillosis 
Brondvobitiary fistula (yellow froth) (B) 

Zygomycosis. mucormycosis (B) 

Pheumocysru atrimt pneumonia 

Neoplasia (nasal* paranasal sinus, pharyngeal* pulmonary) 

Immune deficiency slates 

Lymphosarcoma 

TOXIC AND EXOTIC CAUSES 

See Box 5-4* p. 52 


B, Bovine; C, caprine, O, ovine 
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(hryngopahial dislocation), food regurgitated from the 
digestive tract enters the nasopharynx and appears at the 
external nates rather than at the mouth (see Regurgitation 
and Vomiting, Chapter 7), 

Chronic nasal discharges often cause scalding in the area 
ventral to the external nates. i6 Mucoid and purulent nasal 
discharges tend to dry and crust as an admixture with envi¬ 
ronmental dust and din around the external nares. In all 
Large animal species but particularly in sheep and goats, 
tenacious exudates may obstruct the nasal passages and 
induce a snuffling noise. Horses with profuse nasal dis¬ 
charge often rub the nose on the dorsum of the front fetlock 
and cannon regions. During the physical examination these 
areas should be inspected for mucoid exudate, dried crusts, 
or swarms of flies. 

acuteness of onset Sudden-onset nasal discharge 
usually is associated with acute infection, trauma, or esoph¬ 
ageal obstruction, whereas nasal discharge of insidious 
onset generally accompanies chronic infection, progressive 
neurologic disease that causes dysphagia, or neoplasia. 40 

ORIGIN OF NASAL SECRETIONS, Unilateral nasal dis¬ 
charge generally originates from structures located rostral 
to the caudal end of the nasal septum. Bilateral nasal dis¬ 
charge results from disease processes affecting structures 
caudal to the caudal end of the nasal septum or from con* 
ditions involving the nasal passages or paranasal sinuses 
bilaterally.* 6,37 A discharge that appears from one nostril 
on some days and from the opposite nostril on others gen¬ 
erally indicates a lesion or disease process caudal to the 
nasal septum. v The paired guttural pouches of the horse 
drain separately through ostia located dorsolaterally in 
the wall of the nasopharynx. Exudate draining from the 
guttural pouches may appear unilaterally at the ipsilateral 
nostril if the volume of drainage is small, but moderate 
to profuse guttural pouch drainage appears as a bilateral 
nasal discharge 3 J 

VOLUME OF NASAL SECRETIONS. The volume of nasal 
discharge frequently increases when the head is lowered, 
regardless of the source of the discharge, because of pooling 
of exudate in the trachea, pharynx or nasal passages. How¬ 
ever, the appearance of profuse, unilateral, purulent nasal dis¬ 
charge when the head is lowered generally indicates sinus 
empyema, and profuse bilateral nasal discharge under these 
circumstances suggests guttural pouch empyema 20 This is 
attributed to accumulation of large volumes of exudate In 
the sinus cavities or guttural pouches when the head is ele¬ 
vated and to the fact that the ostia through which these struc¬ 
tures drain are not located on the most dependent aspect of 
these cavities; thus significant drainage can occur only when 
the head is lowered. Nasal discharge observed only after exer¬ 
cise suggests an origin in the lower respiratory tract 41 

Approach to Diagnosis of Nasal Discharge 

Because many conditions, particularly those involving the 
lower respiratory tract are associated with both nasal dis¬ 
charge and cough, the diagnostic approach used for large 
animal patients presented for evaluation of nasal discharge 
is similar to that used for large animals presented for evalu¬ 
ation of cough (see Cough, p. 42) Only those components 
of the history and diagnostic evaluation that differ substan¬ 
tially from those used in patients with cough are described 
in depth in this section. 

HISTORY, The patient history should indude informa¬ 
tion about the rapidity of onset and duration of nasal dis¬ 
charge; whether the discharge is consistently unilateral, 
consistently bilateral, or intermittently bilateral; and the 
volume, color, consistency, and odor of the discharge. 


The assodation of discharge with certain activities such 
as initiation of exercise, when the animal is first disturbed 
in the morning, or when it is eating with its head lowered 
can provide useful dues to the origin or cause, ft should 
be determined if the animal is showing other signs of respi¬ 
ratory disease (e g., cough, respiratory distress, or exercise 
intolerance), dental disease (e g., quidding or slow eating), 
or systemic disease (eg., weight loss, depression, anorexia, 
fever, or lymph adenopathy). 

ft should also be determined if in-contact animals have 
exhibited nasal discharge or other signs of respiratory dis¬ 
ease. The vaccination status of affected and in-contact ani¬ 
mals should be ascertained. Recent stressors such as 
transportation, surgery, or weaning should be noted, and 
a history of contact with other animals at sales, shows, or 
other events should be established. Environmental quality 
and the overall management of the affected animal and 
the herd should be assessed (see Cough, p. 42). Progression 
or improvement in the signs, attempted therapy, and 
response to current or previous treatments should also be 
ascertained. 

PHYSICAL EXAMINATION, Physical examination of an 
animal showing nasal discharge should include inspection 
from a distance and dose examination using auscultation, 
palpation, and percussion techniques (see Physical Examina¬ 
tion, p. 46, and Cough, p 42). The character and volume 
of the nasal discharge should be noted. Particular attention 
should be paid to whether: 

■ The nasal discharge is unilateral or bilateral 

* The airflow from both nostrils is symmetric 

■ Odor emanates from the oral or nasal cavity 

■ Facial asymmetry' is present 

* Hyporesonance (dullness) or a painful response is 
elicited on percussion of the maxillary and frontal 
sinuses 

* Enlargement of submandibular, parotid, retropharyn¬ 
geal, or other regional lymph nodes is present 

■ Palpable turbulence, such as a tracheal rattle, is 
present 

The depth and symmetry of chest expansion should be 
assessed, and the rostral end of both nasal passages should 
be illuminated with a penlight and examined carefully. 

The roots of the third through the sixth maxillary cheek 
teeth (108 to 111 and 208 to 211) in the horse are 
contained within the maxillary sinus; therefore infection 
of these teeth frequently leads to sinus empyema with 
drainage from the nasomaxillary opening into the middle 
nasal meatus and ultimately to a unilateral nasal discharge 
Disease involving the paranasal sinuses should be consid¬ 
ered in horses with unilateral nasal discharge, particularly 
when ozena is present. Under these circumstances a thor 
ough oral examination, which should include probing of 
the occlusal surfaces of the maxillary cheek teeth with a fine 
dental pick, is indicated. Particular attention should be paid 
to detecting erosive periodontal disease, fractured maxillary 
cheek teeth, open pulp chambers, and patent infundibula. 
In cattle the oral examination should include palpation of 
the base of the tongue, the oropharynx, and, if possible, 
the larynx to detect mass lesions or swelling of the tongue 

Further diagnostic evaluation of nasal discharge may 
include a complete blood count with determination of the 
fibrinogen concentration, a serum biochemistry profile, 
endoscopy of the upper and lower airways and the esopha¬ 
gus, nasal or nasopharyngeal swabbing for molecular diag¬ 
nostic testing or virus isolation, virus serologic testing, 
tracheal aspiration, BAU ultrasonography, thoracocentesis, 
radiography, blood gas analysis, nuclear scintigraphy, fecal 
examination, pulmonary function testing, and lung biopsy. 
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For further information on diagnostic procedures not dis¬ 
cussed in the following sections, see Cough, p, 42. 

ENDOSCOPIC EXAMINATION, Endoscopic examina¬ 
tion of the upper and lower airways is a useful ancillary 
diagnostic procedure in all animals with nasal discharge. 
The nasal passages; the conchae (turbinates), including 
the ethmoidal conchae; the nasal septum; and the phar¬ 
ynx, larynx, and trachea should be examined through both 
nostrils. The presence, nature, and origin of exudates and 
the presence of anatomic or functional abnormalities or 
mass lesions should be noted. Although it is not possible 
to introduce standard, 8- to 1 2 -mm^diameter endoscopes 
into the paranasal sinuses via the nasal passages, drainage 
from thermoses may he detected by examining the middle 
meatus. 17 Examination of the middle meatus may also 
reveal turbinate necrosis or mass lesions (e g,, tumors, fun¬ 
gal granulomas, nasal foreign bodies), lesions such as pro¬ 
gressive hematomas (expanding mass lesions of variable 
size on the ethmoid turbinates) can be visualized by 
advancing the endoscope slightly, after deflecting its tip 
dorsalty through the common meatus, from a position in 
the caudal pan of the ventral meatus just rostral to the 
choana In the horse the pharyngeal openings of the gut 
lural pouches, which are located dorsolaterally on the wall 
of the pharynx should be inspected for drainage. The inte¬ 
rior of both guttural pouches can be examined for exudate, 
blood, mycotic plaques, and other proliferative lesions by 
advancing the endoscope through the phary ngeal open¬ 
ings of each guttural pouch. This procedure is facilitated 
by first introducing a biopsy instrument or similar guide 
wire into the guttural pouch via the biopsy channel of 
the endoscope 

Bronchoscopk examination may prove useful for identi¬ 
fying the bronchus of origin of pulmonary exudates and for 
facilitating appropriate BAL In horses with intermittent 
bilateral nasal discharge, it may be helpful to repeat the 
endoscopic examination after exercise, which often mobi¬ 
lizes secretions from the lower respiratory tract and causes 
them to pool in the horizontal trachea. Endoscopic exami¬ 
nation of the esophagus is indicated in patients with a his¬ 
tory of dysphagia or return of ingesta through the nose 
(Boxes 5-7 and 5-8). 

RADIOGRAPHY. Radiography with lateral, dorsoven- 
tral, and oblique radiographic projections of the nasal pas¬ 
sages, paranasal sinuses, pharynx, retropharyngeal area 
(including guttural pouches in the horse), larynx and 
proximal trachea is indicated to confirm problems identi¬ 
fied by clinical examination and endoscopy and to iden¬ 
tify conditions not recognized by other diagnostic 
techniques. The demonstration of increases in tissue den¬ 
sity, fluid lines, bony lysis or proliferation, distortion of 
normal architecture, or changes around tooth roots assists 
in the diagnosis and localization of disorders of the nasal 
passages, conchae, and paranasal sinuses. Space-occupying 
lesions in the oropharynx nasopharynx or larynx may 
also be demonstrated by radiographic examination of 
these areas. The presence of fluid lines, soft-tissue densi¬ 
ties, or thickening of the floor of the guttural pouches 
helps differentiate guttural pouch diseases (e.g., empy¬ 
ema) from other space-occupying lesions (e.g., abscesses) 
in the retropharyngeal region. Contrast radiographic stud¬ 
ies such as barium swallows are indicated to evaluate aspi¬ 
ration during swallowing in horses suspected of having 
pharyngeal paresis. Carotid angiography under genera) 
anesthesia has been used to demonstrate aneurysms in 
the internal carotid artery of horses with guttural pouch 
mycosis. 42 Thoracic radiographs are indicated in patients 
suspected of having pulmonary, mediastinal, or pleural 


Causes of Ingesta in Nasal Discharge In Horses 

COMMON CAUSES 

Esophageal obstruction, choke 

Cleft palate, palatal hypoplasia (neonate) 

Pharyngitis 

Strangles [STTeptocotxus ofui infection) 

Dorsal displacement of the soft palate 
Guttural pouch infection, mycosis, neoplasia 
Glossopharyngeal nerve damage 
Botulism, shaker foal 
Retropharyngeal abscess 

LESS COMMON CAUSES 

Complications of laryngeal surgery 
laryngeal web defect 

Epigloital entrap mem. subeptglotial abscess or cyst 
Tetanus 

Fistula (pharyngeal esophageal esophagohronehial, 
esophagotiacheal) 

Esophageal stricture, ectasia, diverticulum, megaesophagus, 
ulcer, rupture 

Gastric duodena] ulceration (foals] 

Gastric dilation, rupture 
Proximal enteritis, jejunitis 
Small intestinal obstruction 
Rabies 

Other neurologic deficits affecting swallowing 

UNCOMMON CAUSES 

Persistent right aortic arch, vascular ring anomaly 
Gastric tu mor 
Gastric stenosis 

Rostral displacement of the palatopharyngeal arch 

Hypoplasia of the soft palate 

White muscle disease, nutritional myodegeneration 

Rectus capitis ventralis muscle rnpiure 

Lymphosarcoma, lymphoma, leukemia 

Oleander poisoning 

White snakeroot (trcmetol) poisoning 

Lead toxicity 

Grass sickness (exotic) 


disease to determine the presence, pattern, and severity 
of radiographic changes. 

COMPUTED TOMOGRAPHY SCANNING. When a 
definitive diagnosis is not achieved using plain radiographs, 
computed tomography (CT) scanning with the horse posi¬ 
tioned in dorsal recumbency' under general anesthesia has 
proven valuable for mote accurately defining the location, 
nature, and extent of lesions involving the nasal pas¬ 
sages, paranasal sinuses, and cheek teeth.' 11 ' 14 Intracarotid 
or IV injection of contrast material further enhances the 
diagnostic utility of CT for evaluation of mass lesions 

ULTRASOUND EXAMINATION. Ultrasound examina¬ 
tion of externally visible lesions such as possible retrophar¬ 
yngeal abscesses or distended guttural pouches assists in 
characterization of lesions and collection of samples by 
aspiration or biopsy. Thoracic ultrasound is indicated when 
lower airway, pleural or cardiac disease is the suspected 
cause of nasal discharge, 

PERCUTANEOUS ASPIRATION, Percutaneous aspira¬ 
tion, performed either blindly or with the assistance of ultra¬ 
sound, followed by cytology and culture of aspirated 
materia], is useful in the evaluation of masses such as sub¬ 
mandibular or retropharyngeal abscesses that are also caus¬ 
ing a nasal discharge. 
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BOX 5~* 


Causes of Ingest* In NttaJ Discharge in Ruminants 
COMMON CAUSES 

Esophageal obstruction, foreign body, choke 
Pharyngeal retropharyngeal abscess 
Pharyngeal trauma, foreign body 
Megaesophagus (B, C) 

LESS COMMON CAUSES 

Rhododendron poisoning (O) 

Diaphragmatic hernia 

Water deprivation, salt toxicity (B, O) 

Ruptured or lacerated esophagus 
Tetanus 

Cleft hard or soft palate 
Glossopharyngeal nerve damage 

UNCOMMON CAUSES 

Neoplasia of the esophagus or rumen (B] 

Persistent right aortic arch, vascular ring anomaly (B. G) 
Listeriosis 

Branch obiiiary fistula (yellow froth) (B) 

Congenital defects of Kodiak Island calves (B) 

Oleander poisoning 

White snakeroot (tremetol) poisoning (B. O) 

Crude oil tasdty (B) 

Gagerbi species poisoning 

Sneezeweed (ffdmmm species) poisoning 

Rubberweed [Hymfncxp species) poisoning 


B. Bovine C caprine O. ovine 


CENTESIS. Centests of affected paranasal sinuses helps 
localize the source of exudates and provides samples for 
cytologic examination and culture in patients with chronic 
unilateral nasal discharge in which sinus percussion or 
radiographic examination (or both) suggests the presence 
of a sinus Lesion. In the normal horse the rostral and cau¬ 
dal maxillary sinuses are separated by a thin osseous sep¬ 
tum. This septum is often eroded in horses with septic 
sinusitis; therefore the caudal maxillary sinus is typically 
entered first If no exudate can be aspirated, either directly 
or after lavaging the sinus, and if increased purulent drain¬ 
age from the ipsilateral nostril is not accomplished during 
lavage, tentesis of the rostral maxillary sinus is performed 
and the procedure repeated. If (he aspirated material is not 
malodorous and if there is no evidence of dental disease, 
there is a reasonable likelihood that primary (nondental) 
sinusitis is present. In the horse the rostral maxillary sinus 
can be entered at a site 2,5 cm dorsal and 2 to 3 cm caudal 
to the rostral end of the facial crest The caudal maxillary 
sinus is entered at a point 2.5 cm dorsal to the facial crest 
and 2 cm rostral to the medial canthus of the eye. After 
shaving and surgical preparation of the skin and subcutane¬ 
ous placement of a small volume of local anesthetic, a stab 
incision is created through the skin and extended down 
to the periosteum. A small hole is then drilled through 
the bone with a Steinmann pin in a hand held chuck or a 
14-gauge needle. A 14-gauge cannula is introduced into 
the sinus and, if necessary, a No. 5 French catheter can 
be inserted through the cannula to facilitate sample collec¬ 
tion and lavage (see Diseases of the Paranasal Sinuses, 
Chapter 31). 

CATHETERIZATION, Catheterization of the guttural 
pouches via the pharyngeal orifice, either blindly or under 
endoscopic guidance, followed by aspiration or lavage, cul¬ 
ture, and cytologic examination of aspirated contents is 


helpful in the evaluation of horses with chronic purulent 
nasal discharge in which guttural pouch empyema is sus¬ 
pected or has been confirmed by radiographic or endo¬ 
scopic examination. In horses with large accumulations of 
fluid exudate, voluminous drainage of pus both through 
and around the catheter may occur when the pouch is first 
catheterized. In horses with chronic guttural pouch infec¬ 
tion accompanied by tenacious or inspissated exudate, 
lavage with 250 to 400 ml of sterile saline or Ringer's solu¬ 
tion facilitates sample collection 

EPISTAXIS AND HEMOPTYSIS 

II Definition, Epistaxis is defined as the presence of blood 
at the external nares 43 ; the amount of blood at the nostrils 
can range from small flecks incorporated in serous nasal 
discharge to large volumes flowing freely from both nostrils 
Hemoptysis is the coughing up of blood. 46 

IV Pethophpijfog). Blood at the external nares originates 
from one or more of the following structures: nasal cavity, 
paranasal sinuses, guttural pouch (auditory tube diverticu¬ 
lum), oral cavity, pharynx, larynx, trachea, or lungs 45 These 
respiratory structures may be affected by a primary disease 
process or may be one of many mucosal surfaces involved 
in a bleeding diathesis (Boxes 5-9 and 5-10). The actual 
disease Condition, the affected structure, and the large animal 
species involved determines whether epistaxis is profuse 
or scant unilateral or bilateral, induced by exercise, accompa¬ 
nied by hemoptysis, and/or associated with concurrent 
abnormal nasal discharge 

NASAL CAVmr OR PARANASAL SINUS PATHOLOGIC 
CONDITIONS, Epistaxis associated with diseased respira¬ 
tory tract structures rostral to the caudal border of the 
nasal septum (e g r nasal cavity, paranasal sinuses) usually 
is unilateral and appears spontaneously (i e „ occurs with¬ 
out exertion or lowering of the head) However, with pro¬ 
fuse hemorrhage from these sites, blood may drain 
caudally, accumulate in the pharynx, and exit from both 
nostrils. 

Nasal cavity structures are highly vascular and prone to 
injury. Bleeding can be caused by foreign bodies, fungal 
granulomas, or neoplasms that invade the nasal cavity; 
epistaxis associated with these lesions is commonly unilat 
era!, scant, and evident only intermittently. Trauma 
induced by passage of a nasogastric lube or endoscope is 
the most common cause of profuse hemorrhage of nasal 
origin in horses. 45 Erosive diseases that affect the paranasal 
sinuses of horses (e.g, progressive ethmoidal hema¬ 
toma) 4 ' or sheep (endemic nasal adenocarcinoma ) 47 com¬ 
monly cause a unilateral, serosangui neons nasal discharge 
preceded or accompanied by mucopurulent discharge. In 
the case of sinusitis the exudate often is malodorous, par¬ 
ticularly when the process occurs secondary to dental dis¬ 
ease. Epistaxis resulting from fractures of the nasal bones 
or skull can be scant or profuse, depending on the extent 
of the frarture. 

PATHOLOGIC CONDITIONS OF THE GUTTURAL 
POUCHES OF THE HORSE. Spontaneous epistaxis that 
occurs at rest in a mature horse warrants consideration of 
the guttural pouch as the source of hemorrhage. 48 In the 
case of guttural pouch mycosis, epistaxis is typically caused 
by fungal erosion of the internal carotid artery in the roof 
of the medial compartment of the guttural pouch. 48jW 
The horse initially experiences several episodes of minor 
hemorrhage characterized by a small amount of fresh blood 
at the external nares; this may be preceded by a unilateral 
catarrhal nasal discharge and followed by a sero mucous 
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0, Bovine; Q caprine; O, ovine. 
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nasal discharge. Ultimately, massive arterial bleeding asso¬ 
ciated with erosion of the internal carotid artery manifests 
as large volumes of blood gushing from both nostrils, 49 
Fpistaxis caused by bleeding from the guttural pouch is typ¬ 
ically most pronounced on the ipsi lateral side, but nasal 
bleeding is usually bilateral in this condition, especially if 
hemorrhage is profuse, because the nasopharynx drains into 
both nasal passages ^ 

PULMONARY PATHOLOGIC CONDITIONS. In horses, 
pulmonary hemorrhage manifests as bilateral epistaxis, 
most often during or immediately after strenuous exercise. 45 
However, in many cases of pulmonary hemorrhage, epi¬ 
staxis may not he observed because blood originating from 
the lungs is swallowed when it reaches die pharynx. 
Hemoptysis, the hallmark of pulmonary hemorrhage in cat¬ 
tle, is rarely observed in horses because the laryngopalatal 
articulation of the horse fixes the larynx in an imranarial 
position and generally prevents blood flow from the naso¬ 
pharynx to the oropharynx and mouth. In contrast to 
humans and other animal species, where foaming of blood 
exiting the nares suggests pulmonary hemorrhage, foaming 
of the blood is rarely encountered in horses with pulmo¬ 
nary' hemorrhage because the horizontal position of the 
major bronchi allows blood to pool and flow freely without 
having to be coughed up. 

El PH, a syndrome experienced by 40% to 75% of thor¬ 
oughbred racehorses and by horses of other breeds engaged 
in strenuous activity, b characterized by hemorrhaj^ into 
the tracheobronchial tree during competitive exercise, * I,M 
Although pulmonary hemorrhage can be identified by endo¬ 
scopic examination of the trachea immediately after exercise 
in these horses. Id PH manifests as frank epistaxis at the exter¬ 
nal nares in only a small percentage of cases, 51 Bleeding at 
the nares may range from a slight orange-tinged serous nasal 
discharge to a constant trickle of fresh blood that persists for 
several hours after exercise. 4 v 52 The exact source of hemor¬ 
rhage in horses with El PH has not been identified, but it is 
known that affected horses have proliferation of the bron¬ 
chial arterial blood supply to the lungs. 53 Fatal massive 
epistaxis, an infrequent sequela to exercise, has been attribu¬ 
ted to tearing of the lung in association with pleural adhe¬ 
sions or focal shear stress, 54 Other less common causes of 
postexercise pulmonary hemorrhage in horses include pul¬ 
monary abscesses or pleuropneumonia with pulmonary 
infarction; in these cases the odor of the breath may be fetid, 
and hemorrhage may occur spontaneously {without exer¬ 
cise), which aids in the differentiation of these conditions 
from EIPH. 45 ' 55 

CVCT (also known as pulmonary gmboUc aneurysm or pul - 
mprury fftrombtvmKi/isrn} is the disease most likely to be asso¬ 
ciated with epistaxis and hemoptysis in cattle (Box 5-11).** 
this sporadic, fatal condition of feedlot cattle is the result 
of a four-step sequence of events that culminates with the 
rupture of a pulmonary artery aneurysm into a bronchus 
Initially, affected cattle exhibit tachypnea, lethargy, painful 
cough, meiena, and anemia Terminally the disease b 


BOX 5-1 I 


Causes of Hemoptysis in Ruminants 


Caudal vena cava thrombosis (CVCT) 

Aspiration pneumonia 

Pharyngeal or retropharyngeal abscess or trauma 
Thoracic trauma {fractured ribs or sternum) 

Foreign body (nasal, oropharyngeal, tracheal, bronchial) 
Pulmonary aspergillosis 


characterized by discharge of bright, foamy red blood from 
the nose and mouth, severe respiratory distress, and wide¬ 
spread pulmonary crackles 5 * 

Pulmonary edema present In the terminal stages of left- 
sided heart failure may also be responsible for bilateral 
serosanguineous discharge at the external nares of large 
animals. 45 

PATHOLOGIC CONDITIONS OF THE ORAL CAVITY, 
PHARYNX, OR LARYNX. Less often, epistaxis can result 
from bleeding from lesions in the oral cavity, pharynx, or 
larynx. Examples include oral cavity erosions associated 
with infectious diseases (e.g.. mucosal form of bovine virus 
diarrhea infection in cattle, or bluelongue in sheep); ero¬ 
sions associated with epiglottic entrapment in horses; for¬ 
eign bodies wedged in the mouth or pharynx of large 
animals; and pharyngeal or retropharyngeal trauma caused 
by a "balling gun." 

bleeding diathesis. Several inherited and acquired 
coagulation disorders of large animals manifest as epi¬ 
staxis. 57 Inherited clotting fan or deficiencies (usually defi¬ 
ciencies of factors VIII* IX, or XI) or acquired factor 
deficiencies (those caused by warfarin, sweet clover toxico¬ 
sis, or advanced liver disease) cause bleeding from large 
vessels. In addition to epistaxis, subcutaneous hematomas, 
hem arthrosis, meiena, and hematuria, prolonged bleeding 
from sites of injury may be observed. With conditions 
causing vasculitis (eg., equine purpura hemorrhagica, 
equine viral arteritis), small vessel bleeding occurs. Vascu¬ 
litis is characterized by mucous membrane petechiae and 
ecchymoses and demarcated areas of skin edema. Nasal 
mucous membrane petechiae associated with vasculitis 
may manifest as epistaxis Similarly, thrombocytopenia 
(e.g„ immune-mediated thrombocytopenia in horses, 
bracken fern toxicosis in cattle) is characterized by mucous 
membrane petechiae and occasionally epistaxis. In rare 
cases disseminated intravascular coagulation (DIC) in 
large animals manifests as a consumptive coagulopathy 
with bleeding from mucous membranes and blood at the 
external nares. 

Approach to Diagnosis of Epistaxis 
and Hemoptysis 

HISTORY. History taking should closely follow that de¬ 
scribed for animals with nasal discharge and should 
include duration of ownership, time of first appearance 
of blood at the nares, number of times the animal has 
bled, volume and color of blood, presence of blood at 
one or both nostrils, association of epistaxis with exercise, 
swallowing motions or cough after exercise, concurrent 
hemoptysis, other signs of respiratory tract disease (e g., 
stridor, cough, nasal discharge, respiratory distress}* evi¬ 
dence of involvement of cranial nerves (eg., feed panicles 
at the nares, drooping of the lip or ear)* possibility of 
recent irauma (e g., nasogastric intubation or head injury), 
and exposure to toxic plants (e.g„ bracken fern or sweet 
clover). 

PHYSICAL EXAMINATION. A complete physical exami¬ 
nation should be performed to detect abnormalities indic¬ 
ative of systemic disease or disease affecting other body 
systems. This examination should include assessment of 
the attitude of the animal, determination of renal temper¬ 
ature, pulse rate, and respiratory rate and character; evalu¬ 
ation of mucous membranes for color and petechiae; 
inspection of the animal to detect hematomas or pro¬ 
longed bleeding from sites of injury or venipuncture; and 
neurologic examination to detect neurologic dysfunction 
(e.g.. dysphagia, Horner's syndrome, facial paralysis, head 
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tilt or nystagmus), which may accompany guttural pouch 
mycosis. 

EVALUATION OF THE HEAD AND RESPIRATORY 
SYSTEM, A complete evaluation of the head and respiratory 
system should also be carried out. The nasal bones and flat 
bones overlying the maxillary and frontal sinuses should be 
examined for asymmetry or deformation; the eyes should 
be evaluated for exophthalmos or epiphora; the nasal 
mucosae should be inspected with a light source to demon¬ 
strate erosive, ulcerative, or mass lesions; and the sinuses 
should be percussed to detect altered resonance or pain. 
On continuing the examination, the following should be 
evaluated: symmetry and amount of airflow through the 
nostrils and the effect of occluding £ach nostril indepen¬ 
dently; odor at the nose or mouth; presence of stridor; 
and the effect of applying pressure to the larynx or trachea. 
The oral cavity should be carefully inspected in animals in 
which epistaxis is accompanied by a necrotic breath odor. 
Special anention should be paid to the maxillary cheek 
teeth of horses and the base of the tongue and the orophar¬ 
ynx of all larg£ animals. Structures in the external pharyn¬ 
geal region (mandibular Lymph nodes, Viborgs triangle, 
retropharyngeal lymph nodes, parotid salivary gland) 
should be observed and palpated for swelling, heat, or 
pain, and the trachea should be observed and palpated 
where exposed to detect any abnormalities. The larynx, 
trachea, and lungs should be carefully auscultated at rest 
and after application of a rebreathing bag for abnormally 
loud breath sounds, crackles, or wheezes, which may 
implicate pulmonary disease as the cause of epistaxis. 
Careful cardiac auscultation should be carried out to 
detect murmurs or dysrhythmias, which may be asso¬ 
ciated with left-sided heart failure and pulmonary edema. 
The chest wall should be palpated to detect rib fractures 
or pleural friction rubs, and the thorax should be per¬ 
cussed bilaterally to demonstrate large mass lesions, pleu¬ 
ral effusion, or pleurodynia. 

COMPLETE blood COUNT. A complete blood count 
and assessment of fibrinogen concentration can be useful 
in the evaluation of animals with primary or secondary 
inflammatory conditions or those that have developed 
blood loss anemia as a sequela to epistaxis (e.g., horses with 
guttural pouch mycosis or cattle with pulmonary thrombo¬ 
embolism secondary to CVCT). The degree of anemia may 
give an indication of the severity and chronicity of the 
bleeding or, in cases of bracken fem poisoning, of the 
degree of bone marrow suppression 

CLOTTING PROFILE. A dotting profile should be per 
formed [platelet count prothrombin time [PT[, activated 
partial thromboplastin time |APTT], concentration of fibrin 
degradation products (FDPs[, and plasma antithrombin 
III) if mucous membrane petechiae or a tendency to bleed 
was noted on the general physical examination or if the 
history suggests exposure to sweet clover, warfarin, or 
bracken fern. 

BIOCHEMISTRY PROFILE. A biochemistry profile should 
be performed to detect disease processes in organ systems 
other than the lungs (*,g., increased liver enzyme activity 
in cattle with hemoptysis secondary to CVCT or ani¬ 
mals with liver failure causing secondary dotting factor 
deficiency). 

OCCULT BLOOD. Fetes should be tested for occult 
blood. Positive results may suggest swallowing of blood 
originating from (he lungs or pharynx or gastrointestinal 
bleeding, 

ENDOSCOPIC EVALUATION. Endoscopic evaluation 
using a fiberoptic or video endoscope Is a useful diagnostic 
aid in cases of epistaxis. The nasal passages, nasomaxillary 


aperture in the middle meatus, turbinates (conchae), nasal 
septum, pharynx guttural pouches, larynx, and tracheo¬ 
bronchial tree should be systematically evaluated through 
both nostrils at rest and after exercise if indicated to deter¬ 
mine the presence, nature, and source of blood and the ana¬ 
tomic or mass lesion responsible for the bleeding. Care 
should be taken when endoscopy is performed in horses 
with guttural pouch mycosis, because dislodging a clot of 
blood in (he affected guttural pouch may result in fatal 
hemorrhage 5fl Similarly, the stress of endoscopy may prove 
fatal to cattle with pulmonary thromboembolism secondary 
to CVCT. If El PH is suspected, endoscopy should be per¬ 
formed 30 to 120 minutes after strenuous exercise to allow 
lime for the mucociliary escalator to transport blood to 
where it can be visualized 51 ; this blood may persist from 
6 hours 10 4 days after exercise, depending on the severity 
of pulmonary hemorrhage, It is important to remember that 
EIPH may not be repeatable. In one study only 33% of 
thoroughbred racehorses tested positive for LI PH on all 
subsequent endoscopic examinations after breezing. 5 * 
Biopsy [with histologic evaluation and possibly culture of 
samples) is indicated when granulomas, polyps, erosions, 
of mass lesions are visualized through the endoscope. 

TRACHEAL ASPIRATION, BRONCHO ALVEOLAR 
LAVAGE. AND THORACOCENTESIS, Percutaneous trans¬ 
tracheal aspiration or endoscopic tracheal aspiration, 
BAL or thoracocentesis with cytologic studies and culture 
of collected samples is indicated when pulmonary or pleu¬ 
ral diseases are thought to be responsible for hemorrhage 
into the respiratory tract BAL is a technique best suited 
to evaluation of diffuse lung disease; BAL fluid analysis 
can yield a normal result in horses with focal lung disease 
(e.g.r pulmonary abscess, pneumonia, or pleuropneumo¬ 
nia) because lavage fluid is instilled into a Limited region 
of rile Lung. 5 * 1 Quantitative culture techniques should be 
used for samples obtained via BAL because contamination 
by nasopharyngeal organisms can occur. 61 Although there 
is a poor correlation between cytologic findings in tracheal 
wash fluid and histopathologic changes in the lungs of 
individual horses, increased cell counts with degenerative 
neutrophils and large numbers of intracellular and extra¬ 
cellular bacteria suggest a diagnosis of bronchopneumo¬ 
nia. 62 Percutaneously obtained tracheal wash samples are 
usually noi contaminated by oropharyngeal organisms 
and can be submitted for culture , transendoscopically 
obtained samples may be contaminated with Pseudomonas 
species and anaerobic bacteria despite the use of guarded 
tracheal swabs 6 * The presence of hemosiderophages in 
tracheobronchial aspirates or BAL fluid Is generally consid¬ 
ered indicative of previous pulmonary hemorrhage 51 ; 
however, mucopolysaccharides engulfed by alveolar 
macrophages can bind plasma iron in the absence of pul¬ 
monary hemorrhage to form an iron pigment resembling 
hemosiderin. 64 

radiographic EXAMINATION. Radiographic exami¬ 
nation of the nasal passages, paranasal sinuses, pharynx 
retropharyngeal region (including the guttural pouches), 
larynx and trachea is indicated if the source of nasal 
bleeding cannot be definitively diagnosed through phys¬ 
ical examination and endoscopy. The nasal passages, 
turbinates, and paranasal sinuses should be evaluated 
for fluid lines, cystic structures, bony lysis or prolifera¬ 
tion* distortion of normal architecture, or changes in 
(he tooth roots. Space-occupying lesions in the pharynx 
and Larynx may also be demonstrated by radiographic 
examination. Demonstration of a fluid-air interface 
in the guttural pouch may indicate guttural pouch 
hemorrhage or guttural pouch empyema. 45 New bone 
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formation and sclerosis around the temporokyoid arturuld- 
tion may accompany mycotic infections of the guttural 
pouch. CT examination may be indicated if the lesion 
in the head or neck causing hemorrhage cannot be 
defined adequately with plain radiographs. Thoracic 
radiographs using four overlapping lateral views in adult 
horses and cattle and lateral and ventrodorsal views in 
immature animals and small ruminants aid in identifica¬ 
tion and definition of diseases affecting the lungs, pleurae, 
and mediastinum. 61 

ULTRASOUND EXAMINATION, Ultrasound examina¬ 
tion is used as an adjunct to thoracic radiology in animals 
suspected of having pleural effusion 61 ; this procedure 
allows the examiner to determine tire extent of the effusion 
and the presence of fibrin deposits or pleural adhesions Pul¬ 
monary consolidation, atelectasis, infarction, and abscessa- 
lion can also be demonstrated with this technique if these 
lesions are contiguous with the pleural surface. 61 Ultrasound 
examination of externally visible swellings such as enlarged 
retropharyngeal lymph nodes or distended gutturaJ pouches 
may provide additional diagnostic information and may 
assist with appropriate placement of needles or biopsy instru¬ 
ment* for sample collection 

PARACENTESIS. Paracentesis of the maxillary sinus 61 
can be performed if percussion and inspection indicate that 
a lesion in the maxillary sinus may be the cause of epistaxis. 
Using sedation and analgesia, a small hole is trephined into 
the maxillary sinus with a Steinmann pin or 14-gauge nee¬ 
dle; sinus contents can then be aspirated and submitted 
for cytologic and bacteriologic examination (see Nasal 
Discharge p. 50), 

PLEUROSCQPIC EXAMINATION. Pleuroscopic exami¬ 
nation 65 can be performed in a standing, sedated patient 
by using a sterile rigid or fiberoptic endoscope. This pro¬ 
cedure is indicated for patients in which large imratho- 
rack masses and adhesions have been demonstrated by 
thoracic radiology and ultrasonography. Pleuroscopy 
allows direct visualization of affected structures and 
provides an opportunity to biopsy masses or aspirate 
fluid. Pleuroscopy is a procedure fraught with complica¬ 
tions (e.g„ pneumothorax, lung lacerations, infection) 
and should be reserved for cases in which less invasive 
procedures have failed to adequately diagnose the 
condition, 61 

In some teaching and research institutions ventilation/ 
perfusion ratios can be measured in horses using nuclear 
scintigraphic techniques. A study of horses with El PH 
demonstrated both ventilation and perfusion deficits in 
the dorsocaudal lung field that corresponded to the area 
in which E1PH lesions were detected at postmortem 
examination. 66 

TACHYPNEA 

Bl Definition. Tachypnea is the term used to describe an 
increase in the respiratory rate; the term hyperpnea is used 
when both the rate and depth of respiration haw increased. 

The respiratory rate, which is assessed by counting rib 
or nostril movements or by thoracic or tracheal ausculta¬ 
tion, is best determined before the patient is disturbed or 
restrained. Under average conditions of temperature and 
humidity, acceptable ranges for the respiratory rate in nor¬ 
mal adult animals are as follows; cattle, 10 to 30 breaths/ 
min; horses, 8 to 15 breaths/min; sheep and pigs, 10 to 
20 breaths/min; and goats, 25 to 35 breaths/min. Resting 
respiratory rates in young animals are higher than those 
in adults. A neonatal foal has a resting respiratory rate 
of 60 to 80 breaths/min during the first 30 minutes of 
life, a rate that later falls to 20 to 40 breaths/min. A young 


calf has a respiratory rate of 20 to 50 breaths/min by 30 
minutes of age. 


II Pdifropjiyripfqgy. Respiratory' rate, depth, and rhythmicity 
are regulated by respiratory centers in the brainstem. Central 
chemoreceptors responding to increased levels of C0 2 
(decreased cerebrospinal fluid pH) and peripheral che- 
moreteptors (carotid and aortic bodies) responding to 
hypoxemia (Pao 2 below 60 mm Hg), increases in Paco 2 , 
and decreases in pH initiate increases in the respiratory 
rate. Mecha noreceptors in the lungs and joints also influ¬ 
ence ventilation. Lung inflation stimulates stretch recep¬ 
tors in the airways, which decreases the inspiratory 
effon, whereas mecha noreceptors in the joints are thought 
to be partly responsible for the increases in ventilation 
that occur during exercise. Pulmonary dremoreceptors that 
influence the respiratory cycle include irritant receptors 
in the airways, which are stimulated by dust and hista¬ 
mine, and I receptors, which apparently detea levels of 
interstitial fluid and are thought to be responsible for 
the respiratory pattern observed in animals with pulmo¬ 
nary edema. 

Tachypnea is classified as physiologic when it occurs in 
the absence of underlying disease anti as pathologic when 
it is a manifestation of respiratory distress. Physiologic 
tachypnea is associated with pain, exertion, heat fever, 
anxiety, and other stresses (Boxes $-12 and 5-13). Faaors 
predisposing to pathologic tachypnea are the same as those 
that cause respiratory distress: inadequate oxygenation of 
the blood (t,e„ a need for additional oxygen); compensation 
for metabolic acidosis; excessive environmental heat disor¬ 
ders that damage the central nervous system respiratory cen¬ 
ters in the medulla (eg., head trauma, inflammation, mass 
lesions) if they disrupt the control of breathing disorders 
that cause dysfunction of motor nerves and/or weakness of 
respiratory muscles (e g, botulism, myasthenia gravis, or dia¬ 
phragmatic paralysis); and painful conditions involving the 
respiratory sensory nerves, muscles, pleurae, and ribs (e.g, 
chest trauma, pleural infeaion, or neoplasia) 67 (see Respira¬ 
tory Distress, below). 

Approach Co Diagnosis of Tachypnea 

Because tachypnea is a manifestation of respiratory distress, 
the approach used for evaluating patients with tachypnea is 
the same as that used for evaluation of respiratory distress 
(see below). 

RESPIRATORY DISTRESS (DYSPNEA) 

II Definition . Respiratory distress indicates an inappropri¬ 
ate degree of effort to breathe based on an assessment of 
respiratory rate, rhythm, and character 66 65 

Respiratory distress is a clinical sign that implies labored 
breathing whereas dyspnea is a symptom that describes the 
subjective feeling of difficult, uncomfortable. Or unpleasant 
breathing (shortness of breath) in human patients 66 0 
As such the term dyspnea is not strictly applicable to animal 
patients, although it is widely used by veterinarians to 
describe respiratory distress. 

Manifestations of respiratory distress include elevated 
respiratory rate (see Tachypnea, at left), extended head 
and neck position, mouth breathing (ruminants), nostril 
flaring {horses, sheep, and goats), abnormal respiratory 
noise (stridor or stenorj, exercise intolerance, exaggerated 
intercostal or abdominal effort (or both), a double expira¬ 
tory lift and a "heave line" (expiratory respiratory distress), 
abducted elbows, stridor, anxious expression, and inactivity. 
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BOX S-1 2 


Causes of Tachypnea in Horses* 


COMMON RESPIRATORY CAUSES 

Anemia (piroplasmosis, iron deficiency, hemolytic blood 

Bacteria] pneumonia 

loss, other) 

Pleuropneumonia, pleumis 

Cardiovascular anomalies (tetralogy of Fallot, tricuspid 

Pulmonary absress.il ion 

insufficiency, atrial septal defect hypoplastic left heart 

Recurrent airway obstruction (RAO or COPD] 

transposition of great vessels, persistent right aortic arch. 

Viral pneumonia (equine influenza, adenovirus, equine viral 

patent ductus arteriosus) 

arteritis, others) 

Cor pulmonale 

Equine herpesvirus types I and 4 (EHV4, EHV-4) 

Pericarditis 

Aspiration pneumonia 

Atrial fibrillation 

Prematurity, dysmaturity, or immaturity (foals) 

Ventricular tachycardia, fibrillation, flutter 

COMMON NONRESPIRATORY CAUSES 

UNCOMMON RESPIRATORY CAUSES 

Hyperthermia (fever, post exhaust ion syndrome, heat stroke. 

Pulmonary lobar hypertrophy 

anhidrosis, other) 

Branchial or thyroglossal duct cyst 

Pain (abdominal crisis, laminins, exertional 

Tracheal rupture 

myopathy, other) 

Fracture of laryngeal cartilage 

Acidosis (acute enterocolitis, urinary bladder rupture renal 

Fracture of hyoid bone 

tubular acidosis, other) 

Cutaneous or nasal amyloidosis 

Anaphylaxis 

Pulmonary tuberculosis 

Blood transfusion read ion 

Pulmonary nocardiosis 

Shock [hypovolemic, cardiac septic) 

Anemia (neonatal boerythrolyiis, Wood loss, hemolytic anemia. 

Pneumocystis omnii pneumonia 

iron deficiency, bone marrow suppression, ruptured middle 

UNCOMMON NONRI5PIRATORY CAUSES 

uterine artery, other) 

Lactation tetany 

Cardiac disease (ruptured mitral chordae tendineae. ventricular 

Hvdrnallantots or hydrops 

septal defect, endocarditis other) 

Nutritional myodegeneration (foals) 

Gastric dilation 

Mcthemoglobin reductase deficiency 

Acute hepatic insufficiency 

LESS COMMON RESPIRATORY CAUSES 

Elmrocuiion 

Smoke inhalation pneumonia 

Cardiac neoplasia 

Parasitic pneumonia (DiafOOOihtS amfieUi) 

Stenotic nares. choanal atresia 

Embryonal mediastinal cyst 

Nasal septum abnormalities 

TOXIC CAUSES 

Neoplasia (nose, paranasal sinuses) 

^-Naphthyl thiourea (ANTU) 

Fungal granuloma 

Arsen k 

Nasopharyngeal cicatrix 

Bromide 

Paranasal sinus infection 

Sodium fluoroareiate 

Dorsal displacement of the soft palate 

Cam ha rid in (blister beetle) 

Pharyngeal or retropharyngeal abscess or trauma 

Ammonia 

Epi glott i c en trap mem 

Amilraa 

Chondroma of arytenoid cartilage 

Propylene glycol 

Guttural pouch empyema 

Dioctyl sodium sulfosuceinate 

Tracheal stenosis, collapse, stricture 

Iron 

Foreign body (nasal, nasopharyngeal, laryngeal, tracheal. 

Selenium 

bronchial) 

Metal dehyde 

Diaphragmatic hernia 

O rganophosphate 

Pneumothorax 

Organochlorine, chlorinated 

Thoradc trauma 

hydrocarbon 

Phenolhia/ine 

LESS COMMON NONRESPIRATOFtY CAUSES 

Potassium 

Anaphylaxis 

Larkspur (Delphinium species) 

Air embolism 

lapanese yew (Lino cuspuim} 

Intracarotid infectious 

White snakeroot (Eupatmum mgosum) 

Fluid therapy complications 

Water hemlock (Ckwta species) 

Tetanus (Gfosrridjiun Ittani) 

Jimson weed (Datura, stramonium) 

Malignant edema fOburidium scpiirum) 

Potato (Sahmum 

Malignant hyperthermia 

C'yanogenic plants 

Men ingoencephalitis 

Onion (AMn species) 

Red maple (Act t mbrum) 


All tame* of respiratory dtstrrsi (p 60) air also causes of (achypnrJ 
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Causes of Tachypnea In Ruminants 


COMMON RESPIRATORY CAUSES 

MurtnAermui h^mclytuu or PdsteuteUd muhocida 
pneumonia (includes shipping fever and enzootic 
calf pneumonia} 

Haemophilus pneumonia (B) 

Visceral caseous lymphadenitis ICoTYnebactenum 
pseudotubercutosis) (C, O) 

Chronic bacteria) pneumonia with consolidation or 
abscessation (Armnobactenum I Actinomyces} pyogenes and 
other bacteria) 

Necrotic laryngitis ffiwafeucrerium n*m*phern/tti) (B) 

Pulmonary embolus from posterior vena cava 
thrombosis (B) 

Respiratory syncytial virus 
Parainfluenza type 3 virus 
Adenovirus (B, O) 

Infectious bovine rhinotracheitis virus 
(IBR; BHV-1) (B) 

Ovine progressive pneumonia virus (O) 
tAycopLismd species 

Caprine Mycop£i$m<j myundes suhsp mycmdes infection 
Mycapksma ovipneunw*iktf (O) 

Parasitic pneumonia [DutjsvuuJuj vinpano [BJ; DioynoiuJus 
fttaria JO, C|; Mullen us agw/toris |0. C] Frmosmmgylus 
rufescens [O r CJ) 

Bovine atypical interstitial pneumonia (B) 

Acute pulmonary edema and emphysema (B) 

Farmer's lung [Faenut wnvtrpjLj hypersensitivity 
pneumonitis) (B) 

Aspiration or foreign body pneumonia 

COMMON NONRESPIftATOftY CAUSES 

Hyperthermia (fever, heat stroke, rapid rise in ambient 
temperature, other) 

Pain (abdominal crisis, urethra) calculi, traumatic 
reticuioperitonitis, musculoskeletal injury, other) 

Acidosis (ruminal lactic acidosis, pregnancy toxemia, 
other) 

Electrolyte aberrations (hypocalcemia, hypomagnesemia, 
other) 

Shock (hypovolemic, cardiac, septic) 

Anemia (iron deficiency, post parturient hemoglobinuria, blood 
loss, other) 

Distended abdominal viscus (ruminal bloat other) 

Anaphylaxis 

Blood transfusion reaction 
White muscle disease 

LESS COMMON RESPIRATORY CAUSES 

Nasal trauma 

Tumors of the nose and paranasal sinuses 

Nasal granulomas (fungal granuloma, atopic rhinitis) 

Congenital cystic nasal concha* 

laryngeal trauma, abscess 

Trachea] stenosis, collapse, stncmre 

Bovine itunovims (B) 

Bovine malignant catarrhal fever (R) 

Asemis suum migration (calves) (8) 

Thoracic trauma, other causes of chest pain 


Pneumothorax 
Diaphragmatic hemia 
Heuritis or pleural effusion 

Caprine arthritis-encephalitis (CAE) pneumonia (C) 
Sheep pulmonary adenomatosis virus pneumonia (O) 

LESS COMMON NON RESPIRATORY CAUSES 

Cardiac anomalies (ventricular septal defect, tetralogy of 
Fallot, other) 

Endocarditis 

Pericarditis 

Central nervous system disease (meningoencephalitis, 
polioencephalomalacia, other) 

Faophageal obstruction or foreign body 
Clostridial diseases (Black's disease, enterotoxemia. 

tetanus) 

Anaphylaxis 

UNCOMMON RESPIRATORY CAUSES 

Pleura! mesothelioma 
Pneumonrsni curinri pneumonia 
Pulmonary aspergillosis 
Pulmonary neoplasia 

Cyst (branchial, cervical, ihyioglossal duct) (B) 
Bronchob diary fistula 

Contagious bovine pleuiopneumonla (exotic) (B) 
Endemic ethmoid carcinoma (exotic) (B) 

UNCOMMON NONRESPIRATORY CAUSES 

Bluetongue (B. O) 

Thymic lymphosarcoma (B) 

Retrobulbar neoplasia (B) 

Calf lymphosarcoma (B) 

Adult multicentric lymphosarcoma (B) 

Embryonal mediastinal cyst 
Dwarfism (B) 

Anthrax 

TOXIC CAUSES 

Sodium fluoroacetate 

Strychnine 

Sulfur 

Propylene glycol 

Urea or nonprotein nitrogen 

Water deprivation or salt toxicity 

Potassium 

Nitrates 

Bromide 

Iron 

Selenium 

Organophosphate 

Organochlorine or chlorinated hydrocarbon 
Larkspur {Odphtnuim species) 

Japanese yew (Toxics cusptdma) 

Sneezrweed (Helenium autumnak} 

Hairy vetch (Via* vt&udj 
Whitehead (Sphenoscisdium captteUatum} 

White snakeroot (Euputonuin rugotum) 


fl. Bovine: C caprine; O, ovine. 

Sou Tachypnea is a rather nonspecific sign and is associated with toxicity caused by a large number of plant species, only a few are listed in this box. See 
also Box 5-15, p 65 
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Animals in severe respiratory distress may show cyanosis 
(see p. 68} and (especially those with severe RAO) may 
exert so much effort to breathe that the whole body rocks, 
the anus pumps in and out and the animal does not move 
or eat because this diverts its energies from respiration.** 


II Pathophysiology. Normal respiratory rate and character 
are maintained by central and peripheral monitoring of 
blood gas and acid-base status, with resulting reflex adjust¬ 
ments that maintain carbon dioxide (C0 2 ), oxygen (Oj), 
and the bloody hydrogen ion concentration (pH) within a 
narrow range. 71 Respiratory distress may occur for the 
following reasons 72 : * 

■ Inadequate oxygenation of blood (i.e., a need for 
additional oxygen) 

* Compensation for metabolic acidosis 

» Excessive environmental heat 

■ Disorders that damage the central nervous system respi¬ 
ratory centers in the medulla (e.g., head trauma, inflam¬ 
mation, mass lesions) if they disrupt the control of 
breathing 

■ Disorders that cause dysfunction of motor nerves or 
weakness of respiratory muscles (e g , botulism, poly* 
radiculoneuritis, myasthenia gravis, or diaphragmatic 
paralysis) 

■ Painful conditions involving the respiratory sensory 
nerves, muscles, pleura, and ribs (e g, chest trauma, 
pleural infection, or neoplasia) 

Inadequate oxygenation of blood leads 10 arterial hypox¬ 
emia (low partial pressure of oxygen in arterial blood 
[Pao^l). This can be caused by a low partial pressure of 
inspired oxygen (Plo^), such as occurs at high altitude; by 
disorders that interrupt the transfer of oxygen from the envi¬ 
ronment to the blood (e.g, upper and lower airway obstruc¬ 
tion, pulmonary disease associated with alveolar flooding 
or collapse, and pulmonary or intracardiac nght-to-left 
shunting of blood); or by a decrease in the oxygen-carrying 
capacity of the blood, such as occurs in anemia, methemo¬ 
globinemia, and carboxyhemoglobinernia. 77 Primary or sec¬ 
ondary disease conditions that affect the respiratory and 
cardiovascular systems induce arterial hypoxemia by caus¬ 
ing alveolar hypoventilation, ventilation-perfusion mis¬ 
match, diffusion limitation, right-lo-left shunting of blood, 
or combinations of these abnormalities (see Cyanosis, 
p. 68) " 

Compensation for metabolic acidosis involves '"blowing 
off" carbon dioxide, which may increase both the rate and 
depth of respiration. 71 The resulting hyperventilation 
causes a decline in the partial pressure of arterial carbon 
dioxide (Paco*) in the face of clinical signs of respiratory 
distress 

Animals dissipate a considerable amount of heat through 
the respiratory tract In ruminants, but not in horses, heal 
dissipation is farther aided by the animals' ability to mouth 
breathe and pant to increase evaporative cooling of blood 
passing through the longue and other structures in the 
oral cavity and oropharynx. The need to dissipate heat 
when exposed to high environmental temperatures induces 
labored breathing (boxes 5-14 and 5-15). Apparent respira¬ 
tory distress also occurs when the weather is not excessively 
hot but the temperature has risen rapidly, such as occurs 
when cattle in cold climates are brought indoors in the 
winter. When the environmental temperature has been con¬ 
sistently low, cattle in feedlots may also experience respira¬ 
tory distress if the temperature suddenly rises to 4.4 9 to 
Itr C (40* to 50* F). 

Observation of the nature of the respiratory distress may 
give important dues as to the functional characterization. 


and perhaps cause, of the underlying disease process. 
Obstructive diseases involving the intrathoracic airways 
(e.g, RAO in horses and farmer's lung in cattle) are more 
likely to cause flow limitation during expiration because 
of dynamic airway narrowing or collapse (see Cough, 
p. 42). 64,73,74 This results in expiratory respiratory distress 
and a pattern of respiration in which the expiratory phase 
occupies an increased proportion of the respiratory eyde as 
the patient attempts to expel air from the Kings. In the 
extrathoradt airways, dynamic collapse occurs during inspi¬ 
ration because intraluminal pressures are sub atmospheric 
at this time. 63,7 '' 74 Therefore patients with upper airway 
obstructions, especially of the nonfixed rype (e.g, laryngeal 
hemiplegia), generally show inspiratory respiratory dis¬ 
tress and may have a prolonged inspiratory phase.* 8,71 
Fixed airway obstructions of either the upper or lower air¬ 
way (e.g., intraluminal mass, bronchoconstrict!on) are pres¬ 
ent during both phases of respiration and may lead to both 
inspiratory and expiratory distress. 68 However, the distress 
is tikdy to be accentuated during a particular phase of res¬ 
piration, depending on the anatomic site of the obstruction 
(he., fixed upper airway obstructions cause more distress 
during inspiration, and fixed lower airway obstructions 
cause more distress during expiration). Restrictive diseases 
(e.g., pleural effusion, pneumoconiosis) inhibit expansion 
of the lungs and therefore generally lead to inspiratory 
respiratory distress.Because an animal with restrictive 
disease has reduced compliance and must perform more 
respiratory work than normal to expand its lungs, a com¬ 
mon strategy for maintaining adequate ventilation is to 
increase the respiratory rate and lower the tidal volume 
(i.e., rapid, shallow breathing).* 8 Animals with obstruc¬ 
tive diseases generally have a normal or even increased tidal 
volume, 68 

In many instances, respiratory distress is not apparent 
at rest but occurs in association with exercise. Under these 
circumstances the animals capacity to exercise is 
impaired, and the owner may complain of exercise intol¬ 
erance (see Exercise Intolerance and Poor Performance in 
Horses, p. 76). 

Approach to Diagnosis of Respiratory Distress 

history. After ruling out environmental causes of respi¬ 
ratory distress (e g, heat stress, high humidity, moving from 
outside into a heated barn in the winter, handling stress, or 
relocation to high altitude) and attending to the immediate 
needs of the patient, a careful history should be taken that 
includes the following factors time and speed of onset of 
the clinical signs of respiratory distress; progression of clini¬ 
cal signs; whether this is the first episode of respiratory 
distress or whether the animal is subject to recurrent attacks, 
whether signs are present at rest or only after exercise; the 
relationship of signs to environ mental conditions and the 
response to environmental change; recent administration 
of pharmacologic or biologic agents, the presence of an 
audible respiratory noise; or other signs of respiratory tract, 
oropharyngeal or neurologic disease (e g , nasal discharge, 
cough, dysphagia, facial paralysis, or retropharyngeal 
swelling). A history of recent trauma or exposure to poten¬ 
tially toxic substances, such as lead-containing paints, 
nitrate-accumulating plants or urea (ruminants), or carbon 
monoxide, should be elicited. The animal's appetite and 
attitude and signs of disease in other systems (eg, diarrhea) 
should be determined In neonates the circumstances sur¬ 
rounding gestation and parturition should be ascertained, 
because prematurity, dysmaturity. congenital infection, 
birth trauma (e.g, rib fracture) related to dystocia, pro¬ 
longed parturition, and aspiration of amniotic fluid and 
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BOX 5-14 


Causes of Respiratory Distress in Horses 


COMMON RESPIRATORY CAUSES 

Cardiovascular anomalies (ventricular septal defect patent 

Bacterial pneumonia 

ductus arteriosus, tetralogy of Fallot, common ventricle, other 

Pleuropneumonia Pleuritis 

anomalies) 

Pulmonary abstraction 

Endocarditis 

Recurrent airway obstruction (housing or pasture associated) 

Pericarditis 

Strangles (Smrpurifcfiu etjui in feci ion} 

Cardiac dysrhythmias (atrial fibrillation, heart block ventricular 

Viia] pneumonia (influoua adenovirus, equine viral 

premature beats, ventricular tachycardia, ventricular fibrillation) 

arteritis, others) 

Ruptured mitral chordae tendineae 

Equine herpesvirus types 1 and 4 (EHV-1, EHV-4) 

Mitral insufficiency or stenosis 

Aspiration pneumonia 

Clostridial infections (e g, tetanus, malignant edema, infection 

Prematurity, dysmaturity, immaturity (foals) 

abscess) 

Neonatal septicemia (foals) 

Procaine penicillin G reaction or intravascular administration 

Pharyngeal retropharyngeal abscess or trauma 

Hyperkafemk periodic paralysis (HYPP) 

COMMON NONRESPIRATOKY CAUSES 

UNCOMMON RESPIRATORY CAUSES 

Cardiac disease (eg, congestive cardiac failure, mitral 

Stenotic external nares 

insufficiency, other cardiac diseases) 

Cutaneous, nasal amyloidosis 

Shock (septic, cardiogenic, hypovolemic, acute blood loss) 

Cutaneous, nasal habronemiasis (summer sore) 

Endotoxemia 

Failure of closure of the false nostril 

Anemia (eg., neonatal isoerythrolysis, autoimmune 

Abnormalities of the nasal septum 

hemolytic anemia, blood loss, other causes of acute 

Choanal (posterior nares) atresia or stenosis (foals) 

anemia) 

Nasopharyngeal cicatrix 

Pain (e.g., abdominal crisis, laminins, myopathy, fracture, other 

Laryngopalatal dislocation (dorsal displacement of soft palate). 

lameness) 

soft palate hypoplasia 

Hyperthermia (eg., fever, postexhausiion syndrome, anhidrosis. 

Rostral displacement of the palatopharyngeal folds 

heat stroke, erythromycin associated) 

Pharyngeal hematoma 


Laryngeal paralysis 

LESS COMMON RESPIRATORY CAUSES 

Fistula (pharyngeal, esophageal, esophagobronchial 

Epiglottic entrapment with secondary infection or granulation 

esophagotrarchca 1) 

Arytenoid chondritis 

Chondroma of the arytenoid cartilage 

Guttural pouch empyema, tympany, mycosis, neoplasia 

Laryngeal spasm 

Progressive ethmoid hematoma 

Hypertrophic ossification of the laryngeal cartilages. Laryngeal 

Nasal polyps 

chondropaihy 

Pharyngeal subepiglortk cysts 

Neoplasia of the upper airway 

Fungal rhinitis, cryptococcal rhinitis, equine nasal granuloma. 

Tracheal stenosis, stricture, collapse, rupture 

nasal aspergillosis, rhinosporidiosis, rhinophycomycosis, 

Phyco mycosis, pythiosis 

maduromycosis, mycetoma 

Pneumoconiosis (e g . silicosis) 

Deft palate 

Interstitial pneumonia (restrictive pulmonary disease) 

Laryngeal or hyoid trauma, fractured laryngeal cartilages, 

Pulmonary thromboembolism 

laryngeal granuloma or scar 

PUeumocysru curt nil pneumonia 

Paranasal sinus Infection, cyst trauma, tumor 

Pulmonary lobar hypertrophy (foals) 

Nasal trauma, nasal neoplasia 

Jofarctive lobar pneumonia 

Foreign body (nasal, pharyngeal Laryngeal tracheal. 

Oilampiid prindri pneumonia 

bronchial) 

Pulmonary nocardiosis 

Ejterri*sinduced pulmonary hemorrhage (ElPH) 

Pulmonary tuberculosis 

Parasitic pneumonia (DicftucauJiij amfietdi) 

Pulmonary aspergillosis 

Coccidioidomycosis, cryptococcosis, mycotic pneumonia 

Besnoitiosis (Bemmtur hrsnoia and Besrunha /efluvm) 

Inhalation pneumonia smoke inhalation, drowning water 

Pulmonary neoplasia (primary or metastatic) 

inhalation 

Pleural neoplasia (mesothelioma, lymphosarcoma) 

Hyaline membrane disease (foals) 

Embryonic cyst (mediastinal branchial, cervical, thyroglossal 

Acute bronchoimerstitial pneumonia 

duct) 

Penpartum asphyxia syndrome 

Morbilltvirus infection (exotic) 

Fractured ribs or sternum, thoracic trauma 


Pneumothorax 

UNCOMMON NONRESPIRATORY CAUSES 

Diaphragmatic hernia 

Nutritional myodegeneration 

Mediastinal abscess 

lactation tetany (eclampsia) 


Hydroallantois or hydramnios 

LESS COMMON NONRESPIRATORY CAUSES 

Methemoglobin reductase deficiency 

Purpura hemorrhagica 

Hemophilia A (factor VliJ deficiency) 

Blood or plasma transfusion reaction 

Acute hepatic insufficiency 

Complications of fluid therapy 

Electrocution 

Anaphylaxis 

Cor pulmonale 

Intracarotid infection 

Neoplasia (all systems) 

Acidosis 

Snake or insea bite 

Gastric distention (e-£, as in small intestinal obstruction) 

Aoitoiliofemoral thrombosis 

Pulmonary edema 

Equine motor neuron disease 

Malignant hyperthermia 

Cholesiercmic granuloma 
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Causes of Respiratory Distress in Horses—cont’d 


TOXIC CAUSES 

Red maple (Acer rubmm) 

Vitamin D 

Water hemlock (Gfcvtl species) 

Lead 

Oleander ( Nerium oleatulet) 

Or ga no phosphate-associated laryngeal paralysis 

Japanese yew (Taxto aapidata} 

Monensin, UnJodd, salinomyein 

Larkspur (Df^pfcfntafn species) 

Propylene glycol 

Ryegrass (folium species) 

Iron 

White snakeroot (EupcfttfniJiii rugentmj 

Dinitrophcnol 

Crofton weed (Eupainnum adenopharum) 

Sdenium 

Pyrroliztdine alkaloid 

Bromide 

Locoweeds (Astragalus species, Oiytropis species) 

Sodium fluoroaceutr 

Avocado (Penea jmcmunj) 

Strychnine 

Hoary alyssum (Berttrut ifujnjJ 

Ammonia 

Coffee senna seed (Grow occidentalis) 

Theobromine, chocolate 

Rubber vine (Cryptastt^w grmdifhra) 

Can than dm (blister beetle) 

Birdsville disease {Indigofrra species) (exotic) 

a-Naphlhyl thiourea (ANTU) 

Trachyandra paralysis (exotic) 


BOX $-1 


Causes of Respiratory Distress in Ruminants 


COMMON RESPIRATORY CAUSES 

Afunnheirrjrii hmotyrica or Postmrrik iudttcidd pneumonia 
{includes shipping fever and enzootic calf pneumonia) 
Bacteria! pneumonia with consol idation or abscessation 
(Aromatucirrium (AttiTwmycfil and other bacteria) 
Haemophilus wmfutt pneumonia (B) 

Visceral caseous lymphadenitis (Ccrrymb^terium 
psndbnihrrcutouj (O r C) 

Aspiration or foreign body pneumonia {especially after 
hypocalcemia) 

Necrotic laryngitis fFtuoiwctmum nectophorum) (B, O) 
Infectious bovine rhino tracheitis virus (IBR; BHV-]) (B) 
Respiratory syncytial virus 
Ovine progressive pneumonia virus (O) 

mycmdes subsp. myi'Aidus, Mycoplasma agalactiat, 
other Mycoplasma species (C) 

Mycoplasma (Q) 

Parasitic pneumonia (Dictyootufu* tii/ipwnw |H|, Dictyuajtiftu 
fikna |O f C|, Muflrrius capillaris [O, C|. ftoeasmmgyhu 
rufescens [O, C|) 

Bovine atypical interstitial pneumonia (B) 

Acute bovine pulmonary edema and emphysema (B) 

Fanner's lung disease (Ffleniu rectivirgula hypersensitivity 
pneumonitis) (B) 

COMMON NON RESPIRATO RY CAUSES 

Hyperthermia (fever, heat stroke, rapid rise in ambient 
temperature, other) 

Pain (abdominal crisis, urethral calculi, traumatic 
reiiculopenionuis, other) 

Distended abdominal viscus 

Acidosis (ruminal lactic acidosis, pregnancy toxemia, other) 
Electrolyte aberrations (hypocalcemia, hypomagnesemia, other) 
Hypovolemic, cardiac, or septic shock 
fluid or electrolyte loss (acute diarrhea, gastrointestinal 
obstruction, other) 

Endotoxcmia (coliform mastitis, metritis, enteritis, 
salmonellosis, septicemia, other) 

Neonatal septicemia 

Anemia {iron deficiency, postparturient hemoglobinuria, 
hemolytic anaplasmosis, eperythrozoonosis, other) 

While muscle disease (nutritional myodegeneration) 
Anaphylaxis or allergy, milk allergy 


LESS COMMON RESPIRATORY CAUSES 

Pulmonary embolus from posterior vena cava thrombosis (B) 
Parainfluenza virus type 3 
Adenovirus (B, G) 

Nasal trauma 

Tumors of the nose, paranasal sinuses oral cavity 
Nasal granulomas (fungal granuloma, atopic rhinitis) 
Congenital cystic nasal conchae 
Nose bots (Orsfruj orti) 

Sinusitis (maxillary, frontal, postdehoming) 

Laryngeal trauma or abscess 

Trauma (oral, pharyngeal, retropharyngeal), abscess, 
hematoma 

Tracheal stenosis, collapse, stricture 
Bovine rhino virus (B) 

Bovine malignant catarrhal fever (B) 

Bovine herpesvirus DN-599 (B) 

Ascaro nuim migration (calves) (B) 

Thoracic trauma, rib fracture 

Pneumothorax 

Pleuntis or pleural effusion 

Caprine arthritis-encephalitis {CAE) pneumonia (C) 

Sheep pulmonary adenomatosis vims (Dagsiekie) (Q) 

Smoke inhalation 

Foreign body (nasal, oral, pharyngeal, laryngeal, tracheal, 
bronchial) 

Caprine herpesvirus (C) 

Bluetongue 

Peste des petit* ruminants (C O) (exotic) 

Congenital cardiac anomalies (ventricular septal defect, 

tetralogy of Fallot, patent ductus arteriosus, transposition of 
the great vessels, other anomalies) 

Acquired cardiac failure (bacterial endocarditis, valvular 
incompetence, valvular stenosis, cardiomyopathy, 
pericarditis, other causes) 

Central nervous system disease (trauma, meningoencephalitis, 
encephalomataria, abscess, looping ill, pseudorabies, other 
causes) 

Esophageal obstruction, foreign body, laceration, rupture, 
megaesophagus 

Clostridial diseases (Black's disease, cmerotoxemia. tetanus, 
blackleg, bacillary hemoglobinuria, others) 

Anthrax 


tonmued 
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Causes of Respiratory Distress in Ruminants—cont'd 


LESS COMMON RESPIRATORY CAUSES—cant'd 

Iron (B, C) 

Complications of fluid therapy (pulmonary edema) 

Selenium 

Water deprivation (salt poisoning) (B) 

Anenk 

Blood transfusion reaction 

Organophosphate or carbamate 

Anaphylaxis 

Organochlorine or chlorinated hydrocarbon 

Bum, thermal injury, electrocution 

Permethrin 

Systemic toxoplasmosis (QO) 

Gooypol 

Tick paralysis (CO) 

Ergot ( ClmHceps purpura) 

Bladder rupture 

Phosphate fertiliser (B, O) 

Bee or wasp sting snakebite 

Vitamin D* (B) 

, Photosensilization 

Warfarin, dicumarol, diphadnone 

Mctaldehyde 

UNCOMMON RESPIRATORY CAUSES 

Formaldehyde 

Actinobacillosis (wooden tongue) 

Ammonia 

Actinomycosis (lumpy jaw) 

Hydrogen sulfide 

Diaphragmatic hernia 

Monensin, salinomydn 

Pleural mesothelioma 

Dinitrophenol (B. O) 

PheuimKjstis amnii pneumonia 

Copper (acute oral toxicity) 

Pulmonary aspergillosis 

Insect fogger pneumonitis (B) 

Pulmonary neoplasia 

Aflatoxkosis (C) 

Pulmonary tuberculosis 

Levamisote (C O) 

ChUmydui psinaci pneumonia 

Polychlorinated biphenyl (PCB) (B) 

Cyst (branchial, cervical salivary, ihyroglossal dna) 

Xylaeinc induced pulmonary edema (O) 

1 Branch obiii ary fistula 

Carbolic dips (O) 

Contagious bovine pleuropneumonia (exotic) (B) 

Gyanogenic plants (arrow grass, Johnson grass, common 

Endemic ethmoid carcinoma (exotk) (B) 

sorghum, Sudan grass, chokechcny. acacia, other plants) 

TheiJenu annulate and Thnima fcirri (exotk) (B) 

Avocado (Fmta americana) 

1 leartwater (Gnvdria ruminatum) (exotk) 

Moldy sweet clover (Me/iktfiu species) 

Moldy sweet potato (/ptmraes bamm) (B) 

UNCOMMON NONRE5PIRATORY CAUSES 

Brastka species 

Retrobulbar neoplasia (B) 

Ryegrass (LaTium specks) (B. 0) 

Enzootic bovine leukosis (B) 

Larkspur (Deip/irnrum specks) 

Thymic lymphosarcoma or thymoma 

Japanese yew (Tims cusptihim) 

Calf lymphosarcoma (B) 

Hairy vetch (Vkuj rfkof) (B) 

Adult mulueemrie lymphosarcoma (B) 

Whitehead (Sphenosnuiimm rdpiref/drum) (B) 

Embryonal mediastinal cyst 

White snakeroot (Eupuiorium (B, O) 

Dwarfism (B) 

Chinese tallow (iipttmj sebiferum) (B) 

Botulism 

Purple mint (Perilia frutescens) (BJ 

Vesicular stomatitis 

Oleander ( Nerium oleander) 

High altitude (brisket) disease, cor pulmonale (B, C) 

Nightshade {Sd/amim species) (B) 

Procaine penicillin G reaction or imravascular administration 

Cocklebur (Xunthium species) (B, O) 

Liver disease (infectious, toxic, parasitic other) 

Loco weeds (Astragalus species, Oxytropis species) (B, O) 

Border disease (hairy shaker) (C 0) 

Foxglove (Dfgtlofu purpurea) (B) 

Water hemlock (Ckuta species) 

TOXIC CAUSES 

Milkweed (Astfepios species) (B, O) 

Sodium fluoroacetate 

Hepatotoxic plants (Senedo species, Amsfldhd speries, others 

Strychnine 

containing pymiliridine alkaloid) 

Sulfur (B, O) 

Fescue summer poisoning (B) 

Propylene glycol (B) 

Rubberwted (Hymenaiyi species) 

Oxalate, ethylene glycol (B. O) 

Sneezeweed (Helenium autumnale) 

Urea or nonproietn nitrogen 

False hHleboie (Veromun species) (8, O) 

Potassium (B) 

Rhododendron (Andromeda species) (R, O) 

Nitrates 

Algae 

| Bromide (B. C) 

lupines (Lupimo species) (B. O) 

Lead 

Mercury (C) 

Prickly paddy meion (Guorinri mymxaTjMxs) 


ft Bovine; C caprine, O, ovine 

Nirtr Respiratory disima » a wfp tuwuird with teconty caused by a Utgr numbo of plani ijvnn Not all have been listed here 


meconium are all important causes of respiratory distress. 
However, it should be noted that tachypnea, with respira¬ 
tory rates of 60 to 80 breaths/min, is normal in foals during 
the first 30 minutes after birth as they "blow off" carbon 
dioxide (see Disorders and Management of the Neonate, 
Chapters 15 and 19), 


PHYSICAL EXAMINATION. The physical examination 
should follow the same general approach as that 
described for cough. In particular, the following should 
be determined: rectal temperature, pulse rate, respiratory 
rate and character; regularity and pattern of breathing; 
presence of excessive intercostal or abdominal respiratory 
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effort; synchrony and symmetry of chest excursion; pres¬ 
ence of a "heave line"; presence of stridor at rest (the 
examiner listens at the nostrils}; symmetry of airflow 
from each nostril; effect of occlusion of each nostril inde¬ 
pendently; odor from the nose or mouth (or both); pres¬ 
ence and character of nasal discharge; swelling around the 
externa] nares, inside the nasal passages, or inside the 
false nostril; facial symmetry and swelling; ocular dis¬ 
charge; resonance or painful response on percussion of 
the maxillary and frontal sinuses; palpable abnormalities 
of the mandibles and hyoid apparatus; enlargement of 
submandibular parotid, retropharyngeal, and other 
regional lymph nodes; enlargement of the parotid sali¬ 
vary glands or thyroid gland; swelling, pain, or palpable 
abnormalities in the retropharyngeal region; a palpable, 
left-sided pit on the dorsal surface of the larynx; accentu¬ 
ation of stridor, induction of a cough, or evidence of pain 
on application of pressure to the larynx and trachea; 
palpable swelling or flattening of the cervical trachea; 
masses at the thoracic inlet; and palpable turbulence in 
the extrathorack airway. 

The mucous membranes should be examined carefully 
for cyanosis, pallor, cherry red color, hemorrhages, conges¬ 
tion, or injection. The capillary refill lime should be deter¬ 
mined, and the peripheral pulse rate, rhythm, and 
character should be assessed. Other signs of heart failure 
(e g., jugular distention or pulsation and peripheral 
edema) and signs of dehydration (e g., delayed jugular fill¬ 
ing, dry mucous membranes, and altered skin turgor) 
should be noted. The larynx, trachea, and Sungs should 
be carefully auscultated at rest and after the rate and depth 
of respiration have been increased, if it is safe to do so, by 
application of a rebreathing bag by occlusion of the nos¬ 
trils, or by exercising the animal, so that turbulent airflow 
and abnormal lung sounds may be detected. The heart 
should be auscultated to detect murmurs, cardiac dys¬ 
rhythmias, muffling of heart sounds, or other abnormal¬ 
ities. The chest wall should be carefully palpated to delect 
rib fra a u res and other lesions; and both sides of the chest 
should be percussed to detect large mass lesions, lung con¬ 
solidation, pleural effusion, hyperinflation, pneumotho¬ 
rax, or a painful response, which may indicate pleurills. 
A thorough oral examination Is important, and in cattle 
this should include palpation of the base of the tongue, 
the oropharynx, and, if possible, the larynx (see Nasal 
Discharge, p. 50). 

A general physical examination should be completed so 
that diseases in systems other than the cardiovascular and 
respiratory systems (eg., respiratory distress in cattle sec¬ 
ondary to ruminal bloat and respiratory distress secondary 
to central nervous system trauma or severe metabolic acido¬ 
sis) can be detected. Attempts should also be made to iden¬ 
tify conditions that may cause severe acid-base disturbances 
and hemoconcentration (e g., diarrhea, renal disease), pain 
(e.g., laminitis or trauma), or hyperthermia (e g , infectious 
conditions or heat stroke). 

Further diagnostic evaluation of respiratory distress may 
include a complete blood count with fibrinogen concentra¬ 
tion; blood gas analysis; serum biochemistry determina¬ 
tions; endoscopy of the upper and lower airways and 
esophagus; nasal or nasopharyngeal swabbing or scraping 
virus identification, isolation, and serologic testing bron- 
c hod Mat or response testing tracheal aspiration; BAl; ultra¬ 
sound examination of the chest and of suspected mass 
lesions that impinge on the upper airway; thoracocentesis; 
radiography of the nasal passages, paranasal sinuses, phar¬ 
ynx, guttural pouches, larynx, trachea, and chest; fecal 
examination for lungwotms and other parasites; Cl" scan¬ 
ning of the upper airway; nuclear scintigraphy; pulmonary 


function testing and biopsy of externally visible or palpable 
lesions or those identified by ultrasound, endoscopy, or 
radiography as described for the evaluation of cough and 
nasal discharge (see Cough, p. 42, and Nasal Discharge, 
p, 50). 

COMPLETE BLOOD COUNT. A complete blood count, 
including fibrinogen and plasma protein concentrations, 
helps evaluate the role of hemoconcentration, anemia, or 
leukocytosis and hyperfibrinogenemia, which may accom¬ 
pany pneumonia and other inflammatory conditions. 

ENDOSCOPIC EXAMINATION. Endoscopic examination 
of the upper and lower airways using fiberoptic or video 
endoscopes is particularly helpful in evaluating patients sus¬ 
pected of having obstructive disease' 5 (see Cough, p. 42; 
Nasal Discharge, p. 50; and Stridor, p 71). Fndoscopic exam¬ 
ination of the esophagus is indicated in patients with a his¬ 
tory of bloat dysphagia, or return of ingesta through the 
nose in addition to respiratory distress (see Nasal Discharge, 
p. 50. and Stridor, p. 71). 

BLOOD CAS ANALYSIS. Blood gas analysis and arid- 
base determinations should be performed on arterial blood 
to determine 0 2 and C0 2 tensions so that the contribution 
of hypoxemia or acidosis to the signs of respiratory distress 
can be ascertained. In foals and calves, arterial samples usu¬ 
ally are obtained from the great metatarsal artery or the bra¬ 
chial artery as it crosses the medial aspect of the foreleg 7 * 
The auricular artery is also convenient in calves. The femoral 
artery can be used in neonates but is less convenient 
because it has a tendency to roll The facial artery can be 
used in adult horses, and the auricular or coccygeal artery 
can be used in mature ruminants/ 7 During the sampling 
process the patient should be quiet and not struggling 
which can decrease the Paco 2 78 Local subcutaneous infiltra¬ 
tion of 2% lidocaine without epinephrine over the artery 
being sampled minimixes needless struggling and facilitates 
sample collection. A heparinized syringe and a 22- to 26-gauge 
needle can be used. Any air bubbles should be removed 
after sample collection and the needle properly sealed. If 
the sample is kepi on ice, the pH will remain unchanged 
for 3 V 2 hours and the blood gases for 6 hours. 79 The ani¬ 
mal's temperature should be recorded at the time of sample 
collection so that it can be used in the calculation of actual 
blood gas concentrations. 

The normal Pao 2 for the horse is 83,6 ±1.7 mm Hg, 
and the normal Paco 2 & 42.2 ± 0.8 mm Hg/' Hypoxemia 
is defined as a Pao* below 80 mm Hg, - ® Cyanosis is usu¬ 
ally not evident until the Pao 2 is much lower than this 
(usually below 40 mm Hg) 8 ® Hypercarbia, or hypercap¬ 
nia, is a condition of increased Pa< o 2 (above 44 mm 
Hg), 80 Because C0 2 diffuses readily, considerable ventila¬ 
tory dysfunction can occur before the Paco 2 rises; therefore 
severe hypoxemia can occur with a normal Paooj. An ele¬ 
vated Paco 2 generally indicates that hypoventilation or a 
severe pulmonic pathologic condition is present. Because 
venous blood samples reflect tissue metabolism, they are 
not considered adequate for evaluating pulmonary func¬ 
tion, However, a partial pressure of carbon dioxide in 
venous blood (Pvco 2 ) above 60 mm Hg usually reflects 
arterial hypercapnia, and a partial pressure of oxygen in 
venous blood (Pvo?) below 20 mm Hg usually indicates 
arterial hypoxemia/ 1 

Venous admixture Is the term used to denote the ways 
that blood can pass from the right side to the left side of 
the circulation without being properly oxygenated and 
represents the efficiency with which the lung oxygenates 
blood. The magnitude of venous admixture (efficiency of 
oxygenation) can be assessed by calculating tne Pao^FtOj 
ratio or the alveolar-arterial Po 2 gradient. The Paoj/Fia^ 
ratio is normally 500. Pao^/Floj ratios between 300 and 
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400 reflect significant lung injury, values below 300 reflect 
profoundly inefficient lung ffinction such as occurs with 
acute lung injury, and values below 200 reflect severe 
life-threatening lung disease typical of acute respiratory 
distress syndrome (ARDS). The alveolar-arterial (A-a) 
Po 2 gradient difference is the difference between calculated 
alveolar Po 2 and the measured arterial Po 2i Alveolar Po 2 — 
Inspired Po 2 - Paco 2 (hi), where inspired Po 3 — baro¬ 
metric pressure x 21% and 1.1 = 1/RQ, where RQ is the 
respiratory quotient and has an assumed value of 0.9. 
The A-a Po 2 difference is typically about 10 mm Hg in a 
normal horse breathing 21% oxygen (room air) at sea level 
and about 100 mm Hg when breathing 100% oxygen. The 
"120 rule" is a simplified version*of the alveolar gas equa¬ 
tion that can be applied to a patient breathing 21% oxygen 
at near sea level. The measured Pao 2 and Paco 2 should add 
up to 140 ± 10. If the sum is less than 120, the patient has 
venous admixture; and the lower the value, the worse the 
admixture. 

INSUFFLATION OF 100% OXYGEN. Insufflation of 
100% oxygen causes a significant increase in Pao 2 if hypox¬ 
emia is caused by hypoventilation or ventilation-perfusion 
mismatch, whereas little or no improvement in Pao 2 occurs 
if hypoxemia is caused by anatomic or physiologic right-to- 
left shunting. 69 Therefore measuring Pao 2 5 minutes after 
insufflation of 100% oxygen can help in determining the 
pathophysiologic processes contributing to arterial hypox¬ 
emia. In full-term neonates and adults the Pao 2 should 
exceed 200 mm Hg after 5 minutes of oxygen administra¬ 
tion. 78 Continued cyanosis or inability to raise the Pao 2 
above 100 mm Hg is highly suggestive of a right-to-leftshunL 

DETECTION OF ABNORMAL HEMOGLOBIN. Blood 
samples should be evaluated for abnormal hemoglobin 
(e.g., methemoglobin) and also if exposure to nitrates or 
similar toxins is suspected {see Cyanosis, p. 68). 

RADIOGRAPHIC EXAMINATION. Radiographic exami¬ 
nation of the nasal passages, pharynx, larynx, and trachea 
permits detection and evaluation of obstructive lesions in 
the upper airway, especially if tachypnea is accompanied 
by inspiratory stridor, asymmetric nasal airflow, or other 
evidence of upper airway obstruction. 

Radiographic examination of the trachea and thorax 
should include end-inspiratory phase radiographs to facili¬ 
tate identification of pulmonary lesions and disorders such 
as dynamic collapse of the trachea that are visible only on 
inspiratory-phase radiographs. Chest radiographs help detect 
evidence of pneumonia, pleural effusion, pneumothorax, 
cardiomegaly, and mediastinal lesions. The cardiac silhou¬ 
ette and the pattern and caliber of the aorta, vena cava, 
pulmonary artery, pulmonary veins, and other vessels 
should also be evaluated for evidence of cardiac failure 
and pulmonary vascular disease. Contrast angiography and 
other diagnostic procedures, such as echocardiography, elec¬ 
trocardiography , and hemodynamic (pressure and flow) stud¬ 
ies, may be indicated in patients with respiratory distress 
that has occurred secondary to cardiovascular disease. 

ULTRASOUND EXAMINATION. Ultrasound examina¬ 
tion of the thorax is performed to detea pleural inflamma¬ 
tion and effusion, pulmonary consolidation, pulmonary 
abscessation, and cardiac anomalies if the clinical examina¬ 
tion suggests that pulmonary, pleural, or cardiac disease is 
the cause of the signs of respiratory distress. 

CYANOSIS 

II Definition . Cyanosis is the bluish discoloration of skin, 
conjunctivae, and visible mucous membranes that results 
from an increase in the absolute amount of reduced hemo¬ 
globin in the blood. 81 


II Pathophysiology. Oxygen is carried in blood in two 
forms, dissolved and in combination with hemoglobin 
(Hb). The amount of dissolved oxygen present in arterial 
blood is relatively small and is proportional to the Pao 2 . 
Oxygen transport to tissues is facilitated by the ability of 
hemoglobin in erythrocytes to combine in a reversible man¬ 
ner with oxygen. When erythrocytes pass through the pulmo¬ 
nary circulation, oxygen binds to hemoglobin, forming 
oxyhemoglobin (Hb0 2 ). As oxyhemoglobin passes through 
systemic capillaries, oxygen diffuses into tissues, and hemo¬ 
globin is once ag$in formed. 

Tlie Bohr effea describes the abil ity of hemoglobin to bind 
to a number of different ligands (C0 2 , H + , and 2,3-drpho- 
sphogiycerate [ 2,3-DPG]), which results in modification of 
hemoglobin's affinity for oxygen. When tissue pH decreases, 
hemoglobin acts as a buffer and binds excess H + , which 
decreases its affinity for oxygen. When the C0 2 concentration 
increases, some C0 2 is converted to bicarbonate and the 
remainder is bound to hemoglobin to form carba mi no hemo¬ 
globin; this also decreases the affinity of hemoglobin for oxy¬ 
gen, Therefore the net effea of a decreased blood pH and 
increased blood C0 2 concentration is unloading of oxygen 
to the tissues. Conversely, as the C0 2 concentration in the 
pulmonary capillaries decreases and blood pH rises, the affin¬ 
ity of hemoglobin for oxygen increases; thus the net effect of 
elevated blood pH in pulmonary capillaries is increased 
uptake of oxygen by hemoglobin. 

The affinity of hemoglobin for oxygen is also influenced 
by the concentration of 2,3-DPG, a metabolic intermediate 
of the Rappaport-Luebering shunt involved in erythrocyte 
glycolysis. An increase in the 2,3-DPG concentration may 
occur in association with chronic hypoxemia {high altitude, 
chronic lung disease), anemia, chronic alkalosis, phosphate 
retention, and red cell pyruvate kinase deficiency. When the 
2,3-DPG concentration is increased, the affinity of hemo¬ 
globin for oxygen is decreased, resulting in improved 
unloading of oxygen to peripheral tissues. Conversely, a 
decreased 2,3-DPG level results in an increased affinity of 
hemoglobin for oxygen. A decrease in the 2,3-DPG concen¬ 
tration may occur in stoned blood, in association with 
chronic acidosis, and with hypophosphatemia. 

Cyanosis develops when the oxygen saturation of 
hemoglobin is below 80%. With a normal oxygen-hemo¬ 
globin dissociation curve, the Pao 2 usually is below 
40 mm Hg before cyanosis is noted in the patient. 82 The 
hemoglobin concentration of blood must be near normal 
for cyanosis to be clinically evident 83 ; therefore patients 
with severe anemia and concomitant marked arterial oxy¬ 
gen desaturation may not show cyanosis. In contrast, 
patients with marked polycythemia may be cyanotic at a 
higher arterial oxygen saturation than patients with nor¬ 
mal hematocrit values. 

Classification 

Cyanosis can be classified as either peripheral or central 

PERIPHERAL CYANOSIS. Peripheral cyanosis is caused 
by slowing of blood flow to an area, resulting in abnormally 
increased extraaion of oxygen from normally saturated arte¬ 
rial blood. Decreased blood flow through the peripheral 
capillary bed may be caused by vasoconstriction of superfi¬ 
cial vessels, obstruction of arteries or veins, or low cardiac 
output. Peripheral cyanosis is observed in the extremities, 
nose, and ears and usually is not associated with cyanosis 
of mucous membranes. Peripheral cyanosis is rarely recog¬ 
nized in large domestic animals because of their skin pig¬ 
mentation and hair cover. 

CENTRAL CYANOSIS, Central cyanosis results from 
either inadequate oxygenation of arterial blood or from the 
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Pathophysiologic Classification of Central Cyanosis and 
Examples of Associated Conditions 


1 Classification 

Associated Condition j 

Decreased arterial 

Respiratory disease 

oxygen 

Ventilation-perfusion mismatch 

saturation 

Alveolar hypoventilation 

Impaired oxyj^n diffusion 

Pulmonary arteriovenous shunting 

Cardiac disease 

Cardiac anomalies that cause right-to-left 
shunting (e g., tetralogy of Fallot) 

Abnormal 

M el h etnoglob j nenl ia 

hemoglobin 

derivative 

Sulfhemoglobinemia 


presence of an abnormal hemoglobin derivative and is char- 
acterized by cyanosis of mucous membranes (Table 5-1). 
Causes of inadequate oxygenation of arterial blood are respi- 
ratory diseases or congenital cardiac anomalies that cause 
right-to-left shunting (Boxes 5-16 and 5-17). Acquired 
abnormalities of hemoglobin function can be induced by a 
number of chemicals. Exposure to these chemicals results in 
the formation of methemoglobin or sulfhemogjobin, neither 
of which is capable of binding oxygen. Nitrites and nitrates 
are powerful reducing agents that produce methemoglobine¬ 
mia by directly oxidizing hemoglobin to methemoglobin 
Nitrate poisoning is most commonly associated with 


the incorporation of nitrate-accumulating plants (e.g„ pig¬ 
weed {Amaranthm reTroftexusj, larnbVquartro ICJ^tuypodium 
album) * and mint weed j Salma reflexa}) in livestock 
forage Nitrate intoxication usually is seen only in ruminants 
because rumen microorganisms reduce nitrate to the more 
toxic nitrile ion. Congenital defects in hemoglobin function 
have been reported in humans and may occur in large domes 
tic animals Examples of such defects are nicotinamide ade¬ 
nine dinudeotide methemoglobin reductase deficiency and 
familial methemoglobinemia. 

Conditions That Predispose to Hypoxemia and 
Central Cyanosis 

The remainder of this section is confined to the discussion 
of respiratory conditions and cardiovascular anomalies 
that predispose to hypoxemia and central cyanosis. 
Impaired pulmonary function may cause hypoxemia and, 
in some circumstances, cyanosis. Mechanisms by which 
hypoxemia of pulmonary origin can arise include alveolar 
hypoventilation, reduced gas transfer or diffusion across 
the blood-gas barrier, ventilation-perfusion mismatch, pul¬ 
monary arteriovenous shunt, or a combination of these 
factors 111 ritJ An additionalcauseof hypoxemia is the decrease 
in the partial pressure of alveolar oxygen that occurs at high 
aliitudes. 

ALVEOLAR HYPOVENTILATION. Alveolar hypoventila¬ 
tion is defined as a reduced volume of inspired air reaching 
the alveoli per unit time. Alveolar hypoventilation is always 
associated with an increased Pacoj. Conditions associated 
with alveolar hypoventilation are drug-induced respiratory 


BOX'S 11 


Causes of Central Cyanosis in Hones 


COMMON CAUSES 

Bacterial pneumonia, pleuritic pulmonary abscessation 
[Rhotidafttus equi , Sir^ptococau species, other bacteria) 
Recurrent airway obstruction (RAO or COPD) 
Aspiration pneumonia 
Viral pneumonia (equine influenza, 
adenovirus, other viruses} 

Equine herpesvirus types 1 and 4 (EHV-1, EHV-4) 

Acute broncho interstitial pneumonia 
Prematurity, dysmaturiry, immaturity (foals) 

Ventricular septal defect with pulmonary 
hypertension 
Tetralogy of Fallot 
Toxic methemoglobinemia 
Anaphylaxis 

Shock (hypovolemic cardiac, septic) 

LESS COMMON CAUSES 

Stenotic nates or choanal aueiia 
Neoplasia (nose, paranasal sinuses) 

Nasal granuloma 

Nasopharyngeal dtatrix 

Tracheal stenosis, collapse, stricture 

Tracheal rupture or perforation 

Diaphragmatic hernia 

Pneumothorax 

Pulmonary edema 

Smoke inhalation pneumonia 

Pneumoconiosis interstitial pneumonia 

Atrial septal defect with pulmonary hypertension 


UNCOMMON CAUSES 

Pulmonary lobar hypertrophy (foals) 

Embryonal mediastinal cyst 
Pulmonary tuberculosis, nocardiosis 
Pneumocystis omnii pneumonia 
Air embolism 
Pulmonary neoplasia 
Transposition of great vessels 
Tricuspid atresia 

Aortic, pulmonary artery rupture 
Interruption of aortic arch 

Common ventricle with separate pulmonary outflow chamber 

Multiple cardiac anomalies 

Methemoglobin reductase deficiency 

Lactation tetany 

Clostridial diseases 

Malignant hyperthermia 

TOXIC CAUSES 

Sulfur, hydrogen sulfide 
x-Naphthyl thiourea (ANTLI) 

Chlorinated hydrocarbon 
Organophosphate, carbamate 
Red maple (Acer rntnum) * 

Red root pigweed (Ammanthm rrrrp/kiujJ * 

Sudan grass (Sorghum vulgare var jutaimrifj* 

Min tweed fSdJvu reflcxa) * 

lamb's-quarters (Chmopodium album)* 

Variegated thistle (Sitybum marianum)* 

Winged thistle (Carduut tenuiflonis)* 


•Nitrate accumulator, which causes methemoglobinemia. 
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Causes of Central Cyanosis in Hum inants 


COMMON CAUSES 

Bacterial pneumonia- pulmonary abscessatkm (Mim/iJurimiii 
hemolytwa, Arcarwbanlehum fActinomycesl pyogenes. 

Pasleuretla multodda, Corynthai ten u m pseiulotubercuiosis jO, CJ, 
other bacteria) 

Vital pneumonia (respiratory syncytial vims |B|, ovine 
progressive pneumonia [Oj, caprine arthritis- 
encephalomyelitis [CJ, other viruses) 

Parasitic pneumonia {Du iyomuius vmparur [B|, Dktyocaulus 
filaria [O, Cj) 

Aspiration pneumonia 

Acute bovine pulmonary edema and emphysema (B) 
Pulmonary edema 

Ventricular septa) defect with pulmonary hypertension 

Tetralogy of Fallot 

Toxic methemoglobinemia 

Anaphylaxis 

Shock (hypovolemic, cardiac septic) 

Rumen bloat 

LESS COMMON CAUSES 

Obstruction of nasal passages or paranasal sinuses ( neoplasm, 
granuloma, abscess- Other) 

Laryngeal abscess 

Tracheal stenosis, collapse, stricture 
Tracheal rupture, perforation 
Diaphragmatic hernia 
Prematurity, dysmaturity- immaturity 
Inhalation pneumonia (smoke) 

Pneumothorax 
Hemothorax 
Pulmonary contusion 

Ventricular septal defect with pulmonic stenosis 
Postpanurient hemoglobinuria 

Clostridial diseases (eg, malignant edema, blackleg tetanus) 
Bluetongue (O) 

Obstructive urolithiasis- ruptured urethra 

UNCOMMON CAUSES 

Pleural mesothelioma (B) 

Water inhalation (drowning) 


B , Bovine- C caprine- ft Ovine. 

‘Netrale accumulator- which causes methemoglobinemia. 


Pulmonary adenomatosis fO) 

Transposition of great vessels 
Double outlet right ventricle 

Common ventricle with separate pulmonary outflow chamber 
Acute anthrax 

White liver disease (exotic) (O) 

Sweating sickness (exotic) (B. O) 

TOXIC CAUSES 

Strychnine 
Arsenic 
Metaldehyde 
1 lydrogen sulfide 

Organochlorine, chlorinated hydrocarbon 
Organophosphaie, carbamate 
Acute selenium toxicosis 
Nitrate, nitrite 

Perennial broom weed (Ciitieireria microcephate) 

Oleander (Nerhtm decider) 

Whitehead (Sphen&aiadium capiieiiasumj 
Milkweed (Asdepuu species) (Q) 

Rhododendron {.Andromeda species) 

Rrrwerd (Korku scoptma) 

Canary IF* 5 * (Phalans species) 

Kikuyu poisoning (exotic) (EL O) 

Albiria poisoning (exotic) (A O) 

Euphorbia, Sarcostemma poisoning (exotic) (B- O) 

Acacia poisoning (exotic) (B, O) 

Wild onion (AJJium mlidumj* (O) 

Variegated thistle (SifybiiJTi manamtm)* 

Redrool pigweed (Amdranthui tffiofUxus) 

Sudan grass (Sorghum vulgarr var sudanemu)* 

Winged thistle (Girduus lenmthmis )" 

Mintweed (Stifru reflexa}* 

Lamb's-quarters (Own^podium album)* 

Many pasture grasses fed during optimum growth conditions* 
Locoweeds {Asfro^oJui species, Oxytrcpis species)" 


depression (morphine- barbiturates], brainstem disease 
(encephalitis, trauma- hemorrhage, neoplasia)- and transec¬ 
tion of the cervical spinal cord. All these conditions prevent 
proper generation and transmission of signals from the 
respiratory center to respiratory muscles. Other possible 
causes of alveolar hypoventilation are abnormal respira¬ 
tory musde function (diaphragmatic hernia, botulism)- 
thoracic cage abnormalities (rib fracture), increased air¬ 
way resistance (e.g,. stenotic nares. laryngeal stricture or 
paresis, foreign body obstruction- bronchitis, bronchiec¬ 
tasis)- and pleural space disease (inflammatory or neo¬ 
plastic effusions, pneumothorax, hydrothorax, diylothorax 
pvothorax hemothorax). 

IMPAIRED DIFFUSION, Impaired diffusion, a second 
cause of hypoxemia, results from an increase in the blood- 
gas barrier. Equilibrium between alveolar oxygen and pul¬ 
monary blood oxygen is not reached because of the 
increased banters through which oxygen must pass to reach 
hemoglobin- Because carbon dioxide diffuses more readily 


than oxygen, the Paco 2 usually is not increased in condi¬ 
tions that cause impaired diffusion. In fact the Paco 2 may 
actually be reduced because of hyperventilation stimulated 
by hypoxemia. Conditions that may result in impaired 
diffusion are pneumonia- pulmonary edema, ateleciasis- 
putmonary contusions, and pulmonary neoplasms. 

VENTILATION-PERFUSION MISMATCH. Ventilation- 
perfusion mismatch occurs eventually in all generalized 
pulmonary diseases and is the predominant mechanism 
by which hypoxemia develops in respiratory conditions. 
Overall gas exchange is impaired by uneven ventilation 
and blood flow . Lung areas that are overperfused in relation 
to ventilation (tow ventilation/perfusion ratio) contribute 
disproportionate amounts of blood with a low Pao 2 to the 
systemic circulation. Examples of respiratory diseases that 
can result in a low ventilation/perfusion ratio include bron¬ 
chitis, bronchoconstriction, airway closure, pulmonary 
atelectasis or consolidation, and local restriction of lung 
movement. In the case of pulmonary embolization or 
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decreased pulmonary arterial pressure, ventilation may 
exceed perfusion (high ventilation/perfusion ratio) and 
result in pathologic dead space. Pulmonary mechanisms 
can partly compensate for ventilation-perfusion inequal¬ 
ities. Alveolar hypoxia may lead to reflex pulmonary arterial 
constriction, which redirects blood How to alveoli that are 
adequately ventilated. Airway hypocapnia can stimulate 
bronchoconstriction, resulting in redirection of airflow to 
better-perfused alveoli. 

SHUNTING, Shunting is defined as any mechanism by 
which blood that has not passed through ventilated areas 
of the lung is added to arteries of the systemic circulation 
The term imuws admixture is used to describe venous blood 
that passes through the lungs without being properly oxyge¬ 
nated. Animals with venous admixture often hyperventilate 
and thus have normocapnia or hypocapnia in association 
with hypoxemia. The most common cause of shunting is 
congenital heart disease, which allows cm oxygenated blood 
from the righi heart to pass directly into the left heart with¬ 
out passing through the pulmonary circulation. Intrapul- 
monary anatomic shunts can result from pulmonary artery 
to pulmonary venous fistulas or severe lung lobe consolida¬ 
tion, in which a large part of the lung is ventilated but not 
perfused. Cyanosis or hypoxemia unresponsive to oxygen 
therapy suggests the presence of such congenital cardiac 
anomalies or intrapul monary shunts .* 4 Examples of the 
more common cyanotic congenital cardiac defects are tetral¬ 
ogy of Fallot tmntus arteriosus, transposition of the great 
arteries, tricuspid atresia, and hypoplastic left heart syn- 
drome."Aside from congenital defects, reversion to fetal 
circulation should be considered in any critically ill neona¬ 
tal animal with hypoxemia that is unresponsive to oxygen 
insufflation M 


Approach to Diagnosis of Cyanosis 

history. The history should include questions about 
the duration of the cyanosis (e g,, cyanosis that has been 
present since birth or an early age may indicate congenital 
heart disease with right-to-left shunting); possible exposure 
to toxic plants or chemicals that may result in production of 
abnormal types of hemoglobin; evidence of an abnormal 
respiratory pattern (respiratory distress, inspiratory stridor, 
cough); and signs of episodic weakness or syncope that 
may be consistent with congenital cardiac anomalies or 
severe upper airway obstruction (e,g H tracheal collapse or 
severe laryngeal edema associated with necrotic laryngitis 
in calves). 

PHYSICAL EXAMINATION. The physical examination 
should include inspection to detea abnormalities in the 
respiratory pattern (e.g r tachypnea, respiratory distress, or 
stridor). Careful auscultation of the larynx, trachea, and 
lungs is also imperative. A rebreathing bag (8-L capacity 
for adult horses and cattle, 1- to 2-1 capacity for calves, 
foals, and small ruminants) causes a temporary buildup of 
C0 2 , stimulates the respiratory center, and prompts deep 
breaths when the animal is again allowed to inspire room 
air. Loud breath sounds, pulmonary crackles and wheezes, 
or pleural friction rubs may suggest that cyanosis is asso¬ 
ciated with a pathologic respiratory condition. Loud cardiac 
murmurs accompanied by precordial thrills point to con¬ 
genital heart disease as the cause of cyanosis 

Palpation and percussion of the chest are also important 
examination procedures in an animal with cyanosis. Chest 
palpation may reveal pleural friction rubs or the pain and 
crepitus associated with rib fractures. Increased resonance 
on percussion may indicate pneumothorax whereas 


decreased resonance suggests pulmonary congestion or con¬ 
solidation, pleural effusion, or a space-occupying lesion in 
the thorax. 

ENDOSCOPIC EXAMINATION. An endoscopic examina¬ 
tion should be performed if upper airway obstruction or 
malformation is suspected (see Cough, p. 42; Nasal Dis¬ 
charge, p. 50; and Respiratory Distress, p. 60), 

RADIOGRAPHIC EXAMINATION. Radiographs of the 
upper respiratory Iran and thorax can be used to further 
charaaerize a pathologic respiratory condition. Abnormal¬ 
ities that may be deteaed include space-occupying lesions 
in the oropharynx nasopharynx or larynx tracheal com¬ 
pression or collapse; enlargement or distortion of the car¬ 
diac silhouette; pulmonary consolidation; pneumothorax 
pleural effusion; and pulmonary abscessation, 

ULTRASOUND EXAMINATION. Ultrasound examina¬ 
tion of the chest and heart is indicated to characterize car¬ 
diac anomalies and to detect the presence and determine 
the extent of pleural effusion, pulmonary consolidation, 
and pulmonary abscessation. 

ARTERIAL BLOOD GAS ANALYSIS. Arterial blood gas 
analysis is indicated to determine Q 2 and C0 2 tension 
(see Respiratory Distress, p, 60), 

COMPLETE BLOOD count. A complete blood count 
should be performed to determine if polycythemia or 
inflammatory leukogram is present. Polycythemia may 
develop secondary to chronic hypoxemia associated with 
long-standing pulmonary disease or right-to-left shunting. 
An inflammatory leukogram would be consistent with a 
diagnosis of bacterial or aspiration pneumonia or other 
inflammatory respiratory condition. 

HEPARINIZED BLOOD. A sample of heparinized blood 
should be shaken gently in the air for 15 minutes. Reduced 
hemoglobin (cardiovascular or respiratory disease) turns 
red on exposure lo air, whereas mefhemoglobm remains 
chocolate brown after shaking 

SPECTROSCOPIC EXAMINATION. A spertroscopic 
examination should be performed to determine if methe- 
moglobin is present, Methemoglobin is stable in refriger¬ 
ated heparinized blood for only a few hours. To preserve 
methemoglobin, one part of blood can be mixed with 20 
pans of phosphate buffer (pH 6.6} or diluted 1:20 in dis¬ 
tilled water. These diluted samples can be refrigerated or 
frozen until they are analyzed. 


ABNORMAL RESPIRATORY NOISE 
(STRIDOR) 

It Definition. Stridor is an abnormal, intense respiratory 
sound (wheeze) that is audible without the use of a stetho¬ 
scope The sound usually is generated in the upper airway 
and is most often heard during inspiration. 

II The extrathoradc airway of the horse 

consists of segments that are relatively rigid (e g,, the nasal 
fossa and extrathoradc trachea) and others (e.g., the nos- 
trils H soft palate, and larynx) that not only are elastic 
but also have valvelike actions that are further capable of 
modifying the cross-sectional area and therefore resistance 
to airflow . 18566 Pressures in the extiaihoracic airways are 
subatmospheric during inspiration, 85 87 which causes the 
less rigidly supported parts of the upper airway to narrow 
(dynamic narrowing or collapse) during inspiration. 85 " 00 
A major function of the upper airway muscles and other 
supporting structures is to prevent this dynamic collapse 
during periods of high inspiratory gas flow 85 Disease in 
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these structures or a more rostral obstructing Lesion that 
causes a greater negative pressure during inspiration may 
make them incapable of resisting axial displacement. 69 * 7 
The increased resistance to flow induced by static or dynamic 
obstructions increases the driving pressure and therefore the 
work needed to move a given volume of air.* 6 

Approximately 80% of the total airway resistance to gas 
flow at rest and during exercise is located in the upper air¬ 
way rostral to the thoracic inlet.* 7 Nasal resistance, most 
of which is caused by resistance just within the external 
nares, comprises more than 50% of the total upper airway 
resistance in the horse.* 8 '* 9 In most species, including rumi¬ 
nants, this resistance can be bypassed by mouth breathing 
to accommodate the high airflow rates that accompany 
strenuous exercise. The horse, in contrast, is Limited to nasal 
breathing even during exercise,* 7 * 9 ' 9 * because the larynx is 
firmly maintained In an intranarial position by the tight seal 
formed around Lt by the muscular palatopharyngeal ring (intra- 
pharyngeal osteum) except during swallowing- 91,9 ' There¬ 
fore mechanisms other than mouth breathing are needed 
to reduce the energy cost of breathing in the horse. ® 5r ** 91 
These mechanisms include dilation of the distensible exter¬ 
nal nares by actively pulling the alar folds laterally, vasocon¬ 
striction in the erectile nasal vascular tissues to reduce 
congestion in the nasal mucosa, straightening of the respira¬ 
tory tract, and dilation of the larynx by abduction of the vocal 
folds as “ 9091 9554 


The horse is capable of generating very high respiratory 
rates during fast exercise This is accomplished at the canter 
and gallop, but not at the trot by locking respiration to 
locomotion so that the horse takes one breath for each 
stride. 92,95 ' 97 Exhalation occurs each time the lead fordimb 
strikes the ground ■ ,l5JrW The horse can swallow during fast 
galloping exercise; the entire process is completed in exactly 
a two-stride sequence. 93,9 * 

At all levels of the respiratory tract, respiratory sounds are 
thought to result from vibrations in tissue and sudden 
changes in the pressure of gas moving in the airway 
lumen, 87 * 93 Airflow in the normal respiratory tract at rest 
occurs m a laminar fashion (Le„ the air closest to the wall 
of the airway is almost stationary, whereas succeeding layers 
toward the center of the lumen move progressively more 
rapidly). 93 Respiration in normal horses and in ruminants 
at rest does not generate easily audible sounds. 

High rates of gas flow and airway narrowing increase 
both the tendency for dynamic collapse and the degree of 
turbulence and genesis of sounds. Very high peak flow rates 
of 125 ml/sec/kg have been reported in galloping horses. 97 
During exercise significant sound frequencies are generated 
and can be detected using sound spectiography or radio- 
stethoscopes, although most of these sounds are of frequen¬ 
cies and amplitudes not detectable by the human ear ^ 100 
Deformities in the wall and masses in the lumen of the air¬ 


way cause airway narrowing and further disturbances in 
Uminar flow, resulting in more severe turbulence and 
sudden changes in the pressure of moving gas, which may 
generate audible sounds. 93 High airflow rates are necessary 
to induce most audible stridors; therefore examination of 


the horse at exercise is an essential part of the physical 
examination. 91 * 92 


Stridor b best heard during inspiration in most cases 
because the usual source of origin, the upper airway, is 
subject to dynamic narrowing during the inspiratory phase 
of the respiratory tjde. 85 '** 8 ’ In particular, nonfixed obstruc¬ 
tions, such as the paretic vocal folds of horses with idiopathic 
laryngeal hemiplegia (ILH), cause obstruction to airflow 
and turbulence only when dynamically drawn into the air¬ 
way by the high inspiratory airflow rates that accompany 
fast exercise. Other obstructions such as arytenoid chondritis 


are fixed and obstruct airflow during both inspiration and 
expiration, which frequently results in audible stridor during 
both phases of respiration 

The pharynx is the site of greatest airway angulation as a 
result of flexion of the atlantoocripital joint. At Fest the 
horse's head b usually held at about 50 degrees to the hori¬ 
zontal plane, 92 At the gallop the horse extends its head and 
neck and thus straightens the pharyngeal airway. 93 This 
maneuver also stretches and straightens the trachea, making 
it less compliant and less subject to dynamic narrowing 
during inspiration ** When ridden a! a collected canter, 
the horse is forced to flex its poll so that its face b nearly 
vertical, thereby increasing the angulation of the phaiyngeal 
airway and the obstruction to gas flow at this point. 92 
Therefore abnormal respiratory sounds originating in the 
pharyngeal region are often more easily heard when the 
horse is ridden at a collected canter than when it is exercised 
at a full extended gallop. 9192 

Because food animals are not normally expected to per¬ 
form fast exercise, signs of stridor are usually present at rest 
when the animals are presented to veterinarians for exami¬ 
nation, Stridor in testing animals usually indicates moder¬ 
ate to severe upper airway obstruction of a fixed nature. In 
ruminants the epiglottis is relatively short and blunt, and 
the palatopharyngeal ring allows the laryngopalatal disloca¬ 
tion necessary for mouth breathing. In conditions that give 
rise to respiratory dbtress and mouth breathing, the turbu¬ 
lence produced is often sufficient to induce abnormal 
(grunting) expiratory sounds, which may be classified as 
expiratory stridor. The external nares of cattle are much less 
compliant than those of sheep, goats, and horees, which 
prevents dynamic collapse during inspiration; thus condi¬ 
tions such as paresis of the nares that cause stridor in sheep, 
goats, and horses do not cause stridor in cattle (Boxes 5-IS 
and 5-19) 

Approach to Diagnosis of Stridor 

HISTORY. The procedure for taking a history should 
follow that used in the evaluation of cough and nasal 
discharge (see Cough, p. 42, and Nasal Discharge, p- 50). 
The history should also include the duration of ownership; 
time of onset of the clinical signs of stridor; progression of 
clinical signs; presence or absence of the noise at rest; rela¬ 
tion of noise to fitness; relation of noise to speed, dura¬ 
tion, and direction of work; relation of noise to head 
position during work, association of noise with poor 
performance or exercise intolerance; and other signs of 
respiratory tract, oropharyngeal, or neurologic disease 
(e g., nasal discharge, cough, dysphagia, or retropharyngeal 
swefling). 

PHYSICAL EXAMINATION, A physical examination of 
the entire respiratory tract at rest should be performed as 
described for cough (see p. 42) and respiratory distress 
(see p. 60). In addition, the presence or absence of stridor 
at rest should be ascertained by listening at the nostrils, 
and digital pressure should be applied to the retropharyn¬ 
geal region and to the larynx during palpation of these areas 
to evaluate whether stridor or pain (or both) can be easily 
induced or exacerbated. The dorsal surface of the larynx 
should be palpated with the fingertips with the horse 
relaxed and its head and neck in an extended position. This 
permits comparison of the prominence of the muscular pro¬ 
cess of the arytenoid cartilages and the thickness of the co¬ 
coa ryte no ideus dorsalis (CAD) muscle, both of which are 
affected in horses with atrophy of the CAD in association 
with ILH. Air turbulence, flattening swelling and pain 
should be assessed during palpation of the extrathoradc 
airway. The larynx, trachea, and lungs should be carefully 



Chapter $ Alteration* in Respiratory Function 


73 



Causes of Stridor in Horses 


COMMON CAUSES 

Idiopathic laryngeal hemiplegia (II H. roaring} 

Dorsal displacement of the soft palate (laryngopalatal 
dislocation) 

Epiglottic entrapment 
Retropharyngeal abscess 
Strangles (Strepfocwens cqtit infection) 

Guttural pouch empyema 

Chronic pharyngeal lymphoid hyperplasia 

Arytenoid chondritis « 

Guttural pouch mycosis 
Laxity of the alar cartilage 

LESS COMMON CAUSES 

Arytenoid chondroma, chondropathy 
Pharyngeal paresis 
Botulism, shatter foal 
Dynamic collapse of the pharynx 
Subepigjottal, pharyngeal cyst 
Suhepiglottal abscess 
fipigJotu) retroversion 
Guttural pouch tympany 
Guttural pouch neoplasia 

Rostral displacement of the palatopharyngeal arch 

Nasal fungal infection (e g., aspergillosis, rhinophycoinytous) 

Nasal polyp 

Nasal foreign body 

Nasal trauma 

Nasal tumor 

Nasopharyngeal cicatrix 

Progressive ethmoidal hematoma 

Sinusitis (sinus empyema) 

Sinus cyst 
Sinus tumor 
Atheroma 
laryngeal trauma 

Tracheal collapse (scabbard trachea) 

Tracheal stricture, stenosis 
Tracheal chondroma 
Tracheal rupture, perforation 
Stenotic nares 
Laryngeal edema 
Purpura hemorrhagica 
Anaphylaxis or acute drug reaction 
Chronic lead poisoning 


Choanal (posterior nares) atresia, hypoplasia [foals] 

Fracture of laryngeal cartilages 
laryngeal granuloma, scar tissue 
Equine- influenza 

Exercise-induced pulmonary hemorrhage (ElPH) 

Jugular thrombosis 

Hypericalemic periodic paralysis (HYPP) 

UNCOMMON CAUSES 

Amyloidosis (cutaneous, nasal) 

Lymphosarcoma, lymphoma 
Bee or wasp sting 
Snakebite 

Thyroid adenoma, adenocarcinoma 
Vesicular stomatitis 
Retrobulbar neoplasia 

Dystrophic myodegeneration (white muscle disease) 

Neoplasia (oral, mandibular, maxillary, laryngeal, pharyngeal, 
trachea!) 

Coccidioidomycosis 

Inhalation pneumonia, smoke inhalation 
Bums (thermal, chemical] 

Congestive cardiac failure 
Cutaneous habronemiasis 

Unilateral ventral displacement of the roof of the nasopharynx 

Epigloniditis 

Hyoid bone infuries 

Fungal granuloma, maduromycosis, rhmospoodiosis, mycetoma, 
rtypiixroccal rhinitis, equine nasal granuloma 
Goiter 

Hypertrophic ossification of the laryngeal cartilages 
Abnormalities of the nasal septum 
Intramural esophageal cyst 

Foreign body (nasal, pharyngeal, laryngeal, tracheal, bronchial) 
H yperpara thy raid ism 
Phycomycosis, pythiosis 

Anaerobic abscesses (e,g. H Oostridtum ptrftmgem) 

Hesnoitiosis. globidiosis (exotic} 

Glanders (exotic) 

TOXIC CAUSES 

Orgam’phosphate-induced laryngeal paralysis 

Lead-induced laryngeal paresis 

Rewrpine 


ausculmted. and the chest should be percussed. A thorough 
oral examination should be completed, particularly in rumi¬ 
nants; in cattle this should include palpation of the base of 
the tongue, the oropharynx, and, if possible, the larynx 
through the oral cavity. 

FIELD EXERCISE TESTING." In performance horses 
most examinations are carried out because the horse makes 
a noise only when worked, because of exercise intolerance 
or poor performance, or as part of a prepurchase examina¬ 
tion. Unless a high-speed treadmill is available, the exercise 
testing should be completed under saddle with a competent 
rider, preferably with an intensity of work that matches the 
horse's normal activity. 87,1 It is less satisfactory but often 
necessary to work the horse on a lunge line, in which case 
it should be lunged in both directions, 91 

The horse should be worked in a circle about 30 yards in 
diameter so that it passes close to the observer on each 
circuit.*” The observer should first identify the expiratory 


sound by its association with locomotion and then try to 
fit abnormal sounds into this base rhythm. At fast speed res¬ 
piration is very rapid; thus the observer should not stand 
too far away from the horse because the slow speed at 
which sound is transmitted confuses interpretation of 
whether the sound is inspiratory or exp irate ry . 9 * 98 In cold 
weather the visibility of exhaled breath aids interpretation. 
It is important to ride the horse in both directions because 
an abnormal sound is frequently heard more clearly when 
the horse is exercising in one direction than in the other* 1 
If the presence or character of a respiratory noise remains 
in doubt after the horse has been exercised in a circle at 
a collected canter, the horse should be galloped until it 
is blowing hard then ridden past the observer at a fast 
gallop. 91 

A satisfactory exercise test should include at least 5 min¬ 
utes of work at the canter, after which the horse should 
immediately be brought over to the observer so that the 
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BOX 5-19 


Causes of Stride in Ruminants 


COMMON CAUSES 

Necrotic laryngitis (calf diphtheria) (B. O) 

Abscess (pharyngeal, laryngeal, retropharyngeal, oral) 

Nose bots (Grernis ovis) (C Q) 

Caseous tymphadeniiia fC^rynefuczenum pseudetebercukuiri 
(C O) 

ActifiobariLlosis (wooden tongue, nasal actinobadHosts} 

Nasal adenocarcinoma, adenoma, adenopapilloma, polyp 
(C. O) 

Trauma (oral, nasal, pharyngeal, laryngeal, tracheal) 

Anaphylaxis or drug reaction 

Sinusitis 

Foreign body (nasal, oral pharyngeal, laryngeal tracheal 
bronchial) 

LESS COMMON CAUSES 

Actinomycosis (lumpy jaw) 

Tracheal stenosis, collapse, stricture 

Bovine leukosis (enzootic adult lymphosarcoma) (B) 

Sporadic bovine leukosis (adult muhicemric 

lymphosarcoma) (B) 

Thymic lymphosarcoma (juvenile) (B) 

Mannheimw hemolytiai or PaitrureUn mulioada pneumonia 
(indudes shipping fever and enzootic calf pneumonia) 
Infectious bovine rhinotracheitu [IBR. BHV 1) (B) 

Atypical imemitial pneumonia (B) 

Malignant catarrhal fever (B) 

Vesicular stomatitis 

Clostridial infection of the head (O) 

Pulmonary embolism from posterior vena cava thrombosis (B) 


Snakebite 
Bee or wasp sting 

Bovine nasal granuloma, atopic rhinitis (summer snuffles) (B) 
Honker syndrome in feedlot cattle (B) 

Neoplasia (nasal paranasal sinus, oral pharyngeal, laryngeal, 
tracheal maxillary, mandibular, retrobulbar) 

Congenital abnormalities 

Inhalation pneumonia, smoke inhalation 

UNCOMMON CAUSES 

Tuberculosis (B) 

Congenital cystic nasal conchae (B) 

Choanal atresia (O) 

Salivary cyst mucocele, ranula, trauma (C) 

Photosensiiization in Southdown and Corriedale sheep (O) 
Fungal granuloma, maduromycosis, rhinosporidiosis, 
mycetoma (B. C) 

Phycomycosk, pyth iosis (B) 

Goiter, iodine deficiency 1 
IlypetparathyToidism (B, C) 

Enzootic ataxia, swayback (C O) 

Besnoitiosis, glob id iosis (exotic) 

Endemic ethmoid hematoma (exotic) (B) 

African bovine malignant catarrhal fever (exotic) (B) 

Lumpy skin disease (exotic) (B) 

Nasal schistosomiasis (exotic) 

Virulent sheep and goal pox (erotic) (C O) 

Peste des petits ruminants (exotic) (G O] 

CAfcdjttd hasten nasal hots (exotic) (C O) 


B, Bovine G caprine. O, ovine. 

' Herjptrom biopsy needle Mortemon. tiopenhageru Copetihagm, Denmark 


character and sequence of abnormal sounds that persist can 
be determined. All horses that have been worked adequately 
make a loud expiratory blowing sound at this time. Turbu¬ 
lence of airflow in the larynx may be audible with a stetho¬ 
scope.^ 2 inducing adduction of the vocal fold, particularly 
on the right side, by application of gentle pressure in a ros- 
tromediai direction to the muscular process of the arytenoid 
cartilage often accentuates an inspiratory noise in horses 
with laryngeal hemiplegia. Noises originating from unilat¬ 
eral lesions in the nasal passages are easily localized because 
the sound can be eliminated by alternately blocking off air¬ 
flow through each nostril with the hand. Temporary oc¬ 
clusion of both nostrils simultaneously may provoke 
iaryngopalatal dislocation and a loud gurgling sound in a 
susceptible horse. 11,52 The presence of nasal discharge or 
blood at the nostrils should be noted, and the time required 
for the bean and respiratory rates to return to preexercise 
values should be interpreted in light of the severity of the 
exercise test* 1 

INTERPRETATION OF ABNORMAL SOUNDS. A normal 
horse makes no audible respiratory sound at rest and when 
exercised at a canter or slow gallop makes only a blowing 
expiratory sound. 92 In unfit horses, particularly over¬ 
weight ones, an inspiratory sound is also frequently audi¬ 
ble. This sound can be quite loud, and it may be difficult 
to differentiate from sounds caused by abnormalities of 
the respiratory tract* 0 ’ 1 Thus evaluation of the horse's 
"wind" is best carried out when the horse is in fit condition 
for its intended use. It takes at least 1 month for an older 
horse that has been turned out to pasture to regain a satis¬ 
factory level of fitness to perform a meaningful wind 


examination. Many normal horses produce a harsh expira¬ 
tory "high blowing sound" of variable pitch, which results 
from resonance in the cavity of the false nostril during expi¬ 
ration 1)1 if the source of the stridor remains in doubt, 
temporary suturing of the alar fold dorsal to the nostril 
tan help localize noises suspected of being caused by vibra 
lion of the alar fold. 

Horses with ILH make a rather characteristic biphasic 
sound, the inspiratory sound occurring between successive 
expiratory sounds. The pitch of the sound can vary from 
a whistle to a deep roar, the lower-pitched note giving rise 
to the so-called "sawing wood" sounds.* 2 Sonographic 
and spectrograph ic analysis of the sounds produced by 
"roarers" indicates that the range of sound frequencies 
generated by these horses is the same as that produced 
bv normal horses,** 100 However, horses that make an audi¬ 
ble whistle generate an intense band of frequencies centered 
on 1.9 kl tz that are thought to result from amplification by 
the still-patent Lateral ventricle of the frequency generated 
by vibration of the incompletely abducted left vocal fold, 100 
In a normal horse the left vocal fold is fully abducted, and 
the cavity of the lateral ventricle is thus obliterated during 
strenuous exercise.* 4 

The sounds generated by horses with laryngeal chondri¬ 
tis, severe proliferative pharyngeal lymphoid hyperplasia, 
epiglottic entrapment and tracheal stenosis can be very sim¬ 
ilar to those caused by ILH.** * 2 Iaryngopalatal dislocation 
(dorsal displacement of the soft palate) gives rise to a tran 
sient vibrant gurgling sound , av>1 92 In many instances a 
severe exercise test is required to induce this condition; thus 
this sound may be heard only during a race. 07 * 91,92 It is 





CHAPTt* S Alterations in Respiratory Function 


75 




though i that the condition may occur when pharyngeal 
stimulation causes swallowing during fast exercise 92 
Instead of the horse completing the process and regaining 
the laryngopalatal seal consistent with the respiratory posi¬ 
tion of the larynx in the nasopharynx the tip of the epiglot¬ 
tis disengages from the rostro ventral aspect of 
palatopharyngeal ring (caudal free border of the soft pal¬ 
ate). resulting in the entire epiglottis slipping ventral to 
the soft palate. At the subsequent inspiration the palato¬ 
pharyngeal arch tends to be drawn into the rima glottis, 
and at expiration it is driven toward the roof of the pharynx 
by the air stream. The palatopharyngeal arch acts as an air¬ 
way obstruction, and the tissue vibration and resulting tur¬ 
bulence generate a sound of varying pitch and intensity, 
often described as gurgling followed by swallowing. 32 The 
horse often slows suddenly or stops when this event occurs, 
and the jockey often reports that the horse stopped after 
"choking" or "swallowing its tongue." If repeated swallow¬ 
ing is successful in relocating the normal laryngopalatal 
respiratory arrangement, the horse often continues to race 
after slowing or stopping, 70 

Gross obstruction of the airway by pressure from pus- 
filled guttural pouches, retropharyngeal abscesses, large sub 
epiglottal cysts or abscesses, or large proliferative lesions 
(eg. laryngeal tumors) produces loud, stertorous breathing 
(snoring) often heard at rest and readily so with exercise; 
both inspiratory and expiratory sounds are dearly audible. 11 ‘ 

In a normal horse the pattern of respiratory sounds is 
regular and synchronized with the pace of the exercise 
Laryngeal irritation caused by exudate from the upper or 
lower airway, pharyngeal lymphoid hyperplasia, or other 
inflammatory or space-occupying conditions causes the horse 
to swallow more frequently during exercise, which generates 
an irregular pattern of respiratory sounds characterized at the 
canter and gallop by a respiratory cycle of double the normal 
length. 32 

Interpretation of stridor in yearlings presented for sale is 
difficult because these animals are rarely fit and it is usually 
possible to exercise them only at a canter on a lunge line. It 
has been shown that resentment of restraint under such cir¬ 
cumstances can significantly alter the linking of locomotion 
and respiration, which complicates recognition of the respi¬ 
ratory phasing of noise production, 94 In addition, there is 
not always a close correlation between noise production, 
endostopitally visible abnormalities, and signs of exercise 
intolerance even in fit adult horses 

ENDOSCOPIC EXAMINATION, Endoscopic examina¬ 
tion of the upper airway is the most useful diagnostic proce¬ 
dure for investigating stridor The examination should be 
performed at rest before exercise and again immediately 
after exercise or, if possible, during exercise on a high-speed 
treadmill. Endoscopic examination immediately after cessa¬ 
tion of exercise is less satisfactory than endoscopy during 
treadmill exercise because dynamic collapse of the rima 
glottis terminates rapidly on cessation of exercise. Because 
sedatives and tranquilizers may alter the tone and function 
of the musdes supporting laryngeal and pharyngeal anat¬ 
omy, endoscopic examination should be performed with¬ 
out chemical restraint whenever possible.* 7 The nasal 
passages, conchae (turbinates) (including the ethmoidal 
concha), nasal septum, pharynx, larynx, and trachea should 
be examined through both nostrils so that the presence, 
nature, and source of exudates and the presence of ana¬ 
tomic or functional abnormalities or mass lesions can be 
determined. If problems are suspected in the guttural 
pouches, the interior of these structures should be examined 
for exudate, proliferative lesions, or arterial aneurysms by 
advancing the endoscope through the pharyngeal openings. 
Because the larynx is viewed slightly obliquely when 


examined from the left or the right ventral meatus, an 
apparently asymmetric larynx should be viewed through 
both nostrils/ 67 ' 31 

Interpretation of the findings of the endoscopic examina¬ 
tion of the pharynx and larynx is by no means straightfor¬ 
ward The results can be influenced by the day the 
examination was done, the use of sedation, the side through 
which the endoscope was passed, and the observer's inter¬ 
pretation. 101 The appearance of laryngeal symmetry or 
asymmetry in resting horses varies considerably and there¬ 
fore is of limited clinical usefulness unless complete hemi- 
paralysis is present. Many horses have asynchronous or 
asymmetric laryngeal movement at rest but not during exer¬ 
cise, whereas other horses have a normal-appearing larynx 
at rest but suffer dynamic collapse during exercise. Interpre¬ 
tation of findings is improved by use of an objective grading 
system, which includes assessment of the ratio of the areas 
of the left and right half of the rima glottis and by correlat¬ 
ing findings at rest with those observed on video endoscopy 
performed during maximal exercise, 101 For evaluation of 
the larynx at rest, frill abduction of the vocal folds should 
be induced by exercise or by temporary occlusion of 
the nostrils. 31 Contralateral adductory laryngeal move¬ 
ment should be stimulated by slapping the horse 
just behind the withers (slap test). 102 To induce the horse 
to swallow, the tip of the epiglottis should be touched with 
the endoscope, or water should be flushed through the 
endoscope. These maneuvers help to establish whether 
movement of the arytenoid cartilages is synchronous and 
symmetric and increase the predialve value of endoscopic 
observations, allowing laryngeal function to be graded as 
follows. 101 

■ Grade J: Synchronous, frill adduction and abduction 
of the left and right arytenoid cartilages (considered 
normal). 

• Grade 2: Asynchronous movement such as hesitation, 
fluttering, or adductor weakness of the left arytenoid 
cartilage during inspiration, expiration, or both, but 
full abduction of the left arytenoid cartilage, inducible 
by nasal occlusion or swallowing. Grade 2 findings 
are considered a normal variation and are not usually 
associated with dynamic airway collapse during 
exercise. 

■ Grade 3: Asynchronous movement of the left arytenoid 
cartilage during inspiration, expiration, or both, but 
full abduction is not inducible by nasal occlusion or 
induction of swallowing. The true functional signifi¬ 
cance of grade 3 findings can be determined only by 
performing endoscopic examination during maximal 
exercise on a high-speed treadmill, a procedure that 
has led to subclassification of grade 3 findings. 10 * 
Some grade 3 horses (grade 3A} are able to achieve full 
abduaion during exercise, whereas others maintain a 
partly abducted position similar to the resting position 
(grade 3B) or experience dynamic collapse (grade 
3C)}™ 

» Crude 4: Marked asymmetry of the larynx at rest and 
no substantial movement of the left arytenoid cartilage 
during any phase of respiration. These horses have 
complete left laryngeal hemiplegia, are true ''roarers," 
and consistently experience dynamic collapse on inspi¬ 
ration during strenuous exercise 101 

Performing an endoscopic examination during maximal 
exercise on a high-speed treadmill makes it possible for a sta¬ 
tionary observer to gain a good dynamic appreciation of 
the significance of upper airway abnormalities (i,e., dynamic 
endoscopy) 103 107 (see Exercise Intolerance and Poor Perf¬ 
ormance in Horses, p + 76), Dynamic changes in airway lumen 
diameter occur quickly during treadmill endoscopy and 
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may be difficult to visualize, therefore the endoscopic 
examination should be videotaped for later playback in slow 
motion and freeze-frame. 107 It is important to exerdse 
horses maximally and to exhaustion (inability to keep up 
with the treadmill), because some abnormalities are appar¬ 
ent only at maximal exercise toward the end of a race when 
pharyngeal or laryngeal muscles become fatigued and are no 
longer able to resist the tram mural pressure gradient* which 
tends to induce dynamic collapse of the upper airway during 
inspiration. 103407 ^Endoscopic identification of an upper res¬ 
piratory tract abnormality in a resting horse does not 
necessarily mean that it is inducing a problem during 
exercise* and* conversely, the absence of an upper respira¬ 
tory tract abnormality at rest does riot rule out the possi¬ 
bility of intermittent airway obstruction during strenuous 
exercise. For example* dorsal displacement of the soft 
palate* epiglottic entrapment, dorsal displacement of the 
epiglottis, dynamic collapse of the left arytenoid cartilage or 
vocal fold (or both), and unilateral or bilateral ventral dis¬ 
placement of the roof of the pharynx (dynamic pharyngeal 
collapse) have been observed during treadmill exercise 
in horses with an endoscopically normal upper airway at 

105-107 

rest. 

RADIOGRAPHIC EXAMINATION. Radiographic exami¬ 
nation of the nasal passages, paranasal sinuses* pharynx* 
retropharyngeal area (including guttural pouches)* larynx* 
and proximal trachea is indicated to confirm anatomic 
or functional problems or space-occupying lesions not 
definitively diagnosed by clinical examination and endos¬ 
copy (see Nasal Discharge* p. SO and Respiratory Distress* 
p 60). Radiography is particularly useful for visualizing 
subepiglottic masses such as cysts or abscesses and for 
evaluating the epiglottis of the horse when it is obscured 
from endoscopic view by dorsal displacement of the soft 
palate or other space-occupying lesions. An accurate 
assessment of epiglottic Length can also be made from 
standardized true Lateral radiographs of the larynx by mea¬ 
suring the distance from the body of the thyroid cartilage 
to the tip of the epiglottis (thyroepiglottic length). 10 ® The 
mean ± SD (standard deviation) thyroepiglottic length in 
normal thoroughbred horses is reported to be ft.76 ± 
0.44 cm. l0fl Significantly shortened thyroepiglottic lengths 
have been recorded in thoroughbred horses with dorsal 
displacement of the soft palate (laryngopalatal disloca¬ 
tion) and in those with entrapment of the epiglottis in 
the aryepiglottic folds. 1011 Tracheal diseases such as chon¬ 
droma or dynamic collapse may be visualized on radio¬ 
graphs of the trachea* particularly those made during the 
inspiratory phase. 

ULTRASOUND EXAMINATION, Ultrasound examina¬ 
tion of externally visible lesions such as possible retrophar¬ 
yngeal abscesses that may be impinging on the airway helps 
to characterize lesions and assist in the collection of sam¬ 
ples by aspiration or biopsy. 

biopsy. Biopsy and histologic evaluation of samples 
are indicated to diagnose certain mass lesions such as 
neoplasms, cysts, polyps, fungal granulomas, or foreign 
body granulomas in or surrounding the airway. Masses 
in the airway can be biopsied through the biopsy channel 
of fiberoptic or video endoscopes* but these samples inev¬ 
itably are small. Larger samples can be collected from 
Lesions in the nares, nasal diverticulum* and nasal pas¬ 
sages using uterine biopsy forceps* laparoscopy forceps* 
or curettes. Hemorrhage usually accompanies such proce¬ 
dures. Biopsies can also be collected at the time of explor¬ 
atory or corrective surgery from lesions in the nasal 
passages, pharynx* larynx* and guttural pouches. Lesions 
such as habronemiasis involving the external nares and 
lesions in other accessible areas such as the parotid 


salivary gland can be biopsied percutaneous!}* using Tm- 
Cut or similar instruments. 

ASPIRATION. Aspiration* performed either blindly or 
with the assistance of ultrasound* followed by cytologic 
examination and culture of aspirated material is useful in 
the evaluation of masses such as retropharyngeal abscesses 
that are causing stridor by impinging on the upper airway 

SWABBING OR SCRAPING. Nasal or nasopharyngeal 
swabbing or scraping followed by direct cytologic examina¬ 
tion and culture is indicated for confirmation of nasal fun¬ 
gal infection and bacterial infections of the upper airway 
(e,g.. strangles). 

COMPLETE BLOOD COUNT. A complete blood count, 
including fibrinogen concentration, can be useful in evalu¬ 
ating patients suspected of having a primary or secondary 
inflammatory condition or conditions such as ethmoidal 
hematoma and guttural pouch mycosis in which blood-loss 
anemia is likely to be a complicating problem. 

ASPIRATION* LAVAGE, OR THORACOCENTESIS. Trans¬ 
tracheal aspiration* BAL, and/or thoracocentesis with cyto¬ 
logic examination and culture of collected samples are 
indicated in the evaluation of patients suspected of having 
disease of the lungs or pleura. 

EXERCISE INTOLERANCE AND POOR 
PERFORMANCE IN HORSES 

STEPHANIE /. VALBERG 

W. DAVID WILSON 

The popularity of performance horses has broadened our 
perspective on health beyond the conventional diagnosis 
of health or disease in a horse at rest Sports medicine 
defines equine health as the optimum function of all body 
systems during the expected level of performance. Because 
many body systems function at only a small fraction of their 
maximum capacity in a resting athlete* a clearer understand¬ 
ing of exercise responses in the horse and new methods of 
evaluating horses during exercise are needed. 

Exercise Responses 

As horses accelerate during exercise* motor units within 
active muscles fire in a coordinated fashion to produce the 
power necessary to drive the animal forward. Initially, 
slow-twitch type 1 muscle fibers are recruited, followed 
at increasing speed by recruitment of oxidative fast-twitch 
type 2A fibers and finally the fastest and most powerful 
muscle fibers, type 2B {also called 2X) The increased 
demand for adenosine triphosphate (ATP) lo support 
muscle contractions during exercise can be met initially by 
small intracellular stores of creatine phosphate, but within 
seconds oxidative or glycolytic metabolism (or both) is acti¬ 
vated. At submaximal speeds the major factors contributing 
to fatigue are total depletion of fuel reserves (glycogen), fluid 
and electrolyte losses* and hyperthermia . ll¥f Training 
increases the oxidative and endurance capacity of skeletal 
muscle by increasing the volume of mitochondria and 
the capillary density surrounding muscle fibers. 110 This 
delays the onset of fatigue by increasing the availability and 
metabolism of plasma free fatty acids and glucose* thus 
sparing muscle glycogen. Training also fine-tunes the motor 
unit recruitment pattern to provide the most efficient and 
coordinated pattern of movement. 

When a horse accelerates toward a maximum speed* a 
peak in the total amount of oxygen consumed is realized 
tVo 3mu ). Additional energy to produce speeds beyond 
Vo 2m „ must be supplied by anaerobic glycolysis with lactic 
acidosis as a consequence. The term anaerobic threshold has 
been used to describe the speed at which this exponential rise 
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in lactate begins to occur. Fatigue with maximum (fast) 
exercise occurs when muscle pH falls so low that glycolysis 
and excitation contraction coupling are inhibited and muscle 
ATT concentrations fall. 111,112 Muscle glycogen stores are not 
a limiting factor with maximum exercise. 113 Training over 
time increases the mitochondrial volume and the ratio of type 
2A to type 2B muscle fibers. 110,114 As a result the onset of 
anaerobic metabolism is delayed until a higher speed is 
reached, and horses are able to maintain a higher speed over 
a given distance. 

The cardiovascular system plays a central role in the oxyge¬ 
nation of blood by the lungs, in the delivery of oxygen and 
other energy substrates to exercising muscles, and in the 
removal of metabolic products from those muscles. Cardiac 
output increases with exercise in horses, largely as a function 
of an increase in heart rate. 115 As exercise begins, the heart 
rate quickly increases then reaches a steady state within min¬ 
utes at a sub maxima l speed. With increasing exercise intensity 
the heart rate shows a linear relationship with speed up to a 
maximum rate of 210 to 230 beats/min. The mean systemic 
arterial pressure does not change with submaximal exercise 
but rises with maximum exercise. Mean pulmonary arterial 
pressures increase with speed as the heart rate increases, 
reaching remarkably high levels that are four times 
resting values 116 The oxygen-carrying capacity of the blood 
also rises with increasing speed through splenic contraction 
and a more than 50% increase in blood hemoglobin, 117 
The increase in blood viscosity that occurs with splenic con¬ 
traction is believed to contribute to the increase in blood 
pressure with exercise. Among the adaptive cardiovascular 
responses to training are a lowered heart rate and blood pres¬ 
sure at the same exercise intensity 115 ; increased red cell vol¬ 
ume 100 ; and increased capillarizaiion of musde. 110 

After an initial abrupt rise the respiratory rate increa¬ 
ses linearly with the speed of trotting until, at a canter or gal¬ 
lop, respiration is linked to stride frequency on a 1:1 
basis. 11 * 120 This leaves less lime available for completing a 
respiratory cycle at faster speeds To counter this, inspiratory 
and expiratory airflow velocities must increase to maintain 
or increase minute volume. As airflow rates increase, 
increased turbulence and an increased tendency for dynamic 
narrowing of the airways causes an increased resistance to 
flow and increases the work (energy cost) of breathing, 12 L122 
A finite maximum flow rate is eventually achieved, beyond 
which the expiratory muscles and the physical characteristics 
of the respiratory tract do not permit further increases in flow 
rate. 121 In addition, a maximum stride frequency is reached, 
restricting the maximum respiratory rate to 140 to 150 
breaths/min. 119120 It has been suggested that beyond the 
finite maximum flow rate, the animal is forced to hypoventi- 
late, which may result in arterial hypoxemia during fast exer¬ 
cise. 123 The limitation placed on oxygen diffusion by blood 
hyperviscosity and the short transit time of blood through 
the pulmonary capillary bed at rapid heart rates also 
likely contribute to arterial hypoxemia, 124 The arterial hyp¬ 
oxemia and incomplete saturation of hemoglobin that occur 
during strenuous exercise do not necessarily limit delivery of 
oxygen to the tissues, however, because the decline in blood 
oxygen tension is offset by the increase in the total blood 
hemoglobin oxygen content resulting from splenic contrac¬ 
tion, This fact and the horse's ability to sustain at least a six¬ 
fold increase in cardiac output berween rest and the point of 
maximum oxygen uptake (Vo ? mit ) m are the major factors 
that contribute to the enormous aerobic capacity of the 
horse. 

In contrast to the muscular and cardiovascular systems, 
the respiratory system shows little adaptation to training. 
Whether the apparent inability of the equine respiratory 
system either to adjust to training 121 ' or to compensate fully 


for the increased flow demands of heavy exercise limits ath¬ 
letic performance remains to be proven. However, it is likely 
that the maximally exercising horse is operating near the 
upper limit of ventilation and that even slight degrees of 
respiratory disease profoundly affect oxygen uptake and per¬ 
formance.* 27 Any condition that causes increased resistance 
to airflow, decreased minute volume, decreased diffusion of 
gases, ventilation-perfusion mismatch, shunt, or increased 
oxygen cost of breathing constitutes a respiratory cause of 
exercise intolerance. 

Approach to Diagnosis of Exercise Intolerance 
and Poor Performance 

Top athletes arise from both a genetic background that 
emphasizes athletic ability and environmental influences 
that capitalize on this inherent potential. A coordinated, 
energy-efficient gait, muscular power and endurance, a large 
capacity for oxygen transport, and several intangible factors, 
such as the horse's mental toughness and competitive spirit 
and the riders skill, all contribute to successful perfor¬ 
mance. Poor performance most often results from inadequate 
training, a lack of genetic potential, or both or from a con¬ 
genital or acquired dysfunction of the locomotor, cardiovas¬ 
cular, or respiratory systems. The term exercise intolerance is 
often used to describe this inability to perform up to an 
expected or previously attained intensity of exercise 

HISTORY. An accurate history is a fundamental part of the 
evaluation of exercise intolerance and should include the 
age, breed and use of the horse and the training and feeding 
programs. The onset (lime and rapidity) of the problem, pre¬ 
vious performance history, the activity level at which signs 
are observed, whether the horse performs well at first then 
suffers tailing off of performance (no stamina) or whether 
performance is poor throughout the work period should be 
ascertained. If performance drops off during work, it should 
be established whether the drop-off is associated with the 
onset of other signs such as stridor. The presence of cough¬ 
ing, respiratory distress, stridor, excessive sweating associated 
with stress or exercise, or musde stiffness should be noted. 
It should be ascertained whether the affected horse or in¬ 
to ntaet horses have recently shown signs of respiratory 
disease, especially viral infections, and whether other horses 
are perceived to be performing poorly. It should be deter¬ 
mined if the horse has shown lameness, gait abnormalities, 
or bitting problems. Any medications or other treatments 
that have been used and their effects should be noted. 

[n particular, it is important from the history to distin¬ 
guish berween hoTses that have never been able to perform 
satisfactorily and horses that suddenly or gradually show a 
reduction in the level of performance after a background 
of satisfactory performance. The first scenario suggests a lack 
of genetic potential congenital abnormalities, or inade¬ 
quate training. Some horses do not have the genetic back¬ 
ground to perform the expected work (e.g., racing 
quarter horses rarely make good endurance horses, and 
thoroughbreds from sprinting families rarely excel at dis¬ 
tances of more than VA miles} 

CLINICAL EXAMINATION, Oven clinical diseases that 
cause exercise intolerance at moderate speeds usually can 
be diagnosed with a good history, physical examination, 
and selected ancillary diagnostic techniques The diagnostic 
procedures and specific diseases that can be identified at 
rest are detailed in subsequent chapters in this book (partic¬ 
ularly Chapters 30, 31, 37, 38, and 42). Problems that are 
subdinical at rest provide a greater diagnostic challenge. 
When testing procedures at rest fait to identify the cause of 
exercise intolerance, various types of ancillary diagnostic 
procedures including exercise tests may be used to further 
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define the problem. Because the respiratory, cardiovascular, 
musculoskeletal and hematopoietic systems are all impor¬ 
tant for competitive performance and because diseases in 
these systems are the most likely causes of exercise intoler¬ 
ance, these systems should receive particular attention in 
the detailed clinical examination of the horse at rest, 

HEMATOLOGIC ASSESSMENT. Hematologic tests have 
historically been popular in the evaluation of fitness and per¬ 
formance because they are easy to perform and because of 
the important role of hemoglobin in oxygen transport.. ,2a - 1 ” 
Routine hematologic evaluation may be useful in monitor¬ 
ing the general health status and perhaps fitness of horses if 
the conditions of collection, particularly in relation to time 
of day and exercise, can be carefully controlled and if atten¬ 
tion is paid to horses that become excited before or during 
sample collection. 

Anemia can result in a decreased oxygen-carrying capacity 
during exercise. Veterinarians traditionally have regarded 
resting hematocrits below 35% as abnormal and likely to 
cause suboptimal racing performance, but values lower than 
this have been found in normal thoroughbred racehorses. 1 30 
Endurance horses and even ling horses usualiy have 
resting hematocrit values that are lower than those of race¬ 
horses. 130 However, the fan that a significant proportion of 
equine red blood cells and hemoglobin are contained in 
the splenic reserve makes interpretation of resting values 
for these parameters difficult (inaccurate). There is no cone 
tation between the resting level of hemoglobin and the 
total body hemoglobin or red cell mass. 117 ' 130 Conse¬ 
quently, even though total body hemoglobin does increase 
in response to training and may correlate with performance, 
this cannot be determined from a resting blood sample. Mea¬ 
surement of the total hemoglobin or total red cell mass 
requires collection of a blood sample after strenuous exercise 
or after administration of epinephrine to mobilize the red 
ceil reserve and the determination of plasma^volume using 
a technique such as Evans blue dye dilution. 117 These techni¬ 
ques have been used to document red cell hypervolemia in 
poorly performing, overtrained standardbreds. 117 

Some veterinarians use the resting leukocyte count to 
monitor fitness, and particularly overtraining, in performance 
horses. 130 Decreases in the neutrophil/lymphocyte (N/L) 
ratio have been used to indicate overtraining (training off 
or adrenal exhaustion). However, the N/L ratio varies in indi¬ 
vidual horses, depending on when it is determined in relation 
to the timing and type of exercise and on factors such as age, 
stress, and disease Reliable evidence indicates that the N/L 
ratio is not a good predictor of adrenal status. 131 Indeed, 
adrenal function in horses with "adrenal exhaustion syn¬ 
drome" remains to be accurately characterized on the basis 
of reproducible function tests. 

SERUM BIOCHEMICAL PROFILES. Biochemistry profiles 
are commonly used to monitor performance horses and to 
evaluate those with performance problems. These profiles 
are useful but interpretation must take into account that 
when many measurements are performed, there is a high 
statistical probability that one or two results will be outside 
the normal range {95% confidence). 130 If only one or two 
results on a profile are slightly abnormal, the tests are best 
repeated on a second sample before the true significance 
of the result is ascribed. Biochemistry profiles are most use¬ 
ful in detecting horses with subdinical muscle problems 
(either primary exertional rhabdomyolysis or muscular 
strain secondary to skeletal problems), liver diseases, renal 
diseases, and gross disturbances in electrolyte and add-base 
regulation. Biochemical profiles usually indude aspartate 
aminotransferase (AST), creatine kinase (CK), LDH, alkaline 
phosphatase (AP), y-glutamyltransferase (GGT), sorbitol 
dehydrogenase (SDH), blood urea nitrogen (BUN), 


creatinine, sodium (Na) r potassium (K), chloride (Cl), 
bicarbonate, phosphate, calcium (Ca), magnesium (Mg), 
glucose, and other parameters that are of variable dinit a! 
relevance. Studies of horses during training have failed to 
show any correlation between resting or exercising values 
for these parameters and fitness. IW In endurance horses, 
evaluation of renal fractional excretions of electrolytes may 
provide better information regarding the horse's electrolyte 
balance than serum chemistry measurements alone. 132 

EVALUATION OF THE RESPIRATORY TRACT. Standard 
parameters of a routine examination including rectal tem¬ 
perature, respiratory rate, respiratory character, mucous 
membrane color, and capillary refill lime should be care¬ 
fully evaluated at rest. The presence of nasal discharge, 
cough, edema, jugular distention or pulsation, or other 
signs suggesting local or systemic disease should be noted. 
The larynx muscular process of the arytenoid cartilages, 
retropharyngeal area, and trachea should be palpated for 
size and symmetry. The heart and lungs should be carefully 
auscultated and percussed at rest and auscultation of the 
lungs should be repeated as the horse is induced to breathe 
more deeply by application of a rebreath mg bag. When stri¬ 
dor is pan of the history, the upper respiratory tract should 
receive particular attention in the diagnostic evaluation. Not 
only must the character of the noise be determined but the 
extent of work the patient can tolerate before exhibiting 
diminished performance must be established, because this 
helps in the interpretation of abnormalities seen on the 
endoscopic examination (see Stridor, p. 71). Often the 
onset and intensity of the stridor coincides with a decrease 
in work capacity that is typical of certain obstructive airway 
diseases. Endoscopy, including treadmill endoscopy if facil¬ 
ities permit, and radiography form an important part of the 
diagnostic evaluation of horses with upper airway abnor¬ 
malities 133 (see Respiratory Distress, p, 60, and Stridor, 
p. 71). The most common abnormalities of the upper air¬ 
way that cause poor performance include dorsal displace¬ 
ment of the soft palate, dynamic pharyngeal collapse, 
dynamic collapse of the left arytenoid cartilage in associa¬ 
tion with ILH, epiglottic entrapment, pharyngitis, and col¬ 
lapse of the alar folds,’ 34 ' 135 Diminished performance in 
horses with mild or subdinical viral infection is probably 
mediated at least partly by abnormalities in ihe respiratory 
tract. 1 ™ If no abnormalities are detected at rest, functional 
disturbances of airflow may occur during maximum exer¬ 
cise, and these disorders can best be identified by examining 
the upper airway using video endoscopy during treadmill 
exercise. The use of Velcro to attach the endoscope to the 
halter after insertion of the tip of the endoscope to the 
depth of the guttural pouch opening decreases the blurring 
of the image that occurs during exercise. Slow-motion play¬ 
back must be used because many abnormalities occur rap¬ 
idly with each respiratory cycle. In particular, dorsal 
displacement of the soft palate and the extent of dynamic 
laryngeal obstruction with ILH can be more fully evaluated 
with treadmill exercise tests. 113 ' 135 The presence of inspira¬ 
tory or expiratory obstruction can be further evaluated dur¬ 
ing treadmill exercise by introducing transducers via the 
nostrils to measure airway pressures at the level of the phar¬ 
ynx and trachea, 133135 During a treadmill exercise test sam¬ 
ples for blood gas analysis can be drawn from extension 
tubing connected to an IB-gauge, 2-inch catheter inserted 
into the transverse facial artery 

Further diagnostic evaluation of the lower airways is indi¬ 
cated in horses with an abnormal respiratory rate or character, 
cough* nasal discharge, abnormal lung sounds, prolonged 
recovery after application of a rebreathing bag, or a history of 
El PH, cough, or respiratory distress with exercise. Horses in 
which excess mucus or exudate can be demonstrated in the 
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trachea during endoscopy performed after exercise are also 
candidates for further evaluation. Applicable tests include a 
complete blood count tracheal wash or BAL endoscopy, radi¬ 
ography, and ultrasound examination (see Cough, p 42, and 
Stridor, p. 71). Tracheal wash samples collected after exercise 
are more likely to identify lower airway disease than those col¬ 
lected before exercise. 137 Respiratory viral infection, El PH. 
bronchiolitis, hyperreactive airways and recurrent airway 
obstruction (RAO), and chronic obstructive pulmonary dis¬ 
ease (COPD) are all conditions that may not be apparent at 
rest but that constitute significant causes of exercise 
intolerance, 

EVALUATION OF THE CARDIOVASCULAR SYSTEM, 

A full evaluation of the mucous membranes, capillary refill 
time, pulse rate, pulse character and rhythm, heart rate and 
rhythm, and auscultatory findings is an important part of 
the evaluation of the performance horse. Failure to main¬ 
tain cardiac output because of an inability to regulate either 
heart rate or stroke volume is the mechanism through 
which cardiac diseases induce exercise intolerance. Many 
cardiac dysrhythmias and valvular dysfunctions are readily 
apparent on auscultation of the resting horse. However, 
the contribution of mild abnormalities to exercise intoler¬ 
ance may require exercise testing. In addition, some arrhyth¬ 
mias and valvular or myocardial dysfunctions can be 
detected only during or shortly after exercise. Thus resting 
and exercising electrocardiography and echocardiography 
before and immediately afteT exercise are indicated.^ 3.iss 
The bean rate can be monitored during exercise using either 
telemetric electrocardiography or commercial heart rate 
monitors. Electrocardiograms (ECGs) provide the addi¬ 
tional benefit of evaluating both heart rate and rhythm. 
Supraventricular tachyarrhythmias, the most important of 
which is atrial fibrillation (AF) in horses, can lead to heart 
rates exceeding 240 beats/min at submaximai exercise. 13 * 
Under these circumstances, cardiac output may be limited 
by the decreased time available for diastolic perfusion of 
the myocardium; the absence of atrial contraction; and the 
reduced time for passive ventricular tilling leading to 
reduced stroke volume. Many horses with AF maintain effi¬ 
cient circulation at rest and during light exercise but are 
intolerant to strenuous exercise because they are unable to 
increase cardiac output sufficiently at rapid bean rates, 1 ” 
Some horses show transient paroxysmal AF during exercise 
but not at rest. 1 ” These are often easiest to observe in 
ECG tracings obtained within 60 seconds after an exercise 
test. Conversion to sinus rhythm, either spontaneously 
with quinidine sulfate, or electroconversion 140 usually leads 
to a return to normal performance in horses with AF* 4 * '* 2 
The ability to maintain cardiac output can be compromised 
by other cardiac arrhythmias such as ventricular tachycardia 
and ventricular premature depolarization- 115,1 '** The fre¬ 
quency of premature depolarization can increase with exer¬ 
cise, and the timing of resultant abnormal extra systoles can 
reduce cardiac output even at submaximai heart rates, 143 
Intraatrial block second-degree atrioventricular (AV) block, 
and intraventricular block have also been documented in 
exercise-intolerant, poorly performing horses. 144 145 Horses 
with cardiac arrhythmias may show abnormal elevations 
in lactate concentration in response to exercise, indicating 
a lowered anaerobic threshold, which contributes to exer¬ 
cise intolerance. 111 

Electrocardiography is believed by some veterinarians to be 
of value in identifying myocarditis. T wave abnormalities 
(positive and peaked T waves, in contrast to the normal 
diphasic T waves) in multiple leads on resting ECG traces 
have been found in a high percentage of horses with a history 
of fading during the final portion of a race, 144 T waves are 
highly labile, affected by training status, and the mechanism 


by which abnormal T waves are generated is uncertain. How¬ 
ever, T wave changes have been identified in some horses 
with myocarditis confirmed at necropsy. 1 30145 146 Myocardi¬ 
tis may be more definitively documented by evaluating the 
distribution of serum isoenzymes of LDH and CK or mea¬ 
surement of cardiac troponin L 147 Although total LDH con¬ 
centrations in serum are often normal with myocarditis the 
percentage of the LDH t isoenzyme may be elevated.A pos¬ 
itive correlation has been demonstrated between heart size 
and racing performance 145 Electrocardiography has been 
used to assess performance potential by heart score measure¬ 
ment, The heart score represents the mean QRS duration in 
leads 1, 2, and 3 expressed in milliseconds and has been 
strongly correlated with heart weight arid prize money won 
by racehorses. 130 145 The physiologic basis for heart score 
remains in dispute, and expertise is required to standardize 
leads and measure QRS complexes. 

An ecfuxttrdiogram provides essential information in 
many cases in which clinical evidence of valvular or myo¬ 
cardial dysfunction is present The pericardium, the size of 
the heart chambers, the presence of congenital defects, the 
function of valvular leaflets, and myocardial contractility 
all can be assessed (see Chapter 30). Decreased myocardial 
contractility, regurgitant leaks caused by valvular incompe¬ 
tence, left-to-right shunts, and increases in afterload, such 
as occurs in aortic stenosis, result in systolic dysfunction 
and a drop in cardiac output. 14 * A pulsed, continuous, or 
color flow Doppler technique may be necessary to deter¬ 
mine the size and significance of any disturbances to flow. 
Cardiac conditions such as effusive pericarditis and myo¬ 
cardial fibrosis and peripheral vascular conditions that 
inhibit venous return may interfere with ventricular filling 
during diastole, resulting in decreased end-diastolic volume, 
stroke volume, and cardiac output 540 Measurement of frac¬ 
tional shortening before and immediately after treadmill 
exercise, when pulse rates are above 100 beats/min, permits 
documentation of resting and exercise-induced myocardial 
dysfunction. 1 ” Contrast angiographic studies may be indi¬ 
cated if congenital or acquired cardiac outflow problems 
are suspected. Nuclear angiocardiography is also useful for 
evaluating myocardial contractility, cardiac chamber enlarge¬ 
ment, outflow problems, and other abnormalities. Hemo¬ 
dynamic studies, which measure pulmonary capillary 
wedge pressure, pulmonary driving pressure, and pressure 
in the right side of the heart and pulmonary artery, have 
proven useful in detecting early cardiac and pulmonary fail¬ 
ure in poorly performing trotting horses. These studies 
involve the introduction of flow directional 
catheters through the jugular vein into awake 

EVALUATION OF THE SKELETAL SYSTEM. A lameness 
examination, including appropriate flexion tests and other 
stress tests, should be completed to help rule out musculo¬ 
skeletal problems If lameness is observed, appropriate diag¬ 
nostic nerve blocks* radiographs, scintigraphy, rectal 
examination of the bony pelvis and aonoiliofemoral arterial 
pubes, or ultrasound examinations are indicated to help 
localize the lameness and determine its cause, significance, 
and prognosis. Some lameness problems that are evident 
only at high speed may best be evaluated using treadmill 
exercise. For example, aonoiliofemoral thrombosis reduces 
peripheral perfusion but often causes only progressive htn- 
dlimb lameness with exercise. Fool balance should be care¬ 
fully assessed at rest and, if possible, during exercise, 
because gait changes and subtle lameness related to foot 
imbalance can adversely affect performance. Dynamic eval¬ 
uation of hoof balance can be accomplished by examining 
videotapes recorded from behind the horse while it is exer¬ 
cising on a high-speed treadmill or by trotting the horse 
over force plates embedded in a firm level surface. 150 


balloon-tipped 
horses 
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Subtle lameness can increase the metabolic cost of loco- 
motion by inducing changes in gait and coordination, 
which accelerate the onset of fatigue. In the same fashion, 
some horses may have an inefficient gait that reduces their 
performance capacity. Video imaging systems and gait anal¬ 
ysis may play an increasingly important role in identifying 
these individuals in the future. 

EVALUATION OF THE MUSCULAR SYSTEM. Primary 
skeletal muscular limitations on performance may occur as 
the result of painful conditions such as exertional rhabdo- 
myolysis* In resting samples high serum AST may indicate 
chronic rhabdomyolysis. Measurement of serum CK 4 to 6 
hours after an exercise test is most useful in detecting horses 
with chronic orsubclinical forms of exertional rhabdomyol¬ 
ysis, Serum muscle enzyme concentrations measured in 
blood samples collected immediately after exercise are often 
normal, but in horses with chronic exertional rhabdomyol¬ 
ysis significant abnormal elevations may be seen when CK 
peaks at 4 to 6 hours after completion of exercise. In the 
past it has been recommended that the exercise test be con¬ 
ducted at a speed and duration of exercise similar to that 
expected of the horse in competition. However, it has been 
shown that a 15- to 30-minute test at a slow trot more fre¬ 
quently produces abnormal elevations in serum CK (more 
than twofold to threefold) in susceptible horses. 151 Stan¬ 
ds rdbred and thoroughbred horses with histories of recent 
episodes of recurrent exertional rhabdomyolysis and horses 
with polysaccharide storage myopathy often show a greater 
than twofold increase over normal resting values in 
response to an exercise test. 151 

Muscle biopsy is a relatively simple procedure that can 
prove useful for characterizing the nature of an identified 
exertional myopathy. I lowever, the procedure is not widely 
used in the diagnostic assessment of poor performance 
because the evaluation of samples requires considerable 
histochemical expertise. Percutaneous techniques using a 
6-mm-diameter needle* and local anesthetic are routinely 
used. The middle gluteal muscle is most often sampled 
because it is relatively accessible and active at all intensities 
of exercise. 110 ' 114,152 Tn adult horses a biopsy is collected at 
a depth of 2Vj to 3 inches from a site 8 inches from the 
tuber coxae along a straight line connecting the point of 
the tuber coxae with the base of the tail. Open surgical biop¬ 
sies are most easily obtained from the semimembranosus or 
semitendinosus muscle at a site approximately 3 inches 
below the tuber ischii. After the skin has been shaved and 
asepticahy prepared, lidotaine is injected under the skin. 
A 2-inch-long incision is made through the skin and fascia, 
and two parallel incisions, 1 inch long and Vj inch apart, 
are made vertically in the muscle. The muscle is grasped in 
one place, to prevent handling artifacts, and the biopsy is 
first transected proximally, freed to a depth of V* inch, then 
transected distally, The disadvantage of open surgical biop¬ 
sies is the recovery period of 1 week that is often required, 
whereas when the needle biopsy is used horses can immedi¬ 
ately begin to exercise. Muscle samples should be sent to a 
laboratory, where they will be frozen in isopentane that 
has first been chilled in liquid nitrogen. Commonly used 
histologic and histochemical stains include adenosine tri¬ 
phosphatase (ATPase) after alkaline and add preincuba¬ 
tions, nicotinamide dinucleotide diaphorase (NADU), 
periodic acid-Schiff (PAS), and hematoxylin and eosin. 

An estimate of the state of training can be made by deter¬ 
mining the percentage of type l, type 2A, and type 2B (or 
type 2X) musde fibers as well as the oxidative capacity of 
skeletal muscle in these small muscle samples. In general. 


* Bergstrom biopsy needle, Mortenson, Copenhagen, Denmark. 


horses suited for short-distance, fast exercise have a greater 
proportion of fast-twitch fibers in the middle gluteal mus¬ 
cles than horses suited for longer distance events, which 
have a higher proportion of slow-twitch type 1 fibers 152 
However, there are many successful athletes that do not 
follow this pattern. The proportion of type 1 to type 2 fibers 
is thought to be genetically based and cannot be manipu¬ 
lated to a great extent by training, whereas age and training 
increase the proportion of oxidative fast-twitch type 2A 
fibers relative to type 2B fibers. 110114151 Histochemical 
assessment of NADI I staining or quantitative measurement 
of enzymes such as citrate synthase in biopsy samples 
frozen rapidly in liquid nitrogen may provide a guide to 
the state of aerobic fitness. 14 ^The use of musde biopsies 
in horses with poor performance has also aided in the iden¬ 
tification of oxidative enzyme defects in Arabian horses and 
glycogen storage disorders in quarter horses that can mark¬ 
edly affect performance. 152-153 

Standardized Exercise Testing 

Exercise intolerance is ultimately a neuromuscular phenom¬ 
enon resulting from extreme metabolic stress at the level of 
the musde fibers. 11 Under many circumstances premature 
muscle fatigue occurs secondary to disorders that affect oxy¬ 
gen transport (cardiopulmonary systems) or mechanical 
efficiency (lameness) (Box 5-20). Standardized treadmill 
exercise tests are often required to assess the function of 
these systems at high speeds to determine the primary cause 
of poor performance and to measure the metabolic 
response of skeletal musde relative to work intensity. In a 
substantial number of cases, poor performance results from 
related or unrelated disorders in more than one body 
system, such as dynamic airway obstruction and cardiac 
dysrhythmia in the same horse. 5 

TREADMILL TESTS, Horses often need to be acclimated 
to a treadmill before representative exercise testing can be 
performed. Standardbred horses are typically exercised 
while wearing their usual racing tack, whereas horses of 
other breeds are typically exercised in a halter or bridle with 
a lead rope attached to each side. Most horses exercise com¬ 
fortably on a treadmill after two to four training sessions at 
speeds that include all gaits to be tested. Breaking into a 
canter is an important skill to train horses to perform on 
the treadmill. During one of the training sessions, endos¬ 
copy of the upper airway can be performed to evaluate 
upper airway fimetion during maximal speeds. Two types 
of standardized exercise tests can be used; a high-speed test, 
in which horses are accelerated to maximal speed for their 
normal racing distance, or an incremental test, in which 
speed is increased every 1 or 2 minutes until fatigue is 
reached. The incremental exercise test is used most com¬ 
monly because it includes both sub maximal and maximal 
intensities and is readily reproducible. Many exercise tests 
are performed with the treadmill set at a 6% to 10% slope 
to minimize the possibility of injury at top speeds and to 
ensure that maximum exercise intensity is reached. 

Several measurements are possible during treadmill exer¬ 
cise testing. In its simplest form, the heart rate can be mon¬ 
itored after l minute at each intensity of exercise using a 
heart rate monitor, although recording of an ECG during 
exercise provides additional information about exercise- 
associated dysrhythmias, 135 Blood samples can also be 
drawn from a jugular catheter during the final 15 seconds 
at each speed. A linear relationship between heart rate and 
speed is expected, with a plateau forming at the maximum 
heart rate. The maximum heart rate does not change with 
training, but the speed at which the maximum heart rate 
is reached should increase with training. As an alternative, 
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BOX 5-20 


Causes of Exercise Intolerance That Are Inapparent at Rest 


Pneumoconiosis (e.g.. silicosis) 
ImemituI pneumonia 
Diaphragmatic hernia 


RESPIRATORY CAUSES 

Obstructive Upper Airway Diseases 
Common Causes 

UryngopaLiLal dislocation (dorsal displacement of the soft palate) 
Dynamic pharyngeal collapse 

Dynamic collapse of the left arytenoid cartilage in association 
with idiopathic laryngeal hemiplegia 
Chronic pharyngeal lymphoid hyperplasia 
Epiglottic entrapment 
Axial deviation of the atyepigjottic folds 
Arytenoid chondritis 
Paranasal sinus empyema 
Paranasal sinus cysts 
Guttural pouch infections 

Uncommon Causes 

Dynamic collapse of the alar folds 
Nasal polyps 

Progressive ethmoid hematoma 
Subcpiglooic cysts 
Epiglottic retroversion 
Chondroma of the arytenoid cartilages 
Fractured laryngeal cartilages 
Nasopharyngeal cicatrix 

Congenital 


CARDIOVASCULAR CAUSES 
Common Causes 

Atrial fibrillation 

Ventricular premature contractions 
Ventricular tachycardia 
Mitral insufficiency 
Aortic insufficiency 

Resting or exercise-induced myocardial dysfunction and reduced 
fractional shortening 
Pericarditis 

Aortoiliofemoral arteriosclerosis or thrombosis 

Uncommon Causes 

Ventricular septal defects 
Monensin toxicity 

Heart block (intraatria!, second and third-degree 
atrioventricular and intraventricular) 

Endocarditis 

Congestive cardiac failure 
Ruptured chordae tendinea 
Cor pulmonale 
Congenital defects 


Choanal (posterior nares) atresia or stenosis 
Excessive alar folds 
Stenotic nares 

Abnormalities of the nasal septum 

Rostral displacement of the palatopharyngeal arch 

Tracheal stenosis, stricture, collapse 

Lower Airway Diseases 
Common Causer 

Exercise-induced pulmonary hemorrhage (EIPH) 
Recurrent airway obstruction (RAO or COPD) 

Equine herpesvirus types 1 and 4 [F.HV-1 and EHV-4) 
Other viral infections (influenza, rhino virus, 
adenovirus, reovirus) 

Inflammatory lower airway disease 
Bacterial pneumonia 
Pleuropneumonia, pleuritis 

Uncommon Causes 

Pulmonary abscess 


MUSCULOSKELETAL CAUSES 

KxcmonaJ rhabdomyolysis 

Lameness involving limbs, sacroiliac iotnc back 

Focal musde strain 

METABOLIC AND SYSTEMIC CAUSES 

Anemia 

Fluid and electrolyte imbalances 

Anhidrosis 

Heat exhaustion 

Neoplasia 

Liver disease (pyrrol izidine alkaloid) 

GENERAL CAUSES 

Obesity 

Poorly trained horse 
Poor genetic potential 

Administration of illicit medications [doping) 


a linear regression can be used to determine the horse's 
speed at a heart rate of 200 beats/min (V^). is dose 
to the anaerobic threshold, may predict aerobic capacity, 
increases with increasing fitness, and has a high individual 
predictability that allows for early and valid detection of 
clinical disorders that limit performance. n * l * x 154 The 
speed at which horses reach a maximum heart rate has been 
proposed as a better measure than because it is an 
absolute rather than a relative measure, however, measure¬ 
ment of maximum heart rate requires a more strenuous 
exercise test. Parameters such as the velocity at which the 
whole blood lactate value reaches 4 mmoI/L (V^*) and 
the heart rate at which blood lactate reaches 4 mmol/L 
(HR 1JU ) can be calculated to evaluate the anaerobic 
threshold, 118 ' 154 The rate oflactate accumulation may also 
provide valuable information. 


Lactate concentrations can be determined in either whole 
blood or plasma, Recent studies suggest whole blood lactate 
may provide a more accurate reflection of lactate accumula¬ 
tion than plasma tactate,* 55 because red blood cells actively 
lake up lactate and buffer it and the type and number of 
red blood cell lactate transporters differ markedly among 
horses. 

The value ofY^ay HRjj^, and other parameters is that 
they provide standards against which improvement or deteri¬ 
oration in fitness can be assessed and individual horses can be 
objectively compared. na - l3aiM Hematocrits can also be eas¬ 
ily determined from blood samples obtained at each speed 
to provide a rough estimate of the number of circulating red 
blood cells. Blood samples drawn before and 4 hours after 
exercise for measurement of CK concentration can be used 
to screen for subclinical exertional rhabdomyo lysis. 
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Further evaluation of the oxygen transport system can be 
obtained in laboratories where the sophisticated open-flow 
gas-col lectio n system necessary to measure oxygen con¬ 
sumption (VtK) is available. During the incremental exer¬ 
cise lest a plateau in oxygen consumption eventually is 
reached, representing maximum oxygen uptake, V0 2 tan 
be used at submaximal speeds to calculate the oxygen cost 
of locomotion, and VO Jmjup a key indicator of aerobic 
capacity, can be determined The cardiopulmonary system 
can be farther evaluated during exercise by measuring arte¬ 
rial blood gases from the transverse facial artery using an 
18-gauge indwelling catheter.*” An accurate measure of 
the total red blood cell volume in a horse can be deter¬ 
mined using an Lvans blue dye dilution technique immedi¬ 
ately after maximal exercise. 

FIELD TESTS* Standardization of field exercise tests is 
very difficult because weather, track conditions, and other 
factors influence the amount of work performed. The 


simplest form of exercise test involves timing a horse exer¬ 
cising maximally over a fixed distance and evaluating heart 
rate recovery rates at specific time points after exercise. Addi¬ 
tional information can be obtained by measuring hean rate 
during exercise using a cardiotachometer. 130 As fitness 
improves, the hean rate for a given speed of exercise should 
be lower. Incremental field exercise tests have been used 
most successfully in standardbred horses in which the heart 
rate and blood lactates were measured after several heats at 
predetermined increases in pace. At speeds above 450 m/ 
min, lactate begins to accumulate in the blood during exer¬ 
cise; the precise kinetics of accumulation depends on the 
horse's fitness and exercise capacity. Fitness responses 
include a lower heart rate and lactate concentration for the 
same exercise speed. The value of these measurements is 
only as good as the standardization of the testing proce¬ 
dures used. 




Alterations in Cardiovascular and 
Hemolymphatic Systems 

'SHEILA M. MCGUIRK and VIRGINIA S. REEF 


MAJOR CLINICAL SIGNS OR PROBLEMS ENCOUNTERED 

Peripheral edema, pleural effusion, Muffled heart sounds, 89 
ascites, 63 Cardiovascular exercise intolerance. 

Cardiac arrhythmias, 86 weakness, and syncope, 90 

Cardiac murmurs, 88 Venous distention and pulsations, 91 


Painful peripheral swellings, 93 
Enlarged lymph nodes, 93 
Abnormal peripheral pulse, 94 


PERIPHERAL EDEMA, PLEURAL 
EFFUSION, ASCITES 

Edema is an abnormal accumulation of extracellular fluid 
in the interstitial spaces of the tissues or in body cavities 
that can be generalized or localized. If the fluid accumula¬ 
tion occurs in the pleural cavity, it is referred to as pleural 
effusion or hydwthorax; if the fluid accumulation is in the 
abdominal cavity, it is referred to as peritoneal effusion or 
dicfw. 

Fluid accumulates more easily in those parts of the body 
where the connective tissue structure is relatively loose. The 
accumulated fluid tends to gravitate to the dependent areas 
of the body. In the cow, generalized edema is detected exter¬ 
nally by swelling of the submandibular tissue, the brisket 
the ventral abdomen, and occasionally the limbs (Fig. 6-1). 
Fjcternal manifestation of generalized edema in the horse is 
frequently in the pectoral region between the front limbs, 
along the ventral abdomen, in the prepuce in stallions and 
gelding (Fig. 6-2), in the Limbs, and sometimes in the head 
Stocking up, or limb edema restricted to the lower limbs, is 
commonly detected in stabled horses with no underlying 
disease, Large amounts of fluid may accumulate before clini¬ 
cal signs become evident External evidence of pulmonary 
edema (Le., a frothy, possibly blood-tinged fluid in the nares 
or expectorated) is rarely detected in large animals (Fig. 6-3). 
There are numerous causes of edema, including congestive 
heart failure (CHF) (Boxes 6-1 and 6-2). Edema is a late sign 
of CHF; other subtle signs of failure may be present before 
edema appears. 

Mechanisms of Edema 

Edema is caused by an alteration in the equilibrium 
between capillary permeability and the forces that govern 
fluid movements at the capillary level These forces are as 
follows: 

1. Intravascular hydrostatic pressure 

2. Interstitial fluid hydrostatic pressure, which exerts a 
counterpressure to keep fluid within the capillary 


3. Intravascular colloid oncotic pressure exerted by plasma 
proteins, which favors the resorption of interstitial fluid; 
the major determinant of colloid osmotic pressure in the 
capillary is albumin 

4. Interstitial fluid colloid osmotic pressure exerted by 
some proteins in the interstitial fluid, which resists 
resorption of fluid from the interstitial space 

5. Vascular surface area capable of fluid transport 

6. Vascular permeability to proteins and water 
Activation of complement and liberation of cytotoxic 

agents such as oxygen radicals, leukotrienes, hydrogen per¬ 
oxide, platelet-activating factor, and lysosomal enzymes 
contribute to the endothelial and epithelial damage, caus¬ 
ing permeability edema. Subsequent increase in colloid 
osmotic pressure causes fluid accumulation in the intersti¬ 
tial space. The most common causes of increased capillary 
permeability are trauma, infection, endotoxemia, and 
hypersensitivity (allergic) vasculitis, [epical administration 
of counterimtants can also cause local increase in capillary 
permeability Equine purpura hemorrhagica, the most com¬ 
mon vasculiiic disease in horses, may in its mildest form 



FIG. 6-1 n Cow with brisket, ventral, and udder edema. 
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FIG. 6-2 II Gelding with ventral and preputial edema, 


have symptoms of mucosal petechia? and plaques of edema 
or, in severe cases, serum exudation from and necrosis of 
skin surfaces. 

Increased hydrostatic pressure can cause either localized 
or generalized edema. In horses and ruminants the most 
common causes of increased hydrostatic pressure are CHF, 
venous thrombosis, liver disease causing obstruction of the 
portal venous system, lymphadenapathy, a cranial mediasti¬ 
nal mass, compression bandages, limb immobilization, and 
topical administration of counterimtants. Cl IF occurs when 
there is concomitant pulmonary and systemic vascular con 
gestion. The compensatory salt and water retention increases 


ventricular diastolic venous, and capillary pressures, which 
can result in the formation of generalized edema. Arteriolar 


FIG. 6-3 tl Gelding with acute fulminant pulmonary edema 


vasodilation, caused by release of tissue mediators of inflam¬ 
mation or increased venous pressure resulting from obstruc¬ 
tion to venous outflow, can also elevate capillary hydrostatic 
pressure and result in edema formation. 

When the plasma protein concentration decreases from 


plasma proteins with starvation, liver disease, or severe heart 
failure, or (2) augmented loss of plasma proteins resulting 
from kidney disease, proteindosing enteropathies (I oh tie's 
disease, chronic inflammatory bowel disease), peritonitis, 


normal to values less than 5 g/dl. or albumin concentration or pleurilis, Nemodilution as a result of overzealous admin- 
is less than L5 g/dL, generalized edema may occur. Hypo- istratlon of fluids or decreased elimination of fluid can cause 
proteinemia can result from (1) decreased production of edema. Failure to excrete adequate water to maintain fluid 


box «-i _ 

Causes of Peripheral Edema, Pleural Effusion, and Ascites in Horses 

COMMON CAUSES 

Thrombophlebitis 

Chronic heart failure 

Lymphatic obstruction 

Mitral or tricuspid regurgitation 

Ulcerative lymphangitis 

Aortic regurgitation 

Lymphadenitis (Coiynefwrteriwm pseiHforuiwrcti/ejis abscesses) 

Vegetative endocarditis 

Trauma 

Congenital heart defects 


Cardiomyopathy 

UNCOMMON CAUSES 

Vitamin E, selenium deficiency 

Aortic cardiac fistula 

Pericarditis 

Heart base tumor other than lymphosarcoma 

Pleurilis 

Cranial mediastinal mass 

Neoplasia: lymphosarcoma 

Neoplasia: plasma cell myeloma, squamous cell carcinoma, 

Hypoprote i nemia 

fibrosarcoma 

Liver disease 

Starvation 

Gastrointestinal malabsorption: inflammatory bowel disease. 

Kidney disease: glomerulonephritis, amyloidosis 

neoplasia, parasitism 

Ionophore toxicity 

Peritoneal or pleural effusion 

Copper deficiency 

Vasculitis 

Counted rritant application 

Equine infectious anemia 

Hemodilution 

Purpura hemorrhagica 

Pregnancy 

Equine ehrlichiosis 

Ruptured bladder 

Equine viral arteritis 

Gj&id occidental is toxicity 
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Causes of Peripheral Edema, Pleural Effusion, and Ascites in Ruminants 

COMMON CAUSES 

Urolithiasis- ruptured urethra Or bladder 

Chronic heart failure 


Mitral or tricuspid regurgitation 

UNCOMMON CAUSES 

Vegetative endocarditis 

Eprrythrnznin uvnypni (B) 

High-altitude disease (brisket disease) 

Idiopathic pericardial effusion 

Congenital heart defects 

Cardiomyopathy 

Cor pulmonale 

Starvation 

Vitamin F„ selenium deficiency 

Hemodilution 

Pericarditis (traumatic reticulopcricarditis) 

lonophore toxicity 

Pleuritis 

Copper deficiency 

Heart base tumor: lymphosarcoma 

Infectious myocarditis 

Hypoproteinemia 

Vasculitis 

liver disease 

Trauma 

Kidney disease: amyloidosis. 

Pregnancy 

glomeru lonephri lis 

Caudal vena caval thrombosis 

Gastrointestinal malabsorption lymphosarcoma, Fohne's 

Ehrlichiosis 

disease, parasitism 

Gossypol toxicity 

Peritoneal or pleural effusion 

Cassia occidental is 

Lymphatic obstruction (G^TWiwcterturH pseudetubertubtos. 

FHalths species toxicity 

lymphosarcoma) 

Qrytrppii seriem (locoweed) toxicity 

Thro m boph lebitis 



balance can result from decreased glomerular filtration as a 
result of kidney disease or heart failure. 

Increased tissue colloid osmotic pressure is rarely a cause 
of edema in horses and ruminants Interstitial fluid has a 
lower plasma protein concentration than plasma When 
capillary permeability is increased or when abnormal pro- 
tein-like material is present in the interstitial space, edema 
can develop by this mechanism. The latter may occur with 
infection or after administration of topical counterirritants 
Lymphedema occurs when lymphatics are absent or 
obstructed. Congenital absence of lymphatics is extremely 
rare. Obstruction to lymphatic drainage can be caused by 
tumor, local inflammation (lymphangitis or lymphadeni¬ 
tis). or elevated central venous pressure as in heart failure. 

Approach to Diagnosis of Peripheral Edema, 

Pleural Effusion, and Ascites 

1, Take history. Note especially history of deworming pro¬ 
gram, diet, and vitamin or mineral supplements. Deter¬ 
mine onset progression, and duration of the problem 
and whether other animals are affected. Ask about history 
of fever, signs of respiratory disease or difficulty, appetite, 
consistency of feces, and previous medications. Establish 
the function of the animal and whether there have been 
changes in performance capability. Compare growth 
and activity level to that of peers, 

2 Perform a physical examination and record vital signs. 
Determine whether edema is localized or generalized 
Palpate external lymph nodes. Palpate edematous areas 
to determine whether there is heat pain, or fluid exuda¬ 
tion. Edema is typically cool, nonpainful, and pitting, 
leaving an indentation when a finger is pushed against 
it. Carefully auscultate heart and lungs. Note abnormal¬ 
ities in cardiac rhythm, murmurs, or other sounds asso¬ 
ciated with the cardiac cycle. Palpate a peripheral pulse; 
observe mucous membranes for color, capillary refill 
time, and peteebsae. Observe the jugular vein for disten 
tion and pulsations. Evaluate peripheral veins, including 
the mammary vein, for distention and pulsations. Per¬ 
form a rectal examination to determine whether internal 
lymph nodes are enlarged. Palpate the aorta and Iliac 
arteries for pulse strength and fremitus. 


3. Obtain blood for the following; 

a. Complete blood count (CBC) (includes fibrinogen 
and plasma protein concentration) 
b Selenium concentrations if cardiomyopathy is sus¬ 
pected 

C. Ehrlichia equi morula in granulocytes or Fhrlkhw DMA 
by polymerase chain reaction if edema, petechial 
hemorrhages, fever, icterus, or muscle stiffness is present 

4. Test serum for the following: 

a. Albumin and globulin concentrations 

b. Muscle enzyme (creatine kinase |CK|, including crea¬ 
tine kinase, myocardial bound [CK-MRJ | isoenzyme); 
cardiac troponin 1 |cTnI|; and aspartate aminotrans¬ 
ferase |ASTJ) concentrations 

c. Liver enzyme concentrations and liver function (AST', 
sorbitol dehydrogenase [SDH], alkaline phosphatase, 
Y-glutamyltransferase [GGT|, bilirubin, and bile arid 
concentrations); values may be elevated in CHE 

d. Tests for kidney function as follows: serum urea nitro¬ 
gen (SUN) and creatinine concentrations, serum elec¬ 
trolyte (Ca, P, Na, K, Cl) con centra lions, fractional 
excretion of electrolytes (see Chapter 34 for method), 
urinalysis; serum concentrations of Na may be 
decreased, and SUN may also be elevated in chronic 
heart failure 

e. Check for antibodies to equine infectious anemia 
virus by agar gel immunodiffusion (ACID) or Cog¬ 
gins" test 

f Determine titers to equine viral arteritis by serum 
neutralization if there is ocular inflammation, nasal 
discharge, abortion, or fever with edema 

g. ti equi antibodies as demonstrated by immunofluo¬ 
rescence if physical examination reveals icterus and 
fever with edema 

h, Vitamin E levels if cardiomyopathy suspected 

5. Record an electrocardiogram (I CC) to rule out an 
arrhythmia or conduction disturbance (see Chapter 
30); if abnormalities of the EGG are noted, an echocar¬ 
diogram should be performed. 

6. Perform two-dimensional (2-D), M-mode, and Doppler 
echocardiography if there is a cardiac murmur that is 
not localized to the left bean base, that radiates, is greater 
than 2/6 intensity, or is of significant duration. 
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7. Analyze fluid to rule out peritonitis, pleuritis, and peri¬ 
carditis; if physical examination and CBC findings are 
compatible, examine: 

a. Pleural fluid 

b. Pericardial fluid 

c. Peritoneal fluid 

8. Isolate vims from nasopharyngeal swabs, bufify coal, or 
semen for equine viral arteritis if clinical signs are 
compatible. 

9. Oral r>xylose or glucose absorption test should be done 
in horses if there is hypoproteinemia and if starvation, 
renal disease, hepatic disease, pleuritis, peritonitis, infec¬ 
tious gastrointestinal disease, and hemodiSution have 
been ruled out; these tests are riot useful in ruminants 
unless intraabomasal instillation of D-xylose or glucose 
is accomplished. 

CARDIAC ARRHYTHMIAS 

Cardiac arrhythmias are abnormalities in the normal heart 
rate, rhythm, or conduction pattern. Arrhythmias result 
from abnormalities of impulse generation or impulse con¬ 
duction or a combination of both. In the normal heart the 
impulse is generated in the sinus node because it has the 
highest rate of spontaneous depolarization. Atrial contrac¬ 
tion is followed shortly by ventricular contraction. There is 
variability in reported normal ranges for heart rate in the 
large adult animal species, but there is general acceptance 
of the following ranges: 

■ Horses: 26 to SO beats/min; 60 to 80 beats/min in foals 

■ Cattle: 49 to 84 beats/min 

■ Sheep and goats: 70 to 90 beats/min 
Arrhythmias are more common in horses than in other 

domestic animal species. As many as 25% of horses that 
have no other signs of heart disease have cardiac arrhyth¬ 
mias during routine examination or electrocardiography. 1 
During continuous 24-hour electrocardiography, 44% of 
normal horses had second-degree atrioventricular (AV) 
block, 10% had sinus arrhythmia, 3% had sinoatrial (SA) 
block, 27% had occasional supraventricular extrasystoles, 
and 15% had occasional ventricular arrhythmias.‘ Cardiac 
arrhythmias may be present in 40% of horses that have 
other signs of cardiac disease. 1 Unlike other species, the 
horse has arrhythmias at rest that are considered benign or 
functional. Benign, physiologic, or functional arrhythmias 
are usually bradyarrhythmias and are thought to be the 
result of increased vagal tone. These anhythmias disappear 
at high heart rates (exercise or excitement) or with the 
administration of atropine (0.02 to 0.05 mg/kg subcutane¬ 
ously [SCj or intramuscularly [IMj) or glycopyrrolate 
(0,003 to 0,006 mg/kg SC or IM), Some examples of benign 
or functional arrhythmias are as follows: 

■ Second-degree AV block 

■ Sinus arrhythmia 
a Sinus bradycardia 

■ SA block 
a SA arrest 

Other arrhythmias are usually considered to be patho¬ 
logic, even if there are no other overt signs of cardiac dis¬ 
ease. Some examples of pathologic arrhythmias are: 

■ Atrial fibrillation 

■ Atrial and ventricular premature depolarizations 

■ Supraventricular or ventricular tachycardia 

■ Advanced second-degree or third-degree (complete) 
AV block 

The most effective method of identifying the specific 
arrhythmia is by performing an ECG. Arrhythmias that are 
transient or intermittent may not be detected with resting 
electrocardiography. Radiotelemetry or continuous 24-hour 


ECG recordings are useful to characterize the type, frequency, 
and severity of arrhythmias. Exercising electrocardiography 
may identify arrhythmias that are absent or clinically insig¬ 
nificant at rest but that may impair performance. 

In general, cattle do not have benign arrhythmias like 
horses, but they are frequently found to have sinus brady¬ 
cardia and sinus arrhythmia associated with lack of feed 
intake. These arrhythmias were previously thought to be 
abnormal and associated with vagal indigestion but have 
been shown to occur in normal cattle held off feed for 12 
to 48 hours. 3 Cattle with gastrointestinal disease seem to 
have increased susceptibility to cardiac arrhythmias, espe¬ 
cially atrial premature depolarizations and fibrillation. 
Although the reason for the susceptibility is not established, 
abnormal electrolyte concentrations, acid-base distur¬ 
bances, and aberrations in autonomic nervous system bal¬ 
ance have been proposed. 4 Sinus arrhythmia in goats is 
considered to be a benign arrhythmia and is present in 
many normal animals. Normal camelids also frequently 
have sinus arrhythmia. 

Mechanisms of Cardiac Arrhythmias 

Arrhythmias result from abnormalities of impulse genera¬ 
tion or impulse conduction or a combination of both. A vari¬ 
ety of mechanisms can cause abnormal impulse generation 
or conduction (Boxes 6-3 and 6-4) Abnormal impulse gen¬ 
eration occurs because of localized changes in ionic currents 
that flow across the membranes of single cells or groups of 
cells. Abnormal impulse generation can be seen as automa- 
ticity (normal and abnormal) or triggered activity. 

Automatic!ty, the ability to initiate action potentials spon¬ 
taneously, is a property of cells in Lhe sinus node, some parts 
of the atria, the AV junction, and the His-Purkinje system. 
Cardiac disease can be responsible for the development of 
automaticity in cells that normally do not have this property. 
Normal automaticity develops when the membrane poten¬ 
tial slowly falls (i.e., becomes less negative) during diastole. 
When the membrane reaches its threshold potential, an 
impulse is initiated. The most common dinical arrhythmias 
that are thought to be caused by the automaticity mechanism 
are sinus tachycardia and sinus bradycardia, which are the 


BOX 6-3 


Causes of Cardiac Arrhythmias in Horses 


COMMON CAUSES 

Excitement 

Autonomic imbalance 

Fever 

Sepsis 

Toxemia 

Hypoxemia 

Colic 

Metabolic imbalance 
Electrolyte abnormalities 
Congenital defects 
Myocarditis 
Valvular disease 

UNCOMMON CAUSES 

lonophore toxicity 

Anesthesia 

Other drags 

Pericarditis 

Cardiomyopathy 

Cardiac or heart base tumor 

Aortic root rupture 



BOX 6-4 
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Causes of Cardiac Arrhythmias in Ruminants 


COMMON CAUSES 

Gastrointestinal disease 
Lymphosarcoma 
Valvular heart disease 
Myocardial diseases 
Brisket disease 
Perirarditis 

Cor pulmonale caused by pulmonary hypertension 
Excitement 

Foot rot ( 

Fever 

Sepsis 

Toxemia 

Metabolic imbalance 
Electrolyte abnormalities 
Myocarditis 

UNCOMMON CAUSES 

Jonophore toxicity 
Anesthesia 
Hypoxemia 
Cardiomyopathy 
Autonomic imbalance 


result of alterations in autonomic nervous system lone* 
Enhanced automatic]ty in another area of the heart that is 
capable of automaticity (spontaneous depolarization) may 
be responsible for atrial or ventricular premature beats. It is 
not dear what clinical arrhythmias are caused by triggered 
activity. 

Under certain circumstances, conduction abnormalities 
allow a propagating impulse, which has already excited the 
heart, to persist and reexcite the atria or ventrides after the 
end of the refractory period. This can occur in an ordered or 
random fashion. Random reentry occurs over reentrant path- 
ways that continuously change in size and location with time, 
whereas ordered reentry occurs over a relatively fixed reen¬ 
trant pathway. Impulse propagation may be slow enough 
that reentrant circuits can be established in very small areas 
of myocardium. In large animals the size of the myocardial 
circuit is large enough that relatively mild alterations in 
impulse propagation may make reentry feasible and may 
account for the relatively greater frequency' of arrhythmias 
in these species. Although it is not possible to precisely define 
the mechanism of clinical arrhythmias, it is believed that 
atrial and ventricular fibrillation may be caused by random 
reentry. 

Under clinical conditions, cardiac arrhythmias may be 
associated with disturbances in electrolyte concentrations, 
especially potassium and calcium, in arid-base balance, 
and in autonomic nervous system balance. These conditions 
can precipitate cellular changes conducive to the develop¬ 
ment of arrhythmias by any of the above mechanisms. 

Approach to Diagnosis of Cardiac Arrhythmias 

It is important to distinguish between abnormal arrhythmias 
that are primary and those that are secondary. Most abnor¬ 
mal arrhythmias of horses and cattle are tachyarrhythmias, 
Primaty r arrhythmias are caused by pathologic conditions 
of the heart (myocarditis, valvular disease, conduction sys¬ 
tem abnormalities, and pericarditis). Secondary arrhythmias 
develop in the absence of heart disease and can be caused by 


excitement, fever, sepsis, hypoxemia, metabolic or electrolyte 
imbalances, gastrointestinal disturbances, anesthesia, iono- 
phores, other drug£, or toxemia. The treatment and progno¬ 
sis for the two types of arrhythmias can be very different, 
and examination and laboratory tests are used to assist in 
making the distinction, 

1, Take history. Determine the diet, feed additives, or med¬ 
ication (including furosemide, bicarbonate, or other pre¬ 
race medications); note whether there has been exercise 
intolerance, syncope, fever, coughing, or edema, inquire 
about gastrointestinal problems, diarrhea, or colic; 
inquire about access to cattle or chicken feed or supple¬ 
ments and about previous respiratory tract infections in 
this animal or stabiemaies. 

2, Perform a physical examination to determine whether 
there is primary cardiac disease. Record the animal's 
vital signs. Determine whether this is a bradyarrhyth- 
mia or tachyarrhythmia. Careful auscultation should 
note which heart sounds are present and should charac¬ 
terize the arrhythmia. There may be irregularities in the 
bask rhythm, added sounds, or long pauses, classifica¬ 
tion of heart rate by regularity of rhythm can distin¬ 
guish one arrhythmia from another (see Chapter 30), 
Note whether a pulse deficit is present by simultaneous 
auscultation and palpation of the peripheral arterial 
pulse; note the strength of the peripheral arterial pulse; 
observe the jugular vein for pulsations and distention; 
examine peripheral veins for distention; and examine 
mucous membrane color and capillary refill lime. Care- 
fix) auscultation of the lungs with and without a 
rebreathing bag should be performed. 

3, Record an ECG, The base-apex lead can be used to 
screen for arrhythmias; it is attached using positive, 
negative, and ground leads as follows; 

a. Positive lead is attached to skin over the left fifth 
intercostal space at the point of maximal intensity 
(PM!) of the apex beat; using lead L this is the left 
arm electrode; using lead II or lead III, it is the left 
leg electrode. 

b. Negative lead is attached to the skin of the right jug¬ 
ular furrow two thirds of the distance from the 
ramus of the mandible to the thoracic inlet; using 
lead I or lead If, this is the right arm; using lead III 
it is the left arm, F,CG interpretation is discussed in 
Chapter 30. 

4, If there is a cardiac murmur, perform an echocardio¬ 
gram (including 2-D, M-mode, and Doppler). look 
for evidence of ventricular dysfunct ion, myocardial fail¬ 
ure, chamber dilation, tumor, valvular abnormalities 
such as endocarditis, congenital defects, aortic cardiac 
fistula, and pericardial effusion, 

5, Obtain feed for analysis if io nop ho re (monensin, lasa- 
locid, salinomycin) exposure is suspected, 

6, Obtain blood for the following; 

a, CRC 

b, Seleni um co ncen tra t ion s i f card i omyop athy suspect ed 

c, Blood gas determinations and acid-base status 

7, Test serum for the following; 

a. Electrolyte (Na, K, Cl, Ca, Mg, P) concentrations 

b. Vitamin E (3-tocopherol) concentration 

c Cardiac isoenzyme determinations of CK (CK-MB) 
and cardiac troponin-1 (cTnT) 6 if myocarditis or 
myocardial necrosis is suspected 
B. Test urine for the following; 

a. Electrolyte (Na, K, Cl) concentrations 

b. Creatinine determination 

9. Calculate fractional excretion of potassium in the urine. 
This will be variable, depending on the diet, but a low 
value indicates the need for supplementation. 
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10. Treat the arrhythmia if: 

a. Patient is hemodynamicalIy unstable (e,g„ poor car¬ 
diac output, weak peripheral pulses, cold extremi¬ 
ties, syncopal) 

b, There is ventricular tachycardia with a rapid rate (heart 
rate > 100 beats/min for horses and >120 beats/min 
for cows) 

c There are multifocal ventricular ectopic beats 

d. A QR5 is detected in the preceding T wave (R on T) 

e. There are more than 15 extra systoles per minute 

f. There is advanced second-degree or complete (third- 
degree) AV block 

g. The primary problem is cured or the condition is sta¬ 
bilized, and the patient is symptomatic with the car¬ 
diac arrhythmia 


CARDIAC MURMURS 

Throughout the cardiovascular system, blood has a laminar 
or streamlined flow, except in the heart and sometimes in 
the aorta. Occasionally conditions occur that cause turbu¬ 
lent flow that is sufficient to cause resonance in adjacent 
structures, This resonance may be heard as a murmur when 
a critical level of turbulence is reached (Boxes 6-5 and 6-6), 
The factors that determine whether blood flow is laminar or 
turbulent are related by the Reynolds number, which is the 
ratio of the inertial to viscous forces. When the Reynolds 
number exceeds a critical value (about 2000 in large ves¬ 
sels), turbulence occurs. Increased flow velocity or reduced 
blood viscosity (e.g., anemia) predisposes to murmur devel¬ 
opment, The characteristics of the murmur depend on the 
velocity of the blood flow and the nature of the structures 
that are caused to vibrate. 

It is useful to characterize murmurs with regard to timing 
in the cardiac cyde (systolic, diastolic, or continuous), dura¬ 
tion in the cardiac cyde {early, mid, late, holo-, pan ), inten¬ 
sity (loudness), shape and quality or frequency, PML and 
radiation of the murmur. Systolic murmurs occur anytime 
between the first and second heart sound. Diastolic murmurs 
occur between the second and first heart sounds. Continuous 
murmurs occur throughout the cardiac cycle (Fig. 6-4), The 
intensity of murmurs is frequently graded on a scale of 1 to 6 7 : 

■ Grade 1 h a soft murmur heard only after minutes of 
careful listening, 

■ Grade 2 is a soft murmur heard immediately on 
auscultation. 

■ Grade 3 is a murmur of moderate intensity. 



Causes of Cardiac Murmurs in Horses 


COMMON CAUSES 

Anemia 

Excitement 

Fever 

Functional murmur 
Exercise 

Valvular disease: degenerative, infective, dilation 

Congenital defects 

Myocarditis 

UNCOMMON CAUSE 

Aortic cardiac fistula 

Cardiomyopathy 

Pericarditis 

Cranial mediastinal abscess 



Causes of Cardiac Murmurs in Ruminants 


COMMON CAUSES 

Anemia 

Excitement 

Fever 

Functional murmur 

Valvular disease: infective, degenerative, dilation 

Congenital defects 

Lymphosarcoma 

Pericarditis (usually traumatic reUculopericarditis) 

UNCOMMON CAUSES 

Cardiomyopathy 

Myocarditis 


■ Grade 4 is a loud murmur associated with a palpable 
thrilL 

» Grade 5 Is a loud murmur that is not heard when the 
stethoscope is removed from the chest wall. 

■ Grade 6 is a loud murmur that is audible with the 
entire stethoscope chest piece held away from the chest 
wall. 

The PM1 of a murmur usually corresponds to the loca¬ 
tion of one of the heart valves. Murmurs associated with 
the mitral valve will frequently be heard best in the left 
fifth intercostal space just dorsal to the level of the elbow. 
These murmurs usually radiate dorsally or toward the aor¬ 
tic valve area. Pulmonic valve and aortic valve murmurs 
are best heard at the base of the heart. For this area to be 
accessed, the hand is moved under the left triceps muscle 
to the third and fourth intercostal spaces just below the 
level of the shoulder. Aortic valve murmurs are located just 
dorsal and caudal to the pulmonic valve. Murmurs asso¬ 
ciated with the tricuspid valve are frequently located in 
the right third or fourth intercostal space between the 
shoulder and elbow. 

Most systolic murmurs fall into one of two categories: 
ejection or regurgitant (see Fig. 6-4). Systolic ejection mur¬ 
murs are caused by obstructed, increased, or turbulent 
blood flow across normal or damaged semilunar valves. 
Valvular obstruction is rare in large animals, but functional 
ejection murmurs are commonly found in healthy horses. 
The PM1 of the functional murmur is typically at the pul¬ 
monic or aortic valve or just dorsal to them over the great 
vessels. It is a crescendo-decrescendo murmur that is audi¬ 
ble in early-to-mid systole. The diagnostic considerations 
for systolic ejection murmurs are given in Box 6-7, lhe 
innocent or functional murmur may be distinguished from 
a pathologic murmur by being of lower and variable inten¬ 
sity, peaking in early-to-mid systole, ending well before the 
second heart sound, and having no radiation. The physio¬ 
logic systolic ejection murmur may disappear or become 
louder after exercise. Diagnostic considerations for systolic 
regurgitant murmurs are listed in Box 6-7, 

Regurgitant murmurs typically begin with AV valve clo¬ 
sure and end after pulmonic and aortic valve closure, 
making the second heart sound inaudible. They can be var¬ 
iable in duration, however, and occur in early, mid, or late 
systole or can be pansystolic or holosystolic. Location of 
the PMI and the direction of radiation of the systolic mur¬ 
mur distinguish mitral or tricuspid regurgitation from a 
ventricular septal defect (VSD), Systolic clicks are rare in 
horses and cattle but may indicate abnormalities of the 
chordae tendineae, AV valve prolapse, or dilation of the 
aorta. 
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FIG. 6-4 m Phor«>f4rdkJ(praphic diaracterikks of tyv 
tolk election, holotyiioiit (pjnsvHolK) regurgitant* 
and diastolic drrrcKcndo canUac murmurs,. 




Possible Causes of Ejection and Regurgitant 
Systolic Cardiac Murmurs 


EJECTION 

Innocent murmur 

Anemia 

Fever 

Aortic stenosis 
Pulmonic stenosis 
Atrial septal defect 
Ventricular septal defect 
Tetralogy of Fallot 

REGURGITANT 

Mitral regurgitation 
Tricuspid regurgitation 
Ventricular septal defect 
Tetralogy of Fallot 


Diastolic murmurs can occur between S 4 and Si (atrial 
systolic murmurs), between S 2 and (ventricular filling 
murmurs), or from S 2 to Si (aortic regurgitation or rarely, 
pulmonic regurgitation). Both the atrial systolic and ventric¬ 
ular filling murmurs are usually functional can be heard 
over the left or right hemithorax, and can vary in intensity. 
The aortic regurgitation murmur is typically a decrescendo 
murmur with its PM1 over the aortic valve that begins 
immediately after $ 2 (see Fig. 6-4). Some aortic regurgita¬ 
tion murmurs can be harsh or musical, associated with 
high-frequency vibrations of an aortic valve leaflet, and they 
may be audible over the right thorax. 

Continuous murmurs are uncommon in horses and 
ruminants. Patent ductus arteriosus, a finding in normal 
foals for a short time after delivery, can be heard in the left 
third intercostal space. This murmur can be continuous, 
but more frequently only a residual systolic murmur is 
audible * Continuous machinery murmurs are most fre¬ 
quently reported in adult horses with an aortic cardiac fis¬ 
tula secondary to rupture of the aortic root or of a sinus of 
Valsalva aneurysm. A continuous "washing machine" mur¬ 
mur, which is most easily heard over the left cardiac area, 
is associated with traumatic pericarditis in cattle and is 
caused by the accumulation of fluid, gas, and fibrin within 
the pericardium. Acquired systolic and diastolic murmurs 
in adult horses or cattle are usually the result of separate 
murmurs. 


Approach to Diagnosis of Cardiac Murmurs 

1. Take a history. Note the age, onset, duration, and pro¬ 
gression of the condition. Determine exercise capabil¬ 
ity, growth, and attitude; inquire about previous fever, 
illness, or medications. 

2. Perform a physical examination. Record the animal's 
vital signs. Determine timing, duration, intensity, loca¬ 
tion of PMl, shape, and radiation of murmur. Palpate 
peripheral arterial pulse and observe jugular vein for 
distention and pulsations. Carefully auscultate the 
lungs at rest and during deep inspiration. 

3. Obtain blood for CBC (includes fibrinogen and total 
plasma protein concentration). 

4. Test serum for the following: 

a. Electrolyte concentrations 

b. Bovine leukosis virus (BLV), ACID status (cows) 

c Cardiac isoenzyme determinations of CK (CK-MB) 
and cTnf 6 if myocarditis or myocardial necrosis is 
suspected 

5. Record an EGG. 

6. Perform a phonocardiogram to confirm timing and 
shape of murmur, if available. 

7. Perform an echocardiogram to look for valve abnormal¬ 
ities, abnormalities of the aortic root, congenital defects, 
chamber enlargement and wall motion abnormalities; 
use pulsed wave and color flow Doppler echocardiogra¬ 
phy to localize the shunt, regurgitant blood flow, or ste¬ 
nosis (rare); use color flow and continuous wave 
Doppler echocardiography to estimate the severity of 
the jet associated with a shunt valvular regurgitation, 
or stenosis (rare); contrast echocardiography can be 
used for examination of congenital defects and detec¬ 
tion of an aortic cardiac fistula and some valvular 
insufficiency 

8. Take radiographs to find evidence of pulmonary edema 
or pleural effusion. 

9. Perform thoracic and abdominal ultrasonographic exami¬ 
nations to find pleural effusion, peritonea) effusion, and 
evidence of pulmonary edema or hepatic congestion. 

10. Cardiac catheterization for pressures, oximetry, or 
angiocardiography may complement data obtained 
noninvasiveiy with Doppler echocardiography. 

MUFFLED HEART SOUNDS 

Auscultation of heart sounds requires that the vibrations gen¬ 
erated by the heart be transmitted through the tissues of the 
thorax to the outer chest wall with sufficient amplitude to be 
heard. Blood transmits sound very well, whereas lung tissue 
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strongly attenuates sound waves. The chest wall itself causes 
attenuation of the sound that is most significant at the inter¬ 
face between bone and muscle. Therefore physical factors in 
a normal patient such as a large, thick chest or obesity, can 
cause heart sounds to be muffled. If the environment for aus¬ 
cultation is conducive to hearing heart sounds other factors 
such as stethoscope quality may cause muffling of heart 
sounds in a normal patient. One should strive to have a 
stethoscope with comfortably fining earpieces, thicker and 
shorter tubing, a rigid diaphragm to hear 5 t# S 2 , and 
higher-frequency sounds, and a bell piece for auscultation 
of S 3r S*, low-frequency sounds, and murmurs. 

Heart sounds are muffled primarily because of displace¬ 
ment of the hean from the thoracic vfrall by fluid (pericardial 
effusion), a soft-tissue mass (abscess or tumor), or air (pneu¬ 
mothorax, pneumomediastinum, or emphysema) (Boxes 6-8 
and 6-9). Rarely is muffling of heart sounds attributed to 
weak cardiac contractions alone, although this may be a 
finding in recumbent cows with marked hypocalcemia, 

Approach to Diagnosis of Muffled Heart Sounds 

L. Take a history. Inquire about any change in attitude, 
appetite, diet, or posture; determine whether a magnet 
has been administered to cattle; note any history of 
fever, weight loss, respiratory disease, colic, or diseases 
of other body systems and the deworming history; deter¬ 
mine whether cattle are known to be BLV positive, 

2. Perform a physical examination and determine vital 
signs. Carefully auscultate the lungs to establish whether 
there is ventral dullness or evidence of increased or 
added sounds from pulmonary parenchymal compres¬ 
sion; carefully auscultate the hean for pericardial friction 
rubs; determine whether there are signs of CHF [jugular 
venous distention, peripheral edema); percuss the thorax 
to determine whether there is emphysema, pleural fluid, 
or pneumothorax; note that pleural fluid in the absence 
of pericardia] effusion causes radiating heart sounds but 
absence of airway sounds; determine whether there is 
thoracic and/or abdominal pain; in cattle, check for pres¬ 
ence of a reticular magnet using a compass or stud 
finder. 

3. Obtain blood for the following: 

a. CBC 

b. Fibrinogen concentration 

c. Plasma or serum protein concentration 

d. Liver enzymes and tests for liver function (AST, SDH, 
alkaline phosphatase, GGT, bilirubin, and bile add 
concentration) 

e. Tests for kidney function (urinalysis, creatinine, 
blood urea nitrogen |BUN|, Na, 1C CL P concentra¬ 
tions and fractional excretion of Na, Cl ( P) 



Causes of Muffled Heart Sounds in Horses 


COMMON CAUSES 

Obesity 

Large or thick chest wall 
Pericarditis 

Neoplasia: lymphosarcoma 
Abscess 

Chronic heart failure 

UNCOMMON CAUSES 

Pulmonary emphysema 
Pneumothorax 

Neoplasia: squamous cell carcinoma, fibrosarcoma 



Causes of Muffled Heart Sounds in Ruminants 


COMMON CAUSES 

Obesity 

Large or thick chest wall 

Pericarditis [traumatic reticu I ope ri carditis) 

Neoplasia: lymphosarcoma 

Abscess 

Chronic hean failure 
Emphysema 

UNCOMMON CAUSE 

Pneumothorax 


4. Test serum for BLV serology and for equine influenza, 
viral arteritis, and herpesvirus. 

5. Take radiographs of the thorax to determine whether 
there is pulmonary parenchymal and/or pleural or peri¬ 
cardial disease. 

6. Perform an BCG, 

7. Perform a thoracic ultrasound examination to determine 
if there is pericardial or pleural fluid, a cardiac mass, or a 
mass in the cranial mediastinum compressing the heart. 
Determine the Location and type of fluid present. 

S, Analyze pericardial or pleural fluid, and perform culture 
and sensitivity testing if indicated. 

CARDIOVASCULAR EXERCISE 
INTOLERANCE, WEAKNESS, AND 
SYNCOPE 

Exercise intolerance, weakness, or syncope can be a clinical 
sign associated with disease in many body systems. Exercise 
intolerance can be manifested as sudden deceleration or 
stopping, failure to perform at an expected level, a sudden 
change in the level of performance or production, lowered 
enthusiasm for work, cough on exertion, evidence of respi¬ 
ratory distress, or excessive sweating. Weakness can be man¬ 
ifested as recumbency, difficulty in rising from recumbency, 
muscle tremors or fasc inflations, reluctance to move, or 
toe dragging. Syncope is a sudden collapse and loss of 
consciousness (fainting). 

Mechanisms of Cardiovascular Exercise Intolerance, 
Weakness, and Syncope 

The clinical signs of exercise intolerance, syncope, or weak¬ 
ness can be caused by cardiovascular disease (Boxes 6-10 
and 6-11). They are the result of failure to maintain cardiac 
output, caused by inability to regulate either heart rate or 
stroke volume. A normal horse increases cardiac output at 
submaximum heart rates (less than 210 beats/min in horses) 
primarily by tachycardia. At maximum hean rates (approxi¬ 
mately 210 to 240 beats/min in horses), subsequent incre¬ 
ments in cardiac output occur by increased stroke volume.^ 
The maximum heart rate for tattle and small ruminants has 
not been published. 

Supraventricular cardiac arrhythmias, primarily atrial 
fibrillation in horses, can lead to hean rates greater than 
240 beats/min with submaximum exercise. 1011 Heart rates 
exceeding the maximum rate may limit cardiac output by 
decreasing the time for diastolic perfusion of the myocar¬ 
dium or by limiting stroke volume because the short diastolic 
intervals leave inadequate time for ventricular filling. The 
ability to maintain cardiac output can also be compromised 
by other cardiac arrhythmias such as ventricular premature 
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neurologic disease is the cause of these clinical signs. 
Of particular importance are heart rate at rest, peripheral 
arterial pulse characteristics, presence of pulse deficits, 
mucous membrane color, and appearance of jugular 
venous pulses. Lungs should be auscultated for evidence 
of pulmonary edema or pleural effusion. The chest 
should be percussed. Rectal examination should be per¬ 
formed to evaluate aortic and iliac arterial pulses; meta¬ 
tarsal artery pulses and saphenous vein refill should be 
evaluated. 

3. Perform a rectal ultrasound examination if aortoiliac 
thrombosis is suspected, to document the disease and 
assess its severity. 

4. Record an EGG at rest, during exercise (preferably with 
radioielemetry), and after exercise, if it is safe for the ani¬ 
mal to exercise. Perform a continuous 24-hour EGG to 
evaluate frequency of arrhythmias, 

5. Perform an echocardiogram (2 D, M-mode and Dopp¬ 
ler) to evaluate size of heart chambers; to look for con¬ 
genital defects, acquired valvular heart disease, and 
pericardia] disease; and to evaluate myocardial contrac¬ 
tility and ventricular wall motion. 

6. Perform a stress echocardiogram before and after exer¬ 
cise to evaluate changes in myocardial contractility and 
ventricular wall motion with exercise. 

7. Perform an exercise test to measure a parameter of lactic 
add concentration (i.e., lactic add accumulation after 
exercise test, lactic add concentration at defined velocity 
of exercise, or velocity of exercise at a defined lactic add 
concentration), arterial blood gas concentrations, preex- 
erdse and postexercise CK levels, cTnl, and exercise 
endoscopy to make an upper airway evaluation. 


Causes of Exercise Intolerance, Weakness, and 
Syncope in Horses* 


COMMON CAUSES 

Myocardial disease 

Cardiac arrhythmias 

Aortic or pulmonary artery rupture 

Aorloiliac-femorai arteriosclerosis or thrombosis 

Congenital heart defects 

Chronic heart failure 

Pericardial disease 

Hyperkalemic periodic paralysis » 

Genual nervous system disturbances resulting in loss of 
consciousness 


See Chapters ft and 13 for additional non cardiac causes. 


Causes of Exercise Intolerance, Weakness, and 
Syncope in Ruminants* 


COMMON CAUSES 

Myocardial disease 
Cardiac arrhythmias 
Congenital heart defects 
Chronic heart failure 


'See Chapters & and 13 for additional noncardtac causes. 


systoles. The frequency of extrasystoles can increase with exer¬ 
cise, and the timing of the abnormal beats can reduce cardiac 
output even at submaximum heart rates. 13 Horses with car¬ 
diac arrhythmias can have abnormal elevations in lactate 
concentration in response to exercise, indicating a lower 
anaerobic threshold and leading to exercise intolerance. 13 M 

Cardiac output maintenance may also be compromised in 
animals by diseases affecting myocardial contractility or dis¬ 
eases that result in increased end-systolic volume despite a 
submaximum heart rate. 15 Diseases that result in decreased 
venous return (peripheral vascular disease) can also reduce 
cardiac output and cause signs of exercise intolerance, weak¬ 
ness, or syncope, 

Exercise intolerance or weakness can also be caused by 
painful peripheral vascular conditions or conditions causing 
peripheral hypoxia or lactic acid accumulation. In horses 
such conditions may exist with aortoiliac thrombosis. Sud¬ 
den episodes of weakness and collapse without change in 
consciousness are associated with hyperkalemic period 
paralysis in horses (see Chapter 42). 

Syncope may be associated with epilepsy or other central 
nervous system (CNS) disturbance. If cardiovascular and 
pulmonary function appears normal, the nervous system 
should be examined in detail (see Chapter 8). Collapse dur¬ 
ing exercise is most commonly caused by cardiovascular dis¬ 
ease, whereas collapse at rest is usually associated with 
neurologic disease. 


VENOUS DISTENTION AND PULSATIONS 

The jugular venous pulsations observed in the neck are pri¬ 
marily a reflection of right atrial and right ventricular activ¬ 
ity. There may be some small contribution from carotid 
arterial impact, 16 The jugular venous pulse reflects the right 
atrial or central venous pressure, which is influenced by 
blood volume, right ventricular cardiac output, and right 
atrial contractility (Boxes 6-12 and 6-t3), fugular venous 
pulsations are observed in normal animals, but the pulse 
seldom radiates more than one third of the distance from 
the thoracic inlet to the ramus of the mandible when the 
head is held in a normal, upright position. 


Mechanisms of Venous Distention and Pulsations 

The normal jugular venous pulse consists of three positive and 
two negative deflections (Fig. 6-5). The first and dominant pos¬ 
itive wave is the A wave, produced by atrial contraction. During 
atrial relaxation the pressure declines until ventricular systole. 
The second positive deflection is the C wave, which is pro¬ 
duced by the bulging of the tricuspid valve leaflets into the 
right atrium during early (isovolumetric) right ventricular sys¬ 
tole. Carotid arterial impact on the jugular vein may also con¬ 
tribute to the C wave. 16 As the ventricle contracts, the plane 
of the tricuspid valve is pulled toward the apex of the heart 
and the atrial pressure declines, producing the X descent. The 
X descent is terminated by the V wave, which is associated with 
venous return, subsequent atrial filling, and a dosed tricuspid 
valve. At the end of ventricular systole, the atrial pressure falls 
again as a result of tricuspid valve opening and rapid right ven¬ 
tricular hi ling. This is the Y descent. 'lhe Y descent is terminated 
as the pressure gradually rises with right-sided heart filling. 

Abnormal pulsations occur with increased resistance to 
right ventricular filling, regardless of the cause. Distention 
and pulsations in the jugular vein are usually associated 


Approach to Diagnosis of Exercise Intolerance. 

Weakness, and Syncope 

1, Take history. Establish onset of problem, previous perfor¬ 
mance history, and activity level when clinical signs are 
observed. Determine whether there is coughing, dyspnea, 
or excessive sweating associated with stress or exercise 

2, Perform a physical examination and record vital signs 
to determine whether lameness or respiratory or 
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Causes of Jugular Venous Distention and 
Pulsation in Horses 


COMMON CAUSES 

Right sided heart failure 
Chronic heart failure 
Cardiomyopathy 
Atrial fibrillation 
Tricuspid regurgitation 
Cranial mediastinal mass 
Lymphosarcoma 

Abscess * 

lugular venous phlebitis and thrombosis 

UNCOMMON causes 

lonophore toxicity 

Pericarditis 

Myocarditis 

Squamous cell carcinoma 

Fibrosarcoma 

Cor pulmonale 

Chronic obstructive pulmonary disease 
Overhydration 


Causes of jugular Venous Distention and 
Pulsation in Ruminants 

COMMON CAUSES 

Right-sided heart failure 
Chronic heart failure 

Vitamin E or selenium deficiency (while muscle disease) 

Cardiomyopathy 

Tricuspid regurgitation 

Pericarditis 

lugular venous phlebitis and thrombosis 
Heart base tumor: lymphosarcoma 
\ lean base abscess 

Cor pulmonale caused by chronic pneumonia 
Brisket disease 

uncommon causes 

lonophore toxicity 

Overhydration 

Cranial mediastinal mass 


with an elevated right ventricular pressure, such as occurs in 
right-sided heart failure, constrictive pericarditis, or, more 
rarely, cardiomyopathy. Prominent jugular pulsations are 
noted with tricuspid regurgitation and certain cardiac 
arrhythmias, especially those arrhythmias associated with 
atrial contraction against a closed AV valve. The carotid arte¬ 
rial pulse can mimic jugular venous pulsations. To distin¬ 
guish among the causes of jugular venous pulsations, 
lightly compress but do not occlude the jugular vein at the 
thoracic inlet. The jugular vein will distend enough to elim¬ 
inate carotid arterial pulsations. If pulsations are still pres¬ 
ent, tricuspid regurgitation, atrial arrhythmias, or right¬ 
sided heart failure should be considered. If the jugular vein 
is compressed near the ramus of the mandible and mas¬ 
saged toward the thoracic inlet, refilling is indicative of tri¬ 
cuspid regurgitation, lugular venous distention without 
pulsations can occur with compression of the cranial vena 
cava from a cranial thoracic or mediastinal mass or from 
occlusion of the jugular vein with a thrombus. 

Approach to Diagnosis of Venous 
Distention and Pulsations 

1. Take history. Note especially history of respiratory dis¬ 
ease, exposure to high altitude and locoweed, or inges¬ 
tion of potential cardiotoxins. Determine whether other 
animals have been similarly affected, whether the BLV 
status of affected cattle is known, and whether a magnet 
has been administered. 

2. Perform a physical examination. Determine whether 
there is tachypnea or tachycardia. Carefully auscultate 
for abnormal heart sounds, rhythm, or intensity of 
sounds; note whether jugular veins are patent. Look for 
jugular venous pulsations as described previously. 

3. Obtain blood for the following: 

a. CBC 

b, Fibrinogen concentration 
c Total protein concentration 

d. BLV status (bovine) and serology for equine influ¬ 
enza, viral arteritis, and herpesvirus 

e. Vitamin E (serum) and selenium concentrations if 
cardiomyopathy suspected 

4. Take radiographs of the thorax and abdomen to estab¬ 
lish whether there is respiratory disease, a magnet, or a 
penetrating foreign body, 

5. Record an ECG when there is an arrhythmia to look for 
atrial premature depolarizations. 

6. Perform an echocardiogram to examine the following: 
a. Right ventricular size and function 



FJG. 6-5 11 Schematic illustration of a 
venous (jugular or atrial) pressure curve 
and its relationship to events of the electro¬ 
cardiogram. A, Positive wave produced by 
atrial contraction, C second positive deflec¬ 
tion caused by bulging of the tricuspid valve 
during isovolu metric systole; X f first negative 
wave produced by the plane of the AV valve 
being pulled toward the apex of the heart 
during systole; V, positive pressure wave 
caused by venous return, Y, negative wave 
produced by AV valve opening 
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b Right atrium, for abnormal size or structures 

c. Tricuspid valve 

d. Pulmonary artery diameter 

e. Left atrial size 

f. Ijeft ventricular size and function 
g Pericardium 

h, Interventricular septa) thickness and motion 

7. Perform Doppler echocardiogram to look for 

a. Tricuspid regurgitation 

b. Pulmonic regurgitation 

c. if tricuspid or pulmonic regurgitation detected, check 
for concurrent mitral and aortic regurgitation 

8. Perform ultrasound examination of the cranial thorax 
and cranial mediastinum, 

9. Jugular venous catheterization may be useful to deter 
mine right atrial (central venous), right ventricular, and 
pulmonary arterial pressures, 

PAINFUL PERIPHERAL SWELLINGS 

Close inspection of the skin and extremities of patients can 
reveal evidence of peripheral vascular or lymphatic system db* 
ease. These diseases can be manifested by diffuse swelling, 
localized swelling (papules, nodules, macules, or wheals), or 
subcutaneous edema of the extremities. Frequently there is 
necrosis, ulceration of the sldti and exudation as the disease 
progresses. Animals may be lame or dyspneic have heat in 
the involved area, or exhibit a painful response to palpation 
of the area (Boxes 6-1 4 and 6-1 5 ), which helps to differentiate 
these conditions from no rt painful peripheral edema. 

Approach to Diagnosis of Painful 
Peripheral Swellings 

1. Take history. Establish whether there is a history of a 
wound or trauma to the area or previous drainage, 



Causes of Painful Peripheral Swellings in Horses 


COMMON CAUSES 

Thrombophlebitis 

Abscess [Corynebdcterium ptftufoiubercufo&is in western United 
States) 

Cellulitis 

Hypersensitivity vasculitis (complicated by skin necrosis and 
secondary infection) 

Equine viral arteritis 

Otrfidtia equi 

Equine infectious anemia 

Purpura hemorrhagica 

Cl&sfndmm species myositis 

Insect bite 

Snakebite 

Application of topical coumerimums, firing or soring 

UNCOMMON CAUSES 

Frostbite 
Piroplasmoris 
Ulcerative lymphangitis 
Epizootic lymphangitis 
Glanders 
Sporotrichosis 
Immune vasculitis 
Aonoiliac thrombosis 
Sporadic lymphangitis 

Congenital lymph node and lymphatic dysgenesis 
H emangi osarcoma 



Causes of Painful Peripheral Swellings in Ruminants 


COMMON CAUSES 

Thrombophlebitis 

Abscess 

Clostridial myositis 
Malignant edema 
Blackleg 
Fescue Toot 
Ergptism 

Cellulitis {injection site or wound) 

Insect bite 

Snakebite 

Frostbite 

UNCOMMON CAUSES 

Disseminated hemangiosarcoma 
Ehrlichiosis 


inquire about previous infections, particularly those 
referable to the respiratory system, in this animal or 
others; determine vaccination, dewomring and drug 
administration history’ 

2. Perform a physical examination Determine vital signs 
Note whether animal is febrile; examine extremities 
for wounds, dilated lymphatic channels, ulcers, focal 
swellings, and edema, determine the temperature and 
sensitivity of the swollen area; examine mucous mem¬ 
branes for color and presence of hemorrhages; per¬ 
form a rectal examination and palpate aortic 
quadrifurcation in horses for vessel size, firmness, 
pain, fremitus, and strength of pulse; evaluate these 
vessels before and after exercise, if indicated; test 
saphenous refill by holding off the saphenous vein 
disially over the hock, stripping the vein proximally 
and releasing the pressure over the vein at the level 
of the hock 

3. Obtain blood for the following: 

a. CBC (includes examination of red blood cells, neu¬ 
trophils, and eosinophils for inclusion bodies or 
morula and determination of platelet count) 

b. Fibrinogen concentration 

c. Total protein concentration 

d Coombs' or direct immunofluorescence test 
e. Appropriate tests for equine ehrlichiosis (immuno¬ 
fluorescence assay), piroplasmosis (complement fix¬ 
ation), or viral arteritis (serum neutralization), if 
indicated 

4. Take radiographs of swollen extremities, if appropriate. 

5. Perform an ultrasound examination of the swelling, if 
appropriate. 

6. Obtain Gram stain and bacterial and fungal culture of 
ulcerated area or exudate. 

7. Perform a biopsy ofgranulomas and submit for hisiopa- 
thotogy and culture and sensitivity testing if appropriate. 

8. Analyze and culture fluid obtained from dilated lym¬ 
phatic channels or localized edematous areas. 

9. Analyze urine to look for hemoglobinuria or hema¬ 
turia. 

10. Test feces for fecal occult blood. 

ENLARGED LYMPH NODES 

Diffuse or single lymph node enlargement occurs with 

infectious (bacterial, viral, fungal) conditions, neoplasia. 
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b, Serum chemistry profile to determine if there are 
signs of other organ dysfunction (e g., gastrointestinal 
Ihypoproteinemiaj, liver, or kidney) 

4. Test feces for occult blood, if indicated. 

5. Perform ultrasonographic examination of the lymph 
node or swelling. 

6, Obtain lymph node or swelling aspirate and biopsy sam¬ 
ple for culture and histopathologic examination. 

7, Obtain a bone marrow sample for cytologic exam¬ 
ination. 


Causes of Enlarged Lymph Nodes in Horses 


COMMON CAUSES 

Strangles 

Lymphosarcoma 

Upper respiratory infection 

Corynebacterium pseudomberculosis lymphadenitis 


UNCOMMON CAUSES 

Ulcerative lymphangitis 
Epizootic lymphangitis 
Sporadic lymphangitis 
Glanders 

Granulomatous lymphadenitis 
Plasma cell myeloma 
Tuberculosis 

Hemolytic uremic-like syndrome 


ABNORMAL PERIPHERAL PULSE 

Palpation of the arterial pulse is an important aspect of the 
examination of the patient with cardiovascular disease. Arte¬ 
rial pulse strength and contour (how fast pressure rises and 
falls) are the objectives of the examination and are deter¬ 
mined by the cardiac output, heart rate, and vascular 
impedance. The arterial pressure pulse begins with the 
opening of the aortic valve and ventricular ejection and rises 
rapidly in early systole. The pulse pressure reaches a peak 
then declines as ventricular ejection slows. During isovolu- 
mic relaxation (before AV valve opening), there is a tran¬ 
sient reversal of flow in the arterial system, and an 
incisura or dicrotic notch (Fig. 6-6) is inscribed on the des¬ 
cending limb of the pressure curve. Following the incisura, 
there is a small positive wave that is attributed to elastic 
recoil of the aorta and the aortic valve and the summation 
of reflected waves from more distal arteries. 15 After the pos¬ 
itive wave, the pulse pressure declines because there is 
peripheral runoff of blood in diastole. The incisura and sec¬ 
ondary positive wave are not usually palpable. Palpation of 
peripheral arteries (facial, transverse Facial, and digital 
arteries In the horse and median and coccygeal arteries in 
ruminants) normally reveals a smooth, rapid upstroke, a 
dome-shaped summit, and a downstroke that is slightly 
more prolonged than the upstroke. 

Pressure values and pulse wave configurations are altered 
as the pressure waves are transmitted through the periph¬ 
eral arterial tree. With increasing distance from the heart, 
the dicrotic notch and second positive wave disappear, the 
systolic pressure gets higher (loss of distensibility in the dis¬ 
tal arteries and summation of reflected pulse waves from 
the distal vascular bed), and the diastolic pressure gets 


Causes of Enlarged Lymph Nodes in Ruminants 


COMMON CAUSES 

Caseous lymphadenitis (C orynebacterium pseudomfjerodosu) 
Lymphosarcoma (including bovine leukosis vims) 

Abscess or cellulitis of area drained 


UNCOMMON CAUSES 

Tuberculosis 

Sporadic bovine encephalomyelitis 
Malignant catarrhal fever 


and, rarely, immune-mediated causes in large animals 
(Boxes 6-1$ and 6-17). Lymph adenopathy may cause 
obstruction to lymphatic drainage, leading to peripheral 
edema, pleural effusion, or ascites, The peripheral lymph 
nodes that are most readily accessible for examination are 
the submandibular (horses), superficial cervical (rumi¬ 
nants), and superficial inguinal (ruminants) lymph nodes. 
When there is generalized lymphadenopathy, internal 
lymph nodes may be enlarged, causing clinical signs such 
as dyspnea, esophageal obstruction, diarrhea, or other signs 
of organ dysfunction. 

Approach to Diagnosis of Enlarged Lymph Nodes 

1. Take history. Note especially history of weight loss, inap¬ 
petence, depression, lethargy, or lymph node enlarge¬ 
ment; inquire about previous illness or wounds; for 
cattle, determine whether there is a history of lympho¬ 
sarcoma in the family or herd and whether the cow has 
a positive BLV test result; for sheep and goats, determine 
whether there is a history of Corynebaclerium pjeuderuber- 
odtfsis abscesses in the flock or herd. 

2. Perform physical examination. Determine vital signs. 
Examine peripheral lymph nodes or other swellings, per¬ 
form a rectal examination to palpate accessible internal 
lymph nodes, and, when appropriate, examine the 
uterus in cattle; check mucous membranes for pallor or 
icterus; determine whether there is jugular venous dis¬ 
tention or pulsations or whether there is evidence of 
pleural or pericardial effusion or ascites. 

3. Obtain blood for the following: 

a. CBC to examine for anemia or leukemic changes; 
note inclusions, morula, or abnormal appearance of 
cells 


Incisura 


Normal aortic 
pressure curve 


Rapid runoff 


Warerhammer pulse of 
aortic regurgitation 


FIG. 4 6 11 Schematic illustration of the normal arterial pressure pulse, 
'rite incisura that occur during the descending limb is caused by a transient 
reversal in flow during isovoiumic relaxation. Compared with the norma! 
arterial pressure pulse, the water hammer pulse of aortic regurgitation builds 
rapidly and has a rapid runoff. 
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lower. Hie difference between the systolic and diastolic 
pressure determines pulse pressure and can be evaluated 
by an impression of pulse strength Pulse pressure increases 
as one moves to more peripheral arterial sites. The mean 
arterial pressure changes very little but decreases slightly 
as one moves downstream in the arterial system from the 
pressure source Systolic blood pressure, as measured indi¬ 
rectly at the tail or on a limb, is higher than that measured 
in the ascending aorta. In smaller arterial beds (eg., arteries 
of the ear), the pulse wave is gradually dampened and pub 
sable characteristics are lost on the capillaries and small 
veins. 


Mechanisms of Abnormal Peripheral Pulse 

Hyperkinetic arterial pulses occur in patients with increased 
cardiac output (e.g„ fever, exercise, excitement), increased 
stroke volume, or bradycardia (Boxes 6-18 and 6-19), It 
may also occur when there is rapid runoff of blood in the 
arterial system, as occurs with aortic valve regurgitation, pal- 
eni ductus arteriosus, or aortic cardiac fistulas. In aortic 
valve regurgitation the rapidly rising, hyperdynamic pulse 
is caused by increased stroke volume (regurgitated blood 
in the left ventricle), followed by a rapid runoff of pressure 
later in systole as a result of regurgitation (see Fig. 6-6), 

Hypokinetic pulses are present in patients with dimin¬ 
ished stroke volume caused by hypovolemia, left ventricular 
failure, or, rarely, in large animals, mitral or aortic valve 
stenosis. 

Abnormal peripheral pulses are detected in pa tie ms 
with cardiac arrhythmias. With premature ventricular 
contractions (PVCs), the compensatory pause that occurs 
after the FVC allows a longer period of time for ventricular 
filling, which results in a greater end-diastolic volume, 
increased contractile force, and a stronger pulse in the 
beat that follows the FVC The strength of the peripheral 
pulse is variable in arrhythmias such as atrial fibrillation 
because the irregular rhythm is associated with variable 
time for ventricular filling. Certain arrhythmias, particu¬ 
larly tachyarrhythmias, allow inadequate ventricular filling 
to generate a peripheral arterial pulse, and a pulse deficit is 
palpated. 





Approach to Diagnosis of Abnormal 

Peripheral Pulse 

L Take history Note changes in appetite, attitude, milk 
production, or ability to exercise, determine whether 
there have been signs of previous illness and duration 
and progression of the problem. 

2. Perform a physical examination. Determine vital signs. 
Note whether there is a cardiac arrhythmia, murmur, or 
other evidence of heart disease (e.g., jugular venous dis¬ 
tention or pulsation, edema). Palpate the pulse in multi¬ 
ple sites and bilaterally to rule out occlusive arterial 
disease; check patient s hydration. 

3. Obtain blood for the following: 

a. CBC; look for evidence of toxemia or anemia 

b. Blood gases to determine acid-base balance 

c. Electrolyte concentration, especially Ca and K 

4. Record an ECG to characterize any arrhythmia. 

5. Determine blood pressure. The site for indirect blood 
pressure measurement in the standing animal is the tail 
over the coccygeal artery; a limb can be used in a recum¬ 
bent animal. Take the mean of several (minimum of 
three) readings in which the blood pressure cuff is grad¬ 
ually inflated and deflated at approximately 2 to 4 tnm 
Hg/sec values obtained should be corrected for the dif¬ 
ference in height between the site measured and the 
heart, which is considered to be at the level of the shoul¬ 
der; the difference in height (centimeters) between the 
heart and the site of pressure measurement is multiplied 
by 0.7? (constant used to convert centimeters of blood 
to millimeters of mercury). In standing horses, approxi¬ 
mately 2? mm Hg is added to the indirectly measured 
coccygeal artery pressure to give the corrected value® 7 ; 
no correction factor is needed if the measurement is 
made in a recumbent animal. An appropriately sized 
blood pressure cuff is considered to be one fourth of 
the tail circumference 1 *; in horses a 4,5- to 5.6-cm cuff 
has been recommended for electronic oscillometric 
devices, and a 10.6-an cuff for ultrasonic flowmeters. 17 
Values for normal horses by blood flow detection meth¬ 
ods are 79/49 to 145/106 mm Hg (uncorretted for the 
height of the tail). 16 

6. Blood pressure can be evaluated by Doppler scan, or 
measurements can be recorded by direct cardiac catheter¬ 
ization (see Chapter 30). 

7. Perform an echocardiogram to evaluate size of cham¬ 
bers, myocardial function, presence of valvular or peri¬ 
cardial disease, or congenital defects. 
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DIARRHEA 

K. GARY MAGDESIAN 

BRADFORD P. SMITH 

Diarrhea is defined as an increase in the frequency, fluidity, 
or volume of bowel movements. Diarrhea may be a sign of 
a primary bowel disease or a nonspecific response to sepsis, 
toxemia, or disease of another organ system. 

Under normal circumstances a large volume of essen¬ 
tially isotonic fluid enters the proximal bowel daily. Most 
of this fluid is resorbed, and only a small percentage is 
passed with the feces. The fluid comes from dietary intake 
and from endogenous secretions of the upper digestive 
tract. The total daily volume exchanged exceeds that of the 
animal's total extracellular fluid volume. Normally absorp¬ 
tion just exceeds secretion; therefore very small changes in 
rate of absorption or secretion can result In diarrhea. In 
the horse most water resorption occurs in the cecum and 
large colon, and diarrhea in the horse (other than neonates) 
usually involves some abnormality in the lumen or wall of 
the large bowel. 

Normal fecal color is tan, brown, or greenish, depending 
on diet. The adult horse normally produces II to 13 kg of 
fecal material per day (20 to 28 g/kg of body weight 
per day) while on a diet of grass hay and 3 Lb of oats. 1 Fecal 
output was as high as 20 kg/day in horses fed a mixture of 
alfalfa and orchard grass ad libitum. 2 Horses with chronic 
watery diarrhea can produce up to 214 g/kg of body weight 
per day, 1 which is over 90 L of diarrhea in a 450-kg horse. 
Cattle normally produce 15 to 28 kg of feces per day with 
a water content of about 75% to 85% on a diet of grass 
hay. 5 Fluidity of cattle feces can increase markedly in ani¬ 
mals on lush green feed. Sheep and goat feces contain only 
50% to 60% water, 3 Fluid feces in the cow and unformed 
feces in the horse, goat, and sheep are very nonspecific signs 
that often accompany sepsis or illness other than a primary 
gastrointestinal disease. 

Animals with chronic diarrhea rarely develop severe dehy¬ 
dration because they compensate for increased fecal water 
losses by increasing water consumption by an equivalent 


amount Normal water consumption in the horse on a 
hay diet in a mild ambient temperature environment is 
about 24 to 30 L/day, whereas cattle consume 30 to 60 L/day 
based on 10 kg of dry matter feed intake. Water and feed 
intake do not increase linearly with increasing body size, but 
by multiplying body weight in kilograms to the 0.75th power 
(BW° 7S kg ) by a base factor (about 200 mL for water). Thus 
a 500-kg horse requires 21 L of water. The effect of 
temperature on water intake is dramatic and is not linear; 
as ambient temperatures rise close to 37° C £98 c F), water 
intake per kilogram of dry matter increases much more rap¬ 
idly than at Lower temperatures. Exercise and loss through 
sweat, particularly in the horse, can dramatically increase salt 
and water requirements. 


Mechanisms of Diarrhea (Box 7-1) 

The following six major mechanisms produce diarrhea: 

» Decreased or damaged absorptive surface area (mal¬ 
absorption) 

■ Increased numbers of osmoiically active particles 
within the intestinal lumen 

* Increased volume of secretion of solutes and water 

■ Abnormal intestinal motility resulting in decreased 
transit time, as with systemic inflammatory response 
syndrome (SIRS) 

■ Increased blood-todumen pressure as in heart failure 
or acute or chronic inflammatory bowel diseases 

■ Gastrointestinal inflammation, as occurs with peri¬ 
tonitis 

The common net result is an increase in fecal water. 

Decreased surface area is mainly a result of villus blunting 
(atrophy) and/or microvillus damage in the small intestine, 
which lead to malabsorption. Both occur to some degree 
with most enteric diseases, and regeneration of surface area 
from crypt cells with healing is accompanied by a gradual 
decrease in volume of diarrhea. Diseases in which this is a 
major mechanism include neonatal diseases such as rota¬ 
virus and coronavirus enteric disease, 4 crypiosporidiosis, 
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Mechanisms of Diarrhea 

Mai absorption (villus atrophy) 

Osmotic overload 
Secretory 

Abnormal motility 

Increased blood-to-lumen hydraulic pressure 

Inflammation 

Decreased transit time 


acute inflammatory disease such as salmonellosis, and 
chronic diseases such as lohne's disease and other granule* 
maious bowel diseases. The finding of villus atrophy is so 
nonspecific that it is not diagnostic in itself. It can also 
occur in advanced cases of secondary copper deficiency 
(molybdenosis) with diarrhea, loss of villus epithelial cells 
can result in maldigestion because these cells produce 
important enzymes such as lactase. Many neonates with 
enteritis develop temporary lactose intolerance as a result 
especially with rota viral and clostridial infections. 

Inflammation can be accompanied by increased mucus 
production and increases in size of membrane pores, 
through which tissue fluids and serum proteins leak into 
the lumen. This is associated with increased capillary and 
lymphatic hydraulic pressures. Whether acute (Salmonella) 
or chronic (lohnes), inflammatory bowel diseases are protein- 
losing enteropathies. Low plasma protein concentrations, 
particularly low albumin, are often found (unless hypovo¬ 
lemia and hemoconcemration are present), Row r el inflam 
(nation often results in transudation and exudation of 
serum proteins, blood, and/or mucus, resulting in dysentery 
(bloody diarrhea). In addition to salmonellosis, dysentery 


may also commonly be seen with emerotoxemia caused by 
Ckstndtum perjnngem type A, 8, or C, Clostridium difficile, 
l^amoma intracdhtlaris* attaching effacing Cscherithkj cofi. 
Campylobacter jejuni, cocddiosts, malignant catarrhal fever 
(MCF). arsenic toxidty, and oak toxidiy. Inflammation results 
in malabsorption, maldigestion, osmotic effects, and, in acute 
disease, changes in intestinal motility; Because most water 
absorption in the horse occurs in die cecum and colon, 
inflammatory typhlitis and colitis are the major causes ofdiar- 
rhea in the horse (Boxes 7-2 and 7*3). The neonatal foal com¬ 
monly develops small intestinal enteritis 

Irritation of the bowel with a foreign body such as sand 
may result in either low-grade recurrent colic or diarrhea. 
Weight loss may also be evident with a large amount of 
sand. Sand accumulation in the large bowel of the horse 
may be suspected when there is evidence of a significant 
amount of sand in the feces or when sand is auscultable 
with a stethoscope over the ventral abdomen. Irritation 
probably causes diarrhea through creation of an inflamma¬ 
tory response and altered motility. 

Osmotic diarrhea results from any disease causing maldi¬ 
gestion and/or malabsorption. Any osmoticaily active solute 
can produce diarrhea in normal animals if given in quanti¬ 
ties sufficient to surpass the intestinal capacity for digiestion 
or absorption. Disaccharides are natural examples. Osmotic 
cathartics such as dioctyl sodium sulfosuccinate (D$S) hold 
water in the intestine and act as fecal softeners. Magnesium 
phosphates and sulfates and other divalent and trivalem 
cations and anions are poorly absorbed and thus are 
effective laxatives and cathartics. 

Osmotic diarrhea can be associated with ingestion of 
osmoticaily active poorly absorbed solutes, overloading of 
the intestine with carbohydrates or lipids beyond the 
amount that can be digested and absorbed, sudden dietary 
changes resulting in marked shifts in gut flora and resulting 
bacterial action on ingested substrate (e g., grain overload). 



Causes of Diarrhea in Horses (Except Neonates; see 

Chapter 19 for Neonates) 

COMMON CAUSES 

Antibiotic use 

Colitis or typhlitis 

Rhodococcus (Corynebactenum) equi gut infection (mainly foals) 

Salmonellosis 

Cryptosporidiosis (mainly foals) 

Enteritis* unknown cause 

Giardiasis (mainly foals) 

Potomac fever (equine monocytic ehrlichiosis) 

Toxins or poisonous plants (see Box 7-3} 

Endoioxgmia or gram-negative sepsis 


Overfeeding or sudden change in diet 

UNCOMMON CAUSES 

Qastridium diffuse 

Hepatic failure 


Cholelithiasis 

LESS COMMON CAUSES 

Vascular aneurysm 

Eosinophilic gastroenteritis 

Combined immunodeficiency 

Renal failure, uremia 

Again maglobulinemia 

Necrotizing enterocolitis 

Lactose intolerance (mainly foals) 

Heart failure 

Camprkbaaer jcpmi (mainly foals) 

Entrrotaxemia (Clostridium perfnng<ms, mainly type A) 

Colorectal polyps 

Umwmia imracethikris (mainly foals and weanlings). 

Anaphylaxis 

proliferative enteropathy 

Vitamin A deficiency' 

Intestinal lymphosarcoma 

Tularemia 

Cathartics or laxatives 

Snake bite, insect or spider sting or bile 

Parasym pa thorn imetks 

Histoplasmosis 

Chronic granuloma tous bawd disease 

Hydroallamois 

Proximal enteritis 

Hyperlipidemia 

Peritonitis 

Internal abdominal abscess 

Intussusception 

Pheodt romotytoma 

Sand, gravel, or enterolith in gut lumen 

Viral arteritis 

Cut stenosis 

Be&noiiiosis (glohidiosis) (exotic) 
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Toxic Causes of Diarrhea in Horses 

• 

Phenylbutazone toxicity 

PLANT TOXINS 

Blister beetle toxicity (cantharidin) 

Oleander poisoning 

Sail poisoning 

fapanese yew (Tmu nispubtu) poisoning 

Selenium toxicity 

Castor beast poisoning 

Slain mine toxicity (slobber factor) 

Avocado poison ing 

Amitrax toxicity 

Thom apple (Datura sJrdmonurm ) toxicity 

Propylene glycol toxicity 

Potato poisoning 

Dioctyl sodium sulfosucdnaie (D$S) toxicity 

Heath (Ericaceae) poisoning 

Sulfui toxkity 

Algae poisoning 

Phosphorus toxicity # 

Acorn or oak poisoning 

Nicotine. Black Leaf 40 tosidty 

Hypericum (Sc John's won, Klamath weed) poisoning 

(toetpirw toxkity 

Agrmtemma gtthngo (com cockle) poisoning 

Arsenic toxkity 

Mycotoxkosts 

Mercury toxkity 

PimeU poisoning (St Ceotge disease) (crock) 

Monensin, lasalocid. or salinomydn toxkity 

Oiga nophosphate toxicity 

Crass sickness (exotic) 


or bowel disease in which surface area is diminished or 
digestion interfered with in some manner Lactase defi 
dency. secondary to rotavirus or C difficile infections, may 
result in osmotic diarrhea in foals. 6 This results in increased 
concentration of undigested and/or unabsorbed nutrients 
entering the lower bowel, increased bacterial fermentation, 
and an increase in the concentration of osmotically active 
particles. Unfavorable electrochemical gradients prevent 
resorption of water Mucosal digestive enzyme levels are 
often decreased with any disease involving the small intes¬ 
tine, resulting in maldigestion. When osmotic diarrhea is 
suspected in mature animals, dietary modification to basic 
roughage should be tried as part of the nonspecific therapy. 
Sodium and potassium are normally present in roughly 
equal amounts in feces and (with a little ammonium) make 
up the vast majority of cations in the feces. Concentrations 
of sodium and potassium in feces and osmotically active 
nonelectrolytes influence fecal water. In general, osmotic 
diarrheas diminish when the animal is fasted. When the 
offending substance is reintroduced, diarrhea occurs. 

diarrheas are most important in neonates 4 (enten> 
pathogenic E caJr), but many strains of Salmone/fa associated 
with colitis in large animals may produce enterotoxins that 
stimulate secretion, Enterotoxins act by stimulating cyclic 
adenosine monophosphate (AMP) or other intracellular mes¬ 
sengers to promote secretion of chloride, sodium, and other 
electrolytes into the gut lumen. Water is carried with these 
electrolytes and osmotically retained. The hallmark of secre¬ 
tory diarrheas is the large volume of feces produced. 

Examples of secretory diarrheas are enterotoxigenic £. coli 
and many strains of Safmondta and C. perfringens ; Salmo¬ 
nella and other invasive organisms produce inflammation 
that may induce prostaglandin-mediated secretion as well. 
Secretion may occur with viral diarrhea by a different mecha¬ 
nism, as damaged mature (absorbing) villus cells are replaced 
by immature (secreting) crypt cells. 7 A good example is 
rotavirus. 

Decreased intestinal transit time associated with increased 
peristalsis and/or decreased segmentation appears to occur 
in many bowel diseases because of bowel irritation Peritoni¬ 
tis is a major cause of bowel inflammation and should 
always be explored as a contributing cause of diarrhea, espe 
dally when fecal output volume is scam. Abnormal motor 
patterns have been demonstrated to occur with many infec¬ 
tious diarrheas and may be a bowel response to irritation 


and/or increased intraluminal volume. Elimination of gut 
contents thus appears 10 be a normal gut defense mecha¬ 
nism against infection and probably should not be pharma¬ 
cologically alleviated in acute infectious diarrheas. Primary 
motility disorders of animals are not well recognized; diar¬ 
rhea associated with nervous or excited animals may be 
the best example of this type. In general fecal volume asso¬ 
ciated with motility disorders is not great 

increased hydraulic pressures from the blood to the lumen 
also decrease net absorption of fluid. These can result from 
decreased oncotic pressure (hypoalbuminemia), increased 
capillary hydrostatic pressure (heart failure or portal hyper¬ 
tension as with liver disease), or decreased lymphatic drain¬ 
age associated with inflamed or blocked lymph vessels or 
nodes (lymphosarcoma). These mechanisms are most com¬ 
monly associated with chronic diarrhea, but acute inflam¬ 
mation can also result in diarrhea associated with this 
mechanism. 

Two or more of these mechanisms are probably at work 
in most diarrheal diseases. Therapy of diarrhea is therefore 
nonspecific, except when the actual causative agent can be 
identified. Diagnosis of a specific causative agent is most 
important when diarrhea is caused by an infectious agent 
so that appropriate therapeutic steps can be taken before 
chroniciry develops, spread of disease can be prevented, 
and an accurate prognosis can be made. 

In mature horses, small intestinal diseases such as granu¬ 
lomatous bowel disease or duodenitis or proximal jejunitis 
(anterior enteritis) may not be associated with diarrhea, 
and diseases of the stomach almost never cause diarrhea. 
Most significant diarrheal disease in adult horses involves 
the large colon because this is the principal site of water 
absorption. The exception to this is the neonatal foal, in 
which primarily small intestinal diseases such as rotavirus 
infection and ciyptosporidiosis may cause severe diarrhea. 

The frequency of defecation is usuaJly increased when 
diarrhea is present, and defecation is most frequent when 
the colon or rectum is irritated. When these areas are 
involved, tenesmus (straining) may result. Tenesmus can 
also occur with hepatic failure in ruminants and in horses 
and ruminants with rectal tears or strictures, vaginitis, 
retained placenta, dystocia, intussusception, urolithiasis, 
rabies, and diseases involving the nervous system when 
there is retention of feces or urine. Severe rectal irritation 
can lead to straining and rectal prolapse. 
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In ruminants, abnormalities such as grain overload 
(toxic indigestion) resulting in ruminal osmotic changes 
can produce diarrhea, as can changes in abomasal pH 
such as occur with type II osiertagiasis Diarrhea in ru¬ 
minants is frequently caused by forestomach problems 
(Boxes 7-4 and 7-5). The colon and remainder of the 
distal bowel are involved in diseases such as salmonello¬ 
sis. Gram-negative infections and resulting endotoxemia* 
found in conditions such as eoliform mastitis and septic 
metritis, are relatively common causes of nonspecific diar¬ 
rhea. Foals with septicemia also commonly develop non¬ 
specific diarrhea associated with SIRS Diarrhea may be 
(1) a manifestation of a primary fiisease (bovine viral 
diarrhea |BVD); Johne s disease; C di//idte) r (2) one of 
the signs of a generalized disease (MCF, uremia), or (1) 
secondary to toxemia (eoliform mastitis, septic metritis, 
septicemia). 

Nonspecific Fluid Therapy for Diarrhea 

Dehydration, electrolyte losses, and acid-base abnormal¬ 
ities can occur rapidly when diarrhea is present Symptom¬ 
atic treatment to correct these problems is an important 
component of nonspecific therapy in animals with diar¬ 
rhea, Very often the cause of diarrhea remains undeter¬ 
mined, yet symptomatic correction of hypovolemia, 
dehydration, and acid-base and electrolyte abnormalities 


can result in a return to normal function, particularly if 
the diarrhea is acute and severe. Fluids and electrolytes 
can be given orally or parenteral ly. Oral fluids can be given 
rapidly and inexpensively. Oral fluids should be isotonic 
or hypotonic. The degree of dehydration should be esti¬ 
mated as a percentage of body weight. Mild dehydration 
is usually considered less than 5%; moderate, 5% to 8%; 
and severe, over 8%. Thus a severely dehydrated 450-kg 
patient with an estimated 10% dehydration (weakness, 
cold extremities, sunken eyes, decreased urine output 
decreased elastic skin rebound, weak pulse, rapid heart 
rate) requires 45 L of fluids. 

The best way to determine electrolyte needs is to take a 
plasma or serum sample before initiating fluid therapy 
Electrolyte requirements can be estimated; with diarrhea, 
mixed water and electrolyte losses occur, so that sodium- 
coniaining fluids are usually required to replace lost sodium 
and improve blood volume (see also Fluid and Electrolyte 
Balance, Chapter 22). Unless the add-base status can be 
measured, the safest sodium-containing fluids are balanced 
polyionic fluids such as Ringers or lattaied Ringer's solu¬ 
tion. Normal saline is a satisfactory alternative in most 
cases, but the relatively high concentration of chloride ions 
in saline can aggravate a preexisting metabolic acidosis 
unless hypochloremia is also present. In calves with severe 
metabolic acidosis, use of fluids containing sodium bicar¬ 
bonate is indicated In horses, it is best not to include gram 


BOX 7-4 


Causes of Diarrhea in Ruminants (Except Neonates; see Chapter 20 for Neonates) 


COMMON CAUSES 

Parasitism, worms 
Cocddiosis 
Salmonellosis 
Colitis or typhlitis 
Enteritis, unknown cause 

Indigestion (spoiled feed, overfeeding or sudden change) 
Displaced abomasum (B) 

Abomasal torsion (8) 

Peritonitis 
Intussusception 
Sepsis or toxemia 
fohne's disease 
Emerotaxemia 

Grain overload (rumen acidosis) 

Bovine viral diarrhea (B) 

Winter dysentery (B) 

Liver failure 

Malignant catarrhal fever (B) 

Molybdenosis nr copper deficiency 

Heart failure 

Uremia, renal failure 

Xylazine, following large doses 

Cathartics of laxatives 

Parasympathomimetics 

Toxins Or poisonous plants (see Box 7*5) 

LESS COMMON CAUSES 

Amyloidosis 

Giardiasis (mainly calves) 

Intestinal obstruction, partial 
Intestinal neoplasia 

Traumatic retiodoperuonitis (hardware) 

Vagal indigestion 


Selenium deficiency (white muscle disease) 

Cecal dilation (B) 
liver abscess 

Brisket disease (high-altitude disease) (B) 

Sarcocystosis (B) 

Blueionguc (O) 

Bovine leukosis (BLV) (BJ 

UNCOMMON CAUSES 

Fat necrosis (B) 

Abomasal impaction 
Duodenal ulcers 
Systemic candidiasis 
Vitamin A deficiency 
Volvulus, mot of mesentery 
Water intoxication (B) 

Cholelithiasis 

Cobalt deficiency 

Zinc deficiency (baldy calf) (B) 

Hydrops allantois (B) 

Lethal trait A 46, keratogenesis imperfecta (parakeratosis} (B) 

Zygo mycosis. mucormycosis 

Pregnancy toxemia 

Bacillary hemoglobinuria 

Rumen flukes, paramphisiomosis 

Pancreatic adenocarcinoma 

Bee or wasp sting 

Pseudorabies 

Rift Valley fever (exotic) 

Rinderpest (exotic) 

Schistosomiasis (exotic) 

Theileriosis (East Coast fever) (exotic) 

Wessebbron disease (exotic) (B, O) 

Headwater (exotic) 


B. Bovine Q. ovine 
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ftmT tvw? MANIFESTATIONS or DISEASE 


Toxic Causes of Diarrhea in Ruminants 


Arsenic poisoning 

Selenium accumulators 

Sulfur poisoning 

Slafr amine [blackpatch diseased legumes, slobber factor] 

Sail poisoning 

Mycotcndcoses 

Propylene glycol 

Helenium (sneezeweed, bitterweed] 

Levambok 

Solarium (nightshade) 

Monensin 

Pyrrol izidine alkaloid (Sercerin, Cmtakria, Amsinckia species] 

PolyhroTTnuaied biphenyl 

Brass tea (mustards, crucifers, cress] 

Sodium bicarbonate 

Oleander poisoning 

Afiatoxin 

Japanese yew (Taxus aaputara) poisoning 

Herbicide 

Whitehead (Sp/iertasriddiurfl capitettatitm) 

Zinc 

Pokcweed (Phytolacca americann l) 

! Phosphorus toxicity 

Mushroom 

Nicotine (Black Leaf 40) toxicity 

Jnkwecd (Drynwria pachyphyila) 

Copper 

Tung tree (aleurites) 

Chlorpyrifos (Dursban ) 

Chinese tallow tree 

Phosphate fertilizer 

Kalanchoe (erassulaceae) 

Uncomycin 

Fungal toxicity 

Trkhothecene (T-2 toxin.) 

Seabatiia (rattlebox) 

Plant toxins 

Cutierrezia (broomweed snakeweed) 

Oak (acorn poisoning) 

Hypericum (Si. John's wort Klamath weed) poisoning 

Senna ccadentalii [coffee weed) 

AgTOHrtrrmii (com cockle) poisoning 


quantities of sodium bicarbonate in fluids unless there is 
good evidence that a severe metabolic strong ion acidosis 
exists (such as hyperchloremia). Flow rates for administer' 
ing isotonic intravenous fluids should be kept as slow as 
possible to avoid fluid overload, pulmonary edema, and 
excessive diuresis. When the patient is shocky, flow rates 
dose to 20 ml/kg/hr or faster may be requited for adminis¬ 
tration of isotonic crystalloid fluids, but in general rates 
below 10 ml/kg/hr are desirable, especially once hypovole¬ 
mic shock has been addressed. Hypertonic saline (7% 
NaCl) may be given rapidly intravenously at a dose of 4 
to 5 ml/kg. When a colloid fluid is required to combat 
low plasma protein levels, hetastarch can be used. It is avail¬ 
able as 6% hetastarch in laciated Ringer's or normal saline. 
See Neonatal Diarrhea, Chapter 20, Fluid and Electrolyte 
Balance, Chapter 22, and Fluid Therapy, Chapter 44, for 
more details on fluids and acid-base balance. 


Approach to Diagnosis of Diarrhea in the Horse 
{for Neonates, see Chapter 19) 

1. Take history. Especially note change in diet, deworming 
program, housing and management and whether diar¬ 
rhea is acute or chronic. Note appetite, whether animal 
is drinking an adequate volume of water, and whether 
salt is available. Note whether it is a single or multiple 
case, if there are iniercurrent diseases, or if other medi¬ 
cations or exposure to toxins is involved Most antimi¬ 
crobials have been associated with diarrhea in horses, 
but especially lincomydn, tetracyclines, and erythromy¬ 
cin. Antimicrobials should be discontinued if diarrhea 
develops during administration. Most bacterial and 
protozoal agents rely on altered intestinal micro flora 
to proliferate in the gut and cause diarrhea. Note 
whether nonsteroidal antiinflammatory agents were 
used before the development of diarrhea. Many causes 
of diarrhea can be eliminated from consideration on 
the basis of history. Find out about housing and 
whether animals have access to pasture, have access to 
natural water sources, or are stall confined. 


2. Perform physical examination, Take vita! signs (often nor¬ 
ma) in chronic cases). Perform rectal examination unless 
an infectious contagious agent is suspected. Note weight 
loss. Systemic signs of toxemia SIRS, hypovolemia and 
dehydration often accompany acute colitis, salmonellosis, 
equine monocytic ehrlichiosis (Potomac fever), dostridio- 
sis, and many other acute diseases. 

3. Examine feces. Perform gross inspection; note whether 
blood or fibrin is present (see list of causes of dysentery), 

a. Perform microscopic examination for ova and proto¬ 
zoa, especially for chronic cases Perform Cram stain 
of feces. A predominance of gram-positive rods may 
indicate an anaerobic overgrowth such as occurs 
with C. diffidle infections. 

b. Perform multiple cultures for SdJmondJd C difficile* 
and G perfringem if onset is acute, if animal is febrile, 
or if feces contain fibrin and mucus. A commercial 
polymerase chain reaction (PCR) lest can be used as 
an aid to evaluate for the presence of salmonellosis. 9 
An evaluation for C. difficile and for C perfringem 
should be made if the diarrhea is temporally asso¬ 
ciated with antibiotic administration. Cultures for 
C difficile should be performed on selective media 
(cycloserine-cefoxitin-fructose agar). Recently Brachy- 
spira pilasicoli has been isolated from the feces of 
weanlings with chronic diarrhea. 10 This warrants fur¬ 
ther investigation as a cause of diarrhea and failure to 
thrive in young horses. 

t Several enzyme-linked immunosorbent assay 
(ELISA) kits are available for identification of toxins 
A (enterotoxin) and B (cyiotoxin) of C diffidle in 
feces A stool cytotoodii ceil culture is available for 
toxin Toxin B cell culture testing is considered 
the gold standard. 1 ’ 

d* Isolates of C perfringem should be examined for the 
ability to produce beta 2-toxin, as these strains are most 
often associated with gastrointestinal disease. M Beta 2- 
toxin is found by PCR. In addition, a commercial fecal 
ELISA is now available for detection of alpha-toxin, 
beta-toxin, and epsilon-toxin at the California Animal 
Health and Food Safety Laboratory (San Bernardino). 
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This allows diagnosis of C. perfringens types A, B, G, 
and O. 

e. Fecal occult blood (if positive, see list of causes of 
mdena and blood in feces, pp. 106 and 107). 

f. Fecal osmolality, sodium, and potassium concentra- 
lions (optional). Electrolyte concentration in feces 
is roughly twice the sodium plus potassium When 
this value is much lower than the measured osmolab 
ity of the feces, the difference is an osmolar gap 
caused by osmotically active noneleetrolyies, and 
osmotic diarrhea is confirmed. 

g. Check for sand by placing some feces in a bucket of 
water, mixing thoroughly, and decanting the water. 
If a radiographic unit with the appropriate power 
capability is available, abdominal radiographs can 
be taken to detect the presence and amount of sand. 
Ultrasound of the ventral abdomen can be used to 
diagnose the presence of sand, although this requires 
considerable expertise. 

h. A PCR test for feces is available at University of 
Minnesota Diagnostic l^b and the University of 
California Molecular Laboratory for detection 
of L in rratdfu laris organisms in weanlings and 
yearlings with diarrhea, weight loss, general mal- 
aise, and hypoalbuminemia. 1 ' Also see serum test 
described later. 

l Rhodacoccus equi can cause diarrhea in 3-week- to 
6-mo nth-old foals. Diagnostic tests include cultures 
of transtracheal aspirates, abdominal fluid cytology 
and culture, and abdominal ultrasonography Fecal 
PCR techniques are available on a limited basis, 14 

p If all other cultures are negative and an infectious 
cause of diarrhea is suspected, the feces should be 
cultured for Aeromonm species and C per/ringms. 17 
A positive culture for C perfnngens should be cou¬ 
pled with an evaluation for the presence of toxins 
or toxin genes to confirm pathogenicity, as the 
organism may be cultured as pan of the normal 
flora. Recent reports implicate a novel beta 2** 
toxin-producing C. perfringens as a potential patho¬ 
gen in colitis of adult horses. 3 Commercial toxin 
ELISA tests are now available for alpha-, beta-, and 
epsilon-toxins (California Animal Health and Food 
Safety Laboratory, San Bernardino). 

4. Obtain blood for the following database; 

a. Complete blood count (CBC; includes fibrinogen 
and plasma proteins). Increased fibrinogen indicates 
inflammation. Decreased proteins indicate protein- 
iosing enteropathy. Thrombocytopenia may indicate 
a coagulopathy Neutropenia with or without a toxic, 
left shift (immature neutrophilia) is often present 
with infectious and inflammatory causes of acute coli¬ 
tis, indicating SIRS. Elevations in packed cell volume 
(PCV) and red cell mass are often present indicating 
hem concentration and/or splenic contraction in 
hones. 

b Acid-base values if condition is acute and dehy¬ 
drated or toxic Although acid-base values are not 
of much use diagnostically in terms of etiology, they 
allow for initiation of proper nonspecific supportive 
therapy. 

5. Test serum for the following: 

a. Electrolytes (Na, 1C Cl) (nonspecific). 

b. Serum creatinine and blood urea nitrogen (BUNJ— 
prerenal azotemia is common as a result of dehy¬ 
dration; check again after re hydration Serum che¬ 
mistries should be evaluated for liver and other 
organ disease. 


c. Albumin and globulin values, hypoalbuminemia is 
seen with chronic protein-losing enteropathies such 
as granulomatous bowel disease, with phenylbutazone 
toxicity (right dorsal colitis), and with acute colitis 
conditions, 

d. Specific immunoglobulin (Ig) A, IgM, and IgG levels; 
irnrnunodeficlent individuals may have chronic diar¬ 
rhea. Elevated globulins may indicate the presence 
of chronic disease. 

e Paired sera for Heoridtettsia ristkii liter following 
acute diarrhea with fever. PCR techniques are avail¬ 
able to identify the agent in whole blood samples 
and feces. 

f. Immunoperoxidase monolayer assay and an immu¬ 
nofluorescence assay (LEA) for L intraeeUularis can 
be done, particularly in weanlings and yearlings. 
Fecal PCR analyses are now available. 

g. Clotting times (prothrombin time |PT] and panial 
thromboplastin time [FTT| or activated dotting 
time |ACT]) should be monitored as indicators of 
coagulopathies such as disseminated intravascular 
coagulation (DIG), Amithrombin III levels can be 
monitored for the risk of thromboses, 

6. Perform paracentesis, especially if signs of colic are 
present. Evaluate cytology, protein, and fibrinogen 
values in chronic cases to rule out peritonitis, tumors, 
and mesenteric abscess 

7. Perform function and absorption tests in chronic diar¬ 
rhea cases, especially when weight loss is present. 

a. Oral glucose or rylose small intestine absorption 
tests (see Chapter 32) for chronic cases, particularly 
if a high index of suspicion exists because of hypoal¬ 
buminemia If tests indicate malabsorption, either 
biopsy the gut (or rectum) or assess response to 
treatment for 60 days following farviridal anthelmin¬ 
tic dose. 

b. Perform liver function tests such as sodium sulfobro- 
mophthalem (BSP) half-time or serum bile add 
concentrations if liver involvement is suspected as a 
result of elevated liver enzyme levels and/or 
hypoalbuminemia. Liver enzymes are elevated in 
many cases of enterocolitis and in these cases do 
not necessarily indicate primary liver disease (see 
Chapter 33). 

8* Examine tissue. 

a. Recta! or intestinal biopsy for microscopic examina¬ 
tion and fluorescent antibody for immune-mediated 
diseases (also culture for Su/miwlid) Rectal histopa- 
thology is particularly useful in horses with hypoal¬ 
buminemia or weight loss. 17 
b + Detection of G perfringens beta 2-toxin from 
types A or C by immunohistochemistry of gut 
mucosa is diagnostic on biopsy or postmortem 
specimens. 70 

c. Liver biopsy if indication of involvement in chronic 
cases. 

^ r Toxicology. 

a. Blood lead, liver Lead, and liver arsenic concentra¬ 
tions can be measured if toxicity is suspected. 21 

b. High-pressure liquid chromatography or gas chro¬ 
matography-mass spectrometry can be used to detect 
cantharidin (blister beetle toxin) in urine or gastro¬ 
intestinal contents. 12 

c. Urine and gastrointestinal contents can be evaluated 
for the presence of oleandrin using thin layer chro¬ 
matography Oleander toxicity should be suspected 
in animals with diarrhea, colic, arrhythmias, and 
renal disease. 11 
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10. Evaluate response to treatment with undiagnosed 

chronic diarrhea 

a. Alter diet lo simple grass hay. Alternatively, a 
pelleted complete diet can be tried, especially if right 
dorsal colitis is suspected. Psyllium mucilloid at 4 oz. 
and I to 2 cups of com oil can be added to the dally 
diets of horses with right dorsal colitis.* 135 

b Stop nonsteroidal drugs such as phenylbutazone if 
toxicity is possible cause. 

c If no protozoa are seen in fecal sample, attempt 
transfaunation with colon or cecum contents from 
normal animal (if not available, use feces). 

d. Attempt to classify into type by rectal biopsy; many 
changes are nonspecific. 

(1) Marked fibrosis and inflammatory changes point 
to a poor prognosis, Administer potentiated 
sulfas {5 mg/kg trimethoprim rid is therapeutic 
dose) and iodochlorhydxoxyquin (Rheaform 
10 g/450 kg horse/day) for 2 weeks 

(2) Mononuclear cell infiltrate. Administer 20 to 
30 mg dexamethasone (Azium) per day, taper 
ing down to 10 mg in l week; if response is 
favorable, continue with 600 to 800 mg pred¬ 
nisolone PG per day. taper over 2 months 

(3) Eosinophilic infiltrate. Administer larvicidal 
anthelminthic dose of fenbendazole plus corti¬ 
costeroids as above. 

e. Transfusion with plasma (1 to 2 mL/kg) in young 
horses 2 to 12 months of age that may need some 
additional serum factors. Synthetic colloids, such as 
hetastarch, can be used in animals with reduced col¬ 
loid osmotic pressure (hypoalbuminemia), espe¬ 
cially if edema is present. Hetastarch has been used 
at 10 mL/kg-" 6 

f. Horses with Potomac fever often respond favorably 
to systemic treatment with tetracycline, 

g. Metronidazole [15 mg/kg PO rid) can be used 
empirically, especially if an anaerobic overgrowth is 
suspected, or when the diarrhea is secondary to anti¬ 
biotic use, 27 


Approach to Diagnosis of Diarrhea in Ruminants 
(for Neonates, see Chapter 20) 

1. Take history. Especially note diet, appetite, previous 
deworm ing and vaccinations, and whether it is an individ¬ 
ual or herd problem, In animals less than I year of age toe- 
rid ia r OstenaguL or other helminths should be strongly 
considered. Determine If onset is acute or chronic If 
chronic first consider diseases such as parasitism, Jo hue's 
disease, copper deficiency (molybdenosis), selenium defi¬ 
ciency, liver failure, and other diseases of individual cows 
such as bovine leukosis virus (BLV), amyloidosis heart 
failure, or uremia 

2. Perform physical examination. Especially note weight 
loss, fever, systemic signs, rumen activity, and oral lesions. 
Perform rectal examination. In most acute-onset diseases, 
vital signs are abnormal, and systemic involvement or oral 
lesions (especially with BVD) may be obvious. 

3* Examine feces. 

a. Gross inspection 

b. Microscopic examination for ova and parasites 

c. Culture for Sd/mpne/Li if animal is febrile or feces 
appear inflammatory (fibrin or mucus) 

d. Check for fecal occult blood 

e. Culture of Mycobacterium avium subsp. paratubercub- 
sis if weight loss is a problem (especially if a herd 
problem in animals over 2 years of age) 


4. Take rectal scrapings of mucus. 

a. Make thin smear on slide for acid-fast staining 
for Johnes disease. Examine under oil immersion 
lens. 

5. Obtain blood for the following: 

a. Plasma proteins 

b. Fibrinogen 

c. In acute cases, electrolytes and acid-base status 

d. If a herd problem, copper and selenium status 

6. Test serum for the following: 
a BUN 

b. Liver enzymes (y-glutamy I transferase |GGT] and sor¬ 
bitol dehydrogenase ]SDH]) 

c. Albumin and globulin values 

d. Agar gel immunodiffusion (ACID) for BLV (single 
animals), request gp51 and p24 antibody status 

e. If Johne's disease is suspected, perform EUSA test 

7. Perform paracentesis Paracentesis rules out gross peri¬ 
tonitis, but many false-negatives are possible as a result 
of focal or fibrinous peritonitis. 

8. Perform urinalysis for protein to rule out consideration 
of amyloidosis or other multisystemic immune-mediated 
disease. Because ruminants normally have a urine pH 
of 8 or higher, most dipstick tests will give a trace or a 
1+ positive reading for urine protein even when the 
animals urine is normal. 

9. Examine tissue. 

a. Rectal, intestinal, or mesenteric lymph node biopsy 
for acid-fast stain for lohne's disease, for culture for 
Sobmmefla, and for presence of lymphosarcoma 

10. Perform feed analysis (herd problem only), 

a. Copper, molybdenum, and selenium 

b. Toxins suspmed (e.g., mercury, arsenic) 

IT Tap abomasum for increased pH; rule out type II 
ostertagiasis 

12, Perform necropsy (herd problem only), 

a. Pick severely affected individual to examine thor¬ 
oughly 


COLIC 

K. GARY MAGDESLAN 

BRADFORD P. SMITH 

Colic is defined as the manifestation of visceral abdominal 
pain. Colic may be the result of nongastrointestinal pain, 
such as urinary tract obstruction (Boxes 7-6 and 7-7). This 
section discusses colic of gastrointestinal origin. Pain may 
be acute, chronic, or recurrent. Gas distention or recognizable 
organic problems such as displacements are most frequently 
associated with acute colic. Five bask causes i n large animals 
are as follows: 

■ Distention of gut with fluid, gas, or ingest a 

■ Pulling on the root of the mesentery (mesenteric 
tension) 

■ Ischemia or infarction 

■ Deep ulcers in the stomach or bowel 

■ Peritoneal pain (peritonitis) 

The horse exhibits colic frequently, because it appears to 
have a low threshold for pain and is frequently beset by 
minor digestive disturbances that result in distended bowel. 
Signs of colic in the horse include restlessness, lying down 
and getting up, groaning, grunting rolling swearing kick¬ 
ing at the abdomen, or suddenly dropping to the ground 
in pain. Anorexia and depression often accompany these 
signs. Horses may develop tachycardia with weak pulse 
quality and prolonged capillary refill lime, cold extremities, 
and bright red (vasodilatory phase) followed by dark (vaso* 
constrictive phase or low cardiac output state) mucous 
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BOX 7-4 


Gastrointestinal Causes of Colic in Horses 


COMMON CAUSES 

Accumulation of intestinal, cecal, or colonic gas 
Hypennoiility and intestinal spasms 
Feed impaction, constipation 
Meconium impaction (newborn J 
Gastric ulcers (foal} 

LESS COMMON CAUSES 

Th romboembol ism 

Intestinal foreign body (sand; enterolith; phytobezoar) 

Volvulus of small intestine 

Pedunculated lipoma with bowel strangulation 

Memia, inguinal, epiploic, umbilical, diaphragmatic 

Nephrosplenic ligament bowel entrapment 

Ascarid impaction 

Massive strongyie infection 

Gastric dilation 

Anterior enteritis [duodenitis or proximal jejunUis] 

Enteritis, impending or active 

Peritonitis 

Parasympathomimetic drugs 
Irritant cathartics 
Necrotizing enterocolitis 
Psychogenic colic 
Rectal tear 

Volvulus or displacement of large bowel 
Rupture of stomach or intestine 
Ileus 

Intussusception 

UNCOMMON CAUSES 

Abdominal adhesions 

Intramural hematomas of stomach or intestine 


Stenosis or stricture of bowel lumen 

Botulism 

Tetanus 

Potomac fever 

Exhaustion 

Anaphylaxis 

Rhodococcus rtfui (Corynebaclen urrt ) gut abscesses 
Cribbing or wind sucking 
Abdominal fibroma 

Segmental ischemic necrosis following mesocolk tearing 

l.quine viral arteritis 

Anthrax with bleeding 

Malignant edema (Clostridium species) 

Malignant mesothelioma 
Gastric or intestinal tumor 
Atropine 

Vitamin K y defkiency (moldy sweet clover) 

TOXINS 

(See also toxins listed under Diarrhea) 

Gimhandin ternary 
Dioxin 

Trkhk^roethyiene-extracted feed tmodry 
Warfarin (dicumarol) 

Herbicides 

lead 

Nitrophenyl urea (vacor) 

Phenylbutazone or other nonsteroidal anti inflammatory drugs 
Poison plants (many of those that produce diarrhea also 
produce colic see plant toxins listed under Diarrhea) 

African horse sickness (erotic) 

Crass sickness (exotic) 


BOX 7-7 


Causes of Colic in Ruminants 


COMMON CAUSES 

Increased intestinal gas 
Intussusception 

Torsion or volvulus of the mesenteric root 
Peritonitis 

I ntestinal foreign body or obstruction 

Urolithiasis 

Ruptured bladder 

Acute pyelonephritis 

Abomasal torsion 

Abomasa! ulcer 

Cecal dilation or volvulus 

Severe bloat 

LESS COMMON CAUSES 

Cystitis or urinary tract disease 
Abomasal bloat (neonates) 

Uterine torsion or rupture 
Hernia 

Parturition, impending 
Hypermotility and spasms of gut 
Feed impaction 


Right displaced abomasums 

Acute traumatic rericulitis, abomasifis. or duodenitis 

Acute liver disease 

Vagal indigestion 

Atresia coil (neonates) 

UNCOMMON CAUSES 

Rabies 
Renal tear 
Rectal prolapse 
Grain overload 
Water intoxication 
Winter dysentery 
Ovarian abscess 
Fat necrosis 

Cholelithiasis 
Intestinal adhesions 
Enterotoxemia 
Ileus 

Intestinal strangulation 
Inversion of uterine horn 
Malignant edema 


Continued 
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BOX 7-7 


CtuMS of Colic In Ruminants—on t*d 


Vaginal laceration 
Torsion of descending colon 
Rinderpest (exotic) 

TOXINS 

Plant poisonings (many of those that cause diarrhea also 
produce colic; see plant toxins listed under Diarrhea) 


Malignant mesothelioma 

Ruptured uterine artery 

Intestinal neoplasia 

Aortic, iliac, or femoral thrombosis 

Anaphylaxis 

Renal cysts 

Ruptured prepubic tendon 


membranes if the problem is severe and affects cardiovascu¬ 
lar integrity* 

Evidence of shock is usually present only when the dis¬ 
ease condition is severe and involves tnfarctive disease (vol¬ 
vulus, torsion, thromboembolism) or advanced visceral 
distention (extreme flatulence, impaction, or dilation). For¬ 
eign bodies such as sand or enteroliths in the large colon 
may result in lou^grodle recurrent colic. When an enterolith 
is passed into the transverse colon where it obstructs the 
bowel signs of complete obtmiaum and acute colic ensue 
These signs are manifestations of visceral pain, mediated 
by the sympathetic nervous system. External palpation and 
pushing on the abdomen of adult horses does not usually 
elidt pain unless the affected inflamed or dilated viscus is 
contacted. 

In contrast parietal pain associated with gKritorrilii usu¬ 
ally is responsive to external palpation. Whereas the animal 
with viscera] pain shows active signs of colic, the animal 
with parietal pain is usually reluctant to move and has a 
splinted abdomen. Acute peritonitis occurs within minutes 
after rupture of the stomach or perforation of an ulcer as a 
result of immediate irritation of serosal surfaces by the acid 
contents, whereas with rupture of the colon or rectum it 
may take 12 hours or more before peritonitis is clinically 
apparent. 

Ruminants exhibit colic less frequently than horses, 
probably because of a higher threshold for pain and 
because dietary shifts principally affect the rumen; thus 
intestinal gas pains occur less frequently. Colic with visceral 
pain (including urinary tract) is manifested by grinding the 
teeth (odontoprisis or bruxism), grunting or groaning 
treading with the hind feet, kicking at the abdomen, rest¬ 
lessness, repeatedly lying down and gelling up, anorexia, 
and depression. With parietal pain caused by peritonitis, 
ruminants demonstrate abdominal pain by arching the 
back, splinting, and exhibiting pain on deep palpation of 
the area These signs are seen most commonly with trau¬ 
matic reticuloperi ton iris and abomasa! ulcers; rarely are 
these diseases associated with rhe colic signs described 
previously. 

Diagnosis and Management of Colic in the Horse 

1. Take history. Because colic is a common problem in 
horses, mild to moderate degrees of abdominal pain 
are often initially treated symptomatically with analge¬ 
sics and/or laxatives before major diagnostic efforts are 
undertaken. Most colic of mild to moderate severity 
responds favorably to symptomatic treatment. In gen¬ 
eral severe pain or pain that is unresponsive to analge¬ 
sics indicates a more serious condition for which more 
aggressive medical management or surgical correction 
may be indicated. 


Recurrent mild-to-moderate colic may be an indication 
of a more serious problem such as bowel entrapment or 
displacement thromboembolism, internal abscess, enter¬ 
olith, sand or other foreign body, tumor, gastric ulcer, 
hypobiotic cyathoslomiasis, SmrngyJus mlgans larval mi¬ 
gration, heavy burden of ascarids, abdominal adhesions, 
strictured bowel, or urinary tract disease. 

2. Perform physical examination. Intestinal causes of colic 
can often be differentiated from colic associated with 
other organ systems (Box 7-3) by physical examination 
findings and laboratory data. Although extra intestinal 
origins of acute colic are relatively uncommon in the 
horse, they include mainly abdominal abscesses, tumors, 
cholelithiasis or cholestatic disease, and genitourinary 
tract disease and tend to be recurrent It is important to 
note the presence or absence of normal intestinal bor- 
borygmi and whether or not feces are being passed in 
determining whether the problem is extra intestinal 
Careful auscultation of the thorax should be performed 
to evaluate for the presence of diaphragmatic hernias or 


BOX 7>B 


E x train test! naJ Causes of Colk in Horses 


COMMON CAUSES 

Mesenteric abscess 

Ovarian tumor, abscess, or hematoma 
Parturition 

Acute hepatitis [massive necrosis) or hepatic lipidosis 
Diaphragmatic hernia 
Ruptured bladder (foal) 

Uterine torsion 

LESS COMMON CAUSES 

Urinary tract or renal disease, including urolith lasts 
Pleuritis or pericarditis [referred pain) 

Retained placenta 

Uterine rupture or retroflexion 

Spermatic cord thrombosis or torsion 

UNCOMMON CAUSES 

Perirectal abscess 
Pheochromocytoma 
Purpura hemorrhagica 
Biliary atresia 
Vaginal of vulvar tear 
Cholelithiasis 
White muscle disease 
Rabies 

Rupture of prepubic tendon 

Splenitis, splenic abscess, splenomegaly 

Cauda equina neuritis with retention of feces or urine 
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pleural disease. The testicles should be palpated on all 
stallions to screen for sootal hernias or testicular tor¬ 
sions. Rectal examination findings often help to deter¬ 
mine anatomic location within gut or other site. 
Abdominal tumors, abscesses, and other masses may be 
palpable. Although mild to moderate chronic intermit¬ 
tent colic may be of extra intestinal or intestinal origin, 
most cases of severe unremitting colic indicate gut 
involvement, often with anatomic displacement. 

3. Use ultrasound and radiology. Ultrasound may help in 
locating masses, adhesions, or enlarged liver. It may also 
be helpful in the diagnosis of gastrointestinal disease, 
including nephrosplenic entrapment of the large colon 
and small intestinal distention, and detection of sand 
from the ventral abdomen may be possible. Ultrasound 
can be particularly useful in foals and small ruminants 
because of their size. Radiology can also be useful in 
detecting enteroliths or sand in adult horses and in some 
gastrointestinal conditions of foals. Rarely is radiology 
useful in diagnosing the cause of colic in ruminants, 
except forurethrographs in sheep and goats to locate a ure¬ 
thral stone. 

4. Examine feces. Cross examination of feces should be per¬ 
formed. The presence of sand can often be detected by 
mixing feces with water in a bucket then pouring off 
the water and looking for sediment 

If no feces are passed, a more serious condition is usu¬ 
ally indicated, particularly if intestinal sounds are absent 

5. Use laboratory aids Laboratory aids of immediate benefit 
in diagnosis and management include PCV and plasma 
proteins to aid in assessing hydration and vascular integ¬ 
rity and a paracentesis to evaluate abdominal fluid grossly 
and microscopically. Pain and excitement alone can ele¬ 
vate the PCV, but there is a correlation of elevated PCV 
{>55%) in colics with nonsurvival. Plasma proteins are 
not elevated unless blood volume is decreased through 
shifts in compartments! distribution of body fluids. In 
colic cases these fluid shifts usually mean that an 
increased and abnormal amount of extracellular fluid 
is In the gut lumen, a "third space" where it is of little 
use in maintaining blood volume. Blood lactate concen¬ 
tration measurement has become routine in evaluation 
of horses with acute abdominal disease. It is useful in 
monitoring as an end point to fluid therapy. Some stud¬ 
ies have suggested a prognostic role of lactate in horses 
with colic, although there is marked variability. 

Abdominal fluid is normally present in small volume 
(a few drops to 50 ml); is clear and colorless to yellow; 
and has a total protein below 2.5 g/dL specific gravity less 
than 1,015, little or no fibrinogen (<100mg/dL), and 
fewer than 5000 white blood cells (WBCs) per microliter. 
Elevations in these parameters or increased numbers of 
neutrophils in peritoneal fluid often indicate inflamma¬ 
tion on serosal surfaces Comparisons of abdominal fluid 
glucose with serum glucose [greater than 50 mg/dl differ¬ 
ence is abnormal) and evaluation of abdominal fluid pH, 
lactate (as compared with blood lactate), and lactate dehy¬ 
drogenase (LDH) concentrations can aid in the diagnosis 
of septic peritonitis. 211 Crossly, fluid changes to cloudy yel¬ 
low, then to blood-tinged with fibrin dots, and finally to 
black in color as bowel necrosis and hemolysis of extrava- 
sated red blood cells (RBCs) occur, Elevated levels of peri¬ 
toneal fluid protein are consistently found in anterior 
enteritis (duodenitis and proximal iejunitis) and provide 
a useful differential aid, although this finding is also com¬ 
mon in cantharidin poisoning. Elevated protein levels are 
present in peritonitis but accompanied in these cases by 
elevated numbers of neutrophils. If peritoneal fluid is 


grossly contaminated with feed material, rupture of a 
viscus should be considered Another peritoneal tap in 
a different location should be undertaken if the possibi¬ 
lity of bowel penetration during paracentesis cannot 
be ruled out It is not necessary to have abnormal perito¬ 
neal fluid before consideration of surgical correction of 
colic is contemplated. Recently, abdominal fluid lactate 
has been shown to be predictive of intestinal ischemia sec¬ 
ondary to strangulating obstruction and may aid in early 
detection of intestinal strangulation, rupture, and septic 
peritonitis. 23 

Many chemical analyses (e,g„ lactate) of blood or 
peritoneal fluid have been recommended as an aid in 
prognosis and gauging severity of tissue damage, Plasma 
fibrinogen, as well as peripheral leukocyte counts, can 
aid in the differentiation of enterocolitis or anterior enter¬ 
itis from strangulating lesions. Serum electrolyte concen¬ 
trations and acid-base status are important from a 
therapeutic standpoint. Serum biochemistries, including 
liver enzymes, creatinine, and BUN, are important in eval¬ 
uating for liver and renal compromise. HypeFgfobuline- 
mU may be indicative of chronic disease. 

6. Evaluate response to treatment. The approach to diagnosis 
of colic signs is often tied in with management because if 
the animal's pain cannot be alleviated surgical interven¬ 
tion and specific diagnosis of displacements, internal her¬ 
nias, masses, and adhesions are the next steps. The initial 
diagnosis especially considers the history of deworming 
and feeding. The Endings of the physical examination, 
including rectal examination and evaluating degree of 
pain, determine whether additional laboratory workup is 
indicated. In many cases with mild to moderate pain 
and no evidence of shock, standard treatment is parenteral 
administration of an analgesic agent (see Chapter 3) and 
oral administration of a mild laxative such as OSS 
(approximately 1 mL/kg of 5% DSS) or mineral oil (4 L). 
When a nasogastric tube is passed, the stomach should be 
checked for reflux and decompressed as needed. The pH 
of the gastric reflux may indicate primary gastric dilation 
if acidic, or small intestinal blockage or ileus if alkaline. 
Dark brown, foul-smelling, and alkaline reflux is often 
associated with anterior enteritis (duodenitis and proximal 
jejunttis). If a significant amount of reflux is present, oral 
medications should be withheld. If cardiovascular function 
is impaired (poor mucous membrane color and capillary 
refill, weak pulse, cold extremities, impending shock), 
sodium-containing fluids should be given intravenously 
at a rate of 3 to 10 L/hr to a 4 50-kg horse- 

targe amounts of painful gas auscultable in the right 
flank can be tapped and drawn off, although the risk 
for peritonitis should be considered. The cecum is trocar- 
ized, using a 14- to 16-gauge 6-inch needle inserted 
through aseptically prepared skin. 

The principles of colic management include (l) con¬ 
trol of pain, (2) relief of distention. (3) relief of obstruc¬ 
tion, and (4) reversal of shock. 

7. Perform exploratory surgery. In making a decision 
concerning management of colic, it is important to sepa¬ 
rate impending enteritis and peritonitis from bowel 
disease requiring surgical intervention. Anterior or proxi¬ 
mal enteritis can result in prolonged moderate pain and 
requires constant or frequently repeated analgesic admin¬ 
istration and gastric decompression of the foul-smelling, 
dark reddish-to-brownish stomach contents. However, 
pain often subsides and is replaced with depression after 
gastric decompression in horses with anterior enteritis, 
whereas horses with strangulating lesions often remain 
in pain. The presence of lever or decreased total WBC 
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court (with neutropenia) may be an indication of 
impending or ongoing enteritis, in which case surgery 
may be contraindicated Surgery is indicated in the follounng 
situations: 

a. Pain is severe and intractable or nonresponsive or 
poorly responsive to analgesics. 

b. Pulse is weak and rate is over 70 beats/min. 

c Perfusion is poor, as evidenced by cold extremities, 
mucous membranes are off color* and capillary refill 
is poor. 

d. No gut sounds are auscultated (a lack of fecal 
production), 

e. Bowel is markedly distended,, 

f Large volumes of yellowish alkaline gastric reflux are 
present. 

g. Abdomi not ernes is indicates damaged bowel (blood 
tinged* increased protein* increased WBCs). 

Surgery' may fee contraindicated in the fotbuing situations: 

a. Fever 

b. Neutropenia or marked neutrophilia 

c Severe icterus or marked enzyme abnormalities indi¬ 
cating primary liver disease 

d. Foul-smelling, brownish-red gastric reflux charac¬ 
teristic of proximal enteritis (duodenitis/jejunitis), 
especially when removal of reflux results in discontin¬ 
uation of signs of pain 

e Evidence of an extrain test inal cause not amenable to 
surgical correction 

f. Colitis or diarrhea 

g. Abnormal behavior or neurologic signs 

Diagnosis and Management of Colic in Ruminants 

1. Take history. Colic in neonates is most often associated 
with increased abomasa 1 or intestinal gas and is dis¬ 
cussed in Chapter 20. Perforating ulcers are not uncom¬ 
mon as a cause of colic in calves I to 6 months of age 

It should be determined whether the onset of colic 
was acute or whether the colic is chronically recurrent. 
Few diseases cause recurrent colic in ruminants Urolith¬ 
iasis is probably the most common cause of colic in male 
or neutered male goats and sheep and occurs under 
varied dietary and environmental conditions. Urolithia¬ 
sis in cattle occurs most frequently in bulls or steers 
eating high-grain diets, hut silicate stones can occur in 
very young animals and animals on pasture diet. 

2, Perform a physical examination, l ake vital signs; with tor¬ 
sion or severe peritonitis, shock signs such as rapid heart 
rate (>90 beats/min), cold extremities* and weakness 
may be seen. Tympany can be detected by simultaneous 
auscultation and percussion Such causes of colic as cecal 
dilation, bloat* free gas in the peritoneal cavity, and severe 
abomasa! dilation can be diagnosed in this way (see 
Fij^. 1 -3 to 1-5). Rectal examination detects such abnorm¬ 
alities as gas in the cecum , uterine abnonnalilies, urinary 
tract disease, and intussusception. Observe animal urinat¬ 
ing to rule out obstructive urolithiasis. 

Ultrasound examination of the abdomen is also use¬ 
ful (see Chapter 32), 

3, Examine feces. Observe grossly; intussusception usually 
has scant dark red (almost black) feces. Scant feces are 
seen with cecal dilation or displacement. 

4. Check preputial hairs and urethral process for sediment 
and stones. Grit on the preputial hairs is often associated 
with urolithiasis. Observe animal urinating and check 
urine for abnormalities. Rule out pyelonephritis. 

Radiology and ultrasound can be useful in sheep and 
goats when urolithiasis is a consideration. Ultrasound 
can delect a distended bladder, and stones may 


sometimes be detected Radiology (lateral view) may 
detect a stone in the urethra or stones in the bladder. A 
contrast urethrogram may also be diagnostic. 

5 + Perform paracentesis to look for peritonitis caused by 
perforated abomasal ulcer, serosal devitalization, intus¬ 
susception, or ruptured bladder. Interpret as above for 
horses, except that normal peritoneal fluid protein 
concentration can go as high as 5 g/dL in ruminants. 

6. Other laboratory aids such as CBC and clinical chemis¬ 
tries are seldom diagnostic in ruminant colic. If grossly 
abnormal, they may be grounds for formulating a poor 
prognosis. Intussusception may he associated with neu¬ 
trophilia (as well as dark feces and colic) in some cases. 

7. Symptomatic treatment of colic includes analgesics and, if 
heart rate is over 90 beats/min, intravenous fluid therapy 
with a sodium-containing fluid. Take blood sample for 
electrolytes and acid-base status before initiating fluid 
therapy. 

8. Surgical exploration is indicated if colic is persistent 
abdominal distention occurs, the heart rate is over 
100 beats/min, feces are scant (especially those that are 
dark red and indicative of intussusception), there are 
pings indicating abomasa! or cecal displacement or tor¬ 
sion, or the peritoneal fluid indicates bowel devitaliza¬ 
tion (blood-lingied fluid with elevated protein and 
WBCs). If surgical exploration is indicated, an important 
consideration is whether the animal will remain stand¬ 
ing under local anesthesia during surgery. It is often best 
to perform abdominal surgery on animals with colic in 
left lateral or dorsal recumbency, aided by sedation and 
restraint* to avoid sudden collapse when painful surgical 
manipulations are performed. If the left lateral position 
is selected, use padding to raise the hip and shoulder 
so that the abdominal viscera can sit in a depression. 

HELENA 

BRADFORD P. SMITH 

Melena (dark, tarry feces) is caused by blood in the lumen 
of the stomach or proximal intestinal tract, resulting in 
black (digested) blood appearing in the feces {Boxes 7-9 
and 7-10). Usually blood is a result of a bleeding ulcer in 



Causes of Melena in Horses 


COMMON CAUSES 

Gastric or duodenal ulcer 
Gastric squamous cell carcinoma 
Coughing up and swallowing blood 

LESS COMMON CAUSES 

Phenylbutazone toxicity (nonsteroidal antiinflammatory 
drugs) 

Purpura hemorrhagica 
Gastroenteritis with bleeding 
Warfarin toxicity or other coagulation disorder 
Colon k hematomas 

Disseminated intravascular coagulation with mucosal 
hemorrhage 

Anterior or proximal enteritis (duodenitis or proximal 
jejuntfk) 

Arsenic toxicity 

UNCOMMON CAUSES 

Lupus erythematosus 

Factor VIII deficiency, hemophilia A 

Histoplasmosis 
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Causes of Helena in Ruminants 


COMMON CAUSES 

Abomasal ulcer 
Intussusception 

LESS COMMON CAUSES 

l ung abscess with ruptured blood vessel 

Oak toxicity 

Goeridiosis 

Gastroenteritis with bleeding 
Arsenic toxirity * 

Ingestion of blood after parturition 
Intestinal parasites 

Toxicity from nonsteroidal antiinflammatory drugs 
Abomasa] torsion or volvulus 

UNCOMMON CAUSES 

Duodenal ulcers 

Hemophilia A, factor VI] I deficiency 
Bacillary hemoglobinuria 
Sulfur toxicity 

Warfarin poisoning or other coagulation disorder 
Narthecium asiaticum maxim poisoning (exotic) 


the stomach or abomasum but may also result from inges¬ 
tion, oral or pharyngeal bleeding, or coughing up blood 
that is then swallowed. In ruminants the presence of dark 
red feces from an intussusception is the main differential 
to be considered. Blood must stay in the intestinal tract 
for hours before the hemoglobin is altered and turns black. 
Small amounts of hemoglobin can be detected by using one 
of the tests for occult blood. In general, fairly large volumes 
of blood (1 to 2 L) are required to produce a positive fecal 
occult blood test in the horse.' A 24- to 48-hour lime 
period is needed for orally administered blood to reach 
the rectum in the horse. In ruminants, smaller volumes of 
blood are needed to produce a positive fecal occult test, 
and a faster transit time is expected. 

In approaching a diagnosis, rule out pulmonary, oral, or 
pharyngeal bleeding. Bleeding of gastrointestinal origin can 
be determined to be caused by mucosal disease or full- 
thickness bowel disease (such as an intussusception or neo¬ 
plasia) by examining peritoneal fluid for abnormalities. 
Abnormalities in peritoneal fluid are usually present in the 
case of serosal involvement. Bleeding abomasa! ulcers are 
probably the leading cause of melena in ruminants. They 
can be silent except for the dark feces and weakness if severe 
anemia develops. In older horses, gastric squamous cell car¬ 
cinoma is a frequent cause of gastric hemorrhage. Signifi¬ 
cant bleeding is much less common in foals and calves 
with gastric ulcers, and melena is rare in foals and calves with 
gastric ulcers. 

Consideration should be given to whether or not the 
melena is the result of clotting abnormalities associated 
with such diseases as DIG or warfarin poisoning. In cattle 
with colic and dark red-to-black feces, intussusception 
should be considered likely. 

When severe anemia develops, there is evidence of blood 
loss because the decrease in PCV and RBCs is accompanied 
by a decrease in plasma proteins. Nonspecific therapy for 
melena consists principally of blood transfusions in life- 
threatening cases. Sudden, massive gastric or abomasa I 


'Carlson G: Personal communication. 1990. 


bleeding may result in anemia and collapse before melena 
has appeared. 

In the foal, gastric ulcers may be treated with histamine-2 
O h) blockers such as ranitidine or cimetidine. These drugs 
are probably less effective in ruminants, ITieir benefit in 
ruminants with abomasal ulcers is not well understood at 
present. New drugs such as the hydrogen pump blocker 
omeprazole are useful and potent gastric pi I effectors. Ther¬ 
apy with protectants such as sucralfate (which coats the ulcer) 
ts a viable and clinically useful therapy in the horse. In rumi¬ 
nants, orally administered protectants and antacids are so 
diluted by the time they reach the abomasum that they are 
probably of limited benefit, 

BLOOD, FIBRIN, AND/OR MUCUS IN FECES 
(DYSENTERY) 

BRADFORD P. 5MI JH 

Bloody diarrhea is termed dysentery. The presence of fresh 
blood or clots in the feces is termed hematochezia and is the 
result of bleeding into the distal intestinal tract. Occasionally 
blood from the female reproductive tract may appear in or 
on the feces. Fibrin indicates severe inflammatory bowel dis¬ 
ease. Fibrin appears as casts, chunks of yellow-gray material, 
or mucosa-like sheets. Mucus in feces increases with inflam¬ 
matory bowel diseases such as salmonellosis. It is often seen 
when fecal volume is small in animals that are anorectic, in 
which case the feces are often coated with mucus. This 
mucous coating can become very obvious in the horse and 
is not a sign of bowel disease in this case. 

Frank blood in feces without diarrhea and other evidence 
of gastrointestinal dysfunction or systemic illness may be a 
result of a bleeding disorder, a traumatic foreign body, rec¬ 
tal examination trauma, sadistic rectal trauma, or rectal 
trauma in a mare from a stallion penetrating the rectum 
(Boxes 7-11 and 7-12). Many of ihe diseases listed as causes 
of melena may also result in gastrointestinal hemorrhage 
and are therefore listed in both places. If the bleeding is in 
the distal gastrointestinal tract, fresh blood may he seen in 
the feces. With diseases midway down the tract, such as 
intussusception, fecal material is dark red and may appear 
black until a sample is examined closely and spread on a 
white surface. 


BOX 7-1 


Causes of Blood, Fibrin, or Mucus in Feces 
of the Horse 


COMMON CAUSES 

Foreign body 
Rectal tear or trauma 
Intussusception 

Blister beetle (cantharidin) toxicity 
Colitis, unknown cause 
Salmonellosis 

LESS COMMON CAUSES 

Purpura hemorrhagica 

Small strongyle infection (cyaLhostomiasis) 

Colorectal polyps 

Eosinophilic gastroenteritis 

Acom or oak poisoning 

Arsenic toxicity 

Organophosphate toxicity 

Warfarin poisoning or other coagulation disorder 

Mycotoxicoses 

Besnoitiosis (globidiosis) (exotic) 
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BOX 7-12 


Causes of Blood, Fibrin, or Mucus In Feces 
of Ruminants 


COMMON CAUSES 

Foreign body 
Intussusception 
Cocdditwis 
Salmonellosis 

LESS COMMON CAUSES 

Rectal tear or trauma 

Rectal examination trauma * 

Volvulus, root of mesentery 
Malignant catarrhal fever 
Enterotoxemia 
Bovine viral diarrhea 
Arsenic toxicity 
Abomasa] torsion 

Warfarin poisoning or other coagulation disorder 

Castor bean (Rtrirtus) poisoning 

Tung tree [Aleurites) poisoning 

Solarium (nightshade, potato) poisoning 

Stfdwma [rattle box) poisoning 

Bracken fern 


ABDOMINAL DISTENTION AND 
CONSTIPATION 

BRADFORD P. SMITH 

Abdominal distention may be caused by feed, fluid, gas, 
feces, or a neoplasm (Boxes 7-13 and 7-14). Pregnancy or 
extreme obesity may also result in an enlarged abdomen. 
The physical examination should determine which of these 



Causes of Abdominal Distention and Constipation 
in Horses 


COMMON CAUSES 

ileus 

Intestinal foreign body such as enterolith [see Colic) 
Peritonitis 

Intestinal obstruction, impaction, or gas (see Colic) 
Necrotizing enterocolitis (foals) 

Torsion or volvulus of gut (see Colic) 

Sudden decrease in exercise 

LESS COMMON CAUSES 

Pregnancy 

Pelvic mass (abscess, tumor) 

Cecal tympany (see Colic) 

Hernia, obstructive (see Colic) 

Intussusception (see Colic) 

UNCOMMON CAUSES 

Anticholinergics 

Opiates 

Intrinsic colonic nerve dysfunction 

Anorectal pain 

Perineal hernia 

Hypokalemia 

Tetanus 

Hypocalcemic tetany 
Intramural hematomas on gut 
Propylene glycol toxicity 
Crass sickness (exotic) 


Causes of Abdominal Distention and Constipation 
in Ruminants 


COMMON CAUSES 

Pregnancy 

Obesity 

Vagal indigestion 
Crain overload 
Bloat 
Ileus 

Cecal volvulus or dilation with ileus 
Peritonitis, traumatic or other cause 
Fat necrosis involving rectum or colon 
Ruptured bladder (uroperitoneum) 

Intestinal obstruction 
Pelvic mass {abscess, tumor) 

Hypocalcemia 

Omasa I obstruction or foreign body 

LESS COMMON CAUSES 

Anticholinergics 
Intussusception 
Abomasa I volvulus 
Abomasal impaction 
Tetanus 

Abomasal bloat (calf) 

Necrotizing enterocolitis (calf) 

UNCOMMON CAUSES 

Hydrops 

Ascites 

Torsion of descending colon 
Internal herniation, especially diaphragmatic hernia 
involving reticulum 

Displacement of intestine to left of rumen 

Stenosis of duodenum 

Adhesions of intestine 

Bovine leucosis 

Intestinal volvulus 

Atresia of anus, colon, rectum, or intestine 

Abomasal adenocarcinoma 

Omental bursitis 

Perforated abomasal ulcer 

Zinc toxicity 

Crude oil toxicity 

Diesel fuel toxicity 

Propylene glycol toxicity 

Larkspur poisoning 


is the most likely cause. Often in ruminants the disten¬ 
tion can be seen as primarily left sided, right sided, or 
bilateral. For example, bloat in ruminants results in 
a characteristic high left-sided gas distention. It may 
be primary or associated with vagal indigestion, tetanus, 
or hypocalcemia- With vagal indigestion the rumen 
becomes enlarged and fluid-filled, often giving a pear 
shape to the abdomen as it is viewed from the rear, or a 
pear shape on the right and an apple shape on die left 
("papple" shape) if some degree of bloat is also present. 
Hypocalcemia anti hypokalemia contribute to ileus and 
may result in constipation and abdominal enlargement. 
In sheep, abomasal impaction and enlargement asso¬ 
ciated with abomasal emptying defects can result in an 
enlarged abdomen with decreased food intake. When a 
mass (most commonly an abscess, a tumor, or a fat 
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necrosis | cattle only)) obstruas fecal passage, abdominal 
enlargement tan become severe. With obstructive disease, 
some degree of colic is almost always present. Ruptured 
bladder results in a large fluid-filled abdomen, but consti¬ 
pation is not an obvious sign. 

The most common causes of decreased fecal output in 
ruminants and horses are decreased feed intake and dehy 
dration. in such cases the animal will appear gaunt or 
have a relatively empty abdomen or rumen. I torse feces 
in cases of prolonged transit are often covered with a layer 
of tenacious, thick yellow mucus. When a functional 
obstruction (ileus, vagal indigestion) or physical obstruc 
lion (impaction, foreign body, displaced intestine, fat 
necrosis) occurs as a cause of constipation, the abdomen 
is more likely to appear normally hill or to become dis¬ 
tended, Rectal examination is of great help in determining 
whether a mass or an obstruction exists because loops of 
distended small bowel can sometimes be palpated in the 
latter case 

Radiographs and ultrasound may be valuable to help deter- 
mine the cause of abdominal distention in foals, calves, and 
small ruminants. Increased gastrointestinal gas may result 
in abdominal distention, Abomasal bloat and necrotizing 
enterocolitis in young animals may best be confirmed with 
lateral abdominal radiographs. 

Dehydration may also result in dry feces but not in 
abdominal enlargement. When constipation is present and 
feces are drier than normal, rehydration and correction of 
hypocalcemia, hypokalemia, and any existing acid-base 
abnormalities are important pans of correction of the con¬ 
stipation. Other nonspecific therapies for functional consti¬ 
pation include laxatives, cathartics, and cholinergic drugs. 
When treating constipation, which is usually a secondary 
problem, it is important to simultaneously attempt to diag¬ 
nose the primary disease. 

In ruminants, when abdominal distention involves the 
rumen or is caused by pregnancy or obesity, colic is absent. 
When abdominal distention is the result of obstruction 
from the pylorus distal, colic is usually present. Abdominal 
distention and constipation are frequently accompanied by 
colic in the horse, regardless of anatomic site involved 
(review the approach to colic). 


REGURGITATION AND VOMITING 

WCADEOHD P S Mtm 

Regurgitation is the reflux of esophageal, gastric, or rumen 
contents into the mouth or nose. This may be caused by 
malfunction of the esophagus or in ruminants as pan of 
the normal physiology for rerhewing ingested plant fiber 
(Boxes 7-15 and 7-16). Vomiting is a coordinated, 
centrally (medulla) mediated event, usually preceded by 
nausea (inappetenre), increased salivation, or retching. 
In vomiting the abdominal musculature contracts, the dia¬ 
phragm is pushed caudalty, and the cardia relaxes. The 
medullary vomiting center can be stimulated by visceral 
afferent stimuli or through the chemoreceptor trigger 
zone. Most toxins and drugs that cause vomiting act by 
directly affecting the chemoreceptor trigger zone. Other 
than with toxins, most cases of feed returning to the 
mouth in large animals are examples of regurgitation 
rather than true vomiting. Vomiting is unusual in both 
ruminants and horses. 

Although regurgitation is a normal phenomenon in 
ruminants, it is unusual to find excessive regurgitation 


Causes of Regurgitation and Vomiting in Horses 


COMMON CAUSES 

Choke 

Damaged esophagus, foreign body, or diverticulum 
Foreign body in pharynx, trachea, or nose 
Guttural pouch infection and pharyngeal paresis with nerve 
involvement 
Gastric dilation 
Gastric rupture 

LESS COMMON CAUSES 

Snake bite 
Tetanus 
Tick paralysis 

Anterior enteritis (duodenitis or proximal lejuniiis) 

Gastric stenosis, ulcers 
Hydrocephalus, meningitis, encephalitis 
Central nervous system trauma 
Polyneuritis 
Peritonitis 

Persistent righi aortic arch 
Crass sickness (exotic) 

TOXINS 

Phosphorus 

a-Naphthyl thiourea (ANTU) 

Cyanide 

Herbicides 

Arsenic 

Lead 

Nitrophenyi urea (vacor) 

Organothlorine 

PLANT TOXINS 

Oleander 
Castor bean 

Death cairns [Zigandenw species) 

Algae 

Heath (Ericaceae) 


BOX 7-14 


Causes of Regurgitation and Vomiting in Ruminants 


COMMON CAUSE5 

Esophageal trauma or foreign body 

Oral or pharyngeal foreign body, abscess, or trauma 

Salt toxicity (water deprivation-access) 

Tumor, papilloma, or other mass in rumen or esophagus 
Toxins and poisonous plants 

LESS COMMON CAUSES 

Megaesophagus 

Hiatal or diaphragmatic hernia 
Esophageal diverticulum 

Esophageal reaction to Hypoderma lineal urn (B) 
Hydrocephalus 

Meningitis, meningoencephalitis 
Central nervous system trauma 

UNCOMMON CAUSES 

Intestinal neoplasia 
Traumatic reticulitis 
Tick paralysis 
Tetanus 


Continued 
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Causes of Regurgitation and Vomiting in 
Ruminants—cont'd 


UNCOMMON CAUSES—cofir'd 

Bluttongue (O) 

Peritonitis 

Persistent right aortic arch 
Pseudorib 

Rift Valley fever (exotic) 

TOXINS 

Methanol or ethanol ' 

Acute oral topper 

Phosphorus 

Arsenk 

Nitrates 

Crude oil 

Diesel fuel 

Snake bite 

PLANT TOXINS 

Sofattum species 
Mditf (chinaberry) 

Larkspur (Defpfcmtum) 

Cyanogenic plants 

Nitrate accumulators 

Death camas (Zigdndemo species) 

Castor bean 

Oleander 

Goddcbur 

Tremotgenic toxins 

Heath (Ericaceae) 

Hetenium (aneezeweed, bttterweed) 
Hymertorys (rubberweed, bitterweed) 
Verairum (heUabore) 

Amiatuhium (stagger grass) 
tiaplvpappus (burrowced) 

Pjikwfrcplte (paper flowers) (O) 
AgTOttnmta (com cockle) 

Kaimia (laurel) 

Kikuyu (exotic) 

Ibaraki disease (exotic) 

Criteria (exotic) 

Yetiow*wood (exotic) 

0, Bovine O, ovine 


as a sign of disease. Physical blockage of rumenoreticular 
outflow by a foreign body, warts, granulomas, or diaphrag¬ 
matic hernia can cause rumen distention and excessive 
regurgitation after eating An esophageal foreign body can 
cause irritation and result in regurgitation. Animals with 
facial paralysis may drool feed and saliva on the affected 
side; this should be differentiated from animals with exces¬ 
sive or abnormal regurgitation. Vomiting or forced regurgi- 
tation in ruminants is rare and is seen principally with the 
toxins Listed, 

Horses have such a marked tone at the cardiac sphinc¬ 
ter that vomiting occurs only when extreme intragastrie 
pressures develop, usually in small intestinal obstructive 
diseases or proximal enteritis. Vomiting in the horse thus 
often occurs with gastric rupture or terminally with 
shock. Stomach contents are usually pH 5 or below. 
Because it is a terminal event, vomiting in the horse is 
often grounds for rendering a poor prognosis. Abdomino- 
tentesis should be performed on a horse after vomiting to 
rule out gastric rupture. To avoid this sequence of events. 


decompression using a nasogastric tube should be 
performed in any horse with evidence of gastric disten¬ 
tion (see approach to colic)* Regurgitation and vomiting 
in horses most commonly occur from the nose rather 
than into the mouth, because of the anatomy of the soft 
palate. With choke (esophageal obstruction), esophageal 
regurgitation from the nares consists of mixed feed and 
saliva. 

In foals a few weeks to several months of age, milk 
returning from the nares is often associated with gastric 
ulceration, along with signs of colic, lying in dorsal recum¬ 
bency, hypersalivation, and champing movements of the 
mouth. In advanced cases with duodenal ulcers, pyloric out¬ 
flow can be obstructed by scarring, resulting in more pro¬ 
nounced signs Foals I to 6 months of age are most 
susceptible to gastric ulceration 

Occasionally, neonatal foals without cleft palate 
have some mild degree of dysphagia with milk regurgita¬ 
tion from the nose for the first 24 to 48 hours of life, 
which spontaneously corrects. The cause of this is 
unknown, but it would appear to be a failure of normal 
swallowing events to be sufficiently strong or coordi¬ 
nated in the newborn. The major ruleout in these cases 
is deft palate. 

Approach Co Diagnosis of Regurgitation 
and Vomiting 

Evaluation of regurgitation or vomiting should include a 
history to determine possible exposure to toxins or poi¬ 
son plants, which is most likely when multiple animats 
are affected Age of the animal limits some considera¬ 
tions; young animals are more prone to meningitis and 
central nervous system (CNS) trauma, and congenital 
problems such as esophageal diverticula and persistent 
right aortic arch are found only in neonates and may 
not manifest as choke or regurgitation until solid food 
intake is increased. 

The physical examination can determine whether the 
problem is vomiting or regurgitation* In ruminants, regur¬ 
gitation often occurs as a result of distention and overfill¬ 
ing of the rumen, resulting in an obviously distended 
abdomen. Painful pharyngeal lesions can also cause pha¬ 
ryngeal paresis, which results in gagging and regurgitating. 
In horses the most common causes of feed coming from 
the nares are spontaneous choke and pharyngeal paresis 
associated with guttural pouch lesions (see section on 
dysphagia). 

Physical examination should also indude passing a 
stomach tube to determine whether any impediment to pas¬ 
sage of ingesta is present (Box 7-17). Endoscopy is useful to 
visualize esophageal defects. Many endoscopes currently in 
use are not long enough to reach the stomach of the adult 


Useful Techniques in Diagnosing Cause 
of Regurgitation 


* Passing of stomach tube 

* Endoscopy of pharynx, guttural pouche* esophagus, and 
stomach 

* Ultrasound examination of the cervical esophagus may be 
helpful 

* Radiograph* plain films of pharynx, guttural pouches, 
esophagus, and stomach 

* Radiograph* barium swallow* checking gastric emptying 
time in hots* 
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horse. Endoscopy of the rumen is rarely diagnostic, because 
it is almost impossible to empty it adequately to allow 
for visualization of a lesion. Ultrasound of the cervical 
esophagus may also be useful. 

In horses and small ruminants radiography, particularly 
barium contrast studies, can be useful in detecting esopha¬ 
geal abnormalities. In foals, prolonged gastric emptying 
time may be diagnosed from contrast studies. Normal emp¬ 
tying and movement of contrast media into small bowel 
occur in less than 2 hours; contrast media reach the large 
bowel by 3 hours Radiography may also be useful in 
detecting diaphragmatic hernia. 

The most significant complications of regurgitation and 
vomiting include aspiration pneumonia, dehydration, and 
electrolyte imbalances. The marked hypochloremic alkalosis 
common to most monogasmrs is rare in horses and occurs 
in ruminants mainly with internal vomiting (one type 
of vagal indigestion) associated with reflux of abomasal 
contents back into the rumen. 

Vomiting, like diarrhea, is often an attempt by the 
body to rid itself of a noxious or toxic substance, Atuie- 
metics are therefore rarely indicated in vomiting of cen¬ 
tral origin and rarely effective in regurgitation in large 
animals. 

DYSPHAGIA (INCLUDING FEED FROM 
NARES AND EXCESSIVE SALIVATION) 

BRADFORD P SMiTH 

Dysphagia is used here to refer to abnormalities of prehen¬ 
sion. masiication, or swallowing. It is associated with 
diseases of the mouth, lips, pharynx, esophagus, mandible, 


or masseter muscles or, in the case of neurologic problems, 
with central or peripheral lesions resulting in malfunction 
in these areas. Diseases resulting in erosions, ulcers, swel¬ 
lings, crusts, or growths in or on the lips, mouth, or phar¬ 
ynx are discussed under a separate heading. Painful causes 
of dysphagia such as dental problems require differentiation 
from oral lesions such as ulcers. 

The causes of dysphagia can be divided into three cate¬ 
gories; (1) pain induced. (2) neurologic and (3) obstruc¬ 
tive (Boxes 7-16 and 7-19). A fourth category is 
mechanical interference with prehension and swallowing, 
but this usually manifests in a manner resembling the 
manifestation of painful lesions Particularly in horses, 
worn, missing, capped* abscessed, overgrown, or broken 
teeth often result in mechanical interference with chewing, 
resulting in half-chewed feed being dropped from the 
mouth (quidding). Observation of the animal as it 
attempts to eat and a good physical examination, includ¬ 
ing oral inspection and passage of a stomach tube to rule 
out choke, are essential in determining the cause of dys¬ 
phagia, Use of a fiberoptic endoscope to visualize the 
pharynx, guttural pouches, and esophagus may be helpful. 
Plain film radiographs and barium swallows may also he 
indicated to see functional abnormalities in the pharynx 
and esophagus during swallowing and to rule out fractures 
of the hyoid or mandible Ultrasound should also be 
employed. 

Pain is probably the most frequent cause of dysphagia 
in ruminants and horses. Oral lesions, oral foreign bodies, 
and poor teeth result in decreased feed intake, in Increased 
salivation, and often in dropping feed from the mouth 
while attempting to chew. Dental problems are relatively 


BOX 7-18 


Causes of Dysphagia in Horses 


RAIN 

Tooth root abscess or periodontal disease 

Worn, missing rapped, overgrown, or broken teeth 

Foreign body in mouth, pharynx, nose 

Oral vesicles, erosions, ulcers, or growths 

Pharyngeal abscess, cellulitis, trauma, fistula, or neoplasia 

Esophageal choke, trauma 

Strangles 

Rupture of rectus Capitus ventral is muscle 
Snake bile 

Oral, mandibular, or maxillary fracture, neoplasia, or 
granulomas 
White musdc disease 
Epigjotlidiux, epigjottk cysts 
Trauma or excessive traction to tongue 
Hyoid bone injury 
Nasal mass (granuloma) 

obstruction 

Pharyngeal abscess, cellulitis, trauma, fistula, or neoplasia 

Esophageal choke, trauma, megaesophagus 

Strangles 

Rostral displacement of palatopharyngeal arch 
Damaged or abnormal esophagus 
Cleft palate 

Dorsal displacement of soft palate 
Epiglottiditis. epiglottic cysts 
Nasal mass (granuloma) 

Lymphosarcoma 
Purpura hemorrhagica 


NEUROLOGIC. NEUROMUSCULAR 

Yellow star thistle (Nigrop.il I id a I enceph atom atari*) 

Guttural pouch mycosis, infection, or tympany 

Megaesophagus 

Botulism 

Lead toxkity 

Rabies 

Snake bite 

Tetanus 

Tick paralysis 

Encephalitis, meningitis 

Encephalopathy, hepatic 

White muscle disease 

Cerebrospinal nexnatodias is 

Electrocution 

Transit or lactation tetany 
Lymphosarcoma 
Myeloproliferative disease 
Myotonia 

Otitis interna and media 

Pontomedullary, brainstem neoplasia, pituitary abscess, trauma, 
neoplasm 

Postanesthetic myasthenia 
Herbicide toxicity 

White snakeroot (trcmetol) toxicity 
Moldy com poisoning 
Locoweed (Astragalus. Oxytwpis J toxicity 
West Nile fever 

Boma disease. Near East encephalitis (exotic) 

Grass sickness [exotic) 
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Causes of Dysphagia In Ruminants 


PAIN 

Oral vesicles, erosions, ulcers, growths 
(see following section j 
Foreign body 

Pharyngeal abscesses, cellulitis, or tumor 
Traumatic or irritant stomatitis 
Snake bite 

White muscle disease 
Actinobadllosis 

Actinomycosis * 

Worn, missing, overgrown or broken teeth 
Periodontal disease or tooth root abscesses 
Oral, maxillary, or mandibular neoplasia 
Fractured mandible or maxilla 
Stomatitis 

Necrotic laryngitis (calf diphtheria) 
Ruptured or damaged esophagus 

OBSTRUCTION 

Foreign body 

Pharyngeal abscess, cellulitis, or tumor 

Choke 

Snake bite 

Aciinobadilosis 

Oral maxillary, or mandibular neoplasia 

Megaesophagus 

Hiatal or diaphragmatic hemia 

Cleft palate 

Bovine leukosis 


NEUROMUSCULAR 

Listeriosis 
Rabies 
Tetanus 
Botulism 
Tick paralysis 

Encephalitis, encephalopathy 
Brain abscess 
White muscle disease 
Megaesophagus 

Paresis of masseter muscles (mandibular branch of trigeminal) 
Bovine Leukosis 

CM! gangliosidosis in Friesian cattle 
Meningitis 

Encephalitis or encephalopathy 

Atlantoaxial subluxation or occipitoatlantoaxial malformation 

11ypocaltemia 

Otitis media and interna 

Pon to medullary brainstem neoplasia, trauma, infection, 
inflammation 
Pituitary’ abscess 
Pseudorabies 

White snakeroot (tremetol) poisoning 
Rreweed (Kochia scopaha) poisoning 
Locowred Oxytropts) poisoning 

Mercury poisoning 
Kikuyu poisoning (exotic) 

Ibaraki disease (exotic) (B) 

Cogrra poisoning (exotic) 

Ephemeral fever (exotic) (B) 


B. Bovine 


common in sheep and goats. In cattle, pharyngeal injuries 
from balling guns and paste wonners can result in severe 
pharyngeal cellulitis, which is manifested by an extended 
head, ptyalism, foul breath, and a painful externally palpa¬ 
ble, pharyngeal swelling. Mandibular fractures must be 
ruled out by careful examination, because even nondis- 
plated unilateral mandibular fractures can result in weak 
jaw tone, reluctance to eat, and drooling. 

When dysphagia is associated with loss of large 
amounts of saliva, metabolic acid base and electrolyte dis¬ 
orders may develop. Cattle and sheep have saliva high in 
sodium (136 to 201 mEq/l) and bicarbonate (108 mEq/L), 
with potassium and chloride values in the 14 to IS mEq/L 
range. 30 - 31 As a result losses of large amounts of saliva 
can result in hypovolemia and severe metabolic acidosis. 
In contrast, horses have relatively high levels of salivary 
chloride (48 to 82 mEq/L] with relatively low salivary bicar¬ 
bonate (44 to 52 mEq/M. Equine salivary potassium is 
14 to ]8mEq/L and sodium 54 to 90mEq/L 3i31 As a 
result horses with esophageal fistulas that lost saliva had 
a transient metabolic alkalosis 13 

In the horse a common cause of acute dysphagia is 
choke (esophageal obstruction), followed in frequency 
by pharyngeal paresis (neurologic) resulting from lesions 
in the guttural pouch that affect the pharyngeal nerves. 
Feed coming from the nose is the most obvious sign of 
both of these conditions. In choked horses, as a result 
of the length and position of the soft palate, feed comes 
mainly from the nates rather than coming back into the 
mouth. Choke and other obstructive diseases can be 
easily identified by using a nasogastric tube, whereas 


pharyngeal paresis may be associated with a number of 
neurologic or neuromuscular conditions, such as botu¬ 
lism or guttural pouch mycosis, which require careful 
differentiation. The most frequent serious problem asso¬ 
ciated with choke or pharyngeal paresis is inhalation 
(aspiration, foreign body) pneumonia. Mineral oil or 
other material that is particularly damaging if it gains 
entry into the lung should never be used in choke for 
this reason. In any animal with dysphagia, care must be 
taken to prevent aspiration pneumonia and to evaluate 
the thorax periodically. 

Animals with facial paralysis often drool from the 
affected side and may pack feed into the cheek on the 
affected side. Listeriosis in ruminants is frequently asso¬ 
ciated with facial paralysis. In horses facial paralysis is usu¬ 
ally caused by halter trauma or a blow to the head. 


ORAL VESICLES, EROSIONS, ULCERS, 

OR GROWTHS 

BRADFORD P SMfTfi 

Oral lesions are found with many conditions (Boxes 7-20 
and 7-21). In general they result in some degree of dyspha¬ 
gia or reluctance to eat because of pain. The lesions include 
vesicles, erosions, ulcers, crusts, or growths in or on the lips, 
tongue, gums, palate, or pharynx. Oral lesions are often 
associated with champing and increased amounts of saliva 
being observed on the lips or running from the mouth. 
When the volume of saliva is increased, the condition is 
called ptyalism, and the animal may be observed swallowing 
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Conditions Accompanied by Oral Vesicles, Erosions, 
Ulcers, or Growths in Horses 


COMMON CAUSES 

Vesicular stomatitis 
Phenytbuttzone toxicity 

Yellow bristle grass (Setarid Juiesmu or Stiaria gLt itfu) ulcers 
Other plant awn stomatitis 
Oral foreign body 

LESS COMMON CAUSES 

Irritant or caustic chemical stomatitis * 

Periodontal gingivitis 

Blister beetle (cantharidm) toxic its' 

Uremia 


r M'iaiMfc. _ 

Conditions Accompanied by Oral Vesicles, Erosions, 
Ulcers, or Growths in Ruminants 


COMMON CAUSES 

Bluet ongue (O) 

Contagious ecthyma (Orf virus) (O, C) 

Bovine viral diarrhea/mucosal disease (B) 

Bovine papular stomatitis (B) 

Trauma! k or imunt stomatitis 
Bristle grass (Second Ittusaw or Second 
glouco) ulcers 

Other plant awn stomatitis 
Oral foreign body 
Actjnohacillosis (woody longue) 

Vesicular stomatitis 

LESS COMMON CAUSES 

Actinomycosis (lumpy jaw) 

Cheek abscess 
Periodontal gingivitis 
Oak or acom toxicity 
Malignant catarrhal fever (B) 

Irritant or caustic chemicals 

UNCOMMON CAUSES 

Caprine herpes virus (C) 

Necrotic stomatitis 
Epidermolysis bullosa 
Familial acantholysis (B) 

Oral neoplasia 

Epitheliogenesis imperfecta 

Hereditary zinc deficiency (baldv calf) (B) 

Electrical injury 

Bovine herpes 2 mammillitis (B) 

Etaeophorosis (0) 

Chlorinated naphthalene toxicity (B) 

Thallium toxicity (O) 

Giant hogweed (lieracleum rrumtegazzwnum) toxicity 

Lead toxicity 

Mycotoxkoses 

lb-.sr.iki disease (exotic) (B) 

Lumpy skin disease (exotic) (B) 

Sweating sickness (exotic) (B) 

Sheep and goat pox (exotic) (O. C) 

Peste des perils ruminants (erotic) (O, C) 


repeatedly. fteudaprydlism refers to a normal volume of 
saliva that because it is not swallowed is visible to the 
observer and may be confused with dysphagia {see previous 
section). 

The approach to determining the cause of oral lesions is 
based on first determining whether the cause is likely to be 
an infectious disease (Table 7-1). Essentially all these infec¬ 
tious diseases are associated with a fever, although it is 
short-lived and moderate in the case of bovine papular sto¬ 
matitis (BPS) and actinobacillosis. Papular stomatitis 
rarely causes illness and is usually an incidental finding 
in calves with a different clinical problem Most of the 
infectious diseases are associated with additional lesions 
or symptoms They can be conveniently grouped into 
those causing diarrhea and those not usually associated 
with diarrhea Of those nor associated with diarrhea in 
North America. BPS, actinobacillosis, and vesicular stoma¬ 
titis (VS) are most common in cattle; VS in horses; blue- 
tongue in sheep; and contagious ecthyma (CF.) in sheep 
and goats. GE can be readily differentiated from blue- 
tongue because it involves primarily lips and gums and is 
proliferative, whereas bluetongue involves the longue and 
dental pad most severely, is erosive, and is associated with 
other signs of generalized vasculitis. Laboratory diagnosis 
in acute cases of VS is done by working with state and fed¬ 
eral veterinarians. Because VS is highly contagious and 
similar in clinical appearance to foot-and-mouth disease, 
quarantine and proper diagnosis are essential. Bluetongue 
is diagnosed by serology (AGIO), PGR, and virus isolation, 
CE tan be diagnosed serologically, by fluorescent antibody 
on the impression smear or biopsy of a lesion, and by iso¬ 
lation. Asymptomatic seroconversion to bluetongue is 
common where Cm iicoides vectors are active. Congenital 
defects can result from bluetongue infection of the fetus 
in sheep, goats, and cattle 

The two most common North American infectious dis¬ 
eases associated with oral lesions and diarrhea in cattle 
are bovine viral diarrhea/mucosa I disease (BVD/MD) and 
MCF. MCF can usually be differentiated because it most 
commonly occurs sporadically in single animals and has 
signs of generalized vasculitis such as bilateral corneal 
opacity, mucopurulent nasal discharge, enlarged lymph 
nodes, and very high fever. Dysentery is common in 
MCF, and some animals exhibit CNS signs or have thick¬ 
ened and cracking skin. Laboratory diagnosis in acute cases 
of BVD (see Chapter 32) involves fluorescent antibody 
testing of slides made from ear notch biopsies, lesion 
swabs, huffy coat, or tissue. Virus isolation from swabs, 
serum, or blood or a rise in serum tiler from acute to con¬ 
valescent samples is also diagnostic Asymptomatic sero¬ 
conversion is also common, and infection of the fetus 
may result in congenital anomalies, including cerebellar 
hypoplasia in cattle 

In animals without fever and other signs of systemic 
involvement irritants and caustic chemicals should be 
considered as possible causes of oral lesions. Horses and 
young calves are susceptible to severe ulceration when con¬ 
suming hay contaminated with yellow bristle grass, which 
is armed with barbed bristles. 14 Horses sometimes develop 
gingivitis or oral ulcers associated with dry plant awns 
called foxtails* which become embedded into the gums 
around teeth. Foals and ponies are most susceptible to 
phenylbutazone toxicity, which can produce oral ulcera¬ 
tion. In cattle the surfaces of masses produced by actinoba- 
cillosis and actinomycosis sometimes ulcerate. Many cattle 
without significant disease have one or more small ulcers 
of traumatic origin from plant awns on the hard palate 
and in the cleft (sulcus Lingualis] where the base and shaft 
of the tongue meet. 


B. Bovine. C caprine; O. ovine. 
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TABLE 7-1 


Infectious Diseases Associated with Oral Lesions in Cattle, Sheep, Goats, and Horses 


Disease 

Natural 

Species 

Oral Lesion* 

Other lesions 

Vesicular stomatitis (VS) 

Cattle 

Horse 

Sheep (rare) 

Vesicles for short time, then 
large ulcers; tongue usually 
severely involved 

Teats and feet may be involved 

Bluetongue 

Sheep 

Coat (tare) 
Cattle (rare) 

Large oral ulcers; dental pad 
and tongue most affected; 
generalized vasculitis 

Coioniiis, muscle degeneration, lameness, 
pulmonary edema, edema of face and ears 

Contagious ecthyma 
(CE Orf)’ 

Sheep 

Goat' 

Proliferative scabby lesion on 
lips to fleshy growth on 
gums 

Occasionally on teats of nursing dams 

Bovine papular 
stomatitis* 

Cattle 

Round, dark red, raised 
papules on muzzle and on 
hard palate 

Occasionally in esophagus 

Foot-and-mouth 

(exotic) 

Cattle 

Sheep 

Goal 

Vesicles for short time, then 
large ulcers 

Teats and coronary bands often involved 

Bovine viral diarrhea/ 
mucosa] disease 
(BVD/MD) 

Cattle 

Ulcers in mouth, particularly 
on hard palate; erosive 
stomata tii 

May have skin lesions; a few have comeal 
edema or enlarged lymph nodes; 
pneumonia and lesions in esophagus and 
gasuointoiinil trail common; severe 
diarrhea 

Malignant catarrhal 
fever (MCF) 

Cattle 

Erosive stomatitis with 
ulcers, generalized 
vasculitis 

Purulent nasal discharge, comeal edema, 
enlarged lymph nodes, ± cracking skin, 

± central nervous system signs severe 
diarrhea, high fever 

Rinderpest (exotic) 

Cattle 

Sheep 

Goat 

Erosive stomatitis 

Blepharospasm, severe intestinal 
involvement and diarrhea 

Alimentary form of 
infectious bovine 
rhinotracheitis (IBR) 
in calves 

Cattle 

Cray pinpoint pustules on 
soft palate and 
occasionally in nares; 
minimal oral lesions 

Rhinotracheitis, conjunctivitis, pneumonia 


* Infectious to humans 


DENTAL ABNORMALITIES 

BRADFORD P. SMITH 

Chronic fluorosis is a cause of a variety of dental abnormal¬ 
ities in young animals with developing teeth (Boxes 7-22 
and 7-25). Although cattle are most frequently involved 
all large animals are susceptible. The teeth may appear 
mottled, striated, chalky, or hypoplastic or may have defec¬ 
tive calcification. In severe cases teeth may be yellow. 



Causes of Dental Cavities, Abnormalities of Tooth 
Color, and Loose Teeth in Horses 


Periodontal disease 
Chronic fluoride toxicity 
Dental decay 
Fractured teeth 

Osteomalacia, osteodystrophy 

Hahcephalobtis (MiLTijnemdj detarix granulomas of mandible 
or maxilla 

Skeletal neoplasia of mandible or maxilla 
Hyperparathyro idism 

Tooth root abscess with osteomyelitis, secondary to open 
infundibulum 

Ameloblastoma {odontoma) 

Dental stain (black walnut hull ingestion or other 
compound) 


brown, or black and have multiple caries. Animals of any 
age may also develop bone lesions associated with chronic 
fluorosis. 

Porphyria is a rare congenital condition of cattle 
transmitted by a simple autosomal-recessive gene. The 
teeth often appear pink because of the presence of por¬ 
phyrins and fluoresce pink, purple, or red when exposed 
to ultraviolet light. Affected calves often develop photo- 
sensitization and anemia This condition must be differ¬ 
entiated from superficial staining caused by ingestion of 



Causes of Dental Cavities, Abnormalities of Tooth 
Color, and Loose Teeth in Ruminants 


Chronic fluoride toxicity 
Bovine erythropoietic porphyria 
Fractured teeth 

Osteogenesis imperfecta in Friesian* 

Osteomalacia, osteodystrophy 
Actinomycosis 

Skeletal neoplasia of mandible or maxilla 
Lymphosarcoma (goat and sheep) 

Periodontal disease 

Broken mouth (old worn teeth) 

Tooth root abscess with osteomyelitis 

Ingestion of black walnut hulls or other dental stain 
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black walnut hulls or other compounds with staining 
properties. 

Excessive or uneven wear or loss of teeth is often seen in 
horses and ruminants as they age. Tooth wean particularly 
of incisors, is more rapid in animals on sandy range. Peri¬ 
odontal disease can cause premature loss of teeth (broken 
mouth) and tends to be most common in sheep in some 
geographic areas; the cause of this is unknown. 55 

The most common dental disease in horses has been 
described as periodontal disease. 1 * In horses fractured teeth 
or teeth with a smalt tract into the root through an open 
infundibulum often result in tooth root abscesses. This den¬ 
tal decay is a result of hypoplasia of jhe cementum of the 
enamel lakes and occurs most frequently in the second 
and third lower cheek teeth and third and fourth upper 
cheek teeth, 57 These can cause sinusitis and foul-smelling 
unilateral nasal discharge if upper cheek teeth are involved 
or draining tracts to the exterior skin surface if lower cheek 
teeth are involved. 

Most of the other causes of dental abnormalities listed 
here are hone abnormalities that cause secondary loss of 
teeth. See Chapter 32 for more details. 

ICTERUS (JAUNDICE) 

BRADFORD P SMITH 

Icterus and jaundice are synonymous terms referring to the 
expression of a yellow coloration in the sclera and mucous 
membranes resulting from increased amounts of bilirubin 
in tissues and increased serum bilirubin levels (Boxes 7-24 
and 7-25). Bilirubin especially stains elastic tissues and is 
thus most visible in the sdera and vulva. Icterus usually 
indicates decreased excretion of bilirubin with liver or biliary 
tract diseases or increased production of bilirubin with 
hemolytic anemia. 


Ihe accumulation of conjugated bilirubin results in more 
pronounced jaundice than does a similar amount of uncon- 
j Ligated bilirubin, with the result that the most pronounced 
jaundice is usually seen with hepatic or biliary obstruct 
tive disease. Laboratory examination of serum for relative 
amounts of unconjugated (indirect reacting) and conjugated 
(direct reacting) bilirubin is essential in determining the 
cause of the icterus. Generally, mainly unconjugated biliru¬ 
bin levels are elevated with hemolytic anemia. Anorectic 
horses may have a plasma unconjugated bilirubin of 5 or 
6 mg/dL without any evidence of hemolytic anemia or liver 
disease. Anorectic ruminants also experience a rise in plasma 
unconjugated bilirubin, often to a level between 0.5 and 
2 mg/dL 

In determining the cause of icterus, Laboratory tests, 
including PCV, RBC count, and the liver enzymes SDH and 
GGT, should be determined. In horses, alkaline phosphatase 
(AP) may also be useful, although it is not liver specific. 

When active hepatocellular damage is occurring, SDH, 
which is liver specific, and aspartate aminotransferase (AST 
| SCOTj), which is not liver specific, are found in serum in 
elevated levels. GGT and AP are more indicative of biliary 
tract disease or proliferation and tend to rise more slowly 
but also to remain elevated for a longer period than SDH, 
which has a short half-life. Elevated levels of GGT or AP 
are often associated with chronic liver disease, cholangitis, 
cholelithiasis, or liver flukes. It is possible to hate /tier disease 
without icterus Production and elimination of bilirubin are 
often equal in chronic liver disease, but acute liver disease 
or liver failure is usually associated with icterus. Although 
liver function tests such as BSP half-time can be run to 
determine the extent of liver damage, in most cases a liver 
biopsy must be taken for histopathologic examination to 
make a specific etiologic diagnosis of the cause of liver 
disease. 



Causes of Icterus in Horses 


LIVER 

Common Causes 

Pyrrolizidine alkaloid loxidty 
Serum-associated hepatitis 
Acute hepatitis 
Chronic active hepatitis 
Cholangim or cholangiohepatills 
Bile stones, other biliary obstruction 
Fasting hyperbilirubinemia 

Less Common Causes 

Aflatojckosis with liver failure 
Tyzzer's disease (foals) 

Hepatic lipidosis 
Hepatic abscess 

Uncommon Causes 

Black disease (infectious necrotic hepatitis) 
Hemangioma, hem angiosarcoma, angiosarcoma 
Cardiac neoplasm 
Viral arteritis 

Gastric or duodenal ulcers 
Severe ascarid infection 
Lymphosarcoma 

HEMOLYTIC ANEMIA 
Common Causes 

immune-mediated hemolytic anemia 


Eh ri ichiosis (Ehrlich ia etfui J 
Neonatal isoerythmlysis 

Less Common Causes 

Piroplasmo&is (babesiosis) 

Snake bite 
Blood transfusion 
Eiythrocytosis 

Uncommon Causes 

Equine viral arteritis 
Leptospirosis 
Bee or wasp sting 
Sulfur toxicity 

Trichloroethylene-extracted feed 

Iron toxicity 

Phosphorus toxicity 

Herbicide toxicity 

Phenothiazine toxicity 

While snakerool poisoning (tremetol) 

Onions 

Bed maple (Acer rufcrttm) 

Pen each loro phenol toxicity 
Oak toxicity 
Mycotoxicosis 

Sum Trypanosoma ciunsz (exotic) 

Mai de caderas, Trtffcnwwma Ajuinum (exotic) 
Murrina de tadeias, TiypOTcsaiM hippunm (exotic) 
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Causes of Icterus in Ruminants 


LIVER 

Common Causes 

Pyrrolizidine alkaloid toxicity 
Aflatoxko&is 

Fai cow syndrome (fatty liver) 

Less Common Causes 

Acute hepatitis 
liver flukes 

Infectious necrotic hepatitis (black disease) 
liver abscess 
Choi angiohepatitis 

Uncommon Causes 

Sartocystosis 
Hepatic neoplasia 
Ruptured gallbladder 
Cholelithiasis 
Biliary obstruction 
Nofin^ (beargrass) toxicity 
Lmtana toxicity 
toxicity 

Wesselsbron disease (exotic) (B, O) 

HEMOLYTIC ANEMIA 
Common Causes 

Leptospirosis 

Anaplastnosis 


Bacillary hemoglobinuria [Cloimdtum hemNytitvm) 

Piroplasmosis. babesiosis (exotic) 

Less Common Causes 

Snake bite 

Immune-mediated hemolytic anemia 
Transfusion reaction 
Postparturient hemolytic anemia 
Copper toxicity (especially sheep) 

Neonatal isoerylh roly sis 

Yellow lamb disease {Ctosftidium pcf/Hnjjem type A) (G) 

Uncommon Causes 

Anaplasma ovis 

Kperythrozcxjnosis 

Bee or wasp sting 

Brai&ica species toxicity 

Trichloroethylene-extracted feed toxicity 

Iron toxicity 

Onion poisoning 

Zinc poisoning 

Phosphorus poisoning 

Mercury poisoning 

Fireweed (Kod iw scoparw) poisoning 

Mycotic lupinosk 

Mycosporum poisoning 

Theilefiosis (East Coast fever) (exotic) 


B„ Bovine; O, ovine 


Liver abscesses rarely result in icterus because they rarely 
damage a sufficient percentage of liver to impair bilirubin 
clearance. They do cause multifocal hepatic damage and 
therefore are often associated with increased levels of SDH 
and AST when in the acute stages of formation. 

Hemolytic anemia is characterized by destruction of 
RBCs either intravaseularly or in the reticuloendothelial 
organs. This increased destruction results in production of 
bilirubin more rapidly than it can be removed by the liver. 


resulting in icterus. The specific cause of hemolytic anemia 
may sometimes be evident, as when autoagglutination is seen 
(autoimmune hemolytic anemia), Andptajmd bodies are 
visible in stained RBCs of cattle, or E. equi blue cytoplasmic 
inclusion bodies are seen in stained neutrophils. 

In mature sheep, the most common cause of severe icterus 
is copper toxicity. In lambs, yellow lamb disease caused by 
C perfringens type A is a leading cause. 





Localization and Differentiation 
of Neurologic Diseases 

MARY O. SMITH AND LISLE W. GEORGE, Consulting Editors* 


MAJOR CLINICAL SIGNS AND PROBLEMS ENCOUNTERED 


Ataxia, 124 

Behavior, abnormal, 122,134 
Blindness, amaurosis, 
hemianopsia, 137,139 
Coma, semicoma, 134 
Circling, 125 J 38 
Conscious proprioceptive 
deficit, I2S 
Deafness, 141 

Depressed mentation, 122 
Facia) analgesia, anesthesia, 139 
Facial paralysis, 140 


Flaccid tail and anus, 144 
Head pressing, 122,134 
Head tilt, 125,138,141 
Hemianopsia, blindness, 130,134,137 
Hypermetria, I 39 
Hyperreflexia, 1 28 J 44 
Hyporeflexia. 128J 44 
Incontinence, urinary, 146 
Jaw weakness, I 39 
Menace, loss of, 130,131,137 
Muscular rigidity or flaccidity, 146 
Muscle atrophy, 146 


Narcolepsy, 123J 34 
Nystagmus, 138,14! 

Opisthotonus, 138 
Paralysis, I34J43J46 
Paresis and ataxia, 143 
Ptosis, 131,133 

Roaring, snoring, dysphoma, 132,141 
Seizures (convulsions), 123J 34 
Spasticity, 126.146 
Strabismus, 139 
Tremors, intention, 139 
Vocalization, abnormal, 122 


TERMINOLOGY AND DESCRIPTION OF CLINICAL SIGNS OF NEUROLOGIC DISEASE (TABLE 8-1) 


Telencephalon (cerebrum, basal ganglia) 
and diencephalon (thalamus) 

Changes in behavior 

Changes in the level of consciousness 

Dullness, obtundation 

Stupor 

Coma 

Excitement, mania 
Seizures (convulsions) 

Narcolepsy 

Vision disturbance 

Blindness in both visual fields (amaurosis) 

Blindness in the contralateral visual field (hemianopsia) 
Menace reflex deficit 

Change in pupil size: small to pinpoint pupils 

Circling (toward the side of the lesion) 

Head turn (toward the side of the lesion) 

Gait usually normal 

Abnormal postural reactions (contralateral) 

Decreased or absent conscious proprioception 
Noticeable ataxia, paresis (weakness), or paralysis are 
uncommon 

Abnormal spinal reflexes 

Normal to increased (hypenreflexie) myotactic reflexes 

Altered muscle tone 


*Thr authors wish to thank Dr. lohn W. Sthltpf Jr for his editorial 
commena. 


Normal to increased muscle tone (spasticity) 
Urinary incontinence (upper motor neuron) 
Tremors 

Mesencephalon (midbrain) 

Changes in the level of consciousness 
Dullness (depression) 

Stupor 

Coma 

Narcolepsy 

Abnormal posture 

Opisthotonos 

Decerebrate posture 

Abnormal visual or ocular function 

Blindness in both visual fields (amaurosis) 

Blindness in the contrahrerai visual field (hemianopsia) 

Change in pupil size 

SmaH pupils in early mid lesions 

Dilated, nonresporaive pupils in severe lesions 

Menace reflex deficit (ipstlaterzl) 

Anisocoria (asymmetric lesions) 

Circling (toward side of lesion—ipsiversive) 
Head turn (toward side of lesion^-ipsiversive) 
Abnormalities of gait (usually contralateral 
to lesion) 

Decreased or absent conscious proprioception 
Ataxia 

Paresis (weakness) 

Paralysis 

Abnormal spinal reflexes 

Normal to increased (hyperreflexic) myotactic reflexes 
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Altered muscle tone 

Spasticity 

Urinary incontinence (upper motor neuron) 

Met encephalon (ports, cerebellum) 

Abnormal posture 

Head tilt 

Decerebellate posture 

Circling (usually away from side of lesion—paradoxic signs) 
Head turn (usually away from side of lesion—paradoxic signs) 
Nystagmus (variable—may be constant, positional, direction 
changing, or disconjugate and may occur in any direction) 

Abnormalities of gait 

Ataxia 

Dysmetria—typically, hypermetria 

Abnormal spinal reflexes (occasional) 

Normal to increased myotactic reflexes (hyperreflexia) 

Altered muscle tone 

Normal to increased musde tone on the opposite side of the 
body (contralateral spasticity) 

Normal to decreased muscle tone on the same side of the 
body (ipsilateral hypotonus) 

Urinary incontinence (upper motor neuron) (rare) 

Medulla oblongata 

Changes in the level of consciousness 
Dullness, obtundation 

Abnormal posture 

Head tilt (toward side of lesion—ipsiversive) 

Girding (toward fide of lesion—ipsiversive) 

Head turn occasionally (toward side of lesion) 

Strabismus—variable 

Nystagmus—spontaneous, abnormal (variable—may 
be constant, positional, direction changing, or dis* 
conjugate and may occur in any direction) 
Dysphagia 

Facial anesthesia, analgesia 
Facial paresis or paralysis 
Menace reflex deficit 
Jaw weakness 

Roaring, snoring, dysphonia 

Tongue weakness, deviation, or paralysis 

Abnormalities of gait—ipsilateral 

Decreased or absent conscious proprioception 
Ataxia 

Paresis (weakness) 

Paralysis 

Abnormal spinal reflexes 

Normal to increased (hyperrefiexic) myotactic reflexes 

Altered muscle tone 

Normal to increased musde tone 

Urinary incontinence (upper motor neuron) 

Spinal cord C1-C5 

Abnormalities of gait In thoracic and pelvic limbs— 
ipsilateral 

Decreased or absent conscious proprioception 
Ataxia 

Paresis (weakness) 

Paralysis 

Abnormal spinal reflexes—ipsilateral 

Hyperreflexia in both thoracic and pdvk limbs 
Decreased to absent caudal cervical and auricular reflexes 
Decreased to absent slap test (horses) 


Altered musde tone 

Normal to increased musde tone 

Urinary incontinence (upper motor neuron) 

Spinal cord C6-T2 

Abnormalities of gait in thoracic and pelvic limbs— 
ipsilateral 

Decreased or absent conscious proprioception 
Ataxia 

Paresis (weakness) 

Paralysis 

Abnormal spinal reflexes—ipsilateral 

Hyporeflexia in thoracic limbs 
Hyperreflexia tn pelvic limbs 

Decreased to absent caudal cervical and auricular reflexes 
Decreased to absent slap test (thoracolaryngeal reflex, horses) 
Absent pannicutus reflex 
Homer’s syndrome (ipsilateral) 

Altered muscle tone 
Decreased musde tone in thoracic limbs 
Normal to increased musde tone in pelvic limbs 
Urinary incontinence (upper motor neuron) 

Spinal cord T3-L2 

Abnormalities of gait in pelvic limbs only—ipsilateral 

Decreased or absent conscious proprioception 
Ataxia 

Paresis (weakness) 

Paralysis 

Abnormal spinal reflexes—ipsilateral 

Hyperreflexia in pelvic limbs only 
Decreased panniculus reflex caudal to lesion 

Altered muscle tone—ipsilateral 

Normal to increased musde tone in pelvic limbs 

Urinary incontinence (upper motor neuron) 

Spinal cord L3-S3 

Abnormalities of gait in pelvic limbs only—ipsilateral 

Decreased or absent conscious proprioception 
Ataxia 

Paresis (weakness) 

Paralysis 

Abnormal spinal reflexes—ipsilateral 
Hypo reflex ia in pelvic limbs only 
Altered muscle tone 

Decreased musde tone In pelvic limbs 
Flaccidity of the tail 

Urinary incontinence (lower motor neuron) 

Fecal incontinence (lower motor neuron) 

Peripheral nerve and muscle 
Abnormalities of gait 

Paresis to paralysis 

Decreased or absent conscious proprioception 
Ataxia 

Paresis (weakness) 

Paralysis 

Abnormal spinal reflexes—ipsilateral 

Hyporeflexia 
Altered muscle tone 
Decreased musde tone 
Musde atrophy 
Flaccidity of the tail 

Urinary incontinence (lower motor neuron) 

Fecal incontinence (lower motor neuron) 
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TABLE B-l 

Localization of Centra] Nervous System Lesions According to Ha for Signs Encountered 


Sign or Problem Encountered 


Usual Lesion taxation 


CHANGES IN GAIT AND LOCOMOTION 

Ataxia N 

Conscious proprioceptive deficit N 

Knuckling 

Abduction or adduction 
Abnormal postural placement 
Hypermetria C 

Circling, or falling to one side B 

Paraplegia or hemiplegia 4 N 

CHANGES IN SENSORIUM AND BEHAVIOR 

Coma or semicoma B 

Obtundation B 

Convulsions B 

1 lead pressing propulsive walking C 

Aggression or rage L 

Inappropriate sexuality L 

Hyperphagia or hypophagia L 

Diabetes insipidus li 

Head shaking L 


CHANGES IN HEAD POSTURE 

Stiff neck 
Head tilt 
Head tremor 
Opisthotonos 

CRANIAL NERVE DYSFUNCTION 

Amaurosis 

Anisocoria 

Mydriasis 

Miosis 

Ptosis 

Strabismus 
Ventro lateral 
Dorsomedial 
Media) 

Nystagmus 
Horizontal 
Vertical or rotatory 
law drop 
Flaccid tongue 
Facial paralysis 
Facia) analgesia 
Dry eye 

CHANGES IN REFLEXES 

Patellar 

Flexors (fordimbs) 

Floors (rear limbs} 

Triceps 
ran nicul us 
Anal 

Far twitch 


Nonspecific any area of the central nervous system (CNS) 
Nonspecific any area of CNS except cerebellum 


Cerebellum, cerebellar peduncles, spinocerebellar tracts 
Basal ganglia, cortex vestibular nudei, cerebellum 
Nonspecific 


Brainstem, thalamus, cortex 
Brainstem, thalamus, cortex 
Brainstem, thalamus, cortex 
Cortex (frontal Lobe), limbic system 
Limbic system, frontal lobe, amygdala 
limbic system 
Hypothalamus 
Hypothalamus 

Unknown, probably peripheral neuropathy 


Meninges, cervical spine 

Thalamus, cerebral cortex medulla, cerebellum 

Cerebellum basal ganglia 

Cerebellum (rostral vrmiti). rostral brainstem, cerebrum, cranial nerve VIII 


Cortex internal capsule, optic chiasm, optic nerve, eye 

Cervical spine, vagosympathetic trunk, mesencephalon (oculomotor nerve nucleus}, 
cranial cervical ganglion, ciliary ganglion, oculomotor nerve 
Oculomotor nerve, brainstem (mesencephalon), eye 

Vagosympathetic trunk, ciliary ganglia, tectum, brainstem, cervical spinal cord 
Facial nerve, vagosympathetic trunk, ciliary ganglion, tectum, brainstem, cervical 
spinal cord 

Cerebellum, vestibular nucleus, oculomotor nerve 
Trochlear nerve 
Abducent nerve 

Nerve VII (peripheral) 

Vestibular nuclei, peripheral vestibular receptor, cerebellum, vestibulocochlear nerve 

Meiencephalon. trigeminal motor nucleus, trigeminal nerve 

Medulla, hypoglossal nerve, hypoglossal nucleus, tongue muscle 

Medulla, facial nerve, facial muscles 

Trigeminal nerve (sensory component) 

Cranial nerve VII before entering petrous temporal bone 


L4-L6 spinal cord femoral nerve, quadriceps femoris muscle 

C5T2 spinal cord segment* radial ulnar, muscukicuuneou* and median nerves, and 
innervated muscles 

L6-S2 spinal cord segments (hindlimbs). femoral, ischiauc, peroneal and tibial nerves, 
flexor and extensor muscles of the limbs 
C6-T1 spinal cord segments, radial nerve, triceps muscle 

GB spinal cord segment thoracodorsal nerve, dorsal column of thoracic spinal cord 
S1-S5 saml spinal cord segments, pudendal nerve 

Dorsal columns ofCL C3 spinal cord segments; facial nerve, facial nucleus, muscles of 


Spinal cord, pons, pelvic nerves, bladder wall 


Dysuria (dribbling urine] 



The clinical signs of neurologic disease depend on the 
location of the disease process within the nervous system. 
Widely varying disease entities may produce similar or iden¬ 
tical clinical signs. Seizures, for example, may be the result 
of metabolic, toxic, traumatic, neoplastic, or other causes 
Definitive diagnosis of neurologic disease, therefore, cannot 
be made on the basis of clinical signs alone. Localization of 
lesions within the nervous system is the first and key step in 
developing a differential diagnosis list and a rational diag¬ 
nostic and therapeutic plan for any animal with signs of 
neurologic disease. Lesions are localized with the help of 
the neurologic examination In this chapter the clinical 
signs of neurologic disease and th^ methods and interpreta¬ 
tion of the neurologic examination are described- Fortunately 
for the veterinarian, the clinical anatomy and the functions of 
the nervous systems of the various domestic animal species 
are almost identical. Thus, the clinical signs of neurologic 
lesions are, for the most part, similar in all these species. 

DI AG NO SIS OF NEUROLOGIC DISEASES 

Si goal merit 

The species, breed, age, and pedigree of an animal are 
important considerations in the differential diagnosis of 
neurologic disease. Many diseases are species-specific par* 
ticularly in the case of infectious and genetic diseases 
Equine protozoal mydoencephaliiis, for example, would 
not be a differential diagnosis in the case of cattle with signs 
of neurologic disease. Other infectious diseases, such as 
rabies virus infection, can affect many species. In yet other 
instances, all species may be affected but may have varying 
susceptibility to the disease. Such is the case with tetanus 
caused by Qmtridium return exotoxin; horses and small 
ruminants are significantly more susceptible to the disease 
than are cattle. Some diseases not only are species-specific 
but also have higher incidence in certain breeds of that spe¬ 
cies. An example of this is equine degenerative myeloen- 
tephalopathy, which has been reported in several breeds 
of horses but has an increased incidence in some breeds, 
such as the Appaloosa, 1 Examples of the numerous other 
breed-related neurologic diseases of large animals include 
cerebellar abiotrophy (Arabian foals), progressive ataxia 
(Charolais), demyelmating myelopathy (Limousins), neurax- 
iat edema (polled Herefords), neuraxonal dystrophy (Mor¬ 
gans), hydrocephalus (homed Herefords and shorthorns), 
epileptic seizures and Weaver syndrome (Brown Swiss cattle), 
ceroid lipofuscinosis (Hampshire sheep), cerebellar abiotro¬ 
phy, CM! gangliosidosis (llolsteins), and many olhen. 2 ' 11 
Atlantoaxial malformations most commonly occur in Ara¬ 
bian foals and Holstein calves but are not seen exclusively 
in those breeds. 1211 

Disease susceptibility also may be linked lo age. Acute 
lead poisoning for example, occurs most commonly in 
calves, whereas adult cattle lend to develop the subacute 
form of the disease. 14 Some diseases are found in the neo¬ 
nate at birth. A large number of congenital disorders of 
the central nervous system (CNS) can affect domestic live¬ 
stock. These diseases have a variable clinical course, depend¬ 
ing on the nature of the disorder. Inborn errors of myelin 
metabolism worsen with age, whereas other developmental 
conditions may remain stable throughout the animals 
life LS "*° Examples of these disorders are listed in Chapters 
SI and 52, 

A knowledge of the most likely disease entities to occur 
within individual animals or groups of animals of particular 
species, breeds, and ages, therefore, can greatly assist the 
clinician in arriving at a list of likely differential diagnoses 
and formulating a rational diagnostic and therapeutic plan. 


History 

Many disorders of the CNS produce characteristic patterns 
of onset and progression that can have diagnostic impor¬ 
tance. Some CNS diseases occur acutely, developing the 
full range of clinical signs within hours. If the disease is 
not fatal, the signs either stabilize by 24 hours and 
remain constant thereafter or improve. Diseases that 
may display this clinical course include traumatic injuries 
and some types of toxic, infectious, and metabolic dis¬ 
eases Diseases with degenerative, neoplastic and certain 
viral causes may develop more slowly, requiring days 
to weeks before the full extent of clinical signs is 
apparent * 2121 

Diet 

The diet of patients with neurologic disease should be eval¬ 
uated 23 29 (Table 8-2) Common deficiencies of livestock 
include vitamins A and k copper, selenium, and magne¬ 
sium Vitamin A deficiency occurs in feedlot animals that 
have no access to green plants, affected cattle become blind 
and develop seizures. Equine motor neuron disease is seen 
mainly in horses that are housed without access to pasture 
and whose diet is deficient in vitamin E. 30 Copper defi¬ 
ciency occurs in ruminants pastured in areas with shale 
or volcanic soils, which either are deficient in copper or 
contain high concentrations of molybdenum and sulfur 
(secondary copper deficiency). The deficiency produces 
demyelination of the spinal cord in lambs and kids and 
pathologic fractures of the lumbar spine of rapidly growing 
calves. Dietary deficiency of calcium in rapidly growing 
weaned calves also results in vertebral and long bone frac¬ 
tures, Although dietary deficiencies of vital nutrients are 
commonly associated with the development of neurologic 
diseases, oversupplementation of certain nutrients also 
may produce neurologic disorders. Overfeeding of calcium, 
micronutrient imbalance, protein, and energy to horses, for 
instance, has been linked to the development of cervical 
vertebral instability and stenosis (wobbler syndrome) in 
horses.' 132 


TABLE 8-2 

Dietary Deficiencies Associated with Neurologic 
Disorders of Livestock 


j Dietary 

I Deficiency 

Disease Produced 

Neurologic Sign f 

Copper 

Demyel i nation. 

Ataxia, 

pathologic 
fractures of 
vrrtcbrae 

recumbency 

Vitamin E 

Demyd (nation 

Ataxia, 

recumbency 

Vitamin A 

Encephalopathy 

Convulsions. 

blindness 

Magnesium 

Grass tetany. 

Convulsions, 


transport tetany, 
milk tremors 

tremors, ataxia 

Potassium 

Weakness 

Postpartum 

recumbency 

Calcium or 

Milk fever, pathologic 

Weakness, ataxia. 

phosphorus 

vertebral fractures. 

recumbency. 


tetany 

tetany 

Vitamin E or 

Nutritional 

Weakness, ataxia. 

selenium 

myodegeneration 

recumbency, 
acute death 
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Environment 

Rumination of the patient's environment may provide valu¬ 
able information about the cause of CNS disease. Outbreaks 
of botulism and listeriosis have been associated with inges¬ 
tion of rotting vegetation around haystacks, silos, and feed 
bunks."'** Plant poisonings are common in livestock and 
identification of neumtoxic plants is important whenever mul¬ 
tiple animals are affected simultaneously.(Table 8*3), 
Clinical signs of plant poisonings are variable and may 
include ataxia, hypermedia, head tremors, convulsions, 
paralysis, coma, or sudden death. Nonplant neurointoxi- 
cants of livestock include lead, ethylene glycol, organic 
mercurials, chlorinated hydrocarbons, organophosphates, 
salt, sulfur, petroleum distillates, and many others. Dose 
of the neurointoxicant may he important, with different 
clinical signs appearing depending on the level of exposure. 
Ingestion of high concentrations of orga no phosphates or 
carbamates inhibits cholinesterase and produces signs of 
parasympathetic and neuromuscular activation, including 
marked ataxia, coma, muscle tremors, salivation, and 
miotic pupils. When low doses of orga nophosphates are 
ingested chronically, however, the result is an axonopathy 
of spinal cord and medullary neurons The clinical signs 
that result are predominantly those of hindlimb paresis 


and ataxia, which may progress to tetraparesis and recum¬ 
bency 17 Ingestion of petroleum distillates (motor oil, 
gasoline, kerosene) by cattle can induce narcosis. Some 
petroleum distillates also may contain toxic concentrations 
of lead. Other sources of Lead include paints, batteries, 
waste dumps, and smelters, therapeutic and dietary 
interventions also may result in toxicoses when improperly 
administered. Overtreatment of cattle with propylene glycol 
produces profound ataxia, depression, and coma. Ingestion 
of ammonia orammoniated feedstuff produces hyperesthe¬ 
sia, excitability, coma, and convulsions. High concentra¬ 
tions of salt in drinking water or, more commonly, lack of 
fresh water or interruption of the water supply followed 
by unlimited access to water, can result in laminar necrosis 
of the cerebral cortex or eosinophilic meningitis.' 7 The 
clinical signs are those of cerebral dysfunction, including 
blindness, dullness, seizures, coma, and death. Although this 
syndrome has been reported in cattle and sheep, ™ 40 pigs seem 
to be particularly susceptible. 

Geographic area also may be important in the differen¬ 
tial diagnosis of neurologic disease. Certain infectious 
diseases may be more common in particular areas of the 
country or even regions within a single stale where the con¬ 
ditions for disease vectors are optimal.' 11 The travel history 


TABLE &~3 

Poisonous Plants Producing Neurologic Signs (Also See Chapter S4) 


Plant Poisoning 


Bermuda grass (Cynodon dactylm) 

Water hemlock (Ckwa macuiaut} 

Poison hemlock (Canium iruituJjuurnJ 

Blue green algae (Aphaniu*men<m r Amjhienj 
ftos-aquae) 

Laburnum (imtgyrmdes) 

Milkweed (Attfepiiu species) 

UrkspuT (Delphinium) 

Ryegrass ergot (Oavicept paspali) 

Tobacco (Nicarirind species) 

Nightshades (Afxopa species, Sotonum species) 
Monkshood (Aconitum) 

Loco weed (Aurago/us specie?) 

White snakeroot (Eupatunum rugoium) 

Rayless golden rod (Hapbpappus heterophyUui) 
Bracken fern ffluiifliiM 
Horse tail (Jupiuetum arwrue) 

Yellow star thistle (Ceniaurea tokuiiaUs) 

Tansy ragwort (Serwcw jarotaij and groundsel 
(Struck* vulgaris) 

Ftddleneck (Amsimrkui intermedia) 

Raulebox (Crotalana spertobtlis) 

Death ramus {Ztgadenus specie?) 

Dutchman's breeches (Dkemra) 

Buckeye (Arscufiu species) 

Rape (Brassica rujput) 

Cheesewood (Mah*a) 

Lupine (Lupmiu) 

Dandelion (Taraxacum officinale) 


Clinical Sign? 


Ataxia, head tremors, spasms, recumbency 

Tremors, vomiting ataxia, sudden death, convulsions, odontoprisis, pupillary 
dilation, abortions, bloat 

Tremors, vomiting ataxia, sudden death, abortions, pupillary dilation, 
bradycardia, coma 

Sudden death, tremors, salivation, miosis, bradycardia 

Excitement, incoordination, convulsions, death 
Tremors, salivation, ataxia 

Ataxia, collapse, recumbency, inability to lift head, tremor? of face, flank and 
hip; vomiting 

Ataxia, head tremors, truncal ataxia, spasm?, recumbency 
Tremors, salivation, ataxia, convulsion?, birth defect? 

Tremors, ataxia, recumbency, convulsions 

Restlessness, salivation, paresthesia, irregular heart beat, recumbency, coma 
Ataxia, weight loss, recumbency, hyperesthesia 
Tremors, salivation, convulsions 

Lassitude, obtundation, arched hack, stiff-legged gait, tremors, weakness, collapse 
Ataxia, weight loss, strip sweating (horses only) 

Ataxia, weight loss, strip sweating (horses only) 

Facial rigidity, lack of prehension, ataxia, depression (hone? only) 

Ataxia, obtundation, somnolence, excitability, head pressing (hepatic 
encephalopathy) 

Ataxia, obtundation, somnolence, excitability, head pressing (hepatic 
encephalopathy) 

Ataxia, obtundation, somnolence, excitability, head pressing (hepatic 
encephalopathy) 

Trembling, uncontrolled running recumbency, opisthotonos, convulsions, 
vomiting, salivation 

Trembling, uncontrolled running, recumbency, opisthotonos 
Incoordination, twitching sluggishness 
Blindness, ataxia, aggressiveness 

Tremors, worsened by forced exercise, hyperflexion of the hock during movemem 
(stringhah) 

Tremors, hype read lability depression 

Hyperflexion of the hock during movement (stringhalt) 
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of the animal must be considered, as well as the animal's 
location at the time clinical signs appeared. Travel also 
may result in increased contact with other animals and 
greater risk of exposure to infectious diseases. Recent move¬ 
ment of animals onto the premises may be important with 
respect to the likelihood of infectious diseases such as 
equine herpesvirus 1 and equine infectious anemia. 

Vaccination and Disease History 

When a neurologic problem is evaluated, the vaccination 
history and previous herd or individual disease problems 
should be noted. Some vaccines are highly protective, 
whereas others are less so. Examples of effective vaccines 
include those for focal symmetric encephalomalada (entero- 
toxemia caused by CAmind\um perfnngens type D), rabies, 
and tetanus. Neurologic disease may be a secondary compli¬ 
cation of disease in another organ system. Foals and calves 
with severe diarrhea, for example, may convulse secondary 
to hypokalemia, hypernatremia, or hypoglycemia. Preexist¬ 
ing diseases or clinical syndromes should be determined. 
For example, outbreaks of the CN5 form of equine herpesvi¬ 
rus 1 are often preceded by respiratory disease or abortions 
in herdmates. Thromboembolic meningoencephalitis of 
cattle often follows an outbreak of respiratory disease 
within the herd. Historical evidence of limited colostra) 
intake may be important in the diagnosis of bacterial men¬ 
ingitis of neonates. Bloody diarrhea often precedes the 
onset of nervous cocddiosts of cafves. 

Gestational Stage 

Hypomagnesemia, eclampsia (hypocalcemia), hypokalemia 
syndrome, hypophosphatemia (postpamirient hemoglobin¬ 
uria) and nervous ketosis are common causes of recum¬ 
bency, convulsions, and tremors in adult livestock. These 
diseases usually occur between the end of the last trimester 
and the first 2 months after parturition. 

NERVOUS SYSTEM EXAMINATION 

General Comments 

A thorough physical examination should always precede or 
be performed concurrenily with the neurologic examination 
Physical examination may reveal evidence of systemic disease 
that underlies the neurologic problem—for example, icterus 
in animals with liver disease resulting in hepatic encephalop¬ 
athy, unthriftiness in animals on poor diets, or traumatic 
injuries. In some instances disease of organ systems other 
than the nervous system may take precedence for diagnosis 
and treatment. Such may be the case with animals in shock 
or suffering from other life-threatening cardiovascular or 
respiratory disturbances, A common practice is to perform a 
general physical examination followed by a neurologic exam¬ 
ination, but many aspects of nervous system function, such as 
assessment of mental status and cranial nerve examination, 
may be carried oui during the physical examination, 

The neurologic examination should be carried out in a 
systematic fashion The exact order of the examination is 
not important in itself but procedures that may cause dis¬ 
comfort or pain, such as palpation of the spine, should be 
left until last. A common system used by many neurologists 
is to start at the head and progress to the tail. 42 This system 
is very useful in small animals but may be less so in large 
animals. Some clinicians prefer to examine the animal 
standing in the stall initially, then observe the gait. Because 
Large animals are less amenable to handling than the typical 
cat or dog, another system for the neurologic examination is 


to begin with procedures that require minimal handling of 
the animal, such as observation of mental status, posture, 
and gait and proceed to those that require greater manipu¬ 
lation: examination of the cranial nerves, assessment of 
spinal reflexes, and so on. The latter is the system that is 
described in the following sections. Each individual should 
develop a system that is effective for him or her, bearing in 
mind that one goal of the neurologic examination is to 
induce as little stress in the animal as possible because stress 
may alter the results of the examination. 

Neurologic examination alone rarely leads to definitive 
diagnosis, but rather helps to answer the questions "Does 
the animal have neurologic diseaseT'and "'What is the loca¬ 
tion of the neurologic lesion?" Once these questions are 
answered, a list of differential diagnoses can be made in 
light of other information such as the signalment of the ani¬ 
mal and the history of the current problem. The diagnostic 
plan is based on the location of the lesion and the most 
likely differential diagnoses. 

Mentation and Behavior 

Initial examination should be done from a distance. The 
examiner observes the animal's mental State and whether 
its responses to its surroundings are appropriate. This is 
done ideally in the animal's usual environment where it 
would be expected to be most calm. When this is not possi¬ 
ble, the influence of factors such as the stress and excite¬ 
ment of previous travel and the animals natural fear of 
unfamiliar surroundings* sounds, and smells must be taken 
into account. The reports from the animal's usual handler 
may be informative, if he or she is a good observer and 
has an understanding of normal behavior in animals. Com¬ 
pare the patient's interaction with its environment to a sum¬ 
mary of its previous behavior and to the activities of the 
herdmates. Normal animals respond to mild stimulation. 
Most normal animals actively seek food when offered but 
vigorously avoid needle pricks. All livestock should recog¬ 
nize and fear strangers and should show awareness of the 
examiner's position. Normal animals change the posture 
of the head, ears, and eyes as the examiner moves. Depend¬ 
ing on previous conditioning, normal behavior may include 
cautionary moves, avoidance, belligerence, or affection. Ani¬ 
mals with decreased mental awareness (obtunded, dull, 
depressed) have reduced responses that may include lassi¬ 
tude, lack of recognition, unwillingness to rise or lift the 
head from the ground, head pressing, propulsive walking, 
lack of appetite, drooped ears, convulsions, stupor, or coma 
(Fig 8-1). Systemic illness also may cause dull mentation, 
thorough physical examination and, perhaps, diagnostic 
tests including a complete blood count and serum chemis¬ 
try are important in determining whether systemic disease 
is present Furthermore, animals with primary CNS disease 
tend to have more profound dullness than do those with 
systemic disease alone. Hyperexcilability, rage, mania, or 
frantic motor activities are suggestive of a lesion of the lim¬ 
bic system, art assembly of connected groups of neurons 
(nuclei) and neuronal tracts in the cerebrum, thalamus, 
hypothalamus, and midbrain that is involved in emotional 
responses and patterns of behavior. Such animals may strike 
or kick at inappropriate times, demolish their stalls, bellow, 
show belligerence, or, if recumbent, struggle violently. The 
age, species, previous management system, and even the 
breed of animal are important considerations in the assess¬ 
ment of behavior. Bulls and stallions exhibit behavior that 
is very different from that of steers and geldings. Beef cattle 
behave differently than dairy cattle do. Animals that are 
handled regularly show fewer and milder fearful or aggres¬ 
sive responses than do animals that are handled rarely. 
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FTG. 8-1 II Dull menuiidn in a horse with cerebral toxicosis caused by 
sage toxicity (Salvia species). 


Changes in mental status are consequences of disease 
affecting either the cerebrum or the ascending reticular 
activating system (ARAS). The cerebral cortex is the "seat 
of consciousness": conscious perception of bath external 
stimuli (e.g„ vision, hearing, touch) and internal stimuli 
(e.g., abdominal pain) depends on the integrity of the cerebral 
cortex. Both primary intracranial diseases (e.g., encephalitis, 
traumatic injury) and extracranial diseases (e.g., metabolic 
derangements, toxicities) can alter the functions of the cerebral 
cortex. 

The ARAS ts composed of a number of neuronal pathways 
that lie centrally within the brainstem (medulla oblongata, 
midbrain, and thalamus) The ARAS receives collateral input 
from all sensory information reaching the brain, which it con¬ 
veys ultimately to the cerebral cortex, where it reaches the level 
of consciousness. The ARAS is important in maintaining the 
animal's level of consciousness and arousal. The relationship 
between the cerebral cortex and the ARAS is sometimes 
described as follows: the cerebral cortex determines the con¬ 
tent of consciousness, and the ARAS determines the level of 
consciousness. Diseases affecting the ARAS tend to produce 
more profound depression of consciousness, such as coma, 
than do those affecting the cerebral cortex alone, although this 
is not an absolute rule, lesions of the ARAS occur commonly 
within the midbrain segment of this system, so that other signs 
of midbrain disease, such as pupillary dilation and loss of the 
oculocephalic reflexes (see below), often are observed in ani¬ 
mals with lesions of the ARAS. 

A seizure (convulsion, ictus) is a manifestation of cerebral 
cortex dysfunction characterized by loss of consciousness or 
involuntary motor activities. Seizures may be generalized or 
focal (partial). Generalized seizures are characterized by loss 
of consciousness and variable degrees of involuntary motor 
activity, which may include flailing of the limbs, elimination 
of feces and urine, and nystagmus. Localized involuntary 
movements with of without obvious alterations of con¬ 
sciousness characterize focal seizures. Alternatively, focal sei¬ 
zures may result in episodes of abnormal or bizarre behavior 
or momentary lapses of consciousness without collapse or 


significant motor activity. A third form of seizure is focal 
with secondary generalization. The onset of the seizure is 
focal, but seizure activity subsequently spreads throughout 
the cerebral cortex, resulting in a generalized seizure. Ani¬ 
mals with this form of seizure activity exhibit initial focal 
signs, such as head turning, bellowing, focal tremors, and 
so on, followed by loss of consciousness and generalized 
signs of invoiumaiy motor activity, as described previously. 
In most animals with focal seizures, with or without second¬ 
ary generalization, the outward manifestation of the seizure 
is always the same^ Rarely, seizures may be preceded by an 
aura, a period in which the animal exhibits anxiety or restless 
behavior shortly before the onset of the seizure itself. In most 
cases of seizures in animals, however, an aura is not 
observed. A postictal phase, a period of time subsequent to 
the seizure during which the animal exhibits abnormal 
behavior such as lethargy, restlessness, or anxiety, is usual 
after seizures in most animals. The postictal phase usually 
lasts a few minutes to hours but may last as long as several 
days. The postictal phase may be the only stage of the seizure 
observed by the animal's handler. Thus, any animal with a 
history of episodes of abnormal behavior should be sus¬ 
pected of having seizures. The typical history is that the ani¬ 
mal is found in a dull or excited state, without the handler 
observing the onset of this change of behavior. Additional 
supporting evidence includes physical injuries such as 
scrapes and cuts that may have been incurred during the sei¬ 
zure itself. 

Abnormalities of cerebral cortex dysfunction are the ulti¬ 
mate cause of seizure activity. During a seizure, groups of 
neurons in the cerebral cortex exhibit spontaneous electrical 
activity resulting in the clinical manifestations of focal or 
generalized seizures. Whereas neurons in the cerebral cortex 
ultimately become involved, abnormal electrical activity can 
begin elsewhere in the brain, such as in the brainstem, with 
subsequent spread of this activity to the cerebrum. Causes 
of seizures are legion, including alterations in the neuronal 
environment resulting from metabolic disturbances or toxi¬ 
cides, and the effects of structural brain diseases such as 
congenital or developmental disorders, traumatic injuries, 
neoplasia, and inflammatory conditions. Diagnosis of sei¬ 
zures and other states of altered mentation must include a 
thorough physical examination and screening for metabolic 
diseases such as electrolyte imbalances and hepatic or renal 
failure. 

Abnormalities in the neurologic examination found 
between seizures (interictal period) support a diagnosis of 
primary brain disease and are an indication for diagnostic 
procedures such as cerebrospinal fluid (CSF) lap. Some 
toxins cause systemic signs as well as seizures, such as neu¬ 
romuscular involvement (tremors, weakness) or parenchy¬ 
mal organ failure (icterus, uremia). Such signs, combined 
with a good clinical history and complete examination 
of the animal's environment, will help to direct specific 
toxicologic screening tests. 

Narcolepsy is a condition wherein the normal mechan¬ 
isms of sleep are disturbed. Although sudden onset of rapid 
eye movement (RLM) sleep is one manifestation of narco¬ 
lepsy, the acute onset of cataplexy—complete paralysis of stri¬ 
ated muscles—usually is a more prominent clinical feature. 
Animals may be observed to suddenly collapse to the ground 
or to buckle at the knees. Cardiac and respiratory muscles are 
not affected. Narcoleptic attacks may be difficult to distin¬ 
guish from seizures but are not accompanied by the involun¬ 
tary motor activity that characterizes most generalized 
seizures. In some cases owners observe traumatic injuries to 
the head, face, and limbs without observing the cataplectic 
attacks that cause the trauma. Narcolepsy has been reported 
both in cattle and horses.” - * 6 



Gait 

Gait should be evaluated by moving the animat in a straight 
line, moving it in a tight circle, backing up, and moving it 
over obstacles such as a curb. Having the patient walk up 
and down a slope with varying steepness and with the head 
elevated may reveal more subtle abnormalities. The exami- 
nation may need to be modified depending on the species 
of the patient amenability to handling, and consideration 
of safety concerns. In general, horses are more tolerant of 
handling than are ruminants 

Quadrupeds begin walking by protracting the rear limb, 
followed by the forelimb of the same side, then the oppo¬ 
site rear limb, and finally the opposite forelimb. Gait on a 
level surface requires integrity of the musculature, motor 
and sensory components of the peripheral nerves, local spi¬ 
nal reflexes, ascending and descending pathways in the 
spinal cord, and centers within the brainstem. Dysfunction 
of any of these areas results in an animal with mild to severe 
proprioceptive disturbances when standing or walking 
which are exacerbated by turning the animal in a circle or 
stepping it on and off a curb. Animals with cerebral disease 
usually arc able to perform simple motor activities such as 
walking along a straight path without obvious deficits but 
exhibit decreased proprioception when they are required 
to perform complex motor activities, such as walking on 
slopes or negotiating obstacles such as curbs or ground 
poles. Performance of such complex maneuvers requires 
coordination of proprioception and motor activities within 
the cerebral cortex, basal nuclei, and other CNS centers. 
Subtle deficits may he elicited by walking and then trotting 
the patient, or walking or trotting the patient briskly and 
then stopping suddenly. While a helper is walking the ani- 
mal in a straight line on a level surface, the examiner should 
take hold of the tail and pull the animal sharply to one side. 
The normal animal will move toward the pull but should 
not stumble or fall. If the tension on the tail is maintained, 
strength can be assessed Animals with lesions anywhere 
within the ascending or descending pathways controlling 
gait may show decreased proprioception in the form of 
stumbling tripping, or crossing the limbs or may be weak. 
This maneuver also is useful for assessing the symmetry of 
a lesion. Circling the patient in a wide circle and then a tight 
circle also may elicit deficits, such as knuckling stumbling, 
interference between feet, pivoting on one foot, or wide 
movements in the outside limb, that are not observed when 
the animal is walked in a straight line. Assessment of gait is 
facilitated when animals are halter-broken and can be lead. 
This is not the case in many ruminants, so the clinician 
must rely more on observing the animal in its usual envi¬ 
ronment or in a confined area such as a pen. A handler 
may drive animals that are not halter-broken, but this 
should be done with caution; safety of the animal and han¬ 
dler must be the top priority 

A grading system for gait deficits has been described else¬ 
where, 4 ' as follows: 

Grade ft Normal gait 

Grade 1: Very subtle deficits, observed by only an experienced 

clinician 

Grade 2\ Deficits apparent to an inexperienced clinician 
Grade 3: Deficits apparent to laypersons 

Grade 4; Severe deficits, including stumbling knuckling as the 
fetlock, falling 

Grade 5: Recumbency and inability to rbe 

Proprioception is the sense of position in space. Recep¬ 
tors lie in the skin, joints, and muscles. Ascending pathways 
run mainly in the dorsal funiculus of the spinal cord, relay¬ 
ing information to centers in the brainstem and cerebral 
cortex Descending pathways involved in proprioception 


are largely similar to those that control gait. The vestibular 
system and pathways in the spinal cord to and from the ves¬ 
tibular centers in the medulla oblongata and cerebellum 
also help to control proprioception. Abnormalities of pro- 
prioception include knuckling stumbling, adduction or 
abduction of the limbs, circumduction, and interference 
between limbs (Rg S-2). Animals with proprioceptive defi 
cits often slap down the feet hard, rather like the gait of a 
person walking down suits in the dark unsure of where 
the next step is. Walking the animal off a curb or step exag¬ 
gerates this appearance. When spun in a tight circle, normal 
animals lift the inside forefoot as the weight shifts. The out¬ 
side rear leg is put down within a line demarcated by the 
lateral margin of the trunk. When spun in a tight circle* 
patients with abnormal proprioception may pivot on the 
inner forefoot rather than lifting it and replacing it into a 
normal position The outside foot may circumduct widely, 
knuckle, or buckle, and the inside foot may step on the out¬ 
side foot. Animals with abnormal proprioception worsen 
when they are required to dimb hills or lift the fool over 
a curb or are walked with the head elevated. The gait of 
noncomp!iant cattle may be assessed by observation of 
maneuvers through corrals, alley's, or a squeeze chute 

Having the animal walk backward tests strength and pro¬ 
prioceptive function further The normal subject should be 
able to do so in a smooth, coordinated fashion. Animals 
with lesions of either the ascending or descending motor 
pathways may exhibit abnormalities such as foot dragging 
and weakness, sometimes to the point of ''dog-sitting/' Oth¬ 
erwise cooperative animals may be reluctant to move 
straight backward and will try avoidance maneuvers such 
as circling to one side or the other in order to avoid it Such 
tactics should raise the index of suspicion of a neurologic 
deficit. Care should be taken when backing an animal with 
severe neurologic deficits because some animals could fall 
backward during the procedure. Animals that are uncooper¬ 
ative or that have been little handled may exhibit reluctance 
to walk backward that is not caused by neurologic disease 
Observing the patient's general level of cooperation and 
having a good history will help the examiner determine 
whether the problem is caused by neurologic disease or is 
the result of the animal's lack of compliance. 

Cerebellar disease causes generalized ataxia with a roll¬ 
ing, drunken gait. Protraction of the limbs is delayed and 
limb movements are exaggerated, a condition known as 
hypermetria. This Is often accompanied by opisthotonos, 
which is a hyperextension of the head and neck, and inten¬ 
tion tremor, most easily observed in the head. Purposeful 
movements, such as reaching out to take food, exaggerate 



FIG. 1-2 it t&smpki of roranoui propnoceptive deficits in a horse The 
sign* of proprioceptive deficits in mmirunu *rt similar 
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intention tremor, and muscular relaxation, as in a recum¬ 
bent animal eliminates it. 

Spontaneous circling is seen in diseases of the vestibular 
system, midbrain, and cerebrum. Circling varies from a 
mild tendency to circle in one direction to tight and com¬ 
pulsive circling, seen particularly with midbrain disease. 
Circling occurs toward the side of the lesion, except in para¬ 
doxic vestibular disease (caused by lesions in the vestibular 
components of the cerebellum), in which the animal circles 
away from the side of the lesion, l ocalization of the neuro¬ 
logic Lesion in animals that circle is made on the basis of 
other neurologic abnormalities, such as the state of con¬ 
sciousness, the presence of proprioceptive deficits, and the 
presence of signs such as head tilt, spontaneous nystagmus, 
seizures, or abnormal ocular function. 

Conscious Proprioception and Postural Reactions 

The integrity of conscious proprioceptive pathways may be 
tested by means of the postural reactions. Normal animals 
stand at rest with the limbs in line with the abaxial bound¬ 
aries of the trunk. When the limbs are moved, normal ani¬ 
mals do not permit the limbs to be placed outside of the 
body axis or across midline. After placement of the limbs in 
an abnormal position, the n euro logically intact animal 
returns to a normal stance within a few seconds. Animals 
with conscious proprioceptive deficits allow the limb to 
remain in the abnormal position for longer than the usual 
period of time. This can vary from animals in which replace¬ 
ment of the limb into a normal position is slightly slowed to 
animals that do not try to replace the limb at ah. The exam¬ 
iner should cross one of the animals limbs over the opposite 
limb, or abduct one limb; the normal response is for the 
limb to be placed back into the resting position. Normal ani¬ 
mals often strongly resist attempts to place the limbs in 
abnormal positions. Animals with proprioceptive deficits 
may spontaneously place the limbs in abnormal positions: 
excessively adducted, abducted, or even crossed. Abnormal¬ 
ities of proprioception alone are poorly localizing signs, 
although a couple of generalities may be stated. Unilateral 
lesions rostral to the medulla oblongata produce mild to 
moderate proprioceptive and postural deficits in the contra¬ 
lateral limbs. Unilateral lesions in the medulla oblongata 
or spinal cord produce more severe proprioceptive and pos¬ 
tural deficits in the ipsilateral limbs. Lesions of the cerebel¬ 
lum very rarely result in postural deficits. 

Additional postural reactions, such as hopping and hemi¬ 
walking, can be tested in small ruminants, calves, and some 
foals. Hopping is tested in the forelimbs by lilting the rear 
limbs a few inches off the ground by means of a hand and 
arm placed around the abdomen, flexing one forelimb 
slightly, and moving the animal away from the side of the 
flexed forelimb, so that it has to hop laterally on the forelimb 
still in contact with the ground. It is easiest if the examiner 
stands in one place and turns clockwise when testing the ani¬ 
mal's right forelimb and counterclockwise when testing the 
left forelimb. Hopping in the rear limbs can be tested simi¬ 
larly, supporting both forelimbs off the ground with an 
arm around the chest Hemiwalking is done by supporting 
both limbs on one side of the body in a slightly flexed posi¬ 
tion and pushing the animal toward the opposite side so that 
it must walk laterally on the two limbs still in contact with 
the ground, lioih hopping and hemiwalking should be done 
with care not to push the patient over. Hopping and hemi- 
walking involve the same ascending and descending motor 
tracts involved in gait on a level surface but also require 
integrity of the cerebral cortex, These maneuvers are abnor¬ 
mal on the ipsilateral side in animals with lesions in the skel¬ 
etal muscles, peripheral nerves, spinal cord, and medulla 


oblongata and on the contralateral side in animals with 
lesions in the midbrain, thalamus, or cerebrum. Animals 
with cerebral lesions have normal gait on a level surface, 
but marked deficits in hemiwalking and hopping. 

Abnormalities of Posture and the Righting Response 

Posmre refers to the position of the body and head in space, 
in relationship to gravity and to each other. Animals adopt 
slightly different postures when on a sloped surface or an 
uneven surface compared with posture on a level surface. 
However, sustained postures such as head tilt (Fig, 8-3), in 
which one ear is closer to the ground than the other, and 
head turn (Fig. 8-4}, in which the muzzle is turned back 
toward the trunk, are abnormal. Circling often accompanies 
head tilt and head turn, and all tend to be toward the direc¬ 
tion of the lesion. The exception to this rule occurs in para¬ 
doxic vestibular syndrome as a result of involvement of the 
cerebellar components of the vestibular system, in which 
head tilt and circling occur in the direction away from the 
side of the lesion. When proprioceptive deficits accompany 
circling they are ipsilateral when the lesion is in the medulla 
oblongata and contralateral when the lesion lies in the cere¬ 
brum, thalamus, or midbrain. Head tilt, head turn, and cir¬ 
cling reflect the presence oflesions that are unilateral within 
the neuraxis or are asymmetric. 

The righting response is most easily tested in small rumi¬ 
nants and in recumbent large animals (Fig. 8-5). The response 
is initiated by receptors in the eyes and vestibular labyr¬ 
inths and by proprioceptive receptors in the joints, ten¬ 
dons, and muscles. Information regarding limb position 
and balance is relayed ultimately to the cerebral cortex. 
Descending impulses are initiated in the motor cortex 



FIG. 8-3 li Head tilt caused by vestibular dysfunction in a horse that sus¬ 
tained head trauma. 
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WAT TWO MANIFESTATIONS of DISEASE 





FIG, 8-4 Kl Head lum in a steer with potiwnrephalo malaria. 




FIG, ft*5 II A, Afferent pathways responsible for providing proprioceptive 
information to the brainsiem and higher Centers. B. Efferent pathways 
responsible for providing motor activities to the motor neurons. 


anti relayed via the brainstem and spinal cord to the appen¬ 
dicular musculature. The normal response to stimulation is 
to lift the head, assume sternal recumbency, and rise. The 
normal horse rises on the forelimbs first, whereas the normal 
ruminant rises on the rear limbs first. Animals that are reluc¬ 
tant to rise but do so normally after sufficient stimulation 
may have a disease of the cerebral cortex or the thalamus. 
Animals that are in lateral recumbency and unable to lift 
the head from the ground may have lesions in the peripheral 
or brainstem vestibular centers or in the cervical spinal cord 
proximal to the C4 spinal cord segment. Unilateral lesions 
in this area result in an inability to lift the head from the 
ground when the lesion side is up. When the lesion side is 
down, the animal can raise the head slightly. Animals with 
incomplete lesions of the cervicothoracic spinal cord (C7 to 
Tl spinal cord segments) are able to lift the head and neck 
but may remain recumbent. Animals with lesions of the 
thoracolumbar and lumbosacral spinal cord (T3 to S3 spinal 
cord segments) usually can lift the head and neck, arise on 
the forelimbs, and assume a dog-sitting position when 
stimulated. 

Spinal Reflexes 

The spinal reflexes are stereotyped responses to specific 
stimuli. They include the myotactic or tendon reflexes, 
the panniculus or cutaneous trunci reflex, the perineal 
reflex, and several others. As their name implies, spinal 
reflexes depend on the integrity of local spinal cord seg¬ 
ments. as well as the peripheral nerves, neuromuscular 
junctions, and muscles. Lesions in the spinal cord that 
are located rostral to the spinal origin of the peripheral 
nerves to the limbs being tested result in normal to 
increased spinal reflexes and are commonly referred to 
as upper motor neuron tesions. Lesions in the spinal cord 
segments at the level of the reflex arc or in the peripheral 
nerves, neuromuscular junctions, or muscles result in 
decreased spinal reflexes and are commonly referred to 
as lower motor neuron lesions. 

It is appropriate at this point to define the terms upper 
motor neuron and lower motor neuron : t Upper motor neurons 
are nerve cells whose cell bodies lie within the brain and 
whose axons terminate at synapses within the brain or in 
the spinal cord. Disease affecting upper motor neurons 
results in normal to increased spinal reflexes, as well as 
ataxia, variable severity of weakness, and sometimes in¬ 
creased muscle tone (spasticity). The nerve cell bodies of 
lower motor neurons lie in the nuclei of cranial nerves in 
the brainstem or within the ventral horn gray matter 
of the spinal cord. Their axons project beyond the 
CNS, course within the peripheral or cranial nerves, and ter¬ 
minate at neuromuscular junctions. Diseases affecting lower 
motor neurons result in decreased spinal reflexes, ataxia, 
moderate to severe weakness, decreased muscle tone, and 
rapid, pronounced atrophy of the denervated muscles. 

Myotactic Reflexes 

Myotactic or tendon reflexes are tested by sharply striking 
the tendon of a specific muscle (or sometimes the muscle 
itself) and evaluating the strength of the reflex contraction. 
The ascending component of the reflex arc involves the 
muscle spindles, which are stretch detectors, sensory fibers 
in the peripheral nerve, the dorsal nerve root and its gan¬ 
glion, and the central projection of the sensory nerve fiber 
onto the ventral hom celt in the same spinal cord segment 
(Fig. 8-6). The descending component of the reflex arc 
involves the ventral hom cell (lower motor neuron), the 
ventral nerve root, the motor fibers in the peripheral nerve, 
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the neuromuscular junction, and the myofibers in the mus¬ 
cle being tested. I^esions in either the ascending or descend¬ 
ing components of the reflex arc result in a decreased to 
absent myotactic reflex, lesions in the spinal cord above 
the level of the reflex arc and lesions of the brain result in 
a normal to increased myotactic reflex. 

The myotactic reflexes can be tested only in the recum¬ 
bent animal and thus are able to be examined only in a lim¬ 
ited number of large animal patients. Ihese reflexes should 
be tested only in the limbs that are uppermost when the 
animal is lying on one side. The animal must be turned over 
to test the limbs on the opposite side. These reflex responses 
are more subtle than in small animals and may not be eli¬ 
cited in some normal patients. The reflex responses are 
assigned a qualitative clinical score. One common classifica¬ 
tion is as follows: 

0—No reflex activity 

1— Hypoactive 

2— Normal 

3 — Hyperactive 

4— Hyperactive and clonic 

Clonus is a phenomenon observed with severe upper 
motor neuron lesions: the response of the muscle being 
tested is rapid, repeated contractions rather than a single 
contraction. The innervation of the limbs is listed in 
Tables 8-4 and 8-5. 

FOREUMB MYOTACTIC REFLEXES 

Triceps Reflex * Hold the limb moderately flexed at the 
elbow, and percuss the triceps tendon just above the olecra¬ 
non using a heavy instrument, such as a balling gun In smal¬ 
ler subjects a rubber pleximeiercan be used, as is done in cats 
and dogs. The normal response is a contraction of the triceps 
muscle, leading to retraction of the upper limb and extension 
of the elbow. The triceps reflex measures the integrity of the 
radial nerve and the C7 toTl spinal segments. 



Innervation of the Foreiimbs of Large Animals 


1 Spinal Cord 

1 Segment 

Peripheral Nerve 

Muscle(s) 1 

C7 

Suprascapular 

Supraspinatus, 

infraspinatus 

C6, C7 

Subscapular 

Subscapularis 

C7 f CB, Tl 

Pectoral 

Subsea pu laris, 
pectoral muscles 

C6*, C7, C8 

Musculocutaneous 

Biceps brachii, 
coracobrachial is, 
brachial is 

C8, Tl, T2 

Median 

Flexor carpi radial is. 
deep digital flexor, 
superficial digital 
flexor 

C8*. Ti. T2 

Ulnar 

Flexor carpi ulnaris, 
deep digital flexor, 
superficial digital 
flexor 

C7, C8, Tl 

Radial 

Triceps, extensor carpi 
radial is, ulnaris 
lateralis, lateral and 
common digital 
extensors 

C6 f , C7, C8 

Axillary 

Dehoideus, teres 
minor, 

sub sea pu laris, 
deidobrachiaiis 

C7, C8 

Long thoracic 

Serratus ven tral is 

C8, Tl. T2 r 

Thoracodorsal 

Latissimus dorsi 

C8, Tl, T2 

Lateral thoracic 

Pan ni cuius 


'Contributes innervation in the ruminant only. 
* Contributes innervation in the horse only. 



TABLE 8-5 


Flexor Reflexes 


Innervation of the Hindlimbs of Large Animals 


1 Spinal Cord 

1 Segment 

Peripheral 

Nerve 

Musde(s) j 

L3V L4, 

Femoral 

Quadriceps 

L5, L6 1 

L5\ LG, SI 

Cranial gluteal 

Cluteals, tensor fascia 
latae 

SI-S5 

Caudal gluteal, 
pudendal 

Biceps femoris, middle 
and superficial gluteals 

L5\ LG, 

Ischiatie, 

lateral digital extensor, 

SI, $2 

fibulae 

- long digital extensor, 
short digital extensor 
cranial tibial 

L5*„ L6, 

SL S2 

Tibial 

Gastrocnemius, 
poplUeus, superficial 
and deep digital flexor, 
interosseus 

1 5 \ [jG h 

Pudendal 

Retractor penis 

SI, 52 

S3-Cd5 

Caudal rectal 

Rectum, anal sphincter, 
bladder 


‘Contribute* innervation in the horse only. 
f Contributes innervation in the njmin.ini only. 


Biceps Reflex. Hold the limb moderately extended at the 
elbow and place the supporting hand over the attachment 
of the biceps muscle on the dorsomedial aspect of the 
limb at the level of the elbow joint, Percuss the biceps 
tendon or the taut biceps muscle with a heavy instru¬ 
ment. Contraction of the muscle may be perceived visu¬ 
ally or by palpation, A slight flexion of the elbow and 
extension of the carpus is normal. The test measures the 
function of the musculocutaneous nerve and spinal cord 
segments CG to C8 in ruminants and C7 and C8 in 
horses. 

Lesions rostral to CG result in general hypeirefieda of 
both forelimbs and hindlimbs, Lesions located in spinal 
segments C5 to T2 result in hyporeflexia to areflexia of the 
forelimbs and hyperreflexia of the hindlimbs. 

REAR LIMB MYOTACTIC REFLEXES 

Patellar (Quadriceps) Reflex. Flex the stifle moderately, 
and sharply percuss the middle patellar ligament with a 
heavy instrument, or a rubber pleximeter in smaller sub¬ 
jects. The normal reflex is a sharp contraction of the quadri¬ 
ceps femoris muscle resulting in extension of the stifle and a 
forward jerk of the lower limb. The patellar reflex measures 
the function of the femoral nerve, the quadriceps femoris 
muscle, and L3 to L5 and IA to L6 spinal cord segments 
in the horse and cow, respectively. 

Cranidl Tibfdi Reflex . The cranial tibial reflex is elicited 
by flexing the hock and sharply striking the belly of the 
cranial tibial muscle. The reflex consists of a slight exten¬ 
sion of the digit. The cranial tibial reflex is mediated 
through the peroneal and sciatic nerves and spinal cord 
segments L5 to S2 or LG to $2 in the horse and the rumi¬ 
nant, respectively. Lesions of the spinal cord anterior to 
L3 segments result in hyperreflexia, whereas lesions of 
L3 to L6 spinal segments result in hyporeflexia or 
areflexia. 

The reflex part of the test measures the function of the 
peroneal, tibial, and sciatic nerves and the function of L6 
to $2 spinal segments. The peroneal nerve supplies cutane¬ 
ous innervation to the dorsolateral aspect of the limb. The 
tibial nerve supplies innervation to the caudomedial and 
dorsomedial aspects of the limb. 


Ihe flexor reflexes are elicited in the recumbent large animal. 
A painful stimulus is applied to the uppermost foot. The nor¬ 
mal reflex consists of two phases: (1) a rapid limb flexion, 
and (2) a slower conscious perception of the stimulus, char¬ 
acterized by attempts to assume sternal recumbency, vocali¬ 
zation, ear and eye movements, violent kicking, and so on. 
The forelimb flexor reflex tests the integrity of the axillary, 
median, and musculocutaneous nerves and spinal cord seg¬ 
ments C5 through T2, as well as the flexor muscles of the 
limb. The hindlimb flexor reflex is mediated by means of 
the sciatic, peroneal, and tibial nerves and the hindlimb 
flexor muscles. 

Spinal cord and peripheral nerve lesions may be localized 
further by testing the integrity of the sensory innervation of 
the skin of the limbs. Areas of decreased or absent cutaneous 
sensation reflect lesions of the peripheral nerves innervating 
those regions of the skin or of the spinal cord segments in 
which those sensory nerves terminate. The skin over the trunk 
and much of the limbs is innervated by more than one 
peripheral nerve. Some areas of the limbs derive sensory 
innervation from a single peripheral nerve. These areas are 
termed the autonomous zones for those peripheral nerves. 
Damage to a peripheral nerve innervating the skin of a limb 
therefore will result in decreased to absent cutaneous sensa¬ 
tion in the autonomous zone for that nerve. This information 
can be used to localize lesions. Decrease or loss of sensation 
to an entire limb or to limbs on both sides of the body suggest 
a lesion affecting several local spinal cord segments, or a 
transverse spinal cord lesion rostral to the affected limbs. 

Other Spinal Reflexes 

PERINEAL REFLEX. The perineal reflex is elicited by 
pinching die mucocutaneous junction of the anus. The nor¬ 
mal reflex includes lightening of the sphincter muscle and 
contraction of the ventral tail muscles. Conscious sensation 
of the stimulus produces avoidance or protective responses 
that may range from a slight movement of the rear limbs 
and pelvis to a violent kick. The reflex is mediated by the 
internal pudendal nerve and spinal cord segments Si to S5. 
Lesions in the nerve or in the sacral spinal cord result in a 
dilated, atonic rectal sphincter that fails to respond to nox¬ 
ious stimuli, as well as fecal impaction in the rectum and a 
dilated urinary bladder. The bladder is full of urine and drib¬ 
bles whenever digital pressure is applied through the rectum 
or vagina. The perineum remains wet and may become 
irritated ("scalded") by the continuous overflow of urine, 

PANNICULUS (CUTANEOUS TRUNCI) REFLEX. The 
panniculus reflex is a wrinkling or flinching of the skin over 
the trunk when it is stimulated by light touch or by pinch¬ 
ing. The skin over the caudal flank usually is the most sen¬ 
sitive. Run the tip of a dosed hemostat over the skin, tap the 
skin lightly with the hemostat tip, or pinch the skin lightly 
with the hemostat. The normal response is a skin twitch, 
together with a conscious avoidance maneuver, such as 
moving away from the stimulus, ITie afferent part of the 
panniculus reflex is mediated through the dorsal nerve root¬ 
lets and the segmental spinal nerves that are distributed to 
the stimulated area. These ascend in the dorsal funiculi of 
the spinal cord and synapse on the efferent neurons in spi¬ 
nal segments CS to T1 in ruminants and C8 to T2 in horses. 
The axons exit the ventral rootlet and form the thoracodor¬ 
sal nerve, which innervates the cutaneous mmci muscle. 
The degree of reflex responsiveness varies among the large 
animal species. Sheep, goats, and many cattle possess a poor 
panniculus reflex. Horses and Zebu cattle have a well-devel¬ 
oped reflex. 
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CERVICAL REFLEXES. Two reflexes have been described 
in the cervical area of the horse *The cervical reflex is sim¬ 
ilar to the panniculus reflex. Tapping or pinching the skin of 
the caudal half of the cervical region results in a local skin 
twitch. The pathway is believed to involve the cervical seg¬ 
mental spinal nerves and the local spinal cord segments 

The cervicoauricular reflex is elicited in horses by cover¬ 
ing the eye and lightly tapping the skin over vertebrae Cl 
to C3. As the skin is stimulated in normal horses, the ear 
reflexively twitches cranially and ventrally, and twitching 
of the facial musculature at the commissure of the lips is 
observed. This test measures the integrity of the dorsal funi¬ 
culi of Cl to C3 spinal cord segments and the facial nerve in 
the medulla oblongata. The diagnostic usefulness of the test 
in ruminants is unknown. 

Both these reflexes are variable and are not always found 
in normal animals Increased experience of the examiner, 
however, seems to be associated with increased reliability 
of these reflexes. Both reflexes may be abnormal in animals 
with lesions affecting the cervical spinal cord, such as 
equine wobbler syndrome. The cervicoauricular reflex also 
may be decreased or absent in animals with caudal brain¬ 
stem lesions involving the facial nerve or with peripheral 
facial nerve lesions. 

"SLAP" TEST (LARYNGEAL ADDUCTOR REFLEX). A 

sharp slap applied in the saddle region on one side of a 
horse's thorax results in adduction of the vocal folds of 
the larynx on the opposite side. 4 ’ This reflex can be pal 
paled as a contraction of the tritoarytenoideus lateralis 
muscle. Standing on one side of the animal the examiner 
curls his or her fingers around the dorsolateral aspect of 
the larynx on the opposite side. A slap is applied to the sad* 
die region on the side on which the examiner is standing. 
The response is palpated as a small movement under the 
fingertips of the cricoarytenoideus lateralis muscle on the 
opposite side of the larynx. It is often useful to have a helper 
apply the slap rather than to have the examiner do so. The 
pathway for the reflex is only partially understood. Sensory 
information from the skin is relayed to the spinal cord in 
the segmental spinal nerves. The ascending information 
then crosses the spinal cord and runs rostrally in a contralat¬ 
eral pathway to the origin of the vagus nerve in the nucleus 
ambiguus in the medulla oblongata. Descending output 
from the nucleus ambiguus runs in the cervical vagosympa* 
theiic trunk and thence to the recurrent laryngeal nerve, 
which branches from the vagus in the cranial thorax. The 
recurrent laryngeal nerve runs rostrally alongside the trachea 
to the larynx. Thus the pathway for this reflex is almost 
entirely contralateral to the side on which the stimulus 
(the slap) is applied. Abnormalities in the laryngeal adduc¬ 
tor response are seen in animals that have Lesions of the cer¬ 
vical spinal cord but also in those with caudal brainstem 
lesions, vagus nerve lesions, and lesions of the recurrent 
laryngeal nerve ("roarers"). The test's accuracy may be lim¬ 
ited In one study there was poor correlation when predict¬ 
ing the presence or absence of cervical spinal cord or 
brainstem disease. 50 Interpretation of the results depends 
on the experience of the examiner It should also be inter¬ 
preted considering the complete neurologic examination 
findings. Presence of the response bilaterally is normal. Uni¬ 
lateral absence of the response suggests a lesion in one of 
the structures described previously Bilateral absence of the 
response is harder to interpret because it may be the result 
of a bilateral lesion or the inability to palpate the cricoaryte¬ 
noid contraction in a large or heavily muscled horse. The 
laryngeal adduction elicited in this test also can be observed 
endosco pi rally The laryngeal adductor response tends to 
fatigue, so it may disappear if tested repeatedly over a short 
period. 


Muscle Mass and Tone 

Normal mass and tone of the musculature depends on an 
intact nerve supply. Primary diseases of muscle and loss of 
use of a limb secondary to orthopedic disease are often asso¬ 
ciated with mild to moderate muscle atrophy that develops 
over weeks to months. Atrophy caused by denervation, how¬ 
ever, is more severe and rapid in onset. Visible loss of mass of 
specific muscles or groups of muscles is most likely caused by 
damage to the nerve supply to those muscles, either by direct 
injury to peripheral nerves or injury to the origins of those 
nerves in the ventral horn gray matter of the spinal cord 
(Rg 8 7). Knowledge of the central origins of the nerves to 
the limbs and the course of those nerves in the periphery 
can be used to specifically localize neurologic lesions (see 
Tables 84 and 8-5), Electromyography and nerve conduc¬ 
tion testing can further be used to help identify muscle 
denervation and peripheral neuropathies (see Chapter 35). 
Regeneration of peripheral nerves after an acute insult can 
occur. Regeneration is accomplished by outgrowths of axo¬ 
nal buds from the proximal slump, the buds either grow 
along previous peripheral nerve rootlets or generate new 
neural pathways in concert with proliferation of myelin pre¬ 
cursor cells The rale of growth of the axonal buds has been 
estimated to be approximately 1 to 4 mm/day. 5 * 

Muscle tone can be evaluated in the recumbent animal 
by passively flexing the limbs. Evaluation is not accurate 
in the standing animal or in animals supported in slings 
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because of resistance from taut bands of connective tissue. 
In norma) animals repeated flexion is accompanied by an 
increase in the tone in the flexed limb. The limbs of animals 
with a lower motor neuron deficit remain flaccid. Small 
ruminants tend to show a greater relative amount of extern 
sor tone in the limbs than do cattle or horses. Evaluation of 
the test must be conservative because some severely 
obtunded large animals display generalized hypotonia, even 
though the lower motor neurons are functional. The cause 
of the hypotonia is unknown. 

The tone of the fore limbs is controlled through spinal cord 
segments C6 to T1 and the radial musculocutaneous, 
median, ulnar, axillary, and long ihojatic nerves. The motor 
tone of the rear limbs is controlled through spinal cord seg¬ 
ments 13 to S2 and the femoral, cranial and caudal gluteal, 
and sciatic nerves. The lower motor neurons to the anus origi¬ 
nate in spinal cord segments SI to S5, via the pudendal nerve. 
The tail is innervated by the coccygeal segmental spinal nerves. 

Examination of Cranial Nerves 

Examination of the cranial nerves is most easily carried out 
by examining the functions of groups of nerves that inner¬ 
vate particular regions of the head rather than performing 
the examination in a strictly numeric order. For example, 
examination of vision and other ocular functions such as 
the menace response, pupillary light reflexes, and physio¬ 
logic nystagmus reveals the integrity of several cranial 
nerves, not only II, HE IV, and VI, but also V (sensory to 
the cornea), VII (motor to the eyelids), and VIII (providing 
vestibular input to control the functions of III, W, and VI), 
as well as centers within the brain, 

CRANIAL NERVE I—OLFACTORY NERVE. Reliable and 
specific testing of the sense of smell is difficult in animals. 
Large animals require an intact sense of smell to eat properly, 
so it can be inferred that animals with good appetites possess 
an adequate sense of smell Having an animal track food 
moved from side to side in front of the nose may be helpful 
Ensure that the food has an appealing odor. Irritating sub¬ 
stances such as ammonia should not be used for evaluation 
of olfactory nerve function; such compounds stimulate noci¬ 
ceptors in the nasal mucosa, which are the dendrites of the 
maxillary nerve (cranial nerve V), rather than stimulating 
olfactory receptors innervated by the olfactory nerve. Loss of 
the sense of smell is more likely to be caused by disease within 
the nasal passages than by a primary neurologic disease. 

CRANIAL NERVE ||—OPTIC NERVE. Vision is the func¬ 
tion of cranial nerve II the optic nerve. Observing the ani¬ 
mal's response to its environment provides a good initial 
assessment Does it respond to visual cues, such as move¬ 
ment, or does it walk into objects? Noise may cause the ani¬ 
mal to turn its head toward the sound, so the observer must 
be careful to distinguish such responses from those made in 
response to visual cues. A maze can be set up using straw 
bales or other objects, and the animal gently driven through 
the maze. Normal animals will avoid colliding with objects. 
Animals that are severely obtunded, however, may walk 
into objects even when they can see. Thorough evaluation 
of the complete neurologic examination is necessary to dis¬ 
tinguish this from true blindness. 

The menace response measures the integrity of the entire 
visual pathway. The ascending pathway runs from the retina 
via the optic nerves, midbrain, and internal capsule to the 
visual areas in the occipital lobe of the cerebrum. Informa¬ 
tion from the visual cortex is processed and relayed to the 
motor cortex. The descending pathway of the menace 
response runs from the motor cortex via the pons to the 
nucleus of the facial nerve in the medulla oblongata and 
thence via the facial nerve to the orbicularis oculi muscle. 


Input to this motor pathway also arises from the cerebellum. 
The menace test is performed by rapidly advancing the hand 
toward the eye and observing a reflex closure of the eyelids. 
In addition to the closure of the eyelids, some animals 
display a generalized avoidance response characterized by 
coordinated movement of the head and neck away from 
the stimulus. The opposite eye may be covered to ensure that 
only one eye is being stimulated. Care must be taken not to 
touch the face or eyelashes. Many authors warn that air cur¬ 
rents generated by rapid movement of the hand toward the 
face can elicit the response even in blind animals, but this 
has not been our experience. The menacing gesture is 
directed first at the nasal and then at the temporal pans of 
the visual field. Blindness in one visual field is termed hemi¬ 
anopsia , The menace response measures the integrity of the 
retina, optic nerve, optic chiasm, midbrain, internal capsule, 
and occipital cortex. There is approximately 90% crossing 
over of optic nerve fibers in the optic chiasm of livestock. 
Animals with a postchiasmal lesion in the internal capsule, 
midbrain, or occipital lobe will show hemianopsia in the 
contralateral visual field. In practical terms, lesions central 
to the optic chiasm cause loss of vision in the opposite eye, 
with apparently normal vision in the ipsilateral eye. 

Menace deficit may be the result of facial nerve paralysis. 
In such cases the animal does not blink but shows avoid¬ 
ance of the stimulus by pulling the head away. Facial nerve 
deficits will be apparent in these animals by their inability 
to close the eyelids under any circumstances and by other 
signs such as facial drooping on the same side. Animals 
with cerebellar disease also may display a menace deficit, 
yet possess normal vision. The precise pathway by which 
the cerebellum influences the menace reflex is not known, 
but interruption of this pathway is thought to disrupt upper 
motor neuron control of the facial nerve, which becomes 
dysfunctional Menace deficits resulting from facial nerve or 
cerebellar disease may be differentiated from deficits in other 
areas by maze testing. Animals with cerebellar or facial nerve 
disease retain visual acuity and maneuver through the course 
successfully. The maze test measures the patient's ability to 
identify and avoid obstacles, in addition to the optic path¬ 
ways, the test measures the integrative pathways in the fron¬ 
tal and parietal lobes of the brain, the motor neurons, and 
the proprioceptive pathways (Table 8-6), Myasthenic dis¬ 
eases (e.g.n botulism, hypocalcemia, or hypomagnesemia) 
result in bilaterally decreased menace and palpebral 
responses but do not produce blindness. 

The pupillary light reflex measures the integrity of the ret¬ 
ina, optic nerves, optic chiasm, pretectal and oculomotor 
nuclei in the midbrain, oculomotor nerve, ciliary ganglia, 
and constrictor pupil l ae muscle. The test is performed by 
shining a bright light into each eye and observing constric¬ 
tion of the pupil in the ipsi lateral eye (direct response) and 
the contralateral eye (indirect response). Reducing the ambi¬ 
ent light level may facilitate this test by causing the pupils to 
dilate. The reflex in large animals is considerably slower than 
observed in cats and dog$. A "swinging light"' test has been 
recommended in large animals to reduce the blink and star¬ 
tle responses elicited by suddenly shining a bright light into 
the eyes. 47 A strong light source is slowly shone from one 
eye to the other while bringing it closer and closer to the 
head and observing the responses in each pupil The effects 
on the pupillary light reflex of lesions at various levels along 
the visual pathway are shown in Table 8-6. 

Unilateral lesions of the cerebral cortex result in blind¬ 
ness of the opposite eye. The pupillary light reflexes usually 
are normal, if the cortical disease is accompanied by 
increased intracranial pressure, the oculomotor nerve or 
nucleus may become dysfunctional because of midbrain 
compression, resulting in ipsilateral mydriasis. 
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TABLE 8-6 






Guide to Neuroophthalmologlc Lesion Location 


Menace Response 

Pupillary Light Response 


I Lesion Location 

Ipsilateral 

Bilateral 

Ipsilateral 

Bilateral 

Maze Test 

Unilateral retina, optic nerve 

Absent 

Present 

Normal 

Normal 

Abnormal 

Bilateral retina, optic nerve, optic chiasm 

Absent 

Absent 

Fixed 

Fixed 

Abnormal 

Unilateral oculomotor nerve 

Abseni 

Present 

Dilated non responsive 

Normal 

Normal 

Unilateral occipital cortex 

Present 

Absent 

Normal* 

Normal* 

Abnormal 

Bilateral occipital cortex 

Absent 

Absent 

Normal 

Normal 

Abnormal 

Bilateral vagosympathetic trunk 

Present 

Present 

Miotic 

Normal 

Normal 

Bilateral cerebellar cortex , 

Absent 

Absent 

Normal 

Normal 

NormaP 


’Assuming that no cortical swelling has occurred. 
f Animals walk abnormally bm recognize and generally avoid obstacles. 


CRANIAL NERVES 111, IV t AND VI—OCULOMOTOR, 
TROCHLEAR, AND ABDUCENT NERVES, The position of 
the globe in the orbit is governed by the activity of the oculo¬ 
motor, trochlear, and abducent nerves. Dysfunctions of these 
nerves result in deviation of the globe that is constant in all 
head positions. Loss of oculomotor nerve function results 
in a ventrolateral strabismus. Trochlear nerve dysfunction 
results in rotation of the dorsal aspect of the globe away from 
the midline (dorsomedial strabismus). In large animals that 
have horizontal pupils, trochlear nerve lesions cause devia¬ 
tion of the pupil such that the medial aspect of the pupil is 
dorsal to the lateral aspect. The trochlear nerve crosses the 
midline twice in the area of the midbrain before exiting the 
cranial vault. Therefore unilateral lesions could result in con¬ 
tralateral or ipsilateral strabismus, depending on the location 
of the lesion within the brainstem. Lesions of the trochlear 
nerve are, in our experience, extremely rare. Loss of abducent 
nerve function results in medial strabismus with inability to 
retract the globe, which is best demonstrated by restraining 
the head of the patient, opening the palpebral fissure, and 
touching the cornea, The normal reflex is a retraction of the 
globe with protrusion of the third eyelid. 

Function of the oculomotor, trochlear and abducent 
nerves also is observed when testing the oculocephalic 
reflexes. When the head is turned from side to side a horizon¬ 
tal nystagmus is observed, with the fast phase of the nystag¬ 
mus in the direction of the head movement. The sensory 
receptors for this reflex lie within the semicircular canals of 
the inner ear, and they detect angular acceleration of the 
head. Input from the semicircular canals is transferred to 
the vestibular centers in the medulla oblongata and the cere¬ 
bellum, and thence via the medial longitudinal fasciculus 
and reticular formation to the nuclei of cranial nerves III, 
IV, and VI. Lesions of the peripheral or central components 
of the vestibular system also can result in abnormal eye posi¬ 
tion (strabismus) and movement (nystagmus), described in 
more detail later. In such cases, however, the strabismus typ¬ 
ically changes when the head and neck are moved, in con¬ 
trast to the constant deviation of the globe seen with direct 
lesions to the oculomotor, trochlear, and abducent nerves. 
Vestibular dysfunction also results in spontaneous nystag¬ 
mus, which can be used to differentiate these conditions 
from dysfunctions of nerves 111, IV, and VI, 

The oculomotor nerve is the motor nerve to the levator 
palpebrae superiors muscle, the most important of the 
muscles responsible for elevation of the upper eyelid. 
Lesions of the nerve cause ptosis (drooping of the upper 
eyelid) in addition to the signs described previously. Ptosis 
also can be induced by lesions of the sympathetic nerve 
supply to the eye because of paralysis of the superior tarsal 
muscle and in the horse, only, by lesions of the facial nerve. 


which innervates the levator anguli oculi medialis muscle 
(see later). 52 

CRANIAL NERVE V—TRIGEMINAL NERVE. The trigemi¬ 
nal nerve is sensory to the face and motor to the muscles of 
mastication. The sensory functions of the trigeminal nerve 
are tested by lightly stimulating the face using the tip of a 
closed hemostat. In animals that are head-shy, the examiner 
can use his or her fingers to stimulate the skin of the face. The 
forehead is innervated by the ophthalmic branch of the 
nerve, the upper jaw and muzzle by the maxillary branch, 
and the lower jaw by the mandibular branch. Each area 
should be tested specifically. The normal response is one of 
avoidance using neck, facia), and appendicular musculature, 
the animal usually pulls the head away and hlinks simulta¬ 
neously. Some areas such as the cheeks, forehead, and chin 
are normally less sensitive, whereas the periorbital region, 
the nasal planum, and the lips are very sensitive. The test 
evaluates the function of the sensory part of the trigeminal 
nerve, the trigeminal ganglion, the nucleus and spinal tract 
of the trigeminal nerve, the pontine sensory tract nucleus of 
cranial nerve V, the thalamus, the sensorimotor cortex, and 
the motor neurons of the head, which innervate the muscles 
of facial expression and run in the facial nerve (cranial nerve 
VN ). After the trigeminal nerve enters the lateral aspect of the 
medulla, axons both ascend and descend through the 
medulla as the spinal tract of the trigeminal nerve. Ascending 
information ultimately reaches the sensorimotor cortex, 
where it is consciously perceived. Descending information 
projects to the nucleus of the facial nerve in the medulla 
and also into the first cervical spinal segment. Unilateral loss 
of facial sensation most commonly results from damage to 
the peripheral portion of the trigeminal nerve, the trigeminal 
ganglion in the petrosal bone of the skull, or the contralat¬ 
eral cerebral cortex. Lesions affecting the spinal tract of the 
trigeminal nerve in the medulla and midbrain would likely 
be fatal, because they also would affect adjacent respiratory 
and cardiovascular centers in the brainstem. Patients with 
bilateral facial hypoesthesia probably have bilateral cerebral 
cortex disease. 

The palpebral reflex is elicited by lightly touching the 
periorbital area and observing a brisk closure of the eyelids. 
This reflex reflects the sensory function of the trigeminal 
nerve and the motor function of the facial nerve and orbi¬ 
cularis oculi muscle. Simultaneous loss of the menace 
response and the palpebral reflex suggests a lesion in the 
facial nerve or the orbicularis oculi musde. Loss of the pal¬ 
pebral reflex with normal menace responses suggests a 
lesion in the trigeminal nerve or ganglion. Loss of menace 
response with preservation of the palpebral reflex indicates 
occipital cerebroconicai dysfunction (conical blindness) or 
a cerebellar lesion. 







132 


part two MANIFESTATIONS of DISEASE 




The jaw should be opened to assess the strength of the 
masticatory muscles. This measures both the sensory (pro¬ 
prioceptive) fibers of the trigeminal nerve and the motor 
component of the nerve. Bilateral lesions of the motor com¬ 
ponent of the trigeminal nerve result in a dropped jaw. 
Affected animals may protrude the tongue but can retract 
k normally when stimulated. Animals with dropped jaws 
may drool saliva because they cannot trap it within the oral 
cavity. Unilateral lesions of the trigeminal nerve produce 
asymmetric jaw closure, with a slight gap between the occlu¬ 
sal surfaces of the teeth on the affected side; these signs, 
however, are not readily apparent. 

CRANIAL NERVE VII—FACIAL NERVE. The motor 
nucleus of cranial nerve VII originates in the middle and 
ventral part of the medulla oblongata. The motor fibers 
are distributed to muscles of facial expression. Just as - the 
motor fibers are exiting from the lateral aspect of the brain¬ 
stem they merge with axons from the parasympathetic facial 
nucleus. These fibers innervate the lacrimal and salivary 
glands. They separate from the motor component of the 
facial nerve as it traverses the petrous temporal bone. 
Lesions of CN VII located between the brainstem and the 
petrous temporal bone usually result in "dry eye," More dis¬ 
tal lesions, however, have no effect on tear production The 
tone of the facial musculature is examined by palpation of 
the ears, lips, eyelids, and muzzle. Clinical signs of facial 
nerve dysfunction include drooped ear and lips, drooling 
saliva, and retention of food in the cheek pouch on the 
denervated side (Fig. 8-8). Closure of the eyelids is weak 
in partial facial nerve lesions and absent in severe lesions. 
Despite this, there is slight drooping of the upper eyelid 
(ptosis) because of paralysis of the frontalis muscle, which 
contributes to eyelid retraction. In species with a soft muz¬ 
zle (e.g., horses, sheep, and goats), there is a marked devia¬ 
tion of the filtrum away from the side with the lesion after 
unilateral loss of facial nerve function. The filtrum of 
affected cattle is not deviated because of the large amount 
of fibrous tissue in the planum nasale. In chronic facial 
paralysis the face may be deviated toward the affected side 
because of atrophy and contracture of the denervated mus¬ 
culature of the face. 

CRANIAL NERVE VUI—VESTIBULOCOCHLEAR NERVE 

Vestibular System. The function of the vestibular system, 
which is composed of the sensory structures in the inner 
ear (semicircular canals, utriculus, saccule), the vestibular 
portion of cranial nerve VIII, and the central components 
of the vestibular system in the medulla oblongata and cere¬ 
bellum, is tested by assessment of gait, extensor tone, head 
posture, and eye movements. Signs of vestibular dysfunc¬ 
tion include a staggering gait, circling, falling, rolling, head 
tilt, and spontaneous nystagmus. Signs can be classified as 
peripheral, central, or paradoxic in type. Lesions affecting 
the inner ear or cranial nerve VIII result in signs of periph¬ 
eral vestibular disease. Lesions affecting vestibular structures 
in the medulla oblongata result in central vestibular signs, 
and lesions affecting vestibular structures in the cerebellum 
result in paradoxic vestibular signs. Blindfolding affected 
patients results in a worsening of clinical signs because of 
elimination of compensatory mechanisms from optic cen¬ 
ters. Recumbent animals with vestibular lesions tend to lie 
with the side of the vestibular lesion downward. When 
turned, these animals spontaneously rotate back to the 
lesion-down position and may strongly resist attempts to 
turn them over. Animals with unilateral vestibular disorders 
may have a ventral strabismus in the ipsilateral eye and a 
dorsal strabismus in the contralateral eye. This sign is seen 
with either central or peripheral vestibular lesions. Assess¬ 
ment of strabismus should be performed on the standing 
animal with the head held in normal posture. All species 



FIG. ft-4 II Acute right facial paralysis in ,1 horse with gtmunl pouch 
mycosis. Koie ihe drooped right ear and deviation of (he muzzle toward 
the left side 


of livestock keep the eyes centered in the orbit when the 
head is in the neutral position. Cattle and sheep keep the 
optic plane parallel to the ground when the head is moved. 
This results in a positional ventrolateral strabismus of the 
right eye when the head is rotated to the left, and vice versa, 
and a ventral strabismus when the head is raised. In con¬ 
trast, the normal horse and goal maintain the eye In the 
center of the palpebral fissure in all head positions. 

Bilateral, symmetric lesions of the vestibular system are 
rare. Itiey do not cause head tilt, nystagmus, or strabismus. 
Affected animals are reluctant to move. They stand with a 
base-wide posture, with the head held low, and fall easily 
when forced to move. 

CRANIAL NERVES IX r X, AND XJ^GLOSSOPHARYN- 
GEAL, VAGUS, AND SPINAL ACCESSORY NERVES* Cranial 
nerves IX, X, and XI originate in the nucleus ambiguus, a 
column of motor neurons that extends from the middle to 
the caudal medulla oblongata, located in a ventrolateral 
position. They are motor to the muscles of the neck, phar¬ 
ynx, and palate. The vagus nerve contains efferent fibers 
that stimulate the secretions of glands of the visceral and 
respiratory mucosa and control forestomach motility in 
ruminants. The glossopharyngeal and accessory nerves carry 
afferent fibers from the mucosa of the tongue, larynx, 
and pharynx. The signs of glossopharyngeal and vagus 
nerve dysfunction include dysphonia (roaring, snoring). 
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dysphagia, and regurgitation. Animals with pharyngeal 
paralysis regurgitate food from the nose. Roaring is a char¬ 
acteristic stertorous sound emanating from the larynx. The 
abnormal sound can be increased by exercise. Functional 
examination of these nerves should include auscultation 
of the larynx for stertorous airway sounds, observation of 
the animal as it swallows, passage of a nasogastric tube to 
evaluate deglutition, endoscopic examination to evaluate 
pharyngeal and laryngeal activity, and palpation of the cri- 
coarytenoideus dorsalis muscle for atrophy. The slap test, 
described earlier, is a test for function of the vagal innerva¬ 
tion of the larynx. Specific descriptions of the endoscopic 
appearance of pharyngeal paralysis and roaring are pre¬ 
sented elsewhere (see Chapter 31), 

Signs of spinal accessory nerve dysfunction are extremely 
rare and include atrophy of the trapezius, stemocephaliens, 
and brachiocephalicus muscles. 

SYMPATHETIC INNERVATION OF THE HEAD— 
HORNER'S SYNDROME, Preganglionic sympathetic fibers 
that innervate structures of the head originate from the first 
three thoracic spinal cord segments. These fibers emerge with 
the origins of the nerves that form the brachial plexus. They 
ascend the neck in the peripheral vagosympathetic trunk to 
the cranial cervical ganglion under the tympanic bulla, where 
they synapse with postganglionic sympathetic fibers. The 
postganglionic fibers are distributed to the smooth muscles 
of the head through the ciliary nerves, passing through the 
petrous temporal bone area. Lesions anywhere along the 
course of the preganglionic of postganglionic sympathetic 
nerves, in spinal cord segments T1 to T3 or, very rarely, in 
the upper motor neuron component of the sympathetic path¬ 
way in the cervical spinal cord or brainstem (tectotegmen- 
tospinal tract) cause a characteristic constellation of clinical 
signs known as Homer's syndrome . Signs include miosis, 
enophthalmos, ptosis, and Increased warmth on the ipsiiat- 
eral side of the face. In cattle there is a loss of sweating on 
the ipsilaieral side of the planum nasale, whereas in horses 
there is excessive sweating on the affected side. The 
enophthalmos is caused by paralysis of the periorbital 
smooth muscle that normally pushes the globe toward the 
surface of the orbit. The relaxation of the periorbita results 
in the sinking of the globe. Miosis is produced by the lack of 
pupillary dilation in response to normal sympathetic activity. 

Diseases that could produce Homer's syndrome in large 
animals include compressive lesions of the gray matter in 
the Tl to T3 spinal segments, neoplasms {lymphosarcoma, 
melanoma, or neurofibroma), mediastinal or thoracic 
abscesses, abscesses in the cervical sympathetic trunk, esoph¬ 
ageal perforations, guttural pouch mycosis, otitis media and 
interna, and retrobulbar abscesses. Transient Homers 
syndrome may occur after intravenous injection of xylazine. 
Preganglionic and postganglionic denervation may be differ¬ 
entiated by instillation of 1:1000 epinephrine (0,1 mL) into 
the eye with the miotic pupil. Pupillary dilation occurs by 
20 to 40 minutes in eyes with postganglionic and pregangli¬ 
onic lesions, respectively. This test is unreliable in horses, 
however, and therefore is not useful in this species. Lesions 
of the mesencephalon (brainstem) at the level of the rostral 
colliculus may produce miotic pupils without other signs 
of Homer's syndrome. This is a common sign in cattle with 
polioencephalomalaria and lead poisoning. 

CRANIAL NERVE XII—HYPOGLOSSAL NERVE. The 
hypoglossal nerve supplies motor impulses to the muscles 
of the tongue and the geniohyoideus muscle. The cell body 
of the nerve is located in the dorsomedial aspect of the cau¬ 
dal medulla oblongata. Hypoglossal nerve function is tested 
by pulling the tongue out of the mouth. Normal animals 
should have forceful resistance to passive manipulation of 
the tongue. Lesions of the hypoglossal nerve result in 


flaccidiry of the tongue. With unilateral lesions, the tongue 
fails out of the mouth away from the side with the lesion. 
Chronic lesions of the hypoglossal nerve result in deviation 
of the tongue toward the side of the lesion because of mus¬ 
cle atrophy and contracture on the affected side. 

Other Aspects of Physical Examination 
of the Patient with Neurologic Disease 

Diagnosis of a neurologic disease can often be facilitated by 
the observation of physical abnormalities in other systems. 
When one examines animals with chronic ataxia or tetrapar¬ 
esis, the head, neck, and back should be gently manipulated 
while the spine is palpated for crepitation or swelling. This 
finding could indicate the presence of a fracture, malforma¬ 
tion, or luxation of one or more cervical vertebrae or verte¬ 
bral osteomyelitis. Do not manipulate the neck whenever 
there is evidence of acute cervical vertebral trauma. 
Swelling, bruising or hair loss on the skin around the head 
or bleeding from the ears or nose could signify cranial 
trauma. Hair loss and dermatitis around the perineum and 
medial thigh may indicate urinary incontinence. In neo¬ 
nates a hairless patch over the dorsum of the spine could 
indicate a meningomyelocele. Displacement of the sacrum 
could indicate sacroiliac luxation. Crepitation over coxofe- 
moral or stifle joints of recumbent cattle could indicate a 
luxation or fracture. If luxation of the coxofemoral joint is 
suspected, the animal should be rolled on its back, and 
the length of the two pelvic limbs should be compared 
while the legs are held in extension, A pelvic examination 
should be performed in all large animals to detect displace¬ 
ment of the hip joint into the obturator foramen or frac¬ 
tures through the shaft of the ilium. All joints should be 
passively manipulated to detect dislocations or fractures. 
The heart should be auscultated for murmurs that could 
suggest left-sided endocarditis because such lesions can 
shower bacteria into the meninges. Odors on the breath 
such as ammonia, ketones, or petroleum distillates could 
provide clues about possible toxic causes. Identification of 
concurrent bronchopneumonia may indicate the possibility 
of thromboembolic meningoencephalitis in cattle or 
herpesvirus myelitis in horses. The ocular fundus should 
be examined ophthalmoscopically to detect retinal hemor¬ 
rhages (trauma), papilledema (increased intracranial pres¬ 
sure), or vasculitis. 

Examination of the Neonate 

Most of the physical diagnostic techniques described in the 
preceding paragraph for the adult may be applied in exami¬ 
nation of the neonate. Most spinal reflexes of livestock are 
well developed after birth. In the normal foal under 3 weeks 
of age, the limbs are hypertonic and hyperrefiexit, with occa¬ 
sional myoclonus occurring after percussion of the patellar 
or triceps tendons. This byperreflexia is most pronounced 
in the rear limbs. A lack of menace response for up to 2 weeks 
after delivery also has been observed. Nevertheless, foals are 
visual and aware of their surroundings almost immediately 
after birth. When restrained the newborn foal relaxes into a 
trancelike state, periodically awakening and struggling vio¬ 
lently before becoming passive again, 

The results of daily examinations of 10 norma) calves 
indicated that the spinal reflexes were present by 24 hours 
after birth. Most cortical responses were developed by 3 
weeks of age. Bottle-reared calves aggressively attempt to 
suck while being examined, including vigorously butting 
of the handler with the head. Beef calves attempt to escape 
restraint and do not attempt to suck. See Chapters 15 and 
21 for more details on neonates. 
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LOCALIZATION OF CENTRAL NERVOUS 
SYSTEM LESIONS 

Localization of a CNS lesion on the basis of dinical signs 
is vital because many specific diseases are restricted to par- 
titular regions of the CNS. Thus localization of a CNS 
lesion facilitates both differential diagnosis and specific 
diagnosis of the disorder. Ancillary diagnostic testing is 
determined both by the likely differential diagnoses and 
by the location of the lesion within the nervous system. 
Once the clinician has located the anatomic site of a neuro¬ 
logic lesion, a list of rule-out diagnoses may be formulated. 
Additional tests, including C5F analysis, radiography, mag¬ 
netic resonance imaging (MRJ), computed tomography 
(CT), serology, electroencephalography, brainstem auditory 
evoked response (BAER), and myelography, can be per¬ 
formed to further characterize the disease. 

Lesions can be localized to one of seven regions of the 
CNS: cerebral cortex and thalamus, midbrain, cerebellum, 
medulla oblongata, spinal cord, peripheral nerve (either 
cranial nerves or spinal nerves), and muscle. Further locali¬ 
zation to specific areas of these larger structures often can be 
determined after the neurologic examination. 


LOCALIZATION OF NEUROLOGIC 
DISEASES BY MAJOR CLINICAL SIGNS 

Abnormal Mentation and Behavior and Seizures 

Decreased mental alertness (dullness, obtundation, stupor, 
coma) is the most common change of mental status in ani¬ 
mals with neurologic disease, although increased respon¬ 
siveness to external stimuli (anxiety, mania, aggression) 
sometimes occurs. Altered mentation results from changes 
in the cerebrum, thalamus, or ARAS* Diseases affecting the 
ARAS tend to produce severe changes in mentation (stupor, 
coma), whereas those affecting the cerebrum or thalamus 
tend to produce a wider range of clinical signs, from slight 
dullness to coma. In order of worsening severity, decreased 
mental status in animals can be categorized as follows. 

DULL* MILD TO MODERATE OBTUNDATION* Animals 
have decreased responsiveness to their surroundings, may 
ignore visual and auditory stimuli, may stop interacting 
with herd mates, and may be inappetent. 

severe OBTUNDATION. Animals are ambulatory but 
sometimes appear to be blind and walk into objects. They 
will respond only to fairly strong stimuli such as very loud 
noises and vigorous handling, 

STUPOR, Animals appear to be asleep and will respond 
only to very vigorous and painful stimuli. Responses even 
to these stimuli are blunted. 

COMA* Animals appear to be asleep and will not 
respond even to the most painful stimuli* Animals in coma 
are recumbent. They may adopt abnormal posture, particu¬ 
larly decerebrate posturing (opisthotonos, all four limbs rig¬ 
idly extended), and may have other abnormal signs such as 
loss of the oculocephalic and pupillary light reflexes* 

MANIA, ANXIETY. Animals that exhibit abnormally 
heightened reactions and responses vary widely in the sever¬ 
ity of their signs, from mildly overceactive to bellowing 
rearing, and attacking people, animals, or objects around 
them. 

SEIZURES, COLLAPSE* Episodic abnormalities of behav¬ 
ior or consciousness are usually the result of seizure activity, 
narcolepsy or cataplexy, or syncopal attacks caused by 
cardiovascular or respiratory dysfunction. Intermittent toxi¬ 
cides or fluctuating metabolic abnormalities, such as occa¬ 
sionally occur with hepatic encephalopathy, also may 
cause episodic changes in mentation and behavior. Animals 


with a history of episodic collapse should undergo a very 
thorough physical examination to determine whether dis¬ 
ease of the cardiovascular system (e.g„ cardiac arrhythmias, 
intermittent hemorrhage) or respiratory system (e.g., laryn¬ 
geal paralysis) is present. Animals that have seizures usually 
have a period of abnormal behavior after the seizure (post¬ 
ictal phase of the seizure), whereas those with narcolepsy 
or cataplexy or non neurologic causes of collapse usually 
do not. Seizures and narcolepsy/cataplexy are discussed in 
more detail later. 

Signs of cerebral and thalamic disease are variable in sever¬ 
ity and are difficult to distinguish from each other dinicaiiy* 
The thalamus and cerebrum can be thought of as a functional 
unit to some extent, because the thalamus is the relay center 
via which sensory information from the periphery reaches the 
cerebrum and through which motor impulses from the cere¬ 
brum are transmitted to the brainstem motor centers. Diffuse 
cerebral disease often results from metabolic, toxic* or infec¬ 
tious diseases. Increased intracranial pressure, the conse¬ 
quence of early acquired hydrocephalus, mass lesions within 
the cranial vault, inflammatory diseases, or cerebral edema, 
tends to produce signs of diffuse cerebral disease, which can 
range from mild to severe* Mild to moderate cerebral dysfunc¬ 
tion usually results in an animal with decreased mental 
awareness, or, more rarely, excitement and overreact ion. Dif¬ 
fuse disease does not result in circling, and gait on a level sur¬ 
face may appear normal, or almost so. Gait is abnormal, 
however, when the animal is challenged to ascend or descend 
slopes, step over objects on the ground, step onto and off 
curbs, drde, or back up. Both ataxia and paresis become 
apparent, although the former usually is more obvious. Pos¬ 
tural and proprioceptive reflexes and reactions similarly are 
abnormal. When an animal is walking at normal speed on 
a level surface, local reflexes in the spinal cord and regulatory 
information from the red and reticular nuclei in the brain¬ 
stem control simple gait patterns. Movements that require 
visual input or complex limb and body integration of move¬ 
ments are initiated in motor centers of the cerebral cortex. The 
combination of normal gait on a level surface with obvious 
proprioceptive and postural deficits should immediately alert 
the examiner to the likelihood of cerebral or thalamic disease. 

Response to visual stimuli, such as an open hand directed 
toward the face, may be decreased or absent because of 
involvement of the visual pathways in the cerebral cortex or 
the internal capsule (see Blindness, later). Pupillary light 
reflexes and oculocephalic reflexes usually are normal in ani¬ 
mals with cerebral disease, except in severe cases. Response 
to all sensory input to the cerebrum often is decreased, but 
this is most obvious in the head, where the facial reflex 
(twitching of the facial skin and superficial musculature in 
response to tactile stimuli) and the palpebral reflex are 
decreased to varying degrees. It is common to mistake this 
for the presence of a second lesion, affecting the trigeminal 
nerve, facial nerve, or both, but such lesions need not be 
present to account for these clinical signs. In trigeminal or 
facial nerve lesions the clinical deficits tend to be more severe 
than when cerebrocortical disease is present, and mental sta¬ 
tus is normal when the cranial nerve lesions are peripheral in 
location. Horses with severe cerebrocortical lesions may fail 
to retract the tongue after it is pulled from the mouth but 
can do so when stimulated vigorously. Animals with lesions 
of the hypoglossal nerve may not be able to retract the 
tongue at all, or the tongue may be very weak* 

The hypothalamus regulates primitive functions such as 
eating, drinking, cardiovascular ftinetion, and sexual behav¬ 
ior* Lesions of the hypothalamus may cause behavioral 
changes ranging from profound depression, rage, and inap¬ 
propriate sexual activities to unusual affection, as well as poly¬ 
dipsia, polyuria, bradycardia, and abnormal appetite (pica)* 
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Seizures are the physical manifestations of spontaneous 
paroxysmal electrical activity in the brain. Although a focus of 
abnormal activity may originate in the thalamus or elsewhere 
in the brainstem, spread of this activity to the cerebral cortex 
results in the observable seizure activity, When the seizure 
activity is limited to a small area of the cerebral cortex the sei¬ 
zure that results is focal in type, resulting only in localized 
abnormal motor activity, such as muscular twitching in the 
face or in one limb, or episodes of abnormal behavior. More 
commonly the seizure is generalized, or starts focally and 
becomes generalized, to the entire cerebral cortex. Generalized 
seizures cause loss of consciousness, collapse, and generalized 
tonic-clonic motor activity. The presence of seizures necessi¬ 
tates a localization of the neurologic*lesion to the cerebrum, 
but the initiating cause may lie elsewhere in the brain; the ori¬ 
gin may even be extracranial. Epilepsy is a term that means 
repeated seizures of any cause, although it is often used to indi¬ 
cate seizures of unknown cause. The nature of the seizure, 
whether focal or generalized, is not a reliable indicator of the 
underlying cause. Congenital or idiopathic epilepsy, such as 
benign epilepsy of Arabian foals, usually causes generalized seh 
zures. Partial or focal seizures more commonly indicate an 
acquired cause, Animals with seizures should undergo a com¬ 
plete physical examination, together with diagnostic testing 
for suspected toxins and underlying metabolic diseases, as well 
as a thorough neurologic examination to localize any interictal 


neurologic signs. Further diagnostics, such as CSF analysis and 
MR], are performed as indicated after this initial workup. 

When cerebral and thalamic disease is lateralized or asym¬ 
metric in severity, asymmetry of clinical signs becomes appar¬ 
ent. Circling occurs often, ranging from a tendency to drift 
toward one side to obvious and persistent circling. Circling 
caused by forebrain disease remains more a tendency to circle 
rather than compulsive circling, which occurs in midbrain 
disease. Even in more severe cases it usually is possible to stop 
the animal from circling, although it may be very reluctant to 
turn in the opposite direction. Proprioceptive and postural 
reaction deficits are present in the limbs on the side of the 
body opposite to the lesion (contralateral) and vary in sever¬ 
ity with the severity of the underlying neurologic disease, 
A head turn toward the side of the lesion (ipsilateral) may 
be present, but head tilt is not found, Ibe absence of signs 
such as head till, nystagmus, and strabismus, together with 
the presence of contralateral proprioceptive and postural 
reanion deficits, distinguishes forebrain lesions from those 
affecting the vestibular system. In the latter, head tilt, nystag¬ 
mus, and/or strabismus usually are present, and propriocep¬ 
tive and postural reanion deficits either are absent 
(peripheral vestibular disease) or are present ipsilateral to 
the lesion (central vestibular disease, see later). 

Specific diseases associated with the cerebrum of rumi¬ 
nants and horses are given in Tables 8-7 and 8-8, respectively. 


TABLE 8-7 


L - 

Diseases of Ruminants That May Produce Cortical or Thalamic Signs 


J Disease 

Predominant Clinical Signs 

Species Affected 1 

Rabies 

Obtundation, excitement, aggressiveness, hyperesthesia, analgesia, 
anesthesia, proprioceptive deficits, recumbency, propulsive walking, 
head pressing, tenesmus, hypersexuality, salivation 

Cow, sheep, goal 

Trauma, hematoma, brain 
edema 

Obtundation, somnolence, blindness, ataxia, proprioceptive deficits, 
opisthotonos, facial anesthesia, weak tongue, convulsions, 
anisocoria (late), head tile head pressing, blood from ears or nose, 
decerebrate rigidity 

Cow, sheep, goat 

Pol ioe nceph alo m al aria 

Obtundation, somnolence, blindness, ataxia, proprioceptive deficits, 
facial anesthesia, weak longue, anisocoria (late), head pressing, 
opisthotonos, convulsions, odontoprisis, decerebrate rigidity 

Cow, sheep, goat 

Sulfur poisoning 

Obtundation, somnolence, blindness, ataxia, proprioceptive deficits, 
facial anesthesia, weak tongue, anisocoria (late), head pressing, 
opisthotonos, convulsions, odontoprisis, decerebrate rigidity 

Cow, sheep, goat 

Lead poisoning 

Obtundation, somnolence, blindness, ataxia, proprioceptive deficits, 
facial anesthesia, weak tongue, anisocoria (late), head pressing, 
opisthotonos, odontoprisis, convulsions, decerebrate rigidity 

Cow, sheep, goat 

Salt poisoning 

Obtundation, somnolence, blindness, ataxia, proprioceptive defid is. 
opisthotonos, facial anesthesia, weak tongue, convulsions, 
anisocoria (late), head tilt, head pressing, decerebrate rigidity 

Cow, sheep, goat 

Scrapie 

Chewing, licking, wool break, depression, weight loss, ataxia, reduced 
menace, hypertonidty, hypeneflexia, proprioceptive deficit, 
recumbency, coma 

Sheep, goat 

Bovine spongiform 
encephalopathy 

Aggression, weight loss, milk production, ataxia, proprioceptive 
deficit, recumbency, coma 

Cow 

Border disease 

Ataxia, tremors, bunny-hopping 

Sheep, goat 

Vitamin A deficiency 

Obtundation, somnolence, blindness with fixed pupils, ataxia, 
proprioceptive deficits, facial anesthesia, weak tongue, head 
pressing, opisthotonos, convulsions, odontoprisis, decerebrate 
rigidity 

Cow, sheep, goat 

Brain abscess, meningitis 

Recumbency, opisthotonos, blindness, hyperesthesia, stiff neck 
proprioceptive deficit, ataxia, head pressing, depression, coma 

Cow, sheep, goat 

Plant poisonings 

Convulsions, blindness, ataxia, propulsive walking, head pressing, 
odontoprisis, hyperexcitability, salivation, proprioceptive deficit, 
sudden death, vomiting, fetal malformations 

Cow, sheep, goat 

Nitrofijrazone toxicosis 

Hyperirritability, propulsive running, muscular tremors, blindness, 
convulsions 

Cow 


Continued 
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Diseases of Ruminants That May Produce Cortical or Thalamic Signs—cont’d 


Disease Predominant Clinical Signs Species Affected 


Crass staggers 

Tremor, ataxia that worsens with excitement or exerdse 

Cow, sheep, goat 

Pseudorabies 

Obtundation, ataxia, hyperesthesia, paresthesia, aggressiveness, fear, 
head pressing, propulsive walking, hypersexuality, salivation, coma, 
convulsions, recumbency, conscious proprioceptive defidt 

Cow, sheep, goat 

Malignant catarrhal fever 

Aggression, rage, proprioceptive defidt, depression, head pressing, 
blindness, nystagmus, bellowing mucosal and skin erosions, 
lymphadenopathy, diarrhea 

Cow 

Caprine arthritis-encephalitis 

Obtundation, ataxia, head pressing, convulsions, coma 

Goat 

Maedi-visna 

Obtundation, ataxia, head pressing, convulsions, coma 

Sheep 

S^rrctystis species infection 

Seizures, blindness, opisthotonos, nystagmus, ataxia, muscular 
weakness, tremors, hyperexdtability, hypersalivaijon, recumbency 

Cow 

Brain tumor 

Obtundation, facial paresis or paralysis, facial anesthesia or analgesia, 
head tilt, strabismus, nystagmus, loss of menace, hypermetria, ataxia 

Cow 

Sporadic bovine 
encephalomyelitis 

Blindness, circling, ataxia, proprioceptive deficits, pleural friction rubs, 
pericardia] friction rubs, abdominal tenderness 

Cow 

Urea poisoning 

Muscle tremor, bloat, salivation, incoordination, struggling ataxia, 
proprioceptive deficit, recumbency, bellowing coma, convulsion 

Cow 

Am mo mated feed toxicosis 

Trembling, fear, uncontrolled running crashing through objects, 
coma, convulsion 

Cow 

Diplodiosis 

Blindness, ataxia, obtundation, recumbency, convulsions, 
hyperesthesia 

Cow 

Ceroid lipofuscinosis 

Blindness, ataxia, weight loss, coma, convulsion 

Cow 

Hydrocephalus, 
hydra nencephaly. 

Blindness, auxia, proprioceptive defidt, ventrolateral strabismus, 
failure to sudde, dysphonia 

Cow, sheep, goat 

microcephaly, anencephaly 

Citrullinemia 

Recumbency, coma, convulsions, death by 4 days of age 

Cow 

Globoid cell leukodystrophy 

Ataxia, proprioceptive deficits, hyperrefiexia, depression, coma 

Sheep 

Infectious bovine 
rhi notracheitis 

Fever, bellowing, coma, convulsions, somnolence, hyperexdtability, 
hyperesthesia, proprioceptive defid t, recumbency 

Cow 

Insecticide poisoning 
(organ op hosphate 

Salivation, vaginal discharge, diarrhea, tremors, coma, convulsion, 
diarrhea, proprioceptive deficit recumbency 

Cow, sheep, goat 

carbamate) 

Organochlorine poisoning 

Tremors, hyperesthesia, recumbency, coma, convulsions 

Cow, sheep, goat 

Propylene glycol poisoning 

Depression, bloat, ataxia, recumbency, proprioceptive deficit 

Cow, sheep, goat 

Ethylene glycol poisoning 

Obtundation, somnolence, blindness, ataxia, proprioceptive deficits, 
facial anesthesia, weak tongue, head pressing opisthotonos, 
convulsions, odontoprisis, decerebrate rigidity 

Cow, sheep, goat 

Nitrofurazone poisoning 

Obtundation, proprioceptive deficit, recumbency, convulsion, coma 

Cow, sheep, goat 

Hypocalcemia 

Cow, doe: weakness, ataxia, inappetence, bloat proprioceptive deficit, 
cool extremities, weak pulse, bizarre head posture, dysuria 

Ewe: rigidity; tremors; hyperesthesia; convulsions: rapid, irregular 
breathing odontoprisis 

Cow, goat 

Sheep 

Hypomagnesemia 

Stiffness, hyperexcitability, recumbency, ataxia, proprioceptive defidt, 
muscle tremors 

Cow 

Nervous ketosis 

Aggressiveness, tremors, ataxia, paresthesia, recumbency, 
proprioceptive deficit, hyperesthesia, bellowing 

Cow 

Hypoglycemia 

Coma, semicoma, convulsions, blindness, hyperesthesia, cold 
extremities 

Cow, sheep, goat 

Nervous cocddiosis 

Diarrhea, recumbency, obtundation, somnolence, blindness, 
proprioceptive deficit, propulsive walking head pressing 

Cow 

Hepatic encephalopathy 

Hyperexdtability, aggression, rage, odontoprisis, ataxia, proprioceptive 
defidt, head pressing coma, convulsions, semicoma, blindness, 
tenesmus, rectal prolapse 

Cow, sheep, goat 

Idiopathic epilepsy 

Intermittent psycho motor seizures 

Cow, goat 

Narcolepsy 

Sleep state, recumbency, loss of consciousness, loss of motor activity, 
rapid eye movement 

Cow 

Propylene glycol toxicosis 

Ataxia, obtundation, bloat, characteristic garlic-like odor 

Cow, sheep, goat 

Cpenuris cer ehralis 

Blindness, cirding, ataxia, conscious proprioceptive deficit, bead tilt, 
recumbency, coma, convulsions 

Sheep 

Theileriosis (central nervous 

Depression, hypersensitivity, ataxia, cirding paralysis, convulsions 

Cow 

system form, exotic) 

Babesiosis (exotic) 

Odontoprisis, ataxia, conscious proprioceptive deficits, coma, 
convulsions 

Cow 
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TABLE 8-7 





j Disease 

Predominant Clinical Signs 

Species Affected j 

Looping ill (exotic) 

Fever, anorexia, obtundation, constipation, muscular tremors, head 
tremors, hypermeiria, ataxia, proprioceptive deficits, 
hyperexcitability, incoordination, rabbit hopping gait, recumbency, 
convulsions, coma 

Sheep, cow 

Borna disease (exotic) 

Head tremors, hyperesthesia, ataxia, anorexia, propulsive walking 
coma, convulsions 

Cow, sheep, goat 

Sareocystis 

Fever, weight loss, tremors, weakness, diarrhea, loss of hair on the tail 
switch, abortions 

Cow 

1 leartwater (exotic) 

Hyperesthesia, behavioral changes, muscular fasdculations, 
hypennetria, ataxia, conscious proprioceptive deficits, head pressing 

Cow, sheep, goat 

Trypanosomiasis (exotic) 

Ataxia, conscious proprioceptive deficit, somnolence, circling, head 
pressing 

Cow 


TABLE 8-8 


■m 


m 


Diseases of the Horse That Produce Cortical Disease 


Disease 


Predominant Clinical Signs 


Hepatoen ceph a I opa thy 
Parasitic migration 
Rabies 

Leukoencephalomalada 

Brain abscess, meningitis 

Brain tumor 

Trauma, hematoma 

Viral encephalomyelitis 
Eastern equine 
encephalomyelitis 
Near Eastern 
encephalitis 
Venezuelan equine 
encephalomyelitis 
Western equine 
encephalomyelitis 
Equine herpesvirus l 
West Nile virus 
Boma 

Equine protozoal 
myeloencephalitis 
1 lydrocephalus 

Idiopathic epilepsy 
Narcolepsy 


Aggression, rage, hyperexcitability, odontoprisis, ataxia, proprioceptive deficit, head pressing, 
convulsions, obtundation, coma, semicoma, blindness, fear, red urine (hemolysis), icterus 
Head tilt, hyperexri lability, odontoprisis, ataxia, proprioceptive deficit, head pressing circling, coma, 
semicoma, blindness, anisocoria, convulsion, longue dystonia 
Recumbency, ataxia, proprioceptive deficit, aggression, depression, coma, semicoma, head pressing, 
circling, propulsive walking, mydriasis, tenesmus, fear, continual chewing 
Recumbency, ataxia, proprioceptive deficit, aggression, obtundation, coma, semicoma, bead pressing, 
circling, propulsive walking, mydriasis, tenesmus, fear, continual chewing 
Head pressing blindness, conscious proprioceptive deficit, ataxia, circling, depression, convulsions, 
hyperexcitability, stiff neck, rigid leg?, fever, propulsive walking 
Depression, facial paresis or paralysis, facial anesthesia or analgesia, head tilt, strabismus, nystagmus, 
loss of menace, hyperroema, ataxia 

Head pressing, blindness, conscious proprioceptive deficit, ataxia, circling depression, convulsions, 
hyperexcitability, stiff neck, rigid leg?, fever, propulsive walking, blood from ear or nose 
Head pressing blindness, conscious proprioceptive deficit, ataxia, circling, depression, coma, 
convulsions, recumbency, hyperexdtability, stiff neck, rigid legs, fever, propulsive walking 


Fasdculations of neck and facial muscles in addition to ihe other signs 

Seizures, head till, facial paralysis, Circling, nystagmus, dysphagia, facial paralysis, blindness, ataxia, 
paresis, hyporeflexia, hypeireflexia 

Coma, semicoma, blindness, somnolence, head pressing, dysphonia, ataxia, conscious proprioceptive 
deficit, weak tongue 

Intermittent psychomotor seizures, normal interictal periods 
Intermittent sleeplike states with stress, normal between attacks 


Diseases that are restricted to the thalamus are rare in 
domestic animals. Most lesions affecting the thalamus alone 
result from infarctions or parasitic migration through the 
CNS. The thalamus may be involved in multifocal nervous 
system disease, such as occurs with infectious diseases. 
The clinical signs of thalamic disease are, for the most part, 
similar to signs of cerebral dysfunction. 

Blindness and Ocular Abnormalities 

Blindness may be the result of lesions in the eye, optic nerve, 
optic chiasm, or central projections of the visual pathways. 


Ophthalmic examination, including fundic examination, 
should be pan of the routine physical examination. Animals 
presented with the complaint of blindness should receive a 
more detailed ophthalmic examination to determine 
whether primary oculaT disease is the cause of the problem 
(see Chapter 39). Sophisticated diagnostics such as electro- 
retinography (ERG) may be indicated in some animals. 
When no ocular disease can be found to account for blind¬ 
ness, a lesion in the nervous system is likely to be responsi¬ 
ble. Observing the animal's ability to negotiate its 
environment, particularly in unfamiliar surroundings, and 
eliciting the menace reflex are the primary methods of 
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determining visual function. Further testing can be per¬ 
formed by setting up a maze of objects for the animal to 
negotiate, by using different light levels and assessing vision 
in bright versus dim light and by blindfolding each eye in 
turn when unilateral deficits are suspected. Blindfolding 
should be used judiciously, because of the stress caused to 
the patient and the risks of worsening dinical signs in ani¬ 
mals that do have visual deficits or other deficits such as 
vestibular dysfunction. Eighty percent to 90% of optic nerve 
fibers (axons of reLinal ganglion cells) cross to the opposite 
side of the brain in the optic chiasm of ungulates; thus cen¬ 
tral representation of vision in these speries is predomi¬ 
nantly contralateral. Fibers that remain uncrossed originate 
from the temporal aspect of the retina. Lesions in the visual 
apparatus distal to the optic chiasm (i.e., lesions of the 
globe, the retina, or the optic nerve) produce ipsilateral 
visual deficits. Lesions proximal to the optic chiasm pro¬ 
duce lesions in the opposite visual field (contralateral hemi¬ 
anopsia). The following discussion refers to severe or 
complete lesions, because these are most easily understood 
and described. Partial lesions will produce similar but 
milder signs, for example, reduced visual acuity rather than 
complete blindness. Absent or reduced menace reflex also 
can be caused by lesions of the facial nerve (cranial nerve 
VII), the cerebellum, or the cerebrum. Animals with facial 
nerve lesions can see but cannot blink even when the canthi 
of the eye are touched. Animals with cerebellar disease can 
see and can blink in response to the examiner touching 
the periorbital area. Cerebellar disease causes additional 
signs such as intention tremor, hypermeiria, and ataxia. 
Animals with moderate to severe cerebral disease usually 
will blink in response to tactile stimulation of the face and 
periorbital area but appear to have decreased vision and 
may have a reduced to absent menace reflex (see earlier). 
Localization of lesions causing blindness is summarized in 
Table 8-6. 

Pupil size and movement of the globes are mediated via 
cranial nerves II, III, IV, and VI and the sympathetic innerva¬ 
tion of the eye. Clinical signs of diseases affecting these 
nerves are described earlier in the sections on cranial nerves 
and Homer's syndrome. 

Circling 

Circling can be a manifestation of lateralized disease in sev¬ 
eral regions of the brain; the cerebrum and thalamus, the 
midbrain, or the medulla oblongata. Circling associated 
with cerebral disease is toward the side of the lesion (ipsi- 
versive) and is thought to result from lesions affecting the 
deep structures of the cerebrum or thalamic components 
rather than the cerebral cortex. Animals that circle second¬ 
ary to cerebral disease often have a head turn toward the 
side of the lesion in addition to the circling. Whereas gait 
may appear normal on a level surface, affected animals have 
proprioceptive and postural reaction deficits on the side of 
the body contralateral to the lesion. Head tilt and spontane¬ 
ous nystagmus are not present. Physiologic nystagmus (the 
oculocephalic reflex) is normal when the examiner turns 
the animal's head from side to side. The severity of circling 
seen with lateralized cerebral disease is variable, from a sub¬ 
tle tendency to marked circling. 

Diseases affecting solely or predominantly one side of 
the midbrain also result in circling. The circling is ipsiver- 
sive, occurs without manifestations of head tilt or spontane¬ 
ous nystagmus, and is accompanied by contralateral 
proprioceptive and postural reaction deficits. Circling in 
midbrain disease is compulsive, in contrast to that seen in 
cerebral disease or vestibular disease, in both cerebral and 
midbrain disease the animal's level of consciousness usually 


is decreased, more severely with midbrain than cerebral dis¬ 
ease. Midbrain lesions also may cause abnormalities of the 
oculocephalic and pupillary light reflexes because of the 
involvement of the somatic and parasympathetic nuclei of 
the oculomotor nerve (cranial nerve Ill) and the medial 
longitudinal fasciculus. The medial longitudinal fasciculus 
relays sensory information from vestibular centers in the 
medulla oblongata to the nuclei of cranial nerves 111, IV, 
and VI. 

Severe midbrain disease results in decerebrate posture: 
the animal is unconscious and in opisthotonus (extreme 
extension of the head and neck) with extensor rigidity of 
all four limbs. Severe mid brain disease may be the result 
of traumatic injuries or infectious diseases and particularly 
is a consequence of increased intracranial pressure from a 
variety of causes. When intracranial pressure is increased 
above normal there is a tendency for the occipital lobes of 
the cerebrum to be herniated caudally, under the tentorium 
cerebelli. This results in compression of the midbrain and is 
usually fatal. The presence of decerebrate rigidity warrants a 
very grave prognosis and the need for immediate and 
aggressive treatment with agents that decrease intracranial 
pressure (intravenous mannitol, dimethyl sulfoxide [DMSO], 
and other diuretics). 

Head Tilt and Nystagmus 

The presence of a head tilt, wherein one ear is held closer to 
the ground than the other, indicates disease of the vestibu¬ 
lar system. Head tilt usually is accompanied by spontaneous 
(abnormal) nystagmus and a variety of other clinical signs. 
Vestibular disease can be classified as peripheral or central. 
Peripheral vestibular disease occurs when lesions of the ves¬ 
tibular apparatus of the inner ear (utricle, saccule, semicir¬ 
cular canals) are present or when there is abnormality of 
the peripheral portion of the vestibulocochlear nerve (cra¬ 
nial nerve VIII). Animals with peripheral vestibular lesions 
have normal mentation but may be extremely disoriented, 
making assessment of mentation difficult. The head tilt in 
peripheral vestibular disease is toward the side of the lesion. 
The vestibular system is involved in the maintenance of nor¬ 
mal posture. Unilateral peripheral vestibular dysfunction 
causes decreased extensor tone in the limbs ipsi lateral to 
the lesion and increased extensor tone in the contralateral 
limbs, resulting in the dinical signs of leaning, falling, and 
rolling toward the affected side. Proprioception and pos¬ 
tural reactions are normal in peripheral vestibular disease, 
although they may be hard to evaluate in severe cases and 
in larger animals. Peripheral vestibular lesions produce a 
horizontal or rotatory nystagmus, with the fast phase 
directed away from the side of the lesion. The direction of 
the nystagmus in relation to the rest of the head is 
unchanged no matter what the position of the head. Physi¬ 
ologic nystagmus may be absent in severe cases, but more 
often it is decreased, particularly when the head is turned 
toward the side of the lesion. The facial nerve runs in prox¬ 
imity to the petrous temporal bone, and facial paralysis may 
be present in animals with peripheral vestibular disease 
when the facial nerve also is damaged by the underlying 
cause, such as may occur in traumatic injuries or severe oti¬ 
tis media or interna. Similarly, involvement of the postgan¬ 
glionic sympathetic nerve to the eye as it courses through 
the petrous temporal bone results in an ipsilateral l lomer's 
syndrome (ptosis, miosis, enophthalmos, facial sweating in 
horses, reduced sweating on the nasal planum in cattle). 

Lesions within the vestibular centers in the medulla 
oblongata and cerebellum also cause vestibular dysfunction. 
Central vestibular disease may produce dinical signs similar 
to peripheral vestibular lesions but can be distinguished 
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from the latter by a number of features. Head tilt in central 
vestibular disease usually is toward the side of the lesion but 
may be in the opposite direction when the underlying dis¬ 
ease involves the cerebellum [paradoxic vestibular syn¬ 
drome). Similarly, nystagmus may be identical to that 
seen in peripheral vestibular disease but also may be verti¬ 
cal diagonal, or different in each eye (diston jugate nystag¬ 
mus); may change in direction when the position of the 
head is changed {positional nystagmus); or may be hori¬ 
zontal or rotatory with the fast phase toward the side of 
the lesion (paradoxic vestibular syndrome). Signs of 
involvement of the motor and sensory tracts to the limbs 
as they course through the medulla usually accompany cen¬ 
tral vestibular disease. Proprioceptive and postural reaction 
deficits are present in the ipsilateral limbs, together with 
mild hyperreftexia. The nuclei of cranial nerves V to XII also 
may be affected by diseases that cause central vestibular 
lesions. Signs of cranial nerve dysfunction accompanying 
vestibular abnormalities, other than that of the facial nerve 
alone, indicate central vestibular disease. Homer's syn¬ 
drome, however, is not seen in conjunction with central 
vestibular disease. Decreased mentation often occurs in ani¬ 
mals with central vestibular disease, in contrast to the nor¬ 
mal mental status of animals with peripheral vestibular 
lesions. 

Animals with either peripheral or central vestibular 
lesions tend to lean against die walls and may fall when 
forced to perform a complex motor maneuver. They may 
adopt recumbency with the lesion side directed down and 
have poor righting responses, particularly from lesion-side- 
down recumbency. When positioned so that the lesion side 
is directed up, they often will roll to a lesion-down position. 
Blindfolding the patient eliminates visual compensatory 
mechanisms and therefore increases the severity of the clin¬ 
ical signs (Romberg test). Blindfolding may help in the 
detection of subtle lesions but should be done with caution 
because it may result in falling. Animals with vestibular dis¬ 
ease occasionally may have slight ventral strabismus in the 
ipsilateral eye and slight dorsal strabismus in the contralat¬ 
eral eye. This strabismus can be differentiated from the ven¬ 
trolateral strabismus seen with lesions of the oculomotor 
nerve because the strabismus accompanying vestibular 
lesions is mild and changes or disappears when the head 
position is changed. The strabismus in animals with paraly¬ 
sis of the oculomotor nerve does not change as the head 
position is altered. In the cow and sheep, evaluation of 
globe position must be conducted with the head held in 
normal position because these animals rotate the globe 
downward when the head and neck are extended. Con¬ 
versely, the globe is maintained in the center of the palpe¬ 
bral fissure at all head positions in the horse and the goat. 

Animals with bilateral vestibular lesions do not have 
head tilt or nystagmus. The animal stands with the legs 
base-wide and may fall to either side when the head posi¬ 
tion is rapidly altered. Affected animals may show a coarse 
side-to-side head tremor Bilateral vestibular lesions usually 
are peripheral in type and are rarely encountered in clinical 
practice. Central lesions extensive enough to cause bilateral 
vestibular disease are likely to be fatal. 

Incoordination, Hypermetria, Dysmetria, 
and Intention Tremor 

Clinical signs that occur in animals with cerebellar disorders 
include hypermetria, intention tremor, and truncal ataxia 
(excessive body sway during movement along a straight 
path). Conscious proprioceptive fibers do not pass through 
the cerebellum. Consequently, postural placement of the 
limbs is normal. Animals with cerebellar disease move the 


limbs with excessive rate, range, and force. There is a slight 
delay in lifting the limb from the ground. At the peak of 
protraction the limbs are lifted too high and loo far ante¬ 
riorly. The legs then hit the ground with excessive force. 
When the animal is turned, the legs circumduct. The animal 
may violently thrust the outside rear limb backward and lat¬ 
erally when turned. The forelimbs and the hindlimbs occa¬ 
sionally collide during the turn (interference). At rest the 
animal stands with the legs abducted, in a base-wide stance. 
This is not a conscious proprioceptive deficit, however, 
because the animal consciously returns the limbs to the 
base-wide posture if the leg position is manually corrected. 
There is intention tremor, most marked in the head. When 
the animal attempts to reposition the head, it overshoots 
the intended position, corrects, and then overshoots again. 
The sequence of overcompensation and overcorrection 
results in a coarse oscillation. The head tremor is most con¬ 
spicuous when the animal is alen, especially when eating. 
Intention tremor disappears when (he animal is recumbent 
and the musculature is relaxed. In animals with cerebellar 
disorders, the extensor muscles of the limbs may be hyper¬ 
tonic, and spinal reflexes occasionally are exaggerated, Foals 
with cerebellar disease fall backward. This does not usually 
occur in ruminants. Lesions of the rostral cerebellar vermis 
can result in opisthotonos. Animals with cerebellar cortical 
disease may lack a menace response but retain their vision 
and can negotiate around obstacles. The reason for the 
menace deficit is unclear, but it is thought to result from 
disruption of efferent pathways emanating from the occipi¬ 
tal (visual) cortex and passing through the cerebellar cortex 
to the motor nucleus of the facial nerve. Animals with pure 
cerebellar dysfunction remain bright, alert, and responsive 
to external stimuli. Animals with very severe lesions of the 
cerebellum may be recumbent and unable to rise, with 
decerebellate posture. This posture is characterized by 
opisthotonos and forelimb extensor rigidity, with normal 
or flexed hindlimbs. Unlike decerebrate rigidity, animals 
in decerebellate rigidity have normal mentation and a good 
prognosis if the underlying disease is not progressive. Cere¬ 
bellar disease is often bilaterally symmetric, but lateralized 
lesions cause signs on the ipsilateral side of the body. Dis¬ 
eases that cause spasticity or tremors in livestock are listed 
in Table 8-9. 

Involvement of the vestibular components of the cerebel¬ 
lum (caudal cerebellar peduncle, flocculonodular lobe, and 
fastigial nucleus) results in signs of paradoxic vestibular syn¬ 
drome, described earlier. 

Abnormalities of Cranial Nerve Function 

The normal functions of the cranial nerves are described 
earlier, in the discussion of the neurologic examination. 
Cranial nerve dysfunction may be central or peripheral in 
type, depending on whether the neurologic lesion lies 
within the central com^ionents of the cranial nerves within 
the brain or in the peripheral portions of the nerves. Clini¬ 
cal signs of cranial nerve dysfunction are ipsilateral to the 
lesions that cause them, 

BLINDNESS, STRABISMUS, OCULAR PARESIS OR 
PARALYSIS, ABNORMALITIES OF PUPIL SIZE Oft PUPIL¬ 
LARY LIGHT REFLEXES. Lesions involving cranial nerves 
IL III, IV, and VI are described earlier, in the discussion of 
blindness and other visual dysfunctions. 

FACIAL H YPOESTH ESI A OR ANALGESIA, DROPPED 
JAW. Loss of or decrease in sensory perception on the face, 
including the inside of the mouth, the nasal planum, the 
cornea, and the lower jaw area is the result of lesions of 
the Trigeminal nerve, t( is important to distinguish this from 
the signs of contralateral cerebral disease or facial nerve 
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TABLE S-* 


1 

Diseases of Spasticity or Tremors in Horses and Ruminants 


1 Disease 

Clinical Manifestations 

Affected Species 1 

Cerebellar hypoplasia 

Intentional head tremor, base-wide stance, hypermetria. hypertonia. 

Cattle, sheep, goats 

Bovine viral diarrhea 

hvptTreflexia, truncal ataxia, menace deficit opisthotonos 


Bluetongue 

Akabanc 

Border disease 

Wcuelbron disease 

Hereditary 

Cerebellar abiotrophy 

Intentional head tremor, base-wide Stance, hypermetria. hypertonia, 
hyperreflena truncal ataxia, menace deficit, opisthotonos 

Cattle, horses 

Daft lambs 

Recumbency, hypertonicity, hyperreflexia, deafness, intentional head 
tremors, hypermetria 

Sheep 

Crass stagger* 

Hypermetria, hyperreflexia. truncal ataxia, head tremors, base-wide 

Cattle, sheep, goats 

Bermuda 

stance, recumbency, ptyali&m, hyperexcttabiluy, hyperesthesia 

Kikryu 

Rye grass 

Mycotic tremorgen* 

Canary 

Dali is 

Hypomagnesemia 

Hypermetria, hyperreflexia. truncal ataxia, recumbency, hyperesthesia, 
menace deficit opisthotonos, aggressiveness, hypertonia 

Cattle, horses 

Lysosomal storage disease 

Intentional head tremor, base-wide stance, hypermetria, hypertonia, 
hypenefiexia, truncal ataxia, menace deficit opisthotonos, blindness, 
aggressiveness 

Cattle, goals 

Locoism and Swunuonid 

Ataxia, conscious proprioceptive deficit obtundation, intentional head 

All species 

poisoning 

tremor, loss of herd instinct, maniacal behavior, fiaccidity of the nose 
and lips, base-wide stance 


AipergiUus damtus toxicosis 

Ataxia, weakness, muscle tremors, hypersalivation, altered behavior, 
recumbency, opisthotonus, death 

Cattle, sheep 

Hereditary nruraxial edema 

Recumbency, head tremor, good appetite, hyperesthesia, nystagmus, 
strabismus, muscular fasciculations 

Cattle 

Bovine familial convulsions and 

Tetaniform seizures, ataxia, hypermetria, hyperreflexia, head tremors, 

Cattle 

ataxia 

truncal ataxia 


Maple syrup urine disease 

Obtundation, recumbency, opisthotonos, stimulus-induced tetanic 
spasms, convulsions, generalized decrease of spinal reflexes 

Cattle 

itinudiatum 

Head tremors, hypermetria, hypertonia, hyperesthesia, weight loss, 
opisthotonos, recumbency, and convulsions 

Cattle 


paralysis. In the farmer case conscious perception of the 
stimulus is decreased, but animals will respond to vigorous 
or painful stimuli and usually will blink in response to cor¬ 
neal stimulation Animals with cerebral disease have 
decreased mental alertness and may have other signs of 
cerebral disease, such as seizures, circling, or contralateral 
hemiparesis. Facial nerve lesions result in an inability to 
move the muscles of facial expression or blink on the 
affected side, but animals will avoid stimulation of the face 
by pulling away the head and neck in a coordinated fash¬ 
ion. Unilateral loss of facial sensation most commonly 
results from damage to the peripheral portion of the trigem¬ 
inal nerve, the trigeminal ganglion in the petrosal bone of 
the skull. Bilateral facial hypoesthesia is most likely caused 
by cerebral disease rather than trigeminal nerve disease. 
The mandibular branch of the trigeminal nerve also carries 
motor innervation to the muscles of mastication from the 
pontine motor nucleus of the trigeminal nerve. Bilateral 
involvement of the motor component of the nerve results 
in a dropped jaw and inability to prehend and chew food, 
together with drooling saliva. The muscles of mastication 
atrophy, most obvious in the masseter and temporalis mus¬ 
cles Unilateral disease causes atrophy of the denervated 
muscles, and mild jaw weakness may be appreciated, but 
the animal can still eat and dose the jaw. The most impor¬ 
tant differential diagnosis for dropped jaw is rabies. 


A careful history must he taken to ascertain the risk of expo¬ 
sure to this disease as well as whether the animal has been 
vaccinated. Central lesions in the trigeminal nerve also 
may involve adjacent structures in the brainstem, such as 
the facial nerve, the vestibular system, and the long sensoiy 
and motor tracts to the limbs. 

FACIAL PARESIS OR PARALYSIS, Lesions of the facial 
nerve result in ipsilateral atonia or hypotonia of the 
facial muscles. The clinical signs of facial nerve paralysis in 
all large animals include ptosis, dropped ear, and absence 
of the menace response and palpebral reflex. There is accu¬ 
mulation of food in the cheek pouch and commissure of 
the lips on rhe ipsi lateral side. Affected animats frequently 
drool saliva from the lip commissure on the affected side. 
The animal is unable to open the nostril on the affected side 
during inspiration The muzzle of the horse, goat, and sheep 
deviates away from the direction of the neurologic lesion. 
Deviation of the muzzle is not seen in cattle because of the 
normal rigidity of the planum nasale. If the neurologic lesion 
is located between the medulla oblongata and the skull, the 
ipsi lateral eye may be dry because ofloss of innervation from 
the parasympathetic nucleus of cranial nerve VII. Lesions 
of the central components of the facial nerve in the medulla 
oblongata also destroy proprioceptive tracts and reticular 
system neurons, resulting in conscious proprioceptive 
deficits and, sometimes, decreased mentation. Lesions of 
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the peripheral component of crania] nerve VII result in facial 
atonia or hypotonia but do not produce obtundation or con¬ 
scious proprioceptive deficits. 

HEAD TILT, SPONTANEOUS NYSTAGMUS, DEAFNESS 
Lesions involving cranial nerve VIIL the vestibulocochlear 
nerve, produce signs of vestibular dysfunction* as described 
previously. Deafness also may be a consequence of vestibulo¬ 
cochlear nerve disease Bilateral deafness has been reported in 
Paint horses, where it may be a heritable defect associated 
with the gene for white coat color, similar to the situation that 
exists in a number of breeds of dogs with white or merle coat 
color Deafness also can result from severe aural disease. 
Although bilateral deafness is fairly ^asy to recognize clini¬ 
cally, unilateral deafness may be less obvious. Inability to 
localize sound occurs when animals have unilateral deafness 
and may be suspected when animals alert to sound but do not 
turn toward the sound. Auditory evoked potentials can be 
used to determine integrity of the auditory pathway in the 
inner ear and medulla oblongata 

DYSPHAGIA, DYSPHONIA, STERTOROUS BREATHING. 
Lesions in the nucleus ambiguus (cranial nerves IX X and 
XI) produce dysphonia, inspiratory dyspnea, dysphagia, 
and neurogenic atrophy of the trapezius, stemocephalicus, 
and brachiocephalicus muscles. The inspiratory dyspnea is 
characterized by roaring and snoring. Roaring is a stertor 
that is made during peak inspiratory flow. It is caused by 
paralysis of the critoarytenoideus dorsalis muscle, resulting 
in a failure to abduct the arytenoid cartilages during inspire 
lion. Additional evidence of paralysis of cranial nerves IX to 
XI may be obtained by endoscopic examination of the phar¬ 
ynx. Other signs of paralysis of cranial nerves DC to XI 
include failure to abduct the vocal folds, collapse of the 
pharynx, dorsal displacement of the soft palate, and inability 
to swallow a nasogastric tube. Lesions in the peripheral parts 
of the glossopharyngeal, vagus, and accessory spinal netves 
produce similar laryngeal signs but may be differentiated 


from centrally located lesions by attitude, appetite, and con¬ 
scious proprioceptive responses. Animals with peripheral 
nerve deficits remain alert and appeteni and do not show 
conscious proprioceptive deficits, whereas animals with cen¬ 
trally located lesions may be depressed and inappetent and 
may have proprioceptive and postural deficits. Animals with 
bilateral lesions in the peripheral nerves are unable to open 
the glottis during inspiration and display extreme respiratory 
distress. Peripheral lesions of the accessory nerve that have 
been present for longer than 1 month may produce neuro¬ 
genic atrophy of the trapezius, brachiocephalicus, and ster- 
nocephalicus muscles. This is frequently accompanied 
by aspiration pneumonia, lesions of the visceral efferent 
component of cranial nerve X in ruminants produce vagal 
indigestion, which is characterized by ruminal distention 
with fluid, ruminal tympany, ahomasa! stasis, and sometimes 
a hypochloremic, hypokalemic metabolic alkalosis. This is an 
important disease of the ruminant gastrointestinal tract, 
Hypoglossal nerve lesions produce a weak or flaccid tongue 
In animals with unilateral lesions, the tongue deviates away 
from the side with the lesion and is flaccid when it is manu¬ 
ally extended from the mouth. After prolonged denervation 
(I month or more) the ipsi lateral side of the tongue atrophies 
and the longues deviates toward the affected side. Horses 
with lesions in the sensorimotor cortex may also fail to retract 
the tongue normally; however, the tongue tone is variable, 
and the animal can retract it if it receives sufficient stimula¬ 
tion In comparison, the tongue tone is consistently weak in 
cases of hypoglossal paralysis 

Signs of cranial nerve dysfunction, together with the cen¬ 
tral origins or prelections of the nerves, are summarized in 
Table 8-10. Diseases that involve the brainstem and cranial 
nerves are summarized in Table 8*11 

lesions of the medulla oblongata can produce severe 
obtundation, somnolence, or coma as a result of ARAS dys¬ 
function in addition to signs of vestibular dysfunction and 


TABLE 8-10 

Clinical Signs of Cranial Nerve Dysfunction 



Central Origin or 

Cranial Nerve Projection Clinical Signs of Dysfunction Comments 


1—Olfactory 

Olfactory bulb, limbic 
system (behavior and 
emotion centers), 
cerebral cortex 

toss of sense of smell (anosmia) 

Olfactory nerve lesions are rare and 
difficult to detect clinically. 

II—Optic 

Optic chiasm, optic tract 
lateral geniculate nucleus, 
optic radiation, occipital 
cortex 

Blindness 

See text for additional comments 
(blindness) 

III—Oculomotor 

Midbrain somatic and 
parasympathetic nuclei 

Ventrolateral strabismus, ptosis 
(somatic component); dilated, 

non responsive pupil 
(parasympathetic component) 


IV—Trochlear 

Midbrain 

Dor so medial strabismus 

Trochlear nerve lesions axe rare and 
usually accompanied by other signs 
of midbrain dysfunctfon. 

V—Trigeminal 

Pons (motor nucleus). 

Dropped jaw in bilateral motor 

Rabies is an important differential 

medulla, and rostral 

paralysis; decrease or loss of 

diagnosis in animals with a dropped 


cervical spinal cord 
{sensory tract) 

sensation to most of the 
structures of the head and face 
in sensory nerve disease 

jaw. 

VI—Abducent 

Rostral medulla oblongata 

Medial strabismus (paralysis of 
the lateral rectus muscle) 


VII—Facial 

Medulla oblongata (rostral 

Facial paresis to paralysis (motor 

The facial nerve is particularly 


to middle); motor. 

component); loss of sense of 

susceptible to damage in its 


sensory, and 

taste to rostral two thirds of the 

peripheral course because of its 


Gwr6nued 






Clinical Signs of Cranial Nerve Dysfunction—cont'd 


Central Origin or 

Cranial Nerve Projection Clinical Signs of Dysfunction Comments 
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TABLE MI 


Diseases of the Brainstem and Cranial Nerves—-tont'd 


1 Disease 

Location 

Clinical Signs and laboratory findings 1 

Homers syndrome 

C6 to T1 motor neurons (pay matter), 
spinal roots, vagosympathetic trunk, 
sympathetic tracts of spinal cord, 
periorbita 

Miosis, enophthalmns, lack of nasal sweat 
(cattle only), ipsilateral facial swelling 
(horses only) 

Cultural pouch mycosis 
(horses) 

Guttural pouch 

Dysphagia, head shyness, head shaking 
roaring dysphonia, protrusion of the tongue 
from the mouth, epistaxis, head tilt, 
nystagmus, facial sweating shivering 

Horner's syndrome, colic, facial paralysis 


CSF, Cerebrospinal fluid; W££s r white blood cells. 


functional deficits in cranial nerves V to XII. Other clinical 
signs of medullary lesions include ipsiLateral paresis and 
constious proprioceptive deficits as a result of dysfunction 
in the rubrospinal, reticulospinal, spinothalamic and spi¬ 
nocerebellar pathways. The spinal reflexes of the ipsilateral 
limbs are exaggerated, and the extensor muscle tone is 
increased, further details are given in the discussion of 
quadriparesis and hemiparesis, later. 

Measurement of Brainstem Function Using Auditory 
Evoked Potentials 

The integrity of the vestibulocochlear apparatus can be 
examined using brainstem auditory evoked potentials. 5 ^ ss 
This met hex! examines the averaged waveform that is gener- 
ated after an auditory dick in the ear The individual signals 
from a single dick stimulus are small and therefore must be 
amplified by repeating the stimulus (30 to 100 dB H 10 Hz) 
between 30 and 1000 times and recording the voltage dif¬ 
ference between two electrodes placed on the head. The 
recording electrode is usually placed over the petrous tem¬ 
poral bone, and the reference electrode at the vertex, or else¬ 
where on the head. The technique of signal averaging is 
used to eliminate background electrical activity and 
enhance the specific waveforms generated by the auditory 
impulse. ITie response usually is measured for 10 ms after 
the stimulus is applied. Ablation of the entire cochlear 
apparatus and vestibular nerve, as might occur with otitis 
interna, would result in a loss or attenuation of waveform 
activity after the dick stimulus- Injury to the brainstem ves¬ 
tibular nuclei would result in a loss of waves II through VI 
Damage to the trapezoid body (pons), lateral lemniscus, 
caudal colliculus, and medial geniculate body would result 
in a loss of waveforms III through VI, respectively. Increased 
latency' between the peaks is usually associated with toxic or 
degenerative diseases of the CNS. 

Paresis and Ataxia in Two or Four Limbs 

Quadriparesis and hemiparesis are seen with lesions affect¬ 
ing the mid to caudal brainstem (midbrain, medulla oblon¬ 
gata) or the cervical spinal cord (Cl to T2 spinal cord 
segments). Quadriparesis also can be seen in generalized 
peripheral nerve or muscle disease, discussed later. Parapar¬ 
esis results from disease affecting the spinal cord between 
segments T3 and L2 or the peripheral nerves to the hind- 
limbs. Disease of the cerebrum and thalamus does not pro¬ 
duce appreciable paresis and ataxia when the animal is 
walking in a straight line on a Level surface, but these signs 
become apparent in the limbs contralateral to the lesion 
when the animal is asked to circle, back, step over obstacles, 
or walk on a slope, localization of the lesion when signs of 


paresis and ataxia are present depends on the assessment 
of muscle mass and tone, spinal reflexes, and evaluation 
of brainstem function, as determined by the presence or 
absence of signs such as altered mentation, cranial nerve 
deficits, or vestibular dysfunction 

Quadriparesis and ataxia with normal muscle mass and 
tone and normal to increased spinal reflexes indicate a 
lesion in the brainstem or in spinal cord segments Cl to 
CS. Presence of clinical signs of brain disease will facilitate 
localization of the lesion to an intracranial site, as described 
earlier. Lesions in the midbrain cause contralateral postural 
and proprioceptive deficits, whereas those in the medulla 
oblongata cause ipsilateral signs. Cerebellar disease causes 
a truncal ataxia, without significant loss of proprioceptive 
or postural functions, and with no or mild hyperrcflexia 
of the limbs. Lesions of the thalamus and cerebrum cause 
minimal to no paresis or ataxia when the animal is gailed 
on a level surface, but contralateral proprioceptive and pos¬ 
tural reaction deficits are present. Altered mentation and 
other signs of cerebral or thalamic disease are expected, 
such as circling or conical blindness. Animals with spinal 
cord disease have normal mentation. The clinical signs 
shown by such patients depend on the location of the 
lesion and the relative amount of damage to gray {cell bod¬ 
ies) and white (myelinated spinal cord tracts) matter. Loss 
of white matter results in sensory loss, whereas gray matter 
damage produces lower motor neuron deficits. The sensory 
losses are either proprioceptive responses or cutaneous sen¬ 
sory deficits. White matter is usually more susceptible to 
pressure changes than gray matter, so proprioceptive deficits 
are consistently observed during the first stages oF spinal 
cord disease. Spinal cord diseases may be Localized to one 
of the following five regions: high cervical (Cl to C5), cervi- 
cothoracic (C6 to T2), thoracolumbar (T3 to L2), lumbosa¬ 
cral (13 to S2), and sacrococcygeal (S3 to Cd5) regions, 
fables 6-4 and 6-5 List the peripheral nerves and the spinal 
segments that innervate them. 

Cervical Spinal Cord 

Animals with incomplete section of the cervical region of 
(he spinal cord display hemiparesis or tetraparesis The clin¬ 
ical signs include knuckling, stumbling failure to lift the 
inside feet w T hen turned in a tight circle, interference, hyper- 
meiria. abnormal postural placement responses, crossing 
over midline when turned, and excessive truncal sway. Ani¬ 
mals with more severe lesions of the cervical spinal cord 
become recumbent and are unable to lift the head from 
the ground. There is an asymmetric righting response in ani¬ 
mals with unilateral lesions. They can raise the head and 
neck to a variable distance only when lying with the lesion 
side facing down. Muscle tone and spinal reflexes in the 
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limbs of recumbent animals are exaggerated The urinary 
bladder is distended. The animals have difficulty urinating, 
and afterward the bladder contains a large amount of urine. 
Animals with complete spinal cord transection anterior to 
CG die suddenly as a result of paralysis of the intercostal 
muscles and the diaphragm. 

Lesions between CG and T2 spinal segments (brachial 
intumescence) result in conscious proprioceptive deficits 
in all four limbs and tetraparesis or tetraplegia. There is 
hypotonia and hyporeflexia of the forelimbs ant) hyperto¬ 
nia and hyperreflexia of the hind limbs. Unilateral lesions 
result in ipsilateral signs. Lesions of CG to T2 segments 
involving white but not gray matter do not produce fore* 
limb hypotonia. Conscious perception of painful stimuli 
may be depressed in all limbs. Flexor reflexes in the fore¬ 
limbs may be depressed but are normal in the hindiimbs. 
The righting responses of the head and neck are normal. 
Urination is difficult, and the urinary bladder is distended 
and has a large residual volume. After 1 month or more, 
lesions of the gray mailer of the spinal cord or the periph¬ 
eral nerves may result in neurogenic atrophy of one or more 
muscle groups of the forelimbs Gray matter lesions ofTl to 
T3 spinal segments may result in Homer's syndrome, which 
is characterized by miosis, enophthalmos, and ptosis in all 
species. Unilateral facial sweating occurs in horses; lack of 
sweating on the planum nasale occurs in cattle. Differentia¬ 
tion of high (Cl to C5) and low (CG to T2) cervical spinal 
cord lesions may be difficult in horses, especially when 
signs are fairly mild. 

Lesions of the thoracolumbar region (T3 to L3) result in 
normal activity of the forelimbs and proprioceptive deficits 
in the hindiimbs. These deficits are similar to those 
described previously for the cervical areas and include 
ataxia, knuckling stumbling, abduction, adduction, inter¬ 
ference, excessive truncal sway, and failure to lift the inside 
foot when pivoted in a tight turn. With complete lesions, 
the animal becomes recumbent but intermittently assumes 
a dog-sitling position, with the forelimbs extended and 
weight bearing and the hindiimbs flexed. Muscle tone and 
spinal reflexes are exaggerated in the hindiimbs. The urinary 
bladder is distended, and residual volume is large. The tone 
of the urethral sphincter is normal. Young animals with 
severe spinal cord lesions between T2 and 12 display tran¬ 
sient hypertonia of the forelimbs (Schiff-Sherrington syn¬ 
drome), This condition is caused by interference with 


inhibitory fibers ascending from the lumbar segments in the 
dorsal funiculi to the lower motor neurons of the fore¬ 
limbs 56 These fibers synapse on the neurons of the brachial 
intumescence. Hypertonia from this deficit may be differen¬ 
tiated from cervical cord lesions by the lack of conscious 
proprioceptive deficits in the forelimbs of animals with 
thoracolumbar lesions. 

The lumbosacral region (13 to S2) of the spinal cord 
contains lower motor neuron efferents to and general pro¬ 
prioceptive afferents from the pelvic limbs, lesions in this 
area result in paraparesis or paraplegia, Affected animals 
are ataxic and have conscious proprioceptive deficits of the 
hindiimbs. Patients with complete spinal cord lesions of 
L3 to S2 exhibit flaccid paraplegia, which is accompanied 
by hyporeflexia or arefiexia of the hindiimbs. With pro¬ 
longed denervation, neurogenic atrophy of the hindlimb 
musculature occurs. 

Lesions located between L3 and LG spinal cord segments 
result in urinary bladder distention and maintenance of a 
large residual volume. The sphincter tone is intact, but urine 
is not voided unless the intravesiculat pressure exceeds that 
of the sphincter. These animals usually have contact derma¬ 
titis of the perineum and preputial area because of urine 
scalding. Lesions located around Si and $2 segments result 
in bladder distention and flacddity. Urine may drip contin¬ 
uously from the urethral orifice. I lie rate of flow may be 
increased by manually pressing on the bladder during a rec¬ 
tal examination. 

Lesions of the sacrococcygeal (S3 to Cd5) region (cauda 
equina) produce flacddity of the tail and anus and, in 
males, paraphimosis. Lesions in this area also result 
in desensifixation of the tail, penis, vulva, anus, and 
perineum. The urethral sphincter is dilated, and urine con¬ 
stantly drips from the urethral orifice. The animal does not 
evacuate the bladder and is unable to defecate, resulting in 
a large dilated urinary bladder and distention of the 
rectum with feces. 

If the entire neurologic lesion is located caudal to S3, 
ataxia or consdous proprioceptive deficit is not present. The 
combination of flaccidity of the tail and anus and the con¬ 
stant urine leakage produces contact dermatitis of the peri¬ 
neum and hindiimbs. Perineal scalding is characteristic of 
lesions of the cauda equina. Specific diseases of the spinal 
cord, peripheral nerves, and motor end plate are listed in 
Table 8-12, 


TABLE 8-12 


Diseases of the Spinal Cord, Peripheral Nerve, and Motor End Plate of Large Animals 


I Disease 

Signs 

Species ] 

Affected ? 

Ocdpitoatlantoaxial malformation 

Ataxia, spasticity, hyperreflexia, crepitation or pain with neck 
flexion, head tilt, torticollis, proprioceptive deficit, visible 
swelling or asymmetry 

Cow, 

horse 

Fracture? and dislocations 

Tetraparesis, tetraplegia, paraparesis, paraplegia, hyperreflexia, stiff 
neck, recumbency, proprioceptive deficit, acute death, 
crepitation, pain, swelling 

AH species 

Cervical spinal abscesses 

Tetraparesis, tetraplegia, paraparesis, paraplegia, recumbency, stiff 
neck, proprioceptive defidt sudden death, crepitation, pain, 
swelling 

All species 

Myelopathy 

Tetraparesis, tetraplegia, paraparesis, paraplegia, recumbency, 
propriocepLive defidt 

Horse 

Cervical stenotic myelopathy 

Tetraparesis, tetraplegia, paraparesis, paraplegia, recumbency, stiff 
neck, proprioceptive deficit, strip sweating 

Horse 

Cervical vertebral instability 

Tetraparesis, tetraplegia, paiaparesis, paraplegia, recumbency, stiff 
neck, proprioceptive deficit, sudden death, crepitation, pain 

Horse 
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TABLE 0-12 

Diseases of the Spinal Cord, Peripheral Nerve* and Motor End Plate of Large Animals—cont*d 


| Disease 

Signs 

Species \ 

Affected 

Spinal tumor (lymphosarcoma, neurofibroma) 

Tetraparesis, tetraplegia, paraparesis, paraplegia, recumbency* 
proprioceptive deficit 

All species 

Equine rhinopneumonitis 

Tetraparesis, tetraplegia, paraparesis, paraplegia, recumbency, 
proprioceptive deficit* flaccid anus, flaccid tail, dysuria, 
distended bladder* impacted rectum, urine scalding 

Horse 

Copper deficiency 

Tetraparesis, tetraplegia, paraparesis, paraplegia, recumbency* 
proprioceptive deficit 

Sheep, 

goat 

Cauda equina neuritis * 

Pruritus in perineum, hair loss in perineum, analgesia in 
perineum, flaccid tail flaccid anus* paraphimosis, dysuria, facial 
palsy* head tilt* leaning* nystagmus 

Horse 

ischemic myelopathy (fibrocartilaginous 

Paraplegia* tetraplegia, flaccid tail, flaccid anus, arefiexia at site of 

Horse, 

embolism) 

lesion, hyperreflexia distal to site of lesion* proprioceptive deficit 

sheep 

Postanesthetic myelopathy 

Paraparesis to paraplegia* ataxia, hypoalgesia, scoliosis 

Horse, 

cattle 

(calf) 

Caprine arthritis-encephalitis virus 

Tetraparesis, tetraplegia* paraparesis, paraplegia* recumbency* 
proprioceptive deficit 

Goat 

Segmental myelitis 

Tetraparesis, tetraplegia* paraparesis, paraplegia* recumbency, stiff 
neck, proprioceptive deficit, strip sweating, hyporeflexia* 
arefiexia, lower motor neuron deficit, facial nerve paralysis* jaw 
drop 

Horse 

Developmental defects (spina bifida, Arnold- 
Chiari syndrome, syringomyelia, hemivertebrae, 
spinal cysts) 

Paraplegia, paraparesis, tetraplegia, tetraparesis, hypotonia, 
atonia* neurogenic atrophy, torticollis, scoliosis, 
kyphoscoliosis, misshapen tail, absence of skin over 
dorsal rnkUine 

All species 

Verminous migration 

Tetraparesis, tetraplegia* paraparesis, paraplegia, recumbency, 
proprioceptive deficit, head tilt, hyporeflexia, arefiexia, 
hyperreflexia* hypertonia* hypotonia 

All species 

Tetanus 

Stiffness, normal reflexes, flashing third eyelid* trismus* bloat, 
convulsions* coma, raised tail head 

All species 

Botulism 

Flaccid tty, ataxia, dysphagia, hyporeflexia, pupillary dilation* facial 
hypotonia, flaccid tail, flaccid anus 

All species 

Progressive ataxia 

Ataxia, conscious proprioceptive deficit, recumbency 

Charolais 

cattle 

Locoism 

Ataxia* conscious proprioceptive deficit* recumbency, bizarre 
behavior 

All species 

Dying back axonopathies 

Hypermetria, hyperreflexia* proprioceptive deficit, flaccid 
tail, anus, fecal and urine retention* urine scalding, 
recumbency 

All species 

Elso heel (spastic paresis) 

Affected hindlimb is hyperextended and swings in pendulum 
fashion; tail head is elevated 

Cow 

Spastic syndrome (trampy) 

Episodic hyperextension of the hindlimb, extension of the limb 
behind the cow, head and neck extension 

Cow 

Peripheral nerve injuries 

Arefiexia, hypotonia* hyporeflexia, atonia, anesthesia, 
analgesia of a specific area oflimbs or trunk, inability to 
support weight, normal function of limbs distal to denervated 

AH species 

lonophore toxicosis (sahnomydn* lasalorid, 
monensin) 

Tetraparesis, tetraplegia, ataxia, conscious proprioceptive deficit* 
colic, cardiac dysrhythmia, sudden death 

All species 

Periodic hyperkalemia 

Episodic iremoTS, weakness, spasticity during episodes, 
recumbency 

Horse* 

cow 

Myotonia congenita 

Episodic weakness, spasticity during episodes 

All species 

Bromide intoxication 

Weakness* ataxia, stumbling, proprioceptive deficit, dosed eyelids, 
drooped head and neck, paraphimosis 

Horse 

Coyotillo poisoning 

Progressive weakness, hypermetria, arefiexia 

Goat 

Humpy back/Coonabaran disease 

Arched back, ataxia* conscious proprioceptive deficit, hindlimb 
stiffness, recumbency 

Sheep 

Neosporosis 

Recumbency, ataxia* conscious proprioceptive deficit, neurogenic 
atrophy 

Calf 

Gycad palm poisoning 

Posterior paresis* conscious proprioceptive deficit, elevated tail 
head, paraparesis, paraplegia 

Cow 

Acquired torticollis 

Abnormally positioned head and neck 

All species 


Continued 
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TABLE 8-12 

Diseases of the Spinal Cord, Peripheral Nerve, and Motor End Plate of Large AnimalS‘—cont 1 d 


1 Disease 

Signs 

Species | 

Affected ( 

Sorghum toxicosis 

Ataxia, paraparesis, paraplegia, rabbit-hopping gait, proprioceptive 
deficit, recumbency, weight loss 

Horse, 

cow 

Stringhah 

Normal at rest involuntary hyperflexion of the hock and stifle 

Horse 

"Kangaroo" gait 

Forelimb weakness, ataxia, proprioceptive deficits (bilateral radial 
nerve paralysis) 

Sheep 

Tick paralysis 

Progressive generalized paresis, ataxia, recumbency, flacdd tall, 
flacdd anus, weak fadal muscles 

All species 


Muscle Atrophy* Reduced Muscle Tone, Flaccid 
Paresis, Focal Analgesia 

Clinical signs of reduced muscle tone, muscle atrophy, and 
flaccid paresis indicate peripheral nerve, muscle, or neuromus¬ 
cular diseases. Signs may be localized to a single limb, as in the 
case of traumatic peripheral nerve injury; generalized, as in 
botulism and many myopathies; or multifocal, as in equine 
protozoal myeloencephaJitis and other diseases that attack 
multiple areas of the CNS, destroying the ventral horn gray 
matter of the spinal cord, or nuclei of cranial nerves in the 
brainstem. Details of neuromuscular diseases and the use of 
ancillary diagnostic testing to localize peripheral nerve, mus¬ 
cle, and neuromuscular disease are described in Chapter 35. 

Peripheral nerve lesions, whether of the central compo¬ 
nents of the nerves in the spinal cord and brainstem or along 
their peripheral course in the limbs and head, also can result 
in focal hypalgesia or anesthesia. Knowledge of the autono¬ 
mous zones for the peripheral nerves innervating the limbs 
can be used to localize such peripheral nerve lesions. 


Urinary Incontinence and Urine Retention 

The clinical signs of urinary bladder denervation are variable 
and depend on the lesion location. Lesions of the sacral seg¬ 
ments of the spinal cord produce a flacdd bladder, which 
distends with a large residual volume. Spontaneous urine 
leakage occurs continuously from the urethra. Additional 
urine flow occurs when the abdominal pressure is increased. 
Hie urethral sphincter is dilated and atonic. Lesions of the 
brainstem or spinal cord anterior to Si produce reflex dyssy- 
nergia, a disturbance in coordination of micturition, wherein 
the fadlitatory influence of the bladder stretch receptor 
(afferems) maintains tonic activity on the efferents of the ure¬ 
thral sphincter. The lack of inhibition of these reflexes from 
the upper motor neuron pathways produces hypertonidty 
of the urethral sphincters and results in an impediment to 
urine flow. There is a high intravesicular pressure and a large 
postvoiding urine volume. The urine escapes paroxysmally 
only when the imravesicular pressure exceeds the sphincter 
pressure. After approximately 1 month of denervation, local 
spinal reflexes between the sacral afferent and efferent neu¬ 
rons develop in the SI to S5 segments, and incomplete void¬ 
ing occurs. In these cases the residual volume remains large, 
and the normal urination posture is not attained. 
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MAJOR CLINICAL SIGNS OR PROBLEMS ENCOUNTERED 

Decreased growth and decreased Weight loss, 56 

weight gain in growing animals. Obesity, 164 
\ 4 ? Pica, 169 


Slowed growth and below-normal weight gain usually hap¬ 
pen at the same time, although occasionally they develop 
separately. By definition a decrease in growth and weight 
gain is limited to the growing animal. Similar pathogenic 
mechanisms cause weight loss or an emaciated condition 
in an adult patient. This arbitrary age division allows the cli¬ 
nician to consider possible causes that are more or less com¬ 
mon for a given age-group 

Potential growth and weight gain are genetically deter¬ 
mined, They differ according to species, breed, and sex, 
and marked differences in potential growth exist within 
a breed, Ihe potential for growth in ruminants is greater 
in the offspring of multiparous females than in those from 
pri mi parous females, Ihe normal or minimum growth 
and weight gain rates for common breeds of the various 
large animal species are outlined in the section on assess¬ 
ment of growth and weight gains. 


MECHANISMS OF DECREASED GROWTH 
AND DECREASED WEIGHT GAIN 

Major pathogenic mechanisms that result in decreased 
growth and decreased weight gain include the following: 

■ Inadequate dietary intake of essential nutrients 

■ Infections or inflammation 

• Parasitism 

• Genetic errors in metabolism or physiologic function 

■ Concurrent toxicosis 

• Environmental causes 

■ Multiple causes 

Inadequate intake of one or more essential nutrients is 
an important cause of decreased growth. In many cases 
growing animals are not provided with a sufficient volume 
of feed to meet their nutrient requirements Young animals 
rely on a highly digestible diet that provides energy and 
essential nutrients for growth. Even animals fed an appro¬ 
priate volume of a poor-quality milk replacer could suffer 
from poor growth. Milk replacers formulated with sources 
of protein, fat, vitamins, and minerals that have limited 
nutrient digestibility may induce a state of energy, protein, 
vitamin, or mineral malnutrition. For some young ani¬ 
mals, poor-quality forage is the only feed available. 
Weaned foals and ruminants rely on forages and cereal 


grains to provide essential nutrients. Hay that has been 
harvested at a late stage of growth usually has a lower 
nutrient digestibility compared with young forages. Diets 
low in digestible energy or protein or both reduce total 
daily intake in ruminants (Table 9-1) because of the 
increased turnover lime in the gastrointestinal tract 
and subsequent decreased throughput This compounds 
the problems caused by an inadequate intake of digestible 
nutrients. The digestibility of forages is even lower for 
horses than for ruminants. 

Protein-calorie malnutrition (PCM) is the most com¬ 
mon clinical cause of decreased growth and decreased 
weight gain in young animals, It is characterized by smal¬ 
ler size and lower weight than the normal minimums for 
age, breed, and sex, Inadequate intake of digestible energy 
and protein (or essential fatty acids in the neonate pri¬ 
marily adapted to a milk diet) results in inadequate Levels 
of amino adds, fats, and carbohydrates for normal metab¬ 
olism and growth. Diets that lack any of the other essential 
nutrients (fatty acids, vitamins, macromtnerals, or trace 
minerals) can also decrease growth. Deficiencies of calcium, 
phosphorus, and magnesium result in improper skeletal for¬ 
mation, Deficiencies in other macrominerals (eg.. sodium, 
chloride, potassium), trace minerals (e g , copper, zinc man¬ 
ganese, cobalt iron), and vitamins (eg, A, D, E, thiamin) 
cause biochemical dysfunctions that lead to inefficient 
metabolism and growth. Larg? animal patients that grow 
slowly as a result of inadequate diets often have normal or 
increased appetites until they are terminally ill. Physical find¬ 
ings and dinico pathologic data from animals with PCM 
often are within the normal range until the disease process 
is well advanced. 

Infections or inflammatory processes are important 
causes of decreased growth and decreased weight gain in 
young horses and ruminants. The decrease in growth can 
be of short duration followed by recovery and compensa¬ 
tory gain (ciyptosporidiosis) or can persist (chronic bron¬ 
chopneumonia). Infections or inflammatory processes 
can also result in nutrient malabsorption (chronic salmo¬ 
nellosis, acute rotavirus diarrhea), anorexia (pharyngeal 
abscesses), increased nitrogen turnover, and direct protein 
Losses (gastrointestinal disease). Energy or protein require¬ 
ments may be increased as a result of infection and 
inflammation. 
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TABLE 9-1 


Maximum Dry Matter Intake (DM!) Belated 
to Forage Quality for Cattle 


Forage Qua!tty 

Maximum DMI/ 
Day {% Body 
Weight) 

Maximum DMI 
for 500 kg/Cow/ 
Day (kg) 

Poor 

Oat straw 

Com stover 

1-1.5 

S-7.5 

Average 

2 

10 

Meadow grass hay 



Excellent 

Alfalfa hay (25% 
crude fiber) 

Com silage 

2,5 

12.5 


From Maas \ Relationship between nutrition and reproduction in beefot- 
lle, Vei Gin Nonh Am *634, 1987. 


Parasitism often affects young horses and ruminants and 
results in decreased growth and decreased weight gain by 
increasing nutrient requirements, increasing nutrient losses, 
and/or decreasing nutrient absorption. The animal's meta¬ 
bolic rate and nutrient requirements may also increase as 
a result of inflammatory and immune reactions that arise 
secondary to parasitism. 

Genetic diseases {tx-mannosidosis, dwarfism) result in 
decreased growth through generalized errors in the genetic 
code or interference with strategic reactions in one or more 
metabolic pathways. Congenital cardiac malformations 
(tetralogy of Fallot, interventricular septal defect) create 
physiologic inefficiencies that require energy beyond the 
body's ability to supply it. Congenital renal disease (agene¬ 
sis, dysplasia, hypoplasia, polycystic kidney disease) affects 


homeostatic mechanisms that regulate electrolyte and acid- 
base balance, results in the production of uremic toxins, 
and often results in partial anorexia and PCM, Digestive 
tract malformations including deft palate, megaesophagus, 
and brachygnaihism can reduce nutrient ingestion and 
impair growth. 

Toxicides, although rare in growing animals, result In 
decreased weight gain by interfering with metabolic path¬ 
ways (e,g., ammonia toxicity, zinc-induced copper defi¬ 
ciency with abnormal skeletal development in foals), by 
causing loss of body reserves (e.g„ thiamin deficiency in 
horses, bone marrow hypoplasia and associated bleeding 
diatheses in ruminants associated with bracken fern toxic¬ 
ity), by inducing anorexia, or by a combination of mechan¬ 
isms, The pathogenic mechanisms of many toxins are not 
yet known. 

Environmental factors including extreme heat or cold or 
high humidity result in decreased growth and decreased 
weight gain. Extremely cold conditions increase an animal's 
daily energy requirements. During extremely hot weather 
feed intake often decreases, which may contribute to 
decreased growth. Often, environmental conditions influ¬ 
ence the development of disease, resulting in a subsequent 
increase in nutrient requirements in a growing animal 
(e.g„ calves with PCM housed in poorly ventilated or overly 
humid conditions become much more susceptible to infec¬ 
tious pneumonia). 

In many cases a combination of these diverse factors may 
Influence the growth and weight gain of young animals. 
A period of increased growth rate and weight gain, called 
compensatory gain , often occurs after a period of restricted 
growth. In growing foals, compensatory gain should be 
closely monitored to prevent excessively rapid growth and 
abnormal skeletal development. 

Boxes 9-1 and 9-2 list many of the possible causes of 
decreased growth and decreased weight gain in horses and 
ruminants, respectively. 


1 BOX 9-1 


Causes of Decreased Growth and Decreased Weight Gain In Horses 

COMMON CAUSES 

Vitamin A deficiency 

Protein-calorie malnutrition (PCM), inadequate nutrient intake 

Vitamin D deficiency 

Extreme environmental factors 

Thiamine deficiency 

Parasitism (Parascarb equorum, small strongyles, large strongyles. 

Phosphorus deficiency 

Lapeworms, hots) 

Osteodystrophy 

Bacteria! pneumonia (Wrodocnccur equi, Streptococcus 

Lead toxicity 

zaaepidemicus), lung abscessatton 

Goiter 

I Viral pneumonia (equine herpes virus, equine influenza) 

Generalized steatitis 

Gastric ulcers 

Rotavirus infection (foals) 

Lameness (e,g„ physitis, osteochondritis dissecans, contracted 
tendons, osteomyelitis) 

Wound myiasis 

Prematurity, dysmaturity 

UNCOMMON CAUSES 

Diarrhea (G/arfridium species, SdJfriarifJJn species, sand 

IgM-deficiency 

enteropathy, other causes) 

Combined immunodeficiency disease in foals 

Gonadal dysgenesis, intersex (XO, XXV) 

LESS COMMON CAUSES 

Ammonia toxicity 

Esophageal stricture, megaesophagus (idiopathic acquired) 

Sarcocystosis 

Peritonitis 

Fluorosis 

Congenital cardiac and great vessel anomalies 

Congenital renal abnormalities (hypoplasia, dysplasia, agenesis. 

Endocarditis 

polycystic kidney disease) 

law pain (fracture, dental abnormality) 

Hydrocephalus 

Cryptosporidiosis 

Myeloproliferative disease 

Selenium deficiency 

Biliary atresia 

Copper deficiency 

Hepatic portosystemic shunt 
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Causes of Decreased Growth and Decreased Weight Gain in Ruminants 

COMMON CAUSES 

Sarcocystosis 

Protein-calorie malnutrition (PCM) 

Abomasa! ukers 

Mannheima, PasteureUa, Haemophilus pneumonia 

Severe bovine papular stomatitis 

Qstertagiasis 1 and U 


Cocci diosis 

UNCOMMON CAUSES 

Parasitism (flukes, gastrointestinal worms, lungworms) 

Gonadal dysgenesis, imersex 

Salmonellosis 

Brisket disease 

Bovine virus diarrhea 

Epidermolysis bullosa 

Hepatic abscessation, liver disease 

Phosphorus deficiency 

Rotavirus infection 

Osteogenesis imperfecta in Fries Ians 

Diarrhea, undifferentiated 

Calf lymphosarcoma 

Lameness (sole abscess, foot rot, laminilis, foot warts. 

G ranulocytopathy 

osteomyelitis) 

Congenital porphyria 

Cryptosporidiosis 

Hypersensitivity to soy protein 

Enterotoxigenic Escherichia coli 

Baaeroides fragilis diarrhea 

Coronavirus 

a-Mannosidosis 

Selenium deficiency 

Generalized glycogenosis 

Copper deficiency (molybdenosis) 

Zygomytosis 

Sarcoptic mange 

Mucormycosis 


Omental bursitis 

LESS COMMON CAUSES 

Schistosomiasis (exotic) 

lohne's disease 

Trypanosomiasis (exotic) 

Cardiac or great vessel anomalies 

Hyena disease (exotic) 

Hydrocephalus 

lethal skin defects in Japanese black cattle (exotic) 

Myiasis 

Babesiosis (exotic) 

Ammonia (urea) toxicity 


Goiter 

TOXINS 

Lperythrozoonosis 

Pyrroliaidine alkaloid toxicosis 

Arthrogryposis 

Herbicide toxicity 

Thiamine deficiency 

Zinc toxicity 

Cobalt deficiency 

Fluorosis 

Urachal or bladder abscess 

Selenium toxicity 

Peritonitis 

Aflatoxicosis 

Pharyngeal abscess, injury 

Ergotism t 

Giardiasis 

Iodine toxicity 

Osteodystrophy, rickets 


Neonatal isoerythrolysis 

PLANT TOXINS 

Immune-mediated anemia 

Cassia species 

Zinc deficiency 

Bracken fern 

Vitamin A deficiency 

Fescue toxicity 

Adenovirus infection 

Leucaerut kucocephala 

Tick infestation 

Oxalate toxicity 


Approach to the Diagnosis and Management 
of Decreased Growth and Decreased Weight 
Gain in Horses 

1. Take a general history and a diet history, 
a. Genera] history 

L What is the patient's age? Was the foal bom pre¬ 
maturely? Were any congenital defects identified 
during the initial examination of the foal after 
birth? Did the foal have any complications from 
sepsis? 

ii. What is the stocking density of the herd? Is the 
foal exposed to a high parasite load in the envi¬ 
ronment? What is the foal's deworming history? 
Have there been previous problems with gastro¬ 
intestinal parasitism on the farm? What is the 
vaccination history of the mare and the foal? 
Does the farm have a history of infectious 
disease agents [ftfiodaajarus equi, Streptococcus 
equi subsp. equi)l Are there any sick horses on 
the same farm? Has the foal shown any evidence 
of systemic illness (diarrhea, nasal discharge, 
cough, pyrexia)? 


iti + What type of protection is provided from adverse 
weather conditions? Are there any toxins in the 
foal's environment? 
b. Diet history 

i. If the foal is nursing, what is the weight condition 
of the mare? Is the mare producing a sufficient 
amount of milk for the foal? If the foal is an 
orphan, what Type of milk replacer is the owner 
using? What is the daily energy and protein intake 
of the foal? Is the owner mixing the solution prop¬ 
erly? Does the foal have access to a creep feed? 
What is the owner using as a creep feed? How much 
of the creep feed does the foal consume daily? 
ii* If the foal is a weanling, when was the foal 
weaned? Does the foal compete with other foals 
for feed? Has the owner changed the foal's diet 
recently? If yes, what changes were made? Does 
the foal have a good appetite? Has the foal's appe¬ 
tite changed recently? 

(1) What type of forage is fed to the foal? What is 
the quality of the forage? h there gross evidence 
of dirt mold, or weed contamination in the for¬ 
age? Has a hay analysis been performed on the 
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forage? How much forage is offered to the foal 
(in weighi)? How much forage (in weight) does 
the foal eal each day? 

(2) What type of supplemental feed is fed to the 
foal? What is the nutrient composition of the 
supplemental feed? Is the supplemental feed 
of high quality? How much of the supplemen¬ 
tal feed (in weight) does the foal eat each day? 

(3) Is the foal offered a vitamin and mineral supple¬ 
ment? Is the vitamin and mineral supplement 
offered free choice? How much of the supplement 
(in weight) does the foal eat each day? Could any 
nutrients be consumed in a toxic amount? Has 
the owner provided any supplemental parenteral 
vitamins or minerals to the foal? 

2. Perform a physical examination, 

a. What is the body weight of the foal (measured by 
using either a scale or weight tape)? What is the body 
condition score (BCS) of the foal (see Table 9-21)? Is 
the foal small, thin, or underweight according to 
growth charts (Table 9-2, Fig?, 9-1 and 9-2)? 

b. Does the foal show any signs of infectious disease 
(current or resolved)? 

c Does the foal have evidence of a congenital abnormal¬ 
ity (cardiac, renal, gastrointestinal, oral)? 
d. Does the foal have any musculoskeletal abnormalities? 

3. Examine the feces. 

What is the consistency of the feces? Refer to Chapter 
20 for the diagnosis and management of neonatal diar¬ 
rhea; refer to Chapter 7 if the foal is older and has evi¬ 
dence of diarrhea. Is there evidence of sand in the 
manure? Perform a fecal egg count. If the foal has a pos¬ 
itive fecal egg count, follow the parasite control program 
recommendations in Chapter 49, If a negative fecal egg 
count is reported but parasitic infestation is still sus¬ 
pected, repeal the test in 2 to 3 weeks or follow the 
deworming protocols in Chapter 49. Evaluate the feces 
occult blood. If the foal has a positive fecal occult blood 
test, review the medical management for melena in 
Chapter 7. 



Weight as a Percentage of Mature Body Weight in Horses 


1 Age 

(Months) 

Ponies' 1 

(%) 

Light 

Horses 1 3,5 (%} 

Draft j 

Horses (%) 1 

6 

55 

46 

40 

12 

75 

67 

57 

18 

04 

00 

75 



FIG* 9-1 H Farimaied weight gain of horses of various mature body 
weights. (Modified from National Research Council [NRC|: Nutrient require - 
menu of honey Washington, DC, 1978, National Academy orSciences, NftC.) 

4. Perform blood analyses. 

a. Perform a complete blood count (CBC) and include 
a plasma protein and fibrinogen concentration. If the 
foal is anemic, determine the cause of the anemia fol¬ 
lowing the guidelines in Chapter 24. If the foafs CBC 
indicates inflammation, review Chapters 25 and 26 
and select appropriate ancillary diagnostic tests to iden¬ 
tify the source of the infection or inflammation. 

b. Perform a serum biochemical analysis. Evaluate the 
results for evidence of systemic disease. Serum albumin 
is usually within normal limits with PCM until the con¬ 
dition is terminal. Serum glucose is usually normal but 
it may be decreased in neonatal foaJs with sepsis. Serum 
glucose may be elevated m stressed animals. Serum 
urea nitrogen and creatinine concentrations are ele¬ 
vated in foals with renal disease. Serum urea nitrogen 
decreases in cases of chronic protein malnutrition. 

c If the foal has evidence of systemic disease, perform 
ancillary diagnostic tests to identify the source of the 
illness, then manage the case with appropriate medi¬ 
cal or surgical imervemion- 

5, Analyze the diet and improve the feeding program. 

a* Determine whether the energy, protein, mineral, and 
vitamin content of the diet meets the requirements 
of the growing foal (Table 9-3). 

L Young horses require adequate levels of essential 
amino acids for growth. Lysine is the first and three* 
nine is the second limiting amino add in the equine. 



FIG. 9-2 II A lo Gr Body weight as a percenlage of mature body weight for horses at a given age. (A modified from Cramptnn WW: f AgrL c Honk 26:172, 
3 92$; B modified from Lewis LP: Feeding and care pf the hone, Philadelphia, 1982, I^a & Febigen C modified from Mintz IIF: Factors affecting ihe growth rate 
of horses, Hene Short Course froceeding?' Texas A&M Animal Agriculture Conference. 1979, College Station, Texa^J 



TABLE 9-3 


Daily Nutrient Requirements for Growth in Eqnines of Various Mature Body Weights 


Mature Body 
Weighl (kg/lb) 

Category 

Weight 

kg lb 

Dally Gain 

kg lb 

Digestible 

Energy 

[Meal) 

Crude 
Protein (g) 

Lysine (g) 

Calcium (g) 

Phosphorus (g) 

Ponies 200 kg 

Nursing foal (4 months 

67 

147 

0.34 

0.75 

5.3 

268 

11,5 

15.6 

8,7 

[440 lb) 

of age) 

Weanling [6 months of age) 

86 

189 

0.29 

0.64 

6.2 

270 

11.6 

15,5 

8,6 


Yearling (12 months of age) 

128 

282 

0 18 

0.40 

7.5 

338 

14.5 

151 

8.4 

Konws 400 kg 

Nursing foal (4 months 

135 

297 

0.67 

1.47 

10.6 

535 

23.0 

31.3 

17.4 

(800 lb) 

Ofagy) 

Wean ting (6 months of age) 

173 

381 

0.58 

1 28 

3 2,4 

541 

23,3 

309 

17.2 


Yearling (12 months of age) 

257 

565 

0.36 

0.79 

15.0 

677 

21.9 

30,1 

16,7 

Horses 500 kg 

Minting foal (4 months 

168 

370 

0-84 

1.85 

11.3 

669 

28.8 

39. J 

21,7 

(1100 lb) 

of age) 

Weanling (4 months of age) 

216 

475 

0.72 

1.58 

15,5 

676 

29.1 

38.6 

21.5 


Yearling (12 months of age) 

321 

706 

0,45 

1.0 

18.8 

846 

36,4 

37,7 

20,9 

Horses 600 kg 

Nursing foal (4 months 

202 

444 

1.0! 

2.22 

15,9 

803 

34.5 

46.9 

26.1 

[1320 lb) 

of age) 

Weanling (6 months of agp) 

259 

570 

007 

1,91 

18.6 

811 

34.9 

46.4 

25,8 


Yearling (12 months of age) 

385 

847 

0 54 

1 19 

22,5 

1015 

43,6 

45.2 

25-1 



Modified from National Research Council (NRC) Nutrient mfurremenu of herons, Washington* DC* 2007, NaiiCrttol Academics I'ttsS. 
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Forage and Large Animal Feed Sampling Instructions 


SAMPLING PASTURE 

1. Collect pasture samples from a 1 -foot-square area. Sample only the same type of forage that the horses are grazing. Sample 10 to 20 sites. 

2. Using scissors, cut the pasture to within 1 inch of the ground. Do not collect soil-contaminated pasture. Cut all samples to a length 
of 1 inch, and place all samples imo a dean bucket. 

3. After sampling is complete, mix the samples well and place the forage into a plastic sealable bag (1-gallon Ziplock). Label die bag 
with the date of sampling the collection site, and the owner's name. 

4. If the sugar and starch content of the sample is of special interest, the sample should be frozen and shipped on tee to the analysis 
company. 

SAMPLING HAY USING A CORE HAY SAMPLER 

I- Choose 10 to 20 bales randomly from the hay shipment. Only one type of forage should be submitted for analysis in the same 
container. If more than one type of hay is analyzed, each should be placed imo a separate, labeled plastic bag. 

2. Use the core hay sampler with a ratchet brace or drill to collect two samples from each bale. Square bales should be sampled from 
the long end of the bale. Round bales should be sampled along a horizontal line at the curve of the bale. Place all samples into a 
plastic sealable bag (1-gallon Ziplock), and label the bag with the date, type of hay, and owner's name, 

SAMPLING HAY BY HAND 

L Choose 10 to 20 bales randomly from the hay shipment Only one type of forage should be submitted for analysis in the same 
container. If more than one type of hay is analyzed, each should be placed into a separate, labeled plastic bag 

2, Open the bale, and divide the bale in thirds. Collect a handful of hay from the center of the bale at each site (two samples per 
bale). Include everything that you have grabbed (including weeds and other plants) in the sample. Cut all samples to a length of 
l inch, and place all samples into a dean bucket. Thoroughly mix the cut hay samples, place the forage into a plastic sealable bag 
(1-gallon Ziplock), and label the bag with the date, type of hay, and owner's name. Ensure that all pans of the sample (leaves and 
stems) are included in the final sample. 

SAMPLING GRAIN OR PELLETED FEED 

1, Analysis of two to four samples from 10 bag? is recommended to obtain a representative sample of feed. Only one type of feed 
should be submitted for analysis in the same container. If more than one type of grain or pelleted feed is analyzed, each should be 
placed into a separate, labeled plastic bag. 

2, Open a bag or a bin, and obtain a 2- to 4-ounce sample from two to four locations in the bag or bin, A sample should be obtained 
from the bottom of the bin or bag to ensure that a sample of the settled feed is analyzed. When multiple bags or bins are sampled, 
samples from each bin or bag should be placed into a dean plastic bucket. Once all sampling has been completed, the feed sample 
should be mixed well, and approximately 1 pound of the feed should be placed into a plastic sealable bag (1-gallon Ziplock). label 
the bag with the date, type of feed, and owner's name. 


Growing foals should consume 4.3% of their crude 
protein requirement as lysine {multiply the crude 
protein requirement by 4.3%), 6 Growing foals 
should also consume at least 0.5% threonine (DM) 
in their diet. Soybean meal and alfalfa hay contain 
approximately 3*3% and 0.9% lysine (DM), respec¬ 
tively, whereas cereal grains are poor sources of 
lysine. 

ii. Milk replacer 

If the foal is consuming a milk replacer, review the 
guaranteed analysis for the nutrient content of the 
product* Review the mixing instructions with the 
owner or farm manager. Develop a feeding program 
appropriate for the foal's age. 

iii. Forage 

The most accurate way to determine the nutrient 
comem of forage or pasture is with an analysis. 
Forage sampling instructions and forage analysis 
companies are listed in Boxes 9-3 and 9-4. University 
Extension services often provide a forage analysis ser- 
vice* If the diem does not purchase a large volume 
of hay, or if analysis cannot be performed, forage 
tables from the Nutrient Requirement Council refer¬ 
ence books (www.nap*edu) or nutrient tables from 
the Equi-Analytical Laboratories forage laboratory 
database (www.equi-analytical.com) can be refer¬ 
enced to estimate the concentration of different nutri¬ 
ents in common forages and supplemental feeds. Use 
the daily nutrient requirement table (see Table 9-31 to 
recommend the type and amount of forage the foal 



Feed Analysis Companies 


1. Equi-Analytical Laboratories/Dairy One 
730 Warren Road 

Ithaca, NY 14850 
(877) 819-4110; (800) 496-3344 
www. equi -analytical .co m 
www.datryone.com 

2. Cumberland Valley Analytical Services, Inc. 
P.O Box 669 

Maugansville, MO 21767 
UPS/FedEx: 14515 industry Drive 
Hagerstown, MD 21742 
(800) 282-7522 
www forageiab com 

3. Eurofios Scientific, Inc* 

P.O. Box 1292 

Des Moines, LA 50305 
UPS/FedEx: 3507 Delaware Avenue 
Dos Moines, IA 50313 
(800) 880-1038 
www .eurofi nsus. co m 


should consume based on the nutrient content of the 
forage, 

iv. Commercial feeds and grain mixes 

The guaranteed analysis on the feed tag label pro¬ 
vides the nutrient content of certain ingredients. 
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Contact commercial feed companies for the energy 
content of their product. Make recommendations 
about the appropriate use of commercial equine feeds, 
grain, or grain mutes for young growing foals based on 
the clinical health of the foal, 
v. Vitamins and minerals 

Ensure that the diet meets the vitamin and 
mineral requirements of the foal. Supplement the 
diet if necessary. 

b. If the foal or weanling has a nutrient deficiency, the 
problem should be corrected by a change in the diet 
or through appropriate parenteral supplementation. 

c. If the diet history indicates that, nutrients for mainte¬ 
nance and growth have been steadily consumed, the 
search for another cause of decreased growth and 
decreased weight gain should continue. 

6. Perform ancillary diagnostic tests. 

If the cause of the decreased growth and/or poor 
weight gain has not been determined, additional diag¬ 
nostic tests should be performed. Possible tests include, 
but are not limited to ultrasound, radiographs, serum 
or whole blood trace mineral analysis, and carbohydrate 
absorption tests (oral o-glucose, u-xylose). 

Approach to the Diagnosis and Management 
of Decreased Growth and Decreased Weight Gain 
in Ruminants 

1. Take a general history and a diet history, 

a. General History 

i. What is the age of the animal? When was a decrease 
in growth observed? How many animals in the 
herd are affected? What are the ages of the affected 
animals? 1 las the herd had historical problems with 
growth of the young? 


ii. Identify the problem as acute, subacute, or 
chronic. 

iiL Check for signs or history of previous infectious 
disease. 

iv. Determine the parasite control procedures for the 
animal or herd. 

v. Examine the environment, including feed prepa¬ 
ration areas and equipment, for possible toxic 
substances (e.g„ zinc from galvanized buckets). 

b. Diet history 

i. Obtain an accurate diet history, including diet 
information when a milk or milk replacer diet is 
being fed (birth to 2 or 3 months of age), Note 
the age and condition of the dam if patient was 
suckled before weaning. An accurate postweaning 
dietary history is essential. Suckled animals are 
developed ruminants at weaning, but hand-reared 
animals (dairy calves, bummer lambs, and dairy 
kids) are usually not fully developed ruminants 
at the time they are weaned from milk. 

ii. Inspect all forages and concentrates for quality, 
signs of spoilage, or abnormal color or odor. 
Has an analysis been performed on the forage? 
Is the feed formulated appropriately? 

iii. Because ruminants are often fed in groups, note 
whether all animals have adequate space to eat 
simultaneously. 

2, Perform a physical examination. 

a. Determine the patient's age and weight. Check the 
patient against age and weight charts (figs. 9-3 to 
9-6). 

b. Carefully note any signs of infectious or parasitic 
disease, 

c. Evaluate the animal for any signs of congenital 
abnormalities. 



Age (months) 

FIG, 9-3 H Minimum growth curve for dairy heifers. (From Sniflfen Cl: Feed Manage 35:37, 1984.) 
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FIG. 9-4 II Estimated grnwih curves for bee/ tow* of various breeds AK 
Angus; GC, Charolais; CA, Charolais k Angus; FA, Holstein x Angus. 
[ Modified from Nadarajah K, Marluwt 'H- N Oiler DR: Growth patterns of 
Angus, Charolais, Charolais X Angus and Holstein X Angus cows from birth 
to maturity, / Amm Sri 59:957, 1984.) 



FIG. 9-S II Mean growth curves of Angus (A) and Hereford (H) males (J) 
and Females (Sr)- (Modified from Brown ML Brown CL Butts WT; A discus¬ 
sion of the genetic aspects of weight, mature weight and rate of maturing 
in Hereford and Angus cattle, J Anim Sci 34525, 1972,) 


3. Examine the feces. 

Perform flotation, sedimentation, and Baermann's 
procedures to detect patent parasitic infestation. Perform 
a fecal occult blood test; if the result is positive or if there 
is evidence of diarrhea, see the section on melena or 
diarrhea in Chapter 7. If dianhea is noted in neonatal 
calves, refer to Chapter 20 for diagnostic and therapeutic 
management, 

4. Perform blood analysis. 

a. Perform a CBC, including plasma protein and fibrino¬ 
gen. Calculate the erythrocytic indices, and document 
and characterize the anemia if present. If a herd prob¬ 
lem exists in a selenium-deficient region, measure the 
whole blood selenium concentration or glutathione 
peroxidase activity. 



FIG. 9-S II Growth curve for young goats [Modified from Morand-Fehr 
F, Hervieti l lias P, Sauvjiu D: Ptoc Jliind 1 Jut ConfGoat Prod Da 3:96. 1982.) 


b. Perform a serum biochemical analysis. Serum albu¬ 
min is decreased late in PCM. Albumin is normally 
lower in neonates (approximately 1 g/dL less) than 
in adults, The blood urea nitrogen (BUN) level is 
often low in ruminants as a result of urea recycling 
through saliva. Total serum calcium may be decreased 
with hypoalbuminemia (ionized serum calcium 
remains normal}, anorexia, or hypocalcemic syn¬ 
dromes (milk fever). Serum phosphorus may be 
increased during severe starvation or decreased with 
anorexia. 

Hypophosphatemia may be the result of dietary 
deficiency or Brassica feeding, or it may be associated 
with copper deficiency. Measure serum (plasma) cop¬ 
per if a herd problem exists in a copper-deficient 
region (or a region with excess molybdenum or sul¬ 
fate or both). Copper (serum or plasma) concentra¬ 
tions below 0.5 pg/mL (ppm) indicate deficiency. 
Liver copper levels are even more indicative of status. 
Serum glucose may be increased with stress or 
decreased or normal near death. 

5. Analyze the diet and improve the feeding program. 

Compare nutrient intake with the requirements for 
maintenance and growth of the various ruminant spe¬ 
cies (Tables 9-4 through 9-10), if the neonate is being 
fed a milk diet, evaluate the quality of the product 
and ensure that the animal's intake meets the dietary 
requirements (see Tables 9-4 and 9-5), Ensure that the 
milk replacer is mixed properly. If the ruminant is con 
suming a grain mix or forage, ensure that the quantity 
and the quality of the feed are adequate to allow suffi¬ 
cient intake in developed ruminants (see Table 9-1). 
Forage sampling instructions are listed in Box 9-3. 
if anorexia is present, look for more specific signs of 
a primary disease process. If the diet supplies adequate 
nutrients for maintenance and growth, consider 
decreased growth and decreased weight gain to be 
caused by a primary disease condition. 



TABLE 9-4 


TABLE 9-5 


Daily Energy and Protein Requirements for 50-kg 
Calves on a Milk Diet 



Digestible Energy 
Requirements 

Digestible Protein | 
Requirements 1 

Maintenance 

45-55 kcal/kg body 
weight 

0.5 g/kg body weight 

Gain 

500 kcal/100 g gain 

22 g/100 g of weight 


in body weight* 

gain* 

0.5 kg 
daily gain 

1500 kcal 


1 kg daily 

3000 kcal 


gain 




*A 50-kg «lf gaining 0 75 kg/day would have a daily energy requirement of 
5000 krai of digestible energy {2750 kcal maintenance 4 2250 kcal/0.75 kg 
of gain), 

'A 50-kg calf gaining 0,75 kg/day would have a daily protein requirement of 
190 g of digestible protein (25 g of maintenance t 165 g of gain). 


Net Energy (NE) Requirements of Young Lambs on 
Milk-Replacer Diets* 


Average Daily 
Gain (g) 

Body Weight in Kilograms (Pounds) 

s 

(11) 

7.5 

(165) 

10 

(22) 

12.5 

(27.6) 

15 

(33) 

NEm required, 

KCAUDAY 





359 

487 

603 

712 

817 

NEg required 

KCAUDAY 




100 

127 

172 

214 

253 

290 

150 

193 

262 

325 

383 

440 

200 

261 

353 

438 

518 

594 

250 

330 

447 

555 

655 

751 

300 

401 

543 

674 

796 

913 

350 

473 

641 

796 

940 

1078 

400 

547 

742 

921 

1088 

1247 


from Chiou PWS, Iordan RM: Ewe milk rcplacer diets for young lambs. TV. 
Pmrein and energy requirements of young lambs, J Anim Sd 37:581, 1973. 
NEm, Nei energy of maintenance, NiL, net energy of gain. 

•Protein requirements for young lambs on a milk-replacer diet are approxi¬ 
mately 20 g, 40 g and GOg for weight gains of 0, 100, and 2O0g/day. 
respectively 


TABLE 9-6 


Net Energy (NE) Requirements for Growth of Beef Cattle (Mcal/day) 




Body Weight in Kilograi 

ms/(NE m Required) 


Daily Gain (kg) 

200 (4.1) 

250 (4.84) 

300 (5.55) 

350 (6.23) 

Medium-frame steer calves NEj, required 

0.5 


1.27 

1.50 

1,72 


1,93 

1.0 


2.72 

3.21 

3,68 


4,13 

1.5 


4.24 

5.01 

5,74 


6,45 

Growing bulls 


300 (6.38) 

400 (7.92) 

500 (9,36) 

600 (10.7) 

Weight (kgJ/NEn, required 






0.5 


1.72 

2,13 

2.52 


2,89 

1.0 


3.68 

4.56 

5.39 


6,18 

1.5 


5.74 

7,12 

3.42 


9.65 

Modified from National Research Council (NRC): 

Nutrient requirement* of free/ axttie, 7lh wised edit ion, Washington. 

DC 1996, National Academy of 

Sciences, NRC. 







NE^, Net energy of maintenance; NE^, net energy of gain 






TABLE 9-7 


IS • $BSt 

^ • ._ 




Daily Nutrient Requirements for Growth of Dairy Calves 

1 Body Weight 


Digestible 

Metabolizable 




1 Age 

Daily 

Energy 

Energy 

Crude 

Calcium 

Phosphorus 

1 (kg) (1b) Breed (Weeks) Gain (kg) 

(Mcal/day) 

(Mcal/day) 

Protein (g) 

(g) 

(s) 

HEIFERS AND BULLS FED ONLY MILK 

25 55 Small 1 

0.2 

1.56 

1-50 

70 

6 

4 

30 66 Small 3 

0,4 

2.31 

2,22 

124 

7 

4 

45 99 Large 1 

0,2 

2.30 

2,21 

81 

8 

5 

50 110 Large 3 

06 

3.86 

3.70 

185 

9 

6 

GROWING HEIFERS AND BULLS FED MIXED DIETS 





50 110 Large 3 

0.5 

5.42 

5.20 

198 

10 

6 

GROWING DAIRY HEIFERS 

100 220 Small 26 

05 

8.35 

8,00 

360 

16 

6 

200 440 Small 54 

0.5 

14,06 

13,5 

586 

20 

13 

300 660 Small 83 

0.5 

18.74 

18.00 

746 

23 

17 

GROWING DAIRY BULLS 

100 220 Small 26 

Oh 5 

8,35 

8.0 

361 

16 

8 

200 440 Urge 24 

05 

13,66 

13,1 

602 

20 

13 

300 660 Large 38 

0.5 

18.56 

17,8 

777 

24 

18 


Modified from National Research Council (NRG): Numenr fft/uirerwenu of dairy catite, Washington, DC 1978, National Academy of Sciences. NRG: and 
firom NRC: Nurrienl reifuiremeftts of dairy cattle, Washington DC 2001, National Academy of Sciences, NRC. 
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TABLE 9-8 


■ 


TABLE 9-9 


Protein Requirements for Growth of Beef Cattle 
(Crude Protein g/day) 


Daily 

Body Weight 

in Kilograms 

Gain (kg) 

200 

250 

300 

350 

MEDIUM-FRAME STEER CALVES 



0.5 

531 

588 

645 

692 

1 

747 

805 

861 

903 

L5 

959 

1014 

1069 

U03 


Modi lied from National Research Council -{NJtCp Nutrient requirements of 
beef cattle, 7th revised edition, Washington DC 1996, National Academy of 
Sciences, NRC. 


Calcium (Ca) and Phosphorus (P) Requirements 


for Growth of Beef Cattle (glday) 

Daily 

Mineral 

Body Weight 

in Kilograms 

Gain (kg) 

200 

250 

300 

350 

MEDIUM-FRAME STEER CALVES 




0.5 

Ca 

20 

21 

21 

22 


P 

11 

n 

14 

15 

1 

Ca 

33 

33 

32 

32 


P 

16 

16 

16 

16 

1.5 

Ca 

45 

44 

42 

41 


P 

21 

21 

20 

20 


Modified from National Research Council (NRC): Nutrient requirements of 
beef cattle, 7th wised edition, Washington, DC, 1996, National Academy of 
Sciences, NRC. 


TABLE 9-10 




Nutrient Requirements for Growth in Sheep of Various Mature Body Weights 


Category 

Body 

Weight 

kg lb 

Daily Cain 

kg lb 

Metabolizable 
Energy (Meal) 

Total 
Digestible 
Nutrients (kg) 

Crude 

Protein 

(8) 

Calcium 

(b) 

Phosphorus 

(g) 

Replacement ewe 

30 

66 

0.23 

0.5 

2.8 

0,78 

185 

6.4 

2.6 

Jambs 


40 

88 

0,18 

0,4 

3.3 

0,91 

176 

5.9 

2.6 


50 

no 

0.12 

0.26 

3.2 

0,88 

136 

4,8 

2.4 


60 

L32 

0.1 

0.22 

3.2 

0 88 

134 

4,5 

2.5 

Replacement ram 

40 

88 

0,33 

0.73 

5 

1.1 

243 

7.8 

3.7 

lambs 


60 

132 

0.32 

0.7 

6.7 

1.5 

263 

8.4 

4.2 


80 

176 

0.29 

0.64 

7,8 

1.8 

268 

8,5 

4.6 


100 

220 

0.25 

0.55 

8.4 

1.9 

264 

8,2 

4.8 

Finishing lambs 

30 

66 

0.29 

0,65 

3,4 

0.94 

191 

6.6 

3.2 

(4-7 months) 


40 

S3 

0.27 

0.6 

4.4 

1.22 

185 

6,6 

3,3 


50 

no 

0.2 

0.45 

4.4 

1.23 

160 

5,6 

3 

Eaxlv weaned 

10 

22 

0.2 

0.44 

1,4 

0.4 

127 

4 

1.9 

lambs— 

moderate 

growth 


20 

44 

0,25 

0.55 

2.9 

0.8 

167 

5,4 

2.5 


30 

66 

0.3 

0.66 

3.6 

1 

191 

6.7 

3.2 


Modified from National Research Council (NRC); NutrifunuJ mprfrtHtfrtto of sheep, Washington. DC, 1978, National Academy of Sciences, NRC 


WEIGHT LOSS 

The clinical problem of weight loss suggests that an individ- 
ual large animal patient or a herd has Lost weight over a 
known period of time. It may also suggest that the patient 
has reached a subnormal adult weight and size (see section 
on decreased growth and decreased weight gain, earlier). Late 
pregnancy, early Lactation, and intense exercise are normal 
physiologic conditions commonly accompanied by mild to 
moderate weight loss. Late pregnancy can be associated with 
decreased body condition without actual weight loss, because 
weight is gained with the conteptus. During pregnancy and 
lactation the loss of body condition may be mild, resulting 
in a low normal BCS, or the loss may be severe and can 
threaten the health of both the dam and the neonate. 


Weight loss in adult animals is most commonly asso¬ 
ciated with one or more of the following circumstances 
(other causes are listed in Boxes 9-5 and 9-6): 

■ Anorexia 

■ Increased nutrient demands 

■ PCM 

* Micro nutrient deficiencies 

■ Parasitism 

Anorexia usually occurs secondary to a primary disease. 
Increased nutrient requirements are associated with nor¬ 
mal physiologic conditions (e.g„ pregnancy, lactation, 
exercise, cold weather) and with pathologic processes 
{e,g„ sepsis, trauma, parasitism, burns). Mild to severe 
PCM is often associated with inadequate feed quality (see 
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Causes of Weight Loss in Horses 


COMMON CAUSES 

Equine adenovirus 

Protein-calorie malnutrition (PCM) 

Equine viral arteritis 

Parasitism 

Equine infectious anemia 

Dental r jaw abnormalities 


Sand enteropathy 

UNCOMMON CAUSES 

Chronic colonic impaction 

Rabies 

Gastric ulcers 

Nigropallidal encephalomalacia 

Right dorsal colitis 

Botulism 

Peritonitis 

Nutritional myodegeneration 

Internal abdominal abscess 

Rectus tapitus ventral is muscle rupture 

Streptococcus equi (lymph node abscessation, pulmonary or 

Skeletal or vertebral neoplasia 

mesenteric abscessation) 

Spinal abscessation 

Pneumonia (bacterial, viral) 

Micnmema deletrix infection of the central nervous system 

Pleuritis, pleuropneumonia, pulmonary abscessation 

Rhodococcus equi infection 

Chronic obstructive pulmonary disease 

Tuberculosis 

Chronic renal failure 

Pleural mesothelioma 

Acute renal failure 

Pneumocystis carinii pneumonia 

Pituitary pars intermedia dysfunction 

Pulmonary aspergillosis 

Neoplasia (alimentary tract) 

MicropolyspOTO faeni hypersensitivity pneumonitis 


Testicular neoplasia 

LESS COMMON CAUSES 

Mammary carcinoma 

Guttural pouch infection 

Ovarian adenoma 

Otitis media, interna 

Pancreatic neoplasia 

Paranasal sinus infection 

Malignant mesothelioma 

Oral foreign body 

Pulmonary neoplasia 

Vesicular stomatitis 

Strongyfiis vulgaris thromboembolism 

Esophageal abnormalities (esophagitis, diverticula) 

Portal vein shunt 

Gastric squamous cell carcinoma 

Liver fluke 

Duodenal ulcers 

Theiler's disease 

Gastric impaction 

Basophilic enterocolitis 

Lymphocytic-plasmacyte enterocolitis 

Ileal hypertrophy 

Eosinophilic enterocolitis 

Myeloproliferative disease 

Multi systemic eosinophilic epithdiotropic disease 

Pyloric stenosis 

Granulomatous enteritis 

Colonic fistula 

Proliferative enteropathy 

Prognathia, brachygnathia 

Idiopathic diarrhea 

Aortic aneurysm 

Toxic hepatopathy 

Enzootic cystitis 

Chronic hepatitis 

Polycystic disease 

Cholelithiasis 

Pheochro motyto ma 

Pyrrol uridine alkaloid hepalotoxicity 

Hyperparathyroidism 

Amyloidosis 

Diabetes mellitus 

Urolithiasis 

Systemic granulomatous inflammation 

Rena) tubular acidosis 

Seborrhea 

Glomerulonephritis 

Bullous pemphigoid 

Pyelonephritis 

Panniculitis 

Renal neoplasia 

Lupus erythematosus 

Urinary bladder neoplasia 

Pemphigus foliaceous 

Osteomyelitis 

Eosinophilic dermatitis 

Infectious arthritis 

Horsefly-d eerily infestation 

Atrial fibrillation 

Wound myiasis 

Cardiac or great vessel anomalies 

Steatitis 

Congestive heart failure 

Goiter 

Endocarditis, pericarditis 

Erythrocytosis 

Splenic rupture, abscess 

1 li stopl asm os is 

Lymphoma, lymphosarcoma 

Phyco mycosis 

Malignant melanoma 

Fungal granuloma 

Granulosa cell tumor 

Tularemia 

Purpura hemorrhagica 

Babesiosis 

Autoimmune anemia or thrombocytopenia 

Brucellosis 

Cauda equina neuritis 

Phosphorus deficiency 

Equine motor neuron disease 

Vitamin A deficiency 

Nocardiosis 

Multiple cartilaginous exostoses 

Goccidio idomy costs 

Trypuncwma evami infection (exotic) 

Cryptococcosis 

TrombiculiasiS (exotic) 

Aga m m agl obul i nem i a 

Nagana (exotic) 

Anhidrosis 

Pseudomonas pseuibmallei infection (exotic) 

Giardiasis 

Uasin Gishu skin disease (exotic) 

Afia toxicosis 

Besnoitiosis (exotic) 


Continued 
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BOX 9-5 


Causes of Weight Loss in Horses — cont'd 


UNCOMMON CAUSES—cont’d 

Vitamin K a 

Dourine (exotic) 

4-Ajninopyridme 

Glanders (exotic) 

Pentaehlorophenol 

Grass sickness {exotic) 

Dioxin 

touping ill (exotic) 

Aria toxicosis 

Ttypanosonuj equmum infection (exotic) 


Trypanosoma hippiaim infection (exotic) 

PLANT TOXINS 

Stachybotryotoxieosis (exotic) 

Yellow star thistle 

i 

Red maple leaf 

TOXINS 

White snakeroot (tremetol) 

Phenylbutazone, flumxln, and other nonsteroidal 

Plant calcinosis 

antiinflammatory drugs 

Thomapple 

Vitamin D calcinosis 

Crofton weed 

Zinc 

Pimela (exotic) 

Selenium 

Swainsonia (exotic) 

Fluoride 

Birdsvillc disease (exotic) 

Arsenic 

Pachysandra paralysis (exotic) 

Mercury 



BOX 9-6 


Causes of Weight Loss In Ruminants 


COMMON CAUSES 

Lice or ked infestation 

Protein-calorie malnutrition (PCM) 

Hepatic abscess 

Bacterial pneumonia, pulmonary abstessation 

Liver fluke infestation 

Parasitism (Jungworms, gastrointestinal parasites) 

Pasteurel Iosis, septicemic 

Johne's disease (paratuherculosis) 

Pregnancy toxemia 

Bovine leukosis 

Blueiongue (O) 

Peritonitis 

Cryptosporid iosis 

Ruminal lactic addosis 

Mammary abscess 

Urolithiasis 

Wound myiasis 

Pyrroliaidine alkaloid toxidty 

Diarrhea, unknown cause 

Displaced abomasum 


Hepatic abscess 

LESS COMMON CAUSES 

Abomasa! ulcer 

Rabies 

Rotavirus diarrhea 

Sarcocystosis (B) 

Coronavirus diarrhea 

Sodium chloride deficiency 

Sarcoptic mange 

Cardiac or great vessel anomalies 

Foot rot 

Thymic lymphosarcoma (B) 

Pedal osteomyelitis 

Tuberculosis 

Sole abscess 

Ulcerative stomatitis 

Traumatic reticuloperitonitis, pericarditis 

Vesicular stomatitis 

Ketosis 

Sail toxicity, water deprivation 

Vagal indigestion 

Psoroptic mange 

Winter dysentery (R) 

Post parturient hemoglobinuria 

Salmonellosis 

Malignant catarrhal fever 

Fat necrosis (B) 

Aspiration pneumonia 

Aciinobaci Hosts 

Brisket disease 

Actinomycosis 

Neoplasia 

Pharyngeal, retropharyngeal abscess 

Omasa] impaction 

Pyelonephritis, cystitis 

Abomasa 1 impaction 

Selenium deficiency 

Listeriosis 

Bovine virus diarrhea (B) 

Pteuritis 

Coccidiosis 

Renal amyloidosis 

Copper defidenty 

Acute renal failure 

Dental abnormalities 

Hydronephrosis, urachal abscess, bladder abscess 

Enterotoxigenic colibadHosts 

Derm atophi Iosis 

Agammaglobulinemia (failure of passive transfer) in neonates 

Glomerulonephritis 

Fescue toxidty (B) 

Ihiamine defidency 

Anaplasmosis (E) 

Fluorosis 

Septic arthritis 

Esophageal malfunctions 

Infectious bovine rhinotracheitis (B) 

Cobalt deficiency 

Intussusception 

Coenurosis (gid) 

Leptospirosis 

Congenital porphyria 

Mastitis, coliform or staphylococcal 

Endocarditis 
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BOX 9-6 


Causes of Weight Loss in Ruminants—cant'd 


LBSS COMMON CAUSES—cont'd 

Aftetoxkosis 
Eperythrozoonosis 
Mandible, maxilla fracture 
Goiter 

Lingual injury, abscess 
Vena caval thrombosis 
Colonic obstruction 
Otitis media, extern a 
Papular stomatitis (B) 

Micropolyspora ft&ni hypersensitivity pneumonitis 

Loss of teeth, periodontal disease 

Sinusitis 

UNCOMMON CAUSES 

Buss disease (Transmissible serosifis) (B) 

Neoplasia (other than bovine leukemia virus) 

Systemic candidiasis 
Local and systemic mycoses 
Myatpkumd arthritis 
Ulcerative posthitis, vulvitis (B) 

Polycythemia (B) 

Phosphorus deficiency 
Vitamin A deficiency 
Zinc deficiency 

Bovine spongiform encephalopathy 
Meuse-Rhine-Yssel muscular dystrophy (B) 

Epidermolysis bullosa (B, Q) 

Familial acantholysis 
Portal vein anomaly 
G ranul ocytopathy 
Pulmonary listeriosis 
Cholelithiasis 
Bronchobiliary fistula (B) 

Hypersen si livity to soy or mUk replacer 
Diabetes mellitus 

Idiopathic granulocytopenia or thrombocytopenia 
Endocardial fibroelastosis (B) 
a-Mannosidosis (R) 

Fungal granuloma 
Generalized glycogenosis (B) 

CM I gangliosidosis 
Hereditary zinc deficiency (B) 

Lethal trait A-46, keratogenesis imperfecta (B) 

Omental bursitis (B) 

East Coast fever (theileriosis) (exotic) 

Tick-borne fever (exotic) 

Idiopathic sporadic bovine encephalomyelitis (exotic) (B) 
Surra (exotic) (B) 

Trypanosomiasis (exotic) 

Melioidosis, PjeudnmorMs pseudomo^ei (exotic) 

Petechia] fever (exotic) (B) 

Besnoitiosis (exotic) 


Jbaraki disease (exotic) (B) 

Turning sickness (exotic) (B) 

Contagious pleuropneumonia (exotic) (B) 
Schistosomiasis (exotic) 
lx>upmg ill (exotic) 

Foot-and-mouth disease (exotic) 

Lethal skin defects in Japanese black cattle (exotic) 
Fxhinococcosis (exotic) 

Endemic ethmoid carcinoma (exotic) 

African bovine malignant catarrhal fever (exotic) 
Idiopathic storage disease in caule (exotic) 
Babesiosis (exotic) 

TOXINS 

Selenium 

Trichothecene (T-2) 

Vitamin D 3 
Diesel fuel 

Polybrominated biphenyls 

Cobalt 

Herbicides 

Zinc 

Furazolidone 

4-Aminopyridine 

Chlorpyrifos 

Toxins associated with crude oil, kerosene 

Ergotism 

Arsenic 

Lead 

Mercury 

Ethylene glycol 

Stachybotryoioxkosis (exotic) 

PLANT TOXINS 

Gossypol (cottonseed) 

Helentum, sneezeweed 
Acorn, oak 
Bracken fern 

Perennial broomweed (Cutierrezta) 

Cocklebur 

Hairy vetch (Vida villosa} 

White snake root (tremetol) 

Mushroom 
Tung tree 

Fire weed (Kochia scaparia) 

Loco weed (Oxytrcpis, Ajrrngnhu) 

Phalaris species 
Bermuda grass 
Pimela species (exotic) 

Geigena species (exotic) 

Centrum species (exotic) 

Yellow wood (exotic) 

Leucaena leucocepkala species (exotic) 


B, Bovine; O, ovine. 


Table 9- 1) or quantity but can also be caused by increased 
energy requirements resulting from adverse environmental 
conditions. Weight loss can also occur with a deficiency of 
essential micronutrients such as copper, cobalt (vitamin 
B u ), or vitamin A, Parasitism should always be on the dif¬ 
ferential list in an animal that has lost weight. 

Mechanisms of Weight Loss 

Anorexia is the loss of appetite or lack of desire for food; it 
may be complete or partial. It is a primary mechanism for 


weight loss of short or intermediate duration. Weight loss 
results from decreased nutrient intake. When partial 
anorexia occurs over a long period, the weight loss may be 
subtle and go unrecognized Acute, complete anorexia 
results in more dramatic weight loss. 

In domestic species, anorexia is usually associated with a 
primary disease condition and is regulated by cytokines, 
including interleukin (IL)-l and tumor necrosis factor alpha 
( I NF-a), released during an inflammatory response. Resolu¬ 
tion of the primary disease process usually results in a 
return to voluntary food consumption. Anorexia must be 



160 



two MANIFESTATIONS o* DISEASE 


differentiated from dysphagia by observation. The distinc¬ 
tion between the conditions that cause anorexia and those 
that control hunger and satiety is noi dear however, many 
diseases that cause anorexia also result in dehydration, elec¬ 
trolyte imbalances, and/or acid-base disorders. 

In addition to causing anorexia, many disease processes 
cause an increase in the nutrient requirements for basal metab¬ 
olism Nutrient requirements for maintenance, growth, preg¬ 
nancy. lactation, and exercise have been well defined for 
many targe animal specks. Nutrient requirements in disease 
have not been adequately evaluated in large animals, and most 
information is currently extrapolated from humans, labora¬ 
tory animals, and small animal specks In human patients 
published estimates indicate that requirements for energy 
and protein increase approximately 10% after elective surgery, 
20% with fractures, 30% to 60% with severe infection or sep¬ 
sis, 40% with peritonitis, and 50% to 110% with major 
bums. * In humans, the resting energy expenditure is esti¬ 
mated to increase by 14% for each degree Celsius increase 
in body temperature. 0 Extrapolation of these data directly to 
equine and ruminant patients is probably not possible: how¬ 
ever, the figures do indicate the degree of change in nutrient 
requirements as a result of disease. The stress of many disease 
processes results in an increase in serum cortisol and in gluca¬ 
gon. The decreased insulin/glucagon ratio alters the produc¬ 
tion of glucose and results in hyperglycemia because of 
enhanced hepatic gjuconeoeenesis, An increase in sympathetic 
activity appears to regulate fat oxidation, the increased release 
of fatty adds from cellular lipid stores, and the development 
of hypertriglyceridemia in many patients with sepsis Protein 
degradation and a negative nitrogen balance are also hall¬ 
marks of the acute response to infection. Weight loss resulting 
from protein and lipid catabolism is often observed in large 
animal patients with sepsis, owing to altered metabolic activity 
and nutrient requirements. 

In conditions such as bums, peritonitis, pleuritis, colitis, 
and granulomatous bowel disease, nutrients (particularly pro¬ 
teins) are lost. In many disease conditions, concurrent anorexia 
and increased nutrient requirements greatly increase the risk of 
PCM and weight loss. Certain conditions, such as fohne's dis¬ 
ease in ruminants and granulomatous enteritis in horses, are 
also associated with a malabsorption or malassimilation syn¬ 
drome In these types of diseases, nutrients are not efficiently 
digested and absorbed; anorexia may be absent, and dietary 
intake may appear normal, but weight loss still occurs, 

PCM continues to be a persistent problem in domestic 
animals. Inadequate ingestion of energy and protein obvi¬ 
ously results in weight loss, but PCM and associated weight 
loss can occur through several other mechanisms. The most 
direct cause is that the animal receives an inadequate volume 
of feed to meet their dietary requirements. This can occur as 
frank underfeeding of all animals or as a consequence of 
inadequate feeding facilities that create competition among 
animals for available feed. The latter circumstance occurs 
most dramatically when animals of varying ages are mixed; 
the younger animals with the highest requirements are often 
pushed away by older, dominant individuals. 

The quality of the diet, particularly dietary forages such as 
hay and pasture, is an important factor in the development of 
PCM and total nutrient intake. Table 9-1 lists guidelines for 
estimating the maximum daily intake by cattle. It is evident 
that as forage quality (digestibility) decreases, maximum 
daily intake decreases because poor-quality feed must remain 
in the rumen foj an increased period of time before it is suffi¬ 
ciently digested to allow passage through the reticuloomasal 
orifice. Maximum dry matter intake (DM!) as a percentage 
of body weight is somewhat higher in small ruminants than 
in cattle. However, the energy requirement per kilogram of 
body weight is higher in small ruminants than in cattle. 


Similar estimates for maximum DM I in horses related to for¬ 
age quality are noi available. Horses do not have a pregastric 
fermentation organ (rumen) and can ingest slightly more of 
the same quality forage than cattle. Low-quality forages are 
often the cause of PCM, even when an unlimited quantity is 
available. The best way to determine the nutrient content of 
forage, grain, and pelleted feeds is to have the feed analyzed 
by a forage laboratory. Feed analysis instructions are 
provided in Box 9-3. Feed tag labels or forage databases can 
be referenced if a forage analysis is not performed. 

Environmental factors can have a major influence on 
nutrient requirements and can increase the subsequent risk 
for PCM and weight loss. The most important environmen¬ 
tal factor is the ambient temperature Nutrient requirements 
for maintenance change with a decreasing ambient temper¬ 
ature as follows: 

» Mult hones: Estimated increase in digestible energy (DE) 
requirements by 2.5% for every degree Celsius below 
the lower critical temperature (LCT). The LCF for adult 
horses ranges from 5 C C to -15* C f depending on the 
horse's adaptation to the environment. In cold tempera¬ 
tures. when the hair coat is wet the maintenance DE 
requirement may be increased by as much as 50%. 10 
• B&f cauk: 1% increase in maintenance energy requirements 

( total digestible nutrients [TON], net energy of maintenance 
NEm), digestible energy |DEj, and metabolizable energy 
ME|) for each 1° G drop below 2Cf C (66° F). 

* Dairy autie (lactating): 25% increase in energy requirements 
(TDN, net energy of lactation [NE| ]) as ambient tempera 
ture drops from 20° C (6S F) to -10° C (14 s F). 

• Sheep ivUfi \0<tn wooL. 1% increase in energy' require¬ 
ments (TDN, ME, DE) for each 1* C drop below lower 
critical temperature (approximately -10* G), 

There are also additive effects of wind and rain that 
increase energy requirements in large animal species. As 
nutrient requirements increase, the dietary intake must also 
increase to prevent weight loss associated with PCM. Horses 
in inclement weather may not be able to consume enough 
forage to meet their increased energy requirements, and 
for these animals, dietary fat and limited grain supplemen¬ 
tation may be required, 

Deficiencies of micronutrients (trace minerals, B vita¬ 
mins) often result in inefficiencies in basic biochemical 
pathways. These inefficiencies, if marked, can be associated 
with weight loss. Genetic errors in metabolism can cause 
similar disturbances, but these usually manifest as decreased 
growth and even death in young animals. 

Parasitism is a common cause of weight loss in adult 
domestic animals. The mechanisms by which parasite infes¬ 
tation can result in weight loss include a loss of body fluid 
and tissues resulting in increased nutrient requirements, 
competition for nutrients in the gastrointestinal tract 
malassimilation and malabsorption, inflammation result 
ing in increased nutrient requirements, micronutrient defi¬ 
ciencies, and organ or vascular damage from migrating 
parasite larvae. Anorexia may also develop in the advanced 
stages of severe parasitism. 

Approach Co the Diagnosis and Management 
of Weight Loss in Adult Horses 

Use the flow sheet in fig, 9-7 to aid in decision making 
1. Take a general history and a diet history, 
a. General history 

l Is the weight loss affecting one animal, or many 
animals? If many horses are affected, what is the 
age range of the affected animals? How long has 
the caretaker noticed weight loss in the horse? 
E low much weight has been tost? Is this an estimate 
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Adequate dietary 
intake to meei 
normal nutrient 
requirements 


inadequate dietary 
Intake to meet 
nutrient requirements 



Primary disease 
not identified 
Reassess weight 
toss and/or 
dietary history 


increased nutrient 
requirements caused 
by primary disease 
process 
(or) 

Decreased assimilation 
of dietary nutrients 
(or) 

Parasitism 


Adequate feed 
available 


Adequate feed 
not available 


Anorexia, caused by 
primary disease Protein 

calorie 

malnutrition (PCM) 


FtC. 9-7 II Flow sheel for classifying conditions associated with weight toss. 


of weight loss, or have the horse(s) been monitored 
on a scale or with a weight tape? What is the change 
in BGS of the horse(s)? J las the diet been changed 
to manage the weight loss? Weight loss is often sus¬ 
pected but not documented in the initial complaint 
or history. Acute weight loss of 5% to 10% is signif¬ 
icant Quantitation of weight Joss and RCS changes 
is important. 

If a weight tape will not fit around the girth of 
the horse, or if the horse has a BCS of 1 to 3, a body 
weight estimate is made using measurements of the 
length and girth of the horse. 1 *' 12 Length is mea¬ 
sured from the tuber ischium to the point of the 
shoulder, and girth is measured at the withers, 
behind the elbows, at the end of expiration. 

_ . . , . Chest girth (cm) 2 x Length (cm) 

Body weight (f«) - --=- ' 

The weight of miniature horses should be 
obtained using a small animal clinic scale. If a scale 
is not available to weigh a miniature horse, then 
the following equation can be used to estimate 
the weight of the miniature horse. 1S 

Body weight (kg) 

(3.7 x Chest girth in cm) + (2 X Length in cm) — 348.5 
~ 2.2 

Li. Is there any past or current clinical disease in the 
horse or herd? If so, when was the disease first 
diagnosed? How many animals were affected? 
What type of treatment was administered? Was 
the diet changed during this period of time? Ques¬ 
tion the caretaker closely about any clinical signs of 
diarrhea, coughing, dysphagia or polyuria. What is 
the deworming history of the horse and herd? Has 
the deworming protocol been changed lately? 
b. Diet history 

i. Obtain an accurate dietary history including the type 
and amount of feed offered {in pounds, ounces) 


and the amount of feed refused by the horse(s). It 
is essential that feeds are weighed accurately. Nutri¬ 
ent requirements of a dub ponies and horses are 
listed in fable 9-11. For how long does the horse 
have access to pasture? What type of grass is avail¬ 
able in the pasture? Is the pasture overgrazed? Are 
any diet supplements fed to the horse? If so, what 
amount is fed? Does the horse have access to a salt 
or trace mineral block? How Jong has this diet been 
fed? Have there been any changes in the forage 
offered to the animals? Forage quality is often not 
consistent between hay shipments. Has a forage 
analysis been performed on the pasture or hay? If 
yes, obtain a copy of the analysis for the patient 
record. Inspect the pasture and all feeds for gross 
quality, evidence of spoilage, abnormal color or 
odor, presence of weeds and mold, and quantity of 
feed the owner has at the facility. 

U. How are the horses fed? What type of feeder is used ? 
Are mats placed under the feeders to reduce sand 
and dirt ingestion? Is there competition among the 
horses for food? Are there any toxic substances in 
the horse's environment? What is the water source 
for the horses? Is the water dean? 

2, Perform a physical examination. 

a. Observe the horse while it is eating forage. Can the 
horse prehend, masticate, and swallow food nor¬ 
mally? is the horse dysphagic? Does the horse have 
a good appetite? Is the horse hungry? Are there any 
signs of neurologic disease? 

b. Examine the patient dosely to identify signs of concur¬ 
rent disease (e.g., pyrexia, diarrhea, melcna, dysphagia, 
abnormal dentition, icterus, nasal discharge, cough, 
dyspnea, tachycardia, cardiac murmur, dysuria). 

c What are the horse's body weight (scale or weight 
tape) and BCS (see Table 9-21)? 

3, Examine the feces. 

What is the consistency of the feces? If the horse has 
evidence of diarrhea, review the section on diarrhea in 
Chapter 7. How long are the fibers in the feces? Perform 
a glove test. Is there evidence of sand in the feces? 
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Daily Nutrient Requirements of Ponies and Horses of Mature Body Weight 


Category 

Digestible 
Energy (Meal) 

Crude 
Protein (g) 

Calcium (g) 

Phosphorus (g) 

MATURE PONIES, 200 KG (440 LB) OF MATURE BODY WEIGHT 




Maintenance, average activity 

6.7 

252 

8 

5.6 

Mares, last 90 days of gestation 

7,7-8.6 

319-357 

14.4 

10.5 

Lactation, first 3 months 

12.7-12,2 

614-587 

23,6-22.4 

15.3-14.4 

MATURE HORSES. 400 KG (880 LB) OF MATURE BODY WEIGHT 




Maintenance, average activity ( 

13.3 

504 

16 

11.2 

Mares, last 90 days of gestation 

15.4-17.1 

637-714 

28.8 

21 

Lactation, first 3 months 

25.4-24,5 

1228-1174 

47.3-44.7 

30.6-28.8 

MATURE HORSES, 500 KG (1100 LB) OF 

MATURE BODY WEIGHT 




Maintenance, average activity 

16,7 

630 

20 

14 

Mares, last 90 days of gestation 

19,2-21.4 

797-893 

36 

26.3 

Lactation, first 3 months 

31.7-30.6 

1535-1468 

59,1-55.9 

38.3-36 

MATURE HORSES, 600 KG (1320 LB) OF 

MATURE BODY WEIGHT 




Maintenance, average activity 

20 

756 

24 

16.8 

Mares, Iasi 90 days of gestation 

23,1-25,7 

956-1072 

43.2 

31,5 

Lactation, first 3 months 

38.1'36,7 

1842-1761 

70.9-67.1 

45,9-43.2 

MATURE HORSES, 900 KG (1960 LB) OF 

MATURE BODY WEIGHT 




Maintenance, average activity 

30 

1134 

36 

25,2 

Mares, last 90 days of gestation 

34.6-38.5 

1434-1607 

64.8 

47.3 

Lactation, first 3 months 

54,4-52.4 

2763-2642 

106.4-100.6 

68,9-64.9 


Modified from Nation a I Research Council (NRC): Nufrierif requirements of hones, Washington. DQ 3007. National Academies Press. 


Horses can have a significant volume of sand in the 
large intestine while having negative fecal sand test 
results. Perform a fecal egg count. An enzytne-1inked 
immunosorbent assay (ELISA) may be useful in diag¬ 
nosing a tapeworm infection. Follow the parasite con¬ 
trol program in Chapter 49 if the horse has evidence 
of fecal parasites or if a parasite infection is suspected 
despite a negative fecal egg count. Perform a fecal occult 
blood test; if the result is positive, see the section on 
melena in Chapter 7. 

4. Perform blood analyses. 

a. Perform a CBC, including plasma protein and fibrino¬ 
gen. Examine the results closely for indication of an 
inflammatory process (e.g., leukocytosis, neutrophi¬ 
lia, leukopenia, neutropenia, hyperfibrinogenemia, 
decreased plasma protein/fibrinogen ratio |below 
10]), Calculate the erythrocytic indices, and character¬ 
ize anemia, if present, 

b. Perform a serum biochemical analysis. The serum albu¬ 
min half-life is approximately 19 days in horses. 
Hypoalbuminemia may be associated with colitis, 
internal abscessalion, PCM, liver disease, renal disease, 
and granulomatous bowel disease, among other condi¬ 
tions. Albumin is often within normal limits in PCM 
until the patient is near death. Globulin (particularly 
y-gjobulins) may be increased with inflammation, 
and the albumin/globulin ratio may be decreased. 
The glucose concentration is usually normal or elevated 
as a result of stress and may also he elevated in horses 
with pituitary pars intermedia dysfunction (PPID) 
and equine metabolic syndrome. Hyperlipidemia 
(serum triglyceride between 100 and 5 0G mg/dL) is 
commonly associated with early anorexia and can be 
present in horses with PPID. Hyperlipemia (serum tri¬ 
glyceride above 500 mg/dL) is a serious condition 


associated with prolonged anorexia and hepatic lipido¬ 
sis and is often found in miniature horses, ponies, and 
donkeys under severe physiologic stress (PCM and lac¬ 
tation), Unconjugated bilirubin levels can rise to 6 or 
7 mg/dL with anorexia or decreased food intake. An 
elevated y-gluta my I transferase (GGT) (above 25 1U/L) 
may indicate hepatic disease. Horses with PCM may 
have a low serum urea nitrogen if the protein malnutri¬ 
tion is prolonged and severe. 

5. Analyze the diet and improve the feeding program, 
a. Determine if the energy, protein, mineral, and vita¬ 
min content of the diet meets the nutrient require¬ 
ments of the horse at their current metabolic state 
and activity level (see Table 9-11), Include pertinent 
environmental and management factors in the nutri¬ 
ent requirement calculations. The quality of the feeds 
should be assessed, 

i. Forage 

The most accurate way to determine the nutrient 
content of forage or pasture is with an analysis. See 
Box 9-3 for instructions on how to sample feeds for 
analysis. Contact a university extension service for for¬ 
age analysis. If the client does not purchase a large vol¬ 
ume of hay, or if analysis cannot be performed, forage 
tables from the Nutrient Requirement Council refer¬ 
ence books (www.nap.edu), or nutrient tables from 
the Equi-Analytical Laboratories forage laboratory 
database (www.equi-analytical.corn) can be used to 
estimate the concentration of different nutrients in 
common forages and supplemental feeds. 

ii. Commercial Feeds 

The guaranteed analysis on feed tag labels pro¬ 
vides the nutrient content of certain ingredients. 
Contact commercial feed companies for the enetgy 
content of their products. 
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b. If the horse has a dietary deficiency, the problem 
should be corrected by a change in the diet or 
through appropriate supplementation. Contact an 
equine clinical nutritionist for guidance on ration 
formulation. 

c. If the dietary history indicates that adequate nutrients 
for maintenance and performance have been steadily 
consumed, continue to search for another cause of 
the weight loss. 

6, Perform ancillary diagnostic tests. 

If the weight loss is not caused by inadequate or poor- 
quality feed, additional diagnostic tests should be 
performed. Possible tests include but are not limited to 
ultrasound, gastric endoscopy, radiographs, serum or 
whole blood trace mineral analysis, serum insulin con* 
eentraiion, carbohydrate absorption tests (oral o-glucose, 
D-xylose [see Chapter 32]), and appropriate organ biopsy. 

Approach to the Diagnosis and Management 

of Weight Loss in Adult Ruminants 

1. Take a general history and a diet history. 

a. General history 

Question the caretaker closely about any clinical 
signs that might indicate a primary disease (e.g., diar¬ 
rhea, coughing, dysphagia, polyuria, depression, aga¬ 
lactia), Note if body condition is less than desired. 
Quantitate the weight loss or BCS if possible. Acute 
weight loss of 5% to 10% is quite significant. Care¬ 
fully note the production level of the animal or herd 
{e.g., pregnancy [single, twins, triplets], lactation 
|level of milk production]). Evaluate the parasite con¬ 
trol program. Does the herd have a history of chronic 
or recurrent disease (Johne's disease, bovine virus 
diarrhea, ruminal lactic acidosis, laminitis, mastitis, 
pneumonia)? 

b. Diet history 

Obtain an accurate dietary history, particularly 
when signs of a primary disease are absent. Inspect 
all forages, concentrates, and feed additives for qual¬ 
ity, signs of spoilage, abnormal color or odor, and 
quantity on hand. Be sure the feeding system allows 
for adequate consumption by all animals and that 
competition for feedstuffs does not occur. Check to 
see if the feeding program was changed before the 
onset of observed weight loss or loss of body condi¬ 
tion. The history should include the iwrig/if of each 
feedstuff and supplement fed and consumed per 
day. The maximum DM! can be estimated according 
to feed quality for cattle (see Table 9-1). Determine 
or estimate the nutrient analysis of the feedstuffs 
being fed. Examine the environment for possible toxic 
plants or substances. 

2. Perform a physical examination. 

Examine patients carefully for signs of concurrent dis¬ 
ease (e.g., diarrhea, decreased ruminal motility, pyrexia, 
dysphagia, abnormal dentition, melena, icterus, mastitis, 
metritis, dyspnea, tachycardia). Is the patient hungry? 
Weigh the patient (or use a heart-girth measurement) 
and note die BCS (see Tables 9-18 through 9-20). 
Observe the patient for signs of muscle wasting and the 
presence or absence of subcutaneous fat. Test the milk 
with miroprusside powder (a positive reaction indicates 
an acetoacetate concentrate above 5 mg/dL and is diag¬ 
nostic of ketonlactia and ketonemia), or measure the 
ketone concentration in the urine. Measure the ruminal 
pH (pH above 7 is indicative of anorexia). Examine the 
skin for evidence of lice or keds, 

3. Examine the feces. 


Perform flotation, sedimentation, and Baermann's 
procedures to detect patent parasitic infestations. If the 
feces test positive for occult blood or are very dark, see 
the section on melena in Chapter 7. If there is evidence 
of or apparent diarrhea, see the section on diarrhea in 
Chapter 7, 

4. Perform blood analysis. 

a. Perform a CBC, including plasma protein and fibrino¬ 
gen. Interpret for evidence of inflammation. Calculate 
the erythrocytic indices, and characterize the anemia if 
present. Analyze for blood selenium concentration or 
glutathione peroxidase activity if a herd problem of 
weight loss exists in a selenium-deficient region. 

b. Perform a serum chemistry analysis. The serum albu¬ 
min half-life is approximately 16Va days in cattle 
and 14 days in sheep and goats. Uypoalbuminemia 
is associated with internal abscessatlon, PCM, liver 
disease, renal disease, and Johne's disease, among 
other conditions. In the first two of these conditions, 
albumin is often normal until the patient Is near 
death, whereas with protein-losing renal or gastroin¬ 
testinal disease or with failure to make albumin in 
severe hepatic disease, hypoalbuminemia is often 
seen by the time noticeable weight loss occurs. 
Globulins, particularly y-globuims, may be increased 
with inflammation, and the albumin/globulin ratio 
may be decreased. The serum glucose concentration 
is usually not helpful in determining the cause or 
causes of weight loss. An elevated serum GCT (above 
25 1U/L) may indicate hepatic disease or, in rare cases, 
pancreatic disease. Serum BUN is often low with PCM 
in ruminants because of salivary urea recycl ing. Serum 
(total) calcium may be decreased with hypoalbumine¬ 
mia, anorexia, or hypocakemic syndromes. Serum 
phosphorus may be increased during severe starvation 
or Johne's disease or decreased with anorexia. The 
serum (plasma) copper concentration may be 
decreased if a herd problem of copper deficiency 
exists. Weight loss is particularly associated with cop¬ 
per deficiency when diarrhea is present in a region 
known to be copper deficient or in a region with 
excess dietary molybdenum or sulfates or both. A 
low serum copper concentration (below 0.5 pg/tnL 
or ppm) indicates deficiency. Ketonlactia (above 
5 mg/dl.). Indicated by a positive reaction (blue or 
purple) of milk with nitroprusside, may be associated 
with anorexia in ketosis or other conditions. Plasma 
P-hydroxybutyrate (BHB) concentrations have been 
reported to be a useful tool in diagnosing inadequate 
caloric intake in pregnant sheep. 14 Plasma BHB concen¬ 
trations should be less than 0.8 mmol/L in pregnant 
ewes consuming adequate energy.* 4 

5. Analyze the diet and improve the feeding program. 

Is the feed quantity and quality adequate to allow suffi¬ 
cient intake of nutrients (see fable 9-1)? Compare the 
nutrient intake from the diet with the requirements 
for the appropriate species (Tables 9-12 through 9-17). 
Consider any important environmental and management 
factors in the daily nutrient requirements. Review nutrient 
analysis profiles on the feeds and total mixed ration 
( l MR) ingredients. Is the TMR mixed properly? Are grain 
rations mixed properly? is too much grain being fed to the 
animal or herd? Analyze the pasture, forage, or concentrate 
rations (see Box 9-3). Make appropriate recommendations 
to optimize the ration. Determine if the patient or patients 
have a normal appetite. Is anorexia present? if the dietary 
history and analysis indicate dial adequate nutrients have 
been steadily consumed, the search for a primary cause 
for the weight loss should be resumed. 
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mm two MANIFESTATIONS Of DISEASE 


TABLE 9-12 


Daily Nutrient Requirements for Dairy Cattle 


Body Weight 

Nfcj (Mol) 

Total Digestible 
Nutrients (kg) 

Crude 
Protein (g) 

Calcium (g) 

Phosphorus (g) 

(kg) 

(ib) 

MAINTENANCE OF MATURE LACTATING COWS 




400 

3S0 

7.16 

3.15 

373 

15 

13 

500 

1100 

8.46 

3.72 

432 

18 

15 

600 

1320 

9,7 

4.27 

489 

21 

17 

650 

1430 

10.3 

4.53 

515 

22 

18 

700 

1540 

10.89 

4.79 

542 

24 

19 

MAINTENANCE PLUS LAST 2 MONTHS OF GESTATION OF MATURE DRY COWS 



400 

880 

9*3 

4*1 

702 

26 

13 

500 

1100 

11 

4.34 

821 

31 

22 

600 

1320 

12.61 

5.55 

931 

37 

26 

650 

1430 

13.39 

5.9 

984 

39 

28 

700 

1540 

14.15 

6,23 

1035 

42 

30 


Modified from National Rnrairh Council (NIK:): Nuznrni TOfuirrmrnj? of (fairy «4tir. Washington, DC 2001, National Academy of Science*. NRC 
NFt, Net energy of Lactation. 

Maintenance requirements can abo he calculated by the following formula Maintenance ML* - d 080 Mcal/kg BW* ” 


TABLE 9-13 

Daily Nutrient Requirements for Lac taring Dairy Cows at Various Production Levels 


Daily Milk Production 


(3.5% Rullerf.il) 

NE, (Mol) 

Total Digestible 
Nutrients (kg) 

Crude Protein (kg) 

Calcium (g) 

Phosphorus (g) 

(kg) 

(ih) 

400 KG OF BODY WEIGHT 






20 

44 

21 

9*23 

2 

67 

48 

30 

66 

28 

12.27 

2,83 

96 

66 

40 

88 

34,80 

15.31 

3.65 

116 

83 

500 KG OF BODY WEIGHT 






20 

44 

22.26 

9.80 

2.07 

70 

50 

30 

66 

29 

12.84 

2.9 

96 

68 

40 

88 

36 

15.88 

3,71 

119 

85 

600 KG OF BODY WEIGHT 






20 

44 

23.5 

10*35 

2,2 

73 

52 

30 

66 

30.4 

13-39 

2.95 

99 

70 

40 

88 

37.3 

16.43 

3.77 

125 

87 

700 KG OF BODY WEIGHT 






20 

44 

24.69 

10.87 

2.2 

59 

54 

30 

66 

31.59 

1391 

3 

77 

72 

40 

88 

3849 

16.95 

3.82 

94 

89 


Modified from National Research Council (NRC): Numnu wt^ttrmtna if dairy ranfa Washington, PC 200L National Academy of Somers, NRC 
NE i, Nei energy of taoaiion 

the energy' requirement fot milk production when onfy the butterfat cotilent of the milk o known by ihe following formula 
NF. t (Mcal/kg milk) 4 0 360 + (0 0069[fjt%{| 


6, Perform ancillary diagnostic tests 

a. If the weight loss is not related to the diet, additional 
diagnostic tests should be performed on the animal or 
on a number of animals in the herd. Possible tests 
include but are not limited lo trace mineral analyses, 
ultrasound, and appropriate organ biopsy, 
b Pathologic findings of affected ruminants often provide 
evidence of the effects of a systemic disease or of 
chronic malnutrition Ruminants with PCM exhibit 
serous atrophy of fat in the coronary grooves of the 
heart and bone m arrow at necropsy. Subcutaneous, 
abdominal and perirenal fai are not present. 


OBESITY 

Mechanisms of Obesity 

Obesity is a common problem in domestic species. The 
prevalence of obesity is increasing in the domestic horse 
population, and obesity is a significant problem in many 
ruminant species raised as companion animals. Obese 
patients (especially ruminants) are at particular risk for 
reproductive failure or metabolic disease late in pregnancy 
or during lactation. Ihe risk of obstructive urolithiasis 
increases in overweight goats and sheep. In horses, obesity 
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Daily Nutrient Requirements for Mature Beef Cows 


Reproductive Status 

Daily Gain 
(kg) 

Digestible 

Energy 

(Mcal/day) 

Crude Protein 
(kg) 

Calcium 

(g) 

Phosphorus 

(*) 

MATURE SOO-KG (1 1OO LB) BEEF COW 

Nonpregnam, maintenance 

0 

18.9 

0.63 

17 

17 

Pregnant, third Trimester 

0.4* 

22,4 

0.73 

25 

20 

Lactating 20 lb milk per day 

0 

29 

LIB 

38 

27 

MATURE 600-KG (1320-LB) BEEF COW 

Non pregnant, maintenance 

0 

21.6 

0.69 

20 

20 

Pregnant, third trimester 

0.4* 

25,1 

0.83 

28 

23 

Laciating, 20 lb milk per day 

0 

33 

L35 

43 

31 


"This gain represents only the growth of the fetus. 

Modified from National Research Council (NRC): Nuthent requirements of beef cattle, 7th reived edition. Washington, DC 1996, National Academy of Sciences, NRG 



Daily Nutrient Requirements for Bulls; Maintenance and Regaining Body Condition 


Daily Cain 

--- Digestible Energy 


Weight (kg) 

(kg) 

(lb) 

(Mcal/day) 

Crude Protein (kg) 

Calcium (g) 

Phosphorus (g) 

650 

0.6 

13 

32.6 

0.96 

27 

24 

700 

0.6 

13 

34,3 

1 

29 

26 

800 

O' 

0 

27.7 

0.88 

27 

27 

800 

0.2 

0.4 

31.2 

0.96 

27 

27 


Modified from National Research Council (NRC) Nutrient rftjvinrmmtj of beef cattle, 7th revised edirion, Washington. DC, 1996, National Academy of 
Sciences, NRC. 

^Maintenance only, no gain. 


TABLE M6 


Daily Nutrient Requirements of Sheep 


Body Weight 

(kg) (lb) 

Weighl 

Change/Day 

(g) db) 1 

Digestible 
Energy (Meal) 

Total Digestible 
Nutrients (kg) 

Crude 

Protein 

M 

Calcium 

(fO 

Phosphorus 

(«) 

EWES, 

MAINTENANCE, MODERATE CONDITION 





60 

132 

10 

0.02 

2.7 

0,61 

104 

2,3 

2.1 

80 

176 

10 

0.02 

3.2 

0,72 

122 

2.7 

2.8 

90 

198 

10 

0.02 

3.4 

0,78 

131 

2,9 

3.1 

EWES, 

FLUSH LING—2 WEEKS PREBREEDING AND FIRST 1 WEEKS OF BREEDING 




60 

132 

100 

0.22 

4.4 

1 

157 

5,5 

2.9 

80 

176 

100 

0.22 

4.9 

1.12 

171 

5,9 

3.6 

90 

198 

100 

0.22 

5,1 

1.18 

177 

6,1 

3.9 

EWES, 

NQNLACTATING, FIRST IS WEEKS OF GESTATION 





60 

132 

30 

0.07 

3.2 

0.72 

121 

3.2 

2.5 

80 

176 

30 

0.07 

3.6 

0,82 

139 

3,8 

3.3 

90 

198 

30 

0,07 

3.8 

0,87 

148 

4.1 

3.6 

EWES, 

LAST A WEEKS GESTATION (130^-150% LAMBING RATE EXPECTED) OR LAST 4-i WEEKS 


LACTATION SUCKLING SINGLES 






60 

132 

180 (45) 

0.4 (0.1) 

4.4 

1 

184 

6 

5.2 

80 

176 

180 (45) 

0,4 (0,1) 

4.9 

1.12 

202 

6.3 

6.1 

90 

198 

180 (45) 

0.4 (0.1) 

5.1 

1.18 

212 

6,4 

6,5 

EWES LAST A WEEKS OF GESTATION <IM%-Z25% LAMBING rate EXPECTED) 




60 

132 

225 

0.5 

5.1 

1.17 

205 

6.9 

4 

80 

176 

225 

0.5 

5.7 

1,3 

223 

8.3 

5.1 

90 

198 

225 

0.5 

6 

1.37 

232 

8,9 

5.7 


Continued 












TABLE Mi 


Daily Nutrient Requirements of Sheep—cont*d 


Body Weight 

(kit) (lb) 

Wright 

Change/Day 

(ft) db) 

Digestible 
Energy (Meal) 

Total Digestible 
Nutrients (kg) 

Crude 

Protein 

18) 

Calcium 

(ft) 

Phosphorus 

ts) 

EWES, 

FIRST 6-8 WEEKS LACTATION SUCKLING SINGLES OR LAST 4-6 WEEKS LACTATION SUCKLING TWINS 

60 

132 

-25 

-0.06 

66 

1.5 

319 

9*1 

6.6 

80 

176 

-25 

-0.06 

7.4 

1,69 

344 

9*3 

7.4 

90 

198 

-25 

-0.06 

7*6 

1*75 

353 

9,6 

7*8 

EWES, 

FIRST 4-8 WEEKS LACTATION SUCKLING TWINS 





60 

132 

-60 

“QJ3 

7,4 

1.69 

405 

10.7 

7*7 

80 

176 

-60 

-0.13 

8*6 

1*95 

435 

11.2 

8.6 

90 

198 

-60 

-0,13 

9.2 

2.08 

450 

11.4 

9 

REPLACEMENT EWE LAMBS 






30 

66 

227 

05 

3,4 

0,78 

185 

6.4 

2*6 

40 

88 

182 

0.4 

4 

0,91 

176 

5,9 

2.6 

50 

no 

120 

0.26 

3.9 

0.88 

136 

48 

2-4 

60 

132 

100 

0-22 

3.9 

0.88 

134 

4*5 

2*5 

REPLACEMENT RAM LAMBS 






40 

88 

330 

0.73 

5 

1.1 

243 

7,8 

3.7 

60 

132 

320 

0.7 

6.7 

1*5 

263 

84 

4.2 

80 

176 

290 

064 

7*8 

1.6 

268 

8.5 

4.6 

100 

220 

250 

0.55 

84 

1.9 

264 

82 

4,8 

LAMBS FINISHING—4 7 MONTHS OLD 






30 

66 

295 

0.65 

4.1 

0*94 

191 

66 

3 2 

40 

88 

275 

0.6 

5.4 

1*22 

185 

6,6 

3*3 

50 

110 

205 

045 

3.4 

1.23 

160 

5.6 

3 

EARLY WEANED LAMBS—MODERATE GROWTH POTENTIAL 





10 

22 

200 

0.44 

1.8 

0*4 

127 

4 

1.9 

20 

44 

250 

0,55 

3.5 

0.8 

167 

5.4 

2*5 

30 

66 

300 

0.66 

4.4 

I 

191 

6.7 

3.2 


Modified from National Research Council (NKC). Wuiricm requirements of iiiKtp, Washing on, DC 19S5, National Academy of Sciences, NRC 


TABLE 9-17 


Daily Nutrient Requirements of Goats 


Body Weight 

Digestible 

Energy (Meal) 

Total Digestible 
Nutrients (g) 

Crude 
Protein (g) 

Calcium {g) 

Phosphorus (g) 


lb 

MAINTENANCE, STABLE FEEDING CONDITIONS. MINIMAL ACTIVITY 



30 

66 

1,59 

362 

51 

2 

1*4 

60 

132 

2.68 

606 

86 

3 

2.1 

90 

198 

3 68 

824 

116 

4 

2*8 

MAINTENANCE PLUS LATE PREGNANCY 





30 

66 

3,33 

759 

133 

4 

3.8 

60 

132 

4.42 

1005 

168 

5 

3.5 

90 

198 

5.37 

1221 

198 

6 

4*2 

LACTATION, 4% FAT MILK AND S-KG MILK PRODUCTION PER DAY 




30 

66 

9.24 

2092 

411 

17 

11.9 

60 

132 

10,33 

2338 

446 

16 

12.6 

90 

198 

11*28 

2554 

476 

19 

13,3 


Modified from National Research Council (NRC) Nufrcmf rafuirmroU of $oniiY Washing^un, DC, 1981, National Academy of Sciences, NRC. 
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may be related to a variety of diseases including equine met¬ 
abolic syndrome, Laimnms, and colic associated with stran¬ 
gulating lipomas. Obese horses and ponies that are rapidly 
losing weight or that are anorexic are particularly suscepti¬ 
ble to hyperlipidemia and hyperlipemia 

The mechanism of obesity is invariably a prolonged 
intake of total dietary energy above that needed for mainte¬ 
nance and either production or exercise. Obesity occurs most 
commonly in stabled horses fed high-energy feeds such as 
grain or high-fat supplemental feeds and in horses and 
ponies on lush pasture. Even horses that are fed a forage diet 
but have limited access to exercise may gain weight if they 
consume an excess amount of energy for their body size. 
Purebred or pet sheep and goats (particularly wethers) tend 
to be overfed. In dairy cattle, obesity occurs when cattle are 
fed well above requirements for maintenance and milk pro¬ 
duction. Poor reproductive performance is often associated 
with the initiation of obesity and is also a common sequela 
to obesity. Feeding for high milk production for Lengthy per¬ 
iods in production groups predisposes infertile cows to 
become fat cows. Dry cows with access to high-energy diets 
are also predisposed to fat cow syndrome. The systemic com¬ 
plications associated with fat cow syndrome {fatty Liver), and 
its diagnosis and treatment are described in Chapter 33. 


Diagnosis of Obesity in Horses and Ruminants 

Diagnosis is obvious; it is made by physical examination 
Overweight and obese animals have an elevated BCS (7 
to 9/9 for horses; 8 to 9/9 for beef cattle; 4 to 5/5 for 
dairy cattle, sheep, and goats). Palpation of the back, glu¬ 
teal area, and ribs should be included in the physical 
examination of sheep and camelids with long wool or 
fiber and of horses with a long winter hair coat so that 
a BCS ran be accurately assigned. In some animals, exter¬ 
nal signs of fat deposition may be subtle. In these cases, 
ultrasonography can be used to identify the extent of 
deposition of intraabdominal fat in horses and of back 
fat in cattle. Clinical descriptions of obesity provided 
by the body condition scoring system are straightfor¬ 
ward (Tables 9-18 to 9-21) and require minimal 
interpretation. 

In some animals, obesity can be mistaken for the normal 
physiologic condition of pregnancy. In other cases, obesity 
could be mistaken for a distended abdomen from acute 
pathologic disease conditions including uroabdomen and 
peritonitis. A full physical examination should always be 
performed on a large animal patient before a weight loss 
ration is fed 


TABLE 9*18 

Body Conditioning Scoring System for Beef Cattle 


Croup Score I>efiniiioii 


Thin condition 


Borderline condition 


Optimum moderate 
condition 


Fat condition 


Emaciated (Body fat = 3 77%) 

Cow is extremely emaciated with no detectable fat over spinous processes, transverse processes, 
hipbones, or ribs. Tailhcad and rib* project quite prominently. 

Poor (Body fat = 7,54%) 

Cow still appears somewhat emaciated, but railhead and ribs are less prominent. Individual 
spinous processes are still rather sharp to the touch, but some tissue exists along spine. 

Thin (Body fat = 11.3%) 

Ribs are still individually identifiable but noi quite as sharp to the touch. There is obvious 
palpable fat along spine and over tailhead and some tissue cover over dorsal part of ribs. 

Borderline (Body fat = 15,07%) 

Individual ribs are no longer visually obvious. Spinous processes can be identified individually 
on palpation but feel rounded rather than sharp. There is some fat cover over ribs, transverse 
processes, and hipbones 

Moderate (Body fill ^ IB B9%) 

Cow has generally good overall appearance On palpation, fat cover over ribs feels spongy, and 
areas on either side of tailhead now have palpable fat cover. 

High moderate (Body fat - 22.61%) 

Firm pressure must be applied to feel spinous processes. High degree of fat cover is palpable over 
ribs and around tailhead 

Good (Body fat = 26.38%) 

Cow appears fleshy and obviously carries considerable fat. There is a very spongy fat cover over 
ribs and over and around tailhead 'Rounds or "pones'* of fat are beginning to be obvious. 
There is some fat around vulva and in crotch 

Fat (Body fat = 30 15%) 

Cow is very fleshy and overconditkmed Spinous processes are almost impossible to palpate 
There are large fat deposits over ribs, around tailhead, and below vulva "Rounds" or "pones’* 
of fat are obvious 

Extremely fat (Body fat = 33,91%) 

Cow is obviously extremely wasty and patchy and looks blocky Tailhead and hips are burled in 
fatty tissue, and "rounds" or "pones" of fat protrude. Bone structure is no longer visible and 
barely palpable. Animal s mobility may even be impaired by large fatty deposits. 


From Spiiecr JC: Influences of nutrition on reproduction in beef cattle, In Morrow PA cd: Current llwapy in theriojji'TiflJtigy. Philadelphia, 1986, Saunders, 
and modified from National Research Council (NRC): Numenf rrr/mremmn of beef catttt, 7th remtd edmon, Washington. □€, 1996, National Academy of 
Sciences, NftC 
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TABLE 9-19 • 

Body Conditioning Scoring System for Dairy Cattle 


Score Description 


1 Individual spinous processes have limited flesh covering and are prominent; the ends are sharp to the touch, and together the 

processes form a definite overhanging shelf effect to the loin region. Individual vertebrae of the chine, loin, and rump 
regions are prominent and distinct. Hooks and pin bones are sharp with negligible flesh covering, and severe depressions 
between hooks and pin bones are noted The area below the railhead and between the pin bones is severely depressed, 
causing the bone structure of the area to appear extremely sharp. {Body fat = 3.77%) 

2 Individual spinous processes are visually discernible but not prominent. The ends of processes are sharp to the touch, 

although they have greater flesh covering, and the processes do not have a distinct overhanging shelf effect. Individual 
vertebrae of chine, loin, and rump regions are not visually distinct but are readily distinguishable by palpation. 1 looks and 
pin bones are prominent but the depression between them is less severe, 'Hie area below the tailhead and between the pin 
bones is depressed, but the bone structure is not devoid of flesh covering (Body fat = 11.3%) 

3 Spinous processes are discernible by applying slight pressure. Together the processes appear smooth, and the overhanging 

shelf effect is not noticeable. Vertebrae of the chine, loin, and rump regions appear as rounded ridges, and hooks and pin 
bones are rounded and smooth. 'Hie area between the pin bones and around the tailhead appears smooth, with no sign of 
fat deposition. (Body fat = 18.84%) 

4 Individual spinous processes can be distinguished only by firm palpation, and together the processes appear flat or rounded 

with no overhanging shelf effect. The ridge formed by the vertebral column of the chine region is rounded and smooth, 
but loin and rump regions appear flat Hooks are rounded, and the span between the hooks is flat. The area around the 
tailhead and pin bones is rounded, with evidence of subcutaneous fat deposition, (Body fat = 26.38%) 

5 Bone structure of the vertebral column, spinous processes, hooks, and pin bones is not visually apparent, and evidence of 

subcutaneous fat deposition is prominent. The tailhead appears to be buried in fatty tissue, (Body fat = 33,9%) 

From Wildman EE ei at: I Dairy Sd 65:495-501, 1982; and modified from National Research Council (NBC); Nutrient requirements of daily 1 untie, Washington, 
DC 2001, National Academy of Sciences, NBC. 



TABLE 9-20 

Body Condition Scoring System for Sheep 


Score Description 


0 Animal is extremely emaciated and at the point of death. No muscular or fatly tissue can be detected between the skin and 
the bone. 

1 The spinous processes are prominent and sharp. The transverse processes are also sharp; the fingers pass easily under the 

ends, and it is possible to feel between each process. The eye muscle areas are shallow with no fat cover. 

2 The spinous processes still feel prominent but also smooth, and individual processes can be felt only as fine corrugations. 

The transverse processes are smooth and rounded, and the fingers can be passed under the ends with a little pressure. The 
eye muscle areas are of moderate depth but have little fat cover. 

3 The spinous processes are detected only as small elevations; they are smooth and rounded, and individual bones can be felt 

only with pressure. The transverse processes are smooth and well covered, and firm pressure is required to feel over the 
ends. The eye muscle areas are hill and have a moderate degree of fat cover* 

4 With pressure the spinous processes can just be detected as a hard line between the fat-covered muscle areas. The ends of the 

transverse processes cannot be felt. The eye muscle areas are full and have a thick covering of fat. 

5 The spinous processes cannot be detected even with firm pressure, and there is a depression hetween the layers of fat where 

the spinous processes would normally be fell. The transverse processes cannot be detected. The eye muscle areas are very 
full and have a very thick fat cover. Large deposits of fat may be seen over the rump and tail. 

From Russel A. Body condition scoring of sheep, /n Proa 6:91, 1984. 


Treatment of Obesity 

Overweight and obese horses and ruminants should lose 
weight to extend life span and to improve production effi¬ 
ciency. In many cases a reduction in energy intake can be 
achieved by simply eliminating excess calories from grain 
or supplemental feeds. Animals that fail to lose weight after 
1 to 2 months after a reduction in calories require a more 
aggressive weight loss program, which may include refor¬ 
mulation of their ration and the gradual implementation 
of an exercise program. Voluntary activity in animals that 
are turned out in pasture is rarely high enough to promote 
weight loss. Obese laminitic horses present a difficult chal¬ 
lenge because exercise may not be practical, and weight loss 
must rely solely on dietary energy restriction. 

Horses and companion ruminants that require a man¬ 
aged weight loss program should have the energy content 
of their diet evaluated by the veterinarian. The actual energy 


intake should be compared against the energy requirement 
for the animal's current lifestage (see Tables 9-11 to 9-17). 
The animal's current calorie intake should be reduced by 
10% to 20% at the start of the weight loss program. Dietary 
protein should not be restricted. Supplemental feeds and 
treats should be reduced or eliminated from the diet, and 
only high-quality forage should be fed. 

Feeding straw should be avoided because gastrointestinal 
complications including impaction colic could develop. A 
vitamin and mineral supplement should be fed during a 
weight loss program to ensure that the diet meets nutrient 
requirements. To prevent boredom, small amounts of for¬ 
age should be fed frequently. When horses are being fed, 
hay can be placed in a double hay net or hay bag, or a 
restricted feeder {The Grazer Hay Feeding Machine) can be 
used to decrease the rate of intake. The target weight loss 
goal is between 0.5% and 2% of the original body weight 
each week A weight tape should be used to assess the 
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TABLE Ml 

Body Condition Scoring System for Horses 


Score Description 


1 Poor. Animal is extremely emaciated. Spinous processes, ribs, tail head, tuber coxae, and tuber ischii project prominently. 

Bone structure of the withers, shoulders, and neck is noticeable. No fatty tissue can be felt, 

2 Very thin. Animal is emaciated. There is a slight fat covering over the base of the spinous processes; the transverse processes 

of the lumbar vertebrae feel rounded. Spinous processes, ribs, tail head, tuber coxae, and tuber ischii are prominent. Bone 
structure of the withers, shoulders, and neck is faintly discernible, 

3 Thin. Fat buildup is present about halfway on the spinous processes; the transverse processes cannot be felt. There is a slight 

fat cover over the ribs. Spinous processes and ribs are easily discernible. Tail head is prominent, but individual vertebrae 
cannot be visually identified. Tuber coxae appear rounded but are easily discernible; tuber ischii are not distinguishable. 
Bone structure of the withers, shoulders, and neck is accentuated. 

4 Moderately thin. Negative crease can be seen along the back. Faint outline of ribs is discernible. Tail head prominence 

depends on conformation; fat can be felt around tail head. Tuber coxae are not discernible. Withers, shoulders, and neck 
are not obviously thin, 

5 Moderate. Back is level. Ribs cannot be visually distinguished but can be felt easily. Fat around tail head is somewhat spongy. 

Withers appear rounded over spinous processes, and shoulders and neck blend smoothly into the body, 

6 Moderately fleshy. Slight crease may be seen down the back. Fat over ribs is spongy, and fat around tailhead is soft. Fat is 

beginning to be deposited along withers, behind shoulders, and along neck, 

7 Fleshy. Crease may be seen down the back. Individual ribs can be fell, but there is noticeable filling of fat between ribs. Fat 

around tailhead is soft. Fat is deposited along withers, behind shoulders, and along neck. 

8 Fat, Crease Is seen down the back. Ribs are difficult to feel. Fat around tailhead is very soft. Areas along withers and behind 

shoulders are filled with fat, and neck is noticeably thickened. Fat is deposited along inner thighs, 

9 Extremely fat. Obvious crease is seen down the back. Patchy fat appears over ribs. Bulging fat is seen around tailhead along 

withers, behind shoulders, and along neck. Fat along inner thighs may cause thighs to rub together. Flank is filled with fat. 

From I lenneke CD, Pmier C.D, Kreider JL Yeales BF: Relationship between condition score, physical measurements and body fat percentage in mates, Equine 
Vet / 15371, 1983 


horse's weight if a scale is not available, A BCS should be 
assigned to the animal at the start of the weight loss pro¬ 
gram. The body weight and BCS should he assessed every 
month to track changes in the animal's weight 

Owner compliance is essential during a weight loss pro¬ 
gram for horses and companion large animals. Owners 
should be encouraged to keep a weight loss journal and to 
include digital pictures lo assess the animal's BCS during 
the program. Excessive, rapid weight loss should be 
avoided. Weight loss programs should be approached with 
caution in animals that are either pregnant or lactating. 
Once the animal has achieved the ideal body weight and 
BCS, it should be placed on a maintenance ration and exer¬ 
cise program that will ensure that the ideal weight is 
maintained. 

In a production management setting the ration should 
be evaluated and revised to reduce calories while maintain¬ 
ing sufficient energy intake to maximize reproduction or 
milk production. Care should be taken to ensure the 


animals consume an adequate concentration of vitamins 
and minerals to meet their requirements when they are 
fed an energy-restricted ration. 

PICA 

Pica (geophagia) is defined as a depraved or abnormal 
appetite. It is usually associated with animals that chew or 
eat wood (fences, trees, buildings), dirt, bones, or other 
inanimate objects not usually considered feed stuffs. The 
mechanism or mechanisms of pica are not yet understood. 
Pica has been associated with PCM, parasitism, obesity, 
and deficiencies of phosphorus, salt, protein (kwashiorkor), 
and micronutrients. Diagnosis is by observation or history 
or both. The main emphasis must be placed on identifica¬ 
tion and resolution of the primary problem. Pica must be 
differentiated from abnormal behavior associated with cen¬ 
tral nervous system diseases, bovine ketosis, and equine 
behavioral abnormalities associated with boredom. 
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Alterations in Urinary Function 
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MAJOR CLINICAL SIGNS OR PROBLEMS ENCOUNTERED* 

Dysuria and stranguria* 170 Crystalluria, 175 Uremia, 177 

Hematuria and pigmenturia, 172 Polyuria, 176 

Pyuria, 174 Anuria and oliguria, 177 


DYSURIA AND STRANGURIA 

Dysurui is defined as difficult or painful urination. Stum- 
gurus is defined as straining to urinate, with the normal rale 
and flow of voiding being decreased and the effort required 
to void often increased. These two clinical signs are often 
present simultaneously in large animals with lower urinary 
tract disease, and because these signs are often difficult to 
distinguish from each other, they are considered together 
in this section. The most common causes of dysuria and 
stranguria are urethral obstruction, inflammation of the 
urethra and/or the bladder, and neurologic conditions 
that prevent normal emptying of the bladder. Adhesions 
between the bladder and other structures in the abdominal 
or pelvic cavities can create mechanical interference with 
bladder emptying, resulting in dysuria and stranguria. 

Urinary incontinence is defined as the involuntary void¬ 
ing of urine It is most frequently indicative of impaired 
neuromuscular control of urination. Evaluation of neuro¬ 
logic control of urination is discussed later in this section. 
Incontinence may also occur with severe cases of lower uri¬ 
nary tract trauma and inflammation. In young animals, 
congenital abnormalities such as ectopic ureter must be 
considered in the differential diagnosis for incontinence. 

The horse voids urine very actively and forcefully. Both 
male and female adult horses may briefly groan and strain 
slightly during normal urination. This should not be misin¬ 
terpreted as dysuria or stranguria. In other large animal spe¬ 
cies. urination is more passive, and straining or groaning 
normally is not observed Conditions in which a horse may 
appear to have dysuria include lower urinary tract disease, 
abdominal pain, peritonitis, pleuritis. severe musculoskeletal 
disease, or neurologic disease With any of these conditions, 
the horse may attempt to posture and urinate but may not 
be able to increase intraabdominal pressure sufficiently to 
allow complete voiding. 

Signs of dysuria and stranguria include treading, repeti¬ 
tive switching or flagging of the tail, pollakiuria {frequent 
voiding of small amounts of urine), constant urine drip¬ 
ping flatulence during voiding and retention of the urina¬ 
tion posture for several seconds after voiding has ceased. 
Urine scalding of the perineal region or rear lej£ may be 


detailed diKuuion of imetpreution of urinalysis is cowered in 
Chapter 22 


noted in either ruminants or horses with dysuria or stran¬ 
guria Vocalization during urination may accompany dys¬ 
uria, particularly in goats. While straining to void the 
affected animal may show forceful contractions of the 
abdominal musculature. Male horses and ruminants that 
are experiencing dysuria or stranguria typically stand with 
the back slightly extended (mild lordosis), with the front 
legs held further ahead of the body and the hind feet posi¬ 
tioned farther behind the body than normal (Fig. 10-1), 
Dysuria or stranguria in large animal species may be con¬ 
fused with tenesmus. This is most frequently a dilemma in 
neonatal foals with a ruptured bladder or meconium impac¬ 
tion. However, with tenesmus the Fear feet of the foal are 
positioned slightly more anteriorly than with stranguria or 
dysuria. Stranguria may be severe enough in some cases to 
induce secondary rectal prolapse; therefore, when examin¬ 
ing an animal with rectal prolapse, the clinician must estab¬ 
lish whether or not the underlying cause might be urinary 
tract disease. 


Approach to Diagnosis of Dysuria and Stranguria 

As for other medical problems, the signalmen!, onset of signs, 
duration, progression, and response to treatment should 
be established Certain signalmen! and historical data can 
lend important dues for evaluation of specific causes. For 
example, urethral calculi should be suspected immediately 
in castrated ruminants on high-grain diets. A history of one 
or more horses showing clinical signs of spinal cord disease, 
respiratory disease, stranguria, or urinary incontinence 
should immediately lead the practitioner to consider equine 
herpesvirus-1 myelitis in the differential. A history of dysuria 
or stranguria that develops after parturition usually indicates 
an injury to the lower urinary' tract. Parturient damage to the 
normal structure of the vagina and vestibule can increase the 
animal's risk of subsequent urinary tract infection. A full 
physical examination should be performed because abnor¬ 
mal urination may be a sign of disease in other body systems, 
such as those characterized by diffuse muscular weakness. 
Common causes of dysuria, stranguria, and urinary inconti¬ 
nence are shown in Box 10-1. 

urination (Micturition >. When possible the animal 
should be observed urinating, and a sample of urine should 
be collected for dipstick urinalysis* measurement of specific 
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FIG. 10-1 II Stranguria in an Angus steer with urethral obstruction caused 
by a urolith. 


EE3ESHL_ 

Causes of Dysuria, Stranguria, and Urinary 
Incontinence in Horses and Ruminants 


UrinaTy calculi 

Penile, vaginal, urethral, or preputial trauma 
Smegma accumulation (E) 

Penile masses or encircling hair rings 
Habronemiasis (E) 

Ulcerative posthitis and vulvovaginitis (R) 

Adhesions of the bladder 
Urachal infection or abscesses 
Rectovaginal fistula 
Hemorrhage into the urinary tract 
Ruptured urethra, bladder, or ureter 
Viral infections of the genitalia 
Vaginal prolapse 
Impending parturition 
Prolapsed bladder [postpartum} 

Urinary tract infection 
Urinary calculi 
Bladder neoplasia 
Estrogen-responsive dysuria (E) 

Ectopic ureter 

Equine neonatal maladjustment [E] 

Camharidin (blister beetle) toxicosis (E) 

Prolonged recumbency 
Equine herpesvirus-1 myelitis (E) 

Sorghum cystitis (E) 

Rabies 

Epidural lymphosarcoma 

Other forms of severe spinal cord disease 

Pelvic or sacral fracture 

Laminilis 

Myopathy 

Painful conditions of the abdomen or abdominal wall 
Painful conditions of the thorax or thoracic wall 


fL Found only in horses, ft, found only in ruminants 

gravity, and, when indicated, sediment examination. Urina¬ 
tion can be induced in female cattle by gently rubbing the 
perineum immediately ventral to the vulva (Fig. 10-2) In 
male cattle, the examiner may induce urination by placing 
a finger into the preputial cavity and gently rubbing the pre¬ 
putial mucosa. In ewes, urination can be prompted by hold¬ 
ing off the nose until the ewe struggles; urination typically 
occurs at this point. Obviously, this procedure should not 



FIG. 10-2 II Inducing urination in a Jersey cow. 


be performed on ewes in shock or those with poor cardiac 
or respiratory function. In horses, goats, and male sheep, 
the examiner simply has to wait until the animal is ready 
to void, although urination may be prompted by placing 
the animal in a freshly bedded stall. Recumbent animals 
will often void soon after standing. 

EXAMINATION OF THE GENITALIA. The male's prepu¬ 
tial hairs and the female's perineal region should be closely 
inspected for the presence of blood, exudate, or aystalline 
debris. The urethral orifice can be visualized in many 
males, but mild sedation and/or epidural anesthesia may 
be necessary to induce sufficient relaxation of the retractor 
penis muscles. In hulls and steers, transrectal massage of 
the pelvic segment of the urethra may stimulate penile 
relaxation to enable penile visualization. In prepuhesceni 
ruminants, the frenulum often prevents complete exterior¬ 
ization of the penis for examination of the urethral orifice; 
general anesthesia may be needed to induce sufficient 
relaxation. The glans penis and urethral orifice should be 
carefully examined for masses such as papillomas, evi¬ 
dence of trauma, encircling hair rings and embedded for¬ 
eign bodies (e g., grass awns), and lesions of the urethral 
mucosa. An attempt should be made to exteriorize the 
penis and examine the urethral process in male small 
ruminants, as urinary calculi often become enlodged at 
this site (Chapter 34), 

If swelling or pain is found on palpation of the most dis¬ 
tal pan of the equine penis, it may be necessary to tranquil- 
ize the horse so that this area can be examined more closely 
for signs of habronemiasis, neoplasia, or traumatic injury. 
An accumulation of smegma, composed of mucus and cel¬ 
lular debris, may cause preputial swelling and dysuria in 
adult male horses, Smegma usually can be found as a hard, 
waxy mass in the urethral diverticulum. Preputial swelling 
without pain or discharge may be seen in equine Cushing's 
syndrome (Chapter 41). 

In the male the penis and the urethra should be palpated 
percuianeously from the perineum to the sheath. Swelling, 
pain, abnormal urethral pulsations, and calculi enlodged 
in the urethra may be detected. Marked swelling along the 
ventral body wall in a bull or steer with active or recent dys¬ 
uria or stranguria strongly suggests a urethral rupture. Ure¬ 
thral calculi are most commonly lodged just below the 
anus in male horses, and these can occasionally be palpated 
on the midline of the perineum 

The vulva, caudal vagina, and urethral orifice should be 
visualized and palpated in dysuric or stranguric females. 
Sacrocaudal epidural anesthesia may facilitate examination 
if painful lesions are present. In females of breeding age 
the cervix should be visualized or palpated and the uterus 
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evaluated by palpation or ultrasonography, as the polla- 
kiuria and apparent dysuria that may occur at the onset of 
parturition may be the primary- complaint of a novice or 
uninformed observer. Previous dystocia can result in suffi¬ 
cient soft tissue trauma, laceration, swelling, and pelvic neu¬ 
ro p rax la to induce dysuria or stranguria. The ventrum of the 
tail perineum, udder, and hindlimbs should be examined 
for adhered blood or exudate from the female's reproduc¬ 
tive or urinary tract. 

RECTAL EXAMINATION. In adult hones and cattle, rec¬ 
tal palpation should be performed when dysuria and stran¬ 
guria are present. Before examination the clinician should 
take careful note of the tail and anal lone of the animal; 
reduction of either or both may indicate underlying neuro¬ 
logic or muscular disease. At the onset the examiner must 
take care not to place his or her hand and wrist too far for¬ 
ward in the rectum because abnormalities of the trigone 
and pelvic segment of the urethra may be missed, as may cal¬ 
culi lodged at the junction of the pelvic and perineal segment 
of the urethra. The caudal extent of the pelvic cavity should 
be carefully evaluated for masses that might mechanically 
interfere with voiding The bladder is typically located on 
the midline at the level of the pubic brim. Its presence in 
the caudal pelvic cavity, particularly in the standing animal, 
may suggest pelvic entrapment of the bladder. 

Bladder distension is commonly found in persistently 
recumbent horses and cattle, and the bladder is often posi¬ 
tioned further caudally than in standing animals. In the 
horse, bladder distention may also be found with abdomi¬ 
nal or thoracic pain. Apparently, the abdominal pressure 
necessary to empty the bladder incites sufficient pain of dis¬ 
eased structures to cause reluctance to void. Musculoskeletal 
and neurologic disease may also result in bladder disten¬ 
sion. These other possibilities should be investigated when 
bladder distension is detected, yet no primary disease is 
found in the urinary tract, 

A careful rectal examination of the bladder and the prox¬ 
imal urethra of the horse might allow identification of ure¬ 
thral or cystic calculi. Most cystic calculi in the horse are 
singular and located in the trigone of the bladder and are 
best palpated with only the hand and wrist in the rectum. 
If there is a large amount of urine in the bladder, the stone 
may not be palpable; transrectal ultrasound examination 
may enable visualization of the stone. Sabulous calculi 
may be found in horses with stranguria or urinary inconti¬ 
nence, and on renal examination the clinician may inter¬ 
pret the palpation findings as a bladder tumor or large 
stone. 3 If a urinary calculus is detected in the horse, an 
ultrasound examination of the entire urinary tract should 
be performed, because some horses with cystic calculi may 
have other stones in one or both kidneys 

NEUROLOGIC EXAMINATION. If bladder dysfunction is 
not caused by structural abnormalities, trauma, or infectious 
disease, a thorough neurologic examination should be con¬ 
ducted If neurologic dysfunction is suspected, an attempt 
should be made to determine whether the primary lesion 
is affecting the detrusor musde or the urethral sphincter mus¬ 
cles of the bladder. This determination is often helpful in loca¬ 
lizing the lesion and is important when selecting treatment. 

When bladder paralysis is caused by upper motor neuron 
(UMN) dysfunction, signs of 11MN dysfunction may be evi¬ 
dent in the rear limbs. The animal frequently postures and 
strains to urinate but voids only a small amount of urine, 
because the striated urethral muscles are disinhibited from 
higher centers and their resultant increased tone impedes 
urine outflow from the bladder Frequent small-volume 
urine egress from the distended bladder occurs when the 
animal responds to the urge to void, or when the bladder 
undergoes reflex contraaion. 


With severe disease of the sacral spinal cord or sacral 
nerve plexus, lower motor neuron (LMN) input to the 
detrusor muscle is impaired or absent. Urinary inconti¬ 
nence is often the predominant clinical sign (e.g., cauda 
equina neuritis in horses or lymphoma in cattle). The blad¬ 
der usually is moderately to severely distended, and urine 
can be expressed easily if pressure is applied to the bladder 
during rectal examination. With LMN dysfunction urine 
may also be voided as the animal walks. Voluntary or 
involuntary voiding is often incomplete, leading to reten¬ 
tion of urine in the bladder. This, in turn, increases the 
patient's risk of urinary tract infection and, in horses, sabu¬ 
lous calculi accumulation in the bladder Other neurologic 
signs involving the sacral and coccygeal nerves may be 
apparent, such as decreased tail and anal tone and atrophy 
of the gluteal or tail head musculature. Ataxia of the rear 
limbs may or may not be present with an LMN bladder 
Urethral and bladder pressure profiles can be determined 
to better assess the location of the lesion. 3-5 

URINALYSIS AND URINE CULTURE. If dysuria, incontl 
nence, or stranguria are believed to be caused by an inflam¬ 
matory disease of the urethra or bladder, the absence or 
presence of infection should be determined (see section 
on pyuria), 

SifttifJ Ruminants and Neonates, Ultrasonography and 
transabdominal palpation are useful for evaluation of the 
urinary tract. In these animats a distended bladder usually 
can be palpated by simultaneously placing one hand on each 
side of the caudal ventral abdomen at the level of the pelvic 
brim and pressing the Angers of each hand toward the 
abdominal midline. If the bladder has been ruptured, it will 
be difficult to identify by palpation but ascites can be 
deteaed. Digital rectal examination of the pelvic segment 
of the urethra can be performed in neonatal tattle and horses 
and in small ruminants. The umbilicus should be carefully 
palpated in neonates with dysuria or stranguria because ura¬ 
chal abscesses and adhesions to the bladder may impair 
voiding. An infeaed urachus will occasionally communicate 
with the bladder lumen, creating concurrent septic cystitis. 

Ectopic ureter(s) should be considered in young animals 
with persistent urinary incontinence; stranguria and dysuria 
are less common primary complaints. In affected females, 
vaginal urine pooling is often present. Vaginoscopic or 
cystoscopic examination can be performed, but the opening 
of the ectopic ureter can be difficult to locale during routine 
examination. Intravenous, positive-contrast pyelography 
may be required to locate the ectopic sinicture(s). As for 
all congenital defects, a careful assessment for defects in 
other organs should be performed. 

HEMATURIA AND PIGMENTURIA 

Hematuria is defined as blood in the urine. It may appear as 
occult blood detected during urinalysis, as uniformly red- 
colored urine throughout urination, or as blood dots 
passed at any phase of urination. If large clots are present 
obstruaion of the urinary tract may occur, resulting in con¬ 
current stranguria and dysuria. Pigmenn/rui is defined as the 
presence of abnormal pigment in the urine; in large animals 
such pigments are usually limited to hemoglobin or myo¬ 
globin Hemoglobin, myoglobin, and blood all cause a pos¬ 
itive reaction for blood and protein on a urine dipstick test. 
Certain oxidizing disinfectants can also trigger a positive 
reaction for blood on these strips. 

Hematuria can be easily distinguished from hemoglobin¬ 
uria and myoglobinuria if dots of blood are present in the 
urine, Also, when scattered spots of color change are evident 
on the blood reagent pad of the urine dipstick, the reaction 
pattern reflects the presence of small aggregates of red cells 
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having been deposited on the pad. Otherwise, differentia¬ 
tion requires that the discolored urine be centrifuged and 
the sediment examined. Again, prompt examination of 
urine sediment after collection is required, as intact red cells 
in urine may lyse during storage. Hematuria is characterized 
by red, pink, or brown-colored urine that clears partially or 
entirely after centrifugation, resulting in a pigmented pellet 
of sediment. Red cells or red cell "ghosts'" are visible in 
the sediment of animals with hematuria. 

Urine containing hemoglobin is clear to dark red in 
color, depending on the concentration of hemoglobin in 
the sample. If visibly discolored, the urine does not clear 
when centrifuged. Sediment findings vary according to the 
underlying disease, and hyaline or cellular casts may be 
seen if pigment nephropathy is present. Animals with 
hemoglobinuria are often experiencing intravascular hemo¬ 
lysis, which leads to passage of hemoglobin from the 
plasma into the tubular fluid of the nephrons. The serum 
or plasma of these animals may be pink in colon Mucous 
membrane pallor or icterus may be evident, and tachycardia 
and tachypnea are present when red cell destruction is rapid 
and extensive. The packed cell volume may be decreased at 
the time of initial examination, or it may decrease progres¬ 
sively over 12 to 24 hours of monitoring. Release of hemo¬ 
globin from red blood cells may result in elevation of the 
plasma and serum total protein concentration, Ttie clinician 
should note that hemoglobin is potentially nephrotoxic, 
and renal function and hydration should be carefully evalu¬ 
ated and monitored in such cases. 

Urine containing myoglobin is clear to dark red or brown 
in color, depending on the concentration of myoglobin in 
the sample (Fig. 10-3), If visibly discolored, urine containing 
myoglobin does not clear when centrifuged. Sediment find¬ 
ings are variable but can include hyaline or cellular casts if 
pigment nephropathy is present. Myoglobin can be differen¬ 
tiated from hemoglobin in urine through ammonium sulfate 



FIG. 10-3 II Normal equine urine (left) and urine with severe myoglobi¬ 
nuria Urine containing myoglobin is tioi always so markedly disco* 

lored (Photo courtesy of Paul 5 Morley, DVM, PhD. DACVIM.) 


precipitation, electrophoresis, or spectroscopy. Animals with 
myoglobinuria have muscle necrosis or injury, which leads to 
release of myoglobin from damaged muscle cells into the 
plasma. Myoglobin then passes from the plasma into the 
tubular fluid. Extensive muscle trauma (e.g„ dog attacks, 
trailer accidents) or primary diseases of muscles can induce 
myoglobinuria. Affected animals may show abnormal stance 
or gait or other evidence of muscle swelling, pain, or weak¬ 
ness, The serum activity of the enzymes creatine phosp ho ki¬ 
nase (CPK), aspartate aminotransferase (AST), and lactate 
dehydrogenase (LDH) is variably increased, depending on 
the duration and severity of muscle injury. As for hemoglo¬ 
binuria, the presence of myoglobinuria should alert the clini¬ 
cian to assess and monitor renal function and hydration, as 
the persistence of myoglobin in the tubular fluid of the 
nephrons can induce tubular necrosis. 

Approach to Diagnosis of Hematuria 
and Pigmenturia 

The history should include data on recent infectious 
diseases, exercise, diet, and treatment, Hematuria after exer¬ 
cise may indicate the presence of erosions in the urinary 
tract mucosa, anomalous vascular structures, or mucosal 
trauma from uroliths (Fig. 10-4). Ingestion of certain toxins 
(e.g., ca nth a rid in, bracken fern) can create hematuria; 
hemoglobinuria can result from exposure to hemolytic tox¬ 
ins, such as red maple leaves, copper, onions, and certain 
bacterial toxins. Intravenous infusion of markedly hypo¬ 
tonic or hypertonic fluids, such as water and undiluted 
dimethyl sulfoxide (DMSO) solution, respectively, can 
result in intravenous hemolysis and hemoglobinuria. The 
potential for exposure to gossypol and ionophores should 
be investigated as a cause of myoglobinuria. Certain viral 
and bacterial infections, such as streptococcal infections in 
horses, can induce myopathy and myoglobinuria. A recent 
history of heavy exertion or abnormally high ambient 
temperature (heat stroke) may exist in cases of myopathy 
with myoglobinuria. A previous history of recurrent exercise 
intolerance or muscle dysfunction may be evident in 
certain inherited, idiopathic, or diet-associated cases of 



FIG. 10-4 II Endoscopic view of a calculus in the lumen of a horse's blad¬ 
der Note ihe presence of hematuria. (Photo courtesy of Carl So (Tier, DVM.) 
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rhahdomyolysis Prolonged recumbency, as occurs under 
general anesthesia- can induce sufficient pressure myopathy 
to cause myoglobinuria. Rarely, idiosyncratic responses to 
medications can induce hemolysis or muscle injury, result¬ 
ing in hemoglobinuria and myoglobinuria, respectively 

A full physical examination should be conducted The 
patient with potential hematuria should be carefully exam- 
ined for clinical signs suggestive of impaired coagulation. 
A positive blood reaction on urine dipstick analysis can occur 
with true hematuria, hemoglobinuria, myoglobinuria, or 
contamination of the urine w ith reproductive or fecal blood. 
Severe vulvitis often develops in female horses and ruminants 
with profuse diarrhea as a result of chronic contact of the 
vulvar mucosa with fecal contents. A trace reaction for blood 
is often evident in the urine of these animals; however, the 
possibility of hemorrhage from tubular injury caused by 
hypovolemia should be considered as well. Common causes 
of hematuria and pigmenturia are Listed in Box 10-2. 

Lesions of the urethra most often produce hematuria at 
the beginning of urination, although in a male horse with 
proximal urethral disease, this hemorrhage may be seen 
only at the end of urination * 7 These geldings and stallions 
often show hematuria associated with a vascular fistula or 
cavernosal rupture in the most proximal urethra.* 7 Hema¬ 
turia that originates from the bladder is most likely to be 
seen or appear more pronounced at the end of urination. 
Hemorrhage originating from the upper urinary tract would 
likely be more pronounced at the end of urination- but 
voluminous or continuous hemorrhage in the upper tract 
might result in hematuria seen throughout urination, If 
the urine discoloration appears uniform throughout urina¬ 
tion and no clots are obvious- the veterinarian must first 
determine that the discoloration is hematuria and not 
hemoglobinuria, bilimbinuria, or myoglobinuria. This can 
be accomplished by routine dipstick urinalysis; urine sedi¬ 
ment examination; assessment of the patient's packed cell 
volume- plasma protein concentration, and serum muscle 
enzyme activities; and visualization of the color of the 
plasma and mucous membranes. 

Hematuria often accompanies pyuria and bacteriuria in 
urinary tract infection. If hematuria is confirmed and uri¬ 
nary trad infection or trauma is not the cause, rectal exami¬ 
nation may reveal calculi or tumors in the proximal urethra 
or bladder. Introduction of the hand and wrist into the rec¬ 
tum is usually sufficient for careful palpation of the pelvic 
segment of the urethra and bladder trigone. Examination 
of the urethral orifice- along with endoscopic examination 
of the urethra and bladder, is necessary if the lesion cannot 
be detected during rectal or physical examination. 

During endoscopic examination of the urethra and blad¬ 
der- if the source of hemorrhage is not apparent, the open¬ 
ings of the ureters and the color of the urine coming from 
both of them should be visualized. This is best performed 
after suctioning urine from the bladder and then distending 
the bladder with air, taking care that bubbling of the urine 
does not occur. The ureteral opening can he seen dorsally 
as the scope is first introduced into the bladder The two 
openings can be visualized simultaneously by passing the 
scope farther into the bladder and retroflexing the scope 
caudally until the entire trigone area is visualized. If hemor 
rhage is seen to originate tram one or both ureteral open¬ 
ings- the next diagnostic step is ultrasound examination 
the kidneys and ureters, as the hemorrhage has now- been 
localized to the upper urinary tract 

PYURIA 

f^orrui is defined as gross or microscopic purulent exudate in 
the urine. Pysuria, stranguria, pollakiuria, crystalluria, urine 


SOX l 


Causes of Hematuria and Pigmenturia in Horses 
and Ruminants 


HEMATURIA 

tUbronem lasts (E) 

Urinary calculi 

Vascular anomaly- corpus cavernosum rupture (proximal 
dorsal urethral hemorrhage in males] (E) 

Penile* vaginal- preputial or urethral trauma 
Penile masses, encircling hair rings 
Neoplasia 

Bleeding diatheses (e g - warfarin, disseminated intravascular 
coagulation (DIG]) 

Canlharidin (blister beetle) poisoning (E) 

Enzootic hematuria (R) 

Urinary tract infection 

Leptospirosis 

Nephritis 

Aberrant parasite migration within the urinary tract 
Exercise-induced hematuria (E) 

Renal papillary necrosis (eg. related to nonsteroidal 
antiinflammatory drugs ]NSAIDsf) 

Contamination of urine with oxidant disinfectants 
Hemorrhage from the reproductive tract in females 
Admixture of fecal blood with urine 

HEMOGLOBINURIA 

intravascular hemolysis: 

intravenous ([V] hypotonic fluid administration 
IV hypertonic fluid administration (e g.* dimethyl sulfoxide 
[DMSOD 

Excess water intake- water intoxication 
Red maple intoxication (E) 

Cfcumdium hfmtffyriojm infection (redwater) 

Onion and fiftiriicd species (rape* kale, etc.) intoxication 

Leptospirosis 

Hepatic failure 

Neonatal isoetythro lysis 

Copper intoxication 

MYOGLOBINURIA 

Exertional- capture rhabdoinyolysis 

Toxic myopathies (e,g. r Grant species, ionophores- gossypol) 
Myopathy associated with streptococcal infections (E) 
Clostridial myonecrosis 

Viral myopathies (influenza, equine herpesvirus [F.1IVJ, 
bluetongue) 

Nutritional myodegeneration 
rostanesthetic myoneuropathy 
Hereditary, congenital myopathies 


£ Found (inly m hnrws, H found only in ruminants. 


scalding of the perineum, or hematuria may accompany the 
pyuria. Pyuria may result from septic or nonseptic inflam¬ 
matory disease Causes of pyuria are listed in Box 10-3. Nor¬ 
mal equine urine U turbid owing to the presence of mucus 
and calcium-based crystals 

Approach to Diagnosis of Pyuria 

Ihe history should be taken, and a complete examination of 
the entire urinary tract should be performed- including rec¬ 
tal palpation or transabdominal palpation of the bladder 
Although cystitis may be characterized by a thickened blad¬ 
der wall, this is often difficult to detect, and ultrasono¬ 
graphic examination may be necessary to accurately detect 
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BOX TO 


Causes of Pyuria in Horses and Ruminants 


Penile, vaginal, urethral or preputial trauma 

Penile masses or encircling hair rings 

Ulcerative posthitis and vulvovaginitis (small ruminants) 

Viral infections of the genitalia 

Rectovaginal fistula 

Urinary calculi 

Urinary tract infection (urethritis, cystitis, ureteritis, and/or 
pyelonephritis) 

Exudation from the reproductive tract in females 

Exudation from accessory sex glands fn males 

Nephritis 

Leptospirosis 

Urinary tract neoplasia 

Admixture of exudate from the female reproductive tract 


this lesion. In males the accessory sex glands should be care- 
fully examined, as exudate from these structures may be 
admixed with urine. Predisposing factors, such as urinary 
calculi, dystocia, abnormal urethral or genital structure, 
and neurologic diseases should always be considered. 

Pyuria is confirmed by obtaining a midstream or tathe- 
terized urine sample (or both) and quantitating the number 
of white blood cells and bacteria in the urine sediment. 
Evaluation of urine sediment within 30 to GO minutes of 
collection enables preservation of the greatest cytologic 
detail. Pyuria is confirmed by the presence of >10 while 
blood cells per high-power microscopic held of a mid¬ 
stream-voided or catheterized sample. When bacterial infec¬ 
tion is the cause, there are typically > 20 organisms visible 
per high-power field. The cytologic features of urine sedi¬ 
ment are greatly influenced by Lhe method of collection, 
rigor of aseptic technique, and degree of contamination of 
the prepuce, vulva, and urethral orifice. Catheterization 
can be used to obtain urine from the bladder of most male 
and female horses and female ruminants. In male rumi¬ 
nants the urethral recess (diverticulum) prevents retrograde 
catheterization of the bladder, and collection of a mid¬ 
stream sample is usually the sole option, Cystocentesis of 
a large animal with a urinary tract infection carries the risk 
of induction of septic peritonitis. 

Quantitative cultures of lhe samples should he per¬ 
formed soon after col lea ion in order to prevent false 
increases in the colony count that can occur from bacterial 
proliferation in the sample during storage, lhe results of 
quantitative culture are greatly influenced by the method 
of collection and the degree of contamination of the 
prepuce and vulva. In specimens collected by midstream 
free catch, bacterial counts greater than 1 x 1G' 1 bacteria 
per milliliter of urine are indicative of urinary tract infection 
if compatible dipstick and sediment examination findings 
are present. Normal male and female horses have less than 
20,000 colony-forming units (CFU) per milliliter of urine 
on a free catch sample and less than 500 CFIJ/mL on a cathe¬ 
terized sample,* A culture that yields a large number of 
mixed growth may reflea heavy contamination of the vulva 
or penis, fecal admixture, or delay before culture was initiated. 

Once pyuria is confirmed, the clinician should next 
determine the location or origin of the pyuria, the cause, 
and any predisposing conditions. In females the reproduc¬ 
tive tract should be evaluated to confirm that it is not the 
source of the exudate, as mixing of urine and exudate in 
the urethra and vestibule may result in a spurious diagnosis 
of pyuria. Similarly, trauma or inflammation of the glans 
penis or prepuce can result in admixture of exudate with 


urine, as often occurs in cases of ulcerative posthitis in rams 
and bucks. Inflammatory diseases of the urethra and blad¬ 
der usually produce obvious clinical signs of dysuria but 
minimal to no signs of systemic disease. Low-grade fever 
may be present in occasional cases of cystitis, but affeaed 
animals rarely appear to be systemically ill. 

If the pyuria originates from the upper urinary traa 
(ureters and kidneys), the animal is usually persistently or 
intermittently febrile and shows systemic signs of disease. 
Inflammation of the ureter(s) and kidney(s) may result in 
colic. The rectal examination may reveal enlargement of 
one or both ureters, pain on palpation, and possibly an 
enlargement or abnormal shape (or both) of the left kidney. 
If grossly enlarged, the right kidney occasionally can be pal¬ 
pated per reaum in the horse or cow. In cows and heifers, 
vaginal palpation may reveal thickening and pain of one 
or both ureters. Changes suggestive of inflammation are 
often present on the complete blood count. Although cyto¬ 
logic examination of the urine may indicate pyuria, bacteri- 
uria may be inconsistently found, particularly if the 
infection originates from a nephrolith. Casts of exudate, 
blood, protein, or cellular debris may be seen the urine sed¬ 
iment in cases of pyelonephritis. 

An ultrasound examination of both kidneys and ureters 
should be performed in all animals with evidence of upper 
urinary traa infection. The technique for ultrasound exami¬ 
nation of the urinary traa is described in Chapter 34. 

[f Leptospira mterrogdro pomona is suspected as a cause of 
pyuria, urine sediment should be placed on a microscope 
slide, air dried, and examined by fluorescent antibody for 
Leptospira antigen/ 1 Polymerase chain reaaion testing for 
this organism can be performed on urine sediment; in cat¬ 
tle, greater sensitivity may be achieved by obtaining a urine 
sample after administration of furosemide. 10 

CRYSTAL!-UR IA 

Qysta/lurut is defined as the presence of crystals in the urine. 
Calcium carbonate and calcium phosphate crystals are 
abundant in normal equine urine; these, along with mucus, 
impart a turbid, slightly opaque quality to normal equine 
urine. Herbivore urine is normally alkaline, which reduces 
the solubility of certain calcium- and phosphate-based com¬ 
pounds in urine, inducing crystal development. Small num¬ 
bers of calcium phosphate, calcium carbonate, or calcium 
oxalate crystals may be present in highly concentrated rumi¬ 
nant urine, In such cases crystalluria should be considered 
an incidental finding if the animal is healthy and free from 
signs of urinary tract disease. However, in male ruminants, 
heavy or persistent crystalluria may indicate the potential 
risk of urolithiasis because the combination of highly con¬ 
centrated urine and urinary mineral precipitation is consid¬ 
ered instrumental in calculogenesis. A precautionary review 
of diet, salt intake, and water management may be indicated 
in such cases. High dietary intake of calcium and oxalates 
has been hypothesized to be the cause of heavy calcium 
oxalate crystalluria in a goat. 11 

Crystalluria presents a medical problem when crystals 
enlarge through precipitation, causing microscopic or gross 
traumatic injury to the urinary epithelium and urinary tract 
obstruction. When crystals coalesce and enlarge to form calculi 
(uroliths), the calculi may remain occult or cause disease 
through trauma to and obstruction of the urinary tract. As a 
result, the clinician usually delects crystalluria in these animals 
during the diagnostic workup for hematuria, dysuria, stran¬ 
guria, pyuria, or signs of urinary tract obstruction. It is critical 
to note that the absence of crystalluria does not indicate that 
the urinary tract is free of calculi or renal mineralization, 1214 
Causes of crystalluria are listed in Box 10-4. 



176 


put tvw MANIFESTATIONS Of DISEASE 



Causes of Crystal I uri a In Horses and Ruminants 


Normal calcium based crystal I uria of horses 

Highly concentrated or alkaline urine 

Urolithiasis 

Urinary tract infection 

Ethylene glycol intoxication 

Intoxication with oxalate-containing plants 

Parenteral vitamin C 


Approach to Diagnosis of Crystalluria 

HISTORY, Toxins such as oxalic acid and ethylene glycol 
can induce calcium oxalate crystalluria, so animal access to 
oxalate-containing plants and storage areas or garages 
should be investigated. Administration of high doses of par¬ 
enteral vitamin C can also induce calcium oxalate deposi¬ 
tion in the urinary' tract and a careful history can help to 
include or exclude these causes from the differential diagno¬ 
sis list. Previous urinary Iran surgery, dystocia, or genital 
trauma may not directly contribute to crystalluria per se. 
but abnormal structure of the urinary tract, suture material 
retained in the tract or loss of uroepithehaf integrity can 
promote crystal precipitation into calculi. 

physical examination. The hairs surrounding the 
preputial orifice or vulva should be carefully examined for 
visible crystals that ding to the hair (Fig 10-5). Animals 
with dysuria and stranguria or incontinence may have crys¬ 
tals adherent to the hair of the hindlegs or tail as well. The 
presence of adherent crystals on hair indicates that crystal- 
luria is heavy, and in males, given that imminent or current 
obstructive urolithiasis is the most important diagnosis to 
investigate, the clinician should determine whether or not 
the urinary tract is patent in such instances. 

Urinary tract infection can induce microscopic aystal- 
lurhi, crystal and exudate accumulation on the external gen¬ 
italia, or, more rarely calculus formation. Urease-producing 
bacteria may increase the pH of urine to the point of induc¬ 
ing precipitation of certain minerals suspended in the urine 
into calculi. In addition, exudation into the infected urinary 
tract also provides nidi for deposition of urinary minerals, 
Ihe approach to urinaty tract infections is discussed in the 
previous sections on dysuria, stranguria, and pyuria. 

POLYURIA 

Polyuria can be defined as the passage of abnormally large 
amounts of urine. This may be a normal response when 
excessive fluid, electrolytes, or both are presented to the 
tubules of a healthy kidney. It may also occur with renal 



FIG. 1 0-5 H Crystals adherent to the preputial hain of a steer with uro¬ 
lithiasis. the crystals were analyzed and found ro be composed of struvite 
(magnesium ammonium phosphate}. 


failure when tubular function is impaired or when enough 
individual nephrons have been lost that the remaining ones 
are presented with excess fluid and/or solute. Polyuria is also 
present in central or neurogenic diabetes insipidus (caused 
by insufficient secretion of antidiurelic hormone |ADH)), 
nephrogenic diabetes insipidus (caused by diminished effect 
of ADH on receptors in the kidney), renal medullary wash¬ 
out (caused by an insufficient interstitial concentration 
gradient), excessive drinking (polydipsia), liver failure, fluid 
administration, and certain electrolyte abnormalities. Poly¬ 
uria may also be evident after urinary tract obstructions have 
been relieved, a phenomenon termed protefcfructittft diuresis. 
Causes of polyuria are listed in Box 10-5. 

Approach to Diagnosis of Polyuria 

Evaluation of an animal with polyuria should begin with an 
inquiry about any history of recent disease, drug administra¬ 
tion (e g, diuretics, corticosteroids, xylazine), fluid therapy, 
change in diet, change in water quality or availability, or 
known laboratory evidence of renal disease. After comple¬ 
tion of the history and a review of the patients medical 
records, the initial diagnostic step is to collect a urine 
sample to measure the osmolality or specific gravity (UspG), 
If the osmolality is dose to the isosthenuric range (UspG of 
I 008 to 1.014), and the concentration remains similar 
to the plasma concentration in the face of dehydration, pri¬ 
mary renal disease should be considered as a cause. This 
ts typically confirmed by measuring the serum creatinine 
concentration, although radionuclide clearance studies 



Causes of Polyuria, Anuria, and Oliguria in Horses 
and Ruminants 


POLYURIA 

Excessive sail or water ingestion 
Sail deficiency 

Excessive intravenous fluid therapy 

Acute oi chronic renal failure 

Central diabetes insipidus 

Nephrogenic diabetes insipidus 

Medullary washout 

Psychogenic polydipsia 

Diabetes mellitus 

Urn failure 

Pottobstiuciive diuresis 

I typergtycemia 

Xylazine 

Corticosteroids 

Diuretics 

Severe deficit* of chloride, potassium, or urea 

ANURIA AND OLIGURIA 

Dehydration, hypovolemia 

Urinaty tract obstruction (e_g, urinary calculi) 

Rupture of the urethra, bladder, or uretcr(s) 

Acute or chronic renal failure 

APPARENT ANURIA OR OUGURIA 

Painful diseases of the abdomen or abdominal wall 

Painful diseases of the thorax or thoracic wall 

Recumbency 

Neonatal maladjustment 

Patent urachus 

Encephalopathies 

Severe spinal cord disease 

Ectopic ureter(s) 
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and/or 12- or 24-hour urinary creatinine clearance can also 
be performed. If evidence of renal failure is not evident on 
these tests, a water deprivation test may be needed to deter¬ 
mine the tubules 1 ability to concentrate urine. This test 
should be performed in a normovolemic patient with careful 
monitoring of patient status during the test because the 
mild dehydration induced during this test may exacerbate 
preexisting, occult renal disease, 

As an alternative to the water deprivation test in identify¬ 
ing tubular disease and dysfunction as the cause of polyuria, 
the fractional clearance (fractional excretion) of sodium in 
the urine can be measured. This test is performed on simul¬ 
taneously collected urine and serum samples by measuring 
the creatinine and sodium in both the serum and the urine. 
The fractional clearance (Fc Na ) of sodium is then deter¬ 
mined by the following formula: 


FcW-j^xgdx'OO 


where Na u is the urine sodium concentration, Na p is the 
plasma creatinine concentration, Cr u is the urine creatinine 
concentration, and Cr p is the plasma creatinine concentra¬ 
tion. A fractional sodium clearance value above 1% in adult 
horses is suggestive of primary tubular disease, 15 particu¬ 
larly if the animal's diet and physiologic state are such that 
avid sodium conservation is expected. Fractional clearance 
of sodium values of up to 4% have been measured in 
healthy, iactating dairy cattle. 16 'llius, for this test to be 
valid, salt intake must be normal the animal must not be 
given diuretics, and due consideration of the animal's diet 
and physiologic state must be given. Intravenous fluid ther¬ 
apy will complicate interpretation of fractional clearance 
values. 

[f the UspG or osmolality is less than that of the plasma 
(1,007), diabetes insipidus, psychogenic polydipsia, and 
renal medullary washout should be considered. Diabetes 
insipidus, although rare, has been reported in the horse 
and may be the result of inadequate secretion of vasopressin 
(neurogenic diabetes insipidus) or inadequate response to 
vasopressin in the kidney (nephrogenic diabetes insipi¬ 
dus). 17 However, the patient may simply be ingesting large 
amounts of water as a result of high ambient temperature, 
so interpretation of low UspG requires due consideration 
of the animals physiologic state. 


oliguria can be closely watched or placed in a stall with 
minimal bedding or fine, fresh bedding (e.g., sawdust) 
in order to facilitate detection of urine on the stall floor. 
When indicated, fluid therapy should be initiated and 
expectations for urine output predicted based on the rate 
and route of fluid administration. Animals with painful 
thoracic or abdominal disease may refrain from urina¬ 
tion, and the clinician must remember to evaluate Mad¬ 
der /i/ftng and not just the volume of urine voided. 
Recumbent, obtunded foals, particularly males, may not 
reliably void urine; monitoring bladder fill by ultra¬ 
sound or placement of an indwelling urinary catheter is 
recommended. Urachal leakage of urine must be consid¬ 
ered in neonates with suspected anuria or oliguria, as 
these animals may be observed to void less frequently 
than normal Animals with encephalopathies or severe 
spinal cord disease may not be capable of voluntary 
voiding. 

When evidence for anuria mounts, the clinician must 
determine if the urinary tract is patent and rule out the pres¬ 
ence of rupture of the bladder, urethra, or ureters. Repeat 
physical examination and ultrasound of the upper and 
lower urinary tract and abdominal cavity is warranted in 
such instances. Obstructive diseases of the lower urinary 
tract are typically accompanied by signs of colic and stran¬ 
guria, However, these signs will not be present if the patient 
has a preexisting rent in the urinary tract or if the animal is 
severely obtundent from uremia. 

Oliguria is a physiologic adaptation to dehydration and 
can be expected in animals with prerenal azotemia. Assess¬ 
ment of the urine specific gravity is critical in determining 
the presence of renal failure in such cases. If urine cannot 
be collected from the dehydrated animal fluid therapy 
should be initiated and the azotemia monitored. Oliguria 
is a relatively common feature of acute renal failure, partic¬ 
ularly if the disease process involves obstruction of the 
nephron lumen with crystals, cellular debris, or proteina¬ 
ceous casts. However, the volume of urine produced by 
the large animal in renal failure can vary greatly according 
to the patient's hydration status, diet, and the inciting cause. 
In short, urine production can be normal, increased, or 
decreased in renal failure. Renal failure is covered in detail 
in Chapter 34. Causes of anuria and oliguria are listed in 
Box 10-5. 


ANURIA AND OLIGURIA 

Anuria is defined as the absence of urine production, and 
Migtmti is defined as scam or subnormal urine production. 
Unless the patient's history includes a careful record of 
urine output, these two disease conditions are often difficult 
to distinguish at the onset of the evaluation. Furthermore, 
the difficulties associated with maintaining urine collection 
devices in large animals make an accurate measurement of 
urine production difficult in many cases. 

The volume of urine produced by healthy large animals 
varies tremendously according to breed, age, physiologic 
status, level of exercise, diet, and a multitude of environ¬ 
mental factors. Allman (1961) determined normal urine 
output for the large animal species to be as follows: horses, 
3 to 18 mL/kg/day; cattle, 17 to 45 mL/kg/day; and sheep 
and goats, 10 to 40 mL/kg/day. ia Anuria and oliguria fre¬ 
quently become apparent to the clinician when an azotemic 
animal is diagnosed with a primary disease in which renal 
function is commonly threatened (e g., severe diarrhea) 
and urine output after initiation of fluid therapy is noted 
to be subnormal or absent. 

If urine collection and measurement cannot be per¬ 
formed, the adult animal with potential anuria or 


UREMIA 

Uremia is caused by the presence of excessive urinary con¬ 
stituents in the blood and their detrimental effect on a vari¬ 
ety of organ systems. Uremia is defined as the constellation 
of clinical signs, impaired metabolic processes, and alter¬ 
ation of the function of multiple organs that occurs as a 
result of failure to excrete waste products from the body 
via the urine. Uremia may be the result of either acute or 
chronic renal failure, retention of urine in the body as 
a result of urinary tract leakage (e.g., bladder rupture), or 
both. Various retained toxins are associated with the uremic 
process, including urea, parathyroid hormone, guanidine, 
phenolic compounds, and phosphorus, 19 ' 20 The predomi¬ 
nant clinical signs of uremia seen in large animals are 
depression and anorexia. Weight loss, gastrointestinal 
ulcers, polyuria, polydipsia, meiena, and diarrhea are other 
noticeable effects. Oral erosions or ulcers, gingivitis, diffuse 
stomatitis, dental tartar, and halitosis may be evident on 
examination of the oral cavity. Coagulopathy and platelet 
dysfunction make uremic patients prone to gastrointestinal 
hemorrhage and impaired dotting during surgery. Pulmo¬ 
nary edema and uremic encephalopathy may develop in 
rare cases. 



Alterations in the Skin 
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MAJOR CONICAL SIGNS OR PROBLEMS ENCOUNTERED 

Pruritus, 183 Papules, pustules, and 

Nodules, tumors, and swellings, IBS vesicles, 186 
Ulcerations and erosions, 186 Scaling and crusting, 188 


Abnormal coat length and 
density, 189 

Abnormal pigmentation, 191 


GENERAL APPROACH TO DISEASES THAT 
ALTER THE SKIN 

It is important to remember that the skin has a limited 
repertoire with regard to its presentation; many diseases 
with various causes may manifest with similar lesions* 
However, certain patterns of response to disease axe also 
recognized. In order to manage skin problems successfully, 
the veterinarian must use a systematic approach by obtain- 
mg a complete history, performing a thorough physical 
examination, and, when appropriate, using one or more 
simple diagnostic techniques, 1 Ihc following sections dis¬ 
cuss the materials and methods necessary to perform techni- 
ques commonly used to diagnose targe animal skin disease. 

History 

To obtain a differential diagnosis list all the questions listed 
on the sample history form (Tig 11-1) should be answered. 
Often it is helpful to repeat the questions to the owners at a 
later time or to give them a history form to complete at their 
leisure, which allows greater opportunity to remember 
details relevant to the skin disease. The goals should be to 
determine the initial features of the skin disease, how the 
problem has progressed, and what factors have influenced 
its progression to the present slate 

Physical Examination 

The diagrams and terms listed on the sample form (Ftg. 11-2) 
may serve as a useful guide for recording the physical find¬ 
ings. The animals overall condition should be assessed and 
a general physical examination should be performed to 
determine if the disease is limited to the skin or if systemic 
signs of disease are also present. The distribution, morphol¬ 
ogy {e g., papules, nodules, wheals, patches of alopecia), 
and size of skin lesions should be noted. The mucous mem¬ 
branes also should be examined, and the skin surface pal¬ 
pated to determine features not readily noted visually (e.g., 
crusts beneath the hair, dryness, ability to epilate hairs, and 
presence of peripheral lymph adenopathy). 

The practitioner's goal should be to describe accurately 
the animal's clinical appearance in a written record for 
future reference. 


Diagnostic Techniques 

For most of the techniques that follow, a good-quality 
microscope equipped with x4, * 10. x40, and x 100 objec¬ 
tives is recommended. 

SKIN SCRAPINGS. Skin scrapings are used primarily to 
demonstrate microscopic ectoparasites, specifically mites. 
Scraping is a quick simple, inexpensive diagnostic tech¬ 
nique that is more useful in ruminants than in horses 
because equine mite infestations are relatively uncommon. 
The materials needed to perform a skin scraping are a sterile 
container, mineral oil, a medical grade spatula (hlsherbrand 
Microspatula with Flat-Ended Blade, catalogue no. 21-401-20, 
Fisher Scientific; wwwTisherscientifK.com), glass slides, 
and cover slips. Although a No, 10 scalpel blade may be 
used, a medical grade spatula will not cut the skin in cases 
of sudden movement of the horse, yet is just fine enough 
to he able to scrape deep enough to find Demodex species 
mites, if indicated. If the hair coat is thick a small area 
should be clipped before scraping. Multiple superficial 
scrapings that cover large surface areas should be performed, 
as well as several scrapings covering a small area that are 
deep enough to create capillary oozing. The collected mate¬ 
rial should be placed in a container until it can be examined 
microscopitally Some of the sample can then be placed on a 
glass slide and finely dispersed in enough mineral oil to pro¬ 
vide a confluent layer without ait bubbles beneath a cover 
slip, 'fhe slide should be scanned systematically with the 
xlO objective. If something of significance is noted, the 
x40 objective can be used to examine the specimen in more 
derail 

DERMATOPHYTE CULTURE. The materials necessary to 
perform a dermatophyte culture include dermatophyte test 
medium, mosquito forceps, a medical grade spatula, and 
sterile empty containers such as evacuated blood collection 
tubes. The forceps should be sterile, and each lesion to be 
sampled should be wiped gently with either water or isopro¬ 
pyl alcohol (there is some controversy as to which is better 
1 use water out of concern that the alcohol may inhibit fungal 
growth on the culture medium) to remove as many bacterial 
and fungal contaminants as possible and allowed to dry. 
Multiple small, scaling, and slightly crusted lesions should 
be sampled; the samples should be stored in individual 
containers, Broken hairs, scales, and crusts from the periph¬ 
ery of the lesions are collected (because dermatophytes cause 
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DERMATOLOGY HISTORY FORM 

Owner___Date_ 

Animal's name___ .. _ _Case #. 

Age of animal,__> 

Age when purchased_Age when skin problem started_ 

Where on the body did the problem start? ... _ __ 

What did the skin problem look like initially?._ _ __ 

How has it spread or changed?______ _____ 

What season did the problem start?__ 

Is the problem seasonal or year round? , _ __ ___ 

If seasonal, what seasons is the disease present?____ 

Does the animal itch?__,If so, where?,__ 

Do any animals contacting the affected animal have skin problems?_ 

Do any people in contact with the animal have skin problems?_._ 

Is fly control used?_If so, descrihe____ 


Do any relatives of this animal have skin problems?,_Jf yes, explain. 


List injectable, oral, or topical medications that have been used before and after onset of the disorder. 


Which medications were of benefit?. 


Which medications aggravated the condition?. 


Describe the environment where the animal is kept, including bedding. 


What is the animal fed?, 


Any additional information you feel is relevant to the skin disease 


FIG. 11‘I It Sample dermatologic history form. 
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DERMATOLOGY PHYSICAL EXAMINATION FORM 

Date. 


Distribution of lesions: 


Primary lesions (circle): 

Macule Patch 

Pustule Vesicle 

Wheal Nodule 

Secondary lesions (circle): 

Scale Erosion 

Fissure Ulcer 

Erythema Alopecia 

Crust Comedone 


Papule 

Bulla 

Tumor 


Excoriation 

Liehenification 

Hyperpigmentation 


Diagnostic workup: 

Skin scrapings._ 

KGH preparation. 


Dermatophyte culture^ 

Acetate tape prep_ 

Derma tophi lus prep „ 
Histopathology. 


Imm unof 1 uorescence. 
Microfilaria! prep_ 


Bacterial culture & sensitivity^. 


Pruritus. 

Skin thickness. 
Hair coat_ 


_Epi lat ion. 
.Skin tone. 


.External parasites. 


Differential diagnosis:. 
Initial therapy:. 




FIG. 11-2 ll Sample dermatologic physical examination form 


peripherally expanding lesions). A spatula may be useful for 
scraping scales and debris from the skin surface. Ihe forceps 
are used to pluck broken hairs. 

If the clinician's practice performs its own fungal cuh 
tures, the samples should be removed from the containers 
with a sterile forceps in a dean working area and gently 
pressed onto, but not buried beneath, the culture medium. 
The top of the culture dish or vial should be loosely 
replaced to allow sufficient ventilation for the culture 


to grow. Most dermatophytes grow at room temperature, 
except for some strains of Tririjtfpfryfon verruccsum , which 
requires incubation at 37° C (98.6* F), The colony usually 
first appears in 5 to 7 days, although all cultures should 
be allowed to incubate for 3 weeks before a negative result 
is declared. 

Dermatophyte test medium is an amber-colored Sabou- 
raud's dextrose agar containing phenol red, a pH indicator, 
and several antibacterial and antifungal agents to inhibit 
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growth of contaminant organisms. Dermatophytes prefer¬ 
entially use the protein in the medium as they begin to 
grow, producing alkaline metabolites that cause the 
medium to turn red. The dermatophyte colony is typically 
a white to beige, powdery to fluffy growth; the colonies 
are never dark colored. Most saprophytic (contaminant) 
fungi metabolize the carbohydrates first, producing acidic 
metabolites that do not change the color of the medium. 
It should be stressed that after the carbohydrate source has 
been depleted, saprophytes use the proteins and produce a 
red color change. 

Positive identification of a dermatophyte is made in 
most instances if a white to beige, powdery to fluffy colony 
begins to appear on the medium at the same time or within 
24 hours of the appearance of a red color change in the 
medium (Fig. 11-3). An infrequently encountered exception 
to this rule is growth of the saprophyte Scopukinopsi's breiri- 
caulis, a tan to light brown, smooth or mealy colony that 
produces a concurrent red color change in the medium. 
It is essential to check the cultures daily to determine if 
the red color change and colony growth occur nearly simul¬ 
taneously. If any doubt exists about the type of colony 
growth, the sample should be submitted to a diagnostic 
laboratory for specific identification. 

POTASSIUM HYDROXIDE PREPARATION. A potassium 
hydroxide (KOH) preparation may permit immediate diag¬ 
nosis of dermatophytosis. However, examination of KOH 
preparations requires considerable experience, as fungal 
elements may be easily overlooked (false-negative result) 
and numerous artifacts such as fibers, cholesterol crystals, 
or oil droplets may be mistaken for fungal elements (false¬ 
positive result). It is always advisable to perform a dermato¬ 
phyte culture in conjunction with a KOH preparation. 

The materials necessary to perform a KOI I preparation 
include mosquito forceps, a medical grade spatula, a sterile 
empty container, glass microscope slides, cover slips, a 
Bunsen burner, and clearing solution. As with a dermato¬ 
phyte culture, it is important to sample several lesions 
to increase the chances of obtaining a diagnostic sample. 
Hairs and scales are collected from the periphery of the 
lesions with the mosquito forceps and the spatula. The sam¬ 
ples are stored in the sterile container until a microscopic 
examination can be performed. A drop of the KOH clearing 
solution is placed on a glass slide, hairs and scales are added 
to the solution, and a cover slip Is placed over the material. 
The slide should be scanned systematically with the xlQ 
objective for abnormal-appearing hairs with a fuzzy internal 
structure. If these features are noted, a higher-powered 



FIG. 11-3 II Positive resuJi un dermatophyte culture. Growth a( light-col¬ 
ored colony and simultaneous red color change are shown on dermato¬ 
phyte test medium (right half of culture pLitc) Growth of dermatophyte 
on rapid-sporuldiing medium is shown on left half of culture plate. 
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objective should be used for more detailed examination. 
A positive result with a KOH preparation demonstrates 
hyphae, which usually are uniform in width and septate. 
Beadlike chains of arthroconidia may be seen as well 
(Fig. 11-4). 

The purpose of the clearing solution is to dissolve the 
hard keratin and bleach the melanin of the hair shaft so 
that the fungal hyphae and arthroconidia can be identified 
more readily. Care should be taken not to spill any clearing 
solution on the microscope because it can damage the 
lenses. Several types of clearing solutions are available, 
[f 15% KOH is used, the slide should be heated for 15 to 
20 seconds to facilitate clearing before examination. As an 
alternative, the preparation can be allowed to stand at room 
temperature for 30 minutes before viewing, 

ACETATE TAPE PREPARATION. Acetate tape prepara¬ 
tions for parasites are used primarily to diagnose infection 
with O-xyurt* although they may also be used to diag¬ 
nose Chorioptes species. The materials required to perform 
an acetate tape preparation include acetate (nonfrosted) 
tape, mineral oil, and glass microscope slides. A piece of 
the tape is pressed over several areas in the anal and perianal 
region when looking for O. equi or over an affected region 
that has been lightly dipped when looking for Ckorieptes 
species. The tape is then placed with the adhesive side down 
on a line of mineral oil that was placed lengthwise on a glass 
microscope slide. The purpose of the oil is to help clear the 
debris and facilitate examination of the preparation for para¬ 
sites, The preparation is scanned with the x 10 objective for 
organisms. 

OERMATQPHtLUS PREPARATION, This test is used as an 
aid in identification of Derma ruphitos congolensis. Crusts 
should be removed from the patient and the excess hair 
carefully trimmed from the crusts with a small pair of scis¬ 
sors. The crusts are minced with the scissors and mixed with 
several drops of saline on a glass slide. After the crusts have 
softened in the saline for several minutes, they should be 
crushed with the tip of an applicator stick. The excess debris 
is removed, and the slide is allowed to air dry. The slide 
should then he heat fixed; stained with Cram, Giemsa, or 
Wright slain; and examined for the characteristic bacteria. 
D, ftirrgefemri organisms are gram-positive, branching, fila¬ 
mentous bacteria that divide horizontally and longitudinally, 
forming parallel rows of cocci (zoospores) that commonly 
are described as resembling 'Tailroad tracks" (Fig, 11-5). 

CYTOLOGIC STUDIES. Cytologic studies are of value 
when dealing with crusts, scales, pustules, vesicles, nodules, 
or tumors, Ihey can quickly indicate the presence of 



FIG. 11-4 If Positive result on potassium hydroxide (KOH) preparation. 
Note the small, spheric CimRal elements (arthroconidia) on the hair shaft. 
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FIG. 11-5 H Positive result on Demuidphi/iu preparation. Drmidttipfatiu 
is a br&e, gram-positive, filamentous bacterium that divides hori- 
stomal ly and longitudinally, fonmmg parallel rows of cocci fzoospores) that 
are commonly described as "railroad trades.” 


infectious organisms and provide a rough assessment of the 
spectrum of cell types present in a lesion (eg., neoplastic 
acantholytic or inflammatory). The surface of the lesion 
should be gently shaved (if necessary); particular care must 
be taken not to rupture fragile pustules and vesicles or 
remove crusts. Crusts and scales are best evaluated by 
performing a superficial scrape with a spatula, placing the 
material on a microscope slide, heat-fixing, then staining 
with Cram, Giemsa, or Wright stain. Alternatively, acetate 
tape may be used to collect the material and instead of 
placing the tape on a slide that has mineral oil (as is done 
when looking for parasites), the tape is placed on a slide 
on which several drops of the "blue" solution from the 
Wright stain have been placed. Scan for areas of interest 
with the x4 objective, then use the xlOO objective with 
immersion oil. 

Cytologic evaluation of intact pustules and vesicles is 
best accomplished by gently opening an intact lesion with 
the tip of a sterile No. 15 scalpel blade or 25-gauge needle 
and smearing the contents on the surface of a glass slide. 
The slide should be air dried, heat fixed, stained with one 
of the previously mentioned stains, and examined. Nodules, 
tumors, and swellings are best evaluated by fine-needle 
aspiration, A 25- or 22-gauge needle on a 12-mL syringe is 
introduced into the mass, and negative pressure is applied. 
Several passes through the mass at different angles should 
be performed. After negative pressure has been released, 
the needle is removed from the mass. The needle is then 
removed from the syringe, the syringe is filled with air, 
and the needle is reattached Hie contents of the needle 
are pushed out onto glass slides, which are subsequently 
dried, fixed, and stained as described previously. 

BIOPSY FOR ROUTINE HISTOPATHOLOGIC EXAMI¬ 
NATION. The following materials are needed to perform a 
skin biopsy: 

■ 6-mm and 4-mm biopsy punches 

■ No. 15 scalpel blade 

■ Sharp scissors 

■ Curved mosquito forceps 

■ Needle holders 

■ No. 2-0 or 3-0 nonabsorbable suture 

* 2% lidocaine 

■ 3-mL syringe with a 22- to 25-gauge needle 

• longue depressor or cardboard 

■ Gauze 

■ 10% buffered formalin 


I t is very important not to surgically prepare a lesion that 
is going to be biopsied for histopathologic examination. 
Shaving and scrubbing remove crusts and epithelial tissue 
that may be important in reaching a diagnosis. Cutaneous 
infections caused by biopsies taken in this manner are 
extremely uncommon. If the clinician is concerned about 
infections, surgically prepare the site after the biopsy has 
been taken, before suturing. 

Local anesthesia is sufficient for obtaining most skin 
biopsies. A 22- to 25-gauge needle is inserted at the margin 
of the lesion until the bevel is buried in the subcutaneous 
tissue beneath the lesion. The 2% lidocaine (0,5 to 1 ml) 
is injected, allowing 1 to 2 minutes for the anesthetic to take 
effect. Infiltration of the dermal or epidermal tissue with 
lidocaine should be avoided because this causes artifactual 
changes in the specimen. 

Four techniques can be used to biopsy skin: the exri- 
sional, wedge, punch, and elliptic techniques. When the 
lesion to be sampled is a single nodule, the ideal biopsy 
technique is exeisional because the lesion can be eliminated 
at the same time the histologic diagnosis is made. If the 
lesion is a tumor and too large to be excised, a generous 
wedge biopsy should be performed, which ideally extends 
from the margin to the center and includes the full depth 
of the lesion. 

Most lesions can be sampled with a 6-mm biopsy punch. 
A disposable biopsy punch* usually can be used to obtain 
two or three biopsies before its edge is dulled and it must 
be discarded. The punch is placed directly over the lesion 
and rotated in a continuous circular motion while pressure 
is applied until the blade of the punch is in the subcutane¬ 
ous tissue. If the punch has cut to a sufficient depth, when it 
Is removed the tissue sample b free of the adjacent dermis 
and remains only loosely attached to the underlying sub¬ 
cutaneous tissue by a thread of connective tissue. A small 
pair of curved mosquito forceps is used to gently grasp the 
subcutaneous part of the biopsy and elevate it from the 
surrounding tissue. The specimen is then cut free with a pair 
of sharp scissors. It is important to avoid handling the 
epidermal and dermal parts of the sample during this proce¬ 
dure to minimize artifactual changes in the tissue sample. 
The sample is gently blotted to remove any surface hemor¬ 
rhage and immediately placed in 10% buffered formalin 
for fixation. *lhe site from which the sample was taken 
may then be cleaned with an antiseptic solution and closed 
with either two simple interrupted sutures or a cruciate 
stitch using No, 2-0 or 3-0 nonabsorbable sutures. 

Although punch biopsies are convenient and easy to 
use, they are not appropriate for vesicular, bullous, and 
ulcerative lesions. For these lesions the method of choice 
is a surgical elliptical biopsy. The biopsy of vesicular and 
bullous lesions should encompass the entire lesion. Biopsy 
of samples of ulcerations should include abnormal tissue, 
the leading edge of the lesion, and normal tissue. Because 
an ulcer lacks epithelial tissue, the leading edge where epi¬ 
thelium remains may be the most rewarding in providing 
a histologic diagnosis. Thus the skin is biopsied so that 
the long axis of the ellipse crosses perpendicular to the lead¬ 
ing edge of the ulcer (Fig. 11-6). ll b important to mount 
surgical elliptical biopsies before placing them in formalin 
or they will curl during fixation, resulting in distortion of 
the histologic features during sectioning. To mount the 
specimen, the subcutaneous surface is placed on a small 
piece of a wooden tongue depressor or cardboard while 


4 Baker's Biopsy Punch, Chester A. Baker Laboratories, Miami, FL. 
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FIG, M *A II An Ulcerative lesion should be biopsied in .in elliptical fash 
ion, using a No. 15 scalpel blade, so ih.it the long axis of the ellipse crosses 
perpendicular ro the leading edge of the lesion. 


gentle pressure is applied to the tissue so that it adheres to 
the surface; then the specimen is placed in the formalin. 

Ideally biopsy specimens should be submitted to a veter¬ 
inary hist©pathologist with special interest and training in 
dermatopathology. Submission of adequately biopsied spe¬ 
cimens of properly chosen lesions is the clinician's responsi¬ 
bility. To further increase the chances of securing clinically 
valuable information from the biopsy samples, the clinician 
roust also provide the pathologist with a concise history 
of the skin problem, physical findings, a description of the 
morphology and location of the lesions, and a list of differ¬ 
ential diagnoses. When the suspected clinical diagnoses are 
provided, the pathologist's efforts can be directed specifi¬ 
cally toward confirming or ruling out those diagnoses. 

BIOPSY FOR IMMUNOPATHOLOGY. I mmunopathology 
may be used as an adjunct to conventional histologic testing 
when the clinician suspects Lhat the patient has an immune- 
mediaied skin disease. The two methods used are direct 
immunofluorescence, which requires a special medium for 
fixation (Michel's fixative), and immunoperoxidase techni¬ 
ques, which may be performed on the paraffin block 
prepared for the histopathologic study (i.e„ the formal inized 
tissue section). The materials and the technique for biopsy 
for immunopathology are essentially identical to those for 
a routine histologic examination. Administration of cortico¬ 
steroid medications within 3 weeks of testing may be asso- 
dated with false-negative test results. It is advisable to 
bisect biopsy samples along their long axis, submitting half 
for direct immunopathology and half for histopathologic 
examination. It should be borne in mind that histopathol- 
ogy of the lesions, rather than immunopathology, is often 
the more accurate of the two methods in the diagnosis of 
autoimmune diseases; thus if faced with the choice (because 
of financial reasons or paucity of lesions) the clinician 
should always choose the former. 

MICROFILARIAL PREPARATION. The micro filarial prep¬ 
aration technique is applicable to the diagnosis of cutane¬ 
ous onchocerciasis in horses, stephanofilariasis in cattle, 
and elaeophorosis and parelaphostrongylosis of sheep and 
goats. After selecting the lesion to be sampled, a 6-mm 
punch biopsy is used to obtain the tissue sample In the 
same manner as for the histopathologic biopsy. The tissue 
should be split, and half preserved in 10% buffered forma¬ 
lin for routine histologic studies. The other half is placed on 
a dampened gauze sponge in a tightly dosed container until 
the preparation can be performed. A small piece of the tis¬ 
sue that includes the dermis is placed on a glass slide and 
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minced with a razor blade; a few drops of nonbacteriostatic 
saline are added. Bacteriostatic saline, which kills the micro¬ 
filaria and thus makes their identification more difficult, 
should not be used. The specimen is incubated at room 
temperature for 13 minutes. The slide is then scanned with 
the x4 objective along the margins of the tissue debris 
while the clinician searches for indication of motion in 
the saline. If the characteristic whiplash movement of the 
parasite is noted, a higher-powered objective should be 
used. If the preparation result is negative, a small amount 
of water is added to a Petri dish, the glass slide is rested 
on two wooden sticks above the water, and the cover is 
replaced on the dish. The preparation should be incubated 
for several hours or overnight and reexamined. The Petri 
dish helps prevent the sample from drying out. 

bacterial culture. The method of bacterial culture 
depends on the type of lesion. All haired lesions should 
be gently shaved. Nodules and tumors should be cultured 
by aseplically excising the lesion or by obtaining a generous 
wedge of the tissue. To prevent culture contamination by 
surface bacteria, the nodules should be gently shaved, 
washed with an antiseptic soap, and dried with a sterile 
gauze pad. A perilesional injection of 2% lidocaine is used 
to anesthetize the tissue. 3he sample is placed in a transport 
medium and sent lo a microbiology laboratory for culture. 
A papular eruption (rash) is best cultured by obtaining a 
sterile 6-mm punch biopsy of skin. 

Crusts may be lifted up and the underside cultured via a 
sterile Cuburette. Ulcerative lesions should not be cultured 
because any bacteria isolated are more likely to be opportu¬ 
nistic rather than primary pathogens. If the lesions are fluc¬ 
tuant (vesicles, pustules), the overlying skin can be opened 
gently with a No. 15 blade and some of the contents of 
the lesion transferred with the blade to the tip of a sterile 
culture swab. It is advisable to avoid placing the swabs 
direedy on the skin surface, particularly when sampling 
small lesions, because nonpathogenic bacteria from the skin 
surface may be inadvertently cultured." 

SUBCUTANEOUS AND DEEP FUNGAL CULTURE, Sub¬ 
cutaneous and deep fungal cultures should be performed 
on nodules, tumors, and swellings. The technique is identi¬ 
cal to that described for bacterial culture of these lesions. 


PRURITUS 

Definition 

Pruritus is an unpleasant sensation that provokes the desire 
to scratch. It is designated a primary cutaneous sensation, 
along with heat, cold, pain, and touch. There are two broad 
categories of pruritus. Physiologic or spontaneous itch is a 
sharp, well-defined, pruritic sensation that is sufficiently 
intense to prompt scratching but that does not result in 
significant irritation of the skin; this is a frequent daily 
occurrence in normal individuals. Pathologic itch is the less 
well-defined pruritus that occurs in a variety of primary 
and secondary skin disorders and in systemic diseases. It is 
an intense cutaneous discomfort that provokes vigorous 
scratching, : 

Mechanisms of Pruritus 

The investigation of the mechanism of pruritus has been 
primarily in laboratory animals and humans. It is presumed 
lhat much of this knowledge is applicable to other animal 
species. Pruritus is a distinct sensory quality transmitted 
from an arborizing network of nerve endings situated at or 
near the dermoepidermal junction, Tire sensation is carried 
to the spinal cord through small, unmyelinated C fibers. 
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The fibers enter the dorsal root of the spinal cord and 
ascend in the ventrolateral spinothalamic tract through the 
posterior ventral nucleus of the thalamus to the sensory cor¬ 
tex. The pruritic sensation may be modified in the sensory 
cortex by behavioral factors or competing stimuli, 3 ' 4 

Many physical and chemical stimuli can evoke pruritus, 
and many substances have been implicated as mediating 
pruritus in humans. Examples of these mediators, which 
are assumed to have importance in domestic animals as 
well include the following -1 : 

■ Histamine. Histamine has been regarded as the classic 
mediator of pruritus. Histamine is present in mast cells 
in the dermis and in blood basophils. An imradermal 
injection of histamine produces pruritus within 20 to 
50 seconds. Because many pruritic disorders respond 
poorly to antihistamines given either therapeutically 
or prophyl act teal ly, histamine is not believed to be 
the sole mediator of pruritus, 

■ Endopeptidases. Examples include trypsin, papain, and 
kallikrein. 

■ fVtfstagkindinJ (E series and endoperoxidases). Prostaglan¬ 
dins induce pruritus by potentiating the release of pro¬ 
teases from keratinocytes and leukocytes and by 
lowering the threshold and increasing the duration of 
histamine-induced pruritus 

■ Endogenous opioid peptides Opiates may potentiate 
reexisting pruritus The opiate antagonist naloxone 
ydrochloride has an attenuating effect on the hista¬ 
mine-induced component of pruritus. 

■ Substance P, Substance P is a neuretransmitter found in 
the central and peripheral nervous systems. When 
introduced tntradermally, it elicits a pruritic response 

Many factors can potentiate existing pruritus. Neurologic 
factors such as boredom and fatigue can potentiate a patho¬ 
logic itch and possibly transform a physiologic itch into 
a pathologic itch. Local axonal reflexes can potentiate pruri¬ 
tus; that is, if a second stimulus is applied to an area dose to 
one that is pruritic, the second stimulus, irrespective of its 
type, is perceived as an itch. In addition, skin with chronic 
dermatitis has limited perception of stimuli, and any stimu¬ 
lus applied to the affected region may be perceived as either 
a burning sensation or an itch, this phenomenon is known 
as "conversion itch." Secondary bacterial infections, vasodi¬ 
latation, and inflammation result in a local increase in 
proteases that potentiate pruritus. 3 

Pruritus can be diminished by several non pharmacologic 
mechanisms, the most common being application of com¬ 
peting stimuli. Pruritus is a minor sensation compared with 
the other primary sensations of heat cold, touch, and pain; 
thus local application of a competing stimulus to a pruritic 
area often suppresses the pruritic sensation Scratching is an 
example of a compering stimulus Scratching may relieve 
pruritus by disturbing the rhythm of afferent impulses 
traveling toward the central nervous system. An alternative 
theory is that scratching may cause transient damage to nerve 
fibers that convey the pruritic sensation Unfortunately the 
effect b short-lived because the epidermal damage induced 
by scratching causes the release of epidermal proteases that 
may later increase the degree of pruritus. Centrally acting fac¬ 
tors such as diversions or distractions can also diminish the 
perception of pruritus by providing competing stimuli 
directly to the cortex rather than locally to the skin.' 

Approach to the Diagnosis of Pruritus 

Pruritus is the most common sign of cutaneous disease. 
Most often in large animals it is caused by ectoparasites or 
a hypersensitivity reaction, or both (e.g„ Culicoides hyper¬ 
sensitivity), but it may also be caused by cutaneous bacterial 
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Mott Common Causes of Pruritus in Horses 
and Ruminants 


ECTOPARASITES 

Cuftcokta species (horses) 

Other flying insects 
Lice 

Pwroptes cunicuti (goats) 

Psormptes ems (sheep) 

Sanccpto scabiei (ruminants) 
CJiariflpto species (horses and cattle) 

HYPERSENSITIVITY (HORSES) 

Atopic dermatitis 

INFECTIOUS 

Staphylococcal pyoderma (hones) 
Dermatophytes 


or fungal infections (eg,, dermatophytes, Malassezta spe¬ 
cies) (Box 11-1} Because pruritus may be a feature of a 
more generalized disease process, it is important to take 
the paiieni’s general health into account Hypersensitivity 
reactions, which are commonly pruritic, may of may not be 
limited to the skin. For example, anaphylaxis is a life-threat¬ 
ening hypersensitivity reaction that may manifest as pruritus 
in its early stages Other pruritic skin diseases include 
immune-mediated diseases such as pemphigus follaceus; 
direct irritation by chemicals, and photoactivated derma¬ 
toses It is helpful to formulate a differential diagnosis by con¬ 
sidering each of these broad categories of diseases and using 
historic information, other cutaneous signs, and appropriate 
diagnostic tests to narrow the List of differentia] diagnoses. 

The following steps are a guide to the diagnosis of pruri¬ 
tus in the horse and ruminant: 

1, History and physical examination (see Fig. 11-1), 
a Determine if the pruritus is a seasonal or year-round 
problem, A seasonally recurrent pruritic disease tends 
to suggest either seasonal exposure to a parasite (e.g., 
lice in the winter, flies in the summer) or a seasonal 
environmental allergen (eg., pollens) as the cause. 
Determine the level of fly exposure for the animal 
that is pruritic in the warmer months, 
b. Determine if the pruritus is generalized or localized, 
and if localized, what areas of the body are affected 
For example, photoactivated dermatoses are limited 
to the white-haired regions, 

c Determine if contact animals of the same and differ¬ 
ent species are affected or unaffected. The presence 
of multiple pruritic animals is suggestive of a conta¬ 
gious disease (eg., dermatophytes, ectoparasites) or 
a disease of common exposure fCulit Okies). A single 
pruritic animal among a group of unaffected animals 
is more likely to be experiencing a hypersensitivity 
reaction (drug or environmental) 
d. Determine what topical and systemic medications 
were given to the patient both before and after the 
onset of the problem. Medications given before onset 
may be the cause of the pruritus, and those given after 
onset may interfere with the results of diagnostic tests 
c Determine whether all the cutaneous lesions can be 
attributed to self-trauma or if other primary cutane¬ 
ous changes are present (e,g„ wheals, nodules, pig¬ 
mentary changes). 

f. Determine whether, on dose inspection, the coat 
shows evidence of small but grossly visible parasites 
such as lice or their eggs. 



2. The most useful diagnostic tests are skin scrapings, 

acetate tape preparations, dermatophyte culture plus 

KOH preparation, Dmwdtop/u'/us preparation, microfilar¬ 
ia! preparation, biopsy for routine histopathologic exam¬ 
ination, and imradermal skin testing (see Chapter 40). 

NODULES, TUMORS, AND SWELLINGS 

Definition 

A nodule is a circumscribed, solid elevation larger than 
I cm in diameter that does not deform when palpated. 
Nodules extend into the deeper layers of the skin and are 
usually the result of cellular infiltrates in the dermis or 
subcutis. 'Tumor' 1 is a less precise term that usually refers 
to a neoplastic, nodular enlargement of the skin or subcuta¬ 
neous tissue. 3 The term “tumor” is most commonly used 
to describe very large nodular neoplasms. In addition to 
nodules and tumors, swellings include elevated lesions that 
pit with pressure (wheals) and fluctuant lesions (cysts and 
abscesses). 

Mechanisms of Nodule, Tumor, and Swelling 
Formation 

Nodular lesions can be subdivided into inflammatory and 
neoplastic lesions. Inflammatory nodules are composed of 
a massive mixed cellular infiltrate involving the dermis, the 
subcutis, or both. The inflammatory infiltrate may contain 
variable numbers of neutrophils, histiocytes, lymphocytes, 
plasma cells, and eosinophils. Cellular infiltration usually 
is stimulated by the presence of foreign material, and the 
nature of that material influences the composition of the 
inflammatory infiltrate. Itie foreign material may be infec¬ 
tious (parasite, bacteria, or fungi) or noninfectious (fibrin, 
crystalline material, or other inert substances). Crossly visi¬ 
ble nodules develop as the masses of inflammatory cells 
accumulate in the tissues to phagoryttee or wall off the for¬ 
eign material. As the lesion enlarges, the dermis and subcutis 
are obliterated by the inflammatory infiltrate and the overly¬ 
ing epidermis may become atrophic, resulting in ulceration 
of the nodule's surface. 

Most cutaneous and subcutaneous neoplasms form 
nodular lesions. Cutaneous and subcutaneous neoplasms 
may either arise from a cel! type of the epidermis, dermis, 
or subcutis or less commonly metastasize from another 
tissue of origin. Cytologically and histologically neoplasms 
are composed of a uniform population of pleomorphic cells 
with variable atypia. Neoplasms may stimulate a secondary 
inflammatory reaction. 

Swellings include solid lesions, such as nodules and 
tumors, as well as urticaria, cysts, and abscesses. Urticarial 
lesions (wheals, hives) are often transient, localized, inflam¬ 
matory lesions caused by a vascular reaction in the dermis in 
which vasodilatation results in fluid transudation with or 
without erythema. The fluid is not compartmentalized but 
dispersed evenly throughout the dermal tissue. The result is 
an elevated lesion that, unlike a nodule, pits with pressure 
and often dissipates within minutes to hours as the fluid 
is resorbed. Typically a sparse, perivascular infiltrate that is 
usually lymphocytic is seen, although the infiltrate may be 
dense and intermingled with eosinophils. Urticaria is usually 
well circumscribed, although with confluence the edema 
may assume geometric shapes. 

A cyst (latin for sac) is an epitheliuni-lined cavity con¬ 
taining fluid or semisolid material. 3 A cyst usually presents 
as an elevated, smooth, well-circumscribed, fluctuant mass. 
Cutaneous cysts usually are lined by adnexal epithelium 
(hair follicle, sebaceous or apocrine epithelium) and are 
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filled with comified cellular debris and sebaceous or apo¬ 
crine secretions. 

An abscess is a localized, fluid-filled, fluctuant lesion; If 
large enough, it may be bal lotted. It results from a dermal 
or subcutaneous accumulation of the debris of dead cells 
and tissue elements liquefied by the proteolytic and histolytic 
enzymes elaborated by polymorphonuclear cells (e.g., pus). 
Abscesses most commonly result from localized infection, 
although they occasionally result from septicemia or may 
be sterile. 

Approach to the Diagnosis of Nodules, Tumors, 
and Swellings 

Nodules, tumors, and swellings may arise from a variety of 
cutaneous disorders and, in rare cases, as signs of a systemic 
disease. The major categories of diseases that should be 
considered when forming a differential diagnosis include 
hypersensitivity reactions, infectious diseases, sterile inflam¬ 
matory diseases, and neoplasia (Box 11-2). t he primary sys¬ 
temic diseases that should be considered are amyloidosis, 
lymphosarcoma, and anaphylaxis. 

The following steps are a guide to the diagnosis of 
nodules, tumors, and swellings in horses and ruminants; 

1. History (see Fig. 11-1). Pay particular attention to: 

a. Signalment Older animals are at greater risk for cuta¬ 
neous neoplasia (e.g., gray horses and melanomas) 

I lowever, neoplasia is not restricted to older animals; 
equine sarcoids are frequently recognized in horses as 
young as 3 years of age. 


EEIlEMs_ 

Most Common Causes of Nodules, Tumors, 
or Swellings in Horses and Ruminants 


HORSES 

Infectious 

CoTynebaeterium pseudotuberaibsis 
Habronema species 
Sporotrichosis 

Neoplasia 

Sarcoid 

Squamous cell carcinoma 
Melanoma 

Sterile, Nonneoplastic 

Eosinophilic granuloma 

Exuberant granulation tissue (proud flesh) 

Urticaria (hives) 

RUMINANTS 

Infectious 

C. 

Hypcderma species (warbles) 

Sporotrichosis 

Actinobadllosis 

Actinomycosis 

Neoplasia 

Squamous cell carcinoma 
Fibroma or fibrosarcoma 
Epidennal inclusion cysts 

Sterile* Nonneoplastic 

Urticaria (hives) 
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b. Number and progression of lesions. If one or only a 
few lesions are present, hypersensitivity to arthropod 
biles should be considered, particularly if there is 
rapid onset of the lesion. Rapid onset of generalized 
lesions such as urticaria suggests a differential diagno¬ 
sis of drug, flying insect environmental {pollen}, or 
(rarely) food allergies, 

c A recent history of systemic illness, which might suggest 
that the lesion is a bacterial abscess. 

2. Physical examination (see Fig, 11-2), In particular: 

a. Determine by palpation if the cutaneous lesions are 
nodules, tumors, or swellings. 

b. Inspect the lesion or lesions closely for evidence of 
cutaneous parasitism (ticks, breathing pores asso¬ 
ciated with llypoderm# larvae, yellow granules asso¬ 
ciated with cutaneous habronemiasis). 

c. Determine if the lesions are painful or pruritic (e,g„ 
evidence of excoriations). 

3. Perform fine-needle aspiration for cytologic studies. 

4. Perform biopsy for histopathologic examination. 

5. Perform bacterial culture and sensitivity. 

6. Perform subcutaneous and deep fungal cultures. 

7. Perform dermatophyte culture and KOH preparation. 

ULCERATIONS AND EROSIONS 

Definition 

An ulcer is a cutaneous defect that results from a complete 
loss of the epidermis and usually part of the underlying der¬ 
mis. 3 Ulcers often heal with scarring that is caused by 
destruction of dermal collagen. An erosion is a cutaneous 
defect that results from a partial loss of the epidermis that 
does not penetrate beneath the basal Laminar zone. Because 
an erosion does not involve the dermis, it heals without 
leaving a scar. Because the epidermis is a cutaneous barrier 
to invading microorganisms, ulcers and erosions often are 
secondarily infected. 

Mechanisms of Ulcer and Erosion Formation 

Ulcers and erosions are secondary lesions. Primary lesions 
develop spontaneously and are a direct reflection of under¬ 
lying disease. Secondary lesions evolve from primary lesions 
or are artifacts induced by excoriation or external trauma. 
Primary lesions that may lead to the formation of ulcers 
and erosions include fluid-filled lesions such as pustules 
and vesicles. Rupture of these fragile lesions results in epider¬ 
mal destruction and erosion or ulcer formation. Swellings 
such as abscesses and cysts may also rupture, resulting 
in ulceration, but these primary lesions are more stable 
and often remain intact. Nodules and tumors may become 
secondarily eroded or ulcerated. As the nodule or tumor 
enlarges, the mass exerts pressure on the overlying epidermis, 
leading to epidermal atrophy and ultimately a break in epi¬ 
dermal confluence, resulting in ulceration and erosion. The 
most common cause of ulceration and erosion is pruritus, 
which induces excoriation and hence epidermal destruction. 
Ulcers and erosions may also result from external trauma, 
such as epidermal destruction arising from mechanical, 
thermal, or chemical causes (Box U-3}. 

Approach to the Diagnosis of Ulcerations 
and Erosions 

To diagnose the cause of an ulcer or erosion, the clinician 
must first determine the primary lesion that resulted in ulcer¬ 
ation and erosion. Ulcers and erosions occurring secondary 
to pustules and vesicles, to swellings such as abscesses and 
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Most Common Causes of Ulcerations and Erosions 
in Horses and Ruminants 


IMMUNE-MED1ATED 

Adverse drug reaction 

Contact irritant or hypersenskiviry 

Photosensitivity 

Purpura hemonhagica (horses) 

Vasculitis 

INFECTIOUS 

Dermatophilosis congolertsis 
Habrotiema species (horses) 

Viral diseases (in ruminants, for example, infectious bovine 
rhinotracheitis, vesicular stomatitis, bovine herpes 
mam mill ids) 

NEOPLASIA 

Squamous cell carcinoma 


cysts, to nodules and tumors, to pruritus, and to external 
trauma must be differentiated. The list of differential diag¬ 
noses relevant to each of these groups of primary lesions is 
then considered. 

The following steps are a guide to the diagnosis of ulcera¬ 
tions and erosions in horses and ruminants: 

1. History (see Fig. 1 T 2 ) 

a. Determine if the animal is pruritic. 

b. Determine if the animal has been subjected to exter¬ 
nal trauma (mechanical thermal, or chemical). 

c. Determine what topical and systemic medications 
were given to or used on the patient before the onset 
of the problem. Use of certain topical agents may sug¬ 
gest a diagnosis of eontacL dermatitis, whereas admin¬ 
istration of systemic medications may suggest a drug 
hypersensi tivi ty. 

2. Physical examination (see Fig. 11-2] 

a. Examine the oral cavity and mucocutaneous junc¬ 
tions for lesions. Oral or mucocutaneous lesions (or 
both) in the horse might suggest accidental ingestion 
of a vesicant, or the rare diagnosis of bullous pemphi¬ 
goid. In a ruminant these lesions often are seen with 
viral infections. 

b Look for evidence of excoriation, suggesting that the 
ulcerations and erosions have occurred secondary to 
pruritus, 

C. Look for evidence of primary Lesions such as pustules, 
vesicles, nodules, tumors, or swellings, which may 
have preceded the ulcerations and erosions. 

3. Biopsy for routine histopathologic examination 

4. Biopsy for direct immunofluorescence testing 


PAPULES, PUSTULES, AND VESICLES 

Definition 

A papule is a solid, circumscribed, elevated lesion up to 
1 on in diameter. Papules are essentially small nodules that 
do not extend beneath the dermis. A pustule is a fluouant, 
circumscribed, elevated accumulation of pus (inflammatory 
cells and often necrotic debris) up to l cm in diameter (e g., 
a small abscess). Pustules are frequently associated with 
infectious diseases, although sterile pustular diseases (such 
as pemphigus foliaceus) exist, A vesicle is a fluid-filled, acel¬ 
lular, circumscribed, elevated lesion up to 1 cm in diameter, 
A bulla is a vesicle that is larger than 1 cm in diameter. All 
these lesions can be either follicular or nonfollrcular in 
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orientation, depending on the underlying cause. Pustules 
and vesicles are rarely seen clinically because of their fragil¬ 
ity and hence their susceptibility to rupture. Because 
papules are solid lesions, they are more stable and therefore 
more commonly encountered, 

Mechanisms of Papule, Pustule, and Vesicle 
Formation 

Papules usually form as a result of an infiltrate in the dermis, 
which can be either cellular or noncellular. Cellular infiltrates 
may include inflammatory or neoplastic cells, although 
neoplastic papular lesions are relatively uncommon in large 
animals. Inflammatory infiltrates may be mixed, containing 
variable numbers of neutrophils, histiocytes, lymphocytes, 
plasma cells, and eosinophils, or one cell type may pre¬ 
dominate. The composition of the inflammatory cells is 
influenced by the underlying cause of the papule, and the 
possible causes are extensive. Noncellular papular infiltrates 
include substances such as edema fluid, amyloid, and prolif¬ 
erative collagen. Epidermal hypertrophy may contribute to or 
be the sole cause of papule formation. 

Pustules form as the result of an intraepidermal, sub¬ 
corneal or, less commonly, subepidermal accumulation of 
inflammatory cells, Infiltration of inflammatory cells, par¬ 
ticularly polymorphonuclear leukocytes, leads to the release 
of proteolytic enzymes that liquefy tissue elements and 
result in the formation of a fluctuant lesion. Eosinophils, 
acantholytic cells, and infectious organisms may also be 
noted in a pustule, depending on the underlying cause. The 
stimulus leading to pustule formation is most commonly 
infectious, although pustules can result from noninfectious 
causes such as hypersensitivity reactions and autoimmune 
disease. 

Vesicles form either at the dermoepidermal junction 
(subepidermal) or in the epidermis (intraepidermal) as a 
result of destruction of the basement membrane zone or 
confluence of intercellular edema (spongiosis). Clinically 
the two types of vesicles are indistinguishable. Vesicles form 
as the result of some viral diseases, during severe inflamma¬ 
tory reactions (allergic contact dermatitis), or with cutane¬ 
ous physical damage (mechanical, chemical or thermal). 
In pemphigus foliaceus, autoantibodies presumably bind 
to transmembrane proteins between the epidermal cells, 
causing disruption of epidermal intercellular attachments. 
The result is intraepidermal deft formation that leads to 
vesiculation. In bullous pemphigoid, complement-activating 
antibodies bind to antigens in the basement membrane 
zone, causing degranulation of mast cells, diemotaxis of 
neutrophils and eosinophils, and release of tissue-destructive 
enzymes that injure the basement membrane zone. The 
result is loss of dermoepidermal adherence and vesicle 
formation. 3 Vesicles are transient, fragile lesions and there¬ 
fore are rarely recognized clinically. If they are not destroyed 
by surface trauma, rapid infiltration by inflammatory cells 
transforms a vesicle into a pustule. 

Approach to Diagnosis of Papules, Pustules, 
and Vesicles 

Although papules, pustules, and vesicles may look some¬ 
what similar on a cursory physical examination, the clini¬ 
cian must differentiate among the three and determine 
which of the lesions are present. Examination with a hand 
lens may help The differential diagnoses relevant to 
papules, pustules, and vesicles are not necessarily the same 
(Box 11-4), In all cases it is important to determine if dis¬ 
ease is limited to the skin or if the animals general health 
is compromised as well. 


BOX I 1 -4 


Most Common Causes of Papules, Pustules, 
and Vesicles in Horses and Ruminants 


HORSES 

Hypersensitivity—Usually Papules 

Culkoides species 
Other flying insects 

Infectious—Papules or Pustules 

Staphylococcal pyoderma 
Dermatophihsis congolensis 

Immune-Mediated 

Pemphigus foliaceus—papules or pustules 
Bullous pemphigoid—vesicles 

RUMINANTS 

Ectoparasites—Usually Papules 

Sarcvptes sta&iei 
Psoroptes cumcu/i (goals) 

Lice 

Infectious 

Viral diseases (e.g., vesicular stomatitis)—vesicles 
Staphylococcal pyoderma (goats)—pustules or papules 


Papular lesions have the most extensive differential 
diagnoses: 

» Hypersensitivity reactions. Parasitic hypersensitivities 
are the most common (e,g., Cuftcflutes hypersensitiv¬ 
ity), although drug and (rarely) food hypersensitivities 
should also be considered. Many hypersensitivity reac¬ 
tions are pruritic, 

■ Parasites, Some species simply irritate the skin with 
their bites (e,g„ horn fly [Heiemtfrotod imtans]) without 
inducing a hypersensitivity reaction. 

■ Infectious diseases (bacterial, fungal, and viral). Typi¬ 
cally papules caused by infections have a follicular 
orientation. 

* Certain neoplastic diseases (papillomas or sarcoids), 

■ Uncommon causes, including autoimmune diseases, 
such as pemphigus foliaceus, and diseases of uncertain 
cause, such as equine sarcoidosis. 

Pustules are most commonly associated with bacteria! 
infections, although fungi and, in rare cases, parasites 
(Demodex species) can cause pustule formation. Sterile pus¬ 
tular diseases are less frequently seen (drug eruptions, sterile 
eosinophilic folliculitis of cattle) 5 but should be included in 
the differential diagnoses. Vesicles are rapidly infiltrated by 
inflammatory cells and transformed into pustules. Diseases 
commonly associated with vesides include viral diseases of 
ruminants, autoimmune diseases, contact dermatoses, and 
burns. 

The following steps are a guide to the diagnosis of 
papules, pustules, and vesides in horses and ruminants: 

1, History (see Hg. 11-1) 

a. In particular, determine whether the lesions are 
pruritic, painful, or asymptomatic, 

b. Determine if contact animals of the same and differ¬ 
ent species are affected or unaffected. If contact ani¬ 
mals are affected, a contagious problem should be 
considered: fungal (derm atop hytos is), bacterial (der- 
matophilosis), viral (contagious ecthyma), or para¬ 
sitic (Culkoides hypersensitivity). 

c. Trace the temporal course of development. Rapid onset 
of lesions may suggest a hypersensitivity reaction. 
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d. Check for seasonality. A seasonal problem suggests a 
parasitic or hypersensitivity (pollens) cause. Lice are 
a problem in the winter, irombiculidiasis tends to 
occur in the fall, and most of the flying insects are 
present in the spring, summer, and early fall. 

e. Determine what topical and systemic medications were 
given to or used on the animal before the onset of 
the problem, Lise of certain topical agents may sug¬ 
gest a diagnosis of contact dermatitis, whereas 
administration of systemic medications may suggest 
drug hypersensitivity. 

£ Determine if the animal has been sub jected to external 
trauma (thermal or chemical)* 

2 t Physical examination (see Fig, 11-2) 

a. Gently palpate the lesions to determine if they are 
solid (papules) or fluctuant (pustules or vesicles). 

b. Note if the lesions have a follicular orientation, sug¬ 
gesting an infectious cause, 

c. Check for lesions involving the oral cavity and 
mucocutaneous junctions, 

d. Ixrok for evidence of excoriation, suggesting that 
pruritus is a feature of the disease. 

e. Inspect the coal closely for small but grossly visible 
parasites such as lice or their eggs. 

f. Inspect contact animals for evidence of disease, 

3. Skin scrapings of papular lesions 

4. Cytologic studies 

5. Dermatophyte culture and KOH preparation 

6. Dermatophilus preparation 

7. Bacterial culture and sensitivity 

8. Microfilaria! preparation 

9. Biopsy for routine histopathologic examination 

10. Biopsy for direct immunofluorescence testing 

SCALING AND CRUSTING 

Definition 

Scale is a visible accumulation of fragments of the horny 
layer of the skin (stratum corneum); it represents the 
final product of epidermal keratinization.* The process of 
forming the stratum corneum is termed comification . Histo¬ 
logically scale is recognized as hyperkeratosis and can be 
subdivided into parakeratosis (comification with nuclear 
retention) or orthokeratosis (comification without nudear 
retention). In some conditions parakeratosis and orthokera¬ 
tosis may be present together. Grossly the scale varies in 
appearance. The color may be while, silver, yellow, brown, 
or gray. The consistency may be bran-flake-like, powdery, 
coarse, greasy, or dry. Scale can be either loose or adherent 
to the skin or hair shafts. 

Crusts are composed of variable amounts of serum, cells 
(leukocytes, erythrocytes, keratinocytes), fibrin, infectious 
agents (bacteria and fungi), debris, and/or medications. 
They often cover erosions or ulcerations. Heaped-up crusts 
are referred to as vegetations. On the basis of their histologic 
composition, crusts may be subdivided into cellular, sero- 
cellular, serous, and hemorrhagic types. 


Mechanisms of Scale and Crust Formation 

Scale results from increased desquamation (exfoliation) of 
the stratum corneum. Exfoliation is the final stage of kerati- 
mzation, the process by which the permanent population of 
cells of the basal layer of the epidermis divides, undergoes 
specific patterns of differentiation, and progresses toward 
the surface, where it is shed, 3 5 Excessive exfoliation and 
scale formation occur when the rate of keratinization is 


accelerated; when trauma to the surface of the epidermis 
(chemical, mechanical, or thermal) loosens the stratum 
corneum; or when the structures sustaining epidermal inter¬ 
cellular cohesion {such as transmembrane proteins) are 
destroyed, resulting in a loss of cohesion between epidermal 
cells. 

Because crusts are composed primarily of serum and 
cells, their presence on the skin surface implies that vascular 
and epidermal permeability has increased to permit their 
formation. Serum and inflammatory cells are released into 
the tissues from the dermal vasculature, then cross the epi¬ 
dermis to the skin surface either through erosions or ulcera¬ 
tions or by permeating between the intercellular spaces. The 
exudate dries on the skin surface, in combination with any 
medication or debris that was already present on the hair 
or skin, to form the visible crust. Desquamating keratino¬ 
cytes may be swept up in the exudate and become part of 
the crusts. Bacteria frequently invade crusts after they have 
formed and will be noted on histologic examination, even 
though they may not be a factor in the pathogenesis. Fungal 
organisms, when present, are more likely to be important to 
the pathogenesis of the underlying disease process. 

Approach to Diagnosis of Scaling and Crusting 

The most important factor in determining the underlying 
cause of scale or crust formation in either a horse or a rumi¬ 
nant is to determine if the patient is pruritic and if some 
or all of the lesions are induced by self trauma. If pruritus 
is a feature, the approach to diagnosis of pruritus should 
be used because all pruritic diseases can cause scale and 
crust formation. If the patient is not pruritic, the most 
important differential diagnoses include infectious diseases 
(particularly dermatophilosts and derma to phytosis), nutri¬ 
tional disorders, toxicides* autoimmune disease (pemphigus 
foliaceus), cutaneous filariasis, photosensitization, irritant 
contact reactions or bums, and diseases of uncertain cause 
(for example, in equine patients, sarcoidosis, aural plaques, 
and primary seborrhea) (Box ll-5)/ 3,& Viral diseases are 
important nonpruritic causes of scaling and crusting in rumi¬ 
nants, although they usually are associated with ulceration 
and erosion with involvement of the oral cavity and mucocu¬ 
taneous regions. 



Most Common Causes of Scaling and Crusting 
m Horses and Ruminants 


ECTOPARASITES 

Sarcoptes scabiei (ruminants) 

Pstvopier amkuH (goats) 

Psflropres avis (sheep) 

Lice 

Gtorropces species (horses and cattie) 

INFECTIOUS 

Denridfephi/psis co/igoJeruis 
Staphylococcal pyoderma 
Dermatophytosis 

IMMUNE-MEDIATED 

Pemphigus folia tens (horses and goats) 
Photosensitization (horses) 

NUTRITIONAL 

Zinc deficiency (ruminants) 



The following steps are a guide to the diagnosis of scaling 
and crusting in horses and ruminants: 

t. History {see Fig. 11-1} 

a. In particular, determine if the patient is pruritic 

b. Determine if contact animals of the same or different 
species are affected. If they are, a contagious prob¬ 
lem should be considered: fungal (dermatophyto- 
sis), bacterial (dermatophilosis), viral or parasitic. 

2. Physical examination (see Fig. 11-2) 

a. Look for evidence of excoriation, suggesting that pru¬ 
ritus is a feature. 

b. Inspect the coat closely for small but grossly visible 
parasites such as lice or their eggs 

c. Inspect contact animals for evidence of disease, sug¬ 
gesting a contagious cause. 

3. Skin scrapings 

4. Acetate tape preparations 

5. Dermatophyte culture and KOH preparation 

6. Dermatophihis preparation 

7. Biopsy for routine histopathologic examination (careful 

histologic examination of scale and crusts is essential to 

the search for the underlying cause of their formation) 

8. Microfilaria! preparation 

9. Biopsy for direct immunofluorescence testing 

10. Bacteria! culture and sensitivity 


ABNORMAL COAT LENGTH AND DENSITY 

Definition 

Abnormalities in coat length and density can be subdivided 
into decreased coat length and density (alopecia, hypotri¬ 
chosis) and increased coat length and density (hirsutism, 
hypertrichosis). Hirsutism, or excessive body hair, is far less 
common than alopecia, which is an absence of hair from 
areas where hair is normally present Alopecias are usually 
classified as scarring (cicatricial) or nonscarring (noncicatri- 
cial). In cicatricial alopecias the hair follicles are destroyed, 
and hair loss is permanent because neogenesis of the hair 
follicle does not occur in an adult mammal. In nonscarring 
alopecias the hair follicles are retained; therefore the poten¬ 
tial for regrowth remains. Both alopecia and hirsutism may 
be complete or partial diffuse or focal and congenital or 
acquired. 

Mechanisms of Development of Abnormal Coat 
Length and Density 

A basic understanding of the dynamics of hair structure and 
development is essential to an understanding of the mechan¬ 
isms associated with pathologic changes in coat length and 
density. 

The hair follicle and the sebaceous and apocrine glands 
are epidermal appendages. The hair follicle forms during 
fetal development as a downgrowth of epidermal cells 
toward a group of mesenchymal cells that ultimately 
become the dermal papillae. The sebaceous and apocrine 
glands begin as buds of epithelium from the sides of the 
developing hair follicle. 

Hair is composed of keratin and is the product of the 
hair follicle. The hair shaft is the part of the hair that 
emerges from the skin surface. The hair root is the part of 
the hair in the follicle. The hair bulb is a knob of epidermal 
cells that attaches the follicle to the dermal papilla. Both the 
hair follicle and the shaft have distinct layers. There are two 
types of hair follicles: simple and compound. A simple hair 
follicle produces a single hair. A compound hair follicle 
produces multiple hairs with bundles of hairs sharing a 
common skin opening and a single follicle down to the 
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level of the sebaceous gland. Below the sebaceous gland 
the follicle branches so that each hair has its own hair bulb. 
Horses and cattle have only simple follicles. Goats and 
sheep have a mixture of simple and compound hair follicles 
(Re. n - 7). 15 

The normal hair growth cycle is divided into three 
repeating stages: anagen, catagen, and telogen, with the size 
and shape of the follide changing during each stage 
(Fig. 11-8). The amount of time a follicle spends in each 
phase varies with the species, breed, individual and body 
region. In addition, it is influenced by factors such as pho¬ 
toperiod, stress, and disease. Anagen is the active phase of 
hair growth. Catagen is the transition stage from the growing 
to the resting state. Catagen is short, and the hair quickly 
enters the telogen phase, in which hair growth stops. As the 
follicle reenters anagen, a new hair grows up beside the old 
and dislodges it. The signal that stimulates progression from 
telogen to anagen is unknown. 

Coat abnormalities may result from a multitude of endog¬ 
enous and exogenous factors that can modify the normal 
pattern of hair growth and development. 

The length, density, and texture of the coat of a normal 
animal aFe determined genetically, and a variety of heredi¬ 
tary defects result in coat abnormalities. These defects may 
cause changes in hair length, density, or quality. Coat qual¬ 
ity may be abnormal at birth or may become apparent 
sometime before 6 months of age. A given defect may alter 
the number of follicles present in the skin, or the number of 
follicles present may be normal but there may be genetic 
alterations in the way the hair is produced. Altered hair 
production may manifest as an increased or a decreased 
growth rate or as structural deformities that result in weak 
hair shafts that break easily. 

Nutritional imbalances can affect growth and mainte- 
nance of the coat in various ways, depending on the species. 
Nutritional deficiencies may result in a shift of greater 
numbers of follicles into telogen, thus increasing shedding, 
Dietary carbohydrate and protein deficiencies reduce the 
length, diameter, and strength of hair. Supplementing the 
diet with carbohydrate and protein releases protein for 
keratin formation, provides energy to use protein, and main¬ 
tains mitotic activity in the hair matrix. Fatty acid deficiencies 
affect lipid production in the skin, leading to a dry coat with 
increased fragility. A variety of vitamin and mineral deficien¬ 
cies may also result in poor hair growth or quality. 

Inflammatory skin diseases frequently result in hair loss. 
Infectious inflammatory processes such as dermatophytosis 
and pyoderma are usually directed specifically at the hair or 
hair follicle. Inflammatory processes directed elsewhere may 
still affect the hair follicle by sweeping it up as an "innocent 
bystander." 

Hormonal effects on hair growth are complex. Thyroid 
hormones, corticosteroids, sex hormones, melanocyte- 
stimulating hormone (MSH), adrenocorticotropic hormone 
(ACEH), growth hormone, and prolactin all affect hair 
growth. The effect of a single hormone may be modified 
in the presence of other hormones, and the importance or 
effect of any one hormone on hair growth may differ from 
species to species. Hormonal variations affect the hair coat 
quality and length by altering the period of time that hair 
follicles spend in any given pari of the cycle, by influencing 
the rate of hair growth, and by inducing follicular atrophy. 
External factors such as changes in the photoperiod influence 
hair growth by altering hormonal levels. 

Trauma to the skin is a frequent secondary cause of hair 
loss. Seif-trauma induced by pruritus is the most common 
cause of alopecia. Hairs may be lost either from trauma to 
the hair shaft, resulting in breakage, or from trauma to the 
dermis, resulting in destruction of the hair follide. In the 
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FIG, 11 *7 II Longitudinal section of a compound hair follicle. 



FIG. 11-8 II Stages of the hair growth cycle. K Anagera. B, Catagen. C, Tetogen_ D, Early anagen 
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former case, the hair regrows once the source of trauma has 
been removed. In the latter case, hair loss is permanent 

A variety of factors can result in hair loss by causing an 
abrupt shift of hairs into the teiogen phase. Recognized 
causes of teiogen effluvium include stress from high fever 
or severe illness and parturition. 

Approach to Diagnosis of Abnormal Coat Length 
and Density 

I he differential diagnosis of abnormalities resulting in 
increased coat and length density is relatively limited and 
does not provide much of a diagnostic dilemma for the 
clinician In the horse increased coat length and density is 
an acquired abnormality associated with equine hyperadre- 
nocottitism.* In ruminants defects are congenital and are 
either the result of an in utero infection (border disease) 
or a breed specific hereditary defect* 

The differential diagnoses of decreased coat length and 
density are extensive The initial step is 10 determine if 
the alopecia is congenital, implying a hereditary' defect 
or acquired. If the abnormality is acquired, the clinician 
must determine if it is a primary alopecia or secondary 
to another cutaneous abnormality such as pruritus or ulcer* 
ation. ff alopecia is the result of another primary cutaneous 
abnormality, the clinician should focus on the differential 
associated with that primary abnormality. Finally, to help 
provide a prognosis for hair regrowth, the clinician should 
biopsy to determine if the alopecia is scarring (cicatricial) 
or nonscarring (noncieatricial). Regardless of the underlying 
cause and its resolution, hair will not regrow with a cicatri¬ 
cial alopecia because by definition the hair follicle has been 
destroyed. In a noncieatricial alopecia the potential for hair 
regrowth remains if the underlying cause for hair loss can 
be identified and resolved (Box 11-6). 

The following steps are a guide to the diagnosis of 
decreased coal length and density in horses and ruminants: 
1, History (see fig 11-1) 

a. Determine whether the lesions are congenital or 
acquired. If they are congenital, determine if any 
related animats are affected and if the lesions have 
progressed since birth. 

b. If the alopecia is acquired, determine if the animal is 
pruritic and if other cutaneous lesions have been 
observed, 

c. Determine if the animal's diet is nutritionally complete. 

d. Determine if the animal has been exposed to any 
toxic substances. 

e. Determine if contact animals of the same or different 
species are affected. If contact animals are affected, 
a contagious problem such as dermatophytosis or 


Most Common Causes of Abnormal Coat Length 
and Density in Horses and Ruminants 

ALOPECIA* 

Dermatophytosis 

Staphylococcal pyoderma (horses) 

Alopecia areata (horses, cattle) 

Dmg reaction 

Congenital hypotrichosis (caitle) 

Onchocerciasis (horses) 

INCREASED COAT LENGTH 

Pars intermedia pituitary dysfunction (horses) 
Congenital hypettrithosis 

’Alopecia without pfuntut. crust*, a? other f linxal signs. 


dermatophilosis should be considered. Because feed 
and environment are also shared, dietary deficiencies 
and toxicides should be included in the differential 
diagnosis. 

f. Determine what medications have been given system- 
ieally or applied topically to rhe patient. Use of certain 
topical agents, along with a history of an inflammatory 
stage preceding or coincident with the alopecia, may 
suggest a diagnosis of contact dermatitis. Admin¬ 
istration of systemic medications may suggest that the 
cause is a drug hypersensitivity, 
g Determine if the animal has been subjected to any 
stresses that might provoke a teiogen effluvium. 

2. Physical examination (see Fig. 11*2) 

a. Check for evidence of disease in organ systems other 
than the skin Does the animal appear thin and 
malnourished, suggesting hair loss related to a dietary 
deficiency? Is it febrile or suffering from a severe 
systemic disease, suggesting a teiogen effluvium? 

b. Can the hairs be epilated readily from the coat? If not 
hair loss may be caused by trauma (self-induced 
or external). If so, underlying nutritional, hormonal 
or stress-related causes of alopecia are more likely, 

c. look for evidence of excoriation, suggesting that self¬ 
trauma is the cause of the hair loss 

d. Determine whether the lesions are generalized or 
localized, either to particular areas of the body or to 
certain hair colors (e g, black hair follicle dystrophy). 
Note if the hair loss has a symmetric pattern 

e. Inspect the coat closely for small but grossly visible 
parasites such as lice or their eggs. 

f. Inspect contact animals for evidence of disease. 

3. Microscopic examination of the ends of affected hairs 
(squared or broken ends suggest that the hair loss is trau- 
matitally induced; tapered ends suggest an abnormality 
in the hair follicle, growth cycle atrophy, or an inflam¬ 
matory process such as dermatophytosis) 

4. Skin scrapings 

5. Acetate tape preparations 

6. Dermatophyte culture and KOI 1 preparation 

7. Microfilarial preparation 

8. Biopsy for routine histopathologic examination (sagittal 
sections should be evaluated to determine the propor¬ 
tion of hairs in the anagen, catagen, and teiogen phases; 
for the presence or absence of inflammation and infec¬ 
tious organisms; and for evidence of scarring, which sug¬ 
gests a poor prognosis for hair regrowth; cross-sections 
of the biopsy specimen should be evaluated in nonin¬ 
flammatory alopecias to determine the number of hair 
follicles present per given area) 

The following steps are a guide (o the diagnosis of 

increased coat length and density in horses and ruminants: 

t. Horses demonstrating increased coat length and density 
should be evaluated with appropriate laboratory tests 
for hyperadrenocoiticism. 

2. Lambs with increased coat length and density should be 
evaluated for evidence of border disease. 

3. Cattle with increased coal length and density probably 
have hereditary hypertrichosis. 

ABNORMAL PIGMENTATION 

Definition 

The following terms are used when discussing pigmentation 

and pigmentary abnormalities 3 

* Mebmtn is a brown-black, light-absorbing insoluble 
pigment formed in many organisms by specialized 
cells called metanacytrs. 
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■ Hyperpigmentation is an excessive tissue deposition of 
pigment, usually melanin, 

■ Hypopigmentation refers to less than normal pigmenta¬ 
tion and can be congenital or acquired, 

■ Leukoderma (hypomelanosis) is a partial or total acquired 
loss of melanin pigment from the skin. The term w'£i- 

also refers to an acquired loss of melanin from 
the skin but is often reserved for a specific type of leu¬ 
koderma found in humans, 

» LewI^rricJiia is an acquired loss of pigment from the hair, 

m Albinism is a congenital Jack,of pigment in all tissues. 

Mechanisms of Pigmentation Abnormalities 

Cutaneous pigmentation results from the interaction of 
melanocytes and keratinocytes. The degree of "baseline" 
pigmentation observed in an animal is genetically con¬ 
trolled. Melanocytes are of neural crest origin and migrate 
from this site during embryologic development. They are 
present in nearly all tissues but occur in the highest num¬ 
bers in the epidermis, mucous membrane epithelium, der¬ 
mis, hair follicles, leptomeninges, uveal tract, and retina. 
Epidermal melanocytes are found in the basal cell layer, 
and each melanocyte is presumed to supply melanin to 10 
to 20 keratinocytes. Melanin is usually found in the deeper 
layers of the epidermis, although darkly pigmented animals 
may have melanin throughout the epidermal layers. 

Melanocytes produce membrane-bound organelles called 
mehinosomes that fuse with vesicles containing the enzyme 
tyrosinase. Melanin, a black-brown pigment, is produced 
from tyrosine in the presence of tyrosinase and copper. It is 
deposited on the protein matrix in the melanosomes. Once 
melanosomes are fully melanized, they disperse to the 
periphery of the dendrites of the epidermal melanocytes, 
and the dendritic lips are phagocytized by keratinocytes. 
Melanin is also synthesized and transferred to cells of the 
hair shaft during the anagen phase. 5 

In general, mechanisms associated with pathologic pig¬ 
mentary disturbances in large animals are poorly understood. 
Hyperpigmentation results from increased amounts of mela¬ 
nin in the epidermis or dermis or both. The melanin may 
be present in melanocytes, keratinocytes, or melanophages 
{dermal macrophages that have phagocytized melanin pig¬ 
ment). Hyperpigmentation is an uncommon problem in 
horses because most normally have darkly pigmented skin. 
Hyperpigmemation may be reversible: with removal of the 
pigment-promoting stimulus, it tends to decline over lime 
to the baseline level 

MSH may stimulate byperpigmeniaiton. MSH acts by 
affecting the levels of cyclic adenosine monophosphate 
(cAMP), resulting in increased tyrosinase activity, MSH also 
causes increased dispersion of melanosomes into melano¬ 
cyte dendritic processes, where they are phagocytized by 
keratinocytes. Increased levels of ACTH, estrogens, proges- 
terones, and androgens may also have effects on pigmenta¬ 
tion, although the importance and mode of action in large 
animals is not dear. 

Inflammation from a variety of causes and persistent 
cutaneous trauma from friction induce hyperpigmentation. 
Stimuli that may be factors in large animals include physical 
cutaneous damage (trauma, friction), chemicals (primary 
irritants, allergic sensitizers, photosensitizers), infectious 
agents, and nutritional disturbances. 

Hypo pigmentation is the result of a decreased amount of 
melanin in the epidermis or dermis (or both} and may be 
congenital or acquired (depigmentation). Possible mechan¬ 
isms include decreased melanin production (defects in 
melanocyte migration during embryogenesis or disorders 
of melanin synthesis), decreased dispersion of melanin 


granules (defective transfer of melanin to keratinocytes), 
and increased loss of melanin (accelerated desquamation 
of epidermal melanin, epidermal pigment loss caused by 
disruption of the basement membrane with resultant pig¬ 
ment incontinence, or immunologic destruction of melanin 
or melanocytes). 

Several congenital genetic abnormalities that result in par¬ 
tial or total hypopigmentation have been identified in large 
animals. Albinism is a recessive condition in which a normal 
complement of melanocytes is present but a biochemical 
defect results in lack of ability to synthesize tyrosinase, 
so that melanin is not produced. There is complete lack of 
melanin in all tissues in a true albino Pseudoalbinism, in 
which there is ocular pigmentation, may be more common. 
Other genetic disorders include abnormal melanosome pro¬ 
duction and abnormalities in melanocyte development and 
migration from the neural crest (piebaldism). 3,5 

Acquired hypopigmentation (leukoderma) may be 
caused by several factors, including genetic abnormalities, 
trauma, inflammation, dietary imbalances, hormonal influ¬ 
ences, and immunologic disorders. In some cases acquired 
hypopigmentation is idiopathic, luvenile Arabian leuko¬ 
derma appears to have a genetic basis because of the predi¬ 
lection for the Arabian breed and the occurrence of the 
disease in young animals. 5 Trauma and inflammation are 
the most common factors associated with depigmentation, 
particularly in the horse. The intensity of the inflammatory 
reaction may bear little relation to the degree of post inflam¬ 
matory leukoderma. Dietary abnormalities, particularly 
molybdenum toxicity and copper deficiency, are associated 
with faded or washed out coat color in food animals. Severe 
protein deficiency, such as occurs in kwashiorkor in humans, 
can lead to deficient melanin pigmentation. Melatonin is a 
hormone produced by the pineal gland that antagonizes 
MSH, thus causing decreased pigmentation, although an 
association with pathologic hypopigmentation in large ani¬ 
mals has not been documented. Immunologic destruction 
of melanocytes has been documented in humans and is sus¬ 
pected of being a factor in acquired hypopigmentation in 
the dog but has not yet been documented in large animals. 
Idiopathic leukodermas are noted in all species. 

Leukotrkhia is the result of decreased amounts of mela¬ 
nin in the hair shaft. In most cases the pathogenesis is spec¬ 
ulative, and the actual factors are unknown. Melanocytes in 
the hair bulbs can be affected independently of melanocytes 
in the epidermis, and leukotrkhia without a coexistent leuko¬ 
derma is common. Leukoderma, however, is usually accom¬ 
panied by leukotrkhia; thus, when the two conditions ae 
seen in combination, their pathogenesis is the same. Several 
leukotrkhias that occur independently of leukoderma appear 
to be genetically induced because of breed predilections (e.g., 
reticulated leukoirichia of quarter horses and spotted leuko- 
trichia of Arabians), In addition, viral infection is suspected 
as one of the causes of hyperesihetk leukotrkhia of horses. 

Approach to Diagnosis of Pigmentation 
Abnormalities 

The initial approach to diagnosis of pigmentary abnormal¬ 
ities is to determine whether the defect is congenital or 
acquired. Congenital pigmentary abnormalities are almost 
always caused by a genetic defect, whereas acquired abnorm¬ 
alities most commonly do not have a hereditary basis. If the 
abnormality is acquired, the clinician must determine if 
it is a primary pigmentary abnormality or if it is associated 
with some other pathologic change such as inflammation 
or trauma. If associated changes are a feature of the disease, 
differential diagnosis should focus on the initial pathologic 
changes (Box 11-7). 




Most Common Causes of Abnormal Pigmentation 
in Horses and Ruminants 


LOSS OF PIGMENTATION 

Bums and other trauma 

Idiopathic leukotridria and leukoderma (horses) 
Copper deficiency (ruminants) 

INCREASE IN PIGMENTATION 

Pruritus 

Melanoma 


The following steps are a guide to the diagnosis of pig¬ 
mentation abnormalities in horses and ruminants: 

1. History (see Fig. 11-1) 

a. If the pigmentary change is congenital, determine if 
related animals are affected and if the lesions have 
progressed or regressed since birth. Take note of the 
patient's signalment and determine if that breed has 
been documented to have congenital pigmentary 
abnormalities, 

b. If the pigmentary change is acquired, determine if the 
animal has been subjected to cutaneous trauma that 
could result in posttraumatic pigmentary change. 
Determine if other cutaneous lesions in addition to 
the pigmentary changes have been observed (e.g,, 
inflammation, ulceration). 
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c. Determine if the animal's diet is nutritionally complete 
and balanced. 

d. Determine if the animal has been exposed to any 
toxic substances. 

e. Determine if contact animals of the same or different 
species are affected. Because feed and environment 
are shared, if contact animals are affected, dietary 
imbalances and toxicides should be included in the 
differential diagnosis. 

£ If the affected animal is a horse, determine what 
parasiticidal agents have been administered and if 
they are effective in the treatment or prevention of 
onchocerciasis. 

2. Physical examination (see Fig. 11-2} 

a. Check for evidence of disease in organ systems other 
than the skin. Does the animal appear thin and mal¬ 
nourished, suggesting a pigmentary change secondary 
to a dietary deficiency or toxkity? 

b. If the parent's problem is hypopigmentation, exam¬ 
ine the coat closely to determine if leukoderma, 
leukotrichia, or both are present. 

c Look for evidence of other cutaneous lesions (inflam¬ 
mation, ulceration) that could result in postinfiam- 
matory pigmentary changes. 

3. Microfllarial preparation 

4 t Biopsy for routine histopathologic examination (affected, 
unaffected, and marginally affected areas should all be 
biopsied and labeled appropriately for histologic com¬ 
parison). 
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ALTERATIONS IN MALE SEXUAL 
FUNCTION 

PATRICK M. McCUti 

Stallions, bulls, rams, and bucks intended to be used as 
breeding animals need to have (1} normal genital organs, 
(2) the libido necessary to tease females and gain an ereo 
lion, (3) the physical ability to mount and intromit the 
penis into the female's vagina, and (4) an adequate number 
of morphologically normal, motile spermatozoa in each 
ejaculate to be considered as satisfactory breeders under nat¬ 
ural service conditions. Digression from normal sexual 
function in males usually is recognized clinically by changes 
in sexual behavior, abnormalities or diseases of the genital 
organs, or a decreased pregnancy rate in dams bred, Subfer- 
tile males may be responsible for significant economic loss 
in the livestock industry. 


Mechanisms of Altered Male Sexual Function 

Sexual function may be altered by any of four major 
mechanisms: general physical abnormalities, abnormalities 
of the genital organs, decreased libido, and poor semen 
quality (Boxes 12-1 and 12-2). 

The male must be mobile enough, especially in a pasture 
breeding program, to locate, tease, mount, and breed estrual 
females successfully. Musculoskeletal abnormalities may 
limit reproductive ability or desire, Hindlimb conformation 
defects in bulls and rams, degenerative joint disease involv¬ 
ing the hock in stallions, and foot problems in rams are 
examples of conditions that may cause enough discomfort 
lo interfere with the normal breeding process or prevent 
normal mobility, impairing reproductive performs nee. ia 

Congenital or acquired abnormalities of the genital 
organs, including the penis, prepuce, scrotum, testicles, sper¬ 
matic cords, or accessory sex glands, can lead to altered sexual 
function or infertility. Congenital abnormalities such as 
persistent penile frenulum and penile deviations in bulls 
may prevent normal intromission. 4 Acquired lesions such as 
a penile hematoma caused by rupture of the tunica albuginea 
of bulls at time of service may limit sexual function by causing 
paraphimosis, adhesions, or sensory nerve damage, 5 
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Libido is an essential component of breeding perfor¬ 
mance but may be difficult to measure during a breeding 
soundness examination and cannot be evaluated if semen 
is collected by electroejaculation. Libido has been demon¬ 
strated to be an inherited behavioral trait in bulls.* 

Semen volume, concentration of spermatozoa, percentage 
of progressive motility, and percentage of morphologically 
normal spermatozoa aie semen parameters commonly 
measured during a breeding soundness examination. Abnor¬ 
malities of semen quality associated with decreased fertility 
in bulls include spermatozoa morphology and, to a lesser 
degree, motility. 2 - 4 - 7 

Approach to Diagnosis of Altered Male Sexual 
Function 

A complete breeding soundness examination and history 
should be obtained, including number of females bred each 
year, conception rates, breeding methods (natural service or 
artificial insemination), and results of previous breeding 
soundness examinations (Box 12-3), A medical or health his¬ 
tory, including medications, vaccinations, and previous ifi¬ 
nesses, should be obtained. The animal should be given a 
general physical examination. Hindlimb conformation and 
the presence of degenerative joint disease, laminitis, foot 
abscesses, abnormal foot wear, corkscrew claw defect, weak 
pasterns, post legged ness, sickle hock, interdigital fibromas 
(bulls), foot rot, ulcerative dermatitis and pizzle rot (rams), 
and caprine arthritis-encephalitis (CAE) (bucks) should be 
noted. An ophthalmologic examination should be done to 
ensure that the animal has adequate vision and that no sig¬ 
nificant pathologic condition is present. A special emphasis 
is placed on identification of squamous cell carcinoma and 
pinkeye (Moraxelk bovis) corneal lesions in bulls. Rang£ ani¬ 
mals showing weight loss and a decline in reproductive per¬ 
formance should be given an oral examination, and the 
parasite control program should be evaluated. 

The external genital organs should be examined carefully. 
The penis of the stallion is easiest to examine after an erec¬ 
tion is obtained by teasing to an estrual female. In ruminants 
manual palpation of the penis per rectum or by use of an 
electroejacuiator is suitable in many cases. The penis should 




BOX 12-2 


Causes of Altered Hale Sexual Function In Ruminants 


ABNORMALITIES Of THE PENIS 

Herpes vulvovaginitis (C) 

Penile deviation {B) 

Ovine ukeratfre dermatosis (O) 

BaUnoposthitis 


Paraphimosis 

ABNORMALITIES Of THE PREPUCE 

Phimosis 

Abscess, cellulitis 

Penile-preputial adhesions (R) 

Balanoposthius 

Penile hair ring (B) 

Trauma 

Penile trauma, hematoma abscess 

Foreign body 

Urethra) calculi 

Preputial stenosis 

Ruptured urethra 

Prolapsed prepuce 

Persistent penile frenulum IB) 

Ulcerative posthitis 

Papillomatosis 

(pizzle rot) 

Infectious bovine pustular vulvovaginitis {B) 

Ovine ulcerative dermatosis {O) 


Continued 
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BOX ) 2-2 


Causes of Altered Male Sexual Function In Ruminant*—cont’d 


ABNORMALITIES OF THE TESTICLES, SPERMATIC CORDS, 
AND SCROTUM 

Scrotal abscess (O) 

Orchitis, epididymitis 

Segmental granuloma, spermatocele 

Testicular degeneration 

Testicular hypoplasia, atrophy 

Varicocele 

Zinc deficiency 

Testicular tumors 

Brucellosis (B, O) 

Testicular trauma, hematoma, hematocele 

Inguinal, scrotal hernia 

Cryptorchidism 

Actinomycosis 

Intersex in polled goats (C) 

Pseudohermaphrodism (C> 

Progressive degenerative myelomcrphalopathy of 
Brown Swiss cattle (B) 

LACK OF LIBIDO 

Malnutrition, protein-calorie starvation 
Ulcerative posthitis 

Vertebral osteophytosis, spondylosis (B) 

Zinc deficiency 
Lameness 

Trauma, foreign body of the prepuce 
Prolapsed prepuce (fl, O) 

Loss of penile sensation £B) 

Penile hair ring (B) 

Corpus cavemosum vascular shunts (B) 

Iodine deficiency 
Psychologic impotence 
Penile trauma, hematoma, abscess 
Persistent penile frenulum (B) 

Epididymitis, orchitis (O, C) 

Intersex in polled goats (C) 

Progressive degenerative mydoencephalopathy of 
Brown Swiss cattle (B) 

Obesity 

Spondylosis (B) 

INFERTILITY 

Testicular degeneration 

Orchitis, epididymitis 

Trauma, foreign body of the prepuce 

Paraphimosis 

Heal stress, heat stroke 

Penile trauma, hematoma, abscess 

Segmental aplasia 

Vesicular gland adenitis 


Sperm granuloma, spermatocele 
MainutriLion, protein-calorie starvation 
Testicular hypoplasia, atrophy 
Ulcerative posthitis [pizzle rot} 

Urolithiasis 

Varicocele 

Vitamin A deficiency 
Zinc deficiency 
Manganese deficiency 
Iodine deficiency 
Hemospermia 
Lameness 

Iatrogenic, including artificial insemination-associated infertility 
BaJanoposthitis 

Testicular trauma, hematoma, hematocele 

Cryptorchidism 

Derm a tophi lasts 

Frostbite 

Inguinal, scrotal hernia 

Psychologic impotence 

Hermaphrodism, pseudohermaphrodism 

Short retractor penis muscle in Dutch Friesian bulls (B) 

Abscess of scrotum (O) 

Prolapsed prepuce (B, O) 

Penile deviation (B) 

Penile-preputial adhesions fB) 

Vertebral osteophytosis, spondylosis (B) 

Testicular tumors (B. O) 

Bulls co-twin with freemartins (B) 

Progressive degenerative mydoencephalopathy of Brown Swiss 
cattle (B) 

Infectious bovine rhinotracheitis-contaminated semen (B) 
Infectious bovine rhinotratheitis-associated dermatitis (B) 
Bovine virus diarrhea-contaminated semen (B) 

Chromosomal abnormalities (B, 0) 

Loss of penile sensation (B) 

Penile hair ring (B) 

Bovine herpesvirus type 1 

Corpus cavemosum vascular shunt (B> 

Urethral fistula (B) 

Cold weather-associated infertility (B) 

Papillomatosis, warts (B) 

Abnormalities of spermatogenesis 
Micropenis. penile hypoplasia (B) 

Persistent penile frenulum (B) 

Ovine ulcerative dermatosis (O) 

Congenital phimosis (O) 

Overuse 

Choriopuc mange (O, C) 

Hcxachloropherve toxicity 
Gynecomastia (C) 


B. Bovine. C caprine O. ovine- 


be normal in size and shape and free of lesions In bulls, 
deviations or other abnormal configurations such as cork¬ 
screw penis may occur with use of an electroejaajlator and 
therefore cannot be considered abnormal. 5 Rams and bucks 
should be carefully examined for abnormalities of the ure¬ 
thral process, including the presence of calculi. 8 The lesions 
most often observed on the peruses of stallions are squamous 
cell carcinoma and cutaneous habronemia5is, <,,a 

The prepuce should also be examined for lesions. Stric¬ 
tures of the preputial orifice may increase the risk of phimo¬ 
sis or paraphimosis. Bulls of the ftos indreuj breeds often 
have a pendulous prepuce that is predisposed to traumatic 
injury, abscessation, stricture formation, and eversion, 5M 


Ulcerative posthitis {pizzle rot) caused by Cbrpieiwneriiim 
renale in rams on a high-protein diet is the most common 
lesion of the prepuce in rams 11 

The scrotum, testicles, and spermatic cords should be 
examined for size, consistency, symmetry, and presence of 
lesions. Two scrotal testicles should be present, each smooth, 
resilient on palpation, and freely movable. Testes volume and 
consequently the amount of testicular parenchyma present 
are highly correlated with daily sperm production in all spe¬ 
cies. Bach gram of testicular tissue should produce 15 to 20 
million sperm per day. In ruminants, scrotal circumference 
has been determined to he highly correlated with testes 
weight or volume. Yearling beef bulls should have a scrotal 
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Outline of a Breeding Soundness Examination 
fbr Diagnosis of Hale Infertility 


1 Species, breed 

2 Age 

3 Month of evaluation 

4 Breeding history 

5. Physical examination 

a. Genera] 

b. External genital organs 

(1) Penis 

(2) Prepuce 

(3) Testes 

(4) Scrotum 

(5) Epididymides 

6. libido 

7. Mating ability 

8. Semen evaluation 
a. Motility 

h, Concentration 

c. Morphology 

d. Volume 

9. Muaobiologic culture 
10 Serologic tests 


circumference of 30 cm or more, depending on the animal's 
age and breed 7 In stallions, measurements of total scrota) 
width and, more recently, testicular volume have been evalu¬ 
ated and correlated to potential daily sperm production 
Mature stallions should have a scTQial width of at least ft cm 
Testicular volume in stallions can be determined by the follow- 
ing steps 13 : 

I Measure the length (L), width (W), and height (H) of 
each testicle, 

2, Volume of each testicle can be determined using the 
formula: 

Testicular volume (cm 3 ) = O.S233 x L x W x H 

3. Add the volume of each testicle to obtain total testicular 
volume, 

4 Expected daily sperm production (DSP) (in billions of 
sperm per day) can be calculated using the formula: 

Expected DSP = 0.024 x (Total testicular volume in an 1 ) — I 26 

The epididymides should be palpated for position, size, 
and presence of lesions. The most common palpable abnor¬ 
mality in rams is epididymitis caused by infection with Bru- 
celUl ovis, AainabaciUus seminis, or Hiswphitus ovis* A2 * t4 
A definitive diagnosis is obtained by isolation of bacterial 
organisms in the semen and serologic testing 

Diseases of the accessory sex glands ate diagnosed most he' 
qucntly in bulk Vesicular gland adenitis is clinically recognized 
by the presence of leukocytes in the semen and enlargement 
induration, and loss of lobulation noted during palpation and 
ultrasonographic otamination of the glands per rectum. 15 * 16 
Libido and the ability to mate should be assessed after the 
physical examination. Ibe male should be teased to a female 
in estrus. Interest in and interactions with the female and 
ability to gain an erection, mount intromit the penis into 
the vagina (or into an artificial vagina), and ejaculate are 
noted, Ubido and mating ability cannot be evaluated when 
using an electroejaculator to collect semen from ruminants. 
Tests for "serving capacity" have been described for bulls. 

The evaluation of semen quality is a major pan of the 
breeding soundness examination. Semen from stallions is 


collected into an artificial vagina Semen from ruminants 
may be collected into an artificial vagina or obtained by use 
of an electroejaculator. Semen collected by electroejaculation 
usually has a higher volume and a lower concentration of 
spermatozoa than semen collected by an artificial vagina. 
Semen quality in ruminants is scored primarily on the basis 
of motility and morphology, 7 Evaluation of semen from 
stallions should include determination of volume, concen¬ 
tration, motility, and morphology. The motility of the sper- 
matozoa should be evaluated microscopically on raw and 
extended semen immediately after collection. In ruminants, 
bright-field microscopy at x 40 to x 125 magnification is used 
to detect mass motion or swirling to evaluate gross motility. 
Changes in sperm concentration, progressive motility, or 
speed of progression of spermatozoa will decrease or elimi¬ 
nate the swirling effect. Phase contrast microscopy at x200 
to * S00 is used to evaluate motility of individual spermato¬ 
zoa. Computer-assisted semen analysis (CASA) has become 
more common in recent years to evaluate motility at larger 
reproduction facilities. 

Concentration can be measured by use of a hemocytom- 
eter or a calibrated specnophotometer. Morphology can be 
evaluated microscopically, using stained semen samples 
(eg, cos in nigrosin stain) or phase-contrast microscopy. 

Ejaculates from stallions may be collected once daily for 
5 lo 10 days until daily sperm output (DSO) is achieved 
to fully evaluate potential fertility 17 However, this is time- 
consuming, labor-intensive, and expensive Consequently, 
most stallions are evaluated by the collection of two ejacu¬ 
lates 1 hour apart, with the total number of progressively 
motile, morphologically normal spermatozoa in the second 
ejaculate most critically evaluated 

The age of the stallion or male ruminant being evalu¬ 
ated for potential fertility may influence the semen para* 
meters, measurements of the testicular size, mating 
ability, and libido. Puberty is attained in the male equine 
at 18 months, in the bull at 9 to 12 months, and in the 
ram and buck at 7 to 8 months, 1 ® Semen parameters and 
testicular size continue to increase until sexual maturity is 
reached The season of the year in which the fertility' eval¬ 
uation is done may affect semen parameters in the stallion, 
ram, and buck. 

Microbiologic samples should be routinely collected 
when evaluating infertility in the stallion and when evalu¬ 
ating high-risk populations of bulls. Smegma samples 
should be collected from the prepuce of bulls and cultured 
for TnV/temonoj foetus and Campylobacter fetus . Swabs from 
the preejaculate and postejacuiate urethra, semen, and 
fossa glandts of stallions should be cultured for potentially 
pathogenic bacterial organisms, especially Tayfarella equL 
grnt td/fi. Pseudomonas aeruginosa, and Alefenefki pneumoniae 
The semen of rams should be cultured for 6, avis. A semi- 
no, and H. onjA uu Serologic testing for exposure to 
equine arteritis virus (EAV). the causative agent of equine 
viral arteritis (EVA), is important for breeding stallions. In 
many states, determination of negative serologic status is 
required before vaccination against the vims may be 
performed, 

Other tests that are occasionally performed to evaluate male 
reproductive function, health, or pathology include hormone 
analysis, chemical evaluation of seminal plasma transmission 
electron microscopy of semen, karyotype, sperm chromatin 
structure assay, urethral endoscopy (stallion), and testicular 
biopsy. 

After summarizing the results of the entire breeding 
soundness evaluation, stallions and male ruminants may 
be categorized into classifications, such as satisfactory, ques¬ 
tionable, or unsatisfactory. In bulls a fourth category of 
"decision deferred" may be used for young prepubertal 




198 



«urr two MANIFESTATIONS Of DISEASE 


bulb or mature bulls that have recently experienced a tran¬ 
sient disturbance in spermatogenesis. 

It must be emphasized that die b reeding sou ndnessexa mi - 
nation is a measure of potential fertility. 19 True fertility can be 
determined only by the results of breeding trials or by concep¬ 
tion and live birthrates in dams bred, 

CYCLIC IRREGULARITY 

STEVEN a VAN QUUP 

Cyclic irregularity refers to an abnormal interval from the 
first day of estrus until the first day of the subsequent estrus. 
The alteration in the cycle length may occur during estrus or 
during the interestrous interval. Irregular cycles may be 
related to erroneous estrous detection, seasonal transitions, 
corpus luteum life span alterations, ovulation derange¬ 
ments, embryo or fetal wastage, or behavioral aberrations. 
In some cases the cause of the cyclic irregularity is 
unknown. 

Inaccurate heat detection may appear as irregular cycles. 
Missed heats should be expected if the heat intervals 
approximate multiples of the normal cyde length (e.g,, 42 
or 63 days in the cow or mare). Silent heats [no clinical 
signs of estrus) were found to occur less often than sus¬ 
pected when cows were observed 24 hours a day, although 
silent heats do sometimes occur. The first ovulation of the 
season (ewe and doe) and the initial postpartum ovulation 
in cows usually are silent. Subestrum, weak, or short heats 
occur more commonly in the early postpartum period in 
the cow and may be caused by insufficient progesterone 
priming of the behavior center for optimum expression of 
estrus. 70 

Artificial insemination records may indicate that breed¬ 
ings are grouped so that two or more cows are bred the 
same day. This may indicate a failure to determine which 
animal is actually in heat. Short cycles may also indicate a 
lack of discrimination between the riding cow and the 
cow in standing heat. This type of error in estrous detection 
often results in the same cows being rebred within 3 days. 

Anestrus is a particularly important type of cyclic irregu¬ 
larity with several causes. It is dealt with in a separate sec¬ 
tion of this chapter. 

Nymphomania, a state of persistent or frequent heats, is 
the antithesis of anestrus. Many mares thought to be nym¬ 
phomaniacal are actually exhibiting some degree of viril¬ 
ism. Frequently their ovaries are small and firm and 
appear inactive. These mares may actually be aggressive 
toward the stallion instead of receptive, 7 * The cause of this 
condition may be behavioral rather than endocrine, as pre¬ 
viously believed. Passive acceptance of the male, as can be 
seen in gonadal dysgenesis mares, can be mistaken for 
nymphomania. Mares with these chromosomal aberra¬ 
tions may accept service by the male, but they do not show 
the characteristic signs of estrous behavior in his presence 
Nymphomania may be seen in cases of hormone-secreting 
granulosa cell tumors. Nymphomania also may indicate 
an ovulatory anomaly. Nymphomania in cows and goats 
is most often associated with ovarian follicular cysts. In 
ruminants, luteinized cysts, which cause anestrus, are more 
common. 

Mechanisms of Irregular Cycles 

Cyclic derangements occur either during estrus or in the 
imerestrous interval. A delay in follicular maturation Of 
ovulation may result in a prolonged proestrus or persistent 
estrus. This is seen in mares entering or leaving the physio¬ 
logic breeding season in the transition from or to winter 
anestrus. It is likely the result of changing patterns of 


hypothalamic releasing factor and pituitary gonadotropin 
secretion, 77 Ovarian insensitivity to these substances may 
also play a role. The tubular tract may be insensitive to the 
ovarian hormones and may be atypical for the structures 
present on the ovaries. 13 The esirual behavior and ovarian 
structures may not correlate in these mares. They may have 
large follicles without heat or may show heat without large 
follicles being present. This may be a result of changes in 
the central nervous system's response to the sex steroids 
during the transition season. 

Failure of ovulation can result in prolonged estrus. Mares 
frequently form persistent follicles during the transitional 
seasons, These usually regress with time and are not a 
long-term cause of infertility . 24 Ovulation failure can result 
in the development of follicular cysts and frequent or persis¬ 
tent heats in cattle. 7<i 

Other ovulation irregularities include delayed ovulation 
and premature ovulation. Delayed ovulation rarely occurs in 
animals. What may appear to be delayed ovulation is often 
erroneous heat detection or premature breeding. Similarly, 
premature ovulation is often misdiagnosed because ofinaccu- 
rate heat detection. Premature ovulation may be suspected in 
heat-stressed animals that only show heat for short periods at 
the peak of estrus, or during the cool of the night 76 

The mare seems to have a unique type of ovulation 
anomaly. After having one or more normal cycles, mares 
may spontaneously have a fertile, diestrous ovulation with¬ 
out signs of estrus. If the new corpus luteum develops after 
day 10 of diestrus, it has not had lime to mature and 
become sensitive to prostaglandin-induced lysis. Thus 
the mare skips the next expected estrus and has a prolonged 
diestrus, 7 * 

The corpus luteum controls the length of diestrus and 
the interestrous interval in cycling animals. Premature lysis 
of the corpus luteum results in a short interestrous interval. 
If prostag] and in-induced lysis of the corpus luteum is pre¬ 
vented, the corpus luteum persists and a prolonged diestrus 
results. 

Irritation or inflammation of the endometrium may 
cause premature release of prostaglandin and lysis of the 
mature corpus luteum, resulting in a short interestrous 
interval. Irritation of the endometrium late in diestrus 
may interfere with the action of prostaglandin on the 
mature corpus luteum, leading to a prolonged diestrus. 
Intrauterine therapy with irritating solutions may alter 
the interestrous interval, depending on when they are 
administered in the cycle. Treatment between 4 and 10 
days after ovulation causes a short cycle in the cow. Intra¬ 
uterine treatment late in diestrus, 15 to 17 days after ovu¬ 
lation, results in a prolonged cycle, presumably because 
of a disruption of the synthesis or release of prostaglandin. 
In both cases the mare comes into heat 7 to 10 days after 
treatment. 77 Inadvertent intrauterine insemination during 
diestrus may induce a heat similar to that induced by infu¬ 
sion of other irritating solutions Thus a split heat or short 
cycle may be seen. 

Prolonged diestrus must be differentiated from early 
embryonic or fetal death. If embryonic death occurs after 
the time of maternal recognition of pregnancy (see the sec¬ 
tion Repeat Breeder), the next heat is skipped and the 
female returns to heat afrer a prolonged diestrus. This may 
last several months in the mare if the fetus is lost after the 
endometrial cups begin secreting equine chorionic gonado¬ 
tropin (EGG; see the section Anestrus). 

Diseases that cause endometritis may cause cyclic irreg¬ 
ularity by two mechanisms. Endometritis results in pre¬ 
mature lysis of the corpus luteum, leading to a short 
cycle. Endometritis also may result in early embryonic 
death (EED), which may culminate in a prolonged 
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diestrus. Some viral agents, including some modified live 
vaccine strains, may attack the ovary and corpus luteum 
directly. The resulting oophoritis can lead to necrosis of 
the corpus luteum; therefore vaccination around the time 
of breeding is contraindicated. 2 *' 50 These agents may also 
cause embryonic death, leading to apparent cyclic irregu¬ 
larity. »* M 

Approach to Diagnosis of Irregular Cycles 

Clinical evaluation of a case of cyclic irregularity requites a 
detailed reproductive history, more so than with many 
other reproductive problems. Examination of breeding 
records is essential. In dairy cows, emirs in estrous detection 
are indicated when (1) more than 10% of the inierestrous 
intervals are 3 to 17 days or 25 to 35 days long; (2) more 
than 5% of the tows have two artificial inseminations 
within 3 days; or (3) cows are calving early or are further 
in gestation than predicted from the last breeding when 
examined for pregnancy. Seventy percent of cows should 
have an interestrous interval of less than 30 days, and 
60% should be in the range of IS to 24 days. The ratio 
of 18-to-24^day cycles to 38-to-46-day cycles should be 
5:1. Evaluation of heat-detection methods is important 
when dealing with a hand mating or artificial insemina¬ 
tion program Discussing the owner's understanding of 
the normal reproductive physiology of the species often 
is enlightening and client education may be required. 
Observation of the teasing behavior of the animal is help¬ 
ful and examination of the reproductive trad should pro¬ 
vide valuable information. Ancillary procedures such as 
ultrasonography, uterine culture, cytologic studies, and 
endometrial biopsy are often needed. Prediction of estrus 
through renal examination or determination of the pro¬ 
gesterone concentration {or both) may help. Progesterone 
determination on a sample collected at the time of insem¬ 
ination can be useful in evaluating the accuracy of heat 
detection. With ruminants it may be wise to suggest the 
use of a teaser, or marker male. Heat-detection aids 
(e.g., Kmar patches, tail chalk) are effective if applied 
properly and observed regularly. Serologic and microbio- 
logic evaluation for the diseases known to cause endome¬ 
tritis or EED may need to be done if the source of the 
problem has not been determined. 

Problems with cyclic irregularity can be difficult to deci¬ 
pher {Boxes 12-4 and 12-5). Management plays a large part, 
and it often is difficult to convince the client of this. 

ANESTRUS 

STEVEN O VAN CAMP 

Anestrus, the lack of ovarian activity, is a sign, not a disease. 
It may be a normal physiologic phenomenon or a sign of 
disease. Incorrectly perceived anestrous behavior may be 
an indication of inefficient heat detection. In adult animals, 
pregnancy is the most common differentia] diagnosis of 
anestrus and should be ruled out before proceeding with 
diagnostic tests. Other differential diagnoses are those asso¬ 
ciated with an active corpus luteum and elevated progester¬ 
one levels, and those associated with low progesterone 
levels and the absence of an active coipus luteum, 35 
Sequential ovarian paipaLions or determinations of the pro¬ 
gesterone concentration can be helpful in determining the 
cause {Boxes 12-6 and 12-7). 

Differential Diagnoses and Causes of Anestrus 

1. Pregnancy In any animal presented for anestrous behav¬ 
ior, the most important differential diagnosis to rule 


Causes of Cyclic Irregularity in Mares 


COMMON CAUSES 

Transition season 

Erroneous heai detection 

D i estrus ovulation 

Intrauterine therapy 

Piestral endometrial biopsy 

Pneumovagtna 

Endometritis 

Pubenal cycles 

Eariy embryonic death 

Spontaneous corpus luteum prolongation 

Endophyte-infested fescue 

Cervical dilation 

LESS COMMON CAUSES 

Uro vagina 
Rectovaginal fistula 
Ovarian tumors 
Pyometra 
Persistent follicles 
Split heats 
Endotoxemia 

Hemorrhagic anovulatory follicles 
Old age 

Use of Desloretin implant 

UNCOMMON CAUSES 

Contagious equine metritis 
Corpus luteum inadequacy 
Anabolic steroids 
Progesterone therapy 
Phosphorus deficiency 
Sex chromosome anomalies 



Causes of Cyclic Irregularity In Ruminants 


COMMON CAUSES 

Erroneous heat detection 
Endometritis 
Intrauterine therapy 
Cystic ovaries 
Heat stress 
Leptospirosis 

Infectious bovine rhinotiachertis (JBR) (B) 

Bovine vitus diarrhea (BVD) {B) 

Campylobacleriosi* 

Trichomoniasis 

Embryonic death after maternal recognition of pregnancy 

UNCOMMON CAUSES 

IBR- or BVD-infected semen 
BI uetongue-infected semen 
Zea rale none toxicity 
Ovarian neoplasia 
Corpus luteum inadequacy 
Copper deficiency (Q, C) 

Molybdenum deficiency {O, C) 

Iodine deficiency 
Phytoestrogen toxicity 


£. Bovine C caprine; O. ovine 
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Causes of An«tn» In Hares 


Causes of Anestrus In Ruminants 


COMMON CAUSES 

Season (fall* winter) 

Poor heat detection 
Corpus luteum persistence 
Diesuus ovulation 
Pregnancy 

Early embryonic death after recognition of pregnancy 
Fetal death alter endometrial cup formaiion 
Psychologic impediments 
Maternal behavior * 

LESS COMMON CAUSES 

Ovarian tumors 
Pituitary tumors 
Pyometra 
Weight loss 
Chronic disease 
Lactation 
Old age 

UNCOMMON CAUSES 

Gonadal dysgenesis 
Lntersex conditions 
Progesterone therapy 

Nonsteroidal antiinflammatory drugs (NSAlDs) 

Phosphorus deficiency 

Ovarian hypoplasia 

Anabolic steroids 

Zcaralenone toxicity 

Chromosomal abnormalities 


out is pregnancy. Any invasive diagnostic techniques 
must be reserved until after pregnancy has been ruled 
out. Many praaittoners have experienced a case in 
which the history taken from the owner would make 
pregnancy seem an impossibility and then been sur¬ 
prised to find a healthy fetus, 

2. Inadequate heat detection. In nonpregnant, hand-bred, or 
artificially inseminated animals, the intensity of estrous 
behavior may be diminished by environmental factors 
such as high ambient temperature and humidity or 
poor footing in the paddock. Clinical disease, such as 
musculoskeletal pain, may also prevent the normal 
expression of estmal behavior Too few cycling herd 
mates may limit the ability to detect cows in heat. 

3. Psychologic problems Nervous mares, mares with foals, 
or dominant fat or phlegmatic mares experiencing 
normal estrous cycles may be reluctant to show estrus 
Vigorous teasing with an aggressive stallion may be nec¬ 
essary to elicit estrous behavior in these animals 14 
Sequential ovarian palpations or determinations of the 
progesterone concentration (or both) may be useful 
for predicting the next estrous period, 

4 Energy deficiency. Inadequate prepartum nutrition or 
insufficient energy in the ration during lactation in 
dairy cattle and in postpartum beef cattle nursing a calf 
can delay the return to estrus after parturition. 3 * 

5, Photoperiod. Photoperiod plays an important role in the 
cyclic patterns of seasonal breeders such as the mare, 
ewe, and doe. The mare is a long-day breeder and has a 
normal anestrous period during the Late fall and winter 
months, A mare that foals early in the year, during the late 
winter months (e.g,, lanuary through March in the north¬ 
ern hemisphere), and has not been kept under artificial 
lights during the 2 months previous to her foaling dale is 


COMMON CAUSE 

Season (C G) 

Pregnancy 

Poor heal detection 

luteal cysts (B, C) 

Pyometra 

Poor nutrition, energy 
Heat stress 

Foot and leg problems 
Poor footing (B) 

Nursing beef cows and ewes {R, O) 
lactation (O) 

Frcemartinism (R, C) 
lntersex conditions (C) 

Postpartum period 
1 leavy Lactation 
Primiparity 
Peri parturient disease 

LESS COMMON CAUSES 

Mucomecn 
Hydrometra 
Macerated fetus 
Mummified fetus 
Trichomoniasis pyometra 
Anaplasmosts 
lohne's disease 

Caprine arthriiis-encephaluis (C) 
Pseudopregnancy (C) 

Insufficient number of cycling herdmates 

UNCOMMON CAUSES 

Ovarian tumor 
Segmental aplasia 
Uterine foreign body 
Ovarian hypoplasia 
Zearalenone toxicity 
Phytocatrogenis m 
Phosphorus deficiency 
Copper deficiency 
Cobalt deficiency 
Manganese deficiency 
Molybdenum toxicity 
Progesterone implants 
Schistosomiasis (exotic) 
l umpy skin disease (exotic) 

11, Bovine C caprine O, ovine 


very likely to revert back into seasonal anestrus after her 
foal heat The mare will remain in anestrus until April or 
May, when natural lighting conditions have been suffi¬ 
cient to stimulate her through the vemal transitional 
period and into normal cyclicity The ewe and doe are 
shon-day breeders and are normally anestrous in the 
spring and early summer, although breed variations 
occur. 36 Some sheep and goats near the equator have 
cycles throughout the year, presumably because of the 
consistency of the photoperiod. 37 llie cow is not consid 
ered a seasonal breeder, but an increased photoperiod 
(18 hours of light to 6 hours of dark) has been shown to 
shorten postpartum anestrus in winter-calving beef cows. 

6. Hypodia/amic or pituitary suppression or tack of rfrmukn 0 n. 
Poor nutrition, heavy lactation, peri parturient disease, 
hormone-secreting ovarian tumors, weight loss, or ina¬ 
nition associated with chronic disease may prevent 
stimulation of the pituitary by gonadotropin-releasing 
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hormone (GnRH) from the hypothalamus. 34 Thus the 
pituitary does not release enough follicle-stimulating 
hormone (FSH) and luteinizing hormone (LH) for fol- 
Liculogenesis, estrogen production, and ovulation by 
the ovaries. The inactive ovaries produce inadequate 
estrogen to cause behavioral esmis. 

7, Congenital or hereditary anomalies, including freemartinism 
rn the COW and doe t intersex rondifiom that occur in polled 
goats, and gonadal dysgenesis in the mare. The ovaries of 
these animals are unable to respond to FSH and LH 
stimulation from the pituitary These animals fre¬ 
quently have rudimentary or hypoplastic ovaries and 
never display estras.™ 

8, Abnormal progesterone lei*els. Inadequate progesterone 
exposure of the pituitary or hypothalamus before the first 
cycle of the season (ewe and doe) or the first postpartum 
esirus (cow) usually results in a silent heat 3539 On the 
other hand, suppression of the pituitary, the hypothala¬ 
mus, or both by a high progesterone level can result in 
ovarian acyclicity or masking of behavioral estnjs, or both 

9, Retained or persistent corpora lutea These can occur sport* 
taneously in the mare without evidence of a uterine 
pathologic condition. The mate is disposed to diestrous 
ovulations without extras and the formation of corpora 
lutea that mask the next expected esmis These previ¬ 
ously cycling mares often demonstrate anestms of sev¬ 
eral months' duration during the breeding season. 34 
Persistent corpora lutea in the mare may also occur after 
fetal death while the endometrial cups are still produc¬ 
ing EGG. These mares often undergo a 1- to 4-month 
anestrous period. Corpus luteum persistence can occur 
when the production or release of the luteolysin prosta¬ 
glandin F 2 , (PGF 2b ) is prevented. Segmental aplasia of a 
major portion of a uterine hom may prevent FGF 2 , 
from acting on the ipsilateral ovary of the ruminant 
and may result in corpus luteum persistence. 33 

10. Fluid , foreign bodies , or pathologic material in the uterine 
lumen. Mucometra, hydromeira, and pyometra prevent 
the release of PGF a , in ruminants. 13 Thus the corpus 
luteum persists, and perceived anestrus results, Pyometra 
in the mare may result in anestrus if the endometrial dam¬ 
age is severe enough to prevent production of PGF 3a . 3a 
The presence of a mummified or macerated fetus in the 
ruminant uterus prevents release of PGF 3a and results in 
a persistent corpus luteum and perceived anestrus. 33 

Approach to Diagnosis of Anestrus 

Knowledge of the reproductive physiology of the species 
involved is essential to understanding the cause of anestrus. 
Determining the cause of anestrus relies on an in-depth gen¬ 
era! and reproductive history, a thorough physical examina¬ 
tion- and evaluation of the estrous detection programs 
involved. Pregnancy must be ruled out when dealing with 
any case of anestrus. In dairies using Dairy Herd Improve¬ 
ment Association (DH1A) records, inadequate heat detec¬ 
tion must be suspected if the cows are determined to be 
cycling by palpation or progesterone tests but fewer than 
50% of the possible estrous periods are detected; fewer than 
70% of the cows are seen to be in heat by 60 days postpar¬ 
tum; and the average number of days to first service is over 
80, The reproductive tract of the nonpregnant anestrous 
animal must be evaluated for any pathologic condition that 
might prevent estrus. The uterus of the ruminant should be 
evaluated for the presence of fluid, a macerated or mummi¬ 
fied fetus, or a foreign body. Ultrasonography or radiology 
may aid the diagnosis of these conditions In small rumi¬ 
nants. The ovaries should be evaluated for luteal cysts 
(ruminants) or neoplasia. Ultrasonography and hormone 


concentration determination are often helpful if rectal pal- 
lion of the ovaries is impossible. If the ovaries appear to 
normal in size, an attempt should be made to determine 
the presence of a functional corpus luteum producing pro¬ 
gesterone, On-site milk or serum progesterone test kits are 
available for mares and ruminants. Sequential tests at 
weekly intervals may prove helpful in eliminating inade¬ 
quate estrous detection as the source of the complaint of 
anestrus. 

Some of the DH1A reproductive parameters can be used to 
assess the efficiency of estrous detection. The percentage of 
cows in heat by 60 days after parturition, the percentage 
of cows bred by 90 days after parturition, and the average 
number of days to first breeding can be used to evaluate 
the accuracy of heat detection if most cows have been deter¬ 
mined to have normal, cycling reproductive tracts. 40 In addi¬ 
tion, a 24-day heat-detection trial can be conducted. Of the 
nonpregnant, cycling cows, 80% to 85% should be found 
to be in heat within a 24-day period if estrous detection ia 
adequate. 

Anestrus is a frequent reproductive complaint. Often a 
number of causes are involved in a herd problem. The three 
most important differential diagnoses of anestrus in a herd 
are pregnancy, poor estrous detection, and inadequate 
nutrition. Concurrent nonreproductive disease must be 
kept in mind when an individual anesulc animal is 
examined. 

REPEAT BREEDER 

STEVES D. VAN CAMP 

BRUCE W CHRISTENSEN 

Managing repeat breeders is often frustrating and expensive. 
The repeat breeder is an animal that has been bred during 
three or more successive heat periods without being diag¬ 
nosed pregnant, 41 An incidence of 10% to 15% repeal breed¬ 
ers is considered acceptable for dairies. 42 The incidence 
increases with the herd size and the level of milk production 
and with the use of artificial insemination. 43 This may be an 
even greater problem in the horse because 5% to 8% of 
mares lose their pregnancy in the first 4 months of gesta¬ 
tion. 43 The use of ultrasonography and embryo collection 
indicates that the incidence of EED in the mare is likely even 
higher 44 The syndrome of repeat breeders in mares is 
completely different from that in cows. In mares it is often 
associated with breeding-induced persistent endometritis. 
This is discussed in detail in Chapter 43, 

The causes of repeat breeding are numerous and are 
related to male, female, and management factors (Boxes 
12-8 and 12-9), The pathogenesis of repeat breeding 
involves either a failure of fertilization or EED. 42 Some 
etiologies, such as heat stress in the herd, may involve both 
mechanisms Fertilization rates are normal in heat-stressed 
cows that are bred artificially, but heat stress increases the 
rate of EED, Heat stress can cause failure of fertilization 
by affecting spermatogenesis in males used in a natural 
breeding program. 15 When dealing with an individual 
repeat breeder, it is often wise to begin with the female. 
When several females are affected, the male should be 
eliminated as a source of the problem before proceeding. 
Management errors may be related to either mak or female 
factors. 

Fertilization failure is often the cause of repeat breeder 
syndrome, Studies have demonstrated delayed or inade¬ 
quate release of LH, and consequent delayed ovulation, in 
repeal breeder cows compared with those cows showing 
normal fertility rates, 47 This observation has led to the 
investigation of GnRH (or its analogues) and prostaglan¬ 
dins as treatment options for repeat breeders, with some 
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BOX I 2-8 


Causes of Repeal Breeding In Mares 


COMMON CAUSES 

Poor semen quality 

Transition season 

Old age 

Endometritis 


Poor timing of artificial insemination 

UNCOMMON CAUSES 

Pneumovagina 

Salpingitis 

Metritis 

Hydrosalpinx 

Endometrial fibrosis 

Oviductal adhesions 

l*oor heat detection 

Oophoritis 

Ovulation failure 

Uterine neoplasia 

TWins * 

Cervical neoplasia 

Uterine lymphatic lacunae 

Ovarian neoplasia 

Endometrial cysts 

Parovarian cysts 

Early foal heat breed 

Comagiotis equine metritis 

Poor uterine clearance 

Iodine deficiency 

Ventral uterine sacculation 

True hypothyroidism 

Endophyte-infested fescue 

Phosphorus deficiency 


Zearalenone toxicity 

LESS COMMON CAUSES 

InttnexuaHty 

Diestrous breeding 

Gonadal dysgenesis, sex reversal, trisomy 

Urovagina 

Other karyotype abnormal tries 

Rectovaginal fistula 

Teratogenk factors 

Malnutrition 

Vitamin A deficiency 

Pyometia 

Cervical trauma 

Heat stress 

Luteal insufficiency 


8 OX 12-9 


Causes of Repeat Breeding in Ruminants 


COMMON CAUSES 

UNCOMMON CAUSES 

Heat detection 

lohne's disease 

Poor liming of artificial insemination 

Tuberculosis 

Inadequate or delayed luteinizing hormone surge 

Vitamin A deficiency 

Poor artificial insemination technique 

Zinc deficiency 

Malnutrition 

Manganese deficiency 

Follicular cysts 

Cobalt deficiency 

Endometritis 

Copper deficiency 

Heat stress 

Molybdenum toxicity 

Trichomoniasis 

Selenium toxicity 

Campyl obaneriosis 

Iodine deficiency 

Leptospirosis 

Iodine toxicity [B, O) 

Inadequate uterine involution 

Oophoritis 

Fat necrosis (B) 

LESS COMMON CAUSES 

Brasilia toxicity 

Poor semen quality 

Ovarian tumors 

Inadequate male power (not enough males) 

Progressive degenerative 

Infectious bovine rhino tracheitis (IKK) (B) 

myeloencephalopathy of Brown Swiss cattle (B) 

Bovine virus diarrhea (BV|>) (B) 

Polybrominated biphenyl toxicity (BJ 

Bluctongue 

Phytoestrogen toxicity (B. O) 

Brucellosis 

Hydrosalpinx 

Anaptasmosis 

Salpingitis 

Toxoplasmosis (G O) 

Cervical anomalies and cysts 

Border disease (G O) 

Chromosomal abnormalities 

Selenium deficiency 

(1/29 or 14/20 centric fusions) 

Phosphorus deficiency 

Fluoride toxicosis 

Ureaplasmosis 

Segmental aplasia 

Urine pooling 

Uridine monophosphate synthase deficiency 

Pneumovagtna, pneumouterus 

Delayed ovulation 

OviductaJ bursal adhesions 

Schistosomiasis (exotic) 

Segmental aplasia 

Tick-borne fever (exotic) 

Rectovaginal fistula 

Epivag (exotic) 

Parovarian cysts 

Lcuttimd Imaxephald (exotic) 

Zearalenone toxicity (B. O) 

Besnoitiosis (exotic J 

Fescue toxicity 

Maedi H visna (exotic) 

Uterine tumors 

Lumpy skin disease (exotic) 

Defective embryos 

Dietary protein toxicity 

Onion grass toxicity (exotic) 







CHAPTER 12 Alterations in Sexual Function 



2 03 


success. 464 4 In addition to U1 abnormalities, repeat breeder 
cows showed prolonged duration of estnis, prolonged life¬ 
span of the preovulatory follicle, and a late postovulatory rise 
in progesterone. 47 These changes negatively contribute to 
final oocyte maturation and competence in repeat breeder 
cows compared with unaffected cows. 50 Insulin has been 
shown to be an important mediator of follicular develop¬ 
ment, steroidogenesis, oocyte maturation, and subsequent 
embryo development 51 and treatment with insulin has been 
shown to increase fertility in repeat breeder cows. 52 Workers 
in Japan have linked the repeal breeder syndrome with 
abnormal profiles of endometrial epidermal growth factor 
(EGF). Assays of EGF have been suggested as diagnostic tools, 
and ECF treatment has been suggested to restore fertility, 53 - 54 

Early embryonic death also contributes as a cause of infer¬ 
tility in repeat breeders. 42 44 The interval between heats may 
help distinguish between EED and failure of fertilization. 
Failure of fertilization usually does not affect the imerestrous 
interval. However, EED may prolong the interestrous interval 
if the fetal wastage occurs after the time of maternal recogni¬ 
tion of pregnancy. Maternal recognition of pregnancy occurs 
at approximately days 15 to 17 after estnis in the cow, days 11 
to 14 in the mare, and days 12 to 13 in the ewe. 55 Animals 
experiencing EED after pregnancy recognition often have 
interestrous intervals corresponding to multiples of a normal 
cycle length. Luteal insufficiency b suspected to cause EED in 
some repeat breeder cows, and trials of exogenous progester¬ 
one supplementation have shown promise for maintaining 
pregnancy in young late lactation repeat breeders. 56 

Approach to Diagnosis 

Clinical differentiation of EED from failure of fertilization is 
difficult. In addition to evaluation of heat detection and 
breeding techniques, it is important to obtain a detailed his¬ 
tory. When dealing with a herd problem, the clinician 
begins by evaluating the male or males used or assessing 
the semen quality and techniques used for artificial insemi¬ 
nation. When dealing with an individual repeat breeder, 
evaluation of the female is the first step, 

Evaluation of the male should include evaluation of the 
animal's physical condition, including the genitalia. The qual¬ 
ity of the semen should be checked. The male's libido and 
ability to mount should be determined by observation or 
through historic information. Examination of the male for 
venereally transmitted diseases, such as trichomoniasis and 
campylobacteriosis hi the bull and contagious equine metritis 
in the stallion, may be warranted if other factors are ruled out 
When dealing with an artificial insemination program, the 
semen quality should be evaluated and the thawing, transport¬ 
ing tinring and deposition techniques should be evaluated. 

Ereors in heal detection arid the timing of breeding are 
major management causes of repeat breeding. Discussing 
and observing the methods used to determine when an ani¬ 
mal should be bred are important in dealing with both the 
individual animal and the herd. Milk or serum progesterone 
determinations at the lime of breeding have proved helpful 
in determining the accuracy of heat detection and timing of 
insemination. In some dairies 40% to 50% of the cows are 
bred at the wrong time. 

Examination of the female or females should begin with 
evaluation of the body condition . Poor nutrition has been 
associated with repeat breeding 57 The reproductive exami¬ 
nation should include evaluation of the vulva, vagina, 
cervix uterus, oviducts, and ovaries. Poor vulvar conforma* 
tion may lead to pneumovagina and endometritis, resulting 
in EED. The spermicidal effect of urine may cause failure of 
fertilization in the mare or cow that pools urine in the 
vagina. Cervical canal occlusion can prevent fertilization. 


An abnormal uterine environment may also lead to repeat 
breeding. Large volumes of pus and debris associated with 
a postpartum metritis may cause failure of fertilization 
because of its effect on sperm. Endometritis with minimal 
intraluminal pus tardy causes failure of fertilization but 
often results in EED, Unlike ruminants, the mare may con¬ 
tinue to display estius while experiencing pyometra. The 
volume of pus present in the uterus is likely to cause failure 
of fertilization. Hydrosalpinx or salpingitis may lead to fail¬ 
ure of fertilization by blocking sperm or ovum passage. 
Ovulation abnormalities such as delayed ovulation or ovar¬ 
ian cyst formation may result in failure of fertilization. 
Whenever possible, including a uterine culture, cytologic 
smear, and endometrial biopsy as pan of the examination 
is likely to help determine the cause of the infertility. 

Differentiation of EED from failure of fertilization in 
repeal breeders has been facilitated by the use of embryo 
flushing techniques and ultrasonography. Collection of 
unfertilized ova indicates failure of fertilization; collection 
of degenerating embryos indicates very early embryonic 
death, In ruminants, failure to collect ova or embryos may 
indicate oviductal blockage resulting in failure of fertiliza¬ 
tion This is not the case for mares because they usually 
retain unfertilized ova in the oviducts. 

Ultrasonic determination of pregnancy in the mare and 
cow has made very early detection of pregnancy possible. 
Loss of an embryo after detecting tt with ultrasound at 10 days 
of gestation confirms EED. Pregnancy* wastage can be 
confirmed later in gestation with sequential rectal palpations 
of the reproductive tract or ultrasonic evaluation. Hormone 
assays are also helpful for confirming embryo or fetal loss. 

An assay for ECG, previously called pregnant mare serum 
gonadotropin (PMSG), can be used to determine if a mare 
was pregnant long enough to stimulate formation of the 
endometrial cups and ECG production. ECG can be 
detected at about 40 days of gestation with these kits. The 
endometrial cups continue to produce ECC until 120 to 
150 days of gestation even if the fetus dies. Therefore ECG 
can be used to confirm EED but not failure of fertilization. 
Progesterone determination cannot be used to confirm 
pregnancy in the mare or ruminants. However, it can be 
used to confirm non pregnancy if the progesterone level is 
low early in the expected gestation. A bovine early concep¬ 
tion factor test can be used to confirm fertilization, but it 
does not rule out EED later; 

The fetal ly derived hormone-metabolite estrone sulfate 
has been used to determine the presence of a live fetus. It is 
detectable in the serum or urine of the dam if the fetus is alive 
after 45 days of gestation in the doe. 70 days of gestation in 
the ewe, 100 days of gestation in the mare, and 120 days of 
gestation in the cow. 5 *- 5 * Ihus a decline in estrone sulfate 
indicates death of the fetus. Estrone sulfate is probably most 
helpful in confirming fetal loss in the doe and ewe because 
other techniques are available in the larger species. 

Infertility associated with repeat breeding is a perplexing 
clinical problem. The economics involved often do not war¬ 
rant pursuing the cause. If the cause is determined, therapy 
often is unrewarding 

Boxes 12-8 and 12-9 list the causes of repeal breeding in 
mares and ruminants. The causes have been divided into 
expected frequencies of occurrence. 

PREGNANCY LOSS 

PATRICK M, fcfeCUE 

MATS HT. THOEDSSOS 

Pregnancy toss refers to the failure of a concept us to be main¬ 
tained successfully to term. Pregnancy loss may be classified 
as early embryonic death (EED), abortion, or stillbirth. 
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depending on ihe gestational stage when the pregnancy loss 
occurred. EED is the death of a conceptus before organogen¬ 
esis is complete (approximately 55 days in horses, 45 days 
in cattle, and 34 days in sheep). 60 Abortion refers to preg¬ 
nancy loss after the completion of organogenesis. Stiflbtrdi 
refers to the delivery of a nonviable fetus at or near term. 

Early Embryonic Death 

The exact incidence of EED in any species is difficult to 
determine because most losses occur before pregnancy 
can be routinely diagnosed. Embryonic death early in 
pregnancy usually results in reabsojption of the embryonic 
tissues and fluids. Consequently* EED cannot be distin¬ 
guished from failure of fertilization in most instances. 
However, despite the lack of clinical evidence, EED proba¬ 
bly accounts for the largest percentage of reproductive 
wastage in large animals. The incidence of EED has been 
estimated at 5% to 24% in mares, 61 30% to 35% in 
cows*® 3 and 20% to 30% in ewes. 65 The rate of EED is 
much higher in subfertile or repeat breeder females and 
in older females. 

toss of the embryo before maternal endocrine recogni¬ 
tion of die pregnancy (Le.* days 14 to 16 in the mare, days 
15 to 17 in the cow* and day 12 in the ewe and doe) results 
in return to estrns at the normal time. Embryonic loss after 
this critical period may result in persistence of the corpus 
luteum in horses, pseudopregnancy in goats, or irregular 
returns to esirus in cattle. 

Chromosomal and genetic defects of the oocyte, sperm* 
or embryo; a poor oviductal or uterine environment; endo¬ 
crine dysfunction; and maternal stress are all considered 
important factors in the pathogenesis of EED. 6164 Infec¬ 
tious agents such as T. foetus and C- fetus subsp. venereahs 
in cattle 64 and Streptococcus zooepidemicus and other bacteria 
in horses 65 can cause EED. Endogenous release of PGFj* 
during the corpus luteum-dependent stage of gestation 
may result in luteolysls and subsequent embryonic loss or 
abortion in any large animal species. Luteal insufficiency 
associated with low plasma progesterone concentrations 
has been suggested as a possible cause of EED in horses, cat¬ 
tle* and sheep* although scientific evidence is limited. 62 - 66 ' 67 

Abortion 

ihe rate of abortion after pregnancy diagnosis at 60 days of 
gestation has been estimated to be approximately 10% in 
horses 68 and 3% to 4% in cattle, 69 Fetal death may result 
in abortion (expulsion of the fetus from the uterus) or 
retention of the fetus in the uterine lumen, with subsequent 
fetal maceration or mummification. In animals with a cor¬ 
pus luteum-dependent pregnancy for all or most of gesta¬ 
tion (cows* goats, llamas), death of the fetus usually 
results in the abortion of an autolyzed fetus because of a 
delay between the time of feta! death and lysis of the corpus 
luteum In species that do not depend on a corpus luteum 
for maintenance of pre^tancy for most of gestation (e.g. 
mares and ewes)* fetal death causes an immediate decrease 
in placental progesterone production and rapid expulsion 
of a relatively nonautolyzed feuis. Mummification is charac¬ 
terized by fluid reabsorption from a fetus retained in a ster¬ 
ile uterine environment. Fetal mummification is most 
common in multiparous species with a corpus luteum- 
dependent pregnancy (eg,, sows) and is rare in uniparous 
species that are corpus luteum independent for most of ges¬ 
tation (e.g.* mares). Maceration refers to the degenerative 
changes that occur in a fetus after retention in a nonsterile 
uterine environment. Fetal maceration may be associated 
with significant maternal endometrial damage. 


HORSES. Equine abortions may be characterized as 
infectious or noninfectious in origin. Most equine abortions 
occur secondary to placental dysfunction. One of the most 
commonly diagnosed infectious causes of abortion in 
horses is equine herpesvirus type 1 (EHV-l). 6 * Abortion 
caused by EIIV-1 usually occurs after 7 months of gestation 
and accounts for 10% to 15% of all diagnosed equine abor¬ 
tions. Exposure of pregnant mares to EAV may lead to abor¬ 
tion within 1 to 3 weeks after initial viral exposure. 
Abortion may be caused by vasculitis, edema, and necrosis 
in the endometrium and allamochorion. 70 Ihere is no evi¬ 
dence that exposure to EAV at breeding can cause a mare 
to abort later in gestation. Abortion rales may range from 
10% to 70% during an outbreak. 

Consumption of Eastern tent caterpillars (larva of Mala- 
coserwi americanum) by mares causes abortion after approxi¬ 
mately 40 days of gestation. The syndrome has been named 
mare reproductive loss syndrome (MRLS). Pregnancy loss at 40 
to 150 days of gestation is characterized by hyperethoie 
amniotic and allantoic fluids on ultrasonographic examina¬ 
tion along with a dead or dying fetus/ 1 - 73 Near-term abor¬ 
tions are characterized by hisioTojpc lesions in the placenta 
and umbilical cord. In many cases, endometrial cultures are 
positive for non-beta-hemolytic streptococci and Actinobacil- 
iio species. Diagnosis of MRLS is currently based on four 
variable factors: placental lesions, culture of characteristic 
bacteria from fetal tissues, conformation of increased cater¬ 
pillar exposure, and diagnostic elimination of other known 
causes of abortion (John Roberts, personal communication). 
The microscopic lesions observed in natural late-term MRLS 
cases are primarily the result of host response to bacterial 
infection, with the primary isolates being no n~ beta-hemo¬ 
lytic streptococci and actinobarilli 

During an outbreak in central Kentucky in 2001 and 
2002, a variety of nonspecific lesions were reported that 
included placental edema* fetal pneumonia* and hemor¬ 
rhages in the heart and placenta. During this outbreak, 
inflammation of the umbilical cord (funisitis), specifically 
the amniotic segment, was observed in 78% of cases, 75 
Funis iris was also observed in three cases necropsied during 
a 2006 Florida outbreak. The lesion is initiated as a suppu¬ 
rative to pyogranulomatous response between the outer cir¬ 
cumferential stroma and the outer tunica adventitia of 
major umbilical vessels and progresses outward to involve 
or ulcerate the amniotic surface of the umbilical cord (John 
Roberts, personal communication), Other causes of equine 
abortion such as noninfectious umbilical cord lesions, lep¬ 
tospirosis, and EHV should be ruled out by appropriate 
diagnostic tests. In addition, if a horse farm encounters uni¬ 
lateral endophthalmitis or pericarditis in the general popu¬ 
lation, MRLS should be elevated as a differential diagnosis 
for unsolved abortions/ 4 ' 75 

Nocardioform dcrimrmjra'Tr, a filamentous, branching ba¬ 
cillus, has recently been identified as a significant cause of 
chronic placentitis and subsequent late-term abortion, still¬ 
birth, and premature birth. 76 Leptospira species have also 
been identified as a significant cause of equine abortion in 
Kentucky. 77 Bacteria! and fungal abortions in mares are pri¬ 
marily caused by infections that ascend through the cervix 
causing placentitis and subsequent fetal infection. The bac¬ 
terial organisms most commonly cultured from aborted 
fetuses include Streptococcus species* Escherichia colt Pseudo¬ 
monas species* Klefoiefid species* and Stitpftyfcvoccus species. 
The most frequently recovered fungi are Aspergillus species. 

The most common noninfectious cause of equine abor¬ 
tion is twin pregnancy; 6 * inability of the uterus to support 
two fetuses to term because of insufficient placental support 
may result in abortion at any stage of gestation but is most 
common after 7 months. Early diagnosis of pregnancy using 
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ultrasonography allows for highly successful manual reduc- 
lion of one twin if done before day Id of pregnancy This 
technique has significantly reduced the incidence of abor- 
lion caused by twin pregnancies. 

RU MINA NTS, Infectious bovine rhinotrachekis-infec- 
lious pustular vulvovaginitis (IBR-IPV) vims and bovine 
virus diarrhea-mucosal disease (BVD-MD) virus are two 
of the most common viral causes of abortion in cattle. 78 
Bacterial abortions caused by Brucella abomu, AramofMcfcr- 
ium (Actinomyces) pyogenes , Bacillus species, listeria monot-yio- 
series, E call Leptospira species, and PasteureUa haemolytica 
and fungal abortions caused by Aspergillus species and Mutw 
species usually result from hematogenous spread and locali¬ 
sation in tile placenta. 70 Protozoal abortion, caused by Neos - 
pora organisms, has recently been recognized as a significant 
cause of abortion in cattle worldwide. 80 Epizootic bovine 
abortion (EBA) is a common cause of third-trimester abor¬ 
tion in susceptible heifers and cows inhabiting the foothills 
of the Sierra Nevada mountain range of California, Nevada, 
and Oregon 81 The vector for EBA is the argasid tick (Ormfftp- 
daros coriaceus), but the causative agent has not been 
identified. 

Campylobacteriosis (vibriosis), caused by G fetus and 
G fetus subsp. jejuni , and enzootic abortion of ewes caused 
by G psifltici are the most common infectious causes of 
abortion in sheep. 82 They are characterized by abortion in 
the Last 4 to 6 weeks of gestation, premature births, still¬ 
births, and birth of weak, infected lambs. C. psiizaa is also 
the most common cause of infectious abortion in goats in 
the United States. 85 

Noninfertious causes of large animal abortion include 
genetic or chromosomal factors, maternal stress, inadequate 


nutrition, vitamin or mineral deficiencies, ingestion of poi¬ 
sonous plants or other toxins, hormonal factors, environ¬ 
mental factors, physical factors, and certain medications. 

Approach to Diagnosis of Abortion 

A definitive diagnosis is reached in 20% to 40% of bovine 
abortions, 60 50% to 60% of equine abortions, 68 and 30% 
to 40% of sheep abortions. 84 The generally low diagnostic 
success is a result of the complexity of the condition 
(Boxes 12-10 and 12-11) Abortion involves disease in the 
maternal, placental, and fetal compartments individually or 
logether, and all these compartments have lo be examined 
thoroughly. In addition, a "triad" of determinants for animal 
disease has to be considered: (1) the presence of a pathogenic 
organism, (2) the environment in which a host lives, and 
(3) the susceptibility of the host to the disease. 85 To enhance 
diagnostic success, information and samples must be col¬ 
lected from the fetus, placenta, dam, and herd. A thorough 
history should be obtained, including the gestational age of 
the fetus; reproductive, medical and vaccination history of 
the dam and other individuals in the herd; previous abortions 
and diagnoses; new arrivals to the herd and contacts of the 
animal with other herds; potential causes of maternal stress, 
passible access to toxins and poisonous plants: and sources 
of water and nutrition. 

A physical examination that includes all body systems 
should be performed on the dam Samples should be col¬ 
lected from the vagina, uterus, or both for culture and cyto¬ 
logic studies. Examination of the reproductive system 
should include palpation or ultrasonography of the repro¬ 
ductive tract per rectum, speculum examination of the 
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Causes of Pregnancy Loss In Mares 


COMMON CAUSES 

Impaired ovkluctal and uterine environment (EED) 

Chronic endometritis (EED, AbJ 
Embryonic defects (EED) 

Endometrial fibrosis (EED, AbJ 
Twinning (Ab) 

Fquine herpesvirus type I (EHV-I) (Ab) 

Bacterial placentitis [StreptMouMs species, Escherichia celt. 
Pseudomonas species, KfefaifHa species, StapbyiiXixrcuj species) 
(Ab) 

fungal placentitis (AbJ 
Umbilical cord abnormalities (Ab) 

LESS COMMON CAUSES 

Kndotoxcmia (EED, Ab) 

Leptospirosis (Ab) 

Mare reproductive loss syndrome (MftLS) (BED. Ab) 

Fetal anomalies (Ab) 

Maternal stress, other disease (EED, Ab) 

Chromosomal abnormalities (Ab. EED) 

Fescue toxicity (EED. Ab) 

Advanced maternal age (EED) 

Equine vital arteritis (Ab) 

Equine infectious anemia (Ab) 

Uterine torsion (Ab) 

Endocrine factors (EED) 

Malnutrition (EED, Ab] 

Drug induced causes [EED, Ab) 

Premature separation of the placenta (Ab) 


Fetal asphyxia (AbJ 
Placental insufficiency (AbJ 

UNCOMMON CAUSES 

EJirlMrm rkrtrii (Potomac horse fever) (AbJ 
Uterine body pregnancy [AbJ 
Endometrial adhesions (EED) 

Taybrelh equigenittiiis (contagious equine metritis) (EED) 
Uterine Lymphatic lacunae, cysts (EED, AbJ 
Hyperlipemia (Ab) 
lymphosarcoma (Ab) 

Iatrogenic causes (EED, Ab) 

Fetal diarrhea syndrome (Ab) 

Ergot toxicity (EED, Ab) 

Brucellosis (Ab) 

Mprehucurium infection (Ab) 

Carynebmenum pseudtxubemtlmts (Ab) 

RkodoioctiAs tefut (Ab) 

Myraptami] infection (Ab) 

Cocridioidomytosis (Ab) 

Histoplasmosis (Ab) 

Babesiosis (Ab) 

Vitamin A deficiency (Ab) 

Iodine deficiency (EED. Ab) 

Granulosa theca cell tuition (Ab) 

Cryptococcosis (Ab) 

Sorghum. Sudan grass (Ab) 

Locoweed (AirragoJiu species) 

Hoary aiyssum poisoning (Ab) 

Satmcnrila ak*rms equi (Ab) 


Ab, Abortion; EED, early embryonic death 
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Causes cif Pregnancy Loss in Ruminants 


COMMON CAUSES 

Campylobacter infection (B: EED; 0* C Ab) 

Epizootic bovine abortion (B: Ab) 

Arcanobactenum (Actirwmyctt) pyv$nm (B; Ab) 

Bacillus species (Ik Ah) 

Bovine protozoal abortion (Neospora species) (B, C: Ab) 
Infectious bovine rhino tracheitis-infectious pustular 
vulvovaginitis (IBR-1 PV) vims (B: FED, Ab) 
leptospirosis {B, O, C; Ab) 

Trichomoniasis (B; FED, Ab) 

Brucellosis (B, O, Ct Ab) 

Bovine virus diarrhea (BVD) (8^ EED, Ab) 

Toxoplasmosis {O, C: EED, Ab) 

Border disease (O, G EED, Ab) 

ChUmydiosis (O, C Ab) 

Embryonic defects (B, O t G EF.D) 

Bacierial abortion (B, 0, C: Ab) 

LESS COMMON CAUSES 

Twinning (B: Ab) 

Prenatal asphyxia (8, O t C Ab) 

Akabane vims (B, 0, G Ab) 

Q fever (CariHk burnetii) (0, G Ab) 

Mycotoxicosis (B H O r C Ab} 

Anaplasmosb (R. O. G Ab) 

L/rftipliijww infection (B, 0: EED, Ab) 

Mycoplasma infection (B, C Ab} 

Chromosomal abnormal dies (B, Q, C: FED, Ab) 
Malnutrition, protein c a tone starvation (B. O r C; EED. Ab) 
Bluetongue (B, O: EED, Ab) 

Harmophilus strmnw (B: Ab) 

Tuberculosis (B; Ab) 

Uterine torsion (B: Ab) 

Water deprivation-salt toxicity (B, O. C: Ab) 

Selenium deficiency (B, 0, G Ab) 

Mycotic, fungal abortion (R, Q, G Ab) 

Salmonellosis (B, Q* G: EED, Ab) 

Nitrate-nitrite poisoning (B + 0: Ab) 

Drug-induced causes (B, O, C: EED, Ab) 


Ab, Abortion; H hovinc, C, caprine; F.F.D, early embryonic death, (> r ovine 


Endoioxemia (B, O* C. EED. Ab) 

Cache Valley virus (B, Q: FED, Ab) 

Maternal stress (Q. C; Ab) 

Pregnancy toxemia (O, C Ab) 

Umbilical cord, placental abnormalities (B, 0, G Ab) 

Fetal anomalies (B, O, G Ab) 

Deficiency of uridine monophosphate synthase (DUMPS) 
(B: EED) 

listeria (H r 0, G Ab) 

UNCOMMON CAUSES 

Pine needle poisoning (B: Ab) 

Chlorinated naphthalene toxicity (H: Ab) 

Osteopetrosis (B: Ab) 

Lrdrynu poisoning (B, O, G Ab) 

Cobalt deficiency (B: EED, Ab) 

Vrrsmut psctdtaidimukBtt {B, 0, G Ab) 

Death camas [Zigadenus species) (0 Ab) 

Foxglove (B: Ab) 

Phosphate fertilizer toxicity (0: Ab) 
x-Mannosidosb (B. O r G Ab) 

Ergot toxicity (B, 0: EED, Ab) 

Iodine deficiency (0. G EED, Ab) 

Hydrops fetalis [B, 0: Ab) 

Iatrogenic causes (B. 0, G EED , Ab) 

Lead 1 on city (B, 0 EED. Ab) 

Liver fluke disease (B, O, C: Ab) 

Locoweed (Arfr^guJur, Oxytrcpu species) (B, O, G EED, Ab) 
Ryegrass poisoning (B, 0: Ab) 

Sdftwysris infection (B, 0, C Ab) 

Vermum poisoning (0, G EED, Ab) 

Vitamin A deficiency (B. 0, G Ab) 

Polybrominated biphenyl toxicity (B; EED, Ab) 

Btoomweed (Gurimtt£rf species) (B p O, G Ab) 

Bacillary hemoglobinuria (B, 0; Ab) 

TfftqgJymra glabrata (0: Ab) 

Copper deficiency (Q p C: Ab) 

Caprine herpesvirus infection (C Ab) 

Habitual abortion in Angora goats (C Ab} 


vagina, and digital examination of the cervix. Paired serum 
samples From the dam and other females in the herd (10 
animals or 10% of the herd, whichever is greater) may also 
help demonstrate an immunologic response to an infec¬ 
tious agent. Maternal serologic testing is generally most use¬ 
ful if paired samples are submitted, combined with accurate 
information about the animals vaccination history. How¬ 
ever, post abortion liters from cows that aborted can be 
compared with titers from unaffected cows in the herd at 
a similar stage of lactation. Demonstration of a fourfold rise 
in titer between acute and convalescent semrn samples sug¬ 
gests recent exposure to an agent, but the presence of anti¬ 
bodies does not necessarily indicate that the agent caused 
the abortion. An exception can be made for brucellosis 
and leptospirosis, for which a high titer from a single sam¬ 
ple can be diagnostic. 

For optimal diagnostic efficiency, the entire aborted fetus 
and placenta should be submitted to a diagnostic laboratory 
for necropsy. If this cannot be done, a prompt necropsy 
should be performed, and collections of fetal, placental, 
and maternal samples should be submitted to a diagnostic 
laboratory (Table 12-1). 


A systematic necropsy must be performed on the a boned 
fetus. Fetal age and development may be assessed by measur¬ 
ing crown-rump length, hair patterns, and color. Meconium 
staining of the skin suggests uterine fetal distress. The condi¬ 
tion of the fetus, including the degree of autolysis, should be 
noted. A careful examination for fetal anomalies (e.g. P cere¬ 
bellar hypoplasia, hydrocephalus, deft palate, cardiac 
anomalies) should be performed. Histopathologic samples 
should be immersed in a volume of 10% buffered formalin 
(or Bouin fixative) equivalent to 10 times the volume of tis¬ 
sue. Samples for culture, vims isolation, and fluorescent anti¬ 
body tests should be submitted on ice in separate sterile 
containers. A sample of abomasum and stomach contents 
should be aseptically collected for culture. Fetal heart blood 
or thoracic fluid may be collected for serologic evaluation. 
A late-term fetus is immunologically competent, and high 
titers may indicate activity of a pathogenic agent. SeTologic 
testing of fetal fluids can be useful both in detecting a non- 
specific active fetal immune response (total immunoglobu¬ 
lin (IgCfj and for titers against a specific antigen. 

The fetal membranes should be examined for size, 
weight degree of autolysis, condition, and completeness. 
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Tissue Samples to Be Submitted for Diagnosis of the Cause of Abortion 



Preservation Method 


1 Source 

Chilled or Frozen 

Fixed * t 

Aborted fetus 

Lung, liver, kidney, spleen, Thymus, skeletal muscle, 
heart, heart blood, abomasum, and stomach contents 

Lung liver, kidney, spleen, thymus, skeletal muscle 
(diaphragm), heart, adrenal gland, lymph node, 
brain 

Placenta 

Allaniothorion (ruminants: cotyledons and 
imercotyledonary areas), altantoamnion, amnioiic 
fluid, cord blood 

Allantochorion {ruminants; cotyledons and 
intercotyledonaxy areas), ailamoamnion 

Dam or herd 

Paired serum samples, vaginal or uterine swabs 



* 10% Formalin or Rouin fixative should be used. 


Samples of placental tissue, especially areas with lesions, 
should be collected for histologic examination, impression 
smears, bacterial culture, virus isolation, and fluorescent 
antibody tests. The equine placenta should be examined 
for integrity, lesions, and distribution of chorionic villi. 
The normal equine placenta is everted after expulsion, 
with the allantoic surface presented outward and chorioal¬ 
lantois ruptured at the site of the cervical star Blood may 
be collected from the free end of the cord. The allantoic 
surface should be examined for abnormalities such as mul¬ 
tiple allantoic pouches that may indicate compromised 
fetal circulation. 86 The chorionic surface of the placenta 
should be examined for lesions and distribution of chori¬ 
onic villi. Areas of avillous chorion are normally observed 
in association with the cervical star, narrow folds over large 
vessels, and areas opposing endometrial cups. Absence of 
chorionic villi over a circumscribed area is characteristic 
of twins and represents the region where two placentas 
were in contact. The region of the placenta adjacent to 
the cervix should be examined for loss of chorionic villi 
and the presence of inflammatory exudate, a hallmark of 
ascending infection. 

The cotyledons and imercotyledonary spaces of the rumi¬ 
nant placenta should be carefully examined for lesions. 
Autolytic changes of the placenta may be difficult to inter¬ 
pret, Some normal features of the bovine placenta must be 
kept in mind, 69 Amniottc plaques are present on the inner 
surface of the amnion and on the umbilical cord. Ihey are 
most prominent at 3 to 7 months of gestation. Necrotic 
areas of the chorioallantois in the tips of the uterine horns 
are also normal and caused by insufficient vascu la fixation 
to that area. Mineralization of the placenta is normal during 
the first months of gestation but may reflect placental injury 
associated with infection at the end of gestation. 

All aborted fetuses and placental tissues should be han¬ 
dled with care, and tissues not submitted to a diagnostic 
laboratory should be burned or buried. Dams that have 
aborted should be isolated from the remainder of the herd. 

FESCUE TOXICOSIS 

JAMES F, RRENDEMUEHL 

Tall fescue (Festuot arundinacea Sdireb.) is a cool-season, seed- 
propagated, perennial grass that is grown in many regions of 
the United States. It is traditionally recognized to be the most 
widely grown pasture grass in the humid areas of the south¬ 
eastern and northwestern United States. Recent surveys have 
demonstrated endophyte-infected forage in more than half 
of all forage samples tested in all geographic areas of the 
United States. 87 88 An endophytic fungus, NeorypJtodimn coeno- 
pfiujJum, has been shown to be widely spread wherever tall 


fescue is grown, 88 Undesirable signs in animals grazing tall fes¬ 
cue have been associated with the presence of the asymptom¬ 
atic fungal endophyte {also see Chapter 54). 

Clinical Manifestations of Fescue Toxicosis 

Agalactia or hypogalactia is the most commonly reported 
clinical sign in mares grazing endophyte-infected fescue. 0990 
Mares grazing endophyte-infected fescue show significantly 
lower prolactin concentrations than mares grazing endophyte- 
free forage l lypoprolaninemia associated with endophyte 
ingestion would inhibit normal mammary development in 
the prepartum period. Prolactin concentrations increase in the 
immediate prepartum period in the mare and return to baseline 
levels several weeks postpartum. Episodic increases in prolactin 
associated with nursing by the foal suggest the requirement of 
prolactin to maintain Iatrogenesis. 91 Suppression of prolactin 
by ergopeptines during the prepartum period in the cow 
reduced milk yields but had no effect after Iatrogenesis had 
been established. Therefore it appears that the endophyte 
reduces milk yield postpartum because of reduced intake. 

Calving rates are decreased by the presence of endophyte 
in tall fescue, 92 Ewes grazing endophyte-infected fescue 
demonstrated a prolonged interval to conception after intro¬ 
duction of the ram compared with ewes on endophyte-free 
pasture, 93 Necropsy results and time to return to estrus indi¬ 
cated embryonic mortality as a cause. Mares grazing endo¬ 
phyte-infected fescue demonstrated increased embryonic 
loss rates, prolonged luteal function, and decreased per-cyde 
pregnancy rates compared with mares grazing endophyte- 
free pastures. 94 

Puberty in heifers is delayed by grazing endophyte- 
infected tall fescue. Progesterone concentrations were addi¬ 
tionally decreased in heifers grazing endophyte-infected fes¬ 
cue, indicating luteal function was impaired. 95 Altered 
luteal function caused by endophyte exposure could possi¬ 
bly affect cyclicity and reduce pregnancy maintenance. 

Mares grazing endophyte-infected tall fescue demon¬ 
strate a significant incidence of prolonged gestation, agalac¬ 
tia, dystocia, poor foal viability, and retained and thickened 
placentas. 0996 Foals born to mares grazing endophyte- 
infected tall fescue are typically weak at birth with character¬ 
istic signs of dysmaturity, including overgrown hooves, 
irregular dental eruption, lanugo, and flexor laxity. Foal 
weights are significantly greater in endophyte-exposed mares 
despite reduced muscle mass. At birth, concentrations of tri¬ 
iodothyronine, progestagens, adrenocorticotropic hormone, 
and cortisol were significantly lower in foals from mares 
grazing endophyte-infected fescue. 57 

Endocrine alterations in pregnant mares grazing endophyte- 
infected fescue are a depression in prolactin, 89 -™ 57 - 98 
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thyroxine," progestogen*,•*-and rdaxin. 100 Progesterone 
concentrations did not differ in mares that experienced early 
embryonic death, indicating an effect of the endophyte other 
than impaired luteal function ** Total progestogen concentra¬ 
tions were reduced with endophyte exposure of pregnant mares 
only after day 300 of gestation, 101 Short-term exposure of late- 
gestation mares to endophyte-infected fescue results in signifi¬ 
cant decreases in prolactin and progestogens. 101 At birth, con¬ 
centrations of toy! progestogens were significantly reduced 
in mare jugular foal jugular, and umbilical artery plasma, 
indicating reduced fetal and placental progestogen synthesis, 97 

Placental alterations in mares associated with consuming 
endophyte-infected fescue include premature separation of 
the allamochorion, increased allamochorion weight and 
thickness, and retained placenta.® 3 ^ 9 ® Transabdominal 
ultrasonography demonstrated a significant increase in 
uteroplacental thickness in endophyte-infected mares. How- 
ever, this was not observed until an average of 8 hours 
before the onset of labor Premature separation of the allan- 
tochorion was detected in conjunction with the increase in 
placental thickness. Histologic evaluation of the allanto- 
chorion revealed a significant increase in the splanchnic 
mesoderm caused by edema 

Approach to Diagnosis of Fescue Toxicosis 

Definitive diagnosis of fescue toxicosis involves identification 
of the causative endophytic fungus in forage or seed samples 
by microscopic examination (Boxes 12-12 and 12-11). Ergo- 
pepune concentrations may additionally be determined by 
high-pressure liquid chromatography analysis or specific 
enzyme-linked immunosorbent assay (ELISA), A presump¬ 
tive diagnosis of fescue toxicosis can be made in cattle based 
on expression of the characteristic clinical signs of hyperther¬ 
mia, excessive salivation, long, rough hair coat, necrosis of 
the tail and ear tips, and fat necrosis in association with con¬ 
suming fescue forage, Hypoprolactinemia is supportive of the 
diagnosis, but the assay is not commercially available. 

A presumptive diagnosis of fescue toxicity in the preg¬ 
nant mare is based on the observation of failure of normal 
mammary development for gestational stage. Prolongation 
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Manifestations of Fescue Toxicity in Mares 


Agalactia, hypogalactia 
Hypoprolactinemia 
Decreased rdaxin prrparmm 
Prolonged gestation 
Early embryonic death 
Cydk irregularity 
Dystocia 

Premature allantochorion separation 
Allamochorion edema 
Increased placental weight 
Retained placenta 
Corpus luteum persistence 
Decreased pregnancy rales 
Decreased total progestagens prepartum 
Poor neonatal viability 

Reduced colostra! immunoglobulin G (IgG) absorption 

Neonatal hypoadrenalism 

Neonatal hypopituitarism 

Neonatal hypothyroidism 

Fetal oversize 

Hirsutism 

Hyperhidrosis 
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Manifestations of Fescue Toxicity in Ruminants 


Agalactia, hypogalactia 
Reduced calf birth weight 
Hypoprolactinemia 
Reduced serum cholesterol 
Reduced conception rates 
Reduced pregnancy rates 
Early embryonic death 
Cyclic irregularity 

Delayed return to cyclicity postpartum 

Dystocia 

Hyperthermia 

Hyperpnea 

Hirsutism 

Reduced weight gain 
Phoioscnsittzation 
NettOSU of the digits 
Necrosis of the ears and tail 
Fat necrosis 


of gestation is commonly reported as well, An accurate 
breeding history should include dates of breeding, dates of 
confirmed pregnancy diagnosis, and absence of parturition 
at the anticipated time, A history of recent exposure to fes¬ 
cue pasture or hay is supportive. In tall fescue-endemic 
areas, pastures that contain tall fescue grass should be con¬ 
sidered infected with the endophyte unless specific testing 
has confirmed otherwise. Determination of total plasma 
progestogen concentrations is a sensitive indicator of endo¬ 
phyte exposure after 300 days of gestation. 101 

Management of a mare suspected of endophyte exposure 
should consist of removing the mare from the suspected pas¬ 
ture or hay source and maintaining the mare in a stall or dry 
lot under dose observation. High-quality hay, preferably 
legume, should be provided. Because of the increased inci¬ 
dence of dystocia in mares grazing endophyte-infected tall fes¬ 
cue, close monitoring of the mare and attendance at 
parturition is critical to minimize risk to the mare and loss of 
the foal Removal of mares from infected fescue by day 300 
of gestation has been demonstrated to alleviate the toxic effects 
on the mare and foal. Removal after day 300 carries an 
increased risk of prolonged gestation, agalactia, dystocia, and 
neonatal death. Induction of parturition is not recommended 
because of the high incidence of fetal dysmaturity, fetal over¬ 
size, and failure of pelvic relaxation associated with endophyte 
exposure. Elective cesarean section deliveries of postdate gesta¬ 
tion mares have resulted in significantly higher foal survival 
rates than spontaneous deliveries 

Where removal of pregnant mares from infected fescue 
is not practical or mares are inadvertently grazed on endo¬ 
phyte-infected fescue beyond the recommended stage of 
gestation for removal, pharmacologic intervention is war¬ 
ranted. Several DA : dopamine receptor antagonists—per¬ 
phenazine, 101 fiuphenazine. 100 and domperidone 10 *—and 
the dopamine depletor reserpine iOT have been investigated 
prophyhelically to prevent or therapeutically to treat clini¬ 
cal fescue toxicosis. Perphenazine l,J * and fluphenazine* 00 
have demonstrated mixed success in preventing toxicosis 
in restricted clinical trials, Reserpine 105 was ineffective in 
preventing prepartum agalactia and prolonged gestation 
but was sufficient to resolve postpartum agalactia. Dom- 
peridone 10 * has demonstrated efficacy in both the preven¬ 
tion and treatment of clinical fescue toxicosis in clinical 
trials involving large numbers of mares in numerous 
locations. 




CHAPTER 12 Alterations in Sexual Function 



209 


PROLONGED GESTATION 

BRUCE W OOmtNSm 

Many factors influence the duration of gestation in horses 
and ruminants Normal variations in length of gestation 
have been attributed to genetic, nutritional and environ¬ 
mental factors, lor.io# The species, breed, and sex of the fetus, 
ambient temperature, and Length of photoperiod are among 
factors that, within normal variations, affect the duration of 
gestation. 107 ,10 Ihe duration of pregnancy in thoroughbred 
mares ranges from 310 to 374 days, 110 in dairy cows from 
275 to 292 days, in beef cows from 27L to 310 days, in ewes 
from 143 to 155 days, and in does from 146 to 155 days. 111 
Prolonged gestation periods are those that exceed the normal 
gestational variation attributable to genetic, nutritional and 
environmental factors. In patholofpc prolonged gestation 
there is an impediment to the mechanisms that terminate 
gestation and initiate parturition. Pathologically prolonged 
gestation has been attributed to genetic, infectious, and toxic 
factors 117 as well as to manipulation of the embryo. 1 ****** 

Of the several forms of prolonged gestation with genetic 
causes in cattle, the best described forms have been observed 
in Guernsey and Holstein cattle, 10 * 109112 - 115 In each the 
fetus fails to initiate parturition at term because of fetal adre¬ 
nal hypoplasia. Prolonged gestation, from 3 weeks to 3 
months beyond normal term, has been observed in a number 
of dairy cattle breeds,Craves, Hansel and Kiook 115 
described a Holstein fetus of 441 days' gestation in which 
the pituitary pars distal is was aplastic and the adrenal and 
thyroid glands were severely hypoplastic. Two different types 
of fetuses have been associated with prolonged gestation in 
cattle.* 07 In the first type, fetuses had a large skeleton and 
excessive growth of epidermal organ structures such as hair 
and hooves but no obvious deformities. The second type of 
fetus was mature or immature and exhibited cranial and cen¬ 
tral nervous system anomalies; growth ceased at about 7 
months of gestation. Both types of calves had hypoplastic or 
absent adrenal glands. Ihese anomalies have been observed 
to be inherited as an autosomal recessive trait. 10 * 1 12 

Several infectious agents have been incriminated in pro¬ 
longed gestation in ruminants. Blueiongue virus, bovine 
diarrhea virus, and border disease virus may cause severe 
cerebral lesions in the fetus, resulting in the absence of 
a hypothalamus and pituitary stalk, Again, by virtue of 
the lack of adrenocorticotropic hormone, the sequence 
of events necessary for parturition does not occur. 112 

The last decade has seen an increase in the use of assisted 
reproductive techniques in cattle in the form of in vitro pro¬ 
cedures and somatic cell nuclear transfer ("cloning"). 
Although these techniques offer advantages for reproducing 
important genetic lines, they still have many accompanying 
complications that have yet to be overcome. Besides 
increased pregnant^ loss, increased btrthweight of calves, 
and increased incidence of dystocia and perinatal losses, 
another of these complications is prolonged gestation in 
recipient cows compared with embryo transfer recipient 
and artificially inseminated cows. 115 This technology has 
great potential for manipulating and preserving superior 
genetic potential 117 the cow has been the most successfully 
cloned animal to date, but such cloning still has a low suc¬ 
cess rate (0% to 10%). 1 tlu 19 This is an extremely active area 
of research and it is likely that with further undemanding 
the current pitfalls surrounding in vitro procedures and 
nuclear transfer will be overcome and use of the techniques 
will become more commonplace. 119 

Vmtnm cMomkum contains the teratogenic agent 
eye Eo pa mine When pregnant ewes ingest cytlopamine on 
the fourteenth day of gestation, their fetuses lack a pituitary 
gland or have a malformed hypothalamic stalk. These 


defects result in prolonged gestation by virtue of secondary 
adrenal hypoplasia. 112 

Prolonged gestation in mares has been cited as an in¬ 
dication for induction of parturition, 120121 However, the 
clinical significance of prolonged gestation in mares is unde¬ 
termined because there is no apparent correlation between 
duration of gestation and readiness for birth Dvsmature neo¬ 
natal foals have resulted from gestations of normal and longer 
than normal durations; alternatively, 399 days' gestation 
resulted in births of normal twin foals. 122 Prolonged gestation 
in the mare has not generally been associated with excessively 
large foals and dystocia. 111 Therefore, in the absence of dinkal 
signs that warrant induction of parturition in a high-risk preg 
nancy and the fulfillment of criteria for induced parturition, 
there is no reason to perform elective parturition induction 
in mares in which gestation is prolonged. 

Approach to Diagnosis of Prolonged Gestation 

Approach to the diagnosis of prolonged gestation in mares and 
ruminants is essentially similar (Boxes 12-14 and 12-15). If 
the client is concerned about what is apparently prolonged ges¬ 
tation in an otherwise normal dam, an accurate breeding his- 
tore should be obtained. Because no pathognomonic clinical 
or laboratory findings are associated with prolonged gestation, 
the diagnosis is predicated on the history and a general physi¬ 
cal examination of the dam. The overall condition of the 
dam should be determined. In addition to the reproductive 
history, exposure to infectious agents and toxic plants should 
be determined Ihe most important anamnestic factors are 
breeding dales, dales of confirmed pregnancy examinations, 
and absence of parturition at the expected time. The repro¬ 
ductive tract should be examined for the gravid uterus and 
evidence, although tenuous, of the term or near-term fetus. 
Diagnostic ultrasonography can be incorporated into the 
workup to enhance the assessment of viability and fetal 
well-being by determination of fetal heart rates, fetal size 
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Causes of Prolonged Gestation In Mares 


Fescue roxicity 

Fetal mummification 

Delayed embryonic development 


BOX 12.1 


Causes of Prolonged Gestation in Ruminants 


Fetal mummification 

Fetal hypothalamic-hypophysial-adrenal axis disorder 
Autosomal recessive genetic disorder affecting Holstein and 
Guernsey cattle (B) 

Vitamin A deficiency (B) 

Wramim album toxicity (B> 

Veriimtffi a^vmkmm toxicity (cvc lo pa mine) (G) 

High environmental temperature (B) 

Fescue toxicity 
Hydrops amnii (B. O) 

Blueiongue (B, O) 

Bovine virus dianhea (B) 

Border disease (O) 

Salsota mhcrnitofr toxicity (Crootlamsiekie [exotic |) (O) 

Aka banc vims (exoik) (B, O) 

Somatic cell nuclear transfer (B) 


IS. Bovine: O, wine C caprine 
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and movcmenL uteroplacental thickness, and estimation of 
allantoic fluid volume,Parturition should not be 
induced unless the objective is fetal survival tn the face of 
a high-risk pregnancy 12< ' Otherwise, the mare should be exam¬ 
ined and, if appropriate, the owner assured that the gestation is 
probably normal and that patience will Itkdy result in a nor¬ 
mal foaJ with adequate colostrum and passive immunity, * 27 


DYSTOCIA 

wars H.r ntornssw 

Dyuocia is defined as difficult pa Hunt ion, it may be a sign of 
either maternal or fetal conditions that impede fetal passage 
through the birth canal,* 35 Dystocia in mares and ruminants 
is more likely to be attributable to fetal causes such as malpre- 
sentation, malposition, and malposture than to maternal 
conditions 12 * 12 * (Boxes 12-16 and 12-17). The overall 
incidence of dystocia and incidences of types of dystocia 


vary among the species and breeds within a species, 110 Cat¬ 
tle, especially first-calving heifers and larger breeds, are 
more commonly affected by dystocia; the overall incidence 
of bovine dystocia ranges from 3% to 25%. IM The inci¬ 
dence of dystocia among thoroughbred mares is 4%, 115 
and in does. 3% to 5%. l1t The incidence of dystocia is 
generally greater in sheep than in goats 152 Dystocia repre¬ 
sents an emergency situation that commands prompt reso¬ 
lution to afford the optimum prognosis for dam and fetus. 
Reposition, traction, fetotomy, and cesarean section are the 
obstetric procedures available for the management of dys¬ 
tocia, 111 The economics of large animal practice often play 
a significant role in determining which course to pursue in 
resolving dystocia. The lives of the dam and the fetus may 
be at risk Although the objective should be the survival 
of both, unless otherwise advised by the owner and if con¬ 
ditions are not prohibitive, the well being of the dam 
and her reproductive potential should have priority over 
the fetus. 






Causes of Dystocia in Mares 

COMMON CAUSES 

Mai presentation 

Malposition 

Malposture 

Abortion 

Arthrogryposis 

Twinning 

LESS COMMON CAUSES 

Fescue toxicity 
Preterm parturition 
Torticollis 

Vaginal vulvar obstructions 

(hematoma, callus, abscess, tumor) 
Pelvic injury, fracture 


UNCOMMON CAUSES 

hnopdvic disproportion 

Congenital defects 

Hydrocephalus 

Uterine dorsoretruflexion 

Uterine torsion 

Hydrops of fetal membranes 

Rupture of prepubk tendon 

Fetal mummification, maceration 

Vaginal prolapse 

Abdominal, inguinal hernia 

Uterine inertia 

Induction of parturition 

Premature separation of chorioallantois from endometrium 
Uterine laceration 


BOX 12.17 


Causes of Dystocia in Ruminants 


COMMON CAUSES 

Fetopelvic disproportion (B, common; C O. uncommon) 

Ma (presentation 

Malposition 

Malposture 

Twins, triplets (B) 

Uterine torsion 

Peripanurient hypocalcemia (B) 

Failure of cervix to dilate (B. O; rare in C) 

Lymphedema 

LESS COMMON CAUSES 

Preterm parturition 
Abortion 

Congenital defects (fetal monsters) 

Hydrops of fetal membranes (B. O) 

Emphysematous fetus 

Hydrocephalus (more common in B than O, C) 

Extremity ankylosis (more common in B than O, C) 
Breeding immature, young, small-for-age females 
Obesity (B) 


Pregnancy toxemia (O, C) 

Uterine inertia 

Fetal mummification, maceration 
Uterine, cervical, vaginal obstruction 
Retained fetus 
Pelvic fracture 
Vaginal prolapse 

UNCOMMON CAUSES 

Phytoestrogen toxicity (B, O) 

Rectovaginal constriction of Jersey cattle (B) 
Uterine rupture 
Abdominal inguinal hernias 
Lipomatosis (B) 

Lupine poisoning arthrogryposis (B) 

Polvbruminated biphenyl toxicity 

Bovine fetal tumors 

Rupture of prepubtc tendon (B) 

Hereditary edema, lymphedema in Ayrshire calves 
Prolonged gestation (B, O) 

Chlorinated naphthalene toxicity 


I. Bowie C caprine: O, ovine 
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Although parturition has been divided into three distinct 
stages for descriptive purposes, the stages overlap clinically, 
and normal parturition is observed as a continuous pro¬ 
cess. m The equine fetus is lying in a ventral or ventrolateral 
position with head and forelimbs flexed during late gesta* 
lion. 1 * 4 During the first stage of parturition the fetus plays 
an active role, along with myometriat contractions, in 
assuming correct extremity posture as it positions ilself for 
delivery through the birth canal. The second stage of partu¬ 
rition commences with rupture of the chorioallantois and 
culminates in delivery of the fetus. Myometrial contractions 
continue during third-stage parturition, which ends with 
the expulsion of the placenta, In the mare parturition is a 
forceful, explosive act. The time between rupture of the cho¬ 
rioallantoic membrane and delivery of the fetus is normally 
about 20 minutes, 12 ® Separation of the fetal membranes 
from the endometrium may occur within 1 to 2 hours after 
the second stage of parturition commences; therefore the 
retained fetus must be delivered quickly or it will asphyxi¬ 
ate. Fetal expulsion in the ruminant is not quite as explosive 
as in the mare; second-stage parturition in the bovine usu¬ 
ally requires l /i hour to 4 hoursJ 2 ® Ewes and does require 
a range of l h hour to 2 hours lo complete the second stage, 
or slightly longer if twins or triplets are present. 12 ® Primipa- 
rotis animals generally require a longer time to expel the 
fetus than do multiparous dams. 

Dystocia in large animals is often accompanied by forceful 
straining. The dam may attempt lo lie down and stand repeat¬ 
edly. This is characteristic of dams with dystocia that is caused 
by fetopehic disproportion, malposture, or fetal impaction. 
Alternatively, the dam may stand quietly with minimal or no 
straining, as in cases of uterine inertia, uterine rupture, or 
exhaustion associated with prolonged dystocia of any cause. 
Whatever the presentation of the dam, the attending veterinar¬ 
ian must be prepared for unexpected behavior when attempt¬ 
ing to perform obstetric examinations and procedures. The 
dam. fetus, attendants, and veterinarians must be protected 
from Injury. The dam should be placed in open-ended stocks 
with movable sides or a straw-bedded box stall. During obstet¬ 
ric examination and manipulation, mares and cows may 
attempt to get up and lie down, or they may suddenly collapse. 
Such sudden movements may injure the dam and veterinarian 
if rigid, closed-end stocks are used. Minimum physical 
restraint should be used; however, restraint should be suffi¬ 
cient to permit completion of the obstetric examination and 
procedures with efficiency and safety. General anesthesia fol¬ 
lowed by elevation of the hind quarter will facilitate safe 
manipulation and vaginal delivery of a foal in mares with dys¬ 
tocia, This technique, if applied correctly, will likely result in 
less damage to the mare s reproductive tract 

Utile is known about the pharmacokinetics of dmgp in 
pregnant domestic animals. Accordingly, it must be assumed 
that sedative and anesthetic drugs will depress neonatal and 
fetal functions at least as much as those of the mare. The effects 
on myometrial activity of drugs administered to dams expert* 
encing dystoda must also be considered Acepiomazine has lit¬ 
tle effect on the fetus and is generally considered safe for use in 
the pregnant mart However, acepromazine was shown to 
have a suppressive effect on myometrial activity in cycling 
mares. 135 Xyiazme causes significant fetal cardiovascular com¬ 
promise in horses and has been reported to stimulate myome- 
trial activity in cows and mares. 137 The fetal and 
myometrial effects of detomidine are similar but of longer 
duration compared with those of xylazme. 135134 The effects 
of detomidine on myoelectrical activity in the uteri of cows 
and mares treated during the last trimester of pregnancy were 
dose dependent. 13 ® 139 

As equipment is being oiganized and the process of eval¬ 
uating the dam begins, a pertinent reproductive history 


should be obtained including the dam's age, her previous 
breeding history, and the outcomes of previous pregnancies 
(i.e„ abortion, normal parturition, dystocia}. Her present ges¬ 
tational status should be determined; has parturition com¬ 
menced at term, or is ft a preterm or postterm delivery? Her 
udder should be examined to determine the stage of develop¬ 
ment. Information about the progress of the current parturi¬ 
tion should be obtained. The time since rupture of the 
chorioallantoic membrane, the duration and intensity of 
labor, whether fetal membranes or parts have appeared at 
the vulva, and previous attempts to assist in delivery should 
be noted. If the dam is recumbent, the veterinarian should 
determine if she has attempted to or been able to rise. 
Although a complete examination of the dam is optimum, 
it should be postponed until after the delivery of the fetus. 
However, in obtaining the dams reproductive histoiy, ques¬ 
tions about her current physical condition should be 
included. Such predisposing factors as recent weight loss, sys¬ 
temic disease, and trauma should be considered. She should 
be assessed for signs of hemorrhage, dehydration, and shock. 

After (he tail has been wrapped, the perineal area should 
be thoroughly and gently washed and rinsed. Examination 
of the dam's reproductive tract may cause some discomfort 
or pain. Temperance regarding analgesia and sedation must 
be practiced. Caudal epidural anesthesia (4 to 8 mL of 2% 
lidocaine or other anesthetic) is often an excellent means of 
facilitating examination and resolution of dystocia and at 
the same time minimizing trauma to the dam, fetus, and 
operator. Lidocaine epidural anesthesia may cause hindlimb 
weakness and ataxia. Safe and effective analgesia can also be 
induced by epidural administration of xylazine (0.17 mg/kg 
diluted in 10 mL physiologic saline). A combination of lido- 
caine (0.22 mg/kg) and xylazine (0.17 mg/kg) resulted in an 
onset of analgesia within a few minutes and a duration 
of over hours. 140 Although vaginal sensitivity and the 
Ferguson reflex both are reduced by epidural anesthesia, 
myometrial contractions and abdominal press are not totally 
eliminated. General anesthesia will effectively eliminate 
myometrial contractions and abdominal press. This ap¬ 
proach has to be combined with an elevation of the hind- 
quarter of the dam, in order to provide sufficient space for 
safe manipulation of the fetus. Great care must be taken dur¬ 
ing the examination of the genitalia and fetus. In addition to 
the viability of fetus and dam, the dam's future reproductive 
potential is at risk and must be preserved. Ihe vulva, vesti¬ 
bule, vagina, and cervix should be carefully examined. The 
location of the fetus in the birth canal, as well as its viability, 
presentation, position, and posture, should be determined, 
Schuijt and Ball 141 described a procedure to manually dilate 
the bovine birth canal before forced extraction is attempted 
In the management of dystocia in any species, forced extrac¬ 
tion should proceed only after maximal dilation of the caudal 
reproductive tract in order to minimize the potential for inju¬ 
ries to the dam during parturition (i.e., cervical, vaginal and 
vulvar lacerations, hematomas, postparturient vaginal necro¬ 
sis, and obturator, perineal, and gluteal paralyses), 

Mares are especially susceptible to cervical lacerations, which 
may have detrimental consequences on the dam's future repro¬ 
ductive performance. Slow traction with continuous palpation 
of cervical stretching by the attending obstetrician is therefore 
recommended in equine dystocias. 

The integrity of the birth canal, fluids, and fetal mem¬ 
branes serves as an indicator of the length of time the dysto¬ 
cia has persisted and the well-being of the fetus. Generous 
lubrication is required in all cases of dystocia and should 
be applied continuously during the management of dysto¬ 
cia to prevent damage to the dam's birth canal. Lubricating 
preparations consisting of methyl cellulose are superior to 
those consisting of mineral oil or soaps. Several liters of 
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lubricants should be infused into ihe bovine and equine 
uterus by the use of a nasogastric tube. 

Traction or forced extraction can usually be successfully 
implemented after correction of malpresentation, malposi¬ 
tion, or mal posture In equine dystoda, if the foal is still 
alive and dystocia cannot be relieved quickly (20 minutes) 
or if il is determined that extensive manipulation wilt be 
required, general anesthesia may be induced. Because of 
the length of the extremities of the foal mutation is more 
difficult in the mare than in the cow and requires extensive 
repulsion to provide adequate room for manipulation 
Examination and manipulation can be greatly facilitated 
by elevating the mares hindquarters, enabling the fetus 
and viscera to recede nanially into the mare's abdominal 
cavity, thereby allowing more room for the operator 14 * If 
a non viable fetus cannot be delivered by traction or forced 
extraction or if the owner is unwilling to select cesarean sec¬ 
tion, feioiomy can be performed. 131145 Beyond the delivery 
of the nonviable fetus, fetotomy is indicated to save the 
mare and her subsequent fertility, in Ihe advantages of 
fetotomy include avoiding major abdominal surgery (cesar¬ 
ean section) and its complications and preserving the birth 
canal because excessively large parts are not forced through 
{1^124442*144 At the same time, the primary disadvantage of 
fetotomy. particularly if not properly performed by an expe¬ 
rienced obstetrician, is trauma to the birth canal by instru¬ 
ments, wire, or bone 11 * The indications, equipment 
procedures, and complications of fetotomy have been 
reviewed in several publications,»»*us4* 1144 

Cesarean sea ion is indicated for a dam with dystocia 
when attempts to deliver the fetus by reposition, traction, 
and fetotomy are unsuccessful or contraindicated, and 
continued attempts may compromise the fetus, the dam, or 
her subsequent fertility, 145+152 Cesarean seaion 

may be the only rational procedure for delivery of some fetuses 
(e.g.. emphysematous fetuses, deformed fetuses, and bicomu- 
ate fetuses). In addition, high-risk pregnancies caused by 
maternal conditions can he effectively and efficiently managed 
by cesarean section. Me The specific indications, procedures, 
and complications of cesarean section have been reviewed in 
a number of publications, 13 ®' 130 ' 145152 

Management of a case of dystocia is not complete until a 
systematic examination, focusing on the dam's reproductive 
tract, has been conducted. Complications during dystocia 
involving the reproductive tract and other body systems 
can affect the outcome of the case. 12 ®' 153+155 As much as 
possible, examination of the dam's reproductive traa 
should rule out the presence of another fetus in the uterus 
or abdominal cavity. 12 ® Ihe most common reproductive 
injuries inairred by dams during parturition indude cervi¬ 
cal, vaginal, and vulvar lacerations, hematomas, postpar- 
turiem vaginal necrosis, and uterine hemorrhage. 142 - 155156 
Gastrointestinal complications, such as constipation asso¬ 
ciated with unwillingness to defecate, postpartum perineal 
inflammation, and bruising or rupture of entrapped or 
compressed segments of the gastrointestinal traa, can 
follow parturition in the mare. 155 Musculoskeletal and 
neurologic complications have been reported after parturi¬ 
tion in cows and mares. 12 ® Retained placenta, delayed uter¬ 
ine involution, metritis, and laminitis may result from 
normal parturition but are more likely sequelae of 
dystocia. 12 ® 155157 

Ihe signs associated with normal progression of each 
of the stages of parturition must be explained careful¬ 
ly to clients and farm managers. It is only through un¬ 
derstanding the clinical signs associated with events of 
normal parturition that clients become proficient at recog¬ 
nizing abnormal events and know when to seek profes¬ 
sional assistance. 


RETAINED FETAL MEMBRANES 

mats k t jxoedsson 

Retained fetal membranes represent the failure of the entire 
or partial placenta to be expelled within physiologic time 
limits. Although variation exists among species regarding 
the duration of lime that must pass before a placenta is con- 
sidered retained, the condition is one of the most common 
complications occurring in animals after parturition. 158 


Retained Fetal Membranes in Mares 

The anatomic structure of the equine placenta is described 
as diffuse, epitheliochorial and mitrocotyledonary. It is 
composed of the allantochorion, the allantoamnion, and 
the umbilical cord. 159 During most normal foalmgs, the 
separation of fetal membranes from the endometrium and 
their subsequent expulsion occur within Vi hour to 3 hours 
of the delivery, 15 * The incidence of retained fetal mem¬ 
branes is 2% to 10% in the mare, with a higher incidence 
in draft horses than in lighter horse breeds 158 The cause 
of retained fetal membranes remains unclear, but it is 
believed that allantochorionk microcotyledons near the 
tip of the non gravid uterine bom have failed lo separate 
as a result of an endocrine unbalance, a disturbance in nor¬ 
mal myometrial contractions, or any swelling at the site of 
mirrocotyledum 160 (Box 12-18). Diagnosis of retained fetal 
membranes in the mare is straightforward when it is based 
on the observation of membranes hanging from the 
vulva beyond 3 hours after foaling. However, if the fetal 
membranes fall cranially over the pelvis, they remain within 
the uterus without being visible, and the diagnosis must be 
made using vaginoscopy or ultrasonography or by digital 
intrauterine examination. If an early diagnosis of complete 
or partial retention of fetal membranes has been missed, 
the diagnosis may be made 1 to 2 days after foaling. At this 
time, clinical signs indicative of metritis are often present 
(»,e„ fever, depression, colic, and/or laminitis). 

After their expulsion, the fetal membranes should be 
stored until they can be scrutinized to determine if they are 
complete. The clinician should rinse the fetal membranes 



Causes of Retained Fetal Membranes in Mares 


COMMON CAUSES 

Dystocia 

Preterm parturition 
Abortion 

Endometritis, metritis 
Twinning 

Induced parturition 
Stillbirth 

LESS COMMON CAUSES 

Fetotomy 
Cesarean seaion 

Placental edema at uterine hom tip 

Placentitis 

Drugs 

Prolonged gestation 
Fescue toxicity 

Poor condition, poor environ mem, fatigue, increasing age, 
and other debilitating conditions 
Hypocalcemia 
Dropsy of fetal membranes 
Entrapped placenta 
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with water and, on a flat surface, thoroughly examine them 
for completeness, 161 Evidence that a pan of the placenta is 
retained In the uterus or that an area of microvilli has been 
sheared off and retained in the endometrial crypts is an indi¬ 
cation for digital endometrial examination or ultrasono¬ 
graphic examination, and institution of appropriate therapy 
(see Chapter 43, Retained Fetal Membranes). 

Approach to Diagnosis of Retained Fetal Membranes 
in Mares 

HISTORY. Many cases of retained fetal membranes fol¬ 
low episodes of dystocia, cesarean section, and fetotomy. 
An increased incidence of retained' fetal membranes has 
been reported in mares that abort after the seventh month 
of gestation, 162 However, no increase in the incidence of 
retained fetal membranes associated with abortion, still¬ 
birth, twinning, and delivery of a weak or diseased foal 
was observed if it occurred without dystocia, 163 

PHYSICAL EXAMINATION* Fetal membranes must be 
examined after their expulsion to determine their entirety 
and integrity. Tears, missing areas of tissue, and areas of 
chorionic surface devoid of microvill i should be considered 
evidence of partly retained fetal membranes, and immediate 
action should be taken to enhance expulsion of retained tis¬ 
sue and minimize complications. 

Vital signs may be normal early in cases of retained fetal 
membranes. A rectal examination should be performed to 
determine the degree of uterine involution. Aseptic intrauter¬ 
ine palpation can be performed to determine the area and 
extent of retention and the integrity of involved tissues and 
fluid 161 Systemic signs of dehydration, septicemia, toxemia, 
and laminitis may accompany fetal membranes retained 
for 24 to 36 hours. 164 Occasionally mares with retained 
fetal membranes show signs of colic. Therapeutic ap¬ 
proaches for retained fetal membranes in mares are dis¬ 
cussed in Chapter 43. 

Retained Fetal Membranes in Ruminants 

The anatomic structure of the ruminant placenta is described 
as cotyledonary and epitheliochorial. 158 It is composed of 
the allantochorion, the allanioamnion, and the umbilical 
cord. Fetal membranes are considered pathologically retained 
in the cow if they are not expelled by 8 to 12 hours after calv¬ 
ing. 1 58 The incidence of retained fetal membranes in dairy 
cattle is 3% to 12% after normal parturition. 163 Dairy cows 
are more commonly affected than beef cows, 165 The inci¬ 
dence of retained fetal membranes may exceed 50% after 
abnormal parturition or abortion and in brucellosis-infected 
herds, 165 The retained placenta itself is relatively innocuous, 
but the condition is important because cows with retained 
fetal membranes experience an increased incidence of post¬ 
partum cent plications such as metritis, pyometra, ketosis, 
mastitis, delayed conception, and abortion. 166 ' 167 The princi¬ 
pal cause of retained placenta in cattle is a disturbance in the 
loosening process between the fetal cotyledons and the 
maternal caruncles 160 (Box 12-19). The processes that lead 
to successful loosening and separation of the placemome 
occur during the months preceding parturition. Many infec¬ 
tious and non infectious factors are believed to disrupt the 
separation and expulsion processes. An endocrine causal 
relationship does not appear to exist 165 

Clinical signs of retained fetal membranes in the doe 
and ewe are similar to those in the cow. The placenta of 
the ewe and doe is considered retained if it is not expelled 
within 24 hours after parturition. 170 The incidence of 
retained placentas in does is 6.4%* 171 Placental retention 
for longer than 24 hours may cause metritis in ewes and 


BOX 12*1 


Causes of Retained Fetal Membranes in Ruminants 


COMMON CAUSES 

Multiple births 

Induced parturition 

Placentitis (bacterial, fungal infection) 

Hypocalcemia 

Abortion 

Stillbirth 

Dystocia 

Abnormal gestation Length 

LESS COMMON CAUSES 

Injury, inflammation, or edema of placemome 
Cesarean section 
Uterine torsion 

Necrotic placemome secondary to uterine and systemic 
disease 

Excessive weight gain during dry period 

Uterine atony 

Dropsy of fetal membranes 

Entrapment of separated placenta 

Prostaglandin F 2 „ deficiency 

Trace mineral deficiencies (selenium and iodine) 

Vitamin deficiencies (carotene, vitamins A and E) 

Mineral deficiencies, imbalances (calcium and phosphorus) 

Heat stress 

Increasing age 

Nitrate toxicity 

High milk production 


does. Inadequate dietary selenium and inadequate nutrition 
and exercise during gestation have been seen as factors pre¬ 
disposing does to retained placentas. 171 There have been 
several reports on factors that predispose to retained fetal 
membranes. 15S l6S 160 Many infectious and noninfec- 

tious factors apparently contribute to the disruption of the 
process of loosening and separation of the placemome. 
Accordingly, it has been suggested that a retained placenta 
should be considered to be a sign of an underlying 
disease. 174 


Approach to Diagnosis of Retained Fetal Membranes 
in Ruminants 

HISTORY. A review of accurate breeding records corre¬ 
lates retention of fetal membranes with the duration of 
pregnancy. Gestational periods of abnormal lengths result 
in a higher incidence of retained placenta than do normal- 
term parturitions. Induced parturition, rwinning, and late- 
term abortions have been associated with retained fetal 
membranes in cows. Many peri parturient diseases and 
conditions affect the incidence of retained fetal mem¬ 
branes. 138 ' 16516 ® 173173 

PHYSICAL EXAMINATION. In cows that have calved 
spontaneously and without problem after a normal gesta¬ 
tion period, little illness tends to be associated with retained 
fetal membranes, and treatment may be unnecessary. Tran¬ 
sient decreases in appetite and milk production may be 
observed.However, metritis, toxemia, and septicemia 
may be observed when retention of fetal membranes is 
associated with gestation of abnormal length, dystocia, 
nutritional deficiencies, or certain infectious diseases. Metri¬ 
tis affects up to 90% of cows with retained fetal mem¬ 
branes. 172 For considerations for the treatment of retained 
fetal membranes in cows, see Chapter 43, 
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ALTERATIONS IN LACTATION 

1RUCE IV. CHtUSTENSEM 

The mammary glands arc modified cutaneous glandular 
structures considered accessory reproductive organs that 
function to secrete milk for the nourishment of the 
young. 175 The mammary glands are located in the prepubic 
region in the mare, cow, ewe, and doe, lire cow's udder is 
composed of four mammary glands, whereas in the doe, 
ewe, and mare the udder has two mammary- glands. One 
teat serves each mammary gland, and in the cow, ewe, 
and doe each teat has one streak canal, the mare has two 
streak canals per teat 

The mammary glands are ectodermal in origin, and 
most of their fetal development occurs during the first half 
of gestation 17 h Except for growth that occurs in association 
with some of the anomalous conditions of the mammary- 
gland or as a result of the deposition of fat there is little 
growth of mammary tissue between birth and puberty fur¬ 
ther mammary gland development occurs with each estrous 
cycle after the onset of puberty. Development of the duct 
system is primarily attributable to estrogen. Progesterone 
is the principal stimulant to development of secretory tissue. 
However, neither estrogen nor progesterone alone or in 
combination can cause optimum mammary gland growth 
and development 177 Insulin, cortisol, thyroxine, prolactin, 
and growth hormone are necessary for full mammary gland 
development During pregnancy the mammary- gland attains 
maximum development under the control of pituitary, ovar¬ 
ian, adrenal, and placental hormones. l7B During parturition 
a process of interrelated neuroendocrine processes initiates 
lactogenesis, the production of milk. The secretion of milk 
and its release from the mammary gland after parturition 
depend on the availability of appropriate amounts of the 
hormones named previously, especially prolactin and 
oxytocin. 

In addition to mastitis, conditions that manifest them¬ 
selves as alterations in the mammary gland and lactation 
are fairly common in ruminants and horses. Problems 
caused by conditions that affect the mammary gland are 
often mullifactorial in that they compromise the well-being 
of the patient the nutrition of the offspring, and ultimately 
the economics, especially in commercial dairies. 


Enlarged Mammary Gland 

Many conditions and diseases of the mammary gland cause 
swelling or enlarging of the gland 177 (Boxes 12-20 and 
12-21), Enlargement may involve one or more of the glands 
of the udder. However, the enlarged mammary gland is not 
necessarily inflamed. Several anomalies of the mammary 
gland cause noninflammatory enlargement of the gland 
(e.g., gynecomastia and precocious udder develop¬ 
ment )T' 9 IA1 It is important to determine whether the 
enlargement of the gland is attributable to an infectious 
or a non infectious cause. Trauma is probably the most 
likely cause of noninfectious inflammation of the mam¬ 
mary gland. Mastitis, with which a large number of organ¬ 
isms have been associated, is the most common cause of 
mammary gland inflammation (see Chapter 36}, 

Evaluation of a patient with an enlarged mammary gland 
should include the medical and reproductive histories. The 
age and sex of the animal may limit the considerations. 
Gynecomastia is seen in young bucks, rarefy in rams and 
bulb, and never in stallions 179 141 Congenital anomalies 
such as stenotic or absent teat canals are not determined until 
parturition occurs and lactation commences. 175 The animal 
should be given a complete physical examination, with 
emphasis on the affected mammary gland. Examination of 


SOX 12-20 


Causes of Enlarged Mammary Glands in Mares 


COMMON CAUSES 

Mastitis 

Abscessatkm 

Peri parturient udder edema (physiologic) 

Gland distention associated with weaning 

LESS COMMON CAUSES 

Trauma (contusion, hematoma, stroma, laceration) 
Neoplasia (malignant melanoma- carcinoma) 
Cutaneous histoplasmosis fHtsa^idniui farammosus} 


BOX 11-21 


Causes of Enlarged Mammary Glands in Ruminants 


COMMON CAUSES 

Mastitis 

Peri parturient udder edema 
Abscessation 

Trauma (contusion, hematoma, seroma. laceration) 
Pendulous udder (B, C) 

Blind quarters (aplastic duct] (B) 

LESS COMMON CAUSES 

Eczema 

Urticaria (irritants, caustic chemicals; contact dermatitis; 
insea bites) 

Sarcoptic and psoroptic mange 

Primordial mjmm.in.in tissue swelling [accompanies witch's 
milk) 

Photosensitization 
Sunburn 
Frostbite 
Cowpost (B) 

Pseudocowpox (B) 

Goaf pox 

Contagious ecthyma (orf) (C, O] 

Furunculosis, abscesses 
Staphylococcal folliculitis 
Papillomatosis, wans 
Caprine arthmis-encephaJiiis [C, O) 

Zearaknone toxicity 

Neoplasia (lymphosarcoma, malignant melanoma [Cj, 
squamous cell carcinoma |C|) 

Milk allergy (B) 

Tuberculosis (B) 

Ovarian neoplasia 
Caseous lymphadenitis (O, C) 

Cutaneous lipomatosis 

Enzootic mycobacterial nodular ulcerative mammillitis (B) 
Bovine herpesvirus mammillitis (BHV-2) (B) 

Precocious udder development (B, C) 

Udder cysts (C) 

Gynecomastia (C) 

Pseudopregnancy (C) 

Foot-and-mouth disease (exotic) 


fi, Bovine: C capnnr. Q, ovine 


the gland should include observation, palpation, and 
expression of its contents Cytologic and baaeriologic 
examination of the secretion from the mammary- gland may 
be helpful in determining the cause and establishing the 
prognosis of enlarged mammary glands. In postpartum cows 
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the most common causes of enlarged mammary glands are 
peri parturient udder edema and mastitis. Mastitis occurs 
most often in mares after weaning Trauma to the udder 
is more likely to be problematic in cows and goals than 
in ewes and mares because the udder is more pendulous 
in the former. 175 Undesirable udder traits of genetic origin 
occur in the goat (e g., hanging or sad ike udder, polythelia, 
and blocked teat). 1 *" Lacerations, superficial contusions, 
anti seromas are detected by dose examination of the affected 
gland. Diagnoses of other injuries may rely on examination 
of the gland's secretion for evidence of increased cellularity 
and hemorrhage Mammary gland neoplasia is rare in mares, 
cows, and small ruminants, ** lfn ' ta5 

* 

Udder Edema 

l Idder edema, one of the most common causes of enlarged 
mammary glands, results from the excessive accumulation 
of intercellular fluid in the mammary gland (Box 12-22). 
The disorder is observed during the late gestation and early 
postpartum periods and is common in both horses and 
ruminants, but it is probably more frequently seen in dairy 
cattle. One study reported an udder edema incidence of 
18% in dairy cattle, of which less than 1% required veteri¬ 
nary treatment. 1 * 6 

Two forms of udder edema are seen in cattle. 1 * 7 In the 
physiologic or acute form, there is edema of the mammary 
gland during the late gestation and early postpartum peri¬ 
ods. 1 * 7 Ihe entire udder is usually symmetrically involved 
and the edema may involve adjacent abdominal and peri- 
neal areas. 187 The condition is usually not obviously painful 
but may cause the cow some difficulty in lying down and 
walking because of the mammalian swelling. Chronic 
bovine udder edema differs from ihe acute form in that 
affected cows develop udder edema within 6 weeks after 
calving, and the edema may persist for several months. 1 * 7 
The swelling may be localized in the form of plaques on 
the ventral aspect of the rear of the udder, or it may involve 
the ventral abdominal wall. 1 * 7 

Udder edema is a relatively common condition of dairy 
goats, 18 * Two-year-old does kidding for the first time are 
most commonly affected; however, all ages can be affected. 
Affected does usually have colostrum at parturition, but 
within a few hours the udder is warm, bard, and agalactic. 

Broodmares affected with udder edema have generalized 
ventral edema during the last 1 to 2 weeks of gestation and 
for as long as 2 to 3 days after foaling, the extent of ventral 
edema varies, ranging from local swelling of the udder and 
immediately adjacent subcutaneous (issues to a generalized 


BOX 12-22 


Causes of Udder Edema 
MARES 

Prripamiriem udder edema (physiologic] 

RUMINANTS 

Peri parturient udder edema (physiologic) 

Hereditary predisposition 
Overfeeding of grain prepanum 
Excess dietary protein 
Obesity 

Excess dietary sodium, potassium 
Hypomagnesemia (chronic udder edema) 
Disturbances in udder blood and lymph circulations 
Excessively long dry period 
Anemia 


swelling that may extend from posterior to the mammary 
glands forward, along the ventral abdomen and thorax, to 
the axillary or pectoral area In the mare such edematous 
accumulations are referred to as plaques of edema. Affected 
brood mares seem to be uncomfortable and reluctant to 
move. Younger broodmares, especially primiparous mares 
affected with udder edema, appear to be in more pain than 
older mares, and some of the mares so affected refuse to 
allow their foals to suckle. 

Agalactia 

Any disease or condition that adversely affects the dam has the 
potential to compromise lactation. Agalactia, the failure 
of lactation after parturition, may be attributable to a 
primary endocrine logit or mammary gland problem, or 
it may be secondary to any of a multitude of systemic condi¬ 
tions and diseases (Boxes 12-23 and 12-24) True agalactia 
may be attributable to mammary gland anomalies or 
inadequacies among the numerous endocrinologic factors of 
development and pregnancy'. Agalactia may be a complication 
of many conditions. In some animals the conditions to 
which agalactia is secondary manifest as alterations in a 
specific system, whereas other animals with agalactia may 
demonstrate such signs as fever, weight loss, anoratia, and ane¬ 
mia. Inadequate nutrition is rarely the cause of clinically 
observed agalactia, Fescue grass toxicity, caused by ingestion 
of the ergot alkaloid-producing Acrtmomum ceenaphialum, 
is an important cause of agalactia and hypogalactia 190 
(see Fescue Toxicity) 

Agalactia should not be confused with failure of milk 
election (milk letdown). Administration of oxytocin may 
enhance milk letdown but docs not affect milk production. 
Oxytocin stimulates a release phenomenon that acts on pre¬ 
viously secreted and stored milk. Although somatotropin 
may increase milk production in a normally lactating cow, 
its effect on agalactia has not been adequately studied. 

Inexperienced or nervous mares with adequate milk are 
often reluctant to allow their offspring to nurse, in pan 
because of the mare's inexperience, Such nervous mares 
need not necessarily be primiparous mares. Although not 



Postpartum complication 

LESS COMMON CAUSES 

Endocrine dysfunction 

Nutritional deficiencies, malnutrition 

Neoplasia 

Squamous cell carcinoma 

Malignant mdanoma 

Pituitary adenoma 

Lymphosarcoma 

Other tumors 

Fescue toxicity 

Trauma to mammary gland 

Peripanurieiu disease 

Dystocia 

Anemias 

Severe toxicity 
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BOX 11-25 


r 2s£_ 

Causes of Agalactia and Hypogalactia in Ruminants 


COMMON CAUSES 

Mammary aplasia, hypoplasia 

Mastitis 

Atwcessation 

Caseous lymphadenitis {udder involvement) (C, 0) 
Caprine arthritis-encephalitis (CAE; hard udder) (C, O) 

LESS COMMON CAUSES 

Endocrine dysfunction 
Malnutrition * 

Water deprivation 
Self sucking (B, C) 

Trauma 

Chapped teats; teat dip irritation (B, C) 

Milk allergy 
Neoplasia 

Malignant melanoma (C) 

Lymphosarcoma 
Squamous cell carcinoma 
Carcinomas 
Fescue toxicity 
Papillomatosis 

Mycoplasmal agalactia (CL O) 

Anemias 
Severe toxicity 


B Bonne C caprine. O. ovine 

allowing their offspring to nurse is usually a manageable 
behavior problem, the mare's udder should be examined 
for evidence of periparturiem edema, inflammation, and 
painful conditions. 

APPROACH TO DIAGNOSIS OF AGALACTIA. An accu¬ 
rate reproductive history should be obtained. It should be 
determined whether the dam is primiparous or multiparous. 
If primiparous, is she manifesting anxiety in the presence of 
her offspring? If multiparous, has she been agalactic at previ¬ 
ous parturitions? Has she sustained recent trauma, perhaps 
during parturition, or was there exposure during gestation 
to infectious diseases or toxic plants? After a history has been 
determined and the dam and neonate have been observed, 
attempts to facilitate the youngster's suckling might be indi¬ 
cated. Is the dam agalactic or does she simply refuse to let 
the neonate suckle? Such measures as twitching or tranquiliz- 
ing the nervous and inexperienced mare may resolve that 
problem. If assessing the dam's behavior toward her off¬ 
spring does not resolve the problem, a thorough physical 
examination should be initiated. The objective now should 
be to rule out or incriminate infectious and inflammatory 
conditions contributing to the agalactic state The dam her- 
sdf may be svstemically affected, or the problem may be 
localized in the udder or a mammary gland. 

In listing causes of agalactia and hypogalactia in Boxes 
12-23 and 12-24, we included only those that have a direct 
effect on the anatomic integrity of the mammary' gland or 
its function. Abnormalities involving any system may com¬ 
promise I aeration. 

Galactorrhea and Precocious Mammary 
Gland Development 

Galactorrhea, the abnormal manifestation of lactation (not 
the secretion of true milk), occurs occasionally from the 


Causes of Galactorrhea and Precocious Mammary 
Gland Development in Hones and Ruminants 


Impending abortion 

In utero death of one twin fetus 

Spontaneous (inappropriate prolactin secretion) 

Placental separation 

Zearalenone toxicity 

Pregnancy (especially multiple fetuses) 

Suckling 

Pseudopregnancy (caprine) 

Ascending infection during pregnancy, placentitis 
Ovarian tumors 


primordial mammary gland of young foals and ruminants, 
including neonates. 179 The serous secretion occurs in associ¬ 
ation with swelling of mammalian tissue in males and 
females and may be caused by transplacental transmission 
of maternal steroid hormones 1 * 1 (Box 12-25). The secretion 
ii popularly known as untth r milk 

Precocious mammary gland development and galactor¬ 
rhea occur in pregnant and nonpregnant mares and in some 
of the ruminant species. Such premature udder develop- 
mem and subsequent lactation have been observed in non- 
pregnant and nonsuckled dorlings and heifers 179 - 192 Udder 
development and subsequent lactation have been observed 
in young nonpregnant heifers and does being suckled by 
other young animals 175 In addition to the continued stim¬ 
ulation of suckling, other causes of premature mammarian 
development and lactation may be trauma and diseases of 
the pituitary, ovarian, and adrenal glands. 179 Zearalenone 
toxicity has been implicated in precocious mammary gland 
development and lactation in heifers, 193 Milk production is 
non physiologic in that it is of insufficient quality and quan¬ 
tity and does not justify milking the affected animals. There 
is no evidence that such abnormal development compro¬ 
mises normal lactation after parturition, 179 

Inappropriate lactation has been observed at various stages 
of pregnancy in most domestic species, 179 Ihe most common 
cause of galactorrhea is abortion. Lactation may commence 
before or even without expulsion of the dead fetus. Lactation 
during pregnancy has also been observed in association with 
multiple fetuses, placentitis, and ovarian tumors. Accordingly, 
premature mammary gland development during gestation 
should be considered a warning of impending abortion, and 
the dam should be examined Occasionally, pregnant mares 
develop mammarian enlargement during middle to late gesta¬ 
tion that spontaneously regresses. 190 Some of these mares 
begin to lactate before parturition It must be kept in mind that 
premature lactation, and subsequent loss of colostrum, is one 
of the most important causes of failure of passive transfer of 
i mmun oglobu I ins, 1 * 1 

Gynecomastia, the abnormal development of the male's 
mammary glands, has been observed in bucks in which 
rudimentary mammary glands and associated teats underwent 
development 179191 the aberrant structures, located on 
both sides of the buck's scrotum, can secrete up to 1 L daily 
of a substance that resembles milk The cause is presumed 
to be endocrine imbalance but has not been determined. 
Lofstedt and colleagues 195 reported adrenal neoplasia as a 
cause of lactation in a wether. 
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MAJOR CLINICAL SIGNS OR PROBLEMS ENCOUNTERED 
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LAMENESS AND STIFFNESS 

randall a eccleston 

lOttN MAAS 

Lameness is the term used to describe a condition in which 
an animal is incapable of normal locomotion. Generally 
lameness is characterized by an inability to maintain a nor- 
mal gait, manifested by asymmetry in movement, apparent 
incoordination or weakness, and inefficient or ineffective 
motion of the limbs. Lameness usually can be assessed only 
when the animal is moving under its own power, although 
lameness severe enough to cause an inability to bear weight 
can be assumed at a standstill. T he onset of lameness can be 
acute (e.g„ fracture), chronic (e.g>, degenerative joint dis¬ 
ease), or acute on chronic (e.g„ catastrophic fracture 
secondary to stress fractures). 

Mechanisms of Lameness and Stiffness 

The ultimate effects of any cause of lameness are restricted 
movement of the limbs or body, reduced performance, 
and abnormal gait. Causes of lameness are generally asso¬ 
ciated with conditions of the musculoskeletal system or ner¬ 
vous system. Most causes of lameness have both a 
musculoskeletal component (e*g., atrophy of the supraspi- 
natus and infraspinatus muscles) and a neurologic compo¬ 
nent (eg„ suprascapular neurapraxla). Some causes of 
lameness have only a musculoskeletal component (e.g., 
upward fixation of the patella) and are not principally asso¬ 
ciated with either afferent nerve signs (i.e., pain) or efferent 
nerve signs (i.e., motor dysfunction). Similarly, other causes 
of lameness are solely related to a motor nerve deficit (e.g„ 
radial neurapraxla h 

Unlike the usual definition of lameness, "stiffness 1 ' 
refers to a generalized restriction in freedom of movement 
in a limb, the neck, or back. Stiffness is manifested by a 
limited range of motion by a joint, reduced length of 
stride, or decreased flexibility during bending or turning. 
For example, cellulitis and soft-tissue swelling in the area 
of the tarsocrural joint can cause restricted freedom of 
movement of the hindiimh and an apparent lameness, 
yet there may be no specific musculoskeletal or neurologic 
cause. Stiffness may have either congenital or acquired 
causes, and the clinical signs may be mild and transient 
or severe and persistent. Stiffness may or may not be 
associated with pain. 


Approach to Diagnosis of Lameness 
and Stiffness in Horses 

The lameness examination Is the most commonly per¬ 
formed assessment of the musculoskeletal system in the 
horse. The examination should be well planned, consis¬ 
tent, and thorough. Knowledge of all diseases capable 
of causing lameness is not required, as long as the exam¬ 
iner maintains an open mind and objectivity during the 
examination (Box 13-1). Ihe goals of the lameness exam¬ 
ination are to determine which limbs are affected, differen¬ 
tiate between supporting limb and swinging limb lameness, 
and to establish the musculoskeletal and/or neurologic 
components producing the lameness. 

1. History. The lameness examination begins with the di¬ 
em interview. A summary of the important historical 
features of the lameness should include answers to 
basic questions about the following: 

■ Onset (e.g., When was the last time the horse was 
seen sound? Was the lameness acute in onset, or did 
it have a slow, insidious onset?) 

■ Characteristics of the lameness (e.g.. Is the lameness 
seen more in hand, at the lunge, or under saddle?) 

■ Associated or inciting factors (e,g„ injury) that may 
have contributed to or caused the lameness 

■ Changes in the characteristics, intensity, and duration 
of the lameness 

■ Responsiveness to treatment (eg., Has the horse 
received any type of treatment, and if so what was 
the response?) 

■ Time since the last hoof trimming and shoeing, 
and whether or not the horse's shoeing was changed 
In addition, the signalment and the activity that the 

horse undertakes (e.g., jumping vs. racing) should be 
ascertained and may be a guide in determining poten¬ 
tial causes of the lameness (e.g., stress fractures are 
more common in racing thoroughbreds, and osteo¬ 
chondrosis is more commonly diagnosed in young 
animals). 

2. Observe from a distance—stationary phase. Observing 
the horse from a distance while it is stationary permits 
an assessment of the horse's conformation, position, 
and posture, llie horse should be viewed from die front, 
from behind, and from both sides. From the front, 
special note should be made of any abnormality in the 
following: 


217 



PART TWO MANIFESTATIONS of DISEASE 



Causes of Lameness and Stiffness in Horses 


COMMON CAUSES 

Coptic tauTerif/ffj pseudotubermlosis 

Infections of the foot 

Hypothyroidism (goiier) 

Bruised or punctured sole 

Aoinobadllosis 

Hoof wall defects 

Hyperparathyroidism 

Fractures 

Ulcerative lymphangitis 

Septic (infectious) arthritis 

Myotonia congenita 

Laminins 

Vesicular stomatitis 

Secondary (degenerative) joint disease 

Fistulous withers (Bnjceiid rtborms or other organisms) 

Navicular disease 

Sporadic equine lymphangitis 

Osteomyelitis * 

Acute necrotizing equine vasculitis (with or without 

Fibrotlc or ossifying myopathy 

th ro m bocyto penia) 

Rhabdomyopathy (tying up) 

Peripheral arteriovenous listula 

Sprain 

Strain 

Hypertrophic osteopathy or osteodystrophy 

Tenosynovitis 

UNCOMMON CAUSES 

Contracted tendons (flexural deformity) 

Nocardiosis 

Ankylosis or arthrogryposis 

Cutaneous blastomycosis 

Osteochondrosis or bone cyst 

Pemphigus foltaceus 

Cruciate or meniscal rupture 

Tuberculosis 

Luxation or sub luxation (dislocations) 

Multisystemic postexhaustion syndrome 

Upward fixation of the patella (locking patella) 

Generalized steatitis 

Sesamotditis 

Cutaneous vasculitis 

Musde injury, soreness, bruise, trauma, compartment syndrome 

Sterile nodular panniculitis 

Subcutaneous abscess, cellulitis 

Multiple dotting defects in ill foals 

Angular limb deformities 

Salmonellosis 

Disruption of the suspensory apparatus (broken down) 

Factor VIII deficiency (hemophilia A) 

Postanesthetic equine myasthenia 

idiopathic equine aplastic anemia 

Tendon rupture, damage, tendonitis (bowed tendon) 

Idiopathic equine thrombocytopenia 

Osteomalacia, osteodystrophy (rickets) 

Hemimeiia (radial, tibia], ulnar hypoplasia, agenesis) 

Bucked shins 

Lupus erythematosus (rheumatoid arthritis) 

Epiphysitis (physeal injuries) 

Purpura hemorrhagica 

Phy comycosis 

POISONS, TOXINS, DEFICIENCIES, AND EXCESSES 

LESS COMMON CAUSES 

Moldy sweet clover poisoning 

Shivers (shivering) 

Strychnine toxicity 

Borreliosis (Lyme disease) 

Teirachlorodibenzodioxin (dioxin) toxicity 

Equine monocytic ehrlichiosis (Potomac fever) 

Warfarin (Dicumarol) toxicity' 

Chronic selenium toxicity 

Vitamin K-induced renal toxicity 

Hemangioma, hemangi ©sarcoma, angiosarcoma 

Calcinosis resulting from plant poisoning 

Skeletal neoplasia 

Zinc toxicity 

Rabies 

Phosphorus toxicity 

Spondylitis, discospondylitis 

Phosphorus deficiency 

Spinal or vertebral neoplasia 

Vitamin D toxicity 

Vertical column malformation 

Loco weed-associated limb deformities or stringhah-like g^it 

White muscle disease (nutritional myodegeneration) 

Gunshot injury 

Chronic fluoride toxicity 


■ Conformation. A number of conformational abnor- ■ Topographic symmetry of the front limbs, from the 

malities have been associated with lameness (e.g.. dorsal region of each scapula to the hoof 

upright pastern conformation predisposes to pastern From the rear, the height and mass of the hip mus- 

disease and foot lameness; offset or bench knees pre- culature and the symmetry between the hindlimbs 

dispose to carpal disease; and straight through the should he assessed. From each side, abnormali- 

hocks or postlegged conformation predisposes to ties in stance (eg., camped out in front) or load 

upward fixation of the patella, suspensory desmitis, bearing (e g , dropped elbow) and the position of 

and fetlock disease}. Poor conformation can affect the head and neck (e.g., hyperflexed poll) should be 

the young horse when it is put into training or can compared. 

cause a slow insidious onset of lameness. Recognizing 3. Physical examination and palpation. Palpation enables 
these conformational abnormalities at the time of a closer inspection of the horse and identification of 

examination can be helpful in diagnosing potential abnormalities that may or may not otherwise be 

causes oflartieness. When a horse is evaluated for pur- noticed. A thorough examination of the musculoskele- 

chase, recognition of poor conformation should be tal system not only allows for identification of palpable 

noted and discussed as a source of future lameness abnormalities but also offers the opportunity for the 

problems. practitioner to refine the identification of normal strue- 

» Position of the head (e.g., tilted, turned) lures; subtle abnormalities cannot be appreciated unless 

■ Distribution and equality of muscle mass along the the examiner is skilled at recognizing normal anatomy, 

neck and trunk There are also many instances in which normal 
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structures palpate abnormally but are not necessarily 
associated with lameness (e.g., flexor tendon sheath 
[windpuffs, windgalls] and palmar or plantar MCP1 
pouch effusion [wind puffs]), The examination should 
be conducted consistently and thoroughly starting with 
the cervical neck and concluding at the tail Abnormal 
findings should be described to identify their Location 
on the limb, their size, and their orientation relative 
to normal anatomic landmarks. 

Palpation of the upper limb is often limited to the 
overlying muscle mass, with an identification of any 
atrophy, hypertrophy, pain, or fibrosis. Articular struc¬ 
tures and surrounding ligamentous structures can be 
difficult to palpate because of "the overlying muscle. 
Deep palpation of the thoracolumbar and gluteal mus¬ 
culature can provide clues to potential hindlimb lame¬ 
ness and tack or rider issues. The pelvis, iliac arteries, 
and sub lumbar musculature can be evaluated by rectal 
palpation while the horse is standing quietly; move¬ 
ment or crepitation can be assessed while swaying the 
horse from side to side. 

Particular attention should be directed toward 
palpation of the limbs. The majority of lameness will 
originate from the carpus distally in the front limb. 
Common sources of lameness in the hindlimb can be 
identified from the stifle distally. All palpable structures 
should be evaluated, including skeletal structures, syno¬ 
vial structures (joints, tendon sheaths, and bursa), and 
soft-tissue structures (tendons and ligaments). This por¬ 
tion of the examination can be performed using differ¬ 
ent methods, either by palpating each tissue in one pass 
of the limb or by making multiple passes of the limb, 
palpating each tissue structure separately. Regardless of 
the preferred technique, a consistent and complete 
examination should be performed. Once the limbs 
have been palpated in the weight-bearing position, the 
examiner should palpate them in the non-weight-hear¬ 
ing position. This allows for separation of the soft-tis¬ 
sue structures and facilitates deep palpation of the 
suspensory apparatus. Comparing limbs is often useful 
for distinguishing an abnormality from an unusual or 
unique conformation. 

The relative size, shape, and condition of the feet (e g., 
contracted heel, scuffed toe), length of heel, and pattern 
of shoe wear (e,g„ thinner branch on the outside of the 
shoe than on the inside) give clinically significant but 
often overlooked dues to the site and cause of lameness. 
Evaluation of the feet with hoof testers is mandatory; 
most lameness arises from problems in the forefeet. 

Certain signs indicating trauma (eg., wounds, 
swelling, hair loss, pain) may lead to more important 
findings such as underlying evidence of a fracture (e.g,, 
bony crepitus, warm or cold areas, bony protuberance). 

4 Observe from a distance—mobile phase. Observations 
made from a distance while the horse is moving can 
be evaluated critically once clues provided by the his¬ 
tory, and observations made of any postural deformi¬ 
ties, direct the pract it toner's attention to a specific area 
of the horse's body, Th is part of the examination is con¬ 
ducted while the horse is moving in at least two gaits, 
the walk and the trot. Sometimes it is also helpful diag¬ 
nostically to observe the horse move at other gaits (e g., 
canter) or while under saddle. It may also be beneficial 
to observe the horse on different surfaces (hard and 
soft) to amplify different lamenesses, if possible, the 
horse should be evaluated under similar conditions as 
that under which it performs. 

At a walk the horse should be observed moving 
toward and away from the examiner. The break-over 


point of the foot at the toe, the arc of the foot flight, 
the distance covered by the foot in the swing phase, 
and the placement of the foot should be evaluated for 
each limb and should be compared between pairs of 
limbs. Although many abnormalities often can be 
observed only during a trot, some conditions may cause 
a subtle alteration in gait that can be observed only at a 
walk (e g., fib rot ie myopathy). 

If a fracture is suspected (e.g,, nondisplaced long-bone 
fracture) or if there is the possibility of exacerbating preex¬ 
isting trauma, this pan of the examination should either 
be abbreviated or not performed at all to preclude further 
damage or trauma. In such cases, immediate radiographic 
or other definitive diagnostic tests should be performed 
(Box 13-2). 

Recognizing the asymmetric movement of the head 
and neck for ftomlimb lamenesses, and the asymmetric 
movement of the pelvis for hindlimb lamenesses, is a 
common method of lameness identification. Hindlimb 
lamenesses often present the greatest challenge, 

Sound horses at a trot show a perfect sinusoidal pat¬ 
tern for all midline body locations including the head, 
withers, and tuber sacrale. The height of these structures 
falls from the beginning of the diagonal stance phase, 
reaching the lowest position at mid stance, then rising 
to the highest level at or shortly after the end of the 
stance phase (suspension). Correlating head and neck 
movement with the correct from limb lameness is rela¬ 
tively easy. It is well recognized that the head is elevated 
during the stance phase of the lame limb, with an 
increase in downward motion during the stance phase 
of the sound limb—''down on sound/' lameness can 
also be recognized by changes in the distal limb, 
including changes in the motion of the metacarpopha¬ 
langeal joint (MCPf), During the stance phase, the 
hyperextension of the MCPf is decreased with increas¬ 
ing lameness in the lame limb, whereas in the contra¬ 
lateral sound limb an increase is seen. With respect to 
stride length and foot flight, with forelimb lameness 
the caudal phase of both the lame and the sound limbs 
becomes shortened whereas the cranial phase remains 
unchanged. In the hmdlimbs the opposite is seen; the 
cranial phase is shortened and the caudal phase 
remains unchanged. This may be explained by the sig¬ 
nificantly decreased suspension phase following the 
lame diagonal. In the forelimbs the arc of the lame 
front foot is unchanged, but there is an increase in the 
arc of the sound front foot. In the hindlimbs, the arc 
of the foot flight in the lame hindlimb is lower than 
die sound limb in most cases. The change in maximal 
hoof height during the swing phase appears to be the 
result of changes in trunk height and is no indication 
for reduced flexion in the upper joints or an effort to 
reduce the pain when the hoof lands. Medial (winging) 
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Causes of Spontaneous fractures in Horses 
and Ruminants 

Pathologic fractures 

Phosphorus deficiency 

Subelinical stress fractures 

Protein deficiency 

Tumors 

Osteomalacia 

Infection 

Osteodystrophy (rickets) 

Inflammation 

Rapid growth 

Osteoporosis 

Lactation 

Copper deficiency 
Molybdenum excess 

Advanced pregnancy 
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or lateral (paddling) deviation of the distal limb during 
the flight phase can result in interference and trauma to 
other limbs and potential lameness. Conformational 
abnormalities, most commonly, loeing-in or loeing- 
out r give rise to an alteration in the point of break-over 
and a change in the flight of the distal limb. Poor foot 
balance caused either by poor conformation or by poor 
trimming can result in similar flight patterns. 

Plaiting describes adduction of the lame limh directly 
in front of or lateral to the opposite limb. In the from 
limbs, plaiting is commonly the result of faulty confor¬ 
mation, but in the Hindi i mbs it is more commonly asso¬ 
ciated with lameness. This pattern of travel is often 
associated with upper limb lameness but can also be seen 
with distal hock or high suspensory disease. 

A dampening effect also appears to occur as an adap¬ 
tation to lameness. Ihis effect is more pronounced in 
the hind limb than in the frontlimb. Flexion of the shoul¬ 
der and hock joints actually increases during weightbear¬ 
ing in the lame limb, This is probably an increase in the 
function of the shock-absorbing mechanism. The 
increased flexion cannot be related to increased loadings 
but has to be attributed to a gentler braking of the flexion 
by the extensor muscles. In such a way, the loading of the 
lame limb with the body weight occurs more gradually, 
reducing the peak forces in the hoof. 

The ruber coxae are typically the landmark of choice 
in evaluating hind limb lamenesses. Because the tuber 
coxae are more laterally located, the pattern is different 
from that seen in the head. Also, because the hindlimbs 
lack closely located segments, such as the neck and head, 
an enhancement of the vertical movements must be 
found in a rotation of the back around a longitudinal 
axis. Such a rotation is indicated by different vertical dis¬ 
placements of one tuber coxae during both stance phases. 
The vertical movement of the tuber coxae exhibits a char¬ 
acteristic pattern of a double-waved, slightly asymmetric 
line during one stride. The lowest point of the hip is 
reached in the middle of the stance phase of the right 
contralateral limb. The highest point of the hip is reached 
shortly after the stance phase of the contralateral limb, 
just before the stance phase of the left hindlimb. 

Kinematic studies have more clearly defined the 
notion of "hip hike," and "hip drop" and have recorded 
regular patterns of pelvic movement in lame horses. 
Consistent findings in the overall pelvic movement in 
the lame horse include less downward movement dur¬ 
ing the midstance phase and less upward movement at 
the end of and after the stance phase of the lame limb* 
This can give the appearance of an overall pelvic eleva¬ 
tion during the stance phase of the lame limb as com¬ 
pared with pelvic height during stance of the sound 
limb; a similar exaggerated pattern is seen in the tuber 
coxae. The tuber coxae also exhibit less downward 
movement during the midstance phase and less upward 
movement at the end of the stance phase in the lame 
limb. More notably, there is more downward move¬ 
ment during midstance of the sound limb (midflight 
of the lame limb), and more upward movement at the 
end of stance of the sound limb (impact of the lame 
limb), giving rise to the notion of a "hip hike." These 
changes result in an increase in the overall vertical 
movement of the tuber coxae on the lame side as com¬ 
pared with the sound side. Clinically, many find it easier 
to identify the exaggerated excursion of the tuber coxae 
to identify the side of the lameness. 

lateral movement or drifting of the hindend can 
aiso be seen in horses with unilateral hindlimb lame¬ 
ness. Horses tend to drift or move away from the side 


of the lameness. Subtle lameness with an absence of 
asymmetric pelvic movement may present with a con¬ 
sistent drifting to one side or the other. 

Thorough and useful systems for grading the severity of 
lameness are available. Most systems are designed to enable 
the practitioner to compare how lameness changes with 
time, assess the characteristic of lameness among horses, 
and accurately record information and communicate infor¬ 
mation to other veterinarians. Simple and consistent 
schemes that are easy to remember and modify can be 
developed (Table 13-1). 

Once the initial standing and mobile examinations are 
completed and the affected limb is identified and the lame¬ 
ness graded, isolating the specific region of the limb is the 
next goal of the lameness examination. Manipulative tests 
or stressing of articulations and associated soft-tissue struc¬ 
tures can provide additional information as to the location 
of the source of lameness. Flexion and extension tests are 
designed to stress selective regions of the limb and observe 
the effects of the manipulation on the lameness. These tests 
are also commonly performed on the sound horse to reveal 
potential areas of concern particularly during prepurchase 
examinations. Flexion and extension manipulations also 
enable an assessment of range of motion. Interpretation of 
these tests should be approached with caution. They are sel¬ 
dom specific for one particular joint. For example, the fetlock 
flexion test not only stresses the fetlock joint but also places 
stress on the proximal and distal interphalangeal joints; the 
hock flexion test also flexes and stresses the stifle joint because 
of the presence of the stay apparatus. If a flexion tests results 
in a positive response, the horse should be walked out of 
the response and observed before additional manipulations. 
Occasionally exacerbation of the lameness will persist for an 
extended period of time, which changes the baseline lameness 
and clouds the interpretation of additional manipulations. 

It is common for horses to be presented with multiple 
lamenesses. Secondary lameness or compensatory lameness 
is the result of increased sLress or overloading of the other 
limbs in response to the primary lameness. This most com¬ 
monly occurs in the contralateral limb but can also occur 
between front limbs and hindhmbs. The secondary lameness 
can also be the result of shifts in body mass that produce an 
apparent or phantom lameness. Phantom lameness is less 
severe than the primary lameness. The following guidelines 
can be used to aid in the differentiation between a real or 
compensatory and an apparent or phantom lameness, 

* Address most severe lameness first, 

■ Horses with primary hindlimb lameness and apparent 
or phantom contralateral frontlimb lameness. Each 
lameness should be considered as real. 


TABLE 

ini'i n i 

A Five-Grade Lameness Scheme 

1 Grade 

Description 1 

1 

An inconsistently observable lameness visible under 
special circumstances {in a circle, flexion tests, 
hard surface, etc,) 

2 

A consistently observable lameness visible only 
under special circumstances (in a circle, flexion 
test, hard surface, etc.) 

3 

A consistently observable lameness at a trot in a 
straight line 

4 

A consistently observable lameness at a walk 

5 

A non-weight-bearing lameness; horse is unable to 
use the leg 


Modified from the American Auoridridn of Equine Practitioners Newsletter 
March: 12, 1983, 
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■ Horses with a primary fordimb lameness and apparent 
or phantom ipsilateral hindlimb lameness. Each lame¬ 
ness should be considered as real. 

■ Pri mary fo re l i m b 1 ameness may p ro duce a symm etric p d- 
vie movement causing the perception of a contralateral 
hindlimb lameness. Example: left foreleg lameness (head 
elevation) causing apparent or phantom right hindleg 
lameness (hip drop). 

■ Horses with a primary ford t mb lameness and apparent 
contralateral hindlimb lameness. Block out frontlimb 
lameness first. 

■ Primary hindlimb lameness (>3 to 5/5) can mimic 
ipsilateral forelimb lameness. Example: A horse shows 
a cranial load shift during the'stance phase of lame 
limb that causes the head and neck to shift forward 
and nod down, giving the perception of tpsi lateral 
lameness—"down on sound/' 

■ Horses with a primary hindlimb lameness and apparent 
ipsilateral forelimb lameness. Block out the hindlimb 
lameness first. 

Assumptions as to the cause of a horse's lameness based 
solely on the physical examination and visual inspection 
should be avoided unless obvious signs, for example severe 
swelling or crepitus, are present. After the physical and 
visual examination, evaluation of the horse with diagnostic 
analgesia is mandatory for the accurate isolation and diag¬ 
nosis of equine lameness. A thorough knowledge of anat- 
omy and the structures desensitized by blockade of the 
appropriate peripheral nerves or synovial structures is 
essential (Table 13-2). When performing perineural analgesia 
it is important to remember to block from distal to proximal An 
improvement in gait indicates a favorable response to a 
nerve or joint block; complete elimination of gait asymme¬ 
try is unusual and generally should not be expected after 
intparticular or peripheral nerve analgesia. If necessary, 
improvement in gait can be confirmed by repeating the 
successful block the next day. By that time residual effects 
from multiple blocks performed previously should be 
absent. 

Common local anesthetics used in horses include 2% 
solutions of lidocaine, mepivacaine, and bupivacaine. These 
solutions all share a common mechanism of action, specifi¬ 
cally the ability to block or inhibit nociceptive nerve conduc¬ 
tion by preventing the increase in membrane permeability to 
sodium ions. Lidocaine and mepivacaine are considered to 
be fast acting and have a duration of action of 1 x h to 3 hours 
and 2 to 3 hours, respectively, Bupivacaine on the other hand 
is intermediate in onset and has a much longer duration of 
action of 3 to 6 hours. Mepivacaine is reportedly less irritat¬ 
ing to tissues than lidocaine. 


Intrasynovial analgesia can be used to more specifically 
isolate a lameness to a joint, tendon sheath, or bursa. It 
can be used in combination with perineural analgesia or 
alone depending on the suspected source of the lameness. 
Proper patient restraint and stria aseptic technique includ¬ 
ing aseptic preparation of the skin, wearing sterile gloves, 
and use of a new bottle of anesthetic are imperative to avoid 
iatrogenic synovial sepsis. Lameness may be erroneously 
associated with a joint if intraarticular analgesia of several 
joints is performed within a short period of time; ample 
time (30 to 60 minutes) must be allowed between joint 
blocks to allow for adequate articular desensitization. 

When performing intrasynovial analgesia it is not neces¬ 
sary to follow the distal to proximal rule. If intraarticular anal¬ 
gesia of a proximal joint results in no improvement in the 
lameness, immediate follow-up with distal limb perineural 
blocks is still possible. Exceptions to this rule exist with intra¬ 
synovial analgesia to the foot. When performing intrasynovial 
analgesia of the distal imerphalangeal joint (DIPj) or navicu¬ 
lar bursa, it is important to take into consideration the vol¬ 
ume of anesthetic used and the timing at which the 
lameness is reevaluated. The recommended volume of anes¬ 
thetic for the DIPf is 4 to 5 mL, and for the navicular bursa 
3 to 4 mL Once injections into these structures have been per¬ 
formed, the horse should be evaluated at 5-minute intervals 
to help with the interpretation of the response to the block. 

Significant improvement in experimentally induced 
lameness to the navicular bursa can be seen at 5 minutes 
after intraarticular anesthesia of the DIP) with 5 mL of 2% 
mepivacaine hydrochloride. Amelioration of bursal lame¬ 
ness is mostly likely caused by diffusion of the anesthetic 
into the bursa via an indirea or fimaional communication, 
or by diffusion of anesthetic into the periarticular tissues. 
The proximal palmar pouch of the DIPJ lies in dose prox¬ 
imity to the palmar digital (PD) neurovascular bundles as 
they course along the medial aspeas of the collateral carti¬ 
lages, making it possible for anesthetic diffusion to block 
nerve conduction at lhai level. 

Experimentally induced solar toe pain can also be amelio¬ 
rated by intraarticular blockade of the DIP! with 10 ml of 
mepivacaine hydrochloride. The structures innervated by 
the deep branch of the PD nerves indude the DIPJ, navicular 
bursa, distal navicular ligament, laminar corium, and corium 
of the sole. The DIPJ capsule contaas the PD neurovascular 
bundle, and a local anesthetic injected into the DIP] likely 
desensitizes the PD nerves below the level of the coronary 
band, and the struaures innervated by them. 

Variable responses are also seen with blockade of the 
DIP) when different volumes of anesthetic are used. Block¬ 
ing the DIP] with 6 mL of mepivacaine (Carbocaine) results 



Structures Desensitized by Commonly Performed Nerve Blocks 


| Nerve Block 

Nerve(s) Affected 

Structures Desensitized' 3 

Palmar (plantar) 
digital 

Abaxial sesamoid 

Low palmar (volar) 

High palmar (volar) 

High two-point 

Palmar (plantar) digital 

Palmar (plantar) 

Palmar, palmar metacarpal 1 

Palmar, palmar metacarpal 1 

Lateral palmar, medial 
palmar 

Heel bulbs; frog; bars; navicular bone and bursa; palmar regions of the third 
phalanx, distal jnterphalangeal joint, sole, and soft tissues 

Coronary band, imerphalangeal joints, lamellar and solar corium 

Skin of medial and lateral pastern, meiararpophalangeal joint, proximal 
sesamoids, flexor tendons, tendon sheath 

Skin and deep structures of palmar cannon region (flexor tendons, 
suspensory ligament except origin, interosseous ligaments of splint bones) 
Origin of suspensory ligament 


* Indudes all structures listed up to arid including the particular block; first structure listed in each block in also the area that can be tested with point pressure 
to evaluate the effectiveness of the block. 

'For hindlimb*. additional anesthetic (Lt, ring block) is needed at the level of the particular perineural block to achieve the desired effect. 
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in significant improvement in lameness originating from 
the dorsal margin of the sole; however, lameness originat¬ 
ing from the palmar sole shows no improvement. Using 
10 mL of Carbocaine reduces tameness origpnating from 
the dorsal margin of the sole, as well as the palmar heel 
regions of the sole, but only afteF 30 minutes. The difference 
in response to analgesia of the DIPI in attenuating pain at 
the dorsal margin of the sole versus the angles of the sole 
may be because these regions are innervated by different 
branches of the PD nerve. This may help distinguish 
between pain arising from the PI PI or the navicular appara¬ 
tus and palmar solar pain. 

In contrast to the responses seen with blocking the 
PlH in the presence of navicular liursa disease, blocking 
the navicular bursa with 3.5 mL of mepivacaine hydro¬ 
chloride in the presence of experimentally induced DI PI 
lameness results in a significant improvement in lame¬ 
ness hut only after 30 minutes. Experimentally induced 
lameness from the dorsal sole is improved by blockade 
of the navicular bursa; lameness originating from the 
palmar sole does not show significant improvement. 

Knowledge of the previously described responses to 
intrasynovial analgesia of the DIP! and the navicular bursa 
U helpful in localizing and interpreting lameness com¬ 
monly seen in the horse. The anatomy and dose approxi¬ 
mation of the associated nervous and synovial structures 
of the foot give rise to a diffusion gradient associated with 
peri synovial infiltration of local anesthetic to peripheral 
nerves and variable responses to intrasynovial analgesia 
Similar responses can be encountered with imraarticular 
analgesia of the carpus and distal tarsal joints. Instillation 
of anesthetic into the middle carpal joint and the tarsometa¬ 
tarsal joints can result in desensitization of the proximal 
suspensory ligament a common site for soft-tissue injury 
and lameness in the horse. 

Once the Lameness has been described and localized, a 
radiographic or ultrasonographic examination can be per¬ 
formed as the next step to confirm a clinical diagnosis. 
Radiography should be performed using proper technique, 
an ideal film/screen combination, and multiple views to 
construct a thorough study (Table 13-3), Comparing radio¬ 
graphs of affected and unaffected limbs can help confirm or 
refute a suspected abnormality, evaluate the severity of the 
disease, and identify possible bilateral limb involvement. 

Although standard radiographic techniques are well 
documented and described, ultrasound is becoming more 
and more popular and useful in musculoskeletal imaging. 
Indications for ultrasonographic evaluation of a lameness 
in dude diagnosis of soft-tissue injuries, including muscular, 
vascular, tendon, tendon sheath, ligament, joint capsule, or 
bursal defects; evaluation of articular surfaces (articular car¬ 
tilage thickness, osteochondritis dissecans lesions), assess¬ 
ment of fluid accumulation (synovial effusions, seromas. 
or sepsis); evaluation of bony surfaces; monitoring of 
the progression of healing and monitoring of the effects 
of training on soft-tissue injuries such as tendonitis or 
desmiiis. 

When radiographic or ultrasonographic techniques are 
non diagnostic, other methods such as thermography, 
nuclear scintigraphy, treadmill evaluation, computerized 
videographic gait analysis, force plate evaluation, computed 
axial tomography (CAT), or magnetic resonance imaging 
(MRI) may be useful University hospitals and major 
regional referral centers are often the only locations where 
these adjunctive procedures can be performed because the 
procedures are expensive and technically complex and they 
require specialized equipment and experienced personnel 
1 iowever, even these techniques have limitations; for exam¬ 
ple, nuclear scintigraphy may not identify the origin of an 



Recommended Radiographic Views of Extremities 


| Radiographic 

1 Series 

Minimum Radiographic View's I 

Distal extremity 

45 degree* DP, 65 degrees DF (2), LM, 

[ navicular) 

flexor tangential* 

Pastern 

45 degrees DP, LO, MO. LM 

Fetlock 

45 degrees DP, LO, MO, LM. flexed LM 

Metacarpal Or 

DP, LO, MO, LM 

metatarsal 

Carpus 

DP. LO, MO, LM, flexed LM, flexed 
skylines (distal radius, proximal and 
distal rows of carpal bones) 

Tarsus 

0 degrees DP. 10 degrees DF. LO, MO, IA1 

Radius-ulna or 

Cr-Cd, LO. MO, LM 

tibia-fibula 

Elbow 

Gd-Cr, 1.0, LM, patellar (delete patellar) 

Shoulder 

Mi. 

Stifle 

Cd-Cr, LM, flexed LM, Cd 30* L-CMO, 
patellar skyline 


CJ Cr. Caudooanbl; C d JCr L-GwO, caudal 30-dcgr« laicttl-oamamcdui 
oblique. Cr-Gi. aaniocaucUi: Df* doisopalrrur (donoptmtu); lAf, Lalero- 
itieduJ, LO, lateral oblique ML med*oUtrriL MO medial oblique 
'View 10 highlight the fldOt conical margin of the navicular bone 
150 degree* proximal paimaiopalmaro dnul oblique]. 

insidious (eg, osteochondrosis) or chronic lameness as 
successfully as an acute lameness 

Approach to Diagnosis of Lameness 
and Stiffness in Ruminants 

1 History An accurate history is the first step in reaching a 
correct diagnosis of the cause of lameness in ruminants 
{Box 13-3), For example, although stiffness can occur at 
any time in life, it occasionally occurs at birth (e.g., 
arthrogryposis); therefore acquired and congenital signs 
can be differentiated on the basis of a complete history. 
Furthermore, other ruminants on a property may dem¬ 
onstrate similar clinical signs, and the onset and dura¬ 
tion of signs may be important diagnostically. It also is 
useful to examine the environment and determine how 
the ruminant could have been traumatized or injured. 
Finally, any evidence of systemic disease manifested by 
fever, anorexia, or depression should be determined. 

2. Observe from a distance—stationary phase. Next, the 
ruminant should be observed standing to assess posture 
and stance. For example, a cross legged stance may indi¬ 
cate an abnormality of the medial claw of the hoof. A 
dairy cow with painful heels in the hind feet may stand 
with its heels over the gutter while in a stanchion. Alter¬ 
natively, a ruminant resting its feet farther forward than 
usual may have a painful toe region. Small ruminants 
with problems in both front feet may attempt to move 
around on their carpi. 

3. Observe from a distance—mobile phase. In ruminants 
these observations are usually made while walking rather 
than trotting the animal. This enables the examiner to 
identify the affected limb; to determine whether the 
lameness is a supporting-leg or swinging leg lameness; 
and to assess how much of the lameness is solely 
mechanical and how much is associated with pain, 

4. Palpation. The most important pan of lameness exami¬ 
nation in ruminants is examination of the foot. As with 
horses, most lameness in ruminants involves the foot. 
The examiner should look closely between toes, around 
the coronary band, and at the hoof wall. The sole 
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BOX 134 


Causes of Lameness and Stiffness in Ruminants 


COMMON CAUSES 

Infections of the foot 
Hoof defects 

Inierdigiial dermatitis (infectious foot rot) 

Underrun heel 

Papillomatous digital dermatitis (foot wans) 

Rusterholz ulcer, granuloma of sole 
Laminitis 

Corkscrew daw and other growth abnormality 

Imerdigiial fibroma 

Overgrown feet 

Bruised or overworn sole 

Puncture wound 

Septic infectious arthritis 

Contracted tendons 

Arthrogryposis 

Chlamydial arthritis of sheep 

Caprine arthritis-encephalitis in goats 

Fractures 

Blackleg 

Muscle abscess 

Mycoplasma polyarthritis of sheep and goats 
Osteomyelitis 

Ruptured anterior cruciate ligament 

Ligament rupture (e.g., tom collateral ligament of stifle) 

LESS COMMON CAUSES 

Ftysipelot/imr arthritis 

Vesicular stomatitis 

Secondary (degenerative) foim disease 

Luxations and subluxalions 

Sprain 

Strain 

Hygroma 

Spinal abscess 

Spinal lymphosarcoma 

Osteomalacia 

Bluetongue virus in sheep (coronilis and myopathy) 
Dorsal fixation of the patella (bovine) 

Septic tenosynovitis 
Angular limb deformities 
Malignant edema 


Malignant catarrhal fever 
Muscle injury 
Ruptured tendon 

UNCOMMON CAUSES 

Sporadic bovine encephalomyelitis 
Ulcerative lymphangitis 
Salmonellosis 

Daciylomegaly in shorthorn cattle 
Bovine vims diarrhea (coronitis) 

Physeat injuries (epiphysitis) 

Clotting factor deficits 
1 lyperparathyro i dis m 
Phycomycosis 
Neoplasia 

Angioneurotic edema 

Hemimelia (radial tibial ulnar, hypoplasia, or agenesis) 
Melioidosis (exotic) 

Ibaraki disease (exotic) 

Ephemeral fever (exotic) 

African bovine malignant catarrital fever (exotic) 

Akabane disease (exotic) 

Fbot-and-mouth disease (exotic) 

Lumpy skin disease (exotic) 

POISONS, TOXINS, DEFICIENCIES, AND EXCESSES 

Nutritional myodegeneration (while muscle disease selenium 
deficiency) 

Fescue foot (ergot poisoning) 

Polybroxninated biphenyl (PPB) toxicity 
Acorn calves 

KaJey-pea poison in cattle 

Calcinosis caused by plant poisoning 

Sweet dover poisoning 

Copper deficiency 

Locoweed toxicity 

Lupine alkaloid poisoning 

Zinc deficiency 

Nicotinic acid toxicity 

Hemlock poisoning 

Sweet vernal grass poisoning (exotic) 


should be pared with a hoof knife to identify discolor¬ 
ation or draining tracts beneath the sole or into the 
corium. A black discoloration may indicate infections 
of deeper structures of the foot. Applying pressure to 
die sole with a hoof tester or tapping over the wall 
may elicit pain. 

The limb should also be palpated to detea swelling, 
heat, or soreness, which may indicate inflammation 
from infection or soft-tissue trauma. Crepitation found 
by manipulating the limb may indicate a fracture or dis¬ 
location. Stiffness or pain on joint flexion may indicate 
joint disease, either septic or degenerative. 

Flexion tests and nerve blocks are not used for diagnosis 
as routinely in ruminants as they are in horses, but they 
may be useful in certain instances, The technique is similar 
to that described for horses, but the location of the nerves is 
different. Radiographs are not necessary in most cases, 
although they can identify bony or articular lesions that 
may not be readily apparent or palpable. Jixamination of 
synovial fluid obtained by arthrocentesis can be used to 
differentiate septic from traumatic arthritis. 


POSTURAL DEFORMITIES 

CARTER E, iUDY 
IOHN MAAS 

A postural deformity in horses or ruminants is an abnormal 
stance caused by neurologic deficit, pain, or a musculoskel¬ 
etal problem. Postural deformities can range from subtle 
conformational faults such as broken forward foot axis to 
severe and unusual positions, such as when the animal is 
camped out in front. Inability to bear weight on a limb, 
asymmetric angles between joints, and lateral or medial 
deviations in the alignment of limbs are examples of pos¬ 
tural deformities. Often the postural deformity itself is spe¬ 
cific for certain diseases and conditions (Table 13-4). 

Mechanisms of Postural Deformities 

Postural deformities can be either congenital or acquired 
and result from maldevelopmem, trauma, or disease 
(Box 13-4). Congenital deformities may be caused by ten¬ 
don contracture or laxity, osseous malformation, and 
hypoplasia or aplasia of osseous structures or soft tissues. 
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TABLE 13-4 


I1M 


Examples of Postural Deformities and Possible Origins 


Postural Defect Likely Site of Origin 


Contracted heels 

Foot; flexor tendons 

Bucked knees 

Suspensory ligament 

Dropped elbow 

Motor nerves to fordimb, olecranon 

Tiptoe stance 

Foot; flexor tendons; interphalangeal joints 

N on- weight-bearing 

Foot; any long bone; any limb articulation 

Broken down (hyperextension) fetlock; dropped fetlock 

Suspensory apparatus 

Toe-out hindlimb and elevated hip 

Coxofemoral joint; femoral neck 

Basewide behind 

Coxofemoral joint; femoral neck 

HypeTextension of stifle and hock 

Patella 

Camped out in front 

Bilateral forefeet 

Carpal valgus 

Distal metaphysis, physis, epiphysis, or carpal bones 

Stiffly elevated head 

Withers; cervical spine 

Shifting weight between forefeel 


Recumbency 

Any long bone; feet; spinal cord; myopathy 


BOX 13-4 


Causes of Postural Deformities in Horses 


COMMON CAUSES 

Spinal or vertebral neoplasia 

Infections of the foot 

lick paralysis 

Hoof wall defects 

Vertebral column malformation 

Fractures 

Nigropallidal encephalomalacia (star thistle poisoning) 

Septic (infectious) arthritis 

Postanesthetic equine myasthenia 

Secondary (degenerative) joint disease 

Abscess caused by Ctotridiuni perfringens 

Laminins 

Hyperparathyroid ism 

Angular limb deformities 

Osteomyelitis 

Osteomalacia, osteodystrophy (rickets) 

Sprain 

UNCOMMON CAUSES 

Strain 

Lupus erythematosus (rheumatoid arthritis) 

Tenosynovitis 

Osteochondrosis 

Contracted tendons (flexural deformity) 

Cruciate or meniscal rupture 

Laxity of flexor tendons in foals 

Patellar ligament injury 

Tendon rupture, damage, tendonitis (bowed tendon) 

Malnutrition 

Upward fixation of the patella (locking patella) 

Splenic rupture 

Epiphysitis 

Neonatal maladjustment 

Septic tenosynovitis 

Subcutaneous abscess, cellulitis, foreign body 

Muscle injury, soreness, bruise, trauma, compartment syndrome 

Vesicular stomatitis 

Navicular disease 

Bucked shins (dorsal metacarpal disease) 

Congenital 

Hemimelia (radial, tibia!, ulnar hypoplasia, agenesis) 

Cuboidal bone hypoplasia 

Botulism (shaker foal) 

Myotonia congenita 

LESS COMMON CAUSES 

Skeletal neoplasia 

Disruption of the suspensory apparatus (broken down) 

Shivers (shivering) 

Lateral or medial patellar luxation 

White muscle disease (nutritional myodegeneration) 

Borne!iosis (Lyme disease) 

Brucellosis 

POISONS, TOXINS, DEFICIENCIES, AND EXCESSES 

Sesamoid itis 

Vitamin A deficiency 

Hypertrophic osteopathy or osteodystrophy 

Vitamin D toxicity 

Ankylosis or arthrogryposis 

Strychnine toxicity 

Luxation or subluxation 

Phosphorus deficiency 

Snakebite 

Chronic fluoride toxicity 

Equine monocytic ehrlichiosis (Potomac fever) 

Spondylitis, discospondylitis 

Chronic selenium toxicity 


Acquired deformities are most often caused by trauma 
or disease. Disuse atrophy secondary to an unrelated 
musculoskeletal abnormality can result in abnormal 
posture. Occasionally diseases affecting proprioception 
and consciousness may cause an abnormal stance that 
appears as a postural deformity (e,g„ head pressing) but 
is unrelated to neurologic pain or a musculoskeletal 
problem. 


Approach to Diagnosis of Postural Deformities 
in Horses 

A history can help the examiner determine if a postural 
deformity is congenital, as with arthrogryposis, or acquired. 
Because most postural deformities in horses arise from trau¬ 
matic injuries or overuse, a complete lameness examination 
is essential Occasionally a postural deformity does not 
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[ "causes of Postural Deformities in Ruminants 


COMMON CAUSES 

Congenital 

Crooked calf syndrome [lupinosis] 

Syndactyly 

Hemitndia (radial tibia!, ulnar hypoplasia) 

Osteogenesis imperfecta 
Dacrylomegaly in Shorthorns 
Contracted tendons 
Idiopathic deformities 
Angular limb deformities 
Shortened Jong bones (acorn calves) 

Acquired hoof wall defects 

Infections of the foot 

Secondary comracted tendons 

Muscle atrophy caused by denervation 

Fractures 

Luxations 

Severed or ruptured tendons 
Septic arthritis with ankylosis 

Anhritides (e.g<, mycoplasma, caprine arthritis-encephalitis, 
septic arthritis} 

Osteomalacia 


Rickets 
Epiphysitis 
Septic tenosynovitis 
Chronic laminitis 
Degenerative \olm disease 
Hypertrophic osteopathy 
Hyperparathyroi dis m 
Osteomyelitis 

Ruptured gastrocnemius (goats) 

Ruptured peroneus tertius 

Upward fixation of the patella (locking patella) 

POISONS, TOXINS. DEFICIENCIES, AND EXCESSES 

Primary copper deficiency or secondary copper deficiency 
(molybdenosis) (e,g„ physitis* spontaneous fractures) 
Selenium poisoning 
Fluoride poisoning 
Phosphorus deficiency 
Monensin toxicity 

Calcinosis caused by plant poisoning 
Loco weed-assodaied limb deformities 


cause lameness; in these instances the veterinarian must 
consider nontraumatic causes associated with abnormal 
development, improper nutrition, and seemingly unrelated 
disease such as carpal valgus deformity. 

Diagnosis of the cause of a postural deformity begins 
with a detailed description of the deformity and assessment 
of the position and asymmetry of the anatomic structures 
involved. If the nature and severity of the deformity cannot 
be determined by direct observation, palpation and manip¬ 
ulation of the affected structure are required. Radiography 
and ultrasonography also can assist in the diagnosis and 
provide information on which to base treatment recom¬ 
mendations and prognosis. 

Approach to Diagnosis of Postural Deformities 
in Ruminants 

Because of the many differences in husbandry and manage¬ 
ment practices between ruminants and horses> most postural 
deformities in ruminants are congenital or arise from dietary 
nutritional imbalances or plant poisonings (Box 13-5). 
Traumatic injuries play a smaller role, except in dairy cattle, 
which commonly slip on concrete and injure themselves. 
History, visual inspection, manipulation, and palpation are 
important in the diagnosis of postural deformities in rumi¬ 
nants. In addition, other ruminants in the herd with similar 
abnormalities should be identified. Plant feed, soil and 
water samples should be taken to identify toxins that may 
have been ingested, resulting in the deformity. Often the 
signalmem helps rule out certain breed- or species-specific 
genetic defects. Because goats jump off heights, they are sub¬ 
ject to numerous fractures, sprains, and luxations, including 
unilateral or bilateral rupture of the gastrocnemius tendon. 

SWELLINGS AND ENLARGEMENTS 
(SOFT AND HARD TISSUE) 

CARTER E. /UDV 

jQHN MAAS 

Swellings and enlargements consist of soft tissue (e,g„ ten¬ 
don) or hard tissue (e g., osseous) and can occur anywhere 


on an animal's body. Generally, clinically significant swel¬ 
lings and enlargements associated with the musculoskeletal 
system occur on the limbs. 

Swellings and enlargements can be further divided into two 
principal groups, depending on whether or not they are asso¬ 
ciated with a specific anatomic structure. For example, a soft 
fluctuant swelling in the region of the left carpus may be 
caused by an abnormality of the antebrachialcarpal joint 
(e,g., septic synovial effusion) or may not involve the joint at 
ad (e,g., subcutaneous abscess). Although lameness can be 
associated with such a swelling clearly it is important to deter¬ 
mine the cause of the abnormality because the one involving 
the joint may require the more immediate treatment. 

Mechanisms of Swellings and Enlargements 

The mechanism by which swelling or enlargement develops 
depends on the tissue involved (Box 13-6), Soft-tissue swelling 
often is produced by trauma, inflammation, infection, or neo¬ 
plasia; it can consist of interstitial fluid (e.g., edema), fluid 
within an open space (e.g., synovial hernia), or a localized 
accumulation of cells or fibrous tissue. Localised edematous 
swelling commonly is caused by inflammation and/or 
obstruction of venous blood or lymph flow. Generalized 
edema is usually the result of increased hydrostatic pressure 
caused by circulatory failure or an altered capillary-tissue 
osmotic gradient stemming from hypoalbuminemia. Fluctu¬ 
ant swellings such as hematoma, synovia) effusion, a purulent 
abscess, or a plasm a-filled cyst contain free fluid. Granulation 
tissue, fibrous scar tissue, and tumor cells are the most com¬ 
mon constituents of firm soft-tissue swellings. Rupture of sup¬ 
porting or confining structures (e.g, prepubic tendon rupture) 
can result in unusual forms of soft-tissue swelling caused by 
herniation of internal organs. 

Many factors influence new bone formation. Trauma 
and infections initiate bony enlargement (e.g., callus) by 
disrupting the periosteum, producing inflammation and 
eventually ossification. The extent of periosteal new bone 
formation depends on the cause of the stimulus and the 
size of the affected area. Remodeled bone may also arise 
from nontraumatic events, usually associated with altered 
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Carnes of Swellings and Enlargements in Horses 

SOFT TISSUE 

Septic (infrciious) arthritis 

Secondary (degenerative) joint disease 

Sprain 

Strain 

Hygroma 

Tenosynovitis 

Osteochondrosis 

Suspensory desmiiis or sesamoiditis 
Infections of the foot * 

Insect or snake bites 

Cellulitis 

Abscess 

Herniation 

Neoplasia 

Capped hock 

Hematoma 

Phycomycosis 


HARD TISSUE 

Secondary (degenetaiive) joint 
disease 
Fracture 
Sequestrum 

Osteomyelitis (periosteal new 
bone formation) 

Epiphysitis 

laixation or subluxation 
Osteochondroma 
Osteomalacia (rickets) 

Bucked shins (dorsal metacarpal disease) 
Hypertrophic osteopathy 
Ankylosis or arthrogryposis 
Calcinosis caused by plant poisoning 
Selenium Wxiricy 


metabolism or neoplasia. Bony enlargements associated 
with the metaphysis and physis in young, growing animals 
are usually secondary to a combination of nutritional and 
traumatic factors. For example, dietary calcium, phospho¬ 
rus, and vitamin D imbalance can lead to abnormal bone 
growth. A bony swelling develops gradually and may 
become noticeable only after it enlarges, interferes with nor¬ 
mal function, or becomes a source of lameness. 

Approach to Diagnosis of Swellings 
and Enlargements in Horses 

1. History, A history should determine the number of 
horses involved, the duration of clinical signs, and the 
possibility that traumatic events or environmental factors 
are responsible for causing a swelling or enlargement. In 
addition, changes over time in the appearance and size 
of the swelling or enlargement can be informative, 

2. Inspection and palpation. The location of the swelling and 
its proximity to anatomic structures often reveal the tissue 
involved and the probable cause of the condition. For 
example, swelling around a joint may indicate arthritis, 
periarthritis, or hygromas. Tendon swelling may indicate 
tendonitis or ruptured tendons. Swelling over ligaments 
may indicate rupture, subluxation, or inflammation 
around a ligament. Muscle swelling results from abscessa 
tion or fascial tears, Subcutaneous swelling may indicate 
hematomas, edema from inflammation around a ligament, 
or cellulitis. Bony enlargements often can be localized to 
the shaft of a bone (e.g„ periosteal callus) or the ends of a 
bone (e.g., metaphyseal flaring). Periarticular new* bone 
may be readily apparent (e.g., ringbone) or may not be 
found even on deep palpation. New bone formation also 
can be found associated with the axial skeleton and head. 

Palpation of a swelling can determine its consistency 
and association with anatomic structures. Osseous 
swelling indicates calcification, proliferation of bone, or 
fracture Firm soft-tissue swelling indicates inflamma¬ 
tion, abnormal proliferation of soft tissue (e,g., granula¬ 
tion, tumor), or herniation. 

Wanrnh, redness, and pain associated with swelling 
indicate active inflammation. While new bone is form¬ 
ing, the swelling may be soft and sensitive to palpation. 
Cold and insensitivity to palpation suggest inadequate 
blood supply and possibly ischemia (e.g, gangrene). 


Lameness caused by an injury or condition that results 
in a hard swelling or enlargement may be accentuated 
by performing a stress lest such as trotting the horse in 
hand after direct pressure on the swelling, lniraanicular 
anesthesia may substantially reduce a lameness caused 
by joint effusion associated with periarticular new bone. 

3. Radiography, ultrasonography and alternative imaging 
techniques In addition to identifying definitively the nature 
of an osseous swelling or enlargement radiography can 
gauge the severity and progression of the disease and 
help establish a therapeutic plan and prognosis. Ultra¬ 
sound often can determine the position (e.g., depth, area) 
and volume of a soft-tissue swelling and the optimum 
site for aspiration or biopsy. Thermography may help to 
identify subtle heat production secondary to inflamma¬ 
tion and increased blood flow, before onset of a swelling, 
allowing for early treatment. Nuclear scintigraphy may 
help to localize the cause of swellings and identify 
whether they are bony or soft tissue in origin (e.g, taisal 
effusion secondary to a sustentaculum tali osteomyelitis). 
CAT scanning is useful for evaluating bony swellings, 
especially of the head when swellings of the mandible 
and maxilla may he related to infected teeth and the 
determination of which teeth are involved is necessary 
before surgical intervention. MRJ may prove useful for 
accurate imaging of soft-tissue masses that cannot be 
accurately characterized with other diagnostic techniques, 

4 Cytology, microbiology, and histology. A fine-needle as¬ 
piration, using aseptic techniques, should be performed 
to obtain samples for microbiologic culture (e g., bacterial 
and fungal) of soft-tissue swellings. If the material is very 
viscous, a large-gauge needle may be required. Fluid col¬ 
lected for cytology should be placed in tubes containing 
eihylenediaminetetraacetic acid (F,DTA) to prevent dot¬ 
ting before analysis. Tissue samples obtained by biopsy* 
should be placed in 10% buffered formalin. 

Approach to Diagnosis of Swellings 

and Enlargements in Ruminants 

l. History The history should indicate the duration of 
a swelling and whether it is congenital or acquired 
(Box 13-7). The rate of growth of a mass may be signifi¬ 
cant, The signalment of the ruminant sometimes gives a 
clue to the origin of the swelling other ruminants in the 
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Causes of Swellings and Enlargements in Ruminants 


SOFT TISSUE 

Granulomas (such as woody tongue) 

Septic arthritis 

Habronemtasis 

Mycoplasma arthritis 

Caprine arthritis-encephalitis in goats 

Phyco mycosis 

Hygroma 

HARD TISSUE 

Tenosynovitis 

Osteomyelitis (periosteal new bone formation) 

Papillomatous digital dermatitis (foot warts] 

Septic arthritis 

Chronic tendonitis 

Secondary (degenerative) joint disease 

Ruptured tendon 

Epiphysitis 

Foot rot * 

Sequestrum 

Gangrene of the foot 

Lumpy jaw (actinomycosis) 

Fescue foot 

Rickets 

Neoplasia 

Fracture 

Bee stings 

Tumoral calcinosis 

Snake bite 

Osteosarcoma 

Abscess 

Calcinosis circumscripta 

Hematoma 

Traumatic stifle injury with fibrosis 

Capped hock 

Primary or secondary copper deficiency (molybdenosis) (e.g.. 

Tmerdigital fibroma 

Skin neoplasia 

physitis, spontaneous fractures) 



herd should be examined for similar signs. Systemic 
manifestations (e.g., fever, anorexia, depression, and ele¬ 
vated pulse and respiratory rates) may indicate such 
things as blackleg, malignancies, and septic abscesses. 

2. Inspection and palpation. The origin of a swelling may be 
identified by the density and position of the mass on the 
ruminant, Masses over joints may represent hygromas or 
distention caused by synovial effusion. Skin masses may 
be edematous or parasitic nodules or neoplastic tumors. 
Muscle masses could be abscesses, herniations through tom 
fascia, or, in rare cases, neoplasia. Lymph nodes are most 
frequently enlarged because of abscessation, but neoplasia 
must be considered. Foot masses include interdigiul fibro¬ 
mas and granulation tissue from chronic infections. Large 
osseous masses indicate calcification, bone proliferation, 
or a foreign body. When drainage is present in the center 
of a firm mass, a bone sequestrum is very likely. Firm soft- 
tissue masses may be granulomatous tissues, neoplasia, or 
a connective tissue scar. 

3. Radiography and ultrasonography, (See comments for 
equine section.) 

4. Cytology, microbiology, and histology. In some cases the 
density and location of a mass will be diagnostic and 
eliminate otheT possible diagnoses, but in many cases 
a microscopic examination of the tissue is necessary. Tis¬ 
sue can be obtained by needle aspiration, biopsy, or 
sometimes complete excision. Abscesses can simply be 
lanced, drained, and flushed. Unidentified tissue should 
be sectioned and stained for histopathologic examina¬ 
tion and, in some cases, cultured. 

PARESIS AND WEAKNESS 

RICHARD A. LeCGUTEI/R 

Paresis may be defined as a deficit of voluntary movement. It 
may be monoparesis (paresis of a single limb), paraparesis 
(paresis of both pelvic limbs), tetraparesis (paresis of all four 
limbs), or hemiparests (paresis of a thoracic and pelvic limb 
on the same side). Paresis results from disruption of the vol¬ 
untary motor pathways that extend from the cerebral cortex, 
through the brainstem and spinal cord, to the motor unit 
(peripheral nerve, neuromuscular junctions, and muscle 
fibers). Complete loss of voluntary movement is referred to 


as paralysis (pkgia). Voluntary movements must be differen¬ 
tiated from reflex movements on the basis of neurologic exam¬ 
ination findings and general observations. 

Weakness may be defined as impairment of strength and 
power. Most authors use the terms paresis and weakness syn¬ 
onymously; however, this may be confusing in some cir¬ 
cumstances. For example, weakness may occur in the 
absence of paresis in some disorders of the nervous system, 
and weakness may result from many disease processes that 
do not primarily involve the nervous system (e.g„ heart fail¬ 
ure, respiratory insufficiency). The clinical signs of weakness 
may vary considerably and may include paresis, gait 
abnormalities, dysphagia, regurgitation, dyspnea, and dys- 
phonia. Weakness may be present at rest or may occur after 
exercise. The distribution of involvement may be local, 
regional, or generalized. In addition, there may be gross 
deformities of muscle mass (e.g., atrophy, hypertrophy, 
skeletal deformities) associated with weakness. 

This section focuses on paresis and weakness caused by 
conditions that affect the motor unit (Box 13-8). Diseases of 



Causes of Paresis and Generalized Weakness 
in Horses and Ruminants 


Anemia 

Cardiovascular disease 
Chronic inflammaioiy disease 
Drug-related conditions 
Electrolyte disorders 
Endocrine or metabolic disorders 
Exhaustion 
Fever or sepsis 
Gastrointestinal disease 
Motor unit disease 
Neoplasia 

Nervous system disease 
Nutritional disorders 
Respiratory system disease 
Trauma 
Toxidties 
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other systems (e.g., respiratory and cardiovascular diseases or 
central nervous system disorders} that may result in paresis 
and weakness are discussed separately in other sections. 

Mechanisms of Paresis and Weakness 

Voluntary movement is initiated by the cerebral cortex. 
Muscular activity occurs subconsciously after activation of 
successively lower levels of the nervous system: basal nuclei, 
midbrain, pons and medulla, cerebellum, brainstem, spinal 
cord, and motor unit. The function of these lower levels is 
vital, and without their input voluntary movements become 
impossible. t 

Monoparesis {or monoplegia) is a common problem in 
horses and ruminants. It may be caused by dysfunction of 
the lower motor neuron or neuromuscular junction. Mono¬ 
paresis is commonly caused by trauma to a nerve or plexus, 
although neoplasia (e.g., lymphoma, neurofibroma) and 
inflammation or infection (e.g., early stages of rabies) of 
peripheral nerves have been reported to cause monoparesis. 

Bilateral pelvic limb paresis, ataxia, or paralysis may occur 
as a result of a neurologic disorder localized to the spinal 
cord caudal to the T2 spinal cord segment. Various congeni¬ 
tal vertebral and spinal cord malformations may result in 
pelvic limb paresis. Equine protozoal myeloenrephalitis 
and equine degenerative myeloencephalapathy may result 
in lameness, weakness, and ataxia that may progress to tetra¬ 
paresis. Musculoskeletal disorders resulting only in bilateral 
pelvic limb weakness and paresis are unusual. Possible causes 
include trauma (e.g., postcalving or postfoaling paralyses 
caused by lumbosacral nerve root compression or contu¬ 
sion), vascular disorders {e.g., thrombosis), and early stages 
of an infectious disorder that may progress to tetraparesis. 

The causes of tetraparesis are numerous and include 
progression of many of the disorders mentioned previously. 
Outbreaks of intoxication with C/ostriditim kjfu/inum occur 
sporadically in horses and ruminants; the condition results 
in a flaccid paralysis that starts with the pelvic limbs and pro¬ 
gresses cranially. Depending on the amount of toxin 
involved, large numbers of animals may be affected. Poly¬ 
neuropathies (congenital and acquired) and poly myopathies 
(congenital, metabolic, infectious, and immune-media ted) 
are causes of tetraparesis. 

Muscle weakness may result either from a primary neuro¬ 
muscular disease or disorders that affect muscle secondarily. 
In the latter category, problems of horses and ruminants 
that commonly result in weakness include poor diet, 
underfeeding, toxicity, and anorexia. Systemic diseases 
and disorders such as dehydration, low circulating blood 
volume, anemia, and metabolic abnormalities (e.g., aci¬ 
dosis or alkalosis) also may result in weakness. Disorders 
of bones {e.g., fractures) and joints (e.g., septic arthritis) 
affecting one limb also may affect the contralateral limb 
through overuse or misuse, and weakness of the contra¬ 
lateral limb may result. 

Primary neuromuscular diseases usually are classified on 
the basis of the anatomic component of the motor unit that 
is involved. Such diseases broadly are subdivided into neu¬ 
ropathies (disorders of the neuron, its cell body, axon, and/ 
or Schwann cells |myelin|); junctionopathies (disorders of 
the neuromuscular junction); myopathies {disorders of 
muscle fibers); and neuromyopathies (disorders of both 
the neurons and the muscle fibers). 

Dysfunction of the motor unit results in lower motor 
neuron signs, seen clinically as muscle weakness. The 
expression of this weakness may vary considerably, and 
the distribution of involvement may be local, regional, or 
generalized. Atrophy, hypertrophy, and skeletal defor¬ 
mities may accompany the muscle weakness. Any patient 


with some form of clinical weakness should be viewed 
as potentially having a motor unit disorder. That the 
patient is "weak merely because it is sick" should not be 
readily assumed without meticulous evaluation of the 
motor unit. 

Approach to Diagnosis of Paresis and Weakness 
in Horses 

Estab l ish Inga diagnosis requires an informed and coordinated 
approach to defining a problem list through associations and 
direct observations (i.e., a diagnostic plan) (Box i 3-9)- 
L Signal ment. Breed, age, sex, and use of the horse. 

2. History. Feeding program, vaccination and deworming 
schedules, course of complaint, response to treatment, 
and possibility of exposure to toxins or trauma. 

3. Physical examination. Presence and distribu tion of abnor¬ 
mal findings on physical and neurologic examinations 
should be recorded. Normal functions must be known 
before abnormal functions may be recognized. Abnormal 
functions must be recognized because neurologic diseases 
are manifested clinically almost entirely by dysfunction. It 
is uncommon for the clinical signs to include readily 
detectable anatomic changes. Therefore a clinician must 
rely on clinical signs of abnormal function to identify the 
location of the neurologic dysfunction. 

The first step in locating a neurologic lesion is to 
determine the level of the abnormality along the longitu¬ 
dinal plane of the neuraxis (Le., brain, spinal cord, or 
motor unit). The second step is to further localize the 
lesion within an anatomic region (e.g., motor unit 
should be further localized to peripheral nerve, neuro¬ 
muscular junction, or muscle). The third step is to deter¬ 
mine ihe location of the lesion in the transverse plane at 
the appropriate longitudinal level (e.g„ left or right side). 

4. Minimum database. Complete blood count, serum bio¬ 
chemistry panel (including electrolyte determinations), 
fecal analysis, and urinalysis. Measurement of muscle- 
specific serum enzymes, such as creatine kinase (CK), 
as well as aspartate aminotransferase (ASTI’} and lactic 
dehydrogenase (LD1 i) may be helpful in identifying neu¬ 
romuscular disorders in which myonecrosis is a principal 
pathologic feature. Elevated serum enzyme activities may 
help to differentiate myopathies from other neuromuscular 
disorders. Immunologic procedures for the detection of 
myoglobin that are becoming available may provide a sen¬ 
sitive means of detecting myolysis in the future. 

5. Specific diagnostic tests 

a. Electrodiagnostic testing. Electromyography (EMC) 
involves the detection and characterization of elec¬ 
trical activity (potentials) recorded from a patient's 
muscles. A systematic study of individual muscles 
permits an accurate determination of the distribution 
of muscles affected by a pathologic process. 

b. Nerve and muscle biopsy examination. This procedure 
evaluates the morphology of portions of the motor unit 
and may differentiate neuropathies, junctionopathies, 
and myopathies. In some instances, results of muscle 
biopsy analysis may provide a definitive diagnosis 
(e.g., polysaccharide storage myopathy of horses). 

Approach to Diagnosis of Paresis and Weakness 
in Ruminants 

The approach to the diagnosis of disorders causing paresis 
and weakness in ruminants is essentially the same as that 
for horses (Box 13-10). Differences may be encountered as 
a result of the intended use of ruminants. Most ruminants 
live in a herd setting, and the level of human supervision 
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Causes of Paresis and Weakness in Horses 


DEGENERATIVE 

INFECTIOUS OR INFLAMMATORY 

Equine degenerative myeloencephalopathy 

Encephalitis, myelitis 

Equine protozoal myeloencephalitis 

ANOMALOUS OR CONGENITAL 

Diskospondylitis 

Hydrocephalus 

Botulism 

Vertebral and spinal cord malformations 

Rabies 

Ehrlichiosis 

METABOLIC 

Tuberculosis 

Exertional rhabdomyolysis 

Rhi nopneumonitis 

HyperkaJemic periodic paralysis * 

1 lepatoencephalopathy 

1 lypo thyroid ism 

Tick paralysis 

Hyperthermia 

Cerebrospinal nematodiasis 

Hypocalcemia 

Hypokalemia 

Equine protozoal myeloen cephalitis 

Equine hepatic lipidosis 

TOXIC 

Vitamin A deficiency 

Snake bite 

Plant poisons (star thistle poisoning oleander, moldy com 

NUTRITIONAL 

poisoning white snake root, locoweed, larkspur, delphinium, 

Malnutrition, vitamin E (selenium) deficiency 

onion, moldy sweet clover) 

Vitamin D 

NEOPLASTIC 

Phosphorus 

Brain or spinal cord tumor 

Lymphosarcoma 

Heavy metals (lead, arsenic) 

Melanoma 

TRAUMATIC 

Leukemia 

Vertebral fracture or luxation 

VASCULAR 

Postanesthetic hemorrhagic myelopathy 


BOX 13-10 


Causes of Paresis and Weakness in Ruminants 


ANOMALOUS OR CONGENITAL 

INFECTIOUS OR INFLAMMATORY 

Progressive degenerative myeloencephalopathy of Brown Swiss 

Salmonellosis 

cattle 

Parasitism 

Progressive ataxia of CharoLais cattle 

Ctyptosporidiosis 

Inherited progressive spinal myelinopathy of Murray Grey cattle 

Cocridiosis 

Inherited myophosphorylase deficiency in CharoLais cattle 

Col Lbad Hosts 


Anaplasmosis 

METABOLIC 

Pneumonia 

Acidosis 

Peritonitis 

Ketosis 

Encephalomyelitis 

Vagal indigestion 

Mastitis 

Urolithiasis 

Botulism 

Hypocalcemia 

Tick paralysis 

Hypomagnesemia 

Rabies 

Anemia 

Sepsis 

Hypothermia 

Gastrointestinal ulceration 


Bovine spongiform encephalopathy 

NUTRITIONAL 


Vitamin E (selenium) deficiency 

TOXIC 

Polioencephalomalacia (thiamine deficiency) 

Lead poisoning 

Malnutrition 

Snakebite 

Viral or bacterial diarrhea 


Water intoxication or salt poisoning 

TRAUMATIC 


Lightning strike 

NEOPLASTIC 

Gunshot wound 

Spinal vertebral neoplasia (usually lymphoma) 

Vertebral fracture or luxation 
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and care of the herd will vary. In some cases animals will be 
monitored daily for signs of abnormal behavior, whereas in 
other cases animals may not be observed for varying periods 
of time. Infectious diseases, disorders arising from nutritional 
problems, parasites, or toxicity may progress to affect several 
individuals before a problem is noticed. Signalment, history, 
and a physical and neurologic examination are essential to 
determine first if the paresis and weakness are neurologic in 
origin and second to make a neuroanatomic diagnosis. These 
findings should be combined with a knowledge of diseases 
and disorders that produce this clinical picture in order to 
arrive at a diagnosis. 


Specifically, disturbances in plasma electrolyte concentra¬ 
tions, certain drugs, toxins, and poisons may elicit involuntary 
muscle activity. In general, the mechanism that is common to 
all causes of spasm or myoclonus involves an inappropriate 
stimulation of a nerve or muscle cell causing the cell to fire a 
series of action potentials, resulting in muscle contraction. For 
example, toxins may act directly on the muscle cell membrane 
to stimulate the release of calcium into the cell from the sarco¬ 
plasmic reticulum, thereby causing involuntary muscle contrac¬ 
tion. Alternatively, some toxins may cause efferent neurons to 
release neurotransmLiter across the neuromuscular junctions, 
thereby stimulating receptors on the muscle cell membrane. 


MUSCLE SPASMS AND MYOCLONUS 

RICHARD A. LrCOl/THiR 

Muscle spasms are sudden, transient, and involuntary con¬ 
tractions of a single muscle or group of muscles, attended by 
pain and loss of fiinction. Often all the muscles affected by a 
spasm are supplied by a single nerve, A painful, tonic, spas¬ 
modic muscular contraction is often referred to as a cramp * 

Myoclonus may be defined as a disturbance of neuromuscu¬ 
lar activity characterized by abrupt, brief, rapid, jerky, arrhyth¬ 
mic, asynergic, involuntary contractions involving portions of 
muscles, entire muscles, or groups of muscles, regardless of 
their functional association. The movements may be single 
or repetitive (10 to 50 per minute) and are similar to those that 
follow stimulation of a muscle. Myoclonus is seen primarily in 
muscles of the limbs, where involvement is often diffuse or 
widespread. Myoclonus also may be present in facial or masti¬ 
catory muscles and muscles of the tongue, larynx, and phar¬ 
ynx. Myoclonus usually disappears during sleep. 

This section describes muscle spasm and myoclonus as 
specific clinical signs associated with dysfunction of the 
musculoskeletal system. 

Mechanisms of Muscle Spasms and Myoclonus 

Spasms usually are of reflex origin and may result from irrita¬ 
tion or stimulation at any level of the nervous system from 
the cerebral cortex to the muscle fibers. In most cases, however, 
spasms are caused by peripheral irritation affecting either 
muscles or nerves. Pain may cause either tonic or clonic spasms 
of muscles, especially should the painful stimulus be focal 
or discrete. Mechanical irritation may cause a localized 
spasm. There may be prolonged and characteristic musde 
spasm associated with the hyperirritabiliiy of nerves and mus¬ 
cles in tetany or tetanus. Spasms may follow injury or irritation 
of peripheral nerves, particularly during the process of regen¬ 
eration. Spasms may also result from irritation or diseases 
affecting cortical centers in the brain, motor nuclei in the 
brainstem, or descending motor pathways in the spinal cord. 

There has been much discussion regarding the pathologic 
process underlying myoclonic movements. Whereas origi¬ 
nally it was thought that the neural discharge that excites 
the muscular contraction of myoclonus was confined to the 
motor unit, it is now known that myoclonus also may result 
from dysfunction of the brain (cerebral cortex, brainstem, 
basal nuclei, thalamus, etc.), spinal cord, peripheral nerve, 
neuromuscular junction, or the muscle itself, alone or in 
combination. A variety of processes evidently lead to hyper- 
excitability of the cerebral cortex, subcortical structures, or 
even the lower motor neurons alone. Myoclonic movements 
or muscle spasms may occur in a variety of conditions. They 
have been observed in association with encephalitis, menin¬ 
gitis, toxic and postanoxic states, metabolic disorders, degen¬ 
erative diseases, and vascular and neoplastic conditions. 
Myoclonus has also been reported in association with lesions 
of peripheral nerves, nerve roots, and spinal cord. 


Approach to Diagnosis of Musde Spasms 
and Myoclonus in Horses 

A broad spectrum of diseases may be associated with musde 
spasms or myoclonus in horses (Box 13-11). A thorough 
investigation is needed to achieve an accurate diagnosis, 

L History. A comprehensive history including evaluation of 
the environment and stablemates, description of any trau¬ 
matic episodes, and any potential drug or toxin exposure, 

2. Physical examination. Complete lameness and neuro¬ 
logic examinations should be done as extensions of a 
thorough physical examination. 

3. Minimum database Complete blood count, serum 
biochemistry panel (including musde enzyme determina¬ 
tions), and cerebrospinal fluid analysis should be per¬ 
formed, In the case of musde spasm and myodonus, 
elevation in muscle enzymes may indicate secondary muscle 
damage rather than a primary musde disease. A tetany panel, 
including serum caldum, phosphorus, and magnesium 
determinations, may be completed. Hypocalcemia may be 
a cause of musde spasms in lactating horses, exhausted 
endurance horses, or horses transported long distances. 

4. Specific diagnostic tests, 

a. Flectrodiagnosiic testing, A systematic study of indi¬ 
vidual muscles using EMC permits an accurate deter¬ 
mination of the distribution of muscles affected by a 
pathologic process. 

b. Nerve and musde biopsy examination. This procedure 
evaluates the morphology of portions of the motor unit 
and may differentiate neuropathies, junctzonopathies, 
and myopathies. In some instances results of musde 
biopsy analysis may provide a definitive diagnosis 
(e.g., phosphorylase deficiency of Charolais cattle). 


BOX 13.11 


Causes of Muscle Spasms and Myoclonus in Horses 


ANOMALOUS Oft 
CONGENITAL 

Myotonia congenita 

METABOLIC 

1 lyperkalemic periodic 
paralysis 
Hypocalcemia 
Hypoglycemia 
Hypothermia 
Exhaustion 
Shivering 

NEOPLASTtC 

Insulinoma 


INFECTIOUS OR 
INFLAMMATORY 

Tetanus 

Rabies 

Equine influenza 
Tick-bome encephalitis 
Meningitis 

IDIOPATHIC 

Neonatal maladjustment 
syndrome 

TOXIC 

Strychnine 
Orga nochlorines 
Chlorinated hydrocarbons 
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Causes of Muscle Spasms and Myoclonus 
in Ruminants 


ANOMALOUS OR 
CONGENITAL 

Congenital posterior 
paralysis of Danish red 
calves 

Inherited congenita! 
myoclonus (formerly 
known as neuraxial 
edema] of polled 
Herefords and their 
crossbreeds 

Maple syrup urine disease 
in polled Herefords and 
their crossbreeds 
Lethal spasms in Jersey and 
Hereford calves 
Congenital brain edema in 
Herefords 


METABOLIC 

Hypomagnesemia 

Hypocalcemia 

Hypoglycemia 

INFECTIOUS OR 
INFLAMMATORY 

Tetanus 

Rabies 

Pseudorabies 

Meningitis 

Coccidiosis 

TOXIC 

Chlorinated hydrocarbons 

Strychnine 

Cotklebur 

Buckeye 


Approach to Diagnosis of Muscle Spasms 
and Myoclonus in Ruminants 

The approach to diagnosis of muscle spasms and myoclo¬ 
nus in ruminants is essentially the same as that described 
for horses (Box 13-12). In ruminants a tetany panel (con¬ 
sisting of serum calcium, phosphorus, and magnesium 
determinations) should be completed in any animal exhi¬ 
biting these signs. In lattaiing cattle on grass pasture, and 
in sheep transported long distances, hypomagnesemia and 
hypocalcemia, respectively, are highly suspected initially. 
Several infectious (e.g., rabies, pseudo rabies), toxic, and 
inherited causes of muscle spasms and myoclonus should 
be suspected in ruminants. In postpanuriem animals and 
animals with wounds or bites, or animals recently castrated 
or tail docked, tetanus should be considered as a possible 
cause of muscle spasms and myoclonus. 




Collapse and Sudden Death 

STAN W, CASTEEL AND JAMES K TURK 


MAJOR CLINICAL SIGNS OR PROBLEMS ENCOUNTERED 


Collapse vs. sudden Causes of collapse 

death, 232 death, 233 


The ruminant or horse that collapses and dies within 24 
hours while being observed or is found dead with no pre¬ 
monitory signs of illness is often a diagnostic challenge. In 
these situations clients often are distressed and frequently 
pressure the veterinarian to declare an immediate diagnosis. 
Sudden death in the absence of observed clinical illness 
is usually the most perplexing. Obligation to clients necessi¬ 
tates a systematic approach to derive a specific causative 
diagnosis, to determine the source and extent of the prob¬ 
lem, and to recommend corrective measures. These goals 
are best accomplished by delineating the characteristics 
of normal animals within the herd and analyzing the distri¬ 
bution of the disease with respect to time, place, and a 
variety of exposure factors and environmental influences. 
These factors are then correlated with necropsy results and 
additional diagnostic testing. 


COLLAPSE VS, SUDDEN DEATH 

Collapse is easily identified as a state of extreme prostration 
and depression. However, sudden death has a somewhat 
tenuous meaning, lending itself to subjective impression. 
The timing parameter used to define sudden death ranges 
from 1 to 24 hours from the onset of the fatal episode. 
Some veterinarians restrict the definition to a narrower time 
span. The 12- to 24-hour interval is sometimes selected to 
coincide with the frequency of owner observation of the 
livestock. For our purposes sudden death means clinically 
unexplained, rapid death (12 to 24 hours) occurring during 
normal activity in apparently healthy animals. Generally a 
condition of this nature is associated with fatal dysfunction 
of the cardiovascular, nervous, respiratory, or gastrointesti¬ 
nal (Gl) system. In addition, perturbations in general cellu¬ 
lar metabolism (cyanide or hydrogen sulfide) may result in 
peracute death. 

Approach to Diagnosis of Sudden Death 

The causes of sudden death are investigated in much the 
same way as for any disease. The accompanying tables of 
differential diagnoses include infectious, metabolic, nutri¬ 
tional, physical, cardiovascular, toxic, and miscellaneous 
causes of sudden death. Diagnostic laboratories provide an 
array of tests and analytic procedures based on the needs 
of veterinarians in their service areas. Use of these facilities 


and sudden 


to support a definitive diagnosis is essential in sudden death 
cases. Diagnosis is rarely based on a single item of evidence 
and usually requires input from multiple testing procedures. 
Unless the cause of death is apparent, some important con¬ 
siderations required for effective use of a diagnostic labora¬ 
tory include the following; 

1. A detailed history, which consists of the herd incidence, 
management changes, past medical problems, vaccina¬ 
tion records, new additions to the herd, a complete 
description of the environment, and a recognition of 
the frequency of animal observation. Owners and man¬ 
agers may not be candid for fear of being considered 
negligent. Inconsistencies among involved parties 
should be carefully evaluated. Recent changes in man¬ 
agement practices should be scrutinized, including 
feeding habits and whether there have been any ill¬ 
nesses in commingled animals. Animals trailed or 
transported for long distances or introduced onto unfa¬ 
miliar ranges often are poisoned by plant species nor¬ 
mally avoided by indigenous livestock. The likelihood 
of foul play should be considered without creating 
undue alarm. Assigning blame should be left to the dis¬ 
cretion of owners. Consideration of disgruntled former 
employees and equine insurance claims are particularly 
critical situations that may have legal implications. The 
precise cause of death is crucial for insured livestock 
{mostly horses) because of exclusion clauses in many 
insurance policies. Heavily insured horses should be 
subjected to a detailed, documented, and witnessed 
diagnostic evaluation. Toxicologic testing is especially 
critical in these cases. Evaluation of the environment 
before the animal is moved is necessary to eliminate 
questionable procedures in insurance claim cases. Evi¬ 
dence of struggling in the immediate area indicates a 
more protracted illness in contrast to collapse and 
death without a struggle. Suspicions should be aroused 
when evidence suggests the animal may have been 
dragged or carried to the current location. 

2. Ifte appropriate specimen is required by the diagnostic 
laboratory to perform the requested examination. Many 
cases of sudden death are attributed to central nervous 
system dysfunction; therefore it is necessary to remove 
the brain. Busy practitioners frequently do not take 
the time to remove thisorgan. Thereisa higher-than-nor- 
mal probability of a poison being involved in sudden 
death cases, especially in equine insurance claims. For 
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toxicologic examination, toxicants remaining in the G1 
tract must be considered, together with those in the 
major excretory organs, the liver and kidneys, 

3, The correct amount and preservation of the sample 
depends on the specific test. Medicolegal cases demand 
that stringent photographic and written documenta¬ 
tion, witnessing, and chain-of custody protocol be fol¬ 
lowed during necropsy and sample collection. The 
amount of die sample is particularly important for 
chemical analysis. Sending insufficient quantities of 
sample may preclude multiple testing procedures. In 
general 100 to 200 g of tissue or ingesta, 50 ml of 
urine, all fluid from both eyes, apd 5 to 10 ml of blood 
or serum suffice for most analytic procedures. A mid- 
sagittal cut through the brain is performed to allow 
freezing of one half for chemical analysis and formalin 
preservation of the other. When poisoning is suspected, 
samples from possible sources such as feed, water, 
baits, poisonous plants, and suspect materials should 
be submitted. Usually I kg of each is adequate. Samples 
submitted for chemical analysis should be frozen in 
individual containers and labeled with date, location, 
and identity of the specimen. Specimens for bacteriol¬ 
ogy and virology are to be packaged separately and 
chilled. Dry ke should be avoided because gaseous car 
bon dioxide may kill some infectious agents. Tissues for 
histopathologic examination require fixing in 10% for¬ 
malin with tissue slices 4 to 5 mm thick Suspected poi¬ 
sonous plants are properly preserved by placing them 
in a plastic bag with wet paper towels or by drying them 
between sheets of paper. 

CAUSES OF COLLAPSE AND 
SUDDEN DEATH 

Infectious Causes of Sudden Death in Horses 
(Box 14-1) 

Foal actinobacillosis is an acute fulminant septicemia caused 
by Actmahtfrif/us etfuiili, a gram-negative bacterium found in 
the upper respiratory tract, feces, and genital tract of normal 
adult horses. Predisposing factors to foal septicemia with 
any agent include prematurity, failure of passive transfer, 
dam malnourishmem during gestation, and environmental 
stress, A characteristic histologic finding is multiple bacterial 
emboli in renal glomerular capillaries without inflammatory 



Infectious Causes of Collapse and Sudden Death 
in Horses 


Acute colitis 

Babesiosis 

Botulism* 

Clostridial myopathy 

Ctojfridrym difficile diarrhea 

C/oJtridium perfringem eruerotoxemia 

Ctostridrum sofdrilii dysentery 

Equine monocytic ehrlichiosis (Potomac fever) 

Guttural pouch mycosis (hemorrhage From) 

Hemorrhagic enterotoxemia in foals 

Neonatal septicemia 

Neonatal diarrhea 

Salmonellosis* 

Tyzzer's disease 


•Likely to involve several animals. 
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infiltrate in neonatal foals. Acute anthrax may be rapidly fatal 
to horses after a period of excitement, depression, convul¬ 
sions, and coma. Isolating the causative agent from blood 
confirms the diagnosis. Babesiosis is an erythrocytic parasite 
that may cause death within 24 hours. Identification of the 
organism in blood smears or complement fixation testing 
for parasite antibodies confirms the diagnosis. 

Acute clostridial disease involving Clostridium septicum, 
Clostridium chauvoei, Clostridium novyi, and Clostridium per - 
fringens has been associated with intramuscular injections 
of various parenterals such as ivermectin, vitamin B complex, 
prostaglandin, antihistamines, and flunixin meglumine 
when asepsis has been ignored. Clostridial myopathies also 
are associated with deep stab or puncture wounds. Botulism 
in foals (shaker foal syndrome) is caused by Optiridium botu- 
fiftum (usually type B). Toxin may sometimes he demon¬ 
strated in feed and gut contents. The organism may be 
cultured from tissues or gut contents in loxico-infectious 
cases. Ctosfridmm sonfeJIii should be suspected in cases of 
foals having a history of colic, bloody diarrhea, and death 
within a few hours. 1 C. perfringem type C may induce a hem¬ 
orrhagic enterotoxemia and death in foals as young as 
4 days 1 Severe intestinal lesions are caused by the beta-toxin 
produced by this species. Organisms may be demonstrated 
in smears of intestinal contents. C. perfringens type D also 
induces sudden death in the most aggressive foals in group¬ 
feeding situations. Similar enterotoxemia also has been asso¬ 
ciated with toxin-producing Clostridium difficile* and Barter- 
aides fragilis 4 

Equine monocytic ehrlichiosis (Potomac fever), caused 
by Ehr/ic/tia risticii, is a severe colitis with diarrhea and dehy¬ 
dration, followed by ileus, endotoxemia, and death in adult 
horses, Diagnosis is based on clinical findings and antibody 
and antigen detection using immunofluorescent antibody 
(IFA) and enzyme-linked immunosorbent assay (ELISA) 
methods, respectively. Guttural pouch mycosis often results 
in nonfatal intermittent unilateral epistaxis. Occasionally a 
single episode of severe epistaxis from rupture of an aneu¬ 
rysm in the internal carotid artery may result in sudden 
death. Necropsy reveals blood in the nasal passages and gut¬ 
tural pouch with a diphtheritic plaque in the dorsocaudal 
aspect of the medial compartment. Salmonellosis is respon¬ 
sible for many cases of acute enterocolitis, especially when 
several animals are involved. The peracute syndrome may 
resemble colitis-X in mature horses with a course of 6 to 
12 hours. Horses may die before diarrhea develops. Post¬ 
mortem diagnosis is based on isolation of Salmonella spe¬ 
cies from bowel contents, bowel wall, and/or associated 
lymph nodes. Tyzzer's disease h a rapidly developing fatal 
hepatitis of foals. The incidence is sporadic, and, because 
of the peracute development, clinical signs may not be 
observed before death. Diagnosis is based on histologic 
demonstration of the bacilli in bundles within hepatocytes 
surrounding necrotic areas. 


Infectious and Parasitic Causes of Sudden 
Death in Ruminants 

Infectious causes of sudden death range from acute septice¬ 
mias and toxemias to rupture and release of abscess contents 
into the systemic circulation (Box 14-2), A liver abscess ruptur¬ 
ing into the caudal vena cava; endocarditis, especially of the 
right atrioventricular valve, with subsequent pulmonary 
thromboembolism; and the rupture of a pituitary abscess are 
occasional causes of sudden death in individual animals. Acute 
anthrax and the clostridial infections, as well as ingestion of 
their preformed toxins, are more common causes of sudden 
death in ruminants. Anaplasmosis may cause sudden death 
in mature cattle under stress, without apparent icterus. In these 
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Infectious and Parasitic Causes of Collapse and Sudden Death in Ruminants 


Abscess rupture at liver hilus or pituitary 
Anaplastnosb* (R) 

Anthrax* 

Black disease, infectious necrotic hepatitis 

Blackleg 

Botulism* 

Bovine lymphosarcoma 

Clostridium hemolyticum , bacillary hemoglobinuria, red water* 

Clostridium perfringens, enterotoxemia 

Coliform mastitis 4 

Endocarditis 

Leptospirosis 


Listeriosis (C O) 

Liver flukes (Q) 

Malignant catarrhal fever (B) 

Mycoplasmosis (C) 

Neonatal septicemia 
Neonatal diarrhea 
FasteurelJosis, septicemic* (O) 

Pseudorabies 

Salmonellosis* 

Septic metritis 

Ihromboembolir meningoencephaiomyelitis* (Hj 


B, Bovine; C, caprine; O, ovine 
'likely to involve several animals. 


cases anthrax may be mistaken for anaplasmosis because of the 
gross enlargement of the spleen. Andpksma organisms may be 
demonstrated in blood smears, whereas newer diagnostic 
methods involve indirect fluorescent antibody and DNA 
probes. Of ail domestic animals, cattle are the most susceptible 
to clostridial infections in which tissue invasion is present 
(blackleg). Because of this, vaccination status is important to 
ascertain. In addition, a fluorescent antibody test and isolation 
of the bacterium confirm the diagnosis, C. perfringens of vari¬ 
ous types is responsible for heavy losses caused by enterotoxe¬ 
mia in calves, lambs, kids, and feed lot cattle in apparent good 
health and on Full feed, C. perfringens type D has been asso¬ 
ciated with focal symmetric encephalomalacia in lambs, 5 Cofr- 
form mastitis may result in peracute systemic disease and rapid 
death if not treated early. Diagnosis is based on culture of the 
organism from the affected gland. I^pwspira may cause an 
acute septicemia with hemolytic anemia and rapid death in 
young ruminants. Demonstration of leptospires in fresh urine 
or by immunohistochemical staining of tissues may assist in 
making the diagnosis, Jhe course of 1 isteriosis in sheep and 
goats is rapid, and death may occur in 4 to 48 hours after 
the appearance of clinical signs, 6 Bacteriologic culture (isola¬ 
tion) or immunohistochemical staining of the organism in tis¬ 
sues is diagnostic. Acute fascioliasis {Fasciola hepaticu) occurs 
seasonally in sheep and may cause sudden death within 6 
weeks of initial infection. Anaerobic conditions induced by 
flukes in hepatic parenchyma predispose mminants to the 
highly fatal clostridial hepatopathies such as Clostridium hemo¬ 
lyticum infection. Evidence of fluke infection is grossly visible. 
Peracute malignant catarrhal fever (MCF) is a sporadic cause 
of sudden death in cattle that is usually associated with con¬ 
tacting ovine carriers, but most animals with MCF have diar¬ 
rhea, keratitis, and other obvious clinical signs for days 
before death occurs. A septicemic form of mycoplasmosis has 
induced rapid death in kids. 7 Isolation of the causative organ¬ 
ism is diagnostic. Sudden death is the usual manifestation of 
septicemic pasteurellosis in lambs. Pseudo rabies is a consider¬ 
ation in sudden death cases of ruminants having contact with 
infected swineherds in the Midwestern United States, Brain for 
microscopic examination and virus isolation should be sub¬ 
mitted to confirm the diagnosis. Acute septicemic salmonello¬ 
sis mainly affects young ruminants and may result in death 
within 24 hours. Acute septic metritis usually occurs secondary 
to complications of parturition. Endotoxic shock and rapid 
death may occur in severe cases. Thromboembolic menin- 
goeneephalomyelitis caused by / laemophilus somnus is a pera¬ 
cute septicemic disease of young calves. Many cattle die 
without showing clinical signs. It may be associated with prior 


respiratory problems in the herd or feedlot. Typical lesions or 
isolation of the causative organism is diagnostic. Adult lym¬ 
phosarcoma associated with bovine leukemia vims can be a 
cause of sudden cardiac death when neoplastic cells infiltrate 
the cardiac conduction system. 

Metabolic and Nutritional Causes of Sudden 
Death in Horses 

Hypocalcemia in horses is most common in lariating mares, 
but it also occurs after transiL Animals may develop tetany, 
synchronous diaphragmatic flutter (thumps), muscle tre¬ 
mors, and sweating. Low serum calcium is diagnostic. White 
muscle disease (nutritional myodegeneration) is associated 
with selenium and vitamin E deficiency. Sudden death in 
adult horses after severe exercise is attributed to degene rative 
lesions in cardiac and skeletal musculature. Death in foals 
may occur within hours from pulmonary edema and heart 
failure. Diagnosis is based on measuring whole blood and/ 
or liver selenium and vitamin E concen trations. 

Metabolic and Nutritional Causes of Sudden 
Death in Ruminants 

Metabolic and nutritional diseases often are not considered 
in cases of sudden death. The primary lesion in a disorder of 
cattle known as 'Tailing disease"' is progressive fibrosis of 
the myocardium. Sudden deaths characteristic of the disease 
are attributed to exercise-induced heart failure. H Rapid 
development of hypocalcemia usually is associated with 
the onset of lactation in cattle, with stressful circumstances 
in older lactating ewes, or with transport associated with 
fasting and weather stress. Hypomagnesemia also may 
develop under similar conditions, especially in ewes and 
cows in heavy lactation and on lush grass pastures. Pofioen- 
cephalomalacia occurs most commonly in animals raised 
under intensive production techniques and can sometimes 
be traced to excessive sulfates in the diet and/or water, t he 
clinical course tends lo be most rapid in sheep. Severe cases 
of ruminal lactic acidosis, especially in animals unaccus¬ 
tomed to high levels of soluble carbohydrate in the diet, 
may induce death within 24 hours. Nutritional myodegen¬ 
eration of the heart is a frequent cause of sudden death in 
young ruminants bom to dams fed selenium-deficient diets 
during gestation. Diagnosis is based on histopathology and 
measurement of liver selenium concentration. Some cases 
of sudden death associated with myocardial necrosis are 
idiopathic. 9 







Cardiovascular Causes of Sudden Death In Horses 

Diagnosis of sudden death caused by cardiovascular failure 
depends on a careful and methodic technique (Box 14-3). 
Usually a single animal is affected. Necropsy is necessary' to 
identify the location and characteristics of the lesion, and fur¬ 
ther analysis may be necessary to establish the exact cause of 
death Aortic ring (root) rupture in stallions usually is seen 
early in the breeding season, occurring immediately after ser¬ 
vicing a mare. Rupture of the aorta may occur just distal to the 
aortic valve, resulting in cardiac tamponade and rapid death. 
Acute central nervous system embolism results from 
detached thrombi originating from endocarditic lesions or 
accidental intracarotid injection. Cerebral hematoma also 
can result from intracarotid injection. Endocarditis, espe¬ 
cially of the aortic valve, may result in coronary thromboem¬ 
bolism and myocardial infarction. Coronary occlusion as a 
result of damage induced by Strongyfus vulgaris larvae can be 
diagnosed by the presence of the larvae in the coronary 
thrombus. Massive abdominal or thoracic hemorrhage is 
found at necropsy, and the cause may be difficult to ascer¬ 
tain. 10 Racehorses mostly die from severe hemorrhage in 
the thorax. Myocarditis in horses up to 4 years of age resulting 
from recent respiratory infection may be diagnosed with his¬ 
topathologic examination Pericardial rupture and the asso¬ 
ciated heart damage is a result of violent trauma Splenic 
rupture and fatal hemonhage rarely occur because of the pro- 
teciion afforded by the thoracic wall. Massive thrombi of ver¬ 
minous origin have been observed in young horses that die 
suddenly while exercising Uterine arterial rupture involving 
ovarian, uteroovarian, uterine, or external iliac arteries is 
observed in older mares, with death ensuing in 30 minutes 
to 20 hours’ postpartum 

Physical Causes of Sudden Death in Horses 

fatal air embolism can result from any open vein above the 
heart. Open needles or catheters and severe head wounds 
involving teeth and sinuses have resulted in sudden death 
from air emboli. Air is aspirated into the vein by the Venturi 
effect from blood surging past a portal and creating the nec¬ 
essary negative pressure to aspirate air into the vein. 
Between 700 and 6000 ml of air may produce a fatal air 
embolus in the right cardiac ventricle, where h obstructs 
the pulmonary artery. Cecal or colonic rupture in parturient 
mares results in sudden death within 8 hours. 11 

Physical Causes of Sudden Death in Ruminants 

Physical causes of sudden death often display gross evi¬ 
dence indicative of the diagnosis Abomasa! bloat occurs 
in calves and lambs drinking excessive quantities of warm 
milk replacer at infrequent intervals Abomasal ulcers 
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occasionally may perforate and cause rapid death in calves 
or adult cattle. Ruminal bloat is one of the more common 
physical causes of sudden death in intensively raised rumi¬ 
nants. When differentiating postmortem from antemortem 
bloat, note that bloat is the primary cause of death when 
there is congestion and hemorrhage in the anterior parts 
of the carcass and edema in the scrotal and ventral perineal 
areas. Bloat and hypersaliva lion are the most consistent 
clinical signs seen in cases of choke. Attempts to swallow 
firm fruits, tubers, or green ears of corn may occlude the 
esophagus and result in rapid ruminal tympany and death. 

Sudden death is a major concern in feedlois because 
most such deaths occur in cattle near market weight. Cl dis¬ 
turbances are seen with a high frequency in cattle in the late 
stages of the feeding program. Sudden death is the result of 
interactions among factors such as rumen acidosis, bloat 
and endoioxemia. 

Exposure to high-voltage currents in the form of light¬ 
ning or electrical transmission wires may cause instanta¬ 
neous death. Ihe diagnosis of lightning strike is based on 
a history of an electrical storm, linear singe marks, food in 
ihe mouth, several animals dead in the same vicinity, and 
evidence of lightning damage in the immediate environ¬ 
ment. Gunshot wounds may* be deliberate or accidental, 
but in arty case involving sudden death the head or heart 
is the usual target Bullets may pass through or lodge in 
obscure locations, making retrieval difficult. Radiography 
can assist in locating a bullet. Heatstroke is a sporadic 
condition characterized by hyperthermia and collapse. High 
humidity, dehydration, obesity, and poor heat tolerance 
associated with young or old age are all factors that predis¬ 
pose animats to overheating. Summer slump induced by 
consumption of endophyte-infected fescue potentiates the 
heat intolerance. Internal bleeding may cause sudden death 
when a uterine artery is ruptured during parturition. This is 
readily apparent on necropsy. Tracheal edema, or "honker" 
syndrome, of feeder cattle is seen sporadically in feed lot 
cattle of the southern plains during hot weather. The 
pathoanatomic basis of this syndrome is extensive edema 
of the mucosa and submucosa of the lower trachea, with 
attendant dyspnea and obstructive asphyxiation. Increased 
respiratory movements stimulated by hot weather or exer¬ 
cise 1 rigger the clinical illness, especially in heavy cattle 
during the latter pan of the feeding period. 12 Traumatic 
reticuloperitonitis or reticulopericardilis is associated with 
lack of oral discrimination in cattle. Sudden death occurs 
because of acute hemorrhage or dysrhythmia when the 
heart is punctured. 

Toxic Causes of Sudden Death in Horses 

Toxic causes of sudden death are frequently related to man¬ 
agement practices. An increase in specific disease syndromes 
or sudden death in a population of livestock with common 
potential exposures suggests involvement of a toxicant. 
Investigation of the premises and a familiarity with poison¬ 
ous plants and pesticides used in the practice area should 
help narrow the list of possible causative agents (Box 14-4), 
Horses ingesting a lethal dose of the aviride 4-aminopyr- 
idine have died within 2 hours of the onset of clinical signs 
Diagnosis is based on chemical analysis of stomach con¬ 
tents fatal doses of arsenic-containing pesticides may 
induce cardiovascular collapse and death in horses within 
hours of ingestion. Ihe presence of edema and fluid in the 
Cl tract suggests the diagnosis, and chemical analysis of 
Gl tract contents, liver, or kidney confirms it. Black flies 
swarm where swiftly flowing water provides the aeration 
necessary for the development of larvae. Massive attacks 
of these blood sucking insects can rapidly kill livestock 


BOX 1 


Cardiovascular Causes of Collapse and Sudden Death 
in Horses 


Aortic ring (root) rupture 
Central nervous system embolism 
Coronary occlusion 
Endocarditis 

Massive abdominal or thoracic hemorrhage 

Myocarditis 

Pericardial rupture 

Splenic rupture 

Thrombi of verminous origin 

Uterine arterial rupture 
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Toxic Causes of Collapse and Sudden Death 
in Horses* 


4 - Amino pyTidi Of 
Arsenic 
Black flies 
Cantharidin* 

Ferrous fumarate 
Fusarium monoliforme- 
assodated mycotoxicosis 
Insulin and potassium 
Monensiit* 

Nitrogen dioxide 
Organophosphate and 
carbamate insecticides 
Toxic plants 
Acer rubrum (red mdple} 


•Likely 10 involve several animals. 


because a toxin present in the saliva of the flies increases 
capillary permeability. 13 Cantharidin poisoning can occur 
after ingestion of 4 to 5 g of blister beetles. Lesions sugges¬ 
tive of cantharidin toxicosis include blistering and ulcera¬ 
tion of mucous membranes of the Cl and urinary tracts 
and myocardial degeneration and necrosis, Sustained 
hypocalcemia and hypomagnesemia are features of the 
clinical pathology consistent with blister beetle poisoning 
Identification of blister beetles in the hay and chemical 
analysis of urine and Cl contents are suitable for diagnos¬ 
tic confirmation. In the past, ferrous fumarate, present in 
digestive inoculate and administered to foals immediately 
after birth, resulted in death in some cases in 12 to 9G 
hours. This illustrates the acute toxicity of iron to young 
animals in particular. Lesions induced were those of gross 
liver damage, fusarium mom/i/orme-contaminated corn 
causes rapid death in horses after the sudden onset of 
bizarre neurologic deficits and behavioral effects. The 
lesion of this mycotoxin-induced leukoencephalomalatia 
is Uquefattive necrosis in the subcortical white matter. 

High intravenous doses of insulin 14 and potassium 15 
induce sudden death without significant lesions. Chemical 
detection is often overlooked and very difficult to perform 
and interpret in cases of deliberate poisoning. Immediate 
analysis of blood and circumstantial evidence of needle 
punctures in the jugular furrow are of diagnostic value. 
Monensin is quite toxic to horses, and fatal poisoning can 
occur within 12 hours of ingestion of poultry feed contain* 
ing lOOg/ton or cattle premtxes containing 300g/ton. 
Lesions related to heart failure are seen on postmortem 
examination. Tissues collected for microscopic examination 
should include bean and diaphragm. Chemical analysis of 
feed samples and stomach contents will confirm exposure. 
Toxic gases such as nitrogen dioxide, hydrogen sulfide, 
and carbon monoxide may be responsible for sudden death 
in horses housed in poorly ventilated buildings with asso¬ 
ciated gas sources nearby. Organophosphate and carbamate 
insecticides may induce acute intoxication and death within 
hours. Diagnosis is based on a history of exposure, determi¬ 
nation of acetylcholinesterase activity in the caudate 
nucleus of the brain, and chemical detection of specific 
compounds in gut contents. 

Circumstances surrounding toxic plant ingestion and 
diagnosis of intoxication are described in the ruminant sec¬ 
tion of this chapter. Ingestion of wilted Acer rwfirum (red 
maple) leaves may induce massive methemoglobinemia. 


causing marked tissue anoxia and death, 16 Red maple poi¬ 
soning usually occurs during the late summer and early fall 
when trees are in full leaf Ready access to wilted leaves 
follows windstorms, Ririmu communis, or castor bean, is 
also unique to this section. Seeds of this plant contain a 
phytotoxin called ritin, which causes severe enteritis and 
rapid death in horses. About 150 beans (50 g) are sufficient 
to kill a 450-kg horse. Diagnosis can be verified by fi nding a 
toxic amount of ingested seeds in the gut contents, 

Toxic Causes of Sudden Death in Ruminants 

Intoxication of livestock is frequently suggested as a simple 
explanation for very complex situations involving sudden 
death. Suspicions are warranted when a large number of 
animals die suddenly within a short lime. Toxicants should 
be considered when the appearance of a disease or sudden 
death is temporally associated with a change in the environ¬ 
ment (Box 14-5). An accurate diagnosis in many of these 
cases requires qualitative and quantitative analyses for sus¬ 
pect poisons. Selecting toxicants for which to analyze 
requires reasoned judgment supported by an extensive 
investigation of the environment and postmortem findings. 

The avicide 4-aminopyridine usually is formulated with 
com, making it a palatable poison for nontarget herbivo¬ 
rous livestock. Diagnosis is confirmed by chemical analysis 
of rumen contents or urine. Anticoagulant intoxication 
may induce sudden death when hemorrhage occurs in the 
cranial vault, abdominal cavity, pericardial sac, mediasti¬ 
num, or thorax. The antemortem or postmortem sample 
for chemical analysis is whole blood or liver. Failure to 
detect an anticoagulant is not unusual because of the time 
lag between consumption and presence of the dotting 
defects, as well as the metabolism of the compound. Arsenic 
derivatives are a significant hazard to ruminants, especially 
in areas where such chemicals are widely used as cotton 
desiccants. Postmortem findings are consistent with micro- 
vascular injury to the Cl tract. Diagnosis is confirmed by 
chemical analysis of rumen contents, liver, or kidney. Tn 
rare cases large doses of botulinum toxin may cause sudden 
death in ruminants. Sources of the toxin include the bones 
of dead animals eaten by osteophagic livestock, poultry car¬ 
casses in manure fed to cattle, stagnant pond water, animal 
tissues in silage or baled hay, and improperly ensiled silage 
or haylage. 

Acetylcholinesterase-inhibiting agents such as the carba¬ 
mate and organophosphate pesticides can kj]t livestock 
within hours. Agricultural practices result in the use of these 
pesticides in close proximity to livestock. This situation may 
lead to disaster. Acetylcholinesterase activity in the caudate 
nucleus of the brain is readily determined and interpreted, 
and specific compounds may be identified in rumen con¬ 
tents. Toxic gases such as carbon monoxide, hydrogen sul¬ 
fide, and nitrogen dioxide become important differentials 
for sudden death in Tuminants housed in poorly ventilated 
buildings, particularly over waste pits. Chlorinated hydrocar¬ 
bon pesticides do not enjoy the widespread use they once did; 
however, old containers remain in obscure locations on 
many farms. When acute intoxication with these compounds 
is suspected, samples for analysis should include liver, brain, 
and rumen contents. In subacute cases fat and milk are appro¬ 
priate samples. Copper toxicosis is a frequent cause of sudden 
death in sheep and has been reported in cattle fed chicken Ut¬ 
ter. 17 Cattle feeds normally contain twice as much copper as 
sheep feeds and may cause copper toxicosis in sheep. Copper 
from treated fence posts also may poison sheep that either 
chew the posts or ingest contaminated forage in the vicinity. 
Samples required for chemical confirmation consist of whole 
blood or serum and liver. Close proximity of livestock to 


Blue-green algae* 

Cicum species (water 
hemlock) 

Comum mdculatum (poison 
hemlock) 

Cyanogenic plants 
Melibim species 
(sweet dover) 

Nerittm species (oleander) 
Nicotiana species (tobacco) 
Ricinm communis 
(castor bean) 

Ttvcus species 
(Japanese yew) 
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BOX 14*5 


Toxic Causes of Collapse and Sudden Death in Ruminants* 


4-Aminopyridine (Avitrol), an avicide 

Anticoagulants 

Arsenic 

Botulism* 

Carbamates 
Carbon monoxide 
Chlorinated hydrocarbons 
Copper (B, O) 

Crude oil 

Cossypol* » 

Hydrogen sulfide gas* 
lonophores* 

Lead* 

Metaldehyde 

4-Methyl-imidazole, bovine bonkers syndrome (B, O) 
Nicotine sulfate 
Nitrogen dioxide gas* 

Organ ophosph axes 
Selenium, parenteral overdose 
Strychnine 

Urea, nonprotein nitrogen* 

Water deprivation, sodium ion toxidiy 
Toxic plants 

Aconium spedes (monkshood) 


Asckpias spedes (milkweed) 

Blue-green algae* 

Gi/yrant/iuji fertilis (hubby bush) (B) 

Ciorta species (water hemlock) 

Con rum wtitculdtutn (poison hemlock) 

Cyanogenic plants 

Delphinium species (larkspur) (B) 

Drymaria pachyphylia (inkweed) 

Hdbgeton gtomeratus (halogeton) (O r B) 
Kalmia species (laurels) 

Ketfwii jcaparia (summer cypress) 
laburnum iinagyrmdes (golden chain tree) 
Lupinus spedes (lupine) (O) 

Mditoms spedes (sweet clover) 

Nerium species (oleander) 

Nicotiana spedes (tobacco) 
Nitrate-accumulating plants 
Perilla frutescens (perilla mint) 

Phalarii spedes (canary grass) (O) 
Sarctitwrui wTHiitWata (greasewood) (B, O) 
Solamtm species (nightshades) 

TdJrui species (yew) 

Xanthism species (cocklebur) (B, O) 
Zigadentts spedes (death camas) (O) 


B t Bovine, O, ovine. 

Likely to invoke several animals. 


petroleum exploration and production activities in the major 
oil-producing states results in a variety of clinical problems, 
including sudden death. 18 Consumption of the more volatile 
petroleum constituents may induce rapid bloating and coat¬ 
ing of the respiratory membrane when these substances are 
aspirated into the lungs. Cossypol toxicosis reportedly causes 
death without premonitory signs in calves (occasionally 
cows) and Iambs fed cottonseed products containing this 
toxic pigment, 1 *' 20 Poisoning appears abruptly after livestock 
have been fed the go ssypol-containing ration for a period of 
weeks to months. Sudden death is attributed to heart failure. 
Postmortem examination reveals edema, centdlobular 
hepatic necrosis, and an enlarged heart, lonophores may 
induce sudden death in species exposed to large overdoses, 
but delayed death is the usual course. Conditions conducive 
to lethal overdose include insufficient mixing or top dressing 
with monensin- or lasalorid-supplemented mineral. Degen¬ 
erate ve-to-necrotic lesions in the heart are compatible with a 
diagnosis of ionophore poisoning. 

Acute lead intoxication is another differential from the 
list of possibilities in sudden death cases. Lead poisoning 
is the most common toxicosis in cattle. Blood, liver, and 
kidneys are suitable specimens for lead analysis, Metalde¬ 
hyde is an uncommon poison for ruminants; however, 
intoxication in cattle has occurred in low wetland areas 
where the chemical is used as a molluscicide. The palatabil- 
ity of metaldehyde baits promotes ingestion. Ammoniation 
of high-quality forage such as forage sorghum and Sudan 
grass, cereal grain, brome, and fescue hays is responsible 
for bovine bonkers syndrome, reportedly caused by the for¬ 
mation of 4-methyl-imidazole. 21 'fhis sporadic intoxication 
causes central nervous system derangement and rapid death 
in cows and nursing calves. Ruminants may be poisoned by 
nicotine sulfate from ingestion of solution, treated foliage, 
and food or water from contaminated containers. The onset 
and progression of the syndrome are rapid, and death may 
occur within hours. Detection of nicotine in urine is easily 


performed by most toxicology laboratories. Iatrogenic sele¬ 
nium toxicosis and death in young ruminants can result 
from parenteral administration of excess doses. Rapid onset 
of violent tetanic seizures ending in death characterizes 
strychnine toxicosis. Samples suitable for chemical analysis 
include rumen contents, liver, and urine, 

Llrea toxicosis is a frequent cause of sudden death in feed- 
lot livestock. In one particular case, 43 feedlot steers died 
within 2 days of delivery of a new lot of feed supplemented 
with urea? 2 Unusually high rumen pH, excess ammonia in 
serum, rumen contents, and eyeball fluid support the diag¬ 
nosis. Water deprivation, with attendant sodium ion intoxi¬ 
cation, is a known cause of sudden death in ruminants. 23 
Some cases occur in hot weather, but frozen water supplies 
in cold weather can be equally as devastating. 

Poisonous plant problems frequently present a unique 
set of circumstances associated with their ingestion. Over- 
grazing of pastures is probably the most significant factor 
affecting the ingestion of toxic plants, Other situations con¬ 
ducive to poisonous plant ingestion include lack of suitable 
forage in periods of drought and the incorporation of toxic 
forbs in hay or greenchop. Plants normally avoided because 
of poor payability may become acceptable when frosted or 
sprayed with herbicide. Toxic plants also may be the first 
green plant available early in the spring, when livestock 
are hungry for anything green and succulent. Livestock 
trailed or transported for long distances without food or 
water and then suddenly introduced to new pasture may fail 
to avoid toxic plants and often will eat anything within 
immediate reach, in general, diagnosis of plant poisoning 
is based an availability, grazing evidence or presence in 
the hay, and the existence of plant pans in the rumen con¬ 
tents. Diagnostic lesions are usually lacking, and analytic 
methods for toxic components are severely limited 

Aconitum species (monkshood) rarely are a cause of sudden 
death because of their limited availability, De/pftimum spedes 
(larkspur), however, are closely related to monkshood and 
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are responsible for more cattle losses in the western United 
States than any other poisonous plant. Larkspur grows in 
dense stands in the mountainous West and is readily con¬ 
sumed, especially during an early stage of growth. Mature 
stands are less palatable and not as toxic. Cattle poisoned 
by larkspur often are found dose to a stand, collapsed and 
bloated. Death from the cardiotoxic and neuromuscular 
blocking effects may occur within a few hours of ingestion. 
Sheep are less susceptible to larkspur and are seldom poisoned 
by it, partly because of their different grazing habits. 24 
Ascleptw species (milkweed) contain either cardioactive glyco¬ 
sides or neurotoxic compounds. 2S The most toxic species 
reside in the western and southwestern United States. These 
plants are not very palatable but are somewhat less objection¬ 
able when dried. Livestock will graze them in a drought, but 
the biggest problem is contamination of hay or greenchop. 
Blue-green algae may cause sudden death in all classes of 
livestock within minutes of ingestion of toxins from certain 
neurotoxic spedes. Toxins from other hepatotoxic species 
may require 24 hours to induce death. Toxic blooms occur 
sporadically during certain environmental conditions of late 
summer and fall. Diagnosis is usually based on a history of 
exposure to a concentrated bloom, but some laboratories 
perform chemical and bioassays. 

Cafyramfftus spedes (bubby bush) contain an alkaloid 
similar in structure and mechanism of action to strychnine. 
These species are of minor importance to the livestock 
industry in the Southeast and West but have induced death 
in cattle. Seeds and other plant parts may be identified in 
rumen contents, Ctcufa species (water hemlock) may induce 
violent convulsions and death within an hour. Intoxication 
is most common in early spring, when plants growing along 
waterways are easily uprooted and the tuberous parts are 
eaten. A single root system from a large plant can kill a 
cow. This is one of the most toxic plants in North America, 
and it has been responsible for the deaths of numerous live¬ 
stock and humans. Cdnttfm maculatum (poison hemlock) 
grows throughout the United States. Cattle are most sensi¬ 
tive, and sheep are relatively resistant. Poisoning is usually 
associated with heavily grazed pastures. 

Cyanogenic glycosides are present at toxic concentrations 
in more than 250 plant genera, including Sorghum, Prunes, 
Triglochin, and Linurn, Ruminants are especially susceptible 
to these glycosides, as they possess die microorganism 
enzyme systems necessary for rapid liberation of hydrocya¬ 
nic acid. Death may occur within 15 to 30 minutes of inges¬ 
tion. Hyperoxygenated venous blood will be cherry red and 
slow to clot, and rumen contents may have the odor of 
almond extract. Samples of forage, blood, and rumen con¬ 
tents should be collected immediately, placed in airtight 
containers, and frozen for analysis. Negative results are 
often questionable because of the highly volatile nature of 
hydrogen cyanide, Drymaria pachyphylla (inkweed) has 
caused sudden death in cattle in the southwestern United 
States, The differential diagnosis in this pan of the country 
includes anthrax. Diagnosis is based on examination of 
rumen contents for plant pans. 

Halogeton gbmeratus is a soluble oxalate-containing plant 
that grows best in disturbed soil along roadsides in the 
western intermountain states. Snrtotaus vermiculata (grease- 
wood) grows in semiarid regions of the West. It also con¬ 
tains toxic levels of soluble oxalate. Unadapted sheep are 
most frequently intoxicated with these plants, and death 
may occur within 9 to 11 hours of onset of intoxication. 
Sudden death results from hypocalcemia and inhibition 
of cellular respiration. Postmortem findings include hemor¬ 
rhagic rumen iris, hydrothorax, ascites, and the presence 
of oxalate crystals in the kidney and rumen wall, Kalmia 
spedes (laurel) are an occasional problem in winter or early 


spring, when they are the only conspicuously green plam 
available. Laurel grows in the wild in the eastern and western 
regions of the United States, Death may occur in 12 to 14 
hours. Fragments of glossy, leathery leaves may be visible in 
rumen contents. Kochia scoparia (summer cypress or burning 
bush) sporadically causes a thiamine-responsive polioence- 
phalomalacia in cattle. Ltbumum anagyroides (golden chain 
tree) is a large ornamental shrub considered to be the second 
most poisonous plant in Great Britain. It also grows in much 
of the United States, The shrub contains quinolizidine alka¬ 
loids that may induce rapid death from respiratory failure, 
Lupinus is a genus with about 200 species in North America, 
There is considerable seasonal variation in toxicity, with the 
toxic spedes presenting a problem when plants are very 
immature or when they have reached the seed pod stage. 
Acute intoxication and rapid death are likely only when large 
quantities of seeds are ingested within a short time, Toxic spe¬ 
cies cause more deaths in sheep than any other plam in Mon¬ 
tana, Idaho, and Utah. Improperly cured hay and silage 
derived from Aidifoius species (white and yellow sweet clo¬ 
ver) may cause sudden death in cattle when hemorrhage 
occurs in the cranial vault pericardial sac, mediastinum, or 
thorax. Induction of the disease requires consumption of 
the moldy forage for several weeks to allow sufficient deple¬ 
tion of vitamin K-dependem cloning factors. Nerium spedes 
(oleander) are widely cultivated in the South and West. Toxic 
in the green or dry state, these plants may border hay fields, 
and significant mortality of livestock may occur when 
dropped leaves or trimmings are incorporated into forage. 
Livestock often are poisoned when pruning^ are mixed with 
grass dippings and the hitter taste is disguised. Diagnosis is 
based on evidence of consumption and identification of 
plam pans in rumen contents. 

The genus Nroomma contains toxic species of wild and 
cultivated tobacco. Poor payability usually hinders con¬ 
sumption; however, opportunities for intoxication and death 
sometimes occur in areas of the West where forage is scarce 
and in parts of the country where tobacco is cultivated. 
Nitrate-accumulating plants indude certain annuals, weeds, 
and cool-season crops and grasses. Notable examples indude 
pigweed, lambs-quarteis, Sudan grass, and oat hay. Under 
the right environmental conditions most plants can accumu¬ 
late toxic concentrations of nitrate. Plant-associated nitrate 
poisoning is a serious problem only in ruminants because 
of the nitrate-reducing ability of rumen microbes. Onset of 
nitrate intoxication is rapid, and death may result within 6 
to 24 hours of rapid ingestion of a toxic dose. Diagnosis is 
based on a brownish cast to the viscera and blood, together 
with chemical analysis of serum, aqueous humor, and forage 
for nitrate concentration. 

Acute bovine pulmonary emphysema is associated with 
an abrupt change from dry range forage to lush green pas¬ 
ture high in L-tryptophan concentration. Less commonly, 
the pulmonary toxins of PeriUa frutescem (perilla mint) can 
induce dyspnea and death in a few hours. Necropsy reveals 
incomplete collapse of lungs that are heavy and firm, with 
froth-filled airways. Histologic examination shows a prolif¬ 
eration of type II pneumoeytes. Phatorts species (canary 
grass) recently were reported to have caused sudden col¬ 
lapse and death of sheep in California, 26 Sheep that had 
been grazing a field containing canary grass were herded a 
short distance when six ewes collapsed and died. Bilaterally 
symmetric, greenish-gTey discoloration was seen in the mid- 
brain. The same gross discoloration also was seen in the 
renal cortex. Microscopic examination confirmed the pres¬ 
ence of intracytoplasmic accumulation of this granular pig¬ 
ment Solarium species (nightshades) grow throughout the 
United States, especially in waste areas and overgrazed pas¬ 
tures. Rapid ingestion of large quantities of highly toxic fruit 



can result in coma and rapid death. Tajruj species (yew) poi¬ 
soning in ruminants commonly results in sudden death. 
Poisoning is most likely to occur when ruminants are pas¬ 
tured adjacent to residential areas where yew is a common 
ornamental shrub. Diagnosis is based on evidence of expo¬ 
sure and identification of yew leaves in rumen contents. 
Xantfiium species (cocklebur) are most toxic at the cotyle¬ 
donary stage of growth. These species may induce death in 
calves within 12 hours of onset of clinical intoxication. 
Hypoglycemia and eentrilobular hepatic necrosis are consis¬ 
tent findings. Zigadenus species (death camas) are of major 
importance to sheep grazing on western ranges. These 
plants begin growth in early spring, presenting a significant 
hazard at this time. 37 

Miscellaneous Causes of Sudden Death in Horses 

Allergic reactions capable of causing sudden death include 
rupture of warble fly larvae. Warble fly Larvae are seldom 
able to penetrate equine skin, and the fully matured larvae 
either die or are killed when the horse is saddled or har¬ 
nessed. Anaphylactic shock results, and pulmonary edema 
and foam in the airways are found on necropsy. Penicillin 
or other antibiotics may cause an anaphylactic reaction with 
a similar outcome. 

Perinatal sudden death may occur in foals as a result of 
meningeal hemorrhage caused by birth trauma. The sudden 
onset of profuse, watery diarrhea and rapid development of 
hypovolemic shock characterize colitls-X. A severe necrotic 
typhlitis is seen at necropsy, with destruction of colonic 
and cecal mucosa. Diaphragmatic rupture and hernia are 
associated with violent exercise or trauma, with or without 
bowel herniation. Electrocution occurs when a horse chews 
through or comes into contact with an uninsulated hot wire 
while well grounded. Death is instantaneous, usually with 
negative necropsy findings. Lightning strike may reveal 
burning or singeing of skin, hair, or underlying tissue. Gl 
maladies that may cause sudden death indude volvulus, 
intussusception, torsion, incarceration, gastric rupture from 
grain overload, tympanites, and small intestine rupture 
from ascarid impaction. 

Gunshot wounds may be another cause of sudden death 
that is surprisingly difficult to verify, as bullet retrieval is 
necessary to establish the diagnosis. Finding the bullet 
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lodged in tissue is a time-consuming task at best. Heat or 
work stress is seen in horses in hot, poorly ventilated quar¬ 
ters or in poorly conditioned horses overworked in hot, 
humid weather. Collapse and coma are followed by death 
in a few hours. Necropsy reveals skeletal and cardiac muscle 
damage. Cl ulceration, and renal necrosis. In pregnancy, 
unrecognized and untreated torsion of the gravid uterus 
may result in sudden death. 

Exercise-induced respiratory tract injury may cause sudden 
death in we11-conditioned horses . 2$ Epistaxis and pulmonary 
hemorrhage occur at the peak of training, with most cases 
being of little concern. However, in fatal cases horses that 
die immediately after exercise often have subpleural hemor¬ 
rhages in the caudal lung lobes, and rupture of these hemato¬ 
mas has resulted in extensive intrathoradc hemorrhage and 
sudden death. Rupture of lung tissue while exercising also 
may result in fatal hemorrhage. 

Serum sickness (acute hepatitis) can be traced to admin¬ 
istration of biologies of equine origin 50 to 90 days before 
the onset of clinical signs. Death may occur within 12 to 
48 hours. The main lesion seen is liver necrosis with discol¬ 
oration and accentuation of the lobular pattern on the cut 
surface* Fracture of the junction between the basisphenoid 
and basioccipital bone usually results from rearing over 
backward and striking the poll on the ground. 


Miscellaneous Causes of Sudden Death in Ruminants 

Fatal anaphylaxis occurs in sensitized animals after paren¬ 
teral use of drugs or vaccines. This is most common with 
the penicillins and vaccines containing gram-negative bacte¬ 
ria or cell walls. Anaphylactic shock also may be an out¬ 
come of blood transfusion reactions. Immune-mediated 
hemolytic anemia (neonatal isoerythrolysis) from ingestion 
of colostrum-containing antibodies against a neonate's ery¬ 
throcytes may induce sudden death if the specific antibody 
concentration is sufficiently high. A sudden death syndrome 
occurs in feeder cattle on high-concentrate diets. It usually 
occurs in warmer months and is limited to cattle fed high- 
concentrate rations for several weeks.A malignant tumor 
that has been associated with sudden death is the thymoma, 
or thymic lymphosarcoma, seen most commonly in old 
goats. It appears as a large, pale, fleshy mass in the cranial 
mediastinum. 30 
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Anemia, 312(f), 3M(r) 

Apgar score, low, 264(f) 

Asphyxia, 253 

Assessment of fetal viability, 2S0 
Assessment of the mare during late 
gestation, 243 

Bacterial infection, treatment, 330 
Basic fluid therapy, 326 
Cyanosis, 323(f), 365(f) 

Diarrhea in foals, 315 
Diarrhea in neonatal ruminants, 340 
Distended or painful abdomen, 
306(f), 339(f) 

Effects of placental insufficiency, 246 
Failure to thrive—cachexia and weak 
calf syndrome, 366 
Fever, 322(f), 365(f) 


Fluid and drug therapy, 326 
Heart murmur, 324(f), 366(r) 
High-risk neonatal foal, 243, 262 
Icterus, 322(f), 364(r) 

Induction of parturition, 

247(f), 2S0(r) 

Lameness and reluctance to walk, 

319(f), J«(r) 

Management of the high-risk, late* 
gestation mare, 247 
Nutritional support, 328 
Oliguria and stranguria, 323 
Patent urachus, omphalitis, and 
other umbilical abnormalities, 
321(f), 364(r) 

Perinatal adaptation, 252 
Peripartum ruminant, 248 


Physical examination, 264(f), 275(r) 
Postpartum care* 274(r) 
Prematurity, 247(f), 250(r) 
Prevention of infections, 329 
Respiratory distress, 301(f), 336(r) 
Respiratory support, 330 
Resuscitation, 258 
Seizures, 299(f) 

Sepsis, 282 

Sepsis score, positive, 284 
Supportive care, 325 
Umbilicus abnormal on ultrasound, 
270(f) 

Weakness (paresis) and/or 
depression, 298(f)> 366(r) 
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The Peripartum Period 
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THE PERIPARTUM EQUINE 


ASSESSMENT OF THE MARE DURING 
LATE GESTATION 

WENDV £. VAALA 

GUY 0. i£5TEJ* 

It has been estimated that between 25% and 40% of 
mares that are bred do not produce a live IbaL 14 Many 
factors contribute to this poor outcome, including infer* 
tility, early fetal loss, abortion, stillbirth, and perinatal 
deaths During late gestation, two of the most important 
causes of reproductive loss are fetoplacental infection 
and complications of delivery including dystocia and 
perinatal asphyxia. 3 5 As mares age, their pregnancy and 
foaling rates decline and their foals experience higher 
morbidity and mortality rates and decreased athletic 
ability Y* 

A 1997 National Animal Health Monitoring System 
(NAHMS) study of 7320 foals estimated a mortality rate of 
1.7% within the first 48 hours of a live birth. 6 This includes 
an estimate of euthanasia and spontaneous deaths. Sepsis, 
asphyxia, and dysmaturity, including prematurity and post- 
maturity syndromes, are the leading causes of neonatal foal 
mortality during the first two weeks of life. Despite dramatic 
advances in neonatal intensive care, many foals still die, not 
because their primary problem is untreatable, but because 
veterinary intervention was delayed, delivery was unat¬ 
tended, neonatal compromise was not recognized in a timely 
fashion, or critical care was unavailable or not economically 
feasible. Foals surviving severe peripartum illness often expe¬ 
rience increased morbidity associated with chronic infec¬ 
tions. suboptimal growth, or developmental orthopedic 
disease. Therefore the focus of equine neonatology has 
shifted from a strictly therapeutic approach to a preventative 
one. This new direction emphasizes assessment of feto¬ 
placental well-being during late pregnancy The three peri- 
parturient events that have the most devastating effect 
on neonatal survival are hypoxia, infection, and derange¬ 
ment of in utero development. These events can result 
in behavioral abnormalities, multiorgan system failure, 
neonatal death, abnormal fetal development, or premature 
delivery. 

Many of the periparturiem events associated with in¬ 
creased fetal and neonatal morbidity and mortality have 
been identified in the mare (Box 15-1). In human obstet¬ 
rics* prepartum detection of placental dysfunction and fetal 
distress has become an important factor influencing the 
management of the last stages of pregnancy and the new¬ 
born infant, Following the lead in human perinatology* 


clinicians are developing biochemical and biophysical tech¬ 
niques for monitoring fetoplacental well being in the preg¬ 
nant mare. 7 10 Mares with high-risk pregnancies should be 
identified early, treated appropriately, and monitored care¬ 
fully through the birth process. Accurate assessment of fetal 
well-being is complicated and difficult in the human being 
Fetal monitoring in the equine species is less developed and 
is handicapped by the size of the dam and fetus. 

Vaala has suggested that mares experiencing problem preg¬ 
nancies be assigned to one of three categories: (1) mares with 
histories of abnormal pregnancies, deliveries, or newborn 
foals; (2) mares at risk for a problem with the current preg¬ 
nancy because of systemic illness or reproductive abnormality; 
(3) mares that have no apparent risk factor but that experience 
an abnormal periparturiem event 10 A list of important perina¬ 
tal risk factors is presented in Box 15-2. Ideally, mares with 
high risk pregnancies should receive some type of late gesta¬ 
tion fetal monitoring or at least be carefully watched during 
late gestalion and attended at the delivery. Personnel attending 
the delivery of a high-risk foal should be trained in resuscita¬ 
tion techniques. 

A variety of biochemical and biophysical parameters can 
be measured in the late-term mare or fetus. Measurement of 
maternal progestagen concentrations in plasma may pro¬ 
vide an indicator of fetal well-being. Maternal progestagen 
concentrations are relatively stable between days 150 and 
315 of gestation, rising sharply over the remainder of the 
pregnancy before a large fall in the last 1 to 2 days before 
parturition Progestagens are synthesized by the fetus and 
by the uteroplacental tissues. Two abnormal progestagen 
patterns have been described. 11 ■ 14 In acute maternal ill¬ 
nesses, such as colic or torsion of the uterus, the progesta¬ 
gen concentration declines hours to days before abortion. 
In these mares progestagen concentration may fall to less 
than 2 ng/mL 14 In chronic disease states, such as laminitis 
or placentitis, there is a premature rise in the plasma proges¬ 
tagen concentration that can persist for weeks before 
abortion or premature delivery. 11 It has been suggested 
that a premature increase in maternal progestagens could 
reflect hastened or precocious fetal maturation. Removal 
of the stressful event can lead to normalization in progesta¬ 
gen concentrations and the subsequent delivery of a 
normal-term foal. Progesterone radioimmunoassay (RIA) 
and enzyme-linked immunosorbent assay (EUSA) can be 
used to quantitate progestagens, Measurement of progesta¬ 
gens may be indicated to determine the need for progestin 
supplementation. 15 

An EUSA has been developed to measure equine fetal pro¬ 
tein, and elevated concentrations were associated with twin¬ 
ning placentitis, premature placental separation, uterine 
trauma, and fetal death. ltUfl Additional studies are required 
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Common Cutes of Abortion, Stillbirth, 
and Perinatal Death in Hornet 


INFECTIOUS PROBLEMS (IN ORDER OF FREQUENCY) 

Fetoplacental infection 
Bacterial infections 
Viral infections 
Fungal infections 
Unidentified causes 

NOMINEE CTIOUS PROBLEMS (IN ORDER OF 
FREQUENCY) 

Neonatal asphyxia not associated with dystocia 

Neonatal asphyxia associated with dystocia 

Placental edema 

Premature placental separation 

Twin pregnancies 

Contracted foal syndrome 

Other congenital malformations 

Umbilical cord abnormalities 

Placental villous atrophy 


From CUci R(L Donahue JM. Hong Cl. et il Causes of abortion, stillbirth* 
and perinatal death in W*rv 352? cases {1916-199 lj, t Am VVr Mrd Asmoc 
JOT 1170. 1993. 

before this test can be applied accurately in a clinical setting. 
Another reproductive hormone that holds promise as a 
marker of fetoplacental well-being and periparturient com¬ 
plications in the marc is relaxin. lire placenta is the primary 
source of relaxin in horses. 17 In healthy pregnant mares 
relaxin concentrations increase from about day 80 to a peak 
of 80 to lOOng/mL at day 175, which persists until 


birth . l * t9 In mares with problematic pregnancies, low 
relaxin levels during late pregnancy have been indicative of 
placental insufficiency associated with a variety' of causes 
including fescue toxicosis,oligohydramnios, placentitis, 
and pituitary neoplasia.^ 1 

Several studies have demonstrated that ultrasound- 
guided transabdominal amniocentesis and alLantocemesis 
can be performed relatively safely in the late-gestation mare 
as long as the procedure is performed asepiicalty and multi¬ 
ple attempts are not made However, the clinical useful¬ 
ness of fetal fluid analysis in the horse remains to be 
determined Studies attempting to relate the phospholipid 
profile in amniotic fluid with equine fetal lung maturation 
have been inconclusive to date. ICU7 *“ Transabdominal- 
gqided ultrasound amniocentesis has been used to detea 
experimentally induced equine herpesvirus 1 (EHV-1) fetal 
infection in utero 24 This technique holds promise as a diag¬ 
nostic aid to detea specific fetal diseases and as a potential 
therapeutic avenue to deliver medication in utero. 

Elearolyte concentrations in prepartum mammary secre¬ 
tions may be monitored to predict impending parturition 
in the mare. As parturition approaches, the mammary con¬ 
centration of sodium decreases and concentrations of po¬ 
tassium and calcium increase. An elevation in calcium 
concentration to over 40 mg/dL (10 mmol/L) is considered 
the most reliable indicator of readiness for birth and may 
be used to help determine whether eleaive induction or 
cesarean section should be performed The increase in cal¬ 
cium occurs over the last 72 hours of gestation.Test 
strips are commercially available to measure calcium and 
magnesium concentrations in a field setting (Predict-a-Foal 
test, Animal Health Care Products, Vernon, CA; FoalWatch 
kit, Chemetrics, Calverton, VA). The mammary concentra¬ 
tion of potassium increases and the mammary sodium 


BOX IS-2 


Conditions Associated with the High-Risk Foal 


MATERNAL CONDITIONS 
Past History 

Foals with neonatal isoeryihrolysts, neonatal maladjustment 
syndrome, congenital malformations 
Prematurely bom, postterm foals that appear premature, or 
asphyxiated foals 

Dystocia or premature placental separation 
Foal rejection 

Recent exposure to infectious diseases associated with abortion 
and stillbirths, such as equine herpesvirus, viral arteritis, 
Leptospira species 

Systemic Problems 

Fever 

Anemia or hypoproteincmia 
Endoioxemia 

Gastrointestinal crisis, such as large bowel torsion 

Malnutrition 

Severe systemic infection 

Laminilis 

Prolonged recumbency from a variety of neurologic or 
musculoskeletal problems 
Excessive medication administration 
Prolonged transport before parturition 

Reproductive, Mammary Gland, or Localized Problems 

Severe endometrial fibrosis 
Hydrops allantois or amnii 
Purulent vaginal discharge 
Ptepubic tendon rupture 


Pelvic injuries 

Agalactia, such as from grazing on fescue pastures 
Failure to produce good-quality colostrum 
Premature lactation 

ABNORMALITIES OF LABOR OR DELIVERY IN 
CURRENT PREGNANCY 

Premature parturition 
Abnormally Long gestation 
Prolonged labor 
Induction of labor 
Dystocia 

Early umbilical cord rupture, umbilical cord abnormality 

Cesarean section 

Premature placental separation 

NEONATAL ABNORMALITIES 

Meconium-stained fluid of neonate 

Placental disease—eg, placentitis, villous atrophy, edema 

Twins 

Orphan 

Delay in or lack of intake of colostrum 
Dysmaiuruy or prematurity 
Exposure to infectious diseases, such as influenza 
Trauma {birth, predators, mother) 

Adverse environmental conditions 

Failure to be up and nursing by 2 to 3 hours of age 

Congenital abnormalities 

Weakness, poor appetite 



concentration decreases over the final 7 days of the gesta¬ 
tional period. The mammary concentration of potassium 
typically exceeds that of sodium between l and 5 days 
before foaling. This has been used by some as a predictor 
of birth, although a recent study concluded that the use of 
mammary electrolyte concentrations was not reliable 
because of individual variability both in raw concentrations 
and in percent changes. 27 

An arbitrary scoring system using calcium, sodium, and 
potassium concentration in the mammary secretions to assess 
fetal maturity has been described. 2 ® False-positive results— 
that is, values that inaccurately predict imminent foaling— 
have been associated with vaginal discharge, placentitis, and 
premature lactation. False-negative results occur commonly 
in mares with systemic illness or in animals that have under- 
gone general anesthesia. In many mares the changes in the 
electrolytes occur only within hours of delivery, so if moni¬ 
toring is not performed frequently, the changes will be 
missed. 10 -* 7 - 2 * The decision on whether or not to induce par¬ 
turition in a mare should not be based on the results of this 
type of testing alone. 

Fetal heart rate (FHR) monitoring is routinely used in the 
human fetus to detea fetal distress, particularly hypoxia, dur¬ 
ing late gestation and labor and delivery. Doppler ultrasound 
is the most common technique used for FHR monitoring this 
technology has been adapted for use in the mare. 20 First the 
fetal heart is located using an ultrasound transducer, then 
the Doppler transducer is placed on the mare's abdominal 
wall directly over the fetal heart. Fetal movement is deteaed 
by a pressure transducer or by a hand placed on the mare's 
abdomen. Continuous FHR monitoring for at least 10 min¬ 
utes is preferred to better detea abnormalities in heart rate 
and rhythm, Use of M-mode echocardiography makes it eas¬ 
ier to obtain an FHR measurement because of the rapid 
motion of the normal equine fetus. Heart rate is normally reg¬ 
ular and decreases from greater than 120 beats per minute 
(bpm} before day 160 of gestation to between 60 and 90 in 
late gestation* 20 51 An average of 10 heart rate accelerations 
(25 to 40 bpm) was observed in a 10-minute period; 95% 
of these were associated with fetal movement. 29 Cardiac 
accelerations in response to fetal movement are an indicator 
of fetal well-being. Cardiac rhythm should be regular. Persis¬ 
tent bradycardia is associated with fetal distress and is 
mediated by a vagal response to hypoxemia. Severe tachycar¬ 
dia and arrhythmias have been associated with impending 
fetal demise. Although persistent feu! tachycardia and brady¬ 
cardia suggest fetal compromise, normal heart rate alone 
does not guarantee that the fetus is healthy. Prolonged peri¬ 
ods of fetal inaaivity in the absence of maternal sedation 
are also suggestive of fetal compromise. 

A fetal electrocardiogram (EGG) may also be used to assess 
FHR and fetal heart rhythm after day 150 of gestation. 30 '* 1 
The procedure is relatively easy to perform. 'Hie left arm elec¬ 
trode is placed on the dorsal midline of the mare at the lum¬ 
bar region, and the left leg electrode is placed 15 to 20 an 
cranial to the mare's udder on the ventral midline. The hair 
should be dipped, and ample gel or alcohol should be placed 
to ensure good contact of the electrodes. Poor fetal signals 
may result from poor elearode contact or placement, fetal 
movement, or electrical interference. 10 

Transabdominal ultrasonography allows noninvasive 
evaluation of the intrauterine environment and fetal well- 
being. A biophysical profile (BPP) using five parameters is 
used in women to evaluate fetal distress late in preg¬ 
nancy. 32 ' 3 * The BPP evaluates the following; fetal tone, fetal 
movement, fetal breathing, FHR reactivity (i,e„ increased 
FHR during fetal activity), and amniotic fluid volume. The 
BPP was predicated on the theory that during asphyxia the 
most complex activity, FHR reactivity, disappears first 
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followed sequentially by fetal breathing, fetal movements, 
and feta! tone. Decreases in fetal fluids are associated with 
chronic intrauterine stress and hypoxia, dysmaturity, and 
placental insufficiency. 34 

Transabdominal ultrasonography can be used in the 
mare to evaluate the equine fetus after day 90 when the 
gravid uterus contacts the ventral abdominal wall. This tech¬ 
nique is used more commonly during the second and third 
trimesters. Recent studies have focused on the development 
of a modified BPP using FHR reactivity, feta! activity, fetal 
breathing movements, qualitative and quantitative fetal 
fluid assessment evaluation of placental integrity, and mea¬ 
surement of fetal size. Transducers with lower frequencies 
(2 to 4 MHz) are required because of the deep tissue pene¬ 
tration needed. The mare's ventral midline must be cleaned 
and dipped from the level of the umbilicus caudally to the 
mammary gland, and a viscous coupling gel applied. Mini¬ 
mal maternal restraint is usually required. Chemical seda¬ 
tion should be avoided because drugs such as xylazine 
and detomidine induce fetal bradycardia and retard fetal 
movement. 

In the pregnant mare, transabdominal ultrasonography 
has been used to detect twins, document fetal position, esti¬ 
mate fetal size using fetal aortic diameter, evaluate fetal 
aaivicy, evaluate placental integrity, determine fetal fluid 
clarity and volume, and monitor FHR and fetal breathing. 
After 9 months of gestation most fetuses are in an anterior 
presentation and are unlikely to change that presentation 
before delivery. 3 * The mean fetal thoracic aortic diameter 
averages between 2,2 and 2,5 cm in horse fetuses * Fetal 
activity increases with advancing gestational age, and FHR 
decreases. During late gestation the equine fetus should 
demonstrate good tone and moderate activity with only 
brief episodes of inactivity (<20 min). During the last 
month of gestation the FHR averages between 60 and 
90 bpm with transient bouts of tachycardia (25 to 40 bpm 
above baseline) observed during or immediately after fetal 
activity. Fetal breathing is charaaerized by excursion of 
the diaphragm between the thorax and the abdomen, with 
accompanying ribcage expansion. Regular breathing move¬ 
ments are observed intermittently in most late-term fetuses. 
It is difficult to differentiate fetal from maternal breathing 
movements. Hie maximum ventral fetal fluid pocket depths 
average 8 cm for amniotic fluid and 13 cm for allantoic 
fluid, 8 Excessive fetal fluid accumulation is observed in 
cases of hydrops. Markedly decreased amounts of fetal 
fluids have been associated with placental dysfunaion and 
the birth of a dysmature, hypoxic foal. As gestation ad¬ 
vances, fetal fluids increase in turbidity. Sudden increases 
in turbidity may be associated with meconium passage, 
hemorrhage, or inflammatory debris. Average uteroplacen¬ 
tal thickness viewed transabdommally ranges between 
8 and 15 mm, 6 Thicker uteroplacental units may indicate 
placental edema, placental separation, or placentitis. Areas 
of separation between the uterus and chorion appear as 
black anechoic areas. 

Transabdominal real-time ultrasonography can provide 
both stmaural and functional information about the health 
and environment of the fetus. Because of the depth of pen¬ 
etration required, 2- to 4-MHz transducers should be used. 
As in other procedures involving ultrasonography, familiar¬ 
ity with the normal appearance of the placenta and fetus is 
essential to detect abnormalities. Details on how to perform 
the evaluation can be found in other texts. 20 ' 36 3 * In the 
mare this procedure has been used in late gestation to deter¬ 
mine fetal position, estimate fetal size, evaluate the placenta 
and fetal fluids, detect premature placental separation, and 
assess fetal movement and viability. 10 ' 37 Overall, fetal activity 
tends to increase with advancing gestational age; periods of 
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inactivity longer than 15 minutes may indicate the need for 
further evaluation, A BPP has been developed that uses several 
parameters to establish an idea of the size and overall health of 
the equine fetus. 3 29 35 The parameters include fetal weight as 
estimated by the fetal aortic diameter {mean 2,1 cm at 300 
days' gestation to 2.7 cm at term), heart rate, movement utero¬ 
placental thickness (mean 1,26 ± 0.33 cm), qualitative allan¬ 
toic fluid appearance, and allantoic volume estimation. 
Additional studies are needed to establish the validity of this 
profile in predicting fetal health or compromise in a larger 
group of mares. 

EFFECTS OF PLACENTAL INSUFFICIENCY 

The effects of uteroplacental vascular insufficiency on the 
newborn depend on the severity of placental compromise 
and the severity and duration of prenatal and perinatal 
asphyxia. Conditions associated with chronic asphyxia in 
the large animal fetus include chronic placentitis, villous 
atrophy, twin and postterm pregnancies, ingestion of endo¬ 
phyte-infected fescue grass by the pregnant mare/ 0 and 
ingestion of ponderosa pine by pregnant cattle. 41 

If decreased uteroplacental blood flow is long-standing, 
growth is concomitantly inhibited in the fetus. The pattern 
of growth retardation associated with chronic placental 
insufficiency is usually asymmetric. This type of growth 
retardation is characterized by visceral wasting with relative 
preservation of fetal length and head circumference. Af¬ 
fected human infants are expected to be long and thin, with 
loss of subcutaneous fat and a large head relative to the 
body size. The same is probably true in the large animal 
neonate. It has long been recognized that twin equine neo¬ 
nates and other abnormally small foals tend to have heads 
that are disproportionately large for their small, wasted 
bodies. 42 

In placental vascular insufficiency the fetus has the ability 
to avoid overgrowing its nutrient supply and to maximize 
organ growth. Under metabolic stress there is a fetal amiinsu- 
lin response, with loss of fat and glycogen stores and muscle 
mass. Associated with the decrease in uteroplacental blood 
flow is an increase in uterine and fetal vascular resistance, 
and redistribution of cardiac output, with a greater percent¬ 
age of blood flow going to organs such as the brain and heart. 
Unless uteroplacental insufficiency is very severe, brain 
growth continues at a relatively normal rate. In the human 
fetus the redistribution of cardiac output also results in 
decreased blood flow to the lung and kidney and decreased 
production of fetal urine and lung liquid, two major compo¬ 
nents of amniotic fluid. A decrease in amniotic fluid volume 
is therefore associated with chronic fetal asphyxia. The regula¬ 
tion of these adaptations is not completely understood, but 
corticosteroids, catecholamines, and vasopressin, among 
others, play a role. 4 *' 44 

It is thought that repeated episodes of hypoxemia during 
gestation slowly deplete cardiac glycogen stores and impair 
the ability of the heart to effectively pump blood during 
subsequent hypoxemic episodes, such as during labor. The 
newborn with depleted glycogen stores may also be at 
increased risk of developing hypoglycemia and hypother¬ 
mia. Meconium aspiration and persistent arterial hyperten¬ 
sion in the newborn period are secondary to chronic fetal 
hypoxia. Immature skeletal ossification, particularly of the 
carpal and tarsal bones, has also been associated with 
growth retardation in the foal. 42 

There are certain advantages associated with fetal adapta¬ 
tion to chronic placental insufficiency. Growth -retarded pre¬ 
mature human infants have a lower incidence of hyaline 
membrane disease than babies of the same gestational age 


who are appropriately sized. 45 Presumably, fetal hormones, 
such as the corticosteroids and catecholamines that are 
released in response to nutrient deprivation, stimulate the 
early maturation of the lung and surfactant system. Acceler¬ 
ated neurologic maturity has also been documented, along 
with accelerated pulmonary maturity. 46 Therefore the fetus 
that has been chronically exposed to an adverse in utero 
environment may be in some ways more tolerant of pre¬ 
mature delivery and independent life outside the uterus 
than the "normal'" fetus that is abruptly displaced through 
induction of labor or cesarean section. The low-birth- 
weight fetus therefore represents a successful adaptation 
to a nutrient-deprived environment. Its smaller size, 
decreased metabolic needs, and early organ maturation 
actually place it at lower risk for hypoxic injury at birth 
and aid its transition to independent life after delivery. 44 
Further discussion of the characteristics, treatment, and 
prognosis of growth-retarded premature foals may be 
found in Chapter 19. 

Premature lactation, purulent vaginal discharge, previous 
history of growth-retarded foals, advanced maternal age, and 
prolonged gestation are problems that should raise the suspi¬ 
cion of chronic uteroplacental insufficiency. The labor and 
delivery should be attended to minimize the chances of acute 
asphyxia. The newborn animal should be examined for 
evidence of growth retardation, infection (particularly in 
utero acquired pneumonia secondary to placentitis), and 
metabolic and add-base derangements. Ample colostrum 
should be administered, and body temperature and blood 
glucose should be monitored closely. 

One author has suggested that intrauterine growth retar¬ 
dation is unlikely to pose any substantial additional threat 
to the neurodevel op mem of premature human infants unless 
it is accompanied by chromosome abnormalities, severe peri¬ 
natal asphyxia, or hypoglycemia, or unless growth retardation 
is very severe/ 7 Human infants that display characteristics 
of asymmetric growth retardation commonly ""catch up" 
by late infancy or early childhood. Similar observations 
have been made in the foal. Many mildly to moderately 
growth-retarded newborn foals have also done well after 
discharge from the hospital and have grown to a normal 
size. Problems secondary to an immature musculoskeletal 
system, such as angular limb deformities, have been (he 
most common complications noted in these individuals, 
but careful orthopedic management can result in a success¬ 
ful outcome. 

PLACENTITIS 

Placentitis is a common cause of reproductive losses in 
horses in the United States. During the 1998-1999 foaling 
season in Kentucky, 24.7% of cases of aborted, stillborn, 
and premature foals were associated with placentitis/* The 
most common cause of placentitis is ascending infection 
from the lower urogenital tract via a relaxing cervix. A far 
less common route of infection is the hematogenous ave¬ 
nue, resulting in a diffuse or multifocal placentitis. Most 
cases of placentitis are the result of bacterial infection 
caused by typical equine pathogens including Streptococcus 
etjui subsp, zooepidemicus, Enterobacter agglomerate, Klebsiella 
pneumoniae , and Pseudomonas aeruginosa. In Kentucky and 
some other regions a slightly different form of placentitis 
has been recognized and is characterized by focally exten¬ 
sive placentitis located predominantly at the base of the pla¬ 
cental horns at the junction of the horns and the body of 
the placenta. The affected area is covered with thick, tena¬ 
cious, brown mucoid exudate, and the underlying chorionic 
villi are necrotic and absent or reduced in size. This form is 
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associated with infection with a group of gram-positive, 
branching filamentous Nocardwform -1 ike organisms. 4 * 

Clinical signs of placentitis include vaginal discharge that 
may be evident on the mare's vulva* tail* or inner thighs, 
premature udder development, and precocious lactation. 
Premature udder development is the result of placental 
compromise, fetal stress, a precocious increase in maternal 
progestagen concentration* and enhanced fetal adrenocorti¬ 
cal activity. Despite even voluminous vaginal discharge* 
most mares with placentitis do not become febrile and do 
maintain a normal appetite. The dam's hemogram and 
fibrinogen concentration usually remain within normal 
limits. Transrectal ultrasound can be used to identify pla¬ 
cental separation and uteroplacental thickening of the cau¬ 
dal uterine body. This region is most commonly involved 
in mares with ascending placental infection. Measurement 
of the combined thickness of the uterus and placenta 
(CRIP) is established. This measurement increases from 
approximately 6 mm at 7 months of gestation to 10 to 
12 mm at term. 4 ** 50 A measurement greater than 12 mm 
at 11 months or greater than 15 mm at 12 months is consis¬ 
tent with placental pathology. 4 * Measurement of CRIP 
alone can be misleading* and a recent recommendation 
involved monitoring of the CRIP by ultrasound along with 
determination of the maternal progestagen concentrations 
to give a more accurate assessment of fetal well-being 11 
Transabdominal ultrasonography can be used to evaluate 
other areas of the placenta to detect loss of placental integ¬ 
rity or increased uteroplacental thickening Measured using 
transabdominal ultrasound* the uteroplacental unit should 
be <16 mm during Tate gestation Other signs suggestive of 
placentitis include increased fetal fluid echogenicity* which 
may be the result of hemorrhage, purulent exudate of the 
brown mucoid material associated with Nocardiofortn pla¬ 
centitis* 51 If placentitis is severe enough to alter placental 
function* reduced fetal movement* loss of heart rate varia¬ 
bility* and absolute fetal bradycardia indicate fetal com¬ 
promise. 

Samples of vaginal discharge should be cultured* and 
Cram stains performed. The goal of maternal therapy is to 
treat the placental infection and maintain the pregnancy* 
provided there is no evidence of severe fetal distress or 
demise. In many cases, because the infection is of long 
duration, the fetus has been chronically stressed and there¬ 
fore is relatively mature for its gestational age and better 
prepared to tolerate premature birth. If placentitis is sus¬ 
pected, after delivery the foal should be considered a high- 
risk individual. Commonly encountered problems in the 
newborn foal that was exposed to placentitis are pneumonia, 
uveitis, growth retardation, incompletely ossified bones, and* 
sometimes* systemic sepsis. 

MANAGEMENT OF THE HIGH-RISK 
LATE-GESTATION MARE 

Each mare should receive a complete physical examination, 
and a complete foaling history should be obtained She 
should be evaluated regularly for clinical signs of impend¬ 
ing parturition (sacroiliac ligament and perineal relaxation* 
mammary development* and mammary secretion electro¬ 
lyte concentration). The reproductive tract may be evaluated 
by rectal palpation, and transabdominal ultrasonography 
may be performed at regular intervals to detea changes in 
the fetus, fetal fluids* or placenta. Prolonged periods of 
starvation are best avoided to prevent maternal hypoglyce¬ 
mia. 10 Estimation of progestin concentrations in the mater¬ 
nal circulation* using a commercial progesterone assay* 
is recommended. 11 


When treating the pregnant mare for any medical or sur* 
gital condition* there are two patients to consider the dam 
and the fetus. Any illness or disease that affects the mare's 
cardiovascular system has the potential to affect placental 
perfusion and the integrity of the fetoplacental unit. Hypo¬ 
tension* endotoxemia* and hypoxemia are examples of 
conditions that can alter uteroplacental blood flow and 
jeopardize the pregnancy. Diseases that stimulate prosta¬ 
glandin production have the potential to initiate labor and 
delivery. Illnesses that produce prolonged periods of an¬ 
orexia in the late-term mare can also lead to premature 
delivery. The effect of various drugs on the placenta and 
fetus should be considered when treating the pregnant 
mare. If delivery is not imminent* then many drugs will pass 
through the placenta) and fetal circulation and be cleared by 
the maternal liver and kidneys. Because of the epithelio¬ 
chorial nature of the mares placenta, some drugs will not 
cross the placental barrier at all. If drugs are administered 
to the mare and the fetus is delivered shortly thereafter* then 
the neonate must rely on its renal and hepatic function to 
process* degrade* and excreie those drugs. In most instances* 
as long as fetal well being and placental integrity are closely 
monitored* the goal of most therapies is to treat the mater¬ 
nal condition and maintain the pregnancy as long as possi¬ 
ble to achieve an acceptable degree of fetal maturation. 
Early data derived from late pregnant mares indicated that 
penicillin and gentamicin did not readily cross the fetal 
membranes, 52 53 However* recent studies using microdialy- 
sis probes inserted into the allantoic fluid of normal mares 
reported therapeutic concentrations of penicillin and gen¬ 
tamicin in the allantoic fluid after 22*000 lU/kg of potassi¬ 
um penicillin G (intravenous [IV) administration q6h) 
and 6.6 mg/kg gentamicin (IV q24h). M Studies in two 
mares with experimentally induced bacterial placentitis 
again confirmed passage of both drugs across the placenta. 
The combination of trimethoprim-sulfadiazine (30 mg/kg 
orally |PO] bid) and the phosphodiesterase inhibitor pentox¬ 
ifylline (B.5 mg/kg PO bid) also readily crosses the fetal 
membranes in both healthy mares and in animals with exper¬ 
imental placentitis, 53 55 In many cases medical treatment of 
the placental infection and prolongation of pregnancy is 
associated with a good outcome. Maternal treatment includes 
systemic antibiotics* flunkin meglumine, and altrenogest. 10 
Because of the usual presence of mixed gram-positive and 
gram-negative placental and fetal infections, a broad-spectrum 
antibiotic that reaches therapeutic levels in the fetus and 
fetal fluids should be selected. Therapeutic options include 
penicillin and gentamicin* trimethoprim-sulfonamide, and 
ceftiofiir. low doses of flunixin can be administered to 
decrease inflammation and prevent prostaglandin-mediated 
induction of delivery. Regumate (altrenogest) (10 to 20 mt 
PO q24h) U given to help maintain the pregnancy If there 
are large areas of placental thickening IV dimethyl sulfoxide 
(DMSO) (0.5 to 1 f^kg) can be administered to decrease pla¬ 
cental edema. Pentoxifylline has also been administered in 
attempts to improve placental perfusion 

If premature delivery appears unavoidable, then one or 
two doses of maternal steroids can be used with the hope 
of stimulating and accelerating fetal Lung maturation 
through enhanced surfactant production, In the high-risk 
mare, it Ls very important that the delivery be attended 
by knowledgeable personnel and that all supplies* drugs* 
and equipment required for diagnosing and correcting a 
dystocia and stabilizing the mare and foa) be organized and 
dose at hand. A spontaneous, vaginal delivery is generally pre¬ 
ferred in the high-risk mare* because of both the profound pro¬ 
blems associated with the untimely delivery of a premature 
foal and the complications sometimes associated with induced 
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labor or cesarean section, 56 - 57 (See Chapter 19, Prematurity.} 
There are instances, however, when an induced birth or cesar¬ 
ean section is indicated or preferred. 

Induction of parturition should be considered with the 
following: 

■ Severe fetal distress noted on prenatal assessment 

■ Evidence of premature placental separation or a history 
of premature placental separation associated with dead 
or asphyxiated foals 

■ Hydrops allantois and/or amnion 

» Unproductive stage I labor 

■ Uterine inertia 

■ Impending prepubic tendon rupture 

* Life-threatening maternal illness 

Indications for cesarean section may include the fol¬ 
lowing: 

■ Pelvic injury or abnormality resulting in obstruction of 
the birth canal 

■ Gastrointestinal crisis requiring surgery 

■ Severe dystocia 

■ Insufficient, thickened placenta associated with fescue 
toxicity in the mare 

“ Catastrophic and terminal illness or injury in the mare, 
such as gut rupture or fractured limbs 

If induction of parturition or cesarean section is elected, 
every effort should be made to ensure that the fetus is 
mature and is ready to be bom; the usual result of induction 
at an inappropriate time is a non viable newborn. Three 
essential criteria are a gestation of longer than 330 days, 
good-quality colostrum in the udder, and softening of the 
cervix. 56 The scheduling needs of the veterinarian or owner 
should never be the only criterion used for determining the 
timing of delivery. A slow continuous oxytocin infusion 
administered at a rate of 1 unit/minute usually results in 
delivery within 20 to 40 minutes. 10 Alternatively, multiple 
IV or intramuscular injections of 10 to 20 units of oxytocin 
every 10 minutes have been recommended, 56 - 5 * Other in¬ 
vestigators have shown that smaller IV doses of oxytocin 
(2.5 IU administered every 15 to 20 minutes until rupture 
of the chorioallantois or a total of 20 111 of oxytocin has 
been administered) is an effective, and perhaps more physi¬ 
ologic, method of induction. 54 

Induction of parturition in the mare has been associated 
with more violent painful contractions than spontaneous 
labor and a higher incidence of premature placental separation 
and neonatal asphyxiation. Cesarean section also predisposes 
to neonatal peripartum asphyxia. Maternal hypotension sec¬ 
ondary to general anesthesia and the weight of the maternal 
abdominal contents on the aorta and vena cava may both 
compromise uteroplacental circulation. For further details 
concerning anesthesia of the late-term mare, the reader is 
referred to other texts, 60 - 63 The management of a mare with 
hydrops amnion was recently described. 62 Abdominal support 
was used along with nonsteroidal antiinflammatory drugs and 
altrenogest to maintain the pregnancy up until day 321, when 
spontaneous delivery occurred. The delivery was complicated 
by uterine inertia, maternal postpanum hypovolemic shock, 
and cardiac arrhythmias, but both mare and foal survived. 


THE PERIPARTUM RUM INANT 

JOHN K. HOUSE 

The peripartum period is a high-risk period for the fetus and 
dam. Approximately 5% to 10% of the annual calf crop and 
15% to 20% of the annual lamb crop in the United States 
dies before weaning. 65 64 Between 50% and 70% of neona¬ 
tal mortality occurs in the first 3 days of life, with dystocia, 


starvation, and hypothermia responsible for 50% to 60% of 
these losses. 64 - 63 

Reduced fetal viability often reflects mismanagement of 
maternal nutrition and/or the maternal environment during 
the last trimester of pregnancy and/or the prepanum and 
peripartum periods. Investigation of perinatal morbidity 
and mortality should begin with assessment of maternal 
management Some of the more common causes of still¬ 
birth and perinatal mortality are listed in Box 15-3, 

Forty percent to 60% of stillbirths are associated with 
dystocia. Calves that survive dystocia are more likely to have 
edema of the head and tongue, making suckling difficult. 
They are also weak and exhausted and likely to be recum¬ 
bent for a longer period of time and expose themselves to 
more fecal pathogens, 66 Dystocia affects the uptake of immu¬ 
noglobulins by the calf, and calves that survive dystocia 
are more likely to become sick in the first 45 days of 
life, 67 Maternal variables correlated with dystocia and conse¬ 
quently calf mortality at birth include parity and conforma¬ 
tion. Dystocia and stillbirths in heifers are most commonly 
secondary to fetopelvic incompatibility, Feiopelvic incom¬ 
patibility accounts for a lower proportion of dystocias in mul¬ 
tiparous cows, but weak labor secondary to hypocalcemia, 
uterine torsion, and incomplete cervical dilation ate more 
common in older cows, 68 In a large study of Holstein calving 
records, 8.3% of calves born to heifers were stillborn com¬ 
pared with 3,6% of calves bom to multiparous cows. 65 
Dam pelvic diameter is an important determinant of dystocia 
for heifers, 70 Pelvic measurements can be used to identify 
abnormally small or abnormally shaped pelvises. Large frame 
size of the dam correlates with a reduced risk of dystocia; 
however, continued selection for large frame size tends to 
select for larger birth weight and dimensions of calves, 71 Age 
at first calving for heifers is not correlated with risk of dystocia 
as long as heifers are fed and managed to achieve appropriate 
growth and stature before calving. 72 ' 74 The risk of dystocia in 
heifers is increased by poor nutrition in the last trimester. 75 
Appropriate nutrition and management of replacement hei¬ 
fers to achieve appropriate size and stature at parturition 
reduces maternal and neonatal losses by reducing the inci¬ 
dence of dystocias. Maternal consequences associated with 
calving difficulty and delivery of a stillborn calf include 
decreased milk production and reduced reproductive effi¬ 
ciency. Reductions in milk production ranging from 100 to 
400 kg have been reported to be associated with the birth of 
a stillborn calf. If the stillborn calf is delivered by cesarean sec¬ 
tion, the reduction in milk yield is in the order of 300 to 
500 kg. 65 Delivery of a stillborn calf is also associated with 
depressed conception rates, increased services per concep¬ 
tion, and delayed conception. 

Use of calving ease bulls over primiparous cows helps to 
reduce the incidence of dystocia and subsequently mortality 
during parturition. The herilability of calving ease is relatively 
low; estimates of maternal calving ease range from 0,03 to 
0.24, 68 * 76 - 77 and paternal heritabilily is approximately 0,147, 
Despite the relatively low heri lability of calving ease, selection 
for calving ease should not adversely affect other production 
parameters in dairy cattle, as the genetic correlation between 
calving ease and other dairy production traits are generally 
close to O + 60 Calving ease evaluations are intended to increase 
the use of artificial insemination (Al) for heifers. To facilitate 
sire selection most breed associations provide guidelines re¬ 
garding calving ease or expected progeny difference for calf 
birthweights. An example of such a scheme is the calving ease 
and reliability values assigned to Al I lolstein bulls. In this sys¬ 
tem the calvi ng ease score is the expected percentage of difficult 
births predicted for calves delivered by primiparous cows 78 
The reliability score provides an indication as to the number 
of births that were considered in deriving the calving ease 
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BOX r 5-3 


Common Causes of Stillbirth and Perinatal Death in Ruminants * 3 * 4 ,M ,2S 

Dystocia 

Tritrichomonas foetus 

Cold stress 

Fungus 

Pneumonia (lambs) 

Aipergi/Jiu species 

Nutrition 

Rickettsia 

Energy deficiency 

Chlamydia species 

Protein deficiency 

CoxieQa burnetii 

Pregnancy toxemia 

Copper excess or deficiency 

TRAUMA 

Iron excess 

Obstetric trauma 

Iodine excess or deficiency 

Castration, tail docking 

Selenium deficiency 

Vitamin A deficiency 

TOXINS 

INFECTIOUS 

Plant toxins 

Monterey pine (Pin us nidi Ufa) 

Viruses 

Perennial broom weed (Gutierrezia microcephala) 

Infectious bovine rhinoiracheitis virus 

Locoweed (Astragalus lentiginosis) 

Bovine virus diarrhea 

Lupines (Lupinus sericeus and lupinus caudatus) 

Border disease 

Poison hemlock (Conium maculatum) 

Bluetongue 

Chemical toxins 

Akabane virus 

Nitrate 

: Cache Valley Virus 

Bacteria 

CONGENITAL 

Hemophilus somnus 

Epithdtogenesis imperfecta 

Brucella abortus 

Cardiac abnormalities (ventricular septal defects, tetralogy of 

ieptospira species 

Fallot) 

Ckumdiunj perfringem types C and D 

Internal hydrocephalus 

Streptococcus species 

Cerebellar hypoplasia 

Campylobacter species 

Arthrogryposis or cleft palate 

listeria monocytogenes 

fi-Mannosidosis 

Yersinia pseudotuberculosis 

Spider lamb syndrome 

Histophilus otfh 

tx-Mannosidosis 

Brucella avis 

Bovine riuuUinemia 

Campylobacter fetus var fetus 

Bovine maple syrup urine disease 

Protozoa 

Neospora 

Toxoplasma gondii 


score. The higher the reliability score, the larger the number of 
observations the calving ease score is based on and the more 
likely it is that the calving ease prediction will accurately reflect 
the outcome. 

Management variables that influence the risk of dystocia and 
perinatal mortality include stocking density of preparturient 
cows, timing of calving, and cow grouping. In a study of 
123 beef herds the dystocia rate was highest for cows housed 
in a bam and decreased progressively through bam-and-yard, 
bam-and-pa store, and pasture-only calving location cate¬ 
gories. 75 The most common cause of dystocia in penned hei¬ 
fers was vulval constriction, whereas dystocias in paddocked 
heifers were most commonly associated with malpresenu- 
tions/ 0 Calving beef heifers 6 weeks before cows has been 
recommended to allow the heifers longer to recover and con¬ 
ceive after calving than cows/ 1 In a herd level comparative 
study this practice was associated with a higher incidence of 
dystocia and stillborn calves. 75 Presumably because of better 
nutritional management, heifer dystocia rate is reduced the 
longer heifers are maintained as a separate group from cows 
before calving. 75 

Fetal variables that influence the risk of mortality include 
sex, size, and number. Calves bom to primiparous cows, 
twins, and bull calves are more likely to die at birth than 
calves born from multiparous cows, single calves, and heifer 
calves.** 2 -* 13 Low and high birth weight calves are at greater 
risk of mortality than average birthweight calves. 62 Small 
calves experience greatest mortality at parities greater than 


one, and large calves at first parity/ 3 Fetal viability may be 
compromised in utero by a number of infectious agents. 
Common infectious agents associated with abortion and 
or birth of weak calves are listed in Box 15-3. Manifestations 
of disease in the newborn are dependent on the time of 
exposure to the infectious agent. 

Environmental stress before or around the time of partu¬ 
rition can compromise the fetus or neonate. Heat stress 
affects fetal viability by impeding calf growth in the last tri¬ 
mester of pregnancy* 4 and by depressing colostral quality 65 
and immunoglobulin transfer/ 6 Uterine blood flow and pla¬ 
cental mass are reduced and endocrine profiles altered when 
cattle are heat stressed during the Iasi trimester of pregnancy. 
Heat stress during the last 3 weeks of pregnancy lowers dry 
matter intake, contributing to a negative energy balance at 
this time, promoting mobilization of body fat and ketogene- 
sis. Transfer of immunoglobulins to colostrum is impaired, 
and the concentration of protein, casein, lactalbumin, fat, 
and lactose in colostrum is reduced/ 5 Cold, windy, and wet 
conditions also adversely affect calf survival. The magnitude 
of the effect of climate on neonatal survival depends on the 
age of the dam. sex and size of the calf, and incidence of 
dystocia in the herd/ 1 Cold stress sufficient to cause hypo¬ 
thermia in calves leads to subcutaneous hemorrhages and 
delayed absorption of colostra! immunoglobulins/ 7 

Maintenance of adequate nutrition throughout preg¬ 
nancy is essential to provide for the growing fetus and to 
maintain a healthy dam capable of delivering and nursing 
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the fetus. Pregnancy toxemia, hypocalcemia, protein energy 
malnutrition, mitronutrient deficiencies and obesity may 
all impair the health of the fetus directly, or indirectly by 
affecting the health or capacity of the dam 10 deliver the 
fetus. Protein energy malnutrition and copper deficiency 
have been associated with impaired fertility, weak calves, 
and high calf mortality,* 8 

Assessment of Fetal Viability 

Fetal viability is rarely evaluated during the prepartum per¬ 
iod in production animals, but it is a serious consideration 
when the prepartum dam is diseased or debilitated. Assess¬ 
ment of fetal viability is diagnostically challenging, but a 
number of methods are available to evaluate the fetus and 
fetal environment. During the physical examination of cat¬ 
tle, uterine blood flow, uterine tone, and presence of a vag¬ 
ina! discharge may be evaluated via rectal palpation and a 
vaginal speculum examination. Reduced fremitus in the 
uterine arteries and increased uterine tone may be appre¬ 
ciated by rectal palpation after fetal death. Abdominal ultra¬ 
sound is useful for examining the uterus, placenta, and 
fetuses of small ruminants. The uterus and placenta of catde 
can be examined by transrectal ultrasound, but examination 
of the fetal calf via transrectal or transabdominal ultrasound 
is often compromised by limited access. Fortnightly ultra¬ 
sound of the uterus and placenta of recipient cows carrying 
cloned calves is conducted to detect evidence of hydroallan¬ 
tois and placental edema in these high-risk pregnancies. 80 
After fetal death, some of the following may be observed; 
thickening of the uterine wall, increased echogenicity of 
chorioallantoic and amniotic fluid, altered fetal posture, 
altered contour of the amnion, and reduced definition and 
ultimately reduced size of the caruncles,* Examination of 
the fetus may reveal gross congenital abnormalities, and 
ultrasound of the fetal chest allows visualization of a beat¬ 
ing heart and determination of FHR. The normal heart Tate 
of full-term lambs is 108 to 126 bpm. 00 Measuring the heart 
rate of fetal calves is more difficult than in small ruminants 
but can be achieved via transabdominal Doppler using a 
L5-Mhz probe. The normal heart rate of full-term calves is 
90 to 125 bpm, 01 In human medicine FHR is used as a mea¬ 
sure of fetal viability, FHR accelerations associated with fetal 
movement are considered a sign of fetal well-being and 
persistent bradycardia or tachycardia a sign of fetal stress. 02 
Normal FHR patterns of ruminants need to be characterized 
in more detail before FH R measurements are used for pre¬ 
natal clinical assessment of ruminant fetal well-being, 03 
Fetal loss associated with abnormal placemation occurs 
sporadically and is reflected by alterations in volume and 
composition of allantoic and amniotic fluid, in a study of 
60 cases of bovine hydrops, 88% were hydroallantois, 5% 
hydramnios, and 7% a combination of both, 04 Hydroallan¬ 
tois is often associated with disease of the uterus and 
hydramnios with genetic or congenital defects of the fetus 
(Dexter cattle with bulldog calves,. Angus calves with osteo¬ 
petrosis, Guernsey calves with pituitary h>poplasia or pitui¬ 
tary aplasia), 05 The concentration of sodium and chloride 
in allantoic fluid of cattle during the last 12 weeks of gesta¬ 
tion is normally low (Na = 52 ± 20 mmol/t and Cl — 17 ± 
11 mEq/L) and concentration creatinine concentration 
is high (1224 pg/mL ± 458). 0& With hydroallantois, allan¬ 
toic fluid sodium and chloride concentrations rise toward 
extracellular fluid concentrations (Na = 116 ± 18 and 
Cl = 81 ± 12 mEq/L), and allantoic creatinine concentra¬ 
tion decreases (193 ± 73 pg/mL). 06 Normal amniotic fluid 
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has electrolyte concern rations similar to those of plasma 
(Na — 132 ± 7 and C! — 115 ± 8 mEq/L) and a lower 
creatinine concentration than allantoic fluid (70 ± 26 pg/ 
mL). % Cows with hydroallantois are also often hyponatre- 
mic and hyperglycemic. 94 07 

Estrone sulfate is a marker of a viable fetoplacental unit 
and has been used to assess fetal viability in cattle. 08 Estrogen 
synthesized by embryonic tissue is converted to estrone 
sulfate by the endometrium, which contains the enzyme 
sulfotransferase. Estrone sulfate assays can be used to diag¬ 
nose pregnancy in small ruminants after 50 days 00 and in 
cattle after 100 days. 100 Estrone sulfate may be measured in 
plasma or milk 84100 ; baseline values are low after fetal loss, 
regardless of the stage of pregnancy. Compromise of the feto¬ 
placental unit reduces estrone sulfate production. In a study 
of the effects of heat stress on pregnant cattle, plasma estrone 
sulfate concentrations were significantly lower throughout 
pregnancy in cows that gave birth to low-birthweight 
calves. 84 Plasma concentrations of estrone sulfate rise slowly 
during the second trimester of pregnancy from 0,74 ng/mL 
to 3.66 ng/mL from day 90 to day 210 of pregnancy. The last 
trimester of pregnancy is associated with a rapid rise in 
the concentration of estrone sulphate to 13.36 ng/mL at 
approximately 10 days before parturition. 101 

In human medicine, diagnosis of surfactant deficiency is 
based on the ratio of two phospholipids in amniotic fluid, 
lecithin (L) and sphingomyelin ($) . If the L/S ratio is greater 
than 2 , the surfactant system is mature and respiratory dis¬ 
tress syndrome is rare, 102 The L/S ratio in amniotic fluid col¬ 
lected from cattle may also be used to assess surfactant system 
maturity, 103 providing a measure of readiness for birth, but is 
rarely employed in clinical veterinary medicine. Crude sur¬ 
factant harvested from bovine lungs at a slaughterhouse has 
been used intratracheally with calves that appeared to be in 
respiratory distress shortly after birth, 104 

INDUCTION OF PARTURITION 
IN RUMINANTS 

Manipulation of parturition may be considered for mater¬ 
nal, fetal, or management reasons. Fetal viability after in¬ 
duced parturition is variable among species. The viability 
of calves induced within 14 days of anticipated calving date 
is good. 105 Viability of lambs and kids induced more than 
5 days before anticipated parturition date is poor, 05 Absorp¬ 
tion of colostial immunoglobulins by premature calves is 
reduced, so colostra! transfer should be monitored closely 
in induced neonates. 106 Induction of parturition or cesar¬ 
ean section is often necessary to prevent mortality of small 
ruminants with pregnancy toxemia. 107 Fetal viability is 
often improved by induction of parturition with dexameth- 
asone; however, delivery of the fetuses via cesarean section 
is often necessary because of the debilitated state of the 
dam. Secretion of glucocorticoid hormones from the adre¬ 
nal cortex increases markedly during the final days of gesta¬ 
tion, The prenatal increase in fetal glucocorticoid secretion 
plays an important role in the cascade of endocrine events 
leading to parturition and stimulates maturational events 
in the lungs, liver, kidney, and gastrointestinal tract in prep¬ 
aration for postnatal life. 108 

Steroids stimulate production of surfactant phospholipids 
by alveolar type II cells, enhance the expression of surfactant- 
associated proteins, reduce microvascular permeability, and 
accelerate overall structural maturation of the lung?, 100 
Administration of 10 mgofflumethasoneand 25 mgofdino- 
prost to pregnant cows 30 hours before elective cesarean sec¬ 
tion increases the L/S ratio, improving lung function and 
reducing complications associated with respiratory acidosis 
in the calf. 110 Induction of parturition has been used to reduce 



the incidence of dystocia in herds or breeds experiencing a 
high incidence of dystocia associated with fetomatemal dis¬ 
proportion, 11 1 large binhweights are strongly correlated with 
fetomatemal disproportion. 113 - 113 Induction of parturition 
within 14 days of anticipated calving date is associated with 
good calf viability and a 3.2-kg reduction in birthweight of 
beef calves. 105 

Exogenous glucocorticoids, prostaglandin F 2a (PGF^a), or 
a combination may be used to induce parturition in cattle 
(dexamethasone 20 to 30 mg alone or in combination with 
25 mg PGF 2 *) and in sheep and goats (10 to 20 mg dexameth¬ 
asone and/or 15 mg PGF^). 95 Glucocorticoids are more 
effective than prostaglandin for inducing parturition in 
sheep, 114 A lower incidence of dystocia and higher viability 
of calves has been reported in cattle induced with glucocorti¬ 
coids compared with cows induced with prostaglandin. 115 
Cows treated with dexamethasone or prostaglandin within 
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14 days of anticipated calving date usually calve within 72 
hours of treatment, 105 Combination of dexamethasone with 
prostaglandin increases the efficacy and reduces the interval 
to parturition (36 hours). 116117 Retention of fetal mem¬ 
branes is a common complication of induced parturition in 
cattle. 118 Retention of fetal membranes may be associated 
with reduced first service conception and subsequent preg¬ 
nancy rates. 119 Treatment of cows with prostaglandin at calv¬ 
ing was reported to reduce the incidence of retained fetal 
membranes, 120 but subsequent studies have failed to support 
this. 11 *- 121 Induction of Cattle by administration of 25 mg 
of triamcinolone (Opticortinol) at day 270 followed by 
treatment with dexamethasone and prostaglandin 6 days 
later appears to reduce the incidence of retained fetal mem¬ 
branes associated with induction. 118122 Coliform mastitis 
is an uncommon complication observed after induced 
parturition. 123 
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PERINATAL ADAPTATION 

fOHN K. HOUSE 

Ai birth the fetus must successfully make a series of structural 
and physiologic changes to survive. Perinatal mortality is 
often attributable to cardiovascular pulmonary, thermoreg¬ 
ulatory, or metabolic physiologic abnormalities. Dystocia 
and severe birth asphyxia compromises physiologic transi¬ 
tions, increasing the risk of neonatal mortality. Compro¬ 
mised neonates that survive the birth process are less likely 
to consume adequate colostrum and are subsequently more 
likely to die of hypothermia and infectious diseases. A good 
review of physiologic mechanisms of adaptation at birth is 
presented by KasariJ 

The placenta functions as the respiratory organ of the 
developing fetus; efficiency of oxygen transfer to the fetus 
is increased by the high oxygen affinity of fetal vs. adult 
hemoglobin. 2 In utero the potential spaces of alveoli and 
the tracheobronchial tree are distended with fluid secreted 
by pulmonary tissue. 1 Oxygenated blood is delivered to 
the fetus via the umbilical vein, which anastomoses with 
the portal vein near the liver, and approximately two thirds 
of the blood flow is shunted via the ductus venosus directly 
into the caudal vena cava, 1 The caudal vena cava drains into 
the right atrium, where over 50% of the volume shunts 
directly into the left atrium via the foramen ovale. 1 The rel¬ 
atively hypoxic in utero environment causes constriction of 
pulmonary vessels and dilation of the ductus arteriosus, 1 
Because pulmonary arterial resistance is higher than sys¬ 
temic arterial resistance, nearly 70% of pulmonary artery 
flow is shunted via the ductus arteriosus into the aorta, with 
the remainder perfusing the lung; 4 Left ventricular output is 
distributed to the systemic circulation via the aorta. The two 
umbilical arteries arise from the aorta in the region of the 
last lumbar vertebra to cany predominantly venous blood 
back to the placenta via the umbilicus. 

At birth some of the lung fluid is evacuated through the 
trachea during spontaneous delivery. 5 When the umbilicus 
ruptures, asphyxia triggers reflex gasping, respiratory move¬ 
ments, and increased peripheral vascular resistance. 4 The 
majority of lung fluid is absorbed through alveolar walls 
in the initial stages of ventilation. 3 This mechanism is 
prompted by activation of adrenaline-mediated ft-adrenergic 
receptors in the pulmonary epithelium. 6 The rapidity of lung 
fluid absorption by the body is optimized at thoracic pres¬ 
sures between 35 and 40 cm H 3 0. 5 Pulmonary ventilation 
reduces pulmonary vascular resistance, promoting perfusion 
of the ventilated alveolar tissue. 1 The increased 0 2 saturation 
of blood stimulates closure of the ductus arteriosus within 4 
to 5 minutes of birth. 4 The foramen ovale functionally doses 


within 5 to 20 minutes of birth when increased pulmonary 
venous return raises blood pressure in the left atrium, 
reversing the right-to-left shunt. 4 The septum secundum, 
a thin fold of tissue that lies in close apposition to the fora¬ 
men, acts as a valve dosing the opening. Healthy calves 
have mean pulmonary arterial pressures ranging from 40 
to 82 mm Hg immediately after birth, declining to 22 to 
25 mm 1 (g by 2 weeks of age. 7 Systemic arterial pressure 
is approximately 100 mm Hg, and arterial saturation is 
greater than 90%. 1 Transient mild metabolic and respira¬ 
tory acidosis is observed after rupture of the umbilical cord 
as a result of anaerobic glycolysis in poorly perfused tissues 
during the transition between placental oxygen delivery 
and establishment of respiratory function. The mild acido¬ 
sis is normally corrected within 1 to 4 hours of birth.* Ana¬ 
tomic closure of the foramen ovale and ductus arteriosus 
may take several weeks. 4 Normal blood gas values for 
the calf during the immediate postpartum period are 
presented in Table 16-1, 

Dystocia is commonly associated with prolonged hypoxia 
and acidosis. Hypoxia and acidosis maintain constriction of 
pulmonary arterioles, and the subsequent maintenance of 
high pulmonary vascular resistance favors continuation 
of in utero right-to-left vascular shunts, which contributes 
to systemic hypoxia. After dystocia neonates are less active, 
slow to stand, slow to nurse, and prone to hypothermia and 
hypogammaglobulinemia. The normal duration of stage 
2 labor (from appearance of fetal membranes at the vulva to 
delivery of the fetus) in ruminants is generally shorter in mul¬ 
tiparous animals {approximately 30 minutes) than pri mi pa¬ 
rous animals (approximately 60 minutes).^ Fetal viability 
is improved with early intervention; multiparous animals 
should be assisted after 30 to 60 minutes of stage 2 labor, 
and primiparous animals after 60 to 90 minutes, 10 

The range in ambient temperatures over which newborn 
animals are able to maintain homeothermy is much nar¬ 
rower than in growing or adult animals. Neonates are more 
susceptible to fluctuations in environmental temperature 
because of their large surface area-to-mass ratio, evapora¬ 
tion of amniotic fluid, and limited caloric reserves. Starva¬ 
tion and hypothermia is the second leading cause of death 
of neonatal lambs. 11 Neonatal mortality increases with 
decreasing ambient temperature and with increasing precip¬ 
itation on the day of birth, 12 Thermoneutrality is main¬ 
tained by shivering and metabolism of brown adipose 
tissue. Normally at birth blood glucose concentration in 
calves ranges between 50 and 60 g/dL, rising to lOQmg/dL 
within the first 24 hours of life. 1 l,ambs bom in warm 
weather can survive for up to 4 days without supplemen¬ 
tal nutrition. Severe weather stress may increase energy 
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TABLE 16" I 


Arterial and Venous Blood Gas Values for Newborn Calves 





Parameters 




Calf Age 

pll 

P"2 

Pco 2 

Hco 3 

Base Excess 1 

Venous* 

Arterial 11 

l hour 

1 hour 

7.219 (0.05) 

7.3 (0.05) 

N/A 

58.43 (11.61) 

41 (5.9) 

50.40 (S.27) 

24.2 (2.7) 

23.52 (2.78) 

-2.9 (3.2) 

N/A 


Values represent mean with standard deviation parenthesis, NJX Not available 
* Blood was taken from the bravhi.il snery while the calf was in lateral recumbency (N = 30). 71 
’'Blood taken from the jugular vein immediately post partum 9 


requirements by 500% and deplete the energy reserves of 
newborn lambs in 6 to 16 hours. 13 Starvation exacerbates 
the effects of environmental stress by reducing the available 
substrates for heat production, and energy depletion leads 
to hypoglycemia. Administration of glucose to hypothermic 
neonates before and during warming is important to avoid 
deaths from cerebral hypoglycemia induced by increased 
use of glucose by peripheral tissues. M Warming hypothec 
mic Iambs by immersion in 38 Q C water is more efficient 
than infrared lamps or wrapping them in cotton cloth. 15 

No intrauterine transfer of immunoglobulin (Ig) occurs 
in ruminants; hence, at birth, neonatal ruminants are agam- 
maglobulinemic and immunologically naive. Infectious dis¬ 
ease is the leading cause of morbidity and mortality in 
calves greater than 3 days of age. 1 * Failure of passive transfer 
(FPT) increases the risk of neonatal mortality, 17 Colostrum 
provides a concentrated source of energy and immunoglo¬ 
bulins. Immunoglobulins are concentrated in colostrum 
by an active, receptor-mediated transfer of IgGi from the 
blood of the dam across the mammary gland secretory 
epithelium beginning several weeks before parturition. 1 ® 
Colostral IgGi concentrations may be 5 to 10 times the mater¬ 
nal serum concentrations. IgM, IgA, and lgC 2 concentrations 
in colostrum are much lower,The large numbers of leuko¬ 
cytes also contribute to providing passive immunity to 
the newborn. 20 Methods of assessing passive transfer and 
management of FPT are discussed in detail in Chapter 53. 

ACUTE ASPHYXIA IN THE NEONATE 

WENDY E. VAALA 

GUY D, LESTER 

Peripartum asphyxia can lead to encephalopathy, ischemic 
renal failure, and varying degrees of gastrointestinal (Gl) 
dysfunction, the most severe form being necrotizing entero¬ 
colitis (NBC). Ihe encephalopathy is most commonly 
referred to as hypoxic ischemic encephalopathy (HIE). The 
diagnosis of peripartum asphyxia syndrome relies on pre- 
partum transabdominal ultrasonography of the fetopla¬ 
cental unit, postpartum placental and neonatal foal exami¬ 
nation, and immediate assessment of creatinine and 
presuckle glucose in the foal after delivery. Patient survival 
may depend on management of central nervous system 
(CNS), Gl, and renal dysfunction. 

Any process that results in impairment to placental blood 
flow or gas exchange can produce asphyxia. These changes in 
moderation are both normal and critical for postnatal adap¬ 
tation through a phenomenon known as ischemic precaniii- 
ftomng. Essentially, brief episodes of ischemia, as can occur 
with myometrial contractions, induce partial protection 
against subsequent episodes of severe ischemia. This is likely 
mediated through inducible nitric oxide and can also be 
triggered by hypoxia and volatile inhaled anesthetic agents. 21 
Disease develops when episodes of ischemia and/or hypoxia 
are severe or prolonged. Asphyxia is a multi factorial disease 


process that develops when tissue oxygenation is disrupted. 
It is most commonly encountered when pregnancy and labor 
are complicated by problems resulting in impaired oxygen 
delivery to fetal tissues, on either a short-term or a long-term 
basis. Peripartum asphyxia has been associated with rapid, 
seemingly uncomplicated deliveries, dystocia, induced deliv¬ 
ery, cesarean section, premature placental separation and 
other placental abnormalities, umbilical cord abnormalities, 
twinning, meconium staining, postdate pregnancy, and 
severe maternal illness. 22 Asphyxia may also occur in the neo¬ 
natal period; causes include severe hemorrhage, resulting in 
hypovolemia and shock, and severe cardiorespiratory dys¬ 
function, as in severe pneumonia, cardiac malformations, 
pulmonary hypertension, and airway obstruction. 

The overall incidence of the condition in the foal is not 
known, because of the high incidence of unmonitored 
and unobserved deliveries and the diagnostic confusion of 
asphyxia] problems with other perinatal problems. 23 In a 
recent study of causes of equine perinatal death, complica¬ 
tions of birth, including asphyxia, dystocia, and trauma, 
were listed as the second most common cause of death after 
infection (19% of 3527 cases). This figure does not include 
acute placental or umbilical cord abnormalities, problems 
that also could have caused acute fetal asphyxiation. 21 

Peripartum asphyxia produces HIE, ischemic renal fail¬ 
ure, and varying degrees of NEC. Diagnosis relies on prepar- 
tum transabdominal ultrasonography of the fetoplacental 
unit, postpartum placental and neonatal foa! examination, 
and immediate assessment of creatinine and presuckle glu¬ 
cose in the foal after delivery. Patient survival depends on 
management of CNS, Gl, and renal dysfunction 24 

Pathophysiologic Considerations 

Perinatal asphyxia describes an episode of impaired oxygen 
delivery to cells from hypoxemia (decreased oxygen concen¬ 
tration in blood) and or ischemia (decreased blood flow to 
tissues) around the time of birth. Pure hypoxemia implies a 
decrease in oxygen concentration in the blood with preser¬ 
vation of blood How, which allows organs to respond by 
increasing their efficiency in extracting oxygen from the cir¬ 
culation. The effects of hypoxemia and ischemia are not 
identical, but they are difficult to distinguish clinically. 
Ischemia is far more devastating and results in anaerobic 
metabolism, increased lactate concentrations, and intracel¬ 
lular acidosis and is a preamble for reperfusion injury. 
Metabolites of anaerobic metabolism, such as lactic acid, 
cannot be removed from the tissues until blood supply is 
restored. As a result, severe acidosis may develop locally, 
which interferes with cellular function and may cause 
irreversible cell damage. 

In general terms, preterm animals are far more tolerant 
of periods of hypoxia than adult animals. In utero the 
mammalian fetus adapts to a relatively hypoxic environ¬ 
ment by increased oxygen affinity of fetal hemoglobin. 







increased ability to extract oxygen from the blood, and a 
greater tissue resistance to acidosis. Hemoglobin in the fetal 
foal is structurally similar to adult hemoglobin, but the fetal 
erythrocyte carries increased concentrations of 23 diphos- 
phoglyterate, causing a leftward displacement of the sig¬ 
moidal hemoglobin-oxygen dissociation curve and an 
increased affinity for oxygen. 15 Fetal compensatory mecha¬ 
nisms against increasing asphyxia include bradycardia, 
decreased oxygen consumption, anaerobic glycolysis, and 
reflex redistribution of blood flow with preferential perfu¬ 
sion of the brain, heart, and adrenal glands at the expense 
of circulation to kidneys, gut, liver, lungs, and muscled 
The shunting of blood away from kidneys and the gut dur- 
ing in utero asphyxia is likely central ly mediated via the 
3 -adrenergic component of the sympathetic nervous system. 

The extent of tissue injury depends on whether the 
asphyxia! insult is acute or chronic, or partial or complete, 
and whether the neonate is premature or full term, Severe 
in utero hypoxia can lead to prolonged hypoperfusion and 
reduced metabolism with an associated and sequential loss 
of fetal reflexes, with the most oxygen-demanding fetal 
activities disappearing first. Fetal reflexes are lost in the 
following order: (1) fetal heart rate reactivity (the ability 
to increase heart rate in response to fetal activity), (2) fetal 
breathing, (3) generalized fetal movements, and (4) fetal 
tone. 

An episode of perinatal asphyxia may not result in 
immediate cell death but can induce a complex cascade of 
events that can lead to delayed damage. 27 The two key pro¬ 
cesses of neuronal injury after asphyxia are neuronal necro¬ 
sis and apoptosis. 2 ® After asphyxia there is a latent phase 
that occurs with reperfusion; this phase Involves an initial 
recovery of cerebral energy metabolism, A secondary phase 
takes place between 6 and 15 hours after the asphyxia! 
insult and is characterised by the accumulation of cytotox- 
ins, seizures, cytotoxic edema, and failure of cerebral oxida¬ 
tive metabolism. Without sufficient energy, cellular ion 
pumps eventually fail, with accumulation of sodium, chlo¬ 
ride, water, and calcium intracellularly (cytotoxic edema), 
and excitatory amino add neurotransmitters in the brain, 
such as glutamate and aspartate, extracdlulariy. Neonates 
appear to be more susceptible to glutamate-mediated exd- 
totoxidty than adults. Glutamate injection into spedfic 
regions of the brain results in neuronal injury identical to 
that seen after hypoxia-ischemia, and glutamate antagonists 
can prevent cell death from anoxia. Al high extracellular 
concentrations, glutamate acts as a neurotoxin and med¬ 
iates opening of ion channels that permit sodium to enter 
cells, followed by an influx of chloride ions and water, 
resulting in osmotic lysis and immediate neuronal 
death, 25 30 Glutamate also mediates delayed cell death by 
provoking calcium influx through depolarization-induced 
opening of calcium channels and by direct stimulation of 
N-methyl-n-aspanate (NMDA) receptors that open addi¬ 
tional calcium channels, 25 - 3a High intracellular levels of free 
calcium result in activation of lytic enzyme systems that 
attack the structural integrity of the cell, generation of free 
radicals, and impairment of mitochondrial function, result¬ 
ing in delayed neuronal death. Because of the important 
role of calcium in regulation of cellular function, drugs such 
as NMDA and calcium antagonists that prevent calcium 
influx into damaged cells are being investigated to help 
reduce delayed ischemic brain injury. 

Oxygen free radicals are generated during the reperfiision 
phase of hypoxic-ischemic injury, li is thought that these 
radicals contribute to brain injury by their ability to induce 
free fatty acid peroxidation. 31 The physical integrity of the 
circulation is often severely compromised after a period of 
ischemia. It is suspected that oxygen-derived free radicals 


are at least partially responsible for the increased capillary 
permeability, edema formation, and tissue damage that 
commonly follows the restoration of blood flow to ische¬ 
mic tissues. 12 Severe asphyxia! insults tend to produce wide¬ 
spread neuronal necrosis, whereas milder episodes are more 
likely to induce apoptosis. Ihe latter is an active but non¬ 
inflammatory response characterized by cell shrinkage, 
nuclear pyknosis, chromatin condensation, and genomic 
fragmentation. 

Potential Postnatal Sequelae of Birth Asphyxia 

The consequences of an episode of asphyxia can be far- 
reaching and profound. Many organ systems can be 
adversely affected and contribute to the commonly 
observed clinical signs of weakness and depression in the 
neonate. Management can be difficult and complex, but 
with good supportive care, dramatic recoveries can be made 
in even severely affected individuals. Unfortunately, it is vir¬ 
tually impossible at the onset of treatment to predict either 
the severity of injury or the prognosis, Chronic asphyxia in 
premature individuals or those with sepsis carries the poor¬ 
est prognosis for in tan neurologic survival. 

Clinical signs related to the asphyxia! injury may not 
appear until hours or days after the insult. Blood volume 
abnormalities, such as severe hypovolemia, occurring at 
delivery may not be obvious until several hours later. Blood 
pressure may actually be normal at first because capillary 
capacitance beds are constricted by substances such as cate¬ 
cholamines and angiotensin II. Then as the peripartum 
stresses decrease over time, circulating hormone levels fall 
and progressive hypotension and acidosis often develop, 13 

Table 16-2 lists specific clinical conditions and organ sys¬ 
tem derangements that have been associated with asphyxial 
injury. Table 16-3 presents therapies for specific organ sys¬ 
tem dysfunction, 

CENTRAL NERVOUS SYSTEM. Numerous terms are used 
in the literature to label foals with hypoxic ischemic brain 
injury. The term /typoxrc- ischemic encephalopathy is preferred 
by some, but other terms include neonatal maladjustment 
syndrome; dummy, , barter, or wanderer foals; and perinatal 
asphyxia syndrome. Risk factors for asphyxial injury are 
numerous and include placental insufficiency, placentitis, 
premature placental separation, maternal illness, umbilical 
cord diseases (e.g., torsion, hinisitis, thrombosis), exoge¬ 
nous induction of labor, dystocia, caesarean section, 33 and 
a range of postnatal causes including airway obstruction 
and hemorrhage. Mild asphyxia produces transient tissue 
ischemia with potentially reversible damage. Prolonged 
ischemia results in disruption of tight junctions in the cap¬ 
illary endothelium and leakage of osmotic agents and fluid 
into surrounding brain interstitium, causing vasogenic 
edema. 34 Brain necrosis occurs and is accompanied by 
increased intracranial pressure, progressive brain swelling, 
reduced cerebral blood flow, and exacerbation of existing 
ischemia. In critically ill foals, cerebral edema has been 
associated with cerebellar herniation. 35 

Additional brain injury occurs as a result of repeated sei¬ 
zures, which are common during severe encephalopathy. 
Repeated seizures cause brain injury through (1) hypoventi¬ 
lation and apnea resulting in hypoxemia and hypercapnia, 
(2) elevation in arterial blood pressure and cerebral blood 
flow, (3) progressive neuronal injury because of excessive 
release of excitatory amino acids such as glutamate, and 
(4) depletion of the brain's limited energy stores to support 
seizure activity. 

Neonatal foals suffering from MIL display a wide spectrum 
of neurologic signs that are mostly related to cerebral dys¬ 
function. These include jitteriness, hyperalertness, stupor, 



chapter \b Perinatal Adaptation, Asphyxia* and Resuscitation 

TABLE 16-2 . , 

Glinicopathologic Conditions Associated with Reripartum Asphyxia 74 


Organ or 
System 

Affected Clinical Signs Laboratory Findings Pathologic Lesions 




ACTH, Adrenocorticotropic hormone, CNS > central nervous system; DMSO, dimethyl sulfoxide; FTP. failure of passive transfer; CL gastrointestinal; tgG, 
immunoglobulin G r IM, intramuscular; JV, intravenous; LPM, liters per minute; NMDA. JV-methybivaspartete: PO, by mouth. SC, subcutaneous; ytd once 
per day; WBCs, white blood cells. 
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PART THREE DISORDERS and MANAGEMENT of the NEONATE 




somnolence, obtundation, lethargy, hypotonia, clonic sei¬ 
zures, extensor rigidity, hypertonia, subtle seizures, tonic 
posturing, coma, death, aimless wandering, head pressing, 
joss of affinity for (he dam, inability to find the udder, 
abnormal vocalization (barking, high-pitched cry), loss 
of suckle, dysphagia, decreased tongue tone, odontoprisis, 
blindness, anisocoria, mydriasis, nystagmus, eye deviation, 
head lilt, head and neck turn, irregular respiration, apnea, 
abnormally slow respiratory rate, proprioceptive deficits, 
and spastic dysmetric gait. Blindness is a relatively com¬ 
mon complication of perinatal asphyxia and postnatal 
anoxia from seizure activity and results in extensive gray 
and white matter injury affecting optic radiations and 
the visual cortex. 36 In a smaller number of affected foals 
there may be signs of brainstem or spinal cord involve¬ 
ment. Foals with HIE exhibit a variety of seizure-like activ¬ 
ities. Seizures can vary in clinical severity from subtle, 
which may not be recognized as seizure activity, to 
generalized and severe (see Seizures, Chapter 19). Jitteri- 
ness is associated with mild hypoxia and is not a true sei¬ 
zure but a movement disorder consisting of tremors that 
can be stopped by gentle restraint. Subtle seizures are 
called mcttfraufcradrisms and are characterized by paroxysmal 
events including eye blinking, eye deviation, nystagmus, 
pedaling movements, a variety of oral-buccal-lingual move¬ 
ments such as intermittent tongue protrusion (so-called 
"chewing gum fits"), sucking behavior, purposeless thra¬ 
shing, and other vasomotor changes such as apnea, abnor¬ 
mal breathing patterns, and changes in heart rate. Tonic 
posturing is another subtle seizure activity characterized by 
symmetric limb hyperextension or flexion and may be 
accompanied by abnormal eye movements and apnea. 
Clonic seizures are true epileptiform seizures with a dis¬ 
tinct electroencephalogram (BEG) signature and are charac¬ 
terized by rigid jerky motions that cannot be suppressed by 
restraint. 

Not all neurologic abnormalities in large animal neo¬ 
nates are the result of peripartum asphyxia. Other causes 
of neonatal neurologic disease include the following: 

» Metabolic disorders: hypocalcemia, hypomagnesemia, 
hyponatremia, hypernatremia, hyperosmolality (e g., hy¬ 
perlipidemia, hyperglycemia), severe azotemia, hepato- 
encephalopathy 

■ Infectious conditions: septic meningitis, septicemia or 
endotoxemia, equine herpesvirus 1 (EHV-1) infection 

■ Malformation; hydrocephalus, agenesis of the corpus 
callosum, vertebral and spinal cord malformations, cer¬ 
ebellar abiotrophy, oceipitoatlamoaxial malformation 

■ Cranial or vertebral trauma 

* Toxins 

The diagnosis of HIE is unfortunately often done by 
exclusion. In foals in which there is a dear history of an 
asphyxial insult, such as dystocia or prolonged stage 2 labor, 
or that were delivered through cesarean section, the accu¬ 
racy of the diagnosis should be extremely high. In foals with 
signs of neurologic disease when there has been no obvious 
asphyxial insult and when other known causes of brain dys¬ 
function have been ruled out, a diagnosis of HIE should be 
made with some degree of skepticism. It has been suggested 
that the term neonatal encephalopathy may be more appropri¬ 
ate than HIE for such foals, as the cause may be unclear. 

An important but uncommon cause of neurologic signs 
in neonatal foals is bacterial meningitis, A normal leuko- 
gram or the absence of severe leukopenia, neutropenia, 
and toxic neutrophil changes help rule out septic condi¬ 
tions. A cerebrospinal fluid (CSF) tap is indicated to rule 
out meningitis in foals in which signs of infection coexist 
with neurologic signs. Septic meningitis produces an 
increased nucleated cell count, protein concentration, and 


IgG index in the CSF, Hypoxic brain damage may result in 
an increased albumin quotient in the CSF compatible with 
increased blood-brain barrier permeability. It is also impor¬ 
tant to remember that foals with postasphyxial encephalop¬ 
athy are susceptible to infection and that the two conditions 
often coexist without bacterial involvement of the CNS. The 
differentiation between HIE and congenital brain anomalies 
can be very difficult. The most common anomalies include 
hydrocephalus and hydranencephaly and are presumptively 
diagnosed on the basis of persistence of neurologic abnor¬ 
mities or definitively through computed tomography (CT) 
or magnetic resonance imaging (MRJ), Normal serum chem¬ 
istries help rule out metabolic disturbances. 

Currently, suggested treatment of CNS dysfunction in 
asphyxiated large animal neonates includes seizure control, 
nursing care to prevent self-trauma, and judicious fluid ther¬ 
apy to avoid overhydration and hypoglycemia or hypergly¬ 
cemia. Maintenance of effective perfusion and oxygen 
delivery is the central component of management. Diaze¬ 
pam is used initially to control seizures because of its rapid 
onset of action, Fhenobarbital is used to control severe or 
repeated seizures. Foals receiving high doses of anticonvul¬ 
sants should have their vital signs monitored closely 
because the combination of diazepam and phenobarbital 
can produce respiratory depression, loss of thermoregula¬ 
tory control and hypotension. 

A large number of additional therapies are used in the 
management of foals with suspected postasphyxial brain 
injury, these therapies are used in the absence of efficacy 
data and may add little to the principles of therapy 
described previously. Interstitial cerebral edema is a patho¬ 
logic feature in a small number of foals. Intravenous 
dimethyl sulfoxide (DMSO; 0*5 to 1 g/kg of a 10% to 20% 
solution, slowly over 1 to 2 hours) has been advocated for 
its ability to reduce brain swelling, intracranial pressure, 
and inflammation and to act as a diuretic, 22 The osmotic 
agent mannitol has also been used to reduce cerebral edema 
and to act as a free radical scavenger. These drugs likely exert 
little benefit in the control of intracellular edema. To 
prevent exacerbation of cerebral edema, fluid therapy 
should be conservative, and sudden changes in osmolality 
should be avoided. Controversy surrounds the benefits of 
glucose administration. Hyperglycemia immediately after 
prolonged hypoxic ischemic injury has been associated with 
severe neonatal brain injury, 37 Other studies suggest that 
glucose administration after global hypoxic injury may offer 
neuroprotection by stimulating insulin release and by 
reducing glycolysis, free radical formation, and glutamine- 
mediated injury. 38 Therefore the safest recommendation is 
to maintain serum glucose concentration within a normal 
range N-acetylcysteine is a potent antioxidant and antiin¬ 
flammatory agent that has also been shown to be of benefit 
in experimental models of neonatal brain injury.™ A dose 
rate of 70 mg/kg (as a 10% solution) IV every 6 hours has 
been suggested in affected neonatal foals. Thiamine is a 
required cofactor for several important, mitochondrial 
enzymes involved with neuronal metabolism and can atten¬ 
uate oxygen free radical damage in experimental ischemic 
brain damage. 40 Thiamine (10 mg/kg sid) is commonly 
used in foal practice but again in the absence of efficacy 
data. Other vitamin treatments used by some include 
vitamin E and vitamin C. 

Magnesium sulphate infusion is yet another therapy used 
to attenuate postasphyxial brain injury in foals. Magnesium 
is recognized as an inhibitor of NMDA receptor-mediated 
calcium entry into cells and a membrane stabilizer preventing 
the persistent membrane depolarization that occurs as a con¬ 
sequence to disruption of the Na/K ATPase pump. 4t Experi¬ 
mental and clinical data regarding the use of magnesium 
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sulphaLc are conflicting. A recent report not only failed to 
demonstrate any neurologic benefit of magnesium in pustas- 
phyxiated human neonates, but raised the possibility that the 
therapy could have unexpected cardiovascular and neuro¬ 
muscular complications, 41 As with many of these agents, 
any potential effect may be realized only if the treatment is 
administered before or immediately after the insult. 

CARDIOPULMONARY EFFECTS, [lie response of pul¬ 
monary vasculature to hypoxia and acidemia includes 
increased pulmonary vascular resistance, pulmonary hyper¬ 
tension, increased atrial pressure, and persistent right-to-left 
flow of blood across fetal pathways (e,g. r patent ductus 
arteriosus, foramen ovale). The neonatal pulmonary circula¬ 
tion reflexively constricts in response to hypoxemia 
and acidosis/ 12 Ibis pulmonary vasoconstriction results in 
increased pulmonary vascular resistance, pulmonary hyper¬ 
tension, and increased right atrial pressure. If pulmonary 
arterial pressure exceeds systemic pressure, right-to-left 
blood flow may result in the reestablish mem of fetal circu¬ 
lation (right-to-left flow through the ductus arteriosus and 
foramen ovale). Persistent fetal circulation (PFC) is asso¬ 
ciated with severe hypoxemia unresponsive to oxygen ther¬ 
apy owing to severe right-to-left shunting of unoxygenated 
blood away from the lungs. 

When PFC patterns exist, hypoxemia is exacerbated. Dur¬ 
ing asphyxia-induced pulmonary vasoconstriction, substrate 
delivery to the pneumocytes is impaired and surfactant pro¬ 
duction decreases with secondary pulmonary atelectasis. 
Perinatal asphyxia may adversely affect the respiratory con¬ 
trol centers of the brain and result in hypoventilation 
(increased carbon dioxide), secondary to periods of apnea 
or abnormal breathing patterns. 

Adequate surfactant production is dependent on ade¬ 
quate function of the type II pneumocytes and the ongoing 
delivery of lipid precursors by the blood. If pulmonary 
blood flow is compromised, surfactant production may 
slop, and a secondary surfactant deficiency may result. 23 ' 43 
The altered permeability characteristics of the lung that have 
been associated with asphyxia! injury also interfere with the 
function of surfactant, predisposing to atelectasis. 44 

tf asphyxia induces in utero passage of meconium, then 
the fetus may aspirate meconium. Meconium can cause 
mechanical obstruction of airways, resulting in suffocation 
or regional lung atelectasis. Partial obstruction produces a 
ball-valve phenomenon with distal air trapping, ventilation- 
perfusion mismatching, alveolar overdistention and pos¬ 
sible rupture, interstitial emphysema, and pneumothorax. 43 
Meconium also induces chemical pneumonitis accompanied 
by alveolar collapse and edema. 46 The free fatty acids in 
meconium displace surfactant, resulting in additional atelec¬ 
tasis and decreased lung compliance. 47 See Chapter 19, 
Respiratory Distress, for farther information. Adverse effects 
of asphyxia on myocardial function include reduced myocar¬ 
dial contractility, left ventricular dysfunction, tricuspid valve 
insufficiency, and cardiac failure. As a result of cardiac insuf¬ 
ficiency the foal may develop systemic hypotension, further 
impairment of renal blood flow, and decreased pulmonary 
perfusion. In the human infant, perinatal asphyxia has been 
associated with myocardial and papillary muscle ischemia 
and infarction, with decreased myocardial contractility, tri¬ 
cuspid valve insufficiency, and congestive heart failure often 
resulting. Cardiac isoenzymes may be increased. Treatment 
is directed at correcting hypoxemia, acidosis, and hypogly¬ 
cemia and maintaining cardiac output and blood pressure. 
Inotropic drugs, such as dopamine and dobutamine, are 
commonly used. 

If pulmonary hypertension develops, thoracic radio¬ 
graphs show diminished vascular markings as a result of 
pulmonary hypoperfusion. Surfactant dysfunction produces 


diffuse lung atelectasis and a diffuse reticulogranular paren¬ 
chymal pattern with air bronchograms. Meconium aspira¬ 
tion may produce perihilar infiltrated and focal atelectasis. 
Echocardiography helps identify arrhythmias. 

Support of the respiratory system involves maintenance 
of oxygenation and ventilation of the patient. Mild to mod¬ 
erate hypoxemia can be treated by increasing the amount of 
time the foal spends in sternal recumbency or standing and 
by administering modest flows of humidified imranasal 
oxygen (2 to 8 L/min [LPM]). Foals with severe hypoxemia 
and hypercapnia (Pao 2 <40 mm Hg; Paco 2 >65 mm Mg) 
require positive pressure ventilation. Respiratory stimulants 
are used to treat periodic apnea and abnormally slow 
breathing patterns associated central depression of the respi¬ 
ratory center. Caffeine is used most frequently to stimulate 
the respiratory neuronal activity and increase receptor 
responsiveness to elevated carbon dioxide concentrations. 
Overdosing with respiratory stimulants leads to excessive 
CNS, myocardial, and Gt stimulation resulting in agitation, 
seizures, tachycardia, hypertension, colic, and diarrhea. Caf¬ 
feine is the safest of the meihylxanihines to use. 

RENAL EFFECTS, During asphyxia, redistribution of 
blood flow away from the kidneys frequently results in 
decreased renal perfusion and acute tubular necrosis. The 
renal effects of asphyxia in foals are likely underreported, 
as overt signs of failure are rare. Transient changes in urine 
output are often overlooked, particularly when the foals 
are on fluid therapy. In human infants, oliguria (<1 mL 
of urine per kilogram of body weight per hour) is the 
most common clinical sign of acute renal failure; it has 
also been observed in asphyxiated foals. 23 ' 23 Other signs of 
renal ischemic damage include peripheral edema, elevated 
concentrations of serum creatinine and urine y-glutamyl- 
transferase (GGT), and electrolyte disturbances such as hypo¬ 
calcemia, hyponatremia, and hypochloremia resulting from 
renal tubular damage. The oliguric animal should be identi¬ 
fied by careful monitoring of fluid intake and output to avoid 
fluid overload and edema formation. Rased on studies 
in other neonates, renal blood flow and urine output may 
be increased by the use of low to moderate doses of dopa¬ 
mine (2 to 10 pg/kg/min infusion) or dobutamine (2 to 
10 pg/kg/min infusion). Higher doses of dopamine are con¬ 
traindicated to avoid peripheral vasoconstriction and a 
decrease in renal blood flow. 22 ITierefore, blood pressure 
and urine output should be carefully monitored during infu¬ 
sion of these substances. The dopamine-1 receptor agonist, 
fenoldopam, when administered at a low dose (0,04 pj^kg/ 
min infusion) has no effect on system hemodynamics but 
did cause an increase in urine output in healthy neonatal 
foals, 18 Diuretics, such as furosemide (0.5 to 2,5 mg/kg/hr 
as an infusion, or 1 mg/kg intramuscularly [iM] or intrave¬ 
nously [rv] ql 2h) and mannitol (0.25 to 1 g/kgas 20% solu¬ 
tion, infused slowly IV over 1 to 2 hours), have also been 
successfully used to improve urine output in asphyxiated 
foals. 22 

GASTROINTESTINAL EFFECTS. Hypoxia results in 
reduced mesenteric and splanchnic blood flow and varying 
degrees of intestinal ischemia. The most severe form of 
intestinal dysfunction is NEC, (See the discussion of 
abdominal distension in Chapter 19.) During GI ischemia, 
mucosal cell metabolism diminishes and production of 
the protective mucous layer ceases, allowing proteolytic 
enzymes to begin autodigestion of the mucosal barrier. Bac¬ 
teria within the lumen can then colonize, multiply, and 
invade the bowel wall. Intramural gas is produced by cer¬ 
tain species of bacteria, and pneumatosis intestinalis devel¬ 
ops. Possible complications include intestinal rupture, 
pneumoperitoneum, severe bacteria! peritonitis, and septi- 
cemia. 4tJ Reflux and feces may be positive for blood. 
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Generalized sepsis often accompanies NEC, As a result of 
varying degrees of intestinal dysmotility, some foals develop 
intussusceptions that can be imaged with ultrasound. 

Many asphyxiated foals demonstrate mild signs of Gl 
malfunction, including meconium impactions and intol¬ 
erance to enteral feeding (delayed gastric emptying abdom¬ 
inal distension, diarrhea, and colic). Colic, bloody diarrhea, 
and sudden death have been observed secondary to extern 
stve intestinal mucosal sloughing in severe cases. Ileus 
associated with hypoxic gut damage can result in bowel dis¬ 
tention and colic. Nasogastric decompression relieves prox¬ 
imal gut distention. Enema administration stimulates distal 
colonic function and encourages passage of gas. Metoclo- 
pramide and erythromycin may improve gastric emptying 
and upper Gl function. Melodopramide infusion {0.25 to 
0.3 mg/kg infusion, qid) has been suggested to improve 
gastric emptying and improve small intestinal motility. 22 
Cisapride and erythromycin have been used to stimulate 
small and large intestinal motility. Be certain to allow ade¬ 
quate time for healing of damaged bowel before using 
prokineiics in a compromised foal. Sonographic examina¬ 
tion of the abdomen helps rule out the presence of intussus¬ 
ceptions and other obstructive lesions before motility 
modifiers are administered. Severe large bowel disten¬ 
tion may require percutaneous irocarizaiion. Alternatively, 
exploratory celiotomy may be performed, but the multisys¬ 
tem ic derangements often make such animals poor surgical 
risks. 

To reduce the risk of NEC asphyxiated foals should have 
enteral feeding reduced or withheld until intestinal motility 
has returned. Reassuring signs include manure passage, nor¬ 
mal borborygmi, and stable vital signs (temperature, blood 
pressure), Enteral feeding should be started cautiously with 
fresh mare's milk or colostrum. Foals with severe Gl dysfunc¬ 
tion should have enteral feeds withheld and should be 
started on parenteral nutrition. Because intestinal ischemia 
may predispose to ulceration, histamine-2 (H*) blockers 
(dmetidine, ranitidine), proton pump inhibitors (omepra¬ 
zole), or cytoprotective agents (sucralfate) are recommended, 

HEPATIC AND ENDOCRINE FUNCTION. Hypoxic liver 
damage produces an increase in hepatocellular and biliary 
enzymes. Affected neonates are usually icteric. Impaired 
hepatic function renders the neonate more susceptible to 
alteration in glucose homeostasis and can result in de¬ 
creased hepatic defense mechanisms and increased sus¬ 
ceptibility to sepsis. Endocrine organ damage associated 
with hypoxia includes adrenal gland hemorrhage and 
necrosis with hypocortisolemia. Parathyroid damage may 
result in hypocalcemia. Pancreatic injury and abnormal 
insulin activity can occur. 

IMMUNE DYSFUNCTION. Maladjusted foals are at in¬ 
creased risk for FPT because of their abnormal nursing 
behavior. Serum tgG levels should be evaluated, and colos¬ 
trum and/or plasma administered to treat FPT. 

5upportive Care and Prognosis of the Acutely 
Asphyxiated Foal 

A summary of therapies for specific organ dysfunction asso¬ 
ciated with peripartum asphyxia is presented in Table 16-3. 
Blood glucose, blood gases, and fluid and acid-base balance 
should be monitored closely. In severely affected animals, 
both arterial and central venous pressures are monitored. 
Nursing care must be carefully performed to avoid second¬ 
ary infection. 

Prognosis varies with the severity and duration of clini¬ 
cal signs. In one intensive care unit, 70% of asphyxiated 
foals recover, with most making a complete recovery. 
A poor prognosis was associated with foals that failed to 


show any signs of improving neurologic function in the 
first 5 days after delivery, foals that remained comatose 
or experienced severe, recurrent seizures; and foals that 
developed septicemia. 22 

RESUSCITATION OF THE NEONATE 

I OHS K. HOUSE 

Assisted deliveries are usually associated with moderate to 
severe fetal stress. Survival of the compromised fetus is facili¬ 
tated by prompt initiation of supportive care. Prior prepara¬ 
tion of a "trash box" or "crash cart" (Fig. 16-1} expedites 
location of the necessary supplies and equipment. Passage 
and subsequently aspiration of meconium often accompany 
fetal stress. Suction, if available, is useful for clearing the air¬ 
way but should be used judiciously as prolonged pharyngeal 
and tracheal aspiration induces vagally mediated bradycar¬ 
dia. 50 Vigorously rubbing the skin over the legs stimulates a 
somatic-respiratory reflex and may help initiate respiratory 
effort. 51 Thermoregulation is important, as recovery' from aci¬ 
dosis is delayed by hypothermia. 52 Cold stress leads to 
increased metabolic needs and produces hypoxia, hypercar- 
bia, metabolic acidosis, and potentially hypoglycemia- 
metabolic sequelae that resuscitation is aimed at correcting. 55 
Weak fetuses are often bom with strongly beating hearts but 
have difficulty initiating adequate inspiratory efforts to 
expand their lungs. Positive pressure ventilation is required 
to overcome surface tension in alveoli and the elastic recoil 
of lung tissue. Fluid within alveolar spaces and the lumen of 
the tracheobronchial tree is absorbed into the pulmonary 
interstitium most efficiently at thoracic pressures between 
35 and 40 cm H^O. 5 Less pressure is usually needed for suc¬ 
ceeding breaths. Intrathoracic pressure that exceeds 40 cm 
H 2 0 increases the risk of damaging the alveolar epithelium. 
Observation of chest wall movement is a more reliable sign 
of appropriate inflation pressures than pressure readings 
from a manometer. Nasal insufflation with oxygen does not 
facilitate resorption of lung fluid and is largely ineffective. 

If an endotracheal lube and a laryngoscope are available 
the fetus should be intubated. Placing a rigid stylet in the 
endotracheal tube and positioning the neonate in sternal 
recumbency with head and neck extended makes intubation 
easier. Calves may also be intubated blindly via palpation of 
the larynx. Ventilation of asphyxiated newborn neonates 
with 100% oxygen is usually recommended, but experimen¬ 
tal work with newborn pigs and a study in humans suggest 
room air may be as effective. 54 55 Ventilation with a pulmo¬ 
nary resuscitation bag (Ambu bag) with a pressure relief 
valve set at 42 cm Il 2 0 avoids inadvertent o verm Ration. 56 
if a laryngoscope and an endotracheal tube are not avail¬ 
able, positive pressure ventilation can be achieved using 
an esophageal feeding tube. The tube is passed into the 
esophagus with the fetus in right lateral recumbency. The 
distal end of the tube is located approximately one third 
of the distance "down" the neck. The esophagus is com¬ 
pressed distal to the end of the tube, with one hand taking 
care not to trap the trachea, and the muzzle is gripped with 
the other hand to seal the nares. The operator then blows 
into the tube and, providing the esophageal and muzzle 
seals are good, air is delivered into the lungs, 57 Direct 
mouth-to-mouth resuscitation is unhygienic and delivers 
air mainly into the abomasum. Respiratory stimulant (ana¬ 
leptic) drugs, such as doxapram hydrochloride, may be used 
to stimulate respiration in neonates hut should be used 
judiciously, as the stimulatory action of the drug is nonse- 
lective. Convulsions may be observed with repeated admin¬ 
istration, increasing the demand for Oj in an already 
hypoxic neonate. 5 * Analeptics should not be used as a sub¬ 
stitute for ventilatory support. 
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Ambu bag 
Oxygen mask 

Oxygen cylinder, regulator, and pressure relief valve 

Nasal insufflation tubing 

Endotracheal tubes 

Laryngoscope 

KY jelly 

Brown gauze, umbilical tape, and adhesive tape 
Razor 

IV catheters, T-ports, PR Ns, and suture 
J wire 

Needles and syringes 

Emergency surgery pack, scalpel blades and surgical gauze 
Fluids (saline, lactated Ringer’s, and dextrose), administration and 
extension sets 

Blood collection tubes and needles 

Drugs (epinephrine, lidocaine, prednisolone, doxapram, sodium 
bicarbonate, calcium chloride, and dopamine) (observe neces- 
sary storage requirements) 


FIG. |6-| It Supplies for a ''crash box/' 


Progressive hypoxia and tissue acidosis lead to bradycar¬ 
dia, decreased cardiac contractility, and eventually cardiac 
arrest . If apnea progresses to cardiopulmonary arrest, artifi¬ 
cial circulation in the form of cardiac massage needs to be 
provided, along with positive pressure ventilation. Cardiac 
massage in lambs and kids is performed by compressing 
the ventral thorax behind the elbows between the thumb 
and two fore fingers. Cardiac compressions in calves is 
achieved by placing the patient in lateral recumbency and 
compressing the ventral thorax behind the elbows against 
a sandbag placed under the calf in a position opposite the 
res use Slater's hands. Effectiveness of cardiac compressions 
may be monitored by checking for a palpable pulse and 
by observing changes in mucous membrane color. When 
available, an electrocardiograph is useful to monitor the 
electrical activity of the heart. Abdominal wrapping is used 
in human and small animal medicine during cardiopul¬ 
monary resuscitation to improve myocardial perfusion by 
returning pooled venous blood from the abdomen and 
limbs to the central compartment and by reducing the run¬ 
off of arterial blood to the caudal periphery. 59 Treatment 
with epinephrine is recommended for asystole or if the 
heart rate stays below 60 beats/minute. Epinephrine in¬ 
creases systemic vascular resistance, redistributing circulation 
away from the periphery to the cerebral and myocar¬ 
dial circulation, and increases myocardial contractility, 
heart rate, and cardiac output. Epinephrine is initially 
administered at a dose of 0.02 mg/kg either intravenously 
or intratracheal ly (via the endotracheal tube). There are 


reports of cases in the human literature in which there was 
no response to this dose but responses were observed to 
doses as high as 0.2 mg/kg, 60 High-dose epinephrine therapy 
may increase the risk of acute renal failure and intracranial 
hemorrhage and is not recommended as a primary treat¬ 
ment. 53 Peak plasma concentrations of epinephrine are 
achieved 60 seconds after endotracheal administration. 
Plasma concentrations of epinephrine after endotracheal ad¬ 
ministration are approximately 10 times lower than those 
achieved with intravenous admin isolation, so intravenous 
access should be established as soon as possible. 61 Adminis¬ 
tration of large doses of epinephrine endotracheal ly to com¬ 
pensate for the reduced absorption is associated with 
prolonged hypertension and is not recommended. 63 In an 
emergency the endotracheal route of drug administration 
may be used for other lipid-soluble drugs such as lidocaine 
or atropine but should not be used for non-lipid-soluble 
drugs 63 When drugs are administered by the endotracheal 
route, they should be instilled as deeply as possible into 
the tracheobronchial tree using a catheter inserted beyond 
the tip of the endotracheal tube. 64 Dilution of the drug in 1 
to 2 mL of saline may aid drug delivery. Rapid intravenous 
inftision of warm isotonic fluid (lactated Ringers 20 to 
40 mL/kg) increases the circulating fluid volume and may 
help to compensate for the increased vascular volume. The 
use of sodium bicarbonate, atropine, and calcium chloride 
in cardiopulmonary resuscitation of neonates is controver¬ 
sial. A basic protocol for resuscitation of the newborn is pre¬ 
sented in Fig. 16-2. 
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1. Clear airway [postural droi 11096, nasopharyngeal suriiori). 

2. Stimulate respiration by rubbing thorax and limbs. 

3. Provide an external heat source [infared lamps, blankets, ovoid drafts]. 



FIG. 16-2 it Resuscitation of the neanate. 


The rationale for sodium bicarbonate administration in 
the presence of lactic acidosis is to increase extracellular 
pH and thereby improve cardiac function, perfusion and 
oxygenation of peripheral tissues, intracellular pH, and lac¬ 
tate met a bo l ism. 65 Sodium bicarbonate administration is 
associated with production of carbon dioxide; correction 
of the acidosis requires removal of the CO^, which is depen* 
dent on adequate ventilation and pulmonary blood (low. 
If pulmonary ventilation or pulmonary blood flow is inad¬ 
equate, administration of sodium bicarbonate will result 
in hyperoarbia. Excessive administration of sodium bicar¬ 
bonate causes alkalemia and a right shift in the oxygen- 
hemoglobin dissociation curve, reducing oxygen availability 
to tissues. Paradoxic CNS acidosis has been documented in 
association with bicarbonate administration during cardio¬ 
pulmonary resuscitation, 66 and acute intracellular potassium 


shifts secondary to sodium bicarbonate therapy may be asso¬ 
ciated with an increased incidence of cardiac arrhythmias. 67 
Administration of sodium bicarbonate is recommended only 
if adequate ventilation has been established and when all 
other measures have not been successful. 66 The dose is 1 to 
2 mEq/kg administered by slow intravenous injection. 
Because catecholamines are inactivated by bicarbonate and 
because calcium will precipitate when mixed with bicarbon¬ 
ate, intravenous catheters should be flushed between infu¬ 
sions of drugs. 64 

Use of atropine in resuscitation is based on its peripheral 
effects as a competitive antagonist of acetylcholine, reducing 
vagal tone and increasing conduction through the atrioven¬ 
tricular node. The effect of atropine is dependent on the 
degree of vagal stimulation that is causing the bradycardia. 
Vagal stimulation is not the cause of bradycardia in hypoxic 
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newborns; therefore a response is unlikely. Possible deleteri¬ 
ous effects of atropine administered at therapeutic doses are 
increased myocardial oxygen consumption and precipita¬ 
tion of atrial and ventricular tachyarrhythmias. 69 In low 
doses atropine stimulates the medullary vagal nuclei, caus¬ 
ing paradoxic bradycardia with slowing of atrioventricular 
conduction 70 

The belief that increasing the availability of calcium dur¬ 
ing cardiac arrest might improve myocardial function led to 
inclusion of calcium chloride in cardiopulmonary resuscita¬ 
tion protocols. Calcium has been implicated as a cause of 
postresuscitation cerebral ischemia, as high levels of cal¬ 
cium promote prolonged vasoconstriction, exacerbating 
cerebral and myocardial hypoperfusion. 71 Currently admin¬ 
istration of calcium chloride is recommended only in cases 
of known hypocalcemia and hyperkalemia. 

Postresuscitation Care 

After resuscitation it is important to closely monitor cardio¬ 
pulmonary function, Steroids have been recommended to 
reduce postischemlc cerebral edema via preservation of 
membrane integrity, inhibition of prostaglandin and free 
radical formation, lysosomal membrane stabilization, and 
preservation of vascular membrane permeability, but there 


is no documented evidence demonstrating their effective¬ 
ness. 73 The pj-agonist dopamine may be administered via 
a continuous slow intravenous infusion (2 to 10pg/kg/ 
min) if peripheral perfusion is poor, as indicated by 
decreased capillary refill, absent or decreased pulses, cool 
extremities, tachycardia, and oliguria. Infiltration of dopa¬ 
mine into tissues can produce local tissue necrosis. Dopa¬ 
mine, like epinephrine, is inactivated in alkaline solutions 
and should not be administered in sodium bicarbonate, 64 
Serum electrolytes, blood gases, and blood glucose should 
be periodically monitored if laboratory support is available, 
and appropriate fluid therapy administered to correct defi¬ 
cits. Positioning the newborn in sternal recumbency and 
provision of oxygen via nasal insufflation helps the compro¬ 
mised neonate maintain blood oxygen saturation. Body 
temperature should be monitored closely, and heating 
lights and pads provided, During the course of the first 
24 hours of life the newborn should receive approximately 
15% of its body weight in colostrum. If the coordination 
of the newborn is questionable, colostrum should be tube- 
fed to avoid aspiration. Immunoglobulins are often 
absorbed poorly by the compromised neonate, so passive 
transfer should be evaluated at 18 hours of age and plasma 
administered if the plasma immunoglobulin concentration 
is less than 400 mg/dL. 
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APPROACH TO THE HIGH-RISK OR 
COMPROMISED NEONATAL FOAL 

WENDY E VAALA 

Hie abnormal large animal neonate often presents diag¬ 
nostic and management challenges to the veterinarian. 
Familiarity with neonatal characteristics and behavior, as 
well as with neonatal disease processes, is critical for a suc¬ 
cessful outcome. Despite dramatic advances in neonatal 
intensive care, many foals still die, not because their pri¬ 
mary problem is unbeatable, but because veterinary inter¬ 
vention was delayed, delivery was unattended, neonatal 
compromise was not recognized in a timely fashion, or crit¬ 
ical care was unavailable or not economically feasible 
{Box 17-1). It is absolutely essential to recognize abnormal¬ 
ities early in the course of the disease process. Large animal 
neonates are bom with few nutritional physiologic, or 
immunologic reserves. Any condition that prevents them 
from standing and nursing soon after birth represents a 
potentially fatal condition. Unfortunately, signs of illness 
in the neonate are frequently vague and nonlocalizing. 
Many high-risk newborn animals look relatively good dur¬ 
ing the first hours after birth. This "grace period" is often 
followed in 12 to 24 hours by a worsening of condition 
because of the specific disease process itself as well as dis¬ 
ruption of normal adaptive processes The presence of one 
localizing sign such as diarrhea may obscure the fan that 
other organ systems are involved as well. Multiple problems 
in the same individual seem to be the rule rather than the 
exception. 

Many weak foals begin to fade as a result of a series of 
problems that need to be systematically addressed. There¬ 
fore diagnosis on the basis of physical examination alone 
is extremely difficult. Prompt collection of a complete data¬ 
base (history, hematologic assessment, clinical chemistries, 
immunoglobulin status, radiographs, and ultrasonography) 
is often necessary to form a realistic idea of the neonate's 
problems and prognosis. The veterinarian must initiate 
treatment for the specific disease process while addressing 
the unique metabolic demands and physiologic instability 
of the newborn. 

Another neonatal tendency that is extremely important 
in dictating the time course of clinical diagnosis, monitor¬ 
ing, and intervention is the rapidity with which changes in 
condition can occur, either for better or worse. Even a short 
delay in institution of therapy can make the difference 
hetween success and failure. The placentation of the large 
animal fetus does not allow transfer of immunoglobulins 
from mother to fetus in utero, and the newborn is depen¬ 
dent on the ingestion of colostrum shortly after birth for 


the majority of its immunoglobulins, tven with a normal 
level of circulating immunoglobulin, the immune system 
of the neonate is not as effective as that of the adult, and 
if failure of passive transfer of immunoglobulins occurs 
(see Chapter 53), the neonate is at higher risk for acquiring 
severe, generalized infections. A foal should be considered 
high risk if any of the abnormal periparturient events listed 
in Box 17-1 have been observed. 

EXAMINATION OF THE POSTPARTUM 
MARE AND PLACENTA 

When accompanying a sick newborn foal, the mare should 
be evaluated thoroughly, and a complete foaling history 
should be acquired (see Chapter 15). 

If available, the fetal membranes should be weighed and 
examined for integrity, abnormal thickening, discharges, vil¬ 
lous atrophy, and other abnormalities. The placenta should 
be scrutinized systematically for valuable information about 
the in utero environment ? 1 Fetoplacental infection, asso¬ 
ciated with bacterial, viral, and fungal agents, is one of the 
most important causes of abortion, stillbirth, and perinatal 
mortality in the equine species. 1 Normal placental weight 
for thoroughbreds ranges from 4,5 to 6,4 kg (10 to 14 lb) 
or about 11% of the foal's body weight 4 ; placentas that 
weigh over 6.4 kg should be considered potentially abnor 
mal (edema or placentitis), and those that weigh less than 
4.5 kg may be incomplete or have severe villous atrophy. 

Cases of chronic placentitis are usually recognized by 
thickening and discoloration of the chorion. Because most 
intrauterine infections begin as an ascending placentitis of 
the chorioallantois, the area of discoloration and thickening 
originates at the cervical star and extends up the body of the 
placenta. Acute cases of placentitis may require histopatho¬ 
logic examination for a diagnosis. 5 If placentitis is sus¬ 
pected, fetal fluids or membranes should be cultured, and 
sections of amnion and chorioallantois should be saved in 
formalin for histopathologic examination. Organisms most 
commonly associated with endometritis may also be asso¬ 
ciated with placentitis. Pathogens include Streptococcus zooe- 
pidemicus , Leptospira species, Escherichia coii, n oca rdio form 
actinomycetes, fungi, Pseudomonas aeruginosa, Streptococcus 
equisimilis* Entewbaaer agglomeram, ffte&w/io pneumoniae, 
and alpha-he mo lytic Streptococcus A 7 Diffuse placentitis is 
associated with hematogenous spread of infection such as 
seen with Leptospira infection. Nocardioform placentitis is 
characterized by focal ly extensive placentitis at the base of 
the placental horns at the junction of the horns and the 
body of the uterus/ The affected placenta is usually covered 
with thick, tenacious brown exudate. Fungal placentitis 
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Peri parturient Events Associated with High-Risk 
Neonates 


PREPARTUM EVENTS 

Premature udder development and/or precocious lactation In 
the dam 

Severe maternal illness 
Severe maternal ma) nutrition 

Exposure to endophyte-infected fescue within 2 months of 
delivery 

Inadequate prenatal maternal immunization 
Advanced maternal age 

PARTURIENT EVENTS 

Premature delivery 

Prolonged gestation 

Premature placental separation 

Meconium staining of fetus* placenta, and/or fluids 

Agalactia 

Severe dystocia 

Cesarean section 

Induced delivery 

Grossly abnormal or heavy placenta {>11% of foal'i body 
weight) 

POSTPARTUM EVENTS 

Failure of neonate to stand and nurse within 3 hours of 
delivery 

Low Apgar score 

Abnormal physical examination findings including 
generalized weakness, poor suckle, severe angular limb 
deformities, enlarged or bleeding umbilicus, patent 
urachus, respiratory distress, diarrhea, colic or other signs 
of localized infection 


often results in a sticky brown mucoid exudate covering 
parts of the chorion and is often associated with the birth 
of a small, emaciated foal." 1 Sabouraltd's agar should be 
used to isolate suspected fungal pathogens, A direct smear 
of the exudate can be examined with Go mod's mtthena- 
mine silver stain.* Aspergt/te* and Mucor species are the most 
common fungal pathogens isolated* Systemic fungal infec¬ 
tion of the foal is relatively rare 

Pending culture results, the foals from grossly abnormal 
placentas should be considered at high risk of being 
infected. Such foals should have a blood culture submitted 
and their leukogram and creatinine concentration evalu¬ 
ated Prophylactic treatment with broad-spectrum antibio¬ 
tics is indicated. 

If the chorioallantois is unusually heavy, it may fail to 
rupture at the cervical star, resulting in premature or abnor¬ 
mal placental separation with the rupture of membranes 
occurring near the base of one horn Foals may experience 
bouts of hypoxia associated with such deliveries. Early post¬ 
partum treatment with drugs, such as dimethyl sulfoxide 
(DMSO) or mannitol, to decrease cerebral edema is indi 
cated at the first signs of neonatal hypoxic ischemic enceph¬ 
alopathy (Le„ dummy foal syndrome). 

Adenomatous hyperplasia of the allantois may appear as 
hyperplasia and hypertrophy of the epithelial cells of the 
allantois with the formation of intraepithelial glands. More 
severely affected membranes may have raised firm tan 
nodules on the allantoic surface of the chorioallantois, 9 
these lesions consist of dilated, anastomosing glands 
surrounded by loose, collagenous stroma. Inflammatory 
changes are thought to be secondary to the adenomatous 


dysplasia The cause of this lesion is not known, but it is 
seen with chronic placentitis, placental edema, and fetal 
diarrhea.* 9 Umbilical cord abnormalities may also affect 
the fetus. 10 Granular debris and golden meconium particles 
on the amniotic portion of the cord suggest local inflamma¬ 
tion An excessively long umbilical cord (normal range is 36 
to 83 cm) may result in strangulation of the fetus with evi¬ 
dence of edema and vascular occlusion around the head 
and neck. If there is excessive twisting of the cord, there 
may be compromised fetal circulation and/or obstruction 
of the urachus. Urachal obstruction may contribute to ura¬ 
chal patency or bladder rupture. An unusually short cord 
is prone to premature rupture and hemorrhage and may 
predispose the foal to hypoxic injury. 

The mare s udder, milk, and reproductive tract should be 
carefully examined. After birth the quality of colostrum may 
be assessed by visual inspection (thick, sticky) or by colostrum- 
eter (specific gravity <1.060 is normal) (see Chapter 53), 
A full, distended udder usually indicates that the foal is 
not nursing adequately, but in rare instances it may accom¬ 
pany mastitis. In mares with mastitis the milk may appear 
normal on visual inspection. A flaccid and empty udder 
may indicate either an aggressively nursing foal or a mare 
that is not 1 aerating sufficiently. One way to distingqish 
the two is to muzzle the foal for 1 to 2 hours and then 
check the amount of milk in the udder. 

The mare's reproductive tract should be evaluated if there 
is a history of vaginal discharge, retained placenta, or trau¬ 
matic binh or if the mare appears sick or febrile. The mare’s 
appetite and manure production should be monitored 
Postpartum mares are at increased risk for developing gas¬ 
trointestinal disease. Causes of colic in the postpartum mare 
include impaction of the large colon or cecum, cecal rup¬ 
ture, large colon displacement, large colon torsion, rectal 
prolapse with rupture of the mesocolon, ischemic necrosis 
of the descending colon, diaphragmatic herniation of 
abdominal viscera into the thorax, rupture of the uterine 
artery, hematoma formation within the broad ligament or 
uterine wall, peritonitis secondary to uterine trauma, rup¬ 
ture, or prolapse, and metritis. 

Diagnostic aids include a care fid history of events sur¬ 
rounding delivery. Prepartum maternal problems such as 
hydrops or prepubic tendon rupture and ventral abdominal 
hernia formation predispose to specific problems. Hydrops, 
if severe, can result in uterine rupture, leading to postpar¬ 
tum peritonitis, Prepubic tendon rupture and rectus abdo¬ 
minis damage can produce imraperitoneal inflammation 
leading to intraabdominal adhesions, bowel trauma, and 
peritonitis. A history of dystocia increases suspicions of 
intrauterine trauma, uterine rupture, metritis, and peritoni¬ 
tis. Dystocias have also been associated with bowel damage 
including cecal rupture. If the mare experienced rectal pro 
lapse, she is at increased risk for rupture of the mesocolon 
and secondary disruption of blood supply to the descend¬ 
ing colon resulting in intestinal ischemic necrosis and peri¬ 
tonitis. Retained fetal membranes increase the risk of 
metritis and secondary peritonitis. 

It is common practice to feed mares a laxative diet fol¬ 
lowing parturition to reduce the risk of impaction The 
mare should be dewormed within 24 hours after delivery 
to reduce the foal's parasite exposure, 

RESTRAINT OF THE FOAL 

The uncooperative nature of many neonatal foals can seri¬ 
ously limit the quality of care provided, and identification 
of effective restraint techniques often becomes a concern 
equal in importance to medical therapy. In general, proce¬ 
dures should be performed as quickly and quietly as possible. 




Tor minor procedures such as venipuncture, most foals can be 
successfully restrained in the standing position, with the foal 
held against a wall or in a comer of the stall. One of the 
restrainer's arms is placed around the foal's chest, and the 
opposite hand grasps the tail base and holds the tail up over 
the rump. If foals are held too tightly, they tend to collapse, 
then leap forward. Alternatively, most foals stand well when 
both ears are held tightly at the base; this technique also 
provides excellent access to the jugular vein. 

For procedures that are more involved and time-consum¬ 
ing, it is highly recommended that foals less than 2 weeks of 
age be placed in lateral recumbency, The use of local anes¬ 
thetic placed with a small needle facilitates catheter place¬ 
ment and arterial blood gas collection. Additional details 
concerning foal restraint can be found in other texts. 11 

PHYSICAL EXAMINATION OF FOALS 

GUV D. LEXTER 

Physical Appearance and Bodyweight 

The degree of physical maturity should be considered in rela¬ 
tion to the estimated gestational age. This assessment should 
be made in light of the variable gestational length in horses 
Typically, gestational length is calculated from the time of 
insemination through birth, which overestimates the true 
gestational period by as much as 7 days. The mean gesta¬ 
tional period in thoroughbreds is approximately 340 to 
342 days, with 93% of mares foaling at 327 to 337 days. 12 
There are a number of factors that influence this period, 
including breed, gender, and the time of year. Colts on aver¬ 
age have a gestational length that is approximately 1.5 to 2.5 
days longer than that of fillies. They also are slightly heavier, 
are slower to stand, and have a heavier placenta. 33 Mares that 
develop a pregnancy early in the breeding season have longer 
pregnancies than those that conceive late in the season TTiis 
can affect gestational length by as much as 10 days. 1314 Tn 
some but not all breeds it has been suggested that dam, sire, 
and dam's sire play a role in determining gestational 
period. 35 Physical characteristics of immaturity include low 
birthweight, small body size, short and shiny hair coat, dom¬ 
ing of the head, periarticular laxity, and droopy ears. Foals 
with a shortened gestational period and signs of physical 
immaturity are termed premature, whereas foals that are 
physically immature in the face of an appropriate gestational 
length are termed dysmature. Foals bom after 356 days 
should be regarded as postterm. Such foals are distinguished 
from foals that are postmature, a condition of increased 
morbidity as a consequence of failing placental function. 15 
Postmature foals tend to have a lean and lanky physical 
appearance. Numerous factors influence a foafs body weight 
at birth including breed, gender, gestational age, and intra¬ 
uterine environment. Estimates of body weight for newborn 
thoroughbred foals for the purpose of drug calculation range 
between 40 and 55 kg, although many healthy foals may 
well exceed this range. 

Foal Behavior 

Normal foals achieve sternal recumbency with a raised head 
within minutes of birth. They also should be highly respon¬ 
sive to a range of tactile, visual, and auditory stimuli within 
3 minutes of delivery. 16 Attempts to rise should begin 
within 30 minutes. Initial attempts may be unsuccesshil, 
but most foais are standing with control by l hour of age 
(mean 57 minutes, range 15 to 165 minutes). 17 Initially 
the stance is characteristically wide-based, with moderate 
truncal swaying both forward and backward and from side 
to side. 77te suck reflex should be present within minutes 
of birth and should be vigorous by 30 minutes. After a 


period of adjustment the normal foal will eventually dis¬ 
cover the mare's udder and begin sucking. This is typically 
achieved before 2 hours (mean 111 minutes; range 35 to 
420 minutes); most foals have sucked twice by 2Vi hours 
of age. Sucking periods vary in duration between 1 and 
5 minutes and are interspersed with periods of sleep that 
last approximately 7 minutes. A foal that spends long 
periods at the udder may not be getting an adequate intake 
of milk. 

It is important to watch the foal during sucking to con¬ 
firm appropriate teat contact and swallowing movements, 
The foal should also be observed after sucking for evidence 
of nasal regurgitation of milk. The normal neonatal foal 
spends approximately one third of its life recumbent; this 
is in contrast to the adult horse, which spends 5% to 10% 
of a 24-hour period in recumbency. An important part of 
the physical examination is assessment of the foal's attitude. 
Normal foals are bright, alert, and very responsive to envi¬ 
ronmental stimuli. They should be curious and demonstrate 
frisky play at as early as 2 hours of age. Galloping can be 
observed by as early as 6 to 7 hours of age. Normal para¬ 
meters for the foal are listed in Tables 17-1 to 17-3. 

Recommendations to diems as to when veterinary inter¬ 
vention should be sought vary from practice to practice. The 
'T-2-3" rule is often quoted: the foal should be standing by 
1 hour after birth, the foal should have sucked by 2 hours, 
and the placenta should be cleared hy 3 hours. Some have 
translated this into a "2-4-6" rule for diems: seek veterinary 
attention if the foal has not stood by 2 hours, the foal has 
not sucked by 4 hours, or the placenta has not been cleared 


TABLE 17-1 


Normal Physical Examination Parameters of the 
Neonatal Foal and Calf 


1 Parameter 

Foal 

Calf 

Gestational age 

241 days (327-365) 
<320 days — 
premature 

278-282 

(Holstein) 

281-282 

(Shorthorn) 

292 (271-310) 
Brahma 

Time to suckling 
reflex 

(stimulated 
by placing a 
finger in the 
mouth) 

2-20 min 

2-20 min 

Time to stand 

57 min (15-165 min) 

>2 hr abnormal 

60-158 min 

60-228 min 
without dam 

Time to nurse 
from mother 

111 min (35-240 min) 
>3-4 hr abnormal 

104 min 

Body 

37° 038^ C 

37* C-38* C 

temperature 

{9T F-10 r F] am 
n unstressed value 

(99* F-102" F) 

Heart rate 

Respiratory rate 

1-5 min postfoaling 
> 60 beals/min 

6-60 min postfoaling 
80-130 beat/min 

Day 1-5 80-120 
beats/min 

Postfoaling for 

30 min 60' 

80 breaths/min 

1-12 hours in sternal 
recumbency 30-40 
breaths/min 

90-110 

beals/min 
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TABLE 17-2 

Normal Hematology Reference Values for Neonatal Foals 


Gestational Agt (Premature Feu la) Postnatal Age (Term Foals) 


Parameter 

100-109 Days 
Mean 

310-319 Days 
Mean 

120-114 Days 
Mean 

1 Day 

Mean ± 5D 

2-7 Days 
Mean - SD 

RBC ( x 10*/(iL) 

9.6 

10.1 

11.3 

10.5 ± 1 

9.26 ± 0.8 

Hb (g/dL) 

13.1 

14.1 

13.2 

14.4 ± 1.1 

13.2 ± 1.2 

PCV (%] 

41 

42 

43 

42.0 ± 3.6 

36 5 ± 3.1 

MCV (Jl) 

42 7 

42.2 

38.6 

40.2 dt 3.6 

39.4 ± 2.3 

MCH (pg) 

14 

14.4 

11.6 

13.6 ± LI 

14.5 ± LI 

MCHC {%} 

*32.4 

33.8 

30.5 

33.8 ± 2 

36.2 dt LI 

Icterus index (u) 




40.0 ± 15 

30.3 ± 15 

Total plasma protein (g/dL) 




6.1 ± 0.8 

6.4 ± 0.6 

Fibrinogen (mg/dL) 




243 ± 74 

310 ± 90 

Total WBC/pL 

5000 

6800 

4900 

8632 ± 2570 

9075 ± 2200 

Neuirophiis/pL 

1230 

1540 

1940 

6381 ± 2225 

6528 ± 2000 

Bands/pL 



2960 

<50 

>50 

Lymphocytes/yiL 

1720 

S090 


2021 ± 2225 

2203 ± 575 

Monocytes/pL 




222 ± 160 

305 ± 145 

Eosinophils/pL 




0 

22 

Basophils/ jiL 




8 

17 

Neutrophil lymph ratio 

0.33 

0.3 

066 

3.16 

2.96 


lib HnnoglobiiL MCK mean rttfpuatuUr bftno(0obia MCHG mean omjsmsoiUi hmwglnbm fonmumioa MCL mean torpmaiUf woHime. PCV. pack 
cdl volume, JMtC red blood cdL WHC while blood cdl 


TABLE 17-2 

Normal Serum Biochemical Reference Values 
for Normal-Term Postnursing Foals 


Age 


I Parameter 

) Day Mean ± 
SD 

4*7 Days j 

Mean ± Sl> I 

Sodium ( mEq/L} 

139,7 ± 6 

139-5 ± 4,2 

Potassium (mEq/L) 

4.4 ± 0.9 

4.5 ± 0.4 

Chloride (mEq/L) 

103,5 ± 3 

101.3 ± 4 

Bicarbonate 

22.9 ± 3.4 

34.3 ± 2.1 

(mEq/L) 

Calcium (mg/dL) 

lt.7 ± LI 

11.4 ±0.8 

Inogank phosphorus 

5 ± 0,85 

6.4 ± 0.8 

(mg/dL) 

Magnesium (mg/dL) 

7.2 ± 0.35 

2.7 ±0.15 

Glucose (mg/dL) 

136 ± 40 

150 ± 30 

HUN (mg/dL) 

18.9 ± 4.3 

13.6 ± 536 

Creatinine (mg/dL) 

2.3 ± 0 6 

13 ± 0,3 

Total bilirubin 

4.3 ± 2-2 

4.4 ± I t 

( mg/dL) 

Direct bilirubin 

0.5 ± 0.2 

0.8 ± 0 4 

(mg/dL) 

Indirect bilirubin 

3.8 ± 1.5 

3.5 ± l-l 

(mf/dL) 

Alkaline phosphatase 

2282 ± 1100 

1949 ± 1100 

(IU/L) 

GOT (IU/L) 

29.6 ± 15 

18,3 ±73 

ADH (IU/L) 

2 ± 0,9 

2 ±0.9 

AST (SCOT) 

154 ± 55 

225 ± 60 

(IU/L) 

LDH (IU/L) 

487 ± 100 

490 ±100 


AST* Aspartate amimnramferas? (SCtTIT BUN, blood urea mtrnRcn. 
CiCT y-glutamyltransferisc, 12)11, lactate dehydrogenase. SDH sorbitol 
dehydrogenate. 


by 6 hours- These recommendations are used only as a 
rough guide and will obviously be influenced by peri par - 
turn conditions and client experience. 

A potentially critical consequence to a delay in the onset 
of feeding is failure of passi ve transfer of maternal immuno¬ 
globulin. Foals should be supplemented with 20 ml/kg of 
good-quality colostrum by bottle or lube ideally before 
6 hours of age. Measurement of serum immunoglobulin 
C (IgC) should be made between 12 and 18 hours of age 
A normal foal that has consumed adequate amounts of 
colostrum will have a serum IgG measurement substantially 
greater than 800 mg/dL Failure of passive transfer is gener¬ 
ally defined as a serum IgG less than 400 mg/dL; partial fail¬ 
ure of passive transfer is used when the serum IgG is 
between 400 and 800 mg/dL Many authors have identified 
an association between low serum IgG and morbidity and 
mortality, most commonly caused by sepsis. Tetanus pro¬ 
phylaxis, in the form of antitoxin (1500 IU) f should be 
administered to foals with untreated failure of passive 
transfer, 

A modified Apgar score has been used in foals to semi- 
quant itate the severity of signs that occur in response to 
peripamim asphyxia ('I able 17-4). •* In human neonatal 
practice the acronym stands for activity, pulse, grimace, 
appearance, and respiration. The modification used in eq¬ 
uine practice refers to appearance, pulse, grimace, attitude, 
and respiration. Appearance refers to oral mucous mem¬ 
brane color pulse is self-explanatory 1 and uses 60 beats per 
minute (bpm) as a cutoff; grimace b assessed in response 
to stimulation of the nasal mucosa, the inside of the pinnae, 
and the region over the thoracolumbar area adjacent to the 
spine; attitude reflects the degree of muscle lone; and respi¬ 
ration refers to ventilation raie and rhythm, with 30 breaths 
per minute as the cutoff. Each category is scored from 0 to 

2 points, with a score of 10 being optimal. A score of 0 to 

3 indicates marked depression; 4 to 6, moderate depression; 
and 7 to 8, mild asphyxial injury. Normal foals have a score 
of 9 or 10. Ideally the modified Apgar calculation should be 








266 




PART THREE DISORDERS and MANAGEMENT of the NEONATE 


-f- TT - 




TABLE 17-4 




Apgar Score: Assessment of Neonatal Asphyxia 1 ’ 



| Parameter 

0 Points 

l Point 

2 Points ] 

APPEARANCE 

Gray or blue mucous 
membranes 

Pale pink mucous 
membranes 

Pink mucous membranes 

PULSE (beats per 
minute [bpm|) 

GRIMACE 

Absent 

<60, irregular 

>60, regular 

Nasal stimulation 

No response 

Grimace 

Strong grimace, sneeze 

Ear tickle 

No response 

Head and neck motion 

Ear tickle, head shake 

Thoracolumbar stimulus 

No response 

Head and neck motion 

Attempt to stand with head, 
neck, limb morion 

ATTITUDE (muscle tone) 

Limp, lateral 
recumbency 

Semistemal, some limb 
flexion 

Sternal 

RESPIRATION (breaths per 
minute) 

Absent 

<30, irregular 

>30, regular, can whinny 


made within the first minute after birth, but certainly within 
15 minutes of delivery. Repeating the score 4 minutes later 
is recommended. Foals with low scores typically require 
aggressive resuscitation, whereas mildly affected foals may 
respond to vigorous rubbing, stimulation of the nasal 
mucosa, and limb movement 

Maternal Behavior 

Any intervention should be made in consideration of the 
impact it may have on the relationship between the mare 
and the foal. Maternal behavior toward the foal is instinc¬ 
tive and can be modified or disturbed through excessive 
veterinary intervention. Maternal recognition is largely 
dependent on smell, and treatments may alter foal odor, 
thereby interfering with the normal bonding process. Sepa¬ 
ration of foal and mare may be unavoidable if necessary 
treatments are to be provided; however, maintenance of 
an environment in which the mare has continual access to 
her foal with respect to sight and smell is ideal. It is impor¬ 
tant to distinguish refusal to suck from true rejection; the 
latter commonly involves aggression toward the foal. Mares 
may be reluctant to allow the foal to suck if they are experi¬ 
encing pain from udder edema, pelvic or perineal disease, 
or primary gastrointestinal problems. In addition, uterine 
contractions associated with passage of the fetal membranes 
may also cause transient discomfort in the mare. Manage¬ 
ment is dependent on recognition and treatment of the 
underlying problem. This may include provision of analge¬ 
sia, local therapy of the udder (heat therapy, massage), and 
oxytocin (10 to 15 IU given intramuscularly |IM)) to facili¬ 
tate milk letdown. Tranquilization with acepromazine may 
also he helpful. 

Maiden mares commonly, and multiparous mares occa¬ 
sionally, demonstrate signs of confusion, fear, and anxiety 
with the arrival of a newborn foal. This usually results in 
sudden movement of the hindquarters away from the foal 
as it attempts to find the udder, mare squealing, and height¬ 
ened sensitivity. Mares may attempt to bite or kick the foal 
if they are unable to escape. This is accentuated by place¬ 
ment into a busy or noisy environment, typical of many vet¬ 
erinary practices in spring. The most successful approach to 
managing anxious mates is through a combination of a 
low-stress environment, iranquilization, and patience. It is 
important to avoid threatening verbal or physical punish¬ 
ment, as this only heightens the mare's anxiety. The use of 
a grazing muzzle or hobbles may he needed to reduce the 
risk to the foal from kicking or biting. 


Risk factors for foal rejection include first birth, a history 
of previous rejection, disruption to the environment (e.g., 
forced separation, noise), and breed. 20 - 31 Rejection may 
occur more often in Arabian mares and more commonly 
within certain family lines within the breed. 2 T 

Body Temperature 

Rectal temperature in foals reportedly ranges from 99° F to 
102 fi F (37.2° C to 38.9 fl C) during the first 4 days after 
birth. 17 The upper end of the normal range, which is 
approximately l 6 F (0.6° C) above the upper end of the 
adult range, is strongly influenced by environment and exer¬ 
cise. Temperature can be variable in foals with systemic sep¬ 
sis; in the early stages of sepsis the rectal temperature is 
commonly within the normal range or mildly elevated. 
Foals in septic shock usually have a low rectal temperature, 
and those with localized infection often are febrile. 

Cardiovascular System 

Physical assessment of the cardiovascular system includes 
examination of visible mucous membranes, palpation of 
peripheral arterial pulses, assessment of extremities for 
warmth, detection of limb or ventral edema, and cardiac 
auscultation. In the foal, preferred sites for subjective assess¬ 
ment of pulse rate, regularity, and strength include the 
dorsal metatarsal artery, the brachial artery, and the carotid 
artery. The dorsal metatarsal artery is easily palpated in 
healthy foals on the lateral aspect of the third metatarsal 
bone. The brachial artery is palpated at the level of the 
medial collateral ligament of the elbow joint. Reduced pulse 
pressure can be caused by a range of diseases including sys¬ 
temic sepsis, perinatal asphyxia, and prematurity. Indirect 
blood pressure monitoring is most commonly performed 
using an automated oscillometric device with a cuff posi¬ 
tioned around the base of the tail or over the dorsal meta¬ 
tarsal artery. 22 These devices reasonably reflect direct 
pressure measurements when used carefully with several 
repetitions There are important limitations of indirect or 
direct blood pressure measurement in overall assessment 
of the cardiovascular system. In healthy foals the correlation 
between arterial blood pressure and cardiac output, one of 
the best available parameters to assess circulatory function, 
is acceptable but decreases significantly when there is 
altered systemic vascular resistance—a circumstance that is 
likely common to several common diseases. Recent descrip¬ 
tions of noninvasive methods to measure cardiac output, 
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such as volumetric echocardiography, have shown good 
correlation with more robust hut invasive techniques in 
anesthetized foals. The question remains if this correlation 
will be sustained in critically ill foals. 

Cardiac auscultation is an important part of the physical 
examination of the newborn foal. This should include aus- 
cultaiion of both the left and right hemi thorax. The heart 
rate can be highly variable in neonates and is dependent 
on age. Immediately after delivery the rate is around 
60 bpm (range of 40 to 60 bpm), and it increases over the 
first several hours of life to approximately 120 bpm. This 
should stabilize to within a range of BO to 100 bpm during 
the first week. Increases associated with activity and excite¬ 
ment should be expected. Cardiac arrhythmias occur com¬ 
monly during the first hour after birth in apparently 
healthy neonatal foals; most arrhythmias are restricted to 
the initial 15 minutes of postpartum life. These include 
atrial premature contractions, paroxysmal atrial fibrillation, 
atrioventricular block ventricular premature contractions, 
and ventricular tachycardia.**** 5 Most are attributable to 
hypoxia and high vagal tone. Cardiac arrhythmias after an 
hour of age should be considered abnormal 

Cardiac murmurs are also commonly auscultated in foals 
during the early neonatal period- The vast majority are loca 
Yaed to the left heart base and are considered to be physio¬ 
logic rather than pathologic. I he presence of a continuous 
murmur is consistent with patency of the ductus arteriosus. 
In most foals the systolic component of the murmur is 
louder and therefore more obvious than the diastolic com* 
ponent The murmurs are therefore often described as holo- 
sptoiir, with a point of maximal intensity on the left 
hemithorax, in the third intercostal space, and at the level 
of the scapulohumeral joint. Audible continuous murmurs 
are unlikely to persist for more than 3 days; however, the 
systolic component of the altered flow may linger for a 
week or longer in normal animals. It is commonly believed 
that many neonatal systolic murmurs with a point of maxi¬ 
mum intensity over the left outflow tract may he a result of 
left ventricular ejection rather than flow through the ductus 
arteriosus. This would be similar to physiologic flow mur¬ 
murs commonly heard in young adult horses. There are a 
number of observations that should prompt referral for 
echocardiographk assessment. These include persistence of 
any loud murmur, particularly if it is radiating or associated 
with a precordial thrill, and any signs of cardiac disease 
including weakness, cyanosis, pulmonary* edema, ascites, 
or unexplained dependent edema. Bacterial endocarditis is 
rare in the neonate but certainly in older foals should be 
considered if the cardiac murmur is associated with fever, 
leukocytosis, and hyperfibrinogenemia. Many congenital 
heart defects have been reported in foals, with a wide varia¬ 
tion in dinical signs and age of presentation. The most 
common congenital hean abnormality is a ventricular sep¬ 
tal defect. Myocardial dysfunction has been reported in 
association with systemic sepsis in foals. Cardiac troponin 
I (cTnl) and the cardiac isoenzyme of creatine kinase 
(CKMB) are both elevated in foals with sepsis, although 
the elevation does not accurately predict survival 2 * 

Respiratory Tract 

The respiratory rate, rhythm, and depth should be assessed 
as pan of the physical examination of the neonate. The 
respiratory rale and tidal volume are markedly increased 
during the first 60 minutes of postnatal life. Rates approach* 
ing 80 breaths per minute are not uncommon during this 
lime, after which there should be a steady decrease to 
approximately 30, Respiratory rhythm will vary with the 
level of consciousness. In foals with hypoxic-ischemic brain 


disease, periodic breathing patterns are common, including 
Cheyne-Stokes and erratic rhythms that may include 
lengthy apneic pauses, occasionally exceeding 30 seconds, 
Oieync-iitofces respiration refers to periods of apnea and 
hypopnea that alternate with periods of hyperventilation 
Both respiratory frequency and tidal volume are affected. 27 
It is possible that periodic breathing may contribute to the 
pathology associated with the syndrome. Auscultation of 
the respiratory tract is an essential part of the examination 
but can be misleading. Moist rales are normally present 
throughout the respiratory cycle after birth because of resid¬ 
ual fluid within the airways. Asymmetry of air movement 
and end-inspiratory crackles are also normal findings as a 
result of simple atelectasis of the dependent lung during lat¬ 
eral recumbency. These typically resolve within minutes of 
standing. Conversely, foals can have significant lung disease 
yet few abnormal findings on thoracic auscultation. Added 
to this problem is the absence of cough and nasal discharge 
in many neonates during the early phases of lower airway 
disease. 

Thoracic trauma and rib fracture can occur as a complica¬ 
tion of second-stage labor Costochondral dislocation can 
occur in as many as 20% of births, fractures of the rib shaft 
occur far less commonly and can on rare occasions cause 
significant clinical disease and death. This can indude 
hemothorax, lung laceration and pneumothorax and peri¬ 
cardial and myocardial puncture Diagnosis is by observa¬ 
tion of thoracic wall symmetry and synchrony, palpation, 
and imaging (ultrasound or radiography). Management is 
typically conservative unless displacement of shaft frag¬ 
ments is identified over key underlying structures. 

Oral Cavity and Nasal Passages 

Oral mucous membranes should be assessed for color, 
moisture, and refill time. Normal foals have membranes 
that are moist, are pale pink, and have a capillary refill lime 
(CRT) of approximately 1.5 to 2 seconds. Given the impor¬ 
tance of the intestinal system in the genesis of neonatal sep¬ 
sis, it is recommended that the veterinarian have clean 
hands, or preferably be gloved, during this pan of the over¬ 
all examination. In the initial stages of systemic sepsis the 
membranes develop a bright red color with a brisk CRT 
This is usually accompanied by episcleral congestion and 
reddening of the coronary bands. As septic shock ensues, 
the membranes darken and the refill time becomes pro¬ 
longed. The presence of mucosal hemorrhages is most con¬ 
sistent with disseminated intravascular coagulation (DIG) 
associated with advanced systemic sepsis A rare cause of 
mucosal petechial hemorrhages is neonatal alio immune 
thrombocytopenia. Affected foals may demonstrate pro* 
longed bleeding after routine venipuncture, A subset of 
affected animals may also have oral and lingual vesicles 
and ulcers and widespread ulcerative dermatitis with crust¬ 
ing, These foals are typically weak and are reluctant to suck 
from the dam because of oral pain The condition appears 
10 be self-limiting and resolves within 2 weeks, presumably 
because of removal of alloant(bodies Icterus of the oral 
mucous membranes can occur in association with bacterial 
or viral sepsis, as a consequence to hemolysis (as in neona¬ 
tal isoerythro lysis or certain clostridial infections), or as a 
benign process, idiopathic neonatal hyperbilirubinemia. In 
hemolytic diseases of the newborn the yellow discoloration 
of the membranes is often superimposed on pale mem¬ 
branes. Blue or blue-gray discoloration of the membranes 
can occur with severe hypoxemia or circulatory collapse. 
Cyanosis ran result from pulmonary or cardiac causes. 
The nasal passages should he examined for fluid or dis¬ 
charge. the presence of orange to brown fiuid at the nares 
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immediately after birth is consistent with meconium aspira¬ 
tion. Passage of meconium into the amniotic sac indicates 
preparmm stress. 

Dental problems are uncommon in newborn foals with 
the exception of problems associated with facial deformities, 
such as maxillary prognathism, mandibular prognathism, 
and campylorrhinus. The central incisors usually erupt dur¬ 
ing the first 5 to 7 days of life The middle incisors rise 
between 4 and 6 weeks of age, but the corner incisors do 
not erupt until 6 to 9 months. In miniature horses and 
ponies the eruption of the middle and corner incisors is 
delayed at 4 months and 12 to 16 months, respectively. 
The 12 temporary molars are present at birth or erupt within 
the first week of life. Maxillary prognathism or parrot mouth 
describes the condition in which the mandible is shorter 
than the maxilla, producing an overjet or overbite. The con¬ 
dition may affect the incisors, check teeth, or both, It is the 
most common congenital oral malformation of foals. The 
incidence has been repotted to be 2% to 5%. Severe manifes¬ 
tations of the condition often coexist with other develop¬ 
mental abnormalities, A genetic basis is suspected (simple 
autosomal recessive) but has not been definitively estab¬ 
lished. Mandibular prognathism or mouth describes the 
condition in which the maxilla is shorter than the mandible, 
producing an underbite. It occurs less commonly than the 
maxillary equivalent. Qimpyforrfiinus (wry nose , wry face) 
describes the condition in which the premaxilla and nasal 
septum are deviated laterally. The condition may occur sin¬ 
gularly or in combination with other deformities, such as 
wry neck, deft palate, and maxillary or mandibular progna¬ 
thism. Tf the deviation is severe, the foal may have great diffi¬ 
culty in sucking from the mare. There may also be problems 
with breathing. However, in most foals the deviation is mild 
and represents a simple but obvious cosmetic defect. As with 
other facial deformities a heritable basis is possible; therefore 
breeding is not recommended. Cleft palate is an uncommon 
congenital defect of foals that results from incomplete fusion 
of the lip and/or secondary palate during the early gesta¬ 
tional period. It has an estimated incidence of 0,1% to 
0.2% of all births. Almost ail clefts occur in die secondary 
palate, the horizontal partition dividing oral and nasal cav¬ 
ities. The secondary palate includes all of the soft palate 
and most of the hard palate, with the majority of the defects 
restricted to the soft palate. The basis of this congenital defect 
is not known but could include a heritable component and/ 
or exposure of the developing fetus to infection, toxins, or 
nutritional disturbances. 

The most common clinical sign is nasal regurgitation of 
milk immediately after sucking. Foals with small-palate 
defects may have intermittent milk drainage from the nos¬ 
tril and consequently escape diagnosis during the neonatal 
period. There are rare reports of deft palates being initially 
diagnosed in adult horses. Most will develop an aspiration 
pneumonia that can be difficult to identify in its early stages 
because of immaturity of cough receptors. Surviving foals 
will typically be poorly grown and ill-thrifty, The diagnosis 
is usually straightforward and centers on an appropriate his¬ 
tory and signalment. Confirmation is through palpation 
using the third finger or by direct inspection of the oral cav¬ 
ity. Smaller defects may be detected by endoscopic examina¬ 
tion of the nasal passages or through the oral cavity under 
anesthesia. Oral palpation is recommended for all sick neo¬ 
natal foals before commencing potentially costly treatment. 

The presence of milk at the nares after feeding is not con¬ 
sidered pathognomonic for a deft palate. Many foals with 
this condition do not have the defect hut rather delayed or 
altered coordination of the swallowing reflex. Clinical signs 
may be noted as early as a few hours of age and persist vari¬ 
ably from hours through weeks. The basis of the condition 


BOX 17-2 


Differential Diagnoses of Nasal Regurgitation of Milk 


Cleft palate 

Persistent dorsal displacement of the soft palate 

Pharyngeal and subepiglottk cysts 

White muscle disease 

Hyperkalemic periodic paralysis 

Guttural pouch tympany 

Prematurity or dysmaturity 

Forced bottle feeding 

Esophageal disease 


is not known, but generalized weakness, hypoxic-ischemic 
brain disease, and nutritional myodegeneration (white mus¬ 
cle disease) have all been suggested as possible causes 
(Box 17-2), Soft-pal ate displacement may also occur in new¬ 
born foals as a result of a persistent frenulum between the 
ventral aspect epiglottis and base of the tongue or with hypo¬ 
plasia of the epiglottis. 2 ® Chronically affected foals deve¬ 
lop signs consistent with aspiration pneumonia, including 
cough, ill-thrift, and failure to grow. The diagnosis is con¬ 
firmed through endoscopy of the nasopharynx; persistent 
dorsal displacement of a flaccid soft palate and dorsal col¬ 
lapse of the nasopharynx are typical findings The palate will 
not replace during attempts to swallow. The procedure is 
important to rule out congenital defects of the palate and epi¬ 
glottis, although endoscopy of the oral cavity under short' 
acting anesthesia may be necessary to rule out more obscure 
problems such as persistent frenulum or epiglottic hypopla¬ 
sia. Radiography and ultrasound are useful diagnostic tests 
to confirm the presence and extent of a ventral consolidating 
pneumonia. Pharyngeal and subepiglottic cysts are uncom¬ 
mon in newborn foals but when present may be associated 
with dysphagia and nasal regurgitation of milk. Otherdinical 
signs may include a respiratory noise, cough, and dyspnea- 
Diagnosis is by endoscopy and radiography. Treatment 
options include ablation using sharp dissection, laser abla¬ 
tion, ora snare. 2 ' 5 Esophageal diseases are rare in the newborn 
foal. Reported conditions include congenital dilatation or 
ectasia, tubular or cystic esophageal duplication, megaesoph¬ 
agus, motor dysfunction, and stricture. Most descriptions are 
in foals outside of the neonatal period. 

Eyes and Associated Structures 

Several ocular features are unique to the newborn foal. 
These include a round pupil, reduced comeal sensitivity, 
prominent lens Y sutures, and persistence of blood in hya¬ 
loid artery remnants. The optic disc tends to be round rather 
than oval and has smooth margins. Normal newborn foals 
lack the ability to completely dose their eyelids (lagophthal¬ 
mos).* 0 Entropion is one of the more common ocular prob¬ 
lems in newborn foals. The condition primarily affects the 
lower lid and involves inward rolling of the lid margin such 
that the eyelid hairs may cause abrasion to the cornea. It 
rarely occurs as a primary event and is usually secondary 
to dehydration or emaciation. Temporary eversion using 
vertical mattress sutures or staples is highly effective at 
reducing the risk of corneal damage; a less preferred method 
involves subcutaneous injection of procaine penicillin into 
the lid. Surgical treatment for entropion is rarely indicated 
and should be reserved for older foals only. Corneal ulcera¬ 
tion occurs commonly in sick neonatal foals. An important 
feature of the newborn foal is significantly reduced corneal 
sensitivity when compared with adult horses. 31 This may 
in pan explain why the signs of comeal disease in foals 
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differ markedly from similarly affected adults. Cardinal 
signs of keratitis, including blepharospasm, photophobia, 
and excessive lacrimation, are often absent in the early 
stages of disease in neonates. There are a number of risk 
factors for corneal abrasion in foals, including the high 
prevalence of entropion, the propensity for prolonged 
recumbency; and the frequency of seizures and colic. The 
key to management is early recognition. In many hospital 
practices daily fluorescein staining is part of the routine 
management of most sick foals. T he frequent use of lubri¬ 
cating ointments may also play an important prophylactic 
role in preventing eye disease. 

Careful examination of the globe tpay reveal signs of irido- 
cyditis. This can be unilateral or bilateral and usually is re¬ 
garded as an ocular manifestation of systemic sepsis. In very 
young foals the presence of fibrin or hypopyon may indicate 
in utero bacterial exposure, often caused by placental infec¬ 
tion. Likely the most common cause of blindness during the 
neonatal period can be directly or indirectly linked to asphyx- 
ial brain injury. In many of these foals the loss of vision is 
attributable to cortical disease, as pupillary light reflexes are 
usually preserved. The prognosis for future vision is usually 
good. Cortical blindness can also result from prolonged 
generalized seizures. The menace response is not a reflex 
and is considered to be a learned behavior in newborn foals. 
The characteristic eyelid blink and ocular retraction may be 
absent during the first 1 to 2 weeks of postnatal life, but most 
foals still demonstrate head withdrawal in response to a 
threatening hand gesture, assuming an adequate level of 
alertness. Neonates should blink when a bright light is 
directed into the eye (bright light blink or dazzle reflex) and 
should have brisk direct and consensual pupillary light 
reflexes. 

lheremay be a slight ventromedial rotation of the eyeballs 
in normal foals; this persists for the first month . u Spontane¬ 
ous nystagmus in any direction is abnormal, but vestibular 
nystagmus is present when the head is moved in a horizontal 
plane in healthy foals. The fast phase of the nystagmus is in 
the direction of head movement. Subconjunctival and sderal 
hemorrhage is a feature of foals born after dystocia. Ibis can 
be an important warning sign of impending postasphyxial 
problems such as hypoxic-ischemic encephalopathy. The 
sclera should also be examined for signs of blood vessel con¬ 
gestion, a feature of sepsis, and for icterus. The differential 
diagnosis for neonatal icterus is discussed elsewhere. Most 
foals with an abnormally small globe (congenital microph¬ 
thalmos) are blind, have a reduced palpebral fissure, 
and have a prominent nictitans.™The condition may be uni¬ 
lateral or bilateral, and it has been suggested that thorough¬ 
bred foals may be more commonly affected. 30 Foals are at 
increased risk for ulceration resulting from associated entro¬ 
pion. Microphthalmia has been reported to occur along with 
mandibular prognathism and cleft palate in foals exposed to 
griseofulvin during the second month of gestation. 32 Con¬ 
genital cataracts are relatively common eye defects in foals. 
Veterinarians should be careful not to misinterpret lens 
sutures as cataracts. These Y-shaped sutures may persist for 
up to a year. Assuming a normal retina, an absence of uveal 
tract inflammation, and an appropriate demeanor, most of 
these foals are candidates for surgery. Other abnormalities 
include atresia of the nasolacrimal system, dermoids, retinal 
dysplasia, and optic nerve hypoplasia. 

Ears 

Ear problems occur uncommonly in foals. It is, however, 
important to examine the inside of the pinnae for dermal 
ecchymotic or petechial hemorrhages. Foals with systemic 
sepsis may develop these lesions. 


Thyroid Gland 

Hypertrophy of the thyroid gland (goiter) can occur in 
response to deficient or excess dietary iodine. One of the 
more common reasons for thyroid gland enlargement in 
neonatal foals is excess iodine supplementation during 
pregnancy. 33 There are reports of neonatal goiter when sea¬ 
weed was incorporated into the diet of broodmares™ or 
when pellets that had been formulated with excessive 
iodine were fed to mares. 3!i Dysmature foals with thyioid 
hyperplasia and concurrent musculoskeletal problems have 
been identified in western Canada and the northwestern 
United States, 36 32 The syndrome results in hypothyroidism 
and may be related to the feeding of diets that are high in 
nitrate or low in iodine to mares during pregnancy. Thyroid 
hormone is an important cofactor in maturation of the 
respiratory system, and hypothyroidism has been linked to 
respiratory failure in a newborn foal. 35 In older foals, 
enlargement of the thyroid has been associated with dietary 
iodine deficiency and low circulating levels of T,. 33 New¬ 
born foals have baseline T* and T, levels that are consider¬ 
ably greater than those of aduJt horses. 39 These levels 
decline over the first 12 days after birth. Normal day-old 
foals have a doubling of T 3 at 3 hours and a 16% increase 
in total T 4 at 6 hours after TSH administration, 1(3 

Neck and Back 

There are a number of congenital anomalies that affect 
the alignment of the vertebra! column. These include atlan¬ 
toaxial malformations, scoliosis, kyphosis, lordosis, and 
combined anomalies, such as kyphoscoliosis. Atlantoaxial 
malformations may occur with or without cervical scoliosis 
or signs of spinal cord compression. Arabian foals are most 
commonly affected, and a familial predisposition has been 
suggested, 41 Ihere may be palpable abnormalities of the 
atlas and axis and altered head carriage. The diagnosis is con¬ 
firmed using radiography, w r ith which a range of abnormal¬ 
ities is seen including adantooccipita] fusion, hypoplasia of 
the dens, and axis malformation. Prognosis is very poor, as 
many foals have signs of ataxia and paresis involving all four 
limbs at birth. Some animals may have normal neurologic 
function. Foals with severe kyphosis or kyphoscoliosis often 
have underlying malformation of the thoracic vertebrae, 42 

Gastrointestinal Tract 

Rorborygmi should be easily heard in healthy neonates. 
Assessment of abdominal size and shape is pan of the rou¬ 
tine physical examination. Ibis is critical in assessment of 
the foal with abdominal pain or decreased urine output. 
In contrast to small animals, in neonatal foals abdominal 
palpation is usually unrewarding. In small foals with 
relaxed abdominal muscles it may be possible to palpate 
meconium impactions and the urinary bladder. When 
abdominal distention is present, it is important to deter¬ 
mine if it is a result of fluid or gas accumulation. Ultra¬ 
sound has become an essential tool in the assessment of 
abdominal distention. 

The routine administration of an enema is performed 
commonly in healthy newborn foals in an attempt to 
reduce the straining associated with the passage of meco¬ 
nium, Various methods are used, with commercial glycerine 
phosphate-based products the most common. These are 
relatively easy to administer, although care should be taken 
to avoid direct trauma to the rectal mucosa with the appli¬ 
cator tip. Most veterinary practices probably use gravity 
enemas of 400 to 800 mL of warm soapy water delivered 
through a soft tube, such as a canine stomach tube or male 
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urinary catheter Acetylcysteine retention enemas are not 
administered routinely, but rather in foals with resistant 
meconium impactions. 

Coprophagy is observed in normal foals from birth 
through 5 to 6 months of age.* 3 " 45 Most foals demonstrate 
coprophagy by 7 days of age. The consumption of feces is 
not driven by hunger and foals have a selective preference 
to consume feces of their dams. The most likely basis for 
coprophagy is as a mechanism to populate the intestinal 
tract with bacteria, fungi, and protozoa essential for diges¬ 
tion of an herbivorous diet, Coprophagy precedes the pas¬ 
sage of protozoa in foal feces and the development of the 
syndrome known as "foal heat diarrhea." This is a benign 
dianheal disease of newborn foals and should not require 
treatment. 

Umbilicus 

Breakage of the umbilical cord occurs naturally within 
5 minutes of birth, with the natural break typically 2.5 to 
7 cm beneath the body wall Immediate postpartum trans¬ 
fusion of blood from the placenta to the foal is important, 
although the process is essentially complete within min¬ 
utes, assuming establishment of a respiratory rhythm. Pre¬ 
mature breakage of the cord can result in significant blood 
loss—up to one third of the circulating fetal blood vol¬ 
ume. 46 Hemorrhage should therefore be controlled with 
a commercial clamp or umbilical tape. Prolonged attach¬ 
ment of the cord is unlikely to be a significant problem, 
although blood flow between the placental membranes 
and the foal is partly gravity dependent, such that blood 
could flow preferentially from foal to membranes if Lhc 
foal is above the level of the placenta. Manual breakage 
of the umbilical cord is recommended if it remains 
attached for more than 8 minutes. The preferred method 
for manual cord breakage is to grasp the placenta side of 
the cord while holding the foal side of the cord with the 
other hand to prevent excessive traction on the abdominal 
wall. Gently twist and pull from the placenta side such that 
the breakage will occur at the natural site of detachment. 
The umbilical cord should not be cut. as this does not pro¬ 
mote normal retraction of the umbilical structures. The cut 
umbilical stump usually remains prominent, often with 
detectable pulse, and is more likely to be associated with 
hemorrhage or patency of the urachus. Bleeding from the 
umbilicus can also occur after apparent closure if the foal 
is straining to either defecate or urinate. Clamping or tying 
off the stump again can reduce this [he exposed umbilical 
stalk is a portal for bacterial entry. Any manipulation of 
the cord should be performed with clean, gloved hands. 
Routine disinfection of the stump is strongly recom¬ 
mended during the first 2 days of postnatal life or until 
the stump has dried. Most hospitals use 0.5% chlorhexi- 
dine solution as the preferred dipping agent, but some 
advocate a 2% iodine solution for use by clients, as its 
use can be verified by the characteristic iodine staining. 

1Tie appearance of the umbilical stump changes over the 
first few days after birth. The external stump should be exam¬ 
ined for size and moisture. A complete assessment of the 
umbilical remnants requires ultrasound. The most common 
problems of the umbilical stump are patency of the urachus 
and infection. Tearing of the urachus as it moves through the 
body wall can produce a circle of cellulitis around the stump 
because of leakage of urine into the tissues. 

Umbilical hernias occur relatively commonly in foals. 
The condition is generally considered to be a congenital 
defect with a likely hereditary basis, although umbilical 
infection may be an important postnatal predisposing factor 
in some foals. In a study from the Netherlands 19 of 44 


Dutch Warmblood foals had a palpable abdominal wall 
defect varying between 2 and 6 cm at the time of birth. 47 
In all but one of these foals the defect had dosed by 4 days 
of age. Of interest was that approximately 28% of the foals 
developed a defect at 5 to 8 weeks of age. These were con¬ 
sidered to be true umbilical hernias in that a hernial sac 
with contents was palpable in addition to the abdominal 
wall defect. The group included both foals with and foals 
without a palpable abnormality at birth. In a retrospective 
study of hospitalized foals it was concluded that the defect 
was more likely to occur in fillies than in males and that 
the condition was more common in thoroughbreds than 
in standardbreds, 4 * Most clinicians recommend delay in 
treatment, as some defects will dose spontaneously. Several 
techniques have been described for repair and vary from 
external damps to surgical herniorrhaphy. Rare complica¬ 
tions are associated with umbilical hernias or their repair. 
These include enterocutaneous fistulas, umbilical abscessa- 
tion, and intestinal incarceration, 4930 


II DIAGNOSIS OF UMBILICAL DISORDERS USING 
ULTRASOUND 
IOIIN E bAADlGM 

Ultrasonography has been used to quantitatively corre¬ 
late umbilical structural changes with age in foals. Mean 
diameters for selected umbilical structures derived from 13 
foals ranging from 6 hours to 4 weeks of age have been 
reported,'* 1 * Foals may be examined in a stall adjacent to 
their dams and near the stall door. Foals are made to lie 
down without sedation, using the method shown in 
Fig. 17-1. Foals will usually become quiet and still within 
a few minutes of recumbency. All ultrasound examinations 
are performed with the foal in left lateral recumbency with 
the ultrasound machine behind the examiner (Fig. 17-2), 
Fig. 17-2 includes a diagram of the anatom ic locations of 
the structures examined during the ultrasound evaluation. 
A 5- to S-cm-wide strip of hair can be clipped along the ven¬ 
tral midline, extending from the umbilical stump crania! 
to the xiphoid to facilitate examination of the umbilical 
vein. In addition, an area 5 cm by 5 cm caudal to the umbil¬ 
ical stump is dipped to visualize the umbilical arteries and 
urachus. The ultrasound examination is performed with 
a 7.5-MHz sector scanning transducer; a built-in standoff 
is preferred. Eight views of the umbilical vessels and linear 
measurements of the vertical and horizontal dimension 
of each vessel can be taken. This allows examination 
of the umbilical vein (three views} and umbilical stump 
(one view) (Fig. 17-3), and urachus/umbilical arteries (four 
views) (Fig. 17-4). The umbilical vein is visualized at a site 
approximately 1 cm cranial to the umbilical stump (view 1); 
another view taken approximately halfway between the 
umbilicus and the liver (view 2) and aL a point where the 
vein curves away from the body wall and angles toward 
the liver (view 3). A single cross-sectional view of the exter¬ 
nal umbilical stump is made at the body wall. The com¬ 
bined uradius/left and right umbilical artery is visualized 
in a single cross-sectional view just caudal of the umbilical 
slump. The comparative mean umbilical vessel diameter 
normal data is summarized in fable 17-5. All but one of 
the ultrasound views demonstrated a significant reduction 
in mean vessel diameter over the first 7 days of life in nor¬ 
mal foals; only the urachus and umbilical arteries in a single 
structure remain static during the first week of life, Enlarge¬ 
ments in these structures are suggestive of inflammation, 
infection, or hematoma and should be correlated with clin¬ 
ical signs and laboratory findings for choosing an optimal 
treatment plan. 




FIG. |7-| II Procedure for placing neonatal foals in lateral recumbency for umhifiraT ultrasound A* The foal is resigned by placing the arms around die 
neck area and rump and holding the tail. B* Ifce left forearm of the handler is placed against the head of the foal, and the head is folded back toward the 
rump area while pressure is applied to the rear quarters with the other arm. G The foal leans backward and sags inward the handler, becoming recumbent. 
D„ Thie foal is allowed to sag to the ground and is kept in the folded position until completely recumbent and relaxed E, The front legs are then grasped with 
left hand and the forearm is placed on the neck area. 'Hie rear legs are held with the right hand. F, Hie foal is held steady in this position until blindfolded and 
struggling stops. The foal is in left lateral recumbency. 


Urogenital System 

Urine is one of the most important indicators of health in 
foals. Normal neonatal foals produce a large volume of 
urine relative to their bodyweight; estimated at 148 mL/ 
kg/day, this value is approximately fivefold to tenfold 
greater than that of a healthy adult horse on a per kilogram 
of bodyweight basis, 51 The urine should be light in color 
and low in specific gravity. Any foal observed to pass thick, 
concentrated urine should be assessed closely. The first pas¬ 
sage of urine after birth occurs around 8-9 hours of age. 53 
Colts will pass urine earlier than fillies, at approximately 6 


hours of age in colts and 11 hours in fillies. Disruption to 
the urinary tract occurs relatively commonly and can be dif¬ 
ficult to diagnose early in the clinical course. Rupture of the 
urinary bladder during delivery occurs more commonly in 
colts than in fillies, although postpartum disruption to the 
tract in sick or hospitalized foals has no gender bias. 5354 
Signs often include prolonged straining, passage of small 
volumes of urine, progressive abdominal distention, leth¬ 
argy, and weakness. 

In colt foals the inguinal and scrotal region should be 
palpated for swelling and testicular descent. Inguinal and 
scrotal hernias occur relatively commonly but rarely result 
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FIG- 17-1 II Ultrasound evaluation of equine umbilical structures. Diagram depicts the positioning of the uitrasonographer and the assistant and the 
selected anatomic locations recommended for ultrasound examination. 



FIG. 17-3 II Ultrasonogram images of four views of umbilical structures: umbilical vein views 1 {A). 2 (B), and 3 {C) r and umbilical stump (f>) r Refer to 
the text for the definition of the views. 
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FIG. 17-4 II Ultrasonogram images of four views of umbilical structure*: urachus (A), umbilical arteries views I (B), 2 (C), and 3 (D). Refer to the text for 
she definition of the views. 


Comparative Mean Umbilical Vessel Diameters (mm) for 21 Clinically Normal Foals on the First and Seventh Days 
of Age (Mean ± 5D) 




Postnatal Age 


Vessel 

2-24 Hours 

7 Days 

p Value 

UMBILICAL VEIN 

View 1 (range) 

83 ± 3 (5-18.3) 

5.8 ± 13 (4-11.5) 

p < 0001 

View 2 (range) 

73 ± 1.4 (5-11) 

3.4 ± 0.8 (4-7) 

p < 0001 

View 3 (range) 

83 ± 1.4 (631) 

5.4 ± 13 (3.5-10 5 

p <.0001 

Overall (range) 

& ± 2.1 (5-18.5) 

5.6 ± 13 (3.4-113) 

p <.0001 

Umbilical slump (range) 

133 ± 2.7 (10.5-203) 

12.5 ± 23 (73-18) 

p <.0001 

Urachus + arteries (range) 

17.7 ± 27 (133-24) 

17.8 ± 2.6 (13-25) 

p -4781 

UMBILICAL ARTERIES 

View 1 (range) 

7,8 ±1.7 (43-13) 

6.4 ± 13 (4-10) 

p < 0001 

View 2 (range) 

7.4 ± 1.6 (4-13.5) 

67 ± 13 (4-10.5) 

p <.002 

View 3 (range) 

73 ± 1.6 (432 5) 

63 ± 1.4 (33-9.5) 

p <.01 

Overall (range) 

7.5 ±1.6 (4-133) 

63 ± 1.4 (33-103) 

p <.0001 


in clinical signs. Preputial edema may be present. Most con¬ 
genita] hernias are indirect, unilateral, and easily reducible 
and spontaneously resolve by 3 to 4 months of age. Posi¬ 
tioning the foal on its back facilitates manual reduction. 
A figure S support map can assist in keeping the hernia 
reduced. Surgical correction is recommended if spontane¬ 
ous resolution is delayed, if the hernia increases in size, or 
if signs of colic develop. Certain breeds appear to be at 
increased risk for herniation, including Tennessee Walking 


Horses and standardbreds. A rent in the parietal vaginal 
tunic can lead to subcutaneous dissection of intestinal 
loops; this requires surgical reduction, herniorrhaphy, and 
unilateral castration. 55 Although such rents are extremely 
uncommon in foals, signs of colic can occur if herniated 
loops of intestine strangulate. 

At the time of birth most testes lie within the inguinal 
canal. The extraabdominal gubemarulum typically limits 
movement into the scrotum. The mass of gubernaculum 
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can easily he mistaken for the testicle. Monorchidism has 
been reported in foals, and affected colls are usually mis¬ 
taken as cryptorchids 56 Congenital abnormalities of the 
penis are rare. Failure to drop the penis during urination 
can occur as a consequence of preputial edema, a common 
complication in colts that are straining to defecate or uri¬ 
nate The free pan of the penis is normally fused to the 
internal lamina of the prepuce for up to I month of age. 
This can make exteriorization of the penis difficult, "kink¬ 
ing' of the penis has been described, resulting in stranguria 
or pollakiuria.* 7 Correction was achieved through manual 
straightening of the penis. 

# 

Musculoskeletal System 

Supplementation of foals with selenium is recommended 
for those bom in known selenium-deficient regions when 
mares have not been supplemented during pregnancy 
Severe rhabdomyolysis has been reported in newborn foals, 
usually associated with selenium deficiency. 5 * Glycogen 
branching enzyme deficiency is an inherited cause of mor¬ 
tality in quarter horse foals. 59 Clinical signs are variable 
and include seizure, persistent recumbency, respiratory fail¬ 
ure. and cardiovascular collapse. Authors of the original 
report suggested that the generalized nature of the clinical 
signs would likely lead to a false diagnosis of other, more 
common neonatal diseases 

Because of the rapid growth that occurs in the first 
months of life, any orthopedic condition must be identified 
and immediately managed in order to achieve a successful 
long-term outcome. Palpation of synovial structures is a 
critical pan of the foal physical examination, regardless of 
whether lameness or synovial distention is present. Persis¬ 
tent recumbency, a common feature of generalized sepsis, 
can make detection of joint infection difficult. Synovial sep¬ 
sis is a common manifestation of bacterial infection, and 
most affected foals will be lame with obvious joint disten¬ 
tion and heat cm palpation. Diagnosis is confirmed through 
synov toe ernes is. An elevated synovial fluid white blood cell 
(WHO) count (>20,000 cel I s/m L), a predominance of neu¬ 
trophils {>90%), and an elevated protein concentration 
(>4 g/dL) all point toward sepsis. Osseous infection can 
also be difficult to identify in its early stages. Common sites 
include the stifle, hock, and distal physis of the cannon 
bone. Osteomyelitis should be suspected in any foa) with 
lameness and edema, heat, and pain on palpation of the 
overlying tissues. Trauma by Lhe mare is often suspected, 
but osseous infection should always be considered, particu¬ 
larly in foals with other manifestations of sepsis (e.g., 
omphalitis, diarrhea, uveitis). There may or may not be 
effusion in adjacent joints, and if present it could reflect 
either an extension of the septic process or a nonseptic 
"sympathetic" effusion. The management of synovial and 
bone infection is discussed elsewhere, 

Comractural deformities of the limbs occur commonly 
in newborn foals, Ihcse are considered to be congenital 
and may result from a variety of causes including malposi- 
tioning within the uterus. If the foal is able to stand and 
ambulate, most mild deformities of the carpus, fetlock, 
and coffin joint will resolve within 4 to 5 days without spe¬ 
cific treatment.“ Moderately to severely affected foals often 
require splinting in combination with medical therapy in 
order to achieve a successful outcome in the shortest possi¬ 
ble time. Foals with persistent or prolonged recumbency* are 
very susceptible to secondary problems* the most important 
being sepsis and comeal abrasion. Medical therapy often 
includes judicious use of oxytetracydine and nonsteroidal 
antiinflammatory drugs Rupture of the common digital 
extensor within the synovial sheath may occur in foals with 


comractural or flexural deformities. This should be sus¬ 
pected in foals with a soft, nonpainful swelling over the 
dorsolateral aspect of the carpus. Gait may appear stilled, 
and there may be knuckling of the fetlock. Most foals 
quickly regain extensor function, and the long-term progno¬ 
sis is good. 

Hyperextension or joint laxity is common in premature 
and dysmature foals. The most common presentation in¬ 
volves dropping of the fetlock, hyperextenston of the pas¬ 
tern, weight bearing on the heel buJbs, and tipping 
upward of the toe. Again, most foals improve spontaneously 
over 1 to 4 days, but heel extensions and light padding to 
protect the heels from bruising will hel more severely 
affected foals. Hyperextension of the carpus is also observed 
tn some foals 

Angular limb deformities are also frequently encountered 
in practice; the most common deviations are carpal and 
tarsal valgus and fetlock varus. Examination should include 
observation at rest from front and rear, paying careful con¬ 
sideration to any external rotation of the limbs, which 
may give a false impression of limb valgus In weak or pre¬ 
mature foals there may be limb deviation resulting from 
ligamentous laxity; this is best assessed through limb palpa¬ 
tion including flexion and observation of the foal at the 
walk. If the limb tan be straightened manually, then the 
deviation is due to ligamentous laxity or delayed ossifica¬ 
tion of the cuboidal bones.* 0 Ihere is a variety of conserva¬ 
tive and surgical approaches to these foals. 

Laminins with sloughing of the hoof capsule can occur 
in neonatal foals; however, it is rare and is typically asso¬ 
ciated with significant systemic disease. Polydactylism is a 
duplication of all or part of the digit. This condition can 
occur as a single defect or as part of a group of congenital 
anomalies. Surgery may be indicated when the condition 
occurs as a single entity, not only to improve the cosmetic 
appearance but also to reduce the risk of lameness at a later 
age. 


POSTPARTUM ASSESSMENT PHYSICAL 
EXAMINATION, AND CARE OF NEWBORN 
RUMINANTS 

JOHN X. HOliSli 

Neonatal Behavior 

Calves and lambs normally have a head-righting reflex 
almost immediately after birth. Sternal recumbency is usu¬ 
ally attained within 2 to 3 minutes, followed rapidly by 
attempts to stand, at 10 to 20 minutes for lambs and 15 
to 30 minutes for calves,* 1 * 2 Hypoxic neonates may strug¬ 
gle and appear bright initially but have difficulty maintain¬ 
ing sternal recumbency, have depressed or absent suck 
reflex are slow to stand or remain recumbent, and develop 
a depressed mentation within hours. After experimentally 
induced hypoxia, nonviable hypoxic calves had heart rates 
{11S ± 36 bpm) and body temperatures (39.6° C ± 0,2* C) 
similar to those of viable calves but lower respiratory rates 
(14 and 18 versus normal 49 ± 12)>* In cattle the average 
time from birth to standing and nursing varies according to 
breed, lhe average lime from birth to standing and nursing 
for beef calves is 35 and 81 minutes, respectively. Dairy 
calves take approximately twice as long. 65 Small ruminants 
are generally quicker to stand and nurse than calves, with 
most lambs standing within 30 minutes*- and nursing 
within 90 minutes of birth. Failure of the newborn to nurse 
may result from reduced neonatal vigor, poor mothering 
poor maternal conformation, or adverse conditions such as 
slippery flooring Calves have difficulty locating teats on 
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low-slung udders (less than 45 cm from the ground} 64 and 
difficulty nursing from teats greater than 35 mm in diame¬ 
ter 6 -' Observation of interaction between the newborn and 
dam in the immediate postnatal period allows early recogni¬ 
tion of the compromised neonate and facilitates timely inter¬ 
vention if maternal conformation or behavior threatens to 
impede the neonate s efforts to nurse. 

Abnormal neonatal behavior in the immediate postnatal 
period is commonly secondary to perinatal hypoxia. Resus¬ 
citation of the newborn is discussed in Chapter 16. In utero 
infections and congenital neurologic abnormalities should 
also be considered as possible causes of abnormal neona¬ 
tal behavior Collection of sera before feeding colostrum 
is useful for diagnosing in utero infections. Precolostral 
serum immunoglobulin concentrations in calves are very 
low (IgM 0.126 ± 0.015 mg/mt, IgG 0.044 ± 0 003 mg/ 
mL). 66 Elevated serum concentrations of immunoglobu¬ 
lins before ingestion of colostrum may be observed with 
in utero infections. 66 Specific serologic tests are available 
for Cache Valley virus, Akabane virus, bovine virus diar- 
rhea (BVP) virus, Neospom species infection. Toxoplasma 
infection, and bluetongue virus, 67 teratogens and inher¬ 
ited diseases that may cause the birth of weak neonates 
are listed in Box 15-3, 

Tube-feeding colostrum during the first 12 hours of life 
is appropriate if free-choice consumption is questionable. 
Drying, warming, and tube-feeding colostrum may revive 
weak newborn lambs and kids. Tube-feeding dairy calves 
3 L of colostrum at birth is recommended, as failure of pas¬ 
sive transfer is high (61%) in dairy calves left to nurse their 
dams, 66 


Maternal Behavior 

failure of maternal bonding is more common with primip- 
arous dams, with multiple offspring, and after delivery via 
caesarean section. Restraint and patience often pay off. 
Reluctant dams will often accept the calf after several days 
of restrained feeding in which the dam is placed in a crush 
two or three limes a day to allow the calf to nurse. Maternal 
bonding in sheep is mediated by an olfactory mechanism, 69 
Parturition alters the release of monoamines, amino adds, 
and oxytocin within the olfactory bulb, stimulating an 
attraction to amniotic fluid and acceptance of the lamb. 70 
Artificial vaginocervical stimulation with a gloved hand 
induces similar alterations in the release of monoamines, 
amino acids, and oxytocin within the olfactory bulb and is 
useful for triggering formation of maternal bonds to foster 
lambs for at least 27 hours postpartum. 70 

PHYSICAL EXAMINATION 

An initial assessment of the sick neonate should be made to 
determine if there is a need for immediate intervention and 
stabilization. Particular attention should also be paid to 
identification of any congenital malformations. The key to 
conducting a thorough physical examination is the develop¬ 
ment of a systematic approach. Normal parameters for 
calves are listed in Table 17-6. 

Examination from a Distance 

The physical examination begins with examination from a 
distance with assessment of behavior, body condition, and 


TABLE 17-6 | 


Normal Hematology Reference Values for Neonatal Calves 11 *- 1 ** 


Parameter 


Age 



Birth 

24 Hours 

48 Hours 

3 Weeks 

RBC (xl0 6 /pL) 

9.35 ± 1.02 

8.17 ± 1.34 

7.72 ± 1,09 

8.86 ± 0.68 

lib (e/dL) 

12.86 ± 1,85 

10.93 ± 2.05 

10.49 ± 1.8 

11,32 ± 1.02 

PCV (%) 

41 ± 6 

34 ± 6 

32 ± 6 

35 ± 3 

MCV (fl) 

43.2 ± 2,4 

41 ± 2.8 

41.1 ± 2.3 

39. t ± IS 

MCHC (g/dL) 

31.3 ± LI 

32,1 ± 0.8 

32,6 ± 1,0 

32,8 ± 1,6 

t otal WBC/pL 

13,99 ± 5,73 

9.81 ± 2.8 

7,76 ± 1.95 

8.65 ± 1.69 

Neutrophlls/pL 

10.940 ± 5,700 

6480 ± 2660 

4110 i 2040 

2920 ±1140 

Bands/pL 

100 ± ISO 

310 ± 460 

210 ± 450 

10 ± 30 

Lymphocytes/|iL 

2980 ± 2730 

2730 ± 820 

2850 ± 880 

5050 ± 800 

Monocytes/jiL 

590 ± 660 

230 ± 210 

350 ± 280 

620 ± 330 

Eosinophil s/pL 

0 

20 ± 40 

20 ± 30 

20 ± 40 

Basophils/pL 

0 

0,02 ± 0,05 

0.02 ± 0.05 

0.02 ± 0.04 

TP (g/dL) 

4.8 ± 0.3 

6.4 t 0.7 

6.4 ± 0.7 

6,4 :■ 0 3 

Fibrinogen (mg/dLJ 

2S8 ± 138 

288 ± 105 

335 ± 116 

283 ± 147 

Urea nitrogen (mg/dL) 

6.36 ± 2,36 

7.52 ± 2,13 

6,93 ± 3.13 


Creatinine (mg^dL} 

4.14 ± 1,27 

1,69 ± 0,35 

1,27 ± 0,24 


Total bilirubin 

0.34 ± 0.66 

1,28 ± 0.5 

0.89 ± 0.41 


Sodium [mEq/L] 

141 ± 3.77 

135 ± 2.86 

135 ± 3.68 


Potassium (mEq/L) 

6.1 ± 1,86 

5,46 ± 0.56 

5.63 ± 0.96 


Chloride (mEq/L) 

97,39 

95.76 

95,28 


Calcium (mg/dL) 

12.24 ± 1.64 

10.22 ± 1,2 

10,65 ± 0.56 


Phosphorus (mg/dL) 

8.16 ± 1.39 

7,22 ± 0.87 

7.46 ± 0.87 


Creatinine phosphokinase (U/L} 

S3 ± 42 

531 ± 532 

256 ± 364 


Aspartate aminotransferase (U/L} 

18 ± 19 

99 ± 18 

72 ± 25 


y-Glutamyl transferase (U/L) 

8 ± 3 

1761 ± 1058 

846 ± 517 



lib, Hemoglobin; Mt.lL mean corpuscular hemoglobin, MClU , mean corpuscular hemoglobin concern ration; MCV; mean corpuscular volume; PCV, packed 
cell volume; RBC, red blood cell; TP, total plasma protein; WHC. white blood cell. 
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stance, Drooping of the head and ears is an early sign of ill- 
new. Skk calves spend increasing amounts of time recum¬ 
bent and are less inclined to drink In beef calves, lambs, 
and kids this may be reflected by udder distention in the 
dam. With dairy calves the calf feeder reports the calf 
requires stimulation to stand and fails to drink. Resting 
respiratory rate and effort are assessed before the calf is han¬ 
dled. Abdominal contour should be noted, with consider¬ 
ation of the neonates reported appetite; an apparently 
normal abdominal contour may be abnormal if the call 
has not eaten for several days. Observing the neonate navi¬ 
gate its environment provides a simple assessment of vision. 

Physical Appearance, Rodyweight, and Body 
Condition 

Congenital disorders may cause subtle changes in physical 
appearance and behavior, for example, Saler calves with 
fl mannosidosis have moderately domed heads, mild supe¬ 
rior brachygnathism, and a slight head tremor. 71 Similarly, 
in utero infections that lead to growih retardation may be 
reflected by low birth weigh l and poor body condition. 

Body Temperature 

Rectal temperature in calves ranges from 99* ¥ to 102° F 
(37.2 ff C to 38..9" C) during the first 4 days after birth. 
Calves with sepsis are often febrile; however, absence of a 
fever does not rule out sepsis. Calves in septic shock may 
have subnormal temperatures. Premature calves are prone 
to hypothermia. 7 - Hyperthermia during the first week of life 
has been reported to be common in cloned calves. 71 

Cardiovascular System 

Peripheral pulses in the tail and brachial arteries should be 
strong and regular, and the peripheral extremities warm 
Mucous membranes should be moist and pale pink with a 
CRT of <2 seconds. Cray or cyanotic mucous membranes are 
associated with severe hypoxia (i.e., Pao 2 < 35 to 40 mm Hg) 
and/or circulatory collapse as seen with hypotensive, endotox- 
ic, or hypovolemic shock. Cardiac and pulmonary causes of 
cyanosis must be distinguished. Cyanosis secondary to cardiac 
causes reflects right-la-left shunting of blood, as may he 
observed with tetralogy of Fallot or 'Eisenmengers complex. 

Dyspnea and coughing are often the predominant clini¬ 
cal signs of congestive heart failure in calves. Close examina¬ 
tion may reveal distention of the jugular veins and brisket 
edema, but if heart failure is predominantly left sided these 
signs may be absent Cardiomyopathy secondary to sele¬ 
nium deficiency or gossypol, monensin. or lasalocid toxicity 
may manifest as a syndrome of sudden death during peri¬ 
ods of excitement precipitated by feeding or moving calves 
out of hutches into group pens 74 

Cardiac arrhythmias are observed sporadically in neonates, 
often associated with diarrhea. Metabolic acidosis secondary 1 
to losses of electrolytes and water causes a transcellular shift 
of potassium ions into the extracellular fluid in exchange for 
hydrogen ions. 7 * As serum potassium increases (>5.5 mEq/ 
L), aberrations in cardiac excitability occur and are manifested 
as progressive atrial standstill, progressing to ventricular fib¬ 
rillation and asystole. 76 Tachyarrhythmias may be observed 
in calves with cardiomyopathies, ionophore toxicosis/ 7 or 
hypomagnesem ia. 

The most common cardiac defect in the large animal 
neonate is a ventricular septal defect, but a variety of other 
malformations have been described and are discussed in 
Chapters 6 and 30. Ancillary tests for evaluating the cardio¬ 
vascular system are discussed in Chapter 30. 


Respiratory Tract 

The respiratory rate and effort of breathing in neonates are 
best observed from a distance so that the stress of restraint 
does not influence the assessment. Lung sounds of neonates 
are typically easier to hear than those of adults; however, 
lung sounds do not always correlate well with the severity 
of pulmonary pathology present. Thoracic percussion is also 
easier to perform in the neonate and can be useful to iden¬ 
tify the presence of craniovemral consolidation. Animals 
with few or no audible thoracic abnormalities may have 
severe respiratory disease The rate and effort of breathing 
are important to consider in the physical assessment of 
respiratory function. When available, chest radiology, tho¬ 
racic ultrasonography, and arterial blood gas analysis are 
useful ancillary diagnostic tools. 

Lung disease in the newborn is usually diffuse and is the 
result of infection acquired in utero or postpartum and/or 
lung atelectasis associated with immaturity, recumbency, 
or surfactant dysfunction Signs of lung disease include 
increased work of breathing characterized by nostril flare, 
rib retractions, and increased abdominal effort. A cough 
and nasal discharge, salient features of respiratory disease 
in older neonates, are infrequent finding in newborns with 
lung disease. 

Conditions that cause partial occlusion of the upper air¬ 
way, such as necrotic laryngitis, often induce pronounced 
inspirators' stridor Expiratory stridor and increased and pro 
longed expiratory effort are usually associated with lower air¬ 
way disease. A malodorous breath may be present with 
necrotic pharyngeal injuries, necrotic laryngitis, or aspiration 
pneumonia. Age is an important signalmen! for respiratory 
disease in calves Enzootic pneumonia is common in calves 
between 4 weeks and 6 months of age but uncommon in 
calves less than 4 weeks of age. Outbreaks of pneumonia 
in calves less than 4 weeks of age are occasionally observed 
in calves fed milk contaminated with Mycoplasma species. 7 ® 79 
Ihis scenario is one of the risks associated with feeding calves 
unpasteurized "hospital milk." Mjtttptarmrf pneumonia in 
calves may be associated with arthritis, tenosynovitis, otitis 
media/ 9 and decubit a I abscesses.® 0 Clinical signs associated 
with mycoplasma otitis include cranial nerve 7 and 8 deficits, 
unilateral or bilateral ear droop, ptosis, epiphora, head tilt, 
and recumbency in severely affected calves. Aspiration pneu¬ 
monia is common in calves less than a week of age, often 
reflecting inappropriate feeding practices (large holes in teat 
nipples or poor esophageal tubing technique) or pharyngeal 
dysfunction. 

Periodic apnea and abnormally slow respirations are 
often the result of metabolic disturbances (e g., hypoglyce¬ 
mia, hypocalcemia), hypothermia, advanced prematurity, 
or hypoxia-induced suppression of the respiratory center 
Calves with metabolic acidosis usually have an increased 
respiratory rate with long, deep breaths reflecting respira¬ 
tory compensation. Tachypnea may be a response to high 
ambient temperatures, pain, or stress. Congenital defects 
of the respiratory system in ruminants are rare. 


Oral Cavity and Nasal Passages 

Hyper emit membranes accompanied by scleral injection are 
the hallmark of early sepsis. Petechia? on the oral or nasal 
mucous membranes are consistent with sepsis or thrombo¬ 
cytopenia induced by type 1! BVD, Ecchymotic hemorrhages 
may be observed on the sclera with type II BVD infections, 
with DIC or after birth trauma. Cleft palate is the most 
common congenital defect observed in ruminants. Calves 
with deft palate may have milk run from the nose and are 
prone to developing aspiration pneumonia. 
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Eyes and Associated Structures 

Eyes should be examined for the presence of entropion, ectro¬ 
pion corneal abrasions or ulcers* uveitis and hyphema con¬ 
genital cataracts, microphthalmia, corneal dermoids, scleral 
injection, and scleral hemorrhage. Scleral hemorrhage is usu¬ 
ally the result of birth trauma and can take several weeks to 
resolve. Icterus is uncommon in neonatal ruminants but may 
be observed with hemolytic or hepatic disease. 

A common cause of corneal edema and ulceration, com 
junctivitis, and lacrimation in lambs is acquired or congenital 
entropion. Acquired entropion is associated with self-trauma, 
dehydration, or prematurity and the lack of periorbital fat. 
Entropion should be corrected promptly before serious 
corneal ulceration and keratitis develop. Mild cases may 
respond to subcutaneous injections of procaine penicillin 
C. into the lower eyelid. Refractory cases may require place¬ 
ment of vertical or horizontal mattress sutures in the eyelid 
to correct the problem. The affected eye should be stained 
to detect concurrent corneal ulceration. Varying degrees of 
miosis secondary to pain and ciliary body spasm is common, 
Treatment after correction of entropion includes topical 
administration of 1% atropine to dilate the pupil and relieve 
ciliary body spasm and topical am tbiotics to prevent bacterial 
infection. 

Uveitis may be observed in the newborn animal exposed 
to an infected uterine environment or may be a result of 
generalized infection acquired after birth. Sderal injection 
suggests and fibrin in the anterior chamber is highly indica¬ 
tive of sepsis. 

Ears 

Bilateral drooped ear carriage is a common observation in 
skit calves and should prompt a closer examination. Unilat¬ 
eral ear droop may be observed with otitis and facial nerve 
paralysis. Mycoplasma species, Pasteutdla species, and Hae¬ 
mophilus species are reported to cause otitis in calves. Clini¬ 
cal signs may include facial and vestibular nerve deficits and 
a purulent discharge from the ear. Calves infected with 
MywpUtsma species may also have tenosynovitis and respira¬ 
tory disease. 

Poor perfusion is reflected by cold extremities. A high 
incidence of pinna abscesses usually reflects contamination 
of equipment used to place ear tags. 

Neck and Back 

Several congenital anomalies affect the alignment of the ver¬ 
tebral column. These include atlantoaxial malformations, 
scoliosis, kyphosis, lordosis, and combined anomalies such 
as kyphoscoliosis. Atlantoaxial malformations may occur 
with or without cervical scoliosis or signs of spinal cord 
compression. 11 olstein calves affected by the hereditary' con¬ 
dition complex vertebral malformation may display a range 
of abnormalities (hat include retarded growth, malfor¬ 
mation of the head (dysplasia or palatoschisis), bilateral 
symmetric flexion of the carpal and metacarpophalangeal 
joints, posterior arthrogryposis, and interventricular septal 
defects Of these, growth retardation, vertebral malforma¬ 
tion, and symmetric arthrogryposis are the most consistent 
findings.* 1 

Gastrointestinal Tract 

Much ran be learned about gastrointestinal function by 
observing abdominal contour, appetite, and fecal consistency 
and volume. A normal abdominal contour and vigorous 
appetite associated with the passage of an appropriate vol¬ 
ume of pasty stool suggest normal gastrointestinal function. 


Congenital defects of the gastrointestinal tract occasionally 
observed in ruminants include cleft palate, poor jaw confor¬ 
mation (brachygnathism, inferior and superior), atresia colt 
atresia recti, and atresia ani The spiral loop of the ascending 
colon (spiral colon) is the most commonly affected segment 
of intestine in calves.Neonates with atresia often have a 
distended abdomen and a history of a declining appetite. 
Astute owners may notice the lack of or reduced volume 
of feces. 

In contrast to the adult, in the large animal neonate the 
rectal palpation of the abdominal structures is of limited 
value, External palpation of the abdomen can be more 
rewarding, depending on the cooperation of the individual 
and the tenseness of the abdominal musculature. In calves it 
is usually possible to palpate enlargement of the umbilical 
vein and arteries. The inguinal rings and umbilical area 
should also be palpated for hernias. 

Infectious diarrhea is the leading cause of mortality in 
calves between 3 and 21 days of age. Typically more than 
one pathogen is involved and the physical examination pro- 
sides no indication of the causative agent. Fftral pH may 
be used as an indicator to distinguish secretory diarrhea 
(enterotoxigenic E. aril) from diarrhea associated with mal¬ 
absorption and maldigestion. Secretory diarrhea produces 
an alkaline pH, whereas malabsorption and maldigestion 
are associated with an acidic fecal pil,®* Small amounts of 
blood may be observed in the feces of healthy calves. Pas¬ 
sage of blood and fibrin is associated with inflammatory 
bowel disease induced by- pathogens such as Salmonella 
and coronavirus that damage the gastrointestinal mucosa. 
Infectious agents that cause diarrhea and the ancillary tests 
available to establish an etiolugk diagnosis are discussed 
in Chapter 20. 

Abnormal forestomach function in neonatal ruminants, 
as in adults, is often reflected by altered abdominal contour 
as described in Chapter 32. Left and right abomasal dis¬ 
placement and abomasa] torsion are observed sporadically 
in calves. Succussion (simultaneous auscultation and per¬ 
cussion) is useful for delimiting the boundaries of dis¬ 
tended visci. Passage of a stomach tube helps distinguish 
nmien and abomasal distention and facilitates collection 
of a ruminal fluid sample. A putrid odor to neonatal rum¬ 
inal fluid is common with putrefactive indigestion when 
milk is delivered to the rumen in greater quantities than 
normal by escaping the esophageal groove or via excessive 
backflow from the abomasum. Reflux of abomasal contents 
into the reticulum and rumen, independent of feeding, 
occurs in connection with abomasal inflammation and 
obstructions. 84 Evaluation of ruminal fluid pi I and renin 
activity are useful for distinguishing abomasal reflux from 
esophageal groove overflow. Ruminal fluid pH is usually 
>7 with rumen putrefaction, and low to normal with 
abomasal reflux.* 4 Chymosin (renin) is normally present in 
abomasal juice, and renin activity in ruminal fluid sug¬ 
gests abomasal reflux. 8 * Renin activity is measured by add¬ 
ing 2 ml of ruminal juice to 2 ml of whole milk on a 
CMT (California Mastitis Test) plate Presence of renin in 
the ruminal fluid causes coagulation of the casein in the 
milk. Chloride ion concentration in ruminal fluid from 
calves is higher than in adults (55 to 102 mmot/L in 
calves 8 * and 25 mmol/L in adults* 4 ), possibly reflecting 
the high chloride content of milk (45 mmol/L); therefore 
(he chloride concentration of ruminal fluid is not useful 
for identifying abomasal reflux in calves. 

Abdominal radiographs and/or ultrasound examination can 
be helpful in diagnosing abdominal problems in the neonate 
and in distinguishing causes of abdominal distention 87 '** 1 
Transabdominal ultrasonography can be used to locate a 
suitable site for abdominoteniesis. Normal peritoneal fluid 
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from calves has a higher nucleated cell count than that of adult 
cattle (3350 cells/pL vs 1371 cells/pL). Total protein concen¬ 
tration in peritoneal fluid of calves Is similar to that of adults 
(2.5 g/dL vs 3.1 g/dL). 90 

Umbilicus 

Umbilical cord remnant infections represent an important 
problem in neonates, 91 The infection generally develops 
during the first 2 weeks of life. Complications associated 
with umbilical infections include septicemia, septic arthritis, 
and osteomyelitis 92 The umbilicus should be examined 
closely for patency, increased size, moistness or discharge, 
and tenderness. Abdominal palpation, using both hands 
and pressing together, is useful for evaluating the umbilicus 
of ruminants. Enlargement of the umbilical arteries can be 
palpated coursing caudally toward the bladder, and enlarge¬ 
ment of the umbilical vein coursing cranially to the liver 
Application of pressure caudal to the xiphoid often elicits 
a soft grunt from calves with a septic umbilicus and asso¬ 
ciated peritonitis. Extensive adhesion of bowel to inflamed 
umbilical structures produces a large, easily palpable intra¬ 
abdominal mass. Common abnormalities of the calf umbi¬ 
licus include umbilical hernias, omphalophlebitis, external 
umbilical abscess, urachal abscess, and omphaloarteritls. 
Patent urachus is uncommon in calves. 

Ultrasound examination of the intraabdominal umbili¬ 
cal structures is a useful ancillary diagnostic tool. Ultraso¬ 
nography of the umbilical structures of calves has been 
described by Watson and colleagues, 93 Ultrasound exami¬ 
nation of the calf is performed with the calf standing; occa¬ 
sionally the umbilical vein is easier to identify with the 
patient in left lateral recumbency. The anatomy of the um¬ 
bilicus of calves differs slightly from that of foals, necessitat¬ 
ing alterations in ultrasound technique. In both species the 
umbilical vein courses from the umbilicus to the liver, 
which in the calf is located on the right side as opposed to 
midline in the foal. Also, in cattle the umbilical arteries 
and urachus retract into the abdominal cavity when the 
cord ruptures and thus cannot be identified in the external 
umbilical stalk in normal calves. 93 The umbilical vein of 
calves is scanned from the umbilical stalk to the liver along 
the right abdominal wall. The umbilical vein enters the liver 
caudoventral to the gallbladder. The umbilical arteries are 
most easily located adjacent to the urinary bladder and can¬ 
not normally be identified much beyond the apex of the 
urinary bladder unless they are enlarged and abnormal 
Identification of a urachal remnant in calves is abnormal 93 

Literature on the efficacy of navel treatment at reducing 
calf mortality is divided. In a study of 104 dairy farms, a 
farm policy of navel treating newborn calves had no signifi¬ 
cant effect on calf mortality rates. A significant beneficial 
effect was observed when the navels of calves that had 
assisted deliveries were dipped with chlorhexidine; other 
navel treatments such as iodine tended to be associated 
with increased odds of dying, 94 Navel treatment with iodine 
was associated with significantly higher mortality in another 
study of 48 farms; however, the association of navel treat¬ 
ment with mortality on these farms may have reflected the 
response of producers to high neonatal mortality rather 
than indicating that iodine navel treatment is a risk factor 
for calf mortality. 95 Prophylactic administration of antibio¬ 
tics to young calves has been associated with an increased 
incidence of diarrhea 96 and increased calf mortality. 97 

Urogenital System 

Neonates on a milk-based diet normally produce large 
volumes of dilute urine. Normal urine osmolarity in the 


2- to 3-day-old calf has been reported to be 286 to 
391 mOsm/L, and urine volume voided per day 34 mL/kg/ 
day. 9 ® 

Congenital defects associated with the urogenital system 
in calves include ovarian aplasia, duplication of the cervix 
in Hereford cattle, persistence of the hymen (white heifer 
disease), and rectovaginal constriction in lersey cattle. Con¬ 
genital urolithiasis has been described in calves and lambs. 
Calcium oxalate is the most commonly reported congenital 
form of urolithiasis and may be associated with other con¬ 
genital abnormalities," A report of renal oxalosis in a num¬ 
ber of Beef master calves suggests a possible recessive ly 
inherited metabolic defect resulting in primary hyperoxa¬ 
luria in this breed, 100 Freemartins (XX/XY chimeras) occur 
in over 90% of bovine 101 and 1% of ovine 102 female hetero¬ 
sexual twins. Typically freemartins are sterile and have 
hypoplastic ovaries and internal tubal genitalia; the external 
genitalia normally are not affected. Males should be exam¬ 
ined for cryptorchidism and male pseudohermaphroditism, 
and both sexes for evidence of hermaphroditism (gonads of 
both sexes). 

Rupture of the urinary bladder at parturition is uncom¬ 
mon in ruminants. Clinical signs of a ruptured bladder 
include dysuria, stranguria, progressive abdominal disten¬ 
tion, and depression. A percussion wave may be felt with 
ballortement of the distended abdomen. Ancillary tests 
including abdominal ultrasound, abdominotentesis, and 
assessment of serum and peritoneal electrolytes are useful 
to verily the diagnosis. 

He mo dynamic ally mediated renal disease is observed 
sporadically in calves after chronic enteritis. 103 Prolonged 
reduced renal perfusion secondary to hypovolemia may 
lead to ischemia and acute tubular necrosis. Failure to thrive 
after apparent recovery from diarrhea may reflea compro¬ 
mised renal function. 

Musculoskeletal System 

The musculoskeletal system should be examined for evi¬ 
dence of birth trauma including fractured ribs, long bones, 
and mandibles, brachial plexus injuries, and soft-tissue 
trauma including an edematous head and tongue from pro¬ 
longed compression In the pelvic canal. Strenuous manipu¬ 
lation during a dystocia can also result in Salter-Harris type 
1 fractures characterized by disruption of the distal physis in 
one or more limbs. Femoral nerve paralysis occurs as a spo¬ 
radic complication of dystocias associated with "hip lock" 
in calves. 104 

All four legs should be examined for both flexural and 
angular limb deformities. Although most mild-to-moderate 
limb deformities correct themselves in a few days, others 
may need splinting for a successful result. In severe cases 
of congenital contracture, which are often associated with 
dystocia, even heroic measures, such as surgical resection 
of flexor tendons, may provide little or no benefit. 

Any heat, swelling, edema, or pain around the joints or 
physes, or lameness, should be noted, A swollen joint 
be considered infected until proven otherwise. In older neo¬ 
nates, metabolic bone disease should be considered as a dif¬ 
ferential diagnosis for lameness associated with flaring of 
the physis. Diets high in energy and protein that have low 
calcium and high phosphorus promote rapid weight gain, 
increasing the physical load on metabolically compromised 
growing bones. Damage to the growing physis may result in 
the subsequent development of angular limb deformities. 
Calcium deficiency in calves leads to reduced minerali¬ 
zation of bone. The transverse processes of the lumbar ver¬ 
tebrae become soft and bend when palpated. Copper 
deficiency causes metabolic bone disease that is manifested 
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by phvsitis and brittle bones, reflected by a propensity to 
develop spontaneous fractures 

Skeletal muscle myopathy is an important differential 
diagnosis for lame neonatal ruminants Lambs and kids 
with selenium and/or vitamin E deficiency are often men¬ 
tally bright, are reluctant to stand, and walk with a stiff gait 
and ay when forced to move. Evaluation of serum creati¬ 
nine phosp ho kinase blood selenium, and plasma vitamin 
E concentrations is useful to confirm the diagnosis. In 
regions deficient in selenium, nutritional myodegeneration 
can be a major cause of death in neonates if the dam was 
not supplemented with selenium during pregnancy. Nutri¬ 
tional myodegeneration has also be^n observed when sele¬ 
nium levels are adequate but ot-tocopherol levels are 
low. i iw The concentration of vitamin E in sheep colos¬ 
trum is 5 to 11 times higher than in milk; sheep colostrum 
appears to be an important source of vitamin E for lambs, 
as vitamin E is transferred poorly across the placenta Nutri¬ 
tional myodegeneration secondary to vitamin E deficiency 
is observed when pregnant ewes are maintained on forage 
low in vitamin E. Vitamin E-associated nutritional myode¬ 
generation may be prevented by supplementing lambs and 
kids at birth with x-tocopherol (500 III orally)* or by sup¬ 
plementing ewes during pregnancy either with a single dose 
of 500 mg 1M 2 weeks before lambing or via dietary supple¬ 
mentation, delivering 150 mg daily for 5 to 4 weeks before 
lambing. 106 Neonatal nutritional myodegeneration asso¬ 
ciated with selenium deficiency may similarly be prevented 
by supplementing neonates at birth (2.5 to 3 mg of sele¬ 
nium per 45 kg) or by supplementing the dam during preg¬ 
nancy and is discussed further in Chapter 42. 

The skull should be examined for excessive doming of 
the forehead and symmetry. A moderately domed fore¬ 
head is most commonly the result of intrauterine growth 
retardation rather than hydrocephalus. The entire verte¬ 
bral column should be examined for scoliosis, kyphosis, 
and lordosis and other malformations. Arthrogryposis is 
characterized by multiple skeletal malformations, includ¬ 
ing severely contracted limbs and malformations of the 
vertebrae, and has been associated with the ingestion of 
toxins, such as locoweed and Sudan grass, by the pregnant 
mare. 107 * 08 

Umbilical hernias are the most common congenital mal¬ 
formation, The greatest danger associated with a hernia is 
strangulation of a portion of the gastrointestinal traa out¬ 
side the body wall, with compromise of its vasculature. 
Umbilical hernias in cattle do not tend to dose spontane¬ 
ously and are believed to be hereditary. Dwarfism is a rel¬ 
atively common inherited problem in most cattle breeds. 
Osteopetrosis has been reported in Angus, Hereford, and 
Simmental breeds of cattle 110 Syndactyly is considered an 
inherited disorder in Holstein-Friesian cattle, and affected 
animals are also predisposed to hyperthermia. 

Neurologic Examination of Neonatal Ruminants 

Neurologic disease in neonates during the perinatal period 
often results from birth asphyxia, congenital disease, or sep¬ 
sis Congenital central nervous system (CNS) abnormali¬ 
ties in the large animal neonate may be inherited or may 
result from in uiero infections, toxins, and other environ¬ 
mental factors. Hydrocephalus, hydranencephaly, and a nett - 
cephaly may occur in calves. In the calf, both Akabane and 
bluetongue virus may cause hydranencephaly and other 
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problems, including arthrogryposis and premature births. 
Hydrocephalus is fairly common and appears to be inher¬ 
ited as a simple autosomal recessive trait in many breeds. 
Internal hydrocephalus may result from a simple recessive 
gene or congenital BVD infection. Fetal infection with BVD 
virus may result in a number of other problems r including 
cerebellar dysplasia, ocular defects, hypomyeli nogenes is, 
and intrauterine growth retardation. Cerebellar hypoplasia 
may also result from an autosomal recessive gene and is seen 
in a number of cattle breeds. 

Disorders of amino add metabolism that result in primar¬ 
ily neurologic signs indude maple syrup urine disease 111 - 113 
and dtniilinemia. 113 Maple syrup urine disease is analo¬ 
gous to branched chain keto add decarboxylase defidency 
and results in clinical signs of extensor spasms, weakness, 
dullness, recumbency, and opisthotonos shortly after birth. 
The most striking lesion of the CNS histologically is wide¬ 
spread spongy vacuolation in the white and gray matter 
of the brain. Citrullinemia, an inborn error of metabo¬ 
lism of the urea cycle, was reported in five neonatal Frie¬ 
sian calves. 111 The calves appeared normal for a short 
period after birth, but at 24 hours to 5 days of age they 
developed progressive neurologic signs of depression, tre¬ 
mors, seizures, and opisthotonos, which were followed 
by death. 

Congenital myoclonus (neuraxial edema) is an autoso¬ 
mal ly recessive inherited disorder of polled Herefords. 114 
Clinical signs included premature delivery, inability to 
stand after birth (with the majority remaining in lateral 
recumbency), normal mentation, and prominent sensory 
stimuli-induced myoclonic jerking of the whole body with 
extension of the head and limbs. The majority of affected 
animals also display traumatic hip lesions, presumably as 
a result of the severe myoclonic contractions. Severe altera¬ 
tions in spinal cord glycine mediated neurotransmission 
result from a marked decrease or defect in glycine receptors 
and an increase in neuronal (synaptosomal) glycine uptake. 
Alterations are also present in the major inhibitory system 
(Y*aminobutyrie acid [GABA] receptors) in the cerebral 
cortex, 115 Storage diseases in cattie, usually inherited as 
autosomal recessive genes, include oc-mannosidosis in pure¬ 
bred Angus, p-mannosidosis in Salers, GM-1 gangliosidosis 
in inbred Friesians, neuronal lipodystrophy in Beefmasiers, 
and "'shaker calf syndrome" in homed Hereford calves. 
The last condition was recently recognized as an inheritable 
neur©degenerative disorder characterized by excessive accu¬ 
mulation of neuro ft laments within neurons of the central, 
peripheral, and autonomic nervous systems. Clinical signs 
included a normal birth but inability to stand unassisted 
after delivery Several hours later the calves developed fine 
generalized tremors, hyperesthesia to tactile stimulation, 
weakness, ataxia, and aphonia. 116 

Most acquired neurologic disease in neonates is associated 
with disease in other organ systems. Sepsis and diarrhea are 
both commonly associated with depressed mentation sec¬ 
ondary to toxemia and/or metabolic derangements. Bacterial 
meningitis is common in neonates after bacteremia; diarrhea, 
septic arthritis, omphalophlebitis, and uveitis are frequent 
concurrent clinical problems. The clinical signs of meningitis 
in neonates—lethargy, anorexia and recumbency—are non¬ 
specific. Concurrent metabolic derangements may appear to 
provide an adequate explanation for the observed depressed 
mentation. In a retrospective study of 32 cases of bacterial 
meningitis in calves, concurrent metabolic derangements 
included hyperkalemia (15/25, 60%), respiratory acidosis 
(11/24, 46%), hypernatremia (3/20, 15%), and hypogly¬ 
cemia (3/7, 43%). 117 The more classical clinical signs 
described for bacterial meningitis in older animals—fever, 
opisthotonus, extension of the head, convulsions, hyperesthe- 
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sia, and signs of neck pain—may not be evidem or may not be 
perceived in neonates* Seizures in calves are often subtle, mani¬ 
fested as facial twitches or jaw champing* Common causes of 
cerebral disease in lambs and kids include polioencephalo- 
malada and focal symmetric entephalomalaria. Affected ani¬ 
mals are typically depressed and blind bui have normal 
pupillary light reflexes. 


Posterior paresis is common in neonates; causes include 
border disease, enzootic ataxia, vertebral body abscesses, 
caprine arthritis encephalomyelitis virus, and vertebral body 
fractures associated with dietary copper deficiency or cal¬ 
cium phosphorous imbalance. These neurologic problems 
are discussed in Chapter 35, 
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Infection, both generalized and localized, is an important 
cause of morbidity and mortality in the large animal neo¬ 
nate; in both calves and foals, bacteria cause most infections. 
The prognosis of neonatal infection varies considerably 
depending on the type and severity of infection. The tradi¬ 
tional view of sepsis includes a pivotal role for bacterial 
endotoxins with resultant overaaivation of the host immune 
system and release of endogenous proinflammatory and 
antiinflammatory mediators. This response could then pre¬ 
cipitate a cascade of metabolic and hemodynamic changes 
that may culminate in multiple organ system failure. 1 ' 2 This 
traditional model of sepsis has recently been challenged with 
a decreased emphasis on a primary role of bacterial endotox¬ 
ins and a new focus on the regulation of Toll-like receptors 
(TLRs) in generation of the systemic inflammatory response 
syndrome (SIRS) and the sepsis syndrome. 1 It has been sug¬ 
gested that TLR4, the putative endotoxin receptor, is under a 
constant state of inhibition. Endogenous factors generated in 
response to tissue inflammation lead to release of TLRs from 
inhibition as well as acting as TLR agonists. TLR activation 
results in a potent proin flammatory response. This model 
provides a common pathway of SIRS, irrespective of initiat¬ 
ing causes (e,g„ gram-negative bacteria, gram-positive bacte¬ 
ria, tissue trauma, neoplasia). Although farther refinement is 
needed for acceptance of this model of sepsis, it may provide 
the window for novel therapies in the prevention and 
treatment of sepsis. 

Much of the information related to sepsis and endotoxe- 
mia in horses has been derived from experimental endotoxin 
bolus or infusion in healthy animals. Endotoxin activates 
cytokine-mediated procoagulant effects on endothelial 
cells/ 5 The initial response to endotoxin is activation of coag¬ 
ulation^ As the inflammatory response progresses, systemic 
hypercoagulability may progress to hypocoagulability, with 
fulminant signs of hemorrhage recognized as disseminated 
intravascular coagulation (DIC). 4 Circulatory failure, perfu¬ 
sion deficits, and an inability of the body to use existing met¬ 
abolic substrate effectively characterize septic shock, the end 
point of that continuum. If the neonate survives acute sepsis, 
localized areas of infection such as pneumonia, uveitis, syno¬ 
vitis, physitis, meningitis, hepatitis, and enteritis may then 
appear. In the past decade, survival rates of septicemic foals 
have improved considerably because of advances in early 
detection procedures and critical care management techni¬ 
ques, 611 but it is far preferable to prevent septicemia by 
using good management techniques and by ensuring that 
the newborn acquires good colostra My derived immunity. 
The prognosis for septicemic neonates admitted for treat¬ 
ment in the late stages of the disease remains poor because 
bacteria are usually already well established in many organs, 
particularly the bones and joints. In these cases, even if the 
neonate survives on a short-term basis, a number of chronic 
complications result in an unfavorable long-term outcome. 


Foals with adequate transfer of maternal immunoglobulins 
can still succumb to generalized infection after birth, but ani¬ 
mals with partial or total failure of passive transfer (FFT) 
have a greater risk of morbidity or mortality resulting from 
infection. 13 See Chapter 53 for details on the detea ion, 
prevention, and treatment of FPT. 

ETIOLOGY AND NEONATAL IMMUNITY 

Most neonatal infections are caused by opportunistic bacte¬ 
ria that normally live in the genital tract, on the skin, or in 
the environment of normal horses, cows, sheep, and goats. 
Infection may be acquired prenatal I y, through the placenta, 
from the birth canal, or from the environment after birth. 
Portals of entry include the respiratojy and gastrointesti¬ 
nal tracts, the placenta, and the umbilicus, A number of 
abnormalities in the late gestation mare make infeaion 
more likely in the neonate {see Chapter 15). Bacterial pla¬ 
centitis is a common cause of premature delivery and infec¬ 
tion in the newborn foai; most cases result from ascending 
infection through the cervix. Perinatal stress, including 
chronic in utero hypoxia, prematurity, dystocia, and birth 
asphyxia, renders the neonate more susceptible to infeaion. 
Unsanitary environmental conditions, overcrowding, poor 
ventilation, contamination of the environment with patho¬ 
genic bacteria such as Sa/mpne/te species, 12 and other poor 
management techniques also predispose to infeaion, 5 

The propensity for contagious and opportunistic infections 
in neonates reflects die immature status of their immune sys¬ 
tem. At birth, foals, calves, lambs, and kids are hypogamma- 
globulinemic or again magi obu I inemic and immunotogicatly 
naive. Bovine colostrum contains approximately 45 rng^nnL 14 
of immunoglobulin and 10 fi leukocytes/mL 1 ^ Passively de¬ 
rived immunoglobulins enhance neonatal immunity by func¬ 
tioning as neutralizers and opsonins. The association between 
FFT of immunoglobulins and neonatal infeaion has been 
well established in the calf 1617 and suggested by several stud¬ 
ies in the foal. 13 ' 59 " 20 Colostra! leukocytes participate in 
regulation of the neonate's immune response. Comparison 
of the immune response of calves fed leukocyte-replete 
or leukocyte-depleted colostrum indicates that colostral 
leukocytes enhance humoral immunity and phagocyte 
function, 21 ' 25 After experimental Escherichia coli infeaion, 
calves fed leukocyte-replete colostrum recovered more 
quickly and shed fewer bacteria than calves fed leukocyte- 
depleted colostrum, 15 Transfer of cellular immunity via 
colostral leukocytes has also been demonstrated in sheep. 26 
Colostral leukocytes are destroyed when colostrum is frozen, 
pasteurized, or fermented. 

The phagocytic and bacterial killing function of neutro¬ 
phils {polymorphonuclear neutrophils [PMNs]) is a crucial 
component of the primary immune response against invad¬ 
ing pathogens. Despite a larger number of neutrophils in 
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the circulation of normal calves at birth, neutrophils from 
neonatal calves are functionally less effective than adult 
cells. Reduced Fc receptor expression in neonatal PMNs 
may contribute to impaired phagocytosis and antibody- 
dependent cellular cytotoxicity. 27 " 2 ^ Depressed PMN bacte¬ 
rial killing 30 may be related to reduced superoxide anion 51 
and myeloperoxidase-hydrogen peroxide-halide antibac¬ 
terial activity 29 Adult level superoxide activity in fetal PMNs 
suggests that some of the deficits in neonatal PMN function 
may be a manifestation of perinatal PMN suppression. 32 
Calves have elevated cortisol levels for the first 10 days of 
life, which may contribute to depression of neutrophil func¬ 
tion. 53 Dexamethasone depresses neutrophil phagocytosis, 
anti body-dependent cellular cytotoxicity, and bacterial kill¬ 
ing. 34 ' 35 Undefined serum factors also appear to be impor¬ 
tant for PMN function, as phagocytosis and bacterial 
killing by neonatal PMNs is similar 10 that of adult PMNs 
when bacteria are opsonized with adult serum but is reduced 
when bacteria are opsonized with neonatal serum. 30 T helper 
cells (CD4 + ) play a central role in humoral and cell- 
mediated immunologic memory. Lymphokines produced 
by CD4 + cells, interleukin (lL)-2, JE~4, and interferon 
gamma (IFN-y) are essential components of antigen-specific 
immunity. Virtually all 1L-4 and most IFN-y produced by 
polyclonally activated adult human CD4* cells are mediated 
by a subset of "functional memory cells.'' 36 leukocyte pro¬ 
duction of IG4 and IFN-y is reduced in human neonates, 56 
and IFN-y in bovine neonates,* possibly reflecting their anti- 
genically naive status. Depressed lymphocyte proliferation 
and 1L-2 activity in the perinatal period correlates with 
elevated cortisol levels. 53 

Acquisition of humoral immune competence is age and 
antigen dependent. 37 Neonates are capable of producing 
humoral immune responses to good immunogens (protein 
antigens) but may fail to respond to lesser immunogens 
(sugars and lipids), Calves less than 3 months of age vacci¬ 
nated with modified live or killed salmonella vaccines 
produce an adult-type humoral immune response to salmo¬ 
nella protein antigens but do not respond to salmonella 
Jipopolysaccharide (LPS}. 3S Ingestion of colostrum sup¬ 
presses the humoral response to some antigens but not to 
others. 37 

Adverse management and environmental conditions fur¬ 
ther compromise neonatal immunity. Cold stress depresses 
neutrophil chemotaxis, and vasoconstriction reduces deliv¬ 
ery of leukocytes to peripheral tissues. 3 Protein energy mal¬ 
nutrition in calves is associated with depressed lymphocyte 
IL-2 activity, lymphocyte proliferation, and humoral im- 
mune responses. 53 Micro nutrient deficiencies also depress 
immunity. Selenium, zinc, copper, and vitamin E deficien¬ 
cies depress lymphocyte and phagocyte function 40 ' 41 

Inherited defects in immune function are sporadically 
observed in neonates and should be considered when 
recurrent or atypical infections are observed—for example, 
Pneumocystis oirinn pneumonia in foals. Inherited immu¬ 
nodeficiencies are discussed in Chapter 53. 

PATHOGENESIS OF SEPSIS 

As discussed earlier, the pathogenesis of sepsis is yet to be 
fully elucidated. 3 Systemic sepsis can be caused by a range 
of infectious agents including gram-positive bacteria, gram- 
negative bacteria, fungi, ana viruses. Interaction between 
viruses, bacteria, or bacterial products and TLRs appears 
pivotal in the induction of the proinflammatory and antiin- 
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flammatory responses, 42 Endotoxin is a mediator of gram¬ 
negative sepsis. Endotoxin, the EPS component in the outer 
cell membrane of gram-negative bacteria, is released when¬ 
ever the bacterial cell membrane is disrupted, as occurs 
during rapid growth or cell death. Endotoxin is composed 
of hydrophilic heteropolysaccharide and hydrophobic lipid. 
The surface portion of EPS is the O-antigemc determinant 
consisting of sugar chains that are highly variable among 
species. Deeper within the EPS molecule is the lipid moiety, 
which is responsible for most of the endotoxin's biologic 
activities. Binding of LPS to TER4 receptors leads to expres¬ 
sion of nuclear factor-kappa B (NF-kB)- con trolled pro in¬ 
flammatory cytokines and lFN-regulatory factors and type 1 
IFNs. 42 The reticuloendothelial system is responsible for 
detoxification of endotoxin. Gram-positive bacteria do 
not produce endotoxin but elaborate lipoteichoic add and 
pepiidoglytan, which can effect a similar inflammatory 
response through activation of other TER receptors, TLR2 
and TLRG 42 

The initiating event in the generalized bacterial sepsis 
syndrome is the presence of bacteria and/or bacterial prod¬ 
ucts within the circulation. Subsequent binding with surface 
ILRs and other immune system components triggers intra¬ 
cellular signaling pathways that activate the genes and 
enzymes responsible for production and maturation of 
cytokines and IFNs. Proinflammatory products include the 
cytokines tumor necrosis factor alpha (TNF-a), JL-1, 1L-6, 
transforming growth factor (TGF)-p, and IFN-y Antiinflam 
matory cytokines include 1L-4, JL-IO, and IE-13. 'rhe cascade 
yields other products induding kinins, myocardial depres¬ 
sant factor, p-endorphins, free-radical oxygen species, lyso¬ 
somal enzymes, and prostaglandins , 12:43 Serum TNF 
concentration has been correlated with clinical criteria of 
sepsis in calves and foals, 44 45 Many of the inflammatory' 
mediators have direct effects on the vascular endothelium, 
resulting in increased endothelial permeability. The endo¬ 
thelium also releases two additional substances: endothe¬ 
lium-derived relaxing factor (EDRF), and endothelin-1, 
EDRF has been identified as nitric oxide (NO) and is 
responsible for relaxing smooth muscle, depressing myocar¬ 
dial function, decreasing vasopressor responsiveness, and 
inhibiting platelet aggregation, 46,47 Endothelin-1 is a potent 
vasoconstrictor. After the increase in vascular permeability, 
interstitial and pulmonary edema, hypovolemia, and de¬ 
creased cardiac output develop. Pulmonary and systemic 
hypotension develops. Splanchnic perfusion decreases, and 
coagulation pathways are activated, resulting in varying 
degrees of DIG. The majority of patients that die of septic 
shock suffer multiple organ failure. 2 

Respiratory failure is a frequent complication of septic 
shock. As pulmonary capillary permeability increases, leu¬ 
kocytes accumulate and degranulate in the pulmonary 
micravascu La lure, resulting in endothelial damage, in¬ 
creased capillary leakiness, and alveolar flooding. Lung 
collapse (atelectasis), intrapulmonaTy shunting, and mis¬ 
matching of ventilation and perfusion develop. Terminally, 
hypoxemia, pulmonary hypertension, progressive lung col¬ 
lapse, pulmonary edema, and respiratory failure develop. 2 

Myocardial depression occurs during sepsis. Endotoxin 
and NO exert a direct inotropic depressant effect on the 
heart. During early sepsis stimulation of the sympathetic 
nervous system results in tachycardia, increased cardiac out¬ 
put, improved myocardial contractility, and increased oxy¬ 
gen consumption. As sepsis progresses, there is a decrease 
in vascular tone and oxygen extraction by peripheral tissues, 
accompanied by development of metabolic acidosis and 
anaerobic metabolism, During late sepsis, myocardial fail¬ 
ure develops, accompanied by decreased cardiac output 
and severe hypotension. A recent study reported elevations 
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in the cardiac biomarkers cardiac troponin J and creatine 
kinase MB in septic foals compared with healthy neonatal 
foals. 4 * The magnitude of either of these markers did not 
predict outcome. 

Sepsis is best characterized nutritionally by hypermetab¬ 
olism, catabolism, and protein wasting. 49 During sepsis, 
intermediary metabolism is disrupted and the foal loses 
sequentially the ability to use glucose, then fat and finally 
protein as energy sources. Elevated concentrations of cate¬ 
cholamines and glucagon contribute to insulin resistance 
and increased lipolysis. These changes explain the hypergly¬ 
cemia and lipemic serum occasionally observed in foals 
with sepsis. „ 

INFECTIOUS AGENTS ASSOCIATED 
WITH NEONATAL DISEASE 

In all studies conducted in the United States, Europe, and 
Australia in the past 20 years, gram-negative bacteria have 
been the predominant cause of infection in large animal 
neonates, and £♦ cdt has been by far the most common 
bacterial species isolated. 67 ' 9 ' 10 ' 50 ' 55 Other common bacte¬ 
rial organisms include Actinobacillus species (foals), Pasteur- 
ella species (calves and foais 56 jrarej), ffiehsie/ta species, 
Salmonella species (calves and foals), and less commonly 
Pseudomonas spedes. Listeria monocytogenes , 57 Clostridium 
perfringens and Clostridium septicum , Staphylococcus aureus, 
and Streptococcus spedes. Although Streptococcus spedes are 
most commonly isolated in mixed infections with gram- 
negative bacteria, 6 ' 7 both alpha- and beta-hemolytic Strepto¬ 
coccus species have been isolated in pure culture in foals 
with large subcutaneous abscesses and physitis and septic 
arthritis. Srreptococcrjs pneumoniae type 3, typically a human 
pathogen, was identified as the cause of severe respiratory 
distress in a neonatal foal. 59 Polymicrobial infections are 
common in calves with septicemia (28 %), 52 Surveys exam¬ 
ining blood culture results of foals admitted to neonatal 
intensive care units reflect a trend in the type of bacterial 
organisms contributing to septicemia. There has been an 
increase in the number of gram-positive bacterial isolates 
including .Streptococcus (alpha and beta) species, Sujphyfococ- 
cus species. Enterococcus species, and Oosrridium species, 60 
These statistics serve to remind clinicians not to ignore the 
pathologic significance of gram-positive organisms when 
selecting an antibiotic regimen for the septic neonate. 
Although newer antibiotics induding some of the cephalo¬ 
sporins, p-lactam antibiotics, and fluoroquinolones have 
an extended gram-negative spectrum, their gram-positive 
spectrum may be inadequate for pathogens such as Strepto¬ 
coccus species. 

Most organisms known to cause placental and fetal dis¬ 
ease may cause disease of the newborn. Infectious agents 
assodated with abortion, stillbirths, and birth of weak 
ruminant neonates are fisted in Box 15-3. Infections of neo¬ 
nates contracted in utero are uncommon compared with 
posmatally acquired infections. Clinical signs of in utero 
infections are dependent on the age of the fetus at the time 
of infection and the tissue tropism and virulence of the 
infecting organism. Abortion storms and outbreaks of peri¬ 
natal weakness, congenital defects, and mortality are often 
manifestations of widespread herd or flock infections, Sub- 
dimcally infected neonates may remain chronically in¬ 
fected, providing a continuing reservoir of infection in the 
population. Transplacental infection is important in the epi¬ 
demiology of a number of diseases including lohne's 
disease (Mycobacterium paratuberculosis J, bovine virus diar¬ 
rhea, and bovine leukosis. 61 ' 63 

Although viral agents are most commonly assodated with 
abortion in the mare, viral infections may also occasionally 
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cause disease in the newborn foal. Equine herpes viral infec¬ 
tion may result in a weak newborn foal that responds very 
poorly to conventional supportive care; antemortem diagno¬ 
sis is very difficult, 64 65 Equine viral arteritis has been 
reported in neonatal foals. 6667 Equine influenza may be 
associated with interstitial pneumonia in foals 60 

Fungal infections have been observed in neonatal foals. 
The development of severe, generalized candidiasis has 
been observed in debilitated or immunocompromised foals 
undergoing intensive care, A history of prolonged antimi¬ 
crobial use is common. Diagnosis has been made using 
blood cultures or cultures of joint aspirates. 

CLINICAL SIGNS 

The spectrum of clinical signs assodated with septicemia 
depends on the integrity of the host immune system, the 
duration of illness, the severity, the route of infection, and 
the target organs. Early in the clinical course, the clinical 
signs axe usually nonexistent or vague, nonspecific, and eas¬ 
ily attributed to other diseases. During the early hyperdy¬ 
namic phase of sepsis, clinical signs include lethargy, 
hypotonia, more time spent sleeping, decreased nursing fre¬ 
quency followed by complete loss of suckle reflex, hyper- 
emic mucous membranes with rapid capillary refill lime 
assodated with peripheral vasodilation and increased car¬ 
diac output, tachycardia, bounding peripheral pulses, extrem¬ 
ities that are still warm, tachypnea, and variable body 
temperature. Capillary leakiness contributes to the early 
appearance of petechiae on the gums, sclera, inside of the 
ears, and coronary bands. As soon as the foal's nursing vigor 
decreases, the mare's udder becomes warm and distended 
and may stream milk spontaneously. When the weak foal 
does nurse from the overdintended udder, it often comes 
away with a milk-stained face owing to the spontaneous milk 
letdown that it is too weak too swallow. Dehydration devel¬ 
ops rapidly, resulting in decreased urine output and constipa¬ 
tion. Obviously, the earlier the infection is diagnosed, the 
better chance the treatment has of being successful. Localizing 
signs may or may not be present. Prompt and aggressive inter¬ 
vention at this stage of the disease process frequently results 
in a successful outcome. 

During late sepsis, when infection overwhelms the host's 
immune system, septic shock develops. Affected foals are 
usually recumbent, dehydrated, and almost moribund. 
Clinical signs include severe hypotension assodated with 
hypovolemia and decreased cardiac output, tachycardia, 
altered mentation, cold extremities, weak peripheral pulses, 
and dry, injected mucous membranes with a toxic ring and 
prolonged capillary refill time. Hypothermia is common. 
Cut motility is usually decreased and is accompanied by 
gastric reflux, abdominal distention, and constipation or 
diarrhea. Colic may be present if the ileus and abdominal 
distention are severe. Liver dysfunction is associated with 
cholestasis and increasing clinical jaundice. Decreased pul¬ 
monary perfusion and increased vascular permeability 
contribute to progressive respiratory compromise. Signs of 
respiratory distress include tachypnea, dyspnea with nostril 
flare, rib retractions, and expiratory grunting. Salvage of the 
patient in late septic shock is usually not successful. Although 
an encouraging response to intensive therapy may be noted 
initially, most neonates presented in late septic shock do 
not survive. 

Fever is inconsistently present in infected foals; the possi¬ 
bility of infection should never be ruled out because of the 
absence of fever. 6 Foals in septic shock often have a subnor¬ 
mal recta! temperature. In one study diarrhea was the most 
common early localizing sign in a group of foals with septi¬ 
cemia. 6 The pathophysiologic basis of the diarrhea is not 
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known but may relate to altered intestinal perfusion. E. coft 
is the common cause of systemic sepsis in foals, but it is a 
rare cause of primary enteric disease- Other signs indude 
seizures (with or without the presence of meningitis or 
encephalitis), colic respiratory distress, uveitis, subcutane¬ 
ous abscesses, joint distention and/or periarticular edema, 
and umbilical ahscessaiion. The signs of osteomyelitis or 
physeat infection may be extremely subtle, with no obvious 
areas of inflammation detectable on the limbs. The only 
dues may be a reluctance to move, a choppy, stilted gait 
and/or an inflammatory hemogram (increased fibrinogen, 
in particular). 

The time of onset of clinical signs pf infection in the neo¬ 
nate depends on whether the infection was acquired in 
utero or postnatally. Animals infected in uiero generally 
begin to show signs sometime during the first 24 hours of 
life, whereas postnatally infected animals often appear rela¬ 
tively normal for the first 2 days of life or longer- Achntfiw- 
aflu5 infections in foals may become apparent somewhat 
earlier (24 to 48 hours of age) and are commonly character¬ 
ized by an acute onset of depression, diarrhea, or rapidly 
distending painful joint(s) Bone and joint infections in 
neonates may not be otWious for several days to weeks, 
and their appearance may either follow an improvement 
in systemic signs of illness or not be accompanied by any 
signs of systemic illness. 

As with foals, septicemia in ruminant neonates com¬ 
monly involves multiple organs with the respiratory' and 
gastrointestinal systems most commonly affected. 32 Clinical 
signs are often nonspecific and may indude lethargy, poor 
suckle reflex, weakness, dehydration, tachycardia, tachy¬ 
pnea, and recumbency. Findings suggestive of involvement 
of a particular organ system include diarrhea, lameness, 
omphalophlebitis, neurologic and ocular signs, and cardiac 
murmurs. Depressed mentation, diarrhea, and dehydration 
are the most common clinical signs of sepsis in neonatal 
ruminants, hut clinical presentation is variable, 34 Rectal 
temperature, heart rale, and respiratory rate are poor predic¬ 
tors of sepsis in calves.* 4,53 Fecteau and co-workers have 
developed a clinical score model for predicting sepsis in 
calves to promote rational antimicrobial use by produ¬ 
cers. 55 Criteria included in the model include fecal consis¬ 
tency, hydration status, attitude (mental awareness), and 
umbilical and scleral vessel assessment. Sensitivity and spec¬ 
ificity of the model were 76% and 75%, respectively. In the 
calves examined by Fecteau and colleagues the presence of 
severe diarrhea or a localized infection (e g., infected navel) 
was associated with an increased probability of bacteremia 
as determined by blood culture. 

DIAGNOSIS OF BACTERIAL INFECTION IN 
NEONATES 

It is not difficult to diagnose an infected neonate when 
overwhelming sepsis is present. Bacteria may be observed 
on a peripheral blood smear in cases of advanced sepsis. 
Unfortunately, if treatment is instituted at this time, it is 
unlikely to be successful. Because of the necessity of early 
diagnosis and treatment of infection for a favorable out¬ 
come, a reliable, rapidly available field test to establish the 
presence of infection would be highly desirable. Such a test 
is not currently available. Positive blood cultures are the 
only definitive antemortem proof of bacteremia, but a min¬ 
imum of 24 hours is usually required for preliminary 
results. 

Because of the difficulty in identifying early sepsis at 
a treatable stage, a scoring system has been developed for 
the neonatal foal that incorporates a group of historic para¬ 
meters, physical examination findings, and laboratory values* 


which together have been found to be considerably more 
accurate than any one single parameter in establishing the 
likelihood of infection. 65 The sepsis score is intended for 
use as a diagnostic aid only and is not 100% accurate. 
False-negative results occur in older foals, and false-positive 
results are common in foals bom prematurely. If the score 
is low for an individual foal but dinicai suspicion of infec¬ 
tion is high, antibiotic therapy should be instituted, and fur¬ 
ther assessment should then be performed. 

The white blood cell (WBC) count and differential are 
important parts of the sepsis score A number of foals in 
the early stages of septicemia have a normal total WBC 
count, but most have either an increased number of imma¬ 
ture (band) neutrophils (>50 ccils/pL) or toxic changes 
(Ddhle bodies, toxic granulation, vacuolization] in the neu¬ 
trophils. Foals that die of septicemia generally have very low 
WBC counts with considerable toxicity, but a low WBC 
count in a patient with sepsis does not necessarily predict 
death. The WBC count may undergo dramatic changes in 
a short period of time, often preceding changes in clinic al 
condition. Foals with infection acquired in utero as a conse¬ 
quence of bacteria] placentitis typically are bom with ele¬ 
vated WBC counts. There is some evidence that very high 
WBC counts are positively correlated with successful out¬ 
comes, The fibrinogen concentration is also useful in detect¬ 
ing newborn foals that have been infected or exposed to 
inflammatory placental disease in utero. Fibrinogen values 
in these cases may be 1000 mg^dL or greater at birth 
(normal is 300 mg/dL or less), and again, high values are 
often positively related to outcome. In the early stages of 
postnatal ly acquired infections, fibrinogen values may 
be only mildly increased (400 to 500 mg/dL), but with 
increasing chronicify resulting from pneumonia or bone 
and joint infections, plasma fibrinogen levels may increase 
dramatically. 

Total plasma protein concentration is highly variable 
and may be influenced by dehydration, catabolism, and 
ingestion of colostral immunoglobulins The range of pre- 
suckle protein concentration varies so much between foals 
that it i$ not a reliable indicator of FFF. IgG determination 
has been shown to he an important component of the sep¬ 
sis evaluation, in that low IgG levels have strongly corre¬ 
lated with the presence of sepsis. Severe, overwhelming 
infections are seen far less commonly in foals with normal 
immunoglobulin G (IgG) levels (>800 mg/dL) but can 
occur, particularly in individuals with in uiero acquired 
infections and severe enteric infections caused by patho¬ 
genic bacteria such as Sirimmid/ii species and clostridial 
intestinal infections. Because serum IgG levels can change 
dramatically as a result of protein catabolism associated 
with sepsis, it is often difficult to determine whether hypo¬ 
gammaglobulinemia in a sick foal is the cause or result of 
sepsis. 

Hypoglycemia (glucose <60 mg/dL <3,3 mmol/L) 
commonly accompanies generalized infection and is asso¬ 
ciated with bacterial consumption and reduced glycogen 
reserves. Serum glucose values can be very low, with the 
animal showing few signs other than depression and 
weakness 

The potential application of hematologic evaluation of 
neonates for early detection of sepsis is illustrated in a study 
reported by Adams and colleagues. 70 Hematologic values in 
35 newborn beef calves were evaluated; five calves subse¬ 
quently developed clinical signs of sepsis at 3 weeks of 
age. Comparison of hematologic values from the five dis¬ 
eased calves with values for healthy calves revealed signifi¬ 
cant differences at each sample collection time (birth, 24 
hours, 48 hours, and 3 weeks), although disease was not 
clinically evident at the three early sample times. Compared 


with the clinically normal calves the five septic calves had 
more band neutrophils and a higher neutrophU-to-lympho¬ 
cyte ratio at birth. At 24 hours the monocyte count was 
higher, and at 48 hours total leukocyte, mature neutrophil, 
and monocyte counts and neutrophtl-to-lymphocyte ratio 
were higher in the five calves. At 3 weela, when clinical 
signs of disease were detectable in the five calves, the total 
leukocyte, band neutrophil, and mature neutrophil counts, 
neutraphil-to-lymphocyte ratio, and plasma total protein 
and fibrinogen concentrations were higher. 70 

Hematologic abnormalities observed in septic calves 
with clinical signs of disease aFe not consistent. In a retro¬ 
spective study of 25 septic calves a noticeable feature of 
the pattern of laboratory abnormalities was the contrast of 
severe clinical signs with minor complete blood count 
(CBC) and serum biochemical alterations in numerous 
calves. 52 Abnormal laboratory findings included neutrophi¬ 
lia or neutropenia, immature neutrophils, toxic neutrophils, 
and hyperfibrinogenemia , y2 Low serum immunoglobulin 
concentrations are also commonly observed in calves with 
sepsis. 52,55 The most common abnormalities observed in 
calves with DIG include activated partial thromboplastin 
time (aPTT) and prothrombin time (PT), observation of 
schistocytes, and elevated fibrin degradation products. 
Thrombocytopenia is less frequently observed. 71 Abnormal¬ 
ities of the coagulation and the fibrinolytic systems are also 
common in neonatal foals with sepsis. 72 Prolongation of PT 
and a PIT are common, as are increased concentrations of 
fibrin degradation products, 73 Foals with advanced sepsis 
may show signs of spontaneous hemorrhage or vascular 
thrombosis. 

Lactate measurement is an important indicator of foal 
sepsis and if taken at admission may provide important 
prognostic information. 74 Lactate is normally <2,5 mmol/L; 
levels between 2.5 and 5 mmol/L are typically not associated 
with acidosis, whereas values >5 mmol/L are often asso¬ 
ciated with acidosis. Substantial reductions in blood lactate 
in response to 24 hours of therapy often translate into a favor¬ 
able outcome, 75 Other abnormal serum chemistries asso¬ 
ciated with sepsis include metabolic acidosis (bicarbonate 
<19 mEq/L) resulting from increased anaerobic metabolism 
and azotemia (creatinine >2 mg/dL) secondary to dehydra¬ 
tion as well as primary renal damage. During the terminal 
stages of septicemia, foals frequently display a mixed respira¬ 
tory and metabolic acidosis accompanied by hypoxemia. 
Li perm a and hyperbilirubinemia reflect altered endocrine 
and hepatic function. 

Positive blood cultures are essential to make the diagno¬ 
sis of septicemia, t lowever, it is dear that treatment cannot 
be delayed until results of blood cultures are obtained. 
Although it does not help to make the initial decision 
regarding therapy, a positive blood culture allows a more 
accurate prognosis to be given to the owner, provides infor¬ 
mation about the type of bacteria and its susceptibility pat¬ 
tern, and helps guide the decision as to length of antibiotic 
treatment. 

Blood cultures are easy to perform but must be done 
carefully for accurate results. The hair should be shaved, 
and the site of venipuncture surgically scrubbed. Depending 
on the type of culture bottle or lube, a set amount of blood 
is withdrawn from the vein aseptically and deposited into 
both anaerobic and aerobic blood culture bottles, A liquid 
or solid blood culture medium can be used. One popular 
culture medium is Columbia broth medium with sodium 
poIyanetholsulfonate as anticoagulant for aerobic cultures 
(Septi-Chek, Roche Laboratories. Nutley, NJ) and a brain- 
heart infusion medium for anaerobic cultures. If the 
medium is not readily available, the sample can be trans¬ 
ferred in a yellow-top tube containing anticoagulant citrate 
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dextrose (ACD), Serial cultures are preferred. A dean needle 
is used for transferring the blood into each bottle. The bot¬ 
tles are then incubated. A positive culture is characterized by 
marked turbidity, usually within 12 to 48 hours of incuba¬ 
tion. The medium with bacterial growth is then Gram 
stained and plated out for identification and susceptibility 
testing. Working with a local human hospital may provide 
the ideal resource when trying to identify bacteria and 
establish antibiotic susceptibility patterns. 

Other samples that can be used for culture in addition to 
urine and blood are synovial fluid, cerebrospinal fluid {C5F), 
peritoneal fluid, feces, and transtracheal aspirate, in cases of 
physeal osteomyelitis a physeal aspirate may be beneficial. 
Many referral hospitals perform blood culture on all 
abnormal neonatal foals on admission, whether or not they 
received antibiotics previously, and the foals should then be 
placed on antibiotics if infection is suspected. Bacterial cul¬ 
tures are also taken from specific areas if local infections ate 
suspected (CSF, joint, feces, trachea). With only one blood 
culture routinely taken per foal, some false-negative results 
have been obtained, but the number of positive results 
has been surprising . bi 51 However, foals with in utero- 
acquired pneumonia have rarely had positive results on 
blood culture, and additional culture specimens (e.g,, tra¬ 
cheal aspirate) should also be taken. If a fever spike occurs 
during the hospital stay, if the WBC count changes dramat¬ 
ically, or if the clinical condition of an infected foal deterio¬ 
rates, the blood is recultured. The development of resistant 
infections has been observed in both community- and hos¬ 
pital-acquired infections, and their prompt detection is very 
important 


THERAPY FOR BACTERIAL INFECTION 

Antibiotic therapy is currently the cornerstone of treatment 
of neonatal infection. Because sepsis can progress with 
devastating speed in the neonate, antibiotic therapy should 
be started as soon as sepsis is suspected. Broad-spectrum cov¬ 
erage should be initialed pending culture results, anticipat¬ 
ing the preponderance of gram-negative bacteremia, the 
reemergence of gram-positive pathogens, and the possibility 
of polymicrobial infections. Bactericidal drugs are favored 
for treatment of sepsis in neonates because of the immaturity 
of the neonatal immune system. Immaturity of mechanisms 
involved in drug absorption, distribution, biotransfor¬ 
mation, and excretion contribute to altered pharmacokinet¬ 
ics of antimicrobials in neonates. Implications of altered 
pharmacokinetics in neonates include the potential for 
suboptimal therapeutic concentrations, toxic effects, and, of 
importance in food animals, violative residues if adult dos¬ 
ing regimens are employed. In general terms, antimicrobials 
have longer elimination times in neonates ( less than 2 weeks 
of age) than in adults and therefore larger doses are adminis¬ 
tered with a longer dosage interval to achieve similar peak 
and trough antimicrobial concentrations. More complete 
discussions of antibiotic therapy in neonatal foals 10/76,77 
and food animals can be found in other texts. 78 ' 81 The use 
of immediate antimicrobial therapy in advanced cases of 
sepsis js controversial. It has been suggested that lysis of cir¬ 
culating bacteria could further contribute to endotoxin load, 
hastening circulatory collapse and death. In vitro data indi¬ 
cate that p-lartam antibiotics, such as ceftiofuror ampicillin, 
but not aminoglycosides, may lead to an increase in endo- 
loxin concentration. 82 

The duration of antibiotic therapy in infected neonates 
depends on the clinical status of the patient and what 
type of infection has been documented. One week to 10 
days of therapy may be adequate for suspected but undocu¬ 
mented sepsis if the CBC, fibrinogen, and patient are normal 
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at the end of therapy. A minimum of 2 weeks of treatment is 
suggested in blood culture-positive patients with no evi¬ 
dence of localized infections. Three to 4 weeks (or more) of 
antibiotic treatment are often required when the infection 
has localized, particularly in the joints or lungs. Therapy is 
usually discontinued when the WBC count, fibrinogen, and 
radiographs have returned to normal. Although there has 
been concern about the use of aminoglycoside antibiotics in 
the neonatal foal the well-hydrated neonatal foal tolerates 
these drugs very well, even after extended periods of treatment 
(2 to 4 weeks). 

Established sepsis in the neonate carries a poor progno¬ 
sis, with less than 12% survival of calves with sepsis in a 
referral hospital 52 Client education^} facilitate early recog¬ 
nition and treatment of neonates with sepsis improves out¬ 
come and reduces cost. 

Antimicrobial Therapy in Foals 

The combination of a penicillin and an aminoglycoside, 
such as gentamicin (6,6 mg/kg given intravenously [IV] or 
intramuscularly [IM] once per day [sid|) or amikacin (21 to 
25 mg/kg IV or IM, sid) H provides good antimicrobial cover¬ 
age. Some clinicians have used gentamicin at 6.6 mg/kg 
twice per day (bid) as long as in-hospital monitoring is avail* 
able. Amikacin is often preferred to gentamicin because it 
seems to be less nephrotoxic and less likely to be associated 
with the development of resistant bacterial infections. 10 77 ' 83 
Ideally, peak and trough serum aminoglycoside concentra¬ 
tions are monitored to ensure that the proper dose and dos¬ 
ing interval are used but this is not often possible in a field 
setting. Unfortunately, no studies have been conducted in 
the foal to determine the specific peak and trough serum 
concentrations resulting in optimal survival rates in indivi¬ 
duals wiih sepsis. 34 Based on work in other species a target 
peak concentration of 15 to 30 pg/mL and trough concentra¬ 
tion of 1 to 3 pg/mL have been suggested. 85 During long¬ 
term aminoglycoside therapy, efforts are made to prevent 
dehydration, and the patient's urinalysis and serum creati¬ 
nine are monitored at least weekly. 

Other antibiotics that may be useful in the empirical treat¬ 
ment of the infected neonate include certain third-genera¬ 
tion cephalosporins, such as ceftiofur (2.2 to 4.4 mg/kg IV 
or LM bid), cefotaxime (20 to 30 mg/kg IV or IM three times 
per day [tid|), ceftriaxone, and ceftazidime. In studies of sus¬ 
ceptibility patterns of bacteria cultured from foals under¬ 
going treatment in intensive care units, antibiotics such as 
ampieiilin, kanamycin, and tetracycline were of very little 
value for treatment of gram-negative infections. Twenty per¬ 
cent to 40% of isolates were resistant to trimethoprim- 


sulfonamide (TMS) combinations (15 mg/kg bid IV, orally 
|PO]), ceftiofur (2.2 to 6,6 mg/kg IM bid), chloramphenicol 
(25 to 50 mg/kg IV or PO four times per day | qidj}, and ticar- 
dllin-davulanate (50 mg/kg IV, tid or qid)/ 9,5186 Some, 
however, have reported success with tetracyclines in the 
management of osseous infection. A susceptibility pattern 
should document that the organism is indeed susceptible 
before these antibiotics are selected for use. Fluconazole 
may be effective in treatment of localized and generalized 
candidiasis. One recommended dosage for foals is a loading 
dose of400 mg followed by 200 mg at 24-hour dosing inter¬ 
vals. 10 See Chapter 45 for further discussion of antibiotics. 

Antimicrobial Therapy in Neonatal Ruminants 

Common medical conditions in neonatal calves that re¬ 
quire antimicrobial therapy include diarrhea, pneumonia, 
bacteremia, omphalophlebitis, osteomyelitis, meningitis, 
and septic arthritis. 

Bacteremia is a common problem in debilitated neonatal 
ruminants. Rapid recognition and treatment of sepsis 
improves the likelihood of a successful outcome. Blood cul¬ 
ture studies of debilitated calves indicate that gram-negative 
bacteria account for approximately 80% of bacterial iso¬ 
lates; E, colt is the most common species of bacteria 
isolated. 52,54,87 In a study of 190 recumbent calves on a 
large calf-raising facility, 31% were determined to have bac¬ 
teremia. ii. coli accounted for 51% of the isolates; other 
gram-negatives, 25%; gram-negative anaerobes, 5.9%; gram- 
positive cocci, U.8%; and gram-positive rods, 5.9%. 87 
Empiric antimicrobial therapy should include a gram-negative 
and gram-positive spectrum Other considerations pertinent 
to antimicrobial selection include the pharmacokinetics and 
pharmacodynamics of the drug in neonates, likelihood of 
antimicrobial resistance, and potential for violative antimicro¬ 
bial tissue residues. Determination of antimicrobial suscepti¬ 
bility (minimal inhibitory concentration [MIC]) before 
therapy is desirable but often not possible. Alternatively, 
a drug may be selected and given at a dosage that has been 
shown to be effective for >90% of similar isolates tested 
(MIC 90%). The objective of measuring antimicrobial 
MIC 1 is to facilitate antimicrobial selection that is likely 
to achieve a therapeutic concentration of drug for the tar¬ 
get pathogen. The M1C data are of limited value without 
information on serum and tissue concentrations attain¬ 
able using Lhe intended drug dose. Data regarding micro¬ 
bial susceptibility to antimicrobial drugs are provided in 
Table 18-1, and pharmacologic data regarding the volume 
of distribution, half life, and breakpoint MIGs of common 
antimicrobial drugs are presented in Table 18-2. The data 
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% 
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50% 

MIC (pg/ml.) 
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(n=461) 5a 

Ampidllin 

60,5 

0.25 

32 
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Ampieiilin 


4 
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Ceftiofur 
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0.06 
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Ceftiofur 


0.0078 

0.015 

<0,003-0.03 

(n=12I) 1D2 

Eruofloxacin 


006 

0.06 
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Erythromyrin 
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4 

4 

<0.03->64 

(n= 89 ) 9 ’ 

Erythromycin 


2 

16 
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Erythromycin 
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4 
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Antimicrobial Susceptibility Data for Bacterial Pathogens from Bovine Sources—cant’d 


Organism 
(Nn, of Isolates) 

Antimicrobial 

% 
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90“.;, 
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1 
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Gentamidn 


1 

2 

0,25-8 

[n=421) lutl 

Gentamicin 


2 

4 


(n=89)" 

Kanamydn 


4 

>16 

2-> 16 

(n^89) 9 * 

Penicillin G 


8 

>16 

4-> 16 

(n=4GI) 91 * 

Spectinomydn 

83,5 

32 

64 
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(n=89) 55 

Spectinomydn 


12 

>32 

8->32 

(n=421) l0 ° 
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8 

16 


(n=89)” 

Sulfadimethoxine 


200 

>400 

12.5 >400 

(n=421) l0 ° 

Sulfadimethoxine 


>256 

>256 


(n=46l) s,a 

Sulfamethazine 

46.2 

128 

>512 

0,5->512 

(n=461} 9S 

Tetracydine 

57 

1 

32 

<0.06 64 

(n=89) 95 

Tetracydine 


>16 

>16 

0.5->16 

(n=421} ,0 ° 

Tetracydine 


32 

64 


(n-461) 3S 

TUmkosin 

69.1 

4 

8 

0.06-16 

(n=89)" 

Tyiosin 


>16 

>16 

8-> 16 

(n=421) 100 

Tyiosm 


64 

128 
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(n=318) 9S 

Ampidllin 

88.1 

0,25 

8,0 
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(n=32) 99 
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1 

>16 

0.25->16 
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Ampidllin 


2 

4 


(n=31 8 ) ,a 

Ceftiofur 
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<0.03 

0,06 
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Ceftiofur 


0.0078 

0,0078 

<0,003-0.0078 
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Knrofloxacin 


0,015 

0,03 
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Erythromycin 

16 

2 

8 
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l 

4 
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Gentamicin 


4 
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4 

16 
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4 
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(n=i5B) 100 

Penicillin 


2 

4 


(n=318) ,s 

Spectinomydn 
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32 

>128 

0,13->128 
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12 
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8 

16 
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Sutfadi method ne 
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Sulfadimethoxine 
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(n=318)’“ 

Sulfamethazine 
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Tetracydine 
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16 

<0.06->32 

(n=32) D * 
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2 

16 


(n=31 S) 98 

Tilmicosin 

58.9 

4 

S 
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32 

64 


HAEMOPHILUS SOMNUS 






(n=109) 9S 

Ample illin 

90.1 

0.06 

1 

<0.03->64 

(n=)09) 98 

Ceftiofur 

100 

<0.03 

0.06 

<0.03-0.13 

(n=59) 101 

Ceftiofur 


<0.0019 

<0,0019 

<0.0019 

(n = 104) 103 

Enrofloxacin 


0.015 

0,03 

<0.008-0,5 

(n=109) 5fl 

Erythromycin 

88.9 

0.25 

2 

<0,03->32 

£n=34) l ° 3 

Florfenicol 



0.5 


(n=!09) M 

Spectinomydn 

87.1 

8 

32 

<0.13-> 128 

(n=l09)‘ >s 

Sulfamethazine 

35.8 

256 

>512 

<0.5->512 

(n=l09) M 

Tetracycline 

98.2 

0.5 

I 

<0.03-32 

(n=!09) M 

Ttlmicosin 

90.4 

2 

4 

<0,03-32 

MYCOPLASMA fiOVfS 






(n=2Q) ltM 

Enroflaxacin 


0.1 

0.25 

0,05-1 
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Antimicrobial Susceptibility Data for Bacterial Pathogens from Bovine Sources—cont'd 

Organism 
(No. of Isolates) 

Antimicrobial 

% 

Susceptible 

50% 

MIC (pg/mL) 
90% 


[n=100)'° J 

Floifenicol 



0.5 


(n=20) lM 

Oxytetracydme 


1 

2.5 

0.1-10 

(n=20) ,M 

Tylosin 


1 

5 

0,025 >100 

MYCOPLASMA MYCOfDES SUBSP MKCO/DES SHALL COLONY TYPE 




(n=20) lM 

Ploifenitol 


1 

2 

0.25-8 

(n=20)‘“ 

Oxyteiraeydine 


0.5 

1 

0.125-4 

(n=20) los 

Spettinomydn 


8 

16 

4-> 128 

(tt=20) lo:i 

Tilmkosin 


0.015 

0.03 

<0,008-0,25 

FUSOBACTERJUM NECROPHORUA1 





(n=21) l » 

AmpidUin 


L6 

2.3 


(n=68) 107 

AmpidUin 

100 




(n=l 7) l0B 

Ceftiofur 

100 

<0,062 

<0.062 

<0,062 

(n=68) 10T 

Chloramphenicol 

100 




(n=21}'“ 

Erythromycin 


3*1 

6,3 


(n=12) ,0J 

Plorfenicol 



0,25 


(n=21) 106 

Oxytetracydme 


0.08 

0.2 


(n=365) IM 

Penidtlin 

96 




(n=68) 107 

Pen id 11 in 

100 




(n=21} los 

Penidtlin G 


0.1 

1.9 


(n=365) 105 

Tetracydine 

99 




(n=68) 107 

Tetracydine 

100 




(n=21)‘“ 

Tylosin 


3.1 

6.3 


CtOSTR/DfUM PERFRINGENS 





(n=67} 109 

Chloramphenicol 

99 




(n=67} ,<w 

Penicillin G 

93 




(n=67t lw 

Tetracydine 

70 




OTHER CLOSTRJDW 





(n= )09)'°° 

Chloramphenicol 

99 




(n= 109) 109 

PenidUin 

90 




(n=l09) 1<w 

Tetracycline 

77 




FUSOBACTERtUM NECROPHORUM SUBSP FUNDtLlFORME 




(n=1£>) 106 

AmpidUin 


13 

2.7 


(n=lG) ul ° 

Erythromycin 


3*1 

6.3 


(n=16) ,0& 

Oxyteiraeydine 


0.2 

4.1 


(n=16} 10S 

Penidtlin G 


0,2 

0,8 


(n=1G) 11>6 

Tylosin 


4,7 

21,3 


BACTERQIDES MELANiNQGENICUS 





(n=ll) ,0J 

Plorfenicol 



0.25 

l 

BACTEROIDES FRAGIUS 





(n=29 }’ os 

Ceftiofur 

69 

1 

16 

<O.OG25->16 

(n= 192) 109 

Chloramphenicol 

99 




(n=192) 109 

Penidtlin G 

15.9 




(n=192) ,t * J 

Tetracydine 

77,3 




NON-BACTEROfDES FRAGtLlS 





(n=12)'° 8 

Ceftiofur 

58 

2 

16 

0,125-> 16 

(n=H4) m 

Chloramphenicol 

100 




(n-114) 1 ^ 

Penitillin G 

89 




(n=l!4) im 

Tetracydine 

96 




PEPTOSTREPJOCOCCUS ANAEROBIUS 





(n=57} 107 

AmpidUin 

100 




(n=12) 10B 

Ceftiofur 

100 

0*25 

2 

0.125 2 

(n=57) 107 

Chloramphenicol 

100 




(n=l93) ,OT 

Chloramphenicol 

too 
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Antimicrobial Susceptibility Data for Bacterial Pathogens from Bovine Sources—cont*d 


Organism 
(No. of Isolates} 

Antimicrobial 

% 

Susceptible 

50% 

MIC (nB/ml.) 
90% 

Range 

(n=57) 107 

Penicillin 

97 




(n=193) 1D9 

Penicillin 

96 




(n=57) ,0? 

Tetracydine 

100 




(n«l93) lw 

Tetracycline 

100 




ESCHERtCHIA COU 






<n=24)” 

Ampidllin* 


4 

>16 

1->16 

{n=40) ,o ‘ 

Ceftiofur 


0.25 

0.5 

0.13-1 

(n=24) 99 

Gentamicin 


1 

2 

0.5->8 

(n=24)” 

Oxytetracydine 


16 

>16 

l*>!6 

's' 

II 

h_> 

-& 

■j 

Spectinomycin 


16 

>52 

8->32 

(11=24)” 

Su Ifach lorpyrid azi rve 


200 

>400 

12.5->400 

ARCANOBACTERIUM (ACTINOMYCES) PYOGENES 





(n=42) no 

Ampiciltin 


0.025 

0,05 

<0.0125-0.05 

(n=42)"° 

Henzylpenidllin 


<0.0125 

0.25 

<0.0125-0.05 

(n=42)"° 

Ceftiohu 


0.78 

1,56 

0.39-1,56 

(n=42) ll(> 

Chloramphenicol 


1.56 

1.56 

0.39-1,56 

(n—42) 110 

Erythromycin 


0.025 

0.025 

<0.0125-0.025 

(n=42) 110 

Florfemcol 


1.56 

1.56 

0.78-1.56 

(n=42) 110 

Gentamicin 


1.56 

1.56 

Q.2->100 

(n=42) no 

Oxytetratytiine 


6,25 

25 

0.2-25 

(n=42) 110 

Tilmicosin 


0.05 

0.05 

<0,0125-0.05 

SALMONELLA SPECIES 






(n=9) M 

Ampicillin 


>16 


2->!6 

(n=48) 59 

Ampiciltin 


16 

>16 

0.5->16 

(n=28) 101 

Ceftiofur 


1 

1 

0.6-2 

(n=9) w 

Gentamicin 


0.5 


0,5-4 

(0=48)" 

Gentamicin 


0,5 

2 

0,25-8 

(«=»>*• 

Oxytetracydi ne 


2 


l->16 

(n=4fl) 9S 

Oxytetracydine 


>16 

>16 

l-> 16 

(n=ar 

Speclinomycin 


12 


8->32 

(n=48) 99 

Spectinomycin 


32 

>32 

12-32 

(n-9)" 

Sulfach lorpyridazi ne 


150 


50->4 00 

(n=48) 99 

Su Ifach lorpyrid azi ne 


400 

>400 

12,5->400 

(n=48) 99 

Sulfamethoxine 


>400 

>400 

!2.5->400 



Pharmacokinetic Parameters of Antimicrobial Drugs in Calves and Adult Cattle 


1 Drug 

Neonate Vd (L/kg) 

Adult Vd (L/kg) 

Neonate T* 

Adult Ti/, (hr) 

Breakpoint (pg/ml ) [ 

Ampidllin 

0.5 U1 


3.8 r 

Q.95 ai 

<2 

Ceftiofur 

0.385 113 

0.3 t13 

16.1 hr 113 

7 113 

< 2 100 

Enrofloxadn 


1.46 


6,4 fll 

<0,25 

Erythromycin 


L7 m 


3.2 * 1 

< 2 ,0 ° 

Florfenicol 

0.907 89 

0.35"' 

3.8 hr * 5 

2.9 IM 

<0.5 

Gentamicin 

.42* 15 

. 21 115 

2.9 ns 


<4 100 

Oxytetracydi ne 

2.48 11 * 

0 . 8 llfi 

13,5 116 

l 03 iit 

<4 

Penidllin G 

0.77 117 


0.98' 19 

0,7 81 

<] 1OT 

Spectinomycin 





<32** 

Sulfadimethoxine 


0.3I 11 * 


12.5 1,A 

<ioo 1QO 

Sulfamethazine 


0.44 


8 . 2 ai 

<32 

Sulfadiazine 

0.72 1 ' 9 

0.75 

44119 

2.5 130 


Tilmicosin 

Trimethoprim 


>2 

1 day - 8.4 hr 

7 days = 2.1 hr 

4.18 

<4« 




42 days = 0 9 hr 119 



lyiosin 

4,4111 

4,4 121 

2.31 1=1 

1.26 131 

<5 100 


Vd. Volume of distribution. 
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PART THREE DISORDERS and MANAGEMENT of the NEONATE 


presented in the tables are intended as a guide. Being from 
different studies, they reflect the magnitude of differences 
that may be observed over time and among sources. The 
data reflect intravenous administration. The ha If-life of 
drugs is often longer after intramuscular injectioa reflect¬ 
ing absorption rate-dependent elimination. 114 

Antimicrobial drugs with a gram-negative spectrum of 
activity include third-generation cephalosporins (ceftiofur), 
IMS, fluoroquinolones (enrofloxacin), aminoglycosides, 
sulfonamides, and tetracyclines. Although florfenicol has a 
gram-negative spectrum, the M1C90 for B. coli is very high 
at 25 mg/mL g& Intramuscular injection of florfenicol 
(20 mg/kg IM) fails to reach the M1C90 value in plasma, 
and intravenous injection (11 to 20 mg/kg IV) exceeds the 
M1C90 value for only 60 minutes. 09 " 51 The National Cattle¬ 
men's Association (NCA) recommends that "until further 
scientific information becomes available alleviating safety 
and efficacy concerns, aminoglycoside antibiotics should 
not be used in cattle except as specifically approved by the 
FDA" {Herd Health Memo, No 9, p, 82, 1993-1994). The 
bacteriostatic action and frequency of antimicrobial resis¬ 
tance to tetracyclines and nonpotentiated sulfonamides lim¬ 
its their effectiveness in neonates with sepsis. TMS may be 
used to treat sepsis in neonatal calves, but its half-life rap¬ 
idly declines as ruminal function develops. In ruminating 
(6- to 8-week-old) calves, subcutaneous or oral administra¬ 
tion of TMS leads to high serum levels of sulfadiazine but 
little or no serum trimethoprim. 92 Bacterial resistance to 
TMS is less common than resistance to sulfa drugs alone 
but still may be high. 505 Fluoroquinolones such as enro- 
floxadn are bacteriocidal and have an appropriate gram- 
negative spectrum of activity suitable for treatment of 
gram-negative sepsis. However, in the United States, enrofloxa- 
cin is conditionally licensed for treatment of respiratory disease in 
beef cattle , In countries where it is legal to use enrofloxacin 
for treatment of neonatal sepsis, a dosage rate of 2.5 to 
5 mg/kg every 24 hours has been suggested as appropriate 
for calves. 94 Enrofloxacin has demonstrated good efficacy 
in the treatment of B. coli septicemia, Sdfmoridta enteritis, 
and Myccp/dsmo and Pasteurella pneumonia in calves. 95 97 
Prolonged administration of enrofloxacin (weeks) is not 
recommended, as it produces articular erosions in imma¬ 
ture animals of other species. Ceftiofur has an appropriate 
antimicrobial spectrum, is bacteriocidal, and has been used 
to treat calves with sepsis with good clinical results using a 
dose of 5 mg/kg twice a day. * The label dose of 1 mg/kg 
once a day may not achieve minimal inhibitory tissue 
drug concentrations for some bacteria commonly isolated 
from neonates. Deviation from the labeled dose requires 
implementation of a withholding period. Information 
regarding drug withholding times for extra-label use of anti¬ 
microbials is available from the Food Animal Residue 
Avoidance Databank (FARAD), and a database of U.S. Food 
and Drug Administration (FDA)-approved drugs is accessible 
via the World Wide Web (http://www.farad.org/index/html). 

Circulatory Support 

Maintenance or restoration of effective circulating volume is 
a top priority in cases of sepsis. Aggressive intravenous fluid 
therapy is the mainstay of cardiovascular support and 
should be administered at the maximal rate tolerated by 
the foal. Severe septic shock may require fluid rates of 40 
to 80 mL/kg/hr. Volume expansion should be achieved 
using a balanced electrolyte solution (crystalloid) or plasma 


'George L: Personal communication, 1998, University of California, 
Davis, Calif. 


(colloid). Colloid solutions are preferred and may reduce 
the incidence of pulmonary and systemic edema during 
fluid resuscitation. Infusion of crystalloid solutions equiva¬ 
lent to 0.5 to 1.5 times the estimated blood volume of the 
patient has been used, but hemodiluiion is a common con¬ 
sequence, 122 If hemodilution is severe, or if hypotension or 
vasoconstriction continue or recur, additional fluid admin¬ 
istration in the form of colloid, such as plasma, or hyper¬ 
tonic crystalloid fluid should be considered. Additional 
discussion of hypertonic saline administration may be 
found in Chapter 44 and in other references. 129 * 124 

When fluid resuscitation alone is inadequate to improve 
cardiovascular function and restore acceptable blood pres¬ 
sure, pharmacologic intervention using sympathomimetic 
agents is necessary. Peripheral and cardiac adrenergic recep¬ 
tor downregulation necessitates the use of larger doses of 
pressor agents than usual, In patients that are hypotensive, 
dopamine with its combined a- and ^-adrenergic and do¬ 
paminergic activity is preferred. Higher doses are required 
for patients in severe septic shock. If the foal fails to respond 
to high doses (>I0 to 15 pg/kg/min) then norepinephrine, 
a more potent a-adrenergit agent, can be tried. Recently, 
NO has been shown to play a role in sepsis-induced hy¬ 
potension. IV administered new methylene blue, an NO 
antagonist, has been used to try and reverse severe life- 
threatening hypotension. If oliguria continues in spite of 
restoration of circulating volume, diuretics such as furose- 
mide or mannitol are used to promote renal vasodilation 
and urine flow. 122 

Because most foals with sepsis are hypoglycemic, 
a slower continuous infusion of dextrose-containing solu¬ 
tions should be run simultaneously with the rehydration 
fluids. Avoid too rapid an infusion of dextrose to avoid 
hyperglycemia, which can induce an osmotic diuresis that 
further exacerbates the dehydration. 

Treatment with antiprostaglandin drugs has been found 
to counteract a number of the clinical and hemodynamic 
changes associated with endotoxemia and septic shock, 
including the decrease in cardiac output and systemic hypo¬ 
tension. They have little effect, however, on the leukopenia, 
thrombocytopenia, or coagulopathies that develop in septic 
shock. 122 Based on the effect of these drugs in models of 
endotoxemia in the adult horse 125,126 and neonatal calf 127 
and of septic shock in other species, 122 they would be 
expected to be of some benefit in treatment of the septic 
large animal neonate. Pharmacokinetic studies of flunixin 
meglumine in neonatal foals suggest that, in spite of pro¬ 
longed elimination of flunixin in healthy newborn foals, 
the physiologic activity appears similar to that in the adult, 
and the adult dose of 1,1 mg/kg of body weight would 
be appropriate in at least some patients. 12 ^ Lower doses of 
flunixin meglumine, 0.25 mg/kg IV tid may be effective 
in ameliorating some of the signs of endotoxemia. Other 
treatments include plasma administration from hyperim- 
munized donors \o treat not only FPT but to provide opso- 
nins and improve foal neutrophil function. Plasma also 
represents an ideal colloid for rapid volume expansion. 

Other therapies include naloxone, an opiate antagonist, 
which has been used experimentally to counteract the detri¬ 
mental vasodilatory effects of endorphins released during 
sepsis. An NO inhibitor, new methylene blue, has been 
used to treat refractory hypotension in septic patients. 4647 
Pentoxifylline, a methylxanthine derivative, has been used 
for treatment of conditions characterized by inadequate 
regional blood flow. 1291 * 0 The drug increases red cell 
deformability, reduces blood viscosity, decreases platelet 
aggregation, and decreases thrombus formation. Pentoxi¬ 
fylline administration also results in decreased plasma 
fibrinogen, increased action of plasminogen activators, 



and antithrombin HI, decreased platelet thromboxane 
synthesis, and increased prostaglandin 1-2 synthesis. The 
net effect of the drug is to increase regional blood flow 
and inhibit coagulation. When the drug was used in animal 
models ofendoioxk shock, it increased overall survival rates 
and prevented endotoxin-induced renal failure, synthesis of 
TNF, and coagulopathies. Horses that received the drug 
showed a decrease in packed ceil volume (PCV) and red 
blood cell (RBC) sedimentation rate and beneficial effects 
of RBC deform ability, IV doses used estperi men tally in horses 
include a single bolus of 7.5 mg/kg of body weight followed 
by a continuous infusion of 1.5 mg/kg/hr. 20 

Polymyxin B administered at tow, nontoxic doses is a 
new investigational treatment modality being used to neu¬ 
tralize systemic endotoxin, low doses of the drug result 
in decreased concentrations of circulating endotoxin, im¬ 
proved immune function, and decreased mortality rates 
among shock patients. Polymyxin B binds and neutralizes 
endotoxin in vitro and has been shown to removed endo¬ 
toxin from the circulation in vivo. Use of this drug in the 
horse is investigational. A suggested dose is 6000 IU/kg 
diluted in 300 to 500 mL of 5% dextrose and given as a 
slow intravenous infusion. 

Immunologic Support 

When FFF of antibodies accompanies neonatal infection, 
plasma is routinely used to increase immunoglobulin levels 
From 1 to 4 L of plasma have been infused IV to raise IgG 
levels, but the optimum amount is not known. Important 
factors influencing the amount of plasma indicated include 
the total IgG content of the plasma and the specific anti¬ 
body concentration against foal pathogens, as well as the 
degree of circulatory impairment of the neonate. The effi¬ 
cacy of plasma in the prevention or treatment of septicemia 
in foals has not been established as of this writing. See 
Chapter 53 for more information on treatment of FPT. 

Several immunologic products are currently under inves¬ 
tigation as potential treatments of foal septicemia; their 
efficacy has not yet been proven. These include serum or 
plasma containing high levels of antibodies to the common 
core structures of LPS, m,Ul and granulocyte colony-stimu¬ 
lating factor, which markedly increases WBC counts in 
foals? 33 Monoclonal antibodies to TNF and other inflam¬ 
matory mediators may also be of use in the future. 155 

Bovine colostrum supplements are commercially avail¬ 
able. Immunoglobulin content varies among products and 
should be considered when comparing prices. Colostrum 
supplements generally fail as colostrum substitutes because 
of the relatively low mass of immunoglobulin delivered 
per dose. 114 In two separate clinical trials, peak serum 
immunoglobulin concentrations were not significantly dif¬ 
ferent in calves fed 3 or 4 L of maternal colostrum with or 
without colostrum supplement. 154,153 Administration of a 
colostrum supplement before 18 hours of age is indicated 
when an adequate supply of colostrum is not available. If 
a colostrum supplement is to be used as a colostra! substi¬ 
tute, multiple doses are required to deliver a minimum of 
100 g of immunoglobulin. 


Supportive Therapy 

Nutritional support of neonates with sepsis is critical Gram¬ 
negative bacterial sepsis disrupts intermediary metabolism, 
increases metabolic rate, and sequentially hinders use of car¬ 
bohydrates, lipids, and finally protein for energy. Endotoxin 
release precipitates a n euro hormonal cascade of events 
mediated by TNF and increased levels of catecholamines, 
glucocorticoids, and glucagon. Elevated concentrations of 
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antidiuretic hormone, aldosterone, and thyroxin and low 
levels of insulin accompany low perfusion states associated 
with septic shock. Sepsis results in glycolysis, lipolysis, and 
proteolysis, increased urinary excretion of potassium and 
nitrogen, and water and sodium retention. Suppressed insu¬ 
lin production and peripheral insulin resistance result in glu¬ 
cose intolerance and hyperglycemia During sepsis the 
transport, oxidation, and clearance of free fatty acids (FFAs) 
is impaired owing to a deficiency of the carrier peptide carna¬ 
tion and decreased lipoprotein lipase activity. Lipemia devel¬ 
ops. The final fuel source becomes protein degradation. 
Uremia, production of false neurotransmitters, hepatoence- 
phalopalhy, and neurologic signs occur when excessive 
amino arid degradation overwhelms hepatic metabolic 
capacity. 

Provision of adequate nutrition is vital for a successful 
outcome in the treatment of infected neonates Poor nutri¬ 
tional support leads to debilitation, a poorly functioning 
immune system and poor healing, persistent infection, 
and other complications, such as decubital ulcers. The 
healthy newborn foal requires 15% to 25% of body weight 
in milk per day. Foals that are loo weak to nurse from the 
mare or a bottle should be tube-fed a minimum of 10% 
of their body weight per day in milk administered in small 
feeds every 2 to 3 hours. Because many sick foals have poor 
gut function, enteral nutrition is not a viable option initi¬ 
ally. If a foal b not consuming at least 10% of body weight 
in milk within the first 36 to 48 hours, it should be started 
on parenteral nutrition using a formula containing dextrose, 
lipids, amino adds, vitamins, and trace minerals. Solutions 
of 5% to 10% glucose can be administered to help maintain 
a normal blood glucose level. These solutions provide tem¬ 
porary nutritional support but do not contain nearly 
enough calories for long-term nutritional support. It would 
require 35 L of a 5% dextrose solution per day to provide a 
50-kg foal with adequate calories (120 kcal/kg/day). The 
use of a combination of oral and parenteral nutritional sup¬ 
port has considerable merit in treating the infected neonate. 

Foals with sepsis are susceptible to pulmonary dysfunc¬ 
tion because of a variety of factors including dependent lung 
atelectasis, pneumonia, pulmonary edema, and surfactant 
dysfunction. The focus of respiratory support is to minimize 
ventilation and perfusion mismatching. Fluid therapy helps 
increase left ven trial la r, left atrial, and diastolic pressures to 
create more uniform lung perfusion. Recumbent foals 
should be turned and repositioned frequently to minimize 
dependent lung atelectasis and pulmonary edema forma¬ 
tion. Mild to moderate hypoxemia can be treated with humi¬ 
dified intranasal oxygen (2 to 10 L/min). Severe hypoxemia 
(Po 2 < 50 mm Hg), despite oxygen supplementation, and 
persistent hypercapnia (Poo 2 > 65 to 70 mm Hg) require 
positive pressure ventilation with positive end expiratory 
pressure (PEEP) to prevent further lung collapse, reduce 
interstitial edema, and prevent respiratory muscle fatigue. 
Debilitated foals with sepsis that require mechanical venti¬ 
lation and nasotracheal intubation are at increased risk for 
nosocomial infections. Nebulization using bronchodila- 
tors, wetting agents, and mucolytic agents, accompanied 
by toupage therapy, also helps relieve foals with respiratory 
distress and facilitates removal of tracheal secretions. 

The nursing care of the neonate with sepsis is very 
important. Maintenance of body temperature; fluid, blood 
gas, and acid-base balance; and a dean environment is crit¬ 
ical for a successful outcome. Every neonate undergoing 
intensive care, regardless of its primary problem, should 
be monitored closely for fever spikes, neutropenia, increas¬ 
ing lethargy, and localizing signs of infection that could 
indicate early sepsis or a different, bacterial infection resis¬ 
tant to the antibiotics being used. 
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PROGNOSIS AND COMPLICATIONS OF 
SEPTICEMIA AND RELATED INFECTIONS 

If a large animal neonate has FPT and is septicemic with 
several organ systems involved, its long-term outcome 
must be considered guarded, even with intensive nursing 
care. 8 A recent study reported a short-term survival rate 
of 81% for neonatal intensive care unit survivors, 11 Sec¬ 
ondary complications that often accompany multifocal 
bone and joint infections may exert an adverse effect on 
the final outcome, A retrospective study that examined 
the factors associated with prognosis for survival and ath¬ 
letic use in foals with septic arthritis showed that with 


treatment the prognosis for survival was favorable, 
whereas the prognosis for ability to race was unfavorable. 
Approximately 78% of treated foals survived, and a third 
of those foals raced. Multisystem disease, isolation of SaJ- 
monella species from synovial fluid, involvement of multi¬ 
ple joints, and synovial fluid neutrophil count >95% were 
associated with a poor prognosis, 116 If blood cultures are 
negative and localized infection (enteritis, pneumonia) is 
present, the outcome can be much more positive with 
aggressive therapy. If in utero acquired infections in the 
foal are treated appropriately early in the clinical course 
and good IgG levels are attained by the newbom, the out¬ 
come can be quite favorable (>75% survival). 




Manifestations and Management 
of Disease in Foals 

' GUY D, LESTER 

l i mn.. I JW I IJU I I J ■ ■ ■ I U-JBW II .UWUI1 ■ JI ■ .Ml 


MAJOR CUNICAL SIGNS OR PROBLEMS ENCOUNTERED 


Maturity, abnormal, 291 
Weakness and/or depression, 290 
Seizures, 299 
Respiratory distress, 301 
Distended and/or painful abdomen, 
306 


Diarrhea in neonatal foals, US 
Lameness and reluctance to walk, 
319 

Patent urachus, omphalitis, and 
other umbilical abnormalities, 321 
Anemia and icterus, 322 


Fever, 322 
Cyanosis, 323 

Oliguria and stranguria, 323 
Heart murmur, 324 


MANAGEMENT OF DISEASE IN FOALS 

Supportive care, 32S Nutritional support, 320 

Bask fluid therapy, 326 Prevention of infections, 310 


MATURITY 


GUY a LESTER 

GESTATIONAL PERIOD 

In contrast to most other domesticated species, in mares the 
duration of the gestational period is highly variable. The gesta¬ 
tional age is typically calculated from the day of insemination 
to the day of parturition, a value that may overestimate the 
true gestational period by as much as 7 days. The mean gesta¬ 
tional length in the thoroughbred is consistently reported to 
be 340 to 342 days,but the range of normal gestational ages 
is wide, with an estimated 95% confidence interval of 327 to 
357 days 1 The mean duration of pregnancy also appears to 
be relatively consistent across breeds: Friesians, 332* or 338 7 
days; Arabians, 332 days®; Dutch Frdberger mares, 336 days*; 
draught breeds, 343 days 7 , Haflinger ponies, 341 days; Fiord 
ponies, 342 days; Shetland ponies. 337 days 7 ; and ponies in 
England, 333 s or 325 days. 10 Several factors appear to deter¬ 
mine the Length of gestation in mares. Colts on average have 
a longer gestation than fillies, with a reported difference of 
1.5 to 2.5 days.*** Colts are also heavier, have a heavier pla¬ 
centa, and take longer to stand. 4 The lime of conception 
within the breeding season affects the duration of the gesta¬ 
tional period. Mares that conceive early in the breeding sea¬ 
son have longer pregnancies than those bred toward the 
end of season. This difference may be as great as 10 days, 1,3 
An influence of mare, sire, and dam's sire on gestational 
length was recently reported in Friesian mares® and an 


effect of sire was reported in Freibergcrs,* A study of thorough¬ 
breds concluded that dam, in addition la foal gender and 
month of conception, but not sire, had a significant effect on 
the duration of pregnancy . 2 The age or parity of the mare does 
not appear to have an influence. 2 - but maternal age has been 
correlated with decreasing foal birth weights. Twinning is also 
an important cause of shortened gestational periods and in 
utero growth retardation. n 

The terminology associated with birth maturity in most 
species is straightforward but is difficult in horses because 
of the variability in normal gestational length. Retrospective 
studies report wide variability in gestational age but unfor¬ 
tunately do not report physical characteristics or foal sur¬ 
vival. Gestational ranges of 305 to 365 days, 315 to 387 
days, and 286 to 370 days have been described. 23 - 12 The 
term "premature' in other domesticated animals and in 
human beings refers to the birth of an infant or animal after 
a gestational period shorter than normal. A premature 
human infant is now defined as one who is delivered at 
least 21 days before the mean pregnancy' duration of 266 
days. The use of a gestational age to classify equine prema¬ 
turity has been described, with the most commonly used 
definition being a foal bom before 320 days of gestation. 5 
This definition was based on significantly lower birth- 
weights and poor outcomes of foals bom before 320 days. 13 
It could also be argued that foals bom outside the lower 
95% confidence interval of the normal gestational period 
would best fit the classification of premature; this would be 
less than 325 days in thoroughbreds, using data extrapolated 
from Hints and others. 5 It is clear that any precise 
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classification of prematurity based solely on estimated ges¬ 
tational age would falsely classify a small number of appro¬ 
priately mature animals. There are similar difficulties in 
classifying animals that have experienced a longer than nor¬ 
mal gestational period. Again, using the upper confidence 
interval limits from thoroughbreds, foals bom after 356 days 
could be regarded as postterm. A distinction should be made 
between postterm and postmature, the latter describing a 
condition of increased neonatal morbidity as a consequence 
of failing placental function. 

Dysmaturity is a term commonly used to describe foals 
that have experienced some degree of intrauterine growth 
retardation (IUGR). Such foals typically demonstrate some 
signs of physical immaturity, such as a low birthweight, 
Dysmature foals can have shortened, normal, or prolonged 
gestation lengths. Other terms used to classify foals with 
incomplete maturation include viable and non viable 13 and 
ready and unready for birth , 14 In a review of terminology, 
Koterba suggested the terms viable and rrom'iabfe were inap¬ 
propriate because outcomes of premature foals are heavily 
influenced by access to facilities and the value of the 
animal . 13 The concept of readiness for birth was used to cate¬ 
gorize foal outcomes based primarily on the degree of ma¬ 
turation of the fetal hypothalamus-pituitary-adrenal {HPA} 
axis. Although this plays a critical role in determining post¬ 
partum survival other fart or s, including the degree of phys¬ 
ical maturation and the consequences of an adverse 
intrauterine environment, are also relevant in determining 
the ultimate outcome , 13 Premature maturation of the HPA 
axis often takes place at an inappropriate developmental 
stage for some body systems, causing asynchrony of 
organ maturation and postnatal problems . 15 Extending the 
concept of readiness for birth, Rossdale introduced the term 
furfigftt foals to describe those foals with accelerated but 
incomplete maturation of the HPA axis at the time of 
birth 5 - 16 

The physical characteristics associated with prematurity 
include a low birthweight and small body size, a short 
and shiny haircoat, a prominent rounded head, periarticu¬ 
lar laxity, and droopy ears. Foals typically have moderate 
flexor laxity with elevation of the toe, but some have con¬ 
tracture of the fetlock. Muscle development ts usually 
poor. Most demonstrate generalized weakness and hypoto¬ 
nia and have difficulty in standing. Severely premature 
foals may have lids naturally sutured closed and little 
hair covering their bodies. Many have difficulty in main¬ 
taining body temperature, blood pressure (BP), and blood 
glucose, 

Dysmature foals commonly experience some degree of 
IUGR. This is usually reflected by the birth of a foal that is 
small for its gestational age. The average relative weight of 
the term foal to its dam is approximately 10%. Postmature 
foals usually have an acceptable birth weight with a large 
frame but poor muscle development. This gives the foal a 
lanky appearance. In contrast to premature animals, fetlock 
contracture is common, although laxity can be present. 
Consistent with their prolonged gestation, postterm or 
postmature foals often have erupted incisors and a long 
haircoat. In term foals the central Incisors typically erupt 
during the first 5 to 7 days of postnatal life. 

CAUSES OF PREMATURE DELIVERY 

The pregnant uterus is highly responsive to contractile 
agents such as oxytocin and prostaglandins throughout ges¬ 
tation, Consequently, one of the most important causes of 
premature birth and perinatal morbidity and mortality is 
the induction of labor with exogenous oxytocin or 


prostaglandins. The adverse consequences of premature 
induction of parturition were identified in a study in which 
parturition was induced either before 300 days 1 gestation or 
between 300 and 320 days' gestation . 17 The overall survival 
rate was only 5%, with the youngest surviving animal deliv¬ 
ered after 318 days' gestation. Other surviving foals were alt 
delivered after 320 days' gestation. The decision to prema¬ 
turely terminate a pregnancy may be made deliberately in 
the "normal" mare, or the termination may be necessary 
because of significant maternal disease. The latter frequently 
involves delivery of a compromised and often premature 
foal by cesarean section. Chemical induction of parturition 
sometimes occurs when late pregnancy intestinal problems 
are misinterpreted as ineffective labor. Premature birth 
can occur as a sequela to placental problems, including 
placental infection, edema, and/or detachment (premature 
placental separation). Placental insufficiency as a result of 
twinning is another cause of IUGR. 

The consumption by pregnant mares of tall fescue pas¬ 
ture infected with Neoryphodium coenophialum leads to range 
of abnormal signs including prolongation of gestation, peri¬ 
natal mortality, and agalactia . 18 The large skeletal frame of 
the postmature foal predisposes mares to dystocia. The 
delay in parturition may be caused by toxin-induced inter¬ 
ference with fetal corticotropin-releasing hormone (CRH) 
and delay in maturation of the HPA axis. Foals bom to 
mares grazing endophyte-infected fescue pasture have nor¬ 
mal thyroxine and reverse T 3 but reduced triiodothyronine 
levels compared with control foals . 19 This is also consistent 
with failure of cortisol-induced maturation of thyroid frmc- 
tion. A syndrome of congenital hypothyroidism has been 
reported in foals in Western Canada . 70 Signs include pro¬ 
longed gestation, dysmaturity, and a range of musculoskele¬ 
tal abnormalities including flexural deformities, delayed 
ossification, and mandibular prognathism. The specific 
cause has not been determined, although consumption of 
diets that contain nitrate or are deficient in iodine is 
suspected , 11 


MATURATION OF THE FETAL 

HYPOTHALAMIC-PITUITARY-ADRENAL 

AXIS 

The maturation of several organ systems coincides with 
changes in the fetal HPA axis . 15 Fetal cortisol is critical for 
organ maturation, but if the fetus is exposed too early in ges¬ 
tation or to too large a quantity IUGR may occur. The fetus is 
protected from cortisol during much of gestation. The type 
2 iso form of the enzyme 11 p-hydroxysteroid dehydrogenase 
(11 (3-HSD) converts excess biologically active cortisol into 
inactive cortisone in the placenta, thereby reducing the expo¬ 
sure of the fetus. The postnatal adrenal gland, under the influ¬ 
ence of ACTH from the pituitary, can readily synthesize 
cortisol from cholesterol and pregnenolone (P5). Several 
important enzymes are required for this conversion, includ¬ 
ing 3P-HSD, P450SCC and P450C17. These enzymes are 
either i nhibited or deficient during most of pregnancy, again 
protecting the developing fetus from excessive cortisol. Con¬ 
sequently during the majority of gestation the major products 
of steroidogenesis are progesterone and the 5 a-reduced pro¬ 
gestagens and not cortisol . 22 Foals, like other species studied, 
undergo enhanced adrenal activity before birth. This is 
reflected by high plasma cortisol and ACTH concentrations 
in term newborn foal piasma in the first hours after birth . 13 
There is also a substantial change in the amount and localiza¬ 
tion within the adrenal gland of 3fi-HSD, P450scc, and 
P450C17 around the time of birth , 14 
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The triggers) for ihe process lha! results in fetal cortisol 
production, organ maturation, and birth are not known. 
Data from sheep indicate that upregulation of CRH messen¬ 
ger ribonucleic add (mRNA) in the fetal hypothalamus and 
proopiomelanocortin in the fetal pituitary is a key initiating 
event 13 - 25 At the same time there is upregulation of adreno¬ 
corticotropic hormone (ACTH) receptors and key steroido¬ 
genic enzymes in the fetal adrenal glands The consequence 
is a progressive increase in circulating ACTH and cortisol 
in the fetus. The rise in fetal cortisol has a direct effect on 
the placenta to increase prostaglandin H synthase 2, leading 
to secretion of prostaglandins such as prostaglandin E 2 
(PGE 2 ). lV25 - 24 Prostaglandins further stimulate the fetal 
HPA axis, stimulate placental llfi-HSD-l (which favors the 
production of cortisol from cortisone), and also fad li tale 
the conversion of estrogen from pregnenolone. It is not 
known if these events occur in the pregnant mare, but they 
do appear to be consistent across most spedes studied. 

An important difference between equids and other spe¬ 
des is the timing of these events before parturition. 15 In 
pregnant ewes, maturation of the HPA axis occurs during 
final 20 days of a 150-day gestation. In contrast, the produc¬ 
tion of significant fetal cortisol appears to occur during the 
final 48 to 72 hours of pregnancy in mares. 27 Several im¬ 
portant maturational events appear to be tightly assodated 
with the prepartum increase in ACTH and cortisol. 12 These 
include changes in red blood cell (RBC) and white blood 
cell (WBC) parameters, most notably a large increase in the 
neutrophil-to-lymphocyte ratio (Nil). 27 ' 28 Hepatic and renal 
glucose-6-phosphatase, a key enzyme of gluconeogenesis, 
also increases sharply around the time of birth, 29 coincid¬ 
ing with increases in hepatic and skeletal muscle glycogen 
stores. 

The prepartum rise in plasma cortisol likely induces 
dciodination of the outer ring of T 4 to produce the 
biologically active triiodothyronine (T 3 ). 30 Adequate levels 
of Tj are required for a number of biologic functions 
including postnatal thermogenesis. Normal term foals have 
very high levels of thyroid hormones, including T s , at the 
time of birth,* 1 These levels decline over the initial weeks 
or months of postnatal life. A relationship between circulat¬ 
ing Tj levels and cortisol was reported in premature, dysma- 
ture, and mature foals, 16 and the increase in T* appears to 
be dependent on maturation of the HPA axis. 32 Both corti¬ 
sol and Tj are critical for Lung maturation, particularly the 
normal postpartum reabsorption of lung liquid. 52 


ACCELERATED MATURATION OF THE 
FETAL HYPOTHALAMIC-PITUITARY- 
ADRENAL AXIS 

Several factors can induce premature maturation of the fetal 
HPA axis Hypoxemia is a potent stimulator of the axis in 
sheep, with rises in fetal ACTH and cortisol. 33 The HPA axis 
can also be manipulated using exogenous glucocorticoids; 
betamethasone is commonly administered to women in dan¬ 
ger of preterm birth in order to hasten HPA maturation and 
therefore improve the chances of postnatal survival. Poor 
nutrition before and after conception in sheep produces a 
shortened gestational period and hastened maturation of 
the fetal HPA axis. 15 Placental and/or fetal infection also 
can accelerate maturation of the HPA axis. The cytokines 
induced by infection increase prostaglandin synthesis and 
decrease metabolism. Prostaglandins exert a range of actions 
in addition to promoting cortisol production. 

The stimuli associated with precocious HPA axis matura¬ 
tion in foals are not well described. The exception is infection 


of fetal membranes, in which foals are often delivered pre¬ 
term with laboratory findings consistent with axis matura¬ 
tion Spatial and nutritional deprivation resulting from a 
thoroughbred foal placed in a pony uterus using embryo 
transfer also leads to premature maturation of the feta) 
adrenal. 10 - 54 

Unfortunately, many late-term maternal diseases do not 
appear to have a significant effect on foal maturity. Hypox¬ 
emia associated with anesthesia and colic surgery in preg¬ 
nant mares during the final 60 days of pregnancy results 
in a high rate of preterm delivery of compromised foals 
that did not survive 15 It is likely that the insult in these 
cases was so severe that the interval between surgery and 
delivery was inadequate for maturation of the axis to occur. 
Another important consideration in determining outcomes 
would be the effect of hypoxia and/or ischemia on other 
fetal organ systems. 

TREATMENT OF THE AT-RISK LATE 
PREGNANT MARE 

Unfortunately, the administration of corticosteroids to the 
pregnant mare appears to have little effect on maturation 
of the fetal HPA axis, at least when doses considered safe 
are used. 5 Direct injection of ACTHj. 3lt to the fetus results 
in increased fetal cortisol, but the effect is dependent on ges¬ 
tational age, with maximal responses occurring at around 
day 313 and with no measurable benefit when adminis¬ 
tered before day 295. 27 Direct administration of CRH, 
ACTH, or betamethasone to the fetus using ultrasound - 
guided intramuscular (IM) injection results in increased 
maternal progestagen levels consistent with maturation 
of the fetal adrenal gland. 1637 Ihe procedure itself can 
lead to abortion in a small number of mares. Exogenous 
ACTH^ 24 administered to late pregnant pony mares had 
an impact on both gestational length and fetal matura¬ 
tion. 38 Depot ACTH l 24 given to mares at 300, 301, and 
302 days of gestation produced a shortened gestational 
length and lower birth weight but evidence of HPA axis mat¬ 
uration. A confounding effect in this study was the time of 
conception, with the most significant findings observed in 
mares bred later in the breeding season. 

It is preferable to maintain the fetus in utero to ensure 
not only adequate HPA axis maturation but also effective 
ossification and maturation of other body systems, Conse¬ 
quently, the primary focus of therapy for a mare with 
placental infection is to eliminate the pathogenic organ¬ 
isms, reduce inflammation, and main lain the pregnancy. 
The specific manage mem of placentitis is not the focus of 
this chapter, but treatment may involve broad-spectrum 
antibiotics, nonsteroidal antiinflammatory drugs, pentoxi¬ 
fylline, fi 2 -adrenoreceptor agonists, and altrenogest, The 
efficacy of altrenogest use in mares with placentitis has been 
questioned. 22 

The termination of postterm pregnancies is a difficult 
decision for practitioners, particularly with the emotional 
response that is common in many owners. Given the wide 
variation in gestational range it is almost always in the 
best interests of the foal to let the pregnancy continue. If 
facilities are available then rectal and transabdominal 
ultrasound assessment of the fetus and chorioallantois 
should be made, looking carefully for thickening or 
detachment of the fetal membranes. Ideally any induction 
of parturition should be based on appropriate changes in 
physical characteristics of the mare and in milk electro¬ 
lytes Mares grazing endophyte-infected tall fescue can be 
medicated with dopamine receptor antagonists, such as 
domperidone. 1 * 
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LABORATORY ASSESSMENT 

The laboratory data will indirectly reflect the degree of HPA 
axis maturation. Premature or dysmature foals that fail 
to survive often have minimal cortisol secretion in the face 
of adequate endogenous ACTH. Furthermore, the change 
in plasma cortisol in response to exogenous ACTH^ 
(0,125 mg 1M) is inconsistent and usually inadequate. 23 
The foal with incomplete adrenal maturation will have 
low total white cell and neutrophil counts and an N:L that 
is characteristically less than 1:1*“ It is important to deter¬ 
mine if sepsis is present as neutropenia is also a common 
feature of this condition. Evidence of shifting toward imma¬ 
ture cell types and neutrophil toxicity should indicate 
primary sepsis or prematurity or dys maturity complicated 
by sepsis. Premature foals that fail to improve their total 
WBC and neutrophil counts over the initial 24 to 48 hours 
of treatment have an even poorer prognosis for survival. 
Changes in red cell indices have also been reported in non- 
stressed preterm foals. 2 ** Most notable is an elevated mean 
corpuscular volume in preterm foals. An elevated plasma 
fibrinogen concentration is considered to be a good pro¬ 
gnostic factor in premature foals as it often reflects prepartum 
exposure to bacterial infection. Induced or spontaneously 
delivered term foals have a significantly higher plasma glu¬ 
cose concentration than premature foals. 33 Plasma creatinine 
levels are often elevated in newly bom preterm or dysmature 
foals as a result of placental dysfunction. This increase is 
independent of foal renal function. Measurement of low 
cortisol levels coupled with increased progestagens would 
provide further evidence that effective maturation of the 
HPA axis has not occurred in the foal before birth; 40 


ESTABLISH A PROGNOSIS 

The prognosis for survival of a prematurely delivered foal is 
dependent on a range of factors including the gestational 
age, the reasons for delivery, complications associated with 
delivery, available resources (facilities and expertise), and 
financial limitations of the owner. Survival of very prema¬ 
ture foals (280 to 300 days) would typically require a his¬ 
tory of chronic in utero stress with resultant precocious 
maturation of the HPA axis and critical organ systems. The 
majority of such foals would still require a lengthy and costly 
period of hospitalization and experience a range of compli¬ 
cations, some of which could he life-threatening. Foals deliv¬ 
ered prematurely as a consequence of chemical induction of 
parturition without evidence of chronic in utero stress or via 
cesarean section typically have a high mortality rate even 
when delivered dose to calculated due dates. Foals delivered 
under these circumstances before 300 days will almost 
certainly die, irrespective of available resources. 

A complete blood count (CBC) and fibrinogen estima¬ 
tion are key factors in determining short-term prognosis. 
A normal or elevated neutrophil count, N:L, or total WBC 
count is a positive indicator for survival, as these values typ¬ 
ically reflect maturation of the HPA axis. In a survey of 135 
neonates admitted to the University of Florida with a gesta¬ 
tional age of <320 days, short-term survival was in part pre¬ 
dicted by total WBC count, neutrophil count, lymphocyte 
count, and the N:L at presentation. 41 The NT of surviving 
premature foals (12.5:1} was well above that reported for 
both normal term foals (2.5:1) and nonsurviving premature 
foals. Many of the surviving animals were exposed to con¬ 
firmed or suspected placental infection. Outcome was not 
affected by gestational age (surviving foals 311 days and 
nonsurvivors 307 days). These data confirm that in utero 
stress, with hastened maturation of the HPA axis, is a good 
prognostic factor for survival in foals that are delivered 


preterm. In many foals the greater the neutrophil count 
the better the outlook, at least in terms of short-term sur¬ 
vival. A high plasma fibrinogen concentration is also con¬ 
sidered to be a positive factor. Reevaluation of the white 
cell indices on day 2 for appropriate increases also supports 
a favorable prognosis, 

A history of placental infection appears to be a positive 
factor when predicting survival in preterm foals. One obvi¬ 
ous downside is that many of these foals are bom with aspi¬ 
ration pneumonia (a result of in utero aspiration of 
contaminated amniotit fluid) and/or systemic sepsis. This, 
coupled with the fact that many foals have an impaired 
immune system, warrants the use of broad-spectrum anti¬ 
microbial therapy. 

Consideration should also be given to the long-term out¬ 
comes of preterm foals. These animals are at risk for signifi¬ 
cant and permanent musculoskeletal problems as a result of 
bone and ligamentous immaturity. Foais that survive the 
neonatal period are smaller than their peers, and this differ¬ 
ence will often remain noticeable when they are weanlings 
and yearlings. The differences may be less obvious at 2 years 
and older. Other common complications, such as pneumo¬ 
nia, will further reduce the growth rate in the first 6 months 
of life. There is nothing to indicate that premature fillies 
will experience fertility problems as adults. 

CLINICAL PROGRESSION 

The clinical progression usually reflects the degree of endo- 
crinologic maturity, additional perinatal stresses, and the 
extent of physical maturity. Typically, foals bom prema¬ 
turely but chronically exposed to an appropriate in utero 
stress such as placental infection will appear weak and 
depressed in the immediate postpartum period. Some will 
require resuscitation. After a longer than normal period of 
postural adaptation they will usually manage to stand but 
will often require assistance. Suckle reflex and appetite 
may be reduced or absent, and many will need to be fed 
initially via nasogastric tube. They will frequently have trou¬ 
ble maintaining their body temperature and blood glucose 
levels. After the initial 24-hour period many of these foals 
demonstrate improvement both in physical strength and 
mentation. Their appetite for milk will often exceed that 
of a healthy term foal. Foals with inadequate maturation 
of the HPA axis will frequently require immediate resuscita¬ 
tion. They may mimic the clinicaJ progression of in utero 
stressed premature foals until 12 to 18 hours of age. This 
initial period after delivery can be deceptive, with many 
foals showing degrees of improvement, which often pro¬ 
mote owner optimism. The rise of hormones accompanying 
delivery may lead to improvement in alertness and strength. 
However, after this period a range of progressive abnormal¬ 
ities develop. These include systemic weakness, depression, 
seizures, respiratory failure, and intolerance to feeding. Car¬ 
diovascular collapse may ensue, the first sign of which is a 
reduction in the intensity of peripheral pulses, followed by 
a reduction in urine flow, development of subcutaneous 
edema, and deteriorating neurologic function. Poor tissue 
perftrsion leads to lactate accumulation and a mixed meta¬ 
bolic and respiratory acidosis. Death will certainly occur 
without aggressive support, and even with high-level inten¬ 
sive care the mortality rates are very high. 

TREATMENT OF THE PREMATURE 
OR DYSMATURE FOAL 

It is critical to perform a thorough physical examination, as 
problems of altered maturity can involve many organ sys¬ 
tems. Successful outcomes are dependent not only on careful 
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management of [denlifted problems but also in predicting 
the problems that may arise in the hours, days, or weeks to 
come. Most premature and dysmature foals experience some 
degree of pulmonary in sufficiency. Factors that predispose 
these foals to respiratory problems indude structural and 
functional immaturity, a naive and potentially immature 
immune system, altered pulmonary vascular reactivity, a 
highly compliant rib cage, and a propensity for prolonged 
or persistent recumbency. Final maturation of the respiratory 
system appears to be highly dependent on a functional HPA 
system. Arterial blood gas (ABG) analysis is an important 
tool in the assessment of respiratory function, and the lower 
arterial oxygen concentration in term newborn foals is fur¬ 
ther decreased in dysmature or premature foals. Extrapul- 
monary shunts account for more than 30% of the cardiac 
output in contrast to <10% in normal full-term foals. 4 ^ 
Ventilation-perfusion mismatching also occurs because of a 
poorly reactive pulmonary vasculature and dependent atelec¬ 
tasis. Deficiency of lung surfactant is not likely to play a pri¬ 
mary role in the respiratory dysfunction in most premature 
or dysmature foals, as it is usually fully developed in most 
foals by 300 days, but it could be delayed until after 340 
days in some foals. 43 The most severe form of respiratory 
failure is neonatal respiratory distress syndrome (RDS), a dis¬ 
ease characterized by progressive respiratory failure, severe 
hypoxemia and hypercapnia, coma, and death. A diffuse 
severe alveolar pattern is a classic radiographic finding. Inter¬ 
vention would ideally involve mechanical ventilation, bo¬ 
vine or synthetic surfactant, and glucocorticoids; however, 
outcomes are extremely poor, irrespective of the level of care. 
Fortunately RDS is relatively uncommon; most premature 
foals will, however, demonstrate a less severe manifestation 
of lung dysfunction characterized by reduced ventilation 
capacity, tachypnea, hypoxemia, and varying levels of hyper¬ 
capnia. These foals are very susceptible to dependent lung 
atelectasis from recumbency. Most foals will benefit from sup¬ 
plemental intranasal oxygen with initial flow rates of 5 L/min 
recommended. Adjustment in (low rate is dictated by pos¬ 
itive changes in ABG analyses or improvement in ventila¬ 
tion rate and depth. It is important to avoid prolonged 
periods of lateral recumbency in order to minimize the 
impact of atelectasis. If the foal is unable to stand, then 
placement in sternal recumbency is recommended This 
is made easier by use of a specially constructed V-pad. 

Failure of the cardiovascular system is common in foals 
with partial or incomplete maturation of the HPA axis. 
Management Is challenging in part because of inconsis¬ 
tent responses to standard inotrope and vasoreactive 
therapy. Successful treatment is reliant on early detection 
of reduced perfusion. This is reflected clinically by cool 
extremities, the presence of limb and ventral edema, and 
darkening of the mucous membranes with prolongation 
of the capillary refill time. As failure ensues, peripheral 
pulses will become difficult to palpate, blood pH will fall, 
and there will be increases in plasma lactate and anion 
gap. Indirect (or direct) measurement of mean BP along 
with determination of blood lactate will help guide 
therapy. An initial approach to the treatment of failing 
perfusion may involve intravenous plasma followed if 
necessary by dopamine (3 to 5 pg/kg/min} and/or dobu- 
tamine infusion (5 to 20 pg/kg/min), The volume and 
type of fluids given should be carefully monitored, as 
fluid overload and hypernatremia are common. Urine 
output should be appropriate for the volume of fluids 
administered, and anuria or oliguria should be treated 
aggressively. This may include low-dose dopamine or 
fenoldopam infusion, furosemide boluses or infusion, 
or mannitol infusion. Establishment of urine flow is criti¬ 
cal in ternis of survival. 


Signs of gastrointestinal (Gt) tract dysfunction are rarely 
evident on initial assessment of premature or dysmature 
foals; however, most will not tolerate aggressive force-feed¬ 
ing. These foals commonly develop intestinal stasis with 
reduced fecal passage, gas accumulation, and gastric disten¬ 
tion. The combination of prolonged asphyxia and prematu¬ 
rity is also a risk factor for the development of necrotizing 
enterocolitis (NEC), Feeding should be restricted to very 
small volumes (e.g„ 10 to 20 mL hourly) until the foal 
appears to be system ically stable. Concurrent parenteral 
nutrition (PN) is indicated in order to prevent loss of body 
weight- Foals should be monitored closely for signs of Gl 
dysfrmction irrespective of feeding volume or frequency. 
Such monitoring includes assessing fecal passage, monitor¬ 
ing for changes in abdominal size (assessed using a mea¬ 
suring tape), testing for gastric reflux if a nasogastric tube 
is in place, and frequently assessing with transabdominal 
ultrasound. 

Premature and dysmature foals are susceptible to hypo¬ 
thermia, Thermogenic mechanisms develop late in gesta¬ 
tion and are related to circulating T 3 levels. As discussed 
previously, thyroid hormone generation is closely tied to 
maturation of the HPA axis. Consequently problems 
with thermogenesis are exacerbated in preterm foals with 
incomplete adrenal function. Body temperature needs careful 
management, as rapid warming may result in peripheral 
vasodilatation and possible cardiovascular collapse. Initially 
the foal should be covered by blankets and removed from 
any drafts. Intravenous and oral fluids should be warmed 
before use. Once the foal begins to demonstrate vigor, heat 
lamps and circulating warm-wateT blankets can be used. 

Premature and dysmature foals often have inadequate 
gluconeogenic enzyme activity and limited glycogen stores 
at the time of birth. Consequently most will have difficulty 
maintaining a normal blood glucose concentration. This is 
managed acutely by infusion of 10 mL/kg of a 10% dextrose 
solution over several minutes, followed by a constant infu¬ 
sion at about 6 mg/kg/min (approximately 200 ml/hour 
of a 5% dextrose solution to a 30-kg foal). Blood glucose 
should be monitored regularly to avoid hyperglycemia. 
Some foals with persistent hyperglycemia benefit from 
insulin supplementation. 

Skeletal maturity is assessed by radiographing a carpus and 
a tarsus for evidence of incomplete ossification (Fig. 19-1). 
Accelerated ossification does not appear to be a feature of 
foals bom prematurely after exposure to chronic in utero 
stress. Incomplete ossification coupled with periarticular lax¬ 
ity predisposes the premature or dysmature foal to long-term 
skeletal problems. Foals with incomplete ossification and 
more than 30% reduction of the central and/or third tarsal 
bones with pinching or fragmentation of the dorsal aspects 
of affected bones commonly develop degenerative joint dis¬ 
ease and have a guarded prognosis for future athletic per¬ 
formance. Restriction of exercise is recommended in order 
to minimize collapse of developing carpal or tarsal bones, 
but forced recumbency may predispose the foal to or exac¬ 
erbate pulmonary disease. Furthermore, normal load bear¬ 
ing encourages ossification. Periarticular laxity predisposes 
the premature foal to angular limb deformities that facili¬ 
tate abnormal load bearing and increase the risk of cuboi- 
dal bone crush injury of the carpus or hock. Splinting and 
attention to hoof care are recommended if angular limb 
deviation develops. In most cases flexural deformities and 
laxities improve over time. Dorsal splints are recommended 
for flexural deformities involving the fetlock, and heel exten¬ 
sions are helpful to foals with flexural laxity. 

There are several reasons why colostra! transfer of mater¬ 
nal immunoglobulin may not occur in premature foals. 
Mares may have lactated prematurely or not at all, and 
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the foal may not be able to suck. It is crucial to ensure that 
the premature neonate receive ample amounts of high- 
quality colostrum (>20 ml./kg) in the first 6 hours after 
birth, although the intestinal tract may not be capable of 
efficient colostra! uptake or may not tolerate large volumes 
of liquid. Consequently, plasma transfusion is often used 
even in foals less than 18 to 24 hours of age A serum 
immunoglobulin G (IgG) level should be measured to con¬ 
firm successful transfer of immunity (>800 mg/dl). 

The use of glucocorticoid therapy in the management of 
prematurity is controversial. Dexamethasone has been used 
in human medicine because of its potency, but it is asso¬ 
ciated with adverse side effects including hypertension, 
hyperglycemia, and catabolism ,* 4 Hydrocortisone has a 
shorter half-life and lower biologic activity and is as effec¬ 
tive for improving lung function in preterm human infants 
without the side effects of dexamethasone. 


WEAKNESS AND/OR DEPRESSION 

WENDT E. VAAIA 

GUY D LESTER 

When confronted with a neonate with the primary com¬ 
plaint of weakness with or without accompanying depres¬ 
sion, a number of differential diagnoses must be ruled out 
(see Box 20-1). The gestational and postnatal age of the 
neonate should be established. If weakness has been present 
since birth, then in utero acquired bacterial or viral infec¬ 
tions, birth asphyxia and trauma, chronic placental pro¬ 
blems, and congenital anomalies should be placed higher 
on the list of differentia] diagnoses, lethargy' and loss of 
suckle are often the first signs of neonatal illness. A full 


udder on the dam accompanies poor nursing behavior in 
the neonate. If the neonate is depressed and has infected 
mucous membranes and hyperemk coronary bands, then 
sepsis is the primary differential diagnosis and the most 
life-threatening. If the neonate is relatively bright but is 
becoming a "dishrag," consider peripanum hypoxia and 
early signs of hypoxic-ischemic encephalopathy. If the new¬ 
born shows signs of physical immaturity such as tendon 
laxity and silky hair coat, then weakness may be a result 
of progressive fatigue, hypothermia, hypoxia, and/or hypo¬ 
glycemia Unfortunately, many weak foals begin to fade as 
a result of multiple problems. Glycogen branching enzyme 
deficiency in certain quarter horse and Paint lineages is 
associated with a range of abnormal signs (hat could 
include persistent recumbency 4 * 

If weakness is present without accompanying depression, 
then several other differential diagnoses should be consid¬ 
ered Neuromuscular diseases Include botulism, white mus¬ 
cle disease, and congenital myopathies. Botulism is an 
infection acquired via the C! tract Consequently, signs 
appear in neonates that are usually 10 days of age or older. 
Although most cases of nutritional myodegeneration 
(NMD) occur during the first year of life among rapidly 
growing large animal neonates, an in utero form of NMD 
may occur, resulting in clinical signs in affected foals soon 
after birth. If weakness is detected in one or more limbs 
immediately after birth, peripheral nerve and muscle dam¬ 
age associated with birth trauma should be ruled out. Foals 
with rupture of the gastrocnemius muscle will be unable lo 
rise or stand unsupported 46 

It should be determined whether any drugs or anes¬ 
thetics were administered to the dam before or at the time 
of delivery, as many agents cross the placenta and can exert 
depressive and other adverse effects on the fetus. For 
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example, one study reported that phenylbutazone adminis¬ 
tered to normal pregnant mares crossed the placenta and 
resulted in substantial concentrations of phenylbutazone 
and its active metabolite oxyphenbutazone. Although clini¬ 
cal signs of phenylbutazone toxicity were not noted in the 
foals postnatally , 47 adverse effects are possible, particularly 
if other problems are present. Drug-induced neonatal 
depression is particularly important after cesarean deliv¬ 
eries, Maternally administered anesthetics and analgesics 
can suppress respiration and heart rate in the newborn. In 
horses, both xylazine and detomidine cause maternal and 
fetal bradycardia and reduced cardiac output. 4849 These 
effects cause a reduction in placental perfusion and fetal 
oxygenation. If the newborn shows'depression associated 
with maternal administration of these drugs, yohimbine 
can be given as an antagonist. Weakly basic drugs, when 
given to the mare, tend to concentrate in the fetus. Diaze¬ 
pam is an example of such a drug that crosses the placenta 
rapidly and accumulates in the fetal circulation, resulting 
in lethargy, hypotonia, and hypothermia in the neonate 
after delivery. Flumazenil has been used to reverse the seda¬ 
tive effects of benzodiazepines. Maternal systemic illnesses 
of various types may also result in a weak newborn. 

Many neonatal disorders are associated with severe elec¬ 
trolyte and metabolic derangements. Weakness is a com¬ 
mon clinical manifestation of hypoglycemia, metabolic 
acidosis, hyponatremia, hypernatremia, and hyperkalemia. 
Such abnormalities may occur before or at the time of birth, 
and laboratory assessment of the weak newborn is essential 
for accurate diagnosis. Young foals with hypocalcemia can 
have stiff gait, muscular tremor, tachycardia, sweating mus¬ 
cular tremor, and recumbency. 50 Profound weakness asso¬ 
ciated with metabolic acidosis is commonly observed in 
foals with diarrhea. Correction of the acidosis by intrave¬ 
nous administration of bicarbonate usually produces rapid 
improvement. 

Anumberof congenital bacterial fungal, and viral infec¬ 
tions that cause abortions and stillbirths may also result in 
the birth of a live, weak neonate* Clinical manifestations of 
fetal infections depend on the age of the fetus and vimlence 
and trophism of the infecting agent (see individual diseases). 

Generally, weakness secondary to uroperitoneum, renal, 
and liver failure, postnatally acquired infections, and neo¬ 
natal isoerythrolysis (Nl) is not expected to appear during 
the first 24 hours of age. Rather, foals with Nl are usually 
presented between 24 and 72 hours of age, foals with uro- 
periloneum at 2 to 5 days of age or older, and neonates 
with postnatally acquired infections most commonly at 
2 to 5 days of age or older, 

NMD associated with selenium and/or vitamin E defi¬ 
ciency may produce localized (dysphagia) or generalized 
paresis. 

Paraplegia and tetraplegia are commonly associated with 
spinal cord compression. Compression of the spinal cord in 
neonates most commonly results from vertebral body mal¬ 
formations, osteomyelitis, or fractures. Most malformations 
involve the occipital condyles of the skull and the first two 
cervical vertebrae (OAAM). Generally, vertebral body mal¬ 
formations occur sporadically; genetic, nutritional, and en¬ 
vironmental factors have been implicated. Osteomyelitis 
and vertebral body abscess may be a sequela to bacteremia 
after neonatal sepsis or pneumonia, Rhodccocrus equi verte¬ 
bral osteomyelitis with or without associated pulmonary 
infection has been reported in foals. 51 Leukocytosis and 
hyperfibrinogenemia are commonly observed in neonates 
with vertebral body abscesses. In most instances vertebral 
abscesses do not infiltrate the pachymeninges so the cere¬ 
brospinal fluid (CSF) either is normal or has a mild eleva¬ 
tion of protein and/or a mild pleocytosis. 


A complete neurologic examination is an important 
component of the workup of the weak neonate. In parti¬ 
cular, it should be noted if the weakness is accompanied 
by signs of depression and diffuse cerebral disease. Limb 
reflexes should be tested to establish whether components 
of the spinal reflex pathways are involved in the disease pro¬ 
cess (sensory nerve, lower motor neuron, neuromuscular 
junction, musde). For example, foals with severe spinal 
cord hemorrhage may have relatively normal mentation, 
but spinal reflexes may be greatly diminished and profound 
weakness may be present. Animals with other types of spi¬ 
nal cord disease (e.g*, trauma, vertebral malformations) 
may also show weakness and ataxia yet appear clinically 
to have normal cerebral function. Virtually any severe sys- 
temic disease such as generalized infection can cause both 
profound depression and weakness in a neonate without 
the presence of actual brain pathology. Primary neurologic 
disease in neonates is rare; commonly, neurologic dysfunc¬ 
tion is associated with multi systemic disease, A thorough 
comprehensive physical examination and workup are 
required to define a problem list and formulate an appro¬ 
priate management plan. A CBC, blood cultures, and assess¬ 
ment of immunoglobulin status provide an indication of 
the likelihood of sepsis. Hypoxia and metabolic acidosis 
are ruled out by assessing ABG status, and electrolyte distur¬ 
bances and hypoglycemia are evaluated by measuring 
serum electrolytes and blood glucose concentration. Collec¬ 
tion of CSF to assess the central nervous system (CNS) is 
usually performed when disease in other organ systems that 
may account for the altered mental state has been ruled out 
and no improvement in the patient's condition is observed 
after correction of electrolyte, blood gas, and metabolic 
derangements. 


SEIZURES 


IDENTIFICATION OF NEONATAL SEIZURE 
ACTIVITY 

Seizures may be generalized or partial, depending on the 
part of the cerebral cortex affected by abnormal electrical 
activity. Involuntary musde activity, opisthotonos, pad¬ 
dling, and extensor rigidity are signs associated with a 
generalized convulsion. In the neonate, more subtle neuro¬ 
logic signs may also be associated with seizure activity. In 
the human infant, particularly the premature infant, the 
neuromuscular system is not fully developed at birth and 
is therefore unable to fully express the abnormal electrical 
activity in cerebral neurons. Abnormal breathing patterns, 
lip smacking, chomping, rapid eye movements, small limb 
movements, and tremor may be the only signs indicating 
seizure activity in the human infant. Similar signs in the 
abnormal neonatal foal have also been attributed to seizure 
activity. 52 

In the large animal neonate, several conditions should 
be distinguished from seizure activity. Bizarre movements 
associated with rapid eye movement (REM) sleep, particu¬ 
larly prominent in the premature foal, are frequently con¬ 
fused with seizure activity by the inexperienced observer. 
Signs can be very similar and include rapid eye movements, 
rhythmic paddling of the limbs, and chomping. The two 
conditions can be distinguished by attempting to arouse 
the animal; if activity is associated with REM sleep, the ani¬ 
mal should be easily aroused to full consciousness. A foal 
that is simply resisting restraint in lateral recumbency may 
also appear to be having a seizure, and violent paddling of 
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the limbs and occasionally opisthotonos are noted. If con¬ 
fusion exists as lo the cause of the activity, the animal is 
encouraged to stand, and its behavior is then evaluated 
finally, in the foal the cataplexy-narcolepsy syndrome may 
be confused with convulsions. This "'fainting foal syn¬ 
drome" was first described in ID24 in three Suffolk foals 
that showed signs within a few hours after birth, 53 and a 
familial occurrence was recently reported in miniature horse 
foals. 54 Any exciting stimulus, including petting and 
restraint, can trigger the attacks, in which affected foals sud¬ 
denly appear to be asleep, with flaccid limbs yet open eyes. 

Once seizure activity is identified, the cause of the sei¬ 
zures should be identified, if possible. A complete history 
is obtained, including a detailed description of the delivery 
process, and complete physical and neurologic exami¬ 
nations are performed, Aaty signs of trauma, infection, or 
congenital malformations should be noted. Evaluation of 
hematologic data and IgG status, combined with historical 
and physical examination parameters, results in an assess¬ 
ment of the likelihood of sepsis. Blood glucose and serum 
electrolyte concentrations should be determined promptly. 
A chemistry panel, blood gas analysis, bacterial cultures of 
blood and other body fluids, and possibly CSF analysis 
and skull radiographs, complete the database in most cases. 

Before attempting to collect CSF {see Chapter 35), the 
benefit of the information likely to be obtained must be 
weighed against the small risk to the patient and the incon¬ 
venience of having to analyze the sample within 30 minutes 
of collection. In the large animal neonate, as in the adult, 
either the adantoocripital or lumbosacral site may be used. 
Depending on the state of consciousness of the neonate, local 
anesthesia with manual restraint or light sedation, or general 
anesthesia may be required to obtain the fluid. For collection 
of fluid from the adantoocripital site, a 20-gauge IVj-im h 
needle with a clear hub may be used A change in resistance 
is felt when the needle penetrates the dural membranes, and 
CSF appears in the plastic hub as soon as the subarachnoid 
space is entered. Approximately 5 to 10 mL of fluid may be 
removed safely from foals, 57 

Urinary reagent strips can be used to rapidly obtain gen¬ 
eral information on the fluid, if blood is detected, the sample 
should be spun down after the cytologic examination, RRCs 
contaminating the sample will settle, and the supernatant 
should be colorless. If hemorrhage occurred before the proce¬ 
dure, the sample remains xanthochromic (yellow). Glucose 
should be present in "trace" or amounts in the normal 
sample. Negative values in the adult suggest severe meningitis 
but in the neonate may also be caused by profound hypogly ¬ 
cemia. The total protein level is increased in neonatal foal 
CSF compared with the level in the CSF of the adult horse, 
averaging 1.38 ± 0.5 g/L (138 ± 50 mg/dL) during the first 
40 hours after delivery, 55 and slight xanthochromia is often 
present, Immaturity of the blood-brain barrier is postulated 
as one reason for the difference in CSF protein between adult 
and neonatal animals. 

Vascular accidents in the neonate are tentatively diagnosed 
on the basis of a xanthochromic sample, elevated total pro¬ 
tein levels, increased numbers of erythrocytes, and micro¬ 
scopic identification of erythrophagocytosis (best). CSF 
analysis is most useful in determining the presence of septic 
meningitis. Elevation of the total protein level (>150m^ 
dL) and neutrophil count in addition to a positive Gram stain 
and bacteria] culture results in a straightforward diagnosis of 
bacterial meningitis, and the prognosis is considered poor for 
the animal. 56 However, infection in the CN$ can be difficult to 
detect until the process becomes generalized, and the lack of 
positive cultures and Gram stain does not rule out CNS infec¬ 
tion. An elevated albumin quotient suggests increased blood- 
brain permeability and can be seen in both hypoxic-ischemic 


brain injury and meningitis, but an elevated IgG index indi¬ 
cates increased intrathecal IgG production and is more com¬ 
patible with a diagnosis of meningitis. 57 

Ultrasonography and computed tomography (CT) are 
important procedures for evaluating anatomic causes of sei¬ 
zures (hemorrhage, infarct malformations} in the human 
infant. Because the fontanelles are usually dosed in the large 
animal neonate, ultrasound imaging is of limited or no use. 
Premortem diagnosis of agenesis of the corpus callosum and 
associated malformations was made using CT scanning in a 
foal that had an abnormally shaped head and seizures 
refractory to anticonvulsant therapy. 57 Identification of the 
specific abnormalities early in the clinical course allowed 
the owners to make a more informed derision regarding 
the treatment of the foal, and the clinicians to acquire valu¬ 
able information regarding the prognosis associated with a 
specific malformation in the horse. 

TREATMENT OF SEIZURES 

Generalized seizures should be controlled immediately, 
Diazepam is often the initial drug chosen for seizure control 
because of its rapid effect. A dose of 5 to 20 mg for a 45-kg 
neonate is slowly administered, and its effect monitored. In 
some individuals one dose controls the seizure, and repeat 
seizures are not observed whereas in others, multiple doses 
at frequent intervals may be necessary. In these animals 
other longer-acting anticonvulsants are often required 

Phenobarbetal acts by raising the seizure threshold, and 
its peak effect is seen at approximately 30 minutes. An ini¬ 
tial dose of 10 to 20 mg/kg diluted in saline and given intra¬ 
venously (IV) over 15 minutes has been used successfully 
to control seizures in dinital patients This initial dose is 
followed by a maintenance dosage of 10 mg/kg IV every 
12 hours. Oral tablets may also be used. The major side 
effect of phenobarbital in foals has been mild sedation 
and ataxia. Interactions between phenobarbital and other 
drugs usually involve induction of the hepatic microsomal 
enzyme system. Weaning from anticonvulsant therapy 
should he gradual to avoid recurrence of seizure activity. 

Phenytoin has also been used for seizure control in the 
newborn foal. The initial dose is 5 to 10 mg/kg IV followed 
by 1 to 5 mg/kg every 2 to 4 hours. This dosage resulted in 
effective seizure control in several foals unresponsive to both 
diazepam and phenobarbital, but it also appeared to cause 
marked depression in some patients. Little is known about 
the pharmacokinetics of the drug in the large animal neonate. 

Pentobarbital anesthesia has also been used to control 
seizures, but its use has been associated with marked respi¬ 
ratory depression, hypotension, hypothermia, and pro- 
longed anesthesia. Xylazinc is also a potent sedative in the 
foal but its side effects have also included markedly 
depressed cardiovascular and respiratory function and pro¬ 
longed recovery in abnormal foals Neither pentobarbital 
nor xylazine is recommended for seizure control in the foal 
unless no other agents are available. 

CONDITIONS ASSOCIATED WITH 
SEIZURES 

CNS dysfunction in asphyxiated large animal neonates is 
discussed in Chapter 16. Disorders of sodium can also cause 
seizures in young foals; these are discussed in detail in 
Chapters 22 and 44. 

Meningitis 

Although bacterial meningitis may occur as a primary entity, 
it more commonly is a result of generalized sepsis in 
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neonates with failure of passive transfer (FIT). Agents that 
cause meningitis are the same as those that cause septicemia, 
most commonly bacteria such as EKhmchta cMi. Enwobacter 
species. Sdftmwrefltf species, and Streptococcus species. Because 
clinical signs of meningitis are easily confused with hypo¬ 
xic ischemic encephalopathy (HIE) and septicemia without 
localization in the CNS, diagnosis depends on CSF analysis 
(see Chapter 35) Treatment recommendations for treating 
bacterial CNS infections may be found in Chapter 35. 
Although there is one report on the successful treatment of 
two neonatal foals with suspected meningitis using third- 
generation cephalosporins^ 8 in many cases, once the diag¬ 
nosis is made the infectious process is often well advanced 
both in the brain and in other tissues, resulting in a poor 
outcome. 


RESPIRATORY DIST RESS 

WBNDY&VAA1A 

GUY a LESTER 

The transition from the fluid-filled lung of the fetus to an 
organ that is responsible for efficient gas etchange is both 
rapid and complicated. The process can be complicated by 
a number of factors, including prematurity or dysmaturity, 
aspiration of meconium or milk, and bacterial viral, or fun¬ 
gal infection. A highly compliant chest wail an inefficient 
immune system, and failure to derive adequate antibody 
from colostrum (partial or total FPT) are additive factors 
that predispose the neonate to respiratory problems. 

The detection of respiratory disease in the newborn foal 
can be difficult. Thoracic auscultation can be highly mis¬ 
leading. Minute ventilation (frequency x tidal volume) is 
increased in the healthy neonate, resulting in easily heard 
branch ovesicular sounds. There is no need to accentuate 
breath sounds with rebreathing techniques. During the first 
few hours after birth, fluid can normally be auscultated 
throughout both lung fields and within the trachea. End- 
inspiratory crackles are commonly heard over the depen¬ 
dent lung during and shortly after rising from lateral recum¬ 
bency. This is presumably because of simple atelectasis. Foals 
with respiratory disease will frequently have abnormal lung 
sounds, such as crackles and wheezes, but neonates with even 
severe pulmonary disease will occasionally have little detect¬ 
able abnormality during auscultation. Clinical signs that are 
often associated with pulmonary tract disease in older foals 
and adult horses are frequently lacking in the sick neonatal 
foal. Fetal foals develop and mature in a relatively hypoxic 
environment within the uterus and therefore are more likely 
to tolerate postnatal hypoxemia than older foals or adults. 
Cough is also uncommon, likely owing to a postnatal delay 
in maturation of irritant receptors within airway and delayed 
onset of the laryngopharyngeal cough reflex. This is dinicallv 
relevant in that aspiration of milk into the lower airway asso¬ 
ciated with force-feeding can go undetected for several days, 
Of additional importance is that the respiratory rate and 
rhythm frequently do not accurately reflect arterial concentra¬ 
tions of oxygen or carbon dioxide. This is particularly relevant 
in foals that are showing signs suggestive of asphyxial injury, 
where rising arterial C0 2 concentrations occur in response to 
hypoventilation and fail to cause an increase in minute venti¬ 
lation. In these foals the primary drive for ventilation is arterial 
0 2 rather than COj. 

In the absence of ABG data or radiographic informa¬ 
tion, the clinician must rely on vague signs, such as rest¬ 
lessness and agitation, increased respiratory rate, or 
respiratory distress. Historical information may also aid 
In diagnosis. This should include an estimation of 


gestational age, recognition of any maternal problems 
(e.g., fever, dystocia, placentitis, or prepamim vaginal dis¬ 
charge), the presence or absence of meconium staining of 
amniotk fluid, and an assessment of colostral quality and 
quantity. Failure to make an early identification of pulmo¬ 
nary disease often results in unfavorable outcome, with 
chronic pneumonia resulting Malformations, inflamma¬ 
tion, or other abnormalities of the upper respiratory tract 
can cause clinical signs of respiratory distress, stridor, and 
dysphagia and result in Lower respiratory tract problems as 
well. Several non respiratory conditions also cause clinical 
signs that mimic respiratory disease. 

The ideal diagnostic tools for investigation of neonatal 
respiratory disease include ABG analysis and thoracic radi¬ 
ography. ABG analysis is the most sensitive clinical tool 
used to assess lung ftinction. The sample is usually collected 
from the dorsal metatarsal artery, easily palpated in most 
foals on the lateral aspect of the third metatarsal bone. 
Alternative sites include the brachial artety, located at the 
level of the medial collateral ligament of the elbow joint, 
and the carotid artery, but hematoma formation is a com¬ 
mon sequel to aspiration from the latter site. The sample 
will remain useful for up to 90 minutes in a capped plastic 
syringe at room temperature 

Interpretation of the ABG sample involves consideration 
of the amount of struggling and position of the foal during 
sample collection. Normal ABG values for neonates of differ¬ 
ent postnatal and gestational ages are presented in Table 19-1, 
Lateral recumbency can reduce the Pao 2 by as much as 30 mm 
Hg The sample needs to be handled appropriately, paying 
strict attention to avoidance of air contamination, which will 
artificially increase the Pao 7 and decrease Paco 2 , The inspired 
oxygen concentration must also be considered when analyz¬ 
ing ABG values. With supplemental oxygen, Pao 2 is increased 
variably, depending on the inspired oxygen concentration 
(Fio 2 ), the amount of pathology present (particularly the 
extent of right-to-left shunting), the respiratory rate and tidal 
volume of the foal, and whether the oxygen is delivered by 
nasal insufflation. A flow rate of 10 L/min, delivered by nasal 
insufflation, increased the Pau 2 to 298 ± 69 mm Hg in the 
normal, term newborn foal 55 ; this flow rate was thought to 
approximate an Fio 2 of I, 60 In the induced premature foal 
the Pao 2 increased only to 111 ± 35 mm Hg,^ 1 If the respira¬ 
tory rateofa foal is rapid and shallow, the supplemental oxy¬ 
gen will be "diluted” by room air because of the large 
quantity of room air entering the upper respiratory tract, 
and the concentration of alveolar oxygen will probably be 
much less than 100%. The two most common respiratory- 
derived ABG derangements include hypoxemia with normo¬ 
capnia or hypocapnia and hypoxemia with hypercapnia. It is 
important to distinguish acute from chronic hypercapnia 
Acute hypercapnia is associated with a more substantial drop 
in blood pH and may lead to drculalory collapse and coma, 
particularly if accompanied by acute hypoxemia. Chronic 
exposure to elevated C0 2 permits adaptation and more sub¬ 
tle clinical effects. The change in pl I is less dramatic primar¬ 
ily because of enhanced bicarbonate reabsorption in the 
proximal tubules of the kidney. This effect begins within 6 
to 12 hours of exposure to increased concentrations of C0 2 
and is maximal by 3 to 4 days Hypercapnia can be exacer¬ 
bated by fever or the administration of carbohydrates or 
bicarbonate The latter is often clinically relevant and high¬ 
lights the danger of giving large amounts of sodium bicar¬ 
bonate to foals with pulmonary disease. 

Inteiprelation of blood gas values of venous blood (see 
Table 19-1) can be very deceptive and should be restricted to 
evaluation of metabolic conditions (e.g., metabolic acidosis) 
and not pulmonary gas exchange. To avoid problems asso¬ 
ciated with regional blood sampling, peripheral venous blood 
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TABLE 19*1 


MH 


Normal Blood Gas Values for Foals* 


Arterial Venous 


Oj CO, Base HC, O, CO* HC t 


Age-Croup 

(mm Hfc) 

(mm Hg) 

PH 

Excess 

(mEq/L) 

(mm Hg) 

(mm Itg) 

pH 

(mEq/l.) 

Immediate post¬ 
foal mg* 

40-50 

52-60 

7.2-7.3 

±2 

24-26 

— 

— 

— 

— 

2 hours 4 

68 ± 10 

49 ±2 

7.37 ±0,01 

+4 

26 ±2 

42 ±2 

56 ±2 

7,33±O.0J 

28 ±2 

4-12 bouts 3 

75 ±5 

47±2 

7.39 ±0.01 

+6 

28±2 

42 ±2 

52 ±2 

7JS±0.01 

30±2 

24 hours 3 

81 ± 6 

48 ±2 

7,4±0.01 

+6 

23±2 

42 ±2 

53±2 

7.38±0.G1 

30±3 

1-3 days 3 

90 ± 6 

'148 ±2 

7,4 ±0,01 

+6 

28±2 

43 ±2 

52±2 

7.38 ±0.01 

29 ±2 

4-14 days 3 

S6±5 

45±2 

7,41 ±0.01 

+6 

28± 1 

3B±2 

53±2 

7.38±0.01 

31 ±2 

Premature 4 birth 

39±5 

55 ±4 

1X7 

*3 

24 ±1 

— 

— 

— 

— 

(320-330 days' 
gestation)—! hour 

52 ±4 

48 ±3 

7.33 

-13 

25 ± 1 

— 

“ 


~ 


* lateral rrcumbmo. 

*Dau from Leipold HW, Hiragj T, Dervnb SM Congenital defects of the bovine rnuaoitoskeletjJ system and joints Wr C /m NanJi Am (HxxJ Arum Pracx) 9 91 r 
: Data from Scon PR. IVnny CD. Murray M> A field study of eight ovme wnebral body abscess cases, N A Vet L 39:10$, 1991 


should be taken from a free-flowing jugular vein, because 
the metabolic status of the head is usually stable. To obtain a 
sample representative of the whole body, mixed venous blood 
is drawn from the right atrium Determination of mixed 
venous blood oxygen saturation is a good test for assessing 
the overall adequacy' of oxygen delivery to tissues because 
it reflects the balance between oxygen delivery and oxygen use. 

Several factors need to be considered when evaluating 
foal thoracic films. Thoracic radiographs are routinely taken 
only in the standing or recumbent lateral position in foals, 
with dorsoventral positioning reserved for the anesthetized 
or very depressed foal. Ill us interpretation can be limited 
because of positioning limitations. If the neonate has been 
in lateral recumbency' for extended periods of time, atelecta¬ 
sis may result in diffuse or localized interstitial infiltrates 
that usually resolve once lung reexpansion occurs. It can 
be very difficult to accurately distinguish bacterial pneumo¬ 
nia from atelectasis and pulmonary edema on the basis of 
radiographic appearance alone. In these cases additional 
diagnostic aids (cultures, hematology, necropsy) should be 
used in conjunction with radiology to reach an accurate di¬ 
agnosis. A false overtnterprelation of disease is common 
because of motion artifact, caused by a combination of long 
exposure times, poor patient compliance, and high spontane¬ 
ous ventilation rates. When the radiographic appearance of 
the lung fields is evaluated, the type of infiltrate (interstitial, 
nodular, alveolar, mixed), severity, and location (diffuse, 
perihilar, cranioventral, craniodorsal, caudodorsal, caudo- 
ventral) should be noted Other soft‘tissue structures (includ¬ 
ing the heart, vessels, and diaphragm) and bones (ribs, 
vertebrae, long bones) should also be evaluated 

Serial thoracic radiographs are useful in monitoring the 
progress of a respiratory condition. Radiographic changes 
may either follow or precede changes in clinical condition, 
and major changes can occur surprisingly rapidly (Fig 19-2)- 
CHnkal signs of pneumonia frequently resolve much earlier 
than chest radiographs and hemograms return to normal 
Unfortunately, both ABC analysis and radiography are diffi¬ 
cult to perform in field situations 

Ultrasonographic evaluation of the foal's thorax can yield 
useful information in a variety of disease processes, including 
pleural effusion, such as hemothorax or pleuritis, broncho¬ 
pneumonia, or abscessation. It is also the preferred method 


for diagnosing rib fracture or dislocation and congenital heart 
disease and thus is often a useful technique to differentiate 
cardiac and pulmonary causes of hypoxemia. 61 

SPECIFIC RESPIRATORY CONDITIONS 

Upper Respiratory Tract Disorders 

Upper respiratory tract disorders are relatively uncommon 
in neonates. Conditions affecting pharyngeal and laryngeal 
function are important, as they predispose to aspiration 
pneumonia. Dyspneic neonates also have difficulty nursing 
and are subsequently likely to become malnourished. Con¬ 
genital defects of the upper respiratory tract include col¬ 
lapsed trachea, stenotic nates, choanal atresia, epigiottal 
cyst, and guttural pouch tympany (foal). There have also 
been recent reports of dorsal displacement of the soft palate 
(DDSP) as a cause of acute dyspnea, stridor, and dysphagia 
in neonatal foals 63 ' 63 Endoscopic examination of the upper 
airways of these foals revealed that the dorsally displaced 
soft palate was edematous, flaccid, and redundant. To vary¬ 
ing degrees, fiaccidity and swelling of other pharyngeal 
and laryngeal structures (e g. arytenoid cartilages, epiglottis, 
or palatopharyngeal arch) were also noted 63 Both medical 63 
and surgical 62 treatment of the condition have been suggested 
In one study, medical management with antiinflammatory 
drugs, enteral feeding via nasogastric lube, and broad-spec¬ 
trum antibiotics (for the coexisting aspiration pneumonia) 
resulted in dramatic and permanent resolution of the 
problems within 2 to 4 days The cause of these abnormalities 
remains unknown at this time but may involve primary 
pharyngeal and palatal muscular laxity. 64 

Impaired pharyngeal and laryngeal function may result 
from physical deformation or neuromuscular disorders Pha¬ 
ryngeal and laryngeal injuries are often associated with 
improper application or use of damaged feeding tubes and 
oral medication equipment. Compression of the larynx by a 
retropharyngeal abscess or mass tends to cause inspiratory 
dyspnea; aspiration pneumonia is a common sequela. Partial 
occlusion of the upper airway induces turbulent airflow and 
subsequently mucosal edema Placement of a tracheostomy 
tube provides an alternate, sometimes lifesaving airway and 
rests the inflamed mucosa. 









FIG. IM II K Standing lateral chest radiograph of a 7-diY-oM thoroughbred filly with sever * angular limb tkfatmnie* that experienced an acute onset of 
war respiratory dwrw and cyanosis after a walk outside the stall Intubation and 10OH oxygen administration raised the Paoj to only 4ft mm Hg Severe 
pulmonary inlrnntial disease is ptneru in the caudovenual King firkls and the tentative diagnosis was batierul pneumonia No modifications were made in 
the treatment regimen (the same aniibkHiti being given for a wound were continued), and Over the following 24 hours the fitly clinically improved. B. 
Repeat radiographs taken 1 days after the first ones revealed marked resolution of the infiltrates- The diagnosis remains open, but pulmonary edema 
was suspected 
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NMD, hyperkalemic periodic paralysis, and botulism may 
induce laryngeal paresis. Dysphagia and subsequent aspira¬ 
tion pneumonia are common sequelae of pharyngeal and 
laryngeal dysfunction associated with NMD and botulism. 
Exercise- and excitement-induced respiratory stridor has been 
described in foals with hyperkalemic periodic paralysis. 64 

Collapsed trachea is a rare congenital or acquired condi¬ 
tion. Clinical signs include an intermittent honking cough, 
stridor, and dyspnea with mild exercise. There is no stenosis 
of the trachea; rather, a dynamic dorsoventral collapse dur¬ 
ing inspiration. The caudal cervical and cranial thoracic sec¬ 
tions of the trachea in the area of the thoracic inlet are most 
frequently affected. Acquired tracheal collapse is commonly 
associated with fractured ribs and'compression of the tra¬ 
chea at the thoracic inlet by the subsequent bony callus. 

Diagnosis of most upper airway disorders can usually be 
made with a combination of radiography and endoscopy. A 
7-mm outside diameter (OD) endoscope is usually small 
enough to pass through the ventral meatus of horse and 
pony foals that weight over 30 lb. An integral pan of the 
diagnostic approach to the neonate with suspected upper 
airway obstruction is assessment of the lungs for aspiration 
pneumonia. If the primary upper respiratory problem is not 
corrected and normal nursing is allowed, the pneumonic 
process will likely persist and become chronic. 

Respiratory Infection 

Bacterial infection of the lower respiratory tract most com¬ 
monly occurs during or shortly after birth but can also take 
place before parturition through aspiration of contami¬ 
nated amniotic fluid. This may take place in mares with 
bacterial placentitis. In the newborn foal, pneumonia can 
result from direct aspiration or inhalation of bacteria or 
from the hematogenous spread of organisms in foals that 
are bacteremic. The most common bacterial organisms 
that have been associated with pulmonary disease in foals 
are identical to those that cause systemic sepsis. The most 
common isolates include E. coti # Klebsiella pneumoniae, 
Pasturella species, Acfjnobdrillus species, and Streptococci 
species. Less common isolates include, but are not limited 
to, Salmonella species, Ertterobacter species. Pseudomonas 
species, Serratia marcescens, Staphylococcus species, and 
Yersinia pseudotuberculosis. 

The diagnosis of pneumonia involves identification of 
the causative organism. Isolation of bacteria can be att¬ 
empted from blood culture or from culture of amniotic 
fluid or placental tissue if in utero infection is suspected. 
Lower airway culture can be difficult, as a tracheal aspira¬ 
tion can be dangerous In a compromised neonate. An alter¬ 
native method involves passage of a guarded swab through 
a nasotracheal tube into the lower airway. The tip of the 
nasotracheal tube can also he cultured if it has been present 
in the airway for a prolonged period. A CBC and measure¬ 
ment of an acute phase protein, such as fibrinogen, may 
support a diagnosis of infection but will not be helpful In 
lociization of infection to the respiratory tract. The treat¬ 
ment of bacterial lung disease involves a combination of 
respiratory support techniques and antibiotic therapy. The 
neonatal foal readily develops dependent atelectasis in 
lateral recumbency. Consequently, positioning in sternal 
rather than lateral recumbency results in improved ventila¬ 
tory capacity and higher arterial oxygen tension. Broad- 
spectrum antibiotic therapy should be commenced as soon 
as lung disease is suspected. A good choice is a p-lactam 
antibiotic, such as penicillin or ampicillin, combined with 
an aminoglycoside. The emergence of R coli resistance 
to gentamicin in certain regions may limit its future use. 
The third-generation cephalosporins, such as ceftiofur 


ceftazidime, ceftriaxone, and cefotaxime, have distinct 
advantages over aminoglycosides in the treatment of bacte¬ 
rial pneumonia. They have superior penetration into the 
lung, and effective tissue concentrations are easily achieved 
by intravenous or intramuscular routes. Because premature 
discontinuation of antibiotic therapy has resulted in relapse 
in a number of cases, repeat radiographs and hematology 
(complete blood cell count and plasma fibrinogen) are 
highly recommended before discontinuation of antibiotic 
therapy, A minimum course of therapy of 3 to 4 weeks' dura¬ 
tion is not unusual in cases of severe pneumonia. Premature 
foals with pneumonia should be monitored particularly 
closely for the development of bacterial pneumonia resistant 
to the antibiotics being used. 

Several viruses have been documented as causes of 
pneumonia in the neonatal foal. These include equine her¬ 
pesvirus type 1 (EHV-1) and type 4 (EHV-4), equine influ¬ 
enza, equine viral arteritis virus, and adenovirus. Of these, 
EHV-1 is the most common. Herpesviral pneumonia is 
frequently fatal, even in the face of aggressive supportive 
therapies such as mechanical ventilation. The antiviral 
drug acyclovir has been used. The difficulty ts establishing 
a diagnosis early in the course of treatment. Several fac¬ 
tors appear common to EHV-1 -infected foals, but none 
should be considered pathognomonic. These include leu* 
kopenia with neutropenia and lymphopenia, and deple¬ 
tion of the myeloid cell lines on cytologic examination 
of bone marrow aspirates. The presence of dilated retinal 
vessels and a red discoloration to the optic disc on fundic 
examination has also been suggested as a common ante¬ 
mortem finding. Infection with adenovirus can be a prob¬ 
lem in any immunocompromised foal, especially Arabian 
foals with severe combined immunodeficiency (SOD) 
syndrome. 

In utero infection with Histoplasma capsulatum can 
result in placentitis, abortion, or birth of an infected foal 
with multiple organ disease, including granulomatous 
pneumonia. An antemortem diagnosis can be difficult to 
establish but is aided by tracheal aspirate and bronchoal- 
veolar lavage when characteristic yeastlike organisms (3 
to 5 gm in diameter) are seen within macrophages. Neo¬ 
natal and maternal serum should be positive for anti -His¬ 
toplasma antibodies using an agar gel immunodiffusion 
test. The disease has been successfully treated in adults 
using amphotericin B, but reports of neonatal survival 
are lacking. Infection with Candida species (especially 
Candida albicans) is an infrequent complication in foals 
with chronic bacterial infection. Lengthy antimicrobial 
use is an apparent risk factor for infection, and many cases 
begin with ora! candidiasis. The diagnosis is based on a his¬ 
tory that often includes persistent low-grade fever, worsening 
respiratory disease or the development of synovitis, and iso¬ 
lation of the organism through blood culture. Successful 
treatment of neonatal candidiasis has been achieved with 
ketoconazole, amphotericin B, or fluconazole. 

Meeonium Aspiration Syndrome 

In utero asphyxia or umbilical cord occlusion can result in 
fetal passage of meconium into amniotic fluid. Hypoxia 
induces a redistribution of blood flow away from less vital 
organs, including the gastrointestinal tract, resulting in 
mesenteric vasoconstriction and secondary intestinal ische¬ 
mia. Transient hyperperistalsis and anal sphincter relaxation 
occur, thereby allowing passage of meconium. Meconium 
aspiration may occur before, during, or immediately after 
delivery as a result of fetal gasping. Meconium can produce 
a variety of clinical signs including mechanical airway 
obstruction (ball-valve effect) and regional air napping, 
chemical pneumonitis and alveolitis, alveolar edema, and 
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displacement of surfactant by free fatty adds in meconium, 
leading lo decreased lung compliance, small airway obst¬ 
ruction, and focal atelectasis. * s '* 7 These events lead to 
increased pulmonary vascular and airway resistance and 
ventilation-perfusion mismatching. Meconium may also 
enhance the growth of bacteria] spedes within the respira¬ 
tory tract, resulting in secondary bacterial pneumonia. It 
may be difficult lo differentiate meconium aspiration from 
bacterial pneumonia, especially if the birth was unattended. 
Occasionally, chronic placentitis is associated with both 
bacteria! pneumonia and meconium aspiration. 

If meconium has been aspirated into the pharynx, then 
gentle suctioning of the nasal and oral cavities is recom¬ 
mended, The ideal time to suction the airways is while 
the animal is still in the birth canal before it has taken its 
first breath If the foal shows signs of meconium aspiration 
below the vocal cords, nasotracheal intubation and careful 
aseptic suctioning are recommended. Intranasal oxygen 
should be administered during suctioning. ABC analysis 
dictates what long-term respiratory and metabolic support 
is necessary Mild to moderate hypoxemia can be treated 
with humidified imranasal oxygen (2 to 10 L/min). Severe 
hypoxemia with accompanying hypercapnia requires posi¬ 
tive pressure ventilation (FPV) and is associated within 
increased mortality. If surfactant displacement and second¬ 
ary atelectasis is contributing to hypoxemia continuous 
positive airway pressure (CPAP) atone may improve oxy¬ 
genation while avoiding any unnecessary increase in peak 
airway pressure. Exogenous surfactant administration has 
been advocated to treat the surfactant dysfunction, although 
efficacy data are lacking Intravenous dimethyl sulfoxide 
{DMSO} {0,5 to 1 gm/kg) administered as a 10% solution 
may help reduce alveolar and interstitial edema. Systemic 
antibiotic therapy is recommended to prevent secondary 
bacterial pneumonia. Good airway hygiene and coupage 
are crucial. 

A diagnosis of meconium aspiration is based on a history of 
meconium-contaminated amntotic fluid and a meconium- 
stained newborn. Radiographs typically show a ventroaanial 
distribution of pulmonary infiltrate characteristic of aspira¬ 
tion. Clean brownish fluid may drip from the nose. 

Milk Aspiration 

Aspiration of milk into the lower airway may occur as a 
complication of a wide range of conditions. Most foals 
that aspirate milk also demonstrate nasal regurgitation of 
milk. Unfortunately the decreased sensitivity of the upper 
and lower airway to foreign material may make diagnosis 
of milk aspiration difficult. Aspiration can occur in foals 
with cleft palate, persistent DDSP, botulism, HtE, or 
generalized weakness resulting from sepsis or prematurity 
Iatrogenic contamination of the airway can occur when 
bottle-feeding is forced or if the foal is too weak or sleepy 
to receive feeding. Subsum ill and sometimes fatal pneu¬ 
monia can result from inappropriate placement of a naso¬ 
gastric tube. 

The diagnosis of milk aspiration is supported by histori¬ 
cal data (nasal regurgitation of milk), physical examination 
findings (abnormal lung and tracheal sounds), and labora¬ 
tory data (inflammatory leukogram, elevated fibrinogen, 
hypoxemia) Radiographic examination commonly reveals 
a heavy, perihilar, and/or ventrally located interstitial den¬ 
sity with or without air bronchograms. 

The treatment of milk aspiration involves long-term, 
broad-spectrum antimKXobial therapy and prevention of 
further contamination of the airway. The underlying cause 
should be pursued diagnostically and treated. This may 
necessitate the use of further diagnostic tests, including 


endoscopy and plain and contrast radiography. Enteral 
feeding through a nasogastric or esophagostomy tube is 
indicated until the underlying problem has been resolved. 
Persistent or intermittent DDSP in the neonate frequently 
resolves over time, but this may take weeks to months. 

Pneumothorax* - and Hemothorax 

Pneumothorax is usually an iatrogenic sequela of PPV of 
diseased lungs, but it may occur spontaneously or as a result 
of birth trauma or from ruptured bullae within the lung 
parenchyma. During mechanical ventilation uneven alveo¬ 
lar ventilation leads to alveolar rupture and dissection of 
air into the intendtium. The air moves along bronchioles 
and other lung structures to pleural surfaces, forming blebs. 
This air may rupture into the pleural space The condition 
should be strongly suspected if the respiratory condition 
suddenly worsens while an animal is being ventilated. Clin¬ 
ical signs may include respiratory distress, shift of cardiac 
point of maximum impulse, cyanosis, and hypotension. 
Although auscultation may reveal decreased breath sounds, 
it may be misleading because of the wide referral of breath 
sounds. Percussion is usually fairly unremarkable, unless 
the condition is very severe. Radiographs are indicated to 
confirm the diagnosis, but if radiology is unavailable or 
the animal is very distressed, a direct needle aspiration is 
diagnostic and therapeutic, 

Pneumothorax may be treated conservatively if no dis¬ 
tress is associated with the air leak and the condition 
appears stable. Stress should be minimized Chest tube 
insertion is indicated in human infants with continuing 
air leak, if underlying pulmonary disease is causing respira¬ 
tory distress, and in those patients receiving mechanical 
ventilation. A trocar catheter is sterUely introduced into 
the chest cavity, and the catheter is secured, with the suture 
material crisscrossed tightly around the catheter. Suction ts 
applied at -15 cm H^O after confirmation of chest tube 
position by chest radiograph. Suction is discontinued when 
the tube has drained no air for 24 to 40 hours and when 
extrapul mo nary air has been resolved radiographically for 
24 to 40 hours. The lube may then be placed under a water 
seal for an additional 24 hours, and if no air accumulates 
the tube may be removed. 

Hemothorax is occasionally noted in the large animal 
neonate. It has occurred secondary to unstable fractured ribs, 
with puncture of the lung parenchyma resulting in hemor¬ 
rhage into the pleural space. Occasionally hemothorax may 
remain undiagnosed until clinical signs of anemia, hypovo¬ 
lemia, or shock appear in the young animal 

Idiopathic or Transient Tachypnea in the Neonate 

A syndrome observed in Clydesdale, thoroughbred, and Ara¬ 
bian neonatal foals has been the combination of fever and 
tachypnea. The condition appears to be more frequent dur¬ 
ing hot humid weather conditions. The pathogenesis of 
the condition is unknown, but it is speculated that it results 
from a transient problem in central or peripheral control of 
thermoregulation and/or respiratory rate and pattern. 

Affected foals are usually of normal gestation and experi¬ 
ence a normal birth. Most display normal activity fbr a var¬ 
iable period after birth, with a sudden onset of clinical 
signs. Occasionally a foal may show mild signs of CNS 
derangement (eg, lack of affinity for the mare, wandering) 
There are usually no signs of pulmonary abnormalities as 
assessed by thoracic radiographs or ABC analysis. Body tem¬ 
perature is variable among foals, ranging from 102* F to 
108 5 F (39° C to 42,2* C). A generally poor response to 
antipyretics has been noted. The respiratory rate and 



306 



PART THREE DISORDERS AND MANAGEMENT of the NEONATE 


breathing pattern often resemble panting (respiratory rate 
>80 breaths/m in). The condition usually resolves spontane¬ 
ously within a few days to weeks. 

Before idiopathic tachypnea is diagnosed, it is extremely 
important to rule out a pneumonic process or other pulmo¬ 
nary abnormal ity, other forms of infection, metabolic acidosis, 
and other causes of an increased respiratory rate. Hematology, 
chest radiographs, and arterial blood gases should be within 
normal limits, and bacterial cultures should be negative. 

Treatment is directed at control ling the body tempera¬ 
ture; body clipping, alcohol baths, and maintenance of a 
cool environment are the most effective methods. If infec¬ 
tion cannot be entirely ruled out, antibiotic therapy should 
be used. 

II Treatment of Respiratory Distress, It is beyond the 
scope of this book to provide detailed information on the 
respiratory support of the large animal neonate, and 
the reader is referred to other articles and texts for addi¬ 
tional information on mechanical ventilation and other 
topics. 69 ' 7 * Oxygen therapy is extremely useful in the treat¬ 
ment of the large animal neonate with respiratory disease. 
The decision as to when to institute oxygen therapy is some¬ 
what subjective and is based both on clinical signs and on 
blood gas analysis. Increased respiratory rate, labored respi¬ 
ration, increased intercostal and abdominal muscle activity, 
and restlessness are considered indications for a trial of 
oxygen therapy. A Pao 2 <55 to 60 mm Hg in lateral recum¬ 
bency is considered an objective indication for oxygen ther¬ 
apy, although many foals with a Pao 2 of 50 to 55 mm Hg 
on room air that were recovering from pneumonia appar¬ 
ently did well and displayed no signs of hypoxia, if blood 
gas analysis is not available, clinical signs indicating a favor¬ 
able response to oxygen therapy include a decrease in effort 
of breathing, decrease in respiratory rate, and a more com¬ 
fortable-appearing animal. An absence of response may 
indicate a nonrespiratory origin of the dinicai signs, severe 
Jung pathology, a cardiac malformation resulting in right- 
to-left shunting of blood, or inadequate inspired oxygen 
concentration. 

The inspired oxygen concentration is most easily in¬ 
creased by nasal insufflation using a bias flow of humidified 
oxygen. Although an oxygen-delivery mask can be used, its 
presence interferes with nursing or feeding, and it may be 
poorly tolerated by the alert foal. Depending on the severity 
of disease and size of the individual, oxygen is initially 
delivered at a flow rate of about 5 l^min, and the response 
is noted. The catheter tip should be advanced into the naso¬ 
pharynx, and the opposite end should be secured to the 
nostril using tape or sutures in active foals. The actual oxy¬ 
gen concentration delivered to the alveoli depends on sev¬ 
eral factors, including the position of the tube and the 
depth and rate of breathing. Oxygen therapy should be 
directed at maintaining a Pao 2 of 80 to 100 mm Hg, and 
the flow rate should be adjusted according to blood gas 
results. Oxygen therapy should be on a continuous basis, 
and weaning from support should be done gradually. Trans¬ 
tracheal oxygen delivery may beneficial in larger foals, hyp¬ 
oxemic neonatal foals that have a very rapid, shallow 
breathing pattern, and foals with severe pulmonary disease 
that are unresponsive to nasal insufflation. 73 A percutane¬ 
ous catheter system is placed using local anesthetic and is 
secured to the skin. The distal location of the catheter 
bypasses a substantial volume of dead space, and probably 
results In a higher alveolar oxygen concentration. One ad¬ 
vantage of this method of oxygen delivery has been the abil¬ 
ity to provide long-term oxygen therapy to unrestrained 
foals, 73 


Unfortunately, oxygen therapy is not effective in correct¬ 
ing hypoventilation, and if hypercapnia is progressive and 
accompanied by signs of increasing respiratory distress, some 
type of mechanical ventilatory support is usually indicated. 
This decision to provide mechanical ventilation must take 
into account several considerations, including the worth of 
the individual, the commitment of the owners, the facility 
and manpower availability, and the type of disease process 
present. 

Regardless of the level of respiratory support provided, 
the importance of meticulous respiratory supportive tech¬ 
nique cannot be overemphasized. Maintenance in sternal 
position, frequent turning from side to side, regular cou- 
page, and use of proper suction technique are all very 
important components of respiratory support. 


DISTENDED AND/OR PAINFUL 
ABDOM EN 

WII i i 

WENDY £, VAAIA 

APPROACH TO DIAGNOSIS 

The large animal neonate with a painful or distended abdo¬ 
men can present a diagnostic challenge to the clinician. Medi¬ 
cal and suigical causes of colic and Gl disease in the foal 
include ileus and bowel distention associated with peritonitis, 
hypoxic gut damage and metabolic disturbances, enteritis 
caused by dietary changes, viral infections and bacterial 
pathogens, gastroduodenal ulcer disease (GDUD), impaction 
associated with ascarid infections, intussusception, thrombo¬ 
embolic disease, small intestinal volvulus, colon torsion, uro- 
peritoneum, strangulating abdominal hernias, and congenital 
Gl lesions. The dinicai challenge is to distinguish medical 
from surgical lesions to permit rapid and appropriate therapy. 
Abdominal surgery in young foals, particularly neonates, is 
associated with increased morbidity and mortality and a 
higher incidence of iniraabdominal adhesion formation 
when compared with surgery in mature horses. 73 Medical 
causes of Gl disease such as enteritis and peritonitis cany an 
increased risk of generalized sepsis and death if the patient's 
cardiovascular status and metabolic parameters are not moni¬ 
tored and stabilized in a timely manner. 

Box 19-1 lists some of the more common conditions asso¬ 
ciated with the acute abdomen in large animal neonates. 
Physical examination findings can be very similar between 
neonates requiring surgical intervention and those with only 
an infectious problem, such as enteritis. If abdominal disten¬ 
tion is present, every effort should be made to identify its 
cause. Because the neonatal foal is considerably smaller than 
the adult, some of the diagnostic techniques routinely used 
in the adult (rectal palpation, assessment of shape of abdo¬ 
men) are of limited value in assessing the acute abdomen 
in the neonate. Bilateral, tympanitic distention of the para- 
lumbar fossae is suggestive of generalized ileus or large bowel 
obstruction (e.g., meconium impaction). Other diagnostic 
aids including abdominal radiographs, transabdominal 
ultrasonography, abdominal ballottement, and transcutane¬ 
ous abdominal palpation are not practical in the adult but 
are useful diagnostic tools in the newborn foal. Abdominal 
ultrasound is a critical diagnostic procedure in horses of all 
ages. 

The approach to the neonate with a painful or distended 
abdomen should include a complete history, including any 
abnormalities noted during the perinatal period, the type 
and dose of any analgesics previously administered, and 
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I Causes of Abdominal Distention 


OBSTRUCTION 

Foreign body (hairballs in calf) 

Malformation (atresia coli, recti, ani) 

Intussusception 

Volvulus, torsion or strangulation 

UROPERITONEUM 

Ruptured bladder (uncommon) 

Tom or necrotic urachus, ureter 

PERITONITIS 

Generalized infection 
Devitalized bowel 
Perforated gastric or intestinal ulcer 
Severe umbilical infection 

GAS AND FLUID ACCUMULATION IN ABOMASUM, 
INTESTINAL TRACT 

Intolerance to diet 
Ileus 

Gastric, abomasa I, duodenal ulceration 
Necrotizing enterocolitis 
Ruminal bloat 

MISCELLANEOUS 

Hemoperitoneum 
Ruptured umbilical vessels 
Ruptured spleen or liver 
Congenital tumor 

ASCITES 

Severe liver or renal failure 
Severe hypoproteinemia 


whether there is history of diarrhea in other foals or horses 
on the farm. The age of the foal helps determine the risk of 
certain conditions. Young foals less than 2 weeks of age are 
more likely to experience colic caused by meconium reten¬ 
tion , peritonitis associated with generalized sepsis, hypoxic 
gut damage, uroperitoneum, and congenital deformities 
including lethal white syndrome (e,g. r mesenteric agan- 
glionosjs), inguinal and scrotal hernias, and atresia of the 
anus or colon. 74 76 We have also seen increasing numbers 
of young foals with clostridial enteritis that are presented 
for treatment for colic. Older foals are more likely to suffer 
from intussusceptions, enteritis, gastroduodenal ulceration, 
and thromboembolic disease. 74 75 

The neonate's age at the onset of abdominal distress also 
may provide diagnostic dues. For example, foals with meco¬ 
nium impaction or congenital G1 malformations such as 
atresia coli tend to be presented for treatment during the 
first 12 to 36 hours of age, whereas foals with uncompli¬ 
cated ruptured urinary tracts are usually presented at about 
3 days, when the abdomen is visibly distended. The charac¬ 
ter, quantity, and frequency of defecation and urination 
should be determined. Surgical Cl lesions such as intussus¬ 
ception and large colon displacement have occurred sec¬ 
ondary to enteritis. On the other hand, in the early stages, 
enteritis alone can cause severe abdominal distention or 
severe pai n, in the absence of diarrhea. NEC and clostridial 
enteritis can be particularly painful conditions. Most foals 
with ruptured urinary bladders display abnormalities in 
urination, but in some cases normal micturition has been 
noted. Reduction in urine output from a neonate with a 


distended abdomen is not pathognomonic for uroperito¬ 
neum. Urine volume is typically reduced as a result of dehy¬ 
dration secondary to a variety of abnormalities, including 
Gl disease. 77 The colic associated with uroperitoneum is 
not usually severe. 

Assessment of the degree of pain being exhibited is an 
important part of the examination of the neonate with a 
distended abdomen. Foals more commonly show signs of 
abdominal discomfort than do calves. In a retrospective 
study of foals undergoing exploratory celiotomy, uncontrol¬ 
lable pain and severe abdominal distention were the pri¬ 
mary reasons the animals were taken to surgery. Sever 
abdominal pain can also occur in foals with non-surgical 
lesions, such as sever enteritis, making the decision for sur¬ 
gical exploration difficult in some cases. 78 However, persis¬ 
tent tachycardia in a neonate with a heart rate in excess of 
150 beats per minute (bpm) despite administration of 
analgesics and in the absence of fever is suggestive of a sur¬ 
gical Gl lesion. 

The degree of compromise to the cardiovascular and pul¬ 
monary systems should be assessed. A neonate with an 
abdominal crisis is often in need of immediate stabilization 
because of shock secondary to endotoxemia or hypovolemia. 
Exploratory celiotomy in neonates that receive inadequate 
presurgical supportive therapy is associated with a number 
of complications, including poor tolerance to anesthesia. 
The degree of respiratory compromise secondary to the 
abdominal problem should also be considered, particularly 
if the animal is a surgical candidate. For example, foals with 
long-standing uroperitoneum may have pleural effusion and 
pulmonary abnormalities as well as serum electrolyte 
abnormalities, all of which may predispose to anesthetic 
problems (hypoxemia, hypercapnia, cardiac arrhythmias). 

It is very important to establish the likelihood of 
generalized or localized infect ion such as enteritis. Generalized 
sepsis can interfere with the function of many organ systems, 
including the Gl tract. The first signs of enteritis are often severe 
abdominal distention and colic, with diarrhea becoming 
apparent a few hours to days later (Fig. 19-3); the severity 
of these signs may warrant surgical exploration of the abdo¬ 
men. Leukopenia may be observed in foals with septicemia, 
enteritis, peritonitis, and surgical Gl lesions. An unexplained 
metabolic acidosis may also indicate impending enteritis. 

Additional information on the physical examination of 
the abdomen and Gl tract can be found in Ghapter 17. It 
is difficult to distinguish fluid accumulation in the large 
colon from accumulation in the peritoneal cavity using 
physical examination alone, and additional diagnostic 
procedures are usually required to distinguish the two 
(see later). In general, nasogastric intubation in the neonatal 
foal does not seem to be as useful a diagnostic technique as it 
is in the adult horse. Gastric reflux can be difficult to obtain, 
even if the stomach appears markedly distended on radio¬ 
graphs, and a moderate amount may be obtained in cases 
of ileus. If large volumes of reflux are obtained, however, 
obstructive disease (e.g., of the pylorus and small intestine) 
is considered more likely, 78 

Neonates with enteritis, uroperitoneum, and other 
abdominal problems can have markedly deranged serum 
electrolyte concentrations (hyperkalemia, hyponatremia, 
and metabolic acidosis are typical). Failure to recognize 
the severity of these abnormalities or adequately treat them 
can result in the death of the patient. 

Abdominal radiographs can be very helpful in identify¬ 
ing segments of the intestinal tract that are distended, fluid 
in the peritoneal cavity, and the composition of ingesta in 
the Gl tract (e.g., sand, meconium) (Figs. 19-4 and 19-5). 
A good knowledge of normal radiographic anatomy of the 
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intestinal tract is important for accurate interpretation 
(Fig. 19-6). Adequate radiographs are obtained in foals up 
to 250 kg if available radiograph equipment includes a grid, 
rare earth screens, and sufficient milliampere-second (mAs) 
(5 to 28) and kilovolt peak (kVp) (75 to 95) levels. With 


experience in viewing normal and abnormal abdominal 
radiographs, the likelihood of an obstructive lesion versus 
simple ileus can be established in some but not all cases. 
The presence of erectile, distended loops of small intestine 
is most consistent with a diagnosis of obstructive disease. 




B 

FIG, I $-3 II A- Abdominal radiograph (standing] of a 48-hour-old foal that was presented with meconium impaction and a distended abdomen. The foal 
also bad a metabolic acidosis, hypoglycemia, and leukopenia Note the gaseous distention of the large intestines, which was suggestive of ileus and possibly 
obstruction. B r Standing abdominal radiograph of the same foal 24 hours later after passage of diarrhea- Following removal of the meconium, profuse bloody 
diarrhea was observed, suggesting enteritis With passage of the diarrhea, gas distention resolved. 
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FIG. If^S II Abdominal radiograph {lat¬ 
eral recumbency) of a 7-huur-old miniature 
horse foal with atresia am r showing meco. 
nium packed into a gas-distended large 
colon. r Hie extent of the atresia proximally 
from the anus is not visible. 



Intramural gas is suggestive of NBC. It can be very difficult 
to differentiate large colon torsion or displacement from 
simple gas and fluid distention secondary to ileus. Contrast 
radiography can help to define the location and nature of 
GI problems such as duodenal stricture and abnormalities 
of the small colon or rectum. Further details on the radio- 
graphic diagnosis of abdominal disorders are contained in 
other articles. 78d - 7a h,7flt r 78<i 

Abdominal ultrasonography can be of value in diagnos¬ 
ing certain conditions that may be contributing to a dis¬ 
tended or painful abdomen, including fiuid-distended 
small and large intestine, ascarid impaction, intussusception, 
colonic impaction, uroperitoneum, and abnormalities of the 
umbilical vessels and urachus. Ultrasonography also permits 


characterization of small intestinal motility, distention, and 
bowel wall thickness, Healthy foals have flaccid, fluid-filled 
loops of small intestine. The presence of rounded, distended 
loops of small intestine is suggestive of an ileus, enteritis, 
or possible small bowel obstructive disease. The location, 
amount, character, and echogenicity of free peritoneal fluid 
can also be determined (Fig l9-7), 6lj?WW) A large accumu¬ 
lation of peritoneal fluid with increased echogenicity (or 
fibrin) is suggestive of peritonitis, whereas an excessive 
volume of hypoechogenic peritoneal fluid is suggestive of 
tiropemoneunr 

In our opinion, except in a couple of specific conditions, 
peritoneal taps are of limited value in diagnosis of the acute 
abdomen in the neonate. Rxtreme caution should be 
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FIG. 19-7 II Ultrasound view of the caudal abdomen of a 2A -hour-old 
premature foal with a tom urachus, showing (from top to bottom) the verr 
tral abdominal wall, free abdominal fluid (black), the urinary bladder (oval 
structure to the riRht). and small intestinal loops (cross-sectional view). 


exercised to avoid perforating the bowel while attempting to 
acquire a sample of peritoneal fluid, particularly if intestinal 
distention is present. The intestine of the neonate is easily 
ripped by inadvertent perforation with a needle or teat can¬ 
nula, even if the neonate is well restrained. It is probably 
safest to perform the procedure using ultrasonography to 
image the fluid pocket and the needle position. Foals with 
uroperitoneum are the ideal candidates for abdominocen- 
tesis. Clear yellow, urine-like peritoneal fluid is easily and 
safely obtained in these patients because the excessive 


volume of peritoneal fluid allows the abdominal viscera to 
float well above the ventral floor of the abdomen. 

Normal peritoneal fluid is similar to that in the adult, 
except that the normal WBC count is lower (1500 cells/pl 
or less). 81 Cytologic examination should also be performed 
to determine the cell types present and to detect the pres¬ 
ence of bacteria and toxic neutrophils (suggesting perito¬ 
nitis) and fecal material (suggesting either inadvertent gut 
tap or bowel aiplure). The total protein and WBC count 
may be elevated in a variety of conditions. These include 
severe enteritis; urachal, umbilical or severe bladder infec¬ 
tion; and primary peritonitis, in addition to conditions in 
which there is ischemic bowel requiring surgical resection. 
On the other hand, as in the adult, normal peritoneal fluid 
has accompanied a number of surgical intestinal lesions, 
such as large colon displacement. Therefore peritoneal 
fluid analysis is of limited value in distinguishing the sur¬ 
gical patient but can be useful In the diagnosis of peritoni¬ 
tis. In addition, peritoneal fluid analysis usually results 
in a straightforward diagnosis of uroperitoneum. In virtu¬ 
ally all cases of uroperitoneum observed to date, perito¬ 
neal creatinine level was greater than the serum level 

« >2A }. Also, the acquisition of free-flowing blood 
e abdominal tap usually allows a diagnosis of 
hemoperitoneum. 

Endoscopy of the upper and lower Cl tract of the foal 
can be performed if appropriately sized equipment is 
available (8 to 10 mm OD, 180 to 250 cm long). 77 The 
esophagus and stomach can be examined for erosion, ulcer¬ 
ation, perforation, and other abnormalities. Suspected 
impactions or malformations of the rectum and small colon 
can also be examined. 74 

In summary, accurate identification of foals with acute 
abdominal problems requiring surgery can be very diffi¬ 
cult even with the use of ancillary diagnostic procedures, 
and mistakes are commonly made because there are no 
clear-cut and consistent differences between medical and 
surgical cases. Findings suggestive of the need for surgical 
exploration include severe and unrelenting pain and per¬ 
sistent tachycardia. 
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SPECIFIC CONDITIONS 

Meconium Impaction 

Meconium impaction is the most common cause of colic in 
the newborn foal. This condition is more common in colts 
because of the narrow pelvic canal. Many foals show some 
degree of straining and discomfort while passing meconium, 
but in most instances it is passed uneventfully by 24 to 48 
hours of age. The meconium most commonly becomes 
impacted in the rectum or small colon. The clinical signs 
associated with meconium impaction in the otherwise nor 
mal foal include repeated attempts to defecate, straining with 
the back arched, swishing of the tail, and restlessness. 
Nursing stimulates defecation through an oral-anal reflex, 
so signs of discomfort may appear shortly after each milk 
meaL If left untreated, meconium impactions lead to varying 
degrees of abdominal distention. The foal's abdomen 
becomes gas distended, with tympany detected over the 
paralumbar fossa. Digital examination often reveals a rectum 
packed with hard fecal balls. Occasionally, the impaction is 
located more proximalty (large or small colon) and radiog 
raphy or ultrasonography is required for diagnosis. 

Low doses of analgesics such as dipyrone (10 to 22 mg/kg 
IV), flunixm meglumine (0.25 to 1 mg/kg IV), and butor- 
phanol (0.01 to 0.1 mg/kg IV) may be required to prevent 
self-trauma during colicky episodes. Xylazine may exacerbate 
gut stasis and can cause respiratory depression, and it should 
be used with caution in newborn foals. A gravity enema with 
mild soap and warm water or a commercial Fleet enema 
usually results in prompt evacuation of the meconium. 
Refractory meconium impactions may respond to acetyl¬ 
cysteine retention enemas,® 2 The supplies and procedure 
for a retention enema are as follows: Mix together 150 mL 
water, 6g of acetylcysteine powder, and 20 g of sodium 
bicarbonate (baking soda), insert a well-lubricated 12 or 14 
French, cuffed Foley urinary catheter into the rectum and 
inflate the cuff. Slowly infuse 120 to 180 mL of the retention 
enema solution. Plug the end of the catheter. Tape the cathe¬ 
ter loosely to the foal's tail. Leave in place a minimum of 
15 minutes, then deflate the cuff and remove the catheter. 
This procedure can be repeated several times. Care must be 
taken to avoid traumatizing the rectal mucosa by stiff tubing 
or multiple enemas with harsh detergents. Clinical signs asso¬ 
ciated with meconium impaction in the compromised foal 
may be absent. In asphyxiated or premature individuals that 
are receiving little or no enteral feeding meconium may 
remain in the large colon for days, gradually forming into 
hard concretions that are diagnosed by palpation or radio¬ 
graphs or at postmortem examination. In these cases the rou¬ 
tine administration of an enema is often ineffective in 
mobilizing the impaction because it is high in the large colon. 
Additional therapy includes intravenous fluids, oral fluids, 
and laxatives (60 to 120 mL of mineral oil with Vi to 1 oz of 
psyllium, 60 to 120 mL of milk of magnesia). If the gas dis¬ 
tention becomes severe, transcutaneous bowel tnocarizaiion 
can be pursued- We avoid the use of Dioctyl sodium sulfosut- 
dnate (DSS) as an oral cathartic because it can cause excessive 
irritation, resulting in diarrhea and colic Analgesics may also 
be helpful in controlling the neonate's discomfort and in 
reducing the risk of self-trauma. Although most meconium 
impactions can be successfully treated with aggressive medi¬ 
cal therapy, those few foals that are refractory to treatment 
or display uncontrollable pain are candidates for surgical 
imervemion. 

UropeHtoneum 

Uroperitoneum is a relatively common cause of abdominal 
distention and depression in the neonatal foal. The 


condition predominates in males but may occur in females 
as well Uroperitoneum may be congenital or acquired. The 
congenital form occurs as a result of failure of the dorsal 
wall of the bladder to dose during development* 3 The 
most common cause of uroperitoneum is a ruptured uri¬ 
nary bladder, but other sites in the urinary tract may also 
leak inducting the ureters, urachus, and urethra. Most cases 
of ruptured bladders are presumed to occur during parturi¬ 
tion because of external pressure on a distended bladder. 
This form occurs most commonly in colls. Uroperitoneum 
can also occur secondary to ischemic necrosis or infection 
of the urinary bladder or urachus in the compromised 
foal, 7 ® Critically ill, recumbent foals may rupture their blad¬ 
ders while being lifted and turned with a full bladder or 
as a result of chronic overdistention associated with the 
generalized disease state. Foals with botulism may also rup¬ 
ture their bladders secondary to bladder atony and chronic 
overdistention. Older foals of either sex may experience 
bladder rupture secondary to focal infection of the umbili¬ 
cal arteries and/or urachus, or ischemic necrosis of the apex 
of the bladder. 

Clinical signs of uroperitoneum are rarely noticed before 
48 to 72 hours of age, particularly if the foal is not being 
watched closely. The fust signs may be urinary incontinence 
or frequent attempts to urinate, with only small amounts 
voided- Sometimes, particularly in those animals that experi¬ 
ence rupture sometime after birth, there is a history of a 
period of normal urinauoa which at some point stopped 
or became abnormal. Loss of suckle, mild colic and increas¬ 
ing abdominal distention are usually accompanied by wors¬ 
ening depression and increasing heart and respiratory rate. If 
the condition is allowed to persist, foals become increasingly 
weak and dyspneic and may be presented in cardiovascular 
collapse. Fillies with ruptured ureters have been reported to 
have a characteristic protruding perineum, presumably as a 
result of retroperitoneal accumulation of fluid.* 4 

Laboratory findings commonly associated with uro perito¬ 
neum are elevated serum creatinine and blood urea nitrogen 
(BUN), hyperkalemia, hyponatremia, hypochloremia, and 
metabolic acidosis. These changes are probably a result of the 
normal diet of the foal (milk being relatively high tn potassium 
|25mEq/L| and low in sodium [12mEq/L|) and the third 
spacing of urine in the peritoneal cavity. With urine potassium 
concentration relatively higher than serum levels, and with 
urine sodium concentration lower than serum levels, the net 
effect of partial equilibration of serum with peritoneal fluid 
across a semi permeable membrane is hyponatremia and 
hyperkalemia, along with an inability to excrete the waste pro¬ 
ducts of metabolism Hyperkalemia may be severe enough to 
induce potentially fatal bradyarrhythmias. In hospitalized 
foals that developed uroperitoneum as a secondary complica¬ 
tion, these typical electrolyte abnormalities are not consis¬ 
tently observed. Because most of those foals were receiving 
replacement intravenous fluids (high in sodium, low in potas¬ 
sium) and very little milk it was theorized that intake has a 
great influence on the electrolyte abnormalities associated 
with uroperitoneum.* 5 On the other hand, the electrolyte 
abnormalities typically associated with uroperitoneum are 
not pathognomonic for that disorder. Foals with renal failure, 
blocked urethra, white muscle disease, and enteritis have 
shown the same electrolyte changes. 

A diagnosis of uroperitoneum often can be made quickly 
using transabdominal ultrasound and a 5- or 7 5-MHz trans¬ 
ducer to visualize large volumes of free, nonecbogenic fluid 
within the abdomen and a small, irregularly shaped, col¬ 
lapsed bladder. Abdominocentesis usually produces a free 
flow of peritoneal fluid that has a low cell count, low specific 
gravity, and at least twice the creatinine concentration of 
peripheral blood. If the creatinine is the same in both 
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serum and peritoneal fluid, other explanations for the 
clinical signs should be investigated. The WBC count total 
protein, and cytology of the fluid should also be deter¬ 
mined, Most uncomplicated cases of ruptured bladders 
have fairly normal values for peritoneal fluid. In some 
cases, however, an increased WBC count and total protein 
and the presence of bacteria may suggest peritonitis. This 
may be a result of the urine in the abdomen, but more 
commonly there is a primary ongoing infectious problem 
(necrotic urachus or bladder, enteritis), and the prognosis 
becomes worse. If laboratory facilities are not available, 
new methylene blue can be injected into the bladder 
using a urinary catheter, and a few minutes later a sample 
of peritoneal fluid should have a'blue discoloration if a 
ruptured bladder is present. However, this technique 
may not allow detection of other causes of uroperitoneum 
such as a ruptured ureter or distal urachus. Positive con¬ 
trast cystography using a 10% solution of water-soluble 
media may be helpful in detecting the location of the 
urinary tract leakage. The ability to obtain urine on cathe¬ 
terization of the urinary bladder does not rule out uro¬ 
peritoneum. Hematology and blood cultures should be 
performed to detect primary or secondary sepsis. 

Treatment of uroperitoneum is surgical repair. However, 
the foal with uroperitoneum should not be rushed to surgery 
without first carefully stabilizing it. Serum electrolytes and 
blood gases should be run to determine the extent of hyper¬ 
kalemia, hyponatremia, and acidosis present. Although the 
total amount of water in the body is usually grossly increased 
by the peritoneal accumulation of urine, effective circulating 
volume may be drastically reduced. If the eyeballs are sunken 
and the pulse quality and capillary refill time are poor, 
aggressive fluid therapy is indicated to support the circula¬ 
tion, This is best performed by concurrently removing as 
much fluid as possible from the abdomen with a teat can¬ 
nula, I4G catheter, or peritoneal dialysis catheter to avoid 
worsening fluid overload and respiratory distress. The fluids 
of choice to treat the typical electrolyte alterations associated 
with uroperitoneum are saline, dextrose, and possibly 
sodium bicarbonate solutions, depending on the degree of 
acidosis present. In most instances continuous dextrose infu¬ 
sion is effective in decreasing the serum potassium level to an 
acceptable level, but values should be rechecked before anes¬ 
thesia is induced. Insulin and dextrose may also be used to 
treat hyperkalemia, but the patient must be monitored for 
hypoglycemia. One suggested regimen is regular insulin at 
0,1 to 0,2 11/kg subcutaneously (SC) or IV accompanied by 
a continuous intravenous dextrose infusion (4 to 8 mg/kg/ 
min). Some individuals also have pleural fluid accumulation 
and atelectasis secondary to the abdominal distention, so 
oxygenation and ventilation during and after surgery should 
be closely monitored. Broad-spectrum antibiotics should be 
started immediately after samples are taken for culture if 
infection is suspected. 

The prognosis for uncomplicated ruptured urinary blad¬ 
ders is usually good {>80% survival), provided the animal 
is stabilized before anesthesia. The presence of concurrent 
septicemia carries with it a considerably poorer prognosis. 85 
In one retrospective study among foals with uroperitoneum, 
100% of those foals with a negative sepsis score lived and 
only 57% of foals with a positive sepsis score survived. 85 

Gas or Fluid Accumulation in the Gastrointestinal 
Tract; Ileus 

Abdominal distention and colic secondary to excessive gas 
and/or fluid accumulation in all or a portion of the GI 
tract are common complications in the compromised neo¬ 
nate undergoing intensive care. The exact mechanisms 


responsible for the presumably altered Gl motility are 
not well defined. Ileus is associated with the absence of 
intestinal sounds, abdominal distention, and intolerance 
of oral feeds characterized by gastric reflux. Auscultation 
of reduced GI borborygmi does not always correlate with 
the degree ofintestinal compromise and decreased motility. 
Transabdominai ultrasonography helps identify absence 
ofintestinal motility and the location and degree of intest¬ 
inal distention. Ileus and the attending abdominal disten¬ 
tion can cause severe colic and can induce respiratory 
distress in a weak or premature foal with preexisting pulmo¬ 
nary compromise. 

Metabolic and infectious causes of ileus in the foal in¬ 
clude hypokalemia, hypocalcemia, hypoxic-ischemic bowel 
injury, bowel obstruction, peritonitis, enterocolitis, and 
endotoxemia. Hypokalemia is associated with anorexia, diar¬ 
rhea, and renal loss. Hypocalcemia is associated with pre¬ 
maturity, decreased dietary intake, excessive bicarbonate 
administration, diuretic therapy, and those conditions such 
as asphyxia, toxemia, and sepsis that stimulate release of cor¬ 
tisol and catecholamines. Peripartum hypoxia results in a 
preferential decrease in blood flow to the gut and kidneys. 
Poor perfusion of the intestines leads to varying degrees of 
mucosal damage and decreased motility. Severely damaged 
bowel requires a period of gut rest to allow healing to occur 
before oral feeds are resumed. Premature resumption of 
enteral feeding is associated with colic, maldigestion, diar¬ 
rhea (often bloody), and translocation of intraluminal bacte¬ 
ria across damaged bowel wall into the bloodstream. Some 
of the more common causes of bowel distention in the neo¬ 
nate indude meconium retention, intussusception, ascarid 
impaction, and small intestinal volvulus. Peritonitis may be 
associated with intraabdominal abscessation, severe enteritis 
or GDUD, and generalized septicemia. The most common 
causes of enteritis in foals include rotavirus, Clostridia, spe¬ 
cies, Salmonella species, and dietary changes. Endotoxemia 
is usually part of generalized septicemia. Chronic bowel dis¬ 
tention, regardless of the cause, further impedes return of 
normal gut motility. In the foal aerophagia, particularly in 
the struggling or hypoxic neonate, often results in gas dis¬ 
tention that is not easily removed through a nasogastric 
tube, because gas tends to move quickly through the GI 
tract (Fig. 19-8). Abdominal distention is also commonly 
observed during mechanical ventilation in the foal and 
as a result of overfeeding in the calf. Foals with botulism 
are often intolerant of enteral feeding, probably because 
of altered Gl motility. Use of certain milk replacers can 
result in bloat, colic, and diarrhea, even in the apparently 
healthy orphan neonate. Discontinuation of or a decrease 
in the amount of enteral feeding and, if possible, increased 
activity of the patient usually result in resolution of the 
problem. 

Abdominal radiographs reveal gas-distended loops of 
small or large intestine and may identify bowel obstruction. 
Sonographic examination permits evaluation of bowel wall 
thickness, peritoneal fluid volume and echogenicity, gut 
patency, intramural gas accumulation, location and degree 
of intestinal distention, and presence or absence of motility. 
An abdominal sonogram should be performed to rule out 
the presence of an intussusception or other obstructive 
lesion before any prokinetic therapy is initiated 

Management of ileus includes nasogastric decompres¬ 
sion, cessation or reduced volume and frequency of enteral 
feeds if gastric reflux is present, parenteral alimentation if 
enteral feeding cannot be maintained at a rate of at least 
10% of body weight per day, enema administration to 
relieve distal meconium or fecal retention, correction of 
any underlying electrolyte abnormalities, exercise for ambu¬ 
latory foals, and judicious use of prokinetic agents. The gut 




FIG- II Marked gastric and generalized small intestinal gas distention in a septir, collapsed. 3-day-old thoroughbred coh. There is no evidence of 
obstruction. The patient was treated with supportive therapy and recovered. 


atrophies without enteral feeding. Glutamine and butyrate 
are essential fuels for the small and large bowel respectively 
and have been added to enteral formulas for people and 
some oral fluid replacement formulations for animals to 
help maintain and restore enterocyte health. 86 Prokinetic 
drugs should not be used when bowel obstruction or com¬ 
promised bowel integrity is suspected. Pro kinetic agents 
that have been used include metodopramide, bethanechol 
and erythromycin. There have been anecdotal reports of 
small intestinal intussusception after prokinetic use in neo¬ 
natal foals. 

Surgical Gastrointestinal Lesions 

Most types of displacement, torsion, volvulus, and entrap¬ 
ment that occur in the adult horse may also occur in the 
neonatal foal although probably at a lower frequency 
(Fig 19-9). Urge colon displacement, intussusception, 
and small intestinal volvulus have also been observed 
secondary to enteritis and colitis. 

Surgical correction of congenital G1 defects may be 
attempted. Atresia ani, atresia recti, and atresia coli have 
been well documented in the foal, and intestinal aganglio- 
nosis has been observed in association with recessive lethal 
white foals, which are usually the products of mating 
between two overo paint horses, 76 Acute colic, progressive 
abdominal distention, and lack of meconium staining after 
repeated enemas have been the most common findings in 
newborn foals with atresia coli. Barium enemas may be of 
use in identifying foals with a short small colon but may 
also be misleading. 67 Surgical exploration of the abdomen 
offers definitive diagnosis of the severity of the malforma¬ 
tion and the possibility of correction, but the owner should 
be informed before surgery of the high frequency of inoper¬ 
able lesions and the high failure rate after reattachment. a7 
Before any surgery is contemplated, a thorough physical 
examination should be performed to identify any other 
congenital malformations. Surgical correction of atresia 
ani is often successful, particularly if the atresia is limited 


only to a persistent membrane blocking the anus and the 
anal sphincter is normal. The prognosis for atresia coli is 
guarded. Poor intestinal motility, technical difficulties 
of attaching bowel segments that are so different in size, 
anastomosis breakdown, and peritonitis after surgery are 
common complications. 3517 An inguinal hernia is another 
congenital lesion occasionally requiring surgical interven¬ 
tion, Such hernias occur in colts and may be caused by 
compression during parturition. Most congenital inguinal 
hernias are handled conservatively because the condition 
is often self-limiting by the time the foal is 3 to 6 months 
old. Treatment includes daily manual reduction of the her¬ 
nia and frequent observation to detect possible bowel stran¬ 
gulation. Indications for surgical intervention in foals with 
congenital hernias include rupture of the common vaginal 
tunic, persistent colic, severe edema of the prepuce and 
scrotum, and trauma to the skin overlying the hernial sac. 
Surgical hernias are difficult to reduce manually, and loops 
of intestines are often palpable in the subcutaneous tissues 
of the scrotum and medial thigh. 68 Unilateral castration is 
usually performed on the affected side. 

Other G1 lesions in foals that may require an exploratory 
laparotomy include intussusception, small or large intesti¬ 
nal volvulus, and mechanical obstruction (e g,, food or 
ascarid impaction, phytobezoar, fecal ith). Intussusceptions 
are reported in young horses less than 3 years of age. An 
intussusception is formed when one segment of intestine 
and its mesentery tnvaginates into the lumen of the adjacent 
bowel immediately aboral to it. The invaginated segment 
is called the intussusception t and the enveloping segment is 
called the intussuscipiens. Small intestinal intussusceptions 
can involve the jejunum, ileum, or ileocecal junction. Other 
sites of obstruction include cecocecal and cecocohc junc¬ 
tions, Intussusceptions are most common in foals less than 
6 weeks old, 89 

Causes of intussusception include segmental motility dif¬ 
ferences (e.g., a hypermotile section of bowel adjacent to an 
atonic segment of bowel) and local changes in the bowel 
wall (e,g. r abscessation). Causes of altered peristalsis include 
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FIG* \9 9 II Standing abdominal radiograph of a 
J week old foal thai was primed wiih signs of severe 
pain. Mon? die multiple, erectile loops of distended 
■imall intestine with fluid lines. Obstructive disease 
was suspected. On surgical exploration of the abdo¬ 
men, obstructing adhesions secondary to a previous 
surgery were found. 


enteritis, heavy ascarid infestation, mesenteric arteritis, and 
sudden dietary changes, 90 Changes in the bowel wall have 
included granulomas, papillomas, and intramural leio¬ 
myoma, Anoplocephah perfoliate has been associated with 
ileocecal intussusceptions. Clinical signs include varying 
degrees of discomfort depending on the site of obstruction 
and its duration. Abdominal pain can be severe hut is often 
low grade and Intermittent accompanied by decreased 
manure production Ultrasonography is a useful diagnostic 
aid. Sonographically the cross-sectional view of the imussus- 
ception reveals a target-like pattern with a thick hypoechoic 
rim. The outer rim is created by severe edema of the entering 
and returning bowel walls of the intussusceptum. 

Treatment involves surgical exploration, Early cases can 
be manually reduced, followed by surgical resection. Because 
of the ileum's tenuous blood supply and the inaccessibility 
of the ileocecal junction, intussusceptions involving the 
ileum are usually treated with a side-to-side jejunostomy or 
ileocecostomy. Ileoileal intussusceptions have been reported 
to have a belter prognosis than jejunal or ileocecal intussus¬ 
ception. Foals that have multiple sites of intussusception 
have a poor prognosis. 

Volvulus may involve the small or large intestines. Small 
intestinal volvulus is the most common, especially among 
foals between 2 and 4 months of age. Signs include abdom¬ 
inal distention, gastric reflux, persistent tachycardia, severe 
pain, and sonographic evidence of uniform, severe bowel 
distention with bowel wall edema (>3 to 4 mm) and 
absence of motility. As expected, survival is poorer follow¬ 
ing correction of strangulating versus non strangulating 
lesions. Strangulating lesions of the small intestines are 
associated with poor survival compared with large intesti¬ 
nal lesions and have a higher incidence of fatal complica¬ 
tions. Parasitic migration and abrupt dietary changes are 
among conditions thought to predispose to volvulus 
development. 

Surgical colic in foals carries a poorer long-term progno¬ 
sis than in adult horses. One study 91 examined the survival 
rate among 67 foals <150 days of age that underwent colic 
surgery. The most common lesions requiring a celiotomy 
were small colon impaction, large colon impaction, jejunal 


volvulus, and ascarid impaction. A poor prognosis was 
associated with strangulating lesions. Foals less than 14 
days of age experienced more early postoperative complica¬ 
tions and suffered poor long-term survival because of adhe¬ 
sion formation. Only 25% of foals Jess than 14 days of age 
survived in the short term compared with a survival rate of 
71% in foals older than 14 days of age. 

Another study 92 examined the outcome among 119 
young horses less than 1 year of age that underwent explor¬ 
atory celiotomy. Among all foals the most common cause 
for surgery was small intestinal strangulation. Uroperito- 
neum and meconium impaction were the most common 
conditions in neonatal foals, and intussusception and enter¬ 
itis were more common among older foals. Significant ele¬ 
vations in packed cell volume (PCV) (37% to 54%), heart 
rate (80 to 134 bpm), nucleated cell counts, total protein 
in peritoneal fluid (3,1 to 32.8 x 10 3 /pU 2,9 to 4,9 g/L), 
and rectal temperature (38.2° C to 39,2* C) were observed 
in nonsurvivors compared with survivors. Nonsurvivors 
had significantly decreased serum bicarbonate, chloride, 
sodium, and venous pH values. Thirty-three percent of 
foals that survived surgery had evidence of intraabdominal 
adhesions. 

Necrotizing Enterocolitis 

NFC has been described in equine neonates, 93 It is a 
syndrome of acute intestinal necrosis, 94 In human infants, 
prematurity is the single greatest risk factor, with only a 
small percentage of affected infants being full term. The 
causes of NEC are not well defined, but predisposing fac¬ 
tors include ischemic hypoxic gut injury, presence of intra¬ 
luminal bacteria, and enteral feeding. After G1 ischemia, 
mucosal cell metabolism diminishes and the protective 
mucous layer is lost. This allows enzymes to break down 
the mucosal barrier, and intraluminal bacteria can then 
invade and multiply within the bowel wall. Enteral feeding 
provides substrate for the bacteria, Pneumatosis intestinal is 
develops, and the bowel frequendy ruptures. Abdominal 
signs include abdominal distention, tenderness, ileus, and 
ascites. The condition may appear as a fulminant, rapidly 
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progressive disease or progress at a much slower pace, 94 ' 95 One 
affected equine neonate was premature and was undergoing 
treatment for respiratory distress when the abdominal crisis 
occurred. Another was a term foal that had experienced a pro¬ 
longed delivery and was presented at 24 hoots of age because 
of weakness and abdominal pain. Abdominal distention and 
abdominal pain, followed by ventral colon rupture, were 
noted in both foals. 93 

Clinical signs associated with varying degrees of hypoxic 
ischemic gut injury include ileus, gastric reflux colic, leth¬ 
argy, abdominal distention, and diarrhea. Reflux and feces 
may be positive for blood. Generalized sepsis often accom¬ 
panies NEC. NEC should be distinguished from intestinal 
ileus secondary to other neonatal diseases, other surgical 
G1 lesions, bacterial or viral enterocolitis, and intolerance 
to a milk diet. Although no single laboratory test is specific 
for NEC, the abdominal radiograph often reveals pneuma¬ 
tosis cystoides intestinal is, bowel wall edema, and an 
abnormal gas pattern consistent with ileus. Ultrasono¬ 
graphy may reveal intramural gas accumulation. If intestinal 
perforation has occurred, pneumoperitoneum and septic 
peritonitis may also be noted. 93 ' 94 Intestinal perforation is 
associated with a poor prognosis. 

Gastrointestinal Ulceration 

GDUD in the older suckling foal is covered in greater detail 
in Chapter 32. GI ulceration has also been associated with a 
number of neonatal diseases, including asphyxiation, enter¬ 
itis, and septicemia. 96 The most significant form of the 
disease in this age group is cardiac gland disease—ulcera¬ 
tion in the cardiac gland mucosa immediately beneath the 
margo plicatus. Ulceration presumably occurs in response 
to altered perfusion and may result in perforation and fatal 
peritonitis. In endoscopic surveys of neonatal foals in the 
United States, England, and Ireland, approximately one half 
of foals less than 3 months of age had evidence of gas¬ 
tric squamous mucosal ulceration 9 7 < 98 The prevalence of 
lesions was greatest in 2* to 9-day-old foals and 30- to 
59-day-old foals. In the young foals, typical lesions were 
golden-colored crusts in the squamous mucosa next to the 
margo plicatus along the greater curvature in association 
with diffuse ulceration and erosion and, commonly, squa¬ 
mous epithelial desquamation, 98 In one of these studies, 
foals that had a previous disorder (e g., diarrhea, illness, 
transport} were more likely to have a glandular mucosal 
lesion than those that had not (9% vs 4%). 98 

The clinical signs of bruxism, excessive salivation, 
and colic that are commonly associated with GDUD in 
the 1 - to 4-month-old foal are rarely observed in the neona¬ 
tal foal. Frequently, gastric perforation is the first indication 
of the problem. Perforated and bleeding gastric ulcers have 
been diagnosed as early as 24 hours of age. There is also a 
high incidence of abomasal ulceration in calves, but rarely 
do they become symptomatic unless perforation occurs. 
Currently the cause and pathophysiology of the condition 
in the neonatal period is not known. Because of the diffi¬ 
culty of diagnosing the condition without specialized endo¬ 
scopic equipment and the often catastrophic consequences 
of subsequent perforation or pyloric or duodenal stricture 
formation, anti ulcer medications are often used prophyl ac¬ 
tually in the compromised neonatal foal. Foals at highest 
risk for ulcers are sick neonates that are not recumbent 
and foals with hypoxic gut damage, enterocolitis, and 
painful orthopedic conditions. Foals that are chronically 
recumbent frequently maintain a high pH that may a result 
of ileus and enterogastric reflux." In normal foals the mean 
hourly baseline gastric pH ranged from 3,2 to 3,7. Milk 
intake had a dramatic but transient alkalinizing effect on 


pH, H 2 blockers including ranitidine and omeprazole 
significantly raised gastric pH, Ranitidine administered IV 
at 2 mg/kg or orally at 6,6 mg/kg significantly raised gastric 
pH, 

Initial therapy includes the use of H 2 blockers (timed - 
dine 15 to 20 mg/kg orally [PO] q6h; ranitidine 6 to 
8 mgfkg PO q8h), cytoprotective agents (sucralfate 20 mg/kg 
PO q6h), and a new class of drugs, proton pump inhibitors 
(omeprazole 4 mg/kg PO q24h). Omeprazole is highly 
effective and has the advantage of once-daily administration. 
Treatment regimens should continue for a minimum of 
21 to 28 days. In acute stages some foals receive additional 
pain relief from over-the-counter antacid solutions (10 to 
20 mL q3-4h). Some foals are in too much pain to nurse 
and benefit from withholding enteral feeds temporarily and 
maintaining them on a brief course of parenteral alimenta¬ 
tion using a mixture of amino acids, lipids, dextrose, electro¬ 
lytes, and vitamins. Currently recommended dosages for 
anti ulcer medications are listed in Chapter 32, 


H e mo per 1 to neum 

Hemoperitoneum is a relatively uncommon cause of abdom¬ 
inal distention in the large animal neonate. The structures 
most commonly responsible for the hemorrhage are the 
umbilical vessels and the liver or spleen when ruptured sec¬ 
ondary to trauma. Occasionally other structures such as a rup¬ 
tured granulosa cell tumor may bleed. 100 Depending on the 
cause and severity of the hemorrhage, clinical signs relating 
to hypovolemia and anemia may be mild or severe and may 
appear shortly after birth or in the older foal. Diagnosis of 
hemoperitoneum is based on the retrieval of free-flowing 
blood on peritoneal tap and the detection of free fluid in 
the abdomen. Ultrasound examination may be of benefit in 
detecting the source of the bleeding. Of critical importance, 
regardless of the source of the hemorrhage, is prevention of 
hypovolemic shock, and intensive patient monitoring and 
intervention are often indicated. Whole blood replacement 
may be necessary. If an internally bleeding animal with an 
unstable cardiovascular system is rushed to surgery without 
prior stabilization, profound shock may occur, and a poor 
outcome usually results. 


DIARRHEA IN NEON ATAL FOALS 

CUT D. LESTTfl 

JOHN E. MADIGAN 

Diarrhea occurs commonly in foals of all ages and repre¬ 
sents one of the most common medical conditions requir¬ 
ing veterinary intervention. The approach to diagnosis can 
be difficult, and establishment of a definitive diagnosis in 
a field setting is uncommon. The veterinarian must there¬ 
fore consider a number of factors in order to construct a 
list of most likely causes. These factors include the age of 
the affected animal, the numbers of foals affected, the 
volume and character of the feces, and the duration of signs. 
Some limited diagnostic tests can be used to rule in or out 
many of the common causes of foal diarrhea, 

In some foals, diarrheal diseases are associated with 
signs of colic. The abdominal pain can be severe and 
can mimic that seen in foals with strangulating intestinal 
lesions, making case management difficult. Colicky signs 
frequently precede the onset of diarrhea. Passage of a 
nasogastric tube is as important in colicky foals as it is 
in adults. Foals with intestinal ileus or inflammatory 
diseases of the small intestine commonly produce large 
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volumes of gastric fluid on reflux. The control of pain is 
required in order to reduce the chances of injury and to 
facilitate evaluation. Intramuscular butorphanol can be 
very helpful in providing pain relief in foals with colitis, 
<x 2 -Adrenergic agonists should be used with caution in 
neonates because of their depressive effect on the cardio¬ 
pulmonary system. If they are to be used, then start with 
lower doses or consider combining with butorphanol. 
Nonsteroidal antiinflammatory drugs should be avoided 
until a diagnosis is established. Neonatal foals generally 
tolerate flunixin well but require a slightly larger dose rate 
but reduced frequency when compared with older 
animals, Wl ' 102 

There are many causes of diarrhea' in young foals, includ¬ 
ing bacteria and bacterial toxins, viruses, nutritional factors, 
parasites, and antibiotic use. Normal physiologic adaptive 
processes can also produce diarrhea in most foals. 

DIFFERENTIAL DIAGNOSES 

Bacteria 

E cdi is the most important mediator of systemic sepsis 
in newborn foals but is noi a common primary cause 
of diarrhea in this age group. Some reports implicate an 
association between E coli and diarrhea in foals. Enterotoxi¬ 
genic E coli was isolated from a 3-day-old diarrbeic foal 
from Virginia. 103 The isolate was of the 0101 serotype, was 
heat labile-like-toxin positive, but negative for heat stabile. 
Earlier inoculation studies indicated that F4 {formerly K8B)- 
positive E. cal* was not likely to cause diarrhea in foals, 
although it may have a synergistic role in foals infected with 
other potential pathogens, such as rotavirus. 104105 

Intestinal disease mediated by clostridial toxins occurs in 
foals worldwide. The toxins are most commonly derived 
from btotypes A and C of Clostridium perfringens or from Clos¬ 
tridium difficile Classic intestinal dostridiosis of foals is 
caused by G perfringens biotype C and is characterized by 
colic, rapid dehydration, cardiovascular collapse, and hemor¬ 
rhagic diarrhea. The disease occurs most commonly in foals 
less than 10 days of age, and often less than 36 hours of age. 
It is associated with a high mortality, and outcomes are rarely 
influenced by treatment. 106 Death may occur rapidly and 
occasionally it occurs before any diarrhea has been passed. 
Biotype C produces both alpha- and beta-toxins, along with 
variable amounts of enterotoxin. Cases can occur sporadi¬ 
cally or as outbreaks and on some farms occur annually, pre¬ 
sumably associated with carriage in specific mares. Biotype A 
of C. perfringens has become well recognized as a specific 
cause of foal diarrhea over the past decade. Bio type A pro¬ 
duces alpha-toxin and enterotoxin and is associated with a 
slightly lower mortality rate than bio type C. Affected foals 
are more likely to respond to directed or supportive care. 106 
The development of clinical signs is rapid, and diarrhea may 
or may not contain blood; in 'our experience passage of 
bloody diarrhea is common but usually very transient 
Reported risk factors for C, perfringens diarrhea in neonatal 
foals in Colorado include breed (stock horse type); birth on 
dirt, sand, or gravel; housing in stalls or on dry lots during 
the first 3 days of life; and maternal feeding practices. Feeding 
a low-grain diet prepartum was associated with a decreased risk 
of neonatal disease. 107 Hematologic findings are consistent 
with toxemia. This includes hemoeoncentration; an initial 
leukopenia, characterized by a neutropenia with a left shift to 
immature forms and toxicity; and a lymphopenia. In chronic 
cases a rebound leukocytosis and hyperfibrinogenemia 
may develop. Altered coagulation may be evident clinically 
through prolonged bleeding or spontaneous hemorrhage or 
through a propensity to develop thrombosis. 


A definitive diagnosis of C. perfringens diarrhea is rarely 
established in practice. The diagnosis is usually based on 
signalmen!, clinical features, and outcome, rather than on 
detection of specific clostridial toxins. Positive fecal culture is 
strongly supportive, noting that healthy foals may shed low 
numbers of G perfringens. Identification of toxin is ideal but 
is limited because of availability of appropriate commercial 
assays. Fecal enterotoxin detection assays are available but lack 
sensitivity, particularly with biotype G isolates. Biotyping of G 
perfringens isolates afterculture can be achieved using polymer¬ 
ase chain reaction (PCR) analysis for toxin gene sequences. 
This may be helpful in increasing the accuracy of the diagnosis 
but again falls short in establishing a definitive cause. Fecal 
Gram stain is easy to perform and may support an early clinical 
suspicion of disease if there are abundant numbers of large 
gram-positive organisms or spores present. 

CJosm’dium difficile can produce an identical clinical 
syndrome to C. perfringens, although it appears to be more 
variable with respect to fecal blood, h also occurs as spo¬ 
radic cases or as clusters or outbreaks. It is important to rec¬ 
ognize that clostridial infection can produce a severe 
inflammatory syndrome that is restricted to the small intes¬ 
tine and may not cause diarrhea. Affected foals can present 
with signs that mimic strangulating small bowel disease 
including severe abdominal pain, gastric reflux, and san¬ 
guineous peritoneal fluid. T\vo principal toxins can be 
liberated from C difficile, an enterotoxin {toxin A) and a 
cytotoxin {toxin B), Both nontoxigenic and toxigenic strains 
exist and can be differentiated only after culture using 
molecular techniques. Consequently, commercial toxin tests 
(available for both toxin A and toxin B) are recommended 
in addition to fecal culture to establish a diagnosis. As with 
C, perfringens cases, a fecal Gram stain can also increase sus¬ 
picion, Hematologic changes associated with C, difficile infec¬ 
tion can mimic those associated with C. perfringens disease. 

Most cases of clostridial enterocolitis require aggressive 
medical intervention, irrespective of clostridial type. Antimi¬ 
crobial therapy should be both specific and broad spectrum. 
Targeted antimicrobial treatment typically includes both 
metronidazole and penicillin. The majority of affected foals 
require, at minimum, intravenous crystalloid solutions; some 
also benefit from plasma or synthetic colloids and inotrope 
and vasopressor therapy. Additional therapies include 
C, perfringens biotype C and D antitoxin, di-tri-octahedral 
smectite clay and lactase enzyme replacement, 108 - 10y The 
use of C. perfringens antitoxin and toxoid is off-label and not 
without some risk, Pretreatment with antihistamines before 
antitoxin has been suggested, 108 Prevention of clostridial 
enterocolitis centers on hygienic housing practices and avoid¬ 
ance of overfeeding of late pregnant mares. Affected foals and 
their mares should be isolated and stria protocols instituted 
to limit cross-contamination. Administration of C. perfringens 
type C and D toxoid to pregnant mares has been used with 
anecdotal success on farms with recurrent problems with 
C. perfringens biotype C. The use of prophylactic metronida¬ 
zole is highly controversial but understandable on properties 
with a high disease prevalence. Some isolates of C, difficile 
are reportedly resistant to metronidazole, 108 and although 
this appears to be dependent on geographic location, the 
widespread prophylactic use could promote resistance. 
Prophylactic use of probiotic preparations has also been 
commonly recommended but is difficult to justify on the 
basis of limited and confliaing efficacy data, 110111 

Baaeroides fragilis is a gram-negative anaerobic rod and 
occurs in both enterotoxigenic and nonemerotoxigenic 
forms. Enterotoxigenic strains of B. fragilis have been incrimi¬ 
nated with diarrhea in several species including lambs, 
calves, pigs, humans, and foals, 112 Enterotoxigenic R fragiHs 
was isolated from young foals (aged 2 to 60 days) with 
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diarrhea, 113 Half of these foals had other potential pathogens 
detected, including SaJmoneffrj or rotavirus. In a study review¬ 
ing 20 isolates of ft, fragilis from hospitalized foals with 
diarrhea, only four had the enterotoxin gene. 112 The most 
common isolate from foal feces was a nonenterotoxigenic 
strain, casting doubt as to clinical relevance. 

Enterococcus (group D Sfr^wcoccus) durans has also been 
implicated as a cause of diarrhea in several species including 
foals, 104 Similarly, Aeromonas hydrophila was isolated more 
commonly from foals with diarrhea than from control 
animals, suggesting a potential role in foal diarrhea.™ 

ft, equi is an important cause of pulmonary disease in 
foals. Although abdominal involvement appears common, 
the relevance of ft. equi as a significant primary enteric path¬ 
ogen in terms of number of animals affected is likely small. 
An intestinal syndrome has been directly attributed to ft. 
equi that involves necrosis of the small intestinal Peyer's 
patches and multifocal thickening and necrosis of the 
cecum and large intestine. 1 s s The changes include multiple 
areas of intestinal ulceration with a thin covering of fibrin 
and neutrophils. There is also an associated mesenteric 
lymphadenopathy. "Hie diagnosis of ft. e^ui ulcerative coli¬ 
tis is difficult for a variety of reasons. In contrast to Salma- 
netla infection, in which recovery of the organism from 
the feces has significance, the recovery of R. equi is common 
in asymptomatic animals. Up to 100% of foals older than 
2 weeks of age may shed large numbers of the bacteria 
(>I0 4 colony-forming units Jcfu| per gram of feces). 116 

Salmonella infection of neonatal foals is also associated 
with high mortality. As with clostridial infection, cases can 
occur sporadically or as part of an outbreak. Mares provide 
the most important source of Salmonella to newborn foals, 
but it is rare that both mare and foal develop clinical dis¬ 
ease. Clinical signs can become apparent by 24 hours of 
age but are more common in older foals. The severity of 
signs is related to virulence of the serotype involved, inocu¬ 
lation dose, and level of host immunity. In contrast to adult 
infections, del enable bacteremia occurs commonly in 
affected foals. Consequently foals that may survive the ini¬ 
tial intestinal or systemic disease remain at risk for second¬ 
ary complications that include osteomyelitis, synovitis, 
meningitis, uveitis, hepatitis, or pyelonephritis, tn some 
foals these complications may not become clinically appar¬ 
ent until days or weeks after resolution of enteric disease. 
Therefore appropriate and sustained broad-spectrum antibi¬ 
otic therapy is important in foals known to be affected. The 
selection of antibiotic should be based on known sensitivity 
patterns, understanding that in vitro sensitivity may not 
accurately translate into clinical efficacy because of the 
intracellular location of Salmonella , For example, the limited 
distribution of aminoglycosides can lead to therapeutic 
failure despite often promising in vitro sensitivity. 

Viruses 

Rotavirus is generally considered to be the most common 
cause of infectious diarrhea in foals. There are seven 
known groups of rotavirus (A through G), and many dif¬ 
ferent serotypes within each group. Group A is the primary 
cause of rotaviral diarrhea in foals, with G3 being the most 
common serotype. Rotaviruses have the ability to change 
their surface proteins over time, and this rearrangement 
of gene segments takes place during co-infections with 
other strains. This leaves the possibility for many varia¬ 
tions of the virus. 

Transmission may be direct from animal to animal or 
indirect through fomites. Disease occurs after a short incu¬ 
bation period. Experimentally, this period may be as brief 
as 4fl hours. 117 Rotavirus replicates within the intestine 


and invades the lining of the proximal small intestine, caus¬ 
ing villous cell death and a resultant loss of absorptive area. 
Diarrhea may result from several mechanisms: (1) a loss of 
absorptive capacity coupled with a decrease in lactase pro¬ 
duction can lead to an osmotic load of undigested lactose 
delivered to an immature hindgut; {2} a compensatory crypt 
cell proliferation may cause an increase in intestinal secre¬ 
tion; and (3) the virus produces an enterotoxin that causes 
or contributes to the development of diarrhea. The putative 
viral enterotoxin and cytotoxin, N5P4, is a nonstrudural 
glycoprotein of rotavirus that is released from virus-infected 
enterocytes, 1 * 8 NSP4 is a noncompetitive inhibitor of the 
Na-glucose symporter and also enhances intestinal chloride 
secretion. 

Disease can be seen between 2 and 160 days of age but is 
most common in foals less than 60 days old. Indeed, most 
clinical infections probably occur between 5 and 35 days 
of age. The presence and severity of diarrhea are highly 
dependent on the degree of hindgut maturation, Conse- 
quendy, infection in foals less than 2 weeks of age may result 
in life-threatening watery diarrhea, whereas infected older 
foals may have minimal or no diarrhea because of effective 
colonic compensation of osmotic and fluid loads. Diarrhea 
when present is often watery but is nonfetid in odor. 

There is serologic evidence that broodmares may have an 
important role in propagation of the virus within a herd. 
Infections can occur as isolated cases or as outbreaks follow¬ 
ing periods of overcrowding and stress. Shedding after 
infection is usually complete by 10 days after the cessation 
of clinical signs but may occur intermittently for up to 9 
months. m The virus can persist in the environment for 
up to 9 months, and disinfection usually necessitates the 
use of substituted phenolic compounds. 

The diagnosis of rotaviral diarrhea is based on an appro¬ 
priate signalmen^ clinical signs, and detection of the virus 
in feces. Tests include electron microscopy and commercial 
immunoassays (latex agglutination or enzyme-linked immu¬ 
nosorbent assay (ELISA]), Virus is shed in large concentration 
early on during infection. 120 Central to the management of 
affected foals is maintenance of hydration through enteral 
and/or intravenous fluid therapy. Bismuth subsalicylate is 
commonly administered to foals with diarrhea, irrespective 
of the underlying cause. 

Prevention involves good hygiene and reduction in crowd¬ 
ing, Vaccination of maxes during pregnancy has yielded 
variable results in terms of efficacy. 121 ' 122 Some evidence 
suggests that vaccination may at a minimum delay the onset 
of disease, thereby reducing both die severity and duration of 
diarrhea. Limited data from Japan indicate a potential benefit 
of bo vine colostra I immunoglobulin powder in the prevention 
of rotaviral diarrhea. 123 A commercial egg-protein-derived 
supplement has also been used in foals to reduce the preva¬ 
lence of neonatal diarrhea, but controlled research data are 
lacking. 

Coro navi rus can also cause diarrhea in foals during 
the neonatal period, although it appears to be very uncom¬ 
mon. 124 177 The few reports of clinical disease indicate that 
disease caused by coronavims can be very severe. Antemor¬ 
tem diagnosis can be made using electron microscopy, 
serology, or commercial fecal-capture ELISA. As with rota¬ 
viral infection, shedding is greatest in the early stages of 
disease. Adenovirus is unlikely to play an important role 
in foal diarrhea, with the exception of foals with severe, 
combined immunodeficiency syndrome. 128 

Parasites 

Stnmgytoides ivesieu is a common parasite of foals, with early 
infection of the foal occurring through mare's milk. 
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Experimental studies have indicated that higher numbers of 
infective larvae than are found in milk are needed to pro¬ 
duce diarrhea. 129 In addition, foals with high egg counts 
{prepatent period 8 to 14 days) are often asymptomatic. S. 
ivesteri is susceptible to a variety of anthelmintics, including 
ivermectin. 130 Eimeria leuckarti is commonly found in feces 
of foals from approximately 30 to 125 days of age. 131 It 
is unlikely to be a cause of diarrhea in foals. 132 

Cryptosporidium parvum is not considered to be an impor¬ 
tant pathogen of foals in terms of numbers of animals 
diseased. Based on epidemiologic studies the parasite 
appears to be concentrated in some breeding operations. 133 
Foals diseased with Cryptosporidium shed enormous num¬ 
bers of infective oocysts into the environment. The parasite 
is considered to be cocddian-like but differs from cocctdia 
in terms of size {4 to 6 pm diameter compared with 23 to 
34 pm for other coccidia), host specificity (not host spe¬ 
cific), pathogenesis {invades only epithelium), and drug 
sensitivity (resistant to many drugs). Infection is by the 
fecal-oral route. The oocysts can survive in the soil or water 
for months. They do not require a period of sporulation 
outside of the host to become infective. In a study of asymp¬ 
tomatic foals in Ohio and Kentucky, it was reported that 
between 15% and 31% of foals were shedding Cryptosporid¬ 
ium and that shedding began between 4 and 19 weeks of 
age and persisted no more than 14 weeks, 134 All shedding 
had ceased by weaning and was not identified in adult 
horses. Each generation of the Oyptosporidium lifecycle is 
brief, with maturation occurring in as little as 12 hours. 
Consequently, the prepatem period is very short, approxi¬ 
mately 72 to 96 hours. Although not determined in foals, 
a heavily infected calf can shoi approximately 50 billion 
oocysts within a 7-day period. 

The diagnosis is usually made through microscopic 
examination of the feces. Add-fast or Ziehi-Neelsen stains 
are required to detea oocysts, immunofluorescence assays 
and flow cytometry techniques have also been described. 
C. parvum infection may be seen with concurrent enteric 
or systemic infections. The disease is generally self-limiting 
in immunocompetent animals. Historically the pharmaco¬ 
logic control of Cryptosporidium has been difficult, but paro¬ 
momycin, nitazoxanide, or azithromycin may be efficacious. 

Giardia may be found in normal foals, with infection rates 
reported to be 17% to 35%. Gittrdia is present in all age 
groups, and it is believed foals acquire infection from nursing 
mares. Concurrent infection with Cryptosporidium and Giardm 
may be observed. Disease should be suspected if large num¬ 
bers of parasites are seen on fecal analysis. Affected animals 
should respond within a few days to treatment with metroni¬ 
dazole; failure to respond should alert to other pathogens. 

Nutrition 

Nutritional causes of diarrhea include overingestion of milk 
(as might occur when the mare and foal are separated and 
rejoined) or overfeeding orphaned or sick foals. Over¬ 
whelming the ability of the small intestine to digest and 
absorb results in presentation of milk to the colon, where 
it is fermented and produces osmotically active sugars and 
acids. 135 In a controlled study of foals less than 5 days of 
age, an elemental isotonic diet (Osmolyte) produced diar¬ 
rhea in healthy foals when fed as the sole source of nutri¬ 
tion. Older foals fed a similar diet apparently did not 
develop diarrhea.* Caution should be exercised in using 
elemental diets designed for humans in the foal without 
adequate prior testing of tolerance to the diet. Orphan foals 


*Kohn CA Personal communication. 


and foals fed commercial mare milk replacer may experi¬ 
ence diarrhea associated with these diets. Foals that are fed 
raw cow's milk frequently experience diarrhea and failure 
to thrive. Cow milk replacer uncommonly causes diarrhea 
but remains a less than ideal replacement. In contrast, foaJs 
fed goat's milk grow well and rarely develop diarrhea, 
although they may develop a metabolic alkalosis of mini¬ 
mal to no clinical significance. 

Transient laaase deficiency has been proposed in 
foals. 137 ' 139 An oral lactose tolerance test is conducted by 
a 4-hour fast and administration of I g/kg of body weight 
in a 20% solution of a-laaose powder and observation of 
an increase of plasma glucose of 35 mg/dL by 90 min¬ 
utes. 139 It has been postulated that agents such as rotavirus 
that damage epithelial cells may cause prolongation of the 
diarrhea because of temporary laaase deficiency (lactase is 
produced in mucosal cells). Lactase and cellulobiase are 
present at birth and decline after 4 months of age. 140 

Foal Heat Diarrhea 

Diarrhea developing during days 5 to 14 of life has been 
termed "foal heat diarrhea " because of the time relationship 
to the occurrence of postfoaling estrus in the mare. Diarrhea 
has developed in foals in this age group that have been 
raised separated from the dam on a consistent diet and 
isolated from pathogens, so it does not appear to be caus¬ 
ally related to estrus. There is no demonstrable change 
in the composition of mare's milk during this time 
period. 141 S. ivesteri has been investigated and is not the 
causative agent of foal heat diarrhea. 129 The most likely 
cause of foal heat diarrhea is the establishment of normal 
flora in the hindgut. Foal heat diarrhea is typically preceded 
by coprophagy 2 to 3 days before the onset of diarrhea. 143 
Classic foal heat diarrheas are mild and require no specific 
therapy. Continued diarrhea, fever, or depression with signs 
of reduced sucking activity on the mare should raise con¬ 
cern about other causative agents and should prompt 
appropriate diagnostic testing and treatment. 

II Cifrtiari Pathology and Diagnostic Imaging, in addition 
to the fecal tests described under specific causes, tests for 
signs of systemic involvement are indicated in foals with fre- 
uency and amounts of diarrhea that may produce dehy- 
ration or in foals with fever and depression and/or loss 
of suck reflex. CBCs may indicate toxemia or systemic sepsis 
with neutropenia and shifting to immature forms. Compu¬ 
tation of a sepsis score is indicated in foals with diarrhea 
that are less than 7 days of age. Assessment of renal ftinaion 
through BUN, creatinine, and urinalysis may reveal renal 
azotemia of prerenal or renal origin and warrant prolonged 
fluid therapy. Assessment of electrolyte and acid-base bal¬ 
ance is warranted in neonatal diarrheas, because hyponatre¬ 
mia caused by losses in the G1 traa and renal compromise 
can be significant. Prolonged diarrhea can lead to signifi¬ 
cant metabolic acidosis, requiring fluid and bicarbonate 
replacement (see p. 355). Fecal culture and determination 
of fecal leukocytes and occult blood are additional diagnos¬ 
tic tests that may indicate a more severe disease condition. 
Fecal leukocytes are common in diseases caused by enter- 
oinvasive pathogens, such as Sdlmcnefta. Ultrasound and 
radiography are also helpful at differentiating enteritis or 
colitis from other causes of colic or abdominal distention. 

II Treatment and Prognosis, The three main components of 
therapy for diarrhea in the neonatal foal consist of (1) fluid 
therapy (either oral or intravenous), (2) intestinal protectants 
and adsorbents, and (3) antibiotics if indicated to treat 
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physitis, septk polyarthritis, and septic epiphysitis. 145 Blood- 
borne bacteria from a previous illness or concurrent with an 
active nidus of infection produce infection in synovial mem¬ 
branes, growth plates, or periarticular bone. Sources of infec¬ 
tion include primary bacteremia with or without FPT 146 (see 
Chapter 53), pneumonia, umbilical infection, enteritis and 
extension of local infection from penetrating wounds. Thirty 
eight of 140 foals with confirmed septic arthritis demonstrated 
evidence of umbilical disease. In foals, bacteria that produce 
septic arthritis include ihe causative agents of systemic sepsis: 
E. colt , JfteteteHa species, Actinobaallusequuli, Salmonella species, 
K. equi, and Streptococcus species, 146 A review of 78 foals with 
septic arthritis ranked the frequency of isolation of bacterial 
agents. Gram-negative bacteria were cultured from 51 of 78 
foals. In addition, the probability of susceptibility of these iso¬ 
lates to various antibiotics was determined. Blood culture pro¬ 
duced more bacteria] isolates, although joint aspiration yielded 
bacteria in 69% of foals sampled. 147 Bacterial species cultured 
from blood and synovial fluid were identical in 16 of 88 foals. 
Negative cultures occurred in 31 % of foals with later confirmed 
septic arthritis. 147 Gram-negative bacteria were more common 
in younger foals, and gram-positive infections became increas¬ 
ingly more common with advancing age of the foal. 147 

II Cfrmcal Signs and Differential Diagnoses Signs may be 
extremely variable. Sudden onset of lameness in one leg in 
an apparently healthy neonate with or without joint disten¬ 
tion, pain, or edema may be noted. Other presentations 
may be observed, consisting of sudden onset of lameness 
with systemic signs of illness or evidence of multiple joint 
distention, pain, and edema in a neonate with obvious 
illness and a diagnosis of septicemia. Prematurity or FFT 
should raise the index of suspicion. The chief differential 
diagnosis is trauma; lameness is often attributed by the 
owner to the dam's stepping on the newborn. Any neonate 
less than 45 days of age with sudden onset of lameness 
should be considered infected until proven otherwise. 


suspected bacteremia or dostridiosis. Sodium-containing iso¬ 
tonic intravenous fluids are an important component of diar¬ 
rhea therapy in the compromised neonate. Potassium is lost 
in severe diarrhea and, if hyperkalemia is not present, should 
be supplemented by adding 15 to 20 mEq/L of KCl to fluids. 
Foals that are not nursing normally may have hypoglycemia 
and may need glucose-containing fluids. Acid-base correction 
by volume expansion and replacement of bicarbonate can be 
lifesaving and blood pH and calculated bicarbonate concen¬ 
trations should be monitored frequently when significant 
intestinal fluid losses occur. 

In general terms, milk should not be withheld from foals 
with diarrhea. The clear exceptions are foals with colic and 
those with bloody diarrhea. The fdal can be mu 2 zled for 
8 to 12 hours while the mare is milked out, and the foal 
provided oral fluids through stomach tube or a bottle if a 
suck reflex is present. Although labels of electrolyte repla¬ 
cers do not always specify "for use in foals/' many prepara¬ 
tions used in calves (see Table 20-9) have been used 
successfully in foals. Most of these preparations provide 
insufficient energy and should be used for short intervals 
of no more than 24 to 36 hours unless PN of some type is 
provided to maintain blood glucose levels. 

Intestinal protectants may be all that are required in 
uncomplicated cases or may be used in conjunction with 
other therapies. Bismuth subsalicylate, kaolin or pectin, 
and activated charcoal have been used for this purpose. Sug¬ 
gested advantages of bismuth subsalicylate 50 are its neutral¬ 
ization of bacterial toxins and antisecretory effect through 
its local antiprostaglandin activity. 14 3 * 144 

Systemic antibiotics should be used in the neonate with 
diarrhea that may be septicemic or may have compromised 
immunity. Blood cultures (see Chapter 18) should be 
obtained before initiation of antimicrobial therapy. Anti¬ 
biotics with a spectrum against gram-negative and gram- 
posifive organisms should be used. In general terms, renal 
toxicity associated with aminoglycoside use is uncommon 
in clinical practice. The dear exception are foals that are dehy¬ 
drated, most commonly because of ongoing losses through 
diarrhea. Consequendy the monitoring of renal function is 
indicated when potentially nephrotoxic drugs are used. 

Plasma therapy for hypoprotememia associated with FPT 
or protein-losing enteropathy is useful to maintain plasma 
oncotic pressure and expected protein binding of medica¬ 
tions. Diareheic foals with albumin levels below 2g/dL or 
total plasma protein levels less than 4.2 g/dL may benefit 
from plasma therapy 

II Pm>enfi 0 n and Control. Prevention is best accom¬ 
plished by minimizing density of populations of horses, 
separating of age groups, providing appropriate sanitation 
and hygiene (see Chapter 46), and obtaining adequate 
colostrum of good quality (see Chapter 53), 


LAMENESS AND RELUCTANCE 
TO WALK 

lOHN E. MADiGAN 
GUY a LESTER 


INFECTIOUS LAMENESS 

II Etiology. Septic arthritis, septic physitis, and osteomye¬ 
litis as a complication of or sequel to bacteremia produce 
lameness and reluctance to move. Terminology to describe 
this condition has included "joint-ill" "navel-ill/' septic 


II Clinical Pathology and Radiology. Diagnosis may be 
obvious, with signs of septicemia, a positive sepsis score, 
and a swollen, hot, and painful joint. Peripheral leukocyte 
counts, rectal temperature, level of alertness, and appetite 
may be normal with localized infections. Joint aspiration 
may reveal normal synovial fluid if the infection is in the 
early stages of synovial membrane inflammation or physeal 
or bone involvement. 145 Synovial fluid with greater than 
10,000 WBGs/pL and greater than 70% neutrophils indi¬ 
cates that infection is likely. 146 Cytology and Gram stain 
of the synovial fluid may further aid diagnosis, Thin, turbid, 
or brown synovial fluid with increased leukocytes is consid¬ 
ered evidence of infection. 145 Culture of synovial fluid is 
often negative, even when infection is present. Improved 
recovery of bacteria may be obtained with ihioglytolate 
broth or brain-heart broth with an agar slant and sodium 
polyanethole sulfonate (SPS) to prevent clotting and inhibit 
aminoglycoside and trimethoprim antibiotics, 146 Norma! 
synovial fluid does not rule out septic physitis or osteomye¬ 
litis. 145 Careful examination of high-quality radiographs is 
important for the detection of bone lysis in cases of osseous 
infection, Initial radiographs may be normal because the 
degree of damage is often not detectable for 10 to 14 days 
after initial infection occurs. 145 Radiographic features of 
septic arthritis include soft-tissue swelling widening or col¬ 
lapse of the joint space, osteoporosis, and osteosclerosis. 
Repeal radiographs taken at 3- to 7-day intervals are valu¬ 
able for assessing the degree of damage if lameness per¬ 
sists, 145 Ultrasound may be used to confirm involvement 
of the joint and rule out periarticular or tenosynovial 
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infeaion to avoid iatrogenic contamination of the joint 
during arthrocentesis. Joint distention and hyperechogenic 
fragments in the synovial fluid are suggestive of septic 
arthritis. Normal synovial fluid is anechoic Bone scans or 
CT may facilitate early detection. 

II Pathophysiology . Hematogenous spread of bacteria 
resulting in bone infeaion may follow a variety of 
pathways. 145 A nidus of infeaion may develop at the junc¬ 
tion of cartilage and subchondral bone. The low pressure, 
slow flow, and reduced oxygen pressure of the blood 
supply at cartilage-bone junctions may predispose to estab¬ 
lishment of infeaion in these areas. Level of immunity and 
degree of maturation of bone of the foal may be additional 
predisposing faaors. 145 Destruaion of the epiphysis and 
extension of infeaion into the joint may be primary in 
some cases, rather than starting as a primary synovial mem¬ 
brane infeaion that spreads to the epiphysis and physis. 
A classification has been proposed to reftea the various 
pathogeneses of infeaion (see Box 19-2). Infection of the 
small bones of the tarsus has been reported to be more com¬ 
mon than that of the carpus, 145 and the metaphysis of ribs 
and vertebral bodies may be involved, 145 Synovitis produces 
severe inflammation and depletion of the cartilage matrix 
and collagen framework, which can cause irreversible dam¬ 
age. 145140 Ebumation of cartilage leads to exposure of sub¬ 
chondral bone and extension of infeaion in bone. 145 


Causes of Acute Abdomen in Foals 

MECONIUM IMPACTION 

Primary 

Secondary to sepsis or asphyxia 

OBSTRUCTION 

Malformation {atresi coli, recti, am) 

Intussusception 

Volvulus, torsion, strangulation 
Foreign body 

UROPERITONEUM 

Ruptured bladder 

Tom or necrotic urachus, ureter 

PERITONITIS 

Generalized infeaion 
Devitalized bowel 
Perforated gastric, intestinal ulcer 
Severe umbilical infeaion 

GAS./FLU ID ACCUMULATION IN GASTROINTESTINAL 
TRACT 

Aexopbagpa 
Dietary intolerance 
Ileus 

Gastric/intestinal ulcer 
Necrotizing enterocolitis 

ASCITES 

Severe liver or renal failure 
Severe hypoproteinemia 

MISCELLANEOUS 

H emoperito neum 
Ruptured umbilical vessels 
Ruptured spleen or liver 
Congenital tumor 


II Treatment. Aims of treatment are to remove the infec¬ 
tious agent, protect and minimize cartilage damage, and 
minimize secondary osteoarthrosis. If partial or complete 
FPT has occurred, an additional aim is to provide immuno¬ 
globulins through plasma transfusion (volume dependent 
on IgG concentration, but 2 or more liters IV may he 
required). 145 Treatment described for baaeremia should be 
used promptly. Umbilical ultrasound should be performed, 
because many infeaions may be not be visible externally. 
Systemic antibiotics provide adequate levels of anti¬ 
biotic in normal and inflamed joints. 145 - 150 Antibiotics or 
antibiotic combinations with both gram-negative and gram¬ 
positive spectrum should be used initially, with seleaion 
modified by culture results. Ampicillin or a first-generation 
cephalosporin in conjunction with amikacin or genta¬ 
micin has had a good probability of antimicrobial sensitiv¬ 
ity. 147 The third-generation cephalosporin cefriofur may be 
used as monotherapy. Antimicrobials (antibiotics) should 
be continued for at least 3 weeks. Joint lavage with 1 to 3 L 
of balanced polyionic buffered (pH-adjusted) fluids helps 
to remove bacteria and inflammatory mediators that 
damage cartilage and Improves outcome. 147 An infected 
joint is a medical emergency, and treatment should be 
carried out immediately after clinical diagnosis of probable 
sepsis, even before all cultures and clinical pathology test 
results are back. Arthrotomy or arthroscopic lavage for joints 
with fibrin and debris has been advocated and appears 
effective. 148 ' 151 Delivery of antibiotics to chronically infected 
tissues via regional limb perfusion or intraosseous infusion 
has been described. 152 Confinement and limb immobi¬ 
lization may decrease pain, inflammation, and cartilage 
damage. Short-term use of nonsteroidal antiinflammatory 
drugs such as flunixin or phenylbutazone at prescribed 
dosages may be indicated, although the risk that these agents 
will induce gastric ulceration in foals is well described. 

II Prognosis, Duration, extent of bone involvement, and 
degree of damage affea the prognosis. A recent study deter¬ 
mined that 79% of foals with septic arthritis had IgG levels less 
than 8 g/L (800 mg/dL), Infeaion of multiple joints, delay in 
onset of treatment, and presence of concurrent bony lesions 
on radiographs were associated with a poorer prognosis, 147 
In one study, 67% of foals with septic arthritis were discharged 
when treatment was initiated within 24 hours of the onset of 
clinical signs. 147 Better outcomes were observed when treat¬ 
ment included joint lavage. Of foals treated for septic arthritis, 
26% went on to perform their intended function. 

If FIT has occurred and multiple joints are involved, the 
prognosis is poor because, in foals with FPT and lameness, 
multiorgan involvement is common, 145 Initial deteaion 
should warrant a guarded prognosis. The long duration of 
treatment and sometimes costly multiple therapeutic mod¬ 
alities should be discussed with the owner at the outset. 
Reevaluation of the patient at regular intervals is indicated. 
Recurrence after cessation of therapy sometimes occurs. 


NONINFECTIOUS LAMENESS 

Rhabdo myolysis in foals deficient in vitamin E and selenium 
may be precipitated by stress such as septicemia. Affeaed 
foals are reluctant to move, paretic, and occasionally dyspha- 
git. Pelvic limb muscles are often palpably firm. Elevated 
serum creatinine kinase and elearolyte disturbances of hypo¬ 
natremia and hyperkalemia may be observed, 153 

In foals, rupture of the common digital extensor tendon 
may be present at birth or may develop within a few days of 
life. Rupture occurs within the carpal synovial sheath and 
produces swelling over the dorsolateral surface of the carpus 
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at the level of the imercarpal and carpometacarpal joints. 
Palpation of the fibers reveals tearing of the tendon. Splint¬ 
ing of the limb for 3 to 4 weeks usually results in healing. 154 

Contracture of joints or tendons of the limbs produces dif¬ 
ficulty in movement and predisposes to FPT by impeding the 
ability to adequately nurse. Degree of contracture varies from 
mild to severe and may be associated with scoliosis and/or tor¬ 
ticollis. 155 Foals with congenital contracture of tendons of the 
front limbs may spontaneously rupture the common digital 
extensor tendon. Conservative therapy consisting of splinting 
the from limbs to induce tendon laxity may be helpful 

II Developmental Causes, Incomplete ossification of the 
cuboidal bones (see Fig. 19-1) of the carpus and tarsus of new¬ 
born foals is considered to be related to the development of 
flexural and angular deformities of the foal 156 Twins, prema- 
tore foals, foals that are small for gestational age, and foals 
with in utero acquired infection are likely to have incomplete 
ossification of cuboidal bones at birth. l56 ' 157 Radiographic 
analysis and grading of the degree of ossification have been 
suggested for these foals, 157 Foals with substantially reduced 
ossification may damage bone with limb loading. Limited 
exercise may be prudent until ossification begins to increase 
radiographically, which can be within 7 days. Hypothyroid¬ 
ism (see Chapter 41} has been identified in foals with angular 
limb deformities, contracted tendons, and tarsal bone 
collapse, 158 '™ 


PATENT URACHUS, OMPHALITIS, 
AND OTHER UMBILICAL 
ABNORMALITIES 

fOHN E. MADIGAN 

PATENT URACHUS 

Patent urachus is a persistence after birth of the tubular con¬ 
nection between the bladder and umbilicus. The urachus 
drains the bladder into the allantoic sac during gestation. 
Urine flow should gradually change, with some urine enter¬ 
ing the amniotic sac through the urethra in later gestation. 
At birth, with umbilical cord rupture the urachus should 
be closed, and urine should be voided through the urethra. 
Foals with a patent urachus may dribble urine from the 
urachus during or after urination or may simply have a 
constantly wet umbilical stump, 

II Etiology, Various causes have been suggested for failure 
of the urachus to close and completely involute. Early sever¬ 
ance or ligation of the umbilical cord, inflammation, infec¬ 
tion, and excessive physical handling of the neonate have 
been implicated, lfiD Rather than being the original cause for 
hospital admission, patent urachus develops as a complica¬ 
tion of hospitalization in a significant percentage of foals in 
neonatal intensive care. Weakness of abdominal musculature 
may contribute to the problem in sick foals. 

II Clinical Signs and Differential Diagnosis. Differential 
diagnoses include concurrent infection of the navel 
(omphalophlebitis). Ultrasound may assist the diagnosis 
and determine the involvement of umbilical arteries or 
vein. 161 Moist hairs around the umbilicus and visualization 
of fluid coming horn the navel are diagnostic. Ultrasound 
examination of the internal structures of the umbilicus is 
stro ngly reco m mended. 
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II Clinical PatfiuJogy, Identification of concurrent infec¬ 
tion is essential. A complete physical examination should 
be performed. If abnormalities are noted, serum IgG, CBC 
and urinalysis are helpful for detecting susceptibility to 
infection and presence of systemic or urinary tract infection. 

11 Pathophysiology. Congenital patent urachus caused by 
excessive torsion on the umbilical cord in utero occurs in 6% 
of normal foals. 162 The obstruction of the urachus caused 
by the torsion causes retention of urine in the bladder and over- 
distends the proximal urachus, which interferes with normal 
involution. 162 Infection of umbilical structures or the urachus 
itself may result in inflammation and failure to completely 
involute. In a review of 16 cases of umbilical cord infections 
in foals, 13 of the foals had patent urachus, 163 The majority of 
these foals had acquired patent urachus after birth, with the 
youngest age of onset being 3 days and the mean age of onset 
being 12 days. Excessive manipulation and improper lifting of 
the foal's abdomen in the presence of high urethral sphincter 
tone may force urine within the bladder out into the involuting 
urachus. In our experience, farms have experienced outbreaks of 
patent urachus when procedures (such as tests for FPT) have 
been implemented that require handling of foals in the first 

12 to 24 hours of life. A similar cause may be responsible for 
the increased incidence of patent urachus in hand-reared calves, 

II Treatment and Prognosis. Therapy consists of either 
conservative management through monitoring or medical 
treatment for infection and cauterization of the urachus with 
iodine, phenol, or silver nitrate sticks applied into the ura¬ 
chus. Persistence of urine dribbling despite cauterization, 
the detection of involvement of other umbilical structures 
through ultrasound, and a rent in the urachus that produces 
subcutaneous swelling are indications for surgery. Not all 
foals that have persistent patent urachus have an infected 
umbilicus. Use of general anesthesia and removal of the 
entire urachus to the tip of the bladder are performed in foals 
with an infected or enlarged urachus. Associated arteries and 
veins should be ligated and removed if they are infected or 
necrotic. Merely Ligating the exterior stump can trap organ¬ 
isms and cause infection. In our neonatal unit the majority 
of patients with acquired patent urachus respond to conser¬ 
vative therapy. Late-onset patent urachus (5 days of age) 
may be more refractory to conservative therapy. 165 Compli¬ 
cations are uncommon but may include bladder necrosis 
and uroperitoneum caused by extension of infection and 
inflammation of the urachus. 

II Prevention. Allowing the umbilical cord to rupture with¬ 
out ligation or the careful use of specific umbilical clamps 
after birth has been suggested to decrease the incidence of 
patent urachus. Minimum handling of neonates and careful 
restraint may prevent pressure buildup in the bladder and 
subsequent patent urachus. 

OMPHALITIS AND OMPHALOPHLEBITIS 

II Definition and Etiology. Omphalitis is inflammation of 
umbilical structures that may include the umbilical arteries, 
umbilical vein, urachus, or tissues immediately surround¬ 
ing the umbilicus. The umbilicus consists of three types 
of structures and undergoes functional and anatomic 
changes at birth. Two umbilical arteries connect internal 
iliac arteries to the placenta. These later regress and become 
the round ligaments of the bladder One umbilical vein 
connecting the placenta to the liver and porta cava 
regresses to become the round ligament of the liver within 
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the falciform ligament. The urachus connects the fetal blad¬ 
der to the allantoic cavity. 

Umbilical abscess or infection of any of the three compo¬ 
nents of the umbilicus may produce local infection or be a 
source of septicemia. The source of infection is most com¬ 
monly the external environment, coupled with FPT. 
Omphalophlebitis may extend the length of the umbilical 
vein into the liver and result in liver abscessation. 

fll Clinical Signs and Differential Diagnosis. When the 
umbilicus is enlarged and draining purulent material, infec¬ 
tion is easily noted. In other cases the umbilicus may be dry 
and larger in diameter than expected. In addition, neonates 
may have a completely normal-appearing, dry external navel 
and be severely ill from infection of the urachus, umbilical 
arteries, or vein. In a neonate with sepsis without external 
signs of infection, involvement of the umbilicus can be diffi¬ 
cult to determine. The presence of pain on palpation of the 
umbilicus indicates inflammation. Ultrasound aids in the 
detection of involvement of the urachus or arteries and 
vein. 161 The umbilical area of neonates less than 20 days 
of age with fever of unknown origin should be scanned. 
Hematoma developing after umbilical mpture may produce 
distention of the umbilical stump shortly after birth. 

Oven signs of infection include heat, swelling, purulent 
discharge, or pain. Concurrent signs of systemic infection 
such as joint infection, pneumonia, diarrhea, meningitis, or 
uveitis may be noted. Infection in more than one umbilical 
vessel in the neonate is common, and urachal involvement 
is frequent. Umbilical abscessation that is walled off and 
does not involve deeper structures is a less severe problem 
and may be treated with drainage without surgical removal 
of the entire umbilicus. The depth of involvement may be 
determined by standing behind the neonate and pressing 
the hands together above the umbilicus lo detea internal 
masses and painful areas. 

II Diagnostic Methods. In addition to detection of overt 
umbilical inflammation as described, ultrasonography may 
aid in evaluating a normal-appearing navel. 164 The umbili¬ 
cal vein, arteries, and urachus may be imaged in the new¬ 
born (see Chapter 18). The umbilical arteries leave the 
umbilical stalk and course on the outer edges of the urachus 
in a parallel fashion. IM In the foal the urachus connects the 
apex of the bladder with the umbilicus and is located along 
the midline immediately adjacent to the body wall* Persistent 
dilation of the umbilical vein or arteries with a hypoechoic- 
to-echogenie fluid is seen with infection. If ultrasound is 
performed by a skilled ultrasonographer familiar with nor¬ 
mal ultrasonographic findings of the umbilicus, there is 
an excellent correlation between surgical and ultrasound 
finding^. 164 

II Treatment and Prognosis. Early treatment with antibio¬ 
tics and supportive care as described for the septicemic foal 
(see Chapter 18) may allow resolution before development 
of abscessation and distention of the urachus or the umbili¬ 
cal arteries and vein. Established infection, which may occur 
within 24 hours, may necessitate surgical removal of 
involved structures in addition to medical therapy. 163 When 
omphalophlebitis extends into the liver, the umbilical vein 
may be marsupialized to facilitate drainage and flushing. 
The prognosis is very good when adequate passive transfer 
of colostral immunoglobulins has occurred and when points 
or other struaures are not involved. Sequelae such as renal 
abscessation, joint or bone infection, peritonitis, and other 
complications described for septicemia may develop if therapy 
is started too late or discontinued prematurely. 


ANEMIA AND ICTERUS 

fOHS E. MADtGAN 

II Definition and Etiology * Anemia in the neonate 
should be interpreted in the context of the realization that 
normal hematologic values of the neonate may vary from 
those of the adult. In foals, values of hemoglobin and 
PCV are similar to those in adult horses but decrease during 
the first weeks and months of life to below those in 
adults. ]6S Foals have low iron stores during the first 5 
months of life; this is refieaed in decreased serum ferritin 
concentration, increased serum total iron binding capacity, 
and decreasing mean corpuscular hemoglobin concentra¬ 
tion, 166 Microcyte produaion is observed rapidly after 
birth, 166 Absolute RBC and total blood volume decrease at 
between 2 days and 2 weeks of age and then progressively 
increased 67 

In addition to frank blood loss from an injury, diseases 
causing anemia in the neonate include NI, non-Nl immune- 
mediated hemolytic anemia, blood loss caused by gastric 
ulcer or ovarian cyst rupture producing hemoperitoneum, 
anemia of chronic disease associated with localized infec¬ 
tions, piroplasmosis, and equine infeaious anemia, 

II Clinical Signs and Differential Diagnosis. Rapidly 
developing anemias such as those associated with NI pro¬ 
duce signs of weakness, pale or jaundiced mucous mem¬ 
branes, fever, and depression, Hemoperitoneum produces 
weakness and pale mucous membranes. Suspeded drug- 
induced, immune-mediated hemolytic anemia and throm¬ 
bocytopenia have been reported in the foal. ,6S Intestinal 
parasitism does not normally lead to anemia during the 
neonatal period. Chronic localized infection may produce 
anemia of chronic disease. 

II Clinical Pathology. Intravascular hemolysis may pro¬ 
duce hemoglobinuria and hemoglobinemia. Icterus devel¬ 
ops when the ability of the liver to conjugate bilirubin is 
exceeded. Mainly, indirect bilirubin is elevated, Anisocytosis 
is observed in responsive anemias. Nonspecific stimulation 
of bone marrow may produce a leukocytosis* 

II Therapy. Determination of the nature of the anemia may 
allow specific treatment. NI is discussed in Chapter 53, 
Drug-induced or autoimmune anemias may be treated with 
corticosteroids (0.05 to 0.1 mg of dexamethasone per kilo* 
gram twice a day IM or IV). Blood transfusion after cross¬ 
match may be indicated when anemia develops rapidly or 
PCV drops below 14%, Massive red cell destruction may trig¬ 
ger disseminated intravascular coagulation, and the actual 
cause of death may be a result of activation of the dotting sys¬ 
tem by RBC destruction and reticuloendothelial system 
removal, 169 Associated conditions such as metabolic acidosis 
and hypoglycemia should be corrected. Anemia of chronic 
disease requires correction of the primary disease condition* 

FEVER 

JOHN E. MADlCAN 

II Definition and Etiology. Fever (rectal temperature 
>38.9° C (102° F|) as a clinical sign must be interpreted 
differently in neonates than in the adult because of the varia¬ 
tions of anticipated response to systemic illness, temperature 
regulation control differences, and susceptibility to environ¬ 
mental changes in temperature. In foals with septicemia, 
fever (> 33,9 C C |1G2* F]) was present in fewer than 30% of 
cases, and hypothermia was noted in approximately 20%. s 6 
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Consequently fever is considered an unreliable dinkal sign 
for determination of sepsis in neonates. Older foals with loca¬ 
lized infection such as in joints or bone are more likely to 
have fever- 

11 Differential Diagnosis. The chief differential diagnoses 
for fever in neonates are fever caused by infections with 
viral or bacterial pathogens, seizures with subsequent gener- 
ation of heat by muscular overactivity, pyrogens generated 
from hemolysis in Nl and environmentally induced hy¬ 
perthermia The condition of transient tachypnea of the 
newborn may produce si^uficamly elevated temperatures in 
warm environments. 170 Neonatal foals have a rapid respira¬ 
tory rate that appears to be an attempt at heat loss through 
a panting type of mechanism. Extreme care must be used 
in attributing the pyrexia and fever to transient tachypnea 
syndrome alone by ruling out the presence of infection 
through physical examination, chest radiographs, blood 
gases, and computation of a sepsis score Pathophysiology 
is similar to that in the adult and is discussed thoroughly 
in Chapter 4. 

II Treatment and Prognosis. Although a conservative 
approach to fever in older animals may be appropriate, 
the presence of a fever in a neonate warrants rigorous diag¬ 
nostic evaluation and aggressive therapeutic intervention. 
The immaturity of the neonatal immune system, the high 
fatality rate, and the frequency of devastating sequelae to 
bacterial infection warrant a complete examination of the 
neonate. 

Because fever may be beneficial to the animal, the need 
to administer antipyretics to the febrile neonate is contro¬ 
versial. Body temperatures lower than 40.8° C (105.4 s F} 
are not considered detrimental unless they are associated 
with heat stroke or seizures, 171 in which case cooling and 
antipyretics are indicated. Because many antipyretics are 
antiprostaglandins that can cause deleterious GI and renal 
effects, these agents should be used judiciously. Dipyrone 
is often used in neonates in our clinic for antipyretic 
response because it lacks most of the adverse GI side effects 
found with most nonsteroidal antiinflammatory drugs. 
Correction of the initiating cause and maintenance of fluid 
balance are also important. Prognosis depends on immuno¬ 
globulin status and stage of disease when treatment is 
initiated, Significant fatality rates occur in neonates with 
bacterial infections. Transient tachypnea has an excellent 
prognosis, with neonates becoming normothermic within 
2 to 3 weeks of age. Clipping a long and thick haircoat, 
using fans in stalls, and removing the animal front direct 
sunlight may reduce heal stress to the neonate. 

CYANOSIS 

JOHN K, MADICAN 

II Definition and Etiology. Cyanosis is the purple-blue 
coloration observed on mucous membranes or skin caused 
by reduced or poorly oxygenated hemoglobin in blood . 171 
Causes for this condition include congenital heart disease, 
respiratory impairment or any circulatory condition that 
produces a right-to-left shunt. The degree of cyanosis 
depends on the arterial oxygen saturation, hemoglobin con¬ 
centration, pH. peripheral circulation, and temperature of 
the neonate 173 Shock and hypothermia are important 
causes of peripheral cyanosis (see Box 20-4). 

II Pathophysiology- The affinity of hemoglobin for oxygen is 
reflected in the standard oxyhemoglobin dissociation curve, 


This curve is similar for neonates but is affected by the 
amount of 2,3-diphosphoglycerate (DPG) in the erythrocyte. 
The foal does not have a fetal hemoglobin but has decreased 
amounts of 2,3-DPC, which causes oxygen to bind more 
tightly to hemoglobin and thus to be released in lesser 
amounts to the tissues. ,7J Severe hypothermia and acidosis 
cause the oxygen dissociation curve to shift to the right and 
therefore contribute to tissue hypoxia. Cyanosis can be either 
central or peripheral, 173 Peripheral cyanosis results from 
increased peripheral extraction of oxygen from normally 
saturated blood or a significant decrease in the perfusion to 
an extremity. 172 In the neonate, causes indude septic shock 
and severe hypothermia. Central cyanosis is more common 
in neonates and is related to congenital heart disease that 
causes right-to-left shunting or severe respiratory conditions 
that result in hypoxia. Paroxysmal atrial fibrillation in three 
foals with cyanosis shortly after birth is described. 174 


fl Treatment. Examination and clinical pathologic evalua¬ 
tion for metabolic causes of cyanosis, hypothermia, and 
cardiac abnormalities should be conducted. History, medi¬ 
cation use, auscultation, thoracic radiographs, and arterial 
blood gases are useful in determining the degree of the 
respiratory component of cyanosis. Therapy for respiratory 
causes is discussed in the sections on respiratory distress. 
Electrocardiography and echocardiography may be required 
for identification of cardiac anomalies. Circulatory compro¬ 
mise caused by hypothermia, hypoglycemia, and shock 
requires aggressive fluid therapy, respiratory support and 
environmental temperature correction. 


OLIGURIA AND STRANGURIA 

}OHN t- MAD/GAN 

II Definition and Etiology, In the neonate, urination is 
usually observed within 6 to 10 hours after birth. Frequency 
of voiding is every few hours. Urine volume produced in the 
foal is approximately 148 ml/kg/day. 175 Urine specific grav¬ 
ity is low (1.001 to 1,012} because of the high water con¬ 
tent of milk. Specific gravity readings of 1,018 to 1.025 are 
approaching maximum in concentrated urine, 176 

The major causes of slow or painful discharge of urine 
(stranguria) in neonatal foals are ruptured bladder, bacterial 
cystitis, urachitis, and reduced urine production (oliguria) 
resulting from reduced renal perfusion. Pollakiuria, dysuria, 
and cystitis are complications occasionally observed with 
urachal abscesses. 176 

H Pathophysiology. Ruptured bladder (see also Chapter 34) 
occurs most frequently in male foals and is believed to be 
caused by occlusion of the male urethra during birth, a full 
bladder, and great pressures during birth when the mare 
pushes to expel the fetus. Inadequate pressure flow to the 
kidney producing oliguria may be caused by congenital car¬ 
diac anomalies, asphyxia, sepsis, diarrhea, or endotoxemia. 
Straining from cystitis can be severe and can mimic meco¬ 
nium impaction, Infection of the bladder may be associated 
with urachal infection. Inappropriate antidiuretic hormone 
(ADH) secretion occurs in stressed human infants, resulting 
in decreased urine prod union and electrolyte abnormal¬ 
ities. During periods of reduced glomerular filtration rate 
(GFR), drugs excreted by the kidney may accumulate, result¬ 
ing in toxicity. Inability to excrete a water load associated 
with excessive fluid therapy may result in fluid accumula¬ 
tion and pulmonary or generalized edema. Uroperitoneum 
may result in stranguria or oliguria. Postrenal obstruction 
syndromes are rare in the neonate. Ectopic ulcers have been 
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reported in foals 177 as a cause of incontinence and hydrone¬ 
phrosis. A syndrome of apparent pain on attempting the 
first urination is observed m some male foals; urinary 
bladder catheterization for 1 to 3 days may resolve the 
problem, 

II Clinical Signs. A carefully obtained history of events of 
the birth and neonatal period is important. Observation of 
defecation, posture during urination, frequency, and esti¬ 
mated amounts of urination should be noted. Excessive 
stretching of the front leg£, dorsoventral flexion of the back, 
and colic may be observed with uroperitoneum, Detection 
of oliguria requires careful observation or catheterization 
of the bladder to determine presence of urine and amount 
of urine production. Free catch of urine and examination 
for WBCs aid in diagnosis of cystitis. 

Azotemic neonates with oliguria have signs of depression, 
dehydration, poor pulse quality, prolonged capillary refill, 
reduced jugular distensibility, and retracted eyeballs. Elevated 
levels of serum urea and creatinine may be observed with uro¬ 
peritoneum, often with concurrent electrolyte abnormalities 
of hyponatremia, hyperkalemia, and hypochloremia. If the 
presence of uroperitoneum is suspected, abdominocentesis 
should be performed. The fluid can be analyzed for potassium 
and creatinine and compared with serum values. Urea rapidly 
equilibrates between abdominal fluid and serum. Peritoneal 
fluid creatinine levels will be 1.8 to 2 times those of serum with 
uroperitoneum. A syndrome of high creatinine in newborn 
foals associated with maternal conditions or events of birth 
and without renal disease has been reported. Serial creatinine 
determinations reveal a gradual decline toward normal values 
over several days. Consequently a single serum creatinine 
determination should not be used to determine prerenal, 
renal, or postrenal uremia in the foal. 

II Treatment. Administration of balanced electrolyte solu¬ 
tions such as lactated Ringer s solution or saline and determi¬ 
nation of urine production are important. Specific electrolyte 
and acid-base disturbances should be corrected slowly. Pro¬ 
longed ischemia of the kidneys may result in permanent renal 
parenchymal damage. Lack of urine production after restora¬ 
tion of fluid balance should bean indication for diuretic ther¬ 
apy with furosemide (0,5 to 2 mg/kg IV) or osmotic diuresis 
with mannitol (0,25 to 0,5 mg/kg IV over 20 minutes and 
repeated in 4 hours if no response occurs). If adequate urine 
production has not developed, administration of dobuta- 
mine (2 to lOg/kg/min) or dopamine (2 to 5 pg/kg/min) 
may be attempted. Treatment of concurrent seps is, endotoxe- 
mia, hypoproteinemia, respiratory distress, or other abnor¬ 
mality should be attempted. If adequate urine flow is not 
produced, maintenance levels of fluids should be adminis¬ 
tered to prevent fluid overload. Body weight determinations 
three to fouF times a day help to prevent overhydration 
by detecting fluid accumulation. Urinalysis and clearance cal¬ 
culations may add further insight to the origin and degree of 
primary renal involvement. Progressive development of ure¬ 
mia and generalized edema is associated with a poor progno¬ 
sis. When oliguria is present, serial BUN and creatinine 
determinations should be performed and urine production 
monitored. Recumbent neonates may be catheterized and 
urine production quantitated. 

HEART MURMUR 

JOHN £, MADIGAN 

II Definition and Etiology. Heart murmurs in the neonate 
may be heard normally before physiologic dosing of the 


ductus arteriosus during the first 1 to 5 days of life. Other 
causes of murmurs include congenital anomalies, severe 
anemia, and infectious valvular disease. 

II Clinical Signs and Differential Diagnosis. Physical 
examination for other signs of heart disease helps deter¬ 
mine the severity of the murmur. Jugular pulse, weak or 
irregular arterial pulse, and palpable thrill indicate a serious 
condition. Signs of weakness, cyanosis, and tachypnea are 
indications of poor cardiac performance. Timing and loca¬ 
tion of the heart murmur should be determined. The elec¬ 
trocardiogram (ECG) may reveal atrial or ventricular 
enlargement. Thoracic radiography may aid in determining 
hean size and in detecting pulmonary edema or distended 
pulmonary vessels. Echocardiography may reveal atrial or 
ventricular enlargement, thickened ventricular walls, anom¬ 
alous orientations of outflow tracts, or ventricular septal 
defects (VSDs), l7S 

Patent ductus arteriosus (PDA) produces a continuous 
murmur localized over the left heart base. 179 The diastolic 
component may not be heard with auscultation over other 
parts of the heart. As pulmonary hypertension develops, 
the murmur is shortened to a holosystolic type with normal 
arterial pulse. Large shunting of blood produces a bounding 
arterial pulse caused by wide fluctuations of systolic and 
diastolic pressures. 170 The ECG is normal unless atrial 
enlargement is present and increasing QRS amplitudes are 
observed. 17 ® Radiographs may reveal an enlarged heart with 
increased vascularity caused by left-to-right shunting of 
blood. Echocardiography may reveal an increased left atrial 
and left ventricular diastolic dimension or volume and 
hyperdynamic septal and left ventricular wall systolic motion 
{depending on the degree of right-to-left shunt). 17 ® Catheter¬ 
ization and angiography may further delineate the degree of 
shunting. 100 Recent studies have indicated the ductus archi¬ 
tecture changes days before birth, which prepares the ductus 
for closure. Triggering factors for closure include increased 
blood oxygenation and lower pressures resulting from 
vasodilation of pulmonary vasculature at birth. 

V5D produces a large, harsh, holosystolic murmur that is 
loudest on the right cranial region of the thorax and is softer 
over the left heart base, 101 The ECG may be normal or may 
show increased amplitude of the QRS, with larger shunts 
and alterations in chamber size. Radiography may reveal 
heart size increase, left atrial enlargement, and dilated 
pulmonary vasculature. 170 Two-dimensional echocardiogra¬ 
phy may show aortic and septal discontinuity. 170 Injection 
of saline bubbles into the left ventride and observation of 
bubbles in the right atrium or ventricle document a left- 
to-righl shunting of blood. 178 Tetralogy of Fallot or other 
types of complex malformations often produce loud mur¬ 
murs and are associated with cyanosis, weakness, fatigue, 
and stunted growth. 182 Tetralogy of Fallot produces a 
systolic ejection murmur heard at the left heart base. 17 ® 
Electrocardiography may reveal negative QRS complexes 
in leads 1, II, and aVF, suggesting right ventricular hyper¬ 
trophy. 170 Echocardiography may reveal a thickened right 
ventricular wall, septal echo dropout in the area of the 
VSD, rightward displacement of the aortic root, and an 
abnormal pulmonary outflow region. 178 Saline injection 
into the jugular vein demonstrates right-to-left flow from 
the right ventricle to the left ventride or the aorta. 

II Treatment. PDA has been treated by chemical closure 
using indomethacin in human neonates, but It has not 
been used in veterinary medicine. 180 Other global anti- 
prostaglandins, including flunrnn meglumine, have been 
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used in attempts to assist with chemical closure of the 
ductus arteriosus in foals. The efficacy of this procedure 
has not been determined Minimal fluid administration 
is also suggested to be of assistance. VSDs may pose few 
problems if the degree of shunting is small. Other com¬ 
plex cardiac anomalies producing murmurs may be trea¬ 
ted symptomatically for a short time, but the long-term 
prognosis is extremely poor. 


SUPPORTIVE CARE OF THE 
ABNORMAL NEONAT E 

WENDY fL VAAIA 

The vulnerability of neonates to contagious and opportunistic 
pathogens is amplified by adverse environmental conditions, 
Maintenance of a "friendly'' environment is a crucial compo¬ 
nent of neonatal medicine. Any condition that prevents them 
from standing and nursing within 3 hours of delivery repre¬ 
sents a potentially fatal condition. Forced recumbency alone 
interferes with pulmonary function; contributes to dependent 
lung atelectasis and increases the risk of pneumonia; compro¬ 
mises Cl function and predisposes to constipation; increases 
the risk of aspiration after milk meals; exacerbates preexisting 
musculoskeletal weakness and favors tendon contracture; 
delays absorption of colostra! antibodies and calories, which 
increases the risk of infection and hypoglycemia, predisposes 
lo decubital sores; and contributes to poor hygiene, urachal 
patency, and omphalitis. Supportive care is aimed at protect¬ 
ing the patient from self-inflicted injury, maintaining fluid, 
electrolyte, and metabolic homeostasis, providing adequate 
caloric intake, and preventing nosocomial infections. 

If recumbent, foals should be kept on soft, absorbent bed¬ 
ding (mattress covered in synthetic fleece, straw on top of a 
deep bed of shavings or rubber mats) and turned and assisted 
to stand every 2 hours. If the foal is thrashing it should be 
manually restrained to prevent self-trauma. Padded walls 
and strategic placement of pillows help protect the recum¬ 
bent patient Using a temporary barrier between the mare 
and recumbent foal facilitates treatment of the foal yet keeps 
the dam within sight, sound, touch, and smell of her foal, 
which fosters good bonding. The foal's eyes are prone to 
injury with the development of entropion, corneal edema, 
and ulceration. To prevent these injuries artificial tears or 
another sterile ocular lubricant should be applied topically 
every few hours. If entropion develops it should be corrected 
promptly using one or two vertical mattress sutures. A small 
bleb of procaine penicillin injected into the lower eyelid pro¬ 
vides temporary improvement for mild cases of entropion. 

If the animat's body temperature is less than 100° F 
(37* C}, efforts should be made to warm it by raising the 
environmental temperature, using radiant heat lamps, apply¬ 
ing blankets, and using heating pads judiciously. An effective 
heat pack can be made by placing a wet towel inside two rec¬ 
tal sleeves and microwaving to the desired temperature The 
hot pack remains dry and can be nestled alongside the foal's 
abdomen. If the animal is wet it should be dried off to 
reduce convective heat loss. Volume expansion to restore 
normal cardiovascular function, peripheral circulation, and 
systemic BP is an essential part of the warming process 
Rewarming the periphery only with external heat without 
simultaneously warming the core can produce peripheral 
vasodilation with cardiovascular collapse. The thermoneutral 
zone for a term foal is 23° to 25* C f73* F to 77° F).*® 5 

Generalized seizure activity should be controlled as soon 
as possible. Diazepam at 5 to 20 mg IV, given slowly to effect 


to a 45-kg foal, is an appropriate first choice. If seizures are 
severe or recurrent, then p he nobarb ital should be adminis¬ 
tered (3 to 10 mg/kg IV slowly over 5 to 10 minutra), Multi¬ 
ple doses of diazepam can cause respiratory depression and 
should be avoided. 

Respiratory rate, effort of breathing, mucous membrane 
color, heart rate, and fluid balance are quickly assessed to 
establish the need for immediate intervention and stabiliza¬ 
tion. Depending on the type and severity of the animal's 
condition, postural drainage, suction, oxygen therapy or 
PPV may be indicated. If shock, severe dehydration, or met¬ 
abolic derangements, such as hypoglycemia, are present, 
fluid therapy should be initiated as soon as an intravenous 
catheter is placed and secured. Table 19-2 highlights the 
significance of abnormal physical examination findings. 


NEONATAL CHARACTERISTICS 
INFLUENCING FLUID AND DRUG 
THERAPY 1 ** 

It is often observed that neonatal animals are more "sensi¬ 
tive" to the actions of drugs administered at normal adult 
dosage levels (on a mg/kg bwt basis) and less toleiani of 
inappropriate fluid administration than adult animals. Dif¬ 
ferences between neonatal and adult animals in drug effects 
generally can be attributed to differences in drug distribu- 
tioa metabolism, or excretion. Some general characteristics 
of the neonatal period include better absorption of drujp 
from the Gt tract, less drug binding to plasma proteins, 
increased apparent volume of distribution of drugs that are 
distributed in the extracellular fluid (ECF) volume, increased 
permeability of the blood-brain barrier, and slower elimina¬ 
tion (i.e„ longer half-life) of many drugs, ft is important to 
remember, however, that the foal and die calf are relatively 
precocious newborns, and much of the data on neonatal dif¬ 
ferences were generated in considerably less mature species. 
For instance, glomerular filtration rate (GFR) reaches adult 
values at 2 days of age in calves versus at least 14 days of 
age in puppies. Studies of the development of renal function 
in foals, lJ * 7 as well as indirect evidence provided by pharma¬ 
cokinetic studies of antibiotic agents eliminated primarily by 
renal excretion, 1 ®® suggest that full-term, 2- to 4-day-old 
foals also have relatively mature renal function. For a more 
detailed discussion of neonatal drug disposition, the reader 
is referred to other texts. 90 

In the neonate, the relative volumes of fluid differ from 
those in the adult Total body water in the equine neonate 
constitutes 70% to 75% of the rota! body weight, versus 
approximately 60% in the adult horse. During growth 
the intracellular fluid compartment remains relatively con¬ 
sistent with regard to size, whereas the ECF compartment 
decreases as a percentage of body weight, with an increasing 
body fat percentage In the 2-day-old foal, ECF volume was 
394 ± 29 ml/kg blood volume was 151 ± 32.8 mL/kg, 
and plasma volume was 94.5 ± 8.9 mL/kg; at 4 weeks at 
age, ECF volume was 348 mL ± 45 mL/kg and plasma 
volume was 61.9 ± 5,9 mL/kg. 1,1 In another study, in a 
1-week-old term foal, ECF volume was 44 ± t.3% of body 
weight and plasma volume was 6.5 ± 1% of body weight- 
The ECF volume at 3 weeks of age had decreased to 28 ± 2% 
of body weight. ,M 

Although the neonate has a higher percentage of total 
body water than the adult, it is more vulnerable to water 
loss than the adult for several reasons, including increased 
basal metabolic rate: relatively greater surface area, predis¬ 
posing to increased heat and water losses; and reduced 
urine concentrating ability 
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TABLE IM 

. , ms -mmm 

1 

Physical Examination: Normal and Abnormal Parameters 


1 Parameter 

Normal Finding 

Abnormal Observation 1 

Attitude 

Bright alert 

Depression: sepsis, hypoxia, pain, metabolic disturbances 
(acidosis, hypoglycemia) 

Seizures: hypoxic brain damage or meningitis 

Body tone 

Erect head and neck posture 

Hypotonia: sepsis, immaturity, hypoxia 

Extensor rigidity: hypoxia, meningitis 

Suckle reflex 

Present <20 min after birth 

Absent or weak with sepsis, immaturity or hypoxia 

Body temperature 

37.2° C-38.6" C (99° F-102* F) 

Fever with well-established infection, hypothermia with acute 
sepsis Temperature instability with prematurity 

Mucous membranes 

Pink, moist 

Pale membranes: anemia from excessive umbilical cord 
hemonhage, blood loss into body cavities associated with 
birth trauma, hemolysis due to Nl or DIG 

Icteric liver disease, EH\M infection, sepsis, Nl 

Cyanotic: shock, hypoxia 

Hyper emit: sepsis 

Capillary refill time 

<2 seconds 

>2 seconds with dehydration, shock 

Petechiation 

Absent 

Present with DIG, sepsis 

Pulse 

70-100 bpm, regular 

Tachycardia: fever, pain, shock, sepsis, hypocalcemia 

Bradycardia: severe septic shock, hypothermia, hypoglycemia, 
hyperkalemia 

Pulse quality 

Strong peripheral pulses 

Hypotension: hypovolemic and septic shock; hyperkinetic 
pulses during early sepsis 

Respiration 

30-40 breaths/min, regular 

Tachypnea: stress, pain, fever, lung disease, acidosis; slow, 
irregular rate with apnea caused by hypoxia, prematurity 

Nostril flare, rib retractions 

Absent 

Increased with impending respiratory failure, pneumonia 

Lung sounds 

Easily beard all over chest 

Rales, rhonchi, ventral dullness with pneumonia, 
consolidation, atelectasis 

Eyes, eyelids 

Clear cornea, no entropion 

Blepharospasm, miosis, laaimation, corneal edema and 
ulceration with self-trauma during recumbency and 
entropion 

Abdominal distention; 

Distention absent; borborygmi 

Distention with ileus, hypoxic gut damage, meconium 

borborygmi 

heard on both sides of abdomen 

impaction, uroperitoneum, enteritis; borborygmi decreased 
with ileus and increased with enteritis 

Fecal volume, consistency; 

4-6 oz two to four times per day; 

Constipation with meconium impaction, dehydration 

color 

pasty; yellow or tan color 

Diarrhea: sepsis, hypoxic gut damage, diet changes 

Urine volume. 

4-6 ml^kg/hn dilute, with specific 

Decreased volume with renal failure, hypoxic kidney damage, 

concentration 

gravity usually < 1.020 

dehydration, ruptured bladder 

Umbilicus 

Dry, small 

Moist and inflamed because of infection, urachal patency 

Joints 

No distention or lameness 

Warm, distended joints, lameness with septic synovitis 

Umbs 

Straight with mild carpal valgus 
common 

Tendon laxity with immaturity; carpal and fetlock contracture 
associated with fetal malposition ing, hypothyroidism, plant 
toxins 


DIC Disseminated intravascular coagulation; Nl neonatal isoeiythrolysis; EHV, equine herpesvirus 


BASIC FLUID THERAPY IN THE FOAL 

The goal of fluid therapy is to expand vascular volume in 
an attempt to restore and maintain cardiovascular func- 
lion, improve organ perfusion pressure, and correct dehy¬ 
dration, acid-base balance, osmolality, and electrolyte 
disturbances. Fluid therapy is a crucial part of the support¬ 
ive care of the abnormal neonate. In assessment of the 
need for fluid therapy, both the state of hydration (sunken 
eyeballs, decreased skin turgor, dry mucous membranes, 
generalized weakness, decreased urine output) and the 
state of circulating volume (heart rate, pulse quality, capil¬ 
lary refill time, temperature of limbs, BP) should be 
assessed. If the losses are very acute, gross abnormalities 
in effective circulating volume may not yet be reflected in 
decreased skin turgor or sunken eyeballs, but heart rate 
or pulse quality may be abnormal. On the other hand, 
pulse quality and perfusion may be relatively normal in a 
neonate with severely sunken eyes and reduced skin 


turgor Neonates that appear very thin and malnourished 
may actually be very dehydrated; with fluid therapy alone, 
their appearance can dramatically change in a short 
period. In sick foals fluid therapy should replace existing 
deficits while supplying maintenance requirements. A foal 
with moderately to severely sunken eyes is estimated to be 
8% to 10% (of body weight) dehydrated. The estimated 
fluid deficit in a 40-kg animal that is 10% dehydrated 
would be approximately 4 L 

Laboratory parameters are useful for formulating a fluid 
therapy plan. Serum electrolyte concentrations may be life- 
threateningly deranged in foals with a condition such as 
uroperitoneum or enteritis, and knowledge of specific 
values can be of great benefit in selection of an appropriate 
fluid. The affordability of portable blood chemistry analy¬ 
zers (e.g., IRMA Blood Analysis System, Diametrics Medical, 
St. Paul, Minn.) makes determination of electrolyte values 
feasible even in field situations. Poor nursing in a neonate 
can be detected by measurement of urine specific gravity. 
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The normal nursing foal produces targe quantities of dilute 
urine (specific gravity 1.000 to 1.012). In some cases, labo¬ 
ratory values can be misleading. For example, FCV or total 
plasma protein is often within the normal range in clinically 
dehydrated neonates 

The fluid therapy plan is calculated to supply mainte¬ 
nance needs and to replace deficits and current losses. 
Calculation of fluid deficits la based on the following 
equation: 

Replacement fluid deficits (LJ = %Dehydration x Body weight (kg) 

Table 19-3 lists fluid replacement volumes for foals 
based on clinical assessment of dehydration, 

Foals experiencing septic or hypovolemic shock may 
require fluid administration rates of 40 to 80 mL/kg/hr initi¬ 
ally until their BP is stable. Normal BP ranges are as follows: 
Systolic BP = 80 to 120 mm Hg 
Diastolic BP = 65 to 90 mm Hg 
Mean BP = 70 to 100 mm I Ig 

BP can be easily measured indirectly using the coccygeal 
artery and the noninvasive Doppler or oscillometric method. 1,A 

The maintenance fluid requirement for a newborn foal is 
approximately 4 to 6 mL/kg^hr (200 to 300 ml/hr for a 
50-kg foal). Maintenance fluid administration in Large ani¬ 
mal neonates at the rate of approximately 100 mL/kj^day 
has usually resulted in adequate fluid balance and good 
urine output, in the absence of fluid deficits or increased 
fluid losses. If severe diarrhea is present, the daily fluid 
requirements can reach 15 to 20 L (500 ml/kg/day) or more 
If an animal is mildly to moderately dehydrated and the 
GI tract is not seriously compromised, fluid requirements 
can be provided by the enteral route, using milk or 
commercially available dextrose and electrolyte mixtures. 
However, if the gut is abnormal or if moderate-to-severe 
dehydration is present, the intravenous route is the 
preferred method of fluid administration. 

Many types of intravenous catheters are suitable for use in 
the large animal neonate. Teflon catheters tend to be more 
thrombogenic than Silastic or polyurethane catheters and 
therefore should be replaced at more frequent intervals. 
A 5-inch long, 16-gauge Teflon catheter (Abbocath, Abbott 
Hospitals, North Chicago, III.) placed in the jugular vein 
and a 2-inch, 16-gauge Teflon catheter (Quik-Cath, Baxier 
Healthcare Corporation, Deerfleld, IU.) placed in the 
cephalic vein have both worked well to deliver intravenous 
fluids to foals. Short catheters placed in peripheral veins 
can be difficult to maintain and are not suitable for large- 
volume, rapid fluid replacement. I prefer to use a long-term, 
16-gauge, 8-inch, polyurethane catheter (Arrow Catheter, 
Arrow International, Reading, Penn.) inserted in the jugular 
vein This catheter is inserted over a flexible f-wire and can 
be left in place for 2 to 3 weeks. The use of polyurethane 
catheters reduces the incidence of thrombophlebitis and 
eliminates the need for frequent catheter replacement. 
Smailer-diameter catheters may be more suitable for lambs 
and kids. Regardless of the type used, it is essential to use 
aseptic techniques for catheter placement and to secure the 
catheter firmly to the skin. A combination of superglue and 


TABLE 19-3 

mmmm 

1 

Calculation of Fluid Deficits 

1 Severity of 

% 

Fluid Deficits for !i 

1 Dehydration 

Dehydration 

50-kg Foal ! 

Mild 

5-6 

23 3 L 

Moderate 

7-8 

3.5-4 L 

Severe 

>10 

>5 L 


sutures has been very effective in keeping the catheters in 
place. Catheter sites are kept as dean as possible, and the 
site of venipuncture and the vein are watched closely for 
signs of infection. Specific information on catheter place¬ 
ment and maintenance can be found in other texts. 

The intraosseous infusion technique is an alternative 
method for rapid delivery of fluids in the critically ill neonate 
when IV access is not possible. This procedure uses the intra¬ 
medullary vessels in the bone marrow to gain access to the 
central drculation. A description of this technique is 
described in other texts. 19& The optimum type of intravenous 
fluid administered depends on the electrolyte and acid-base 
status of the patient, Fluids are available as either crystalloids 
(e g., polyionic fluids such as Piasmalyte, Normosol, lactated 
Ringer's, saline) or colloids (e g., plasma, hetastarch). Polyio¬ 
nic fluids are usually used for rapid rehydration and mainte¬ 
nance fluid therapy. These fluids should be isotonic 
(osmolality 270 to 300 mOsm/L). In most circumstances, 
in the absence of appropriate laboratory services the use of 
a balanced electrolyte solution such as lactated Ringer's or 
Piasmalyte is satisfactory to replace fluid deficits. Saline solu¬ 
tions may be a more appropriate choice in certain situations: 
foals with diarrhea are often hyponairemic and hypochlore¬ 
mic, premature foals with immature renal and endocrine 
function conserve electrolytes poorly and have a tendency 
to become hyponatremic and hypochloremic: foals receiving 
diuretics often require additional sodium chloride. Other 
exceptions to this rule include animals with hyperkalemia, 
in %rfiich potassium-containing fluids are best avoided, and 
animals with hypernatremia, in which controlled slow 
reduction of body sodium content is required- 

Fresh or frozen plasma is often more effective than crystal¬ 
loid fluids for volume expansion in seriously ill neonates. 
Fndotoxemia and sepsis produce inflammatory changes in 
vessel walls. Capillary endothelial permeability is increased, 
resulting in increased extravasation of fluid and albumin 
from the capillaries into the intemuium. Rapid infusion of 
large volumes of crystalloids reduces colloidal oncotic pres¬ 
sure while transiently increasing imravascular hydrostatic 
pressure. These forces favor movement of fluid out of vessels. 
Colloidal solutions contain large-molecular-weight mole¬ 
cules that do not freely pass though the capillary membrane. 
Therefore colloid administration results in increased plasma 
oncotic pressure, increased plasma volume, and more effec¬ 
tive improvement in circulating blood volume. There are 
synthetic colloids (e g., dextran, hetastarch) and natural col¬ 
loids (e g., plasma, whole blood). Plasma has several advan¬ 
tages over synthetic colloids. It is a good source of protein, 
opsonins. complement, dotting factors, and immunoglobu¬ 
lins The disadvantages of plasma include the possibility of 
an anaphylactic reaction and the need to thaw frozen 
plasma, which makes it less suitable when rapid fluid resus¬ 
citation is necessary. An effective, commercially available 
synthetic colloid is hetastarch (Hespan, DuPont Pharma, 
Wilmington, Del ). Hetastarch has been used successfully 
for rapid fluid resuscitation in equine patients and has 
caused few adverse reactions. 1,7 

If a neonate remains hypotensive in spite of volume 
expansion and fluid replacement, pressor agents such as 
dopamine and dobutamine may be indicated. Dopamine, 
with its combined and ^-adrenergic and dopaminergic 
activity* is preferred. Higher doses will be required for 
patients in severe septic shock If the foal fails to respond 
to high doses (> 10 to 15 gg/kg/min), then norepinephrine, 
a more potent x-adrenergic agent, can be tried. Safe and 
effective infusion of these agents requires continuous moni¬ 
toring and some type of infusion pump. Recently* nitric 
oxide (NO) has been shown to play a role in sepsis-induced 
hypotension. 198 IV administered new methylene blue* an 
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NO antagonist has been used to try to reverse severe life- 
threatening hypotension. 

The rate of fluid administration is determined by the 
degree of dehydration, severity of cardiovascular compro¬ 
mise, and maintenance requirements. Most normal foals 
can tolerate rapid fluid infusion, but asphyxiated, septic, 
or premature foals may be oliguric and therefore far less tol¬ 
erant of oveizealous fluid administration. In these cases 
generalized edema may result. A general rule of thumb is 
to replace one half the calculated deficit in the first 6 hours 
of fluid therapy and the rest over 12 to 24 hours. A flow rate 
of 20 mL/kg/hr or higher (40 to SO ml/kg/hr) may be 
needed to treat hypovolemic or septic shock. 

In any depressed, weak, or seizuriifg animal, blood glucose 
levels should be checked, because hypoglycemia is one of the 
most frequently observed metabolic derangements accompa¬ 
nying many neonatal diseases. The rapid blood glucose 
reagent strips and hand-held Glucometers are very useful in 
making this determination in a field setting. For treatment 
of hypoglycemia a continuous infusion of 5% to 10% dex¬ 
trose is sufficient to reach and maintain adequate blood glu¬ 
cose levels in most neonates. Hypertonic glucose boluses 
(25% to 50%) may aggravate preexisting CNS insults and fre¬ 
quently result in rebound hypoglycemia 30 to 40 minutes 
after infusion. Therefore they should be avoided. One regi¬ 
men for treating hypoglycemia is 10% dextrose infusion 
administered at 5 to 10 mL/kg fairly rapidly, followed by a 
continuous infusion to supply 4 to S mg/kg/min (approxi¬ 
mately 5 mL/min of 5% dextrose for a 40-kg neonate). The 
appropriateness of the therapy should be judged by frequent 
blood and urine glucose determinations. If hyperglycemia 
results, the rate of infusion or concentration of solution is 
decreased (to deliver perhaps 2 mg/kg/min) but not stopped. 

Another metabolic derangement commonly observed in 
the large animal neonate is metabolic acidosis. This disor¬ 
der may be caused by accumulation of acid, by loss of 
buffers from the body, or by a combination of the two. 
Whenever possible, treatment should be directed at cor¬ 
recting the underlying cause of the acidosis. Acidosis 
caused by low cardiac output or decreased peripheral 
oxygen delivery should be treated by measures to increase 
tissue perfusion (e.g,, plasma volume expansion, cardiac 
inotropes, nasal oxygen insufflation). In this type of aci¬ 
dosis there is no actual loss of bicarbonate from the body, 
and bicarbonate therapy often produces disappointing 
results and adverse reactions. If respiratory dysfunction 
is present, considerable caution should be exercised in 
the use of sodium bicarbonate. Bicarbonate functions as 
a buffer only in an "'open" system in which carbon diox¬ 
ide can be transported to the lungs and eliminated. 199 
Profound fluctuations in BP and cerebral blood flow, 
intracranial hemorrhage, and decreased oxygen delivery 
to tissues are possible adverse effects of sodium bicarbon¬ 
ate infusion in human beings, 300 In many mildly to mod¬ 
erately acidotic neonates, simple volume expansion with 
isotonic fluids alone is very effective in correcting the 
base deficit by improving perfusion. Other more compro¬ 
mised individuals need more aggressive support of the 
cardiovascular system. Mild acidosis (HC0 3 deficit 5 to 
10 mEq/L) associated with dehydration, can be corrected 
by simple rehydration. Bicarbonate supple mentation is 
recommended when HC0 3 deficits are > 10 mEq/L 
(serum HC0 3 <15 mEq/L) or whenever the pH is <7.2. 
Bicarbonate deficits can be calculated using the following 
equation: 

Bicarbonate deficit (mEq) wO.tx Body weight (kg) x Base deficit {mEq} 

An isotonic bicarbonate solution is preferred because 
excessive bicarbonate administration results in increased 


CO 2 production, leading to respiratory embarrassment and 
increased risk of CNS acidosis and hemorrhage. Isotonic 
bicarbonate can be made by adding 150 mL of 8.4% bicar¬ 
bonate solution to 850 mL of sterile water, or 200 mL of 5% 
bicarbonate solution to 800 mL of sterile water Bicarbonate 
solutions should be given slowly. Hyperkalemia is often 
observed with metabolic acidosis because of the transcellular 
shift of potassium ions into the ECF in exchange for hydrogen 
ions 201 As the metabolic acidosis is corrected, the hyperkale¬ 
mia resolves. Bicarbonate solution should not be combined 
with any calcium containing solution or precipitation will 
occur. 

The effect of the bicarbonate replacement therapy should 
be monitored closely, and the dose adjusted accordingly. 
Neonates with severe diarrhea because of ongoing losses 
of bicarbonate through the feces may need considerably 
more than the calculated deficit to maintain an adequate 
blood pH until the diarrhea subsides. As in any type of fluid 
therapy, a plan is devised, the animal's response to the plan 
is monitored, and changes are made accordingly. 

Hypokalemia can occur in anorexic foals, foals with diar¬ 
rhea, and those receiving diuretic therapy. Potassium (K) sup¬ 
plementation can be estimated using the following equation: 

Replacement K (mEq) = 0.4 x Body weight (kg) x K deficit (mEq) 

Potassium can safely be added to fluids at a rate of 20 to 
30 mEq/L The rate of potassium administration should not 
exceed 1 mEq/kg/hr. If acidosis is present, hydrogen ions ate 
exchanged for intracellular potassium ions, resulting in a rela¬ 
tive increase in serum K. As the acidosis is corrected there will 
be an influx of K ions back into cells, resulting in potential 
hypokalemia, which must be anticipated during fluid therapy, 

NUTRITIONAL SUPPORT OF THE 
ABNORMAL NEONATAL FOAL 

Provision of adequate nutritional support to the compro¬ 
mised neonate is an essential pan of critical care but often 
becomes a major management problem. Reasons for the 
common failure to provide adequate nutrition to the neo¬ 
nate include underestimating the needs of the ill, stressed 
animal: a disinterest in nursing on the part of the sick neo¬ 
nate; the need to use alternate methods and routes of deliv¬ 
ery for continued oral feeding; and a G1 tract that is 
compromised and intolerant of nutrient intake. 

Nutrition of the premature or sick neonate is a science 
that is in its early stages of development even in human 
neonatology; much less is known in veterinary medicine. 
The exact nutritional requirements for optimum growth of 
the normal-term foal have not even been defined, let alone 
for the premature, growth-retarded, or debilitated animal 
whose caloric, protein, mineral, and vitamin requirements 
might be very different. 

Measurements of milk production of mares combined 
with data concerning the free-choice milk intake of normal 
orphan foals and premature and sick foals recovering from var¬ 
ious illness suggest that a figure of 125 to 150 kcal/kg/day 
or even higher is dose to the normal caloric intake. 203 Healthy 
full-term foals nurse an average of 2 minutes, seven times 
an hour, 203 consume between 20% and 30% of their body 
weight in mare's milk daily, and gain 0.5 to 1.4 kg/d ay. On 
this diet a 50-kg foal would consume 10 to 12,5 L of milk 
a day to receive 120 to 150 kcal/ kg/day. Nutritional re¬ 
quirements may be even higher in disease states such as 
generalized septicemia, pulmonary disease, or thermal stress 
or after surgery. 

If there is no medical contraindication for oral feeding, 
and if the GI tract is functional, then enteral nutrition is 
the preferred and most effective route of nutritional 


CHAPTER F9 Manifestations and Management of Disease in Foals 



329 


supplementation. Enteral feeding is more physiologic and 
stimulates normal gut maturation, growth of intestinal villi, 
production of crypt cells, and hepatic and biliary secretions 
and brush border disaccharidase enzyme activity. Entero- 
cytes rely on absorption of volatile fatty adds (VFAs) such 
as glutamine and P-hydroxybutyrate from the gut lumen 
as their primary energy source. Therefore, even in foals that 
must be fed parert ter ally, small volumes of enteral feeds are 
given to "feed the gut" to prevent gut atrophy. 

Foals that are not nursing from the mare can be fed by 
bottle, bucket, or nasogastric tube. If an effective swallow 
reflex is present, then bottle'feeding can be used. Udder- 
bumping and teat-seeking behavior can be stimulated by 
allowing the foal to approach the bottle from behind and 
under the handler's armpit. This technique also reduces 
the risk of aspiration by preventing overextension of the 
head and neck. Bucketfeeding allows the foal to drink with 
its head and neck in a flexed position and is helpful for 
foals with a weak swallow reflex or foals destined to be 
hand-raised. Milk should be introduced in a shallow hand¬ 
held bowl and the foal encouraged to suckle the finger or 
nipple as its head is lowered into the milk. '"On demand" 
feeding is ideal but often impractical and labor intensive. 
Foals less than 7 days of age should be fed every 2 hours. 

Nasogastric intubation is required if ineffectual swallow- 
ing and suckling are present. A small-bore flexible silicone 
tube (5 to 7 mm internal diameter) with a weighted tung¬ 
sten end is preferred. Individual choice dictates whether 
the tube is passed for each feeding or left indwelling. 
Indwelling tubes can be sutured to the nares or taped to half 
a tongue depressor, which is then taped to the foals muzzle 
and/or fleece halter. Tubes should be sealed between feed¬ 
ings to prevent aerophagia. Recumbent foals should be 
maintained in sternal recumbency immediately after tube¬ 
feeding to reduce the risk of gastroesophageal reflux and 
aspiration. 

If the foal's mother is available and milk production is ade¬ 
quate, free-choice nursing is optimal. A nurse mare is probably 
the next best substitute Popular enteral formulas include 
mare's milk, goat's milk, and artificial milk replacers. Mare's 
milk is preferred. Coat's milk is acceptable and is higher in 
fat, total solids, and gross energy than mare's milk Foals raised 
on goat's milk occasionally become constipated. Cow's milk is 
not as digestible but can be used if additional sugar is added 
and some of the fat is removed. This can be accomplished by 
using 2% skim milk and adding 20 g of dextrose per liter of 
milk. Various artificial milk replacers are available The ideal 
replacer should have 22% crude protein, 15% fat, and less than 
0.5% fiber on a dry matter basis. Complications associated 
with enteral feeding include colic, abdominal distention, diar¬ 
rhea, constipation, flatulence, misplacement of the nasogastric 
lube, aerophagia, nasal and pharyngeal irritation from (he 
lube, and aspiration pneumonia. 

Delayed gastric emptying and gastroduodenal dysmotil- 
ity can be improved in some foals with metodopramide 
given TV as a slow infusion {0.25 mg/kg/hr) or orally (0.3 
to 0.6 mg/kg q4-6h). Overdosage is associated with excite¬ 
ment. Other prokinetit agents are erythromycin (1 mg/kg 
PO four times per day [qid] or given as a 30-minute infu¬ 
sion qid), which works throughout the GI tract, and cisa¬ 
pride (0.1 to 0.2 mg/kg PO or per rectum q6h), which 
also affects the entire gut. All prokinetic agents are contrain¬ 
dicated if GI obstruction is suspected. Diarrhea is treated 
symptomatically with oral bismuth subsalicylate (1 to 
2 mL/kg PO q4-6h) and/or loperamide (0.1 to 0,2 mg/kg 
PO q6h} + Diarrhea may also respond to administration of 
active culture yogurt or an intestinal inoculant containing 
lactobacillus organisms. Nasopharyngeal irritation from 
repetitive tubing can be treated with insufflation of a 


nasopharyngeal spray containing prednisone, Furadn, glyc¬ 
erin, and DMSO* 

More details on the feeding of both orphan and sick 
neonatal foals are contained in review papers 202,10 ** 207 
and in Chapter 50. 


PARENTERAL NUTRITION 

During the past years, PN has been more frequently used to 
supply at least a portion of the daily nutritional requirements 
to critically ill foals and calves, PN is indicated whenever 
feeding via the gut is inadequate or contraindicated. Candi¬ 
dates for partial or total PN include individuals with chronic 
dianhea, those with GDUD (foal), a variety of postsurgical 
patients, foals with botulism, premature and infected ani¬ 
mals, and other individuals with GI tracts poorly tolerant 
of enteral feeding^. 

PN involves administration of hypertonic solutions con¬ 
taining dextrose, amino acids, lipids, vitamins, electrolytes, 
and trace minerals. These PN solutions must be administered 
continuously through a jugular catheter. Complications 
include metabolic disturbances such as hyperglycemia, 
hypoglycemia, glucosuria, osmotic diuresis, hyperlipemia, 
azotemia, and imbalances of trace minerals, vitamins, and 
electrolytes* Catheter-related problems include thrombosis, 
phlebitis, and sepsis. Commonly used stock solution for 
PN include 50% dextrose, 3*5% or 10% amino adds, and 
10% or 20% lipid emulsion. Sample calculations are as 
follows: 


Initial Form ul at ion for a 50-kg Foal 

Glucose 10 g/kg/day = 450 g = 900 ml of 50% 

dextrose 

Amino arid 2 g/kg/day - 90 g - 900 mL of 10% amino 

add 

Lipid 1 g/kg/day = 45 g - 450 mL of 10% Lipid 


Calories Provided 
Glucose 
Amino acid 
Lipid 

Total calories 


3.4 kcal/g; 450 R - 530 kcal 
4 kcal/g 90 g - 360 kcal 
9 kcal/g 45 g = 495 kcal 
2385; 53 kcal/kg/day 


Source of Calories 
Glucose = 64% 

Amino arid = J5% 

Lipid = 21% (foals should not receive more that 50% of 
nonprotein calories from lipids) 


Nonprotein Calories/Gram of Nitrogen 
NP calories = 2025 
6.35 g protein = l g nitrogen 
90 g amino acid = 14 4 g nitrogen 
Nonprotdn calories/g of nitrogen = 2025/14 4 = 140.6 
(to prevent catabolism of protein for energy, the ratio should 
be between 100 and 200) 


Supplements 

Multivitamin concentrate {pediatric formula), trace mineral 
(MTE-5), KCL 20 to 40 mEq/L 

Foals receiving PN should have their blood and urine 
glucose monitored. Serum glucose concentration should 
remain >60mg/dL and <18Gmg/dL, Serum should be 
checked for gross lipemia. Heparin can be administered at 
10 units/kg as an intravenous bolus to treat lipemia. 
The amount of glucose, lipid, and amino acids can be varied 
for each individual foal* Foals must be weaned onto and off 
of PN slowly. All intravenous lines must be checked routinely 
for signs of infection. Additional information regarding the 
use of PN in foals is presented in other articles, 207 

At the present time, the applications of PN are on a fairly 
short-term basis compared with human medicine—usually 
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2 to 3 weeks at the most. Most commonly, parenteral and 
enteral nutrition has been used in combination; parenteral 
nutrient delivery is used to supplement, not totally replace, 
oral intake. Enteral nutrition helps to maintain the intesti¬ 
nal mucosa. Prolonged total PM is associated with reduced 
intestinal epithelial ceil renewal, villous atrophy, and 
decreased enzymatic activity. 208 

Although PN can be expensive and difficult to manage, 
the benefits, such as prevention of a catabolic state or 
starvation, improved body condition at discharge, and bet¬ 
ter healing, can far outweigh the drawbacks. Details 
concerning the use of PM compounds can be found in 
other references 309 and in Chapter 50, 


NOSOCOMIAL AND ZOONOTIC 
INFECTIONS _ 

Immunologically naive neonates are particularly susceptible 
to opportunistic and contagious pathogens. Nosocomial 
infections increase mortality and amplify environmental 
contamination, perpetuating further dissemination of the 
infecting organism. Prevention of nosocomial infection 
requires attention to detail. Patients may be exposed to 
pathogens via environmental contamination, biologic vec¬ 
tors, equipment, and personnel. Provision of a pathogen- 
free environment requires disinfection between patients 
and verification of disinfection via culture. Control of ver¬ 
min is important, as birds, rodents, and insects have all 
been implicated in dissemination of infectious pathogens. 
Equipment (shovels, brushes, nasogastric tubes, etc.) fit ac¬ 
tion as vectors if not disinfected between stalls and/or ani¬ 
mals. And, most important, personnel have to appreciate 
their potential role in nosocomial infections. Personnel 
schedules need to take into consideration the workload 
demands and the implications such demands may have 
on infectious disease control over all 24 hours of each 
day. Separate personnel for management of infected and 
high-risk patients is desirable. Attention to detail, basic 
hygiene, and common sense prevail Washable footwear, 
disinfectant footbaths, patient-specific protective clothing, 
and hand washing between patients are infectious disease 
control protocols that have been successfully applied in 
controlling infectious disease outbreaks in veterinary hospi¬ 
tals. Many of the pathogens that affect neonates are poten¬ 
tially zoonotic (salmonella, Cryptosporidium, giardia, and 
dostridium), personal hygiene is in the interest of the health 
care provider and the patients. 


IMMUNE SYSTEM SUPPORT: PLASMA 
AND COLOSTRUM 

Controversy persists as to what serum IgG concentration 
is protective for newborn foals. There is little argument, how¬ 
ever, that healthy foals have postsuckle IgG exceeding 1000 
to 2000 mg/dL within 24 hours of birth. There is also agree¬ 
ment that there is a correlation between very low IgG concen¬ 
trations (IgG <200 mg/dl) and increased foal morbidity and 
mortality. By definition, IgG <200 mg/dl is complete FPT, 
and IgG between 200 and 800 mg/dl is partial FPT. Causes 
of FPT include poor-quality colostrum, failure to ingest ade¬ 
quate colostrum, and inability to absorb adequate amounts 
of colostral immunoglobulins, Mares produce an average of 
1.5 to 2 L of colostrum. Ideally, foals should receive a mini¬ 
mum of 1 l of good-quality colostrum within the first 
8 hours of life. In addition to IgG, colostrum contains IgA 
for local gpt immunity, IgM, high caloric density, growth 


factors, lactoferrin, laxative properties, and leukocytes. If 
fresh or frozen colostrum is not available, some sources of 
lyophilized IgG products for oral administration have a lon¬ 
ger shelf life and do not require freezing. These products are 
expensive and may have variable absorption. Regardless of 
the product, a rule of thumb is to administer a minimum 
of 40 g of IgG (or 1 g/kg of body weight) to colostrum - 
deprived foals. Always measure serum IgG concentrations 
to determine if the supplementation was adequate. 

Plasma administration becomes necessary if the foals IgG 
is low and the foal is too old to absorb colostrum or gut func¬ 
tion is abnormal 1 recommend IgG supplementation for any 
foal with a serum IgG <200 mg/dL regardless of its health 
status or environment. If the foals IgG is between 200 and 
800 mg/dL, 1 recommend IgG supplementation if one or 
more of the following conditions exist: 

Gestation length <320 days, or signs of prematurity or 
dysmaturity 

Difficult delivery (e.g., dystocia, premature placental 
separation, meconium staining) 

Grossly abnormal or heavy placenta (>11% of foals 
body weight) 

5- and 10-minute Apgar scores <6 

High environmental stresses including overcrowding and 
poor farm hygiene 

Anticipated transportation off the farm within 7 to 10 
days of foaling 

Failure to stand and nurse within 3 hours of delivery 

Abnormal physical examination within 24 hours of 
birth; significant abnormalities include generalized 
weakness, injected mucous membranes, poor suckle, 
severe angular limb deformities, enlarged umbilicus, 
patent urachus, colic, meconium retention, increased 
respiratory effort, other signs of localized infection 

Poor postpartum surveillance 

Plasma is administered through an asepticaliy placed 
catheter using a blood administration set with an in-line 
filter. The volume of plasma to give depends on the foal's 
IgG, the desired JgG, the foals body weight, and the IgG 
in the plasma and the general health of the foal. The old 
rule of thumb for plasma administration for FPT is 
20 ml/kg or approximately 1 L for a 45-kg foal. In healthy 
foals, 1 L of plasma with IgG of 1200mg/dL raises the 
serum IgG 200 to 250 mg/dL. The same amount of plasma 
has less effect in foals with sepsis. Ill foals require relatively 
more plasma because the serum half-life of IgG is less, IgG 
may be sequestered in intravascular spaces or at sites of 
inflammation, and IgG may be catabolized more readily. 
A complete discussion of FPT and its treatment is presented 
in Chapter 53. 

Plasma should be administered at an average rate of 
10 ml/kg/hr. Give the first 100 mL slowly, and monitor 
the foals pulse, respiratory rate, and temperature. Possi¬ 
ble transfusion reactions and treatment for such reactions 
are listed in Table 19-4. 

RESPIRATORY SUPPORT 

Thoracic radiographs and ABG analysis help determine 
the severity of lung disease. Lateral radiographs with the 
foal standing or recumbent help characterize the nature 
and extent of pulmonary pathology. Diffuse pulmonary 
infiltrates occur with bacterial and/or viral pneumonia and 
atelectasis. Cranioventral and caudo ventral pulmonary infil¬ 
trates are seen with aspiration pneumonia and bacterial 
bronchopneumonia. Nodular infiltrates suggest discrete 
abscessation. 

ABG analysis determines the degree of pulmonary dys¬ 
function. Portable blood gas machines now make blood 
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TABLE IN 
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Transfusion Reactions: Signs, Causes, Therapy 


1 Signs of Reaction 

Cause 

1 re at men t j 

Hemolysis, hemoglobinuria. 

Incompatibility between donor 

Stop transfusion; give IV fluids; cross-match 

hemoglobinemia 

RRO and recipient's plasma 

for suitable donor 

Fever, chills 

Allergic or nonspecific reaction 
to donor protein 

Give antipyretics 

Allergic reaction, urticaria 

Recipient reacts to soluble 
antigens in donor's plasma 

Slow transfusion, give antihistamine 

Anaphylactic reaction, respiratory 
distress, hypotension, shock 

Anaphylaxis 

Stop transfusion, give epinephrine (5-10 mL 
of 1:10,000 epinephrine via IV or SC route) 

Circulatory overload, hypertension, * 
pulmonary edema, cardiac dysfunction 

Excessive volume expansion 

Stop or slow transfusion; give diuretic 

Endotoxemia, fever, tachycardia, 
tachypnea, leukopenia 

Contaminated transfusion 

Stop transfusion, give Banamme. 
and antibiotics 


/V, intravenous, ftftCi, red blood cdl* SC subcutaneous 


gas analysis easy and affordable. The preferred site for arte¬ 
rial puncture is the great metatarsal artery A small 25-gauge 
needle attached to a heparinized 1* or 3-mL Luer slip 
syringe is used. Hypoxemia (Pao 2 <60 mmHg) with a nor¬ 
mal Paco 2 is caused by ventilation-perfusion mismatching, 
right-to-left shunting, low inspired O* and impaired gas 
exchange Hypoxemia accompanied by elevated concentra¬ 
tions of C0 2 is usually the result of hypoventilation caused 
by respiratory muscle fatigue, central depression of the 
respiratory center, or neuromuscular weakness as with botu¬ 
lism. Mild hypoxemia can be improved by positioning the 
laterally recumbent foal into a sternal position- Oxygen sup¬ 
plementation is best administered through a soft nasal can¬ 
nula inserted into the nasal passage to the level of the 
medial canthus. The cannula can be sutured or taped to 
the external nares. 1 lumidified oxygen is administered using 
a tank or wall oxygen source and a humidifier filled with 
distilled water Oxygen flows between 2 and 10 L/min are 
regulated using a flowmeter. Flow rates are adjusted to keep 
the Pao 2 between 70 and 100 mm Hg. Long oxygen lines 
attached to a surcingle allow even ambulatory foals to 
benefit from continuous oxygen therapy. 

Mechanical ventilation is necessary for persistent hypox¬ 
emia that is refractory to nasal insufflation or is accompanied 
by Paco 2 >70 to 75 mm Hg. A long, cuffed nasotracheal tube 
is required, as is a ventilator capable of delivering tidal 
volumes of 10 to 15mL/kg, respiratory rate of 15 to 25 
breaths per minute, proximal airway pressure between 18 
and 25 cm H 2 0, end expiratory pressure (PEEP) of 0 to 
10 cm H 2 0, and an inspired oxygen concentration between 
0,21 and 1,0, Ventilators that allow the foal to breathe spon¬ 
taneously between preset ventilator-delivered breaths are tol¬ 
erated the best by the foal Guidelines regarding ventilatory 
support for foals are presented in other review articles. 7 ® 
More recently there have been investigations using non inva¬ 
sive mechanical ventilation in neonatal foals. 73 

Foals have a poorly developed cough reflex. Tracheo¬ 
bronchial secretion removal may be enhanced using chest 
coupage and nebulization with mucolytic agents such as 
acetylcysteine or dilute bicarbonate solution. Ultrasonic 
nebulizers using solutions or an Equine Aero Mask using 
metered dose aerosol inhalers can be used. 

Chemical respiratory stimulants can be used to stimulate 
the central respiratory center. Theophylline, caffeine, and 
aminophylline are xanthine derivatives commonly used as 
bronchodilators but can also be used to improve diaphrag¬ 
matic contractility and to treat periodic apnea associated 
with hypoxia and prematurity. The safest stimulant is 


caffeine: loading dose of 10 m^kg PO once per day (sid) 
followed by 2.5 mg/kg PO sid as a maintenance dose. 

ANTIBIOTIC THERAPY 

Foals that become ill or compromised during the first few 
days of life are at increased risk for infection. Because of 
the neonate's immature immune system, localized infec¬ 
tions tend to become systemic, leading to septicemia. This 
explains how foals with diarrhea can develop uveitis and 
septic joints. Antibiotics are administered to foals for two 
reasons: prophylactically to prevent infection, and therapeu¬ 
tically (o treat existing infection The most serious infections 
are those caused by gram-negative bacteria (eg,, E colt, 
Kfrfcjcfhi, Salmonella, Pasteurelta, ActinobaciUus). The most 
common gram-positive pathogen is Streptococcus species, 
which are often encountered as pan of a mixed infection 
involving the respiratory tract and umbilicus. Occasionally, 
anaerobic infections (e.g„ Gosiridtum, Bacteroides) are 
encountered as causes of umbilical infections, diarrhea, or 
aspiration pneumonia. 

When antibiotics are used prophylactically, the oral and 
intramuscular routes of administration can be considered. 
Penicillin or ampicilKn and an aminoglycoside administered 
IM or IV are good choices if the risk of infection is great, 
Ceftiofur (IM) or trimethoprim-sulfamethoxazole (PO) are 
reasonable chokes. Prophylactic antibiotics should be given 
for 3 to 5 days or until the risk factors for sepsis are gone. Once 
sepsis is confirmed, intravenous administration is the 
preferred route because gut absorption is too variable. 
Antibiotic therapy' should be continued for a minimum of 7 
to 10 days. If localized infections develop, then antibiotics 
may need to be given for 2 to 3 weeks. In cases of abscess 
formation and bone infections, therapy is often extended for 
1 to 2 months 

TRANSPORT AND REFERRAL 

A decision should be made early in the clinical course as to 
whether the neonate can be taken care of at the farm or 
whether it should be referred to a neonatal intensive care 
facility for treatment. If the support staff on a farm are expe¬ 
rienced and committed to provision of good nursing care 
and if appropriate diagnostic facilities are available, many 
mildly to moderately iff individuals can be successfully trea¬ 
ted on the farm and recover within 2 to 4 days. When the 
neonate is more compromised and in need of considerable 
supportive care, including continuous intravenous fluid 
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therapy and oxygen supplementation, a more rational deci¬ 
sion is to refer, if the animal's value warrants the expense. 
The sicker or more immature the neonate, the more compli¬ 
cations it is likely to develop during the course of treatment. 
It is much better to refer a sick neonate early in the course of 
disease, rather than as a last resort before death. 

If a decision is made to refer the animal, the method of 
transport is extremely important to the outcome of the case. 
If the foal is recumbent and is showing signs of hypothermia 
and/or respiratory distress, consider shipping the foal ahead 
of the mare in a heated vehicle. The mare can be stripped of 
colostrum and then sedated. Colostrum can be sent with the 
foal. The mare can be sent later, once the foal's condition has 
been evaluated and stabilized at the' referral clinic. Save and 
send the placenta with all compromised foals. Recumbent 
foals can be restrained in SUVs and cars by wrapping them in 
a sleeping bag or blanket. Ideally, an attendant should travel 
with any weak, recumbent, or potentially recumbent foal. 


Cold foals can be wanned during transport by increasing 
the inside temperature of the vehicle and by placing water 
bottles or heat packs beside the foal. Body temperature, 
blood glucose, and oxygenation must be maintained during 
the trip. In the hypoglycemic patient, a continuous glucose 
infusion during the trip is far better than a glucose bolus 
given before departure. 

If the foal is dyspneic, administer imranasal oxygen at 3 
to 6 L/min using an indwelling intranasal cannula. Portable 
oxygen tanks can be rented from home care pharmacies 
with a veterinarian's prescription. A recumbent foal should 
be kept sternal and turned every 2 hours to minimize 
dependent lung atelectasis. If the foal is apneic or demon¬ 
strating an unusually slow respiratory rate, consider a load¬ 
ing dose of caffeine (\ 0 mg/kg} given PO or per reaum 
before transport. 
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Manifestations and Management 
of Disease in Neonatal Ruminants 

# JOHN KL HOUSE AND AUSON A. GUNN 


MAJOR CLINICAL SIGNS OR PROBLEMS ENCOUNTERED 


Weakness and/or depressed 
mentation, 333 
Respiratory difficulty, 336 
Abdominal distention, 339 
Diarrhea, 340 


Lameness and reluctance to 
walk, 363 

Umbilical enlargement, 364 
Anemia, 364 
Fever, 365 


Cyanosis, 365 
Heart murmur, 366 
Icterus, 366 

Failure to thrive: cachexia and weak 
calf syndrome, 366 


WEAKNESS AND/OR DEPRESSED 
MENTATION 


fOHN K HOUSE 

If weakness has been present since birth, in utero acquired 
bacterial or viral infections, birth asphyxia and trauma, 
chronic placental problems, and congenital anomalies 
should be considered on the list of differential diagnoses. 
A number of congenital bacterial, fungal, and viral infec- 
tions that cause abortions and stillbirths may result in the 
birth of a live, weak neonate. In cattle, brucellosis, salmo¬ 
nellosis, leptospirosis, listeriosis, Escherichia coli , Cprynefotc- 
rerium species, and Aspergillus species may cause placentitis 
and disease in the newborn. In sheep, in utero infection 
with chlamydia, Campylobacter, Coxidla, bluetongue virus, 
and border disease may cause disease in the newborn. Con¬ 
genital viral infections of neonates are listed in Box 20-1. 
Clinical manifestations of fetal infections depend on the 
age of the fetus and the virulence and trophism of the 
infecting agent (see individual diseases) 

Neonatal calves with storage diseases primarily affecting 
the nervous system may appear reasonably normal for a short 
period after birth and then show progressive signs of neuro¬ 
logic dysfunction, including tremors, spasms, depression, 
recumbency, and coma. Differential diagnoses for weakness 
and depressed mentation after a period of apparently normal 
strength and mentation include sepsis, electrolyte and add- 
base disturbances, hypoglycemia, and hypothermia. A com¬ 
plete history is obtained, including a detailed description of 
the delivery process, and complete physical and neurologic 
examinations are performed. Any signs of trauma, infection 
or congenital malformations should be noted. Evaluation of 
hematologic data and immunoglobulin G (IgG) status, com¬ 
bined with historical and physical examination parameters, 
results in an assessment of the likelihood of sepsis. Blood glu¬ 
cose, blood gas, and serum electrolyte concentrations should 
be determined promptly. Blood cultures and cerebrospinal 


fluid (CSF) analysis are useful for verifying central nervous 
system (CNS) involvement and targeting antimicrobial 
therapy. 

For collection of fluid from the lumbosacral space, a 
20-gauge, I- to 2-inch needle with a dear hub may be used. 
A change in resistance is felt when the needle penetrates the 
dural membranes, and CSF appears in the plastic hub as 
soon as the subarachnoid space is entered. Approximately 
5 to 10 ml of fluid may be removed safely. Urinary reagent 
strips can be used to rapidly obtain general information on 
the fluid. If blood is detected, the sample should be spun 
down after the cytologic examination. Red blood cells con¬ 
taminating the sample will settle, and the supernatant 
should be colorless. If hemorrhage occurred before the pro- 
cedure, the sample remains xanthochromic (yellow). Glu¬ 
cose should be present in "'trace" or amounts in the 
normal sample. Negative values in the adult suggest severe 
meningitis, but in the neonate may also be caused by pro¬ 
found hypoglycemia, CSF analysis is most useful in deter¬ 
mining the presence of septic meningitis. Elevation of die 
total protein level (>I50mg/dL) and neutrophil count in 
addition to a positive Grain stain and bacterial culture 
results in a straightforward diagnosis of bacterial meningj- 
tis, and the prognosis is considered poor for the animal. 1 
Infection in the CNS, however, can be difficult to detea 
until the process becomes generalized; the lack of positive 
cultures and Gram stain does not rule out GNS infection. 
An elevated albumin quotient suggests increased blood- 
brain permeability and can be seen in both hypoxic- 
ischemic brain injury and meningitis, but an elevated IgG 
index indicates increased intrathecal IgG production and is 
more compatible with a diagnosis of meningius. 

MENINGITIS 

Depressed mentation is a common presenting sign in neo¬ 
nates with sepsis Although baaerial meningius may oc¬ 
cur as a primary entity, it more commonly is a result of 
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BOX 20-I 


j Differential Diagnoses for the Weak or Depressed Large-Animal Neonate 

1 BACTERIAL INFECTION: IN UTERO OR POSTNATALLY 

Uroperitoneum (with electrolyte abnormalities) 

ACQUIRED 

Septicemia 

Renal failure 

foint and bone 

SEVERE ANEMIA 

Enteritis 

Blood Loss 

Pneumonia 

Meningitis 

Neonatal isoerythrolysis 

Peritonitis (primary or secondary) 

BRAIN DISEASE 

Hemorrhage 

CONGENITAL VIRAL INFECTION , 

Ischemia, edema, necrosis 

Bovine vims diarrhea vims (B) 

Traumatic injury 

Bluetongue virus (B, O) 

Meningitis 

Infectious bovine rhinotracheitis virus (BJ 

Malformations 

Aka bane virus (B) 

Parainfluenza (B) 

Narcolepsy cataplexy syndrome (intermittent weakness) 

Caprine herpes (C) 

SPINAL CORD DISEASE 

Border disease virus (O) 

Spinal cord hemonhage 

Equine herpesvirus (E) 

Vertebral malformation (e.g., atlantooccipUal) 

Equine viral arteritis (E) 

PREMATURITY/POSTMATURITY 

Vertebral abscessation or osteomyelitis 

Vertebral fracture or other trauma to spinal cord 

Weak calf syndrome 

PERIPHERAL NERVE AND MUSCLE DISEASE 

Bacterial or fungal placentitis 

White muscle disease 

Insufficient fetoplacental matching (twin foals) 

Tetanus 

Congenital myopathy, polymyositis 

BIRTH ASPHYXIA 

Neuropathy of spinal roots or peripheral nerves 

Placentitis 

Botulism (foal) 

Dystocia 

Collagen disorder 

Cesarean section 

Premature placental separation 

Aminoglycoside-induced neuromuscular blockade 

Induced parturition 

LIVER DISEASE 

Hepatitis 

BIRTH TRAUMA 

Severe hypoxic insult 

Brachial plexus injuries 

Tyzzer s disease (foals >2 weeks old] 

Fractured rib, pneumothorax, hemothorax 

Ruptured bladder 

Toxin (iron fumarate given to foals) 

STORAGE DISORDERS 

CONGENITAL MALFORMATIONS 

Maple syrup urine disease 

Cardiac malformations 

CitrtiHinemia 

Central nervous system malformations (e,g„ hydrocephalus. 

Shaker calf syndrome (neurofilament accumulation) 

hydranencepha ly) 

Angular limb deformities 

CM1 gangliosidosis 

Arthrogryposis 

INGESTION OF DRUGS OR TOXINS 

Transplacental transfer of anesthetics and sedatives 

METABOLIC DERANGEMENTS 

Hypoglycemia 

Inadvertent oversedation of neonate 

Hyponatremia 

GASTROINTESTINAL DISEASE 

Hypokalemia or hyperkalemia 

Gastrointestinal ulceration 

Hypocalcemia 

Acidosis (respiratory or metabolic) 

Necrotizing enterocolitis 


ft Bovine, G caprine; O, ovine. 


generalized septicemia in neonates with failure of passive disease. Mononuclear cells dominated in calves with chronic 

transfer (FPT). Agents that cause meningitis are the same disease. Microscopically, bacteria were evident in 10 of 22 

agents that cause septicemia, most commonly the gram' (45%) of the antemortem CSF samples, and bacteria were 
negative enteric bacteria such as E . coli, Emerobacter species, isolated from slightly more than half (11 of 19). All of the calves 

and Salmonella species. In a review of 32 cases of meningitis in this review died. 1 In my experience treating calves in a hospi- 

in calves by Green and Smith, 1 the clinical signs of CNS distur- tal environment, the mortality rate is high; however, aggressive 

bance observed were lethargy, recumbency, anorexia, loss of early treatment can be successful. The economics ami welfare 
suckle reflex, coma, opisthotonos, convulsions, tremor, and implications of treating commercial calves in a field setting 
hyperesthesia, leukocytosis and a left shift were evident in 11 are questionable. Empiric aniimicrobial therapy for meningitis 

of 15 calves (73%). Concurrent metabolic problems were in neonatal calves should include a gram-negative and positive 

common and included hyperkalemia, respiratory acidosis, spectrum. Antibiotics enter the CSF predominantly via passive 
hypernatremia, hyponatremia, hypomagnesemia, and hypo diffusion down a concentration gradient. The major determ i- 
glycemia. Analysis of CSF revealed pleocytosis, xanthochromia, nant of CSF penetration is lipid solubility. Lipophilic agents 

turbidity, and high total protein concentration. Cytologjcally, diffuse via transcellular pathways; peak concentrations in 

neutrophils predominated in the CSF in calves with acute CSF occur relatively rapidly, and entry into CSF is affected 
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TABLE 204 

Cerebrospinal Fluid-to-Blood Concentration Ratios 
(Penetration) of Antibiotics Available for Treatment of 
Meningitis in Calves 3 * 3 


Concentration t'SVf 
Concentration Serum (%) 


Antimicrobial ‘ 

Human 

Animals 

Ampirillin 

13 14 

842 

Florfenicol 


46 (calves) 

Gentamicin 

0-30 

21-25 

Penicillin 

5-10 

5-6 

Trimethoprim- 

<^1 

35-39 


sulfamethoxazole 


CSF, Cerebrospinal fluid. 

* flu* list is not conclusive, reflecting the paucity of available data. 

minimally by the presence of inflammation. In contrast, hydro¬ 
philic agents enter the C$F through paracellular pathways; 
their transport depends on the opening of tight junctions, 
and peak concentrations are relatively delayed, 2 Only one 
report documents the pharmacokinetics of an antimicrobial 
agent in CSF in calves. Table 20-1 lists CSF-to-blood concentra¬ 
tion ratios (penetration) derived from multiple species for a 
handful of antimicrobial drugp available for use in cattle. 

In a CSF pharmacokinetic study of florfenicol in calves the 
maximum concentration of florfenicol attained in CSF was 
4,67 ± lSt pg/mL following a single intravenous dose of 
20 m^kg. The levels remained above the minimum inhibitory 
concentration (MIC) for HdemopMitf wmnus over a 20-hour 
periods This concentration is below the MlQ,o for £ colt 
Bacteriocidal antibiotics are proposed to be more effective for 
treatment of meningitis in humans, and it is recommended 
that the concentration of antibiotic in the CSF should be 
maintained at 10 limes the MIC of the target pathogen, 3 Cef- 
tiofur may be used to treat meningitis in calves. In one calf 
I measured the concentration ofcefiiofur in CSF 28 hours after 
initiation of treatment with 10 mg/kg twice per day (bid). The 
concentration of ceffiofur in CSF at this time was 1,27 |ig/mL 
which happened to be five times the MIC of theE. cofi isolated 
from the CSF of the calf. Unfortunately, owing to the lack of 
CSF pharmacokinetic data in cattle, antimicrobial treatment 
of meningitis is an inexact science, 

METABOLIC ACIDOSIS 

Profound weakness associated with metabolic acidosis is 
commonly observed in calves with diarrhea and sporadi¬ 
cally in kids ("floppy kid syndrome") and calves without 
other clinical signs of diseased 5 Correction of the acidosis 
by intravenous administration of bicarbonate produces a 
rapid recovery. An improvement in mentation and strength 
should be observed within 12 hours; persistent depression 
is likely to reflect incomplete correction of acidosis, sepsis, 
hypoglycemia, hypernatremia, or hyponatremia. 

HYPOGLYCEMIA 

Hypoglycemia is a common sequela to withdrawal of milk 
for more than 48 hours, especially in cold weather. Affected 
calves are weak or recumbent but appear to be normally 
hydrated or minimally dehydrated. f> They are often ema¬ 
ciated and can occasionally have neurologic signs including 
facial twitches, convulsions, opisthotonus, and coma. They 
will respond to infusion of 5% glucose, but often this 
response is temporary, especially in calves with severe 
ma (absorptive disease. It is important to rapidly restore 


adequate energy intake to ensure resolution of these cases. 
Starvation and hypothermia resulting from mismothering 
are common causes of weakness in neonatal lambs. Similarly, 
weakness, poor body condition, and increased susceptibility 
to infectious diseases are observed with protein-calorie mal¬ 
nutrition induced by feeding poor-quality or incorrectly 
mixed milk replacers. 7 

HYPONATREMIA 

Hyponatremia occurs when loss of isotonic fluid through 
the gastrointestinal tract is replaced by free water or hypo¬ 
tonic solutions. The latter often occurs when too much 
water is added when making up an oral electrolyte solution. 
Hyponatremia may also occur when isotonic oral electrolyte 
solutions are administered to calves with compromised 
sodium absorption capacity. This may be a result of severe 
pathologic changes or an inadequate level of agents that 
facilitate sodium cotransport within the oral electrolyte solu¬ 
tion, Hyponatremia results in a fluid shift from the extracellu¬ 
lar space to the intracellular compartment along the osmotic 
gradient, and the resultant swelling of the cells can result in 
neurologic disturbances, depression, disorientation, and even 
convulsions, 6 Hyponatremia should be considered in calves 
with serum sodium <132 mmol/L, calves with serum sodium 
<120 mmol/1, have severe hyponatremia. 

The goal of therapy is to restore serum sodium levels to 
>125 mmol/L over the first 6 hours and then to restore to 
normal levels over 24 hours. 6 In hypovolemic calves the ini¬ 
tial treatment should be achieved using normal saline, and 
in normovolemic calves hypertonic saline should be used 
for the initial treatment, as the administration of large fluid 
volumes will exacerbate cerebral edema. If the calves are 
also suspected to be acidoiie, this should be corrected with 
sodium bicarbonate solutions of appropriate tonicity. 

The amount of sodium required in the first 6 hours to 
raise the sodium level to 125 mmol/L can be calculated as 
follows 6 : 

Sodium (mmol) = (125 — Measured serum sodium [mmol/L]) 
x (0.6 x Body weight [kg]) 

Calves should then be maintained on a sodium-contain¬ 
ing isotonic fluid, such as normal saline or lactated Ringer's, 
and treated with oral electrolyte solution as appropriate. 
The sodium level should be monitored frequently in the 
first 24 hours because of unknown losses through the gas¬ 
trointestinal tract as well as unknown kidney function in a 
severely dehydrated patient. 

HYPERNATREMIA 

Hypernatremia is defined as a serum sodium concentra¬ 
tion over 152 mmol/L (although only levels greater than 
170 mmol/L have been associated with nervous dysfunc¬ 
tion 3 ), Hypernatremia occurs secondary to improper mixing 
of oral electrolyte solutions® or from the use of high- 
sodi urn-content milk re placer when there is limited access 
to fresh water; consequently it is often farm-specific. Rapid 
development of hypernatremia results in fluid moving 
from cells into the extracellular fluid and produces cellular 
dehydration. Neurologic signs include lethargy, weakness, 
depression, coma, and death. Treatment of hypernatremia 
involves fluid therapy with a stepwise reduction in serum 
sodium concentration. A gradual reduction of serum sodium 
is indicated, as a rapid drop in serum sodium promotes a 
fluid flux into the brain, exacerbating cerebral edema and 
resulting in death.® Intravenous fluids are adjusted to con¬ 
tain concentrations of sodium approximately equal to the 
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patient's sodium plasma concentration. 10 The goal is to 
reduce plasma sodium by less than 5 mEq/L/day over the 
first 48 hours by slow excretion through the kidneys. The 
volume given should be that to provide rehydration and 
cover maintenance and ongoing losses. The solution may 
include sodium bicarbonate if the calf is acidotic. Sodium 
should be added to any oral fluids (e.g„ milk replacer) until 
plasma sodium levels approach normal so that the concen¬ 
tration is approximately equal to the intravenous fluids. Sei¬ 
zures may be observed if the drop in plasma sodium is too 
rapid. Cerebral edema may be treated with 25% solution of 
mannitol at 1 g/kg given intravenously (IV) over 30 minutes 
or an oral solution of glycerin given at I g/kg diluted 1:1 
with water. 


NEUROMUSCULAR AND 
MUSCULOSKELETAL DISEASE 

Primary neuromuscular or musculoskeletal disease should 
be considered when weakness is not associated with de¬ 
pressed mentation. Weakness associated with micronutrient 
deficiencies results from myodegeneration (white muscle 
disease, selenium, and vitamin E) or demyelination {cop¬ 
per, enzootic ataxia}. If weakness is detected in one or more 
limbs immediately after birth, peripheral nerve and muscle 
damage associated with birth trauma should be ruled out 
(see Box 20-1)* Femoral nerve paralysis may be observed 
in calves after a "hip lock" dystocia. 11 A condition resem¬ 
bling congenital myasthenia gravis has also been described 
in Brahman calves. 15 

Nutritional myodegeneration associated with selenium 
or vitamin E deficiency may produce paresis that is localized 
(dysphagia) or generalized. Neonatal small ruminants ap¬ 
pear to be particularly susceptible. Affected lambs may be 
unable to rise. Others can stand but may be unable to nurse 
because they are unable to raise their heads. Diagnosis is 
based on clinical signs, increased serum creatinine kinase 
concentration, and reduced whole blood glutathione perox¬ 
idase and/or selenium concentrations. (See Chapter 42.) 
Vitamin E deficiency is observed when pregnant ewes are 
fed stored forage low m vitamin E; the clinical signs in 
affected lambs are identical to those of selenium deficiency, 
but selenium status is adequate. As vitamin E is labile, 
serum should be harvested quickly after blood collection, 
frozen, wrapped in aluminum foil, and sent via express mail 
on tee. 

Paraplegia and tetraplegia are commonly associated with 
spinal cord compression. Compression of the spinal cord in 
neonates most commonly results from vertebral body mal¬ 
formations, osteomyelitis, or fractures. Generally, vertebral 
body malformations occur sporadically; genetic, nutritional, 
and environmental factors have been implicated, 1 * 14 In 
older calves, underlying metabolic bone disease (copper, 
vitamin D, or phosphorous deficiency) may increase the 
propensity for fractures to occur. Osteomyelitis and verte¬ 
bral body abscess may be sequelae to bacteremia after neo¬ 
natal septicemia 15 or pneumonia* 13 The frequent isolation of 
A rcanobacterium (Actinomyces) pyogenes from vertebral body 
abscesses in ruminants suggests that chronic respiratory 
infections is more frequently the source in these species. 16 - 17 
Vertebral body abscesses in lambs are occasionally a sequela 
to infected docking wounds. Leukocytosis and hyperfibrino- 
genemia are commonly observed in neonates with vertebral 
body abscesses. In most instances vertebral abscesses do not 
infiltrate the pachymeninges, so the C5F either is normal or 
has a mild elevation of protein and/ora mild pleocytosis. l5 - 16 

Differential diagnoses for paresis in goat kids include cap¬ 
rine arthritis-encephalitis virus (CAEV) and enzootic ataxia. 


Enzootic ataxia is also common in lambs. Progressive ataxia 
and paresis or paralysis is a feature of both diseases. There 
are two forms of enzootic ataxia (swayback): the neonatal 
and the delayed types. In the neonatal condition animals 
are affected at birth; in the delayed type, signs of incoordina¬ 
tion appear at 14 to 30 days of age. 18 Most affected neonates 
are afebrile, bright, and alert and will continue to eat if it is 
physically possible. Enzootic ataxia is associated with low 
liver copper content and, occasionally, low serum copper con¬ 
centration. 13 It has been proposed that reduction in the activity 
of the copper-dependent enzyme cytochrome oxidase impairs 
phospholipid synthesis and subsequently myelin production. 
Microcytic anemia and increased fragility of bones may be 
observed in more chronic cases, 10 The copper, molybdenum, 
and sulfur content of the maternal diet should be evaluated 
and adjustments made for copper deficiency or molybdenum 
or sulfur excess. (See Chapter 41.) 

Goat kids with the neurologic form of CAEV will have 
mild to moderate fevers and evidence of cerebral involve¬ 
ment. Cerebral signs commonly identified include depres¬ 
sion, head tilt, torticollis, and circling, 21 Evidence for CAEV 
would include CSF pleocytosis and increased CSF protein 
and a positive CAEV (agar gel immunodiffusion [ACID]} test 
or enzyme-linked immunosorbent assay (ELISA). Both the 
neurologic form of CAEV and enzootic ataxia carry a poor 
prognosis. 

A complete neurologic examination is an important 
component of the workup of the weak neonate. In particu¬ 
lar, it should be noted whether the weakness is accompa¬ 
nied by signs of depression and diffuse cerebral disease. It 
should be remembered that strength is preserved if ataxia 
is caused by cerebellar disease. Limb reflexes should be 
tested to establish whether components of the spinal reflex 
pathways are involved in the disease process (sensory nerve, 
lower motor neuron, neuromuscular junction, muscle). 
Animals with other types of spinal cord disease (e.g., 
trauma, vertebral malformations, enzootic ataxia) may also 
show weakness and ataxia yet appear clinically to have nor¬ 
mal cerebral function. Virtually any severe systemic disease 
such as generalized infection can cause both profound 
depression and weakness in a neonate without the presence 
of actual brain pathology. Intermittent signs of severe weak¬ 
ness and depression may be caused by the narcolepsy- 
cataplexy syndrome, (See Chapter 33.) 


RESPIRATORY C ONDITIONS 

EXAMINATION AND ANCILLARY 
DIAGNOSTICS 

Assessment of the pattern and effort of breathing is a very 
important part of the examination of the respiratory system. 
Any obvious abnormal noises associated with respiration 
should be noted. Inspiratory stridor is often a feature of 
extra thoracic airway obstruction, and increased abdominal 
effort on expiration often indicates pulmonary disease caus¬ 
ing reduced lung compliance. Absence of cyanosis is not a 
reliable indicator of adequacy of oxygenation in the neo¬ 
nate, because the partial pressure of oxygen may reach very 
low levels {<35 to 40 mm Hg) before cyanosis is observed. 
Fever, cough, and nasai discharge are usually absent in the 
early stages of pneumonia in the neonate. 

Diagnosis of most upper airway disorders can usually be 
made with a careful physical examination in combination 
with radiography and/or endoscopy (Box 20-2). An integral 
part of the diagnostic approach to the neonate with sus¬ 
pected upper airway obstruction is assessment of the lungs 
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Causes of Respiratory Distress 


AIRWAY OBSTRUCTION 

Choanal atresia (nasopharyngeal atresia) 

Laryngeal edema 

Tracheal malformation: stenosis, collapse 

developmental disorders 

Pulmonary hypoplasia 
Diaphragmatic hernia 

LUNG PARENCHYMAL DISEASES * 

Pneumonia (bacterial or viral] 

Atelectasis 

Hyaline membrane disease 
Pulmonary edema, congestion 
Aspiration syndromes 
Air leaks (e g., pneumothorax) 

Pulmonary hemorrhage 
Transient tachypnea syndromes 

NON PULMONARY CAUSES 

Congestive heart failure 

Central nervous system lesions 

Metabolic derangements (e g., acidosis, hypoglycemia) 

Severe anemia 

Hypovolemia 

Persistent pulmonary hypertension 

Birth asphyxia 

Pain, abdominal crisis 

Fever, high environmental temperatures 

Excitement 

Pleural effusion (e g., pleuritis) 

Endotoxemia and gram-negative sepsis 


for aspiration pneumonia. If the primary upper respiratory 
problem is not corrected and normal nursing allowed, the 
pneumonic process will likely persist and become chronic. 

Thoracic radiographs are helpful in diagnosing the pres¬ 
ence of respiratory disease and in determining the type 
and extent of pulmonary involvement. Shortly after birth 
the smaller vessels posterior to the heart and in the caudo- 
dorsal lung fields should be clear. The heart, posterior vena 
cava, and aorta should be dearly defined. When the radio- 
graphic appearance of the lung fields is evaluated, the type 
of infiltrate (interstitial, nodular, alveolar, mixed), severity, 
and location (diffuse, cranioventral, caudodorsal) should 
be noted. Other soft-tissue structures (including the heart, 
vessels, and diaphragm) and bones (ribs, vertebrae, long 
bones) should also be evaluated. Thoracic radiographs are 
routinely taken in the standing or recumbent lateral posi¬ 
tion in calves. Cranioventral consolidation is a common 
feature of infectious pneumonia in calves. Radiographic 
changes may either follow or precede changes in clinical 


condition, and sometimes major changes can occur surpris¬ 
ingly rapidly. Clinical signs of pneumonia frequently resolve 
much earlier than chest radiographs and hemograms return 
to normal. 

Ultrasonographic evaluation of the thorax is useful for 
identification of pleural effusion, pulmonary consolidation, 
pleuritis, and chest wall abscesses and for detecting congen¬ 
ital heart defects. 

Arterial blood gas concentrations provide a measure of 
respiratory function. The optimal site for collection of arte¬ 
rial blood samples from neonatal calves is the brachial 
artery. 12 The calf is placed in lateral recumbency, with one 
hand on the neck and the other pulling the uppeF leg cau- 
dally. The brachial artery is located on the proximomedial 
aspect of the elbow of the lower limb. The area over the 
artery is thoroughly scrubbed and the artery stabilized by 
placing the index and second fingers of one hand above 
and below the proposed site of puncture. The arterial blood 
sample is collected using a 25- or 27-gauge V^-inch needle 
and a 3-mL syringe. 22 Normal arterial blood gas values 
for neonates of different postnatal and gestational ages are 
presented in Table 20-2. 

Several factors can interfere with accurate interpretation 
of blood gases in the neonate. First, significant inaccuracies 
can occur if the blood sample is collected, handled, or 
measured improperly. The most common artifact is the 
introduction of room air into the sample, with an artificially 
increased Pao 3 , decreased Paco 2r and more alkaline pH 
resulting. The position of the patient and amount of strug¬ 
gling during sample collection cay also potentially cause 
transient changes in all blood gas values. The inspired oxy¬ 
gen concentration should also be considered when analyz¬ 
ing arterial blood gas values. With supplemental oxygen, 
Pao 2 is increased variably, depending on the inspired oxy¬ 
gen concentration (Fio 2 ), the amount of pathology present, 
particularly the extent of right-to-left shunting, and the 
respiratory rate and tidal volume. 

Common patterns of derangement include hypoxemia 
(Pao 2 <70 mm Hg) with low or normal Paco 2 and hypox¬ 
emia with hypercapnia (Paco 2 >50 mm Hg). If there is 
hypercapnia and resulting respiratory acidosis, ventilation 
is inadequate or pulmonary pathology is severe, impairing 
diffusion of C0 2 . Hypoventilation may reflect lack of sur¬ 
factant in the premature neonate, compromised muscle 
function (white muscle disease), or neurologic dysfunction 
with altered chemosensitivity resulting in inappropriate 
ventilatory responses to changes in blood gas values. Clini¬ 
cal signs must be evaluated along with blood gas analysis if 
the most appropriate therapy is to be chosen. 

Interpretation of blood gas values of venous blood can 
be very deceptive and should be restricted to evaluation of 
metabolic conditions (e.g., metabolic acidosis) and not 
pulmonary gas exchange. To avoid problems associated 
with regional blood sampling, peripheral venous blood 
should be taken from a free-flowing jugular vein, because 
the metabolic status of the head is usually stable. 


TABLE 20-2 


Normal Blood Gas Values for Calves 


[ Age-Croup 

0 2 (mm llg) 

C0 2 (mm llg) 

pH 

HCOj (mEq/L) I 

1 hour 

58 43 ±11,61 

50.40 ± 5.27 

7.30 ± 0.05 

23,52 ± 2,78 

4 hours 

6230 ± 9.27 

47.92 ± 3.97 

7,34 ± 0.03 

24.49 ± 2.35 

12 hours 

67,23 ± 9.32 

45.36 ± 3.97 

7,38 ± 0,03 

25.74 ± 2,37 

24 hours 

70.53 ± 11.47 

44.04 ± 3.45 

7,40 ± 0.03 

26.44 ± 1.87 

45 hours 

6335 ± 10,82 

45,25 ± 3.69 

7,42 ± 0,01 

27.98 ± 1.91 
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Transtracheal aspiration provides a sample for both cyto¬ 
logic and microbiologic analysis, (See Chapter 31 for specific 
details on technique and interpretation,) If the neonate is in 
respiratory distress, this technique can further compromise 
the patient. When mycoplasma or chlamydia infection is sus¬ 
pected, the laboratory needs to be notified, as specific media 
and growth conditions are required to isolate these patho- 
gens. Viral infections are diagnosed directly by viral isolation 
(cell culture) or indirectly by demonstrating the presence of a 
vims (polymerase chain reaction [PCR] and fluorescent anti¬ 
body techniques) or an immunologic response to a virus 
(seroconversion). Specific tests available for respiratory viral 
pathogens are discussed in Chapter 31. 

UPPER RESPIRATORY TRACT DISORDERS 

Conditions that affect pharyngeal and laryngeal function 
are important, as they predispose to aspiration pneumo¬ 
nia. Dyspneic neonates also have difficulty nursing and 
are subsequently likely to become malnourished. Congeni¬ 
tal defects of the upper respiratory tract include collapsed 
trachea, stenotic nares, choanal atresia, and epiglottal cyst. 
Impaired pharyngeal and laryngeal function may result 
from physical deformation or neuromuscular disorders. 
Sporadic outbreaks of pharyngeal and laryngeal injuries 
are often associated with improper application or use of dam¬ 
aged feeding tubes and/oral medication equipment. Com¬ 
pression of the larynx by a retropharyngeal abscess or mass 
tends to cause inspiratory dyspnea. Edema and necrosis of 
the larynx may be observed with infectious bovine rhinotra- 
cheitis virus infections in neonatal calves,* 3 - 24 Fusobaamum 
necrophorum typically causes necrotic laryngitis in weaned 
calves but sporadically infects neonates after pharyngeal 
trauma, 25 Partial occlusion of the upper airway induces tur¬ 
bulent airflow and subsequently mucosal edema. Placement 
of a tracheostomy tube provides an alternate, sometimes 
lifesaving, airway and rests the inflamed mucosa. 

Nutritional myodegeneration and botulism may induce 
laryngeal paresis. Dysphagia and subsequent aspiration 
pneumonia are common sequelae of pharyngeal and laryn¬ 
geal dysfunction. Collapsed trachea is a rare congenital or 
acquired condition. Clinical signs include an intermittent 
honking cough, stridor, and dyspnea with mild exercise. 
There is no stenosis of the trachea; rather a dynamic dorso- 
ventral collapse during inspiration. The caudal cervical and 
cranial thoracic sections of the trachea in the area of the 
thoracic inlet are most frequently affected. Acquired tracheal 
collapse is commonly associated with fractured ribs and 
compression of the trachea at the thoracic inlet by the 
subsequent bony callus. Treatment of collapsed trachea in 
the calf by surgical reconstruction has been attempted, but 
the prognosis is poor. 2 *- 29 

RESPIRATORY INFECTION 

A number of respiratory disease syndromes may be ob¬ 
served in neonatal calves. Pneumonia in calves less than 3 
days of age typically reflects aspiration of milk subsequent 
to inappropriate feeding practices or pharyngeal dysfunc¬ 
tion (white muscle disease), A mixture of gram-positive, 
gram-negative, and anaerobic bacteria may be introduced 
into the lungs, inciting a severe inflammatory response 
necessitating broad-spectrum antimicrobial and antiinflam¬ 
matory therapy. 

Mannheimia hemolytica and Pmeurella midtorida infre¬ 
quently cause pneumonia in calves less than 2 weeks of age. 
Outbreaks of respiratory disease in this age group may be 
associated with mixed infections with Mycoplasma bovrj or 
may be secondary to bovine virus diarrhea (BVD) infection. 


Respiratory disease is most common in calves more than 4 
weeks of age, wi th the peak incidence observed after weaning 
in intensive calf rearing operations. Bovine respiratory syncy¬ 
tial virus, infectious bovine rhinotracheitis virus, BVD virus. 
Mycoplasma species infection, and bovine coronavirus may 
all produce respiratory disease in neonatal calves. Viral infec¬ 
tions increase the risk of opportunistic bacterial infections 
by their immunosuppressive effects and damage to the res¬ 
piratory epithelium and pulmonary clearance mechan¬ 
isms. Pleuritis is an uncommon feature of most neonatal 
respiratory infections but may be a manifestation of a 
generalized polyserositis with specific pathogens such as 
mycoplasma infections of ruminant neonates 30 and occasion¬ 
ally Pasteurella infections in lambs, 31 

Environmental risk factors include extremes of tempera¬ 
ture, poor ventilation, dust, ammonia, and overcrowding, 
A number of pathogens capable of causing respiratory 
disease are shed in milk. These include Mycoplasma spe¬ 
cies, 30 - 32 - 33 CAEV, 14Ss and Sabnonefla Dublin. The practice 
of feeding mastitic milk (hospital milk) to neonates increases 
the risk of disease transmission. Rapid growth of salmonella 
in warm milk quickly produces a lethal challenge, Sabnend/a 
Dublin is an invasive salmonella serotype host adapted to 
cattle; calves commonly develop septicemia, and respiratory 
disease may be the predominant clinical manifestation. 
Mycoplasma species infection typically produces acute poly¬ 
serositis; goat kids infected with Mycoplasma mycoides subsp. 
mycoides (large colony type) are often in pain, febrile, and 
reluctant to stand and have multiple hot swollen joints. 
Approximately 50% of kids develop pneumonia or pleuro¬ 
pneumonia manifested by an increase in respiratory rate 
and auscultable lung sounds. 30 Pasteurizing goat milk at 
56° C for I hour kills Mycoplasma species and GAEV, Out¬ 
breaks of Mycoplasma pneumonia in cal ves are usually caused 
by feeding waste milk contaminated with At ton/ij. Clinical 
signs include increased rate and effort of breathing asso¬ 
ciated with pneumonia, joint and tendon sheath distention 
reflecting polyserositis and auricular discharge, and a head 
tilt reflecting otitis media interna. 32 Mycoplasma organisms 
are susceptible to antimicrobial agents that affect DNA, 
RNA, protein synthesis, or the integrity of the cell mem¬ 
brane, Mycoplasma organisms are not susceptible to agents 
that interfere with synthesis of folic acid or that act on the 
cell wall. Tylosin, tetracyclines, erythromycin, tilmicosin, 
florfenicol, aminoglycosides, and fluoroquinolones have 
been shown to have activity against one or more M^oplasma 
species. 3 * However, the efficacy of antimicrobial therapy in 
eliminating the organism is limited, and although animals 
may recover, chronic infections may persist. Numerous anti¬ 
microbials are labeled for the treatment of respiratory disease 
caused by Pasteurella, Mannheimia , and Hemophilus in cattle. 
Treatment protocols are reviewed in Chapter 31. 

CAEV produces a number of disease syndromes in goats 
including mastitis, arthritis, encephalitis, and pneumonia. 
Encephalitis and subclinical respiratory disease typically 
occur in kids 2 to 4 months of age and occasionally in kids 
as young as 1 month of age. 34 37 

NEONATAL APNEA AND IRREGULAR 
BREATHING PATTERNS 

Periods of apnea in the neonate are commonly associated 
with non respiratory factors, including infection, CNS disor¬ 
ders, hypothermia, and metabolic conditions such as hypo¬ 
glycemia. Seizure activity may be expressed by changes in 
breathing rate and pattern, and neonatal asphyxia may 
induce respiratory depression, whether or not cerebral 
lesions are present. 3 * Neonatal respiratory distress may also 
cause apnea resulting from respiratory center depression or 
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diaphragmatic fatigue. There are two mechanisms of apnea: 
central apnea, resulting from cessation of diaphragmatic 
activity, and obstructive apnea, resulting from obstruction 
of the airway, usually at the pharyngeal level. 


ABDOMINA L DISTENTION 

RUMINAL BLOAT 

Ruminal bloat is uncommon in calves less than 5 weeks 
of age because of the relatively undeveloped state of the 
neonatal rumen. Causes of ruminal bloat in calves include 
ruminal putrefaction, obstruction of the cardia or esopha¬ 
gus, and vagal indigestion {Box 20-3). 

If milk arrives in the rumen in greater quantities than nor¬ 
mal by escaping the esophageal groove, it can be subjected to 
putrefactive decomposition by proteolytic bacteria. Normally 
the rumen of neonatal calves has a stable aerobic bacterial 
population. Anaerobic conditions are rapidly established 
when appreciable amounts of fermentable substances enter 
the rumen.™ Clinical signs include diarrhea, poor develop¬ 
ment, rough haircoat, and recurrent bloat. Reducing the vol¬ 
ume of milk fed per feeding, feeding from nipples rather 
than buckets, and introducing calf starter to promote ruminal 
development help prevent the condition, A course of oral 
antibiotics (500 mgoxytetracydine) once daily for 3 or 4 days 
may help affected calves by killing the putrefactive gut flora. 

Bloat is occasionally observed as a complication of severe 
bronchopneumonia in calves as a consequence of swollen 


Causes of Abdominal Distention 

OBSTRUCTION 

Foreign body (hairballs in calf) 

Malformation (atresia toll, recti, am) 

Intussusception 

Volvulus, torsion or strangulation 

URQPERITONEUM 

Ruptured bladder (uncommon) 

Tom or necrotic urachus, ureter 

PERITONITIS 

Generalized infection 
Devitalized bowel 

Perforated gastric or intestinal ulcer 
Severe umbilical infection 

GAS AND FLUID ACCUMULATION IN ABOMASUM, 
INTESTINAL TRACT 

intolerance to diet 
Ileus 

Gastric, abomasal duodenal ulceration 
Necrotizing enterocolitis 
Ruminal bloat 

MISCELLANEOUS 

Hemoperitoneum 
Ruptured umbilical vessels 
Ruptured spleen or liver 
Congenital tumor 

ASCITES 

Severe liver or renal failure 
Severe hypoprotememia 


mediastinal lymph nodes compressing the esophagus or 
compression or inflammation of the vagus. 40 Relief of runv 
Inal distention is important for return of ruminal function. 
Chronic ruminal bloat may be relieved by placement of a 
ruminal fistula (Buffs screw trocar). Correct placement of 
the screw, as described by Dirksen and colleagues, 41 reduces 
the risk of inducing peritonitis. The rumen must be bloated 
so that it lies firmly against the body wall as the trocar is 
screwed into place. The site for the trocar is shaved and 
scrubbed, a small skin incision is made, and the trocar is 
quickly and forcefully screwed into the belly wall and 
rumen. After removal of the stylet, the outer rim of the tro¬ 
car is kept under constant outward tension so that the rum¬ 
inal wall is held lightly against the parietal peritoneum by 
the last ridge of the screw To fix the trocar in this position, 
gauze soaked in antibiotic should he wrapped around the 
stem of the trocar between the outer rim and the body 
wall. 41 

ABOMASAL ULCERS 

Abomasal ulcers are usually asymptomatic in young calves, but 
if perforation occurs peritonitis and shock rapidly develop. 
Clinical signs of abomasal ulcers in calves include abdominal 
distention, pain on abdominal palpation, expiratory grunt, 
drooling saliva, bruxism, and melena l,ess commonly a syn¬ 
drome of chronic abdominal pain is observed after abomasal 
perforation. 43 Absence of inflammatory changes suggest the 
gut is unlikely to be perforated or necrotic. Severe hypoprotei- 
nemia is common with diffuse peritonitis presumably because 
of the combi nation of poor colostra! uptake and loss of protein 
into the abdominal exudate. Obtaining peritoneal fluid from 
normal calves is difficult; if peritonitis is suspected, collection 
of abdominal fluid is facilitated by locating pockets of perito¬ 
neal fluid via abdominal ultrasound. 

Clinically more abomasal ulcers seem to appear during 
or shortly after a period of weather-induced stress. 43 Lilly 
proposes that this may be associated with higher endoge¬ 
nous cortisol secretion. 44 Perforating abomasal ulcers in 
calves have also been associated with Gostrtiium perfringens 
abomasitis, 45 copper deficiency, dietary changes, mycotic 
infections, and abomasal bezoars. 

Perforated abomasal ulcers are repaired surgically by a 
right paracostal approach. The ulcers are commonly located 
on the midpan of the fundus, on the greater curvature of 
the abomasum. Prognosis is guarded (40%). 43 

ABOMASAL DISPLACEMENT 

Abomasal displacement is rare in neonatal ruminants. Clin¬ 
ical signs include reduced appetite, poor weight gain, recur¬ 
rent tympany (left side), and diarrhea. An association of 
left-sided abomasal displacement with pneumonia in calves 
suggests that altered vagal function may be involved in the 
pathogenesis of the condition, 46 - 47 Typically, left-sided abo¬ 
masal displacement in calves occurs between 6 and 14 
weeks of age, but younger calves may be affected. Displace¬ 
ment of the abomasum is diagnosed by auscultation and 
percussion; affected animals may have a hypochloremic 
metabolic alkalosis. Correction can be attempted by rolling 
the calf on its back or via surgery. 

ABOMASAL TYMPANY 

Acute abdominal distention, colic, depression, and sudden 
death have been reported in neonatal calves with abomasal 
ulcers, abomasitis, and abomasal tympany. Possible sequelae 
to abomasa] dilation include abomasal torsion, perforat¬ 
ion, and nipture. Numerous causes have been postulated. 
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including dietary changes, in particular the addition of coarse 
roughage feeds; abomasal bezoars; copper deficiency; and 
various microorganisms, Roeder and co-workers isolated 
G perfringens type A from a group of eight calves affected by 
this syndrome 4 * and subsequently experimentally reproduced 
the disease by intraruminal inoculation of the organism, 4 ® 
Campylobacter species have heen incriminated in other studies. 
Histopathologic evaluation of abomasums from 38 affected 
calves at necropsy revealed that 31 contained abundant 
gram-positive bacteria associated with the damaged abomasa) 
mucosa. 49 GimpytohdOer-like organisms were demonstrated in 
nine and C. perfringens in 14 of the 38 cases. 4 ® Studies of range 
cattle in west central Nebraska and Wyoming suggest subdini- 
cal trace mineral deficiencies of copper and/or selenium may 
be involved in the pathogenesis of the condition in this 
region. 44 

Onset of clinical signs is rapid; affected animals become 
anorectic, depressed, or occasionally restless. Signs of abdom¬ 
inal discomfort including treading on the spot and kicking at 
the abdomen are observed in approximately half of the cases. 
On physical examination splashing and metallic sounds are 
heard on succussion of the distended abdomen, and passage 
of a stomach tube fails to relieve the distention. Fecal output 
is reduced, and occasionally melena is observed. Early in the 
clinical course calves are likely to have a marked metabolic 
alkalosis; however, rapid deterioration and onset of shock 
are common and accompanied by metabolic acidosis. Obser¬ 
vation of metabolic acidosis carries a poor prognosis. 

Management of abomasal tympany requires rapid relief 
of the abomasal distention. Paracentesis through the right 
flank often fails to completely drain the abomasum and 
carries a high risk of inducing peritonitis. 50 Kumper 51 de¬ 
scribes good results with paracentesis using a 14 gauge, 
50-mm needle when the calf is turned upside down and 
the abomasum is deflated by inserting a needle in the high¬ 
est point of the distended abdominal wall between the 
umbilicus and xiphoid. Twenty of 21 calves with abomasal 
tympany were successfully managed without complications 
using this technique. Repeated paracentesis carries a high 
risk of inducing peritonitis; if after paracentesis the calf's con¬ 
dition deteriorates or tympany recurs, a right flank laparot¬ 
omy is performed to correct a possibly torsed abomasum. 1 ' 1 
intravenous fluids are administered to correct dehydration, 
electrolyte, and metabolic derangements. 

A decreased prevalence of abomasal tympany and ulcera¬ 
tion were reported in neonatal calves from herds having a 
history of these problems after implementation of a C per- 
fringens vaccination program 44 ■ 52 

Abomasal bloat is a significant problem in artificially 
raised lambs. Feeding systems that allow lambs to drink 
large quantities of milk replacer at infrequent intervals and 
housing Iambs on litter are predisposing factors, 53 ' 54 Pro¬ 
liferation of lactobacifii, E. coli, and C. perfringens has been 
implicated in the disease process, 5455 Fermentation of sugars 
contained in milk replacer produces carbon dioxide, dis¬ 
tending the abomasum. 56 Lambs may die within hours from 
acute abdominal tympany compromising vascular return and 
respiration. Early treatment of bloated lambs with oral doses 
of antibiotics is sometimes an effective treatment. Addition 
of 0,1% formalin (37% formaldehyde) to milk replacer 
reduces the incidence of the condition, 55 

INTESTINAL ATRESIA 

Intestinal atresia is the most common cause of abdominal 
distention in calves in the first week of life, 42 Typically 
calves are bom normally but develop progressive abdominal 
distention shortly after birth. Signs of mild colic are occa¬ 
sionally observed. The spiral loop of the ascending colon is 


usually the site of atresia. 57 Other congenital abnormalities 
may be present (18% of cases). 57 Pregnancy diagnosis by 
palpating the amniotic sac before 40 days of gestation may 
cause colonic atresia In cattle 58 ; however, an autosomal 
recessive inheritance in Holstein cattle has recently been pro¬ 
posed, 59 Surgical repair by resection of the distended proxi¬ 
mal blind end and anastomosis of the proximal segment of 
intestine to the descending colon has been described, but 
breeding affected animals is not recommended, 57 Long-term 
survivors are likely to have loose feces and do not lend to 
grow well 57 

INTUSSUSCEPTION 

Intussusception occurs most commonly in the jejunum, but 
the frequency of ileocecal and colon intussusceptions ap¬ 
pears higher in calves than in adults. 60 Commonly there 
is a history of diarrhea. Clinical signs may include intermit¬ 
tent colic, absence of feces, and melena; however, these are 
inconsistent. The inconsistency of clinical signs and inabil¬ 
ity to perform a rectal examination makes the diagnosis 
more difficult in calves than in adults, 60 Abdominal ultra¬ 
sound may be useful. The prognosis after surgical correction 
is strongly influenced by the duration of the condition 
before correction. 

Twisting of the intestinal mass around the cranial root 
of the mesentery is a rare event but occurs more fre¬ 
quently in calves than in adults. 60 Clinically the condi¬ 
tion is characterized by a sudden onset of severe colic 
(kicking at the abdomen, dropping to the ground) that 
rapidly progresses (abdominal enlargement, tachycardia, 
tachypnea, reduced or absent fecal passage) to signs of 
shock and recumbency. Early diagnosis and rapid surgical 
correction, using either a right paralumbar or ventral 
midi me, together with a supportive fluids approach allow 
for a good prognosis. 


DIARRHEA 


AUSON A. GUNN 
JONATHAN A* NAYLOR 
JOHN K. HOUSE 

Herd management variables that affect the risk of neonatal 
death losses in housed calves include efficiency of passive 
transfer, calf nutrition and environmental management (path¬ 
ogen exposure), calving area sanitation, and cow vaccination 
status and health. Successful calf rearing is based on good 
management. A goal of less than 5% death loss from diarrhea 
is achievable. With neonatal death losses in pasture or range 
animals it is important to evaluate the dystocia rate, physical 
management, and nutritional status of the calving and nur¬ 
sing herds; the cleanliness of the calving and nursing areas; 
the provision of shelter from wind; and any biosecurity risks. 
Rotavirus, Cryptosporidium, coronavirus, enterotoxigenic 
E. coli (ETEC), and Salmonella are recognized as the major 
pathogens associated with diarrhea in calves (Table 20-3). 
Rotavirus, Cryptosporidium, coronavirus, and ETEC are com¬ 
mon pathogens in beef calves (Fig. 20-1). 6164 Mrtiwidld is 
more frequently implicated in intensive calf-rearing sys¬ 
tem s. 63 - 65 Emeropathogenic strains of E. raft are occasion¬ 
ally implicated in calf diarrhea; the true prevalence of 
disease associated with these strains is unknown because 
of the lack of routine definitive diagnostic tests. Torovirus 
has recently been associated with neonatal calf diarrhea 
in Canada, the United States, and Europe. 66 69 BVD is infre¬ 
quently associated with diarrhea in young calves. 70 - 71 Vari¬ 
ous other agents have been implicated as causes of 
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TABLE 20*3 




Evaluation of the Pathogenicity of Various Infectious Agents as Gauged by Their Ability to Experimentally 
Produce Diarrhea in Calves, Field Surveys of the Incidence of Infection in Diarrheic and Healthy Calves, and 
Similarity in the Distribution of Intestinal Pathology and the Infectious Agent 


Agent Name 

Experimental Production of 
Diarrhea 

Cnotobiotic Conventional 
Calves Calves 

Isolated with Higher Frequency 
from Diarrheic Calves 

Organism Associated with 
Intestinal Pathology 

BACTERIAL 





Enterotoxigenic 


+ 

++/- 

+ 

Escherichia coli 





Enterohemorrhagic E. coli 

+ * 

+/- 


++++ 

Sdlrnoflel/d species 

++ 


-f- 


Campylobacter fecalis 


+ 



Campylobacter coli 


++ 

— 


Campylobacter jejuni 


++ 

+/- 


Clostridium perfringem 





TypeA 

+ 

- 

+ 

+ 

TypeC 

+ 



++ 

Clostridium sordeUi 

+ 




VIRAL 





Rotavirus 

++ 

++ 

+-H- 

+4+ 

Coronavirus 

+++ 

+ 

_l_ 

+44 

Bovine virus diarrhea 

+ 

+++ 


4 

Bovine toro virus (Breda 

+++ 


■f 

4 

virus) 





Calirivirus 


- 

+ 

4 

Parvovirus 


+/- 


4 

Astrovirus 


— 



PARASITIC 





Cryptosporidium species 


++++ 

++ 

4 

Eimeria species 


+4* 


4 


—, Negative Finding; + r positive finding. 



FIG. 20-1 If Common enieropafhogens in dairy calves. The comparative 
incidence of isolation from diarrheic and normal calves is shown (From 
Snodgrass DR, Terzolo HR, Sherwood D, el at: Aetiology of diarrhoea in 
young calves, Writer 119*31, t9Sfi.) 

neonatal diarrhea, but their importance in the field situa¬ 
tion is unknown (see Table 20-3). The incidence of the var¬ 
ious etiologic agents varies with the age of the calf and this 
is useful in establishing the likelihood that a particular 


agent is involved (Fig, 20-2). It is usually impossible to 
make a definitive etiologic diagnosis on clinical grounds. 
It is possible to detect signs of straining or passage of frank 
blood and mucus that suggest the presence of colitis, impli¬ 
cating possible S&tmOTteUa, coronavirus, BVD, enteropatho- 
genic E. coJi (EPEC), orcoccidial infection. 

PATHOGENESIS 

Diarrhea can be the result of either increased secretion or 
decreased absorption. Bacteria such as hTEC and, to some 
extent, SdlmtmeJ/d cause neonatal diarrhea by secreting enter- 
otoxins that stimulate increased intestinal secretions. 72 73 
These changes are thought to be mediated by cyclic adeno¬ 
sine monophosphate (AMP) or cyclic guanosine monopho¬ 
sphate (CMP), calmodulin, and changes in protein kinase 
activity. 74 75 The cell's structure is not affected, but the activity 
of the membrane pumps is altered, and secretion of chloride, 
sodium, and potassium is increased. 7& Sodium absorption 
linked to glucose and amino acid transport across the muco¬ 
sal epithelium is not affected. 77 - 76 Bovine ETEC does not 
stimulate intestinal bicarbonate secretion. 76 

Protozoa and enteric viruses cause neonatal diarrhea as a 
result of the destruction of the absorptive villous epithelial 
cells, 7 ^®^ Diarrhea results because intestinal digestive secre¬ 
tions continue while absorption is impaired 63 * 84 In rotavi¬ 
rus and coronavirus infections this is further exacerbated 
by compensatory hyperplasia of the crypf cells. The crypt 
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FIG, 20-2 II Age incidence of isolation of different enlcropalhogcns from 
diarrheit; beef calves. The data are based on a retrospective records survey of 
245 diarrhek calves admitted to the Western College of Veterinary Medicine 
over a 2 -year period 


cells have secretory functions, and their multiplication adds 
to the secretory load. 83 Rotaviais can also stimulate intesti¬ 
nal secretion both at a cellular level and by stimulation of 
the enteric nervous system. This is associated with the viral 
nonstructural protein NSP4. 85 - 86 

Continued feeding may result in more nutrients presented 
to the small intestine than the damaged villi can absorb, 8 ?' 88 
Excess nutrients are fermented in the large intestine, promot¬ 
ing bacterial overgrowth 74 89 and generation of organic adds 
and other deleterious compounds. The osmotic effect of the 
unabsorbed nutrients drags water into the gut and contri¬ 
butes to the diarrhea, 83 Marked inflammation is a feature of 
salmonellosis and dostridiosis. This contributes to diarrhea 
by increasing mucosal pore size and hydraulic pressures 
within the intestinal walk by destroying absorptive cells, 
and by increasing prostaglandin production, which in mm 
stimulates secretory mechanisms within the enterocytes, 74 - 83 
On an individual animal basis, diarrhea is significant 
because of fluid and electrolyte losses. As long as the neo¬ 
nate can compensate for these losses it will remain fairly 
bright and continue to suck. If the losses exceed intake, sys¬ 
temic effects of dehydration (salt and water loss) or acidosis 
are seen, fluid is lost preferentially from the vascular com¬ 
partment, 90 - 91 and cardiovascular collapse results. Acidosis 
has several causes including fecal loss of bicarbonate, 
endogenous synthesis of i-lactic acid in response to dehy¬ 
dration and poor tissue perfusion, and i>lactic acid produc¬ 
tion through bacteria! fermentation of undigested or 
malabsorbed milk within the gastrointestinal tract. 92 97 Aci¬ 
dosis contributes to the calf's malaise by increasing vascular 
resistance and impairing cardiac function by direct effects 
and by inhibiting the action of catecholamines. Esophageal 
groove function may be compromised in acidotic calves, 
promoting ruminal drinking with the consequences of 
further production of odactic acid in the rumen and 
subsequent ruminal acidosis 9798 

The neonate becomes depressed, loses its suck reflex, and 
becomes weak; if the disease progresses, recumbency and 
coma may develop. One cause of death is believed to be heart 
failure as a result of myocardial potassium imbalance caused 
by the combined effects of potassium losses into the 


gastrointestinal tract and the redistribution of potassium from 
the cells to extracellular fluid as a result of acidosis. 99101 
Hypothermia will also contribute to cardiac failure. In cases 
of ETEC, Cryptosporidium, rotavirus, and coronavirus infec¬ 
tions, correcting the fluid, electrolyte, and add-base im¬ 
balances restores the neonate's ability to walk and suck, 
A residual degree of malaise may persist, which can be attri¬ 
buted to inflammation within the gut wall and damage to 
the integrity of the mucosal barriers, allowing invasion of 
enteric microbes or their toxins. If malabsorption persists, 
cachexia can develop—partialIarly if milk continues to be 
withheld as part of therapy—and death from malnutrition or 
hypoglycemia may occur. 

Salmonella organisms are invasive and release endotoxins 
in the systemic circulation, C/estridrum organisms produce 
exotoxins. Both endotoxins and exotoxins have profound 
systemic effects that are often direaly responsible for mal¬ 
aise, microcirculatory failure, and cardiovascular collapse. 
Correcting fluid and electrolyte disturbances in these infec¬ 
tions will aid the neonate but will not overcome the effects 
of toxemia or bacteremia. 

ETIOLOGY 

Bacteria 

ESCHERICHIA COU. E, coli are part of the normal flora of 
the bovine gastrointestinal tract. Pathogenic strains of E, co/j 
possess virulence attributes that are involved in 
the pathogenesis of disease. Virulence attributes include 
ad brains, enterotoxins, and tytotoxins. Pathogenic strains 
of E, coli may be shed by adult cattle with transmission to 
neonates by the fecal-oral route. Sick neonates amplify envi¬ 
ronmental contamination via prolific fecal shedding, 

ENTEROTOXIGENIC E COLE ETEC possess two viru¬ 
lence faaors: fimbriae (pili) and enterotoxins, F5 (K99) 
and/or F41 fimbriae mediate adherence, and thermolabile 
(LT) and thermostable (STa and Sib) enterotoxins stimulate 
a secretory response by intestinal crypt cells. Although some 
bovine-origin ETEC produces LT, most strains that cause 
diarrhea in neonatal calves produce STa heat-stable entero- 
toxin, 102 The STa enterotoxin and E : 5 antigen are plasmid- 
mediated virulence factors. Susceptibility to ETEC is age 
dependent according to the binding specificity of pili 
antigens to immature enterocytes, 103 Disease is typically 
observed in calves less than 3 days of age; however, concur¬ 
rent infection with rotavirus may extend this window to 7 
to 14 days of age. 104 105 Intestinal cells of calves older than 
2 days of age acquire natural resistance to F5 adhesion. 103 
Despite this, F5-posilive E. coli organisms have been isolated 
from healthy 4- to 12-week-old calves and F5-positive ETEC 
organisms are shed in feces for several weeks after experi¬ 
mental infection of newborn calves. 106 

ATTACHING AND EFFACING E. COU AND SHIGA 
TOXIN-PRODUCING £. COLI. Attaching and effacing E, cofi 
(AEEC) and Shiga toxin-producing E. coli (STEC) have been 
identified as causes of diarrhea and dysentery in calves. 107 ' 108 
Disease is mediated by cytotoxic damage to the intestinal 
mucosa. Lesions may be observed in the ileum, cecum, and 
colon. 109 AEEC (Vero or HeLa toxin-producing) induces a 
mucohemorrhagic colitis, with petechial or etthymotic 
hemorrhages in the wall of the colon and rectum. 110 - 112 
E, coli organisms that carry this toxin often belong to O ser- 
ogroups 5, 26, 111, and Naturally occurring out¬ 

breaks have been reported in 2-day- to 4-week-old calves. 114 
The most common clinical sign is diarrhea, but dysentery, 
abdominal pain manifested by bmxism, and dehydration 
are seen in some cases. 
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STEC serotypes associated with dysentery in calves 
include 05:H- 026:H11, OHl:H- ( OM3:H21.”s These 
serotypes may produce Shiga toxins—those that are immu- 
noiogically similar to the Shiga toxin produced by 5/rigd/a 
dpemeriae (Stxl) and those that are immunologically dis- 
tinct from S. dysenteriae Shiga toxin (Stx2) + llfi Bovine STEC 
produces STxl, STX2, or both. 117 AEEC, which causes dis¬ 
ease and does not produce emeroioxins or Shiga toxin, is 
referred to as enterapathogenic E. coU (EPFC). 

The prevalence of AEEC and STEC in calves and the inci¬ 
dence of disease caused by these strains are not dearly 
defined, as most diagnostic laboratories do not routinely 
screen for AEEC and STEC. In a study aimed at determining 
the clinical significance and prevalente of AEEC in Swiss 
cattle, fecal swabs of 93 cattle from two farms with calf diar¬ 
rhea and of 54 cattle from two similar farms without clini¬ 
cal problems were screened for AEEC by PCR assay and 
colony-blot hybridization. On average, 21% of all cows 
were positive for AEEC by PCR, without differences between 
farms with and without diarrhea problems. By contrast, 
AEEC was detected by PCR in 60% of animals younger than 
2 years from farms with diarrhea problems, whereas only 
32% of comparable control animals from farms without 
dinical problems had AEEC. 

SALMONELLA. There are over 2200 reported serotypes 
of Salmonella, yet fewer than 2% of these account for 
approximately 80% of the disease reported in livestock, 11 ® 
In cattle, over 95% of Salmonella associated with disease is 
in serogroups B, C D, and E. Salmonella induces a wide 
spectrum of disease in cattle of all ages ranging from inap- 
parent subdimcal infections to acute fulminant bacteremia, 
endotoxemia, and death. The variable manifestations of 
disease reflea the tissue uo phis ms of different 
serotypes and the influence of challenge dose and host 
immunity. Common clinical signs associated with salmo¬ 
nellosis include fever, diarrhea, anorexia, depressed men¬ 
tation, and dehydration. Many of the clinical signs are 
associated with endotoxemia. Systemic signs of endotox- 
emia include, fever, tachypnea, tachycardia, scleral injec¬ 
tion, leukopenia or leukocytosis, and weakness. Some 
serotypes, particularly Salmonella typhimurium, have a ten¬ 
dency to induce severe inflammation of the bowel mucosa, 
resulting in dysentery and passage of fibrin and mucosal 
casts. Fluid, elearolyte, and protein loss may progress rap¬ 
idly and become life-threatening if not correaed. With 
severe disease animals rapidly become emaciated because 
of the catabolic state induced by release of tumor necrosis 
factor alpha (TNF-ot). Sequelae occasionally observed after 
invasive Salmonella infections in neonates include septic 
osteoarthritis and meningitis. 

Immunity to Salmonella changes rapidly during the first 3 
months of life. At 2 weeks of age the LD S0 for some virulent 
strains is 10 3J 10 at 6 to 7 weeks is t0 7 , and at 12 to 14 weeks 
is 10* iai7 ° In contrast, administration of 10 10 Salmonella to 
24- to 28-week-old calves failed to induce clinical signs of 
disease. 170 The numbers cited reflea the influence of age 
on immunity but should not be interpreted as absolute. Dif¬ 
ferent age predilenions, manifestations of disease, and viru¬ 
lence are observed among Salmonella serotypes and among 
different strains of the same serotype, 121122 Although adults 
may serve as carriers and a source of infection of Salmonella 
Dublin infeaion in neonates, disease in adults is less com¬ 
mon in mature cattle compared with calves. In contrast, 
S. fypJrimurmm lends to manifest disease in an epidemic 
manner, causing illness in all age groups. 

Calves on endemically infeaed farms are commonly 
exposed to Salmonella in the first few days of life. 173 Salmo¬ 
nella exposure may occur via contaminated colostrum or 
milk; surface contamination of teals and udder, personnel, 


or equipment; or the environment. Chronically infeaed car¬ 
riers may shed 2.5 x I0 B Salmonella organisms in milk per 
day (25 kg of milk containing 10 5 SaTmond/a per millili- 
ter). UJ| Feeding utensils and personnel often play a signifi¬ 
cant role in transmitting Salmonella between calves. 125 
Salmonella infeas the salivary glands and is shed in saliva 
and nasal secretions. I26 - 127 Adequate cleaning and disinfec¬ 
tion of feeding and medicating utensils is necessary to remove 
Salmonella contamination. Salmonella is sensitive to most dis¬ 
infectants, but removal of contaminating organic debris is 
imperative, as the activity of disinfectants is reduced by the 
presence of organic matter. 120 

CLOSTRIDIA, Although Clostridia are not commonly 
considered a major pathogen causing neonatal calf diar¬ 
rhea, a number of reports associate clostridial infearons 
with enteritis and abomasitis. 

C. perfringens is the most important cause of clostridial 
enteric disease in calves. Some types of C, perfringens {mainly 
type A) are consistently recovered from the intestinal traas of 
animals and from the environment, whereas others (types B, 
C, D, and E) are less com mon in the intestinal traas of ani¬ 
mals and can occasionally be found in the environment in 
areas where disease produced by these organisms is enzo¬ 
otic. 175 Disease is usually precipitated by management fac¬ 
tors that lead to the proliferation of the organism within 
the gastrointestinal traa or attenuated digestion of clostridial 
toxins within the lumen of the alimentary traa. 

C. perfringens type A has been associated with acute hemor¬ 
rhagic abomasitis in neonatal calves. Clinical signs include 
acute abdominal distention, colic, depression, and sudden 
death. Onset of dinical signs is rapid; affected animals 
become anorectic depressed, or restless. Signs of ahdominal 
discomfort are observed in approximately half of the cases 
and include tread i ng on the spot and kicking at the abdomen. 
On physical examination splashing and metallic sounds are 
heard on succussion of the distended abdomen; passage of 
a stomach tube fails to relieve the distention. Fecal output is 
reduced, and melena may be observed. Gross pathology 
may include abomasa! ulcers, abomasitis, and abomasal [yin- 
pany Trace mineral deficiencies of copper and/or sele¬ 
nium may also be involved in the pathogenesis of lire 
condition. 4 ' 1 A decreased prevalence of abomasal tympany 
and ulceration was reported in neonatal calves from herds 
having a history of these problems after implementation of 
a C. perfringerM vaccination program, 44 - 52 Enterotoxemia 
caused by C. perfringens type A has been described in 2- to 
4-month-old calves, with the condition observed more often 
in beef calves than in dairy calves. 130 The disease is character¬ 
ized by a high case fatality rate, sudden deaths, lesions of 
necrotic and hemorrhagic enteritis of the small intestine* 
and, most often, an absence of other clinical signs. 131 

C perfringens type B is not commonly associated with 
neonatal diarrhea in calves, G perfringens type C infections 
are most frequently observed in neonates less than 10 days 
of age. 137 Newborn animals are typically most susceptible, 
perhaps because of ready colonization of the gut by C. per - 
fringens in the absence of well-established normal intestinal 
flora, 179 Alteration of the flora by sudden dietary changes 
may also be an inciting faaor in type C infeaions. Vigorous, 
healthy calves develop hemorrhagic, necrotic enteritis and 
enterotoxemia, often accompanied by evidence of abdomi¬ 
nal pain and neurologic signs that may include frenzied bel¬ 
lowing, aimless running, tetany, and opisthotonus. Death 
may be peracute, occasionally without other clinical signs, 
but may also follow a dinical course of several days. 

CAMPYLOBACTER SPECIES, The clinical significance 
of Campylobacter species in calf scours is inconclusive. Cam¬ 
pylobacter spedes are part of the normal intesti nal flora. Exper¬ 
imental challenge studies have demonstrated the capacity 
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of Camfydobaaer jejuni to cause enteritis in calves.w.ns-iss 
However, there is a paucity of convincing reports that demon¬ 
strate a causal association in naturally occurring cases. 

Viruses 

Intestinal viruses multiply within enterocytes. As the epi¬ 
thelial cells are destroyed- villous atrophy develops- The 
various agents cannot be readily separated on clinical 
grounds. Diarrhea can vary in severity from soft to watery 
feces. 

ROTAVIRUS. Rotaviruses are the most common cause of 
neonatal diarrhea in calves. 1 * 6157 Affected calves are gener¬ 
ally 5 days to 2 weeks of age, although disease can occur at 
24 hours, particularly In colostrum- deprived calves (see 
Fig. 20-2), This age predilection is thought to occur 
because many cows secrete antirotavirus antibody in their 
colostrum, which confers local protection against rotavirus 
attack until antibody levels in milk decline 48 to 72 hours 
postpartum 140 141 Resistance to infection is not age depen¬ 
dant, but age-dependant resistance to clinical disease has 
been demonstrated 14:2 Several possible mechanisms are 
associated involved in age dependence. Age restriction may 
be related to immunity, as neutralizing antibodies increase 
with age and virus exposure The expression of intestinal 
mucins and the rate of epithelial cell replacement and fluid 
absorption are also age dependent and have been shown to 
affect rotavirus infection and disease expression. 145 

Rouvirus invades small intestinal villous epithelial cells; 
the attack is usually self-limiting because of destruction 
of target cells,* 7 Enterocytes are lost to the gut faster than 
they can be replaced from the crypts. The shrunken vUli 
are initially covered by squamous and cuboidal cells from 
the crypts; the villi gradually regenerate as these differentiate 
into absorptive columnar epithelium.* 3 - 144 Intestinal secre¬ 
tions are increased owing to the compensatory hyperplasia 
of crypt cells and enterotoxigenic activity of the viral non- 
structural protein NSP4.* 5 * 6 Both increased secretory load 
and impaired absorption resulting from villous hypoplasia 
contribute to the diarrhea It is thought that virulent strains 
replicate more quickly and infect a larger area of epithel ium. 
Difference in rotavirus replication rates in the gut and age- 
dependent differences in the rate of emerocyte loss and nat¬ 
ural replacement rate may explain the differences in clinical 
outcome. Concurrent infection with ETEC has also been 
shown lo cause clinical signs at a later age than with a single 
infection of either agent alone 141 

Rotavirus of calves, lambs, kids, pigs, foals, mice, and chil¬ 
dren is morphologically identical. Infections are classified by 
the antigenic properties and/or sequence of the genes encod¬ 
ing the viral capsid proteins. Viral protein (VP) 6 is used to 
separate them into seven antigenically distinct serogroups, A 
through F. Rotaviruses from serogroups A, B r and C have been 
isolated from cattle, and serogroup A is the most common 
cause of diarrhea in calves Group B rotaviruses have been 
isolated from calves and adult cattle; however, there is less 
information regarding their significance and prevalence in 
cattle. 146 - 150 Group B rotavirus is more common in lambs 
than in calves. 151 Croup C rotavirus has been isolated only 
from adult cattle. 145 The serotype and/or genotype of capsid 
proteins VP7 and VP4 are also used to differentiate the viruses 
into a number of G-rypes (glycoprotein) and P-types (prote¬ 
ase sensitive protien). 152 A range of both serotypic and geno¬ 
typic diversity and virulence has been reported within 
serogroup A. l4a - 1B * 1W Rotavirus is shed in the feces of 
infected animals, and transmission is primarily fecal-oral. 
Clinical signs occur 1 to 3 days after infection and last for 
5 to 9 days. Virus excretion commences with the onset of 
clinical signs and continues for 3 to 7 days. 142156 Adult 


cows can be subdinically infected and intermittently shed 
the virus during pregnancy and especially at parturi¬ 
tion.* 57 ' 55 ]j is likely that this is the most common source 
of infection, with carrier cows infecting their calves and 
then these calves infecting other calves. 160 Calves from car¬ 
rier cows have a significantly higher risk of clinical disease, 
and the birth of calves from known carrier cows has been 
associated with the beginning of an outbreak. Recovered 
calves can become reinfected and shed virus, 161 

The environment may be an important source of infec¬ 
tion. Rotaviruses can survive in fresh water for more than 
2 weeks at 23° C and for months in water or soil 
<5° C. 162 They are also stable in feces and effluent for up 
to 9 months and therefore are likely to remain in calving 
areas from year to year. 165 

CGRONAVIRUS- Bovine coronavims commonly causes 
diarrhea in calves 5 days to 1 month of age. 6 * j6 *> 164 - 165 Dis¬ 
ease can occur within 24 hours in colosuum-deprived 
calves and has also been recorded in calves up to 5 months 
of age, 16f> Respiratory infections are common in older calves 
and may be important in the epizooiiology of enteritis. 166 

Calves may be infected with coronavims by the oral or 
respiratory route 156 Fecal shedding commences 3 days 
after infection and persists for up to a week; nasal shedding 
can be detected 2 days after infection and persists for 
2 weeks. Once infected, calves initially excrete high levels 
of virus and are potent sources of contamination Infection 
persists for weeks in apparently recovered calves, and these 
exaete low levels of virus for weeks. 167 Subclinical infection 
is common. Disease is more common in the winter months, 
and coronavims survives in the environment from year to 
year 

Calves may be infected by virus shed by persistently 
infected cows. 16 * Coronavims has been detected in the feces 
of more than 70% of clinically normal cows. 155 The rate of 
virus excretion increases at parturition and in the winter 
months. 157165 Calves born to earner animals are at a signif¬ 
icantly increased risk for developing diarrhea. 157 

All RCV isolates are believed to belong to a single seroty¬ 
pe. 1653 Differences in hemag^utination-inhibition character¬ 
istics have been used to classify strains as types 1 through 3. t65b 

The pathology of coronavims is often more severe than 
that of rotavirus, resulting in a mucohemorrhagic enteroco¬ 
litis. The virus in fens both the small and large intestine. In 
the spiral colon there is widespread destruction of the cells 
of the colonic ridges. 75 * 1 Virus replication occurs in the sur¬ 
face epithelium, especially in the distal half of the villi, 
resulting in stunting and fusion of the villi. Immature cells 
replace epithelial cells, and in severe infection there can be 
areas of complete desquamation. Intestinal secretions con¬ 
tinue. and absorption is impaired by reduced surface area. 
Undigested lactose accumulates in the intestinal lumen, 
often resulting in a secondary bacterial overgrowth, fermen¬ 
tation. lactate production, and an osmotic imbalance that 
draws fluid into the intestinal lumen. Most infections are 
self-limiting because the virus rarefy attacks crypt epithelial 
cdls. 16 * In response to infection the mitotic rate of crypt 
cells increases, producing immature cells that are more 
resistant to virus infection and that migrate up the villi to 
replace the damaged cells. 

In expert mental challenge studies, diarrhea develops 48 
hours after infection Calves are initially depressed and ano¬ 
rectic for the acute phase and may become dehydrated and 
pyrcxic in a severe infection *** Severe infections can result 
in death from dehydration, acidosis, shock, and cardiac fail¬ 
ure. Respiratory signs are generally mild. Rhinitis, sneezing, 
and coughing may occur. Lesions may be found in the 
lungs, but clinical signs of pneumonia are rare, except when 
secondary infection occurs. 
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BOVINE VIRUS DIARRHEA VIRUS. BVD virus occasion¬ 
ally causes diarrhea and thrombocytopenia in young calves 
outside the confines of the persistently infected disease 
model.' 7071 Colostra! antibodies generally protea young 
calves from BVD infection, but disease may occur as a result 
of FPT or the introduaion of novel BVD strains with new cat¬ 
tle or viral mutation in persistently infeaed home-grown cat¬ 
tle BVD is also thought to exacerbate infections caused by 
other pathogens. 170 It has also been implicated in necrotic 
enteritis, an acute enteritis of 7- to 12-week-old beef calves 
reported in the United Kingdom. 171 Affected calves usually 
show oral ulcerations, particularly on the hard and soft palates. 
The buccal papillae are often blunted, and the tips may be ul¬ 
cerated. 172 Some variants of the virus produce intestinal bleed¬ 
ing, petechiation, ecchymosis, or prolonged bleeding from 
venipuncture sites secondary to thrombocytopenia, 70 - 171175 
Hematologic findings often include leukopenia and thrombo¬ 
cytopenia. The disease must be differentiated from other 
causes of enteritis that are complicated by bovine papular 
stomatitis infeaion, Bovine papular stomatitis is common in 
neonatal calves. It produces oral lesions that are hyperemic 
and red, with a central while area of necrosis and often a raised 
rim of proliferating epithelial cells. These lesions often involve 
the mucosa around the molars. They are usually of little conse¬ 
quence, and their importance lies in the fact that they may be 
conftised with BVD. One feature that helps identify BVD ulcers 
is that they lack the zones of epithelial proliferation seen in 
bovine papular stomatitis. 

BOVINE TOROVfRUS (Breda virus). Bovine torovirus 
has been detected worldwide 176170 and has recently been 
implicated as an important cause of calf diarrhea, 66 - 67 Initi¬ 
ally known as Brafa inms f it is pan of the Coronaviridae fam¬ 
ily. It has been relatively infrequently reported because It is 
difficult to recognize by electron microscopy and it cannot 
as yet be grown in celt culture, which has precluded the devel¬ 
opment of routine im mu nospecific diagnostic tests 66 Labo¬ 
ratory studies using PCR testing have implicated it as the 
sole pathogen isolated in 25% to 30% of fecal samples from 
calves with diarrhea under 6 weeks of age. 66 - 67 It is also found 
in the feces and nasal secretions of asymptomatic ani¬ 
mals, 66 - 68 suggesting that the epizootiology is likely to be 
similar to that of rotavirus and cononavims, with asymptom¬ 
atic carriers acting as reservoirs of infection within a herd. 157 
It is mainly a disease of calves less than 3 weeks of age, with 
diarrhea commencing as early as 1 to 3 days afterbirth, ,78 - l7 ° 
but clinical signs have been observed in animals up to 10 
months of age. 67 - iao Clinically it produces mild to moderate 
diarrhea in calves under both experimental and field condi¬ 
tions. 170 - 181 The virus infects the small and large intestines, 
affecting differentiating epithelial cells in the crypts of the 
intestinal villi , 170 - im Clinical signs develop 24 to 72 hours 
after experimental infection, 179 It has also been isolated from 
the respiratory tract of cattle and associated with respiratory 
signs in calves at 1 month and 4 to 6 months of age. 182 

OTHER VIRUSES. Cal id virus, astrovirus, adenovirus, par¬ 
vovirus and picobirnavims have ail been associated with 
neonatal calf diarrhea, 183187 The pathogenicity and contri¬ 
bution of these viruses to field outbreaks is uncertain. 

Protozoa 

CRVPTQSPGflfDtUM, Two species of Cryptosporidium have 
been identified in cattle: Cryptosporidium parvum in the intes¬ 
tine and Cryptosporidium andersoni in the abomasum. !fm The 
two species have morphologically distinct oocysts and differ 
genetically. 180 C. andersoni is a parasite of calves postweaning 
and has not been associated with neonatal diarrhea. 

There are several subgenotypes of C, parvum, many of 
which appear to be host-specific and could represent distinct 


species. iaa - 100 These genotypes include type l, which is 
found in human sources, and type 2, which is considered 
to be zoonotic and can be isolated from cattle, sheep, and 
goats. 100 Calves generally become infected between 1 and 
4 weeks of age and display clinical signs for 4 to 14 days. Ani¬ 
mals of all ages can be infected, but diarrhea is mainly asso¬ 
ciated with calves preweaning. 101 Crypiosporidial infections 
are asymptomatic in cattle older than 4 months of age, 
G parvum mainly infects the distal small intestine, but 
lesions are also found in the cecum and colon and occasion¬ 
ally the duodenum. 102 The parasite invades the superficial 
cells of the mucosa in the intestine but is surrounded by an 
invagination of the host cell membrane and remains extracy- 
toplasmic. Parasitic invasion of the mucosa leads to epithe¬ 
lial destruction and mild to moderate villous atrophy, with 
microvillous shortening and destruction. This leads to 
impaired nutrient digestion and transport and a resulting 
malabsorption diarrhea. 

Affected cakes often show no sign other than diarrhea but 
can show depression, dehydration, and anorexia, 103 Pyrexia 
and tenesmus have been noted, l04 ^ 05 Variable levels of mor¬ 
bidity have been reported, and mortality is generally 
low, 1 °*° 4 - 106 Other pathogens can be involved and are likely 
to contribute to the severity of the disease, Affened calves can 
take 4 to ft weeks to recover. Cryptosporidiosis occurs less fre¬ 
quently in suckler calves at pasture, but when these calves are 
affected outbreaks were reported to be more severe than 
found in dairy calves, with mortality rates up to 30%. 186 1 ligh 
mortality rates have been attributed to lack of herd immunity 
in seasonal calving herds in which the transmission cycle is 
broken. Neutralizing antibodies in colostrum and milk 
reduce infeaivity by immobilizing the parasite, blocking 
invasion, inhibiting adhesion to host cells, or having direct 
cytotoxicity for Cryptosporidium sporozoites. 107 High mortal¬ 
ity rates have also been associated with concurrent low levels 
of selenium, inadequate nutrition, presence of concurrent 
enteric infections, and specific management practices. 1 

Transmission is fecal-oral, by ingestion of an encysted, 
sporulated oocyst. Transmission can be direa from host to 
host, by ingestion of contaminated food or water, and prob¬ 
ably mechanically via flies. 10B A study of oocyst shedding in 
experimentally infected neonatal calves demonstrated pre¬ 
patent and patent periods ranging from 3 to 6 and 4 to 13 
days, respectively. 100 However, oocyst excretion has been 
described at as early as 2 days of age, which means that 
calves are susceptible to infeaion during or shortly after 
birth. 200 The parasite is capable of autoinfeaion, sporulat- 
ing within the intestine and immediately infecting adjacent 
cells. Hits can result in protracted clinical illness and 
relapses. The ability to autoinfect results in huge parasite 
burdens after very small infective doses. Oocyst excretion 
has been described at as early as 2 days of age, which means 
that calves are susceptible to infeaion during or shortly 
after birth. 200 Calves aged 1 week to 4 months of age are 
most likely to be aaively shedding significant numbers of 
oocysts, with peak shedding occurring at 1 to 3 weeks of 
age. 101100 - 201 Infeaed calves can shed in excess of IQ 6 
oocysts g 1 of feces. 109 - 202 C. parvum oocysts have also been 
isolated from adult cows, with herd prevalence ranging 
from 7%~100%/ 01 - 201208 Mean shedding intensity re¬ 
ported for adult cows has ranged from 3 to 900 oocysts g- 1 
of feces, 208-207 It is likely that carrier cows are a source of 
infeaion of young calves. 

The most critical faaor affecting environmental oocyst 
survival is the temperature. Drying of oocysts has been 
shown to dramatically reduce their viability and infeaiv- 
ity in mice, 208 - 200 Oocysts can enter watercourses and 
ground water by direa contact with cows or from runoff 
of rain or irrigation water from pastures and manure storage 
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areas, 1082,0 Cryptosporidium oocysts have been shown to 
survive in water for at least 12 weeks at 4° C. 211 Oocysts 
are resistant to chlorination of water and most disinfec¬ 
tants. 188 They have also been shown to survive in silage, 212 
Wildlife may be a significant reservoir for C. panmm and 
may act as a method of amplification and infection in the 
environment , 20 *' 213 ' 214 

Cryptosporidia cause diarrhea and sometimes death in 3- 
to 30-day-old lambs, Proiracted infections and mortality are 
most common in lambs infected in the first few days of life, 
as age resistance is seen after about 3 weeks of age. ,j3 jm - 217 
Cryptosporidlosis has also been described in goats; it affected 
5- to 20-day-old kids, signs lasted from 3 to 7 days, relapses 
were not uncommon, and there was a moderate mortality 
rate. 218 Cryptosporidia are resistant to all commonly avail¬ 
able antimicrobial and anticoccidial agents and most disin¬ 
fectants and can survive for long periods in the environment. 

People working with dianheic neonates should be warned 
of the risk of zoonoiic disease. An outbreak of cryptosporidi- 
osis has been described in caregivers in a veterinary hospital 
treating diarrheic calves. Affected people suffered from watery 
diarrhea, cramping, flatulence, and headache, 210 One person 
became infected as a result of handling soiled clothing. 

GfAftDM, Giardia is often found in diarrheic calves in 
association with other pathogens, but its relevance as a 
pathogen in its own right is unclear. Several authors have 
documented cases of diarrhea in which GiitiriJiti infection 
has been implicated as the causative agent either by itself 
or in conjunction with C. parvum and rotavirus. 220222 
Affected calves are at least 2 weeks old, and often older than 
1 month of age, with infection often becoming chronic and 
lasting for several months. 200 220 - 233 ' 125 Giardw has a prepa¬ 
tent period of 7 to 8 days, and the delayed interval between 
birth and infection is likely to relate to high levels of col¬ 
ostra! protection against Giardia but low protective levels 
in milk, 33 * Many calves were shown to have a poor specif¬ 
ic immune response to the infection, accounting for the 
chronicity of the infection, 

Ihe significance of Giardia as a primary pathogen has 
been questioned by the observation of similar or lower rates 
of infection in calves with diarrhea compared with asymp¬ 
tomatic calves. 200 - 227 Treatment of affected calves with fen- 
bendazole reduces the duration but not the number of 
diarrhea episodes. 233 

COCCIDIOS1S, Thirteen species of Eimeria have been 
reported in cattle. 328 Eimeria boms and Eimeria zuernii have 
historically been the most common pathogenic species; 
however, there are increasing reports of Eimeria alabamensis 
causing disease. 230 ' 231 Transmission is fecal-oral Infected 
animals pass unsporulated oocysts in their feces that sporu- 
late and become infective. The sporulated oocysts are pro¬ 
tected from the environment by a double cyst wall. 232 
Moist, temperate, cool conditions favor sporulation, and 
oocysts can survive for several years, Sporulated oocysts 
can resist freezing to -8° C for several months but are 
destroyed by high temperatures and dry conditions within 
a few weeks. 211 Under optimal conditions sporulation can 
occur within a few days. The prepatent period of the two 
main pathogenic species is 15 to 20 days, and the patent 
period is approximately 11 days, E. d/airmensis has a prepa¬ 
tent period of only 8 days and a patent period of 5 days. 

Calves start shedding at about 1 month of age and shed 
for 3 to 4 months. E . Jwvjs and E, zuernii schizonts first 
reproduce in the lower small intestine, then produce sec¬ 
ond-generation schizonts and gamonts in the cecum and 
colon, where they attack crypt cells. 228 These latter stages 
Induce both local and more extensive lesions. 

Outbreaks of disease in calves and lambs are often 
related to overcrowded and confined conditions. Up to 


95% of infections are sub clinical, causing decreased growth 
rates that are often unnoticed. 234 Clinical disease can be 
chronic or acute and is generally found in calves aged 3 
weeks to 6 months, although animals 2 years of age or older 
may be affected* In beef cattle the most common reports of 
clinical disease are associated with weaning stress, 238 Clini¬ 
cal signs may include diarrhea, ill thrift, increased suscepti¬ 
bility to pneumonia, tenesmus, increased mucus in feces, 
and hematothezia, Pyrexia, dehydration, and anemia may 
also be observed. The disease is usually self-limiting without 
reinfection. Chronic disease is often underdiagnosed. 234 
Calves appear weak and listless, with pasty feces, drooping 
eyes, and a staring coat. Fecal oocyst count is low or negligi¬ 
ble. Disease results from continual reinfection as a result of 
a heavily contaminated environment. 

Nutritional Diarrhea 

Producers often express the opinion that scours is caused by 
calves consuming too much milk. However, there is no 
documented research in healthy calves to support this. 
Calves fed 16% to 20% of body weight per day or allowed 
ad libitum access to milk have not developed problems 
with diarrhea, 23 *- 237 However, in studies in which calves 
are also infected with enteric pathogens, the diarrhea and 
depression were exacerbated by feeding normal amounts 
of whole cow's milk in the early stages. Villous atrophy as 
a result of attack by an enteropathogen reduces the ability 
of the calf to digest nutrients, 8488 and this predisposes 
to gastrointestinal overload with fermentation of milk in the 
large intestine. Deliberate underfeeding of healthy calves 
also predisposes to diarrhea. 

Studies in Scotland have shown that poor dotting ability of 
milk is associated with diarrhea and abdominal distention in 
calves aged l to 3 weeks of age in beef suckler herds. 238 ' 240 
Milk should dot within 7 minutes when incubated with ren¬ 
net; the milk from the affected cows took at least 1 hour to dot 
and in some cases >24 hours. Diarrhea may be a result of the 
rapid passage of undigested milk through the bowel or sec¬ 
ondary to infection by enteric pathogens facilitated by the 
conditions created in the bowel. Milks with poor clotting abil¬ 
ity were shown to have low ultraftlterable calcium levels and 
low total magnesium levels. 240 Calves responded to treatment 
with 30 mL of 1 molar solution of CaCl administered three 
times daily by mouth (PO) and relapsed when this treatment 
was stopped. The majority of the milk samples dotted when 
100 pi of 1 mol/Lcalcium chloride solution was added before 
the addition of rennet. The exact cause of the impaired dotting 
ability was not determined. The diet of one group of affected 
cows was shown to be low in calcium 238 - 230 After a mineral 
mixture containing additional calcium was added to the diet 
of these cows, the dotting ti me was reduced to <12 minutes; 
treatment of the calves was stopped, and there was no recur¬ 
rence of clinical symptoms. 3 * 8 

Calves seem to experience more problems with diarrhea 
on certain milk replacers One study showed that calves per¬ 
formed well on milk replacers containing soy protein when 
healthy but that during an outbreak of salmonellosis there 
was better weight gain and less mortality in calves fed whole 
milk. 241 

ESTABLISHING AN ETIOLOGIC 
DIAGNOSIS 

An etiologic diagnosis is useful in selecting specific diagnostic 
and preventative regimens for bacterial infections. Establish¬ 
ing an etiologic diagnosis for viral infections will allow estab¬ 
lishment of specific control methods and development of an 
appropriate vaccination strategy. Diagnosis of salmonellosis, 
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cryptosporidiosis, and giardiasis can have public health 
implications. Once an agent has been identified, one of the 
major problems is in interpretation of whether or not that 
agent is responsible for diarrhea in the individual or herd, 
because most agents can also be found in a percentage of 
normal calves (see Fig. 204). 

Sample Collection 

Appropriate selection of diagnostic specimens is required to 
achieve a meaningful diagnosis. Best results are obtained 
when fresh samples and specimens are collected from calves 
early in the course of disease. When possible, a fresh nec¬ 
ropsy is informative, as it provides an opportunity to relate 
the presence of pathogens to a disease process. This is 
required to establish causality. The quality of the informa¬ 
tion gathered is to a large extent determined by the quality 
of the samples submitted to the diagnostic laboratory. Autol¬ 
ysis and bacterial invasion of gut mucosa begin within 5 min¬ 
utes of death. Amolysis is a common cause of poor tissue 
sections for histopathology; this may reflect a prolonged 
postmortem interval or poor tissue preparation, handling, 
or transport. To avoid autolysis, formalin needs to distribute 
into the lumen of intestinal sections; therefore intestinal 
specimens should be no longer than an inch long and the 
tissue-to-formal in ratio should be no greater than 1 to 10, 


DIAGNOSTIC TESTS 

Bacterial Pathogens 

ESCHERICHIA COLf. E, coli is a normal inhabitant of the 
gastrointestinal tract. Isolation of E. cofi from fecal samples 
or gut contents is therefore of no significance unless the iso¬ 
lates are demonstrated to possess virulent attributes that are 
consistent with the clinical and/or pathologic presentation. 
Virulence attributes include adhesins, enterotoxins, and 
cyiotoxins. ETEC adheres to enterocytes in the jejunum 
and ileum. 242 On gross pathology, ETEC is associated with 
flu id-distended Loops of bowel without enteritis. 243 Calves 
infected with ETEC have a mild inflammatory reaction in 
the small intestinal wall and some villous atrophy. In fresh 
specimens, sheets of gram-negative bacilli can be seen 
adhering to the small intestinal wall 347 Definitive diagnosis 
of enterotoxigemdty rests on demonstration of the ability of 
the E. tofr to dilate intestinal loops, 244 ETEC can also be 
identified by the presence of F5 (K99) using antigen-specific 
immunoassays including latex agglutination, 745 ELISA, 246 
fluorescent antibody, 247 slide agglutination, 247 and rapid 
dipstick tests, A potential limitation of immunoassays is 
the specificity of the antibodies used; strains of ETEC using 
non-F5 fimbriae will not be detected by these tests. 10 '®- 246 

AH EC and STEC mediate disease by cytotoxic damage to 
the intestinal mucosa. Diagnosis of E colt infection may 
be achieved using phenotypic differentiation of pathogenic 
strains from nonpaihogenic normal flora E. coli via bioas¬ 
says or immunoassays for toxins and fimbriae. Immunoas¬ 
says have been developed to identify the presence of Stxl 
and Stxl in feces as a presumptive test for the detection 
of STEC in cattle feces. 249 251 An alternative approach to 
identify and differentiate ETEC, AEEC, and STEC is to use 
PCR to identify virulence-associated genes commonly found 
in these E, cofi strains (F5, F41, enterotoxin, intimin, Stxl, 
and Stxl). 117 The significance of STEC, EPEC, and AEEC 
in bovine enteritis is unknown because of a lack of appro¬ 
priate assays for routine detection and because of the wide¬ 
spread presence of verotoxin-producing E. coif strains in 
healthy cattle that complicate the interpretation of detecting 
fecal shedding in sick animals, 252 254 Demonstration of 


verotoxin in cultures from bovine enteritis is not sufficient 
to imply a causative association. 

CLOSTRIDIUM SPECIES. G perfringens has been asso¬ 
ciated with enterotoxemia and hemorrhagic abomasitis in 
calves. 129 - 131 C perfringens organisms are normal flora of 
the gastrointestinal tract; therefore isolation of C. perfringens 
from feces is not in itself diagnostic. Pathogenic strains of 
C perfringens produce exotoxins; five of these (alpha-, beta-, 
epsilon-, and iota-toxins and enterotoxin) are involved in 
the pathogenesis of disease. 129 The complete pathogenesis 
of enterotoxemia and abomasitis has yet to be completely 
elucidated. Production of specific toxins can be demon¬ 
strated only in a proportion of cases, 255 Isolation of toxin¬ 
positive G perfringens from intestinal contents does noi con¬ 
firm a clinical diagnosis of bovine enterotoxemia, because 
almost as many G perfringens isolates from normal calves 
produce toxin and because toxin production cannot be 
demonstrated in as many as 40% of affected calves 236 

A fresh necropsy is required to definitively diagnose clos¬ 
tridial enteritis. Observing many gram-positive bacilli in the 
mucosa associated with hemorrhagic enteritis is suggestive of 
clostridial enterotoxemia. Quantitative bacterial counts of 
intestinal contents at the site of the lesion have proven to 
be one of the most reliable methods for diagnosing entero- 
toxemia. 133 A G perfringens count greater than I0 6 /mL of 
intestinal contents is consistent with a diagnosis of enterolo- 
xemia. 131 Demonstrating the presence of C. perfringens toxins 
or the capacity to produce toxins provides support for the 
diagnosis. Tests for detecting toxins or the bacteria's capacity 
to produce toxins include bioassays, immunoassays, western 
blot, and PCR assay. 257 The basis of the bioassay is to demon¬ 
strate protection of mice using antitoxin. G perfringens 
enterotoxin is produced during sporulation. In vitro detec¬ 
tion of enterotoxin-production capacity of a G Perfringens 
isolate using western blot or immunoassays requires sporula- 
tion to occur. In vitro techniques to induce sporulation are 
not 100% efficient, so detection of enterotoxin using these 
methods is less sensitive than PCR is at detecting the genes 
required to produce enterotoxin. 23 ® 

SALMONELLA SPECIES- Salmonella? are capable of caus¬ 
ing disease in cattle of all ages. Neonatal infections are 
common. Hie classic pathologic lesion is fibrinous or fibri- 
nonecrotic to ulcerative enteritis. 259 The severity of Lesions 
is usually greatest in the distal small intestine and proximal 
large bowel. Hypertrophy of the mesenteric lymph nodes 
is a common finding. 260 Serosal hemorrhages may be 
observed in the small and large intestines. Septic infarcts 
in the kidneys and inflammation of the gall bladder are less 
common findings. Pneumonia is a common finding with 
Sflfmune/fa Dublin infections, and gangrenous necrosis of 
distal extremities may also be observed, 261 Bacteremia is 
a feature of neonatal salmonellosis and may manifest as 
osteomyelitis and/or meningitis. 

Isolation of SaWrceJ/fl from feces of calves with diarrhea 
is consistent with a diagnosis of salmonellosis but in itself 
does not necessarily establish causality, as Salmonella may 
be isolated from the feces of apparently healthy calves. 262 
Isolation of Srt/meneJk from tissues at necropsy is indi¬ 
cative of invasive salmonellosis. A definitive diagnosis of 
salmonellosis is based on the clinical presentation, patho¬ 
logic lesions, and isolation of Sdlmanelki from tissues at 
necropsy. 

There are numerous methods for isolating and detect¬ 
ing the presence of Salmone/fii, These include direct cul¬ 
ture, enrichment cultures, PCR, immunoseparation, and 
immunoassays. 

The process of directly inoculating tissues or other sam¬ 
ples onto plating media, except in the case of acute infec¬ 
tions, is usually nonproductive. Typically, with subdinical 
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infection the number of salmonella? shed in feces is low 
relative to the high number of other bacteria. Fecal samples 
should be inoculated into selective-enrichment media 
for optimal recovery of Sa/mondkt. Selective-enrichment 
broths are formulated to selectively inhibit other bacteria 
while allowing Salmonella to multiply to levels that may 
be detected after plating. Internal organs that ate normally 
sterile do not need to be inoculated onto selective media; 
rather, they should be inoculated onto nonselectlve (blood 
agar) or weakly selective (MacConkey agar) media. 

Rapid detection methods have been developed to expe¬ 
dite the detection of salmonella. These methods include 
electrical conductance and impedance, immunologic tech¬ 
niques, nucleic-acid-based assays, * and PC Ft assay. These 
methods generally lake 24 to 52 hours to screen for or detect 
and identify salmonella organisms. Most of these tests, and 
particularly the enzyme-linked immunologic techniques, 
require 10 5 cells per milliliter for reliable results. Accordingly 
all these tests involve a preen rich tnent stage, and some also 
involve a selective-enrichment culture. 263 When Salmonella 
is causing disease, clinically affected calves may shed 1G 9 
Satm&nella organisms per gram of feces, 264 Detection of 
Salmonella in clinical samples when il is the inciting cause of 
the disease process is not normally difficult when multiple 
samples are collected from a representative sample of the 
affected population. 

Viral Enteropathogens 

Viruses are usually identified by direct examination of the 
feces, immunoassays, or fluorescent antibody examination 
of intestinal mucosa. Molecular techniques involving PCR 
and reverse transcriptase-PCR (RT-PCR) have been de¬ 
scribed for most pathogens but are not routinely available 
in all diagnostic laboratories. Electron microscopic examina¬ 
tion of feces is not a sensitive means of detecting virus par¬ 
ticles, but it has the advantage that many different types of 
viruses can be detected, including those such as parvovirus 
that are not recognized as common causes of diarrhea. The 
recent development of relatively inexpensive immunoassay 
diagnostic test kits makes these an attractive option; limited 
test-specific data regarding test sensitivity and specificity limit 
the appl ication of some of these tests. 

CORONAVIRUS. Coronavirus replication occurs in the 
epithelial cells of the distal half of the villi of the lower 
small intestine and colon. Infected cells die, slough, and 
are replaced by immature cells. In the small intestine these 
changes result in stunting and fusion of adjacent villi, and 
in the large intestine they lead to atrophy of the colonic 
ridges. On histopathology the tall columnar epithelial cells 
are replaced by cuboidal and squamous epithelial cells, 
and in severe infections there may be areas of complete des¬ 
quamation. 265 Virus is shed in respiratory secretions and 
feces. There are several methods for detecting bovine coro¬ 
navirus virus in feces. These include isolation of the virus 
in cell culture, 266 electron microscopy, 267 immunoelec- 
tron microscopy, 166 immunoassays 159 - 246 ' 26 *- 271 and molec¬ 
ular techniques including dot blot hybridization assays 272 
and RT-PCR assay, 2 73274 Isolation of bovine coronavirus using 
cell culture techniques is not often performed in diagnostic 
laboratories, as the technique is difficult and requires viable 
virus (fresh samples or shipped on dry ice), 275 Electron mi¬ 
croscopy has been used as a standard diagnostic method for 
bovine coronavirus. Although the intact virion of bovine 
coronavirus is fairly characteristic in appearance, it is not 
uncommon for the identifying surface projections of the virus 
to be lost during sample preparation or storage, making 
it difficult to properly identify virus particles by electron 
microscopy. 


Numerous ELISA assays have been described for the 
detection of BCV antigen in feces. Several companies have 
developed commercial kits using this technology. The use 
of monoclonal antibodies rather than polyclonal antibodies 
is reported to increase the sensitivity and specificity of 
bovine coronavirus EUSAs. 271 The limit of detection for 
ELISA assays ranges from 10 4 to I0 7 virions per milliliter 
of feces. 

A one-step RT-PCR assay, targeting a 730-bp fragment of 
the nucleocapsid gene of bovine coronavirus, and a nested 
PCR assay, targeting a 407-bp fragment of the nucleocapsid 
gene have been developed to detect bovine coronavirus. 
Compared with an antigen capture ELISA, the limit of detec¬ 
tion for the RT-PCR and nested PCR assays was 10* virions/ 
mL and IQ 3 virions/mL, respectively, compared with IQ 7 
virions/m L for the ELISA. 276 - 277 

ROTAVIRUS, Bovine rotavirus infects enterocytes of the 
intestinal villus. Infected cells are predominantly in the dis¬ 
tal third to half of the villus, lhe age at the time of infection 
influences the distribution of the virus in the gastrointes¬ 
tinal tract and the number of virions shed in feces. In exper¬ 
imental challenge studies, infection of day-old calves 
resulted in a uniform distribution of virus throughout the 
small intestine, 27 * Challenge of 10-day-old calves led to a 
patchy distribution of the vims with maximal viral load 
observed in the mid small intestine, 27 * Villous stunting is 
more pronounced in young calves. 

Methods for detection of rotavirus include cell culture, fluo¬ 
rescent antibody staining electron microscopy, immunoelec¬ 
tron microscopy, immunoassays, electrophoretic procedures, 
and RT-PCR assay. 1 Bovine rotavirus is 
difficult to isolate in cell cultures because of the cytotoxic 
nature of feces and fecal filtrates and because the virus is incon¬ 
sistent in production of cytopathic effects. 280 The fluorescent 
antibody technique is simple, rapid, and specific; however, 
rotaviral antigen is usually difficult to detect within 24 to 
72 hours after Lhe oasei of diarrhea because rotavirus-infected 
epithelial cells are rapidly shed from the tips of the villi. 2 * 2 
Comparative studies evaluating methods of detecting rotavi¬ 
rus in feces show comparable test results between antigen 
capture assays (ELISA, latex agglutination) and electron 
microscopy. 245 269 ' 2fl0 ' 263 Direct immunofluorescence testing 
of fecal samples corresponds well (90%) with electron micro¬ 
scopic examination for rotaviruses when samples are collected 
during the 24 hours after the onset of diarrhea, 2 * 4 but have 
poor agreement (33%) for field specimens submitted to 
a diagnostic laboratory. 2 * 0 

BOVINE VIRUS DIARRHEA BVD vims rarely causes diar¬ 
rhea in neonatal calves. 71 Sporadic disease may be observed 
in persistently infected calves. Pathologic lesions include 
ulceration of the oral cavity, particularly on the hard and 
soft palates, and blunting of the buccal papillae. 172 Erosions 
may be observed in the esophagus, and necrosis of Peyer's 
patches may be observed in the ileum. Thrombocytopenia 
has been observed with BVD type II infections. Outbreaks 
of neonatal disease have been observed with this strain. 
Petechial and ecchymotic hemorrhages are a feature of 
this condition. 70 ' 174 175 Hematologic findings often include 
leukopenia and thrombocytopenia. 

Several options are available for the detection of BVD; 
these include vims isolation, 2 * 5 2 * 6 RT-PCR assay, 287 immu- 
nohistochemistry, 2 aa and antigen capture ELISA. 2 * 5 Assays; 
the latter two are used in most commercial laboratories. 
Maternal antibodies reduce the sensitivity of the ELISA assay 
in young calves. 2 * 7 

BOVINE TOROVIRUS (BREDA VIRUS). Bovine torovirus 
produces cytolytic infections of villi and crypt enterocytes 
in the small and large intestine. 250 Bovine torovirus does not 
grow in tissue culture, cell culture, or embryonated eggs. 251 
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Therefore the large-scale preparation of reference antisera 
and antigens for the development of diagnostic tests has 
been precluded. Torovirus is capable of causing diarrhea 
in cattle, with disease observed most frequently in calves 
less than 3 weeks of age. 68 - 179 * 181 ' 292 ’ 294 uke other enteric 
viruses, bovine torovims has been detected in feces of nor¬ 
mal calves; therefore detection of the virus in feces from 
dianheic cattle cannot be interpreted as causal. The lack of 
diagnostic reagents has limited the study of bovine toro¬ 
virus, leaving questions about its epidemiology and relative 
importance in calf diarrhea. 67 Diagnostic methods that have 
been used to detea bovine torovims include electron 
microscopy, immunofluorescence, antigen capture ELISA, 
and RT-PfclR assay. 67179 

Protozoa 

EtfiAERIA SPECIES. Eimeria species are host-specific, 
E. bovis affeas primarily the mucosa of the cecum and the 
proximal part of the large intestine, whereas E. zuemii affects 
the mucosa of the cecum as well as the entire large intestine, 
including sometimes the rectum 295 The clinical signs of 
bovine coccidiosis are associated with the final stages of the 
eimerian life-cycle and com mence shortly before oocyst shed¬ 
ding, Gross lesions in the cecum and large intestine range 
from having semiliquid contents, little or no blood, and few 
areas of epithelial sloughing to having extensive hemorrhage 
and large areas of epithelial sloughing and necrosis of the 
mucosal 95 The serosal surface is often reddened opposite 
the affected mucosal area, and the submucosa and external 
muscular layers are often thickened by edema. 

Oocysts usually can be recovered 2 to 4 days after the 
onset of diarrhea. 296 Oocysts can be identified microscopi¬ 
cally by direa smear, flotation, or centrifugation methods. 
The oocysts of E. alabamensh are smaller and less distinctive 
than oocysts of other coccidian but are approximately 4 
times larger than Cryptosporidia, Oocyst counts of 5000 or 
more per gram of feces are considered significant in cat* 
tie, 232 Identification of oocysts in feces is not diagnostic 
for clinical coccidiosis, because the parasite is frequently 
detected in small numbers in the feces of healthy cattle, 297 
When scour problems are being investigated, multiple sam¬ 
ples should be collected for oocyst counts to provide an 
indication as to the level of infection within the group. 
The potential for discord between clinical signs and fecal 
shedding limits the diagnostic utility of a single sample 
from an individual animal. 

GJARD/A. Giardia infeaion is not associated with changes 
in intestinal villous height or crypt depth. However, trans¬ 
mission electron microscopy has been used to demonstrate 
a reduction in microvillous surface area. 298 Diagnostic 
methods for deteaion of Crardid include direct microscopy, 
im mu no magnetic separation, fluorescent antibody stain¬ 
ing, 221 - 299 ELISA, 300 and PCR assay. 301 When direct micros¬ 
copy is used, fecal samples should be examined within 24 
hours of colleaion. Concentration of trophozoites and cysts 
via density gradient centrifugation or filtration followed by 
fluorescent antibody staining is the diagnostic method used 
in most veterinary epidemiologic studies of Gfanfia in 
calves. 200 , 302,303 other immunoassays and PCR techniques 
are emerging in human diagnostic laboratories 300 - 301 

CRYPTOSPORIDIA. C. panwm infeaions are mainly con¬ 
centrated in the distal small intestine, but lesions may also 
be found in the cecum and colon, and occasionally in the 
duodenum, 304 The pathologic findings associated with 
Qypfojparidmm are a mild to moderate villous atrophy, vil¬ 
lous fusion, and changes in the surface epithelium with 
infiltration of mononuclear cells and neutrophils in the 
lamina propria, 304 


Calves infeaed with C, panwm usually develop diarrhea 
in 72 to 96 hours; diarrhea is observed for B to 23 days, 305 
during which oocysts are excreted in feces. Oocysts are sta¬ 
ble in feces for many days at room temperature. 306 Labora¬ 
tory methods for the diagnosis of Cryptosporidia! infeaions 
include microscopic examination of fecal smears or fecal 
preparations, immunoassays, and PCR assay. Cryptospori¬ 
dia oocysts are small (4 to 6 pm in diameter) and are easily 
missed on a fecal smear. Because fecal smears do not con¬ 
centrate the oocysts, this technique is less sensitive than 
fecal flotation. Concentration of the protozoa is achieved 
by salt 307 or sugar flotation. Special stains may be used to 
facilitate detection of Cryptosporidia during microscopic 
examination. Differential staining techniques are useful 
to distinguish Cryptosporidium oocysts from other fecal 
components (especially some yeasts) of similar size and 
shape. 308311 

A number of immunoassays have been developed for the 
detection of Cryptosporidia. Ihe deteaion thresholds of the 
different methods have been reported to be 3 x 10 5 
oocysts/g for a monoclonal antibody-based antigen capture 
ELISA, compared with 1 x 10 6 oocysts/g detected by exam¬ 
ination of acid-fast stained fecal smears and I x 10 3 
oocysts/g deteaed by indirea immunofluorescence. 312 The 
detection threshold may be further enhanced by using a 
combination of imrmmomagnetk separation coupled with 
immunofluorescent microscopy. With this combination it 
is possible to detea as few as 10 oocysis/g, 313 Several dip¬ 
stick immunoassays have also been developed. The detec¬ 
tion threshold for this technology is rej>orted to be 1 x 
10 3 oocysts/g. 314 This technology offers the potential for 
rapid, cost effective deteaion of Cryptosporidia in fecal 
specimens 

Molecular techniques have been described for detection 
and typing of Cryptosporidia. Im i 1 s The capacity to differen¬ 
tiate the different genotypes makes ibis approach useful for 
epidemiologic studies of Cryptosporidia . 313 


RISK FACTORS FOR NEONATAL CALF 
DIARRHEA 

It is important to identify risk faaors, both to set up effective 
preventive programs and to initiate control in the face of a 
disease outbreak. The cause of calf diarrhea is multi factorial; 
consequently it is common for several factors to contribute 
to the outbreak and perpetuation of disease in a herd. 

Dystocia 

Dystocia is associated with neonatal calf diarrhea in more 
intensive beef and dairy systems 62 - 316 and is a risk for pre¬ 
weaning mortality, with over 40% of preweaning deaths 
occurring in calves bom to cows with dystocia. 317319 Dysto¬ 
cia affects the ability of the calf to suckle colostrum, 
resulting in decreased serum IgG levels; consequently calves 
that survive dystocia are two to four times more likely to 
become sick in the first 45 days of life. 320 - 322 Stocking density 
of preparturient cows, liming of calving, breed, and cow 
grouping all influence the risk of dystocia. 323 Calves that 
experience dystocia are likely to have edema of the head 
and tongue, making suckling difficult. They are weak, 
exhausted, and likely to be recumbent for longer, increasing 
exposure to fecal pathogens. 164 Low- and high-birthweight 
calves are at greater risk of mortality. 318 Small calves experi¬ 
ence greatest mortality at parities greater than one, and large 
calves at first parity. 324 TTiere is no direct effect of prepar¬ 
turient nutrition on the subsequent incidence of neonatal 
calf diarrhea. Increased feed intake precalving will increase 
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calf binhweight but does not increase the risk of dystocia 
unless cattle become obese. 325 327 Weight loss is associated 
with prolonged labor, increased dystocia, and increased peri¬ 
natal mortality. 327 - 32 ® 

Dam Parity 

Calves bom to first- and second-parity cows have increased 
mortality compared with those bom to older cows, and the 
risk of diarrhea in calves bom to heifers is 3.9 times greater 
than in those born to cows, 31 ® 329 - 330 Heifers have an 
increased risk of dystocia, lower colostrum quality, and infe¬ 
rior mothering ability. 320 ’ 321 * 330 * 332 The stocking density of 
heifers is often increased before calving to facilitate observa¬ 
tion, with the consequence of exposing their calves to a 
greater environmental pathogen load. These factors are all 
likely to contribute to increased morbidity, and conse¬ 
quently the percentage of heifers in the herd wilt affect the 
risk of diarrhea. Calves from carrier heifers shedding rotavi¬ 
rus and bovine coronavirus are more likely to develop clin¬ 
ical disease than calves bom to carrier cows. 157 Studies in 
dairy herds have shown that there is a positive correlation 
between the number of young stock in the herd, the overall 
herd size, and herd production with the risk of neonatal calf 
diarrhea , 333335 

Colostrum Management 

Many studies have shown that FPT results in increased risk of 
neonatal calf diarrhea in beef and dairy herds. 336 342 Calves 
are able to absorb immunoglobulins only for a limited time 
after birth, and the subsequent serum lg concentration 
is determined by the perinatal state of the calf, timing of 
colostrum ingestion, and the mass of immunoglobulin con¬ 
sumed. 343 Colostrum also provides local (enteric) immunity, 
with the major benefits lasting for approximately 3 to 4 days 
after birth 344 346 After this period, milk contains little immu¬ 
noglobulin and most colostra! antibody has been cleared from 
the intestine. Colostra! antibodies protea against rotaviral 
infections in the first 4 days of life 140 ’ 141 ; in contrast, anti-F5 
(K99) E. coli antibody is present in low amounts in unvacd- 
nated cows, 347 and enteric E. coli infections are usually seen 
in very young calves. After 4 days the protective effects of colos¬ 
trum are primarily a result of systemic antibodies, and there is 
evidence that these can leak back into the gut and probably 
give limited long-term protection against diairhea. 346 

Colostra! quality is affeaed by colostra 1 volume, genetics, 
nutrition, parity, and climate. Beef breeds have been shown 
to have a significantly higher IgG concentration than dairy 
breeds, and this was attributed to differences in the onset of 
lactogenesis and colostral volume 340 ; however, studies com¬ 
paring colostral quality between beef breeds or between dairy 
breeds have not shown a consistent result. 320 - 32 
Beef cows have a significantly smaller prepartum decline in 
serum [gG compared with dairy cows, but the resulting colos¬ 
tral IgC. concentration is higher because of the significantly 
lower volume produced. However, the combination of low 
volumes and increased turbidity may limit the calf's ability 
to take in sufficient immunoglobulin, especially if the calf is 
weak. Recent studies in beef cattle have shown an increased 
incidence of FPT in specific genotypes, with different haplo- 
types determini ng receptors for neonatal ]g absorption, 356 - 157 
This would indicate that FPT is more prevalent in specific 
lines of cattle rather than in breeds per se. First- and second- 
calving beef and dairy cows have a lower colostral immuno¬ 
globulin concentration than cows of third parity and 
above. 3 * 2 - 354 - 35 ®* 360 This Is refleaed in significantly lower 
mean serum IgC concentration found in calves bom to beef 
heifers and second-parity cows, 320 * 321 - 330 - 332 


The biggest effea of nutrition on colostral quality is its 
effect on colostral volume, with increasing volume resul¬ 
ting in dilution of immunoglobulins. 353 Severe nutritional 
restriaion has no effea on IgG levels other than an increased 
concentration associated with a decrease in colostral vol¬ 
ume, 321 - 361365 Similarly, nonlaaation period length appears 
to have little effect, although a prolonged dry period may 
result in increased volume in mature cows. 3 5 5 - 3 50 ' 366 

Passive transfer is also influenced by climate, with both 
hot and cold extremes leading to decreased immunoglobu¬ 
lin concentration, intake by the calf, and immunoglobulin 
absorption. 335 - 353 - 367 - 371 

Beef Cow Herd Management 

In beef herds, high stocking rates in the calving area and the 
use of one calving area are major risks for neonatal calf diar¬ 
rhea 372 - 373 The pranice of leaving nursing dams and calves 
with calving cows further increases stocking rates and pro¬ 
motes disease transmission. 3 3fl The weather at calving 
affects both pathogen survival and calf comfort; shelter in 
the nursing area is associated with decreased mortality 
resulting from neonatal calf diarrhea. 325 Major calf scour 
pathogens can survive in the environment for months or 
years in cool, wet conditions, and consequently both the 
incidence and the mortality from diarrhea increase with 
prolonged use of the same paddock or a longer calving sea¬ 
son, and the incidence of diarrhea increases as the calving 
season progresses, 315 * 320 ' 330 Adverse weather conditions 
cause cows to move to shelter and shade, concentrating 
cows and calves in small contaminated areas. Calves bom 
into a contaminated environment potentially become in¬ 
fected during or shortly after birth and shed enteropatho- 
gens even when they remain clinically normal. This 
further increases the environmental load of infeaious 
agents, infeaing adult cattle as well as calves. The outcome 
of host-pathogen interactions is largely influenced by the 
pathogen challenge dose and the age of the animal, with 
clinical disease becoming more common both in younger 
neonates exposed to higher pathogen numbers (Fig, 20-3). 

Farms that purchase replacement calves aged less than 4 
weeks have an increased mortality from neonatal calf diar¬ 
rhea, 325 Purchased calves may introduce new pathogens, 
challenging a susceptible population. Stress from transport 
and arrival at a new location may increase shedding and 
predispose to clinical disease, increasing the environmental 



FIG. 20-3 II Cow on a farm with a high incidence of neonatal diarrhea. 
Note that the mud is so deep around the feeders that it covers the cow's 
hocks, As a result the teats will be comammaied by manure and enteric 
pathogens. 
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pathogen load The risk of pathogen introduction increases 
when introduced calves from multiple properties are com¬ 
mingled before introduction. 

Intensive Calf-Rearing Systems 

Intensively reared calves have an increased risk of diarrhea 
associated with housing, nutrition, and weaning. Variables 
that have been observed to increase the risk of scours 
include feeding milk once versus twice a day within 14 days 
of birth, 574 placing preweaned heifers in groups of seven or 
more, using damp versus dry bedding, 374 a male having 
primary responsibility for the care and feeding of preweaned 
heifers, calves not receiving hay or oth'er roughages until >20 
days old, and feeding mastitic or antibiotic milk versus whole 
milk. 57 * Use of individual calf hutches has been reported to 
increase the risk of scours but to reduce mortality 374 

factors significantly associated with a decreased risk of 
Cryptosporidia! infection included ventilation in calf rearing 
areas, daily addition of bedding, feeding of milk replacer, 
daily disposal and cleaning of bedding, and use of antibio¬ 
tics, Postweaning practices that reduced risk of infection 
included moving animals after weaning, cleaning soiled 
bedding, and using antibiotics and ionophores as preven¬ 
tive measures. Maternity management factors that reduced 
risk of infection included using fresh colostrum to feed 
calves and having a concrete floor in the caJving area. Gen¬ 
eral management factors that influenced risk included the 
total number of dairy cattle, the total number of other spe¬ 
cies of agricultural animals on the farm, and the distance of 
the bam water source from the septic system, 576 It is likely 
that many of these factors in all categories will also increase 
the risk of infection with other enteric pathogens. 

HERD STRATEGIES TO PREVENT 
NEONATAL DIARRHEA 

Management practices that reduce the risk of calf scours also 
promote good health, improve growth rates, and reduce the 
risk of transmitting other enteric pathogens such as Myco¬ 
bacterium pamtuberculo&is . The principles of prevention are 
as follows: 

1. Minimize pathogen exposure, 

2. Ensure adequate colostra! intake. 

3. Boost specific and nonspecific immunity, 

4. Promote farm biosecurity. 

Minimizing Pathogen Exposure 

Enteric pathogens may be shed in large numbers by calving 
cows, scouring calves, and asymptomatic cohorts, especially 
those up to 4 months of age. All enteric pathogens can survive 
in the environment for months or years in moist damp condi¬ 
tions. Other sources of infection include people who have 
treated or handled infected calves; contaminated water; con¬ 
taminated colostrum, milk, or solid feed; and equipment that 
has been used to feed or medicate infected calves. - 

MINIMIZING PATHOGEN EXPOSURE IN DAIRY HERDS, 
Strategies to prevent disease in dairy calves focus on calving 
cows in a dean environment, removing calves from cows at 
birth, feeding adequate good-quality colostrum, placing calves 
in a clean, dry environment separate from other stock, feeding 
good-quality milk or milk replaces providing adequate shel¬ 
ter, and providing access to water and high-quality calf pellets. 
Microbial contamination is an important determinant in the 
quality of colostrum and milk. Good sanitary practices are 
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required for the harvest, storage, and feeding of both pro¬ 
ducts. Microbial contamination of colostrum compromises 
passive transfer and in the case of pathogens such as Salmo¬ 
nella may lead to a direct pathogen challenge. Similarly, feed¬ 
ing milk with a high bacteria count increases the risk of 
diarrhea. 

In dairy systems, where calves are reared by hand, the 
number of young stock on the farm and the incidence of 
respiratory disease are positive predictors for calf diar¬ 
rhea. 333 Cleanliness of the calving area is important: bed¬ 
ding should be changed between each calving, and large 
numbers of cows should not be cycled through a few 
stalls. 333 Before calving the udder and the perineum of the 
cow should be cleaned. The calf should receive adequate 
colostrum. 373 In recent years the use of calf hutches has 
gained widespread acceptance for managing calves after 
they have been separated from their dam. This system pro¬ 
vides individual isolated housing for each calf. Cleaning is 
facilitated because the hutches can be moved to new sites 
between calves. Keeping preweaned calves in groups larger 
than six puts them at increased risk for diarrhea, 335 

Cleaning and disinfection after each calf batch plays an 
important role in reducing contamination in housed calves. 
The key to decontamination is the physical cleaning. Physi¬ 
cal removal of organic contamination through scrubbing is 
preferred to application of high-pressure sprays, which can 
aerosolize organisms, allowing dissemination. On smooth, 
ideal surfaces physical removal of visible contamination by 
thorough washing with soap and water removes 99% of the 
microbial load (two logs). I lowever, on typical housing sur¬ 
faces washing removes only 90% (one log). Application of 
disinfectant after washing is important to eliminate remain¬ 
ing pathogens and to prevent bacterial pathogens from pro¬ 
liferating Physical cleaning cannot be replaced by applying 
disinfectants in larger quantities, as organic material neutra¬ 
lizes most disinfectants. Disinfectant solutions are applied 
following cleaning. With regard to disinfectants, pathogen 
elimination is time dependent, 360 Other important variables 
that influence the effectiveness of disinfectants and rale of 
pathogen reduction include concentration, temperature, pH, 
and water hardness. 

In addition to cleaning between batches, it is important 
to dean nipple buckets and other feeding utensils between 
each feed, Separate equipment should be used to administer 
oral electrolytes and colostrum. Salmonella and coronavirus 
are shed in saliva and can contaminate equipment used for 
oral medication. Washing with warm soapy water is required 
to remove the fat residue left by milk and colostrum handling 
equipment. 

Several microbial characteristics should be considered 
when disinfecting equipment that comes into contact with 
calves. Rotavirus is susceptible to sodium hypochlorite but is 
relatively resistant to many common disinfectants, such as 
chlorhexidine. Because as a non enveloped vims it is not 
affected by soaps, washing with soap alone may actually 
spread the virus around on the washed surface. 38 * Corona vims 
is an enveloped single-stranded RNA vims and is not as stable 
in the environment as rotavirus. Because of their envelope, 
these viruses retain infectiousness better at lower than at higher 
relative humidity 387 and are considerably more sensitive to 
soaps and common disinfectants than are nonenveloped 
viruses. Cryptosporidium can auto infect the original host; con¬ 
sequently, the infectious dose can be exceedingly small. In 
the environment, Cryptosporidia are extremely resistant to 
most veterinary disinfectants except 5% ammonia, 6% hydro¬ 
gen peroxide, or 10% formalin. 308 - 303 364 They survive very 
well in water, requiring 4 to 11 weeks to decline by one 
log, 383 On the other hand, Cryptosporidia are susceptible to 
drying with oocyst infectivity declining in 1 to 4 days, 200 
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The most readily cleaned surfaces are made of smooth 
impervious materials such as plastic and varnished wood 
{Table 20-4). Usually buildings are cleaned and then either 
disinfected or fumigated, 38 * Many disinfectants are inacti¬ 
vated by organic matter; viruses, coccidia, and particularly 
Cryptosporidia may be resistant to their action (Table 20-5). 
Disinfectants may also be toxic and are best applied by per¬ 
sonnel wearing rubber gloves and respirators (if indoors). 
In general, potent phenohcs such as cresol (cresylic acid) 
are very useful for disinfecting dirty surfaces because they 
are not inactivated by organic matter and are effective against 
gram-negative organisms and viruses. The phenolics are 
highly toxic and leave lingering odors. Hypochlorite solu¬ 
tions (5 g of available chlorine per liter) have a broad spec¬ 
trum of action but are rapidly inactivated by organic 
matter. They would be useful as a final disinfectant on previ¬ 
ously cleaned surfaces. Because hypochlorite is unstable, it 
is unlikely to leave toxic residues, lodophors are not very 
effective against rotavirus, particularly if organic matter is 
present. Virkon. a newer disinfectant and cleaner containing 


TABLE 20-4 

Ability of Bacteria to Persist on Various Types 
of Surfaces Found in Farm Buildings 



Total Bacterial Count 

per 100 cm 2 j 

Material 

llndeancd 

Cleaned 

Brick 

76,000 


Painted wood 

34,000 


Block board 

116,000 


Ply hoard 

77,000 

23,000 

Fiber board 

57,000 


Chip board 

35,000 


Formica 

29,000 


Polystyrene 

Metal 

29,000 

14,000 

Concrete 


13,000 

Plastic 

16,000 

100 

Varnished wood 

5000 



Modified from Moigan-Jones SC: In Collins F, et al: Disinfectants: their use 
and fiHifaation of effectiveness , London, 19SL Academic p 199 


potassium monopersulfate as the active ingredient is effec¬ 
tive for all pathogens except Cryptosporidia. Normally a !% 
solution is used and is prepared by mbang 10 g of powder 
with 1 L of water. Contact time should be a minimum of 
iO minutes. Virkon has the advantage of having a detergent 
action that facilitates cleaning. 

Formaldehyde is one of the few agents that is effective 
against Cryptosporidia. It requires a long contact lime and 
is highly toxic. It is usually used for terminal fumigation 
in buildings that can be tightly sealed. Formaldehyde gas 
is best generated by heating paraformaldehyde (5 g/cubic 
meter of building) in an electrically heated pan at 204* C. 
Some manufacturers of paraformaldehyde provide pans 
specially designed for this purpose. The pans should be 
placed no more than 30 m apart and arranged so that elec¬ 
tricity to the pan can be controlled from outside the build¬ 
ing, There must be a safety mechanism to ensure that the 
pan does not overheat and cause a fire. The building must 
be sealed for at least 24 hours and cannot be entered until 
it has been thoroughly ventilated. Formaldehyde gas can 
also be generated by boiling formalin or by adding potas¬ 
sium permanganate to formalin. The latter method gen¬ 
erates a violent chemical reaction and carries risks of 
explosion. Formalin aerosol generators are ineffective. 387 
After cleaning and disinfection one should allow a rest 
period for the building to ventilate before reintroducing 
calves. It is very important that cleaning and disinfection 
be thorough. Attention should also be given to rodent con¬ 
trol because rodents can be a reservoir for Saimowdla, 3 *® 

MINIMIZING PATHOGEN EXPOSURE IN BEEF HERDS. 
In beef herds, calving areas should be located to take advan¬ 
tage of natural shelter and drainage and rotated from year 
to year to avoid pathogen buildup. 330 372 - 389390 Pregnant 
cattle are moved into a clean paddock no more than 2 weeks 
before the start of calving. It is best that cows and heifers 
are managed separately until iheir calves are at least 1 
month old. This gives the opportunity to provide better feed 
to the heifers and to minimize infection between the 
groups. Confined, wet, or muddy areas should be avoided 
for calving cows, and if they need to be used the stocking 
rate should be decreased* Feed-out areas should be rotated 
and separated from watering points to encourage dispersal. 
When pasture for calved cows is limited, supplementary 
feed should be fed to dry cows to ensure enough fresh 


TABLE 2Q-5 

Efficacy of Disinfectants Against Enteropathogens 


Efficacy 


Croup 

Compound 

Gram-Negative Bacteria 

Rotavirus 

Cryptosporidia 

Phenolics 

Hexachlorophene 

+ 

++ 



Triclosan 

+ 




Cresol (coal tar derivation) 


4H- 

- 


Phenol 

± 

- 


Halogens 

Povidone-iodine 

+ 

- 

- 


Hypochlorite 

+ 

+ 


Biguanides 

Chlorhexidine 


- 


Aldehydes 

Formaldehyde* 

+ 

+ 

+ 


Clutaraldehyde 

+ 



Quaternary ammonium 

Benia Ikon mm chloride 

-F 

+ 

- 


Cetrimide 




Ammonia 

Ammonia 



+ 

Oxidizing agent 

Potassium mo nopersulfate 

+ 

+ 

- 


++, Highly effective, not inactivated by organic mailer: +, moderalely effective, inactivated by organic matter, ±, some effect. -, little effect, 
'Requires long roniaet time—18 hours to kilt Cryptosporidia 
Based on information in references 40S, 44G-45L 
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pasture for calving and nursing cows. Clean water should be 
available in a trough that is accessible to cows and calves. 
Chronically sick animals, weak calves, and cows with no 
milk should be removed from the calving paddock and kept 
isolated from the herd. 

Grazing and reproductive management have a significant 
impact on pathogen load. Where appropriate to grazing 
management, calving paddocks should be left vacant during 
the summer. For producers that manage periparturient cows 
in smaller calving paddocks to facilitate supervision, the 
emphasis should he on minimizing the stocking density in 
the calving paddock by removing cows and calves shortly 
after parturition. 372 309 Alternatively, pregnant cows can be 
moved away from cows with calves "every 1 to 2 weeks or 
more frequently in large herds. Young calves in the calving 
paddock will markedly increase the rate of pathogen 
buildup and the subsequent challenge to newborn calves. 
Moreover, the increased stocking rate will amplify stress, 
affecting both transfer of passive immunity and the ability 
of young calves to rest. Often, calving areas are small 
because of the perceived need to assist cows with dysto¬ 
cia. 390 Well-grown and appropriately fed heifers mated to 
suitable sires can minimize this need. Beef cows with calves 
at foot should be moved from the calving paddock into 
nursing groups that have a maximum age range of 4 weeks 
and a low stocking rate. Groups should not be mixed until 
all calves are at least 4 weeks old, 372 309 * 390 Reproductive 
management influences pathogen load by determining the 
age spread of the calves. Sick calves amplify environmental 
contamination, A prolonged calving period leads to a 
buildup of contamination so that calves bom later in the 
calving period experience an increased pathogen challenge. 
It is desirable to maintain a calving period that is less than 
60 days. 

Ensure Adequate Colostra! Intake 

The principles of colostrum feeding and evaluation are dis¬ 
cussed in detail elsewhere (see Chapter 53). In general, 
colostrum deprivation is seen in 25% to 50% of dairy 
calves 351 ' 393 but is much less common in single suckle beef 
operations. 35 * Colostrum deprivation, poor mothering, and 
early separation of dam and calf are the major causes of 
failure of transfer in dairy calves. Beef calves are usually 
mothered well 355 ' 397 and volume of colostrum produced, 
which is strongly influenced by nutrition, is one limiting 
factor. 361 ' 39 *' 399 Thus adequate colostrum intake is best 
ensured in dairy calves by assisted sucking of the dam or 
hand feeding 2 to 3 L of colostrum within 2 to 4 hours of 
birth. If colostrum is given by stomach tube, 4 L (10% of 
body weight) should be administered because the efficiency 
of absorption is reduced. In beef cattle adequate nutrition 
during late pregnancy is important. The calving area should 
be carefully monitored, and any calves that fail to suck 
within 6 hours of birth should be caught and tubed with 
colostrum. In herds where both dystocia and neonatal dis¬ 
ease is a problem, it may be advisable to administer colos¬ 
trum after calving to all calves that have an assisted birth. 

Boosting Specific and Nonspecific Immunity 

enterotoxigenic e COU, The protective efficacy 
of ETEC bacterins is well documented, 400 ' 403 Because ETEC 
scours occurs during the first 3 days of life, the neonate does 
not have time to mount a protective immune response to 
vaccination. Protection is afforded by vaccinating cows in 
late gestation so as to ensure high concentrations of anti- 
K99 colostra! antibodies, Good maternal management is req¬ 
uired to ensure that the calf receives the maternal antibodies. 


AntipiJus antibodies block the adhesion of the pathogen 
to enterocytes and subsequently prevent disease. 401 In gen¬ 
eral it is recommended that the vaccines are given 6 and 3 
weeks before calving. Studies with some vaccines have shown 
that the vaccine is still effective if the priming dose is given 1 8 
months before calving and boosting is carried out in the sec¬ 
ond half of gestation, 404 Clinical experience in beef farms 
with severe outbreaks of E coli F5 (K99) diarrhea indicates 
that vaccinating cows that are more than 10 days from partu¬ 
rition can give considerable protection against death from 
ETEC infection. 

Products containing monoclonal antibodies against F5 
(K99) antigen have been shown to reduce the severity of 
diarrhea when calves are experimentally challenged a few 
hours after receiving the product. 405 In field situations, 
however, monoclonal products can have a low efficacy, pre¬ 
sumably because a single dose provides only a short period 
of enteric protection. Antibody supplements are expensive, 
and vaccination of the dam to boost colostral immunity 
will usually be more cost-effective. On farms experiencing 
an outbreak of neonatal diarrhea caused by F5(K39) E ♦ cuff, 
there may be a place for the use of these pro ducts until vac¬ 
cinated cows begin to calve, l lowever, short-term adminis¬ 
tration (once a day for first 3 days of life) of an antibiotic 
to which the E cdt is susceptible is also highly effective in 
preventing diarrhea in herds experiencing outbreaks of 
ETEC, 

SALMONELLA. The successful reduction of SaJmend/a 
prevalence in livestock on a national level via implementa¬ 
tion of a Sdfrnoneita control program emphasizing immu¬ 
noprophylaxis with modified live and killed Saimone/id 
vaccines indicates the potential benefits that can be derived 
from the application of effective Scrim onelto vaccines. 406 Sal¬ 
monella vaccine studies in cattle have focused on $almon&U& 
bacterins and attenuated modified live Sirimonrilrt, 

There are conflicting reports regarding the efficacy of Sal¬ 
monella bacterins. The reported efficacy of Salmonella bac¬ 
terins ranges from good to ineffective. 407 ' 415 The overall 
consensus of these reports is that vaccination of cattle with 
SaJrutme/ld bacterins provides partial protection against Sal¬ 
monella challenge. In the only reported controlled field trial 
an autogenous Salmonella bacterin was not found to have 
any effectiveness, 415 Anaphylactic reactions are occasionally 
reported in cattle vaccinated with Salmonella bacterins. The 
cause of these reactions is unknown but has been suggested 
to be associated with the lipopolysaccharide content of 
these products. Similar allergic-type reactions in humans 
caused by Salmonella bacterin vaccination during typhoid 
outbreaks are well documented. 416 

Several naturally occurring and genetically manipulated 
attenuated Salmonella strains have been used to immunize 
cattle against salmonellosis. The most widely tested geneti¬ 
cally altered Salmonella mutant vaccines in cattle are the 
auxotrophic strains. Aromatic amino arid (aro) and purine 
(pur) auxotrophs of 5d/nzorrefk are attenuated and have 
decreased virulence. 417 423 Comparative vaccine trials indi¬ 
cate that modified live attenuated Salmonella vaccines provide 
greater protection against virulent Salmonella challenge 
than Salmonella bacterins. 413 ' 423 ' 424 Vaccination with modi¬ 
fied Vive Salmonella vaccines attenuates the severity of clinical 
signs and pathologic lesions and reduces Salmonella shed¬ 
ding and mortality. 406 419425 

Calves immunized with modified live SflimpHeEi vac¬ 
cines are protected from homologous and heterologous 
Salmonella serotypes when challenged within 3 weeks of 
vaccination. 426 - 42 * Live Salmonella vaccines induce transi¬ 
tory T-cell independent nonspecific protection that disappears 
about 1 month after immunization following clearance of 
the organisms from the reticuloendothelial system. Thereafter, 
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protection against oral challenge is species- and serotype- 
specific, with recall of immunity presumably involving spe¬ 
cific antigen recognition, 4 ^ 4 ^ 

The level of passive protection of calves achieved by feed¬ 
ing colostrum from vaccinated cows is questionable. Several 
reports suggest that immune colostrum provides passive 
protection, but others report no protective effect. In trials 
in which protection was achieved, calves were chaJlenged 
ai 1 week of age; trials in which no protection was observed 
involved challenging calves at 3 weeks of age, suggesting 
that the duration of passive immunity associated with 
colostra! transfer is relatively short. Considering that many 
calves are exposed to Salmonella in the first week of life, 
colostral protection may be useful. 4 

ROTAVIRUS AND CORONAvrRUS, Bovine coronavirus 
is associated with several diseases in cattle. All BCV isolates 
are believed to belong to a single serotype, 1693 Differences 
in hemagglutination-inhibition characteristics have been 
used to classify strains as types 1 through 3. 1CTb There are 
seven serogroups of rotavirus, with group A accounting for 
the majority of pathogenic isolates. Members of the group 
A rotaviruses are further classified according to antigenic 
and genetic differences in their outer capsid proteins, G 
and P. Both of these proteins are involved in neutralization 
of infettivity in vitro and in vivo. 433 In the United States 
eight C serotypes and genotypes and four P serotypes and 
genotypes have been identified in cattle isolates. 153 The 
genome of rotavirus is composed of 11 gene segments that 
can be exchanged among isolates when animals are infected 
by more than one virus at the same time. 434 Genetic reas¬ 
sert me nt can generate new progeny viruses that can evade 
what was once a protective immune response, thus allowing 
persistence of rotavirus in susceptible populations. 435 

Two approaches have been taken with immunoprophy¬ 
laxis against rotavirus and coronavirus infections in calves. 
The first approach involves oral vaccination of neonatal 
calves with a modified live vaccine. Calves begin producing 
detectable levels of local secretory IgM within 4 to 6 days of 
vaccination. 435 Calves are resistant to challenge from the 
initial appearance of Local IgM antibodies. 435 In order to 
consistently elicit an effective immune response, the vaccine 
must be administered orally, immediately after birth, and 
before the calf has nursed because the colostrum of most 
cows contains virus-neutralizing antibodies that interfere 
with the vaccine 436 There are conflicting reports of efficacy 
with these type of vaccines. In double-blind field studies 
that include vaccinated and nonvatrinated calves the vac¬ 
cine was not shown to be effective. 437 Conversely, when 
all calves were either vaccinated or not vaccinated in sequen¬ 
tial comparisons, morbidity and mortality were significantly 
reduced. 417 

The second approach involves intramuscular vacci¬ 
nation of pregnant cows with either modified live vaccine 
or inactivated viral vaccines to stimulate high levels of 
specific viral neutralizing antibodies in colostrum and milk 
during the first several days of the calfs life. Infectious viral 
panicles are neutralized within the gut lumen, preventing 
infection of intestinal villous enterocytes. One advantage 
of passive immunization is the fact that cross-protection 
between serotypes is less of a problem. This is because 
vaccination of a mature cow that has had natural rotavirus 
exposure leads to cross-serotype stimulation of heterotypic 
antibodies. 438 Single serotype vaccination therefore stimu¬ 
lates antibody production to a wide range of rotavirus ser¬ 
otypes, negating the need for multivalent rotavirus 
vaccines. Passively absorbed anti-bovine rotavirus IgGl 
antibodies are transferred to the small intestinal lumen, 
where they protect against experimental challenge. 439 Anti¬ 
gen sensitized maternal lymphocytes also confer partial 


protection against challenge with virulent bovine rotavi¬ 
rus. 440 Colostrum and milk with a high virus-neutralizing 
antibody titer are highly protective while being consumed 
by the calf. For example, administering 400 ml of immune 
colostrum daily to calves from days 2 to 12 reduced the 
incidence of diarrhea from 41% to 3% in one study. 441 
The concentration of rotavirus- and coronavirus-neutraliz- 
ing antibodies in milk of vaccinated cows falls below 
protective levels by 3 to 7 days after parturition 442 ^ 44 
Rather than complete protection, the manifestations of pas¬ 
sive immunity to bovine rotavirus that are often noted are 
(1} a delay of a few days in the onset of clinical signs, (2) 
a reduced severity of clinical signs, and/or {3} a reduction 
in the length of the period of viral shedding associated with 
infection. 445 Although there are reports of successful field 
trials involving bovine rotavirus- and bovine rotavirus- 
coronavirus-vaccinated cows, 402 446 447 negative esults have 
also been reported. 448 A common problem with commer¬ 
cial vaccines on the market in the United States and Europe 
is a lack of vaccine-specific data supporting efficacy claims. 
Protection correlates with serum titers; independent studies 
have sometimes failed to demonstrate effective seroconver¬ 
sion with some products. 449 

Nonspecific Immunity 

diet The microbial quality of the diet is an important 
factor in preventing diarrhea. Calves that are fed milk from 
masritic quarters or a mi biotic-coma in mg milk are at in¬ 
creased risk for diarrhea. 135 After fresh colostrum feeding, 
young calves have less diarrhea if placed on whole cow's 
milk rather than on other diets. Pasteurizing surplus colos¬ 
trum and waste milk reduces the incidence of diarrhea in 
animals on these diets, 450 It is also important to offer a 
good-quality calf starter from approximately 2 to 3 days of 
age; at first little will be ingested, so offer small amounts 
and keep it fresh. 

Some producers routinely administer vitamin A to neo¬ 
natal calves. Many, but not all, studies in children indicate 
that supplementation can reduce the incidence of diarrhea 
in areas in which clinical and subclinical vitamin A defi¬ 
ciency is endemic. 451 In cattle, vitamin A deficiency is most 
likely when a diet of unsupplemented straw and grain is 
fed. Calves bom to cows fed good-quality green forage or 
cattle receiving a vitamin A supplement should not require 
supplementation—particularly if they received adequate 
colostrum. Enteric absorption of vitamin A is diminished 
in calves with cryptosporidiosis, so the systemic route 
should be used in calves with this type of infection. 452 

biosecurity. Infectious diseases are often purchased 
with brought-in stock. Operations that buy calves for rear¬ 
ing purposes should be encouraged to buy from as few 
sources as possible. Direct purchase from one farm is best; 
assembling collections of calves through auction markets 
should be avoided if possible. 

TREATMENT OF INDIVIDUAL CALVES 

Examination 

Physical examination of the diarrheic calf is the first step 
in establishing therapeutic needs. It is important to deter¬ 
mine the presence of any intercurrent disease. Treatment 
of uncomplicated cases of diarrhea depends on the esti¬ 
mation of dehydration, severity of acidosis, likelihood of 
intercurrem infection, presence or absence of hypothermia, 
and hypoglycemia. The severity of dehydration h gauged 
from the eyeball position and skin tent (Table 20-6). In 
acute diarrhea the degree of enophihalmus is the most 



CHAPTER 20 Manifestations and Management of Disease in Neonatal Ruminants 


355 


reliable indicator of dehydration, but because the position 
of the eye within the orbit is also dependent on body fat 
stores, the skin tent in the cervical region may be the most 
reliable in calves with chronic diarrhea or cachexia, 455 Skin 
tent can be measured over the eyelids and neck. Best results 
are obtained when the neck is held straight and the skin of 
the midneck is tented in the direction of the iong axis of 
the neck to avoid the natural skittfolds that run across the 
neck. Some have claimed a relationship exists between 
severity of dehydration and acidosis. However, this has not 
been borne out in studies of diarrheic calves. 454 Instead, 
acidosis can be gauged from the calf's sucking or drinking 
drive, the degree of weakness, and the age of the calf 
(Fig, 204) t 4S4i4S5 Estimation of severity of acidosis either 
from laboratory or physical findings is very important to 
the successful therapy of severely depressed calves. Rectal 
temperature measurement will determine whether or not 
the calf is hypothermic. 

1 lean rate is variable in diarrheic calves. Bradycardia (<90 
beats/min) is clinically important and may indicate the pres¬ 
ence of hypothermia, hypoglycemia, or hyperkalemia. Car¬ 
diac arrhythmias occur 455 and are usually a result of severe 
hyperkalemia (K + above 8 mEq/L) (Fig. 20-5). HyperkaJemit 
arrhythmia can usually be differentiated from arrhythmia 
resulting from cardiomyopathy (selenium deficiency) because 
the heart rate is not elevated. The presence of bradycardia or 
arrhythmia indicates the need for immediate fluid therapy 
with bicarbonate-containing solutions to prevent death. 

Body condition is usually good at the start of an attack of 
diarrhea. Poor condition often indicates chronic infection, 
mismothering, or poor Feeding programs, which may be 
exacerbated by milk withdrawal for therapeutic purposes. 

It is important to check for intercurreni infections, 
which are easily missed even with careful examination. 
The lungs should be examined for signs of pneumonia; 
the navel palpated for pain, swelling, and wetness; and 
the joints checked for signs of distention and lameness. 
The boundary between calves in which the primary insult 
is septicemia with a secondary diarrhea and those in 
which primary diarrhea is complicated by septicemia is 
blurred. Calves that are recumbent under a week of age, 
have lost their suck reflex, or have evidence of inlercurrent 
infection are more likely to be septicemic and require con¬ 
current antibiotic therapy. 456 Calves in which septicemia 
has progressed to produce signs of meningitis (eg., 
extended neck with reluctance to flex neck), joint involve¬ 
ment or ophthalmic signs (congested scleral vessels with 


TABLE 20-6 


Guidelines for Assessing Dehydration in Neonatal Calves 


% 

Dehydration 

Eyeball 

Sun ken ness 

Neck Skin 
Tent 

(Seconds) 

Mucous 

Membranes 

0 

None 

<1 

Moist 

1-5 

None to slight 

1-4 

Moist 

6-e 

Slight separation 
of eyeball and 
globe 

5-10 

Tacky 

9-10 

Gap, <0.5 cm, 
between 
eyeball and 
orbit 

11-15 

Tacky to dry 

11-12 

Gap, 0.5 to 
l cm, between 
eyeball and 
orbit 

16-45 

Dry 


hypopyon or iridospasm) have a poor to very poor prog¬ 
nosis. It is best to identify these cases before instituting 
therapy so that the owner can decide whether treatment 
is economically feasible. 

The laboratory is useful for quantifying metabolic distur¬ 
bances in diarrheic calves. Blood gas analysis will accurately 
determine the degree of metabolic acidosis. This h not rou¬ 
tinely available to most practitioners. However, it may be 
worthwhile to make special efforts to get measurements 
when setting up a fluid therapy protocol for your area or 
when dealing with cases that fail to respond to treatment. 
Blood can be collected into a heparinized syringe and the 
syringe capped, placed in a Styrofoam cup surrounded 
by ice, and transported 4 hours or more to a laboratory. 
Alternately, the practice laboratory may have a total CO^ 
(Harleco) analyzer or access to serum bicarbonate estima¬ 
tion as part of the serum chemistry profile. Total CC 2 or 
bicarbonate is a useful index of the severity of metabolic aci¬ 
dosis. Blood glucose can be readily determined using a 
hand-held Glucometer. 


Fluid Therapy 

The most common causes of death in diarrheic calves are 
dehydration and acidosis 4 * 7 The immediate objective in 
treating depressed diarrheic calves is to restore them to a 
normal systemic state In some calves it may also be neces¬ 
sary to correct hypoglycemia or hypothermia, restrict milk 
intake, or give antibiotics. 

The estimated severity of dehydration can be combined 
with estimates of losses through diarrhea and for the main¬ 
tenance of essential functions to give the total daily fluid 
requirement (see Table 20-6). The hydration status of the 
calf can be estimated from the degree of enophthalmus, 
the degree of skin tent on the neck, and evaluation of the 
mucous membranes (see Table 20-6). The volume (I.) 
required to replace the deficit is determined as follows: 

Volume (L) = % Dehydration x Calf body weight (kg) 

The ongoing losses through diarrhea should be esti¬ 
mated from the nature and volume of the diarrhea. Fecal 
losses can range from 1 to 6 L in diarrheic calves. 456 Main¬ 
tenance requirements have been estimated at 50 to 
100 ml^/kg/day, 6 ' 45 * The degree of hydration and the vol¬ 
ume of feces passed should be reassessed daily, and the 
treatment adjusted accordingly. Only 60% to 80% of oral 
fluids are absorbed, and this needs to be accounted for in 
the calculation. 453 

Bicarbonate requirements can be calculated from base 
deficit values (based on blood gas measurements or esti¬ 
mated from physical findings) as follows: 

Bicarbonate (mmol) = Body weight (kg) x Base deficit (mmol/L) x 0 5 

A chan of bicarbonate requirements for various body 
weights and base deficit values is available (Table 20-7), 

Measurements of serum total carbon dioxide content or 
bicarbonate are also reliable estimates of bicarbonate 
requirements. 460 Bicarbonate requirements are as follows: 

Bicarbonate; mmol) - Body wdght(kg) x (30- TCOa) x 0.6 

For example a 40-kg calf has a serum bicarbonate or Tco 2 
of 10 mmol/L. The calf has a bicarbonate deficit of 30 mmol/ 
1, - 10 mmol/t, = 20 mmol/L, so 40 kg x 20 mmol/L x 0.5 
— 400 mmol bicarbonate required to replace existing defi¬ 
cits. Ongoing diarrhea may require additional bicarbonate. 

Calves that are unwilling to suck and that are severely 
depressed are best treated with intravenous fluids. Calves 
that are only moderately depressed may also be treated with 
intravenous fluids if the condition is worsening rapidly. 
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Bicarbonate requirements fur diarrhek calves <8 days of age 


Clinical assessment 


Base deficit 


Therapy 


Visual 



Descriptive 

30 kg 

Standing, 
strong suck 

0 

reflex 


Standing, 
weak suck 

5 

reflex 


Sternal 

recumbency 

10 

Lateral 

recumbency 

10 


35 kg! 40 kg 
- 1 - 


45 kg \ 50 kg 155 kg 


Oral* 


Intravenous* 


60 kg 


150 


150 


175 


175 


200 


200 


225 


225 


250 


250 


275 


275 


300 


300 


'Should contain at least 60 mmol/L of acetate or bicarbonate. 

* Total bicarbonate requirement for intravenous fluid therapy, mmol. 


Bicarbonate requirements far diarrhek calves >6 days of age 


Clinical assessment 



Base deficit 


Therapy 


Descriptive 

30 kg 

35 kg 

40 kg 

45 kg' 50 kg ! 55 kg 

1 f 

I 401 ®! 

Standing, 
strong suck 
reflex 

5 

10 

15 



I 1 

1 1 

i 1 

Oral" 

! i 

i 1 

intravenous* 

! i 

i i 

i i 

_ i _i_ 

j 

1 

| 

| 

1 

1 

P 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Standing, 
weak suck 
reflex 

Sternal 

recumbency 

225 

252.5 

300 

337.5 

375 

412.5 

450 

Lateral i 
recumbency 

20 

300 

350 

400 

450 

500 

1 550 

600 


'Should contain at least 60 mmat/L of acetate or bicarbonate, 

+ Total bicarbonate requirement for intravenous fluid therapy, mmol, 

FIG. 2IM II Prediction of severity of metabolic acidosis from body position, strength of suck reflex, and age. 


Catheterization is easier if a No. 15 scalpel blade is used to 
nick the skin. If it proves very difficult to catheterize the 
calf it can be suspended upside down so that blood will 
pool and distend the jugular veins. The calf's neck should 
be clipped and prepared before inversion, and the calf laid 
Oat as soon as the catheter is placed. It should be possible 
to place a catheter in less than a minute even in severely 
dehydrated calves using this technique. Once the catheter 


is placed, fluids can be administered, if the calf is hypo¬ 
thermic the fluids should be warmed before administra¬ 
tion because cold fluids can decrease cardiac output and 
may kill a critically ill calf Fluids can be warmed by a 
number of methods; one convenient technique is to run 
the fluids through a coil of tubing immersed in a bucket 
of hot water (check the temperature regularly) on the 
way to the calf. 
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FIG. 20-S II Bradycardia and atrial standstill in a severely hyperkalemia 
diarrheic calf. Heart rate is H4 heats/min. There is bigemmy, and the I waves 
are abnormally large There is only one P wave, and ii is not conducted. 
Serum potassium was S.9 mmol/L, and sodium 11G mmol/l. 


Although saline-based fluids are suitable for rehy¬ 
dration (Table 20-8), most severely depressed calves are 
addotic and more consistent recovery is obtained if an alka¬ 
lizing agent is also used. A wide variety of alkalizing agents is 
available (lactate, acetate, gluconate), but clinical trials show 
that only bicarbonate is consistently effective in severely ad¬ 
dotic calves (Fig. 20-6}.* M61 Many diarrheic calves require 
large amounts of bicarbonate to correct their acidosis."* 1 
An isotonic solution (156 mmol/L) of bicarbonate can be 
readily made by dissolving 13 g of sodium bicarbonate (bak¬ 
ing soda) in 1 L of water.* 62 Sodium bicarbonate solutions 
can be mixed with saline; there is a possibility that precipitates 
may form if bicarbonate is mixed with calcium-containing 
solutions such as Ringer s. 

Some clinicians may prefer to rehydrate the neonate 
first and then reconsider the need for bicarbonate if it is 
not up and sucking within 12 hours of therapy. However, 
this is time-consuming. It is not always necessary to 
completely correct acidosis; blood pH from 7.25 to 7AS 
has little adverse affect (normal calves have a venous 
blood pH of 7.34, bicarbonate of 30 mmol/L, and a base 
excess of 5 mmol/L). 

Ideally, dehydration and acidosis should be corrected over 
a 24-hour period However, it is unusual to see problems 
when the fluid and acid-base deficits are corrected over 4 
hours, although the calf may continue to improve after this 


TABLE 20-7 


Calculation of Bicarbonate Requirement from Calf 
Body Weight and Severity of Acidosis 


Calf Weight 

(kg [lb]) 

Base 

Deficit 

(mmol/L) 

Bicarbonate 

Requirements 

(mmol) 

Volume in 
Liters 13% 
NaHCOJ 

a)- 

30 (66) 

5 

75 

0.5 


10 

150 

1.0 


15 

225 

1,5 


20 

300 

1.9 

35 (77) 

5 

as 

0.5 


10 

175 

1.1 


15 

263 

1,6 


20 

350 

23 

40 (as) 

5 

100 

0,6 


10 

200 

1.3 


15 

300 

1.9 


20 

400 

23 

45 (99) 

5 

113 

0.7 


10 

225 

1.4 


15 

338 

2.1 


20 

450 

2.9 

50 (no) 

5 

125 

0.8 


10 

250 

1.6 


15 

375 

2,4 


20 

500 

3.2 

55 (121) 

5 

138 

0.9 


10 

275 

1.8 


15 

413 

2.7 


20 

550 

3.6 

60 (132) 

5 

150 

TO 


10 

300 

13 


15 

450 

2,9 


20 

600 

33 


‘Isotonic 1.3% sodium bicarbonate solution is prepared by adding 11 g of 
sodium bicarbonate to I I. distilled water (155 mmol of bicarbonate per liter). 


period. Rapid resuscitation techniques include the adminis¬ 
tration of either hypertonic saline dextran or hypertonic 
sodium bicarbonate. Hypertonic saline dextran (7.2% saline 
containing 6% dextran 70) administered at 4 mL/kg of body 


TABLE 20-8 

Fluids Commonly Used in Intravenous Therapy 


I Item 





Concentration (mmol/L) 



Na r 

K 

Ca 

Mg 

Cl 

HCO i lactate Acetate 

Gluconate 

Glucose 

0.9% saline 

155 




155 




1.3% sodium bicarbonate* 

156 





156 



Ri nger's 

147 

4 

5 


156 




Lactated Ringers’ 

130 

4 

3 


107 

30 



lonalyte (diluted)’ 

139 

10 


3 

101 

55 


167 

Normosol Rt 

140 

5 


3 

98 

25 

25 


Plasmalyte 148* 

140 

5 


3 

98 

27 

23 


5% dextrose (D 5 W)l 








278 


*Do not mix sodium bicarbonate with caJcrnm-comaining solutions; precipitates may form. Mixtures of L.3%sodium bicarbonate and saline are usually used 
foT treating recumbent diarrheic calves. 

'Multiple electrolyte solutions are equivalent, w r ith the exception that one should be careful of using lonalyte in severely hyperkalemic neonates All are suit¬ 
able for rehydrating neonates that can stand 

intravenous fluids are often spiked with 50% dextrose to give a final concentration of 5% dextrose in the drip when hypoglycemia is suspected. 
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a base defkii of 18 mmol/L. All calves received a tola I of 7.2 L of fluid con* 
taming 102 mmd/]. of saline plus SO mmol/L of the sodium salt of the 
respective alkalizing agent, letters (a, b, c d) are statistically different 
(p < .5) from one another at that point (from Kasari TR, NayloT JM: Clini¬ 
cal evaluation of sodium bicarbonate, sodium i -lactate, and sodium acetate 
for the I real men I of acidosis in diarrJieic calves, l Atn Vet Med Assoc IS7:392. 
19S5.J 

weight daring a 4-minute period concurrently with an iso¬ 
tonic alkalizing oral electrolyte solution is effective in resusci¬ 
tating dehydrated calves with diarrhea 4 63 - 4 64 Hyperosmotic 
sodium bicarbonate solutions may also be used to rapidly 
resuscitate acidotic dehydrated calves. 465 The base deficit 
can be corrected by administering 8,4% sodium bicarbonate 
IV at a rate of 1 mL/min/kg over 15 minutes. 466 - 467 Hyper¬ 
tonic fluids should always be given concurrently with an iso¬ 
tonic oral electrolyte solution. After 24 hours of appropriate 
therapy, one would expea the calf to be standing and show 
a good suck reflex. Persistent depression is usually a sign of 
uncorreaed acidosis or toxemia. 

Most diarrheic calves are not markedly hypoglycemic, 
but glucose supplementation is needed to treat severe hypo¬ 
glycemia (glucose concentrations <2 mmol/L or <36 mg/ 
dL). Severe hypoglycemia is treated by adding glucose to 
the intravenous fluids to a final concentration of 2*5% to 
5%. Severe hyperkalemia is seen in some dehydrated diar¬ 
rheic calves, but this responds to rehydration (restores renal 
perfusion and dilutes out potassium) and correction of aci¬ 
dosis (redistributes potassium into the cells). Nutritional 
support is not needed if the calf is in good body condition 
but should be given if the calf is emaciated or if the calf has 
been deprived of milk for more than 3 days. 

There are increased losses of potassium in diarrhea; the 
significance of this is uncertain, although potassium deple¬ 
tion can result in weakness. Usually there is no need to 
add potassium to intravenous fluids; the majority of calves 
respond to infusion of saline and 1.3% sodium bicarbon¬ 
ate After 12 to 24 hours of intravenous fluid therapy most 
calves start on oral electrolyte solutions. These usually con¬ 
tain 10 to 30 mmol of potassium per liter. Clinical trials 
comparing the efficacy of low and high potassium solutions 
have not been reported. 

Once the calf is able to nurse or drink, therapy is usually 
switched to oral electrolytes. This is also the route of choice 
for treatment of mildly affected calves on the farm. Calves 
with weak suck reflexes and calves that are unused to 
hand-feeding can be administered electrolytes using an 
esophageal feeder. Oral electrolyte solutions need to supply 


sufficient sodium to facilitate normalization of extracellular 
fluid deficits, nutrients to facilitate absorption of sodium 
from the intestine, alkalizing agents to treat metabolic aci¬ 
dosis, and supplemental energy. 466 The first two require¬ 
ments depend on the coupled aaive transport of glucose 
and sodium ions across the brush border membranes of 
enterocytes, which results in passive absorption of water 
and other electrolytes 46 * This function remains largely 
intact in calves with ETEC diarrhea, but when there is 
endothelial damage it may be impaired. Certain amino 
adds (glycine, L-alanine, l- glutamine) enhance the absorp¬ 
tion of sodium and water, 46 * as do acetate and propionate. 470 
In order to effeaively combat addosis, oral electrolyte solu¬ 
tions need to contain 50 to 80 mmol of alkalizing agent per 
liter. Acetate, lactate, citrate, gluconate, and bicarbonate are 
all used as alkalizing agents. Bicarbonate combines with 
hydrogen ions diredly, whereas the other agents remove 
hydrogen ions during their metabolism within cells. 458 Elec¬ 
trolyte solutions that contain >40 mmol of bicarbonate or 
citrate per liter have marked adverse effects on milk dot¬ 
ting, 471 Bicarbonate raises abomasal pH, whereas citrate 
binds calcium, and so the presence of either interferes with 
the normal clotting of milk in the abomasum. Breakdown 
of abomasal milk dots results in the gradual release of 
some nutrients into the small intestine. Bicarbonate also 
reduces milk digestibility, A reduced growth rate was 
recorded when electrolyte solutions with bicarbonate were 
fed to milk-fed calves. 472 Solutions containing bicarbonate 
may also alkalize the gastrointestinal tract of milk-fed 
calves and promote bacterial overgrowth in the small 
intestine as well as ETEC attachment and toxin produc¬ 
tion, 473 Acetate is the best alkalizing agent to include in 
elenrolytes that are to be fed to calves that are still receiv¬ 
ing milk; it has excellent alkalizing ability and does not 
interfere with milk dotting in the abomasum. Any of the 
commonly used alkalizing agents are likely acceptable for 
calves held off milk, 471 

A wide variety of oral electrolyte preparations are on the 
market and different products are suited to different situa¬ 
tions. Almost all the producis contain water and electrolytes 
and are suitable to use for rehydration (Table 20-9). Beware 
of products that are designed for medicating hundreds of 
liters of water; the final solution is often very dilute (<10 g 
of electrolytes per liter) and will not rehydrate sick calves. 
These products are often marketed as "boosters" and "stress 
relievers," Glucose and glycine are usually added to oral elec¬ 
trolyte solutions to facilitate sodium absorption. Research in 
people has shown that adding glycine to solutions containing 
110 mmol/L of glucose aids rehydration. It is probable, how¬ 
ever, that there is little additional benefit to supplementing 
solutions that contain more than 200 mmol/L of glucose 
with glycine. Solutions that contain large amounts of glucose 
are hyperosmolar and are absorbed more slowly than 
isotonic solutions, but the differences are too small to be clin¬ 
ically important. 474 The ionic composition also affects 
absorption; mixtures containing sodium chloride and titrate, 
bicarbonate, or acetate have improved absorption over chlo¬ 
ride salts alone. Oral electrolyte solutions are almost 
completely absorbed In healthy calves, but absorption can 
be as low as 60% in severe £. coti diarrhea. 475 

The ability to counteract acidosis varies greatly among 
oral electrolytes. Some have a net acidifying effect, whereas 
others alkalize blood (Fig. 20-7), These differences are ther¬ 
apeutically important and are responsible for differences in 
survival rates among products. Highly alkalizing solutions 
give the best results. One study showed that it was more 
important that an electrolyte solution contain bicarbonate 
than chloride 476 This is particularly important in older 
calves. Recently there has been interest in adding glutamine 
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-200 -100 0 100 200 300 


Net amount of alkali zin-g agents in electrolyte solution jmEq) 

FIG, 20-7 II Comparison of the alkalizing abililies of various oral electro¬ 
lyte solutions. The Y axis shows the mean alkalizing effect after admi nisi ra¬ 
tion of one treatment (1.9 to 2.25 L) of the fluid to healthy calves, and the X 
axis shows the net amount of alkalizing agents in the solution Bicarbonate 
and. acetate are experimental solutions. [Ufe^Guand/Knterolyie is manufac¬ 
tured by SmithKline Beech am Libs, Rogar is Rogar STR's electrolyte powder, 
Hydra is manufactured by Veirepharm. Electro-Plus A by Pitman-Moore. 
Ion Aid by Syotac and Re-Sorb by Becdram.) (Modified from Proc J4di 
World Congr Dis Cattle 1:562 r 1986.) 

to oral electrolyte solutions because it is an important fuel 
for the gastrointestinal tract and can promote mucosal 
repair. 477 479 However, studies show that oral electrolytes 
containing glutamine as the sole amino acid are no more 
effective in diarrheic calves than other well-designed solu¬ 
tions that use glycine as the amino add* 480 Psyllium has 
been added to some oral electrolyte solutions for a number 
of perceived benefits, but controlled studies show no clinical 
advantages, although there may be some moderation of 
bacterial fermentation within the gastrointestinal tract.™ 1 - 482 
The other problem to be considered in the chronically 
scouring calf is the need for nutritional support. Mainte¬ 
nance metabolizable energy requirements for a 50-kg calf 
are about 2000 kcal, and 3500 kcal are required to support 
a weight gain of 0.5 kg/day. These requirements can be 
met by 3.3 and 5.7 L of whole cow's milk, respectively. 


Comparative studies indicate that weight loss in calves fed 
oral electrolytes are inversely proportional to the energy 
content of the solutions.Assuming a 4-L daily intake 
and 100% digestibility of oral electrolyte nutrients, regular 
electrolyte solutions supply between approximately 15% 
and 25% of energy needs. As a result, diarrheic calves that 
are held off milk for prolonged periods lose weight™ 4 and 
can become emaciated, When maintaining body condition is 
a concern and little milk or solid food is being ingested, then 
a high-energy oral electrolyte should be fed. Products such as 
Enterolyte i IE provide about 50% of energy requirements if 
fed twice a day (total intake 4 L) and about 75% if fed three 
times a day {total intake approximately 6 L). The energy 
content of various oral electrolyte solutions is presented in 
Figure 20-8. 

Milk withdrawal. Milk withdrawal can reduce the 
severity of diarrhea and depression in severe scours. This 
is because malabsorption exacerbates diarrhea through the 
osmotic effect of unabsorbed milk nutrients and also 
promotes bacterial overgrowth and possibly malfermen¬ 
tation with production of organic acids. Milk also has a 
trophic effect on epithelial cells and maintains higher gas¬ 
trointestinal tract enzyme activities as well as providing 
protein for repair of damaged intestinal epithelium. 470 In 
experimental trials, continued feeding of milk maintained 
weight gain; however, when calves were fed enough milk 
to fully meet their requirements and the undrunk milk 
was tube-fed, calves initially had greater in appetence. 4 72 485 
Withdrawal of milk without a high-energy alternative can 
rapidly result in cachexia and malnourishment, 472 In many 
calves, particularly the less severely affected, there is often a 
considerable degree of residual absorptive capacity; enough 
to support body weight gain if limited amounts of milk 
are fed. Milk withdrawal is recommended if the calf is 
depressed and not interested in sucking. In most cases elec¬ 
trolyte therapy will restore a calf's vigor and sucking drive 
within I to 2 days. Milk can then be reintroduced in small 
amounts (eg., 1 L given two to four times daily). However, 
forced feeding (by tubing or drenching), dysfunction of the 
reticular groove reflex, or reflux of abomasal contents may 
result in ongoing acidosis because of production of D-laaate 
from fermentation of carbohydrates entering the retiailoru¬ 
men. 98 If the calf is not interested in drinking or gels 
depressed when reintroduced to milk, a high-energy oral 
electrolyte preparation can be tried instead. Studies indicate 
that diarrheic calves have a generalized malabsorption 



FIG. 20-8 II Comparison of the energy 
contents, of various oral electrolyte solu¬ 
tions Milk is also shown for comparative 
purposes 

'MR estimated from water-soluble carbo¬ 
hydrate composition. *MF, estimated from 
glucose and other water soluble carbohy¬ 
drate composition of as-fed electrolyte 
solution assuming Ig (ay matter) of car¬ 
bohydrate ■ 4 kcal. This, figure assumes 
electrolyte solutions are fed to neonatal 
calves prior to rumen, development. (See 
text for manufacturers.) 
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rather than specific lactose intolerance.** llius it may be 
more important 10 manage calves with milk intolerance by 
giving smaller amounts of milk in each feed instead of 
changing carbohydrate source. There is little point in with¬ 
drawing milk from calves that remain alert and interested 
in nursing; it is unlikely to result in clinical improvement. 
This is particularly likely to be the case when the calf 
receives whole cow's milk in frequent small quantities, that 
is, by natural sucking of the dam. 

Role of Antimicrobials 

There is some controversy regarding the use of antimicro¬ 
bials for the treatment of calf scours: Reports questioning 
the use of antimicrobial therapy cite lack of efficacy, poten¬ 
tial for adverse effects, potential for violative residues, and 
selection for antimicrobial resistance. Conversely, there are 
reports describing attenuation of clinical disease, reduced 
pathogen shedding, and lower mortality after the use of 
antimicrobials to treat scouring calves, 

THERAPEUTIC TARGETING. Bacterial pathogens asso¬ 
ciated with neonatal calf diarrhea include Safmond/a and 
£. cofr. During disease outbreaks caused by these pathogens 
antimicrobial use may be targeted at the specific pathogen. 
Beneficial responses to antimicrobial therapy have also 
been reported in field trials involving undifferentiated 
pathogens, 486 ' 4 * 7 Calves with diarrhea often have increased 
coliform bacterial numbers in the small intestine, regardless 
of cause, 488 - 490 and this colonization is associated with 
altered small intestinal function, morphologic damage, 
and increased susceptibility to bacteremia, 490 Calves with 
diarrhea are more likely to have KPT or partial FPT, and this 
group of calves, in turn, is more likely to be bacter¬ 
emic. 49 L4 * 2 Blood cultures indicate that gram-negative bac¬ 
teria account for approximately 80% of bacterial isolates. 
E, ctf/i is the species most commonly isolated. 491 493494 In a 
study of 190 recumbent calves on a large calf-raising facility, 
31% were determined to be bacteremic; E, coli accounted 
for 51% of the isolates; other gram-negatives, 25%; gram- 
negative anaerobes, 5.9%; gram-positive cocci, 11,8%; 
and gram-positive rods, 5 + 9% + 491 

Antimicrobial therapy may therefore be targeted at a spe¬ 
cific bacterial enteric pathogen isolated from sick calves or in 
severely ill calves (as manifested by reduced suckle reflex, 
> 6 % dehydration, weakness, inability to stand, or clinical 
depression) may be used prophylactitally to manage the risk 
of bacteremia. For this application, emphasis should be 
directed toward gram-negative organisms, particularly E. coli, 
ANTIMICROBIAL SUSCEPTIBILITY. Antimicrobial sus¬ 
ceptibility testing of fecal isolates is not a good predictor 
of clinical outcome. Three studies have reported no correla¬ 
tion between in vitro antimicrobial susceptibility of fecal 
R coli and Sdmone/to species isolates and clinical response 
to antimicrobial treatment , 495 497 Antimicrobial efficacy is 
best evaluated by the clinical response of a number of calves 
to treatment, with calves randomly assigned to treatment 
groups, rather than by the results of in vitro antimicrobial 
susceptibility testing performed on fecal E. coli isolates. 49 * 
Antimicrobial susceptibility testing has more clinical rel- 
evance for predicting the clinical response to antimicrobial 
treatment when applied to bacteria isolated from blood or 
tissues of bacteremic calves because the MIC break points 
are based on achievable antimicrobial concentrations in 
human plasma and MlG*o values for human E. coli isolates, 
which provide a reasonable approximation to achievable 
MIC values in calf plasma and MIC 90 values for bovine 
E. coli isolates. 49 * Even within a given herd there will be a 
diversity of bacteria isolated from bacteremic calves, so the 
collection of blood cultures and assessment of antimicrobial 


susceptibility does not necessarily provide information 
applicable to the next case. 

ANTIMICROBIAL SAFETY. A number of antimicrobials 
have been demonstrated to produce deleterious effects 
when administered orally to healthy milk-fed dairy calves. 
The addition to milk replacer powder of procaine penicillin 
(2 to 60 mg/kg of milk replacer) increased the incidence 
and duration of diarrhea and decreased growth rale com¬ 
pared with untreated controls in a total of 36 milk-fed 
calves 499 Penicillin is not labeled for treatment of calf 
scours and has an inappropriate antimicrobial spectrum to 
prevent or treat calf scours. Administration of neomycin sul¬ 
fate (300 mg TO q24h for the first 4 days of life) tended 
(p = .060) to increase the proportion of calves developing 
diarrhea (99/233 = 43%) compared with the proportion in 
an untreated control group (58/174 = 33%}. 500 Administra¬ 
tion of neomycin sulfate {25 mg/kg PO q6h, n - 10), ampi- 
dllin trihydrate (12 mg/kg PO q8h, n = 6), or tetracycline 
hydrochloride (11 mg/kg PO q!2h, n — 6} for 5 days 
increased the occurrence of diarrhea and decreased glucose 
absorption through unknown mechanisms compared with 
untreated controls (n = 6), 50 * Two other studies did not ob¬ 
serve adverse side effects in calves administered tetracycline 
hydrochloride (40 mg PO qllh; 11 mg/kg PO qllh), 502 * 503 

EFFICACY OF ORAL ANTIMICROBIAL THERAPY. The 
response to oral antimicrobial therapy is variable, with many 
formulations failing to demonstrate a beneficial effect. 49 * 
Apramycin administered PO at either 20 or 40 mg/kg signifi* 
cantly decreased mortality. 4 * 7 Trials with orally administered 
neomycin reduced the duration of diarrhea but did not 
reduce mortality. 504 905 Similarly, trials with orally adminis¬ 
tered ampidllin failed to demonstrate a significant reduction 
in mortality. 906 The results of trials with orally administered 
trimethoprim have been variable, with no significant im¬ 
provement in outcome observed in a large field trial 507 
and a significant reduction in mortality observed in an exper¬ 
imental SflJmone/la challenge study in which calves were 
administered 5 mg or trimethoprim per kilogram and 
25 mg of sulfadiazine per kilogram PO daily for 5 days, 508 
Orally administered amoxicillin trihydrate has been demon¬ 
strated to reduce mortality and the duration of diarrhea when 
administered at a dose of 10 mg/kg PO qllh/ 7 ' 509 

In an epidemiologic study of Salmonella in dairy calves 
conducted in the United States, feeding medicated milk 
replacer and hay to calves from 24 hours of age to weaning 
was associated with a reduced risk of Salmonella shed¬ 
ding. 510 This observation contradicts an experimental study 
in which feeding chlortetracycline in milk replacer increased 
the severity of disease and the rate and duration of Sd/mo- 
neila shedding. 511 Similarly in another experimental trial, 
daily drenching of calves with 50 mg or 100 mg of chlortei- 
racydine failed to alter the excretion pattern or the number 
of organisms excreted by calves infected orally with 10° 
5. typKimurium. 512 

EFFICACY OF PARENTERAL ANTIMICROBIAL THER¬ 
APY Antimicrobial drugs with an appropriate gram-negative 
spectrum of activity include third-generation cephalosporins 
(ceftiofur), potentiated penicillins (amoxicillin), trimetho¬ 
prim-sulfonamide (TMS) combinations, aminoglycosides, 
sulfonamides, florphenicol, and tetracyclines. There is a paucity 
of efficacy data to support the use of aminoglycosides, tetracy¬ 
cline, non potentiated sulfonamides, and florphenicol. 

Ceftiofur has an appropriate antimicrobial spectrum, and 
therapeutic drug concentrations can be maintained with 
once-daily dosing. In an S. typhimurium challenge experi¬ 
ment, intramuscular administration of ceftiofur hydro¬ 
chloride (5 mg/kg q24h for 5 days) reduced the severity of 
clinical signs and reduced fecal shedding of Stflmprie/Jd, 
The MIC of the challenge strain in this experiment was 



362 



mar Turn* DISORDERS and MANAGEMENT of the NEONATE 


I pg/mL and the therapeutic protocol maintained plasma 
concentrations above this concentration for the duration 
of therapy. 264 

Potentiated sulfonamides have been evaluated in ETEG 
and Sdimtfnefia challenge experiments. Mortality in 2* to 
3-week-old calves medicated with trimethoprim-sulfadiazine 
(in a 1:5 ratio) for 5 days 24 hours after Sdlmonditt Dublin 
oral challenge was reduced.* 01 * Administration of either sul¬ 
fadiazine or trimethoprim alone did not reduce mortality. 50 * 
Trimethoprim may be used to treat sepsis in neonatal calves, 
but its half-life rapidly declines as ruminal function devel¬ 
ops. In ruminating (6- to 8-week-old) calves, subcutaneous 
or oral administration of trimethoprim-sulfadiazine leads 
to high serum levels of sulfadiazine but little or no serum 
trimethoprim. 513 

Intramuscular administration of amoxicillin reduced 
mortality in Salmonella Dublin ^challenged calves. 514 In a 
comparative trial of amoxicillin and trimethoprim-sulfadiazine, 
both drugs were found to have equal efficacy in reducing 
adverse clinical signs of disease when dosage regimens were 
based on the MIC of the pathogen, 5 * 5 

The frequency of bacteremia is sufficiently high that 
treatment of calves with diarrhea that are severely ill (as 
manifested by reduced suckle reflex >8% dehydration, 
weakness, inability to stand, or clinical depression) should 
include routine treatment against bacteremia, with empha¬ 
sis on treating potential E. edr bacteremia, 49 ® Parenteral ad¬ 
ministration of a broad-spectrum fUacum antimicrobial— 
cdtiofur (5 mgfkg intramuscularly |1M] q24h), amoxicillin 
(10 mg/kg lM ql2h), or trimethoprim-sulfadiazine (20 mg 
of sulfadiazine per kilogram with 5 mg of trimethoprim 
per kilogram IV or IM, q24h for 5 days)— is recommended 
for treating calves with diarrhea and systemic illness. (Note 
that these are off-label doses and require an extended meat 
withholding period.) Antimicrobial therapy is not recom¬ 
mended for calves with diarrhea and no systemic illness 
(normal appetite for milk or milk replacer, no fever). 498 

Antiprotozoal Drugs 

Drugs reported to have some efficacy against Cryptospo¬ 
ridium in calves include, halofuginone, 516 - 522 paromo¬ 
mycin, 52 ^ 524 decoquinate, 525 ' 526 and p-cytlodextrin, 522 
HalofUglnone is licensed for treatment of calves in Europe 
and appears to be the most efficacious. Ihe efficacy of deco- 
quinate is questionable, with the only controlled clinical 
study failing to demonstrate a beneficial therapeutic effect 
with daily treatment at 2 mg/kg/day. 526 A trial of lasalocid 
for treatment of Cryptosporidium infection has been con¬ 
ducted, Using a toxic dose of 8 mg/kg was found to reduce 
the shedding of Cryptosporidia; however, the calves suffered 
adverse side effects. At a dose of 0.8 mg/kg lasalocid was 
not effective. 528 The registered dose for preventing totridio- 
sis in calves is 1 mgfkg per head peT day. 

Cotcidiosis is uncommon in calves less than 6 weeks of 
age. In hand-reared calves coccidiostats (lasalocid. ampro 
liunt or detoquinate) may be added to milk replacer. Prophy¬ 
lactic options for beef calves are restricted to cocddiostat 
medicated pellets (monensin, lasalodd, amprolium, or 
detoquinate) or water (amprolium or sulfonamides), Ther¬ 
apeutic options include amprolium or sulfonamides such 
as sulfadimidine 

Both fenbend azole (5 mg/kg PO once daily for 3 days ) 
or albendazole (20 mg/kg PO once daily for 3 days) have 
been shown to be effective treatments for Giardia- 333 - 2 **'* 2 * 
Because of the high level of subdinically affected animals, 
all cows and their dams need to be treated, and reinfection 
is likely to occur unless calves are removed from environ¬ 
mental sources of infection. 


Antiinflammatory Drugs 

A nonsiatistital trend toward decreased morbidity has been 
reported in a study evaluating the benefits of a single or dou¬ 
ble injection of flunixin meglumine in scouring calves 530 

Probiotics 

Probiotics are foods or drugs containing live microbes that 
are expected to confer beneficial physiologic effects to the 
host animal through microbial anions. Bacterial and fungal 
species included in these products include Enterococcus foe* 
ritim, ijictobaciUus acidophilus, Lactobacillus delbrueckii subsp 
bulgaricus, Lactobacillus plantarum , Lactobacillus r/tamnosus, Bifi¬ 
dobacterium bifidum i, Streptococcus sdiwirius subsp, fhermophrliir, 
Aspergtf/tu oryzae , and Candida pmtotopesii. General mechan¬ 
isms of action that have been ascribed to probiotics include 
competition for Feceptor sites on the intestinal surface, 
immune system stimulation, excretion of antimicrobial sub¬ 
stances, and competition with pathogens for intraluminal 
nutrients. 531 

The number of controlled clinical trials evaluating probi¬ 
otic formulations in calves is limited. In one report feeding 
antimicrobial resistant Streptococcus faecalis to calves reared 
on an antibiotic-containing diet reduced Safmffnefka intesti¬ 
nal colonization of calves. 532 An improvement in weight 
gain and a reduction in diarrhea have been reported when 
calves were fed either 3 * 10* Bifidobacterium pseudolon- 
gum or L acidophilus daily from I to 56 days of age or a cell 
mixture containing 10 10 colony forming units (du) of Bacil¬ 
lus th<7T7u>pfci/um. 10 10 du of Enterococcus faecium, and 10 9 
dii of Lactobacillus acidophilus for 28 days. 533 

Intestinal Protectants 

Several products that include intestinal protectants are mar¬ 
keted for treatment of calves with scours. Intestinal protec¬ 
tants include bismuth subsalicylate, kaolin or pectin, and 
activated charcoal. There are no efficacy data available 
regarding the use of kaolin in scouring calves. Suggested 
advantages of bismuth subsalicylate are its neutralization 
of bacterial toxins and amisecretory effect through its local 
a m i p rostagla ndin activity, 5 54 - 515 

Prognosis 

The prognosis for recovery decreases with the severity of 
depression. Severe hypothermia and the presence of inter¬ 
current disease are grounds for a guarded prognosis. 536-538 
An initial examination should be performed Calves with a 
primary problem of septicemia are not usually worth treat¬ 
ing because of the poor prognosis The severity of dehydra¬ 
tion, hypothermia, and acidosis should be estimated 
Recumbent calves are usually treated IV with a saline-based 
rehydrating fluid (0.9% saline. Ringer s, lactated Ringer s, 
and so on) and isotonic sodium bicarbonate (especially 
for older and comatose calves) Calves that can suck are 
treated with oral electrolytes that contain 50 to 80 mntol/L 
of alkalizing agent. Products that use mainly acetate as the 
alkalizing agent are best for calves that are still drinking cow's 
milk (small quantities, frequently). Any alkalizing agent is 
likely effective in calves held off milk 

SUMMARY 

Calf scours is caused by a variety of infectious agents. At the 
present time, the need to make a definitive diagnosis of 
fcTEC and Salmonella infections has been established; these 
diseases can be controlled with antibiotics and prevented 
by vaccination. 539 There are public health implications to 




the diagnosis of crypiosporidiosis and salmonellosis. New 
vaccines may help control rotavirus and coronavirus infec¬ 
tions. Treatment of diarrhea in neonates is primarily based 
on correcting dehydration and acidosis through the use 
of oral and intravenous electrolytes. Only in the case of 
bacterial infections can direct action be taken against the 
invading organism, but antibiotics may still be useful in 
preventing secondary bacteremias. Colostrum feeding will 
help reduce diarrhea in the first days of life. Management 
is very important in the control of diarrhea, and because 
infectious agents are almost always present at some expo¬ 
sure level, the underlying theme is to minimize the level 
of pathogen exposure and stress on the calf In approaching 
a problem of neonatal death losses/ the areas to be exam¬ 
ined should include calf Immunoglobulin status, calf feed¬ 
ing, calf housing cleanliness of environment, calving area, 
cow vaccinations, diagnosis of specific infectious agents, 
and treatment protocols. 


LAMENESS AND RELUCTANCE TO 
WALK _ 

JOHN JC HOUSE 

SEPTIC ARTHRITIS 

Septic arthritis may result from direct trauma or contami¬ 
nation of the joint extension from periarticular infection, 
or hematogenous spread from another site. Systemic sites 
of infection include enteritis, pneumonia, and inflamed 
umbilical structures. KPT increases the risk of sepsis. 
Destruction of the epiphysis and extension of infection into 
the joint are common and may be primary in some cases, 
rather than resulting from a primary synovial membrane 
infection that spreads to the epiphysis or physis. The most 
common pathogens isolated from septic joints of neonatal 
calves are enteric organisms including E. colt and Sofmand/d 
species. Streptococcus species, Staphylococcus species, and 
A pyogenes are less common isolates. A. pyogenes is the 
most frequently isolated organism from joints of older 
calves . 540545 

Bacteria commonly isolated from septic joints in lambs 
include Streptococcus species, col (forms, A pyogenes, Erysipelo- 
ihrix rhusiopathiae, andf. niOTqpfwrum. 455 Predisposing factors 
include poor docking hygiene and contaminated sheep dip. 
Sporadic outbreaks of polyarthritis in lambs, kids,* 0 * 43 - 5 ** 
and calves 545 are associated with Chlamydia and Mycoplasma 
species infections. Chlamydia infections may occur in uino 
or postnatal ly; Mycoplasma in fen ions often result from inges¬ 
tion of M)cpp!dJmu-contaminated milk. 

Diagnosis of septic arthritis is based on the combination 
of clinical signs, radiographic examination, bacterial cul¬ 
ture, and cytologic analysis of synovial fluid. A bacterium 
is isolated in only 60% of cases of septic arthritis in bovine 
medicine.* 46 Synovial fluid cytologic analysis is useful for 
the differentiation between infectious and noninfectiom 
arthritis. Trauma is the chief differential diagnosis. Lambs 
and kids with septic arthritis often fail to nurse and may 
have significant weight loss. Typically, polyarthritis caused 
by Mycoplasma species and Chlamydia is associated with high 
fevers and respiratory and occasionally neurologic disease. 
High morbidity and mortality are common. Conjunctivitis 
is commonly observed with chlamydial infections. 4 * 3 Cyto¬ 
logic findings consistent with septic arthritis include a syno¬ 
vial fluid total protein concentration greater than 4,5 g/dU a 
nucleated cell count greater than 25,000 cells/mL, a poly¬ 
morphonuclear cell count greater than 20,000 cells/mL, 


and a percentage of polymorphonuclear cells of greater than 
80%. 547 Chlamydial inclusions may be found in Giemsa- 
stained smears of synovial cells and the organism isolated 
from joint fluid or plasma in early cases. 541 Isolation ofAtyco- 
ptormti species requires specific media (Hayflicks media) and 
miaoaerophilic conditions. Normal synovial fluid does not 
rule out septic physios or osteomyelitis, because the infection 
may be in the physis or small tarsal bones. 

Careful examination of high-quality radiographs is 
important for the detection of bone lysis indicating infec¬ 
tion, Initial radiographs may be normal because the degree 
of damage is often not detectable for 10 to 14 days after ini¬ 
tial infection occurs. Radiographic features of septic arthritis 
include soft-tissue swelling, widening or collapse of the 
joint space, osteoporosis, and osteosclerosis. Ultrasound 
may be used to confirm involvement of the joint and rule 
out periarticular or tenosynovial infection to avoid iatro¬ 
genic contamination of the joint during arthrocentesis. Joint 
distention and hyperechogenic fragments in the synovial 
fluid are suggestive of septic arthritis, Normal synovial fluid 
is anechoic. 

Acute septic arthritis in neonatal ruminants may be trea¬ 
ted effectively via joint lavage combined with systemic and 
local antimicrobial treatment Typically, however, neonatal 
ruminants are presented with a chronic disease process. 
Treatment options include joint lavage or arthrotomy to 
remove destructive inflammatory products and long-term 
antimicrobial therapy. Joint lavage is rarely efficacious in 
the treatment of chronic septic arthritis in calves, as accu¬ 
mulation of fibrin and pocketing of purulent material often 
make adequate joint drainage impossible. 54 * Joint lavagf 
may be facilitated via use of a rigid arthroseope or, in the 
case of simple joints (elbow and stifle), arthrotomy, 549 
Empirical antimicrobial therapy should include a gram-neg¬ 
ative and gram-positive spectrum Culture of synovial fluid 
facilitates antimicrobial selection. 

Therapeutic synovia) concentrations of penicillin, oxy- 
tetracycline, ampicillin, and cephapirin can be attained in 
inflamed and normal joints of calves after systemic admin¬ 
istration, 5 st ^ s 5 3 The distribution of trimethoprim-sulfadia¬ 
zine, penicillin, oxytetracycline, and cephapirin in joints 
is not enhanced or reduced by inflammation,sso-ssa peni¬ 
cillin, trimethoprim, and sulfadiazine equilibrate m 0,5 to 
I hour, and oxytetracycline in 4.S to 6 hours, 551 The 
subsequent decline in antibacterial drug concentration in 
synovial fluid parallels that in serum. 550 Synovial inflam¬ 
mation accelerates distribution of antimicrobial drugs into 
joints' 151 but has little effect on the peak drug concentration 
achieved in synovial fluid. 550 -” 1 The peak concentration of 
ampicillin in synovial fluid after a single intramuscular injec¬ 
tion of ampLciUm trihydrate at a dose of 10 mg/kg is higher 
in normal and inflamed synovial fluid than in sera. 553 TTiere 
are few- bovine-derived data regarding the distribution of the 
newer generation antimicrobials into synovial fluid after sys¬ 
temic administration. Studies in other species suggest that 
most classes of antibacterial drugs ate capable of crossing 
the synovial membrane. Synovial tissue is very vascular and 
does not have a basement membrane. In humans, synovial 
fluid concentrations of most antibacterials generally average 
at least 60% to 70% of serum drug concentrations at the time 
of peak serum concentrations and frequently exceed those in 
serum immediately before the subsequent systemic dose in 
patients with septic arthritis. 554 Antimicrobial dosing is tar¬ 
geted to achieve a peak antibacterial concentration that 
exceeds the MIC of the infecting organism by fivefold to ten¬ 
fold. 554 The duration of therapy is dependent on the antimi¬ 
crobial sensitivity of the pathogen and the immune status of 
the patient; prolonged (4 to fi weeks) antimicrobial therapy 
is commonly required. 



In a review of 81 cases of septic arthritis in cattle, a 72% 
recovery was achieved with a combination of surgical treat¬ 
ment (opening of the joint capsule; debridement; and exci¬ 
sion of the synovium, infected cartilage, and bone), joint 
immobilization, and systemic antibiotic therapy. Of cattle 
treated conservatively with systemic and imraartitular anti¬ 
microbials, 43% recovered, 555 

NONINFECTIOUS LAMENESS 

Neonatal ruminants (hat have nutritional myodegeneration 
often have a stiff, stilted gait. Lambs and kids may have diffi¬ 
culty nursing if they are unable to lift the head and may cry 
with pain when assisted lo stand (see Chapter 42). Contrac¬ 
ture of joints or tendons of the limbs produces difficulty in 
movement and predisposes to FIT by impeding the ability 
to adequately nurse. Degree of contracture varies from mild 
to severe and may be associated with scoliosis and/or torti¬ 
collis. Conservative therapy consisting of splinting the front 
limbs to induce tendon laxity may be helpful. Calves with 
severe digital flexor tendon contractures often require surgi¬ 
cal resection of one or both digital flexor tendons, followed 
by bandaging or casting and stall rest for 3 to 4 weeks. 


UMBILICAL ENL ARGEMENT 

■ * 

The umbilicus consists of three types of structures and 
undergoes functional and anatomic changes at birth. TWo 
umbilical arteries connect internal iliac arteries to the pla¬ 
centa. These later regress and become the round ligaments 
of the bladder. One umbilical vein connecting the placenta 
to the liver and porta cava regresses to become the round 
ligament of the liver within the falciform Ligament The 
urachus connects the fetal bladder to the allantoic cavity. 

PATENT URACHUS 

Patent urachus is a persistence after birth of the tubular con¬ 
nection between the bladder and umbilicus. The urachus 
drains the bladder into the allantoic sac during gestation. 
Urine flow should gradually change, with some urine enter¬ 
ing the amniotic sac through the urethra in later gestation. 
At birth, with umbilical cord rupture the urachus should 
be dosed, and urine should be voided through the urethra. 
Neonates with a patent urachus may dribble urine from 
the urachus during or after urination or may simply have 
a constantly wet umbilical stump. 

Differential diagnoses include concurrent infection of the 
navel (omphalophlebitis). Ultrasound may assist in making 
the diagnosis and determining the involvement of umbilical 
arteries or vein. Moist hairs around the umbilicus and the pres¬ 
ence of fluid coming from the navel are diagnostic, A complete 
physical examination should be performed. If abnormalities 
are noted serum IgC. complete blood count and urinalysis 
am helpful for detecting susceptibility to infection and pres 
ence of systemic or urinary tract infection. Surgical resection 
of the urachus to the tip of the bladder is the treatment of 
choice. Associated arteries and veins should be ligated and 
removed if they are infected or necrotic. Merely ligating the 
exterior stump can trap organisms and cause infection. 

OMPHALITIS 

Omphalitis is inflammation of umbilical structures that may 
include the umbilical arteries (omphaloarteritis), umbili¬ 
cal vein (omphalophlebitis), urachus, or tissues immediately 
surrounding the umbilicus. Umbilical abscess or infection 


of any of the three components of the umbilicus may pro¬ 
duce local infection or be a source of septicemia. The 
source of infection is most commonly the external environ¬ 
ment, coupled with NT, Bacteria isolated from calf umbil¬ 
ical cord remnant infection include A. pyogenes, £ coli, and 
Proteus and Enterococcus species The urachus is the most 
commonly affected structure in calves, and the umbilical 
arteries the least™ Omphalophlebitis may mend the 
length of the umbilical vein into the liver and result in liver 
abscessation. 

When the umbilicus is enlarged and draining purulent 
material, infection is easily noted. When the urachus is fixed 
to the abdominal wall, calves are prone to cystitis and may 
show signs of pollakiuria and dysuria. In other cases the 
umbilicus may be dry and larger in diameter than expected. 
Some neonates may have a completely norma Lap pea ring, 
dry external navel and be severely ill from infection of the 
urachus, umbilical arteries, or vein. In a neonate with sepsis 
without external signs of infection, involvement of the 
umbilicus can be difficult to determine. Abdominal palpa¬ 
tion of the umbilical vein and arteries is a useful simple, 
and effective means of assessing their size and of detecting 
pain associated with these structures. Inflamed structures 
may be identified by standing behind the neonate and press¬ 
ing the hands together above the umbilicus. Ultrasound is 
also a useful ancillary diagnostic aid. 557 Persistent dilation 
of the umbilical vein or arteries with a hypoechoic-to- 
echogenic fluid, intraluminal gas, and wall thickening are 
findings consistent with infection. In calves the urachus nor¬ 
mally retracts up into the abdomen at birth, and ultrasono¬ 
graphic identification of a urachal remnant is abnormal. 

Overt signs of infection are heal, swelling, purulent dis¬ 
charge, and pain. Concurrent signs of systemic infection 
such as joint infection, pneumonia, diarrhea, meningitis, 
or uveitis may be noted. Calves with urachal abscesses 
may show signs of dysuria or pollakiuria. 559 - 560 Infection 
in more than one umbilical vessel is common in the neo¬ 
nate, and urachal involvement is frequent. Umbilical 
abscessation that is walled off and does not involve deeper 
structures is a less severe problem and may be treated with 
drainage without surgical removal of the entire umbilicus. 

Early treatment with antibiotics and supportive care may 
allow resolution before development of abscessation and 
distention of the urachus or the umbilical arteries and vein. 
Established infection usually necessitates surgical removal 
of involved structures in addition to medical therapy 556 
When omphalophlebitis extends into the liver, the umbilical 
vein may be marsupiaiized to facilitate drainage and flush¬ 
ing, 561 Prognosis is improved when adequate passive trans¬ 
fer of colostra! immunoglobulins has occurred and when 
joints or other structures are not involved. Sequelae such as 
renal abscessation, joint or bone infection, peritonitis, and 
other complications described for septicemia may develop 
if therapy is started too late Or is discontinued prematurely 


ANEMIA 

Anemia in the neonate should be interpreted in the context 
of the realization that normal hematologic values of the 
neonate may vary from those of the adult. In calves the inci¬ 
dence of anemia (hemoglobin <10g/dL) is quite high, 
ranging from 15% to 30% in many herds. 563 - 565 The charac¬ 
teristics of the anemia include normocytosis, normochromia, 
and poikilocytosis. Anemia is reported lo be secondary lo 
iron deficiency, 563 - 565 Potential causes are reduced amounts 
ofiron in millc poor placental transfer of iron, and decreased 
intestinal absorption. Anemic calves with poikiiocytosis have 
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similar levels of serum iroa total iron binding capacity, and 
marrow iron and plasma copper levels compared with nor¬ 
mal calves. 564 Anemic calves do not appear to have an 
increased incidence of disease or decreased growth rates. 565 
An overall higher plane of nutrition versus iron supplementa¬ 
tion alone produces higher PCVs and hemoglobin levels. 564 
Calves less than 6 weeks of age have three types of hemoglo¬ 
bin in various amounts (adult 28%, fetal 40%, and neonatal 
25%). The poikilocytosis may be a function of erythrocyte 
membrane defects or maturation transitions. 564 

In addition to frank blood loss from an injury, diseases 
causing anemia in the neonate include blood loss caused 
by gastric ulcer, anemia secondary' to bone marrow necrosis, 
and anemia of chronic disease associated with localized 
infections. Hemolytic anemia may be due to neonatal 
isoerythrolysis (Nl) or non-Ml immune mediated hemolytic 
anemia. 566 Nl is caused by ingestion of maternal colostrum 
containing antibodies to one of the neonate's blood group 
antigens. The dam may produce these antibodies after expo¬ 
sure to specific foreign blood group antigens during previous 
pregnancies or unmatched transfusions. It is uncommon in 
calves but has occurred after vaccination of pregnant cows 
against anaplasmosis or babesiosis The presence of red cell 
antigens in the vaccine causes the production of amierythro- 
cyte antibody, primarily against the A and F systems. 567 Cows 
mated to bulls carrying these red cell antigens may have 
hemolytic disease develop in their A- and F-positive calves 
after ingestion of colostrum-containing ailoantibodies. 

Hemolytic disease processes produce signs of weakness, 
pale or jaundiced mucous membranes, fever, and depres¬ 
sion. Blood loss produces weakness and pale mucous mem¬ 
branes. Intestinal parasitism does not normally lead to 
anemia during the neonatal period Intravascular hemolysis 
may produce hemoglobinuria and hemoglobinemia Icterus 
develops when the ability of the liver to conjugate bilirubin 
is exceeded. Mainly, indirect bilirubin is elevated. Anisocy- 
tosis is observed in responsive anemias. Nonspecific stimu¬ 
lation of bone marrow may produce a leukocytosis. 

Anemia has also been reported in calves infected with 
BVD vims, secondary to bone marrow necrosis. 5sa 

Determination of the nature of the anemia may allow 
specific treatment. Blood transfusion may be indicated 
when anemia develops rapidly or PCV drops below 14%. 
Associated conditions such as metabolic acidosis and hypo¬ 
glycemia should be corrected. Anemia of chronic disease 
requires correction of the primary disease condition. 


FEVER 

Differential diagnoses for fever in neonates include bacte¬ 
rial or viral infections, excitement, seizures with 
subsequent generation of heat by muscular overacttvity, 
and environmentally induced hyperthermia. Fever is an 
unreliable indicator of sepsis in neonatal calves. 569 Neo¬ 
nates with sepsis often have a normal or subnormal tem¬ 
perature. Older ruminants with localized infection such 
as in joints or bone are more likely to have fever Fever 
may be beneficial The need to administer antipyretics to 
the febrile neonate is controversial Body temperatures 
lower than 40.8° C (105,4* F) are not considered detri¬ 
mental unless they are associated with heat stroke or sei¬ 
zures, 570 in which case cooling and antipyretics are 
indicated Because many antipyretics are anti prostaglan¬ 
dins that can cause deleterious gastrointestinal and renal 
effects, these agents should be used judiciously. Correction 
of the initiating cause and maintenance of fluid balance 
are also important. 


CYANOSIS 

Cyanosis is the purple-blue coloration observed on mucous 
membranes or skin caused by reduced or poorly oxygenated 
hemoglobin in blood. 571 Cyanosis may be caused by congen¬ 
ital hean disease, respiratory impairment, or any circulatory 
condition producing a right-to-left shunt (Box 20-4). The 
degree of cyanosis depends on the arterial oxygen saturation, 
hemoglobin concentration, pH, peripheral circulation, and 
temperature of the neonate. 571 Shock and hypothermia are 
important causes of peripheral cyanosis. The affinity of hemo¬ 
globin for oxygen is reflected in the standard oxyhemoglobin 
dissociation curve. This curve is similar for neonates but is 
affected by the amount of 2,3-diphosphoglycerate (DPG) in 
the erythrocyte. Calves' erythrocytes have higher levels of 
23-DPG, but the higher levels do not affect the affinity of 
hemoglobin for oxygen, A separate fetal hemoglobin exists 
in calves to increase affinity for oxygen. 573 Severe hypother¬ 
mia and acidosis cause the oxygen dissociation curve to shift 
to the right and therefore contribute to tissue hypoxia. Cyano¬ 
sis can be either central or peripheral. 571 Peripheral cyanosis 
results from increased peripheral extraction of oxy^n from 
normally saturated blood or a significant decrease in the per¬ 
fusion to an extremity. 571 In the neonate, causes include septic 
shock and severe hypothermia Central cyanosis is more com- 
mon in neonates and is related to congenital heart disease that 
causes right-to-leA shunting or severe respiratory conditions 
that result in hypoxia Examination and clinical pathologic 
evaluation for metabolic causes of cyanosis, hypothermia, 
and cardiac abnormalities should be conducted. History* 
medication use, auscultation, thoracic radiographs, and arte¬ 
rial blood gases are useful in determining the degree of respi¬ 
ratory component to cyanosis Echocardio^aphy may be 
required for identification of cardiac anomalies. 


Causes of Cyanosis 

CARDIOVASCULAR ORIGIN 

Tetralogy of Fallot 
Tricuspid atresia 
Tnincus arteriosus 
Pentalogy of Fallot 
Double outlet right ventricle 
Single ventricle 
Eisenmenger complex 
Ventricular septa] defect 
Patent ductus arteriosus 

respiratory causes 

Alveolar hypoventilation 

Drug-induced central nervous system (CNS) depression 
CNS trauma or hemonhagc 
Hypoglycemia or hypocalcemia 

Altered neurologic function of spinal nerves (of respiratory 
muscles) 

Thoracic cage abnormalities, pneumothorax, ftattuied ribs 
Diaphragmatic hernia 
Upper airway obstruction 

Restrictive pleural space disorders: hemothorax, pleuritis 
Hypoplastic lung 

IMPAIRED DIFFUSION 

Pulmonary, pneumonia, edema, atelectasis 
Shunting 

Anatomk (congenital heart defects) 

Pathologic: pulmonary hypertension 
Ventilation-perfusion mismatch 



MftT three DISORDERS and MANAGEMENT of the NEONATE 


HEART MURMUR 

Heart murmurs in the neonate may be heard normally before 
physiologic dosing of the ductus arteriosus during the first 1 
to 5 days of life. Other causes of murmurs indude congenital 
anomalies* severe anemia, and infectious valvular disease. 
Physical examination for other signs of heart disease helps 
determine the severity of the murmur. Jugular pulse weak or 
irregular arterial pulse, and palpable thrill indicate a serious 
condition. Dyspnea, cyanosis, tachypnea, and failure to gain 
weight are common signs of congenital heart disease in calves. 
Timing and location of the heart murmur should be deter¬ 
mined, Thoracic radiography may aid in determining heart 
size and in detecting pulmonary edema or distended pulmo¬ 
nary vessels. Echocardiography may reveal atrial or ventricular 
enlargement, thickened ventricular walls, anomalous orienta¬ 
tions of outflow tracts, or ventricular septal defects fVSDs). 

Patent ductus arteriosus (PDA) produces a continuous 
murmur localized over the left heart base. The diastolic com¬ 
ponent may not be heard with auscultation over other parts 
of the heart As pulmonary hypertension develops, the mur¬ 
mur is shortened to a holosystolic type with normal arterial 
pulse, large shunting of blood produces a bounding arterial 
pulse caused by wide fluctuations of systolic and diastolic 
pressures. Radiographs may reveal an enlarged heart with 
increased vascularity as a result of left-lo-right shunting of 
blood. Echocardiography may reveal increased left atrial 
and left ventricular diastolic dimension/volume and hyper¬ 
dynamic septal and left ventricular wall systolic motion 
(depending on the degree of righi-lodeft shunt), 

VSD produces a large, harsh, holosystolic murmur that is 
loudest on the right cranial region of the thorax and is softer 
over the left heart base. Radiography may reveal heart size 
increase* left atrial enlargement and dilated pulmonary vas¬ 
culature. Two-dimensional echocardiography may show 
aortic and septal discontinuity. Injection of saline bubbles 
into die left ventricle and observation of bubbles in the 
right atrium or ventricle document a left-to-right shunting 
of blood. Tetralogy of Fallot or other types of complex 
malformations often produce loud murmurs and are asso¬ 
ciated with cyanosis* weakness* fatigue, and stunted growth. 
Tetralogy of Fallot produces a systolic ejection murmur 
heard at the left heart base. Echocardiography may reveal 
a thickened right ventricular wall* septal echo dropout in 
the area of the VSD* rightward displacement of the aortic 
root, and an abnormal pulmonary outflow region. Saline 
injection into the jugular vein demonstrates right-to-Jeft 
flow from the right ventricle to the left ventricle or the aorta. 


ICTERUS 

Icterus is a relatively uncommon finding in neonates that may 
be observed with sepsis* anorexia, liver disease, and hemolytic 
anemia Liver disease in the neonate may be caused by 


exposure to hepatoioxins or sepsis-produdng bacterial hepati¬ 
tis, or it may be secondary to hypoxia. C perfnngem type A has 
been implicated in an enterotoxemic condition in nursing 
lambs, kids, and calves that is characterized by icterus, hemo 
globinuria anemia, and intravascular hemolysis. 45 


FAILURE TO THRIVE: CACHEXIA 
AND WEAK CALF SY NDROME 

tOHS MAAS 

Neonates that are bom weak or fail to grow as anticipated 
pose important problems Jn the foal* twins, prematurity* 
hypothyroidism* and congenital heart or other organ 
defects may produce failure to thrive. Infections acquired 
shortly after birth that produce chronic pneumonia, nephri¬ 
tis, endocarditis, arthritis, or gastric ulcers are a cause of 
morbidity in the neonatal period 

In calves the weak calf syndrome has been reproduced by 
feeding low-protein diets to prepartum cows that 
subsequently calved in environments in which the tempera¬ 
ture was well below the thennoneutral zone for calves. 573 
The dietary recommendation for crude protein intake for 
third-trimester pregnant cows and heifers is 0.9 kg (2 lb) of 
total crude protein per day. This is particularly important 
for heifers and cows calving early in the spring calving season, 
when temperatures well below freezing can occur. Cold rains 
also can produce the hypothermic conditions that aid in pre¬ 
cipitating this syndrome, 

Cows weighing 450 kg (1000 lb) therefore need to con¬ 
sume 9,9 kg (20 lb) dry matter of good- to excellent-quality 
hay that is 10% crude protein or more A quadratic equa¬ 
tion has been developed lo predict crude protein (CP) 
intake of the dams if their serum total proteins* urea nitro¬ 
gen, and creatinine are known, 5 ** This equation predicts 
the daily crude protein intake on a continuing basis. 

Daily CP consumption (kg) = 0 1806 + 0.04327 (BUN) 

-0,33497 (creat) + 0.06963 (TP) 
-0.00025 (BUN) 1 + 0.06049 (creat) 2 
-0.00666 (BUN x creat) 

where BUN is serum urea nitrogen (mg/dL), creat is serum 
creatinine (mg/dL), and TP is serum total protein (g/dl). 

Also* the use of this formula could predict CP intake for 
pregnant heifers and pregnant cows. This relationship may 
prove to have important clinical applications when weak 
calf syndrome or protein-calorie malnutrition is suspected 
and the gestation diet of the dams is not available for anal¬ 
ysis (as under some range conditions). Supplements such as 
molasses licks that contain urea may tend to overestimate 
CP intake. 575 
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In recent years research in the area of colostrum substitutes 
and milk replacers has focused on improving the quality of 
these products so that calf performance can be enhanced 
and rearing costs can be minimized The goals of the dairy 
calf feeding program are to achieve optimum growth rates, 
develop a strong immune system, minimize health disor¬ 
ders, stimulate and optimize ruminal development, and 
control the cost of feeding the preweaning calf. 

CALVES 

Digestive Physiology of the Preruminant Calf 

The gastrointestinal physiology of the newborn calf is poorly 
developed and the calf is unable to digest a variety of 
feedstuff; normally fed to ruminant animals. The gastrointes¬ 
tinal tract of newborn calves undergoes maturation during 
the first 3 weeks of life and continues to grow and mature 
for an extended period of time. Because the young calf is 
technically a monogastric the diet must be easily digestible 
and consist of predominately high-quality, human-grade 
feedstuffs. 

The size and proportion of the calf stomach compart¬ 
ments change dramatically during the first few weeks of life 
and are affected by diet. 1 At birth the reticulorumen makes 
up approximately 30% of the stomach capacity, although it 
is nonfunctional. The omasum at birth makes up 10%, and 
the true stomach or abomasum makes up 60%. The aboma¬ 
sum is the only truly functional pan of the four stomach 
compartments in the newborn By 4 weeks of age, the reiic- 
ulorumen makes up slightly more than half the total, the 
omasum remains about the same at 12%, and the true stom¬ 
ach makes up approximately 36%. By 16 weeks of age the 
reticulorumen makes up more than two thirds of the total 
stomach tissue weight The omasum still makes up about 
the same proportion (18%) At this point the abomasum 
makes up only 15%. It has actually grown in size, but relative 
to the other com pa ft men is, it has become less important. 
The reticulorumen is now the predominant stomach system, 
having grown in size and in functionality. 

in the ruminant animal the enzymes produced by rum¬ 
inal microorganisms are largely responsible for the break¬ 
down of simple and complex carbohydrates as well as 
fiber. However, at birth the rumen is nonfunctional, with 
little tissue development and no microbial population. In 
the absence of a rumen microbial population, the calf 
depends on digestive enzymes released primarily from the 
abomasum, pancreas, and small intestine for the digestion of 
fats, carbohydrates, and protein. Consequently, preruminant 


calves cannot efficiently digest complex carbohydrates and 
fiber. 

En the young calf, liquids can bypass the rumen and flow 
directly to the abomasum through the esophageal groove. 
The esophageal groove forms when muscular folds from 
the rtticuloRjmen come together, stimulated by sights and 
sounds calves associate with feeding and a reflexive response 
to swallowing. Any liquid (milk or water) consumed while 
the calf is excited by the anticipation of feeding bypasses 
the rumen and enters the abomasum On the other hand, 
when the calf drinks in response to thirst liquid enters 
the rumen instead of the abomasum. Ihe esophageal groove 
forms whether calves are fed from a nipple bottle or from an 
open pail.* Closure of the esophageal groove also may be 
stimulated by drenching calves with sodium bicarbonate 
which may be useful in administering pharmaceuticals 
to the abomasum directly. Riek 1 demonstrated that a 
dose of 60 mL of a 10% sodium bicarbonate solution stimu¬ 
lated closure of the esophageal groove in 93% of calves 
tested. 

During the first feeding of colostrum, the esophageal 
groove closes, and colostrum passes directly into the 
abomasum. 4 The liquid forms a clot as a result of the action 
of chymosin, pepsin, and hydrochloric add, Chymosin, 
also known as rmnin , is the enzyme that specifically binds 
with the casein protein of colostrum or milk. This dotting 
action causes the casein and fat in colostrum to form a curd 
or hard lump. This lump of fat and protein will be digested 
slowly and emptied into the small intestine over the next 12 
to 16 hours, The stomach and small intestine produce lim¬ 
ited amounts of enzyme s in the first 48 hours of life. Curd 
formation allows the digestive tract which has limited 
digestive capacity, to slowly yet efficiently digest the nutri¬ 
ents fed and to totally assimilate them, thus preventing 
digestive scours caused by delivery of undigested nutrients 
to the large intestine. The second feeding of colostrum or 
transition milk adds to the already formed curd in the stom¬ 
ach. This system allows the calf to receive a steady- supply of 
nutrients over the first 24 to 48 hours of life as long as it is 
fed casein-containing liquids. 5 

The fraction of the colostrum that does not form a curd is 
whey. Whey is passed to the small intestine for digestion and 
absorption. Whey is composed of water, minerals, lactose, 
and a variety of proteins. Immunoglobulins are one of the 
important protein groups in whey obtained from colostrum. 
Immunoglobulins from ruminants generally have the same 
features as other mammalian immunoglobulins. Established 
classes of immunoglobulins are immunoglobulins Gl 
(IgGl), G2 (lgG2), M (IgM), and A (IgA); all are secreted at 
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PART three DISORDERS AND MANAGEMENT Of the NEONATE 


high concentrations into colostrum Immunoglobulins pass 
out of the abomasum to the small intestine within 10 min¬ 
utes after feeding allowing them to be quickly absorbed into 
the bloodstream of the calf The rapid absorption of these 
essential immunoglobulins is critical because no placental 
transfer of immunoglobulins from the dam occurs. 

Digestion of carbohydrates by the newborn calf is rela¬ 
tively poor the exception is lactose, or milk sugar Calves 
younger than one month of age are limited in their ability 
to use starch, maltose, sucrose, or dextrin because they lack 
sufficient quantities of the necessary digestive enzymes. By 
three weeks of age, there is a marked improvement in the 
ability of the calf to digest starch. After this period there is 
also an increased ability to digest vegetable proteins. 

Within a few days of birth the rumen begins to develop a 
microbial population. The number and types of bacteria 
that develop are a function of the type of feeds the calf eats. 
When the calf eats dty feed, the esophageal groove does not 
function and the feed enters the rumen. Inoculation of the 
rumen with microorganisms is by way of the environment, 
hair coat bedding and feeds eaten The types of ruminal 
microbes that proliferate are those that best digest and use 
the feedsmffs being consumed. In addition to feed, ruminal 
microbes require water in order to grow properly and to 
digest feedsmffs. If water is not provided to the calf in early 
life, ruminal microbial growth will be limited- The neural 
stimulus that forms the esophageal groove does not genet 
ally function when water is fed separately from milk or milk 
replacer feeding. Therefore, much of the water that a calf 
drinks enters the rumen and is available to support growth 
of ruminal microbes. 

Colostrum Substitutes 

The first few weeks of life are critical to the growth and 
long-term performance of a dairy calf; however, during this 
period active antibody production does not occur to any 
extent in the bovine neonate. After birth the calf normally 
receives colostrum for a first feeding—and in many farm 
situations, for several feedings up to 3 days of age. From 
die perspective of the newborn calf, colostrum quality is 
determined primarily by IgG content and by cleanliness, 
or the absence of pathogenic bacteria. Cows produce colos¬ 
trum with a wide range of IgG, and studies of bacteria in 
colostrum show that keeping colostrum clean between har¬ 
vest and feeding the calf can be difficult on many farms.*' 7 
In addition to consistency and convenience, colostrum sub¬ 
stitutes offer a method of breaking disease transmission 
cycles for Johnes disease and other infections that may be 
transmitted through colostrum and milk- 

in the United States, colostrum products that contain 
immunoglobulins are regulated by the U.S. Department of 
Agriculture (USDA) Center for Veterinary Biologies. Two clas¬ 
ses of colostrum substitute are recognized: supplement pro¬ 
ducts that are unable to raise the blood concentration of 
IgG above 10 mg/mL and typically contain less than 100 g 
of IgG per dose, and colostrum replacer products that are able 
to raise serum IgG concentration above 10 m^mL and con¬ 
tain at least 100 g of IgG per dose plus fat protein vitamins, 
and minerals needed by the newborn calf When choosing 
colostrum substitutes consider both the IgG concentration 
of the product and the absorption efficiency of ingredients. 
The primary sources of IgG in colostrum substitutes are 
dried colostrum, whey, or blood serum. The ingredients of 
the product and methods using in processing these ingredi¬ 
ents cap affect the ability of the product to provide absorb¬ 
able IgG to calves Apparem efficiency of IgG absorption 
(AEA) is used to compare the proportion of IgG absorbed 
to the amount fed. Supplement and replacer products based 


on bovine serum have an AEA similar to maternal colos¬ 
trum (20% to 35%). Products based on colostrum or whey 
have a variable AEA, ranging from 5% to 25%, with an aver¬ 
age of approximately 15%. 

Colostrum supplements can be used to increase the 
amount of IgG fed to calves when only low- or medium- 
quality colostrum is available * However, supplements can¬ 
not replace high-quality colostrum, 5 When a supplement is 
added to low-quality colostrum, the JgC is often absorbed 
poorly, and antibody absorption is reduced compared with 
high-quality maternal colostrum. Colostrum replacer con¬ 
tains more immunoglobulin than supplement products 
and provides more antibodies than poor- or moderate- 
quality colostrum. In research trials, calves fed colostrum 
replacer have performed as well as calves fed maternal 
colostrum with no differences in IgG levels, efficiency of 
IgG absorption, incidence of scours, or growth rates. l0/t 1 

Also note that feeding large quantities in a single feeding 
can reduce absorption efficiency. Therefore it is more bene¬ 
ficial to feed colostrum or a substitute with a higher IgG 
concentration than to try to feed more of a low IgG solution 
(by increasing the amount of powder or volume fed). Add¬ 
ing a second or third feeding of low IgG colostrum also is 
preferred to increasing the volume fed in a single feeding. 

Some colostrum supplements include Bxhfrichm coh 
antibody This can be misleading causing producers to 
believe that if they feed this product it will protect their 
calves from E, arfi as well as provide successful passive trans¬ 
fer. These products are designed to provide antibodies spe¬ 
cific for E. arfi, but because of the many different strains 
of E. coli present in different areas of the country and on dif¬ 
ferent farms, these antibodies likely offer little protection. 

Colostrum substitutes should be fed according to the 
manufacturer's instructions; some products are mixed with 
water and fed in an extra feeding others are added to colos¬ 
trum, and the number of feedings recommended may vary. 

High-quality maternal colostrum is still the ' gold stan¬ 
dard" for feeding newborn calves, f lowever, colostrum sup¬ 
plement and replacer products can be valuable tools to 
increase calf immunity when colostrum supplies are limited 
or disease eradication is desired. Colostrum supplements 
can be used to increase the amount of IgG fed to calves 
when no source of high-quality colostrum is available; how¬ 
ever, supplements cannot replace high-quality colostrum. 
On the other hand, colostrum replacer contains greater 
levels of IgG and other nutrients and provides an effective, 
convenient method of providing passive immunity to calves 
when maternal colostrum is not available. 

Milk Replacer Quality and Formulation 
for rfte Dairy Calf 

The period of time between colostrum feeding and the 
beginning of solid food consumption is highly dependent 
on the management of the individual dairy farm. Often 
the calf consumes a liquid-only diet for the first 2 weeks 
of life. Despite dry feeds (grains) being offered very little, 
if any, are consumed for the first 7 to 10 days. Therefore 
the liquid feeding portion of the rearing program is very 
important to the health and initial growth of die calf 

More than 60% of the dairy calves in the United States 
are fed milk replacers for most or all of their liquid feeding 
period , 12 The dairy calf is typically fed a milk replacer for 6 
to 8 weeks, at which point it is weaned Calves can be 
weaned at any age from 3 weeks on, depending on the 
health and management of the animal. It is recommended 
that calves be weaned by 6 weeks of age, with a goal for 
most of the calves, most of the year, being 4 to 5 weeks of 
age at weaning. The United States national average in 2002 
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was 8.4 weeks 13 ; however, many progressive farms regularly 
and successfully wean all calves at 4 to 5 weeks. 

Convenience and economics are the two major factors 
that have driven the increase in use of milk replace!?. Feed¬ 
ing milk replacer is often more convenient than feeding 
whole milk or pasteurized waste milk because calves are 
generally housed in different areas on the farm than the 
milking cows, and the transport of saleable or waste milk 
is difficult. This issue becomes more pronounced with 
targeT farms. Often, supplying transition milk from the 
dam to the calf up to the time the milk is saleable is all 
that is possible from a labor and management standpoint 
Milk repiacer powder is easily stored and can be mixed in 
exact quantities to provide milk foe each feeding. Another 
benefit of milk replacers is the ability to limit the spread 
of diseases, such as lohne's, that can be transmitted 
through milk. 

Milk replacers can be manufactured with a variety of 
ingredients and levels of nutrients to match the manage¬ 
ment requirements of a wide variety of farms. Various addi¬ 
tives that cannot be easily used in whole milk or waste milk 
feeding systems can be supplied in milk replacers to 
improve the nutrition and health of the calf. 

One major reason for the use of milk replacers is the cost 
savings over the alternative of using whole milk. Savings are 
realized because milk replacers are composed primarily of 
byproducts of the cheese industry. Casein removed for dried 
skim milk production, and casein and fat removed for 
cheese production, carry much of the original value of the 
whole milk. The whey that remains is less valuable, and 
although demand for it in the world market is growing, it 
still commands a much lower price than skim milk. The 
trend for increased use of milk replacers will likely remain 
as long as the price differential between milk and milk 
replacers exists 

PROTEIN. The composition and quality of a milk 
replacer influence the growth, health, and overall perfor¬ 
mance of the calf. Composition and nutrient levels vary 
greatly among products. Protein sources are the most expen¬ 
sive ingredients in milk replacer. As a result, manufacturers 
continually seek less expensive ingredients. The source of 
milk replacer protein changes in response to ingredient cost 
and may include a variety of milk and nonmilk proteins. 
Milk replacers used in the United States are typically com¬ 
posed of whey and whey protein concentrate compounds. 
Dried whey contains 12% crude protein, mainly lactalbu- 
mtn, and 74% lactose, Delactosed whey has higher protein 
content (20% to 26%) because some of the lactose in whey 
is removed. Whey protein concentrate is produced by ultra- 
filtration of liquid whey to remove lactose and other solu¬ 
ble components and contains approximately 34% crude 
protein. Skim milk is rarely used in appreciable amounts 
in the United Slates because of the high cost. This is often 
not the case in other countries, depending on the agricul¬ 
tural economics situation. However, as new technologies 
continue to increase the value of whey proteins for use in 
human foods, skim milk is occasionally substituted for 
whey in the United Stales. Dried skim milk contains 
approximately 34% protein. Casein (85% protein) may also 
be used in milk replacer (sometimes listed on the label as 
dried milk protein or sodium caseinate). 

The amino adds provided by various sources of protein 
differ in composition and in bioavailability. Availability 
depends on the method and conditions of processing and 
can vary greatly between feeds and processors. Milk proteins 
are typically more digestible (92% to 98%) and contain a 
more favorable profile of amino adds than nonmilk pro¬ 
teins. Compared with milk proteins, vegetable proteins 
(85% to 94% digestible) often contain more crude protein. 


but their amino acid content is not as desirable Some soy- 
based milk repiacer contains added lysine and methionine 
to improve the amino acid profile. Most soy isolates or con¬ 
centrates used today are highly digestible to the young calf. 
Egg protein contains a favorable profile of amino add adds, 
and most products are highly digestible Manufacturers use 
available data to best fortify the product in an economical 
manner Some evidence suggests that the amino add com¬ 
position of whey is actually more correct for meeting the 
calfs requirements for optimum growth than the amino 
acid composition of skim milk. In either case, research trials 
using skim milk or whey protein have proven both to be 
completely satisfactory in meeting the needs of the newborn 
calf for growth. 14 

Vegetable proteins in milk repiacer are primarily of soy 
origin, but wheat and potato proteins also may be used. 
The soy proteins include soy protein isolates, soy protein 
concentrates, and chemically treated soy flours. Soy flour 
(50% protein) is obtained by grinding defatted soy flakes 
that have been heated to remove trypsin inhibitor or 
washed in aqueous ethanol to remove glydnin and (3- 
conglvcinin These modifications improve digestibility and 
reduce allergic reactions. Soy protein concentrate (67% pro¬ 
tein) is produced by washing defatted soy flakes with aque¬ 
ous alcohol to remove the soluble carbohydrates. Isolated 
soy protein (85% protein) is produced by washing defatted 
soy flakes in alkali followed by acid precipitation and alkali 
resolubilization of the extracted protein. Wheat gluten 
(modified wheat protein) is derived from wheat flour by 
wet processing or milling and contains 80% protein. Milk 
replacers with 33% of total protein or without wheal gluten 
have resulted in comparable calf gains. 15 Modified potato 
protein is not common in the United States but is used in 
other countries. This protein is separated from water used 
to isolate potato starch and dried (80% protein). 

Animal proteins, including plasma and eggs, also are 
used to replace some of the whey protein concentrate in 
milk replacers. Many of the amino acids in these ingredients 
are at very high levels compared with milk proteins. Animal 
plasma is a concentrated protein source obtained by remov¬ 
ing red and white blood cells from fresh, whole blood. The 
resulting plasma is dried and contains 78% protein. Egg 
protein may be provided from spray-dried whole egg or a 
combination of whole egg and egg albumin. Whole egg 
contains high fat levels and 54% protein. 

Bovine or porcine plasma products can be used success¬ 
fully as partial replacements for milk proteins. 10 In addition 
to supplying a highly digestible source of protein, plasma 
proteins also supply a source of immunoglobulins that 
may have a beneficial effect in the calfs intestinal lumen. 
Morbidity and mortality were reduced in calves fed whey- 
based milk repiacer containing bovine or porcine plasma 
compared^ with calves fed milk repiacer based solely on 
whey 14,17 There is limited dairy calf research on egg pro¬ 
teins, and it appears that the processing of the egg protein 
can have a dramatic impact on the outcome. Average daily 
gain and feed efficiency are generally somewhat lower for 
calves fed egg protein, particularly in the preweaning 
period, 1 ® The performance and cost of these plasma and 
egg products has been intermediate to all-milk replacers 
and soy-based replacers. 

Historically the rennet coagulation test and crude fiber 
content were used to evaluate milk repiacer quality. These 
are no longer valid methods to evaluate quality, as the ren¬ 
net coagulation test merely identifies the presence of casein 
in the milk repiacer, A soft dot indicates that more than 
15% of the protein is casein, a firm clot means that more 
than 50% of the protein is casein. However, most modem 
milk replacers are based on whey protein, which does not 



dot when mixed with rennet. Whey protein has been fully 
researched and is an excellent source of protein for calves; 
at least one study showed that whey protein was better than 
skim milk protein. Therefore failure to form a dot does not 
indicate poor protein quality in milk replacer; it does show 
that casein is not present Milk replacers containing plant 
proteins are often higher in protein content to counteract 
their lower digestibility relative to milk proteins. Most soy 
protein isolates or concentrates used today are highly digest¬ 
ible to the young calf. Unmodified wheat or soy flours, 
potato protein, meat solubles, and fish proteins are among 
the least desirable ingredients in a dairy calf milk replacer. 
Milk protein contains no fiber, and in the past, crude fiber 
levels above 0.2% were considered evidence of a plant pro¬ 
tein source. However, highly processed soy protein can con¬ 
tain little to no fiber and other nonmilk sources such as 
plasma and egg contain no fiber. Also, it is very difficult 
to accurately detect crude fiber at the low levels found in 
milk replacer. 

The ingredients listed on the milk replacer tag should be 
listed in descending order of predominance as specified by 
the U*S, Food and Drug Administration (FDA) regulation 
21CFR5GI.4, However, many stales use a Uniform State 
Feed Bill that does not specify the need to list ingredients 
in order of predominance. In these states most companies 
do list ingredients in order of predominance to facilitate 
comparison of products. It is important to read and under- 
stand the ingredients in a milk replacer in order to compare 
and evaluate products. Some soy protein compounds and 
other highly processed ingredients are patented, and labels 
may bear the registered name and not the generic protein 
name (such as say isolate or concentrate) 

ENERGY, Energy in milk replacers is derived primarily 
from lactose and fat. The effects of milk replacer energy con¬ 
tent are not always dear in practical applications because 
of interactions with environmental temperature, energy de¬ 
rived from dry calf starter, stage of ruminal development, 
and differences in metabolic efficiency of fat- and carbohy¬ 
drate-derived energy. The thermal neutral zone for a young 
calf ranges from 10° C to 25° C. During periods of extreme 
stress, which include cold temperatures for calves housed 
outside, the energy intake of the calf should be increased 
to account for increased maintenance energy needs. This 
can be accomplished by increasing the amount of replacer 
fed daily by 30% to 50%, increasing grain consumption, 
or increasing the fat content of the replacer. Fats added to 
calf milk replacers are mainly edible animal fats, with some 
use of vegetable fats such as palm oil or refined coconut oil 
(digestibility 92% to 96%), TUe animal fats used can be lard 
or white p-ease [digestibility 86% to 96%), 19 It is important 
to note that when dry matter intake from milk is increased, 
it will substitute potential dry matter intake from grain. The 
long-term effects of this will be decreased grain intake and 
delayed ruminal development. 

ADDITIVES. One obvious reason to use milk replacer* is 
that nutrient fortification and additives for the promotion 
of growth and health can be incorporated without extra 
steps. This includes extra vitamins and minerals along 
with various other additives All macrominerals and micro- 
minerals are supplemented in milk replacer, as are vitamins 
K D, and E and the R vitamins needed by preruminant 
calves. 

The most common additives found in milk replacers 
today are Jasalocid and decoquinate, for the prevention of 
coccidiosis* and oxyteiracydine and neomycin, which aid 
in the prevention of bacterial scours Milk-fed dairy calves 
often respond favorably to oral antibiotics with increased 
weight gains and improved feed efficiency, but often the 
level of antibiotics fed is less than what is required to 


effectively decrease scours. Antibiotics must not be used as 
a substitute for good management In addition, continued 
public concern about the use of antibiotics in animal feed 
makes it likely that this option may be discontinued in 
the future. Feeding antibiotics in milk replacer requires a 
withdrawal period before slaughter, and bull calves in¬ 
tended for sale must not be fed medicated milk replacer. 

A number of alternatives to antibiotics, such as probiot¬ 
ics (also called direct-fed microbials). yeast, oligosaccharides, 
and functional proteins, are now available in milk replacer. 
Many of these products have not been thoroughly res¬ 
earched, and results of research so far have been variable. 
Probiotics are live cultures of naturally occurring microor¬ 
ganisms. The most common probiotic ingredients are lactic 
acid-producing bacteria. In theory, probiotics can improve 
dry matter intake, weight gain, feed efficiency, and disease 
resistance. Research so far suggests a modest improvement 
in average daily gain and feed efficiency when probiotics 
are fed to young calves. It seems that probiotics would be 
most beneficial when calves are stressed and normal bacte¬ 
ria populations are disrupted. Keep in mind that probiotics 
are living organisms; follow the instructions for storage, and 
use products before their expiration dates. In addition, pro¬ 
biotic additives should not be used with medicated milk 
replacer because the antibiotics may kill the probiotic 
organisms. 

Another category of additives is the prebioties, which are 
structural carbohydrates that cannot be digested by rumi¬ 
nants but are excellent nutrient sources for beneficial bacte¬ 
ria in the calfs digestive tract- Examples include resistant 
starches, polysaccharides, pectins, and gums. The mode of 
action varies for different types of prebiotics. Prebiotits that 
are becoming more common in calf feeds are fructooligo- 
saccharides (FOS) and mannanoligosaccharides (MOS), 
which are complex sugars isolated from the cell wall of 
yeast. Some pathogens, including E. cofi and Sd/moaeifa, will 
readily and preferentially bind to these indigestible com¬ 
pounds rather than the intestinal wall. Once they bind, 
the bacteria cannot detach themselves, so they are passed 
out of the body with other undigested feedstuffs. In addi¬ 
tion, beneficial bacteria in the intestine may use these oligo¬ 
saccharides. Research has shown that these compounds are 
beneficial in reducing the severity of scours. 20 One study 
showed that calves fed a product containing the FOS allirin 
(an extract of garlic) and probiotic cultures and calves fed 
antibiotic had similar fecal scores. 21 However, no calves 
in this study were fed control milk replacer (with no addi¬ 
tive), so it is impossible to determine if fecal scores were 
improved compared with calves that were not treated. 
Another group of researchers compared calves fed galacto¬ 
syl-lactose (an oligosaccharide derived from whey), antibi¬ 
otic or no additive. In this study calves fed galactosyl- 
lactose or antibiotics were similar and tended to have more 
normal fecal scores and fewer days scouring than control 
calves. 22 In addition, calves fed galactosyl-lactose gained 
more weight than control calves. Although results so far 
are promising, peer-reviewed research into oligosaccharides 
is scarce at this time, and additional research is needed to 
support growth promotion claims. 

Yeast is another common direct-fed microbial. Saceharch 
myces ceremiae is the most frequently used yeast species 
and may be fed live or dead. Yeast cells are rich sources of 
protein, nucleotides, and B vitamins. They also stimulate 
beneficial bacteria and ruminal fermentation and assist in 
fiber digestion. A review of microbial additives concluded 
that adding yeast cultures to calf diets could result in no 
change or a modest improvement in feed intake, weight 
gain, and feed efficiency, 23 Performance depends on the 
specific conditions of each situation. 1 lowever, yeast cultures 
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do lend to increase microbial growth in the rumen, which 
may* have benefits in promoting ruminal development One 
study reported that adding live yeast 10 milk replacer fed to 
calves with failure of passive transfer resulted in fewer days 
with scours than in control calves. 24 

A final type of antibiotic alternative is a group of proteins 
known as functional proteins , which can cause a physiologic 
response in die body. Some are able to survive the ruminal 
environment intact; others are released during digestion. 
The most well known of the functional proteins are the 
immunoglobulins. Research has shown that immunoglobu¬ 
lins from the blood are recycled into the intestine. This 
means that providing immunoglobulins in colostrum or 
injecting immunoglobulins into the blood can help to 
boost immunity in calves. Both of these methods have been 
researched and found effective. In addition, plasma protein 
fed in milk replacer may provide antibodies that enhance 
the immune system locally in the intestine. Research with 
plasma protein seems to indicate that calves under stress 
benefit from these additional antibodies, whereas healthy, 
non stressed calves usually do not benefit. 

Enhanced Milk Replacer Feeding Systems 

Many companies now offer high-protein, low-fat milk 
replacers {protein greater than 24% and fat less than 20%) 
that provide additional protein for increased jpowth. It is 
important to pay dose attention to the feeding instructions 
for these milk replacers. Young growing ruminants will 
respond favorably to increasing amounts of dietary protein 
if additional energy and other nutrients are also provided. 
However, the efficiency of using this additional protein is 
reduced as levels increase. Calves must be fed more than 
in conventional programs, and the amount fed to each calf 
may need to be adjusted as the Calf grows. To make these 
feeding programs cost-effective, the increased cost of high- 
protein milk replacer and the extra cost to feed more dry 
matter must be offset by long-term improvements in growth 
or decreased overall heifer production costs, possibly in¬ 
cluding reduced age at first calving. Thus far, research 
does not support long-term improvements in health or 
performance resulting from enhanced feeding during 
the preweaning period. 26 Typically, changes to the calf feed¬ 
ing program alone cannot achieve these long-term cost- 
reduction goals. Changes in the feeding and management 
of older calves and heifers must occur as well and will far 
outweigh any small changes in the preweaned calf feeding 
program. Calves also must be managed more carefully 
when feeding for higher rates of gain, as they may be more 
susceptible to nutritional scours, especially when milk 
replacer is fed at greater than 12-5% solids and water avail¬ 
ability is limited. Grain intake often is reduced in early life 
with higher rates of milk replacer feeding thereby limiting 
ruminal development. Often this feeding strategy results in 
restricted growth after weaning and produces calves that 
are similar in size to conventionally fed calves by 4 to 6 
months of age, thereby eliminating any advantage in early 
growth- 

Sumrnary 

It is noteworthy that much of the current research related to 
milk replacers is done by individual manufacturers, with 
Less done in the public domain. This means that much of 
the peer-reviewed journal research is dated and often may 
not account for modem feed manufacturing technology. 
Recommended ranges of nutrients as shown in Table 21-1 
are broad in many cases to account for some of these dif¬ 
ferences and to account for variety of protein sources 



TABLE 214 


Nutrient Recommendations for Dairy Calf Milk 
Reptacen from the National Research Council 1 ** 


| Nutrient 

Return mended Concentration ' 

Crude protein 

18-24 

Fat 

10-22 

Calcium 

1 

Phosphorus 

0.7 

Potassium 

0.65 

Magnesium 

0,07 

Sodium 

0.40 

Chloride 

0.25 

Sulfur 

0.20 

Iron (ppm) 

100 

Cobalt (ppm) 

0.11 

Copper (ppm) 

10 

Manganese (ppm) 

40 

Zinc (ppm) 

40 

Iodine (ppm) 

0,50 

Selenium (ppm) 

0.30 

Vitamin A (lU/lb) 

25,000-35,000 

Vitamin D (IU/lb) 

5000-7500 

Vitamin t (IU/lb) 

50-125 

1 

•8 

I 

unless otherwise indicated 


and energy content in milk replacer products Many farms 
want high rates of growth in their young calves and need 
milk replaceis with marginally increased nutrient density, 
whereas others want only economy. The milk replacer indus¬ 
try has a variety of products to meet the needs of these vari¬ 
ous customers. As with most purchased items, quality is 
related to price. 

Although milk replacers are important in the dairy feed 
industry today, keep in mind that many studies show that 
only 24% of growth before weaning can be accounted for 
by the energy provided in milk replacer. Calf starter makes 
up the remaining 76% of the energy for body weight gain 
in the first 2 months of life. It is important to note that over¬ 
feeding milk replacer, either in amount or concentration, 
will primarily replace dry matter intake that would normally 
come from grain. This will slow ruminal development and 
be less economical for the producer. In addition, scours, 
which cause the greatest amount of calf mortality and mor¬ 
bidity preweaning, 27 are jpratly diminished postweaning. 
This occurs regardless of age at weaning and is more closely 
related to ruminal development and diet than age. 

FOALS 

The use of a milk replacer for foals becomes necessary when 
the mare has an inadequate milk supply or when the foal is 
orphaned at an early age. Milk replacers for foals should 
contain 18% to 22% crude protein, 12% to 16% crude fat 
and 10% to 11% total solids. They should be highly digest¬ 
ible, easily reconstituted, and palatable 

Orphan foals should be fed milk replacer from 1 day 
of age (after receiving colostrum within 24 hours of birth) 
to a minimum of 1 month of age, 2 * General guidelines 
for feeding foal milk replacers can be found in Table 21-2. 
Feeding less often than recommended may reduce growth 
rate as a consequence of inadequate milk replacer intake. 
It is important that foals receive the recommended amount 
of milk replacer powder daily so that starvation from under¬ 
feeding or diarrhea from overfeeding is avoided. 
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Typical Feeding Recommendations for Foal Milk Replacers 11 

Age (days) 

Number of 

Approximate Amount 

Amount of Water 

Total Amount of 1 


Feedings per Day 

(ttiL/mcal) 

(ml/day) 

Powder (g'day) 

0-3 

12 

300 

3000 

480 

4-5 

8 

500 

3500 

560 

6-7 

8 

770 

5300 

860 

840 

8 

1000 

7000 

1100 

1144 

6 

1660 

6625 

1335 

1 5-21 

4 

3225 

11,130 

1750 

>21 

3-4 

T 

>15%-2Q% BW 

>2.5% BW 


iUV, Body weight 


LAMBS AND KIDS 

Milk replaces for lambs and kids are generally used 10 raise 
multiples or orphans but are used by dairy operations as 
well Most principles discussed in the section on calves 
apply to lambs and kids. Milk replacers for lambs usually 
contain 21% to 24% crude protein and 24% to 30% crude 
fat The lactose level in lamb milk replacers should not 
exceed 25%, as higher levels may result in abomasa! bloat 
and diarrhea. Milk replacers for lambs are generally led cold 


ad libitum from automatic nipple feeders Lambs fed warm 
milk replacer a limited number of times during the day 
drink too much at each feeding and may develop abomasa I 
bloat 

Creep feed can be offered to lambs after 1 week of age. It 
should contain 17% to 20% crude protein, be highly digest¬ 
ible, and be fed fresh daily. The introduction of creep feed 
at an early age helps the lamb develop a fully functional 
rumen by 35 to 40 days of age. 






FOUR 

COLLECTION of SAMPLES 
and INTERPRETATION of 
LABORATORY TESTS 


MAJOR BIOCHEMICAL ABNORMALITIES OR PROBLEMS 
ENCOUNTERED 


Normal values (clinical chemistries, 
serum proteins)! 378 
Fluid and electrolyte balance, 380 
Hyponatremia! 381 
Hypernatremia, 381 
Serum potassium, 382 
Hypokalemia, 382 
Hyperkalemia, 383 
Hypochloremia, 383 
Hyperchloremia, 383 
Hypocalcemia, 304 
Hypercalcemia, 385 
Hypophosphatemia, 385 
Hyperphosphatemia, 385 
Hypomagnesemia, 384 
Hypermagnesemia, 386 
Metabolic acidosis, 387 
Metabolic alkalosis, 387 
Respiratory acidosis, 388 
Respiratory alkalosis, 388 
Mixed acid-base imbalances, 388 


Anion gap, 389 
Total carbon dioxide, 389 
Base excess or deficit, 389 
Causes of elevations of serum 
enzymes and bilirubin, 390 
Hypoglycemia, 393 
Hyperglycemia, 393 
Creatinine, 394 
Blood urea nitrogen, 394 
Urinalysis, 395 
MAJOR ALTERATIONS 
Anemia, 400 

Erythrocytosis (polycythemia), 404 
Neutrophilia, 407 
Neutropenia, 40B 
Lymphocytosis, 408 
Lymphopenia, 408 
Monocytosis, 408 
Monocytopenia, 409 
Eosinophilia, 409 
Eosinopenia, 409 


Basophilia and basopenia, 409 
Hyperproteinemia, 4! I 
Panhyperproteinemia, 411 
Hyperglobulinemia, 412 
H y pop rote inemta, 414 
HypoaJbuminemia, 414 
Panhypoproteinemia, 415 
Plasma fibrinogen, 415 
Hyperfibrinogenemia, 415 
Hypofibrinogenemia, 416,420 
Thrombocytopenia, 417 
Prolonged prothrombin time, 417 
Prolonged activated partial 
thromboplastin time, 419 
Elevated fibrinVfibrtnogen 
degradation products, 419 
Reduced plasma antithrombin 111, 
420 

Abnormalities in other tests of 
hemostatic function, 411 
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MAJOR BIOCHEMICAL ABNORMALITIES OR PROBLEMS ENCOUNTERED 


Normal values (clinical chemistries, 
serum proteins), 378 
Fluid and electrolyte balance, 380 
Hyponatremia, 381 
Hypernatremia, 382 
Serum potassium, 382 
Hypokalemia, 382 
Hyperkalemia, 383 
Hypochloremia, 383 
Hyperchloremia, 383 
Hypocalcemia, 384 


Hypercalcemia, 385 
Hypophosphatemia, 385 
Hyperphosphatemia, 385 
Hypomagnesemia, 386 
Hypermagnesemia, 386 
Metabolic acidosis, 387 
Metabolic alkalosis, 387 
Respiratory acidosis, 388 
Respiratory alkalosis, 388 
Mixed acid-base imbalances, 388 
Anion gap, 389 


Total carbon dioxide, 389 
Base excess or deficit, 389 
Causes of elevations of serum 
enzymes and bilirubin, 390 
Hypoglycemia, 393 
Hyperglycemia, 393 
Creatinine, 394 
Blood urea nitrogen, 394 
Serum protein, 39S 
Urinalysis, 395 


Laboratory data are discussed here in relation to case man¬ 
agement. The focus is on interpretation of an abnormal 
finding in the typical clinical situation. An in-depth patho¬ 
physiologic explanation of these alterations is beyond the 
scope of this section. Should additional information be 
required, a textbook on veterinary clinical pathology should 
be consulted . 1 ' 1 

All samples should be submitted with specific objectives 
in mind. In general, these objectives fall into one of the fol¬ 
lowing categories: 

* Evaluating organ system involvement or functional 
impairment 

■ Confirming a diagnosis or ruling out a disease con¬ 
dition 

» Assessing response to therapy 

■ Formulating a more accurate prognosis 

SUBMISSION OF LABORATORY SAMPLES 

Veterinary Diagnostic Services 

The clinician must be aware of inherent limitations of labo¬ 
ratory evaluation in certain clinical settings In general, vet¬ 
erinary diagnostic laboratories are preferred to general 
medical laboratories, because human medical laboratories 
may be less familiar with animal diseases and the responses 
of animals to disease. There may also be differences in test 
methodology and interpretation. These species differences 
can cause confusion when results are evaluated on the basts 
of human criteria that may not apply to animals. 

Various desktop or portable hand-held point-of-care 
devices are available to veterinarians for determination 
of serum chemistry, electrolytes, and acid-base balance. 
Many of these devices use self-contained strips, can ridges, 
or rotors and thus reduce errors associated with the main¬ 
taining, measuring, and mixing of reagents. In addition, 
some of these devices can use whole blood rather than 


serum or plasma. Some devices require refrigerated stor¬ 
age of reagent cartridges, which must then be warmed to 
room temperature for use, There are relatively few inde¬ 
pendently published data comparing the results obtained 
with these poim-of-care devices and those obtained with 
standard laboratory procedures, A widely used hand-held 
device (iSTAT) has been shown to yield comparable 
results for blood electrolyte concentrations and add-base 
balance in dogs and horses , 3 However, it was noted that 
the correlation' between results from this device and from 
standard laboratory techniques was poor for sodium in 
the dog and for hematocrit in the horse. Portable point- 
of-care devices can provide rapid, accurate, and relatively 
inexpensive results. As technology continues to improve, 
it can be anticipated that there will be wider and more 
general application of these devices in many large animal 
practice settings. Important requirements are the estab¬ 
lishment of normal values with these devices for our large 
animal species of important age or production groupings 
as well as clear definition of the limitations and possible 
idiosyncratic reactions in certain species or clinical 
settings. 

Selection of Procedures 

Selection of specific laboratory tests fosters logically in¬ 
tegrated thinking and concentrates on evaluation of the 
primary medical problems. However, the sophisticated 
autoanalyzers used by large commercial laboratories can 
perform a wide battery of tests quickly and efficiently with 
little additional cost. These panels may be broadly defined 
{e.g„ a general large animal health panel) or may offer a 
more focused evaluation of a specific organ system (e.g., 
liver, kidney, or muscle). The clinician must ensure that 
the panel selected contains all the appropriate tests for a 
thorough evaluation of the individual patient's medical 
problems. 


375 


376 



PART FOUR COLLECTION OF SAMPLES and INTERPRETATION of LABORATORY TESTS 


The following recommendations for diagnostic panels 
are intended to provide a dear indication of organ damage 
and/or dysfunction. The most directly applicable diagnostic 
procedures are listed under "Recommended/ 1 and addi¬ 
tional procedures that may be of benefit in certain circum¬ 
stances are listed under "Optional/' 

GENERAL PANEL. The broadly based general chemistry 
panel should provide a balanced evaluation of the most 
likely medical problems. 

Recommended 

Glucose 

Blood urea nitrogen (BUN) 

Creatinine 

Creatine kinase (CK) * 

Aspartate aminotransferase (AST) 

Sorbitol dehydrogenase (SDH) 
y-Glutamyltransferase (GGT) 

Alkaline phosphatase (ALP) 

Bilirubin (direct, indirect, and total) 

Total protein 

Albumin 

Globulin 

Albumin/globulin ratio (A/G ratio) 

Bicarbonate or total carbon dioxide (total C0 2 ) 

Sodium 

Potassium 

Chloride 

Calcium 

Phosphate 

Optional 

Venous or arterial blood gases 
Ionized caldum 

MUSCLE PANEL. The muscle panel should detect active 
skeletal and cardiac musde destruction (rhabdomyolysb) 
and the degree of secondary renal damage. The possible caus¬ 
ative factors are evaluated as optional procedures, depending 
on the history, clinical findings, or special circumstances. 
Musde biopsy with special staining may be critical to the 
diagnosis of sperific musde diseases such as polysaccharide 
storage myopathy, immune mediated myopathy, and mito¬ 
chondria myopathy. Sped a 1 tests for muscle function and 
the genetic basis for some myopathies are discussed in the 
section on muscles (Chapter 42). 

Recommended 

CK 

AST 

Muscle biopsy 
Urinalysis 
BUN or creatinine 
Optional 
Blood selenium 
Venous blood gases 

DNA analysis (hyperkalemic periodic paralysis, glycogen 
branching enzyme deficiency) 

Caldum (ionized and total) 

Magnesium 

Fractional excretion of: 

Sodium 

Potassium 

Chloride 

LIVER DISEASE panel. The liver panel should detect 
active damage to the hepatic parenchyma, involvement of 
the biliary system, and alteration in hepatic function. 

Recommended 

SDH 

AST 

GGT 

ALP 

BUN 


Blood glucose 
Fibrinogen 
Total protein 
Albumin 
Globulin 

Bilirubin (direct, indirect, and total) 

Complete urinalysis 
Optional 
Liver ultrasound 
Liver biopsy 
Bile acids 
Blood ammonia 
Clotting panel 

RENAL DISEASE PANEL The kidney panel should pro¬ 
vide a rough quantitative estimation of compromised renal 
function and should indicate the location and nature of the 
damage to the urinary tract 
Recommended 
BUN 

Creatinine 
Caldum 
Phosphate 
Protein or albumin 
Complete urinalysis 
Optional 
Rena) ultrasound 
Renal biopsy 
Urine culture 

Urine/plasma osmolality ratio 
Urinary CK/creatinine ratio 
Fractional excretion of: 

Sodium 

Potassium 

Chloride 

Endogenous creatinine dearance 
Sulfanilate clearance 

GASTROINTESTINAL DISEASE PANEL, The gastrointes¬ 
tinal disease panel should in dude evaluation of acid-base sta¬ 
tus, fluid and electrolyte balance, and renal function, which 
are common complicating features of gastrointestinal dis~ 
eases. Additional optional or special diagnostic procedures 
may be necessary in calves or foals with neonatal diarrhea, 
in horses with colic, and in ruminants with gastrointestinal 
stasis or displacement. 

Recommended 
Packed cell volume (PCV) 

Total plasma protein (TPP) 

Sodium 

Potassium 

Chloride 

Calcium (ionized and total) 

Venous blood gases, pH, bicarbonate 

Anion gap 

BUN 

Creatinine 

Glucose 

Peritoneal fluid cytology 
Fecal occult blood 
Fecal parasites 
Ruminal fluid pH 
Optional 

Peritoneal fluid (glucose and pH) 

Serum immunoglobulin 
Plasma lactate (d and l forms) 

Fecal protozoa 
Fecal culture 

Fecal Ctostridium difficile toxin 
Fecal cytology 
Rectal biopsy 
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Absorption test: 

Glucose 

Xylose 

Metabolic Profiling 

The health status and productivity of dairy cattle, swine, and 
other food animals maintained in large confined groups 
involve a fragile balance between metabolic events, nutri¬ 
tion, agents of disease, management, and environmental 
factors. In these production units the health status of the 
herd as a whole is of paramount importance, Subdinical 
disease or nutritional imbalance may contribute to subopti- 
mal productivity. Most productivity problems in these set¬ 
tings are multi factorial Defining and finding solutions to 
these problems can be a difficult and complicated task. 
Sequential assessment of weight gains, body conditions 
scores, milk quality, and milk production are useful mea¬ 
sures of the presence of subdinical production disorders 
but do not identify the cause. Metabolic profiling is a tool 
that has been employed in some situations. Blood samples 
are drawn from a number of individuals as representative 
of the group as a whole. Some have recommended the sub¬ 
mission of pooled serum samples from representative indi¬ 
viduals, much like the use of bulk tank tests as a reflection 
of the general level of mastitis in a herd. Sampling may be 
done routinely and sequentially. In dairy cattle this may 
be done during gestation or lactation but frequently focuses 
on the peri parturient period when a combination of nutri¬ 
tional and metabolic events often contributes to costly pro¬ 
duction disorders. 

Metabolic profiles might include most of the parameters 
listed under the recommended general panel (p, 376), with 
the addition of magnesium, total cholesterol nonesterified 
fatty acids (NEFA) and (i-hydroxybutyTale (BOHB), BOHB, 
NEFA, and cholesterol may provide an indication of energy 
balance, whereas BUN, creatinine, total protein, albumen, 
and CK may be helpful in assessing protein status. In certain 
settings, trace minerals or fat-soluble vitamins may be 
important indicators of underlying nutritional problems. 
Metabolic profiling is not a substitute for careful clinical 
examination, analysis of husbandry practices, and ration 
analysis, but it may play a useful role in some modem large- 
scale operations in which a variety of subehnical problems 
can quickly translate into financial disaster. 

SOURCES OF VARIATION IN NORMAL 

VALUES 

Laboratory 

One of the most commonly overlooked sources of variation 
in clinicopathologic data is the difference in results ob¬ 
tained by different laboratories. This can result in fivefold 
to tenfold differences in the normal range of certain enzyme 
activities between laboratories using similar but not identi¬ 
cal methodologies. In the past there was marked variation in 
the units of measure used to express the activities of different 
serum enzymes. The standard method of representing serum 
enzyme activity is in international units per liter (1U/L), 
which is used in this text. Correction factors for converting 
the commonly used but older units of measure to interna¬ 
tional units are given in Table 22-1. The normal values given 
in Tables 22-2 and 22-3 are those used at the University of 
California Veterinary Medical Teaching Hospital or are from 
the literature. 2 ' 3 It is always best to use normal values and 
reference intervals established for the species, age, and pro¬ 
duction type by the diagnostic laboratory to which samples 
are submitted. 


Conversion of Conventional Units to International Units 


Component 

Conventional 

Unit 

Multiply 

By 

Imi'rn.uion.il 
Unit (III) 

CHEMISTRY 




Ammonia 

Mg/di. 

0.5872 

pmol/L 

Bilirubin 

mg/dL 

17 1 

pmol/L 

Cholesterol 

mg/dL 

0.02586 

mmol/L 

Creatinine 

mg/dL 

88.4 

Mmol/L 

Glucose 

mg/dL 

0.05551 

mmol/L 

lactate 

mg/dL 

o.in 

mmol/L 

Urea nitrogen, 

mg/dL 

0,357 

mmol/L 

ELECTROLYTE 




Sodium 

mEq/L 

t 

mmol/L 

Potassium 

mEq/L 

t 

mmol/L 

Chloride 

mEq/L 

l 

mmol/L 

Calcium 

mg/dL 

0.2495 

mmol/L 

Magnesium 

mg/dL 

0.4114 

mmol/L 

Phosphorus 

mg/dL 

0,3229 

mmol/L 

BLOOD GAS 




POj 

mm Hg 

071333 

kPa 

Pc,o 2 

mm Hg 

0,1333 

kPa 

Bicarbonate 

mEq/L 

1 

mmul/L 

Tcoj 

mEq/L 

1 

mmol/L 

PROTEIN AND HEMATOLOGY 



Protein 

g/dl. 

10 

g/L 

Albumin 

8/dL 

10 

s/i 

Fibrinogen 

mg/dL 

0.01 

g/F 

1 Jcmoglobin 

g/dL 

to 

6/L 

Iron 

Mg/dL 

0.1791 

Mmol/L 

Transferrin 

mg/dL 

0,01 

g/L 

[ laptoglobin 

mg/dL 

0.01 

g/L 

HORMONE 




Cortisol 

M/d L 

27.59 

nmol/L 

Triiodothyronine 

ng/dL 

0,01536 

nmoI/L 

(Tj) 




Thytoxint (T,) 

Mg/dL 

12.87 

nmol/L 


From Kaneko }\, Harvey JW, Rruss ML, eds: Ciinkal triodiemuny of domestic 
dmmitfc, td 5, New York. 1997, Academic 

JfcFV. Kilo pascal, Pt>^ partial pressure of oxygen; Pct> ; , partial pressure of car¬ 
bon dioxide; Tco If int.il carbon dioxide. 

Specks 

There is relatively modest variation among species for most 
clinicopathologic parameters. Notable exceptions are plasma 
electrolyte concentration, erythrocyte potassium concentra¬ 
tion in some breeds of sheep, and serum bilirubin concentra¬ 
tion, which is higher in horses than in other species. BUN is a 
less reliable indicator of renal function in ruminants and 
horses than creatinine because urea nitrogen can be metabo¬ 
lized by the intestinal microflora. Donkeys and burros have a 
much higher GCT level than horses and cattle. 

Breed 

Significant differences in hematologic parameters exist be¬ 
tween hot-blooded and cold-blooded horses. Hot-blooded 
horses include most of the athletic breeds of horses (the thor¬ 
oughbred, quarter horse, standardbred, and Arabian breeds). 
Cold-blooded horses include the pony and draft breeds. 
Cold-blooded horses have lower red cell values both at rest 
and after exercise and maintain a slightly lower leukocyte 
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TABLE 22-2 


Clinical Chemistry: Normal Range for Large Animals 


(lomponi'nt 

Unit 

Equine 

Bovine 

Ovine 

Caprine 

CHEMISTRY 

Toul bilirubin 

mg/dL 

0.5-23 

0 - 0-1 

0.1*0*2 

00.1 

Direct 

mg/dL 

0*0 6 

0 

0 

0 

Indirect 

mg/dL 

0.2-2 

0-03 

0-0 12 

0-0.1 

Cholesterol 

mg/dL 

75-150 

80*120 

52-76 

eo -130 

Creatinine 

mg/dL 

0.9-2 

0.9-13 

0,8-13 

0.7-1 

Glucose 

mg/dl 

89-112 

33*66 

56-92 

53-81 

Fibrinogen 

mg/dL 

100-400 

100*600 

100-500 

100-400 

Protein (total serum) 

* B/dL 

S.8-7.7 

68-8.6 

6,6-86 

6.8-8.3 

Albumin 

g/dL 

23-36 

3*43 

2.73.7 

3.23.8 

Globulin 

B/dL 

1.7-4.7 

3-4.9 

2 8-5 4 

3.1-4,8 

Urea nitrogen 

m^dL 

12-27 

8-23 

14*37 

19-31 

ENZYME 

ALP 

ru/L 

86-285 

27-107 

50-300 

27-210 

AST 

ru/L 

138-409 

43-127 

60-280 

46-161 

CK 

IU/L 

119-287 

105-409 

100-547 

104-219 

GCT 

lll/L 

8-22 

15-39 

40*94 

34-65 

LDH 

IU/L 

162-412 

697-1445 

238-440 

123-392 

LDH 1 

% 

63-185 

39,8-63-5 

45.7-6J.6 

29.3-51 8 

LDH-2 

% 

B.4-20.5 

19.7-34.8 

0-3 

0-5,4 

LDH-3 

% 

41-65.9 

1L7-18.1 

16.4-29.9 

247-39.9 

LDH-4 

% 

93*203 

0-8.8 

4.3*73 

0-53 

LDH 5 

% 

1.7-16.5 

0-12.4 

10.5-29 1 

14.1-36.8 

SDH 

IU/L 

0-8 

12-53 

18*77 

2-57 

ELECTROLYTE 

Sodium 

mEq/L 

132-146 

132-152 

139-152 

142 155 

Potassium 

mEq/L 

2.4-47 

3.9-5.8 

3.9-54 

3.5-67 

Chloride 

mEq/L 

99-109 

97-111 

95-103 

99-110 

Calcium 

m^dL 

IL2-13.6 

9.7*12.4 

U 332.8 

8.9-11.7 

Phosphorus 

tng/dL 

33-5,6 

5.6-65 

5-73 

6.5 

Magnesium 

mg/dl. 

2 2-2 8 

1.8-23 

23*2.8 

2.8-36 

Osmolality 

mOsm/kg 

270*300 

270-300 

N/A 

N/A 

Anion gap 

mEq/L 

6-15 

14-20 

N/A 

N/A 

acid-base 

(VENOUS BLOOD) 

PH 


732-7.44 

731-7*53 

732-7.54 

N/A 

Pt0 2 

mm Hg 

38-46 

35*44 

37*46 

N/A 

Bicarbonate 

mEq/L 

20-28 

17-29 

20-25 

N/A 

Tcoj 

mEq/L 

24-32 

21-32 

21*28 

26-30 

SPECIAL 

Red cell acetylcholinesterase 

IU/L 

450-790 

1270-2430 

640 

270 

Ammonia 

Mg/dL 

13-108 

N/A 

N/A 

N/A 

BS P [!*} 

min 

2*3.7 

2.5-4 

1.6*2*7 

2J 

Serum iron 

Mg/dl 

73-140 

57*162 

166-332 

N/A 

T18C 

M«/dL 

200-262 

63-186 

N/A 

N/A 

Lactic acid 

mmol/l 

1.11-1.76 

0.56-2-22 

LOO-133 

N/A 

KrtOort 

Acetone 

rng/dL 

N/A 

0-10 

0-10 

N/A 

At eto acetate 

mg/dL 

N/A 

0*13 

N/A 

N/A 

BHB 

mg/dL 

N/A 

0-10 

N/A 

N/A 


Dili from Kaneko It Harvey fW, Bnus mL edi bwchemiftry &f thmr*tu AfTmtak ed 5. New York 1997 Academic, Duncan IfL Praia* KW VVirrmary 

lota'diory medkinr, ed 3, Amcv Iowa, 1994, Iowa Sure University Press: and the NomuJ Values Clinical Pathology laboratory. Veterinary' Medical Teaching 
Hospital. Univctstty of California at Davb. 2000 

ALP, Alkaline phosphatase. AST, aspartate aminotransferase, BHB t ^hydroityboityfair; BSP(i^) t bromstilphaJern clearance halftime OC CTeatine kinase; GCT, 
Y*glutamyl transferase: LDH. lactate dehydrogenase: N/A not applicable: Ptaj, partial prewiie of caibon dioxide: SDH sorbitol dehydrogenase. Too,, total 
carbon dioxide, TfBC total iron-binding capacity 
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TABLE 22*1 


Serum Protein Electrophoresis: Normal Range for Large Animals 


Component 

Unit 

Equine 

Bovine 

Ovine 

t a print 

Total protein 

a'di 

S.2-7.9 

674*7 46 

60-79 

6.4-70 

Albumin 

a'liL 

26-3,7 

3.03-3.55 

2,4*3 

27*3.9 

Globulin 

g/dl 

2.62-4.04 

3-3.48 

3.5-5.7 

27-4,1 

al 

g/dL 

0,06-0,7 

N/A 

N/A 

N/A 

*2 

8/dL 

0,31-1 31 

N/A 

N/A 

N/A 

a 

8/dL 

N/A 

0,75-0,88 

03-0,6 

0,5-0,7 

PI 

g/dl. 

0,4-1,58 

N/A 

0,7-1.2 

07-1.2 


rMl 

0,29-0,89 

N/A 

0.4-1.4 

0.3-0.6 

P 

‘ R/dL 

n/a 

0.8- i. 12 

N/A 

N/A 

Yi 

g/dl. 

N/A 

N/A 

07-2.2 

N/A 

T2 

g/dL 

N/A 

N/A 

0,2-1.1 

N/A 

7 

g/dl. 

0,55-1.9 

l .69-2.25 

N/A 

0,9-3 

Albumin/globulin {A/C) ratio 


0,62-1,46 

0.84-0,94 

0.42-076 

0.63-1.26 



Data from Kantko 0, Harvey JW, Bru« ML eds Chnkjil bwchtmisay donmtic animtib. «J 5. New York. 1997. Aradeiniir. and Duncan IR. Praw KW: Win- 
nary laboratory mediant ed 1. Ama low*. 1994. Iowa State Unhrmty Ptrw 
N/A Not applicable. 


count they also have lower resting and fasting indirect bill nr 
bin concentrations 

Age 

There are several important differences in hematologic and 
dinital chemistry between neonatal and adult animals. 
The effects of age have been studied most carefully in horses 
and cattle. Suckling neonatal animats tend to have lower 
BUN, slightly lower total protein and globulin, moderately 
higher GGT and phosphate, and markedly greater alkaline 
phosphatase than do adult animals 


With the obvious exception of sex hormone concentrations, 
there are few recognized differences in clinical chemistry 
values between sexes. In most domestic animals the intact 
male tends to have a slightly higher erythrocyte count, 
hemoglobin concentration, and PCV than the female or 
neutered male. This sex-related difference has been demon¬ 
strated most clearly in the horse. 

Factors Influencing Results or Their Interpretation 

Many factors influence the reliability and interpretation of 
results obtained by laboratory analysis Sample collection 
and handling are very important factors. The sample collec¬ 
tion site (e g., jugular vein, mammary vein, tail vein, or 
carotid artery) can have an important effect on the results 
of tests such as blood gas evaluation, glucose, or ketones. 
The choice of anticoagulants depends on whether the sam¬ 
ples are to be submitted for serum, plasma, or whole blood 
determinations. The specific sample requirements for the 
most commonly ordered clinical chemistry determinations 
are listed in Table 22-4, Serum is required for most chemis¬ 
try determinations, and serum separator tubes work very 
well in most settings. There have been some indications that 
results of some serum hormone assays may be influenced 
by collection of blood in serum separator tubes. Heparin 
is the anticoagulant of choice for most chemical determina¬ 
tions requiring plasma. In former times fluoride-oxalate was 
the anticoagulant of choice for blood glucose determina¬ 
tion, because it halts glycolysis by the red cells. However, 
fluoride may interfere with certain chemical procedures 
(specifically the glucose oxidase method for blood glucose 
determination) and should be used only for blood lactate 


TABLE 22*4 

Recommended Anticoagulant! for Hematologic 
or Clinical Chemistry Evaluation 


| Anticoagulant 

Spt l mu n 

test or Procedure 

Ft hyknediamine 

Whole blood 

Complete blood count 

tctraacelk arid 

Whole blixnJ 

cross-match, platelet 

(EDTA) 

Plasma 

count 

HI nod selenium 
Refraaomctrie protein 
and fibrinogen 


Peritoneal 

fluid 

fluid analysis 


Hone marrow 

1 Eematologic 
evaluation 


Synovial fluid 

f luid analysts 

Heparin 

Whole blood 

Hlood pH. blood gases 


Plasma 

Electrolytes, osmolality 


Synovial fluid 

Mucin clot test 

Fluoride and 
oxalate 

Plasma 

Lactate 

Citrate 

Whole blood 

Blood typing 


Plasma 

Coagulation tests (FT, 

PI T. Factor analysis) 

None, serum 

Serum 

Most chemistries. 

separator lubes 


electrolytes, 

osmolality 

Protein electrophoresis 
Hormones (cortisol, 
T*T4 

Immunoglobulins 
(IfC. IgNL IgA) 


Modified from Biobst DF, Party BW. Normal clinical pathology' data In 
Robm*on NE, ed Currfns therepr in Apnw mtdhcm. ed 2 Philadelphia. 
198?, Saunden 

FT. Prothrombin ume PIT, partial thromboplastin time. 7 V ttnodothyro- 
nine, T t . thyroxine 

determination or in selected circumstances in which glucose 
determinations are required and samples must be held for 
some period of time without refrigeration. Citrate is the 
anticoagulant of choice for dotting tests and blood typing. 
Ethylenediamineteiraacetic acid (EDTAJ is the anticoagulant 
most often used for hematologic evaluation. Both citrate 
and EDTA are chelating agents, which may interfere with a 
wide variety of chemical determinations. 
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Samples should be submitted as soon after collection as 
possible, but circumstances may require storage of some sam¬ 
ples for 12 to 24 hours. For collection of serum, whole blood 
should be allowed lo dot before refrigeration. Serum should 
be separated from the red cells immediately after dot forma¬ 
tion and then kept refrigerated Samples should be stored in 
clean containers free from exposure to sunlight medications, 
or chemicals. If whole blood is left at room temperature for 
longer than 60 minutes, blood glucose will be falsely low as 
a result of red cell glycolysis. Storage of whole blood may 
result in in vitro hemolysis, with the potential for misleading 
increases in the serum or plasma enzymes AST and lactate 
dehydrogenase (LDH) due to hemolysis. Failure to separate 
serum or plasma from the red cells tirithin an hour of collec¬ 
tion may lead to leakage of erythrocyte potassium and a 
falsely elevated serum or plasma potassium concentration. 

Stress, transportation, excitement and handling produce 
physiologic responses in animals that affect a variety of 
hematologic and biochemical parameters. This is most evi¬ 
dent in the horse, which shows marked increases in red cell 
mass and to a lesser extent plasma protein concentration in 
response to excitement exercise, or catecholamine adminis¬ 
tration, The red cell count and hemoglobin concentration 
can increase by as much as 50%, whereas plasma protein 
concentration may increase by 1 to 2 g/dL Leukocytosis is 
induced as the margmating leukocyte pool is mobilized into 
the general circulation Prolonged stress results in the release 
of endogenous corticosteroids, which produce the typical 
"stress response" in the leukogram. A similar leukogram is 
found in race horses some 4 to 6 hours after raring. The com¬ 
bination of catecholamine and glucocorticoid release asso¬ 
ciated with stress, transport, and excitement, as well as with 
many gastrointestinal catastrophes, may result in markedly 
elevated blood glucose concentrations (up to 400 mg/dL). 
Modest elevations [twofold to fourfold increase} in musde- 
derived enzymes occur in association with prolonged trans¬ 
port or endurance exerdse. 

Large losses or compartmentalization of sodium-contain- 
mg fluid accompanies many systemic disorders, particularly 
digestive problems such as diarrhea, colic displacement of 
viscera, excessive sweat losses, and some urinary tract dis* 
eases. These forms of dehydration lead to decreases in 
plasma volume, which are indicated by moderate-to- 
marked increases in the PCV and TPP concentration. The 
concentration of other compounds dissolved in the plasma 
may also increase as a result of decreases in the plasma vol¬ 
ume. The concentrations of compounds that are largely pro¬ 
tein-bound, such as calcium, are generally closely related to 
protein concentration. More than 50% of serum calcium is 
bound to albumin. Increases or decreases in plasma protein 
concentration normally result in proportional changes in 
total serum calcium concentration, whereas the physiologi¬ 
cally active ionized calcium may remain unchanged. 

Diseases that cause a reduction in effective circulating 
fluid volume often also cause alterations in renal function. 
This so-called "prerenal azotemia" results In moderate to 
marked elevation in BUN and creatinine. Although this is 
generally considered primarily a prerenal azotemia, real 
pathologic changes in the kidneys often are associated with 
the systemic processes initiated by these disorders. Revalu¬ 
ation of renal function (urinalysis BUN, creatinine) in these 
patients during the course of disease is important because it 
affects prognosis response to fluid administratioa and the 
potential for nephrotoxicity and systemic toxictty of a vari¬ 
ety of chemotherapeutic agents. 

Fasting laboratory data are important for evaluation of 
many disease conditions in human and small animal 
patients. Truly fasting conditions are rather difficult given the 
large and complex gastrointestinal tract of most herbivores 


and INTERPRETATION of LABORATORY TESTS 


and are thus seldom used The feeding of animals in relation 
to sample collection can, however, have an impact on the 
data obtained. Hay feeding in horses is reported to affect 
sodium, potassium, and protein concentrations within the 
first few hours after feeding. Animals feeding on lush green 
pasture or large amounts of silage may have slightly different 
parameters from those fed high-concentrate rations. The 
anion-cation balance of the ration has an impact on relative 
serum electrolyte concentration, acid-base balance, and urine 
pH and urinary electrolyte excretion. Lactescent (doudy) 
plasma may be observed in samples from nursing foals or 
calves. The fluid intake of the normal nursing neonate may 
range from lOOmL/kg/day to more than 250 mL/kg/day, 
This high fluid intake is reflected by a commensurately high 
output of urine with a low specific gravity and low osmolar 
content. 

The administration of certain medications may have an 
impact on some laboratory parameters. Tranquiilzation 
may be necessary for restraint and safe sample collection. 
The practitioner should he aware that tranquilizers often 
decrease red cell mass and plasma protein concentration. 
This is particularly true of the phenothiazine-derivative tran¬ 
quilizers when used in the horse Xylazine administered to 
large animals produces a modest catecholamine release, 
which may be evidenced by the slight sweating response 
seen in many horses sedated with this drug. Glucose concen¬ 
tration will increase modestly in response to the xylazine- 
induced catecholamine release. Repeated intramuscular 
injections with certain antibiotics (especially erythromycin 
and tetracycline) or other preparations that are locally irritat¬ 
ing may produce slight-to-moderate elevations in muscle- 
derived serum enzyme activities. Intravenous administration 
of certain drugs and compounds such as dimethyl sulfoxide 
(DMSO) can produce intravascular hemolysis and hematu¬ 
ria. The amount of hemolysis in these circumstances is rela¬ 
tively small and of little consequence, except that it can 
cause confusion as to why hemoglobinuria occurred. 

FLUID AND ELECTROLYTE BALANCE 

Packed Cell Volume and Total Plasma Protein 

Changes in the plasma volume generally are reflected by 
changes in the PCV and the TPP concentration. In dehydrated 
humans, changes in the PCV are believed to be the more reli¬ 
able guide to oranges in plasma volume because substantial 
protein fluxes into and out of the circulation have been 
shown to occur. However, in most animal species the range 
of normal for the PCV is much wider than for the TPP con¬ 
centration. This is particularly true of horses, in which excite¬ 
ment, pain, or catecholamine release can produce variable 
mobilization of splenic erythrocytes, making it difficult to 
obtain a trtdy resting PCV. For these reasons, precise quanti¬ 
tative estimation of a change in plasma volume using these 
parameters is more complex and less reliable in large animal 
species. As plasma volume increases or decreases, the change 
in the PCV is always less than the change in the TPP concen¬ 
tration. Hoiwever, a large disparity in the changes in the PCV 
and the TPP concentration in a patient with a history of loss 
of sodium-containing fluid and clinical evidence of reduced 
effective circulating fluid volume suggests blood or protein 
loss. Marked increases in the PCV with a normal-to-low TPP 
concentration frequently are encountered in animals with 
acute protein-losing enteropathies such as salmonellosis or 
equine toxic enteritis. In horses undergoing treatment for 
diarrhea, the excessive administration and retention of 
sodturn-containing fluids is a key factor in the development 
of edema and hypoprotememia. Blood loss generally results 
in a decrease in both PCV and TPP concentration. 
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Serum Sodium 

The serum sodium concentration is a function of the ex* 
changeable cation content (i.e.. the exchangeable sodium 
|Na] in the extracellular fluid |ECF| volume plus the 
exchangeable potassium [K| in the intracellular fluid [ICF| 
volume relative to total body water), as indicated in the fol¬ 
lowing formula: 


Serum Na(mEq/L) 


Exchangeable! Na +■ K) 
Total body water 


Changes in the sodium concentration reflect the net 
changes in this relationship and often do not represent 
accurately the changes in sodium balance. Changes in water 
balance are thus primarily responsible for changes in the 
serum sodium concentration. Hyponatremia is an indica¬ 
tion of a relative water excess, whereas hypernatremia is 
an indication of a relative water deficit 

Dehydration is defined as a loss of body water (fluid vol¬ 
ume contraction), li occurs in a variety of clinical rimim- 
stances. The serum sodium concentration provides a means 
of categorizing dehydration in a physio logically meaningful 
way. Hypertonic dehydration, which occurs when water 
losses exceed the losses of sodium and potassium, is indi¬ 
cated by hypernatremia. The response of horses to feed 
and water deprivation is an example of this form of dehy- 
dration. Isotonic dehydration occurs with a balanced loss 
of water and electrolytes— that is, approximately 140 to 
150 mEq of sodium plus potassium (Na + K) for each liter 
of water lost Because the relative water balance has nm 
changed, the serum sodium concentration remains 
unchanged despite the accumulation of what may have 
been a substantial sodium deficit The early stages of acute 
diarrhea and the dehydration of heavily sweating endurance 
horses are examples of isotonk dehydration. Hypotonic 
dehydration occurs when the losses of exchangeable cations 
(Na + K) exceed the net change in water balance; this con¬ 
dition is indicated by hyponatremia. Hypotonic dehydra¬ 
tion often is seen in animals with subacute or chronic 
diarrhea that develop substantial water and electrolyte defi¬ 
cits but then replace pan of the water deficit through water 
consumption. Fig, 22-1 shows the compartmental distribu¬ 
tion of fluid between the ECF volume and the intracellular 
fluid (ICF) volume in four situations. 


HYPONATREMIA. Hyponatremia is often but not invari¬ 
ably associated with conditions that cause sodium deple¬ 
tion such as vomiting, diarrhea, excessive sweat losses, and 
adrenal insufficiency. The fluid losses in these conditions 
are most often hypotonic or isotonic, and initial fluid and 
electrolyte deficits do not result in hyponatremia until water 
intake, renal water retention, or both disturb the balance 
between the remaining exchangeable cations and the total 
body water. 

The accumulation of sodium-containing fluid in body 
cavities or the gut lumen caused by ascites, peritonitis, or 
rupture of the bladder or by displacement, torsion, or vol¬ 
vulus of the gut is referred to as a third-space problem. When 
such accumulations develop rapidly, the plasma volume is 
reduced, and the semm sodium concentration subsequently 
may decrease as compensating renal responses cause water 
retention. Rupture of the bladder in neonatal foals is asso¬ 
ciated with marked hyponatremia and hypochloremia. As 
fluid intake continues and dilute urine accumulates in the 
abdomen, sodium, chloride, and other ions are drawn from 
the rest of the ECF into this accumulating fluid. No sodium 
or chloride has been lost from the body, and the observed 
decreases in the electrolyte concentration are caused by 
changes in the relative water balance The neurologic signs 
seen in these foals are largely caused by the effects on the 
central nervous system of the rapidly developing and 
marked hypotonic hyponatremia. Progressively severe neu¬ 
rologic disturbances may be seen as the senim sodium concen¬ 
tration falls below 115 mEq/L and then below 100 mEq/L 
The severity of the neurologic abnormalities is a function of 
both the rate at which hyponatremia develops and the absolute 
degree of hyponatremia. Neurologic disturbances can occur 
tairogenically if excessive amounts of free water (usually given 
as 5% dextrose) axe administered to patients with altered renal 
function. 

Mastitis results in an increased loss of sodium in the 
milk, and a low-grade mastitis problem in a dairy herd on 
a marginal dietary salt intake may result in sodium deple¬ 
tion and medullary washout. Decreased milk production, 
polyuria, hyposthenuria, and a low urine sodium level 
may be noted, although the serum sodium concentration 
may remain within the lower range of normal. 

The most common causes of hyponatremia are listed in 
Box 22-1. Marked hyperlipidemia or hyperproteinemia 
produces a falsely low sodium concentration value because 


Normal fluid balance: 450~k$ horse 
ECF IGF 


isotonk; fluid volume contraction 
ECF ICF 


FIG, 23*1 VI Compamwnul Jisnbu 
tkm of fluid hetwren ihr mr afH luijr fluid 
(ECF) volume and the iniiartthiUr fluid 
(jCF) volume in a 450-kg hone with noc- 
nul fluid balance: with isotonic fluid vol¬ 
ume contraction. with hypotonic fluid 
volume expansion; and with hypenotiic 
fluid volume contraction [Modified flom 
Kiftdio JJ. Harvey [W. finm ML edi Ofe- 
u*T tavfaftnEj&y fff <bm*xx *mindh. ed %, 
New York. 1977. Academic ) 



Hypotonic fluid volume expansion 
[relative water excess) 




90 L 




180 L 


Hypertonic fluid volume contraction 
Crelative water deficit) 

ECF ICF 


Sodium 
155 m£q/L 



110 L 


220 L 


90 L 


160 L 
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BOX 12*1 


Causes of Hyponatremia 


Causes of Hypernatremia 


COMMON CAUSES 

Pure water losses 
Panting 

Water deprivation 
Sodium excess (water restriction) 

Salt poisoning 

feeding only electrolytes, no free water 


UNCOMMON CAUSES 

Water loss exceeds electrolyte loss 
Vomiting 
Diarrhea 
Bums 

Intrinsic renal disease 
Diuretics 

Diabetes insipidus 
Central 
Nephrogenic 

Hypertonic saline or sodium bicarbonate administration 
MineraJocoriicoid excess 


COMMON CAUSES 

Relative water excess 

Ixjss of sodium-containing fluid (decreased effective 
circulating volume) 

Diarrhea 

Excessive sweating 
Blood loss 
fluid drainage 

High-volume gastric reflux 
High volume pleural drainage 
Adrenal insufficiency 

Sequestration of fluid (i bird-space prohlems) 

Peritonitis 

Ascites 

Ruptured bladder 
Torsion or volvulus of the gut 

Excessive administration of 5% dextrose to patient with 
renal disease 
false hyponatremia 
Hyperlipidemia 
Hyperproteincmia 
Hyperglycemia 

UNCOMMON CAUSES 

Water retention with normal effective circulating volume 
Psychogenic polydipsia 
Renal disease 

Inappropriate antidiuretie hormone secretion 


lipid or protein occupies a significant volume in the serum 
or plasma sample and because sodium is present only in 
the aqueous phase. This potential cause of hyponatremia 
is indicated by an increase in the osmolar gap between 
measured and calculated osmolality. The use of direct ion- 
specific electrodes for electrolyte determinations avoids this 
potential cause of a falsely low sodium concentration value. 

Marked hyperglycemia causes a reduction in the measured 
serum sodium concentration of approximately LGmEq/L 
for every 100 mg/dL increase in the glucose concentration. 
Increases in the plasma glucose concentration generate 
osmotic forces that result in the movement of cellular water 
into the ECF, diluting the plasma sodium concentration. 

HYPERNATREMIA. Hypernatremia can occur in the ini¬ 
tial stages of diarrhea, vomiting or renal disease if water loss 
exceeds electrolyte loss (Box 22-2). When water losses are 
replaced by increased water consumption, enhanced renal 
water retention, or both, the serum sodium concentration 
decreases Food and water deprivation in normal horses 
and cattle is associated with substantial reduction of renal 
and fecal output, but continued cutaneous and respiratory 
insensible water loss may result m hypernatremia. In this 
case the hypernatremia is the result of a primary water loss. 
Hypernatremia may occur transiently as a result of sodium 
excess after administration of hypertonic saline or sodium 
bicarbonate if water intake is restricted or impaired. Hyper¬ 
natremia has been reported in calves fed an inappropriately 
mixed oral electrolyte replacement solution as their only 
fluid intake. 4 The hypernatremia observed with salt poison¬ 
ing in cattle and swine is the result of water restriction in ani¬ 
mals that have been maintained on a high-salt intake. 

Serum Potassium 

The serum potassium concentration is influenced by factors 
that alter internal balance {the distribution of potassium 


between the ECF and the 1CF) and those that change exter¬ 
nal balance (potassium intake and output). Changes in the 
serum potassium concentration occur in a wide variety of 
clinical circumstances and have profound neuromuscular 
effects that are largely the result of changes in cell mem¬ 
brane potential. The responses to dehydration and add-base 
imbalance often complicate the evaluation of the potassium 
concentration. For example, calves with acute diarrhea often 
develop potassium depletion because of excessive losses and 
inadequate intake, bur the serum potassium concentration 
of these animals usually is normal to increased as the result 
of renal shutdown and the metabolic acidosis induced by 
dehydration, sodium depletion, and hypovolemia. Hypoka¬ 
lemia may become evident only as other fluid and electro¬ 
lyte losses are replaced. 

Measuring the erythrocyte potassium concentration is 
relatively easy and has been suggested as an aid in assessing 
the need for potassium supplementation in racehorses with 
recurrent muscle disease. However, experimental studies in 
horses indicate that the erythrocyte potassium concentra¬ 
tion does not always accurately reflect potassium deficits. 

HYPOKALEMIA. Hypokalemia may result from deple¬ 
tion of the body's potassium stores or from a redistribution 
of potassium from the ECF into the IGF space (Box 22-3). 
Hypokalemia is most commonly seen with altered intake 
and absorption and with excessive potassium losses from 
the gastrointestinal tract caused by vagal indigestion, tor¬ 
sion of the abomasum, ileus, or diarrhea. Excessive renal 
loss may result from mineraloeorticoid excess, certain diure¬ 
tics, or altered renal function, as reported in horses with 
renal tubular acidosis. Marked hypokalemia develops when 
reduced dietary intake caused by anorexia is associated with 
excessive potassium losses. 

Hypokalemia without potassium depletion results from 
the movement of extracellular potassium to the intracellular 
space. This form of hypokalemia occurs in response to an 
acute alkalosis and to the administration of insulin or glu¬ 
cose. Overzealous and rapid administration of sodium bi¬ 
carbonate can produce an alkalosis with a profound and 
rapidly developing hypokalemia. Animals with moderate 
potassium deficits that are vigorously treated with sodium 
bicarbonate to correct a coexisting mild metabolic acido¬ 
sis may be particularly prone to this problem. The initial 







COMMON CAUSES 
Altered External Balance* 

Vomiting 

Vagal indigestion with internal vomiting 
Diarrhea 

Third-space problems (gin or abomasa! torsion or volvulus; 

peritonitis) 

Excessive sweat losses 
Dietary deficiency 
Prolonged anorexia 

Altered Internal Balance 

Metabolic alkalosis 

UNCOMMON CAUSES 
Altered External Balance 

Miueralororticoid excess 
Diuretics 

Renal tubular acidosis 
Postobsrruction diuresis 

Altered Internal Balance 

Excessively rapid bicarbonate administration 
Insulin and/or glucose administration 
Catecholamine administration or endogenous release 

* External balance refers to the relative changes in potassium intake and 
output; internal bolanct refers to the distribution of potassium between 
the extracellular and the intracellular fluid companmenu 


response to catecholamine administration is a modest, 
transient increase in potassium caused by a-adrenergic stim- 
illation, which often is followed by hypokalemia caused by 
(i-adrenergic receptor responses. 

HYPERKALEMIA. Hyperkalemia may develop in vitro as 
a result of hemolysis or leakage of erythrocyte potassium 
after storage of whole blood (Box 22-4). The release of 
potassium from leukocytes or platelets into the serum after 
clot formation is a potential cause of hyperkalemia if 
marked leukocytosis or thrombocytosis is present. Hyperka¬ 
lemia also results from renal potassium retention in Addi¬ 
son's disease, acute renal failure, and renal shutdown. 
A number of factors contribute to the movement of intracel¬ 
lular potassium into the ECF, resulting in hyperkalemia. 
Hyperkalemia often is associated with metabolic acidosis, 
particularly when the acidosis results from volume deple¬ 
tion and is complicated by renal shutdown. Hyperkalemia 
has been reported in animals with massive muscle necrosis, 
but neither hyperkalemia nor metabolic acidosis is a com¬ 
mon feature in horses with exertional rhabdomyolysis. Vig¬ 
orous short-term exercise of horses at high intensity results 
in a marked but transient hyperkalemia (9 to lOmEq/L) 
that may be associated with the profound lactic acidosis 
seen with anaerobic workloads. 5 Potassium returns to nor¬ 
mal within minutes, and often a modest hypokalemia 
occurs later in the recovery period Episodic hyperkalemia 
and muscular weakness are associated with the condition 
known as hyperkalemic periodic paralpis (HYPP). 6 HYPP is 
inherited as an autosomal-dominant trait in horses, with a 
specific quarter horse lineage 7 (see Chapter 42 for a more 
complete discussion of this disorder). The disease is the 
result of a single DMA base pair substitution that leads 
to the production of an abnormal voltage-regulated sodium 
channel at the cell membrane.* Sudden marked increases in 
the serum potassium concentration, up to 8 to 9 mEq/L, are 


COMMON CAUSES 

Ealse hyperkalemia 
In vitro hemolysis 

Prolonged storage of blood (over & hours) without 
separation of serum or plasma 
Altered external balance 

Hypovolemia with renal shutdown 
Altered internal balance 
Metabolic acidosis 
Vigorous exercise 

UNCOMMON CAUSES 

False hyperkalemia 

Markedly elevated leukocyte or platelet count 
Altered interna! balance 

Hyperkalemie periodic paralysis in quarter horses 

Diabetes mellitus 

Tissue necrosis 

Renal disease 

Addison s disease 


the result of transcellular movement of potassium and are 
associated with profound electrocardiographic abnormal¬ 
ities and fluid shifts. 


Serum Chloride 

Alterations in the chloride concentration usually are asso¬ 
ciated with nearly proportional changes in the sodium con¬ 
centration as the result of changes in relative water balance. 
In addition, the chloride concentration tends to vary in¬ 
versely with the bicarbonate concentration; therefore, when 
disproportionate changes in the chloride concentration rela¬ 
tive to sodium occur, significant acid-base imbalances 
should be anticipated. Disproportionate increases In chlo¬ 
ride are associated with a normal-to-low anion gap hyper¬ 
chloremic metabolic acidosis, but they also are seen as a 
result of the compensating responses for a primary respira¬ 
tory alkalosis {Box 22-5), A striking hyperchloremic meta¬ 
bolic acidosis has been reported in horses with renal 
tubular acidosis. 5 ' 10 Disproportionate decreases in chloride 
relative to sodium characteristically are seen in metabolic 
alkalosis but also may be seen as part of the compensating 
response for chronic primary respiratory acidosis (Box 
22-6}. I lypochlorermc metabolic alkalosis is a common fea¬ 
ture in many digestive disorders of ruminants and is caused 
by loss of chloride-rich fluids or sequestration of such fluids 
in the abomasum and forestomachs. 


Osmolality 

Measurement of the serum osmolality provides an indication 
of relative water balance in much the same way as the serum 
sodium concentration does. In most circumstances these 
parameters are closely correlated. Comparing the measured 
osmolality with the calculated osmolality, as determined 
from the measured concentrations of the major solutes in 
serum (sodium, glucose, and urea), provides a means of 
determining if the serum water content deviates widely from 
normal or if foreign, low-molecular-weight substances are 
present in the blood. The difference between the measured 
osmolality and the calculated osmolality is called the osme/ar 
gap. Decreases or increases in the osmolar gap could indicate 
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BOX 12 5 


Causes of Hyperchloremia 


WITH PROPORTIONAL INCREASE IN SODIUH 
Common Causes 

Relative waiet deficit 
Panting 

Water deprivation 
Salt poisoning 

Uncommon Cause* 

Vomiting 

Diarrhea # 

Rums 

Intrinsic renal disease 
Diuretics 

Diabetes insipidus 
Central 
Nephrogenic 

Hypertonic saline administration 
Mineralocortkoid excess 

WITHOUT PROPORTIONAL INCREASE IN SODIUH 
Common Causes 

Hyperchloremic metabolic acidosis 
Renal tubular acidosis 

Uncommon Cause 

Compensation for respiratory alkalosis 



Causes of Hypochloremia 


WITH PROPORTIONAL OECREASE IN SODIUH 
Common Causes 

Relative water excess 
Diarrhea 

Excessive sweating 
Blood loss 
Fluid drainage 
High volume gastric reflux 
! Ligh’volume pleural drainage 
Sequestration of fluid (third-space problems) 
Peritonitis 
Ascites 

Ruptured bladder 
Renal disease 
False hypochlofeinia 
I typettipiderrria 
I iyperp rotei nem u 

Hyperglycemia 

Uncommon Causes 

Psychogenic polydipsia 

Inappropriate antidmretic hormone secretion 

Adrenal insufficiency 

WITHOUT PROPORTIONAL DECREASE IN SODIUH 
Common Cause* 

Metabolic alkalosis 

Exhaustive disease syndrome 
Abomasal torsion 

Vagal indigestion with internal vomiting 
Response to hirosemide in hones 

Uncommon Cause 

Compensation for respiratory acidosis 


laboratory error, but increases of more than 10 mOsm/kg 
generally are the result either of a decrease in ihe serum water 
content (caused by hyperlipidemia or hyperprotetnemia) or 
of the presence of abnormally high concentrations of low- 
molecular-weight substances in the serum. These substances 
can include a variety of exogenous and potentially toxic 
compounds such as mannitol ethanol methanol propylene 
glycol ethylene glycol iso propanol ethyl ether, acetone, tri- 
dhbroethane, and paraldehyde. 

Serum Calcium 

Calcium plays a vital rote in many of life's processes, includ¬ 
ing maintenance of neuromuscular excitability, permeability 
of cell membranes, conduction of nerve impulses, muscle 
contraction, and blood clotting. For these reasons the serum 
calcium concentration or, more correctly, the ionized cal¬ 
cium concentration normally is maintained within a rela¬ 
tively narrow range, despite wide variation in intake and 
output. Calcium metabolism is regulated by dietary factors, 
vitamin D and its active metabolites, and the hormones 
parathormone and calcitonin. The serum calcium concentra¬ 
tion is maintained by adjusting intestinal absorption, renal 
excretion, and mobilization of available calcium from the 
large stores in bone. Calcium exists in the serum in three 
forms: ionized calcium, completed calcium, and proiein- 
bound calcium. Ionized calcium, which normally constitutes 
40% to 60% of the total calcium, is the physiologically active 
form of calcium. Protein binding (protein-bound calcium 
normally constitutes 40% to 50% of the total calcium) can 
cause confusion. Hyperalbuminerrria may result in a modest 
hypercalcemia, whereas hypoproteinemia, especially hypo- 
album inemia, regularly results in a moderate hypocalcemia. 
The ionized calcium concentration generally remains within 
normal limits, despite increases or decreases in total calcium 
associated with the change in protein concentration. The 
acid-base balance has additional influence on the amount 
of ionized and protein-bound calcium. Alkalosis reduces 
ionized calcium and increases protein binding, whereas aci¬ 
dosis produces the opposite effect. Ion-specific electrodes 
are available for determining the ionized calcium level 
which can be very useful if blood samples are handled appro¬ 
priately. Most diagnostic laboratories provide the total serum 
calcium value, which is composed of ionized, complexed, 
and protein-bound calcium, 

HYPOCALCEMIA. Urge increases or decreases in the 
serum calcium concentration generally are the result of a 
failure in the normal mechanisms of calcium homeostasis 
rather than a reflection of absolute calcium deficits or cal¬ 
cium-phosphorus imbalances. Hypocalcemia occurs with 
some frequency in domestic animals, particularly in high- 
producing dairy cattle near the onset of lactation. In cattle 
the serum calcium concentration normally decreases to less 
than 8 mg/dL with the stress of parturition and the onset of 
lactation (Box 22-7). Failure to mobilize sufficient calcium 
to maintain serum calcium results in the clinical syndrome 
of parturient paresis (see Chapter 41 for a more detail ed dis¬ 
cussion of this syndrome). Most animals are recumbent 
with a calcium level of 6 mg/dL or less, and fatalities may 
occur if the level drops below 4 mj^dL Parturient paresis 
is associated with a normal to increased serum magnesium 
level, hypophosphatemia, and hypocalcemia. Change in 
the cation-anion balance in the diet of dairy cattle during 
the peri parturient period has modest effects on the acid- 
base balance and enhances calcium mobilization from stor¬ 
age sites, thus reducing the incidence of milk fever in cows 
at high risk Grass tetany is associated with marked hypo¬ 
magnesemia and modest hypocalcemia, whereas the inor¬ 
ganic phosphorus level remains within the normal range. 




Causes of Hypocalcemia 


COMMON CAUSES 

Parturient purest* (milk fcveij 
Grass tetany 

Hypoalbummcmia (decreased total calcium; ionized calcium 
may remain unchanged) 

Fat necrosis 
Lactation tetany 
Transport tetany 

Synchronous diaphragmatic flutter 
Blister beetle toxicosis (camharidln) 

Acme renal failure 
Anorexia in laaaiing cows 

UNCOMMON CAUSES 

Acute toxemia and associated anorexia in 
lariating dairy cows 
Hypoparathyroidism 
Exertional rhabdomyotvsis 
Malignant hyperthermia 
Pancreatic disease 
Oxalate tenacity 
Tetracycline administration 
hurosemide administration 

Alkalosis induced by excessive bicarbonate administration 


Systemic diseases resulting in anorexia (eg, traumatic 
reticuloperitonitis, ketosis, and displaced abomasum) or 
acute toxemic conditions (e g, coliform mastitis, septice¬ 
mia, or aspiration pneumonia) that produce anorexia in 
lariating cattle frequently result in hypocalcemia. Hypocal¬ 
cemia also is seen in sheep on marginal rations if stressed 
by inclement weather or when being moved. Hypocalcemia 
is seen in cattle with fat necrosis, presumably as the result of 
incorporation of calcium with the fat as a form of soap, 
Horses with exhaustive disease syndrome or transit tetany 
often develop decreases in ionized calcium with resultant 
muscle cramps and synchronous diaphragmatic flutter, 
which generally respond to intravenous calcium administra¬ 
tion. Horses, cattle, and sheep usually respond initially to 
acute renal tubular damage with mild hypocalcemia and 
hyperphosphatemia, 

HYPERCALCEMIA. Marked hypercalcemia, with a serum 
calcium level ranging from 14 to 20 mg/dL, and modest 

hypophosphatemia frequently are observed in horses with 
chronir renal failure that are fed a high-calcium diet such 
as alfalfa hay (Box 22-8), In these horses, blood samples 


Causes of Hypercalcemia 


COMMON CAUSES 

Chronic renal failure in horses 
Hypervitarninosb D 

Lxcessive dietary supplements 
Plant intoxication 

Cesrmm tfjumutsi (dav blooming usmmo) 

So/,mum rnu/ucaiylen 

Excessive or too rapid intravenous administration of calniim 

UNCOMMON CAUSES 

Neoplasia {pseudohy[n‘ rp araihyrc>idism) 

Lymphosarcoma 

Gastric squammi* cell carcinoma 
11 yperparathyroi d ism 
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collected in standard EDTA tubes may actually clot This 
occurs because the serum calcium concentration is so high 
that there is insufficient EDTA to bind all the calcium, and 
some free calcium is available to complete the clotting pro¬ 
cess, Vitamin D intoxication can develop as a result of exces¬ 
sive dietary supplementation or the ingestion of certain 
plants such as Cesrrum drumum (day blooming jasmine) 
and Sotomim tmlacaxybn, which contain toxic quantities of 
vitamin D analogs. Primary hyperparathyroidism is exceed¬ 
ingly rare in Large animals, but pseudo hyperparathyroid ism 
with hypercalcemia occasionally can develop in animals 
with tumors that produce protein substances with parathor¬ 
mone-like biologic activity. This has been reported in a few 
animals with lymphosarcoma or gastric squamous cell 
carcinoma. 


Serum Phosphorus 

Phosphorus is found primarily in the skeleton and teeth in 
dose association with calcium in the intricate and dynamic 
crystalline structure of bone, Imracellularly, phosphate 
plays an essential role in the degradation and synthesis of 
many compounds. Also, as adenosine triphosphate (ATP), 
adenosine diphosphate (ADP), and adenosine monophos¬ 
phate (AMP), it is the primary form of energy storage and 
transfer required for almost all of life's processes. Phospho¬ 
rus in the ECF exists primarily as the buffer pair H 2 P0 -3 
and HPO“ 4 and plays a role in acid-base balance Like cal¬ 
cium, phosphorus is regulated by dietary factors, the active 
metabolites of vitamin D, and the hormones parathormone 
and calcitonin. Imbalances of calcium and phosphorus or 
the presence of compounds that bind these substances in 
the gut can produce serious imbalances that are not always 
evident on analysis of serum samples. Measurement of uri¬ 
nary output or creatinine dearante ratios for caldron and 
phosphate are simple and helpful procedures. They provide 
an indication of an imbalance while more definitive proce¬ 
dures such as ration analysis are contemplated. 

HYPOPHOSPHATEMIA. Serum phosphorus concentra¬ 
tions are not always an accurate guide to phosphate balance, 
but dietary deficiencies of phosphorus are frequently mani¬ 
fested by hypophosphatemia. Hypophosphatemia is a com¬ 
mon feature in cattle with parturient paresis (see also Chapter 
41) and horses with chronic renal failure (Box 22-9), It has been 
reported in animals with experimental oxalate toxidty, in 
chronic wasting states, or wilh starvation. P^tpanuriiOT... 

.if a 1 acta ting 

dairy cattle, that often is associated with diets low in phos¬ 
phorus Although marked hypophosphatemia is often re¬ 
ported, it is not an invariable feature of this disorder. 

HYPERPHOSPHATEMIA. Age-related differences exist in 
the normal range of serum phosphorus concentration 
Young animals have much higher values than adults, with 


BOX 22- 


Causes of Hypophosphatemia 


COMMON CAUSES 

Chronic renal failure m horses 
Parturient paresis in cattle 
wt pan u rien t hemoglobi n li ru 

UNCOMMON CAUSES 

flriiMioj loxkity 

Inadequate dietary intake 

Starvation or chrome wasting diseases 

11 ype rpa r at hy ro id ism. pset id ii h vpe r pa railtym i d i sm 
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Causes of Hyperphosphatemia 

COMMON CAUSES 

Acute renal failure 

Nutritional secondaiy hyperparathyroidism (excess 
phosphate intake} 

Enduranre exercise in horses 
Higher normal range in neonates 

UNCOMMON CAUSES 

Acute rfrabdo myolysis 

Vitamin D toxicity * 


values for neonates commonly up to 7 to 9 mg/dL The 
serum phosphate concentration declines progressively with 
age. Hyperphosphatemia is seen in animals with vitamin 
D toxicity, transiently in horses after long-distance endur¬ 
ance rides, and initially in horses with acute renal failure 
(Box 22-10), 

Serum Magnesium 

Disturbances of magnesium metabolism occur principally 
in cattle and sheep. Complex nutritional and environmental 
interactions contribute to a variety of clinical syndromes 
attributed to magnesium deficiency and the onset of tetany 
in grazing animals. 

HYPOMAGNESEMIA. Hypomagnesemia is reported in 
cattle with grass tetany and in sheep with grass staggers 
(Box 22-11) (see also Chapter 41). A serum magnesium 
level below ],8 mg/dL is considered low; values below 
1 mg/dL are considered severe and are likely to be asso¬ 
ciated with clinical signs. Hypomagnesemia caused by die¬ 
tary magnesium deficiency has been reported in calves 
reared in confinement and fed a milk diet exclusively. 

HYPERMAGNESEMIA. Hypermagnesemia occurs infre¬ 
quently but may be seen with overzeatous administration 
of Epsom salts (MgS0 4 ), either orally as a drench by means 
of nasogastric intubation or as an enema for the treatment 
of digestive disorders (Box 22-12). Intravenous administra- 


BOX 22* I I 


Causes of Hypomagnesemia 


COMMON CAUSES 

Crass it 1 1any 
Winter tetany 
Crass staggers 

Calves on a milk-only, magnesium-deficient diet 
Endurance exercise 

UNCOMMON CAUSE 

Undemutrrtion 


Causes of Hypermagnesemia* 

Epsom salt (MgSO.<) overdose given orally or as an enema 
Intravenous administration of magnesium in excessive 
amounts 


•Hypermagnesemia is an uncommon condition in large animals. 


don of magnesium produces muscle relaxation but does not 
alter consciousness, and hypertonic MgS0 4 solutions are 
not considered a humane means of euthanasia. 

ACID-BASE IMBALANCE 

Using the traditional approach to acid-base balance, the 
four primary acid-base imbalances and their compensating 
responses are presented in Table 22-5, Acidosis is associated 
with an increase in the hydrogen ion concentration (de¬ 
creasing pH), whereas alkalosis is caused by a decrease in 
the hydrogen ion concentration (increasing pH). When 
the primary imbalance is associated with a change in the 
bicarbonate concentration, the acid-base imbalance is called 
a metabolic disorder , The compensating response for a meta¬ 
bolic acid-base imbalance is mediated by the respiratory 
tract, which alters the partial pressure of carbon dioxide 
(PcOi) to counterbalance the primary imbalance and to 
partly restore the pH toward normal. Primary respiratory 
imbalances are related to changes in alveolar ventilation, 
which result in an increased Poo* in respiratory acidosis 
and a decreased Pco^ in respiratory alkalosis. The compen¬ 
sating response for these primary respiratory acid-base 
imbalances is mediated by the kidneys through alterations 
in the excretion or retention of hydrogen ions and bicar¬ 
bonate. Heparinized blood samples for acid-base evaluation 
must be drawn anaerobically and sealed immediately. Arte¬ 
rial blood samples should be submitted for evaluation of 
primary respiratory disorders and for evaluation of ventila¬ 
tion in patients under general anesthesia. Venous blood 
samples are easier to obtain and provide reliable data for 
most primary metabolic acid-base abnormalities. 

Blood gas analysis should be done as soon after collec¬ 
tion as possible. However, appropriately collected blood 
samples yield reliable results for as long as 4 hours if held 
in ice water. The patient's rectal temperature should be 
provided to the laboratory so that correct ions can be made 
for variation in body temperature Changes in body temper¬ 
ature have a major impact on the partial pressure of oxygen 
(Po*) as well as the Vco 2 but relatively little effect on esti¬ 
mations of bicarbonate or base balance. During brief exer¬ 
cise at maximal intensity, the temperature of the central 
venous blood may exceed the rectal temperature by as much 
as 3° C. In these circumstances, the central blood tempera¬ 
ture is more appropriate than the rectal temperature for cor¬ 
recting blood gas detenuinations. The blood sampling site 
(arterial, venous, or capillary blood) has a significant im¬ 
pact on the blood gas values obtained. 11 Arterial blood 
samples yield higher values for pH and lower values for 
Pcoj than venous blood, but the bicarbonate is higher in 
venous blood. The use of blood gas data for evaluation of 



Add-Base Imbalances and Compensatory Responses 
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acid-base imbalances in animals has been reviewed. 1213 In 
addition, an excellent review of the traditional and non tra¬ 
ditional approaches to evaluation of acid-base balance as 
related to fluid therapy in small animals has application 
to many large animal situations and is well worth reading. 14 

Metabolic Acidosis 

Metabolic acidosis is characterized by a decrease in pH and 
bicarbonate concentration. Metabolic acidosis is tradition¬ 
ally thought to be produced by the addition of hydrogen 
ions or the loss of bicarbonate ions. The most common 
causes include the lactic acidosis of ruminal overload, hypo¬ 
volemia associated with loss or compartmentalization of 
sodium-containing fluid, ketoacidosis in ketosis and preg¬ 
nancy toxemia, loss of bicarbonate-rich saliva with oral dis¬ 
eases or esophagostomy in cattle, gastrointestinal loss of 
bicarbonate as a result of diarrhea, and renal failure, which 
may result in decreased ability to excrete hydrogen and thus 
to retain bicarbonate (Box 22-13). Other causes include 
ingestion of certain drugs or toxic compounds such as salic¬ 
ylate, methanol, ethylene glycol, or paraldehyde. Increased 
ventilation provides the compensating respiratory response 
for metabolic acidosis, and a decline in the Pco 2 generally 
begins within minutes. This temporarily minimizes the fall 
in blood pH, but long-term correction of metabolic acidosis 
requires renal bicarbonate retention and enhanced acid 
excretion. Complete correction of metabolic acidosis may 
be difficult in patients with intrinsic renal disease or those 
with diseases such as renal tubular acidosis that impair the 
ability of the kidneys to excrete add or retain bicarbonate, 
or both. 

Metabolic Alkalosis 

Metabolic alkalosis is characterized by an increase in pH 
and bicarbonate. U occurs fairly commonly in domestic ani¬ 
mals, particularly in association with digestive disturbances 
in ruminants. An initiating process capable of generating 
alkalosis is necessary and must be coupled with additional 
factors to maintain metabolic alkalosis. Generation of met¬ 
abolic alkalosis is traditionally thought to be caused by 
excessive hydrogen loss, bicarbonate retention, or contrac¬ 


tion alkalosis (Box 22-14). Contraction alkalosis occurs 
when the ECF volume is reduced because of loss or seques¬ 
tration of fluids high in sodium and chloride but without 
proportionate loss of bicarbonate. This is a contributing 
mechanism for the generation of the metabolic alkalosis 
reported in heavily sweating endurance horses and in 
response to the diuretic furosemide in the horse. The most 
common causes of increased hydrogen ion loss are the gas¬ 
trointestinal losses caused by salivary secretions in ponies 
after surgical esophagostomy 15 ; massive gastric reflux asso¬ 
ciated with anterior enteritis, ileus, or small bowel obstruc¬ 
tion in horses; and sequestration of fluid in the abomasum 
and forestomach associated with a variety of gastrointestinal 
displacements or functional disturbances (vagal indiges¬ 
tion) of ruminants. Continuous salivary losses in horses 
after surgical esophagostomy result in transient metabolic 
acidosis followed by progressive metabolic alkalosis. Most 
of these disorders cause significant dehydration and sodi¬ 
um, chloride, and potassium deficits. 

The factors responsible for maintaining metabolic alkalo¬ 
sis involve impaired renal bicarbonate excretion. These fac¬ 
tors are associated with the renal response to decreases in 
the effective circulating fluid volume, chloride depletion, or 
potassium depletion. Renal tubular sodium resorption is 
enhanced in response to hypovolemia. Maintenance of dec- 
troneutrality requires that sodium resorption in the proximal 
tubule be accompanied by a resorbable anion, whereas in 
the distal tubule, sodium resorption is associated with the 
secretion of another cation, usually hydrogen or, to a lesser 
extent, potassium. Chloride is the only resorbable anion nor¬ 
mally present in appreciable quantities in the proximal tu¬ 
bular fluid, in metabolic alkalosis, plasma bicarbonate is 
increased and the chloride concentration is generally de¬ 
creased as the result of disproportionate chloride losses. 
The relative lack of the resorbable anion chloride in the prox¬ 
imal tubule thus allows a larger amount of sodium to reach 
the distal tubule, where aldosterone and other factors 
enhance hydrogen or potassium loss into the tubular lumen 
in exchange for sodium. Potassium depletion reduces or 
eliminates potassium exchange as a means of sodium reten¬ 
tion, thus placing greater emphasis on hydrogen ion 
exchange. Because renal hydrogen excretion is linked with 
bicarbonate resorption, the excess bicarbonate cannot be 
eliminated, and metabolic alkalosis is maintained. This is 


Causes of Metabolic Acidosis 


the reason for the paradoxic aciduria seen in some patients 
with metabolic alkalosis, and it is the reason these patients 
respond when given intravenous fluids containing chloride 


COMMON CAUSES 

Rumen overload (lactic acidosis) 

Ketosis 

Pregnancy toxemia 
Hypovolemic shock 
Acute diarrhea 

Colic with strangulated bowel 
Strangulating abomasa! torsion 
Peritonitis 

LJtoperitoneum (ruptured bladder} 

Exercise above anaerobic threshold (normal response in 
horses) 

UNCOMMON CAUSES 

Renal failure 
Renal tubular acidosis 
Urea toxicity 
Salicylate toxicity 
Methanol toxicity 
Paraldehyde toxicity 
Ethylene glycol toxicity 


Causes of Metabolic Alkalosis 


COMMON CAUSES 

Sequestration of fluid in the abomasum and forestomach in 
ruminants 

Gastric reflux in horses with ileus 

Massive sweat loss in horses (endurance horses) 

Chloride depletion 
Potassium depletion 

Contraction alkalosis (extracellular fluid volume contraeiion 
without bicarbonate loss) 

Salivary 1 loss of chloride in horses with esophagostomy 
Use of diuretics (especially furosemide} 

UNCOMMON CAUSES 

Excessive bicarbonate supplementation or therapy 

Mineraloconicoid excess 

Vomiting 
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and potassium. The compensating respiratory response to 
metabolic alkalosis is hypoventilation, resulting in an 
increase in the Pco 2 . Excessive bicarbonate administration 
is an additional potential cause of metabolic alkalosis. Most 
normal animals can tolerate large doses of bicarbonate, and 
excesses are rapidly eliminated by renal excretion. 16 How¬ 
ever, patients with decreases in effective circulating fluid vol¬ 
ume, particularly when coupled with potassium or chloride 
deficits, may not tolerate a bicarbonate load because renal 
clearance of excess bicarbonate is likely to be impaired. 
Attempts to alter the acid-base balance, and thereby affect 
the athletic performance of racing horses, by prerace admin¬ 
istration of high doses of sodium bicarbonate-containing 
Ji milk shakes" has become a maj6r concern around the 
world. This has stimulated substantial research on the acid- 
base balance of horses before and after racing. In many 
racing jurisdictions stringent prerace or postrace standards 
for blood pH or bicarbonate levels (or both) have been 
enacted to control this practice. The prerace administration 
of the diuretic furosemide is allowed in some racing jurisdic¬ 
tions. This drug results in a mild metabolic alkalosis with 
increased bicarbonate, and allowances for this may be 
included in some regulations. Racing supplements (which 
may contain sodium bicarbonate), bicarbonate precursors, 
and diets that supply a high cation-anion balance also have 
the potential to produce a significant metabolic alkalosis. 

Respiratory Acidosis 

Respiratory acidosis is characterized by a decrease in pH and 
an increase in Pco 2 , which develop because of decreased 
effective alveolar ventilation, C0 2 diffuses through the lungs 
much more readily than oxygen; thus diseases that compro¬ 
mise ventilation normally result in decreases in Po 2 before 
significant increases in Pco 2 develop. The most common 
causes are acute upper respiratory obstruction and primary 
pulmonary diseases, including pneumonia, pneumothorax, 
and chronic obstructive lung disease (Box 22-15). Diseases 


Causes of Respiratory Acidosis 

COMMON CAUSES 

Primary pulmonary disease 

Obstruct ion of the upper airway 
laryngeal edema 
Aspiration pneumonia 
Pneumonia 

Pneumonia and pleuritis complex 
Pneumothorax 

Chronic obstructive pulmonary disease 
Depression of the respiratory center of the central nervous 
system 

General anesthesia with inappropriately assisted 
ventilation 
Drugs 
Opiates 
Anesthetics 
Tranquilizers 

Central nervous system diseases 

UNCOMMON CAUSES 

Cardiac arrest 

Muscle weakness or dysfunction 

Tetanus 

Botulism 

Myasthenia 

Severe hypokalemia 

Neonatal respiratory distress syndrome 


or drugs that affect the respiratory center of the central nervous 
system also may produce respiratory acidosis, as can general 
anesthesia, the compensating response for respiratory addosis 
is renal retention of bicarbonate. This response requires days to 
develop and is seen only in chronic respiratory addosis. Exog¬ 
enous bicarbonate does not correct respiratory acidosis and 
should not be administered to affected patients. 

Respiratory Alkalosis 

Respiratory alkalosis is caused by hyperventilation, which 
may be stimulated by hypoxemia associated with pulmo¬ 
nary disease, congestive heart failure, severe anemia, or neu¬ 
rologic disorders {Box 22-16). The initial compensating 
response to acute respiratory alkalosis is a modest decline 
in the ECF bicarbonate concentration, the result of cellular 
buffering. Subsequent renal responses result in a decrease 
in the ECF bicarbonate concentration through reduced 
renal bicarbonate resorption. The decline in bicarbonate 
may be offset by chloride retention; thus hyperchloremia 
and decreased Pco 2 may be associated with compensated 
respiratory alkalosis, as well as with compensated metabolic 
acidosis. Compensating responses for chronic respiratory 
alkalosis that lasts several weeks actually may be sufficient 
to return pH to normal. 

Mixed Acid-Base Imbalances 

Mixed acid-base disorders occur when several primary acid- 
base imbalances coexist. 17 Metabolic addosis and alkalosis 
can coexist, and either or sometimes both may occur with 
either respiratory acidosis or respiratory alkalosis. The fol¬ 
lowing fadors should be considered when evaluating possi¬ 
ble mixed acid-base disorders: 

1 Compensating responses to primary acid-base distur¬ 
bances do not result in overcompensation. 

2. Compensating responses rarely correct pH to normal. 
A normal pH in a patient with an add-base imbalance 
is an indicator of a mixed acid-base disturbance. 

3. A change in pH in the opposite direction to that pre¬ 
dicted for a known primary disorder indicates a mixed 
disturbance. 

4. Bicarbonate and Pco 2 always deviate in the same di¬ 
rection with primary acid-base disturbances. If these 
parameters deviate in opposite directions, a mixed 
abnormality exists. 

5. If the change in the anion gap does not approximate 
the change in bicarbonate, a mixed acid-base imbal¬ 
ance should be suspected. 


Causes of Respiratory Alkalosis 


COMMON CAUSES 

1 lypoxemia 

Pulmonary diseases 
Congestive heart failure 
Severe anemia 

Stimulation of the respiratory center of the central nervous 
system 

Psychogenic hyperventilation 
Excitement, fear, transport, pain 
Gram-negative septicemia 
Neurologic disorders 

UNCOMMON CAUSES 

After correction of metabolic acidosis 
Inappropriate mechanical ventilation 
Salicylate toxicity 
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Mixed acid-base abnormalities occur with some fre¬ 
quency in domestic animals and often are overlooked. The 
practitioner must be aware of the potential for mixed acid- 
base imbalances 10 correctly interpret blood gas data in 
complex clinical situations. 

Anion Gap 

The anion gap can be an extremely helpful tool for categor¬ 
izing causal factors in acid-base imbalances and may prove 
a useful prognostic guide in animals with serious digestive 
disorders. The anion gap can be calculated as the difference 
between the major cations (sodium plus potassium) and 
the measured anions (chloride plus bicarbonate). The anion 
gap normally is 12 to 16 and provides an approximation of 
the so-called "unmeasured anions." These are anions that 
are not measured routinely in the clinical laboratory; they 
include the anionic equivalents of plasma proteins (particu¬ 
larly albumin), sulfate, phosphate, lactate ketones, and a 
variety of inorganic anions. Significant differences exist in 
the normal range of the anion gap among species, and there 
also may be age-related differences. Foals are reported to 
have a larger anion gap than adult homes, 

Hypoalbuminemia and hyperchloremic metabolic acido¬ 
sis are the most common causes of a decrease in the anion 
gap resulting from decreases in unmeasured anions. The 
cause of normal to low anion pp hyperchloremic metabolic 
acidosis often can be differentiated on the basis of the serum 
potassium concentration. Animals with hyperchloremic met¬ 
abolic addosis associated with gastrointestinal fluid losses or 
renal tubular addosis most often manifest hypokalemia, 
whereas hyperkalemia generally is seen in patients with 
decreased mineralocorticoid secretion (Addison's disease) 
or renal failure with renal shutdown. Decreases in the anion 
gap can be seen with increases in cationic proteins associated 
with polyclonal gammopathy or multiple myeloma. De¬ 
creases in the anion gap also result from overhydration 
caused by decreases in the protein concentration and changes 
in the relative concentration of plasma sodium and chloride. 

Most commonly, high anion gap acidosis is associated 
with accumulation of a metabolizable acid such as lactic 
acid associated with anaerobic exercise, grain overload, or 
hypovolemic shock. The commonly employed laboratory 
procedures for the determination of lactate only measure 
the L form oflactate Microbial fermentation in the gastroin¬ 
testinal tract may result in the production of both the n and 
l forms of lactate. It has recently been shown in milk-fed 
calves and kids (hat accumulation of olactate is a major fac¬ 
tor in the profound acidosis associated with certain diges¬ 
tive disorders. Unfortunately, at present, determination of 
o-laotate requires special procedures that may not be readily 
available. Ketoacidosis, uremic acidosis, and poisoning with 
a variety of anionic poisons result in increases in nonmeta- 
bolizable adds that are also causes of an increased anion 
gap. When a high anion gap metabolic acidosis is found, a 
thorough search for the potential causes of the accumulated 
unmeasured anions is indicated. The anion gap also is use¬ 
ful for Identifying mixed add-base imbalances. A mixed 
metabolic acid-base imbalance should be suspected when 
the change in the anion gap does not approximate the 
change in bicarbonate. Increases in the anion gap can be 
associated with dehydration and contraction alkalosis 
caused by changes in the protein concentration and the rel¬ 
ative concentration of plasma sodium and chloride. 

Bicarbonate and Total Carbon Dioxide 

Bicarbonate accounts for approximately 95% of the mea¬ 
sured C0 2 ; thus the total C0 2 (TCO 2 ) or "C0 2 content 1 ' 




of serum or plasma provides a measure of metabolic 
changes in the acid-base balance. Most automated chemis¬ 
try profiles now provide the bicarbonate level directly, 
whereas some may still provide the Tco a , Bicarbonate or 
Tco 2 is decreased in metabolic addosis and increased in 
metabolic alkalosis. However, the bicarbonate or Tco a 
values provide only a crude indication of acid-base status. 
When acid-base abnormalities are suspected, appropriate 
samples should be submitted for blood gas determination. 

Buffer Base, Standard Bicarbonate, and Base 
Excess or Base Deficit 

The terms buffer hose, standard bicarbonate, and base excess (or 
bdic deficir) represent derived calculated estimates of the 
metabolic component of add-base balance. The buffer base 
indicates the sum of all the buffer anions in blood under 
standardized conditions. The standard bicarbonate is the 
plasma bicarbonate concentration that would be found 
under specific conditions that eliminate respiratory influ¬ 
ences on the values obtained. The base excess or base deficit 
often is supplied in routine assessment of acid-base balance; 
it indicates the deviation of bicarbonate from normal. The 
calculated base deficit provides a means of estimating the 
amount of bicarbonate required to correct metabolic addo¬ 
sis. The bicarbonate estimate is calculated by multiplying 
the base deficit by the probable bicarbonate space (about 
40% to 60% of body weight), as in the following equation; 

m€q HCO 3 needed - mEq base deficit x kg body weight x 0.5 

NONTRADIT1 ONAL OR STRONG ION APPROACH TO 
ACID-BASE BALANCE. Peter Stewart first described the 
quantitative physiochemical approach to acid-base balance 
over 25 years ago jsa3 In this approach acid-base balance 
is determined by three independent variables: strong ion 
difference (SID), the partial pressure of 0O 2 , and the total 
concentration of nonvolatile weak acids (Aio,), the prindpal 
components of which are plasma proteins and inorganic 
phosphate. Bicarbonate and pH are dependent variables 
determined by these three independent variables. Several 
studies have attempted to adapt Stewart's approach for prac¬ 
tical application in human and veterinary medicine, 14,20 ' 27 
Most of these studies used rather old human values for \ ot 
and Ka. Fxperi mentally determined species-specific and 
Ka data are now available for horses, cattle, dogs, and 
humans. 2 ®' 50 

Peter Constable refined Stewart's model and developed 
an approach that he called the simplified strong ion model of 
arid-base equilibrium. 51 Constable assumed that plasma 
ions act either as strong ions, volatile buffer ions (HCO’ 1 ), 
or nonvolatile buffer ions. Plasma pH is determined by five 
independent variables: Pco 2 , SID, the concentration of indi¬ 
vidual nonvolatile plasma buffers (albumin, globulin, and 
phosphate), ionic strength, and temperature. The simplified 
strong ion model explains many of the anomalies when the 
Henderson- Hasselbalch equation is applied to plasma and 
is algebraically simpler than Stewart's model. 

Strong electrolytes are assumed to be completely disso¬ 
ciated in aqueous solution and chemically nonreactive. 
The SID is simply the difference between the total concen¬ 
tration of strong cations (sodium, potassium, and magne¬ 
sium) and the total concentration of strong anions 
(chloride, sulphate, lactate, acetoacetate, and B-hydroxybu- 
tyraie). Sodium, potassium, and chloride are normally the 
principal determinants of SID. The SID is synonymous with 
buffer base and as such can be considered as roughly equiv¬ 
alent to the metabolic component of the traditional 
approach to arid-base balance. In fluids with little or no 
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protein, such as cerebrospinal fluid (CSF), bicarbonate con¬ 
centration is the same as the SID. Abnormalities in Pcoj are 
viewed in essentially the same manner in both the tradi¬ 
tional and nontradiuonal approaches to add-base balance. 
Plasma albumen makes up the majority of A**, The A,^ 
exists in both dissociated A and undissociated HA forms. 
A decrease in A*** resulting bom hypoalbuminemia causes 
an alkalosis with an increase in bicarbonate, whereas hyper- 
album inemia has the opposite effect. Increases in A 
can cause an increase in anion gap, whereas decreases in 
A“ result in a decrease in anion gap. Change in protein con¬ 
centration may potentiate or ameliorate the effects of altera¬ 
tions in SID on acid-base balance. 

When protein and inorganic phbsphate remain within 
the normal range, acid-base balance is controlled by 
changes in Pco 2 mediated by the respiratory system* 
whereas changes in SID are largely under the control of 
the kidneys. Heavy sweat loss in an endurance horse* dis¬ 
placed abomasum in a cow* or the prerace administration 
of the diuretic furosemide in a race horse produces meta¬ 
bolic alkalosis. In each case the alkalosis is the result of a 
disproportionate loss of chloride relative to sodium, yield¬ 
ing hypochloremia and an increase in SID, Correction of 
the alkalosis U brought about by the provision of chloride, 
generally as sodium chloride or potassium chloride. This 
results in a decrease in SID and thus a return of the depen¬ 
dent variables {bicarbonate and pH) toward normal 
Metabolic acidosis with a large base deficit is generally 
treated with sodium bicarbonate In the strong ion ap¬ 
proach to treatment the rationale for the administration 
of sodium bicarbonate is to provide the strong cation* 
sodium* without a strong anion. Other metabolizable 
anions could be substituted for bicarbonate and achieve 
similar effects. 


Calculation of SID is simple and provides useful insight 
in patients with metabolic acid-base disturbances. Factors 
that influence SID range from changes in free water* to 
sodium-chloride imbalances that result from excessive 
losses or disproportionate retention of sodium or chloride, 
to the accumulation of strong organic anions. Organic aci¬ 
dosis can be produced by the accumulation of exogenous 
as well as endogenous anions. The anion gap does not 
always accurately predict the presence of unmeasured strong 
anions. Mathematic methods have been developed as a 
means for the detection of unmeasured anions*and 
more recently for the calculation of the simplified strong 
ion gap, 33 

Both the traditional and the nontradiuonal or strong ion 
approaches to acid-base balance have proven useful to 
address practical problems in both research and medical set¬ 
tings. The traditional approach to acid-base balance is more 
widely accepted and user-friendly. The strong ion approach 
may provide a better understanding as to why the bicarbon¬ 
ate concentration is changing as it integrates acid-base and 
electrolyte disorders. The strong ion approach has recently 
gained wider acceptance from members of the human criti¬ 
cal care community* who have found it useful for the an¬ 
alysis of the complex fluid, electrolyte* and acid-base 
problems of patterns in intensive care units. Several easy- 
to-use computer or calculator programs have been devel¬ 
oped for the mathematically challenged that facilitate 
implementation of the strong ion approach to add-base 
balance. 

SERUM ENZYMES 

Some of the common and less common causes of elevated 
serum enzyme activity are listed in Box 22-17. 


BOX 22- I 7 


Causes of Elevated Serum Enzymes 


ELEVATION OF SORBITOL 
DEHYDROGENASE (SDH) 

Common Causes 

Severe .inoxj a 
Acme liver failure 
liver abscess 

Secondary to damaged bowel 
Sirangubring intestinal lesion 
Acute toxic enteritis 
Chronic liver failure 

Less Common Causes 

Acute and severe anemia 
General anesthesia 
Anoxia 

ELEVATION OF y-CLUTAMYLTRANSFERASE (GGT) 
Common Causes 

■Acute liver failure 

Chronic liver failure 

Pyriolizidme alkaloid toxicity 

A flitoxkotis 

Cho I angio hepatitis 

Cholelithiasis 

Liver flukes 

Uncommon Causes 

Higher normal range in young animals 
Fatty liver 


ELEVATION OF ALKALINE PHOSPHATASE (ALP) 
Common Causes 

Acute liver failure 
Chronic liver failure 
Pyrrol izidlne alkaloid toxicity 
Cholangiohi'patitis 
Cholelithiasis 
l iver flukes 

Uncommon Causes 

Higher normal range in young animals 
Fatty liver 

ELEVATION OF CREATINE KINASE (CK) 

Common Causes 

Lxrnional rhabdomyolysis (zzoturia. myositis, tying-up) 

Polysaccharide storage myopathy 

SttrpraaKno eipii-associated myopathy 

Nutritional myodegeneration (selenium, vitamin t deficiency) 

potiendurance hde multisystem k disorder 

Alert downer cow syndrome (muscle crush syndrome) 

Malignant hyperthermia 

Malignant edema 

Prolonged recumbency with inability \o rise 

Uncommon Causes 

Normal post exercise modest increase 
Acute cardiomyopathy 
Purpura hemorrhagica 
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BOX 22-17 


Causes of Elevated Serum Enzymes—cont'd 


Equine influenza 
Sarcosporidiosis 

I .oral irritation from intramuscular injections 

ELEVATION OF LACTATE DEHYDROGENASE (LOH) 
Common Causes 

Muscle disease 

Exertional rhahdomyolysis (azoturia, myositis, tying-up} 
Polysaccharide storage myopathy 
Strcpfocaccui tqui -associated myopathy 

Nutritional myodegeneration (selenium, vitamin F 
deficiency) 

Posi endurance ride multi systemic disorder 
Alert downer cow syndrome (muscle crush syndrome) 
Malignant hyperthermia 
Malignant edema 
Liver disease 

Acute liver failure 
Chronic liver failure 
Cholangiohepautis 
Cholelithiasis 
In vitro hemolysis 

Uncommon Causes 

Hemolytic anemia 
Acute cardiomyopathy 
Purpura hemorrhagica 
Equine influenza 
Sarcosporidiosis 

Local irritation from intramuscular injections 
Fatty liver 


ELEVATION OF ASPARTATE 
AMINOTRANSFERASE (AST) 

Common Causes 

Muscle disease 

Exertional rhabdomyolysis (azoturia, myositis, tying-up) 
Polysaccharide storage myopathy 
Sfrep/iitwcKi equi -associated myopathy 

Nutritional myodegeneration (selenium, vitamin E 
deficiency) 

Postendurance ride multisystemic disorder 
Alert downer cow syndrome (muscle crush syndrome) 
Malignant hyperthermia 
Malignant edema 
Liver disease 

Acute liver failure 
Chronic liver failure 
Choi a ngi ohepati t is 
Cholelithiasis 
Liver flukes 
In vitro hemolysis 

Uncommon Causes 

Hemolytic anemia 
Acute cardiomyopathy 
Purpura hemorrhagica 
Equine influenza 
Sarcosporidiosis 

Local irritation from intramuscular injections 
Fatty liver 


Sorbitol Dehydrogenase 

SDH is a liver-specific enzyme in all large animal species, 
and increases in this enzyme indicate hepatocellular dam* 
age and leakage of enzymes. Increases in SDH also are seen 
with obstructive or strangulating gastrointestinal Lesions 
and with acute toxic enteritis as a result of liver damage 
associated with absorption of bacteria or their toxins (or 
both) from the damaged bowel into the portal circulation. 
This enzyme is a sensitive indicator of liver damage, and 
modest increases may be seen with anoxia, acute anemia, 
or general anesthesia. The halfTife of SDH in the circulation 
is short (a matter of hours), and elevations indicate active 
and ongoing liver damage. This enzyme is not stable when 
stored at room temperature, but refrigerated samples may 
yield useful results after several days of storage. 


Creatine Kinase 

CK is a highly sensitive and specific indicator of muscle dam¬ 
age in domestic animals. Although CK is found in both car¬ 
diac and skeletal muscle, elevations of this enzyme most 
commonly are associated with exertional myopathies (rhab- 
domyolysis) and also are seen as musculoskeletal manifesta¬ 
tions of systemic disease. Intramuscular injections, vigorous 
exercise, or prolonged shipping may result in modest 
releases (up to a fourfold increase over resting values) of 
CK into the circulation without producing histologic evi¬ 
dence of muscle damage. Endurance exercise may lead to 
moderate elevation of CK (2000 to 15,000 IU/L) in some 
horses that show no recognizable sign of exertional myopa¬ 
thy, The half-life of this enzyme in the circulation is very 
short (2 hours in horses and 4 hours in cattle), and even 


marked elevations in CK may return to normal within 12 
to 24 hours after a single muscle insult. Although marked 
elevation of CK can be a guide to the extent of muscle dam¬ 
age, the short half-life and the potential for continuing 
myonecrosis have a marked influence on the enzyme activ¬ 
ity observed at any point in time, A persistent elevation of 
CK suggests a process resulting in active and continuing 
muscle damage and provides grounds for resting athletic 
horses. Elevated CK provides no information on the factors 
responsible for the rhabdomyolysis. Hemolysis may pro¬ 
duce falsely high values for CK. 

Aspartate Aminotransferase 

AST is found in high concentration in a variety of tissues, 
including skeletal and cardiac muscles, the erythrocytes 
and kidneys, and the liver. This enzyme is a nonspecific 
indicator of tissue damage and tends to be less sensitive to 
mild insults than the tissue-specific enzymes SDH and CK. 
The half-life of AST in the circulation is relatively long, 
and elevations may persist for as long as 10 days after 
an episode of myonecrosis or liver damage. As a general rule, 
extensive muscle necrosis tends to produce much higher 
elevations of AST than severe liver necrosis. This enzyme is 
most useful when compared with the tissue-specific 
enzymes as determined sequentially over the time course 
of a disease process. Elevations of CK and AST indicate mus¬ 
cle damage, whereas elevations of SDH and AST indicate 
liver damage. Marked but transient elevations of CK and 
SDH are associated with a single insult to the muscles 
and liver, respectively, whereas AST' increases gradually and 
remains elevated for a much longer time. Thus a moderate 
to marked increase in AST in an animal with progressively 
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declining SDH or CIC indicates that some tissue damage 
occurred within the past 7 to 10 days but also that the pro¬ 
cess may no longer be active. This often is a favorable prog¬ 
nostic indicator. Persistent elevation of or a progressive 
increase in CK or SDH and AST over time indicates an active, 
continuing process of tissue damage, and the prognosis is 
more guarded AST is relatively stable at room temperature, 
but hemolysis or lipemia may interfere with the assay. 

Y-Glutamyl transferase 

GGT is an important marker of hepatobiliary disorders and 
cholestasis in large animals. GGT is quite stable, and reli¬ 
able results can be obtained from samples submitted several 
days after blood samples have been drawn, provided the 
serum is refrigerated. The activity of this enzyme is highest 
in the cells of the periportal region of the liver, in the pan¬ 
creas, and in the renal tubular cells. Pancreatic diseases 
resulting in inflammation and necrosis are relatively rare 
in Large animal species. Damage to the renal tubular cells 
leads to a release of GGT into the tubular lumen and the 
urine. Because this enzyme is a relatively large molecule, it 
is not resorbed into the systemic circulation, and renal 
tubular damage does not result in elevated serum GGT 
activity. Increases in GGT relative to creatinine in the urine 
have been used as an index of acute renal tubular damage. 
However, the validity of the normal range for this ratio in 
horses has been questioned. 

In large animal specie an elevation in serum GGT is one 
of the more reliable indicators of damage to the liver and bili¬ 
ary obstruction. Disease processes such as pyrrolizidine alka¬ 
loid intoxication, chronic active hepatitis, cholangio hepatitis, 
and cholelithiasis produce liver damage, primarily in the peri¬ 
portal region, leading to marked and persistent elevation of 
GGT activity in the serum, in these instances, elevations in 
serum ALP activity generally are associated with the increase 
in GGT. Two syndromes, fatty liver syndrome in dairy cows 
and hyperlipemia syndrome of peri parturient mares of pony 
and miniature horse breeds, are associated with liver damage, 
which is often reflected by elevation of GGT. 

Most suckling neonatal Large animals have high levels of 
GGT activity in their serum. This is the result of absorption 
of maternal GGT. which is present in relatively high levels 
in the colostrum. Elevation of GGT in neonates should be 
regarded as a normal finding unless it is associated with 
other evidence of liver disease The normal range of serum 
GGT activity for burros, donkeys, and asses may be substan¬ 
tially higher (two to three times) than the normal range of 
serum GGT activity for horses. Caution should therefore 
be used when evaluating this enzyme in these species. 
Elevation in serum GGT activity has been reported in thor¬ 
oughbred racehorses that are performing below expectations 
The reasons for the increase in GGT are not known, but 
horses often respond to a period of rest or reduction in 
workload- These horses show little histologic evidence of 
liver damage, and other indices of liver damage and dys¬ 
function usually are within normal limits. The stress of 
training may be associated with an elevated GGT. Certain 
trainers, often highly successful trainers, appear to have a 
disproportionately large number of horses with elevations 
of this enzyme. The normal range for GGT of thorough¬ 
breds in race training may be slightly higher than that of 
normal sedentary horses. 

Alkaline Phosphatase 

ALP is used in most species as a marker for intrahepatic or 
extrahepatic obstruction of the biliary system. The enzyme 
is also released by osteoblasts from metabolically active 


bone. This may be the reason that young, rapidly growing 
animals normally have high levels of serum ALP, Elevations 
in ALP are also reported in cases of rickets and healing frac¬ 
tures. The intestinal isoenzyme of ALP is very similar to the 
ALP isoenzyme found in neutrophils. Elevations in the ALP 
activity of abdominal fluid in horses with imraabdominal 
disease may reflect the release of this enzyme from the neu¬ 
trophils rather than being a specific marker of damage to 
the bowel, 

ALP has been useful for evaluating liver disease in large 
animals, particularly in horses with pyrrolizidine alkaloid 
intoxication, chronic active hepatitis, and choiangiohepati¬ 
tis, and in some patients with cholelithiasis, A profound ele¬ 
vation in ALP activity is thought to reflect periportal liver 
damage and biliary obstruction in these patients. A moder¬ 
ate to marked elevation in ALP may be observed in a wide 
range of disorders resulting in hepatic necrosis and intrahe¬ 
patic cholestasis. Because this enzyme is not organ specific 
in large animals, elevations in ALP activity must be inter¬ 
preted in relation to more organ-specific enzymes such as 
SDH and GGT. 

Other Enzymes 

Lactate dehydrogenase is found in relatively high concentra¬ 
tions in a variety of organs and tissues of the body from the 
heart liver, muscle, and kidney to the erythrocytes and leu¬ 
kocytes An elevation in serum LDH enzyme activity must 
be evaluated in relation to other, more organ-specific 
enzymes. LDH isoenzyme analysis can be helpful in differ¬ 
entiating organ system damage, but the analysis is time-con¬ 
suming and not always available An elevation in LDH 
activity is expected in hepatic necrosis and serves as an indi¬ 
cator of an active disease process. Extensive muscle damage 
and rhabdomyolysts tend to result in a more massive release 
of enzyme and much higher serum enzyme activity. A mod¬ 
est elevation in LDH may be seen in some hemolytic disor¬ 
ders and some cases of Leukemia, Blood samples must be 
handled with care, because hemolysis results in falsely ele¬ 
vated serum LDH activity. 

Glutamic dehydrogenase and ornithine carbamoyl trans¬ 
ferase are two enzymes that are reported to be sensitive 
indicators of hepatic necrosis in ruminants. Alanine amino¬ 
transferase (ALT) is an important liver-specific enzyme that 
has wide application in small animals and Is often included 
in automated chemistry profiles. This enzyme has not been 
useful for evaluation of Liver disease in large animal species, 
and occasionally horses with marked rhabdomyolysis and 
no other evidence ofliver disease show an elevation in serum 
ALT activity. 

BILIRUBIN 

Bilirubin is a breakdown product of the heme component 
of the hemoglobin molecule. Bilirubin exists in the serum 
in two forms and is responsible for the yellow color known 
as icterus, or jaundice, of the mucous membranes. Unconju¬ 
gated, prehepatic albumin-bound bilirubin is also known 
as "indirect-reacting" bilirubin, as determined by the van 
den Bergh reaction. Indirect-reacting bilirubin must be 
taken up by the liver cells, where it is conjugated and then 
excreted in the bile. Conjugated bilirubin is known as 
'direct-reading" bilirubin, as determined by the van den 
Bergh reaction. Horses normally have a much higher serum 
bilirubin level than ruminants, and hot-blooded horses 
have a higher bilirubin level than cold-blooded horses of 
the pony and draft breeds. The horse also differs from rumi¬ 
nants in that horses often develop moderate icterus in 
response to fasting or anorexia associated with many systemic 
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diseases. The increase in the bilirubin concentration in these 
horses is caused almost entirely by an increase in unconju- 
gated (indirect-reacting) bilirubin, and within a few days 
the bilirubin can increase from the normal range up to & to 
8 m^dL Therefore the total sernm bilirubin concentration 
is of little diagnostic value in the ill horse unless both the 
direct- and indirect-reacting bilirubin values are determined. 

Total serum bilirubin is elevated in animals with hemo¬ 
lytic anemia, and this increase is caused largely by an increase 
in indirect-reacting bilirubin (Box 22-18). The degree to 
which bilirubin is elevated in hemolytic anemia is a function 
of the rate of red cell destruction and the capacity of the liver 
to excrete the newly formed bilirubin. The total bilirubin 
rarely exceeds 10 mg/dL in hemolytic'anemia. An exception 
is the hemolytic anemia of neonatal isoerythrolysis in new¬ 
born foals, which often is associated with marked clinical 
icterus. In these foals the serum bilirubin may exceed 
25 mg/dL r a variable but substantial proportion of which 
(40% to 60%) is likely to be direct-reacting bilirubin. 

The second major cause of clinical icterus and increased 
serum bilirubin is liver failure. Liver failure results in 
impaired uptake and excretion of bilirubin. Acute liver fail¬ 
ure caused by hepatic necrosis results in marked to moder¬ 
ate increases in both direct* and indirect-reacting bilirubin. 
In horses with acute liver failure, bilirubin often exceeds 
10 mg/dL and this increase is caused primarily by increases 
in indirect-reacting bilirubin* Direct-reacting bilirubin rarely 
exceeds 25% of the total bilirubin in the horse, and 
increases of this magnitude suggest an intrahepatic or extra- 
hepatic biliary obstruction. With chronic liver failure, 
icterus is more variable, and total bilirubin rarely exceeds 
10 mg/dL Liver failure in ruminants, particularly chronic 
liver failure, is associated with a much less striking elevation 
in serum bilirubin than occurs in horses. In the absence of 
hemolytic anemia, a bilirubin value above 2 mg/dL indi¬ 
cates impaired hepatic function in ruminants. 


BOX 22-18 


Causes of Elevated Serum Bilirubin 

ELEVATION OF TOTAL SERUM BILIRUBIN 
Common Causes 

Hemolytic anemia 
liver failure 

Secondary to systemic disease or anorexia in horses 

Uncommon Cause 

Chronic liver failure in cattle 

ELEVATION OF INDIRECT-REACTING BILIRUBIN 

Common Causes 

Secondary to systemic disease or anorexia in horses 
liver failure 
Hemolytic anemia 

Uncommon Cause 

Chronic liver failure in cattle 

ELEVATION OF DIRECT-REACTING BILIRUBIN 
Common Causes 

Liver failure 
Cholelithiasis 
Choknglohcpatlils 
Neonatal isoerythrolysis 

Uncommon Cause 

Hemoljiit anemia 


GLUCOSE 

The concentration of glucose in the blood normally is regu¬ 
lated by the hormones insulin and glucagon, but it is influ¬ 
enced by several other factors as well 

Hypoglycemia 

Fasting usually does not result in hypoglycemia except in 
neonatal animals (Box 22*19). Newborns have limited 
energy reserves, and any disease, injury, congenital defect, 
maternal rejection, agalactia, or management error that 
limits energy intake can result in marked hypoglycemia 
associated with profound depression, even coma. Rapid, 
semiquantitive field tests for blood glucose (Dextrosux' 
and Chemstrip BC f ) provide a practical means of early rec¬ 
ognition of this problem. Hypoglycemia may be seen in 
animals with acute toxic enteritis, coliform mastitis, septice¬ 
mia, and colic associated with strangulated bowel, as well as 
in the later stages of endotoxemia and in some horses with 
exhaustion after prolonged exercise. Hypoglycemia is a rea¬ 
sonably consistent feature with primary ketosis and fat cow 
syndrome in cattle, with pregnancy toxemia in sheep and 
goals, and in hyperlipemia syndrome, which is seen primar¬ 
ily in pregnant or lactating ponies. 

Hyperglycemia 

Hyperglycemia may be seen with excitement, transporta¬ 
tion, or stress and probably is mediated by increases in cat¬ 
echolamine and glucocorticoid hormones (Box 22-20). The 
stress and pain of acute severe colic in horses frequently 
results in hyperglycemia, and elevations of blood glucose 
above 250 mg/dL are associated with a poor prognosis 
in such cases. Endotoxemia initially results in a transient 

*Aitws Division. Mites Laboratories, Inc., Elkhart tnd 
'Boehrmger Mannheim Diagnostics, Inc., Indianapolis, ind 


BOX 22-19 


Causes of Hypoglycemia 

COMMON CAUSES 

Inapprfence in newborns 
Pregnancy toxemia 
Emiotoxjc shock (late stages) 

Hepatic failure 

UNCOMMON CAUSES 

In vitro glycolysis by red cells 

In vitro glycolysis by eperythro/oonosis 


BOX 22-20 


Causes of Hyperglycemia 

COMMON CAUSES 

Acute severe colic in horses 
Stress and excitement 
Cushing's syndrome 
CI ucoconitnid admininraiion 
Xyla/Jne administration 

UNCOMMON CAUSES 

Too rapid administration of dextrose 
Diabetes mdlitus 
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hyperglycemia that may be followed by marked hypoglyce¬ 
mia in the terminal stages of the toxemia. The later stages of 
Cushings syndrome in horses generally are associated with 
a non-insulin-responsive hyperglycemia and glycosuria. 
Similar changes can be induced transiently when exogenous 
glucocorticoid hormones are administered at a high dose 
rate. Insulin-responsive diabetes meilitus rarely occurs in 
large animals but has been reported in association with 
destructive pancreatic lesions, 

CREATININE 

Creatinine is derived from the cyclic use of phosphocrea- 
tine, the muscle energy store, resulting in the production 
of inorganic phosphate and creatinine. In the resting ani¬ 
mal this process occurs at a relatively constant rate. The 
absolute muscle mass and level of physical activity may 
influence the rate of creatinine production and thus the 
serum concentration. Starvation, with loss of muscle mass, 
may result in a slightly reduced serum creatinine level, 
whereas serum creatinine may be slightly higher in muscu¬ 
lar, athletic individuals than in sedentary animals. Creati¬ 
nine is distributed throughout the body water and is not 
reused. Creatinine is normally excreted by the kidneys, 
primarily by glomerular filtration. In azotemic patients a 
substantial part of creatinine is metabolized and excreted 
by non renal routes. Serum or urine creatinine concentra¬ 
tions determined by the standard alkaline picrate reaction 
may be falsely elevated by the presence of noncreatinine 
chromogenic compounds in the serum. These chromogens 
include glucose, fructose, ascorbic acid, hippuric acid, 
urea, ketones, and several other compounds. The contribu¬ 
tion of these compounds can be reduced or eliminated, 
and most automated chemical laboratories use such meth¬ 
odology. However, if inappropriately high creatinine is 
reported in patients without other evidence of renal fail¬ 
ure, the method of creatinine measurement should be 
ascertained. 

Alterations in renal blood flow caused by decreases in 
effective circulating fluid volume (hypovolemia) produce 
an elevation in serum creatinine and BUN; this can be con¬ 
sidered a prerenal azotemia (Box 22-21). It occurs with 
some frequency in animals with acute enteritis, peritonitis, 
acute heart failure, massive blood loss, and some forms of 
colic and in horses with exhaustive disease syndrome. An 
important point is that many of these disorders initiate 
the release of inflammatory mediators, which may cause 
renal damage and impaired renal function above and 
beyond that associated with impaired renal blood flow 
and hypovolemia. Prerenal azotemia usually Is seen in ani¬ 
mals that are dehydrated and volume depleted and that 
have a history of loss or compartmentalization of sodium- 
containing fluid. Prerenal azotemia often can be marked 
(creatinine level above 6 mg/dL), but If uncomplicated, it 
generally responds rapidly to fluid replacement therapy. 
Urine production, the urine sodium concentration, and 
the fractional excretion of sodium usually are low, and the 
urine specific gravity usually is elevated. The ratio of urine 
to plasma urea or creatinine, as well as the urine-to-plasma 
ratio of osmolality, are reported to be higher in horses with 
prerenal azotemia compared with renal azotemia. 16 

The serum creatinine concentration provides a crude 
measure of the glomerular filtration rate. However, serum 
creatinine, like BUN, is not a very sensitive or early indica¬ 
tor of changes in renal function. In ruminants, creatinine 
is a more reliable indicator of renal failure than BUN. Urea 
nitrogen can be secreted in saliva and metabolized by the 
ruminal microflora; this frequently results in a disparity 
between BUN and creatinine levels in ruminants with renal 


BOX 22*9 


Causes of Elevated Creatinine 


COMMON CAUSES 

Prerenal azotemia 

Reduced renal perfusion 
Hypovolemia 
Congestive heart failure 
Dehydration after endurance exercise 
Renal azotemia 

Acute renal failure 
Chronic renal failure 
Post renal azotemia 
Urolithiasis 
Renal calculi 
Ureteral calculi 
Urethral calculi 
Ruptured bladder 

UNCOMMON CAUSES 

False azotemia 

Noncreatinine chromqgens in serum or plasma 
Perirenal abscess 
Renal carcinoma 
Renal dysgenesis 
Carcinoma of the bladder 
Postexhaustion multisystemic syndrome In horses 
Severe exertional rlubdomyolysis with myoglobinuria 
Severe intravascular hemolysis with hemoglobinuria 
Intoxication or poisoning 
Heavy metal poisoning 

Nonsteroidal anti inflammatory drug intoxication 
Aminoglycoside intoxication 


failure. Although small increases in creatinine may be seen 
with progressively compromised renal function, nearly two 
thirds to three fourths of the nephrons must be nonfunc¬ 
tional before the serum creatinine level clearly exceeds the 
normal range. Both acute and chronic renal failure are usu¬ 
ally associated with elevated creatinine. Acute renal failure, 
especially in animals with anuria or oliguria, is usually asso¬ 
ciated with progressive daily changes in blood parameters. In 
contrast, blood parameters of animals with chronic renal fail¬ 
ure tend to remain relatively constant. A transient but mark¬ 
edly elevated serum creatinine has been observed in some 
newborn foals that have no other evidence of compromised 
renal function. Many of these foals are bom to mares that 
had medical problems before parturition. Alterations in pla¬ 
cental function may allow the accumulation of creatinine in 
the foaPs circulation. In most of these otherwise normal foals 
this marked elevation in serum creatinine resolves within the 
first few days of life. 

BLOOD UREA NITROGEN 

The term blood urea is ingrained in the veterinary 

literature, despite the fact that urea nitrogen determina¬ 
tions usually are performed on serum or plasma samples. 
This is of little consequence, because the actual difference 
in urea concentrations of whole blood and serum or 
plasma is relatively small. Urea provides a nontoxic means 
of excreting ammonia generated by amino acid catabolism 
and the intestinal microflora. It is distributed throughout 
the body water. In the intestine, urea is broken down by 
urease, which is produced by the intestinal microflora, 
and the nitrogen, as ammonium ion, is recycled to the 
liver. Urea is excreted by the kidneys, primarily by glomer¬ 
ular filtration. 




Causes of Decreased Blood Urea Nitrogen 


COMMON CAUSES 

liver failure 

Neonatal animals (HUN is normally lower than in adults] 

UNCOMMON CAUSES 

Low protein diet 

Anabolic steroid administration 


Urea production occurs almost exclusively in the liver 
and liver failure is frequently associated with a decrease in 
BUN (Box 22-22) Urea nitrogen tends to be low in nursing 
animals because of their high fluid intake and urine output 
and their anabolic state of rapid growth. Urea nitrogen may 
be reduced slightly in animals given anabolic steroids or fed 
diets low in protein but of adequate calorie content 

Starvation or other processes that result in rapid tissue 
catabolism such as fever, bums, or corticosteroid administra¬ 
tion may result in modest increases in BUN (Box 22-23), 
BUN, along with creatinine, provides a crude index of altered 
renal function in most animal species, BUN is influenced 
more directly by dietary factors than is creatinine, and creati¬ 
nine is generally a better guide to renal failure. This is partic¬ 
ularly true in ruminants, in which BUN may remain within 
normal limits in animals with marked impairment of renal 
function. With these considerations in mind, the discussion 
of prerenal, renal, and obstructive causes of azotemia in the 
section on creatinine apply to BUN, 

SERUM PROTEIN 

The serum or plasma proteins consist of albumin and glob¬ 
ulin fractions. These are discussed in Chapter 26. 




Causes of Increased Blood Urea Nitrogen 

COMMON CAUSES 

Prerenal azotemia 
Reduced renal perfusion 
Hypovolemia 
Congestive heart failure 
Dehydration after endurance exercise 
Renal azotemia 

Acute renal failure 
Chronic renal failure 
Pftstrefr.il azotemia 
Urolithiasis 
Renal calculi 
Ureteral calculi 
Urethral calculi 
Ruptured bladder 

UNCOMMON CAUSES 

Gastrointestinal bleeding 
Perirenal abscess 
Renal carcinoma 
Renal dysgenesis 
Carcinoma of the bladder 

Pasicxhausiion mu hi systemic syndrome in horses 
Severe exertional rhabdomyo lysis with myoglobinuria 
Severe intravascular hemolysis with hemoglobinuria 
Intoxication or poisoning 
Heavy metal poisoning 

Nonsteroidal antiinflammatory drug intoxication 
Aminoglycoside intoxication 
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URINALYSIS 

Urinalysis can be an extremely useful diagnostic tool, 
providing information on many systemic disorders. It is 
essential in the evaluation of primary renal disease. Urine 
normally is collected as a voided sample or after catheteriza¬ 
tion. Voided urine samples are safe and easy to collect but 
are easily contaminated, Catheterization is preferred for bac- 
teriologic evaluation, but the result am mild trauma may 
result in a slight increase in urine red cells and protein. 
Because of the urethra] diverticulum at the level of the pelvis, 
it is difficult to successfully catheterize male ruminants Ure¬ 
thral obstruction is common in male small ruminants, and 
percutaneous aspiration may be the only way to obtain a 
urine sample in affected animals. Urinalysis should be per¬ 
formed as soon after collection as possible (within 30 min¬ 
utes) to avoid degeneration of cellular dements, changes in 
pH, or bacterial overgrowth. If this is not possible, samples 
should be refrigerated. Urine volume and composition are 
influenced by feed and water intake, salt supplementation, 
environmental factors, exercise, stress, systemic disease, and 
drug administration. Urine samples collected after administra¬ 
tion of a diuretic are dilute and unsuitable for routine urinaly¬ 
sis. 'Fhe tranquilizer xylazine, which is often used to assist in 
the catheterization of male horses, may alter the results of the 
urinalysis because it produces diuresis as a result of glycosuria. 


Specific Gravity 

Specific gravity is defined as the weight of urine relative to 
the weight of distilled water The specific gravity of serum 
is approximately 1.008 to L012, The urine specific gravity 
is an indicator of renal function, because it reflects the 
action of the renal tubules and collecting ducts on the glo¬ 
merular filtrate by providing an estimation of the number 
of panicles dissolved in the urine. It U usually measured 
by refrattometry. Urine dipsticks with reagem pads for esti¬ 
mating the urine specific gravity in humans should not be 
used for this purpose in domestic animals, because a poor 
correlation has been reported compared with refractomeiry 
in large animals, 26 Normal animals have the capacity to 
dilute their urine specific gravity to less than 1,010 and to 
concentrate to greater than 1.050. The normal range 
reported for most adult large animals is 1.020 to 1 050, 
Suckling neonatal animals normally produce a very dilute 
urine with a specific gravity below 1.010, Although this 
could represent immature renal function, it more likely 
reflects their high-volume fluid intake, because normal neo¬ 
nates can concentrate their urine if fluids are withheld. 

Failure to produce a concentrated urine, as reflected by a 
specific gravity below 1.020, in the face of dehydration is an 
indication of altered renal function, which may be caused 
by primary renal disease, diabetes insipidus, medullary 
washout, or nephrogenic diabetes insipidus. With severe 
and chronic sodium depletion, tubular sodium may be 
insufficient to sustain normal countercurrent mechanisms 
for water resorption. This process is called medullar)' teashauf 
and has been reported as a cause of polyuria in lactating 
dairy cattle on a salt-deficient diet. At Least 50% of renal 
function must remain for highly concentrated urine to be 
produced. Isosthenuria, a urine specific gravity that remains 
around 1,010 despite variation in hydration, occurs when 
renal disease progresses to the point at which renal function 
is reduced to less than a third of normal. Altered renal func¬ 
tion in these animals is usually reflected by a moderate to 
marked elevation in BUN and creatinine levels and by other 
changes in the urinalysis. Hyposthenuria occurs when 
the specific gravity remains below 1.010; this indicates 
altered release of or response to antidiurettc hormone, as 




occurs wilh diabetes insipidus, medullary washout with 
chronic sodium depletion, nephrogenic diabetes insipidus, 
psychogenic polydipsia, and chronic liver failure in some 
horses. 

PH 

The normal range of urine pH for adult herbivores is alka¬ 
line, with values ranging from 7 to 9, Neonatal foals tend 
to have a slightly acid urine with a pH below 7, Aciduria 
in adults may be seen in postrace samples collected from 
racehorses, after prolonged fasting, with ketosis in rumi¬ 
nants, or in response to metabolic acidosis. A paradoxic 
aciduria frequently is seen in rumihants with hypochlore¬ 
mic, hypokalemic metabolic alkalosis, as was explained ear¬ 
lier. Urine pH is also influenced by the cation-anion 
balance of the diet. 

Protein 

Protein normally is not detected in urine, although a false¬ 
positive protein reaction may be noted on urine dipsticks 
if the sample is strongly alkaline. Urine with a positive reac¬ 
tion for protein on dipsticks should be checked for protein 
by a chemical method. Proteinuria should be evaluated in 
relation to the other findings in the urinalysis. Persistent 
and strongly positive reactions for protein in the absence 
of leukocytes, red cells, bacteria, or casts suggest glomerular 
protein loss, as in glomerulonephritis or amyloidosis. The 
presence of bacteria and leukocytes with proteinuria sug¬ 
gests sepsis in the urinary tract, whereas hemorrhage or 
inflammation in the urogenital tract often is associated with 
proteinuria. 

Glucose 

Glucose is not found in the urine of normal large domestic 
animals unless the blood glucose level increases above ihe 
renal threshold, which is thought to be approximately 100 
to 140 mg/dL in ruminants and approximately 160 to 
180 mg/dL tn horses. The causes of hyperglycemia and gly¬ 
cosuria were described in a previous section; they include 
Cushing's syndrome, stress, and catecholamine or glucocor¬ 
ticoid hormone release. Hyperglycemia and glycosuria can 
be created iatrogenically when glucose-containing fluids 
are administered at an excessive rate. Glycosuria is a fairly 
consistent finding in sheep with enterotoxemia type D 
(pulpy kidney). The presence of glycosuria without hyper¬ 
glycemia strongly suggests renal tubular damage resulting 
from a toxic or ischemic insult. 


Myoglobin 

Myoglobinuria should be associated with clear clinical and 
clinicopathologic evidence of extensive muscle damage. 
Ihe ammonium sulfate precipitation method of differen¬ 
tiating hemoglobin from myoglobin is imprecise and fre¬ 
quently fails to detect myoglobin in the dark, coffee- 
colored urine of horses with severe rhabdo myolysis Accu¬ 
rate differentiation of these compounds in urine requires 
more sophisticated procedures. 

Cells 

The normal range for cells generally is considered to be up 
to five red cells or leukocytes per high-power field. An 
increased number of erythrocytes indicates hematuria, 
which may be caused by neoplasia, trauma, inflammation, 
or coagulopathy. Pyuria, an increase in urine leukocytes, 
indicates an inflammatory process, and when associated 
with bacteriuria it indicates a septic process in the urinary 
tract. The presence of sheets or rafts of transitional cells sug¬ 
gests neoplasia. 

Casts 

Casts arc accumulations of protein and cellular material 
that form in the renal tubules, and when present in the 
urine, they indicate renal damage or tubular disease. Casts 
can consist of erythrocytes, leukocytes, or renal tubular 
cells. As cellular degeneration proceeds, the edl type is more 
difficult to determine, and the casts become granular and 
then waxy. Hyaline casts are nonceilutar and are formed 
from mucoprotem They may be seen with glomerulone¬ 
phritis, fever with passive congestion, or severe dehydration 
with altered renal blood flow. 

Crystals 

The crystalline structures in the urine of large animals are 
those usually associated with an alkaline urine. Calcium 
carbonate crystals normally are found in abundance in 
horse urine, particularly if the horse has been fed alfalfa 
hay. Triple phosphate and calcium oxalate crystals are fre¬ 
quently observed in relatively small numbers. The major 
crystals involved in urolithiasis of feedlot cattle is struvite 
(Mg NH 4 P0 4 '6H 2 ). In the western United States silicate 
stones are most common in livestock under range condi¬ 
tions. Carbonate and oxalate stones are common causes of 
urolithiasis in small flocks of backyard sheep and goats 
fed alfalfa hay., 


Occult Blood 

Both myoglobin and hemoglobin give a positive reaction 
on urine occult blood dipsticks. In most instances protein¬ 
uria shows a positive result as well A tentative clinical 
impression sometimes can be formed to differentiate myo¬ 
globin from hemoglobin in dark urine if the sample is 
shaken vigorously in a dosed, transparent container. Myo¬ 
globin tends to produce a brown foam, whereas hemoglo¬ 
bin produces a reddish foam. Hemoglobinuria caused by 
intravascular hemolysis is generally associated with clinical 
and hematologic evidence of a hemolytic anemia. Hematu¬ 
ria may result in a positive occult blood reaction if lysis of 
some of the intact red blood cells has occurred. This is likely 
to happen if the urine is very dilute or if it is held at room 
temperature for an extended period before analysis. False- 
positive reactions can occur if microbial peroxidase or oxi¬ 
dizing contaminants are present. 


Bacteria 

Bacteria sometimes are seen in small numbers in voided 
urine samples and may represent surface contaminants. Bac¬ 
terial infections of the urinary tract usually are associated 
with significant pyuria. When this is noted, a caiheterized 
sample (horse) or dean midstream catch (ruminant) should 
be obtained for Gram stain, culture, and sensitivity testing. 
Results from ruminant samples must be carefully inter¬ 
preted, because male ruminants routinely urinate within 
the prepuce, thus heavily contaminating samples Fortu¬ 
nately. urinary tract infections in male ruminants and horses 
are rare. 

Urine Creatinine Clearance Ratio 

Urinary electrolyte excretion is affected by a variety of factors, 
including dietary intake, alterations in renal function, and 
spedfic hormones that regulate renal electrolyte excretion 


Determination of electrolyte concentrations from randomly 
collected urine samples is easily done and can be clinically 
useful when these concentrations are compared with serum 
concentrations. The presence of substantial amounts of 
sodium in the urine of an animal with hyponatremia sug¬ 
gests excessive renal sodium loss caused by altered renal 
function or hormonal control However, marked variation 
in the rate of urine production can lead to serious problems 
in the interpretation of urine electrolyte concentrations. The 
standard physiologic methods of determining renal electro¬ 
lyte clearance are complicated by the need for quantitative 
urine collection and are not well suited to most practical 
clinical situations. One means of overcoming these difficul* 
ties is expression of the renal electrolyte clearance relative to 
the endogenous creatinine clearance. Expression of the 
renal clearance as a ratio eliminates the need for quantita¬ 
tive urine collection. This derived value is known as the cre¬ 
atinine clearance ratio or the fractional excretion (FE) and is 
calculated by the following formula: 


Urine (X) ^ Serum (C) 
Serum (X) * Urine (C) 


x 100 


where X represents the electrolyte concentration and C 
represents the creatinine concentration. 

The FE fluctuates somewhat during the day in relation to 
physical activity and feed and water intake. However, under 
standardized conditions, there is dose agreement between 
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the FE determined from single random samples of blood 
and urine and that based on samples quantitatively col¬ 
lected during a 12- to 24-hour period. 16 The FE of electro¬ 
lytes has a very wide range of normal values. The principal 
sources of this variation are differences in dietary intake 
and environmental or experimental conditions. The FE of 
electrolytes has been useful for detecting specific dietary 
deficiencies or imbalances. Dietary salt deficiency is asso- 
dated with an extremely low FE of sodium and chloride, 
whereas the plasma concentration of these ions generally 
remains within normal limits. In a similar fashion, dietary 
calcium and phosphorus imbalances seldom are reflected 
by the serum concentrations of these ions. Calcium defi¬ 
ciency and phosphorus excess are relatively common dietary 
problems in large animals and result in a low FE for calcium 
and a high FE for phosphorus. There are technical problems 
with the determination of the urine calcium concentration 
in horses because of their normally alkaline urine and the 
resultant precipitation of calcium carbonate in the urine. 
Mixed urine samples from horses must be acidified {hydro¬ 
chloric add can be used) to solubilize the calcium. 

Increases in the FE of sodium are noted with renal tubu¬ 
lar damage and impaired sodium resorption. The sodium 
FE increase has been a useful indicator for the differential 
diagnosis of prerenal azotemia, which almost invariably 
results in a low sodium FE, from the azotemia caused by 
primary renal disease, in which the FE for sodium often is 
markedly increased. 




Collection and Submission 
of Samples for Cytologic 
and Hematologic Studies 

DE&RA DEEM MORRIS 


BLOOD 

Accurate assessment of hematologic data depends heavily 
on the proper collection, preparation, and transportation 
of blood samples Factors that must be considered are the 
most appropriate venipuncture site, proper restraint, the 
correct technique, the type of anticoagulant the necessary 
volume of blood, and the handling of the samples before 
laboratory analysis. Many of these factors are determined 
by the test or tests to be performed. 

Venipuncture Site and Technique 

Because they are large and easily accessible, the jugular veins 
most often are used in horses and small ruminants. In aduh 
cattle the subcutaneous abdominal (milk) vein and coccy¬ 
geal (tail) vein also are easily accessible. The disadvantages 
of using a milk vein are the danger to the operator and 
the relatively common occurrence of hematomas. In horses, 
alternate sites for collection are the cephalic, lateral thoracic 
and saphenous veins. 

Blood should be drawn from animals at rest under con¬ 
ditions of least excitement to minimize physiologic varia¬ 
tions in cell counts. Evacuated tubes (Vacutainer*) that 
contain the appropriate anticoagulant and their needles 
are most convenient for collecting blood. These tubes must 
be filled to capacity to ensure the proper blood-to-anticoag- 
ulant ratio. The chosen vein is raised by digital occlusion 
proximaily; an 18- to 20-gauge, Vh- to 2-inch needle is then 
plunged through the skin into the vein at approximately a 
30-degree angle. A dean venipuncture is important to avoid 
contamination of the blood by tissue thromboplastin, 
which encourages dot formation and invalidates hemostatic 
function tests 

The coccygeal vein m cattle is punctured between the 
sixth and seventh coccygeal vertebrae, where the caudal 
folds end 1 with the tail directly over the animal's back. 
The needle is inserted at a right angle to the skin to bone 
and then is withdrawn gradually while vacuum is applied 
to the syringe until sufficient blood has been obtained This 
technique should not be used to collect blood for hemo¬ 
static testing. 

Blood for hemostatic tests should be carefully transferred 
to the anticoagulated vial to prevent hemolysis. Because 
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goat erythrocytes are very sensitive to hemolysis, a Vacutain- 
er is not recommended for blood collection in goats, 2 

Anticoagulants 

An anticoagulant must be added to all blood samples col¬ 
lected for hematologic examination, because cell counts 
and morphology cannot be evaluated in dotted blood. 
Commonly used anticoaguJams include ethylenediamine 
reiraaceiit add (EDTA), heparin, and sodium citrate. Hie 
minimum amount of blood needed for most routine blood 
studies b 2 ml. Regardless of the volume withdrawn, the 
proper blood-to-anti coagulant ratio must always be 
maintained. 

The preferred anticoagulant for the complete blood count 
(CBC) is EDTA at a concentration of 1 to 2 mg/mL An exces¬ 
sive EDTA concentration causes erythrocyte shrinkage and 
may invalidate the packed cell volume, mean corpuscular 
volume, and mean corpuscular hemoglobin concentration. 2 
Vanitainers contain the appropriate amount of EDTA for the 
full volume of blood; therefore these tubes should be 
allowed to fill until the vacuum stops. In addition to the 
CBC, EDTA-anticoagulaied blood is suitable for platelet 
counts, total plasma protein levels, and plasma fibrinogen 
determinations. 

Trisodium citrate (3.8% aqueous solution) is used to 
anticoagulate blood to be used for hemostatic function 
tests. 1 It should be used in a 1:9 proportion with blood. 


Handling and Transportation of Samples 

The vial containing blood and anticoagulant should be 
inverted several times to ensure adequate mixing Blood 
samples for hematologic studies (CBC) are best processed 
as soon as possible after collection. If delay is expected, 
the samples should be refrigerated at 4* C (39.2° F). Air- 
dried blood smears for the differential count should be 
prepared immediately if samples must be held longer than 
2 hours. If refrigerated, the remainder of the blood sample 
produces an acceptable CBC for 24 hours. Cold packs and 
an insulated container should be used to transport blood 
samples to a laboratory. Blood smears can be held for sev¬ 
eral days before staining with Wright stain or any modified 
Romanovsky stain. 

Blood samples for laboratory examination of the hemo¬ 
static system must be collected and handled with special 
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care to prevent platelet dumping and activation of coagula¬ 
tion. If blood is collected into a Vacutainer, discarding the 
first tube ensures that the sample does not contain tissue 
fluids, 3 Optimally the samples are placed on ice and deliv¬ 
ered to the laboratory within 1 hour of collection. If the 
sample must be stored for several hours, plasma should be 
collected immediately by centrifugation (800 to 1000 g for 
15 minutes), harvested with a plastic pipette, and frozen, 
preferably at -70C (-94° F). Platelet counts must be per¬ 
formed immediately. The platelet count may be estimated 
by examining a peripheral blood smear and comparing 
the number of platelets per oil immersion field with the 
number of red or white cells. 

BONE MARROW 

Air-dried smears can be made directly from a bone marrow 
aspirate or after the sample has been a mi coagulated with 
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EDTA, Because the volume of most aspirates is less than 
0.5 mL, it is better to collect the sample in a syringe contain¬ 
ing 1 to 2 drops of EDTA solution than to place it in a tube 
containing proportionately too much anticoagulant. Anti- 
coagulant may not be required if smears can be made imme¬ 
diately after collection. These aspirates and smears should be 
handled as outlined for blood samples to be used for hema¬ 
tologic studies. 

A bone marrow core must be preserved by placing it in a 
10% neutral buffered formalin solution. Impression smears 
may be made from these samples by gendy rolling them on 
a clean glass slide before placing them in the formalin 
solution. 

LYMPH NODE ASPIRATES 

Air-dried smears of lymph node aspirates are handled in the 
same manner as blood smears for the differential count. 
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Alterations in the Erythron 

DEBRA DEEM MORRIS 


MAJOR ALTERATIONS 

Anemia, 400 Erythrocytosi* (polycythemia), 404 


The erythron is composed of all data pertaining to eryth¬ 
rocytes in the peripheral blood. In most instances the 
routine complete blood count (CBC), which includes 
microscopic evaluation of a blood smear, provides the 
data discussed in this chapter After evaluation of the 
CBC, additional data on the erythrokl compartment 
may be necessary, such as can be obtained from staining 
for Heinz bodies, the Coombs' test or the erythrocyte 
fragility test. All pertinent tests associated with erythroid 
diseases are discussed in this chapter except bone marrow 
analysis. 

Any description of hematologic alterations in large ani¬ 
mals would be incomplete without a brief discussion of 
the unique features of the equine erythron. To conecily 
interpret hematologic data, the practitioner must appreciate 
the characteristics that distinguish the horse from other 
domestic animals. 

J. Unstable packed cell volume (PCV). The horse has a 
highly innervated muscular spleen that normally con¬ 
tains up to one third of the potentially circulating red 
cell mass. On adrenergic stimulation (which normally 
accompanies exercise, excitement, or blood loss), the 
spleen contracts and releases its reservoir of erythro¬ 
cytes into the peripheral circulation, causing the PCV 
to increase by as much as 50%. For this reason the 
resting PCV of horses is highly unstable and must be 
evaluated serially under different levels of excitement 
Also, the response of the spleen to massive hemor¬ 
rhage precludes using the PCV to estimate the magni¬ 
tude of blood loss for at least 24 hours. 

2. Rouleau formation Equine erythrocytes show a ten¬ 
dency for marked rouleau formation (aligning like 
stacked coins), which causes cells to separate rapidly 
from plasma (high erythrocyte sedimentation rate). 
This characteristic necessitates thorough mixing of 
blood in the sample vial before analysis and must 
be differentiated from auioagg) urination (see p 402). 

3. Icteric plasma. Although hyperbilirubinemia causes 
plasma to become more intensely yellow or orange, 
equine plasma is normally yellow (icteric). 

4. Lack of peripheral signs of regeneration. Equine erythro¬ 
cytes are retained in the bone marrow until hemoglobin 
synthesis U complete; thus polychromasia (reticu- 
locytosis), macrocytosis, and other peripheral blood 
signs of bone marrow regeneration are extremely rare 
in horses. The erythron of anemic horses cannot be 
assessed by peripheral blood alone. 


5. HowelNoUy bodies. Small numbers of these eccentric 
erythrocytic inclusions normally are found in equine 
blood. Their presence does not indicate a responsive 
anemia, as in other species. 


ANEMIA 

Anemia is functionally defined as decreased oxygen-canying 
capacity of the blood. The most accurate laboratory indica¬ 
tion of anemia is a drop in the PCV or hematocrit below 
the normal range. The PCV must always be interpreted 
in light of the animal's hydration status and level of excite¬ 
ment, especially in horses. Because goats have very small 
erythrocytes (Table 24-1). the PCV in these animals must 
be determined by microhematocrit centrifugation (12,000 g 
for 5 minutes) to prevent plasma trapping in the erythrocyte 
column. 1 This is the most accurate method of PCV deter¬ 
mination in all species. 

The three pathophysiologic mechanisms for the devel¬ 
opment of anemia are blood loss, increased erythrocyte 
destruction (hemolysis), and inadequate erythrocyte pro¬ 
duction. In the first two instances the bone marrow is 
normal and responds by increased erythropoiesh (regen¬ 
erative or responsive anemias). In mminants, regenerative 
anemias are attended by the appearance of immature 
erythrocytes in the peripheral blood Inadequate erythrocyte 
production is caused by a bone marrow abnormality, and 
by definition the anemia is nonregenera live. Often anemia 
in large animals is caused by a combination of pathophysio¬ 
logic mechanisms (Boxes 24-1 and 24*2}* 


Alteration in Mean Corpuscular Volume 

The mean corpuscular volume (MCV) is a reflection of 
mean erythrocyte size, as expressed in the following 
equation: 


MCV (ft) = 


Hematocrit a IQ 
Erythrocyte count ( millions/pL) 


An increased MCV (macrocytosis) indicates a regenerative 
anemia, because immature erythrocytes are larger than 
mature ones. Iron deficiency results in a decreased MCV 
(microcytosis), because ceils undergo an extra division 
as a result of inadequate hemoglobin concentration* 
Inadequate spinning of blood causes a spurious elevation 
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TABLE 24-1 

Normal Values for Erythron Data in Ruminants and Horses 



Cattle 

Sheep 

Coats 

Horses 1 

PCV(%) 

24-46 

27-45 

2248 

32-53 

Erythrocytes ( k 10*/L) 

5-10 

9-15 

848 

6.742.9 

Hemoglobin (g/dL) 

845 

945 

8-12 

11-19 

MCV(fl) 

40-60 

28-40 

16-25 

37-58.5 

MCH (pg) 

1147 

8-12 

5.2-8 

12.349.7 

MCHC (g/dL) 

30-56 

31-34 

30-36 

32-3S.6 

Reticulocytes 

0 

<0.5% 

0 

0 

Erythrocyte diameter (m) 

4-8 

3.2-6 

2.S-3.9 

5-6 

Erythrocyte fragility (percent NaCl) 

Minimum (beginning hemolysis) 

0.52-0.66 

0.58-0.76 

0,74 

0,54 

Maximum (complete hemolysis) 

0.44-0.52 

0.40-0,55 

0,44 

0.34 

Erythrocyte sedimentation rate (mm/1 hr) 

0 

1-2.5 

0 

50-60 

Erythrocyte life span (days) 

160 

140-150 

125 

140-150 


MCH, Mean corpuscular hemoglobm; MCHC mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume; NaCl, sodium chloride; PCV t 
packed cell volume. 


BOX 24-1 


Causes of Anemia in Horses 


COMMON CAUSES 
Through BJood Loss 

Intestinal parasitism (strongylosis) 
Ectoparasites (lice, ticks) 

Gastric ulcers 

immune-rnediated thrombocytopenia 
Gastric squamous cell carcinoma 
Equine purpura hemorrhagica 

Through Hemolysis 

Neonatal isoeryihrolysis 
Equine infectious anemia 
Red maple leaf toxicosis 
Equine ehrlichiosis 

Through Inadequate Erythrocyte 
Production 

Abdominal abscess or other chronic abscess 

Chronic pneumonia or pleurilis 

Equine purpura hemorrhagica 

Equine ehrlichiosis 

Lymphosarcoma 


LESS COMMON CAUSES 
Through Blood Loss 

Disseminated intravascular coagulation 
Moldy sweet clover toxicosis 
Warfarin toxicosis 

Hemophilia A or other congenital factor deficiencies 
Cultural pouch mycosis 

Through Hemolysis 

Onion toxicosis 

Autoimmune hemolytic anemia 
Babesiosis (piroplasmosis) 

Clostridial infections 
Incompatible blood transfusion 

Through Inadequate Erythrocyte 
Production 

Myelogenous leukemia 
Equine viral arteritis 

Chronic renal failure (glomerulonephritis) 

Radiation toxicosis 
Idiopathic aplastic anemia 


of the MCV by trapped plasma. This is most commonly a Alteration in Mean Corpuscular Hemoglobin 
problem in goats. Concentration 


Alteration in Mean Corpuscular Hemoglobin 

The mean corpuscular hemoglobin (MCH) is an estimation 
of the amount of hemoglobin (Hb) in the blood per eryth¬ 
rocyte. It is calculated according to the following equation: 

mch f D rf = Hb (g/dL) x 10 

RBC count (millions/pL) 

An increased MCH may indicate (1) the presence of reti¬ 
culocytes (immature erythrocytes) in the peripheral blood 
or (2) hemolysis, either in vivo or in vitro. Iron deficiency 
results in a decreased MCH. 


The MCH concentration (MCHC) Is the most accurate of 
erythrocytic indices. It can be expressed as a percentage or 
in grams per deciliter: 


MCHC(%) = 


Hb (g/dL) x 100 
Hematocrit (X) 


Reticulocyiosis (erythroid regeneration) or iron defi¬ 
ciency results in a decreased MCHC: hemolysis (in vivo 
or in vitro) causes an increased MCHC. Inadequate 
spinning of blood produces a spurious reduction in 
MCHC 









Increased Erythrocyte Fragility 

The erythrocyte fragility test is a measure of the susceptibil¬ 
ity of erythrocytes to hemolysis in a range of hypotonic saline 
concentrations {seeTable 24-1}, An increase in osmotic fragil¬ 
ity is indirectly suggestive of immune-mediated anemia; the 
Coombs' test is more specific. 

Positive Direct Antiglobulin (Coombs 1 ) Test Result 

A positive Coombs' test result indicates the presence of anti* 
bodies on the surface of erythrocytes. A positive test result 
may be found in idiopathic autoimmune hemolytic anemia 
in any species and in horses with neonatal isoerythrolysis or 
equine infectious anemia The Coombs’ reagent is a mixture 
of antibodies directed against immunoglobulins and com¬ 
plement of a certain species. Because the endpoint of this 
test is agglutination, it cannot be performed on blood that 
is autoagglutinatmg. There are many fake-negative results. 

Erythrocytic Parasites 

During the acute stages of bovine anaplasmosis and babesi¬ 
osis in horses, cattle, sheep, and goats, intraerythrocytic 
parasites can be found. Amplasma marginal* is seen as a 
round, basophilic inclusion at the edge of cells, present in 
highest numbers before a hemolytic crisis. Babesia tropho¬ 
zoites occur in erythrocytes as round, bizarre, rod-shaped 
or typical piriform (teardrop-shaped) structures Absence 
of imraeryihrocytic parasites does not rule out anaplasmosis 
or babesiosis. 

Clinical Signs of Anemia 

The major clinical signs of anemia (e.g„ tachycardia, tachy¬ 
pnea, reduced exercise tolerance, and depression) reflect 
physiologic adjustments to inadequate oxygen transport to 
body tissues. The PCV level at which clinical signs occur 
depends on the rate of development, the severity of the ane¬ 
mia, and the physical demands placed on the animal. Other 
clinical signs depend on the cause and mechanism of ane¬ 
mia development. Anemia is accompanied by mucosal pal¬ 
lor except when it is caused by hemolysis, which results in 
icterus. Red urine (hemoglobinuria) indicates intravascular 
hemolysis, which may be accompanied by fever. Melena, 
hematuria, and petechial hemorrhages may indicate chronic 
blood loss. 

Although diagnosing anemia is easy, determining the 
cause, which dictates proper treatment, may be complex. 
The practitioner first musi determine the pathophysiologic 
classification of the anemia and then consider possible 
causes. 

Approach to Diagnosis of Anemia in Horses 

1. Take the history Important factors are the diet hous¬ 
ing, pasture conditions, drug history, date of the most 
recent Coggins' test, travel history, time course of cur¬ 
rent signs, and any past illnesses. In considering neona¬ 
tal isoerythrolysis, the number of the dam's previous 
foals and their sires must be ascertained. 

2. Perform a physical examination Take note of the 
mucous membranes. Icterus in horses may be asso¬ 
ciated with fasting or cholestatic liver disease, as well 
as hemolysis Hemoglobinuria, which is uncommon 
in horses, indicates intravascular hemolysis (this is diffi¬ 
cult to distinguish from myoglobinuria; therefore the 
plasma should be examined). Epistaxis or other signs 
of bleeding diathesis suggest a source of chronk blood 
toss. A thorough search should be made for evidence 
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3, 


4. 


of chronic disease affecting the respiratory and gastroin¬ 
testinal tram Take note of any weight loss and the 
character of feces. Any chronic inflammatory disease 
such as abdominal abscess, pneumonia, or lymphosar¬ 
coma causes a mild to moderate non regenerative anemia. 
Immune-mediated hemolytic anemia often is associated 
with equine lymphosarcoma 
Perform a CBC. 
a- PCV is reduced, 

PCV(%) 

b HbTg/'au 


The ratio of PCV/HB less than 3 suggests intravascu¬ 
lar hemolysis (e.g., PCV=I5; Hb=6; 15/6 is <3), 
c. Pink plasma suggests intravascular hemolysis, 
d MCV above 60 ft (rare) suggests regenerative anemia, 
e. Heinz bodies (substantiate by new methylene blue 
staining) suggest toxicosis caused by phenothiazine, 
red maple leaves, or wild onions, 
f Agglutination (substantiate by diluting blood 1:4 
with 0.9% saline) suggests immune-mediated ane¬ 
mia. Perform Coggins’ test in adult. In newborn foal, 
perform hemolytic cross-match with dam. 

Evaluate leukogram and plasma proteins, 
a. Neutrophilia, hyperglobulinemia, and/or hyperfibrin- 
ogrnemia suggests chronic infection. 


b. Hypoproteinemia may indicate blood loss anemia or 
an underlying disease causing protein loss (e.g,, granu¬ 
lomatous bowel disease or intestinal lymphosar¬ 
coma). In horses, gastric squamous cell carcinoma 
causes chronic blood loss anemia associated with 
iron deficiency. 

5. Perform bone marrow analysis. This is necessary to ade¬ 
quately characterize anemia in horses as regenerative or 
nonregenera live, 

6. Analyze urine, A positive result for occult blood with¬ 
out microscopic hematuria indicates hemoglobinuria 
(intravascular hemolysis) or myoglobinuria (myopa¬ 
thy). Hemoglobinuria is associated with pink plasma. 
Saturated ammonium sulfate usually precipitates and 
removes color caused by hemoglobin, however, spec- 
trophotometric tests are best for differentiating from 
myoglobin, 1 

7. Test feces for occult blood. A positive result may indi¬ 
cate gastrointestinal blood loss as a cause of chronic 
anemia. Gastric ulcers (foals) and gastric squamous cell 
carcinoma should be considered. 

8. Test serum iron and total iron-binding capacity (71BC), 
Low serum iron and a high T1BC are consistent with 
iron deficiency (chronic blood loss). Low serum iron 
with normal TIBC suggests the anemia of chronic 
disease. 

9 Perform a Coggins' test. A positive result indicates equine 
infectious anemia, 

10, Perform a Coombs' teat. A positive result indicates 
immune-mediated anemia. 


Approach to Diagnosis of Anemia in Ruminants 

1, Take the history. Note the type of diet, access to pasture, 
other herd or flock members with clinical signs of sys¬ 
temic disease, immunization status, and exposure to 
new animals. 

2, Perform a physical examination, icterus in ruminants is rare 
except in association with hemolysis Pallor indicates blood 
loss or inadequate erythrocyte production. Fever may be a 
sign of hemolysis or of an underlying systemic disease. 
Most hemolytic anemias in ruminants, except anaplasmosis, 
cause hemoglobinuria Check the breath for onion odor. 

3, Perform a CBC. 
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a. PCV Is reduced. 

b. Pink plasma suggests intravascular hemolysis. 

c. Regenerative changes indicate blood loss or hemolysis 
with normal marrow 

d. If no signs of regeneration are present abnormal bone 
marrow, acute blood Loss (less than 4 days), or acute 
hemolysis is indicated, 

e. Increased Hb, MCH, and/or MGHC with a low PCV 
indicates intravascular hemolysis, 

f Basophilic stippling without other signs of regenera* 
lion may indicate chronic lead poisoning, 
g, Heinz bodies suggest ingestion of onions or Brassica 
plants. May need lo do new methylene blue stain to 
observe. * 

h Autoagglutination suggests immune-mediated ane¬ 
mia. Perform dilution tests 

4. Evaluate plasma proteins. 

a. Hypoproteinemia suggests blood loss, 

b. Hyperprotei nemia, hyperglobul i nem ia, and/or hypeifib- 
rinogenemia suggests chronk inflammatory disease. 

5. Analyze urine. See discussion under Approach to Diag¬ 
nosis of Anemia in Horses. Myoglobinuria is associated 
with dear plasma. 

6. Test feces for occult blood. Bleeding abomasa! ulcers 
cause acute or chronic anemia in cattle, 

7. Perform bone marrow analysis. This lest is necessary in 
the absence of peripheral blood signs of regeneration. 

ERYTHROCYTOSIS (POLYCYTHEMIA) 

Eryihrxxytosb is defined as an increase in the PCV, erythrocyte 
count and hemoglobin concentration above the normal range 
Erythrocytosis may be absolute or relative (apparent), caused 
by hemoconcentration (dehydration* shock) or splenic con¬ 
traction (Box 24-3). Absolute erythrocytosis (primary or sec¬ 
ondary) is caused by increased erythropoiesis that creates a 
greater total circulating erythrocyte mass. 

Primary absolute erythrocytosis (polycythemia vera) is 
an idiopathic, myeloproliferative disorder associated with 
a normal partial pressure of oxygen (Po 3 ) and reduced 
erythropoietin levels. Secondary absolute erythrocytosis is 
caused by an increase in erythropoietin. Chronic tissue hyp¬ 
oxia, which may accompany residence at high altitudes, 
chronic pulmonary disease, and heart defects that produce 
arteriovenous shunting induce a physiologic or compensa¬ 
tory increase in serum erythropoietin that results in abso- 
lute secondary erythrocytosis. Inappropriate elaboration of 
erythropoietin (normal Po ; ) and secondary erythrocytosis 
rarely occur in chronic renal, hepatic* or endocrine disor¬ 
ders, especially those caused by neoplasia. 

In domestic animals, absolute erythrocytosis usually 
occurs secondary to chronic diseases that produce tissue 
hypoxia. Primary absolute erythrocytosis and inappropriate 
secondary erythrocytosis caused by hepatocellular carci¬ 
noma have been described in horses 4 Familial erythrocyto- 
sis has been described in cattle, and the source of the 


BOX 24-3 


Causes of Erythrocytosis in Large Animals 


RELATIVE ERYTHROCYTOSIS 

Dehydration 
Endotoxic shock 

Strangulating intestinal obstruction 

Salmonellosis 

Colitis X (E) 

Septic metritis 
Septic mastitis (B) 

ABSOLUTE ERYTHROCYTOSIS 
Common Causes 

Congenital cardiovascular disease 
Residence at high altitudes 
Chronic obstructive pulmonary' disease 

Lew Common Causes 

Familial (B) 

Chronic hepatic disease 

Hepatoma 

leiomyoma 

Hemangioblastoma 

Pheochromocsioma 

Nephroma 

Hydronephrosis 

Polycystic Iddnevs 

Nephrocatcinosb 


ft, Bovine £ equine 

increase in erythropoietin has not been identified. 5 Clinical 
signs of erythrocytosis arc vague; they include lethargy, 
weight loss, mucosal hyperemia, and signs of underlying 
disease. 

Diagnosis of erythrocytosis is based on persistent eleva¬ 
tion of the PCV, hemoglobin, and erythrocyte count in the 
absence of clinical evidence of shock or dehydration and 
without response to intravenous fluid therapy. Chronic 
hypoxia can be ruled out by determining the arterial oxygen 
concentration. Thoracic radiographs and echocardiography 
can delineate cardiorespiratory function more thoroughly. 
Examination of the bone marrow is indicated, although ery- 
throid hyperplasia is not specific for primary or secondary 
erythrocytosis. In the absence of hypoxemia and a demon¬ 
strable disease that could lead to appropriate secondary ery¬ 
throcytosis, polycythemia vera and inappropriate secondary 
erythrocytosis must be considered. Renal and hepatic dis¬ 
ease should be excluded by determining the serum creati¬ 
nine, hepatic enzyme, and bile acid levels. The only way 
to dearly differentiate primary from secondary absolute 
erythrocytosis is to determine the serum erythropoietin. 
This b a bioassay that is not routinely available, and it is 
relatively insensitive to minor changes in erythropoietin 
concentrations. 
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Alterations in the Leukogram 

DEBRA DEEM MORRIS 


MAJOR ALTERATIONS 

Neutrophilia, 407 
Neutropenia, 408 
Lymphocytosis, 408 


Lymphopenia, 408 
Monocytosis, 408 
Monocytopenia, 409 


Eosinophilia, 409 
Eosinopenia, 409 
Basophilia and basopenia, 409 


The leukogram (white blood cell [WBC] count, differentia] 
analysis, and WBC morphology) provides extremely useful 
laboratory data when considered with the history, clinical 
signs, and physical findings. To fully use the leukogram, 
the practitioner must know the types of WBCs, their kinetics 
and functions, and the pathologic and physiologic condi¬ 
tions that can cause deviations from normal. Normal values 
for leukogram data are given in Table 25-1. 

Mature WBCs include neutrophils, lymphocytes, mono- 
cytes, eosinophils, and basophils. Immature leukocytes that 
may or may not be present in the peripheral blood include 
band or non segmented neutrophils, metamyelocytes, mye¬ 
locytes, and progranulocytes. These immature forms usually 
are found only in the bone marrow, but they may be 
released in response to disease. 

LEUKOCYTES 

Leukocytes, or WBCs, are divided into two main categories’ 
polymorphonuclear (PMN) leukocytes (granulocytes) and 
mononuclear leukocytes. PMN leukocytes include neu¬ 
trophils, eosinophils, and basophils, which are produced 
in the bone marrow. The mononuclear leukocytes are the 
lymphocytes and monocytes. Lymphocytes are produced 
in the bone marrow (the primary source), lymphoid organs 
(thymus, spleen, and lymph nodes), and gut-associated lym¬ 
phoid tissues (Peyefs patches, tonsils). Monocytes, the larg¬ 
est of the WBCs, originate in the bone marrow. 

Neutrophils 

Neutrophils develop in the bone marrow as myeloblasts, 
progranulocytes or promyelocytes, myelocytes, metamyelo¬ 
cytes, band cells, and segmented neutrophils. Myeloblasts 
arise from bipotential committed stem cells (colony-form¬ 
ing unit-granulocyte, macrophage) that are derived from 
pluripotent hematopoietic stem cells. 1 

Myeloblasts, promyelocytes, and myelocytes are capable 
of cell division, but metamyelocytes, bands, and segmented 
neutrophils (about 80% of the bone marrow granulocytes) 
do not divide. 3 The normal interval for progression from 
myeloblast to mature blood neutrophil is 4 to 9 days, de¬ 
pending on the species. A functional storage compartment 
of neutrophils exists in the marrow to prevent marrow 


depletion by the sudden imposition of a greatly increased 
peripheral use. The storage pool, which is limited to seg¬ 
mented neutrophils and some bands, varies in size among 
species and is relatively small in adult catde.* A marginal 
pool of neutrophils adheres to endothelium throughout 
the microvasculature. Neutrophils in the circulating pool 
are the only part of the total neutrophil population enumer¬ 
ated by the peripheral blood neutrophil count. In large ani¬ 
mals the marginal neutrophil pool is approximately equal 
in size to the circulating pool, 1 

After entering the bloodstream, neutrophils have a half- 
life of 6 to 14 hours, depending on the species. The entire 
blood pool of neutrophils is replaced two to two-and-one- 
half times per day. Neutrophils move randomly into the tis¬ 
sues by diapedesis through vascular endothelium and do 
not return to the blood. Neutrophils migrate into tissues 
within 2 hours of injury, infection, or inflammation. In 
the absence of such lesions, the neutrophils are destroyed 
by macrophages of the bone marrow, liver, and spleen or 
are lost into body secretions and excretions within 9ft hours 
of exiling the marrow. 2 

The major function of neutrophils is to phagocytize and 
destroy foreign material, especially pathogenic bacteria. Bac¬ 
terial products and substances released from activated lym¬ 
phocytes (lymphokines), macrophages, and cellular damage 
are responsible for attracting the neutrophils, which move 
by chemotaxis and bind to the foreign particle. 1 Gpsonins 
are protein components of serum that adhere to foreign 
particles and make them more liable to phagocytosis. 4 Opso¬ 
nization by specific antibodies increases the rate and magni¬ 
tude of ingestion for most bacterial organisms. Once drawn 
into the cell, the bacteria are enclosed in a phagocytic vacu¬ 
ole, which fuses with lysosomes in the neutrophil cytoplasm 
that release hydrolytic enzymes to destroy the contents. 
Degranulation, which occurs within 5 seconds of a phago¬ 
cytic event, can lead to release of lysosomal enzymes into 
the surrounding milieu and cause tissue destruction. 

Gram-negative bacteria are more resistant to digestion 
in the neutrophil than gram-positive bacteria because of 
the structure of their outer wall, Brycdfa Mycobacte¬ 

rium paraiubercubsis. Listeria monocytogenes , and some 5a I- 
monella serotypes are extremely resistant to lysosomal 
destruction and may survive and multiply within the 
neutrophil. 
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Norma) Values for Leukogmm Data (Adult Animals) 



Cattle 

Sheep 

Goals 

Horses 

While blood cells (x 10*/|iL) 

4-U 

4-12 

4*13 

5.4-143 

Neutrophils (* J0 3 /pL) 

0.64 

0,7-6 

U-7,2 

23-86 

Hands (KlCfVpL) 

0-0.12 

Rare 

Rare 

0-1 

Lymphocytes (x IO’/mI ) 

23-73 

2-9 

19 

1.5-7.7 

Monocytes (# tO^/pl) 

0.025-0.84 

0*0.75 

0-0.55 

0-1 

Eosinophils (x Ifl’/pl ) 

0-2.4 

o-t 

0.05-0.65 

0-1 

Basophils ( xlO’/pt) 

0-0.2 

0-0.3 

0-0.12 

0*0.29 

Neutroph i 1/lymphocyte (N/L) ratio 

0.3-0.6 

0.3-0.7 

03-3,6 

0,8-23 


EOSINOPHILS 

Eosinophils are produced in the bone marrow and follow 
the same maturation sequence and kinetics as neutrophils, 
except that eosinophils arise from the colony-forming unii- 
eosinophil 3 There is a large marrow reserve of eosinophils, 
and their circulatory half-life varies from 30 minutes to 10 
hours, depending on the species. Eosinophils also are found 
in many body tissues, particularly the gut, subcutis, uterus, 
and respiratory tract where they have a halMife of 12 days. 

Eosinophils are most important in controlling parasitic 
infections and in regulating inflammatory and allergic reac¬ 
tions, Eosinophils are less efficient phagocytes than neutro¬ 
phils and provide little host resistance to bacterial infection 
but are important in protective parasitic immunity. 2 Eosino¬ 
phils are believed to regulate immediate (type 1) hypersensi¬ 
tivity and inflammatory responses by inactivating histamine, 
leukoirienes, platelet-activating factor, and other chemical 
mediators involved in these processes. Other, less character¬ 
ized effects of eosinophils include tissue damage, augmenta¬ 
tion of coagulation and fibrinolysis, and inhibition of 
granulopoiesis. 

BASOPHILS 

Basophils are relatively scarce in the blood of large animal 
species. The blood basophil resembles the tissue mast cell 
and is believed to perform similar functions. Basophils are 
produced in the bone marrow by mitosis of basophilic pro¬ 
monocytes through the same sequential stages of matura¬ 
tion as neutrophils. Basophils have a mean circulatory 
half-life of about 6 hours. They then enter tissues, where 
they survive for approximately 10 to 12 days. 1 Mast cells, 
found in many body tissues, originate from undifferentiated 
connective tissue mesenchymal cells, especially near blood 
vessels There is evidence in some species that mast cells 
also originate from a precursor in the bone marrow. 1 

Basophils and mast cells contain stored intragranular 
substances that mediate their function in allergic and 
inflammatory processes The most important function of 
basophils and mast cells is to elicit an immediate hypersen¬ 
sitivity reaction through secretion of vasoactive mediators, 
including histamine, leukoirienes, platelet-activating factor, 
and others. Vasodilation, pooling of fluid in tissue spaces, 
and systemic reactions may occur, with signs of dyspnea, 
urticaria, coughing, and even severe anaphylactic shock. 
Eosinophils are attracted to these areas to neutralize the 
histamine and attenuate the inflammatory response. 

Lymphocytes 

Lymphocytes are produced in the bone marrow, lymph 
nodes, thymus, spleen, and Peyer's patches. They are classi¬ 


cally divided into two groups: T cells, or thymus-derived 
lymphocytes, and B cells, or bone marrow-derived lympho¬ 
cytes. Null cells have been identified in humans and in some 
animals that lack specific markers for T or B cells. 1 Both 
T- and B<ell populations are present in the peripheral blood 
of large animal species, with T ceils making up the majority. 
8 cells are few during fetal life but steadily increase to make 
up about 20% of circulating lymphocytes in most adult domes¬ 
tic animals. 1 Observations in cattle indicate that various inflam¬ 
matory states are associated with an increase in B cells and a 
decrease inT cells. Leukemic cows infected with bovine leuko¬ 
sis virus (BLV) and those with persistent lymphocytosis have a 
higher number of B cells, which constitute up to 97% of 
lymphocytes. 1 Lymphocytes can recirculate and continue to 
undergo mitosis. Information on domestic animals is unavail¬ 
able, but most blood lymphocytes in humans have an average 
lifespan of 4.3 years. 1 

B lymphocytes transform into plasma cells that produce 
antibodies under the regulation of T lymphocytes. T lym¬ 
phocytes are primarily responsible for delayed-type hyper¬ 
sensitivity (DTH), graft and tumor rejection, autoimmunity, 
and resistance to certain intracellular pathogens. Some types 
of T cells have a direct cytotoxic function to destroy foreign 
cells, and null cells express natural killer activity. Lymphocytes 
produce important immunologic mediators called lympho- 
fcj'ner, which include macrophage-activating factor, interfer¬ 
ons, and interleukins, 

The number of lymphocytes in the peripheral blood re¬ 
flects a balance between cells leaving and entering the circu¬ 
lation; thus changes do not necessarily mean altered 
Lymphopoiesis. In addition to consideration of the total 
number in the leukogram, lymphocytes can be evaluated 
by measuring the ratio of T cells to B cells (normal range is 
1:1 to 3:1), antibody levels and response to vaccination, 
in vitro lymphocyte stimulation tests, and skin tests for DTH 

Monocytes 

Monocytes are produced in the bone marrow from the col¬ 
ony- forming unit-granulocyte, a macrophage, which differ¬ 
entiates into either myeloblasts or monoblasts (precursors 
of monocytes). 1 Monoblasts undergo mitosis to promono¬ 
cytes, then divide one to two more times to produce mono¬ 
cytes Once released into the blood, monocytes circulate for 
1 to 3 days, then enter body cavities and tissues and trans¬ 
form into macrophages Tissue macrophages survive in tis¬ 
sues for weeks to years Once in tissue, these macrophages 
are described as "fixed" or "free/* Free macrophages are 
found in the peritonea! and pleural cavities, in joints, in 
alveolar spaces, and at areas of inflammation. Fixed macro¬ 
phages include Kupffer's cells of the liver, osteoclasts, mi¬ 
croglial cells, and macrophages found in the spleen, bone 
marrow, and lymph nodes. 
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The blood monocytes and tissue macrophages constitute 
the mononuclear phagocyte (reticuloendothelial) system, 1 '* 
The functions of tissue macrophages include sustained 
phagocytic activity to remove dead and damaged tissue; 
microbicidal action against some bacteria, viruses, fungi, 
and protozoa; regulation of the immune response in both 
afferent and efferent limbs; tumor defense; regulation of 
hematopoiesis; tissue repair and remodeling; and secretion 
of monokines, lysosomal enzymes, and other substances, 
such as coagulation factors, that have wide-ranging biologic 
importance. The tissue macrophages are better equipped 
than neutrophils to combat intracellular organisms and 
those that cause granulomatous inflammation such as him 
gal infections, listeriosis, brucellosis/ Johne's disease, tuber' 
eulosis, and salmonellosis. 

Interleukin (1L)-1 and tumor necrosis factor are impor¬ 
tant macrophage-derived mediators of the inflammatory 
response. 5 These and other cytokines are released when 
macrophages are exposed to bacterial products (especially 
endotoxin), antigens, and injured tissue, IL-l stimulates 
bone marrow release of neutrophils and attracts them to 
areas of bacterial infection or inflammation. Tumor necrosis 
factor is responsible for many of the physiologic derange¬ 
ments associated with endotoxemia that end in shock, tis¬ 
sue injury, and death, 

GENERAL PRINCIPLES OF LEUKOGRAM 
INTERPRETATION 

When interpreting the leukogram, the practitioner must 
consider the established normal values for the species, the 
animal's age and condition, and the species-specific WBG 
responses. Leukocytosis may be attributed to physiologic 
or pathologic causes, whereas leukopenia always is consid¬ 
ered pathologic. 16 

Physiologic Leukocytosis 

Physiologic leukocytosis occurs when epinephrine is re¬ 
leased, as with stress, excitation, anxiety, or exercise. The 
elevated WBC count is transient and caused by both neutro¬ 
philia and lymphocytosis, although it is primarily the result 
of temporary mobilization of the marginal neutrophil pool^ 
Corticosteroids, either exogenous or endogenous, cause 
neutrophilia and lymphopenia. Younger animals may have 
higher lymphocyte and total WBC counts than those 
considered normal for adults. 1 

Neutrophilia 

Bacterial infection is the most common cause of pathologic 
neutrophilia (Boxes 25-1 and 25-2). In the acute stage of 
the infection, a left shift (presence of increased immature 
neutrophil granulocytes in the peripheral blood) may 
appear. 1,6 Left shift with concomitant mature neutrophilia 
is called a regenerative left shift. Rebound neutrophilia often 
follows neutropenia associated with endotoxemia, and it is 
usually a good prognostic indicator. Neutrophilia is most 
pronounced while bacterial infections are being localized, 
especially with abscess formation. Chronic localized infections 
rarely are attended by a left shift, and in cattle the neutrophil 
count may increase only minimally or not at all. Horses with 
chronic bacterial infections often show only a mild mature 
neutrophilia attended by lymphopenia and a normal total 
WBC count. 

Neutrophilia may also accompany inflammation caused 
by neoplasia or severe injury or may arise during the post¬ 
operative period. Less common causes of neutrophilia include 
parasitic and mycotic infections, tumors that cause secretion of 



Causes of Neutrophilia in Horses 


COMMON CAUSES 

Excitement exercise 

Stress, exogenous corticosteroid administration 
Chronic pneumonia, pleuritis 
Strangles (Strtpwcacctii apt; infection) 

Chronic peritonitis, abdominal abscess 
Other intern a] abscessation 
Chronic salmonellosis or colitis 
Thrombophlebitis 
Purpura hemorrhagica (vasculitis] 

LESS COMMON CAUSES 

Bacterial endocarditis 

Cellulitis 

Pyelonephritis 

Chronic hepatitis, tholangiohepamis 

Cholelithiasis 

Lymphosarcoma 

Other internal neoplasia 

Pituitary adenoma (equine Cushing's syndrome) 

Autoimmune hemolytic anemia 

Granulocytic leukemia 

Systemic fungal Infections 


BOX 25-2 


Causes of Neutrophilia in Ruminants 


COMMON CAUSES 

Stress, exogenous corticosteroid administration 
Chronic pneumonia 
Chronic traumatic retkuloperiionhis 
Peritonitis 

Internal abscessation 
Caseous lymphadenitis (Q, C) 

Mycoplasmal or chlamydial polyarthritis (O, C) 

Chronic pyelonephritis 

Chronic metritis 

Uver abscesses 

Enteritis 

Umbilical abscessation 
Chronic salmonellosis 
Septic arthritis 

UNCOMMON CAUSES 

Autoimmune hemolytic anemia 
Toxins 

Pregnancy toxemia [O, C] 

Borin e granulocyte pa thy syndrome 


C, Caprine; O, ovine. 


endogenous corticosteroids, toxins, and some metabolic dis¬ 
eases such as pregnancy toxemia. 

In large animals the total WBC or neutrophil count may 
not reflect chronic inflammation; for this reason, examina¬ 
tion of neutrophil morphology is paramount in interpreting 
the leukogram. Bacterial Infections, especially those caused 
by gTam-negative organisms, often result in neutrophil cyto¬ 
plasmic and nuclear alterations, which are referred to as 
"toxic changes." These changes occur in the bone marrow 
and include cytoplasmic foaminess, vacuolation, and/or 
basophilia; reddish purple "toxic" granules; bluish cytoplas¬ 
mic inclusions called Dohle bodies; and bizarre giant forms 
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with or without polyploidy. The changes do not accompany 
other causes of neutrophilia. 

Neutropenia 

The usual causes of neutropenia in the large animal species 
are bacterial septicemia and endotoxemia caused by gastro¬ 
intestinal disease, metritis, or coliform mastitis (Boxes 25-3 
and 25-4). Some viral diseases and anaphylaxis also cause 
neutropenia, 

A degenerative left shift, generally associated with neu¬ 
tropenia, occurs when immature neutrophils appear in the 
peripheral blood in greater numbers than mature neutro¬ 
phils. In species other than cattle, degenerative left shift is 
an extremely poor prognostic sign. Because cattle have a 
small bone marrow reserve of neutrophils, immature neu¬ 
trophils appear quickly in the blood during acute inflam¬ 
matory diseases and often exceed the mature neutrophils. 


Causes of Neutropenia in Horses 

COMMON CAUSES 

Aoite salmonellosis 

Acute toxic colitis 

Acute peritonitis (ruptured viscus) 

Cram-negative septicemia, endotoxemia 
Neonatal septicemia 
Acute pletuiris 
Acute metritis 

Proximal enteritis (duodenitis, proximal jejunitis) 
Equine influenza 

Equine herpesvirus type l infection 

LESS COMMON CAUSES 

Equine ehrlichia! colitis (Potomac fever, Ehriitfttd rutirif 
infection) 

Equine ehrlichiosis (Ehrlich to o/ui infection) 

Idiopathic aplastic anemia 
Equine viral arteritis 
Radiation toxicosis 

Myelophthisic disease (eg., eosinophilic leukemia) 


BOX 25-4 


Causes of Neutropenia in Ruminants 

COMMON CAUSES 

Cram-negative septicemia, endotoxemia 

Septic metritis 

Septic (coliform) mastitis 

Diffuse peritonitis 

Ruptured uterus with peritonitis 

Ruptured abomasa! ulcer 

Acute salmonellosis 

Acute pneumonia 

Toxemia- or toxin-induced bone marrow suppression 
Fat cow syndrome (fatty liver) 

Clostridia] infection 

UNCOMMON CAUSES 

Bovine vims diarrhea 
Bracken fem toxicosis 
Trichloroethylene toxicosis 
Radiation toxicosis 
Idiopathic aplastic anemia 


A marked fall in the WBC count commonly is seen in cattle 
during the developmental stage of an acute Localizing 
inflammatory process such as mastitis or metritis. Once 
neutrophil production has intensified, the Left shift disap¬ 
pears and mature neutrophilia intervenes. Neutropenia that 
persists longer than 4 days is a sign of inadequate granulo¬ 
poiesis, which sometimes occurs subsequent to severe toxe¬ 
mia, Neutropenia apparently is rare in goats. 

The severity of toxemia is reflected by the number of 
"'toxic" neutrophils and the degree of toxic changes. In dis¬ 
eases that cause severe toxemia, precursor cells in the bone 
marrow become vacuolated and fail to divide, thereby con¬ 
tributing to the existing neutropenia. This hone marrow 
hypoplasia subsequent to severe infection and inflamma¬ 
tion is seen most often in cattle. 

In rare cases, neutropenia may develop subsequent to 
myelophthisic disease, idiopathic aplastic anemia, myelofi¬ 
brosis, or bone marrow suppression by drugs, chemicals, 
or ionizing radiation. Lymphosarcoma may involve the 
bone marrow in rare cases. 

Lymphocytosis 

Pathologic lymphocytosis is uncommon, occurring occasion¬ 
ally with chronic viral infections and autoimmune disease 
processes (Boxes 25-5 and 25-6). Lymphocytic leukemia is 
rare in large animals. Thirty percent of cattle infected with 
BLV are leukemic (see Chapter 37), and lymphocytosis may 
persist in the absence of lymphoma or leukemia. Physiologic 
lymphocytosis associated with epinephrine release caused by 
excitement or exercise is common in horses under 2 years of age 

Lymphopenia 

Causes of lymphopenia include acute viral diseases, endotoxin 
release, severe bacterial infection, septicemia, rickettsial dis¬ 
eases, malnutrition, tumors that cause increased release of cor¬ 
ticosteroids, and immunodeficiency (Boxes 25-7 and 25-8). 
Persistent lymphopenia is a poor prognostic indicator. Increas¬ 
ing lymphocyte counts represent recovery, 

Monocytosis 

Monocytosis occurs with chronic inflammation (Box 25-9). 
Because the monocyte count is not highly responsive to 
inflammatory disease in Large animals, it is not an especially 
useful pan of the leukogram* 


BOX 25-5 



BOX 25-6 


Causes of Lymphocytosis in Ruminants 

Persistent lymphocytosis (bovine leukosis vims infection) 
Lymphocytic leukemia 

Chronic infections (pneumonia, peritonitis, pericarditis, liver 
abscess) 
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Causes of Lymphopenia in Horses 


COMMON CAUSES 

Stress, exogenous corticosteroid administration 
Equine influenza 

Equine herpesvirus type 1 infection 

Endotoxemia, septicemia 

Acute peritonitis (gastrointestinal rupture) 

LESS COMMON CAUSES 

Malnutrition, starvation 

Equine viral arteritis 

Combined immunodeficiency disease 



Causes of Lymphopenia in Ruminants 


COMMON CAUSES 

Stress, exogenous corticosteroid administration 

Gram-negative septicemia, endotoxemia 

Septic mastitis 

Diffuse peritonitis 

Ruptured abomasa I ulcer 

Acute pneumonia 

Infectious bovine rhinotracheitis 

UNCOMMON CAUSES 

Bovine virus diarrhea 
J m munodefkiency 



Causes of Monocytosis in Large Animals 


UNCOMMON CAUSES 

Granulomatous disease 
Chronic bacterial infections 


Monocytopenia 

Endotoxin release and viremia may cause monocytopenia. 
Monocytopenia occurs initially during stress periods asso¬ 
ciated with corticosteroid release and may be followed by 
monocytosis. 

Eosinophilia 

Eosinophilia is uncommon in large animals but may occur 
with diseases that involve an interaction between antigen, 
IgE antibody, and mast cells or basophils, such as parasi¬ 
tic infections, allergic respiratory diseases, and dermatoses 
(Boxes 25-10 and 25-11). Unlike in humans and small ani¬ 
mals, visceral larval migrans rarely induces peripheral eosin¬ 
ophilia, Tissue protein breakdown {malignancies, chronic 
suppurative processes) may cause eosinophilia in rare cases 
through the release of histamine or eosinophilic chemotac- 
tic factor of anaphylaxis from mast cells. Histamine in the 
blood attracts bone marrow eosinophils to the circulation. 
For eosinophilia to occur in response to parasitism, a para¬ 
site protein must be released and processed by cells in¬ 



Causes of Eosinophilia in Horses 


UNCOMMON CAUSES 

Internal parasitism 
Cutaneous habronemtasis 
Systemic hypersensitivity reaction 
Lymphosarcoma 
Eosinophilic leukemia 



Causes of Eosinophilia in Ruminants 


UNCOMMON CAUSES 

Milk allergy 

Atypical interstitial pneumonia 
Acute bovine pulmonary emphysema 
Sarcocystosis 
Toxoplasmosis 

Migrating parasite larvae such as: 
Lungwomis 
Ascarids 
Flukes 

Tricfoosmprfgfyu* species 
H}foderma species 
ParWtfpJw rujnglyJus species 


filtrating the tissue site of parasitic lodgment, 1 Thus eosino- 
philia is unlikely to accompany intestinal parasitism when 
the parasite is free-living in the lumen. 

Eosinophilic granulocytic leukemia is rare in large ani¬ 
mal species but has been reported in horses. 7 The circula¬ 
tion of bizarre, immature eosinophils differentiates this 
from other causes of eosinophilia, 

Eosinopenia 

Eosinopenia is difficult to evaluate, because the leukograms 
of clinically normal animals may contain very few eosino¬ 
phils. Eosinopenia may occur secondary to an increase in 
endogenous or exogenous corticosteroids, Eosinopenia also 
may be seen with active inflammatory processes. 

Basophilia and Basopenia 

Basophils are rarely seen in the peripheral blood of the large 
animal species, although they are more frequently encoun¬ 
tered than in dogs and cats, 1 Changes in the number of 
basophils are difficult to interpret. Stress causes a reduction 
in their number, whereas basophilia may be seen with aller¬ 
gic dermatitis and delayed hypersensitivity reactions. 

APPROACH TO INTERPRETATION OF 
THE LEUKOGRAM IN HORSES 

The equine neutrophil-to-leukocyte (N/L) ratio declines from 
approximately 2,S at birth to 1,1 at 1 to 2 months of age 
and to 0,9 at 6 to S months. An N/L ratio near 1 persists 
through 2 years and increases with age to approximately 
2 as lymphocyte numbers are reduced. The total WBC count 
increases from birth through 3 months of age, is slightly 
above adult values between 3 months and 2 years of age, 
and then starts to decline. Physiologic leukocytosis is quite 
common in horses under 2 years of age. 1 
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During chronic and established inflammatory diseases, 
hones generally have a mature neutrophilia and lymphope¬ 
nia that may or may not result in leukocytosis. 6 The degree 
of leukocytosis in chronic suppurative diseases rarely 
exceeds 20,000/pL Peratute diseases of the gastrointestinal 
tract and septicemia (especially in neonates}, usually 
attended by endotoxemia, are characterized by leukopenia 
and a degenerative left shift the severity of which is corre¬ 
lated with the prognosis. In the most severe cases the left 
shift includes myelocytes and neutrophils that show marked 
"toxic" changes. Survival and recovery are attended by a 
rebound neutrophilia (with or without left shift) and 
monocytosis. Neonates have a small neutrophil reserve 
and have more sluggish granulopoiesis in response to 
disease. 

Lymphopenia and eosinopenia often occur readily in 
response to stress or corticosteroid administration. Chronic 
diseases commonly result in a reduction of the lymphocyte 
count, which may be under 1 OOO/pL during severe systemic 
stress. The monocyte is not particularly responsive to dis¬ 
ease in horses, 1 but the blood monocyte generally decreases 
acutely and may increase above normal during chronic 
inflammatory diseases, especially those associated with tis¬ 
sue necrosis. 

APPROACH TO INTERPRETATION OF THE 
LEUKOGRAM IN RUMINANTS 

The general trend is for the WBC count to be higher in 
calves through 2 years of age and then decline with advanc¬ 
ing age. Sheep and goat leukocyte counts increase through 
2 to 3 months of age, then decline in adulthood to levels 
seen at birth. In cattle and sheep, neutrophils exceed lym¬ 
phocytes at birth, but the ratio is reversed within the first 
week of life, and this ratio persists as a species characteristic 
A reduction in the number of lymphocytes without similar 
changes in neutrophils produces an N/L ratio near unity 
in goats over 3 years of age. 

Acute inflammatory disease and infection in cattle (e.g., 
neonatal septicemia, salmonellosis, enteritis, metritis, and 
coIiform mastitis] cause a rapid drop in the WBC count 
because of migration of mature neutrophils to the site of 
inflammation, margination of neutrophils, and stress- 
induced loss of lymphocytes. The bone marrow has a small 
reserve of mature neutrophils, and immature forms (bands, 
metamyelocytes) are released into the circulation, creating a 


degenerative left shift during the first 2 to 3 days of acute 
inflammation. By the fourth day bone marrow granulopoi¬ 
esis usually has increased sufficiently to meet the tissue 
demand for neutrophils, causing a normal leukocyte count 
with a left shift. If the inflammatory stimulus persists, a 
mature neutrophilia may develop. Generally the N/L ratio 
increases without leukocytosis. Severe systemic toxemia or 
chronic infections (or both) may cause granulopoietic 
depression and neutropenia. 

Approximately 30% of cattle infected with BLV develop a 
benign persistent lymphocytosis, defined as an absolute 
blood lymphocyte count over 3 standard deviations above 
the normal mean for at least 3 months. Although these cells 
are BLV infected, cattle with Lymphocytosis are clinically 
normal, and most do not develop enzootic bovine lympho¬ 
sarcoma (EBL). S Approximately 50% of cattle with EBL have 
a mild-to-moderate lymphocytosis, and leukemia is present 
in 10% to 30% of cases. 1 Lymphocytosis, usually attended 
by neutrophilia, occurs sometimes as a result of chronic 
pyogenic conditions such as liver abscess, pericarditis, pul¬ 
monary abscess, and traumatic retkuloperitonitis. 

The leukogram changes in sheep generally are similar to 
those of cattle. Parturition and adverse weather conditions 
induce typical corticosteroid-induced neutrophilia, lympho¬ 
penia, and eosinopenia. 

Goats differ from cattle and sheep in that the leukogram 
typically has an equal or slightly greater number of neutro¬ 
phils than lymphocytes. 1 The total WBC count during 
inflammatory diseases may attain levels higher than 
25,000/pL because of neutrophilia A regenerative left shift 
is a common response to subacute or chronic inflamma¬ 
tion. Leukopenia is rare. 

An inherited syndrome characterized by marked neutro¬ 
philia and an increased susceptibility to bacterial infections 
has been recognized in Holstein-Fries!an cattle under 2 years 
of age. 9 Affected calves have a history of anorexia, weight 
loss, and failure to thrive, with signs of chronic intermittent 
pneumonia and diarrhea. Lymphadenopathy, periodontitis, 
and generalized dermatitis are also features of the syn¬ 
drome. The neutrophils of these animals are dysfunctional 
because of a single mutation in CD 18 that causes a lack of 
surface glycoproteins, called p^-integrins, that are important 
in cell adhesion processes. 10 Calves that are heterozygous for 
the defect do not have dysfunctional leukocytes compared 
with those of clinically normal calves. 11 
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MAJOR ALTERATIONS 
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Plasma fibrinogen, 4IS 
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Proteins play an integral role in numerous physiologic pro¬ 
cesses. Not only are they important to the basic structural 
integrity of most body tissues, but as enzymes and hor¬ 
mones, they also regulate many of the body's biochemical 
reactions. Hemostasis, resistance to infection, and acid-base 
balance depend on protein metabolism. Plasma proteins 
also act as carriers for other plasma constituents, and albu¬ 
min provides osmotic pressure to help maintain proper 
intravascular volume and prevent edema. Because of the cen¬ 
tral role proteins play in the body's homeostasis and the 
close relationship between plasma proteins and tissue pro¬ 
teins, much information about the body's response to dis¬ 
ease can be obtained by measuring the total plasma protein 
and its fractions—albumin, the globulins, and fibrinogen. 

Filtration between intravascular and extravascular space, 
metabolic demands, hormonal balance, nutritional status, 
and water balance determine the plasma protein concentra¬ 
tion of an individual at any given time. Through colostrum 
absorption, passive transfer of immunoglobulins causes a 
rise in the total protein concentration of the newborn (see 
Chapter 53), With time, however, the passively absorbed 
immunoglobulin concentration declines through natural 
catabolic degradation. The rate of decline varies among spe¬ 
cies and classes of immunoglobulins. The time required to 
reach levels that are no longer protective depends on the 
initial concentration of the immunoglobulin. The total 
protein concentration also declines over the next several 
weeks, even though immunoglobulins are actively produced 
(Fig. 26-1). In adults the protein concentration remains rel¬ 
atively stable. Pregnancy alters plasma proteins because fetal 
development imposes additional stress on the dam's pro¬ 
tein reserve, 1 and the concentration and response of each 
protein fraction to different stressors vary among species, 2,3 
In general, however, albumin decreases and globulin (espe¬ 
cially ot^-globulin) increases in response to stress. 

Several methods are available for determining the con¬ 
centration of serum or plasma protein. The biuret test is a 
simple colorimetric technique that has been widely adapted 
for use in automated chemical analyzers. It is highly specific 
for protein, especially in the range of 1 to 10 g/dL Unfortu¬ 
nately the biuret technique is not precise enough for evalu¬ 
ation of very low levels, such as those found in cerebrospinal 
fluid. Refractometry is a useful method for rapidly determin¬ 
ing the protein level in serum, plasma, or other body fluids 
because the refractive index of a solution is proportional 


to its protein concentration. Mild hemolysis or icterus of a 
solution does not interfere with its accuracy; however, turbid 
or lipemic solutions may alter the transmission of light and 
provide inaccurate results. 

The concentration of the total plasma protein and of the 
individual fractions varies among species (Table 26-1). 
When a dysproteinemia is suspected, the total plasma (or 
serum) protein concentration, albumin-to-globulin (A/G) 
ratio, serum protein electrophoresis (SPE) results, and 
plasma fibrinogen concentration should be evaluated. The 
A/G ratio can easily be calculated from most automated 
serum chemistry profiles. Changes in the A/G ratio often 
are the first indication of dysproteinemia. Because this 
method of albumin measurement can be inaccurate when 
values are markedly low,* the A/G ratio is most accurately 
obtained from serum protein electrophoresis. 

When the practitioner is confronted with dysproteine¬ 
mia, SPE is necessary to quantitate the individual protein 
fractions that make up the total. Fig. 26-2 shows normal 
equine and bovine SPE results. Albumin is identified as a 
discrete molecular compound by a sharp, narrow-based 
peak nearest the anode. The sharpness of the albumin 
peak is a measure of the quality of the SPE procedure 
and is used to differentiate polyclonal globulin peaks. 
The a-, P-, and y-globulins form broad-based peaks during 
their migration in the electrical field, and, depending on 
the species, one or two types of the individual fraction nor¬ 
mally are present. 

HYPERPROTEINEMIA 

Hyperproteinemia can result from an elevation in the con¬ 
centration of all plasma proteins (panhyperproteinemia) 
or an absolute increase in globulins (hyperglob u l inemia) 
(Boxes 26-1 and 26-2), 

Panhyperprotememia 

An increase in the concentration of all blood proteins most 
commonly results from loss of the fluid component of the 
blood. Dehydration (decreased fluid intake or excessive fluid 
loss or both) causes hyperproteinemia with an associated 
increase in packed cell volume (PCV); however, a dehy¬ 
drated, anemic animal will have hyperproteinemia with a 
normal or subnormal PCV. The A/G ratio will be normal. 
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FIG. 26-1 tl Immunoglobulin in foal serum during ihe 
first 15 weeks oflife, (From lizard I Veterinary 
ed 3. Philadelphia. 1907, Saunders.) 



Total immunoglobulin 


Antibody 
synthesized 
by the foal 


Foal's age (weeks) 


1000 


TABLE 26*f 


Normal Serum Protein Values for Horses, Cows, Sheep, and Coats 


1 

Value 

Horse 

Cow 

Sheep 

Coat j 

Total 

g/dL 

5.2*7,9 

6.74-7.46 

6-7.9 

6.4-7 

Albumin 

g/dL 

2.6-B.7 

3.03-3,55 

2,4-3 

2.7-3.9 

Globulin 

g/dL 

2,62-4.04 

3-3.48 

3.5-5,7 

2,7-4.1 


g/dL 

0.06-0.7 




a 

g/dL 


0.75-0.88 

Q.3-0,6 

0.5-0.7 


g/dL 

0.31-1.31 




Pi 

g/dL 

0.4-1.58 

0.7-1.2 


0.7-1.2 

P 

g/dL 


0,8-1.12 



h 

g/dL 

0.29-0.89 


0,4-1,4 


Ti 

g/dL 


0.7-2.2 



T 

g/dL 

0.55-1,9 

1,69-2.23 


0.9-3 

Ti 

g/dL 


0.2-1.1 



A/G ratio 


0.62-1.46 

0.84-0.94 


0.63-1.26 

Fibrinogen 

mg/dl 

200-400 

200-700 

200-500 

200-300 


Kaneko II Serum proteins and the dysproteinemias. In Kaneko JL ed: Clinical biochemistry of domestic urirmab. ed 4, San Diego. Calif, 1989, Academic. 
A/C, Albumin to globulin ratio. 


In large animals a total plasma protein concentration 
above 8 g/dL can be expected with severe dehydration, 
initially dehydration causes withdrawal of tissue fluid into 
the intravascular space as the body attempts to maintain 
adequate blood volume. As dehydration proceeds, in- 
travascular fluid is lost; hemoconcentration results, with a 
relative increase in total protein and progressive peripheral 
circulatory failure. If renal function is adequate, urine con¬ 
centration increases and output decreases in an attempt to 
compensate for the fluid loss; water is absorbed from 
the gastrointestinal (GI) tract, assuming that G1 function 
is normal. 

A decrease in fluid intake can result from unavailability 
of water, lack of thirst caused by depression or toxemia, or 
dysphagia. 

In rare cases, polyuria with renal failure, exudation 
from extensive skin wounds, and excessive sweating can 
cause dehydration. Dehydration most commonly occurs 
after excessive fluid loss, especially from diarrhea. Other 
causes of increased fluid loss from the blood include fluid 
sequestration with an intestinal obstruction, vagal indi¬ 
gestion with interna! vomiting, and grain engorgement. 


Clinical signs of dehydration include tachycardia, an 
increase in the capillary refill time, and a decrease in pulse 
pressure, skin elasticity, and urine output. Improvement 
with appropriate fluid therapy Is evidenced by improvement 
in clinical signs and a decrease in the PCV and the plasma 
protein concentrations. A decline in the plasma proteins 
while the PCV remains elevated often indicates protein loss 
into a third space (this occurs most commonly in horses 
with severe colitis) and is a poor prognostic sign. Massive 
plasma transfusions are indicated in such patients. 

Hyperglobulin emia 

Hyperproieinemia in a patient with apparently normal 
hydration usually is caused by hyperglobulinemia, because 
hyperalbuminemia is a result of dehydration. Hie most com¬ 
mon cause of hyperglobulinemia is a generalized increase in 
y-globulins (polyclonal gammopathy). This represents the 
activity of plasma cells in response to chronic antigenic stim¬ 
ulation, Chronic infection, abscess, amyloidosis, and neopla¬ 
sia typically result in a generalized increase in y-globulins. 
Some immunoglobulins (particularly IgM) migrate in the 
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FIG. 24-2 II Normal bovine and equine serum protein electrophoresis, 
dtt. Albumin. (Courtesy Dr. Dennis DiNicola. Purdue University, West 
Lafayette, Lnd.) 


fl-globulin region, and polyclonal increases in p-globulins 
usually are associated with an increase in y-globulms, A con¬ 
comitant decrease in albumin synthesis commonly occurs. 
Chronic hepatitis, hepatic abscess, and suppurative diseases 
are usually accompanied by an increase in the y-globultn 
concentration. Immune-mediated disease processes (e.g., 
autoimmune hemolytic anemia and autoimmune throm¬ 
bocytopenia), lymphosarcoma, and other tumors of the re¬ 
ticuloendothelial system typically demonstrate polyclonal 
increases in y-globulin. 



Causes of Hyperproteinemia in Horses 


PANHYPERPROTEINEMIA-DEHYDRATION 
Common Causes 

Acute toxic colitis of unknown cause 

Acute salmonellosis 

Potomac horse fever 

Intestinal c lost rid iosis 

Intestinal strangulating obstruction 

Proximal enteritis 

Gram-negative sepsis, endotoxemia 
Botulism 

Choking (esophageal obstruction) 

Less Common Causes 

Chronic renal failure 

Chronic hepatic disease 

Guttural pouch mycosis with dysphagia 

Equine protozoal myelitis 

Salt toxicity 

Toxins, poisonous plants 
Lead toxicity 

Yellow star thistle poisoning (dysphagia) 

Dysphagia of unknown cause 

HYPERGLOBULINEMIA 
Common Causes 

Abdominal (mesenteric) abscess (including "bastard" 
strangles] 

Pulmonary abscess 
Chronic p leu litis 
Purpura hemorrhagica 
Equine infectious anemia 

Less Common Causes 

Chronic hepatic disease 
Strongylosis 
Lymphosarcoma 
Immune-mediated cvtopenia 


An abnormal Increase in a single Immunoglobulin class 
is known as monodorirtf gammopathy, On SPE, the monoclo¬ 
nal peak is as sharp as or sharper than the albumin peak 
and is the result of a single done of plasma cells producing 


BOX 26-1 


Causes of Hyperproteinemia in Ruminants 


PANHYPERPROTEINE Ml A*DE HYDRATION 
Common Causes 

Ruminal acidosis (grain overload) 

Abomasa I torsion 
Acute salmonellosis 
Peritonitis 

Sepsis, toxemia (mastitis, metritis) 

Intussusception 

Vagal indigestion 

Oral or pharyngeal foreign body with dysphagia 
Cocddiosis 

Diarrhea, undifferentiated 
Salt toxicity 

Toxins, poisonous plants 

Less Common Causes 

Renal amyloidosis 
lymphosarcoma 


Johnes disease 
Pregnancy toxemia 
Rabies 

HYPERGLOBUUNEMIA 
Common Causes 

Abdominal abscess (traumatic reticuloperitonUis, uterine tear, 
other) 

Chronic pneumonia 
Umbilical abscess 
Lymphosarcoma 

Caseous lymphadenitis (sheep and goats) 

Other abscess 

Less Common Causes 

Parasitism 

Pregnancy 
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an increased amount of immunoglobulin. Monoclonal gam- 
mopathies can be caused by multiple myeloma, lymphocytic 
leukemia, and other tumors of the reticuloendothelial system 
(e.g, lymphosarcoma). The clinical signs depend on the 
degree of organ involvement plasma cell piolifetation, and 
protein production. Increased susceptibility to infection can 
be expected as a result of decreased production of normal 
immunoglobulins, leukopenia, and/or impaired granulocyte 
Junction. Internal parasitism, especially strongylosis, may 
cause an associated j5^globulin spike that does not usually 
cause hypergiobulinemia. An increase in both p- and y-gjob- 
Lilin fractions (p-bridging) can occur with intense antigenic 
stimulation, chronic active hepatitis, or lymphosarcoma. 

The x-globulins are divided intb oti and zt 2 fractions in 
most species except ruminants, <x-Globulins are known as 
acute-phase reactants because their concentration rapidly 
increases after tissue injury or inflammation. a 2 -Antiplas- 
min rapidly increases,' whereas ceruloplasmin 6 increases 
several days after the onset of inflammation. 7 An increase 


in C-reactive protein has been associated with pneumonitis, 
enteritis, and arthritis in horses,* The increase does not 
generally cause hypergiobulinemia 

HYPOPROTEINEMIA 

Hypoalbuminemia 

Hypoalbuminemia often exists despite normal total plasma 
protein levels. The three most common causes of hypoalbu¬ 
minemia are a decrease in production, an increase in loss by 
the gut, and renal loss (Boxes 26-3 and 26-4). 

Albumin is produced by the liver, has the lowest 
molecular weight, and is the most abundant of ihe plasma 
proteins, accounting for 75% of plasma osmotic activity. In 
addition to maintaining osmotic pressure, a major function 
of albumin is to bind and transport plasma components that 
do not have a specific transport protein. Hypoalbuminemia 
causes a decrease in the A/G ratio. 



Causes of Hypoproteinemia in Hor»» 


HY POALBUMINE M l A 

PANHYPGPROTEINEMIA 

Common Causes 

Common Causes 

Parasitism 

Excessive fluid therapy or water intake 

Glomerulonephritis 

Acute blood loss 

Pyelonephritis 

(■astrotruestma) ulceration 

Idiopathic granulomatous enteritis 

Strangulating gastrointestinal obstruction, infarction 

Intestinal lymphosarcoma 

Protein-losing enteropathy (chronic granulomatous bowel 

Parasitism 

disease) 

Salmonellosis 

Acute severe peritonitis 

Equine ehrlichia! enterocolitis 

Nonsteroidal antiinflammatory drug luxkiiy 

[ Potomac horse fever) 

Glomerulonephritis 

Colitis X 


Qosiridiosis 

Lets Common Causes 

Nonsteroidal antiinflammatory drug toxicosis 

IS 1 nod-sucking gastrointestinal or external parasites 


Intestinal lymphosarcoma 

Less Common Causes 

Urinary' blood lass 

Chronic hepatic fihrosis (pyrrolizidlne alkaloid toxicity anil 

Congenital vascular disorders: 

other causes) 

Renal trauma 

Hepatic neoplasia 

Renal calculi 

Chronic hepatitis 

Pyelonephritis 

Amyloidosis 

Neoplasia 

Tuberculosis 

Cystic calculi 

Histoplasmosis 

Disseminated intravascular coagulation 

Ohronk eosinophilic gastroenteritis 

Immune-media ted thrombocytopenia 

Starvation 

Congestive heart failure 


BOX 26-4 


Causes of Hypoproteiriemia in Ruminants 


hypoalbuminemia 

PANMYPOPRGTEINEMIA 

Common Causes 

Common Causes 

Protein malnutrition, starvation 

Excessive intravenous fluid therapy or water intake 

Amyloidosis 

Acute blood loss 

Pyelonephritis 

Abomasal ulceration 

G 1 omcrul oneph lit is 

Blood-sucking gastrointestinal or external parasites 

Salmonellosis 

Gastrointestinal ulceration 

Mine's disease 


Trichasmmgyhts infection 

Less Common Causes 


Ingestion of caustic chemicals 

LESS COMMON CAUSES 

Strangulation, infarction of intestine 

Chronic liver failure 

Congestive heart failure 

1 n les tin al !ym phangiect asi a 

Pyelonephritis 

Intestinal lymphosarcoma 

Urinary tract blood loss 
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Starvation, malnutrition, and chronic C! disorders that 
interfere with digestion and absorption may lead to inade¬ 
quate provision of amino add substrate for general protein 
production. Hypoalbuminemia often precedes the develop¬ 
ment of panhypoproteinemia with dietary protein deficien¬ 
cies. In certain cases, diets that appear to be well balanced 
and to provide adequate protein nutrition may actually be 
inadequate in demanding conditions. 

Although albumin is produced by the liver, synthesis does 
not usually decrease in acute liver disease. Chronic diffuse 
liver diseases such as chronic hepatitis, fibrosis, and hepatic 
neoplasia may cause hypoalbuminemia. Because the half-life 
of albumin is prolonged in horses and cattle compared with 
that in dogs and humans,** hypoalbiiminemia rarely occurs 
with large animal hepatic disease. 10 If it does, it often is 
accompanied by increases in P* and y-globulins. Because 
these changes occur late in the course of the disease, they 
may be of more prognostic than diagnostic value. 

Increased metabolic demands such as occur with fever, 
trauma, surgery, and neoplasia can lead to a state of nega¬ 
tive nitrogen balance with excessive albumin breakdown. 
Chronic antigenic stimulation can also result in increased 
albumin catabolism to provide necessary amino adds for 
immunoglobulin production; however, this increased albu¬ 
min catabolism typically does not result in a change in the 
total plasma protein concentration. 

Excessive protein loss usually occurs through the urinary 
and Gl tracts. Normally urine contains little or no protein, 
but transient physiologic proteinuria occurs with exercise, 
stress, convulsions, and excessive protein intake, as well as 
in neonates; however, none of these factors causes 
hypoproteinerma. 

Clinically significant proteinuria consists primarily of 
albumin, resulting in subsequent hypoalbuminemia. Because 
of its small size and low molecular weight albumin is readily 
filtered through defects in the glomerular basement mem¬ 
brane. Glomerulonephritis, amyloidosis, and less commonly 
pyelonephritis cause albuminuria, which may lead to 
hypop rote inem ia. 7 

Protein-losing enteropathy refers to the excessive loss of 
plasma proteins into the Gl tract, with resultant hypoprotei- 
nemia. The diagnosis of protein-losing enteropathy usually is 
made after ruling out protein loss through other routes 
(urine), increased protein catabolism, and inability to pro¬ 
duce protein (liver disease). The clinically important me¬ 
chanisms of Gi protein loss are defective lymphatic 
drainage, increased mucosal permeability, exudation as a 
result of inflammation, and ulceration. In a study of horses 
with diarrhea, albumin was lower in horses that died than 
in those that survived, 11 Panhypoproteinemia eventually 
develops, especially when inflammation is a cause. 

The most common cause of protein-losing enteropathy in 
the horse is idiopathic granulomatous enteritis. 17 Tuberculo¬ 
sis and histoplasmosis also cause “granulomatous changes." 
Lesions are most commonly located in the small intestine, 
and weight loss results. Other causes of chronic protein- 
losing enteropathy in the horse include eosinophilic gastro¬ 
enteritis, intestinal lymphosarcoma, and strongyle larval 
migrans Salmonellosis, nonsteroidal antiinflammatory drug 
(NSAID) toxicity, and other causes of acute colitis and enter¬ 
itis may result in hypoalbuminemia and a general loss of all 
plasma proteins. A decreasing plasma protein tevd that 
occurs with an elevated PCV indicates acute protein loss 
from the gut. 

The most common cause of chronic protein-losing 
enteropathy in ruminants is Johne's disease, Hypoalbumi- 
nemia causes hypoproieinemia. TricJwwmmgyhu infection, 
intestinal lymphangiectasia, and intestinal lymphosarcoma 
can cause a primary hypoalbuminemic hypoproteinemia. 


Clinical signs of hypoalbuminemia include edema of the 
distal octremities, ventral body wall, and face. The albumin 
level generally must be below 1.5 g/dL in horses and below 
1 g/dL in ruminants before these clinical signs occur. Pha¬ 
ryngeal and laryngeal edema may result in upper airway 
obstruction, necessitating a tracheostomy, 

Panhypoproteinemia 

Vigorous fluid therapy or excess water intake can cause dilu¬ 
tion of the plasma proteins, with subsequent panhypoprotei¬ 
nemia, Panhypoproteinemia occurs most often in animals 
that have acute protein-losing toluis or enteritis and that 
are receiving intravenous fluid therapy. Similarly, animals 
that Jose large amounts of sodium through diarrhea and then 
drink fresh water may become hyponatremic as a result of a 
relative water excess. 

Acute blood loss results in loss of plasma proteins and a 
dilution of the remaining protein by rapid movement of 
interstitial fluid into the intravascular space to help main- 
rain intravascular volume. This dilutional effect is intensi¬ 
fied by the excess water intake that commonly occurs after 
acute blood loss. Acute hemorrhage resulting from trauma, 
severe epistaxis, or internal vascular rupture should be ruled 
out in a hypoproteinemic, anemic animal. 

Cl blood loss can result from abomasa! or gastric ulcers, 
blood-sue king parasites (particularly Haemcmchus conwnus 
in ruminants), viral or bacterial infection, azotemia, neo¬ 
plastic invasion, or exposure to caustic chemicals. NSAID 
toxicosis and strangulating Cl obstructions and infarctions 
can result in mucosal necrosis and leakage of plasma pro¬ 
teins into the gut lumen. Although protein-losing entero¬ 
pathy initially results in hypoalbuminemia, it eventually 
results in panhypoproteinemia 

Blood loss from the urinary tract can result from congenital 
vascular disorders, renal trauma, renal calculi, pyelonephritis, 
neoplasia, or cystic calculi. Coagulation dysfunction, such as 
disseminated intravascular coagulation (DIG) or immune- 
mediated thrombocytopenia, may cause blood Joss by way 
of the Gl or urinary tract. 

Congestive heart failure may cause hypoproieinemia by a 
number of mechanisms. Extracellular fluid is diluted by the 
retained sodium and water, and plasma protein is lost into 
interstitial spaces, ascitic fluid, and the GI tract. Hypoproteine- 
mia also can occur as a result of acute severe peritonitis with 
massive protein exudation, as is seen with a ruptured GI viscus, 

ALTERATIONS IN PLASMA FIBRINOGEN 

Pibrinogen is a large-molecular-weight protein produced by 
the liver. Its primary function is to serve as substrate for 
thrombin in the formation of fibrin during hemostasis. 
Fibrinogen, as an acute-phase reactant protein, increases its 
concentration during active inflammatory disease and is 
a useful marker in assessment of the inflammatory response, 

H y pe rfi bri nogenem ia 

Plasma fibrinogen is nearly always increased during severe 
inflammatory conditions and may increase with milder in¬ 
flammation that is not associated with leukocytosis or neutro¬ 
philia (Boxes 26-5 and 26-6). After surgical treatment for 
subchondral bone cysts and osteochondrosis demeans, horses 
still had hyperiibrinogenemia 15 days after surgery. l * Hypeifi- 
hrinogenemia generally occurs with infectious, suppurative, 
traumatic, and neoplastic diseases and subsides as the condi¬ 
tion improves. Chronic inflammation is associated with 
hyperfihrinogenemia, but the degree of hyperiibrinogenemia 
is not always directly correlated with the severity of the disease. 
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Causes of Hyperfibrinogenemia in Horses 


Abscess (abdominal or other) 

Chronic peritonitis 

Pleuritis 

Pneumonia 

Osteomyelitis 

Septic arthritis 

Cholelithiasis 

Neoplasia with inflammatory response 
Vasculitis (equine purpura hemorrhagica) 
Cellulitis 

Gastrointestinal inflammation 
Salmonellosis 


Fibrinogen is an especially useful indicator of inflammation in 
cattle because of their greater capacity to produce fibrinogen, 14 
which is a more sensitive indicator of inflammation than the 
leukocyte count (see Table 26-1), 

Hypofibrinogenemia 

A decrease in the fibrinogen concentration may result from 
increased consumption of fibrinogen or decreased synthesis. 
Severe, diffuse liver damage, such as occurs with severe pyr¬ 
rol izidine alkaloid toxicity, causes a decrease in the fibrino¬ 
gen concentration, whereas mild to moderate inflammatory 
liver disease can result in an increase in plasma fibrinogen. 
With DIC and fibrinolysis a decrease in the fibrinogen 



Causes of Hyperfibrinogenemia in Ruminants 


Acute mastitis, especial ly conform 
Abscess 

Traumatic reticuloperttomtis, pericarditis 
Salmonellosis 

Gastrointestinal inflammation 

Pyelonephritis 

Endocarditis 

Pleurim 

Pneumonia 

Chronic peritonitis 

Necrotic rumen it is 

Lymphosarcoma 

Septic arthritis 

Cellulitis 

Omphalophlebitis 

Osteomyelitis 


concentration would be expected; however, hypoflbri nogen- 
emia is not common in horses with D1C> Inflammatory dis¬ 
orders often are the cause of DIC, and a compensatory 
increase in production masks the increased consumption. 
In rare cases, rapid removal of fibrinogen from the circula¬ 
tion may occur as a result of primaiy hyperfibri no lysis. An 
erroneous finding of hypofibrinogenemia may result if the 
fibrinogen concentration is quantitated from samples con¬ 
taining dotted blood. 








Alterations in the Clotting Profile 

DEBRA DEEM MORRIS 


MAJOR ALTERATIONS 

Thrombocytopenia, 417 
Prolonged prothrombin time, 4 1 7 
Prolonged activated partial 
thromboplastin time, 419 


Elevated fibrin and fibrinogen 
degradation products, 419 
Reduced plasma antithrombin 111, 
420 


Hypoftbrinogenemia, 420 
Abnormalities in other tests of 
hemostatic function, 421 


The minimum laboratory data needed to evaluate hemosta¬ 
sis in large animals are platelet count, plasma fibrinogen, 
prothrombin time (PT), activated partial thromboplastin 
time (aPTT), and serum fibrin and fibrinogen degradation 
products (FDPs), Proper collection and preparation of 
blood samples are paramount in obtaining accurate results 
(see Chapter 23). If the laboratory does not have normal 
values for the species in question, plasma from two or more 
healthy animals should be collected and assayed in a simi¬ 
lar manner for comparison Table 27-1 shows some normal 
values that have been published. 

THROMBOCYTOPENIA 

Thrombocytopenia (a platelet count below 100,000/pL) is 
caused by one of three basic mechanisms: a decrease in the 
production of platelets, platelet sequestration, or a shortened 
platelet lifespan (Boxes 27-1 and 27-2), Reduced production 
of platelets is the result of a bone marrow abnormality such 
as infiltration by neoplastic tissue (myelophthisic disease) 
or aplastic anemia. Occasionally immune-mediated destruc¬ 
tion of megakaryocytes causes selectively reduced platelet 
production. Familial myelofibrosis occurs in some lines of 
pygmy goats. 

Splenomegaly that may occur in acute and chronic infec¬ 
tions and in noninfectious inflammatory disorders causes 
platelet sequestration, although this does not generally pre¬ 
dispose the animal to hemorrhage. Congestive splenomeg¬ 
aly occurs when venous outflow Is occluded by intestinal 
displacements or congestive heart failure. 

Shortened platelet lifespan is the most common cause of 
thrombocytopenia in large animals. Excessive consumption 
of platelets occurs with disseminated intravascular coagula¬ 
tion (DIG), overwhelming septicemia or endotoxemia, and, 
in rare cases, systemic vasculhides. Platelet destruction by 
immune-mediated mechanisms is a common cause of 
thrombocytopenia in horses. Viral and rickettsial diseases 
may cause consumption or immune-medrated thrombocyto¬ 
penia (IMTP), 

Platelets form the initial hemostatic plug, provide phos¬ 
pholipid and a surface for clot formation, and maintain vas¬ 
cular integrity. Thrombocytopenia is characterized by petechial 
hemorrhages on the oral, nasal, and/or vaginal mucous mem¬ 
branes and the nictitans, sderae, and pinnae. Epistaxis, melena, 


hyphema, or hematuria may occur, although spontaneous 
hemorrhage is rare unless the platelet count drops below 
] 0,000/pL, Prolonged bleeding from injections or wounds 
and a propensity to form hematomas with minor trauma 
are quite common when the platelet count drops below 
40,000/pL, 

Anemia and mild hypoproteinemia accompany signifi¬ 
cant, chronic blood loss. Other components of the hemo¬ 
static system also should be evaluated (eg., PT, a PIT, 
and FDPs), because thrombocytopenia may be only part 
of a disseminated coagulopathy. Evaluation of a bone mar¬ 
row specimen (aspirate, core) is necessary to document 
adequate megakaryocyte numbers if thrombocytopenia is 
the only laboratory abnormality or if pancytopenia is 
present, 

PROLONGED PROTHROMBIN TIME 

The PT is a measure of the extrinsic and common pathways 
of coagulation (Fig, 27-1). It becomes prolonged when the 
fibrinogen level drops below 100 mg/dL or vrith a marked 
deficiency (less than 50% of normal concentration) of pro¬ 
thrombin and/or clotting factors V, VIl, and X. In addition 
to deficiencies of these factors, functional abnormalities or 
factor inhibitors may be reflected by changes in the PT. 
The most common mechanisms for prolonging the PT are 
increased consumption of the relevant clotting factors or 
failure of the liver to produce these factors. Congenital afi¬ 
brinogenemia in goats may prolong the PT. 1 

Increased factor consumption usually is caused by DIG, 
which also causes prolonged aPTT and thrombocytopenia 
(Boxes 27-3 and 27-4), Reduced production occurs as a 
result of hepatocellular disease or vitamin K deficiency. 
Vitamin K is necessary for hepatic production of factors II, 
VI1, IX, and X. The action of vitamin K is inhibited by cou- 
marin compounds, which may be found in moldy sweet 
clover hay or rodemiddes. Coumarin derivatives (warfarin) 
sometimes are used therapeutically in horses. 

Clinical signs of dotting factor deficiencies relate to the 
tendency for spontaneous hemonhage (e.g., epistaxis, 
melena, hematuria) or prolonged bleeding after trauma, 
diagnostic procedures, or surgery. Hematomas or hem ar¬ 
throses are common after minor trauma or normal exercise. 
The dotting times are designed primarily for screening 
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TABLE 27-1 


Normal Values for Hemostatic Data in Ruminants and Horses 



Cattle 

Sheep 

Goats 

Horses 

Platelet count (x UJ 3 /L) 

100-800 

250-750 

300-600 

100-600 

Fibrinogen (mg/dL) 

200*500 

100-500 

100-400 

200-400 

Prothrombin time(s) 

22*55 

_* 

93-12.5 

7-9 

Activated partial thromboplastin time(s) 

44-64 

— 

28-52 

3734 

Eibrin and fibrinogen degradation products (pg/mL) 

<8 

<8 

— 

<32 


Modified from Duncan JR Prasse KW, Mahaffey EA: Veterinary laboratory medicine* ed 3, Ames, 1994, Iowa Stale University Press; and Kaneko ]]: Clinical friff- 
chemistry of domestic animats* ed 4, San Diego, Calif 1989, Academic. 

■Insufficient dau available 



Causes of Thrombocytopenia in Horses 


COMMON CAUSES 

Disseminated intravascular coagulation (DtC) 

Immune-mediated thrombocytopenia (IMTP) 
lindotoxemia, septicemia (e,g„ acute toxic colitis, intestinal 
strangulating obstruction, neonatal septicemia) 

Equine infectious anemia 
Equine ehrlichiosis (Ehrlichia equi) 

Lym phosarco m a 

LESS COMMON CAUSES 

Salmonellosis 
Equine viral arteritis 
Equine influenza 

Myeloproliferative disease (myelogenous leukemia) 

Plasma cell myeloma 
Aplastic anemia 
Stachybotryoioxicosis 



Causes of Thrombocytopenia in Ruminants 


COMMON CAUSES 

Disseminated intravascular coagulation (DIC) 
Bracken fern (Pimdium aquiUnum) toxicosis 
Septic mastitis or meiritis (endotoxemia) 

LESS COMMON CAUSES 

Salmonellosis 

Gram-negative sepsis 

Trichloroethylene-extracted soybean meal 

Lymphosarcoma 

Plasma cell myeloma 

Immune- med i a ted ih rombocytopen i a (l MTP) 
Stachy bot ry otoxicos is 
Myelofibrosis (pygmy goats) 



FIG. 27-1 II Coagulation pathways. 
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Causes of Prolonged Prothrombin Time in Horses 


COMMON CAUSES 

Disseminated intravascular coagulation {D1C) 

Roden tickle (warfarin) toxicosis 

Acute hepatic necrosis 

Pyrrol b.idine alkaloid toxicosis 

Aflaiuxicosis 

Chronic hepatic fibrosis 

LESS COMMON CAUSES 

Moldy sweet clover 



Causes of Prolonged Prothrombin Time 
in Ruminants 


COMMON CAUSES 

Moldy sweet clover (Aflri&rtus ipecies) toxicosis 
Disseminated intravascular coagulation (DIG) 

LESS COMMON CAUSES 

Roden tKidr (warfann) toxic mi* 
rViTolt/idine alkaloid toxicosis 
RuhfatoxkosH 
Aftatoskosis 

RUteiwced (ffymmaiys MmiiuJ toxicosis 
Chronic hepatic fibrosis 



Causes of Prolonged Activated Partial 
Thromboplastin Time in Horses 


COMMON CAUSES 

Disseminated intravascular coagulation (PIC) 

Warfarin toxicosis 
Acute hepatic necrosis 

LESS COMMON CAUSES 

Moldy sweet clover toxicosis 
Hemophilia A (deficient factor VIII:C) 

Congenital deficiencies of fad or IX, factor XI. prekallikrein, 
oi liigli^molecularweight kininogen 
Hepatmoxins (pyrrolizidine alkaloids, nibratoxins, aflatoxius, 
biilcrweed) 



Causes of Prolonged Activated Partial 
Thromboplastin Time m Ruminants 


COMMON CAUSES 

Moldy sweet closet toxicosis 
Disseminated intravascular coagulation (D1C) 

LESS COMMON CAUSES 

Congenital deficiency of factor XI 
Rodemicide (warfarin) toxicosis 

1 lepatotoxins (pyrrol izid me alkaloids ruhratoxitis, aflatoxins, 
biuetweed) 


purposes and are very insensitive to minor abnormalities of 
one or more factors. Patients with mild bleeding tendencies 
may require more specialised diagnostic procedures. 

PROLONGED ACTIVATED PARTIAL 
THROMBOPLASTIN TIME 

The aPTT screens the function of the intrinsic coagulation 
pathway (see Fig, 27*1) and is sensitive to deficiencies or 
abnormal activity of factors VI il-coagulant (VIILC), IX, XL 
and XIL Insufficiencies of prekallikrein and high molecular 
weight kininogen may prolong the aPTT, depending on the 
thromboplastin reagent used in the assay. Thromboplastin 
in which ellagic add is used as the activator wilt not demon¬ 
strate a prekallikrein deficiency because ellagic add activates 
factor XII directly Kaolin activates factor XII by means of 
prekallikrein. Of course, the aPTT is abnormal if defirien- 
des of factors in the common pathway exist. The activated 
coagulation time (ACT) is a simplified variation of the aPTT 
that can be tested by mixing whole blood with activator and 
calcium 

The most common cause of a prolonged aPTT is the 
increased consumption of clotting factors induced by 
DIG (Boxes 27-5 and 27-6) Liver failure and vitamin K 
defidency prolong both the aPTT and PT, because factors 
II, IX, and^X are tested by both Inherited deficiencies of 
factors VIIL ‘ DC and XI* and prekallikiein 4 have been described 
in horses, and these are associated with prolonging the 
aPTT without affecting the PT. Congenital factor VIII defi¬ 
ciency is sex-linked, occurring only in males. 3 3 A mixed 
deficiency of intrinsic coagulation was reported in an aged 
horse with lymphosarcoma, 6 Inherited factor XI deficiency 
is transmitted in Holstein cattle by an autosomal recessive 
trait. 7 


Clinical signs of dotting factor deficiencies are those of 
hemorrhagic diathesis, as described in the previous section. 
Cattle deficient in factor XI seem to have complete in vivo 
coagulation competency. The level of factor VIII:C or factor 
IX must drop below 5% of normal before spontaneous bleed¬ 
ing occurs. Hemophilia A is a deficiency in factor VUI:C, 

A disseminated coagulopathy should be manifested by 
several abnormalities in the coagulation profile, although 
variable use, synthetic rates, and the half-lives of dotting 
factors may result in abnormality of only one dotting time 
(PT pr aPTT), Serial analyses should reveal a trend toward 
prolonged PT and aPTT, with dropping platelet numbers. 
When a persistently prolonged aPTT is the only laboratory 
abnormality, hereditary defidency of one or more dotting 
factors should be suspected. Specific quantitative assays of 
intrinsic dotting factors usually are reserved for experienced 
coagulation laboratories. 

ELEVATED FIBRIN AND FIBRINOGEN 
DEGRADATION PRODUCTS 

Measurable levels of FDPs in the serum generally indicate 
increased fibrinolysis in response to excessive activation of 
coagulation (it, DIC) (Box 27-7). Severe inflammatory 
processes, hemorrhagic disorders, or postoperative states 
that cause extensive intravascular fibrin deposition may 
exceed the clearance capacity of the mononuclear phagocyte 
system (MPS) and elevate serum FDPs. Primary (spontane¬ 
ous) hyperfibrinolysis has not been described in large 
animals. 

Elevated serum FDPs contribute to the hemorrhagic 
manifestations of DIG by interfering with thrombin activ¬ 
ity, fibrin monomer polymerization, and platelet function. 
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Causes of Elevated Fibrin and Fibrinogen 
Degradation Products in Large Animals 


COMMON CAUSES 

Disseminated intravascular coagulation (PIC.) 
Thrombophleb Uis 
Portoperative stale 
Severe inflammation 

Immune-mediated thrombocytopenia (IMTP) 

UNCOMMON CAUSES 

Massive internal hctnotth^c 
Primary hypcrfibrinolyxii 


Interpretation of this test depends on evaluation of the 
other components of the clotting profile (platelet count, 
PT, aPTT) in concert with the patient's clinical signs. A 
serum FDP level above 40 ggtmL most often occurs second* 
ary to DIC however, values below 40 pg/ml do not exdude 
the diagnosis of DIC, because there may be considerable 
compensation by the MPS, degradation of FDPs, or both. 

REDUCED PLASMA ANTITHROMBIN Ml 

The physiologically most important inhibitor of coagula¬ 
tion is the x-globulin called immfcremlnn fif (AT4I1), This 
low-molecular*weight glycoprotein contributes up to 70% 
of the total procoagulam*inhibiting activity in plasma and 
can neutralize thrombin-activated factors IX X XI. and 
XII, kallikrein, and plasmin. Heparin is a necessary cofactor 
for the action of AT-IIL causing a 200-fold acceleration of 
the interaction between the inhibitor and its substrates. 
Plasma AT-Ill may be reduced by failure of production in 
the liver, excessive use. Joss from the intravascular compart¬ 
ment, or increased catabolism. 

Chronic liver disease may result in failure to produce AT- 
111 and a number of other important plasma proteins; how¬ 
ever, horses with chronic liver disease were shown to have a 
higher than normal plasma AT-Ul level in addition to hyper- 
fibrinogenemia 9 These findings suggest that AT-III may 
behave as an acute-phase protein in horses, as has been 
shown in cats. 9 

In conditions such as DIC AT-111 is consumed as a result 
of irreversible binding to activated dotting factors. Any 
pathologic generation of thrombin and other activated 
clotting factors, such as can occur with trauma, neoplasia, 
or endotoxemia (all known initiators of DIC), would 
be expected to cause some reduction in plasma AT-III 
(Boxes 27-8 and 27-9). 



Causes of Reduced Antithrombin III in Horses 


COMMON CAUSES 

Disseminated intravascular coagulation (DIC) 

Protein-losing enteropathy (e g granulomatous enteritis 
intestinal lymphosarcoma, nonsteroidal antiinflammatory 
drug toxicosis) 

Chronic glomerulonephritis 

LESS COMMON CAUSES 

Acute toxic enteritis 
Acute hepatic necrosis 
Starvation 
Venous thrombosis 



Causes of Reduced Anti thrombin 111 in Ruminants 


COMMON CAUSES 

Disseminated intravascular coagulation (DIC) 
Renal amyloidosis 
f oh tie's disease 

LESS COMMON CAUSES 

Starvation 
Venous thrombosis 
Hepatic failure 


Diseases that cause massive proteinuria or protein-losing 
enteropathy result in reduced plasma AT-III, in addition to 
loss of other plasma proteins. Because of the small size of 
Aim (molecular weight approximately 65,000), it is lost 
in approximately the same proportion as albumin. Starva¬ 
tion or sepsis resulting in massive protein catabolism may 
cause a reduction in plasma AT-III 

The major clinical sequela of AT-III deficiency is a ten¬ 
dency to develop venous thrombosis. A hypercoagulable 
state with nephrotic syndrome has been recognized in 
humans , U) dogs, 11 and cattle, 13 Venous thrombosis is com¬ 
monly recognized in horses with severe toxic colitis or 
endotoxemia; whether this involves AT-III is not known. 
The contribution of AT-III consumption in DIC to the clini¬ 
cal manifestations of this syndrome is difficult to evaluate; 
however, use of AT-HI concentrates in human patients with 
acute DIC has improved survival in some circumstances. 8 As 
with fill components of the hemostatic system, plasma AT- 
III must be evaluated in light of other dotting data, 

HYPOFIBRINOGENEMIA 

Hypofibrinogenemia may result from impaired hepatic syn¬ 
thesis, increased consumption with DIC degradation during 
primary hyperfibrinolysis, or uncompensated loss during 
massive hemorrhage (Boxes 27-10 and 27-11). A reduction 
in plasma fibrinogen is rare under any circumstances in laige 
animals. This protein is produced exclusively by the Liver, and 
it functions as an acute-phase reactant being rapidly released 
in response to a variety of inflammatory and procoagulant sti¬ 
muli, The equine liver seems to have a remarkable reserve 
capacity to produce fibrinogen, because hypofibrinogenemia 



Causes of Hypofibrinogenemia in Horses 


UNCOMMON CAUSES 

Acute hepatic necrosis 

Acute severe disseminated intravascular coagulation (DIC) 
Severe hepatic fibrosis 


SOX 27*1 I 


Causes of Hypofibrinogenemia in Ruminants 


UNCOMMON CAUSES 

Hereditary afibrinogenemia (gnats) 

Acute severe disseminated intravascular coagulation (DIC) 
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b a feature only of acute fulminant hepatic necrosis, whkh b 
attended by DIC, 

Hereditary afibrinogenemia has been recognized in a 
family of Saanen dairy goats. 1 This incompletely dominant 
trait causes a hemorrhagic diathesis in newborn kids that 
is characterized by umbilical bleeding recurrent hemar 
ihroses, and bleeding into the skin and mucous mem¬ 
branes. Heterozygotes have hypofibrinogenemia, 

OTHER TESTS OF HEMOSTATIC 
FUNCTION 

Other tests of hemostasis are performed less routinely in 
large animals because of lack of sjtetificity or sensitivity, 
technical difficulty, or expense. Some of these tests may be 
useful in a particular disease situation. 

Thrombin Time 

The time required for a standard thrombin solution to dot 
plasma is a measure of the rate of fibrinogen to fibrin con¬ 
version, In large animals a prolonged thrombin time usu* 
ally indicates the presence of FDPs that interfere with 
fibrin polymerization. 

Factor Assays 

(See previous discussion of prolonged aFTT) For consump¬ 
tive states such as DIC factor analyses tardy provide signifi¬ 
cantly more information than the PI and aPTT. Factor VM:C 
functions as an acute-phase reactant and may be increased by 
inflammatory disease Specific factor analyses are indicated 
for the diagnosis of hereditary factor defidendes. 


such as DIC. Plasminogen levels have been explored in 
horses with colic.* 3 

o^-Anci plasm in 

Antiplasm in (a 2 -AP) a plasma glycoprotein, is the main 
physiologic inhibitor of fibrinolysis, In humans, a r AP is 
decreased by severe liver disease (reduced production) and 
with DIC (consumption). Limited experimental studies in 
ponies suggest that a^-AP may be reduced significantly with 
chronic DIC. 14 

Fibronectin 

The soluble form of fibronectin is a large glycoprotein that 
promotes clearance of plasma particulates by the MPS. 
Fibronectin initially is consumed by binding to fibrin break¬ 
down products and platelet microaggiegaies; however, it is 
replenished rapidly in the acute-phase response. A persis¬ 
tently low fibronectin level is associated with a high mortal¬ 
ity rate in humans with DIC 

EicosanokJs 

During activation of coagulation, thromboxane Aj (TxAi) 
and prostacyclin are produced and released by platelets 
and endothelial cells, respectively. TXAj is a potent vasocon¬ 
strictor and aggregates platelets, whereas prostacyclin has 
the opposite effect. Plasma concentrations of thromboxane 
(TxBa), the stable hydrolysis product of TxA 2 , are ele¬ 
vated during acute, severe DIC in humans. Although not 
actually evaluated in DIC, both eicosanoids are increased 
in horses and cattle with endotoxemia. 


Platelet Factor 3 

The platelet factor 3 (PF*) test is an indirect assay for the 
presence of serum antibodies directed against platelets. 
Because of its low sensitivity for the diagnosis of IMTP, it 
is no longer routinely available. 

Plasminogen 

The zymogen precursor of plasm in is reduced in the plasma 
during slates that cause pathologic increased fibrinolysis 


Protein C 

The protein C pathway provides the second major anticoag¬ 
ulant mechanism that regulates hemostasis Protein C is 
activated by thrombin, then proieolytirally destroys factors 
V and Vm. In humans, plasma protein C may be reduced 
by liver failure or by disseminated coagulopathy, inducing 
a tendency for thrombotic disease. The same may be true 
in horses, 3 
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BACKGROUND 

The hematopoietic system is composed of erythrocytes, leu¬ 
kocytes, and platelets, their precursor cells, and the tissues 
that support the continuous cycles of cell differentiation 
required for maintenance of oxygen delivery, protection 
from infectious agents, and hemostasis, A single piuripotent 
stem cell is the precursor for all hematopoietic cells. From 
this cell arise stem ceils directed toward various cell 
lineages Postna tally, hematopoiesis to replenish circulating 
erythrocytes, granulocytes, monocytes, and platelets pre¬ 
dominantly occurs in the bone marrow. Although lympho¬ 
cytic precursor cells continue to travel from the bone 
marrow to the thymic cortex and enteric mucosa for differ¬ 
entiation postnatally, most circulating lymphocytes are 
associated with the extramedullary lymphoid organs 

Constantly replenishing blood cells, the bone marrow is 
one of the most active tissues in the body. Blood cell turn¬ 
over is rapid; for example, neutrophils have a circulatory 
half-l ife of approximately 10 hours. The lifespan of platelets, 
on average, is approximately 7 to 10 days, and the lifespan of 
large animal erythrocytes is approximately 5 months, with 
slightly shorter half-lives reported in some breeds, 1-3 Readers 
are referred to a veterinary hematology textbook for more in- 
depth information on the hematopoietic system. 4 


INDICATIONS FOR BONE MARROW 
ASPIRATION OR BIOPSY 

Bone marrow evaluation provides important diagnostic in¬ 
formation on the hematopoietic status of an animal it is typi¬ 
cally performed to evaluate hematopoiesis and to detect 
evidence of neoplastic or infectious disease (Box 28-1). The 
complete blood count (CBC) is the most common method 
used to evaluate the hematopoietic system, but a more com¬ 
prehensive evaluation includes bone marrow aspiration and/ 
or biopsy. Bone marrow aspiration is commonly used to eval¬ 
uate the cause of cytopenia. Unexplained non regenerative ane¬ 
mia, neutropenia, thrombocytopenia, and pancytopenia are 
indications for bone marrow aspiration. In these cases, bone 
marrow evaluation is used to determine if the cytopenia is 
more likely a result of lack of production or of consumption 
or destruction of the cell in question. If an animal's clinical pre¬ 
sentation and other laboratory data provide a reasonable 
explanation for cytopenia, a decision to perform the procedure 
may not be justified. For example, if another disease process is 
present that could explain nonregenerative anemia, such as a 
chronic inflammatory disease or chronic renal failure, bone 
marrow aspiration is not indicated in most cases. 
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Another common reason for bone marrow aspiration is 
the observation of atypical cells, unexplained immature cells, 
or abnormal blood cell morphology on a peripheral blood 
film. In these cases bone marrow is evaluated for the diagno¬ 
sis of leukemia, myelodysplastic syndromes, and infiltrative 
disease. Potential infiltrative disease is sometimes detected 
radiograph tea l ly, and the presence of lytic or proliferative 
bone lesions can also bean indication for bone marrow aspi¬ 
ration. Because abnormalities within the bone marrow are 
not always reflected in the peripheral blood, it may be pru¬ 
dent to perform bone marrow aspiration if a neoplastic or 
infectious process is clinically suspected but cannot be found 
elsewhere. This suspicion may arise from detecting an unex¬ 
plained hypercalcemia or monoclonal gammopathy, condi¬ 
tions that are often associated with neoplasia; identifying a 
fever of unknown origin; or recognizing the probability of 
an infectious agent that may have bone marrow involvement. 

Even though complication rates are low, bone marrow 
aspiration should not be performed indiscriminately, and, 
as for all testing, the clinician should consider what question 
is being asked and if bone marrow evaluation is the appro¬ 
priate diagnostic lest for answering that question. Examina¬ 
tion of a peripheral blood film often provides clues as to 
the necessity of bone marrow evaluation. In general, cytope¬ 
nia should be persistent and confirmed before bone marrow 
evaluation is performed. Rechecking a low cell count by 
drawing a new blood sample, especially if initial results do 
not fit with the clinical presentation of the animal, is re¬ 
commended. An ethylenediamine tetraacetic add (EDTA)- 
associated pseudothrombocytopenia has been reported in 
horses, 5 which can be ruled out by drawing blood into a hep¬ 
arin or sodium citrate tube for platelet counts. A low platelet 
count can also be artifactual if platelet aggregation occurs 
during blood collection. The presence of clumped platelets 
on a peripheral blood film is an indication that platelet 
aggregation has occurred and that a low platelet count 
should be viewed with skepticism. Repeated CBCs can also 
be used to assess persistence of an abnormality. It can take 
up to 5 days for the bone marrow to respond to acute anemia 
and for regeneration to be evident in the peripheral blood. 
Bone marrow aspiration is typical ly not indicated when there 
is evidence of regeneration in the peripheral blood. Evidence 
oferythroid regeneration in the peripheral blood includes an 
increase in the number of reticulocytes or polychromato- 
philic cells, basophilic stippling, and macrocytosis, Because 
the changes typically associated with regenerative anemia 
are rarely seen in horses, bone marrow aspiration is often 
the only way to assess erythropoiesis in this species. Evidence 
of regeneration in granulocytes includes the presence of a left 
shift and toxic changes. 
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Indications for Bone Marrow Evaluation 


To assess regeneration in anemic horses 
To investigate cause of cytopenta 
Unexplained non regenerative anemia 
Unexplained neutropenia 
Unexplained thrombocytopenia 
Pancytopenia 

To investigate for neoplasia 
Atypical cells in peripheral blood 
Lytic or proliferative bone lesions 
Hypercalcemia 
Monoclonal gammopalhy 
To investigate lor infectious disease 
Pever of unknown origin 
Lytic or proliferative bone lesions 


Cytologic evaluation of a bone marrow aspirate is more 
commonly performed than core biopsy because results can 
be attained more quickly and the morphology of the cells is 
superior, allowing a more accurate assessment of cell types. 
The disadvantage of an aspirate versus biopsy is that architec¬ 
ture cannot be assessed with an aspirate and it can be impos¬ 
sible to confirm whether a poor cellular sample is a result of a 
pathologic process or an unsatisfactory sampling. The core 
biopsy provides a better assessment of bone marrow cellular- 
ity and is necessary for the confirmation of myelofibrosis, 
generalized bone marrow suppression, or necrosis. The core 
biopsy also provides a more accurate assessment of metastatic 
neoplasia because architecture can be assessed. When collect¬ 
ing a bone marrow sample for cytologic evaluation, some 
clinicians will also col lea a core biopsy to store in formalin 
In the event that histologic evaluation is later recommended. 
If a bone marrow sample is being submitted for evalua¬ 
tion, it is recommended to always submit a concurrent 
peripheral blood sample for a CBC because interpretation 
of the bone marrow is dependent on CBC results and 
changes can occur quickly in the blood. 

BONE MARROW COLLECTION 

Sites 

Hematopoietically aaive bone manow is most consistently 
found iu the flat bones (sternum, ribs, pelvis, vertebrae) and 
proximal ends of long bones (humerus, femur). The most 
commonly described sites for bone marrow aspiration in 
large animals are the sternum, ribs, and iliac crest {Fip. 28-1 
and 28-2), Which location is chosen may depend on species. 



FIG. 2B-1 II Equine skeleton depicting sites for bone marrow aspiration: 
th* sternum, iliac crest, vertebral ends of ribs fl to Jfl, and first lumbar 
vertebra. 



FIG. 28-2 II bovine skeleton depicting sites for bone marrow aspiration: 
the sternum and vertebral ends of ribs 8 to II 



FIG. 28-3 II Lateral view of equine sternum. The ventral sternum is Lhe 
most popular sire for sampling bone manow in the adult hoTse 
but the cranial sternum can also be used The aspirate site of the cranial ster¬ 
num is leached by going one hand width below (doited line) and one hand 
width lateral to its cranial tip. From there, the needle is advanced in a hori¬ 
zontal plane at a 45-degree angle to the longitudinal axis of the horse 
(arrow) 


age, and temperament of the animal as well as available 
facilities. 

The ventral sternum is the preferred site in adult horses, 
smalt ruminants, and cameiids (Figs. 28-3 to 28-G). It is 
one of the preferred sites in cattle (Fig. 28-7). The advan¬ 
tages of the sternum are that it is covered by only a thin 
layer of bone, it has areas not covered by thick muscles, 
and samples can be reliably obtained from the site. The dis¬ 
advantages of the sternum are that it is near vital organs and 
that the operator is in an awkward position when working 
on a standing animal A procedure for sampling the cranial 
aspect of the sternum has also been described in horses 6 
(see Fig. 28-3). There is more muscle to go through with 
this approach. 

The ribs are one of the preferred sites for bone marrow 
aspirates in cattle. The dorsal ends of ribs 8 to 11 can be 
accessed for sequential aspirations 7 (see Fig. 28-2). Ribs 
can also be used in the horse, but the needle slips off the 
bone more easily. In calves, sheep, and goats the marrow 
cavity of the rib is small and more difficult to hit,® and in 
camelids the rib marrow is less consistent in location than 
the sternum. 5 Successful col lea ion from ribs has been 
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FIG- 2f-4 II Ventrd view of equine ribcage and sternum. Amw* depict 
optimal rites Tor sternal bone marrow aspiration or biopsy, on mid line 
beiween the elbows of the horse, 


FIG. 21-S m Croi^-HTtion of sheep sternum The needle is entering the 
second stemebra the second through fourth stemebrae ire recommended 
ma optimal riies for bone marrow collection 


described in camels, with the fifth to eighth ribs as the best 
sites/ 10 

The iliac crest is the site often used in foals for bone mar¬ 
row sampling and can also be used in young adult horses 
up to a couple of years in age 11 (Fig. 28-8), Samples can 
also be obtained from older horses at this site, but the nee 


FIG. 1ST H Bovine sternum The third and fourth wmehrae ire recom¬ 
mended fot bone marrow roilrrtkffi The arrow is pointing to the fourth 
oemchra 


from the iliac crest of a 2-year-old alpaca has been 
reported 11 (Fig. 28-9). The iliac crest can also be used in 
sheep (Fig. 28-10). 

Anoiher site informally described for horses is the spinal 
process of the fust lumbar vertebra (Fig. 28-11), It is usually 
vertical, whereas the adjacent processes tend to be more 
angled. The tip of the process is wider than the shaft and 
has a thin layer of bone. The needle is advanced straight 
down into the marrow cavity, which is narrow, but if the 


die must be inserted more deeply, needle placement is more 
critical, and it becomes difficult to obtain a successful sam¬ 
ple in horses more than 9 years old. 12 The wing of the ilium 
is generally considered too thin for bone marrow aspiration 
in camelids, 9 although successful hone marrow aspiration 


needle is dose to correct placement, the walls of the process 
help guide the needle into the marrow cavity. The advan¬ 
tage of this site is that the operator is not working under 
the horse. Ihe spinal process is reported to be a poor site 
to sample in the cow. 14 
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FIG-18-® II Equine pelvis. To obtain bone marrow, the needle should be 
placed near ihe tenter of the tuber coxae (arrow) and advanced toward the 
opposite coxofemoral joint (dotted iitu). 



FIG. 28-9 II E.lama pelvis, the wing of the ilium (arrows) is generally 
considered too thin for easy bone marrow collection in camelids. 


APPROACH TO THE STERNUM. In the horse, bone mar¬ 
row aspiration is typically performed in the standing animal. 
Sedation or a twitch may be used if necessary. The preferred 
site is on the ventral midline in the cleavage between the deep 
pectoral muscles where a line connecting the points of the 
elbows would cross 1 s (Figs. 28-4 and 28-12), The manu¬ 
brium of the sternum can also be sampled in horses by 
finding the cranial end of the sternum and going one hand 
width below and one hand width laterally from the end 
(see Fig, 28-3), From this spot the needle is advanced through 
the muscle in a horizontal plane at a 45-degree angle to the 
longitudinal axis of the horse. 6 

Sternal bone marrow can be sampled from adult cattle 
standing in slocks or a squeeze chute. It may be necessary 
to use techniques to prevent kicking, such as jacking the tail, 
or sedation. Unruly adult cattle and large calves can be cast 
and held in lateral recumbency. 'Fhe upper front leg of the 



FIG, 28-10 II Bone marrow aspirate from the ileum of a sheep. This 
sheep was undergoing necropsy, and the wing of the ileum has been 
dissected one 



FIG. 28-11 II First lumbar vertebra of a horse. Although not widely used, 
the spinal process of LI (armw) is another site from which bone marrow 
can be obtained in the horse. 


cast animal is held extended along the neck, exposing the 
sternum, after the other legs are secured with a rope, 16 
Calves that weigh less than 300 lb can be placed in dorsal 
recumbency and secured by assistants or with ropes. 0 The 
needle should be placed on the midline and inserted per¬ 
pendicular to the third or fourth sternebra, The appropriate 
stemebrae is located by palpating the third or fourth rib and 
following it to the sternum. 

For the sternum of a small ruminant to be sampled, the 
animal is placed in dorsal recumbency with legs secured, 
or it can be restrained in a sitting position with an assistant 
standing behind, supporting the animal and holding a 
foreleg in each hand 8 The location of the appropriate site 
is mid line, between the front legs. The second through 
fourth stemebrae can be used in sheep (see Fig, 28-5). 
A prominence may be felt between the first and second ster- 
nebrae. The appropriate stemebrae can also be located 
by palpating ribs and following them to their articulations. 17 





426 


in sheep, the needle will advance approximately 0.5an 
into the bone (2.5 to 3,8 cm from the skin) before enter¬ 
ing the marrow cavity. 17 

The sternum of Hamas can be sampled with the animal 
either standing in a chute or in left lateral recumbency, usu¬ 
ally sedated 1 * {see Fig. 28-6), The sample can be taken by 
inserting the needle vertically through the callosity on the 
vemrum of the sternum or with a lateral approach, approx¬ 
imately 3 to 4 cm dorsal to the callosity with the needle 
directed medially and slightly dorsally to engage bone, 7 
Marrow will be approximately 2.5 cm deep in an adult. 
The sample is normally more dilute with blood rhan in 
other species. 9 

When the ventral sternum is sampled, unless a lateral 
approach is used, the needle should be placed on the mid 
line, as near to the center of the bone as possible, and 
advanced perpendicular to the bone. A sudden reduction 
of resistance may be felt when the marrow cavity is entered, 
but because the sternal cortex is so thin, especially in horses, 
there may be no obvious change. Care needs to be taken to 


not enter the thoracic cavity. Because a change in resistance 
may not be felt once the tip of the needle is firmly seated in 
the bone an aspiration attempt should be made. 

APPROACH to the rib The vertebral end of the rib 
more consistently contains marrow than the sternal end of 
the bone iri0 (Fig 28-13). Palpation can be used to find 
the rib that has the least amount of fascia covering it In 
the horse, the eighth to eighteenth ribs can be used, going 
as high as possible but below the latissimus dorsi and seira- 
tus posticus muscles 19 (see Fig. 28-1). In cattle, place the 
needle approximately 3 inches ventral to the ninth or tenth 
costovertiral junction 1 * (Figs, 28-2 and 28-14), The needle 
should be perpendicularly inserted at the middle of the rib, 
midway between the anterior and posterior borders (see 
Fig. 28-14 r A), To help keep rhc needle from sliding off 
the bone, a scalpel can be first inserted until it touches the 
bone to be used as a guide . 11 

APPROACH TO THE ILIAC CREST The iliac crest is often 
used in foals (see Fig. 28-8}. The needle should be placed 
midway between the two tuberosities of ihe tuber coxae 


RC 2ft -11 II Bone marrow aspiration in a horse The animal was placed in a slock and sedated. A. Hie vernral si cm urn between the horse's elbows 
is clipped and surfpcalfy scrubbed B, After local anesthetic, a slab incision is made on mld&W. C A spina! needle is insetted (O collect marrow. 







and somewhat toward its posterior border With reprd to 
angle, the needle should be pointing at the coxofemoral 
joint of the opposite side. Bone marrow will be hit when 
the needle is inserted approximately W inch for foals, 
whereas in adult horses bone marrow may be more than 
2 inches deep. The main benefit of using this method is that 
there is no risk of inadvertently entering the thoracic 
cavity* 12 

Preparation for Bone Marrow Aspiration or Biopsy 

Bone marrow aspiration should be performed as a sterile 
procedure. After the animal has been restrained and the site 
of approach identified, hair should be clipped and the area 
surgically scrubbed (see Fig. 28-12, A), Local anesthetic is 
injected at the site where the needle will be inserted, from 
the skin to the periosteum (see Figs. 28-14, B and 28-IS, 
A) A small stab incision is typically made with a scalpel to 
aid the needle's approach to the bone (see Fig. 28-12, B). 
If the rib is to be sampled, the scalpel blade can be held 
in place to act as a guide for the needle. It is important to 
be organized and have all supplies ready so that the proce¬ 
dure will flow smoothly and the sample will not clot before 
it can be processed (Box 28-2; Fig, 28-16). 

How the sample will be ultimately handled will dictate 
some of the available supplies needed: glass slides, Petri 
dish, EDTA blood tubes, and/or anticoagulant One option 
is to prime the syringe that will be used for aspirating the 
sample with anticoagulant To prevent dotting, 1 to 2 mg 
of EDTA is recommended per milliliter of blood* One to 
two drops of a 3% to 15% EDTA solution should be ade¬ 
quate. The EDTA solution can be aspirated from a purple- 
topped blood tube. Priming the syringe with anticoagulant 
although it adds a preparatory step, decreases the worry that 
(he sample will coagulate and allows more time for proces¬ 
sing the sample. If die syringe is not primed, as soon as the 
sample is seen in the syringe, the syringe needs to immedi¬ 
ately be disconnected from the needle and the sample 
quickly processed before it has a chance to dot* If a reticulocyte 
count is to be performed to assess erythroid regeneration, 


supravital stains such as new methylene blue and brilliant oe- 
syl blue, require mixing with a portion of antitoagulated liq¬ 
uid sample before slides are made; therefore placing at least 
some of the bone marrow sample in an EDTA tube is 
recommended* 

The sample in the syringe may be processed by expres¬ 
sing it directly onto several dean glass slides, into an EDTA 
blood tube, or Into a Petri dish or watch glass. The Petri 
dish or watch glass must contain anticoagulant if no antico¬ 
agulant was used in the syringe. The anticoagulant com¬ 
monly used is EDTA which can be used in solution or as 
a salt, but other anticoagulants such as sodium citrate are 
also effective Samples placed in an anticoagulant should 
be immediately gently mixed. 

Collecting the Sample 

The goal of bone marrow aspiration is to obtain a good sam¬ 
ple of hematopoietic cells with minimal blood contamina¬ 
tion, Anatomically, within the bone marrow, hematopoietic 
cells are extravascular and found in spaces dissected by 
venous sinuses and a central vein. 21 To collect the sample, 
a bone marrow or spinal needle writh stylet should be used 
Commonly used needles include Rosenthal, Illinois stemal- 
iliac and lamshkJi bone marrow needles (Fig, 28-17). Some 
needles come with a guard that can be adjusted to prevent 
deeper penetration than desired. The needle used should be 
16 gauge or larger and at least 17t inches tong Larger needles 
may be needed, depending on the site of aspiration and the 
age and size of the animal 

After an animal has been properly prepared, the bone 
marrow needle is inserted through the skin, perpendicu¬ 
lar to the bone (see Fig. 28-12, C). Once the needle con¬ 
tacts bone, it can be advanced using manual pressure 
and a clockwise-counterclockwise twisting motion (see 
Fig. 28-14, C)* One hand can be used to stabilize the nee¬ 
dle angle and placement while the other hand is on 
the needle hub pushing and turning the needle. 15 If the 
needle is going through dense bone, a wood mallet can 
also be used to advance it* 
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FIG, 2$ 14 11 Bone marrow aspirate of a cow The animal was placed in a head-gale and sedated and a tad jack was applied. A, The area over the vertebral 
end of fib n has been dipped and surgically scrubbed The cranial and caudal edges of the rib are palpated apprarimaiely 1 inches down from the costo¬ 
vertebral junction, and the midpoint of the rib is identified for aspiration location B, At the chosen aspiration site, lidocaine U injected from skin to perios¬ 
teum. C. After a slab incision has been made and the lamshidi-rype bone marrow needle inserted through the skin, the needle is forcibly pushed forward 
through corneal bone as it Is rotated in a elockwiM-counterclodtwise motion D, After a decrease in resistance is felt, the stylet is removed^ E, A syringe is 
attached lo the needle, and a few sharp pulls on the plunger are needed before sample is noted in the hub of the syringe 




FIG. 2S-1S IB Con? bone marrow biopsy of a horse. The animal was placed in a slock and sedated, the ventral sternum between the elbows was clipped and 
surgically scrubbed A, Udocame is injected from the skin to the periosteum. B, After a stab incision, the Jamshidi bone marrow biopsy needle is advanced 
into cortical bone. 11 ere the sty lei is about to be removed before the needle is advanced further. C, Core biopsy sample. 


Supply Check List for Bone Marrow Collection 


Clippers 
Surgical scrub 
Udocaine 
Syringe and needle 
Sterile gloves 

Scalpel blade (No. 15 adequate) 
Bone marrow needle 
>16 gauge. IVi inches 
JO- to 20-mL sterile syringe 
Class slides 

|ar of formalin for core biopsy 
Optional: 

Anticoagulant 
EDTA blood tubes 
Petri dish or watch glass 


As soon as blood is seen in the hub of the syringe suction 
should be discontinued, the needle and syringe removed 


FIG. 26-14 II Supply table is set up and ready for bone marrow aspira¬ 
tion. Sterile gloves were opened on art adjacent table. 


EDTA. Ethylenedtamineletraacetic acid. 

Once it is suspected that the needle has entered the mar¬ 
row cavity, either because of detection of a sudden reduction 
in resistance or because of needle depth, the stylet should be 
removed and an aspiration attempted (see Fig. 28-14, D). In 
dense bone, pliers may be helpful in removing the sty let. 
After the stylet is removed, a 10- to 20-mL sterile syringe is 
securely attached to the needle, and the plunger of the 
syringe is pulled back quickly and sharply, creating negative 
pressure in order to dislodge bone manow particles (see 
Fig, 28-14, E), Suction can be repeated two or three times. 


from the animal, and the sample processed promptly. Addi¬ 
tional suction will likely only result in hemodilution of the 
sample. The first drop of blood is the most cellular, and 
further aspiration results in lower cel hilarity of the sample. 22 

If the initial aspiration does not obtain any material 
remove the syringe, replace the stylet, and carefully advance 
the needle a little further. If still no sample is obtained after 
additional advancement of the needle and repeated suction, 
slowly withdraw the needle while applying suction to the 
syringe. Ultimately, repositioning the needle to a different 
site, such as moving a couple of centimeters cranially or 
caudally, may result in a successful aspiration.^ 



430 



part four COLLECTION of SAMPLES and INTERPRETATION of LABORATORY TESTS 



FIG. 28- 1 7 II Bone marrow needles with stylets separated. On the left is a 
14-gauge, 2 Vi-inch Rosenthal needle. On the rfgfri is an 11 * gauge, 4-lnch 
lamshidi needle. 


Processing the Sample 

Whether the bone marrow sample is directly applied to 
glass slides or expressed into a Petri dish or watch glass, pro¬ 
cessing needs to proceed rapidly to prevent clotting or dry¬ 
ing out of the sample. When on the slide, if the sample 
contains a Jot of excess blood, the slide can be briefly tilted 
so that the fluid portion can run off into an absorbent sur¬ 
face, leaving behind adherent particles for spreading 
(Fig, 28-18, C; Fig. 28-19, A), If the sample is placed into 
an EDTA lube or Petri dish with anticoagulant spicules 
(small grayish particles) can be transferred out of the 
bloody sample using a pipette and placed on a glass slide 23 
(see Fig. 28-18), 

To spread the sample on a slide, place a second glass 
slide flat on top of the sample, allowing the sample to form 
a thin layer between the slides (see Fig. 28 19, B). Without 
additional pressure other than the weight of the slide, gently 
pull the slides apart from each other horizontally and with¬ 
out vertical separation, which can create suction and rup¬ 
ture cells (see Fig, 28-19, C). This typically results in a 
nicely spread sample with intact particles and nice monocel¬ 
lular layers for evaluation. Several slides should be made. 
After slides are made, they should be allowed to air dry, 
kept away from formalin fumes, and stored at room temper¬ 
ature until staining. 

Some bone marrow slides are stained with a Romanovsky- 
type stain (Wright, Giemsa, Diff-Quick) for cytologic exami¬ 
nation. and some should be left unstained in the event that 
special staining procedures are wanted. It is highly recom¬ 
mended to stain at least one slide right away for microscopic 
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FIG. 28-19 It Making slides of a bone marrow sample, A, Lacess blood Is allowed to run ofif the slide onio an absorbent surface while the spicule stays 
adhered to the slide. B, A second slide Is laid on top of the sample, causing the sample to spread out between the slides, C, The slides are horizontally pulled 
apart, then allowed to air-dry. 


examination in order to determine sample quality and to 
make sure bone marrow elements are present while the ani¬ 
mal is still available and prepped, in the event that the first 
aspiration is nondiagnostie and additional attempts wiJl be 
needed (Fig, 28-20). [f a bemodilute sample without spicules 
is obtained, it may be possible to acquire diagnostic informa¬ 
tion by centrifuging the sample in Wintrobe hematocrit tubes 



FIG. 2S-20 IR Stained slide of adequate bone marrow aspirate sample 
Megakaryocytes (arrotukeads) and pantries (arrows) are present. There is also 
increased celtularity compared with peripheral blood. (Wngju-Giemsa 
slam, 10* objective.) 


and making smears from the buffy coat. Staining for reticulo¬ 
cytes requires that an anticoagulated, liquid bone marrow 
sample be mixed and incubated with a supravital stain before 
slides are made. 

If a core biopsy sample is obtained, the tissue can be 
gently rolled on a slide to make an impression smear for 
cytologic evaluation. The biopsy tissue should then be 
placed in 10% neutral buffered formalin for preservation, 
A larger gauge needle (10 to 13 gauge) is generally recom¬ 
mended for core biopsy. The lamshidi needle, designed so 
that the distal tip tapers to help retain the sample, is the 
most popular needle for biopsy. The needle and stylet are 
initially inserted as for aspiration, (see Fig. 28-15, B) Once 
the needle enters the bone marrow, the stylet is removed 
arid the needle advanced further with the same twisting 
motion. Ideally, the needle is inserted at Least an additional 
1 to 2 cm, but this may be limited by location. After the 
needle is advanced to obtain the core, it is rotated and 
rocked forcibly to help break the core at its base for success¬ 
ful removal. Once the needle is removed from the animal, 
a probe is inserted into its lumen at the distal tip, pushing 
the sample out the hub end (see Fig, 28-15, C). 

Often, bone marrow aspirates are placed into an EDTA 
blood tube for submission to an outside laboratory. In this 
case it is still recommended to make slides of the sample to 
submit along with the fluid sample. If the sample is left 
in the fluid phase, cells can deteriorate during transit, and 
it is always helpful for the cytologist to have a freshly 
prepared sample to examine (of both bone marrow and 
peripheral blood). In addition, a slide can be stained and 
evaluated for diagnostic quality before the sample is 
shipped. 
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FIG. 2S-2* H Bone marrow particle* The pamde in A is of Low celiularity Only a mull proportion of the particle it composed of nucleated cells 
The panicle in B it of high cell u lari rv At least 75% of (he pamde is composed! of nucleated cells (Wright-Cietnsa stain* 10* objective } 


If repeated aspirates all result in samples of low cdJular- 
ity, a core biopsy may be indicated, Cytologically, it is usu¬ 
ally impossible to differentiate low ceUularity caused by 
a pathologic process from that resulting from poor sam¬ 
pling; therefore, a biopsy may be needed for the evaluation 
of celiularity, 

BONE MARROW EVALUATION 

Bone marrow evaluation requires expertise (advanced train¬ 
ing and experience), and in most cases it is anticipated that 
samples will be sent to a trained cytologist for evaluation. 
To obtain the most information from a bone marrow aspi¬ 
rate, it is important to have a good-quality sample. Even if 
not reading the sample oneself it is recommended to slain 
a slide to confirm that a diagnostic sample was obtained 
(stain the worst slide; if it is acceptable, one can expect the 
others to be acceptable, loo). Recent CBC results and freshly 
made blood films are also essential for full interpretation of 
a bone marrow sample. Relative changes among different 
cell lines are assessed in the evaluation of hematopoiesis 
because absolute cell counts are unreliable in bone marrow 
aspirates, 22 Knowledge of the peripheral blood picture is 
necessary to assess whether changes (or lack of changes) 
in the bone marrow are consistent with normal hematopoi¬ 
esis. Freshly made blood films are important to have when 
comparing the morphology of cells in the bone marrow 
with the morphology of those in the peripheral blood. 
Results from cytologic evaluation of bone marrow should 
ultimately be correlated with history, clinical presentation, 
and other laboratory data. 

Cytologic Examination 

In general the evaluation of bone marrow includes assess¬ 
ment of the following parameters. On low magnification 
the celiularity and quality of the sample as a whole are 
assessed, as well as the cellular density of bone marrow 
panicles. Iron stores are evaluated within the particles. 
Megakaryocyte numbers are also best assessed at low magni¬ 
fication- On high magnification the sample is evaluated for 
the presence of myeloid and erythroid cell lines. The cdl lines 
are evaluated for orderly maturation, and cell morphology is 
assessed for evidence of dysplastic changes. The relative 
proportion of myeloid to erythroid cells is determined 


by subjective assessment or by counting cells to derive a 
myeloid-lO-erythxoid (M:E) ratio. The sample is also eval¬ 
uated for the presence of other cell types or infectious 
organisms. Results from the bone marrow evaluation are 
then interpreted in accordance with peripheral blood 
abnormalities. 

Celiularity of bone marrow spicules is subjectively deter¬ 
mined by assessing how much area of a particle is com¬ 
posed of cells versus faL Celiularity of normal marrow can 
vary according to the age of an animal with higher cellular- 
icy in younger animals and lower in older animals. Exam¬ 
ples of differing cdlularities are depicted in Fig. 28-21. 
iron stores are assessed within spicules and typically 
described as present, decreased , or increased (Fig. 28-22)* 

Maturation of bone marrow cell lines follows somewhat 
of a pyramidal pattern, with cells dividing as they mature, 
resulting in higher numbers of cells in the more mature cell 
stages (Hip, 28-23 and 28-24). In bone marrow of healthy 



FIG. 2t-22 It Bone marrow aspirate. The blue-bUck granules visible 
extract! I ularly and within macrophage* repiescnl iron stores (rimmfj Iron 
Store* can also be seen as brown crystalline material within particles. 
(Wright-Clems* stain, IQOx objective) 




FIG, 28*23 II Maturaiional stage* of erythrocyte* within the bane marrow, The 1 >/e p*m*J contains rubriblasts in the upper square with prombricytes below, 
Rubriblasts ait large cells with large nuclei containing coarse-grained chromatin and nucleoli; a perinudear halo is present within scant deeply basophilic 
cytoplasm. Prorubhcytes have a more mature nucleus; chromatin condensation begins, and no nucleoli are present. I he middle pdnel contains basophilic 
and polychtontatophilic ruhricytes; chromatin condensation Is distinct *nd the cytoplasm is paler, grayer, or polychromatic, The nghr pnrtW contains meta- 
jubricytes with dark intense chromatin condensation and pink cytoplasm {Wright-Giemsa stain, 100* objective.) 


animals, rubriblasts and myeloblasts will typically comprise 
at most a small percentage of the total cell population. 
Twice as many prorubricytes and promyelocytes may be 
seen. Numbers of cells in each stage increase up to poly- 
chromaiophilic rubricytes and metamyelocytes, after which 
there are relatively stable numbers between the subsequent 
maturational phases. In general, for each blast there are 16 
mature granulocytes or erythrocytes. Mitotic figures are 
normally present in low numbers. 

The M:E ratio is most accurately determined by counting 
a minimum of 500 cdk. Nucleated cells of all maiuratiorval 
stages are included in the count and categorized as myeloid 
or erythroid, The ratio is calculated by simply dividing the 
total number of myeloid cells by the total number of erythroid 
cells. It is important to include several different areas of 
the sample to make it as representative of the whole sample 
as possible. Blood contamination can also affect the M:E ratio, 
especially if leukocytosis is present. Reported M:E ratio ranges 
for healthy animals of different species have been variable. In 
some sources the M:E ratio in cattle is listed as <1, although 
ranges from 0,27 to 2.59 have been reported/' 

The range of M:E ratios in ten 3* to 6-year-old pregnant sheep 
was reported as 0.77 to 1.68. 17 The reported range for the M:E 


ratio in a low number ofllamas is 0.9 to 2.9/* Llama, alpaca, 
and vicuna have a lower M:E ratio at high elevation (4200 m) 
versus low elevation/ M:E ratios in horses generally range 
from 0.5 to slightly greater than 1, with 1.5 sometimes 
reported as the upper value/* a7 '** 

Evidence of dysplastk changes in hematopoietic cells 
includes asynchronous maturation between the cytoplasm 
and nudeus. large cell forms* and abnormal nudd, such as 
ring-shaped nudd. Cell types other than hematopoietic cells 
should be evaluated as to their presence and proportion of 
the total cell population. Low numbers of macrophages 
(<!%), plasma cells (<2%), and small lymphocytes (<i0%) 
are commonly seen in bone marrow samples 

Interpretation 

It is easy to make a conclusion about bone marrow cellu- 
larity if the sample is highly cellular, but a poorly cellular 
sample is more difficult to interpret if adequate particles 
are not present A core biopsy may be needed to differenti¬ 
ate between a poorly cellular marrow and a nonrepresenta¬ 
tive sample. In general the bone marrow will become more 
cellular in a hyperplastic or regenerative response. 
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FIG. 28-24 H Maturations! stages of granulocytes within the bone marrow. The left panel contains a myeloblast in the upper square with promyelocytes 
below. Myeloblasts are large cells with large nuclei containing fine reticular chromatin and nucleoli; the cytoplasm is basophilic and agranular. Promyelocytes 
contain coarse cytoplasmic granulation; nuclear chromatin is beginning to condense, and nucleoli are present. Subsequent panels, moving to ihe right, contain 
myelocytes, metamyelocytes, band neutrophils, and segmented neutrophils. Myelocytes have a lower nudearcytoplasmic ratio and contain Fewer and finer 
cytoplasmic granules; the nucleus is round to kidney-shaped and contains no nucleoli. As maturation progresses, die cells become smaller, the 
cytoplasm becomes more eosinophilic, the chromatin becomes more condensed, and the nucleus indents and segments. 


in many cases it is adequate to describe iron stores as 
being present without quantification. When assessing the 
cause of anemia, an abnormality in iron stores may provide 
useful diagnostic information. Lack of iron stores would 
suggest iron deficiency, whereas abundant iron stores are 
associated with anemia of chronic inflammation, Perl's iron 
stain (Prussian blue reaction) can be used on bone marrow 
slides to confirm low iron stores. Llama bone marrows nor¬ 
mally contain abundant iron, 10 

No definitive criteria for megakaryocyte numbers have 
been determined. If thrombocytopenia is not present, any 
number of megakaryocytes is acceptable. Many megakaryo¬ 
cytes are expected to be seen within individual particles 
when there is regeneration associated with thrombocytope¬ 
nia. Higher numbers of immature megakaryocytes may also 
be seen; these will be smaller cells (still larger than other 
bone marrow cells) with a higher nuclear-to-cytoplasmic 
ratio, deeper basophilic cytoplasm, and fewer lobes to the 
nucleus. If megakaryocytes are not frequently seen in the 
bone marrow from an animal with thrombocytopenia, this 
suggests hypoplasia or destruction of megakaryocytes. 

When assessing bone marrow for normal, progressive 
maturation of cell lines, it is expected that all developmen¬ 
tal stages will be present, with greater numbers of the more 
mature cells. Variation from normal can be seen for a vari¬ 
ety of reasons, often reflected by a shift to the left or what 
appears to be a maturation arrest, A shift to the left is the 
situation in which all maturation stages are represented 
but there is a higher proportion of the less mature cells 
(the proliferating pool) than normal. Apparent maturation 
arrest is a term used maturation appears to terminate at 
a particular stage; the earlier maturation stages are present, 
but later stages are poorly represented. Suppression of 
hematopoiesis can result in abnormalities in maturation 
progression but often is reflected by a decrease in all stages 
of maturation. If the number of cells within a cell line is too 


low, progression of maturation can be difficult to evaluate. 
Destruction of cells, such as with immune-mediated dis¬ 
ease, at a particular maturation stage will result in decreased 
numbers of cells of the affected type as well as cells at all 
later stages, which can appear as a maturational arrest. If a 
disease process results in large demand or rapid mobiliza¬ 
tion of cells out of the bone marrow, depletion of the more 
mature cell stages can appear as a maturational arrest. In 
such cases a left shift also is often associated with the 
increased demand. Acute leukemia is typically reflected as 
an apparent maturational arrest or left shift. Therefore it 
can be difficult to differentiate between hyperplastic mar¬ 
row in which there has been rapid mobilization of mature 
cells out of the marrow and a myeloproliferative disorder 
on cytologic examination alone. In some instances sequen¬ 
tial bone marrow aspirations can be useful in helping deter¬ 
mine disease pathogenesis. Abnormalities in maturational 
progression may also be reflected by the presence of dys- 
plastic changes. 

The M:E ratio is used to help determine if the erythrocyte 
or myeloid cell lines are hypoplastic or hyperplastic. An 
equal number of nucleated erythroid and myeloid cells will 
result in an M:E ratio of 1, An M:E ratio greater than 1 (or 
greater than the reference interval) often indicates that gran¬ 
ulocytic production exceeds erythroid production, but it 
could also indicate a decrease in erythropoiesis. Likewise, 
an M:E ratio less than 1 (or less than the reference interval) 
often indicates that erythropoiesis exceeds granulopoiesis, 
but it could also indicate suppression of the latter. Deter¬ 
mining which interpretation is appropriate requires knowl¬ 
edge of concurrent CBG results. An increase in the M:E 
ratio would be appropriate in an animal with neutrophilia, 
but if the neutrophil count is normal and anemia is present, 
it would indicate erythroid hypoplasia. In the face of ane¬ 
mia, a decrease in the M:E ratio would indicate erythroid 
hyperplasia and regeneration, but a decrease in a neutropenic 
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animal that is not anemic won Id indicate myeloid hypopla¬ 
sia. in some disease states both the myeloid and erythroid 
series (nay be affected, which could potentially exacerbate 
or mask alterations. 

Whereas most species readily reflea an erythroid regener¬ 
ative response in the peripheral blood, horses do not. 
Reticulocytes are rarely seen in equine peripheral blood, 
and in one investigation it took several days of severe ane¬ 
mia (PCV of 13% to 14%) in horses before a reticulocytosis 
of 1% to 2% was seen, 30 An increase in mean corpuscular 
volume (MCV) may be detected in the peripheral blood of 
horses with chronic anemia or acute, massive hemolytic or 
hemorrhagic anemias, 23 32 but the best way to assess eryth- 
ropoiesis in horses is to examine the bone marrow. The 
number of reticulocytes significantly increases in the bone 
marrow of horses with regenerative anemia. In the study 
of acute blood loss in which only 1% to 2% of reticulocytes 
were seen in peripheral blood, bone marrow reticulocytes 
went from 4.1% (pre-blood loss) to as high as 66.5%. 30 
Reticulocytes typically comprise <2% of erythrocytes in 
normal bone marrow, and a regenerative response is con¬ 
sidered present if reticulocytes comprise >5%. 11 Determin¬ 
ing the number of reticulocytes per 1000 erythrocytes after 
staining with a supravital stain such as new methylene blue 
is the most reliable method, but an estimate can be made by 
counting the number of polychromatophils per lOOx oil 
objeaive field in a Wright-stained smear (assuming the field 
of view includes approximately 100 cells; this can vary with 
the microscope), in the face of anemia, >5 polychromato- 
phils/oil field is considered a good regenerative response 
and <2 is indicative of erythropoietic suppression. Care 
should be taken not to dilute the sample with peripheral 
blood, as this will dilute the number of reticulocytes from 
the bone marrow. 

Other bone marrow parameters that indicate erythrocyte 
regeneration in horses include a decreased M:E ratio (<0.5) 
and a left shift of erythroid precursors. 23 ' 33 Depending on 
the type of blood loss, it could take several weeks to reduce 
the M:E ratio below the reference interval. 34 With regener¬ 
ation, a doubling of the proliferating pool of erythrocyte 
precursors can occur within 3 days of an acute severe 
hemorrhage, with maximal response at 9 days, 35 The pro¬ 
portion of basophilic and polychromic rubricytes can reach 
39% to 55% of all ceils in the regenerative equine bone 
marrow, 29 

Atypical cell populations in the bone marrow can repre¬ 
sent a myeloproliferative disorder, an infiltrative neoplastic 
process, inflammation, or antigenic stimulation. Atypical 
cell populations can be a result of significant increases 
in cell numbers of types normally seen in the marrow. Blast 


cells normally constitute only a small percentage of total 
cells in the bone marrow, A diagnosis of acute leukemia is 
typically associated with blast cells that constitute >30% of 
all cells in the bone marrow, 3 * although human medicine 
has revised its criterion to >20% and some veterinarians 
are following suit. Cytologic results need to be correlated 
with other clinical data because granulopoiesis characterised 
by a marked left shift in bone marrow precursor cells with 
rapid mobilization of more mature cells from the bone 
marrow can resemble a myeloproliferative disorder. 

Another cause of increased numbers of cells normally 
residing in the bone marrow is inflammation. Suppurative 
inflammation can be seen, typically associated with septi¬ 
cemia. Histiocytic or granulomatous inflammation is char¬ 
acterized by increased numbers of macrophages. Both 
suppurative and histiocytic inflammation can be associated 
with infeaious or noninfeaious disease processes. If 
inflammation is present, the sample should be thoroughly 
inspected for organisms, and culture may be indicated. 

Increased numbers of lymphocytes and plasma cells an 
be seen with antigenic stimulation or with neoplasia. In 
general it is rare to see the proportion of lymphocytes or 
plasma cells exceed 20% with antigenic stimulation. The 
morphology of lymphocytes and plasma cells should be well 
differentiated if they are associated with non neoplastic pro¬ 
cesses. Cells associated with neoplasia can also appear well 
differentiated; therefore cell morphology alone may not be 
useful in establishing a diagnosis. Clinical presentation and 
ancillary testing (e.g., serum protein electrophoresis, flow 
cytometry) an be helpful in interpreting lymphocytoses 
and plasmacytoses. 

The presence of cells not typically seen in the bone mar¬ 
row or ceils exhibiting a high degree of pleomorphism or 
other criteria of malignancy should raise suspicion of a neo¬ 
plastic process. Neoplasia can arise from within the bone 
marrow or can metastasize to the bone marrow from other 
sites. 

Degenerative cells or amorphous proteinaceous debris 
suggests bone marrow necrosis. This can occur secondary 
to infaraion, neoplasia, or inflammation. Degenerative cells 
are often unidentifiable. 

After cytologic evaluation of bone marrow and correla¬ 
tion with CBC results, a determination an be made as to 
whether any of the cell lines are hypoplastic or hyperplastic 
and whether there is evidence of maturational arrest, dys¬ 
plasia, neoplasia, or inflammation. This information can 
then be correlated with the clinical information to deter¬ 
mine appropriate differential diagnoses and likely disease 
pathogenesis. 
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Of the four classes of organic molecules that compose the 
basic physical structure of all living beings, nucleic acids 
are the only molecules that carry replicable instructive infor¬ 
mation. Nuciek acids differentiate themselves from lipids, 
carbohydrates, and even proteins in their ability to organize 
the basic unit of life, the cell. Even minor alterations in 
DNA and RNA molecules can disrupt the fine balance 
between health and disease. The field of molecular diagnos¬ 
tics seeks to elucidate the variations and mutations in 
genetic material that can cause disorder in the otherwise 
intricately organized body. 

The amplified era of molecular diagnostics for infectious 
diseases began in 1983 when Dr Kary Mullis of Get us Corpo¬ 
ration first conceptualized the polymerase chain reaction 
(PCR), He went on to win the Nobel Price in Chemistry for this 
revolutionizing technology 10 years later . U2 Since the incep¬ 
tion of PCR technology, infectious disease diagnostics has 
been alihe forefront of molecular medicine, with the promise 
of detecting contagious pathogens in a safer and more sensitive 
way to aid in controlling their spread. Infectious disease testing 
is expected to continue to dominate the molecular diagnostic 
market for large animals in the foreseeable future. The use of 
amplified and nonamplified tests to assay the molecular 
makeup of the host rather than the pathogen is growing. 
Whereas cancer diagnostics is in its infancy for large animal 
testing parentage and forensic testing together with single- 
nucleotide polymorphism (SNP) detection using in situ 
hybridization (ISH), fluorescent in situ hybridization (FISH), 
and sequencing technologies are gaining importance in asses¬ 
sing the presence and prognosis of genetic diseases. 

The ability of molecular diagnostic assays to sensitively 
and specifically detect the primary cause of disease in a short 
time is unprecedented. Molecular tests are able to detect and 
sometimes to quantify a specific unknown. Such tests are 
binary by nature; they provide a yes-or-no answer. The dim- 
calfry valuable information rests in determining the presence 
or absence of a specific pathogen in a biologic sample de¬ 
rived from an animal. Because detection of viral, bacterial, 
rickettsial fungal or parasitic nuclear material in a biologic 
sample gives clinically important information, molecular 
tests have clinical utility. Molecular probes are able to detect 
the presence of nuclear material from a given pathogen with 


an extraordinarily high level of sensitivity and specificity 
The low relative complexity of a bacterial or viral genome 
allows for this type of detection. Comparatively, animals 
have a larger genome, with genotype associations linked to 
clinical pathologies Determining the presence of a gene 
sequence does not necessarily correlate with a given clinical 
anion, as diseases are generally multifactorial In contrast, 
establishing the presence of the neuropathogenic form of 
equine herpesvirus (EHV) 1 in an equine patient's blood 
sample has direct association with EHV-1 infection, whether 
this translates into a symptomatic stage or not. The binary 
nature of molecular tests, which establishes the presence or 
absence of genetic material in a sample with a high degree 
of accuracy, has high clinical value for infectious disease 
testing because of its high correlation with dinical signs. 

Rapid results have tremendous dinical value in curtailing 
infection- Molecular methods can provide results in hours 
compared with days for culture-based or alternative tech¬ 
nologies. The high sensitivity and specificity of molecular 
testing is particularly valuable in early determination of 
infection and makes it advantageous compared with anti¬ 
body and antigen testing without amplification techniques. 
In most cases pathogens enter the host and replicate expo¬ 
nentially; early detection provided by the higher sensitivity 
allows for earlier dinical intervention. Molecular tests have 
been shown to produce fewer false-positive and false-nega¬ 
tive results. Therefore molecular tests are becoming the gold 
standard in the laboratory in terms of sensitivity and speci¬ 
ficity, Key features for the adoption of molecular diagnostics 
for infectious agents are as follows: 

■ Superior sensitivity and specificity compared with most 
immunoassays 

■ Automated platforms that significantly increase through¬ 
put 

■ Quantitative assessment of viral load, which is dim- 
catty useful 

» Fast turnaround time that speeds detection and reduces 
overall costs 

• Simultaneous analysis of multiple analytes 


TECHNOLOGIC SUPERIORITY OF 
MOLECULAR TESTS 

The relative technical superiority of molecular methods 
makes them tikdy to partially replace other types of more 
conventional methods such as culture based tests or certain 
direct antigen and antibody tests to determine the presence 
of an infectious pathogen in a skk animal. Whereas antibody 


436 



CHAPTER 29 Molecular Diagnostics in Large Animals 



437 


testing is more of a broad screening tool, molecular diagnos¬ 
tics allow accurate detection of the genome of a pathogen in 
a clinically sick animal. Culture-based tests have a turn¬ 
around time of days and are labor-intensive. In addition, cer¬ 
tain infectious agents are difficult to culture or biohazardous 
for laboratory personnel (eg,, Mycobacteria species, fungi, 
Mycoplasma species, Lawsonia iniracellulahs ). In such instances 
molecular detection of selected pathogens has already sup¬ 
planted conventional culture, 

RAPID AND HIGH THROUGHPUT 
APPLICATIONS PROMOTE MOLECULAR 
TESTS 

Rapid and specific detection of infectious disease agents is 
crucial for the prevention or containment of outbreaks. In 
the case of avian flu, the rapid detection of H5N1 strains 
of that virus is critical for containment. The avian flu pan¬ 
demic concerns necessitate rapid and high throughput 
molecular tests to maintain well-being of animal and human 
community health. Similarly, West Nile virus (WNV) screen¬ 
ing of mosquito pools and birds, and screening for exotic 
Newcastle disease are additional examples of high through¬ 
put applications with predominance for molecular tests. 

INCREASING ADOPTION OF MOLECULAR 
TESTS BY UNIVERSITY AND COMMERCIAL 
LABORATORIES 

Since the advent of molecular platforms in the diagnostic 
laboratory, most molecular tests in veterinary medicine 
are performed by several commercial and public labora¬ 
tories (Table 29-1), Unlike the market in human molecular 


diagnostics, which is dominated by four large players (Roche, 
Bayer, Gen-Probe, and Abbott), veterinary molecular diag¬ 
nostics shows significant fragmentation. 

SIMULTANEOUS TESTING OF MULTIPLE 
PATHOGENS 

Parallel testing of multiple infectious agents in highly stan¬ 
dardized platforms is a central component of molecular 
assays; it essentially allows several tests for both DNA and 
RNA pathogen targets to be performed simultaneously on 
one sample. This development is a noteworthy driver for 
molecular diagnostics as it allows acquisition of more mean¬ 
ingful data from a single sample. This so-called panel strategy 
allows an efficient workup of complex clinical syndromes 
with general symptomatology. These clinical situations do 
not involve easy diagnostic decision making for the veterinar¬ 
ian. In complex organ-related problems with general or 
unspecific symptomatology, multiple infectious agents can 
be responsible for a clinical picture. Even though veterinar¬ 
ians tend to make a single-pathogen diagnosis, it has become 
more evident in recent years that many syndromes are caused 
by co-infections. Panel testing on a large scale will uncover 
unknown dual or triple infections in animals, which can dif¬ 
fuse the clinical picture. It has long been speculated that 
seemingly clinically irrelevant EHV-2 infections in horses 
may underlie secondary infections, aggravating and diffusing 
the clinical picture. More characteristic examples include 
respiratory infections in companion animals, often initiated 
by subdinkal viral infections that lead the way to secondary 
infections. In addition, many vector-borne pathogens have 
a high tendency to persist in infected animals and there¬ 
fore may facilitate viral infections or aggravate preexisting 
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Examples of Molecular Diagnostic Laboratories in the United States* 



PGR Platform 


I Laboratory 

Website URL 

Conventional 

Real-11 me 

Panels 1 

Arizona Veterinary Diagnostic 

http://microvet.arizona -edu 

X 

X 


Laboratory 

Arkansas Livestock and Poultry 

www.aripc.org/vedab 

X 



Commission Laboratory 





Auburn University VMTH 

www.vetrned .aubum.edu/index.pl/ 


X 


molecular_d iagnost ks 




fiiogenetics 

www, b i ogenet i cse rvices ,co m/contact, hurt 

X 

X 


California Animal Health and Food 

http://cahfs.ucda vis.edu 

X 

X 


Safety Laboratory 




Clemson University, Veterinary 

www, comptrol ler, cl emson .edu 

X 



Diagnostic Lab 

Clongen 

www, do ngen com 

X 



Colorado State University 

www. cvmbs.col osta te. edu/dlab 

X 



Colorado State University Veterinary 

www, diab. colostate.edu/security2 

X 

X 

Yes 

Diagnostic Laboratory 

Connecticut Veterinary Medical 

http://pathobiology.uconn edu/cvmdl 

X 



Diagnostic Laboratory 

Cornell, Animal Health Diagnostic Lab 

h ttp://d iaglab, m, come 11, edu 

X 



Diagnostic Vet Labs 

h ttp://dvj datacenter. com 

X 



Dynagenics 

www.dynagen its.to m 

X 


Yes 

Florida Department of Agriculture 

www doats. state, fi. us/ai/ labs 

X 

X 


Kissimmee Vet Diag. Lab 

Georgia University, Veterinary 

www.vet .uga edu/dlab 

X 


Yes 

Diagnostic laboratories 
i lealth Gene, Toronto, Canada 

www.healthgene.com/vet 

X 



Illinois Depart of Agriculture, Veterinary 

www.agr. state, il . us/ Ani maJ H W/1 abs 

X 



Diagnostic Lab 

Illinois VMTH Diagnostic Lab 

www.evm. u i ut.ed u/v d 1 

X 

X 



Continued 







PART FOUR COLLECTION OF SAMPLES and INTERPRETATION of LABORATORY TESTS 


TABLE 29-1 

Examples of Molecular Diagnostic Laboratories in the United States*—cont’d 


PGR Platform 


Laboratory 


Website URL 


Conventional Real-lime Panels 


Indiana Animal Disease Diagnostic www.addLpurdue.edu X 

Laboratory 

Iowa State University www.vetmedJastate.edule X X 

Kansas DMP Diagnostic Lab www.vet.ksu.edu X 

Kentucky Livestock Disease Diagnostic http://ces.ca,uky.edu/lddc X 

Center 

Louisiana State University Vet Medical http://laddUsu.edu X 

Diagnostic Lab 

Lucy Whittier Molecular & Diagnostic www.vetmed.ucdavis.edu/vme/taqmanservice/ X Yes 

Core/ UC Davis diagjtomehtml 

Michigan (Animal Health Diagnostic www.animalhealth.msu.edu/ X 

Laboratory) lmmunodiagno5iks.htm 

Minnesota University, Veterinary www.vdl umn.edu/vdJ/oureervices/ X 

Diagnostic Lab gqidelinefiles/moleculardiagnosucs/home, 

html 

Missouri (Veterinary Medical Diagnostic www.cvm.missouri.edu/vmdl X 

Laboratory) 

Montana Veterinary Diagnostic http://Tnt.gav/liv/lab X 

Laboratory 

Nebraska University, Vet Diagnostic http://nvdls.unt.edu X 

North Carolina Depart of Agriculture, www.ncvdl.com/ X X Yes 

Veterinary Diagnostic Laboratory VetLabSeTvicesMoJecularDiagnostics.html 

Ohio State, Animal Disease Diagnostic www.ohioagriculture.gov X 

Laboratoty 

Oklahoma Animal Disease Diagnostic www.cvmok 5 tate.edu/OADDL X 

Laboratory 

Oregon Slate University, Veterinary http://oregonstate.edu/vetmed X X 

Diagnostic Lab 

South Dakota State, Animal Disease hnp://vetsd.sdstate.edu X 

Research & Diagnostic Lab 

Texas Vet Medical Diagnostic http://tvmdlweb.tamu.edu X 

Laboratory 

Texas A&M Gastrointestinal Laboratory www.cvm.tamu.edu/gilab X 

Vila-Tech www.vita- tech.com/dnabasedtests.cfm X 

Veterinary Molecular Diagnostics, Inc. www.vmdlabs.com X 

Washington Animal Disease Diagnostic www.vetmed.wsu.edu X X 

Laboratory 

Wisconsin Vet Diagnostic Laboratory www.wvdl.wisc.edu X 

(emphasis in Avian) 

Wyoming State Vet Lab http://wyovet.uwyo.edu X 

Zoologix www.zoo I ogix.com/dogcat/Menu.htm X X 

STATISTICS 

Percentage of labs that use conventional and 31% 

real-time PCR 

Percentage of labs that use conventional PCR 64% 

only 

Percentage of labs that use real-time PCR only 5% 


•American Association of Veterinary Laboratory Diagnosticians (MVIDJ-accredited laboratories are listed if they offer commercial molecular diagnostic s 
vices available to veterinarians. 


conditions such as feline immunodeficiency virus or feline 
leukemia virus infection. Sepsis caused by infectious agents 
is expected to become an important segment for equine 
molecular diagnostics, especially in neonatal medicine. 
Molecular diagnostics enable fast turnaround time with rapid 
initiation of treatment, In the future, panel testing for the 
most important sepsis-inducing agents could be complemen¬ 
ted by the addition of assays targeting antimicrobial resis¬ 
tance genes. This would allow the modification of treatment 
regimens in case antimicrobial resistance is detected. 


INDICATIONS FOR USE OF POLYMERASE 
CHAIN REACTION ASSAYS FOR 
INFECTIOUS DISEASES 

Diagnostic tests such as PCR assays offer the potential 
for fast and accurate determination of the presence of an 
infectious agent, which can lead to an improved clinical 
outcome because of the faster initiation of more etioiogic- 
based treatment and the possibility for quantitative treat¬ 
ment monitoring. Even if molecular-based tests are more 
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expensive than more traditional diagnostic assays, their 
overall impact will Lead to reduction in treatment costs. 

Key indications for use of a molecular test are the speed 
and accuracy of molecular assays. In comparison with tradi¬ 
tional culture for bacteria, rickettsial organisms, fungi, and 
viruses, molecular testing offers direct detection of the target 
pathogen within a fraction of the time Owing to its speed, 
PCR assays have the potential to replace traditional culture 
methods for infectious agents that are difficult to culture 
or not cultivable at all. 

Compared with serology testing, molecular tests offer the 
advantage of detecting an infectious agent before an 
immune response occurs and a detectable antibody titer is 
developed. Immunoglobulin M (IgM) analysis in certain 
applications (such as WNV) can alleviate this problem; 
however, molecular testing methods are more reliable in 
picking up early virus replication and allow a faster epide¬ 
miologic assessment and earlier patient treatment. 

In certain instances, for the discrimination of a clinically 
relevant EHV-4 infection from a latent infection, the detec¬ 
tion of viral DNA Is not informative. In such cases the quan¬ 
titative assessment of viral loads is necessary.* Similarly, the 
choice of RNA or DNA affects the ability to distinguish dis¬ 
ease (active virus replication and production of viral tran¬ 
scribed RNA) from nondisease (viral DNA of latently 
infected cells) status. 

MOLECULAR BIOLOGY TECHNOLOGIES 

The main methodologies used for molecular diagnostics 
include the following: 

* Nucleic add capture, probe hybridization 

- ISH, RSH 

« Isothermal amplification of nudeic adds 4 

■ Transcription-based amplification methods 

■ Signal amplification by branched-chain DNA 

■ Qualitative pathogen identification using nudeic acid 
amplification 

* Quantitative assays 

■ Gen ©typing assays 

■ Genotype sequencing assays 

* Multianalyte testing panels 

Genotyping assays are usually used to test for known 
mutations associated with Inherited genetic conditions such 
as hyperkajemic periodic paralysis (HYPP) in horses, an auto¬ 
somal dominant condition that causes potassium-induced 
attacks of skeletal muscle paralysis Many of these assays 
depend on sequence-specific probes designed to hybridize 
with known genetic variations for infectious agents, genotype 
ing or spedation is achieved by using highly specific PCR- 
based or hybridization-based assays or by restriction enzyme 
fragment length polymorphism (RFLP) assays. In these 
assays, amplified material is digested with a certain restriction 
enzyme that characterizes the difference between two target 
sequences. 

THE POLYMERASE CHAIN REACTION IN 
VETERINARY MOLECULAR DIAGNOSTICS 

Because of its predominance in research and diagnostic appli¬ 
cations, PCR assays will be discussed in more detail in later 
chapters. To give practitioners guidance about what to look 
for when PCR-based molecular diagnostic assays are offered, 
we will discuss some aspects such as design guidelines* differ¬ 
ences between traditional and real-time PCR assays, sampling, 
controls, and interpretation of results in greater depth. 

PCR testing in its pure form is a three temperature event: 
denaturation of double-stranded target (or in later cycles 
PCR products), annealing of target and primers, and exten¬ 
sion of the DNA strand from the primer. 


Comparing Real-Time Polymerase Chain Reaction 
with Traditional Polymerase Chain Reaction Testing 
for Diagnostic Applications 

Real-time PCR taring was introduced into the marketplace 
in 1996 and replaced the tedious gel electrophoresis step to 
deiett PCR products after amplification. In one survey, 
98% of equine veterinarians knew about PCR testing and 
79% of equine veterinarians at universities knew the differ¬ 
ence between conventional and real-time PCR testing. 5 Dur¬ 
ing gel electrophoresis, the PCR products are separated by 
size and visualized using a dye (ethidium bromide) which 
intercalates with the double stranded DNA. Real-time PCR 
detects the PCR products by using an internal probe that is 
labeled with two fluorescent dyes: a reporter dye and a 
quencher dye. The fluorescent activity of the reporter dye is 
absorbed (quenched) by the quencher dye. The probe binds 
to the PCR products between the two PCR primers, [f the pri¬ 
mers are extended by the DNA polymerase, the 5' nuclease 
activity of the DNA polymerase digests the internal probe 
(hence hydrolysis probe) and releases the quenched fluores¬ 
cence. Alternatively, hybridization probes can be used that 
are not digested during amplification and that allow melting 
curve analysts. This single change in the protocol regarding 
how to detea the PCR products revolutionized the use of 
PCR testing for both research and diagnostic applications 
Most of the advantages resulting from this principle originate 
from the fan that the PCR tube does not have to be opened 
after a PCR assay for analysis. This principle U called rM- 
rufv detection The advantages are as follows: 

1 Because of the dosed-tube detection format. PCR prod¬ 
ucts cannot escape from the PCR reaaion containers. If 
escape occurs, it leads to the contamination of the PCR 
laboratory and subsequently the next PCR reactions. 
The consequence is false-positive PCR results. Real¬ 
time PCR efficiently eliminates this risk of PCR produa 
carryover. There is also a second safety system called 
Amp Erase UNC/ which eliminates contaminating 
PCR products. 

2. Real-time PCR is a kinetic PCR principle, underlining 
the fact that PCR product accumulation is measured 
during every single PCR cycle in real time. Because 
of this fact, real-time PCR is a quantitative method. 

3. The real-time PCR platform introduced in 1996 con¬ 
sisted of a laser-based thermocyder, software to design 
real-time PCR assays, reagents, disposables, and proto¬ 
cols. Because of its integrated design, PCR assays gener¬ 
ated with the new system were highly standardized. 

4 Data analysis is run on an attached computer that col¬ 
lects fluorescent data points. This principle eliminates 
all laboratory steps after the real-time PCR cycling 
is finished. Because of the computer-formatted end 
analysis, results can be fed direaly into the informa¬ 
tion and management systems of diagnostic labora¬ 
tories. Real-time PCR has also enabled rapid cycling 
to finish the PCR process in less than I hour. Real¬ 
time PCR results therefore can be turned around sig¬ 
nificantly fester than with traditional PCR testing 
(normally within a 24-hour period). 

5 . Because of the probe used to detea the PCR products, 

real-time PCR is also a more specific assay than single- 
round traditional PCR. Only specific f^R products 
are detected by the probe Real-time PCR testing, 
essentially a liquid-based hybridization method, is 
considered as specific as Southern blotting, which is 
a solid-based hybridization method, 

6. Because real-time PCR incorporates hot-start enzy¬ 
mes, the specificity is even greater than with regular 
non-hot-stan DNA polymerases. I lot-start enzymes 
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are inactive at ambient temperatures and have to be 
heated to 95 a C for 20 seconds to 10 minutes in order 
for the DNA polymerase activity to begin Because of 
the hot-start nature, nonspecific binding of primers 
does not lead to unspecific PCR products and results 
in an overall increased specificity of the assay 
7 In combination, real-time PCR is described to be as 
sensitive as or more sensitive than double-round 
(nested) traditional PCR. Analytic sensitivity and limit 
of detection using real-time PCR testing is normally in 
the single molecule range, whereas the limit of quan¬ 
titation with traditional PCR testing is in the range of 
10 to 20 molecules. 

PREANALYTIC VARIABLES 

In general, molecular diagnostic laboratories provide strict 
recommendations for sample collection, including shipping 
instructions. These instructions include specimen type, vol¬ 
ume, anticoagulant, and specimen transport, storage, and 
handling. The sample type is largely influenced by the path¬ 
ogenesis of the disease and plays a key role in the perfor¬ 
mance and interpretation of the test results. Veterinarians 
are advised to adhere to these recommendations, as the 
quality of the result is directly correlated to the quality of 
the sample and preservation of the nucleic acid content. 
Molecular assays often offer the convenience of using a 
small specimen acquired with a minimally invasive proce¬ 
dure. The diagnosis of herpesviruses is a classic example in 
which culture and neutralization assays have been largely 
replaced by PCR testing on a small volume of aspirate or 
swabs from mucosa! surfaces. Molecular tests can detect 
the presence of small numbers of organisms, and the prob- 
ability of detection increases when a larger volume of spec¬ 
imen is added to the amplification reaction. Because molecular 
assays do not need viable organisms for testing, more flexibil¬ 
ity in specimen transport is possible than with culture 
methods. 

Appropriate specimen collection and transport condi¬ 
tions are important to ensure successful extraction of intact 
nucleic acid and to prevent cross-contamination. Specimen 
transport and storage conditions are likely to vary among 
specimen types and between RNA and DNA tests, RNA is 
more susceptible to degradation. Detailed storage and 
shipping instructions are crucial if RNA pathogens are part 
of the diagnostic workup. Practitioners should be aware of 
these recommendations and consider using appropriate 
cooling containers when samples are collected in the field. 
Such samples maintain stability if stored appropriately in 
a cooled environment Freezing of fresh specimen often 
adversely affects the quality and should be avoided if not 
otherwise instructed by the laboratory. 

Sampling errors are among the many preanalytic vari¬ 
ables, ll is therefore recommended to have the appropriate 
labeling material available for blood containers or other 
sample types. Blood or body liquid contamination on the 
outside of the containers is an obvious cause of sample 
cross-contamination before the samples are manipulated 
in the laboratory. Proper collection procedures are essential 
to prevent artifacts. 

Nucleic Acid Extraction 

Many commercially available manual and automated meth¬ 
ods have been successfully applied lo infectious disease test¬ 
ing of a variety of clinical materials. Especially in veterinary 
molecular diagnostics, the variety of sample types can be 
challenging for processing through a single platform. Auto¬ 
mated or semiautomatea platforms are rapid and usually 


require only a small volume of specimen. In general, these 
systems are total nucleic acid extraction systems and sup¬ 
port the parallel analysis of DNA and RNA pathogens from 
the same sample, in addition, commercially available auto¬ 
mated systems can reduce hands on labor requirements. 
Most systems can accommodate sample volumes ranging 
from 100 pi. to 500 pL and even 1 ml of specimen. Nudeic 
add binding capacity varies and can be as high as 200 pg 
per individual extraction position. This maximizes nudeic 
acid extraction and ensures high consistency. 

Interpretation of Results 

Interpretation of results obtained with molecular assays for 
Infectious diseases requires understanding of the pathogen¬ 
esis and biology of the target organisms. Some challenges 
are unique to molecular tests and are different from consid¬ 
erations in interpreting other microbiologic tests. Such differ¬ 
ences are related to the distinction of viable from nonviable 
organisms and the correlation of nucleic add detection with 
presence of disease or disease association. 

Interpretation of a negative result includes information 
about the sensitivity and nudeic acid extraction efficiency 
A false-negative result may be caused by a degraded or insta¬ 
ble sample. Insufficient or inappropriate sample type, inad¬ 
equate sampling procedures, and transport problems are 
additional sources of false-negative results Sample-specific 
internal positive controls targeting endogenous genes such 
as the universal IBS rRNA (ssrRNA) or gjyceraldehyde- 
3-phosphate dehydrogenase (GAPDH) gene help to identify 
these problems. In addition, inhibition phenomena originat¬ 
ing from difficult sample matrixes such as feces or environ¬ 
mental samples contaminated with soil (humic add) have 
to be controlled with internal positive controls to assess the 
inhibitory effects. 

The factors requiring consideration for the interpretation 
of positive results include assay specificity and contamina¬ 
tion issues. PCR testing or any other target amplification 
method is subject to these considerations. Real-time PCR 
testing using closed-tube detection procedures reduces the 
risk of PCR product carryover as a source of false-positive 
results. 

In general, molecular assays do not provide information 
about the viability of an infectious agent. Exceptions to this 
are DNA viruses, bacteria, and parasites analyzed for tran¬ 
scribed genes instead of their genomic DNA. Targeting 
spliced RNA occurring only if viral genes are actively tran¬ 
scribed provides a means for obtaining information about 
the replication activity of a virus In other cases, targeting 
the ribosomal RNA of parasites such as Taxcpldsmd and 
Crypr 05 poriditim is a means for obtaining viability informa¬ 
tion and also may increase the analytic sensitivity/ 

Detection of nudeic acid of a pathogen does not neces¬ 
sarily ensure that the organism is the cause of the disease 
A primary example is herpesvirus infections (EHV -1 and 
EHV-4), in which the detection of DNA may indicate the 
presence of lytic nonrep l rearing, or latent virus Studies in¬ 
dicated that high viral loads of EHV-4 DNA allow the 
formulation of a cutoff value to differentiate between lytic 
and non replicating virus,* In this particular case, high viral 
loads were associated with the presence of clinical symp¬ 
toms and the presence of viral RNA transcripts Therefore 
quantitative real-time PCR testing can provide a means to 
obtain better disease association. 

Reporting of Molecular Results 

Reporting results for qualitative assays in infectious disease 
monitoring is easy: a sample either does contain or does 
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not contain nucleic add of a target organism. Further rele¬ 
vant information includes the nucleic acid extraction effi¬ 
ciency, nucleic acid stability, and sample integrity. 

Reporting results for quantitative molecular infections is 
more complex. For veterinary medicine, some quantitative 
applications have been established but are not yet offered 
as diagnostic assays, Eventually such assays will penetrate 
into the market with the more widespread adoption of 
quantitative PCR platforms and more standardized real¬ 
time PCR assays. 


REGULATORY CONSIDERATIONS OF 
MOLECULAR LABORATORIES 

Veterinary molecular diagnostics is an emerging market 
with little regulation. However, standards such as those 
defined by the American Association of Veterinary Labora¬ 
tory Diagnosticians (AAVLD) or Molecular Diagnostic 
Methods for Infectious Diseases (NCCLS; www.nccls.org) 
are adopted by commercial laboratories aiming to provide 
a comprehensive diagnostic service. Other sources for guide¬ 
lines are U.$, Food and Drug Administration (FDA) guide¬ 
lines (www fda.gov) for the detection of nucleic acids; 
ASTM guidelines (Standard Guide for Detection of Nucleic Acid 
Sequences by the Polymerase Chain Reaction Technique; www. 
astm.org); and Association for Molecular Pathology (AMP) 
recommendations for in-house deifelopment and operation of 
molecular diagnostic tests (www ampweb,org). 


GUIDELINES FOR CLINICIANS TO SELECT 
MOLECULAR DIAGNOSTIC 
LABORATORIES 

Veterinarians can use a variety of guidelines to select labora¬ 
tories for molecular diagnostics. However, there are ques¬ 
tions worth asking before samples are submitted. First, it 
is worthwhile to obtain information about the nature of 
the PCR test (traditional versus real-time). Second, ques¬ 
tions addressing the quality control and quality assurance 
system within a particular laboratory should be asked. 
Third, turnaround time, pricing, and the level of guidance 
with result interpretation are additional factors worth inves¬ 
tigating before samples are submitted. 

SUMMARY 

As with any methodologies, quantitative PCR is a work in 
continuous progress and development. Although all of 
the methods described in this review use the Nobel Prize- 
awarded PCR process, the advantages and disadvantages 
of subtle differences in assay formal, accuracy, and reliabil¬ 
ity of quantitation have to be rigorously compared The 
next generation of PCR quantitation will be increasingly 
automated, standardized, and miniaturized. The time for 
preparation and the time for amplification will be signifi¬ 
cantly reduced by using small microtiter-formatted micro- 
fluidic cards or silicon-based chip technology.^ 11 Ampli¬ 
fication time has been brought down to several minutes 
by using an advanced nucleic acid analyzer (ANAA) consist¬ 
ing of a battery-powered array of silicon-based PCR micro¬ 
chips with thin-filmed resistive heaters enabling ultrafast 
amplification. 10 

I low could these new systems be incorporated in routine 
veterinary diagnostics? Veterinary medicine will see a broad 
adoption of many assays for infectious agents and genetic 
abnormalities in the near future. The ability to standardize 
assays will allow high throughput applications that are not 


possible with traditional molecular methods. For this rea¬ 
son, applications for veterinary medicine may experience 
not only quantitative but also qualitative growth. Ihese 
assays will help improve patient management and client 
satisfaction. 


MOLECULAR TESTING FOR 
INFECTI OUS DISEASES IN HORSES 

^h~. ■ 

NICOLA PUSTERLA 

CHRISTIAN M. LEUTENEGGER 

The ready availability of a correct etiologic diagnosis, partic¬ 
ularly in contagious infections, enables the veterinarian to 
make early decisions regarding the patient's care and man¬ 
agement and to address appropriate treatment, and allows 
timely notification and discussion of management issues 
pertaining to the prevemion of disease spread. The last two 
decades have seen a revolution in the understanding, man¬ 
agement, diagnosis, control, and prevention of infectious 
diseases. 12 u This period has encompassed the discovery of 
emerging equine agents, antimicrobials, and vaccines, as well 
as a wealth of improved diagnostic tests for equine practi¬ 
tioners. Despite these advances, infectious diseases remain 
a leading cause of equine morbidity and mortality, with 
resuigence of certain infections (e g., WNV), an increasing 
population of elderly, more susceptible horses, and an 
increasing international equine commerce expanding the 
geographic distribution of pathogens. 144 5 The focus of rapid 
diagnosis of infectious diseases also has shifted during this 
time, Ihe most obvious change has been the appearance 
and increasing importance of nucleic acid amplification- 
based techniques, primarily the PCR, at the expense of tradi¬ 
tional methods of clinical microbiology.The PCR has 
become an increasingly important tool in microbial diagno¬ 
sis in recent years, mainly because of its rapidity, high sensi¬ 
tivity, and high specificity. These superior characteristics 
have propelled the field of PCR-based molecular diagnostics 
into the arena of applied diagnostics for infectious agents. 
Because the number of published and offered PCR assays is 
steadily rising, there is a need for critical evaluation, compar¬ 
ison of performance, and eventually also standardization of 
methods to enable equine practitioners to select the optimal 
method of testing. 

SAMPLE SUBMISSION 

Nucleic acid techniques to detea the presence of infeaious 
agents in biologic specimens require stringent quality guide¬ 
lines, These guidelines aim to ensure the stability of nucleic 
adds (both genomic DNA and total RNA), which are the 
target for molecular-based diagnostic methods. Whole 
blood samples are collected aseptically into evacuated 
blood tubes containing ethylenediaminetetraacetic acid 
(EDTA); body fluids (eg., thoracic, abdominal, joint, 
cerebrospinal, tracheal wash [TWl, bronchoalveolar, and 
guttural pouch lavage fluids) and tissues should be col¬ 
lected into serum tubes without additives; nasal or nasopha¬ 
ryngeal secretions should be colleded with rayon or dacron 
swabs and are best kept in a sterile serum or conical tube 
(virus transport medium recommended for the detection 
of viruses); fecal material should he collected into small 
fecal cups or serum tubes (Table 29-2 and Fig. 29-1). All 
samples must be sent cooled on blue ice by express mail 
overnight to the laboratory. Freezing of samples should be 
avoided. Short-term storage for a period of 2 to 3 days before 
shipment (over a weekend) should be in a refrigerated com¬ 
partment Haeh sample should be properly labeled and 
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TABLE 2?-I 


Tissue Samples Commonly Used for the Molecular 
Detection of Common Equine Pathogens 

1 Pathogen 

Tissue Submission 1 

Anaplasma phagocytopkilum 

Whole blood 

Carynebacterium 

Aspirate from abscess, body 

pseudotubercuhsts 

fluid 

Equine herpesvirus 1 

NPS, whole blood, TW, SAL 

CSF, CNS 

Equine herpesvirus 4 

NPS, whole blood, TW, BAL 

Equine influenza vims 

NPS, TW, BAI 

Lmwntd introi'cHularis 

Feces, intestinal biopsy 

Nevnckettsia ruririt 

Whole blood, feces 

Neosporo hughesi 

CSF, CNS 

Rhodoeoecus equi 

TW, BAL feces 

Sarcocystis neurorut 

CSF, CNS 

Streptococcus equi 

NPS, NPL GPL lymph node 
aspirate 

West Nile vims 

Whole blood, CSF, CNS 


Mi, BmnchoaJveobr Uvage fluid; CNS, cerebrospinal tissue; CSF, cerebro¬ 
spinal fluid, GPL guttural pouch lavage; NPL nasopharyngeal lavage. WPS, 
nasal or nasopharyngeal swab; TW, tracheal wash fluid 



FIG. 29-1 II Collection and shipping material routinely used (o submit 
equine tissue samples for molecular detection. The picture shows A, three 
sterile swabs of different lengths; B, three sterile, evacuated tubes with and 
without additives; C, a sterile cup with lid; D, a Styrofoam shipping con¬ 
tainer; and E, and a cooling dement to keep the samples cooled 

accompanied by a submission form containing information 
on the animal, owner, veterinarian, sample, and pathogen(s) 
to be tested for (most submission forms can be downloaded 
from the respective laboratory's website). The laboratory 
should be notified in advance, and inquiry should be made 
about the availability of the offered tests as well as turnaround 
rime and associated costs. Incoming samples normally are 
processed the same day, and PCR results usually are available 
within 24 to 48 hours if the nucleic add passes quality 
control, 

CLINICAL APPLICATIONS 

An array of nucleic add amplification techniques may be 
offered by laboratories in order to establish an etiologk 
diagnosis of equine infectious diseases. Several published 
studies have shown the benefit of nucleic acid amplification 
techniques compared with conventional micro biologic 
techniques. Current efforts are aimed at improving the 


diagnostic efficiency of molecular techniques, both for com¬ 
mon and for less common infectious agents. To facilitate a 
decision about which pathogens should be evaluated for 
in a specific case, some laboratories offer panels covering 
specific organ systems (eg., respiratory, gastrointestinal, 
neurologic). Such panels test for several common pathogens 
for each organ system. Some of the diagnostic PCR applica¬ 
tions most relevant for equine practice are presented in the 
following sections, along with their advantages and poten¬ 
tial pitfalls. 

Respiratory Pathogens 

Respiratory pathogens often are contagious, and infections 
must be diagnosed rapidly in order to prevent a disease out¬ 
break and institute the appropriate management plan. The 
short turnaround time and reliability of PCR testing makes 
this molecular technology an idea! tool for the diagnosis 
of respiratory pathogens. 

Equine influenza is commonly diagnosed by virus iso* 
I at ion or detection from nasopharyngeal swabs collected 
from horses during the early febrile stage of the disease. Virus 
can be grown from nasopharyngeal swabs by inoculation 
and incubation of embryonated chicken eggs or passage 
through Mad in-Darby canine kidney cells. Although isola¬ 
tion of the virus is essential to allow antigenic and genetic 
characterization of the strain, this technology is time- 
consuming and successful isolation is to be expected in at 
best 50% of cases. Furthermore, because mutations have 
been reported to occur during the process of viral culture, 
recovered isolates must be viewed critically. In recent years 
new methods for virus detection, such as antigen detection 
enzyme-linked immunosorbent assay (ELISA) and PCR assay, 
have been described; such methods allow a rapid diagnosis 
in the acute phase of infection. The commercially available 
Directigen Flu A assay* deteas nucleoproteln, one of the 
type-specific antigens of type A influenza viruses, and was 
designed for use in cases of human influenza infection. 
Although this assay has the shortest turnaround time of all 
antigen tests (i.e., 15 minutes), its sensitivity decreases when 
low titers of virus are present (eg., in a partially immune horse 
with subdinical signs or in a clinical case past the acute onset of 
disease). In recent years, PCR-based assays with higher sensitiv¬ 
ity than virus isolation and antigen-capture FJ.15A have been 
described for the identification of equine influenza virus 
directly from clinical samples (Table 29-3). l7 ' 19 

Amplification of the single-stranded RNA of equine 
influenza viruses is performed by reverse transcriptase-PCR 
(RT-PCR) technology, using a one-step, nested, or real-time 
approach. The hemagglutinin, nutfeoprotein, and matrix 
gene are the commonly targeted genes for these molecular 
assays. Unfortunately, comparison of the different PCR assays 
is precluded by the use of different technologies, the lack of 
standardization among the assays, and variation in targeted 
genes. Nucleotide and deduced amino-acid sequences of por¬ 
tions of the hemagglutinin gene are now routinely used for 
phylogenetic characterization of outbreak strains. Further¬ 
more, novel real-time assays can be used as a viable replace¬ 
ment for the more traditional methods of quantifying 
equine influenza virus in vaccine efficacy studies. Another 
advantage of assays such as antigen detection ELISA and 
PCR assay is their ability to detea nonviable virus, a situation 
that may occur when nasopharyngeal samples are frozen or 
not adequately stored and/or shipped to a diagnostic 
laboratory. 


’Diretiigen Flu A flecton, Dickinson and Company, Franklin Lakes, N|. 
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TABLE 29-1 

Comparison of Different ViraJ Detection Methods Using Nasopharyngeal Secretions from Naturally 
and Experimentally Infected Horses with Equine Influenza Virus 


Defection Method (Mean Detect ton Days) 

Infection Type Number of Horses Collection Type VI DFA RT-PCR Reference 

HT 


DFA. Directigen Flu A HT-FCR, reverse-uansaipiion polymer*^ chain reaction; V7, virus isolation 


7 

8 
9 


Experimental 4 Sequential postexposure 4/4 (5.5) 2/4 (3.5) 

Natural 11 Single at peak of disease 5/11 7/11 

Natural 171 Single at peak of disease 8/171 14/171 


EHV-1 and EHV-4 are important, ubiquitous equine viral 
pathogens that cause important economic losses in the 
equine industry. Both are double-stranded DMA alphaher- 
pesviruses that affect the equine respiratory tract and can 
establish lifelong latent infection after primary exposure. Tra¬ 
dition ally, virus isolation has been the gold standard for 
diagnosing EHV-l and EHV-4 infections. The sample of 
choice is a nasal or nasopharyngeal swab, which should be 
taken early in the febrile phase of the disease. The swabs 
should be kept in viral transport medium and shipped on 
ice to a veterinary diagnostic laboratory. Because of the lym- 
photropism of EHV-1, virus isolation can also be attempted 
from titrated or heparinized whole blood, Virus isolation 
requires the maintenance of specific cell culture lines, 
making this process relatively expensive and time-consum¬ 
ing. EHV-1 can be propagated in a broad range of cell lines; 
however, EHV-4 grows only in cell lines of equine origin. 
Virus isolation is often hampered by the fragility of the virus, 
intermittent viral shedding, and the interference with local 
antibodies. PCR offers an alternative to virus isolation and 
has proven to be a sensitive method of detecting EIIV-1 
and EHV-4 in respiratory secretions, peripheral blood lym¬ 
phocytes, and other tissues, 2022 Many conventional PCR 
assays have been established to study the pathophysiology 
and improve the diagnosis of these viruses. Conventional 
one-step or nested PCR assays do have inherent risks of 
carry-over contamination resulting from postamplification 
steps required to detect the PCR products. Novel molecular 
platforms such as the real-time PCR assay have strongly 
reduced the risk of contamination. PCR assays used in rou¬ 
tine diagnostics are based on the detection of viral genomic 
DNA and are therefore unable to distinguish among lytic, 
dead, or latent virus. Alternative molecular approaches have 
recently been established using the real-time PCR to allow 
discrimination among the different viral slates in horses 
naturally infected with EHV, 13 Discrimination among the 
different viral states is now possible by {1) targeting several 
genes (e g., glycoprotein, latency-associated transcripts); (2) 
detecting viral genomic DNA and transcriptional activity of 
the target genes at the messenger RNA (mRNA) level; and 
(3) using absolute quantification (Table 29-4). Viral threshold 
loads are used in selected human infectious diseases (e.g., 
human immunodeficiency virus [HIV|, hepatitis C virus 
[HCV|) to determine disease stage and response to antiviral 
therapy The concept of viral DNA threshold has been used diag¬ 
nostically in EHV-4-infected horses to discriminate between 
lytic and non replicating virus. 33 A similar approach will likely 
be adopted in the near future for the molecular diagnosis 
of EHV-1 in order to differentiate among viral stales, as well 
as to evaluate the efficacy of antiviral therapy and determine 
the risk of exposure of a PCR-positive horse to other horses. 
Until such an approach is routinely instituted by veterinary 
laboratories, the random testing of normal horses for EHV-1 
by PCR assay should be avoided, because practicing veteri¬ 
narians and regulatory officials who receive positive PCR test 


TABLE 29-4 

Differentiation Among the Viral States of EHV-1 
and EHV-4 by Targeting Several Genes and Detecting 
Either Viral Genomic DNA or Transcriptional Activity 
of Che Target Genes at the Messenger RNA Level 


Viral Stale 


Target Gene 
and Nucleic 
Acid Type 

Non replicating 
Virus 

Lytic or 
Replicating 
Virus 

Latent 

Virus 

Glycoprotein 

B gene 

using 

gDNA 

Yes 

Yes 

Yes 

Glycoprotein 

B gene 

using 

mRNA 

No 

Yes 

No 

Latency- 

associated 

transcripts 

using 

mRNA 

NO 

No 

Yes 


&DNA Genomic DNA; mRNA t messenger RNA. 

results on samples they submit may be unaware of the complex¬ 
ities involved in test interpretation, leading them to make inap¬ 
propriate decisions regarding quarantine of equine facilities or 
cancellation of competitions. 

Streptococcus equi subsp. equi infection rarely is associated 
with detection difficulties when conventional cultures are 
used in clinically affected horses, Culture of nasal swabs, 
nasal or guttural pouch washes, or exudates aspirated from 
an abscess remains the gold standard for the detection of 
S. equi. Culture, however, may be unsuccessful during the 
incubation and early clinical phases of infection, and the 
presence of other beta-hemolytic streptococci, especially 
Streptococcus equi subsp. zooepidemkus, may complicate 
interpretation of cultures. Available PCR assays are designed 
to detect the DNA sequence of the 5, equi M protein (SeM) 
gene, the gene for the antiphagocytic M protein of S, equi. 
This gene offers enough nucleotide variations between the 
two $. equi subspecies to allow full discrimination in clini¬ 
cal specimens. The test can be completed in a few hours, 
and results may be available on the same day samples are 
taken. One of the pitfalls of PCR testing has been its inabil¬ 
ity to distinguish between dead and live organisms; there¬ 
fore, in the past, positive results have been considered 
presumptive until confirmed by culture. Nowadays the via¬ 
bility issue can be addressed by quantitation of the SeM 
gene or detection of transcriptional activity of the SeM gene 
at the RNA level. In several studies, PCR proved to be up to 
three times more sensitive than culture (Table 29-5), 24-26 
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Comparison of Culture and PCR Assay for the Detection of Streptococcus equi in Equine Nasopharyngeal Secretions 
(Swab and Wash), Guttural Pouch Lavage Fluid, and Abscesses After Natural Outbreaks 


Number of Hweaion Method 


Specimens 

Sample type 

Culture 

PCR 

Reference 

It? 

Nasal swabs and washes 

15/117 

37/117 

24 

61 

Nasopharyngeal swabs 

I S/61 

34/61 

25 

70 

Cultural pouch washes 

41/70 

53/70 


2S 

Nasal swabs 

4/26 

13/26 

26 

15 

Abscesses 

5/15 

12/15 



JOf, l^olymerase chain react ton 


PCR assay accompanying culture on a nasal swab or gut 
rural pouch lavage may be used in a control program to 
select possible carrier animats, because PCR testing is capa¬ 
ble of detecting S. eqm ONA in guttural pouch lavages for 
weeks after disappearance of live organisms. Such is not 
the case for the nasopharynx* in which the efficient muco¬ 
ciliary apparatus removes organisms and DNA at the same 
time. PCR should be considered to detect asymptomatic 
carriers* establish the S. equi infection status of asymptom 
atk horses* and determine the success of elimination of 
5. equi from the guttural pouch A particular problem in 
the management of strangles outbreaks is the lack of a suit¬ 
able assay to differentiate between wild and vaccine S. equi 
strains. Recent studies have shown gene variations in the 
N-terminal region of the SeM gene of various held isolates, 
allowing epidemiologic analysis of disease transmission. 27 
Furthermore* a deletion in the aw A gene of a live attenuated 
strangles vaccine" marketed in Europe has allowed the 
development of a PCR assay able to differentiate between 
wild and vaccine strains. 22 Such an assay has* however, 
not yet been developed to differentiate between the intrana- 
sally applied attenuated live vaccine* marketed in North 
America and field isolates. 

Rht>ita>ccu$ equi is an important cause of chronic suppu¬ 
rative bronchopneumonia with extensive abscessation in 
foals 3 weeks to 6 months of age. Culture of the organism 
from TW fluid currently is considered the gold standard 
for diagnosis. 28 However, it can be difficult to reliably grow 
R equi from a single TW sample* possibly because of prior 
antimicrobial administration or overgrowth by multiple 
pathogenic bacterial species, 1 ’' 30 Hillidge* 1 reported that 
only 62% of foals with positive R, equi cultures at necropsy 
and 64% of those with radiographic evidence of lung 
abscessation yielded R equi on culture of TW fluid, PCR 
has been evaluated in order to increase the diagnostic sensi¬ 
tivity of TW fluid samples. Strains of R, equi isolated from 
sick foals uniformly contain an 65- to 90-kilobase (kb) plas 
mid that carries the gene responsible for expression of a 15- 
to 17-kDa antigen (wtpA) of undetermined function.* 2 '* 1 
Environmental strains of R. equi not associated with disease 
do not contain this plasmid. Therefore detection of the wtpA 
gene of R. equi in a TW fluid sample from a foal with pneu¬ 
monia can be considered diagnostic. Both culture and PCR* 
however, may detect environmental contaminants of R. equ\ 
in TW fluid but PCR has the ability to distinguish between 
virulent and avirulent strains. Foals may have virulent or 
avirulent strains of R equt present in their airways as 


* Equi I is SirepE, Iniervei UK Li m iced, Wahon Manor, Walton, Milton 
Keynes, United Kingdom 
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contaminants that are not responsible for clinical signs of 
pneumonia. This situation may be more likely on farms 
where R. equi problems are endemic. In a recent study eval¬ 
uating the sensitivity of conventional culture, PCR, and 
serology in 53 foals with pneumonia, PCR of TW fluid 
was found to be more sensitive and specific for the diagno¬ 
sis of R. equi pneumonia than the other two available diag¬ 
nostic tests. PCR should be used in conjunction with 
standard culture because of the probability of the presence 
of multiple bacterial pathogens and the inability of PCR 
to determine antimicrobial sensitivity of R. equi PCR* with 
its higher sensitivity and specificity, may be useful to rule 
out R. equi pneumonia in culture-negative foals that have 
failed to improve with standard antimicrobial therapy and 
have clinical signs consistent with R, equi pneumonia. It 
also may be useful in monitoring response to therapy and 
deriding when to discontinue therapy in foals that are con¬ 
firmed to have R equi pneumonia. In clinical situations in 
which the severity of the respiratory signs of the patient pre¬ 
vents the collection of TW fluid, feces have been shown to 
be a sensitive surrogate specimen for the molecular detec¬ 
tion of R equi 3 * The study determined that fecal PCR assay 
had a diagnostic accuracy similar to that of culture of TW 
fluid samples and that false-negative fecal PCR results for 
R equi were associated with prior use of antimicrobials. 

Neurologic Pathogens 

Although highly sensitive and specific PCR assays have been 
developed for detection of viral and protozoal genomes in 
the cerebrospinal fluid (CSF) of neurologic patients* these 
methods often are of limited value in the routine diagnosis 
of these diseases because viremia is often very short-lived or 
the pathogen has no affinity to the cells of the CSF, Conse¬ 
quently. pathogens are usually no longer detectable at the 
onset of systemic or CNS signs. 

Equine protozoal myeloencep ha litis (EPM), caused by 
the protozoal apieomplexan parasites Sarcoqrshi neurona 
and Neospora JrujJwsi, represents one of the greatest diagnos¬ 
tic challenges for equine practitioners Detection of the par¬ 
asite at necropsy is considered the gold standard. Therefore 
clinical diagnosis is based on clinical findings, exclusion of 
other neurologic diseases, and the use of serologic assays 
(e.g.. Western immunobloL indirect immunofluorescem 
assay) on serum and CSF, 1 *' 5 * Molecular diagnostics has 
also been investigated, but sensitivity was found to be 
low,” Apparently* intact merozoites rarely enter CSF, and 
free parasite DNA is destroyed rapidly by enzymatic 
action. 40 Based on its low sensitivity* PCR testing of CSF 
should not be recommended for routine diagnosis of 
EPM, In contrast, PCR testing of neural tissue has been 
shown to be useful as a postmortem test, 41 Detection and 
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isolation of S. neurom from peripheral blood has been 
reported only in experimental studies/ 2 - 43 Therefore molec- 
ular detection of S, neurone in blood is very insensitive and 
should not be used in order to document or rule out EPM 
in a horse with neurologic signs. 

Diagnosis of WNV encephalitis in horses currently is 
based on observation of compatible clinical signs (e.g., 
ataxia, paresis, paralysis, hyperesthesia, muscle fasciaila- 
[ion, seizures, fever) and one or more of the following: iso¬ 
lation of WNV from blood, GSF, or tissue; a fourfold 
increase in plaque reduction neutralization test antibody 
titers on paired serum samples taken 2 weeks apart; or [he 
detection of IgM antibody to WNV by tgM-capmre 
ELISA/ 4 * 43 Given the non specificity of the IgM ELISA (s,e., 
it does not differentiate between disease and exposure) 
and the time required to serologically confirm WNV infec¬ 
tion, alternative tests abie to rapidly delect WNV in clinical 
specimens are important. RT-PCR using a one-step, nested, 
or real-time approach has been evaluated to investigate 
antemortem cases of suspected WNV encephalitis in horses 
and humans using blood. The diagnostic sensitivity of 
WNV RT-PCR using either serum or whole blood was very 
low/ 4 "* 8 However, 57% to 70% of C5F samples from 
human beings with serologically confirmed WNV infection 
tested positive by real-time RT-PCR. 46 - 47 The reduced ability 
to detect WNV in CSF or serum from patients with serolog¬ 
ically confirmed WNV infection is likely a result of the 
short-lived viremia in dead-end hosts and emphasizes the 
fact that if WNV is to be detected in blood or CSF the sam¬ 
ple should be collected early during the disease process. 
Investigation of the sensitivity of RT-PCR on CSF from 
horses with WNV encephalitis has not yet been reported, 
RT-PCR also has been shown to accurately identify WNV 
in field-collected mosquito pools, avian tissues, and human 
and equine brain tissue samples with a degree of sensitivity 
approaching that of virus isolation in Vero cells/ 7 ' 49 

Myeloencephalopathy is an uncommon presentation of 
EHV-1 infection and should always be considered as a dif¬ 
ferential diagnosis when a horse develops sudden neuro¬ 
logic signs (e.g, ataxia, paresis, urinary incontinence), 
especially if multiple horses on the premises are involved 
or when a recent history of fever, abortion, or viral respira¬ 
tory disease in the affected horse or herdmates is reported, 50 
Diagnosis often is based on history, clinical signs, and 
xanthochromia and elevated total protein concentration in 
CSF resulting from vasculopaihy. Attempts to isolate virus 
from the blood or CSF of patients often are unsuccessful 
because the peak of viral shedding usually has passed by 
the lime neurologic signs appear. 51 However, affected 
horses can shed the virus in nasal secretions and thus repre¬ 
sent a risk of infection for unaffected in-contact horses This 
outcome recently has been reported in a hospital setting in 
which horses developed neurologic disease after having 
been exposed to horses with EHV-I myeloencephalopa¬ 
thy/ 7 Therefore it is imperative to determine the risk of 
shedding in a suspected horse in order to initiate an appro¬ 
priate infectious disease control protocol, PCR assay, as pre¬ 
viously shown for viral respiratory diseases, is a fast and 
sensitive molecular diagnostic tool and should be per¬ 
formed on blood and nasal or nasopharyngeal swabs to 
document viremia and nasal shedding, respectively 41,53+94 
The dilemma as to whether the vims is in a lytic, nonrepli¬ 
cating or latent state can be addressed by using absolute 
quantitation or transcriptional activity of the target gene 
similar to the approach used for EHV-4. 23 Research groups 
have recently identified a region of variation in the genome 
of different EHV-1 strains that correlates directly with their 
ability to cause neurologic disease. 55 The sequence variation 
occurs in the DNA polymerase gene of the virus, which is 


involved in initial viral replication within infected cells 
and may also be involved in establishment of latency and 
reactivation. Rapid PCR assays have been established to 
allow differentiation between neu to pathogenic and non- 
neuropathogenic strains, 56 However, such assays have mod¬ 
erate specificity, because S7% of neuropathogenic stains 
have been shown to harbor the mutation. 'Hierefore such 
assays should be used judiciously, and the results should 
always be interpreted in the context of clinical presentation. 

Gastrointestinal Pathogens 

The detection of equine gasirointeslin.il pathogens using 
conventional or molecular tests often is very challenging 
because these pathogens either are difficult to grow in ceil 
culture systems or can be present in pathogenic or non- 
pathogenic forms, making interpretation of positive results 
difficult. Furthermore, the use of fecal material for molecu¬ 
lar diagnostics has been associated with false-negative 
results because of the presence of inhibitoiy substances in 
the feces that can interfere with nucleic acid extraction or 
amplification. 57 However, development and use of specific 
extraction kits" have improved the yield of nudek acid 
from feces. 5 * 

Neorickettsm rubai (formerly Efiriitfruj ruririi) is the rick¬ 
ettsial agent responsible for Potomac horse fever (PHF). a 
serious enterocolitis of horses. Because of the nonspecific 
nature of the clinical signs, a provisional diagnosis of PHF 
is often based on the presence of typical clinical signs and 
the seasonal and geographic occurrence of the disease. 
A definitive diagnosis of PI IF, however, should be based on 
isolation or detection of N, ruficti from blood or feces of 
infected horses. 59 Isolation of the agent in cell culture, 
although possible, is time-consuming and not routinely 
available in many diagnostic laboratories. The recent devel¬ 
opment of N, ristiai-specific PCR assays has gready facili¬ 
tated the diagnosis of PHF. 60 ' 61 These molecular assays 
have contributed to the investigation of the epidemiology 
of PHF, allowing the discovery of helminthic vectors and 
intermediate and definitive helminthic hosts as well as 
revealing the natural route of infection/ 2 ' 64 Nucleic arid 
of N. rtsririi can be detected in the blood and feces of natu¬ 
rally or experimentally infected horses, but the detection 
period does not necessarily coincide between the two sam¬ 
ple types (Fig, 29-2). Based on these results, we recommend 
analyzing both blood and feces from suspected horses in 
order to enhance the chance of molecular detection of 
N risririi. Another application of PCR has been recently 
described: the first equine cases of PHF from Nova Scotia 
using formalin-fixed and paraffin-embedded colon tissue/ 5 

An emerging equine gastrointestinal pathogen, L intracet- 
lutaris. has been described in young horses/* This obligate 
intracellular bacterium is the causative agent of proliferative 
enteropathy (PE), a transmissible enteropathy known to af¬ 
fect a wide range of domestic and wild animal species/ 7 
This disease has a worldwide distribution and likely is under- 
recognized in horses. Antemortem diagnosis can be chal¬ 
lenging and is based on interpreting clinical signs (e.g, 
lethargy, weight loss, subcutaneous edema, diarrhea, colic), 
clinicopalhologic results (e.g., hypoproteinemia), and ultra¬ 
sonographic findings (e g., thickened small intestine) and 
excluding other causes of similar gastrointestinal Findings/* 
Currently, culture of the organism is difficult and is not rou¬ 
tinely offered by laboratories. Antemortem diagnosis relies 
on serology and PCR/ 9-70 but these tests have not been sys¬ 
tematically evaluated in horses. The combination of both 
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FIG. 2*-2 II Molecular detection period of Nesriclterxiitf ristfai in blood and feces of experimentally infected horses, (From Puslerla N, Madigan III, Leutenegger 
CM: Real time polymerase chain reaction: a novel molecular diagnostic tool for equine infectious diseases .} Vet Intern Med 20:% 2006. Reprinted with permission 
of the American College of Veterinary Internal Medicine.) 


tests as well as repeated fecal sampling from target animals 
for PCR assay will increase the chance of diagnosing the 
disease. Novel PCR assays, such as the real-time PCR, 
have increased the sensitivity of molecular detection, com¬ 
pared with initial conventional assays. 71 PCR testing has 
the advantage of being fast and can yield positive results in 
the early stage of disease, when antibodies are not yet mea¬ 
surable. Prior use of antimicrobials can negatively affect the 
molecular detea ion of L intracellukris in feces. Therefore 
in a suspected case, fecal colleaion for PCR testing should 
be performed before institution of any antimicrobial 
treatment. 

Miscellaneous Pathogens 

Equine granulocytic ehrlichiosis (EGE) is caused by Ana- 
plasma phagocytophik (formerly Ehrlichia e$ui), a rickettsial 
pathogen transmitted by Ixodes ticks. Diagnosis often is 
based on awareness of the geographic area for infection, 
presence of typical clinical signs, presence of abnormal lab¬ 
oratory findings, and identification of characteristic path¬ 
ogen inclusions in the cytoplasm of neutrophils and 
eosinophils in a peripheral blood smear stained with 
Giemsa or Wright stain. 53 PCR has been used for many 
years to study several aspects of the epidemiology and path¬ 
ophysiology of EGE. 73 - 7 * For clinical purposes, the material 
of choice is whole blood. PCR has been shown to be a very 
sensitive and specific tool, helping with diagnosis especially 
during early and late stages, when the number of organisms 
is too small for diagnosis by microscopy (Fig, 29-3), 74 
Corynebacierium pseudofuiieTnj/osis is a common cause of 
external and internal abscesses in horses from arid regions 
of the western United States, 75 The epidemiology recently 
has been investigated with the help of PCR technology, 
and flies have been identified as potential vectors. 78 ' 77 
C pseudofufcercu/osis is easy to grow on culture, and use of 
PCR testing on clinical samples is restricted to specific situa¬ 
tions (e.g„ culture-negative aspirates or body fluids). 

In recent years PCR assays for the detection of Safmend/rt 
species in fecal samples from horses admitted to veterinary 


hospitals have been evaluated. 7 ^ 1 All the studies showed 
that significantly more fecal samples were positive accord¬ 
ing to PCR assay than according to microbiologjc culture. 
The reasons why some fecal samples, from which Salmonetoi 
organisms cannot be isolated, are PCR positive need to be 
determined before PCR assays are routinely used in the hos¬ 
pital setting for the diagnosis of salmonellosis and surveil¬ 
lance programs. 

Additional PCR assays for Borrefta burgdorferi, equine 
arteritis viats, Leptospira species, Mycobacterium species, Clos¬ 
tridium difficile, and methicillin-resistant Staphylococcus 
aureus have been developed and are being used in the 
research setting, 82 ' 83 These assays likely will be offered for 
diagnostic purposes when additional clinical samples from 
horses have been analyzed. 


MOLECULAR TESTING FOR 
INFECTIOUS DISEASES IN CATTLE, 
SHEE P, AND GOATS 

SHARON K. HlbTALA 

BEATE M, CRQSSI.EY 

The availability of molecular-based diagnostic technologies 
designed to identify infection or genetic conditions by 
detecting specific genome targets in the host or agent DNA 
or RNA has expanded logarithmically in the past decade. 
Diseases and genetic conditions affecting cattle, sheep, and 
goats are now commonly studied and diagnosed using 
molecular techniques, and in particular PCR assays. PCR- 
based approaches, which by nature can be extremely sensitive 
for the detection of infectious agents, were once considered 
useful only in research laboratories based on concerns rang¬ 
ing from the risk of laboratory contamination and false-pos¬ 
itive findings to high per-assay costs. With the commercial 
availability of specialized instrumentation, reagents, and 
technical training, the criticisms have largely been over¬ 
come. Molecular technologies are now generally available 
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FIG. 2?-J II Microscopic and molecular detection period of Anaplasma phdfpqttophilti in the blood of horses experimentally infected with Ixodes seapuluns 
(From PtisterJa N, Madigan [E, leutenegger CM: Real-time polymerase chain reaction: a novel molecular diagnostic tool for equine infectious diseases* / Vet 
fmym Med 20:3, 2006, Reprinted with permission of the American College of Veterinary Internal Medicine.) 
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for routine diagnostic services provided by state and federal 
diagnostic laboratories and university laboratories, as well 
as commercial laboratories. The technical complexity of 
molecular-based diagnostics, paired with the wide range of 
assays available to diagnose genetic and infectious diseases 
of food animals, means that no single laboratory can feasi¬ 
bly provide comprehensive testing for all species and all dis¬ 
eases, Instead, laboratories tend to focus on the diseases or 
genetic conditions of primary significance to their allied 
industries and to use the technologies that provide the most 
rapid, reproducible and economical results for their particu¬ 
lar group of cl terns. Largely based on this specialization 
within laboratories, molecular-based assays may be devel¬ 
oped and pul into use without significant effort toward 
assay standardization and validation. Ihe list of PCR-based 
assays available for detection of infectious agents in particu¬ 
lar has grown significantly in recent years, although with no 
guarantee that the assays have been suitably designed, tested 
in the field, or clearly advertised as to their "fitness for pur- 
prose/' For molecular-based assays the selection of the 
genetic sequence (DNA or RNA) used as the target of the 
diagnostic assay is heavily dependent on the proposed use 
of the test and on the availability of known genomic 
sequence(s) for development of the assay. All genomes 
accumulate mutations over time, with some genes being 
highly mutable to allow evolutionary advantage—for exam¬ 
ple, those genes that encode antimicrobial resistance or sur¬ 
face protein conformations used for evading the host 
immune system. Other genes (e.g„ those encoding specific 
functions such as replication) tend to remain highly con¬ 
served and stabile to protect the survival of the organism. 
Assays used to detect a specific agent—for instance, bovine 
virus diarrhea (BVD) virus—can be designed to target a con¬ 
served region of the genome that is shared by all members 
of the species. Alternately, assays used to characterize or 
subtype particular strains or isolates—for example, BVD 
virus (BVDV) type lb—can be designed to target regions 
with significantly more mutability or sequence variation. 
Assays designed as "fit" for surveillance testing must often 
sacrifice the ability to discriminate closely related patho¬ 
gens, such as BVDV, from the genetically related border dis¬ 
ease virus in order io have the needed surveillance 
sensitivity to detect the broad range of potential BVDV iso¬ 
lates. Similarly, assays designed for lest and cull or related 
disease-control programs must have a high diagnostic spec¬ 
ificity for detecting only the agent or trait of interest. These 
assays tend to sacrifice diagnostic sensitivity or detection 
level in order to minimize the risk of false-positive results. 
Although molecular diagnostics provides a powerful and 
rapidly advancing tool, the clinician is advised to use 
molecular-based assays with appropriate awareness of their 
individual strengths and weaknesses, including the desig¬ 
nated use or "fitness for purpose." 

Unquestionably, molecular technologies will continue to 
be developed and implemented in veterinary medicine. 
Although it can be expected that some technologies will 
replace existing procedures, it should be expected that other 
molecular tools will be no more than a supplement to tradi¬ 
tional diagnostic approaches, 

SAMPLE SUBMISSION 

As with any diagnostic technology, the specimen used must 
be appropriate for the disease or genetic condition, and 
consideration must be given to the timing and pathogenesis 
of the disease process and availability of the intact genetic 
material being targeted by the diagnostic assay. Among the 
important criteria in the selection and use of molecular- 
based assays are onset and duration of agent replica lion 


in the host, specific tissue(s) affected, and the relative abun¬ 
dance of target DNA or RNA over the course of the infection. 
In addition to tissues obtained from postmortem investigation 
or surgical sampling, antemortem diagnostic testing can target 
genetic material recovered from swabs of mucous membranes 
or from blood, urine, milk, skin scrapings, or fecal material as 
appropriate to the disease process. 

Because all molecular-based diagnostic tests detea geno¬ 
mic material in one form or another, the isolation and puri¬ 
fication of nucleic acids (DNA or RNA) from the diagnostic 
specimen is critical to the success of the assays. Depending 
on the tissue or specimen used for diagnostic testing, recov¬ 
ery of nucleic add in sufficient quantity and quality can be 
problematic. Common sources of assay failure include sub¬ 
stances in the sample that can interfere with the chemistries 
used in deteaion or PCR-based amplification steps. Exam¬ 
ples include but are not limited to heparin, iron, peroxi¬ 
dases, hemoglobin, and myoglobin, as well as the relative 
abundance of total DNA or RNA associated with the differ¬ 
ent specimen types. Another common source of assay fail¬ 
ure is destruction of target nucleic acids in the specimen 
before testing, commonly a result of enzymes associated 
with postmortem autolysis. Because of the complexities of 
nudeic add recovery and target nucleic acid deteaion, 
assays developed for use with one matrix, for example 
whole blood, may not be suitable for use with other matri¬ 
ces, such as milk or feces. Appropriate sample collection 
buffers, storage temperatures, and shipping requirements 
are available from the laboratories performing the specific 
testing. 

MOLECULAR-BASED DIAGNOSTIC 

TECHNOLOGIES 

Hybridization Probes 

Nudeic add fragments, either DNA or RNA, can be 
deteaed by hybridizing to a complementary fragment of 
nudeic add that has been marked with a reporter dye or 
enzyme. The short strands of DNA or RNA, generally 
chemically synthesized and referred to as oligonucleotides, 
are identified as hybridization probes when marked with 
a reporter dye or enzyme, Radioactively labeled probes, 
though once the standard, have largely been replaced by 
enzymatic tags, such as avid in- biotin, peroxidase, and 
chemiluminescent ta^. large! nudeic adds can be deteaed 
directly in the diagnostic specimen when sufficiently abun¬ 
dant or may be detected after PCR-based amplification of 
the nudeic add target. 

Southern, Northern, and Dot-blots 

Various techniques are used to immobilize genetic material 
before deteaion steps, with or without prior PCR amplifica¬ 
tion. As a group the techniques are referred to as b/ors. Dot - 
Was and Southern blots refer to DNA bound to nitrocellulose 
membranes, whereas Northern blotting is the terminology 
used when RNA is immobilized onto membranes. In South¬ 
ern and Northern blots, nudeic acid fragments are first 
separated by size through use of an electric current running 
through a semi sol id gel, a technique referred to asgd electro¬ 
phoresis, The nudeic acid detection step for DNA and RNA 
blots may include a specific hybridization probe or may 
simply use the molecular weight of the DNA or RNA frag¬ 
ment. Related terminology includes Western blot, which 
describes protein immobilized on a membrane, and immu- 
referring to deteaion of the immobilized protein 
using specific antibody as an immunologic marker. 



448 



ftUcr toU* COLLECTION of SAMPLES amq INTERPRETATION of LABORATORY TESTS 


In Situ Hybridization 

The laboratory technique referred to as in sim frybrtdtzdfum 
allows for localization and observation of a PNA or RNA 
target within a histologic tissue section,* 3 ' 54 * 100103 The hybri¬ 
dization probes are typically end-labeled with a radioactive or 
enzymatic reporter molecule RSI I is a relatively new staining 
approach that shows promise for future rapid diagnostic 
applications. ISH using RNA probes (riboprobes) is another 
rapidly advancing technology, with improved detection sen¬ 
sitivity compared with DNA probes, although it has been 
used primarily for studying viral infection and gene expres¬ 
sion rather than for diagnostic applications. 1$H technology 
can be applied to frozen or form a I i/t-fixed tissues, with best 
results provided when the tissue is fixed as soon as possible 
postmortem to avoid loss of target nucleic acids during tissue 
autolysis. Nucleic acids from veterinary pathogens have been 
shown to be stabile in formalin-fixed, paraffin-embedded tis¬ 
sues for up to 15 years.* 399 Because of technical complexity 
ISH Is not yet widely applied to routine diagnostics but 
appears to be rapidly advancing in that direction. 


Polymerase Chain Reaction 

PCR is the most commonly applied of the molecular technol¬ 
ogies and can be roughly grouped into standard PCR assays 
and the more rapid real-time of quantitative PCR assays. Roth 
techniques amplify minute quantities of target DNA to levels 
that are detectable using laboratory instrumentation or spe¬ 
cial staining procedures. The principle difference in the two 
approaches is that standard FCR testing is divided into two 
major processes in the laboratory : the amplification of the 
DNA target followed by the detection of the amplified target 
DNA. Real-time PCR testing combines the two steps so that 
target detection occurs during the DNA amplification pro¬ 
cess. The advantages of PCR assays over standard isolation 
and identification techniques is the significantly reduced 
lime required to obtain a result with PCR results generally 
provided in hours compared with days. PCR-based technolo¬ 
gies are a particularly powerful tool when designed to detect 
the presence of organisms that are extremely slow-growing 
or difficult to culture, such as the Myaibactmuni durum subsp. 
paratubereuhsis (Johne's disease) bacterium, Leptospira spe¬ 
cies, and the bluetongue virus, among others. Because PCR* 
based assays detect nucleic adds, they do not require that 
the organism be viable in the sample. This is considered an 
advantage for those agents that may be easily destroyed dur¬ 
ing sample transport to the laboratory but a disadvantage 
where fragments of a pathogen's genome may persist for 
weeks or months after the animal has become non infectious 
An excellent example of this is the bluetongue virus; PCR can 
detea nonreplicating viral genome adherent to red blood 
cells for several weeks after live virus can be recovered from 
the blood 

STANDARD POLYMERASE CHAIN REACTION. Standard 
PCR testing is used for detection of DNA or RNA and can be 
applied to mammalian, microbial, or viral genomes The 
PCR technique is based on the natural cross-linking of com¬ 
plementary (matching) nucleic acids to form double- 
stranded DNA. When DNA is sufficiently heated, double- 
stranded DNA separates into single strands, each of which 
can then be used as a template for chemically or biologically 
generating an exact copy. Specific heat-stabile polymerase 
enzymes are used in the laboratory for the process of DNA 
replication. The PCR reaction amplifies DNA using multiple 
cycles of heating double-stranded DNA to generate a single- 
strand template and cooling sufficiently to allow the poly¬ 
merase enzyme to generate a new double-stranded DNA 
made up of the original strand and its test-tube-synthesized 


copy, for diagnostic assay purposes, it is necessary to copy 
only a small but diagnostically characteristic fragment of 
any particular genome. This fragment is generally referred to 
as the PCR target or turger sequence PCR primers are short 
chemically synthesized fragments, typically 10 to 30 nucleic 
acids in length, that are used to mark the beginning and end 
of the selected target sequence and, as their name implies, 
are used to prime or start the initial PCR amplification pro¬ 
cess. The choice of target sequence as well as appropriate 
primer design is critical to the accuracy and efficiency of 
PCR-based diagnostic assays. For detea ing target RNA, as is 
needed for the PCR diagnosis of an RNA virus, the technique 
of RT-PCR is used. Ihe reverse transcriptase enzyme converts 
target RNA into DNA, identified as cDNA or copy DNA, for 
use in the PCR steps. The PCR amplification process typically 
takes 2 to 6 hours to complete and is followed by deteaion 
steps that require additional hours to days to complete. 
Deteaion of the amplified DNA fragment, often referred to 
as an ampHcon, uses techniques that identify ihe DNA frag¬ 
ment by molecular weight by marking a specific target 
sequence in the amplified DNA with a hybridization probes, 
or by a combination of both ( PCR and probe). PCR amplifi¬ 
cation followed by hybridization probe deteaion offers 
increased specificity and thus less chance of a false-positive 
finding and often provides a tenfold or greater increase in 
deteaion sensitivity- Depending on the stringency designed 
into the assay by balancing temperature, length of replication 
cycles, enzyme concentrations, and so on, false-negative 
results will occur when the sequence of the primers or probe 
does not precisely match the sequence of the target. In some 
cases PCR assays are very precise and designed to recognize 
a single nucleic add polymorphism (SNP analysis) in the tar¬ 
get sequence, and in other cases they are intentionally 
designed with lower stringency lo allow some degree of varia¬ 
bility among isolates or strains being deteaed by the assay. 
Because RNA viruses in general lack the proofreading 
enzymes found in DNA viruses, baaeria, and protozoa, they 
are at greater risk for appearance of random mutations at 
primer or probe sites. PCR false-negative results associated 
with primer or probe mismatches resulting from random 
genomic mutations at the primer or probe binding sites are 
of particular concern for RNA viruses and provide ample jus¬ 
tification fora laboratory to investigate with alternate or addi¬ 
tional technologies when negative PCR-assay results dearly 
do not match a clinical or epidemiologic pattern of disease 
NESTED POLYMERASE CHAIN REACTION. Nested PCR 
testing is a PCR technique modification generally used to 
increase the detection sensitivity of an assay. 92 During 
nested PCR testing an initial PCR reaaion amplifies a 
selected fragment of DNA, which is then used as template 
in a second round of PCR amplification. The second or 
nested PCR reaaion targets one or more unique fragments 
of DNA within the initially amplified region. The two-step 
process has the advantages of increasing deteaion sensitiv¬ 
ity and specificity and of diluting the impart of interference 
from potential PCR inhibitors found in some tissues and 
clinical materials. Nested PCR assays have been described 
for WNV, malignant catarrhal fever virus, and Chlamydia 
species, among others The significant disadvantage of the 
two-step process comes from handling the first round of 
amplified DNA in the laboratory. With the high concentra¬ 
tions of target DNA available after PCR amplification, 
laboratories must take rigorous precautions to mediate the 
risk of contaminating laboratory workspaces, equipment, 
and reagents with the amplified DNA The significant risk 
and associated costs oflaboratory contamination and result¬ 
ing false-positive results are used in many diagnostic labora¬ 
tories as justification for charging additional fees or for not 
offering nested PCR techniques. 
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REAL-TIME POLYMERASE CHAIN REACTION AND 
REAL-TIME QUANTITATIVE POLYMERASE CHAIN REAC¬ 
TION, Diagnostic assays originally developed using stan¬ 
dard PCR approaches are increasingly being convened to 
real-time PCR and real-time quantitative PCR (qPCR) tech¬ 
nology to take advantage of the speed, technical efficiency, 
and cost reduction often associated with this approach,** 
Because real-time PCR technology completes both amplifi¬ 
cation and detection in the same reaction tube or well, there 
is no need for the laboratory to handle amplified DMA and 
risk workspace contamination. 111 is noteworthy modifica¬ 
tion of PCR technology has been responsible for a signifi¬ 
cant expansion in use and general availability of PCR- 
based diagnostic assays. More important, the combination 
of amplification and detection in a single reaction vessel 
has allowed expansion of PCR-based assays into high- 
throughput, portable, and on-site formats as described for 
foot-and-mouth disease virus, anthrax detection, and 
others. Real-time PCR technology offers an additional advan¬ 
tage of supporting quantitative approaches to amplification 
and detection of the original target in the sample tested. 
Quantitative PCR testing answers a frequent criticism of stan¬ 
dard PCR testing, specifically that detection limits, poten¬ 
tially as low as a single cell or viral panicle, may produce a 
positive finding that is biologically irrelevant to clinical dis¬ 
ease. Quantitative PCR technology allows the relative 
amount of target nucleic acid to be correlated with the asso¬ 
ciated clinical presentation. 

MULTIPLEX POLYMERASE CHAIN REACTION. Multi 
plex PCR technology expands the use of PCR or real-time 
PCR-based detection from a single target to multiple tar¬ 
gets simultaneously from a single specimen. 1 ”- 111 119 
The ability to include multiple genome targets for a single 
virus or baacria in a PCR assay minimises the risk of a 
PCR false-negative result caused by genetic diversity 
within the agent of interest. Inclusion of targets for multi¬ 
ple closely related viruses has been used to differentially 
detect related pathogens, such as the closely related sheep- 
and wildebeest-associated forms of malignant catarrhal 
fever, to subtype BVD viruses, ami to differentially detect 
virulent Escherichia Multiplex PCR technology also 
has broad application in syn drome-based testing in which 
several pathogens may produce very similar or identical 
clinical pictures. A single diagnostic specimen could theo¬ 
retically be used in a multiplex format to detect one or more 
agents associated with a particular clinical presentation, 
such as the multiple viral and bacterial agents in shipping 
fever complex. Prototypes of (his approach have been devel¬ 
oped but are not yet widely deployed, and there are techno¬ 
logic limits to the number of PCR assays that can be 
combined without significant loss of assay performance. 
In real-time PCR formats, three to five unique assays have 
been the practical limit, based on the technical limitations 
of commonly available equipment and detection dyes. 

Isothermal Amplification 

Isothermal amplification techniques use alternate chemis¬ 
tries to PCR technology and are carried out at a single tem¬ 
perature. Among the isothermal amplification technologies 
that have been used for the detection of veterinary patho¬ 
gens are nucleic acid-based amplification (NASRA), loop- 
mediated isothermal amplification (LAMP), rolling circle 
amplification, and direct signal amplification systems. 102 -* 13 
None of these technologies has seen widespread diagnostic 
application, possibly because of the complexity of initial 
assay design, but they may offer future PCR alternatives that 
can be more automated, portable, or developed as fully 
integrated self-contained testing units. 


Genechips and Microarrays 

Arrays of DN A or RNA fragments, variously referred to as gen- 
and muToarrays, consist of thousands of oligonucleo¬ 
tides attached in a specific pattern to a solid surface, 
typically a glass slide or silica chip. 97 -**' lDMOH ,1<J The sample 
nucleic acids compete with fluorescendy labeled competitor 
oligonucleotides for binding to the chip. A fluorescent detec¬ 
tor and computer software arc then used to analyze the pat¬ 
terns of fluorescence, indicating where nucleic adds have 
(or have not) been bound to the chip. Microarrays have been 
used primarily as research tools focused on detecting and 
understanding gene repression. The practical application to 
veterinary medicine includes studies such as the evaluation 
of genetic resistance to naturally occurring nematode infec¬ 
tions, including Haemonchus , TrrdiOMrcirigyfus, and Osiertagia 
in sheep. Microarray technology has not seen wide use in vet¬ 
erinary diagnostic laboratories, laigely because of the large 
initial investment required for equipment. However, exam¬ 
ples of diagnostic microarrays have shown promise, and it 
is expected that, once established, the technology will be 
cost-effective on an individual-animal basis. In human diag¬ 
nostic medicine, microairays designed with genetically con¬ 
served sequences for alt major groups of microorganisms 
have been used to identify or "mine" for unknown patho¬ 
gens. This approach was used to detea and identify the severe 
acute respiratory syndrome (SAR5) virus before it was initi¬ 
ally recovered and characterized by vims isolation techni¬ 
ques. Alternately, genotyping array's have been desired to 
target specific virulence-associated genes, allowing differenti¬ 
ation of disease-associated subtypes of organ is ms from other 
members of the same or closely-related species, for example 
enterotoxigenic £ cwh and multidrug resistant Satmcmlla 
strains. 


Liquid Array 

An alternative to genechip technology is liquid array tech¬ 
nology, in which the nucleic acids are captured by oligonu¬ 
cleotide probes bound to a microbead rather than to a fiat 
surface. Read sets are internally labeled with different col¬ 
ored dyes used to distinguish the specific agents being 
measured Liquid array systems employ flow cytometry, 
laser technology, and signal processing to recognize the 
internal color of the beads and measure associated surface- 
binding of a target-specific fluorescent hybridization probe. 
The bead-based modification to microarray technology' all¬ 
ows a laboratory to create a flexible diagnostic-test panel 
in a single assay by adding or removing target beads based 
on the unique clinical presentation, diseases suspected, or 
species specificity of interest. In theory, 100 different targets 
are detectable in a single assay. Liquid array technology was 
successfully demonstrated during a LJ.S National Animal 
Health Laboratory' Network pilot project in 2006, in which 
bovine oral swab samples were simultaneously screened for 
the presence of seven different bovine viral pathogens capa¬ 
ble of producing vesicular-type lesions. Among the viruses 
included in the panel were foot-and-mouth disease viruses, 
bovine virus diarrhea viruses, bovine herpesvirus type-1, 
malignant catarrhal fever vims, bluetongue vims, and bovine 
papiliar stomatitis vims. 

Restriction Fragment Length Polymorphism, 
Random Amplified Polymorphic DNA, and 16s 
RNA Typing 

Molecular techniques provide a valuable tool for genotypic 
characterization or subtyping of viral, bacterial, and parasitic 
agents. Subtype characterization 90 - 91 ' 110115 is essential for 
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taxonomic classification, differential detea ion of virulent 
strains, identification of genetic sources of antimicrobic resis¬ 
tance or virulence factors, recognition of vaccine escape 
mutants, epidemiologic investigation of disease outbreaks, 
identification of imerspectes transmission of specific patho¬ 
gens, and so on, RFLP is a technique useful for sub typing 
of pathogens based on genetic sequence variation within 
specific genes. 106 Target DNA, which may or may not previ¬ 
ously have been PCR amplified, is digested using one or 
more well-characterized restriction enzymes, Charaacristic 
profiles or patterns produced by the different sized DMA 
fragments remaining after enzyme digestion are delected by 
gel electrophoresis. RFLP has been used to investigate inter¬ 
species transmission of enterotoxigenic S. aureus associated 
with intramammary infections in cattle, sheep, and goats. Ufl 
Random amplified polymorphic DNA (RAPD) analysis is a 
technique that has proven useful in delecting genetic varia¬ 
tion and for strain typing. 107 Rather than amplifying a specific 
region of a genome, RAPD relies on random amplification 
of genomic DNA using short arbitrary sequences as PCR 
primers. RAPD does not require prior knowledge of an 
organism's DNA sequence for specific primer design and can 
be applied to very small amounts of template DNA. The 
RAPD technique has been applied, for example, to rapid differ¬ 
entiation of pathogenic from nonpathogenic coccidia of 
sheep, including Toxoplasma gondii and Sarc^stis species. 
Identification of noncullucable, slow-growing and atypical 
bacterial species using sequence analysis of the 16s ribosoma! 
RNA (rRNA) gene has become recognized as a valuable diag¬ 
nostic tool in recent years. The basis of the 16s RNA typing 
technique is the highly conserved nature of the 16s rRNA gene 
within bacterial species as well among species of the same 
genus. 95 - 1,3,119 Automation developed to support 16s rRNA 
amplification, sequencing, and data analysis is available to 
and currently in place in selected veterinary diagnostic labora¬ 
tories. Although the technique is not currently cost-effective for 
routine identification of all microbial isolates in a clinical 
setting, the technology is used for identification of atypical, 
slow-growing, and rarely encountered species. As 16s rRNA 
databases continue to be updated to include pathogens of vet¬ 
erinary and zoonotic interest, it is likely that the technology 
will see broader application. 

Sequence Analysis 

Nucleic acid sequence analysis is used to identify and com¬ 
pare the exact nucleic acid sequence of a gene fragment, 
gene, or possibly entire genome for forensic purposes, to 
investigate disease outbreaks, to track evolutionary changes 
in rapidly mutable microorganisms, or for precise phenotype 


or genotype analysis of animals or organisms. For example, 
nudeic add sequencing of the sheep prion protein (PrP) gene 
allele has been used as a flock management tool associated 
with scrapie control. 109 Although at times controversial, rapid 
PCR-based gpnotyping of sheep has been used for selective 
breeding programs targeting the generic alleles associated with 
'Scrapie resistance,'" 

GENETIC DISEASES 

Diseases that are linked to genetic mutations in specific 
breeds, such as bovine leukocyte deficiency (BLAD) and 
complex vertebra) malformation (CVM) in Holstein cattle, 
man nos ido sis in cattle or goats, and Spider Lamb Syn¬ 
drome in sheep can be controlled by selective breeding 
using PCR-based testing to identify carriers of the defeatve 
gene. Similarly, susceptibility to certain diseases, such as scra¬ 
pie in sheep, as noted previously has been linked to specific 
genetic haplotypes that can be deteaed by molecular analy¬ 
sis. 116 DNA testing for genetic seleaion, parentage confirma¬ 
tion, coat color, and related management purposes is also 
available for cattle, sheep, and goats. For genetic testing the 
appropriate sample is typically whole blood, from which 
genomic DNA is extracted; the gene of interest is amplified 
by PCR, then mutations are deteaed by sequence analysis, 
microsatellite target testing, and restriaion enzyme analysis 
to identify the mutations in the gene of interest. 105,117 

SUMMARY 

With molecular diagnostics, as with any new technologic 
advance, there was initial hesitation or mistrust of the techni¬ 
ques, followed by a rush to take advantage of new diagnostic 
tools. With routine implementation of PCR and associated 
molecular diagnostic techniques have come significant 
advantages in diagnostic sensitivity and specificity, in the 
speed with which a laboratory diagnosis can be reached, 
and in the potential for in-depth genome-level investigation 
of disease occurrences. At the same time, molecular techni¬ 
ques have introduced a new level of complexity to diagnostic 
medicine. The use and interpretation of molecular-based 
diagnostic results require sufficient understanding of the 
techniques used in order to judge the reliability and the rele¬ 
vance of the findings. Molecular techniques have become, 
and will continue to grow as, extremely valuable diagnostic 
tools, but like any tool in diagnostic medicine, they must 
be used with caution and with a clear understanding of 
their strengths, limitations, and appropriate application to 
specific clinical investigations. 
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PERFORMING THE 
ELECTROCARDIOGRAM 

No single electrocardiographic lead system has been univer¬ 
sally accepted for use in large animals. Bipolar leads (I, II 
III, base-apex, X, Y, and Z of the orthogonal lead system) 
and unipolar leads (aV H , aV^ aV^ thoracic) have been 
described, but the amplitude, duration, and configuration 
of the different waveforms vary widely, depending on an 
animal's breed, size, body type, and sex. In addition, there 
is lability of certain waveforms within each animal depend¬ 
ing on the level of exercise, excitement, or organic heart 
disease. Large animals have a deeply penetrating Purkinje 
system, and depolarization from ventricular endocardium 
to epicardium occurs explosively and in many directions 
at once. This period of ventricular activation is responsible 
for the electrocardiographic criteria indicative of ventricular 
enlargement in small animals but contributes little to the 
generation of the QRS complex of large animals Thus 
establishing specific diagnostic criteria for chamber enlarge¬ 
ment In large animal species has been difficult because 
changes in the QRS complex are not sensitive or specific 
for ventricular enlargement. 

Therefore the electrocardiogram (EGG) is used primarily 
to detect cardiac arrhythmias. For this purpose a single- 
channel machine can be used, and the lead system chosen 
can be any that generates distinctive P, QRS, and T com¬ 
plexes, If an arrhythmia is detected, another lead can then 
be obtained to further characterize the QRS and T com¬ 
plexes and confirm their origin. The lead system should be 
easy to apply, and the tracing free of artifacts created by 
musde tremors, skin movement, shifting of weight, and 
changes in limb position. Two such leads commonly used 
for the diagnosis of cardiac arrhythmias are the base-apex 
lead 1 and the Y lead of the orthogonal lead system. 2 The 
base-apex lead is attached by placing the positive electrode 
from one of three standard bipolar leads {lead L II, or III) 
on the left thorax in the fifth intercostal space at the level 
of the elbow or at the location where the apex beat is 
most readily palpable. The negative electrode is attached 
to the skin of the righl jugular furrow two thirds of the 
way from the ramus of the mandible to the thoracic inlet 
or at the top of the right scapular spine. The ground elec¬ 
trode can be attached to any site remote from the heart. 
Electrical contact is improved by clipping hair or wetting 
the skin with alcohol. The base-apex lead EGG is recorded 
by switching the machine to the bipolar lead that has been 
attached to the horse and recording the ECG (Table 30-1}, 
Lead Y is attached by placing the positive electrode over 


the xiphoid and the negative electrode cranially to the from 
of the chest. 

Continuous electrocardiographic recording over a 24-hour 
period (Holier monitoring) or with radiotelemetry is also 
useful for evaluating horses with arrhythmias. Continuous 
recording of the ECG can be performed with contact elec¬ 
trodes, electrode patches that are held against the skin with 
a surcingle, or electrode patches attached to shaved skin 
with a cyanoacrylate adhesive and protected underneath a 
surcingjle. 3 - 4 The contact electrodes or electrode patches held 
against the skin with a tight surcingle appear to work best 
for obtaining a continuous ECG recording. With bipolar 
contact electrodes, the positive electrode is placed over the 
left cardiac silhouette or over the sternum and the negative 
electrode is placed over the dorsum to the left of the withers 
where the electrode will lie flat and remain in contact with 
the skin. 3 The electrodes are kept moist with alcohol. The 
electrodes are then covered with moist sponges to maintain 
contact and are held in position with a tight surcingle. With 
electrode patches the electrodes are taped to a small square 
of cardboard to provide them with some rigidity. T he best 
recording is usually obtained with the left arm electrode 
placed on the sternum, the right leg electrode on the right 
side in the fifth intercostal space at the level of the point 
of the shoulder, and the right arm electrode placed on the 
left side in the fifth intercostal space at the level of the point 
of the shoulder. These electrodes are then held in position 
with a tight surcingle after removal of the plastic that covers 
the conducting material overlying the electrode. The elec¬ 
trodes are connected to a recorder (reel-to-reel, cassette, 
or digital) that records the animal's heart rhythm for the 
entire monitoring period (Holter monitor) or a telemetry 
device that sends the ECG signal back to the receiver to be 
displayed on a monitor. The continuous 24-hour Holier 
monitor is useful for diagnosing arrhythmias that occur 
intermittently or for monitoring cardiac rhythm during 
exercise. Radiotelemetry electrocardiography is useful for 
monitoring cardiac rhythm during treatment or during 
exercise. 



Standard Bipolar Electrocardiographic Leads 


1 lead 

Positive Electrode 

Negative Electrode I 

I 

Left arm 

Right arm 

11 

UTt leg 

Right arm 

III 

Left leg 

Left arm 
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FIG. 10-1 II trad F.CC recorded from a horse arrays point to the atrial rcpdarizaiion wave (Ta) frequently seen in normal horw*. It follows the 

notched P wave and precedes the QRS complex. Paper speed 25 mm/wt, calibration 1 cm/mV 


In the base-apex lead the P wave is positive in most 
horses and ruminants. The P wave is most frequently 
bifid in horses, in many horses a T* wave, indicative of 
atrial repolarization, occurs as a negative deflection after 
the P wave (Fig. 30-1) The QRS complex begins with a 
small positive deflection (rS) and is followed by a large 
negative deflection, which terminates in the ST segment 
The T wave is variable and can be positive, negative, or 
biphasic in horses and ruminants. Frequently the appear¬ 
ance of the T wave is variable within one recording 
Fig. 30-2 illustrates a typical base-apex ECG recorded 
from a cow and a horse at a 25-mm/sec paper speed with 
the gain set at 10 mm/mV. 

When a systematic approach is used to analyze the ECG. 
diagnosing arrhythmias is not difficult. The following step- 
by-step approach can be used: 

1. Identify' all the QRS complexes. Each QRS complex 
should be followed by a T wave, and the QT interval 
should be similar for all QRS configurations, unless 
there is a marked change in heart rate. Identify the 
remaining complexes. Are P waves, "F" (flutter) waves 
or *T* (fibrillation) waves present? Are there any 
artifacts? 

2. Determine the atrial and ventricular rates. Are they 
identical? Is one too fast or too slow? This determines 
whether there is a tachycardia or bradycardia. 

3. Are the P-P and R-R intervals regular? Determine 
whether an irregular rhythm has underlying regularity 
that is interrupted by irregular intervals or whether 
the rhythm is consistently irregular. Second-degree 
AV block and atrial and ventricular premature beats 
are arrhythmias with underlying regularity, whereas 
atrial fibrillation, sinus arrhythmia, and sinus arrest 
are truly irregular rhythms. 



FIG. 10-2 II Schematic frprrarniaiiun, of a typical base- j pci lead ECG 
recorded from a cow and horw. fn horses (he P arid T waves may be variable 
in appearance. 


4, Are P waves present? If so, is there a P wave preceding 
every QRS complex? If not there are premature depo¬ 
larizations, escape beats, or atrial fibrillation. Are all P 
waves followed by QRS complexes? If not, second- 
degree AV block may be present Is the resultant P-R 
interval constant? If not. there may be a wandering 
pacemaker or first-degree AV block 

5. Are all P waves and QRS complexes identical or normal 
in contour? If not this signifies more than one pace¬ 
maker, premature depolarizations, or escape beats. 

USE OF ECHOCARDIOGRAPHY IN LARGE 
ANIMALS 

Echocardiography is a non invasive diagnostic tool that uses 
sound waves in the range of 1,5 to 10 MHz to visualize the 
heart in motion, using either a single icepick (M-mode) or a 
two-dimensional (8-mode) image, Noninvasive evaluation 
of blood flow in the heart and great vessels is performed 
with pulsed wave, color flow, and continuous wave Doppler 
echocardiography. Precise localization of abnormal flow 
within the heart and great vessels is performed with pulsed 
wave and color flow Doppler echocardiography, whereas 
continuous wave Doppler echocardiography is used to 
determine the peak velocity of blood flow and to noninva- 
sively estimate pressure gradients. In contrast to M-mode 
and two-dimensional echocardiography, in which the best 
image is obtained with the ultrasound beam perpendicular 
to the structures being imaged, optimal Doppler signals 
are obtained with the ultrasound beam parallel to the blood 
flow being evaluated. For accurate peak blood flow veloci¬ 
ties to be recorded with continuous wave Doppler echocar¬ 
diography, the ultrasound beam should be as dose to 
parallel as possible (less than a 20-degree angle) to the di¬ 
rection of blood flow being measured. This alignment is 
difficult or impossible to achieve in most large animals with 
valvular heart disease; therefore accurate peak blood flow 
velocities often cannot be obtained from large animals with 
valvular heart disease. Noninvasive estimations of pressure 
gradients are inaccurate in these instances Alignment of 
the ultrasound beam parallel to shunt flow is possible with 
most ventricular septal defects (VSDs) because of the typical 
location of the V$D in the membranous portion of the 
interventricular septum. A more extensive review of the the¬ 
ory and application of echocardiography in horses and cat¬ 
tle has been published 5 11 

Echocardiography is partial lady useful in evaluating large 
animals with cardiovascular disease because the examination 
is noninvasive and can be performed in most standing, unse¬ 
dated animals in a timely fashion. Diagnostic criteria for valvu¬ 
lar, myocardial, pericardial and congenital lesions of the heart 
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are well established and the information obtained assists the 
practitioner in confirming a diagnosis, assessing the extern of 
the disease, determining the severity of cardiac dysfunction, 
monitoring the response to treatment and providing an accu¬ 
rate prognosis. Large animal echocardiographic equipment 
should provide satisfactory resolution of images at depths of 
26 cm or greater. Portable ultrasound machines are available 
that can display depths of up to 36 cm for equine and bovine 
cardiology. These machines are available with pulsed, continu¬ 
ous wave, and color flow Doppler. However, Doppler echocar¬ 
diography is used mainly in specialty practices and referral 
institutions because performing and interpreting a complete 
echocardiogram, including Doppler, requires a significant 
amount of training and expertise and state-of-the-art color 
flow Doppler equipment remains fairly expensive, although 
it has decreased in price, 

Echocardiographic examination is performed in a system¬ 
atic way, using standardized images to obtain information 
about chamber size, wall thickness, myocardial function, 
valve appearance, valve function, great vessels, blood flow, 
and presence of abnormal structures or echodensides. The 
standard equine or bovine echocardiogram is perfor¬ 
med from the right parasternal window (the right fourth 
intercostal space in horses and third intercostal space in 
ruminants) with a 2.5-MHz transducer. Higher-frequency 
transducers should be used to examine younger animals. 
South American camelids, and small ruminants. Both long- 
and short-axis views of all cardiac structures should be eval¬ 
uated. The cardiac valves should be carefully examined 
for any abnormalities of structure or function (thickening, 
prolapse, ruptured chordae tendineae, fenestrations, flail 
valve leaflet, vegetative lesion, or high-frequency vibrations). 
The relative size, shape, and relationship of the cardiac cham¬ 
bers and great vessels should be assessed, and an evaluation 
of myocardial function and blood flow performed. Stan¬ 
dard measurements of left ventricular internal diameter, 
left ventricular free wall thickness, interventricular septal 
thickness, and right ventricular internal diameter should 
ail be obtained at end diastole and peak systole from the 
M-mode echocardiogram. The diameter of the aortic root 
and left atrial appendage, the distance between the inter¬ 
ventricular septum and the peak opening of the septal 
leaflet of the mitral valve (septal to E point separation), 
and the left ventricular ejection time (ET) should also 
be determined, End-diastolic measurements are obtained 
at the Q wave of the EGG, whereas peak systolic measure¬ 
ments are made from the peak downward deflection of the 
interventricular septum. Calculations of fractional shorten¬ 
ing (FS) and ejection fraction (EF) can then be performed 
to assess left ventricular function using the following 
formulas: 


FS = LV1D *-. ™ D ; X ioo 

LVID,, 

LVID d - LV1D, 

EF = —— =—= - * x ET x 100 

LVIDd 


in which LWD^ is the left ventricular internal diameter at 
end diastole (cm), LV7D* is the left ventricular internal diam¬ 
eter in systole (cm), and ET is the left ventricular ejection 
time (sec). 

Echocardiograms should also be performed from the left 
cardiac window when the entire heart cannot be successfully 
imaged from the right side; atrial fibrillation is present 
abnormalities of the mitral valve, aortic valve, pulmonic valve, 
aorta, pulmonary artery, left atrium, left ventricle, or outflow 
portion of the interventricular septum are detected; or mur¬ 
murs originating from the mitral, aortic, or pulmonic valves 



FIG. 30-3 II Twd-dimensidnal ediocardiographic image of the left atrial 
diameter obtained from the left parasternal long axis window in a horse 
with mild left atrial enlargement secondary to cardiomyopathy and mitral 
regurgitation. 


are detected or a pericardiocentesis is planned. The maximal 
diameter of the left atrium should be obtained from the left 
cardiac window at the level of the left coronary artery, parallel 
to the mitral valve (Fig 30-3). The diameters of the aorta and 
pulmonary artery should be measured from similar locations 
in the vessel on the two-dimensional echocardiogram and 
compared. Echocardiography should be considered a useful 
diagnostic test to evaluate patients with the following com¬ 
plaints, physical examination findings, or tentative diagnoses: 

1. Cardiac murmur, to determine whether the murmur 
is functional or pathologic 

a. Any grade 3/6 or louder holosystolk or pansysto- 
lic murmur on the right or left side of the thorax 
b- Any holodiastolic decrescendo murmur 
c Any continuous machinery murmur 

2. Congenital heart defects, especially atrial and VSDs 

3. Acquired valvular heart disease 

4. Cardiac enlargement 

5. Cardiac arrhythmias not associated with high resting 
vagal tone 

6. Unexplained exercise intolerance or intolerance attrib¬ 
uted to cardiac causes 

7. Muffled heart sounds, pericardial friction rubs, or 
pericardial effusion 

8. Myocarditis or myocardial dysfunction 

9. Congestive heart failure (CHF) 

10. Pulmonary hypertension 

11. Cardiovascular neoplasia 

12. Prominent third heart sound 

13. Aortic rupture or other abnormalities of the great 
vessels 

14. lonophore toxicity or exposure to other myocardial 
toxins 

Color flow or pulsed wave Doppler echocardiography 
should be used to map the size and location of a turbulent 
jet associated with an imracardiac or extracardiac shunt, val¬ 
vular regurgitation, or stenosis (rare) and to semiquantitate 
its severity. Continuous wave Doppler echocardiography 
can then be used to measure the peak velocity of blood flow 
in the jet, estimating (nomnvasively) the pressure difference 
between cardiac chambers using the Bernoulli equation and 
assessing die hemodynamic significance of the lesion. This 
can be accurately performed in most patients with a VSD 
but is difficult to impossible to accurately perform in many 
patients with valvular insufficiencies because of the limited 
windows available for interrogating blood flow in large ani¬ 
mals and the inability to align the ultrasound beam to within 





20 degrees of the abnormal blood flow. Contrast echocardi¬ 
ography, a technique involving microbubble-laden injections 
of saline, carbon dioxide, or indocyanine green, can also be 
used to demonstrate valve dysfunction and the direction of 
intiacardiac shunts (V5D and atrial septal defect [A5D]) and 
extracardiac shunts (patent ductus arteriosus [PDA], tmncus 
arteriosus). 

CARDIAC CATHETERIZATION IN LARGE 
AN I HALS 

Cardiac and great vessel catheterization can be performed 
in standing, unsedated large animals to determine the fol¬ 
lowing data: * 

* Pressure and waveforms (shape of the pressure curve) 

■ Oxygen tension, oxygen saturation, oxygen content 

■ Cardiac output and other indicators of ventricular size 
and function 

Cardiac catheterization is also used for special diagnostic 
studies such as angiocardiography, nuclear angiocardiogra¬ 
phy, and indicator dilution studies. These data are used to 
determine the direction and size of intracardiac and extra¬ 
cardiac shunts, chamber size and contractility, and valvular 
and myocardial function. Much of this same information 
can now be obtained noninvasively with echocardiography 
and can help the practitioner establish a diagnosis, more 
accurately assess the prognosis, and provide a direction for 
therapy. 

Cardiac catheterization is usually reserved for specialty 
practices and referral institutions because of the equipment 
needed and the skills required for acquiring and interpret¬ 
ing accurate data. Results are not always specific, but cathe¬ 
terization can add quantitative measurements that increase 
the accuracy of the diagnosis and prognosis of certain car¬ 
diac conditions. 

Blood Pressure Measurements 

The normal pressures for cattle and horses are listed in 
Table 30-2. 1215 The values for horses represent a summary 
of data from numerous authors as cited in the references 
given. The accuracy of pressure recordings is greatly influ¬ 
enced by the choice of catheter and the recording equip¬ 
ment used. The pulmonary arterial wedge pressure is an 
indicator of the left atrial mean pressure, as long as balloon 


TABLE 30-2 JH! 

Cardiac Pressure Measurements in Normal Horses 
and Cattle* 



Horses" 

Cattle" | 

RA 

12 to 28/22 to 5 
(4 to ID) 

{5) 

RV 

30 to 59/24 to 14 

42 to 56/0 to i 


(9 to 25) 

(19 to 28) 

PA 

34 to 48/14 to 22 

33 to 46/19 to 21 


(16 to 30) 

(24 to 31) 

PAW 

13/3 (8) 

(5 to 21 )* 1 

LV 

140 to 148/15 to 17 

(120 to 144) ,J| 

AO 

131 to 144/86 to IO0 
(M0 to 115) 


CA 

142 to 157/98 to 119 

160 to 208/MO to 


(M3 to 124) 

147 (135 to 175) 


* Pressure rangp* are reported as sysiolic/diasioltr (mean) in mm Kg unless 
otherwise designated. AO, Anna; CA, carotid artery; LV, left ventricle; PA, 
pulmonary artery; PAW, pulmonary arterial wedge; RA. Right atrium; jRV r 
right ventricle. 



FIG. U Schematic representation of ventricular pressure curves 

recorded from a normal horse and a horse with pericarditis, showing the 
relationship between pressure changes and the ECG, Whh pericarditis, the 
ventricular end-diastolic and systolic pressures are elevated and pressure 
declines sharply in early diastole 


inflation of the catheter occludes flow in the segment of the 
pulmonary artery that is catheterized. Pulmonary arterial 
wedge pressure is superior to central venous pressure as a 
monitor of left ventricular function and fluid therapy. 

The shape of the pressure curve in the ventricles, aorta, or 
pulmonary artery may have diagnostic significance in con¬ 
ditions such as constrictive pericardial disease (Fig. 30-4); 
pulmonic stenosis (giant A wave), rare as an isolated defect 
In large animals; or tricuspid or mitral valve regurgitation 
(large V wave). These conditions are more commonly 
assessed by echocardiography. An abnormal rise in pressure 
going from one chamber to the next indicates a stenotic 
lesion (uncommon in large animals) at the level of the pres¬ 
sure gradient. The size of the pressure gradient can be used 
to determine the severity of the lesion. 

Blood Oxygen Measurements 

Blood oxygen measurements are taken from the chambers 
on the right side of the heart to detect abnormal elevations 
indicative of a left-to-right shunt (A5D, VSD, PDA). Criteria 
for oxygen step-ups have not been established for large 
animals, but human guidelines have been accepted for 
qualitative assessment of shunts, 1617 In humans, oxygen 
content step-ups of the following magnitude are considered 
abnormal and indicative of a left-to-right shunt 36 : 

■ >L9 volume percent from the superior vena cava to 
the right atrium 

■ >0.9 volume percent from the right atrium to the right 
ventricle 

* >0.5 volume percent from the right ventricle to the 
pulmonary artery 

Oxygen content depends on the hemoglobin concentra¬ 
tion; therefore oxygen saturation, which is independent of 
hemoglobin concentration, may be a more accurate indica¬ 
tor of shunts in anemic or polycythemic patients Changes 
in the animal's physiologic status during sampling (cardiac 
output, ventilation, oxygen consumption), incomplete mix¬ 
ing of shunted blood, and variable time intervals between 
sampling can be potential sources of error. Several samples 
within a single chamber improve the reliability of results. 
Small shunts and shunts in animals with low systemic arte¬ 
rial oxygen tension may not be detected by this technique. 
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Shunt calculations can be made once oxygen saturation 
or content has been measured in each of the right heart 
chambers, the pulmonary' artery, and a systemic artery For 
a left-to-righi shunt, the pulmonary flow/sysiemic flow ratio 
(QP/QS) is determined as follows: 


QP/QS - 


SAOj 

SAO, 


- MVOj 

— PAOj 


in which SAo 2 is the arterial blood oxygen content is 
the mixed venous blood oxygen content and PM 2 is the 
pulmonary artery oxygen content. A 2:1 QP/QS represents a 
50% left-to-right shunt, indicating that 50% of the pulmo¬ 
nary flow is from the left side of the heart. For a rights to-left 
shunt the QP/QS is determined as follows: 


QP/QS - 


SADj - MVOj 
PVOj - MVOj 


in which FVa 2 a the pulmonary venous oxygen content 
(assumed to be 98% of oxygen capacity plus 0.3 mL of dis¬ 
solved oxygen). 1 * 


Cardiac Output and Ventricular Function 
Assessment 

Cardiac output is determined by indicator dilution methods 
(usually by dye dilution or thermodilution or, more 
recently, by lithium dilution), by the Pick method, or by 
using two-dimensional or Doppler echocardiography. Ihe 
Pick method requires the use of a face mask and simulta¬ 
neous determination of mixed venous and arterial blood 
samples Dye dilution and thermodilution results are 
comparable when 30 to 40 mL of 5% dextrose are injected 
rapidly at 32° F (0 D C). t7 Lithium dilution compares favor¬ 
ably with thermodilution in anesthetized horses and 
foals. 20 * 11 Volumetric echocardiography using the Bullet 
method achieves results similar to those obtained with 
the lithium-dilution method in anesthetized foals. 33 Trans¬ 
thoracic Doppler echocardiography was closely correlated 
with thermodilution in standing horses, 2 * Cardiac output 
values in the resting 1 torse range from 32 to 40 L/min, 24 
Cardiac index is the cardiac output divided by a measure 
of body size (the body weight in kilograms) and is ex¬ 
pressed in ml/kg/min. 24 The normal cardiac index for the 
adult horse ranges from 72 to 88 ml/kg/min, 24 - 25 Cardiac 
output values of 20.9 to 23.6 L/min have been reported in 
normal anesthetized horses. 20 In cattle a cardiac index of 
approximately 130 mL/kg/min has been reported. 15 Cardiac 
output measurements in clinical patients vary with heart 
rate, excitement, hydration, and many other factors and 
are best determined in the pulmonary artery. Electronic 
integration and computation of area under curve by means 
of battery-powered units that can display results instantly 
provide the most reliable results, 26 

Cardiac output results or indicator dilution curves can 
provide Quantitative and qualitative assessment of cardiac 
shunts. Characteristic changes in the temperature-time curve 
(thermodilution methods) or dye concentration-time curve 
indicate the presence of a left-to-right right-to-left or bidi¬ 
rectional shunt. Calculation of the cardiac output in the 
chamber just proximal to the shunt and distal to tt can give 
a quantitative estimate of the size of the shunt, 17 


A n gi o c a r d i o g r a p h y 

Angiocardiography is used in neonates or animals small 
enough to have the entire cardiac silhouette visualized on a 
single radiograph cassette The contrast medium must be 
injected rapidly, and in most cases this is done with a pressure 


injector. Specialized radiographic requirements include 
rapid film change capabilities, rapid image sequence acqui¬ 
sition, or cineradiography. Angiocardiography is used to 
confirm the presence of an intracardiac shunt (ASD, VSD) 
or extracardiac shunt (PDA* minors arteriosus) or valve 
dysfunction, to visualize chamber size, or to estimate con¬ 
tractility. Angiocardiography is performed in anesthetized 
animals. 

Nuclear Angiocardiography 

In nuclear angiocardiography, specialized equipment cap¬ 
tures sequential digitized images of the right side of the 
heart lung and left side of the heart after rapid injection 
of radiographic tracer into peripheral circulation. A more 
extensive review of this subject has been published. 27 
Nuclear angiocardiography can be used to confirm valvular 
dysfunction, which is manifested by chamber enlargement 
or prolonged washout of affected vessels or cardiac cham¬ 
bers and is quantitated by the regurgitant fraction. It also 
can reveal enlargement of chambers and prolonged wash¬ 
out resulting from cardiac failure. The presence of intracar¬ 
diac or extracardiac shunts can be demonstrated by the 
simultaneous visualization of left- and right-side cardiac 
chambers or slow washout downstream of the shunt. In 
addition, nuclear angiocardiography can he used to calcu¬ 
late cardiac output and FIF and other indices of cardiac 
function. 


CONGENITAL CARDIOVASCULAR 
DISEASE 

The cause of congenital cardiac defects has not been estab¬ 
lished, although hereditary factors may be responsible for 
some defects. In humans, additional factors such as maternal 
infection* age, and nutritional status have been identified. Fetal 
anoxia from placental insufficiency, fetal infection or meta¬ 
bolic dysfunction* or other causes may contribute to the devel¬ 
opment of congenital cardiac defects, The same factors may 
apply in animals. Congenital cardiac defects in large animals 
can occur alone or in combination. The most commonly 
reported is VSD. 2 * -23 Multiple cardiac anomalies including 
PDA 14/ls tetralogy of Fallot,™ 17 minors arteriosus/ 19 ™ total 
anomalous pulmonary venous connection, 40 and Risenmen- 
ger's complex in calves 41 have been reported. Congenital 
anomalies of the tricuspid, 3943 "* 4 mitral* 45 and pulmonic 
va!ves m4M7 are uncommon. Congenital abnormalities of 
the aorta are reported in calves and foals but are also uncom¬ 
mon. 3149 45 ASD occurs more commonly in calves than in 
foals and is frequently accompanied by other defects, ssmw.si 
Hypoplasia of the left and right ventricles has been infre¬ 
quently reported in calves and foals. 3151 * 51 

Congenital cardiovascular disease should be suspected in 
a young patient if examination reveals a holosystolic (pan 
systolic), holodiastolic, or continuous murmur or a mur¬ 
mur with a palpable thrill or wide radiation over the 
thorax. Cyanosis at rest or with exercise in a patient with a 
cardiac murmur warrants consideration of a right-to-1 eft car¬ 
diac shunt, obstructive pulmonary disease, or severe steno¬ 
sis of the structures of the right side of the heart. Ihe 
presence of any of these findings in a young animal with a 
history of lethargy, weakness, or failure to thrive constitutes 
grounds to suspect congenita) cardiovascular disease. 


Ventricular Septal Defect 

VI Definition and Etiology. A VSD is an opening in the inter¬ 
ventricular septum that creates a communication between 



458 



Part Rve DISORDERS of the ORGAN SYSTEMS 


ihe left and right ventricles.. In Urge animals most defects 
occur in the membranous septum and are imaged ventral 
to the septal leaflet of the tricuspid valve and the right 
and/or noncoronary leaflet of the aortic valve. 2533 VSD 
can occur as a single defect or as part of a complex anom¬ 
aly. Many cardiac malformations such as tetralogy and 
pentalogy of Fallot truncus or pseudominors arteriosus, 
common atrioventricular canal defect tricuspid atresia, 
and double outlet right ventricle include a VSD. The cause 
of VSD is unknown, although it has been documented to 
be a heritable defect in Limousine 33 and possibly Here- 
ford 54 cattle. The defect is thought to result either from 
failure of fusion of a part of the endocardial cushion 
and the muscular ventricular septum or failure of fusion 
of the truncal and conal septa, ss 


II Clinical Signs and Differential Diagnosis. The clinical 
signs of an isolated VSD vary and depend on the size of 
the defect the direction of the shunted blood, and the pres¬ 
ence of concurrent valvular or myocardial disease. In iso¬ 
lated VSD the blood flow is shunted from the left ventricle 
to the right ventricle through the defect in the interventricu¬ 
lar septum. The size of the shunt depends on the size of the 
defect and the pressures in the left ventricle, right ventricle, 
and pulmonary artery. 

VSD is suspected when there is a loud, harsh, plateau¬ 
shaped pansystolic murmur with its point of maximal 
intensity (FMI) in the tricuspid valve area and a slightly 
softer, more crescendo-decrescendo holosvstolic murmur 
that is loudest in the pulmonic valve area The murmur on 
the left side has its PM! in the pulmonic valve area, asso¬ 
ciated with a relative pulmonic stenosis (increased blood 
flow across a normal pulmonic valve). A palpable cardiac 
thrill usually is preseni over the tricuspid valve region, and 
occasionally there is splitting of the second heart sound. 
The murmur may be the only clinical sign identified if the 
defect is small. On the other hand, poor growth, lethargy, 
dyspnea, exercise intolerance, and signs of CHF can be 
exhibited by animals with a moderate to large VSD, This 
usually develops by the time the animal is 5 years old. Occa¬ 
sionally there is a diastolic murmur of aortic insufficiency 
associated with a large VSD, the location of which compro¬ 
mises the support of one of the aortic valve cusps. 3 Car¬ 
diac arrhythmias, particularly atrial fibrillation, may be 
associated with VSD when there is cardiac enlargement or 
failure. 

If the systolic murmur is loudest on the left side of the 
thorax, a subpulmonic VSD or a complex anomaly with 
pulmonic stenosis (or some form of right ventricular out¬ 
flow tract obstruction) should be suspected, iL3a - 54 The pul¬ 
monic murmur is usually louder than the tricuspid murmur 
in large animals with tetralogy of Fallot. Large animals with 
tetralogy of Fallot may have cyanosis at rest (uncommon in 
horses) or with exercise or exertion Cyanosis is also a dis¬ 
tinguishing feature of Esenmenger s complex, a defect in 
which right-sided heart resistance to blood flow causes the 
shunt associated with VSD to become right to left Congen¬ 
ita] abnormalities of the mitral and tricuspid valves cause a 
Loud systolic murmur audible on both sides of the thorax. 
The PM I of the left-sided systolic murmur is more caudally 
located (in the mitral to aortic valve area) than the relative 
pulmonic stenosis murmur. Usually, the murmur of mitral 
regurgitation is the loudest of the 2 murmurs. In addition, 
congenital mitral or tricuspid valve dysplasia is rare in large 
animals. An innocent flow murmur of neonates can usually 
be distinguished from VSD by its crescendo-decrescendo 
shape, PM1 at the left heart base, lack of radiation, and 
low to moderate intensity. 


HI Clinkal Pathology. Echocardiography is the diagnostic 
technique of choice for identifying a VSD. With two-dimen¬ 
sional echocardiography the VSD can be imaged directly 
(Fig. .10-5) and the shunt size, location, and direction 
demonstrated with pulsed wave Doppler, continuous wave 
Doppler, color flow echocardiography, or the injection of 
microbubbles. Careful scanning of the interventricular sep¬ 
tum should be performed with two-dimensional echocardi¬ 
ography to directly image the VSD and measure its maximal 
diameter in two mutually perpendicular planes.The 
typical membranous VSD (<2.5cm in both planes) is 
missed if the long-axis view of the left ventricular outflow 
tract is not examined. The membranous VSD is located 
underneath the septal leaflet of the tricuspid valve and the 
right or non coronary leaflet of the aortic valve. If a membra¬ 
nous defen is not found, the entire septum should be care¬ 
fully scanned in all imaging planes to detect the VSD. The 
subpulmonic location, more common in calves, is easy to 



FIG. 16-S II TwcMhmen»on*l rchocardiogrjphK image (A) and continu¬ 
ous wave Doppler spectra] tracing (B) ol a ventmuilat sepul defect (arrw) 
in a weanling colt The ventricular septal defect {VSD} a located just under¬ 
neath the septal leaflet of the irieuspid vilw and tight coronary cusp of the 
aottu valve. The VSD is best imaged in this left ventricular outflow tract 
view There is significant left ventricular enlargement in this colt- The right 
atrium (&A)> right ventricle (RV), left ventrnle (LVTL left atrium (LA), aortic 
root (ARl and pulmonary artery (PA) ate all visible in this view The spec¬ 
tral tracing shows a peak shunt velocity of slightly under 4 m/sre In systole, 
with some turbulent flow (spectral broadening] also detected in diastole 
with a peak flow velocity of approximately 1.3 m/sec. 
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miss. This defect is usually best Imaged in the short-axis 
view, scanning the interventricular septum between the left 
and right ventricular outflow tracts. With a left-to-right 
shunt a high-velocity turbulent jet is depicted from the 
right parasternal window, originating in the left ventricle, 
traversing through the hole in the interventricular septum 
into the right ventricle with color flow Doppler echocar¬ 
diography (blood flow toward the transducer), whereas a 
negative contrast jet is imaged in the right ventricle with 
a right-sided injection of microbubbles. 3 A left ventric¬ 
ular injection of microbubbles is necessary to visualize 
echo-laden blood in the right ventricle with a typical V$D. 
M-mode echocardiography may show septal discontinuity 
when traversing the ventricular septum from the apex of 
the heart to the aortic root (septal dropout). Moderate to 
large VSDs show left atrial and left ventricular enlargement, 
right ventricular enlargement, and pulmonary artery dila¬ 
tion. The left a trial-to-aortic root ratio is increased. Aortic 
valve prolapse and aortic regurgitation may also be detected 
because of loss of support of the aortic root from the VSD. 
Myocardial dysfunction and subsequent CHF may occur 
with a large VSD. Continuous wave Doppler echocardiogra¬ 
phy can be used to noninvasively assess the hemodynamic 
significance of the shunt (see Fig. 30-5, B). A peak shunt 
flow velocity of greater than or equal to 4 m/sec indicates 
a restrictive VSD with normal or near normal right ventricu¬ 
lar pressures. Nuclear angiocardiography can also be used 
to demonstrate simultaneous opacification of the left and 
right ventricles. The radiographic presence of card io mega I y 
and increased vascu lari station of the lung$ provides only 
nonspecific evidence of VSD. If polycythemia is found, a 
complicated VSD should be suspected 

Cardiac catheterization can be used for qualitative and 
quantitative assessment of the VSD but has largely been 
supplanted by echocardiographic diagnosis Elevated car¬ 
diac pressures provide qualitative evidence of a VSD, Right 
ventricular systolic pressure elevation is most common 
and may equal left ventricular pressure with a large V5D. 
Pulmonary artery pressure can be increased as a result of 
increased blood flow from the left-to-right shunt or 
increased pulmonary vascular resistance and decreased flow 
(restrictive pulmonary hypertension). Elevation of left or 
right ventricular diastolic pressure provides evidence of car¬ 
diac failure in the patient with VSD, Oximetric data (oxygen 
content or oxygen saturation) can be used to locate the 
shunt and provide some evidence of the size of the defect, 
A step-up in oxygen content or saturation between the right 
atrium and the pulmonary artery suggests a moderate or 
large VSD. Because most VSDs are located high in the right 
ventricular outflow tract, there may be inadequate mixing of 
shunted blood in the right ventricle to detect the shunt in 
this chamber unless the catheter is directed to the outflow 
tract for sampling. When the oxygen step-up is detected first 
in the pulmonary artery, a PDA cannot be ruled out. A small 
shunt may be missed by oximetry as described earlier under 
oxygen sampling. 

Through the use of indicator dilution methods described 
previously, the shape of the concentration-time or tempera¬ 
ture-time curve can be used to demonstrate the left-to-right 
shunt of a VSD. A comparison of the cardiac output 
measured in the right ventricle with the cardiac output 
measured in the pulmonary artery can give an estimation 
of the percent of pulmonary blood flow coming from 
shunted blood and therefore an estimation of the size of 
the defect.* 7 

Angiocardiography can be performed in the anesthetized 
neonate and can definitively demonstrate VSD if there is 
simultaneous opacification of the left and right ventricles 
when dye is injected into the left ventricle. 


RR Purhopftysmfogy. A small VSD may provide enough 
resistance to flow that the left-to-right shunt is minimal 
and the patient remains asymptomatic. Horses can race suc¬ 
cessfully with small VSDs (<2.5 cm in diameter with 
peak shunt velocities >4 m/sec), although they are not usu¬ 
ally successful as elite racehorses* 3i VSDs produce a left-to- 
right shunt because the pressure in the left ventricle exceeds 
the pressure in the right ventricle. A peak shunt velocity of 3 
to 4 m/sec indicates an increased right ventricular pressure 
and a less restrictive VSD; however, the defect Is usually 
compatible with a normal life expectancy, A peak shunt 
velocity of less than 3 m/sec is indicative of a large shunt that 
is hemodynamically significant. These animals usually 
develop Cl IF by 5 years of age. Occasionally the VSD is so 
large that the pressure between the two chambers is equal¬ 
ized. The right ventricle, pulmonary circulation, left atrium, 
and left ventricle must compensate for this volume over¬ 
load, which generally results in dilation of cardiac chambers 
and the development of pulmonary hypertension. 

Pulmonary vascular resistance can increase because of 
simultaneous pulmonary disease or left-sided heart failure 
from chronic volume overload. In addition to volume over¬ 
load, the right ventricle is subjected to a chronic pressure 
overload, which may be sufficient to reverse the direction 
of the shunt (Eisenmenger's complex, more common in cat¬ 
tle than horses). Because of the pressure and volume over¬ 
load with moderate to large VSDs, patients with this 
condition run a greater risk of developing CHF. 

Considerable turbulence associated with the left-to-right 
shunts and endocardial damage increase the risk of endo¬ 
carditis in patients with VSD. SS Because the VSD usually is 
located high in the left ventricular outflow tract, structural 
support of the aortic valve cusps may be lost, and aortic 
insufficiency may develop.^ Significant aortic regurgitation 
adds to the left ventricular volume overload caused by the 
VSD, 

RR Epidemiology . The true incidence of VSD in large ani¬ 
mals is unknown, although it is recognized as the most 
common congenital cardiac defect. In one study, 36 calves 
had 78 congenital cardiac defects, of which 11 were VSDs* 33 

R1 Necropsy Findings. VSD is usually located high in the 
interventricular septum just ventral to the right or non cor¬ 
onary cusp of the aortic valve in the left ventricle and under¬ 
neath the septal leaflet of the tricuspid valve or caudal or 
ventral to the crista terminals in the right ventricle. It can 
be an isolated defect or can be accompanied by other car¬ 
diac or organ anomalies. If the defect is moderate or large, 
there is right ventricular, left atrial, and left ventricular 
enlargement and pulmonary artery dilation. The lungs 
may be congested because of increased pulmonary blood 
flow, and secondary pneumonia is not uncommon. If pul¬ 
monary vascular resistance was increased, right ventricular 
hypertrophy may be present. There may be secondary en¬ 
docarditis (infrequent in large animals} 511 or endocardial 
lesions as a result of turbulent blood (low across the defect. 

IR Treatment and Prognosis. Ihere is no practical treat¬ 
ment for VSD in large animals A complete echocardio- 
graphic examination is indicated to identify the presence 
and significance of a VSD. It is important to identify those 
animals with moderate to large defects, because the progno¬ 
sis for normal production or function is poor. Horses with 
large defects {>3,5 cm) and peak shunt velocities through 
the defect of <3 m/sec should not be broken to ride as they 
will develop CHF early in life and have a shortened life 
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expectancy. Animals with small defects may remain asymp¬ 
tomatic throughout life. It is important to recognize that 
small defects, which provide a large resistance to flow, can 
produce loud murmurs. Because of this, the intensity of 
the murmur is not a good predictor of the size of the defect. 

Currently there is limited evidence that VSD is inherited 
in cattle or horses. However, breeding animals with VSD is 
not advised because of the increased risk of heart failure 
and other cardiac complications. As a general rule, bull 
studs do not accept animals with this defect into a breeding 
program. 

Patent Ductus Arteriosus 

II Definition and Etiology. A PDA is the persistent patency 
of a vessel (normally present in the fetus) that connects the 
pulmonary arterial system to the aorta the ductus arterio¬ 
sus fails to close at birth when breathing begins and placen¬ 
tal circulation is removed. Closure of the ductus arteriosus 
occurs in response to decreasing pulmonary vascular resis¬ 
tance and increased systemic vascular resistance. 

A PDA can occur as a single defect (rare in large animals) 
or with other cardiac anomalies, in large animals the most 
common other defects reported with PDA are tetralogy 
and pentalogy of Fallot and pseudomincus arteriosus, 

II C/imcrtJ Sign* and Differential Diagnosis. The clinical 
signs of PDA depend on the length and diameter of the duc¬ 
tus arteriosus, the direction of the shunted blood, and the 
presence of other cardiac defects. A PDA should be sus¬ 
pected when a continuous, high-pitched murmur, fre¬ 
quently referred to as a ''machinery murmur" because of 
its alternating intensity, is auscultated. The murmur may 
be heard on the left and right sides of the thorax but is usu¬ 
ally loudest in the left third or fourth intercostal space at the 
level of the shoulder. The intensity of the murmur increases 
with increased heart rate, exercise, or excitement. The arte¬ 
rial pulses are usually bounding because of the runoff of 
blood from the systemic to the pulmonary circulation. 
Occasionally the PDA is manifested by a holosystolic mur¬ 
mur 55 because the diastolic component is barely audible, 
except at the left heart base. Large PDAs can exist without 
producing a murmur. In the animal with increased pulmo¬ 
nary vascular resistance and reversal of the shunt there may 
be cyanosis of the caudal parts of the body if the PDA enters 
the aorta caudal to the brachiocephalic trunk. Stunting of 
growth may also occur. 

Other causes of a continuous murmur in large animals are 
extremely rare, however, the detection of a continuous 
machinery murmur should lead the veterinary clinician to 
suspect a complex congenital cardiac defect that includes a 
PDA, rather than an isolated defect. In older horses an aoni- 
totardiac fistula should be suspected, particularly if the 
machinery murmur is of recent onset and is loudest on the 
right side of the chest. A systolic and diastolic murmur can 
be present in young animals with a large VSD causing aortic 
insufficiency. A similar murmur is possible with vegetative 
endocarditis of one of the atrioventricular or semilunar 
valves, producing insufficiency and stenosis of the a fleeted 
valve. These latter conditions should not have the machinery 
murmur characteristic of the PDA, A loud systolic ejection 
murmur, which is confused with a PDA frequently can be 
heard at the left heart base of foals shortly after closure of 
the PDA, Ibis murmur may persist for 2 to 3 months. 54 

II Clinical Pathology k No characteristic clinicopathologic 
changes are associated with a PDA. Radiography may show 
enlargement of the cardiac silhouette and pulmonary 


overcirculation in an uncomplicated PDA Pulmonary 
venous congestion, interstitial pulmonary edema, and alve¬ 
olar edema are evidence of a large PDA with left-sided heart 
failure. These signs are not specific for PDA and can be pres¬ 
ent with any congenital heart defect that results in a left-to- 
right shunt. No consistent electrocardiographic pattern has 
been identified with PDA, Echocardtographic evidence of a 
PDA is provided by the detection of an enlarged left atrium 
and left ventricle with a pattern of left ventricular volume 
overload and increased values for the ratio of the left atrial 
to aortic root dimension, 1 ,iS *- 61 Direct visualization of the 
ductus arteriosus is difficult with echocardiography but is 
most successful when performed from the left cardiac win¬ 
dow, A PDA arising from the pulmonary artery has been 
imaged echocardiographically in an 11-month-old Priesian- 

I lolstein heifer. 35 High-velocity turbulent flow throughout 
the cardiac cycle in the pulmonary artery and ductus arterio¬ 
sus is delected with pulsed wave, continuous wave, or color 
flow Doppler echocardiography,® 0 

Cardiac angiocardiography and nuclear angiocardiogra¬ 
phy using a selective aortic angiogram provide definitive 
evidence of a PDA, Oximetric data show a step-up in oxygen 
content or saturation in the pulmonary artery that is pro¬ 
portional to the size of the shunt. Indicator dilution meth¬ 
ods also provide evidence of a left-to-right shunt occurring 
in the pulmonary artery in cases of an uncomplicated 
PDA. Pulmonary arterial and right ventricular pressures may 
be increased with a large PDA. 

II Pathophysiology. Normally the ductus arteriosus nar¬ 
rows near term and constricts rapidly after birth in response 
to lowered pulmonary vascular resistance, increased sys¬ 
temic vascular resistance, increased blood volume, and 
increased left ventricular pressure when breathing begins 
and the placental circulation is removed. If the ductus arter¬ 
iosus is large or the resistance to flow across the ductus is 
minimal, there is a significant left-to-right shunt which pro¬ 
duces a large left ventricular volume overload. The left ven¬ 
tricular response may be failure or, with lime, dilation 
(primarily) and hypertrophy. Pulmonary hypertension and 
congestion result. The right ventricle can be affected by the 
pulmonary pressure load, and right ventricular hypertrophy 
can also develop. If the pulmonary resistance equals or 
exceeds the systemic vascular resistance, a right-to-left shunt 
occurs. 

II Epidemiology. Normal foals may have a PDA for a few 
days after birth, but closure of the ductus arteriosus is ex¬ 
pected by % hours of age. 53 Normal ruminants rarely have 
a PDA after birth, and if one is present it is considered 
abnormal. Functional closure may precede anatomic clo¬ 
sure of the PDA, This defect is uncommon in older animals. 
Currently there is no evidence to suggest that this is an 
inherited defect in horses or cattle, 

II Necropsy Findings, The duel us arteriosus can he of vari¬ 
able length and diameter but is patent between the aorta 
and die pulmonary artery. The PDA often enters the aorta 
caudal to the origin of the brachiocephalic trunk. Changes 
in the left and right ventricles and lung and pulmonary 
vasculature are variable and depend on the size of the shunt. 
When the PDA is large, there may be cardiomegaly with left 
atrial and left ventricular dilation, right ventricular hypertro¬ 
phy, pulmonary congestion, and edema, 

II Treatment arid Prognosis . Ihere is insufficient evidence 
on which to base a prognosis for animals with PDA, The 
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condition can be corrected surgically in neonates, but future 
performance has not been documented. Animals with small 
defects may remain asymptomatic throughout life. The 
prognosis is poor if the defect is large, because the risk for 
left (primarily} and right ventricular failure is increased. 
Pharmacologic closure of the PDA using inhibitors of pros¬ 
taglandin synthesis has been successful in humans hut is 
not without risk of complications and recurrence. The effi¬ 
cacy of prostaglandin inhibitors has not been evaluated in 
large animals. 


Tetralogy and Pentalogy of Fallot 

II Definition and Etiology, Tetralogy and pentalogy of 
Fallot are characterized by biventricular origin (overriding) 
of the aorta, VSD, right ventricular hypertrophy, and obstruc¬ 
tion of pulmonary arterial flow. When there is an associated 
ASD, the anomaly is referred to as pentalogy of Fallot. The 
defect is caused by abnormal development of the conal sep¬ 
tum in the embryonic heart, which leads to narrowing of the 
right ventricular infundibulum (pulmonic stenosis), an 
inability of the conal septum to participate in closure of the 
interventricular foramen (VSD), and overrid ing of the aorta. 
Right ventricular hypertrophy develops as a result of the 
pulmonary outflow obstruction. 

VI Clinical Signs and Differential Diagnosis. Tetralogy of 
Fallot is one of the more common congenital cardiac 
defects that cause cyanosis in large animals. Resting cyano- 
sis is rare in horses, although it may be detectable after exer¬ 
cise. Cyanosis of the oral and nasal mucosa, the tongue, the 
vaginal mucous membranes, and occasionally the nose and 
skin of light-colored animals is noticed when more than 
5g/dL of hemoglobin are reduced (unoxygenated), Exercise 
intolerance is often marked and is characterized in most 
cases by dyspnea or collapse. Frequently the owner com¬ 
plains of slow growth or small size. A loud pansystolic mur¬ 
mur, which is associated with a palpable thrill, is loudest in 
the left third to fourth intercostal space. The murmur may 
be a crescendo-decrescendo murmur of pulmonic stenosis 
or the harsh, plateau-shaped murmur of a VSD; one of these 
usually predominates. A harsh band-shaped pansystolic 
murmur is also auscultated in the tricuspid valve area but 
is usually one or two grades softer than the pulmonic steno¬ 
sis murmur. Excitement of the animal may result in auscul¬ 
tation of a gallop rhythm or an early systolic ejection click, 
A continuous machinery murmur can be auscultated in 
some patients, associated with continuous shunting through 
the PDA. 

Tetralogy and pentalogy of Fallot must be distinguished 
from other causes of cyanosis in young animals. Respiratory 
distress syndrome of neonates can be distinguished by the 
presence of tachypnea, dyspnea, and abnormal lung sounds 
in the absence of a cardiac murmur. Cyanosis caused by 
central nervous system disease has other neurologic mani¬ 
festations. Cyanosis from congenital cardiac disease may 
be caused by a right-to-left shunt or by heart failure with 
pulmonary edema. Cyanosis resulting from heart failure or 
respiratory disease improves with oxygen administration, 
whereas the patient with a right-to-left cardiac shunt fails 
to improve. Right-to-left cardiac shunting does or can occur 
with tetralogy and pentalogy of Fallot, reverse PDA or VSD, 
tricuspid valve or right ventricular atresia, left ventricular 
hypoplasia, persistent truncus arteriosus, pseudotruncus 
arteriosus, and other complex congenital cardiac disease, 
all of which may occur with cyanosis and a cardiac murmur. 
A complete echocardiographic examination using a segmen¬ 
tal approach to cardiac anatomy is needed to accurately 


diagnose the correct congenital cardiac malformation and 
has widely supplanted other methods of diagnosing complex 
congenita) cardiac disease in large animals. Radiography and 
cardiac catheterization provide supplemental information 
that may be helpful in distinguishing among the causes of 
right-to-left cardiac shunting, 

II Cfim'ttff Pathology, increased packed cell volume (PCV), 
red blood cell count, and hemoglobin concentration (poly¬ 
cythemia) may be present in some animals with tetralogy 
and pentalogy of Fallot. 37 However, polycythemia is un¬ 
common in foals with cyanotic congenital cardiac disease 
and is usually less than 45% in most calves. Electrocar¬ 
diographic changes are usually nonspecific, but a right-axis 
deviation may be detected, 37 Radiographs of the lungs may 
show decreased vascularity, The four components of tetral¬ 
ogy of Fallot are easily visualized echocardiographically. 
Ihe VSD and overriding aorta usually are dearly visible with 
two-dimensional echocardiography. The malalignment VSD 
is usually large and located just below the right cusp of the 
aortic valve, separated from the pulmonic valve by the crista 
supraventricularis, The aortic root is usually large and over¬ 
rides the septal defect. Echocardiography shows increased 
thickness of the right ventricular wall ventricular septal 
hypertrophy, paradoxic septal motion, and similar left and 
right ventricular internal dimensions. Narrowing of the right 
ventricular outflow tract pulmonic stenosis, or a hypoplastic 
pulmonary artery (most common) may be imaged as the 
cause of the right ventricular outflow tract obstruction. 
Pulsed wave and color flow Doppler echocardiography can 
be used to further characterize the abnormalities of blood 
flow associated with tetralogy of Fallot, in particular the 
severity of the right ventricular outflow tract obstruction. 
Contrast echocardiography also nicely demonstrates the 
path of blood flow with a peripheral venous injection. Con¬ 
trast echoes are imaged entering the right ventricle from the 
right atrium, then simultaneous opacification of the pul¬ 
monary artery, left ventricle, and aorta occurs. 

Cardiac catheterization can be used to demonstrate 
equalization of ventricular pressures and a pressure gradient 
between the right ventricle and pulmonary artery. Oximetry 
should demonstrate decreased oxygen content in the left 
ventricle compared with the pulmonary vein. Angiocardiog¬ 
raphy demonstrates simultaneous filling of the right ventri¬ 
cle, left ventricle, and overriding aorta with decreased 
pulmonary artery filling and increased right ventricular tra- 
beculation (hypertrophy). 

II Prtrhop/iyttoJogy. VSD is usually large, resulting in equal¬ 
ization of pressures in the two ventricles and the aorta. The 
degree of shunting is controlled by the resistance across 
the stenotic right ventricular outflow tract compared with 
the resistance across the aortic valve. Tf the right ventricular 
outflow tract is severely obstructed, the clinical signs of 
cyanosis are moFe marked Excitement, drugs, or increased 
myocardial contractility from any cause decreases right ven¬ 
tricular volume and worsens clinical signs. Right ventricular 
failure usually is not a consequence of the pressure overload 
because of equalization of the ventricular pressures. 

II Epidemiology. The prevalence of tetralogy and pentalogy 
of Fallot in large animals has not been documented, but 
these defects seem to be more common in calves than in 
foals. There is no evidence that these disorders are inherited. 

II Necropsy Findings. Examination of the heart reveals a 
rounded apex caused by right ventricular enlargement. 



462 



PART FtVE DISORDERS of the ORGAN SYSTEMS 


A high, usually large VSD, an overriding aorta that straddles 
the V$D and the left and right ventricle, right ventricular 
hypertrophy, and septal hypertrophy are present. There is 
usually right ventricular infundibular nano wing and a 
hypoplastic pulmonary artery, although there may be valvu¬ 
lar pulmonic stenosis with a poststenotic dilation. The right 
and left atria may be enlarged. 

II Treatment and Prognosis ; There is no practical treat¬ 
ment for tetralogy and pentalogy of Fallot in large animals. 
When cyanosis or exercise intolerance is present or growth 
is stunted (the latter two are common findings in affected 
animals), the prognosis for long-term survival, production, 
or performance is poor. Affected foals should not be used 
for performance or broken to ride if they live long enough. 
As with many congenital cardiac diseases, the intensity of 
the murmur is not a good predictor of the severity of the 
condition, and further diagnostic tests are indicated. 


Other Congenital Cardiac Defects 

ATRIAL SEPTAL DEFECT. ASD is a connection between 
the left and right atria at the septal level. The most common 
type of defect is the ostium secundum defect, of which pat¬ 
ent foramen ovale is seen most frequently. Patent foramen 
ovale is relatively common in calves and is caused by the 
failure of the septum primum, the valve of the foramen 
ovale, to become adherent to the crista dividends after birth, 
when changes in left and right atrial pressures produce func¬ 
tional closure of the foramen ovale. Patent foramen ovale is 
frequently associated with PDA in calves. 33 

Animals frequently with an ASD are asymptomatic but a 
holosystolic, crescendo-decrescendo murmur may be heard 
at the left heart base. The shunt is usually left to right, and 
the murmur is the result of increased volume being ejected 
across the pulmonic valve. If the defect is large, right atrial, 
right ventricular, and left atrial dilation may be present. Dif¬ 
ferential diagnostic considerations are a functional murmur, 
pulmonic stenosis, VSD, or PDA. A definitive diagnosis can 
be made by two-dimensional echocardiography in which an 
enlarged right atrium, right ventricle, and left atrium are 
imaged. Pulsed wave Doppler, color flow, or contrast echo¬ 
cardiography can be used to demonstrate the shunt through 
the ASD, 

PULMONIC VALVE STENOSIS. Pulmonic valve stenosis 
is uncommon as a single defect but has been reported in a 
foal with VSD and as one of multiple defects in calves and 
foals, 33,47 Clinical signs of cardiac murmur, cyanosis, and 
polycythemia are variable and depend largely on the other 
cardiac defects present. Characterization of the severity of 
the pulmonic stenosis and other associated cardiac de¬ 
fects can be performed with a complete echocardiographic 
examination* 

TRICUSPID VALVE ATRESIA. Tricuspid valve atresia has 
been reported in foals 38 42 44 in conjunction with other car¬ 
diac defects. The abnormalities associated with tricuspid 
atresia include patent foramen ovale, VSD, small right ven¬ 
tricle, large left ventricle, and large mitral valve orifice, Ihe 
foals showed cyanosis and a crescendo-decrescendo or 
band-shaped holosystolic or pansystolic murmur audible 
over the left and right heart base. Tachycardia, tachypnea, 
and weak peripheral pulses also were present. Polycythemia 
was commonly reported. Echocardiographic diagnosis 
of tricuspid atresia in foals has been reported. 38 43 A thick 
echo in the region of the tricuspid valve that does not sepa¬ 
rate in diastole (absent tricuspid valve), an ASD (usually 
patent foramen ovale), a VSD, a small right ventricle, a 
large left ventricle, and a large mitral valve orifice are the 


echocardiographic findings in tricuspid atresia. Blood flow 
(right to left) through the patent foramen ovale into the left 
atrium and left ventricle followed by simultaneous opacifi¬ 
cation of the aorta and right ventricle is detected with con¬ 
trast echocardiography. Necropsy showed tricuspid atresia, 
along with ASD, VSD, small right ventricle, and large left 
ventricle. Pulmonic valve stenosis and dextropositioning of 
the aorta have also been reported, 

MITRAL VALVE DYSPLASIA. Mitral valve dysplasia is 
an early developmental anomaly that has been reported 
in the horse. 4 "* The affected foa) had a grade 4-5/6 holo- 
systolic decrescendo-type murmur loudest in the mitral to 
aortic valve area. The mitral valve leaflets appeared thick¬ 
ened, bright, and irregularly nodular echocardiographically, 
A cleft was imaged in the midportion of the free wall leaflet 
with small papillary muscles and shortened, unevenly thick¬ 
ened chordae tendineae. 45 

VENTRICULAR HYPOPLASIA, Ventricular hypoplasia 
has been reported in foals and calves. 33 ' 52 The defect may 
be present with other cardiac defects and is usually asso¬ 
ciated with early death. The defect was present in three 
closely related Holstein calves, suggesting possible genetic 
factors. 13 

TRUNCUS OR PSEUDOTRUNCUS ARTERIOSUS. Persis¬ 
tent truncus arteriosus refers to the condition in which one 
arterial vessel leaves the heart above a VSD. The coronary 
and pulmonary arteries and aorta arise from this vessel. Per¬ 
sistent truncus arteriosus has been diagnosed in foals and 
calves.-™ Subdassifkations of this condition have been 
applied to humans, depending on the origin of the pulmo¬ 
nary mink or arteries, Pseudommcus arteriosus has also been 
described in foals and a calf and is characterized by the pres¬ 
ence of a remnant of an atretic pulmonary trunk. 38 - 62 With 
pseudotninms arteriosus, the pulmonary blood supply 
comes from bronchial arteries or a PDA. CL mica 1 manifesta¬ 
tions of these conditions include tachycardia, exercise 
intolerance, and a cardiac murmur. The murmur may be a 
continuous machinery murmur if a PDA is also present holo¬ 
systolic and crescendo-decrescendo and loudest at the left 
heart base, or the coarse murmur of the VSD may be auscul¬ 
tated, although the relative pulmonic stenosis component is 
absent Cyanosis, dyspnea, or syncope may be seen with exer¬ 
cise or excitement. CHF and stunted growth may be noticed. 
Polycythemia was detected in a calf with a pseudotruncus 
arteriosus. 62 The presence of cyanosis with the cardiac mur¬ 
mur helps differentiate this condition from a simple VSD or 
PDA. Definitive diagnosis may be made by echocardiogra¬ 
phy, angiocardiography, or nuclear angiocardiography. 

AORTIC anomalies. Dextro positioning or transposi¬ 
tion of the aorta are the most common aortic anomalies 
of foals and calves and are seen most frequently with other 
defects. Other aortic anomalies of foals and calves are per¬ 
sistence of the right aortic arch and double aortic arch, 
which may cause esophageal compression. The clinical pre¬ 
sentation is one of esophageal obstruction Interruption of 
the aortic arch in two foals with VSD, ASD, and PDA has 
been reported. 49 The foals showed weakness, lethargy, cya¬ 
nosis, and tachycardia. The murmur was pansystolic and 
plateau-shaped, with the PMI on the right side of the tho¬ 
rax. Radiology showed cardiomegaly and increased vascu 
larization of the lungs. Cardiac catheterization showed 
left ventricular failure. Bicuspid and quadricuspid cusps of 
the aortic and pulmonic valves occur in large animals and 
usually result in both stenosis and valvular insufficiency. 
An aneurysm of the sinus of Valsalva was detected in a 
3-year-old thoroughbred gelding as an incidental finding. 63 
Occasionally a diastolic murmur may be associated with 
aortic insufficiency in horses with sinus of Valsalva aneur¬ 
ysms. 63 - 64 these sinus of Valsalva aneurysms usually 
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rupture later in life, and the horse develops acute distress, 
colic, and uniform ventricular tachycardia. A continuous 
machinery murmur is usually present on the right side of 
the thorax, associated with the presence of an aorticocardiac 
fistula. 

EtSENMENGER’S COMPLEX. Risen menger's complex has 
been described in a stunted, 24-month old Holstein heifer 
that had a loud, crescendo-deer escendo, pansystolic murmur 
heard best over the pulmonic valve. 41 The heifer had a prom¬ 
inent gallop rhythm from a loud fourth heart sound and 
exercise intolerance without cyanosis. Polycythemia was 
present, however. Cardiac catheterization showed increased 
pressures in the right atria, right ventricle, and pulmonary 
artery, with normal left-sided pressures. 'Hie echocardiogram 
was characterized by a VSD, overriding aorta, and dilation of 
the pulmonary trunk, a feature that distinguished this from 
tetralogy of Fallot. Left ventricular function was decreased, 
and at necropsy the heart was enlarged and rounded with a 
dilated pulmonary trunk and small aorta. The right ventricle 
was dilated and hypertrophied, whereas the left atria and 
ventricle were only mildly dilated. 

ECTOPIA CORDIS CERVICALIS. Ectopia cordis cervicalis 
is a relatively common defect of cattle, 33 ' 48 Although this 
defect usually results in the heart being in the cervical region, 
a few animals may have the heart in the pectoral region 
(14%) or the abdomen (3%) 48 Various defects are associated 
with ectopia cordis cervicalis, including defects of the heart, 
great vessels, neck (torticollis), ribs, and stemebrae. The heart 
is usually contained within the pericardium under the mus¬ 
cles of the skin in the ventral cervical area, with the double 
apex of the heart pointing craniodorsally. The ligaments of 
the pericardium are most frequently attached to the mand¬ 
ibles and the parotid fascia era n tally, the cervical fascia later¬ 
ally, and the first rib or manubrium caudal ly, The lung may 
lack the cardiac notch and often protrudes to the base of the 
heart. Although the prognosis for a productive life is poor, 
some calves lived until approximately 1 year of age. 

MISCELLANEOUS CARDIAC DEFECTS. Other cardiac 
defects can occur, but the significance of the lesion is ques¬ 
tioned or the defect has been recorded infrequently. Com¬ 
plete atrioventricular canal defect has been reported in a 
foal, 51 Anomalous coronary artery development has been 
reported at postmortem examination, but the lesion was 
not necessarily the cause of death in a calf, 65 Anomalous 
origin of the coronary artery has been thought to be the 
cause of death in horses. 66 Congenital hematomas of the 
atrioventricular valves also have been noted, but the signifi¬ 
cance is unknown. 33 Endocardial Fibroelastosis, an anoma¬ 
lous development of the endocardium associated with left 
ventricular hypertrophy, is usually a severe defect resulting 
in death of the animal. The frequency of this defect in large 
animals is not established, 

VALVULAR HEART DISEASE 

1R Definition and Etiology. In adult animals, disorders 
of the tricuspid, pulmonic, mitral, or aortic valves are usu¬ 
ally acquired and most commonly result in insufficiency 
of the affected valve. These disorders may be the result of 
degenerative changes, infection (bacterial or viral endocar¬ 
ditis or myocarditis), inflammation (valvulitis), trauma, or 
unknown causes (cardiomyopathy). They are usually mani¬ 
fested by a cardiac murmur, most frequently of valvular 
regurgitation, with the PMt at the location of the affected 
valve or in the direction of the regurgitant blood flow. The 
mitral and aortic valves are the most common location of 
degenerative valve disease in horses. 67 Predisposing causes 
such as micro embolism or infarction have not been identi¬ 
fied in large animals. Chronic active infection such as fool 


abscesses, rumen it is, reticular abscess, or other septic process 
may lead to sustained or recurrent bacteremia, predisposing 
the animal to the development of bacterial endocarditis, 
particularly in cattle, or a non vegetative valvulitis, probably 
more common in horses. Experimentally, valvular vegetative 
endocarditis can be induced by intravenous administra¬ 
tion of bacteria without preliminary damage to a valve. 68 
Rupture of a valve leaflet or chordae tendineae can cause 
valvular heart disease, as can dilation of a cardiac chamber 
from any cause or rupture of the aortic root or of a sinus of 
Valsalva aneurysm. 6 *’ 71 In rare cases neoplasia, primarily 
lymphosarcoma of cattle, can cause valvular heart disease. 
Congenital valvular heart disease in adult animals is rare. 
The most common bacterial isolates from equine and bovine 
endocarditis cases are streptococci and Pasturella or Acririfliw- 
cil/iis species and ArmnobaOjerium (Actinomyces) pyogenes in 
horses and cattle, respectively, although a wide variety of 
organisms has been isolated from large animals with endo¬ 
carditis. 7273 ' 75 ^ 


II Clirriftzi Signs and Differential Diagnosis . Most animals 
with valvular bean disease have no clinical signs but have a 
cardiac murmur that is detected during a routine examina¬ 
tion. The clinical signs vary depending on the severity 
of the lesion and its rate of development. Murmurs of valvu¬ 
lar heart disease are frequently holosystolic (Fig, 30-6), pan- 
systolic, or holodiastolic (Fig. 30-7). They radiate from the 
PM l in the direction of the abnormal blood flow; are coarse 
and band-shaped, crescendo or honking (if systolic), or 
decrescendo and blowing or musical (if diastolic); and are 
usually moderate to loud in intensity (>grade 3/6) but may 
be softer if holodiastolic. All of these characteristics help 
distinguish these murmurs from functional or innocent 
murmurs, which generally occur early or late in systole or 
diastole but can be holosystolic; are soft and blowing 
or crescendo-decrescendo in quality; are localized to a small 
area; do not radiate; and are soft to moderate in intensity 
(<3/6). The intensity of the murmur is not a reliable 
indicator of the severity of the lesion, except in horses with 
tricuspid regurgitation, in which the longer, louder mur¬ 
murs are associated with a larger jet of tricuspid regur¬ 
gitation. 80 In cattle, in particular, severely involved valves 
(usually in cattle with endocarditis) commonly have faint 
or no audible murmurs. 



FIG. 30*6 II Phono cardiogram obtained from a horse with a ruptured 
mitral valve chorda tendineae. A loud, plateau-shaped holosystolic murmur 
fSMj. which is variable in Intensity, occurs when the free wall leaflet of the 
mitral valve is prolapsing Into the left atrium. 
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FIG. 30-7 H Phonocardiogram and M mode echocardiogram obtained 
from a horse with a holodiasiolk murmur (DM) caused by aortit valve 
regurghaiion. The M-mode echocardiogram shows diastolic flutter (arrow) 
of the septal mitral valve leaflet, characteristic of aortic valve insufficiency 

The location of the PMl of the murmur is helpful in dis¬ 
tinguishing which valve is involved, although more than 
one valve can be affected in the same animal. The PMl for 
lesions of the mitral valve frequently is at the left apex of 
the heart, although murmurs of mitral regurgitation usually 
radiate dorsally and toward the left heart base and aortic 
valve area. Therefore loud systolic murmurs with the PMl 
in the aortic or mitral valve area in horses are usually mitral 
regurgitation murmurs. Disorders of the tricuspid valve com¬ 
monly have the PMl on the right side of the thorax (third to 
fourth intercostal spaces [ horses| or second to third intercos- 
tal spaces |cattle)). Infrequently, the murmur may also be 
heard on the left side of the thorax cranial to the pulmonic 
valve location in the second intercostal space Aortic and pul¬ 
monic valve lesions produce murmurs with the PMl at the 
left heart base in the third or fourth intercostal space. 
Acquired valvular lesions of the mitral and tricuspid valves 
produce primarily systolic murmurs. 73 ' 73 - 75 - 80 -® 4 Diastolic 
tricuspid flow murmurs have been reported, however, and 
may be associated with right-sided mural or valvular masses 
in horses 85 or may be physiologic, associated with normal 
blood flow across the atrioventricular valves. 8687 Lesions 
of the aortic and pulmonic valves may produce diastolic 
murmurs, systolic murmurs, or both. 738800 However, dia¬ 
stolic murmurs of regurgitation are most common in large 
animals. Aortic regurgitation associated with degenerative 
valve disease is most common in horses, whereas pulmonic 
regurgitation associated with bacterial endocarditis is more 
common in cattle. Aortic valve lesions in horses have 
primarily holodiastolic, decrescendo, musical murmuis (see 
Fig. 30-7) but can also be decrescendo, soft, and blow¬ 
ing. Aortic regurgitation murmurs are accompanied by a 
water-hammer or bounding arterial pulse if the aortic regur¬ 
gitation is associated with a significant left ventricular vol¬ 
ume overload. 72 - 91 The musical quality of the murmur 
(harmonic) indicates that some part of the aortic valve is 
vibrating during diastole. The arterial pulse quality becomes 
more bounding as the aortic regurgitation becomes more 
severe, and is a good clinical indicator of the degree of left 
ventricular volume overload. Ventricular premature beats 
and atrial fibrillation may also be detected in horses with 
significant aortic regurgitation. 

Besides the cardiac murmur, animals with valvular heart 
disease may have exercise intolerance, weight loss, or signs 
of CHF evidenced by tachycardia, coughing, respiratory dis¬ 
tress, jugular venous distention, subcutaneous edema, and 
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ascites (uncommon in large animals). In adult cattle, mam¬ 
mary vein distention is another sign of CHF. 73 Cardiac 
enlargement may be noted as an increased area of ausculta¬ 
tion and/or percussion or caudal dislocation of the apical 
impulse of the heart. Atrial fibrillation may be present. This 
development is usually an indicator of atrial enlargement in 
animals with valvular heart disease. If tricuspid valve regur¬ 
gitation is present, there may be abnormal systolic jugular 
venous pulsations. If mitral regurgitation is present there 
may be tachycardia, tachypnea, poor recovery to resting 
respiratory rate after exercise, coughing, and frothy pulmo¬ 
nary edema. Lung sounds may be harsh at rest and on deep 
inspiration may include rare crackles or moist bubbly 
sounds. Most horses with pulmonary edema have only 
harsh breath sounds that are detected at rest and on deep 
inspiration. 

One of the clinical signs of bacterial endocarditis is a car¬ 
diac murmur, the PMl and timing of which depend on the 
valve or valves affected. Other signs may include tachycardia, 
arrhythmias, auscultation of prominent heart sounds, 
tachypnea, coughing, recurring fever, anorexia, weight loss, 
or signs of CHF. Evidence of disseminated sepsis such as 
pneumonia, hematuria, or pyuria is usually present. Shifting 
leg lameness and swollen joints or tendon sheaths are com¬ 
mon but usually have an immune-mediated cause, although 
a horse with bacterial endocarditis and septic tenosynovitis 
has been reported, 76 Mastitis and decreased milk production 
are common in cattle. The presence of weight loss, fever, and 
signs of recurring sepsis help distinguish bacterial endocardi¬ 
tis from other forms of acquired valvular disease. 

The clinical signs of a major mitral valve chordal rupture 
(major chorda tendineae) or its characteristic murmur distin¬ 
guish this disease from other mitral valve diseases. The mur¬ 
mur is usually a widely radiating murmur of mitral valve 
regurgitation (see Fig, 30-6) with a distinctive honking qual¬ 
ity {again the honking quality is consistent with vibration of 
the mitral valve chorda tendineae or leaflet with blood flow 
in systole). However, the honking quality may be absent 
and replaced by a band-shaped pan systolic murmur. There 
may be evidence of acute hemodynamic collapse. Acute onset 
of respiratory distress with coughing and expectorating 
foamy pulmonary edema fluid (this fluid is also detected at 
the external nares) is a relatively consistent feature with rup¬ 
ture of a major chorda tendineae. Signs of right-sided heart 
failure (jugular venous distention, subcutaneous edema, 
and ascites) may develop rapidly. Atrial arrhythmias, most 
frequently atrial fibrillation, often develop secondary to atrial 
enlargement. Supraventricular arrhythmias have also been 
reported in foals with a ruptured mitral chorda tendineae. 83 
The acute onset of respiratory distress, along with a honking 
systolic murmur, distinguishes mitral valve chordal rupture 
from other causes of mitral regurgitation. The honking sys¬ 
tolic murmur of a ruptured mitral valve chorda tendineae 
can also be heard in the absence of any clinical signs in horses 
with a minor chordal rupture. The murmur of mitral valve 
prolapse is also a distinctive murmur and should be sus¬ 
pected in horses whenever a mid- to late-crescendo systolic 
murmur is auscultated with the PMl over the mitral valve 
area. 93 A similar murmur is frequently auscultated in horses 
with tricuspid valve prolapse. Murmurs of mitral or tricuspid 
valve prolapse can be detected in horses with all degrees of 
valvular insufficiency. Most frequently, however, only small 
amounts of valvular regurgitation are associated with valvular 
prolapse. An increased prevalence of mitral and tricuspid 
regurgitation has been reported in young horses in training, 03 

II Clinical Pathology. Diagnosis of valvular disease is best 
performed with a complete echocardiographic examination 
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including M-mode, two-dimensional and Doppler echocardi¬ 
ography Two-dimensional echocardiography is superior to 
M-mode for de tea ion of valvular abnormalities (Figs. 30-8 
and 30-9), measurement of valvular masses (Fig. 30-9, 8), 
and the global assessment of ventricular function, but chamber 
enlargement, high-frequency vibrations of the valve leaflets, 
and shortening fraction (an indication of ventricular systolic 



FIG. 30-0 H Two-dimensional ediocarditjgraphk image obtained! from 
the left parasternal window of a ruptured mil ml chorda lend meat? farrme) 
in the left atrium of a gelding with mitral regurgitation and a honking pan- 
systolif murmur. 



FIG. 30-9 II Echocardiograms of a bacterial endocarditis lesion on the 
aortic valve of a horse. The lesion can be seen on the aortic valw M-mode 
(A) as a thick echoic band (arrow) and is measured in the two-dimensional 
echocardiographic image of the left parasternal long axis view (BJ. 


funaion) can be determined by both. Pulsed wave, continu¬ 
ous wave, and color flow Doppler echocardiography can be 
used to semiquantitate the severity of valvular regurgita¬ 
tion. 33 - 97 The size of the regurgitant jet detected with pulsed 
wave or color flow echocardiography is one indicator of the 
severity of the valvular insufficiency. 56 The duration of the 
mitral regurgitation jet is also important in assessing severity. 
Clinically insignificant jets of regurgitation are detected only 
just behind the valve when it is dosed. Valvular insufficiency 
is mild when the jet occupies one third or less of the receiving 
chamber moderate when the jet occupies greater than one 
third but less than two thirds of the receiving chamber, and 
severe when the jet occupies greater than two thirds of the 
receiving chamber. 

Echocardiographic signs of mitral regurgitation are in¬ 
creased left atrial (Fig. 30-10; see also Fig. 30-3) and left 
ventricular dimensions and a left-sided volume overload. 
The cause of the valvular regurgitation can often be deter¬ 
mined. Endocarditis (see Fig. 30-9), ruptured mitral valve 
chordae tendineae (see Fig. 30-8), a flail valve leaflet, valvu¬ 
lar prolapse, or thickening of the valve leaflet are readily 
imaged echotardiographically. 39 The regurgitant jet detected 
with pulsed wave or color flow Doppler echocardiography 
usually originates from the site of the valvular abnormalities 
detected with two-dimensional echocardiography. In some 
animals, the lesion responsible for the valvular insufficiency 
is not visualized with two-dimensional echocardiography 
but the regurgitant orifice is detected with pulsed wave or 
color flow Doppler echocardiography. 3537 ' 100 Uft ventricu¬ 
lar function may be normal (if the mitral regurgitation is 
mild) or the FS may be increased (if there is a significant left 
ventricular volume overload associated with moderate to 
severe mitral regurgitation), unless there is concomitant 
myocardial disease. A ruptured mitral valve chorda is diag¬ 
nosed by finding a mobile linear echo everting into the left 
atrium or a flail leaflet that may prolapse into the left 
atrium during systole (see Fig. 30-8), systolic and chaotic 
diastolic mitral valve flutter, rapid mitral valve opening with 
increased excursion of the affected leaflet, and lack of coap¬ 
tation of the mitral valve in systole. The asynchronous 
movement of any portion of the valve leaflet during any 
phase of the cardiac cycle indicates the presence of a flail 
valve leaflet. 61 ^ 33 A larger than normal pulmonary artery 
(larger than the aortic root) is compatible with severe pul¬ 
monary hypertension and left-sided heart failure. A smaller 
than normal aortic root is detected echocardiogTaphically in 
horses in low-output left-sided heart failure. 8 ^ 30 - 33 

Tricuspid regurgitation may produce echocardi©graphic 
evidence of right atrial and right ventricular enlargement with 



FIG. 30-10 ll Left paras term! echocardiographic imagr of ihe left atrium 
and mitral valve from a hoist 1 with left atrial enlargement (rm] 











paradoxic septal motion. Frequently the cause of tricuspid 
valve regurgitation in cattle is bacterial endocarditis, and the 
incompetent valve can be visualized. In cattle, neoplasia of 
the right atrium, tricuspid valve, or right ventricle can usually 
be visualized when present. 101 Tricuspid regurgitation is 
common in horses with no obvious valvular lesion. 6 *-® 3,103 

Aortic valve regurgitation is diagnosed echocardiographi- 
cally by observing left ventricular dilation, increased aortic 
root diameter (Fig. 30-11), increased left ventricular FS (if 
the aortic regurgitation is moderate to severe and left ventric¬ 
ular function is norma!}, diastolic fluttering of the septal 
mitral valve leaflet (Fig, 30-12; see also Fig. 30-7), or, less fre¬ 
quently, by observing high-frequency vibrations of the inter¬ 
ventricular septum or aortic valve in diastole.*®'* 1 * 96,9 * 
Rarely, premature closure of the mitral valve is detected. 
Thickening of the left cusp of the aortic valve is frequently 
detected echocardiographically, but prolapse, fenestration, 
and tears of the aortic cusps also occur. 

Acquired pulmonic valve lesions are uncommon in 
large animals and when present are usually associated with 
bacterial endocarditis, 9 ^ 90103 Diagnosis is established by 
finding the mass associated with the pulmonic valve. 
Severe pulmonic regurgitation associated with pulmonic valve 
rupture has been reported in one horse. 104 Pulmonic regurgita¬ 
tion is most common in horses with pulmonary hypertension 
and CHF but is rarely detected clinically. 



FIG. 30-1 I II two-dimensional ediocardiographir image of an enlarged 
aortic root [9.57 cm) obtained from an aged gelding with moderate aortic 
regurgitation that has been present for several years 



FIG. 3CM 2 II M mode echocardiogram obtained from a stallion with 
moderate chronic aortic regurgitation Notice the high-frequency vibrations 
(arrow) on the septal leaflet of Lhe mitral valve. 


Lesions of bacterial endocarditis (see Fig. 30-9) may have a 
shaggy, ragged, or cystic appearance on two-dimensional 
echocardiography. * Occasionally the only abnormality noticed 
is valve thickening wiih ventricular hyperkinesis and 
enlargement of the chambers on the side of the affected 
valve. Acoustic reverberation and production of microbub¬ 
bles have also been associated with valvular bacterial endocar¬ 
ditis . S3 * S6 Other laboratory evidence of bacterial endocarditis 
includes anemia, neutrophilia (a left shift may be present), 
an increased serum globulin concentration, and hyperfibrino- 
genemia. Liver enzymes are ffequendy mildly elevated, and a 
urinalysis sometimes shows hematuria or pyuria. Positive 
blood cultures taken during febrile episodes confirm the diag¬ 
nosis when associated with the above findings However, 
many times the culture results are negative in large animals 
with bacterial endocarditis. Other laboratory evidence of 
disseminated sepsis includes neutrophilic response in perito¬ 
neal, tracheal wash, or joint fluid. Ventricular arrhythmias 
are frequently detected electrocardlographically in individuals 
with mitral or aortic valve endocarditis. Radiographic or sono¬ 
graphic evidence of disseminated pneumonia also may be 
found with bacterial endocarditis, usually in large animals 
with a right-sided lesion. 

Other laboratory evidence of valvular heart disease is 
nonspecific. The BCG is not reliable for detecting chamber 
enlargement associated with valvular incompetence. The 
BCG is valuable for documentation of cardiac arrhythmias 
occurring secondary to chamber enlargement or the under¬ 
lying myocardial disease. Radiographic findings of cardiac 
enlargement, increased pulmonary vascular pattern, or pul¬ 
monary edema are also nonspecific. Cardiac catheterization 
can be performed, and pressure measurements help deter¬ 
mine the degree of cardiac dysfunction. Nuclear angiocardi¬ 
ography shows cardiac enlargement or prolonged washout 
of contrast material. Time-activity curves can be helpful in 
accurately documenting ventricular dysfunction and the val¬ 
vular regurgitant fraction, 106 

II Pathophysiology. Acquired valvular heart disease that is 
slow in onset or gradually progressive may be asymptom¬ 
atic at first, but cardiac changes occur that eventually may 
lead to CHF. Valvular incompetence from endocarditis, 
degenerative changes, chordal rupture, or other causes 
results in volume overload of the recipient chamber. Initi¬ 
ally the output of the chamber is increased to maintain for¬ 
ward output, but the increased end-diastolic volume of the 
recipient chamber leads to compensatory dilation and a 
mild elevation in end-diastolic pressure. Compensatory 
hypertrophy may also result. In the later stages of valvular 
regurgitation, contractile function of the volume-overloaded 
chamber may diminish, leading to further elevation of end- 
diastolic pressure and decreased compliance. In the case of 
severe aortic and mitral regurgitation, this causes elevation 
of left atrial pressure and eventually pulmonary venous 
hypertension. Pulmonary artery wedge pressure is higher at 
rest and during exercise in horses with moderate mitral 
regurgitation, 107 With severe tricuspid regurgitation, right 
atrial or central venous pressure increases. Increased myo¬ 
cardial oxygen consumption is a natural sequela, and biven¬ 
tricular failure can ensue. 

If valvular heart disease is acute in onset, as with major 
chordal rupture of the mitral valve, the regurgitation and 
volume overload are imposed on the left atrium, which can¬ 
not dilate and adapt acutely to the increased diastolic 
filling. The sudden hemodynamic change leads to pulmo¬ 
nary venous hypertension and acute pulmonary edema. 

' References 75, 77, 78, 83, 85, 89, 90, 105, 
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However, most horses with mitral regurgitation do not have 
acute fulminant pulmonary edema Instead chronic pulmo¬ 
nary hypertension leading to subtle respiratory signs asso¬ 
ciated with interstitial pulmonary edema and the subsequent 
development of right-sided CHF are common in horses with 
severe mitral regurgitation. In one study 12 of 14 horses with 
CHF had jugular distentions or pulsations, 10 had abnormal 
lung sounds (crackles), and nine had a cough. 10 * 

Bacterial endocarditis of the mitral or tricuspid valve may 
lead to rupture of the chordae tendineae, Mitral chordal 
rupture has been reported in adult horses and foals with 
bacterial endocardia leading to acute left-sided CHF. 81 In 
addition to the hemodynamic load placed on the heart 
from an incompetent valve, bacterial endocarditis also 
results in disseminated sepsis. The vegetations are made 
up of layers of fibrin, blood tells, necrotic tissue, and bacte¬ 
ria and are relatively resistant to short-term antimicrobial 
therapy. The disseminated sepsis may be the cause of death 
or the reason for culling of the animal. Myocardial necrosis 
of a papillary muscle was associated with mitral chordal 
rupture in one foal.* 3 

II Epidemiology. Acquired valvular heart disease is com¬ 
mon in large animals, involving 356 of 1557 horses 
(22.9%) in one abattoir survey * 7 Endocarditis, one form of 
valvular heart disease was reported in 4% of cattle in 
another study. 1 m Bacterial endocarditis most commonly 
affects the tricuspid valve in cattle but has been reported on 
the pulmonic mitral, and aortic valves as wdL 7xa ** xl ° l 
Most cases of tricuspid valve bacterial endocarditis have been 
reported in horses with septic jugular vein thrombophlebi¬ 
tis 72.75,110 Tricuspid valve endocarditis has also been 
reported in a horse with a VSD.* 5 Aortic and mitral valve 
endocarditis are most common in horses, occurring with 
nearly equal frequency. 74 75 In the largest survey of acquired 
valvular heart disease in horses, the aortic valve was affected 
most commonly with degenerative valve changes, followed 
by the mitral valve, tricuspid valve, and, uncommonly, the 
pulmonic valve. 67 Not all valvular lesions are associated with 
incompetency of the valve. Degenerative valvular changes, 
particularly changes involving the aortic valve, are seen more 
commonly in older horses. 

II Necropsy Findings, Acquired valvular disease is asso¬ 
ciated with finding nodular thickening, fibrous bands, valve 
fenestrations, rupture of mitral valve chordae tendineae, 
fibrinous masses typical of endocarditis, and combinations 
of these lesions on postmortem examination. There may be 
associated or secondary changes varying from enlargement 
of a chamber or vessel to hematomas, degeneration, inflam¬ 
mation, and fibrosis. Enlargement (primarily dilation) of the 
chamber receiving the regurgitant flow, in addition to 
enlargement (primarily dilation) of the chamber or vessel 
from which the regurgitant flow arises, is commonly detected 
let lesions, usually found in the receiving chamber, are asso¬ 
ciated with the high-velocity turbulent regurgitant blood flow. 

Subcutaneous edema; increased pericardial, pleural, or 
peritoneal fluid; and congestion and mottling of the liver 
may be present and indicate CHF. Ascites associated with 
CHF is uncommon in large animals, particularly in horses 
A primary source of chronic or active infection, along with 
evidence of bacteria! embol i 2 ation, may be seen in cattle 
with endocarditis but is rare in horses 

II Treatment and Prognosis ♦ The treatment and prognosis 
of acquired valvular heart disease depend on the cause, onset, 
duration, and severity of the lesion. In general, the prognosis 
is guarded to poor when evidence of valvular incompetence 


includes tachycardia, exercise intolerance, signs of CHF, or 
echocardiographic evidence of severe chamber enlargemem. 
Degenerative valve disease may be asymptomatic except for 
a cardiac murmur, or it may be mild; but it generally is slowly 
progressive and therefore historically has been given a 
guarded prognosis, A more accurate prognosis for horses with 
murmurs can now be obtained from a complete ethotardio- 
graphic examination, including Doppler echocardiography. 
The valve affected, the lesions detected on the valve leaflets, 
the degree of chamber enlargement and volume overload 
detected, the echotardiographk assessment of myocardial 
function, and the severity of the regurgitation determined 
with Doppler echocardiography, coupled with the animal's 
age and intended use, can be used to formulate a progno¬ 
sis, Valvular regurgitation associated with no detectable 
abnormalities, valvular prolapse, and mild valvular thickening 
usually has a fair to good prognosis if the amount of valvular 
regurgitation is small Individuals with ruptured chordae ten- 
dineae, flail valve leaflets, and marked valvular thickening usu¬ 
ally have moderate to severe regurgitation, which is likely to 
progress more rapidly and usually warrants a guarded to poor 
prognosis. Mitral regurgitation is the most likely valvular insuf¬ 
ficiency to be associated with clinical signs of cardiovascular 
disease, whereas primary' aortic regurgitation and tricuspid 
regurgitation infrequently result in the develop mem of CHF 
or the death of the animal, except in horses with severe aortic 
regurgitation. Bacterial endocarditis has a guarded to grave 
prognosis, even with long-term antibiotic therapy, and fre¬ 
quently results in sudden death of the animal although bacte- 
riologic cures have been reported. 

Despite the guarded Long-term prognosis, palliative ther¬ 
apy can be applied for most forms of acquired valvular 
heart disease. Bacterial endocarditis is treated with long¬ 
term administration, ideally intravenously (IV), of bacterio¬ 
cidal antimicrobials, the choke of which is based on blood 
culture and sensitivity results. Continuous intravenous infu¬ 
sion of antimicrobials is the ideal initial treatment, when 
feasible. In cattle and horses, initial therapy is directed at 
the likelihood of a gram-positive infection. Combination 
antibiotic therapy consisting of a penicillin and an amino¬ 
glycoside can be used for gram-negative organisms. Using 
rifampin at a dose of 5 mg/kg twice daily orally (PG) in com¬ 
bination with another antibiotic with appropriate spectrum 
has improved the short-term outlook for large animals with 
bacterial endocarditis. Aspirin (100 m^kg/day, ruminants; 
17 mg/kg every other day, horses) and low-dose heparin 
(30U/kg subcutaneously [SC] twice daily, ruminants and 
horses) may be used in patients with valvular endocarditis 
in an attempt to prevent platelet adhesion and increased size 
of ihe valvular mass. Early diagnosis and aggressive treatment 
with the appropriate antimicrobials for a prolonged period 
are important for successful treatment of bacterial endocardi¬ 
tis, The long-term outcome for successfully treated cases is 
still poor because the scarring that results as the endocarditis 
lesion heals may Lead to severe valvular regurgitation and the 
death of the animal particularly with Teh-sided bacterial 
endocarditis Compliance and economics 

are also major drawbacks in treating endocarditis. 

The hemodynamic consequences of valvular heart dis¬ 
ease (volume overload or CHF) may be improved by using 
diuretics. Furosemide has been used most commonly at a 
dose of 0.5 to 1 mg/kg as needed. With the low bioavailability 
of oral furosemide, intravenous administration is preferred to 
obtain the maximal diuretic effect. n 1 Digoxin can be used to 
improve contractility when CHF has occurred. Conditions 
such as aortic valve or mitral valve regurgitation may show lit¬ 
tle or no Long-term improvement, although many individuals 
improve for 2 to 6 months before the CHF becomes refractory 
to treatment. The administration of a maintenance dose of 
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digoxin at 2.2 Mg/kg IV twice daily or 11 ]ig/kg TO twice daily 
has resulted in therapeutic plasma digoxin concentrations 
and clinical improvement in horses with CHF with no signif¬ 
icant adverse effects. 513 Loading doses are rarely used, 
because of problems with digoxin toxicity. 114 An intravenous 
loading dose of i 2 to 14 pg/kg can be used in horses but must 
be divided into three administrations, followed by a mainte¬ 
nance dose of 6 to 7 pg/kg daily. 115 Digoxin can also be admi¬ 
nistered PO to horses at a dose of 34 to 70 pg/kg for loading 
and 17 to 35 pg/kg for maintenance. 115 Digoxin is adminis¬ 
tered IV to cattle at a loading dose of 22 pg/kg followed by a 
maintenance dosage of 11 pg/kg three times daily or, prefera¬ 
bly, at an infusion rate of 0.86 pg/kg/hr. M& The clinical 
impression is that horses, as do other species, benefit from 
the use of vasodilators. Clinical and echocardiographic 
improvement has been seen in several horses with moderate 
mitral or aortic regurgitation treated with angiotensin-con¬ 
vening enzyme (ACE) inhibitors. Quinapril at 120 mg/ 
horse/day resulted in an increase in stroke volume and car¬ 
diac output that was statistically significant after 8 weeks of 
treatment in horses with mitral regurgitation, 117 Clinical 
and echocardiographic improvement has been seen in horses 
with CHF. Clinical improvement has been seen with hydral¬ 
azine at 0,05 to 1,5 mg/kg PO twice daily. The ACE inhibitor 
enalapril has also appeared to be effective in horses with 
moderate to severe mitral or aortic regurgitation and in 
horses with CHF, at a dose of 0.5 mg/kg PO twice daily. Rami- 
pril was beneficial in the treatment of one horse with CHF at 
50 pg/kg daily PCM ia Until recently the expense of these 
drugs limited the usefulness of enalapril and the other ACE 
inhibitors. However, a generic form of enalapril maleate is 
now available, making this treatment more affordable for 
most owners. Although the short-term outlook may be 
improved with use of cardiovascular drug^, the prognosis is 
guarded for long-term survival or production. 

II Prevention and Control , Many causes of acquired valvular 
heart disease cannot be controlled. Appropriate therapy for 
chronic active infections and careful attention to asepsis with 
intravenous medication and other invasive procedures may 
help prevent endocarditis and, possibly, nonvegetative valvuli¬ 
tis. Effective parasite control measures may eliminate some 
predisposing causes of valvular heart disease such as trauma 
to heart valves, microembolism, or infarction in horses. 


II Clinical Signs and Differential Diagnosis. Frequently 
the primary presenting clinical sign of brisket disease is 
subcutaneous edema of the brisket the ventral thorax, the 
submandibular area, and occasionally the limbs. Jugular 
venous distention or pulsations may be present. Dyspnea 
and tachypnea frequently are exhibited. Tachycardia is pres¬ 
ent, and a gallop rhythm may be ausculuted. Splitting of 
the second bean sound (S 2 ) is a variable finding, Pulmonary 
hypertension may accentuate the separation of the aortic and 
pulmonic valve closures, producing audible splitting of S 2 
that is most noticeable during inspiration. In some horses 
with moderate or severe recurrent airway obstruction (RAO) 
and increased vascular impedance; however, pulmonic valve 
closure occurs early, and only a single S 2 is audible. 133 

A cardiac murmur may be auscultated, caused either by 
tricuspid insufficiency or a pulmonic valve ejection murmur. 
The murmur of tricuspid insufficiency, which is secondary to 
right ventricular dilation, is regurgitant or plateau-shaped 
with the PM1 over the right thorax or, less frequently, the left 
second intercostal space. The pulmonic valve ejection mur¬ 
mur, found less commonly, is audible as a crescendo-decre- 
scendo murmur at the left heart base. 133 Pleural or 
pericardial effusion is not common with cor pulmonale. 134 
In horses with RAO leading to cor pulmonale, tachypnea, 
labored breathing, coughing, and exercise intolerance are 
common complaints. Wheezes are usually auscultated bilat¬ 
erally in the thorax of affected horses. 

These clinical signs are not specific for brisket disease 
(cor pulmonale) and largely reflect right-sided hear failure. 
Other considerations when signs of right-sided heart failure 
are present should be bacterial endocarditis or tricuspid 
insufficiency from any cause, cardiomyopathy, cardiac lym¬ 
phosarcoma or other thoracic neoplasms, pericarditis, left- 
sided heart failure, pleuritis or pleural effusion, and congen¬ 
ital pulmonic valve stenosis (rare). With pericarditis, heart 
sounds may be muffled, or the characteristic "washing 
machine murmur" may be audible. Left-sided heart failure 
is frequently accompanied by pleural effusion, pulmonary 
edema, and weak peripheral pulses. In horses, however, 
expectoration of pulmonary edema fluid occurs only with 
sudden onset of severe left-sided heart failure. In horses 
with chronic left-sided heart failure, tachypnea, coughing 
poor recovery after exercise, and harsh lung sounds may 
be all that is detected. 


BRISKET DISEASE: COR PULMONALE AND 
PULMONARY HYPERTENSION 

II Definition and Etiology. Cor pulmonale is a term used to 
refer to the effect of lung dysfunction on the heart and 
is therefore a secondary form of heart disease. Regardless 
of the cause, the underlying feature rs pulmonary hyper¬ 
tension that leads to right ventricular hypertrophy, dilation, 
or failure. The primary cause of the disease (also called 
high-mountain disease or high-altitude disease in cattle) is 
hypoxic vasoconstriction from high-altitude dwelling. The 
disease is worsened by the ingestion of locoweed (Qryiroprj 
and Astragalus species ), 11% 130 Chronic pul monary disease such 
as bronchopneumonia or lungworm infection in cattle also 
can result in cor pulmonale. 121 In the horse, right-sided 
heart dysfunction (e.g., decreased cardiac output, increased 
right ventricular end-diastolic pressure, increased right atrial 
or central venous pressure, jugular venous distention, or 
subcutaneous edema) associated with chronic pulmonary 
disease is rare but may be more common than previously 
recognized. However, right-sided heart dysfunction asso¬ 
ciated with pulmonary hypertension and left-sided heart 
dysfunction is a common cause of CHF. 


II Clinical Pathology . A complete blood count may reveal a 
neutrophilia in cases of cor pulmonale caused by primary lung 
disease. Radiography of the thorax reveals primary pulmonary 
disease such as bronchopneumonia, bronchiectasis, or chronic 
bronchitis in cattle that have developed this disease at low alti¬ 
tudes. Radiographic findings in horses with RAO usually reveal 
an interstitial pattern. Arterial blood gases demonstrate the 
presence of hypoxia and may also show hypercapnia. Trans¬ 
tracheal wash fluid cytology and bacterial culture may provide 
evidence of the cause of the primary lung disease. Fecal sedi¬ 
mentation helps rule out parasitic bronchitis or pneumonia, 
Electrocardiographic findings are not specific. An echocardio¬ 
gram may provide further evidence of pulmonary hypertension 
and right-sided heart dysfunction by showing right ventricu¬ 
lar hypertrophy and dilation, increased septal thickness, and 
abnormal septal motion (Fig. 30-13). 125126 Dilation of the pul¬ 
monary artery is also detected with two-dimensional echo¬ 
cardiography and is a sensitive indicator of pulmonary 
hypertension or increased flow through the pulmonary artery, 
A dilated pulmonary artery has been reported in horses with 
cor pulmonale and in horses with acute pulmonary obstruc¬ 
tion from RAO. 126 * 127 Cardiac catheterization reveals elevated 
pressure in the pulmonary artery, right ventricle, and right 
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FIG. 30-13 <1 M-mode echocardiogram and pulmonary artery pressure 
curve obtained from a cow with pulmonary hypertension and cor pulmo¬ 
nale The echocardiogram shows mild thickening of the right ventricular 
wall (RVWJ and interventricular septum (IVS) t dilation of the right ventricle 
fHV), and abnormal septal motion. t.V, Left ventricle; LVPW, left ventricular 
free wall [he pulmonary artery pressure curve demonstrates elevated sys¬ 
tolic and diastolic pressures. (Pulmonary artery pressure curve in mills- 
melent of mercury (mm HgJ.) 


II Necropsy Findings. There is evidence of right-sided heart 
failure such as subcutaneous edema in the submandibular 
area, brisket, and ventral abdomen. Findings include dila¬ 
tion and hypertrophy of the right ventricle, congestion of 
the liver, and ascites. The lung may have changes of pneu¬ 
monia, bronchitis, bronchiectasis, or emphysema. Lesions 
of locoweed toxicity may be found in other organs in cat¬ 
tle, 115 Lesions of chronic interstitial pulmonary disease are 
found in horses with RAO. 

II Treatment and Prognosis, Removing the animal from 
high altitude, treating the primary lung disease, and adminis¬ 
tering oxygen may help eliminate the hypoxia and thus the 
pulmonary artery hypertension. Cor pulmonale from high alti¬ 
tude is potentially reversible when the animal is returned to a 
lower altitude. The heart failure can be treated with digoxin 
and diuretics. Beneficial effects of vasodilator therapy have 
not been documented. Once heart failure signs have devel¬ 
oped, the prognosis is guarded even with appropriate treat¬ 
ment Removing the horse from the environment inducing 
RAO is critical to the treatment of the horse with cor pulmo¬ 
nale, A more detailed discussion of the treatment and manage¬ 
ment of horses with RAO can be found in Chapter 31. 

II Prevention and Control* The selection of breeding stock 
with low or normal pulmonary arterial pressures at altitudes 
above 5000 feet (mean pulmonary arteiy pressure less than 
35 mm Hg) helps to eliminate the predisposing genetic sus¬ 
ceptibility to the effects of hypoxia of high altitude. 120 The 
disease can also be controlled by removing susceptible ani¬ 
mals from high altitude and preventing locoweed ingestion. 
Herd health practices such as avoiding crowding and poor 
ventilation and using appropriate vaccinations to reduce 
the incidence of pulmonary disease help to reduce the inci¬ 
dence of other causes of cor pulmonale. 


atrium. Elevation of right ventricular end-diastolit pressure is a 
sign of right ventricular failure. 

II Palftophysfotogy, Pulmonary arteriolar constriction is 
the response to hypoxia from high-altitude dwelling or pul¬ 
monary disease. The response to hypoxia varies, depending 
on the amount of smooth muscle in the pulmonary arteries. 
In cattle, increased pulmonary vascular resistance and pul¬ 
monary hypertension frequently develop. Chronic pulmo¬ 
nary artery hypertension causes a pressure overload on the 
right ventricle, which responds to the increased work load 
with hypertrophy, dilation, or failure, depending on the 
speed with which the condition develops. The disease is 
progressive, and at some stage the right ventricular myocar¬ 
dium is unable to compensate, dilates, and fails. With fail¬ 
ure come the typical signs of jugular venous distention 
and development of subcutaneous edema. Chronic right¬ 
sided heart failure may result in diastolic dysfunction of 
the left ventricle. 

II Epidemiology, The disease is more common in cattle 
than in other animal species, especially when cattle are kept 
at altitudes over 6000 feet, in which cases the incidence has 
been estimated at 0.5% to 2%, l2a Mainly calves are affected, 
and some herds with a higher prevalence are thought to 
have a genetic predisposition to develop pulmonary arterial 
constriction when subjected to hypoxia at high altitude. 
Ingestion of locoweed (Oxytropis and Astragalus species) 
also predisposes cattle to right-sided heart failure at high 
altitudes by causing toxic myocardial damage. 119 


MYOCARDIAL DISEASE: MYOCARDITIS 
AND CARDIOMYOPATHY 

II Definition and Etiology, Myocarditis is an inflammation 
in the myocardium caused by bacterial, viral, or parasitic 
organisms or thromboembolic disease caused by these 
organisms. In large animals, recognized bacteria) causes 
include Sraphytocotau aureus, Streptococcus equ\ , ClosOidrimi 
chauvoei , and Mycobacterium species. Myocarditis also can 
occur after bacteremia, septicemia, pericarditis, or endocardi¬ 
tis, regardless of the causative agent. Known viral causes of 
myocarditis include foot-and-mouth disease, equine infec¬ 
tious anemia, equine viral arteritis, equine Influenza, and 
African horse sickness. Parasitic causes of myocarditis may 
include strongylosis 1 ^ or onchocerciasis in horses, and toxo¬ 
plasmosis, cysticercosis, or sarcocystic infection in rumi¬ 
nants. 130151 Currently it is thought that infection with the 
spirochete Borrelia burgdorferi may be a cause of myocarditis 
in domestic animals, as it is in human being$. 132 Cardiomy¬ 
opathy is a subacute or chronic disease of the ventricular 
myocardium that occurs without anatomic valvular disease, 
congenital malformations of the heart or vessels, or pulmo¬ 
nary disease. In large animals, dilated cardiomyopathy is 
the only cardiomyopathy of known significance. Dilated 
cardiomyopathy is associated with ventricular dilation, 
increased ventricular mass, and decreased systolic function. 
Although the cause is frequently undetermined, 133 * 135 sev¬ 
eral conditions have been related to or identified with car¬ 
diomyopathy. The most common cause of cardiomyopathy 
in horses is probably myocarditis, although the inciting 
insult is usually difficult to identify. An inherited 
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cardiomyopathy, which is thought to be linked to the red 
Holstein gene, has been found in Holstein-Friesian cattle in 
Canada, Japan, Australia, the Netherlands, and Switzer¬ 
land,There is also a cardiomyopathy associated with 
a curly hair coat in polled Herefords. 140 Cardiomyopathy 
has been associated with ingestion of monensin, lasalocid, 
salinomycm, gossypol, Cassia occidentalis, and PMaris spe¬ 
cies. Vitamin E and selenium deficiency, copper deficiency, 
excessive molybdenum, or high sulfates {secondary copper 
deficiency) may cause cardiomyopathy. 1 ' 11 - 150 Myocardial 
infiltration by neoplasia such as lymphosarcoma or fibrosar¬ 
coma also may cause cardiomyopathy. A fibrofany infiltra¬ 
tion of the right ventricle and interventricular septum that 
appears to be similar to arrhylhmogenic right ventricular 
dysplasia has been reported in horses, 151 


II Clinical Signs and Differential Diagnosis . The manifes¬ 
tations of myocarditis are highly variable, depending on 
the extent of the disease, location of the inflammation 
within the myocardium, and associated systemic illness. 
Myocarditis can easily be missed because of the lack of spe¬ 
cific cardiac signs or the predominance of signs related to 
the organ system with primary involvement (e.g., strangles 
in horses or mastitis in cattle). Animals with myocarditis 
are often febrile or have a recent history of fever and may 
have tachycardia. The elevated heart rate may be caused by 
sinus tachycardia or other paroxysmal or sustained supra¬ 
ventricular or ventricular arrhythmias, because cardiac 
arrhythmias are common. Premature beats are also com¬ 
monly detected in large animals with myocarditis and may 
be present in animals with a normal or increased heart rate. 
Occasionally, acute myocarditis is associated with ausculta¬ 
tion of a pronounced gallop rhythm or a cardiac murmur 
of either tricuspid or mitral valve insufficiency, Jugular 
venous distention, other signs of CHF such as peripheral 
edema, and signs of circulatory collapse may be present. 
Horses may show evidence of myalgia, reluctance to move, 
or exercise intolerance. With these signs it may be difficult 
to distinguish myocarditis from colic, respiratory disease, 
lameness, or septicemia. If signs are more dearly cardiac 
(e g., murmur, arrhythmia, jugular venous pulsations), the 
practitioner should rule out endocarditis, cardiomyopathy, 
cardiac neoplasia, and CHF from another cause. 

The clinical signs associated with dilated cardiomyopa¬ 
thy can also be variable but are usually more dearly as¬ 
sociated with heart disease. Most animals have signs of 
cardiac failure such as peripheral edema and jugular venous 
distention or pulsations (Fig. 30-14). Auscultation fre¬ 
quently reveals tachycardia, gallop rhythm, muffled heart 
sounds, or a cardiac arrhythmia. Cardiac murmurs of tricus¬ 
pid or mitral valve insufficiency are usually present second¬ 
ary to the ventricular dilation. The breath sounds are 
increased, tachypnea is present, and, frequently, percussion 
of the thorax reveals signs of pleural or pericardial fluid. 
Occasionally, respiratory distress is evident with hyperpnea, 
dyspnea, coughing, and the presence of a bloody froth at 
the nostril. Nonspecific signs of cardiomyopathy such as 
exercise intolerance, syncope, diarrhea, or anorexia may 
also be present. In cattle, decreased milk production and 
abomasa) displacement have been associated with dilated 
cardiomyopathy, 13 * Palpable liver enlargement has also 
been reported in cattle with cardiomyopathy, 157 Most 
affected cows develop clinical signs within 3 months of 
calving. 137 

Sudden death can be a feature of myocarditis or dilated car¬ 
diomyopathy, and it frequently follows stress or exercise. 
Recumbency, collapse, and sudden death are common pre¬ 
senting signs in animals with ionophore toxicosis. 141147143 



FIG. 30-H II Holstein cow with cardiomyopathy showing signs of 
CHF (submandibular and brisket edema, jugular venous distention, and 
pulsations) 

In many animals with inherited cardiomyopathy, death 
occurs within 6 months of age. l3ai4EJ In Hoi stein-Friesian 
cattle with suspected inherited cardiomyopathy, heart fail¬ 
ure and death may not occur until cattle are 2 to 4 years 
old, 136 - 137 Other acquired causes of cardiomyopathy can 
occur at any age. 

When animals show clinical signs of dilated cardiomyop¬ 
athy, many differential diagnoses should be considered. If 
the animal is young, other congenital heart defects, cor pul¬ 
monale, and nutritional myodegeneration should be con¬ 
sidered. In adults, bacterial endocarditis, cardiac neoplasia, 
thoracic abscess, pericarditis, pleuritis, and diaphragmatic 
hernia may also have similar clinical manifestations. 
Although the cause of dilated cardiomyopathy may be 
difficult to determine, nutritional (vitamin E, selenium, or 
copper deficiency), toxic fmonensin, gossypol, salinomycin, 
lasalocid. Cassia species, or P/iaiaris), infectious (viraL bac¬ 
terial, or parasitic) or drug-induced causes should be 
investigated, 

IB CJirti&iJ Pathology. Depending on the cause of the myo¬ 
cardial disease, the dmicopathologic findings may vary. 
Routine complete blood count may be normal, or a neutro¬ 
philic leukocytosis may be present. No consistent changes 
are expected in the serum chemistry profile, but serum albu¬ 
min concentration may be slightly decreased and serum 
urea nitrogen, creatinine, y-glutamyltranspeptidase (GGT), 
sorbitol dehydrogenase (SDH), and bilirubin concentra¬ 
tions may be increased because of congestive liver disease 
when signs of CHF are present. Serum concentrations of cre¬ 
atine kinase (CK) and lactic dehydrogenase (LDH) may be 
elevated, but hepatic and skeletal muscle contribution to 
these elevations cannot be ruled out. A better indication 
of myocardial disease may be the elevation of cardiac tro¬ 
ponin I (cTnl) or the myocardial isoenzymes of CK 
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(myocardial bound |MBj) and LDH (LDH t ). Large eleva¬ 
tions of the myocardial isoenzymes of CK and LDH were 
detected in one outbreak of monensin toxicosis 144 and 
have been detected in other horses with myocardial necro¬ 
sis of unknown etiology. Marked elevations of cTnf have 
also been reported in a horse with multiform ventricular 
tachycardia and myocardial necrosis of unknown cause. 152 
and in a horse with ventricular tachycardia and aortic sep¬ 
tal rupture, 153 Elevations of cTn! were delected In a recent 
herd exposure to lethal concentrations of monensin. Mild 
elevations of cTnl were also reported in two Belgian horses 
with atypical acute monensin toxicosis. 150 Analysis of 
pericardial or pleural fluid reveals a transudate with tow 
protein concentration (less than 2,5 g/dL) and cellularity 
(white blood cell [WBC| count less than 2500/pL), with 
the predominant cell type being mononuclear cells, unless 
the myocarditis is an extension of pericarditis. Serum 
should be tested for serologic evidence of bovine leukosis 
(BLV) infection in adult cattle, a-tocopherol, glutathione 
peroxidase, and copper concentrations. Whole blood sele¬ 
nium levels should be determined. In infectious myocardi¬ 
tis or inherited cardiomyopathy, the results of these tests 
will most likely be normal. A negative BLV test result 
essentially eliminates lymphosarcoma as a cause of the 
myocardial disease; a positive lest result does not confirm 
a causal relationship. In horses, serum should be tested 
for serologic evidence of a variety of equine viruses, par¬ 
ticularly influenza, equine viral arteritis, and herpes virus. 
Hemoglobinuria, if present, suggests consideration of 
monensin, gossypol, or nutritional myodegeneration as 
the cause of myocardial disease. Arterial blood oxygen ten¬ 
sion may be reduced below 80 mm I Ig in animals with 
myocardial disease. 

An ECG may demonstrate sinus tachycardia or other 
cardiac arrhythmias; the frequency and severity of these 
arrhythmias are best demonstrated with continuous electro¬ 
cardiographic monitoring. There may he some evidence of 
conduction abnormalities in the base-apex lead, but these 
findings are not specific for myocardial disease. Echocardiog¬ 
raphy may be normal in animals with myocarditis, or the 
abnormalities detected may be caused by the arrhythmias pres¬ 
ent, A small left ventricular internal diameter, thickened left 
ventricular free wall and interventricular septum, small aortic 
root diameter, and decreased FS may be detected in animals 
with sustained ventricular tachycardia and decreased cardiac 
output (Fig. 30-15). More frequently, however, there is 
increased ventricular chamber size, decreased thickness of the 
interventricular septum and left ventricular free wall, and 
decreased myocardial function (decreased F5, decreased EF, 
and myocardial dyskinesis), especially in more severe cases of 
myocarditis and in animals with dilated cardiomyopathy 
(Fig. 30-16). In humans with myocarditis there may be evi¬ 
dence of abnormal left ventricular wall motion, paradoxic 
motion of the interventricular septum, or an echo-free pericar¬ 
dial space. 154 Additional echocardiograp hie features of dilated 
cardiomyopathy are increased end-systolic and end-diastolic 
dimensions of the left and right ventricles (see Fig. 30-16), 
increased left atrial size, and an increased left atrial to aortic 
root dimension ratio. There may be abnormal mitral valve 
closure (increased EF slope) and increased separation of the 
septal mitral valve leaflet and the interventricular septum. 
A decreased aortic root diameter may be detected, along with 
a shortened FT, in animals with low-output left-sided heart 
failure. An enlarged pulmonary artery indicative of pulmonary 
hypertension (Fig. 30-17) may also be present. 

Cardiac catheterization may reveal elevated intracardiac 
pressures (right atrial, right ventricular, pulmonary artery, 
pulmonary capillary wedge, and left ventricular end-dia- 
stolic) in animals with dilated cardiomyopathy. Humans 



FIG. 30-15 II M-mode echocardiogram of the left ventricle (LV) obtained 
from a marc with sustained uniform ventricular tachycardia. Mote the small 
end-diastolic and end-systolic dimensions of the left ventricle and the little 
variation between systole and diastole in this dimension. flV, Right 
ventricle. 



FIG. 30-16 II M-mode echocardiogram of the I eft .ventricle obtained from 
a mare with cardiomyopathy and severe left ventricular dysfunction. Note 
the large end-diastolic dimension of her left ventricle (LV), the thin inter¬ 
ventricular septum and left ventricular free wall, and the poor left ventricu¬ 
lar contractility. The fractional shortening in this mare varied from 2% ro 
8%. RV, Right veniride. 



FIG. 30-17 II Two-dimensional echocardiogram of the aorta (AR) and 
main pulmonary artery (PA) obtained From a foal with cardiomyopathy 
and severe mitral and tricuspid regurgjraiion. The pulmonary artery is larger 
than the aorta, indicative of pulmonary hypertension and impending left- 
sided CHY The aorta measured 3.54 cm at its origin, 
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with acute infectious myocarditis may show hypotension 
and a narrow pulse pressure. Nuclear angiocardiography 
may be used to show decreased EF ,M in animals with myo¬ 
cardial disease. 

VI Pathophysiology. The pathophysiologic changes associ¬ 
ated with myocardial disease depend on the specific nature 
and extent of the disease. Acute myocarditis or angiopathic 
myocardial lesions 129 may go on to develop into idiopathic 
dilated cardiomyopathy, It is speculated that changes in 
cellular metabolism occur with either acute myocarditis 
or dilated cardiomyopathy, resulting in EGG abnormal¬ 
ities and reduced myocardial performance (reduced car¬ 
diac output). In an attempt to compensate for reduced 
cardiac output, circulating fluid volume is increased by 
activation of the renin-angiotensin aldosterone system, 
and arterial resistance is increased. Itiese compensatory 
mechanisms frequently lead to only minor improvement 
in the cardiac output of the failing heart, and the increase 
in ventricular preload (venous return) and afterload 
(arterial resistance) may cause pulmonary edema and a 
further reduction in cardiac contractility. Ventricular dila¬ 
tion, further reduction in cardiac output, and signs of 
heart failure oceur. 


Holstein-Friesian cattle in Scotland with dilated cardiomy* 
opaihy. 137 Often the indting cause of myocardial necrosis 
in horses is unknown 152 Samples of gastric or ruminal con¬ 
tents should be obtained and submitted for analysis of 
ionophores if ionophore toxicosis is suspected. Feed sam¬ 
ples should also be obtained and submitted for ionophore 
analysis in these cases. 

The lesions of cardiomyopathy are recognized more 
easily grossly as enlargement of the heart, which may be 
rounded to globose Biatrial, biventricular, and pulmonary 
anery dilation is usually present, Patchy or uniform streaks 
of myocardial pallor may be detected In rare cases, one of 
the chambers or major vessels (usually pulmonary artery) 
may rupture. Generalized edema is frequently found as asci¬ 
tes {uncommon in horses), pericardial or pleural effusion, 
and edema of the mesentery and subcutaneous tissues. 
There may be evidence of vascular congestion of the liver, 
lungs, and spleen. The kidneys may be pale and swollen 
and have an irregular, granular, pitted surface 

Microscopically the lesions of cardiomyopathy are char¬ 
acterized as myocardial vacuo latino and degeneration with 
necrosis and fibrosis. Calcification may be associated with 
these lesions. Occasionally there is increased vascularization 
with proliferative regeneration of myofibers. In some cases, 
no histopathologic abnormalities are found. 


II Epidemiology. I he prevalence of acute myocarditis is dif¬ 
ficult to estimate, because frequently the disease goes undi¬ 
agnosed, is mild, or is masked by disease in another organ 
system or the animal recovers spontaneously. Similarly, Si 
is difficult to assess the clinical significance of postmortem 
findings of myocardial inflammation and fibrosis. The mor¬ 
bidity of myocarditis in large animals probably is underesti¬ 
mated because it is rarely the cause of mortality and is 
associated with viral, bacterial, and parasitic infections that 
manifest themselves without specific signs of cardiovascular 
disease. 

Inherited cardiomyopathy has been reported in cattle in 
Japan, Australia, the Netherlands, Canada, and Switzerland, 
with the incidence in inbred populations reaching 3% 
to 5%, 137 A familial form of dilated cardiomyopathy has 
also been reported in cattle in Sweden, Denmark, Aus¬ 
tralia, and the United Kingdom, 137 These cattle may be 
genetically linked by the presence of the red gene in 
Hoi stein-Friesian cattle. 1,6 Although in some cattle inher¬ 
ited cardiomyopathy resulted in death by 6 months of 
age , l3a - uo other cattle failed to show clinical signs until 
2 to 6 years of age. 1 * 4 * 33137137 No sex predilection is 
recognized in inherited cardiomyopathy of cattle. 

The morbidity and mortality from cardiomyopathy stem¬ 
ming from other causes in cattle and horses is not known 
From the number of clinical reports, inherited cardiomyop¬ 
athy seems to be more prevalent in cattle than in horses. 
Idiopathic dilated cardiomyopathy or cardiomyopathy sec¬ 
ondary to viral or bacterial infections may be more com¬ 
mon in horses and is a common cause for the acute onset 
of CHF in horses of racing age 

IK Necropsy Findings. There may be no gross Lesions asso¬ 
ciated with myocarditis. Depending on the relationship 
between death and the occurrence of myocarditis, micro¬ 
scopic examination of the myocardium may show no 
inflammatory cells but increased fibrous tissue in the inter- 
stitium, or there may be foci of inflammatory cells {typically 
mononuclear cells), variation in the cross-sectional area of 
the cardiac myocyte, degeneration of adjacent myocardial 
fibers, myocardial necrosis, and fibrosis. Focal interstitial 
nephritis and fibrosis were reported in eight of nine 


II Fred l merit and Prognosis. The treat ment of myocarditis 
includes treatment of the underlying causative agent if it 
is recognized and control of the complications such as 
arrhythmias, CHF, or shock Thromboembolism is rarely a 
complication recognized in animals. Prompt administration 
of vitamin E may be beneficial to the survivors in cases of 
ionophore toxicosis. Performance animals should be rested. 
Corticosteroids may be beneficial in animals with severe 
toxemia, complicated arrhythmias, or intractable heart fail¬ 
ure, but their use in early cases of myocarditis or in infec¬ 
tions suspected of having a viral cause is controversial 
because viral recrudescence may occur. However, in many 
cases the corticosteroids appear to have a beneficial effect 
Prognosis is good if there are no signs of heart failure and 
If cardiac arrhythmias are managed successfully. Prognosis 
is guarded to poor if signs of CHF are present, 

therapeutic strategies currently used for treatment of 
dilated cardiomyopathy include positive inotropic agents 
(digoxin), diuretics, vasodilators, rest, and in some cases 
removal of pleural or abdominal fluid Ihe advantages of 
vasodilators (venodilators to relieve pulmonary edema and 
arterial dilators to reduce preload and afterload and 
improve contractility) in the treatment of cardiomyopathy 
are recognized in humans and small animals, 156 but these 
drugs have not been widely used in large animals because 
of the lack of pharmacokinetic studies and clinical trials 
Digoxin is the positive inotropic agent used almost exclu¬ 
sively in large animals but is contraindicated in animals 
with acute monensin toxicosis. A priming or loading dose 
can be used in horses with acute severe CHF, followed with 
a maintenance dose, or, more frequently, the horse is 
started on a maintenance dose from the onset of therapy 
In horses the drug can be administered PO or parenterally 
In cattle, low bioavailability limits its use to the intravenous 
route of administration. 157 Guidelines for the use of digoxin 
are given in Box 30-1. 15 ** 1 * 0 In general, maintenance 
dosages are used because of the lowered risk of adverse reac¬ 
tions. A peak and trough serum digpxin concentration 
should be obtained 3 to 5 days after digoxin therapy is 
begun, and the dosage should then be adjusted accordingly. 
Ideally the peak and trough digoxin concentration should 
be l to 2 ng/mL. 
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BOX 30-1 


Guidelines for Digoxin Therapy in Horses and Cattle 


HORSES 

Priming dose IV; 12 to 
U Pg/kg 

Priming dose PO: 34 (elixir) 
to 70 (powdered tablets in 
suspension) pg/kg 
Maintenance dosage IV; 

2 2 Mg/kg every 12 hours 
(most commonly used) or 
6 to 7 pg/kg/24 hr 
Maintenance dosage PO; 

1 1 pg/kg every 12 hours 
(most commonly used) 
or 17 (elixir) to 35 
(powdered tablets in 
suspension) pg/kg/24 hr 


CATTLE 

Priming dose IV: 21 gg/kg 
Maintenance dosage IV: 
Infusion of 0,86 pg/kg/hr 
or give 11 pg/kg three 
limes daily 


IV, Intravenous; PO, by mouth. 


Dehydration, acid-base imbalance, and electrolyte ab¬ 
normalities should be coneaed before digoxin therapy. 
The dose of digoxin should be decreased in animals with 
elevated creatinine or blood urea nitrogen (BUN) until 
these values return to normal. In horses the intravenous 
loading dose of digoxin should be administered slowly or 
divided and given at a rate of one third of the loading dose 
hourly until completion. 158 Alternatively, therapy can be 
initiated with the maintenance dose. Close monitoring of 
body weight, appetite, electrolyte concentrations, creatinine 
or BUN concentration, and cardiac rhythm is essential dur¬ 
ing therapy. Therapeutic drug monitoring with digoxin 
plasma concentrations can be helpful during initial therapy, 
when the volume of distribution of the drug and the 
patient's body weight may be in a state of flux. Samples 
for determination of peak serum digoxin concentrations 
should be obtained 1 to 2 hours after digoxin administra¬ 
tion and should not exceed 2.5 ng/mL l60J61 

The diuretic used most commonly in large animals is furo- 
semide. ll is administered parenterally at the rate of 0.5 to 
1 mg/kg twice daily or as needed to control edema. Oral 
absorption of furosemide is poor or variable in horses. 162 A 
continuous rate infusion of furosemide is recommended in 
horses when rapid profound diuresis is needed. 163 The half* 
life and diuretic effect of bumetanide, a sulfonamide diuretic, 
are shorter than those of furosemide in horses. 164 Electrolyte 
concentrations and water consumption should be monitored 
closely in patients receiving diuretics. 

The vasodilators used most frequently In horses include 
hydralazine and enalaprii, an ACE inhibitor. Both have 
resulted in clinical improvement in animals treated for 
CHF. Hydralazine is administered PO at a dose of 0.5 to 
1.5 mg/kg twice daily. Enalaprii has been used at a dose 
of 0.5 mg/kg PO twice daily in the management of horses 
with moderate to severe mitral or aortic regurgitation and 
in the treatment of horses with CHF. However, after a single 
0.5-mg/kg oral dose of enalaprii, neither enalaprii or enala- 
prilat were detectable in the serum. 165 Ramipril was reported 
to result in clinical and echocardiographic improvement of 
a horse with CHF. 166 Quinipril at a dosage of 120 mg/ 
horse/day has also been shown to increase stroke volume 
and cardiac output in horses with mitral regurgitation after 
8 weeks of therapy. 167 

Control of cardiac arrhythmias should be attempted in 
animals that are hemodynamically unstable or threatened 


with the development of worsening arrhythmias. Quinidine 
is usually the drug of choice for control of atrial and ventric¬ 
ular arrhythmias in cattle and is one of the drugs of choice 
in horses. Procainamide, lidocaine and propafenone have 
also been successful in the treatment of ventricular arrhyth¬ 
mias in horses (Table 30-3), Although administration is 
limited to the intravenous route In cattle, oral or intrave¬ 
nous administration in horses results in adequate plasma 
concentrations to control arrhythmias. Quinidine is admi¬ 
nistered IV by infusion or by divided bolus injections as 
shown in Box 30-2. 

When quinidine is used IV, concurrent intravenous admin¬ 
istration of a balanced electrolyte solution at the rate of 3 to 
4 mL/kg/hr is desirable to maintain blood pressure in animals 
with a severely compromised cardiovascular status. 

Prognosis for animals with dilated cardiomyopathy is 
poor. Echocardiography is useful in determining the severity 
of the myocardial dysfunction and in formulating a 



Drug Therapy for Ventricular Tachycardia 


I Drug 

Usual Dose J 

Bretylium tosylate 

0.5 mg/kg IV for life-threatening 
ventricular tachycardia or 
ventricular fibrillation 

Dexamethasone 

0,05-0.22 mg/kg, IV or LM 

Furosemide 

1-2 mg/kg as needed for pulmonary' 
edema 

lidocaine 

Equine: 0.1-0.25 mg/kg as a bolus; 
repeal up to total of 0,5 mg/kg in 
10-15 min 

Bovine: 0.5 mg/kg, slowly IV; can 
repeat in 15 min 

Magnesium SO* 

IV infusion at 1 g/min, to effect, up to 
a maximum of 25 g 

Procainamide: 

1 mg/kg/min, IV to a maximum of 

20 mg/kg 

Propafenone 

2 mg/ kg PO ltd 

0.5-1 mg/ kg in 5% dextrose slowly IV 
over 5-fl min for refractory 
sustained ventricular tachycardia 
(not available in United States) 

Propranolol 

0,03 mg/kg, IV 

Quinidine 

1-10 mg/kg, IV; total dose in 0.25- to 

gluconate (IV) 

0.5-mg/kg boluses 5-10 min apart 


fM, Intramuscular; IV, intravenous: PO, by mouth; rid three times per day. 




Quinidine Administration in Horses and Cattle 

HORSES 

CATTLE 

IV: 1.5 to 2 mg/kg every 10-20 min 

IV: 48 mg/kg infused 

until conversion or desired effect 
but not to exceed a total dose of 
12 mg/kg 

PO: 22 mg/kg (1 g/100 lb of body 
weight) q2h until conversion or 
desired effect; not io exceed a total 
dose of 132 mg/kg qlh; if 
quinidine plasma concentrations 
cannot be obtained promptly, a 
total dose of SB mg/kg q2h 
should not be exceeded 

IV over a 4-hr period 


IV, Intravenous; PO, by mouth. 


474 




MKT Rvt DISORDERS Of the ORGAN SYSTEMS 


prognosis. The results of the initial ethocardiographic exam¬ 
ination were the best prognostic indicator of survival in a 
recent outbreak of monenstn toxicosis. 144 Recovery of ani¬ 
mals with cardiomyopathy is unusual constant therapy is 
required for maintenance of animals with CHF, and sudden 
death can occur at any time. Some animals may have signifi¬ 
cant myocardial dysfunction without CHF and are "cardiac 
cripples/' comfortable at pasture but not safe to use for per¬ 
formance. These animals may Later develop CHF. 

II Prevention and Control, Maintenance of a good vacci¬ 
nation program may limit the bacterial and viral causes of 
myocarditis. Parasite control may, also reduce myocardial 
injury that predisposes to myocarditis or Cardiomyopathy 
in horses. Toxic myocardial diseases are prevented by 
proper mixing of feeds containing monensin, salinomycin, 
or lasafocid in feed mills in which horse feed is not made, 
by not shipping bulk horse feed in trucks in which medi¬ 
cated ionophore-containing feed has been transported, 
and by preventing horses from ingesting these medicated 
feeds. Gossypol toxicity can be prevented by feeding no cot¬ 
tonseed meal or cottonseed meal with low gossypol con¬ 
tent especially when feeding preruminams. 168 Feeding of 
cottonseed meal can be limited by providing more forage 
or additional protein sources in the diet of ruminants so 
that ingestion of gossypol is limited to concentrations of 1 
to 2 g/kg or less of feed for adult cattle and 0.5 to 1 g/kg 
or less of feed for immature cattle. lw Nutritional myocar¬ 
dial disease can be prevented by adequate feeding of vita¬ 
min E, selenium, and copper with supplementation as 
required. Inherited cardiomyopathy is controlled by avoid¬ 
ing breeding of known or suspected carriers of the polled 
Hereford and Holstein-Friesian breeds. 


PERICARDITIS 

II Definition and Etiology. Pericarditis is inflammation of 
the pericardium that results in the accumulation of fluid 
or exudate between the visceral and parietal pericardium. 
Pericarditis in large animals can be caused by trauma from 
penetration of ingested foreign objects or external wounds, 
hematogenous spread {septicemia} of infection, extension 
of infection from the lung or pleura, viral infections such 
as equine viral arteritis or equine influenza, and neoplasia. 
Idiopathic pericarditis, characterized by an aseptic inflam¬ 
matory exudate, is not uncommon in horses and has 
recently been reported in cattle. 170 " 176 Autoimmune, hered¬ 
itary, and metabolic causes of pericarditis have not been 
documented in large animals. 

11 CftmozJ Signs and Differential Diagnosis ; The clinical 
presentation of pericarditis can vary, depending on the vol¬ 
ume and rate of development of the pericardial effusion 
and the cause. Nonspecific clinical signs—fever, anorexia, 
depression, or weight loss—may be the chief complaints, 
but, more frequently, peripheral edema, jugular venous dis¬ 
tention and pulsations, tachypnea, or dyspnea is the pre¬ 
senting clinical sign. Cattle may exhibit pain by an 
abnormal stance characterized by abducted elbows, a spon¬ 
taneous or induced oqpiratory grunt, reluctance to move, or 
preference to stand with the forequarters elevated. Horses 
may show signs of colic or syncopal episodes. 

The most consistent findings on auscultation are tachycar¬ 
dia, muffling of heart sounds, and absence of Lung sounds in 
the ventral thorax, Dorsally the lung sounds are louder than 
normal. These findings are in contrast to pleuritis, an impor¬ 
tant diagnostic mleout for pericarditis, in which the lung 


sounds are muffled ventralJy but the heart sounds are not 
and radiation of the heart sounds occurs over a wider area 
than normal. 177 In cattle, splashing sounds frequently are 
audible in the cardiac auscultation area, a sound some refer 
to as a "washing machine murmur." This is attributed to the 
accumulation of gas and fluid in the pericardium and is indic¬ 
ative of the presence of gas-forming (anaerobic) organisms 
and a grave prognosis. In cattle this murmur distinguishes 
pericarditis from cardiac neoplasia or other causes of CHF. 
The splashing sounds are absent in horses, and muffled heart 
sounds are the rule, but pericardial friction rubs may be aus¬ 
cultated, especially after pericardial fluid accumulation has 
been relieved. 172 A gallop rhythm may be auscultated in 
either horses or cattle. 

Mucous membranes may be congested and have a pro¬ 
longed capillary refill time. Jugular venous distention and 
pulsations usually are present. Arterial pulses are weak. 
The latter findings may help distinguish pericarditis 
from primary pleuritis. Percussion of the thorax reveals ven¬ 
tral dullness, and pleural effusion is frequently present n 
horses with pericarditis. A concurrent pleuropneumonia or 
septic pleuritis is present in some horses. 174i7 ®~ lsl Ascites 
is infrequently detected in horses with pericarditis, but 
concurrent peritonitis has been reported. 1 ® 2 


It Clinical Pathology*. The changes shown in a complete 
blood count are not specific and depend on the cause of 
the pericarditis. There may be hemoconcentration if the ani¬ 
mal is dehydrated or toxemic, or there may be a mild anemia 
associated with chronic infectious pericarditis. The WRC 
count may be normal or increased. There may be an absolute 
neutrophilia or a lymphopenia. Frequently the fibrinogen 
concentration is elevated The serum chemistries are usually 
normal except for albumin concentration, which may be 
low 171172 and accompanied by an elevation in globulin con¬ 
centration. Liver enzyme, bilirubin, serum urea nitrogen, 
and creatinine concentrations are frequently mildly elevated, 
consistent with the development of CHF. Laboratory evi¬ 
dence of dehydration (increased PCV, total protein, serum 
urea nitrogen, and creatinine concentrations) may be exag¬ 
gerated when diuretics have been administered previously. 
Although total serum LDH concentration may be elevated 
more specific information may come from finding an 
increase in the cTnl or the myocardial isoenzymes CK and 
LDH. An elevated cTnl was reported in one cow with hemor¬ 
rhagic pericarditis. 175 Electrolyte concentrations are fre¬ 
quently normal, but serum calcium and potassium con¬ 
centrations may be low because of anorexia. Decreased 
sodium and chloride concentrations have been reported in 
horses with pericarditis. 172 No consistent abnormalities in 
arterial or venous blood gas concentrations have been 
reported in large animals with pericarditis. 

Radiography is not a sensitive diagnostic test for peri¬ 
carditis in horses, although an enlarged rounded cardiac sil¬ 
houette is detected with large pericardial effusions. In cattle, 
traumatic pericarditis frequently results in fluid and gas 
accumulation in the pericardium that is detectable radio¬ 
graphically and is relatively specific for this disease. A metal¬ 
lic foreign body is usually detected radiographically in the 
cranial reticulum or caudal thorax in cattle with traumatic 
pericarditis (Fig, 30-IS). Radiographic changes may not be 
detected In early or uncomplicated pericarditis and, if fluid 
accumulation is large and there is concurrent pleural effu¬ 
sion, are indistinguishable from those associated with 
pleuritis. An enlarged, rounded cardiac silhouette is not spe¬ 
cific for pericarditis and can be seen with other causes of 
generalized cardiomegaly. An obscured cardiac silhouette, 
vena cava, and diaphragm with dorsal displacement of the 
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FIG, JCMt 19 lateral radiograph of the caudal thorax and cranial rcticu- 
lum showing a wilt famnr) in a cow with traumatic inimJopeTiioriiii.1 


trachea may be seen with pericarditis or pleuritis The lungs, 
which may be aerated only dorsally, frequently have inter¬ 
stitial infiltrates. 

The ECG changes most commonly associated with peri¬ 
carditis in large animals are decreased amplitude of the 
QRS complexes (less than 1,5 mV in the base-apex 
lead) 17ZI731 * 7 (Fig, 30-19), electrical altemans (altered con¬ 
figuration of the P, QRS, or T complexes on a regular basis), 
and ST-segment elevation or slurring. 17L,7il78487185 A rights 
axis deviation in the standard limb leads may be appar¬ 
ent. 1 7U83 Cardiac arrhythmias (usually atrial or ventricular 
premature beats) may be delected in affected animals, sug¬ 
gesting a concurrent myocarditis (Fig, 30-20), In some ani¬ 
mals, no ECG changes are evident.** 4 

Echocardiography reveals finding? specific for pericardi¬ 
tis and is used to confirm the diagnosis noninvasively. An 
echo-free space between the visceral and parietal pericar¬ 
dium is evident (Fig. 30-21) and apparent even with a min¬ 
imum amount of fluid accumulation. 177 ' 17 * Frequently, 
hypoechoic to echoic strands that correspond to fibrin are 
imaged in the pericardial space with a hypoechoic to echoic 
layer covering the epicardial surface of the heart in large ani¬ 
mals with pericarditis. The pericardial effusion is often 


a net ho ic to hypoechoic but more echoic pericardial fluid 
is occasionally seen, consistent with a more exudative fluid. 
Bright hyperechoic pinpoint echoes representing free gas are 
often imaged in cattle with pericarditis Gas in the pericar¬ 
dial sac of cattle with splashy heart sounds may limit the 
ability to obtain an echocardi©graphic evaluation of all car¬ 
diac structures The visualization of intrapericardial gas is a 
sensitive indicator of anaerobic pericarditis. Pericardial effu¬ 
sion is differentiated from pleural effusion by finding the 
echo-free space surrounding the right ventricle and left ven¬ 
tricular free wall, but pericardial effusion is rarely imaged 
behind the left atrium, 185186 Right ventricular diastolic col¬ 
lapse and right atrial collapse are common findings with 
large pericardial effusions and are an indication of the develop¬ 
ment of cardiac tamponade and h emodyna mi cal ly significant 
pericardial effusion. 173 Other echocardiographic findings 
consistent with pericarditis are decreased left ventricular cham¬ 
ber dimension, decreased left ventricular free wall motion, and 
decreased parietal pericardial motion, 17a ’ ,74 - ,7a - 187 Increased 
(see Rg_ 30-21) or paradoxic motion (cranial motion begin¬ 
ning before the QRS complex) of the interventricular septum 
may be apparent, 1 **- 1 * 7 

The site for pericardiocentesis should be selected echocar- 
dtographically Pericardial fluid is obtained most commonly 
from the left fifth intercostal space 2,5 to 10 an dorsal to the 
olecranon, above the level of the Lateral thoracic vein, the saf¬ 
est site for pericardiocentesis. When there is a large volume of 
pericardia] effusion, pericardiocentesis can be productive 
from the right at approximately the same location. If at all 
possible, a pericardial catheter (large-bore Argyle tube) 
should be inserted into the pericardial space at the time the 
initial pericardiocentesis is performed to enable repeated 
drainage and Lavage of the pericardial sac (Fig, 30-22), Fluid 
analysis and bacterial and viral culture results depend on the 
cause. In cattle with traumatic pericarditis, fluid analysis usu¬ 
ally reveals elevated protein concentration (>3.5g/dL) and 
an elevated WBC count (> 2500/pL), composed primarily 
of neutrophils. The fluid is urine colored to slightly blood 
tinged and foamy, and it has a foul odor. A mixed popu¬ 
lation of gram-positive and gram-negative aerobic and 
anaerobic bacteria (gastrointestinal flora) usually are 
present. Protozoa may be found in unusual circumstances. 
I lemorrhagic effusion has been reported in several cows 
with idiopathic pericarditis that responded favorably to 
pericardial drainage {usually with lavage) along with 
systemic antimicrobial therapy. 17 * In horses, protein 



FIG. 30-19 ll Rate apex kid ECG taken 
from a am before (upper jjhI after 

(Idhtt tfrjp) remora! of ’ I of pericardial 
fluid. The markedly decreased -amplitude 
(0 ft mV) of the QRS complex?* is impnowd 
(1.2 mV) After pericardiocentesis 




476 


‘m 


MKT five DISORDERS of the ORGAN SYSTEMS 


l 1 I 


I 


FIG. 30*10 II F.CC (rhythm strip) obtained from a horw with pericarditis and junctional tachycardia Note the P wave at the same place in the QT interval. 



^ ^ ^ 

^ ^ f ^ w/ * 



FIG. 30-11 II M mode echocardiogram obtained from a cow with trau- 
malic pericarditis, there is a separation between the visceral and parietal 
pericardium cranial to the right ventricle (RV) and caudal to the left ventri¬ 
cle The cranial pericardial effusion (PE) is echogenic, suggesting that fibrin 
or debris is present The left ventricular (LV) dimension is reduced, and 
there is marked cranial motion of the interventricular septum ffVS) just 
before the QRS complex. 



FIG, 10-22 IV insertion of a pericardial chest tube into the left fifth inter¬ 
costal space for drainage and lavage of the pericardial space. Note that the 
left foreleg is being pulled forward the clinician is inserting the large-bore 
Argylc chest tube into the left fifth intercostal space above the lateral tho¬ 
racic vein, and the cow is wearing a radiotelemetry ECG system underneath 
the surcingle. 


concentration of the pericardial fluid is elevated (>2.5 g/ 
dL) and the WBC count is normal or elevated with 
a population predominantly of neutrophils, although 
red blood cells, lymphocytes, eosinophils, mesotheliai 
cells, and histiocytes have been observed. 102 

Bacterial (aerobic and anaerobic) cultures and viral 
cultures may be negative. Acrmo&dcri/us organisms were 
frequently isolated from mares with pericarditis in associ¬ 
ation with the mare reproductive loss syndrome, ies Paired 


serum may support a viral cause. Analysis of pleural and 
peritoneal fluid (when present) usually reveals fluid char¬ 
acterized as a modified transudate or that is mildly 
inflammatory. 

Cardiac catheterization demonstrates an elevation in 
central venous or right atrial pressure, and the atrial and 
ventricular pressure curve may be abnormal in appearance. 
Right atrial, right ventricular, and pulmonary artery end-dia¬ 
stolic pressures may equilibrate, 183 In combination these 
findings are relatively specific for pericarditis. 

II Pathophysiology. The accumulation of fluid in the peri¬ 
cardium occurs as a result of inflammation. The rate of fluid 
accumulation and the degree to which the pericardial 
pressure increases determine the pathophysiologic conse¬ 
quences, Generally pericarditis results in decreased distensi- 
bility (increased ventricular end-diastolic pressure) of the 
heart, which impairs the ability of the heart to fill during 
diastole. The elevation in end-diastolic pressure and im¬ 
pairment of ventricular filling elevate atrial pressure and 
reduce venous flow or venous return to the heart and diastolic 
perfusion of the myocardium. The result is a depression of ven* 
tricular contractility, stroke volume, and consequently car¬ 
diac output. In addition, arterial pressure and renal blood 
flow are decreased. Initially, compensatory mechanisms 
consisting of vasoconstriction, increased heart rate, and 
sodium retention (increased vascular volume) may maintain 
cardiac output. Failure to maintain cardiac output results in 
circulatory collapse. 

Pericarditis can be classified as primarily effusive, con* 
strictive, or a combination of both. 103 The hemodynamic 
consequences of effusive pericarditis are primarily caused 
by the physical presence of pericardial fluid, whereas con¬ 
strictive pericarditis is classified as such because the reduc¬ 
tion in ventricular compliance is caused by fibrinous or 
fibrotic involvement of the pericardium and epicardium. 
Removal of pericardial fluid results in improved cardiac per¬ 
formance in effusive pericarditis but is of limited usefulness 
in constrictive pericarditis, 

II Epidemiology* Pericarditis is uncommon in horses; when 
it does occur, it is most frequently idiopathic and can 
occur in a horse of any age. History of a recent respira¬ 
tory tract infection is not uncommon. Exposure of horses to 
Eastern tent caterpillars was the greatest risk factor for the 
development of fibrinous pericarditis during the epidemic 
of mare reproductive loss syndrome, 185 Traumatic pericardi¬ 
tis has been reported in horses but is rare. 190 Traumatic 
pericarditis is not uncommon in cattle, but it occurs in less 
than 10% of cattle with traumatic reticuloperitonitis. 191 
Most cattle are affected in late gestation or at parturition. 
Idiopathic pericarditis is rare in cattle, 

II Necropsy Findings. Gross postmortem examination 
shows distention of the pericardial sac with serosangui- 
neous or urine-colored fluid that is foamy and may be mal¬ 
odorous (cattle). There may be organization of fibrinous 




FIG„ J0-2J n Pttitfnonrm photograph of i cow with corumcuvr pericarditis, The pericardium ts opened and reflected revealing the epfeudium (arrow) 
covered in Abrinopaultnl exudate 


exudate and fibrosis that is also evident on the epicardium 
(Fig. 30-23) and may infiltrate the myocardium. Pleural 
effusion may be present. Other signs of CHF such as pulmo¬ 
nary congestion, pulmonary edema, and chronic passive 
congestion of the liver may be present. If the cause is traumatic, 
the offending object may be well contained in a fibrous tract 
located between the reticulum and the pericardium. 

Histopathologic examination reveals pericardial, epicar- 
dial, and occasionally myocardial fibrosis and inflammation 
with neutrophilic lymphocytic, eosinophilic, or plasma cell 
infiltrates. Bacteria may be visible. The liver may show 
diffuse, cenirilobular necrosis, fatty change, dilation and 
congestion of sinusoids, and perivenous fibrosis. 


II Treatment and Prognosis. Treatment of traumatic peri' 
carditis in cattle Is unrewarding and usually is addressed 
toward salvage or short-term survival to calving. Repeated 
pericardial drai nage by means of pericardiocentesis or a fifth 
rib resection, lavage. Or pericardiectomy may be useful for 
short-term survival, but the prognosis for return to normal 
function is poor, because CHF results from involvement not 
only of the pericardium but also of the epicardium and myo¬ 
cardium (see Fig. 30-23). Thoracotomy by a split-rib tech¬ 
nique followed by pericardiectomy has been effective in 
treating some cattle with traumatic, restrictive pericarditis,'* 2 
Treatment of pericarditis not caused by trauma has been 
successful in horses, but the initial prognosis should be 
guarded . Aggress ive treatment of hones with moderate to large 
pericardia] effusions should include the placement of a large- 
bore indwelling chest lube into the pericardial sac under echo- 
card iographk guidance and drainage and lavage of the pericar¬ 
dial sac, with local infusion of antibiotics, in addition to the 
initial broad spectrum antimicrobial therapy. Obtaining a 
sample for cytology and culture and sensitivity testing via a 
pericardiocentesis should be postponed until an indwelling 
catheter can be safely inserted because it is difficult to insert 
the catheter once the pericardiocentesis has been performed. 
The pericardial drainage and lavage, performed once or twice 
daily as needed, has been very effective in treating idiopathic 


or septic pericarditis in horses. t75 - 17Cl The indwelling 

tube should remain in situ until the fluid recovered at 
the time of drainage is consistently less than or equal to 
the volume instilled in the pericardial sac with antimicro¬ 
bials 12 to 24 hours earlier. The ECG should be moni¬ 
tored, because occasionally cardiac arrhythmias occur 
during the therapeutic procedure or during a routine peri¬ 
cardiocentesis, All horses with pericarditis should initially 
be treated for septic pericarditis with systemic broad-spec¬ 
trum bacteriocidal antimicrobial drugs. The antimicrobial 
choice should be based on the most likely causative 
agents and modified as needed by the results of culture 
and sensitivity testing. Fibrinous pericarditis has been suc¬ 
cessfully treated in horses with broad-spectrum bacterio¬ 
cidal antimicrobials when the amount of pericardial fluid 
detected echocardiographically was too small to safely obtain 
a sample for cytology and culture and sensitivity testing. 
Treatment of idiopathic pericarditis with corticosteroids 
should be initiated only after the results of the cytology and 
culture and sensitivity testing demonstrate no evidence of 
sepsis. Peri card io to my or preferably pericardiectomy is the 
treatment of choice if signs of restrictive (constrictive) pericar¬ 
ditis are present Ifie surgical procedure is prolonged, expen¬ 
sive, and of considerable risk. A partial pericardiectomy was 
performed in one horse with constrictive pericarditis but 
was only transiently successful . 179 

In traumatic pericarditis the antibiotic selected must be 
capable of covering gram-positive and gram-negative aero¬ 
bic and anaerobic bacteria. Nonsteroidal antiinflammatory 
drugs have been deemed useful as adjunctive therapy, as 
have corticosteroids if bacterial culture of the fluid is nega¬ 
tive and if no evidence of sepsis is detected evtologically. 

Although diuretics are effective in eliminating the severity 
of peripheral edema, they further reduce venous return and 
preload in animals with pericarditis The result is further 
compromise of cardiac output and worsening of heart failure, 

li Pmenfion and Control. Traumatic pericarditis in cattle 
can be prevented by routine administration of magnets to 
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heifers at the lime of pregnancy diagnosis. At each subsequent 
pregnancy diagnosis, the cattle should be checked for the 
presence of the magnet in the reticulum. It is not beneficial 
to have more than one magnet present at one time. 

Some types of infectious pericarditis in horses may be 
controlled by routine vaccination against the common 
respiratory pathogens. 

CARDIAC TUMORS 

II Definition and Etiology, Ihe heart may he the primary 
site of neoplastic disease, or it may be involved secondarily 
by tumors from adjacent structures such as the lung& pleura, 
lymph nodes, or diaphragm. Cardiac neoplasia is uncom¬ 
mon in large animals. The most common primary cardiac 
tumor is lymphosarcoma. Mesotheliomas, fibrosarcoma, 
adenocarcinomas, and other carcinomas, especially squa¬ 
mous cell carcinomas in horses, may involve structures adja¬ 
cent to the heart and may extend to the heart or heart base, 
producing signs of heart disease, 193 ' 194 An infiltrative cardiac 
lipoma has been reported in a horse, but no signs of cardiac 
disease were attributed to it, i9s A metastatic anaplastic pul¬ 
monary carcinoma that did cause signs of CHF in a horse 
has been reported. 194 Disseminated hemangiosarcoma with 
myocardial involvement was thought to be responsible for 
ventricular arrhythmias in one horse. 196 Primary pericardial 
hemangiosarcomas also have been reported in a horse. 197 

II Clinical Signs and Differential Diagnosis. The clinical 
signs of cardiac neoplasia are not specific and depend on 
ihe cardiac site involved and on the other sites of tumor 
manifestation. Nonspecific signs of neoplasia are common 
and include anorexia, depression, weight Joss, and fever. 
These signs can be produced by any site of chronic disease; 
and in large animals pneumonia, peritonitis, enteritis, and 
liver and kidney disease are considered differential diag¬ 
noses, among others. If the tumor involves the pericardium, 
signs of pericarditis or pericardial effusion such as tachycar¬ 
dia, pain, jugular venous distention, peripheral edema, and 
weak arterial pulses may be seen. Myocardial involvement 
of the neoplasia, as is most common with lymphosarcoma, 
may result in cardiac signs that include tachycardia, cardiac 
arrhythmias, and cardiac murmur (atrioventricular valve 
insufficiency) or signs of Clip such as peripheral edema, 
ascites, and diarrhea. Clinical signs attributable to tumor 
involvement of the endocardium (e.g., obliteration of a car¬ 
diac chamber, valvular obstruction or damage, embolic 
showering) are rare in large animals. 

Tumor involvement of other organ systems and tissues 
can be manifested by lymph adenopathy, peripheral edema, 
diarrhea, melena, rectal palpation of abdominal masses, 
dysphagia, tachypnea, or pleural effusion. 

II Clinical Pathology. Cardiac tumors present no consistent 
clinicopathologic feature. The complete blood count from 
horses or cattle with lymphosarcoma may reveal neoplastic 
lymphocytes. The absence of leukemic changes does not rule 
out lymphosarcoma, Cattle with lymphosarcoma may test 
positive for fecal occult blood. A serum chemistry profile 
may reveal nonspecific changes such as hypoalbuminemia, 
hyperglobulinemia, or elevated liver enzyme concentrations, 
depending on the other organ systems affected by the tumor 
or the animal's debilitation. Diagnosis of the cardiac tumor 
is based on histopathology of tumor tissue. Tumor cells 
may be found in pericardial or pleural fluid or adjacent 
lymph nodes. Serologic evidence (agar gel immunodiffusion 
or radioimmunoassay) of BLV infection does not confirm a 
diagnosis of lymphosarcoma, but a negative test result 


virtually rules out the adult or enzootic form of lymphosar¬ 
coma in cattle. No evidence of BLV infection will be found 
in cattle or horses with the thymic form of lymphosarcoma. 
If electrocardiographic evidence of cardiac tumors is pres¬ 
ent, it is nonspecific. Cardiac tumors may produce cardiac 
arrhythmias; reduce ampl itude of the QRS complexes; or alter 
the normal appearance of the P, QRS, and T complexes. Two- 
dimensional echocardiography or an ultrasound examina¬ 
tion of die lungs or pleura may show evidence of the cardiac 
tumor by providing direct evidence of abnormal echogenic 
masses involving the heart or surrounding tissue, abnormal 
fluid accumulation, or myocardial functional changes. The 
ultrasound findings can determine if there are any masses that 
can be safely biopsied to confirm the diagnosis. 

Radiographs may provide evidence of cardiac tumors by 
showing abnormal soft-tissue densities in the thorax that 
obscure the cardiac silhouette or the ventral lung borders. 

II Pathophysiology, The most common cause of cardiac 
tumors in cattle, lymphosarcoma, has a predilection for the 
right atrial myocardium. Right ventricular myocardial involve¬ 
ment is not uncommon; left atrial or left ventricular involve¬ 
ment is rarer. Involvement of the right side of the heart may 
result in little or no evidence of heart disease. More commonly 
the myocardial involvement results in dilation of the chamber 
involved. As a consequence, the tricuspid valve ring may be 
dilated, and tricuspid val ve insufficiency occurs, father because 
of chamber enlargement or infiltration of the myocardial con¬ 
duction system, cardiac arrhythmias may develop. Myocardial 
function may be impaired, so that signs of right-sided heart 
failure become apparent, including tachycardia, peripheral 
edema, jugular venous distention or pulsations, pericardial 
or pleural effusion, hepatic congestion, and ascites. 

II Epidemiology. Cardiac tumors are rare in large animals. 
The most common cause in cattle is lymphosarcoma. 
Although more than 50% of cattle in some parts of the 
United States are infected with BLV, less than 1% develop 
lymphosarcoma. 198 ' 199 In herds with more than 50% of cat¬ 
tle infected with BLV, the incidence of lymphosarcoma may 
be higher. Cardiac involvement is common in cattle with 
the adult or enzootic form of BLV, a disease that occurs 
most commonly in cattle over 4 years old. Thymic lympho¬ 
sarcoma, which is not associated with BLV infection, also 
involves the heart but is much less common, occurring in 
cattle under 30 months of age. 

Lymphosarcoma, mesothelioma, and squamous cell car¬ 
cinoma probably are the most common causes of neoplastic 
involvement of the equine heart, but the prevalence is not 
documented. 

II Necropsy Findings , Necropsy fmdmg$ depend on the 
type of cardiac tumor Direct involvement of the myocar¬ 
dium with lymphosarcoma is associated with finding dif¬ 
fuse infiltration by a pale, tan, homogenous tissue that 
frequently causes enlargement of the cardiac chamber. 
Involvement of the right atrium {Fig, 30-24) is the most 
common manifestation of adult enzootic BLV, but any area 
of the myocardium and pericardium may be involved, 
Intracavitary extension of the tumor may be evident (see 
Fig. 30-24). Histologic evaluation of the tumor shows dif¬ 
fuse infiltrates of lymphoblastic cells that obliterate the nor¬ 
mal architecture of the myocardium. 

Other tumors such as fibrosarcoma, squamous cell carci¬ 
noma, pulmonary carcinoma, thymic lymphosarcoma, and 
mesothelioma (Fig. 30-25) may involve the heart by exten¬ 
sion or metastasis from other sites in the thorax. 
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FIG. 30-24 II Postmortem photograph 
of a cow with lymphosarcoma demon* 
Heating right atrial myocardial infiltra¬ 
tion by a tumor and mansion of the 
tumor into the atrial lumen. 




FIG. 36-25 IB Postmortem photograph of a horse with pericardial meso¬ 
thelioma Notice the huge heart base tumor mass, along with several smaller 
masses. 


II Treatment and Prognosis. No definitive treatment exists 
for neoplasias involving the heart, and the prognosis for sur¬ 
vival is poor. Death can be expected within 6 months with 
most cardiac tumors. Lymphosarcoma of the heart in cattle 
has a grave prognosis and is usually associated with death 
within a few months. Short-term improvement has been 
achieved in cattle with lymphosarcoma treated with a com¬ 
bination of corticosteroids, 1-asparaginase, and cytotoxin, 
Thorascopic pericardiotomy has been used as a palliative 
treatment in a cow with pericardial lymphoma. 200 

II Prevention and Control , The prevention and control of 
RLV can be accomplished by isolation of BIV-positive and 
BLV-negative animals; use of individual or sterilized supplies 
such as needles, rectal examination sleeves, tattooing, dehorn¬ 
ing, and ear*tagging equipment on each animal; rigorous 
attention to a vector control program; and feeding colostrum 


from serologically negative cows only. 1 **' 201 Frequent testing 
(at least every 6 months) and isolation of serologically posi¬ 
tive animals over 6 months of age should be performed. 

Prevention and control of other cardiac tumors is not 
possible. 


VASCULAR DISEASE: ANEURYSMS, 
THROMBOSIS, EMBOLISM 

II Definition and Etiology, Aneurysms, which are vascular 
dilations, develop from weakening of the medial elastic coat 
of blood vessels. The medial weakness may be primary or 
caused by a progression of an intimal atherosclerotic lesion 
that has enlarged from hemorrhage, calcification, ulcera¬ 
tion, and thrombus formation. The specific causes of aneur¬ 
ysms in large animals are unknown, but trauma (internal or 
external), sepsis, parasite migration, degenerative vascular dis¬ 
ease, atherosclerosis, or aging changes (dilation, elongation, 
and loss of elasticity of blood vessels) may play a role. 202 204 
Congenital aneurysms of the sinus of Valsalva have been 
reported in horses, 205 ' 209 Hypertension can accelerate the 
degeneration of the wall. 

Til ro mhos is is the formation of a dot that obstructs 
blood flow in the circulatory system. The causes of throm¬ 
bosis are numerous and include trauma, venous stasis, 
and catheterization for administering medication or fluids. 
Needle penetration, indwelling catheters, thrombogenit so¬ 
lutions, or bacterial contamination can cause thrombosis 
associated with catheterization. Secondary thrombosis can 
result from perivascular inflammation caused by cellulitis, 
lymphangitis, or other sources of bacterial invasion around 
the blood vessel. Mural thrombi, which occur in cardiac 
chambers dilated from valvular regurgitation or chronic 
atrial fibrillation in humans and which are associated with 
low-flow states, also may occur in large animals, although 
they have been rarely diagnosed antemortem. Thrombosis 
usually occurs when intimal disease is present, but it 
may occur in arteries with no intimal disease when a 
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hypercoagu table stale exists such as with dehydration, endo- 
toxemia, anemia, hypotension, stress, or stasis. 210211 This 
type of thrombosis is frequently a complication of acute 
infectious disease (particularly acute toxic enteritis or coli¬ 
tis), neoplasia, or any chronic debilitating disease. 

An embolism is foreign material carried in the blood¬ 
stream, Emboli frequently arise from an arterial or venous 
thrombus, but unusual emboli include catheters and other 
foreign bodies inadvertently introduced into the circulatory 
system. In large animals, emboli occur most commonly in 
bacterial endocarditis, thrombophlebitis, omphalophlebitis, 
and parasitic arteritis. Emboli may also originate from 
detachment of mural thrombi in other forms of cardiac dis¬ 
ease such as chronic atrial fibrillation and valvular heart dis¬ 
ease. Aortoiliac thromboembolism has been reported as a 
complication of valvular endocarditis in a calf and mural 
endocarditis in a cow. 212 213 


II CffrriaiJ Signs and Differential Diagnosis , Sites of 
thrombosis associated with thrombophlebitis are likely to 
have pain, swelling, redness, and palpable thickening of 
the involved vein. These signs frequently occur within 12 
to 24 hours after catheter removal when the thrombus is 
associated with catheterization. If there is bilateral jugular 
venous thrombosis, sudden, marked swelling of the head 
may occur. If the thrombosis involves the terminal aorta 
and iliac arteries in horses, the signs are frequently a vague 
hindlimb lameness, exercise intolerance, or poor perfor¬ 
mance, These nonspecific signs make it necessary to rule 
out lameness from other causes, cardiac disease, or respira¬ 
tory problems. Failure to ejaculate has been reported in 
breeding stallions with aortoiliac thrombosis. 214 Aortoiliac 
thrombosis in horses also is characterized by heavy sweat¬ 
ing after exercise, except over the hindlimbs, which are cool 
With severe aortoiliac thrombosis the affected limb can be 
cool to the touch at rest or can be cold with no palpable 
femoral arterial pulse. Saphenous vein rilling is slow or 
nonexistent in affected horses, and the metatarsal and other 
peripheral arterial pulses of the hindlimbs are weak. Rectal 
examination may be normal; or weak, absent or asymmet¬ 
ric iliac pulses may be palpated. Fremitus of the Iliac arteries 
or terminal part of the aorta may be palpated. The terminal 
part of the aorta may feel larger or firmer than normal, or 
an aneurysmal dilation may be detected. Similarly with ver¬ 
minous arteritis of the cranial mesenteric artery, a thick¬ 
ened, dilated cranial mesenteric artery or aorta may be 
palpated that may be firmer than normal and have a weak 
pulse, or fremitus may be palpated. In calves with aortic 
or aortoiliac thrombosis weakness, lameness, knuckling, 
paresis or paralysis of the hindlimbs, inability to rise, and 
cold hindlimbs lacking a femoral arterial pulse have been 
described. 2 ' 2 - 215217 

The signs attributable to embolism and thrombosis may 
be identical. Embolism usually is manifested by an acute 
episode of pain or fever, abnormal pulsation in a peripheral 
vessel, or a change in skin temperature. If there is peripheral 
vessel showering, superficial veins may be collapsed, and 
muscular weakness may be present. Embolic showering 
usually occurs in animals suspected of having or known to 
have thrombus formation. 

Clinical signs associated with an aneurysm depend on 
the location of the aneurysm and may vary from being 
asymptomatic, to being a noticeable enlargement or mass 
associated with a blood vessel, to causing colic, syncope, 
seizures, or sudden death on rupture. In a peripheral artery 
a pulsatile, expansile mass may be visualized or palpated. 
Other considerations for this rinding are a false aneurysm 
and an arteriovenous fistula, A false aneurysm is clinically 


indistinguishable from a true aneurysm but can be distin¬ 
guished ultrasonograph [tally. A false aneurysm is caused 
by a break in the continuity of all three coats of the arterial 
wall rather than in the tunica media alone. This results in 
extravascutar accumulation of blood in adjacent tissues. 
Signs attributed to low blood flow such as tameness, colic, 
or edema may be present with arterial aneurysms. Aneur¬ 
ysms of the cranial mesenteric artery frequently are mani¬ 
fested as chronic episodes of colic. With involvement of 
major cardiac vessels there may be pain, an auscultable 
heart murmur, rapid tachycardia, signs of CHF, acute onset 
of pulmonary edema, or sudden death when the aneurysm 
ruptures. The latter signs make aneurysms difficult to distin¬ 
guish from valvular heart disease or cardiomyopathy. One 
cause of an aonicocardiac fistula in horses is the result of 
rupture of an aneurysm of the sinus of Valsalva. 205 209 

If Clinical Pathology, Aneurysms or pseudoaneurysms may 
be visualized radiographically as soft-tissue density masses 
continuous with a vessel wall (true aneurysm) or extending 
outward from a vessel wall (false aneurysm). 203 ' 204 However, 
the majority of the aneuiysms involving the aorta and aortic 
root are not visible radiographically. Echocardiography is 
useful in the diagnosis of aneurysms involving the aortic 
root (Fig. 30-26). 206 ' 209 Angiography can be used in the diag¬ 
nosis of peripheral vessel swelling or suspected thrombosis 
but is of little use in diagnosis of aneurysms of major vessels 
in adult animals. Ultrasonography may be used for the 
diagnosis of aneurysms or thrombosis of major arteries 
and peripheral vessels. In aortoiliac thrombosis of horses, 
ultrasound has been used to determine the origin of the 
thrombus and the extent of occlusion of the involved 
arteries (Fig. 30-27), 218 Abdominal ultrasonography of 
the upper left flank dorsal to the left kidney has been 
used to diagnose aortoiliac thrombosis in calves. 215 Diag¬ 
nostic ultrasound has been used to detea thrombi in the 
caudal vena cava in cattle. 219 - 230 Although the occluding 
thrombus is not imaged, the detection of a distended oval 
or round caudal vena cava, rather than the normal triangular 
vessel, in the eleventh and twelfth intercostal spaces is con¬ 
sistent with this diagnosis in cattle. Thrombi have been 
deteaed ultrasonographically in the hindlimb in both horses 
and cattle. 22 ' 224 Jugular vein thrombophlebitis has also 



FIG, 30-26 fl Two-dimensional echoed rdiogram of a horse with a ruptured 
sinus of Valsalva aneurysm. Not the defect in the right side of the aorta at the 
sinus of Valsalva (uerried/ dime) extending into the right atrium (hmiztmbil 
the right atrium (RAJ, right ventricle (RV), left ventricle (XV), left atrium 
(LA), and aorta (AO) can be seen in this left ventricular outflow tract view. 
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FIG. 30-77 It Transvene lonogr-im of a Urg*- somewhat heirfQgrrtcous 
thrombus (arrow) in ihe termtnjil portion of the .inn a extending into the 
right internal and external iliac arteries. 


been diagnosed ultrasonographically in both horses and cat¬ 
tle (Fig, 30-28). 225226 Similarly, diagnostic ultrasound has 
been used to image the cranial mesenteric artery, its 
branches, and the aorta in hones with verminous arteritis . 227 
Aneurysms appear as dilated vascular structures or vascular 
outpouching* continuous with the vessel wall 304 whereas a 
thrombus is apparent as a hypoechoic to ethogenic mass 
within a blood vessel. 236 Cavitation of an occlusive thrombus 
is suggestive of septic thrombophlebitis (see Fig. 30-28), 
whereas a nonseptic thrombus usually has a homogeneously 
hypoechoic to echoic appearance. 226 Complete occlusion of 
the vessel can be determined ultrasonograp hi tally, or flow 
within an aneurysm or alongside a thrombus determined. 
Doppler ultrasound provides a more sophisticated method 
for determining blood flow and vessel patency. Computer- 
assisted radiographic techniques such as computed tomogra¬ 
phy and digital subtraction angiography may also be useful 
but have not yet been widely used in large animals. The latter 
methods may be limited in usefulness by the size of large 
animals and the cost of the equipment and procedures. 

In the case of catheter-associated thrombosis, a positive 
catheter tip culture (>1G' colony-forming units), along with 
a positive blood culture, provides evidence of septic thrombo¬ 
phlebitis, 22 * An aseptic ultrasound-guided aspiration of the 
cavitary lesion within a heterogeneous thrombus can be per¬ 
formed, and the aspirate submitted for culture and sensitivity 
testing, 22 * Septic thrombophlebitis from any cause or embolic 



FIG* 30-71 II Sonogram of ih* left ingular vrin from a horse with septic 
thrombophJfbim Mote the civiury appearance in the center of the ihmm 
bus. consilient with infection 


showering of septic thrombi may be accompanied by neutro* 
phi tic leukocytosis and elevation in fibrinogen concentration. 

II Pathophysiology* Irritation of the intimal lining of a 
blood vessel, stasis of blood flow, or the existence of a 
hypercoagulable stale triggers the clotting cascade and sets 
the stage for the development of thrombosis. Further injury 
causes hemorrhage, more thrombosis, ulceration, and calci¬ 
fication. These in turn can compromise the media of the 
vessel, predisposing to aneurysm formation, and impinge 
on the lumen of the vessel, causing obstruction to blood 
flow Either aneurysm or thrombosis can occlude blood 
flow to vital structures or organs, resulting in ischemia. 

Thrombosis in any sizable vein causes venous hyperten¬ 
sion, passive congestion, and subsequent edema and pain 
of the structure. As the thrombus matures, it adheres to the 
wall more, but with clot retraction and lysis, recanalization 
may occur. However, parts of the thrombus may protrude 
into the moving bloodstream and serve as the source of 
embolic showering, even during thrombus organization. 
The most common site for an embolus to lodge has not been 
established in large animals; the femoral and iliac arteries are 
common locations in humans. Emboli usually lodge at bifur¬ 
cations, where the caliber of the artery is suddenly reduced. 

The most common outcome of aneurysm of a major ves¬ 
sel is thought to be rupture. Rupture of sinus of Valsalva 
aneurysms into the right atrium, right ventricle, and inter¬ 
ventricular septum has been reported in the horse. 206 2011 
Ventricular tachycardia often occurs with rupture of an aor¬ 
tic sinus of Valsalva aneurysm and dissection into the inter¬ 
ventricular septum. 207200 Unruptured aneurysms may have 
other complications such as thrombosis or embolization of 
the thrombus. The frequency of rupture or embolic shower¬ 
ing from thrombosis is unknown in animals. 

II Epidemiology. The significance of thromboembolism in 
large animals is poorly defined Spontaneous thromboem¬ 
bolism is most commonly associated with parasitism in 
horses, and the aorta and cranial mesenteric arteries are 
the sites most frequently involved. 229 Aortoiliac thrombosis 
is also a recognized syndrome diagnosed most frequently in 
heavily exercised horses. Although parasitism has been asso¬ 
ciated with aortoiliac thrombosis in horses, other causes of 
this syndrome are probable but have not been elucidated. 
Ihrombotic disease can occur in any animal having 
repeated intravenous injections or being catheterized for 
administration of medication or fluids but is particularly' 
common in horses with acute toxic enteritis or colitis. 

Arteriosclerosis is recognized in horses and in cattle. In 
cattle the lesion is most frequently caused by excessive vita¬ 
min D* supplementation or by ingestion of caldnogenic 
plants such as Solatium malacQxybn, Cestrum diurnum, or Tri- 
serum fltivescens. 2 *® In horses the arteriosclerotic lesions were 
caused by lesions induced by Slrongy/us uulgdris. 211 

Aneurysms are uncommon in large animals but have been 
documented as the cause of sudden death in breeding stallions 
and racing thoroughbred and standardbred horses 206 - 231 
Aneurysms of the sinus of Valsalva ate probably a common 
cause of aortic rupture in older horses and are probably 
congenital in horses, as they are in humans. 20 ** 20 * 1 Aortic root 
rupture also occurs with the presence of a preexisting aneurysm 
and has been associated with medial necrosis of the aorta, 

II Necropsy Findings . Aneurysms are detected grossly as 
dilations of the involved blood vessel. Aneurysms of the 
sinus of Valsalva are characterized by an absent tunica 
media in the wall of the aorta, causing the aneurysmal dila¬ 
tion .^ms joe Rupture of a sinus of Valsalva aneurysm may 
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occur into the right atrium, right venuide (Fig. 30-29)* or 


interventricular septum* resulting in an aortic cardiac fistula 
and volume ovcrioad ^ 201 Rupture through the tricuspid 
valve or chordae tendineae may also occur. Subendocardial 
dissection of blood down the interventricular septum may 
occur* with subsequent rupture into the left ventricle and 
of the mitral chordae tendineae also reported. Aneurysms 
of the major vessels leaving the heart may involve more than 
one vessel by dissection and hemorrhage. Aneurysms may 
contain thrombi or parasites, and there may be evidence of 
embolic showering of thrombi into peripheral vessels or 
other organ systems, especially the lungs. Histologically there 
may be necrosis and inflammation at the site of the aneurysm 
with foci of mineralization. 

Thrombosis and arteriosclerotic lesions are recognized as 
rounded, well-demarcated fibrous plaques frequently located 
in the thorade and cranial abdominal aorta (Fig. 30-30). 
The plaques may contain a central calcified core or parasitic 
larvae. Microscopically there is a thin layer of fibrin, platelets* 
and inflammatory cells in early lesions* whereas older lesions 
have a greater fibrous component Thrombotic lesions may 



FIG. 30-29 II Ruptured sinus of Valsalva aneurysm in a horse with acute 
onset of colic and right-sided congestive heart failure The large aneurysm 



FIG, 30-30 It Ascending aorta im m a hone that experienced an acute 
onset of uniform ventricular tachycardia after exercise and died within 3 
hours of onset. Notice the irregular calcified surface of the aorta, consistent 
with atherosclerosis 


be associated with proliferation of the underlying aortic 
inhma In horses, parasitic Larvae may be found. 


II Treatment and Prognosis. Aneurysms of major vessels 
carry a guarded to grave prognosis because surgical correc¬ 
tion is rarely attempted and spontaneous rupture is thought 
to be relatively common. Intact aneurysms of the sinus of 
Valsalva can be detected echocardiographically, and once 
an aneurysm has been detected* the horse should be 
removed from all athletic competition because of the risk 
of rupture. 205 

Treatment of thrombosis consists of removal of the cath¬ 
eter* if present, and resting the affected vessel. Warm com¬ 
presses or hydrotherapy may be helpful in some animals. 
Support wraps may be useful to control swelling. The effec¬ 
tiveness of anticoagulant therapy (aspirin at 100 mg/kg 
once daily PO or heparin at 30 ll/kg SC twice daily) or anti¬ 
inflammatory drugs for dissolving a thrombus is question¬ 
able. Anticoagulant therapy may be useful in preventing 
additional thrombus formation or propagation of the exist¬ 
ing thrombus. Ultrasonographic guidance can be used to 
obtain a sterile aspirate of the cavitated area of the thrombus 
for culture and sensitivity testing when septic thrombo¬ 
phlebitis is suspected. 22 * Broad-spectrum bactericidal anti¬ 
microbial therapy should be instituted for suspected septic 
thrombophlebitis or when a cavitated thrombus is detected 
ultrasonographically and modified, if necessary, based on 
the results of culture and sensitivity testing. 236 Bacterial 
endocarditis, particularly involving the tricuspid valve* is 
a potential complication of septic jugular vein thrombo¬ 
phlebitis With the exception of a jugular venous thrombus, 
surgical removal of an embolism or thrombus is rarely 
attempted in large animals Surgical resection of a jugular 
vein with septic thrombophlebitis has been performed suc¬ 
cessfully when the surgeon could ligate the affected vein 
above and below the thrombus. Although the prognosis 
for complete resolution of the thrombophlebitis is guarded, 
especially if the thrombus is infected, many veins do recan- 
nulate with complete resolution of the thrombus and with¬ 
out vascular stricture. However, the time course is slow, and 
persistent local induration and obstruction to blood flow 
may persist. 


VI Prevention and Control. Thrombosis and embolization 
from intravenous catheters can be prevented by aseptic inser¬ 
tion* stabilization of the catheter use of topical antiseptics* 
application of a sterile dressing* daily inspection of the cathe¬ 
ter and vein* and replacement of the catheter at another site 
(preferably in another vein) if phlebitis occurs Attempts 
should be made to place long-term catheters in large periph¬ 
eral or central veins, where contact between the endothelium 
and catheter is minimized and medications administered are 
diluted by the large volume of blood flow Catheters left in 
place for prolonged periods should be of silicone rubber or 
polyurethane. 22 ® Aspirin (100 mg/kg PO once daily* rumi¬ 
nants; 1 7 mg/kg every other day, horses) and low-dose hepa¬ 
rin (30 ll/kg SC twice daily, ruminants and horses) therapy 
should be considered in maintaining a catheter without 
thrombus formation in septic or endotoxic patients. Horses 
are much more prone to jugular thrombosis than are 
ruminants. 

Parasite control is important in the control of throm¬ 
boembolic disease and aneurysm in horses. Aneurysms 
of the sinus of Valsalva may be detected by routine 
echocardiographic screening of horses. In cattle, arterio¬ 
sclerotic lesions are prevented by proper calcium and 
vitamin D supplementation. 
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ATRIAL FIBRILLATION 

II Definition and Etiology. Atrial fibrillation is a cardiac 
arrhythmia characterized by a lack of coordinated atria! 
electrical activity. It is caused by an abnormality of impulse 
conduction that results from unidirectional conduction 
block and random reentrant activation of the atria. High 
resting vagal lone, commonly found in horses, shortens 
the action potential duration in atrial myocardial cells, 
making atrial fibrillation more likely to occur. Atrial fibrilla¬ 
tion can occur in the presence of atrial enlargement from 
atrial myocardial disease, atrioventricular valvular regurgita¬ 
tion. ventricular failure (organic atrial fibrillation), myocar¬ 
ditis. endocarditis, autonomic nervous system imbalance, 
electrolyte or acid-base disturbances, anesthetic drugs or 
tranquilizer administration, or unknown causes (functional 
or benign atrial fibrillation). 


Iff Clinical Signs and Differential Diagnosis . Large ani¬ 
mals with atrial fibrillation may be asymptomatic at rest 
and atrial fibrillation may be detected as an incidental 
finding in an otherwise normal horse. Horses that perform 
in rigorous athletic events usually have a history of exercise 
intolerance or poor performance. Other complaints may be 
exercise-induced epistaxis, respiratory disease, weakness, 
syncope, myopathy, colic or CHF, Carrie with atrial fibrilla¬ 
tion usually have gastrointestinal disease, 232 - 3 * 3 Atrial pre¬ 
mature depolarizations have also been reported in cattle 
with gastroIntestinal disease and may be a prelude to the 
development of atrial fibrillation. 233 Foot rot, pneumonia, 
and endocarditis also have been associated with atrial fibril¬ 
lation in tattle Anorexia and decreased milk production are 
common in cattle with atrial fibrillation. Atrial fibrillation 
and the clinical signs associated with it in horses and in cat¬ 
tle can be paroxysmal. Paroxysmal atrial fibrillation usually 
lasts no more than 24 to 48 hours before spontaneous con¬ 
version to sinus rhythm occurs. 234 Spontaneous conversion 
usually occurs only in horses with small atria or in cattle 
with correction of the underlying problem, 't ransient potas¬ 
sium depletion associated with the administration of furo- 
semide is a common cause of paroxysmal atrial fibrillation 
in horses The administration of bicarbonate "milkshakes" 
has also been implicated in horses with paroxysmal atrial 
fibrillation. 

Animals with atrial fibrillation have an irregularly irreg¬ 
ular cardiac rhythm. In horses with atria! fibrillation, there 
is a high degree of underlying periodicity, 235 The heart 
sounds vary in intensity, and no fourth heart sound is 
audible. The bean rate may be slow, normal, or elevated. 
In cattle with severe abdominal disease, the heart rate 
usually reflects the severity of the underlying disease. 
In horses the resting heart rate is usually normal to slightly 
elevated and is rarely above 50 beats/min, unless there is 
underlying myocardial or valvular disease. During exercise, 
horses with atrial fibrillation develop abnormally high 
heart rates that are usually 40 to 60 beats/min higher than 
expected for each level of exercise, far exceeding 
the peak heart rate of 240 beats/min at maximal exer- 
rise. 236 - 157 The arterial pulse varies in intensity. A pulse def¬ 
icit occurs when two beats occur in rapid succession and 
is infrequent unless the heart rate is elevated. Cardiac 
murmurs of grade 3/6 or louder are present in less than 
50% of the horses and in even fewer cattle with atrial fibrilla¬ 
tion. 23 ^ 24 ^ Signs of CHF (peripheral edema, jugular venous 
distention) may be present in some animals, but they are 
not caused by the arrhythmia. In these cases the atrial fibrilla¬ 
tion occurs secondary to the atrial enlargement that occurs 
with the underlying valvular or myocardial disease. 


The lack of an auscuhable fourth heart sound in the 
presence of an irregular cardiac rhythm with no underly¬ 
ing regularity distinguishes atrial fibrillation from other 
cardiac arrhythmias Sinus arrhythmia, which is also an 
irregular rhythm, has an audible fourth heart sound. 
Vemricular and atrial ectopic beats usually occur with a 
relatively regular underlying rhythm. A complicated ven¬ 
tricular rhythm with more than one focus of activation 
may have characteristics similar to those of atrial fibrilla¬ 
tion and must be distinguished from it by an EGG. Atrial 
tachycardia with varying degrees of atrioventricular block 
has similar characteristics, and the underlying fourth heart 
sounds may be missed if the animal is auscultated in a 
noisy environment 


tl Clmtcal Pathology. In cattle with atrial fibrillation, arid- 
base and electrolyte disturbances occur frequently and are 
most likely attributable to the underlying primary disease. 
Most cattle with atrial fibrillation have gastrointestinal disease, 
and the most consistent arid-base disturbance is metabolic 
alkalosis. 240 Hypocalcemia, hypokalemia, and hypochloremia 
may also be seen in cattle with atrial fibrillation. Experimental 
induction of metabolic alkalosis with hypokalemia in cattle 
has been associated with the development of atrial fibrilla¬ 
tion, 241 Most horses with atrial fibrillation have normal elec¬ 
trolytes, although the fractional excretion of potassium may 
be low, particularly in horses that sweat excessively or are 
routinely receiving furosemide for exercise-induced pulmo¬ 
nary hemorrhage 

The diagnosis of atrial fibrillation is made by EGG. The 
arrhythmia is characterized by an irregular R-R interval. The 
ventricular response rate is low, normal, or high, depending 
on the presence of heart disease or the severity of the pri¬ 
mary disease. The ventricular complexes have normal polar¬ 
ity and amplitude but vary slightly in appearance from beat 
to beat. Similarly, the QT interval and the appearance of the 
T wave vary, P waves are absent, replaced by fine undula¬ 
tions of the baseline called fibriUatkm or / waves. In some 
leads the f waves are barely visible, particularly in cattle 
(Fig. 30-31). 

The echocardiogram is used to determine whether car¬ 
diac disease is present. The most significant change asso¬ 
ciated with the arrhythmia is a mild reduction in 
shortening fraction (24% to 32%) that occurs, in part, sec¬ 
ondary to the loss of the atrial contribution to ventricular 
filling, 242 Absence of the second (atrial) opening of the 
mitral valve, corresponding to atrial contractions, is also 
detected with atrial fibrillation. 243 Conversion to sinus 
rhythm usually results in these echocardiographic findings 
returning to normal within several days, if there is no 
underlying myocardial disease. 242 - 244 Similar findings were 
reported in horses with mitral and aortic regurgitation after 
conversion to normal sinus rhythm. 244 In many large ani¬ 
mals with atrial fibrillation, no evidence of heart disease 
can be detected echocardiographicalty; these animals are 
often considered to have "lone" atrial fibrillation. Abnormal 
echocardiographic dimensions, if detected, indicated that 
underlying heart disease is present. Measurement of the 
maxima] Left atrial dimension in the two-chambered view 
of the Left atrium and left ventricle from the left cardiac win¬ 
dow should be performed to determine whether there is left 
atrial enlargement This measurement is a more sensitive 
indicator of left atrial enlargement than the left atrium- 
to-aortic root ratio In normal horses the left atrial diameter 
in this view should be less than or equal to 13.5 cm. 

Cardiac catheterization reveals normal cardiac output 
and blood pressure measurements in most conscious horses 
with atrial fibrillation, but conversion to normal sinus 
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FIG, 30-11 II ECGs showing alrial fibrillation in a horse (A) and cow (B). The irregular QT intervals and absence of P waves are apparent. Anuies point to 
fibrillation waves, which are apparent only In A, 


rhythm may induce a reduction in mean right atrial pulmo¬ 
nary arterial, and aortic pressures. 245 Similar studies have 
not been reported in cattle, 

IB Pathophysiology, Experimentally rapid stimulation of 
the atrium can initiate atrial fibrillation, which can be sus¬ 
tained if the animal has a large heart and sufficient vagal 
tone, 233 ' 246 ’ 249 In horses and cattle the normal atria may 
be large enough to support atrial fibrillation once it is estab¬ 
lished. In addition, both species have a high vagal tone at 
rest. This combination of factors may be responsible for 
the large number of benign or functional cases of atrial 
fibrillation in large animals. The ventricular response during 
atrial fibrillation results from rate-dependam concealment 
of atrial fibrillation wavelets bombarding the AV node. 215 
Cardiac diseases such as endocarditis, atrioventricular valvu¬ 
lar regurgitation, and CHE that result in atrial enlargement 
and rapid stimulation of the atria provide a setting in which 
atrial fibrillation can develop and can be sustained natu¬ 
rally. Microscopic cardiac pathology might also create the 
proper setting for the development of conduction block 
and reentry. 

During atrial fibrillation there is no coordinated contrac¬ 
tion of the atria; thus ventricular filling is passive. Although 
this might be expected to reduce cardiac output, there is no 
evidence that this occurs in resting horses without concur¬ 
rent mitral or aortic regurgitation. 245 In horses with aortic 
regurgitation (n = 2) or aortic and mitral regurgitation 
(n — 3), a decreased cardiac output was detected compared 
with horses without valvular insufficiencies before conver¬ 
sion. 244 The cardiac output increased significantly in warm- 
blood horses with valvular regurgitation after conversion. 
During exercise, however, the heart rate of horses with atrial 
fibrillation exceeds normal limits, often by 40 to 60 beats/ 
min for each level of exercise. This results in a decreased car¬ 
diac output and the resultant exercise intolerance that 
occurs in horses performing high-intensity athletic work. 136 
Blood flow to other organs and viscera, although not stud¬ 
ied, may be altered in large animals with atrial fibrillation, 
resulting in reduced gastrointestinal motility, colic, reduced 
muscle blood flow, and poor milk production. 

Atrial pressures are elevated in horses with atrial fi b fil¬ 
iation. 24 5 - 2 sn Sustained high pressure is likely to produce 
dilation of the atria. With progressive dilation, secondary 
atrioventricular valve regurgitation may occur. During atrial 
fibrillation blood flow to the atrial myocardium is reduced, 
and progressive fibrosis can also be a consequence of 
chronic atrial fibrillation. Sustained atrial fibrillation may 


result in progressive cardiac disease, although it is usually 
well tolerated in the horse. 

It Epidemiology . Standardbred, thoroughbred, and draft 
horses have been reported to have the highest incidence of 
atrial fibrillation. 137 239 Racehorses have been diagnosed 
most frequently, but atrial fibrillation has been found in 
all types of horses. 23a - 239 - 244 Horses of all ages are suscepti¬ 
ble to atrial fibrillation; however, atrial fibrillation occurs 
infrequently in ponies, foals, weanlings, and yearlings. 
Older horses, ponies, foals, weanlings, and yearlings with 
atrial fibrillation more frequently have underlying heart dis¬ 
ease associated with the arrhythmia. 

In cattle, atrial fibrillation is diagnosed more frequently in 
dairy cattle than in beef cattle, but there is no apparent breed 
predilection. 232 240 It is commonly associated with gastroin¬ 
testinal disease or abdominal pain in cattle. 332 - 233 * 240 Foot 
rot and pneumonia can also be associated with the develop¬ 
ment of atrial fibrillation in cattle, 

II Necropsy Findings. Many cattle and horses have "lone" 
atrial fibrillation without apparent underlying heart disease, 
so the necropsy findings reflect the primary disease Micro¬ 
scopic cardiac pathology has been found in horses with 
atrial fibrillation that consists of focal atrial myocardial 
fibrosis, microvascular alterations, and cardiac nerve ab¬ 
normalities. 251 ’ 253 Multifocal or large areas of myocardial 
fibrosis were delected in dairy cows with idiopathic atrial 
fibrillation. 254 Whether these changes predisposed to the 
development of atrial fibrillation, were a consequence of 
atrial fibrillation, or are aging changes has not been estab¬ 
lished, A minority of horses and cattle have endocarditis, 
CHF, or valvular lesions; and the necropsy findings ref]eel 
these conditions, hi horses with atrial fibriUation, mitral 
valve disease was the most common valvular lesion. 230 
Pharmacologic and transvenous electrical cardioversion are 
both options for conversion of atrial fibrillation to normal 
sinus rhythm in horses. 239 - 255 ' 262 

II Treatment and Prognosis. Quinidine is the drug of 
choice to convert atrial fibrillation to normal sinus rhythm 
in horses and cattle. The drug is a negative inotrope at high 
dosages, causes systemic hypotension, increases the ventric¬ 
ular response rate, and can produce undesirable side effects 
and toxicity; thus it must be used with caution. In animals 
with CHF, quinidine therapy has considerable risk. 239 
Because most large animals have little or no underlying 
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cardiac pathology, treatment with qui nidine U successful in 
restoring normal sinus rhythm Treated animals should be 
monitored frequently by physical examination, with careful 
auscultation and ECG recording. Continuous ECG record¬ 
ing using radiotelemetry should be performed through¬ 
out treatment, if possible. 2M Animals should have normal 
acid-base balance and electrolyte concentrations before 
treatment. They should be adequately hydrated, allowed to 
drink and eat, or given additional oral fluids (horses) or 
intravenous fluids (cattle) during therapy. The intravenous 
administration of quinidine gluconate is successful in con¬ 
vening horses with recent-onset atrial fibrillation to sinus 
rhythm, 2 5t> Quinidine gluconate is most successful when 
administered to horses with atrial fibrillation of 2 weeks 
or less. However, quinidine gluconate had been successful 
in convening horses with atrial fibrillation of 2 to 4 weeks 
duration. Horses with longer durations of atrial fibrillation 
should be treated PO with quinidine sulfate. Quinidine is 
poorly absorbed after oral administration to cattle and so 
must be given by intravenous infusion to obtain therapeutic 
concentrations. Cattle should be given intravenous fluids 
during quinidine infusion. Quinidine therapy should 
always be discontinued when conversion to normal sinus 
rhythm occurs. 

Quinidine sulfate is the preparation most economically 
used in large animals, although quinidine gluconate has 
resulted in successful conversion of a cow with atrial fibrif 
lation. 26 * Before therapy, a baseline ECG is recorded 
Horses are given a dose of 22 mg/kg (1 g/100 lb) of body 
weight in a suspension of water via nasogastric tube. At 
2 hours (time by which blood concentration of quinidine 
should have peaked), horses are evaluated dosefy for idio¬ 
syncratic or toxic reactions such as nasal edema, cutaneous 
reactions (urticaria or wheals), laminitis, colic diarrhea, or 
ataxia. If no abnormalities are noticed, an ECG is recorded. 
If conversion to normal sinus rhythm has not occurred and 
the QRS duration is not greater than 25% of the pretreat¬ 
ment QRS duration, an additional dose is administered. 
Two hours after each dose administered via nasogastric 
intubation, an ECG is recorded. If there has been no conver¬ 
sion to normal sinus rhythm, another dose is administered, 
up to a maximum of four doses. A plasma quinidine con¬ 
centration should be obtained 1 hour after the fourth dose 
administered every 2 hours to be sure that the horse will 
be able to tolerate another dose without experiencing toxic¬ 
ity. If the QRS complex is prolonged by more than 25% of 
the pretreatment value or if a fast (more than 80 to 
100 beats/min) supraventricular arrhythmia, ventricular 
rhythm, colic diarrhea, ataxia, nasal edema or laminitis 
develops, therapy should be discontinued. Although lami¬ 
nitis is a frequently reported complication of quinidine sul¬ 
fate therapy, the actual incidence of laminitis associated 
with the administration of quinidine is rare. 25 * Nasal muco¬ 
sal edema, neurologic signs, and prolongation of the QRS 
duration to greater than 25% of the pretreatment value are 
all signs of quinidine toxicity that, if detected, should 
prompt discontinuation of the drug. Colic, associated with 
high dosages of quinidine, should also prompt discontinu¬ 
ation of treatment (at least for this attempt at conversion). 
If conversion has not occurred after a total of four to six 
doses (one every 2 hours) or after a cumulative dose of 88 
to 132 mg/kg of quinidine sulfate has been administered, 
treatment intervals should he prolonged to every 6 hours 
(half-life of quinidine). 2 ™ The every-6-hour treatment can 
be continued until the horse converts or shows toxic or 
adverse side effects or the owner elects to discontinue treat¬ 
ment. The advantage of this treatment regimen is that 
steady-state plasma and myocardial concentrations of the 
drug are achieved. There is less quinidine toxicity, a lower 


total dose of quinidine sulfate is used, and horses that did 
not convert after the standard every-2-hour administration 
may convert with this treatment regimen. Digoxin at 
0.011 mg/kg PO twice daily can then be added to the thera¬ 
peutic regimen if conversion has not occurred in 24 to 48 
hours and appears to be helpful in some horses. The con¬ 
current administration of digoxin and quinidine will result 
in increased plasma digoxin concentration. Therefore, 
digoxin concentrations should be monitored beginning 
the second day of combined quinidine and digoxin therapy 
to prevent digoxin toxicity. If this is not possible, the horse 
should not receive more than 2 days of combined digoxin 
and quinidine therapy. Transvenous electrical cardioversion 
has been very successful in converting horses to normal 
sinus rhythm and is particularly useful in horses in which 
adverse or toxic reactions to quinidine prompted discontin¬ 
uation of anti arrhythmic therapy with the result that con¬ 
version to normal sinus rhythm was not achieved, 

Quinidine sulfate at a dose of 48 mg/kg is suspended in 
4 I. of saline or lactated Ringer's solution when cattle are 
treated for atrial fibrillation This dose is administered at a 
rate of 1 L/hr. Intravenous fluids are administered simulta¬ 
neously in the opposite jugular vein. Cattle should be mon¬ 
itored continuously during the infusion Cattle frequently 
become depressed and develop diarrhea during the infusion 
of quinidine These signs are side effects, and therapy can 
be continued. The inhision rale should be slowed if the 
ventricular response rate exceeds 100 beats/min. If the 
QRS complex is visibly prolonged or a fast (more than 
120 beats/min) supraventricular arrhythmia or ventricular 
rhythm develops, therapy is temporarily discontinued, fust 
before conversion, some cattle have blepharospasm and 
are ataxic. The infusion should be discontinued as soon as 
conversion occurs. Therapy should be discontinued after 
the 4 L infusion, even if conversion to normal sinus rhythm 
has not occurred. 

During quinidine therapy the ECG shows predictable 
changes. The fibrillation waves become coarser and less fre¬ 
quent. The R-R interval becomes more regular as the heart 
rate increases. Before conversion there may be a rapid regular 
atrial rate with more than one P wave for each QRS complex 
(atrial tachycardia with atrioventricular block), At the time of 
conversion, a single P wave is present for each QRS complex, 
frequently a large T a wave is present and the ST segment is 
elevated. The ECG should be normal within 12 hours of con¬ 
version, A continuous 24-hour ECG is recommended in 
horses with atrial fibrillation after conversion to determine 
if frequent atrial premature depolarizations are present. If 
the continuous ECG is normal during the 24 hours after con¬ 
version and myocardial function has returned to normal, the 
horse can be returned to training If frequent supraventricu¬ 
lar premature exirasystoles are detected, the horse should 
be rested and treatment with corticosteroids may be consid¬ 
ered for a possible myocarditis. The horse should not be 
returned to work until the atrial premature depolarizations 
have resolved. Intravenous amiodarone and fleeainkle have 
been used to convert horses with atrial fibrillation. 261 -* 62 
However, ventricular arrhythmias were common in horses 
given (lecainide. limiting its usefulness as a treatment for 
atrial fibrillation in horses, 262 

Digoxin is used before quinidine therapy in horses and 
cattle with fast heart rates. The ventricular response rate 
should be Less than 60 beats/ min in horses and 100 beats/ 
min in cattle before quinidine therapy, One or two doses 
of digoxin are administered before initiation of quinidine 
therapy in horses with only mild tachycardia. In horses with 
very labile heart rates or problems with supraventricular 
tachycardia during a previous conversion, digoxin is adminis¬ 
tered for up to 5 to 7 days before initiation of quinidine 
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therapy. Digoxin should he administered at a dose of tl wg/ 
kg twice daily PO to horses. Cattle are given digoxin IV by 
infusion of 0 86 pg/k^hr or 11 gg/kg three limes daily. Ihe 
side effects of quin id inc treat mem such as rapid supraventric¬ 
ular tachycardia may be decreased in animals pretreated 
with digoxin, Digoxin is also indicated as a p ret real mem in 
horses with atrial fibrillation and very low FS (<24%), indie* 
alive of underlying myocardial disease. Transvenous electri¬ 
cal cardioversion should he considered in horses with high 
heart rate responses to stimulation or during prior quinidine 
therapy. 

Cattle with primary gastrointestinal disease that is treated 
successfully frequently convert to normal sinus rhythm 
spontaneously. Spontaneous conversion usually occurs 
within 5 days of resolution of the primary problem; there¬ 
fore treatment is delayed for this period, 240 Cattle that 
do not convert spontaneously in 5 days, have chronic gas¬ 
trointestinal problems, or have atrial fibrillation with 
adverse hemodynamic effects (poor peripheral perfusion, 
weak arterial pulses, pulse deficit) are selected for quinidine 
therapy. The prognosis for cattle with atrial fibrillation is 
gpod if the primary problem has been resolved and conver¬ 
sion to normal sinus rhythm occurs. Prognosis for cattle 
with chronic gastrointestinal disease is guarded but many 
show improved appetite and milk production when atrial 
fibrillation is resolved. Unless heart disease is present, few 
cattle experience a recurrence of atrial fibrillation. A small 
percentage of cattle fail to respond to quinidine therapy', 
and their prognosis is guarded to poor because milk pro¬ 
duction and appetite are intermittently poor and heart 
disease can be progressive 

Horses with paroxysmal atrial fibrillation have a good 
prognosis for return to performance, and few have a recur¬ 
rence of the arrhythmia. Predisposing factors such as tran¬ 
sient potassium depletion should be removed, if possible, 
by discontinuing the furosemide administration or adding 
oral KC1 to the diet. Oral bicarbonate milkshakes should 
be avoided. Horses with "lone" sustained atrial fibrillation 
have a good prognosis for conversion to normal sinus 
rhythm and a return to previous performance level. 25 ®- 2 ” 
Horses with sustained atrial fibrillation associated with 
mild to moderate valvular regurgitation and atrial enlarge¬ 
ment often have a recurrence of atrial fibrillation but can 
usually be successfully converted when indicated. Horses 
with heart rates greater than 60 beats/min or with signs 
of CNF have a guarded to grave prognosis, and conversion 
to sinus rhythm is rarely warranted. Treatment of the under¬ 
lying cardiac disease, if possible, is warranted, and the horse 
should be treated for CHF with digoxin, diuretics, and vaso¬ 
dilators as needed. Recurrence of atrial fibrillation and side 
effects of quinidine therapy are more frequent in horses that 
have had atrial fibrillation for longer than 4 months before 
treatment. 2 ” The recurrence rate for horses with atrial fibril¬ 
lation of greater than 4 months" duration increases to 60% 
from 25%. This may be the result of microscopic cardiac 
lesions that developed with chronic atrial fibrillation 

VENTRICULAR TACHYCARDIA 

II Definition and Etiology. Ventricular tachycardia is a car¬ 
diac arrhythmia characterized by a rapid rhythm originating 
in the ventricle. This rhythm originates below the bundle of 
His in the specialized conduction system, the surrounding 
ventricular myocardium, or both. 264 Ventricular tachycardia 
may be caused by disorders in impulse formation or 
impulse conduction or a combination of these two mechan¬ 
isms. 264 Ventricular reentry is an important mechanism in 
the genesis of sustained ventricular tachycardia, whereas 
abnormal auto mat icily is probably responsible for 


idioventricular rhythms and parasystole. Changes in auto¬ 
nomic tone may also be important in the genesis of ventric¬ 
ular tachycardia. Early afterdepolarizations are thought to 
be the mechanism responsible for ventricular tachyarrhyth¬ 
mias associated with sympathetic stimulation. Late coupled 
ventricular complexes or a very premature ventricular depo¬ 
larization are usually required to initiate ventricular tachy¬ 
cardia Ventricular tachycardia can occur when there is 
myocarditis, myocardial necrosis, fibrosis or neoplasia, bac¬ 
terial endocarditis (especially involving the aortic or mitral 
valve), autonomic nervous system imbalance, hypoxia, 
ischemia, electrolyte or metabolic disturbances, anesthesia, 
drug administration, sepsis, endotoxemia, toxic myocardial 
injury, or aortic root rupture; or it may be associated 
with other, unknown causes. 265 269 


Ifl Clinical .Signs and Differential Diagnosis. The clinical 
signs detected depend on the ventricular rale, the type of 
ventricular tachycardia (uniform or multiform), the dura¬ 
tion of ventricular tachycardia, and the severity of the 
underlying cardiac disease. 266 large animals with ventricu¬ 
lar tachycardia may be asymptomatic at rest if the rhythm 
is relatively slow and uniform, or may have severe CHF with 
rapid uniform or multiform ventricular tachycardia. 266 
Exercise intolerance is common and may be so severe that 
the animal has frequent syncope. Other complaints include 
depression, weakness, colic respiratory distress, coughing, 
ventral edema, and pulmonary' edema. Acute viral or bacte¬ 
rial respiratory disease with high fever may precede the 
development of ventricular tachycardia in horses or may 
occur concurrently with it 220 Gastrointestinal disease and 
primary myocardial disease are common in horses with 
ventricular tachycardia. 265 In cattle, ventricular tachycardia 
occurs most frequently secondary to sepsis and toxemia. 
Anorexia and decreased milk production are common in 
affected cows. 

Animals with sustained ventricular tachycardia have a 
rapid heart rate with a regular (uniform) or irregular (mul¬ 
tiform) rhythm. 271 ’ 274 Heart rates as high as 300 beats/ 
min have been detected in horses with ventricular tachycar¬ 
dia. Heart sounds vary in intensity, with some very loud 
booming sounds ("bruit de cannon"). Arterial pulse may 
be variable or uniform, with normal (slower rate) or weak 
(rapid rate) intensity pulses. Pulse deficits frequently occur, 
particularly with rapid or multiform ventricular tachycardia, 
jugular pulses are frequently delected in large animals with 
ventricular tachycardia. Ihe large pulse waves seen in the 
jugular vein are cannon "a" waves that occur when ihe right 
atrium and ventricle contract simultaneously Cardiac mur¬ 
murs are not commonly detected. Signs of CHF are usually 
present when ventricular tachycardia is rapid and sustained 
but are uncommon in animals with slower or paroxysmal 
ventricular tachycardia. 271173 Signs of right-sided CHF 
(ventral edema, venous distention) usually predominate 
with sustained uniform ventricular tachycardia and increase 
in severity 1 the longer the duration and more rapid the rare 
of the arrhythmia. Signs ©Heft-sided CHF (coughing, expec¬ 
toration of foamy fluid, respiratory' distress) usually predom¬ 
inate with multiform ventricular tachycardia. 270 

The presence of jugular pulses and de cannon" in 
an animal with a rapid regular rhythm helps distinguish 
ventricular tachycardia from sinus or supraventricular tachy* 
cardia Multiform ventricular tachycardia can be difficult to 
distinguish from atrial fibrillation, because both arrhyth¬ 
mias have an irregular rhythm with heart sounds that vary' 
in intensity. Jugular pulses may also be detected in large ani¬ 
mals with atrial fibrillation but are usually less prominent 
than in animals with ventricular tachycardia. Although large 
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animals with multiform ventricular arrhythmias usually 
have more severe clinical signs, an ECG is necessary to dis- 
linguist) these arrhythmias. 


II Clinical Pathology. Electrolyte, metabolic or toxic 
causes of ventricular tachycardia may be present in large 
animals with primaty gastrointestinal disease. Hypomagne¬ 
semia and hypokalemia has also been associated with the 
development of ventricular tachycardia. 174 Serum creatinine 
and BUN may be elevated in horses and cattle in CHF asso¬ 
ciated with prerenal azotemia. Serum osmolality, BUN, and 
creatinine increase and urine osmolality decreases acutely in 
horses with experimental monensin loxicosis, 270 - 275 Initial 
decreases in serum potassium and serum calcium have also 
been reported in these animals Marked elevations of cTnl 
have been seen in horses with ventricular tachycardia r ******* 
CTnl is a more sensitive indicator of myocardial injury in 
human beings and appears to have a similar sensitivity 
in the horse. Cardiac isoenzymes of CK and LDH are often 
elevated if there is recent myocardial injury associated with 
the ventricular tachycardia. Elevation of the myocardial 
fraction of CK (CK-MB) in excess of 5% of the total CK is 
compatible with myocardial injury in horses. 270 - 275 A neu¬ 
trophilic leukocytosis and hyperfibrinogenemia may be 
delected in animals with an infectious myocarditis or bacte¬ 
rial endocarditis or may be elevated associated with the 
primary underlying disease. In most large animals with ven¬ 
tricular tachycardia, however, the hematology is normal 
'rhe diagnosis of ventricular tachycardia is made from the 
ECG. A series of four or more ventricular premature depo¬ 
larizations is diagnostic of ventricular tachycardia. 265 - 27 ® 
The electrocardiographic appearance of the ventricular pre¬ 
mature depolarizations may be widened and bizarre, or the 
QRS duration and appearance of the QRS and T may be near 
normal, especially in horses (Fig. 30-32). 265 266 Although the 
duration of QRS complexes that are ventricular in origin is 
usually within the normal range reported for horses, it is usu¬ 
ally longer than the QRS duration of the horse's normal 
sinus beats. 265 The major direction of the QRS complex is 
usually oriented opposite to that of the T wave. The R-R inter¬ 
vals rnay be regular or irregular. The morphology of the QRS 
complexes may be similar (uniform) or may vary widely 
(multiform). Atrioventricular dissociation is usually present, 
with an atrial rate slower than the ventricular rate. Fusion 
beats and capture beats may be detected (Fig. 30-33). 
Ventricular tachycardia can be sustained or paroxysmal. 


-------- 

The echocardiogram is used to determine whether car¬ 
diac disease is present. The echocardiogram is usually 
abnormal in large animals with primary myocardial dis¬ 
ease and normal in large animals with secondary ventric¬ 
ular tachycardia, except for the changes associated with 
the ventricular tachycardia itself Abnormal echocardio- 
graphic findings that may be delected in large animals 
with primary myocardial disease include myocardial dys- 
kinesis, hypokinesis, and akinesis, abnormal myocardial 
echogenicity: decreased FS, ET, and EF; loss of the normal 
systolic and diastolic undulations of the aortic root; and 
detection of spontaneous contrast, smalt aortic root* and 
large pulmonary artery (see Fig, 30-15). Occasionally 
the echocardiographic abnormalities created by ventricu¬ 
lar tachycardia may be difficult to distinguish from those 
of primary myocardial disease. Rupture of the aortic root 
ai the right sinus of Valsalva may be detected in horses 
with acute onset of uniform ventricular tachycardia and 
colic. 

Cardiac catheterization may reveal severe hypotension 
and low cardiac output. In healthy ponies with pacing- 
induced ventricular tachycardia, stroke volume decreased 
significantly when the ventricle was paced at 150, 200, 
and 250 beats/min Mean left atrial pressure, mean 

pulmonary arterial pressure, and right ventricular systolic 
pressure increased significantly when the ventricle was 
paced at 220 and 250 beats/min. Aortic pressure and 
cardiac output decreased in these ponies at 250 beats/ 
min, but the decrease from resting values was not statisti¬ 
cally significant. Myocardial perfusion in the papillary 
muscles and subendocardium decreased significantly 
with pacing-induced ventricular tachycardia at a rate of 
250 beats/mm. Decreases in cardiac output, arterial 
blood pressure, and myocardial perfusion are even more 
marked in animals with underlying myocardial disease 
or multiform ventricular tachycardia, as are the changes 
in left atrial, pulmonary arterial, and right ventricular 
pressure. 

II Ptifhopftysfoiflgy. Ventricular tachycardia is probably 
initiated spontaneously by late coupled ventricular com¬ 
plexes, whereas one very early ventricular premature 
depolarization can often initiate ventricular tachycardia 
electrically. 264 Sympathetic stimulation may also provoke 
ventricular tachycardia by increasing the amplitude of the 
early afterdepolarizations, culminating in a run of ven¬ 
tricular tachycardia. 264 This may be the mechanism of 



FIG. 10-J2 El Lead It ECG obtained from a bone with untuned uniform ventricular tachycardia and CHF before (A] and after (&} romnwHi to sinus 
rhythm Note ihr abnormal QRS and T configuration and slower atnal rate during the summed ventricular tachycardia 
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FIG. 30-13 II Lt&d II ECG obtained from a horse with multiform vmlrinjlji lachycardii and acute onset of pulmonary edema. Notice the multiple differ¬ 
ent QRS and T configurations and the elevated ventricular rate 


some of the exercise-induced ventricular tachycardia in 
horses. Reentry in the ventricle is an important cause of 
sustained ventricular tachycardia, particularly in human 
patients with dilated cardiomyopathy and ischemic heart 
disease. The area of reentry is reportedly small less than 
1.4 cm 2 . 384 Reentry is also thought to be an important 
mechanism in horses with sustained ventricular tachycar¬ 
dia. 273 ^ 802 * 1 Delayed afterdepolarizations may trigger 
ventricular tachycardia in humans and dogs and may be 
the mechanism for digital is-induced ventricular tachycar¬ 
dia. 184 Abnormal action potentials have also been 
demonstrated in ventricular myocardium resected from 
human beings with recurrent ventricular tachycardia. 284 
Depressed automatic! (y and after depolarizations have 
been associated with acute myocardial ischemia, whereas 
automatidty and afterdepoUriza lions are enhanced in 
Purkinje fibers surviving myocardial infarction Idioven¬ 
tricular rhythms and parasystole may be caused by abnor¬ 
mal automaticity. 

Cardiac diseases such as endocarditis may result in septic 
myocardial emboli and myocardial ischemia. Aortic root 
rupture and the dissection of blood into the interventricular 
septum disrupts conduction and usually results in a 
uniform ventricular tachycardia. Myocarditis, myocardial 
necrosis, and fibrosis also may result in abnormalities of 
impulse formation and conduction, leading to ventricular 
tachycardia. 281 The excitement of the high-performance sit¬ 
uation and the decreased myocardial perhision that may 
occur at peak exercise may make exercise-induced ventricu¬ 
lar tachycardia more common in racehorses and other types 
of high-performance horses. 

IV Epidemiology. Ventricular tachycardia has been re¬ 
ported in all large animals, although horses may have 
the highest incidence. Ventricular tachycardia leading to 
ventricular fibrillation is thought to be one of the leading 
causes of sudden death in horses when other causes of 
death cannot be found on postmortem examination. 181 
Male horses are at increased risk for aortic root and sinus 
of Valsalva rupture and are usually at least 10 years old at 
the time of rupture. Ventricular tachycardia is also more 
likely in targe animals of any age with primary gastroin* 
testinal disease. 

II Necropsy Findings, If the ventricular tachycardia is not 
associated with primary myocardiaJ disease, the necropsy 
findings reflect the underlying disease. Gross and micro¬ 
scopic cardiac pathology has been found in horses with ven¬ 
tricular tachycardia, although in some horses no cardiac 
pathology is found. Areas of myocardial necrosis, inflam¬ 
matory cell infiltrate, fibrosis, infarction, mkrovascular 
alterations, and cardiac nerve abnormalities have been 
reported in horses with ventricular tachycardia. 2 73 ' 2fl0v283 
CHF is most likely in large animal patients with multiform 


ventricular tachycardia and heart rates in excess of 
t SO beats/min. A minority of large animal patients have 
bacterial endocarditis with septic emboli disseminated 
through the coronary arteries associated with ventricular 
tachycardia. Aortic root rupture and rupture of a sinus of 
Valsalva aneurysm with dissection of blood into the inter¬ 
ventricular septum are infrequently detected in horses. 

II Tredrinenf and Prognosis. The treatment and prognosis 
for ventricular tachycardia depends on the suspected 
cause of the arrhythmia, the severity of the animal's clini¬ 
cal signs, and the electrocardiographic abnormalities 
detected. 285188 Relatively slow uniform ventricular tachy¬ 
cardia often resolves or improves significantly with the 
correction of the underlying electrolyte or metabolic 
imbalances, without requiring antiarrhyihmic therapy. 
These animats usually have an excellent prognosis for 
conversion with correction of the underlying problem 
Similarly, in large animals with sepsis or toxemia, hemo- 
dynamically and electrically stable ventricular tachycardia 
often resolves with treatment of the underlying disease. 
Uniform, hemodynamically stable ventricular tachycardia 
in animals with myocarditis may resolve with rest and/or 
corticosteroid therapy. A minimum of 4 to 8 weeks of rest 
is indicated in these patients before returning to work, 
once the ventricular tachycardia has resolved. 

Treatment with antiarrhythmics is indicated in any ani¬ 
mal with hemodynamically unstable or life-threatening ven¬ 
tricular tachycardia. Treatment with antiarrhythmics is 
indicated if clinical signs of CHF or cardiovascular collapse 
are present or if the rate of sustained ventricular tachycardia 
is extremely high In horses with sustained uniform ventric¬ 
ular tachycardia, a heart rate in excess of 120 beats/min usu¬ 
ally warrants antiarrhythmic therapy, whereas in cattle, 
amianbythmic therapy may not be indicated until the heart 
rate exceeds 140 beats/min or greater, Horses with rapid 
sustained uniform ventricular tachycardia (120 beats/min 
or faster) need antiarrhythmic therapy bemuse signs of 
CHF will develop after several days or weeks with this 
arrhythmia, if not already present. The rapidity of onset of 
CHF is related to the heart rate and type of primary myocar¬ 
dial disease, if present. These horses usually have a good 
prognosis for conversion and return to their previous per¬ 
formance level, with appropriate antiarrhythmic therapy 
(many times three or more antiarrhythmic drugs must be 
tried before conversion occurs) and rest before the horse is 
returned to work 

The electrocardiographic findings associated with life- 
threatening ventricular tachycardia include a multifocal ori¬ 
gin for the ventricular premature depolarizations, torsades 
de poinies (wide ventricular tachycardia), and the presence 
of an R wave superimposed on the preceding T wave 
("R on T'), Urge animal patients with clinical signs of 
CHF and hemodynamic collapse with rapid (heart 
rate >120 beats/min) multiform ventricular tachycardia 
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{±R on T) should be treated as a cardiovascular emergency, (or quinidine sulfate in cattle) is very effective in large 

because sudden death from ventricular fibrillation is likely animals but is less rapidly acting, has negative inotropic 

without anti arrhythmic therapy. Large animals with multi’ effects at large doses or if primary myocardial disease is 

form ventricular tachycardia (±R on T) must be given a present, causes hypotension, and can produce undesir- 

guarded to grave prognosis for survival, because most have able adverse or toxic reactions. Magnesium sulfate can 

severe underlying myocardial disease. Often conversion to cause hypotension but has no other recognized adverse 

sinus rhythm may not be successful before the animal devei- cardiovascular effects. Magnesium sulfate is less rapidly 

ops ventricular fibrillation and dies. If successfully converted acting than lidocaine but may be effective when other 

to sinus rhythm, many of these animals die or are euthanized antiarrhythmics fail, in both normomagnesemic and 

because of the severity of the underlying cardiac disease, hypomagnesemic patients. Intravenous procainamide. 

Several antiarrhythmic choices are available to the intravenous and oral propafenone and intravenous flecai- 

large animal practitioner for the correction of lifethreat* nide have also been used successfully in horses with ven- 

ening ventricular tachycardia (see Table 30*3). Lidocaine tricular tachycardia. Intravenous propafenone is indicated 

hydrochloride is the most readily available drug for most for refractory ventricular tachycardia and has been used 

large animal practitioners, is rapidly acting, is adminis- successfully in several horses that did not respond to lido- 

tered IV, and has a short duration of action and minimal taine, quinidine, procainamide, or magnesium sulfate, 

hemodynamic effects, Lidocaine hydrochloride does. However, it is not available at this time in the United 

however, have central nervous system side effects in States. Other antiarrhythmics such as propranolol have 

horses (hyperexcitability and seizures) and must be used been used with less success but have converted large 

at a lower dosage than in cattle. Quinidine gluconate animals with sustained ventricular tachycardia. 
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GENERAL EVALUATION OF THE PATIENT 
WITH RESPIRATORY DISEASE 

History 

As with any disease process, acquisition of an accurate and 
appropriate history is the first step undertaken in evaluating 
the patient with a complaint thought to be related to the respi- 
raiory tract. Animals with respiratory disease may have widely 
varied histories, and it is important to gather as much infor- 
malion as possible Age and breed may play a role in the devel¬ 
opment of respiratory disease such as congenital defects, 
neoplastic disease, or inherited or acquired immuno¬ 
deficiency syndromes seen in certain breeds. The environ¬ 
ment in which the animal is maintained can contribute to 
the development or severity of respiratory diseased-heaves 
in horses for example—and respiratory disease may become 
manifest after a change to new environment. In horses the 
work they are expected to perform can lead to important diag¬ 
nostic dues, and recent events, such as long-distance trans¬ 
port, can predispose to diseases such as pleuropneumonia. It 
is important to know if certain diseases are either endemic 
or epidemic where the horse Is kepi or has recently moved 
from; diseases such as strangles and Rhodococcus equi broncho¬ 
pneumonia of foals come to mind. Any recent traumatic or 
potentially traumatic event should be noted If possible, a 
thorough vaccination history should be obtained, as should 
an accurate history of any administered treatments or supple¬ 
ments and the patient's response to those treatments. 

Presenting Signs or Chief Complaints 

Many presenting signs or chief complaints should lead to more 
thorough evaluation of the respiratory system; some are more 
directly associated with either the upper or the lower respira¬ 
tory tract- Findings or complaints associated with respiratory 
disease include nasal discharge, either bilateral or unilateral 
Respiratory noise at rest or during exercise is commonly asso¬ 
ciated with abnormalities of the upper airway, as may be 
inequalities of airflow present at the nates. Normal animals 
may periodically cough or sneeze, but an increase in either 
activity may indicate involvement of the respiratory trad. 


* Based on chapters from previous editions authored by Angelinr 
Warner. 


Exercise intolerance or apparent decrease in the ability of the 
animal to exercise should prompt evaluation of the respiratory 
system Other cli nical signs that indicate thorough evaluation 
of the respiratory trad include but are not limited to abnormal 
breathing patterns (tachypnea hypeipnea, dyspnea), cyanosis, 
hemoptysis, epistam unusual swellings (facial, pharyngeal, 
cervical), lymphadenopathy, ataxia or reluctance to move, foul 
smell to the breath, weight loss and ventral abdominal and 
sternal or limb edema. 

Physical Examination 

The initial physical examination occurs at some distance 
from the patient and involves evaluation of the demeanor, 
posture, mental status, and way of movement of the patient* 
It is important to note whether the patient has an abnormal 
stance, such as standing with the head and neck extended; is 
unwilling to move; or is standing with elbows abducted, sug¬ 
gesting pleural pain. Ideally the respiratory rate can be deter¬ 
mined by observation, as can the respiratory pattern. 
Although some respiratory diseases are not manifested at rest, 
important dues can be gained from observation of the 
patient a! rest in many othm. The normal resting respiratory 
rate of an adult horse is between 8 and 16 breaths/min; for 
adult cattle, 15 to 35 breaths/min; and for sheep and goats, 
12 to 20 breaths/min There is some small abdominal com¬ 
ponent during the ecpiratory phase, which is, along with 
inspiration, an active process for horses The normal rate for 
neonates is up to 60 breaths/min at birth and less than 30 
breaths/min by 1 month of age; respiratory rate decreases 
toward the adult rate with age High ambient temperature, 
fever, and excitement can all increase respiratory rate, Normal 
breathing is quiet is apparently effortless, and is termed etip- 
nea The term dyspnea refers to a breathing pattern that U 
inferred by' the observer to reflect difficulty in breathing; the 
animal will appear distressed, and the work of breathing is 
obviously increased, although the actual rate may be within 
normal limits. Other terms used to describe breathing pat¬ 
terns include uxhypnea (characterized by rapid rate and shal¬ 
low depth or low tidal volume), hyperpnea (increased 
frequency and depth of breathing [e.g,. postexerdse recov¬ 
ery]). and apnea (no discemable breathing). Two additional 
terms are Jiypmtfntitobun and typerTcmihmun, both of which 
require a change in arterial carbon dioxide partial pressure 
as a component of their definitions. Hyperventilation is a pat¬ 
tern that increases alveolar ventilation and causes arterial 
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hypocapnia, whereas hypoventilation alters gas exchange in 
such a way as to cause arterial hypercapnia, or retention of 
carbon dioxide. 

Closer examination can reveal some of the physical mani¬ 
festations of the presenting complaints listed earlier. Begin - 
ning with the head, the clinician should determine that 
airflow is even from both nostrils, as differences can indicate 
either congenital or acquired abnormalities ranging from 
choanal atresia to the presence of upper airway' masses. 
Abnormal respiratory' sounds can sometimes be present at 
rest and may be heard at the nates; abnormal breath odors 
may be particularly prominent at the narev The frontal and 
maxillary sinuses should be percussed; identification of 
abnormal resonance, usually dullness may be made easier 
by performing this with the patient's mouth held open. Pal¬ 
pation of the submandibular regions, larynx, and pharyngeal 
and cervical regions should be performed to identify any 
abnormal lymph node enlargement masses, or areas of mus¬ 
cular atrophy Both jugular veins should be checked for both 
patency and the presence of any evidence of injection sites or 
infections that may contribute to abnormal upper airway 
function by interfering with normal recurrent laryngeal nerve 
or vagosympathetic mink function. 

Coughing represents a nonspecific irritation of receptors 
in the airway and can be induced by many mechanisms. It 
can be, and usually is, a normal protective reflex that allows 
the animal to clear material from the airway. Cough can be 
associated with increased mucus production, production 
of other respiratory secretions, or decreased mucociliary 
clearance. In older horses cough is most commonly asso¬ 
ciated with heaves; in younger horses an association has 
been made both with infectious diseases and small airway 
inflammatory disease. Normal animals should not cough 
when the larynx or trachea is palpated. 

Nasal discharge can be unilateral or bilateral, scant or 
copious, clear, mucoid, mucopurulent, or even bloody. 
Ihe nature and character of nasal discharge can provide 
some information about a possible source of the discharge 
but should not be overinterpreted. Horses, for example, 
have a tendency to swallow excess airway secretions, and 
the volume of secretions may be underestimated. Although 
unilateral nasal discharge seems to suggest a source in front 
of the lary nx, bilateral nasal discharge can be of either upper 
or lower airway origin. Skin depigmentation of the ventral 
nares or presence of mucoid material in feed or water con¬ 
tainers is a clue to presence of a nasal discharge. 

Hemoptysis is the coughing up of blood from the air¬ 
ways or lungs. It is important to determine conclusively that 
the blood has come from the respiratory system. Epistaxis is 
defined as blood seen at the nares and often originates in 
the nasal passages, sinuses, turbinates, nasopharynx, or 
equine guttural pouches, although the lung can be, and is, 
a source on occasion, as in exercise-induced pulmonary 
hemorrhage (ElPH) or after lung biopsy. Bilateral epistaxis 
generally indicates bleeding caudal to the choanae. Because 
animals tend to swallow excessive respiratory secretions, 
bleeding can be occult and may not be seen unless the ani¬ 
mal drops its head toward the ground Significant blood 
loss can occur in this manner, unseen by owners. 

Examination of the oral mucous membranes may reveal 
cyanosis—bluish discoloration of the oral, nasal or vulvar 
mucous membranes Cyanosis does not become apparent 
until a level of 5 mg/100 ml of deoxygenated hemoglobin, 
about one third of the total normal hemoglobin, is present 
reflecting a profound decrease in oxygen saturation of hemo¬ 
globin and suggestive of severe hypoxemia. As it is the total 
quantity of deoxygenated hemoglobin that Lends the mucous 
membranes the bluish color, very anemic patients may lack 
sufficient deoxygenated hemoglobin to appear blue, making 


appreciation of cyanosis impossible in these patients. One 
caveat is that all newborns are cyanotic for the first few 
breaths and become pink only when they have established 
neonatal, as opposed to fetal, cardiorespiratory circulation 
and opened their lungs to allow for gas exchange. 

It is important that auscultation of the thorax take place 
in as quiet an environment as possible. In addition, auscul¬ 
tation of the lung fields should be performed under two 
breathing conditions: eupnea and hyperpnea, with hyper - 
pnea induced by the use of a rebreathing bag Some com¬ 
mon misconceptions regarding the use of a rebreath mg 
bag exist. Simply occluding the animals nostrils or using a 
rectal sleeve as a rebreathing bag are both inadequate meth¬ 
ods of fully examining the patient The purpose is to cause 
the animal to rebreathe its own expired carbon dioxide, 
not to necessarily deprive it of oxygen. Rebreathing expired 
carbon dioxide results in increased Paco?, which stimulates 
deeper and more frequent breathing efforts, making recog¬ 
nition of abnormal lung sounds simpler. Ihe bag used 
should be large enough lo accommodate two to three times 
the normal tidal volume of the animal and should be held 
in such a manner as to prevent the bag from occluding 
the patient's nostrils. Once the bag is removed, the animal 
will usually take several very deep breaths and the examiner 
should take advantage of these very large breaths to reexam¬ 
ine areas where suspicious sounds were heard during 
rebreath mg. Animals with significant lung pathology will 
not tolerate the bag well, may cough when the bag is 
removed, and may require more time to return to baseline 
respiratory patterns when the bag is removed. 

Normal breath sounds are those produced by turbulence 
within the tracheobronchial tree and may vary considerably 
depending on location within the lung breathing partem, 
and condition of the animal. 1 Only airways from the larynx 
to segmental bronchi contribute to sound generation; bron¬ 
chial and vesicular sounds both represent larger airway flow 
events. Vesicular sounds are the quietest sounds, heard over 
the middle and diaphragmatic lung regions, correlate best 
with regional ventilation, and mainly represent segmental 
bronchial sounds; they do not represent air flow in terminal 
conducting airways and alveoli, which is silent because of 
the nature of its how. Bronchial sounds are louder and are 
heard best over the trachea and base of the lung. Common 
abnormalities found during auscultation include ventral 
areas of dullness if pleural effusion is significant, dorsal 
areas of dullness or hyperresonance with pneumothorax, 
and dorsal harsh lung sounds. The degree of variation in 
normal regarding lung sounds is large, and auscultatory 
findings do not always correlate well with the degree of lung 
abnormality. Tit at said, abnormal lung sounds are always 
potentially clinically important. 

Adventitious lung sounds are divided into short discontin¬ 
uous sounds called crackles and longer continuous sounds 
called wheezes, replacing the older terms rales and rheradu, 
respectively. Crackles are most commonly generated by sud¬ 
den pressure equalization when collapsed airway segments 
open Although an air-fluid interface is required, crackles do 
not necessarily imply excessive secretions or pulmonary 
edema. They are often end-inspiraioTy and associated with 
remflatton of atelectatic lung. Crackles may be normal when 
ausculted in the previously down lung of a laterally recum¬ 
bent neonate. Disease processes that generate crackles 
include pneumonia, interstitial fibrosis, chronic obstructive 
lung disease, congestive heart failure, and atelectasis * 

Wheezes commonly represent oscillation of airway wails 
before complete dosing (expiratory) or opening (inspira¬ 
tory). Imrathoracic airways are usually involved in expira¬ 
tory wheezes and include the lower trachea and main, 
lobar, and segmental bronchi. Disappearance of a wheeze 
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after coughing indicates secretory rather than tissue-compo¬ 
nent origin. Disease processes responsible for wheezes 
include airway stenosis or external compression; airway lumi¬ 
nal compromise by foreign body, purulent material cyst, 
or neoplasm; airway wall thickening as in chronic bronchitis; 
and bronchoconstriaion. Expiratory wheezes are a hallmark 
of obstructive lung diseases such as heaves. Crackles and 
wheezes may be variably present, A final category of adventi¬ 
tious sounds includes the "rubbing" or "creaking" sounds 
generated by sliding or stretching of inflamed pleural 
surfaces, commonly termed pleural friction rubs. 

Percussion of the thorax is performed by methodic 
tapping over the intercostal spaces of the thorax using 
a variety of instruments, including plexors, pieximeters, 
spoons, fingers, neurologic hammers, and hands. It is an 
inexpensive and useful component of the physical examina¬ 
tion and should be performed in all patients in which the 
respiratory system is suspect Percussion of the thorax can 
reveal hyporesonanre (dullness) veniral.lv when pleural 
effusion is present and hyperresonance dorsal ly in pneumo¬ 
thorax and can cause some patients to exhibit pleurodynia 
during the examination Other conditions that can alter 
resonance of the thorax include hut are not limited to dia¬ 
phragmatic hernia with intrathoraric intestine, pericardial 
effusion, pulmonary and pleural abscessation, and consoli¬ 
dated lung The point at which a change occurs from reso¬ 
nant to dull can be marked with adhesive tape. Thus the 
outline of aerated lung immediately beneath the chest wall 
is delineated. It is usually impossible to fully delineate the 
lung field oranially because of body fat and triceps muscula¬ 
ture. There is a distinct region of cardiac dullness for all 
species on the left side. 

Percussion allows delineation of pleural effusion and 
intrathoratic masses or consolidated lung up to 7 cm 
beneath the pleural surface but cannot distinguish between 
them. "Hie procedure should be performed whenever pleural 
effusion is suspected on the basis of auscultatory findings 
and in all ruminants as part of the physical examination 
to uncover occult pneumonia. 

ADDITIONAL DIAGNOSTIC EVALUATION 
OF THE RESPIRATORY TRACT 
Endoscopy 

The upper airway can be directly examined with the aid of 
an endoscope, the only limitations being the size of the 
patient, the patency of the airway, and the size of the avail¬ 
able equipment. Standard flexible fiberoptic endoscopes, 
available to most practitioners and present now in virtually 
all referral hospitals, allow direct examination of the nasal 
passages, ethmoid turbinates, nasal maxillary opening of 
the sinuses, pharynx, guttural pouch openings, larynx, and 
cranial trachea (Fig 31-1). Smaller (8- to I Q-mm-diametei) 
endoscopes can be readily introduced into the equine gut- 
tural pouches with the aid of a biopsy instrument and 
longer endoscopes (more than ISO cm long with diameters 
greater than 10 mm) are commonly employed to examine 
mainstem bronchi and their initial branches in large animals 1 
Small brushes, used for collecting exfoliated cells for cytologic 
study, and a variety of biopsy instruments can be used for 
sampling the airway. The use of airway endoscopy has evolved 
to include videoendoscopy of the equine upper airway during 
treadmill exercise at high speed (12 to 14 m/sec) to evaluate 
dynamic respiratory function and make objective measure¬ 
ments by use of freeze-fra me features. 4 

Sedation or tranquilization will facilitate many endo¬ 
scopic examinations, but examinations aimed at evaluating 
pharyngeal and/or laryngeal function are best performed 
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FIG, JM II Normal equine larynx The larynx ® dirmty visualized by 
endraropy, with both structure and symmetry evaluated (Courtesy Dr Cot- 
nine Smijry. University of tawyh aa h Sent Bobon Center. Kmnfli 
Square, Pen n ) 

without any form of chemical restraint that might alter 
function. Most horses will allow standing examination of 
the upper airway with only physical restraint such as judi¬ 
cious use of a nose twitch, introduction of the endoscope 
into the trachea may elicit coughing particularly in horses 
but less so in cattle. Small ruminants, such as sheep and 
goats, may require local tracheal anesthetic administration 
in the form of 2% lidocaine administered through small 
tubing passed through the biopsy channel of the endo¬ 
scope. If used, care must be taken that lidocaine Is diluted 
and does not reach a toxic dose in small ruminants. Diluted 
topical 2% lidocaine can similarly be used in horses and 
cattle if needed for evaluation of the distal trachea, main 
stem bronchi, and larger bronchial tree branches, I lorses 
are more sensitive to trachea] and bronchial stimulation 
and are more likely to require topical anesthesia than cattle. 

Airway abnormalities such as pharyngeal lymphoid hyper¬ 
plasia, laryngeal hemiplegia, epiglottic entrapment by aryte- 
noepigjottic folds, dorsal displacement of the soft palate, 
pharyngeal cysts, retropharyngeal masses, and epiglottic 
deformities are all best diagnosed by endoscopic examina¬ 
tion. Guttural pouch diseases and E1PH are also best evalu¬ 
ated using this technique 'The degree and nature of airway 
secretions accumulating in the trachea can be easily assessed 
using an endoscope, and accumulated secretions may be 
sampled by aspirating the secretions through smail tubing 
introduced into the trachea via the biopsy channel. Because 
the endoscope has passed through the nonsterile upper air¬ 
way, these samples are best suited for cytologic, not microblo¬ 
gic, evaluation but may be fully compatible with evaluation 
using newer molecular diagnostic techniques.*-* Endoscopy 
has also been used to facilitate removal of foreign bodies 
from the airway, generally aided by the biopsy instrument 

Radiography 

Radiographs are indicated when the clinician suspects 
a congenital anomaly involving any thoracic structure; 
infectious disease of ihe pleura, pulmonary parenchyma, 
racheobronchial tree, or mediastinum; pneumothorax or 
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pneumomediastinum; thoracic neoplasia of any origin; or 
trauma. Radiographs are frequently coupled with thoracic 
ultrasonographic evaluation If significant accumulation of 
pleura] fluid is suspected based on physical examination find¬ 
ings the ultrasonographic portion of the examination should 
be performed first and radiographs obtained after drainage 
of excess fluid, as fluid may obscure potentially important 
parenchymal disease. The equipment needed to perform 
radiographic evaluation of the upper airway is available 
in most private practices, and most large referral and uni¬ 
versity practices have the equipment needed to perform 
thoracic radiography in larger patients such as adult 
horses and cattle. Digital radiography is becoming more 
commonplace and may replace more convention radio¬ 
graphy in many practices and referral clinics over the next 
few years. Because of its configuration, the thorax in adult 
horses and cattle is filmed In the standing lateral position, 
generally requiring a series of three or four separate but 
overlapping images; thus the benefit of the ventrodorsal 
view in which the two lungs may be compared is lost. 
Neonates and small ruminants can be more readily han¬ 
dled and retained in recumbent positions, allowing for 
multiple recumbent views. 

Skull and cervical radiographs offer diagnostic informa¬ 
tion for evaluation of the upper respiratory tract. For large 
animal species, standing lateral skull films are easily 
obtained, and with practice and adequate sedation, ventro¬ 
dorsal and oblique projections can also be obtained in most 
patients. Certain difficult patients may require general anes¬ 
thesia in order to obtain radiographs of diagnostic quality. 
In these cases other imaging modalities such as computed 
tomography (CT) and magnetic resonance imaging (MR!) 
might also be considered if available. Skull radiographs 
image the sinuses, pharynx and larynx, allowing for assess¬ 
ment of anatomic dimensions of the pharyngeal and laryngeal 
structures. Sinuses affected by neoplasia or inflammation 
may show abnormal tissue density, a horizontal fluid line 
on a standing lateral film, bone lysis around the affected 
sinus, or alveolar periostitis Thorough evaluation of the 
sinuses and nasal passages requires lateral, dorsoventral, and 
oblique views. Foreign bodies can he assessed in many cases. 
The equine guttural pouches are evident on lateral skull 
projection, and abnormal fluid accumulation, distortion by 
enlarged retropharyngeal lymph nodes* or emphysema can 
be radiographically apparent. 

Radiographic assessment of the thorax of large animals 
remains preferable to ultrasonographic examination for 
detection of diffuse parenchymal diseases such as interstitial 
pneumonia, pulmonary edema, equine multinodular pul¬ 
monary fibrosis (EMPF), fungal pneumonia, acute lung 
injury (ALI), acute respiratory distress syndrome (ARDS), 
chronic disorders, and deep parenchymal or mediastinal 
abscesses. Unfortunately, many radiographic changes in 
equine respiratory disorders tend to be nonspecific or. in 
certain disease such as hi PH inflammatory airway disease 
(IAD), or heaves, minimal to nonexistent. 

Four types of radiographic patterns are described for the 
thorax: alveolar (airspace), interstitial, bronchiolar, and vas¬ 
cular Opaque areas coalesce and fully obliterate vessels and 
bronchi in the alveolar pattern; air bronchograms may be 
prominent. This pattern is common in pulmonary edema, 
pulmonary hemorrhage. EMPF, ALI, ARDS, lung consolida¬ 
tion, and neoplasia. Interstitial patterns are the most com¬ 
mon patterns noted in equine thoracic radiographs and 
are characterized by a blurring of the edges of pulmonary 
vessels, a diffuse increase in lung density, and variable retic¬ 
ular, linear, and nodular opacities. The reticular pattern is 
most commonly associated with more diffuse infectious 
lung diseases, pulmonary edema, interstitial pneumonia. 


and pulmonary fibrosis, whereas the irregular linear pattern 
i$ seen most commonly with resolving bronchopneumonia. 
A nodular pattern is seen with abscesses, granulomata, and 
neoplasms It is rare to see a pure bronchial pattern in a 
horse, and it usually seen in association with an interstitial 
pattern. An exception is paired linear opacities or numerous 
small circular opacities (donuts) representing thickening of 
large or medium airways in equine bronchitis and bronchi¬ 
olitis. The vascular pattern is seen in horses radiographed 
immediately postexercise or in animals with left-to-righl 
cardiac shunts. Finally, extraparenchymal problems such 
as pleural effusions or free gas may be seen on thoracic 
radiographs of large animals. Thoracic radiology may be 
used for evaluation of potential rib fracture but is far less 
sensitive than thoracic ultrasonography in this regard. 

Ultrasonography 

Thoracic ultrasonography, a companion to thoracic radiog¬ 
raphy, is useful for diagnostic, therapeutic, and prognostic 
evaluation of the extraparenchymal thorax* the pleural 
space, and the peripheral (superficial) parenchyma of the 
lung Unlike thoracic radiography, in which specialized 
equipment is needed to image the adult large animal tho¬ 
racic ultrasonography is an imaging technique readily avail¬ 
able to most practitioners. In many instances it is superior 
to thoradc radiography as an imaging method; examples 
indude evaluation of pleural efiusions, assessment of tho¬ 
racic trauma, evaluation of neoplasms or granulomata* 
detection of mediastinal masses or abscesses, and guidance 
of transthoracic lung biopsy. 510 Ultrasonography is consid¬ 
ered greatly superior to thoracic radiography in the deter 
lion of rib fractures. 11 This imaging technique should be 
considered for complete evaluation of any large animal with 
suspected or diagnosed pulmonary disease 

Ultrasonography is generally performed with the patient 
standing, although in neonates lateral recumbency may be 
preferred or even necessary, and sound waves are generated 
by piezoelectric crystals and transmitted to the area of inter¬ 
est through a skin coupling gel, with subsequently reflected 
echoes detected by the same crystal. Echo signals from all 
tissue interfaces are displayed on a screen; the image can 
be photographed for a permanent record or stored digitally. 
Air trapped beneath the haired skin can interfere with the 
process, as can excessive skin din, so preparation of the 
acoustic window usually involves hair removal and cleans¬ 
ing in order to get the best image possible 

Although ultrasound waves will not penetrate the aerated 
portion of the lung, Limiting the examination to extra par¬ 
enchymal surfaces in normal horses, ultrasonography is 
superior to thoracic radiography in evaluation of these areas 
of the chest. Small amounts of pleural fluid that would be 
missed on auscultation, percussion, or thoracic radiographs 
can be detected, and the amount and character of pleural 
effusion in each hemithorax can be separately evaluated,** 
Clear fluid is anechok, but inflammatory cells, gas, and 
fibrin are erhogenic, causing opacities that can he seen 
floating in pleural fluid and altering the general echogeni¬ 
city of the fluid. Because of this, ultrasound is the method 
of choice for diagnosis and monitoring of pleural spate dis¬ 
ease. Ultrasonography should be used to guide catheter 
placement for drainage of accumulated fluid in the pleural 
space. The pleural surfaces are imaged well by ultrasound, 
with thickened or roughened areas easily detected Lack of 
normal independent movement of the visceral and parietal 
pleural surfaces during the respiratory cycle, suggestive of 
adhesion formation, can be readily monitored. 9 ** 0 

Consolidated lung is a better acoustic medium than aer¬ 
ated parenchyma and can be well visualized' If there is 
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pleuropneumonia with consolidation or atelectasis caused 
by compression of the ventral lung by pleural effusion, it will 
be evident- Pulmonary abscesses or masses extending to the 
lung surface can be imaged, and ultrasound can be used for 
guidance for transthoracic biopsy * 10 Thoracic radiography 
remains superior to ultrasound in diagnosis of pulmonary 
parenchymal disease and pneumothorax, but combined the 
two techniques will improve patient management diagnosti¬ 
cally and therapeutically. 

Nuclear Medicine Imaging 

Nudear medicine imaging is a very specialized technique 
available at a few university and .private specialty referral 
practices. Gamma-emitting radioisotopes such as krypton - 
81 m or technetium*99 m can be used with an external 
detector (gamma camera) to assess regional pulmonary ven¬ 
tilation and perfusion in the horse. The procedure is safe 
and painless. Anesthesia is not needed, and the only 
requirement is that the patient stands quietly in front of 
the gamma camera. After the study the patient must be kept 
in an isolated area to allow decay and excretion of the 
radiopharmaceutical (normally no more than 48 hours), 
and of course, all pertinent radiation regulations must be 
strictly adhered to. 

The radioisotope is bound to albumin aggregates of 10 
to 15 pm diameter. When injected into a peripheral vein 
(e.g, for a perfusion scan), the aggregates become trapped 
in the pulmonary arterial vasculature. Given even and thor¬ 
ough mixing in the rign ventricle, the resulting image illus¬ 
trates the perfusion distribution of the pulmonary arterial 
system. The ventilation scan is generated when the horse 
inhales aerosolized radioisotope particles through a dose 
circuit system. 12 The panicles have a small enough diameter 
to be deposited in the alveoli and small conducting airways 
with the gamma camera recording the sites of deposition. 
Together, the ventilation and perfusion sons allow for eval¬ 
uation of the ventilation/perfusion (V/Q) ratio, important 
in evaluation of certain respiratory problems such as EIPH 
(high V/Q areas], pulmonary thromboembolism (high V/Q 
areas), and heaves (low V/Q areas). 13 One final use is in 
the evaluation of mucociliary clearance or tracheal mucous 
transport. The time a bolus of radioisotope requires to cover 
a given tracheal distance is recorded in millimeters per 
minute and compared with normal ranges. 54 

This technology is specialized, expensive, and not readily 
available as of this writing. It has greatest potential applica¬ 
tion in the equine athlete or the valuable equine patient. 

Arterial Blood Gas Analysis 

Arterial blood gas determinations are the most sensitive indi¬ 
cator of respiratory function readily available to the clinician. 
The most accessed arteries for sampling are the metatarsal, 
temporal, facial, and brachial arteries (Fig 31-2). In cattle 
the coccygeal artery on the ventral aspect of the tail head is 
easily accessible. Heparin is the only acceptable anticoagu¬ 
lant for blood gas samples, and alt gas bubbles must be 
removed and the syringe capped to prevent equilibration of 
the sample with room air Use a short (1-inch), small-gauge 
(25-gaugp generally) needle and a I- to 3-mi syringe for 
most samples. The syringe and needle can be purchased pre¬ 
heparinized especially for arterial blood gas sampling or reg¬ 
ular syringes and needles may be heparinized by aspirating a 
small volume of heparin into the syringe via the needle and 
then forceftilly expelling the air and heparin from the syringe 
three times. This minimizes the effect heparin might have on 
any reported values from the blood gas analyzer. Pulsation of 
blood from the needle, spontaneous filling of the syringe, 



and bright color of the blood alt confirm a successful arterial 
puncture, tf successful arterial puncture is questionable then 
a comparison sample may be drawn from the jugular vein. 
Once die sample has been drawn, the vessel should be man¬ 
ually compressed for 2 to 5 minutes to prevent hematoma 
formation . If the sample will not be analyzed within 10 min¬ 
utes, it should be placed on ke to slow metabolism of blood 
cells. The patient's body temperature at the time of sampling 
should also be recorded as results are frequently reported at 
both 37* C and at the actual temperature of the patient, 
called t£mpeT^TUTe<OTTmed inilues, for pH. Po 2 , and Poo 2 , as 
these values are known to be temperature variable. 

Portable arterial and venous blood gas analyzers are now 
making arterial blood gas analysis more practical for use 
in the field, and the technique is no longer reserved for 
large institutions or referral practices.* 5 It is virtually impos¬ 
sible to manage severe respiratory disease without knowl¬ 
edge of arterial blood gas parameters. Pulse oximetry is 
also being more commonly employed in some institutions 
and referral centers, but these monitors measure only oxy¬ 
gen saturation of hemoglobin, useful for severe hypoxemia 
but giving no measurement of actual arterial oxygen and 
carbon dioxide partial pressures. The most common abnor¬ 
malities recognized with arterial blood gas analysis in 
animals breathing room air are hypoxemia with normo¬ 
capnia or hypocapnia and hypoxemia with hypercapnia. 
There are five primary- means by which hypoxemia develops 
in any animal with a heart and lungs. For our purposes, 
hypoxemia is defined as decreased oxygen tension of the arte¬ 
rial blood (decreased Pao 2 ) and hypoxia is defined as 
decreased oxygen concentration at the level of the tissue, 
with or without hypoxemia. Hypoxia results from hypox¬ 
emia, decreased perfusion of the tissue bed in question, or 
decreased oxygen-carrying capacity of the blood as a result 
of anemia or hemoglobin alteration. 

Hypoxemia develops from (I) low content or concentra¬ 
tion of oxygen in the inspired air (Fto 2 ) such as seen in high 
altitude or when an error is made during the mixing of ven¬ 
tilator gas. (2) hypoventilation; (3) ventilation-perfusion 
mismatch; (4) diffusion limitation; or (5) inirapulmonary 
or tiuracardiac right-to-left shunting of blood. Mild to mod¬ 
erate hypoxemia is not an uncommon finding in neonates 
but must be evaluated in terms of the current age of the foal 
and its position. The difficulty encountered obtaining the 
sample must also be considered, as severe struggling can 
variably a (Tea the arterial blood gas results. If the lung is 
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significantly involved in the underlying pathology, such as 
with severe pneumonia, ALL or ARDS, increased Paco 2 
may very well be present, representing respiratory failure. 

Hypoxemia is usually treated with intranasal humidified 
oxygen insufflation at 4 to 10 L/min in neonates and 10 to 
15 L/min in adults. Hypercapnia is not a simple matter to 
treat. It is important to try to distinguish between acute 
and chronic hypercapnia. Acute hypercapnia is usually 
accompanied by a relatively dramatic decrease in blood 
pH of 0.008 pH units for each 1-mm Hg increase in Paco 2 . 
This respiratory acidosis can promote circulatory collapse, 
particularly in the concurrently hypoxemic and/or hypovo¬ 
lemic patient. The effects of more chronic C0 2 retention 
are less obvious, as the time course "allows for adaptation. 
The pH change is less, about 0,003 pH units per 1-mm Hg 
increase in Paco 2 , as it is balanced by enhanced renal absorp¬ 
tion of bicarbonate by the proximal renal tubule. Most 
patients In acute respiratory distress are in the acute stages 
of respiratory failure, but chronic adaptation wiU begin to 
occur within 6 to 12 hours and will be maximal tn 3 to 5 
days. An increase in bicarbonate will be noted, particularly 
if die acidosis is primarily respiratory in origin. 

Alveolar gas exchange is readily estimated by determin¬ 
ing the alveolar-arterial (A-a) gradient for oxygen, computed 
by subtracting the PaOi measured by the arterial blood gas 
from the calculated alveolar oxygen partial pressure 
(PAo 2 ). The PAo 2 is effectively estimated using the partial 
pressure of inspired oxygen {Pio a ) as follows 16 : 

PAo ; = Ptol T faC ° 1 


The Pio? equals the total barometric pressure (760 mm Hg) 
minus the partial pressure of water vapor (42 mm Hg) 
multiplied by the fraction of room air that is oxygen 
(0.21), and thus equals 150 mm Hg for room air. For 
patients on supplemental inspired oxygen, the practi¬ 
tioner must remember to recalculate the Pio 2 with the 
new oxygen fraction (Fio 2 ) in the inspired gas, possible 
only in patients receiving inspiratory gas through a dosed 
system. The Paco 2 is obtained from the arterial blood gas 
measurement. The A-a gradient is normally only 4 to 
10 mm Hg; an increase beyond this indicates impaired 
gas exchange within the lungs, most often the result of 
ventilation-perfusion mismatching. The A-a gradient 
can be estimated only in patients receiving intranasal 
insufflation of oxygen. 

A second useful measure is the Pao^FiOa ratio, a compo¬ 
nent of most definitions of both All and ARDS. 17 The Paoj/ 
Fio 2 ratio equals the Pao a obtained from the arterial blood 
gas divided by the Fio a , the oxygen fraction in the inspired 
gases. The normal Pao 2 /Fio a ratio is >300 mm Hg; a ratio 
<300 mm Hg is consistent with a potential diagnosis of 
ALL, and a ratio <200 mm Hg suggests ARDS, a more severe 
form of ALL The ranges of normal arterial blood gas values 
for various species are listed in Table 31-1. 


TABLE 31-1 


Normal Arterial pH and Pco 2 
Species (Nonneonate) 

Values for Various 

1 Species 

Blood pH 

Pct>2 {mm Hg) 

Bovine 

7.32-745 

35-53 

Ovine 

732-7,54 

37-46 

Equine 

7.32-7,44 

38-46 

Caprine 

7.42-7.46 

33-38 


Respiratory Function Testing 

The major functions of the lung£ are to transport gas from 
the periphery to the site of gas exchange (i.e., the ''bellows" 
function) and to provide gas exchange with the blood, facil¬ 
itating gas transport to the tissues. The first of these is 
assessed by means of pulmonary function tests, and the 
second by arterial blood gas evaluation, discussed earlier. 
Pulmonary function tests have historically primarily 
been used in horses and in most cases as a research tool 
in veterinary teaching hospitals. However, newer, portable 
technologies are beginning to allow use of some of the less 
invasive techniques in the field, and practitioners are 
becoming aware of the potential utility of these testing tech¬ 
niques. 1 * Pulmonary function testing (PFT) involves mea¬ 
surement of pressure, flow, and volume during breathing 
to allow computation of ventilatory functional values. They 
are valuable in assessment of equine athletes, especially 
those suspected of inflammatory obstructive airway disease, 
and a portion of this section is dedicated to this subject. 
Baseline measurements can be compared, and airway hyper¬ 
reactivity (AHR) can be evaluated using histamine or 
methacholine broncho provocation protocols. 15 Responses 
to environmental changes or therapy can be noninvasively 
evaluated. 2022 


Collection and Evaluation of Respiratory Secretions 

TRACHEAL ASPIRATES AND BRONCHOALVEOLAR 
LAVAGE. Various spaces in the respiratory system can 
undergo aspiration or lavage for diagnostic or therapeutic 
purposes. The most commonly performed procedure is the 
tracheobronchial aspiration. By aspirating from the airways 
caudal to the larynx, a sample without pharyngeal contami¬ 
nation is obtained. 

In both the horse and the ruminant the procedure is per¬ 
formed with the animal standing. Sedation or restraint may 
be needed. A small area over the trachea in the middle third 
of the neck is dipped and routinely sterilely prepared. The 
skin is anesthetized using a local block of 2% lidocaine, 
generally less than 3 mL is given as a "bleb" subcutaneously, 
and a small stab incision is made. A trocar or angiocatheter 
needle is introduced on the midline between muscle bun¬ 
dles, with the beveled edge facing ventrally to decrease the 
opportunity for inadvertent cutting of the tubing when the 
needle is introduced or manipulated, and the ventral tra¬ 
cheal wall is punctured between two cartilaginous rings. 
The distal end of the trocar or needle is then advanced dis- 
tally in the trachea, taking care not to lacerate the dorsal tra¬ 
cheal mucosa. Sterile polyethylene tubing or the catheter 
from the angiocatheter is introduced through the trocar or 
needle for about 30 cm. A needle or sharp trocar should 
be withdrawn to prevent severing the tubing or catheter, 
but a cannula with rounded edges may be left in place. 
Approximately 20 to 30 mL of non bacteriostatic sterile 
saline solution is introduced quickly. Intermittent aspira¬ 
tion is performed as the tubing is gradually withdrawn. 
The tubing can be advanced again if a guarding cannula 
has been left in place to prevent introduction of skin con¬ 
tamination. Additional saline solution aliquots can also be 
introduced. Once an adequate sample has been obtained, 
the tubing Is completely withdrawn. Injectable antimicro¬ 
bial solution or suspension can be infiltrated at the skin 
incision site if a septic sample is suspected, and in horses 
and small ruminants a sterile dressing can be applied for 
24 hours if desired. Possible complications include subcuta¬ 
neous (SC) emphysema (usually peritracheal but may 
extend into the mediastinum), local cellulitis, or cutting of 
the catheter at the needle and loss into the airway. The latter 
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is usually resolved because the catheter is rapidly coughed 
up, bur good technique should prevent this complication. 
The sample should be cultured for aerobic bacteria. Anaero¬ 
bic colonization is possible, and appropriate cultures should 
be made if these organisms are suspected (evidence of pleural 
effusion, consolidation, abscessation, history of aspiration 
fetid breath). For patients with prior antimicrobial therapy, 
It is advised to discontinue antibiotics for 72 to 96 hours 
before culture, although a recent study has shown reliable 
recovery of bacteria using bronchoalveolar lavage (BAL) fluid 
from foals receiving therapy. 6 

Airway aspiration can also be performed during routine 
endoscopy of the trachea using an aspiration catheter 
advanced through the endoscope biopsy channel, but there 
is potential for pharyngeal contamination. Results comparing 
culture from a protected aspiration catheter passed through 
an endoscope compared favorably with culture from tradi¬ 
tional percutaneous tracheobronchial aspiration (TBA). 5 

A direct smear and Gram stain can be used as an initial 
guide for antimicrobial therapy pending culture results. 
Cytologic evaluation can be extremely valuable in different 
dating among infectious, allergic, parasitic, and neoplastic 
processes. Transtracheal aspirates (TTAs) from clinically 
normal horses contain columnar ciliated epithelial cells, a 
few neutrophils, and multiple mononuclear cells. Increased 
percentages of neutrophils and the presence of mast cells, 
eosinophils, giant cells, and hemosiderophages have been 
demonstrated in aspirates from normally performing thor¬ 
oughbred racehorses, indicating some airway inflammation 
in '"normal" equine athletes H Mucus, large spores, and fun¬ 
gal hyphae may be found in the absence of airway disease 
and must not be overinterpreted. Heaves, or recurrent airway 
obstruction (RAO), is characterized by increased numbers 
of nondegenerate neutrophils and occasional eosinophils. 
In cases of pneumonia, neutrophils may constitute 40% to 
90% of the cellular sample. Bacterial pneumonia causes a 
more degenerate appearance of neutrophils, and intracellU’ 
lar bacteria may be found. Equine lungworm is characterized 
by finding large numbers of eosinophils and occasionally a 
larva. In ruminants the most important information gath¬ 
ered in patients with bronchopneumonia is usually the result 
of culture and antimicrobial sensitivity testing. 

BAL involves obtaining a sample from the terminal air¬ 
ways and alveolar region. It is performed using a long endo¬ 
scope or double-lumen tube introduced through the nares. 
Endoscopic BAL allows for more exact placement of the 
end of the endoscope, so a clear understanding of the ana¬ 
tomic location of the distal airway lavage is available. Use 
of the doubledumen tube is essentially a blind technique, 
but most frequently the dorsal lung of one ftemithorax is 
sampled. The outer tube or the endoscope is wedged in a 
bronchus, and the smaller tube advanced. Saline solution 
aliquots of 60 to 300 mL are introduced, followed by 
continuous aspiration using low suction pressure. The 
procedure has the advantage of sampling the airways near¬ 
est the parenchymal region, but only a limited area of the 
lung is sampled instead of the pooled secretions from a tra¬ 
cheobronchial aspirate. Thus BAL may be superior to 
tracheobronchial aspiration in evaluation of horses with 
chronic lung diseases, but false-negative results can be 
obtained from horses with pneumonia or pleuropneumonia, 
BAL cytology is valuable in evaluation of fungal infections 
and I AD and assessment of therapeutic response. 

Thoracocentesis 

Aspiration from die pleural space is a simple, easily per¬ 
formed, inexpensive procedure that can be both diagnostic 
and therapeutic. In the horse with septic or neoplastic 


effusions, sedation is often unnecessary because the proce¬ 
dure causes only minimal additional discomfort. After ultra¬ 
sonographic evaluation of the thorax, a point is chosen at 
which drainage or fluid sampling would seem most appro¬ 
priate—frequently in the sixth or seventh intercostal space 
10 cm dorsal to the olecranon and above the lateral thoracic 
vein. The area should be dipped, if it was not dipped for 
the thoradc ultrasound examination, and surgically pre¬ 
pared. Multiple sites may be needed in horses with I col¬ 
lated pockets of fluid in the pleural cavity, and these sites 
should also be chosen using ultrasonography. The skin 
and intercostal tissue down to the pleura are anesthetized 
with lidocaine, and a stab incision is made. A sterile 2- to 
3-inch teat cannula or bitch catheter is introduced immedi¬ 
ately cranial to the rib border to avoid the intercostal nerve 
and vessel along the caudal aspect of the ribs. The cannula 
should be attached to sterile intravenous (IV) extension tub¬ 
ing and a three-way stopcock. When the cannula is ad¬ 
vanced bluntly through the parietal pleura, a sudden loss 
of the force required to advance is felt. Aspiration should 
be attempted at this point. The orientation of the cannula 
can be varied to reach as much fluid as possible. Normally 
only a few milliliters of straw-colored fluid are obtained. 
In cases of pleural effusion, as much as 30 L may be 
removed from each side of the chest {Fig. 31-31. If fluid is 
excessive, the tubing can be extended over a bucket for grav¬ 
ity drainage, or a vacuum pump with fluid trap can be 
attached. Once the procedure is complete, a purse-suing 
suture is placed around the stab incision, and the cannula 
is withdrawn while the suture is tightened. In cases in which 
the effusion is large and expected to continue forming for 



FIG- 31-3 K1 Thoracocentesis and therapeutic drainage tn the horse. Pleu¬ 
ral effusion can be large and bilateral. Samples should be obtained for 
culture and cytologic examination, al the time the chest is drained. (Cour¬ 
tesy Dr Corinne Sweeney, University of Pennsylvania, New Bolton Center, 
Ken nett Square* P£nn-) 
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several days, the initial drainage can be performed by plac¬ 
ing a chest tube instead of puncturing the pleural space with 
a teat cannula. If a chest tube is to be left in place it should 
be secured with a Chinese finger trap suture and the end 
covered by a Heimlich valve to prevent aspiration of air into 
the thorax through the tube. If the thorax is being drained 
rapidly, the patient should be watched carefully for signs 
of distress, as draining of large volumes can alter cardiovas¬ 
cular parameters significantly. 

Increasing opacity, presence of fibrin clumps, and mab 
odor of pleural fluid all suggest relative progression from 
transudate to septic exudate containing inflammatory cells 
and debris. A putrid odor suggests the presence of anaerobic 
bacteria. Samples should be cultured for aerobic and anaero¬ 
bic organisms A white blood cell (WBC) count of 10,000/pl. 
or less is considered normal; fewer than 60% are normally 
neutrophils, the remainder being lymphocytes and macro¬ 
phages. The proportion and total number of neutrophils 
increase with pleuritis. Erythrocytes are normally not present 
in the absence of a traumatic tap. The protein concentration 
is normally less than 3.5 g/dL and pi 1 should be approxi¬ 
mately 7.4. Additional metabolic values that give early indi¬ 
cation of sepsis can be obtained on pleural fluid samples 
collected after filtration through a blood administration 
set to remove fibrin and debris potentially detrimental to 
analytic equipment. Pleural fluid pH, Pco 2 , and concentra¬ 
tion of glucose, lactate, and bicarbonate can be directly com¬ 
pared with similar analysis of venous blood from the patient. 
Aseptic pleural exudate is acidic, with decreased glucose and 
bicarbonate but increased lactate and Pt;o 2 compared with 
venous blood concentrations or tensions, apparently reflect¬ 
ing metabolic activity of phagocytic cells and bacteria and 
development of an anaerobic environment.* 3 Of these values, 
low pleural fluid glucose concentration [<40 mg/dL) has the 
best correlation with sepsis, 24 

Neoplastic cells may be found in cases of lymphosar¬ 
coma, adenocarcinoma, or other neoplasms. Equine gastric 
squamous cell carcinoma occasionally manifests with neo¬ 
plastic pleural effusion. If neoplastic effusion is suspected 
but diagnostic cells do not exfoliate into the pleural fluid, 
pleuroscopy with the patient under sedation and local anes¬ 
thesia can he used directly to visualize and obtain biopsy 
samples of intrathoracic lesions. The technique of pleuro¬ 
scopy is beyond the scope of this chapter. 

Mediastinal fenestrations may be occluded by fibrin and 
cell debris; therefore each side of the thorax should be evalu¬ 
ated separately, In the horse a transtracheal aspiration for cul¬ 
ture should also be performed because of the common 
association of pleuritis with bacterial pneumonia and pulmo¬ 
nary abscessat ion .Although identical organisms are generally 
isolated from both samples, this is sometimes not the case. 

Sinus Trephination 

Sinus trephination is performed with some frequency in 
horses and ruminants. Clinical signs indicating a need for 
sinus trephination indude foul-smelling purulent nasal 
discharge (the most consistent sign with dental disease or 
invasive tumors), facial malformation, exophthalmos, sterto¬ 
rous breathing, and epistaxis. Sinus cysts, neoplasms, and 
hematomas occasionally occur and result in serosanguineous 
discharge. When the physical examination, especially percus¬ 
sion, and radiographic findings indicate, the sinus should be 
trephined for diagnostic aspiration, drainage, and Hushing if 
necessary. In some cases sinoscopy may be indicated, particu¬ 
larly when the true extent of the disease process is difficult to 
determine or if biopsy samples are needed. 

In the horse the frontal, sphenopalatine, and ethmoidal 
sinuses all communicate with the posterior chamber of the 


maxillary sinus and drain through the nasal maxillary open¬ 
ing into the middle meatus. The anterior chamber of the 
maxillary sinus is separated by an osseous septum that often 
breaks down with infection, making the posterior chamber 
of the maxillary sinus the most productive site for diagnos¬ 
tic aspiration. A line is drawn from the medial canthus of 
the eye perpendicularly to the facial crest. After tranquiliza- 
lion and local anesthesia, the sinus is approached with a 
Steinmann pin midway on this line. Once the sinus has 
been entered, aspiration should be performed by using a 
sterile 16-gauge needle or canine urinary catheter. One skin 
suture will suffice for closure. If purulent material or fluid 
within the sinus is under pressure, some leakage into the 
SC space may occur, with resulting cellulitis. The sample 
should be cultured for aerobic and anaerobic bacteria and 
examined cytologically for signs of septic inflammation or 
neoplastic cells. 

The frontal sinus is trephined more often for Hushing in 
chronic cases than for diagnostic purposes. The approach is 
2.5 cm lateral to the midline of the face and 2.5 cm caudal 
to the point at which the nasal bones begin to diverge. 

In cattle the frontal sinus is most often affected with sep¬ 
tic inflammation as a consequence of dehorning. Purulent 
material frequently accumulates in the posiorbital diverticu¬ 
lum of the sinus. This site is approached for trephination 
4 cm from the edge of the orbital cavity just dorsal to the 
temporal (lateral) canthus of the eye. 

Postdehoming sinusitis in goats can be a severe condi¬ 
tion, especially in animals dehorned when mature. The fron¬ 
tal sinus contains numerous septa, creating poor drainage; 
the bony plate protecting the brain is thin, so that septic 
necrosis of bone leading to meningitis may occur. Therefore, 
in mature goats with sinusitis, appropriate systemic antimi¬ 
crobial therapy and vigorous curettage of the affected areas 
should be used. A bone flap similar to the technique used 
in chronic maxillary sinusitis may be required to expose the 
frontal sinuses to curettage adequately. 

Guttural Pouch Catheterization 

When indicated by radiography and/or endoscopy, equine 
guttural pouches are easily catheterized for diagnostic sam¬ 
pling and flushing. Sampling can also be achieved by plac¬ 
ing thin tubing through the biopsy channel and directly 
aspirating or aspirating after introduction of sterile saline, 
as TEA and lavage are performed through the biopsy chan¬ 
nel. The patient should be tranquilized so that the head 
drops, facilitating drainage of the secretions by gravity. 
A Chambers mare catheter can be passed through the ven¬ 
tral meatus into the pharynx if the endoscope is not to be 
used for the sampling or lavage. The curved end is directed 
beneath the flap of the medial lamina of the pouch ipstlai- 
eral to the nostril used for passage. Successful passage is 
indicated by lack of resistance while the catheter is inserted 
deeper than if it were in the pharynx. The position of the 
catheter tip in the pharynx can be observed through an 
endoscope placed up the opposite nasal passage. Once the 
catheter is within the pouch, it can be used to obtain a sam¬ 
ple, to drain excessive secretions, or to act as a conduit for 
flushing A self-retaining uterine catheter can be left in place 
for repeated flushing, but the Chambers catheter can be 
passed repeatedly with no complications. 

Lung Biopsy 

Lung biopsy is most often done in the horse and should 
be used in conjunction with other, less invasive diagnostic 
techniques such as ultrasonography, radiography, and transtra¬ 
cheal aspiration. Lung biopsy is indicated to obtain a histologic 
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with lungworm infection. 641 At necropsy, a modified Baer- 
mann's technique can be applied to diced lung tissue to 
aid in the identification of larvae. 

Treatment for D. amfieldi infection includes effective 
anthelmintic treatment, removal from contact with donkeys, 
and moving horses and ponies to a pasture not grazed by 
donkeys since the previous autumn. Effective anthelmintics 
include moxidectin, 642 ivermectin (active against mature 
and immature parasite stages), 629643 and mebendazole 
(16-20 mg/kg for 5 days). 644 Fenbendazole has been shown 
to improve clinical signs of presumed D. amfieldi infection; 
however, suppression of fecal shedding was maintained for 
less than 4 weeks with doses up to 30 mg/kg. 641 Treatment 
with 200 pg of ivermectin per kilogram, along with a pasture 
change after treatment, resulted in complete improvement in 
six of seven D. amfieldi cases and partial improvement in one 
case. 645 Treatment of donkeys should be instituted to 
decrease transmission to horses and ponies and potentially 
to decrease the donkey's susceptibility to other respiratory 
diseases. 636 

Necropsy findings in donkeys and horses with D. am¬ 
fieldi infection are similar. 646 647 Gross findings include cir¬ 
cumscribed areas of raised pulmonary tissue (3 to 5 cm), 
more commonly found in the caudal lung lobes. Sectioning 
of these areas reveals overinflated pulmonary tissue sur¬ 
rounding small bronchi that are packed with mature D. am¬ 
fieldi. Small airways in these areas tend to be occluded with 
exudate. Histologic examination of the pulmonary tissue 
reveals diffuse eosinophilia throughout the pulmonary tis¬ 
sues, especially around the airways. A marked inflammatory 
reaction is found around parasitized bronchi, with heavy 
lymphoid cell infiltration of epithelium, lamina propria, 
and peribronchial tissue. Epithelium becomes hyperplastic, 
and mucus-secreting cells increase in size and number. Little 
cellular or mucoid reaction is seen in bronchial lumen 
around adult parasites; however, free larvae in bronchial 
lumen result in intense mucopurulent reaction. Bronchioles 
in affected areas of the lung usually show evidence of 
bronchiolitis, with free mucus present in the lumen of bron¬ 
chioles and hyperplastic, columnar epithelium. Bronchioles 
are most commonly surrounded by discrete lymphoid 
nodules. Pulmonary pathology in donkeys tends to be very 
localized with much of the lung appearing normal on histo¬ 
logic examination. 646 

Prevention of D. amfieldi infection in horses and ponies 
involves effective anthelmintic treatment and pasturing 
horses and ponies separately from donkeys or treating 
donkeys with appropriate anthelmintic treatment to avoid 
patent infection. Anthelmintic treatment is especially impor¬ 
tant in the spring. Regular removal of manure from pas¬ 
ture can also help to decrease the parasite load in the 
environment. 

THORACIC TRAUMA 

JANE E. AXON 

iTioracic trauma results from blunt or penetrating injuries to 
the chest wall. Trauma can result in thoracic wounds, 
hemothorax, pneumothorax, fractured ribs, and diaphrag¬ 
matic hernia, and a combination can occur in the same horse. 
Prompt assessment and implementation of emergency proce¬ 
dures in the injured horse with respiratory distress in the field 
is vital to optimize the horse's chances for survival. 648 

Clinical signs associated with injury to the thorax can 
vary from mild musculoskeletal pain and a stiff gait to 
severe respiratory distress and hypovolemic shock. Signs of 
respiratory distress include anxiety, tachypnea, nostril flar¬ 
ing, cyanotic mucous membranes, tachycardia, and an 
altered respiratory pattern. Auscultation and percussion of 


the thorax may assist with locating and identifying the 
lesions. Percussion and palpation will need to be performed 
carefully in horses in pain. Palpation of SC emphysema in 
the absence of an external wound may be associated with 
a lacerated lung or tracheal trauma and in a dyspneic horse 
should raise the suspicion of a concurrent pneumotho¬ 
rax. 649 The injured horse may also have weak pulses, pale 
mucous membranes, and tachycardia resulting from acute 
hemorrhage from lacerated intercostal or pulmonary paren¬ 
chymal vessels. Evaluation of the abdomen should also be 
undertaken. On expiration the cranial portion of the dia¬ 
phragm extends to the sixth rib; therefore an abdomino- 
centesis should be performed on a horse with a wound 
caudal to the sixth rib or with a deep penetrating wound 
to assess abdominal involvement. 648 Further evaluation of 
the injured horse will include thoracic radiographs, ultraso¬ 
nographic examination, and exploration of the wound. 
Arterial blood gas analysis will assist in determining the 
extent of hypoventilation. 

Open thoracic wounds should be covered immediately 
to prevent additional air from entering the chest cavity. 649 
Plastic food wrap wrapped around the thorax or a gauze 
roll or towel sutured in place can be used. A tension pneu¬ 
mothorax, which may occur with sucking thoracic or axil¬ 
lary wounds, can be alleviated by inserting a trocar into 
the dorsal pleural space so pleural and atmospheric pres¬ 
sures can equilibrate and a less compromising pneumo¬ 
thorax is created. 648 Intranasal oxygen therapy and 
removal of air from the thorax may be necessary to 
improve alveolar ventilation and oxygenation in a horse 
with pneumothorax before further evaluation. Circulatory 
support may be necessary until hemorrhage has stabi¬ 
lized. 648 Sedatives and tranquilizers should be used judi¬ 
ciously because most cause respiratory depression; however, 
they may have to be used if the horse's anxiety precludes 
instituting treatment. 

Hemothorax 

Thoracic trauma resulting from lacerations to pleural or pul¬ 
monary vessels or rupture of large thoracic vessels may 
result in hemothorax. Other causes of hemothorax include 
rupture of lung parenchymal bullae, vessel erosion by severe 
lung abscessation or neoplasia, hemangiosarcoma, sponta¬ 
neous hemorrhage at maximal excursion, and coagulopa- 
thy.650.651 iatrogenic causes include tube thoracostomy 
and lung biopsy. Hemothorax can be unilateral or bilateral 
depending on the cause and whether the mediastinum is 
complete. 

Diagnosis is based on clinical signs, radiographic and 
ultrasonographic findings, and laboratory evaluation of 
the fluid obtained from thoracocentesis. 650 The horse may 
be dyspneic and tachycardic, depending on the volume of 
blood loss into the pleural cavity. On auscultation there is 
a decrease in normal breath sounds ventrally, and heart 
sounds are often muffled and radiate over a wider area. 650 
Percussion reveals a change from the normal resonance of 
aerated lung to dullness over the hemothorax. 650 Thoracic 
radiographs show opacity of ventral lung fields, with an 
associated horizontal fluid line and a loss of diaphragmatic 
and cardiac silhouettes. 652 Ultrasonography shows fluid 
within the pleural cavity with a characteristic hypoechoic 
to echogenic smoke swirling pattern. 653 Fluid collected by 
thoracocentesis should be submitted for cell count, packed 
cell volume, and total protein. A cytologic evaluation 
should also be performed to determine whether there is evi¬ 
dence of infection or neoplasia, and the sample should be 
cultured if an infection is suspected. A clotting profile 
and platelet count should be performed if a coagulopathy 
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is suspected. Hematology and biochemistry should also be 
performed, as the horse may develop anemia and hypopro- 
teinemia associated with the blood loss. 

Treatment is aimed at stabilizing cardiopulmonary func¬ 
tion and treating the underlying cause. Horses with 
hemothorax from nonpenetrating thoracic trauma or a non- 
infectious cause can be managed conservatively with intra¬ 
nasal oxygen insufflation, analgesics, IV fluids, or whole 
blood transfusion if the blood loss is severe. If the horse is 
not hypoxemic or in respiratory distress, rest alone and 
close monitoring may suffice. Even if respiratory distress 
is evident, a tube thoracostomy and drainage of blood 
may not be necessary. 651 Drainage of the thorax is not 
recommended in horses with a coagulopathy unless severe 
respiratory distress is present. 651 If there is a penetrating 
wound or evidence of infection, drainage should be 
attempted by ultrasound-guided ventral placement of chest 
drains. This, however, should not be undertaken until the 
hemorrhage has stopped and the circulating blood volume 
has been restored. 654 All horses, even without evidence 
of infection, should have broad-spectrum antimicrobial 
coverage, as blood is an excellent medium for bacterial 
growth. 650 

The prognosis for horses with uncomplicated trauma 
and hemothorax is good. If the hemothorax is the result 
of a penetrating wound, the prognosis is poor. 

Pneumothorax 

Traumatic causes of pneumothorax include puncture or lac¬ 
eration of the trachea, ruptured esophagus, penetration of 
foreign objects into the thoracic cavity, external wounds 
resulting in SC emphysema and pneumomediastinum, 
and direct penetrating or blunt trauma to the lung paren¬ 
chyma. 650655 * 657 Pleuropneumonia is also an important 
cause of pneumothorax ; in one study 17 of 40 horses had 
pneumothorax resulting from pleuropneumonia. 655 Air 
can escape into the pleural cavity through slow leaks from 
necrotic lung or through formation of bronchopleural fistu¬ 
las. Additional causes of pneumothorax include ruptured 
emphysematous lung bullae, maximal exercise, and iatro¬ 
genic causes such as tube thoracostomy, lung biopsy, 
mechanical ventilation, and transtracheal aspiration. 650 * 651 

Pneumothorax can be described as closed, in which air 
from the lung is trapped in the pleural space, or open, in 
which there is free communication between the pleural 
space and external environment and air is sucked into 
the pleural space with inspiration. A tension pneumotho¬ 
rax occurs when air accumulates in the thorax until intra¬ 
pleural pressure exceeds atmospheric pressure. This is 
often seen with a sucking pleurocutaneous wound as air 
moves into the chest cavity with inspiration and, owing 
to a valve effect of the wound, cannot escape during expi¬ 
ration. 649 Intrapleural pressure may increase to such an 
extent that the thorax becomes fixed in maximal extension. 
This leads to severe cardiopulmonary effects with dec¬ 
reased venous return to the heart because of vena cava 
compression and hypoxemia. 658 * 6583 Pneumothorax is 
usually bilateral because of the incomplete mediastinum 
of horses; however, it may be unilateral if the fenestrations 
in the mediastinum are blocked as a result of inflamma¬ 
tion or a collapsed lung. 

Diagnosis is based on clinical signs, aspiration of air 
from lhe pleural cavity, and radiographic and ultrasono¬ 
graphic findings. 650 Clinical signs that can be associated 
with pneumothorax are dyspnea, tachypnea, cyanosis, and 
evidence of trauma. 650 Characteristic findings on ausculta¬ 
tion are a decrease or lack of normal breath sounds dorsally 
and tympany and hyperresonance on percussion; however, 


these clinical signs can vary and are not reliable. 655 Concur¬ 
rent SC emphysema may complicate interpretation. How¬ 
ever, if a horse with SC emphysema is dyspneic or 
distressed, pneumothorax should be suspected unless the 
emphysema is causing airway compression. 650 Thoracic 
radiographs show lack of pulmonary vasculature in the 
dorsal aspect of the caudal lung fields and ventral displace¬ 
ment of the dorsal lung margin (Fig. 31-35). On ultrasono¬ 
graphic examination there are parallel horizontal lines of air 
artifact reverberation without the pattern of pleura and 
"comet tail" artifacts. The dorsal air image also moves ven- 
trally with inspiration over underlying collapsed lung or 
pleural fluid, creating a "curtain" image. 653 SC emphysema 
in tissue and fascial planes may prevent accurate sono¬ 
graphic imaging. Aspiration of air from the thorax is also 
diagnostic, as is the associated improvement in clinical 
signs. 

Treatment is aimed at improving alveolar ventilation 
by correcting the pneumothorax, if the horse is showing 
signs of respiratory distress, and treating the underlying 
cause. Treatment of simple pneumothorax requires rest 
and close observation while gradual reabsorption of air 
occurs. If hypoxemia (Pao 2 < 80 mm Hg, percent oxygen 
saturation [%0 2 sat] < 90%) or dyspnea is present, nasal 
insufflation of oxygen (15L/min) should be adminis¬ 
tered. 654 An open sucking wound should be occluded. 
Air is removed from the pleural space by inserting a teat 
cannula or thoracostomy tube, with a suction device 
attached, into the dorsal thoracic cavity. If a suction 
machine is not available, repeated aspiration with a 60-ml 
syringe through a three-way stopcock valve and or tubing 
attached to the teat cannula and run into a container of 
water can be used. 649 The latter acts as a simple water trap, 
allowing air to be expelled during inspiration while prevent¬ 
ing air movement back into the chest with expiration. 649 If 
the pneumothorax reoccurs or continues, tubes should be 
left in place to allow constant air removal. A Heimlich chest 
drainage valve* provides continual drainage and if correctly 
placed is effective for long periods. In long-standing cases, 
gradual reexpansion of the lungs is recommended to avoid 
reexpansion pulmonary edema. 650 Prophylactic broad-spec¬ 
trum antimicrobial therapy is recommended as long as the 
tube is in place. If the cause of pneumothorax requires cor¬ 
rection under general anesthesia, ventilation should be 
improved before induction by removing air from the pleu¬ 
ral cavity and correcting lung atelectasis. 

The prognosis for horses with pneumothorax is good, 
providing infections can be successfully treated and air leaks 
are sealed. Pneumothorax associated with pleuropneumo¬ 
nia and parenchymal lesions resulting in air leakage carry 
a poor prognosis and with an esophageal rupture carry a 
very poor prognosis. 650 * 655 

Rib Fractures 

Fractured ribs are most often a result of an accident or kick; 
however, in neonates fractured ribs are commonly asso¬ 
ciated with birth trauma. 

ADULTS. Fractured ribs can be detected either through 
exploration of the wound or by eliciting a pain reaction 
on palpation over the affected area. Crepitus associated with 
a closed fracture is often not detected. Shallow breaths and 
guarded thoracic movements may be seen as a result of pain 
from the fracture. Soft-tissue swelling and SC emphysema 
may also be present. Fractured ribs in adults usually heal 


•Heimlich chest drainage valve, Bard-Parker, Division of Becton- 
Dickson Co., Rutherford. N|. 
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FIG. 31-35 II A, Lateral radiographic view of the caudal dorsal portion of the thorax of a horse with bilateral pneumothorax. The dorsal borders of the lung 
margin are arrowed. B, Same view after thoracocentesis and resolution of the pneumothorax. 


without fixation; however, if pain and excessive movement 
of rib ends are present, surgical correction may be war¬ 
ranted. Stabilization of a flail thorax is usually not necessary 
unless there is respiratory compromise. 649 NSAIDs, circum¬ 
ferential bandaging, and intercostal nerve blocks assist with 
providing pain relief. Open fractures should be explored 
and debrided, and soft tissue repaired. 649 The horse should 
be closely monitored for respiratory distress or hemorrhage, 
as a closed pneumothorax or hemothorax may result if a 
fractured rib end lacerates underlying lung parenchyma or 
vessels. 648 

FOALS. Blunt thoracic trauma during parturition result¬ 
ing in costochondral dislocation or rib fracture is more 
common in foals from primiparous mares and dystocias. 6583 
The majority of fractures are subclinical; however, sudden 
death, hemothorax, hemopericardium, lacerated myocar¬ 
dium, pneumothorax, diaphragmatic hernia, and severe 
respiratory distress can occur. 6583 - 659 The incidence of frac¬ 
tured ribs in newborn foals on one farm was 21% (55 of 
263), and none had clinical signs associated with the frac¬ 
ture after a 6-month period. 6583 However, in other reports 
rib fractures accounted for 13% of life-threatening fractures 
in foals less than 7 days of age, and in a necropsy study 
19 of 67 foals with fractured ribs (28%) died as a direct 
result of rib fracture. 659 - 660 The most common site of injury 
is the cranioventral half of the thorax at the costochondral 
junction or adjacent dorsal area. 659 Clinical signs are vari¬ 
able and include pain on rib palpation, "clicking" or crepi¬ 
tation on auscultation, edema localized over or ventral to 
the fractured ribs, and signs of pain including grunting or 
groaning when the patient is manipulated or lying on the 
affected side. Palpation of crepitus over the fractured site is 
not a consistent finding. If the foal is systemically stable, 
asymmetry of the thoracic cage can be evaluated if the foal 
is positioned in dorsal recumbency. 6583 In severe cases 
involving multiple consecutive ribs, the foal can be in 
respiratory distress with a flail thorax. Foals may also 
exhibit respiratory distress with pneumothorax. Pale 
mucous membranes can be indicative of internal hemor¬ 
rhage and abdominal hemorrhage, and diaphragmatic her¬ 
nia should be considered if the diaphragm has been 
lacerated. Radiographs for detection of fractured ribs in 
neonates is not reliable. 659 - 661 Ultrasonographic examina¬ 
tion is more reliable and also assists in evaluating the 
adjacent structures and presence of hemothorax or pneu¬ 
mothorax (Fig. 31-36). Conservative treatment with box 
rest and supportive care is successful in the majority of 


uncomplicated rib fractures; however, surgical repair has 
been performed in patients with multiple rib fractures or 
those with potential for severe internal injury. 661 - 662 Spe¬ 
cific treatments based on the internal injuries should also 
be implemented. 

Diaphragmatic Hernia 

Diaphragmatic hernias occur sporadically in horses. 663 - 664 
Occurrence is usually associated with a history of trauma 
or sudden increase in abdominal pressure and exertion, as 
may be experienced by stallions during breeding or mares 
during parturition. 664 In one study, 48% of 50 horses diag¬ 
nosed with diaphragmatic hernia had a history of recent 
trauma. 663 In some cases no history of injury or predispos¬ 
ing cause can be identified. 664 Congenital diaphragmatic 
hernia can occur owing to incomplete fusion of any of the 
four embryonic components of the diaphragm or as a result 
of abdominal compression during parturition. 665 A congen¬ 
ital peritoneopericardial hernia has been reported. 666 Con¬ 
genital hernias are typically located in the most ventral 
portion of the diaphragm, whereas diaphragmatic defects 
from trauma are usually located at the junction of muscular 
and tendinous portions of the diaphragm. 665 The size and 
position of the defect are important in determining whether 
herniation of abdominal viscera occurs. 664 - 667 Any segment 
of intestine can be involved, although small intestine is the 
most frequent. 665 

Clinical signs usually relate to intestinal obstruction or 
respiratory compromise; however, less specific signs of exer¬ 
cise intolerance and weight loss have been reported. 664 
A diaphragmatic hernia may also initially be clinically silent 
if there is minimal pulmonary or bowel compromise. 
Gl-related clinical signs are variable and depend on the 
segment and amount of intestine herniated and whether 
it is simply displaced, incarcerated, or strangulated. 664 
Frequently reported clinical signs are colic, moderate to 
severe tachypnea, and endotoxic shock. Respiratory signs 
of tachypnea can be attributed to pain at the site of injury 
or GI tract, shock, and lung compression and decreased 
ventilation. 664 - 667 - 668 Acute tearing of the diaphragm may 
be associated with hemorrhage into both thoracic and 
abdominal cavities. 

Diagnosis can be challenging, and thoracic radiographs 
showing abdominal organs within the thoracic cavity are 
considered most diagnostic. 664 - 667 Ultrasonographic exami¬ 
nation may show abdominal organs in the thoracic cavity; 
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FIG. 31-36 II A, Fractured rib (arrow). Sagittal view. Left is dorsal. 
B, Healing fractured rib (1) and costochondral junction (2). Sagittal view. 
Left is dorsal. 


however, viscera may not be seen if covered by aerated lung 
or located away from the thoracic wall. 653 Rectal examina¬ 
tion often suggests a relative lack of normal abdominal 
viscera. Auscultation of the thorax may reveal GI sounds, 
but it is usually not possible to differentiate from sounds 


referred from the abdomen. There may also be an absence 
of breath sounds ventrally and associated dullness on percus¬ 
sion, although these findings are not reliable. Abdominal 
paracentesis is usually normal and can be misleading because 
the compromised intestine is in the thorax, and therefore 
thoracocentesis may be more representative. 664 Thoraco¬ 
scopy may also assist visualization of the hernia; however, 
partial deflation of the lungs is necessary to visualize the dia¬ 
phragm, which may further compromise the patient 658 667 

Surgical repair of diaphragmatic hernias has been reported 
but is fraught with complications associated with anesthesia, 
resection of devitalized bowel, anatomic location, and repair 
of the defect and possible fractured rib repair. 664 In chronic 
cases with few or no clinical signs, repair does not appear to 
be necessary, although complications associated with her¬ 
niated viscera may eventually occur. 665 - 669 

PULMONARY EDEMA 

PAMELA A. WILKINS 

Pulmonary edema rarely occurs as a primary event in the 
horse and, when present, is usually secondary to some other 
pathologic process. Extravascular fluid accumulates within 
the lung after events that alter hydrostatic and colloid 
osmotic interstitial and vascular forces, change the surface 
area and pore size of the blood gas barrier, or diminish lym¬ 
phatics drainage. 670 Pulmonary edema can be classified as 
cardiogenic or noncardiogenic. Pulmonary capillary pres¬ 
sure can be increased by any increase in left atrial or pulmo¬ 
nary artery pressure. In the horse this can occur secondary 
to acute renal failure, left ventricular failure, or very high 
cardiac output conditions, such as extreme exercise. 
Increases in microvascular permeability may occur with sep¬ 
sis, disseminated intravascular coagulation, hypoxic acido¬ 
sis, or primary pulmonary pathology, resulting in the 
release of mediators of inflammation that increase vascular 
endothelial or alveolar epithelial permeability. Pulmonary 
edema associated with airway obstruction has been termed 
negative-pressure pulmonary edema (NPPE) and has been 
reported in horses. 671 - 672 NPPE occurs secondary to inspira¬ 
tory efforts against a closed glottis that result in a precipi¬ 
tous fall in intrathoracic pressure. The large decrease in 
intrathoracic pressure increases the transmural pressure gra¬ 
dient for all intrathoracic vascular structures, favoring move¬ 
ment of water into the extravascular space. 

Diagnosis is based on clinical examination, a history of 
predisposing causes, and radiographs. Horses have a shal¬ 
low rapid respiratory pattern and may be dyspneic. Arterial 
blood gas analysis may reveal hypoxemia and hypercapnia. 
Fine crackles or wheezes may be audible on auscultation. 
Patients with volume overload (associated with renal failure 
or, rarely, too-rapid fluid administration) or primary cardiac 
problems may have an increased central venous pressure 
with pronounced venous distention. Fluid (clear or slightly 
yellow or pink-tinged) may drip from the nostrils and can 
increase in volume without necessarily becoming frothy. 
Progression to this stage warrants a very grave prognosis. 
Radiographic findings are nonspecific but include peribron¬ 
chial and perivascular cuffing, increased prominence of ves¬ 
sels, and a hazy reticular interstitial pattern. Underlying 
pulmonary disease may obscure signs of edema, and radio¬ 
graphs of sufficiently high quality to show relatively subtle 
changes may not be obtainable in mature horses. Noncar¬ 
diogenic pulmonary edema (capillary leak) is a component 
of the definition for ALI and ARDS. 


II Treatment. Treatment consists of correcting the cause, 
reversing hypoxemia, decreasing plasma volume and left 






CHAPTER 31 Diseases of the Respiratory System 



555 


atrial pressure, and increasing plasma colloid osmotic pres¬ 
sure. Intranasal oxygen and even mechanical ventilation 
may be needed in severe cases. Improvement in oxygena¬ 
tion can be monitored by sequential arterial blood gas anal¬ 
ysis or by using transcutaneous oxygen saturation 
monitoring equipment applied to the nasal mucosa, 
tongue, or other available nonpigmented mucous mem¬ 
brane. In cases of NPPE, maintaining an adequate, low- 
resistance airway is very important to prevent further dam¬ 
age, and tracheostomy may be necessary. IV fluid therapy 
should be guided by the patient's needs and monitored by 
serial measurement of central venous pressure if necessary. 
Furosemide may be given intravenously or intramuscularly 
at a dose of 1 to 2 mg/kg and repeated in 1 hour. If helpful, 
the dose can be titrated for each patient. At a dose of 1 mg/ 
kg, approximately 8 L of urine is produced in approximately 
1 hour. 673 A few studies have been conducted on the effects 
of furosemide on pulmonary hemodynamics in the 
horse. 674 * 677 The effects in horses with pulmonary edema 
have not been reported. Colloid solutions should be admi¬ 
nistered cautiously or in conjunction with use of diuretics 
because they can initially increase vascular pressure. Plasma 
may be safer than other colloid preparations such as dex 
trans or hetastarch. Colloid solutions may be of little 
benefit in raising intravascular osmotic pressure in patients 
with increased microvascular permeability. 

Antiprostaglandin drugs (flunixin meglumine, phenyl¬ 
butazone) and antihistamines may help. Bronchodilators 
may be of benefit. The use of corticosteroids remains 
controversial; if they are used, antimicrobial coverage is advis¬ 
able because pulmonary edema has been shown to impair 
pulmonary bacterial defense mechanisms. 

SMOKE INHALATION 

PEGGY S. MARSH 

Smoke inhalation injury is typically associated with expo¬ 
sure to fires, and there are often concurrent problems in 
other body systems from thermal injury. Extensive or severe 
burns can magnify the severity of the injuries. Thermal 
injury along with smoke inhalation leads to both local 
and diffuse lesions. Massive tissue edema may occur; it 
can be a challenge to manage and can create organ dysfunc¬ 
tion. To further complicate the problem, severely affected 
patients may develop a wide variety of problems including 
life-threatening sepsis and/or hypermetabolism. Depending 
on the severity of the lesions, smoke and fire injuries often 
lead to systemic inflammatory response syndrome and in 
some cases multiple organ system failure. 

Insult to the respiratory system by smoke inhalation 
depends on the fuels that burned, the completeness of com¬ 
bustion, and the generated heat intensity. In general, lesions 
are initiated by three mechanisms. The first is direct thermal 
injury, which can be limited to the upper respiratory tract 
by laryngeal reflexes and efficient heat exchange within 
the nasal passages. Toxic chemicals in the smoke can cause 
damage, both directly and indirectly, through inflammatory 
mediators. Carbon monoxide intoxication is commonly asso¬ 
ciated with human injuries from smoke and is a product of 
incomplete combustion. 678 finally, with combustion there is 
consumption of oxygen, and the resulting low PAo 2 can lead 
to pulmonary vasoconstriction as well as generalized hypoxia. 

Three phases of pulmonary dysfunction have been de¬ 
scribed in the horse. 679 680 The first stage is acute pulmonary 
insufficiency caused by several mechanisms. Carbon monox¬ 
ide may be present in sufficiently high concentration to cause 
toxicity within a short time after exposure. Carbon monoxide 
combines with hemoglobin to form carboxyhemoglobin. 
Hemoglobin has a 200- to 250-times greater affinity for carbon 


monoxide as compared with its affinity for oxygen. 678 High 
levels of circulating carboxyhemoglobin result in a shift of 
the oxyhemoglobin dissociation curve to the left, thereby 
decreasing oxygen release at the tissue level and leading to tis¬ 
sue hypoxia. Other processes occurring during this acute phase 
include progressive edema and necrosis in the upper respira¬ 
tory tract, leading to airway obstruction, bronchoconstriction 
in the lower respiratory tract from the irritating effects of nox¬ 
ious products, and altered pulmonary blood flow. 681 

These insults produce the second stage: formation of pul¬ 
monary edema, lower airway obstruction, and pulmonary 
parenchymal lesions. Within 48 to 72 hours after exposure, 
driven by pulmonary macrophages, neutrophils are called 
into the area of insult. They release cytokines, proteolytic 
enzymes, and oxygen-derived free radicals. Expression of 
the inflammatory cascade in excess of balance causes micro- 
vascular damage, leading to increased extravascular lung 
water. Local insult also results in the release of tissue factor 
initiating the coagulation cascade to produce fibrin. Debris 
from the inflammatory cascade along with fibrin and mate¬ 
rial direcdy deposited from smoke inhalation create pseu¬ 
domembranous casts, which may obstruct the small 
airways. Widespread plugging of the airways may signifi¬ 
cantly increase airway pressure, causing barotrauma and 
alveolar damage. 681 Bronchopneumonia is the last stage 
and occurs as a result of the impaired host immune system, 
both locally and systemically. This phase may occur up to 1 
to 2 weeks after the initial injury. 

As the saying goes, "Where there's smoke, there's fire"; com¬ 
monly horses with smoke inhalation injury will also have bum 
injury. A complete description of this process in horses has 
been reported. 682 Thermal injury causes a local response that 
includes microvascular insult and direct tissue coagulation 
leading to inflammation, local edema, and finally necrosis. 
Extensive local injuries will drive a systemic response. Initially 
there is a decrease in systemic organ blood flow. This is fol¬ 
lowed by the formation of generalized edema. The pathophys¬ 
iology of edema formation is complex and involves protein 
shifts, endothelial damage, and alteration of the interstitial 
architecture, all leading to a net accumulation of fluid in the 
interstitial spaces. 683 Over time major thermal injury is charac¬ 
terized by high cardiac output, increased oxygen consumption, 
and protein and fat wasting, all of which may create a hyper- 
metabolic state. 684 - 685 Loss of skin as a barrier, release of 
inflammatory mediators, and hypermetabolism play a role in 
the development of immunosuppression. Other features 
noted with bum injury in the horse include acute hemolysis, 
renal failure, laminitis, and myositis. 686 

Horses exposed to fire with smoke will have a variety of 
clinical signs depending on the duration and type of expo¬ 
sure and the length of time from the insult. The extent of 
damage to the skin may be very difficult to ascertain initi¬ 
ally. Acutely, within the first 6 hours, signs of carbon mon¬ 
oxide toxicity and shock may occur. The patient shows signs 
of severe hypoxemia and may be depressed, disoriented, 
irritable, ataxic, or even moribund and comatose. As edema 
and necrosis progress in the upper respiratory tract, dyspnea 
and stridor may develop. Auscultation of the thorax may 
reveal decreased air movement, crackles, or wheezes, but 
these may not become apparent for 12 to 24 hours. If 
edema of the airways is sufficiently severe, airflow may be 
severely restricted. Edema fluid may be visible at the nostrils 
and, later, may be replaced by inflammatory exudate. Con¬ 
current edema formation may be occurring systemically. 
Hypoxia and generalized edema may lead to dysfunction 
of distant organs such as the kidneys and muscles. Signs 
of infection may be difficult to ascertain from other signs. 
All that may be noticed is a fever and a worsening of respi¬ 
ratory signs after initial improvement. 
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Diagnosis is typically based on history and physical 
examination. A normal initial examination does not rule 
out exposure because the onset of clinical signs may be 
delayed several days. Within a short time after exposure, car- 
boxyhemoglobin concentration in venous blood can be 
measured. A level above 10% is consistent with carbon 
monoxide toxicity. 679 Various diagnostic tests are useful in 
determining the extent of respiratory injury. These include 
endoscopy of the upper respiratory tract and tracheobronchial 
tree, thoracic radiographs, blood gas analysis, hematology, 
and cytologic evaluation of tracheal aspirates. Any or all of 
these tests can be performed on a serial basis as prognostic 
aids. Diagnostic tools for other organ injury include blood 
pressure monitoring, measurement of central venous pressure, 
serial hematologic and serum chemistry analyses, and moni¬ 
toring of urine production. 

Treatment depends on stage of injury. Initially, oxygen 
support is of benefit. It is a treatment for CO toxicity and 
helps reduce hypoxemia. 687 Humidified oxygen can be sup¬ 
plied by nasal insufflation or via transtracheal catheter. 
Upper respiratory tract obstruction may necessitate a trache¬ 
ostomy. Attention should be paid to keeping the airways 
clear, and nebulization may be useful, especially when 
pseudomembranous casts are suspected. Bronchodilators 
may be useful in counteracting reflex bronchoconstriction. 
Decreasing inflammation and pulmonary edema may 
necessitate the use of diuretics and NSAlDs. Use of cortico¬ 
steroids is controversial because of potential for immuno¬ 
suppression and laminitis. 679 Novel therapies may include 
use of hyperbaric oxygen chambers and inhalation treat¬ 
ment with medication to inhibit inflammatory mediators, 
coagulation factors, or oxidative stress. 688 

Secondary complications require attention. Cardiovascular 
compromise and bum-induced edema may necessitate the 
judicious use of IV fluids. To prevent infection, stria hygiene, 
meticulous nursing care, and optimal nutritional support 
should be provided. 682 * 688 Prophylaaic antimicrobial use is 
not recommended in human patients. Documented infection 
should be treated with appropriate antimicrobial agents based 
on results of culture and sensitivity patterns. 682 

RECURRENT AIRWAY OBSTRUCTION 

DOROTHY M. AINSWORTH 

II Definition and Etiolog}'. RAO is an inflammatory condi¬ 
tion of the lower respiratory traa of mature horses that is 
charaaerized by excessive mucus produaion, neutrophil 
accumulation, bronchial hyperreaaivity, and (in most 
cases) reversible bronchospasm. Because the equine disease 
differs substantially in its etiopathogenesis from chronic 
obstructive pulmonary disease (COPD) of humans, it is 
recommended that the equine disorder no longer be called 
COPD. The preferred name is RAO or "heaves." 689 

RAO typically develops in adult horses residing in the 
northern hemisphere, for example in the Northeast and 
Midwest regions of the United States as well as in Great 
Britain and Switzerland, where the climate is wet and cool 
and horses are stabled and fed hay. RAO rarely occurs in 
horses maintained in warm dry climates such as those 
found in California or in Australia. 690 In North America 
the prevalence of RAO diagnosed at veterinary teaching 
hospitals has been positively correlated with rainfall, mini¬ 
mum temperatures, and total pollen and mold counts 
occurring 1 to 3 months previously. 691 These findings sug¬ 
gest that environmental conditions are integral to the devel¬ 
opment of the disease in susceptible horses. 

RAO is considered to be a hypersensitivity to inhaled 
molds and organic dusts contained in the feeds hay and 
straw. In this regard, RAO is similar to occupational asthma 


that develops in human workers exposed to organic 
dusts. 692 Identifying the specific causative agents within 
the hay dust that induce the disease has been a challenge, 
as stable dust contains over 50 species of molds, large 
numbers of forage mites, endotoxin, and other inorganic 
components. 693 Inhalation of aqueous extracts of Aspergil¬ 
lus fumigatus, Faenia rectivirgula (Micropolyspora faeni), or 
Thermoactinomyces vulgaris partially but not fully induces 
RAO in susceptible horses. 694 * 696 Similarly, inhalation of 
endotoxin, a component of hay dust, has been found to 
produce airway neutrophilia but not all of the changes in 
pulmonary funaion that are characteristic of RAO. 697 * 698 
To fully induce RAO in susceptible horses requires inhala¬ 
tion of hay dust particulates either by natural challenge 
(stabling and feeding hay) or by nebulization of a hay dust 
solution. 699 * 702 

ROLE OF THE INNATE IMMUNE SYSTEM. After inhala¬ 
tion of the organic dust, it appears that both adaptive and 
innate immunologic responses contribute to the pulmonary 
inflammation. Within hours of hay dust exposure, neu¬ 
trophilia and excessive mucus production are evident endo- 
scopically and cytologically. 703 * 704 Pulmonary macrophages 
isolated from affected horses at this time exhibit an upregu- 
lation in the gene expression of TNF-a, IL-lp and IL-8. 705 
The transcription of these proinflammatory genes may 
reflect involvement of TLR2 and/or TLR4 signaling path¬ 
ways (stimulated by fungal wall components and endo¬ 
toxin) with subsequent nuclear faaor (NF)-xB activation 
and gene transcription. 706 * 708 However, the importance of 
these pathways needs to be confirmed because many differ¬ 
ent mediators aaivate NF-kB and enhance gene expression. 
The initial upregulation of these proinflammatory genes 
is transient, with mRNA levels returning to preexposure 
levels 24 hours after hay dust challenge. 705 With continuous 
hay dust exposure, both the protein and the gene expression 
levels of IL-8 in the airway cells and bronchial epithelium, as 
well as the gene expression levels of IL-ip and TNF-a in the 
bronchoalveolar lavage fluid (BALF) cells are upregulated in 
chronically affeaed horses. 709 712 However, this gene upregu¬ 
lation may reflea contributions from both macrophages 
and extravasated neutrophils accumulating in the airways. 
In addition to IL-8, IL-lp, and TNF-a, another chemokine 
that has the potential to propagate the airway neutrophilia 
is IL-17. 712 * 713 Secreted by lymphocytes and neutrophils, 
IL-17 promotes maturation, chemotaxis, and aaivation of 
neutrophils. In horses continuously exposed to hay dust for 
periods exceeding 2 weeks, IL-17 also upregulates the gene 
expression of IL-8 in the airway epithelium. 712 

ROLE OF THE ADAPTIVE IMMUNE SYSTEM, rhe role of 
the adaptive immune system in the development of RAO is 
currently controversial. Data that support the hypothesis that 
RAO is an IgE-mediated (T-helper 2 |Th2|) disorder include 
the findings of elevated allergen-specific IgE concentrations 
in the serum 714 and in the BALF of RAO-susceptible or 
affected horses 715 * 716 and increased numbers of IL-4 and IL-5 
(mRNA positive) BALF cells—deteaed by in situ hybridiza¬ 
tion techniques—in RAO-affected horses. 717718 Although 
Th2 disorders are typically charaaerized by eosinophilic infil¬ 
trates, it has been hypothesized that IL-4 activates its receptor 
on neutrophils to inhibit neutrophil apoptosis, to increase 
protein synthesis, and to upregulate the expression of the 
IL-9 receptor. 719 It has been further hypothesized that aaiva¬ 
tion of the IL-9 neutrophil receptor then enhances IL-8 pro¬ 
duaion and neutrophil influx. 719 * 720 Although the gene 
expressions of IL-4 and IL-9 receptors are indeed upregulated 
in peripheral blood neutrophils isolated from RAO-prone 
and RAO-affected horses, the existence of this pathway, link¬ 
ing the Th2 limb with the development of neutrophilia, 
requires additional investigation and confirmation. 
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In contrast, other data suggest that RAO is not simply a 
Th2 immune response. For example. Van der Haegen and 
colleagues were unable to demonstrate a significant differ¬ 
ence in IgE-protein-positive cells in the lung tissue samples 
of RAO-affected as compared with control horses. 721 Sec¬ 
ond, cytokine profiles of BAL cells 710 * 711 or of pulmonary 
CD4^ and CD8^ cells 722 isolated from RAO-affected horses 
during the first 24 or 48 hours after hay dust exposure fail to 
demonstrate an upregulation of IL-4, 1L-5, or IL-13. Further¬ 
more, chronic (3 week) hay dust exposure is associated with 
an increase in the gene expression of IFN-y in the BALF 
cells, 710 * 711 although in one trial but not in the second trial 
of the same chronically affected horses the gene expression 
of IL-4 was upregulated. 710 Fourth, 'GATA-3, the transcrip¬ 
tion factor required for IL-4 gene expression, is not upregu¬ 
lated in the bronchial cells of RAO-affected horses. 723 
Nevertheless, in evaluation of these studies caution should 
be exercised in categorizing RAO as a Thl immune disorder. 
This is because (1) concomitant increases in the gene expres¬ 
sion oft-bet, the transcriptional factor for IFN-y expression in 
CD4^ cells, is not upregulated concurrently with IFN-y, 711 
and (2) multiple signaling pathways may stimulate the 
production of IFN-y. In other species, TLR stimulation leads 
to the production of proinflammatory factors including 
IL-12 and subsequent IFN-y synthesis. 724 725 

OTHER INFLAMMATORY MEDIATORS. With the accu¬ 
mulation of intraluminal neutrophils and peribronchiolar 
lymphocytes and with the activation of alveolar macro¬ 
phages, it is not surprising that numerous other inflamma¬ 
tory mediators are released and may contribute to the 
inflammatory response of RAO. For example, histamine that 
is released by degranulated mast cells increases vascular 
permeability and produces bronchoconstriction. Although 
histamine concentrations in the BALF increase in RAO-sus¬ 
ceptible horses after exposure to dusty hay, histamine-1 
receptor antagonists provide little therapeutic relief for 
affected horses. This finding suggests that histamine may 
not be the predominant mediator responsible for the airway 
inflammatory response. 726 The potential role of prostaglan¬ 
dins, with their bronchoconstrictive (PGF 2a , PGD 2 , TXA 2 ) 
and/or bronchodilatory capabilities (PGE 2 , PG! 2 ), have also 
been examined. In RAO-affected horses, increases in BALF 
PGE 2 and PGF 727 728 and in serum TXB 2 (a metabolite of 
TXA 2 ) are found. 729 However, although administration of a 
cyclooxygenase inhibitor prevents the increase in the serum 
TOB 2 in RAO-affected horses, it does not inhibit the develop¬ 
ment of airway hyperresponsiveness or bronchospasm in 
susceptible horses. This Finding suggests that the eicosanoids 
are not the major contributor to the disease. 729 The contribu¬ 
tion of lipoxygenase metabolites to the airway disease has also 
been investigated in RAO-affected horses. In humans, leuko- 
trienes have multiple actions: LTB 4 , LTC 4 , and LTD 4 are 
bronchoconstrictors; LTC 4 and LTD 4 are mucus secretagogues; 
and LTB 4 (through its action on NF-xB) is a chemotactin, pro¬ 
moting the upregulation of adhesion molecules and cytokines 
that facilitate neutrophil extravasation. 730 In horses, inhala¬ 
tion of LTB 4 or LTD 4 induces airway neutrophilia and bron¬ 
choconstriction, respectively, in normal and RAO-affected 
horses. 731 BALF ceils isolated from RAO-affected horses 
during the first 48 hours of hay dust exposure and stimu¬ 
lated ex vivo produce increased concentrations of LTB 4 and 
LTC 4 . 730 However, actual BALF concentrations of LTB 4 
and LTC 4 are not elevated in chronically affected horses. 728 
Furthermore, pretreatment of RAO-susceptible horses with 
either a 5-lipoxygenase inhibitor or a leukotriene receptor 
antagonist before hay dust exposure does not prevent 
the development of airway neutrophilia or alterations in 
lung mechanics. 732 * 733 Treatment of clinically affected horses 
with a leukotriene receptor antagonist also fails to improve 


pulmonary function test results, clinical scores, or arterial 
blood gas tensions. 734 

There is some evidence that reactive oxygen species, 
derived from pulmonary macrophages and granulocytes, 
contribute to the inflammatory process of RAO. 735 An 
"oxidant stress" has been proposed to develop, based on 
the Findings of increased levels of oxidized glutathione; 
increased glutathione redox ratios (the ratio of oxidized glu¬ 
tathione to total glutathione); and decreased ascorbic acid 
concentrations in the pulmonary epithelial lining fluid of 
RAO-affected horses. 735 736 Changes in these indices of oxi¬ 
dant stress are also correlated with lung dysfunction param¬ 
eters—total lung resistance, dynamic lung compliance, and 
arterial oxygen tensions—in RAO-susceptible and affected 
horses. 737 Reactive oxygen species are well recognized for 
their microbicidal activities. They also function as messen¬ 
gers in intracellular signaling pathways, upregulating proin¬ 
flammatory gene expression by activating NF-xB. 738 Thus it 
is possible that reactive oxygen species generated during the 
inflammatory process of RAO also contribute to the NF-xB 
activation that has been detected in bronchial epithelial cells 
and in BALF cells of RAO-affected horses. 739 740 

Proteases derived from airway phagocytes, lymphocytes, 
and epithelial cells may also propagate the inflammatory 
reaction of RAO. Although many matrix metalloproteinases 
(MMPs) with gelatinolytic and collagenolytic activities have 
been identified in the respiratory tract secretions of RAO- 
affected horses, 741 - 742 the gelatinase MMP-9 is markedly 
increased in BALF and in tracheal epithelial lining fluid of 
diseased horses. 743 It has been suggested that the degrada- 
tive effect of MMP-9 on the basement membrane and on 
the extracellular matrix components facilitates the extravas- 
cular movement of neutrophils into the airways. In vitro, 
tetracycline derivates effectively inhibit MMP activity 
detected in tracheal epithelial lining fluid, 744 but the effi¬ 
cacy of these compounds in ameliorating or preventing 
the inflammatory response of RAO-susceptible horses 
exposed to hay dust remains to be determined. 


SUMMER PASTURE-ASSOCIATED 
OBSTRUCTIVE PULMONARY DISEASE 

II Definition and Etiology. In the southeastern United 
States a condition clinically similar to RAO called summer 
pasture-associated obstructive pulmonary disease (SPAOPD) 
develops in mature horses that are kept outdoors. Clinical 
signs typically manifest during the late spring, summer, 
and early autumn. 745 It is interesting to note that this disor¬ 
der has also been reported to occur in horses in the United 
Kingdom. 746 747 Horses with SPAOPD exhibit airway neu¬ 
trophilia, excessive mucus production, and accentuated 
breathing efforts, 748 although the inciting environmental 
factors and the immunopathogenesis of this disorder have 
yet to be determined. 

Because of its similarity to RAO, investigators have sought 
to determine if SPAOPD reflects a Th2 or Thl immune 
response to inhaled molds or antigens by examining BALF 
antibody isotypes and BAL cell cytokine profiles. Seaborn 
and colleagues found that neither the total nor the antigen-spe¬ 
cific lgE and IgG titers to Aspergillus species, Cladosporium her- 
barum, PeniciUium species, F. rectivirgula, Saccharomonospora 
viridis , Thermoactinomyces thalpophilus, and the forage mite Lepi- 
doglyphus destructor in the tracheal lavage fluid were increased 
in SPAOPD-affected horses relative to controls. 749 During the 
winter months, when the horses are free of clinical signs, 
A. fumigatus-specific IgG titers in the SPAOPD group exceeded 
those in controls, but it could not be determined if this increase 
reflected ongoing production or decreased consumption. 
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Cytokine profiles of BALF cells isolated from SPAOPD- 
susceptible and affected horses have also been examined. 
When horses are symptomatic, the mRNA copy numbers 
of both IL-4 and IFN-y in BALF cells are increased relative 
to controls. 750 This difference is not apparent when horses 
are asymptomatic, although the copy number of IL-4 in 
the SPAOPD-prone horses does not decrease during the 
asymptomatic periods either. 750 

II Epidemiology . RAO occurs in both ponies and horses, 
but no gender or breed predisposition has been identi¬ 
fied. 751752 The prevalence of RAO is dependent on the geo¬ 
graphic region examined. Bracher reported that 60% to 80% 
of Swiss horses older than 8 years of age suffer from some 
degree of this disease. In North America and in Lurope the 
prevalence of RAO is estimated to range from 12% to 
50%. 751 

To assess the genetics of RAO, Marti and colleagues exam¬ 
ined families of horses affected with the disease. In one fam¬ 
ily 67% of the offspring bom to an affected dam and an 
affected sire developed RAO in contrast to the 17% of 
affected offspring bom to unaffected parents. 753 In an analy¬ 
sis of half-siblings, Marti also showed that stallions with 
chronic airway disease produced more affected offspring 
than did healthy stallions. Marti concluded that the clinical 
manifestations of RAO are the result of the interactions of 
genetic and environmental factors. There are currently no 
genetic markers that can be used to identify horses or ponies 
that are prone to developing RAO. 

Although it has been clearly demonstrated that hay parti¬ 
culates are integral to the development of the disease, the 
role of a prior viral (or bacterial) infection in inducing sus¬ 
ceptibility to hay dust hypersensitivity has not been estab¬ 
lished. Furthermore, even though horses with 1AD share 
many of the clinical features of RAO, 754 the relationship 
of IAD to the development of RAO is unknown. 689 

II Clinical Signs and Differential Diagnosis. The severity 
of clinical signs in RAO-affected horses is variable and is exa¬ 
cerbated by stabling; exposure to dusts, hay, and ammonia 
fumes; and hot humid weather. In a study of 148 cases of 
RAO presented for evaluation to a veterinary referral hospital 
in the United Kingdom, the chief complaints (median dura¬ 
tion of which was 7 months) included coughing (84% of 
cases), bilateral nasal discharge (54%), exercise intolerance 
(51%), and postexercise breathing difficulty (23%). 755 In a 
review of 16 cases presented to a veterinary teaching hospital 
in western Canada, the most common historical complaint 
(88% of the cases) was coughing, 756 whereas the predomi¬ 
nant clinical complaints in 65 cases presented to a veterinary 
teaching hospital in the northeastern United States were 
abnormal breathing effort (68%), nasal discharge (50%), 
and a spontaneous cough (46%). 757 

On physical examination, mildly affected horses are typ¬ 
ically afebrile and exhibit a bright demeanor. In such cases 
horses exhibit a normal or slightly accentuated (abdominal) 
breathing effort respiratory rate, and heart rate. A nasal dis¬ 
charge may not be evident in all cases, but the horse may be 
observed to swallow excessively because of expectorated 
exudate. When the horse is exercised, a thick white nasal 
discharge and a cough become apparent. The frequency of 
coughing also increases when horses are stabled, and it 
often exceeds 10 to 15 coughs per hour. 758 Physical exami¬ 
nation of more severely affected horses reveals tachypnea 
(respiratory rates exceed 40 breaths/min), nostril flaring, 
and a markedly accentuated expiratory effort (heave). The 
thoracic expiratory component may precede that of the 
abdominal compartment, producing a “double effort." 759 


Abdominal pressure swings may be large enough to cause 
the anus to protrude with expiration. Paroxysmal coughing, 
bilateral nasal discharge, anxious facial expression, flatu¬ 
lence during coughing, reluctance to move, inappetence, 
and weight loss occur in severely affected horses. 760 

Although RAO is a diffuse lung disease, auscultation of 
mild cases may not reveal abnormal lung sounds unless a 
rebreathing bag is used to induce a hyperpnea. In one survey 
thoracic auscultation was abnormal in 47% of the cases, 
whereas tracheal auscultation was abnormal in 63% of the 
cases (755). In the latter, abnormal lung sounds and 
"mucous clicks" (tracheal exudate) were detected by tracheal 
auscultation. In mildly affected horses, only regional areas of 
adventitious lung sounds—crackles or high-pitched expira¬ 
tory wheezes—may be detected. In contrast, in severely 
affected horses wheezes and mucous clicks may be heard at 
the horse's nostrils without the use of a stethoscope. 
Depending on the severity of the disease, thoracic percussion 
may be normal or may reveal expansion of the caudal lung 
fields beyond the normal line of pleural reflection. 

Researchers have developed a clinical scoring system to 
categorize the severity of RAO. In one system the total clini¬ 
cal score is based on the magnitude of nostril flaring, ranging 
from 1 to 4, and the abdominal breathing effort, ranging 
from 1 to 4. 761 RAO in horses with a clinical score of 3 or 
4, 5 or 6, or 7 or 8 was diagnosed as mild, moderate, or 
severe, respectively. In moderately to severely affected horses, 
there is a very good correlation between the clinical signs and 
alterations in pulmonary resistance or dynamic compli¬ 
ance. 762 For mildly affected horses (total scores of 3 or 4), 
the physical examination findings underestimate the severity 
of changes in the pulmonary function test results. Naylor 
and colleagues also developed a clinical scoring system based 
on the respiratory rate (graded 0 to 2), the respiratory effort 
(0 to 2), and lung auscultation findings (0 to 2) in affected 
horses. Although those investigators did not measure pulmo¬ 
nary function test results, they found that the clinical score 
was more closely correlated with histopathologic changes 
obtained by lung biopsy (and in particular the presence of 
peribronchiolar neutrophil and/or mast cell infiltration) 
than with the degree of BALF neutrophilia. 756 

Rarely, horses with longstanding RAO develop cor 
pulmonale. Clinically these horses have jugular distention, 
pulsation, ventral edema, and tachycardia in addition to 
the clinical signs of RAO. 760 * 763 

Laboratory Aids and Diagnostic Tests 

The diagnosis of RAO is based on the history, the clinical 
signs, and the response to therapy. It may be difficult to 
arrive at a definitive diagnosis in asymptomatic horses or 
in horses that are exhibiting mild signs at the time of the 
examination, thus necessitating the use of additional diag¬ 
nostic tests such as cytologic analysis of lower respiratory 
tract secretions. During periods of clinical remission, BALF 
cell populations obtained from RAO-susceptible horses con¬ 
sist predominantly of mononuclear cells (90% macrophages 
and lymphocytes), and the cell differential counts do not 
differ from those found in healthy horses. 764 However, 
when horses develop RAO, aspirates of tracheal and 
bronchoalveolar fluid contain increased numbers of non- 
degenerative neutrophils (>25%). For example, in the BALF 
the percentage of neutrophils may be as great as 90%, 
far exceeding the normal 5% to 15% found in healthy 
horses that are stabled and fed hay. In most cases the per¬ 
centage of eosinophils or mast cells is not increased in 
affected horses. Therefore cytologic analysis of respiratory 
secretions in RAO-affected horses reflects a suppurative 
nonseptic inflammation, distinguishing this disorder from 
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lungworm infections (pulmonary eosinophilia) or pneu¬ 
monia (degenerative neutrophils, intracellular bacteria). 
Rarely an infectious bronchitis may complicate a case of 
RAO; microbial cultures yield low growth of the bacterial 
isolate, but the predominant cell type in the tracheal secre¬ 
tions is a nondegenerative neutrophil. 

Endoscopic examination of the respiratory tract of RAO- 
affected horses demonstrates excessive amounts of tracheo¬ 
bronchial secretions that originate from most of the bronchial 
segments. Distal airways are edematous and inflamed, and 
airways easily collapse during expiration. Expectorated secre¬ 
tions from the lower respiratory tract coat the pharynx, 
larynx, and other structures of the upper respiratory tract. 

In general, the CBC, serum biochemistry profile, and 
serum fibrinogen concentrations are normal in RAO- 
affected horses. 757 In severely stressed horses, a mature 
neutrophilia and lymphopenia may be evident on the 
leukogram. Arterial blood gas analyses are normal in 
approximately 25% of the cases, 765 but others demonstrate 
hypoxemia (Pao 2 < 85 mm Ilg) in the absence of arterial 
hypercapnia. In affected horses that are exercised, at a 
given work effort the arterial oxygen tensions are reduced 
compared with blood gas values obtained from the same 
horses during clinical remission. 766 Prognostic value of 
arterial blood gases in RAO-affected horses has not been 
examined. 

Radiographs are usually of limited value in diagnosing 
RAO because the accentuated bronchointerstitial pattern 
typically found in the diseased horses can be detected in 
healthy aged horses. Radiographs can be helpful in ruling 
out thoracic neoplastic or infectious disorders in horses that 
have clinical signs resembling RAO (cough, nasal discharge, 
abnormal breathing effort). In severely affected horses with 
RAO that repeatedly fail to respond to bronchodilators and 
glucocorticoids, radiographs should be taken to determine 
if bronchiectasis (dilation or deformation of the bronchi 
or bronchioles) exists. 767 Bronchiectasis is a relatively 
uncommon complication of RAO but causes irreversible air¬ 
way obstruction as a result of collapse of the affected 
airways. 

Ultrasound evaluation of RAO-affected horses confirms 
a shift of the caudal lung border caused by alveolar hyper¬ 
inflation. 768 However, gas in the large colon (left side) 
or in the cecum (right side) may preclude complete imag¬ 
ing of the most caudal extent of the lung fields at the 
sixteenth intercostal space. Thoracic ultrasonography of 
RAO-affected horses may demonstrate small hypoechoic 
areas of irregularity on the lung surface, but, in general, 
ultrasonography is not useful in detecting airway inflam¬ 
mation. In horses with cor pulmonale, ultrasonography 
confirms the presence of pulmonary hypertension and 
right ventricular hypertrophy 769 

Lung biopsies, although not typically performed to diag¬ 
nose RAO-affected horses, demonstrate bronchiolar goblet 
cell metaplasia, bronchiolar luminal exudate, peribron¬ 
chiolar lymphoplasmacytic cell infiltration, and accumula¬ 
tions of neutrophils within the airways. 756 The potential 
disadvantages of performing a lung biopsy include the risk 
of inducing hemorrhage (hemothorax, epistaxis) and the 
chance of obtaining a non representative (nonaffected) 
tissue sample. 

Intradermal skin testing of RAO-affected horses has been 
performed by many investigators, but unfortunately the 
results (and conclusions) are variable. Evans and colleagues 
found that in RAO-affected horses the total number of pos¬ 
itive intradermal skin tests evaluated at 0.5, 4 to 6, and 24 
hours after allergen injection exceeded that in control 
horses. Positive responses were detected for two pollens 
(English plantain, goldenrod), three molds (Rhizopus 


species. Monilia species, and Altemaria tenuis ), and one 
insea extraa (Tabanus species). However, this difference in 
skin reactivity, which involved only 3% of the possible 
extraa reactions, did not permit discrimination between a 
diseased horse and a healthy horse. 770 Similarly, in a retro- 
speaive study of cases examined at a veterinary teaching 
hospital over a 10-year period, Jose-Cunilleras and collea¬ 
gues found that the percentage of RAO-affeaed horses that 
had positive skin reactions exceeded that of the control 
horses at all time points examined (0.5, 4, and 24 
hours). 771 In contrast, others have failed to find a signifi¬ 
cant difference between RAO-affeaed and control horses 
in either the number of positive skin responses or in the 
titers developed at the early (0.5, 4 hours) or late (24 hours) 
phases to a variety of molds. 772 * 774 Recently Wong and col¬ 
leagues evaluated the skin responses of RAO-prone (asymp¬ 
tomatic) and control horses to intradermal injections of 
histamine and a mixture of Aspergillus species. They found 
that compared with the controls the RAO-affected horses 
had a heightened response to histamine (evaluated at 0.5 
hours postinjection) and a delayed resolution of the skin 
wheal (after 24 hours) to the Aspergillus antigens. 775 Ifius, 
positive skin tests and serum precipitins to fungal and ther¬ 
mophilic actinomycete antigens are found in many normal 
as well as RAO-affected horses, refleaing a level of exposure 
of the horse rather than a susceptibility to heaves. In gen¬ 
eral, skin testing does not allow identification of RAO- 
affected horses or the specific inhaled particulate that is 
inciting the pulmonary inflammation. 776 

Similarly, serum allergy tests such as the radioallergosor- 
bent test (RAST) or the IgE-based ELISA, which aim to iden¬ 
tify the allergen that is inciting the hypersensitivity, are also 
of limited value in the diagnosis of RAO. Lorch and collea¬ 
gues compared the results of two different ELISAs (one 
based on the human FccRIoc chain, the other based on a 
polyclonal antiserum to equine IgE) and a RAST test with 
intradermal skin test responses in RAO-affected horses. 
They concluded that based on the poor performance of all 
three tests, none should be used as a screening test for aller¬ 
gen hypersensitivity. 777 

Conventional pulmonary funaion tests, which require 
measurements of pleural pressure (obtained via an intratho- 
racic esophageal balloon catheter system) and airflow 
(deteaed by a flow meter attached to a sealed face mask 
worn by the horse) are typically reserved for experimental 
investigations and are not routinely performed on clinical 
patients. The charaaeristic alterations in the pulmonary 
funaion test results of horses with RAO are a decrease in 
dynamic lung compliance or lung distensibility (Qyn); an 
increase in pulmonary resistance (R L ); an increase in maxi¬ 
mum pleural pressure changes (APpin^); and an increase 
in peak inspiratory and expiratory flow rates. 778 (In general, 
Cdyn reflects peripheral airway function, whereas R L reflects 
central airway funaion.) RAO-affeaed horses also exhibit 
bronchial hyperreaaivity. The dose of aerosolized hista¬ 
mine required to reduce C dyn to 65% of its baseline value 
is much less in diseased horses than in controls. 779 These 
alterations in lung funaion that develop in affeaed horses 
are repeatable on reexposure to hay dust. 780 * 781 During per¬ 
iods of clinical remission the pulmonary funaion test 
results return to normal and are not significantly different 
from those of healthy age-matched horses. However, an 
inability to detect a difference in R L or C dyn between healthy 
horses and RAO-susceptible horses during periods of dis¬ 
ease remission may reflect a relative lack of sensitivity of 
these tests. 782 For example, some researchers have found 
that in RAO-susceptible horses during periods of clinical 
remission, some degree of bronchial hyperreactivity and air¬ 
flow obstruaion remains. 783 - 784 
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If Pathophysiology. The changes in respiratory mechanics 
and the development of clinical signs are consequences of 
the influx of inflammatory cells (mechanisms discussed ear¬ 
lier), the contraction of smooth muscle in the airways, and 
the production and accumulation of mucus. Bronchocon- 
striction probably results from the cumulative effects of 
(1) released inflammatory mediators—histamine, seroto¬ 
nin, eicosanoids, leukotrienes—and (2) activation of mus¬ 
carinic receptors on the smooth muscle by released 
acetylcholine. 785 In addition to their direct effects on 
smooth muscle tension, histamine and serotonin also aug¬ 
ment the release of acetylcholine from parasympathetic 
nerves. 786 Based on in vitro muscle bath studies, there is 
also evidence that RAO-affected hotses lack inhibitory non- 
adrenergic-noncholinergic innervation (iNANC) of the 
peripheral (but not central) airways, further contributing 
to the development of bronchospasm. 787 The magnitude 
of airway narrowing that occurs in response to smooth mus¬ 
cle contraction is a function not only of the thickness of the 
smooth muscle layer but also of the width of the mucosal 
layer between the muscle and airway lumen. Thus 
thickening of the airway by peribronchial infiltrates and 
by epithelial metaplasia amplifies the airway narrowing 
induced by bronchospasm. 788 

As noted earlier, excessive mucus is evident endoscopically 
and cytologically in RAO-affected horses. Mucus consists of a 
liquid sol layer, which surrounds the ciliated epithelium, and 
an overlying viscous gel layer, which contains water, electro¬ 
lytes, lysozymes, cells, and the mucin glycoproteins. In 
RAO-affected horses the excessive mucus formation may be 
the result of an upregulation of a mucin-producing gene, 
MUC5AC, responding to released elastases, reactive oxygen 
species, and other inflammatory mediators. 789 Increased vis¬ 
cosity of the mucus 790 may be a consequence of alterations in 
the side chain glycoproteins 791 and/or formation of mucin 
aggregates from DNA and actin released by airway neutro¬ 
phils. Delayed clearance of the mucus from the lower respira¬ 
tory tract contributes to the accumulation of the exudate and 
may reflect an impairment of the mucociliary apparatus as a 
result of epithelial cell destruction. 792 793 

Narrowed and/or obstructed airways increase R| and fail 
to participate in efficient gas exchange. 778 Low ventilation- 
perfusion lung regions contribute to a widening of the aveo- 
lar arterial oxygen-difference (AaD0 2 ) gradient and the 
development of arterial hypoxemia. 794 - 795 High ventilation- 
perfusion regions (dead space) also increase in affected 
horses, but normal arterial Paco 2 levels are maintained by 
increases in the total minute ventilation. 796 Changes in min¬ 
ute ventilation are due to an increase in breathing frequency, 
as tidal volume changes little with the disease. In general, 
there are no significant changes in cardiac output, heart 
rate, and mean systemic arterial pressure, but pulmonary 
artery systolic and mean pressures and pulmonary vascular 
resistances are significantly increased in diseased horses. 796 
The combination of airway inflammation and hypoxemia, if 
severe enough, stimulates the respiratory controller in the 
ventral medulla to increase the respiratory drive and to acti¬ 
vate inspiratory and expiratory muscles (abdominal heave). 
Recruitment of respiratory muscles increases the maximum 
pleural pressure excursion (AP p | max ), the work of breathing, 
and the total body oxygen consumption. 797 However, much 
of the increased expiratory effort (and increased intrathoracic 
pressures) serves to collapse the noncartilaginous airways, 
further compounding gas trapping and impairing gas 
exchange. 

II Pathology. The lungs obtained from RAO-prone horses 
that are asymptomatic at the lime of death macroscopically 


appear normal. 794 In symptomatic horses, the lungs are 
pink, soft, hyperinflated, and imprinted with rib impres¬ 
sions. Lungs fail to collapse when the chest is opened 
because of gas trapping distal to occluded airways. 772 
Emphysematous bullae are lacking, but accumulations of 
mucus and cellular debris occlude the small airways, form¬ 
ing "spiral-shaped casts" known as Curschmanris spirals. 
Light and electron microscopic examinations of lung seg¬ 
ments from diseased horses demonstrate that the peripheral 
airways are the most severely affected, although pathologic 
alterations do occur in the central airways. 792 - 793 Histologic 
changes include goblet cell hyperplasia, epithelial cell dam¬ 
age, bronchial and bronchiolar epithelial cell hyperplasia, 
smooth muscle hypertrophy and hyperplasia, collagen 
deposition, and overinflation of the alveoli. 798 * 800 It is inter¬ 
esting to note that the extent of the bronchiolar epithelial 
cell hyperplasia is correlated with the increase in dead space 
ventilation that occurs in RAO-affected horses. 796 Peri¬ 
bronchiolar infiltrates consist of lymphocytes and plasma 
cells, along with collagen deposition. 801 Eosinophils are 
rarely observed either within the airways or in the lung 
parenchyma. 

Despite these pathologic changes, the clinical signs are 
usually considered to be reversible. However, in rare 
instances bronchiectasis may develop in RAO-affected 
horses. In a single case study of one such affected horse, his¬ 
topathologic alterations of the affected airway demonstrated 
separation of the cartilaginous plates of the dilated bron¬ 
chus, disorganization of the chondrocytes, reduction in 
the elastic fibers surrounding the perichondrium and 
lamina propria, and a lymphoplasmacytic infiltrate. 767 

In RAO-affected horses with cor pulmonale, reductions 
in the circumferential ratio of the aorta to the pulmonary 
artery and in the mass ratio of the left ventricle and septum 
to the right ventricle are found. 769 - 802 

II Treatment and Prognosis 

ENVIRONMENTAL MANAGEMENT. Environmental man¬ 
agement changes are the single most important aspect of the 
treatment protocol to be implemented. Whenever pos¬ 
sible, RAO-prone and RAO-affected horses should be kept 
outside at all times, blanketed during inclement weather 
as needed, and provided access to a well-ventilated three- 
sided shelter from which manure and urine are frequently 
removed. Horses should be allowed pasture access (except 
for those with SPAOPD, which improve with stabling) and 
fed pellets or hay cubes when pasture is unavailable. Some 
horses will tolerate hay that has been soaked in water, but 
this practice reduces the nutrient value of the hay and is 
often forsaken when the weather becomes cold. Reducing 
dust exposure is critical, as inhaling organic dusts for as 
little as 1.5 hours causes a significant increase in R L . By 
5 hours, horses exhibit significant decreases in Cdyn and 
Pao 2 and evidence of pulmonary neutrophilia. 703 - 803 The 
ensuing inflammation from a single 5 hour dust exposure 
takes approximately 4 days to resolve. 804 For chronically 
affected horses that have been turned out to pasture, clinical 
remission and normalization of pulmonary function test 
results take 4 to 8 weeks depending on weather 
conditions. 690 - 805 

Horses for which optimal management changes cannot 
be implemented should be fed pellets and/or hay cubes 
and kept in well-ventilated stalls that are bedded with a 
material that has a low respirable dust particle count and 
mold concentration. Cardboard bedding has a significantly 
lower particulate concentration (dust, A.fumigatus, F. rectivir- 
gula, and T. vulgaris) than wood shavings, wheat, or flax 
straw, although cardboard may be difficult to obtain and 
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store. 805 * 806 Typically, when affected horses are bedded on 
shaving and fed pelleted rations, significant improvements 
in the pulmonary function test results occur within 3 days. 807 
When RAO-susceptible horses that are in clinical remission 
are fed low dust-containing forages and bedded on low 
dust-containing materials, they can remain clinically normal 
for months. However, even though BAI.F neutrophil percen¬ 
tages, pulmonary function test results, and indices of airway 
inflammation such as exhaled ethane are normal, bronchial 
hyperreactivity of RAO-prone horses remains increased in 
these horses. 783 ' 806 ' 808 809 Therefore these horses will always 
be more susceptible to disease development than healthy 
horses when dust levels increase in the environment. 

Environmental management consfderations should also 
be implemented when horses are transported. Their heads 
should not be lied in close proximity to the hay net, as this 
practice places their breathing zone near a concentrated 
source of organic dusts and molds and restricts their head 
position so as to further decrease mucociliary clearance of 
respiratory secretions. 760 810 

BRONCHODILATORS. During acute exacerbations of 
RAO, bronchodilators can be very effective in improving 
lung mechanics. Three main classes of bronchodilators have 
been examined in RAO-affected horses and include the 
anticholinergics (muscarinic antagonists), the p 2 -agonists, 
and the phosphodiesterase (PDE) inhibitors. 

The muscarinic antagonists, of which atropine and ipra¬ 
tropium are examples, block the smooth muscle constrict¬ 
ing effects of acetylcholine. These actions have the greatest 
effects in the central as opposed to the peripheral airways. 
Murphy and colleagues reported on the efficacy of atropine 
sulfate used in 25 clinical cases of RAO. IV administration 
(0.02 mg/kg) decreased AP P j max , respiratory rate, and Pao 2 
(2 to 3 torr) within 30 minutes of administration. 811 In 
another clinical study of 18 RAO-affected horses, Pearson 
and Riebold found that atropine (0.01 mg/kg IV) decreased 
APpimax 83% and produced clinical improvement in 87% of 
the cases. Despite its bronchodilating effects, atropine's 
short duration of action (2 hours) and undesirable side 
effects of mydriasis, ileus, tachycardia, dry airway secretions 
preclude its routine use in the treatment of RAO. 813 In con¬ 
trast, ipratropium bromide is poorly absorbed from either 
the respiratory or G! tract, minimizing the development of 
systemic effects. The onset of action of inhaled ipratropium 
is 30 minutes, and the duration of effect ranges from 4 to 6 
hours. 814 The powder form may be nebulized (dose of 2 to 
3 pg/kg), or the dry powder inhaler may be attached to a 
specially constructed mask that allows the generation of a 
sufficiently negative inspiratory pressure to dispense the 
inhalant. 815 When given to RAO-affected horses before an 
incremental exercise test, ipratropium reduces Rj. and 
APpimax and increases Cd yn in resting horses. However, dur¬ 
ing exercise the drug produces no significant improvement 
in lung mechanics, blood gas tensions, or oxygen consump¬ 
tion. It also does not prolong the time to fatigue (or prevent 
exercise intolerance) in treated horses when compared with 
diseased horses that received a placebo. 816 During exercise 
the pulmonary resistance values of the treated RAO-affected 
horses is twice that of healthy controls, suggesting that 
despite bronchodilation, mucosal thickening and accumu¬ 
lations of intraluminal secretions and cellular debris proba¬ 
bly continue to obstruct airflow. 816 

The p 2 -adrenergic agonists—clenbuterol, albuterol, feno- 
terol, pirbuterol, and salmeterol—produced relaxation of 
smooth muscle by increasing the intracellular levels of 
cAMP. Clenbuterol is one of the earliest drugs to be evalu¬ 
ated for use in RAO-affected horses. Because its bioavailabil¬ 
ity is greater than 90%, clenbuterol can be given orally. 
When the drug is administered at a dose of 1.6 pg/kg of 


body weight twice per day (bid), there is a significant 
improvement in the clinical signs of horses with RAO. 817 
However, the effective dose of clenbuterol may vary among 
horses: Traub-Dargatz and colleagues 818 found that 400 pg 
of oral clenbuterol hydrochloride administered twice daily 
failed to improve the severity of clinical signs, the BALE or 
tracheal cytologies, or the arterial blood gases in affected 
horses. During the treatment, horses were maintained out¬ 
side but still fed hay. It is likely that 1 pg/kg was too low a 
dose for horses continuously exposed to hay dust. Based 
on the study of Erichsen and colleagues, 817 it has been 
recommended to increase the dose of clenbuterol if clinical 
improvement is not observed with 3 days of initiating treat¬ 
ment (e g., 2.4 pg/kg for 3 days, 3.2 pg/kg for 3 days). 
Adverse side effects—anxiety, shivering, sweating, and 
tachycardia—occur at higher dosages but appear to be mini¬ 
mized when clenbuterol is increased in a stepwise manner. 
Erichsen reported that side effects developed in <7% of 
the cases when clenbuterol was administered at 3.2 pg/kg 
using an incremental approach. In addition to its broncho- 
dilatory effect, clenbuterol also exerts an antiinflammatory 
effect. When administered intravenously (0.75 pg/kg bid) 
to RAO-susceptible horses before hay dust exposure, there 
is a significant attenuation of the BALF neutrophilia, the 
APpimax/ and the transcription of the proinflammatory 
genes, TNF-a and IL-l. 819 

Other p 2 -agonists have been administered as aerosolized 
drugs to RAO-affected horses. Inhalation therapy has 
increased in popularity for the treatment of these cases 
because it allows direct delivery of the drug to the respira¬ 
tory tract, minimizing the total amount of diug needed to 
be delivered as well as the prevalence of unfavorable sys¬ 
temic effects. In most instances, inhalation therapy can be 
performed by the client. Aerosolized drug is delivered by 
attaching the metered dose inhaler (MDI) to a mask (Aero- 
mask, Trudell Medical, Inc.) or other drug delivery system 
(Equine haler, Equine Health Care, Inc.). Both systems con¬ 
tain spacers to optimize the drug particle size that is inhaled 
(larger sized particles drop out) and deposited in the lower 
respiratory tract. The inhaled rapidly acting p 2 -agonists pir¬ 
buterol, albuterol sulfate, and fenoterol improve pulmonary 
function by 60% to 70% in RAO-affected horses for approx¬ 
imately 1 to 3 hours, necessitating frequent administration 
of the drugs. 820 * 822 They are poorly absorbed, so systemic 
effects are uncommon. The recommended dose of albuterol 
is 600 to 720 pg q4-6h, that of pirbuterol is 16 pg/kg q4-6h, 
and that of fenoterol is 2 mg q4-8h. More frequent admin¬ 
istration may be necessary in some horses. Recently the effi¬ 
cacy of a longer-acting p 2 -agonist, salmeterol, was evaluated 
in RAO-affected horses. 823 Clinical improvement developed 
within 2 hours of administration, but significant changes in 
pulmonary resistance lasted for only 6 hours, necessitating 
repeated administration every 6 to 8 hours. 823 

The PDE inhibitors are the third class of bronchodilators 
that have been used in horses. These drugs inhibit the 
breakdown of intracellular cAMP, thus maintaining smooth 
muscle relaxation. Because cAMP facilitates the proinflam¬ 
matory effects of certain cytokines, the PDE inhibitors exert 
antiinflammatory properties. 824 Examples of PDE inhibitors 
are aminophylline, pentoxifylline, and the recently studied 
PDE-4 inhibitor L-826, 141. The clinical efficacy of ami¬ 
nophylline (the soluble salt of theophylline) was evaluated 
by Pearson and Riebold in their study of 18 clinical cases 
of RAO. They found that when the drug was administ¬ 
ered at 12 mg/kg IV in 1 L of 5% dextrose to achieve blood 
levels of 10 pg/mL, there was an improvement in the clini¬ 
cal signs in 50% of the cases and a 41% reduction in the 
APpimax- Horses also became hyperesthetic and hyperexcit- 
able and trembled. 812 Because of the narrow therapeutic 
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range—pharmacologic benefits are achieved at serum 
concentrations of lOpg/mL, and toxicities develop at 
15 pg/mL— and because of erratic drug absorption after oral 
administration, aminophylline is not routinely used for the 
treatment of RAO. However, pentoxifylline, another meth- 
ylxanthine derivative and PDE inhibitor, is well absorbed 
after oral administration (16 g bid). Pentoxifylline improves 
pulmonary function test results (effects are similar to those 
produced with atropine) and lacks adverse side effects. 
However, at a dose of 16 g PO bid it lacks discernible anti¬ 
inflammatory effects: BALF neutrophilia is not improved. 825 
Another PDE inhibitor (L-826,141) that was evaluated in 
RAO-affected horses failed to improve either lung mechan¬ 
ics or airway inflammation. 826 

ANTIINFLAMMATORY DRUGS. Corticosteroids are effi¬ 
cacious in the treatment of RAO, whereas NSAIDs have not 
proven to be beneficial. 729 Yet, oral prednisone also does 
not improve the clinical signs, the BALF cytologic alterations, 
or the pulmonary function test results in RAO-affected 
horses. 807817 ' 827 Its therapeutic failure is attributed to its 
poor absorption and the lack of conversion to the active 
metabolite, prednisolone. 828 In contrast, both the liquid 
and tablet forms of prednisolone are rapidly absorbed from 
the equine GI tract. The bioavailability is approximately 
50%, peak concentrations of prednisolone are detected 
45 minutes postadministration, and the pharmacologic 
effects (based on changes in serum cortisol levels) last 
for 8 hours. 828 Nevertheless, although oral prednisolone 
(2.2 mg/kg PO once per day |sid|) is routinely prescribed 
for the treatment of RAO, its efficacy and its duration of effect 
in improving pulmonary function test results and in resolv¬ 
ing airway inflammation have not been demonstrated. 

In contrast, the beneficial effects of dexamethasone in the 
treatment of RAO-affected horses have been investigated by 
several different research groups. 828 * 831 Within 2 hours of its 
IV administration to RAO-affected horses (0.1 mg/kg) there 
is a 37% decrease in AP plmax that is further reduced 59% by 
4 hours posttreatment. 828 Oral administration of the IV for¬ 
mulation of dexamethasone (0.164 mg/kg sid) produces a 
significant improvement in lung function parameters within 
6 hours of treatment, with peak effects occurring 24 hours 
later. 828 For horses that are maintained in dusty environments 
during a 10-day treatment period, IV dexamethasone (0.1 mg/ 
kg sid) or dexamethasone isonicotinate (0.04 mg/kg IM every 
3 days for three treatments) improves pulmonary function 
within 3 days of initiating therapy 827 and reduces airway 
inflammation (BALF neutrophilia) within 10 days of treat¬ 
ment. 830 As might be predicted, a single dose of dexameth¬ 
asone isonicotinate (0.06 mg/kg IM) administered to 
RAO-affected horses maintained in a dusty environment fails 
to provide discernible improvements in the clinical score, the 
pulmonary function test, the BALF cytologies, or the activities 
of the transcription factors NF-kB or AP-1 evaluated 10 days 
posttreatment. 831 

The therapeutic efficacy of two other parenteral glucocor¬ 
ticoids, triamcinolone acetonide and isoflupredone, has 
also been evaluated in RAO-affected horses maintained in 
a dusty environment. 832 833 A single IM dose of triamcino¬ 
lone acetonide (0.09 mg/kg) markedly improved lung 
mechanics evaluated 7 and 14 days posttreatment, and this 
effect lasted for 4 weeks. Cytologic changes were also evalu¬ 
ated 14 days posttreatment and demonstrated a reduction 
in airway neutrophilia (neutrophil percentages decreased 
from 62% to 32%), but this improvement was not statisti¬ 
cally significant. 832 Adverse effects of triamcinolone adminis¬ 
tration were not reported. In another study, RAO-affected 
horses received isoflupredone acetate for 14 days (0.03 mg/ 
kg IM sid) while being maintained in a dusty environment. 
Significant increases in Qyn and reductions in R L and P p i max 


occurred within 3 days of initiation of the treatment, 833 and 
the beneficial effects continued 7 days beyond the cessation 
of drug therapy. The only adverse effect noted was the devel¬ 
opment of hypokalemia. 

The effectiveness of a prolonged course of inhaled flutic¬ 
asone on pulmonary function, BALF cytologies, and BAL 
cell gene expression was examined by Giguere and collea¬ 
gues. 710 RAO-affected horses that received 2 mg of flutica¬ 
sone propionate bid for 21 days while still being fed hay 
demonstrated marked (and significant) improvements in 
Ppimax* Qjyn* anc * by day 21 of the treatment period. 
Furthermore, BALF neutrophil counts became normal and 
IL-8 copy numbers in the BALF cell were reduced to levels 
equivalent to those found during remission. 710 Fluticasone 
is approximately 18 times more potent than beclometha- 
sone dipropionate (which is no longer available in the 
United States). Nasal or oral administration of fluticasone 
has no effect on circulating glucocorticoids levels, suggest¬ 
ing that the bioavailability across nasal and intestinal 
epithelium is poor. 834 

Inhaled steroids are often used in conjunction with 
inhaled bronchodilators for maximal therapeutic effects. 
When separate formulations are used, it is recommended 
that the bronchodilator be administered first so as to 
improve subsequent glucocorticoid deposition in the 
peripheral airways. 835 When treating horses with glucocorti¬ 
coids, adrenal gland atrophy, immunosuppression, and 
precipitation of laminitis remain the main concerns of 
many clinicians. All of the previously discussed parenteral 
and inhaled glucocorticoids reduce endogenous serum 
cortisol levels. However, despite prolonged treatment proto¬ 
cols with glucocorticoids, adrenal gland responsiveness 
to adrenocorticotropic hormone (ACTH) administration 
remains. 832 - 833 836 It is interesting to note that none of the 
studies cited examined the development of laminitis, sec¬ 
ondary infections, or gastritis or gastric ulcers. In my clinical 
and research experience, gastric ulceration is a problem in 
RAO-affected horses that are receiving long-term dexameth¬ 
asone therapy while being fed pelleted rations. Affected 
horses respond to gastroprotectants. 

OTHER THERAPIES. In horses that develop respiratory 
distress because of the bronchospasm and airway inflamma¬ 
tion, additional therapies are required. Administering nasal 
oxygen at flow rates as low as 5 L/min improves arterial oxy¬ 
gen tensions by as much as 30 mm Hg in some severely 
affected horses. 837 As the total nasal oxygen flow increases, 
so too will the mean arterial oxygen tension, although not 
to the same degree that occurs in healthy horses. Flow rates 
of 30 L/min (delivered by 2 nasal cannulae at 15 L/min) are 
associated with coughing and gagging in the horse. Nasal 
oxygen supplementation does not reduce breathing fre¬ 
quency, suggesting that stimulation of vagally mediated 
afferents—perhaps responding to inflammatory media¬ 
tors—is responsible for the tachypnea. 

Furosemide (1 mg/kg IV or nebulized) provides benefi¬ 
cial effects to RAO-affected horses within 20 minutes of its 
administration, decreasing R L and increasing Cd yn without 
affecting Pao 2 . 838 The beneficial effects appear to be 
mediated by prostaglandin E 2 , derived from either the renal 
or airway epithelium, which promotes smooth muscle 
relaxation. Prior treatment with the cyclooxygenase inhibi¬ 
tor flunixin meglumine prevents the furosemide-induced 
bronchoconstriction. 839 

Other therapies that have been evaluated and found not 
to be efficacious in the treatment of RAO-affected horses 
include a single acupuncture treatment, 840 the oral admin¬ 
istration of an herbal preparation containing thyme and 
primula, 841 and the rapid IV administration of 30 L of 
isotonic saline. 842 
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II Prognosis. RAO-prone horses are likely to develop acute 
exacerbations of the disease when husbandry practices lapse 
or when weather conditions become adverse. Horses do not 
"outgrow" the disorder, and, in fact, some clinicians believe 
that the inflammation becomes more difficult to manage as 
the horse ages. The basis for the lack of clinical response 
is unknown but may be the result of lung remodeling— 
development of fibromuscular hyperplasia in the alveolar 
septa, 769 excessive smooth muscle hyperplasia, 800 bronchi¬ 
ectasis, 767 or potential downregulation of the glucocorticoid 
receptor. 

If proper environmental management changes are imple¬ 
mented and if the appropriate therapy is initiated, then clin¬ 
ical remission occurs in most cases. In a follow-up survey 
conducted by Naylor of RAO-affected horses that had been 
examined and treated at a referral center 2 to 4 years previ¬ 
ously, it was found that 20% of the original cases (3 of 15) 
had been euthanized, that 33% were still receiving broncho- 
dilators on an as-needed basis, and that the athleticism had 
not decreased in 92% of the horses. 756 Similarly, in a 
follow-up survey conducted by Aviza and colleagues, 757 
13% of the horses that had been diagnosed with RAO 3 to 
4 years earlier had been euthanized. However, in contrast 
to Naylor's findings, Aviza noted that more than 50% of 
the respondents in that survey stated that the athletic perfor¬ 
mance of the horse had been compromised by the disease. 
Perhaps this difference between the two surveys simply 
reflected a failure of the owners to comply with environmen¬ 
tal management recommendations. When queried about the 
husbandry practices, 77% of the respondents still stabled the 
horse for pan of the day, and 84% still fed dry hay. 757 

Because the effects of repetitive episodes on the develop¬ 
ment of irreversible changes in lung structure have yet to be 
determined, clients should be encouraged to implement 
effective husbandry changes that minimize the recurrences 
of RAO. 


INFLAMMATORY AIRWAY DISEASE IN 
THE HORSE 

MELISSA MA7AN 

II What Is Inflammatory Airway Disease? IAD, small air¬ 
way inflammatory disease, small airway disease, allergic air¬ 
way disease—these names are often used interchangeably, 
but the once-fluid definition of IAD is slowly taking form. 
Although low-grade inflammation of the small airways is 
recognized as a common cause of poor performance in young 
to middle-aged, athletic horses, it is only recently that the 
clear distinction has been made between heaves, or RAO, 
and IAD. Workers in the field continue to debate whether 
IAD is a discrete disease entity 843 or whether it is merely a part 
of the continuum of airway inflammation that if left 
untreated will progress inexorably to the more well-character¬ 
ized syndrome of RAO. 844 Horses with IAD are generally 
young, although middle-aged horses may also be affected 845 ; 
have impaired performance that may go unnoticed at rest or 
during light work 846 * 848 ; have mild to moderate airway 
inflammation that may involve neutrophils, 848 849 mast 
cells, 846 850 - 851 eosinophils, 844 or lymphocytes 848 ; have vari¬ 
able clinical signs, including cough, nasal discharge, and 
abnormal lung sounds 844 851 852 ; may have endoscopic evi¬ 
dence of tracheobronchial mucus accumulation 844 - 851 853 ; 
and may have normal lung function at rest but show evidence 
of airway hyperresponsiveness on exposure to nonspecific 
agents such as histamine 855 or evidence of low limitations 
on forced expiratory maneuvers. 856 These observations were 
confirmed by a consensus agreed on in October 20 02, 857 
which also stated that the clinical picture of horses with IAD 


includes poor performance or exercise intolerance, coughing, 
and excessive tracheal mucus—although not all of these need 
be present—and nonseptic inflammation as detected by 
bronchoalveolar lavage cytology. In addition, these horses 
may have lung dysfunction as evidenced by airway obstruc¬ 
tion, airway hyperresponsiveness, or abnormal blood gas 
exchange. Ihis definition specifically excludes horses that 
appear systemically sick or that have oven evidence of respira¬ 
tory dysfunction, such as flaring nostrils or excessive thoracic 
or obvious abdominal breathing efforts. 

The prevalence of IAD is somewhat of a guessing game. 
One study involving 965 standardbreds in active racing 
founding that 22% had evidence of mucopus at the trachea 
or bronchial bifurcation when examined endoscopically, 
although these were diagnosed as horses with COPD; 
undoubtedly these horses properly belong in the IAD 
group. 854 Similarly, 27% of actively racing thoroughbreds 
in one study had IAD. 858 A remarkable 55% of 2-year-old 
thoroughbreds in training could be classified as having 
lower airway disease on the basis of finding mucus in the 
trachea on endoscopy and inflammation on examination 
of tracheal aspirate fluid, 859 and abattoir studies have 
shown up to 37% of horses with histopathologic evidence 
of airway inflammation 860 Because a standard definition 
of IAD has only recently been agreed on, the prevalence of 
IAD has varied according to the individual researcher's case 
definition. Nonseptic airway inflammation, regardless of 
whether it causes overt signs of respiratory disease, appears 
to be very common in performance horses. For the purpose 
of this discussion, we will adhere to the definitions of IAD 
and RAO as developed by the International Workshop on 
Equine Chronic Airway Disease, 843 the Havemeyer Work¬ 
shop, 857 and the recent American College of Veterinary 
Internal Medicine (ACVIM) consensus statement on IAD. 
With RAO, horses have demonstrable lower airway obstruc¬ 
tion, characterized by peak pleural pressures of at least 
15 cm H 2 0, induced by an environmental challenge of 
moldy hay, largely reversible by use of a bronchodilator or 
return to nonchallenge environment, and accompanied by 
an increase in BALF neutrophils during challenge. In con¬ 
trast, IAD refers to a nonseptic airway disease in athletic 
horses that does not have a clearly defined allergic cause. 
When we look at the data, we find that many studies involv¬ 
ing horses with what was traditionally known as COPD and 
is now more properly referred to as RAO, or heaves, did not 
conform with these guidelines, and many of the horses 
would more properly be characterized as having IAD. 


II Clinical Findings. Although most investigators agree 
that IAD is a disease of younger horses expected to do ath¬ 
letic work, and as such is distinct from the picture of the 
dyspneic horses with overt RAO, there remains a plethora 
of clinical signs and case definitions for IAD. One of the 
most common findings in IAD is exercise intolerance, with 
or without overt signs of respiratory disease. Of 25 horses 
referred either for routine physical examination or poor per¬ 
formance, and without any clinical signs or history of respi¬ 
ratory disease, 76% had evidence of airway inflammation 
according to an inflammation scoring system based on 
endoscopy and tracheal wash findings. 861 Subdinical air¬ 
way disease may result simply in mild abnormalities on 
auscultation and endoscopy, and occasional in coughing. 862 
Signs such as nostril flaring and excessive abdominal effort 
at rest, however mild, are usually associated with the true 
RAO horses, as clinical signs that can be reliably detected 
using clinical scoring systems usually are accompanied by 
significant mechanical dysfunction of the respiratory sys¬ 
tem. 863 The prevalence of cough in IAD horses is hard to 
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estimate, as many studies use the presence of cough as an 
inclusion criterion. 851 ' 856 864 Other studies have shown that 
cough may be seen less than 16% to 50% of the 
time. 848 ' 864 - 865 On endoscopic examination, excessive air¬ 
way mucus is often seen, ranging from multiple specks to 
streams of mucus. 866 Other clinical signs that are frequently 
noticed include prolonged respiratory recovery, 845 respira¬ 
tory embarrassment at exercise, 867 worsening of signs dur¬ 
ing hot, humid weather, and inability to perform work 
during collection. Racehorses with 1AD are typically 
described as fading during the last quarter of the race (per¬ 
sonal observation). 

1 low does IAD affect performance? The answer depends 
on the use of the horse and the expectations of the owner. 
A practitioner with a primarily pleasure-horse practice or 
with show-hunter clientele might report a very low inci¬ 
dence of IAD in younger horses, primarily because the level 
of exercise in these horses is not likely to force a diagnosis 
through signs of exercise intolerance. A racetrack practi¬ 
tioner, on the other hand, would be far more likely to detect 
exercise intolerance resulting from lower airway disease in 
young horses because the level of expected athletic output 
is much higher and the horses have a greater likelihood of 
being examined endoscopically. As might be expected, 
cough is more common in sport horses than in racehorses, 
as is an elevated respiratory rate, reflecting the generally ear¬ 
lier diagnosis in racehorses 865 Indeed, racehorses with exces¬ 
sive tracheal mucus performed at a lower level than those 
with no mucus found on endoscopy. 854 867 Persson, looking 
at standardbred trotters and saddle horses, found that low- 
grade nonseptic airway inflammation does have a negative 
impact on ventilatory capacity, but that this is more pro¬ 
nounced in racehorses. 868 Moreover, using bronchiolar 
biopsy, this group also demonstrated that oxygen uptake 
and pulmonary ventilation correlated inversely with the mor¬ 
phologic grade of small airway disease and the height of the 
bronchiolar epithelium—the last finding suggesting that the 
extent of obstruction may determine the extent of exercise 
impairment. Racehorses with IAD have impaired gas 
exchange during exercise. 847 869 However, other studies have 
found that horses with obvious evidence of airway inflam¬ 
mation do not necessarily have a history of exercise intoler¬ 
ance. 858 * 870 This may reflect the difficulty of diagnosing 
low-grade respiratory impairment and the trainer's failure to 
recognize poorer performance than nature intended, how¬ 
ever, rather than the benign nature of the underlying disease. 

II Diagnosis 

BRONCHOALVEOLAR LAVAGE. Varying levels of speci¬ 
ficity are used when documenting the presence of airway 
inflammation. The least specific is the documentation of 
mucus in the trachea; however, it is the method that best 
lends itself to large studies in the field. 854 * 867 Visualization 
of mucus in the trachea gives little information, however, 
as to the nature and the exact origin of the inflammation. 
Many workers have used and continue to use tracheal aspi¬ 
rate cytology to describe the nature of inflammation in IAD. 
Although tracheal aspiration can be used to explore the 
presence of inflammation and has been used to document 
neutrophilia, mastocytosis, and eosinophilia in young 
performance horses, 850 * 871 the question of the nature and 
exact origin again presents itself. Studies have shown poor 
correlation between tracheal aspiration and BAL cytology 
in horses, 872 * 873 with tracheal aspiration harvesting primar¬ 
ily neutrophils and epithelial cells, whereas BAL yields 
primarily alveolar macrophages and lymphocytes in nor¬ 
mal horses. Moreover, there is no evidence of correla¬ 
tion between tracheal wash findings and performance. 


Consequently, to avoid the problem of neutrophil count 
sensitivity to the collection method, the recent Interna¬ 
tional Workshop on Equine Chronic Airway Disease 843 
recommended use of BAL to characterize horses with 
chronic airway disease; this recommendation was seconded 
by the Havemeyer Workshop on LAD. 857 

Different pictures of inflammation emerge from various 
BAL studies, leading to speculation that different genetic 
predispositions and environmental exposures are important 
to the inflammatory phenotype. In comparison with 
healthy horses, BAL cytology in horses with IAD has shown, 
variably, both neutrophilia and lymphocytosis, 848 856 neu¬ 
trophilia and lymphopenia, 874 neutrophilia and mastocyto¬ 
sis, 845 * 846 * 051 and eosinophilia. 845 In general, horses with 
IAD have airway inflammation that may involve increases 
in nucleated cells or may also involve lymphocytosis. This 
is distinguished from RAO by the relatively low percentage 
of abnormal cells in IAD; whereas horses with RAO may 
exhibit almost entirely neutrophils in the BALE, horses with 
IAD seldom have greater than 2-15% neutrophils. ITie 
Havemeyer consensus has established that horses with 
IAD will have airway inflammation characterized by BAL 
cytology with any one of the following: mast cells >2%; 
PMNs >5%; or eosinophils >1%. 

HISTOPATHOLOGY. Histopathologic studies of IAD are 
sparse, but useful information can be teased from COPD 
studies that on inspection included horses with what we 
would more appropriately term IAD. Bronchiolar biopsies 
of athletic young horses with lower airway inflammation 
have shown inflammatory mucosal cellular infiltrates and 
luminal exudates, bronchiolar hyperplasia, and goblet cell 
metaplasia. 868 It is interesting to note that 80% of suppo¬ 
sedly normal horses had minimal evidence of peribronchio¬ 
litis—raising the question, of course, of what constitutes 
normal. O'Callaghan, while directing his concern to EIPH, 
nevertheless found plentiful evidence of multifocal, small 
airway-centered disease on postmortem examination of 
young racehorses. These findings included thickened walls 
caused by increased quantities of mucosal and peribronch¬ 
iolar connective tissue, mononuclear bronchiolar cuffs, 
and extension of nonciliated bronchiolar epithelial cells 
into alveolar ducts. 875 Lakritz, 876 looking at lung tissue of 
clinically normal, young thoroughbred horses in training 
found evidence of increased collagen, disruption of the epi¬ 
thelial basement membrane, and duplication of the epithe¬ 
lial basement membranes, suggesting previous airway 
inflammation and epithelial injury, which correlate with 
an increased interstitial pattern on radiographs. An ultra- 
structural study of young horses with "mild COPD" in 
one study found a decreased number of typical Clara cell 
granules and goblet cell metaplasia before the bronchioles 
began to show signs of inflammation typical of RAO. 877 
Although the authors state that there was good correlation 
between histopathology and the results of a battery of pul¬ 
monary function tests, auscultation, bronchoscopy, blood 
gas analysis, and BAL in these horses, it is a lasting disap¬ 
pointment that the results of the ancillary testing remain 
unpublished. These data in sum certainly suggest that the 
histopathologic lesion of IAD is not only local bronchiolar 
inflammation, but also remodeling and thickening of the 
bronchioles themselves, which lends itself to at least low- 
grade airway obstruction. 

LUNG FUNCTION TESTING. The esophageal balloon 
and pneumotach method for measuring lung function 
tends not to detect airway obstruction even in horses with 
RAO in remission. 878 However, use of the forced oscillatory 
technique 879 and forced expiratory maneuvers 856 has 
shown the existence of low-grade obstruction of the small 
airways of some horses with IAD. The mechanical behavior 
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of the respiratory system has been shown to differ with 
sampling frequencies in asthmatic humans, 880 and a pat¬ 
tern of decreasing respiratory system resistance (RSR) with 
increasing frequency has been termed negative frequency 
dependence of resistance and has been interpreted as evidence 
of underlying small airway obstruction despite baseline 
measurements within the expected range. Similarly, horses 
with 1AD as a group have significantly higher values for 
respiratory system resistance at the lower frequencies (1 to 
3 1 Iz) and mild frequency dependence of resistance com¬ 
pared with controls, 879 although the baseline measurement 
of RSR may still frequently fall within the normal range. 
A study finding that lower oxygen uptake capacity and tidal 
volume correlated to a reduced diameter of the bronchiolar 
lumen owing to epithelial hyperplasia is strongly support¬ 
ive of the existence of airway obstruction in IAD. 868 Conse¬ 
quently, without dynamic, frequency-dependent tests of 
lung function, forced maneuvers, or bronchoprovocation, 
it seems that we are simply failing to document a common 
feature of small airway obstruction in horse with IAD 
because our testing devices are not sufficiently sensitive to 
these changes. 

AIRWAY RESPONSIVENESS. Morses with clinical signs 
compatible with IAD also exhibit signs of airway hyperre¬ 
sponsiveness when they are exposed to nonspecific agents 
such as histamine aerosol. 845 ' 855 ' 881 ' 882 The basis for air¬ 
way hyperresponsiveness remains hotly debated among 
pulmonary physiologists. It is likely a multifactorial phe¬ 
nomenon that has been associated with airway wall 
thickening undetectable by conventional lung function 
testing, 883 airway inflammation, and autonomic nervous 
system dysfunction. 843 There is a paucity of information 
concerning the mediators of airway hyperresponsiveness 
in horses with IAD, although the presence of elevated 
levels of leukotriene C4 levels has been documented. 881 
In our laboratory, horses with a clinical history and signs 
compatible with IAD have significantly greater airway reac¬ 
tivity than controls, although some control horses display 
airway hyperresponsiveness as well. 879 This nonspecific 
airway hyperresponsiveness has been seen in humans and 
is associated with a greater risk of eventual development 
of asthma. 884 Although nonspecific airway hyperrespon¬ 
siveness has been noted both in adult horses without signs 
of respiratory disease and in foals, 885 the significance of 
this finding remains unclear. 

RADIOGRAPHY. Although radiography can be useful in 
helping to exclude septic causes of lower respiratory disease, 
such as pneumonia, lung abscess, or pleuropneumonia, its 
sensitivity in IAD is too low for it to be useful for identifica¬ 
tion of this disease. Moreover, no correlation exists among 
thoracic radiographs, airway hyperresponsiveness, and BAL 
cytology. 886 However, the more frequent finding of a bron¬ 
chial pattern on thoracic radiographs supports the existence 
of airway obstruction in these horses. 


II Etiology \ No single cause of IAD has been identified, 
although there has been plentiful speculation about the role 
of environment, viral disease, bacterial infection, air pollu¬ 
tion, and genetic predisposition. Although horses with 
IAD do not seem to experience bouts of oven airway 
obstruction on exposure to an allergenic environment, 
organic dust associated with stabling likely contributes to 
the initial inflammation. Sweeney noted that the racehorses 
in her study lived in conditions of poor ventilation, and 
speculated that covert IAD may be instigated by the organic 
dusts, especially mold, in hay. 858 Others have noted that 
there is more mucopus in the tracheas of horses kept 
in poorly ventilated conditions, 887 and in one study 


thoroughbred racehorses in training, housed on straw, were 
found to be twice as likely to suffer from lower airway dis¬ 
ease as those kept on shredded paper. 866 More recently, 
Holcombe and co-workers 887 showed that yearlings had a 
significantly higher number and percentage of neutrophils 
(PMNs as high as 18%) in BALF when they were stabled ver¬ 
sus when they were at pasture. Although none of these horses 
had any clinical signs of respiratory disease or evidence of 
exercise intolerance, they were not in work, and subtle signs 
of performance impairment could easily have gone unde¬ 
tected. Dust levels in the horse's breathing zone can be as high 
as 25 mg/m 3 —a level that would be considered unacceptable 
in any human workplace 888 —which can go far to explain 
the development of airway neutrophilia as a nonspecific 
response to high levels of particulates. 889 It is also likely that 
increased levels of endotoxin in hay and grain dust contribute 
to the development of airway neutrophilia. 890 - 892 

Although previous viral disease is commonly invoked as 
a predisposing factor in the development of IAD, little evi¬ 
dence exists to implicate viral disease. As in human asth¬ 
matics, viral respiratory disease has been shown to cause 
airway hyperresponsiveness for a period of time after infec¬ 
tion, 885 perhaps due to denuding of the respiratory epithe¬ 
lium. 1 Iowever, no known virus was associated with poor 
performance and respiratory disease in 68% of cases in the 
United Kingdom. 893 

Recently there has been considerable speculation as 
to the role of bacterial infection in IAD, particularly in 
young racehorses. In several studies there was a strong 
relationship between inflammation of the lower respi¬ 
ratory tract and the presence of streptococcal species; horses 
with greater evidence of airway inflammation on tracheal 
aspiration and endoscopy had higher mean bacterial counts 
in tracheal aspirate, 866 and horses with bacteria found in 
the tracheal aspirate had a greater tendency to cough. 859 
However, it is important to remember that association is 
not necessarily causation, and increased numbers of bacte¬ 
ria may reflect impaired airway clearance rather than a caus¬ 
ative role for bacteria. The role of bacterial and viral 
infection in IAD remains unclear at this time. 

Horses sample the ambient air on a continual basis: it 
seems logical that air pollution might contribute to the 
development of IAD. In one study clinically normal horses 
exposed to ozone had a significant increase in the glutathi¬ 
one redox ratio as well as total iron levels in the pulmonary 
epithelial lining fluid—both markers of exposure to oxidiz¬ 
ing agents—and there was a strong correlation between air¬ 
way inflammation score and the glutathione redox ratio in 
horses examined for poor performance but without overt 
airway disease. 861 In contrast, horses living in urban envi¬ 
ronments have been shown to have less airway reactivity, 
although greater levels of iron in the BALF, than do horses 
living in rural environments. 894 

Although heaves has been shown to be at least partially 
allergen mediated, in which horses manifest a Th2-type 
cytokine response, 895 and although environmental chal¬ 
lenge can produce a consistent exacerbation of disease, 891 
there is no such convincing evidence of an allergic response 
in horses with IAD. However, the presence of elevated num¬ 
bers of mast cells in BALF of horses with poor perfor¬ 
mance, 850 the association of BAL mastocytosis with airway 
hyperresponsiveness, 846 896 and IHC studies showing more 
IgA-containing cells and occasionally increased numbers of 
IgM- and IgG-containing cells are suggestive of a degree 
of allergic response and a heightened immune response. 
It is most likely that multiple factors contribute to the devel¬ 
opment of IAD in individual horses; a critical level of risk 
factors or exposure is probably necessary for the disease to 
manifest itself. 



566 



part five DISORDERS of the ORGAN SYSTEMS 


If Differential Diagnoses. The diagnosis of LAD often 
requires the exclusion of other diseases that may have a sim¬ 
ilar clinical picture. Whereas horses with RAO (heaves) or 
summer pasture-associated RAO (SPARAO) in remission 
may be very difficult to distinguish from horses with IAD, 
horses with RAO or SPRAO have a history of episodes of 
obvious breathing difficulty associated with exposure to 
either moldy hay or summer pasture. Upper airway disease, 
such as sinus infection or guttural pouch infection, may 
cause cough and nasal discharge, and both static and 
dynamic upper airway obstructions may cause poor perfor¬ 
mance and poor recovery from exercise. These may be 
largely ruled out by endoscopy. Horses with pneumonia, 
bronchopneumonia, or lung abscess commonly have 
abnormalities suggesting systemic disease, such as abnormal 
findings on CBC, recent history of fever, weight loss, or 
inappetence. In these cases tracheal wash can be very help¬ 
ful in determining a septic cause of disease. Thoracic radio¬ 
graphs or ultrasound will also aid in the detection of these 
septic respiratory diseases. EIPH may be seen in conjunction 
with IAD, but the presence of epistaxis, blood on endoscopy 
of the trachea, or red cells or hemosiderophages on BAL 
confirm the diagnosis of EIPH. Overt viral respiratory dis¬ 
ease is difficult to confuse with IAD, as it usually manifests 
with fever and malaise, but horses with viral respiratory dis¬ 
ease may exhibit prolonged cough and airway hyperrespon¬ 
siveness for weeks to months after resolution of primary 
disease. 


II Therapy. There is remarkably little evidence-based sup¬ 
port for any particular therapy in treating IAD. However, 
the mainstay of treatment has become a combination of 
environmental remediation, corticosteroid therapy, and 
bronchodilators. 

ENVIRONMENTAL REMEDIATION. The barn environ¬ 
ment is a hotbed of particulate matter, respirable endo¬ 
toxin, molds, and volatile gases such as ammonia. The 
worst offenders appear to be hay and straw. A study look¬ 
ing at different management systems showed that when 
hay and straw bedding were replaced by pelleted feed 
and wood shavings, the respirable particulate levels were 
remarkably reduced. 88 ® Further improvements can be 
made by using cardboard bedding to reduce dust and 
mold levels. 897 Indoor arenas present another high dust 
challenge to the horse, with respirable particulate levels 
20 times the level recognized to cause respiratory dysfunc¬ 
tion in humans. 898 Other fairly commonsense strategies 
can be used. I make the following recommendations to 
owners in addition to the suggestion to change to low-dust 
feeds and beddings: 

■ Sprinkle aisles with water before sweeping. 

■ Avoid storing hay overhead. If unavoidable, lay a tarp 
under the hay to avoid dust raining down on the 
horses. 

■ Use a humectant or hygroscopic agent to reduce dust in 
the indoor and outdoor arenas. 

■ Remove horses from the bam while cleaning stalls or 
moving hay. 

■ Do not use blowers to clean aisles. 

■ Wet hay before feeding or use Dengie or other baked 
hay products. 

■ Remove cobwebs and other dust collectors routinely. 

It is important to note that a recent study demonstrated 

that environmental control was by far the most important 
means of treating airway inflammation and dysfunction in 
horses with heaves, a more severe disease than IAD. 899 It 
is logical, therefore, to suppose that environmental manage¬ 
ment is equally important in the treatment of IAD. 


CORTICOSTEROID THERAPY. Either parenteral or 
inhaled corticosteroids form the mainstay of drug therapy 
for IAD. Although the utility of corticosteroids for prevent¬ 
ing or ameliorating airway remodeling in human asthma 
is debated, 900 corticosteroids have recently been demon¬ 
strated to prevent airway smooth muscle thickening in mice 
with experimental asthma. 901 The degree of efficacy in 
decreasing BAL neutrophilia is not completely known, with 
some studies showing obvious benefit for dexamethasone 
in improving clinical signs and lung function and reducing 
BAL neutrophilia, 902 whereas others show primarily 
improvement in lung function with little effect on BAL 
cytology. 899 - 903 Corticosteroid treatment certainly causes 
adrenocortical dysfunction, but this is less pronounced with 
inhaled therapy versus systemic 902 Although concerns 
about precipitating laminitis with corticosteroid therapy 
are frequently expressed, the actual risk of laminitis with 
corticosteroid therapy is completely unknown. Prednisone 
has been used in the past, but studies have shown lack of 
effect in horses with RAO. 904 In our clinic we frequently 
treat with an initial course of parenteral corticosteroids, typ¬ 
ically a 4-week decreasing course of prednisolone followed 
by inhaled corticosteroids. 

BRONCHODILATOR THERAPY. Bronchodilators, espe¬ 
cially the inhaled form, appear to be efficacious in treating 
IAD in conjunction with corticosteroids. The most com¬ 
monly used bronchodilators in IAD include aerosolized p- 
adrenergics, such as albuterol, and aerosolized parasym- 
patholytics, such as ipratropium. Despite very legitimate 
concerns about development of tolerance to p-adrenergic 
drugs, a small study has shown that a chronic (2-week) 
course of aerosolized albuterol did not increase airway 
responsiveness to histamine in horses with preexistent air¬ 
way hyperresponsiveness. 905 p-Adrenergic drugs such as 
albuterol also increase mucociliary transport. The use of sys¬ 
temic p-adrenergics such as denbuterol is not advised, as 
the extent of bronchoconstriction in IAD does not warrant 
risking the adverse effect of cardiovascular remodeling, 
which has been shown to occur in horses. 906 

MAST CELL INHIBITORS. Sodium cromoglycate can be 
efficacious in treating known mast cell-mediated IAD 850 
but will not be of use for treating the majority of horses 
with neutrophil-mediated disease. However, it requires con¬ 
siderable owner compliance, as the maximum response to 
this drug occurs at 1 to 2 weeks after beginning treatment. 

AEROSOLIZED THERAPY. Aerosolized therapy using a 
combination of inhaled corticosteroids and bronchodilators 
is well established clinically in the treatment of IAD; how¬ 
ever, there are no clinical trials establishing the efficacy of 
these drugs. When using inhaled drugs, we use a spacer 
and mask in order to improve delivery of the drug. Regard¬ 
less of the type of mask and spacer device used, actual deliv¬ 
ery of particles to the lower airways is poor in horses, as 
indeed it is even in humans, and the least efficacious means 
of delivering aerosolized drugs is by nebulization. 907 910 
Unfortunately, strategies that we know improve lung depo¬ 
sition of aerosolized drugs in humans, such as slow deep 
breathing and breath holding, are not practical in horses. 
Devices currently on the market include the Aeromask and 
the Equine Haler. Individual horse and owner preference 
determines which device should be used. Inhaled cortico¬ 
steroids commonly used in the treatment of IAD include 
beclomethasone and fluticasone. 

Although there are no reported clinical trials using corti¬ 
costeroids in horses with IAD, horses with RAO treated with 
3750 pg of beclomethasone dipropionate twice daily using 
the Aeromask had improvement in both clinical signs and 
in lung function. 911 Smaller doses (500 to 1500 jig twice 
daily) administered with a device that is no longer on the 
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market were shown to be efficacious in horses with 
heaves. 902 I commonly use small doses (500 to 1000 pg 
twice daily) using the Aeromask with good clinical effect 
in horses with IAD. 

Fluticasone is a more potent corticosteroid than beclo- 
methasone and has been shown to be efficacious when 
administered in conjunction with the Aeromask in treating 
horses with heaves, as well, using doses of 2000 pg twice 
daily. Unlike beclomethasone, in this study fluticasone did 
not cause adrenocortical dysfunction. 912 I use a decreas- 
ing-dose regimen, starting at 1500 to 2000 pg twice daily, 
working down to 1000 pg once daily or every other day. 
The lowest dose is arrived at over a 3- to 4-week period. 
Use of a short-acting bronchodilator,* such as inhaled albu¬ 
terol, 5 to 15 minutes before treatment with inhaled corti¬ 
costeroid may help to increase deposition of the latter by 
fully opening the small airways. It is important that the 
owner understand that even with the higher doses of 
inhaled corticosteroid it may require 1 to 2 months for 
the best therapeutic effects to be achieved. 

The most commonly used inhaled bronchodilator is 
albuterol, a p 2 -specific adrenergic drug. The onset of effect 
with albuterol is quite rapid, with maximum bronchodila- 
tion being seen within 15 minutes. I lowever, it is important 
to note that the maximum effect lasts in some horses for 
only an hour, and there are side effects with higher doses 
of drug, even in the inhaled form, such as anxiety, nervous¬ 
ness, trembling, and tachycardia. There is no evidence to 
suggest that the oral form of albuterol is even absorbed in 
the horse, and it is not suggested as appropriate therapy. 
Longer-acting p 2 -adrenergic agonists, such as salmeterol 
and formoterol, can also be used, with bronchodilation 
lasting 6 to 8 hours. Parasympatholytic drugs such as ipra¬ 
tropium have a slower onset of action but longer duration 
than albuterol—at least 6 hours—and lack the severe side 
effects of parenteral use of drugs such as atropine. It is 
important to remember that these bronchodilators are 
symptomatic drugs only; they do not treat the underlying 
inflammation and therefore are unsuitable for single-drug 
therapy. 

Mast cell inhibitors that can be administered by MD1 
include Intal (cromolyn) and Tilade (nedocromil sodium). 
They are discussed in earlier sections. 

In summary, IAD is a disease characterized by nonseptic 
inflammation, visible on BAL cytology as excessive neutro¬ 
phils, mast cells, or eosinophils, and involving low-grade 
airway obstruction and airway hyperresponsiveness. Clini¬ 
cal signs include variable cough, nasal discharge, and poor 
performance. Excessive amounts of mucus may also be 
visualized in the trachea using endoscopy. The cause of 
IAD is unknown, but the disease is probably best avoided 
by achieving a low-dust and low-endotoxin environment. 
Treatment logically begins with environmental remediation 
and is supplemented by antiinflammatory drug therapy 
using systemic or inhaled corticosteroids and inhaled 
bronchodilators. IAD that involves an excess of mast cells 
in the airways can be further treated with inhaled mast cell 
inhibitors. 

TUBERCULOSIS 

PEGGY S. MARSH 

Tuberculosis refers to any infectious disease caused by Myco¬ 
bacterium species and associated with the formation of focal 
granulomatous lesions with caseous necrosis. In humans 
many forms of the disease exist, with the primary site of 
infection most commonly being the lungs. M. tuberculosis 
is the typical causative agent in humans, whereas Mycobacte¬ 
rium avium or Mycobacterium bovis is usually implicated in 


animal cases. Tuberculosis is extremely rare in horses, espe¬ 
cially in the United States. Most cases in horses have 
reported isolation of M. avium 9iy ~ 916 ; however, there are 
more recent repons of infection with Mycobacterium bovis. 917 
In equine cases the organism is usually ingested, although 
primary respiratory infection may occur. Spread is hematog¬ 
enous, and the organism frequently settles in lymph nodes 
and the spleen. 

The most frequent presenting complaint is chronic 
weight loss with ensuing weakness and lethargy. Terminally 
ill horses with the pulmonary form are febrile and dyspneic 
and have a cough. Radiographic or sonographic evaluation 
of the thorax may be helpful in defining the pattern and 
distribution of lesions. Other clinical signs may be noted 
depending on the organ systems affected and include 
intestinal tract signs, hepatitis, and osteomyelitis of the 
cervical vertebrae, as well as guttural pouch and ocular 
infections. 913 * 917 

Diagnosis is based on presence of tubercles and isolation 
of the organism and probably most frequently is made after 
the horse's death. The intradermal skin test is not reliable in 
the horse because a majority of clinically normal horses 
may have positive test results. 918 Cytologic or histologic 
evaluation of a wash or aspirate of a lesion may reveal 
acid-fast bacilli. Biopsy of the lesion(s) is necessary for a 
definitive diagnosis. When tuberculosis is suspected, culture 
of an appropriate sample, such as a tracheal aspirate with 
primary pulmonary involvement, is advisable. However, 
this is a very slow-growing organism, and isolation may 
take multiple weeks. More recently PCR technology has 
proven a useful tool. 917 

Treatment is not usually attempted, because of public 
health concerns. I am unaware of any published report 
on treating horses with tuberculosis. If treatment is under¬ 
taken, the horse should be isolated, with precautions taken 
to prevent spread of disease and in consultation with 
the handler's physician and/or public health officials. 
Tuberculosis is a reportable disease in other species. Drugs 
used in other species (rifampin, isoniazid, and streptomy¬ 
cin) could be considered, but there are no guidelines for 
their use in horses with this condition. Isoniazid has been 
used in horses for other conditions at a dose of 5 to 
15 mg/kg PO twice daily. 919 Although a study on rifampin 
pharmacokinetics in horses recommended using 10 to 
25 mg/kg PO twice daily, 920 clinical results in foals with 
R. equi pneumonia suggest that 5 to 10 mg/kg PO twice 
daily is adequate. In humans, treatment periods are very 
prolonged, frequently a year or more. Because treatment is 
usually not a viable option in horses, prognosis is very poor. 

Bacillus Calmette-Guerin (BCG) vaccine has been used in 
humans with potential exposure, but the benefit of its use in 
horses to providing increased resistance after exposure to a 
tuberculosis infection is unknown. 

PNEUMOCONIOSIS (SILICOSIS) 

PEGGY S. MARSH 

Pneumoconiosis refers to lower respiratory tract disease asso¬ 
ciated with deposition of small particles (dust) within the 
lungs. In human medicine the majority of cases are occupa¬ 
tion related and include coal worker's lung, silicosis, and 
asbestosis. 921 Itiere are two related reports of horses with 
silicosis. 922 923 The majority of the horses originated from 
the Monterey-Carmel Peninsula in California. Silicosis is a 
disease caused by inhalation of crystalline silica. There are 
several clinical forms of silicosis in humans, including sim¬ 
ple and complicated chronic forms as well as acute silicosis 
(silicoproteinosis). Silicosis has also been associated with 
immune system deficits, in particular alteration of cell- 
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mediated immunity. Freshly fractured silica is more toxic to 
alveolar macrophages than aged silica. Crushing silica leads 
to the formation of reactive radials. 924 The small (0.5 to 
5 mm) panicles are deposited in small airways and alveoli 
and subsequently phagocytosed, initiating a cycle of granu¬ 
lomatous inflammation, oxidative stress, and apoptosis 
leading to chronic fibrotic interstitial disease. 921924 

The clinical signs reported in the horses were similar to 
those of COPD and included weight loss, cough, exercise 
intolerance, and, sometimes, exercise-induced respiratory 
distress (sweating, nostril flaring, abducted elbows, reluc¬ 
tance to move, and shaking). Resting respiratory rates are 
often increased. Physical examination revealed a restrictive 
pattern of breathing. Auscultation revealed harsh breath 
sounds and some wheezing, which was exacerbated by 
exercise. 

Diagnosis was based on the presence of birefringent crys¬ 
talline inclusions within pulmonary macrophages. 923 Sam¬ 
ples were obtained via tracheal aspiration, BAL, or lung 
biopsy or at necropsy. In some cases repeated tracheal sam¬ 
pling was required. Radiographs of the thorax revealed a 
variety of findings including most commonly an interstitial 
pattern (miliary, reticulonodular, and linear) that was most 
severe in the caudodorsal lung fields. Other radiographic 
abnormalities noted were lymphadenopathy, pleural effu¬ 
sion or thickening, hyperinflation, and pulmonary consol¬ 
idation. 923 

Gross pathologic analysis revealed interstitial granuloma 
tous pneumonia and fibrosis. Histologic examination with 
both light and electron microscopy revealed peribronchitis, 
perivasculitis, and cellular infiltrates consisting of mostly 
macrophages and giant cells, with refractile inorganic dust 
particles noted both intracellularly and extracellularly. 922 - 923 

In general the horses reported to have silicosis had a 
poor prognosis. The original study discussed postmortem 
findings of nine horses. 922 In the other related paper a total 
of 19 horses were identified. 923 Short-term (2 to 12 
months) follow-up evaluation was available in eight of 
these individuals, with a progressive loss of respiratory func¬ 
tion noted in four of the cases, leading to euthanasia. Treat¬ 
ment consisted of environmental change and glucocorticoid 
therapy. Novel forms of therapy, including inhibition of 
inflammatory mediators as well as inhibition of apoptosis, 
may be seen in the future. 924 

There are no recent reports of silicosis or other forms 
of pneumoconiosis in the horse. However, there are 
reports in other domestic species in areas of environmen¬ 
tal contamination. 925 Also, new forms of pneumoconio¬ 
sis are being investigated in humans, such as World 
Trade Center Cough. 926 It may be prudent to keep envi¬ 
ronmental contamination in mind when investigating 
chronic noninfectious forms of lower respiratory tract dis¬ 
ease in the horse. 

MYCOPLASMA 

PEGGY S. MARSH 

Mycoplasma species are a group of bacteria that differ from 
other bacteria because they lack a cell wall, are much smal¬ 
ler than most bacteria, and need cholesterol to survive. 
These organisms are proven to cause respiratory disease in 
humans, cattle, and pigs. M. felis has been isolated as a 
pathogen causing pleuritis and pericarditis in the 
horse. 927 * 929 Experimental infection with M. felis in ponies 
induced pleuritis. 929 The relative importance of Mycoplasma 
species as a pathogen in acute respiratory disease of the 
horse has been debated. Several species of mycoplasma 
can be isolated from the respiratory tract of healthy and dis¬ 
eased animals, both adults and foals. A report from 


Australia did not yield growth of mycoplasmas in any of 
the samples from young racing horses with coughs. 930 
However, a similar case control type study from the United 
Kingdom showed an association between M. felis and I AD 
in young racehorses. 931 Also, a Canadian report demon¬ 
strated growth of M. equirhinis and M. felis, along with other 
bacteria commonly thought of as respiratory pathogens, in 
horses with acute lung disease. 932 M. felis has been reported 
as a potential cause of an outbreak of acute respiratory dis¬ 
ease in a stable of young racehorse, as well as of respiratory 
disease in foals. 933 * 934 

Clinical signs of pleuritis caused by mycoplasma infec¬ 
tion, including fever, depression, and pleurodynia, mimic 
other bacterial pleural pneumonia cases. Auscultation of 
the thorax may reveal pleural friction rubs and dull lung 
sounds over the cranioventral thorax. Sonographic exami¬ 
nation of the thorax reveals pleural effusion, often bilateral. 
Thoracocentesis should be performed for both diagnostic 
and, if necessary, therapeutic purposes. The fluid is most 
often an exudate, lacking any odor. Cytologic examination 
reveals large numbers of neutrophils within the pleural 
fluid. 

Crucial to diagnosis of mycoplasma infection is the 
elimination of more common pathogens, such as strepto¬ 
coccal infections. Thus routine cultures for aerobic and 
anaerobic bacteria should be performed in any case of 
pleuritis. Culture for the presence of mycoplasma is diffi¬ 
cult. Immediate centrifugation of pleural fluid is ideal, 
because supernatants are the preferred culture samples. 935 
These samples should then be placed in mycoplasma-spe¬ 
cific media. Seroconversion can also be an aid in diagno¬ 
sis, with seroconversion occurring in a large number of 
the reported cases of M. felis infection. 927 * 928 - 933 Experi¬ 
mental infection revealed that once seroconversion has 
occurred, the organism can no longer be isolated from cul¬ 
ture samples. 929 Seroprevalence in this country is not 
known. 

Experimentally infected ponies recovered without treat¬ 
ment in one study, so the requirements of treatment specific 
for mycoplasma are unclear. 929 Although sensitivity testing 
should be performed on any isolate, Mycoplasma species 
have been found to be sensitive to gentamicin, tetracyclines, 
and erythromycin. 936 The role these organisms play in 
equine respiratory disease is still unclear, and investigation 
continues. 


EXERCISE-INDUCED PULMONARY 
HEMORRHAGE 

K. W. HINCHCLIFF 

E1PH is a pervasive disorder of horses that perform strenuous 
exercise and is best recognized in thoroughbred and stan- 
dardbred racehorses. The disorder is associated with reduced 
performance of thoroughbred racehorses, and probably in 
other breeds, and costs the thoroughbred and standardised 
racing industries in the United States and Canada between 
$100,000,000 and $225,000,000 (U.S. dollars |USD]) 
annually. 937 The disease occurs commonly in horses but 
less commonly in camels, greyhounds, and, rarely, human 
athletes. 938 940 


II Etiology. Epistaxis and hemorrhage into airways can 
occur as a result of a number of diseases, including disor¬ 
ders of the upper airways and lungs. Hemorrhage into tra¬ 
chea or bronchi can be a result of El PH, pulmonary 
abscess, fungal granuloma, trauma, pneumonia, pulmonary 
foreign body, or hemangiosarcoma or other pulmonary 
neoplasia. Epistaxis can be associated with all of these 



chapter 31 Diseases of the Respiratory System 


569 


causes of hemorrhage into the lower airway and, in addi¬ 
tion, diseases of the upper airway including guttural pouch 
mycosis, ethmoidal hematoma, trauma, and neoplasia of 
the upper airways and associated structures. Thrombocyto¬ 
penia can cause epistaxis. 

The likely proximate cause of hemorrhage in horses with 
El PH is rupture of alveolar capillary membranes with 
subsequent extravasation of blood into interstitial and alveo¬ 
lar spaces. 941 The source of blood in such instances is the pul¬ 
monary circulation. Bleeding from bronchial circulation 
during exercise has been suggested based on histologic evi¬ 
dence of bronchial angiogenesis in horses that have experi¬ 
enced previous episodes of EIPH, 942 but contribution of the 
bronchial circulation to EIPH has not been demonstrated. 
Regardless of the contribution of bronchial circulation to 
blood in the airways, the likely initial lesion is in capillaries 
associated with the pulmonary circulation. Hemorrhage into 
the interstitial space and alveoli, with subsequent rostral 
movement of blood in the airways, results in blood in the tra¬ 
chea and bronchi, which in rare instances results in epistaxis. 

II Clinical Signs and Differential Diagnosis 

HISTORY AND PRESENTING COMPLAINT. Poor athletic 
performance and epistaxis (Fig. 31-37) are the most com¬ 
mon presenting complaints for horses with EIPH. Although 
poor performance may be attributable to any of a large 
number of causes, epistaxis associated with exercise is 
almost always secondary to EIPH. 

Epistaxis due to EIPH occurs during or shortly after 
exercise and is usually first noticed at the end of a race, 
particularly when the horse is returned to the paddock or 
winner's circle and is allowed to lower its head. It is 



FIG. 31-37 II Horse wilh exercised-induced pulmonary hemorrhage and 
epistaxis. 


usually bilateral and resolves within hours of the end of 
the race. Epistaxis can occur on more than one occasion 
in the same horse. 

EXERCISE-INDUCED PULMONARY HEMORRHAGE AND 
PERFORMANCE. Failure of racehorses to perform to the 
expected standard (poor performance) is often, accurately 
or not, attributed to EIPH. Many horses with poor perfor¬ 
mance have cytologic evidence of EIPH on microscopic ex¬ 
amination of tracheobronchial aspirates or BALF or have 
blood evident on endoscopic examination of the tracheobron¬ 
chial tree performed 30 to 90 minutes after strenuous exercise 
or racing. 943 - 944 However, it is important to recognize that 
EIPH is very common in racehorses and it should be consid¬ 
ered the cause of poor performance only after other causes 
have been eliminated. Severe EIPH undoubtedly results in 
poor performance and, on rare occasions, death of thorough¬ 
bred racehorses. 945 ' 948 A relationship between finishing posi¬ 
tion and incidence of EIPH, diagnosed by bronchoscopic 
examination, was not detected for 191 thoroughbred race¬ 
horses that finished in first, second, or third place. 946 Further¬ 
more, there was no relationship between the proportion of 
horses with EIPH and placing (first second, or third versus 
other) in another 98 horses. 947 Similarly, there was no rela¬ 
tionship between finishing position and proportion of horses 
with EIPH in 191 thoroughbreds examined after racing. 948 
There was no relationship between severity of EIPH, assessed 
on tracheobronchoscopic examination, and race performance 
in 258 thoroughbreds or 296 standardbred racehorses. 949 
Together, these studies do not demonstrate a clear relationship 
between the presence of EIPH, or its severity, and race 
performance. 

In contrast to the studies just discussed, among 452 thor¬ 
oughbred horses examined after racing in Hong Kong, those 
finishing in the first three positions had less severe EIPH 
than did horses finishing in lower positions. 950 Of horses 
finishing in the first three places, 43.9% had evidence of 
EIPH on tracheobronchoscopic examination after racing, 
whereas 55.9% of horses finishing in fourth to fourteenth 
place had evidence of EIPH. 

A recent study demonstrated that thoroughbred horses 
with EIPH racing in Victoria, Australia have impaired per¬ 
formance compared with unaffected horses. Horses were 
assessed as having no EIPH or grades 1 to 4 EIPH on the 
basis of endoscopic examination performed within 2 hours 
of racing. After statistical correction of other factors that 
could influence performance, there was a clear association 
between EIPH of >grade 1 (i.e., grades 2 to 4) and impaired 
performance. 951 Horses with EIPH <1 were 4 times more 
likely to win, 1.8 time more likely to finish in the top three 
positions, and 3 times as likely to be in the 90th percentile 
for earning as horses with EIPH >grade 2. Horses with EIPH 
finished further behind the winner than did horses that did 
not have EIPH. 951 

Results of studies in standardbred racehorses indicate 
either a lack of effect of EIPH on performance or an associ¬ 
ation between EIPH and superior performance. There was 
not a relationship between presence of EIPH and finishing 
position in 29 standardbred racehorses with intermittent 
EIPH examined on at least two occasions, 952 nor in 92 stan¬ 
dardbred racehorses examined on one occasion. 953 How¬ 
ever, of 965 standardbred racehorses examined after 
racing, those finishing first or second were 1.4 times more 
likely (95%, confidence interval 0.9 to 2.2) to have evidence 
of EIPH on tracheobronchoscopic examination than were 
horses that finished in the seventh or eighth position. 954 


II Physical Examination. Apart from epistaxis in a small 
proportion of affected horses, there are few abnormalities 
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detectable on routine physical examination of horses with 
EIPH. Rectal temperature and heart and breathing rates 
may be elevated as a consequence of exercise in horses exam¬ 
ined soon after exercise, but values of these variables in 
horses with EIPH at rest are not noticeably different from 
those in horses with no evidence of EIPH. Affected horses 
may swallow more frequently during recovery from exercise 
than do unaffected horses, probably as a result of blood in 
the larynx and pharynx. Coughing is common in horses 
recovering from strenuous exercise, and after recovery from 
exercise horses with EIPH are no more likely to cough than 
are unaffected horses. 955 Other clinical signs related to respi¬ 
ratory abnormalities are uncommon in horses with EIPH. 
Respiratory distress is rare in horses with EIPH and when 
present indicates severe hemorrhage or other serious lung 
disease such as pneumonia, pneumothorax, or rupture of a 
pulmonary abscess. Lung sounds are abnormal in a small 
number of EIPH-affected horses and when present are char¬ 
acterized by increased intensity of normal breath sounds 
during rebreathing examination. 956 Tracheal rales may be 
present in horses with EIPH but are also heard in unaffected 
horses. 957 

Horses that have experienced one episode of epistaxis are 
more likely to have a second episode. For this reason most 
racing jurisdictions do not permit horses with epistaxis to 
race for a period of weeks to months after the initial 
instance, with more prolonged enforced rest after a sub¬ 
sequent episode of epistaxis and retirement from racing after 
a third bout. The recurrence rate after one episode of epi¬ 
staxis in thoroughbred horses is approximately 13.5% 
despite affected horses not being permitted to race for 1 
month after the initial episode of epistaxis. 938 This high rate 
of recurrence suggests that the inciting pulmonary lesions 
have not healed. 

II Diagnostic Approach 

DIAGNOSTIC TESTS. Various techniques are available 
for determining the presence and severity of EIPH, includ¬ 
ing direct examination of the airways through a flexible 
endoscope or examination of bronchial lavage fluid or tra¬ 
cheal aspirates for evidence of hemorrhage. The utility 
of these diagnostic tests varies, and choice of examination 
technique depends on the time between the racing of 
the horse and the examination and on the desired sensiti¬ 
vity of the test. For instance, tracheobronchoscopic exami¬ 
nation is most appropriate if a horse is examined within 
1 to 2 hours of exercise, whereas examination of airway 
washings is most appropriate if the examination is days 
to a week after strenuous exercise. Radiography, pulmo¬ 
nary scintigraphic examination, and lung function tests 
are useful in eliminating other respiratory diseases as 
causes of poor performance but are minimally useful in 
confirming a diagnosis of EIPH or in determining the 
severity of hemorrhage. 

TRACHEOBRONCHOSCOPY. Observation of blood in 
the trachea or large bronchi of horses 30 to 120 minutes 
after racing or strenuous exercise provides a definitive diag¬ 
nosis of EIPH. The amount of blood in the large airways 
varies from a few small specks on the airway walls to a 
stream of blood occupying the ventral third of the trachea 
(Fig. 31-38). Blood may also be present in the larynx and 
nasopharynx. If there is a strong suspicion of EIPH and 
blood is not present on a single examination conducted 
soon after exercise, the examination should be repeated in 
60 to 90 minutes. Some horses with EIPH do not have 
blood in the rostral airways immediately after exercise, but 
do so when examined 1 to 2 hours later. Blood is detectable 
by tracheobronchoscopic examination for 1 to 3 days in 


most horses, with some horses having blood detectable for 
up to 7 days. 

Bronchoscopic examination can be used to estimate the 
severity of EIPH through use of a grading system. 946959 
The interobserver repeatability of tracheobronchoscopic 
assessment of severity of EIPH using a 0 to 4 grading scale 
has been demonstrated 959 (see Fig. 31-38). 

■ Grade 0: No blood detected in the pharynx, larynx, tra¬ 
chea or mainstem bronchi. 

■ Grade 1: Presence of one or more flecks of blood or 
<2 short (< l A length of the trachea) narrow (<10% 
of the tracheal surface area) streams of blood in the 
trachea or main stem bronchi visible from the tracheal 
bifurcation. 

■ Grade 2: One long stream of blood (>half the length 
of the trachea) or >2 short streams occupying less than 
1/3 of the tracheal circumference. 

■ Grade 3: Multiple, distinct streams of blood covering 
more than >/3 of the tracheal circumference. No blood 
pooling at the thoracic inlet. 

■ Grade 4: Multiple, coalescing streams of blood cover¬ 
ing >90% of the tracheal surface with pooling of blood 
at the thoracic inlet. 

It is assumed that a higher score represents more severe 
hemorrhage, but although the repeatability of this scoring 
system has been established, the relationship between the 
amount of blood in the large airways and the actual amount 
of hemorrhage has not been established. 

TRACHEAL ASPIRATION AND BRONCHOALVEOLAR 
LAVAGE. The presence of red cells or macrophages contain¬ 
ing either effete red cells or the breakdown products of 
hemoglobin (hemosiderophages) in tracheal fluid or BALE 
provides evidence of EIPH. Detection of red cells or hemo¬ 
siderophages in tracheal aspirates or BALK is believed to be 
both sensitive and specific in the diagnosis of EIPH. 944 960 
Examination of airway fluids indicates the presence of EIPH 
in a greater proportion of horses than does tracheobroncho¬ 
scopic examination after strenuous exercise or racing. The 
greater sensitivity of examination of airway fluid is likely 
attributable to the ability of this examination to detect the 
presence of small amounts of blood or its residual products 
and the longevity of these products in the airways. Whereas 
endoscopic examination may detea blood in occasional 
horses up to 7 days after an episode of EIPH, cellular evi¬ 
dence of pulmonary hemorrhage persists for weeks after a 
single episode. 944 - 960 ' 961 Red blood cells and macrophages 
containing red cells are present in BALE or tracheal aspirates 
for at least 1 week after strenuous exercise or instillation of 
autologous blood into airways, and hemosiderophages are 
present for at least 21 days and possibly longer. 944 961 

Recent studies have reported on the use of red cell num¬ 
bers in BALF as a quantitative indicator of EIPH. 962 * 965 
However, this indicator of EIPH severity has not been vali¬ 
dated or demonstrated to be more reliable or repeatable 
than tracheobronchoscopic examination and visual scoring. 
Furthermore, considerable concern exists over the suitability 
of red cell counts in BALF for assessment of severity of El PI 1 
given that an unknown area, although presumably small, of 
the lung is examined by lavage and there is a risk that this 
area of lung may not be representative of the lung as a 
whole, similar to the situation of examination of BALF of 
horses with pneumonia. 966 BAL of sections of both lungs, 
achieved using an endoscope, may obviate some of these 
concerns. 

Tracheal aspirates may be obtained any time after exer¬ 
cise by either aspiration during tracheobronchoscopic 
examination or aspiration through a percutaneous intratra¬ 
cheal needle. Aspirates obtained through an endoscope 
may not be sterile, depending on the collection technique. 




FIG. 31-38 II Tracheobronchoscopic findings in horses with exercise-induced pulmonary hemorrhage. A is from a horse with grade 1 hemorrhage. B is 
from a horse with grade 2 hemorrhage. C is from a horse with grade 3 hemorrhage. D is from a horse with grade 4 hemorrhage. 


BALF can be obtained through either an endoscope wedged some horses, but many affected horses have minimal to 

in the distal airway or a cuffed tube inserted blindly into a undetectable radiographic abnormalities. 967 Examination 

distal airway. Collection of fluid through an endoscope of thoracic radiographs of horses with El PH may be useful 

has the advantage of permitting examination of the distal in ruling out the presence of another disease process, such 

airways and selection of the area of lung to be lavaged. as a pulmonary abscess, that is contributing to the horse's 

However, it does require the use of an endoscope that is pulmonary hemorrhage or poor athletic performance, 

longer (2 m) than those readily available in most equine 
practices. Use of a commercial BAL catheter does not 

require use of an endoscope and can be readily performed II Pathophysiology . Rupture of alveolar capillaries occurs 
in field situations. secondary to an exercise-induced increase in transmural 

RADIOGRAPHY. Thoracic radiography is of limited use in pressure (pressure difference between the inside of the cap¬ 
detecting horses with EIPH. Radiographs may demonstrate illary and the alveolar lumen). If the transmural stress 

the presence of densities in the caudodorsal lung fields of exceeds the tensile strength of the capillary wall, the 
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capillary ruptures. 968 The proximate cause of alveolar capil¬ 
lary rupture is the high transmural pressure generated by 
positive intracapillary pressures that are largely attributable 
to capillary blood pressure and the lower intraalveolar pres¬ 
sure generated by the negative pleural pressures associated 
with inspiration. 

During exercise the absolute magnitudes of both pulmo¬ 
nary capillary pressure and alveolar pressure increase, with a 
consequent increase in transmural pressure. Strenuous exer¬ 
cise is associated with marked increases in pulmonary artery 
pressure in horses. 963 ' 969970 Values for mean pulmonary 
arterial pressure at rest of 20 to 25 mm Hg increase to 
greater than 90 mm Mg during intense exercise because of 
the large cardiac output achieved by exercising horses. The 
increases in pulmonary artery pressure, combined with an 
increase in left atrial pressure during exercise, likely result 
in an increase in pulmonary capillary pressure. Combined 
with the increase in pulmonary capillary pressure is a 
marked decrease (more negative) in pleural, and therefore 
alveolar, pressures during exercise. Pleural pressures of nor¬ 
mal horses during inspiration decrease from approximately 
—0.7 kPa (—5.3 mm Hg) at rest to as low as -8.5 kPa 
(-64 mm Hg) during strenuous exercise. 971 Together, the 
increases in pulmonary capillary pressure and decrease 
(more negative) in intrapleural (alveolar) pressure contrib¬ 
ute to a marked increase in stress in the alveolar wall. 
Although the alveolar wall and pulmonary capillary of 
horses are stronger than those of other species, rupture 
may occur because the wall stress in the alveolus exceeds 
the mechanical strength of the capillary. 972 

Other theories of the pathogenesis of EIPH include small 
airway disease, upper airway obstruction, hemostatic 
abnormalities, changes in blood viscosity and erythrocyte 
shape, intrathoracic sheer forces associated with gait, and 
bronchial artery angiogenesis. 942 - 973 It is likely that the 
pathogenesis of EIPH involves several processes, including 
pulmonary hypertension, lower alveolar pressure, and 
changes in lung structure, that summate to induce stress 
failure of pulmonary capillaries. 

Obstruction of either the upper or lower airways has 
been proposed as a cause of EIPH. 974 Inspiratory airway 
obstruction results in more negative intrapleural and there¬ 
fore alveolar pressures. This effect is exacerbated by exercise, 
with the result that alveolar transmural pressure is greater in 
horses with airway obstruction. 975 - 976 The higher trans¬ 
mural pressure in such horses may increase the severity of 
EIPH, although this has not been demonstrated. Moreover, 
although inspiratory airway obstruction may predispose to 
EIPH, the prevalence of this condition is much less than 
that of EIPH, indicating that it is not the sole factor induc¬ 
ing EIPH in most horses. 

Horses with moderate to severe EIPH have histologic evi¬ 
dence of inflammation of the small airways, 977 * 978 and there 
is a clear association between presence of EIPH and inflamma¬ 
tory changes in bronchoalveolar or tracheal aspirate fluid. 979 
However, instillation of autologous blood into the airways 
induces a marked inflammatory response in normal horses, 980 
and it is therefore unclear if inflammation alone induces or 
predisposes to EIPH or if the inflammation is a result of EIPH. 
Theoretically, small airway inflammation and bronchocon- 
striction have the potential to produce intrathoracic airway 
obstruction and therefore a more negative alveolar pressure. 
Given that small airway disease is common in horses, there is 
the potential for an important effect of factors, such as viral 
infections, air pollution, and allergic airway disease, to contrib¬ 
ute to the initiation or propagation of EIPH. 981 

Exercise is accompanied by marked changes in blood 
flow characteristics attributable to an increase in hematocrit 
and decrease in red cell deformability. 982 - 983 These changes 


cause an increase in microvascular shear stress and thus 
could conceivably contribute to capillary rupture. However, 
there is at present no direct evidence that indicates that this 
is an important feature of development of EIPH. 

The characteristic location of lesions of EIPH in the cau- 
dodorsal lung fields has lead to the proposal that hemor¬ 
rhage is a result of tissue damage occurring when waves of 
stress, generated by forelimb foot strike, are focused and 
amplified by the narrowing cross-sectional area of the cau¬ 
dal lung lobes. 973 According to the theory, the locomotory 
impact of the forelimbs results in transmission of forces 
through the scapula to the body wall; from there they pass 
into the lungs and caudally and dorsally. As the wave of 
pressure passes into the narrower caudodorsal regions of 
the lungs, it generates progressively greater shearing forces 
that disrupt tissue and cause EIPH. However, studies of 
intrapleural pressures have not demonstrated the presence 
of a systemic pressure wave passing through the lung and 
do not provide support for this hypothesis. 984 The observa¬ 
tion that horses competing in hurdles or steeplechase events 
on hard ground have increased incidence of epistaxis lends 
support to the suggestion that locomotory impact might 
influence the development of EIPH. 985 

Horses with EIPH have been suspected of having defects 
in either hemostasis or fibrinolysis. However, although exer¬ 
cise induces substantial changes in blood coagulation and 
fibrinolysis, 986 there is no evidence that horses with EIPII 
have defective coagulation or increased fibrinolysis. 987 - 988 

Regardless of the cause, rupture of pulmonary capillaries 
and subsequent hemorrhage into airways and interstitium 
causes inflammation of both airways and interstitium, with 
subsequent development of fibrosis and alteration of tissue 
compliance. Heterogeneity of compliance within the lungs, 
and particularly at the junction of normal and diseased 
tissue, results in development of abnormal shear stress with 
subsequent tissue damage. These changes are exacerbated by 
inflammation and obstruction of small airways with resulting 
uneven inflation of the lungs. 989 The structural abnormalities, 
combined with pulmonary hypertension and the large intra¬ 
thoracic forces associated with respiration during strenuous 
exercise, cause repetitive damage at the boundary of normal 
and diseased tissue with further hemorrhage and inflamma¬ 
tion. The process, once started, is life-long and continues for 
as long as the horse continues to perform strenuous 
exercise. 942 


II Epidemiology\ EIPH occurs in horses throughout the 
world. It is a disorder of horses that run at high speed, such 
as thoroughbred or standardbred racehorses, quarter horses 
(racehorses and barrel racing horses), and polo ponies. The 
disorder is apparently uncommon in endurance horses and 
is very uncommon in draft breeds, such as Clydesdales, 
Percherons, or Belgians, after participation in weight-pull¬ 
ing competition. 990 As a general rule, the more intense the 
exercise or the higher the speed attained, the greater the pro¬ 
portion of horses with EIPH. 

The prevalence of EIPH varies with the method used to 
detect it and the frequency with which horses are examined, 
as discussed later in this section. Almost all thoroughbred 
racehorses in active training have hemosiderophages in 
BALF, indicating that all have some degree of EIPH. 944 The 
prevalence of EIPH decreases when diagnosis is based on 
endoscopic examination of horses after exercise or racing. 

II Risk Factors 

BREED. EIPH is very common in thoroughbred race¬ 
horses, with estimates of prevalence, based on a single 
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endoscopic examination of the trachea and bronchi, of 43% 
to 75%. 948 * 950 * 991 The prevalence increases with the fre¬ 
quency of examination, with over 80% of horses having evi¬ 
dence of El PH on at least one occasion after examination 
after each of three consecutive races. 992 The prevalence of 
El PH in standardbred racehorses is assumed to be lower, 
with 26% to 34% of horses reported to have blood in the 
trachea after racing. 933 * 993 However, these studies were 
based on a single examination, and one study 993 reported 
as positive only those horses with blood covering more 
than one half of the tracheobronchial tree. When examined 
after each of three races, 87% of standardbred racehorses 
have evidence of EIPH on at least one occasion, 952 suggest¬ 
ing that EIPH is as common in standardbred racehorses as it 
is in thoroughbred racehorses. 

EIPH occurs in approximately 62% of racing quarter 
horses and has been observed in quarter horses used for 
barrel racing. 994 The disorder occurs in racing Appaloosa 
horses. 995 Approximately 11% of polo ponies are affected 
with EIPH 996 and the disorder occurs in Chilean Criollo 
horses. 997 

AGE. Age is considered an important risk factor for EIPH, 
with the prevalence of the disorder being higher in older 
horses. 946 * 947 * 998 * 999 There is no consistent effect of sex on 
prevalence of EIPH. 948 * 950 ' 953 * 991 

Among thoroughbred racehorses the prevalence of EIPH 
increases with increasing speed, 948 * 977 being greater in thor¬ 
oughbreds after racing than after breezing (galloping). 
Lesions of EIPH are not detected in young thoroughbred 
racehorses that have trained at speeds less than 7 m/ 
sec. 948 * 977 

Epistaxis associated with exercise is almost always attrib¬ 
utable to pulmonary hemorrhage but occurs only in a small 
proportion of racehorses. 958 * 1 w 0 * 1001 The prevalence of epi¬ 
staxis in racehorses varies between 0.1% and 9%, with the 
frequency depending on the breed, age, and sex of horses 
selected for study, the type of racing, and the timing and 
frequency of observation of horses after racing. Epistaxis is 
more common in older horses. 958 * 1000 There are conflicting 
reports of a sex predisposition, although epistaxis may be 
more common in female thoroughbreds. 958 * 1000 Epistaxis is 
more common after races <1600 m than in longer races, 958 
although not all sources agree on this point. 1000 However, 
horses in steeplechase races, which are typically longer than 
2000 m, are at greater risk of epistaxis than are horses in flat 
races 958985 In addition, horses racing in hurdle or steeple¬ 
chase races over hard ground in Britain are more likely to 
have epistaxis. 985 

The effect of genetics on the incidence of EIPH has been 
examined only minimally, with one study of horses with 
epistaxis, which is characteristically associated with severe 
EIPH, suggesting a hereditary predisposition among thor¬ 
oughbred racehorses in South Africa. 1002 The heritability 
of the predisposition to epistaxis was considered low. 1002 


II Necropsy. EIPH is a cause of sudden death of horses dur¬ 
ing racing and training 1003 1005 and in most studies is sec¬ 
ondary to musculoskeletal injury as the cause of death. 
Necropsy examination reveals that approximately 60% of 
horses that die during racing or training or are euthanized 
because of acute injury during racing or training have evi¬ 
dence of EIPH. 1005 Necropsy examination of affected horses 
is usually but not always incidental to examination for 
another cause of death. 

Pertinent abnormalities detected on necropsy of horses 
with EIPH are restricted to the respiratory tract. Grossly, 
horses examined within hours of strenuous exercise, such 
as horses examined because of catastrophic musculoskeletal 


injuries incurred during racing, often have severe petechia- 
tion in the caudodorsal lung fields. Horses that die of EIPH 
also have pulmonary congestion and edema. 1005 Horses 
with chronic disease have blue-gray or blue-brown discolor¬ 
ation of the visceral pleural surfaces of the caudodorsal lung 
fields that is often sharply demarcated, especially on the 
diaphragmatic surface. 1005 * 1006 The discoloration affects 
both lungs equally, with 30% to 50% of the lung fields 
being discolored in severe cases. Affected areas do not col¬ 
lapse to the same extent as unaffected areas and, in the 
deflated lung, have a spleenlike consistency. On the cut sur¬ 
face the discolored areas of lung are predominantly contig¬ 
uous with the dorsal pleural surface and extend ventrally 
into the lung parenchyma. Areas of affected lung may be 
separated by normal lung. There is proliferation of bron¬ 
chial vessels, predominantly arteries and arterioles, in 
affected areas. 1007 Histologically, affected areas exhibit 
bronchiolitis, hemosiderophages in the alveolar lumen 
and interstitial spaces, and fibrosis of interlobular septa 
and pleura and around vessels and bronchioles. 978 


II Therapy, Prevention, and Control. Therapy for EIPH is 
usually a combination of attempts to reduce the severity 
of subsequent hemorrhage and efforts to minimize the 
effect of recent hemorrhage. Treatment of EIPH is problem¬ 
atic for a number of reasons. First, the pathogenesis of EIPH 
has not been determined, although the available evidence 
supports a role for stress failure of pulmonary capillaries 
secondary to exercise-induced pulmonary hypertension 
(see later). Second, there is a lack of information using large 
numbers of horses under field conditions that demonstrates 
an effect of any medication or management practice (with 
the exception of bedding) on EIPH. There are numerous 
studies of small numbers of horses (less than approximately 
40) under experimental conditions, but these studies often 
lack the statistical power to detect treatment effects, and, 
furthermore, the relevance of studies conducted on a tread¬ 
mill to horses racing competitively is questionable. Treat¬ 
ments for EIPH are usually intended to address a specific 
aspect of the pathogenesis of the disease and will be dis¬ 
cussed in that context. 

PREVENTION OF STRESS FAILURE OF THE PULMO¬ 
NARY CAPILLARIES. There is interest in reducing the pres¬ 
sure difference across the pulmonary capillary membrane 
in an effort to reduce EIPH. Theoretically, this can be 
achieved by reducing the pressure within the capillary or 
increasing (making less negative) the pressure within the 
intrathoracic airways and alveolus. 

Furosemide apparently reduces pulmonary capillary 
pressure in exercising horses. Furosemide administration 
as prophylaxis against EIPH is permitted in a number of 
racing jurisdictions worldwide, most notably Canada, the 
United States, Mexico, and most of the South American 
countries. 1008 Within the United States and Canada, almost 
all thoroughbred, standardbred, and quarter horse racing 
jurisdictions permit administration of furosemide before 
racing. The vast majority (>90%) of thoroughbred horses 
racing in the United States receive furosemide before racing, 
at an estimated annual cost of between $6,000,000 and 
$20,000,000. 937 Although accurate numbers are not avail¬ 
able, it appears that a smaller proportion of standardbred 
and quarter horse racehorses receive furosemide before 
racing. Furosemide is administered to 22% to 32% of stan¬ 
dardbred racehorses and 19% of racing quarter horses in 
two racing jurisdictions. 1009 * 1011 

The efficacy of furosemide in treatment of EIPH is uncer¬ 
tain. Although field studies of large numbers of horses do 
not demonstrate an effect of furosemide on the prevalence 
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of EIPH, 992 studies of thoroughbred horses running on a 
treadmill provide evidence that furosemide reduces the 
severity of EIPH. 964 * 965 1012 Under field conditions, based 
on tracheobronchoscopic evaluation of the severity of bleed¬ 
ing, furosemide has been reported to reduce or have no 
influence on the severity of bleeding. 1013 This apparent 
inconsistency may be attributable to measurement of red 
blood cell counts in BALE of horses that have run on a tread¬ 
mill not being representative of effects of furosemide under 
field conditions. The weight of evidence, albeit unconvinc¬ 
ing, from field studies does not support a role for furosemide 
in preventing or reducing the severity of EIPH. 

The mechanism by which furosemide may reduce the 
severity of EIPH is unknown, although it is speculated that 
furosemide, by attenuating the exercise-induced increase in 
pulmonary artery and pulmonary capillary pressure of 
horses, reduces the frequency or severity of pulmonary cap¬ 
illary rapture. 970 * 1014 * 1015 

Furosemide is associated with superior performance in 
both thoroughbred and standardbred racehorses. 1009 1016 
Thoroughbred horses treated with furosemide are 1.4 times 
as likely to win the race, earn more money, and have a standar¬ 
dized 6-furlong race time 0.56 to 1.09 seconds less than that of 
untreated horses. 1016 Similarly, furosemide reduces 1-mile 
race times of standardbred pacers by 0.31 to 0.74 seconds. 1009 

Enalapril inhibits angiotensin-converting enzyme 
(ACE) activity in horses but does not affect pulmonary 
artery pressure of exercising horses. 1017 Similarly, the 
efficacy of enalapril in preventing EIPH has not been 
demonstrated. 

Nitric oxide is a potent vasodilator in many vascular beds. 
Administration of nitroglycerin (a nitric oxide donor) reduces 
pulmonary artery pressure of standing horses but does not 
affect pulmonary artery pressure of horses during intense ex¬ 
ercise. 1018 L-Arginine is a nitric oxide donor with no demon¬ 
strated efficacy in reducing pulmonary capillary pressure or 
EIPH in horses. The effect of L-NAME, an inhibitor of nitric 
oxide synthetase, on pulmonary artery pressure during maxi¬ 
mal exercise is controversial, with either no effect or a decrease 
in pulmonary artery pressure reported. 1019 * 1020 It is interesting 
to note that L-NAME administration has been reported to 
cause an increase in severity of EIPH. 1019 Sildenafil, a PDE 
inhibitor that accentuates the effect of nitric oxide and is used 
in the treatment of erectile dysfunction in men, has been admi¬ 
nistered to horses in an apparent attempt to reduce EIPH. 
However, its efficacy in preventing EIPH or reducing pulmo¬ 
nary capillary pressure has not been demonstrated. 

An increase in pulmonary capillary pressure secondary 
to altered rheostatic properties of blood during exercise has 
been suggested as a possible contributing factor for EIPH. 982 
Furosemide increases blood viscosity, whereas pentoxifylline 
increases red blood cell deformability and may attenuate 
the increase in blood viscosity that occurs during exer¬ 
cise. 1021 * 1023 However, pentoxifylline does not affect pulmo¬ 
nary capillary pressure of exercising horses and did not affect 
the prevalence of EIPH in a small experimental study. 1024 

Airway obstruction, either intrathoracic or extrathoracic, 
increases airway resistance and results in a more negative 
intrathoracic (pleural) pressure during inspiration to main¬ 
tain tidal volume and alveolar ventilation. Causes of extra- 
thoracic airway obstruction include laryngeal hemiplegia 
and other abnormalities of the upper airway, whereas intra¬ 
thoracic obstruction is usually a result of bronchoconstric- 
tion and IAD. Horses with partial extrathoracic inspiratory 
obstruction or bronchoconstriction and airway inflamma¬ 
tion associated with recurrent airway obstructive disease 
(heaves) have pleural (and hence alveolar) pressures that 
are lower (more negative) than those in unaffected horses 
or in horses after effective treatment. 


Partial inspiratory obstruction, such as produced by laryn¬ 
geal hemiplegia, exacerbates the exercise-induced decrease in 
intrapleural pressures, with a consequent increase in trans- 
mural capillary pressures. 975 * 976 * 1025 These changes may exac¬ 
erbate the severity of El PI I, although an association between 
upper airway obstructive disease and EIPH has not been 
demonstrated. Surgical correction of airway obstruction is 
expected to resolve the more negative intrapleural pressure, 
but its effect on EIPH is unknown. 

Recently the role of the nares in contributing to upper 
airway resistance, and therefore lowering inspiratory intra¬ 
pleural pressure, during intense exercise has attracted the 
attention of some investigators. Application of nasal dilator 
bands (Flair strips) reduces nasal resistance by dilating the 
nasal valve 1026 and reduces red cell count of BALE collected 
from horses after intense exercise on a treadmill. 964 * 965 Fur¬ 
thermore, application of the nasal dilator strips to horses in 
simulated races reduces red cell count in BAIT of some, but 
not all, horses. 1027 

The role of small airway inflammation and bronchocon¬ 
striction in the pathogenesis of EIPH is unclear. However, 
horses with EIPH are often treated with drugs intended to 
decrease lower airway inflammation and relieve broncho¬ 
constriction. P-Adrenergic bronchodilatory drugs such as 
clenbuterol and albuterol are effective in inducing bran¬ 
ch odilation in horses with bronchoconstriction, but their 
efficacy in preventing EIPH is either unknown or, in very 
small studies, is not evident. Clenbuterol does not alter 
the hemodynamic responses of horses to exertion nor 
attenuate exercise-induced arterial hypoxemia in normal 
horses. 1028 * 1029 Ipratropium, a parasympatholytic drug 
administered by inhalation, showed promised in a very 
small study (two horses) of preventing EIPH. 1030 Corticos¬ 
teroids, including dexamethasone, fluticasone, and bedo- 
methasone administered by inhalation, parenterally, or 
enterally reduce airway inflammation and obstruction 
but have no demonstrated efficacy in preventing EIPH. Cro¬ 
molyn sodium (sodium cromoglycate) has no efficacy in 
preventing EIPH. 1031 

Water vapor treatment (inhalation of water-saturated air) 
has been proposed as a treatment for EIPH because of its 
putative effect on small airway disease. However, water 
vapor treatment has no effect on EIPH. 1032 

The use of bedding of low allergenic potential (shredded 
paper) to prevent EIPH has no apparent effect on preva¬ 
lence of the condition. 1033 Although it is suggested that pre¬ 
venting or minimizing small airway disease may reduce the 
severity of EIPH, studies to demonstrate such an effect have 
not been reported. However, optimizing the air quality in 
bams and stables and preventing infectious respiratory dis¬ 
ease appear to be sensible precautions. 

INTERSTITIAL INFLAMMATION AND BRONCHIAL 
ANGIOGENESIS. Hemorrhage into interstitial tissues indu¬ 
ces inflammation with subsequent development of fibrosis 
and bronchial artery angiogenesis. 980 * 1007 ' 1034 The rale of 
these changes in perpetuating EIPH in horses is unclear but 
likely is of some importance. Treatments to reduce inflam¬ 
mation and promote healing with minimal fibrosis have 
been proposed. Rest is an obvious recommendation, and 
many racing jurisdictions have rules regarding enforced rest 
for horses with epistaxis. Although the value of rest is intui¬ 
tive, there is no information that rest reduces the severity or 
incidence of EIPH in horses with prior evidence of this 
disorder. 

Similarly, corticosteroids are often administered by inha¬ 
lation, enterally, or parenterally in an attempt to reduce pul¬ 
monary inflammation and minimize fibrosis. Again, the 
efficacy of this intervention in preventing or minimizing 
severity of EIPH has not been documented. 
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EXCESSIVE BLEEDING. Exercise induces substantial 
changes in blood coagulation and fibrinolysis. 986 However, 
there is no evidence that horses with EIPH have defective 
coagulation or increased fibrinolysis. 987 * 988 ' 1035 Regardless, 
aminocaproic acid, a potent inhibitor of fibrin degradation, 
has been administered to horses to prevent EIPH. Although 
appropriate doses of aminocaproic acid do inhibit fibrino¬ 
lysis in stationary horses, 1035 the efficacy of aminocaproic 
acid in preventing EIPH has not been demonstrated. Tran- 
hexamic acid is similarly administered to horses in the 
hope of preventing or mitigating EIPH. Estrogens are given 
to horses with the expectation of improving hemostasis, 
although the effect of estrogens on coagulation in any spe¬ 
cies is unclear. There is no evidence that estrogens prevent 
EIPH in horses. 

Vitamin K is administered to horses with EIPH, presum¬ 
ably with the expectation that it will decrease coagulation 
times. However, because EIPH is not associated with pro¬ 
longed bleeding times, it is unlikely that this intervention 
will affect the prevalence or severity of EIPH. 

Herbal preparations are marketed for treatment of 
EIPH. The only scientific study of these products examined 
the efficacy of Yunnan Paiyao or Single Immortal on red 
cell count in BALF of horses that had run on a treadmill. 
Neither product affected red cell count or coagulation 
variables. 1036 

Aspirin inhibits platelet aggregation in horses and 
increases bleeding time. 1037 Seemingly paradoxically, aspi¬ 
rin is sometimes administered to horses with EIPH because 
of concerns that increased platelet aggregation contributes 
to EIPH. 1038 There is no evidence that aspirin exacerbates 
or prevents EIPH. 

CAPILLARY INTEGRITY. Capillary fragility increases the 
risk of hemorrhage in many species. Various bioflavinoids 
have been suggested to increase capillary integrity and pre¬ 
vent bleeding. However, hesperidin and citrus bioflavinoids 
have no efficacy in prevention of EIPH in horses. 1039 Simi¬ 
larly, vitamin C is administered to horses with EIPH with¬ 
out scientific evidence of any beneficial effect. 

SUMMARY OF TREATMENT OPTIONS. Selection of ther¬ 
apy for horses with EIPH is problematic. Given that most 
horses have some degree of pulmonary hemorrhage during 
most bouts of intense exercise, the decision must be made 
not only as to which type of treatment to use and its timing, 
but also which horses to treat. Moreover, the apparent pro¬ 
gressive nature of the disease with continued work high¬ 
lights the importance of early and effective prophylaxis 
and emphasizes the need for studies of factors such as air 
quality and respiratory infections in inciting the disorder. 

The currently favored treatment for EIPH is administration 
of furosemide before intense exercise. Its use is permitted in 
racehorses in a number of countries. Increasingly persuasive 
laboratory evidence of an effect of furosemide to reduce red 
cell count in BALF collected from horses soon after intense 
exercise supports the contention that furosemide is effective 
in reducing the severity of EIPH in racehorses. However, it 
should be borne in mind that neither the relationship 
between severity of EIPH and red cell count in BALF nor the 
efficacy of furosemide in reducing severity of EIPH in race¬ 
horses in the field has been demonstrated. In fact, there is evi¬ 
dence that furosemide does not reduce the prevalence of 
El PI 1 and other evidence that it does not reduce the severity 
of EIPH under field conditions. The association between 
furosemide administration and superior performance in 
standardbred and thoroughbred racehorses should be borne 
in mind when recommending use of this drug. 

Rest is an obvious recommendation for horses with 
EIPH, but the hemorrhage is likely to recur when the horse 
is next strenuously exercised. The duration of rest and the 


optimal exercise program to return horses to racing after 
EIPH is unknown, although some jurisdictions require exer¬ 
cise no more intense than trotting for 2 months. Firm 
recommendations cannot be made on duration of rest 
because of a lack of objective information. 

Although a role for lower airway disease (either infectious 
or allergic) in the genesis of EIPH has not been demon¬ 
strated, control of infectious diseases and minimization of 
noninfectious lower airway inflammation appear prudent. 


II Prognosis. The prognosis for racing for horses with clin¬ 
ically significant EIPII is guarded because of the progressive 
nature of the disease. Horses that have experienced severe 
EIPH on one occasion are likely to do so again regardless 
of treatment. However, the risk of horses experiencing a 
repeated bout of severe hemorrhage and the effect of EIPFI 
on career longevity are unknown. 


II Cost. The cost to the industry of treating horses for EIPH 
has not been determined. The costs of administration of 
furosemide are readily estimated (see later) but not so the 
costs of other treatments, absences from racing because of 
EIPH, shortened racing careers, and impaired performance. 
Conservatively estimated, this cost could easily exceed 
$400 per horse per year (and could be as high as $500 to 
$1000 per year). For example, costs associated with endo¬ 
scopic examination (two or three examinations annually 
at $50 to $75 each) and alternative, herbal, and hormonal 
treatments ($1 to $5 per day) easily amount to more than 
$400 annually, without including costs associated with 
furosemide administration or the opportunity costs of lost 
racing days, poor performance, and shortened racing career. 
Spread over the 250,000 standardbred and thoroughbred 
racehorses starting annually in the United States, the total 
cost of EIPH to the thoroughbred and standardbred racing 
industries may well exceed $100,000,000 per year. 

The high incidence of EIPH in racehorses and recogni¬ 
tion of the adverse effect of EIPH on performance results 
in the widespread use of furosemide in racehorses in the 
United States. Ninety percent of thoroughbred and 50% to 
70% of standardbred racehorses receive the drug before 
racing. Administration of furosemide to thoroughbred and 
standardbred horses racing in the United States costs the 
racing industry $17,000,000 to $35,000,000 annually. 
Costs associated with use of furosemide are incurred not 
just for injection of the drug into horses before racing 
(direct costs), but also for diagnosis of EIPH to determine 
eligibility for furosemide administration; clerical and 
administrative costs associated with enforcing policies gov¬ 
erning use of furosemide, such as supervision of drug 
administration and documentation in race records and pro¬ 
grams; and drug testing before or after racing to ensure 
appropriate dosing. 

The direct cost for administration of furosemide, which 
includes the veterinary fee and cost of drug and supplies, 
varies geographically but is between $20 and $30 per 
administration per horse. 1040 Costs associated with 
enforcement of rules governing use of furosemide, includ¬ 
ing documentation and drug testing, are estimated at an 
additional $25 to $35 per head. The estimated total cost 
of furosemide administration is therefore approximately 
$50 but may be as high as $65 per dose. These estimates 
of the total cost of furosemide use in racehorses are the 
same as an estimate of the cost made in 1995 and therefore 
are conservative estimates. 1041 

There were 444,586 starts by 107,437 horses in thor¬ 
oughbred racing in the United States in 2003. Assuming 
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that furosemide is administered to 90% of these starters and 
that there is no cost for horses not administered furose¬ 
mide, the direct cost of furosemide administration is 
$10,003,150 annually (444,586 x 0.9 x $25). However, if 
the total costs associated with furosemide administration 
are considered, the annual cost for administration of fiirose- 
mide in thoroughbred racing is $20,006,300 (444,586 x 
0.9 x $50) and could be as high as $28,000,000. 

Similarly, there were 635,292 standardbred starts in the 
United States in 2003 (United States Trotting Association, 
October, 2004). If 50% of these horses were administered 
furosemide (a conservative estimate of the prevalence 
of furosemide administration) at a direct cost of $25 per 
dose, the cost to the industry would be $7,941,000. The 
total cost assuming $50 per dose, is $15,882,000 per 
annum. 

The cost to the racing industry of furosemide administra¬ 
tion is therefore over $35,800,000 annually, and El PH costs 
the racing industry over $100,000,000 annually. 

EQUINE THORACIC NEOPLASIA 

FABIO DEL PIERO 

PAMELA A. WILKINS 

Surveys of equine neoplasms indicate a low incidence of 
thoracic neoplasia in the horse (Fig. 31-39). In an abattoir 
survey in London of 1308 horses, two horses had pulmo¬ 
nary tumors, one granular cell tumor, and one bronchiolar 
adenoma. 1042 Two other necropsy surveys of 155 and 687 
equines reported no thoracic neoplasms. 1043 1044 A report 
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on chronic pulmonary disease in the horse states that the 
practical importance of lung tumors is negligible. 1044 Uni¬ 
versity of Pennsylvania researchers examined 5629 horses 
between 1968 and 1987. Thirty-five horses had neoplasia 
involving the thoracic cavity, for an incidence of 0.62%. 1045 

Primary pulmonary tumors are rare in the horse. The 
incidence of primary lung tumors of any type is reported 
to be less than 1% of all reported tumors in domestic ani¬ 
mals. 1046 The lungs are susceptible to tumor emboli because 
of the filter action of the capillary bed associated with small 
capillary diameter and, perhaps, specific adhesion factors. It 
can sometimes be difficult or impossible to distinguish 
gross and microscopic patterns of metastatic disease from 
those of primary lung neoplasia; thus an important part of 
the diagnosis is exclusion of possible primary sites else¬ 
where in the body. Primary pulmonary tumors reported in 
the horse include granular cell tumor, bronchial myxoma, 
adenoma, adenocarcinoma, anaplastic bronchogenic carci¬ 
noma, and pulmonary carcinoma and perhaps undifferenti¬ 
ated sarcoma. Other primary thoracic tumors reported in 
the horse include pulmonary chondrosarcoma, plural 
mesothelioma, thymoma, and malignant lymphoma. All 
these neoplasms generally occur in the mature or aged 
horse. The exception is malignant lymphoma, which may 
also be observed in young animals. 

Antemortem diagnosis of thoracic neoplasia depends 
first on recognition of thoracic disease. Most of the reported 
cases of thoracic neoplasia involve metastatic disease. The 
horses' clinical signs are generally related to the primary site 
of the neoplasm; therefore the clinician often has no reason 



FIG. 31 -39 II A, Metastatic undifferentiated sarcoma. B, Granulosa cell tumor. C, Metastatic hemangiosarcoma. D, Metastatic squamous cell carcinoma. 
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to suspect thoracic involvement. When respiratory signs, 
such as dyspnea, tachypnea, hemoptysis, cough, cyanosis, 
nasal discharge, and epistaxis, are present, relevant diagnos¬ 
tic tests are more likely to be performed. Ultrasonography 
and bronchoscopy increase the frequency of antemortem 
diagnosis of thoracic neoplasia. 

Granular cell tumor is the most frequently reported pri¬ 
mary pulmonary tumor of the horse, with at least 15 articles 
in the literature. Granular cell tumors in horses are usually 
confined to the lungs. The neoplasia usually has consisted 
of single to multiple well-defined whitish compact nodules 
associated with a major bronchus, often protruding into the 
bronchial lumen or more distally within the parenchyma. 
Most granular cell tumors have been diagnosed only at 
postmortem examination, often as incidental findings. In 
a population of 350 mature and elderly horses examined 
in an abattoir by one of us (Fabio Del Piero), two pulmo¬ 
nary granular cell tumors were observed. These homoge¬ 
neous growths of granular eosinophilic cells expressed 
S-100 and occasionally neuron-specific enolase, as previ¬ 
ously observed. 1047 The ultrastructural morphology of this 
tumor may suggest a neural origin, leading to the definition 
of granular cell schwannoma. 

Primary pulmonary chondrosarcoma has been reported 
in a horse. 1048 In this horse, cytologic examination of pleu¬ 
ral fluid and an antemortem needle aspirate of the pulmo¬ 
nary mass revealed neoplastic chondrocytes. Another 
repon describes metastatic chondrosarcoma in the lungs 
of a horse with a primary tumor in a rib. 1049 A primary 
bronchial myxoma, characterized by loose spindloid mes¬ 
enchymal cells, was reported in a 25-year-old Arabian mare 
with a history of intermittent coughing, hyperpnea, and 
respiratory disease of 2 years' duration. 1050 

Primary pleural tumors are also rare. The specific type 
reported in the horse is pleural mesothelioma. The tumor 
frequently is associated with a large volume of pleural effu¬ 
sion. Cytologic examination of the pleural effusion reveal¬ 
ing numerous pleomorphic mesothelial cells may aid in 
the antemortem diagnosis. 

Thymomas are neoplasms of thymic epithelial cells, 
regardless of the presence or absence of lymphocytes. They 
are infrequently reported in the horse. 1051 1053 Kquine 
malignant lymphoma occurs in mediastinal, alimentary, 
multicentric, cutaneous, and generalized forms; combina¬ 
tions of one or more of these are not infrequent. 1054 1055 
In a 1973 review of 54 cases of equine malignant lym¬ 
phoma, 1044 the lung was involved in 16.6% of the cases, 
whereas the thoracic lymph nodes were involved in 
35.2%. 1056 In the University of Pennsylvania survey, tho¬ 
racic malignant lymphoma was the single most common 
neoplasia of the thorax and was present in 19 (54%) of 
the cases. 1044 Pleural fluid cytologic evaluation was diagnos¬ 
tic in six (75%) of the eight horses. Diagnosis was made by 
biopsy of a peripheral lymph node in several cases. In a 
report from the University of Bristol, thoracic malignant 
lymphoma accounted for 74% of the cases of thoracic neo¬ 
plasia. 1056 Metastatic adenocarcinoma accounted for 20% 
of the cases in the University of Pennsylvania study 1045 
and 11% of the cases in the University of Bristol study. 1056 
The primary sites of the tumor were thought to be kidney, 
uterus, thyroid, and ovary. 

Gastric squamous cell carcinomas commonly metasta¬ 
size to the thoracic cavity. Cytology of pleural fluid with 
identification of neoplastic epithelial pleomorphic and 
squamous cells has allowed for antemortem diagnosis of 
the carcinoma in several cases. Metastatic squamous cell car¬ 
cinoma of the thorax was found in 14% and 5% of the cases 
in the University of Pennsylvania 1045 and University of 
Bristol 1056 surveys, respectively. Neoplastic epithelial cells 


may also be identified in biopsy specimens using "cocktails" 
of primary antisera containing antibodies recognizing cyto- 
keratins of various molecular weights. 

Hemangiosarcoma with pulmonary involvement has 
been previously reported and was found in 9% of the horses 
in the University of Pennsylvania survey. 1045 Hemothorax, 
anemia, and dyspnea were commonly seen with pulmonary 
hemangiosarcoma. Tentative antemortem diagnosis of the 
hemangiosarcoma has been made by transcutaneous direct 
thoracoscopy and observation of the hemorrhages dis¬ 
tributed over the visceral and parietal pleural surfaces 
and biopsy of these sites. Identification of neoplastic 
endothelial cells demarcating variously irregular, some¬ 
times blood-filled cavities allows diagnosis from the 
biopsy specimen. Neoplastic endothelium still expresses 
a variable amount of immunohistochemically identifiable 
factor VIII. 

Malignant melanoma in a 20-year-old gelding had 
widespread infiltration of many organs including the 
lungs and pleura. 1056 This pattern of distribution is not 
uncommon in malignant, less pigmented melanomas. 
Amelanotic melanomas are very rare in the horse, and 
microscopic identification of melanin simplifies the diag¬ 
nosis of these tumors. Melanocytes express S-100 protein 
and may demonstrate cross- reactivity to melanoma cell 
markers of other species. 

Other pulmonary metastatic tumors reported are mam¬ 
mary carcinoma, 1057 seminoma, 1058 and malignant pheo- 
chromocytoma. 1059 Metastatic pulmonary tumors have 
been so far examined only morphologically. 'Die use of 
IHC for the detection of specific cell markers and other 
sophisticated molecular studies may lead to different 
diagnoses. 

Occasionally, a myxomatous multifocal to coalescing 
infiltrative neoplastic-like growth can be observed within 
the lung of mature and aged horses generally as an inciden¬ 
tal finding. This infiltration is composed of loosely arranged 
mesenchymal cells with moderate collagen deposition. 

Pulmonary hamartomas are occasionally observed in 
the newborn foal. Although they are nonneoplastic 
growths, they appear as tumorlike masses that can com¬ 
press the surrounding parenchyma and cause systemic 
passive congestion and hydrops of the amnion in the 
fetus. Histologically they may be characterized by an 
organized proliferation of bronchiolar-like structures 
lined by cuboidal epithelium with lack of alveolar devel¬ 
opment or by normal alveoli, bronchi, and blood vessels 
but with alveolus;artery ratio greater than normal. Gener¬ 
ally they are not compatible with a long period of extra- 
uterine life. 

An unusual progressive idiopathic multifocal granuloma¬ 
tous pneumonia of adult horses may resemble neoplasia 
behaviorally and morphologically during clinical examina¬ 
tion. 10601061 Pulmonary biopsy may allow the identifica¬ 
tion of EMPF, pulmonary fibrosis associated with EHV-5 
infection 1061 (Fig. 31-40). 

Clinical signs of thoracic neoplasia are often inapparent 
or nonspecific—for example, depression, inappetence, 
weight loss, and pyrexia. More specific signs include 
cough, epistaxis, and dyspnea. Cytologic examination of 
a tracheobronchial aspirate, bronchoalveolar lavage fluid, 
or pleural fluid or histologic examination of a thoracic 
mass biopsy with ancillary histochemistry and IHC may 
allow for antemortem diagnosis of the tumor. Occasion¬ 
ally, electron microscopy may provide additional informa¬ 
tion. In equine patients with respiratory signs, all causes 
of infectious or allergic lung disease should be eliminat¬ 
ed before neoplasia is considered in the differential 
diagnosis. 
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FIG. 31 -40 II Equine multinodular pulmonary fibrosis. 


DISEASES OF LYMPH NODES, 
VASCULATURE, A ND PHARYNX 

RETROPHARYNGEAL LYMPH NODE 
ABSCESSATION 

JOHN R. PASCOE 

II Definition and Etiology. In horses the retropharyngeal 
lymph nodes consist of medial and lateral lymphoid chains. 
The lateral chain (8 to 15 nodes) is located ventral to the 
atlas and along the lateral sides of the guttural pouches. 
These lymph nodes are covered by the parotid gland and 
are not clearly distinguishable from the medial retropharyn¬ 
geal lymph nodes (20 to 30 nodes). The medial retrophar¬ 
yngeal lymph nodes are located ventral to the lateral chain 
on the dorsolateral aspect of the pharynx and the caudoven- 
tral aspect of the guttural pouches. 1062 

Retropharyngeal lymph node abscesses in horses are gen¬ 
erally caused by S. equi subsp. equi infection (see Strangles, 
p. 533) or are secondary to trauma. 1063 1064 Other bacterial 
isolates have included S. equi subspecies, Streptococcus zooe- 
pidemicus , Corynebacterium pseudotuberculosis, and Actinoba¬ 
cillus species. An unusual case of granulomatous infection 
of the guttural pouch caused by M. avium complex was 
believed to have originated from the retropharyngeal lymph 
nodes. 1065 Extension of guttural pouch infections into the 
retropharyngeal space has been suggested as another source 
of infection. 1066 Lymphadenopathy of the retropharyngeal 
nodes may also occur during viral respiratory infections, 
including EHV, influenza, and viral arteritis. 1067 Retrophar¬ 
yngeal abscesses not associated with regional lymph nodes 
can result from perforation of the oropharynx or nasophar¬ 
ynx by ingested foreign bodies, 1068 passage of an NGT, 1069 
or use of a balling gun. 

In ruminants the medial retropharyngeal lymph nodes 
are located on the dorsolateral aspect of the pharynx, one 
on each side of the midline. One to three lymph nodes 
may be present in cattle. The lateral retropharyngeal lymph 
nodes are located caudal to the medial retropharyngeal 
lymph nodes in the cranial neck region and are caudal to 
the retropharyngeal space. 1062 

Abscessation of the medial retropharyngeal lymph nodes 
in cattle may result from pharyngeal actinobacillosis, foreign 
body penetration, or traumatic perforations by balling 
guns or dose syringes. 1070 1071 Frequendy Arcanobacterium 
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(Actinomyces) pyogenes or Actinobacillus species can be 
isolated. 1072 Catde with abscessed pharyngeal lymph nodes 
often have a small ulcer in the mouth, most frequently at 
the junction of the base and shaft of the tongue. This is more 
likely to occur when catde are earing dry scabrous roughage. 
In addition to traumatic perforations and foreign bodies, case¬ 
ous lymphadenitis (CLA) caused by C. pseudotuberculosis fre¬ 
quendy results in abscessation of these lymph nodes in 
sheep and goats. 1067 

II Clinical Signs and Differential Diagnosis. The clinical 
signs associated with retropharyngeal lymph node infection 
or abscessation in horses include dysphagia, odynophagia 
(painful swallowing), nasal or oral regurgitation, excess sali¬ 
vation, difficult and often noisy breathing, painful throat- 
latch swelling, mucoid to mucopurulent nasal discharge, 
extension of the head and neck, and weight loss. 1062 In a ret¬ 
rospective study of 46 horses referred because of retrophar¬ 
yngeal lymph node abscessation, the frequency of 
abnormal clinical signs was as follows: fever and increased 
heart and respiratory rates, 80%; unilateral or bilateral 
throadatch swelling, 65%; respiratory stertor or distress, 
35%; purulent nasal discharge, 20%; inappetence and signs 
of depression, 15%; and dysphagia, 9%. 1073 Other clinical 
signs observed endoscopically include reduction in size or 
collapse of the pharyngeal lumen, asymmetry of the dorsal 
pharyngeal wall, and deviation of the laryngeal aperture 
away from the retropharyngeal mass. 1063 * 1073 The differen¬ 
tial diagnosis for a retropharyngeal mass should include 
abscess, cellulitis, guttural pouch empyema or tympany, 
parotiditis, lymphadenopathy, neoplasia, and hematoma. 

Clinical signs observed in catde with infection or absces- 
sarion of the medial retropharyngeal lymph nodes include 
difficult breathing, excessive salivation, extension of the 
head and neck, anorexia, enlarged submandibular lymph 
nodes, nasal discharge, and swelling in the retropharyngeal 
space. 1070 Other disease conditions that affect the orophar¬ 
ynx and surrounding lymph nodes should be considered 
in the differential diagnosis. These include actinobacillosis, 
lymphosarcoma, sialolithiasis, and necrotic laryngitis, laryn¬ 
geal edema, or severe tracheitis caused by infectious bovine 
rhinotracheitis (IBR) virus. 1067 1070 

Affected sheep and goats may exhibit excessive salivation, 
increased respiratory rate, stertorous breathing, mucopuru¬ 
lent nasal discharge, regurgitation, gagging, depression, SC 
crepitation, weakness, and fetid breath. A false carotid aneu¬ 
rysm in the retropharyngeal space has been reported; on 
external examination it may be confused with abscessation 
of the medial retropharyngeal lymph nodes. 1074 Enlarged 
retropharyngeal lymph nodes are usually easily palpated 
and identified in sheep and goats. CLA (see Chapter 37) is 
the most frequent cause of enlarged retropharyngeal lymph 
nodes in these species. 

II Clinical Pathology. Collection of purulent material 
from abscessed lymph nodes may assist in identification 
of the causal agent. Leukocytosis may be evident on the 
hemogram, with neutrophilia peaking as the lymph nodes 
abscess. 


II Laboratory Aids and Definitive Diagnostic Tests. Lateral 
radiographs of the pharynx, diagnostic ultrasound, and 
endoscopy aid in the diagnosis of retropharyngeal infec¬ 
tions or abscesses. In horses, radiography may reveal a large 
soft-tissue mass impinging on the guttural pouch from a 
caudoventral direction (Fig. 31-41, A), as well as thickening 
of the pharyngeal roof. The soft-tissue swelling may contain 
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FIG. 31-41 II A, Lateral radiograph. 
A soft-tissue density (retropharyngeal 
abscess) is distorting the floor of the gut¬ 
tural pouch. B, Lateral radiograph There 
is increased soft-tissue density with gas 
shadows ventral to the cervical vertebrae. 
These changes are consistent with absces- 
sation of the retropharyngeal lymph 
nodes. C, Lateral radiograph. There is 
increased soft-tissue density ventral to the 
cervical vertebrae, with compression of 
the dorsal border of the trachea. These 
changes were caused by cellulitis and 
abscessation of the retropharyngeal lymph 
nodes. 



gas (Fig. 31-41, B). Compression of the larynx and trachea 
with ventral displacement may also be evident (Fig. 31-41, 
C). 1063 Observation of a gas-fluid interface on radiographs 
of the pharynx generally indicates abscessation, but care 
should be taken to distinguish a retropharyngeal abscess 
from guttural pouch empyema. 1065 Foreign bodies asso¬ 
ciated with pharyngeal trauma are not usually radiopaque 
and therefore are not visible radiographically unless out¬ 
lined by contrast medium. Exceptions include small wire 
foreign bodies likely ingested from baled hay that can perfo¬ 
rate the tongue or oropharynx causing cellulitis and dyspha¬ 
gia 1068 and, in cattle, magnets that have been inadvertently 
placed retropharyngeally. 

On endoscopy, asymmetry or collapse of the pharyngeal 
lumen or both signs suggests a retropharyngeal space-occu¬ 
pying mass. Recognition of drainage from the guttural 
pouch openings or examination of the guttural pouches 
may be necessary to differentiate between guttural pouch 
empyema and retropharyngeal lymphadenopathy or pha¬ 
ryngeal neoplasia. Occasionally the pharyngeal wall rup¬ 
tures, allowing endoscopic observation of retropharyngeal 
drainage into the pharynx usually near the esophageal 
entrance. 1063 Percutaneous needle aspiration may yield a 
definitive diagnosis if purulent material is obtained. Ultra¬ 
sonography improves diagnostic precision by permitting 
more accurate identification of the abscess and highlighting 
its anatomic relationships as an aid to surgical drainage. 1075 

Clinical examination, radiography, ultrasonography, en¬ 
doscopy, and percutaneous centesis may all prove helpful 
in making a diagnosis of medial retropharyngeal lymph 
node infection or abscessation in ruminants. In cattle, loca¬ 
lized swelling cranial to the larynx may be detected by 
digital palpation of the oropharynx. 1070 Oropharyngeal 
examination must be performed carefully in animals with 
respiratory distress to prevent further airway compromise. 


II Pathophysiology. Upper respiratory disease, trauma, and 
foreign body penetration with resulting infection and drain¬ 
age to local lymph nodes result in clinically apparent infec¬ 
tion and abscessation of the retropharyngeal lymph nodes. 
In horses the retropharyngeal space is occupied primarily 
by the guttural pouches. Because the vagus, glossopharyn¬ 
geal, hypoglossal, spinal accessory, and sympathetic nerves 
traverse this area, their function can be affected by infec¬ 
tious or inflammatory processes involving the retropharyn¬ 
geal space. 1063 If such infections are contained within the 
lymph nodes or are confined within the fibrous capsule of 
the abscess, cranial nerve dysfunction is not usually evi¬ 
dent. 1063 Clinical evidence of dysphagia or odynophagia 
such as the presence of feed and saliva at the external nates 
may result from inflammation or injury of the glossophar¬ 
yngeal nerve or pharyngeal branch of the vagus nerve, 1063 
compression, or obstruction of pharynx or esophagus and 
from angina. It has been suggested that retropharyngeal 
lymphadenitis may result in neuritis of the pharyngeal 
branch of the vagus nerve in young horses and contribute 
to the pathogenesis of dorsal displacement of the soft 
palate. 1076 

Respiratory distress may result when enlargement of the 
retropharyngeal lymph nodes compresses or obstructs the 
nasopharyngeal, laryngeal, or tracheal lumen, 1063 1070 and 
the disease caused by S. equi subsp. equi in horses is appro¬ 
priately named strangles. 

The most common cause of pharyngeal inflammation 
and infection in cattle is pharyngeal trauma associated with 
balling guns, dose syringes, paste wormer guns, esophageal 
feeders, or stomach tubes. A careful history to determine 
whether any of these devices were used is important in 
ascertaining the source of pharyngeal abscessation. Such 
infections usually involve mixed bacterial flora, because 
they are directly connected with the oral pharynx. 
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II Epidemiology. Infection with S. equi usually results from 
contact (inhalation or ingestion) with pasture, feed, or 
water contaminated with nasal discharge from infected 
horses. Asymptomatic carrier horses have also been impli¬ 
cated as source of infection. 1077 The likely bacterial reservoir 
in carrier horses is the guttural pouch, particularly if chon- 
droids are present in one or both pouches 1077 1079 or if 
swollen or discharging lymph nodes are present in the 
floor of the medial compartment of the guttural pouch. 
Infection of the pharyngeal and nasal mucosa results in 
an acute pharyngitis and rhinitis, and drainage to regional 
lymph nodes results in lymphadenopathy and possibly 
abscessation. 1067 

CLA is spread through the discharges from ruptured 
lymph nodes. The causal agent C. pseudotuberculosis may 
persist in the environment for long periods, and infection 
results from contact of shearing, docking, or castration 
wounds with contaminated soil, equipment, or freshly rup¬ 
tured abscesses. Sheep dips have been reported as another 
important source of infection. 1067 Spread of infection from 
skin wounds often leads to involvement of local nodes and 
abscess formation. The mode of spread in goats is still not 
well understood, but the disease usually spreads in a low- 
grade contagious manner, often involving most of the herd 
over a period of years. 


II Necropsy Findings. Fatalities are rare and most likely 
result from respiratory compromise or septicemia. Postmor¬ 
tem lesions include cellulitis with compression and ventral 
displacement of the larynx and cranial cervical trachea. 
Abscesses are variable in size and may contain either case¬ 
ous (C. pseudotuberculosis) or liquid material (S. equi subsp. 
equi). A thick, fibrous capsule may occur in response to the 
infectious process and may account for the surrounding tis¬ 
sue compression. Occasionally, draining tracts may connect 
the abscess to the pharynx, guttural pouch, or skin. 1069 1080 


II Treatment and Prognosis. Treatment goals are relief of 
respiratory distress and control of infection. Temporary tra¬ 
cheotomy may be needed for relief of respiratory distress 
and may be prudent, especially in foals with singular, large, 
or multiple abscesses, before percutaneous drainage is 
attempted. After surgical drainage, appropriate systemic 
antibiotics are administered and supportive therapy to fur¬ 
ther reduce swelling may be beneficial. 

Surgical approaches include percutaneous drainage, 
intraoral drainage, and marsupialization. 1063 * 1070 In horses 
an intraoral approach is very difficult because of the long 
narrow oral cavity, and for this reason percutaneous drainage 
is commonly used. For abscesses visible through the mucosal 
lining of the guttural pouch, endoscopically assisted drain¬ 
age into the pouch can also be considered. Surgical access 
to the retropharyngeal space has been described, including 
dorsal and ventral approaches, an approach through 
Viborg's triangle, and a lateral approach. 1073 * 1081 A ventral 
surgical approach is recommended because of the relative 
lack of vital structures encountered and the excellent ventral 
drainage achieved. A less invasive drainage technique can be 
accomplished in standing sedated horses, by ultrasound- 
guided percutaneous needle placement into abscessed 
lymph nodes. Affected nodes can have a wall thickness of 
1 to 2 cm and a diameter of 5 to 11 cm. 1075 Aspiration of 
purulent matter and cavity lavage with antiseptic solutions 
and concurrent administration of parenteral antibiotics 
may be sufficient for resolution. If aspiration is not possible 
because the purulent material is too viscous, incision directly 
along the needle shaft, after careful consideration of regional 


anatomy, provides adequate exterior drainage and access for 
cavity lavage with antiseptic solutions or use of a seton 
or gauze packing. If the abscess is endoscopically visible 
beneath the guttural pouch mucosa, drainage into the 
guttural pouch and subsequent lavage of the purulent 
material can be accomplished. Before or at the time of 
abscess drainage or excision, the horse should be started 
on broad-spectrum antimicrobials, followed by the appro¬ 
priate specific antimicrobial drug when results of the 
culture and susceptibility test are known. 

Occasionally, medical management alone may resolve 
infection; however, this is less likely if abscessation has 
occurred. Because the most common bacterial isolate in the 
horse is S. equi , parenteral antimicrobial therapy with pro¬ 
caine penicillin G (22,000 Ill/kg IM twice daily) or potas¬ 
sium penicillin (20,000 IU/kg IV four times daily) is 
recommended. Systemic NSAIDs are useful to reduce inflam¬ 
mation and swelling, and fluid and electrolyte therapy may 
be necessary if there is odynophagia or dysphagia. Aspiration 
pneumonia can occur with dysphagia or if there is oral or 
nasal regurgitation associated with painful swallowing. 

In cattle with pharyngeal trauma, an existing wound is often 
draining from the retropharyngeal area to the oropharynx, 
making surgical drainage unnecessary. Such animals tend 
to respond well to parenteral broad-spectrum antimicrobial 
therapy. 1082 Parenteral antimicrobial therapy alone has been 
ineffective in treating retropharyngeal abscesses when there is 
no draining tract. 1070 * 1071 Intraoral or percutaneous drainage 
has been used successfully in conjunction with broad- 
spectrum, parenteral antimicrobial therapy. 1071 After drain¬ 
age, the abscess cavity is flushed daily with an antiseptic or 
antibiotic solution. 1070 Surgical drainage into the oral cavity 
must be handled with caution. The patient's head should be 
lowered so that exudate or flush solution is not aspirated; 
inspection of the granulating abscess cavity is necessary if 
feed impaction is suspected. 1063 * 1070 Aspiration pneumonia 
may be a .serious complication when dysphagia is present. 

In sheep and goats, walled-off C. pseudotuberculosis abscesses 
may often be most safely drained by suturing the skin to the 
heavy abscess capsule (a procedure known as marsupialization) 
before opening the capsule. Marsupialization prevents contam¬ 
ination of other retropharyngeal structures with infected mate¬ 
rial and markedly reduces postsurgical cellulitis. Although 
G pseudotuberculosis is susceptible in vitro to a number of anti¬ 
microbial agents, abscesses associated with the condition have 
not been well controlled by antimicrobial therapy. Walled-off 
G pseudotuberculosis abscesses are difficult to eliminate solely 
with antimicrobial therapy, and drainage or removal of the 
entire lymph node gives the best results. 

II Prevention and Control. Preventive measures to limit 
infection and abscessation of retropharyngeal lymph nodes 
include proper administration of therapeutic agents with 
balling guns and dose syringes, isolation of horses affected 
with viral or bacterial upper respiratory disease, vaccination 
against strangles, and vigorous treatment in the early stages 
of streptococcal infection. Preventing contamination of 
shearing equipment and dipping vats with G pseudotubercu¬ 
losis is important in limiting the spread of this organism in 
sheep. Culling affected sheep and goats may also help to 
reduce the incidence of CLA. 


PHARYNGITIS 

JOHN R. PASCOE 

II Definition and Etiology. Pharyngitis is inflammation of 
the pharyngeal tissues. It is not generally considered to be a 
specific disease entity but rather a response to other diseases, 
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particularly viral and bacterial respiratory disease, and to a 
lesser extent to local physical, chemical, or allergic causes. 
Acute and chronic forms of pharyngitis are recognized. 

Although physical and chemical causes of pharyngitis 
may be identified with certainty, the role and specificity of 
microbial pathogens as causative agents remain controver¬ 
sial. In horses, Streptococcus species, picomavirus, rhinovirus 
1 and 2, herpesvirus (EHV-1, EHV-2), myxovirus (influenza 
A/equi 1, A/equi 2), and paramyxovirus (parainfluenza 3) 
have been incriminated as specific causes of pharyngi- 
tis.'083-1087 | n cattle, Arcanobacterium (Actinomyces) pyogenes , 
Actinobacillus species, and Fusiformis necrophorus are fre¬ 
quently isolated. 1088 

In horses, synonyms for chronic pharyngitis include 
pharyngeal lymphoid hyperplasia (also PLH), chronic phar¬ 
yngitis, chronic lymphoid follicular hyperplasia, follicular 
pharyngitis, and follikelkatarrh. 1089 1091 


II Clinical Signs and Differential Diagnosis. In acute 
pharyngitis, signs are associated with pharyngeal pain (ody¬ 
nophagia, dysphagia), nasal discharge (serous, seromucous, 
mucopurulent, purulent, feed-contaminated), regional 
lymphadenopathy (submandibular, retropharyngeal nodes), 
ptyalism (especially in cattle), respiratory noise (often inspi¬ 
ratory), pharyngeal swelling, and cough. Mouth breathing 
may occur in cattle when there is increased resistance to 
breathing associated with excessive exudate, diphtherous 
membranes, and lymphadenopathy or lymph node abscess. 
Pharyngitis from local pharyngeal trauma or incarcerated for¬ 
eign bodies may also be associated with odor of either the 
breath or nasal discharge. Calves with necrotic laryngitis, phar¬ 
yngitis, and stomatitis also have a characteristic malodorous 
breath. Acute laryngeal inflammation and edema of unknown 
cause can occur in horses and ruminants and is characterized 
by marked inspiratory difficulty and stertor without malodor¬ 
ous breath. Treatment of acute edema with dexamethasone 
(0.05 mg/kg IM) and broad-spectrum antimicrobials or peni¬ 
cillin has produced rapid clinical improvement. 

Signs observed on endoscopic or oropharyngeal exami¬ 
nation in cattle include pharyngeal hyperemia and edema, 
lymphonodular swelling, and either a moist appearance of 
the pharyngeal surface or the presence of exudate or a 
diphtherous membrane adhering to the pharyngeal surface. 
Focal necrosis or ulceration of the mucous membrane and 
tonsillar tissue may occur; signs associated with rhinitis 
and laryngitis may also be evident. Signs of chronic pharyn¬ 
gitis are similar. In horses there may be endoscopic evidence 
of more marked hyperplasia of the lymphonodular follicles 
within the pharyngeal mucosa, and single or multiple lym¬ 
phonodular masses may be within, or protrude from, the 
pharyngeal mucosa. Biopsy and cytologic evaluation are 
recommended to rule out neoplasia, particularly squamous 
cell carcinoma, lymphoma, and lymphosarcoma. Differen¬ 
tial diagnostic possibilities include rhinitis and laryngitis, 
and in cattle rabies should be strongly considered bdfore 
oropharyngeal examination. If the predominant sign is dys¬ 
phagia (see Chapter 7), other diagnostic ruleouts include 
tongue foreign bodies, fractures of the hyoid apparatus or 
jaws, and, in the horse, diseases of the guttural pouches. If 
exercise intolerance is the primary complaint in a horse, 
pharyngitis should be considered only after all other possi¬ 
ble causes of impaired performance have been eliminated 
(see Chapter 5 ). 1092-1006 Pharyngitis has not been shown 
to be a risk factor for poor racing performance. 1097 

Upper airway inspiratory pressures recorded during 
strenuous exercise in horses with grade IV lymphoid hyper¬ 
plasia do not appear to be different from those recorded in 
normal horses under the same exercise conditions. 1095 If the 


assumption is made that airflow in both groups of horses is 
comparable, then severe lymphoid hyperplasia does not 
appear to cause functional upper airway obstruction. It 
is conceivable that pharyngeal pain associated with lym¬ 
phoid hyperplasia may contribute to bronchoconstriction 
and impaired performance; however, this effect remains 
unproven. 

II Clinical Pathology. Changes in the hemogram and bio¬ 
chemical profiles are likely to result from concurrent re¬ 
spiratory disease (increases or decreases in absolute or 
differential leukocyte counts, hyperfibrinogenemia, anemia) 
or to reflea abscess formation (neutrophilia, hyperfibrino¬ 
genemia) or dehydration and fasting associated with 
dysphagia. 


II Laboratory Aids and Definitive Diagnostic Tests. Alt¬ 
hough a presumptive diagnosis can be made from the clini¬ 
cal signs, definitive diagnosis requires observation of the 
pharynx (Fig. 31-42) and, more important, exclusion of 
other conditions that might have similar signs. Radiography 
of the pharynx can provide information on pharyngeal anat¬ 
omy, radiodense foreign bodies, soft-tissue masses, fraaures, 
and, in horses, guttural pouch disorders. Ultrasonography of 
the pharyngeal region and, if indicated by the clinical exami¬ 
nation, both radiographic and ultrasound examination of the 
thorax may help define the extent of concurrent pulmonary 
disease. 

Microbial culture of pharyngeal secretions can be consid¬ 
ered, but interpretation is difficult because (1) the pharynx 
normally has resident microflora with considerable individ¬ 
ual variation, and (2) many of the microorganisms isolated 
are capable of opportunistic infeaion. In horses with grades 

III and IV pharyngeal lymphoid hyperplasia, the number of 
bacteria recovered per gram of pharyngeal secretion was 
almost 100-fold greater than in normal horses. 1096 The 



FIG. 31-42 II Endoscopic view showing the nodular appearance of pha¬ 
ryngeal lymphoid hyperplasia. 
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pattern of microbial isolation was not consistent among 
horses, suggesting that these organisms were not the source 
of the pharyngitis but rather other factors had made condi¬ 
tions for colonization more favorable. 

Biopsy and cytologic examination are indicated in refrac¬ 
tory cases and when abnormal masses are present to rule 
out neoplasia. 


II Pathophysiologyt. Acute pharyngitis occurs as a sequela 
to inflammation of regional lymphoid tissue (see Kumar 
and colleagues 1098 for a description of the morphologic 
and histochemical features of the normal equine nasopha¬ 
ryngeal tonsil). 1099 In horses the pharyngeal tonsil consists 
of discrete lymphoid follicles diffusely distributed in the 
dorsal and lateral walls of the pharynx. In ruminants the 
pharyngeal tonsil is located caudal to the pharyngeal sep¬ 
tum in the caudodorsal wall of the pharynx and is bounded 
by long ridges and grooves into which mucous glands open. 
In response to local or lymphogenous spread of infection, 
the tonsillar tissue becomes inflamed and the tonsillar 
crypts become filled with desquamated epithelium, leuko¬ 
cytes, and bacteria. Clinically this is seen as hyperemia 
and edema of the pharyngeal tonsil with diffuse white or 
yellow tips to the lymph nodules. The edematous appear¬ 
ance is associated with hyperplasia of the lymph nodules 
and sequestration of perinodular inflammatory fluid. 

If extensive destruction of the lymphoid cells or sub¬ 
sequent invasion of the nodules or supporting soft tissue is 
evident, the result is focal or diffuse necrosis, which may be 
seen as pinpoint areas of follicular necrosis or diffuse necrosis 
with associated purulent or fibrinonecrotic exudate. With reso¬ 
lution, atrophy of some follicles and increased fibrosis are 
present. Follicular atrophy also occurs with aging. 


II Epidemiology. No specific epidemiologic data are avail¬ 
able on pharyngitis. When pharyngitis occurs as a sequela 
to respiratory tract infection, the population demographics 
should be similar to those known for the specific respiratory 
disease. For example, grade II pharyngeal lymphoid hyper¬ 
plasia was identified in 60% of foals with distal respiratory 
tract infection and in only 13% of control foals. 1100 Because 
physical and chemical injury to the pharynx occur sporadi¬ 
cally, no universal epidemiologic characteristics would be 
anticipated. 

Pharyngeal lymphoid hyperplasia has been reported to 
be particularly prevalent in horses younger than 5 or 6 years 
of age. 1089 ' 1093 1097 1101 1103 In an endoscopic survey of 479 
horses, primarily thoroughbreds in race training, 141 (29%) 
had pharyngeal lymphoid hyperplasia. Of the 2-year-olds, 
63% were affected, and the prevalence decreased with age; 
less than 20% of horses older than 5 years were affected. 1093 
In a subsequent survey of 678 thoroughbred horses in train¬ 
ing, the prevalence of pharyngeal lymphoid hyperplasia was 
34%; the prevalence was again age-related, and severe 
grades of pharyngeal lymphoid hyperplasia were observed 
more often in younger horses. 1101 Grade II pharyngeal 
lymphoid hyperplasia was observed in 45% of 2-year-old 
horses, whereas only 16%, 15%, and 12% of 3-, 4-, and 
5-year-old horses were classified as grade II. Similar results 
were reported from Japan for racing thoroughbreds with a 
history of cough or abnormal respiratory noise. 1102 

II Treatment and Prognosis. The approach to treatment is 
largely symptomatic and directed to palliation of pharyn¬ 
geal pain and maintenance of unobstructed breathing until 
the initiating disease process has abated. In many instances 


the signs are sufficiently mild that treatment is unnecessary. 
When pharyngeal angina is causing inappetence or dyspha¬ 
gia, administration of NSAIDs should be considered. Dehy¬ 
dration should be corrected by either parenteral or enteral 
fluid administration. Enteral fluid therapy may be difficult 
because passage of an NGT may elicit too much pain. If 
the animal has been inappetent for several days, nutri¬ 
tional support may be necessary until pharyngeal pain 
subsides sufficiently to allow normal eating to resume. Soft 
feeds, especially green grass, should be offered when avail¬ 
able to encourage animals with pharyngeal discomfort 
to eat. 

Although routine antimicrobial therapy is probably not 
indicated, it is often given to limit development of second¬ 
ary bacterial infection. Infections caused by foreign body 
injuries should be treated with antibiotics that have broad 
aerobic and anaerobic sensitivity. Daily lavage of any cavi¬ 
tary wounds, debridement, and removal of feed material 
may be necessary to prevent additional abscess formation 
and hasten healing. 

Custom topical preparations, usually containing an anti¬ 
biotic, an antiinflammatory drug, and a hygroscopic agent 
(glycerine) or DMSO, are often used for palliation of clini¬ 
cal signs, especially in horses with pharyngeal lymphoid 
hyperplasia. 1103 1104 These preparations are usually admi¬ 
nistered two or three times daily through a transnasal cath¬ 
eter and sprayed onto the pharyngeal surface. Despite their 
frequent use, it is not known whether this form of therapy 
is effective or whether the response merely refleas natural 
resolution of the predisposing cause. 

Treatment of pharyngeal lymphoid hyperplasia is also 
empiric and generally palliative. Rest from training for 4 
to 8 weeks is commonly advocated, and, although some 
horses experience recurrence when training resumes, this 
enforced rest is beneficial as a convalescent period for any 
concurrent subclinical respiratory disease. Horses that are 
kept in training are often initially treated empirically with 
sulfa compounds and topical throat preparations. With 
continued clinical signs, penicillin or broad-spectrum anti¬ 
biotics are often given. If the pharyngeal lymphoid hyper¬ 
plasia does not improve or resolve after this therapy, 
pharyngeal cautery is often used. Techniques for pharyngeal 
cautery include topical application of trichloroacetic acid, 
elearocautery, freezing with liquid nitrogen or Freon, and 
photoablation by neodymium: yttrium aluminum garnet 
(Nd:YAG) laser with either contaa or noncontaa tech¬ 
nique. 1103 1106 Cauterization techniques have received con¬ 
siderable testimonial support, but it should be realized 
that cautery does not really efifea a cure but rather obliter¬ 
ates the reactive tissue so that it is no longer clinically 
evident. 

Routine immunization at frequent intervals for known 
viral respiratory pathogens is also advocated for both the 
treatment and the prevention of pharyngeal lymphoid 
hyperplasia. 1103 ' 1107 


II Prevention and Control. Methods used to control and 
prevent most of the common viral and bacterial respiratory 
diseases (see Chapter 48) should limit herd problems with 
acute pharyngitis. Non-respiratory disease-related causes 
such as trauma from balling guns, NGTs and dose syringes, 
foreign objeas, and chemical burns can be minimized by 
improvement of husbandry practices. 

Although preventing pharyngeal lymphoid hyperplasia 
in horses by prophylactic immunization against common 
equine viral respiratory agents at regular intervals has been 
discussed at length, there are no substantive data to support 
this praaice. Nevertheless, racetrack veterinarians maintain 
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that frequent immunization (60-day intervals) against influ¬ 
enza and rhinopneumonitis markedly reduces the severity 
of pharyngeal lymphoid hyperplasia and improves exercise 
tolerance. 1107 Considering the mobility of racing and show 
horse populations, this approach should at least be benefi¬ 
cial for limiting outbreaks of viral respiratory disease and 
consequently perhaps limiting chronic pharyngeal lym¬ 
phoid hyperplasia. Until more is understood about the clin¬ 
ical appearance of the pharyngeal tonsil in horses, along 
with normal variations that occur with aging in exercised 
and nonexercised horses, and these findings can be corre¬ 
lated with immunopathologic events and indexes of perfor¬ 
mance, it will remain difficult to treat, control, and prevent 
pharyngitis in a systematic manner. 1108 


GUTTURAL POUCH DISEASES 

•••.•• aSSf-w. •_ 

JOHN R. PASCOE 

II Definition and Etiology. The guttural pouches are paired 
air-filled diverticula of the eustachian tubes that communi¬ 
cate between the middle ear and the pharynx. They are 
located ventral to the atlas, dorsocaudal to the pharynx, 
and rostrodorsal to the retropharyngeal lymph nodes and 
occupy a large part of the retropharyngeal space. Each 
pouch is divided into medial and lateral compartments by 
a stylohyoid bone that courses through the caudolateral 
aspect of each pouch. The medial compartments appose 
each other on the midline. The lateral walls of each guttural 
pouch contain cranial nerves VII (facial), IX (glossopharyn¬ 
geal), X (vagus), XI (spinal accessory), and XII (hypoglos¬ 
sal); the cranial sympathetic trunk; the internal carotid 
artery; and branches of the external carotid artery. 1109 The 
intimate relationship of these vessels and nerves with the 
mucous membrane lining the guttural pouches explains 
why epistaxis and nerve dysfunction frequently accompany 
guttural pouch disease. Each pouch has a capacity of approxi¬ 
mately 300 mL, with the medial compartment accounting 
for approximately two thirds of this volume. Communica¬ 
tion with the pharynx occurs through a slitlike opening 
situated rostral and ventral to the pharyngeal recess. The 
pharyngeal opening of the guttural pouch is funnel shaped 
and wider rostrally than caudally. The plica salpingophar- 
yngea is a fold of mucous membrane that contributes to 
the caudal narrowing of the pharyngeal opening and makes 
catheterization of the guttural pouch difficult. Redundancy 
of this fold of tissue may contribute to guttural pouch 
tympany. 1109 

The guttural pouch is not a sterile environment; as an 
extension of the pharynx, it normally contains bacteria. 
In one report of 30 normal horses, 59% of percutaneous 
guttural pouch lavage aspirates had bacterial growth, 
although only 7% were considered to have bacteria consid¬ 
ered to be pathogenic; no fungi were isolated. 1110 Inflam¬ 
matory cell counts and distribution were correlated with 
recovery of bacteria. Aspirates were considered normal if 
there were less than 5% neutrophils; typical cell distribution 
was primarily ciliated columnar epithelial cells, a few nonci- 
liated cuboidal epithelial cells, and less than 1% monocytes, 
lymphocytes, and macrophages. 1110 Horses exercised stren¬ 
uously on a regular basis had lower total cell counts, lower 
neutrophil counts, and fewer bacteria isolated. 1110 Prevent¬ 
ing horses from head lowering for 12 to 24 hours increases 
the frequency of bacterial isolation, especially at 24 hours, 
including an increase in neutrophil counts, and likely indi¬ 
cates reduced ability to dear guttural pouch secretions. 1111 
Interpretation of microbial isolates from guttural pouches 


requires correlation with cytologic characteristics of guttural 
pouch fluid and clinical signs. 1112 

Three disease conditions commonly affect the guttural 
pouches: tympanitis, empyema, and mycosis. 1109 Less com¬ 
mon conditions indude neoplasia, 1113 fractures of the hyoid 
bone, foreign bodies, 1 109,1114 an d cystic structures. 1115 

GUTTURAL POUCH TYMPANY 

Tympany of the guttural pouch occurs infrequently and 
is recognized in foals after birth up to IV 2 years of 
a g e no9.iu6-ni8; affected foals are usually identified within 
the first 2 weeks of life. Fillies are more commonly affected, 
with the ratio of females to males ranging from 2:1 to 4:1. 
Arabian foals may have a higher risk for tympany, which 
may be an inherited trait. 1119 Tympany is characterized by 
unilateral or bilateral distention of the guttural pouch with 
air. The exact cause is unknown, but numerous reports have 
implicated a congenital redundancy of the plica salpingo- 
pharyngea, which acts as a one-way valve that apparently 
permits airflow into but not out of the pouch. 1116 It has also 
been postulated that upper airway infections and inflamma¬ 
tion may result in enlargement of this fold of tissue, with 
subsequent air trapping in the pouch. 1120 

II Clinical Signs and Differential Diagnosis. Affected foals 
usually have a nonpainful, soft, fluctuant swelling in the ret¬ 
ropharyngeal space (Fig. 31-43, A) with variable respiratory 
distress, extension of the head and neck, and signs of dyspha- 
gi a 1116.1117 Mjid tympany may not result in signs other than 
swelling of the throatlatch region. 1120 Respiratory distress 
occurs when continued distention of the pouch compresses 
the pharyngeal area. The differential diagnosis should 
include guttural pouch empyema and retropharyngeal 
abscesses or cellulitis. 

II Clinical Pathology. Stress leukocytosis may occur if 
there is marked respiratory distress. 

II Diagnostic Aids. Diagnosis of guttural pouch tympany is 
based on recognition of characteristic swelling in the retro¬ 
pharyngeal space and confirmation by physical examination. 
Although the distention is most often unilateral, extreme 
distortion of a single pouch may give the impression of bilat¬ 
eral involvement. 1121 Differentiation between unilateral 
and bilateral involvement can be difficult and may require 
deflation of the affected guttural pouch by catheterization or 
percutaneous needle aspiration combined with external com¬ 
pression. Other adjunctive diagnostic procedures include 
radiographic demonstration of gas distention of one or both 
pouches (see Fig. 31-43, B) and endoscopic observation of 
pouch distention and pharyngeal distortion. 

II Treatment and Prognosis. Guttural pouch tympany and 
respiratory distress can be alleviated temporarily by aspira¬ 
tion of air from the affected pouch by means of either per¬ 
cutaneous decompression at the point of greatest distention 
through Viborgs triangle or introduction of a catheter 
through the pharyngeal opening of the guttural pouch. 1109 
These measures are palliative, and the pouch rapidly refills 
when decompression is discontinued. Treatment methods 
of choice include surgical excision or photoablation of the 
redundant plica salpingopharyngea; fenestration of the 
medium septum between the two pouches by excision, 
electrosurgery, or photoablation; and creation of a salpingo¬ 
pharyngeal fistula by photoablation and temporary stenting 
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FIG. 31-43 II A, Foal with guttural pouch tympanitis. Note the protru¬ 
sion of the soft tissues over the lateral and ventral aspects of the throat- 
latch. B, Lateral radiograph of a foal with tympanites of both guttural 
pouches. 


of the fistula. 1116 - 1118 * 11221124 The latter technique is simi¬ 
lar to an older, successful approach that involved incising 
the floor of the guttural pouch into the pharynx. 1125 If the 
condition is bilateral, fenestration of the median septum 
alone does not successfully resolve the condition, and either 
excision of one or both plica salpingopharyngea in combi¬ 
nation with septal fenestration or septal fenestration and 
salpingopharyngeal fistula formation must be performed. 
After surgery the prognosis for resolution of guttural pouch 
tympany is generally considered favorable 1118 unless com¬ 
plicating factors such as aspiration pneumonia exist. 1117 
Early recurrence after surgery can range from 15% to 30%, 
but further resection of the plica salpingopharyngea or 
refenestration of the mesial septum or enlargement of the 
fenestration typically results in resolution of signs. 1117 * 1118 

GUTTURAL POUCH EMPYEMA 

Guttural pouch infections are introduced either directly 
through the pharyngeal opening or by lymphatic spread. 1126 


SYSTEMS 


Accumulation of purulent material (empyema) is consid¬ 
ered to be a secondary, chronic, localized manifestation of 
a more generalized ascending respiratory infection. Empy¬ 
ema is usually unilateral and is often a sequela to an infec¬ 
tious respiratory disease, especially infection by S. equi 
subsp. e^ui. 1127 * 1130 Typically a horse with guttural pouch 
empyema displays continued nasal discharge after recovery 
from streptococcal infection. 1121 * 1130 In a case control study 
of foals with distal respiratory tract infection, 21% had 
concurrent mucopurulent drainage from the pharyngeal 
openings of the guttural pouches. 1131 S. equi subsp. zooepi- 
demicus was isolated from respiratory secretions of the 
majority of infected foals and from exudate collected from 
guttural pouches. 1132 Rupture of retropharyngeal abscesses 
into the guttural pouch has also been associated with empy¬ 
ema, suggesting that strangles or other upper respiratory 
tract infections may have an important role in the develop¬ 
ment of guttural pouch infection in horses. 1128 * 1130 * 1133 


II Clinical Signs and Differential Diagnosis. The clinical 
signs of guttural pouch empyema include intermittent nasal 
discharge that may worsen when the head is lowered, retro¬ 
pharyngeal swelling, cough, fever, parotid swelling and pain, 
dysphagia, difficult breathing, dysphagia, and pneumo¬ 
nia. 1134 Nasal discharge can be unilateral or bilateral, even 
if only one pouch is affected, because the pharyngeal open¬ 
ings of the guttural pouches are located caudal to the nasal 
septum. The nasal discharge is generally nonodorous, white, 
and opaque. Signs of dysphagia may be observed secondary 
to pharyngeal compression or paresis. Labored breathing 
may result from gradual collapse of the pharynx as the gut¬ 
tural pouch distends. Inspissation of the purulent material 
results in chondroids, which are hard concretions of inspis¬ 
sated pus. 1135 The differential diagnosis of guttural pouch 
empyema should include those diseases with chronic muco¬ 
purulent nasal discharge such as pneumonia, sinusitis, upper 
respiratory tract infections, and guttural pouch tympany. 


II Clinical Pathology. Leukocytosis is often present. Plasma 
fibrinogen levels are often increased, 1134 and these changes 
generally parallel the development of leukocytosis, pyrexia, 
and clinical signs of strangles or primary guttural pouch 
empyema. Analysis of fluid obtained by catheterization of 
the guttural pouch often reveals a beta-hemolytic Streptococ¬ 
cus species, 1128 * 1135 although other bacterial species have 
been isolated. 1134 


II Diagnostic Aids. Guttural pouch empyema should be 
considered in any patient with a chronic, nonresponsive 
nasal discharge. 1121 Diagnostic aids include radiography, 
endoscopy, percutaneous centesis, and aspiration of material 
from the pouch through the pharyngeal opening. 1109 Recog¬ 
nition of fluid (Fig. 31-44) or radiodense masses (chon- 
droids) within the pouch on standing lateral radiographs 
supports a diagnosis of empyema. Physical and endoscopic 
examination or oblique radiographic projections may be 
necessary to identify which pouch is involved. Endoscopic 
examination permits identification of the affected pouch 
and evaluation of the character of the fluid. Endoscopic 
examination of the lateral compartment is important to 
avoid missing sequestered fluid or chondroids. 1136 Absence 
of fluid at the pharyngeal ostium does not preclude the pos¬ 
sibility of guttural pouch empyema, especially if the fluid has 
become inspissated 1121 or the ostium is sealed closed. 1137 
Fluid identified on radiographs should be characterized by 
endoscopic examination of the pouches or aspiration of the 
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FIG. 31-44 II Lateral radiograph demonstrating distinct fluid lines in 
both guttural pouches. 


fluid with appropriate cytologic and microbial analysis. 
Fluid samples can be aspirated through the pharyngeal 
ostium with a sterile artificial insemination (AI) pipette, a 
Chambers catheter, or tubing advanced through the biopsy 
channel of an endoscope. Alternately, fluid can be aspirated 
percutaneously, but this may lead to cellulitis along the nee¬ 
dle tract if pathogenic bacteria are tracked through tissues on 
needle withdrawal. 

II Pathophysiology. Strangles is a common upper respira¬ 
tory disease affecting young horses. Primary clinical signs 
of strangles usually develop after a short incubation period 
of 2 to 6 days and include depression, pyrexia, coughing 
and ocular and nasal discharges that become mucopurulent 
as the disease progresses. Lymph nodes of the head and 
neck become enlarged and painful, often forming abscesses. 
Guttural pouch empyema may result from extension of the 
upper respiratory infection with S. equi (strangles) to the 
guttural pouches or from rupture of retropharyngeal lymph 
node abscesses into the guttural pouch. 11271128 Commonly 
isolated bacteria from guttural pouch empyema include 
S. equi, S. zooepidemicus, E. coli, and Klebsiella species. 1134 
Not all horses with empyema have a history of strangles or 
previous respiratory infection, and empyema seemingly can 
occur by many of the same mechanisms as middle ear infec¬ 
tion: that is, fluid accumulates in the area, and uncontrolled 
growth of bacteria normally present results in inflammation 
and exudation. Most streptococcal isolates are resistant to 
potentiated sulphonamides and sulfadimethoxine. 1134 

II Treatment and Prognosis. Treatment of guttural pouch 
empyema is complicated by poor drainage from the affected 
pouch. 1109 In the normal horse the pharyngeal opening 
of the guttural pouch is located rostrodorsal to the floor of 
the guttural pouch, and drainage can be achieved only by 
lowering the horse's head. 1109 1122 ' 1126 However, in horses 
with empyema, lowering the head may not achieve ade¬ 
quate drainage if there is ventral distortion of the 
pouch. 1109 Inflammation of the lining mucosa may result 
in swelling of the tissue surrounding the pharyngeal open¬ 
ing, further compromising normal drainage. 1109 

Choice of medical or surgical treatment depends on the 
duration and nature of the empyema. Parenteral antimicro¬ 
bial therapy may reduce the quantity of the nasal discharge, 


but relapse often follows cessation of treatment. 1121 * 1134 
The early stages of empyema may respond to daily lavage 
of the affected guttural pouch with physiologic solutions or 
saline antibiotic solutions injected through a catheter. 
A volume of 500 mL should be flushed into the involved 
pouch under moderate pressure to create contact with as 
much of the interior of the guttural pouch as possible. 1138 
During lavage the head should be lowered to prevent aspira¬ 
tion of fluid. Purulent fluid from the affected guttural pouch 
should be aspirated on initial catheterization and submitted 
for bacterial culture and antimicrobial susceptibility test¬ 
ing. This can be accomplished with most flexible uterine 
culturettes under direct endoscopic observation. Parenteral 
antimicrobial drugs should be administered on the basis of 
susceptibility testing results; although medication may be 
of benefit in treating empyema, adequate drainage and 
local therapy are of primary therapeutic importance. 

Irrigating the guttural pouch with an indwelling catheter 
may result in the development of severe inflammatory 
changes in the guttural pouch. 1139 Indwelling catheters 
placed in horses with normal guttural pouches have caused 
increasing purulent discharge with time; nasal discharge 
diminished after catheter removal and was absent after 3 
days. Povidone iodine (1% available iodine) diluted to a 
10% solution (0.1% available iodine) for lavage of the gut¬ 
tural pouch caused considerable reaction, including inflam¬ 
matory infiltrates, hemorrhage, necrosis, and lymphoid 
reaction. Therefore, if possible, other means should be used 
to achieve antiseptic or antimicrobial therapeutic goals. 1139 
Consideration should be given to using nonirritating solu¬ 
tions to prevent initiating cranial nerve neuritis. Although 
indwelling catheters are convenient, it may be well to suggest 
daily catheterization and irrigation with an Al pipette or 
Chambers catheter to diminish the inflammatory response 
associated with indwelling catheters in an already inflamed 
guttural pouch. Consideration of daily catheterization must 
be weighed against stress, possible tissue trauma, and time 
requirements for intermittent catheterization. 1139 

Treatment with parenteral antimicrobials and local 
lavage is successful and requires a patent opening for 
adequate drainage, but the course of treatment may be pro¬ 
tracted. Acetylcysteine, a mucolytic, has been used success¬ 
fully to resolve inspissated empyema. 1140 If response to 
lavage is poor or if secretions reaccumulate and empyema 
returns, surgical drainage of the guttural pouch should be 
considered. 1109 

Surgery is generally indicated when purulent material 
becomes inspissated or chondroids have formed, 11091141 
although resolution has been reported in one horse after pro¬ 
longed lavage (14 days) through an indwelling catheter. 1142 
Surgical approaches include percutaneous drainage through 
standard approaches to the guttural pouches in anesthetized 
recumbent or standing sedated horses and creation of a 
nasopharyngeal fistula by use of an Nd:YAG laser. 1143 
Other approaches when chondroids are present include 
removal by retrieval snares passed endoscopically, standing 
removal through a modified Whitehouse approach, 1144 
and removal from the contralateral pouch after fenestration 
of the mesial septum when the ipsilateral ostium is closed. 1137 

The prognosis for guttural pouch empyema is generally 
favorable if it is recognized promptly and treated appropri¬ 
ately. 1134 Likewise, removal of chondroids typically carries a 
good prognosis. 1134 

GUTTURAL POUCH MYCOSIS 

Guttural pouch mycosis is a fungal disease of the guttural 
pouch that typically affects the dorsocaudal region of the 
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medial compartment, although lesions affecting larger 
areas, including the lateral compartment, have been 
seen. 1121 1145 1148 Fungal invasion of neurovascular struc¬ 
tures coursing through the walls of the guttural pouches 
results in clinically apparent disease. Although the exact cause 
of guttural pouch mycosis is not known, a number of fungi, 
especially Aspergillus (Emericella) nidulans and A. fumigatus , 
have been isolated from the lesions. 1109 1148 * 1154 


II Clinical Signs and Differential Diagnosis. Lesions are 
usually unilateral and occasionally bilateral. The wide 
spectrum of clinical signs that can occur in association 
with guttural pouch mycosis reflects the degree of fungal 
invasion and subsequent inflammation of vascular struc¬ 
tures or nerves beneath the mucous membrane lining 
the guttural pouch. Common clinical signs include in¬ 
termittent spontaneous epistaxis and dysphagia. 11091145 
Epistaxis generally results from fungal erosion of the wall 
of the internal carotid artery in the roof of the medial com¬ 
partment and, less commonly, from erosion of the external 
carotid artery and maxillary artery in the lateral compart¬ 
ment. 1109 ' 1145 Epistaxis is usually unilateral, occurring 
from the ipsilateral nostril, but can also be bilateral 
because the pharyngeal openings of the guttural pouches 
are located caudal to the caudal border of the nasal sep¬ 
tum. 1147 Episodes of epistaxis generally occur while the 
horse is at rest and can vary from mild to severe, with sev¬ 
eral premonitory bleeds that generally culminate in a fatal 
episode of epistaxis. 1146 1147 Occasionally a horse dies of a 
single episode of epistaxis without previous clinical signs. 
Epistaxis may recur at intervals varying from 24 hours to 
3 weeks. 1147 

Dysphagia, the second most common clinical sign, likely 
results from damage to the pharyngeal branches of the 
vagus and glossopharyngeal nerves and generally occurs 
later than epistaxis in the course of the disease. 1147 Horses 
with dysphagia cough during attempts to eat solid food, 
and, in addition to the presence of food material in nasal 
discharge, a considerable quantity of food is coughed out 
the mouth. Recovery from dysphagia may occur, 1147 but 
in general the prognosis for full recovery is poor. 

Other clinical signs include parotid pain, abnormal head 
posture, unilateral or bilateral nasal discharge, head shy¬ 
ness, abnormal respiratory noise, sweating and shivering, 
Homer's syndrome, visual disturbances, colic, and facial 
paralysis. 114611471152 1155 These signs are the result of 
angina and dysfunction of cranial nerves and the sympa¬ 
thetic nervous system. 

The differential diagnosis for the horse with epistaxis 
should include EIPH, ethmoid hematoma, guttural pouch 
or pharyngeal neoplasia, tracheobronchial foreign bodies, 
and guttural pouch mycosis. 1147 Differentiation of these 
diseases is aided by a thorough history and endoscopic 
examination. Differential diagnosis for dysphagia should 
include fractures of the hyoid apparatus; pharyngeal and gut¬ 
tural pouch fistula; deft palate; esophagitis; pharyngeal paral¬ 
ysis; foreign body entrapment in the mouth or esophagus; 
pharyngeal neoplasia; lead poisoning; bacterial, viral, and 
mycotic CNS infections; and guttural pouch mycosis. 11471153 


II Diagtiostic Aids. Clinical signs of epistaxis or cranial 
nerve dysfunction are suggestive of a diagnosis of guttural 
pouch mycosis. A thorough physical examination may 
reveal abnormal sensitivity on digital palpation of the 
parotid area on the affected side. 1146 A definitive diagnosis 
of guttural pouch mycosis requires endoscopic observation 
of the characteristic diphtheritic lesion in the dorsocaudal 
aspect of the medial compartment or elsewhere within the 
guttural pouch. 1147 A healed lesion may be identified by 
the presence of scar tissue within the mucous mem¬ 
brane. 1147 lesions may vary in color (brown, yellow, black, 
or white) and in size (from discrete nodules to diffuse irreg¬ 
ular patches covering the roof of both the medial and lateral 
compartments) 11481155 ; erosion with fistula formation can 
occur into the opposite guttural pouch or pharynx. Occa¬ 
sionally the characteristic lesion is obscured by clotted 
blood, so that the diagnosis is based on the clinical signs 
of epistaxis correlated with blood present in the guttural 
pouch. Because hemorrhage may originate from the internal 
carotid, external carotid, or maxillary arteries, it is important 
to identify the source of bleeding before therapy, particu¬ 
larly if surgical intervention is being considered. 1145 Care 
should be taken not to dislodge a thrombus and produce 
further hemorrhage. If dysphagia is apparent, food and 
saliva may be identified during endoscopy of the pharynx 
and nasal passages. 1109 

In guttural pouch mycotic infections, radiographs are of 
limited value because only minimum suppuration is asso¬ 
ciated with mycotic infections 1153 ; however, the lateral view 
may allow assessment of the degree of fibrous reaction and 
loss of normal air space. 1153 Radiography may also aid in 
diagnosing some of the long-term sequelae such as fibrous 
deposits in the pouch and associated bony changes. 1156 

Serum titers to A. fumigatus are not diagnostic; however, 
reactivity to 22-kd and 26-kd serum antigens measured by 
immunoblot analysis may be diagnostic for guttural pouch 
mycosis. 1157 

II Pathophysiology. The pathogenesis and predisposing 
factors leading to guttural pouch mycosis and arterial ero¬ 
sion are unknown, but it is believed that the disease is 
initiated by some stress to the soft tissues where the mycotic 
plaques are generally found. 1148 Potential stresses include 
inflammation, trauma, and vascular insult. 1133 Aneurysm 
formation is not well correlated with the severity of the 
plaque formation. Although the nature of the initiating 
lesion remains unclear, it is generally agreed that the later 
stages are associated with deep fungal infections. 1148 A. nidu¬ 
lans and other Aspergillus species have been isolated and may 
be the causative agents. 1148 * 1156 A. nidulans is rarely patho¬ 
genic, but in the warm humid environment of the guttural 
pouch it may grow as an opportunist under certain circum¬ 
stances. 1148 The mycotic lesions show no predilection for 
either the right or the left guttural pouch. 1147 Fungal infec¬ 
tion of the pouch, erosion of major blood vessels, and 
involvement of nerves (IX, X, XI, XII, cranial cervical gan¬ 
glion, and postganglionic sympathetic fibers) that traverse 
the area explain the epistaxis, local pain, and neurologic 
signs associated with guttural pouch mycosis. 11471148 


II Clinical Pathology. If epistaxis is the presenting com¬ 
plaint, there may be moderate to severe anemia with accompa¬ 
nying hypoproteinemia. Differential white cell distributions 
may be normal or may indicate a stress response. If dysphagia 
becomes a dominant clinical sign, other hematologic changes 
indicative of infection secondary to aspiration pneumonia 
may be evident. 


II Epidetniology. No apparent age, sex, breed, or geo¬ 
graphic predispositions have been observed. Guttural pouch 
mycosis is a sporadic disease that tends to arise during the 
warmer months of the year and rarely affects more than 
one horse in a particular stable. 1147 Affected horses are 
afebrile; infection is diagnosed when clinical signs such as 
epistaxis and dysphagia occur. 1147 
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II Necropsy Findings. At postmortem examination, lesions 
are confined to the pharyngeal muscles, guttural pouch, and 
bones of the skull. 1146 Gross findings may include large 
blood clots in the nasal passages and at the pharyngeal 
opening of the guttural pouch. 1156 Unilateral denervation 
atrophy of the ipsilateral pharyngeal or laryngeal muscles 
may occur if there is involvement of the pharyngeal and 
recurrent laryngeal branches of the vagus. 1146 Examination 
of the guttural pouch generally reveals clotted blood and 
a diphtheritic plaque in the dorsocaudal aspect of the 
medial compartment that is firmly adherent to the underly¬ 
ing tissue and is clearly demarcated from surrounding 
tissue. 1148 1156 The lesion may be localized or may affect 
the entire roof of the pouch. If hemorrhage has occurred, 
the lesion may be obscured by clotted blood, pus, or 
mucus. 1148 An intense inflammatory reaction may be evi¬ 
dent in response to acute fungal infection, whereas the 
inflammation may subside with chronic healing lesions so 
that scar tissue is evident. 1148 1153 Active inflammation 
may also predispose to osseous lesions of the petrous tem¬ 
poral and stylohyoid bones. 1146 1148 1152 Some cases of gut¬ 
tural pouch mycosis may remain asymptomatic and may be 
diagnosed only at routine postmortem examination. 1147 

II Treatment and Prognosis. Without treatment a poor 
prognosis is warranted, because horses affected with gut¬ 
tural pouch mycosis are at risk for a fatal episode of epi- 
staxis. Both medical and surgical treatments have been 
advocated for horses affected with guttural pouch mycosis 
with variable results; however, surgical treatment by an 
intraarterial occlusion technique is generally considered to 
provide the best prognosis. 11581161 Spontaneous regression 
of guttural pouch mycosis may occur, and this must be con¬ 
sidered when evaluating the various medical or surgical 
treatments for this disease. 11091147 

Medical treatment is generally aimed at topical therapy 
of the mycotic lesion through the pharyngeal opening of 
the guttural pouch by means of a catheter. 1109 Bathing of 
the lesion may be facilitated by anesthetizing the horse 
and placing it in dorsal recumbency. 1146 Instilling fungi¬ 
cidal and fungistatic drugs, topical enzymes, and organic 
iodine compounds into the guttural pouch has been 
attempted with variable success. 1162 1163 The necessity and 
efficacy of these treatments are unknown, and systematic 
treatment is hampered by a lack of knowledge of the patho¬ 
genesis of guttural pouch mycosis. 1164 Parenteral adminis¬ 
tration of antibiotics, corticosteroids, thiabendazole, keto- 
conazole, and iodine compounds also has questionable 
efficacy. 1156 1158 1164 The response of guttural pouch myco¬ 
sis to local and parenteral treatment is protracted; thus the 
risk of fatal hemorrhage exists long after treatment has 
commenced. 1 ^s.i 166 

Surgical treatment of guttural pouch mycosis appears 
to offer the best prognosis for eventual cure. The internal 
carotid artery is not an end artery, and blood may enter 
this vessel from the bifurcation of the common carotid or 
may return from the cerebral arterial circle. Various surgical 
techniques have been described, and use of a balloon- 
tipped catheter inserted into the distal internal carotid artery 
combined with proximal ligation of the internal carotid 
artery 1 i5*.i i65-i 167 or transarterial coil embolization 11601168 
induces thrombus formation and prevents hemorrhage from 
normal and retrograde blood flow. Thrombosis sufficient to 
prevent hemorrhage may develop in the distal internal 
carotid artery within 10 days of catheter placement. 1167 
Mucosal healing and complete regression of the fungal 
plaque have been reported to occur as early as 5 weeks after 
arterial catheterization 1165 and as early as 15 days after coil 


embolization. 1160 In a series of 13 cases the insertion of the 
balloon-tipped catheter successfully prevented fatal epistaxis 
in all horses. 1165 Topical or systemic treatment of the mycotic 
plaque is believed to be unnecessary after arterial catheteriza¬ 
tion. 1165 Intraarterial insertion of latex balloons or emboliza¬ 
tion coils also results in lesion resolution, 1169 * 1171 although 
progression of a mycotic plaque after coil embolization and 
subsequent development of neurologic signs has been 
reported in one horse. 1172 


DISEASES OF THE PARANASAL 
SINUSES 

SINUSITIS 

JOHN R. PASCOE 

II Definition and Etiology f . Sinusitis refers to inflammation 
of the paranasal sinuses, from primary microbial infection 
or secondary bacterial infection associated with dental dis¬ 
ease or other sinus disease. Lined by respiratory mucosa, 
the paranasal sinuses are at risk for developing diseases 
affecting the respiratory tract. 1173 Sinus empyema, accumu¬ 
lation of pus within a sinus cavity, may result from bacterial 
or viral infection. 

Incidence of sinusitis is relatively low, likely less than 
0.5% of disease in equine practice. 1174 In 256 horses with 
sinonasal disease, primary sinusitis (24%) and dental dis¬ 
ease-associated sinusitis (22%) occurred with similar fre¬ 
quency and were the most common cause of sinusitis, 
whereas sinus cysts (13%), sinonasal neoplasia (8%), eth¬ 
moid hematoma (8%), sinonasal trauma (6%), mycosis 
(5%), and rostral maxillary tooth infection (4%) were the 
other more common causes. 1175 The frontal and maxillary 
sinuses are more commonly involved, with the correspon¬ 
ding conchal sinuses and the sphenopalatine sinus affected 
less often. Median age of horses affected with sinonasal 
disease is 7 to 11 years. 1175 

Acute or chronic upper respiratory tract infections of 
viral or bacterial origin can result in primary sinusitis; Strep’ 
lococcus species infection is the most common. Maxillary 
sinusitis caused by disease of the third (caudal roots) 
through sixth cheek teeth (modified Triadian numbers 109 
to 111, 209 to 211) often results from alveolar periostitis, 
patent infundibula, or fractured or split teeth. 1173 Dental 
defects permit access of food material or bacteria to the 
tooth root and sinus cavity, with extension to the frontal 
sinus likely through the frontomaxillary opening. Reported 
neoplasms include osteoma, osteosarcoma, adenocarci¬ 
noma, lymphosarcoma, squamous cell carcinoma, and 
fibroma. 1176 * 1179 


II Clinical Signs and Differential Diagnosis. Signs vary 
depending on cause, location, and extent of sinus involve¬ 
ment, with unilateral nasal discharge (serous, mucoid, 
mucopurulent, purulent) being the most frequent 
sign. 1175 1180 Physical examination of a horse with sinusitis 
should include observation for epiphora, facial asymmetry, 
altered nasal airflow, abnormal breath odor, mandibular 
lymphadenopathy, and sinocutaneous fistula. 

Nasal discharge is typically unilateral because the naso¬ 
maxillary opening is located rostral to the caudal edge of the 
nasal septum. Intermittent or continuous, nasal discharge 
need not be related to a previous upper respiratory' infection. 
Malodorous discharge is commonly associated with dental 
sinusitis and sinonasal mycosis, whereas mucopurulent 
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discharge is more commonly associated with sinus cysts. 1175 
Sanguineous discharge is common with ethmoid hematoma 
and sinonasal trauma; however, guttural pouch mycosis, 
pulmonary hemorrhage, nasal turbinate necrosis, and neo¬ 
plastic or granulomatous lesions should also be considered. 
Other differential diagnoses of nasal discharge should 
include guttural pouch empyema or mycosis; acute pharyngi¬ 
tis (strangles, rhinopneumonitis, and influenza); neoplasia 
or necrosis of the turbinates; ethmoid hematoma; and pul¬ 
monary disease. 

After nasal discharge, submandibular lymphadenopathy 
is the most common sign, particularly when microbial infec¬ 
tion is a component of sinusitis. Facial swelling occurs with 
frequency similar to that of lymphadenopathy, typically 
when sinus drainage is obstructed or there is an expansile 
mass within the sinus, or as an acute sign after facial trauma. 
Occasionally exophthalmos can occur with marked sinus 
distortion. 

Patency of the nasomaxillary opening generally pre¬ 
cludes facial distortion. Loss of patency occurs when inspis¬ 
sated exudate accumulates or mucosal lining tissue reaction 
obstructs the opening. Fxpansion of the sinus may result in 
reduced nasal airflow, particularly ipsilaterally, caused by 
distortion of the architecture of the nasal passages, and in 
such instances abnormal respiratory noise rather than nasal 
discharge may be the primary presenting sign. 1178 

Epiphora occurs if there is nasolacrimal duct involvement 
from trauma, or compression or destruction of the duct from 
underlying sinus disease. Approximately one third to one 
half of horses with dental sinusitis, sinus cyst, and sinonasal 
trauma have epiphora as a presenting sign. 1175 

Percussion of the affected sinus may reveal dullness or 
pain, although normal resonance does not preclude the 
possibility of sinusitis. If there is bone thinning over gas 
above a fluid line (as can occur with some maxillary sinus 
cysts), percussion may elicit increased resonance. 

Careful examination of the oral cavity for signs of dental 
or periodontal disease should be performed when any of 
these signs are present. Particular attention should be paid 
to examination of the occlusal surface of the teeth with a 
very fine dental pick (e.g., 22-gauge needle); however, it 
should be recognized that periapical abscess formation can 
occur without defects in the occlusal surface. Accuracy of 
diagnosis of dental disease is substantially enhanced by 
use of intraoral endoscopy and CT. 


II Clinical Pathology . The hemogram in animals with sinus¬ 
itis generally remains within the normal range, although acute 
sinusitis of infectious origin may be associated with neutro¬ 
philia. With chronic sinusitis there may be concurrent hy- 
perflbrinogenemia. Sinus fluid obtained by percutaneous 
centesis should be examined cytologically (including a Gram 
stain) and submitted for microbial culture and susceptibility 
testing to differentiate among bacterial, fungal, and neoplas¬ 
tic disease. Flecks of feed material indicate sinusitis secondary 
to dental abnormalities. 


II Laboratory Aids and Definitive Diagnostic Tests. A pre¬ 
sumptive diagnosis of sinusitis can be made from the phys¬ 
ical examination and associated clinical signs. 11751,81 
Procedures most helpful in establishing a diagnosis of sinus 
disease in 85 horses were radiography (92%), endoscopy 
(38%), percutaneous centesis (21%), and examination of 
the oral cavity (20%). 1177 

Endoscopic examination of the nasal cavity may permit 
identification of exudate draining from the nasomaxillary 
opening or in advanced cases may reveal distortion of 


the nasal cavity secondary to sinus enlargement. Middle 
meatus examination is an important component of endo¬ 
scopic examination. Diagnosis beyond recognition of the 
potential source of the nasal discharge is limited unless 
there is an obvious mass or abnormal tissue is observed. 
Sinoscopy can be accomplished by using an arthro- 
scope 1182 or flexible endoscope 1183 inserted through small 
trephine holes in either the maxillary or the frontal sinus. 
Examination of the rostral compartment of the maxillary 
sinus requires a separate portal unless the bony septum 
between the rostral and caudal compartments has been 
destroyed. Observation may be limited by fluid or tissue 
especially in the rostral compartment of the maxillary 
sinus but can potentially be enhanced after sinus lavage 
and aspiration. 

Standard radiographic projections include the standing lat¬ 
eral, dorsoventral, and right and left oblique views. 1184 1,85 
Radiographic findings include fluid lines within the sinus, 
space-occupying soft-tissue densities, areas of decreased bone 
density, fractures, or dental abnormalities. Dental root disease 
is identified radiographically by a loss of continuity of the 
lamina dura and lysis of the tooth root or surrounding 
bone, combined with new bone formation and cement depo¬ 
sition. 1184 Anatomy of normal equine skulls as demon¬ 
strated by CT and MRI has been described. 11861188 
Diagnostic accuracy, especially determination of the extent 
of involvement of structures within the skull, can be enhanced 
by CT. 11891190 CT imaging enhances diagnostic accuracy of 
tooth involvement 1190 Findings associated with dental caries 
include hypoattenuation of cementum, destruction of enamel, 
and filling of the infundibular cavity with gas, whereas with 
dental decay there is gas accumulation in the root area or 
fragmentation of the root, and sinus mucosal thickening. 
Additional changes with sinusitis typically involve the maxilla 
with endosteal sclerosis, thickening, periosteal reaction, and 
deformation, especially involving the facial crest. 1190 Scinti¬ 
graphic examination may improve specificity in identification 
of dental involvement in sinusitis. 11911192 

Percutaneous sinus centesis may provide a definitive diag¬ 
nosis and allow an avenue for subsequent therapy. Cytologic 
evaluation, with concurrent microbial culture and antibiotic 
susceptibility testing, may elucidate the cause of the sinusi¬ 
tis. 1177 Isolation of a single organism such as Streptococcus 
species generally indicates a primary sinusitis, whereas poly¬ 
microbial infection is more compatible with sinusitis of 
dental origin. Visual examination of the oral cavity, espe¬ 
cially intraoral endoscopy, and careful probing of the 
occlusal surfaces with a dental pick may identify dental 
abnormalities. 


II Necropsy Findings. Affected sinuses contain fluid or tissue 
of variable color and consistency. Fluid character ranges from 
clear and odorless with cystic sinus disease to white, yellow, or 
green purulent fluid with a variable, but often putrid, odor in 
sinusitis resulting from other causes. Sinusitis of dental origin 
has a characteristically pungent and unpleasant odor. Granu¬ 
lomatous lesions have been reported to appear as large lobu¬ 
lar gelatinous masses filling the sinus cavity. The gross 
appearance of neoplastic lesions within the sinus cavity 
depends on the type of neoplasm. Neoplasia may cause sur¬ 
rounding soft-tissue and bony destruction, whereas large, 
benign space-occupying lesions may result in distortion of 
the nasal turbinates and nasal septum, as well as external facial 
bone distortion. 


II Treatment and Prognosis. Not infrequently, horses with 
a chronic mucopurulent nasal discharge from sinusitis have 
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a history of response to antimicrobial therapy, followed by 
recurrence of the discharge after antibiotic therapy ceases. 
Definitive diagnosis of sinusitis can be accomplished using 
the techniques described earlier. Sinoscopy permits exami¬ 
nation of the paranasal sinuses and in some instances facil¬ 
itates treatment. 1184,193 

Suggested treatment for primary sinusitis or empyema 
involves daily lavage of the sinus through a percutaneous 
centesis site with 1 L of saline, to which a broad-spectrum 
antibiotic or antiseptic has been added. Once the results 
of culture and susceptibility testing are available, the appro¬ 
priate antibiotic should be administered locally in the flush 
solution, as well as systemically, for 14 days. Resolution or 
reduction in the volume of nasal discharge is an indication 
of successful therapy. If little progress is made after 10 to 14 
days or if drainage recurs, sinusotomy (trephination or 
bone flap technique, standing or recumbent anesthetized) 
may be required to resolve the condition. 1194 The prognosis 
is generally favorable if primary sinusitis is not chronic 
and if the mucous membrane is not markedly thick¬ 
ened. 1195 Chronic sinus disease (longer than 6 months) 
carries a poor prognosis, and, for resolution to occur, surgi¬ 
cal removal of the thickened, infected mucous membrane is 
required; creation of sinonasal drainage by sinus fenestra¬ 
tion is also recommended. Isolation of Pseudomonas species 
from a sinus aspirate generally indicates an unfavorable 
prognosis. 1180 

Sinusitis that results from secondary factors is generally 
not responsive to medical management. Such conditions 
include diseased teeth, granulomas, or neoplasia; surgical 
removal of the inciting cause is required, and adjunctive treat¬ 
ment may be required. The prognosis for sinusitis associated 
with dental abnormalities is usually favorable once the 
diseased tooth has been removed. 1195 1196 If the periodontal 
ligament is intact, endodontic therapy can be used to save 
the tooth. This is accomplished by surgical apicoectomy and 
retrograde occlusion of the root canal after debridement of 
the pulp. In geriatric horses with dental-associated sinusitis, 
when economic constraints limit surgical options, sinusot¬ 
omy and periodic sinus lavage and antibiotic therapy have 
been used successfully to manage nasal discharge. 

The prognosis for resolution of granulomatous lesions is 
generally guarded and depends on surgical access and extent 
of the lesion. Neoplastic lesions are often well established 
and have metastasized, either locally or regionally, by the 
time they become clinically apparent; the prognosis for 
resolution is generally guarded to poor. 1176 In a series of 
16 horses with sinus neoplasia, 11 were euthanized because 
of the extent of the lesion, four lesions recurred after surgi¬ 
cal removal, and one horse with squamous cell carcinoma 
was successfully treated and had no recurrence at a 2-year 
follow-up evaluation. 1177 

II Prevention and Control. Prevention of sinusitis in horses 
is difficult because of the variety of causes. Isolation of horses 
from those with upper respiratory bacterial or viral diseases 
may be of benefit in preventing primary sinusitis. Regular 
dental care and a proper diet may help circumvent sinusitis 
caused by dental abnormalities, although many cases most 
likely result from a variety of causes not yet defined or over 
which the owner or veterinarian has no control. 


ETHMOID HEMATOMA 

JOHN R. PASCOE 

II Definition and Etiology. Also termed progressive ethmoidal 
hematoma 1197 and hemorrhagic nasal po/yps, 1198 ethmoid 
hematomas are slowly expanding angiomatous masses that 


appear to originate principally from the mucosal lining of 
the ethmoid conchae. Smaller hemangiomas arising from 
the mucosal lining of the frontal, maxillary, and sphenopala¬ 
tine sinuses have been recognized, but the relationship 
between these benign endothelial tumors and ethmoid 
hematoma is uncertain. A relationship between paranasal 
sinus cysts and ethmoid hematoma has been suggested, 1199 
but distinctly different histologic features characterize each 
disorder, 1200 seemingly arguing against a common cause 
and the likelihood that these lesions are variants of each 
other. The cause of ethmoid hematoma is unknown, and it 
remains a relatively uncommon condition. 1201 1205 Although 
reported in a 4-week-old foal and in 3-year-old horses, most 
affected horses are older than 8 years—generally thorough¬ 
bred, Arabian, orwarmblood horses. 1201 1207 

II Clinical Signs. A blood-tinged nasal discharge with 
intermittent epistaxis from one or both nostrils is the most 
common clinical sign. 1208 Unilateral or bilateral, epistaxis 
varies from blood-tinged mucoid or mucopurulent dis¬ 
charge to blood spots or a trickle of blood. Fulminant or 
fatal epistaxis as can occur with guttural pouch mycosis is 
uncommon. If the hematoma occupies the choana(e) or 
nasal cavity, a mucopurulent, occasionally malodorous 
nasal discharge with some blood discoloration is more 
commonly seen. Typically these horses have a history of 
abnormal respiratory noise, both inspiratory and expiratory, 
especially during exercise. With nasal cavity involvement, 
airflow is usually reduced or may be absent on the affected 
side. Facial distortion or asymmetry is uncommon and 
is more likely to occur when the hematoma occupies the 
frontal and maxillary sinuses. I,ess commonly there may 
be an associated history of coughing, choking, ptyalism, 
increased respiratory effort during resting breathing, and 
either head shyness or head shaking. 1197 If the hematoma 
has expanded into the paranasal sinuses, percussion yields 
a dull sound. 

II 1Mboratorj' Aids and Definitive Diagnostic Tests. Con¬ 
firmation requires endoscopy of the ethmoid conchae and 
skull radiography (Figs. 31-45 and 31-46); however, the ori¬ 
gin and extent of the mass can be delineated more accu¬ 
rately by computed tomographic examination of the skull. 
Sinoscopy may be of diagnostic value in horses with eth¬ 
moid hematoma involving the paranasal sinuses without 
protrusion into the nasal cavity. Rarely, ethmoid hematoma 
infiltrates the nasal conchae; these lesions, identifiable by 
CT, may be missed by sinoscopy. Because ethmoid hema¬ 
toma is bilateral in approximately 30% of affected horses, 
it is prudent to examine both the left and right ethmoidal 
conchae. The ethmoidal labyrinth is visible approximately 
25 cm from the nares, with the endoscope positioned in 
the ventral nasal meatus and the viewing tip deflected dor- 
sally. The rostral surface of the ethmoidal concha does not 
protrude beyond the caudal nasal cavity and has a bulbous 
shape and a moist pink to pale red mucosal covering. 

Beyond the rostral surface the numerous pillars that form 
the ethmoidal conchae and separate the ethmoidal spaces 
(cellulae ethmoidales) are visible. Ethmoidal hematomas 
that project into the ventral meatus or through the choana 
into the nasopharynx often obscure the ethmoidal concha. 
Occasionally, unilateral ethmoid hematomas that have 
expanded into the nasopharynx may protrude into the con¬ 
tralateral ventral meatus, obscuring the view of the ethmoi¬ 
dal labyrinth on that side. The origin of hematomas that 
expand dorsally into the frontal sinus may not be visible 
on endoscopy, but hemorrhage that originates deep to the 
visible portion of the ethmoidal conchae may be evident or 
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FIG. 31 -45 II Endoscopic view of left ethmoturbinate. A, Normal appear¬ 
ance. B, Ethmoturbinate obscured by an ethmoid hematoma. 


may be noticed from the region of the nasomaxillary open¬ 
ing in the middle meatus. Visible ethmoid hematomas can 
vary in color from deep red to red-purple or may have a yel¬ 
low-brown or yellow-green-brown to bronze color. The 
surface is irregularly rounded, with small punctate hemor¬ 
rhages or erosions, and may be partially covered in yellow- 
white mucopurulent material that may be admixed with 
blood. Often the floor of the ventral meatus and the regions 
of contact with the nasal cavity have pooled exudate of blood 
and mucopurulent matter. Manipulation of the visible sur¬ 
face of the hematoma with the tip of the endoscope may 
elicit bleeding or oozing. 



FIG. 31-46 II Lateral radiograph demonstrating an ethmoid hematoma. 

Recognition of a discrete, often smooth-surfaced homo¬ 
geneous radiodensity originating from the ethmoidal con- 
chae and extending into the frontal, maxillary, or 
sphenopalatine sinuses or into the pharynx or nasal cavity 
is suggestive of an ethmoid hematoma. Radiography is ben¬ 
eficial in determining the extent of the hematoma and in 
identifying suspected ethmoid hematomas that are not visi¬ 
ble by endoscopy; however, precise definition of the origin 
of any hematoma is difficult from radiographic projections. 
Small hematomas contained within the ethmoid labyrinth 
may not be visible on radiographs. Computed tomographic 
examination of the skull allows more accurate assessment of 
the origin of the ethmoid hematoma, 1207 1209 allows deter¬ 
mination of the extent of involvement of the paranasal 
sinuses and conchae, and facilitates surgical planning. 

Necropsy Findings 

Most of the morphologic features have been described from 
surgical specimens; few skulls with intact ethmoid hemato¬ 
mas have been examined. 1198 Except in regions with necrosis 
or secondary infection associated with contact with the sinus 
or nasal cavity walls, the hematoma is a smooth-surfaced sac- 
like structure containing blood in various stages of organiza¬ 
tion. The sac lining is generally healthy respiratory mucosa 
originating from a pedunculated region of the mucosal cover¬ 
ing of the ethmoturbinal or sinus wall. On section the contents 
are amorphous red-black to chocolate brown, and in larger 
masses some evidence of irregular compartmentalization by 
fibrous tissue exists, especially on the inner surface of the sac. 

Morphologic features include an outer covering of respi¬ 
ratory epithelium (flattened columnar or cuboidal ciliated 
epithelium containing glands, and occasionally stratified 
squamous epithelium 1200 ) overlying an irregular zone of 
submucosal fibrous tissue, containing hemosiderophages, 
occasional plasma cells, and lymphocytes, less commonly 
neutrophils, that forms a pseudocapsule around hemor¬ 
rhage in varying states of organization. There is typically 
variable organization of the fibrous tissue components. 
Endothelial cells do not show evidence of neoplasia. Thin 
endothelium-lined sinuses are often present within the 
myxomatous stroma. The respiratory epithelium is some¬ 
times focally ulcerated and infiltrated with neutrophils, 
and occasionally there are squamous metaplastic changes. 
Ethmoid adenocarcinoma with a similar gross appearance 
to ethmoid hematoma has been reported in one horse. 1210 

II Treatment and Prognosis. Because these masses slowly 
and progressively increase in size and can cause distortion 
of skull architecture if the paranasal sinuses are involved, 
removal is recommended. Treatment method depends on 
the location and size. Surgical ablation has been the preferred 
method; however, destruction of the hematoma by intrale- 
sional injection of formaldehyde solution is associated with 
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less morbidity, although recurrence rates are similar to those 
with other methods. 1204 * 1212 Surgical access is usually 
achieved by sinusotomy and then hematoma ablation by 
curettage, cryosurgery, or use of an Nd:YAG laser 1213 * 1215 ; 
photoablation can also be accomplished through the biopsy 
channel of an endoscope. After sinusotomy, the peduncu¬ 
lated origin of the hematoma is identified by digital palpa¬ 
tion and then dissected, frozen, or photoablated, and the 
hematoma removed. If the hematoma is friable, intact 
removal may not be possible, and hemorrhage may make 
observation of the origin of the mass difficult. After removal 
the paranasal sinuses and nasal cavity are packed with gauze 
to control postoperative hemorrhage.. 

Surgical curettage can have the disadvantage of being 
associated with marked intraoperative blood loss typically 
from the turbinates or sinus mucosa rather than the hema¬ 
toma. Temporary occlusion of both carotid arteries 1214 
can substantially decrease blood loss until the sinus cavity 
is packed with gauze. Blood loss is minimized by cryosurgi¬ 
cal extirpation and photoablation techniques, but these 
approaches are not always practical when initially dealing 
with large hematomas. There is also minimum blood loss 
with transnasal photoablation; however, this technique 
requires multiple procedures to destroy large masses but 
can be performed in the standing sedated horse. Photoabla¬ 
tion (Nd:YAG laser, 100 W in noncontact technique) is effec¬ 
tive in controlling remnants after surgical extirpation or 
subsequent regrowth. 12151216 

Destruction of ethmoid hematomas by endoscopically 
guided intralesional injection of formalin in standing sedated 
horses may reduce the need for surgical ablation in many 
horses. 12111217 A catheter passed through the endoscope 
biopsy channel is advanced through the rostral surface 
of the mass toward its origin, then 10% formalin (4% 


formaldehyde solution) is injected intralesionally. Commer¬ 
cially available catheters with a beveled needle tip have been 
used, but relatively stiff plastic tubing that will slide through 
the biopsy channel works will penetrate the capsule of 
the ethmoid hematoma. Sufficient volume (from 10 to 
100 mL) is injected until fluid leaks back alongside the cath¬ 
eter or leaks from the mass. For visibly pedunculated masses, 
it is best to inject the formalin at the origin or neck of the 
mass. Tissue necrosis and slough occur in 5 to 10 days and 
may be associated with nasal discharge. Repeat injections, 
typically at no longer than 10- to 14-day intervals may be nec¬ 
essary to destroy the mass. Removal of necrotic tissue can 
be facilitated by use of long grasping forceps and hydropul¬ 
sion. Mycotic plaques may cover the treated site during heal¬ 
ing but typically resolve without treatment; endoscopically 
delivered topical natamycin has been used if mycotic plaque 
is extensive and associated with malodorous, purulent 
discharge. 1218 

Occasionally progression of the ethmoid hematoma may 
result in weakening or loss of the cribriform plate or roof of 
the sphenopalatine sinus. 1218 During mass removal, loss of 
this protective bony covering may result in intraoperative or 
postoperative neurologic complications. Recognition of loss 
of the integrity of these bony plates may not occur until 
sinus lavage. In a rare complication death occurred after 
intralesional formalin injection in a horse where the cribri¬ 
form plate had been eroded by the ethmoid hematoma. 1219 
Erosion of calvarial bone is rare, but careful computed 
tomographic evaluation of these regions in horses with 
extensive hematoma formation involving the frontal or 
sphenopalatine sinuses is warranted. 

Irrespective of treatment method, recurrence of the hema¬ 
toma occurs in 30% to 50% of cases from several months to 
years after the initial surgery. 1198 1203 1206 ' 1211 ' 1212 
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Mycotic or Bacterial Nasal Granuloma 

Infectious granulomas in the nasal cavity of ruminants are 
not common. Documented causes include the fungal organ¬ 
isms Rhinosporidium seeberi and other Rhinosporidium species 
(which cause rhinosporidiosis), Helminthosporium species 
(which cause maduromycosis), Drechslera rostrata, Aspergillus 
species, Phycomycetes species, Stachybotrys species, and Bipo- 
laris species. Phycomycosis is discussed in the dermatology 
section in Chapter 40. Nasal granuloma caused by Nocardia 
species bacteria has also been reported. 1 There is no apparent 


age, breed, or seasonal predilection, and cases are sporadic. 
Tlie major clinical signs are upper respiratory noise (stridor), 
dyspnea, and mucopurulent nasal discharge, sometimes 
with epistaxis. Affected animals may rub the nose, suggesting 
pruritus or irritation. 2 * 3 Nasal airflow may be reduced, and 
open-mouth breathing may occur in advanced cases. Hot 
or dusty weather may accentuate the signs, giving the appear¬ 
ance of seasonal exacerbation, but the lesions are progres¬ 
sive. The granulomas may be single or multiple, unilateral 
or bilateral, and located anywhere in the nasal cavity. They 
consist of 0.5- to 5-cm yellow to yellow-green or red nodules 
or polyps, which may be sessile or pedunculated. Rhinospor¬ 
idiosis tends to be a single unilateral polyp in the posterior 
nasal cavity, and maduromycosis tends to occur in the ante¬ 
rior cavity, but these distinctions are not consistent. Red and 
black spots (spores) may occur on the masses, and some may 
become secondarily infected with bacteria and ulcerate. Dif¬ 
ferential diagnoses include allergic rhinitis, foreign bodies, 
tumors, nasal actinobacillosis, nasal actinomycosis, and 
Oestrus ovis infection in small ruminants. 

Endoscopy, biopsy, and culture of the lesions aid in 
the diagnosis. Histopathologic analysis reveals granulation 
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tissue containing eosinophils, mononuclear cells, round 
sporangia, and sometimes hyphae or filamentous bacte¬ 
ria. 1 - 2 The pathogenesis of the disease involves inoculation 
of eroded nasal mucosa with fungal spores or filamentous 
bacteria from the environment. The infectious agent causes 
a chronic delayed (type IV) hypersensitivity reaction, which 
eventually leads to the formation of a granuloma. Fungal 
granulomas can be more common in warm, wet climates. 
The granulomas can be difficult to treat, and although rarely 
fatal the disease is chronically debilitating, with salvage 
often being the most practical solution. 

Recommended treatments include surgical removal of 
the granulomas when possible and long-term sodium 
iodide (Nal) therapy. Nal can be administered at a dose of 
66 mg/kg IV as a 20% solution, repeated at 10- to 14-day 
intervals until remission or iodism occurs. Iodism is charac¬ 
terized by lacrimation, cough, and scaling of the skin. The 
use of antifungal drugs to treat this condition in ruminants 
has not been reported. 

Allergic Rhinitis and Enzootic Nasal Granuloma 

Allergic rhinitis occurs in cattle and in its chronic stages may 
lead to the formation of granulomas. A similar condition 
may occur in sheep. 4 The inciting antigen is frequently a 
plant pollen or more likely a fungal spore. 5 Once homocyto- 
tropic antibody (immunoglobulin E or possibly other classes 
in cattle) to the allergen has developed, subsequent exposure 
results in a localized, ongoing, immediate (type I) hypersen¬ 
sitivity reaction. 5 - 7 If recurrent exposure to the allergen 
occurs, repeated tissue damage by mast cell factors results 
in chronic epithelial, duct, and goblet cell hyperplasia and 
metaplasia, as well as mucous hypersecretion and granulo¬ 
matous inflammation, suggesting that a type IV hypersensi¬ 
tivity reaction contributes to the chronic lesion. 5 - 6 * 8 

Any breed may be affected, but Channel Island breeds and 
Friesians seem most susceptible. 5 The disease occurs sporad¬ 
ically in the United States. A familial predisposition has been 
reported. 9 Most affected animals are between 6 months and 
2 years of age. The signs are initially seasonal, usually occur¬ 
ring in warm, moist conditions; they include rhinorrhea, 
sneezing, nasal pruritus, a sudden onset of dyspnea, and ster¬ 
torous inspiration. 9 - 10 There is a profuse bilateral nasal dis¬ 
charge. Intense pruritus is characteristic and associated with 
sneezing, head shaking, and nose rubbing. 10 In severe cases 
facial swelling, tachypnea, hyperpnea, and ulceration of the 
nasal mucosa may occur. 6 * 10 Nasal foreign objects may result 
from the animal's attempts to scratch the nasal mucosa. Lac¬ 
rimation, chemosis, and blepharitis may also be present. In 
the chronic stages (the "enzootic nasal granuloma"), the 
signs are more constant, with seasonal exacerbations. 6 - 8 - 10 
The granulomas tend to be multiple, firm, white, raised 
nodules 1 to 2 mm in diameter with an intact mucosa, or 
pale pink flat plaques scattered throughout the nasal cavity. 
Differential diagnoses include fungal granulomas, foreign 
bodies, respiratory viruses, nasal actinomycosis or actinoba- 
cillosis, tumors, O. oiris infection (small ruminants), and 
irritation caused by inhalation of hot or irritant gases. 

Endoscopy, biopsies, cultures, antigen detection tests 
for viruses, bacteria, or fungi, and serologic analysis can 
be used to rule out these differential diagnoses. Eosino¬ 
phil counts in nasal secretions correlate with the suscepti¬ 
bility of the animal and activity of the disease, but no 
absolute level is diagnostic. 5 Intradermal allergen testing 
has been suggested to aid in diagnosis, but interpretation 
of results needs to be done in conjunction with historical 
and clinical findings. 7 This condition should be differen¬ 
tiated from fungal or bacterial granuloma because the 
therapy is different. 


Treatment and control entail removal of the allergen, or 
removal of the animal from the allergen, and therapy to 
block the hypersensitivity reaction. Recommended drugs 
include various antihistamines, medofenamic acid, and cor¬ 
ticosteroids at standard antiinflammatory doses (0.05 to 
0.2 mg of dexamethasone per kilogram IM or IV or 1 to 
2.2 mg of prednisolone per kilogram IM or IV daily). Topical 
corticosteroid therapy can be considered in severe, acute 
occurrences of the disease. The adverse effects of 
corticosteroids on milk production and their potential to 
induce abortion or parturition should be considered before 
their use. Antihistamine therapy has had equivocal results. 7 

Nasal Foreign Bodies 

Cattle are more prone than small ruminants to the acquisi¬ 
tion of nasal foreign bodies. Foreign objects may be 
acquired as a result of attempts to scratch the nose in cases 
of allergic rhinitis, or because of the cow's aggressive eating 
habits. Depending on the size and duration of residence of 
the object, signs may include head shaking, stridor, sneez¬ 
ing, snorting, frequent nose licking, unilateral decreases in 
airflow, foul odors, and serous, mucopurulent, or hemor¬ 
rhagic discharges. Differential diagnoses include fungal 
granulomas, allergic rhinitis, tumors, nasal actinomycosis 
or actinobacillosis, and O. ovis (small ruminants). Many 
objects can be visualized on careful examination of the 
nasal cavity with an adequate light source, whereas some 
may require endoscopy for diagnosis and removal. 

Nasal Trauma and Fractures 

Trauma to the facial bones, sinuses, and turbinates may 
result from fighting, accidents caused by improper restraint, 
farm machinery accidents, human maliciousness, and pas¬ 
sage of excessively large NGTs. Severe fractures can lead to 
facial swelling, SC emphysema, obstruction of airflow, ster- 
tor, and epistaxis. Secondary infection causes foul odors and 
mucopurulent nasal discharge. Differential diagnoses for 
the acute external swelling of the head with stertor include 
snakebite, actinobacillosis, actinomycosis, and phlegmon 
( Fusobacterium , Clostridium species). Unless the develop¬ 
ment of severe depression fractures, formation of sequestra, 
or severe obstruction of airflow occurs, surgery is usually 
not indicated. Radiographs confirm the diagnosis and help 
determine the need for surgical removal of potential seques¬ 
tra or elevation and fixation of large displaced segments. 
Prophylactic antibiotics (typically penicillin, 22,000 U/kg 
IM or SC ql2-24h) are recommended to prevent fracture 
infection and sinusitis, and NSAIDs (aspirin, 100 mg/kg 
PO twice; flunixin meglumine, 1.1 to 2.2 mg/kg IV daily 
or divided twice daily) may help relieve pain, swelling, 
and stridor. The prognosis is usually good. 

Nasal Tumors and Polyps 

Tumors and polyps of the nasal cavity and sinuses are rare in 
ruminants. Nasal tumors reported in cattle include osteomas 
and osteosarcomas of the sinuses, squamous cell carcino¬ 
mas, 11 neuroblastomas, and adenocarcinomas of the eth¬ 
moid mucosa. Ethmoid adenocarcinomas are speculated to 
be caused by viruses on the basis of an endemic pattern in 
some cases. 12 They tend to occur in cattle 6 to 9 years of 
age and are frequently unilateral. Metastasis occurs to the 
lymph nodes and lungs. There is a report of a hemangiosar- 
coma involving the external naris of a cow. 13 Signs common 
to all nasal tumors include mixed or inspiratory dyspnea, 
stridor, nasal discharge, epistaxis, foul breath odors, unilat¬ 
eral decreases in airflow, open-mouth breathing, and 
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distortion of the facial bones. Differential diagnoses include 
fungal granulomas, atopic granulomas, foreign bodies, 
sinusitis, fractures, and nasal actinobacillosis and actinomy¬ 
cosis. Treatment has not been investigated. 

The majority of nasal neoplasms in sheep and goats are ade- 
nopapillomas, adenomas, or adenocarcinomas. 14 Squamous 
cell carcinoma 15 and osteoma 16 have also been reported. 
Nasal adenocarcinomas have also been described in goats. 17 

An enzootic form of nasal adenocarcinoma occurs in 
both sheep and goats and is associated with ovine nasal 
adenocarcinoma virus (ONAV) 1819 or caprine nasal adeno¬ 
carcinoma virus (CNAV), 20 respectively. These agents are 
P retroviruses that are closely related to, but distinct from, 
jaagsiekte sheep retrovirus (JSRV), the cause of ovine pul¬ 
monary adenocarcinoma (OPA). 20 * 21 Although nasal ade¬ 
nocarcinoma has been difficult to consistently reproduce 
experimentally, inoculation of kids with concentrated cell- 
free and bacteria-free filtrate containing virus from naturally 
infected goats has resulted in disease. 22 Neoplastic transfor¬ 
mation is limited to secretory epithelial cells of the nasal 
turbinates, but CNAV appears to have a wider tissue tropism 
than ONAV; in one study viral provirus incorporated into 
host DNA was found in many tissues of infected goats but 
was largely confined to tumor tissue of infected sheep. 20 
There is no breed or sex predisposition for enzootic nasal 
adenocarcinoma; affected animals are most commonly 
young adults, but the tumor has been identified as early as 
4 months of age. 18 Signs include progressive inspiratory 
dyspnea; stridor; exercise intolerance; mouth breathing; 
serous, mucoid, or mucopurulent nasal discharge, which 
is typically profuse; tachypnea; decreased airflow; head 
shaking; sneezing; exophthalmos; and facial asymme¬ 
try. i4.i 7 . 18,21 The lesions may be unilateral or bilateral, origi¬ 
nating in the olfactory region of the ethmoid turbinates. 
The neoplasia arises either from Bowman's glands 18 or 
serous glands of the nasal mucosa. 17 The tumor begins as 
a small nodule that can grossly resemble the mucoid polyps 
that occur in animals with chronic rhinitis. Over time the 
adenocarcinoma grows into a soft, gray to grayish pink, 
mucoid, nodular, cystic mass. The tumor is benign but 
locally expansive, often entering the sinuses and eroding 
overlying bone. 17 Histologically the tumor is typically clas¬ 
sified as a low-grade adenocarcinoma, but it may also be 
identified as an adenopapilloma or adenoma. 17 Initially 
affected animals eat and drink normally and maintain body 
condition, but as the tumor expands the animal begins to 
lose condition, and death eventually occurs as a result of 
inanition, asphyxia, or aspiration pneumonia. Necrosis or 
secondary bacterial infection of the tumor can occur and 
may lead to the production of foul-smelling, purulent dis¬ 
charge and systemic signs related to bacterial infection, such 
as fever, depression, and hyperemic mucous membranes. 

Differential diagnoses for nasal neoplasia in small rumi¬ 
nants include nasal fungal or bacterial granuloma, actinoba¬ 
cillosis, actinomycosis, O. ovis infection, and sinusitis. 
Endoscopy and radiology are helpful in establishing an ini¬ 
tial diagnosis of a nasal mass. Preoperative or antemortem 
pinch biopsies and exfoliative cytologic analysis frequently 
are nondiagnostic, and findings may be misleading. 1415 
Identification of tumors in multiple animals in a herd or 
flock supports a diagnosis of enzootic nasal adenocarci¬ 
noma. Definitive identification of infection with ONAV or 
CNAV can be difficult. Serologic tests are not reliable 
because animals do not consistently produce antibody to 
the viruses, 23 possibly because of the presence of endoge¬ 
nous retroviruses 24 that share epitopes with ONAV and 
CNAV and induce the development of immunologic toler¬ 
ance. Recently PCR has been used to specifically identify 
and differentiate ONAV, CNAV, and JSRV in tissues of 


affected animals. 25 Surgical management of nasal adenocar¬ 
cinoma in sheep has been described. 26 

OESTRUS OVIS INFESTATION 

AMELIA R. WOOLUMS 

II Definition and Etiology. O. ovis is parasite of the nasal 
passages and sinuses of sheep and, less commonly, goats. 
Coats are relatively resistant to infection and, even when 
housed with sheep, tend to have a lower prevalence of infec¬ 
tion. 27 Occasionally humans and other animals are acciden¬ 
tally infected, with conjunctival infection the most common 
form of disease in humans. 28 * 29 The pathogenic stage of the 
parasite is the larval stage. The first instar larvae are deposited 
near the nostrils of sheep by the adult female fly and migrate 
into the nasal and ethmoid turbinates; in the ethmoids the 
larvae molt to second instars, which migrate to the sinuses 
before molting again and becoming third instar larvae. Ihird 
instar larvae, which are yellow-white in color and have a dark 
dorsal stripe with rows of spines on the ventrum of each seg¬ 
ment, return to the nasal passages and are sneezed out onto 
the ground, where they pupate and eventually develop into 
adult flies. 30 * 31 The adult is active during warm months, 
and the parasite may overwinter either as a first instar larva 
in the host or as a pupa in the ground. Larvae can persist in 
the upper airways for weeks to months, and appear to be able 
to arrest development for a period of time if necessary to 
avoid climate extremes. 32 Adult flies have a rudimentary 
mouthpiece and are not able to feed; thus the larvae must 
ingest adequate nutrients while in the host to support the life 
of the adult fly. 33 

II Clinical Signs. The larvae cause irritation of the nasal pas¬ 
sages and sinuses, leading to mucoid to mucopurulent and 
sometimes blood-tinged nasal discharge, sneezing, nose 
rubbing, and inspiratory stridor. Adults flies cause annoyance 
by flying around the heads of animals; thus both stages can 
lead to decreased productivity by decreasing the time spent 
grazing by affected animals. Occasionally the larvae may 
cause sinusitis or pneumonia owing to secondary bacterial 
infection associated with irritation caused by the larval infes¬ 
tation. Differential diagnoses to consider include nasal for¬ 
eign bodies, allergic rhinitis, nasal adenocarcinoma, fungal 
rhinitis, trauma, sinusitis, actinobacillosis, or actinomycosis. 

II Pathogenesis. The larvae cause direct irritation to the 
nasal passages and sinuses, and this irritation may predis¬ 
pose animals to the development of secondary bacterial rhi¬ 
nitis, sinusitis, and/or pneumonia. Interstitial pneumonia 
has also been seen on occasion in affected sheep, 
presumably induced by inhalation of parasite antigens and 
inflammatory mediators from the upper respiratory tract. 34 


II Epidemiology'. Infection is more common in warm cli¬ 
mates. Recent European surveys have identified O. ovis in 
35% to 91% of sheep surveyed, 35 * 36 with seroprevalences 
of 46% to 69%. 27 * 36 * 37 A majority of flocks surveyed had 
at least one infected animal. 27 * 35 No North American 
reports describing the prevalence of O. ovis infestation have 
been published in recent decades. 

II Diagnosis. Diagnosis is usually presumptive, based on 
typical clinical signs. The larvae can also be identified via 
radiographs of the head or by endoscopy, but these tests 
may not be practical for field use. Serologic diagnosis has 
been used for research studies of the epidemiology of O. ovis 
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infection, but these tests are unlikely to be available at most 
diagnostic laboratories. 

II Treatment and Preiwntion. The larvae are susceptible to 
ivermectin at 200 pg/kg PO. 38 Moxidectin at 0.2 mg/kg as a 
0.1% oral drench was not effective against O. ovis 39 ; these 
investigators found that the same dose given as a 1% inject¬ 
able solution was effective, but this route is not approved in 
the United States. Pour-on eprinomectin at 0.5 mg/kg 
(applied immediately after shearing) 40 and injectable dora- 
mectin at 200 pg/kg IM 41 have also been shown to be effec¬ 
tive in sheep, but these treatments are also not approved for 
use in sheep or goats in the United States. Because the adult 
fly should be killed by freezing weather, in areas with a sea¬ 
son of freezing weather it is logical to treat after the first 
hard freeze, when sheep will no longer be susceptible to 
infection until warm weather returns. Prevention is aimed 
at regular strategic treatment with effective anthelmintics 
to prevent long-term infection with the larvae. 


common. The animal may hold its head at an odd angle 
(extended up or down, tilted) and may squint the eyelids 
as if in pain. 49 * 51 With chronirity, frontal bone distortion, 
exophthalmos, and neurologic signs may occur. 5152 In one 
report of 12 cattle with frontal sinusitis, four cattle had 
abnormal posture, with an extended head and neck, partially 
closed eyes, and a tendency to head-press or to rest the head 
on a stationary object the other 8 cattle were apprehensive 
and intolerant of head manipulation. 51 Extension of infec¬ 
tion may involve the CNS. 

Occasionally sinusitis irritates the animal sufficiently that 
it may rub its head on the ground, driving more debris into 
the sinus. 50 Maxillary sinus cysts have been observed in cat¬ 
tle. 44 Typical signs included unilateral facial swelling over 
the affected sinus; mucopurulent, nonfetid nasal discharge; 
and radiographic evidence of septal deviation. One cow 
had stertorous respiration with diminished airflow. Differen¬ 
tial diagnoses for sinusitis include facial fractures, nasal 
tumors, actinomycosis, actinobacillosis, retrobulbar abscess, 
and lymphosarcoma. 


CONGENITAL CYSTIC NASAL 
TURBINATES IN CATTLE 

An apparently developmental anomaly that results in signs of 
nasal obstruction has been reported in catde. 42 The nasal 
conchae lack the normal communication with the nasal cav¬ 
ity and become filled with a thick white fluid, which may 
account for the enlargement. Signs are evident at or near 
birth and include progressive stridor, tachypnea, decreased 
airflow, exercise intolerance, mouth breathing, and short, 
convex nasal bones. Digital, radiographic, and endoscopic 
examinations of the nasal cavity reveal large, smooth, bilat¬ 
eral cystic ventral nasal conchae, often bilobate. Differential 
diagnoses include foreign bodies, trauma, and tumors. Surgi¬ 
cal removal of the conchae with bilateral dorsolateral nasal 
bone flaps relieves the obstruction. Transnasal removal using 
obstetric wire has been described. 43 


DISEASES OF THE SINUSES 

IOIIN R. PASCOE 

SINUSITIS 

II Definition and Etiology. Inflammation of the paranasal 
sinuses is most common in cattle and occurs infrequently in 
sheep and goats. Typically the frontal or maxillary sinuses 
are involved, and a variety of bacteria may be isolated. The 
proximate cause for infection is usually dehorning (frontal 
sinusitis) or infected teeth (maxillary sinusitis). Other causes 
include extension of actinomycosis or nasal neoplasia into 
the sinus, injuries to the hom, facial fractures, respiratory 
viruses (including malignant catarrhal fever [MCF], IBR, and 
parainfluenza viruses), sinus cysts, 44 - 45 lymphosarcoma, 46 
and O. ovis (in sheep). 47 * 50 

II Clinical Signs and Differential Diagnosis. Sinusitis asso¬ 
ciated with dehoming may be acute or may occur weeks to 
months later; typically only one sinus is affected. Nonspecific 
clinical signs include anorexia, lethargy, reluctance to move, 
and fever. When sinusitis occurs acutely after dehorning 
the portal of entry is frequently open and discharging pus, 
and the animal is often febrile (39.5° C to 40.5° C). In 
chronic sinusitis, signs may include unilateral or bilateral 
nasal discharge, mild stridor, changes in airflow, and foul 
breath odors that are frequently unilateral; fever is not 


II Diagnosis. Diagnosis can usually be made based on clini¬ 
cal signs. Diagnostic aids may be useful in selected cases, par¬ 
ticularly when there is no recent history of dehoming or in 
cases of maxillary sinusitis. The hemogram is quite variable 
and is of little assistance in diagnosis. Percussion of the sinus 
may reveal a dull, full sound and may elicit pain. If the bone 
has been greatly thinned and has gas underlying it percussion 
may produce a hyperresonant sound. Fractures, soft-tissue 
masses, dental disease, fluid in the frontal sinus, or lysis of 
bony septa may be evident on radiographs. 51 Sinus centesis 
may yield purulent material, which should be cultured and 
examined cytologically. A small area over the affected sinus is 
clipped and surgically prepared, and local anesthetic is infil¬ 
trated subcutaneously. Then a small stab incision is made 
through the skin and periosteum, and a Steinmann pin is used 
to drill a small hole. Polyethylene tubing is inserted, and 
attempts are made to aspirate material. A small amount of ster¬ 
ile isotonic fluid can be injected and aspirated to obtain a 
washing. The stab incision is closed unless sinusitis is 
confirmed. 

II Treatment and Prognosis. Trephine sites for sinusotomy 
(Fig. 31-47) are as follows: 

1. Dorsal frontal sinus 

2. Postorbital diverticulum 

3. Rostral frontal sinus 

4. Turbinate portion of the frontal sinus 

5. Maxillary sinus 

Cattle that have frontal sinusitis after dehorning should 
be treated by sinusotomy and drainage of the sinus. 53 Sinu¬ 
sotomy sites should be based on anatomic landmarks 51 and 
modified as needed to accommodate any frontal bone distor¬ 
tion or wounds related to dehorning. 51 Sinusotomy should 
be performed 3 to 4 cm from midline, intersecting a line 
drawn between the caudal aspect of the orbits. If draining 
tracts are present at the poll, an additional sinusotomy can 
be made in the cornual portion of the frontal sinus. 51 Sinu¬ 
sotomy is performed after sedation and local anesthetic infil¬ 
tration of the centesis site(s). A 2-cm-diameter circular piece 
of skin is excised, and a 19-mm (}4-inch) trephine used to 
create an opening into the sinus, through which purulent 
fluid should be evacuated and the sinus lavaged. 

Additional trephine sites that permit access to other 
regions of the frontal sinus include the postorbital divertic¬ 
ulum, which is trephined approximately 4 cm caudal to the 
dorsal rim of the orbit, just above the temporal crest of the 
frontal bone; the rostral frontal sinus, which is trephined 
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FIG. 31-47 II Trephine sites for sinusotomy. A, Dorsal frontal sinus. 
B, Postorbital diverticulum. C, Rostral frontal sinus. D, Turbinate portion 
of frontal sinus. Ihe maxillary sinus is trephined ventral to a line from the 
infraorbital foramen to the medial canthus (arrowhead). If draining tracts 
are present at the poll, an additional sinusotomy can be made in the 
cornual portion of the frontal sinus (arrowhead). 


just caudal to a line between the centers of the orbits and to 
either side of the midline; and the turbinate portion of the 
frontal sinus, which is trephined just rostral to the line 
described and to either side of the midline. 

Access to the maxillary sinus is achieved by trephining 
ventral to a line from the infraorbital foramen to the medial 
canthus. If an infected tooth is the cause of maxillary sinus¬ 
itis, a sinusotomy is created with a trephine over the 
affected tooth to repel it; otherwise, the hole is usually 
made just dorsal and caudal to the facial tuberosity. The tre¬ 
phine site should be higher in the sinus of younger animals 
because the tooth roots are longer. 

If the frontomaxillary and nasomaxillary openings are still 
patent one trephine site may be sufficient with the natural 
opening providing ventral drainage. In more chronic cases, 
two trephine sites (for ingress and egress) are needed. Another 
alternative in chronic sinusitis is the use of a curved steel sinus 
probe (1 cm diameter x 55 cm long), which is forcefully 
driven through the septal plates of the frontal sinus into the 
nasal meatus for ventral drainage. 54 'fhe frontal sinus is very 
compartmentalized in mature sheep and goats, and effective 
drainage is difficult. Therapy should therefore be aggressive 
in these species, even in early cases, and double trephination 
or bone flaps for exposure and curettage should be considered. 

If a tooth has been repelled, a roll of gauze or dental 
impression material should be used to occlude the alveolar 
socket to prevent feed material from entering the sinus. A 
strip of umbilical tape tied around the gauze roll or a wire 
in the dental material is passed through socket, sinus, and 
trephine hole and secured to the face by tying around 
another roll of gauze as a stent. These gauze packs are 
replaced each time the sinus is flushed. The sinus is lavaged 
daily with dilute antiseptic solutions such as 0.1% povidone 
iodine or chlorhexidine in saline, or 1:1000 potassium per¬ 
manganate. Lavage is continued until infection is resolved. 
Enzymes (papain or 200,000 U of streptokinase and 
50,000 U of streptodomase in at least 10 ml of normal 
saline solution) may help remove thick exudate. 


Parenteral antibiotics and NSAlDs (aspirin, 100 mg/kg 
PO twice daily or flunixin meglumine, 1.1 to 2.2 mg/kg 
IV daily or divided twice daily) are indicated if systemic 
signs are present. In the absence of microbial culture and 
susceptibility results, penicillin (22,000 U/kg IM or SC 
ql2-24h) is recommended as the antibiotic of choice 
because Arcanobacterium (Actinomyces) pyogenes is the most 
common organism isolated from cattle with chronic fron¬ 
tal sinusitis resulting from dehorning. PasteureUa multocida 
is the most common organism isolated from infections of 
the frontal sinus not associated with dehorning. 51 Penicil¬ 
lin may be effective against some isolates of P. multocida; 
alternatively, oxytetracycline can be administered if P. mul¬ 
tocida is suspected (11 mg/kg IV or SC q24h, or 20 mg of 
long-acting oxytetracycline per kilogram SC q72h). If bac¬ 
terial culture and susceptibility results are available, anti¬ 
microbial therapy should be modified accordingly. Early 
cases often resolve in 10 to 14 days, with a good prognosis. 
Long-term therapy (weeks) is frequently needed in chronic 
cases; the prognosis is more guarded, and salvage is often 
the best option. 

II Prevention and Control. Dehorning ruminants as neo¬ 
nates, particularly if a "closed" method such as a dehorning 
iron is used, is the most effective way to prevent frontal 
sinusitis. In larger cattle surgical dehorning with primary 
skin closure achieved under aseptic conditions minimizes 
the likelihood of sinusitis. 55 When this is not practical, 
dehorning should be avoided in rainy, windy, or dusty con¬ 
ditions, and fly control must be used. The dehorning of 
mature sheep or goats leaves massive wounds that 
typically take 4 to 6 weeks to close by second intention 
and so are susceptible to infection; special care, such as 
bandaging for the initial 7 to 10 days, must be taken. 56 
Sinusitis did not occur in goats aged 2 to 24 months 
dehorned with a technique in which primary skin closure 
was achieved. 57 


DISEASES OF THE PHARYNX, 
LARYNX, AND TRACHEA 
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PHARYNGEAL TRAUMA, ABSCESSES, 
CELLULITIS, AND GRANULOMAS 

II Definition and Etiology. Pharyngeal trauma may result in 
hematomas, foreign body granulomas, cellulitis, or abscesses. 
Trauma usually results from careless use of balling guns, dose 
syringes, paste-type anthelmintics or calcium preparations, 
specula, and stomach tubes. Rough, stemmy feeds (especially 
when chopped), grass awns, briars, and foreign objects (e g., 
nails, baling wire) may also cause punctures. Migrating for¬ 
eign objects or medications (e.g., mineral oil, anthelmintics) 
may cause pharyngeal granulomas. Hematomas and punc¬ 
ture wounds often result in abscess formation. Diffuse cel¬ 
lulitis may also result. Common bacteria involved include 
Arcanobacterium (Actinomyces) pyogenes , Actinobacillus species, 
PasteureUa species, Bordetella species, Fusobacterium necro - 
phorum, and Streptococcus species. In cases of particularly viru¬ 
lent bacterial invasion, the condition can become rapidly 
fatal. C. pseudotuberculosis (CLA) may localize in the pharyn¬ 
geal nodes of sheep and especially goats. CLA is discussed hir- 
ther on p. 658 and also in relation to the hemolymphatic 
system in Chapter 37. 
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II Clinical Signs and Differential Diagnosis. Signs of pha¬ 
ryngeal trauma vary with the severity of the resulting reac¬ 
tion (e.g., peracute cellulitis vs. chronic abscess or 
granuloma). Prominent signs include inspiratory dyspnea 
with stertorous inspiratory sounds and a prolonged inspi¬ 
ratory phase; extended head and neck; ptyalism, which is 
often profuse; quidding; evident pain on swallowing or 
reluctance to swallow solid feed but willingness to drink 
liquids; prolonged chewing of boluses; regurgitation of 
food or saliva through the nostrils caused by pharyngeal 
paresis; mucopurulent to bloody nasal discharge and fetid 
odors, usually bilateral; cough; bloat; and visible or palpa¬ 
ble swelling in the pharyngeal area. 58 - 59 Megaesophagus 
has been reported subsequent to * pharyngeal trauma. 60 
Palpation of the pharynx may increase the stertor and 
cause pain. In severe cases, systemic signs of fever, 
anorexia, depression, dehydration, and forestomach stasis 
may be present. Aspiration pneumonia may be a second¬ 
ary complication. 

Differential diagnoses include pharyngeal tumors; lym¬ 
phosarcoma; sialoliths; rabies; botulism; actinobacillosis; 
necrotic laryngitis; laryngeal abscesses, trauma, edema, or 
paralysis; and laryngeal tumors. 

II Diagnosis. A thorough manual examination of the oro¬ 
pharynx or a visual examination with an adequate specu¬ 
lum and light source usually confirms the diagnosis of a 
pharyngeal swelling and often reveals a puncture that is 
discharging pus. Cases in which the infection is diffuse 
can be more difficult to recognize, and endoscopy or radi¬ 
ography can be particularly helpful. 58 Restraining the jaws 
with a McAllum speculum allows a guarded needle 
attached to a length of tubing and a syringe to be inserted 
into the swelling for aspiration of any swelling identified. 
This helps to differentiate localized abscesses from granu¬ 
lomas, hematomas, cellulitis, and tumors; allows culture 
and sensitivity determinations on abscesses; and may aid 
in cytologic diagnosis of granulomas or tumors. Radio¬ 
graphs may reveal foreign bodies (Fig. 31-48) or air densi¬ 
ties (Fig. 31-49) in the pharyngeal tissues. The CBC usually 


reflects a chronic inflammatory process, with a neutro¬ 
philic leukocytosis and a left shift or a neutrophil-lym¬ 
phocyte reversal. Dehydration is frequently evident. If the 
animal is unable to swallow, large amounts of bicarbonate 
may be lost through the saliva, which may lead to evidence 
of metabolic acidosis on blood gas analysis or serum bio¬ 
chemical profile. 

II Treatment and Prognosis. Discrete pharyngeal abscesses 
are usually best drained into the pharynx. Whenever pos¬ 
sible the procedure should be done on the standing ani¬ 
mal without sedation to preserve the cough reflex and 
prevent aspiration. A good oral speculum and excellent 
restraint are needed. The head should be kept lowered. 
A guarded blade such as a hook blade from a fetotomy 
set is introduced into the pharynx, and the abscess is 
lanced. The cavity is flushed with a mild antiseptic such 
as 0.2% povidone iodine in saline solution, again taking 
care to prevent aspiration. Other options include drainage 
to the exterior, drainage and flushing with a large-gauge 
needle and tubing, and extirpation. 59 Removal of a bacte¬ 
rial granuloma from the pharynx of a cow via electrocau¬ 
tery has been described. 61 Systemic antibiotics are 
administered in accordance with culture and sensitivity 
results, or, in their absence, procaine penicillin G 
(22,000 li/kg IM or SC ql2-24h), tetracyclines (11 mg/kg 
IV or SC daily, or 20 mg/kg of long-acting oxytetracydine 
SC q72h), or sulfadimethoxine (55 mg/kg IV loading 
dose followed by 27.5 mg/kg IV q24h) are used. NSAIDs 
(aspirin, 100 mg/kg PO twice daily, or flunixin, 1.1 to 
2.2 mg/kg IV daily or divided twice daily) help relieve 
pain, swelling, and stertor. In animals with severe persistent 
dyspnea, tracheostomy may be necessary. Granulomas and 
diffuse cellulitis are likewise treated medically with appropri¬ 
ate antimicrobials and antiinflammatory drugs. Supportive 
therapy such as IV fluids or feeding through a rumenostomy 
site may be necessary if the animal refuses to eat or drink. 
The prognosis for most pharyngeal abscesses, hematomas, 
cellulitis, and granulomas is usually good with appropriate 
therapy. 



FIG. 31-48 II Radiograph of the pha¬ 
ryngeal area of a cow. Note magnet 
located in the retropharyngeal tissue. 
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DORSAL DISPLACEMENT OF 
THE SOFT PALATE 

Although rare, dorsal displacement of the soft palate has been 
reported in cattle. 62 Respiratory noise is apparent on inspira¬ 
tion and expiration but is loudest on inspiration. Diagnosis 
can be made by endoscopic examination. Treatment is 
similar to that used in horses and can include conservative 
therapy, which consists of antiinflammatory drug therapy 
and rest, or the condition can be surgically corrected. 

SUBEPIGLOTTIC CYST 

Although rare, a subepiglottic pharyngeal cyst causing upper 
airway obstruction has been reported in cattle. 63 Surgical 
removal by a peroral approach has been described. 63 


NECROTIC LARYNGITIS (CALF 
DIPHTHERIA, LARYNGEAL 
NECROBACILLOSIS) 

II Definition, Etiology and Epidemiology. Acute to chronic 
infection of the laryngeal mucosa and cartilage of young 
cattle is very common, particularly in feedlots. Laryngeal 
contact ulcers 64 probably provide a damaged mucosal 
surface, which then allows invasion of the cartilage by 
F. necrophorum, which is the proximate cause of the lesions. 
It has also been suggested that Histophilus somni is the 
primary agent inducing a perilaryngeal vasculitis and that 
F. necrophorum represents a secondary bacterial invader. 

The disease is most common where cattle are housed in 
dirty or crowded conditions and in feedlots. Most feedlot 
cases occur in animals on feed for longer than 30 days. 
The incidence is sporadic. Cases occur year round, but there 
appears to be a higher incidence in fall and winter. The dis¬ 
ease has a worldwide distribution. 

II Clinical Signs and Differential Diagnosis. The problem 
occurs most commonly in calves from 3 to 18 months of age, 
up to about 24 months. It is characterized by an acute onset 


of a moist, painful cough, which the animal may attempt to 
suppress because of pain. Frequently a severe inspiratory dys¬ 
pnea with a loud guttural stertor and open-mouth breathing 
with the head and neck extended are observed. The animal 
may salivate, make frequent painful swallowing movements, 
and stand and sip water continually. Signs of systemic disease 
including anorexia, depression, fever (as high as 106° F 
[41.1° C]), and hyperemic mucous membranes are present. 
There is often a bilateral nasal discharge and a fetid odor to 
the breath. The larynx may be visibly or palpably swollen, 
and palpation may elicit a cough, cause pain, and markedly 
increase the dyspnea and stertor. If untreated, many calves 
will die in 2 to 7 days as a result of systemic effects of bacte¬ 
rial toxins and upper airway obstruction. Recovered cases 
may have a chronic roaring respiration and a harsh, dry 
cough because of the misshapen larynx. Aspiration pneu¬ 
monia and chronic "poor doers" are common sequelae. Dif¬ 
ferential diagnoses include pharyngeal trauma (abscess, 
cellulitis), severe viral laryngitis (e.g., IBR), actinobacillosis, 
and laryngeal edema, abscesses, trauma, paralysis, and 
tumors. 


II Diagnosis. The diagnosis is usually made presumptively 
based on clinical signs alone. A laryngoscopic or endoscopic 
examination can help confirm the diagnosis, but care must 
be taken to prevent further stress and respiratory embarrass¬ 
ment. Acute cases show changes in the CBC consistent with 
any acute septic condition: leukopenia caused by neutropenia 
with a left shift. In chronic or ongoing cases, leukocytosis with 
neutrophilia, monocytosis, and hyperfibrinogenemia may be 
present. 

II Pathophysiology. F. necrophorum normally does not pen¬ 
etrate intact mucous membranes. Laryngeal contact ulcers 
are thought to provide the portal of entry for F. necro¬ 
phorum, which is ubiquitous. Laryngeal contact ulcers are 
also very common in slaughter cattle and are speculated to 
be caused by the following combination of factors: (1) an 
acute mucositis from mixed upper respiratory infections 
(such as IBR virus, bovine respiratory syncytial virus [BRSV], 
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parainfluenza virus 3 |PI3], mycoplasma, and bacteria, 
including Mannheimia, Pasteurella, and Histophilus species); 
(2) reflex coughing and swallowing, which accelerate the 
rate of laryngeal closure; and (3) resulting erosion of the 
swollen membranes over the vocal processes and medial 
angles of the arytenoid cartilages. 65 It has also been pro¬ 
posed that necrotic laryngitis results from a perilaryngeal 
vasculitis initiated by H. somni with secondary invasion by 
F. necrophorum , 66 Necrotic laryngitis can alter pulmonary 
function such that the growth rate is impeded, and also pre¬ 
disposes to secondary bacterial pneumonia. 67 


pathogenesis would suggest that measures to control other 
respiratory diseases may reduce the incidence of necrotic 
laryngitis. 


LARYNGEAL GRANULOMAS 

Laryngeal granulomas have been described in cattle. 68 They 
may originate from laryngeal contact ulcers that have been 
described in feedlot cattle at slaughter (see the previous sec¬ 
tion on necrotic laryngitis for more information). 64 


II Necropsy Lesions. The lesions afe typically located over 
the vocal processes and medial angles of the arytenoid carti¬ 
lages. Acute lesions consist of marked edema, hyperemia, 
and swelling of the mucous membrane around a necrotic 
ulcer, with accumulated exudate. The lesions spread along 
the vocal processes and vocal folds and may extend into 
the cricoarytenoideus dorsalis muscles. In chronic cases the 
lesions consist of a focus of necrotic cartilage surrounded 
by purulent exudate, with a tract extending to the mucosal 
surface (Fig. 31-50). The tract opening is surrounded by 
granulation tissue and may drain pus. The arytenoid cartilage 
may be rotated into the lumen or may contain mucosal 
cavities lined with thin, hyperemic epithelium. 65 


LARYNGEAL PAPILLOMATOSIS 

Papillomas of the larynx are common in feedlot cattle. 
They are caused by a papovavirus, which is thought to enter 
laryngeal contact ulcers (see the previous section on necrotic 
laryngitis) . 64 Characteristic signs of laryngeal papillomatosis 
are stertorous respiration and cough. Differential diagnoses 
include necrotic laryngitis, pharyngeal trauma, abscess, or 
granuloma; actinobacillosis; and laryngeal abscesses, trauma, 
edema, paralysis, and tumors. The lesions are sessile to 
pedunculated, yellow, frondlike, 1- to 10-mm growths over 
the vocal processes of the arytenoid cartilages. 60 Treatment 
usually is not indicated but involves surgical removal. 
Measures to decrease other respiratory infections and thereby 
decrease contact ulcers may lower the incidence of papillomas. 


II Treatment, Prognosis, Prevention, and Control. Oxytet- 
racycline (11 mg/kg IV or SC q24h, or 20 mg/kg of long- 
acting oxytetracycline SC q72h) or procaine penicillin G 
(22,000 U/kg IM or SC ql2-24h) is appropriate; a sulfon¬ 
amide, streptomycin, or tylosin is also usually effective. 
NSAIDs (aspirin, 100 mg/kg PO twice daily, or flunixin, 
1.1 to 2.2 mg/kg IV once daily or divided twice daily) 
reduce swelling, inflammation, and fever. Cases with 
severe respiratory distress may benefit from one or two 
doses of steroids (dexamethasone 0.5 to 0.2 mg/kg IV or 
IM once or twice), but repeated doses of steroids are not 
recommended. A tracheostomy may be necessary in severe 
cases to relieve dyspnea and rest the larynx. Good nursing 
and supportive care are also important, including shelter, 
adequate ventilation, easy access to feed and water, and 
oral or IV fluids if needed. The prognosis is good when 
the condition is detected very early and treated vigorously; 
when extensive cartilage necrosis occurs, a fatal outcome 
or chronic ill-thrift with stertorous breathing is expected. 
There are no specific control measures. The proposed 



FIG. 31-50 II Postmortem photograph of necrotic laryngitis. Note the 
purulent material medial to the arytenoid cartilages. (Photograph contribu¬ 
ted by Feedlot Health Management Services. Okotoks, AB, Canada.) 


LARYNGEAL ABSCESSES 

Abscessation of the arytenoid cartilages caused by Arcanobac- 
terium (Actinomyces) pyogenes has been reported in calves 70 
and sheep. 71 Clinical signs include tachypnea, extension of 
the head and neck, cyanosis, and a severe progressive dys¬ 
pnea with marked stertor that can be localized to the larynx. 
Many affected animals remain alert and afebrile and con¬ 
tinue to eat until the terminal stages of severe dyspnea. 
Endoscopy reveals generalized edema and hyperemia of the 
laryngeal mucosa and obstruction of the rima glottidis by 
swelling of one or both arytenoids. Radiographs may dem¬ 
onstrate soft-tissue swelling of the larynx. The condition 
has been speculated to be initiated by grass awns, trauma, 
hereditary predisposition, or congenital cavitations in the 
cartilages. In sheep, rams appear to be more commonly 
affected than ewes, and two reports found a breed predispo¬ 
sition in Texels and Southdowns, although other reports 
have indicated that various breeds are affected. 71 The nec¬ 
ropsy lesions consist of encapsulated abscesses containing 
pus and necrotic debris in the arytenoid cartilage, usually 
in the vicinity of the vocal cord. A tract from the abscess typi¬ 
cally opens in an area of granulation tissue in the laryngeal 
mucosa. Treatment consists of tracheostomy, antibiotics 
(usually penicillin at 22,000 U/kg IM or SC ql2-24h), and 
antiinflammatory drugs (aspirin, 100 mg/kg PO twice daily, 
or flunixin, 1.1 to 2.2 mg/kg IV daily or divided twice daily). 
The prognosis for recovery is considered guarded unless 
the condition is detected in the earliest stages and treated 
vigorously; however, one affected heifer lived for at least 1 
year and was bred successfully after permanent surgical 
tracheostomy for chronic arytenoid abscessation. 72 

OTHER LARYNGEAL OBSTRUCTIONS 
(LARYNGEAL TRAUMA, EDEMA, 

PARALYSIS, AND FOREIGN OBJECTS) 

Other laryngeal obstructions are all sporadic and may 
manifest with similar signs. Trauma to the larynx may 
result from roping or injury in restraint devices. Inappro¬ 
priate placement of an endotracheal tube can potentially 
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damage the larynx. The respiratory system is the main tar¬ 
get organ for anaphylaxis in ruminants, and laryngeal 
edema can be a prominent component of this syndrome, 
which is discussed fully in this chapter on p. 652. Inhalation 
of smoke or other noxious gases also may cause laryngeal 
edema. Paralysis of the larynx was reported in a sheep with 
a false carotid aneurysm 73 ; presumably other lesions of the 
neck or anterior mediastinum could cause laryngeal paralysis 
through involvement of the recurrent laryngeal nerves. 
Laryngeal hemiplegia has been reported in association with 
Sarcocystis species infection of the muscles of the larynx 
and pharynx in a ram. 74 Foreign objects more commonly 
lodge in the pharynx, but sharp objects and food materials 
may be aspirated and lodge in the farynx. Signs common 
to these laryngeal obstructions include inspiratory dyspnea, 
prolongation of the inspiratory phase, mouth breathing, 
stertor, cyanosis, salivation, and extension of the head 
and neck. Palpation of the larynx may reveal swelling 
and may exaggerate the dyspnea and stertor. Differential 
diagnoses include necrotic laryngitis, laryngeal abscesses, 
severe viral laryngitis, actinobacillosis, and tumors. Endos¬ 
copy and radiology are required in most cases to differen¬ 
tiate these conditions. Hematologic analysis may give 
some indication of the presence of bacterial infection; a 
stress leukogram may also be seen. Tracheostomy is indi¬ 
cated in all severe cases. Surgical correction of laryngeal 
obstruction by tracheolaryngostomy has been described in 
cattle. 75 

Laryngeal trauma and paralysis may resolve spontane¬ 
ously or may require reconstructive surgery. The therapy of 
anaphylaxis is discussed on p. 652. Foreign objects should 
be removed surgically or endoscopically. NSAJDs (aspirin, 
100 mg/kg PO twice daily, or flunixin, 1.1 to 2.2 mg/kg IV 
daily or divided twice daily) may help reduce swelling, 
edema, and respiratory embarrassment in all forms of 
obstruction. 


TRACHEAL COLLAPSE AND STENOSIS 

II Definition and Etiology. Tracheal collapse or stenosis is 
infrequently reported in cattle and goats. 76 81 The cause is 
usually unknown, but the problem may result from cra¬ 
nial thoracic trauma, roping, tracheostomies, or possibly 
congenital defects. In cattle the majority of reports have 


described tracheal collapse in calves in which signs were 
usually first evident at several weeks of age. 76 * 79 The 
majority of these cases also involved the thoracic trachea 
(Fig. 31-51), suggesting a congenital lesion. However, in 
most calves with tracheal collapse the condition has been 
a result of dystocia at birth, especially breech presenta¬ 
tions, which suggests a traumatic cause. 82 In contrast to 
reports in cattle, tracheal collapse has been reported in a 
mature goat that showed no previous signs of respiratory 
abnormality. 81 

Tracheal collapse has also been reported in Texel-cross 
lambs with inherited chondrodysplasia 83 ; affected lambs 
were normal at birth but developed exercise intolerance as 
early as 1 week of age. Severely affected lambs developed 
fatal respiratory compromise when exercised. Tracheal 
stenosis can also occur in lambs born to ewes that ingest 
Veratrum califomicum root and rhizome material at days 31 
through 33 of gestation. 84 

II Clinical Signs and Differential Diagnosis. Clinical signs 
of tracheal collapse may include fever, tachycardia, tachyp¬ 
nea, cyanosis, and mucosal hyperemia with vessel engorge¬ 
ment, but affected animals may have normal vital signs and 
are otherwise alert and in good condition. Dyspnea is usually 
induced or exacerbated by excitement or exercise or may be 
severe at rest. Stertorous respiration is usually evident, is fre¬ 
quently worse on inspiration, and can often be localized to 
the trachea on auscultation. The inspiratory phase is pro¬ 
longed, and a "honking" cough is characteristic, especially 
with intrathoracic collapse. Palpation may reveal or induce 
the collapse when the cervical trachea is involved. Tracheal 
palpation or elevation of the head may increase the stertor 
or induce the honking cough. In some cases there may be 
other evidence of trauma (fractured ribs, stemebrae), and 
in some animals pneumonia may be present. There is no 
response to antibiotics, steroids, or tracheostomy. 

Texel-cross lambs with tracheal collapse resulting from 
inherited chondrodysplasia also exhibited retarded growth, 
forelimb varus, and reluctance to walk. Severity of signs 
varied among affected individuals; some died or were 
euthanized within weeks because of respiratory compro¬ 
mise, whereas others survived to breeding age. 83 Animals 
that survived for several months often developed arthritis 
characterized by severe erosive lesions of the articular 



FIG. 31-51 II Radiograph demonstrat¬ 
ing collapse of the thoracic trachea in a 
calf. 
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cartilage of major joints including the shoulder, hip, and 
stifle. Lambs with congenital tracheal stenosis resulting 
from maternal ingestion of V. califomicum died within 5 
minutes of birth after signs of severe respiratory distress. 

Other possible disorders with signs similar to those seen in 
animals with tracheal collapse or stenosis are tracheal foreign 
bodies, tracheal actinobacillosis, neoplasms, bronchopneu¬ 
monia, necrotic laryngitis, and extratracheal compressive 
lesions (e g., abscesses, tuberculosis, hematomas). 

II Diagnosis. Any deviation of the hemogram from normal 
is probably a reflection of associated pneumonia or stress. 
Endoscopy and radiography are the most helpful ancillary 
aids. Care must be taken when restraining, sedating, and pass¬ 
ing the endoscope in these animals; oxygen should be avail¬ 
able. In cattle with idiopathic tracheal collapse, radiography 
(see Fig. 31-51) and endoscopy usually reveal a dorsoventral 
flattening, most typically in the caudal cervical and cranial 
thoracic trachea, although lateral collapse and collapse in 
other locations (cranial cervical, intrathoracic) are occasion¬ 
ally encountered. 

II Pathophysiology. Proposed causes of tracheal collapse in 
other species include congenital malformations, genetic or 
nutritionally induced weakness of cartilage, deficient innerva¬ 
tion of the trachealis muscles, trauma, ischemic lesions from 
endotracheal tube cuffs, and primary pulmonary disease. 
No histologic differences were noted in tracheal rings from 
collapsed and normal segments in calves in one report. 76 

As previously mentioned, most calves with tracheal col¬ 
lapse have a history of dystocia at birth. During delivery, 
compression of the chest wall with fracture of the first pair 
of ribs may cause injury at the thoracic inlet. 85 However, 
signs of tracheal collapse are not immediately evident at 
birth, but develop over time. 

Lambs with tracheal collapse associated with inherited 
chondrodysplasia had clinical signs most similar to a condi¬ 
tion in humans that results from a mutation in the dia- 
strophic dysplasia sulphate transporter gene, 86 but the 
causative mutation in sheep has not yet been reported. Pre¬ 
liminary data indicated that the chondrodysplasia was inher¬ 
ited via a recessive mode of inheritance. 83 Tracheal stenosis 
in lambs born to ewes fed V. califomicum was presumed to 
be caused by cyclopamine, a steroidal alkaloid which is the 
toxic principle in highest concentration in V. califomicum. It 
was notable that lambs developed tracheal stenosis when 
ewes were fed V. califomicum at 31 to 33 days of gestation, 
whereas craniofacial defects typically recognized in lambs 
bom to exposed dams are seen when the ewe ingests the 
toxic plant by day 14 of gestation. 84 

II Necropsy Lesions. At necropsy, affected animals may have 
either a laterally 78 or dorsally 77 81 compressed trachea; typi¬ 
cally several centimeters of the trachea are affected. Necropsy 
of sheep with inherited chondrodysplasia reveals a trachea 
that is flaccid, flattened, and sometimes irregularly kinked. 
Tracheal rings are markedly thickened, and the lumen is nar¬ 
row, possibly extremely so. Diffuse pulmonary congestion 
and edema, with epidcardial ecchymoses, may occur as a 
result of terminal anoxia and respiratory distress. Other 
lesions include exaggerated convex curvature of the ribs, ang- 
lular limb deformities, and erosive arthritis with exposure of 
the subchondral bone in one or more joints. Histologically, 
hyaline cartilage in affected organs is hypercellular and disor¬ 
ganized, with foci of apparent chondrolysis. Chondrocytes are 
larger than normal, although shrunken, apparently necrotic 
chondrocytes are also seen. 83 Necropsy of lambs with 


congenital tracheal stenosis resulting from maternal ingestion 
of V. califomicum reveals pronounced lateral flattening of the 
trachea. Tracheal rings are reduced in number, with abnormal 
size and shape and irregular spacing. Histologically the carti¬ 
lage rings in affected lambs were flattened and thin and had 
a thinner zone of proliferating chondrocytes on their outer 
surface compared with normal age-matched controls. 84 

II Treatment atid Prognosis. Mild cases may respond to 
confinement sufficiently to be fed out for slaughter. A num¬ 
ber of surgical treatments have been proposed in other spe¬ 
cies, including anastomosis, bisection of tracheal rings, 
internal and external prostheses, and plication of the dorsal 
membrane. 76 External prostheses have been used successfully 
in calves, 76 - 82 - 85 adult cattle, 80 and a goat 87 A favorable prog¬ 
nosis for surgical correction is estimated at approximately 
30%. 82 A detailed description of surgical repair in calves by 
external prostheses has been published. 82 Successful manage¬ 
ment of lambs with congenital tracheal collapse or stenosis 
has not been reported, although mildly affected lambs with 
congenital chondrodysplasia survived into adulthood. 
Because of the apparent genetic basis for the disease, breed¬ 
ing of affected animals should not be recommended. 

TRACHEAL FOREIGN BODIES 
AND MASSES 

Ruminants may occasionally inhale foreign objects that 
lodge in the trachea. There are also two repons of tracheal 
actinomycosis that resulted in signs of tracheal obstruc¬ 
tion. 88 Signs include a chronic cough, inspiratory dyspnea, 
audible stridor that can be localized to the trachea, extension 
of the head and neck, open-mouth breathing, and salivation. 
Differential diagnoses should include pharyngeal trauma, 
necrotic laryngitis, laryngeal abscesses, trauma, edema, or 
paralysis, tracheal collapse, and extratracheal compressive 
lesions. Endoscopy and radiology are important aids to diag¬ 
nosis. Care must be exercised in restraint and in passage 
of the endoscope. Some small objects may be retrieved by 
a snare passed through an endoscope; others may require tra¬ 
cheostomy. When possible, the tracheostomy should be per¬ 
formed below the object. The actinomycotic masses are soft, 
pedunculated lesions with a granular surface containing small 
yellow foci. Of the two reported cases of tracheal actinomyco¬ 
sis, one died of asphyxiation and the other responded initially 
to partial surgical removal of the masses, tracheostomy, and 
therapy with sodium iodide, penicillin, and streptomycin 
but relapsed some months later. 883 

TRACHEAL EDEMA SYNDROME OF 
FEEDLOT CATTLE 

Tracheal edema syndrome has also been referred to as tra¬ 
cheal stenosis in feedlot cattle. In this condition extensive 
edema and hemorrhage in the dorsal wall of the trachea 
result in coughing, dyspnea, and stertor, which has given 
rise to the term "honker cattle." 89 Tracheal edema syndrome 
occurs in two forms, characterized by either acute dyspnea 
or a chronic cough. It is not known whether the two forms 
are related. Although the syndrome has been recognized for 
years, no controlled research has been undertaken to deter¬ 
mine the cause or risk factors of this syndrome, and the 
cause is unknown. Theories regarding possible causes 
include infections with upper respiratory viruses or bacteria 
such as P. multocida or H. somni, trauma to the trachea from 
feedbunks, passive congestion and edema from excessive 
fat accumulation in the thoracic inlet, hypersensitivity 
reactions, and mycotoxins. 90 



chapter 31 Diseases of the Respiratory System 



601 


The acute dyspnea syndrome occurs mainly in heavy 
feedlot cattle in the latter two thirds of the feeding period 
and is most common in southern plains feedlots. It is spo¬ 
radic and more common in summer, possibly because of 
exacerbation by hot weather. At one extreme, sudden deaths 
without the onset of noticeable clinical signs have been 
reported, and at the other extreme subclinical disease was 
evidenced by lesions in animals at slaughter that did not 
have clinical signs. Other factors that increase respirations 
also may cause signs to appear. Signs include an acute onset 
of dyspnea and loud guttural inspiratory sounds that can be 
localized to the lower trachea. Open-mouth breathing, 
extension of the head and neck, and cyanosis, leading to 
recumbency and death by asphyxiation, are present. Differ¬ 
ential diagnoses for this form include pharyngeal trauma or 
abscess; necrotic laryngitis; IBR; laryngeal abscess, tumor, 
foreign object, edema, or paralysis; tracheal foreign object, 
mass, or collapse; and AIP. 

The chronic form occurs in lighter cattle (135 to 400 kg 
[300 to 900 lb)) and is more common in western plains fee¬ 
dlots. It is also sporadic but less seasonal. Affected animals 
may have a history of IBR or pneumonia. The main sign is 
a continuous, frequent, deep, hacking, nonproductive 
cough. The animal may be unthrifty but is otherwise nor¬ 
mal in appearance. The main differential diagnoses are 
necrotic laryngitis or mild, chronic suppurative pneumonia. 
Endoscopy and visualization of the lesions subsequendy 
described aid in the diagnosis. Necropsy of the acute form 
reveals an edematous thickening of the submucosa and 
mucosa of the dorsal trachea (Fig. 31-52), as much as 
5 cm thick and extending 20 to 30 cm from the midcervical 
area to the thoracic inlet or tracheal bifurcation. There is 
also extensive mucosal, submucosal, and peritracheal 
edema and/or hemorrhage, possibly related at least in part 
to agonal breathing. There may be no other lesions of the 
airway or lungs, 90 or abnormalities (e.g., pulmonary edema, 
bronchitis, interlobular edema and emphysema, alveolar 
hemorrhage) may be seen. 89 Lesions in the chronic form 
consist of hyperemia of the mucosa of the caudal third of 
the trachea, with a thin layer of mucopurulent exudate. 
The mucosa may have a cobblestone appearance or even 
large, fiber-like projections and polyps. No effective treat¬ 
ment exists for the chronic form. Corticosteroids (dexa- 
methasone, 0.05 to 0.2 mg/kg IM or IV; prednisolone, 1 to 
2.2 mg/kg IM or IV daily) are recommended for the acute 



FIG. 31-52 II Postmortem photograph of tracheal edema syndrome. Note 
severe mucosal and submucosal thickening, which has obstructed the tra¬ 
chea by approximately 50%. (Photograph contributed by Feedlot Health 
Management Services, Okotoks, AB, Canada.) 


form, as well as such practices as preventing stress, 
providing shade, and cooling with water sprays and fans. 
Broad-spectrum antibiotics have been recommended by 
some, 89 90 whereas others have not found them to be neces¬ 
sary. 91 However, because animals with tracheal edema syn¬ 
drome may be difficult to distinguish clinically from 
animals with conditions that could respond to antimicro¬ 
bials (such as necrotic laryngitis), antimicrobials are often 
administered. Because withdrawal times associated with 
antimicrobial administration could delay shipment of 
affected animals to slaughter, drugs with a short withdrawal 
time should be used if salvage is an option. Tracheostomy 
may not be helpful if placed proximal to the obstruction, 
and relief of dyspnea via tracheostomy may require inser¬ 
tion of an endotracheal tube to the tracheal bifurcation. 
Oxygen administration could be beneficial if available. 
Recovered patients tend to relapse and should be salvaged. 


LOWER RESPIRATORY TRACT 
DISEASES 


AMELIA R. WOOLUMS 
TREVOR R. AMES 
IOHN C. BAKER 

CLINICAL CLASSIFICATION OF 
PNEUMONIA 

AMEUA R. WOOLUMS 
TREVOR R. AMES 
JOHN C. BAKER 

In an effort to simplify the differential diagnosis of the 
bewildering array of lower respiratory diseases of cattle, a 
classification system based on pathophysiology and clinical 
signs has been suggested. 92 Three classifications were 
proposed: 

1. Bronchial pneumonia is characterized pathophysiolo- 
gically by invasion of pathogenic organisms that gain 
access to the lung through the pulmonary tree. It is 
characterized clinically by depression, fever, and other 
signs of sepsis such as hyperemic mucous membranes 
or scleral injection, and an anterior-ventral distribu¬ 
tion of abnormal lung sounds and lesions (see the 
following section). Bronchial pneumonia is the final 
outcome of the respiratory disease complex of rumi¬ 
nants, and because viruses play an important role in 
this disease complex, viral causes of respiratory tract 
disease in ruminants are placed in this category. 

2. The interstitial pneumonias are a very diverse group 
of (usually) noninfectious diseases. Although it is 
difficult to make generalizations, these diseases are 
characterized pathophysiologically by an interstitial 
reaction that usually results from ingestion or inhala¬ 
tion of toxins or allergens. Clinically affected animals 
tend not to be as depressed and septic, the abnormal 
lung sounds and lesions are diffusely distributed, and 
there is little or no response to antibiotic therapy. 

3. Metastatic pneumonia is characterized pathophysio¬ 
logically by septic embolization of the lungs from 
other foci in the body, classically liver abscesses 
and postcaval thrombi. Clinically, cases of metastatic 
pneumonia exhibit signs of sepsis as with broncho¬ 
pneumonia, but with widespread pulmonary lesions 
and abnormal lung sounds, and the eventual devel¬ 
opment of hemoptysis (see descriptions of vena 
caval thrombosis and metastatic pneumonia in this 
chapter). 
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THE BRONCHOPNEUMONIAS 
(RESPIRATORY DISEASE COMPLEX 
OF CATTLE, SHEEP, AND GOATS) 

AMELIA R. WOOLUMS 
TREVOR R. AMES 
JOHN G BAKER 

The respiratory disease complex of ruminants consists of the 
single clinical entity of bronchopneumonia but is caused by 
numerous combinations of infectious agents, compromised 
host defenses, and environmental conditions. Broncho¬ 
pneumonia causes greater economic losses than any other 
disease of feedlot cattle or lambs and is one of the most 
common causes of dairy calf mortality. 

In dairy calves, bronchopneumonia, often called enzootic 
pneumonia, is most common in housed calves. It is called 
shipping fever in beef calves because the greatest incidence of 
bronchopneumonia occurs after shipment to Stocker opera¬ 
tions or feedlots; the term bovine respiratory disease ( BRD) is also 
used to describe feedlot bronchopneumonia. Bronchopneu¬ 
monia also occurs in nursing beef calves and in mature beef 
or dairy cows, sometimes in outbreaks that can have significant 
morbidity or mortality. Little is known about which factors are 
specifically the most important for putting these populations 
at risk for bronchopneumonia, but they are likely similar to 
risk factors described for housed dairy calves or feedlot cattle. 
The infectious agents and risk factors of bronchopneumonia 
of sheep and goats are very similar to those of calves. 

Bronchopneumonia of ruminants is a disease of multifac¬ 
torial causation that occurs when a certain combination of 
host environment and infectious agent characteristics (risk 
factors) is active. The numerous infectious agents (Boxes 
31-3 and 31-4) that are associated with bronchopneumonia 


BOX 31-4 


Bacteria, Mycoplasma, Ureaplasma, and Chlamydia 
Species Associated with Bronchopneumonia of 
Cattle, Sheep, and Goats 

Bacteria of Major Importance (Commonly Isolated or 
Generally Accepted to be Important Contributors to 
Ruminant Respiratory Disease) 

Mannheimia haemolytica 
Pasteurella multocida 
Histophilus somni 
Mycoplasma bovis 
Mycoplasma dispar 
Ureaplasma species 

Mycoplasma ovipneumonia (sheep and goats only) 
Mycoplasma mycoides subsp. mycoides, large colony variant 
(goats) 

Arcanobacterium (Actinomyces) pyogenes (secondary 
opportunistic pathogen) 

Bacteria of Minor Importance (Uncommonly Isolated 
or of Uncertain Importance in Ruminant Respiratory 
Disease) 

Pseudomonas aeruginosa 
Escherichia coli 
Streptococcus species 
Staphylococcus species 
Moraxella species 
Salmonella species 
Bacteroides species (anaerobe) 

Peptococcus indolicus (anaerobe) 

Fusobacterium species (anaerobe) 

Chlamydia species 




Viral Agents Associated with Respiratory 
Tract Diseases in Ruminants 


BOVINE 

Viruses of Major Importance (Commonly Isolated 
or Generally Accepted to be Important Contributors 
to Ruminant Respiratory Disease) 

Bovine herpesvirus type 1 (1BR) 

Bovine respiratory syncytial virus (BRSV) 

Bovine viral diarrhea virus (BVDV) 

Bovine parainfluenza virus type 3 (PI3) 

Bovine respiratory coronavirus 
Alcelaphine herpesvirus 1 and 2/ovine herpesvirus 
2 (malignant catarrhal fever) 

Viruses of Minor Importance (Uncommonly Isolated or of 
Uncertain Importance in Ruminant Respiratory Disease) 

Bovine herpesvirus type 4 (DN-599, Movar 33/63, FTC-2) 

Bovine adenovirus 

Bovine rhinovirus 

Bovine reovirus 

Bovine enterovirus 

Calicivirus 

Influenza vims 

OVINE AND CAPRINE 

Ovine or bovine respiratory syncytial vims (ORSV, BRSV) 
Parainfluenza vims type 3 (PI3) 

Adenovirus 
Bluetongue vims 

Ovine progressive pneumonia (maedi-visna) virus of sheep* 
Pulmonary carcinoma of sheep* 


•Progressive pneumonias, capable of causing severe chronic 
respiratory disease. 


are ubiquitous in ruminant populations, and the bacteria most 
often associated with pneumonic lesions are part of the nor¬ 
mal resident flora of the ruminant nasopharynx. In addition 
to recognition of the microbial agents that contribute to the 
development of bronchopneumonia in ruminants, under¬ 
standing of the management practices that also play a role is 
necessary for developing successful programs of prevention. 

INFECTIOUS AGENTS ASSOCIATED WITH 
THE RESPIRATORY COMPLEX OF CATTLE, 
SHEEP, AND GOATS 

II Etiology. Numerous infectious agents have been isolated 
from cases of bronchopneumonia in ruminants (see Boxes 
31-3 and 31-4). Although infectious bronchopneumonia of 
ruminants is usually caused by two or more infectious agents 
acting together, some agents can also cause significant disease 
alone. Therefore the clinical and epidemiologic characteristics, 
means of diagnosis, and treatment and prevention of the infec¬ 
tious agents will be first considered individually. A description 
of epidemiology, diagnosis, and treatment of "undifferenti¬ 
ated" bronchopneumonia (bronchopneumonia with no spe¬ 
cific causative diagnosis attempted) will then follow. The 
clinical signs, gross pathologic lesions, and recommended 
methods of diagnosis for the major infectious causes of rumi¬ 
nant respiratory disease are listed in Table 31-9. 

VIRAL AGENTS 

Bovine Herpesvirus Type I (Infectious Bovine 
Rhinotracheitis Virus) 

II Definition and Etiology. Bovine herpesvirus 1 (BHV-1) 
is an enveloped DNA virus that is classified as an 
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TABLE _ - 

Clinical and Gross Pathologic Characteristics of Common Infectious Agents That Cause Respiratory 
Disease in Ruminants 


| Agent 

Species 

Clinical Signs* 

Gross Pathology* 

Diagnosis j 

VIRUSES 

BHV-1 (IBR) 

Cattle 

Fever, depression, anorexia, 
serous to mucopurulent 
nasal discharge, muzzle 
hyperemia, nasal plaques, 
coughing, inspiratory 
stridor (conjunctivitis ± 
keratitis, abortion) 

Congestion; fibrinopurulent 
exudate of nasal passages, 
larynx, trachea; in young 
calves, pneumonia and 
involvement with other 
organs 

VI or 1FA nasal swabs, 
conjunctival scrapings 

PS 

VI, IFA, or IHC of tissue 
from upper airways or 
lungs collected at 
necropsy 

BRSVt 

Cattle, sheep, 
goats 

Fever, depression, anorexia, 
tachypnea, nasal discharge 
(±), coughing, expiratory 
dyspnea, harsh 
bronchovesicular sounds 
over cranioventral lung, 
crackles and wheezes 
rarely, quiet lung sounds 
caused by pneumothorax, 
subcutaneous emphysema 

Lobules in cranioventral lung 
collapsed, firm, dark red; 
caudodorsal lung fails to 
collapse, rubbery texture 
(suggestive of acute 
interstitial pneumonia); 
dorsocaudal emphysema 

IFA or RT-PCR of nasal 
swabs (VI unreliable) 

PS 

IFA or IHC of lung at 
necropsy (most reliable 
in acute stage of disease) 

PI3 

Cattle, sheep, 
goats 

Like BRSV but more mild, 
commonly asymptomatic; 
contributes with other 
agents to enzootic calf 
pneumonia or shipping 
fever 

Scattered lobules of 
cranioventral lung 
collapsed, firm, dark red 

VI or IFA of nasal swabs 

PS 

VI, IFA, or IHC of lung at 
necropsy 

BVDV 

Cattle 

Fever, depression, anorexia, 
nasal discharge, tachypnea, 
coughing (±); contributes 
with other agents to 
enzootic calf pneumonia 
or shipping fever (diarrhea, 
abortion, congenital 
defects, PI calves, 
hemorrhagic syndrome) 

Scattered lobules of 
cranioventral lung 
collapsed, firm, dark red 

VI, EUSA or PCR of 
peripheral blood buffy 
coat 

PS 

VI, IFA, or IHC of lung at 
necropsy 

Respiratory 

coronavirus t 

Cattle 

Contributes with other agents 
to enzootic calf 
pneumonia or shipping 
fever 

Not yet well characterized, 
probably as for PI3 

VI (need special cells) or 
RT-PCR of nasal swabs 

PS 

VI or IFA of lung at 
necropsy 

BACTERIA 

Marmheimia 

Cattle, sheep. 

Fever, depression, anorexia. 

Cranioventral lung lobes 

Culture from aseptic TTA 

haemolytica 

goats 

signs of endotoxemia, 
tachypnea, evidence of 
pleural pain, mucoid to 
mucopurulent nasal 
discharge, harsh 
bronchovesicular sounds 
over cranioventral lung ± 
crackles (coughing not 
prominent) 

firm, dark red to gray- 
brown; fibrin on pleura; 
yellow pleural fluid that 
may be gelatinous; infarct- 
like (wedge-shaped) 
lesions sometimes seen 

from animal with signs 
of disease (nasal swabs 
difficult to interpret) 
Culture from characteristic 
lesions at necropsy 

Pasteurella 

Cattle, sheep, 

Fever, tachypnea, cough, 

Cranioventral lobules 

Culture from aseptic TTA 

multocida 

goats 

depression, mucoid to 
mucopurulent nasal 
discharge, harsh 
bronchovesicular sounds 
over cranioventral lung ± 
crackles 

(sometimes lobes) firm, 
dark red to purple; 
purulent exudate in 
airways; fibrin on pleura 
not expected 

from animal with signs 
of disease (nasal swabs 
difficult to interpret) 
Culture from characteristic 
lesions at necropsy 

Histophilus somnP 

Cattle, 

(uncommon in 
sheep, goats) 

As for P. multocida ; possibly 
also evidence of pleural 
pain (joint effusion, 
infertility or abortion, 
otitis, conjunctivitis, 
neurologic signs) 

As for M. haemolytica, 
although fibrinous 
pleuritis not as consistent; 
fibrinopurulent arthritis, 
myocarditis often seen in 
respiratory cases 

Culture from aseptic TTA 
from animal with signs 
of disease (nasal swabs 
difficult to interpret) 
culture from 
characteristic lesions at 
necropsy 


Continued 
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TABLE 31-9 


Clinical and Gross Pathologic Characteristics of Common Infectious Agents That Cause Respiratory 
Disease in Ruminants—cont’d 


Species 


Clinical Signs* 


Gross Pathology* 


Diagnosis 


Mycoplasma bovis* Cattle 


Fever, anorexia, tachypnea, 
cough, nasal discharge; 
chronic or ongoing 
pneumonia that fails to 
respond as expected to 
therapy (joint or tendon 
sheath effusion, otitis, 
conjunctivitis) 


Cranioventral lobules 
collapsed, firm, dark red; 
multiple grossly visible 
raised nodules filled with 
caseous material (abscesses 
or caseous necrosis); 
(fibrinopurulent arthritis, 
tenosynovitis, or otitis 
common in respiratory 
cases; myocarditis or 
pericarditis) 


Culture from aseptic TTA 
from animal with signs 
of disease (nasal swabs 
difficult to interpret; 
more meaningful if 
several in group have 
positive culture from 
characteristic lesions at 
necropsy) 


BVDV, Bovine viral diarrhea vims; BHV-1, bovine herpesvirus type 1; FA.ISA, enzyme-linked immunosorbent assay; IBR, infectious bovine rhinotracheitis; IFA, 
immunofluorescent assay; IHC, immunohistochemistry, most commonly used on formalin fixed lung tissue collected at necropsy; PCR, polymerase chain 
reaction; PI3, parainfluenza type 3; PS, paired serology; RT-PCR, reverse transcriptase-PCR; TTA, transtracheal aspirate; V/, virus isolation. 

• Clinical signs not related to the respiratory system but possibly also prevalent are listed in parentheses. Note that respiratory disease is often caused by two or 
more agents, so clinical signs and gross pathology in an individual or herd may be any combination of those listed for individual agents. 

'Agent does not survive transport well or can be difficult to isolate; requires special handling or culture techniques to maximize likelihood of isolation. 
^Usually need to specifically request tests to isolate mycoplasmas and to specifically identify the species M. bovis. 


alphaherpesvirus in the family Herpesviridae. It is associated 
with multiple, distinct disease syndromes of catde that include 
IBR, conjunctivitis (see Chapter 39), infectious pustular vulvo¬ 
vaginitis (IPV), balanoposthitis, abortion (see Chapter 43, 
encephalomyelitis (see Chapter 35), and mastitis. 93 * 94 
Although only a single serotype of BHV-1 is currently recog¬ 
nized, three subtypes have been identified on the basis of 
restriction endonuclease cleavage patterns. These subtypes 
are referred to as BHV-1.1 (respiratory infections), BHV-1.2 
(respiratory and genital infections), and BHV-1.3 (neurologic 
infections). BHV-1.3 has been reclassified as a distinct herpes¬ 
virus and is designated as BHV type 5. 93 Only the respiratory 
manifestations of infection with BHV-1 are discussed here. 
The respiratory form is characterized by rhinitis, tracheitis, 
and pyrexia and is referred to as IBR. BHV-1 can also cause 
pneumonia as part of a severe generalized infection in new¬ 
born calves. 95 The virus is also of great importance in the 
bovine respiratory disease complex because of its role in 
enhancing secondary bacterial bronchopneumonia by caus¬ 
ing respiratory injury and immunosuppression, 96 as discussed 
later. 

II Clinical Signs. Clinical signs vary and range from mild to 
severe. Genetic factors also appear to be an important deter¬ 
minant of the severity of BHV-1 infection, specifically the 
type-I interferon genotype. 97 Clinical signs include pyrexia, 
anorexia, dramatic drop in milk production in dairy cattle, 
increased respiratory rate, a slight degree of hyperexcitability, 
ptyalism, coughing, and nasal discharge that progresses from 
serous to mucopurulent. Dyspnea characterized by open- 
mouth breathing may appear if the larynx or trachea 
becomes partially blocked with mucopurulent material. Aus¬ 
cultation of the lungs reveals harsh bronchovesicular sounds 
and referred tracheal sounds. Clinical signs of lower respira¬ 
tory tract infection may be exacerbated by secondary bacterial 
pneumonia, which is a common sequela to BIIV-1 infection. 
Severe hyperemia and reddening of the muzzle can occur, 
which is the reason for the common name of "red nose" to 
describe BHV-1 infection. Pustules may develop on the nasal 
mucosa and later form diphtheritic plaques. Conjunctivitis 
with excessive ocular discharge may be present. Conjunctivitis 
with comeal opacity can also occur as the principal manifesta¬ 
tion of BHV-1 infection and may be misdiagnosed as infec¬ 
tious bovine keratoconjunctivitis (pinkeye). Abortions may 


occur concurrently with respiratory disease, but they can also 
occur as late as 100 days after infection. 93 * 94 Abortions may 
also occur in cattle that escape serious respiratory disease. 

On rare occasions, neonatal calves may suffer from both 
an acute respiratory and a systemic form of BHV-1 infection. 
The infection is characterized by rhinitis, marked lacrima- 
tion, inflammation and necrosis of the soft palate, laryngo- 
tracheitis, and ulceration of the GI tract. 95 Vaccination of 
calves within 3 days of age with modified live viral vaccines 
has also been associated with severe fatal systemic BHV-1 
infection. 98 The severity of disease in vaccinated calves was 
suspected to be caused by lack of maternal antibody and 
resultant widespread multiplication of the vaccine virus. 

II Pathogenesis. The route of infection is by direct contact 
with infected cattle or aerosol; apparent transmission by 
aerosol has been recognized among calves separated by as 
little as 4 m." At least three of the surface glycoproteins of 
BHV-1, gC, gD, and gB, mediate host cell attachment and 
entry through interaction with heparan sulfate proteogly¬ 
cans and other host cell proteins. 100 * 101 Epithelial cells of 
the respiratory tract are the initial target of infection after 
respiratory exposure, and after initial infection the virus 
can spread intracellularly to neighboring epithelial cells 
via intracellular bridges. Lymphocytes and monocytes are 
also susceptible to infection; although infection with these 
cells produces little vims, they appear to be a means by 
which the vims reaches extrarespiratory sites after respira¬ 
tory infection. In severe field cases of BHV-1 infection the 
vims can be found in multiple organs including the esoph¬ 
agus, spleen, and liver. 102 - 103 

Respiratory disease caused by BHV-1 is mediated by two 
major mechanisms: (1) direct injury and destruction of 
infected epithelial cells in the upper respiratory tract and 
bronchi, with resultant inflammation and increased suscep¬ 
tibility to infection with secondary opportunistic pathogens; 
and (2) immunosuppression resulting from dysfunction of 
neutrophils, lymphocytes, and macrophages. Immunosup¬ 
pressive actions of BHV-1 include decreased neutrophil 
chemotaxis and mitogen-induced blastogenesis of lympho¬ 
cytes, 104 decreased expression of MHC class I molecules, 105 
and induction of apoptotic death of lymphocytes and mono¬ 
cytes. 106 BHV-1 infection modifies expression and activity of 
cell surface receptors in ways that can be harmful; binding 





CHAPTER 31 


of the adhesion molecule ICAM-1 (CD 18/CD 1 la) on bovine 
leukocytes to Mannheimia haemolytica leukotoxin was 
increased after BHV-1 infection of cattle, leading to 
enhanced leukocyte death. 107 

Another important mechanism of pathogenesis of BHV-1 
is the ability to establish latent infection in neural tissue. 101 
After acute infection, BHV-1 can be found in a latent state in 
the trigeminal ganglia; recent research indicates that the 
virus may also persist latently in the tonsil. 108 During latent 
BHV-1 infection, virus is not actively produced in infected 
cells; thus latently infected cattle do not shed virus. How¬ 
ever, an RNA molecule termed the latency related transcript 
(LRT) is abundantly produced in latently infected cells. 
Research indicates that the LRT prevents apoptosis in cells 
receiving signals that should trigger apoptosis, suggesting 
that the LRT functions at least in part to promote survival 
of infected cells. 101 One or more proteins encoded by the 
LRT appear to be required for the virus to reactivate from 
latency. 109 Stress or administration of glucocorticoids 
causes reactivation of the latent virus, leading to shedding 
of virus and the possibility of infection of in-contact suscep¬ 
tible animals. Latency appears to occur in effectively all cat¬ 
tle that are infected with BHV-1, thus ensuring that the virus 
can be spread during times of stress by animals that have 
been free of clinical disease from BHV-1 infection for 
months to years. Calves that are exposed to BHV-1 when 
they have moderate levels of circulating maternal antibody 
can develop latent infection while never showing signs of 
clinical disease. 110 Latency of BHV-1 is thus an important 
mechanism by which the virus can persist and spread in a 
group of cattle. 

II Epidemiology. Studies of antibody prevalence to BHV-1 
indicate that infection is widely distributed in the cattle pop¬ 
ulation. 9394 Adult cattle are thought to be the principal reser¬ 
voirs of infection. 93 94 Infections of the respiratory tract by 
BHV-1 are prevalent when large concentrations of beef or 
dairy cattle are assembled, although BHV-1 does not appear 
to have an important role in enzootic pneumonia of 
calves. 111 * 113 Feedlot cattle appear to have higher attack 
rates, more severe disease, and higher case fatality rates than 
do range or dairy cattle. This is likely because of the stressful 
conditions experienced by feeder calves at the time of entry 
into feedlots. Entry into feedlots may also coincide with 
decline of passive immunity. The case fatality rate is generally 
low unless complicated with secondary bacterial pneumo¬ 
nia. Historically, disease caused by BHV-1 infection was 
most commonly recognized within the first few weeks after 
feedlot entry. However, since the 1990s, disease resulting 
from BHV-1 has sporadically been recognized in cattle that 
have been in feedlots for several months; these "late breaks" 
of disease are noteworthy in that they often occur in cattle 
that have been previously vaccinated against BHV-1. 114115 
Although BHV-1 is a relatively genetically stable virus, there 
is evidence that mutations are occurring in BHV-1 isolates 
currently circulating in cattle populations, which may help 
the virus escape host immunity. 115 Studies have shown that, 
although commercially available vaccines can still prevent 
disease resulting from experimental challenge with modern 
BHV-1 isolates, viral shedding is increased relative to cattle 
challenged with older BHV-1 isolates that are more similar 
to the strains of virus included in vaccines. 115116 Repeat vac¬ 
cination later in the feeding period has been recommended 
to decrease risk of late BHV-1 breaks, 114 although the efficacy 
of this practice has not been confirmed in clinical trials. 

The fact that BHV-1 is capable of establishing latent 
infections in neural tissue is undoubtedly important in the 
epidemiology of disease caused by the virus. Under periods 



FIG. 31-53 II Postmortem photograph of opened trachea from animal 
infected with BHV-1. Note multiple white fibrinonecrotic plaques and. dis¬ 
tal to plaques, yellow fibrinopurulent material on tracheal mucosa. (Photo¬ 
graph contributed by Feedlot Health Management Services, Okotoks, AB, 
Canada.) 


of stress, latent infections can become reactivated, resulting 
in viral shedding. Modified live BHV-1 vaccines are also 
capable of causing latent infections. 93 ' 117 

II Necropsy Findings. IBR is rarely fatal in mature cattle 
unless it occurs during periods of severe stress or is compli¬ 
cated by secondary bacterial infection of the lung. Lesions 
caused by BHV-1 infection include rhinitis, laryngitis, and 
tracheobronchitis. The mucosa of the nasal passages and tra¬ 
chea can be congested or hemorrhagic. Pustular lesions 
(sometimes referred to as plaques ) may be observed, and these 
lesions may coalesce to form adherent necrotic material on 
respiratory (Fig. 31-53), ocular, and reproductive mucosa. 103 
Usually the inflammatory lesions induced by BHV-1 do not 
extend into airways contained within the lung, but secondary 
bacterial bronchopneumonia with the expected pathology is 
common. Conjunctivitis and, less commonly, keratitis may 
be present. Esophageal erosions have been identified in 
severe natural outbreaks. 102 Perinatal infection of calves can 
lead to fatal systemic disease, with necrotic foci found in the 
liver, adrenal glands, kidneys, and other organs. 98 Although 
intranuclear inclusion bodies are a feature of herpesvirus 
infections, they are not a common histologic feature of 
BHV-1. 


II Diagnosis. BHV-1 can be diagnosed by virus isolation or 
immunofluorescent antibody (IFA) testing to identify virus 
in nasal swabs or conjunctival scrapings antemortem, or 
from samples collected postmortem. Infection can also be 
diagnosed by paired serology, with tests for serum neutraliz¬ 
ing antibody (SN) most commonly done. 


II Treatment and Prevention. Cattle infected with BHV-1 
should receive supportive care. Administration of antimicro¬ 
bials appropriate to prevent infection with bacteria likely 
to cause secondary bronchopneumonia is appropriate 
(Table 31-10). Good-quality feed and water should be made 
easily available, and additional stressors such as movement 
or mixing should be avoided or postponed. NSAIDs such 
as aspirin or flunixin meglumine (1.1 to 2.2 mg/kg IV daily 
or divided twice daily) may help severely affected individuals 
maintain water and feed consumption. Steroids should not 
be administered. Because protective immunity develops 



TABLE 31-10 






ntimicrobials Approved by the FDA for Treatment of Bronchopneumonia of Beef Cattle 


Antimicrobial 

Label Dose 

Route of 
Administration 

Treatment 
Interval (hr) 

Slaughter/Milk 

Withdrawal 

Approved for 
Sheep and 
Goats? 

STANDARD PREPARATIONS 





Amoxicillin 

11 mg/kg 

IM, SC 

24 

25 days/96 hours 

No 

Ampicillin 

2-5 mg/kg 
(22 mg/kg)* 

IM 

24 

6 days/48 hours 

No 

Ceftiofiir 

(sodium) 

1.1-2.2 mg/kg 

IM, SC (cattle) 

IM (sheep and 
goats) 

24 

4 days/0 days 

Sheep and 
goats 

Ceftiofiir (HCI) 

1.1 mg/kg 

IM, SC 

24 

3 days/0 days 

No 

Enrofloxadn* 

2.5-5.5 mg/kg 
multiday therapy 

SC 

24 or once 

28 days/not approved 

No 

Erythromycin 

1.1-2.2 mg/kg 
(11-22 mg/kg)* 

IM 

24 

14 days/72 hours 

Sheep 

Oxytetracydine 

11 mg/kg 

IV*, IM*, SC* 

24 

15-22 dayst/not 
approved 

Not for 
injection^ 

Procaine 
penicillin G 

6600 U/kg 
(22,000 U/kg)* 

IM 

24 

10 days (cattle), 

9 days (sheep) 

/48 hours 

Sheep 

Spectinomydn 

10-15 mg/kg 

SC 

24 

11 days/not approved 

No 

Sulfadimethoxine 

55 mg/kg initial 
treatment 

27.5 mg/kg 
thereafter 

IV, PO 

24 

7 days/60 hours 

No 

Tylosin 17 mg/kg 

LONG-ACTING PREPARATIONS 

IM 

24 

21 days/not approved 

No 

Ceftiofiir 
crystalline free 
add (Excede) 

6.6 mg ceftiofiir 
equivalent per kg 
(1.5 mL/45 kg) 

SC in the ear 

Once (7-day 
duration) 

13 days/0 days 

No 

Danofloxadnt 

6 mg/kg 

SC 

48 

4 days/not approved 

No 

Enrofloxaan* 

7.5-12.5 mg/kg 

SC 

Once 

28 days/not approved 

No 

Florfenicol 

20 mg/kg 

IM 

48 

28 days/not approved 

No 


40 mg/kg 

SC 

Once (4-day 
duration) 

38 days/not approved 

No 

Oxytetracydine 

20 mg/kg 

IM, IV, SC 

48-72 

28 days/96 hours 

No 

Oxytetracydine 

(Tetradure) 

30 mg/kg 

IM, SC 

Once (7-day 
duration) 

28 days/not approved 

No 

Sulfadimethoxine 
(sustained 
release bolus) 

138 mg/kg 

PO 

7 days 

21 days/not approved 

No 

Tilmicosin 

10 mg/kg 

SC 

72 

28 days/not approved 

Sheep 

Toxic to goats 

Tulathromydn 

2.5 mg/kg 

SC 

Once (7- to 
14-day 
duration) 

18 days/not approved 

No 


IM, Intramuscular; IV, intravenous; IK), oral; SC, subcutaneous. 

* Author-suggested dose that has been shown to be more effective than label-approved dose. Higher dose can be given by the same route of administration 
and with the same treatment interval, but use of extralabel dosages must comply with the Animal Medicinal Drug Use Clarification Act (AMDUCA), and with¬ 
drawal times must be significantly extended. 

'Exualabel use in food anirhals prohibited by law. 

^Varies with preparation 

KDxytetracycline is labeled for administration to sheep in feed; not a recommended route for treatment of respiratory disease. 

Note: Many of the drugs listed in this table are not approved for use in veal calves. 


rapidly after either intranasal or IM vaccination (see later), brands of inactivated and attenuated BHV-1 vaccines for 

BHV-1 vaccination in the face of an outbreak may help limit SC or IM administration are commercially available; pro- 

disease, although the efficacy of this practice has not been ducts are available that contain BHV-1 alone or in combina- 

tested in a controlled study. tion with other pathogens. Temperature-sensitive, modified 

Efforts to prevent BHV-1 infection should include prac- live vaccines are also available for intranasal administra- 

tices that optimize host immunity and avoiding manage- tion; intranasal vaccines also include parainfluenza type 3 

ment practices that put cattle at risk, such as mixing newly (PI3). Numerous reports confirm that either parenteral or 

introduced cattle with established populations. Many intranasal BHV-1 vaccines can protect cattle from disease 
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after experimental challenge with virulent BHV-1 118122 or 
BHV-1 followed by M haemolynica 123 ; only a few are refer¬ 
enced here. Unfortunately there are few studies of BHV-1 
vaccine efficacy in field trials, which better reflea the impact 
of vaccination in the "real-life” setting. In one older trial, 
vaccinated feedlot cattle were aaually more likely to 
develop respiratory disease than unvacdnated cattle 124 ; in 
a more recent trial there was no difference in respiratory dis¬ 
ease between vaccinated and unvaccinated cattle, but vacci¬ 
nated cattle had improved feed efficiency over the first 28 
days after entering the feedlot. 125 The lack of field trials con¬ 
firming vaccine efficacy may result in part from reluctance 
on the part of veterinarians or producers who perceive the 
vaccines to be useful to allow the inclusion of control 
groups of animals that are not vaccinated; researchers have 
admitted to being thwarted by this obstacle when organiz¬ 
ing a field trial of BHV-1 vaccine efficacy. 126 In spite of 
the lack of published field trials supporting efficacy of 
BHV-1 vaccines to prevent respiratory disease, they are 
widely used; over 90% of feedlot cattle are reported to 
receive BHV-1 vaccines. 127 Historically it was thought that 
vaccination with modified live BHV-1 leads to proteaive 
immunity for years, or perhaps even the life of the animal, 
but recent evidence of infeaion and disease in feedlot ani¬ 
mals within months of vaccination 114 ' 113 indicates that this 
is not the case. 

While both modified live and inactivated BHV-1 vaccines 
are available, modified live vaccines are preferable when it 
is safe to use them because they are more likely to stimulate 
a cell-mediated immune response similar to that induced by 
infeaion. 128 Few studies to date have compared modified 
live to inaaivated vaccines in the same trial. When this 
comparison has been made it has been to compare protec¬ 
tion against experimental BHV-1 infection, with modified 
live vaccines providing superior proteaion in some 129 but 
not other 130 studies. Improved efficacy of inaaivated vac¬ 
cines in more recent studies 130 may be a result of inclusion 
of more advanced adjuvants, which can greatly improve the 
immune response to inactivated vaccines. Modified live 
BHV-1 vaccines are capable of causing latent infections, 
which could theoretically lead to shedding and spread of 
the vaccine strain of virus to in-contaa naive animals. 94117 
Because modified live BHV-1 vaccines can induce abortion, 
the manufaaurer's recommendations regarding administra¬ 
tion should be closely followed. Modified live vaccines may 
also lead to severe disease if administered to calves within a 
few days of birth 98 ; intranasal modified live BHV-1 vaccines 
may be safer than parenterally administered modified live 
virus vaccines in very young calves. 131 

If a modified live vaccine is to be used, the veterinarian 
must then decide whether to use a produa for intranasal or 
for parenteral administration. Both have been shown to pro¬ 
vide proteaion rapidly; in one study, intranasal vaccination 
proteaed calves challenged within 48 hours of vaccina¬ 
tion, 118 whereas other studies have shown that intramuscu¬ 
larly or subcutaneously administered modified live vaccine 
can protea cattle challenged 72 hours after vaccina¬ 
tion. 119122 Both types of vaccines can induce proteaion in 
cattle before serum neutralizing antibodies are evident, 12 •• 122 
indicating that cell-mediated rather then humoral immunity 
is responsible for protection soon after vaccination. In one 
trial that compared the protection afforded by intranasal ver¬ 
sus parenteral BHV-1 vaccine, feedlot cattle that received 
intranasal vaccine had improved feed efficiency over cattle 
that received parenteral vaccine, but there was no difference 
in morbidity or mortality attributable to respiratory disease 
between the two groups. 125 Intranasally administered BHV- 
1/PI3 vaccines are theoretically preferable to parenteral vac¬ 
cines because they induce a better mucosal immune 


response; they may also have an advantage when calves are 
vaccinated in the presence of passive immunity. 120 132 It 
appears that intranasal modified live vaccines are more likely 
to be spread to in-contaa animals than are parenteral modi¬ 
fied live vaccines; two studies confirmed BFfV-1 shedding by 
nonvaccinated cattle in contaa with cattle vaccinated intra- 
nasally with modified live BHV-1, 133 134 although two differ¬ 
ent studies could not identify evidence that modified live 
virus vaccine given intramuscularly spread to nonvaccinated 
cattle. 135136 

Vaccines that have gene deletions have been developed 
and used in Europe. 137 These vaccines allow serologic dif¬ 
ferentiation of vaccinated from naturally infected animals 
and have application for BHV-1 control or eradication 
programs. 

Herpesviruses in Sheep and Goats 

Herpesviruses have been isolated from sheep and goats. It 
remains undetermined whether herpesviruses have a role, 
and if so, to what extent, in respiratory disease of small 
ruminants. 

Respiratory Syncytial Viruses of Cattle, Sheep, 
and Goats 

II Definition and Etiology. BRSV is an enveloped RNA 
virus that is classified as a nonhemagglutinating pneumo¬ 
virus of the family Paramyxoviridae. This virus was named 
for the charaaeristic cytopathic effea it produces in vitro 
and in vivo, which is the formation of syncytial cells. BRSV 
shares many similarities in its biology and epidemiology 
with the human respiratory syncytial virus (HRSV). HRSV 
is considered to be the most important respiratory traa 
pathogen of infancy and early childhood. Although BRSV 
and HRSV are closely related, they are distina viruses. 138 
RSV has also been isolated from sheep and goats with respi¬ 
ratory disease. Studies using RNAse mismatch cleavage anal¬ 
ysis indicate that ovine RSV may be distinct from HRSV and 
BRSV, whereas caprine RSV may be more closely related to 
BRSV. 139 140 The possibility of interspecies transmission 
has not been well defined. However, a European serologic 
survey undertaken to determine whether nonbovine species 
were likely to harbor BRSV infection found that only goats, 
in addition to cattle, were commonly seropositive. 141 These 
results indicate either that goats are commonly infeaed 
with BRSV or that antigenic similarities between caprine 
RSV and BRSV led to produaion of cross-reaaive antibodies 
in many goats. Although two major antigenic subtypes, A 
and B, of human RSV have been clearly defined, research 
has shown that BRSV is less variable than human RSV at 
the genetic level, as indicated by evaluation of nucleotide 
sequences in genes for viral proteins or by digestion of viral 
RNA with restriaion enzymes. 142 However, in spite of min¬ 
imal to moderate differences among BRSV isolates at the 
genetic level, isolates can differ notably in their reaaivity 
with monoclonal antibodies directed against individual 
BRSV proteins 143 144 ; this indicates that apparently minor 
genetic differences could lead to changes that allow the 
virus to evade host immunity. Differences in molecular 
weights of viral proteins also divide isolates into two major 
groups. 145 A study of genetic variability in BRSV isolates col- 
leaed over several decades showed that genetic change 
occurred over time 146 147 and that BRSV isolates commonly 
included in commercial vaccines differed a relatively large 
amount from some isolates colleaed from recent natural 
outbreaks. 146 Studies have also shown that genetic differ¬ 
ences in BRSV isolates can be grouped by geographical ori¬ 
gin, with some European isolates differing to a notable 
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degree from isolates from the United States or Japan. 146147 
Most important, European research identified genetic 
changes in a region of the BRSV G glycoprotein (the viral 
attachment protein) that was previously thought to be 
highly conserved and difficult or impossible for the virus 
to change. 146 These changes appear to be driven by vaccina¬ 
tion, indicating that antigenic pressure induced in cattle by 
vaccination can lead BRSV to change in unexpected ways. 
These data indicate that commercial vaccines may need to 
be reformulated periodically to include isolates of the virus 
that are similar to isolates currently circulating in natural 
populations. 


II Clinical Signs. Clinical signs of BRSV infection can vary 
from inapparent to severe in an infected group of cattle. 148 * 
151 Signs of disease are limited to the respiratory system. 
Infected animals may display elevated rectal temperature of 
40° C to 42.2° C (104° F to 108° F), depression, decreased 
feed intake, elevated respiratory rates, ptyalism, cough, 
and nasal and lacrimal discharges. Signs of disease may 
progress rapidly, and early signs may be missed. Thoracic 
auscultation may reveal increased bronchial and broncho- 
vesicular sounds; fine crackles or wheezes may be heard, 
particularly in the middle or dorsocaudal lung fields. 
Absence of bronchovesicular sounds may be noticed in 
the dorsal or dorsocaudal lung fields if an emphysematous 
bulla is present, or if a bulla has ruptured, leading to pneu¬ 
mothorax. In later stages of the disease, dyspnea can 
become pronounced and is characterized by increased expi¬ 
ratory effort and mouth breathing. SC emphysema and 
intermandibular edema are sometimes noted. Dramatic 
reduction in milk production has been reported in dairy 
cattle. Duration of disease is variable (1 to 2 weeks). A 
biphasic clinical course has been described but does not 
appear to be a consistent finding. Experimental infections 
of lambs with ovine RSV caused a mild primary pneumonia 
and was also capable of causing lower respiratory tract 
lesions in calves and deer. 152 


II Pathogenesis. The means of transmission appears to be 
contact with infected cattle and aerosols. The incubation 
period is 3 to 5 days. Infection with BRSV can cause bron¬ 
chitis, bronchiolitis, alveolitis, and interstitial pneumo¬ 
nia. 148 * 151 After experimental infection, BRSV is found in 
cells of the nasal, tracheal, and bronchial epithelium by 
2 days postinfection and in bronchiolar and alveolar 
epithelial cells by day 4 postinfection. 153 The virus causes 
epithelial cells to fuse, resulting in the characteristic multi- 
nudeated cells, or syncytia, which are seen in airways and 
alveoli. Epithelial cells, which may undergo apoptosis after 
BRSV infection, 153 slough into the lumen of airways and 
are phagocytized by neutrophils or alveolar macro¬ 
phages. 153 Infection of alveolar macrophages and circulat¬ 
ing peripheral blood mononuclear cells occasionally 
occurs, 154 155 and BRSV infection of macrophages decreases 
important functions of these cells including Fc receptor 
expression, phagocytosis, phagosome-lysosome fusion, 
and production of factors that induce neutrophil chemo- 
taxis. 156 ' 157 Infection leads to bronchitis, bronchiolitis, 
alveolitis, and sometimes AIP; these changes lead to clinical 
signs referable to small airway and alveolar disease (expira¬ 
tory dyspnea, auscultable wheezing) and hypoxemia as evi¬ 
denced by arterial blood gas analysis. 158 

The severity of disease after BRSV infection is related to 
host immunity. Both humoral and cell-mediated immunity 
contribute to protection. Clinical signs of infection are less 
severe in animals with moderate to high levels of serum 


antibody against BRSV, 159 160 and more extensive pathology 
is seen in calves depleted of CD8+ T cells before infec¬ 
tion. 161 Protection after intranasal vaccination is related to 
the rapidity in onset of nasal BRSV-specific IgA produc¬ 
tion, 162 indicating that mucosal immunity is likely also 
important in protection against naturally occurring disease. 
Host immunity after exposure to BRSV can minimize dis¬ 
ease, and clinical signs are usually the most noticeable in 
calves under 6 months of age. 149163 However, ruminants 
appear to be susceptible to reinfection with BRSV through¬ 
out their lives, and adult cattle can develop severe disease 
after BRSV infection. 149 150 Because genetic variability 
among BRSV isolates is not great, reinfection does not seem 
to be solely a result of viral strain variation. Although data 
investigating the duration of BRSV immunity after natural 
infection are limited, it appears that natural infection does 
not confer lifelong immunity, and some cattle may be rein¬ 
fected annually, 164 although clinical signs are not always 
apparent. 

While host immunity can protea ruminants from severe 
disease after BRSV infeaion, the host immune response can 
also contribute to disease. Evidence for BRSV immuno- 
pathogenesis comes from both natural outbreaks and exper¬ 
imental challenge studies. Cattle with severe disease after 
natural infeaion have a higher proportion of degranulated 
mast cells in their lungs than less severely affeaed cat- 
tle, 165.166 indicating that mast cell mediators contribute to 
physiologic and pathologic changes seen in severe cases. 
Serum tryptase, a preformed enzyme present in mast cell 
granules, was significantly increased in the serum of cattle 
experiencing severe naturally occurring BRSV infeaion, 166 
also supporting a contribution of mast cells in severe 
BRSV-induced disease. In experimentally challenged cattle, 
BRSV-specific IgE has sometimes been associated with dis¬ 
ease severity. 167 168 Exposure to the fungus Saccharopolyspora 
rectivirgula (formerly M. faeni), the spores of which induce 
pulmonary hypersensitivity in cattle and other species, 
enhanced BRSV-specific IgE produaion in calves, indicat¬ 
ing that environmental allergens can also affect the nature 
of the immune response to BRSV infection. 168 Recent 
research showed that calves infeaed with BRSV before infec¬ 
tion with Histophilus somni developed higher levels 
of H. somm-specific serum IgE than did calves infeaed with 
H. somni alone. 169 Thus BRSV infection can lead to produc¬ 
tion of virus-specific IgE, which may be enhanced by coexpo¬ 
sure to allergens, and BRSV infection may also inaease 
IgE production in response to infeaion with other agents. 
In these cases, aoss-linking of IgE bound to mast cells 
by binding of BRSV or other specific antigen is expeaed 
to lead to bronchoconstriaion, pulmonary edema, and 
other signs of mast cell mediator release and immediate 
hypersensitivity. 

Perhaps the most convincing evidence that BRSV can 
trigger immunopathogenesis is the faa that certain BRSV 
vaccines have on rare occasion been shown to cause 
enhanced disease when vaccinated animals are subse¬ 
quently infeaed with BRSV. Vaccine-enhanced disease has 
been seen after both natural 170171 and experimental 172 ' 173 
infeaion. Vaccine-enhanced disease has also occurred in 
human infants vaccinated with a formalin-inaaivated RSV 
vaccine, 174 and formalin-inaaivated BRSV vaccines have 
caused enhanced disease in some 172 174 but not all 158 stud¬ 
ies. Inaaivated BRSV vaccines have also been shown to 
prevent disease after infection 175 176 ; therefore not all inacti¬ 
vated BRSV vaccines enhance disease. It appears that the 
dose of BRSV protein, the adjuvant included in the vaccine, 
and probably also other faaors related to the formulation 
of the vaccine affea whether enhanced disease is likely 
after infection of cattle given a particular BRSV vaccine. 177 
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Apparent vaccine-enhanced disease has also been reported 
in cattle that received a modified live vaccine in the early 
stage of a natural BRSV outbreak. 170 It is important to note 
that BRSV vaccines are used very commonly, and vaccine- 
enhanced disease is very rare; thus vaccination is still recom¬ 
mended as pan of any plan to control disease caused by 
BRSV. Many gaps exist in our understanding of what aspects 
of the immune response contribute to disease severity after 
BRSV infection or vaccination. Most research completed to 
date has focused on enhanced disease in calves that received 
formalin-inactivated BRSV. The data suggest that when 
enhanced disease occurs in calves vaccinated with forma¬ 
lin-inactivated BRSV, it is related to a relatively strong 
response by T helper type 2 (Th2) cells, as evidenced by 
decreased production of the Thl prototype cytokine inter¬ 
feron gamma, 178 increased production of BRSV-specific 
IgE, 179 and pulmonary eosinophil infiltration. 173 The asso¬ 
ciation of BRSV-specific IgE production with disease severity 
in some experimental studies indicates that at least some 
individual ruminants will produce IgE after BRSV vaccina¬ 
tion or infection, which may contribute to severe disease 
in these individuals. 

The presence of co-infection with other pathogens such 
as M. haemolytica 180 or bovine virus diarrhea (BVD) virus 
(BVDV) 181 can also increase the severity of disease after 
BRSV infection. Although genetic variation among BRSV 
isolates is not extensive, experimental challenge with certain 
isolates of BRSV can lead to serious disease, 158 * 182 whereas 
challenge with other isolates leads to only minimal dis¬ 
ease. 183 * 184 This indicates that, in spite of limited differences 
among viral isolates at the genetic level, variation among 
BRSV isolates may still contribute to variations in disease 
severity. 


II Epidemiology. Prevalence of antibodies to BRSV in the 
cattle population of the United States ranges from approxi¬ 
mately 60% to 80%. 151 The virus has been recognized in 
association with respiratory tract disease in nursing beef 
calves, in dairy calves, and in cattle entering into feedlots. 
BRSV was demonstrated to be involved in 14% to 71% of 
respiratory disease outbreaks in North American and Euro¬ 
pean studies of calf pneumonia outbreaks involving several 
farms. 185 Seroconversion to BRSV has been significantly 
associated with treatment for respiratory disease in feedlot 
cattle, 186 * 187 and cattle with low antibody titers to BRSV at 
feedlot entry have increased risk of developing disease. 186 
Although feedlot cattle are commonly infected with BRSV 
after arrival, a recent survey of necropsy findings at 72 Cana¬ 
dian feedlots found BRSV at postmortem of only 11% of the 
cattle that died or were euthanized because of pneumo¬ 
nia. 188 The low rate of isolation at necropsy suggests that if 
the virus contributes to the development of pneumonia in 
feedlot cattle, it is often no longer present by the time the 
animal dies or is euthanized. 

BRSV therefore represents an important virus in the 
bovine respiratory disease complex on the basis of its fre¬ 
quency of occurrence and predilection for causing infection 
of the lower respiratory tract. In general, morbidity rate 
tends to be high in outbreaks of BRSV, whereas case fatality 
rate is variable, ranging from none to as high as 20%. 185 

Cattle are most likely the principal reservoirs of infection, 
although a European serologic survey of different species 
found that goats were also often seropositive, 141 indicating 
that goats may be a source of BRSV infection for cattle, and 
vice versa. The mechanism by which BRSV persists in the cat¬ 
tle population is not known. Possibly a similar epidemio¬ 
logic pattern to the one that has been described for HRSV 
also exists for BRSV. HRSV is capable of reinfecting the host 


throughout his or her life; however, severe lower respiratory 
tract disease occurs only in association with the initial expo¬ 
sure. Subsequent exposure results in mild upper respiratory 
tract disease. Similarly, adult cattle may periodically undergo 
subclinical to mild infections and serve as a source of infec¬ 
tion for susceptible young stock. However, a recent study 
concluded that transmission among seropositive cattle was 
not a plausible mechanism of BRSV persistence in a dairy 
herd. 189 Ifiese authors suggested that persistent BRSV infec¬ 
tion in individuals is a more plausible explanation of popu¬ 
lation persistence of BRSV. BRSV has been identified in B 
lymphocytes in tracheobronchial and mediastinal lymph 
nodes of calves 71 days after experimental infection, 190 so 
it may be that individual cattle harbor the virus long term 
and periodically begin shedding it, allowing it to periodically 
reappear in herds even if they are closed to new introduc¬ 
tions. However, more research is needed before persistent 
infection is clearly proven to be a means by which BRSV 
remains established in herds. 

II Necropsy Findings. Grossly, BRSV infection can cause 
signs of AIP; therefore differential diagnoses for the typical 
gross lesions include other causes of AIP (see later discus¬ 
sion). Signs of AIP are most evident in the dorsocaudal 
lung; affected lung is heavy, with a rubbery texture, and fails 
to collapse when the thorax is opened. Individual lobules 
may appear dark, and interstitial or bullous emphysema is 
often present in the dorsocaudal lung in severe cases 
(Fig. 31-54). Pathologic emphysema must be differentiated 
from that sometimes caused by agonal breathing of cattle. 
Cranioventral lobes or lobules are often dark and collapsed 
because of atelectasis or consolidation (Fig. 31-55). Histo¬ 
logic lesions depend on the stage of infection. Neutrophi¬ 
lic and later mononuclear bronchitis, bronchiolitis, and 
alveolitis are present in infected animals. Syncytial cells 
may be seen in the airways or alveoli; intracytoplasmic 
inclusion bodies are rarely present. 149 160 182 Signs of AIP 
including alveolar epithelial hyperplasia, hyaline membrane 
formation, and interstitial inflammatory cell infiltrate, hem¬ 
orrhage, and edema are seen in severe cases. Uter, evidence 
of chronic bronchitis and bronchiolitis obliterans can be 
found. 149 


II Diagnosis. Infection is diagnosed by identification of the 
virus in nasal secretions, tracheal aspirates, or lung lavage 
fluid from live calves or in lung tissue collected postmortem. 



FIG. 31-54 II Postmortem photograph of bovine lung with interstitial 
emphysema often seen in severe BRSV infection, as well as other causes 
of acute interstitial pneumonia. (Photograph contributed by Dr Amelia 
Woolums. University of Georgia, Athens, Ga.) 
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FIG. 31-55 II Postmortem photograph of lungs from calf with severe 
BRSV infection (Photograph contributed by Dr Uurel Gershwin. Univer¬ 
sity of California. Davis. Calif ) 


BRSV is difficult to isolate as it does not survive transport 
well; thus methods of identification that do not require the 
virus to he alive (such as immunofluorescence, IHC, and 
RT-PCR) are preferable to virus isolation for the identification 
of BRSV. IIIC of formalin-fixed tissue is convenient because 
the virus can be identified in tissue processed for histopatho¬ 
logic evaluation. If virus isolation is to be attempted from 
samples collected in the field, it is recommended that that 
veterinarian contact his or her diagnostic laboratory before 
collecting samples so that samples are collected and trans¬ 
ported in ways that optimize likelihood of success. Although 
virus is readily identifiable in lung tissue of cattle early in the 
course of disease (within approximately 8 days of infection), 
virus is less likely to be found in lung tissue by 10 to 15 days 
postinfection, even when IHC is used. 153 * 172 * 182 

Seroconversion as evidenced by paired serology also sup¬ 
ports a diagnosis; virus neutralizing or ELISA assays are 
most commonly used to identify BRSV-specific antibody. 
Identification of BRSV-specific IgM in a single acute sample 
is also diagnostic, 191 but testing for BRSV-specific IgM may 
not be available at most diagnostic laboratories. 

II Treatment and Prei>ention. Treatment of BRSV is sup¬ 
portive and aimed at preventing secondary bacterial infection 
and limiting the inflammatory response in bronchioles and 
alveoli. Antimicrobial therapy appropriate for common sec¬ 
ondary bacterial pathogens (see Table 31-10) is appropriate. 
Antiinflammatory therapy with NSAIDs (flunixin meglu¬ 
mine at 1.1 to 2.2 mg/kg IV daily or divided twice daily) is 
considered appropriate, but controlled studies of these drugs 
in animals with disease caused by BRSV are limited. Adminis¬ 
tration of one or two doses of steroid therapy (dexametha- 
sone 0.05 to 0.2 mg/kg IV or IM once or twice) is 
appropriate in animals with severe respiratory distress or evi¬ 
dence of AIP. Intranasal oxygen insufflation is appropriate if 
available. Diuretic therapy with furosemide (0.5 to 1 mg/kg 
IM or IV once or twice daily) is warranted in animals sus¬ 
pected of having AIP. Although the prognosis for animals 
with uncomplicated BRSV infection is good, the prognosis 
for animals with AIP is guarded. Animals with severe respira¬ 
tory distress should be handled with care, as even careful 
manipulation to administer treatment can lead to rapid respi¬ 
ratory decompensation and death. 

Both modified live and inactivated BRSV vaccines for IM or 
SC administration are commercially available. Certain com¬ 
mercially available vaccines have been shown to protea calves 
against virulent experimental challenge. 175 176 192 Results of 


some well-designed trials of BRSV vaccine efficacy have also 
been published. 193 196 In some studies the effea of BRSV vac¬ 
cination on all clinical respiratory disease (i.e., not only dis¬ 
ease caused specifically by BRSV) was evaluated, 193 * 195 * 196 
whereas in other studies protection against disease caused by 
BRSV was specifically evaluated by identification of clinical 
respiratory disease and simultaneous seroconversion to BRSV 
in vaccinated cattle. 194 Vaccination decreased all respiratory 
morbidity in some 195 but not other 193 * 195 196 groups of cattle 
evaluated. Vaccination decreased disease specifically caused 
by BRSV in large groups of calves if all calves in the group were 
vaccinated, but not if half of the calves in the group were vac¬ 
cinated. 194 A recent large clinical trial evaluating the effect of 
vaccination of feedlot cattle with a modified live vaccine con¬ 
taining BHV-1, PI3, and BVDV, with or without BRSV, found 
that pens of cattle that received the vaccine including BRSV 
had lower overall morbidity and mortality and lower num¬ 
bers of respiratory deaths than pens of cattle that received 
the vaccine that did not include BRSV. 196 There is no RSV vac¬ 
cine licensed for use in small ruminants, and no controlled 
studies of the effects of extralabel administration of BRSV vac¬ 
cines licensed for cattle on respiratory disease in sheep or 
goats have been published. 

Bovine Virus Diarrhea Virus 

BVDV is an enveloped RNA virus of the genus Pestivirus in 
the family Flaviviridae. A wide spectrum of disease has been 
associated with BVDV infection, including subclinical infec¬ 
tion, bovine virus diarrhea and mucosal disease (see Chap¬ 
ter 32), immunosuppression, repeat breeding problems, 
abortion, fetal mummification (see Chapter 43), congenital 
defeas, immunotolerance, and persistent infeaions. Only 
the contribution of this virus to respiratory disease is dis¬ 
cussed here. 

Historically the role of BVDV in the bovine respiratory dis¬ 
ease complex has been controversial, 197 199 but more recent 
research provides good evidence that the virus contributes to 
bovine respiratory disease and related decreased productivity 
of catde in the field in at least some cases. 200 * 201 Experimental 
challenge of cattle with BVDV alone leads to mild pneumo¬ 
nia, 202 * 203 and occasionally herd outbreaks of BVDV are first 
identified by the presence solely of signs that are likely to be 
interpreted as evidence of respiratory disease, such as fever, 
tachypnea, and loud bronchovesicular sounds. 204 Experi¬ 
mental infeaion studies have also shown that respiratory dis¬ 
ease caused by M. haemolytica, 202 BHV-1, 205 or BRSV 181 is 
significantly more serious when cattle are co-infeaed with 
BVDV. This synergistic effect of BVDV with other respiratory 
pathogens is believed to be a result of immunosuppression 
caused by BVDV, which is discussed in detail in Chapter 32. 
The ability of BVDV to cause respiratory disease appears to 
depend in part on the strain of infecting virus. 203 * 206 

Although the results of experimental challenge studies 
show that BVDV can cause mild respiratory disease alone 
and can contribute to the development of more serious 
disease in combination with other pathogens, data from 
field cases of respiratory disease are generally considered 
of greatest relevance. Studies of naturally occurring bovine 
respiratory disease have shown that in some situati¬ 
ons BVDV can be isolated from a majority of cattle 
affeaed with shipping fever pneumonia, particularly in 
association with M. haemolytica, 188 ’ 207 or in association 
with Mycoplasma boms in animals with chronic pneu¬ 
monia. 208 * 209 Seroepidemiologic studies have indicated 
an association of BVDV with respiratory disease in some 
but not all cases. 198 * 210 The most convincing data link¬ 
ing BVDV to respiratory disease has come from studies 
of calves purchased and assembled at sale bams for 
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shipment to feedyards across several states. 201 In 2 consec¬ 
utive years BVDV was significantly more likely to be 
isolated from calves that were treated for respiratory dis¬ 
ease than calves in the same group that were not treated; 
calves treated for respiratory disease were also signifi¬ 
cantly more likely to seroconvert to BVDV than penmates 
who were not treated for respiratory disease. The majority 
of BVDV isolates collected from calves in this study were 
BVDV type lb. If this finding is representative of the 
BVDV isolates circulating in cattle throughout the United 
States, it could have important implications for the ability 
of vaccines to adequately protect cattle, as commercially 
available vaccines currently contain BVDV type la almost 
exclusively. 211 More research will be necessary to deter¬ 
mine how frequently viral strains in BVDV vaccines will 
need to be updated so that they provide adequate protec¬ 
tion from currently circulating strains. 

In addition to contributing directly to bovine respiratory 
disease by infecting the respiratory tract and enhancing the 
pathogenicity of co-infecting bacteria or viruses, BVDV may 
also contribute to respiratory disease by impairing the ability 
of cattle to respond properly to vaccination against other respi¬ 
ratory pathogens. Calves infected with BVDV before BHV-1 
vaccination shed BHV-1 longer after subsequent BHV-1 
infection than calves that were not co-infected with BVDV. 212 
In another study, calves persistently infected with BVDV 
failed to develop a serologic response to a M. haemolytica 
vaccine, in contrast to control animals not infected with 
BVDV. 213 

In summary, although the importance of BVDV in the 
bovine respiratory disease complex has previously been 
debated, recent research indicates that BVDV is significandy 
associated with the development of bovine respiratory dis¬ 
ease in at least some cases. Whereas experimental challenge 
studies indicate that BVDV can cause at least mild respira¬ 
tory disease when acting alone, the virus appears to contrib¬ 
ute most importantly by impairing the host's ability to resist 
infection and limit disease caused by other pathogens that 
infect the animal at the same time or soon after BVDV infec¬ 
tion occurs. 


Parainfluenza Virus Type 3 of Cattle, Sheep, 
and Goats 

II Definition and Etiology. Parainfluenza virus type 3 (PI3) 
is an enveloped RNA virus classified in the family Paramyxo- 
viridae. The virus has been associated with respiratory tract 
disease in cattle, sheep, and goats. It hemagglutinates and 
hemadsorbs red blood cells of certain species, which means 
that serum antibodies can be identified by hemagglutination 
inhibition assays. Variation in virulence among strains of PI3 
has been reported. 214 Significant similarities between bovine 
PI3 and human PI3 have led to efforts to use bovine PI3 as a 
modified live intranasal vaccine for humans; bovine PI3 was 
found to be safe and immunogenic in a clinical trial in 
human infants. 215 

II Clinical Signs. Uncomplicated PI3 infections result in 
subclinical to mild signs. Clinical signs, if present, may 
include fever, cough, nasal and ocular discharge, increased 
respiratory rate, increased bronchovesicular sounds, and 
wheezes. 216 * 218 The most important role of PI3 is in predis¬ 
posing the respiratory tract to subsequent infection by other 
viruses and bacteria such as Mannheimia (Pasteurella) haemo¬ 
lytica. 219 Severity of signs increases with the development of 
secondary bacterial pneumonia, and if death occurs it is usu¬ 
ally the result of secondary bacterial infection. Infection with 
PI3 is widespread in sheep and goats. 220 * 221 Only one 


serotype of ovine PI3 has been identified, and it is related 
to but distinct from the bovine strain. Most infections are 
inapparent to mild. 

II Pathogenesis. Infection with PI3 can lead to signs referable 
to both upper and lower respiratory tract infection. After exper¬ 
imental infection of calves, clinical signs are evident by 2 days 
postinfection, and signs peak 4 days postinfection. Virus 
is found in the nasal passages, trachea, and branchiolar and 
alveolar epithelial cells. The virus damages the pulmonary 
mucociliary apparatus 222 and depresses several important 
functions of alveolar macrophages such as Fc receptor expres¬ 
sion, phagocytosis, and microbicidal activity, 223 which are 
important in predisposing infected animals to secondary bac¬ 
terial pneumonia. 

II Epidemiology. The widespread prevalence of antibodies 
to this virus indicates that it commonly circulates in rumi¬ 
nant populations. 101 * 221 ' 224 This finding suggests the possi¬ 
bility of repeat infections or at least the persistence of 
antibodies after infection. Inapparent or subclinical infec¬ 
tions with PI3 are common; in one report, 28 groups of 
calves seroconverted to PI 3 over 8 months, but respiratory 
disease was seen in association with PI3 infection in only 
four of these groups. 225 Although infection can often be 
inapparent, if environmental and managerial practices are 
suboptimal, PI3 may become an important initiator of 
respiratory tract disease. Infection appears to spread rapidly 
in susceptible cattle housed at high population densities 
and in close contact. In seroepidemiologic surveys evaluat¬ 
ing groups of calves in herds experiencing outbreaks of 
respiratory disease, seroconversion to PI3 has been asso¬ 
ciated with 14% to 38% of outbreaks evaluated. 111 ' 112 226 
In some surveys PI3 is the virus most commonly isolated 
from the lungs of calves that die or are euthanized because 
of pneumonia. 227 Feedlot cattle commonly seroconvert to 
PI3 soon after feedlot arrival, and seroconversion has been 
associated with treatment for respiratory disease in some 186 
but not all 187 cases. In spite of the fact that feedlot cattle fre¬ 
quently become infected with PI3 after feedlot entry, a 
recent survey of necropsy findings at 72 Canadian feedlots 
found PI3 at postmortem examination of only 4% of the 
cases with pneumonia. 188 The low rate of isolation at nec¬ 
ropsy suggests that if the virus contributes to the develop¬ 
ment of pneumonia, it may no longer be present by the 
time the animal dies or is euthanized. 

II Necropsy Findings. Lesions of PI3 infection alone are 
rarely seen during postmortem examination. Experimental 
PI3 infection results in congestion of the respiratory 
mucosa, swelling of lymph nodes associated with the respi¬ 
ratory tract, and lobular consolidation concentrated in the 
cranioventral lung. 218210 Bronchiolitis and alveolitis are 
seen histologically with both proliferative and degenerative 
changes in the epithelial cells of the bronchioles and 
alveoli. Syncytia and intranuclear and intracytoplasmic 
inclusion bodies may be seen. 218 219 In many respects, path¬ 
ologic features of PI3 infection are similar to those caused 
by BRSV, although the lesions produced by the latter are 
generally more extensive. 

II Diagnosis. PI3 can be isolated from nasal swabs of 
infected animals. Unlike BRSV, which is also in the para¬ 
myxovirus family, PI3 is not particularly difficult to isolate. 
Diagnosis can also be confirmed with paired serology, with 
hemagglutination inhibition or virus neutralizing assays 
most commonly used. 
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II Treatment and Prevention. There is no specific treat¬ 
ment for infection with PI3; as for other respiratory viruses 
of ruminants, administration of appropriate antibiotics to 
prevent secondary infection with likely bacteria is recom¬ 
mended. As for any viral respiratory tract infection, support¬ 
ive care is indicated, such as providing readily available 
good-quality feed and water and avoiding or postponing 
additional stressors such as movement or mixing of ani¬ 
mals. Both inactivated and modified live PI3 vaccines are 
available for parenteral administration, and modified live 
PI3 vaccines are available in combination with BHV-1 for 
intranasal administration; these vaccines are labeled for 
use in cattle but not in sheep or goats. A univalent modified 
live intranasal PI3 vaccine is available in Europe. 218 Experi¬ 
mental challenge studies have shown that both parenteral 
and intranasal vaccines can decrease viral shedding and 
clinical signs after challenge. 216 - 218 ' 228 No field trials have 
specifically evaluated the effect of PI 3 vaccines to decrease 
respiratory disease. One study reported that a modified live 
BHV-1/P13 vaccine licensed for use in cattle decreased clini¬ 
cal signs and viral shedding when administered before 
experimental challenge of sheep, but the vaccinated sheep 
also appeared to become latently infected with BIIV-1. 228 
The investigators noted that induction of latent BIIV-1 
infection could be an important negative side effect of vac¬ 
cination, as sheep could theoretically spread BHV-1 to other 
in-contact ruminants, such as cattle. Although the practice 
appears to occur commonly, administration of BHV-1/P13 
vaccines to sheep or goats constitutes an extralabel use of 
these products. 

Bovine Coronavirus 

Coronaviruses are enveloped, single-stranded positive sense 
RNA viruses of the family Coronaviridae. Bovine coronavi¬ 
rus is a major cause of calf diarrhea and has also been impli¬ 
cated as a cause of winter dysentery in cattle. Although it 
has been known for some time that bovine coronavirus 
can infect the respiratory tract of calves, 229 the practical rel¬ 
evance of this agent as a respiratory pathogen has been 
debated. However, evidence is accumulating that bovine 
coronavirus may be an important contributor to outbreaks 
of respiratory disease in some cases. 

One reason for the lack of awareness regarding a role for 
coronavirus in respiratory disease may be the fact that stan¬ 
dard cell lines used for isolation of other respiratory viruses 
are often not permissive to bovine respiratory coronavirus 
infection. Thus, coronavirus may not be isolated if only 
standard cell lines are used to attempt to isolate viruses 
from cattle experiencing respiratory disease. Bovine respira¬ 
tory coronavirus can readily be recovered by using human 
rectal tumor-18G cell lines. 230 An antigen-capture ELISA 
and a sensitive RT-PCR assay have also been developed for 
identification of the virus. 231 It is not yet clear whether the 
coronaviruses that have been associated with respiratory 
disease in cattle are different in important ways from the 
coronaviruses that cause enteric disease; studies comparing 
biologic and antigenic properties of enteric and respiratory 
isolates have yielded mixed results. 232 233 

An association of coronavirus with two naturally 
occurring outbreaks of shipping fever was described in a 
well-detailed report. 234 In these outbreaks, which were 
characterized by high morbidity and mortality, coronavirus 
was isolated from the nasal passages of over 80% of the cat¬ 
tle in the early stages of the outbreaks. No other respiratory 
viruses were identified in most of the cattle, but M. haemoly- 
tica was also isolated from a majority of cattle as the two 
epizootics progressed. A few cattle with high serum anti¬ 
body titers against coronavirus at feedlot arrival did not 


shed the virus. However, a clear causative role for coronavi¬ 
rus was difficult to identify because so few catde remained 
healthy that it was apparently not possible to find a differ¬ 
ence in viral shedding or seroconversion in animals that 
had respiratory disease versus those that did not. In a sepa¬ 
rate report the researchers used Evans's criteria of causation, 
which have been suggested as more appropriate than Koch's 
postulates for evaluation of causative factors in complex dis¬ 
eases such as the bovine respiratory disease complex, to sup¬ 
port a causative role for coronavirus in the outbreaks they 
studied. 235 Other researchers attempting to confirm or 
refute an important causative role for coronavirus in bovine 
respiratory disease have nearly always found the virus when 
calves are sampled soon after feedlot entry. 231 - 236 ' 237 More¬ 
over, it is very common for a majority of cattle to have anti¬ 
body titers to the virus at feedlot arrival or to seroconvert 
soon after feedlot entry; therefore it is clear that cattle are 
often infected with the virus at times when respiratory 
disease is likely to occur. 231 236 - 238 However, the importance 
of the virus in causing respiratory disease has still been 
debated 238 because seroconversion has not been significantly 
associated with treatment for respiratory disease or with 
decreased weight gain during the feeding period. 238 240 One 
group did find that cattle shedding coronavirus from the 
respiratory tract soon after feedlot entry were significantly 
more likely to have pneumonia at slaughter as compared 
with cattle not shedding the virus. 240 Another group found 
that vaccinating calves intranasally with a modified live coro¬ 
navirus and rotavirus vaccine commercially marketed to 
decrease dianhea caused by these viruses (i.e., an extralabel 
use of the vaccine) significantly decreased the subsequent 
rate of treatment for respiratory disease in cattle that had 
relatively low serum antibody titers against coronavirus at 
arrival. 237 These studies provided direct or indirect evidence 
that coronavirus caused respiratory disease in the cattle under 
study. 

In summary, some of the currently available data sup¬ 
port an important role for coronavirus in contributing to 
the bovine respiratory disease complex, but other data 
do not. In this regard coronavirus is similar to other infec¬ 
tious agents, which can be identified as important players 
in some outbreaks studied but not identified at all in 
others. More research would be useful to better character¬ 
ize the relevance of bovine respiratory coronavirus as a 
respiratory pathogen. Currently no vaccines are commer¬ 
cially marketed for the prevention or control of respira¬ 
tory disease caused by bovine respiratory coronavirus 
infection. 

Malignant Catarrhal Fever Virus 

The African (wildebeest-associated) form of malignant 
catarrhal fever (MCF) is caused by alcelaphine herpesvirus 
types 1 and 2. A causative agent for the American (sheep-asso¬ 
ciated) form is believed to be ovine herpesvirus type 2. The 
occurrence of MCF in the cattle population is sporadic. There 
is multisystemic involvement, including involvement of the 
respiratory tract. MCF is discussed in detail in Chapter 32. 

Bovine Herpesvirus Type 4 

The bovine type 4 herpesviruses are serologically distinct 
from other herpes viruses such as BHV-1 and BHV-2 
(bovine mammillitis). 94 Although the level of antibody 
prevalence to BHV type 4 (BHV-4) is high in the cattle 
population of the United States, the pathogenic role of 
this virus remains unclear. It has been implicated in seve¬ 
ral disease conditions of cattle, including respiratory tract 
disease, reproductive disorders (abortions and metritis). 
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mammillitis, and enteric disease. 241 It has also been iso¬ 
lated from apparently healthy cattle. Several of these viruses 
(DN-599, Movar 33/36, FTC-2) have been isolated from 
cattle with respiratory tract disease. Intranasal inoculation 
of DN-599 into calves produced respiratory disease, but 
the importance of this group of viruses in the bovine respi¬ 
ratory disease complex is poorly defined. Currently they are 
not thought to be important enough to warrant vaccine 
development. 

Adenoviruses of Cattle, Sheep, and Goats 

Adenoviruses are nonenveloped double-stranded DNA 
viruses of the family Adenoviridae. Ten serotypes of bovine 
adenovirus (BAV) are currently recognized. 242 BAV infection 
is widespread and is frequently subdinical 243 ' 244 ; adeno¬ 
viruses are also often isolated in association with other 
viruses and bacteria, 94 ' 243 making it difficult to assign causa¬ 
tion in naturally occurring disease outbreaks. Adenoviruses 
have been associated with pneumonia, enteritis, conjunctivi¬ 
tis, keratoconjunctivitis, and 'weak calf syndrome." 245 When 
calves develop pneumonia and enteritis at the same time 
("pneumoenteritis"), adenoviral infection should particu¬ 
larly be considered as a possible cause. 94 

Six antigenic types of ovine adenovirus and two types of 
caprine adenovirus have been identified. 246 Little informa¬ 
tion concerning the incidence and distribution of adenovirus 
infection in the sheep and goat population is available; how¬ 
ever, it appears likely that this virus causes widespread infec¬ 
tion. 247 A study in Iowa reported that adenovirus infections 
were widespread in the sheep population and that the preva¬ 
lence of active infection based on seroconversion rates was 
approximately 45%. 247 The majority of isolations of this 
virus have been from young lambs, and it has been isolated 
in association with respiratory and enteric disease. Experi¬ 
mental infections result in mild disease with anorexia, 
pyrexia, increased respiratory rates, coughing, and diarrhea. 
Gross lesions observed include atelectasis, edema, and 
consolidation of the lungs. 248 Ovine adenovirus serotype 6 
has been shown under experimental conditions to act syner- 
gistically with Mannheimia (Pasteurella) haemolytica in the 
production of pneumonia in lambs. 249 

Bovine Rhinovirus 

Bovine rhinovirus is a nonenveloped single-stranded RNA 
virus in the family Picomaviridae. Two serotypes of bovine 
rhinovirus are officially recognized. 94 Infection with this 
virus appears to be widespread in the cattle population. By 
10 to 12 months of age virtually 100% of beef and dairy cat¬ 
tle in Missouri are seropositive to rhinovirus. 250 Clinical 
signs of rhinovirus infections range from inapparent signs 
to fever, depression, decreased appetite, increased respira¬ 
tory rate, lacrimation, conjunctivitis, salivation, coughing, 
and nasal discharge. Little research is available that charac¬ 
terizes the relative importance of rhinovirus in the bovine 
respiratory disease complex. 

Bovine Reovirus 

Bovine reovirus is a nonenveloped, double-stranded seg¬ 
mented RNA virus in the family Reoviridae. Three mamma¬ 
lian serotypes are recognized. Reoviruses have been isolated 
from the respiratory and digestive tracts of apparently 
healthy cattle. Infections appear to be common in cattle, 
and bovine isolates are antigenically identical to human se¬ 
rotypes. The importance of reovirus infections in bovine 
respiratory tract disease is unclear. Subdinical infections 
appear to predominate under field conditions. 


Bovine Enterovirus 

Enteroviruses are nonenveloped single-stranded positive 
sense RNA viruses in the family Picomaviridae. Over 60 
strains of bovine enterovirus have been isolated from the 
respiratory, reproductive, and digestive tracts of cattle. The 
majority of these isolates have been obtained from healthy 
animals, although isolations have been made from cattle 
in association with abortions, enteritis, and respiratory dis¬ 
ease. In general, infections with enteroviruses are common 
and transient and usually not considered to be pathogenic. 

Calicivirus 

A calicivirus has been isolated from dairy calves from a herd 
with a persistent respiratory disease problem. 251 This vims 
caused only minimal disease in experimentally infected 
calves, but a persistent infection was produced. 

Influenza 

Influenza vims has not historically been considered to 
cause naturally occurring respiratory disease in ruminants 
in North America. However, it is possible to experimen¬ 
tally infect cattle with influenza, 252 and a report from Eng¬ 
land describes several cattle that seroconverted to human 
influenza A vims during outbreaks of clinical respiratory 
disease and decreased milk production in dairy cattle. 253 
Antibodies from the cattle reacted most strongly with a 
human H1N1 vims (A/England/33/80) and a human 
H3N2 vims (A/England/427/88). Retrospective analysis 
of banked semm samples also identified measurable anti¬ 
body titers to human influenza in 49% to 59% of samples 
tested, with several sets of paired sera taken from animals 
during respiratory disease outbreaks showing evidence of 
seroconversion, with relatively high vims neutralizing anti¬ 
body titers. 253 254 Attempts were made to isolate influenza 
vims from cattle with signs of respiratory disease but were 
not successful. 254 It was not possible to rule out other 
more recognized causes of bovine respiratory disease in 
the outbreaks in which cattle seroconverted to influenza, 
so it has not been proven conclusively that influenza is a 
significant contributor to naturally occurring bovine respi¬ 
ratory disease. However, the relatively high rate of seropos- 
itivity seen in cattle in England suggests that the vims may 
commonly circulate among cattle in at least a subdinical 
form, and thus cattle may be a significant reservoir of vims 
that could infect other species. More research is necessary 
to determine the significance of influenza infection in cat¬ 
tle and other ruminants. More information about influ¬ 
enza vims is presented in the section on equine influenza 
on p. 543. 

BACTERIAL AND CHLAMYDIAL AGENTS 

Mannheimia Haemolytica 

II Definition and Etiology. M. haemolytica (formerly Pas¬ 
teurella haemolytica) is a gram-negative aerobic bacteria of 
the family Pasteurellaceae. There are at least 12 serotypes of 
M. haemolytica, and some mminant isolates are untypable 
with currently available laboratory tools. Five serovars previ¬ 
ously classified as M. haemolytica have been determined to 
be separate species and have been reclassified as Pasteurella 
trehalosi or Mannheimia glucosida. 255 ' 256 P. trehalosi causes 
pneumonia or systemic disease with multiorgan infection 
in sheep, 257 whereas M. glucosida is a low vimlence opportu¬ 
nistic pathogen of sheep. 258 Some serotypes of M. haemoly¬ 
tica are pathogenic, whereas others are nonpathogenic 
commensals of the mminant nasopharynx, and the serotypes 
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that are pathogenic for cattle are not the same as those that 
are pathogenic for sheep or goats. 259 * 261 Serotype A1 is the 
most common isolate from pneumonic lungs of cattle, and 
serotype A6 is the next most common 262 * 263 ; serotype A2 is 
the most common isolate from the nasopharynx of normal 
cattle. 264 Serotype is also relevant to pathogenicity of isolates 
from sheep and goats; both M. haemolytica and P. trehalosi can 
be isolated from the nasopharynx of normal small rumi¬ 
nants, 265 but M. haemolytica serotype A2 is the most common 
isolate from sheep and goats with pneumonia, and serotypes 
A7, A9, and several others have also been associated with 
disease. 259,261,266 


II Clinical Signs. Cattle, sheep, or goats infected with 
M. haemolytica display a dull or depressed attitude and lose 
interest in eating. Fever, tachypnea, and depression are 
often the only abnormal signs early in the course of infec¬ 
tion 267 * 269 ; coughing is not a prominent sign in the acute 
stage of disease 268 269 unless co-infection with another 
agent such as BHV-1 or BRSV is present. Animals may dis¬ 
play evidence of thoracic pain, such as standing with elbows 
abducted or catching the breath before expiration; these 
signs are a result of the painful Fibrinous pleuritis caused 
byM. haemolytica. Because M. haemolytica is a gram-negative 
organism, endotoxin (lipopolysaccharide) is produced by 
the agent, and thus cattle with mannheimiosis may show 
signs of endotoxemia, including fever, tachycardia, tachyp¬ 
nea, salivation, respiratory distress, pale or dark mucous 
membranes with prolonged capillary refill time, and cool 
extremities. Thoracic auscultation may reveal harsh or loud 
bronchovesicular sounds consistent with pulmonary 
consolidation, 268 particularly over the cranioventral lung. 
Disease after M. haemolytica infection can be fatal, particu¬ 
larly if it is not treated; it can also lead to chronic pneumo¬ 
nia associated with secondary invasion with agents such as 
P. multocida, Mycoplasma bovis , or Arcanobacterium (Actino¬ 
myces) pyogenes. 

It is important to remember that naturally occurring dis¬ 
ease caused by M. haemolytica is commonly preceded by 
infection with a viral agent such as BHV-1, BRSV, or BVD; 
therefore the clinical signs described previously for these 
and other respiratory viruses may also be present in animals 
infected with M. haemolytica. 


II Pathogenesis. M. haemolytica is a normal inhabitant of 
the nasal pharyngeal mucosa, 96 * 265 but not the lung, and 
is considered an opportunistic pathogens. Calves and lambs 
become infected at an early age and carry Pasteurella as a 
minor part of the upper respiratory tract flora. Only a small 
percentage of nasal swabs yields positive results for M. hae¬ 
molytica serotype A1 in healthy, unstressed calves, 270 but if 
several areas of the nasal mucosa are cultured at necropsy, 
it is often possible to isolate M. haemolytica from animals 
that previously had negative findings on nasal swabs. 271 
The stress of transportation or viral infection causes a break¬ 
down of the defense mechanisms that hold the nasal 
mucosa infections in check, resulting in a rapid prolifera¬ 
tion of virulent M. haemolytica serotype Al. A greater num¬ 
ber of calves will yield positive nasal mucosa swab 
M. haemolytica results during and after transport, and there 
is a large increase in the numbers of M. haemolytica in 
positive samples. 270 272 BHV-1 and PI3 viruses have been 
shown to have the same effect as transportation on Pasteur¬ 
ella populations of the nasal mucosa. M. haemolytica has 
been demonstrated in the tracheal air of stressed, healthy 
calves harboring the organism on their nasal mucosa. Some 
of these inhaled organisms are deposited deep within the 


lung and normally are cleared within hours. But under con¬ 
ditions of impaired pulmonary defenses caused by stress, 
nutritional deficiencies, or preexisting viral infection, 
M. haemolytica is able to proliferate rapidly within the lung 
and with the aid of its virulence factors and toxins to pro¬ 
duce a severe lobar necrotizing fibrinous pleuropneumonia. 
Calves infected with respiratory viruses, including BHV-1, 
P13, BVDV, and BRSV, or Mycoplasma species have increased 
susceptibility to severe bronchopneumonia when exposed 
to M. haemolytica , 96 Similarly, infection of lambs with PI3 
or adenovirus followed in several days by M. haemolytica 
causes severe pneumonia. 220 * 273 

Once M. haemolytica becomes established in the lungs, 
interactions between the bacteria and the host defenses 
result in tissue damage and elimination of the invader. 
A major virulence factor of M. haemolytica is an exotoxin 
that is lethal to ruminant leukocytes, the Ieukotoxin. Leuko- 
toxin, which is produced by M. haemolytica during the 
logarithmic phase of growth, causes cytolysis of ruminant 
platelets, lymphocytes, macrophages, and neutrophils. 274 
There is diversity in the gene encoding the Ieukotoxin mol¬ 
ecule among M. haemolytica serotypes, and genetic diversity 
is related to differences in toxicity. For example, the leuko- 
toxin encoded by some pathogenic bovine serotype Al 
strains differs from the Ieukotoxin encoded by ovine Al 
strains by only one amino acid but is substantially more 
toxic for bovine leukocytes than for ovine leukocytes. 260 
Leukotoxin binds to cells via CD 18, the beta subunit 
of the p 2 integrins CDlla/CD18 (LFA-1), CDllb/CD18 
(Mac-1), and CD 11 c/CD 18 (CR-4) 275 276 ; although leuko¬ 
toxin can bind to cells from nonruminant species, only 
ruminant cells are killed by the toxin. 274 Contact with leu¬ 
kotoxin increases expression of LFA-1 on ruminant leuko¬ 
cytes, making the cells even more sensitive to injury by 
Ieukotoxin. 277 At low concentrations, leukotoxin induces 
leukocyte death by apoptosis, whereas at higher concentra¬ 
tions the toxin causes cell lysis. 278 M. haemolytica expressing 
a mutant nontoxic Ieukotoxin induced less lung pathology 
in calves as compared with M. haemolytica producing func¬ 
tional toxin, but clinical signs were not different between 
the two groups of calves, indicating that leukotoxin is 
not the only virulence factor of importance in causing 
disease. 279 

Another virulence factor that certainly contributes to dis¬ 
ease resulting from M. haemolytica is lipopolysaccharide, or 
endotoxin. As in all species, exposure of ruminants to endo¬ 
toxin from gram-negative bacteria induces a multitude of 
responses leading to inflammation, including initiation 
of the complement and coagulation cascades, activation of 
endothelial cells and recruitment of neutrophils, and activa¬ 
tion of neutrophils and alveolar macrophages, leading to 
their production of proinflammatory cytokines, which fur¬ 
ther amplify the inflammatory response. The proinflamma¬ 
tory cytokines TNF-a, IL-ip, and IL-8 are expressed in the 
lungs of cattle within 48 hours of M. haemolytica infec¬ 
tion. 280 Calves exposed to a preparation containing M. hae¬ 
molytica endotoxin develop leukopenia, fever, tachypnea, 
diarrhea, and dyspnea as early as 2 hours after exposure. 281 
Endotoxin potentiates the effects of leukotoxin by inducing 
increased expression of p 2 -integrins on leukocytes, which 
contain CD 18, the receptor for leukotoxin. 277282 Bovine 
alveolar macrophages first exposed to endotoxin were sus¬ 
ceptible to death induced by concentrations of leukotoxin 
too low to cause cell death alone; and macrophages exposed 
to both endotoxin and leukotoxin produced more of the 
proinflammatory cytokines IL-8 and TNF-a than did macro¬ 
phages exposed only to leukotoxin 282 These data indicate 
that leukotoxin and endotoxin work in synergy to cause dis¬ 
ease in ruminants. The production of IL-8 is of particular 
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importance, because IK-8 is a major inducer of neutrophil 
chemotaxis. 283 The massive influx of neutrophils induced 
by IL-8 and other inflammatory mediators is a key factor 
in lung tissue destruction caused by M. haemolytica. Calves 
experimentally depleted of neutrophils are completely pro¬ 
tected from gross and microscopic lesions of the severe 
fibrinonecrotic bronchopneumonia that is induced by intra¬ 
tracheal inoculation of M. haemolytica in calves with normal 
neutrophil levels. 284 Lysis of neutrophils results in the release 
of lysosomal products, including elastase, collagenase, and 
reactive oxygen intermediates. These chemicals are bacteri¬ 
cidal but also capable of destroying the neutrophils themselves 
and surrounding tissues. Neutrophil-mediated damage to 
the endothelial cells results in exudation and thrombosis, 
which produce the classic lesions of necrosis and fibrinous 
exudation. 285 

In addition to leukotoxin and endotoxin, M. haemolytica 
possesses other factors that contribute to its virulence. The 
bacteria have a polysaccharide capsule that aids in attach¬ 
ment and prevents phagocytosis by neutrophils, 286 and 
iron-regulated outer membrane proteins (IROMPs) that 
bind transferrin and alter the function of neutrophils. 287 288 
The bacteria produce adhesions that mediate attach¬ 
ment to host cells, 289 and neuraminidase produced by 
the bacteria may aid in host colonization by decreasing 
the viscosity of respiratory mucus 290 and decreasing the 
repellant negative charge on host cells by cleaving sialic 
acid residues. 291 


II Epidemiology. In many studies over several decades, 
M. haemolytica has been found to be the most common 
bacterial isolate from feedlot cattle with fatal fibrinous 
bronchopneumonia. 188 - 292 * 296 M. haemolytica was isolated 
postmortem from 25% to 30% of cattle that died or were 
euthanized because of pneumonia in two studies evaluating 
causes of mortality in feedlot cattle. 188 - 296 Seroconversion 
to M. haemolytica or M. haemolytica leukotoxin has been sig¬ 
nificantly associated with treatment for respiratory disease 
or "undifferentiated fever" in feedlot cattle in some 186 - 297 
although not all 298 studies. Booker and colleagues found 
that the odds of developing undifferentiated fever (case def¬ 
inition similar to that usually used for undifferentiated 
respiratory disease) was 2.8 times greater for cattle that 
developed a fourfold rise in antibody titer to M. haemolytica 
leukotoxin, as compared with cattle that did not seroconvert 
to leukotoxin. 297 And whereas O'Connor and co-workers 
found no association between seroconversion to M. haemo¬ 
lytica and treatment for undifferentiated respiratory disease, 
they did find that vaccination against M. haemolytica was 
significantly associated with protection against the develop¬ 
ment of undifferentiated respiratory disease in feedlot cattle 
in their study, which indirectly indicated a role for M. hae¬ 
molytica in the development of respiratory disease. 298 
Although M. haemolytica is recognized as the bacteria most 
commonly contributing to fibrinous pneumonia in feedlot 
cattle, one study that used BAL to identify bacteria present 
in the lungs of feedlot cattle before antimicrobial treatment 
for acute pneumonia found that M. haemolytica was not 
identified more frequently in the lungs of cattle with pneu¬ 
monia than normal controls, whereas P. multocida was sig¬ 
nificantly associated with bronchopneumonia. 299 In the 
study by Allen and colleagues, none of the calves died or 
were euthanized because of the naturally occurring disease, 
indicating that disease was not severe. Because M. haemoly¬ 
tica is relatively more likely to cause acute fatal pneumonia 
than other bacterial pathogens of the ruminant lung, it may 
be overrepresented in necropsy surveys in which only fatal 
cases of disease are sampled. 


In contrast to the situation in feedlot cattle, M. haemolytica 
is not commonly associated with outbreaks of pneumonia in 
calves. At postmortem examination of 43 calves from 34 out¬ 
breaks of respiratory disease, M. haemolytica was isolated 
from only two calves 111 ; in another study, M. haemolytica 
was isolated from calves in 4 of 14 outbreaks of respiratory 
disease. 112 Although M. haemolytica is not as commonly 
isolated from calves as are other bacterial pathogens, it can 
be a cause of fatal disease; in one study, only M. haemolytica 
was significantly more often isolated from calves with fatal 
pneumonia as compared with calves with subclinical 
pneumonia. 300 


II Necropsy Findings. Infection with M. haemolytica causes 
fibrinopurulent bronchopneumonia (Fig. 31-56). The infec¬ 
tion is aerogenous, so disease occurs primarily in the cranio- 
ventral lung, but in severe cases, a majority of the lung may 
be affected. Affected areas of lung are dark red to purple or 
gray-brown (Fig. 31-57), firm, and heavy; discolored areas 
may be wedge-shaped owing to thrombosis of a vessel sup¬ 
plying the affected region during the severe inflammatory 
response (Fig. 31-58). The interlobular septa are expanded 
by clear to yellow gelatinous material that represents pro¬ 
teinaceous fluid that has leaked from blood vessels in the 
lung. The inflamed areas of lung are covered with yellow 
fibrin that may adhere to the pleura of the thoracic wall, 
and the pleural cavity usually contains straw-colored fluid, 
which may be voluminous. 267 * 269 In cases that have been 
ongoing for a few days, firm, gritty lumps that are dry and 
crumbly on sectioning may be identified; these represent 
areas of necrotic tissue. 269 Bronchial lymph nodes may be 
swollen, wet, and dark red. Histologically, alveoli are filled 
with edema and fibrin, and there is massive infiltration of 
neutrophils and macrophages. "Oat cells" can be seen, 
which are necrotic leukocytes with streaming of the chroma¬ 
tin. 188 Foci of coagulative necrosis are often found rimmed 
by a basophilic border of leukocytes; coagulative necrosis 
may expand to fill entire lobules. Hemorrhage is often pres¬ 
ent both within and between alveoli, and an occasional ves¬ 
sel may be found to contain a thrombus. Interlobular septa 
and lymphatics can be found dilated with edema and fibrin. 
Bronchioles are filled with leukocytes and may have foci 
of epithelial necrosis. 188 - 268 - 269 M. haemolytica may also 



FIG. 31-56 II Postmortem photograph of fibrinopurulent bronchopneu¬ 
monia caused by Mannheimia haemolytica. Note extensive dark red consoli¬ 
dated cranioventral lung and fibrin on pleural surface. (Photograph 
contributed by Dr. Amelia Woolums, University of Georgia, Athens, Ga.) 
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FIG. 31 -57 III Postmortem photograph of necrotizing bronchopneumonia 
caused by Mannheimia haemolytica. Abnormal lung is dark red to gray-brown 
in color. (Photograph contributed by Dr. Amelia Woolums, University of 
Georgia, Athens, Ga.) 



FIG. 31-58 II Postmortem photograph of infarct (dark red triangidar lesion 
at uppermost edge of tissue) in lung of calf with necrotizing broncho¬ 
pneumonia caused by Mannheimia haemolytica. (Photograph contributed 
by Dr. Amelia Woolums, University of Georgia, Athens, Ga.) 


produce pneumonia characterized by firm, dark red pulmo¬ 
nary consolidation without fibrinous pleuritis; this is espe¬ 
cially common in dairy calves or sheep and goats. Animals 
that survive the acute stage of pneumonia caused by M. hae¬ 
molytica may have multiple abscesses and pleural adhesions; 
in these cases other bacteria such as P. multocida, Myco¬ 
plasma bovis, or Arcanobacterium (Actinomyces) pyogenes may 
be contributing to pathology. 

II Diagnosis . Diagnosis of pneumonia due to M. haemoly¬ 
tica is most reliably made by culture of lungs with typical 
gross pathology at postmortem evaluation of animals that 
die or are euthanized as representative cases in outbreaks. 
Antemortem diagnosis in individual animals can be made 
by collecting fluid by transtracheal aspiration (TTA) or 
BAL and submitting the fluid for aerobic bacterial culture. 
These methods are not practical for widespread use in the 
field, but they may be warranted for valuable individual ani¬ 
mals or to identify the cause of an outbreak of respiratory 
disease in several animals. Cytologic evaluation of TLA or 
BAL samples would be expected to reveal septic purulent 
inflammation characterized by large numbers of neutrophils 
that may be degenerate, exhibiting toxic change, and possibly 
containing intracellular bacteria. Thoracocentesis can be a 
useful diagnostic procedure to identify fluid accumulation 
in the thorax; fluid collected shows a high percentage of 
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neutrophils with a high (>3 g/dL) total protein content if 
bacterial pleuropneumonia is the cause of fluid accumula¬ 
tion. Pleural fluid collected by thoracocentesis can also be 
submitted for aerobic bacterial culture to confirm infection 
with M. haemolytica. In a hospital with the necessary equip¬ 
ment, transthoracic ultrasound evaluation can be used to 
confirm the presence of consolidated lung tissue and pleu¬ 
ral effusion with fibrin. 301 Thoracic radiography, if possible, 
is expected to show evidence of consolidation of the cranial 
lung and possibly pleural fluid accumulation. 302 Evidence 
of pneumonia identified by either radiography or transtho¬ 
racic ultrasound evaluation has been shown to correlate 
strongly with findings on postmortem examination of 
calves with bacterial bronchopneumonia. 301 - 302 

Collecting bacteria by nasal swabs could be a reliable 
means of diagnosis if M. haemolytica isolated from swabs 
can be serotyped, 303 but because nonpathogenic M. haemo¬ 
lytica can be present in nasal passages of normal animals 
and can be distinguished only by serotyping, simple identi¬ 
fication of the bacteria in nasal swabs as identified by cul¬ 
ture is not diagnostic. 

Serologic tests can be used to identify serum antibodies 
to M. haemolytica, and seroconversion identified by paired 
serologic testing could be used to confirm infection with 
M. haemolytica in one or more ruminants. However, these 
tests are most commonly used for research applications, 
and they may not be available at all diagnostic laboratories. 


II Treatment and Prevention. Treatment of M. haemolytica 
requires administration of an antimicrobial effective against 
the organism. Many antimicrobials are currently labeled for 
the treatment of M. haemolytica (see Table 31-10). The deci¬ 
sion to choose any one of the many approved products is 
based on multiple factors including regional susceptibility 
of M. haemolytica isolates, the number of times it is possible 
to treat animals, withdrawal times, and cost. See the discus¬ 
sion on pp. 630-633 for further information on treatment 
of bacterial bronchopneumonia. 

In addition to appropriate antimicrobial therapy, treat¬ 
ment to prevent the adverse effects of endotoxin should be 
considered for ruminants suspected or confirmed to have 
pneumonia caused by M. haemolytica. The NSAID flunixin 
meglumine can ameliorate the inflammatory response to 
endotoxin, and treatment with flunixin meglumine has 
been shown to improve outcome in individual animals 
infected with M. haemolytica. However, administration of 
NSAID drugs such as flunixin meglumine has not been 
shown to be reliably cost-effective in the treatment of large 
numbers of feedlot cattle with respiratory disease. Thus a 
consideration of the value of the animals treated may be 
necessary before NSAID therapy can be justified in an entire 
group of calves. 

Prevention of infection and disease caused by M. haemoly¬ 
tica is approached by three avenues: administering antimicro¬ 
bials prophylactically to animals at high risk of disease; 
increasing host immunity by ensuring adequate passive trans¬ 
fer and administering vaccines against M. haemolytica ; and 
minimizing factors such as viral respiratory tract infection, 
mixing of animals from various sources, and long-distance 
shipment, which increase the susceptibility of animals 
to infection and disease caused by pathogenic serotypes of 
M. haemolytica. 

Prophylactic or metaphylactic administration of antimi¬ 
crobials effective against M. haemolytica is a reliable means 
of decreasing morbidity and mortality associated with respi¬ 
ratory disease in calves at high risk for disease because of 
recent weaning, uncertain immune status, mixing with cattle 
from a variety of sources, and long-distance shipment. 



chapter 31 Diseases of the Respiratory System 



617 


Administration of tilmicosin to groups of such high-risk 
calves either before shipment or on arrival at feedlots 
decreased the proliferation of M. haemolytica serotype A1 in 
the nasopharynx of calves and was associated with decreased 
treatment for respiratory disease as compared with calves not 
treated with tilmicoson. 304 In a later study, administration of 
florfenicol at arrival decreased colonization of the nasophar¬ 
ynx with M. haemolytica A1 and delayed treatment for respi¬ 
ratory disease. 270 Further discussion of the role of 
metaphylactic administration of antimicrobials to control 
bovine respiratory disease can be found on p. 639. 

Mixing recently weaned calves from multiple sources and 
shipping them long distances is a well-known precursor to 
outbreaks of fibrinous pneumonia 31 * 5 ; and because M. hae¬ 
molytica is the species of bacteria most commonly associated 
with fatal fibrinous pneumonia, it follows that efforts to 
minimize stresses and improve immunity for calves moving 
through the marketing chain should lessen disease caused by 
M. haemolytica. Recent studies have indicated that precondi¬ 
tioning, wherein vaccination and stressful procedures such 
as weaning and castration are carried out well in advance of 
mixing and shipment, can decrease costs associated with 
fibrinous pneumonia in feedlot cattle. 306 However, precon¬ 
ditioning should not be considered a guarantee against all 
respiratory disease; disease that is sometimes severe can occur 
in preconditioned calves. Further discussion of the role of 
preconditioning to prevent bovine respiratory disease is 
continued on p. 638. 

Vaccination can be used as part of a plan to decrease dis¬ 
ease caused by M. haemolytica. Many experimental and com¬ 
mercially marketed vaccines have been tested for efficacy in 
preventing either disease resulting from experimental infec¬ 
tion with M. haemolytica or naturally occurring respiratory 
disease, and the published literature is too extensive to 
describe in detail here. In summary, some research indicates 
that vaccination can lessen disease, other research shows 
that vaccination has no effect, and a few older reports show 
that M. haemolytica vaccination can enhance disease after 
infection. 307 Although commercially marketed vaccines are 
tested for safety, and no published reports exist that 
describe enhanced disease caused by currently available pro¬ 
ducts, the fact that M. haemolytica bacterins historically 
caused enhanced disease is a reason to avoid the use of 
autogenous products that are not thoroughly tested for 
safety before administration. To induce protective immu¬ 
nity, a vaccine against M. haemolytica must contain leuko- 
toxin; additional benefit may be gained by including other 
antigens associated with the bacterial cell wall. 

Experimental challenge studies have shown that cur¬ 
rently available commercial vaccines can lessen disease 
caused by infection with M. haemolytica. 308 310 However, 
data from well-designed field trials, which are a more rele¬ 
vant measure of the value of vaccination in the field, have 
reported mixed results. Most of the published field trials 
that have evaluated currently available (as of 2007) vaccines 
have evaluated a leukotoxin-rich bacterial culture superna¬ 
tant vaccine (Presponse, Fort Dodge Animal Health, Fort 
Dodge, la). Of four trials carried out by different investiga¬ 
tors in different regions, vaccinated calves had decreased 
respiratory morbidity (treatment for respiratory disease) in 
two trials, 311 ' 312 but not in the other two trials. 313 314 Mor¬ 
tality resulting from respiratory disease was lower in vacci¬ 
nated calves in two trials 312 313 but not in the other two 
trials. 311 - 314 Fewer vaccinated calves required a second treat¬ 
ment for respiratory disease (repulls) in three trials 312 * 314 ; 
this variable was not examined in the fourth trial. Two trials 
found an economic advantage to vaccinating calves with 
this vaccine 312 * 313 ; the other two trials did not measure 
costs related to vaccination. In all of these trials calves were 


vaccinated at feedlot arrival; in some cases subsets of calves 
also received a vaccination before arrival. 312 ' 314 

Another recent trial evaluated a commercially available 
vaccine containing leukotoxin and cell-associated antigens 
(Pulmo-Guard, Boehringer Ingelheim, St. Joseph, Mo.), 
and found that vaccination of calves at feedlot arrival 
had no effect on respiratory morbidity or mortality or on 
the number of calves that required a second treatment for 
respiratory disease. 315 A trial testing an M. haemolytica 
vaccine currently available in Canada (Pneumo-Star, Bios¬ 
tar Inc., Saskatoon, Saskatchewan) found that vaccination 
at arrival was associated with decreased respiratory 
morbidity. 298 

This short summary of clinical trials testing the efficacy 
of M. haemolytica vaccines yields a clue to the reason for 
the ongoing debate regarding whether these vaccines are 
useful: about half the time field trials indicate that the vac¬ 
cines decrease illness or death related to respiratory dis¬ 
ease, and about half the time they do not. Therefore 
there is support for using M. haemolytica vaccines, and 
there is support for not using them. Note also that no 
large-scale clinical trial has compared two different M. hae¬ 
molytica vaccines, so it is not possible to give an evidence- 
based recommendation in favor of any vaccine over 
another. It must be remembered that in none of these clin¬ 
ical trials was the actual cause of respiratory disease deter¬ 
mined, which is typical of large-scale field trials. Therefore 
vaccination was expected to decrease all respiratory dis¬ 
ease, not just respiratory disease caused by M. haemolytica. 
This may be an unreasonable expectation for a vaccine 
from an immunologic perspective, but from a practical 
perspective, this is what producers expect. In general, if 
vaccination against M. haemolytica is used, evidence best 
supports its use in "lightweight" (300 to 600 lb) calves at 
high risk for disease. In one trial, vaccination decreased 
disease in calves with relatively high morbidity, but no 
effect was seen in a group of calves with low respiratory 
morbidity. 311 M. haemolytica vaccination is also recom¬ 
mended as part of many preconditioning programs, partic¬ 
ularly if calves are to be sent directly to the feedlot without 
any backgrounding period. 316 

Vaccination of sheep or goats using commercially avail¬ 
able vaccines labeled for use in cattle is not likely to pro¬ 
vide reliable protection against disease, as serotypes of 
M. haemolytica that most commonly cause disease in sheep 
and goats are not included in vaccines for cattle. Moreover, 
although vaccination with sheep-associated serotypes can 
provide protection against infection, cross protection 
among different serotypes is not reliable, 261 indicating that 
an effective vaccine will likely need to contain antigens from 
multiple serotypes. There is a vaccine labeled for use in sheep 
and goats in the United States (M. haemolytica-P. multocida 
Bacterin, Colorado Serum Co., Denver, Colo.), but pub¬ 
lished clinical trials testing the efficacy of this product are 
lacking. 

Pasteurella Multocida 

II Definition and Etiology. P. multocida is a gram-negative 
aerobic bacteria of the family Pasteurellaceae. Like M. hae¬ 
molytica, P. multocida can be found in the nasopharynx 
of healthy ruminants. Although P. multocida is regularly 
isolated from the lungs of ruminants with bronchopneumo¬ 
nia, there has been debate over the years as to whether this 
species is a primary pathogen—that is, capable of causing 
disease alone—or whether some other primary stressor or 
insult is required to occur before this agent can participate 
in disease. As with M. haemolytica, experimental challenge 
of calves with P. multocida alone does cause clinical signs 
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and pathologic change in the lung similar to that seen in nat¬ 
ural outbreaks of disease (described later), 268 ' 317 318 but 
large numbers of the bacteria must be administered in a 
way that bypasses the upper respiratory tract (most com¬ 
monly by intratracheal instillation). Alternatively, prior 
administration of a viral respiratory pathogen makes animals 
more susceptible to disease caused by experimental P. multo¬ 
cida infection. These findings indicate that some insult that 
weakens the ability of the respiratory tract to resist advance¬ 
ment of these bacteria into the lower airways is necessary 
for most if not all cases of naturally occurring disease to 
occur. However, because P. multocida can cause lung lesions 
that can be severe, 317 and because the bacteria can exacerbate 
disease caused by primary viral infection, it is logical to con¬ 
sider this agent when planning strategies to treat and control 
ruminant respiratory disease. 

P. multocida is a diverse species of bacteria that is classi¬ 
fied into five serogroups (A, B, D, E, and F) based on anti¬ 
genic differences in the bacterial capsule. Serogroups B 
and E cause hemorrhagic septicemia, a disease predomi¬ 
nantly seen in Asia and Africa 319 ; these serogroups are rarely 
isolated in the United States. Serogroup A is by far the pre¬ 
dominant serogroup associated with ruminant respiratory 
disease, 263 ' 320 although serogroups D and F may be com¬ 
mon in some regions, particularly in sheep. 321 In addition 
to the alphabetic serogroup designation, isolates may also 
receive a numeric designation based on cell wall antigen 
types (for example, P. multocida A3 has been commonly 
isolated from cases of bovine pneumonia). 318 A recent 
study characterized 153 P. multocida isolates from cases of 
pneumonia and mastitis in cattle in England and Wales 
based on the outer membrane proteins expressed by the 
bacteria. This research indicated that relatively few strains 
of P. multocida cause the majority of disease in cattle. More¬ 
over, although a few strains isolated from cattle had also 
been associated with disease in swine and poultry, the 
majority of strains were uniquely associated with their host 
species of origin. 320 Other research indicated that certain 
strains of P. multocida had a predilection for the respiratory 
tract of sheep, whereas other strains were associated with 
the reproductive tract. 321 Taken together, these data suggest 
that differences among strains of P. multocida are related to 
the type of disease caused and the host likely to be affected. 
Therefore merely isolating P. multocida without further char¬ 
acterizing the isolate could make it difficult to know with 
confidence whether the type of bacteria isolated was actu¬ 
ally contributing to disease. It has been suggested that strain 
variation is related to differences in severity of respiratory 
disease occurring in ruminants infected with P. multocida .* 17 

II Clinical Signs. Calves infected with P. multocida alone 
display clinical signs of fever, increased respiratory rate, 
and sometimes depression, coughing, and mucoid to muco¬ 
purulent nasal discharge. 268 317 ' 318 Loud or harsh broncho- 
vesicular sounds may be heard over the cranioventral lung 
fields owing to pulmonary consolidation, and coarse 
crackles may be heard as a result of air moving through exu¬ 
date in large airways. Because P. multocida is a gram-negative 
organism that produces endotoxin, signs of endotoxemia 
(tachypnea, tachycardia, fever) may also contribute to signs 
that accompany infection with the organism. Compared 
with calves infected with M. haemolytica , calves infected with 
P. multocida tend to have less severe signs, and signs of dis¬ 
ease last for a shorter time. 268 ' 317 P. multocida is more com¬ 
monly isolated from young calves with pneumonia 111112 
than with other bacterial respiratory pathogens such as 
M. haemolytica, but it is less commonly isolated from feedlot 
cattle with acute bronchopneumonia. 188 Thus P. multocida 


is considered to be of relatively greatest importance in con¬ 
tributing to calf pneumonia. P. multocida has been found to 
overgrow M. haemolytica in the lungs of calves experimen¬ 
tally challenged only with M. haemolytica 268 ; therefore 
P. multocida may also be an important contributor to cases 
of subacute to chronic pneumonia in feedlot cattle initiated 
by other organisms. 

II Pathogenesis. Little is known regarding the pathogenesis 
of P. multocida in ruminant respiratory disease. In addition 
to lipopolysaccharide (LPS), the organism also has a capsule 
that allows it to resist phagocytosis. Outer membrane pro¬ 
teins, particularly iron-regulated outer membrane proteins, 
are likely to contribute to the ability of the bacteria to estab¬ 
lish and proliferate within the host. 322 323 The prominent 
role of P. multocida in enzootic calf pneumonia (ECP) and 
rather minor role in acute bronchopneumonia of feedlot cat¬ 
tle suggests that prolonged impairment of the respiratory 
defense mechanisms is necessary for this organism to estab¬ 
lish in the lungs in sufficient numbers to create bronchopneu¬ 
monia. It is likely that the organism is chronically inhaled in 
small numbers into the lungs of calves with persistent dam¬ 
age to the respiratory defenses from infectious agents such 
as viruses or mycoplasmas and environmental damage from 
inadequate housing and ventilation, allowing it to colonize 
and produce an expanding lesion. This proposed pathogene¬ 
sis agrees with the insidious onset that is commonly observed 
with ECP, and would also fit the association of P. multocida 
with chronic or ongoing pneumonia in feedlot cattle. It is 
important to remember that culture of P. multocida from 
pneumonic lung does not exclude the possibility of other 
bacteria such as M. haemolytica being the primary pathogen, 
because P. multocida has been shown to overgrow M. haemoly¬ 
tica in challenge studies using large doses of pure cultures of 
M. haemolytica . 268 

II Epidemiology. P. multocida is commonly isolated from 
the lungs of calves that die or are euthanized because of 
bronchopneumonia, with mycoplasmas being the only bac¬ 
teria isolated more often in surveys involving multiple farms 
experiencing outbreaks of calf pneumonia. 111112 In contrast, 
M. haemolytica is more frequently isolated postmortem from 
feedlot cattle with fibrinous pneumonia than is P. multo¬ 
cida . 188 ' 296 However, one study of bacterial isolates from 
BAL of feedlot cattle found that P. multocida was the only 
species isolated more frequently from cattle with clinical 
signs attributed to acute pneumonia as compared with nor¬ 
mal cattle. 299 A notable aspect of this study was that animals 
were sampled before treatment with antimicrobials; in 
surveys of bacteria identified postmortem, animals have 
usually received antimicrobial treatment before death, 
which may bias the microbiologic findings. 

II Necropsy Findings. P. multocida produces a purulent 
bronchopneumonia with plum-colored cranioventral con¬ 
solidation and purulent exudate on cut section within the 
airways; when calves are experimentally infected with P. mul¬ 
tocida alone, the lesion is usually not extensive and is typi¬ 
cally confined to the cranioventral lung lobes. 268 ' 317 * 318 
Histologically, bronchopneumonia characterized by infiltra¬ 
tion of neutrophils and macrophages into alveoli and air¬ 
ways is seen. Microscopic evidence of abscesses may be 
present. Fibrin deposition with expansion of lymphatics 
and interlobular septa with edema, and focal areas of coa- 
gulative necrosis, has been reported in calves infected with 
P. multocida , 317 - 318 but this lesion is more typical of infection 
with M. haemolytica . 268 
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II Diagnosis. Bronchopneumonia caused by P. multocida is 
diagnosed as described for M. haemolytica. The species is 
most commonly identified by culture of lung lesions identi¬ 
fied at postmortem examination of affected animals. Because 
of the association of P. multocida with chronic or ongoing 
pneumonia, identification of this agent may indicate that 
the animal has been affected with bronchopneumonia for 
several days to weeks. 

II Treatment and Prevention. Treatment of P. multocida is 
as described for M. haemolytica. Several antimicrobials are 
labeled specifically for the treatment of P. multocida, and 
products labeled for the treatment of*M. haemolytica are also 
likely to be effective against this organism (see Table 31-10). 
Because P. multocida seems to be associated with chronic or 
ongoing pneumonia, effective treatment of infection with 
this species may require longer therapy than the 3 to 5 days 
historically recommended for ruminants with broncho¬ 
pneumonia, but this recommendation has not been tested 
in controlled studies and would be an extralabel use of 
some antimicrobials. 

Because prior insult to respiratory defense mechanisms 
appears necessary for infection with P. multocida to cause 
disease, prevention of disease is likely to be aided by under¬ 
taking efforts to prevent other primary respiratory injury. 
This would include efforts to prevent infection with viral 
respiratory pathogens and to establish management prac¬ 
tices that help minimize respiratory tract disease. 

As compared with M. haemolytica, relatively little is known 
about protective immunity to P. multocida. Modified live vac¬ 
cines can protea calves from disease caused by experimental 
challenge. 324 * 325 Antibody responses to several outer mem¬ 
brane proteins were associated with proteaion in one study, 
and these were induced by live but not killed vaccine. 325 
Several commercial vaccines are marketed that contain 
P. multocida in combination with M. haemolytica; one such 
vaccine is approved for use in sheep and goats as well as cat¬ 
tle (M. haemolytica-P. multocida Bacterin, Colorado Serum, 
Denver, Colo.). There are currently no vaccines marketed 
that contain only P. multocida. No published large-scale trials 
have specifically evaluated the effea of vaccination against 
P. multocida on respiratory disease in the field. 

Histophilus somni (Formerly Haemophilus somnus) 

II Definition and Etiology. H. somni is a gram-negative aer¬ 
obic baaeria of the family Pasteurellaceae. The name of this 
organism was recendy changed form the previous name, 
Haemophilus somnus. 326 H. somni can be found on the genital 
and upper respiratory mucosa of normal ruminants, 327 * 330 
but it can also cause a variety of diseases, including septice¬ 
mia, thrombotic meningoencephalitis (TEME), endometritis, 
abortion and infertility, pneumonia, pleuritis, laryngitis, oti¬ 
tis, conjunctivitis, myocarditis, mastitis, and polyarthritis. 331 
Only pneumonia and pleuritis resulting from this organism 
are considered here. Two baaeria very similar to H. somni, 
Haemophilus agni and Haemophilus ovis, have been isolated 
from sheep with septicemia, meningitis, mastitis, and repro- 
duaive abnormalities; DNA hybridization studies have indi¬ 
cated that these three organisms should all be classified as 
H. somni. 332 Although specific serotypes of H. somni have 
not been associated with disease as is the case for M. haemoly¬ 
tica and P. multocida, differences in virulence among different 
strains have been demonstrated in experimental challenge 
studies. 333 Moreover, differences in expression of molecules 
considered to be virulence faaors have been demonstrated 
when strains from healthy animals are compared with strains 
from diseased animals. 334 Thus it appears that some isolates 


of H. somni are more likely to cause disease than others, but 
more research is needed to confirm the charaaeristics that 
define a pathogenic isolate. 

II Clinical Signs. As mentioned earlier, H. somni can cause 
disease in a variety of organ systems, and the clinical signs 
of infection will depend on the organ system affeaed. The 
possibility of concurrent infeaion of multiple systems 
should be considered in patients suspeaed to have disease 
caused by H. somnus. In a Canadian retrospeaive study 
from the early 1990s, the majority of animals presented to 
a regional diagnostic laboratory for neaopsy as a result 
of haemophilosis had disease in more than one organ sys¬ 
tem. 335 Signs of respiratory traa infection can range from 
mild to severe and can include fever, tachypnea, cough, 
nasal discharge, and depression. Severe cases of disease 
can be fatal. 333 336 Harsh or loud bronchovesicular sounds 
may be heard on thoracic auscultation because of pulmo¬ 
nary consolidation, particularly over the cranioventral lung 
fields. Affeaed animals may have signs of pain owing to 
fibrinous pleuritis, 336 including reluaance to move, stand¬ 
ing with elbows abduaed, and catching the breath before 
expiration. The cell wall of H. somni contains lipooligosac- 
charide (LOS), which induces inflammatory responses 
identical to those induced by LPS from E. coli 337 ; therefore 
animals with pleuritis or pneumonia caused by H. somni 
could also have clinical signs referable to endotoxemia, 
including tachypnea, tachycardia, dark or pale mucous 
membranes with prolonged capillary refill time, salivation, 
or dyspnea. 


II Pathogenesis. H. somni can live on respiratory or genital 
mucous membranes without causing disease, and it is not 
entirely dear what factors related to the pathogen or host 
must change for disease to occur. The physical and immu¬ 
nologic barriers presented by the upper respiratory traa 
are apparently of major significance; calves exposed to 
H. somni by aerosol did not develop disease, 338 whereas 
instillation of the bacteria directly into the trachea or bron¬ 
chi led to disease that could be severe. 333 336 As has been 
shown for M. haemolytica and P. multocida, primary infec¬ 
tion by a viral respiratory pathogen is likely a predisposing 
faaor that allows H. somni to advance and establish in the 
lower respiratory traa in many cases. Calves infeaed with 
BRSV before infection with H. somni had disease of greater 
severity than that seen in calves infeaed with either BRSV 
or H. somni alone. 169 - 336 

H. somni has many features that help the baaeria 
escape the immune response. The bacteria have outer 
membrane proteins that bind to the Fc region of antibody, 
allowing them to escape opsonization. 334 When the bacte¬ 
ria are ingested by neutrophils or macrophages, they 
are able to resist being killed. 339 The baaerial LOS induces 
inflammatory responses similar to the LPS of other gram- 
negative bacteria, 337 and H. somni is able to periodically 
change the structure and antigenicity of its LOS, which 
is likely to be important in evading the host immune 
response. 340 

An important aspect of the pathology caused by H. somni 
is the formation of vasculitis and vascular thrombi; this was 
first recognized in the context of the neurologic lesion 
caused by the baaeria, which is known as thrombotic menin- 
goencephalomyelitis (TME), but vascular thrombi are also 
identified histologically in the lungs of animals with pneu¬ 
monia caused by H. somni 336 For some time the exaa cause 
of the vascular thrombosis typical of H. somni infeaion was 
not known, but recent research indicates that the baaeria 
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cause death of vascular endothelial cells by inducing apo¬ 
ptosis (programmed cell death). 341 Apoptotic death of 
endothelial cells is mediated in part through the bacterial 
LOS, which interacts with the P2X7 purinergic receptor on 
endothelial cells, inducing activation of certain caspases, 
enzymes that activate the apoptotic pathway and initiate a 
cell suicide program. 328 Although the entire pathway lead¬ 
ing to vasculitis and thrombosis has not been completely 
elucidated, thrombosis is no doubt mediated in part by 
exposure of the vascular basement membrane on endothe¬ 
lial cell death, which leads to exposure of the basement 
membrane, activation of platelets and the coagulation 
cascade, and thrombosis. 

Another important aspect of H. somni is the propensity of 
infection to induce IgE production by the host. 169 342 Infec¬ 
tion with BRSV before infection with H. somni led to pro¬ 
duction of high levels of H. somm'-specific IgE, which was 
associated with disease of increased severity as compared 
with control calves. 169 Cattle vaccinated with four different 
H. somni bacterins were all found to develop serum levels 
of H. somni -specific IgE that were significantly higher than 
levels seen in control unvaccinated cattle. 342 Because IgE 
mediates type I (immediate) hypersensitivity, animals that 
produce IgE against H. somni after vaccination or primary 
infection could have signs of an allergic or anaphylactic 
response on subsequent revaccination or reinfection. Such 
IgE-mediated hypersensitivity reactions have been proposed 
to contribute to the adverse reactions sometimes seen in cat¬ 
tle after vaccination for H. somni. 342 In addition to inducing 
IgE production, H. somni directly produces histamine, 343 
which could further contribute to the development of 
hypersensitivity-like signs during H. somni infection. Among 
other actions, histamine increases permeability of bronchial 
epithelium; this may aid the bacteria in moving out of the 
airway and into the lung parenchyma. 


II Epidemiology. Exposure to //. somni is common, with 
25% to 100% of cattle in various populations having serum 
antibodies. 344 A retrospective study of bovine carcasses sub¬ 
mitted to a regional diagnostic laboratory in western Canada 
from 1970 to 1990 indicated that cases affected with the neu¬ 
rologic form of haemophilosis were decreasing, whereas 
cases with respiratory and/or myocardial disease caused by 
the organism were increasing. 335 The reason for the apparent 
shift in type of disease caused in cattle could not be deter¬ 
mined from the study, and a similar study has not been 
repeated to see if the trend is continuing. 

It is common for feedlot cattle to have measurable anti¬ 
body titers to H. somni at feedlot entry, 187 * 297 indicating that 
cattle are commonly exposed on the farm of origin or in 
transit to the feedlot. Seroconversion is also common in 
the first few weeks after feedlot entry, 297 * 298 indicating that 
cattle also continue to be exposed to H. somni in the feedlot. 
Several Canadian reports have indicated that H. somni 
can be a significant contributor to the development of res¬ 
piratory disease or undifferentiated fever in feedlot cat¬ 
tle, 297 * 345 * 346 although studies of feedlot respiratory disease 
do not always find the bacteria involved. A causative asso¬ 
ciation is typically inferred either by the association of 
seroconversion with respiratory morbidity and mortality 
during the period of study or by the association of H. somni 
vaccination with decreased respiratory morbidity and mortal¬ 
ity. By these measures it appears that most disease resulting 
from H. somni occurs within the first 2 months of the feeding 
period, 346 and perhaps even within the first 2 weeks. 298 In 
some cases the association of seroconversion or vaccination 
with all morbidity and mortality is also evaluated, but one 
study found that when causes of mortality were separated 


into those in which it was biologically plausible for f/. somni 
to be involved and those in which it was not (e.g., cattle with 
musculoskeletal injuries), vaccination was associated with 
decreased mortality attributable to H. somni but not with a 
decrease in all causes of mortality. 346 A causative association 
for H. somni (or any respiratory pathogen) is sometimes assu¬ 
med when animals with high antibody titers to the organism 
at feedlot entry ultimately have lower respiratory morbidity 
and mortality, 297 although the case has been made that this 
is not a reliable marker of causation. 298 A decreasing antibody 
titer to H. somni was associated with decreased likelihood of 
disease in one study 297 and increased likelihood of disease in 
another 187 ; this demonstrates that it is not always easy to 
develop a unified theory regarding the role of infectious agents 
and the immune response from the available data. It is also 
noteworthy that high-quality field research on the role of 
H. somni in feedlot respiratory disease in recent years has come 
almost entirely from Canada; it is not clear whether this indi¬ 
cates that H. somni is a less significant contributor to disease 
in the United States or whether the research has just not been 
done. 

H. somni is uncommonly isolated in surveys of the 
causes of pneumonia in young calves, 112 * 300 but it can cause 
bronchopneumonia that is significant; one necropsy survey 
found pneumonia in 12 of 15 calves under 8 weeks of age 
submitted because of disease resulting from H. somni, and 
in 8 of the 15 calves, pneumonia was the only lesion 
found. 335 

II Necropsy Findings. //. somni produces lesions similar to 
that of P. multocida, and it may rarely produce lesions that 
resemble M. haemolytica, creating a fibrinous pleuropneumo¬ 
nia. 331 * 333 * 336 Grossly, plum or red to brown consolidated 
lobules are seen in the cranioventral lung (Fig. 31-59), some¬ 
times with abscesses containing brown-red fluid material. 
Interlobular septa can be distended with edema and fibrin, 
and hemorrhage may be grossly visible. 333 Purulent material 
is seen within airways on the cut surface of lung. The surface 
of the pleura may be flecked with fibrin, or in some cases 
fibrin deposition may be extensive, with varying amounts 



FIG. 31-59 II Postmortem photograph of lungs from feedlot steer with 
bronchopneumonia caused by Haemophilus somni. Note extensive dark 
red, consolidated cranioventral lung. Laceration of caudoventral lung is iat¬ 
rogenic and not relevant to the lesion (Photograph contributed by Feedlot 
Health Management Services. Okotoks. AB, Canada ) 
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of straw-colored fluid in the pleural cavity. Bronchial lymph 
nodes may be enlarged, with ecchymotic hemorrhages on 
the cut surface. 

Histologically, inflammatory cells predominately made 
up of neutrophils infiltrate the alveoli and airways. Edema, 
hemorrhage, and fibrin can be seen in alveoli and intersti¬ 
tial spaces, and areas of coagulation necrosis surrounded 
by inflammatory cells may be found. Interlobular septa 
are expanded with fibrin, and thrombi are seen in blood 
vessels. 333336 

A massive fibrinous pleuritis with pleural effusion some¬ 
times results from septicemic spread of H. somni. This con¬ 
dition can be differentiated from the fibrinous necrotizing 
lobar pleuropneumonia of shipping fever caused by M. hae¬ 
molytica because the H. somni lesion involves only the pleu¬ 
ral surface, not the lung. 

II Diagr tosis. Bronchopneumonia or pleuropneumonia 
caused by H. somni is diagnosed as described for M. haemoly- 
tica. The bacteria can be difficult to isolate, so samples 
collected for culture should be transported to the diagnostic 
laboratory without delay, and the diagnostic bacteriology 
laboratory should be specifically requested to attempt to 
isolate H. somni if involvement of the agent is suspected. 
Samples are ideally taken from animals before antimicrobial 
treatment, as H. somni is susceptible to a wide variety of anti¬ 
microbials, and treatment makes it difficult to isolate the 
bacteria. 331 Serologic tests have been used to identify antibo¬ 
dies to H. somni for studies of the epidemiology of H. somni 
infection, 297 ' 298 and seroconversion as measured via paired 
serology could be used to confirm infection in a group of 
cattle, but these assays may not be available at all diagnostic 
laboratories. IHC has been used to identify H. somni in asso¬ 
ciation with lesions in formalin-fixed tissues, 347 and this 
may be an additional test available at some diagnostic 
laboratories. 

II Treatment and Prevention. H. somni is susceptible to a 
variety of antimicrobials, including tetracycline, penicillin, 
sulfonamides, and erythromycin, as well as more recently 
developed antimicrobials, many of which are labeled for 
use in the treatment of H. somni (see Table 31-10). In a 
feedlot with unusually high morbidity and mortality 
because of haemophilosis, prophylactic treatment with oxy- 
tetracycline was administered at different time points within 
the first 2 weeks of the feeding period in an effort to 
decrease haemophilosis morbidity or mortality, to no avail 
(although morbidity from all causes of respiratory disease 
was decreased). 348 

Several H. somni vaccines are commercially available; all 
are killed whole bacteria preparations (bacterins). Vaccina¬ 
tion can prevent disease caused by experimental challenge; 
in one study, vaccination of 10-week-old calves with a com¬ 
mercial bacterin significantly decreased clinical signs and 
pulmonary pathology resulting from H. somni challenge. 333 
Clinical trials of H. somni bacterins in the 1980s gave mixed 
results, with evidence that vaccination decreased respiratory 
morbidity and/or mortality in some trials but not in 
others 346 ' 349 350 ; and very little research has provided more 
information since then. In a cow-calf herd with a high inci¬ 
dence of calf pneumonia, vaccination of calves at 3 and 5 
weeks of age with an M. haemolytica and H. somni bacterin 
in combination with a modified live BRSV vaccine led to 
decreased treatment rates as compared with calves not vacci¬ 
nated or calves vaccinated with either the bacterin or the 
BRSV vaccine alone. 351 The decrease in treatment rates only 
tended toward statistical significance; this may have been 
because small numbers of calves were enrolled in the study. 


The specific influence of H. somni vaccination in this trial 
could not be determined. The same authors found that vac¬ 
cination of cows with M. haemolytica and H. somni bacterin 
4 weeks and/or 7 weeks prepartum increased antibody titers 
to both pathogens in the serum of their calves at 3 days and 

1 month of age. Furthermore, calves vaccinated at 1 and 

2 months in the face of maternal antibody had significantly 
higher titers at 4 and 6 months of age than unvaccinated 
calves. 352 The effect of antibody titers on disease in the 
calves was not examined. A recent trial of the effect of vacci¬ 
nation on respiratory morbidity in feedlot cattle showed no 
effect of H. somni vaccination. 298 

The fact that H. somni vaccines induce cattle to produce 
IgE against the bacteria 342 indicates that vaccinated cattle 
may be at increased risk for a hypersensitivity reaction after 
a booster vaccine or infection. Although some older clinical 
trials showed a benefit associated with vaccination in terms 
of decreased respiratory morbidity and/or mortality, 
H. somni vaccination may also put cattle at risk for adverse 
reactions. Therefore it may be most prudent to recommend 
vaccination only for groups of cattle on operations in which 
significant morbidity or mortality caused by infection with 
H. somni has been confirmed. 

As described for M. haemolytica and P. multocida , prevent¬ 
ing primary injury to the respiratory tract by viral infection 
and limiting other causes of stress that suppress the host 
immune response are expected to help animals resist disease 
caused by H. somni. 

Mycoplasma Bovis 

II Definition and Etiology. Mycoplasma bovis is a member 
of the genus Mycoplasma of the class Mollicutes, and as such 
it is among the smallest free living organisms. The first 
known mycoplasma, identified in 1898, was the causative 
agent of contagious bovine pleuropneumonia, Mycoplasma 
mycoides subsp. mycoides, small colony variant. 353 Mycoplas- 
mas have since been recognized to cause disease in humans 
and a wide variety of animal and plant hosts. Mycoplasmas 
are small (approximately 200 nm) and pleomorphic, with a 
genome of only approximately 500 to 1000 kD. 354 They are 
bounded by a single membrane, and because they lack a cell 
wall they are naturally resistant to antimicrobials such as 
penicillins and cephalosporins that work by impairing cell 
wall synthesis. Mycoplasma bovis was first identified in 
1961 in the United States, where it was isolated from a case 
of mastitis. 355 It has since spread worldwide. The bacterium 
was originally considered a subspecies of Mycoplasma agalac- 
tiae, and the two agents can be difficult to distinguish. 356 
However, M agalactiae is a pathogen of sheep and goats 
and is rarely isolated in the United States, whereas Myco¬ 
plasma bovis is regularly isolated in cases of pneumonia, 
respiratory disease, arthritis, tenosynovitis, and other disor¬ 
ders of cattle. Mycoplasma bovis can cause disease in sheep, 
goats, and other species, but this is a rare occurrence. 

II Clinical Signs. Respiratory infection with Mycoplasma 
bovis causes fever, tachypnea, inappetence, and someti¬ 
mes respiratory distress. 357 Coughing and nasal discharge 
are reported in some outbreaks. 358 359 Respiratory disease 
caused by Mycoplasma bovis can occur in outbreaks; in young 
dairy calves, a subset of calves affected often develops otitis, 
characterized by unilateral or bilateral drooping of ears with 
purulent aural discharge, possibly with facial paralysis 
caused by cranial nerve VII involvement, and vestibular signs 
such as head tilt, nystagmus, and ataxia. 358 361 In weaned 
beef calves and cattle entering feedlots, a subset of affected 
animals may develop arthritis and tenosynovitis 361 * 363 ; this 
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syndrome is sometimes referred to as chronic pneumonia and 
polyarthritis syndrome (CPPS). 363 ' 364 Young dairy calves can 
also develop arthritis or tenosynovitis. 359 A typical com¬ 
plaint by the producer experiencing a respiratory disease out¬ 
break involving Mycoplasma bovis is that cattle do not 
respond to therapy as expected, and a significant proportion 
of affected animals remain chronically ill and unthrifty for 
weeks after the onset of disease. 361 ' 362 365 In addition to 
respiratory disease, Mycoplasma bovis can also cause mastitis, 
arthritis and tenosynovitis, conjunctivitis, otitis, sinusitis, 
and myocarditis and/or pericarditis. The bacteria can also 
be isolated from aborted fetuses and from semen, linking 
the agent to reproductive failure. 

The ability of Mycoplasma bovis to act as a primary respi¬ 
ratory pathogen has been debated. Classically the agent 
has been understood to be an opportunist, establishing 
itself after primary infection with viral pathogens or other 
bacteria. However, experimental challenge of gnotobiotic 
calves with Mycoplasma bovis alone induced respiratory dis¬ 
ease with clinical signs of fever, tachypnea, and inappetence 
in four of seven calves and grossly evident lung lesions in all 
seven. 357 These findings indicate that Mycoplasma bovis can 
cause disease while acting alone, but, as for other bacterial 
respiratory pathogens described earlier, it is likely that natu¬ 
ral disease often follows other primary insult. A recent sur¬ 
vey of causes of death in cattle in Ontario feedlots 
identified caseonecrotic pneumonia caused by Mycoplasma 
bovis as a cause of more fatalities within the first 60 days 
of the feeding period than acute fibrinosuppurative pneu¬ 
monia typical of disease caused by M. haemolytica or H. som- 
nus. 188 Thj s study indicates that Mycoplasma bovis is an 
important contributor to mortality in some feedlots, but 
more research is needed to determine whether the factors 
that predispose cattle to fatal disease resulting from Myco¬ 
plasma bovis are different from the factors known to pre¬ 
dispose cattle to fibrinous bronchopneumonia caused by 
M. haemolytica. 


II Pathogenesis. Although Mycoplasma bovis has been 
recognized to cause respiratory disease in cattle for some 
time, very little is known about the mechanisms by which 
the agent causes disease. In disease caused by other myco- 
plasmas, attachment has been shown to be a key factor in 
pathogenesis. In vitro studies of Mycoplasma bovis suggest 
that pathogenicity is likewise associated with the ability 
to attach, as isolates from cases of clinical disease were 
better able to attach to embryonic bovine lung cells than 
were isolates from asymptomatic animals or high passage 
laboratory isolates. 366 Antibodies against several of the 
variable surface proteins (Vsps) expressed by Mycoplasma 
bovis were able to partially but not completely block 
attachment, indicating that the Vsps play a role in atta¬ 
chment. 366 Invasiveness is another pathogenic mechanism 
of Mycoplasma bovis; Mycoplasma bovis was found to be 
capable of migration between ciliated respiratory 
epithelial cells, whereas Mycoplasma dispar, another myco¬ 
plasma commonly isolated from cases of bovine pneumo¬ 
nia, remained attached to the surface of ciliated epithelial 
cells. 367 The ability of Mycoplasma bovis to invade allows 
the organism to cause disease in organs outside the respi¬ 
ratory tract, such as joints and tendon sheaths. Mycoplasma 
bovis produces a toxin that increases vascular permeabil¬ 
ity. 368 Certain strains of the agent have also been shown 
to be cyotoxic to mammalian cells 369 ; it is not known 
whether this effect is related to the vascular toxin reported 
by Geary and colleagues. 

Available data indicate that Mycoplasma bovis may cause 
disease in part through evading or impairing host immune 


function. Although not yet well characterized, a feature of 
Mycoplasma bovis that is likely important in enabling the 
bacteria to escape the host immune response is the expres¬ 
sion of Vsps. The ability to vary surface protein expression 
has been shown to be an important pathogenic mechanism 
in certain mycoplasmas. 354 Mycoplasma bovis expresses at 
least three Vsps—VspA, VspB, and VspC—and isolates have 
been found that express some or all of these proteins. 370 
A study of 50 Mycoplasma bovis isolates, including many 
field isolates, showed extensive variability in Vsps at both 
the genetic and antigenic level. 

Evidence indicates that Mycoplasma bovis can directly 
impair the activity of neutrophils. In one study Mycoplasma 
bovis was found to adhere to bovine neutrophils, but 
adherence did not elicit an expected activation response. 
Moreover, adherent Mycoplasma bovis inhibited normal neu¬ 
trophil microbicidal activity. 371 The bacteria is also able to 
kill lymphocytes by inducing them to undergo apoptosis 
(programmed cell death). 372 Induction of proinflammatory 
cytokine production by the host may also contribute to dis¬ 
ease caused by Mycoplasma bovis ; an isolate of Mycoplasma 
bovis induced production of the proinflammatory cytokine 
TNF-a by bovine alveolar macrophages to a degree similar 
to that induced by M. mycoides subsp. mycoides (the cause of 
contagious bovine pleuropneumonia, a serious disease 
exotic to the United States) but in contrast to nonpathogenic 
mycoplasmas tested. 373 

Other research suggests that Mycoplasma bovis may induce 
an immune response that is not optimally protective. Van- 
den Bush and Rosenbusch showed that in calves experimen¬ 
tally infected with Mycoplasma bovis, serum titers of 
Mycoplasma fowts-specific IgGl increased significantly after 
infection, whereas titers of antigen-specific IgG2 did not 
increase as markedly. 374 Because IgG2 is considered supe¬ 
rior in opsonizing ability as compared with IgGl, the 
authors speculated that preferential induction of IgGl by 
Mycoplasma bovis infection may be related to the apparent 
inability of the immune response to rapidly clear the organ¬ 
ism, as evidenced by the common association of chronic 
pneumonia with Mycoplasma bovis infection. 

II Epidemiology. Mycoplasma bovis can be isolated from the 
respiratory tracts of normal cattle 188 ' 375 ' 376 and from catde 
with respiratory disease. 208 ' 365 377 ' 380 Surveys of nasopha¬ 
ryngeal swabs taken from dairy calves with no clinical signs 
of respiratory disease found Mycoplasma bovis in 0% to 34% 
of the animals sampled. 376 ' 380 381 A recent survey of multi¬ 
ple source weaned beef calves sampled soon after arrival at 
nine different backgrounding or Stocker operations identi¬ 
fied nasal shedding of Mycoplasma bovis in 0% to 6% of ani¬ 
mals at each operation. 382 Mycoplasma bovis can also be 
found in bovine lungs without evidence of disease at post¬ 
mortem examination. 188 The fact that Mycoplasma bovis can 
be isolated from animals with no clinical or pathologic 
signs of pneumonia has led some to question whether the 
agent is a true respiratory pathogen. However, a consistent 
association of Mycoplasma bovis with a clinical syndrome of 
chronic nonresponsive pneumonia with or without otitis, 
arthritis, or tenosynovitis,* and a pathologic syndrome of 
bronchopneumonia with multifocal caseous necrosis visible 
histologically and/or grossly, 362 364 has led to general accep¬ 
tance that Mycoplasma bovis can contribute to significant 
morbidity and mortality in some situations. 

Although more research is needed, currently available 
data support the concept that Mycoplasma bovis can spread 
from a few animals carrying the bacteria to others until a 
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large proportion of a group is infected; transmission in 
these cases is most likely via respiratory infection by direct 
contact or short-distance aerosol. 361 ' 362 * 375 Feeding milk 
infected with Mycoplasma bovis appears to be another impor¬ 
tant source of infection for dairy calves. 359 * 361 The fact that 
Mycoplasma bovis infection can be widespread in some 
populations was illustrated by a case-control study of cattle 
in the first 4 weeks after feedlot entry. Researchers used a 
protected BAL catheter to collect samples from the lower air¬ 
ways with minimal contamination from the nasal passages. 
Soon after arrival, these investigators found Mycoplasma 
bovis in the BALF of 52% of controls that were not treated 
for respiratory disease in the first 28 days, versus 61% of 
cases that were treated for respiratory disease within 28 
days. 299 Two weeks later Mycoplasma boins was found in 
BALF from over 80% of the controls and in 100% of ani¬ 
mals who ultimately were treated for respiratory diseases 
by 28 days, indicating that colonization of the respiratory 
tract of all cattle sampled was widespread within a short 
period after feedlot entry. 375 Genetic characterization by 
arbitrarily primed PCR (AP-PCR) has been used to charac¬ 
terize M. bovis isolates associated with herd outbreaks of dis¬ 
ease, with a single genetic lineage associated with disease in 
a closed herd, and multiple genetic lineages associated with 
disease in a calf ranch where animals were frequently 
brought on site from multiple sources. 384 

Mycoplasma bovis has been isolated from both dairy 
calves and feedlot cattle with respiratory disease in multiple 
studies,* with particularly high prevalence occurring in 
animals with chronic pneumonia nonresponsive to antimi¬ 
crobial therapy. 208 * 209 ' 365 377 In a recent survey of cattle sub¬ 
jected to necropsy within 60 days of arrival at 72 feedlots, 
lung lesions were categorized as either fibrinosuppurative 
(typical lesion caused by M. haemolytica or H. somni) or 
caseonecrotic, which were characterized grossly by the pres¬ 
ence of multiple foci of dry caseous material and histo¬ 
logically by areas of eosinophilic necrotic cellular debris 
(caseous necrosis) surrounded by inflammatory cells and 
fibrous tissue. Mycoplasma bovis was isolated in 53 of 54 
cases (98%) with caseonecrotic lesions and in 52 of 58 of 
cases (89%) with fibrinosuppurative lesions; it was also 
isolated from 6 of 13 animals (46%) with normal lungs in 
this study. 188 In 49 chronically sick cattle from a single feed- 
lot that were subjected to necropsy in 1 month, Mycoplasma 
bovis was identified in the lungs of 82% of the cases, and in 
the joints of 45% of the cases. 209 BVDV was also present in 
39% of the cases from which Mycoplasma bovis was isolated. 
A later retrospective study by the same authors found BVDV 
in the lungs of 44% of cattle subjected to necropsy with a 
final diagnosis of pneumonia caused by Mycoplasma bovis; 
these data lead the authors to suggest that immunosuppres¬ 
sion resulting from BVDV may predispose a subset of ani¬ 
mals to chronic pneumonia and/or arthritis caused by 
Mycoplasma bovis. In contrast, Gagea and colleagues found 
that although BVDV infection was more common in feedlot 
cattle with bacterial pneumonia than in those with other 
diseases, it was not more common in cattle with caseone¬ 
crotic lesions typical of Mycoplasma bovis infection. 379 


FIG. 31 -60 II Postmortem photograph of lung from calf with broncho¬ 
pneumonia caused by Mycoplasma boins. Note extensive nodular abscessation 
of aanioventral lung (Photograph contributed by Dr. Tom Mullaney. Michi¬ 
gan State University. East Unsing Mich.) 


FIG. 31-61 II Postmortem photograph of lung from calf with broncho¬ 
pneumonia caused by Mycoplasma boins. Note dark red consolidated cranio- 
ventral lung and white caseous material visible on cut surface. (Photograph 
contributed by Dr. Ricardo Rosenbusch, Iowa State University, Ames Iowa.) 


These nodules may appear to be abscesses, but in most cases 
they are actually foci of coagulation necrosis. 357 - 379 Differen¬ 
tial diagnoses for gross lesions of abscessing pneumonia in 
cattle include infection with Arcanobacterium (Actinomyces) 
pyogenes and F. necrophorum (both of which are more likely to 
cause a foul odor than Mycoplasma bovis ) and Mycobacterium 
bovis (tuberculosis). 364 Other gross lesions include enlarge¬ 
ment of interlobular septa by edema and fibrin; fibrinous or 
fibrous pleural adhesions are unusual but could be present 
if the animal is or has been co-infected with M. haemolytica or 
//. somnus. Animals with pneumonia typical of Mycoplasma 
boins may also have arthritis in one or more joints characteri¬ 
zed by abundant yellow fluid with fibrin and sometimes puru¬ 
lent material, and tenosynovitis characterized by extensive 
caseous exudate and pyogranuloma formation in the tendon 
sheaths. 362 * 364 Fibrin, purulent material, and caseous material 
may be present in the tympanic bullae. 

Histologically there is purulent pneumonia and bronchi¬ 
olitis, with extensive infiltration of neutrophils in airways, 
and peribronchiolar cuffing with lymphocytes and mono¬ 
nuclear cells. Foci of eosinophilic coagulation necrosis are 
surrounded by a rim of dark pyknotic inflammatory cells 
and, farther out, a region of primarily macrophages and 
some plasma cells. 357364 Areas of coagulation necrosis 


II Necropsy Findings. Grossly, lungs of catde with pneu¬ 
monia caused by Mycoplasma boins have dark red, firm con¬ 
solidated lobules of the cranioventral lung. Raised white to 
yellow, firm nodules that range from 0.5 to several centi¬ 
meters in diameter are often but not invariably seen clustering 
in the cranioventral lung (Figs. 31 -60 and 31-61 ). 357 364 ' 379 ' 385 
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may extensive, and ghostlike outlines of cells, alveolar walls, 
and alveoli may be seen. 357364 Immunohistochemical 
staining for the organism often shows large numbers sur¬ 
rounding the periphery of areas of coagulation necrosis, as 
well as in association with bronchiolar and alveolar epithe¬ 
lial cells. 364 385 Histologic evaluation of joints, tendon 
sheaths, and the tympanic bullae and petrous temporal 
bone will reveal changes consistent with the gross lesions. 
Close inspection may also reveal foci of mononuclear cell 
accumulation with positive staining for Mycoplasma bovis 
by IHC in the liver and kidney 385 or in the pericardium. 347 

II Diagnosis. Confirmation of disease caused by Myco¬ 
plasma bovis is best made by identification of the agent 
by culture or IHC in conjunction with gross and histo¬ 
pathologic lesions typical of disease attributed to the 
agent. Thus, in order to reliably confirm a role for Myco¬ 
plasma bovis in an outbreak of bovine respiratory disease, 
postmortem of representative affected cases is necessary. 
It is important to request that the diagnostic laboratory 
specifically identify Mycoplasma bovis ; in many cases diag¬ 
nostic laboratories characterize agents only to the level of 
the genus by identification of typical organisms in cul¬ 
ture. Because other mycoplasma such as Mycoplasma bovir- 
hinis, M. dispar, and Mycoplasma alkalescens can also be 
isolated from the respiratory tract of cattle with pneumo¬ 
nia, a report of " Mycoplasma sp/' is not equivalent to a 
diagnosis of disease caused by Mycoplasma bovis. Species- 
specific identification of Mycoplasma bovis can be made 
by antibody-based tests such as IHC or immunofluores¬ 
cence (available at the Iowa State University Veterinary 
Diagnostic Laboratory, and possibly others) or PCR 
(available at many laboratories including the University 
of Georgia Athens Veterinary Diagnostic Laboratory). 

Although available data suggest that Mycoplasma bovis is 
less commonly isolated from healthy cattle than other 
mycoplasmas are, because the organism can be found in 
nasal swabs and lung tissue of apparently normal animals, 
an isolation of the bacteria in the absence of evidence of 
disease is of uncertain significance. Nasal shedding has 
not been confirmed to be a reliable antemortem measure 
of the presence of pneumonia caused by Mycoplasma bovis; 
the agreement between the results of nasal swab culture 
and the presence of lung disease caused by Mycoplasma bovis 
was good in one study 378 and only moderate to poor in two 
other studies. 299 - 386 Serologic assays have been used to char¬ 
acterize seroconversion in epidemiologic studies, but the 
tests are not widely available, and their results have not 
been shown to reliably indicate active infection. 369 A recent 
report evaluated the agreement between the measurement 
of serum antibodies using a blocking ELISA and shedding 
of Mycoplasma bovis in the milk in a small number of cows; 
agreement was significant but only moderate (k = 0.44). 387 
If serology is attempted, paired serology with evidence of 
rising titers in association with outbreaks of respiratory 
and/or joint disease is likely to be more useful than mea¬ 
surement of titers on a single occasion. 

II Treatment and Prevention. Multiple authors report that 
cattle with pneumonia or arthritis caused by Mycoplasma 
bovis respond poorly to antimicrobial therapy. 209 ' 362 ' 363 369 
Early studies indicated that tilmicosin had good effect 
against experimentally induced 388 disease caused by Myco¬ 
plasma bovis in cattle; however, recent studies of in vitro sus¬ 
ceptibility profiles of panels of Mycoplasma bovis isolates 
reveal evidence of widespread evidence of resistance to 
tilmicosin, as well as erythromycin, ampicillin, and ceftio- 
far 389,390 Susceptibility to oxytetracycline, chlortetracycline, 


and spectinomycin has been variable, although most isolates 
have been susceptible to fluoroquinolones such as enroflox- 
acin or danofloxacin. 390 392 However, no fluoroquinolone 
marketed in the United States is specifically labeled for treat¬ 
ment of cattle for disease caused by Mycoplasma bovis, and 
extralabel use of fluoroquinolones is illegal. A relatively 
new antimicrobial, tulathromycin, has shown good efficacy 
against experimentally induced Mycoplasma bovis infection; 
it is interesting to note that the response did not correlate 
with in vitro MIC data for the challenge isolate, which was 
high and predicted that the antimicrobial would not likely 
be effective. 393 Tulathromycin (Draxxin, Pfizer Animal 
Health) has recently been approved for treatment in the 
United States of respiratory disease caused by Mycoplasma 
bovis. 

Although clinical trials and data from well-controlled 
experimental studies under conditions typical of U.S. cat¬ 
tle operations are lacking reports suggest that in vitro 
MIC data may not always predict antimicrobial efficacy 
in the field. 369 394 If in vitro susceptibility tests do indeed 
fail to predict clinical efficacy, the reason for this failure is 
not certain. Because Mycoplasma bovis can be seen in asso¬ 
ciation with foci of coagulation necrosis in lungs of 
affected cattle, 364 ' 379 385 it may be that antimicrobials are 
not maximally effective in this environment, or it may 
be that insufficient duration of treatment is carried out 
in at least some cases. Controlled trials indicating the 
duration of antimicrobial therapy needed for effective 
treatment of pneumonia caused by Mycoplasma bovis are 
lacking but anecdotal reports suggest that early treatment 
is critical for success, 359 ' 395 and that treatment should be 
continued for at least 7 to 10 days. 359 The high concentra¬ 
tions of tulathromycin found in bovine lung for 7 to 15 
days after SC injection 393 make this a logical choice for 
prolonged treatment; a form of oxytetracycline that pro¬ 
vides therapeutic blood levels for 7 days (Tetradure, Mer- 
ial) may also be a good choice for treatment of some 
cases of disease caused by Mycoplasma bovis. Failure of 
antimicrobials that are predicted to be efficacious against 
Mycoplasma bovis may also be related to inability of the 
immune response to effectively clear the organism by mechan¬ 
isms described previously. Some veterinarians report that 
outbreaks of Mycoplasma bovis cannot be stopped with any 
treatment, but that outbreaks are eventually terminated 
when chronically affected animals die or are shipped to 
slaughter. 

Research indicates that vaccination can afford some 
protection against experimental challenge with Mycoplasma 
boi/is. 396 ' 397 Autogenous vaccines have been used for years, 
but no reports with large numbers of animals and appro¬ 
priate controls are available to provide information about 
efficacy. Recently two Mycoplasma bovis vaccines have been 
licensed for sale in the United States. To my knowledge no 
studies have yet been reported in a peer-reviewed forum to 
provide unbiased evidence of efficacy for either product. 
Therefore, although small experimental studies suggest 
that vaccination might be an effective means of minimiz¬ 
ing disease caused by Mycoplasma bovis, research in the 
clinical setting with currently available commercial vac¬ 
cines is sorely needed to indicate whether vaccination can 
be recommended as an efficacious and cost-effective 
means of preventing morbidity associated with Mycoplasma 
bovis. 

It is not yet dear why some animals develop chronic dis¬ 
ease typical of Mycoplasma bovis and others do not when it 
can be found in the respiratory tracts of animals in both 
populations. Certainly the primary insults known to put 
ruminants at increased risk for infection with other bacte¬ 
rial respiratory pathogens, such as primary viral infection. 
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mixing of animals from multiple sources, inadequate host 
immunity, and environmental stressors, may all play a role, 
but the relative importance of these and other factors in pre¬ 
disposing animals to disease caused by Mycoplasma bovis are 
not yet known. One group presented data suggesting that 
disease resulting from Mycoplasma bovis has increased in 
severity since the early 1980s, 379 so it may be that factors 
such as increasing virulence of currently circulating isolates 
or changes in certain management practices are involved. 
Because of the chronic nature of disease often associated 
with Mycoplasma bovis, the syndromes described warrant 
control from both a financial and an animal welfare per¬ 
spective. Anecdotal reports indicate that some producers 
with at-risk cattle have more problems with chronic nonre- 
sponsive disease caused by Mycoplasma bovis than other pro¬ 
ducers with similarly at-risk cattle, 363 so it is hoped that 
future research will clarify the factors that put animals at 
specific risk for chronic disease associated with Mycoplasma 
bovis infection. 

Mycoplasma Pneumonia of Goats 

II Definition and Etiology. Caprine pneumonias that are 
not contagious among adults are caused by several species 
of Mycoplasma. Mycoplasma capricolum has not been asso¬ 
ciated with disease in the United States since 1955, and 
M. mycoides subsp. capri has not been identified in the 
United States. 398 However, large colony type M. mycoides 
subsp. mycoides (Mmm) can be a very serious cause of mor¬ 
tality among goat kids and does in North America. 399 ' 400 

II Clinical Signs and Differential Diagnosis. In herds with 
Mmm infections, goat kids usually appear clinically normal 
until 2 to 8 weeks of age, when the following three clinical 
syndromes occur 399 ' 400 : 

1. A peracute illness characterized by high fevers (41.1° C 
to 42.2° C [105.8° F to 107.9° F]) and death within 12 
to 24 hours 

2. A CNS syndrome with opisthotonos and death within 
24 to 72 hours 

3. An acute to subacute syndrome with high fevers, mul¬ 
tiple hot swollen joints, and pneumonia 

The most common manifestations are swollen joints, 
lameness, and recumbency. About one half of affected kids 
have increased lung sounds on expiration and elevated 
respiratory rates. During an outbreak, 80% to 90% of kids 
die or are euthanized because of permanent recumbency. 
Mmm infection in adult does is also life-threatening. 
Forty-six does died in 1 week on a 600-goat dairy during 
an acute outbreak of arthritis and polyarthritis, mastitis, 
and interstitial pneumonia caused by Mmm infection. 401 

In the United States the main differential diagnosis of 
Mmm infection in goats is caprine arthritis-encephalitis 
(CAE), which is a chronic, sporadic disease. Animals with 
CAE are generally alert and nonfebrile and continue to 
eat well. Affected kids exhibit a CNS syndrome at 8 to 16 
weeks of age characterized by ataxia and posterior paresis 
progressing to tetraparesis in 2 weeks to 2 months. They 
also have a progressive interstitial pneumonia that is usu¬ 
ally inapparent. The arthritic form of CAE usually occurs 
in goats 1 to 2 years of age. In addition, the joints of ani¬ 
mals with acute Mmm contain fibrinopurulent exudate, 
whereas mononuclear cells are present in the joint fluid 
of CAE cases. 

II Diagnosis. The definitive diagnosis of Mmm infection in 
individuals requires isolation of the agent from milk, joint 
fluid, blood, urine, or tissue. Infected goat herds can be 


readily identified by culturing bulk tank milk because 
infected does shed up to 10 10 Mmm organisms per milliliter 
of milk. 399 Inapparent carriers can be identified by milk cul¬ 
turing, but false-negative results are a risk because organisms 
are shed intermittently. An ELISA to detect specific antibodies 
against Mmm has been developed but has not been evalu¬ 
ated for detection of carrier animals. 402 

II Pathophysiology. Field cases of Mmm infection show evi¬ 
dence of widespread thrombosis, suggesting disseminated 
intravascular coagulation. A coagulopathy, indicated by 
increases in prothrombin and partial thromboplastin times 
and a decrease in number of platelets, has been demonstrated 
in experimental infections. 403 Mmm has been shown to cause 
direct damage to cultured endothelial cells and to activate 
complement. 404 

II Epidemiology. Localization of Mmm in the udder with 
no overt signs of mastitis is a key feature of transmission 
of the disease. In other does, udder infections develop 
through contact with the organisms during milking, and 
their kids become infected by ingestion of colostrum. 405 
The localization of Mmm, often associated with mites in 
the external ear canal of asymptomatic goats, may also play 
a role in the epidemiologic process of Mmm infections. 406 

II Necropsy Findings. The most common necropsy finding 
in goat kids that die of Mmm infections is a fibrinopurulent 
polyarthritis. 399 400 Approximately one half of field cases 
have pneumonia. One or more lung lobes have areas of 
patchy to diffuse red consolidation that is sometimes cov¬ 
ered with a fibrinous exudate. Clear, golden yellow to sero- 
sanguineous fluid is found in the thorax in half of the cases. 
In some patients there are fibrinous adhesions between the 
lungs and thoracic wall. Affected lungs have microscopic 
evidence of bronchopneumonia or interstitial pneumonia. 
Other common lesions include pericarditis, peritonitis, 
and enlargement of the kidneys, liver, and spleen. 

II Treatment and Prognosis. Conventional antibiotic ther¬ 
apy for goats with Mmm infections is almost always unsuc¬ 
cessful. 399 ' 400 Tylosin or tetracyclines are commonly used. 
A low percentage of kids make a clinical recovery from the 
septicemic illness but often have arthritis by the time they 
freshen. Does that recover from mastitis become chronic 
carriers. 

II Prevention and Control. Prevention is based on main¬ 
taining herds free of Mmm infection. Purchased does 
should originate only from herds that have no history of 
mortality in kids from arthritis and pneumonia and that 
have negative bulk tank cultures for Mmm. Purchased indi¬ 
viduals should be held separate from the milking herd until 
they have an Mmm-negative milk culture result; treatment 
for ear mites may also be prudent. A vaccine is not commer¬ 
cially available; however, an experimental formalin-killed 
vaccine has been shown to be protective. 407 

Control of Mmm outbreaks is centered on prevention of 
the systemic infection in kids and mastitis in milking does. 
Rapid prevention of new cases in kids can be expected from 
a program of feeding heat-treated goat colostrum (56° C 
[132.4° F] for 1 hour) or cow colostrum at birth, pasteur¬ 
ized milk up to 1 month of age, and pasteurized milk or a 
high-quality milk replacer from 1 month to weaning. 399 
All kids with swollen joints should be culled. Milking 
hygiene should be improved to prevent transmission of 
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infection during milking. Udders should be dried with indi¬ 
vidual cloths or paper towels, teats should be dipped with 
an organic iodine base preparation, and teat cups should 
be backflushed. Milk samples from all does in the milking 
herd should be cultured to identify carrier does. Infected 
does should be kept in a separate string and milked last or 
culled, depending on production. Colostrum of dry does 
should be cultured as they freshen, and the does should 
be hand-milked separately until their milk is found to be 
free of Mmm. Monthly cultures of the bulk tank milk from 
the noninfected string should be performed to ensure that it 
is free of Mmm infection. The goal of control procedures is 
eradication of Mmm from the herd. 

Other Mycoplasmas 

Mycoplasmas are isolated, usually in combination with other 
pathogens, from 50% to 90% of beef and dairy cattle pneu¬ 
monias. 111 ' 112 ' 408409 Mycoplasmas have been associated 
with peribronchial and peribronchiolar lymphoid hyperpla¬ 
sia, which is sometimes referred to as a "cuffing pneumonia," 
a common lesion in calves that die or are euthanized because 
of ECP 410 411 Mycoplasmas have also been recovered from 
lesions of acute and chronic bronchopneumonia in which 
a cuffing pneumonia was not apparent. 

Other than Mycoplasma bovis , the species of mycoplas¬ 
mas (see Box 31-4) prevalent in North America are gener¬ 
ally considered to be mild respiratory pathogens, mainly 
causing subclinical infections unless coupled with environ¬ 
mental stresses or infections by other pathogens. 409 Tra¬ 
cheal bronchial aspiration performed on dairy calves at 
random found that calves with both Mycoplasma species 
and Pasteurella species present in the aspirate were at sig¬ 
nificantly greater risk of developing ECP than calves with 
only one organism or no organisms. A recent study of 
feedlot cattle found seroconversion to M. alkalescens to be 
significantly associated with undifferentiated fever, a clinical 
definition similar to undifferentiated respiratory disease. 297 
Effects such as immunosuppression 412 and inhibition of the 
mucociliary transport mechanism, 413 which can be mediated 
by mycoplasmas, suggest that they may play an important 
contributory role in the pathogenesis of bovine pneumonia. 
Mycoplasma ovipneumonia is often isolated from pneumonic 
lungs of sheep and goats, usually accompanied by M. haemo- 
lytica. On its own, M. ovipneumonia is capable of causing mild, 
subacute to chronic bronchiolitis or bronchopneumonia that 
probably predisposes to M. haemolytica infections. 

Arcanobacterium Pyogenes 

Arcanobacterium pyogenes (formerly Actinomyces pyogenes , and 
before that, Corynebacterium pyogenes ) is a gram-positive rod¬ 
shaped species of bacteria that is a common cause of internal 
or SC abscesses in ruminants. Arcanobacterium pyogenes is 
occasionally isolated from the lungs of ruminants with pneu¬ 
monia, typically from animals that have chronic pneumonia, 
possibly from grossly visible abscesses. 111 ' 410 ' 414 This species 
is viewed as an opportunist that contributes to respiratory 
disease as a secondary or possibly "tertiary" invader after 
viral pathogens and other bacterial respiratory pathogens 
have become established. Arcanobacterium pyogenes has a 
variety of virulence factors including a cytolytic toxin termed 
pyolysin, as well as several molecules that aid in adherence to 
host cells. 415 Diagnosis of this pathogen is usually made as an 
incidental finding at necropsy of an animal with significant 
respiratory disease from other primary causes. Finding Arcano¬ 
bacterium pyogenes during a respiratory necropsy should not 
induce efforts to directly treat or prevent this pathogen, but 
rather should induce efforts to prevent other primary or 


secondary causes of pneumonia and to treat animals in a 
timely manner with appropriate therapy for an adequate dura¬ 
tion in order to prevent chronic pneumonia. 

Other Bacteria Associated with Respiratory Disease 
in Ruminants 

Bacteroides melaninogenicus and other anaerobic bacteria are 
considered opportunistic pathogens that become established 
after other primary or secondary respiratory pathogens 
induce lesions. Anaerobic bacteria are isolated from approx¬ 
imately one third of the lungs of cattle that die of broncho¬ 
pneumonia. 416 These opportunists are believed to be 
inhaled with eructated ruminal gases. Other bacteria infre¬ 
quently isolated from pneumonic bovine lungs are listed in 
Box 31-4. Isolation of these uncommon pathogens during 
a respiratory necropsy should signal a search for other under¬ 
lying disease that put animals at risk for pneumonia caused 
by opportunistic pathogens; it may also indicate a need for 
increase efforts to prevent and effectively treat other primary 
and secondary respiratory pathogens, which may have been 
present earlier and set the stage for these opportunists. 

Chlamydial Agents (Chlamydophila Species) 

Chlamydial agents are occasionally isolated from pneu¬ 
monic ruminant lungs. These organisms are thought to pro¬ 
duce only mild respiratory infections by themselves but 
may enhance the pathogenicity of concurrent infections. 
Research indicates that calves are infected with chlamydial 
agents relatively early in life and that crowding enhances 
the likelihood of a high proportion of animals being 
infected. 417 Experimental challenge of calves with a combi¬ 
nation of chlamydia and M. haemolytica results in clinical 
disease more severe than either agent produces alone. 418 

APPROACH TO DIAGNOSIS AND 
TREATMENT OF RESPIRATORY DISEASE 
OF UNDETERMINED CAUSE 
(UNDIFFERENTIATED RESPIRATORY 
DISEASE OF RUMINANTS) 

Information regarding diagnosis and treatment of individ¬ 
ual infectious agents that can cause ruminant respiratory 
disease was described earlier. However, it is most common 
for one or more of these agents to be involved when a 
group of cattle, sheep, or goats has an outbreak of respira¬ 
tory disease. Moreover, when a veterinarian is called to 
make an initial evaluation of a group of ruminants with 
respiratory disease, the exact causative diagnosis is not 
known. The term undifferentiated respiratory disease has been 
applied to respiratory disease of uncertain cause 419 Think¬ 
ing of an outbreak as "undifferentiated respiratory disease" 
before a causative diagnosis is confirmed is helpful to 
ensure that the veterinarian considers all possible infectious 
agents and management factors that may be contributing to 
disease in the animals in question, rather than immediately 
focusing on one agent or factor that is guessed to be of 
importance. A plan to diagnose and treat the current prob¬ 
lem and prevent future respiratory disease can then be made 
by administering treatments and instituting management 
changes appropriate for any of the agents likely to affect 
the class of animals involved. 

Clinical Signs 

Successful intervention with an outbreak of undifferentiated 
respiratory disease is based on identification and alteration 
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of the risk factors associated with the outbreak. An investi¬ 
gation begins with collection of a thorough history of the 
problem and is followed by examination of affected ani¬ 
mals and the environment. The history questions are 
directed to management practices that predispose to pneu¬ 
monia (see later). It is important to observe personally as 
many management practices as possible to ensure that what 
is described is actually implemented. Examination of the 
environment includes evaluation of the nutrition program 
to determine whether any of the dietary factors that predis¬ 
pose to pneumonia are present. 

Once a thorough history is collected, several animals 
involved in the outbreak should be examined. Because 
infectious respiratory disease is so common in ruminants, 
producers may assume that any illness not obviously occur¬ 
ring in another body system is a result of respiratory disease. 
However, to ensure rational use of antimicrobials and vac¬ 
cines and to make properly focused management changes, 
confirmation of the clinical diagnosis of respiratory disease 
is necessary. 

Ruminants affected by bronchopneumonia exhibit signs 
of respiratory tract inflammation and, sometimes, toxemia. 
In early stages, animals stand off by themselves and do not 
approach feed. They hold their heads and ears low, appear 
depressed, and move slowly. Respirations become rapid 
and shallow, there is frequent licking of the muzzle, and a 
moist cough is often present. Animals may have a fever of 
40° C to 41° C (104° F to 105.8° F) and as the disease pro¬ 
gresses they appear gaunt, have deep labored respirations, 
and may hold the head extended. Dyspnea may be both 
inspiratory and expiratory. Ocular and nasal discharges prog¬ 
ress from serous to mucopurulent. Normal lung sounds are 
difficult to hear except in calves, goats, and sheep. Sheep nor¬ 
mally have harsh inspiratory sounds. The heavy chest wall of 
larger cattle makes it difficult to hear normal airway sounds. 
The first auscultable lung changes are increased harshness of 
inspiratory sounds. By the time expiratory sounds are as loud 
as or louder than inspiratory sounds, severe bronchopneu¬ 
monia exists. In the most severe cases, auscultation of the 
anterior ventral lung fields reveals crackles and wheezes 
and an increase in bronchial sounds, especially on inspira¬ 
tion. When ventral consolidation occurs, harsh tracheal 
breathing is still audible ventrally, but percussion reveals 
ventral dullness. Percussion is best accomplished on young 
calves and goats of any age. Recently shorn sheep can 
be readily percussed, but heavy wool makes percussion diffi¬ 
cult. Animals in which a fibrinous pleuritis develops are 
reluctant to move because of pain, have shallow respirations, 
and sometimes have pleural friction rubs detectable on aus¬ 
cultation. Nasal discharge, dyspnea, abnormal lung sounds, 
cough, and high fevers are cardinal signs of broncho¬ 
pneumonia. Other respiratory tract conditions that must 
be considered as differential diagnoses include acute bov¬ 
ine pulmonary edema and emphysema (ABPEE), intersti¬ 
tial pneumonia, pulmonary edema, pleuritis, laryngitis, 
tracheitis, and lungworms. Rare conditions include thoracic 
neoplasia and diaphragmatic hernia. Systemic conditions 
that result in respiratory signs include septicemia, heart fail¬ 
ure, add-base imbalances, and poisonings such as nitrate 
toxidty. An important feature that separates systemic condi¬ 
tions from bronchopneumonia is that in addition to signs 
of pulmonary dysfunction, systemic conditions often are 
manifested by clinical signs of damage to other organ sys¬ 
tems. In sheep and goats, ovine progressive pneumonia 
(OPP), CAE, and lung or mediastinal abscesses caused by 
C. pseudotuberculosis or other bacterial invaders are additional 
differential diagnoses. 

Clinical signs assodated with specific viral infections of 
the respiratory tract have previously been presented. In 


general the dinical signs observed are dependent on the 
stage of the disease and particularly on whether secondary 
bacterial pneumonia has been superimposed. In the early 
stages of viral pneumonia common dinical features 
include mild depression and anorexia, often marked eleva¬ 
tion in body temperature, serous to mucopurulent lacri¬ 
mal and nasal discharges, cough, and elevated respiratory 
rates. On auscultation of the lungs there may be an 
increase in breath sounds. In the presence of secondary 
bacterial pneumonia, the severity of dinical signs becomes 
more pronounced. 

Diagnostic Workup of Undifferentiated Ruminant 
Respiratory Disease 

If dinical examination of a group of cattle, sheep, or goats 
indicates that respiratory disease is present, it is not always 
necessary to immediately submit diagnostic tests. Occa¬ 
sional outbreaks of respiratory disease occur in groups of 
ruminants, and such occasional outbreaks can often be 
managed successfully with administrative symptomatic 
therapy alone (described later). However, if recurrent out¬ 
breaks occur, or if animals do not respond appropriately 
to symptomatic therapy, then diagnostic tests are warranted 
so that more information is available to better characterize 
the nature of the problem. In such situations a careful eval¬ 
uation of management practices and facility design is also 
warranted to ensure that all practices possible are maximiz¬ 
ing the ability of animals to resist respiratory infection. 
Management practices important to minimizing respiratory 
infection are described later (p. 638). 

Clinical Pathology and Assessment 
of Immune Status 

CBCs or serum biochemical analyses are rarely of much 
value in diagnosis of respiratory disease in ruminants. Some 
viruses, such as BVDV, may cause leukopenia, but when 
bacterial pneumonia is superimposed the WBC count is 
most often in the high-normal range to mildly elevated with 
a left shift. Animals with bacterial pneumonia may have an 
inflammatory leukogram characterized by a leukocytosis 
with a mature neutrophilia, possibly with a left shift; hyper- 
fibrinogenemia is likely to occur. Animals with chronic 
pneumonia may have a normal WBC count even when 
there is significant pulmonary pathology. 

Failure of passive transfer is a major risk factor for pneu¬ 
monia in calves, so investigation of outbreaks in calves 
should include an evaluation of passive transfer status by 
measurement of immunoglobulins in the serum of calves 
1 to 7 days of age. The zinc sulfate turbidity test, sodium 
sulfite test, and measurement of total serum protein with a 
reffactometer are practical, satisfactory procedures for esti¬ 
mation of serum immunoglobulin concentrations. 

Necropsy Findings 

The value of necropsy findings to confirm the cause of 
death, particularly in animals that die unexpectedly, cannot 
be overemphasized. If producers can be encouraged to 
allow all animals that die to be subjected to necropsy, much 
valuable information may be gained before a disease out¬ 
break causes excessive mortality. It is unfortunately com¬ 
mon for veterinarians to be contacted only after several 
animals have died without any having been subjected to 
necropsy, and thus much valuable information that could 
have helped prevent further disease and death has been lost. 
Establishing a practice of subjecting all animals that die to 
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at least gross necropsy can aid greatly in maintaining man¬ 
agement practices that limit animal disease and death; this 
is because the actual cause of death identified at necropsy 
can sometimes be unexpected. For example, if an animal 
is assumed to have died of pneumonia, but it actually died 
of acute enterocolitis, then control measures may be under¬ 
taken that are inappropriate for the true problem. 

The cost of having animals sent to the local diagnostic 
laboratory for full necropsy may dissuade some owners 
from allowing necropsies. However, much useful informa¬ 
tion can be gained simply by gross necropsy evaluation 
performed on the farm by the local veterinarian. With some 
practice veterinarians can develop confidence in identifying 
the major differentiating gross features of common diseases, 
and they can thus ensure that management is aimed at 
control of disease of the correct organ system. Moreover, 
there are some identifiable characteristics typical of the 
major infectious causes of bronchopneumonia. Gross nec¬ 
ropsy can help the veterinarian make a more accurate list 
of differential diagnoses for outbreaks of bronchopneumo¬ 
nia, allowing the development of a more logical plan for 
treatment and prevention. 

A respiratory necropsy should include assessment of the 
upper airways and trachea. Fibrinopurulent material in the 
larynx is evident in cattle with necrotic laryngitis (see 
Fig. 31-50). Infection with BHV-1 (IBR) causes generalized 
reddening (congestion) and small raised, red or pale pla¬ 
ques on the mucosa of the nasal passages and trachea; more 
severe cases have dark red, hemorrhagic changes, possibly 
with yellow-brown exudate adherent to the mucosa (fibri¬ 
nopurulent tracheitis) (see Fig. 31-53). 

Bronchopneumonia in recently transported cattle 
(shipping fever pneumonia) is most commonly a fibrino¬ 
purulent bronchopneumonia. The infection is aerogenous; 
it begins in the bronchioles and extends through their walls 
into the surrounding parenchyma. The cranioventral areas 
of affected lungs are swollen, dark red to gray-brown in 
color, firm, and heavy. Bronchial lymph nodes are swollen, 
wet, and dark red. The inflamed lung and parietal pleura are 
sometimes covered with variable amounts of yellow fibrin, 
and the pleural cavity may contain straw-colored fluid (see 
Fig. 31-56). Fibrinous pleuritis usually indicates the pres¬ 
ence of M. haemolytica or //. somnus. These species can also 
cause necrosis of lung, which will be firm and brown to 
gray (see Fig. 31-57), or dark red wedge-shaped lesions 
(infarcts) that are caused by thrombosis of an artery supply¬ 
ing the region (see Fig. 31-58). The dorsal regions of the 
caudal lobes often are mottled by interspersed patches of 
inflammation and normal parenchyma. In up to one third 
of bronchopneumonia cases, forced respirations result in 
vesicular to bullous pockets of emphysema in the dorsal 
areas of the caudal lobe (see Fig. 31-54). These changes 
can also be seen with primary BRSV infections or with 
AIP. Focal or multifocal areas of firm white to yellow mate¬ 
rial that look like abscesses may actually be caseous necrosis 
caused by Mycoplasma bovis (see Figs. 31-60 and 31-61); the 
chronic phase of pneumonia resulting from M. haemolytica 
may also cause similar lesions. Abscesses containing caseous 
or liquid purulent material may also be caused by Arcano- 
bacterium (Actinomyces) pyogenes or anaerobic bacteria. 
Lambs that die of bronchopneumonia caused by M. haemo¬ 
lytica have swollen lungs with reddish purple anterior ven¬ 
tral consolidation. An extensive fibrinous pleuritis with 
large amounts of straw-colored exudate is often present. 
Chronic cases have multiple abscesses and pleural adhe¬ 
sions. As much as 60% to 80% of the lung tissue is usually 
involved in fatal cases of severe bacterial pneumonia. 

Bronchopneumonia in housed dairy calves (ECP) is less 
often fibrinous, but rather is characterized by the presence 



FIG. 31-62 II Postmortem photograph of lung lesions typical of enzootic 
calf pneumonia. Note scattered collapsed, dark red lobules in the cranioven¬ 
tral iung. This type of lesion could be caused by BRSV, P13, Pasteurella mul- 
tocida, or various mycoplasmas. (Photograph contributed by Dr. Amelia 
Woolums, University of Georgia, Athens, Ga.) 


of firm, collapsed, dark red lobules in the cranioventral or 
caudal ventral lung (Fig. 31-62); in severe cases whole lobes 
of the lung may be affected. Firm dark red lobules without 
fibrin on the pleura are common in pneumonia caused by 
P. multocida, Mycoplasma bovis, or other mycoplasmas. Infec¬ 
tion with BRSV and P13 can also cause lobular consolida¬ 
tion of the ventral lung (see Fig. 31-55). Less commonly 
M. haemolytica or H. somnus organisms are isolated from 
such lesions without fibrinous pleuritis. 

Animals that die after chronic persistent coughing, dys¬ 
pnea, and weight loss exhibit lesions of chronic suppurative 
pneumonia. Bronchi and bronchioles are filled with puru¬ 
lent exudate, there are multiple mature lung abscesses, and 
greatly dilated bronchioles contain malodorous exudate. 
When bronchiectasis is severe, the lung lobes have a nodu¬ 
lar appearance. Pulmonary abscesses and bronchiectasis are 
common findings in cases of chronic pneumonia and 
explain poor weight gains. 414 

Although gross necropsy alone can be very helpful in 
generating an accurate list of differential diagnoses, histo¬ 
pathologic and microbiologic findings often add critical 
information. Gross necropsy findings are not always defini¬ 
tive; for example, in one study of AIP in feedlot cattle, only 
67% of the cases that were diagnosed with AIP based on 
clinical and gross pathologic findings were confirmed by 
histopathology. 420 Therefore in outbreaks with relatively 
high mortality or in cases in which long-term and possibly 
expensive therapy is not yielding expected results, the cost 
of full necropsy of two or three typical cases is likely to be 
well worth the expense. 

If full necropsy at a local diagnostic laboratory is to be 
undertaken, two or more animals showing signs that are 
typical of the early stages of the disease outbreak should 
be selected for euthanasia and necropsy. Although the pro¬ 
ducer may be reluctant to euthanize animals that may 
recover, and would rather send animals with chronic, non- 
responsive disease, the chronic cases are unlikely to yield 
information relevant to the primary problem. 

MICROBIOLOGIC TESTS 

If samples are collected from a necropsy on the farm for 
testing for viral or bacterial pathogens, proper handling 
and transport of the specimens is critical to maximize the 
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chance of an accurate diagnosis. The veterinarian is encour¬ 
aged to contact the diagnostic laboratory if uncertain 
about proper methods of sample collection and trans¬ 
port; most laboratories now post this information on 
their websites, making it easy to find for those with Inter¬ 
net access. 

Viruses 

A specific viral diagnosis requires laboratory confirmation. 
Most laboratories direct their diagnostic efforts toward the 
viruses for which vaccines are available. Diagnosis of other 
respiratory viruses may require the assistance of specialized 
laboratories. Because of the time and expense that specific 
viral diagnosis entails, care must be taken in the collection, 
storage, and transport of appropriate specimens to a diag¬ 
nostic facility. The veterinarian is encouraged to contact 
the diagnostic laboratory if uncertain about the proper 
methods for collecting and transporting specimens for 
microbiologic diagnosis. 

VIRUS ISOLATION. Virus isolation is time-consuming 
and expensive, but it is a sensitive method for identifying 
viruses. Virus isolation is performed in cell culture. A variety 
of specimens can be tested, including nasopharyngeal, con¬ 
junctival, and tracheal swabs, TTAs, BALFs, and a variety of 
respiratory tract tissues that can be obtained at postmortem 
examination. Fluids, tissues, and swabs may be frozen; alter¬ 
natively, swabs and tissue specimens may be placed in a 
viral transport medium and kept refrigerated until arrival 
at the diagnostic laboratory, preferably within 24 hours. 
BRSV does not appear to survive freezing or transport well, 
and it is important that specimens be inoculated onto cell 
cultures as soon as possible. In general, better success at 
virus isolation is obtained when specimens are collected in 
the acute phase of disease. Chances of successful isolation 
may be improved by sampling asymptomatic animals that 
are in close contact with affected animals. These animals 
may be in an incubation phase of infection. Some viruses 
appear to be more difficult to isolate than others. For exam¬ 
ple, BRSV is very difficult to isolate by routine procedures, 
and other diagnostic procedures (discussed later) should 
be performed in conjunction with attempts at virus isola¬ 
tion. During isolation procedures, viruses are detected by 
production of cytopathic changes in cell monolayers. Viral 
identification is accomplished by a variety of procedures 
such as neutralization with specific antiserum, FA staining, 
immunoperoxidase staining, and examination by electron 
microscopy and immunoelectron microscopy. An immuno¬ 
peroxidase monolayer assay has been developed for detec¬ 
tion of BVDV and is in routine use for screening serum 
samples for detection of cattle persistently infected with 
BVDV. 

DETECTION OF VIRAL ANTIGENS. Immunofluores- 
cence is a rapid method for identification of specific respira¬ 
tory viruses. Antemortem identification can be made from 
conjunctival or nasal smears and from cells obtained by tra¬ 
cheal lavage or BAL. Postmortem identification can be made 
from frozen tissue sections prepared from a variety of respi¬ 
ratory tract tissues. 

Another technique that is used to detect viral antigen in 
tissues is immunoperoxidase staining, which is most often 
carried out using formalin-fixed tissue. This is a very useful 
procedure that allows histologic examination of tissues in 
conjunction with immunologic identification of the causa¬ 
tive agent. 

Antigen capture enzyme immunoassay (EIA) provides 
a rapid means for detection of respiratory viruses. These 
tests can be performed on fluids obtained from the respi¬ 
ratory tract. Commercially available antigen capture EIAs 


are available for diagnosis of human RSV infections in 
infants and young children that are also capable of detect¬ 
ing BRSV, 421 and these are in use in some veterinary diag¬ 
nostic laboratories. The same technique has been developed 
for the detection of BVDV and is in use for screening serum 
samples to detea cattle persistently infeaed with BVDV. 

DETECTION OF VIRAL NUCLEIC ACIDS. The nucleo¬ 
tide sequence has been determined for the genome or par¬ 
tial genome for many of the ruminant respiratory viruses. 
Testing for viral nucleic acid by PCR (for DNA viruses) or 
RT-PCR (for RNA viruses) is increasingly more widely avail¬ 
able at veterinary diagnostic laboratories. Although they are 
not currently in routine use, the possibility exists of using 
nucleotide probes for the deteaion of these viruses in tissue 
samples. One benefit of using nucleic acid detection to 
identify pathogens is that the pathogen does not have to 
be alive to be identified; this can be a particular benefit 
for relatively fragile viruses such as BRSV. 

SEROLOGIC DIAGNOSIS. Retrospeaive diagnosis of 
viral infections can be made by determination of antibody 
titers in paired sera from individual animals. The first sam¬ 
ple is colleaed in the acute phase of the disease, and the 
second is collected 2 to 4 weeks later ("convalescent sam¬ 
ple"). In a respiratory disease outbreak multiple animals 
should be tested to achieve a serologic diagnosis; it is typical 
for seroconversion to be identified in only a subset of ani¬ 
mals tested in any outbreak. Serologic diagnosis is made 
by demonstrating a fourfold increase in antibody titer in 
the convalescent sample as compared with the acute sam¬ 
ple; a fourfold fall in titer also indicates recent infection. 
Because day-to-day variation in results of tests used for sero¬ 
logic diagnosis is typical, the acute and convalescent sam¬ 
ples should be run by the laboratory on the same day. 
Thus the acute samples can be stored in the freezer by the 
local veterinarian and shipped together with the convales¬ 
cent samples. 

Because infections in young ruminants can occur in 
the presence of passively derived antibodies, seroconver¬ 
sion might not always occur during outbreaks of bron¬ 
chopneumonia involving young animals. 422 This problem 
may be overcome by inclusion of older individuals in con- 
taa with the younger animals in the population sampled, 
which are likely to have lost passively derived antibody to 
these viruses and will be more likely to seroconvert. Also, 
BRSV antibody levels appear in some instances to peak at 
the onset of severe disease, and a decreasing antibody level 
is seen on paired serologic analysis rather than a rising level. 
Serologic testing of normal appearing, in-contaa catde 
that may be in early stages of infeaion may be helpful in 
demonstrating seroconversion to BRSV. A wide variety of 
serologic procedures is available for antibody determina¬ 
tions, but most laboratories use a microtiter serum neutrali¬ 
zation test (also known as virus neutralization test) for IBRV, 
BVDV, PI3, and BRSV. It is important to remember that 
serum neutralization tests take several days to run. Some 
laboratories are beginning to use more rapid procedures 
such as ELISA for determination of serum antibody titers. 
Through use of an isotype-specific ELISA, diagnosis of BRSV 
can be achieved with a single serum sample by measure¬ 
ment of IgM levels 423 ; similar tests could be developed for 
other pathogens, but these are unlikely to be widely avail¬ 
able. A hemagglutination-inhibition test can also be used 
for PI3 and respiratory coronavirus. 

Bacteria 

A wide variety of bacteria have been isolated from the 
respiratory tract of ruminants in association with res¬ 
piratory disease. However, the most frequent and most 
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important isolates are haemolytica, P. multocida, H. somni, 
and M. bovis. The isolation of A. pyogenes, coliforms, or 
anaerobic bacteria often is indicative of chronic pneumonia 
or aspiration pneumonia and may be associated with lung 
abscessation. 

Before bacterial culture is attempted, the status of any 
recent antibacterial therapy should be determined, and, if 
possible, specimens from untreated cattle should be col¬ 
lected. It is important to remember that M. haemolytica, 
P. multocida, H. somni, and mycoplasmas are normal inhabi¬ 
tants of the nasal passages of cattle and may be cultured in 
the absence of respiratory disease. It is important to note 
that not all laboratories will identify the species of myco¬ 
plasmas cultured; thus an isolate may be identified only as 
"Mycoplasma sp." If involvement with Mycoplasma bovis is 
suspected, the laboratory may need to be specifically asked 
to identify the species of any mycoplasmas they isolate. Spe¬ 
cific identification of M. bovis is most often done by immu- 
nofluorescent assay (available at the diagnostic laboratory 
at Iowa State University, and possibly others), IHC (avail¬ 
able at Iowa State University, the University of Saskatche¬ 
wan, and possibly others), or PCR (available at the 
diagnostic laboratory at the University of Georgia in Athens, 
and possibly others). Some mycoplasmas are more hardy or 
easier to grow than others; for example, it is not unusual for 
Mycoplasma bovis to overgrow M. dispar when both are pres¬ 
ent in the same sample. Culture of mycoplasmas typically 
takes at least 1 week, and laboratories often call a sample 
negative only after the sample has been subcultured at least 
once. 

Although isolates obtained from nasal swabs may reflect 
the organisms causing pneumonia on a group level, speci¬ 
ficity can be increased by obtaining specimens from the 
lower respiratory tract. 299 Specimens appropriate for bacte¬ 
rial culture are similar to those discussed for viruses, such 
as nasopharyngeal and tracheal swabs, TTAs, and BAL or 
lung aspirates. Swabs are acceptable for transferring samples 
directly to culture medium, but if transport is necessary, 
the swab must be placed in a transport chamber such as a 
Culturette (Marion Scientific, Kansas City, Mo.) to ensure 
adequate moisture for the sample during transport. Con¬ 
tamination of the sample with environmental agents can 
best be prevented by first searing the lung surface, then 
making an incision with a sterile scalpel, followed by sam¬ 
pling with a swab through the incision; but it may not be 
practical to sear the surface of the lung in the field setting. 
Specimens of respiratory tract tissues such as lung and bron¬ 
chial lymph nodes can be placed in sterile containers such 
as Petri dishes or self-sealing plastic bags and transported 
to the laboratory on ice. 

Chlamydial organisms may be demonstrated by stain¬ 
ing smears and sections of lesions with a Gimenez stain 
or by immunofluorescence techniques. Isolation attempts 
are done by inoculation of yolk sacs of embryonated 
chicks. Serologic tests such as complement fixation are also 
available. 

DETECTION OF BACTERIAL ANTIGENS OR NUCLEIC 
ACIDS. It is increasingly common for diagnostic labora¬ 
tories to use IHC for identification of bacteria in formalin- 
fixed tissues. This technique offers many advantages, includ¬ 
ing correlation of the pathogenic organism with the lesion 
and detection of pathogens not found on bacterial culture 
because of overgrowth of other organisms such as A. pyo¬ 
genes or P. multocida. The use of PCR for identification of 
bacterial agents in a variety of samples is also increasingly 
available. The veterinarian is encouraged to contact the 
diagnostic bacteriologist at the local diagnostic laboratory 
or check the laboratory website for information regarding 
which tests are available. 


SEROLOGIC TESTING FOR BACTERIAL PATHOGENS. 

Diagnosis of infection with bacterial pathogens can be 
attempted as described earlier for viral pathogens. However, 
the use of serologic tests for identification of infection by 
bacterial respiratory pathogens has mostly been limited to 
use in research. Thus these tests are not likely to be widely 
available for clinical use. 

Treatment of Undifferentiated Bronchopneumonia 

ANTIMICROBIAL THERAPY. The basic foundations of 
antimicrobial therapy for bacterial bronchopneumonia are 
treat early enough, treat long enough, and treat with the 
appropriate antimicrobial agent. Because there are currently 
many effective products marketed for the treatment of 
important bacterial respiratory pathogens in cattle, treating 
early enough is perhaps more important than what is used 
for therapy. It should be remembered that a major reason 
for treatment failure is the presence of a lesion that is too 
far advanced for successful therapy. If lesions becomes 
too far advanced, the antimicrobial agents will have diffi¬ 
culty reaching walled-off areas of necrosis and suppuration; 
moreover, the regenerative response will not be able to 
return this tissue to normal lung parenchyma. 

Although antibacterial agents for the treatment of bacte¬ 
rial bronchopneumonia may reduce losses caused by fatal¬ 
ity and retarded growth, they do not serve as a substitute 
for preventive management practices. Cattle requiring 
treatment do not perform as well as those that have not 
needed treatment. However, cattle requiring only one 
treatment perform better than those that require two or 
more treatments 424 ; this further emphasizes the need for 
treating early enough with an effective antimicrobial, 
because animals with treatment failure will have subopti- 
mal performance. 

The precise temperature used to determine whether ani¬ 
mals need treatment depends on the balance between the 
costs of overtreatment (drugs and labor) and undertreat¬ 
ment (treatment failures and mortality.) This temperature 
may vary depending on the animal type. The cutoff com¬ 
monly used for feedlot cattle is 104° F to 104.5° F (40° C 
to 40.3° C), but 103.5° F (39.7° C) may be more appropri¬ 
ate for calves. This recommendation is based on the long¬ 
term effects that ECP has been shown to have on growth 
rate, age at first calving, culling before calving, and culling 
after calving, indicating that ECP can have long-lasting 
effects if not properly treated with early antibiotic therapy. 
When outbreaks of respiratory disease occur, surveillance 
of the affected group must be increased to ensure early 
detection of diseased animals. 

Treatment of sufficient duration can be achieved only if 
the response to therapy is monitored. Therapy should be 
continued for at least 48 hours after clinical signs of fever, 
dyspnea, and toxemia have abated. Many of the antimicro¬ 
bial drugs labeled for use in the treatment of pneumonia 
in cattle provide multiple days of therapeutic drug concen¬ 
trations in lung tissue after only a single injection. These 
products decrease the time and stress associated with daily 
treatment; they also make it easier for feedlots to return ani¬ 
mals to home pens rather than keeping them in hospital 
pens, which seems to be associated with poorer responses 
by treated animals. 425 Frequently, antibiotics are evaluated 
over a 3-day treatment period, with cases failing to demon¬ 
strate a normal body temperature after 3 days being classi¬ 
fied as nonresponders; a different class of antimicrobial 
should be administered to nonresponders. 

Although a 3-day course of antimicrobial therapy for 
bronchopneumonia was for many years standard operating 
practice, particularly in the treatment of feedlot cattle, the 
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view is increasingly held that treatment for a longer dura¬ 
tion may be more appropriate. This is particularly true 
for pneumonia caused by Mycoplasma bovis in dairy calves 
or feedlot cattle, which seem to respond better to treat¬ 
ment for at least 7 to 10 days. 359 ' 395 Although treatment 
for 7 to 10 days would be extralabel for many antibiotics, 
at least three products currently marketed have been 
shown to provide therapeutic drug levels for at least 7 days 
when used at dosages recommended on the label (see 
Table 31-10). Unfortunately there is little research evaluat¬ 
ing the effect of treatment duration on long-term outcome 
in ruminants with bacterial bronchopneumonia, so it is 
difficult to make evidence-based recommendations regard¬ 
ing exactly how long antibiotics should be administered. 
Determination of therapeutic response by evaluation of 
general appearance without regard to restoration of nor¬ 
mal body temperature has been shown to result in high 
relapse rates. A typical decision tree for treating feedlot cat¬ 
tle with antibiotics is shown in Fig. 31-63, but protocols 
such as these may be modified as more information about 
the use of long-acting antimicrobials is obtained from field 
research. 

Selection of the appropriate antibiotic tends to be what 
most veterinarians focus on when treating respiratory dis¬ 
ease because this is the aspect of therapy over which they 
have the greatest control. Factors such as cost, route of 
administration, treatment interval, drug labeling, necessity 
of extralabel doses, and withholding times quickly cull a 
number of antibiotics, leaving a short list of suitable alter¬ 
natives for use as first-line antimicrobial agents. Antibiotics 
that are associated with severe injection site reactions such 
as erythromycin or those associated with complications of 
administration such as balling gun injuries with oral 
boluses are often avoided. Only antibiotics that are licensed 
and effective at label doses should be considered for routine 
use in food animals. Table 31-10 lists the approved antimi¬ 
crobials for treating respiratory disease in cattle. If data 
regarding the MIC of bacteria isolated from animals before 
treatment with antimicrobials are available, the dose or 
duration of therapy can be rationally modified, but it is 
imperative that proper withdrawal times be observed when 
antimicrobials are used in an extralabel fashion. At the time 
of this writing, the Food Animal Residue Avoidance Data¬ 
bank (FARAD; www.farad.org or 1-888-USFARAD) is an 
invaluable resource for veterinarians who need to identify 
withdrawal times for drugs administered to food animals 
at extralabel dosages. The use of MIC data requires some 
understanding of the pharmacokinetics of the drugs in 
question; published information is available regarding 
interpretation of MIC data, or veterinarians can contact 
FARAD or the diagnostic bacteriologist at their local diag¬ 
nostic laboratory for assistance. 

Determining the antimicrobial sensitivity patterns or 
MIC data for causative agents such as M. haemolytica in the 
case of bacterial bronchopneumonia can be difficult. The 
best information is that gained from bacterial culture and 
susceptibility testing of animals subjected to necropsy 
before receiving any antimicrobial therapy; however, produ¬ 
cers may be reluctant to allow necropsy of animals that have 
never been treated. Once an animal has been treated, any 
antimicrobials administered can bias the results of suscepti¬ 
bility testing of bacteria later cultured from the animal. 
Many bacteria, including M. haemolytica, can develop plas¬ 
mid-mediated multiple antimicrobial resistance by bacterial 
conjugation so that, for example, exposure to oxytetracy- 
dine may induce resistance not only to oxytetracycline, 
but also to penicillin. Therefore, M. haemolytica recovered 
from cattle treated with antibiotics will have a different sen¬ 
sitivity pattern than M. haemolytica cultured from untreated 


cattle. This is especially important when reviewing publica¬ 
tions reporting antimicrobial susceptibility of M. haemoly¬ 
tica isolates cultured at diagnostic laboratories, because 
these results will most often be from cases that have been 
treated with antimicrobial agents before death. The findings 
of these studies may be looked at as a worst-case scenario 
demonstrating antimicrobial agents for which acquired 
resistance is rarely or never a problem, versus those for 
which acquired antimicrobial resistance occurs commonly. 
In general, resistance to many drugs used for the treatment 
of bovine pneumonia has been identified when M. haemoly¬ 
tica isolates from catde treated with antibiotics before death 
are evaluated. 

Sensitivity testing using isolates from clinical cases raises 
questions regarding the best site for sample collection. Anti¬ 
bacterial sensitivities of isolates cultured from nasal swabs 
may not represent sensitivities of organisms causing pneu¬ 
monia. This is surprising, because pneumonia usually is 
preceded by multiplication of bacteria such as M. haemoly¬ 
tica in the upper respiratory tract, and the nasopharynx 
serves as the source of bacteria colonizing the lungs. Never¬ 
theless, there are discrepancies between antimicrobial sensi¬ 
tivities of bacteria isolated from nasal swabs and clinical 
outcome. Specimens for sensitivity testing should be col¬ 
lected from pneumonic lung, tracheal swabs, or TTAs 
collected from cattle before treatment whenever possible. 

The choice of which drug to use can also be based on 
records of efficacy for animals treated in the past. Producers 
who keep accurate records of drugs used, with results of 
treatment responses, relapses, and chronic cases, may select 
first-line antibiotics based on historical performance of a 
drug. This may be the best approach to antimicrobial selec¬ 
tion. A final method of choosing a first-line antimicrobial 
drug is reliance on published treatment trials. Published 
trials give comparisons between among responses for vari¬ 
ous antibiotics in cattle with naturally occurring bacterial 
bronchopneumonia. The outcomes for these trials are often 
expressed as both health and production values. When eval¬ 
uating published treatment trials that use cases of naturally 
occurring bacterial bronchopneumonia, it is important to 
realize that the results may not be applicable to the cattle 
and pathogens outside the operation where the trial was 
carried out, but if the trial was well designed, it should 
provide useful comparisons. The characteristics of a well- 
designed field trial are discussed later in the section on 
vaccination (p. 641). 

Mass medication with antibiotics at full therapeutic 
doses during an outbreak of feedlot cattle pneumonia dra¬ 
matically curtails the daily number of new cases and 
improves feed consumption. In the acute stages of an out¬ 
break, whatever drug is chosen should be given by injec¬ 
tion; therapeutic levels cannot be reliably maintained by 
administering drugs in feed or water. Bronchopneumonia 
cases that occur after administration of mass medication 
have an increased possibility of being resistant to therapy 
with the antimicrobial used in mass treatment and have a 
greater than usual resistance to other antimicrobials. Thus 
mass medication should not be a standard practice but is 
warranted to control severe outbreaks of pneumonia. It is 
important to base a decision to mass medicate on measur¬ 
able criteria. Some feedlot veterinarians implement mass 
medication when the pull rate of sick animals is 10% on 
any 1 day or is 25% over a 3- to 5-day period. A sudden 
drop in feed consumption, especially in high-risk cattle, is 
another situation in which mass antibiotic medication 
should be cost-effective. Long-acting antibiotics have 
extended withdrawal times to slaughter. It is of critical 
importance that animals that receive them are properly 
identified and that the withdrawal times are observed. 
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FIG. 31-63 II Decision tree for antibiotic treatment of feedlot cattle. 
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The same principles of therapy described previously 
apply to the treatment of sheep and goats. 220 Unfortunately, 
fewer drugs are labeled for the treatment of sheep and goats 
as compared with products used for cattle. Drugs labeled for 
use in sheep and goats are listed in Table 31-10. Note that 
whereas tilmicosin (Micotil 300, Elanco Animal Health) is 
labeled for use in sheep, fatal reactions to tilmicosin have 
occurred in goats treated with this drug. Goats should not 
be treated with tilmicosin. Long-acting tetracycline at 
10 mg/kg is very effective against experimental M. haemoly- 
tica infections in sheep. Administration of tetracycline sub¬ 
cutaneously is effective and less painful than IM injection. 
It is imperative to ensure that producers are given an appro¬ 
priate meat and milk withdrawal time when antimicrobials 
are administered to sheep and goats at extralabel dosages; 
this is a particular concern in feedlot lambs or goats and 
in lactating dairy sheep or goats, from which products 
may enter the food chain in a relatively short time after 
treatment. 

ANTIINFLAMMATORY THERAPY. Favorable responses 
to treatment with corticosteroids and antihistamines have 
been reported from field outbreaks of BRSV infection. How¬ 
ever, corticosteroids should not be used indiscriminately in 
the treatment of respiratory disease because of the potential 
for immunosuppression. Corticosteroids may have a place 
in treatment of respiratory diseases such as necrotic laryngi¬ 
tis or tracheal edema syndrome of feedlot cattle. 90 It is 
unlikely that a single administration of a glucocorticoid will 
have a detrimental effect on the immune system of cattle. 
The dose for dexamethasone in cattle is 0.05 to 0.2 mg/kg 
IM or IV, and the dose for isoflupredone acetate is 10 to 
20 mg IM. Treatment with corticosteroids may cause recru¬ 
descence of BHV-1 infections. 

NSAIDs such as acetylsalicylic acid (aspirin), flunixin 
meglumine, and ibuprofen have been reported to be benefi¬ 
cial in the treatment of respiratory disease in ruminants. 
Aspirin (100 mg/kg every 12 hours) is approved for use in 
cattle, as is flunixen meglumine (1.1 to 2.2 mg/kg IV either 
as a single dose or divided into two doses at 12-hour inter¬ 
vals). Flunixin meglumine administered intravenously at 
2.2 mg/kg to calves with pneumonia induced by PI3 virus 
results in a marked improvement in clinical signs and 
reduction in lung consolidation. 426 However, the use of flu¬ 
nixin meglumine may not be cost-effective in large numbers 
of animals. It is important to remember that flunixin 
meglumine is approved only for IV use; administration via 
the IM or SC route can result in violative residues in tissues 
if longer withdrawal times are not observed. Phenylbuta¬ 
zone, which has been used in the past for antiinflammatory 
effect in ruminants, is now illegal to use in lactating dairy 
cattle, and because of prolonged tissue levels found in 
treated cattle its use is discouraged in all food animals. 

Unlike corticosteroids, NSAIDs do not impair immune 
function. The clinical responses of calves with either experi¬ 
mental or naturally occurring pneumonic pasteurellosis are 
markedly improved by adding flunixin meglumine to tetra¬ 
cycline therapy. In contrast, supplementation of antibiotic 
therapy with corticosteroids usually results in poorer 
responses, more relapses, and prolonged illness, although 
there is still some controversy over the use of corticosteroids 
for treatment of pneumonia. Because of the potential for 
renal toxicity with NSAIDs, dehydrated animals should be 
rehydrated before administration of these drugs. Care 
should also be taken not to overdose with NSAIDs or use 
them for prolonged periods, because they may also result 
in abomasal ulceration. 

There has been little work done to evaluate the use of 
antihistamines as an ancillary treatment for bovine respira¬ 
tory disease. Tripelennamine HC1 is labeled for cattle at a 


dose of 1.1 mg/kg, which can be repeated in 6 to 12 hours 
if needed. 

Tilmicosin has been suggested to have antiinflammatory 
effects in cattle because of the effect of the drug to induce 
apoptosis in leukocytes, which could theoretically decrease 
inflammatory responses in treated animals. 427 However, 
the concentrations of tilmicosin used in this study were 
quite high relative to concentrations obtained in treated 
animals, and a later study of the effect of tilmicosin on 
the function of leukocytes taken from treated cattle showed 
no effect. 428 

ANTIVIRAL AND IMMUNOMODULATING THERAPY. 

Because viral respiratory infections predispose to develop¬ 
ment of secondary bacterial infections, antibiotic therapy 
is indicated to prevent or limit the development of bacterial 
pneumonia in animals with viral respiratory tract disease. 
Few antiviral drugs are available in human medicine, and 
none of these is in routine use in veterinary medicine for 
the treatment of viral respiratory disease in ruminants. 
Interferon has potential as an immunomodulating and anti¬ 
viral drug in the prevention and treatment of viral respira¬ 
tory disease. Human leukocyte interferon has been shown 
to decrease morbidity associated with shipping fever, but 
the therapy has not become widely used. Levamisole and 
isoprinosine have been used in attempts to stimulate the 
bovine immune system with equivocal success and cannot 
yet be recommended as supportive treatments. 426 It is im¬ 
portant to recognize that the immunostimulatory benefits 
of levamisole occur at doses in the 2- to 3-mg/kg range, com¬ 
pared with the anthelmintic dose of 6 mg/kg. A decreased 
immune response has been observed after an 8-mg/kg dose of 
levamisole. High doses of vitamin C (1 g/45 kg; 1 g/100 lb) 
have been shown to enhance the activity of bovine neutro¬ 
phils and reverse dexamethasone-induced suppression of 
neutrophil activity. 429 Isoprinosine has been evaluated as 
an immunomodulating drug for treatment of bovine respi¬ 
ratory disease and has shown some potential on the cellular 
level. 426 

SUPPORTIVE THERAPY. Supportive treatment of any 
kind will relieve stress, thus fostering the resistance of the 
patient, a very important component of the successful ther¬ 
apy of pneumonia cases. Sick animals should be provided 
shelter that protects them from rain, cold, wind, and hot 
sun. They should not be crowded, and the best-quality feed 
and dean water should be easily accessible. Mineral and 
vitamin deficiencies should be corrected with the use of 
injections or oral preparations if necessary. An IM vitamin 
A injection is considered useful adjunctive therapy by some 
veterinarians treating ruminants with bronchopneumonia. 

Epidemiology of Ruminant Respiratory Disease 

ENZOOTIC CALF PNEUMONIA. ECP has traditionally 
been described as affecting calves from 2 to 6 months of 
age; however, prospective studies examining cohorts of 
calves have found calves may be affected with ECP as early 
as 2 weeks of age. 430 Slaughter surveys of dairy calves 4 to 
14 days of age have found ECP to be the second most com¬ 
mon cause of slaughter condemnation. 431 Virtala and col¬ 
leagues 430 found that veterinarian-diagnosed ECP occurred 
at a younger age than did caretaker-diagnosed ECP. As a 
whole, these studies suggest that ECP may start much earlier 
than previously recognized. 

Pneumonia of dairy calves occurs both as endemic dis¬ 
ease and as outbreaks (epizootics) of respiratory disease. 
Chronic endemic disease is the most common manifesta¬ 
tion of this disease, and as a result pneumonia of dairy 
calves is commonly called enzootic calf pneumonia. The dis¬ 
tinction between enzootic and epizootic calf pneumonia is 
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important in reference to etiology because different causes 
are more important in each form of the disease. 

Waltner-Toews, Martin, and Meek 432 determined from 
producer diagnosis that 15% of Ontario Holstein dairy 
calves were treated for pneumonia before weaning. Curtis, 
Erb, and White 433 reported that Holstein calves in New 
York had a crude incidence risk of 7.4% for respiratory 
tract illness, as diagnosed by the farmer. Sivula and collea¬ 
gues 434 found that 7.6% of 845 Minnesota dairy calves 
were diagnosed by producers as having pneumonia. Van 
Donkersgoed and colleagues 435 found that the risk of pneu¬ 
monia in Saskatchewan dairy calves was 39% as diagnosed 
by the farmer and 29% when the pneumonia was veterinar¬ 
ian diagnosed. Virtala and colleagues 430 found that the risk 
of pneumonia was 11% in New York dairy calves when diag¬ 
nosed by producers and 25.6% when diagnosed by a 
veterinarian. 

Mortality rates reported for ECP vary from 1.8% 434 - 435 
to 4.2%. 430 Case fatality rates reported for calves with 
ECP range from 2.2% to 9.4% and vary with the sensiti¬ 
vity of the initial detection method (veterinarian versus 
producer). 430 

Pneumonia accounts for a significant proportion of the 
mortality (proportionate mortality) in dairy calves raised 
on dairy farms. Pneumonia accounted for 24% of deaths in 
New York calves 430 and 30% in Minnesota calves. 434 In 
one study examining Ontario veal calves raised in veal bams, 
pneumonia accounted for 52% of mortality in 4863 calves 
on six farms. 436 Producer accuracy in diagnosing causes of 
mortality was examined by Sivula and colleagues 434 Produ¬ 
cers were found to be moderately accurate but often listed 
the cause of death as unknown. This emphasizes the impor¬ 
tance of laboratory confirmation of cause of death over pro¬ 
ducer diagnosis. 

SHIPPING FEVER. Despite the undisputed economic 
importance of the disease, surprisingly little has been estab¬ 
lished regarding the behavior of pneumonic mannheimiosis 
or shipping fever at the population level, and even the ques¬ 
tion of whether the disease is truly contagious has yet to be 
answered from the epidemiologic perspective. Reviews of 
the literature from North American feedlot studies before 
1985 found that published measures of morbidity in calves 
ranged from 0% to 69%, whereas measures of population 
mortality ranged from 0% to 15%. Incidence of disease 
was found to peak within 3 weeks of calves arriving at the 
feedlot. In view of the lack of uniformity in methods used 
to define cases of respiratory disease and calculate disease 
incidence, however, these data may not be reliable. In most 
of the studies the crude measures of total morbidity and 
total mortality were used as outcomes, and case definitions 
for these were often highly variable or absent. This lack of 
uniformity with respect to case definition and nomencla¬ 
ture, along with the inherently subjective nature of mor¬ 
bidity assessment, makes it difficult to draw legitimate 
comparisons among reports. One observational study spe¬ 
cifically addressing epidemiology of fibrinous pneumonia 
(the classic lesion of shipping fever caused by M. haemoly- 
tica ) was conducted by Ribble and colleagues. 305 Because 
of the difficulty and expense inherent in making definitive 
diagnoses of the causes of illness and death among feedlot 
cattle, most epidemiologic studies have used crude (total) 
mortality as an estimate of death losses caused by shipping 
fever, and treatment rate as a measure of respiratory mor¬ 
bidity. The results of several necropsy surveys and the pre¬ 
viously cited epidemiologic study, however, indicate that 
crude mortality is unreliable as a surrogate measure of 
fibrinous pneumonia mortality and may lead to erroneous 
conclusions regarding risk factors contributing to this 
important disease. 


In the observational study of fatal fibrinous pneumonia 
conducted by Ribble and colleagues in 1995, 305 risk factors 
specifically associated with shipping fever mortality in west¬ 
ern Canadian feedlot calves were investigated. Data were 
collected on all 58,885 spring-bom calves entering a single 
feedlot in southwestern Alberta between September 1 and 
December 31 over a 4-year period (1985 to 1988). The vast 
majority of calves were purchased from auction marts 
throughout western Canada and transported to the feedlot 
by truck. A complete necropsy was performed on all dead 
catde within 24 hours of death, and a gross diagnosis 
recorded. Cases were assigned a diagnosis of fatal fibrinous 
pneumonia on the basis of pathologic evidence of acute 
fulminating lobar bronchopneumonia with fibrinous exu¬ 
date, and data from each year were analyzed separately. 
Crude mortality ranged from 2.44% to 4.78%, whereas 
the mortality caused specifically by fibrinous pneumonia 
varied more than tenfold (0.25% to 2.73%) between years. 
Proportionate mortality caused by fibrinous pneumonia 
ranged from 10% to 57%, and this large annual variation 
was interpreted as evidence that crude mortality should 
not be used as a measure of fibrinous pneumonia mortality 
in epidemiologic studies. Epidemic curves constructed for 
each of the 4 years showed that peak mortality occurred 
approximately 16 days after arrival at the feedlot and that 
at least 50% of fibrinous pneumonia mortalities occurred 
within 3 weeks of arrival. Epidemic curves using the time 
of first treatment for all cases that eventually died of fibri¬ 
nous pneumonia revealed that peak fatal disease onset 
occurred within 8 days of arrival and that 75% of fibrinous 
pneumonia mortalities were already sick within 2 weeks of 
arrival. The consistent onset of fatal disease in calves within 
days of their arrival at the feedlot indicates that the disease 
process may have been well underway in affected calves 
before their installation in a home pen, and that preventive 
measures should be implemented at the time of arrival, or 
possibly even before. In one of the study's most important 
findings Ribble and colleagues 305 demonstrated that when 
the incidence of fatal shipping fever was high (greater than 
2%), the disease clustered within truckload groups of calves 
and also, in 1 year, within pens. This was contrary to the 
conclusions of other studies and lends credence to anec¬ 
dotal reports from feedlot owners that shipping fever mor¬ 
tality is not randomly distributed in calves throughout the 
feedlot, but may often be abnormally high in individual 
truckloads or pens, indicating a contagious nature to the 
disease. 

Although H. somni can also cause fibrinous broncho¬ 
pneumonia in feedlot catde, epidemiologic curves evaluat¬ 
ing the day of first treatment of calves ultimately dying of 
disease caused by H. somni are distinct from epidemic 
curves of catde dying of fibrinous pneumonia caused by 
M. haemolytica. The median days after arrival for the onset 
of fatal disease caused by H. somni is 28, as opposed to 
8 days after arrival for fatal fibrinous pneumonia. 345 - 346 

BRONCHOPNEUMONIA OF ADULT CATTLE. Although 
anecdotal reports indicate that adult beef or dairy cows can 
experience outbreaks of bronchopneumonia that can have 
high morbidity and an important impact on milk produc¬ 
tion (in dairy herds), very litde is published in the veteri¬ 
nary research literature regarding the problem. Outbreaks 
of significant respiratory disease with notable mortality 
caused by BRSV infection have been described in individ¬ 
ual herds of adult dairy cattle. 149 - 150 Respiratory disease 
and decreased milk production in adult dairy cows was 
associated with seroconversion to influenza virus and 
BRSV, 253 but the authors could not confirm that influenza 
was contributing to clinical disease in the affected cows. 
The lack of research on respiratory disease in adult cows 
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is likely a result of the fact that other diseases that affect 
reproductive performance and milk yield are of greater 
economic significance in this class of cattle, but the few 
published descriptions of respiratory disease outbreaks 
confirm that the problem can on occasion be of major 
importance to individual herds. Little research has investi¬ 
gated the effects of infectious respiratory disease in adult 
cattle on productivity. 

BRONCHOPNEUMONIA OF SHEEP AND GOATS. Little 
information has been published regarding the epidemiol¬ 
ogy of bronchopneumonia in sheep and goats. The 2001 
National Animal Health Monitoring System (NAHMS) sur¬ 
vey of producers indicated that 7% Qf death in adult sheep 
were due to respiratory disease, whereas 12% of lamb 
deaths were due to respiratory disease. 437 Feedlots reported 
that shipping fever pneumonia accounted for 13% of feed- 
lot lamb deaths, and other respiratory disorders accounted 
for 29% of lamb deaths. 438 

Host and Environmental Risk Factors 
for Respiratory Disease 

ENZOOTIC CALF PNEUMONIA. The documented host 
and environmental risk factors of dairy and veal calf bron¬ 
chopneumonia involve inadequate passive transfer of 
immunoglobulins, nutritional deficiencies, and adverse 
environmental conditions (Fig. 31-64). Calves are generally 
affected at less than 2 months of age. Successful passive 
transfer is the foundation of protection against pneumonia 
at this age and older and is effective except in situations 
in which the other risk factors are so severe that even cal¬ 
ves with high concentrations of passively acquired immu¬ 
noglobulins are at high risk. Successful passive transfer 
requires good-quality colostrum and adequate volume (4 L 
in the first 12 hours for 45-kg calves). In addition, regular 
herd vaccination, especially in dry cows, should increase 
the levels of specific antibody in calves, provided passive 


transfer is accomplished. Vaccination of calves may produce 
a protective immune response in calves that prevents or 
limits the severity of ECP from certain infectious agents. 
Historically it has been recommended that vaccination be 
delayed until maternal immunity has waned, but recent 
research indicates that calves can be primed for a protective 
immune response by vaccination in the face of maternal 
antibodies in at least some cases (see further discussion on 
p. 640). 

Nutritional problems that predispose to calf pneumonia 
include deficiencies of energy, protein, vitamins, or the 
minerals necessary for the immune response. Deficiencies 
of copper, selenium, zinc manganese, iron, and vitamins 
A and E are of special concern. Dairy managers sometimes 
create energy and protein deficiencies by feeding calves a 
low volume of milk during the first few weeks of life to min¬ 
imize the incidence of neonatal diarrhea. 

The calf's immediate environment affects the calf in a 
number of ways. Ambient temperature is an important fac¬ 
tor affecting dairy calf health. 439 Cold weather is especially 
detrimental to young calves, which have little body insula¬ 
tion. Increased humidity or precipitation in the calf's envi¬ 
ronment worsens the calf's ability to maintain thermal 
neutrality. Warm weather can also be undesirable, because 
young calves are capable of greater perspiration per pound 
of body weight than adults, and warm weather may predis¬ 
pose young calves to dehydration. 439 

The bacterial content of air in cattle bams can be as high 
as 10 6 organisms per cubic meter. 440 Disease incidence 
can be affected by length of pathogen survival time as an 
aerosol and the concentration of the pathogen in the air 
space. Humidity is an important limiting factor affecting 
pathogen survival. The optimum zone for limiting survival 
time of bovine pathogens is 55% to 75% relative humidity. 
Adequate fresh airflow into the calf's environment is impor¬ 
tant in limiting humidity and reducing the concentration of 
noxious gases and pathogens. The flow of air should be from 


FIG. 31-64 II Path model for risk factors 
for enzootic calf pneumonia. Note: Risk fac¬ 
tors in bold-faced rectangles indicate those 
that may be altered by management. 
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younger, more susceptible cattle to older, less susceptible cat¬ 
tle to limit moving pathogens from older cattle to younger 
cattle. Adequate fresh airflow and proper directional move¬ 
ment of air are important goals of ventilation. 

Calf housing with overcrowding of calves or excessive 
stocking densities results in increased transmission of patho¬ 
gens, especially if there is mixing of age-groups. Overcrowd¬ 
ing also puts additional stress on the building ventilation 
through buildup of noxious gases and pathogens. Cleaning 
of calf crates with high-pressure water sprayers is associated 
with new cases of pneumonia several days later. Bates and 
Anderson 441 have recommended standards for ventilation, 
including building location, fan capacity and location, intake 
location and design, temperature regulation, air space needed 
and airflow directions, and acceptable humidity levels. Indi¬ 
vidual calf hutches that are properly located provide the calf 
with adequate fresh air free of pathogens and noxious gases 
and overcome many of the problems found with calf bams. 
Calves moved out of hutches can then be put into small 
groups (seven or eight calves) separated from older cattle 
through use of super hutches. Like the calf hutch the super 
hutch also serves to limit pathogen transmission and buildup 
of noxious gases in this susceptible group of calves. Alterna¬ 
tively, calves can be moved out of hutches and placed in pens 
in pole sheds provided groups are small (7 to 10 calves), air 
quality is good, and proper segregation from older age- 
groups is maintained. Standards of housing for calves are 
shown in Table 31-11. 

Sivula and colleagues 434 found that 80% of calf barns 
provided housing that failed to meet adequate standards 
of ventilation and housing 441 regardless of whether calves 
were housed individually or in groups. In addition, calf 


TABLE 31-1 1 


Standards for Adequacy of Ventilation of Calf 
Housing 434 * 44 ' 

1 Housing Type 

Ventilation Standards | 

Calf hutch 

One calf per hutch 

Minimum of 4 ft between hutches 
Hutches further than 50 ft from 
exhaust outlets of other buildings 
Hutches 10ft from fenced enclosure 
with older cattle 

Mechanically 

200 ft 3 of air space per calf 

ventilated calf 

Barrier walls to separate age-groups of 

bam 

cattle housed in building 

Fan capacity to achieve four air 
changes per hour in winter, 15 air 
changes per hour in spring and fall, 
and 40 air changes per hour in 
summer 

Humidity levels between 50% and 

80% 

Ammonia levels less than 10 ppm 

Intake velocity for fresh air intakes of 

200 to 800 feet/sec 

Naturally ventilated 

Adjustable opening on sidewalls 

calf housing 

Open ridge for dual slope (2 in/10 ft 
of building width) 

Eve opening for monoslope buildings 
(2 in/10 ft of width) 

Barrier walls between age-groups 
(especially first postweaning 
age-group and older animals) 

Separate waterer for first postweaning 
age-group 


housing in which calves shared the same air space as 
adults never met the adequate standards of ventilation 
and housing. 434 A much higher percentage of calf housing 
that used calf hutches met these adequate standards of 
ventilation and housing, and virtually 100% would have 
been adequate housing if the hutches had been posi¬ 
tioned correctly. 434 Calves raised in inadequate housing 
have significantly poorer growth rates than do calves 
raised in housing that is considered adequate, 434 which 
emphasizes the importance of adequate housing. The per¬ 
centage of producers who use calf hutches continues to 
increase, as the benefits of their use are documented and 
published. 

Veal calves are at greatest risk because they are reared in 
rooms that are filled to high stocking density with calves from 
multiple dairies that put minimal effort into ensuring that the 
calves are fed adequate amounts of high-quality colostrum. 
Similar problems occur on "calf ranches," where hundreds 
to thousands of very young dairy calves are raised to the point 
at which they are old enough to be returned to dairies or sent 
on to feedlots. A high proportion of calves that enter calf 
ranches have FPT. Also, the accumulation of a large number 
of calves with a variety of histories and from a variety of 
sources causes problems similar to those encountered with 
older animals in feedlots. The respiratory defenses of the calf 
lung include aerodynamic filtration, particle removal, adhe¬ 
sion resistance, secretory defenses, and cellular defenses. 
The physical respiratory defenses (filtration, removal, adhe¬ 
sion resistance) can be compromised by inhaled noxious 
gases, temperature extremes, dehydration, and viral infec¬ 
tions causing impairment through damage to the mucosal 
lining of the upper respiratory tract, or by increased viscosity 
of respiratory secretions. Noxious gases, such as ammonia, 
methane, hydrogen sulfide, and carbon dioxide, which 
become increased from inadequate manure handling or poor 
ventilation, can also impair secretory defenses via damage to 
the mucosal lining and impair cellular defenses by direct 
effect on alveolar macrophages. Viral infection may also dam¬ 
age the mucosal lining and impair production of secretory 
defenses, such as lysozymes, lactoferrin, complement, or 
secretory immunoglobulin. Viral infections can also have a 
direct effect on cellular defenses, including alveolar macro¬ 
phages, and for some viruses, the neutrophils. Stress caused 
by overcrowding, temperature extremes, commingling, surgi¬ 
cal procedures, or vaccination may impair cellular defenses 
and immunoglobulin production and enhance bacterial 
adherence. 

Calves that have neonatal diarrhea are at greater risk of 
pneumonia. 435 Thus risk factors that are unique to neonatal 
diarrhea, such as poor sanitation in the calving area, must 
be added to those outlined in Fig. 31-64 as possible risk fac¬ 
tors for dairy calf bronchopneumonia. Calves born in loose 
housing have a higher risk of illness than those born in 
individual maternity pens. Treatments at birth can affect 
subsequent calf health. All dairy calves should have the 
navel treated. Injections of vitamin A and iron at birth 
may increase the disease resistance of dairy calves, which 
can be deficient in these nutrients at birth. 

Other risk factors associated with ECP include large herd 
size, weather extremes (hot and cold), birth to a heifer, and 
low antibody titers to certain respiratory pathogens. 430 * 435 
Pneumonia of beef calves on the farm has the greatest inci¬ 
dence after weaning. The occasional outbreaks of pneumo¬ 
nia in suckling beef calves may be associated with adverse 
weather, parasitism, or nutritional deficiencies. 

SHIPPING FEVER PNEUMONIA. Risk factors of feedlot 
calf bronchopneumonia are active in three areas: (1) at 
the farm of origin, (2) during transit, and (3) in the feed- 

l ot 305,442.443 (fig. 31-65). 
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FIG. 31-65 II Path model for risk factors of feedlot cattle pneumonia. Note: Risk factors in bold-faced rectangles indicate those that may be altered by 
management. 


Several on-farm management practices have a large 
impact on feedlot cattle pneumonia. Weaning, creep feed¬ 
ing, and performance of routine surgeries at least 3 weeks 
before shipment have been shown to reduce morbidity rate 
20% to 25%. 443 Vaccination on the farm against respiratory 
pathogens would be expected to reduce the incidence of 
feedlot cattle pneumonia but has not always been benefi¬ 
cial. Other farm factors are deficiencies of nutrients neces¬ 
sary for normal immune responses. Pneumonia has a 
higher incidence in young calves, and severe outbreaks 
sometimes occur in early weaned calves that enter feedlots. 

Risk factors that are active during transport from the 
farm to the feedlot include sale through auctions, feeding 
of low-energy diets before shipping, and prolonged time 
in market channels (sales bams, transport vehicles). Exces¬ 
sive dehydration or ''shrink'' from transport has been 
shown to account for significant morbidity and mortality 
in the feedlot. Movement through multiple auctions greatly 
increases the risk of pneumonia. 

Feedlot risk factors that influence morbidity and mor¬ 
tality rates include processing procedures, numbers of 
calves and number of different origins of calves per pen, 
diet, on-arrival surgeries (e.g., dehoming), and environ¬ 
mental conditions. Calves that arrive in the feedlot with 
moderate levels of antibodies against the respiratory 
viruses have been shown to have a decreased incidence of 
pneumonia, indicating that natural exposure or vaccina¬ 
tion at the ranch, rather than the feedlot, is protective. 
Mixing of calves from different origins and filling of feed- 
lot pens with calves over a prolonged period increase mor¬ 
tality and morbidity rates because infectious agents spread 


more readily in large populations. Starting calves on diets 
containing 75% concentrate or greater or feeding corn 
silage as a major dietary component during the first month 
is associated with higher mortality and morbidity rates, 
probably because of an inhibition of alveolar macrophage 
function caused by acidosis. Nonprotein nitrogen, such as 
urea, fed to Stocker calves at any time or to feedlot calves 
on arrival is associated with increased levels of pneumo¬ 
nia. The addition of antibiotics to the drinking water of 
newly arrived feedlot cattle has been shown to be detri¬ 
mental to their health, possibly because of decreased water 
consumption. 

As mentioned in the earlier discussion of respiratory 
defenses of dairy calves, endogenous corticosteroid release 
caused by physical stressors (overcrowding, mixing of calves, 
surgical procedures, starvation, dehydration), environmental 
stressors (weather extremes), and damage to respiratory 
defenses (vehicle exhaust environmental dust noxious fumes, 
acidosis, dehydration, and viral infections) may also weaken 
or overwhelm the respiratory defenses of feedlot calves. 

BRONCHOPNEUMONIA OF ADULT CATTLE. Studies 
confirming risk factors for bronchopneumonia of adult cattle 
in modem North American production systems are lacking, 
but it is assumed that factors are similar to those described 
previously for calves and for cattle entering feedlots. 

BRONCHOPNEUMONIA OF SHEEP AND GOATS. Many 
of the risk factors that have been found to predispose to 
bronchopneumonias of sheep and goats are similar to those 
affecting cattle. 220 Pneumonia is more common in younger 
animals, after shipping or storms, and under crowded con¬ 
ditions. In addition, cold stress is an important risk factor 
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for pneumonia in young lambs and recently shorn adult 
sheep and goats. In contrast, heat stress may predispose to 
pneumonia in unshorn sheep that do not have access to 
shade. Pneumonia also is associated with semiconfinement 
or total confinement of sheep in poorly ventilated bams. 

Prevention and Control of Ruminant 
Respiratory Disease 

MANAGEMENT PRACTICES TO MINIMIZE ENZOOTIC 
CALF PNEUMONIA. Bronchopneumonia of dairy and veal 
calves is prevented by eliminating or altering as many pre¬ 
disposing risk factors as possible. Control is based on 
healthy, well-vaccinated dams giving birth in maternity 
facilities that limit pathogen exposure. Good colostral man¬ 
agement is needed to ensure adequate passive transfer. The 
calves must have their navels disinfected and be moved to 
calf housing that limits pathogen exposure by overcrowding 
and direct contact, provides good-quality air, and protects 
the calf from environmental extremes. 

Evaluation of the microclimate of housed calves is of crit¬ 
ical importance in the control and prevention of pneumonia. 
Equipment useful for evaluating mechanically ventilated 
buildings includes a smoke generator to visualize airflow pat¬ 
terns, an anemometer to measure air velocity, a psychrome- 
ter to determine air temperature and relative humidity, and 
a gas detector kit to measure ammonia concentrations in 
the air. Agricultural engineers from animal science depart¬ 
ments at regional universities can be often be contacted for 
guidance in the use of these tools. Naturally ventilated build¬ 
ings should also be evaluated for adequate sidewall and ridge 
openings, adequate segregation of age-groups, and stocking 
densities. Calf hutches that are managed properly provide 
most, if not all, housing needs required to minimize calf 
pneumonia. Hutches should be evaluated for proper place¬ 
ment in relation to other hutches, other buildings, prevailing 
winds, exposure to sun, bedding and draining, and ventila¬ 
tion of the hutch. 

After weaning, calves need to move to housing that allows 
small groups to be segregated from older age-groups. Sharing 
air space or having direct contact with older calves or adult 
cattle is an important risk factor for calf respiratory disease. 
Super hutches or pens in pole sheds separated by barrier walls 
can effectively provide this postweaning housing. Calves 
should be fed proper nutrition for protein, energy, minerals, 
and vitamins and should be vaccinated appropriately. Vacci¬ 
nation programs are often used in dairy calves beginning at 

1 to 2 months of age in situations where housing or mixing 
of calves results in a high incidence of ECP. More information 
regarding the use of vaccines for preventing infectious respira¬ 
tory disease is presented in the following sections. 

MANAGEMENT PRACTICES TO MINIMIZE FEEDLOT 
PNEUMONIA 

Preconditioning. Preconditioning of calves is an attempt 
to eliminate certain risk factors that influence the occur¬ 
rence of feedlot cattle pneumonia. Preconditioned calves 
are weaned well in advance of shipment to feedlots. They 
are trained to eat some grain from feed bunks and drink 
water from tanks (this is especially important for calves 
raised on rangeland where feed bunks or water tank may 
not be seen). Calves are castrated and dehorned, treated 
for internal and external parasites, and vaccinated against 
respiratory pathogens, with one dose of vaccine adminis¬ 
tered before weaning and the second dose administered 

2 to 4 weeks after weaning. The exact details of a precondi¬ 
tioning program can be tailored to the needs and charac¬ 
teristics of the individual herd of cattle. A variety of 
preconditioning protocols have been described, and most 
of the major companies that sell vaccines have 


recommended standardized preconditioning programs. 
Also, in many areas of the United States and Canada, state, 
provincial, or regional groups have become established that 
offer a standardized preconditioning program for local cat¬ 
tle producers. Typically some sort of validation that calves 
have received preconditioning is available through these 
organizations. Some of these groups also help the partici¬ 
pating producers market the preconditioned calves in large, 
relatively uniform groups, which helps the calves bring bet¬ 
ter prices. In some cases, producers can retain ownership of 
their cattle after they enter the feedlot, and they receive data 
regarding health and performance of their animals 
throughout the feeding period and at slaughter. Informa¬ 
tion about local preconditioning programs can usually be 
obtained from agricultural extension agents or from faculty 
who specialize in beef cattle management and health at col¬ 
leges of animal science or veterinary medicine. 

The value of preconditioning has been debated over the 
decades. A summary of eight studies comparing the health 
of preconditioned calves with that of control calves indicated 
that, on average, preconditioning reduced morbidity rate by 
23% and mortality rate by 50% in the feedlot. 443 However, 
preconditioned cattle do not always escape disease once they 
enter feedlots, and they sometimes experience outbreaks of 
high morbidity and mortality not unlike those seen in 
high-risk calves that are not preconditioned. Moreover, even 
when preconditioned calves experience less disease, their 
performance in the feedlot is not always better than that of 
nonpreconditioned calves, 444 or they may not always per¬ 
form well enough that a profit is returned that is greater than 
the cost of preconditioning. 445 An evaluation of data col¬ 
lected over 8 years by the Texas A&M Ranch to Rail program 
showed that preconditioned cattle returned on average $90 
more per head than nonpreconditioned cattle. However, in 
some years the return was better for preconditioned cattle 
than in other years. 306 These data emphasize that precondi¬ 
tioning is likely to pay in the long run, but it may not always 
pay for individual groups of cattle in a single given year. 
Because of year-to-year uncertainty in the economic advan¬ 
tage of preconditioned cattle, producers who sell precondi¬ 
tioned calves may not always be able to sell calves at a price 
that provides a profit over the cost of preconditioning. Mar¬ 
keting preconditioned calves through state or provincial 
organizations that have gained the respect of cattle buyers 
and that allow the marketing of large numbers of uniform 
cattle may be the best way for the producer to realize a profit 
from preconditioned calves. Retaining ownership of calves 
sent to feedlots may also allow the producer to realize better 
profits, but this requires a relationship with a feedlot that 
will manage the calves in ways that will continue to optimize 
health once the calves enter the feedlot. 

Backgrounding. Another practice similar to precondi¬ 
tioning is the practice of backgrounding. In background¬ 
ing, weaned beef calves from a variety of sources (often 
purchased from multiple sale bams) are accumulated and 
processed in a manner similar to that carried out for high- 
risk calves at feedlot entry (Box 31-5). Calves are then 
sorted by size and type and sold to feedlots, usually within 
a few days of arriving at the backgrounding operations. 
A variation of the backgrounding operation is the Stocker 
operation; in Stocker operations calves are processed and 
then "stocked" onto pastures, often with supplemental 
concentrate feeding, to graze and grow for a few weeks to 
months before shipment to feedlots. The difference 
between preconditioning and backgrounding is that pre¬ 
conditioning occurs on the farm where the calf is bom, or 
at least before the calf is mixed with other calves from dif¬ 
ferent sources, with some aspects of treatment such as the 
first dose of vaccines ideally being administered before 
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BEBEBHL-_ 

Examples of Processing Protocols for High- 
and Low-Risk Cattle Entering Feedlots 


PROCESSING PROTOCOL FOR HIGH-RISK, FALL- 
WEANED, AUCTION MARKET CALVES 

1. Modified live IBR, BVD, BRSV, and PI3 vaccines 

2. Eight-way clostridial bacterin 

3. Ivermectin type "pour-on" antiparasitical 

4. Mannheimia haemolytica ± Pasteurella multocida vaccine 

5. Haemophilus somnus vaccine (if significant problem in 
past) 

6. Implant • 

7. Ear tag identification 

8. Bulls castrated (if needed) 

9. Tip dehoming (if needed) 

10. 'Temp" all incoming cattle and sort by temperature (e.g., 
>105° F (40.5° C)—treat with tilmicosin; all others treat 
with long-acting oxytetracydine) 

PROCESSING PROTOCOL FOR HEALTHY YEARLINGS 
PREVIOUSLY FED IN BACKGROUNDING OPERATIONS 

1. Modified live IBR, BVD, BRSV, and PI3 vaccines 

2. Eight-way dostridial vaccine 

3. Ear tag identification 

4. Implant 

5. Ivermectin type "pour-on" if days on feed will allow for 
withholding times needed 


BRSV, Bovine respiratory syncytial virus; BVD, bovine virus diarrhea; 

IBR, infectious bovine rhinotracheitis; PI3, bovine parainfluenza virus 
type 3. 

weaning. Calves that enter backgrounding or stocker opera¬ 
tions often have uncertain health histories and have often 
been weaned immediately before purchase. Because of this, 
disease outbreaks of high morbidity and mortality are not 
uncommon on some backgrounding operations. The back¬ 
grounder or stocker operator is thus taking on some of the 
risk of high-risk calves and is theoretically providing the 
feedlot with animals more likely to grow well with minimal 
disease than if they entered the feedlot straight from the 
auction market. 

Management at Feedlot Entry. It is not surprising that pre¬ 
conditioning does not always influence the occurrence of 
pneumonia in cattle after they enter the feedlot, because it 
has no effect on many risk factors active during transit and 
in the feedlot. Therefore optimal control of feedlot pneumo¬ 
nia should begin with preconditioning and continue with 
avoidance of auction yards, minimization of transport time 
to the feedlot, limited mixing of calves from different sources, 
limited number of calves per pen, control of dust, and careful 
diet management in the feedlot. Correction of vitamin and/ 
or mineral deficiencies if known or detected, using vitamin 
injections in entering calves, may be a very important aspect 
of prevention of feedlot pneumonias that are associated with 
immunodeficiencies of nutritional origin. 

Processing procedures on arrival at the feedlot affect the 
incidence of pneumonia. General recommendations for 
handling incoming cattle can be made that are appropriate 
for any category of animals. In a receiving program, rest, 
rehydration, and ruminal restoration need to be addressed 
because cattle are physically and psychologically stressed 
by the marketing and transportation processes. It is useful 
for these cattle to be rested for 12 to 24 hours before proces¬ 
sing to allow the immune system to overcome the effects of 
stress. Prolonged holding before processing is associated 
with increased illness, and holding times over 48 hours 
should be avoided. Holding pens should be clean and dry 


or have dry bedding (if pens are wet from excessive precipi¬ 
tation), because this allows all cattle to lie down and 
rest. Shelter from wind, sun, rain, and dust should also be 
present in the receiving pen. 

Holding pens should have 150 to 200 square feet of pen 
space per animal and 12 to 16 inches of bunk space per ani¬ 
mal and should be located close to the processing facility. 
Excess mixing of cattle in the receiving pens should also 
be avoided. 

It is important that incoming cattle have access to clean, 
fresh water. Raised spigots have been suggested as a way to 
teach incoming cattle to drink out of automatic watering 
devices because cattle will be attracted to the sound of 
splashing water. Incoming cattle should also be offered 
good-quality, long grass hay on arrival. This is the most sim¬ 
ilar to what cattle are used to on range. Hay is the best food¬ 
stuff for restoring or refilling the rumen. Hay can be put in 
the feed bunks as well as in feeders in the pen as a way of 
teaching cattle to eat out of bunks. I lay feeders may also 
be put along the pen perimeter to decrease walking the 
fence line and encourage eating. The starter ration is an 
important source of energy and should be highly palatable. 
The proportion of the starter ration dry matter that is forage 
is not usually less than 50% to prevent problems of acido¬ 
sis. Starter rations often contain a coccidiostat, because 
coccidiosis can occur in calves after commingling. 

Processing protocols may be tailored to the category of the 
incoming cattle. Pharmaceutical processing options include 
vaccination (respiratory and nonrespiratory), vitamin injec¬ 
tions, implanting, deworming for internal parasites and acar- 
icides for external parasites (may be the same product for 
both), long-acting antibiotic therapy, drugs for aborting preg¬ 
nant heifers, and probiotic administration. Management pro¬ 
cedures for processing include ear tagging, branding, tail 
trimming, castration, tip dehorning, and temperature sort¬ 
ing. Some management procedures such as castration and 
dehoming could be left for a later time—for example, at 
reimplanting at 70 to 90 days on feed (if cattle are expected 
to be on feed for more than 150 days). 'Temping" on arrival 
can be very useful, because even cattle that look bright can 
have very high temperatures and thus can be identified as 
"sick" by this procedure. Examples of processing protocols 
for high- and low-risk cattle are shown in Box 31-5. 

Metaphylactic Antimicrobial Therapy. The term metaphy- 
laxis refers to the administration of an antimicrobial to a 
group of animals that may be in the early stages of bacterial 
pneumonia or that are at significant risk of developing bacte¬ 
rial pneumonia. Thus the antimicrobial drug administered 
may have either therapeutic or prophylactic effect, depend¬ 
ing on the state of each animal treated. Metaphylactic admin¬ 
istration of antibiotics to feedlot cattle on arrival in order to 
prevent bacterial bronchopneumonia in feedlot cattle has 
been shown in many studies to decrease morbidity and mor¬ 
tality in groups of high risk cattle. 446 447 It is useful to con¬ 
sider the theoretic mechanisms by which metaphylactic 
administration of antimicrobials may limit disease. Soon 
after cattle are shipped, M. haemolytica A1 can proliferate in 
large numbers in the upper respiratory tract. This period of 
replication is a crucial phase because large numbers of bacte¬ 
ria can be inhaled into the lung, allowing colonization, pro¬ 
liferation, and production of virulence factors. There appears 
to be a short time after arrival in the feedlot when cattle that 
will subsequently develop bacterial bronchopneumonia 
have large numbers of M. haemolytica A1 present in their 
upper respiratory tract. Antimicrobial therapy timed to coin¬ 
cide with this pathologic event and designed to provide ther¬ 
apeutic levels in respiratory tissues is aimed at reducing the 
number of A4. haemolytica A1 present in the upper respiratory 
tract of calves, which should also limit colonization of the 
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lung and prevent horizontal transmission of M. haemolytica 
from calf to calf. Long-acting antibiotics have been reported 
to significantly alter the number of calves from which M. hae¬ 
molytica can be cultured. 270 448 An additional rationale for 
metaphylaxis on arrival is based on the epidemic curve of 
fatal disease onset for bacterial bronchopneumonia, which 
shows that feedlot calves dying from fatal fibrinous pneumo¬ 
nia are already sick on arrival or become ill within days of 
arrival. Although metaphylaxis through feed and water was 
used in the past, it is currendy recommended that metaphy¬ 
laxis be administered by use of injectable antimicrobial 
agents. The ability of these drugs to reach therapeutic levels 
quickly in all animals gives them a dear advantage given 
the previously discussed rationale ’for bacterial broncho¬ 
pneumonia metaphylaxis. 

A number of trials have been published that examine 
various antimicrobial agents and their effectiveness for bac¬ 
terial bronchopneumonia metaphylaxis. Most of these stud¬ 
ies have examined both health and production values, and 
a variety of products have been shown to be efficadous in 
decreasing respiratory morbidity and mortality and some¬ 
times in improving production parameters. 449 * 451 Tilmico- 
sin or long acting oxytetracycline, both of which provide 
therapeutic levels of drug for 3 days, are most commonly 
used for metaphylaxis in feedlot cattle. 

Similar use of long-acting antimicrobials in dairy calves 
may also be of value. The disease process does not have 
the same narrow windows of therapeutic intervention that 
occur in calves entering the feedlot. Dairy calves properly 
managed in maternity facilities and raised in hutches rarely 
experience any respiratory disease until they are moved to 
postweaning housing. Injectable mass medication is often 
used at the time calves are moved and then again at some 
time later (7 to 10 days after entering the postweaning 
housing) as a means of controlling postweaning RCP. 

MANAGEMENT PRACTICES FOR PREVENTING SHEEP 
AND GOAT PNEUMONIA. Prevention of pneumonia in 
sheep and goats is also based on altering the risk factors 
that predispose to pneumonia. Minimizing cold and heat 
stress, providing properly ventilated housing, avoiding over¬ 
crowding, and avoiding long transports in adverse weather 
aid in prevention. Mass medication can be used to control 
outbreaks of pneumonia in flocks. Injectable long-acting oxy¬ 
tetracycline is often used subcutaneously at 10 mg/kg. Tilmi- 
cosin can also be used for mass medication therapy for sheep, 
but tilmicosin should never be administered to goats, as it can 
result in fatal reactions. Feedlot lambs are sometimes admi¬ 
nistered metaphylactic therapy (long-acting oxytetracycline) 
on arrival. 

Vaccination To Prevent Respiratory Disease 

Factors That Affect Success of Vaccination. Many factors can 
affect the success of vaccination. For a vaccine to success¬ 
fully prevent disease, the vaccine must induce a protective 
immune response against a pathogen to which the host will 
be exposed. Apparent vaccine failure is often blamed on the 
product or the manufacturer, but in many cases other fac¬ 
tors may have led to vaccine failure. Possible causes of 
apparent vaccine failure that must be also be considered 
when vaccinated animals contract disease are related to 
the administration of the vaccine, the ability of the host to 
respond to vaccination, and to the nature of pathogen expo¬ 
sure. Examples are listed in Box 31-6. Although the points 
listed may be obvious, it is important to carefully consider 
and rule out these problems when a vaccine has failed to 
prevent respiratory disease before making a quick switch 
to another brand or type of vaccine. 

In addition to the factors just discussed, vaccine charac¬ 
teristics can also affect the success of a vaccination program. 
Once the decision has been made regarding choice of 



Reasons for Apparent Vaccine Failure 


FACTORS RELATED TO ADMINISTRATION 
OF THE VACCINE 

Improper storage of live vaccines 

Residual chemical disinfectant in reusable syringes 

Using live vaccine reconstituted days or weeks previously 

Administration into wrong anatomic location 

Administration of antibiotics with live bacterial vaccines 

Incorrect timing of vaccine administration 

Animals already incubating disease 

Failure to allow time for immune response to occur 

Administering booster too early, too late, or not at all 

FACTORS RELATED TO ABILITY OF HOST TO 
RESPOND TO VACCINATION 

Age (very young or very old animals) 

High levels of maternal antibody 

Immunocompromise resulting from concurrent disease or 
stress 

Genetic factors 

Poor air quality or other environmental insults 

FACTORS RELATED TO PATHOGEN EXPOSURE 

Disease caused by pathogens not included in vaccines 
Antigenic variation (strain variation) of naturally occurring 
pathogens 

Overwhelming pathogen exposure 


pathogens to be included in the vaccine, the use of a live 
versus killed vaccine must be considered. Much research 
has evaluated the immune response of animals to modified 
live versus killed (inactivated) vaccines, and the subject has 
been the focus of much discussion. To summarize: 

■ Modified live virus (MLV) vaccines in general stimulate 
cell-mediated immunity, important for an effective 
immune response to most viral pathogens, as well as 
effective humoral immunity. 

■ Live vaccines can sometimes elicit protective immunity 
with only a single dose of vaccine. 

■ Live vaccines contain a smaller dose of organisms, 
because the organisms in the vaccine are expected to 
replicate at least minimally. 

■ Live vaccines generally do not require adjuvants, which 
are often a major cause of adverse reactions after vacci¬ 
nation (however, some MLV vaccines do contain adju¬ 
vants to improve the immune response). 

■ Live vaccines are generally cheaper. 

■ Disadvantages of live vaccines include the possibility of 
causing abortion in pregnant animals, transmission to 
nonvaccinated animals, exacerbation of morbidity in 
sick or immunocompromised animals, and reversion 
to a more virulent form with disease possibly occurring. 

■ Another disadvantage of live vaccines is that they can be 
inactivated in a short time by exposure to heat or light. 

■ In contrast, inactivated vaccines do not generally stim¬ 
ulate effective cell-mediated immunity, although cer¬ 
tain adjuvants can overcome this. 

■ Inactivated vaccines often stimulate high levels of 
antibody. 

■ Inactivated viral vaccines require at least two doses at a 
14-28 day interval to induce an effective anamnestic 
response to subsequent challenge. 

■ Adjuvants in killed vaccines can cause adverse reactions. 

■ Inactivated vaccines are safe in pregnant or immunocom¬ 
promised animals, and storage requirements are not as 
rigorous for inactivated vaccines as for MLV vaccines. 
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Much of the above has been determined using viral vac¬ 
cines; the situation with bacterial vaccines is less well char¬ 
acterized. Modified live bacterial vaccines may stimulate 
both humoral and cell-mediated arms of the immune 
response better than inactivated products (bacterins). 
However, for extracellular bacterial pathogens such as 
M. haemolytica, humoral immunity is the most critical 
component of an effective immune response. Past evi¬ 
dence has suggested that live M. haemolytica vaccines are 
superior to inactivated products; however, recent compari¬ 
sons have shown some nonliving products to provide 
superior resistance to experimental challenge. Live bacte¬ 
rial vaccines can be inactivated if animals are given anti¬ 
biotics at or near vaccination. 

It is important to note that all vaccines for a given disease 
are not necessarily equal. If a vaccine is inactivated, the means 
by which it is inactivated can influence antigenicity. More¬ 
over, a wide variety of adjuvants exist, and the adjuvant 
included in a vaccine can greatly influence the type and dura¬ 
tion of immune response elicited. Adjuvants are included in 
inactivated and some modified live products. The choice of 
adjuvant to include in a vaccine is the subject of much creative 
thinking and research effort by manufacturers; this is empha¬ 
sized by the fact that it is often very difficult to obtain detailed 
information about the adjuvant contained in a vaccine. 

Impact of Maternal Antibody on the Response to Vaccination. 
For many decades veterinarians have been taught that 
young animals cannot be effectively vaccinated when they 
have moderate levels of maternal antibodies obtained 
through passive transfer after birth. This was based on 
numerous research studies that showed that vaccination of 
young animals with maternal antibodies did not lead to 
the expected increase in serum antibodies to the agent in 
the vaccine. However, an important finding is that some 
vaccines appear to prime calves for an improved response 
to subsequent challenge, even when vaccination occurs 
in the presence of maternal antibodies. In such cases vacci¬ 
nation does not induce an increase in serum antibody titer 
within 2 weeks of vaccination, but when calves are vacci¬ 
nated or challenged at a later date, they respond with what 
appears to be an anamnestic response as measured by 
increased serum antibodies, or protection against disease 
resulting from experimental or natural challenge, as com¬ 
pared with unvaccinated calves. 351 * 352 ' 452 453 In general, a 
response was induced most reliably when modified live vac¬ 
cines were administered and when the calves received at 
least two doses of vaccine at an appropriate (2- to 4-week) 
interval. Similarly, calves exposed to live pathogens in the 
face of maternal antibody can develop a protective immune 
response, even though they do not seroconvert after expo¬ 
sure. 454 * 455 It has been shown that a cell-mediated immune 
response can be measured even when there is no evidence 
of humoral response in calves infected in the face of mater¬ 
nal antibodies. 455 Although multiple studies show that 
calves can be primed for an anamnestic immune response 
in the face of maternal antibodies, if very high titers of 
maternal antibody are present, priming by the vaccine can 
be blocked, as traditionally understood. 453 

This information suggests that at least in some cases a 
protective immune response can be initiated in calves when 
the first dose of vaccine is given in the face of maternal anti¬ 
bodies; a cell-mediated response may occur even if calves do 
not have an increase in serum antibody titer after vaccina¬ 
tion. This is particularly useful in the context of pneumonia 
in nursing dairy or beef calves, as it supports the concept 
that vaccination can improve the immune response to chal¬ 
lenge even if calves have some level of maternal antibodies 
at the time of vaccination. More research is needed to con¬ 
firm which vaccines have this effect and to determine how 


this information should be used to guide vaccination 
recommendations for calves. It is also not known if this 
information can be extrapolated to sheep and goats. 

Efficacy of Vaccines for Prei>enting Ruminant Respiratory Dis¬ 
ease. Information regarding the use of vaccines for individual 
agents that cause ruminant respiratory disease was presented 
earlier in the section describing the individual infectious 
agents. There has been considerable debate over the years 
regarding whether vaccines have any impact on ruminant 
respiratory disease. 456 The literature on the subject is exten¬ 
sive, and interpretation of the data is complicated by the fact 
that there is much variation among research studies in the 
type and number of animals studied, the nature of animal 
management, and the outcomes measured as evidence of 
efficacy. There are three major types of research studies by 
which vaccine efficacy can be measured: studies that measure 
production of antibodies or in vitro cell-mediated immune 
responses in vaccinated animals; studies that measure 
the resistance of vaccinated animals to experimental chal¬ 
lenge with viral or bacterial pathogens; and studies that 
measure the impact of vaccination on health and productiv¬ 
ity of animals in a conventional field setting (field trials). Of 
the three methods, field trials are the most meaningful, but 
they are also the most expensive and difficult to undertake. 
When they are undertaken, it is often in small numbers of 
animals under management practices that may not be repre¬ 
sentative of practices in other regions. Moreover, they rely on 
the natural occurrence of the disease in question in the ani¬ 
mals under study. A well-designed field trial can be very 
expensive and time-consuming, and the results can be use¬ 
less if no animals in the study contract the disease naturally. 

In spite of these limitations the results of some field trials 
testing the efficacy of respiratory disease vaccines have been 
published. For some important pathogens (e.g., BVDV), 
there are still no large-scale field trials published that show 
evidence of efficacy in preventing respiratory disease. One 
trial showed an economic advantage to administering a 
modified live vaccine containing BHV-1, BVDV, PI3, and 
BRSV over the use of a modified live vaccine containing only 
BHV-1 in feedlot cattle, 457 but it was not possible to deter¬ 
mine which component of the multivalent vaccine was 
responsible for efficacy. Multiple field trials have been pub¬ 
lished that tested currently available vaccines against M. hae- 
molytica 31J * 314 and BRSV 193 196 ; these are discussed further 
in the earlier sections on these specific pathogens. In general, 
some of these studies found that vaccination could prevent 
disease and sometimes improve productivity, and some of 
these studies could not find a beneficial effect of vaccination. 
It is important to remember that in nearly all of these field 
trials, the effect of vaccination to decrease all respiratory dis¬ 
ease was measured. That is, in most cases, no effort was made 
to determine whether disease specifically caused by the agent 
included in the vaccine was affected by vaccination. Therefore 
the apparent lack of efficacy of vaccines in some studies may 
have been because animals developed disease caused by 
other respiratory pathogens. 

Occasionally, in addition to evaluating the impact of vac¬ 
cination on morbidity, mortality, and measures of productiv¬ 
ity, investigators calculate the economic advantage or 
disadvantage of vaccination. When such calculations are 
made, it is important that the reader assess the assumptions 
made and determine whether they are appropriate. It has 
been noted that when the economic advantage of using a 
given vaccine is calculated, various scenarios should be con¬ 
sidered that may prove the vaccine to be economically advan¬ 
tageous in some situations and disadvantageous in others. 458 

The mixed results of clinical trials published to date indi¬ 
cate that vaccines decrease respiratory disease, improve ani¬ 
mal productivity, and save money for the producer in some 
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cases, and in some cases they do not. This should not be a 
surprise when the multitude of factors that can converge 
to cause an outbreak of respiratory disease is considered. 
Vaccination should be seen as one component of a multi- 
factorial approach to minimize animal disease; it should 
not be seen as a guarantee against all disease, all the time. 
Thus, the value of vaccination will depend on the risk of 
disease in the population in question, and the risk of dis¬ 
ease will depend on the likelihood of pathogen exposure 
and the likelihood that other host and management factors 
can be modified to maximize the ability of the host to 
respond to vaccination and resist disease. 

No single, simple recommendation for vaccination of 
ruminants for the control of respiratory disease can be 
made. The veterinarian must individualize each vaccina¬ 
tion program to the situation at hand. Many factors need 
to be considered in formulating recommendations for vac¬ 
cination, including type of production unit, age of ani¬ 
mals, system of management, housing facilities, amount 
of stress imposed on animals, open or closed herd, type 
of ration, and level of sanitation. In addition, some infec¬ 
tious agents such as BHV-1, BVDV, and H. sotnni can cause 
other disease problems not associated with the respiratory 
tract. Thus the complete spectrum of disease caused by 
these agents must be considered in formulation of a vacci¬ 
nation program. Examples of respiratory vaccination pro¬ 
tocols that could be used in a cow-calf operation and in a 
dairy are presented in Boxes 31-7 and 31-8. 

Evaluating Reports of Vaccine Efficacy. Vaccines approved 
for sale in the United States must be proven by the manu¬ 
facturer to be safe, potent, stable, and efficacious. Duration 
of immunity is an additional parameter that manufacturers 


BOX 3 1-7 


One Example of a Respiratory Vaccination Protocol 
for Use in a Cow-Calf Herd 


REPLACEMENT HEIFERS 

Modified live BHV-1/PI3/BRSV/BVD with boost 2-4 weeks 
later, prior to breeding 

COWS 

Modified live BHV-1 /PI3/BRSV/BVD prior to breeding 

Boost with killed or approved modified live* BHV-1/PI3/ 
BRSV/BVD at pregnancy check 

Consider M. haemolytica/P. multocida vaccine at pregnancy 
check with boost one month prior to calving in herds with 
history of problems with pneumonia in nursing calves 

CALVES 

In herds with significant pneumonia in nursing calves, 
consider killed or approved modified live*(preferable) 
BHV-1/PI3/BRSV/BVD and M. haemolytica/P. multocida 
vaccine at 1 -4 months of age with boost 2-4 weeks later, 
timed so that boost occurs 2-4 weeks prior to expected 
onset of calf pneumonia. 

To Minimize Pneumonia in Calves Postweaning; 

Killed or approved modified-live* (preferable) BHV-1/PI3/ 
BRSV/BVD one month prior to weaning with boost at 
weaning 

Consider M. haemolytica/P. multocida vaccine preweaning with 
boost at weaning in herds with a history of post weaning 
pneumonia, or if required for participants in defined 
preconditioning programs 


•Certain modified live BHV-1/PI3/BRSV/BVD vaccines are approved 
for use in pregnant cattle and in calves nursing pregnant cattle when 
administered in accordance with label directions. 


One Example of a Respiratory Vaccination Protocol 
for Use in a Dairy 


REPLACEMENT HEIFERS 

Modified live BHV-1/PI3/BRSV/BVD with boost 2-4 weeks 
later, prior to breeding 

COWS 

Modified live BHV-1/P13/BRSV/BVD prior to breeding 

Consider boost with killed or approved modified live* 

BHV-1 /PI3/BRSV/BVD at dry off 

Consider M. haemolytica/P. multocida vaccine at 2 months 
prior to calving, with boost one month later, in herds with 
history of problems with pneumonia in nursing calves 

CALVES 

In herds with significant calf pneumonia prior to weaning 
consider modified live* BHV-1/PI3/BRSV/BVD and 
M. haemolytica/P. multocida vaccine at 1-4 months of age 
with boost 2-4 weeks later, timed so that boost occurs 2-4 
weeks prior to expected onset of calf pneumonia. 

To Minimize Pneumonia In Calves Postweaning 

Modified live BHV-1/PI3/BRSV/BVD one month prior to 
weaning with boost at weaning 

Consider M. haemolytica/P. multocida vaccine one month prior 
to weaning with boost at weaning in herds with a history 
of post weaning pneumonia, or if required for participants 
in defined preconditioning programs 


•Certain modified live BHV-1/PI3/BRSV/BVD vaccines are approved 
for use in pregnant cattle when administered in accordance with label 
directions 

t Modified live BHV-1 and BVD vaccines can induce disease in very young 
(<] month of age) or debilitated calves. In such calves, intranasal MLV 
BHV-1 vaccines or inactivated vaccines may be safer. 

are beginning to be required to address. Efficacy is usually 
determined by experimental challenge, using defined meth¬ 
ods or methods approved on a case-by-case basis. For many 
bovine respiratory pathogens (e.g., BHV-1, M. haemolytica), 
experimental challenge protocols have been developed that 
can induce disease of reasonable severity. To be approved 
for sale, vaccines need to prevent to a significant degree clin¬ 
ical signs associated with such experimental challenge. 
However, whereas protection against experimental chal¬ 
lenge is a useful indication of the possible efficacy of a vac¬ 
cine under field conditions, few experimental challenge 
protocols closely model the field situation in terms of 
simultaneous occurrence of other stresses and concurrent 
infection with other pathogens. Thus, it is ideal to evaluate 
vaccine efficacy through evaluation of an appropriately 
designed field trial. The design of field trials has generally 
improved greatly in recent years, but in the case of many 
vaccines, no high-quality published field trials evaluating 
the efficacy of vaccination for prevention of BRD exist. 

Veterinarians can arm themselves with useful information 
by evaluating published studies of vaccine efficacy in a critical 
manner. In some studies animals are vaccinated but never 
exposed to the pathogen. Serum and/or mucosal antibody 
levels may be measured, and markers of cell-mediated activ¬ 
ity, such as lymphocyte blastogenesis, cytokine production, 
or cytotoxic T cell activity, may be assayed. Such studies can 
indicate the antigenicity of a vaccine, but one must consider 
whether the parameters measured are known to correlate 
strongly with protection against disease. More information 
can be gained when measurements of immune function are 
evaluated in light of natural or experimental challenge. In 
experimental challenge studies, relatively small groups of 
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animals are vaccinated and later challenged with the patho¬ 
gen contained in the vaccine. Although experimental chal¬ 
lenge studies are rather artificial compared with the 
situation animals experience in the field, a high-quality 
experimental study has certain characteristics. Some ques¬ 
tions to ask include the following: Was a nonvaccinated con¬ 
trol group, identical to the vaccine group in all ways except 
vaccination status, included? Were control animals tested at 
the same time as vaccinated animals? If factors that could 
affect vaccination were present (e.g., maternal antibody), 
were affected animals divided equally between control and 
vaccine groups? Did experimental challenge result in disease 
in the control group? If not, it is impossible to say if vaccina¬ 
tion had an effect on challenge. Were'investigators who eval¬ 
uated clinical or pathologic signs of disease blinded to the 
treatment status of the animals? This removes an important 
source of bias that otherwise can make data, particularly sub¬ 
jective data such as “depression" or “dyspnea," suspect. Were 
statistical tests used to compare results of vaccine and control 
groups, and was the P value given to indicate likelihood that 
differences were due to chance alone? Other questions that 
can help determine the relevance of the experimental study 
to the field situation include the following: Was disease 
resulting from challenge clinically and/or pathologically 
similar to that seen in field cases? Was the vaccination regi¬ 
men similar to that used in the field? How soon after vacci¬ 
nation were animals challenged? Did the time between 
vaccination and exposure mimic the field situation? 

Field trials are characterized by allocation of animals in a 
natural “field" situation to either vaccine or control groups. 
Animals are treated accordingly and then followed for vari¬ 
able periods of time to determine whether disease occurs in 
vaccinated animals and, if so, whether vaccinated animals 
have disease less often, have disease that is less severe, or have 
improved production characteristics (e.g., average daily gain) 
after vaccination. When evaluating a field trial, consider the 
following questions to determine the value of the study: Were 
animals randomly allocated to control or treatment groups? 
This is critical; if there is no mention of randomization, it is 
difficult to gain useful information from the study because 
of the many types of bias that can affect the outcome. Were 
concurrent controls used, as opposed to historical controls? 
Historical controls are of much less value in determining vac¬ 
cine efficacy, as many factors can affect disease outcome in a 
group of animals from year to year. How many animals were 
included in the study, and for how long did the study run? In 
general, trials with larger numbers of animals are more likely 
to reveal differences between vaccine and control groups. 
Were evaluators of disease blinded to the treatment groups 
to remove their bias in interpreting outcomes? Did disease 
occur in the control animals? One weakness of field trials is 
that natural disease must occur in the animals under study 
to determine the effect of vaccination on disease; the investi¬ 
gators have no control over this aspect of the study. If disease 
did not occur in at least the control animals, the vaccine can¬ 
not be evaluated for protection against the disease. Also, ask 
what outcomes were measured as evidence of protection 
against disease. In most cases of feedlot trials, fibrinous pneu¬ 
monia morbidity and mortality are measured. If this was the 
case, identify how cases were identified, and determine if the 
definition is accurate. In many trials, total morbidity and 
mortality is also measured as an outcome. This may be con¬ 
sidered a less reasonable outcome; for example, it may not 
be reasonable to expect BHV-1 vaccination to decrease deaths 
caused by ruminal acidosis. Production characteristies, such 
as rate of gain or feed efficiency, are also often evaluated, 
and net cost of vaccination, including estimated losses due 
to disease or loss of production, may be calculated. In these 
cases, evaluate how costs were estimated, and determine if 


estimates appear to be accurate and reasonable. Finally, veter¬ 
inarians may want to consider whether the field trial was con¬ 
ducted under conditions similar to that seen in their practice; 
if so, the results may be more relevant to the needs of their cli¬ 
ents (adapted in part from Ribble). 459 


THE INTERSTITIAL PNEUMONIAS 
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Understanding of the interstitial pneumonias of ruminants 
has undergone considerable evolution in the past 30 years. 
Unfortunately, confusion still exists, particularly with regard 
to terminology. Terms such as acute bovine pulmonary emphy¬ 
sema, atypical interstitial pneumonia or AIP, fog fever, pulmonary 
adenomatosis, farmer's lung, and ARDS have been used inter¬ 
changeably for all of the conditions that follow. This text 
uses a classification presented by Breeze, 460 which places 
the interstitial pneumonias into four groups: (1) ARDS, (2) 
hypersensitivity diseases, (3) chronic conditions that may 
be sequelae of ARDS or hypersensitivity diseases, and (4) 
parasitic diseases. BRSV infection can also cause AIP; this 
disease was discussed in relation to the respiratory disease 
complex of cattle, sheep, and goats earlier in this chapter. 

ACUTE RESPIRATORY DISTRESS 
SYNDROMES 

ARDS is any respiratory condition characterized clinically by 
a sudden onset of (usually severe) dyspnea (Fig. 31-66) with 
gross and histopathologic findings consistent with AIP. The 
characteristic gross findings of AIP are lungs that fail to col¬ 
lapse when the thorax is opened (Fig. 31-67) and that are 
heavy and have a firm, rubbery texture on palpation. Inter¬ 
lobular or bullous emphysema is usually present (see 
Fig. 31-54), and sometimes the cut surface of the lung has a 
shiny or wet appearance because of edema. In some cases 
affected lobules, which are dark red to purple, or sometimes 
grayish, are interspersed with normal-looking lobules, giving 
the lung a “patchwork" appearance. Although the gross 
findings are suggestive and often characteristic, other lung 
diseases can cause similar changes, so a diagnosis of AIP 



FIG. 31-66 II Heifer exhibiting respiratory distress typical of ARDS. Note 
extended head, frothing at mouth, and wide-set front legs. (Photograph 
contributed by Dr. Amelia Woolums, University of Georgia, Athens, Ga.) 
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FIG. 31-47 II Postmortem photograph of lung from heifer with ARDS 
caused by feedlot acute interstitial pneumonia (AIP). Note expanded dorso- 
caudal lung, and dark, collapsed lobules interspersed with pale, hyperinflated 
lobules. (Photograph contributed by Dr. Amelia Woolums, University of 
Georgia, Athens, Ga.) 


can be confirmed only by histopathologic evaluation. The 
histopathologic changes that confirm a diagnosis of AIP 
include alveolar hyaline membrane formation and fibrin 
deposition, alveolar and interstitial edema, and type 2 pneu- 
mocyte proliferation. Hemorrhage, emphysema, and inter¬ 
stitial inflammatory cell infiltrate can also be seen. 

The term atypical interstitial pneumonia has often been 
applied to describe the changes characteristic of AIP, but 
it has been pointed out that the clinical and pathologic 
changes in affected cattle are not "atypical" but are rather 
"typical" of ALI. 460 461 Use of the term "acute interstitial 
pneumonia" to describe the characteristic pathologic 
changes, and the term acute respiratory distress syndrome 
to describe the clinical picture in an animal with AIP 
of as-yet undetermined cause, is both accurate and all- 
encompassing. A diagnosis of AIP should be understood 
as a pathologic diagnosis rather than an etiologic diagno¬ 
sis, because a variety of insults can lead to the same lung 
lesion of AIP. 460 * 461 


Acute Bovine Pulmonary Edema and Emphysema 

II Definition and Etiology. Acute bovine pulmonary 
edema and emphysema (ABPEE), classically known as fog 
fever, is an ARDS of adult (over 2 years old) cattle that are 
changed from dry, sparse forages to lush green pastures. It 
is caused by the conversion of l- tryptophan ingested in the 
lush forages to a pneumotoxic compound (3-methylindole 
[3-MI]), which leads to the development of pulmonary 
edema, alveolar epithelial hyperplasia, hyaline membranes, 
and emphysema. 460 

II Clinical Signs. Adult brood cows are most commonly 
affected because this is the type of animal most likely to 
be subjected to the abrupt pasture change required to pro¬ 
duce the condition. No breed is resistant 460 The type of 
pasture appears to be unimportant, as long as it is lush; 
ABPEE has been reported on a wide variety of grasses, 
alfalfa, rape, kale, and turnip tops. 462 Signs usually occur 


SYSTEMS 


within 2 weeks of the pasture change. 460 In severe cases 
there is an acute onset of very severe dyspnea with a loud 
expiratory grunt, frothing at the mouth, mouth breathing, 
and tachypnea (35 to 75 breaths/min). 462 The animals are 
obviously distressed (as opposed to exhibiting the typical 
depression that occurs with infectious diseases) and stand 
with the head and neck extended and elevated and the nos¬ 
trils dilated. 463 Temperature and heart rate may be elevated 
secondary to the severe dyspnea and hypoxia. 463 On auscul¬ 
tation the breath sounds are usually surprisingly soft in view 
of the gross dyspnea and tachypnea; a few crackles may be 
heard. 462 Even mild exercise increases the dyspnea and 
may precipitate collapse and death. As many as 30% of 
severely affected patients may die, usually within 2 days. 462 
Those that survive typically show a dramatic improvement 
after 3 days. 462 Recovering patients and those that are less 
severely affected exhibit tachypnea (50 to 80 breaths/min), 
hyperpnea, harsh breath sounds, and crackles and wheezes, 
particularly in the caudal lung fields. 462 SC emphysema 
may develop. The demeanor of the entire group tends to 
become more tranquil. 462 In cattle that have repeated epi¬ 
sodes of nonfatal ABPEE, a chronic respiratory condition 
characterized by diffuse pulmonary fibrosis and alveolitis 
may develop. 464 For purposes of differential diagnosis, it is 
important to note that coughing is not prominent in the 
individual or the group. 462 The main differential diagnoses 
are those diseases that cause ARDS in pastured adult cattle, 
usually in outbreak form. The association of ABPEE with 
typical management conditions (e.g., changes of pasture) 
and the absence of coughing, signs of sepsis, and adventi¬ 
tious lung sounds in early cases are also very important fea¬ 
tures. Primary considerations should include the other plant 
toxicities (moldy sweet potatoes, perilla mint, and possibly 
others) that can be differentiated only by identifying the 
source. An outbreak of BRSV infection or parasitic bronchi¬ 
tis could cause similar clinical signs and pathology, but 
these are characterized by more coughing, signs of depres¬ 
sion, and more prominent adventitious sounds; fever is 
common in animals with acute BRSV infection. 

II Pathophysiology, i/fryptophan in lush forages is con¬ 
verted by ruminal microorganisms to indole acetic acid and 
eventually to 3-MI, which is rapidly absorbed from the 
rumen into the blood. Metabolism of 3-MI by the cyto¬ 
chrome P-450 mixed function oxidase system in the nonci- 
liated bronchiolar epithelial (Clara) cells and type 1 
pneumocytes results in one or more highly reactive inter¬ 
mediates that bind to intracellular proteins or other macro- 
molecules. It is thought that these intermediates produce the 
damage to these cells. These intermediates are detoxified by 
conjugation with glutathione 465 Cellular damage results in 
degeneration, necrosis, exfoliation of type 1 pneumocytes 
and Clara cells, and edema. These lesions in turn cause hyaline 
membrane formation, proliferation of type 2 pneumocytes, 
and, to a lesser extent, proliferation of Clara cells. 465 The 
proliferation of type 2 cells is also known as adenomatosis. 
Emphysema is probably secondary to the severe dyspnea 465 

II Epidemiology. As indicated, ABPEE is consistently 
related to management practices in which hungry adult cat¬ 
tle are suddenly moved from sparse, dry grazing to lush 
green pastures. The British name "fog fever" arose from 
the association of the disease with "fog" pastures, which 
are the lush green regrowth pastures after hay or silage has 
been cut. The problem usually occurs in the fall. In the typ¬ 
ical pattern in the western United States, cattle are moved 
from dry summer range onto irrigated or fertilized after¬ 
math pastures. 460 The disease usually appears as a herd 
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outbreak, but individuals may be affected to widely varying 
degrees; morbidity rate commonly approaches 50%, with a 
case fatality rate as high as 30% 466 467 Nursing calves are 
apparently not at risk, and yearlings are less susceptible than 
adults. 468 

II Necropsy Findings. In animals that die of ABPEE, ecchy- 
motic to petechial hemorrhages occur in the larynx, trachea, 
and bronchi, and frothy fluid is present in the airways. The 
gross and histopathologic lung lesions are consistent with 
AIP. Congestion, edema, and hyaline membranes cause 
deep red-to-purple coloration of the cranial lung lobes 
and a smooth, glistening appearance to the cut surface. 
Interstitial emphysema with large bullae and gelatinous yel¬ 
low interlobular edema is common. Histologically, eosino¬ 
philic hyaline membranes line alveoli and alveolar ducts, 
and there edema and proliferation of type 2 alveolar epithe¬ 
lial cells are present 460 In animals that are killed after 3 to 4 
days, emphysema and edema are less obvious, and the 
lungs tend to be light brown, firm, heavy, and rubbery. 
There is severe diffuse alveolar epithelial hyperplasia ("ade¬ 
nomatosis"), and large mononuclear cells, multinudeated 
giant cells, and hyaline membranes are present in alveolar 
spaces. Edema, eosinophils, and inflammatory cells occupy 
the septa. 460 

II Diagnosis. Diagnosis is made based on the history of 
recent exposure to lush green forage and typical clinical 
signs and pathology in fatal cases. Thoracic radiographs 
could be used to identify changes consistent with interstitial 
pneumonia in valuable individual animals. The results 
of TTA or BAL cytology have not been reported for cattle 
with ABPEE, but a nonseptic mixed inflammatory cell 
response would be expected. There are no unique hemato¬ 
logic or biochemical changes. 463 A stress leukogram is often 
seen. 


or divided twice daily) or steroids (dexamethasone at 0.05 to 
0.2 mg/kg IM or IV once daily) may be given. Most fatalities 
occur in the first 2 days. Severely affected animals that survive 
may develop chronic emphysema or heart failure secondary 
to cor pulmonale. 467 Moderate to mild cases often show 
marked improvement after day 3, with recovery over about 
10 days; relapses do not occur. 

Prevention is based on management and prophylactic 
drugs. Management strategies that prevent the exposure of 
susceptible cattle to potentially toxic pastures include the 
following: 

1. Place the cattle in a drylot, feed palatable hay for sev¬ 
eral days, and turn them onto the lush pasture for 
2 hours the first day. Gradually decrease the amount 
of hay fed and increase the time on pasture over a 
period of 10 to 12 days. 467 

2. Delay use of lush pastures until after a hard frost. 468 

3. Cut and windrow the pasture before turning cattle 
out. 469 

4. Use the pasture for young stock (less than 15 months 
old) or sheep or other livestock 468 ; turn adult cattle 
out only after the pasture has been thoroughly grazed 
over. 

5. Use the pasture before it becomes particularly lush. 465 

6. Use continuous strip-grazing. 467 

Because such management changes are frequently not 
feasible, prophylactic medication is a promising alternative. 
Monensin or lasalocid at 200 mg/head/day PO reduces the 
conversion of tryptophan to 3-MI. 462 Treatment with mon¬ 
ensin should be started at least 1 day before pasture change 
and should be continued an additional 10 days, whereas 
lasalocid requires a longer pretreatment period of 6 days. 471 
For example, 1 kg/head/day of a protein or energy supple¬ 
ment containing 0.15% Rumensin 60 supplies 200 mg of 
monensin. 460 Monensin or lasalocid is not expected to be 
beneficial after the onset of signs. Future possibilities 
include blockers of the mixed function oxidase system 
and enhancers of intracellular glutathione levels. 


II Treatment and Prevention. The stress of handling cattle 
can precipitate further losses. Some authors maintain that 
most cases in an outbreak occur within 4 days, that removing 
the herd from the pasture does not prevent additional cases, 
and that leaving the herd on the pasture does not result in 
additional cases; consequently the recommendation has 
been to handle severely affected cattle only if necessary 
to remove them to shade or to slaughter. 467 Others 460 - 468 
recommend careful removal from the offending pasture. 
Antihistamines, corticosteroids, epinephrine, atropine, dieth- 
ylcarbamazine, and diuretics are alleged to be of palliative 
value, 460 - 470 but none of these has been properly tested. 460 
Pretreatment with antagonists to postulated mediators of 
inflammation, including acetylsalicylic add, mepyramine, 
sodium meciofenamate, diethylcarbamazine citrate, and 
betamethasone, did not influence the dinical course or 
lesions of experimental 3-MI toxicity. Likewise, pretreatment 
with chloramphenicol or disodium cromoglycate failed to 
alter signs or lesions. 469 However, in one small trial, flunixin 
meglumine at 1.1 mg/kg IV daily given after the onset of 
3-MI-induced disease in calves was effective in lessening 
signs and lesions 470 Recovery often occurs without therapy 
in the less severe cases. In view of the dangers of handling 
affected cattle, the questionable efficacy of medical treatment, 
the probable irreversible nature of severe lesions, and the 
probability of spontaneous recovery in less severe cases, the 
best treatment may be no treatment. If treatment must be 
attempted, affected cattle should be handled very cautiously, 
and furosemide (0.5 to 1 mg/kg IM or IV once or twice 
daily) 463 and flunixin meglumine (1.1 to 2.2 mg/kg IV daily 


Feedlot Acute Interstitial Pneumonia 

II Definition and Etiology. In feedlot cattle an ARDS occurs 
that is commonly referred to as feedlot AIP. The exact cause of 
this syndrome is unknown, and it is probably multifactorial. 
Feedlot management practices typically do not include expo¬ 
sure of cattle to lush forages similar to those that cause 
ABPEE, and the feeding of moldy sweet potatoes has not 
been associated with feedlot AIP. 472 A variety of causes have 
been proposed 473 - 474 ; unfortunately, the amount of research 
to confinn or refute the various hypotheses ranges from 
small to nonexistent. The most commonly suggested possi¬ 
ble causes or predisposing factors are (1) feed-associated 
pneumotoxins such as 3-MI 475 * 477 or dietary factors related 
to protein metabolism 478 ; (2) chronic bacterial pneumo¬ 
nia 479 * 481 ; (3) gender 475 - 476 and hormonal influences 482 - 483 ; 
(4) chronic small airway injury 480 - 481 484 ; (5) BRSV infec¬ 
tion 481 - 485 ; (6) heat or dust exposure 484 - 486 ; and (7) hyper¬ 
sensitivity reactions. 484 487 - 488 These possible causes could 
also work together in various combinations to cause feedlot 

Ajp 477,481 

Support for 3-MI as a cause of feedlot AIP comes from 
research that showed that levels of a stable metabolite of 
3-MI, 3-methyleneindolenine (3-MEIN), were significantly 
higher in the blood of cattle with AIP than in control cat- 
tle.475.476 increased levels of 3-MEIN may be a result of 
decreased clearance of the toxin. 475 Loneragan and col¬ 
leagues also found that 3-MEIN levels were higher in lung 
tissue of AIP cases as compared with animals without lung 
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disease, but they were not higher than 3-MEIN levels in the 
lung tissue of cattle with bronchopneumonia; this sug¬ 
gested that 3-MI may contribute to the pathogenesis of 
both AIP and bronchopneumonia. 476 The mechanism by 
which 3-MI is generated and leads to lung damage was dis¬ 
cussed earlier in the section describing ABPEE. If 3-MI does 
contribute to the pathogenesis of feedlot AIP, it is not clear 
what about the feedlot diet predisposes cattle to produce 
high levels of 3-MI. Normal cattle produce some 3-MI 
through metabolism of dietary proteins. It may be that 
the protein composition (e.g., the tryptophan concentra¬ 
tion) of feedstuffs sometimes added to feedlot rations 
can lead to spikes in 3-MI production. Cattle with feedlot 
AIP have been found to have higher ruminal pH values 
than expected for cattle adapted to a high concentrated 
diet. Ruminal pH in AIP cases ranged from 5.6 to 7.2 in 
one study 481 and from 4.9 to 7.4 in another, 489 whereas 
the ruminal pH of cattle adapted to a high concentrate diet 
is typically about 5.5 to 5.6. 490 Many proteins are relatively 
basic; therefore the high ruminal pH could be related to 
abnormal protein metabolism. However, the relatively 
high ruminal pH could also be caused by anorexia. The 
concept that abnormal ruminal protein metabolism could 
contribute to feedlot AIP was also supported by a small 
study that found increased ammonia levels in the ruminal 
gas cap of cattle with AIP. 491 An interaction between diges¬ 
tive health and AIP was also suggested by the finding that 
in feedlot pens in which at least one animal had died from 
digestive disease, the incidence of AIP was approximately 
70% greater than in pens in which digestive disease deaths 
did not occur. 478 

The hypothesis that bacterial bronchopneumonia contri¬ 
butes to feedlot AIP is supported by the finding by multiple 
authors that cattle with AIP frequently have superimposed 
gross and histopathologic lesions consistent with bacterial 
bronchopneumonia. 479 481 In a study evaluating the bacte¬ 
ria isolated from the lungs of cattle with feedlot AIP that 
had not received antimicrobial therapy, P. multocida and 
Mycoplasma species were significantly more likely to be 
isolated from the lungs of cattle with AIP than from the 
lungs of normal penmates. 481 An earlier study found that 
bacterial respiratory pathogens were not more likely to be 
isolated from cases of AIP as compared with controls, but 
the samples in this study were collected at necropsy of ani¬ 
mals that received antimicrobial treatment before death in 
at least some cases. 492 It should be noted that no study has 
yet been able to confirm whether in cases with both 
lesions the bacterial bronchopneumonia was present 
before AIP occurred or the bacterial bronchopneumonia 
developed after the animals had AIP. If bacterial broncho¬ 
pneumonia leads to the development of AIP, it is not clear 
how this happens. In humans with ARDS, bacterial infec¬ 
tion is often a predisposing factor that appears to lead to 
ARDS through the induction of high local or systemic 
levels of proinflammatory cytokines. 493 494 The role of 
proinflammatory cytokines in cattle with feedlot AIP has 
not been investigated. 

A role for gender and/or hormonal influences in the 
pathogenesis of feedlot AIP is related to the frequent 
(although not inevitable) 480 finding that the majority of 
affected animals are heifers. 475 ' 478 ' 481495 Feeding of melen- 
gestrol acetate (MGA), which is fed to heifers to control 
estrus, has been suggested to contribute to AIP by some 
authors, 473 482 but others have not found evidence of any 
association between MGA and AIP. 478495 Although one 
research study indicated that MGA could exacerbate experi¬ 
mentally induced AIP in sheep, 482 a well-controlled 
experimental study to determine the effect of MGA on AIP 
in cattle in the field is needed to clarify the involvement 


of MGA with AIP. It has also been suggested that growth 
hormone implants may contribute to development of feed- 
lot AIP, although a survey of feedlot managers did not find 
data to support this. 495 

Infection with BRSV was linked to feedlot AIP in an 
early study. 485 Because BRSV infection can sometimes 
cause AIP, the possibility that a ruminant with lesions of 
AIP is simply a case of BRSV infection must always be con¬ 
sidered. However, cattle with feedlot AIP do not always 
have a fever, 481 which is expected in animals with acute 
BRSV infection. Moreover, feedlot AIP can occur in out¬ 
breaks, but cases often occur sporadically, which would 
be less consistent with BRSV infection. Neither Sorden 
and colleagues nor Loneragan and colleagues found BRSV 
significantly more often in animals with feedlot AIP than 
in controls. 480 492 In another study the difference in fre¬ 
quency of identification of BRSV in feedlot AIP cases as 
compared with normal penmates approached significance 
(P = .07). 481 It is interesting to note that in this study 
BRSV antigen was not found in airway epithelial cells, as 
is characteristic of acute BRSV infection, 496 but rather was 
found in cells, possibly macrophages, that were surround¬ 
ing airways. The significance of this was not clear; perhaps 
the BRSV antigen found in these cases was residual antigen 
in phagocytic cells that was engulfed during BRSV infec¬ 
tion in the recent past. 

Although AIP is by definition "acute," it is interesting 
that several authors have reported histopathologic evidence 
of chronic airway injury (particularly, bronchiolitis fibrosa 
obliterans) in the lungs of animals with AIP. 480 ' 481484 In 
one study, the presence of bronchiolitis fibrosa obliterans 
was identified significantly more often in cattle with AIP 
than in penmates with no history of treatment for respira¬ 
tory disease; this was in spite of the fact that AIP cases in 
the study also had no history of previous treatment for 
respiratory disease. 481 It is not known how past airway 
injury is related to the development of AIP, although 
chronic airway injury could be linked to the occurrence of 
chronic bacterial pneumonia, which has also been asso¬ 
ciated with feedlot AIP, as described previously. It may be 
that the chronic airway injury is related to dust exposure, 
although it is not clear why animals with AIP would be 
more likely to have airway injury caused by dust exposure 
than other penmates. Dust exposure has been anecdotally 
related to AIP, 484 - 486 and feedlot managers often report that 
efforts to control dust, such as spraying water lightly onto 
the surface of pens, decreases AIP occurrence when the dis¬ 
ease is a problem. However, repeated exposure to feedlot 
dust or to fungal organisms from feedlot dust did not 
induce AIP in sheep or goats in experimental studies. 497 - 498 
One study of the effect of dust on feedlot respiratory disease 
found only a weak association between airborne dust parti¬ 
cles and respiratory disease. 499 

High ambient temperatures are thought to contribute to 
feedlot AIP because several investigators have found that 
the majority of cases occur in the summer, 478 - 484 but no 
mechanism by which hot weather might exacerbate AJP 
has been researched. Hypersensitivity reactions are often 
suggested to cause AIP. 502 503 It is true that anaphylaxis 
can cause pulmonary edema, hemorrhage, and emphysema, 
with microscopic evidence of hyaline membrane forma¬ 
tion. 500 However, animals that survive longer than a few 
hours after an episode of anaphylaxis do not have lung 
changes consistent with AIP, such as type 2 pneumocytic 
proliferation and interstitial inflammatory cell infiltrate. 501 
Therefore an anaphylactic reaction may cause an occasional 
case of sudden death with lung changes typical of AIP, but 
anaphylaxis does not explain the majority of feedlot AIP 
cases. Other types of hypersensitivity-mediated lung disease 
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have pathology that is unlike that seen in feedlot A1P, also 
making other types of hypersensitivity an unlikely cause of 
the majority of feedlot AIP cases. 460 473 

In summary, the cause of feedlot AIP is unknown, but 
the strongest support currently exists for some role for 
(1) factors related to feed, or ruminal metabolism, includ¬ 
ing 3-MI; (2) infectious respiratory disease, especially 
chronic bacterial pneumonia, and possibly BRSV; (3) gen¬ 
der and/or other hormonal influences; and (4) chronic air¬ 
way injury, which may be related to infectious respiratory 
disease. It seems likely that multiple factors can contribute 
to the development of feedlot AIP, and the factors may act 
in some as-yet unidentified combination in at least some 
cases. It is also possible that some Causes predominate in 
some feedlots or individual cases, whereas other causes 
predominate in other feedlots or individual cases. A study 
evaluating the occurrence of bacterial respiratory patho¬ 
gens in cattle with feedlot AIP found bacterial respiratory 
pathogens in the lungs of the majority of cases in one feed- 
lot, and in almost none of the cases in a second feedlot, 481 
suggesting that bacterial infection played a role in the 
development of AIP cases in the first feedlot but not the 
second. 


II Clinical Signs. Feedlot cattle with AIP may be found 
dead in the pen. 504 Clinical presentation includes rapid 
onset of expiratory dyspnea and tachypnea, although if 
the respiratory effort is great, the actual respiratory rate 
may not be greatly elevated. Cattle typically stand with 
their heads extended and front legs spread apart, and 
exhibit open-mouth breathing (see Fig. 31-66). Frothing 
from the mouth may also be observed. Rectal temperatures 
are variable, ranging from normal to elevated. 481 Physical 
examination may reveal cyanosis, tachycardia, and SC 
emphysema that extends from the cervical to dorsal tho¬ 
racic area. 505 Auscultation of lungs reveals dull areas 
throughout the lungs, along with some crackles. Differen¬ 
tial diagnoses of bronchopneumonia, tracheal edema, tra¬ 
cheal obstruction, and hypersensitivity pneumonitis 
should be considered. 

II Pathogenesis. Because the cause of feedlot AIP is 
unknown, the pathogenesis is also uncertain. If feed-related 
pneumotoxins cause at least a subset of cases with AIP, the 
pathogenesis will be similar to that described for ABPEE, 
4-ipomeanol toxicity, and perilla ketone toxicity. If bacterial 
infection is a cause of some cases of feedlot AJP, as is true 
for some human cases of ARDS, then proinflammatoiy 
cytokine production and the resultant inflammatory cas¬ 
cades they initiate are likely involved. More research is nec¬ 
essary to determine the cause and the pathogenesis of 
feedlot AIP. 

II Epidemiology. In the 1999 NAHMS survey of feedlots, 
AIP was identified as the second leading cause of feedlot 
mortality, behind bronchopneumonia (shipping fever). 502 
Mortality rates resulting from AIP of 0.03% to 0.15% have 
been reported. 478 ' 479 484 - 495 An important feature of AIP is 
the tendency of the disease to occur most often in cattle 
on feed more than 60 days, 475 - 481 - 484 - 492 ' 495 as opposed to 
shipping fever, in which mortality peaks by 45 days after 
feedlot entry. 506 This means that losses due to AIP deaths 
are amplified by the fact that relatively more resources in 
feed and labor have been invested in cattle that die of AIP, 
as compared with cattle that die of shipping fever. Most 
cases of feedlot AIP occur in the summer, 478 484 - 495 but 
the disease can occur in any season of the year; and 


most studies report that heifers are disproportionately 
affected. 475 - 476 - 495 One survey found the odds of an animal 
with AIP being a heifer were 3.1 times greater than the odds 
of the animal being a steer. 476 In feedlot pens in which an 
animal died from a digestive disorder, the relative risk of 
AIP occurring was about 1.7, indicating that pens with a 
digestive disorder death were about 70% more likely to also 
have an AIP death, as compared with pens with no digestive 
disorder deaths. 478 

A survey of feedlot managers was undertaken to deter¬ 
mine risk factors for feedlot AIP 495503 Although the 
response rate was relatively poor (12%), the responding 
managers oversaw just under 2.5 million cattle, which 
represented about 10% of the U.S. feedlot inventory the 
year the survey was undertaken. 503 Feedlots in northern 
states were significantly less likely to recognize AIP as a 
cause of morbidity or mortality as compared with feedlots 
elsewhere, whereas larger feedlots and feedlots placing a 
higher proportion of yearlings were more likely to recognize 
AIP as a cause of morbidity or mortality. Feedlots that vac¬ 
cinated less than 95% of placements for M. haemolytica ± 
P. multocida were more likely to recognize AIP as a cause 
of disease, and these feedlots recognized AIP as a cause of 
a larger proportion of deaths, as compared with feedlots 
that vaccinated more than 95% of cattle for these patho¬ 
gens. 495 If the data reported by the feedlot managers are 
representative of a true association between Mannheimia 
and Pasteurella vaccination and AIP, the reason for the link 
is not dear. It may simply be related to the association 
between placement of a high proportion of yearling cattle 
and AIP, as yearlings are less likely to be vaccinated for Man- 
nheimia and Pasteurella than younger cattle. It may also be 
related to the finding that AIP cases have increased likeli¬ 
hood of having concurrent bacterial pneumonia in some 
feedlots, but more research is necessary before any definite 
conclusions can be made. 

II Necropsy Findings. The gross pathology of feedlot AIP is 
essentially the same as that described for ABPEE. If there 
is concurrent bacterial bronchopneumonia, there may be 
cranioventral consolidation, with fibrin deposition on 
the pleura, but in cases with no concurrent bacterial pneu¬ 
monia, the pleura is free of fibrin. Grossly it is common 
to see a "patchwork" appearance of dark and light colored 
lobules interspersed, and the lobules are freely mov¬ 
able 473 - 481 (see Fig. 31-67). Histologically, the most 
acute cases will have only hyaline membrane formation 
and alveolar edema, possibly with hemorrhage in the 
alveoli or interstitium; cases that have been going on 
longer will have proliferation of type 2 alveolar epithelial 
cells and inflammatory cell infiltrate into the intersti¬ 
tial space (septa). It is not unusual to find evidence of 
chronic airway injury, such as peribronchiolar lymphoid 
cuffing, peribronchiolar vascular fibrosis, and bronchiol¬ 
itis fibrosa obliterans. 480 481 Whether the chronic airway 
injury is related to the pathogenesis of AIP or whether 
it is an incidental finding is unknown, but in one study 
bronchiolitis fibrosa obliterans was significantly more 
common in AIP cases than in penmates with no history of 
lung disease. 481 

II Diagnosis. Diagnosis of feedlot AIP can be confirmed 
only by histopathologic evaluation of lung from animals 
that die or are euthanized because of the disease. Clinical 
signs and even gross pathology are not definitive; only 
65% to 80% of cases identified based on clinical signs were 
confirmed by histopathologic evaluation to have AIP in two 
studies 475481 
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II Treatment and Prevention. Treatments recommended 
are similar to those recommended for ABPEE. However, 
feeding monensin does not preclude development of 
feedlot AIP ; as cattle that die of AIP are often consuming 
feed including monensin when they contract AIP. 481 
Treatment is supportive and typically includes admin¬ 
istration of antiinflammatory drugs such as steroids 
(dexamethasone at 0.05 to 0.2 mg/kg once or twice) or 
flunixin meglumine (1.1 to 2.2 mg/kg IV q24h), and 
diuretics such as furosemide (1 mg/kg IM or IV ql2- 
24h). Antimicrobial drugs are appropriate given the fact 
that cases often have superimposed bacterial pneumonia 
(see Table 31-10). There are no studies evaluating the 
response of cattle with AIP to any treatment, and such 
studies would be difficult because there is no perfect 
method of making an antemortem diagnosis of the dis¬ 
ease. However, anecdotal reports indicate that the prog¬ 
nosis is guarded even with treatment. It is important to 
note that simply moving cattle out of the pen could lead 
to death from severe respiratory compromise. Because of 
the risks and uncertainties of treatment and the expected 
high case fatality rate, immediate salvage slaughter may 
be the most economic course to take 507 ; if salvage slaugh¬ 
ter is attempted, remember to observe proper drug with¬ 
drawal times. 

Because the cause of feedlot AIP is unknown, it is diffi¬ 
cult to recommend control measures. Administration of 
aspirin and of vitamin E have been suggested as rational 
preventative strategies to counteract inflammatory path¬ 
ways suspected to be involved in feedlot AIP; however, 
two trials showed no clear effect of these therapies on 
levels of 3-MI in treated cattle. 508 509 No cattle in these 
trials developed AIP, so an effect on disease could not be 
identified. The risk factors identified suggest that manage¬ 
ment strategies to minimize abrupt dietary changes and 
to control infectious respiratory disease may be helpful; 
anecdotal reports also suggest that efforts to control feed- 
lot dust may be helpful. 


4-lpomeanol (Moldy Sweet Potato) Toxicity 

II Definition and Etiology. Moldy sweet potato toxicity is 
caused by the ingestion of a fiiranoterpenoid toxin pro¬ 
duced by sweet potatoes (Ipomoea batatas) in response to 
infestation with the fungus Fusarium solani (javanicum ). It 
should be emphasized that this disease is an intoxication 
and not an allergic response to the fungus. 460 

II Clinical Signs. There is an acute onset of tachypnea, 
tachycardia, hyperpnea, and dyspnea, with loud expiratory 
grunting, frothing at the mouth, extension of the head and 
neck, flaring of the nostrils, and frequent deep coughing. 
Crackles and harsh bronchial sounds are heard on ausculta¬ 
tion. 510 Signs usually occur within 1 day of exposure, and 
deaths may occur 2 to 5 days later. 460 Differential diagnoses 
are as for ABPEE (see earlier discussion), which this condi¬ 
tion closely resembles, except for the history of exposure 
and the more prominent cough and adventitious lung 
sounds. 


II Pathogenesis. When F. solani (or closely related species) 
grows on sweet potatoes, the potato produces several 3-sub- 
stituted furans, including 4-hydroxymyoporone, which is 
hepatotoxic. This is converted by the fungus to a series of 
pneumotoxins, the most abundant of which is 4-ipomea- 
nol. When ingested by cattle in sufficient amounts, this 


toxin is absorbed, carried to the lungs in the blood, and 
converted to a highly reactive metabolite by a cytochrome 
P-450-dependent mixed function oxidase system. 460 From 
this point the pathogenesis is similar to that of ABPEE—that 
is, the toxin binds to intracellular macromolecules in the 
cell, causing cellular damage, particularly in Clara cells, type 

I pneumocytes, and endothelium; edema, hemorrhage, 
cellular necrosis, hyaline membrane formation, and prolif¬ 
eration of cuboidal epithelium result, with secondary 
emphysema. 

II Epidemiology. The disease usually occurs in outbreak 
form when groups of cattle are fed damaged sweet potatoes. 
Morbidity and case fatality rates are high. Calves nursing 
affected cows are unaffected. 511 

II Necropsy Findings. The lungs are wet, firm, and large 
and fail to collapse. Hemorrhages, yellow gelatinous 
edema fluid, and emphysema with bullae occur through¬ 
out. Lobules are dark red and firm. 510 ' 511 Microscopic 
lesions include edema, emphysema, hyaline membranes, 
hemorrhage, mixed interstitial infiltrates, alveolar epithelial 
hyperplasia, peribronchiolar fibrosis, and bronchiolitis 
obliterans. 511 

II Diagnosis. Diagnosis is made based on history of feed¬ 
ing sweet potatoes and identification of clinical signs and 
pathology consistent with AIP. Other diagnostic tests as 
described for ABPEE could also be attempted in valuable 
individual animals. 

II Treatment and Prevention. Treatment has not been 
investigated. Because the pathophysiologic mechanisms 
are similar to those of ABPEE, similar recommendations 
are offered here: handle affected animals with extreme 
care; if treatment is attempted, furosemide (0.5 to 1 mg/ 
kg IM or IV ql2-24h) and flunixin meglumine (1.1 to 
2.2 mg/kg IV daily or divided twice daily) or dexametha¬ 
sone (0.05 to 0.2 mg/kg IV or IM q24h) may be given. 
The prognosis for moderate to severe cases is grave, regard¬ 
less of management. Because toxicity is difficult to predict 
and is usually severe and irreversible when it occurs, the 
feeding of mold-damaged sweet potatoes should be strictly 
prevented. 


Perilla (Perilla Frutescens) Ketone Toxicity 

II Definition and Etiology. Perilla ketone toxicity is an 
ARDS caused by ingestion of a pneumotoxin found in the 
leaves and seeds of Perilla frutescens, a common weed in 
the southeastern United States. This plant is also known as 
purple mint, perilla mint, wild coleus, and beefsteak 
plant. 512 It is an erect herbaceous annual about 2 m high, 
with characteristic square stems, an aromatic odor, and 
opposite, coarsely serrated ovate leaves 5 to 10 cm long 
and 4 to 8 cm wide, with a purplish tint at maturity. The 
seed and flower stage, which occurs in August to October, 
appears to be most toxic. 512 The flowers are small, white 
to purple blooms on a long raceme. 512 The plant prefers 
semishade, such as damp, open wooded areas. 

II Clinical Signs. Animals are often found dead. 512 Signs 
observed include a sudden onset of moderate to severe dys¬ 
pnea, wheezing, frothing at the mouth, and an expiratory 
heave or grunt. 512 * 513 In less severe cases the cow may 
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pant. 513 Exertion worsens the signs and may precipitate 
death. Mature cows are most often affected, but deaths have 
been reported in yearlings and calves. 512 Death occurs in 3 
to 7 days in experimental toxicity. 512 Differential diagnoses 
are as for ABPEE (see earlier discussion), which this condi¬ 
tion closely resembles and from which it can be differen¬ 
tiated only by history of exposure. 

II Pathogenesis. The volatile oils of P. frutescens contain a 
number of 3-substituted furans that are chemically similar 
to 4-ipomeanol, the moldy sweet potato toxin. One of 
these, perilla ketone, predominates in the later growing sea¬ 
son (when most toxicities occur) and has been shown to be 
pneumotoxic when given parenterally to mice, hamsters, 
goats, calves, and sheep. 512 The toxin is absorbed from the 
rumen, carried to the lungs through the blood, and proba¬ 
bly metabolized to the toxic form by the mixed function 
oxidase system, as for 4-ipomeanol and 3-MI (see earlier). 
The pathogenesis from this point parallels that of ABPEE 
or moldy sweet potato toxicity. 

II Epidemiology. P. frutescens seems to thrive in late sum¬ 
mer, when pastures in the southeastern United States are 
frequently dry and dormant. 513 This also corresponds with 
the more toxic stage of the plant. 512 Cattle normally avoid 
the plant when other pasture is available but may be 
forced to consume it during this critical period. 513 How¬ 
ever, under experimental conditions calves were noted to 
prefer the mint. 512 The preseed stage appears to be of rela¬ 
tively low toxicity; the green seed-stage plant is most toxic, 
especially the seed parts; dried hay from seed-stage plants 
is less toxic than green plants but is still potentially lethal; 
and frosted plants appear to have relatively low toxicity. 512 
The exact toxic dose is unknown, but 2.3 kg of green seed- 
stage plant and 11.2 kg of hay were lethal for cattle in one 
trial. 512 

II Necropsy Findings. The lungs are distended (often 
bearing the impressions of the ribs), fail to collapse, 
and are moist, heavy, edematous, and emphysematous. 
There are often bullae, pleural effusions, and froth in 
the airways. Histologic characteristics are edema, exten¬ 
sive alveolar epithelial hyperplasia, emphysema, and 
congestion. 

II Diagnosis. Diagnosis is based on history of exposure to 
perilla mint and characteristic clinical signs and lung 
pathology. Other diagnostic tests as described for ABPEE 
could also be attempted in valuable individual animals. 


II Treatment and Control. Treatment has not been investi¬ 
gated. On the basis of the similar pathophysiologic 
mechanisms, the recommendations for ABPEE should be 
followed (see earlier discussion). The prognosis for severe 
cases is grave, regardless of management. Cattle should be 
provided sufficient forage that they do not seek out perilla 
mint; once they have begun to eat it, they should be fenced 
away from stands of the plant, and other forage should be 
provided. 


Other Toxic Plants 

Zieria arborescens (stinkwood) leaves cause a fatal ARDS in 
Tasmanian and Eastern Australian cattle after ingestion of 
15 to 30 kg over 2 to 4 weeks. An oil isolated from the 


leaves has produced the same lung lesion in rabbits. The 
signs are as for the other ARDS: acute tachypnea, grunting, 
extension of the head, mouth breathing, abdominal respi¬ 
ration, tachycardia, and fever secondary to the respiratory 
effort. Death occurs in 1 to 21 days; some animals survive. 
Lesions include massive pulmonary edema and emphy¬ 
sema. 514 Treatment has not been investigated, and recom¬ 
mendations as for ABPEE (see earlier discussion) are 
suggested. As mentioned in relation to ABPEE, Brassica 
species (rape, kale, turnip tops) are currently regarded 
as one of the types of pasture that can precipitate the 
3-MI-associated disease. The possibility that other specific 
toxins may be identified in these species has not been 
excluded. Morbidity and mortality rates appear to be 
much higher on Brassica species pastures than on other 
lush forages. 460 The hepatotoxic effects of pyrrolizine 
alkaloids are well known, but they also cause lung 
lesions. Lung lesions develop only in animals with chronic 
liver lesions, and the minimum dose necessary to 
produce lung lesions is never less than that which is 
hepatotoxic; therefore signs of liver disease usually 
predominate. Crotalaria and Trichoderma species are the 
most common offenders; to a lesser extent, Senecio species 
are a cause. Horses, sheep, cattle, and pigs have been 
affected. Pulmonary lesions include edema, congestion, 
hemorrhage, proliferation of bronchiolar and alveolar epi¬ 
thelial cells with megalocytosis, and interstitial fibrosis 
and cellular infiltration. As with 3-MI, 4-ipomeanol, and 
perilla ketone, the toxicity of the pyrrolizine alkaloids 
depends on activation by the mixed function oxidase sys¬ 
tem; in this case, however, the toxin is probably formed 
in the liver and spills over into the blood to reach the 
lungs. Vascular endothelium is probably the primary tar¬ 
get for injury (vs. the Clara cells and type 1 pneumocytes 
in the other ARDS). 515 


Toxic Gases 

Food animals may be exposed to a variety of toxic gases in 
the environment. The most important are ammonia, hydro¬ 
gen sulfide, carbon dioxide, and methane from excreta and 
respiration; these can be especially important when excreta 
is collected in pits or tanks. Other gases include nitrogen 
dioxide from silos; carbon monoxide from machinery 
exhausts and heaters; zinc oxide from welding of galvanized 
metal in barns; chlorine, formaldehyde, insecticides, and 
other fumes from agricultural chemicals and cleaners; and 
smoke from fires. In most cases concentrations usually 
remain below overtly toxic levels, and effects are very subtle. 
Such chronic low-level exposure may result in decreased 
disease resistance and depression of growth rates. 516 Slightly 
higher levels of chronic exposure may cause clinically vague 
syndromes of lethargy, mild dyspnea, anorexia, depressed 
growth, excessive lacrimation and salivation, low incidence 
of sudden deaths over weeks or months, and stillbirths. 516 
Acute, severe outbreaks usually occur in tightly enclosed 
facilities and are related to accidents, power outages, agita¬ 
tion or pumping of manure pits, or other combinations of 
unusual circumstances. Such outbreaks are characterized 
by an ARDS of variable morbidity and frequently a high 
case fatality rate. 

NITROGEN DIOXIDE. Nitrogen dioxide (N0 2 ) is a yel¬ 
low-orange to brown gas with an acrid odor that is pro¬ 
duced by anaerobic fermentation of green plant material. 
It is a major component of "'silo gas." Acute exposure of 
farm workers to high concentrations of N0 2 causes a 
respiratory condition known as "silo-filler's disease," char¬ 
acterized by severe acute edema and congestion and 
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followed by bronchiolitis obliterans and progressive inter¬ 
stitial pulmonary fibrosis. A similar condition has been 
induced experimentally in cattle, 517 and apparent 
(although unproved) spontaneous field cases have been 
reported. 518 ' 519 Clinical signs in experimental and appar¬ 
ent field cases include cough, tachycardia, tachypnea, 
respiratory grunting, depression, anorexia, hypogalactia, 
extension of the head, open-mouth breathing, fever, sali¬ 
vation, lacrimation, and SC emphysema. Auscultation 
reveals decreased breath sounds and crackles. 518 ' 519 The 
primary differential diagnoses should include other ARDSs 
of housed cattle that occur in outbreak form, especially 
exposure to other toxic gases (manure pit gases, zinc oxide, 
chlorine, carbon monoxide), and hypersensitivity pneu¬ 
monitis from moldy hay. Nitrate toxicity should also be 
considered. Clinical pathologic evaluation is of limited 
benefit. Leukocyte counts remained normal in experimen¬ 
tal cases; methemoglobin levels increased to a peak at 30 
minutes after exposure and returned to normal in 12 to 
24 hours. 517 The pathophysiologic mechanism probably 
involves the dissolution of the N0 2 in the water of the 
respiratory tract to form nitric acid. Nitrates and nitrites 
are also formed; these are irritating, and the nitrites cause 
methemoglobinemia. 519 Nitrogen dioxide is also an oxi¬ 
dant itself and may contribute directly to the injury. The 
disease occurs as an outbreak, usually in housed cattle in 
proximity to a silo chute in a tight or poorly ventilated 
bam. 518 ' 519 Nitrogen dioxide is heavier than air and layers 
on the top of silage or spills out around the bottom of the 
silo. Com silage produces more gas than hay, and a high 
nitrate content increases the danger. The levels are highest 
in the first 48 hours after filling the silo but may remain 
dangerous for 2 to 3 weeks. 

Necropsy findings in experimental disease include 
hyperemia of the upper airways; hemorrhages, fibrinous 
membranes, and froth in the trachea; distended, noncol¬ 
lapsing lungs with rib imprints; a mottled appearance 
caused by consolidated lobules alternating with emphyse¬ 
matous lobules; and bullae. Microscopic lesions include 
alveolar epithelial hyperplasia, large foamy alveolar 
macrophages, hyaline membranes, hyperemia, hemor¬ 
rhage, and edema. 

Treatment involves the establishment of adequate ven¬ 
tilation; cows should be completely removed from closed 
buildings if necessary. Corticosteroids have apparently 
been beneficial in field cases, 518519 but no controlled 
studies have been performed. Because of the obvious dif¬ 
ferences in pathophysiologic characteristics, it would be 
unwise to extrapolate treatment regimens from those of 
ABPEE. Suggested empiric therapy might include corticos¬ 
teroids (dexamethasone at 0.05 to 0.2 mg/kg IM or IV 
daily), furosemide (0.5 to 1.1 mg/kg IM or IV daily or 
twice daily), and appropriate antibiotics to prevent sec¬ 
ondary bacterial infections. 

ZINC OXIDE. Zinc oxide (ZnO) fumes have been asso¬ 
ciated with an ARDS in cattle. 520 Oxyacetylene cutting or 
arc welding of galvanized pipe results in production of 
white fumes of zinc oxide containing colloidal particles 
0.3 to 0.4 mm in diameter, which can reach the terminal 
alveoli when inhaled. 520 Construction activities in closed 
bams containing animals may result in toxicity in animals 
in close proximity or in the path of ventilation. All ages 
may be affected. 

Clinical signs in severe cases include acute onset of 
anorexia, frothing at the mouth, anxiety, extension of the 
head and neck, mouth breathing, expiratory grunting, 
tachypnea, tachycardia, mild fever, SC emphysema, and 
crackles on ausailtation of the lungs. Death may occur 
within 12 hours. Less severely affected animals exhibit 


depression, mild fever, and tachypnea. 520 Differential diag¬ 
noses include other ARDS of housed cattle that occur in 
outbreak form such as exposure to other toxic gases (nitro¬ 
gen dioxide, manure pit gases) or hypersensitivity pneumo¬ 
nitis. The pathophysiologic process presumably involves 
direct damage to cells by the ZnO and its products dissolved 
in the fluid lining the respiratory tract. Necropsy findings 
include purulent conjunctivitis; SC emphysema; congestion 
of the airways; tracheal hemorrhages; stiff, noncollapsing 
lungs; and pulmonary congestion, edema, and emphysema 
with bullae. 520 Histologic lesions include pulmonary con¬ 
gestion, emphysema, edema, and mixed cellular infiltrates 
with a prominent eosinophil component. Treatment of 
severe cases with epinephrine, antihistamine, atropine, 
and corticosteroids had no effect in one outbreak, 520 
whereas mild cases recover spontaneously. Suggested 
empiric therapy could include ventilation of the area, dexa¬ 
methasone (0.05 to 0.2 mg/kg IM or IV daily), furosemide 
(0.5 to 1.1 mg/kg IM or IV daily or twice), and appropriate 
antibiotics to control secondary bacterial invaders. 

CHLORINE. Chlorine is a greenish yellow gas widely 
used in manufacturing. Animal exposure is usually the 
result of industrial accidents. Exposed animals may be 
found dead. Signs include depression, profuse nasal dis¬ 
charge, lacrimation, and dyspnea; crackles may be heard 
on auscultation. 521 The toxic effects are the result of the for¬ 
mation of hydrochloric and hypochlorous acids; the latter 
breaks down to hydrochloric acid and oxygen, both of 
which are toxic to tissues. Necropsy findings include con¬ 
gestion of the nasal mucosa, tracheitis, and pulmonary 
edema, hemorrhage, and emphysema. Histologic lung 
lesions include edema, emphysema, hemorrhage, atelecta¬ 
sis, hyaline membrane formation, and lymphocytic bron¬ 
chitis. 521 Treatment is empiric; suggestions include 
corticosteroids (dexamethasone at 0.05 to 0.2 mg/kg IM or 
IV daily), furosemide (0.5 to 1.1 mg/kg IM or IV daily to 
twice daily), and appropriate antibiotics to prevent second¬ 
ary bacterial infection. 

MANURE GASES. Manure gases include mixtures of 
hydrogen sulfide, ammonia, carbon dioxide, methane, and 
carbon monoxide. 460 Accumulation of these gases can result 
in asphyxiation of animals in enclosed bams over manure 
pits. 

SMOKE INHALATION. Smoke inhalation injury may 
occur in animals that survive barn fires. Many clinical 
changes may not become evident for 24 to 48 hours after 
the fire. It is important to assess the degree of damage 
as early as possible and to attempt to anticipate sequelae 
so that early aggressive therapy can be instituted. 522 
Common problems for which to check include oral 
bums, conjunctivitis, and laryngospasm. Hoarseness, 
expiratory wheezes, and carbonaceous sputum indicate 
potentially serious sequelae. Crackles and wheezes on 
auscultation may occur very early or may be delayed for 
hours. Cough, stridor, and tachypnea may also occur. 
Bright red mucous membranes may indicate CO poison¬ 
ing or burns and may mask cyanosis. 522 Carboxyhemo- 
globin determinations on iced venous blood (often 
available at human hospitals), serial arterial blood gas 
determinations, transtracheal wash, and bronchoscopy 
are useful in delineating the extent of damage and 
prognosis. 522 

The pathophysiology of smoke inhalation is complex 
and involves two main mechanisms: CO toxicity and 
smoke toxicity. CO toxicity results in tissue hypoxia in 
all organs, especially the brain; 0 2 consumption in the 
fire and the pulmonary effects of smoke may aggravate 
this hypoxia. Heat damage in animals is usually limited 
to the upper airways. Smoke toxicity is related to the 
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inhalation of soot, superheated particles, and a variety of 
noxious gases (e g., aldehydes, oxides of sulfur and nitro¬ 
gen, benzene from plastics), which results in the forma¬ 
tion of dissolved acids, alkaloids, and other direct 
irritants in pulmonary fluids. These mechanisms eventu¬ 
ally (usually 2 to 24 hours after inhalation) result in alve¬ 
olar damage, interstitial edema, hypoxia, and secondary 
bronchopneumonia. 522 

Treatment involves establishing a patent airway with 
intubation or tracheostomy if necessary. Oxygen, up to 
100% for short periods, is indicated 522 ; care must be exer¬ 
cised because 100% oxygen can also cause pulmonary dam¬ 
age. IV fluids should be given, with careful monitoring for 
pulmonary edema. The use of cortiCbsteroids is controver¬ 
sial. 522 Antibiotics are indicated to prevent secondary bron¬ 
chopneumonia. Bronchodilators such as aminophylline at 
6 to 10 mg/kg IV or PO three times daily may help relieve 
soot-induced bronchospasm. 


HYPERSENSITIVITY PNEUMONITIS 

II Definition and Etiology. Hypersensitivity pneumonitis, 
also known as extrinsic allergic alveolitis (EAA) or "bovine 
farmer's lung," is an allergic respiratory disease caused 
by inhalation of organic dusts. Several such conditions 
are recognized in humans, differing only in the nature of 
the antigen and the circumstances under which exposure 
occurs. The classic example, of which the bovine disease 
is probably the counterpart, is "farmer's lung." EAA is 
caused by exposure to the dust from moldy hay, grain, 
or other plant matter containing spores and products of 
thermophilic actinomycetes such as S. rectivirgula (for¬ 
merly M. faeni) and T. vulgaris . 523,524 other unidentified 
forms of hypersensitivity pneumonitis probably occur in 
cattle. 

II Clinical Signs. EAA is a disease of confined adult cattle; 
consequently it is more common in dairy than in beef 
breeds. Typically a succession of acute cases occurs during 
the winter housing period, so the clinician is presented with 
a group problem in which animals are in varying stages 
of the disease. The acute form is indicative of recent expo¬ 
sure and is characterized by a sudden onset of dullness, 
decreased appetite, hypogalactia, coughing, expiratory 
tachypnea, dyspnea, and cranial-ventral crackles on auscul¬ 
tation of the lungs. 523 * 525 There is a moderate transient 
fever, which is frequently missed. 524 The chronic form is 
insidious at onset and may not be detected until there is 
considerable fibrosis. Animals with the chronic disease 
may have acute exacerbations as a result of heavy antigen 
exposure; some may not be detected until turned out in 
the spring, when increased exercise causes an acute crisis. 
There is a history of weight loss and coughing for several 
winters, with remission in the grazing season. Chronic signs 
include hypogalactia, weight loss, productive coughing, 
tachypnea, obvious hyperpnea, and widespread crackles 
and wheezes on auscultation of the lungs, especially in the 
rostral-ventral areas. 524 Differential diagnoses should 
include respiratory diseases affecting groups of housed adult 
cattle in winter. Infectious diseases (viral and bacterial 
pneumonias) can usually be differentiated from farmer's 
lung by careful evaluation of factors such as clinical signs 
of fever and pulmonary consolidation. Therefore the main 
differential diagnoses are the toxic gases. It should be 
emphasized that hypersensitivity pneumonitis is not con¬ 
sidered an ARDS and that no evidence exists for the involve¬ 
ment of hypersensitivity in the pathogenesis of the ARDS 
described previously. However, severe cases of EAA with 


prominent dyspnea and moderate, nonfatal cases of gas 
intoxication may appear clinically similar. If the group out¬ 
break aspect of EAA is ignored, the clinician who examines 
one individual may be unable to distinguish this condition 
from fibrosing alveolitis. 

II Pathogenesis. The spores of the thermophilic actinomy¬ 
cetes are 0.7 to 1.3 mm in diameter and can easily reach the 
alveoli, where they induce both humoral (precipitating) 
and cellular immune responses. It is thought that repeated 
exposure results in the activation of a number of immuno- 
logically specific and nonspecific cellular and humoral 
effector mechanisms at the alveolar level, which results in 
tissue damage. 523 524 

II Epidemiology. EAA is a problem in areas with wet sum¬ 
mers and severe winters, a situation characterized by the 
combination of moldy hay and housing of cattle in winter. 
In North America, EAA occurs primarily in the Great Lakes 
region of the United States and the eastern provinces of 
Canada. 525 Baling and stacking of hay with a high moisture 
content (over 30%) results in overheating of the stacks. 
Thermophilic molds become dominant and produce bil¬ 
lions of spores, which are released when the hay is 
distributed for feeding. A similar situation can occur in 
stored grains. Affected hay is usually dry, friable, discolored, 
and dusty; however, it is not necessary for hay to be grossly 
dusty and poor in quality to release large numbers of 
spores. 524 

II Necropsy Findings. In acute cases the lungs are superfi¬ 
cially grossly normal. Closer inspection reveals small gray 
spots in many lobules, which represent interstitial and peri¬ 
bronchiolar accumulations of lymphocytes. Other lobules 
exhibit dark red centers of atelectasis surrounded by pale 
pink raised edges of trapped air that are caused by narrow¬ 
ing of airways with lymphocytic infiltrates. Histologic 
evaluation confirms the presence of these lymphocytic 
infiltrates and aggregations, as well as epithelial granulo¬ 
mas, bronchiolitis, and bronchiolitis obliterans. The gross 
appearance in chronic cases is similar, with the addition 
of focal areas of interalveolar fibrosis and epithelial 
hyperplasia; epithelioid granulomas are absent unless a 
recent acute exposure has occurred. 523 524 

II Diagnosis. Precipitating antibodies to M. faeni are found 
in the serum in most cases. 523 - 524 However, two precautions 
are necessary. First, the presence of precipitating antibodies 
only indicates exposure to the antigen; many normal ani¬ 
mals also have antibodies. Second, it is possible that other 
as yet unidentified antigens may cause allergic respiratory 
disease in cattle. The presence or absence of titers is there¬ 
fore not necessarily diagnostic of the clinical status of the 
animal, and the magnitude of the titer does not reflea the 
extent of disease. 460 

II Treatment and Prevention. Treatment and control cen¬ 
ter around removal of the offending antigen, which is fre¬ 
quently difficult from an economic and management 
standpoint. Corticosteroids (dexamethasone at 0.05 to 
0.2 mg/kg IV or IM daily) may be beneficial in acute cases. 
Suggestions to decrease the molding of hay or degree of 
exposure include making silage instead of hay, ensuring 
proper drying before baling, and feeding hay outside. If 
the condition can be arrested before significant fibrosis 
occurs, the prognosis is good. 
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Anaphylaxis 

In ruminants the lung is the major target organ in immedi¬ 
ate (type I) hypersensitivity reactions. Precipitating antigens 
include vaccines, drugs, blood, Hypoderma bovis or Hypo- 
derma lineatum larvae, insea bites, and bee stings. Signs of 
anaphylaxis usually develop in 10 to 20 minutes and 
include severe acute dyspnea, with flaring of the nostrils, 
extension of the head and neck, open-mouth breathing, 
frothing of the mouth, hyperpnea, and abduaion of the 
elbows. Pharyngeal and laryngeal edema cause stertor and 
inspiratory dyspnea. Urticaria may occur in some cases, 
such as milk allergy in Jersey cows. Shivering, salivation, lac- 
rimation, pruritus, diarrhea, fever* edema (eyes, muzzle, 
anus, and vulva), collapse, nystagmus, cyanosis, and dis¬ 
charge of froth from the nostrils also may occur. On auscul¬ 
tation there are harsh breath sounds, large airway sounds, 
and crackles. The primary differential diagnosis is peracute 
interstitial pneumonia. The pathogenesis involves an initial 
exposure to the antigen, which results in a genetically deter¬ 
mined produaion of homocytotropic antibodies. In 
humans and dogs, this is immunoglobulin E (IgE); in rumi¬ 
nants various classes may be involved. 526 This antibody 
attaches to receptors on mast cells and basophils. On 
subsequent exposure to the antigen, bridging of the Fab 
parts of the antibody on these cells results in degranulation, 
with release of a variety of mediators such as histamine, 
bradykinin, 5-hydroxytryptamine, serotonin, slow-reaaing 
substance-anaphylaxis (SRS-A), eosinophil chemotactic fac¬ 
tor A, platelet aaivating faaor, kinins, and prostaglan¬ 
dins. 526 * 528 These mediators result in a cascade of vascular 
events, notably increased vascular permeability, which in 
turn results in acute severe edema. Pulmonary venous con¬ 
striction, pulmonary artery hypertension, splanchnic pool¬ 
ing, increased mucus secretion, and bronchospasm also 
occur. Ruminants that die of anaphylaxis have severe pul¬ 
monary congestion and edema, laryngeal edema, and froth 
in the airways. Lung lesions of ARDS may be present. 

The treatment of choice is epinephrine, 4 to 8 mg (4 to 
8 mL of 1:1000 solution) IV or SC or 1 to 5 mg IV for an 
average 500-kg cow and 1 to 3 mg IV or SC for an average 
adult sheep or goat. Epinephrine has a short half-life, and 
animals should be observed closely for relapse. Ancillary 
therapy includes corticosteroids (dexamethasone, 0.1 mg/ 
kg IM or IV; prednisolone, 2.2 mg/kg IM or IV daily). Other 
supportive therapies include shock doses of rv fluids 
(40 mL/kg/hr); aminophylline; diuretics such as furose- 
mide; oxygen therapy; and tracheostomy if necessary. 

MISCELLANEOUS CHRONIC 
PNEUMONIAS 

At least two chronic interstitial pneumonias of uncertain 
cause have been identified in cattle, fibrosing alveolitis 
and bronchiolitis obliterans. These are typically chronic dis¬ 
eases of individual animals. 


to substantiate any connection between fibrosing alveolitis 
and repeated episodes of ARDS such as ABPEE. Further¬ 
more, recovery from a single dose of 3-MI does not result 
in lesions typical of fibrosing alveolitis. However, repeated 
doses of 3-MI at weekly intervals experimentally cause 
fibrosing alveolitis-like lesions. 460 Fibrosing alveolitis 
occurs in individual adult cattle (usually over 6 years of 
age) in both housing and pasture conditions. The history 
is usually that of a chronic progressive respiratory disease 
several weeks to 2 years in duration. Affected cattle remain 
bright and alert and continue to eat until the terminal 
stages of cor pulmonale and heart failure intervene. Signs 
include marked weight loss; consistent coughing; tachyp¬ 
nea (40 to 70 breaths/min); very marked hyperpnea, even 
at rest; and dyspnea after mild exertion. Auscultation may 
reveal crackles in the rostral-ventral lung field and wide¬ 
spread wheezes. Fever is not apparent. The primary differ¬ 
ential diagnoses to consider are other chronic respiratory 
conditions of individual adult cattle. Chronic suppurative 
pneumonia and metastatic pneumonia can usually be dif¬ 
ferentiated from fibrosing alveolitis by careful physical 
examination and deteaion of depression, anorexia, shal¬ 
low respiration, thoracic pain, and hemoptysis. ARDS 
caused by feed-associated pneumotoxins and lungworms 
are typically group problems, with at least some severe 
cases in the group. Differentiation from EAA may be 
impossible if the group outbreak nature of farmer's lung 
is not apparent; in fact, at least some cases of fibrosing 
alveolitis may represent chronic farmer's lung. At necropsy 
the lungs are very pale, firm, and heavy throughout. Scat¬ 
tered lobules are gray-red, slightly collapsed, and edema¬ 
tous. Thick mucus may be found in the airways, and 
there is frequently right ventricular hypertrophy as a result 
of cor pulmonale. Histologic changes are diffuse and 
include interalveolar fibrosis and infiltration with plasma 
cells, lymphocytes, mast cells, and interstitial cells; obliter¬ 
ation of alveolar spaces; mononuclear exudates in alveoli; 
alveolar epithelial hyperplasia; bronchitis; and bronchioli¬ 
tis. The epithelioid granulomas characteristic of acute 
farmer's lung are absent. 460 No treatment exists, and the 
lesions are irreversible. 

Bronchiolitis Obliterans 

Bronchiolitis obliterans is a chronic respiratory condition of 
yearling or young adult cattle charaaerized by a deep infre¬ 
quent cough, tachypnea, hyperpnea, and an exaggerated 
expiratory effort. There is no fever. The cause is unknown; 
the condition is speculated to be a sequela to viruses 
(RSV, PI3, IBR), parasites such as Dictyocaulus vivipanis, or 
hypersensitivity pneumonitis. The lungs appear grossly nor¬ 
mal at necropsy, except that they do not collapse. Histologic 
examination reveals extensive bronchiolitis and bronchioli¬ 
tis obliterans, with epithelium-covered polyps with a con¬ 
nective tissue core projeaing into and obstruaing the 
lumen. 460 


Fibrosing Alveolitis 

Fibrosing alveolitis is, by definition, a chronic disease of 
unknown and possibly multiple causes, charaaerized 
by diffuse inflammation of the lung beyond the terminal 
bronchiole. Approximately 50% of cases produce positive 
results for precipitating antibody to M. faeni, and it is 
possible that these cases represent chronic farmer's lung 
whereas others (that have negative M. faeni results) 
may be the chronic stage of hypersensitivity to other 
unidentified antigens 460 Field investigations have failed 


PARASITIC BRONCHITIS AND 
PNEUMONIA 

ANNE M. ZAJAC 

Two parasites in cattle (D. inviparus and aberrant migration 
of Ascaris suum larvae) and three in sheep and goats 
(Dictyocaulus filaria, Protostrongylus rufescens, and Muellerius 
capillaris) may cause respiratory disease characterized by 
alveolar and interstitial pneumonia. Other species of lung- 
worms also parasitize small ruminants but are less widely 
distributed throughout the world. 
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Lungworms of Cattle 
DICTYOCAULUS VIVIPARUS 

II Definition and Etiology. D. viviparus is a trichostrongylid 
nematode parasitizing the bovine trachea and bronchi. 
Adult worms may reach 8 cm in length. The lifecycle of 
D. viviparus is direct. Adult female worms in the trachea 
and bronchi lay eggs that hatch almost immediately. First- 
stage larvae are coughed up, swallowed, and passed in the 
feces. Larvae develop in a minimum of 5 days (usually 
longer under normal environmental conditions) to the 
infective third stage, migrate onto grass, are ingested, pene¬ 
trate the intestine, and move to the mesenteric lymph 
nodes, where they molt. Fourth-stage larvae travel through 
lymph and blood to the lungs and tend to lodge in the pul¬ 
monary capillaries of the ventral parts of the caudal lobes. 
Approximately 7 days after ingestion, they enter the alveoli 
and molt to the fifth (final) stage in the bronchioles several 
days later. Egg-laying adults are present in the bronchi 21 to 
28 days after ingestion of larvae. Clinically evident infection 
with D. viviparus typically occurs in young, nonimmune 
stock (less than 12 months old) or in previously unexposed 
yearling or adult catde. A reinfection syndrome can also 
occur when previously infected (and therefore immune) 
adults are subjected to massive challenge with infective 
larvae. 529530 


II Clinical Signs and Differential Diagnosis. Primary 
infection with D. viviparus can be broken down clinically 
into a prepatent phase, a patent phase, and a postpatent 
phase. 531 No signs are associated with the initial penetra¬ 
tion of larvae until they reach the alveoli, where they pro¬ 
voke an eosinophilic exudate that blocks small airways. 
During the prepatent phase (approximately 7 to 25 days 
after ingestion), there is a gradual onset of coughing and 
tachypnea (35 to 60 breaths/min), which becomes increas¬ 
ingly apparent from day 14 to day 25. The severity of signs 
in this stage is proportional to the number of larvae 
ingested, the rate of ingestion, and the proportion reaching 
the lungs. Severe illness and death can occur in cases of 
heavy infection. In the patent phase (approximately 25 to 
55 days after ingestion), a parasitic pneumonia with consol¬ 
idation develops in the ventral areas of the caudal lung 
lobes as a result of aspiration of eggs and larvae into these 
areas. Tracheitis and bronchitis associated with the adult 
worms also develop. Clinical signs vary in severity and 
range from intermittent to marked coughing, tachypnea 
(respiratory rate may increase to more than 70 breaths/ 
min), dyspnea, anorexia, and weight loss. Fever may 
develop with secondary bacterial infection. Auscultation 
reveals harsh breath sounds and widespread crackles and 
wheezes. In severe cases animals may exhibit open-mouth 
breathing, extended head and neck, protrusion of the 
tongue, and an expiratory grunt. Death is common in 
untreated, heavily infected animals. 530 ' 531 

Recovery begins in the late patent phase, and the signs 
gradually resolve, sometimes over several months. During 
the postpatent phase (about days 55 to 90), adult parasites 
are expelled by a self-cure phenomenon. In approximately 
25% of severe cases the postpatent phase is characterized 
by a sudden exacerbation of dyspnea at days 45 to 60 that 
is often fatal, after secondary bacterial infection or alveolar 
epithelialization. 529 ' 531 The reinfection syndrome occurs 
14 to 16 days after adult cattle are placed on heavily con¬ 
taminated pastures. Signs include acute hypogalactia; 
severe, frequent coughing; marked tachypnea; and depres¬ 
sion. Auscultation reveals only harsh breath sounds with 
no crackles or wheezes. 529 ' 531 


Differential diagnosis should be straightforward if both 
the clinical signs and epidemiologic characteristics of the 
disease are taken into account, especially in endemic areas. 
This is a disease of groups of cattle at pasture, typically in 
late summer or fall in northern temperate climates; the situ¬ 
ation thus resembles ABPEE, which differs in clinical signs 
(i.e., less coughing and fewer adventitious lung sounds). 
The signs associated with lungworm infection are reminis¬ 
cent of those of farmers lung, which occurs in quite differ¬ 
ent circumstances. In typically nonendemic areas, outbreaks 
associated with climatic changes are frequently mistaken for 
acute bacterial bronchopneumonia. 529 

II Diagnosis. Larvae of D. viviparus are large (390 to 
450 pm x 25 pm) and slow moving and contain dark food 
granules. They are best detected by the Baermann test 532 
and may also be seen on a transtracheal wash. It is best to 
check several animals in the herd. Rectal fecal samples are 
preferred for parasite examination because samples picked 
up off the ground may contain free-living nematodes that 
can be difficult to differentiate from lungworm larvae. 
Recovery of larvae from fecal samples is substantially dimin¬ 
ished if the sample is stored at room temperature for more 
than a few hours. If the Baermann test cannot be set up 
soon after fecal collection, the sample can be safely refriger¬ 
ated for 24 to 48 hours without serious larval loss. 533 No 
larvae are detected in the reinfection syndrome. In some 
European countries an ELISA technique that can detect adult 
infection is also available 534 (Cypress Diagnostics, Langdorp, 
Belgium). An increase in eosinophils in the peripheral blood 
may also occur approximately 2 weeks after infection, peaking 
at 4 to 7 weeks after infection. 535 


II Pathophysiology. Once the fourth-stage larvae enter the 
alveoli, they incite an eosinophilic exudate that blocks small 
bronchi and bronchioles, resulting in atelectasis and causing 
the cough and tachypnea of the prepatent phase. As these lar¬ 
vae mature and migrate up the airways, these lesions may 
resolve. However, the adult worms produce an inflammatory 
response in the larger airways, and aspirated eggs and larvae 
cause a marked macrophage and giant cell response, with 
consolidation of the ventral caudal lobes; these lesions are 
the cause of the signs in the patent phase. At any point in 
the pathogenesis (prepatent, patent, or postpatent stage), 
complications may occur that account for acute exacerbation 
and death. These complications are as follows; 

■ Development of pulmonary edema caused either by 
heart failure or by extensive alveolar epithelial damage 
and hyaline membrane formation 

■ Severe interstitial emphysema from the severe dyspnea 

■ Alveolar epithelial hyperplasia 

■ Secondary bacterial infection, which is actually rela¬ 
tively uncommon 

In the reinfection syndrome the immune response cannot 
completely overcome a massive challenge, and a small num¬ 
ber of larvae reach the lungs. The signs are caused by the 
immune reaction to the migrating larvae. Lymphoid nodules 
develop around dead larvae in the bronchioles. 529 * 531 

II Epidemiology. Parasitic bronchitis and pneumonia in 
cattle occur most often in temperate areas with high rainfall 
or intense irrigation. In the United States, lungworm infec¬ 
tion is widely distributed, but disease outbreaks are uncom¬ 
mon, probably because periods of dry summer weather 
limit larval survival and accumulation on pasture. 530 In 
the southern United States, lungworm transmission is prob¬ 
ably greatest in the cool winter months, 536 whereas autumn 
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is probably the season of most intense transmission in the 
northern United States. 537 - 538 

Dictyocdulus infections have been studied extensively in 
Europe, where the parasite is an important pathogen. Dis¬ 
ease outbreaks occur most frequently in first season grazing 
animals. If large numbers of larvae are present on pasture at 
spring turnout of calves, disease may develop at that time. 
Often, however, levels of pasture larvae are too low to cause 
disease, but lead to low-level primary infections in calves 
that result in the accumulation of additional larvae on pas¬ 
ture. This second wave of infection may lead to clinical 
lungworm disease when the primary infection did not pro¬ 
duce adequate levels of immunity. If infection levels remain 
low, disease may not be observed ufitil a third generation of 
parasites occurs. Immunity develops beginning about 10 
days after heavy infection, and patent infections usually per¬ 
sist for only a few months. In the absence of continued 
exposure to parasites, immunity to reinfection will begin 
to decline after several months. 530 - 539 

Older animals without immunity also develop lung- 
worm disease when exposed to high levels of pasture con¬ 
tamination with larvae. This can occur when animals from 
a nonendemic area are moved to an endemic area. In recent 
years outbreaks of primary parasitic bronchitis have become 
an important cause of respiratory disease in adult dairy 
cows in Europe. The increased prevalence of disease in this 
older age-group is likely the result of decreased levels of 
immunity after the widespread use of powerful suppressive 
anthelmintic regimens in first and second season grazing 
animals. Other management factors, such as isolation of 
calves from adult carrier animals and increased movement 
of livestock, may also contribute to a decline in levels of 
immunity. 534 - 540 Beef animals are less often affected than 
dairy cattle because management practices are more exten¬ 
sive and levels of infective larvae on pastures are generally 
lower. 530 The reinfection syndrome occurs in immune adult 
animals when, for example, immune cows are placed on a 
pasture previously contaminated very heavily by calves with 
patent disease. 529 - 530 

In northern temperate climates, the infection is carried 
from year to year by overwintering of larvae on pasture in 
some areas, by spreading of manure from infected housed 
calves in the spring, and by carrier cattle. Lungworm larvae 
also may be inhibited in the lungs of calves in winter (as 
with Ostertagia species in the abomasum) and mature in 
the spring. 529 - 531 

II Necropsy Findings. In the prepatent phase the lungs are 
largely normal, with a few atelectatic lobules in the ventral 
caudal lobes; adult worms are not present until late in this 


phase, but larvae may be detectable by microscopic exami¬ 
nation of smears of bronchial exudate. In the patent phase 
there is usually bilaterally symmetric red consolidation of 
the ventral caudal lobes. Adult worms can be recognized 
on necropsy by their relatively large size and location in 
the trachea and bronchi. The lesions of the postpatent 
phase are similar, but no adult worms or larvae are present. 
In those patients that die of an acute exacerbation, there is 
extensive pulmonary edema and emphysema, with hyaline 
membranes and alveolar epithelial hyperplasia. 

In the reinfection syndrome the pulmonary lymphoid 
nodules may be 3 to 4 mm in diameter and thus grossly vis¬ 
ible as raised, gray-red to greenish yellow nodules under the 
pleura. Initially these are composed of a core of eosino¬ 
philic parasitic debris surrounded by macrophages, multi- 
nucleated giant cells, hyperplastic bronchiolar epithelium, 
eosinophils, and plasma cells. The lesions eventually 
mature to lymphoreticular nodules with a germinal center. 
There is also greenish mucus in the airways and a greenish 
discoloration to the tissues, both caused by eosinophil infil¬ 
tration. There is no edema or emphysema, and the rare 
lungworms that may be found are small and stunted. 529 

II Treatment, Prognosis, Prevention, and Control. D. viiri- 
parus infection can be treated with a number of bovine 
anthelmintics available in the United States and other 
countries (Table 31-12). Macrocyclic lactone products also 
have residual efficacy against D. viviparus. 541 Animals with 
only cough and tachypnea respond well, whereas those with 
dyspnea, fever, anorexia, and depression have a more 
guarded prognosis; some of these can be expected to die 
or remain chronically unthrifty. 529 Control (see also Chap¬ 
ter 49) involves appropriate pasture management and the 
strategic use of anthelmintics to prevent buildup of infec¬ 
tion in the herd and on pastures. Several strategic deworm- 
ing programs have been developed in Europe, which 
effectively suppress lungworm infection throughout the 
grazing season. These programs include use of ivermectin 
at 3, 8, and 13 weeks after turnout and use of doramectin 
or eprinomectin at 0 and 8 weeks. Use of an oxfendazole 
pulse release bolus (not available in the United States) 
also provides strategic treatments. Alternatively, use of a 
continuous-release ivermectin or fenbendazole bolus (not 
available in the United States) will prevent development 
of lungworm infection during its period of efficacy. 540 
A long-acting moxidectin injection product that provides 
protection from lungworm infection for 120 days is also 
now available in some countries. 542 Anthelmintic treatment 
with moxidectin or fenbendazole followed by movement of 
calves to safe pasture 9 weeks after turnout was also effective 



Anthelmintics Approved for Treatment of Dictyocaulus viviparus in the United States 


Anthelmintic 

Formulation 

Residual Efficacy of 
a Single Treatment 

Approved for Dairy 1 

Cattle of Breeding Age j 

Levamisole 

Drench, bolus, injection 



Fenbendazole 

Paste, suspension, 
medicated feed, mineral 


+ 

Oxfendazole 

Albendazole 

Suspension 

Paste, suspension 



Ivermectin 

Injection, pour-on 

28 days 


Eprinomectin 

Pour-on 

28 days 

+ 

Doramectin 

Injection, pour-on 

Injection: 28 days 

Pour-on: 21 days 


Moxidectin 

Pour-on, injection 

42 days 

+■ 

Pour-on only 
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in controlling lungworm. 543 None of these control pro¬ 
grams have been extensively tested under the variety of 
grazing conditions found in the United States. 

Despite concern that suppressive programs may limit 
exposure to larvae and interfere with the development of 
immunity to lungworm, several studies conducted in 
Europe have shown that stimulation of the immune 
response still occurs, although relative levels of immunity 
may vary with different management systems and annual 
variation in the intensity of lungworm challenge. 534 544 546 
In Europe, methods of control also include an effective irra¬ 
diated larval vaccine, although use of the vaccine has dimin¬ 
ished with the introduction of suppressive anthelmintic 
programs. Delay of spring turnout is'an adjunct to control 
but should not be relied on as the sole means of control. 545 
A targeted selective deworming program was successful in 
controlling lungworm infection in a dairy herd in Sweden. 
Only cattle testing positive for lungworm by the commercial 
ELISA test were treated at each sampling date. 547 

ASCARI5 SUUM. Cattle exposed to large numbers of A. 
suum eggs in areas contaminated by swine may have an 
interstitial pneumonia. Animals are typically affected 
approximately 10 days after exposure. Signs include depres¬ 
sion, anorexia, fever, tachycardia, tachypnea, dyspnea with 
an expiratory grunt, variable coughing, ruminal stasis, and 
bloat. Auscultation of the lungs reveals increased breath 
sounds without adventitious sounds. Some deaths may 
occur. Differential diagnosis is difficult Differentiation 
from the other interstitial pneumonias depends more on 
history of exposure to the causative agents (e.g., lush pas¬ 
tures, moldy sweet potatoes, P. frutescens, toxic gases, moldy 
hay). Differentiation from viral pneumonia (such as that 
caused by RSV) and D. viviparus reinfection syndrome 
requires necropsy and demonstration of larvae. Ascarid lar¬ 
vae have characteristic lateral alae in histologic sections. Pat¬ 
ent D. viviparus infection can be differentiated by Baermann 
examination of the feces. In fatal cases the lung lobes are 
firm and mottled blue, red, and gray. The cut surface oozes 
thin yellow exudate. There is emphysema in the dorsal dia¬ 
phragmatic lobes and subpleural hemorrhage with neutro¬ 
phil infiltration and necrosis of bronchiolar and alveolar 
epithelium. In chronic cases the cellular infiltrate is lym¬ 
phocytic and there are proliferation of bronchiolar epithe¬ 
lium and peribronchial fibrosis. Recommended treatments 
include corticosteroids (dexamethasone, 0.04 mg/kg IM or 
IV, or prednisolone 1 mg/kg IM or IV daily) and antibiotics 
to control secondary bacterial infection. 548 Clinical signs 
resolved after treatment with oxfendazole in one outbreak 
of suspected A. suum migration. 549 Cattle should not be 
exposed to areas heavily contaminated by swine. 

Lungworms of Sheep and Goats 

Three species of lungworms are of primary importance in 
sheep and goats: D. filaria and the two metastrongylid 
nematodes, M. capillaris and P. rufescens. Other genera of 
metastrongylid lungworms of minor pathogenic importance 
in sheep and goats include Cystocaulus, Spiculocaulus , and 
Neostrongylus. These parasites are rare or absent in North 
America. 550 

DICTYOCAULUS FILARIA. D. filaria has a lifecycle essen¬ 
tially identical to that of D. viviparus; the time from ingestion 
to the appearance of larvae in the feces is about 4 weeks. 
Mainly young animals are affected, but disease can also occur 
in adults. Dyspnea, tachypnea and coughing, and loss of con¬ 
dition occur in clinical cases. 550 * 551 Differential diagnosis 
includes the progressive viral pneumonias. Diagnosis is made 
by finding larvae in fresh feces by the Baermann test. 532 Sam¬ 
ples should be tested soon after collection because larval 


recovery is significantly reduced in stored samples. 533 larvae 
of D. filaria are similar in size and appearance to those of D. 
viviparus but also have a distinctive knob on the anterior 
end. The pathogenesis is similar.to that of D. viviparus (see 
earlier discussion). The adults are found largely in the 
dorsal-caudal regions of the diaphragmatic lobes. Bronchitis 
and peribronchitis, along with cone-shaped areas of pneu¬ 
monia and atelectasis, and emphysema are present. Second¬ 
ary bacterial infections may also occur. 550 * 551 Levamisole 
(8 mg/kg), fenbendazole (5 to 10 mg/kg), ivermectin 
(0.2 mg/kg PO}, 551 and moxidectin (0.2 mg/kg, PO or 
SC) 552 * 554 can be used for treatment. When outbreaks occur, 
all animals should be treated and moved to fresh pasture 
when possible. Clinical D. filaria infections seem to occur 
most frequently in areas with warm climates. In temperate 
areas the parasite overwinters either as arrested larvae in ewes 
or as larvae on pasture. 550 

MUELLERIUS CAPILLARIS. M. capillaris is probably the 
most common of the lungworms of sheep and goats. Infec¬ 
tion is more pathogenic in goats than in sheep. Surveys in 
Maryland and Georgia detected the parasite in 64% and 
68% of goats, respectively. 555 * 556 The lifecycle is indirect. 
First-stage larvae are coughed up, swallowed, and passed 
in the feces. These larvae are relatively resistant and may sur¬ 
vive for several months in the environment. After penetra¬ 
tion of an appropriate molluscan intermediate host, the 
infective third stage develops in a minimum of about 12 
days, is ingested with the snail, and passes to the mesenteric 
lymph nodes. The fourth stage larva proceeds to the lungs, 
where adults develop in the alveoli. The prepatent period 
of M. capillaris infection is about 6 weeks. 557 Although 
many infections are subclinical, clinical disease may 
develop. Goats appear to be more likely than sheep to 
develop unthriftiness, coughing, and dyspnea. Infection 
may also predispose to secondary bacterial infection. 551 * 558 
The difference in clinical signs between sheep and goats 
probably results from a difference in the pathogenesis of 
infection. The adult worms live in the pulmonary paren¬ 
chyma, particularly the subpleural tissue. In sheep they pro¬ 
duce grayish nodules typically 2 to 3 mm in diameter. On 
palpation at necropsy, these nodules have been described 
as feeling like "lead shot." 557 Each nodule contains a worm 
and necrotic leukocytes and pulmonary tissue surrounded 
by a connective tissue wall and giant cells. 550 They may cal¬ 
cify or become secondarily infected with bacteria. Reports of 
lesions in goats indicate that M. capillaris causes an intersti¬ 
tial pneumonia. The lungs are resilient and firm, fail to col¬ 
lapse, and have tan, yellow, or gray patches located 
especially in the dorsal diaphragmatic lobes. The histologic 
lesion in goats is a diffuse thickening of alveolar septa, with 
a mononuclear cell infiltrate and alveolar epithelial hyper¬ 
plasia that extends far beyond the area immediately around 
the parasite. The local reaction around the worm is quite var¬ 
iable and does not appear to produce the nodules seen in 
sheep. 558 Diagnosis is made by Baermann examination of 
the feces. The larvae are smaller than those of D. filaria and 
have a kink at the end of the tail with a characteristic subter¬ 
minal accessory spine. 532 

Several anthelmintics have been used in the treatment of 
M. capillaris infections. Moxidectin (0.2 mg/kg in oral or inject¬ 
able formulation) is effective in treating sheep infected with 
M. capillaris and other small lungworms (Cystocaulus ocreatus, 
Neostrongylus linearis, and P. rufescens) and may be equally 
effective in goats. 559 Although larvae may initially disappear 
in the feces after treatment, they often reappear in fecal sam¬ 
ples again after 1 to 2 months, either because anthelmintics 
are ineffective against immature worms and/or because of 
resumption of development by inhibited larvae. 559 Treatments 
that appear to eliminate adult parasites in goats include 
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fenbendazole (15 to 30 mg/kg), 557 - 558 - 560 - 562 albendazole 
(10 mg/kg), 562 oxfendazole (7.5 to 10 mg/kg), 563 and iver¬ 
mectin (0.3 mg/kg). 560 - 564 M. capillaris is largely resistant to 
levamisole. 551 Better control of immature or inhibited larvae 
with fenbendazole was achieved by administering the dmg 
(1.25 to 5 mg/kg) for 7 to 14 days, although a regimen of 1 
week on/1 week off/1 week on appeared to provide the most 
effective treatment. Albendazole (1 mg/kg) PO daily for 7 to 
14 days was also effective. 562 Possible teratogenic effects of 
extended benzimidazole treatment in goats have not been 
thoroughly investigated, and albendazole should be used cau¬ 
tiously in the first 35 days of pregnancy. 560 Administration of 
ivermectin (0.3 mg/kg) or fenbendazole (15 mg/kg) two or 
three times at 35-day intervals has alsb been suggested for treat¬ 
ment. 551 Control methods include avoiding wet pastures and 
treating animals before the start of the grazing season to reduce 
infection levels in the intermediate host 551 

PROTOSTRONGYLUS RUFESCEN5. P. rufescens also uses 
molluscan intermediate hosts, and adults develop in the 
small bronchioles of sheep and goats. 557 Most infections 
are probably subclinical or produce only mild signs of 
chronic bronchitis or bronchopneumonia with nasal dis¬ 
charge and cough. Occasionally P. rufescens may produce 
severe or even fatal disease. 565 The diagnosis of Protostrongy- 
lus species infection is made by finding larvae in the feces 
with the Baermann technique. The larvae are similar to 
those of Muellerius except Protostrongylus larvae lack the sub- 
terminal accessory spine on the tail. 532 Fenbendazole, 
levamisole, 565 and moxidectin 559 can be used for treatment 
at the dosages used for Dictyocaulus. Other macrocydic lac¬ 
tone products may also be effective but have not been tested. 
Control strategies are identical to those for M. capillaris. Few 
cases of infection have been reported in the United States, 
but nonspecific clinical signs, presence of subclinical 
carriers, and need for a special diagnostic technique may 
produce an underestimation of the prevalence of P. rufescens 
infection in sheep and goats. 565 


PROGRESSIVE BACTERIAL AND 
VIRAL PNEUMONIAS OF SHEEP 
AND GOATS 

JEANNE LOFSTEDT 

Chronic progressive pneumonias are diagnosed with some 
frequency in mature small ruminants. In sheep, OPP and 
C. pseudotuberculosis- induced mediastinal lymph node and 
lung abscesses are the chief causes of chronic progressive 
pneumonia. Chronic progressive pneumonia in goats is 
commonly associated with the pneumonic form of CLA, 
and less frequently with CAE virus (CAEV)-induced lung 
lesions. Differential diagnoses that should be entertained 
in sheep and goats exhibiting signs of chronic pneumonia 
include OPA, chronic suppurative pneumonia, verminous 
pneumonia, mycotic pneumonia, tuberculosis, and pulmo¬ 
nary neoplasia. 


OVINE PROGRESSIVE PNEUMONIA 
(MAEDI-VISNA) 

II Definition and Etiology. OPP and maedi-visna (MV) are 
North American and European names for slow viral diseases 
of sheep characterized by chronic, progressive, debilitat¬ 
ing pneumonia, wasting, and indurative mastitis. 566568 
Synonyms are Marsh's progressive pneumonia, zwoeger- 
ziekte, la bouhite, and Graaff-Reinet disease. 566 - 567 The 


OPP virus (OPPV) and MV virus (MW) are nononcogenic 
exogenous retroviruses that belong to the subfamily Lenti- 
viridae. 569 These enveloped, single-stranded RNA viruses 
contain the enzyme RNA-dependent DNA polymerase 
(RT). With this enzyme they use cellular machinery to tran¬ 
scribe a segment of DNA from a template of single-stranded 
viral RNA; the DNA strand or provirus is then incorporated 
into the host genome. Close similarity of causal viruses, 
clinical signs, and lesions produced in tissues permits dis¬ 
cussion of OPP and MV as a single disease entity. 567 The 
ovine lentiviruses (OvLVs) are also related to the CAEV of 
goats, but differences have been demonstrated through 
nucleic acid hybridization studies. 570 


II Clinical Signs and Differential Diagnosis. Conditions in 
sheep attributed to infection with OvLV include progressive 
emaciation ("thin ewe syndrome"), progressive respiratory 
failure, indurative lymphocytic mastitis ("hard bag"), posterior 
paresis, chronic nonsuppurative arthritis, and vasculitis. 566 * 571 
In North America progressive pneumonia and aseptic mastitis 
are the most common clinical manifestations. 567 Natural dis¬ 
ease is usually observed in 2- to 3-year-old sheep, but adult 
sheep of any age can be affected. 567 - 568 - 570 Emaciation despite 
a good appetite is one of the earliest symptoms. Clinical signs 
of progressive pneumonia include exercise intolerance, 
tachypnea, expiratory dyspnea, open-mouth breathing, and 
occasionally a nonproductive cough. Thoracic auscultation 
reveals increased breath sounds, but crackles and wheezes are 
inapparent. Pyrexia and purulent nasal discharge usually indi¬ 
cate the presence of secondary bacterial pneumonia. Affected 
ewes give birth to small, weak lambs. Death from anoxia or 
secondary bacterial infection occurs within 6 to 12 months 
of first appearance of signs. 

Chronic pneumonias of sheep that have to be differen¬ 
tiated from OPP include chronic bronchopneumonia 
caused by M. (Pasteurella) haemolytica, OPA, verminous 
pneumonia, and pulmonary and lymph node abscesses 
caused by C. pseudotuberculosis. 566 ' 569 Thoracic radiographs, 
culture of tracheal wash material, and fecal examination 
by the Baermann technique are useful for antemortem dif¬ 
ferentiation. Gross and histopathologic evaluations of pul¬ 
monary tissues obtained at necropsy are useful for 
diagnosis of a flock problem. 


II Diagnosis. Hematologic changes in sheep with OPP are 
nonspecific and may include lymphocytosis early in the 
course of disease and mild hypochromic anemia and hyper¬ 
gammaglobulinemia in advanced disease. 570 A presumptive 
diagnosis of OPP can be made on the basis of clinical signs, 
lack of response to treatment, and serologic test results. Cur¬ 
rently available serologic tests are run by different labora¬ 
tories using different techniques, making comparisons 
difficult. The serologic tests commonly used to detea anti¬ 
bodies to OvLV in serum are the AGID test and ELI- 
SAs. 566 * 568 The simplicity and low cost of the AGID test 
makes it the test of choice for eradication programs. 566 - 572 
Several authors have suggested that ELISA tests are more 
sensitive than the AGID test. 566 - 572 * 573 However, in a study 
comparing the AGID test with 2. recombinant ELISA tests 
the AGID test was found to have a specificity of 100% and 
a sensitivity of 11% 2 weeks postinfection, and 100% 5 
weeks postinfection. 566 In comparison, ELISA tests direaed 
against the OvLV core protein or the OvLV transmembrane 
protein had mean sensitivities of 88% and 86%, respec¬ 
tively, and mean specificities of 95%. 566 ELISA tests 
may produce false-negative results in recently infeaed ani¬ 
mals as they detea IgG rather than IgM. 566 Virus isolation 
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can be used to definitively identify OvLV-infected ani¬ 
mals. 566569 Virus isolation, which is time-consuming and 
expensive, is accomplished by coculture of infected fresh 
or frozen tissue with indicator cell lines. In culture, retro¬ 
viruses form characteristic multinucleated syncytia. 570 Viral 
antigens can be detected in these syncytia by use of immu- 
nofluorescent staining. 570 PCR testing has been used as a 
research tool to demonstrate OvLV DNA in clinical speci¬ 
mens from naturally infected sheep. 574 

II Pathophysiology. OvLVs are thought to gain access to the 
body via the oral or respiratory route. Infection is then 
established in the monocyte or macrophage cell line and 
spreads via these infected cells to the lungs, lymph nodes, 
choroid plexus, spleen, bone marrow, mammary glands, 
and kidneys. 570 The virus is able to persist in the face of 
humoral and cellular immunity through (1) latent infection 
of host cells by DNA provirus, (2) long-term nonproductive 
infection of blood monocytes (virus replicates only on dif¬ 
ferentiation of monocytes into macrophages), and (3) virus 
mutation with emergence of new antigenic variants that are 
not neutralized by preexisting antibody. 570 

II Epidemiology. The seroprevalence of OPP in cull ewes in 
the United States ranges widely and increases with advanc¬ 
ing age. 566 With the exception of West Texas, with an infec¬ 
tion rate of 0.5%, serologic surveys in cull ewes in other 
states have revealed infection rates of 30% to 67%. The 
low seroprevalence in Texas has been attributed to the hot 
dry climate and extensive grazing practices. 570 Limited stud¬ 
ies in large mixed-breed flocks have provided evidence that 
some sheep breeds may be more resistant to infection than 
other breeds. 566 Additional research is required before a 
particular breed or line of sheep can be viewed as resistant 
to OvLV infection. The lung and mammary gland are 
believed to be the main sources of excreted virus. 566 Studies 
conducted in Europe and Iceland have shown that transmis¬ 
sion from the ewe to her lambs commonly occurs through 
the ingestion of infected colostrum and milk. 566 In other 
studies, close confinement of diseased or seropositive sheep 
with healthy or seronegative sheep resulted in disease 
or seroconversion in the previously healthy or seronega¬ 
tive animals; these infections were presumed to have 
occurred via the respiratory route. 566 OvLV transmission 
has been shown to occur through fecal contamination 
of drinking water. 566 It is likely that other fomites (saliva, 
nasal discharge, urine) contaminating feed and/or water 
also contribute to the spread of disease. 507 Transmission 
through the uterine wall, or via germ cells, can occur 
but is rare. 566 


II Necropsy Findings. Lesions may develop in any or all of 
the following tissues of OPPV-infected sheep: lungs and 
regional lymph nodes, brain, joints, mammary glands, and 
blood vessels. 567 Changes are most obvious in the lungs, 
which do not collapse on opening of the thorax. 569 570 Ver¬ 
tical rib impressions may be seen on the exterior lung 
surface. Affected lungs are heavy and have a mottled to 
uniform pink-brown to gray-blue discoloration. Secondary 
bacterial pneumonia may cause anterior-ventral pulmonary 
consolidation. Tracheobronchial and mediastinal lymph 
nodes are markedly enlarged, bulge on cut surfaces, and are 
homogeneous, gray-white throughout. Histologic examination 
reveals a diffuse lymphoproliferative pneumonia character¬ 
ized by prominent lymphoid follicle formation adjacent 
to bronchioles and small vessels; discrete nodules of 


lymphocytes, unrelated to vessels or airways, are also found 
in the lung parenchyma. 567 * 570 Lymphocytes, plasma cells, 
and macrophages infiltrate into interalveolar septa, and 
hyperplasia of alveolar epithelium and terminal bronchial 
smooth muscle may be seen. 


II Treatment and Prognosis. OPP is not treatable. Antibio¬ 
tics can be used to control secondary bacterial pneumonia, 
but most sheep die within a year of first exhibiting clinical 

signs. 567 * 568 


II Prevention and Control. OPPV is difficult to eradicate 
from a flock once infection is established. 570 Control meth¬ 
ods include (1) a "test-and-cull" practice and (2) isolation 
of infected adults and artificial rearing of their offspring. 567 
With the first method, all sheep are tested annually for anti¬ 
body, and seropositive animals and their progeny younger 
than 1 year of age are culled or isolated from the negative 
flock; culling is preferred because of the danger of cross- 
contamination. New additions should be seronegative and 
originate from seronegative flocks. Annual testing should 
be performed until two consecutive negative herd test 
results are obtained to be reasonably confident that the 
flock is virus free. With the second method, progeny are 
removed from their dams before they nurse and are fed 
cow's colostrum and raised in isolation. The clean herd 
should be kept isolated from infected sheep and goats and 
from humans and equipment in contact with infected 
sheep. Herd additions and annual testing should be han¬ 
dled as described for method one. 


OVINE PULMONARY ADENOCARCINOMA 

II Definition and Etiology. OPA (sheep pulmonary adeno¬ 
matosis or jaagsiekte) is a naturally occurring retrovirus- 
induced bronchioloalveolar carcinoma of sheep and, rarely, 
goats that has been associated etiologically with a type B/D 
retrovirus (JSRV). 575 576 OvLVs and herpesviruses have been 
isolated from OPA tumors; however, they are not consis¬ 
tently present 577 and do not induce OPA when inoculated 
experimentally. 578 579 One theory is that these viruses act 
as cofactors in tumor induction. Defining the role of JSRV 
in OPA has been complicated by the presence of 15 to 20 
endogenous jaagsiekte retroviruses (enJSRVs) that are stably 
integrated into the genomes of sheep and goats. 580581 
Recent research has indicated that exogenous JSRV is likely 
not of endogenous origin. There has been speculation that 
the endogenous viruses may modify the genome of exoge¬ 
nous JSRV, either by inducing the expression of an onco¬ 
gene or by inactivating a tumor suppressor gene. 576 
Sequence analyses of exogenous JSRV and enJSRV suggest 
that endogenous viruses do not directly contribute to the 
pathogenesis of OPA through large-scale recombination 
events, but small-scale recombination or complementation 
of gene function has not been definitively excluded. 580 
There has been speculation that expression of enJSRV in 
the fetal or neonatal period may influence expression of 
OPA through induction of immunologic tolerance. 580 

II Clinical Signs and Differential Diagnosis. OPA usually 
affects mature sheep between 2 and 4 years of age, although 
lambs as young as 3 months of age have been diagnosed 
with the disease. 576 Clinical manifestations include progres¬ 
sive weight loss, exercise intolerance, tachypnea, dyspnea, 
occasional cough, and crackles and wheezes on thoracic 
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auscultation. In many cases, presence of abundant watery 
nasal discharge can be demonstrated by raising the rear 
limbs and lowering the head of the affected sheep ("wheel¬ 
barrow test"). 576 Appetite and rectal temperature are usually 
normal unless secondary infection and intercurrent disease 
are present. Sheep with OPA typically succumb within a 
few weeks to months after first exhibiting clinical signs. 

II Diagnosis. The only reported laboratory abnormality in 
sheep with OPA is hypergammaglobulinemia. Some 
researchers have demonstrated the utility of serologic assays 
to identify OPA-infected sheep, but other investigators have 
been unable to demonstrate antibodies to |SRV in the sera 
of affected sheep. 576 PCR tests, capable of demonstrating 
viral nucleic acids of endogenous JSRV tissues in OPA- 
infected animals, have been developed. 575 

II Epidemiology. OPA has been reported in many countries 
in Europe, Africa, and Asia but is a rare occurrence in sheep 
in Australia and New Zealand. 575576 The prevalence of 
OPA varies among countries in which the infection occurs; 
it is endemic in Scotland, Peru, and South Africa, where 
annual losses range from 2% to 10%. In contrast, OPA is 
infrequently diagnosed in the United States and Canada, 
where totals of 11 and 43 cases, respectively, have been 
reported. 575 - 576 

OPA has been reproduced experimentally by intratra¬ 
cheal inoculation of lung homogenates or pulmonary 
lavage fluids obtained from infected animals. 582 Lambs 
between birth and 5 weeks of age have been shown to be 
more susceptible to experimental infection than 10-week- 
old lambs. 582 This age-related susceptibility to OPA suggests 
that natural virus transmission occurs in the neonatal 
period. Aerosol transmission and contamination of feed 
and water by respiratory secretions are likely methods of 
disease spread, particularly in confined sheep. 

II Necropsy Findings. Lungs of OPA sheep are heavy (two 
to three times normal weight) and exude dear fluid from 
the cut surface. The trachea and bronchi often contain dear, 
foamy fluid. Large, firm, gray masses are commonly encoun¬ 
tered in the cranioventral regions of one or both lungs. Smal¬ 
ler (1- to 2-cm) nodules are occasionally visualized in the 
caudodorsal lung regions. 576 Metastasis to regional lymph 
nodes occurs in approximately 10% of cases, causing pulmo¬ 
nary lymph node enlargement. 583 Metastases to cardiac and 
skeletal musdes are infrequendy reported. 583 Some cases of 
OPA are complicated by secondary acute or chronic bacterial 
pneumonia. 

OPA is classified by the World Health Organization 
(WHO) as a bronchioloalveolar carcinoma arising from 
alveolar type II pneumocytes or nondliated bronchiolar 
cells. 583 Neoplastic masses consist of columnar or cuboidal 
cells arranged in an acinar or papillary pattern. Some 
tumors are surrounded by areas of fibroplasia. 

II Treatment and Prognosis. There are no known treat¬ 
ments for this disease. Antibiotics may prolong the life of 
OPA-affected sheep through control of secondary bacterial 
pneumonia. 576 

II Prevention and Control. Recendy a PCR for JSRV, per¬ 
formed on peripheral leukocytes and dssues of naturally 
infected sheep, demonstrated that this test could detea 
virus in live sheep before the onset of dinical disease. 575 


This may hold promise for insdgadon of test-and-cull pro¬ 
grams in the future. OPA was eradicated from Iceland by 
slaughtering all sheep in endemic areas. 

CAPRINE ARTHRITIS-ENCEPHALITIS 

CAE is a persistent lendviral infection of goats with two 
major clinical presentations: leukoencephalomyelitis in kids 
2 to 6 months of age and chronic, hyperplastic polysynovi¬ 
tis in mature goats. 584585 Mild interstitial pneumonia, 
which is silent clinically, is a common postmortem finding 
in goat kids with leukoencephalomyelitis. 585 In one study, 
60% of goats serologically positive for CAEV had lesions 
of severe chronic interstitial pneumonia at slaughter. 585 
Similarly, chronic interstitial pneumonia, accompanied by 
exercise intolerance and dyspnea, was described in dairy 
goats originating from herds that had dinical cases of arthri¬ 
tis and leukoencephalomyelitis. 586 The lung lesions in these 
goats resembled those of OPP 586587 and were positive 
for CAEV. However, CAEV has been recovered from the 
lungs of goats with advanced arthritis but without pneumo¬ 
nia. In addition, goats inoculated intratracheally with 
purified CAEV did not develop pulmonary lesions. 586 This 
may indicate that there is no causal relationship between 
CAEV and interstitial pneumonia in goats, or that the 
lesions have a multifactorial cause. CAE is discussed in 
detail in Chapter 35. 

CASEOUS LYMPHADENITIS 

CLA, caused by C. pseudotuberculosis (previously known as 
C. avis), is a worldwide disease of sheep and goats charaaer- 
ized by the development of pyogranulomatous abscesses in 
lymph nodes and internal organs. 588 591 Once established 
in a herd or flock CLA is difficult to eradicate. The disease 
responds poorly to treatment, infected animals are difficult 
to detea via clinical signs or diagnostic testing, and the 
organism tends to persists in the environment. 588 589 CLA 
most commonly presents as an external form characterized 
by SC abscesses in superficial lymph nodes. 588 The internal, 
or visceral, form of CLA manifests as internal abscesses in 
the mediastinal and mesenteric lymph nodes and internal 
organs, such as the lungs, liver, spleen, kidneys, uterus, 
and so on. 588 Goats are more commonly affliaed with 
external abscesses, whereas the visceral form of CLA appears 
to be more common in sheep. 588 Visceral CLA may be 
asymptomatic but is usually associated with ill thrift and 
significant weight loss. 588 - 592 - 593 Clinical signs that may 
accompany abscesses in the lung parenchyma and mediasti¬ 
nal lymph nodes are exercise intolerance, tachypnea, dys¬ 
pnea, and chronic cough. Because of the encapsulated 
nature of pulmonary abscesses and lack of exudate in air¬ 
ways, pulmonary crackles are rarely auscultated. 591 Nonspe¬ 
cific laboratory findings in sheep and goats with CLA 
include leukocytosis, hyperfibrinogenemia, hyperproteine- 
mia, and hypergammaglobulinemia; however, laboratory 
findings are frequently normal in animals with chronic 
abscesses. 591 A definitive diagnosis of visceral CLA with pul¬ 
monary involvement can be achieved by demonstrating 
abscesses in the lungs and mediastinal lymph nodes with 
thoracic radiography, and by isolating C. pseudotuberculosis 
from a TTA. 588 591 Failure to isolate the organism from 
tracheal wash fluid, however, does not rule out CLA as the 
cause of pulmonary disease. Charaaeristic postmortem 
findings of the respiratory form of CLA are one to multiple 
thick-walled, laminated, encapsulated, caseopurulent ab¬ 
scesses in the bronchial lymph nodes, mediastinal lymph 
nodes, and/or lung parenchyma. The synergistic hemolysis 
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inhibition (SHI) test, which screens for antibodies directed 
against the phospholipase D exotoxin of C. pseudotuberculo¬ 
sis, was developed to diagnose early infections (before the 
development of SC abscesses) and to assist in the diagnosis 
of internal abscesses. 594 Any titer higher than 1:4 is sugges¬ 
tive of exposure or early infection. 588 Titers of 1:512 and 
higher are highly correlated with internal abscesses. 588 In a 
field study the SHI test had a sensitivity of 96% in sheep 
and 98% in goats and detected subdinically affected ani¬ 
mals. 595 A double-antibody sandwich ELISA directed at 
G pseudotuberculosis is being employed in Europe to detect 
subdinically affected sheep and goats and has contributed 
to successful disease eradication from some flocks. 596 CLA 
is discussed in more detail in relation lo the hemolymphatic 
system (see Chapter 37). 


OTHER PNEUMON IAS 

AMELIA R. WOOIJJMS 

STEVEN E. WIKSE 

ASPIRATION PNEUMONIA 

Aspiration pneumonia is caused by inhalation of large 
amounts of foreign material, often liquids. It is also called 
gangrenous pneumonia, foreign-body pneumonia, medication 
pneumonia, or lipid pneumonia. The most common cause is 
careless drenching or passage of stomach tubes during 
administration of milk or liquid medication. It also occurs 
occasionally in pail-fed calves, animals with pharyngeal 
paresis, animals with necrotic laryngitis, lambs with nutri¬ 
tional myodegeneration, anesthetized animals, sheep that 
are dipped, cattle that have parturient paresis, and cattle that 
ingest crude oils or fuel oils. 597 * 598 Meconium aspiration 
secondary to fetal distress has been recognized as a possible 
risk factor of neonatal calf mortality. 599 The condition 
is characterized by a mild diffuse alveolitis that results in 
hypoxia and acidosis, which leads to impaired absorption 
of colostral antibodies and inadequate passive transfer in 
affected calves. 

If large quantities of fluid are aspirated, death may be 
almost instantaneous, but generally a gangrenous bron¬ 
chopneumonia develops as a result of infection and the 
irritating properties of the inhaled material. Affected ani¬ 
mals exhibit depression, polypnea, dyspnea, coughing, 
and fever and may have putrid breath. Crackles, wheezes, 
and occasionally pleural friction rubs can be heard on 
auscultation. 

Diagnosis is based on the history, sudden onset, and 
severe signs. Differential diagnoses include acute broncho¬ 
pneumonia and septicemia. Necropsy reveals consolidation 
of the anterior ventral areas of the lungs. Affected areas are 
severely hemorrhagic in acute cases and contain suppura¬ 
tion and liquefactive necrosis in subacute cases. 

The prognosis is guarded in all cases of aspiration pneu¬ 
monia, but some animals can be saved. Antibiotics com¬ 
bined with antiinflammatory agents should be promptly 
administered, and long-term antimicrobial therapy is 
required. Prevention of aspiration pneumonia centers on 
careful administration of medication and avoidance of 
other risk factors that may promote inhalation of foreign 
materials. 

MYCOTIC PNEUMONIAS 

Ruminants may occasionally have pulmonary infections 
with C. immitis, Aspergillus species, H. capsulatum, G albicans, 
and fungi of the order Mucorales. 600 Coccidioidomycosis 


occurs in catde and much less commonly in sheep and goats 
in the southwestern United States. It causes very few clinical 
signs in ruminants, but the occasional animal may exhibit 
a chronic cough and weight loss. Differential diagnoses 
include tuberculosis and CLA. Radiologic evaluation is help- 
fill in establishing the presence of pulmonary masses. 
The diagnosis may be confirmed by culture, histologic iden¬ 
tification of the characteristic spherules, and intradermal and 
complement-fixation tests. The organism is obtained from 
the soil and is not easily transmitted from animal to animal 
or to human, but nevertheless it represents a serious zoo¬ 
notic disease concern. The major lesion is a granuloma with 
creamy pus in the bronchial and mediastinal lymph nodes. 
There is no treatment. Control of dust may lessen the 
incidence. 600 

Aspergillosis is a rare condition that usually occurs in 
housed calves, particularly in those that have had chronic 
antibiotic or steroid therapy or that are otherwise immuno- 
suppressed or chronically ill. There are three forms. The 
acute form is characterized by a fibrinous pneumonia with 
fever, dyspnea, tachypnea, cough, nasal discharge, groaning, 
and a short course to death. The subacute and chronic 
forms are less severe and exhibit mainly anorexia, weight 
loss, and mild respiratory signs. Differential diagnoses 
include enzootic pneumonia, tuberculosis, and lungworms. 
Radiographs, transtracheal washings, histopathologic evalu¬ 
ation (with demonstration of branching septate hyphae), 
and culture of lesions help establish the diagnosis. The sub¬ 
acute and chronic lesions consist of multiple small, white, 
discrete granulomas with necrotic centers. The acute lesions 
are those of a severe fibrinous pleuropneumonia. 600 Treat¬ 
ment is frequently ineffective; antifungal agents such as nys¬ 
tatin, amphotericin B, and ketoconazole may be tried in 
individual cases. Doses and withdrawal times for these 
drugs are not established for ruminants, and because treat¬ 
ment of fungal pneumonia in other species requires months 
of therapy, treatment is not likely to be economically feasi¬ 
ble in most cases. 

Histoplasmosis is rare in ruminants. It is a polysystemic 
disease with chronic emaciation, dyspnea, diarrhea, and 
anasarca. An intradermal delayed hypersensitivity test, cul¬ 
ture, or histopathologic identification of the yeastlike organ¬ 
ism helps to confirm the diagnosis. Lesions include ascites, 
liver enlargement, gut edema, pulmonary emphysema, and 
pulmonary edema with abscesses. As described for aspergil¬ 
losis, antifungal therapy may be attempted but is not likely 
to be economically feasible. 

Pulmonary candidiasis has been reported as an outbreak 
in a feedlot. It was characterized by a chronic pneumonia 
with severe dyspnea but only moderate fever; a mucopuru¬ 
lent, brown-streaked nasal discharge; diarrhea; a crusted 
muzzle; and lacrimation without conjunctivitis. Differential 
diagnoses should include the various upper respiratory 
viruses, particularly IBR and BVDV, and bacterial broncho¬ 
pneumonia. The diagnosis is made by the presence of the 
budding yeastlike organism in smears and cultures. Lesions 
include lung consolidation and abscesses. 600 Treatment has 
not been investigated. 

Zygomycosis, phycomycosis, and mucormycosis are 
synonyms for a very rare opportunistic disease in rumi¬ 
nants. This is a systemic fungal infection that may affect 
the lung, stomach, liver, brain, and lymphatic system. 
Cattle with Mucorales species pneumonia exhibit tachyp¬ 
nea, dyspnea, nasal discharge, fever, and anorexia. The 
pulmonary lesions are a fibrinous pleuritis with firm, 
heavy, wet, mottled lungs. Histopathologic demonstration 
of broad aseptate hyphae in affected tissue and culture are 
the best means of diagnosis. 600 Treatment has not been 
investigated. 
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VENA CAVAL THROMBOSIS AND 
METASTATIC PNEUMONIA 

II Definition and Etiology. Metastatic or embolic pneumo¬ 
nia in cattle, also called caudal vena caval thrombosis, pulmo¬ 
nary thromboembolism, and embolic pulmonary aneurysm, is a 
distinct syndrome associated with multifocal abscessation 
of the lungs caused by septic thromboembolism of the pul¬ 
monary arterial system. The septic emboli arise from septic 
thrombi of the caudal vena cava (Fig. 31-68) or, less com¬ 
monly, the cranial vena cava. Vena caval thrombi are in turn 
a sequela to various septic conditions such as jugular phlebitis, 
mastitis, metritis, foot rot, or, most often, liver abscesses sec¬ 
ondary to rumenitis. 601 A variety of bacteria may be involved; 
those most frequently encountered include F. necrophorum, 
Arcanobacterium (Actinomyces) pyogenes, staphylococci, strepto¬ 
cocci, and £. coli. 

II Clinical Signs. Because of its association with rumenitis, 
this condition is most commonly seen in feedlot cattle, but 
any age, breed, sex, and class of cattle may be affected. The 
problem is unusual in cattle less than 1 year of age. Cattle 
with metastatic pneumonia usually exhibit respiratory dis¬ 
turbance or weight loss or occasionally thoracic pain. The 
duration of signs is quite variable, ranging from acute respi¬ 
ratory distress to a chronic history of weight loss and cough¬ 
ing for weeks to months. 602 603 The classic presentation 
includes tachycardia, tachypnea (respiratory rate over 30 
breaths/min), expiratory dyspnea and groaning, hyperpnea, 
coughing, heart murmurs and pale mucous membranes 
(caused by anemia), widespread wheezes, epistaxis, and 
hemoptysis. 601602 Other signs, which are more variable, 
include fever, thoracic pain on deep palpation of the ster¬ 
num and intercostal spaces, hepatomegaly (indicated by 
the ability to palpate the caudal edge of the liver in the right 
paralumbar fossa), SC emphysema, froth at the muzzle, and 
melena caused by coughing up and swallowing blood. 601602 
Nonspecific accompanying signs include depression, 
anorexia, ruminal stasis, scant feces, and decreased milk pro¬ 
duction. In chronic cases cor pulmonale may lead to signs of 
right ventricular failure such as jugular distention and brisket 
edema. 602 The combination of respiratory signs with ane¬ 
mia, widespread wheezes, and especially hemoptysis is gen¬ 
erally regarded as pathognomonic for this syndrome. 602 



FIG. 31-68 II Postmortem photograph of thrombus in caudal vena cava, 
which leads to embolic pneumonia demonstrated in Fig. 31-69. (Photo¬ 
graph contributed by Feedlot Flealth Management Services, Okotoks. AB. 
Canada.) 


Animals usually deteriorate rapidly once hemoptysis 
becomes evident, and the condition is essentially 100% 
fatal. Many patients die suddenly with an acute episode of 
severe intrapulmonary hemorrhage or hemoptysis after a 
variable course of respiratory disease. Some of these cases 
in which the respiratory signs were overlooked may account 
for the reports of sudden death attributed to vena caval 
thrombosis. 602 Caudal vena caval thrombosis can also lead 
to hepatomegaly and extensive ascites, but most of these 
animals also have respiratory signs. 603 Sudden erosion of 
a large hepatic abscess into the caudal vena cava may also 
result in a massive embolic shower, with acute respiratory 
distress and death. 603 

In patients with the pathognomonic signs (the majority 
of cases), no differential diagnoses need be considered. 
However, many patients are examined before the onset of 
hemoptysis, and a few may die without exhibiting these 
signs. 603 Differential considerations in such cases, which 
usually manifest as acute dyspnea, should include anaphy¬ 
laxis, the various ARDSs, hypersensitivity pneumonitis, 
lungworms, and acute bronchopneumonia. Patients with 
right ventricular failure should be differentiated from those 
with pericarditis, lymphosarcoma, cardiomyopathy, and 
endocarditis. 


II Pathogenesis. The classic pathogenesis of this disease 
begins with the development of rumenitis secondary to lactic 
acidosis caused by highly fermentable diets such as those 
used in feedlots, some dairies, and some growing rations. 
Bacteria such as F. necrophorum and A. pyogenes are then able 
to penetrate the damaged ruminal epithelium and are trans¬ 
ported to the liver in the portal drainage system, where they 
are filtered out and result in abscesses. If an abscess is located 
next to the caudal vena cava (where the vessel is closely 
applied to the left border of the liver), a septic thrombus 
may form in the vena cava as a result of infiltration of its wall 
by the abscess (see Fig. 31-68). Septic emboli detach from the 
thrombus and reach the lungs through the pulmonary arterial 
system. Alternatives to this classic pathway are rare; they 
include the following: thrombosis of the cranial vena cava 
from primary lesions such as jugular phlebitis, thrombosis 
of the caudal vena cava from other subdiaphragmatic 
abscesses, right-sided endocarditis, and emboli arising from 
other septic foci such as mastitis, metritis, and foot rot. Large 
emboli may block lobar or larger arteries, causing an acute 
crisis and death. More typically, smaller emboli lodge in arter¬ 
ioles, where they cause arterial thromboembolism, arteritis, 
endarteritis, and pulmonary abscesses (Fig. 31-69). The wide¬ 
spread arterial embolism also results in pulmonary arterial 
hypertension. Arteritis and endarteritis weaken the vessel 
walls and, in combination with pulmonary hypertension, 
lead to the formation of aneurysms. In some cases a perivascu¬ 
lar abscess not only erodes an arterial wall to produce an 
aneurysm but simultaneously erodes a bronchial wall; when 
the aneurysm ruptures, the abscess cavity channels the blood 
into the bronchus, resulting in massive hemoptysis. In other 
cases, rupture of aneurysms results in large interstitial hemato¬ 
mas. Both processes result in anemia; when coughed-up 
blood is swallowed, melena may result. Coughing and 
wheezes are probably caused by blood clots in airways, 
peribronchial aneurysms and abscesses, and suppurative 
pneumonia. Pain results from dissecting aneurysms and 
hematomas. 602 


II Epidemiology. Metastatic pneumonia accounted for 
1.3% of necropsy diagnoses in one large feedlot survey, 
with a rate varying between 1.6 and 7.3 cases per 100,000 
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FIG. 31-69 II Postmortem photograph of lung from feedlot steer with 
embolic pneumonia caused by caudal vena caval thrombosis. Note multiple 
dark red emboli with raised abscesses scattered throughout lung. (Photo¬ 
graph contributed by leedlot Health Management Services, Okotoks, AB, 
Canada.) 


head on feed. Cases occurred year round and during all 
stages of fattening, although 68% of cases occurred during 
the first 90 days on feed. 604 The case fatality rate is usually 
100 %. 

II Necropsy Findings. Almost all patients with significant 
hemoptysis have a thrombus in the posterior vena cava 
between the liver and the right atrium. There is usually 
an adjacent hepatic abscess, varying degrees of venous 
congestion of the liver, and hepatomegaly. The lungs are 
large, uncollapsed, and firm. Aneurysms may occur in 
either lung or both. I lematomas associated with ruptured 
aneurysms are frequently 3 to 10 cm in diameter. 604 Large 
blood clots may be found in the airways, aspirated blood 
in the alveoli, and swallowed clots in the rumen. Areas of 
suppurative pneumonia and multiple abscesses are present 
(see Fig. 31-69). 


atropine (0.04 mg/kg SC daily), may be helpful in cases with 
severe respiratory distress. 

On the basis of the assumption that rumenitis and liver 
abscesses are the first steps in the pathogenesis of most 
cases, measures to reduce the incidence of these problems 
are appropriate. Recommendations include slow adaptation 
of animals to high-energy rations and feeding of antibiotics 
to reduce the incidence of liver abscesses. 


BOVINE TUBERCULOSIS 

MICHAEL S. VANDERKLOK 

II Definition and Etiologyr. Mycobacterium bovis, know as 
bovine tuberculosis, is the most common cause of tubercu¬ 
losis in cattle. The bacterium belongs to the M. tuberculosis 
(MTB) complex of organisms, which includes M. tuberculo¬ 
sis , M. africanum, and Mycobacterium microti. Mycobacterium 
bovis has the widest host range of the species included in this 
complex. 605 All species of mammals, including humans, are 
susceptible to Mycobacterium bovis infection, although the 
susceptibility of different species is variable. The importance 
of this organism as a zoonotic agent has led to the institu¬ 
tion of long-standing programs for eradication of the dis¬ 
ease, especially in developed countries. The occurrence of 
Mycobacterium bovis as an endemic disease in wildlife popu¬ 
lations in mammalian species in numerous countries 
has created new challenges for control of this disease in 
domestic livestock. 

The organism can affect animals of any age. 606 Com¬ 
monly infected livestock species include cattle, goats, swine, 
and cervids. Horses have been regarded as relatively resistant, 
but repons from New Zealand indicate that large numbers of 
sheep can be affected. 607 - 608 Other Mycobacterium species 
occasionally cause clinical disease, especially M. avium in 
swine, but their main importance historically lies in the prob¬ 
lems created for control and eradication programs through 
the reaction of exposed animals to the common tuberculosis 
tests. Disease caused by M. avium subsp. paratuberculosis 
(Johne's disease) has risen as a concern in dairy cattle in 
recent years. 


II Diagnosis. The CBC may reveal anemia and a neutro¬ 
philic leukocytosis with a regenerative left shift. Hyperglobu- 
linemia is frequently present. Serum chemical analysis may 
reflect chronic passive congestion of the liver, with elevation 
of bilirubin and liver-derived enzymes. Radiographs often 
reveal only an irregular increase in lung density. Small dis¬ 
crete densities (areas of embolic infarction and collapse); 
large, discrete, spheric opacities (hematomas); cavitating 
nodules, sometimes with gas-fluid interfaces (abscesses); 
bullae; and areas of consolidation may be observed in some 
cases. 602 ' 603 

II Treatment and Prexrention. The prognosis is grave, so 
treatment is rarely indicated, and salvage is the most feasible 
recommendation. In valuable individuals, antibiotics and 
supportive therapy may be attempted. Penicillin is the drug 
of choice for the most common organisms involved; large 
doses (22,000 U/kg 1M or SC twice daily as a minimum) for 
extended periods (weeks to months) are recommended. 
Long-acting oxytetracydine and florfenicol are other drugs 
that are effective against the bacteria likely to be involved. 
Supportive therapy for cases with acute severe dyspnea 
includes fiirosemide (0.5 to 1 mg/kg IV or IM once or twice 
daily) and flunixin meglumine (1.1 to 2.2 mg/kg once or 
divided twice daily). One or two doses of corticosteroids 
(dexamethasone at 0.05 to 0.2 mg/kg IV or IM q 24 h), or 


II Clinical Signs and Differential Diagnosis. Signs of 
Mycobacterium bovis infection can be very nonspecific, and 
in early stages of the disease are inapparent. Infected animals 
may not show clinical abnormalities, yet may pose health 
risks to other livestock and to humans. Patients may have 
chronic weight loss, variable appetite, and fluctuating fevers, 
which may be accentuated after calving. Other signs depend 
on the organs involved. The route of invasion in ruminants 
is usually respiratory through inhalation; however, recent 
research and occurrences have demonstrated the capability 
of ingestion of contaminated feed and other forms of indirect 
contact to transmit the disease. 609 612 Signs related to the 
respiratory system are relatively common and usually mild, 
although severe chronic infections can lead to debilitation. 
Progressive emaciation can occur that is unassociated with 
other clinical signs, and such occurrences should lead to 
investigation of potential Mycobacterium boiis infection. 606 

Specific clinical signs of the disease are determined by 
the initial location of bacterial introduction to the body. 
Respiratory signs in ruminants include a soft, moist, 
chronic cough resulting from bronchopneumonia. Obvi¬ 
ous dyspnea, tachypnea, hyperpnea, and adventitious lung 
sounds occur only in the terminal stages. Lung sounds 
include crackles, wheezes, and silent spots occupied by 
granulomas; pleural friction rubs may occur rarely. 
Enlarged mediastinal nodes may cause bloat. Intestinal 
ulceration and diarrhea may occur, and enlarged 
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mesenteric nodes may cause transport failure or obstruc¬ 
tions. Involvement of retropharyngeal nodes may cause 
dysphagia, stridor, and salivation. Lesions occur rarely in 
the peripheral nodes, the reproductive tract (causing infer¬ 
tility, abortion, metritis, and vaginitis), and the mammary 
gland. Other chronic pulmonary infections should be con¬ 
sidered for differential diagnosis (e.g., chronic suppurative 
pneumonia, Arcanobacterium (Actinomyces) pyogenes 
abscesses, C. pseudotuberculosis CLA in sheep and goats, 
and mycotic pneumonias). Pharyngeal lesions should be 
differentiated from pharyngeal trauma, abscesses, lympho¬ 
sarcoma or other neoplasia, rabies, botulism, actinobacil- 
losis, necrotic laryngitis, and laryngeal abscesses, trauma, 
edema, paralysis, and tumors. 


II Diagnosis. Mycobacterial organisms in general precipi¬ 
tate a cell-mediated immune response but do not cause an 
immediate or sustained humoral reaction in mammalian 
species. The lack of specific antibody production in an 
exposed or infected animal has made development of 
serum-based laboratory tests for use in a live animal diffi¬ 
cult. The intradermal tuberculin test has been the only clin- 
icopathologic test routinely used. Recent advances in 
diagnostics have led to the introduction of tests that mea¬ 
sure specific IFN-y production in the blood of exposed or 
infected cattle. 613 In the United States, accredited veterinar¬ 
ians are authorized to administer 0.1 mL of mammalian 
tuberculin purified protein derivative intradermally in the 
caudal tail fold (CFT) as a primary diagnostic test. The test 
result is read in 72 ± 6 hours as negative or suspect. State 
or federal veterinarians may also use a 0.2-mL cervical test 
in known infected herds. 

Only state or federal veterinarians may use the compara¬ 
tive cervical test (CCT), or state or federal veterinarians and 
approved accredited veterinarians may use the IFN-y test 
(IG), to determine the disposition of cattle determined sus¬ 
pect by the CFT. In the CCT, biologically balanced mamma¬ 
lian and avian tuberculin are injected simultaneously in two 
sites on the same side of the neck, 12 cm apart and one 
above the other. The test site is assessed at 72 ± 6 hours 
and results determined by comparison of the relative 
increase in skin thickness between time intervals as 
measured by approved calipers. These relative increases are 
applied to a normogram to determine the final test result. 
Alternatively, the IG may be performed on animals suspect 
to the CFT by collection and submission of a whole blood 
sample to an approved laboratory for testing. 614 This test 
compares the relative production of specific IFN-y of cells 
exposed to MTB antigen and M. avium antigen. The basis 
for following CFT suspect testing with the CCT or IG tests 
is that animals infected with mycobacteria other than the 
MTB complex react to avian antigenic stimulation to a 
greater degree than to bovine antigens. 613 Tests vary in non- 
bovid species and include application of the intradermal 
tuberculin test in the axillary area of new world camelids 
and in the cervical region of cervid species. 614 

Testing protocols in other countries can vary in relation 
to the specific composition of tuberculin, interpretation of 
the tests, and application of tests in different species 
or situations. The presence of control and eradication pro¬ 
grams in most developed countries depend on the ability 
of these initial test procedures to differentiate herds or ani¬ 
mals that may have been exposed to the organism. As there 
is no economically viable or routinely effective treatment 
for the disease in livestock, final determination of the pres¬ 
ence or absence of Mycobacterium bovis is based on specific 
identification of the organism, such as via genetic identifica¬ 
tion or bacteriologic culturing. 


Other tests no longer in use include the SC and IV thermal 
tests, in which a temperature spike to over 40° C (104° F) in 
4 to 8 hours is the positive response; and the Stormont test, 
in which the intradermal test is performed twice in the same 
area 7 days apart. The response is determined 24 hours after 
the second test and an increase in skin thickness of 5 mm or 
greater is the positive result. A tuberculin test may result in 
locally increased sensitivity for about 12 days; thereafter there 
is a temporary generalized hyposensitization. Because of this, 
follow-up intradermal tests must be performed before 10 
days or after 60 days, and the IG test performed within 30 
days, after initial CFT injection in the United States. 614 A rel¬ 
ative hyposensitization also may occur just before and for 4 
to 6 weeks after calving. 

Animals with chronic disease or advanced pulmonary 
lesions may be anergic and may not react to immune-based 
testing. 615 False-positive reactions may occur as a result of 
human or avian tuberculosis, Johne's disease, saprophytic 
Mycobacterium species, or other agents such as Nocardia spe¬ 
cies. 613 Radiographs may be helpful in establishing the pres¬ 
ence of pulmonary masses in individual cases. Postmortem 
examination of animals delivered to slaughter facilities 
inspected by the Food Safety Inspection Service and nec¬ 
ropsy are used by control officials to determine the presence 
or absence of lesions. Histopathologic examination, PCR 
testing, and bacterial culture are all used to determine the 
final diagnosis in animals with lesions and suspect or reac¬ 
tor animals. 

The accuracy of antemortem diagnostics for Mycobacte¬ 
rium boins is limited by the organism's failure to produce a 
reliable cellular or humoral response, and the prevalence 
at which animals are exposed to cross-reacting organisms. 
Sensitivity of the CFT in field trials has been reported to 
be 63% to 97%, and increased test sensitivity can be seen 
in cases of individual animals with more extensive lesions 
and in herds that contain a higher prevalence of Mycobacte¬ 
rium bovis infection. 613 ' 615 616 Therefore the test is more 
valuable in making decisions regarding the presence of 
Mycobacterium bovis in herds rather than individual ani¬ 
mals. 617 It has been reported that Mycobacterium bovis strain 
type may influence the effectiveness of the CFT. 605 The spec¬ 
ificity of intradermal tuberculin testing has been reported to 
be 75.5% to 99.0%, 613 although accurate estimates are diffi¬ 
cult because of differences in research and field trial testing 
protocols. In areas with a low prevalence of disease, overall 
testing specificity is enhanced by using a combination of the 
CFT and CCT or IG tests in sequence. 

Determination of Mycobacterium bovis infection through 
examination of animals presented at slaughter facilities is 
routinely used in developed countries. Slaughter examina¬ 
tion systems have a lowered sensitivity compared with 
intradermal testing but are seen as a cost-effective surveil¬ 
lance method. 618 Sensitivity of postmortem examination 
is affected by the procedure used and the tissues exam¬ 
ined. The most common areas of lesion development in 
naturally infected cattle are in the lymph nodes that drain 
the respiratory tract. From 70% to 90% of Mycobacterium 
bovis lesions are found in the lymph nodes of the head 
or in the thoracic cavity. In low-prevalence areas, animals 
may have no, or only one, macroscopically visible 
lesion. 617 * 619 Because Mycobacterium bovis is difficult to 
culture, aseptic collection technique and appropriate stor¬ 
age of tissues during transport are critical for appropriate 
diagnosis. 


II Pathophysiology. The organism usually enters ruminants 
through the respiratory route, occasionally by ingestion. 
The infectious dose has a significant effect on the severity 
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and progression of the disease. Animals exposed to high 
doses of the organism develop more severe lesions and pro¬ 
duce an earlier and more consistent period of bacterial 
shedding than those exposed to low doses. It has been 
reported that a dose as small as one CFU can cause 
disease. 619 * 620 

Inhalation of the organism, the most common method 
of infection, usually results in a small necrotic granuloma¬ 
tous lesion occurring in the lungs. Granuloma formation 
is less common when the digestive tract is involved. Infec¬ 
tion of the upper respiratory tract or pharyngeal area may 
also be caused by ingestion of infected feeds. 610 From the 
initial site of entry the organism invades the local lymph 
nodes (retropharyngeal, tracheobronchial, mediastinal, mes¬ 
enteric), where it causes necrosis surrounded by a gran¬ 
uloma containing mononuclear cells. Localized lesions 
stimulate development of a fibrous capsule that varies in 
severity depending on the rate of development. This combi¬ 
nation of lesions at the site of entry and the local lymph 
nodes forms the primary complex. From there a postpri¬ 
mary dissemination occurs to various organs and can result 
in diffuse miliary tuberculosis, discrete nodular lesions in 
various organs, or chronic organ tuberculosis. The disease 
in cattle is progressive and eventually causes weakness, 
debility, and death. 605 * 606 * 610 * 619 Hypotheses based on 
knowledge of human tuberculosis have suggested that the 
majority of cattle exposed to Mycobacterium bovis may have 
the ability to dear the disease or enter a period of 
latency. 615 If proven true, this could have significant impact 
on eradication programs. 


II Epidemiology. Contact with infected animals is the most 
common source of exposure, and the organism is present in 
exhaled droplets, sputum, feces, milk, urine, vaginal dis¬ 
charge, semen, and draining nodes. Tuberculous lesions 
occur in the head or respiratory lymph nodes in 70% to 
90% of reactors with confirmed infections. However, lung 
lesions are found in 1% to 2%, to less than 10%, of these 
infected animals on postmortem examination. 617 * 618 Ani¬ 
mals with no visible signs of organ involvement have histor¬ 
ically been regarded as nonexcreters and been determined to 
be unimportant in transmission of the disease. If careful lab¬ 
oratory examinations are made, over 70% of cattle with 
lesions in respiratory lymph nodes have small lung lesions, 
and in 19% of confirmed cases Mycobacterium bovis is present 
in the tracheal mucus. All cattle with tuberculous lesions are 
therefore considered potential shedders. 621 Research has 
supported that Mycobacterium bovis adheres to a commonly 
held belief about many diseases: cattle with more advanced 
lesions have a higher shedding rate than animals with less 
extensive disease. 622 Feces can remain infective for 6 to 
8 weeks, and stagnant water for 18 days. Milk historically 
was a common route of infection in young animals. Recent 
research has demonstrated that Mycobacterium bovis can per¬ 
sist on feedstuffs such as com, carrots, apples, hay, and sugar 
beets for up to 16 weeks at 0° C (Whipple, unpublished 
data). 

Housing and crowding increases the contact of naive ani¬ 
mals with secretions of infected animals and can enhance 
spread of this disease. The disease can also be transmitted 
by indirect contact through contaminated feed and water, 
feeding and watering equipment, cleaning equipment, or 
movements of personnel—anything that can mechanically 
transfer the organism between locations. Movement of 
untested infected animals through purchases, sharing of 
breeding animals, and fenceline contact with other herds 
have historically been the most common ways of transferring 
the disease. 


Mycobacterium bovis has been found to occur as an 
endemic disease of wildlife populations in multiple 
countries. Such occurrences, and associated transmission 
from wildlife into domestic livestock herds, poses a new 
challenge to the control and eradication of the disease. Wild¬ 
life involvement in the transmission of disease to cattle has 
occurred with free-ranging white-tailed deer (Odocoileus virgi- 
nianus) in the United States, badger (Meles meles) in Great 
Britain, and brushtail possum (Trichosurus vulpecula ) in 
New Zealand, among others. Studies have demonstrated that 
these species can be reservoirs for transmission to livestock 
through indirect contact and contamination of feed, water, 
and environmental substrates. 610 * 611 * 622 The foraging habits 
of mammalian herbivores may also contribute to an 
increased risk of exposure to the organism in areas with wild¬ 
life reservoirs. 623 * 624 Movement of infected wildlife species 
through rehabilitation or reintroduction programs can be 
an avenue for spreading the disease between areas. 

Bovine tuberculosis is an important zoonotic disease 
because of its potential for spread in nonpasteurized milk 
from infected animals. The disease may also be spread 
between animals and humans that are in close association. 
The incidence of tuberculosis has been greatly reduced by 
control programs in many developed countries but still 
persists and presents a potential disease hazard to humans 
in many areas of the world. 605 Within developed countries 
the residual cases are the most difficult and expensive to 
detect and remove, and consequently outbreaks still occur. 
In the United States, fairly large-scale outbreaks have been 
reported in dairies that were previously free of the disease, 
and the proportion of feeder animals that accounts for 
slaughter cases has increased in recent years. Importation 
of feeder cattle from Mexico has been shown to be a 
source of disease introduction for the United States. 625 
Movement of infected cattle is also a contributor to the 
spread of Mycobacterium bovis in Great Britain. 


II Necropsy Lesions. The pathognomonic lesion of Myco¬ 
bacterium bovis infection is the granuloma, which is thought 
to be a result of chronic antigenic stimulation and an 
attempt to localize the invading organism. 626 Tuberculous 
lesions primarily occur in the respiratory tract and asso¬ 
ciated head and thoracic lymphatic tissue but can exist in 
other areas depending on the initial location of introduc¬ 
tion of the organism. It is common that infected cattle 
may display no grossly visible lesions or may have a visible 
lesion in only one lymph node. 616 * 617 * 621 Macroscopic 
lesions appear as firm encapsulated nodules, with thick, yel¬ 
low to orange, creamy to caseous pus, and may be calcified. 
They may occur in any lymph node, but especially the bron¬ 
chial, mediastinal, and mesenteric nodes, and in a variety of 
organs, particularly the lungs and liver. The organs may 
be riddled with small miliary tubercles, and in the lungs 
these may coalesce into a suppurative bronchopneumonia. 
Swine may have involvement of the joints of the forelimb 
or hindlimb. 627 Chronic lesions are characterized by a dis¬ 
creet, thickened fibrous capsule containing thick caseous 
material. 606 

Histopathologically lesions in lymph nodes or organs are 
granulomatous with a central area of mineralization and 
necrosis. Macrophages have a distinctly elongated appear¬ 
ance and can coalesce into multi-nucleated giant cells 
(Langerhans cells). These fused cells form the center of the 
developing tubercles. The presence of acid-fast bacteria 
within these lesions strongly suggests the presence of Myco¬ 
bacterium bovis , although there may be only small numbers 
of widely dispersed organisms. Lesion development can be 
divided into four different stages: stage 1 (no necrosis). 
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stage 2 (minimal central necrosis), stage 3 (central caseous 
necrosis with minimal necrosis), and stage 4 (extensive 
multicentric caseous necrosis with mineralization). 626 Dif¬ 
ferentiation between the thickness of the fibrous capsule 
and the histopathologic stage of development may assist 
in determining the chronicity of the infection. 


More work is needed in the areas of diagnostic testing, envi¬ 
ronmental sampling, vaccine development, and manage¬ 
ment practices that may decrease the risk of disease 
spillover, in order to achieve successful control and eradica¬ 
tion of the disease in the future. 


II Treatment, Prognosis, Prevention, and Control. In deve¬ 
loped countries the disease is not treated in livestock, 
and affected animals are slaughtered. Species infected with 
Mycobacterium boins that are considered valuable as zoologic 
exhibits or that are rare or endangered have undergone 
attempted treatment for the disease! These treatments have 
included human tuberculosis drugs such as isoniazid, strep¬ 
tomycin, paraaminosalicylic acid, and others. 606 Outside of 
these rare cases, treatment for bovine tuberculosis in ani¬ 
mals is not considered effective on the disease or practical 
with regard to cost. 

The development of an effective vaccine for bovine 
tuberculosis has been a desired tool to use in preventing 
and eradicating Mycobacterium bovis. Vaccines may increase 
resistance to infection or reduce the disease severity and 
potential risk of transmission from an infected animal. 
Much research is now going into development of an effec¬ 
tive vaccine, but field study methods need to be developed 
that mimic natural infection. 628 * 629 The use of a vaccine at 
the end stages of an eradication program may increase the 
difficulty in locating the last vestiges of infection, because 
of the tendency of vaccines to mask disease, which is gener¬ 
ally not desired. Much of the vaccine research is aimed 
toward usage in areas with widespread disease or in wildlife 
species in areas where the disease is endemic in these popu¬ 
lations. Recent results in the United States involving chal¬ 
lenge studies in white-tailed deer have demonstrated 
decreased lesion severity in vaccinated animals. 630 

Eradication schemes in numerous countries rely on a 
program of surveillance in livestock and wildlife, testing of 
animals before movement, and systems to track animals 
between farms in order to identify animals exposed to the 
disease and potential sources of infection. More recently, 
surveillance and control programs for wildlife species 
deserve consideration as these may also be a source of infec¬ 
tion. In the United States, individual farms infected with 
Mycobacterium bovis are handled through a series of testing 
protocols intended to eliminate infection through removal 
of all infected animals, or by whole herd depopulation. 614 
Because of limitations in the sensitivity of antemortem diag¬ 
nostic tests for tuberculosis, depopulation of infected herds 
and other exposed animals is thought to be the most effec¬ 
tive way to ensure eradication of the disease. 616 

When herds are depopulated and the owner intends 
to repopulate in the future, it is important to remove or 
thoroughly clean and disinfect facilities and equipment 
potentially exposed to the organism. The ability of Mycobac¬ 
terium boins to survive for extended periods in the environ¬ 
ment, and the ineffectiveness of disinfection of organic 
materials, necessitates that pastures and fields to be used 
in repopulation schemes be left vacant for a period of time 
before use. This period of "down time" will be affected by 
climatic conditions, as the organism is less resistant to sun¬ 
light and drying, but can survive for longer periods during 
certain seasons. Instances of infection that are thought to 
originate from wildlife sources may precipitate changes in 
facilities, management, feeding practices, or wildlife control 
to prevent reinfection. Current experience with endemic 
Mycobacterium bovis infections in wildlife in numerous 
countries have demonstrated that eradication of the disease 
in these species is difficult, and a long-term proposition. 


DISEASES OF THE THORACIC 
WALL AND CAVITY 

AMELIA R. WOOLUMS 

JOHN A. SMITH 

PLEURITIS AND PLEURAL EFFUSIONS 

II Definition and Etiology. Acute, primary pleuritis is rare 
in ruminants. It is almost always a secondary condition. The 
most common primary cause is most likely bronchopneumo¬ 
nia caused by M. haemolytica or H. somni. Other possible 
causes of pleuritis and pleural effusions include traumatic 
reticulopericarditis, extension from other causes of peritoni¬ 
tis, tuberculosis, liver abscesses, tumors (especially lymp¬ 
hosarcoma), external trauma, fractured ribs, gunshot 
perforating injuries, sporadic bovine encephalomyelitis 
(SBE), contagious bovine and caprine pleuropneumonia, 
various septicemic conditions, acorn toxicity and other 
causes of uremia, uroperitoneum, right ventricular failure, 
hypoproteinemia, ruptured thoracic duct and hemothorax 
from trauma or hemangiosarcoma. 


II Clinical Signs. The signs depend on, and may be over¬ 
shadowed by, the primary disease process. Pleuritis is a 
painful, septic process, whereas the signs associated with 
nonseptic effusions depend largely on the cause. Signs refer¬ 
able to pleuritis itself include anorexia, depression, fever, 
weight loss, decreased milk production, progressive dys¬ 
pnea, and a characteristic stance and respiratory pattern, 
with the head and neck extended, elbows abducted, 
restricted excursion of the thorax, abdominal breathing, 
tachypnea, and a grunting or groaning with respiration. 
The animal may be reluctant to move. If a cough is present, 
it is often soft and suppressed because of pain, lugular dis¬ 
tention and pulsation may result from interference with 
venous return. 631 Auscultation may reveal creaking or 
rubbing noises in dry pleuritis or a cranial-ventral masking 
of sounds caused by effusion. Percussion may reveal dull¬ 
ness ventral to the fluid line and may elicit pain. Differen¬ 
tial diagnoses for dyspnea with abnormally quiet lung 
fields may include the atypical pneumonias, pneumotho¬ 
rax, and space-occupying lesions such as large abscesses, 
tumors, and diaphragmatic hernia. Once pleuritis or pleural 
effusion has been identified, the main differential diagnos¬ 
tic consideration is the determination of the underlying 
cause, as listed previously. 

II Diagnosis. A CBC helps to separate infectious from non- 
infectious causes and distinguish relatively acute conditions 
(with significant left shifts) from those of a more chronic 
nature (with mature neutrophilia, hyperglobulinemia, and 
nonregenerative anemia of chronic disease). Serum chemi¬ 
cal determinations and urinalysis identify hypoproteinemia 
and azotemia. A thoracocentesis should be performed and 
submitted to cytologic and cultural examination for bacte¬ 
ria, mycoplasma, and chlamydia. Nonseptic transudates 
indicate conditions such as neoplasia, heart failure, hypo¬ 
proteinemia, and uremia. Effusions of sporadic bovine 
encephalomyelitis are relatively acellular with high 
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protein and fibrinogen levels, whereas septic exudates high 
in both cells and protein occur with pneumonia, hardware, 
peritonitis, abscesses, penetrating trauma, and septicemias. 
A transtracheal wash is usually indicated because of the 
common association with pneumonia. Pericardiocentesis, 
abdominocentesis, and radiographs may indicate the pri¬ 
mary source of an infection. Tuberculosis tests, leukemia 
virus titers, chlamydial titers for SBE, electrocardiography, 
echocardiographic examinations, ultrasonographic exami¬ 
nation of the liver, and exploratory laparotomy may also 
help to detect other primary processes. 

II Treatment. The primary problefn should be treated. 
Effusions should be drained, either periodically or continu¬ 
ously through a Heimlich valve or a suction device fash¬ 
ioned from a syringe with the plunger transfixed with a 
pin. Effective drainage can be difficult in ruminants because 
of their propensity for fibrin formation and loculation of 
the fluid. Intermittent drainage is as effective as continuous 
drainage and simpler to maintain. Attempts at lavage have 
rarely been successful because of adhesions. Appropriate 
antibiotics are indicated in the presence of sepsis. NSAIDs 
(aspirin, 100 mg/kg PO twice daily; flunixin meglumine, 
1.1 to 2.2 mg/kg IV or divided twice daily) are useful to 
relieve pain, ease respiration, and improve appetite. Rest 
and good nursing care are essential. The prognosis obvi¬ 
ously depends on the extent and duration of the disease. 
Although many animals that have severe cases survive, such 
animals often remain chronically underweight. 

PNEUMOTHORAX 

Pneumothorax is not common in ruminants. Most cases 
result from the rupture of an emphysematous bulla asso¬ 
ciated with pneumonia, straining, or coughing or from 
puncture of the lung by a fractured rib. The bullae that 
occur in BRSV-induced pneumonia are a common source. 
Trauma to the pharynx or larynx can also lead to pneumo¬ 
thorax, 632 presumably caused by air traveling from the cra¬ 
nial cervical regions through soft tissues and into the 
thoracic cavity. Penetration from the exterior is possible but 
less common. A case has been described in a postparturient 
cow with no other underlying cause found. 633 A retrospective 
study of 30 cattle with pneumothorax presented to a referral 
hospital found that 18 of the cases (60%) were associated 
with bronchopneumonia, seven cases were associated with 
interstitial pneumonia, three cases were associated with 
laryngeal or pharyngeal trauma, and two cases were asso¬ 
ciated with neonatal respiratory distress. 632 Of interest was 
the finding that 13 of the 18 cases with bronchopneumonia 
were chronic, based on history and diagnostic findings; an 
association between pneumothorax and chronic broncho¬ 
pneumonia had not been previously reported. The rate of 
survival for cattle with pneumonia and pneumothorax was 
lower than for cattle presented with pneumonia without 
pneumothorax, with an overall survival rate of 60% for cattle 
presented with pneumothorax. 

Clinical signs of pneumothorax include inspiratory dys¬ 
pnea, sometimes severe, with open-mouth breathing some¬ 
times present. 633 One side of the thorax may be relatively 
collapsed and immobile, with a compensatory increase in 
the size and excursion of the other side; however, this latter 
finding is often subtle and difficult to appreciate. Ruminants 
have a complete mediastinum; thus when pneumothorax 
occurs it is usually unilateral, and the animal is able to venti¬ 
late adequately using the opposite lung. Unless an infectious 
disease is responsible, affected animals are often alert and 
anxious. They may attempt to stand with the forefeet 


elevated. There is a pronounced abdominal component to 
the respirations. Cyanosis may occur, and airflow may be 
markedly reduced in severe cases. On auscultation there is 
an obvious disparity between the two sides; bronchovesicu- 
lar sounds will be diminished dorsally on the affected side 
or may be entirely absent. Those lung sounds that are audible 
have a harsh, high-pitched, large airway character similar to 
those of a consolidated lung, especially over the carina; these 
sounds seem to be distant, as if the animal were breathing in 
a barrel. The point of maximum intensity of the heart may be 
displaced, and tachycardia is often present. Percussion may 
reveal an abnormal resonance when compared with that of 
the normal side, and simultaneous auscultation and percus¬ 
sion may produce a "'ping" over the thorax. SC emphysema is 
a fairly common feature, and pleuritis is often a sequela. Dif¬ 
ferential diagnoses of the inciting cause should include the 
various causes of ARDS, bronchopneumonia, viral pneumo¬ 
nias (especially BRSV), pleural effiisions, diaphragmatic her¬ 
nia, other space-occupying lesions (large abscesses, tumors), 
and clostridial infections. 633 

Pneumothorax can be diagnosed with radiographs, 
transthoracic ultrasound, or thoracocentesis 632 ; radio¬ 
graphs and ultrasound will also be useful to characterize 
the extent of any underlying lung disease. Other diagnostic 
tests to characterize underlying lung disease as described 
for infectious bronchopneumonia or interstitial pneumo¬ 
nia are appropriate. 

If the affected animal shows signs of significant distress, 
the air in the pleural space should be evacuated. Evacuation 
can be accomplished by aseptically placing a teat cannula 
into the thoracic cavity at the dorsal aspect of the thorax 
at the tenth intercostal space and withdrawing air by use 
of an extension set and three-way stopcock. In some cases 
this method can be successfully used to intermittently 
remove air; in other cases, continuous removal with a pleu¬ 
ral evacuation device (Pleur-evac A-8000, Deknatel Inc., 
Fall River Mass.) has been more effective. 634 If continuous 
evacuation is attempted the animal must be adequately 
restrained; this is likely to be possible only with hospita¬ 
lized animals. Other treatment includes therapy appropriate 
for underlying acute or chronic pneumonia as described 
previously for infectious bronchopneumonia or interstitial 
pneumonia. External wounds allowing air to enter the tho¬ 
rax should also be closed if present. 

DIAPHRAGMATIC HERNIA 

II Definition and Etiology. Diaphragmatic hernias are 
uncommon in ruminants but have been reported in calves, 
cattle, sheep, 635 and domestic buffalo. 636 - 637 The condition 
appears to be much more prevalent in the buffalo but oth¬ 
erwise is analogous to that in cattle. 638 Hernias may be con¬ 
genital, but most appear to be acquired, including those 
occurring in neonates. A congenital weakness in the dia¬ 
phragm may predispose to some cases. Causes include diffi¬ 
cult parturition, external trauma, and, by far the most 
common cause, traumatic reticuloperitonitis (TRP). 

II Clinical Signs and Differential Diagnosis. Affected ani¬ 
mals can be asymptomatic for a prolonged period. 638 Most 
affected cattle are in late gestation or have calved recently. 
The history may include decreased milk production, weight 
loss, capricious appetite, difficulty in swallowing or regurgi¬ 
tation, previous signs of abdominal pain (possibly asso¬ 
ciated with acute TRP), vomiting, and abnormal posturing 
of the head and neck on swallowing or regurgitation. Respi¬ 
ratory signs are actually fairly uncommon, with the excep¬ 
tion of large congenital hernias, in which there is obvious 
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severe dyspnea and abdominal respiration from birth. Occa¬ 
sional cough and dyspnea have been reported, and auscul¬ 
tation may reveal asymmetric sounds, with lack of lung or 
heart sounds in the affected area, or splashing sounds simi¬ 
lar to those heard with pericarditis. GI signs are actually 
more common and include bloat, signs consistent with 
TRP, difficulty or pain on passage of a stomach tube, diar¬ 
rhea, constipation, and ruminal hypomotility. Some cows 
may retch or vomit on regurgitation. Pain is evidenced 
by odontoprisis or grunting on regurgitation. The primary 
differential diagnoses are TRP, pericarditis, esophageal stric¬ 
ture, esophageal foreign body (choke), neoplasia, and 
abscessation. 638 

II Diagnosis. Radiographs are the best means of confirm¬ 
ing the diagnosis. The normal oudine of the diaphragm 
and heart may be obscured, 636 637 and the honeycombs or 
foreign objects in the reticulum may be seen in the tho¬ 
rax 637 because this organ is most commonly involved. Oral 
barium may also aid in the radiographic interpretation, par¬ 
ticularly in early small hernias that will be missed on plain 
films. Pleuritis and other masses such as tumors and 
abscesses can also mimic hernias on plain films. 637 Because 
TRP is frequently involved, the CBC, pleural effusions, and 
abdominocentesis may reflect the septic process. In cases 
not associated with TRP, the pleural effusion may be hem¬ 
orrhagic in acute cases and normal in chronic cases. 638 

II Necropsy Lesions. The hernial ring is usually located at 
the junction of the musculotendinous portion of the dia¬ 
phragm, about 12 cm ventral to the vena cava and slightly 
lateral to the midline. The ring is usually round to oval, 
with a diameter of 7 to 20 cm. The reticulum is usually her¬ 
niated, most frequently to the right side of the chest. The 
liver, spleen, rumen, omasum, abomasum, intestine, and 
omentum may also be involved. Extensive adhesions usu¬ 
ally develop between the herniated organs and the thoracic 
organs, and evidence of hardware can often be found. 639 

II Treatment and Prognosis. Treatment is surgical. A two- 
stage approach is usually used. First, a standing left flank 
laparotomy and rumenotomy are performed; the defect is 
identified, foreign bodies are removed, and the ruminoreti- 
culum is emptied. Because of the complete mediastinum, 
ventilatory assistance is rarely needed during this stage. 
Next, the animal is placed under general anesthesia with 
positive pressure ventilation. Various approaches have been 
used for this portion, including ventral midline, parame¬ 
dian, semilunar postxiphoid, paracostal, and transthoracic 
with rib resection. The hernia is reduced, and the rent 
repaired with sutures or mesh grafts. Mesh grafts are contra¬ 
indicated if infection is present. 638 

PLEURAL MESOTHELIOMA 

Mesotheliomas have been reported in cattle and goats, 640 
including a congenital form in calves. 641 Most are peritoneal, 
but pleural mesotheliomas also occur. 642 * 643 Mesotheliomas 
result in the accumulation of large amounts of fluid in the 
involved body cavity; signs of pleural mesothelioma are 
therefore related to pleural effusion. They include dyspnea, 
tachypnea, decreased lung and heart sounds (sometimes 


unilateral, with a concomitant increase in sounds on the nor¬ 
mal side), dullness on percussion, exercise intolerance, cya¬ 
nosis, tachycardia, anorexia, weight loss, decreased 
production, cough, and weak pulses. If peritoneal lesions 
are also present, as is common but not universal, ascites is 
also present. Radiographs confirm the pleural effusion, and 
thoracocentesis yields a serous, sometimes blood-tinged or 
gelatinous fluid. Cytologic examination may reveal reactive 
mesothelial cells. At necropsy the pleura is thickened and 
contains multiple nodules of gray to yellowish white tissue 
measuring several millimeters to several centimeters in diam¬ 
eter. Metastasis is uncommon. The tumor can be difficult to 
diagnose histologically and may resemble inflammation, 
pleural tuberculosis ("pearl disease"), or metastasis of 
another tumor. 641 There is no treatment. 
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LUNG TUMORS 

Lung tumors are uncommon in large animals, with slaughter¬ 
house surveys reporting an incidence of 19 per million cat¬ 
tle. 644 Those reported include pulmonary alveolar 
carcinomas, pulmonary adenomas, pulmonary adenocarci¬ 
nomas, bronchogenic carcinoma, and pulmonary blas- 
toma. 645 647 Malignant forms metastasize to regional lymph 
nodes and occasionally to other organs. Lymphosarcoma is 
the most frequent neoplasm to become metastatic to the 
lung, and uterine and ovarian adenocarcinoma may undergo 
metastasis to the lung. 647 Because many lung neoplasms in 
cattle are incidental findings at slaughter or necropsy, clinical 
signs are therefore not well documented. The lesions are typi¬ 
cally discrete, round, yellow to gray masses distributed 
throughout the lung tissue. Tumors are most likely to be 
detected antemortem by radiographic examination. Differen¬ 
tial diagnoses in such cases include pulmonary abscesses, 
mycotic pneumonias, and tuberculosis. 

BRONCHOBILIARY FISTULA 

A communication between the bile duct and a cavitating 
lesion in the lung has been described in a 3-year-old Charo- 
lais cow. 648 The cow had weight loss of 8 months duration, 
before which she had been normal. Clinical signs were 
tachypnea, an expiratory press, bilateral crackles and friction 
rubs in the ventral lung fields, and a greenish yellow nasal 
discharge. The adventitious sounds were slightly more 
prominent on the right, and a silent area was detected in 
the caudodorsal right lung field. Radiographs revealed a 
cavitation with a fluid line in this area, and thoracocentesis 
yielded a sterile green fluid. At surgery, pleural-diaphrag¬ 
matic adhesions and a mass in the right diaphragmatic lobe 
were found. A drain was installed, and fluid similar to bile, 
with a bilirubin of 3.1 mg/dL and alkaline phosphatase 
concentration of 2694 IU/L was drained. At necropsy the 
lesion was a smoothlined cyst communicating by way of 
tracts through the adhesions with the biliary system and 
the bronchioles. Greenish fluid was found in the airways 
of both lungs. 




Diseases of the Alimentary Tract 

SAMUEL L JONES AND BRADFORD P. SMITH, Consulting Editors 


I DISEASES OF THE EQUINE ALIMENTARY TRACT 


SAMUEL L. JONES, Consulting Editor 


DIAGNOSTIC PROCEDURES IN THE 
EXAMINATION OF THE EQUINE 
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A thorough physical examination is compulsory, and tests 
that provide a minimum database (complete blood count 
|CBC), serum chemistries, and urinalysis) are often indicated 
in horses with suspected alimentary tract disease. Once a list 
of differential diagnoses is compiled, a number of ancillary 
diagnostic tests are available to narrow the possibilities. Each 
diagnostic test or procedure is limited in the type and extent 
of information that can be obtained, and therefore the clini¬ 
cian should select the complement of procedures that is most 
likely to provide the information required to make a proper 
diagnosis and determine the appropriate therapy. 

RECTAL EXAMINATION 

A systematic approach to examining the abdominal and ret¬ 
roperitoneal viscera should be established and applied dur¬ 
ing each examination to ensure that all pertinent regions 
and structures are examined. When feasible and if required, 
the patient should be sedated to allow a more thorough 
examination. In some cases, epidural anesthesia is required 
to obtain adequate access to structures during rectal exami¬ 
nation. The principal goal of a rectal examination is to iden¬ 
tify changes in size, texture, shape, or location of visceral 
organs, peritoneum, mesentery, vasculature, or objects that 
are normally not present. 

In the pelvic region of the normal horse, the urethra and 
accessory sex glands (male) or the vaginal vault and cervix 
(female) can be palpated. The urethra is usually not discern¬ 
ible in the female, but abnormalities such as uroliths may 
be felt. In the caudal abdominal cavity the bladder, the uterus 
in females, and the pelvic flexure and small colon typically 
should be felt. The pelvic flexure and left ventral and left 
dorsal colons are normally located ventrally, on midline or 
toward the left side of the abdomen. The small colon, with 
formed fecal balls palpable, courses throughout the caudal 
abdomen, mostly on the left side. In females the left ovary 
can be felt in the left dorsal, caudal region of the abdomen. 
Both ovaries should be palpated in conjunction with palpa¬ 
tion of the uterus. The peritoneal surface should be felt along 


the surface of the abdominal wall and the surfaces of the 
viscera. It should feel smooth, with no crepitus or irregulari¬ 
ties. Advancing along the left side of the abdomen, the spleen 
can be felt as a smooth structure, with the caudal border hav¬ 
ing a well-delineated, tapered border. The size and location of 
the spleen are variable, because it can extend from the left 
body wall to the right ventral region of the abdomen. Advanc¬ 
ing cranially and dorsally, the left kidney can be palpated. The 
kidney should feel smooth with the renal pelvic fissure dis¬ 
cernible, although in the overweight horse extensive perirenal 
fat may obscure this detail. 

From the left kidney, moving toward midline and 
extending from the abdominal aorta, the cranial mesenteric 
and ileocecocolic arteries may be felt. Palpation of fremitus 
in these arteries may be associated with arteritis and throm¬ 
bus formation secondary to Sirongylus vulgaris larval migra¬ 
tion, although this association has been very inconsistent. 
Fremitus is frequently absent when severe arteritis exists, 
or the arteries may be entirely normal and fremitus felt. 
Fremitus can often be elicited by compressing the wall of 
the normal artery, thus accelerating flow through the com¬ 
pressed lumen. The mesenteric root of the colon can be felt 
ventral to the cranial mesenteric artery. This should palpate 
as a mildly taut band of tissue extending from the dorsal mid¬ 
line ventrally. Excessive tension, displacement, thickening, or 
masses within the mesentery should be considered abnormal¬ 
ities. It may be possible to palpate an enterolith, fecalith, or 
gravel impaction in the transverse colon, although this may 
be beyond the reach of the examiner because the transverse 
colon is located cranial and medial to the left kidney. 

Sweeping to the right side of the abdomen, the base and 
cupola of the cecum can be felt. The body of the cecum can 
be followed partially by sweeping along the medial aspect 
of the cecum, cranially toward midline. The cecum has a 
prominent ventral band and sacculations. Gas, together 
with ingesta that is soft and mainly of a fluid consistency, 
can be felt within the cecum. Firm or excessive ingesta sug¬ 
gests an abnormality. 

Findings that are different from normal often must be 
differentiated as being variations of normal or truly abnor¬ 
mal. Some common abnormal findings include abnormal¬ 
ities of the peritoneal surface. Crepitus, or a "plastic wrap" 
texture, is indicative of gas secondary to trauma or infection. 
An irregular or rough surface may be indicative of fibrin on 
a visceral surface or neoplasia, or with a perforated intestine 
there may be ingesta adhered to a visceral surface. There are 
many abnormal presentations of the large colon, most of 
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which are associated with signs of colic Thickening of the 
wall of the colon may be appreciated on rectal palpation 
and is indicative of edema or cellular infiltration of the 
colon. Palpation of abnormal masses in the wall of the 
colon or associated with the colonic mesentery is indicative 
of infection, infarction, granulomatous colitis, or neoplasia. 

Normally the small intestine is not discerned by palpa¬ 
tion. Occasionally, though, peristaltic contractions may be 
felt in the small intestine as it courses across midline toward 
the base of the cecum. In some cases this will cause the 
small bowel to palpate as a firm, tubular structure. Relaxa¬ 
tion of the peristaltic contraction should be discerned in 
such cases. Distention of small intestine is abnormal. In 
some cases the bowel may feel thickened, which can occur 
with ileal muscular hypertrophy, edema, or inflammatory 
disorders of the small bowel. 

Other abnormal findings that may accompany disorders 
of the abdominal alimentary system include masses, adhe¬ 
sions, enlarged and thickened mesenteric arteries, and cau¬ 
dal displacement of the spleen (secondary to gastric 
distention or neoplasia). 

PARACENTESIS 

Abdominal paracentesis is performed routinely in patients 
with suspected disorders of the abdominal viscera. Cyto¬ 
logic examination of peritoneal fluid; white blood cell 
(WBC) and red blood cell (RBC) counts; protein, fibrino¬ 
gen, lactate, phosphate, and glucose concentrations; lactate 
dehydrogenase (LDH), creatine kinase (CK), and alkaline 
phosphatase (ALP) activity; and pH can be quantitated. 
The results of peritoneal fluid analysis may help establish 
a specific diagnosis, but, more important may reflect 
inflammatory, vascular, or ischemic injury to the intestine 
requiring surgical intervention. 

ENDOSCOPY 

There are two basic types of endoscopic equipment available: 
equipment based entirely on a fiberoptic system and equip¬ 
ment based on a video chip system. A typical endoscope 
found in many private practices is a fiberoptic endoscope 
that has an insertion tube that is 100 to 110 cm in length 
and 10 to 14.5 mm in outer diameter. The larger-diameter 
tube can be inserted only through the nasal passages of older 
yearlings and adults and is not suitable for alimentary endos¬ 
copy, whereas a diameter of 10 mm allows passage through 
the turbinates of young foals. An insertion tube of 100 cm 
is sufficient for esophagoscopy in foals up to approximately 
3 months of age. For older animals, an insertion tube length 
of 150 to 180 cm is required for esophagoscopy. 

An insertion tube length of 110 cm is sufficient to reach the 
stomach of foals up to 30 to 40 days of age. A length of 150 to 
180 cm is required for weanlings, and 200 cm is usually 
required for yearlings and adults. An insertion tube length of 
200 cm is sufficient to reach the stomach of all adults of 
warm-blooded breeds, although 280 to 300 cm is required to 
examine the pylorus in adult horses. A 280- to 300-cm-long 
insertion tube permits duodenoscopy in adult horses. 

Before a gastroscopic examination, suckling foals up to 
20 days of age are not routinely kept from nursing for more 
than 1 hour. Older foals and mature horses should not have 
solid feed for 6 to 10 hours so that ingesta from the stom¬ 
ach may be adequately emptied. Longer duration of feed 
deprivation (18 hours) is desirable to view the antrum 
and pylorus of horses. Many foals less than 30 days old 
do not require sedation for gastroscopy, although sedation 
with 0.5 mg of xylazine per kilogram may facilitate the pro¬ 
cedure. Sedation is required if the foal is to be placed in a 


recumbent position so that the entire glandular portion of 
the stomach can be examined. Sedation of older foals and 
horses is required. Xylazine (0.5 mg/kg given intravenously 
[IV]) usually provides adequate sedation. For greater seda¬ 
tion, detomidine (0.005 to 0.05 mg/kg IV) or a combina¬ 
tion of xylazine and butorphanol (0.01 mg/kg) are effective. 

After insertion of the endoscope, the stomach is distended 
with air until the nonglandular and glandular regions of the 
gastric surface can be observed. Distention with air is toler¬ 
ated by foals and horses and has been associated only rarely 
with adverse effects. Occasionally, sick neonates with poor 
intestinal motility developed small intestinal distention and 
experienced discomfort after gastroscopy. 

More complete descriptions of techniques of gastroduo¬ 
denal endoscopy can be found elsewhere. 12 

Endoscopy of the rectum and distal small colon can be 
performed with most flexible endoscopes in use in equine 
practice and should be preceded, as much as possible, by 
evacuation and saline lavage of the rectum and distal small 
colon. The mucosal surface should appear pink to pale red 
and should have a smooth, "velvety" appearance. Mucosal 
edema or thickening, hyperemia, irregularities, defects, tears, 
and intraluminal masses are abnormal findings. Because of 
the concern for trauma to the rectum and small colon, the 
horse should be adequately sedated and restrained before 
preparation and examination of the distal alimentary tract. 

LAPAROSCOPY 

Laparoscopy can offer valuable diagnostic information 
regarding the abdominal cavity and is only minimally inva¬ 
sive. 3 - 4 It should always be preceded by a thorough physical 
examination, including abdominal palpation per rectum, 
paying particular attention to the sites for trocar insertion 
to ascertain that there are no adherent masses or viscera in 
the area. If abdominocentesis is to be part of the diagnostic 
workup, it should be performed before laparoscopy because 
of the effect of laparoscopy on abdominal fluid values. In 
experimental animals undergoing diagnostic laparoscopy 
with carbon dioxide insufflation, both the abdominal WBC 
count and the abdominal total protein increased. 5 

The indications for laparoscopy include palpable abdomi¬ 
nal masses, enlarged viscera, adhesions, acute or chronic 
colic, weight loss, or the desire to obtain visceral biopsy spe¬ 
cimens. Contraindications include adherent viscera or masses 
at the site of laparoscopic trocar insertion, diaphragmatic 
hernias, or extreme bloating. Horses with acute colic can be 
safely examined laparoscopically if one is careful when 
inserting the trocars and telescopes. 

The basic instruments for laparoscopic examinations 
include a laparoscopic telescope, laparoscopic cannula and 
trocar assembly, fiberoptic light source and cable, insufflator, 
and biopsy and manipulation instruments. The 30-degree 
laparoscope allows better visualization of the less accessible 
areas compared with the 0-degree telescopes. Video cameras 
make visualization easier with less eyestrain but require more 
powerful light sources (250 watts). The cost of laparoscopic 
instrumentation has decreased recently as a result of the 
explosion of popularity of laparoscopy in humans, increasing 
the supply and availability of used instruments. 

Horses should be fasted for 18 to 24 hours before most 
laparoscopic procedures; water is allowed on an ad libitum 
basis. Fasting increases intraabdominal visualization and 
decreases the possibility of penetrating a gas-distended 
viscus. The animal is restrained in standing stocks if the 
procedure is to be done while it is standing. Preoperative 
antibiotics, antiinflammatory drugs, tetanus prophylaxis, 
and a sedative analgesic combination are administered. It 
is important to administer the analgesics before abdominal 
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insufflation. The flank areas are prepared for aseptic surgery. 
Local anesthetic agents are infiltrated subcutaneously (SC) 
and intramuscularly (IM) in the middle of the paralumbar 
fossa slightly above the crus of the internal abdominal 
oblique muscle for the insertion of the laparoscopic tele¬ 
scope. If additional instruments are to be used, their inser¬ 
tion sites are similarly anesthetized. 

It is preferable to begin the laparoscopic procedure on the 
left side of the abdomen to minimize the chance of 
penetrating the cecal base. The horse is then draped and a stab 
incision is made. The laparoscopic cannula and trocar assem¬ 
bly are inserted through the musculature and into the 
abdominal cavity. It is useful to orient the trocar toward the 
opposite coxofemoral joint when inserting it. The trocar is 
exchanged for the telescope, and confirmation of entry into 
the abdominal cavity is made before insufflation is com¬ 
menced. If the abdominal cavity has not been penetrated, a 
quick thrust with the telescope will usually penetrate the peri¬ 
toneum. Insufflation of the abdomen with C0 2 to 8 to 
10 mm I Ig will usually be sufficient for most examinations. 

Systematic examination of the abdominal cavity is then 
carried out. On the left side of the abdomen the spleen, left 
kidney, nephrosplenic ligament (Fig. 32-1), stomach, left 
side of liver, diaphragm, and ventral colon may be visua¬ 
lized cranially. Looking caudally, the examiner will see the 
root of the mesentery, the isolated small intestinal and 
small and large colon sections, the urogenital tract, the 
bladder, and the terminal rectum. The procedure is repeated 
on the right side of the abdomen. Looking cranially, the 
examiner will see the liver, epiploic foramen, right kidney, 
descending duodenum, cecal base, and large colon. Cau¬ 
dally, the urogenital tract, root of mesentery, and isolated 
pieces of intestine are visible. Liver biopsies and right kid¬ 
ney biopsies are taken from the right side. Left kidney and 
spleen biopsies are taken from the left side of the abdomen. 
Mesenteric lymph node biopsies are usually obtained via 
the left flank. Other masses are biopsied from the more 
accessible side. At the end of the procedure the abdomen 
is deflated, and the skin is closed with skin sutures only. 
Closure of the skin incision should wait until examination 
of both sides is completed in order to minimize subcutane¬ 
ous emphysema. 

In some horses with ventral or cranial abdominal masses 
as determined with ultrasound, it is useful to anesthetize the 



FIG. 32-1 IK Laparoscopic view of nephrosplenic ligament in a horse. 


animal in dorsal recumbency for better characterization of 
the mass. Biopsies may be readily obtained. In horses with 
acute colic but without obvious signs indicating the necessity 
for surgery, laparoscopy can help in making the decision to 
continue medical therapy or proceed to surgery. Strangulated 
sections of small intestine can be seen, proximal enteritis can 
be diagnosed, and edema and vascular compromise to the 
large colon can be seen. No abnormalities may be detected 
in some animals with very localized lesions, or lesions may 
be inaccessible, depending on location. 

Laparoscopic complications are similar to those of 
any other abdominal exploratory procedure. Inadvertent 
penetration of a viscus may occur. The left kidney may 
be perforated if the laparoscope is inserted too far dor- 
sally. The spleen may be penetrated if the laparoscope is 
inserted too far ventrally or is not aimed toward the oppo¬ 
site coxofemoral joint. The cecum may be perforated 
when entering from the right side. Fasting the horses and 
carefully inserting the laparoscopic trocars will minimize 
the occurrence of these problems. Subcutaneous emphy¬ 
sema occurs commonly but has not caused any clinical pro¬ 
blems. The peripheral WBC count increased but stayed 
within normal limits in experimental animals undergoing 
laparoscopy. 5 

IMAGING OF THE ALIMENTARY TRACT 

ANTHONY P. PEASE 

Radiography 

In the horse the alimentary tract is a dynamic and complex 
environment to evaluate with any modality. Because of the 
size of the animal, as well as the distinct difference between 
air and soft tissue, radiographs are a useful diagnostic tool 
to evaluate the teeth, pharynx, esophagus, stomach, and 
intestinal tract. Portable x-ray units with maximal kVp set¬ 
tings up to 100 and the upper limits of the mAs settings at 
30 make it possible for ambulatory practitioners to obtain 
diagnostic images of the head and cranial esophagus. How¬ 
ever, to obtain images of the thoracic esophagus and abdo¬ 
men, a referral clinic with a more powerful x-ray generator 
is usually required. 

For the average foal, abdominal radiographs have been 
described using exposures ranging from 80 to 88 kVp and 
20 to 26 mAs for the standard abdomen. 6 In adult horses, 
exposures range from 60 to 140 kVp and 20 to 70 mAs. 7 * 8 
In order to completely evaluate the abdomen, it has been 
recommended that the abdomen be divided into four quad¬ 
rants (cranioventral, midabdominal, caudodorsal, and cau- 
doventral). 7 Large cassettes (35 cm x 43 cm) and fast 
screens are also needed to ensure a diagnostic image is 
obtained. Because of the large amount of scatter radiation 
produced from the high exposure and thickness of tissue 
penetrated, an 8:1 to 10:1 grid should be used. 610 Alterna¬ 
tively, an air gap technique can be used to prevent image 
degradation. 

Availability of computed radiography (CR) and digital 
radiography (DR) has greatly increased the diagnostic cap¬ 
abilities of conventional radiographic examinations. Both 
of the systems available to the equine practitioner are con¬ 
sidered indirect imaging modalities in which the x-ray pho¬ 
ton interacts with an intensifying screen to convert the x-ray 
photons to light. This light then interacts with an imaging 
plate: film, as with a conventional radiographic system; 
within a photostimulable phosphor, as with CR; or within 
a flat-panel detector, as with DR. Regardless of the method, 
these images are considered "indirect" because the x-ray 
photon is first changed to light and then detected by the 
imaging medium. 11 The main benefits of CR and DR are 
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the increased latitude of the film. It is possible to change the 
contrast and grayscale levels after the exposure if an ade¬ 
quate number of photons are available to the detector. 
The DR systems also offer a rapid evaluation of the image 
because the cassette is directly connected to the computer. 
This makes the portable systems able to show radiographic 
images within 10 seconds after the exposure is made. In 
contrast, the CR system requires the cassette to be placed 
into a reader in order to display the image. Finally, because 
both CR and DR are generally Digital Imaging and Commu¬ 
nications in Medicine (DICOM) compliant, this allows any 
specialists with standard medical imaging software to view 
the images via a compact disk (CD) or via the Internet. 

Survey radiography is generally helpful to evaluate the 
cervical esophagus for evidence of rupture as well as to eval¬ 
uate the abdomen. Esophageal ruptures secondary to an 
obstruction or vigorous placement of a nasogastric tube 
result in a small volume of gas that tracks just dorsal to 
the trachea (Fig. 32-2). This can be confused with a tracheal 
laceration; however, with tracheal lacerations generally the 
gas accumulation will surround the trachea and the volume 
of gas within the subcutaneous tissues and the cranial medi¬ 
astinum will be severe. In addition, esophageal obstruc¬ 
tions, also called choke, can sometimes be identified on 
survey radiographs depending on the material that is caus¬ 
ing the obstruction and the amount of air or contrast 
medium that is able to surround the structure (Fig. 32-3). 
Although the nature of the obstruction cannot be deter¬ 
mined, the extent of the abnormality can sometimes be 
identified. 

Abdominal radiography is useful to evaluate the small 
and large intestines for sand accumulation, enterolithiasis, 
impactions, or small intestinal disorders in foals. When 
sand is ingested, it generally will accumulate within the 
large colon along the ventral abdomen 8 (Fig. 32-4). Radiog¬ 
raphy has been found to be a useful method to monitor the 
resolution of sand impactions after medical management; 
however, sequential examinations are needed to verify that 
the volume of sand has reduced. 8 If the volume of sand is 
large enough, it is difficult to determine if an enterolith is 
present because of summation of the two lesions. Entero¬ 
liths are a solid concretion of mineral that usually forms 
around a nidus, such as a metallic foreign body (Fig. 32-5). 
The mineral composition is varied, as illustrated by the 
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FIG. 32-3 II Standing lateral radiograph of a 12-year-old quarter horse 
mare. Note the ovoid mass surrounded by gas just dorsal to the trachea 
(arrows). This lesion was a mixture of hay and grass. 






FIG. 32-2 II Standing lateral radiograph of a 13-year-old Morgan gelding 
with an esophageal tear. Note the tubular region of small gas opacities 
caused by air trapped around the outer border of the esophagus (arrows). 
An esophageal perforation secondary to an ingested foreign body was con¬ 
firmed with endoscopy. 



FIG. 32-4 II Standing lateral radiograph of a 4-year-old Arab mare with a 
history of colic. Note the large amount of opaque material within the ven¬ 
tral colon, likely secondary to sand accumulation. 


different opacities present within the enterolith. Radio¬ 
graphs have a 96.4% positive predictive value to detect 
enteroliths in high-prevalence areas. These enteroliths were 
generally found to be within the midabdominal radiograph, 
and 67% of small colon enteroliths caused large colon dis¬ 
tention, which was also identified on radiographs. 7 Impac¬ 
tions are more difficult to diagnose because usually there 
is just increased feed accumulation within the abdomen. 
Although no enterolith or obstruction is identified, granular 
material can be seen, usually within the ventral colon near 






FIG. 32-5 II Radiograph of enterolith obtained after surgical removal FIG. 32-7 II Standing lateral radiograph of a 1-day-old, premature quarter 

from the small colon. Note the variation in opacities caused by the various horse filly. Note the large amount of gas distended intestine. Because of the 

types of mineral that are contained within the enterolith. Iar 8 e amount of small intestinal distention, functional ileus is the primary 

differential diagnosis. 



ing with a pelvic flexure impaction. The radiograph shows the sternal flex- FIG. 32-8 II Standing lateral radiograph of a 2-day-old thoroughbred colt 

ure with a large amount of granular material and a small amount of sand with a meconium impaction. Note the large amount of gas distention of the 

accumulation in the ventral colon. colon. 


the sternal flexure. This is because pelvic flexure impactions as evaluate pharyngeal function and esophageal motility. 1214 

will cause the feed material to accumulate orad, causing In my opinion, first administering approximately 60 mL of 

distention of the left ventral colon (Fig. 32-6). Intestinal barium sulfate paste or liquid orally via a 60-mL dosing 

disorders such as functional ileus secondary to enteritis syringe and obtaining radiographs of the laryngeal region 

(Fig. 32-7) or obstruction secondary to intussusception or and esophagus provide useful information about swallow- 

meconium impaction (Fig. 32-8) in foals can also be identi- ing as well as large obstructions. If the barium liquid is 

fled on abdominal radiographs. These images show large identified dorsal to the soft palate, within the larynx or tra- 

dilation of the small intestine, and differentiation between chea, abnormal pharyngeal function is likely present. 12 The 

functional and mechanical ileus in foals is generally based barium paste will coat the pharynx and esophagus and is 

on the size of the intestine and the volume of gas that is useful to identify any ulcerations or irregularities in the 

present. 9 Evaluation of the abdomen using ultrasound mucosal surface. After those procedures have been per- 

may aid in qualifying the small or large intestinal motility formed or if there is no evidence of an oropharyngeal dys- 

as well as identifying the source of an obstruction if the phagia, then an esophagram is performed. This procedure 

determination on radiographs cannot be made. is done using approximately 200 to 500 ml. of barium sul- 

Radiography also allows for the use of contrast medium fate liquid diluted 1:1 or 2:1 with water to bring the total 

administration to further outline the alimentary tract as well volume to 500 to 1000 mL. This liquid is administered 
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FIG. 32-9 II Standing lateral radiograph showing a normal esophagram 
using barium liquid. The arrow marks the region where the nasogastric tube 
ends. This is approximately at the level of C3. 


through a nasogastric tube or cuffed endotracheal tube 
placed within the cranial esophagus to the level of C2 to 
C3. If a cuff is available, the cuff can be inflated with 
approximately 10 mL of room air. A radiograph is then 
made to verify that the tube is not within the trachea, and 
when it has been confirmed that the tube is within the 
esophagus, the dose of barium is administered using a 
stomach pump. Toward the end of the dose, while still 
pumping the liquid, radiographs of the cranial, mid, and 
caudal esophagus are obtained (Fig. 32-9). The use of the 


pump provides distention of the esophagus to help identify 
strictures or irregularities in the esophageal wall. 

Positive (barium sulfate) and negative (room air) con¬ 
trast medium radiography have also been used to evaluate 
the stomach and intestinal tract through oral administration 
of contrast medium, 61516 and the rectum and colon have 
been evaluated via retrograde administration of contrast 
medium. 16 These methods allow for the evaluation of the 
stomach, intestinal tract, and rectum for regions of obstruc¬ 
tion as well as ulcerations, tumors, motility disorders, and/ 
or malformations. Although these methods have been 
described, ultrasound has virtually eliminated the need to 
expose personnel and patients to the repetitive, high doses 
of radiation needed to obtain sequential radiographs of 
the abdomen. 

Computed tomography (CT) and magnetic resonance 
imaging (MRI) are of little use for evaluation of the alimen¬ 
tary tract (except for the head). I his is mainly because of the 
size of the patient compared with the size of the gantry and 
bore in CT and MR units, respectively. Dental disorders 
such as abscesses and fractures can be clearly seen on CT 
images, especially after three-dimensional reconstructions 
(Fig. 32-10), and CT is also useful to detect pharyngeal 
and esophageal masses that may not be frilly identified with 
conventional radiographs. CT and MRI can be used in foals 
that are able to be placed within the gantry or bore of the 
magnet; however, because of the motion of the gastrointes¬ 
tinal tract and the long acquisition times used with respira¬ 
tory gating sequences, MRI has not been used widely to 
evaluate the thorax or abdomen. A single case report has 
been published that described the use of contrast esopha- 
graphy and CT to aid in the surgical planning of a persistent 
right fourth and left sixth aortic arch that caused a vascular 
ring anomaly in a foal. 17 However, the applications for 
these technologies have yet to be realized. 



FIG. 32-10 II These are transverse (A) and three-dimensional reconstructed computed tomography images (B) of the head of a 4-year-old pony mare with 
chronic draining tracts from the mandible. The arrows illustrate the tract through the mandible that communicates with the apical portion of the left man¬ 
dibular first molar (tooth #309). 






Ultrasound 
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Ultrasound machines have become lightweight, extremely 
portable, and affordable to the general practitioner. 
Although the machine is affordable, image quality is highly 
dependent on the ultrasound probes available for the exam¬ 
ination and experience of the sonographer. These ultra¬ 
sound probes come in various shapes and sizes including 
linear array probes, curvilinear probes, and sector-phase 
array probes. The physics behind the probe technology is 
beyond the scope of this text, but the main generalizations 
are that phase array probes are mainly used for cardiac 
examination, curvilinear probes give a large field of view, 
and linear array probes give exceptional superficial detail. 
For abdominal evaluation, a curvilinear probe is the most 
practical choice. The second choice offered with probe tech¬ 
nology is the frequency. Frequency of ultrasound probes 
determines both the resolution and the penetration that 
can be achieved. The higher the frequency of the probe 
selected, the better the image quality (resolution). However, 
the increased resolution comes at the cost of penetration. 
A 10-MHz probe can generally image only approximately 
6 cm into the abdomen, whereas a 1-MHz probe can image 
approximately 30 to 36 cm. For this reason, one should 
select the highest frequency probe possible to image to the 
desired depth. For example, if the ventral colon were exam¬ 
ined, because it is relatively close to the skin surface 
(approximately 5 cm), then an 8- to 10-MHz probe would 
give the best detail for the desired depth. If the nephrosple- 
nic space were to be imaged, this structure is approximately 
12 to 15 cm deep from the skin surface, and a 5-MHz probe 
would be needed. This will cause a reduction in image qual¬ 
ity, but the sacrifice is needed to gain the desired depth. The 
ultrasound examination requires the use of large volumes of 
isopropyl alcohol to wet the hair and to serve as a coupling 
medium to provide airtight contact between the skin and 
the probe. Acoustic coupling gel and clipping can be per¬ 
formed to enhance image quality, but in my experience, 
using isopropyl alcohol provides a good image, and clip¬ 
ping can be done in limited areas as needed to enhance 
the image quality. 

In the last 5 years ultrasound has come to the forefront 
of evaluation of the equine alimentary tract, primarily cen¬ 
tering on the abdomen. Ultrasound has been used in foals 
to determine the growth rate and normal appearance of 
thoracic and abdominal organs 18 and in adult horses to 
evaluate the gastrointestinal tract for causes of pain includ¬ 
ing torsion, small intestinal obstruction, colon impaction, 
large colon displacement, intussusception, strangulating 
lesions, and enteritis and colitis. 1019 23 This modality is 
even more useful because it provides real-time information 
to help assess contractility of the intestine. Although this 
has been explored using both standard two-dimension 
imaging, also called B-mode or brightness-mode imaging, 
and spectral Doppler imaging, 24 the presence of gas within 
the bowel and the fact that the bowel is usually perpendic¬ 
ular to the image plane makes quantitative evaluation of 
intestinal contractility difficult at best. When compared with 
radiography to identify intestinal sand accumulations, ultra¬ 
sound was found to be 87.5% sensitive and specific using 
radiography as the gold standard. 10 The main limitations 
are the artifacts secondary to gas within the colon and the 
fact that gas and mineral are both echogenic on ultrasound, 
whereas they have opposite opacities on radiographs. 

Ultrasound evaluation of horses with abdominal pain 
(colic) provides a rapid method to identify abnormalities 
within the gastrointestinal tract. Distention of the small 
intestine to a diameter greater than 5 cm has been strongly 
associated with strangulating or obstructing lesions 19 



FIG. 32-11 II Transabdominal ultrasonographic image of a 6-year-old 
thoroughbred gelding with acute onset of colic. The small intestine is 
7 cm in diameter and was noted to have minimal to no contractility. This 
is consistent for mechanical ileus. A strangulating lipoma was identified at 
surgery. (Courtesy of Cornell University.) 


(Fig. 32-11). In foals with intussusception, the small intestine 
appears enlarged and there is generally distended small intes¬ 
tine orad to the lesion; however, at the site of the intussus¬ 
ception there is a normal-appearing small intestinal wall 
(intussuscipiens) surrounded by a larger structure that 
appears to surround the inner small intestinal wall (called 
the intussusceptum) 19 (Fig. 32-12). Large colon torsion occurs 
when the large colon rotates 360 degrees or more around the 
root of the mesentery to cause occlusion of venous drainage 
while maintaining arterial flow. This causes the wall to 
become thick and edematous. If ultrasound is performed in 
the cranioventral abdomen, just caudal to the xiphoid pro¬ 
cess, then a colon wall size greater than 9 mm is 100% spe¬ 
cific for a large colon torsion 21 (Fig. 32-13). A large colon 
displacement would have minimal to no vascular compro¬ 
mise, so it would be an ultrasound diagnosis based on exclu¬ 
sion. Chronic displacements did have a mild amount of 
edema in the colon wall, causing the size to be approxi¬ 
mately 7 mm thick but never greater than 9 mm in the one 
study described. 21 The colon-and small intestinal wall will 
also become thick with inflammation. Small intestinal wall 
thickness greater than 4 mm is indicative of inflammation. 19 
The right dorsal colon can be imaged in the right tenth to 



FIG. 32-12 II Transabdominal ultrasound image of an adult standard- 
bred mare. The image shows an inner intestinal structure surrounded by a 
second intestinal structure consistent with an intussusception. At surgery 
this was confirmed as an ileocecal intussusception. (Courtesy of Cornell 
University.) 
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FIG. 32-13 II Transabdominal ultrasound images of the large colon. A. In colon torsion the large colon wall is severely thick (2 cm) secondary to edema. 
For comparison, a normal colon wall thickness (B) should be 0.2 to 0.4 cm in thickness. 


twelfth intercostal space around the region of the costochon¬ 
dral junction, and a focal wall thickness of 9 to 12 mm has 
been identified with right dorsal colitis. 23 

Scintigraphy 

Nuclear medicine is a widely used modality to image the 
gastrointestinal tract in humans and animals. Although 
physical obstruction can be assessed with endoscopy, ultra¬ 
sound is unable to identify the pylorus in the normal horse 
because of the peripheral nature of the colon and colonic 
gas. Nuclear medicine provides a functional evaluation of 
the pylorus to determine if delayed gastric emptying com¬ 
pared with normal horses is present. This modality works 
better than gastric emptying with barium sulfate because 
of the minimal invasive nature and ease of acquisition of 
images. However, the need for a gamma camera to generate 
the images and the licensing requirements to handle radio¬ 
active material make this modality less universally available. 
The primary use for evaluating the gastrointestinal tract with 
scintigraphy is to evaluate gastric emptying time. 25 * 28 Two 
protocols have been outlined in the references provided. 
The first uses the readily available technetium-99m pertech- 
netate ( 99m Tc) bound to disofenin or sulfur colloid. 26 * 29 ' 30 
This combination of radioisotope and radiopharmaceutical 
is fed in a pelleted ration alone or mixed with radiolabeled 
eggs. The normal range for the gastric emptying has been 
reported to be 1.49±0.17 hours 30 and 1.56±1.08 hours. 29 
The other method is the carbon-13 ( l3 C) bound to octanoic 
acid breath test ( l3 C-OABT). This method was validated com¬ 
pared with the 99m Tc sulfur colloid and found to have similar 
results compared with the solid phase gastric emptying t»/,. 24 
The main difference is that the l3 C-OABT is measured in 
the exhaled breath of the horse and with spectroscopy 
rather than using a gamma camera. The rationale for 13 C- 
OABT is that because a gamma camera is not needed, this 
test may be more portable and useful for field 
investigations. 29 

Another nuclear medicine procedure in the realm of 
alimentary tract evaluation involves the use of 99m Tc hexa- 
methylpropyleneamine oxime ( 99m Tc-HMPAO). This proce¬ 
dure allows for radiolabeling WBCs in order to determine 
areas of inflammation. 31 ' 32 The use of 99ra Tc is a matter 
of convenience because it is also used in equine bone 
imaging. Thus, detection equipment, such as a low-energy, 
all purpose collimator, is readily available in many prac¬ 
tices. HMPAO is used because it binds to granulocytes and 


therefore should travel to areas of increased inflamma¬ 
tion. 32 HMPAO also associates with the reticuloendothelial 
system, enabling localization within the lungs, liver, spleen, 
kidneys, and urinary bladder. The main drawback is that 
with the activity bound to WBCs there is a general lack of 
anatomic information, which can cause lesion localization 
to be difficult. 32 Although this technique is expensive and 
labor-intensive, the results from the limited studies avail¬ 
able appear encouraging. 

BIOPSY 

The decision about whether to obtain a biopsy is often 
based on the ease of obtaining a sample and the relative 
value of the evaluation that can be made. Very small sam¬ 
ples, such as those obtained with an endoscope biopsy 
instrument, are relatively easy to obtain, but they provide 
limited information. Full-thickness bowel specimens, 
obtained by means of ventral midline or flank laparotomy, 
are more difficult to obtain, but they provide much more 
information. 

Taking a biopsy sample by endoscopy allows the practi¬ 
tioner to choose the biopsy site on the basis of the appear¬ 
ance of the mucosal surface, which most frequently reflects 
an inflammatory disorder. Conversely, when a biopsy sam¬ 
ple is obtained through laparotomy, the serosal surface of 
the bowel may not reflect a disorder within the bowel wall. 
In such instances it may be useful to obtain several biopsy 
specimens. Rectal mucosal biopsies are easily performed. 
Many instruments can be used to obtain the biopsy speci¬ 
men, and a uterine biopsy forceps works well. A fold of 
mucosa can readily be pinched between two fingers, and a 
sample of this tissue is obtained. The size of the sample is 
adequate for histologic or bacteriologic examination. 

FECAL EXAMINATION 

Cytologic, biochemical, bacteriologic, immunologic, and 
electron microscopic evaluations can be performed on fecal 
samples. In addition, observation of the consistency and 
color, the presence of foreign material such as sand or 
gravel, and the presence of parasites should be included in 
the examination of the alimentary system. In addition to 
fecal consistency, fecal particle size can be used to evaluate 
the efficiency of mastication or the colonic transit time. 
Increased particle size, with loose or watery stool, is sugges¬ 
tive of decreased colonic transit time. 
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Cytologic examinations are primarily used to evaluate 
the parasite burden of the animal. Ova of large and small 
strongyles, tapeworms, round worms, and Strongyloides wes- 
teri are most common. Coccidia are occasionally observed 
but are clinically unimportant. Examination of fecal WBCs 
has been advocated in the evaluation of horses and foals 
with enterocolitis. Because these cells are very labile, their 
presence in large numbers indicates that an inflammatory 
process is present and that the inflammation is in the distal 
colon or is associated with decreased transit time. 

Determination of fecal occult blood has been recom¬ 
mended to diagnose gastric ulcers, duodenal ulcers, and 
other potentially hemorrhagic disorders of the alimentary 
tract. However, the usefulness of this test has been shown 
to be quite limited, because negative results can be obtained 
when blood is present in the proximal portion of the gastro¬ 
intestinal tract. 33 The sensitivity of most commercially avail¬ 
able tests is poor, giving negative results in the face of severe 
gastric bleeding. 

Fecal culture is an essential component in the evaluation 
of many patients. In bacteriologic culture techniques for 
fecal samples, selective media that are designed to isolate 
Salmonella are routinely used. These media include selenite 
broth, tetrathionate broth, brilliant green agar, XLD agar, 
and Salmonella-Shigella agar. Less selective media, McCon- 
key's and eosin methylene blue agars are desirable to culture 
other potential gram-negative bacterial pathogens such as 
Escherichia coli , but the mere presence of E. coli in the feces 
does not determine its pathogenicity. Enterotoxigenic E. coli 
have been isolated from foals with diarrhea, but special 
tests, such as polymerase chain reaction (PCR) assays, must 
be performed to determine whether an isolate produces 
enterotoxin. 

Tests for detection of enterotoxins of Clostridium difficile * 
and Clostridium perfringens t in fecal specimens are available at 
diagnostic laboratories or can be performed using enzyme- 
linked immunosorbent assay (ELISA) kits. 

The presence of rotavirus in a fecal sample can be deter¬ 
mined by use of an ELISA or an agglutination test. Both 
assays test for the presence of viral antigen in the feces. The 
ELISA is reported to be more sensitive than the agglutination 
test but is less specific. Therefore the agglutination test is 
likely to give more false-negative results, and the ELISA test 
is likely to give more false-positive results. The ELISA test is 
more time-consuming and inconvenient to perform than 
the agglutination test. When rotavirus is a concern, particu¬ 
larly as a farm problem, a reasonable approach is to screen 
fecal samples with the agglutination test and repeat testing 
of samples that yield negative findings with the ELISA. 

ABSORPTION AND DIGESTION TESTS 

Tests that evaluate the ability of the equine intestinal tract to 
digest and absorb nutrients have a more limited clinical 
application than in human or small animal medicine, but 
they can be useful in the evaluation of horses with chronic 
weight loss, suspected small intestinal inflammation or neo¬ 
plasia, gastric and small intestinal partial obstruction, and 
postoperative small intestinal malabsorptive disorders. For 
absorption tests to be diagnostic, the intestinal disorder 
must either be diffuse or affect the delivery to and transit 
through the small intestine. 

Maldigestion tests are performed to evaluate exocrine 
pancreatic function and small intestinal mucosal brush bor¬ 
der disaccharidase activity. Pancreatic exocrine deficiencies 


*C. difficile Tox A/B Test, TechLab, Blacksburg, VA. 
t C. perfringens enterotoxin test. TechLab, Blacksburg, VA. 


have not been described in the horse, probably because 
equine pancreatic secretions consist primarily of water and 
bicarbonate and have less enzymatic activity than in mono- 
gastric omnivorous species. Mucosal brush border disaccha¬ 
ridase-related maldigestion is relevant in viral and bacterial 
enteritides of foals, particularly rotavirus and coronavirus 
enteritides. As a result of these viral infections, there is loss 
of the superficial villous epithelial cells of the small intes¬ 
tine, in which the disaccharidases lactase, cellobiase, malt- 
ase, sucrase, and trehalase are located. 34 Lactase levels are 
greatest in young suckling foals, and loss of this enzyme 
activity, secondary to loss of the mucosal villous cells, leads 
to laaose maldigestion. Lactose tolerance can be tested by 
administering a 20% solution of D-lactose at a dose of 0.5 
to 1 g/kg. This dose should result in an approximate dou¬ 
bling of the serum glucose level within 60 minutes of 
administration. 35 

Clinically applicable absorption tests include the D-glu- 
cose and D-xylose absorption tests. The glucose absorption 
test has the advantage of being relatively easy and inexpen¬ 
sive to perform. However, cellular uptake and metabolism 
of glucose, as well as intestinal absorption, influence the 
results and thus are undesirable variables. The xylose 
absorption test is therefore advantageous because it more 
directly measures intestinal absorptive capacity. The results 
of both tests, though, are affected by gastric emptying rate 
and small intestinal transit time. In the United States, 
D-xylose is available only through chemical suppliers and 
only for research purposes; its availability for clinical diag¬ 
nostic use is restricted. 

The n-glucose and D-xylose tests are performed similarly. 
After an 18- to 24-hour fast, a 10% solution of D-glucose or 
D-xylose, 0.5 to 1 g/kg, is administered through a nasogas¬ 
tric tube. For the measurement of glucose, blood is collected 
in sodium fluoride tubes; and for the measurement of 
D-xylose, blood is collected in heparinized tubes. Samples 
are taken at 0, 30, 60, 90, 120, 150, 180, 210, and 240 min¬ 
utes after administration. Peak levels, which normally range 
from 20 to 25 mg/dL, occur 60 to 120 minutes after admin¬ 
istration, and levels thereafter should decrease. The normal 
curve resembles an inverted V. Variability in absorption 
curves occur as a function of age and type of feed the horse 
is given. 36 Delay or flattening of the absorption curve may 
reflea delayed gastric emptying, increased intestinal transit 
time, or impaired intestinal absorption. 37 Accurate interpre¬ 
tation of the results of these tests depends on the results of 
other diagnostic evaluations. In addition, different types of 
diet have been shown to affea the height, although not 
the shape, of the absorption curves significantly. In general, 
diets that have a higher digestible energy content result in a 
lower peak in the curve. 

BREATH TESTS 

In humans, dogs, and cats, breath tests are used to assess a 
variety of intestinal disorders. The urea breath test is used 
as part of an assessment of Helicobacter status of the 
patient, 38 but this is not an issue for horses. The hydrogen 
breath test is used in assessments of intestinal baaerial over¬ 
growth and in determination of carbohydrate digestion and 
absorption in the intestine. In patients with an abnormal 
intestinal baaerial population or carbohydrate malabsorp¬ 
tion, there will be excessive baaerial fermentation of carbo¬ 
hydrate, with one byprodua being hydrogen. Because 
hydrogen is freely diffusible from the bowel into the blood, 
and from the blood into the alveoli, measurement of 
exhaled hydrogen gas can be used to assess the status 
of intestinal baaerial fermentation of carbohydrates. In 
horses, the hydrogen breath test is most applicable to 
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conditions in which there is carbohydrate malabsorption 
and thus increased delivery of soluble carbohydrate to the 
large intestine for bacterial fermentation to occur. There 
are two reports of this technique in horses, one in which 
different carbohydrate substrates were evaluated in ponies 39 
and another in which the hydrogen breath test was used 
in conjunction with D-xylose absorption in nine horses with 
a variety of clinical disorders. 40 In the study with ponies 
(N = 7), fasting resulted in negligible levels of breath 
hydrogen excretion. Sustained increases in breath hydrogen 
concentration greater than 10 ppm were observed for all 
ponies after the ingestion of oats or the administration of 
wheat flour, for three ponies after the administration of glu¬ 
cose and xylose, and for two ponies hfter the administration 
of lactulose and lactose. The pattern of breath hydrogen 
excretion was subject to variation among animals after the 
ingestion of identical test meals. In the clinical study the 
diseased horses showed higher fasting breath hydrogen 
(H 2 ) levels (range 7.5 to 61.5 ppm) than normal horses 
(range 0 to 5 ppm). After xylose administration, none of 
the healthy animals showed an increase in breath H 2 pro¬ 
duction, and five of diseased animals showed increases in 
breath hydrogen. In this group of patients, abnormalities 
in hydrogen breath measurement were more apparent than 
abnormalities in D-xylose absorption. 


DENTISTRY A ND ORAL DISEASE 

IACK EASLEY 

The horse has evolved over millions of years to become a 
continuously grazing animal and in doing so has developed 
its own dental form and function. The horse's oral and den¬ 
tal structures provide it with the ability to detect, prehend, 
masticate, and begin the digestion of forage. As we have 
domesticated and confined the horse, we have altered its 
diet to consist of less continual grazing and more interval 
feeding of dry hay, grain, processed forages, and other 
concentrates. Selective breeding and domestication have 
increased the incidence of equine dental and oral disease 
in today's equine population. 

DENTAL AND ORAL ANATOMY 

The structures the horse uses in eating include tactile and 
prehensile lips; hypsodont incisors, premolars, and molars; 
facial bones; muscles of mastication; tongue and hard and 
soft palates; buccal mucosa; cheeks; olfactory organs; taste 
buds; salivary glands and ducts; and blood vessels and 
nerves that support these structures. The equine mouth is 
a long cylindric cavity that is the beginning of the alimen¬ 
tary canal and is commonly referred to as the oral cavity. 
The muscular lips make up the entrance to the mouth, 
which is bounded laterally by the cheeks, dorsally by the 
hard palate and ventrally by the body of the mandible 
and the mylohyoid muscles. The caudal aspect of the mouth 
is composed of the soft palate, root of the tongue, and epi¬ 
glottis and is continuous with the oropharynx. 41 ' 42 

The blood supply to the mouth is derived from the maxil¬ 
lary, mandibular, labial, and sphenopalatine arteries. The 
venous drainage is chiefly through the linguofacial veins. 
Sensation to the mouth and cheeks is derived from the tri¬ 
geminal nerve (cranial nerve V), and motor function from 
the facial nerve (cranial nerve VII). The hard palate has a 
central raphe that divides the surface into right and left 
halves. The flat portion of the palatal mucosa just caudal to 
the upper incisors may appear swollen in the young horse 
when permanent incisors are erupting. This normal mucosal 


enlargement seen in 2- to 5-year-old horses has been referred 
to as lampas. Farther caudally, the hard palate becomes more 
concave and contains paired transverse ridges, which are 
instrumental in moving a food bolus caudally, in a spiral 
fashion, as the horse masticates forage. The muscular tongue 
sits in the bottom of the mouth, supported in a sling formed 
by the mylohyoideus muscles, between the paired hemiman- 
dibular rami. The root of the tongue is attached to the lateral 
aspect of the soft palate, the pharynx, and hyoid bone. The 
lingual muscles receive their motor innervation from the 
hypoglossal nerve (cranial nerve XII) and sensory innerva¬ 
tion from the lingual branch of the mandibular nerve and 
glossopharyngeal nerve (cranial nerve IX). 

The mandible is the largest bone of the face and is 
formed by paired hemimandibles that fuse rostrally at the 
mandibular symphysis when the horse is approximately 
2 to 3 months old. Each hemimandible is composed of a 
horizontal and a vertical ramus. The dental alveoli are 
contained within the horizontal ramus. The vertical ramus 
terminates with the coronoid process rostrally and the man¬ 
dibular condyle caudally. The temporalis muscle inserts on 
the coronoid process. 

Between the incisors and the rostral aspect of the man¬ 
dibular cheek teeth, on the horizontal rami of the mandi¬ 
ble, are the "bars" of the mouth. This large interdental 
space or natural diastema is the resting area for the bit. 
Canine teeth, if present, are located in these spaces. The ven¬ 
tral border of the mandible of the young horse is wide and 
round, but as the horse ages and the mandibular cheek 
teeth continue to erupt, the ventral border of the mandible 
becomes more sharply angled. Eruption swellings or 
"bumps" often develop along the ventral border of the 
mandible of young horses as the permanent mandibular 
cheek teeth erupt. 

The paired incisive (premaxillary) bones form the rostral 
part of the upper jaw and contain the alveoli of the upper 
incisors. Caudally the incisive bone becomes thinner and 
forms the rostral part of the hard palate. The suture line 
between the incisive bones and the maxillary bones is an 
anatomically weak area and a common site of fracture. 
The upper canines, if present, are situated just caudal to this 
suture line. 

The paired, large maxillary bones extend from the inci¬ 
sive bone rostrally to the nasal bones dorsally and lacrimal 
bones caudally. The facial crest is a prominent ridge of bone 
on the lateral aspect of the maxillae. This crest continues 
caudally as the zygomatic process and joins the malar and 
temporal bones to form the zygomatic arch. The ventrome¬ 
dial aspects of the maxillary bones join to form a horizontal 
shelf that provides rigid support to the majority of the hard 
palate. The alveoli of the upper canines, premolars, and 
molars are embedded in the maxillae. The position of the 
alveoli of the upper cheek teeth is somewhat variable, but 
usually the alveoli of the first two cheek teeth lay rostral 
to the sinuses. The apices of the third and fourth cheek teeth 
lie within the rostral maxillary sinus in the young to mid¬ 
dle-aged horse, and the apices of the caudal two cheek teeth 
lie within the caudal maxillary sinus. Each alveolus is sepa¬ 
rated by transverse interalveolar bony septa. 

The horse has five paired paranasal sinuses: the concho- 
frontal, sphenopalatine, caudal maxillary, rostral maxillary, 
and ethmoidal sinuses. The rostral and caudal maxillary 
sinuses are contained within the maxillae and are usually 
separated by a thin bony septum, although this septum 
often breaks down in the presence of sinus disease. The 
infraorbital canals (one on each side of the head) traverse 
longitudinally through the maxillary sinuses. 

Bacterial sinusitis can occur secondary to disease of 
the third, fourth, fifth, and sixth upper cheek teeth and 
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classically results in a unilateral, malodorous, nasal dis¬ 
charge. Almost the entire lumen of the maxillary sinuses 
of a young horse is occupied by dental alveoli, but as the 
facial bones grow and reserve crowns of the upper cheek 
teeth erupt, the cheek teeth move rostrally and ventrally, 
causing the sinus compartments to enlarge. The paranasal 
sinuses drain into the caudal aspect of the nasal cavity via 
a slitlike opening, the nasomaxillary aperture. The medial 
compartment of the rostral maxillary sinus, or ventral con- 
chal sinus, has poor drainage and is a common site for 
inspissated exudate to accumulate. Its secretions must drain 
into the lateral compartment of the rostral maxillary sinus 
before draining into the caudal aspect of the middle meatus 
through the nasomaxillary aperture.. 

The temporomandibular joint is a synovial joint formed 
by the articulation of the squamous temporal bone with the 
condylar process of the mandible. The joint lies approxi¬ 
mately 15 cm above the level of the occlusal surface of the 
cheek teeth. The cavity of the joint is large and divided by 
a cartilaginous, intraarticular disk. The joint is bound by a 
tight capsule and lateral and caudal ligaments. The equine 
temporomandibular joint has a wide range of lateromedial 
movements, which allows for the medially directed power 
stroke of mastication, but limited vertical and rostrocaudal 
movements. 

To affect the wide lateromedial range of motion in the 
temporomandibular joint during the power stroke of masti¬ 
cation, the masseter and pterygoid muscles have evolved 
into most highly developed muscles of mastication in the 
horse. The powerful masseter muscle originates along the 
full length of the facial crest and zygomatic arch and has 
wide insertions along the caudolateral aspect of the mandi¬ 
ble. The superficial muscle fibers of the masseter run almost 
vertically, whereas the deep fibers course in a ventrocaudal 
direction. The masseter pulls the jaw to the ipsilateral side 
and contributes to closure of the jaw. The origins and inser¬ 
tions of the medial and lateral pterygoid muscles are similar 
to those of the masseter, but these muscles lie on the medial 
aspect of the mandible. The digastricus muscle originates on 
the occipital bone and attaches to the caudal aspect of 


the mandible. This muscle assists in opening the mouth, 
but because gravity also assists in opening the mouth, this 
muscle is small. The temporalis muscle functions to close 
the jaw, but because the temporomandibular joint of the 
horse is capable of only slight vertical movement, this mus¬ 
cle is also small and poorly developed. The muscles of mas¬ 
tication are all innervated by the trigeminal nerve (cranial 
nerve V). 

TEETH 

The foal has erupted 24 deciduous teeth by the time it is 
approximately 6 months old. Expansion of the cranial and 
facial bones during the first 2 to 3 years of life allows room 
for the expansion of the dentition from 24 deciduous teeth 
to the 36 to 44 permanent teeth present in the adult horse. 
The mouth of the mature horse contains six incisors in both 
the upper and lower jaws and six permanent upper cheek 
teeth and six permanent lower cheek teeth on each side of 
the mouth (Fig. 32-14). The rostral three cheek teeth are 
premolars, and the caudal three cheek teeth are molars, 
incisors and premolars have deciduous and permanent sets. 
Molars erupt later than the deciduous premolars and do not 
have deciduous counterparts. The occlusal surface of the 
cheek teeth of the upper jaw is broad and square, and that 
of the lower cheek teeth is narrower and rectangular. 

The cheek teeth in each quadrant of the horse's mouth 
are commonly referred to by number (1 to 6), from rostral 
to caudal. The vestigial and inconsistently present first pre- 
molar, often referred to as a wolf tooth , is not included in 
the 1 to 6 nomenclature. To help avoid confusion, the 
American Veterinary Dental College Nomenclature and 
Classification Committee has endorsed the use of the Mod¬ 
ified Triadan Tooth Numbering System for the horse. 4 * This 
three-digit tooth numbering system is based on a full phe¬ 
notypic dentition composed of 44 teeth. The first digit des¬ 
ignates the location of the quadrant, or arcade, and whether 
the dentition is deciduous or permanent. The permanent 
teeth in a quadrant are designated using numbers 1 to 4, 
and the deciduous teeth in a quadrant are designated using 
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numbers 5 to 8. The numbering sequence for the perma¬ 
nent teeth starts with #1 for the upper right teeth, #2 for 
the upper left teeth, #3 for the lower left teeth, and #4 for 
the lower right teeth. In each dental quadrant, the incisors 
are numbered 01 to 03, and the first or central incisor is 
always 01. The canines, whether present or not, make up 
the 04 position in this formula. The premolars are num¬ 
bered 05 to 08, and the molars are numbered 09 to 11. 

The equine incisors and molarized cheek teeth are hyp- 
sodont and have long anatomic crowns. The tooth crown 
is the enamel-containing portion of the tooth. When these 
hypsodont teeth erupt, their occlusal surface is covered with 
thin layers of cementum and enamel, which wear away 
from masticatory forces and abrasiv.e forage, to expose the 
true or functional occlusal surface of the tooth. This process 
is termed coming into wear. The functional occlusal surface 
of hypsodont teeth is composed of thin, brittle sheets of 
hard enamel sandwiched between softer layers of cemen¬ 
tum and dentin. This three-textured occlusal surface is self- 
sharpening and resistant to wear and fracture. The occlusal 
surfaces of the molar arcades wear in an undulating fashion 
with 13 loph basins (food channels) between transverse 
ridges. 

The incisors and upper cheek teeth have enamel invagina¬ 
tions in the crown, termed infundibula. These enamel invagi¬ 
nations are partially filled with cementum, which receives its 
blood supply from the soft tissue covering the tooth before 
eruption. The shallow infundibulum present on each incisor 
has a wide opening at the occlusal surface, referred to as a 
"cup." As the incisor wears, the small apical portion of the 
infundibulum eventually becomes exposed at the occlusal 
surface and is termed "the spot." Each upper cheek tooth 
has a rostral and a caudal infundibulum. These enamel inva¬ 
ginations, or cones, give the central area of these teeth a hard 


wear surface. The center of the cement lake that fills the 
infundibulum contains a hole, which is the remnant (i.e., a 
"ghost") of the central blood vessel that once supplied nutri¬ 
tion to the now dead infundibular cementum. 

Much of the crown of the hypsodont teeth of the horse is 
held in reserve subgingivally, in the alveolar bone. The apex 
of the tooth slowly completes its development by forming 
roots for several years after the tooth erupts. The interior 
of the tooth is composed primarily of dentine, with primary 
dentine lining the common pulp chamber of the newly 
erupted hypsodont tooth. The pulp chambers of hypsodont 
teeth are active throughout the horses life and continuously 
produce secondary dentine within the pulp cavity. Continu¬ 
ous production of secondary dentine prevents the vital pulp 
from being exposed at the occlusal surface as the tooth 
wears. The depth of secondary dentine at the occlusal sur¬ 
face of the pulp horns varies in horses but is at least 5 to 
7 mm thick and generally increases in thickness as the tooth 
ages. Secondary dentine absorbs pigment from feed and is 
seen as a brown area on the occlusal surface of the tooth. 

The pulp cavity of the young, permanent cheek tooth is 
large, but as the tooth ages the pulp divides into smaller 
pulp chambers, or horns, by deposition of secondary den¬ 
tine. From 2 to 4 years after eruption, mandibular cheek 
teeth have a distinct, apically located, common pulp cham¬ 
ber that communicates with the pulp horns. Five pulp 
horns are present in the 07s to 10s, sue pulp horns are pres¬ 
ent in the 06s, and six or seven pulp horns are typically 
present in the 11s (Fig. 32-15). By 6 to 8 years after a man¬ 
dibular cheek tooth erupts, production of secondary den¬ 
tine divides the endodontic system of the tooth into two 
distinct compartments or roots. Each compartment consists 
of a root canal, a pulp chamber, and two or three pulp 
horns. Each maxillary cheek tooth has three roots. Because 



Maxillary cheek teeth pulp cavities 

FIG. 32-IS II Diagram of the premolar and molar pulp cavities. 
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of the continuous production of cementum around the api¬ 
cal or root portion of the tooth and continuous wear of the 
crown, old equine teeth are primarily composed of cemen¬ 
tum. When most of the enamel of the crown has worn 
away, the softer dentine and cementum are quickly worn 
flat, leading to the condition known as "smooth mouth." 44 

Innervation of the dental structures is supplied by the tri¬ 
geminal nerve, which exits the skull just below the ear. This 
nerve traverses rostrally and then divides into ophthalmic, 
maxillary, and mandibular branches. The maxillary nerve 
enters the caudal aspect of the maxilla ventral to the orbit 
via the maxillary foramen and runs through the maxilla in 
the infraorbital canal, giving off branches that supply the 
maxillary cheek teeth. The nerve then exits the maxilla at 
the infraorbital foramen, located just rostral and dorsal to 
the facial crest. As the mandibular nerve runs medially 
along the horizontal ramus of the mandible, it branches 
into smaller nerves, including the mandibular alveolar 
nerve, which enters the mandibular canal at the mandibular 
foramen on the caudomedial aspect of the mandible and 
innervates the mandibular cheek teeth. The inferior alveolar 
nerve exits the mandibular canal at the mental foramen at 
the rostrolateral aspect of the mandible just rostral to the 
mandibular cheek teeth to become the mental nerve, which 
supplies the ipsilateral soft tissues over the incisive portion 
of the mandible. 

The horse is anisognathic, which means that the bottom 
jaw is narrower (by about 25%) than the upper jaw. The 
molar tables are sloped at a 10- to 15-degree angle from 
dorsal lingual to buccal ventral (Fig. 32-16). Lateral excur¬ 
sion of the jaw during mastication favors occlusal wear of 
the buccal aspect of the lower molar arcades and the lingual 
aspect of the upper molar arcades. As the horse chews, the 
jaw moves in a rotary motion from side to side with limited 



FIG. 32-16 II Computed tomographic scan of the equine skull at the level 
of the first molars. Dorsal is at the top. Note that because the upper molars 
are offset laterally from the lower molars, the molar tables are sloped at a 
10- to 15-degree angle from dorsal lingual to buccal ventral. 


rostral to caudal excursion. The molars are constructed so 
that the enamel, cementum, and dentine interdigitate to 
provide a sharp, serrating surface that allows for uneven, 
continuous wear when the horse is eating. 

The extent of lateral excursion of the mandible during 
normal mastication is affected by the length of stem or 
roughage in the horse's ration. Horses on pasture or hay 
have a wide area of mandibular excursion, whereas horses 
eating pellets or concentrates have a more limited range of 
lateral jaw excursion. Horses fed predominantly pellets or 
only a small quantity of long-stemmed roughage tend to 
have incomplete wear of the molar surface, predisposing 
the arcades to development of sharp enamel edges, a 
vaulted ceiling of occlusion, or the serious problem of shear 
mouth. Malocclusion of the incisors or the molar arcades 
perpetuates abnormal wear patterns that can eventually lead 
to severe dental disorders. 

Rostral or caudal molar malocclusions or problems with 
eruption (e.g., displaced, deformed, missing, or supernu¬ 
merary teeth and delayed eruption) lead to uneven dental 
wear. Horses with asymmetry between the upper and lower 
molar arcades, such as from mandibular fracture, facial 
injury, congential deformities such as brachygnathism (par¬ 
rot mouth) and prognathism (sow mouth), or an abnor¬ 
mally narrow mandible in relation to the maxillae, often 
develop abnormal dental wear, resulting in sharp enamel 
points, dental overgrowths, shear mouth, step mouth, or 
wave mouth. 

Equine males normally have two upper and two lower 
canines (or bridle teeth). The upper canines erupt just cau¬ 
dal to the suture between the incisive and maxillary bones. 
The lower canines are located further rostrally, producing 
a long lower diastema or interdental space. Canines of 
mares are rudimentary or absent. 

The rudimentary First premolars, or wolf teeth, are con¬ 
stant in fetal life in both the upper and lower jaws. Many 
never develop to the point of eruption but instead degener¬ 
ate and become incorporated in the maxilla or mandible. 
The upper first premolars erupt in 20% to 80% of horses, 
whereas the lowers erupt in only 1% to 5% of horses. 

The dynamic changes that take place in the horse's head 
continue at a slower pace throughout life after the horse 
matures. The hypsodont premolars, molars, and incisors 
with their large reserve crowns and slowly forming short 
roots continually erupt and wear. With continuous eruption 
and wear of the hypsodont teeth, all horses eventually wear 
their cheek teeth to the roots. 

DENTAL EXAMINATION 

A horse's dentition should be examined biannually as a rou¬ 
tine part of a health maintenance program. Eating efficiency 
and oral hygiene are the most important considerations from 
a medical standpoint when providing dental care, but often 
owners are more enthusiastic about dental care because of 
its positive effects on the horse's athletic performance. Writ¬ 
ten documentation of Findings during dental examination is 
necessary to formulate a problem-oriented treatment plan 
and to follow progress after the horse receives routine main¬ 
tenance and/or treatment for dental abnormalities. A consis¬ 
tent routine on the part of the examiner increases the efficacy 
and quality of the examination (Box 32-1). 

Signs of dental disease may be obtained from the history 
or observed in a horse suffering from dental problems. 
A history of abnormal head carriage or head tossing while 
being ridden or during eating, prolonged time of eating, hal¬ 
itosis, dysphagia, drooling, dribbling feed (i.e., quidding) or 
eating hay before grain should lead one to consider that a 
denti problem exists. 45 Indicators of a dental problem in 
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BOX 32-1 


Recommended Timetable for Routine Dental Examinations and Common Corrective Procedures 


BIRTH 

1. Examine for congenital defects of lips or palate. 

2. Assess longue motion and strength. 

3. Identify dental malocclusions. 

4. Evaluate all body systems. 

Recommended Procedures 

1. Provide genetic and orthodontic consultation and perform 
corrective surgery if necessary. 

2. Look for other problem signs such as underdeveloped carpal 
or tarsal bones, ruptured extensor'tendons, hernias, etc. 

6 TO 8 MONTHS OF AGE 

1. Check incisor and premolar occlusions. 

2. All incisors should be erupted. 

3. Check for sharp enamel points or hooks. 

4. Check tongue and buccal mucosa for ulcers. 

Recommended Procedures 

1. Provide orthodontic consultation, and float teeth if 
necessary. 

16 TO 24 MONTHS OF AGE 

1. Check for expanded lower wolf teeth eruption. 

2. Check points and hooks on premolars. 

3. Look for bit lesions. 

Recommended Procedures 

1. Float teeth and round off rostral comer of premolar 2. 

2. Extract wolf teeth. 

2 TO 3 YEARS OF AGE 

1. lx>ok for upper and lower wolf teeth. 

2. Check comers of mouth and interdental space for bite 
injuries. 

3. Evaluate incisors and molars for eruption and premolars for 
points and loose or retained deciduous teeth. 

Recommended Procedures 

1. Float outside of upper and inside of lower cheek teeth. 

2. Remove caps if present and ready. 

3. Extract wolf teeth. 

3 TO 4 YEARS OF AGE 

1. Check comers of mouth and interdental space for bit 
injuries. 


2. Evaluate incisors for retained deciduous teeth or 
supernumerary teeth. 

3. Evaluate molars for eruption and premolars for points and 
retained or loose deciduous teeth. 

4. Evaluate size and shape of lower jaw and percuss sinuses. 

5. Check for blind wolf teeth. 

Recommended Procedures 

1. Remove caps if present and loose. 

2. Float teeth. 

3. Remove wolf teeth. 

4 TO 5 YEARS OF AGE 

1. Check all incisors for eruption and wear occlusion. 

2. Check canine teeth for sharp edges or eruption delays. 

3. Evaluate entire molar arcade for proper eruption and 
alignment (third cheek tooth). 

4. Visually check upper rostral and lower caudal cheek teeth for 
hooks from malocclusion. 

5. Digital check for points on sharp edges of cheek teeth. 

6. Percuss sinuses. 

Recommended Procedures 

1. Remove deciduous teeth if loose and ready. 

2. Reduce hooks if present. 

3. Float teeth. 

4. Remove mucosa over canines if gingival cysts are present. 

5 YEARS AND OLDER 

1. Examine mouth visually and digitally, especially noting 
hooks and uneven wear. 

2. Evaluate canines for sharp edges and tartar. 

3. Percuss sinuses. 

4. Use olfactory senses to detect evidence of oral decay or 
gingivitis. 

5. Observe incisors for even wear. 

6. Evaluate lateral jaw excursion. 

Recommended Procedures 

1. Float teeth. 

2. Remove hooks. 

3. Level or shorten incisors if indicated. 


performance horses include tail wringing, head shaking, lug¬ 
ging in or out on the track, and fighting the bit (i.e., refusing 
to collect the head). In addition, intermittent dorsal displace¬ 
ment of the soft palate in performance horses may be a sign 
of a dental abnormality. 

Good dental health is extremely important to the equine 
digestive system. Chronic colic or choke can result from 
improper mastication of feed, and reluctance to drink cold 
water may be caused by dental pain. Proper mechanical 
digestion of feed allows better carbohydrate absorption in 
the small intestine and improved fiber fermentation in the 
cecum and large colon. Improper mastication of roughage 
and concentrate produces large feed particles with decreased 
surface area per mass. Fhe large particles are poorly digested 
in the small and large intestine because decreased surface 
area of the feed does not allow proper enzymatic degrada¬ 
tion and bacterial fermentation. Finding whole grain or 
stem particles more than 5 mm long during examination 


of the manure indicates that the horse suffers from 
improper mastication. 

The physical examination begins with observation of the 
horse's body condition, attitude, and temperament. The 
horse's overall condition should be evaluated in light of its 
use and dietary intake. Assigning a body score is an accurate 
way to subjectively record body condition (Fable 32-1 ). 46 
Objective assessment of body condition using a scale, a 
weight tape, or photographs is also beneficial and provides 
reliable data to evaluate the effects of treatment. The age of 
the horse should be considered during evaluation, because 
different conditions need to be addressed as the horse ages. 
The use of the horse should be considered during evaluation, 
because horses that wear a bit might require dental care not 
required by horses that do not wear a bit. Stable surround¬ 
ings should be carefully observed for evidence of vices, such 
as cribbing or poor eating habits, such as dribbling hay or 
grain. 






TABLE 32-1 


Henneke Body Condition Scoring System 


1 Condition 

Neck 

Withers 

Shoulder 

Ribs 

Loin 

Tailhead j 

1 Poor 

Bone structure 

Bone structure 

Bone structure 

Ribs protruding 

Spinous processes 

Tailhead, pinbones, and 


easily 

noticeable 

easily 

noticeable 

easily 

noticeable 

prominently 

projecting 

prominendy 

hook bones projecting 
prominently 

2 Very thin 

Bone structure 
faintly 
discernible 

Bone structure 
faintly 
discernible 

Bone structure 
faintly 
discernible 

Ribs prominent 

Slight fat covering 
over base of 
spinous 
processes 

Transverse 
processes of 
lumbar vertebrae 
feel rounded 

Spinous processes . 
are prominent 

Tailhead prominent 

3 Thin 

Neck 

Withers 

Shoulder 

Slight fat cover 

Fat buildup 

Tailhead prominent but 


accentuated 

accentuated 

accentuated 

over ribs 

Ribs easily 
discernible 

halfway on 
spinous 
processes, but 
easily discernible 
Traverse processes 
cannot be felt 

individual vertebrae 
cannot be visually 
identified 

Hook bones appear 
rounded, but are still 
easily discernible 

Pin bones not 
distinguishable 

4 Moderately 

Neck not 

Withers not 

Shoulder not 

Faint oudine of 

Negative-crease 

Prominence depends on 

thin 

obviously 

thin 

obviously 

thin 

obviously 

thin 

ribs discernible 

(peaked 
appearance) 
along back 

conformation 

Fat can be felt; hook bones 
not discernible 

5 Moderate 

Neck blends 

Withers 

Shoulder blends 

Ribs cannot be 

Back is level 

Fat around tailhead 

(ideal 

weight) 

smoothly 
into body 

rounded over 

spinous 

processes 

smoothly 
into body 

visually 
distinguished, 
but can be 
easily felt 


beginning to feel soft 

6 Moderately 

Fat beginning to 

Fat beginning to 

Fat beginning to 

Fat over ribs feels 

May have a slight 

Fat around tailhead feels 

fleshy 

be deposited 

be deposited 

be deposited 

spongy 

positive crease 
(a groove) down 
bade 

soft 

7 Fleshy 

Fat deposited 
along neck 

Fat deposited 
along withers 

Fat deposited 
behind 
shoulder 

Individual ribs 
can be felt with 
pressure, but 
noticeable fat 
filling between 
ribs 

May have a positive 
crease down the 
back 

Fat around tailhead is soft 

8 Fat 

Noticeable 

Area along 

Area behind 

Difficult to feel 

Posidve crease 

Fat around tailhead very 


thickening of 
neck 

withers filled 
with fat 

shoulder 
filled in flush 
with body 

ribs 

down the back 

soft 

9 Fjctremely 
fat 

Bulging fat 

Bulging fat 

Bulging fat 

Patchy fat 
appearing over 
ribs 

Obvious crease 
down the back 

Bulging fat around 
tailhead 
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Body and head conformation should be considered in 
evaluating the masticatory system. The head should be 
observed from both sides and the front to detect asymme¬ 
tries, protuberances, or swellings. Horses with small heads 
have more of an angle in the curve of the mandibular 
ramus (i.e., the curvature of Spee) and are predisposed 
to dental crowding and ramps on the lower dental 
arcades. 

The horse should be approached at its left shoulder. The 
tongue should be checked for proper movement, abnormal 
swelling, and signs of trauma, and the horse's ability to 
swallow should be evaluated. Excessive lacrimation, abnor¬ 
mal nasal discharge, or halitosis should be noted. The horse 
should receive a neurologic evaluation if any cranial nerve 
deficits are detected. Finally, the mandibular rami, masseter 
muscles, temporomandibular joints, and submandibular 
lymph nodes should be palpated to detect enlargements 
or asymmetry. 

The frontal and maxillary sinuses should be percussed 
with the horse's mouth open. The width between the man¬ 
dibular rami should be noted, because this width correlates 
with the room in the mouth for the bit. The sides of the 
head lateral to the upper dental arcades should be com¬ 
pressed, starting at the orbit and moving forward to the first 
cheek tooth at the level of the nasomaxillary notch, to 
detect protuberances, depressions, asymmetry, or evidence 
of pain. The commissures of the lip should be observed 
and palpated for signs of trauma inflicted by sharp teeth 
or improperly fitting bits. The incisor arcades should be 
visually evaluated from the front and both sides. The occlu¬ 
sal surfaces should make good contact and be level. The 
horse's age should be assessed by the dentition and com¬ 
pared with its actual age. 47 In movement of the lower jaw 
from side to side, the normal slide and separation of the 
incisor arcades as the jaw moves through normal lateral 
excursion should be observed. 

For the oral cavity to be examined in detail, the horse 
should be fitted with a loose-fitting halter. If the horse is 
fractious or resists examination, it should be sedated before 
proceeding with the oral examination. Sedation should be 
given only after the horse's signalment (i.e., breed, age, 
body condition), temperament, and health (i.e., mucous 
membrane appearance, capillary refill time (CRT), heart 
rate, and rectal temperature) have been assessed. 

The mouth should be rinsed thoroughly with clean 
water. Trapped feed in the mouth should be removed man¬ 
ually or with a dental pick and irrigation. Horses with sharp 
buccal points on the upper dental arcade often resist appli¬ 
cation of a full-mouth speculum; therefore floating the 
upper arcades before applying the speculum may decrease 
resentment to the speculum. With a full-mouth speculum 
in place and the head properly restrained, a detailed visual 
and tactile oral examination should be carried out. A bright 
light source is necessary to illuminate the entire oral cavity 
for complete visual inspection. The examiner should manu¬ 
ally inspect all hard and soft tissue in the oral cavity. The 
use of a dental mirror and pick is often necessary to see 
and probe the occlusal surfaces and pockets between the 
cheek teeth. Endoscopic examination of the oral cavity 
using a videoendoscope or an endoscope with a camera aids 
in identification of obscure lesions. Because rabies is a 
potential cause of dysphagia in the horse, the examined 
should have an adequate titer for rabies antibodies. 

DENTAL RADIOLOGY 

Diagnostic radiology is a valuable aid in the diagnosis of 
equine dental disease. The excellent contrast among air, 
bone, soft tissue and teeth provides good radiographic 


detail. Good-quality films can be obtained using a portable 
x-ray machine and rare-earth intensifying screens without a 
grid. Digital radiology provides high-quality radiographic 
images and allows for these high-quality images to be 
shared electronically for consultation with colleagues. 

Indications for radiographic examination of the head 
include a suspicion of dental infection, maleruption, or a 
diastema and oral pain of unknown origin. The skull 
should be examined radiographically before and after den¬ 
tal extraction. Any facial swelling, deformity, neoplasm, 
trauma, or fracture may warrant radiographic evaluation to 
aid in diagnosis and treatment. 

Radiographs can be taken with the horse standing and 
sedated. The head and radiographic cassette can each be placed 
on a stand to decrease distortion caused by motion. A lateral 
projection centered over the rostral edge of the facial crest 
should be taken to demonstrate fluid lines within the sinuses. 
The lateral view superimposes the dental arcades and should 
not be relied on to diagnose diseases involving the dental 
reserve crown and roots. Lesion-oriented oblique projections 
demonstrate the apical portion of the upper or lower cheek 
teeth and are helpful in diagnosing periapical dental disease. 
Open-mouth, oblique radiographic projections are beneficial 
in evaluating the exposed crown of the cheek teeth. Special, 
4- x 8-inch, flexible dental cassettes can be used to obtain 
intraoral radiographic projections of the maxillary dental 
arcades. Dorsoventral radiographic projections centered over 
the tooth in question or area of concern can demonstrate peri¬ 
odontal disease on the buccal aspect of the upper cheek teeth 
or a large area of infundibular decay. Intraoral, occlusal radio- 
graphic projections are useful in demonstrating fractures of the 
incisors or other lesions rostral to the bars of the mouth. Other 
imaging techniques, such as ultrasonography, nuclear scintig¬ 
raphy, CT, and MRI are helpful in the diagnosis of many oral 
and dental-related diseases. 48 

TREATMENT 

A plan for treatment based on the results of history, clinical 
findings, and oral examination should be outlined to the 
owner and/or trainer before proceeding with a dental proce¬ 
dure. The owner and/or trainer should be informed of any 
abnormalities and given a plan for treatment as well as an 
estimate of the cost, before any corrective procedure is 
performed. 

Therapy must be planned to ensure that all equipment 
necessary to complete the task is at hand. The horse should 
be properly restrained, and adequate help should be present 
to assist in completing the procedure. A dental record aids 
in documenting findings during examination and the proce¬ 
dures performed (Fig. 32-17). 

Routine Dental Maintenace 

FLOATING. Dental floating is an age-old and routine 
method to correct abnormalities associated with dental 
eruption and occlusal wear. Floating also allows sculpting 
of the teeth to accommodate the bit. The main purpose of 
molar floating, or leveling, is to remove points or sharp 
edges from the buccal aspect of the upper molar arcades 
and lingual aspect of the lower molar arcades. Floating 
may also entail removing minor hooks or ramps from the 
rostral or caudal aspect of one or more arcades or leveling 
of minor elevations on the occlusal surface of the arcades. 
Routine floating and other corrective measures in the 
mouth may require both the added physical restraint 
provided by a dental halter and mild, chemical sedation. 

Proper equipment is required to float all aspects of the 
exposed crowns of the cheek teeth, regardless of horse's size. 




Small instruments are often needed to access the oral cavity 
of miniature horses or ponies, and extra long and heavy 
instruments are often required to work effectively in the 
mouth of the large warmblood or draft horses. Sharp float 
blades made of carbide chips or sharp tungsten carbide 
planing blades make the work of floating more efficient 
and less strenuous than in the past, when steel blades were 
used. 

The outward curve of the upper arcade makes the central 
buccal area (i.e., the area involving premolar 3 [PM3] 
through molar 2 |M2|) the easiest to reach with the float. 
To reach all areas of PM2 and M3, the head of the float 
should be offset or angled. In most cases the lower arcade 
can be floated to remove the lingual enamel points using 
a flat, long-handled float. To remove rostral and caudal 
hooks, special equipment such as carbide planing blades, 
power burrs, sliding chisels, or single action molar cutters 
may be required. (Note: Using sliding chisels and molar 
cutters to remove a hook can result in serious damage to 
the tooth). The use of dental equipment requires special 
training and skill to prevent iatrogenic injury to the horse's 
mouth. 

The use of a mouth speculum or a dental wedge aids not 
only the oral examination, but also floating. (Note: The use 
of a dental wedge can result in serious damage to the teeth.) 
A mouth speculum ensures that the horse's mouth remains 
open, increasing safety for both the horse and the examiner. 
For horses with slightly ramped back teeth caused by a 
greater than normal curvature of Spee, a mouth speculum 
and a slightly curved or swivel-headed float may be needed 
to float the occlusal surface of the last molar. 

To increase a horse's comfort while it wears a bit, the ros¬ 
tral aspect of the first upper and lower cheek teeth are some¬ 
times rounded and the buccal cusps of the upper PM2s 
and PM3s are reduced. A horse that has received these 


procedures is said to have received a "bit seat." In theory, 
a bit seat is created to prevent the soft tissue of the mouth 
from pressing against sharp points on the PM2s. To prevent 
exposing the pulp cavity when forming bit seats or correct¬ 
ing overgrowths, care should be taken not to "overfloat" 
the occlusal surface of a tooth. An offset float or an S-shaped 
rasp is usually necessary to create a bit seat. 

WOLF TEETH. Most horses that are worked with a bit in 
the mouth benefit from having wolf teeth extracted. Some 
wolf teeth exfoliate naturally when the horse is approximately 
3 years old, at the same time the cap of the first cheek tooth 
(i.e., 06 or PM2) is shed and the permanent tooth erupts. 
Although not all wolf teeth cause discomfort, a loose or sharp 
wolf tooth can be a distraction or even cause pain of such 
severity that it leads to bad bitting habits. Determining if 
the wolf teeth are responsible for a bitting problem is often 
difficult. Sometimes a wolf tooth does not erupt in a normal 
downward path, but instead migrates rostrally beneath the 
gum, causing a subgingival enlargement that irritates the 
horse. Such unerupted first premolars have been referred to 
as "blind" or "occult" wolf teeth and should be removed. 
Most wolf teeth are easily elevated with the horse sedated. 
Infiltrating a few milliliters of local anesthetic solution 
around the wolf teeth may aid in their removal. 

CANINE TEETH. Canine teeth are present in most male 
horses over 4 years old. The unopposed positions of the canine 
teeth in the diastema make them unlikely to cause or develop 
problems. Some mares have small or rudimentary canines that 
can become loose or accumulate tartar, necessitating their 
removal. Canines of a stallion or gelding, especially canines 
that are long or sharp, can interfere with bitting and can be a 
nuisance or danger to the groomer or handler. Canines are 
more likely to accumulate tartar than are other teeth. Crowns 
of the canines can be ground 2 to 3 mm and polished to 
remedy any of these problems. Erupting canines in the 
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4- to 6-year-old horse may cause subgingival pain, especially 
when overlying tissue is contacted by the bit, which in turn 
may cause head shaking or other bad habits. The thin layer 
of tender mucosa over the canine should be removed. The 
root of a canine of the male is long and curved, making this 
tooth extremely difficult to extract. If a canine tooth must be 
removed because of injury or infection, it is usually removed 
by creating a bone flap over the root. 

DENTAL CAPS. As the developing permanent premolar 
pushes to the surface, it presses on the roots of the worn 
down deciduous tooth, gradually cutting off that tooth's 
nutrition. The deciduous tooth dies as its blood supply 
diminishes, causing it to become loose and displaced. The 
osseous alveolar walls adjust to the$e changes by producing 
and reabsorbing bone, to provide a new socket for the 
embedded portion of the newly formed permanent tooth. 
The remaining portion of the deciduous premolar has up 
to four "legs" (i.e., root slivers) that straddle the crown of 
the permanent tooth. If these slivers are fractured, they 
may remain embedded in the gingival tissue after the cap 
is shed, causing gingivitis or periodontal disease. 

The eruption pattern of the permanent molarized denti¬ 
tion follows a sequence that predisposes to entrapment of 
the deciduous PM3 and PM4. Delayed shedding of decidu¬ 
ous premolars can predispose to gingivitis, periodontal irri¬ 
tation, or apical infection. Retained, split, or displaced 
deciduous premolars can be distracting to a young horse 
in training and have been implicated as a cause of intermit¬ 
tent dorsal displacement of the soft palate. 

Retained caps can cause lingual displacement or delayed 
eruption of the permanent premolars. Horses with retained 
caps may develop bony enlargements called "eruption 
cysts," on the ventral aspect of the horizontal ramus of the 
mandible or on the dorsal aspect of the maxillae, rostral 
to the facial crest. Often such swellings are benign, but if 
eruption is severely inhibited, blood-borne bacteria can col¬ 
onize in the inflamed dental pulp, leading to anachoretic 
pulpitis and periapical dental infection, which lead to more 
severe facial or mandibular swelling. A draining tract often 
accompanies swellings caused by periapical infection, espe¬ 
cially those on the mandible. Caps should be evaluated 
by palpation as well as visually. A crease or neck can be seen 
or felt just above the gumline at the juncture separating the 
deciduous and permanent tooth. Radiographic examination 
of the premolars may be necessary to identify retained caps. 

If a cap has been shed, the caps that remain on the same 
tooth in the other three arcades should be considered retained 
and should be removed. By placing a molar forceps on the 
tooth and rotating the forceps lingually, the cap is easily 
removed. The cap should be extracted in a manner that ensures 
that the roots, especially the buccal roots, are removed, 
because slivers of roots of a retained cap are irritating and can 
predispose the horse to development of periodontal disease. 

INCISORS. After the cheek teeth have been evaluated and 
treated, the horse's mouth should be completely reexa¬ 
mined, both visually and by palpation, to ensure that all 
sharp or uneven edges have been smoothed and that no 
teeth have been broken or loosened during floating. The 
speculum is then removed, the mouth closed, and excursion 
of the jaw reevaluated to confirm that the mandible is capa¬ 
ble of full excursion. 

With the jaw in the resting state, normally only the inci¬ 
sors are in occlusion. The incisors should meet evenly and 
slide to the side unobstructed until the cheek teeth begin 
to contact As the mandible moves laterally, the upper and 
lower arcades contact, and the incisors are lifted apart as 
the mandibular cheek teeth slide up the sloped occlusal sur¬ 
face of the upper cheek teeth. Uneven or excessively long 
incisors may need to be aligned or reduced. Minor incisor 


leveling can be performed with a flat carbide float or a 
motorized burr. Care should be taken not to reduce the 
crown to the extent that that the pulp is damaged. When 
floating has been completed, the horse should have a full, 
comfortable range of motion of the jaw. As the horse chews, 
the upper and lower dental arcades should be in proper 
contact with each other. 

EQUINE DENTAL DEVELOPMENTAL 
ABNORMALITIES 

Equine dental developmental abnormalities can involve 
tooth number, morphology, or position in the dental 
arcades. Abnormalities of dental development and eruption 
occur quite commonly in the horse and result in a wide 
range of clinical conditions. Some developmental abnorma¬ 
lities of the teeth of a young horse may not cause the horse 
to exhibit clinical signs of dental disease until the horse 
reaches middle age. A congenital or developmental problem 
present at the time of tooth eruption often leads to acquired 
dental problems as the teeth continue to erupt and wear. 
Consequently, several different dental abnormalities, the 
origins of which are interrelated, are often present by the 
time the horse is presented because of signs of dental dis¬ 
ease. A detailed oral examination should include checking 
for the proper number and position of teeth. Because only 
the exposed crown of a tooth can be visualized in the oral 
cavity, many developmental defects may not be recognized 
simply by oral examination. If a developmental abnormal¬ 
ity is suspected, the dentition should be examined radio¬ 
graphically to further delineate abnormalities. 

Supernumerary Teeth 

Supernumerary teeth are teeth in excess of the normal, 
expected number in any of the dental arches. This disorder 
has been referred to as polydontia or hyperdentition. Supernu¬ 
merary teeth can be loosely categorized morphologically into 
two categories: (1) supplemental teeth that resemble teeth of 
the normal series in crown and root morphology but not 
always in size, and (2) rudimentary or dysmorphic teeth that 
are abnormally shaped and smaller than normal teeth. 

These extra teeth are usually encountered at the caudal 
aspects of the arcades, but supernumerary teeth can also 
occur lingually, buccally, or rostrally to the arcades. Clinical 
signs caused by supernumerary cheek teeth are most com¬ 
monly associated with dental overgrowths and diastemata, 
which often cause periodontal disease. Examination of a 
radiograph that encompasses the entire affected dental arcade 
is often necessary to recognize a supernumerary tooth. 

Supernumerary incisors are reported more commonly in 
horses than are supernumerary cheek teeth. The main differ¬ 
ential diagnosis for supernumerary incisors or cheek teeth is 
retained deciduous teeth, and in some cases, determining 
whether an extra tooth is a retained deciduous tooth or a 
supernumerary tooth is difficult Radiographic examination 
of the affected jaw may be indicated to determine the iden¬ 
tity of an extra incisor. A retained deciduous incisor has a 
more mature root and a shorter reserve crown than those 
of the adjacent permanent incisors. 

Management of horses with supernumerary teeth is gen¬ 
erally limited to regular assessment of the dentition, cou¬ 
pled with aggressive floating to minimize the opportunity 
for soft-tissue damage caused by unopposed dental elonga¬ 
tions or sharp enamel points. If complications occur, such 
as severe periodontal disease or paranasal sinusitis, the 
supernumerary tooth or displaced adjacent tooth should 
be extracted, and appropriate therapy undertaken to man¬ 
age associated disease. 
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Oligodontia 

Oligodontia is the condition in which the number of teeth 
is less than normal. Oligodontia can be caused by congeni¬ 
tal absence of a tooth germ or by traumatic loss of a tooth. 
Absence of a tooth in the dental arcade, regardless of the 
cause, leads to dental drift, or tipping of adjacent teeth. l,ack 
of wear of the antagonist to the missing tooth can lead to 
dental elongations and abnormal mastication. Radiographic 
examination of the dentition is often necessary to confirm a 
diagnosis of oligodontia. Oligodontia may be associated 
with other epidermal defects, such as faulty development 
of hair and hooves. 

Dental Dysplasia or Hypoplasia 

Dental dysplasia (i.e., abnormal growth and/or development 
of a tooth or teeth) may result in an irregularly shaped tooth 
that does not fit properly into a dental arch. The poor fit may 
lead to entrapment of food and periodontal disease. Enamel 
hypoplasia can be caused by certain drugs or chemicals admi¬ 
nistered to the dam during gestation, or it may be idiopathic. 
Dental dysplasia can involve the abnormal formation of all 
tissues of the tooth or only a single tissue. When enamel is 
dysplastic, however, the other calcified tissues of the teeth, 
cementum and dentine, also become dysplastic because 
enamel acts as the scaffolding and template for their deposi¬ 
tion. Abnormal morphology of enamel has been associated 
with branched pulp horns and abnormally shaped teeth. 
Cemental hypoplasia usually involves the infundibular por¬ 
tion of the tooth but can be seen as a defect of the peripheral 
cement of the coronal or reserve crown or the roots. 

Abnormal Dental Eruption 

Abnormal dental eruption, or maleruption, is often seen 
after trauma to developing teeth or surrounding bones but 
has also been reported to be congenital or idiopathic. Cheek 
teeth can become vertically impacted when dental buds 
develop in crowded areas in the dental arcades. Teeth may 
become rotated or displaced because of developmental mal- 
positioning of tooth buds or overcrowding before, during, 
or after eruption. 

Dixon and colleagues reported that 70% of displace¬ 
ments of cheek teeth were developmental and caused by 
overcrowding of the cheek tooth arcade at the time of erup¬ 
tion. These researchers frequently found that if a cheek 
tooth was displaced in one arcade, the same tooth in the 
contralateral arcade was also displaced. They concluded that 
the remaining 30% of displacements were caused by abnor¬ 
mal positioning of the dental bud. 44 They found that a 
tooth might fail to erupt if it is displaced horizontally to 
the adjacent teeth. Developmental diastemata, or abnormal 
spaces or gaps between cheek teeth, are often the result of 
insufficient angulation of rostrally and caudally located 
teeth toward the center of the arcade to achieve good com¬ 
pression of adjacent teeth. Dental buds with normal angula¬ 
tion that develop too far apart can also result in diastemata. 

Malocclusion of incisors can be congenital, developmental, 
or acquired. Mandibular brachygnathism (Le., parrot mouth 
or overjet) is a congenital incisor malocclusion, the origin of 
which is usually genetic. Many horses have some degree of 
overjet of the premaxillary incisors, but the overjet rarely 
causes a problem with prehension unless the premaxillary 
and mandibular incisors totally lack occlusion. If brachyg¬ 
nathism is discovered when the foal is young, orthodontic 
treatment may correct or at least improve the condition. 

A main consideration with an incisor overjet in the adult 
horse is the malocclusions of the cheek teeth that accom¬ 
pany this condition. The maxillary cheek teeth arcades of 


horses with an overjet are usually positioned rostral to the 
mandibular cheek teeth arcades, causing a rostral over¬ 
growth of the upper PM2s (i.e., 106 and 206) and a caudal 
overgrowth of the lower M3s (i.e., 311 and 411). These 
overgrowths must be reduced to allow proper lateral excur¬ 
sion of the jaw and mastication. 

Prognathism (i.e., sow mouth or undershot jaw) occurs 
with less frequency in the horse and is seen most commonly 
in miniature or dwarf breeds. Early detection and correction 
of the malocclusion in the foal may prevent the condition 
from worsening. The cheek teeth of a horse with progna¬ 
thism should be evaluated for malocclusion caused by over¬ 
growth of the upper M3s (i.e.. Ill and 211) and the lower 
PM2s (i.e., 306 and 406). 

Bony malformation or curvature of the skull can result in 
malocclusion of both the incisors and the cheek teeth. The 
most common malocclusion caused by bony malformation 
of the skull is an offset or diagonal incisor bite. Some bony 
malformations, such as campylorrhinus lateralis (i.e., wry 
nose), are obvious, but subtle changes to the large bony 
plates in the head can be difficult to recognize. 

Dental overgrowths associated with malocclusions 
should be corrected gradually to prevent dysphagia and 
pain caused by inadvertent exposure of pulp horns. Often, 
incisor malocclusion cannot be completely resolved, but 
regular maintenance may prevent it from worsening. 

DENTAL DISEASE 

Dental disease is grouped into four basic types: abnormal 
occlusal wear pattern, periodontal disease, dental caries, 
and disease of the dental pulp. All of these types of basic 
dental disease are interrelated, and horses with one of these 
types of disease also have, to varying degrees, the other types 
of disease. 

Proper alignment of the dental arcades is critical to the 
normal wear of the dentition. Historically, abnormal dental 
wear patterns have been described as elongations of the 
crown, descriptive terms for which include hooks, ramps, 
waves, step mouth, tall teeth, and excessively high transverse 
ridges. 49 Elongations are usually found on a normal tooth 
that opposes an abnormal tooth in the opposite arcade, such 
as a damaged, misplaced, or missing tooth. This abnormal 
tooth, as well as the elongation, should be evaluated. Most 
elongations are reduced with float or a grinding instrument. 
When reducing an elongation, care should be exercised not 
to cause iatrogenic damage to the tooth, such as pulpal expo¬ 
sure, thermal injury to the pulp or fracture of the crown. 

Periodontal disease is often a painful dental condition 
and is described as the leading cause of "quidding" in 
horses. A mild form of periodontal disease primarily affects 
young horses, 2 Vi to 5 years old, that are shedding decidu¬ 
ous teeth (caps) and erupting permanent incisors and pre- 
molars. A more severe and progressive form of periodontal 
disease is seen in mature horses and is the result of the 
chronic effects of diastemata, or spaces that develop 
between teeth that are not aligned properly in the arcade. 
Diastemata promote periodontal disease by allowing feed 
to become trapped between teeth. Diastemata can form sec¬ 
ondary to developmental disease, such as when dental buds 
are spaced too far apart or are abnormally angulated so that 
the teeth in the dental arcade are not properly compressed. 
This is usually a progressive condition that when left 
untreated worsens. Spaces between teeth or teeth out of 
alignment also predispose to abnormal wear patterns on 
the affected and opposing dental arcades. 

Treatment of horses with periodontal disease involves 
treating both the cause and the effects of the disease. 
Periodontal disease caused by feed trapped at the gingival 
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margin of a diastema often improves after the diastema is 
thoroughly cleansed using dental picks and/or irrigation. 
Correction of any associated abnormal wear pattern is also 
indicated. In more refractory cases, opening or widening 
of the diastema with a special burr or a right angle grinder 
may be necessary. This procedure may allow the horse's 
masticatory actions to more easily channel food in and 
out of the diastema, thus preventing or reducing entrap¬ 
ment, stagnation, and decay of feed. 

Ihe severity of periodontal disease can be decreased 
using high-pressure irrigation to clean periodontal pockets. 
After the pockets have been irrigated, the diastema is packed 
with a perioceutic agent such as doxycydine gel or a pow¬ 
dered antibiotic. This technique places a high concentration 
of antibiotic in contact with the infected and inflamed tis¬ 
sues, and the packing acts as a temporary barrier to recon¬ 
tamination. This form of therapy may need to be repeated 
regularly to produce long-term, positive results. 

Caries usually involve the cemental layer of the tooth. 
Peripheral cemental caries is seen secondary to periodontal 
disease. The most common type of cemental caries involves 
the infundibular portion of the incisors or maxillary cheek 
teeth (Fig. 32-18). The incisors have one infundibulum 



FIG. 32-18 II Cadaver specimen of the maxillary dental arcade. Note the 
black areas of dental decay on the occlusal surfaces of Ml and M2 (arrows). 


and the upper cheek teeth have two, and each infundibu¬ 
lum has a cup, or open portion, at the occlusal surface. 
The occlusal surface of the tooth is covered with cementum 
for several months after the tooth erupts, and as the tooth 
wears, the cementum-filled infundibulum is exposed at 
the occlusal surface. Some degree of decay is always present 
at the occlusal surface of an infundibulum, because feed 
and other products of mastication are compressed into the 
ghost of the vascular canal. 

An infundibulum contains dead cementum that is 
completely encased in a layer of enamel, which prevents 
the infundibular caries from causing widespread inflamma¬ 
tion or infection. True dental pulp infection secondary to 
infundibular caries occurs only if caries penetrate this pro¬ 
tective enamel layer. Developmental malformations of the 
infundibulum may weaken this enamel barrier, predispos¬ 
ing the dentine and pulp to exposure from infundibular 
caries. Infundibular caries may weaken a tooth whose 
infundibula are congenitally deformed or have an abnor¬ 
mally large vascular channel, predisposing the tooth to 
excessive attrition or midsagittal fracture of the crown. 

Infundibular caries is usually innocuous but can 
predispose to dental elongations on the opposing arcades 
(e.g., wave mouth, Fig. 32-19). These abnormal wear 
patterns should be reduced regularly. To strengthen the 
tooth and delay the progression of infundibular caries, 
abnormally large infundibular vascular channels can be 
cleaned, partially packed, and sealed with a dental com¬ 
posite material. As advanced diagnostic methods, such as 
CT, become more readily available to the equine practi¬ 
tioner, these abnormal infundibula can be more easily 
recognized. 

Infection of the dental pulp occurs primarily in horses 
4 to 10 years old. I lorses with infection of the pulp are pre¬ 
sented because of clinical signs of associated inflammatory 
changes at the apical region of the tooth. The clinical signs 
of pulpal infection vary and depend on the involvement of 
structures adjacent to the apex of the affected tooth. Horses 
with infection of one of the lower first four cheek teeth 
develop swelling on the ventral aspect of the mandible 
over the apex of the affected tooth, and within this 
swelling, a draining tract usually develops. The last two 
lower cheek teeth are embedded in the portion of the man¬ 
dible surrounded by the large muscles of mastication, so 
infection of one of these teeth causes the surrounding 
muscles to swell. Flxudate accumulated between the man¬ 
dible and musculature may be seen during ultrasono¬ 
graphic evaluation of the soft tissues of the mandible. 



\ 


FIG. 32-19 II Lateral view of cadaver 
equine skull illustrating wave mouth. 
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The apices of the upper two or three cheek teeth are 
closely associated with the facial bones; therefore when 
one of these teeth becomes infected, facial swelling usually 
results. The apices of the caudal three or four upper cheek 
teeth reside within the maxillary sinuses; when one of these 
teeth becomes infected, purulent nasal discharge caused by 
secondary sinusitis usually results. 

Because pulpal infection destroys the tissue responsible 
for the production of secondary dentin, the pulp homs 
and root canals of the affected teeth fail to fill with dentine 
as they normally would. In the later stages of pulpal infec¬ 
tion, the affected tooth usually exhibits some degree of 
decay at the site of the pulp horn on the occlusal surface. 
This weakened, decayed area may pfedispose to fracture of 
the crown. 

Administration of antimicrobial drugs has been suc¬ 
cessful in the treatment of horses with apical dental infec¬ 
tion in its early stages, but the most common treatment 
of horses with an apically infected tooth is removal of 
the affected tooth and treatment of associated bone or 
sinus infection. Teeth can be removed by one of three 
methods: extraction via an oral approach, repulsion via 
an apical approach, or elevation via a lateral buccotomy 
approach. 

SALIVARY GLANDS AND DUCTS 

Saliva hydrates and lubricates the oral cavity, facilitates 
swallowing, prevents tooth demineralization, and regu¬ 
lates oral microbial flora. 50 Diseases of the salivary glands 
of horses are uncommon but include sialoadenitis, salivary 
calculi, salivary mucocele, trauma and neoplasia. During 
oral examination the openings of the salivary ducts should 
be noted. The ducts of the paired parotid salivary glands 
enter the mouth at the parotid papillae, located next to 
the upper last premolars (i.e., 109 and 209). The ducts of 
the paired mandibular salivary glands open into the 
mouth on the lateral aspect of the sublingual caruncles. 
The ducts (approximately 30 in number) of the paired 
sublingual salivary glands are seen as small pores in the 
sublingual recess. 

Slobbering or drooling may indicate excessive produc¬ 
tion of saliva (i.e., ptyalism) or accumulation of saliva in 
the mouth from dysphagia. Heavy metal toxicity, poisoning 
with a parasympathomimetic agent, neurologic disease, or 
stomatitis may cause ptyalism. Dysphagia can be caused 
by esophageal obstruction (choke), an oral foreign body, 
or some neurologic diseases, such as rabies. 

Sialoadenitis, or inflammation of a salivary gland, may 
be the result of obstruction of a salivary duct from accumu¬ 
lated exudate or mucus, feed particles such as grass awns, 
an orally introduced foreign body, or a sialolith. Sialoliths 
occur inffequendy but are found almost exclusively in the 
parotid salivary duct. Obstruction of the duct with a sialo¬ 
lith causes salivary retention, which can lead to glandular 
atrophy or acute sialoadenitis, swelling of the gland, and 
rupture of the duct. A sialolith causes a hard, usually 
smooth enlargement at some point along the course of the 
parotid salivary duct. The horse usually shows no signs of 
pain when the enlargement is palpated. The sialolith is usu¬ 
ally apparent during radiographic evaluation of the skull, 
but it can be obscured by adjacent bone. Diagnosing the 
presence of a sialolith is usually straightforward because 
the condition is easily differentiated from other conditions 
that produce similar clinical signs, such as trauma, apical 
dental infection, or facial tumor. Surgical removal of the sia¬ 
lolith and primary closure of the duct and surrounding tis¬ 
sue usually yield good results. 


A salivary mucocele is an accumulation of salivary 
secretions in a single or multiloculated cavity adjacent to 
a ruptured salivary duct. A ranula is type of mucocele 
that develops secondary to obstruction of a sublingual 
salivary duct. Treatment of horses with a mucocele con¬ 
sists of creating a salivary fistula into the oral cavity or excis¬ 
ing the mucocele and destroying salivary gland, either 
with a chemical inserted into the duct or by ligation of the 
duct. 

Laceration or iatrogenic injury to a salivary duct can 
lead to a salivary cutaneous fistula. The fistula can be 
resolved by reapposing the severed duct with sutures, by 
creating a new oral opening for the duct, or by destroying 
the salivary gland. The parotid salivary gland can be 
ablated by flushing a solution of 10% formalin into 
the duct or by ligating the duct proximal to the fistula. 
Wounds involving the salivary glands can usually be 
resolved successfully by cleansing, debriding, and suturing 
the wound. 

Primary neoplasms of the salivary glands of horses 
include benign mixed tumors, adenocarcinomas, and acinar 
cell tumors. Neoplasms that invade the salivary gland from 
an adjacent area or melanomas of old grey horses that 
metastasize to the salivary gland are more common than 
primary salivary neoplasms. 

EQUINE ORAL NEOPLASMS 

Equine oral neoplasms are rare, making up a very small per¬ 
centage of facial or mandibular neoplasms. Oral neoplasms 
can be divided into three basic types: odontogenic, osteogenic, 
and secondary (soft tissue). 51 

Odontogenic neoplasms are derived from remnants of den¬ 
tal epithelium. The five types that have been reported in the 
oral cavity of horses are ameloblastomas, ameloblastic odon¬ 
tomas, complex odontomas, compound odontomas, and 
cementomas. Histologic examination of odontogenic neo¬ 
plasms can be confusing because of variation in appearance 
of tissue obtained at different sampling sites and age-related 
changes in the neoplasm's appearance. Because of their rarity, 
ill-defined biologic behavior, poorly defined radiographic fea¬ 
tures, and histologic variations, odontogenic neoplasms can 
be difficult to classify. 

Primary bone neoplasms of horses are rare, and most 
(osteoma, ossifying fibromyoma) are benign. More than 
80% of equine osteosarcomas occur in the head region. Like 
odontogenic neoplasms, primary bone neoplasms of horses 
are difficult to classify. In addition to gross and histologic 
examination, correlating history and clinical, radiologic, 
and biochemical findings is often essential to establish a 
diagnosis. 

Secondary neoplasms of the oral cavity include squa¬ 
mous cell carcinoma, lymphosarcomas, papilloma, and 
melanomas that have extended into the oral cavity from 
an adjacent site or metastasized into the oral cavity from a 
remote site. Squamous cell carcinoma is the most frequendy 
reported oral neoplasm in the horse. Generally these neo¬ 
plasms are seen in old horses; there is no gender or breed 
predilection. Neoplasms of the tongue are rare and include 
lymphosarcomas, multiple myeloma, rhabdomyosarcoma, 
and paraneoplastic bullous stomatitis. 

Options available to control progression of oral neo¬ 
plasms include radiotherapy, hyperthermia, chemotherapy, 
cryosurgery, immunotherapy, autogenous vaccines, photo¬ 
dynamic therapy, laser therapy, and surgical resection. 
Results of these treatments vary according to the type of 
tumor and circumstances, such as whether the neoplasm 
has invaded bone. 
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DISORDERS OF THE ESOPHAGUS 

teem 

ANTHONY T. BL1KSLAGER 

SAMUEL L JONES 

ANATOMIC AND PHYSIOLOGIC 
CONSIDERATIONS 

The most cranial aspect of the esophagus is located on the 
median plane immediately dorsal to the trachea. However, 
at approximately the midcervical region (C4 to C5), the 
esophagus typically shifts to the left of the trachea and 
lies just deep to the external jugular vein. 52 * 53 It is here that 
intraluminal obstructions or the tip.of a stomach tube may 
be visualized, and this is the region where trauma can read¬ 
ily result in esophageal perforation. When a stomach tube is 
passed, it is critical that the tube be palpated to ensure the 
tube is in the esophagus because jugular pulses can be con¬ 
fused with the appearance of the tip of the tube. In addition 
to its proximity to the external jugular vein, the esophagus is 
also located adjacent to the vagosympathetic trunk and the 
common carotid artery. 52 The esophagus is innervated by 
branches of the vagosympathetic trunks and blood is sup¬ 
plied to the cervical esophagus by branches of the carotid 
arteries. The thoracic esophagus, which lies ventral to the 
trachea until the tracheal biftircation, where it resumes a 
dorsal position, receives its blood supply from the bronch- 
oesophageal artery. Venous drainage is via the external jug¬ 
ular veins in the cervical esophagus and the esophageal vein 
in the thoracic esophagus. 

The muscular wall of the esophagus increases in thick¬ 
ness as the esophagus courses distally, while the lumen gets 
smaller. 52 The esophagus is not covered by a serosa except 
for a very short segment that traverses the abdominal cavity 
between the diaphragm and the stomach. 53 Instead, the 
outer wall of the esophagus is composed of adventitia 
that is loosely attached to surrounding tissues. This loose 
connection allows movement of the esophagus during swal¬ 
lowing and during movement of the neck. The cranial two- 
thirds of the esophageal wall consists of skeletal muscle, 
whereas the distal third of the esophagus is composed of 
smooth muscle. Although the muscular layers are com¬ 
posed of an outer and an inner layer, similar to the remain¬ 
der of the gastrointestinal tract, the skeletal muscle layers 
are oriented obliquely to one another. 52 This, and an abun¬ 
dant submucosa, enables extensive dilation of the esopha¬ 
gus as a bolus of food moves toward the stomach. In 
addition, the velocity of esophageal contraction is faster in 
the skeletal muscle segment of the esophagus compared 
with the distal smooth muscle segment. 54 The muscle layers 
become oriented in more of an outer longitudinal and inner 
circular configuration in the caudal esophagus. 52 In the rest¬ 
ing collapsed state, redundant esophageal mucosa and sub¬ 
mucosa become oriented in longitudinal folds. The mucosa 
is composed of stratified squamous epithelium that is con¬ 
tinuous with the stratified epithelium of the cardiac portion 
of the stomach. 52 

The cranial esophageal sphincter is formed by the cri- 
copharyngeus muscle and maintains a resting intraesophageal 
pressure of approximately 85 mm Hg and a postdegluti¬ 
tion pressure as high as 200 mm Hg. Although the caudal 
esophageal sphincter is anatomically indistinct, resting intra¬ 
esophageal pressure in this region is maintained at approxi¬ 
mately 13 mm Hg, and postdeglutition pressure in the 
caudal esophagus may be as high as 100 mm Hg. The pressure 
in the caudal esophagus is maintained at approximately 
10 mm Hg higher than the intraluminal pressure of the stom¬ 
ach. 54 * 55 Although the higher pressure in the distal esophagus 
has been implicated as the cause for the inability of most 


horses to vomit and for gastric rupture, other factors such 
as a poorly developed vomiting reflex may be more 
important. 56 

DIAGNOSTIC CONSIDERATIONS 

Esophageal disease should be a differential diagnosis in any 
horse that demonstrates excessive salivation. Such signs also 
indicate the need to assess hydration, electrolyte levels, and 
acid-base status. In a study in which horses had continual 
loss of saliva via an experimentally placed esophagotomy, 
abnormalities included hypochloremia, hyponatremia, and 
hypokalemia. 57 litis results from the relatively high levels 
of these electrolytes in saliva. Furthermore, because horses 
depend on dietary intake of potassium, hypokalemia would 
be exacerbated in a horse that was also unable to eat 
because of esophageal obstruction. Loss of salivary fluid 
and bicarbonate also results in dehydration and metabolic 
acidosis. However, metabolic alkalosis subsequently occurs 
presumably as a result of renal compensation for electrolyte 
loss, particularly chloride. 57 

Further examination of horses with esophageal disease 
may reveal evidence of swelling or emphysema in the region 
of the cranial or cervical esophagus that should prompt a 
thorough oral examination and further diagnostics such as 
radiography and endoscopy to define the nature of any 
esophageal abnormalities. If the esophagus has been 
perforated or ruptured, subcutaneous emphysema is usually 
evident. The lungs should be carefully auscultated for evi¬ 
dence of aspiration pneumonia. Radiographs of the chest 
are required for a full pulmonary assessment. 

Radiographs of the esophagus should initially include 
plain films that may reveal evidence of an obstruction or 
areas of gas opacity within facial planes indicative of esoph¬ 
ageal perforation. 58 However, facial and subcutaneous 
emphysema must be differentiated from other causes, 
including tracheal perforation. 56 The esophagus is often 
gas-distended cranial to an obstruction up to the cranial 
esophageal sphincter. Plain films may be diagnostic, but 
contrast radiographs are frequently required to fully define 
the nature of esophageal abnormalities. 58 Administration 
of barium paste or liquid will reveal linear opacifications as 
a result of the linear mucosal folds and may help outline 
intraluminal obstructions or strictures (Fig. 32-20). 58 
A double-contrast study is a useful radiographic technique 
for defining esophageal wall abnormalities, particularly 
postobstruction mucosal ulceration, and is performed by 
placing a cuffed nasogastric tube in the cranial esophagus 
and injecting 300 to 500 ml. of liquid barium followed by 
a similar volume of air. Care should be taken when evaluat¬ 
ing such radiographs, because swallowing can create the 
false impression that there is a stricture. 59 The incidence 
of swallowing can be decreased by administration of xyla- 
zine. Liquid barium is preferable if swallowing function is 
compromised because it is less harmful to pulmonary tis¬ 
sues than paste, and water-soluble iodinated contrast mate¬ 
rial is particularly damaging to the lung because of its 
hypertonicity. 56 However, if an esophageal perforation is 
suspected, water-soluble contrast material is preferable. 56 

Endoscopic evaluation of the esophagus should be per¬ 
formed as pan of a complete evaluation of esophageal inju¬ 
ries and abnormalities. After sedation of the patient the 
endoscope should be passed all the way into the stomach 
before the esophagus is examined; it will be more readily 
viewed as the endoscope is withdrawn. 58 Inflation of the 
esophagus must also be performed intermittently as the 
wall of the esophagus collapses around the end of the endo¬ 
scope. The longitudinal folds of the esophageal mucosa will 
be readily appreciated and can be flattened out as the 



CHAPTER 32 Diseases of the Alimentary Tract 



689 



FIG. 32-20 II Barium contrast esopha- 
gram outlining esophageal luminal struc¬ 
ture. (Courtesy Dr. K.E. Sullins ) 


esophagus is distended to more clearly view the entire cir¬ 
cumference of the esophagus. Swallowing may create arti¬ 
facts such as the appearance of strictures, so the esophagus 
should be carefully reinflated after each swallow to carefully 
evaluate such findings. 59 

A recent study evaluated structures that could be evalu¬ 
ated via thoracoscopy of the mediastinum, including the 
thoracic component of the esophagus. Although this proce¬ 
dure caused pneumothorax, a 15-minute period of evalua¬ 
tion allowed observation of a number of structures 
including the esophagus. 60 Portals placed at the eighth, 
tenth, and twelfth intercostal spaces were useful for comple¬ 
tion of this procedure and could provide additional 
information aside from radiographic and endoscopic evalu¬ 
ation of the thoracic esophagus. 

ESOPHAGEAL OBSTRUCTION 

Esophageal obstruction, either primary (simple choke) or 
secondary to other disease processes, is the most com¬ 
mon esophageal disorder seen in horses. Although pri¬ 
mary obstructions may be caused by foreign bodies, 
including corncobs, potatoes, apples, carrots, medicinal 
boluses, stones, riding crops, or wood fragments, primary 
obstructions are most often caused by roughage, particu¬ 
larly leafy alfalfa hay, coarse grass hay, bedding, and even 
grass. 61 ' 71 Prior esophageal trauma or poor mastication 
caused by dental abnormalities may predispose horses 
to esophageal impaction. Obstructions from roughage 
may be precipitated by wolfing or gulping food, particu¬ 
larly if the horse is exhausted and/or mildly dehydrated 
such as after a long ride, or weakened from chronic 
debilitation. Secondary impactions are caused by intra¬ 
mural or extramural abnormalities that mechanically 
impede food passage. Examples of intramural obstruc¬ 
tions include tumors (squamous cell carcinomas), stric¬ 
tures, diverticula, cysts, and vascular ring anomalies. 72 * 78 
Mediastinal or cervical masses (tumors or abscesses) 
may cause extramural obstructions. 

The clinical signs associated with esophageal obstruc¬ 
tions are similar whether they are classified as primary 


or secondary and are rarely specific. Horses with esopha¬ 
geal obstruction are often anxious and stand with the 
neck extended. Gagging or retching may be noted, partic¬ 
ularly with acute proximal obstructions. Bilateral frothy 
nasal discharge containing saliva and food material, 
coughing, odynophagia, ptyalism, and dysphagia are usu¬ 
ally the primary clinical signs, the severity of which varies 
with the degree and location of the obstruction. Disten¬ 
tion of the cervical esophagus may be evident at the site 
of obstruction. Other clinical signs may be observed 
related to complications stemming from the obstruction, 
such as dehydration, weight loss, aspiration pneumonia, 
or esophageal rupture. 

Thorough physical examination, including a complete 
oral examination, must be performed to rule out other 
causes of hypersalivation, dysphagia, and nasal discharge. 
Palpation of the jugular furrow may reveal a mass associated 
with the impaction. In most horses the esophagus is 
located in the left jugular furrow, but it may be found in 
the right furrow in some animals. Crepitus or cellulitis 
may be evident, suggesting rupture of the esophagus. Aus¬ 
cultation of the lungs is important to determine whether 
pneumonia or pleural fluid is present because of aspiration 
or intrathoracic esophageal rupture. Passage of a nasogastric 
tube is a good way to determine whether and where an 
obstruction is present but provides little information about 
the nature of the obstruction or the condition of the 
esophagus. 

Ultrasonography of the cervical region is extremely use¬ 
ful not only to confirm the presence of a cervical esophageal 
impaction, but also to provide critical information about 
the location and extent of the impaction and esophageal 
wall thickness and integrity. Ultrasonography may also pro¬ 
vide information about the cause of the obstruction. Radio¬ 
graphy, particularly air or barium contrast studies, may be 
useful to assess an esophageal impaction but may be more 
useful for evaluating the esophagus after rather than 
before relief of the impaction to demonstrate stricture, dila¬ 
tion, diverticula, esophageal rupture, or masses. 79 80 Care 
should be taken when interpreting radiographic studies in 
sedated horses, particularly after passage of a nasogastric 
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tube or other esophageal manipulations that may contrib¬ 
ute to esophageal dilation. 81 Impacted food material can 
be detected in the esophagus by a typical granular pattern, 
and gas is often observed to accumulate proximal to the 
obstruction. Foreign bodies may be identified by contrast 
radiographic studies. 

Definitive evaluation of esophageal obstructions often 
requires endoscopic examination. Most cases of esophageal 
obstruction occur at sites of natural narrowing of the esoph¬ 
ageal lumen, such as the cervical esophagus, the thoracic 
inlet, the base of the heart, or the terminal esophagus. 
Therefore an endoscope longer than 1 meter may be 
required for complete evaluation. Endoscopic evaluation is 
useful before relief of an impactioq to localize the impac¬ 
tion and to investigate the nature of the impaction if a for¬ 
eign body is suspected. Foreign bodies may be retrievable 
via transendoscopic tethering. 69 Critical diagnostic and 
prognostic information is obtained after resolution of the 
impaction to determine whether mucosal ulceration, esoph¬ 
ageal rupture, masses, or strictures are present. 

The primary goal of treatment for esophageal impaction 
is to relieve the obstruction. Parenteral administration of 
acepromazine (0.05 mg/kg IV), xylazine (0.25 to 0.5 mg/kg 
IV) or detomidine (0.01 to 0.02 mg/kg IV), oxytocin (0.11 
to 0.22 IU/kg IM), and/or esophageal instillation of lido- 
caine (30 to 60 mL of 1% lidocaine) may help reduce esoph¬ 
ageal spasms resulting from pain or increased esophageal 
tone. 66 81 ' 83 However, recent conclusive studies revealed that 
detomidine, acepromazine, or a combination of xylazine 
and butorphanol had the greatest effect on esophageal motil¬ 
ity when evaluated by a monomer in conscious horses. 84 
However, in vitro studies revealed a relaxant effect of oxyto¬ 
cin on esophageal muscle, suggesting it may be useful for 
relief of esophageal obstruction. 85 

Resolution of an impaction may require physical dis¬ 
persal of the material. A nasogastric tube can be used to 
displace the impacted material in conjunction with external 
massage if the obstruction is in the cervical region. Often it 
is necessary to carefully lavage the esophagus with water via 
an uncuffed or a cuffed nasogastric tube while the head is 
lowered to aid in breaking up the impaction. Some clini¬ 
cians advocate a dual tube method whereby a tube is placed 
through each nasal passage into the esophagus for ingress 
and egress of the lavage fluid. Because of the risk of aspira¬ 
tion of water and/or food material, esophageal lavage is 
sometimes done under general anesthesia with a cuffed 
nasotracheal tube. 

In refractory cases, intravenous administration of isotonic 
fluid containing 0.9% NaCl and KC1 (10 to 20 mEq/L) for 
24 hours at a rate of 50 to 100 mL/kg/day in conjunction 
with esophageal relaxants such as oxytocin may promote 
hydration and softening of the impaction and will help pre¬ 
vent or alleviate any electrolyte or acid-base imbalances 
resulting from salivary losses of chloride, sodium, and 
potassium. Refractory cases may require esophagotomy to 
relieve the impaction. Stria restriction of access to food 
and water, including access to bedding material, must be 
enforced until the obstruction is resolved and the esophagus 
has regained function. 

Dilation proximal to the site of obstruaion, mucosal 
injury from trauma, and esophagitis are sequelae to esoph¬ 
ageal impaaion that predispose patients to reobstruaion. 
The rate of reobstruaion may be as high as 37%. Depend¬ 
ing on the duration of the obstruction and the degree 
of trauma or dilation, the risk of reobstruaion is high 
for 24 to 48 hours or longer; therefore food should be with¬ 
held for at least 24 to 48 hours after resolution of the 
obstruaion. After 48 to 72 hours or when the esophageal 
mucosa has recovered as assessed by endoscopy, soft food 


(moistened pellets and bran mashes) can be fed. The 
patient can be gradually returned to a high-quality roughage 
diet over a period of 7 to 21 days depending on the degree 
of esophageal damage induced by the impaction and the 
nature of any underlying disease. The prognosis for survival 
is good (78%), but some horses may require permanent 
dietary modification if persistent chronic obstruaion is a 
problem. 68 

Complications of esophageal impaction include meta¬ 
bolic alkalosis from prolonged loss of salivary chloride 
and sodium, esophageal ulceration, striaure, perforation, 
aspiration pneumonia, and megaesophagus. Esophageal 
endoscopy and/or ultrasonography should be performed 
immediately after the impaaion is relieved to determine 
whether any complications of the impaaion have devel¬ 
oped or if an inciting cause of the obstruaion is present. 
Endoscopic evaluation is critical to determine the postob- 
struaion treatment and followup. Reevaluation should be 
performed intermittently every 2 to 4 weeks after resolution 
of the impaaion if esophageal dilatation or mucosal injury 
is noted. Additional evaluation via radiography may be 
warranted to assess motility and transit times. 

If the obstruaion was present for 48 hours or longer, 
dehydration, hyponatremia, hypochloremia, and hypokale¬ 
mia may occur and should be correaed via oral electrolyte 
solutions or intravenous administration of 0.9% NaCl and 
KC1 (10 to 20 mEq/L). If aspiration is suspected, adminis¬ 
tration of broad-spectrum antibiotics that are effeaive 
against gram-positive and gram-negative organisms, includ¬ 
ing metronidazole for anaerobes, is advisable. Sucralfate 
(20 mg/kg orally [PO] q6h) may hasten healing if esopha¬ 
geal ulceration is evident, but this is controversial. Some 
dinicians suggest that administration of a nonsteroidal anti¬ 
inflammatory drug such as flunixin meglumine (1 mg/kg 
PO or IV ql2h) or phenylbutazone (1.1 mg/kg PO or IV 
ql2h) for 2 to 4 weeks after resolution of the impaaion 
may reduce the development of striaures. 

ESOPHAGITIS 

Inflammation occurs during many conditions of the esoph¬ 
agus. Esophagitis refers to a clinical syndrome of esophageal 
inflammation, which may or may not be ulcerative. Causes 
of esophagitis in horses include trauma (foreign bodies, 
nasogastric tube), infection (mural abscesses), and chemical 
injury (medicines, cantharidin). 8687 An important category 
of esophagitis is reflux esophagitis, caused by reflux or 
delayed clearing of gastric contents into the distal esophagus 
and subsequent chemical injury to the mucosa (Fig. 32-21). 
Similar to ulceration of the squamous portion of the stomach 
in horses, a major cause of ulcerative esophagitis is epithelial 
damage resulting from exposure to acid, which is synergisti- 
cally exacerbated by bile salts. 62 ' 88 The major proteaive 
mechanisms of the esophageal mucosa indude salivary and 
food material buffers, normal peristaltic motility, and the 
barrier formed by the gastroesophageal sphinaer. Thus, 
esophagitis may be seen in conjunaion with gastric ulcer dis¬ 
ease, motility disorders, increased gastric volume from gastric 
outflow obstructions, gastric paresis, intestinal ileus, or 
impaired lower esophageal sphincter function. 

The clinical signs of esophagitis are nonspecific and sim¬ 
ilar to those of esophageal obstruaion and gastric ulcer dis¬ 
ease. In faa, esophagitis may occur concurrently with 
esophageal obstruaion or gastric ulcer disease, so clinical 
signs may overlap extensively with these diseases. Gagging, 
or discomfort when swallowing, may be evident, and hyper- 
salivation and bruxism are signs of esophageal pain. Partial 
or complete anorexia may be noted such that horses 
with chronic esophagitis may have significant weight loss. 
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FIG. 32-21 II Severe ulceration of the 
esophagus in a weanling foal that had 
severe duodenitis and gastric outflow 
obstruction. (Courtesy Dr. M.J. Murray.) 



Motility dysfunction secondary to esophagitis may cause 
recurrent esophageal impaction. Clinical signs of underlying 
disease that predispose to esophagitis may predominate or 
mask the signs of esophagitis. Horses with gastrointestinal 
motility disorders such as anterior enteritis are at high risk 
for developing reflux esophagitis because of the presence 
of both gastric acid and bile salts in the fluid reflux. How¬ 
ever, signs attributable to esophagitis secondary to ileus 
may not be noted because of the profound signs caused 
by the intestinal disorder. Foals with gastric outflow 
obstructions commonly have reflux esophagitis. 

Diagnosis requires endoscopic examination of the 
esophagus. Diffuse, patchy, linear, or coalescing erosion or 
ulcerations may be noted. Significant edema or hyperemia 
may also be observed. It is important to determine whether 
underlying disease, such as infection, neoplasia, diverticula, 
or esophageal stricture is present. In addition, the stomach 
must be examined because reflux esophagitis is commonly 
accompanied by gastritis or gastric ulcer disease. Contrast 
radiography may be helpful if endoscopy is not available 
to detect esophageal ulceration and can be used to assess 
esophageal motility and transit time. 

The principles of therapy for reflux esophagitis include 
control of gastric acidity and correction of any underlying 
disorder that is contributing to gastroesophageal reflux. 
Thus, treatment with histamine-2 (H 2 )-receptor antagonists 
such as ranitidine or proton pump antagonists such as 
omeprazole is important for resolution of the disease. Some 
clinicians advocate sucralfate administration to aid healing 
of esophageal ulcers. However, the efficiency of sucralfate 
binding to ulcerated mucosa in the squamous epithelium 
of the gastrointestinal tract has recently been brought into 
question. 

Foals with reflux esophagitis secondary to delayed gastric 
outflow caused by gastroduodenal ulcer disease or gastric 
paresis may benefit from prokinetic drugs that act on the 
proximal gastrointestinal tract. Metoclopramide (0.02 to 
0.1 mg/kg SC q4-12h) reduces gastroesophageal reflux by 
increasing lower esophageal sphincter tone, gastric emptying, 
and gastroduodenal coordination. Caution should be exer¬ 
cised when giving metoclopramide to horses because they 
are prone to extrapyramidal neurologic side effects. Choliner¬ 
gic drugs such as bethanechol (0.025 to 0.035 mg/kg SC q4- 
24h or 0.035 to 0.045 mg/kg PO q6-8h) may improve gastric 
emptying and are effective for treating reflux esophagitis. For 


esophagitis from trauma or pressure injury after esophageal 
impaction, judicious use of nonsteroidal antiinflammatory 
drugs may be warranted to reduce esophageal inflammation 
and pain. 

Dietary modification may be necessary in patients with 
esophagitis, depending on the degree of ulceration or if 
motility is impaired. Horses with less severe esophagitis 
should be fed frequent small meals of moistened pellets 
and fresh grass. Severe esophagitis may necessitate withhold¬ 
ing food and complete esophageal rest for several days. 
Although the prognosis for esophagitis is good in the absence 
of underlying disease, the risk of stricture formation is high if 
severe circumferential or coalescing ulcerations are present. 
Animals with esophagitis from severe trauma or infection 
may also be prone to stricture formation. 

MOTILITY DISORDERS OF THE 
ESOPHAGUS 

Esophageal hypomotility is the most common motility dys¬ 
function of the equine esophagus and results in esophageal 
dilation or megaesophagus. Although megaesophagus in 
horses is most commonly acquired, there are reports of id¬ 
iopathic megaesophagus in young horses that is likely 
congenital (Fig. 32-22 and Color Plate l). 8992 Acquired 
megaesophagus in adult horses is usually caused by either 
primary or secondary esophageal obstruction. Esophageal 
impactions of relatively short duration cause proximal dila¬ 
tion of the esophagus that is generally reversible. However, 
if the duration of the obstruction is long, the motility of 
the esophagus may be permanently impaired. Acquired 
megaesophagus in foals is often secondary esophagitis 
resulting from gastric outlet or duodenal obstruction. Other 
causes of acquired megaesophagus include extraesophageal 
obstruction by tumors or abscesses, pleuropneumonia, 
and vascular ring anomalies. In addition, acquired megae¬ 
sophagus may result from neurologic, neuromuscular, or 
muscular disorders. Neurologic diseases that cause vagal 
neuropathy, such as equine protozoal myeloencephalitis, 
equine herpesvirus myeloencephalitis, and idiopathic vagal 
neuropathy, have been associated with megaesophagus in 
horses. Pleuropneumonia may be associated with vagal 
neuropathy, resulting in megaesophagus. Megaesophagus 
is also an early sign of equine dysautonomia 93 and may 
be noted in patients with botulism. Myasthenia gravis is a 
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FIG. 32-22 il Megaesophagus in a 10- 
month-old Paint horse foal that had two 
duodenal strictures that appeared to have 
been present for several months. Ihe tra¬ 
chea (T) lies dorsal to the dilated esopha¬ 
gus (E). (Courtesy Dr. M.J. Murray.) 


well-known cause of megaesophagus in other species but 
has not been reported in horses. Also in other species, elec¬ 
trolyte disorders, cachexia, primary myopathies, myositis, 
and Addison's disease may affect esophageal motility but 
have not been associated with megaesophagus in horses. 

Esophageal inflammation, particularly reflux esophagitis, 
may affect motility and cause megaesophagus. However, 
because esophageal hypomotility may predispose to reflux 
esophagitis, it may be difficult to determine whether the 
esophagitis or the megaesophagus is the causative dis¬ 
order. Iatrogenic megaesophagus can be induced by the 
a 2 -adrenergic agonist detomidine, but this is transient and 
reversible. 94 However, the use of this drug may complicate 
clinical evaluation of esophageal motility. Because esopha¬ 
geal hypomotility is a functional obstruction, the clinical 
signs of esophageal hypomotility or megaesophagus are 
similar to those of esophageal obstruction. Thus, the clinical 
signs include ptyalism, dysphagia, and nasal discharge 
of saliva and food material. The cervical esophagus may 
be sufficiently dilated to be evident externally. Weight loss 
is a common sign, and clinical signs attributable to an 
underlying disease may be evident. 

Diagnosis of esophageal hypomotility requires transit 
studies. Transit time of a bolus from the cervical esophagus 
to the stomach can be measured by fluoroscopy or contrast 
radiography. 58 93 Other signs of esophageal hypomotility 
and megaesophagus include pooling of contrast material 
and an absence of peristaltic constrictions. Endoscopy may 
reveal a dilated esophagus and an absence of peristaltic 
waves. Evidence of underlying disease causing obstruction 
or esophageal dilation may be observed. The esophagus 
should be evaluated for evidence of esophagitis that is either 
causing esophageal motility dysfunction or is a result of 
impaired esophageal clearance of gastric fluid. Esophageal 
manometry may be useful to document abnormal postde¬ 
glutition contraction pressures, contraction time, and prop¬ 
agation times. 55 89 Other diagnostic tests such as a CBC and 
chemistry to help identify an underlying cause should be 
performed. A careful neurologic evaluation should be per¬ 
formed. Signs of neurologic disease and abnormal cere¬ 
brospinal fluid analysis suggest an underlying neurologic 
disorder. Myopathy may be detected by electromyography. 

Treatment of esophageal hypomotility or megaesophagus 
should be aimed at treating the underlying cause. Dietary 
modification should be aimed at improving esophageal tran¬ 
sit of food. Slurries of pellets should be fed. In addition, it 


may be beneficial to feed from an elevated position to pro¬ 
mote transit. In patients with reflux esophagitis associated 
with megaesophagus, metodopramide or bethanechol may 
be beneficial to increase lower esophageal tone, promote 
gastric emptying, and reduce gastroesophageal reflux. The 
prognosis depends on the underlying cause and the degree 
of dilation. Although many cases of megaesophagus asso¬ 
ciated with reflux esophagitis respond well to treatment, 
many other forms of megaesophagus including congenital 
megaesophagus have a poor prognosis. 

CONGENITAL DISORDERS 

Congenital disorders of the esophagus are rare. Reported 
congenital abnormalities include congenital stenosis, 95 
persistent right aortic arch, congenital strictures, esophageal 
duplication cysts, 96 * 97 and idiopathic megaesophagus. 98 
In the one report on congenital stenosis, double-contrast 
radiography revealed concentric narrowing of the thoracic 
esophagus in the absence of any vascular abnormalities at 
the base of the heart. Successful treatment included having 
the foal stand with the forelimbs elevated off the ground 
after each feeding. 

Persistent right aortic arch is a congenital anomaly in 
which the right fourth aortic arch becomes the definitive 
aorta instead of the left aortic arch, which results in con¬ 
striction of the esophagus by the ligamentum arteriosum 
as it extends between the anomalous right aorta and the left 
pulmonary artery. 75 Clinical signs may include dysphagia, 
drooling of saliva, and distention of the cervical esophagus 
as a result of partial obstruction of the thoracic esophagus. 99 
Endoscopic examination typically reveals dilatation of the 
esophagus cranial to the obstruction with evidence of dif¬ 
fuse esophagitis. In addition, evaluation of the thorax 
usually reveals the presence of aspiration pneumonia. Suc¬ 
cessful surgical treatment of persistent right aortic arch has 
been reported in one foal. 

Esophageal duplication cysts cause typical signs of esoph¬ 
ageal obstruction, including salivation, dysphagia, and 
swelling of the cervical esophagus as they enlarge. Such signs 
can make them difficult to differentiate from simple obstruc¬ 
tion (choke). However, an aspirate of the mass may aid in 
the diagnosis by revealing the presence of keratinized squa¬ 
mous cells. 100 Cysts may communicate with the lumen of 
the esophagus. Surgical treatments have included complete 
surgical resection and surgical marsupialization. The latter 


chapter 32 Diseases of the Alimentary Tract 



693 


appears to be more successful and to result in fewer compli¬ 
cations. Complications of surgical resection have included 
laryngeal hemiplegia secondary to surgical trauma to the 
recurrent laryngeal nerve in the region of the esophagus, 
and esophageal fistula formation. 

ESOPHAGEAL PERFORATION 

Perforation typically occurs in the cervical region in 
response to external trauma or rupture of an esophageal 
lesion such as an impacted diverticulum. The esophagus is 
particularly vulnerable to external trauma in the distal third 
of the neck because it is covered by only a thin layer of mus¬ 
cle at this point. 101 Iatrogenic perforation may occur in 
response to excessive force with a stomach tube against an 
obstruction or a compromised region of the esophagus. 
Esophageal perforations may be open or closed and tend 
to cause extensive necrosis of tissues surrounding the 
wound because of drainage of saliva and feed material 
within fascial planes (Fig. 32-23). This may lead to extensive 
cellulitis and endotoxemia. Closed perforations of the 
esophagus are particularly troublesome, as wound discharge 
may migrate all the way to the mediastinum and pleural 
space via fascial planes and may cause abscessation 
(Fig. 32-24). In addition, extensive subcutaneous and fascial 
emphysema frequently develops and is usually evident on 
cervical radiographs. 


Treatment should include conversion of closed perforations 
to open perforations if possible, 102 extensive debridement 
and lavage of affected tissues, broad-spectrum antibiotics, 
tetanus prophylaxis, and esophageal rest. The latter may be 
achieved by placing a feeding tube into the esophagus via 
the wound. Alternatively, a nasogastric tube should be 
placed using a small tube (12-Fr diameter). For open per¬ 
forations, once the wound has granulated and contracted 
to a small size, oral feeding may be attempted. Extensive 
loss of saliva via esophageal wounds may lead to hypona¬ 
tremia and hypochloremia. In addition, transient metabolic 
acidosis occurs because of salivary bicarbonate loss, fol¬ 
lowed by progressive metabolic alkalosis. Although there 
are reports of esophageal wounds healing well by second 
intention, it takes a prolonged period of time. 103 In addi¬ 
tion, some perforations never completely heal and form per¬ 
manent esophagocutaneous fistulas that may require 
surgical correction. The development of esophageal strictures 
is not common because wounds are usually linear and not 
circumferential. However, traction diverticula may develop. 
Other complications of esophageal wounds include Homer's 
syndrome and left laryngeal hemiplegia. 

In a retrospective study on esophageal disorders, only 
2 of 11 horses with esophageal perforations survived long 
term, and in a report on esophageal trauma secondary to 
nasogastric intubation, 4 of 5 horses were euthanized. The 
prognosis is therefore poor in horses with esophageal 



FIG. 32-23 II Esophageal perforation in a horse. A, An open esophageal laceration was detected on presentation in the midcervical region. The wound was 
treated by lavage and debridement, and the horse was fed via a tube inserted into the esophagus through the wound. B, Approximately 14 days later, dissec¬ 
tion of esophageal contents within surrounding fascial planes has resulted in extensive sloughing of tissue. 
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FIG. 32-24 II Esophageal abscess (A) 
and cellulitis that developed secondary 
to an esophageal obstruction The esopha¬ 
geal lumen is indicated by the white arrow. 
(Courtesy Dr. M.|. Murray ) 


perforations, largely because of the extent of cellulitis, tissue 
necrosis, shock, and local wound complications. 

ESOPHAGEAL STRICTURE 

Strictures most commonly occur as sequelae to esophageal 
obstructions that result in circumferential erosion or ulcera¬ 
tion of the esophageal mucosa, although strictures may result 
from oral administration of corrosive medicinal agents and 
trauma to the neck. 104 Congenital strictures have also been 
reported. Strictures that result from mucosal and submucosal 
trauma are termed esophageal webs or rings. Strictures may also 
originate in the muscular layers and adventitia of the esopha¬ 
gus (mural strictures) or in all of the layers of the esophagus 
(annular stenosis). 105 Horses with these lesions have a 
presentation similar to that of horses with simple obstruc¬ 
tions because strictures result in partial obstruction and accu¬ 
mulation of feed material in the lumen. Esophageal webs or 
rings can be observed endoscopically, whereas mural stric¬ 
tures or annular stenosis may require double-contrast eso- 
phagrams to confirm their presence. 

In one study on esophageal stricture after simple obstruc¬ 
tion, maximal reduction in esophageal lumen occurred 
within 30 days of esophageal obstruction. Although surgery 
has been employed to reduce such strictures, initial medical 
management is warranted because strictures may resolve 
with conservative therapy, and the esophagus continues to 
remodel for up to 60 days after ulceration. In one report, 
seven horses with esophageal obstruction-induced stricture 
were treated conservatively by feeding a slurry diet and 
administering antiinflammatory and antimicrobial medica¬ 
tions, and five of seven were clinically normal within 60 
days. One of the five successfully treated horses had a 
10-cm area of circumferential ulceration, suggesting exten¬ 
sive mucosal injury may resolve without permanent stric¬ 
ture formation. If there is insufficient resolution of 
strictures within 60 days, other methods to increase esoph¬ 
ageal diameter should be investigated. Bougienage has been 
used successfully in small animal patients and human 



FIG. 32-25 II Attempted dilation of esophageal stricture using bougie¬ 
nage. In this case, a cuffed Silastic tube was passed to the site of stricture 
aided by endoscopy, and the cuff was then inflated to distend the site of 
structure. (Courtesy Dr. M.|. Murray.) 


beings. Ilie technique involves passage of a tubular dilat¬ 
able instrument down the esophagus and stretching of the 
stricture. Some authors have suggested that this may be 
accomplished by passing a nasogastric tube with an inflat¬ 
able cuff (Fig. 32-25). 106 However, the procedure has to 
be performed frequently to have any success and is not well 
tolerated in the horse. Alternatively, several surgical techni¬ 
ques have been used to resolve strictures, including resec¬ 
tion and anastomosis, 107 * 108 temporary esophagostomy 
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with fenestration of the stricture, esophagomyotomy for 
strictures of the muscularis and adventitia, 109110 and patch 
grafting with local musculature. 111 However, such surgeries 
are fraught with complications, largely because of the pro¬ 
pensity of the traumatized esophagus to restricture. The 
esophagus lacks a serosal layer and does not rapidly form 
a fibrin seal, as does the remainder of the intestinal tract, 
so anastomoses tend to leak. In addition, tension on the 
esophagus during swallowing and movement of the neck 
impairs healing of anastomoses. 

ESOPHAGEAL DIVERTICULA 

There are two types of diverticula: traction (true) diverticula 
and pulsion (false) diverticula. Traction diverticula result 
from wounding and subsequent contraction of perieso¬ 
phageal tissues, with resultant tenting of the wall of the 
esophagus. Pulsion diverticula arise from protrusion of 
esophageal mucosa through defects in the muscular wall of 
the esophagus and usually result from trauma or acute 
changes in intraluminal pressure (Fig. 32-26). Traction diver¬ 
ticula appear as a dilatation with a broad neck on contrast 
esophagography, whereas pulsion diverticula typically have 
a flask shape with a small neck on an esophagram. 112 
Whereas traction diverticula are usually asymptomatic and 
of little clinical significance, pulsion diverticula may fill with 
feed material, ultimately leading to esophageal obstruc¬ 
tion. 113 However, a movable mass in the midcervical region 
may be noticed before onset of complete obstruction. 56 Pul¬ 
sion diverticula may be surgically corrected by inverting or 
resecting prolapsed mucosa and closing the defect in the wall 
of the esophagus. 77112113 Inversion of excessive mucosa may 
predispose horses to esophageal obstruction and should 
therefore be reserved for small diverticula. 

NEOPLASIA 

Neoplasia of the esophagus is rare, but squamous cell 
carcinoma 114 - 115 and leiomyosarcoma 116 have reportedly 
affected the esophagus either as the primary site or in asso¬ 
ciation with a lesion in the squamous portion of the stom¬ 
ach. The predominant clinical signs are weight loss, colic, 
and recurrent esophageal obstruction. The tumor is typically 
detected antemortem on esophagoscopy and radiography, 
but a definitive diagnosis may require a biopsy during 


laparotomy. 72116 When neoplasia affects the lower esopha¬ 
geal sphincter, gastroesophageal reflux may contribute to 
ulceration of esophageal mucosa. The prognosis for malig¬ 
nant neoplasia of the esophagus is grave. 


DISORDE RS OF THE STOMACH 

MICHAEL I. MURRAY 

GASTRIC ULCERATION 

Just as the term colic describes a clinical presentation and 
encompasses a large number of disorders, the term equine gas¬ 
tric ulcer syndrome (EGUS) describes a clinical finding, the cause 
of which is likely to be multifactorial and different from case 
to case. The umbrella of EGUS includes lesions in the squa¬ 
mous or glandular mucosal linings of the stomach, focal or 
multifocal ulceration, generalized gastritis, gastric emptying 
disorders, gastroesophageal reflux disorders, and obstructive 
disorders. In foals, signs attributable to gastric disease can be 
the result of primary duodenal disease (see Color Plates 1-12). 

II Prevalence and Incidence. Gastric ulceration is a wide¬ 
spread phenomenon, affecting a large number of foals and 
horses. The overall prevalence of gastric ulceration in foals up 
to 60 days old has been reported to range from 25% to 50%, 
and most lesions were observed in the squamous mucosa. 117118 
In the majority of foals with lesions, clinical signs of ulcers were 
not apparent, and in one study 119 most lesions observed in foals 
less than 60 days old healed without treatment. 

More than half of apparently normal horses had gastric 
lesions in one endoscopic study, 120 and lesions were more 
prevalent and severe in horses exhibiting clinical signs con¬ 
sistent with gastric ulceration (poor appetite, poor body 
condition, recurrent abdominal discomfort). Horses in 
training for racing appear to be at particular risk for devel¬ 
oping gastric lesions, because 70% to 90% of racehorses 
have had gastric lesions documented endoscopically 120125 
or at necropsy. 126 

The incidence of gastric ulcers in horses exposed to 
ulcerogenic stresses has been reported to range from 70% 
to 86%. 127 ' 129 Ulcers developed within 5 to 7 days in some 
reports. In one report ulcers developed in the majority of 
horses in simulated race training within 7 days, 130 and it 


FIG. 32-26 II Pulsion diverticulum (D) 
of the esophagus (E) in a horse that 
had intermittent episodes of esophageal 
obstruction. (Courtesy Dr. M.J. Murray.) 
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was reported that 11 of 15 horses exercised using a mechan¬ 
ical exerciser developed gastric ulcers within 7 days. 131 Most 
studies have been done in horses in race training, but in one 
study that simulated conditions of traveling to a recrea¬ 
tional horse show, 7 of 10 horses developed gastric ulcers 
within 5 days. 129 The latter two studies demonstrated a high 
incidence rate and rapid onset of gastric ulcers in horses not 
in race training regimens. 

In the endoscopic studies referenced in the previous 
paragraphs, the majority of gastric lesions in adult horses 
reportedly occurred in the squamous mucosa. To some 
extent this observation has been influenced by the limita¬ 
tions of the endoscopic examination, in which only the por¬ 
tion of the stomach not obscured by ingesta or gastric 
secretions was observed. In studies in which the antrum 
and pylorus were specifically examined, lesions were found 
in the antral mucosa in 47% and 58% of horses. 132 133 In 
some horses with moderate to severe antral ulcers, the gas¬ 
tric squamous mucosa was normal. 

II Pathophysiology. Damage to the gastric lining results from 
a combination of the physical properties of the gastric mucosa, 
the physiology of gastric acidity in the equine stomach, and the 
horse's response to potentially ulcerogenic stress factors. The 
predominant factor in peptic injury to alimentary mucosa is 
hydrochloric acid, although the proteolytic enzyme pepsin, 134 
bile acids, 135 and short-chain fatty acids 136 may facilitate or 
exacerbate hydrochloric acid-induced mucosal injury. 

The dorsal portion of the equine stomach is lined by a 
stratified squamous epithelial mucosa, which, like esopha¬ 
geal mucosa, has minimal intrinsic resistance to peptic 
injury (Fig. 32-27). 137 The equine gastric squamous mucosa 
is highly susceptible to acid-induced injury, with damage 
to this tissue detected within 30 minutes of in vitro expo¬ 
sure to solutions acidified by HC1. 138 The equine gastric 
glandular epithelium (Fig. 32-28) is histologically and phys¬ 
iologically similar to the lining of the stomach of other ani¬ 
mals and human beings, and this mucosa has evolved 
elaborate mechanisms to protect itself from peptic injury. 
These include the mucus-bicarbonate barrier, prostaglan¬ 
dins, nitric oxide, growth factors, mucosal blood flow, and 
cellular restitution. 139140 

Perhaps the key factor in whether the gastric squamous 
mucosa is injured by HC1 is the duration of contact of HC1 



with the mucosa, which is influenced by eating behavior, 
exercise, and perhaps other factors, which collectively are 
recognized as "ulcerogenic stresses." Risk factors, acting sin¬ 
gly or interacting together, contribute to the ulcerogenic stress 
experienced by a horse, and the expression of the ulcerogenic 
stress as a gastric ulcer depends on individual characteristics 
of the animal as well as the risk factors themselves. 

Foals and horses and secrete HC1 continuously, 141 and 
gastric acidity is greatest when foals do not nurse 142 or 
horses do not eat. 143 Gastric pi I can fall to highly acidic 
levels (<2) within minutes of cessation of nursing or eating 
hay. Any disruption of feeding or nursing, whether it is 
imposed or caused by a clinical disorder, will prolong gas¬ 
tric acidity and increase the time that the squamous mucosa 
is exposed to HC1. 

Prolonged periods of high gastric acidity (pH < 2) were 
created in horses using a protocol of alternating 24-hour 
periods of feed deprivation with free-choice timothy hay, 144 
which consistently resulted in erosion and ulceration, often 
severe, in the gastric squamous epithelial mucosa in horses. 143 
Erosions, sometimes bleeding, were seen after 48 hours cumu¬ 
lative feed deprivation, and ulcers were consistently seen after 
96 hours. Concurrent administration of the H 2 -receptor 
antagonist ranitidine during feed deprivation significandy 
minimized the area of lesions in the gastric squamous epithe¬ 
lial mucosa, demonstrating the direct contribution of HC1 in 
the pathogenesis of these lesions. 

Feeding practices and management of horses can influ¬ 
ence gastric acidity and peptic injury to the gastric squa¬ 
mous mucosa. Changing horses from pasture to stall 
confinement with free choice timothy hay for 7 days 
resulted in erosion and ulceration of gastric squamous 
mucosa. 143 Imposed feed deprivation in the management 
of cases of colic can result in erosion and ulceration of 
the gastric squamous mucosa. Similarly, horses that are 
partly or completely anorectic because of their illness will 
likely develop erosions or ulcers in their gastric squamous 
mucosa. 

Given the very high prevalence of gastric ulcers in horses 
in training, exercise is an important risk factor for EGUS. 
The reasons for the high prevalence and incidence of EGUS 
in association with exercise have not been fully explained, 
but in one report it was shown that treadmill exercise was 
associated with increased exposure of the dorsal part of 
the stomach to highly acidic gastric contents. 145 This 
occurred secondary to, and as a possible consequence of, 
increased intraabdominal pressure during exercise. These 
changes were observed when horses increased speed from 
a walk to a trot. It is interesting to note that several horses 
in that study developed gastric ulcers. 

The high prevalence and severity of gastric ulcers in 
racehorses has contributed to the perception that EGUS is 
primarily a disorder of racehorses and other horses in 
intensive training, However, results of a recent study 
demonstrated that activities considered to be normal by 
the recreational horse enthusiast are associated with an 
increased incidence of gastric squamous mucosal ulcers. 131 
Ten horses were exposed over 5 days to conditions that 
simulated activities that are typical for the recreational 
use of horses, including transportation to an unfamiliar 
stable environment, twice-daily feeding, and light exercise 
(lunge line), and return transportation to the premises of 
origin. Ten age-matched herdmates remained on the pre¬ 
mises of origin during the trial. Gastroscopy was per¬ 
formed at the beginning (day -1) and the end of the 
trial (day 5). The appearance of all horses' stomachs was 
normal at the beginning of the trial. Two control horses 
and seven transported horses developed ulcers in the squa¬ 
mous mucosa of the stomach by day 5. The ulcer scores of 
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FIG. 32-28 II Photomicrograph of equ¬ 
ine gastric glandular mucosa. In contrast 
to the squamous mucosa, the glands are 
parallel to one another and perpendicular 
to the luminal surface. There are multiple 
cell types within the mucosa, with surface 
epithelial cells and mucus-secreting cells 
toward the lumen, and parietal cells, chief 
cells, enterochromaffin-like cells, G-cells, 
and D-cells deeper in the mucosa. The 
insert at the top left shows a high-power 
magnification of cells lining gastric pits 
on the surface of the epithelium. The 
insert at the lower right shows a high- 
power magnification of cells lining the 
gastric glands deeper in the mucosa. 
(Hematoxylin and eosin stain.) 



the transported horses increased significantly from day —1, 
whereas ulcer scores in the control horses did not change 
significantly from day -1. 

The pathophysiology of lesions in the gastric glandular 
mucosa of foals and horses is not well understood. Nonste¬ 
roidal antiinflammatory drugs can induce gastric ulcers, but 
this is an infrequent cause of ulcers in most horses. Most 
lesions in the gastric glandular mucosa are observed in the 
antrum and adjacent to the pylorus. The role of hydrochlo¬ 
ric acid in the development of ulcers in the glandular 
mucosa, particularly in the antrum, is unclear. In the feed 
deprivation model, in which prolonged increased gastric 
acidity induces gastric squamous mucosal ulcers, lesions 
were not induced in the glandular mucosa. 143 In human 
beings, Helicobacter pylori is considered to be the predomi¬ 
nant cause of gastric erosions and ulcers, 146 but Helicobacter 
organisms have not been reported to have been cultured 
from equine gastric mucosa. However, antibodies to Helico¬ 
bacter proteins have been demonstrated in sera from foals 
and horses, 147 and through use of PCR techniques the Heli¬ 
cobacter-specific 16s rRNA gene was identified in equine gas¬ 
tric mucosa. 148 Spiral organisms were identified in equine 
gastric mucosa by immunofluorescence, using a highly spe¬ 
cific antibody to a Helicobacter protein (David Scott, per¬ 
sonal communication, 2005). The role of an equine 
Helicobacter in the pathophysiology of ulcers in the mucosa 
of the antrum and pylorus is speculative, but consideration 
must now be given to this organism as a potential pathogen 
in the horse. 


II Clinical Syndromes. The magnitude of adverse health 
effects in the majority of foals and horses with gastric 
lesions remains somewhat speculative because the dis¬ 
ease often goes unrecognized. In one report, though, the 
prevalence of gastric ulceration was significantly greater 
in horses with clinical problems such as colic, poor appe¬ 
tite, and poor bodily condition than in asymptomatic 
horses. 120 

FOALS. The clinical signs that typically are associated 
with gastric ulcers in foals (e.g., bruxism, dorsal recumbency, 
salivation, interrupted nursing, diarrhea, and colic) are, in 
fact, observed in the minority of foals with endoscopically 


observed ulcers. 118 Therefore when clinical signs are seen, 
the clinician should consider that severe ulceration exists. 
Diarrhea was the most frequently associated clinical signs 
in one report. 149 Colic, bruxism, dorsal recumbency, or pty- 
alism should alert the veterinarian to the probability of 
severe ulceration. Ptyalism occurs as a result of esophagitis, 
which often results from gastroesophageal reflux caused by 
gastric outlet obstruction or pseudoobstruction. Thus, ptya¬ 
lism in foals often reflects a serious problem in the stomach 
and/or duodenum. Weanlings and older foals with chronic 
gastric ulceration often have intermittent diarrhea and 
abdominal discomfort, poor growth, rough hair coat, and a 
pendulous abdomen. 

In foals with clinical signs, squamous mucosal lesions 
often are severe (see Plate 12). Most glandular lesions that 
result in clinical signs are located in the vicinity of the pylo¬ 
rus, although in young foals (<30 days old) with stress 
ulcers lesions are often located in the glandular mucosa in 
the body of the stomach (see Plate 8). 

ADULTS. Although most adult horses with gastric lesions 
do not demonstrate overt clinical signs, low-grade discom¬ 
fort that results in subtle signs may go unnoticed. Indeed, 
horses that I have treated solely on the basis of endoscopic 
findings have frequently demonstrated improved attitude 
and appetite, yet attitude and appetite were not considered 
problems before treatment began. 

In horses, gastric lesions have most frequently been asso¬ 
ciated with colic, poor appetite, and poor bodily condi¬ 
tion. 120150 Other signs associated with ulcers have included 
attitude changes, stiffness, a tucked-up abdomen, and poor 
performance. 

It should be noted that all the signs attributable to gastric 
ulcers have also been reported in horses that were referred 
for gastroscopy but did not have ulcers. Thus, although 
many signs appear typical for horses with ulcers, none is 
pathognomonic. Nonetheless, gastric ulcers should be 
strongly considered in horses with recurrent colic and other 
vague disorders for which a diagnosis has not been 
determined. 

Hemorrhage (i.e., either active bleeding or darkened, 
coagulated blood) can occur with deep gastric ulcers in 
horses. However, bleeding from ulcers in the gastric squa¬ 
mous mucosa does not cause anemia or hypoproteinemia 
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in adult horses, and if these abnormalities are present, 
another cause must be determined. 


II Diagnosis. Diagnosis of gastric ulceration is based on 
the presence of age-related characteristic clinical signs, 
endoscopic findings, and response to treatment. The diag¬ 
nosis of gastric ulceration in the majority of foals and 
horses can be definitively determined only by gastroscopic 
examination. In young foals (<30 days) with an immature 
colonic flora, the presence of fecal occult blood may be 
indicative of gastroduodenal ulceration. In older animals, 
hemoglobin is too extensively degraded by colonic microor¬ 
ganisms for blood originating in the stomach to be detected 
by fecal occult blood tests. 

The use of sucrose as a marker of equine gastric mucosal 
permeability has been reported in research studies in 
horses. As a disaccharide, ingested sucrose is digested to its 
constituent sugars, glucose and fructose, which are absorbed 
through the small intestine. The presence of ingested 
sucrose in the blood reflects absorption of the disaccharide 
through a breach in the gastric mucosa. In one report, 
horses were administered 454 g of table sugar by nasogastric 
tube, and urine sucrose was increased after 120 minutes in 
horses with gastric ulcers, particularly moderate to severe 
ulcers. 151 Because the need for collection of urine for this 
test will restrict its utility, a method for detection of sucrose 
in equine plasma has been developed. 152 To date, a valida¬ 
tion of this method as a diagnostic test for gastric ulcers in 
horses has not been reported. 


II Treatment. Processes that promote ulcer healing are stimu¬ 
lated by injury to the gastric mucosa. These include increased 
capillary blood flow, generation of new capillaries (neovascu¬ 
larization), induction of growth factor receptors, and proli¬ 
feration of epithelium along a capillary scaffold. 153 154 With 
erosions in the stomach lining, some epithelium remains 
in the erosion bed and healing can occur within a few days 
because the epithelium is regenerated relatively rapidly. 
With severe ulcers that extend through the entire epithelium 
and lamina propria, a bed of granulation tissue forms in the 
ulcer bed, and healing results primarily from contraction of 
the ulcer margins. This type of healing can require weeks to 
complete. 

Gastric ulcers can heal without treatment, even in the 
face of continued ulcerogenic stress, but in such conditions 
new ulcers typically form as old ulcers heal. 155 Also, the 
healing is often incomplete. For example, in racehorses it 
is typical to observe ulcers with proliferative margins and 
granulation tissue in the ulcer beds mixed with what appear 
to be newly formed, bleeding ulcers. In most cases, unless 
the ulcerogenic stress is removed the stomach will remain 
ulcerated. This means taking the horse out of training and 
probably turning it out onto pasture, because even taking 
the horse out of training but maintaining stall confinement 
can be ulcerogenic. 155 Successful treatment of gastric ulcers 
is predicated on addressing the underlying cause and treat¬ 
ing with medications that create an environment that is 
favorable to ulcer healing. Acid-suppressive treatment often 
is required to break the cycle of inappetence that causes 
increased gastric acidity, which results in ulceration, which 
then prolongs and exacerbates the inappetence (Fig. 32-29). 

Decisions concerning whether to treat gastric lesions, what 
medication to use, and for how long are best made on the 
basis of results of a gastroscopic examination, the type of 
activity for which the horse is used, and whether the horse 
will continue in that activity or be rested. If response to treat¬ 
ment is used as a diagnostic aid, clinical conditions such as 
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FIG. 32-29 II Diagram representing the pathophysiology of ulceration of 
the equine gastric squamous mucosal epithelium and the permissive effect 
of acid suppression on ulcer healing. 


poor appetite, colic, or diarrhea (foals) that result from gastric 
ulcers should improve in 24 to 48 hours of initiating acid- 
suppressive therapy. If improvement in clinical signs is not 
observed, gastric ulceration, if present, should be considered 
to be a secondary, not a primary, problem. 

The primary objective in the treatment of gastric ulcers is 
to alleviate discomfort, and this is best done by inhibiting 
or neutralizing acid secretion. Decreasing gastric acidity also 
creates an environment that is permissive for healing of the 
gastric mucosal epithelium. Once ulcers form, there are 
changes in the tissue that promote healing. Suppressing 
acidity creates an environment within the stomach that per¬ 
mits ulcer healing. 

Several acid-suppressing drugs are approved for treating 
gastric ulcers in horses (Box 32-2). 

The H 2 antagonists cimetidine, ranitidine, famotidine, 
and nizatidine interfere with histamine stimulation of HC1 
secretion by competitively blocking the H 2 receptor on the 
parietal cell. Both cimetidine and ranitidine have been 
shown to suppress gastric acid secretion in horses and 
neonatal foals. 141 ' 142144 156 ' 157 Effectiveness of these drugs 
in blocking acid secretion is dependent on plasma concen¬ 
trations, and the magnitude and duration of acid inhibition 
are highly variable in horses. Both the degree and duration 
of suppression of gastric acidity by H 2 antagonists vary 
among horses, 157 158 presumably as a result of differences 
in drug absorption. A dose of 6.6 mg of ranitidine per kilo¬ 
gram given PO every 8 hours provided adequate suppres¬ 
sion of acidity in most horses in research studies. This 
dosage schedule resulted in a median 24-hour gastric pH 


Therapeutic Agents Registered for Use in Treating 
Gastric Ulcers in Foals and Adult Horses 


PROTON PUMP INHIBITOR 

Omeprazole (GastroGard [USA Argentina, Canada, Europe], 
UlcerGard [USA], GastroShield (Australia]): 4 mg/kg, once 
daily for treatment, 1 mg/kg/day for prevention 

HISTAMINE TYPE-2 RECEPTOR ANTAGONIST 

Ranitidine (Ulcerguard [Australia]): 6.6 mg/kg q8h PO for 
treatment 
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of 4.6 in horses with free access to hay (compared with a 
pH of 3.1 in horses fed, but not given ranitidine). 144 How¬ 
ever, because of the individual variability in response 
among horses, the duration of effect may be only 1 to 
2 hours. Using lower doses often results in no response. 

Effective doses of dmetidine have not been examined as 
extensively as those of ranitidine, but an effective oral dose 
may be as high as 50 mg/kg/day. Lower doses are often 
given, and sometimes with clinical improvement but in 
my experience ulcers have often persisted. 

Formulations for parenteral administration of H 2 antago¬ 
nists are available but are approximately three times the cost 
of oral products. Ranitidine should be given IV at 1 to 
1.5 mg/kg every 8 hours, and cimetidine at 6.6 mg/kg three 
to four times daily. The parenteral route of administration 
can be very beneficial in foals and horses that cannot toler¬ 
ate or use orally administered medications. 

Omeprazole is a proton pump inhibitor that blocks gastric 
acid secretion by inhibiting the parietal cell H+,K+-ATPase 
(proton pump) that secretes HC1. 159 Omeprazole is a potent 
inhibitor of gastric acidity in horses. The antisecretory effects 
of omeprazole persist far longer than the drug's plasma level, 
because binding to the H+,K + -ATPase of the parietal cell per¬ 
sists for up to 24 hours after a single dose. 160 This prolonged 
duration of action enables once-daily dosing. 

A paste formulation of omeprazole* has been registered 
in the United States, Canada, Europe, and elsewhere for 
use in treating gastric ulcers in foals and horses. In clinical 
trials, ulcer healing in horses and foals treated once daily 
with omeprazole paste at a dose of 4 mg of omeprazole 
per kilogram of body weight was substantially superior to 
healing in sham-treated horses. 161162 It is important to note 
that in one set of these trials, 162 ulcer healing occurred in 
more than 77% of omeprazole-treated horses that were in 
race training, a result that has not been noted in horses trea¬ 
ted with H 2 antagonists. 163 Thus, omeprazole brings a new 
perspective to the treatment of gastric ulcers in horses. 
Once-daily treatment and a paste formulation should 
enhance treatment compliance, and the potency of acid 
suppression permits horses to remain in their activities 
while being effectively treated for ulcers. 

Another important feature of omeprazole paste was the 
confirmation of its ability to prevent both occurrence and 
recurrence of ulcers in horses in race training, in which con¬ 
ditions are most ulcerogenic. 164 165 The daily dose used for 
prevention was one fourth that used for treatment (1 mg 
of omeprazole per kilogram vs. 4 mg/kg, respectively). In 
an 8-day study of horses in mild to heavy exercise, once- 
daily omeprazole paste* at a dose of 1 mg/kg prevented 
gastric ulcers in 45 of 51 treated horses (12% incidence), 
compared with an incidence of 73% in 51 untreated 
horses. 1683 

Antacids can effectively reduce gastric acidity, but only 
briefly. In a study examining administration of 180 mL of 
Maalox*, gastric pH was increased for at most 45 minutes. 157 
In another study 240 mL of Maalox TC 5 increased gastric pH 
for 2 hours. 166 Thus, liquid antacid products must be given 
both in large volumes (240 mL) and very frequently, and 
these products are not suitable for ulcer treatment. Feed addi¬ 
tives that contain antacids are popularly considered to be 
helpful in controlling gastric ulcers in horses, but there are 

* GastroGard, Merial Limited, Duluth, GA. GastroGard is a registered 
trademark of the AstraZeneca Group of Companies. 
t UlcerGard, Merial Limited, Duluth, GA GastroGard is a registered 
trademark of the AstraZeneca Group of Companies. 

: Maalox, Novartis Consumer Health, Summit, N|. 

4 Maalox TC, Novartis Consumer Health, Summit NJ. 


no supportive data. Also, an arid-neutralizing effect is most 
desirable when the stomach is empty, not when it is full, 
because gastric pH naturally is high when horses ingest feed. 
Antacids containing aluminum may have some effect on 
healing of gastric glandular lesions, because aluminum 
hydroxide has been shown to enhance gastric mucosal nitric 
oxide, which should promote mucosal blood flow. 167 

Sucralfate, the major components of which are sucrose 
octasulfate (SOS) and aluminum hydroxide, is helpful in 
the treatment of peptic ulcers in people, 168 although heal¬ 
ing rates for sucralfate in treatment of duodenal ulcers were 
much longer than for H 2 antagonists. The mechanism of 
action likely involves adherence to ulcerated mucosa, stim¬ 
ulation of mucous secretion, enhanced mucosal blood flow, 
and enhanced prostaglandin E synthesis. These are all fac¬ 
tors relevant to glandular mucosa, and it is doubtful that 
sucralfate is effective in treating ulcers in the equine gastric 
squamous mucosa. In fact, I have observed lesions to 
develop in the squamous mucosa while horses were being 
treated with sucralfate. 

Sucralfate can be administered concurrently with an H 2 
antagonist. Concurrent administration may reduce H 2 antago¬ 
nist absorption by 10%, but this has not appeared to affect effi¬ 
cacy in horses. 169 It is important to note that sucralfate can 
substantially interfere with the absorption of other drugs, par¬ 
ticularly fluoroquinolones, and therefore its use with other 
medications should be determined on a case-by-case basis. 

Few studies have directly compared the effectiveness of 
different ulcer treatments in horses. In a study of racehorses 
at a California race track, treatment with cimetidine was 
compared with treatment with registered omeprazole paste 
on healing and prevention of gastric ulcers. 124 Horses were 
treated with cimetidine 20 mg/kg three times daily for 
treatment or prevention of ulcer recurrence or omeprazole 
4 mg/kg once daily for treatment and 2 mg/kg once daily 
for prevention of recurrence in a randomized controlled 
trial. There was significant reduction in ulcer severity in 
horses treated with omeprazole, and ulcer severity did not 
significantly increase after horses received the prevention 
dose of omeprazole. Cimetidine did not reduce ulcer sever¬ 
ity or prevent recurrence of ulcers after treatment with 
omeprazole. In a randomized controlled trial conducted in 
Australia with 60 racehorses in training, ulcer healing was 
significantly better in horses treated daily with omeprazole 
paste* (4 mg of omeprazole per kilogram) than in horses 
treated with a commercial ranitidine product (6.6 mg of 
ranitidine per kilogram three times daily). 170 Furthermore, 
there was additional ulcer healing in horses treated with 
omeprazole paste after 28 days of treatment with ranitidine. 

A study that included 798 racehorses examined the effect 
of several medications used to treat EGUS. 171 Two hundred 
and twenty-seven horses had been treated for at least 
2 weeks at the time of gastroscopy with registered omepra¬ 
zole paste 3 (4 mg/kg/day or 2 mg/kg/day), omeprazole in 
unregistered compounded products, H 2 antagonists (drugs 
and dosages not specified), sucralfate, or "buffers." The risk 
of having moderate to severe EGUS in horses treated with 
registered omeprazole paste 3 at 4 mg/kg/day or 2 mg/kg/ 
day (0.18) was significandy less (P < .001) than in 
untreated horses, but the risk of having moderate to severe 
EGUS in horses treated with the other products was no dif¬ 
ferent from that in untreated horses. 


* GastroShield, Merial Australia Ply. Limited, Paramatta, NSW, Australia. 
GastroShield is a registered trademark of the AstraZeneca Group of 
Companies. 

t Ulcerguard, Ranvet Pty. Limited, Botany, NSW, Australia. 
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In some cases prokinetic drugs may be required to 
enhance gastric emptying. Use of a prokinetic drug is indi¬ 
cated when there is suspected gastroesophageal reflux, gas¬ 
tric outlet obstruction or pseudoobstruction, or duodenal 
ulceration or inflammation. Drugs available for this pur¬ 
pose include bethanechol and metoclopramide. 

I have used bethanechol successfully to enhance gastric 
emptying and minimize gastroesophageal reflux with few 
mild adverse effects. Bethanechol was reported to enhance 
gastrointestinal motility while not increasing gastric acid out¬ 
put in horses. 172 In cases of acute gastric atony, 0.025 mg/kg 
SC every 4 to 6 hours has been effective in promoting gastric 
motility and emptying, followed by oral maintenance doses 
of 0.35 to 0.40 mg/kg three or four times daily. Adverse 
effects can include diarrhea, inappetence, salivation, and 
colic, but they occur infrequently. Bethanechol can be admi¬ 
nistered chronically (weeks to months) in horses with pyloric 
fibrosis and stenosis, although there are no data regarding its 
long-term effectiveness. 

Reported experience with metoclopramide in the equine 
is limited to its use in postoperative ileus (POI). Doses rang¬ 
ing from 0.10 to 0.25 mg/kg three or four times daily are 
used by some clinicians to treat suspected delayed gastric 
emptying, although one report indicated that constant infu¬ 
sion at a rate of 0.04 mg/kg/hr was superior to interval dos¬ 
ing in enhancing postsurgical small intestinal motility. 173 
Sudden neurologic excitation is an adverse reaction to 
metoclopramide but is more common toward 0.25 mg/kg. 
In one foal I treated, administration of metoclopramide 
over several days resulted in tachycardia, bilateral facial 
sweating, miosis, and enophthalmos. These signs resolved 
when the drug was discontinued. 

REFLUX GASTRITIS 

Reflux gastritis frequently accompanies conditions in which 
there is small intestinal ileus with large volumes of entero- 
gastric reflux that must be evacuated by nasogastric intuba¬ 
tion. This fluid typically has a pH of 5 to 7 and contains 
substantial biliary and pancreatic secretions. Often gastros¬ 
copy reveals that extensive erosion of the squamous mucosa 
occurs in association with this reflux. The erosions extend 
from the margo plicatus dorsally, primarily along the cranial 
and right sides of the stomach. Presumably squamous 
mucosal erosion results from the effect of bile acids on the 
gastric squamous mucosa combined with accumulation of 
gastric hydrochloric add. 138 Often in such cases, islands 
of regenerative squamous epithelium can be observed in the 
eroded or ulcerated fundus within 2 to 3 days, and in another 
2 to 3 days the squamous epithelium can completely regener¬ 
ate. Horses with reflux gastritis may be slow to regain a normal 
appetite after feeding resumes, and in some cases administra¬ 
tion of an add-suppressive drug has resulted in a quick 
improvement in appetite. Intravenous administration of an 
H 2 antagonist may prevent these lesions from developing or 
hasten healing, but treatment may not be necessary in all cases. 

GASTRIC IMPACTION 

True gastric impaction occurs infrequently and may result 
from ingestion of certain feed stuffs or eating when there 
is impaired intestinal motility. Potential predisposing 
feeds include beet pulp, bran, straw, wheat, and barley. 
Beet pulp and bran can become desiccated within the 
stomach and may not become rehydrated by water or gas¬ 
tric secretions. Dental disorders may predispose some 
horses to gastric impaction if roughage is incompletely 
masticated. Feeding a horse that has signs of colic may pre¬ 
dispose to gastric impaction because there may be poor 


gastric emptying associated with generalized decreased gas¬ 
trointestinal motility. 

Definitive diagnosis of gastric impaction is difficult. Gas¬ 
tric impaction is occasionally diagnosed during exploratory 
laparotomy as the primary cause of colic in horses. 174 Other 
than at surgery, definitive diagnosis of gastric impaction can 
be difficult. If the horse has not eaten for several hours, yet 
poorly macerated or digested feed material is recovered 
from the nasogastric tube, a gastric impaction may be sus¬ 
pected. On rectal examination, the spleen may be displaced 
caudally and medially, but this finding is not specific for 
gastric impaction or dilation. Gastric impactions can be 
confirmed by gastroscopy, although one cannot differenti¬ 
ate a normally full stomach from an impacted stomach. 
The key to making this diagnosis is the failure of the stom¬ 
ach to empty appreciably in 12 to 24 hours. Radiography 
may also reveal a distended stomach that distorts the dia¬ 
phragm cranially. 

Gastric impactions can be effectively treated medically by 
administering dioctyl sodium succinate (DSS), 5% solution, 
4 to 8 oz, in 4 to 6 L of water. The DSS acts as a surfactant 
and allows water to penetrate the impacted, desiccated 
ingesta, facilitating their removal from the stomach. Alter¬ 
natively, one can lavage the stomach with water repeatedly 
by pumping 2 to 4 L of water via nasogastric tube and 
recovering the infused water and ingesta by gravity flow or 
aspiration through the nasogastric tube. This is particularly 
effective in treating bran mash impactions, because of 
the small particle size of the bran. Mineral oil is less 
effective in treating gastric impactions because the interior 
of the impacted ingesta is desiccated and compacted. The 
mineral oil slides around the impaction and does not 
penetrate it; thus it does not facilitate passage of the 
impacted ingesta through the pylorus. When diagnosed at 
surgery, gastric impactions can be effectively treated by the 
injection of 2 to 4 L of saline transmurally into the stomach, 
followed by gentle massage of the stomach and the 
impacted mass. The impaction usually resolves within 12 
to 24 hours. Treatment with bethanechol, 0.02 mg/kg SC 
every 6 to 8 hours to promote gastric emptying may be 
helpful in conjunction with these therapies. Bethanechol 
may have reduced effectiveness in a distended stomach, 
but it should not contribute to stomach rupture and there¬ 
fore can be used safely. 

Gastric impaction can also accompany grass sickness, 
in which case the prognosis for survival is poor. Grass sick¬ 
ness occurs in the United Kingdom and in areas of South 
America. The disease does not occur In the United States, 
but horses recently imported from the United Kingdom have 
been diagnosed with grass sickness in the United States. 

GASTRIC RUPTURE 

Gastric rupture occurs as a sequela to gastric distention 
from ingesta, fluid, or gas. The adult equine stomach can 
hold 20 to 25 L when maximally distended. Gastric rupture 
can occur from simple excessive distention, but also the 
integrity of the wall of the stomach may become compro¬ 
mised because of decreased blood flow. Distention of the 
small intestine has been demonstrated to significantly 
reduce mural blood flow, and this likely occurs in the 
stomach with distention. In some cases, it has appeared 
that rupture occurred as a result of an infarction of a 
portion of the stomach wall, without apparent substantial 
distention. Gastric perforation from ulceration happens 
rarely in adult horses. Because of extensive contamination 
of the peritoneal cavity with stomach contents, treatment 
is not possible and humane destruction of the horse is 
required. 
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ABSCESSES 

Abscesses in the wall of the stomach are infrequent findings 
and occur most frequently in foals. Abscesses can form sec- 
ondary-to-severe gastric ulceration, Rhodococcus equi bacter¬ 
emia, foreign body penetration, or septic peritonitis. Signs 
of gastric abscessation are variable and similar to those of 
abscessation in other organs: fever, neutrophilia, hyperfibri- 
nogenemia, anemia, weight loss, and possibly colic. Diag¬ 
nosis may be made endoscopically, radiographically, or 
ultrasonographically. In some cases use of labeled WBC 
scintigraphy may identify an intraabdominal abscess in 
the region of the stomach. Usually by the time a diagnosis 
is made, the abscess is very advanced and often it is adhered 
to multiple abdominal viscera. Treatment should include 
long-term antimicrobial drugs, but outcomes are usually 
poor. 

GASTRIC TUMORS AND MASSES 

Gastric tumors, neoplastic and non neoplastic, occur infre¬ 
quently. Squamous cell carcinoma is the most common 
neoplastic disorder that affects the equine stomach 
(Fig. 32-30). 175 The tumor originates from the gastric squa¬ 
mous epithelium and can metastasize to the abdominal cav¬ 
ity and viscera and/or extend into the esophagus. It typically 
affects horses in their teens or older. Presenting signs 
include chronic weight loss, anemia, nasal reflux or colic. 
Diagnosis can be made by gastroscopy, laparoscopy, barium 
contrast radiography, or peritoneal fluid analysis when the 
tumor has metastasized into the abdomen. Metastatic 
masses may be felt on rectal palpation. When the tumor 
obstructs the cardia, it is difficult, if not impossible, to pass 
a nasogastric tube, and saliva and ingesta accumulate within 
the esophagus. There is no effective therapy. 

Primary gastric adenocarcinoma has been described, and 
metastatic lymphosarcoma, mesothelioma, and bile duct 
carcinoma have involved the stomach. 

Nonneoplastic masses that have been observed in 
the equine stomach include Draschia megastoma masses, 



FIG. 32-30 II Endoscopic view of a gastric squamous cell carcinoma. 



FIG. 32-31 II Endoscopic view of the stomach of a horse in which there is 
a mass (arrow) protruding from the squamous mucosa along the lesser cur¬ 
vature. The mass appeared to be a proliferation of granulation tissue, 
around which margins of a healing ulcer had contracted. (Photo courtesy 
of Dr. Guy Lester, Murdoch University, Murdoch. Western Australia.) 


proliferative granulation tissue, and adenomatous masses in 
the antrum and pylorus. Rarely, proliferative squamous 
mucosa may appear as a mass attached to a stalk (Fig. 32-31). 
These can occur in a healing ulcer as an ulcer bed contracts 
while there is rapid proliferation of granulation tissue. 

Adenomatous masses in the antrum and pylorus have 
been reported, 176 and I am aware of several more cases. These 
appear as large, irregular polypoid lesions (Fig. 32-32) and 
can obstruct most of the antrum. The cause of these lesions 
is unknown. Horses with these lesions have been presented 
with mild, intermittent colic. There is no effective treatment. 

PYLORIC STENOSIS 

Pyloric stenosis can occur secondary to chronic ulceration 
and fibrosis or muscular hypertrophy. The majority of cases 
occur as a result of chronic ulceration at the pylorus. I have 
diagnosed pyloric stenosis in foals, yearlings, and adult 
horses up to 20 years old. 177 



FIG. 32-32 II Postmortem photograph of several masses in the pyloric 
antrum that were identified on histologic examination as gastric polypous 
adenomas. The masses almost completely obstructed the antrum and pylo¬ 
rus. and there was muscular hypertrophy of the pyloric canal, resulting in 
stenosis. (Photo courtesy of Dr. Udo HetzeL University of Liverpool, Liver¬ 
pool, England.) 
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Diagnosis of pyloric stenosis is best made by endoscopy. 
Usually there will be active ulceration and inflammation, 
and the pyloric opening will appear small and fixed. If a 
biopsy forceps is pushed into the stomach lining at the 
pylorus, the wall of the stomach will appear to be rigid 
owing to scar tissue in the stomach wall. With primary mus¬ 
cular hypertrophy, no ulceration of mucosal inflammation 
should be present. 

Treatment of pyloric stenosis caused by fibrosis from 
chronic ulceration is difficult. The fibrosis, and therefore the 
stenosis, may be permanent, although I have treated cases 
in which the pylorus became less rigid and more compliant 
when the primary ulceration and associated inflammation 
were resolved. The treatment objectives are to promote ulcer 
healing and enhance gastric emptying. Long-term acid-sup- 
pressive treatment may be required. In some cases vigorous 
debridement of the chronically ulcerated mucosa may pro¬ 
mote generation of healthy granulation tissue, leading to 
ulcer healing. Gastric emptying can be promoted by bethane- 
chol (0.02 mg/kg SC q8h or 0.35 mg/kg PO q8h). 

If medical management is not effective, surgical bypass 
of the pylorus (gastroenterostomy) is indicated. Whereas 
pyloromyotomy has been effective in treating cases with pri¬ 
mary muscular hypertrophy, the degree of fibrosis that is 
present in most cases precludes this approach. 


INTESTINAL INJURY AND HEALING 
IN THE HORSE 


NATHANIEL A. WHITE , II 

There are numerous causes of intestinal injury during 
equine acute abdomen. Classic pathophysiologic explana¬ 
tions use ischemia, ulceration, and inflammation from 
infection, parasites, trauma, toxins, or immune complexes 
to categorize and explain intestinal injury. For the clinician, 
understanding the underlying pathophysiology of injury is 
important for recognition and treatment of horses with 
colic. For many of these intestinal disorders the signs can 
be similar, making clinical differentiation difficult. 

Cellular injury was once characterized by the morpho¬ 
logic change it caused. The new paradigm includes cell 
injury, which is as much functional as it is structural. The 
response to a stimulus is mediated by numerous autocrine 
and paracrine messengers, which include cytokines, chemo- 
kines, prostaglandins, neuropeptides, and proinflammatory 
substances such as interleukins (ILs), tumor necrosis factor 
alpha (TNF-a) complement, histamine, bradykinin, seroto¬ 
nin, and interferon (IFN). 178 * 180 In the intestine, inflamma¬ 
tory responses to these messengers can be orchestrated by 
mucosal cells, fibrocytes, macrophages, mast cells, endothe¬ 
lial cells, neurons, muscle cells, and polymorphonuclear 
cells. 178 The chain of events is complex, with the relation¬ 
ship of all the different cell responses not yet fully under¬ 
stood. It is dear that the inflammatory response from any 
insult initiates a multitude of chemical and immune reac¬ 
tions, which, depending on the severity of the insult can 
cause both local and systemic effects. 

Several mechanisms can stimulate an inflammatory 
response, including ischemia, reperfusion after ischemia, 
inflammation from bacterial or viral infection, and inflam¬ 
mation from parasites, trauma (surgical), or toxins. 
The resulting tissue injuries vary and may be differentiated 
by their effect on the different layers of the intestine and 
by the vascular and nervous response. Though the mucosa 
or serosa is often affected first, the inflammatory response 
frequently involves the remaining layers of the intestine, 


the submucosa, and smooth muscle. The inflammatory 
response may also vary depending on the spedfic cause. 
For example, ischemia can be caused by strangulation of 
the blood supply, distention of the intestinal wall, or poor 
perfusion resulting from systemic shock. Although the 
response of individual intestinal cdls may be similar for 
each, each stimulus appears to evoke different sequences 
of cell response, thereby causing different dinical signs 
and varying response to treatment. In some instances injury 
to the intestine may be secondary to another disease pro¬ 
cess, but the damage to the intestine can still initiate a sys¬ 
temic response resulting in a systemic inflammatory 
response syndrome (SIRS) with multiple organ failure. 

INTESTINAL INFLAMMATION: GENERAL 
CONCEPTS 

The cascade of events initiated by infection or ischemia has 
been extensively studied. Inflammatory mediators increased 
during bowel inflammation are released from numerous 
cell types, including mucosal cells, endothelial cells, fibro¬ 
cytes, myocytes, mesothelial cells, and neurons. 178 There is 
also evidence that the compounds making up the tissue 
ground substance and cytoskeleton can also initiate an 
inflammatory response and help transmit signals or cells 
between immunocytes and afferent neurons. Theoretically 
all cells in the intestine can act as effector cells, both 
producing cytokines to send messages to other cells and 
being activated to respond to the insult by chemo- 
lanes. 178180 181 Cytokines, growth factors, and adhesion 
molecules can all initiate an inflammatory response. 178179 
This response also alters cell apoptosis, resulting in delayed 
removal of mucosal cells and neutrophils or early death of 
immunocytes or specific cells in organs. 182 Cytokines such 
as IL-ip and TNF-a, platelet-activating factor (PAF) comple¬ 
ment (C5a), IFN-y, and histamine are all reported to be 
involved in inciting intestinal inflammation. 183 Describ¬ 
ing all the effects and interactions of the inflammatory cyto¬ 
kines and eicosanoids is beyond the scope of this chapter, 
but it is apparent these substances can stimulate and inhibit 
the inflammatory reaction by directing cell communication 
and cell response to injury. As a result the disease process 
should be viewed as a sequence of altered cell functions, 
which are integrated and designed to protect the intestine 
from permanent injury. 

The cells primarily observed to take part in intestinal 
injury are mucosal cells, endothelial cells, neurons, fibro¬ 
blasts, mast cells, eosinophils, neutrophils, and macro¬ 
phages. Rather than responding independently, these cells 
likely all respond to the initial insult each with its inherent 
cytokine production or cell activation, which stimulates or 
suppresses other cell responses. Envisioned as a group act¬ 
ing simultaneously, the sequence likely proceeds from an 
initial stimulus to mucosal or serosal cells or in the case of 
ischemia the vascular endothelium or enteric neurons. 

Mucosal cells react by releasing cytokines to activate 
macrophages and lymphocytes in the lamina propria. 181 
These cells release cytokines and adhesion molecules, which 
in turn activate other cells while initiating local defenses. 
Simultaneously, endothelial cells respond to the cytokine 
message by releasing cytokines to attract neutrophils and 
eosinophils and subsequently enable them to migrate 
through the endothelium into the interstitium. Afferent neu¬ 
rons detect cytokine increases and initiate neuropeptide, 
cytokine, or eicosanoid release from the efferent neurons, 
resulting in activation of numerous cells including those 
already activated by the initial cell messengers. 184 * 188 Fibro¬ 
cytes, responding to the initial cytokine messages and growth 
factors, subsequently release cytokines and growth factors 
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such as II-la, II-10, TNF-a, transforming growth factor, and 
platelet-derived growth factor. All can be proinflammatory 
or can help to repair the mucosa. 189 190 Metalloproteinases 
released in response to inflammatory cytokines alter the base¬ 
ment membranes and collagen in the different layers, allow¬ 
ing migration of cells to the extracellular space and 
stimulating other cells to release chemoattractants. 178 Mus¬ 
cle cells, once thought to be neutral in the inflammatory 
cycle, appear to be able to release cytokines, thereby partici¬ 
pating in the inflammatory reaction. 178191 Increased adhe¬ 
sion molecule production in the muscle after surgical 
manipulation has been linked to neutrophil infiltration 
and subsequent bowel dysfunction. 192194 

Although all the cells in the intestine participate in the 
inflammatory response as effector cells, they can also act 
as suppressors. Each appears to communicate with other 
cells locally to cause or suppress the inflammatory response. 
Production of nitric oxide by endothelial cells can reduce 
neutrophil adhesion, whereas increased release of growth 
factor by fibroblasts and the vascular endothelium speeds 
healing of the mucosa. 189 The response to receptor activa¬ 
tion can take only seconds to minutes to upregulate cyto¬ 
kine production. Lack of suppression, perhaps because of 
chronic or overwhelming stimulation or severe damage to 
cells, which release the inhibitor messengers, allows ampli¬ 
fication of inflammation and permanent cell damage. 

The role of each cell type as effectors and messengers 
is slowly being unraveled. The role of some cells is 
better understood than that of others. Reperfusion, cyto¬ 
kines, and complement initiate endothelial cell changes. 
Subsequent production of cytokines and prostanoids by 
endothelial cells attracts neutrophils and macrophages. 195 
Endothelial cells also stimulate the inflammatory response 
by altering capillary permeability, promoting neutrophil 
adhesion, and altering blood flow. The interaction between 
the endothelial cell and neutrophils or eosinophils is a piv¬ 
otal response in causing intestinal injury. This response is 
made possible by PAF, leukotrienes (LTB 4 ), and adhesion 
molecules produced by endothelial cells and neutro¬ 
phils. 180 * 195 Neutrophil migration into affected tissues sub¬ 
sequently causes severe damage including damage to cells 
and tissue ground substance, which further promotes the 
inflammatory response. 

Although all intestinal cells can be involved in the 
inflammatory process, the nervous system is now known 
to be integral in the inflammatory response. Release of 
potassium, adenosine triphosphate (ATP), bradykinin, 
and prostaglandin E 2 all stimulate afferent neurons. 184 * 196 
Neuropeptides released from neurons in response to affer¬ 
ent signals caused by products of cell injury including cyto¬ 
kines, eicosanoids, and histamine. 184 * 197 Substance P, 
neurokinin, calcitonin gene-related protein (CGRP), and 
vasoactive peptide (VIP) have all been found increased 
levels in inflamed tissues, suggesting that they act as mes¬ 
sengers to histiocytes or immunocytes, which subsequently 
release cytokines. 184 * 186 The paracrine response differs in 
different tissues, but inflammatory responses by mast cells, 
neutrophils, T cells (cytokine release), B cells, macrophages, 
fibroblasts, and muscle cells are in part caused by neuropep¬ 
tide stimulation. The coordination of this response is not 
totally understood, but neuropeptides serve as proinflam¬ 
matory mediators or suppressors. 188 * 198 This system allows 
for immediate response of cells to a stimulus without 
humoral involvement and likely can cause persistent 
inflammatory reactions in response to inflamed tissue. 184 

Local inflammation of the intestine is known to cause 
changes in other organs distant to the intestinal damage, 
specifically the lung. 199 Circulating cytokines and activated 
neutrophils rapidly initiate an inflammatory response in 


the lung after intestinal inflammation. This response is well 
known in experimental models and humans but has not 
been reported during intestinal disease in the horse. Other 
organs are likely affected, creating signs of multiple organ 
involvement as part of SIRS. 200 

Ischemia and Reperfusion 

Ischemia is a deficiency of blood flow in tissue or an organ. 
The lack of energy production in the cell starts a degenerative 
process. Within 5 minutes there are alterations in mitochon¬ 
dria, characterized by swelling and disorganization of cris- 
tae. 201 Mitochondrial changes precede cytoplasmic and 
membrane changes, which occur in the first 30 minutes by 
activation of phospholipases, cytokine production, and accu¬ 
mulation of arachidonic acid. If ischemia persists, the cell 
degradation continues with failure of the membrane ion 
pumps, allowing calcium to move into the cytoplasm. 202 
This caldum accumulation within the cell activates proteases, 
which cause cell membrane damage and nuclear clumping. 
Calcium uptake in the mitochondria is increased, which inhi¬ 
bits oxidative phosphorylation, thereby decreasing the cell's 
source of energy 202 

In the intestine, microscopic changes become evident at 
30 minutes when the mucosal epithelial cells and serosal 
mesothelial cells separate from their basement mem¬ 
branes. 203 This appears to be a mechanical separation caused 
by water movement from the vasculature into the subepithe- 
lial space. Metalloproteinases may also be involved in alter¬ 
ing the basement membrane. The space, created by the 
initial separation, named Grunehagan's space, occurs at the 
tip of the villus in the small intestine (Fig 32-33). 203 If ische¬ 
mia continues, the cell damage progresses as the mucosal 
cells progressively slough off the lamina propria toward the 
intestinal crypts (see Fig. 32-33). The change is similar in 
the colon, with epithelial cells sloughing off the surface of 
the mucosa (see Fig. 32-33). However, the slough is some¬ 
what slower in the colon as it proceeds into the crypts. The 
serosa reacts in a similar fashion, with mesothelial cells lift¬ 
ing off the basement membrane before there is visible cell 
membrane or cytoplasmic change. Other than vascular con¬ 
gestion, there is minimal change in the architecture of the 
supporting tissues in the mucosa or the serosa for the first 
60 minutes of total ischemia. After 180 minutes of ischemia 
the lamina propria and mucosal vascular tuft have lost their 
architecture. The tissue is necrotic and becoming homoge¬ 
neous, with lack of nuclear definition and cell structure. 

Estimating the time required to create ischemic lesions 
depends on the experimental methods used. Different types 
of anesthesia in the horse and other animals have resulted 
in different rates of mucosal degeneration during ischemia. 
For example, experiments using animals anesthetized with 
inhalant anesthetics are different from those that required 
animals breathing airi most likely from higher tissue oxygen 
concentrations at the beginning of the experiment. 203 * 205 
Also, some cell types, such as muscle, appear more resistant 
to ischemia, which probably depends on the intracellular 
energy reserves of the cells. There are also differences in 
the response to low-flow ischemia versus total arteriove¬ 
nous obstruction. Nevertheless, lesions caused by ischemia 
progress with reperfusion. 

If reperfusion—either resumption of blood flow or 
increased flow after low-flow conditions—occurs while cells 
are still viable, a cascade of events is set in motion by the 
delivery of oxygen to the previously ischemic tissue. 195 * 206 
The resultant injury is called reperfusion injury and relies 
on renewed oxygen in the tissue, with participation of endo¬ 
thelial cells and afferent receptors to create the subsequent 
inflammatory response. Although it makes sense that oxygen 
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FIG. 32-33 II Photomicrographs of A, normal small intestinal villus (hematoxylin and eosin stain |H&E|); B, grade 1 epithelial lesion with formation of 
Grunehagen's space (arrow) at the top of the villus (H&E); C, grade III lesion with mucosal slough off the sides of the villus (H&E); and D, mucosal slough 
and red blood cell accumulation in the mucosa caused by venous strangulation obstruction of the small intestine (H&E). 


is needed to resuscitate the previously ischemic cells, the 
innate defense system in many cell types is to respond to 
the ischemic change with an inflammatory response. This 
response appears to help initiate a defense against bacterial 
invasion and is aimed at removing the damaged cells from 
the system. If enough cells have been damaged, the reperfu¬ 
sion effect can cause enough inflammation to prevent cells 
from surviving, thereby delaying healing. 


Reperfusion injury starts as a change in intracellular 
metabolism in previously ischemic tissue. It does not require 
exposure to a microbe or toxin, but it does rely on cell pro¬ 
duction of cytokines and leukotrienes as signals to numerous 
blood and tissue cells required to complete the process. One 
primary initiator of reperfusion injury in the intestine is the 
production of oxygen radicals (0 2 *). Oxygen has the ability 
to take on an extra electron during enzymatic processes in 
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the cell. Most cells including endothelial cells and the small 
intestinal mucosal cells contain xanthine dehydrogenase, 
which when converted to xanthine oxidase catalyzes hypo- 
xanthine to xanthine. 206 Hypoxanthine is increased in the 
cytoplasm of cells during ischemia. Calcium and proteases 
initiate xanthine dehydrogenase conversion to xanthine oxi¬ 
dase, a process that can be stimulated in endothelial cells 
by 1H, TNF-a, and C5a, as well as neutrophil adherence. 
Oxygen is used in the reaction and ends up with an extra 
electron, making an 0 2 * or superoxide. 205 

Once released, 0 2 « can initiate a number of chemical 
reactions that cause cell membrane damage directly and by 
stimulating phospholipase activity. During 0 2 * production 
nitric oxide (NO) production is decreased, thereby allowing 
neutrophil adhesion and migration. Superoxide interaction 
with iron or catalase causes production of hydroxyl radicals 
(OH*) or hydrogen peroxide (H 2 0 2 ) respectively. Both are 
cytotoxic. The OH* alters or destroys cell membranes. Affected 
cells rapidly express cytokines and leukotrienes, which act as 
chemoattractants for neutrophils. After the initial free radical 
production, cell injury progresses as two main events. Cal¬ 
cium, already increased in the cell, increases further, effectively 
blocking further energy production in the mitochondria and 
activating proteases, causing further degradation of the cell 
nucleus and cytoplasm. 202 Second, radicals formed from 
molecular oxygen can cause cell membrane damage, thereby 
initiating a similar cellular response. The formation of chemi¬ 
cal mediators takes only seconds to minutes after reperfusion 
and rapidly sets the inflammatory cascade in motion. 

Although the mucosal cells and serosal mesothelial cells 
are damaged early in ischemia and are able to release cyto¬ 
kines to alert other cells locally, endothelial cells appear to 
be the primary initiators of reperfusion injury. 179 They partic¬ 
ipate in cytokine production and are involved with neutrophil 
adhesion and migration from blood into tissues. Endothelial 
cells are also involved with the changes in blood flow after 
reperfusion. 188 The platelets and neutrophils accumulate in 
and obstruct capillaries, altering blood flow. Endothelial cell 
swelling or contraction causes constriction of blood vessel 
lumens (Fig. 32-34). Changes in endothelial cells in response 
to histamine, complement, leukotrienes, and PAF increases 
capillary permeability, allowing fluid and protein to move 
into the interstitium. 188 Even though the metabolic state of 
the tissue during initial reperfusion initially results in overall 
increased blood flow, the increased vascular permeability 
increases interstitial pressure, causing capillary collapse. Com¬ 
bined with endothelial cell change, vascular constriction and 
collapse of the tissue vasculature results in a "no-reflow phe¬ 
nomenon," promoting further tissue ischemia. 

Endothelial cell membrane changes allow expression of 
adhesion molecules and receptors, which are necessary for 
neutrophil adhesion and migration through the capillary 
and venule endothelium (Fig. 32-35). This migration of 
neutrophils causes the most prominent inflammation in 
the tissue, because activated neutrophils release elastase, 
oxygen radicals, and other serine proteases, which attack 
collagen, ground substance, and cell membranes. 207 The 
respiratory burst, a buildup of oxygen free radicals in neu¬ 
trophils during activation, is responsible for most of the 
inflammation and tissue damage seen during reperfusion. 
It is also apparent that reperfusion injury can expand the 
initial injury into the surrounding viable tissue and that it 
can cause irreversible tissue damage. 208 ' 210 Reperfusion 
injury can also cause injury distant from the local damage 
and has been observed in the lung because of cytokine 
and activated neutrophil circulation. 211 Although not 
reported in the literature, the resulting lesion can be seen 
in the lungs of horses that succumbed to severe intestinal 
strangulation, obstruction, and shock. 


Cell necrosis is recognized as a pathologic feature during 
ischemia and reperfusion. Recently, however, alterations in 
apoptosis (programmed cell death) have been found to 
increase during ischemia and reperfusion in experimental 
studies of the heart, brain, liver, adrenal glands, kidney, 
and intestine. 212 * 214 Alternatively, epithelial cells under¬ 
going hypoxia and reoxygenation modulate neutrophils to 
delay apoptosis, suggesting a role in initiating SIRS. 215 
Significantly increased apoptotic cells in muscle, mucosa, 
neurons, and glia in naturally obstructed or strangulated 
equine intestine suggests apoptosis is stimulated by and 
may promote the inflammatory response. 216 * 217 Apoptosis 
is also increased in intestine distant to the primary lesion, 
supporting systemic stimulation by cytokines. 218 The amount 
of apoptosis observed in experimental animals and in horses 
with intestinal obstruction suggests this process is excessive 
during reperfusion and may result in both morphologic 
and functional changes. 

The importance of oxygen radical generation as a mech¬ 
anism of injury in strangulating lesions has been ques¬ 
tioned in the horse. 219 However, both clinical signs and 
lesions from clinical cases suggest that intestinal damage 
progresses after reperfusion. Use of a low-flow to no-flow 
model of ischemia with subsequent reperfusion responded 
to treatment to counteract injury from superoxide produc¬ 
tion and neutrophil accumulation. 220 This suggests that free 
radical production is part of the cascade of events causing 
an inflammatory response in the small intestine after bowel 
strangulation. Lack of malondialdehyde and conjugated 
diene production in the large intestine suggests less of a role 
for tissue-generated oxygen radicals and that reperfusion 
injury is primarily caused by the oxygen radical release from 
migrating neutrophils as seen in xanthine oxidase-deficient 
rats. 207 * 221 * 222 

Recent research suggests that endothelial cells are not the 
only cells that act as 'local effectors" of inflammation 
during reperfusion. Signs of inflammation are present in all 
parts of the intestine including the muscle and myenteric 
plexus. 191 * 223 * 225 Alterations in muscle mitochondrial mor¬ 
phology have been identified in equine jejunum after low- 
flow ischemia. 226 Similarly, during large colon volvulus the 
neurons in the myenteric plexus undergo degeneration and 
decrease in number compared with normal conditions. 224 
Evidence of ischemic injury and inflammation occurs in both 
muscle and myenteric plexuses. This is relevant in horses 
with colon volvulus, in which survivors had significantly 
more neurons than nonsurvivors. 224 Perhaps of greater 
importance is the long-term effect of the inflammation in 
the myenteric plexus after ischemia and reperfusion. One 
can speculate that the high rates of repeat colic episodes in 
horses after colon torsion or large colon impaction are 
related to damage to the enteric nervous system. 227 

Reperfusion injury occurs after low-flow and no-flow 
ischemia. These models appear to emulate the clinical 
event, although the onset of ischemia in strangulation 
obstruction most likely starts as low-flow progressing to 
no-flow ischemia. Although the time frame of reperfusion 
injury is somewhat understood from the experimental mod¬ 
els, the functional effects of dynamic events set in motion 
by reperfusion such as "no reflow" as well as persistent 
inflammation in the serosa and around the intestinal nerve 
ganglia are not well understood. The relevance of these 
myenteric plexus lesions is also questioned, because they 
do not always correlate with severity of clinical signs. 224 

Low-Flow Ischemia 

The effect of ischemia-reperfusion differs with the type of 
ischemia. Low-flow ischemia is defined as flow less than 
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FIG. 32-34 II Transmission electron photomicrographs of small vessels in the serosa (A) with normal endothelial cells before ischemia and (B) with 
swollen endothelial cells and accumulation of neutrophils narrowing the vessel lumen during reperfusion. 


25% of normal blood flow. At this flow rate, vascular and 
cell damage is minimal, with degeneration occurring over 
a long time period. When normal flow is returned by 
increasing vascular volume or release of the arterial 
obstruction, there is a hyperemic response doubling the 
normal blood flow to the affected intestine. 226 Cell dam¬ 
age accelerates during reperfusion, with marked changes 
in vascular permeability, mucosal damage, serosal damage, 
and signs of fluid accumulation in the submucosa, muscle, 
and serosa. 206 * 226 * 228 ' 229 Edema in the submucosa and 
serosa causes vascular collapse, leading to decreased blood 
flow and eventually a “no-reflow" phenomenon in the 
serosa and mucosa, with flow to the affected segment 
decreased below normal. 230 * 231 The decreased flow is par¬ 
tially caused by endothelial cell swelling and neutrophil 
margination in the vasculature. Neutrophils migrate into 
all tissues but predominately the mucosal and serosal 


layers. As neutrophils migrate through the capillary or 
venule, they accumulate around the vessels. As reperfusion 
progresses, the greatest injury is observed in the serosa, 
with marked accumulation of neutrophils beneath the 
serosal basement membrane. Although neutrophil accu¬ 
mulation is most marked in the serosa, neutrophils can 
be found in all layers of the intestine. This type of low-flow 
ischemia is rarely documented in equine abdominal dis¬ 
ease, but it likely exists in distended intestine in which 
there is low flow to the affected bowel wall. The flow is 
directly related to the intraluminal pressure, with pressures 
causing greater than 50% reduction in blood flow com¬ 
mon in severe small intestinal distention. 232 

When examined in experimental models or when 
observed in clinical cases, most of these changes from acute 
low-flow ischemia are reversible and the affected intestine 
survives and heals. The effect varies greatly and is dependent 
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FIG. 32-35 II Transmission electron pho¬ 
tomicrograph of neutrophils adhering to the 
endothelium and accumulating in the peri¬ 
vascular space after migrating through the 
endothelium. 



on the length of ischemia. It is suspected that function is 
compromised temporarily, resulting in ileus, endotoxin 
absorption, or enteritis with excess secretion. 233 In the small 
intestine serosal scarring and adhesions are the most com¬ 
mon long-term result and may increase the risk of 
colic episodes in the future. Even if lesions are not grossly 
evident and appear minor on microscopic examination, 
horses with colic, particularly those requiring surgery, likely 
have intestinal injury, which can ultimately result in perma¬ 
nent intestinal dysfunction. Hypothetically this is one possi¬ 
ble reason for increased risk of colic after previous colic 
episodes or previous surgery for colic. 227 234 

Nonstrangulating infarction is the classic example of 
low-flow ischemia. In the horse, thromboembolic colic is 
reported to be caused by thrombosis of the mesenteric 
artery and its branches in horses infected with fourth stage 
larvae of S. vulgaris. 235 The mechanism of infarction is most 
likely reduction of blood flow from a thrombus in the 
artery or thromboembolism obstructing the peripheral vas¬ 
culature. In nonstrangulating infarction the intestinal injury 
most likely results from long-term low-flow ischemia or 
low-flow ischemia with episodes of reperfusion injury. In 
clinical cases the injury is severe, often resulting in necrosis 
in all layers of the bowel, with obvious infarction. 

Low-flow ischemia may also occur during shock. 194 
Intestinal injury in bowel not directly involved in the 
primary lesion is suggestive that this injury is frequently 
present in horses with bowel strangulation obstruction. 194 
In horses with obstructing or strangulating lesions, biopsies 
from nonaffected, grossly normal intestine have evidence 
of some degree of bowel injury including neutrophil in¬ 
filtration. 209 ' 210 ' 216 * 236 Endotoxin administration also 
caused an inflammatory reaction in the intestines, with loss 
of mucosa and neutrophil infiltration in the mucosa. 237 
This may be relevant to assessing horses in shock. 

Total Arteriovenous Occlusion 

Total ischemia caused by arteriovenous occlusion causes total 
vascular stasis. The most common cause of this form of ische¬ 
mia is the mesenteric infarction caused by incarceration 


of bowel in hernias or constricted spaces. Early in the occlu¬ 
sion, capillary congestion is observed in all layers of the 
intestine. The intestine undergoes degeneration as previ¬ 
ously described for ischemia. When total ischemia exceeds 
2 hours in the small intestine and 3 hours in the large 
colon, the tissue changes during blood flow occlusion are 
extensive, and cell necrosis may preclude a response to 
reperfusion. 203 * 205 ' 238 * 241 If the capillary damage is not too 
extensive during total ischemia, reperfusion causes further 
degeneration including mucosal cell loss, increased edema, 
and neutrophil migration (see Fig. 32-33). However, oxygen 
radical production seen with low-flow ischemia and reper¬ 
fusion may not be responsible for the continued damage 
during total arteriovenous occlusion. 242 Furthermore, these 
events cannot be separated from the systemic shock, which 
can be cause secondary lesions seen in intestine distant 
to the lesion. 209 Despite the questions about the validity 
of reperfusion in the total ischemic event, continued intesti¬ 
nal injury during reperfusion is seen in both the small intes¬ 
tine and the large colon after total ischemia. 203208 ' 243 
The epithelial cell loss after reperfusion is progressive and 
is likely caused by either countercurrent exchange creating 
a decreased oxygen concentration in the distant mucosa or 
by inflammation resulting from oxygen radical-induced 
inflammation from neutrophil activation. 207 ' 223 244 The 
response in the serosa includes marked edema with initia¬ 
tion of neutrophil migration. Eventually a massive col¬ 
lection of neutrophils fills the outer border of the 
serosa. 245 - 246 During this type of ischemia and reperfusion, 
the damage from the inflammatory reaction can continue 
for days and if severe enough can prevent healing of the 
mucosa and serosa and is consistent with persistent ileus 
and shock. 

Venous Occlusion 

Venous obstruction without arterial obstruction causes 
increased pressure at the capillary, resulting in decreased 
blood flow and RBC and fluid extravasation into the inter- 
stitium. The result is separation of the tissues with an 
increased diffusion distance for oxygen and nutrients. The 




RBC accumulation causes tissue damage, and if it is severe 
enough a continuation of cell hypoxia becomes irreversible 
even with reperfusion. Injury during venous obstruction 
appears more severe than observed during subsequent 
reperfusion. 247 Small intestine can survive 2 hours of 
venous obstruction, although the resultant degeneration is 
severe and the intestine permanently scarred after heal¬ 
ing. 204 The gross lesion is marked with obvious thickening 
of the bowel, which at first is red and eventually purple. 
With time the color turns black or green with subsequent 
necrosis and alterations in hemoglobin. 

Based on both experimental work and observations in 
clinical cases, irreversible death of a segment of the intes¬ 
tine occurs after 2 hours in the, small intestine and 3 
hours in the large colon, although this obviously varies 
depending on the amount of residual blood flow to the 
affected tissue. 204 * 205 * 239 For the surgeon venous occlusion 
is the most difficult type of lesion to assess, as intestinal 
thickness or amount of hemorrhage may not correlate 
with viability. Recent reports of survival of horses with 
hemorrhagic lesion at surgery suggest that this injury 
can be reversed more readily than a lesion caused by total 
arteriovenous occlusion. The sequence of mucosal degen¬ 
eration remains the same in this type of ischemia, making 
the biopsy the most reliable method for determining if 
the intestine can survive and heal. 205 

Distention 

Although distended intestine may appear to have normal 
color and motility after decompression, alterations in 
blood flow in the wall of the distended intestine are a 
form of low-flow ischemia. During intestinal distention 
intraluminal pressure causes collapse of the veins and 
capillaries, thereby decreasing the vascular capacity. This 
occurs even when blood pressure is normal. When small 
intestinal pressure is increased to 18 cm of water, as pre¬ 
viously measured in clinical disease, 248 mesenteric blood 
flow to the intestine is decreased by at least 50%. 232 * 249 
Increasing capillary back pressure while maintaining arte¬ 
rial pressure alters Starling forces in the intestinal wall. 
The result is secretion of fluid from the vasculature even 
with an increase in wall tension. Water and some protein 
escapes into the interstitium, causing submucosal and 
serosal edema. At higher intraluminal pressures there is 
more secretion than absorption of water, creating a cyclic 
increase in intraluminal pressure after bowel compliance 
has reached its limit. 250 Fluid and eventually protein leaks 
through the serosa into the peritoneal cavity. 

If the pressure is maintained, intestinal compliance 
allows blood flow to gradually increase, acting as a form 
of reperfusion. Serosal and submucosal edema progresses 
during the period of distention. The mucosal and serosal 
lymphatics dilate, and RBCs and WBCs migrate into the 
serosa and submucosa (Fig. 32-36). There is minimal muco¬ 
sal injury at pressures seen in clinical cases during simple 
obstruction of the small intestine or colon. 

Subsequent decompression of the bowel causes reperfu¬ 
sion with a hyperemic response similar to that seen after 
low-flow or total ischemia. Blood flow to the affected bowel 
can initially double, but this effect is temporary, with 
subsequent blood flow decreasing below normal. 232 
The mucosa appears relatively resistant to short-term disten¬ 
tion, whereas the edema in the serosa causes capillary clo¬ 
sure and increased vascular permeability. Serosal edema 
increases and more neutrophils migrate into the serosa, 
causing destruction of collagen and ground sub¬ 
stance. 232 * 245 Intestinal smooth muscle is also affected with 
edema, and neutrophil migration is evident in the fascial 



FIG. 32-36 II Photomicrograph of edema, lymphatic dilatation, and RBC 
and WBC accumulation in the serosa after 18 cm H 2 0 distention for 2 hours 
and reperfusion for 1 hour. (Hematoxylin and eosin stain.) 



I 


FIG. 32-37 II Photomicrograph of neutrophil infiltrate (arrow) in the 
muscle and around a myenteric plexus after low-flow ischemia and reperfu¬ 
sion (Hematoxylin and eosin stain.) 

planes around the myenteric plexuses (Fig. 32-37). 
Although bowel can frequently heal after this type of ische¬ 
mic insult, the serosa is often thickened by fibrous tissue 
with the possibility of adhesion formation and mesenteric 
constriction. 251 The mucosa appears relatively resistant to 
the low-flow ischemia experienced with bowel distention, 
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but the response is time dependent. Rarely does prolonged 
distention cause bowel necrosis. Bowel wall necrosis is 
more common when foreign bodies or impactions cause 
focal distention. Because the response to distention is both 
time and pressure dependent, the time frame for perma¬ 
nent damage is difficult to determine. The small intestine 
is more susceptible to distention injury compared with 
the large colon. Clinical measurement of intraluminal pres¬ 
sure during obstruction indicates that the large colon can 
tolerate at least twice the distention pressure with no 
adverse effects. 252 * 253 

Intestinal dysfunction occurs after decompression of 
bowel that was previously obstructed. Ileus with gastric 
reflux is common in horses with previously distended small 
intestine, and the bowel pressure measured at surgery can 
predict the severity. 252 253 Abnormal motility with lack of 
response to prokinetic drugs is also observed after small 
intestine distention in vitro. 254 Although the injury from dis¬ 
tention cannot be separated from conditions in the perito¬ 
neal cavity or failure of the cardiovascular system, the 
correlation of increased intraluminal pressures and survival 
indicates the importance of intestinal distention in causing 
injury. 230 * 232 * 248 * 251 ' 252 

The enteric nervous system also appears to respond to 
intestinal distention. Chronic obstruction caused by impac¬ 
tion of the colon or cecum or colon displacement has been 
associated with a significant decrease in the number of neu¬ 
rons in the myenteric plexuses, whereas the number of 
myenteric plexuses was similar to that in normal horses. 224 
This change in neuron number was also associated with 
increased thickness of the longitudinal muscle in the pelvic 
flexure or both circular and longitudinal muscle hypertro¬ 
phy in the cecum. 255 This appears similar to pseudoobstruc¬ 
tion in humans and to experimental denervation of 
intestinal segments in rats. The lack of nervous inhibition 
is hypothesized to allow constant and uncoordinated mus¬ 
cular contractions with resulting hypertrophy and eventu¬ 
ally poor transit of ingesta. 

Myenteric plexuses from distended or obstructed large 
colons also had an increase in the number of glial cells 
(Fig. 32-38). This appears to be an inflammatory response 
by the enteric nervous system to the conditions involved 
with bowel distention. Alternatively the inflammation and 
neuron dropout may have been responsible for colon dys¬ 
function in these horses examined because of colon 
obstruction. 


INFECTION 

Enteritis caused by infection is frequently a result of Salmo¬ 
nella species, Clostridia species, Neorickettsia risticii, or 
virulent E. coli. Viruses such as rotavirus can also cause 
infection in foals with subsequent clinical signs. These 
agents adhere to and attack mucosal cells. When bacteria 
bind to the mucosal cells, the release of endotoxin or exo¬ 
toxins causes the mucosal cells to release cytokines, which 
signal immunocytes and neutrophils of impending inva¬ 
sion. The gut has a large number of lymphocytes and 
macrophages in the lamina propria, suggesting constant 
stimulus by agents or substances. 183 * 256 Although the muco¬ 
sal cell has an innate ability to resist infection, the commu¬ 
nication between the immunocytes and the mucosa is likely 
the chief defense. The infection can change mucosal func¬ 
tion without destroying the mucosal barrier; increased 
TNF-oc concentration has been shown to impair barrier 
function at the tight junctions. 257 The change can cause lack 
of absorption and/or massive secretion of fluid into the 
bowel, causing diarrhea. 

Interaction of neutrophils with the apical membrane of 
epithelial membrane after paracellular migration stimulates 
adenosine receptors by production of 5'-AMP. 258 Subsequent 
functional secretion is caused by stimulation of adenyl 
cyclase and guanyl cyclase, which catalyze formation of 
cAMP or cGMP respectively. These cyclic nucleotides subse- 
quendy activate protein kinases, which block the NaCl 
absorptive process in the absorptive mucosal cell and stimu¬ 
late Cl secretion in the crypt cell. 259 Inflammation with 
release of eicosanoids and bradykinin can also initiate the 
secretory process. The enteric nervous system can also induce 
inflammation and secretion in the bowel, which can be 
inhibited by nerve-blocking agents or indomethacin. 259 * 260 
Neuropeptides from efferent nerves are hypothesized to initi¬ 
ate this response by affecting mucosal cells, fibroblasts, 
and endothelial cells. 178 261 

When bacteria cause injury by adhering to the mucosal 
surface and invading the mucosa, the response of the muco¬ 
sal cells stimulates both the afferent nervous system and an 
immediate local immune reaction. Cytokines from local 
macrophages or injured epithelial cells serve as the messen¬ 
gers of recognition, which stimulate macrophages, neutro¬ 
phils, and eosinophils to migrate to the region of 
invasion. Lymphocytes are also activated, releasing cyto¬ 
kines including IFN-y. After an initial delay in mucosal cell 
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FIG. 32*38 II Photomicrographs of A, normal myenteric plexus with connective tissue surrounding an accumulation of neurons, and B, increase in glial 
cells in the myenteric plexus in a horse with chronic obstruction of the large colon. (Hematoxylin and eosin stain.) 
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apoptosis during bacterial adhesion and invasion, apoptosis 
is increased, theoretically to increase cell turnover and heal¬ 
ing. TNF-a and nitric oxide appear to control mucosal cell 
apoptosis. 218 

The inflammatory response to invasion often causes mas¬ 
sive mucosal necrosis, with loss of mucosal cells and a massive 
infiltrate of neutrophils and lymphoid cells. Fibrin exudate 
creates a cast on the mucosal surface of the bowel. The vascu¬ 
lature is exposed to the bowel lumen, allowing subsequent 
invasion of the bacteria, both pathogens and others, as well 
as bacterial toxins. The remaining mucosal cells are stimulated 
to secrete water via the stimulation of cAMP within the crypt 
cells. Water is also retained in the bowel because of the lack 
of absorptive cells; the result is diarrhea. 

The infection can involve the other layers of the intes¬ 
tine, although it rarely involves the serosa. Still, some 
diseases such as hemorrhagic fibrinonecrotic duodenitis- 
proximal jejunitis (DPJ) affect all layers of the intestine. 
A causative organism has never been discovered to explain 
DPJ, but the lesion is similar to that seen with clostridial 
disease in young swine. 262 Similar to reperfusion injury, 
the inflammatory process creates dysfunction that can last 
for days. Although long-term complications from DPJ have 
not been reported, animals with severe cases have not sur¬ 
vived because of the lack of healing and severe residual 
inflammation in the bowel wall. 262 

PERITONEAL INFLAMMATION 

The serosal layer is made of a single-cell mesothelial layer 
mounted on a layer of connective tissue. This layer is impor¬ 
tant for maintenance of a lubricated barrier at the bowel 
surface, necessary for normal intestinal motility and perito¬ 
neal cavity fluid exchange. The mesothelial layer attaches to 
a basement membrane, which is adjacent to an elastic layer. 
The mesothelial cells vary in type. Some are short and have 
channels linking the peritoneal surface to the serosa. Others 
have long microvilli, which appear to help trap fluid on the 
surface of the peritoneum, providing the chief mechanism 
of lubrication on the bowel surface. Mesothelial cells react 
to circulating or intraperitoneal lipopolysaccharide (LPS), 
infection, and surgery by releasing TNF-a, IL-1 (3, IL-6, and 
macrophage inflammatory protein (MIP). 263 The response 
in the serosa is attraction and migration of neutrophils into 
the serosal connective tissue. 

The initial response to serosal injury has been studied in 
laboratory animals using predominantly scarification of 
organs or fecal contamination of the peritoneal surface. 
The response to ischemia or distention of the equine small 
intestine is similar, though often more severe. During ische¬ 
mia the mesothelium is rapidly lost, with subsequent sero¬ 
sal swelling with edema. During reperfusion the serosal 
vasculature becomes more permeable, and polymorphonu¬ 
clear cells and mononuclear cells migrate through capil¬ 
laries or venules and infiltrate into the serosal connective 
tissue layer. Neutrophils accumulate at the basement mem¬ 
brane around vessels and within lymphatics. Fibrin accu¬ 
mulates within the serosa and on the surface. WBCs 
release oxygen radicals and proteolytic enzymes, resulting 
in disruption of collagen, the primary ground substance of 
the serosa. The denuded serosal response includes increased 
vascular permeability, which allows the surface to be cov¬ 
ered with a fibrin clot. After 24 to 48 hours there is massive 
accumulation of cells, which are predominately neutro¬ 
phils, within the serosa and at the new surface. 

Cytokines are involved in the response to serosal injury 
and the subsequent healing. 264 * 265 After intestinal anastomo¬ 
sis in rabbits, macrophages increased in number until about 
day four. Superoxide levels in these cells are high in the first 


24 hours. Prostaglandins, cytokine secretion, and plasmino¬ 
gen activator inhibitor activity are known to increase during 
the first 3 days after peritoneal injury. 264 IL-1 and TNF-a 
are secreted by peritoneal macrophages after injury and 
appear to modulate peritoneal healing. 266 Peritoneal macro¬ 
phages also secrete plasminogen activator. The secretion of 
both plasminogen activator and plasminogen activator 
inhibitor is stimulated by IL-1. After intestinal anastomosis 
there is a decrease in fibrinolytic activity for the first 5 days. 
Thereafter, plasminogen activator returns to the normal pre- 
operative level. Normally fibrin will be dissolved by plasmin 
after plasminogen is activated by tissue plasminogen activa¬ 
tor (TPA). The severity of the serosal injury is also related 
to the reduction of TPA and to the suppression of plasmino¬ 
gen activator normally produced by macrophages. If plas¬ 
minogen is not activated or is absent, adhesions have a 
greater likelihood of becoming fibrous and permanent. 

As healing progresses, fibroblasts migrate into the fibrin 
and a layer of granulation tissue forms both beneath and 
on top of the original basement membrane (Fig. 32-39). 
Mesothelial cells produce connective tissue grovrth factor 
in response to IL-1|3, which simulates fibroblast prolifera¬ 
tion. 190 During this stage IL-1 stimulates and prostaglandin 
E 2 inhibits fibroblast activity in the injured serosa. Primor¬ 
dial stem cells migrate to the surface and change to form a 
new mesothelium, a metaplasia likely under the control of 
growth factor from fibroblasts. The greater the inflamma¬ 
tory reaction within the serosa and on the surface, the more 
fibroplasia occurs, delaying mesothelium resurfacing and 
increasing the chance for adhesion formation or bowel scar¬ 
ring. Experimentally the severity of adhesions is correlated 
with increasing concentrations of TNF-a in peritoneal 
fluid, and antibodies against TNF-a can decrease adhesion 
formation. 266 * 267 Healing of the serosa may not result in 
bowel-to-bowel adhesions but can still cause bowel and 
mesenteric scarring, which can cause luminal narrowing or 
kinking. The serosa also becomes thickened, which may 
result in bowel dysfunction or may interrupt the vascular 
supply, resulting in chronic obstruction. 

In the horse the serosal injury is frequently caused by 
bowel distention. The cellular injury is similar to an inflam¬ 
matory model except for the vascular sequelae. After small 
intestinal ischemia there is an initial vascular hyperemia in 
most of the bowel but a reduction of perfusion to the 



FIG. 32-39 II Photomicrographs of the serosa with addition of a fibrous 
layer extending beyond the original level of the basement membrane 
(arrows) 10 days after bowel ischemia and reperfusion. (Hematoxylin and 
eosin stain.) The new serosa surface has yet to heal with a new mesothelial 
layer. 
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serosa. 231 This same effect occurs during bowel distention 
and is even greater after alleviation of distention. The edema 
formation in distended bowel takes place immediately and 
increases serosal tissue pressure, which exerts extravascular 
pressure and closes capillaries and venules. 231 This con¬ 
tinues after bowel decompression, resulting in ischemic 
injury during reperfusion of the serosa. Reperfusion after 
decreasing bowel distention also causes serosal endothelial 
cell swelling and capillary plugging. This helps to explain 
the adhesions seen in bowel that was distended only proxi¬ 
mal to an obstruction or strangulating lesion but was other¬ 
wise not involved in an ischemic lesion. 

Adhesions resulting from septic peritonitis occur in 
response to a massive inflammatory .response in the serosa. 
Similar to the response to ischemia, there is neutrophil 
migration and fibrin deposition in and on the serosa. 265 
The inflammatory response may be so great that the proteo¬ 
lytic enzymes may prevent adhesion between bowel loops 
by breaking down fibrin. However, in most cases there is 
massive fibrin production, and bowel-to-bowel adhesions 
occur ffequendy. 

BOWEL HEALING 

After ischemic damage the mucosa heals rapidly. 268 * 270 
Enterocytes migrate along the lamina propria, covering the 
surface within 24 to 38 hours. In the mucosa the crypt cells 
are responsible for rapid multiplication and physically forc¬ 
ing the older cells to the mucosal surface. Delayed healing is 
associated with a massive inflammatory response, which 
can stimulate delayed epithelial apoptosis and lack of cell 
replacement. 182 * 271 Connective tissue growth factor stimu¬ 
lates mucosal growth and may be responsible for excessive 
fibrosis in chronic inflammatory disease. 272 

Common use of nonsteroidal antiinflammatory drugs 
(NSAIDs), in particular flunixin meglumine, delays mucosal 
cell function during reperfusion. 270 Although replacement of 
the mucosal cell lining after ischemia is rapid, in vitro applica¬ 
tion of flunixin meglumine delays normal return of mucosal 
barrier function. Increased permeability to endotoxin in 


flunixin-treated bowel compared with the control intestine 
may lead to shock or delayed healing of intestine. 273 

Similarly, the serosal mesothelium also heals rapidly after 
loss from abrasion, though it takes longer than the mucosa 
to heal with a functional cell boundary. The mesothelial cells 
come from multipotent stem cells in the serosal connective tis¬ 
sues. These migrate to the serosal surface and form an initial 
layer of cuboidal cells before transforming to the more charac¬ 
teristic flattened mesothelial cells. The healing time appears to 
be dependent on the amount of inflammation and subsequent 
production of fibrous tissue on the serosal surface. 

Although healing is thought to be successful when clinical 
signs of colic obstruction, or peritonitis are no longer 
observed, the latent effect of serosi fibrosis, residual mucosal 
inflammation, and ganglionitis with loss of neurons may 
increase the risk of future colic episodes. Horses that have had 
a colic episode or previous abdominal surgery are three to four 
times more likely to have a second colic episode than horses 
that have never had colic. 234 Whether chronic inflammation 
is responsible for recurrent colic has not been determined. 


ENDOTOXEMIA 

ROBERT /. MACKAY 

The heat-stable endotoxic activity of Vibrio cholerae identi¬ 
fied by Pfeiffer more than 100 years ago resides in LPS, 
the principal component of the outer leaflet of the outer 
membrane of all gram-negative bacteria (Fig. 32-40). 274 
Each LPS molecule has three structural domains: a polar 
polysaccharide O-region, which projects into the aqueous 
extracellular environment; a hydrophobic lipid A region, 
which is largely buried in the bacterial outer membrane; 
and a core acidic oligosaccharide region connecting the 
two. The O-region is highly variable, consisting of repeating 
units each of one to eight glycosyl residues, and contains 
antigens specific for each bacterial strain; the core glycolipid 
region is relatively constant among bacteria and mediates 
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FIG. 32-40 II Cross-section of the double lipid bilayer that forms the cell membrane of gram-negative bacteria. As is shown in this figure, lipopolysacchar¬ 
ide (LPS) is the principal component of the outer leaflet of the outer membrane The insert shows a single LPS molecule with an O-polysaccharide chain, a 
two-pan core oligosaccharide, and a hydrophobic lipid A phospholipid. R-mutant bacteria lack the O-chain ± varying amounts of the core oligosaccharide. 





most of the toxic effects of endotoxin. On bacterial death or 
during bacterial proliferation, large (>10 6 -dalton molecular 
mass) aggregates of LPS and membrane protein are released. 
It is these protein-lipid micelles that constitute native endo¬ 
toxin and are to be found circulating in naturally acquired 
cases of endotoxemia. In recognition of the fact that most 
endotoxic activity resides in the LPS component, the terms 
endotoxin (the activity) and lipopolysaccharide (the molecule) 
are used interchangeably except when a specific or purified 
LPS is being referenced. 275 

Endotoxemia literally is the presence of endotoxin in the 
blood. When the term is used clinically, it implies only 
the presence of clinical signs typically caused by circulating 
endotoxin. A survey of diplomates of the American College 
of Veterinary Internal Medicine and the American College 
of Veterinary Surgeons found that neutropenia, leukopenia, 
hyperemic mucous membranes, tachycardia, and fever were 
the clinical and laboratory values most characteristic of 
horses with presumptive endotoxemia. 276 * 277 This term 
should not be confused with either bacteremia, which refers 
only to the presence of viable circulating bacteria, or septice¬ 
mia, which is an older term referring to systemic disease 
caused by circulating microorganisms and/or their products. 

The ability to respond to minute local concentrations of 
endotoxin by mounting vigorous inflammatory responses is 
well conserved across species. 278 Endotoxemia as a clinical 
syndrome in equine patients was first recognized more 
than 40 years ago. 279 The potential importance of endotoxe¬ 
mia was then shown by reports that intravenous infusion of 
LPS into horses reproduced many of the adverse clinical signs 
of diseases such as colitis, metritis, and strangulating intesti¬ 
nal obstruction. 280 288 Further evidence for the importance 
of endotoxemia was the detection of circulating endotoxin 
in some horses with experimentally induced laminitis 289 
or intestinal strangulation obstruction 290 * 291 and in horses 
with naturally occurring gastrointestinal diseases or septice¬ 
mia, 291 * 296 hemostatic disorders, 297 and exhaustion associated 
with endurance 298 or racing 299 events. Since the original case 
descriptions, a large body of review literature has documented 
the efforts that have been made to understand and, more 
importantly, treat equine endotoxemia. 300 * 310 

Within the last decade, rapid advances have been made in 
deciphering the molecular pathologies of sepsis in human 
beings and experimental animals. Much existing dogma 
has been swept away by this new information, and the piv¬ 
otal events of endotoxemia in horses with sepsis can now 
be discerned. Unfortunately, over the same period it has 
become distressingly clear that the frequent promise of 
"silver bullet" treatments thrown up by experimental models 
and predinical studies has not been realized in large, con¬ 
trolled, multicentered clinical trials in human patients. 
Therefore it is conceivable that some of the cherished but 
largely unscrutinized mainstays of equine endotoxemia 
treatment are of questionable value (at least in the life¬ 
saving sense). This section explores the new information 
that identifies endotoxin as but one of many pathogen- or 
host-derived signals that elicit global and destructive host 
responses and focus on treatment strategies that have evi¬ 
dence-based support (at least in human medicine). 

ENDOTOXEMIA AND SEPSIS 

The extraordinary ferocity of the host response to endotoxin 
was nicely captured by Thomas 311 : 

"The gram-negative bacteria ... display lipopolysaccharide ...in 
their walls and these macromolecules are read by our tissues as 
the very worst of bad news. When we sense lipopolysaccharides we 
are likely to turn on every defense at our disposal; we will bomb, 


defoliate, blockade, seal off, and destroy all tissues in the area .... 
Cells believe that it signifies the presence of gram-negative bacteria, 
and they will stop at nothing to avoid this threat ." 

Although this picture still accurately describes modem con¬ 
cepts of the early responses to endotoxin, it has become clear 
that a variety of other pathogen-derived molecules set off 
similar or identical host responses. For example, toxic shock 
syndrome resulting from Staphylococcus aureus infection 312 
and streptococcal toxic shock 313 are examples of hyperinflam- 
matory septic syndromes in horses that resemble diseases 
characterized by endotoxemia. In severe sepsis (including 
putative endotoxemia in horses), it is likely that the clinical 
presentation is an aggregate of responses to multiple microbial 
signals and certain "danger" signals generated by the host itself. 

DANGER SIGNALS AND INNATE 
IMMUNITY 

Animals have the ability to recognize distinctive patterns 
on molecules that signal potential danger. As a group, these 
molecules that express danger motifs are aptly termed 
damage-associated molecular patterns (DAMPs). 314 Included 
among DAMPs are microbial signals like endotoxin, collec¬ 
tively termed pathogen-associated molecular patterns (PAMPs), 
and alarmins, endogenously produced molecules that origi¬ 
nate from damaged or inflamed tissues (Table 32-2). 315 
A limited number of germ-encoded receptor types, both sol¬ 
uble and cell-associated, are dispersed throughout the body 
to detect potential threats (both septic and nonseptic). 
These are pattern-recognition receptors (PRRs) and are 
exemplified by Toll-like receptors (TLRs) on (and in) cells 
and complement receptor proteins and Hageman factor in 
plasma. 316 * 317 A list of these and other PRRs is given in 
Table 32-3. The interaction between DAMPs and PRRs is 
the initial event in the innate immune responses that result 
in signs of endotoxemia or other forms of sepsis. 

TABLE 


Partial List of Damage-Associated Molecular 
Patterns 314315368 


| PAMPs 

Alarmins j 

LPS (endotoxin) 

Lipoprotein 

Peptidoglycan 

Flagellin 

Lipoteichoic acid 

Zymosan 

Viral double-stranded RNA 
N-acetyl glucosamine 

HMGBl 

S-100 proteins* 
HSPs 

Defensins 

Cathelicidins 

HMGBl, High-mobility group box 1 protein; HSPs, heat shock proteins; 
LPS, lipopolysaccharide; PAMPs, pathogen-associated molecular patterns. 
•Proinflammatory proteins released by phagocytic cells during innate 
immune responses. 

TABLE 32-3 

Partial Listing of Pattern Recognition Receptors 316 ’ 317 * 368 

| Cell-Associated 

Soluble 1 

TLR (1-11) 

RACE 

Nodl/Nod2 

CD14 

Hageman factor 

MBL 

C3b, Bb 

Ficolins 


MBL, Mannan-binding lectin; Nod, nucleotide-binding oligomerization 
domain; RAGE, receptor for advanced glycation end products; TLR, toll-like 
receptor. 
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CLINICAL SEPSIS SYNDROMES 


TABLE 32-4 


mm 


A scheme showing increasingly severe stages of sepsis, 
with definitions, from local infection to death is shown 
in Fig. 32-41. The lethality of each grade increases from 
the base to the apex of the figure. In humans, reported 
mortality rates for severe sepsis are 25% to 30% 318 and 
for septic shock are 40% to 70%. 319 Endotoxemia is 
shown as a subset of sepsis (at all stages) in acknowledge¬ 
ment of the common pathogenesis of all sepsis syn¬ 
dromes. Dysfunction of two or more organs is termed 
multiple organ dysfunction syndrome (MODS) and carries 
an additional increment of lethality in human beings. 320 
Comparable data are not available for the horse. Defini¬ 
tions for SIRS, organ dysfunction, and laminitis are given 
in Table 32-4. Note that sepsis is defined as suspected infec¬ 
tion plus SIRS; therefore a horse with a strangulating intes¬ 
tinal obstruction and SIRS but no definable infection is 
still classified as septic or endotoxemic. Horses with signs 
of mild endotoxemia—leukopenia and fever—fit the defini¬ 
tion for sepsis. With the exception of laminitis, these defini¬ 
tions are not validated for the horse but are reasonable 
extrapolations from accepted human criteria. 

The fundamental difference between serious sepsis 
in humans and the syndromes seen in equids is the pro¬ 
pensity for the latter to be associated with laminitis. In 
the context of sepsis, laminitis is often life-threatening. 
Because an organ is defined here as "a dispersed or solid 
tissue that performs a specialized function," it is probably 
inappropriate to classify the hoof as an organ as part of 
an equine MODS definition. It is clear from recent data, 
however, that the same types of global inflammatory and 
coagulation disorders that lead to MODS in patients 
with sepsis also are involved in the pathogenesis of 
both carbohydrate- and black walnut-induced lamini¬ 
tis. 321 ' 325 In light of their likely common pathogenesis, 
laminitis and MODS are presented together in Fig. 32-41 
(as MODS/L). 


Criteria for Systemic Inflammatory Response 
Syndrome, Organ Dysfunction, and Laminitis 


SIRS CRITERIA (2 OR MORE OF THE FOLLOWING) 

Hypothermia <98° F or hyperthermia >101.5° F 

Leukopenia <5000/nL or leukocytosis > 14,500/pL 

Tachycardia >50 beats/min 

Tachypnea >25 breaths/min or Paco 2 <32 mm 

Hg 


ORGAN DYSFUNCTION AND LAMINITIS CRITERIA 

Neurologic Severe obtundation (stupor, semicoma, 

coma) 

Renal Creatinine >2 mg/dL after >20 mL/kg 

IV crystalloid fluids, or increase of 
>0.5 mm Hg since last 
measurement 


Hemostatic 

Respiratory 

Intestinal 

Hemodynamic 

Hepatic 

Laminitis 


Platelet count < 100,000/pL or aPTT 
>70 seconds 

Pao 2 <65 mm Hg, or <75 mm Hg 
with oxygen supplementation or 
mechanical ventilation 

Absent gut sounds, or absent motility 
on ultrasound examination 

Mean arterial pressure <65 mm Hg 
after >20 mL/kg IV crystalloid 
fluids 

Bilirubin concentration >6 mg/dL; 
GGT >60 U/L with no other 
explanation 

Bounding digital pulses, sensitivity to 
digital pressure over the coronary 
band, sensitivity to hoof tester 
pressure over the sole, Obel 
grade >1 


<jP 7T, Activated partial thromboplastin time; GGT, y-glutamyltransferase; 
/V, intravenous; SIRS, systemic inflammatory response syndrome. 



FIG. 32-41 II Scheme for sepsis classification. Definitions for systemic inflammatory response syndrome, organ dysfunction, and laminitis are given in 
Fig 32-42. 
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MOLECULAR BASIS FOR ENDOTOXEMIA 
AND SEPSIS 

Endotoxin Enters the Circulation 

Although endotoxin is ubiquitous in the environment, both 
free and as a component of gram-negative bacteria, it nor¬ 
mally is excluded from the body by the skin and mucous 
membranes. If the protective integument or mucosae are sub¬ 
jected to gram-negative bacterial infection or otherwise dam¬ 
aged, endotoxin may reach the blood in sufficient amount 
(<1 pg of purified LPS in experimental situations) to cause 
dinical signs. Gram-negative bacterial enterocolitis (e g., sal¬ 
monellosis), metritis, pleuropneumonia, wound infection, 
and neonatal septicemia are common examples. Because 
gram amounts of free endotoxin normally are safely seques¬ 
tered within the intestine of the adult horse, damage to the 
gut wall as a result of local (e.g., intestinal volvulus, infarction, 
incarceration) or systemic (e.g., hypovolemic shock) causes of 
tissue hypoxia, inflammation (e.g., DPI or dostridial enteri¬ 
tis), medianical trauma (e.g., rectal perforation, prolonged 
exercise), or intraluminal addification (e.g., grain overload) 
is particularly likdy to result in endotoxemia. In highly con¬ 
taminated environments, potentially harmful amounts of 
endotoxin can be introduced into the lungs via inhalation. 326 
Endotoxin may even be ddivered directly into the blood via 
parenteral solutions (e.g, homemade intravenous fluids). 

Endotoxin Interacts with Pattern Recognition 
Receptors 

In 1985 almost nothing was known about the way in which 
LPS molecules interacted with cells of the immune system. 
In fact, endotoxin was widely believed to enter cells not 
via engagement of cell-surface receptors but by hydrophobic 
insertion into the membrane (Fig. 32-42). Since then, 
sequential discoveries of a plasma LPS-binding protein 
(LBP; 1989 for humans, 327 2 0 05 for horses 328 ), CD 14 
(1990 for humans, 329 2 0 03 for horses 330 ), and TLRs (1998 
for humans, 331 20 05 for horses 332 ) have elucidated the 


molecular processes of endotoxin binding and signaling 
(see Fig. 32-42). LPS first interacts with LBP, a normal plasma 
acute-phase protein; this interaction facilitates binding to the 
soluble or cell-associated co-receptor CD 14. The LPS/LBP/ 
CD 14 complex recruits and activates TLR4 dimer and an acces¬ 
sory component MD-2 in preparation for LPS signaling. On 
ligation of the receptor, the conserved intracellular domain 
of TLR4 (Toll-IL-1 receptor [TIR]) initiates multiple down¬ 
stream pathways that culminate in translocation to the nucleus 
of inducible transcription factors including nuclear factor 
(NF)-kB and activator protein 1 (AP-1). 333 NF-kB binds to 
consensus sequences on the promoter or enhancer regions of 
an array of genes whose products are involved in the inflam¬ 
matory response. 333 It has recently been argued that the global 
activation of TLR4 typical of sepsis requires the actions of 
endogenous agonists (e.g., proteases). 335 Endotoxin also may 
activate NF-kB via TLR4-independent interactions with p 2 - 
integrins, heat-shock proteins, and the intracellular Nod-1 
receptor. 336 Although endotoxin binds predominantly to 
TLR4, a still-growing family of TLRs (12 in rodents, 11 in 
humans, unknown in horses) is available to bind to other 
DAMPs (Table 32-5). 336 During sepsis, this diversity of TLRs 
allows redundant signaling of inflammatory cells. For exam¬ 
ple, non-LPS components of gram-negative bacteria may bind 
other TLRs (e.g., lamellin binds to TLR5, lipoprotein and 
peptidoglycan to TLR2), whereas PAMPs from gram-positive 
bacteria or fungi bind different TLRs in the course of polymi¬ 
crobial sepsis. Tissues subject to attack by mediators produced 
after the initial round of TLR binding can feed back and 
amplify the inflammatory response by releasing alarmins 
(e.g., high-mobility group box 1 [HMGB1] 338 ), which in turn 
can bind to TLR or other PRRs. 

Simultaneous with cellular activation, endotoxin inter¬ 
acts with soluble PRRs normally present in plasma. Of par¬ 
ticular importance, endotoxin binds to complement 
proteins to initiate the lectin-dependent and alternative 
pathways of complement activation and activates coagula¬ 
tion factor XII (Hageman factor) to set off the ''contact" sys¬ 
tem of coagulation. 



FIG. 32-42 II Binding of lipopolysaccharide (LPS) to mammalian cell membranes. In 1985 it was widely believed that LPS initiated cellular signaling by 
hydrophobic interactions with the plasma membrane. By 2007 the components of the signaling complex were more fully understood. In addition to the 
extracellular receptor components (discussed in the text), the intracellular Toll-IL-1 receptor (TIR) domain is shown interacting with four adaptor molecules 
(MyD88. TIRAP, TRAM, TR1F) to initiate a molecular signaling cascade that ultimately leads to gene activation. 
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TABLE 32-5 

Ligands for Human Toll-like Receptors 316 * 3 ' 7 

TLR1 Triacyl lipopeptides 

TLR2 Lipoprotein 

Peptidoglycan (gram-positive bacteria) 
Lipoteichoic acid (gram-positive bacteria) 
Zymosan (yeast) 

Lipoarabinomannan (mycobacteria) 

TLR3 Viral double-stranded RNA 

TLR4 LPS 

Respiratory syncytial virus fusion protein 
HSP70 

TLR5 Flagellin (Salmonella Typhimurium) 

TLR6 Diacyl lipopeptides 

Zymosan 

TLR7/8 Viral single-stranded RNA 

TLR9 Unmyethylated CpG-containing DNA 

Herpes virus DNA 

TLR10 Not determined 

TR11 liropathogenic bacteria 

LPS, Lipopolysaccharide; TLR, Toll-like receptor. 

Mediators are Released 

As described earlier, endotoxin engages TLR4 on cells of the 
innate and adaptive immune systems, especially mononu¬ 
clear phagocytes (monocytes and macrophages), neutro¬ 
phils, endothelial cells, and dendritic cells. Pulmonary 
intravascular macrophages 339 and Kupffer cells likely are 
the most important mononuclear phagocytes in this regard. 
Endotoxin causes NF-kB activation in these and many 
other cell types via multiple signaling pathways resulting in 
the expression of more than 200 genes, many of which are 
involved in the pathogenesis of sepsis. 333 These include 


genes for proinflammatory cytokines (e.g., TNF, IL-lp, 1L-6, 
1L-8, IL-12, IL-18), chemokines (e.g., IL-8, M1P), type 1 IFNs, 
procoagulants, adhesion molecules, immunoreceptors (e.g., 
TNF receptors), enzymes (e.g., elastase), and acute-phase pro¬ 
teins (e.g., fibrinogen). 341 NF-kB activity is further amplified 
by the paracrine actions of these proinflammatory cytokines, 
and by other DAMPs, cellular hypoxia, cellular necrosis, and 
chemical stress (including oxidant stress). Two of the cyto¬ 
kines secreted by macrophages, IL-12 and IL-18, stimulate 
IFN-y synthesis and secretion from NK (natural killer) and 
other cells. 342 Because IFN-y is a potent stimulator of both 
innate and acquired immune responses, it is considered to 
be a principal link between the two systems. 

Endotoxin activates coagulation factor XII (Hageman fac¬ 
tor) leading both to liberation of bradykinin and to initiation 
of intravascular coagulation. Even more important, comple¬ 
ment is activated by alternative, lectin-mediated, and classical 
pathways to yield numerous active peptide products. 

THE EARLY (HOT) PHASE OF SEPSIS 

The early (hot) phase of sepsis is characterized by inflam¬ 
mation, coagulation, and necrosis. The principal NF-kB 
events during early sepsis are summarized in Fig. 32-43. 
This phase has been described as a "cytokine storm," during 
which there is flooding of inflammatory, procoagulant, and 
vasoactive mediators throughout the body. The net effects 
of these mediators are to promote microvascular injury 
and hypotension. The singular contributions of many med¬ 
iators to sepsis is demonstrated by experiments using sepsis 
models in which blocking or deleting a single mediator has 
had a positive effect on outcome. 

THE LATE (COLD) PHASE OF SEPSIS 

It recently has become apparent that many patients with 
sepsis are profoundly immunosuppressed as shown by 


Fever 

Tachypnea 

Tachycardia 

Leukocytosis/ 

leukopenia 


Obtundation 


Neutrophil 

infiltration 

activation 


ROS. RNS. Proteolytic 


TNF-a, IL-1, IL-6, 
IL 12, IL 18. IFHy 



ICAM-1 
' VCAM-1 
p2 integrins, 
E-selectin 1 
chemokines 



- J - 

COX 2 


Endothelial 

5-LO 



Increased endothelial 
permeability 



Tissue injury 


Tissue hypoperfusion 
and hypoxia 


Multiple organ dysfunction 

Laminitis 


FIG. 32-43 II Nuclear factor-kB signaling plays a central role in the pathophysiology of septic shock. ICAM-1, Intercellular adhesion molecule 1; 5-LO. 5 
lipoxygenase; PAM, plasminogen activator inhibitor 1; TF. tissue factor; VCAM-1, vascular cell adhesion molecule 1. Other abbreviations are explained in the 
text. (Modified from Fig. 3 of reference 333.) 
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lymphopenia, anergy, and susceptibility to opportunistic 
infections (e g., pulmonary aspergillosis in horses with 
enteric salmonellosis). 343 - 344 This immunosuppression 
has been explained by the reactive production of antiin¬ 
flammatory mediators in response to the cytokine storm 
and termed the compensatory antiinflammatory response syn¬ 
drome (CARS). 345 Although many such mediators are pro¬ 
duced and actually can have favorable antiinflammatory 
effects when used as therapy in models of sepsis, it is 
now clear that widespread apoptotic death of lymphocytes 
(particularly B-cells and CD4-positive T-helper cells) and 
dendritic cells secondary to activation of intracellular cas- 
pases is largely responsible for sepsis-associated immuno¬ 
suppression. 346 - 347 During experiihental endotoxemia in 
cats, there also is apoptosis of intestinal epithelial cells, 348 
raising the possibility that apoptotic processes may affect 
intestinal permeability in endotoxemic horses. It is inter¬ 
esting to note that macrophages and neutrophils are 
spared premature apoptotic death; neutrophils actually 
are prevented from physiologic apoptosis during sepsis 
and remain viable in sequestered sites. 349 The relationship 
between the two "phases" of sepsis is not clear, and it can¬ 
not necessarily be inferred that hot and cold phases occur 
in the same patient. 

THE EFFECTS OF ENDOTOXEMIA AND 
SEPSIS 

During sepsis, large numbers of neutrophils accumulate on 
the endothelial surfaces of organs undergoing failure, and 
insult to one organ can trigger the widespread recruitment 


and sequestration of neutrophils in others. Such a scenario 
likely underlies the association of laminitis with severe 
intestinal disease. 350 - 351 

In response to PAMPs (including LPS), inflammatory 
cytokines produced by macrophages and other cells, 
and complement peptides, endothelial cells, and neutrophils 
express selectins. 349 Selectins on endothelial cells (E and P) 
and neutrophils (L) reciprocally engage glycoprotein 
ligands to "tether" the neutrophil to the endothelial surface. 
A series of these transient interactions between ligands and 
receptors allows neutrophils to roll along the endothelial 
surface (Fig. 32-44). Neutrophil capture is most efficient 
in areas of low shear force such as the walls of postcapillary 
venules and in pulmonary capillaries. During rolling, neu¬ 
trophils are activated or "triggered" by selectins, chemo- 
kines, and PAF expressed on endothelial cells. The firm 
attachment or arrest step of the cascade is mediated by the 
avid interaction of neutrophil integrins with adhesion 
molecules of the immunoglobulin superfamily expressed 
on endothelial cells. During firm attachment the activated 
neutrophil spreads out and, in the healthy animal, squeezes 
between the intercellular junctions of adjacent endothelial 
cells and migrates into tissues up a gradient of chemotactic 
factors such as microbial chemotaxins, LTB 4 , IL-8, or C5a. 
By contrast, when compared with normal neutrophils, 
those found in septic animals have defective chemotactic 
responses but bind with greater avidity to the endothelium 
and to other neutrophils. When cultured, macrophages 
and neutrophils from patients with gram-negative sepsis 
are hyporesponsive to LPS, suggesting a functional switch 
to LPS tolerance during the early stages of endotoxemia 



FIG. 32-44 II Recruitment and activation of neutrophils to bacterial infection in healthy horses and septic or endotoxemic horses. In response to bacterial 
infection, cytokines are generated that induce the release of neutrophils from the bone marrow. In the normal state, large numbers of blood neutrophils 
enter sites of bacterial infection by first adhering to the activated endothelium of local postcapillary venules before migrating up a concentration gradient 
of chemotactic factors. Endotoxin is bound to TLR4. and bacteria are eliminated by phagocytosis. In patients with endotoxemia or sepsis, high levels of 
circulating inflammatory factors promote upregulation of surface integrins to promote firm endothelial adhesion to postcapillary venules. However, some 
of these factors also downregulate the expression of chemotactic receptors. Consequently, neutrophils are strongly bound but less responsive to underlying 
chemotactic factors. G-CSF, Granulocyte colony-stimulating factor; GM-CSF, granulocyte-macrophage colony-stimulating factor. (Modified from Fig. 2 in 
reference 349.) 
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(see Fig. 32*44). 352 Sequestration of neutrophils on acti¬ 
vated endothelium and in neutrophil aggregates accounts 
for the neutropenia found in most horses with endotoxe- 
mia. It is interesting to note that the lifespan of these 
sequestered neutrophils is prolonged during sepsis because 
normal apoptosis is prevented. 349 

Tightly adherent neutrophil-endothelial conjugates 
formed during sepsis seal off microscopic pockets 
between the juxtaposed cells into which cellular products 
can be concentrated. Of particular significance are the 
reactive oxygen species (ROS) produced as a result of 
the activation of NAD(P)H-oxidase in neutrophils (respi¬ 
ratory burst) and xanthine oxidase in endothelial cells. 354 
Digital laminae of horses may be particularly vulnerable 
to the effects of ROSs because of low content of the 
endogenous oxidant scavenger superoxide dismutase. 355 
In the presence of neutrophil granule myeloperoxidase 
and H 2 0 2 , highly toxic hypochlorous acid is formed on 
the endothelial surface. 356 Superoxide anion generated 
as part of the neutrophil respiratory burst reacts with 
nitric oxide (NO) from endothelial cells to yield reactive 
peroxynitrite radicals. Other potentially corrosive sub¬ 
stances are contributed by neutrophil granules and 
include elastase, serine proteases, matrix metalloprotei- 
nases (MMPs), and defensins. 357 In addition to direct 
damage caused by membrane lipid peroxidation, ROSs 
indirectly stimulate the expression of multiple inflamma¬ 
tory, procoagulant, and vasoactive mediators via activa¬ 
tion of NF-xB in both neutrophils and endothelial cells. 
Mediators such as bradykinin, PAF, C3a, C5a, and leuko- 
triene B 4 (LTB 4 ) directly increase vascular permeability 
by promoting active retraction of endothelial cells via 
phosphorylation of the light chain of nonmusde myo¬ 
sin. 358 Vascular leak facilitates the movement of poten¬ 
tially harmful substances into tissues. 

In health the antithrombotic phenotype of endothelial cells 
is maintained by the presence of low amounts of prostacyclin 
(prostaglandin I 2 [PGI 2 ]) and NO, and surface expression of 
thrombomodulin, protein S, and protein C complex and 
TPA. 359 During endotoxemia, endothelium supports extrinsic 
pathway activation because of leukocyte-induced physical 
damage, expression of the procoagulant tissue factor, 360 down- 
regulation of antithrombin-III and protein C, and inhibition 
of fibrinolysis through expression of plasminogen activator 
inhibitor 1 (PAI-1). 361 * 362 Additional procoagulant effect 
may be provided by deposition on the endothelial surface of 
all of the components of the intravascular coagulation system. 
Microvascular perfusion is further compromised by sepsis- 
associated increase in "stiffness" of both RBCs and WBCs. 363 
Such cells are unable to deform and squeeze through narrow 
capillaries. 1 

The effect of endotoxemia on vascular tone depends on 
the stage and severity of disease and the particular organ 
(vascular bed) considered. Neuroendocrine responses to 
sepsis lead to the upregulation of predominantly pressor 
mediators including arginine vasopressin, angiotensin II, 
serotonin, epinephrine, and norepinephrine. Inflammatory 
mediators are a mix of vasoconstrictors (thromboxane A 2 
|TXA 2 ], endothelin, C3a, da, C5a) and vasodilators 
(PGE 2 , PGI 2 , adenosine, bradykinin, NO). In animals with 
serious sepsis, balances of constricting and dilating influ¬ 
ences unique to each vascular bed, loss of vasoregulatory 
tone, and refractoriness of damaged endothelium to vasoac¬ 
tive substances causes maldistribution of blood flow among 
organs and systemic hypotension. 

Because of poor perfusion pressure, direct microvascular 
injury, thrombosis, and loss of endothelial integrity (capil¬ 
lary leak), ischemia and hypoxia of organs and tissues 
occur. 364 


DEVELOPMENT OF GLOBAL TISSUE 
HYPOXIA 

The fundamental event in serious sepsis is the development 
of global tissue hypoxia. During serious sepsis, widespread 
microvascular and mitochondrial injury 365 decrease oxygen 
delivery and consumption at the cell, tissue, and organ 
levels. Oxygen delivery to tissues is a product of cardiac out¬ 
put and oxygen content (which itself is a product of hemo¬ 
globin oxygen saturation and hemoglobin concentration). 
The product of systemic oxygen delivery and the percentage 
of oxygen extracted (normally <25%) by the tissues is the 
systemic oxygen consumption. The balance between sys¬ 
temic oxygen delivery and consumption is reflected by the 
mixed venous hemoglobin oxygen saturation (SVo 2 ). SVo 2 
has been shown in other species to be a useful surrogate 
for cardiac index as a target for goal-directed therapy. 366 
Central venous oxygen saturation (ScVo 2 ), obtained 
through a central venous line, is a reasonable substitute 
for SVo 2 (which must be measured via a Swan-Ganz cathe¬ 
ter). Global tissue hypoxia results when systemic oxygen 
delivery fails to meet the oxygen requirements of tissues. 

Global tissue hypoxia resulting from cardiovascular 
insufficiency is the sine qua non of serious sepsis. Various 
hemodynamic combinations may create a systemic imbal¬ 
ance between tissue oxygen supply and demand 367 : 

■ Hypovolemia. Because of decreased preload caused by 
hypovolemia, concomitant left ventricular dysfunction, 
and reflex systemic arterial vasoconstriction, early 
endotoxemia is often characterized by low cardiac out¬ 
put (i.e., hypodynamic circulatory insufficiency). 

■ Compensated but maldistributed perfusion. After fluid-elec¬ 
trolyte resuscitation, compensatory mechanisms and 
low afterload drive transition to a hyperdynamic state. 
Even with normal or increased cardiac output, perfu¬ 
sion abnormalities may persist owing to regional hypo¬ 
perfusion associated with derangements in blood flow 
distribution and loss of vasoregulatory control to vascu¬ 
lar beds. This state is often described as distributive shock. 

■ Myocardial depression secondary to effects of inflamma¬ 
tory mediators and apoptosis of cardiomyocytes is the 
primary cause of low cardiac output in 15% of human 
patients with serious sepsis or septic shock. 368 

■ Increased metabolic demands. SIRS increases metabolic 
demands, as evidenced by increased splanchnic and 
total body oxygen consumption. 

■ Impaired oxygen utilization. The bioenergetics of cellular 
extraction and use or respiration may be abnormal at least 
partially because of mitochondrial dysfunction. 365 * 369 

These derangements may occur independendy of measured 
hemodynamic parameters. The theoretic components of 
each of these hemodynamic states are shown in Table 32-6. 

SIGNS OF ENDOTOXEMIA 

Clinical Signs 

The clinical signs of horses given intravenous endotoxin 
experimentally may range from fever without obvious mal¬ 
aise to multiple organ failure and death. Obviously, signs 
that are not due exclusively to endotoxin (e.g., severe 
pain caused by intestinal stranguladon or diarrhea in horses 
with Salmonella colitis) may gready influence the overall 
clinical presentation of horses with naturally acquired 
endotoxemia. 

Typically in an adult horse given a moderate sublethal 
dose of endotoxin (e.g., 0.1 to 1 pg of LPS per kilogram of 
body weight), an early period of mild tachypnea peaks 
within 30 minutes and resolves within 2 hours. During this 
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Effect of Hemodynamic State on Parameters of Cardiovascular Function 


Pathologic State 

MAP 

CVP 

ScVo 2 

Lactate 

CO 

SVR 

Hypovolemia 

Variable 

i 

1 

t 

1 

t 

Compensated but maldistributed 

Normal to t 

Normal 

T 

Normal to T 

T 

1 

Myocardial depression 

Variable 

t 

I 

T 

Normal to [ 

Normal to T 

Increased metabolic demand 

Variable 

Normal 

1 

Normal to T 

Variable 

Variable 

Impaired 0 2 usage 

Variable 

Normal 

t 

T 

Variable 

Variable 


CVP, Central venous pressure; CO, cardiac output; MAP , mean arterial pressure; ScVo 2 , central venous oxygen saturation; SVR. systemic vascular resistance. 
(Adapted from Fig. 32-41 of reference 367.) 


period, mucous membranes are pale. Beginning within 90 
minutes of LPS injection, depression, restlessness, and inap¬ 
petence are present and rectal temperature begins to rise. 
Auscultable intestinal sounds usually cease during this 
period and remain depressed for several hours. Intermittent 
signs of colic usually are seen, including recumbency (usually 
without rolling). Small amounts of loose feces usually are 
passed. Heart rate peaks during the stage of maximal abdom¬ 
inal discomfort (approximately 2 hours after administration 
of endotoxin), then temporarily declines. During this time, 
mucous membranes become congested, the capillary refill 
time is prolonged, and a dark "toxic" line may become appar¬ 
ent around the gingival margins of the teeth. Beginning at 4 to 
6 hours after endotoxin administration, there is a secondary 
phase of tachycardia and tachypnea that likely is related to 
development of systemic hypotension and fever. This second¬ 
ary phase persists for several hours. Horses presented clini¬ 
cally with mild to moderate endotoxemia usually resemble 
experimental animals during the period 2 to 6 hours after 
intravenous endotoxin administration. 

At higher LPS doses (e.g., 100 pg/kg) in experimental 
animals or in patients with severe endotoxemia, signs of cir¬ 
culatory failure and disordered hemostasis dominate the 
clinical picture. Usually these horses are stuporous and 
totally anorectic. Signs of dehydration such as reduced skin 
turgor, dry mucous membranes, and sunken eyes are obvi¬ 
ous. As systemic blood flow becomes more compromised, 
rectal temperature may drop into or below the normal 
range. Urine output is reduced or nonexistent. There are 
dark, congested mucous membranes, rapid and weak 
peripheral pulses, cold extremities, and sweating, and the 
horse may have muscle tremors and become recumbent. 

Vascular damage may be seen as petechial and ecchy- 
motic hemorrhages on mucous membranes. A poor prog¬ 
nostic sign is the development of a hypercoagulation 
syndrome, during which routine venipuncture or catheter 
placement initiates thrombosis along the entire visible 
length of the jugular veins (or other superficial veins). If 
both jugular veins are thus occluded, there usually is mas¬ 
sive swelling of the soft tissues of the head, and associated 
laryngeal edema may cause signs of upper respiratory tract 
obstruction. In some horses, thrombosed superficial vessels 
can easily be palpated through the skin of the legs and abdo¬ 
men. Infarction of bowel segments or lungs may cause severe 
clinical signs that are unresponsive to treatment. A rare syn¬ 
drome of thrombosis of major limb arteries found in young 
foals is likely a result of sepsis syndrome. 370 * 371 At the time 
that hypercoagulation syndrome is recognized clinically, 
there is often evidence of a secondary bleeding tendency 
(a consequence of platelet and clotting factor depletion and 
uncontrolled activation of fibrinolysis), seen as prolonged 
hemorrhage from venipuncture sites and widespread muco¬ 
sal petechiation. In cases with a severe pulmonary compo¬ 
nent, there may be hemorrhage into the respiratory tract 
with progressive tachypnea and dyspnea. 


If moderately to severely affected animals survive for more 
than 24 hours, there usually is visible edema of the ventral 
abdomen and limbs. Signs of laminitis may first become 
apparent at this stage and may progress in severity even while 
the other systemic signs of endotoxemia improve. 

Clinicopathologic Signs 

Although the measured concentration of endotoxin in blood 
does not correlate well with severity of clinical signs, dem¬ 
onstration of circulating endotoxin obviously is definitive 
proof of endotoxemia. In one study, 12% of horses with 
acute gastrointestinal disease had detectable plasma endo¬ 
toxin. 372 Reported concentrations in these horses were 0 
to 30,400 pg/mL with a mean of 218pg/mL. Experimen¬ 
tally, plasma endotoxin usually is assayed by some variant 
of the Limulus amebocyte lysate assay. A simple horse-side 
test for endotoxin that was marketed for use in clinical prac¬ 
tice is no longer commercially available. 

There is early and profound leukopenia principally 
caused by neutropenia (usually accompanied by left shift 
and a toxic appearance of stained cells). Lymphopenia 
(< 1000/pL) is found in the most severe cases and likely 
reflects sepsis-induced apoptosis and immunosuppression. 
Adult horses often are hyperglycemic at presentation, 
whereas neonates with sepsis are usually hypoglycemic. 
Other abnormalities are nonspecific and reflect altered tis¬ 
sue perfusion and organ dysfunction (see Table 32-4). 

In moderate and severe cases of endotoxemia, there also 
may be evidence of disordered hemostasis; values affected in 
blood may include any to all of the following: reduction in 
the circulating platelet count (< 100,000/pL), reduction in 
plasma fibrinogen concentration, prolongation of the activated 
partial thromboplastin, prothrombin, or thrombin time, 
increased activity of PAI-1, and increased concentration of 
fibrin degradation products. In horses with acute gastrointesti¬ 
nal diseases, there also is increased activity in peritoneal fluid of 
many of the elements of the fibrinolytic system, including TPA. 
Depletion of key clotting factors can most simply be detected 
as prolongation of plasma recalcification time. 373 

NO “SILVER BULLET” 

There is no "silver bullet" for treatment of endotoxemia. It 
has to be admitted that, almost without exception, poten¬ 
tially novel treatments for gram-negative sepsis that have 
been promising at the experimental level have failed when 
applied in clinical settings in human beings (and to a lim¬ 
ited extent horses). A short list of such trials includes anti- 
TNF-oc, 374 IL-1-receptor antagonist 375 ibuprofen, 376 PAT 
antagonist, 377 elastase inhibitor, 378 nitric oxide synthase 
(NOS) inhibitor, 379 antithrombin III (AT-III), 380 and tissue 
factor pathway inhibitor. 381 It is dear that most experimen¬ 
tal sepsis models do not replicate naturally occurring sepsis, 
at least as it occurs in humans. Several of many likely 
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explanations for the disparity between the results of experi¬ 
mental models and large clinical studies are (1) heterogene¬ 
ity of presentations among enrollees in clinical studies; (2) 
diversity in genetic susceptibility to sepsis among outbred 
populations; (3) differences between experimental and clin¬ 
ical study species; (4) differences in timing of potential 
treatments relative to the onset of sepsis between the two 
study populations; (5) preponderance of cold sepsis and 
immunosuppression states in naturally occurring sepsis 
compared with the "cytokine storm" usually recreated in 
experimental models. 

Even among sepsis models, results for the same candi¬ 
date treatment are often inconsistent. For example, neutral¬ 
ization and inhibition of inflammatory cytokines usually 
have salutary effects in LPS-infusion experiments; however, 
equivalent studies involving the cecal ligation-puncture 
model in mice (widely considered to be one of the best 
sepsis models) usually have shown either neutral or nega¬ 
tive effects on mortality. 382 

It is sobering to review the most pertinent available data 
for the three antiendotoxic drugs that are most commonly 
used to treat horses with suspected endotoxemia—namely, 
flunixin meglumine, polymyxin B, and pentoxifylline. 
Although various NSAlDs have been shown to effectively 
prevent the signs of LPS infusion in horses, 383 * 392 there is 
no convincing study that shows NSAlDs actually save lives 
in patients with naturally occurring sepsis. In contrast, a 
large multicentered, controlled, masked, prospective study 
of ibuprofen in humans with sepsis syndrome showed no 
effect of this drug on the development of shock or the acute 
respiratory distress syndrome and did not improve survival. 393 
Polymyxin B and the nontoxic polymyxin B-dextran 70 conju¬ 
gate PMX622 also safely prevented signs of endotoxemia when 
given before LPS to otherwise healthy horses 394 399 however, 
the drug has not advanced beyond Phase 1 trials in human 
patients because experimental studies showed that it did not 
protea mice if given after intraperitoneal endotoxin. 400 
Finally, intravenous pentoxifylline significantly, albeit only 
partially, reduced adverse signs in horses given LPS. 401 The use¬ 
fulness of this finding is called into question by the observa¬ 
tion that the lethality-sparing effea of pentoxifylline in 
endotoxemic mice was removed if the drug was given in com¬ 
bination with indomethadn, a potent NSAID. 402 403 It was 
concluded that upregulation of prostacyclin production by 
pentoxifylline, which was prevented by concurrent indometh- 
adn, reduced mortality in subjea mice by preventing endo¬ 
toxin-induced leukopenia. It is interesting to note that 
pentoxifylline alone increased WBC counts in horses. This 
effea was prevented by flunixin 401 ' 405 ; thus, a potential bene- 
fidal effea of pentoxifylline in endotoxemic horses may be 
neutralized by concurrent NSAID administration. 

Evidence-based medicine so far acknowledges only one 
agent, drotrecogin alfa (activated protein C), 406 as able to 
reduce mortality in patients with sepsis, although there 
has been some recent controversy regarding the side effeas 
of the drug and the analyses performed in the original 
study. 407408 Despite theoretic potential in some patients 
with endotoxemia, drotrecogin is much too expensive to 
be considered for equine use. 

Fortunately, there is powerful evidence to support the 
value of early aggressive cardiovascular resuscitation. Use 
of oxygen, fluids, pressors, inotropes, and packed RBCs dur¬ 
ing the first 6 hours after admission to achieve a sequence of 
physiologic goals reduced in-hospital mortality of human 
patients with serious sepsis from 46.5% in the group that 
received standard therapy to 30.5% in patients given early 
goal-direaed therapy (EGDT). 409 Similar protocols now 
are widely used in emergency rooms throughout the United 
States. 367 Many of the underlying principles of EGDT can be 


applied to resuscitation of septic horses, especially neonates 
(see later). It is reasonable to conclude that improvements 
in cardiovascular support of horses with sepsis will continue 
to be of much more value than any single "magic bullet" 
currently available or even on the horizon. 

ASSESSMENT OF THE STAGE 
OF ENDOTOXEMIA OR SEPSIS 

Horses with endotoxemia should be staged according to the 
criteria found in Fig. 32-41 and Table 32-4. It is especially 
important to recognize that horses with serious sepsis need 
aggressive intervention in order to survive. 

TREATMENT OF ENDOTOXEMIA 
AND SEPSIS 

A prioritized strategy for management of horses with endo¬ 
toxemia is as follows: (1) cardiovascular resuscitation; 
(2) laminitis prevention; (3) removal of the cause(s) of 
endotoxemia; (4) neutralization of circulating endotoxin; 
and (5) inhibition of endotoxin-induced inflammation. 
These approaches are most applicable to horses with serious 
endotoxemia or sepsis. 

Cardiovascular Resuscitation 

Expansion of blood volume remains the cornerstone of treat¬ 
ment for horses with serious sepsis or endotoxemia. Most 
cases (e.g., adults with blood laaate of 2 to 4 mmoles/L) 
can be treated successfully with intravenous balanced poly¬ 
ionic solution according to guidelines for estimating water 
deficits provided in the fluid therapy seaion of this chapter. 
Urination should begin during the rapid replacement of esti¬ 
mated losses. Ideally the fine control of fluid replacement 
should be based on serial measurements of packed cell vol¬ 
ume (PCV) or plasma protein concentration and further 
guided by following blood laaate concentration. Some clin¬ 
icians prefer the early use of compatible plasma (5 L for a 
450-kg horse, 1 to 2 L for a neonate) or other colloid solu¬ 
tions such as 6% hydroxyethyl starch solution (6% heta- 
starch in 0.9% saline; Abbott Laboratories, North Chicago, 
IL) to replace the extravasated colloid lost as a result of capil¬ 
lary leak. Plasma has the advantage of providing immuno¬ 
globulin, acute-phase proteins, and anticoagulants (see 
Laminitis Prevention). 

In horses with the most life-threatening forms of endo¬ 
toxemia and sepsis (lactate >4 mmoles/L |>5 mmoles/L in 
neonates <24 hours old), MODS/L, septic shock), aggres¬ 
sive hemodynamic monitoring and EGDT are indicated. 
Because such treatment still carries at best a guarded prog¬ 
nosis for survival, financial commitment often in the range 
or $5000 to $20,000, and transfer to a referral center, a deci¬ 
sion to continue treatment requires that a very clear and 
realistic discussion of these issues take place with the horse's 
owner. Early intervention is essential in sepsis therapy, in 
critical care parlance, terms such as the "golden 6 hours" 
and the "silver 24 hours" exemplify this concept. 410 

Relatively simple equipment and supplies but time¬ 
intensive monitoring and treatment are needed for effective 
EGDT. A central venous catheter (e.g., for 50-kg neonates, 
two-lumen indwelling catheter, 7 Fr x 30 cm [ES-14702], 
Arrow International, Reading, PA; 500-kg adults, two-lumen 
Hickman 9 Fr x 90 cm, Bard Access Systems, Salt Lake City, 
LIT), a blood gas and laaate analyzer, an indirea arterial 
blood pressure monitor, and a central venous blood pres¬ 
sure monitor (transducer and data display and recorder or 
water monometer) are required for the full EGDT bundle; 
however, much can be achieved with a jugular catheter, 
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FIG. 32-45 II Protocol for early goal-directed therapy. An initial 20 mL/kg bolus of isotonic crystalloid (or equivalent colloid) is given, followed by boluses 
of 10 mL/kg every 30 minutes until CVP reaches 8 to 15 mm Hg. If the heart-base adjusted MAP is still less than 65 mm Hg, vasopressors are given to effect. 
Norepinephrine, dopamine, or vasopressin can be used according to the clinician's preference. If the ScVo 2 is still less than 70%, dobutamine continuous rate 
infusion can be increased in increments up to 15 ng/mL If the PCV is less than 21% after the preceding steps and ScVo 2 is less than 70%, packed cells should 
be given to increase oxygen-canying capacity. CVP, Central venous pressure; MAP, mean arterial pressure; PCV, packed cell volume. 


water manometer, and lactate analyzer. The details of an 
intensive approach to EGDT for the first 6 hours after 
admission are shown in Fig. 32-45. ScVo 2 has been shown 
to correlate well in this context with cardiac index. Unfortu¬ 
nately, although measurements obtained via a typical jugu¬ 
lar intravenous catheter can be used to approximate arterial 
lactate concentration and CVP in humans 412 413 (although 
not in dogs and cats 414 ), jugular blood So 2 did not correlate 
with central measurements in endotoxemic pigs 415 and 
probably should not be used for that purpose. Although 
labor-intensive, none of monitoring techniques is techni¬ 
cally difficult. One advantage of being able to measure both 
lactate and ScVo 2 is that inferences can be made as to the 
particular hemodynamic derangement responsible for signs 
of global tissue hypoxia (see Table 32-6). 

When the goals of EGDT are met, fluid management 
should continue according to standard protocols (see Fluid 


Therapy section) but with adjustments made according to 
the results of continued monitoring (Pao 2 , Cvo 2 , lactate, 
CVP, mean arterial pressure [MAP]). If the blood bicarbon¬ 
ate concentration is <16 mmol/L after EGDT goals are met 
(or plasma total C0 2 concentration is <17 mmol/L), 
sodium bicarbonate should be given IV to replace calculated 
deficits. During correction of acidemia, intravenous fluids 
should be supplemented with potassium (10 to 20 mmol/L) 
to prevent correction-induced hypokalemia. A mainte¬ 
nance-rate infusion of glucose should be given to neonates 
with sepsis (4 mL of 5% dextrose-containing fluids per 
kilogram per hour) and hypoglycemic adults (2 mL of 5% 
or 0.2 mL of 50% dextrose per Idlogram per hour). Glucose 
concentration should be regularly monitored, and the use 
of concurrent insulin infusion should be considered, espe¬ 
cially if blood glucose is normal or high (see Laminitis Pre¬ 
vention section). 
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BOX 32-3 


Laminitis Prevention Bundle 


Fluid resuscitation 
Cryotherapy 479 

Flunixin (0.25 mg/kg every 8 hours) 

Pentoxifylline (10 mg/kg PO bid) 

Plasma (10 mIVkg)/heparin (4 U/mL plasma) 

Insulin (0.01-0.05 U/kg/h)/glucose (0.2 mL 50% dextrose per 
kilogram per hour) with 2- to 4-hourly measurement of 
blood glucose concentration 


When intestinal strangulation is the cause of endotoxe- 
mia, surgical correction obviously is of paramount impor¬ 
tance. For the purposes of perioperative management, 
however, it should be noted that resumption of intestinal 
blood flow could worsen endotoxemia: sequestered endo¬ 
toxin may be flushed into the circulation through compro¬ 
mised intestinal walls. At least in the case of smal 1 intestinal 
ischemia, the mucosal barrier to endotoxin may be further 
compromised by ischemia-reperfusion injury when full 
blood flow is restored by luminal decompression or other 
manipulation. Again, prophylactic use of NSAIDs and/or 
ROS scavengers may be warranted. 


Laminitis Prevention 

Adult horses with serious sepsis are at high risk for the 
development of laminitis. Among the clinical risk factors 
likely operative in the setting of sepsis are body condition 
score > 5, being a pony, >24 hours since onset of signs of 
endotoxemia or sepsis, rectal temperature >101.5° F, CRT 
>2 seconds, or cold extremities. The digital laminae are 
injured early in the period of hot sepsis, perhaps irrevers¬ 
ibly, by processes associated with cytokine storm and global 
tissue hypoxia. Insulin resistance, hyperglycemia, microvas- 
cular injury and thrombosis, and protease activation all 
may be involved in sepsis-associated laminitis. The laminitis 
prevention bundle provided in Box 32-3 provides a rea¬ 
sonable preventative strategy, but it must be implemented 
very early (preferably before increased digital pulses are 
detected). Global tissue hypoxia is addressed with standard 
or EGDT fluid resuscitation, small vessel plugging with flu¬ 
nixin (reduced TXA 2 ), pentoxifylline (vasodilation with 
PGI 2 , suppression of inflammatory cytokines, increased 
RBC deformability), and plasma and heparin (increased 
active AT-III), and hyperglycemia and insulin resistance 
with continuous-rate infusions of regular insulin and glu¬ 
cose (prevention of the damaging effects of hyperglycemia; 
possible salutary, glucose-independent effects of insulin). 
If laminitis is already present, or if it develops during the 
course of treatment, it should be treated as described in 
Chapter 38. 

Removal of the Cause(s) of Endotoxemia and Sepsis 

Removal of the cause of endotoxemia usually involves both 
removal of the source of endotoxin and correction of the 
abnormality that allows access of endotoxin to blood. In some 
cases a source of endotoxin can be mechanically removed; for 
example, gram-negative bacteria and associated inflammatory 
effusion can be drained from pleural or peritoneal cavities or 
carefully siphoned from the postpartum uterus. Antimicrobial 
therapy for gram-negative infection also is essential. In general, 
broad-spectrum bactericidal drugs should be selected because 
endotoxemic horses may be immunosuppressed. In horses in 
which endotoxemia is associated with diarrhea or other signs 
of colitis or typhlitis, the use of antimicrobial drugs is contro¬ 
versial because of their causal association with severe colitis. 
They probably should be given only in the following situa¬ 
tions: (1) the horse is <3 months old; (2) there is suspicion 
of clostridial or antimicrobial-associated enteritis (metronida¬ 
zole or vancomycin); (3) there is degenerative left shift or 
total neutrophil or lymphocyte count of <1000pg/mL, or 
(4) there is clinical evidence of dyshemostasis (e.g., jugular 
thrombosis or abnormal coagulogram). It should be noted 
that effective antimicrobial therapy could temporarily worsen 
clinical signs by causing the release of endotoxin from killed 
bacteria. This possibility should be anticipated and minimized 
by the timely use of NSAID or other antiendotoxic therapy (see 
following paragraphs). 


Neutralization of Circulating Endotoxin 

HYPERIMMUNE PLASMA AND SERUM. An antiserum 
(Endoserum; Immvac Inc., Columbia, MO) and several 
hyperimmune plasmas (e.g., Polymune J; Veterinary Dynam¬ 
ics, Templeton, CA) produced by immunization of horses 
against R-mutant endotoxins are used in horses with sus¬ 
pected endotoxemia (in some cases, this is an off-label 
use). As is the case with studies in human beings and small 
experimental animals, use of cross-reactive endotoxin anti¬ 
bodies in horses with either experimentally or naturally 
acquired endotoxemia has yielded conflicting results. In sev¬ 
eral studies there was impressive reduction of mortality rate 
or improvement in clinical signs when antiendotoxin serum 
or plasma was given to horses 416 418 ; however, in other stud¬ 
ies no improvement was demonstrated. 419 * 420 Pretreatment 
of foals with antiserum was associated in one report with sig¬ 
nificant worsening of clinical response to IV administered 
endotoxin compared with foals that received no pretreat¬ 
ment. 421 These disparate results probably reflect, at least in 
part, variation in the quality of antisera and experimental 
conditions; therefore no blanket recommendation can be 
made as to the clinical use of such products. As evidence of 
the potential general value of hyperimmune plasmas, it is 
worth noting the reduction in mortality achieved when anti¬ 
endotoxin plasma raised against the E. coli mutant J5 was 
given to bacteremic humans (39% for controls versus 22% 
for those give antiendotoxin plasma) in a masked, well-con¬ 
trolled study at a single hospital. 422 In contrast, subsequent 
large multicenter studies of two different antiendotoxin 
monoclonals failed to show beneficial effects. 423 * 424 Hyper¬ 
immune plasmas (raised against any antigen[s]) also contain 
colloid, anticoagulant, and increased amounts of substances 
such as acute-phase proteins, which might have nonspecific 
beneficial effect in the setting of endotoxemia and sepsis. 
Therefore the use of 10 to 40 mL of hyperimmune plasma 
(of any specificity) per kilogram can be justified in treatment 
of serious endotoxemia or sepsis. 

POLYMYXIN B. Polymyxin B is a broad-spectrum cyclic 
peptide antibiotic with potent endotoxin-binding activity. 
Potentially lethal side effects of respiratory paralysis and 
nephrotoxicity have precluded use of this agent as a systemic 
antimicrobial drug; however, polymyxin B retains endotoxin¬ 
neutralizing capacity at nontoxic dosages. Pretreatment of 
foals with polymyxin B at a dosage rate of 6000 11 (1 mg)/ 
kg significantly suppressed clinical and cytokine responses to 
intravenous endotoxin without causing toxic side effects. 425 
Repeated administration to ponies of 15,000 U/kg also pro¬ 
duced no sign of toxicity. 426 At dose of 5000 U/kg, polymyxin 
B protected even when given 30 minutes after the start of EPS 
infusion. 427 The results of a pharmacokinetic and pharmaco¬ 
dynamic study of polymyxin B in horses suggested that the 
drug could safely be given at 6000 U/kg every 8 hours to main¬ 
tain continuous endotoxin neutralization. 428 Horses given 
polymyxin B at 5 mg/kg as a polymyxin B-dextran 70 conju¬ 
gate (also known as PMX622 ) were fully protected from the 
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effects of endotoxin but had a transient hypertensive response 
to treatment infusion. 429 This side effect was prevented by the 
use of an NSAID. In horses with moderate or severe endotox¬ 
emia, consideration should be given to the cautious use of 
polymyxin B (Polymyxin B sulfate; Bedford Laboratories, Bed¬ 
ford OH) given IV two or three times daily at a dosage rate 
of 6000 U/kg. Each treatment should be given over at least 
15 minutes. 

Inhibition of Endotoxin-Induced Inflammation 

NONSTEROIDAL ANTIINFLAMMATORY DRUGS. 

Through inhibition of cyclooxygenase (COX), NSAIDs 
reduce the formation of prostanoid fnetabolites (e.g., throm¬ 
boxanes and prostaglandins) from arachidonic add and 
thereby attenuate much of the adverse effect of endotoxin. 
As stated earlier, it has not yet been established whether or 
not NSAIDs actually reduce mortality in patients with sepsis. 
Flunixin meglumine, phenylbutazone, ketoprofen, eltenac, 
and aspirin are examples of this dass of drugs used in horses. 
When flunixin is administered at 0.25 mg/kg every 6 to 
8 hours, endotoxin-induced prostanoid production is pre¬ 
vented, and maximal antiendotoxic effects are produced in 
experimental situations without obscuring the signs of colic 
or risking toxic side effects of the drug. 430 It should be noted 
that flunixin does not reduce endotoxin-induced leukope¬ 
nia. Because there is evidence that aspirin does not prevent 
endotoxin-induced aggregation of platelets, 431 there appears 
to be no rationale for the common practice of adding aspirin 
to the NSAID regimen. Most NSAIDs inhibit constitutive 
COX-1 activity (in addition to endotoxin-induced COX-2 
activity), so there is some morbidity associated with their 
use. There may be gastric ulceration, right dorsal colitis, renal 
papillary necrosis, and possibly impairment of intestinal 
motility. 432 433 In light of this toxic potential of equine 
NSAID use, it has been suggested that use of COX-2 selective 
drugs may minimize side effects while maintaining efficacy. 
Two NSAIDs with documented analgesic effect in horses, 
carprofen and meloxicam, have been shown to be COX-2- 
selective. 434 Etodolac, a COX-2-specific drug in dogs and 
humans, is not COX-2 selective in horses when used at 
analgesic doses (23 mg/kg PO once or twice daily) 435 Also, 
COX-2 activity does have potentially beneficial effects in 
horses with sepsis: COX-2 products (e.g., PGE 2 , PGI 2 ) medi¬ 
ate epithelial restitution in damaged equine colon 436 and are 
thought to be important in maintaining the antithrombotic 
phenotype of normal endothelium. NSAIDs in the coxib 
class, which are potently COX-2 specific in humans, have 
been shown to increase the risk of atherosclerotic cardiovas¬ 
cular disease in humans. 437 

METHYL XANTHINE DERIVATIVES. Inflammatory cyto¬ 
kine production by macrophages is suppressed in dose- 
dependent fashion by methyl xanthine derivatives. This 
effect appears to be caused by phosphodiesterase inhibition 
and consequent elevation of intracellular cAMP. Pentoxifyl¬ 
line, a drug that is in widespread use in human beings as a 
hemorheologic agent, has also been shown to increase RBC 
deformability in horses. 438 Pentoxifylline also inhibits TNF 
production in horse blood and in cultured equine macro¬ 
phages while increasing secretion of prostacyclin. 405 439 
Studies in other species suggest that pentoxifylline stimu¬ 
lates production of the antiinflammatory cytokine IL-10, 
suppresses neutrophil activation, and inhibits activation of 
NF-kB. 441 A pharmacokinetic study in horses has indicated 
that administration at 10 mg/kg PO two times daily pro¬ 
vides serum concentrations equivalent to those used thera¬ 
peutically in humans. 442 The potential for flunixin to 
antagonize the potential beneficial effects of pentoxifylline 
was discussed earlier in this section. In light of the strong 


conceptual arguments for its use, pentoxifylline therapy 
(10 mg/kg PO bid) in endotoxemia is reasonable. 

CORTICOSTEROIDS. The corticosteroid class of drugs the¬ 
oretically has many useful actions in combating the effects of 
endotoxemia. These include reduced production of cytokines, 
inhibition of TNF production by macrophages, stabilization 
of cell membranes, and prevention of neutrophil activation. 
It is surprising, however, that neutral or negative effects of ste¬ 
roid use were found in large, multicenter studies of humans 
with gram-negative sepsis. 443 Corticosteroids also are widely 
believed to increase susceptibility to laminitis in endotoxemic 
horses, perhaps by increasing the sensitivity of digital vessels to 
the constrictive actions of circulating catecholamines or by 
inducing insulin resistance and hyperglycemia. 444 445 Use of 
high-dose corticosteroids is contraindicated in the treatment 
of endotoxemia in adult horses. 

Some human patients with sepsis appear to respond to 
"physiologic" doses of hydrocortisone. 446 Most of these 
patients had high baseline cortisol concentrations but were 
thought to be in a state of adrenal insufficiency. In one study, 
low-dose hydrocortisone was associated with reduced vaso¬ 
pressor use and lower mortality rates. 446 This concept is not 
universally accepted, and the use of low-dose hydrocortisone 
therapy has not yet been reported in equine patients 448 

HEPARIN. The use of heparin in horses with endotoxe¬ 
mia is somewhat controversial. It prevents microvascular 
thrombosis principally by promoting the anticoagulant 
activity of AT-III. Unfortunately, heparin cannot reverse exist¬ 
ing thrombosis, and because AT-III is consumed during 
severe coagulopathy, it may not prevent additional intravas¬ 
cular coagulation in such cases. Fresh and fresh-frozen 
plasma are good sources of AT-III but also provide clotting 
factors that could potentiate intravascular coagulation. When 
given at the recommended intravenous or subcutaneous dose 
of 40 U/kg tid or 150 U/kg bid, respectively, unfractionated 
heparin causes intravascular agglutination of equine 
RBCs. 449 Therefore it could be argued that the use of heparin 
might actually exacerbate intravascular cellular plugging. This 
side effect can be avoided by using low-molecular weight hep¬ 
arin, which is nonagglutinating but retains anticoagulant 
activity, principally via inhibition of factor Xa. 450 The use of 
heparin should be considered in horses that are at high risk 
for laminitis (e.g., DPJ or grain overload) or hypercoagula¬ 
tion syndrome (early evidence of dyshemostasis such as 
abnormal coagulogram or spontaneous venous thrombosis). 
In the latter setting, heparin should be given with plasma (10 
to 40 mL/kg) at a dose of either 200 to 300 IU/kg/day for 
unfractionated heparin (either divided bid SC or as a contin¬ 
uous intravenous infusion) or 50 anti-Xa IU/kg for low- 
molecular-weight heparin (SC sid). 

SCAVENGERS OF REACTIVE OXYGEN SPECIES. ROSs 
are thought to cause corrosive tissue damage during endotox¬ 
emia and potentiate the production of inflammatory cyto¬ 
kines via activation of NF-kB. Surgical deflation of 
distended small intestine is thought to lead to ischemia- 
reperfusion injury, a process that generates ROSs from epi¬ 
thelial xanthine oxidase. The life-saving process of fluid resus¬ 
citation in horses with hypovolemic shock may even lead to 
whole body ischemia-reperfiision. Despite these presumed 
associations between oxidant stress and the signs of endotox¬ 
emia, little effort has been made to intervene therapeutically 
at this level. There is some evidence that allopurinol, a 
hydroxyl radical scavenger and inhibitor of xanthine oxidase 
activity, has positive clinical effect during sublethal endo¬ 
toxin infusion. 451 A recommended dose for allopurinol is 
5 mg/kg IV. Because dimethyl sulfoxide (DMSO) has been 
shown to be a potent scavenger of hydroxyl radicals with effi¬ 
cacy in rodent sepsis models, 452 it seems reasonable to use 
this agent in the treatment of equine endotoxemia. Like 




PLATE I II Endoscopic view of megaesophagus in a 10 month-old foal, 
also shown in Fig. 32-22. The esophageal lumen is greatly distended, and 
the mucosa has multifocal erosion. (Courtesy Dr. MJ Murray.) 



PLATE 2 II Endoscopic view of the esophagus of a 20-year-old gelding that 
presented with a history of 3 days of esophageal obstruction. Ihe horse had 
recently been "rescued" and its previous history was unknown. After an obstruc¬ 
tion consisting of grass was forcefully relieved by flushing water through a naso¬ 
gastric tube, endoscopy revealed ulceration of the esophageal mucosa just orad 
to a stricture of the esophageal lumen. (Courtesy Dr. Ml Murray.) 



PLATE 3 II Same horse as in Plate 2, 14 days later. The mucosa adjacent to PLATE 4 II Endoscopic view of the right side of a normal stomach, 

the stricture remained ulcerated, and the diameter of the esophageal lumen had showing the pale squamous mucosa (S) and the red glandular mucosa (C). 

progressively diminished. At this point it was not possible to advance the 
lO mm diameter endoscope through the stricture. (Courtesy Dr. MJ Murray.) 



PLATE 5 II Endoscopic view of the lesser curvature of a normal stomach, 
showing the pale squamous mucosa (S) The antrum lies ventral to a fold 
formed by the squamous mucosa along the lesser curvature, and the pylorus 
is immediately ventral to the cardia. through which the endoscope (arrow) 
can be seen entering the stomach. 



PLATE 6 II Endoscopic view of a large area of ulceration of the squa¬ 
mous mucosa adjacent to the margo plicatus along the right side of the 
stomach. 








PLATE 7 II Endoscopic view of a large area of ulceration of the squa¬ 
mous mucosa along the lesser curvature of the stomach. The ulceration 
has a "butterfly" pattern, which is typical of ulcers at this site, and this pat¬ 
tern may reflea protection of the mucosa immediately ventral to the cardia 
by saliva entering the stomach from the esophagus. The arrow points at the 
endoscope entering the stomach through the cardia. 



PLATE 8 II Endoscopic view of an ulcer in the gastric glandular mucosa. 
The ulcer is in a ruga I fold, which is a typical site of ulcers in the glandular 
portion of the stomach. 



PLATE 9 II Endoscopic view of the antrum of the stomach. Ihe white 
arrow points at the pylorus. The black arrow points at an area of ulceration 
and thickening of a ruga! fold leading to the pylorus. This severe example 
of a frequent finding in the stomach of adult horses: thickening of a rugal 
fold in the antrum with associate erosion or ulceration of the mucosa 
The cause of these lesions is undetermined. 
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PLATE 10 II Endoscopic view of normal duodenal mucosa. In this pho¬ 
tograph. the endoscope has advanced aborad to the major duodenal 
papilla, which in most foals and horses is difficult and unusual to accom¬ 
plish because of the anatomic configuration of duodenum with respea to 
the stomach. 



PLATE 11 n Duodenum of a foal that present with fever, depression, leu¬ 
kocytosis. and hyperfibrinogenemia. Ibis endoscopic view is orad to the 
major duodenal papilla. The mucosa is inflamed and there is yellow-orange 
fibrinous exudate adherent to the mucosal surface. 



PLATE 12 ■ Endoscopic view of the stomach of the foal in Plate 11. There is 
severe ulceration of the squamous mucosa (S) adjacent to the margo plicatus 
(arrows), because of delayed gastric emptying secondary to the severe duodeni¬ 
tis. Many foals with duodenitis present with classic gastric ulcer signs, because 
of delayed stomach emptying, accumulation of addic peptic secretions in the 
stomach and often gastroesophageal reflux. Cl, Glandular mucosa. 
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allopurinol, DMSO may reduce intestinal mucosal injury after 
ischemia-reperfusion; to date, evidence for efficacy in this 
setting has been mixed. DMSO can be given by rapid intrave¬ 
nous infusion (or by nasogastric tube) as a 10% to 20% 
solution in saline at dose of 0.02 to 1 g/kg every 6 to 12 hours. 

Other antioxidants that are used in equine medicine, 
including vitamin C, vitamin E, and N-acetylcysteine, have 
shown benefit in rodent sepsis models but have not been 
evaluated in equine endotoxemia. 

Ethyl pyruvate, a stable analog of pyruvate, has been 
shown to have remarkable proteaive efficacy in a variety 
of models of septic and nonseptic shock in rodents and 
other species. 453 Because this agent is inexpensive and can 
be given in intravenous crystalloid fluids, it would appear 
to have potential for the treatment of endotoxemia and sep¬ 
sis. The beneficial actions of this agent have been ascribed 
to its antioxidant actions. 

Miscellaneous Treatments 

Naloxone, a narcotic antagonist, at a dose of 0.2 mg/kg, 
blunted some of the cardiovascular effects of high-dose 
endotoxin in one study, 455 but a dose of 1 mg/kg had no 
effea in another. 456 Of importance, 0.75 mg/kg naloxone 
caused signs of colic in conscious horses, 457 probably by 
blocking the actions of endogenous P-endorphins at the 
high affinity p receptor. The detergent tyloxapol was 
remarkably effective in preventing the effeas of endotoxin 
in anesthetized horses. 458 The mechanism of antiendotoxic 
aaion of tyloxapol is unknown, but the detergent has been 
shown to have wide-ranging effeas on cells and proteins, 
some of which may preclude its use in clinical cases. For 
example, the detergent has been shown to inhibit cellular 
phagocytosis, an important event in innate immunity. Also, 
this agent induces marked hyperlipidemia (up to 100-fold 
higher than controls) in horses because of interference with 
lipoprotein metabolism. Similarly, a phospholipid emul¬ 
sion effeaively prevented adverse effects of subsequent 
endotoxemia; however, the treatment induced hemolysis 
sufficient to preclude its use in clinical cases. 459 A published 
report 460 on the use of the sulfonyl analog of the alpha-phe- 
nyl-N-tert-butyl-nitrone spin trap molecule suggests that 
this agent was effeaive in reducing clinical signs in horses 
given endotoxin. A cautionary note was the observation that 
some rodents given the same agent at high doses actually 
suffered enhanced endotoxin-induced mortality. 

PAF' inhibitors have been effeaive antiendotoxic agents in 
some species but have not yet shown much positive clinical 
effea in horses or humans. 461 In dogs and other experimental 
animals, inhibitors of NO production such as N^monomethyl 
arginine reverse endotoxin- or TNF-induced hypotension 462 ; 
however, NOS inhibitors generally have no protective effea in 
sepsis models. Furthermore, NO production may not be 
increased in horses with endotoxemia. 463 

A promising method of treatment may be the use of keta¬ 
mine CRI. Ketamine has been shown in vitro to suppress the 
produaion of inflammatory mediators by LPS-stimulated 
equine peritoneal macrophages. 464 Constant-rate infusion 
of ketamine at 1.5 mg/kg/h for 320 minutes achieves blood 
concentrations compatible with this inflammatory effea 
and has been shown to be safe and nonsedating. 465 The anti¬ 
inflammatory aaions of ketamine appear to be mediated by 
the aaions of adenosine on the adenosine A2A receptor. 466 
The equine adenosine A2A receptor was recently cloned 
and charaaerized pharmacologically and is itself a potential 
direa target for antiinflammatory drugs 467 Because ketamine 
inhibits inducible macrophage-type nitric oxide synthase and 
thus potentially causes vasoconstriaion, 468 this approach 
should be used with caution. 


Future Treatment Considerations 

Current research in horses and other experimental animals 
suggests that magic bullets will be very hard to find. Most 
antiinflammatory approaches, even if they are aimed at 
the "root and trunk" of the inflammatory cascade (e g., 
NF-kB activation) do not work consistently in severe sepsis 
models (e.g., cecal-ligation punaure) or in phase 111 clinical 
trials of human patients. It is becoming increasingly dear 
that much of the morbidity and mortality associated with 
sepsis results from "cold" sepsis, the state characterized by 
profound immunosuppression rather than cytokine storm. 
Affeaed patients are likely to be injured further by antiin¬ 
flammatory therapy. There is some indication that IFN-y, 
a cytokine that is pivotal in both innate and acquired 
immunity, can improve survival in immunosuppressed sep¬ 
tic mice by preventing apoptosis of lymphocytes. 469 The 
issue of cold versus hot sepsis raises the issue of the need 
for accurate recognition of the stages of sepsis. Plasma 
procalcitonin concentration apparently is able to discrimi¬ 
nate levels of sepsis and septic versus nonseptic SIRS. 470 * 471 
Similarly, HMGB1 levels have been used to define sepsis 
categories in humans and to provide prognostic informa¬ 
tion. 472 These or equivalent markers need to be introduced 
into equine sepsis diagnosis. 

There remains enthusiasm for strategies aimed at effec¬ 
tive means to suppress or scavenge ROSs. In this regard, 
the remarkable effects of ethyl pyruvate in multiple models 
of inflammation, which likely mediates via its antioxidant 
effects, offer considerable promise. 453 

On the horizon are some different approaches that have the 
potential to be both effeaive and affordable. One of the most 
exciting possibilities is that gene therapy might be used to 
transfea host cells transiently in a targeted way with genes 
encoding antiinflammatory mediators (e.g., IL-10, TGF-P) or 
antisense RNA or ribozymes direaed against mRNA of proin- 
flammatory or even antiinflammatory or apoptotic mediators. 


MEDICAL DISORDERS OF THE 
SMALL INT ESTINE 

JENNIFER L. DAVIS 

ULCERATIVE DUODENITIS 

II Pathophysiology. Ulcerative duodenitis most often affeas 
foals and, to a lesser degree, yearling horses. Older horses are 
rarely affeaed. Lesions occur primarily in the proximal duo¬ 
denum and may include erosions, focal ulceration, and dif¬ 
fuse inflammation with or without ulceration. The terms 
duodenal ulceration and ulcerative duodenitis may refer to differ¬ 
ing clinical manifestations of the same problem, and the 
terms are used interchangeably in this section. 

The pathophysiology of duodenal ulcer disease in foals is 
less well understood than gastric ulcer disease. The disorder 
is classically considered to be a peptic disease, one in which 
damage to the duodenal mucosa results from excessive 
exposure to hydrochloric acid and pepsin. This concept 
may require revision. Equine duodenal ulcer disease has 
been presumed to be similar to the disorder in humans, 
but most cases of duodenal ulcer disease in people are asso¬ 
ciated with H. pylori infeaion. 480 H. pylori bacteria have not 
been reported in equine gastrointestinal tissues; however, 
H. pylori colonize only gastric (glandular) mucosa, and 
infeaion of the duodenum must be preceded by metaplasia 
of areas of duodenal mucosa to gastric mucosa. This is 
thought to occur from chronic peptic injury. In humans 
the incidence of duodenal ulcer disease increases with 
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FIG. 32*46 II Proximal duodenum of a 
10-month-old horse with a history of 
chronic poor appetite and condition. The 
pylorus is at the left. There are two stric¬ 
tures in the duodenum: SI is orad from 
the major duodenal papilla, and S2 is 
aborad from the duodenal papilla. The 
segment of the duodenum between the 
strictures is dilated. (Courtesy Dr. M.J. 
Murray.) 


age, 481 which contrasts with horses, in which duodenal 
ulcer occurs primarily in animals less than 1 year old. 482 

We have recognized occurrences of duodenal ulceration 
and inflammation in which cases were clustered geograph¬ 
ically (same farm) and temporally. These foals all had 
moderate to severe gastric ulceration, and they had exten¬ 
sive inflammation with varying degrees of erosion or ulcer¬ 
ation in the proximal duodenum (see Plates 10, 11). 
A similar temporal and geographic association was 
reported in two cases of ulcerative duodenitis in year¬ 
lings. 483 These findings seem inconsistent with a purely 
peptic insult as the cause for the ulcerative duodenitis. In 
one report of seven foals with ulcerative duodenitis, 484 lesions 
typically extended into a large area of the proximal duode¬ 
num, were characterized by mucosal necrosis, and often had 
a sharp line of demarcation between affected and more nor¬ 
mal-appearing mucosa. In the foals of that report, no com¬ 
mon microbial organism other than E. coli was identified, 
and a cause for the ulcerative duodenitis was not deter¬ 
mined. In most foals with duodenal disease the lesions were 
not focal ulcers but rather appeared as more generalized 
inflammation. An infectious cause seems likely but has 
not been identified. In the 1980s rotavirus infection was 
thought to be associated with gastroduodenal ulcer disease 
in foals, but most foals with duodenal ulcer disease do 
not have rotavirus infection. 

Duodenal ulcer disease in foals may have a component 
of peptic injury. The duodenal mucosa possesses some 
intrinsic properties that are protective against peptic injury, 
although these are not as elaborate as in the gastric glandu¬ 
lar mucosa. The most important factor that proteas the 
duodenal mucosa from acidic gastric secretions may be the 
sodium- and bicarbonate-rich secretions that probably orig¬ 
inate from the pancreas and that will neutralize acid enter¬ 
ing the duodenum from the stomach. 485 

II Clinical Signs. The signs of duodenal ulceration or ulcera¬ 
tive duodenitis have been classically described as being the 
severe forms of gastric ulcer signs, 486 and in many cases duode¬ 
nal and gastric ulcers occur simultaneously. However, many 
foals with ulcerative duodenitis will not have signs similar to 
those of gastric ulceration until severe gastric ulceration has 
occurred. Thus the primary signs of duodenitis can be non¬ 
specific; they include fever, mild to moderate abdominal 


discomfort, mild obtundation, and diarrhea. A CBC will often 
reveal peripheral blood leukocytosis and hyperfibrinogenemia. 

Gastric ulceration frequently occurs along with duodenal 
ulceration and may be secondary to physiologic or anatomic 
obstruction to gastric emptying. The gastric ulceration tends 
to be severe (see Plate 12), often leading to gastroesophageal 
reflux and esophagitis. Foals with esophagitis often exhibit pty- 
alism. In general the sequelae of duodenal ulceration are more 
severe than those of primary gastric ulceration. Complications 
of duodenal ulceration include duodenal perforation with 
peritonitis or adhesions, duodenal striaure with complete or 
partial obstruction (Figs. 32-46 and 32-47), ascending cholan¬ 
gitis and hepatitis, and ascending pancreatitis. 



FIG. 32-47 II Duodenal striaure (SI) of the horse in Fig. 32-46. The 
diameter of the duodenal lumen at the striaure is only 3 mm. (Courtesy 
Dr. M.|. Murray.) 
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II Diagnosis. Duodenoscopy is the most specific means of 
diagnosis. It requires an endoscope with at least a 200-cm 
working length in foals up to 6 months of age, and a longer 
endoscope is required in older foals to examine the duodenal 
mucosa. Because of the size of the stomach and the anatomic 
configuration of the duodenum in foals, it is usually not pos¬ 
sible to advance the endoscope past the duodenal ampulla. 
Occasionally the endoscope can be advanced into the des¬ 
cending duodenum. 

A diagnosis is most readily made in cases in which lesions 
are diffuse or located within the ampulla. Excessive entero- 
gastric reflux of bile through the pylorus is consistent with 
duodenal dysfunction. Ulceration at the pylorus or pyloric 
antrum may accompany duodenal ulceration and thus pro¬ 
vide an indication of potential duodenal involvement. Severe 
gastric ulceration in foals should alert the endoscopist to the 
potential for duodenal involvement. In such cases, oral H 2 
receptor antagonist therapy may be less effective in resolving 
gastric lesions than in cases of primary gastric ulceration, 
because of delayed gastric emptying secondary to duodenal 
ulceration. Therefore if a foal has received such treatment 
before endoscopy and if gastric ulceration is severe, suspicion 
of duodenal ulceration should increase. 

Other diagnostic procedures that may be helpful include 
evaluation of peritoneal fluid; serum liver enzymes, par¬ 
ticularly biliary-associated enzymes (y-glutamyltransferase 
|GGT|, ALP); serum bile acids; and radiography. With severe 
duodenal ulceration, survey radiographs of the cranial abdo¬ 
men may reveal accumulation of fluid within the stomach 
and gas ascending the biliary ducts. 487 If barium contrast 
medium is placed into the stomach, complete emptying is 
usually delayed (>2 hours) and an irregular mucosal border 
may be noted in the descending duodenum. It should be 
recognized that in most cases radiography would not contrib¬ 
ute to a diagnosis of duodenal ulcer per se, although duode¬ 
nal stricture may be noted. If the descending duodenum is 
to be imaged, the volume of contrast medium placed in the 
stomach should not exceed 0.5 to 1 L in a foal and 1 to 2 L 
in a weanling or yearling, or the proximal descending duode¬ 
num will be obscured by contrast medium within the 
stomach. 


II Treatment. The effectiveness of treatment of duodenal 
ulceration or ulcerative duodenitis depends on the extent 
and severity of ulceration and the absence of complications, 
particularly perforation and stricture of the duodenum. 
Treatment objectives are to decrease duodenal inflammation, 
treat secondary gastric and esophageal ulceration, promote 
gastric emptying, and treat related problems such as peritoni¬ 
tis. If duodenal ulceration is confirmed or even suspected on 
the basis of clinical signs, treatment should be aggressive. 

In acute cases of ulcerative duodenitis there usually is a 
pronounced lymphocytic infiltration of the mucosa. In 
more chronic cases there is a mixture of neutrophils, macro¬ 
phages, fibroblasts, and fibrinonecrotic exudate. Definitive 
antiinflammatory therapy has not been described for these 
cases, and the use of corticosteroids or nonsteroidal antiin¬ 
flammatory medications is controversial because they may 
worsen gastric ulcer disease through inhibition of protective 
prostaglandin synthesis. 

Suppression of gastric acid secretion is still an important 
objective in the treatment of ulcerative duodenitis in foals, 
because most affected foals have gastric ulcers. Initially, acid 
suppression should be accomplished via parenteral adminis¬ 
tration of H 2 antagonist (cimetidine, 7 mg/kg IV q6h, or 
ranitidine, 1.5 mg/kg IV q8h). Oral medications are unlikely 
to be adequately delivered to and absorbed from the small 
intestine in the first days of treatment. Gastric emptying can 


be enhanced with bethanechol (0.02 mg/kg SC q6-8h or 
0.35 mg/kg PO q8h when the foal can consume orally). In 
foals that have severe duodenal disease or that have required 
surgery, bethanechol has been given for up to 3 months. 
Once the foal can accept oral medication, it should be treated 
with the proton pump inhibitor omeprazole at a dose of 
4 mg/kg once daily for the paste formulation. It should be 
noted that in the 24 hours after the first dose, acid suppres¬ 
sion is incomplete, and maximal suppression of acid secre¬ 
tion is achieved between days 1 and 5. 488 Therefore a 
common practice is to administer an H 2 antagonist IV for 
the initial 2 days of treatment with omeprazole in foals with 
duodenitis. 

Misoprostol is a synthetic prostaglandin E] analogue that 
has been successfully used in treating duodenal ulcerations 
in humans. Doses of 2 to 5 |ig/kg q8-12h can be used in 
horses, although side effects may include abdominal pain 
and diarrhea. Sucralfate promotes duodenal mucosal healing 
in humans. 489 The dose of sucralfate that is effective in 
humans with duodenal ulceration ranges from 1 to 2 g two 
to four limes daily. Foals treated for duodenal ulceration that 
do not have impaired gastric emptying should be adminis¬ 
tered 2 to 4 g of sucralfate three times daily. Sucralfate should 
not be used as the sole therapeutic agent for duodenal ulceration . 

Foals with duodenitis must usually be prevented from 
nursing or eating for 1 to 3 days. During this time, paren¬ 
teral feeding should be considered. Depending on the age 
of the foal, administration of parenteral nutrition should 
provide 40 to 60 kcal/kg/day. 

If medical therapy is ineffective or if sequelae of duode¬ 
nal ulceration cause complications, surgical intervention 
may be required. Gastroenterostomy has been reported to 
be effective in some cases through bypassing the affected 
portion of duodenum and allowing for an alternative route 
for gastric emptying. 487 However, short-term survival and 
long-term quality of life and use are often unsatisfactory. 
Patients that have a successful surgical outcome require 
long-term aftercare and usually require long-term mainte¬ 
nance acid suppression and treatment with a prokinetic 
drug until gastric emptying is normalized. Therefore an 
owner should be prepared to make a significant time and 
financial commitment before surgery is considered. 

DUODENITIS-PROXIMAL JEJUNITIS 

DPJ, also known as anterior enteritis or proximal enteritis, 
describes a clinical syndrome that is characterized by 
inflammation and edema of the duodenum and proximal 
jejunum, excessive fluid and electrolyte secretion into 
the small intestine, and, consequently, large volumes of 
enterogastric reflux. The syndrome of DPJ was first described 
in 1982 490 and was more fully characterized in 1987. 491 
A subsequent report 492 described clinical and clinicopatho- 
logic parameters in horses with DPI that differed somewhat 
from cases in the 1982 report, suggesting that either the cases 
were of similar etiopathogenesis but of different severity or 
that the cases were of different etiopathogenesis with the only 
similarity being the segment of bowel affected. A diagnosis of 
DPJ is often applied to cases in which there is abdominal dis¬ 
comfort, small intestinal distention, and excessive enterogas¬ 
tric reflux without obstruction, yet it is unclear whether all of 
these cases lie along a spectrum of severity of DPJ or whether 
there are several disease entities that affect the proximal small 
intestine and that share clinical features. The latter seems 
more likely. 

II Pathophysiology. In horses with DPJ, lesions are consis¬ 
tently found in the duodenum, but the severity and fre¬ 
quency of lesions in the jejunum are variable. Serositis is a 
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consistent finding, characterized by bright red to dark red 
petechial and ecchymotic hemorrhages on the serosal sur¬ 
face. 491 Histologic lesions include hyperemia and edema 
of the mucosa and submucosa, villous epithelial degenera¬ 
tion, epithelial cell sloughing, neutrophilic pleocytosis, 
hemorrhages in the muscular layers, and fibrinopurulent 
exudation on the serosa. 

With DPJ there is an increased volume of duodenogastric 
reflux, typically 50 to lOOmL/min. This reflux has been 
considered to result from increased intestinal fluid secretion 
and decreased motility. Mechanisms of intestinal fluid 
secretion include passive transmucosal exudation, second¬ 
ary to mucosal and submucosal inflammation and charac¬ 
terized by a protein-rich fluid secretion, and active fluid 
secretion, caused by increased cyclic nucleotides and charac¬ 
terized by fluid with a high electrolyte and low protein con¬ 
tent. The components of fluid in the intestines of horses 
with DPJ have not been characterized, but it is likely to 
result from a combination of passive and active secretion. 
In some horses the hemorrhagic nature of the gastric reflux 
implies increased capillary permeability of the duodenal 
mucosa, whereas in other horses the watery nature of the 
reflux, the presence of serum electrolyte disturbances, 493 
and the absence of peripheral hypoproteinemia are most 
consistent with an active secretory process. 

Another potential source of the large volume of fluid 
secreted into the proximal small intestine and refluxed into 
the stomach is the pancreas. Normally there is periodic orad 
movement of duodenal contents into the stomach, which 
has been observed endoscopically and has been documen¬ 
ted by collecting gastric contents with and without pyloric 
obstruction. 485 The duodenal contents have a large compo¬ 
nent of water, sodium, and bicarbonate, as well as bile salts 
from the liver. These secretions are presumed to originate 
from the pancreas, as well as the liver, and pathology of 
either of those organs may contribute to the pathophysiol¬ 
ogy in cases of DPJ. 

Suppurative cholangiohepatits has been reported in cases 
of small intestinal inflammation secondary to DPJ 494495 
The pathophysiology behind this observation may be related 
to an increased luminal pressure in horses with DPJ, increas¬ 
ing the likelihood of intestinal content regurgitation into the 
bile ducts. It is also possible that horses with DPJ absorb 
inflammatory mediators or bacterial products from the small 
intestine via the portal blood flow or systemic circulation. 

Although the exact cause of DPJ is not known, several bac¬ 
teria and toxins have been implicated. C. difficile has been fre¬ 
quently implicated in causing the disease. One prospective 
study cultured toxigenic species of C. difficile from the reflux 
of 10 out of 10 horses diagnosed with DPJ, and only 1 of 16 
horses diagnosed with other causes of nasogastric reflux. Of 
the strains cultured from these horses, 8 of 10 produced both 
A and B toxins, whereas the remaining two produced only 
toxin B. 496 This is significant in that toxin B as been shown 
to cause inhibitory electromechanical disturbances to 
smooth muscle in the small intestine, which may be a possi¬ 
ble cause of ileus in these horses. 497 Toxin A has also been 
shown to promote inflammatory cell infiltration into the 
smooth muscle layers. 498 Influx of neutrophils and release 
of inflammatory mediators in the intestinal wall have been 
shown to activate nitric oxide pathways, which results in inhi¬ 
bition of the enteric nervous system, increases in sympathetic 
tone, and a subsequent reduction of contractile activity in the 
gut. 499 C. perfringens and Salmonella species have also infre¬ 
quently been associated with DPJ, but the significance of 
these pathogens remains unknown. 

Fusarium moniliforme has been cultured from the feed 
of horses with naturally occurring DPJ. Under experimen¬ 
tal conditions, F. moniliforme producing fumonosin B1 


mycotoxins caused lesions consistent with DPJ. 500 Neuro¬ 
logic lesions were also present in the horses with DPJ in that 
study, however, and both of those horses died with lesions 
consistent with equine leukoencephalomalacia. Canthari- 
din toxins can also cause reddening of the mucosa in the 
small intestine, as well as excessive gastric reflux 501 and 
may be a cause in some cases. It is possible that this one 
syndrome has multiple initiating causes and that no one 
causative agent will ever be definitively identified. 

18 Clinical Signs and Differential Diagnosis. The major 
differential diagnoses for DPJ include simple or strangulating 
small intestinal obstructions. Differentiation can be extremely 
difficult in some cases and may delay surgical intervention in 
cases of small intestinal obstruction, to the detriment of the 
patient. The criteria used to discriminate between DPJ and 
obstructive lesions include degree of pain, presence of fever, 
and changes in hematologic parameters and abdominal fluid. 

Horses with DPJ have a history of an acute onset of mod¬ 
erate to severe abdominal pain that often is followed by 
varying degrees of depression. Nasogastric intubation yields 
a large volume of enterogastric reflux, which is frequently 
orange-brown in color, with a fetid odor. Palpation per rec¬ 
tum reveals multiple loops of mild to moderately distended 
small intestine. The initial volume of reflux may range from 
as little as 4 to 5 L to up to 32 L. The duration of the reflux 
may be as short as 24 to 48 hours, but it usually lasts 3 to 7 
days. Horses are often febrile (rectal temperature greater 
than 38° C [101° Fj) and dehydrated and have injected 
mucous membranes, prolonged capillary refill time, dimin¬ 
ished intestinal sounds, tachycardia (>60 beats/min), and 
tachypnea. 490 * 493 ' 502 503 Although abdominal pain usually 
abates after gastric decompression, most horses remain 
depressed, which perhaps is the most consistent and charac¬ 
teristic clinical sign of the disease. If the fluid that accumu¬ 
lates in the proximal intestinal tract is not removed 
periodically, signs of abdominal pain recur. 

Assessment of the degree of small intestinal distention 
and the thickness of the intestinal wall can be useful indica¬ 
tors. Often, horses with DPJ have generalized distention of 
small intestine, but when palpated per rectum the intestine 
does not feel taut. In many cases of small intestinal obstruc¬ 
tion the bowel will feel tightly distended, but this is not uni¬ 
versally true. Ultrasonography can be used, both transrectal 
and transabdominal, to determine the diameter of the small 
intestine, evaluate contractions, and measure the thickness of 
the wall of the intestine. With acute obstruction one can see 
several segments of small intestine that are 6 to 10 cm in 
diameter, have no contraction, and have a wall diameter of 
3 to 5 mm. With DPJ small intestinal diameter may be less, 
and the thickness of the intestinal wall may exceed 6 mm. 

Culture of the reflux for Clostridium and Salmonella species 
can be attempted. This can be difficult, however, given the spe¬ 
cial conditions required for anaerobic cultures, as well as the 
intermittent shedding of Salmonella species into the gastrointes¬ 
tinal tract of normal horses. Also, the large volume of reflux in 
these cases may dilute the bacterial population to the point 
where isolating low numbers of bacteria is difficult. 

II Clinicopathologic Findings. Clinical laboratory findings 
include increased PCV and total plasma proteins (hemocon- 
centration) and a metabolic acidosis in longstanding or severe 
cases. Abdominocentesis often reveals an elevated peritoneal 
fluid total protein concentration and a mild to moderate 
increase in the peritoneal WBC count (>5000 cells/pL). 502 
The peritoneal fluid is usually yellow and turbid, but in severe 
cases diapedesis occurs, resulting in a serosanguineous color. 
An abdominal fluid total protein concentration >3.5 g/dL is 
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associated with a poorer prognosis. 502 The WBC count in the 
peripheral blood may be normal or increased. 491 - 492 In addi¬ 
tion, hypocalcemia, hyponatremia, hypochloremia, hypokale¬ 
mia, and acid-base alterations have been reported in horses 
with DP|. 493 An elevated anion gap may be present, secondary 
to decreased calcium and magnesium or increased lactate or 
albumin concentrations. 502 Increases in the anion gap to 
> 15 mEq/L have also been associated with a poor prognosis. 

Elevations in liver enzymes, particularly GGT, may be 
seen in horses with DPI and may be a useful way to help 
differentiate between DP] and strangulating lesions of the 
small intestine. 494 * 495 A study examining a large series of 
DPI cases retrospectively to determine the prevalence 
of hepatic damage in horses with small intestinal inflamma¬ 
tion showed that horses with DPJ had significantly higher 
hepatic enzyme activities than the control group of horses 
with small intestinal strangulating obstruction (SISO). 495 
Over 50% of horses with PE had biochemical evidence of 
hepatic disease (high GGT, aspartate aminotransferase 
|AST], or ALP activity). Horses with DPI had a 12.1-fold 
higher risk of having a high GGI activity and a 1.8-fold risk 
of having a high AST activity than horses with SISO. AS!' 
activity in horses with PE ranged from 133 to 2994 IU/L (re¬ 
ference range 215.8 to 365 IU/L), GGT ranged from 7 to 
117 IU/L (reference range 6.2 to 19.1 IU/L), and ALP 
ranged from 86 to 1103 IU/L (reference range 69.4 to 
293.7 IU/L). Bile acid concentrations were rarely abnor¬ 
mal, indicating that hepatic failure was uncommon. Histo¬ 
pathologic evidence of liver pathology was a common 
feature in the horses with PE that had either biopsies or 
necropsies performed. Centrilobular necrosis and inflam¬ 
mation were noted in some cases. 


II Treatment. Because the causative agent(s) of DPJ are 
unknown, treatment remains empiric and consists of 
aggressive supportive therapy. The continuous production 
of enterogastric reflux requires gastric decompression every 
1 to 2 hours to relieve pain and to prevent gastric rupture. 
Approximately 4 to 8 L of malodorous gastric fluid can be 
collected during decompression. The stomach should be 
decompressed frequently, regardless of whether or not the 
horse is showing signs of abdominal pain, as these signs 
may be masked by severe depression or the administration 
of analgesic or antiinflammatory medications. Horses 
should receive nothing by mouth until small intestinal 
function has returned, recognized clinically by cessation or 
reduction of the nasogastric reflux to 1 to 2 L over a 4-hour 
period and increased frequency of borborygmi. The time 
necessary for gastric decompression varies with each indi¬ 
vidual patient. Repeated rectal examinations after the first 
day of therapy will inconsistently reveal distended loops 
of small intestine, depending on the frequency of removal 
of the reflux and the severity of the initial lesion. Ultraso¬ 
nography may reveal fluid-filled small intestine when such 
bowel is not discernible by rectal palpation. Loops of small 
intestine are most frequently visualized in the ventral flank 
area, near the udder or prepuce; therefore this area should 
be examined in all cases of suspected small intestinal 
distention. 

Intravenous administration of a balanced electrolyte solu¬ 
tion is necessary to maintain intravascular fluid volume and 
cardiovascular performance. In some horses even rapid 
administration of fluid fails to adequately restore and main¬ 
tain intravascular volume because of enteric fluid losses that 
can be as great as 8 L hour. In addition, the very large volume 
of isotonic crystalloid fluid that must be given IV to keep 
pace with enteric fluid losses with DP) may accelerate the flux 
of fluid from the vasculature into the intestinal lumen 


because of reduced intravascular oncotic pressure, increased 
capillary perfusion pressure, and increased capillary perme¬ 
ability in the inflamed intestine. Consequently the balance 
between adequate hydration and the volume of enterogastric 
reflux obtained requires careful and frequent monitoring. 

Administration of colloid solutions may be of benefit in 
preserving intravascular volume without promoting entero¬ 
gastric reflux. The most frequently used colloids in the horse 
include hyperimmune plasma, and hydroxyethyl starch 
solutions. Plasma products require a large volume of admin¬ 
istration to exert a colloidal effect, which is cost prohibitive 
in many cases. Smaller doses, however, may have a beneficial 
effect in horses with DPJ, particularly in animals showing 
signs of sepsis or endotoxemia. Hydroxyethyl starch solu¬ 
tions have been shown to significantly increase plasma 
oncotic pressure in ponies administered 10mL/kg 504 and 
represent a reasonably priced alternative to plasma. These 
solutions have been associated with changes in the hemo¬ 
static profile in normal ponies at higher doses of 20 
mL/kg 505 and should be used only with caution in horses 
already at risk for coagulopathies. 

During the initial hours of therapy, even aggressive intra¬ 
venous fluid administration may result in only moderate 
clinical improvement. A positive clinical response, as evi¬ 
denced by improved hydration status, decreased heart rate, 
decreased enterogastric reflux, improved attitude, and 
improvement in parameters reflecting kidney function 
(decreased blood urea nitrogen [BUN) and serum creati¬ 
nine), correlates with resolving intestinal inflammation. 

NSAIDs should be used judiciously to avoid masking the 
clinical signs of a potential surgical lesion. Flunixin meglu¬ 
mine can be used at a dose of 0.25 to 0.5 mg/kg every 6 hours 
to reduce the untoward effects of arachidonic acid metabolites. 

Antimicrobial agents are typically administered to horses 
with DPJ, although the necessity for antimicrobial treatment 
in horses with DPJ is uncertain. Given the association of DP) 
with C. difficile, administration of intravenous penicillin 
(22,000 to 44,000 IU/kg q6h) is warranted. Metronidazole 
also has excellent activity against C. difficile ; however, adminis¬ 
tration is difficult because nothing can be administered per os. 
Rectal administration of metronidazole has been studied 506 
and can be used in these cases. The dose and frequency of 
administration should be increased because bioavailability 
after rectal administration is much less than after oral adminis¬ 
tration (30% vs. 74%, respectively). Broad-spectrum antimi¬ 
crobial treatment may be indicated in horses with low WBC 
counts, but care must be taken in selecting an antimicrobial 
to avoid potential adverse effects, particularly nephrotoxicosis 
with aminoglycosides in a dehydrated patient with compro¬ 
mised renal function. 

Horses with DPJ may have to be kept from eating for sev¬ 
eral days and are often in a hypermetabolic state; therefore 
they rapidly develop a negative energy and nitrogen balance. 
In these horses parenteral nutritional support should be 
considered. Parenterally administered solutions containing 
glucose, balanced amino acid solutions, lipid emulsions, bal¬ 
anced electrolyte and trace minerals, and vitamins have been 
administered to adult horses with a variety of intestinal disor¬ 
ders, including DPJ. Providing for part of the horse's nutri¬ 
tional requirements (8000 to 12,000 kcal/day) is possible 
with glucose-amino acid solutions that are of moderate cost. 
The rationale for this treatment is that through provision of 
nutritional support to an anorectic, severely ill horse, the 
healing process will be facilitated, complications will be 
reduced, and the duration of hospitalization may be short¬ 
ened. Thus the overall cost of providing nutritional supple¬ 
mentation, enteral or parenteral, to horses with DPJ may 
well be offset by quicker recoveries and diminished require¬ 
ments for other costly treatments. 
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Prokinetic agents may also be useful in cases of DPI. Of the 
available prokinetics, lidocaine is used most frequently. 507 
A loading dose of 1.3 mg/kg slow intravenous bolus followed 
by a continuous infusion of 0.05 mg/kg/hr has been shown 
to shorten the time of reflux and decrease the hospital stay 
in horses with DPJ. 508 It may do this by decreasing sympa¬ 
thetic tone, acting as an analgesic agent, or decreasing granu¬ 
locyte infiltration in the intestinal wall. Its use should be 
reserved for horses in which a surgical lesion has been ruled 
out, as it can very effectively mask intestinal pain. Horses 
should be refluxed frequently during the infusion and 
checked for other signs of complications, such as laminitis, 
routinely. Metoclopramide, erythromycin lactobionate, and 
cisapride are also used in cases of DPJ. 507 The efficacy of pro¬ 
kinetics in this disease is debated, mainly because they 
require a healthy intestine in order to exert an effect. A more 
in-depth discussion of prokinetic agents can be found in the 
section on gastrointestinal ileus in this chapter. 

Medical therapy is sufficient in most cases of DPI. In 
patients with prolonged nasogastric reflux (>7 days), exces¬ 
sive fluid losses that cannot be corrected with conventional 
fluid therapy, or clinical and laboratory findings strongly 
suggestive of an intestinal obstruction, surgery should be 
considered. Animals with severe cases of DPI may develop 
infarction of a segment of the small intestine that requires 
surgical removal. Surgery is used to make the diagnosis 
and potentially to alleviate enterogastric reflux by providing 
an alternative route for fluid that accumulates in the small 
intestine. On entrance into the abdominal cavity, dilated 
small intestine is immediately apparent. After the extent of 
the diseased intestine is determined, a segment of normal 
distal jejunum is laid side to side to the proximal diseased 
intestine in an isoperistaltic fashion, as far proximal on 
the affected bowel as possible without extending to bowel 
that cannot be removed from the abdominal cavity. A small 
1- to 1.5-cm hand-sewn anastomosis can then be made 
between the two segments of intestine. 509 This provides an 
adequate stoma for direct intestinal decompression while 
minimally compromising the digestive and absorptive 
capacity of the small intestine. Potential complications of 
this procedure include development of an intestinal incar¬ 
ceration through the loop that is formed and the develop¬ 
ment of small intestinal adhesions. 

II Complications. Complications of DPI include septic peri¬ 
tonitis, myocardial and renal infarction, aspiration pneumo¬ 
nia, adhesions of the proximal small intestine, and laminitis. 
The prognosis for surviving the initial intestinal insult is 
good in cases of DPJ. The death and function losses from 
this disease are more commonly related to the secondary 
complications such as laminitis and intraabdominal adhe¬ 
sions. In one report, laminitis occurred in 28% of horses 
with DPJ, and associated factors were high body weight 
and hemorrhagic gastric reflux. 510 Laminitis prophylaxis is 
routinely incorporated into the medical therapy and can 
consist of a variety of treatments, none of which is proven 
to be effective. These include NSAIDs, topical glyceryl trini¬ 
trate, and DMSO (200 mg/kg given as a 10% solution in nor¬ 
mal saline). Horses that received heparin as a prophylactic 
treatment for laminitis were less likely to develop clinical 
laminitis than horses that did not receive heparin in one 
study. 510 

PROLIFERATIVE ENTEROPATHY 

PE is an infrequently diagnosed disorder of the small intestine 
of weanling foals or yearlings caused by Lawsonia intracellularis, 
an obligate intracellular pathogen. Alternative names for this 


condition include proliferative enteritis , proliferative ileitis , and 
intestinal adenomatosis. The hallmarks of PE are chronic wasting 
with severe hypoproteinemia accompanied by grossly thick¬ 
ened small intestine with mucosal ulceration. The disease can 
occur in individual animals or as a herd outbreak among 
young animals. 511515 

II Pathophysiology. The mechanism of enteritis after infec¬ 
tion with L intracellularis involves invasion of the proliferat¬ 
ing crypt cells in the ileum, causing excessive mitotic 
division and severe hyperplasia. 516 The hyperplastic mucosa 
becomes grossly thickened and develops a corrugated 
appearance. As would be expected, this thickening of the 
mucosa, along with the proliferation of immature crypt cells 
rather than mature villous cells, leads to a limited brush 
border development and a decreased absorptive capacity, 
which results in the weight loss and hypoproteinemia pres¬ 
ent in these cases. The organism can divide within the 
infected cells and migrate up to the mucosal layers as the 
cells proliferate and advance. The main differential diagno¬ 
sis in these cases is R. equi enteritis, which can also cause 
ulceration in the areas of Peyer's patches throughout the 
small intestine, cecum, and colon. 

A genetic predisposition to L. intracellularis infection has 
been proposed. A recent study showed that polymorphisms 
in several important immune response genes in foals were 
related to the fecal shedding of L. intracellularis organ¬ 
isms. 517 None of these foals had clinical disease consistent 
with PE, however, and the significance of these gene poly¬ 
morphisms is still unknown. 

11 Clinical and Laboratory Findings. PE is a chronic, pro¬ 
gressive disorder, and therefore affected animals are typi¬ 
cally not presented until the disease is advanced. Horses 
with PE have a variety of clinical problems, most notably 
chronic weight loss, intermittent abdominal discomfort, 
or diarrhea. Some affected animals are erroneously treated 
for primary gastric ulceration, and indeed there may 
appear to be temporary improvement in attitude and appe¬ 
tite. This may reflect successful treatment of gastric ulcers 
that develop as a secondary problem. Many affected ani¬ 
mals are diminished in stature, reflecting retarded growth 
resulting from a chronic intestinal disorder that probably 
affects absorption of nutrients. Affected animals typically 
appear lethargic with a rough haircoat and may have con¬ 
current respiratory infection, dermatitis, and intestinal 
parasitism. 

Ventral edema often is present as a result of hypoprotei¬ 
nemia. Some animals have tachycardia and tachypnea. 
Fever is an inconsistent Finding. Abdominal ultrasonogra¬ 
phy is often useful to identify thickened small intestine. 
The entire ventral abdomen should be examined, but the 
affected intestine is most often in the distal jejunum and 
ileum, which can be most commonly seen along the mid¬ 
line caudally. If transrectal ultrasonography is possible, bet¬ 
ter detail of the intestinal wall will be appreciated. In 
affected animals the intestinal wall diameter will be 6 to 

12 mm. More normal surrounding small intestine may be 
seen, and in contrast the affected segment of bowel will 
appear rigid with a corrugated appearance to the mucosa, 
and the diameter of the lumen will be decreased in size 
because of mucosal proliferation (Fig. 32-48). 

CBC findings in horses with PE vary. Leukocytosis is a 
frequent finding, and this may be characterized by a lym¬ 
phocytosis. Profound hypoproteinemia (serum protein 
<3 g/dL, albumin <1.5 g/dL) is a consistent finding. A foal 
in one report had mildly decreased total serum protein 
with markedly low albumin (0.6 g/dL) and polyclonal 
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FIG. 32-48 II Cross-section of ileum from a 6-month-old horse with pro¬ 
liferative enteropathy. (Courtesy of Dr. M.J. Murray.) 


gammopathy (4.6 g/dL). Hyperfibrinogenemia occurs in 
some cases. Other clinicopathologic findings are variable 
and depend on the chronicity and whether there are exces¬ 
sive fluid and electrolyte losses through diarrhea. 

For definitive diagnosis of PE caused by L. intracellularis, 
isolation of the organism is considered the gold standard. 
However, culture of this organism is difficult and requires 
specialized culture media; therefore the sensitivity of this 
test is questionable. Specific tests for L. intracellularis infec¬ 
tions in foals have been developed. A PCR can be per¬ 
formed on tissues or feces of PE-suspect foals. Use of this 
test in tissues is sensitive and specific; however, fecal PCR 
has a higher incidence of false-negative results. 515 A more 
useful antemortem test is the indirect fluorescent antibody 
(IFA) test that deteas antibodies against L. intracellularis in 
serum. 515 Titers >1:30 were found to be diagnostic of infec¬ 
tion in foals. 

II Pathologic Findings. Lesions are most frequently found 
in the distal jejunum and ileum, although diffuse thickening 
of the small intestine may occur. Classically there is pro¬ 
nounced mucosal thickening with varying severity of ulcera¬ 
tion and transmural edema. The affeaed bowel appears to 
be stiff, and the mucosal surface has a corrugated appear¬ 
ance. Mucosal pleocytosis is a common feature, but in dif¬ 
ferent cases the predominating inflammatory cell type will 
differ. A lymphocytic or plasmacytic cellular infiltration 
may be present. There is crypt proliferation, accompanied 
by crypt elongation and epithelial hyperplasia. The villi are 
blunted and may become fused. Silver staining with 
Warthin-Starry stain reveals elongated, curved bacilli in the 
apical zone of the crypt epithelial cells. 514 

II Treatment. Treatment objeaives are to eliminate the 
infection, reduce intestinal inflammation, and maintain 
hydration and plasma colloid oncotic pressure. Several anti¬ 
biotics have been reported to be useful for the treatment of 
L intracellularis infection. Lipophilic drugs with high intra¬ 
cellular penetration are most effective because the baae- 
rium resides within the cells. Ampidllin has good activity 
against the baaerium in vitro, but because it does not 


penetrate intracellularly, it is unlikely to be effeaive 
in vivo. The most common antibiotic used in PE is erythro¬ 
mycin with or without rifampin for approximately 6 
weeks. 515 Other drugs in this class, including azithromycin, 
may be useful for treatment of this disease owing to their 
high intracellular concentrations. 518 Chloramphenicol has 
also been reported to be effective and is a good alternative 
in foals that develop a worsening of the diarrhea while on 
erythromycin. The tetracyclines, particularly oral doxycy- 
dine, are a cheap and effeaive alternative to other antibio¬ 
tics. A recent report looked at 11 cases of PE in foals 
treated with tetracydine therapy. 519 In this report, 9 of the 
11 survived to discharge. The average time to resolution of 
the diarrhea was 3.5 days after initiation of therapy, and 
the average treatment time was 3 weeks. The most common 
administration schedule used was oxytetracydine 6.6 mg/kg 
IV ql2h for 3 to 7 days followed by oral doxycycline 10 mg/ 
kg PO ql2h for up to 17 days. 517 

Supportive therapy with crystalloid fluids to correa 
dehydration, electrolyte imbalances, and azotemia second¬ 
ary to fluid losses from profuse diarrhea is warranted. 
Colloidal support with plasma or hydroxyethyl starch solu¬ 
tions can help correa the edema and decreased colloid 
oncotic pressure. NSAlDs should be used with caution in 
foals showing signs of dehydration. 

Prognosis in these cases is generally good with early and 
correa diagnosis of the problem. Therapy can be prolonged 
and should be continued until the diarrhea and hypoprotei- 
nemia have resolved and there is no longer evidence of 
thickened small intestine on ultrasound. 

RHODOCOCCUS EQUI ENTERITIS 

R. equi baaeria most frequently cause a severe pyogranuloma- 
tous pneumonia in foals 2 to 3 months of age. Extrapul monary 
disorders have been associated with R. equi infection in foals, 
however, and include several intestinal manifestations. 
Enterocolitis and typhlitis were reported in 10 of 61 foals 
in one study. 520 Diarrhea (13 of 61) and abdominal lymphad¬ 
enitis (17 of 61) were also reported in the same study. 

II Pathophysiology. Intestinal infection with R. equi can 
occur through either fecal-oral transmission or swallowing 
of infeaed sputum. The organism invades and reproduces 
within the macrophages, causing a pyogranulomatous dis¬ 
ease. In a survey of normal foals on two different farms, 
R. equi was shed in the feces of 16 of 17 and 19 of 26 foals, 
respectively. 521 Only two foals developed clinical signs of 
intestinal disease, and the shedding of baaeria in the feces 
increased threefold to fourfold during those times. Such 
foals, as well as adults, are likely the source of repeated con¬ 
tamination on endemic farms. Whether or not the organism 
causes disease is based on the presence of virulence faaors, 
particularly VapA, which has been most commonly asso¬ 
ciated with disease in pneumonic foals. 

II Clinical and Laboratory Findings. Foals diagnosed with 
R. equi enteritis typically manifest the signs of pneumonia 
first, although foals in which the enteric form is the major 
pathology have been reported. 522 With the enteric form of 
the disease, diarrhea, weight loss, and colic are present. 
Foals are often febrile, anoreaic, and depressed. Typical 
clinicopathologic findings include leukocytosis with neutro¬ 
philia and severe hyperfibrinogenemia. Ultrasound of the 
abdomen may reveal pyogranulomatous abscesses in the 
lymph nodes. 

A diagnosis of R. equi enteritis can be presumed in pneu¬ 
monic foals showing signs of gastrointestinal disease that 
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culture positive for R. equi in transtracheal wash fluid. 
R. equi can also be cultured from the feces, small intestinal 
luminal contents, or occasionally the peritoneal fluid of 
affected animals. A PCR based on the vapA gene has been 
developed and can be used as an adjunct diagnostic in these 
cases. 523 

II Pathologic Findings. The most common small intestinal 
lesion is multifocal ulcerative enteritis in the area of the 
Peyer's patches of the ileum. Other parts of the small intes¬ 
tine may be affected, with lesions present throughout the 
entire small intestine. 523 These lesions frequently extend 
into the cecum and colon as well. suppurative exudate is 
also present, along with pyogranulomatous inflammation 
of the mesenteric lymph nodes. 

IS Treatment. Treatment of R. equi enteritis is similar to treat¬ 
ment of R. equi pneumonia. Erythromycin estolate (25 mg/kg 
PO q6-8h) or erythromycin phosphate (37.5 mg/kg PO ql2h) 
combined with rifampin (5 to 7.5 mg/kg PO ql2h) has been 
the traditional treatment for these foals, and it is still effective 
but requires a long duration of treatment and is difficult for 
owners to administer because of the frequency of the treat¬ 
ments. Alternative treatments include azithromycin (10 mg/ 
kg PO q24h for 5 days, followed by q48h) and clarithromycin 
(7.5 mg/kg PO ql2h). It is very important to continue treat¬ 
ment until the hematologic abnormalities and radiographic 
examinations have returned to normal, in order to prevent 
relapses. 

IK Complications. Complications associated with R. equi 
enteritis include septic peritonitis and the development of 
intestinal adhesions. These may lead to death of the ani¬ 
mal, or chronic abdominal problems in those that survive. 
Therapy is often prolonged in these cases, and owners 
should be warned that foals with extrapulmonary disorders 
associated with R. equi pneumonia have a more guarded 
prognosis. 

ENTERIC PYTHIOSIS 

Pythium species are protistal organisms that belong to a 
group of phycomycotic organisms that also includes Coni- 
diobolus and Basidiobolus species. They are a frequent cause 
of severely pruritic cutaneous granulomas in horses along 
the Gulf Coast and southern United States. Much less fre¬ 
quently, the disease can cause granulomatous lesions in 
the small intestine. 


and ill thrift have all been reported and could be related 
to the intestinal lesion. None of the reported animals had 
skin lesions. Hematologic evaluation was nondiagnostic in 
the three cases in which it was performed. 

Grossly, lesions are caseous with discrete yellow foci 
("kunkers"), and the intestinal wall is thickened because 
of a pyogranulomatous inflammation. Microscopically, a 
diffuse, mixed inflammatory infiltrate, along with granula¬ 
tion tissue, is found in the submucosa, tunica muscularis, 
and mesenteric attachments. Culture of the organism is dif¬ 
ficult in these lesions; however, an indirect immunoperoxi- 
dase technique to stain for Pythium -positive hyphae is 
available in some laboratories. 528 

IS Treatment. Treatment of phycomycetes is often difficult. 
They are not true fungi; therefore they are resistant to many 
antifungal drugs. Systemic amphotericin B is only rarely 
effective in treating the cutaneous disorder. Organic iodides 
are inexpensive and safe when administered orally, but the 
mechanism of action as an antimicrobial drug is not under¬ 
stood, and the efficacy of this compound has not been 
proven when treating this disease. A vaccine can be formu¬ 
lated against the organism, and this has been shown to 
shrink the lesions in horses with cutaneous disease. 
Whether or not it would work in enteric disease is unknown 
at this time. In addition, premortem or presurgical diagno¬ 
sis of the disease is extremely difficult, making surgical 
resection and biopsy the most effective treatment. 

INFLAMMATORY BOWEL DISEASE 

Several intestinal disorders characterized by inflammatory 
cell infiltration have been placed under the umbrella of 
inflammatory bowel disease (IBD), including granuloma¬ 
tous enteritis, multisystemic eosinophilic epitheliotropic 
enterocolitis, eosinophilic enterocolitis, lymphocytic-plas- 
macytic enteritis, and basophilic enterocolitis. 530 536 IBD 
in humans is typically characterized by a neutrophilic 
inflammation, but neutrophils are just the effector cell in a 
highly complex disease process. 537 The syndromes described 
for equine inflammatory intestinal disorders therefore 
appear to differ from human IBD; given the different types 
of cellular infiltrates found in affected horses, these disor¬ 
ders presumably reflect different pathophysiologic mechan¬ 
isms. Thus use of the term inflammatory bowel disease is not 
intended to imply either a similarity to the condition 
described in human beings or similarity among the various 
syndromes described in horses. 


II Pathophysiology. Pythium species are presumed to be 
transmitted via contact with contaminated water. Once 
ingested the organisms are thought to penetrate the intesti¬ 
nal mucosa through an existing lesion, because necrotic tis¬ 
sue is considered chemotactic. 524 Pythium species may be 
able to penetrate healthy tissue, however, because some 
cases in dogs have been reported to have mesenteric lymph 
node involvement without any mucosal lesions. 525 

II Clinical and Laboratory Findings. Four reports of 
enteric pythiosis can be found in the literature. 526 529 In 
all cases, masses occurred in the mid to distal jejunum. 
One horse died suddenly, one was euthanized during sur¬ 
gery, and two were successfully treated with a jejunal resec¬ 
tion. Organic iodide therapy was instituted in one horse 
postoperatively for 30 days. In three cases clinical signs of 
intestinal disease had been present for several months 
before diagnosis. Chronic colic, weight loss, inappetence, 


II Clinical and Laboratory Findings. Horses with IBD typ¬ 
ically have progressive weight loss despite a good appetite 
and have intermittent abdominal discomfort. If the disease 
predominates in the small intestine, diarrhea will not be a 
feature. In some cases there will be associated dermatitis. 538 
Horses often present with peripheral edema secondary to 
hypoproteinemia from enteric protein losses. Ultrasonogra¬ 
phy may reveal thickened small intestine (>5 mm wall 
diameter). 

Clinicopathologic abnormalities may include anemia, 
hypoalbuminemia, hypoproteinemia, and malabsorption 
of glucose and D-xylose. Hypoalbuminemia in the absence 
of proteinuria or severe liver dysfunction is consistent with 
protein-losing enteropathy. Some horses may have a relative 
gammopathy. Serum electrolyte concentrations and total 
C0 2 are usually normal. Subclinical disseminated intravas¬ 
cular coagulation with thrombocytopenia and increased 
fibrinogen degradation products have been identified in 
horses with chronic enteritis. 533 ' 539 
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In many horses inflammatory cells infiltrate throughout 
the intestinal tract. Therefore rectal mucosal biopsy may 
be useful to identify cases of IBD in horses. 540 A definitive 
diagnosis often requires biopsy of the small and/or large 
intestine. With appropriate instruments this can be done 
by laparoscopy, although an exploration via a ventral mid¬ 
line approach permits a more thorough evaluation of the 
abdomen. In most horses cellular infiltration can be found 
to varying degrees throughout the intestinal tract. 

Histopathologic evaluation of biopsy specimens can be 
used to differentiate among the various IBDs reported in 
horses, based on the following criteria. 534 A diagnosis of 
granulomatous enteritis is made when aggregates of macro¬ 
phages and epithelioid cells are found in the mucosa and/or 
submucosa, along with villous atrophy. In lymphocytic- 
plasmacytic enterocolitis, lymphocytes and plasmacytes are 
present in the lamina propria, and villous atrophy usually 
occurs. For multisystemic eosinophilic epitheliotropic dis¬ 
ease, eosinophils, lymphocytes, and macrophages are found 
in the mucosa and submucosa. Rarely basophils have also 
been reported. 

A new syndrome has recently been discovered involving 
focal areas of eosinophilic inflammatory infiltrates within 
the small intestine, termed idiopathic focal eosinophilic enteri¬ 
tis (IFEE). 536541 544 Affected horses typically are presented 
not because of chronic weight loss or diarrhea, but rather 
as acute colic cases. I lypoproteinemia and malabsorption 
are not present. Ihe lesions are intramural masses or cir¬ 
cumferential mural bands. Eosinophils with or without 
lymphocytes are seen infiltrating all layers of the intestine, 
with varying degrees of fibrosis. 534 No underlying cause of 
the disease has been found, although food allergy, parasit¬ 
ism, and P)'thium species have all been suggested. 544 The 
incidence, or at least the diagnosis, of this disease appears 
to be increasing. 

IF Treatment and Prognosis. Because the specific diseases 
included under the general category of IBD are quite differ¬ 
ent, a generalized treatment recommendation cannot be 
made. Most reported cases of IBD in horses have been fatal, 
even with aggressive treatment with corticosteroids. Classi¬ 
cally reported cases of eosinophilic, lymphocytic, and baso¬ 
philic enteritis have failed to respond to treatment. If 
treatment is attempted, immunosuppressive doses of dexa- 
methasone, up to 0.2 mg/kg, once daily are recommended. 
Successful remission of granulomatous enteritis was 
reported in one patient that was treated with dexametha- 
sone 545 ; however, in the vast majority of cases treatment is 
unsuccessful. Cases of I FEE should be differentiated from 
other causes of IBD with regard to treatment and prognosis. 
These cases frequently respond to surgical decompression 
without resection if circumferential mural bands are the 
only lesion present. 544 In cases of intramural masses, surgi¬ 
cal resection of the lesions usually resolves the problem. 543 

NEOPLASIA 

Primary and secondary neoplasia involving the alimentary 
tract of horses is relatively uncommon, although several 
cases have been reported. 546 Typical signs associated with, 
but not diagnostic for, small intestinal neoplasia include 
colic and weight loss. In most horses with focal intestinal 
neoplasia the problem becomes apparent when only lumen 
obstruction develops. Lymphosarcoma can be disseminated 
throughout a large portion of intestine, eventually resulting 
in a malabsorption and weight loss syndrome. Lymphosar¬ 
coma affects horses of all ages and can be manifested as an 
enteric disorder, as well as affecting other systems. 547 'Hie 
diagnosis of enteric lymphosarcoma can occasionally be 


made on the basis of cytologic examination of fluid obtained 
by abdominocentesis. In other cases intestinal biopsy is 
required to diagnose the neoplastic disorder. The prognosis is 
best if the tumor is discrete and can be removed surgically. A 
combination chemotherapy protocol of cytarabine (170 mg/ 
m 2 1M), cyclophosphamide (142 mg/m 2 IV), and predniso¬ 
lone (86 mg/m 2 PO) has been reported to be effective in the 
treatment of mixed-cell thoracic lymphoma. 548 In other cases, 
corticosteroid therapy may induce clinical remission for sev¬ 
eral months, although it is not curative. 

Other neoplasms affecting the small intestine are unusual, 
typically arising from the wall of the bowel, and include ade¬ 
nocarcinoma, 549 leiomyosarcoma, 550 and neurofibroma. 551 
These tumors often result in intestinal obstruction and signs 
of abdominal discomfort. Discrete tumors may be surgically 
removed. 

Paraneoplastic syndromes may the first indication of neo¬ 
plastic processes in the horse. Pemphigus, hypoglycemia, 
hypercalcemia, erythrocytosis, and neuropathies have all 
been associated with tumors in horses. 552 Paraneoplastic pro¬ 
cesses may also lead to intestinal tract dysfunction in horses 
with exuaintestinal tumors. Amyloid deposition secondary 
to multiple myeloma in a horse has been described. 553 

SMALL INTESTINAL FIBROSIS 

Small intestinal fibrosis is a rare syndrome that causes 
weight loss, chronic colic, and progressive debility in horses 
and ponies. Clusters of affected animals are reported in 
Colorado 554 - 555 ; however newer reports have been pub¬ 
lished in horses from Missouri. 556 The pathophysiology 
behind the fibrosis is not known, although ingestion of tox¬ 
ins (Convolvulus arvensis or common bindweed), inhibitors 
of 1 lp-hydroxysteroid dehydrogenase, or compounds with 
mineralocorticoid activity has been suggested. 

Palpation per rectum typically reveals thickening of the 
small intestinal wall, which may be confirmed by ultra¬ 
sound. 555 Crossly, the overall length of the intestine may 
be shortened by as much as 50%. 554 ' 555 The histologic 
lesions include arteriosclerosis, capillary endothelial hyper¬ 
trophy, extensive fibrosis of the submucosa, and hypertro¬ 
phy of the muscularis mucosae and tunica muscularis. 554 
The prognosis for the disease is determined by the length 
of the intestine that is involved. Surgical resection may be 
attempted. 

LYMPHANGIECTASIA AND 
CHYLOABDOMEN 

There are few reports of lymphangiectasia and chyloabdo- 
men in the literature. Lymphangiectasia is dilation of the 
lymphatics of the small or large intestine (Fig. 32-49), usu¬ 
ally caused by an abscess 557 or neoplasia. There are reports 
of chyloabdomen resulting from congenital lymphatic 
defects in a neonatal foal, intraabdominal abscesses in a 
foal, and abdominal adhesions in a miniature horse. 557 559 
Typically, thickening of the intestinal wall and leakage of 
chyle into the peritoneal cavity results from obstruction or 
rupture of the lymphatics. Animals can have signs that 
include abdominal discomfort, diarrhea, and chronic 
weight loss. Diagnosis is made on the basis of abdomi¬ 
nal fluid analysis and ultrasonography. Chylous abdominal 
fluid appears milky and may contain a high percentage 
of lymphocytes. Ultrasonography may reveal segments of 
thickened small intestine. Diagnosis is confirmed at surgery 
or postmortem examination, and treatment, if possible, is 
usually surgical, although in my experience medical resolu¬ 
tion of the effusion has been achieved. 
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FIG. 32-49 II Section of small intestine 
from a foal with chyloabdomen and a 
Rhodococcus equi abdominal abscess. 
Mesenteric lymphatics are distended with 
white chyle, as are serosal lymphatics. 
(Courtesy Dr. M.J. Murray.) 


SURGICAL DISORDERS OF THE 
SMALL INTESTINE 

ANTHONY T. BUKSLAGER 

SIMPLE OBSTRUCTION 

Simple intestinal obstruction is a physical obstruction of the 
lumen without obstruction of vascular flow. The most com¬ 
mon causes are intraluminal masses composed of feed 
material (e.g., ileal impaction) or accumulation of parasites 
(e.g., ascarid impactions). There are other instances in 
which the bowel is obstructed without associated compro¬ 
mise of blood supply, most commonly by extraluminal 
compression by a mass or band of tissue in horses with 
intraabdominal adhesions. Because a large volume of fluid 
enters the small intestinal lumen on a daily basis, 560 * 561 
the obstructed intestine becomes distended. The volume of 
fluid on a daily basis in a hindgut fermenter such as the 
horse is approximately one extracellular fluid volume, or 
approximately one third of the horse's body weight. 560 
Therefore, although the blood supply is not directly 
involved in simple obstructions, progressive and marked 
distention can result in decreased mural blood flow 562 
and eventual necrosis of tissues. 563 


Ascarid Impactions 

Impactions caused by Parascaris equorum typically occur in 
weanling foals (median age, 5 months; range, 4 to 24 months) 
that have been on a poor deworming program and that are 
administered an anthelmintic when they have a heavy parasite 
burden. 564 Products that cause sudden ascarid paralysis or 
death, including piperazine, organophosphates, and pyrantel 
pamoate, have been incriminated. 565 However, it is likely that 
any effective broad-spectrum anthelmintic, such as the aver- 
mectins, will have the same effect. Clinical signs include vari¬ 
able onset of colic after administration of an anthelmintic 
(usually within 1 to 5 days) and signs compatible with small 
intestinal obstruction, including nasogastric reflux. 564 The 
onset of the disease varies according to the degree of obstruc¬ 
tion. 565 Diagnosis may be tentatively based on the history in 
a foal that appears unthrifty, has been recently dewormed, 
and has signs referable to small intestinal obstruction. The 


presence of dead ascarids in nasogastric reflux would raise the 
index of suspicion of this particular form of obstruction. 564 
Abdominal radiographs or ultrasound will likely indicate the 
presence of multiple loops of distended small intestine but 
are not needed if clinical signs indicate the need for immediate 
surgery. Surgical treatment typically involves an enterotomy 
made over the intraluminal impaction and removal of ascarids. 

Although simple intestinal obstruction tends to carry a 
favorable prognosis for survival, ascarid impaction is a notable 
exception. The mortality rate in these cases is high (up to 92% 
in one study) as a result of severe intestinal compromise, peri¬ 
tonitis, and development of adhesions. The severe intestinal 
compromise is almost entirely attributable to the duration of 
impaction, which for unknown reasons is not as readily recog¬ 
nized in foals as it is in adults. Reasons for this could include 
failure of the owner or farm manager to recognize colic in 
foals, or failure on the part of the owner or veterinarian to rec¬ 
ognize the implications of colic in foals. Although foals readily 
display signs of colic, other medical causes of colic such as gas¬ 
tric ulcer disease or enteritis might be higher on the list of dif¬ 
ferential diagnoses than for adults. Second, the size of a foal 
may make episodes of colic appear more manageable than in 
adults, in which colic-induced trauma, especially to the head, 
may force the issue of referral and surgery at an earlier stage. 
This is speculative, but early intervention in foals with ascarid 
impaction would likely result in dramatic reductions in the 
reported mortality rate. 564 

Ileal Impaction 

Ileal impactions occur most commonly in adult horses in the 
southeastern United States. Although feeding of coastal Ber¬ 
muda hay has been implicated in the regional distribution of 
this disease, it has been difficult to separate geographic location 
from regional hay sources as risk factors. 566 However, a recent 
study from the Southeastern United States showed that feeding 
coastal Bermuda hay and failing to deworm with an anthel¬ 
mintic with efficacy against tapeworms are significant risk fac¬ 
tors for ileal impaction. 567 Furthermore, in a study performed 
in the United Kingdom, horses with evidence of tapeworm 
infection were at risk for developing ileal impaction. 568 Signs 
are typical for an adult horse with small intestinal obstruction, 
including onset of moderate to severe colic and palpable loops 
of distended small intestine per rectum as the condition 
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progresses. Because the ileum is the distalmost aspect of the 
small intestinal tract, nasogastric reflux may take a consider¬ 
able time to develop and is found in only approximately 
50% of horses requiring surgical correction of ileal impac¬ 
tion. 569570 The diagnosis is usually made at surgery, although 
an impacted ileum may be palpated per rectum. 571 However, 
multiple loops of distended small intestine frequently make 
the impaction difficult to palpate. Nonetheless, clinicians 
working in the southeastern United States who evaluate horses 
with cases of mild or moderate colic that have a history of 
eating coastal Bermuda hay, and in which distended loops of 
small intestine can be detected adjacent to the cecum, should 
have ileal impaction high on the list of differential diagnoses. 
Ileal impactions may resolve with medical treatment. In partic¬ 
ular, horses that have clinical signs compatible with obstruc¬ 
tion of the small intestine but also have normal abdominal 
fluid should be treated medically unless pain is unmanageable 
or subsequent abdominal fluid samples indicate intestinal 
compromise. In those cases in which surgery becomes neces¬ 
sary, fluids (2 to 3 L) can be direcdy infused into the mass, 
allowing the surgeon to breakdown the impaction. However, 
extensive small intestinal distention and intraoperative ma¬ 
nipulation of the ileum frequently leads to POI 572 Therefore 
some surgeons now elect to perform an enterotomy and to 
flush the contents from the intestinal lumen with minimal 
manipulation. Although early studies indicated a guarded 
prognosis, 570 more recent studies indicate that the prognosis 
is good. 569,571 

Ileal Hypertrophy 

Ileal hypertrophy is a disorder in which the muscular layers 
(both circular and longitudinal) of the ileum hypertrophy 
for unknown reasons. Parasitism has been implicated, par¬ 
ticularly for those parasites that tend to localize to the ileum 
(such as tapeworms), but this has never been proven. In 
some cases the jejunum may also be hypertrophied, either 
alone or in combination with the ileum. 573 It is clear from 
these findings that initial functional obstruction initiates 
this syndrome, causing the musculature of the intestine to 
hypertrophy in order to push intestinal contents aborally, 
but there is no evidence as to the mechanisms of this dis¬ 
ease. Clinical signs include chronic intermittent colic as 
the ileum hypertrophies and gradually occludes the lumen. 
In one study partial anorexia and chronic weight loss (1 to 6 
months) were documented in 45% of the horses. 573 The 
diagnosis is usually made at surgery, although in some cases 
the hypertrophied ileum may be palpated per rectum or 
seen on ultrasonographic evaluation of the abdomen. For 
treatment, an ileocecal or jejunocecal anastomosis to bypass 
the hypertrophied ileum is performed. Without surgical 
bypass, intermittent colic persists, and the thickened ileum 
may ultimately rupture. According to one recent report of 
11 horses with hypertrophy of the ileum, only one horse 
survived, indicating a poor prognosis. The most common 
reason for euthanasia was spontaneous ileal rupture. 573 

Meckel's Diverticulum 

Meckel's diverticulum is an embryonic remnant that may 
become impacted. The diverticulum arises from the vitel- 
loumbilical duct, which fails to completely atrophy, and 
becomes a blind pouch projecting from the anti mesenteric 
border of the ileum. 574 575 Occasionally an associated 
mesodiverticular band may extend from the diverticulum 
to the umbilical remnant and serve as a point around which 
small intestine may become strangulated. Mesodiverticular 
bands may also originate from the embryonic ventral mes¬ 
entery and attach to the antimesenteric surface of the bowel, 



FIG. 32-50 II Jejunal mesodiverticular band. This anomaly was discov¬ 
ered in this horse as an incidental finding during exploration of the abdo¬ 
men. Intestine may become entrapped within the mesenteric pocket 
formed by the attachment of the ventral to the dorsal mesentery (arrows). 


thereby forming a potential space within which intestine 
may become entrapped (Fig. 32-50). 576 Clinical signs range 
from chronic colic for an impacted Meckel's diverticulum to 
acute severe colic if a mesodiverticular band strangulates 
intestine. The diagnosis is made at surgery, and treatment 
requires resection of the diverticulum and any associated 
bands. 

STRANGULATING OBSTRUCTION 

Strangulation obstruction of the intestine is characterized by 
simultaneous occlusion of the intestinal lumen and its blood 
supply. Although strangulation of the intestinal lumen 
results in clinical signs similar to those of simple obstruction, 
occlusion of the blood supply results in a more rapid deterio¬ 
ration of the intestinal mucosa and subsequent onset of 
sepsis. Therefore clinical signs (including pain, heart rate, 
mucous membrane color, and capillary refill time) are 
typically more severe, and the prognosis is less favorable. 

A great deal of work has been done to characterize muco¬ 
sal injury that occurs during strangulation 577 578 and, more 
recently, during reperfusion. 579 In general, the lesion that 
develops during strangulation is severe, leaving little viable 
bowel for further injury during reperfusion. 580 The severity 
of the ischemic lesion is partly attributable to the fact that 
in most cases initial occlusion of veins and partial occlusion 
of arterial blood supply during strangulation induces a 
hemorrhagic lesion. This results in extensive congestion 
and mucosal degeneration (Fig. 32-51). 577 Bowel peripheral 
to the strangulating lesion may also become injured as a 
result of distention. 581 In addition, distended small intes¬ 
tine that remains viable after surgical correction of strangu¬ 
lation may be subject to reperfusion injury after surgical 
correction of the lesion. 582 Unfortunately, attempts at 
reducing mucosal injury in the horse with antioxidants, 
which would be expected to inhibit injury attributable to 
reperfusion injury and associated reactive oxygen metabo¬ 
lites, have been unsuccessful. 583 

The prognosis for survival in horses with small intestinal 
strangulating lesions is generally lower than with most types 
of colic. In a large multicenter study, SISO had a fatality rate 
of 67% compared with that of small intestinal simple 
obstruction, which had a fatality rate of 48%. 584 Although 
recent studies indicate higher survival rates in general, the 
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FIG. 32*51 II Histologic appearance of normal and strangulated jejunal mucosa. A, Normal equine jejunal mucosa, with extensive villi (arrows) and muco¬ 
sal crypts (arrowheads). B, Hemorrhagic strangulating lesion of the jejunum, with complete loss of villi and extensive hemorrhage. Note the presence of crypts 
(arrows), which remain relatively undamaged. 1 cm = 100 pm. 


relative fatality of strangulating obstruction compared with 
simple obstruction is probably similar. One study indicated 
that in excess of 70% of horses were discharged from the 
hospital after surgical correction of SISO. 585 These figures 
should be interpreted cautiously because they are based 
on the number of horses that are recovered from surgery 
rather than the number of horses initially presented for 
evaluation of severe colic. In addition, owners should be 
warned that the long-term survival rate is reduced by long¬ 
term complications. 586 The principal reason for reduced 
long-term survival in patients that have had small intestinal 
surgery is intraabdominal adhesions (Fig. 32-52). For exam¬ 
ple, in one study 22% of horses that had small intestinal 
surgery required further surgery or were euthanized because 
of adhesions, and only 25% of horses that had a clinical 
problem with adhesions survived. 587 


Epiploic Foramen Entrapment 

The epiploic foramen is a potential opening (because the 
walls of the foramen are usually in contact) to the omental 
bursa located within the right cranial quadrant of the abdo¬ 
men. It is bounded dorsally by the caudate process of the liver 
and caudal vena cava and ventrally by the pancreas, the hepa¬ 
toduodenal ligament, and the portal vein. 588 * 589 Clinical 
signs include acute onset of severe colic with examination 
findings compatible with small intestinal obstruction. 


FIG. 32-52 II Intraabdominal adhesion in a foal. Note the presence of a 
mature fibrous adhesion between two segments of jejunum (arrows) that 
resulted in kinking and partial obstruction of affected intestine 
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Although the condition was reportedly more prevalent in 
older horses, recent studies have not detected an age predilec¬ 
tion. 590 However, studies have detected a seasonal pattern for 
this disease. Specifically, more horses appear to suffer from 
epiploic foramen entrapment during the fall and winter 
months. 591 An additional factor associated with epiploic 
foramen entrapment is crib-biting. One potential reason for 
this association is the development of negative intrathoracic 
pressure during cribbing, which might then result in cranial 
movement of intestine into the vicinity of the epiploic fora¬ 
men. The association between crib-biting and epiploic for¬ 
amen entrapment has now been shown in separate studies 
performed in the United Kingdom and the United States. 592 

The diagnosis is definitively made at surgery, although 
ultrasonographic findings of distended loops of edematous 
small intestine adjacent to the right middle body wall are 
suggestive of epiploic foramen entrapment. 588 Entrapped 
small intestine may enter the foramen from the visceral sur¬ 
face of the liver toward the right body wall or in the oppo¬ 
site direction. Reports differ as to which is the more 
common form. Entrapped small intestine may be limited 
to a portion of the intestinal wall (parietal hernia). 593 In 
addition, the large colon may become entrapped within 
the epiploic foramen. 594 In treating epiploic foramen 
entrapment, the epiploic foramen must not be enlarged 
either by blunt force or with a sharp instrument, because 
rupture of the vena cava or portal vein and fatal hemorrhage 
may occur. In addition, excessive force used to extract 
entrapped bowel during surgery may also result in rupture 
of a mesenteric branch of the cranial mesenteric artery. 
The finding of intraabdominal hemorrhage in some cases 
of epiploic foramen entrapment before surgery may result 
from compromise of the mesenteric blood supply rather 
than the major blood vessels that border the epiploic fora¬ 
men. Prognosis has substantially improved over the last 
decade, with current short-term survival rates (discharge 
from the hospital) ranging from 74% to 79%. 588 - 595 

Strangulation by Mesenteric Pedunculated Lipoma 

Lipomas form between the leaves of the mesentery as horses 
age, and mesenteric stalks develop as the weight of the 
lipoma tugs on the mesentery. The stalk of the lipoma and 
a loop of small intestine or small colon may become inter¬ 
twined, causing strangulation (Fig. 32-53). Strangulating 
lipomas should be suspected in mature horses (>10 years 
old) with acute colic referable to the small intestinal tract. 596 



FIG. 32-53 II Strangulating lipoma of the ileum. A lipoma, together with 
its mesenteric stalk (arrows), has become intertwined with a loop of the 
ileum, resulting in a hemorrhagic strangulating obstruction. 


In addition, geldings and ponies appear to be at risk for 
developing strangulating lipomas, 597 possibly because of dif¬ 
ferences in fat metabolism. One recent study documented a 
case of strangulating lipoma in a much younger patient indi¬ 
cating that although the aging process is associated with 
development of lipomas, this disease cannot be ruled out 
preoperatively purely on the basis of age. 598 599 The diagnosis 
is usually made at surgery, although on rare occasions a 
lipoma can be palpated per rectum. 600 

Treatment involves surgical resection of the lipoma and 
strangulated bowel, although strangulated intestine is on 
occasion viable. Studies indicate that approximately 50% 
to 78% of horses are discharged from the hospital after sur¬ 
gical treatment. 585 

Small Intestinal Volvulus 

A volvulus is a twist along the axis of the mesentery, 
whereas torsion is a twist along the longitudinal axis of 
the intestine. Small intestinal volvulus is theoretically 
initiated by a change in local peristalsis, but the mechan¬ 
isms of this disease are unclear. 601 It is reportedly one of 
the most commonly diagnosed causes of small intestinal 
obstruction in foals. 602 - 603 It has been theorized that young 
foals may be at risk for small intestinal volvulus because of 
changing feed habits as they adapt to a forage-based adult 
diet. Onset of acute, severe colic, a distended abdomen, 
and radiographic or ultrasonographic evidence of multiple 
loops of distended small intestine in a young foal would 
be suggestive of small intestinal volvulus. However, volvu¬ 
lus is not possible to differentiate from other causes of small 
intestinal obstruction preoperatively. 

In adult horses, volvulus frequently occurs in association 
with another disease process, during which small intestinal 
obstruction results in distention and subsequent rotation of 
the small intestinal around the root of the mesentery (e.g., 
in horses that have strangulation caused initially by a 
pedunculated lipoma). Although any segment of the small 
intestine may be involved, the distal jejunum and ileum 
are most frequently affected, most likely because the mesen¬ 
tery is longer in the more distal bowel. The diagnosis is 
made by palpating a twist at the origin of the cranial mesen¬ 
teric artery during surgical exploration. Treatment includes 
resection of devitalized bowel, which may not be an option 
because of the extent of small intestinal involvement. For 
example, if complete volvulus of the small intestinal tract 
occurs, the only option would be to untwist the intestine 
and hope that the bowel was sufficiently viable to survive 
the disease process. This would in turn depend on the dura¬ 
tion of disease and the extent of intestinal ischemia (i.e., 
how tightly the intestine twisted as the volvulus developed). 
Prognosis is based on the extent of small intestine involved 
and its appearance after surgical correction of the lesion. 604 
For example, the degree of sepsis may relate to the surface 
area of devitalized tissue. In addition, the length of the time 
it takes to complete the surgery can become problematic, 
particularly in patients with sepsis, in which it is difficult 
to maintain adequate arterial blood pressure. Nonetheless, 
survival in patients with extensive small intestinal resection 
may not relate to the absolute length of intestine 
resected. 605 A recent study indicated that the prognosis for 
survival is good (80% of horses recovered from surgery 
and were discharged). 606 

Inguinal Hernia 

Inguinal hernias are more common in standardbred and 
Tennessee Walking horses, which tend to have congenitally 
large inguinal canals. Inguinal hernias may also occur in 
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neonatal foals, but they differ from hernias in mature 
horses in that they are typically nonstrangulating. Typical 
historical findings in mature horses with inguinal hernias 
include acute onset of colic in a stallion that has recently 
been used for breeding. A cardinal sign of inguinal 
herniation is a cool, enlarged testicle on one side of the 
scrotum. 607 608 This is attributable to occlusion of the testic¬ 
ular blood supply in most cases rather than strangulated 
intestine within the scrotum itself. Inguinal hernias can also 
be detected on rectal palpation, and ultrasound of the testi¬ 
cle is very helpful in determining the diagnosis, particularly 
considering the differential diagnosis of testicular torsion. 
The nature of the hernia (direct versus indirect) is deter¬ 
mined by the integrity of the patietal vaginal tunic. In 
horses in which the bowel remains within the parietal vagi¬ 
nal tunic, the hernia is said to be indirect, because strictly 
speaking the bowel remains within the peritoneal cavity. 
Direct hernias are those in which bowel ruptures through 
the parietal vaginal tunic and occupies a subcutaneous loca¬ 
tion, followed by strangulation. Direct hernias most com¬ 
monly occur in foals and should be suspected when a 
congenital inguinal hernia is associated with colic, swelling 
that extends from the inguinal region of the prepuce, and 
intestine that may be palpated subcutaneously. 609 - 610 
Although most congenital indirect inguinal hernias resolve 
with repeated manual reduction and/or application of a 
diaper, surgical intervention is recommended in foals with 
congenital direct hernias in order to reduce the hernia as 
well as repair the parietal vaginal tunic. 

In stallions with indirect inguinal hernias, manipula¬ 
tion of herniated bowel per rectum can be used to reduce 
a hernia but is not generally recommended because of 
the risk of a rectal tear. In addition, the inability to visually 
assess the integrity of the bowel may well be problematic. 
However, in many cases taken to surgery, the short seg¬ 
ment of herniated intestine will markedly improve in 
appearance once it has been surgically reduced, and in 
some cases the affected intestine can be left unresected. 
The affected testicle will be congested because of vascular 
compromise within the spermatic cord, and although it 
may remain viable, it is recommended that it be resected. 
Furthermore, the inguinal canal should be partially closed 
at surgery to prevent recurrence, and the risk that this pro¬ 
cedure will reduce spermatic cord vasculature is a further 
problem. The prognosis in adult horses is good, with up 
to 75% of horses surviving to 6 months of age. 608 Horses 
that have been treated for inguinal hernias may be used 
for breeding. In these horses, the remaining testicle will 
have increased sperm production, although an increased 
number of sperm abnormalities will be noticed after sur¬ 
gery because of edema and increased temperature of the 
scrotum. 

Strangulating Umbilical Hernias 

Although umbilical hernias are common in foals, strangu¬ 
lation of herniated bowel is rare. In one study, 6 of 147 
horses with umbilical hernias (4%) had incarcerated 
intestine. 611 Clinical signs include a warm, swollen, firm, 
and painful hernia sac associated with signs of colic. 
The affected segment of bowel is usually small intestine, 
but herniation of cecum or large colon has also been 
reported. 612 In rare cases a hernia that involves only part 
of the intestinal wall may be found and is referred to as 
Richter's hernia. In foals that have Richter's hernia, an entero- 
cutaneous fistula may develop. In one study, 13 of 13 foals 
with strangulating umbilical hernias survived to discharge, 
although at least three horses died because of long-term 
complications. 612 


Diaphragmatic Hernias 

Herniation of intestine through a rent in the diaphragm is 
uncommon in the horse, accounting for 0.3% of all cases 
of colic in a large multicenter study. 584 Any segment of 
bowel may be involved, although small intestine is most 
frequently herniated. 613 Diaphragmatic rents may be con¬ 
genital or acquired, but acquired hernias are more com¬ 
mon. Congenital rents may result from incomplete fusion 
of any of the four embryonic components of the dia¬ 
phragm: pleuroperitoneal membranes, transverse septum, 
and esophageal mesentery. In addition, abdominal com¬ 
pression of the foal at parturition may result in a congenital 
hernia. Acquired hernias are presumed to result from 
trauma to the chest or a sudden increase in intraabdominal 
pressure such as might occur during parturition, distention 
of the abdomen, a sudden fall, or strenuous exercise. 614 In 
one study, 19 of 40 horses diagnosed with diaphragmatic 
hernia (48%) had a history of recent trauma. 615 Hernias 
have been located in a number of different locations, 
although large congenital hernias are typically present at 
the most ventral aspect of the diaphragm and most acquired 
hernias are located at the junction of the muscular and ten¬ 
dinous portions of the diaphragm. In addition, a perito¬ 
neal-pericardial hernia has been documented in at least 
one horse. 616 

The clinical signs are usually associated with intestinal 
obstruction rather than respiratory embarrassment. How¬ 
ever, careful auscultation may reveal an area of decreased 
lung sounds associated with obstructed intestine and 
increased fluid within the chest cavity. Such signs may 
prompt thoracic radiography or ultrasound, both of which 
can be used to make a diagnosis. In one review, 7 of 40 
horses reported in the literature with diaphragmatic hernia 
(18%) had dyspnea. 615 Auscultation may also reveal tho¬ 
racic intestinal sounds, but it is typically not possible to dif¬ 
ferentiate these from sounds referred from the abdomen. In 
one report, two of three horses diagnosed with small intes¬ 
tinal strangulation by diaphragmatic hernia had respiratory 
acidemia, attributable to decreased ventilation. 617 


Intussusceptions 

An intussusception involves a segment of bowel (intussus- 
ceptum) that invaginates into an adjacent aboral segment 
of bowel (intussuscipiens). The reason for such invagina¬ 
tion is not clear, but it may involve a lesion at the leading 
edge of the intussusception, including small masses, foreign 
bodies, or parasites. In particular, tapeworms (Anoplocephala 
perfoliata) have been implicated. 618 Ileocecal intussuscep¬ 
tions are the most common intestinal intussusceptions in 
the horse and typically affect young animals. For example, 
in one study evaluating 26 cases of ileocecal intussuscep¬ 
tion, the median age of the horses was 1 year old. 619 Acute 
ileocecal intussusceptions are those in which the horse has a 
duration of colic of less than 24 hours and involve variable 
lengths of intestine that ranged in one study from 6 cm to 
457 cm long. In acute cases the involved segment of ileum 
typically has a compromised blood supply. Chronic ileo¬ 
cecal intussusceptions typically involve short segments of 
ileum (up to 10 cm long), and the ileal blood supply is 
frequently intact. Abdominocentesis results are variable 
because strangulated bowel is contained within the adjacent 
bowel. There is often evidence of obstruction of the small 
intestine, including nasogastric reflux and multiple dis¬ 
tended loops of small intestine on rectal palpation. Horses 
with chronic ileocecal intussusceptions have mild, intermit¬ 
tent colic, often without evidence of small intestinal 
obstruction. A mass may be palpated in the region of the 
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cecal base in approximately 50% of cases. Transabdominal 
ultrasound may be helpful in discerning the nature of the 
mass. The intussusception has a characteristic target appear¬ 
ance on cross-section. 620 

Other segments of the small intestine may also be intus- 
suscepted, including the jejunum. In one study on 11 jejuno- 
jejunal intussusceptions, the length of bowel involved ranged 
from 0.4 to 9.1 m. 621 Attempts at reducing intussusceptions 
at surgery are usually futile because of intramural swelling 
of affected bowel. Jejunojejunal intussusceptions should 
be resected. For acute ileocecal intussusceptions the small 
intestine should be transected as far distally as possible, 
and a jejunocecal anastomosis performed. In cases with 
particularly long intussusceptions (length up to 10 m has 
been reported), an intracecal resection may be attempted. 
For horses with chronic ileocecal intussusceptions, a jejuno¬ 
cecal by-pass without small intestinal transection should be 
performed. 

In one study that evaluated the survival of horses with 
ileocecal intussusceptions, seven of seven horses with 
chronic intussusceptions survived long term (>4 months), 
whereas only 5 of 12 horses with acute intussusceptions 
(42%) survived long term. 619 In a separate study that evalu¬ 
ated survival in horses with jejunojejunal intussusceptions, 
6 of 11 horses (54%) were discharged from the hospital 
after surgery, and 4 of 11 horses (36%) survived long term 
(>16 months). 621 

Other Small Intestinal Strangulations 

Entrapment of the small intestine may occur through rents 
in the mesentery, internal ligaments such as the gastrosple- 
nic ligament, 622 the broad ligament, and the proximal 
aspect of the cecocolic ligament. 623 Entrapments may also 
occur through trauma-induced body wall hernias. For all 
of these conditions it is often necessary to enlarge the rent 
or hernia to allow reduction of entrapped small intestine. 
In the case of body wall hernias, the defect should be closed 
with suture, or patched using mesh. Entrapment of small 
intestine within mesenteric rents appears to be particularly 
problematic because they are difficult to reduce and have 
an unfavorable prognosis. The latter may be a result of the 
fact that large lengths of intestine may become strangulated, 
and because the mesenteric vasculature is frequently com¬ 
promised to the extent that intraabdominal hemorrhage 
has been noted in some cases. 624 

NONSTRANGULATING INFARCTION 

Nonstrangulating infarction occurs secondary to cranial 
mesenteric arteritis caused by migration of S. vulgaris 625 and 
has become a rare surgical disorder since the advent of 
broad-spectrum anthelmintics. Although thromboemboli 
have been implicated in the pathogenesis of this disease, 
careful dissection of naturally occurring lesions has not 
revealed the presence of thrombi at the site of intestinal 
infarctions in most cases. These findings suggest that vaso¬ 
spasm plays an important role in this disease. 625 Clinical 
signs are highly variable, depending on the extent to which 
arterial flow is reduced and the segment of intestine affected. 
Any segment of intestine supplied by the cranial mesenteric 
artery or one of its major branches may be affected, but the 
distal small intestine and large colon are more commonly 
involved. There are no clinical variables that can be used to 
reliably predict or differentiate this disease from strangulating 
obstruction. In some cases massive infarction results in acute, 
severe colic Other cases may have intermittent colic as smal¬ 
ler emboli are released into the colonic blood supply. Occa¬ 
sionally an abnormal mass and fremitus may be detected 


on palpation of the root of the cranial mesenteric artery per 
rectum. This disease should be considered a differential diag¬ 
nosis in horses with a history of inadequate anthelmintic 
treatment and the presence of intermittent colic that is diffi¬ 
cult to localize. Although fecal parasite egg counts should 
be performed, they are neither indicative of the degree nor 
specific for the type of parasitic infestation. 

In addition to routine treatment of colic, dehydration, 
and endotoxemia, medical treatment may include aspirin 
(20 mg/kg q24h) to decrease thrombosis. Definitive diag¬ 
nosis requires surgical exploration. Surgical treatment 
depends on the distribution of infarction. Unfortunately, 
these cases are difficult to treat because of the patchy distri¬ 
bution of the lesions and the possibility of lesions extend¬ 
ing beyond the limits of surgical resection. In addition, 
further infarction may occur after surgery. The prognosis 
is fair for horses with intermittent mild episodes of colic 
that may be amenable to medical therapy, but horses that 
require surgical intervention have a poor prognosis. 625 


GASTROINTESTINAL ILEUS 

. .-4WWV--VV.■ 

GUY D. LESTER 

A number of factors are responsible for movement of feed 
through the gastrointestinal tract, and disturbance to any 
of these could result in ineffective transit and signs of ab¬ 
dominal pain. Gastrointestinal motility involves an extre¬ 
mely complex interaction among the enteric nervous 
system, the wall of the intestine, and the luminal contents. 
Other factors that influence the transit of digesta include 
gravity, the volume and viscosity of the contents, and pres¬ 
sure gradients created by simultaneous contraction and 
relaxation of adjacent segments of bowel. Several equine 
diseases likely involve altered gastrointestinal motility 
including POI, cecal emptying defect, gastroduodenal ulcer 
disease, intraluminal obstruction, bowel distention, stran¬ 
gulating obstructions, peritonitis, and primary IBDs, such 
as DPJ or colitis. Ineffective intestinal motility is also a fea¬ 
ture of several neonatal diseases including prematurity, sys¬ 
temic sepsis, and perinatal asphyxia. Certain parasitic 
infections, electrolyte derangements, and endotoxemia can 
modify digesta transit in horses of all ages. Intestinal motil¬ 
ity is also disturbed during general anesthesia and when 
specific sedatives, such as xylazine, romifidine, or detomi- 
dine, are administered. 

POSTOPERATIVE ILEUS 

The inhibition of propulsive bowel activity is usually referred 
to as ileus. Ileus is most frequently ascribed to the condition 
that occurs after laparotomy and is termed simple or uncompli¬ 
cated postoperative ileus. When intestinal motility is disturbed 
for longer periods after surgery, typically for more than 72 
hours, the term complicated or paralytic ileus is used. 626 POI in 
horses is most commonly associated with surgery of the small 
intestine, particularly after resection and anastomosis. The true 
incidence of POI in horses undergoing laparotomy for gastro¬ 
intestinal disease is difficult to determine because of variation 
in definition, surgical skill, and anesthetic technique. POI was 
reported as a complication in only 10% of horses that under¬ 
went laparotomy for a small intestinal lesion at a referral prac¬ 
tice. 627 However in a multicenter study 47 of 251 horses 
undergoing laparotomy for acute colic including small and 
large intestinal disease developed POI. 628 

POI can have a significant negative impact on short-term 
postoperative survival. 629 * 630 Motility dysfunction is likely 
present in all horses after laparotomy, but most cases are 
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subclinical and require minimal intervention. In symptom¬ 
atic animals clinical signs are typically observed within 24 
hours of recovery and include colic, tachycardia, dehydra¬ 
tion, decreased borborygmi and fecal output, and sequestra¬ 
tion of fluid within the stomach. Rectal examination and 
ultrasound may reveal small intestinal distention with rare 
or absent wall movement. The severity and duration of intes¬ 
tinal stasis is variable, lasting from minutes to days. 

CECAL EMPTYING DEFECT 

An important and specific motility problem involving the 
cecum occurs sporadically in horses. 631 * 634 There are limited 
epidemiologic data about the condition, and key aspects of 
the pathophysiology are not known. Cecal emptying defect 
occurs most commonly after general anesthesia and extraab¬ 
dominal surgery, particularly orthopedic and upper airway 
procedures, and is therefore often categorized as a form of 
POl. Young male performance animals appear to be at 
greatest risk, especially if the procedure is performed with 
the animal in full work. Other cases occur spontaneously, 
often in animals with painful primary conditions such as 
uveitis, orchitis, or septic tenosynovitis. Clinical signs are 
often subtle unless perforation has occurred. In horses with 
a cecal emptying defect after anesthesia, clinical signs are 
usually apparent by 3 to 5 days after the procedure. The ear¬ 
liest detectable signs include depression and a reduction in 
appetite and fecal output. Ineffective emptying results in 
overfilling of the cecum with moist contents, which is man¬ 
ifest by signs of mild to moderate colic. If the condition is 
recognized late or untreated, the cecum may rupture, result¬ 
ing in fatal peritonitis. 


Physiology 

The control of intestinal motility is complex and involves a 
combination of central innervation, autonomic innervation, 
and the enteric nervous system (Fig. 32-54). Intestinal con¬ 
tractions are primarily controlled by the enteric nervous sys¬ 
tem and do not require extrinsic neural input. The inherent 
rhythmicity of electrical activity in the intestine is controlled 
by the interstitial cells of Cajal (ICCs). These are highly 
specialized cells that are electrically coupled to the smooth 
muscle syncytium via gap junctions. 635 ICCs are responsible 
not only for generation of slow waves (cyclical electrical 
activity), but also for coordination of pacemaker activity 
and propagation of slow waves along the intestine. ICCs 
appear to be critically involved in a range of motility disor¬ 
ders in humans, including gastroparesis, pseudoobstruction, 
and chronic constipation. 636 In horses a reduction in ICC 
density was demonstrated with equine dysautonomia (grass 
sickness) and in horses with large intestinal disease. 637 ' 638 

The inherent "excitability" of smooth muscle cells in 
response to stimuli varies among regions of the gastrointes¬ 
tinal tract and among species. This variability in cell excit¬ 
ability is dependent on the magnitude of the membrane 
potential, which in turn is regulated by the number and 
subtype of potassium channels. 635 

The enteric nervous system plays an important role in 
control and coordination of intestinal contraction. Contrac¬ 
tile events are influenced by central and autonomic inner¬ 
vation, but external neural input is not required for 
contraction. The parasympathetic supply to the gastrointes¬ 
tinal tract is via the vagus and pelvic nerves, and the sympa¬ 
thetic supply is through postganglionic fibers of the cranial 



FIG. 32-54 II Schematic representation of some neural and hormonal influences on intestinal motility. ACh, Acetylcholine; ATP , adenosine triphosphate; 
DA2, dopamine type 2 receptors; +5-HT1, 5-hydroxytryptamine type I receptors, M2, muscarinic type 2 receptors; NANC, noncholinergic, nonadrenergic 
pathway; NE, norepinephrine; NK-1, neurokinin-1 receptors, NO, nitric oxide; +ve, excitatory; -ve, inhibitory; VIP, vasoactive intestinal peptide. 
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and caudal mesenteric plexuses. A complex network of 
interneurones within each plexus integrates and amplifies 
neural input, and the intensity and frequency of resultant 
smooth muscle contractions are proportional to sympa¬ 
thetic and parasympathetic input. Additional binding sites 
for a number of other endogenous chemicals, including 
dopamine, motilin, and serotonin, can be found within 
the enteric nervous system and on smooth muscle cells. 639 
It is important to appreciate that mechanisms to slow pro¬ 
gressive intestinal motility are also critical in order to retain 
feed for adequate digestion and absorption of nutrients. The 
terms jejunal and ileal brake have been used to describe the 
slowing of transit caused by mediators such as peptide YY, 
noradrenergic nerves, and opioid, serotonergic, and chemo- 
sensitive afferent neurons. 640 

Acetylcholine (ACh) is the dominant excitatory neuro- 
transmitter in the gastrointestinal tract and exerts its action 
through muscarinic type 2 (M 2 ) and M 3 receptors. Sympa¬ 
thetic fibers innervating the gastrointestinal trace are adren¬ 
ergic, postganglionic fibers with cell bodies located in the 
prevertebral ganglia. Activation of a 2 -adrenergic receptors 
on cholinergic neurons within enteric ganglia inhibits the 
release of ACh and therefore reduces intestinal contraction. 
The |3 r , p 2 - and p-atypical receptors are directly inhibitory 
to the intestinal smooth muscle. 641 Inhibitory nonadren- 
ergic, noncholinergic (NANC) neurotransmiters include 
ATP, vasoactive intestinal peptide (VIP), and nitric oxide 
(NO). 642 643 These neurotransmitters are critical for mediat¬ 
ing descending inhibition during peristalsis and receptive 
relaxation. Substance P is a NANC neurotransmitter that 
may be involved in contraction of the small intestine and 
large colon. 644 646 The rate and force of intestinal contrac¬ 
tions along the small intestine and large colon of the horse 
are key determinants of intestinal motility. Of even greater 
importance to the net propulsion of digesta are the cyclical 
patterns of contractile activity. These patterns are known as 
the small intestinal and colonic migrating motility complexes 
(MMC). 647 The colonic complex usually originates in the 
right ventral colon and variably traverses the ascending 
and descending colons. Many of these complexes are tem¬ 
porally related to a specialized motility event of the ileum 
known as the migrating action potential complex. 

MEDIATORS OF GASTROINTESTINAL 
ILEUS 

Inflammation within the intestinal muscularis and inhibitory 
neural events are important initiators of intestinal ileus. 648 649 
Intestinal inflammation is not only important in primary 
intestinal diseases in horses, such as DPJ and colitis, but is 
induced after simple intestinal handling during laparotomy. 
Experimental data from other species suggests that handling 
of the small or large intestine at the time of surgery induces 
an intense inflammatory response within the muscularis and 
a reduction in the intensity of smooth muscle contraction. Fur¬ 
thermore, the inflamed intestine fails to contract normally in 
response to putative prokinetic agents. Additional studies have 
identified that this inflammatory response was not restricted to 
segments that were manipulated at the time of surgery but also 
involved other regions throughout the gastrointestinal tract. 649 
Intestinal handling in experimental animals causes local over¬ 
production of NO because of the upregulation of iNOS 
by resident macrophages. 650 NO is a key inhibitory neuro- 
transmitter of the NANC system. 643 Consequently NOS inhi¬ 
bition could be an important target for prevention of ileus. 

The inhibition of motility associated with peritoneal 
inflammation may also be mediated through neural reflexes. 
The afferent segment is partly composed of capsaicin- 
sensitive visceral afferent C-fibers that terminate in the dorsal 


horn of the spinal cord, where they can activate inhibitory 
sympathetic fibers or, alternatively, synapse directly on the 
sympathetic ganglia. Consequently the efferent limb of the 
reflex expresses increased sympathetic outflow, primarily 
mediated through stimulation of a2-adrenoreceptors, with 
subsequent inhibition of ACh release. This provides the ratio¬ 
nale for alpha-2 blockade in the treatment of ileus. Intralum¬ 
inal infusion of capsaicin before abdominal surgery 
ameliorated the severity of POl in experimental rats. 651 This 
finding highlights the importance of visceral afferent fibers 
in the development of POI. 

Ileus can also occur with intestinal obstruction or dis¬ 
placement. Mild to moderate distention of the bowel, such 
as that occurring in the early stages of an intraluminal 
obstruction, evokes an increase in local contractile 
activity. 652 * 653 Excessive distention results in inhibition of 
motility within the distended segment of bowel. Intestinal 
stasis is not always detrimental and under certain condi¬ 
tions may be protective. 

Endotoxemia is a feature of many diseases of the equine 
gastrointestinal tract, and endotoxins can independently 
exert a negative effect on intestinal motility and transit. 654 
Various mediators are likely involved, but activation of 
a 2 -adrenoreceptors and production of prostanoids appear 
to be important, as the inhibitory effects of experimental 
endotoxin infusion are ameliorated by pretreatment with 
yohimbine or NSAIDs (phenylbutazone or flunixin), 
respectively. 655 656 Endotoxin infirsion induced an inflam¬ 
matory response in the intestine of rats that mimicked that 
induced by handling during laparotomy. 657 

The pathophysiology of cecal emptying defect is not 
known. This syndrome may best mimic POI in humans, 
which is generally considered a large intestinal disorder. 
An important difference in horses is that laparotomy is a 
rare predisposing factor, and most cases occur in horses 
undergoing routine extraabdominal surgical procedures. 
General anesthesia itself is a potent inhibitor of gastroin¬ 
testinal motility in horses, but the effects are short-lived 
and reversible within hours of anesthetic withdrawal. 658 
The return of normal motility in horses after experimental 
ileus was most delayed in the cecum, suggesting that 
this may be a common site of ileus in horses. 659 A link 
between routine postoperative medications, such as phen¬ 
ylbutazone and aminoglycoside antibiotics, has been 
suspected but not established. An inhibitory effect of 
NSAIDs on large colon contractility has been demonstrated 
using in vitro techniques, although the effect of selective 
COX-2 inhibitors was variable and not as marked as that 
of mixed isoform inhibitors. 660 * 661 Primary sympathetic 
overstimulation could be involved, as many of the affected 
animals are young, male horses or animals with painful 
diseases. 

The development of small intestinal POI, but not cecal 
emptying dysfunction, is influenced by the duration of sur¬ 
gery. 628632 Technique may have a weak influence on small 
intestinal POI after jejunojejunostomy. The duration of 
intestinal ileus was shorter in animals that received a side- 
to-side stapled anastomosis than in those that had a hand- 
sewn end-to-end procedure. 629 The duration of ileus after 
stapled end-to-end anastomosis was not different from that 
after either procedure. 

Reported risk factors for the development of POI in 
horses include age (>10 years), small intestinal resection 
and anastomosis, breed, and duration of anesthesia and 
surgery. 628 * 662 A pelvic flexure enterotomy and emptying 
the colon and intraoperative lidocaine infusion had a pro¬ 
tective effect against POI. 

The inhibitory effects of a 2 -adrenergic agonists, such as 
xylazine and detomidine, on intestinal motility in horses 
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are well described. 663 671 The activation of postganglionic 
cholinergic nerves in the myenteric plexus by this class of 
drugs results in reduced ACh release from autonomic and 
enteric nerves. Intravenous xylazine inhibits cecal and large 
colon motility for 20 to 30 minutes without seriously dis¬ 
rupting small intestinal myoelectric activity, and detomidine 
can reduce large intestinal myoelectric activity for up to 3 
hours. The at 2 -antagonist yohimbine has a weak but positive 
effect on cecal emptying in normal ponies, suggesting that 
normal motility is under constant ot 2 -adrenergic tone. 665 
Atropine is a postganglionic blocking agent that binds to 
muscarinic receptors. When administered at 0.04 mg/kg, 
individual small intestinal, cecal, and colonic contractions 
are inhibited for about 120 minutes, but small intestinal 
and colonic migrating complexes are suppressed for up to 
8 hours. 672 


II Diagnosis. The diagnosis of ileus is based on history and 
physical examination findings. Important tests include 
determination of pulse rate and rhythm, auscultation and 
percussion of the abdomen, rectal palpation, and passage 
of a nasogastric tube. A CBC with fibrinogen estimation 
and cytologic analysis of peritoneal fluid may improve the 
accuracy of diagnosis. Affected animals may be colicky 
because of accumulation of fluid in the upper gastrointesti¬ 
nal tract (classical POl) or cecal contents (cecal emptying 
defect). Decompression of the stomach is important diag¬ 
nostically and therapeutically in horses with POI after small 
intestinal surgery. Failure to relieve pain with gastric 
decompression could point toward mechanical obstruc¬ 
tion, severe inflammation of the intestine, or peritonitis. 
Most animals with ileus are depressed and have reduced 
fecal output and intestinal borborygmi. Intestinal sounds 
should, however, be interpreted with caution, because 
the presence of borborygmi does not always equate to 
progressive intestinal motility and may merely reflect 
local, nonpropagated contractions. Rectal palpation find¬ 
ings in cases of persistent POI or DPJ are usually nonspe¬ 
cific but may reveal dilated, fluid-filled loops of small 
intestine. Roughened peritoneal surfaces can occasionally 
be palpated if there is peritonitis. Cecal distention with 
digesta can be palpated in horses with advanced cecal 
dysfunction. 

It is important to distinguish functional ileus from 
mechanical obstruction. This can be extremely difficult, 
but horses with mechanical obstruction typically have sus¬ 
tained high volumes of gastric reflux that vary little over 
time. 


II Treatment. The management of gastrointestinal ileus 
is dependent on the segment of gastrointestinal tract 
involved. Therapy for ileus of the proximal gastrointestinal 
tract typically involves a combination of gastric decom¬ 
pression, fluid and electrolyte therapy, and antiinflamma¬ 
tory drugs. Nasogastric decompression is the mainstay of 
management to prevent overdistention of the stomach 
and small intestine. This often necessitates placement of 
an indwelling nasogastric tube, a procedure that some 
have speculated may in itself delay gastric emptying. The 
placement of an indwelling tube for 18 hours did not 
adversely affect the emptying of liquids, but in a recent 
study a delay was noted when the tube was left in place 
for 72 hours. 673 - 674 Both studies used apparently healthy 
animals. 

Electrolyte balance is important, particularly with respect to 
maintaining adequate extracellular concentrations of potas¬ 
sium, calcium, and magnesium. Calculation of the volume 


of fluid to be administered should include maintenance 
requirements (40 to 60 mL/kg/day) plus an estimate of 
losses, especially those lost through gastric decompression. 
Overhydration should be avoided in horses with small 
intestinal ileus. Fluid therapy is the key component in the 
management of cecal emptying defect usually in combina¬ 
tion with lubricants or laxatives, such as mineral oil or 
magnesium sulfate, and with careful use of antiinflamma¬ 
tory drugs. Horses with primary cecal impaction or impac¬ 
tion secondary to an emptying defect may require surgery 
in order to prevent rupture. The surgical management of 
these cases is controversial and may include typhlotomy 
alone, typhlotomy with a bypass procedure such as ileoco¬ 
lic or jejunocolic anastomosis, or a bypass without typhlot¬ 
omy. 675 Most horses that undergo simple typhlotomy have 
an uneventful recovery, although a small number will 
reimpact and require a second laparotomy. 633 

A significant clinical or economic benefit of parenteral 
nutrition in adult horses with gastrointestinal disease has 
also yet to be demonstrated. 676 * 678 Parenteral nutrition 
should be considered when feed has been withheld for 
more than 96 hours, particularly in the horse with a surgical 
wound. Limited exercise, in the form of hand-walking, may 
provide some benefit to these animals, although there is no 
evidence that exercise has a direct impact on intestinal 
motility in either horses or humans with POI. 679 

Drugs that may retard normal intestinal motility should 
be avoided in horses with gastrointestinal ileus. These 
include the anticholinergics, such as atropine, and opiate 
receptor agonists, such as morphine and meperidine. 680 681 
Butorphanol appears to have little or no adverse effect on 
either small or large intestinal motility. 682 683 a2-Adrenergic 
agonists should be used sparingly because of their inhibi¬ 
tory effects on large intestinal motility. 

The pivotal role of intestinal inflammation provides a 
strong rationale for the use of antiinflammatory drugs in 
affected animals. Flunixin meglumine is widely used in 
equine practice as an analgesic and antiinflammatory agent, 
and it also ameliorates many of the adverse systemic effects 
of endotoxin. A potential negative effect of NSAIDs on large 
intestinal contractility has been suggested on the basis of 
in vitro studies 660 ; however, a similar response has not been 
reported in whole animal studies. 663 665 684 There may be a 
role for novel agents in the future. Carbon monoxide (CO) 
has prevented POI in experimental animals, a benefit not 
only when CO was inhaled but also when CO was dissolved 
in a peritoneal lavage solution, making potential adminis¬ 
tration considerably easier and safer. 685 CO has potent 
intestinal antiinflammatory properties and is derived from 
the degradation of heme by the enzyme heme oxygenase. 
Expression of a heme oxygenase isoform (HO-1) can be 
induced by a variety of stimuli. 

Broad-spectrum antimicrobial drugs are indicated when 
sepsis is suspected or if the immune system is compro¬ 
mised, as in cases with moderate to severe endotoxemia. 
Theoretic concerns have been raised regarding the use of 
aminoglycoside antibiotics in animals with ileus. Inhibition 
of intestinal contractions occurred when sections of intes¬ 
tine were exposed to high concentrations of aminoglycoside 
antimicrobial drugs, but this inhibitory effect is unlikely to 
occur at clinically relevant doses. 686 The administration of 
benzyl penicillin and/or ceftiofiir was associated with an 
increased risk of colic in the week after anesthesia for diag¬ 
nostic imaging or nonabdominal surgical procedures. 687 

Motility-modifying drugs could play an important role in 
the prevention and treatment of gastrointestinal ileus. An 
effective prokinetic agent could shorten the length of hospi¬ 
talization, thereby reducing the cost of treatment and the 
number of potential complications such as weight loss, 
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thrombophlebitis, and laminitis. There is also evidence that 
the development of abdominal adhesions could be mini¬ 
mized with the use of an effective prokinetic drug. 688 - 689 
A potential negative impact of prokinetic use in the postop¬ 
erative period after anastomosis is increased predisposition 
to dehiscence. 690 

Most motility-modifying drugs require a healthy intesti¬ 
nal wall in order to enhance intestinal contraction. There 
are several examples in horses in which the expected con¬ 
tractile response to certain drugs is blunted in the face of 
disease. It is reasonable to assume that many putative proki¬ 
netic drugs would be partially or totally ineffective in horses 
with abdominal disease. This would include intestine that 
has undergone prolonged or excessive distention or that is 
in any inflammatory condition, such as after intestinal 
manipulation or associated with primary inflammatory dis¬ 
eases such as DPJ or Salmonella enteritis. Numerous drugs 
have been investigated in humans with POI, but currently 
there is no prokinetic agent that has been found to be safe 
and effective. 691 The financial pressures associated with 
equine patient management often compel attending veteri¬ 
narians to ''experiment" with a range of putative prokinetic 
drugs. 

Bethanechol is a methyl derivate of carbachol and is an 
ACh receptor agonist. The drug acts both at the level of 
the myenteric plexus and directly on intestinal smooth cells 
through muscarinic receptors. The actions are primarily 
mediated through activation of M 3 receptors, although 
M 2 receptors are also involved to a lesser extent. 692 There 
is evidence in other species that activation of M 2 receptors 
not only facilitates intestinal contraction but also may lead 
to antinociception. 693 Bethanechol is not degraded by the 
enzyme anticholinesterase. As anticipated the drug has a 
range of cholinergic side effects, including abdominal dis¬ 
comfort, sweating, and salivation, although these are mini¬ 
mal when the drug is administered at 0.025 to 0.05 mg/kg 
of body weight SC. Bethanechol is one of the most useful 
prokinetic agents in equine practice, as it exerts effects 
throughout the gastrointestinal tract; however, it does not 
appear to be commonly used. 694 It is most commonly used 
in the management of delayed gastric emptying and slowed 
small intestinal transit. Experimentally the drug has been 
shown to significantly increase gastric contractility and has¬ 
ten the emptying of liquid and solid phase markers from 
the stomach of normal horses. 695 ' 696 The drug has potent 
effects in the hindgut as well. Bethanechol increases both 
the relative strength and duration of wall contractions in 
the cecum and right ventral colon and consequently speeds 
up cecal emptying. 665 When given to ponies at a dose of 
0.05 mg/kg SC, the drug increased electrical activity in the 
large colon for approximately 80 minutes. 684 There are wide 
ranges in reported dose rates of bethanechol, with doses up 
to 0.25 mg/kg recommended for oral administration in the 
management of delayed gastric emptying. 

Neostigmine increases receptor levels of ACh by inhibit¬ 
ing cholinesterase. The drug (0.022 to 0.025 mg/kg IV) 
promotes cecal and colonic contractile activity and enhances 
cecal emptying in normal ponies. 665 Neostigmine has been 
used in the management of small intestinal ileus but signifi¬ 
cantly delayed the emptying of 6-mm beads from the stom¬ 
ach of normal adult horses. 697 A survey of prokinetic use 
indicated that neostigmine was more commonly used in 
the management of large intestinal disease. 694 

Metoclopramide is a moderate partial 5-hydroxytrypta- 
mine 4 (5HT-4)-receptor agonist, a moderate 5HT-3-recep- 
tor antagonist, and an antagonist of both dopamine 
1 (DA]) and 2 (DA 2 ) receptors. It has been suggested that 
the 5HT-4 agonist properties are primarily responsible for 
the prokinetic effects of metoclopramide. Antagonism of 


prejunctional DA 2 receptors facilitates ACh release and 
smooth muscle contraction. The effect on dopamine receptor 
antagonism is absent in newer benzamides. Metoclopramide 
crosses the blood brain barrier, where its antagonist proper¬ 
ties on central DA 2 receptors can result in extrapyramidal 
signs, including seizure. These have been observed when 
the original reported dose of 0.25 mg/kg, given by intrave¬ 
nous infusion over 30 minutes, was used in practice. 698 
These signs were responsible for poor acceptance of the drug 
in equine practice. An experimental bolus of endotoxin 
caused a delay in gastric emptying, as assessed using the 
acetaminophen absorption test; this delay was partially 
ameliorated through pretreatment with metoclopramide 
(0.125 mg/kg in 1 L infused over 15 minutes), but again 
the investigators reported adverse side effects. 699 Most inves¬ 
tigators have failed to demonstrate significant effects of meto¬ 
clopramide in experimental animals, but constant 
intravenous infusion (0.04 mg/kg/hr) in a population of 
postoperative horses significantly decreased the volume and 
duration of gastric reflux over control and intermittent drug 
infusion groups. 700 Infusion was well tolerated and was 
superior to intermittent infusion or no treatment at all. 

Cisapride is a second-generation benzamide that is com¬ 
monly reported to act as a primary 5HT-4 agonist and 5HT- 
3-receptor antagonist. Furthermore, stimulation of 5HT-4 
receptors within the enteric nervous system enhances release 
of ACh from the myenteric plexus, thereby promoting intes¬ 
tinal contraction. In vitro studies of equine jejunum con¬ 
cluded that the contractile actions of cisapride in the 
species were primarily mediated through 5HT-2 and not 
5 HT-4 receptors and that the response was noncholiner- 
gic. 701 Several reports suggest efficacy of cisapride in the 
management of intestinal disease in horses, including the 
resolution of persistent large colon impaction, treatment of 
equine grass sickness, and prevention of POI in horses after 
small intestinal surgery (0.1 mg/kg body weight IM during 
postoperative period). 702 705 Cisapride has the potential to 
cause adverse cardiac side effects mediated through blockage 
of the rapid component of the delayed rectifier potassium cur¬ 
rent that include lengthening of the QT interval and develop¬ 
ment of torsades de pointes, a potentially fatal arrhythmia. 
These adverse effects have resulted in drug withdrawal in the 
United States and in many other countries. Another benza¬ 
mide, mosapride, resulted in increased myoelectric activity of 
the small intestine and cecum of horses after oral administra¬ 
tion. The authors reported that mosapride is a selective 5HT-4 
agonist; consequently the reported effects are surprising given 
that the actions of 5-HT on the equine jejunum were reported 
to be primarily mediated through activation of 5HT-2 and 
5I1T-3 receptors. 701 Mosapride is marketed in several Asian 
countries and is not available in the United States. 

Domperidone acts as a competitive antagonist at periph¬ 
eral DA 2 receptors; these receptors are inhibitory. The drug 
has been used to manage gastroparesis in humans for many 
years. 706 The primary use in equine practice is in the man¬ 
agement of mares grazing endophyte-infected tall fescue 
(1.1 mg/kg/day PO), principally because of drug-enhanced 
prolactin release from the anterior pituitary. The potential 
prokinetic effects of domperidone have not been extensively 
studied in horses, but a modest efficacy of domperidone 
(0.2 mg/kg IV) was demonstrated in a model of experimen¬ 
tal ileus in two ponies. 702 

Erythromycin is a direct motilin receptor agonist acting 
directly on smooth muscle cells as well as within the enteric 
nervous system to facilitate the release of ACh and motilin. 
Erythromycin enhances gastric emptying in normal horses 
but in contrast to most other species has a more pro¬ 
nounced effect on the hindgut. 695 ' 707 This is somewhat 
surprising given that a higher density of motilin receptors 
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was reported in the duodenum than in either the cecum or 
pelvic flexure of adult horse. 708 Erythromycin lactobionate 
(1 mg/kg IV) hastens cecal emptying in normal animals 
and induces propagating colonic MMC-like activity across 
the colon. Administration is often associated with defeca¬ 
tion and abdominal discomfort. 

Several problems limit use of erythromycin as a proki- 
netic agent in equine practice. The principal use in human 
medicine has been restricted to management of acute 
exacerbations of diabetic gastroparesis, facilitation of feed¬ 
ing tube placement and upper gastrointestinal endos¬ 
copy. 709 Although it has been shown to enhance emptying 
in normal horses, it was not as effective as bethanechol. 695 
Given its potent prokinetic effects in the cecum, erythromy¬ 
cin may be helpful at preventing cecal impaction in horses 
after anesthesia. However, its effectiveness on cecal motility 
appears to be markedly reduced in the immediate postoper¬ 
ative period. 659 High doses, constant infusion, or prolonged 
use of erythromycin also induces receptor tachyphylaxis and 
therefore reduced efficacy. There is also evidence that as 
little as 2 hours of intraluminal distention leads to a reduc¬ 
tion in the total number of motilin receptors and in the 
amount of motilin receptor mRNA, although erythromycin 
binding to remaining motilin receptors is not affected. 710 
Erythromycin can induce diarrhea in adults; therefore 
administration over many days should be avoided. The 
diarrhea induced by erythromycin is most likely mediated 
by C. difficile overgrowth and toxin elaboration. 711 

Given that opiates have an inhibitory effect on normal 
intestinal motility, it is not unreasonable to assume that 
antagonists may have the potential for prokinetic activity. 
Naloxone (0.05 mg/kg IV) have been shown to induce con¬ 
tractile activity in the cecum and left colon. 712 The adminis¬ 
tration of naloxone was often followed by defecation within 
15 to 20 minutes. Naloxone has not been beneficial in pre¬ 
venting POI in human beings. 713 An in vitro study reported 
a direct contractile effect of the peripherally acting opioid 
antagonist N-methylnaltrexone on the circular muscle layer 
of the jejunum and large colon. 714 The authors suggested a 
potential role for the drug in preventing intestinal complica¬ 
tions associated with the use of morphine for pain relief. 

a 2 -Adrenoreceptor antagonists, such as yohimbine and 
telazoline, counteract increased sympathetic outflow in res¬ 
ponse to nociceptive stimulation. Yohimbine (75 jig/kg by 
slow intravenous infusion) hastens cecal motility and empty¬ 
ing in normal ponies and also attenuates the negative effects 
of endotoxin on motility. 655 - 665 

Lidocaine (also referred to as lignocaine in some 
countries) appears to be the most commonly used putative 
prokinetic agent in the management and prevention of 
POI. 694 Intravenous infusion of lidocaine may suppress pri¬ 
mary afferent neurons, thereby limiting reflex efferent inhi¬ 
bition of motility. It is also possible that lidocaine may 
block the inhibitory effect of NANC neurotransmitters on 
smooth muscle. 715 Any positive effect of lidocaine could 
also be related to the drug's significant antiinflammatory 
properties. These include amelioration of the cytokine 
response to endotoxemia, reduced neutrophil free-radical 
production, impaired leukocyte phagocytic function, and 
inhibition of leukocyte migration through suppression of 
chemokines. 716 As discussed earlier, inflammation may be 
the most important initiator of intestinal stasis in the post¬ 
operative period. 

A combination of intraoperative and postoperative 
lidocaine infusion is commonly used as a preventative 
strategy against POI. Postanesthetic treatment typically 
involves a slow intravenous bolus of 2% lidocaine 
(1.3 mg/kg) followed by a constant infusion at 0.05 mg/ 
kg/min for 24 hours. The recommended target range for 


serum concentration of lidocaine is 1 to 2 mg/dL. In a 
prospective study of horses undergoing laparotomy for 
colic, the authors failed to demonstrate any difference 
between lidocaine and saline infusion with respect to 
return of borborygmi, time to first feces, or gastric 
reflux. 717 The authors did, however, report some positive 
differences in several ultrasound parameters, including 
jejunal diameter and the apparent volume of peritoneal 
fluid. Unfortunately only several of the horses in the 
study had a small intestinal lesion that required resection 
and anastomosis, and only two animals developed signif¬ 
icant POI, one in each group. Lidocaine infusion was also 
contrasted with saline infusion in a group of horses with 
DPJ or POI. 715 Criteria for inclusion in that study 
included animals with net gastric reflux of more than 
2 L/hr for 24 hours or a cumulative reflux volume of 
more than 20 L in less than 24 hours. Significant benefits 
of lidocaine infusion included a reduction in the duration 
of refluxing, hastened passage of feces, and a shorter total 
period of hospitalization for survivors. There were horses 
that did not improve in response to lidocaine infusion, 
and animals that continued to produce net gastric reflux 
throughout the 24-hour infusion period had a poorer 
outcome. 

The rate of lidocaine infusion requires close monitor¬ 
ing, because infusion can be associated with reversible 
side effects that include muscle fasciculations, ataxia, 
and seizure. The drug is highly protein-bound, so hypo- 
proteinemic horses may be more susceptible to signs of 
toxicity. 


MEDICAL DISORDERS OF THE 
LARGE INT ESTINE 

SAMUEL L JONES 

ACUTE DIARRHEA 

Diarrhea in the horse can be defined as the passage of fecal 
material that has increased water content. It can vary from 
soft, formed stools with a mild to moderate increase in 
water content to projectile fecal passages that contain little 
solid matter. The passage of excessive water in the feces 
reflects disruption of the normal balance of fluid and elec¬ 
trolyte secretion and absorption in the intestinal tract. In 
adult horses diarrhea results almost exclusively from disor¬ 
ders of the large intestine, although diarrhea may be a fea¬ 
ture of some descending small colon disorders. Diarrhea 
can result in significant losses of water, electrolytes, and 
plasma protein and is often accompanied by local and sys¬ 
temic inflammatory responses. 

Diarrhea disorders in adult horses can be divided into 
those characterized by inflammation of the cecum and large 
intestine (typhlitis, colitis) and those in which there typi¬ 
cally is not an inflammatory response. Inflammatory disor¬ 
ders can be those characterized by an acute inflammatory 
response (salmonellosis, Potomac horse fever [PHE], and 
clostridiosis, described later), disorders associated with 
endoparasitism (small and large strongyle larval migration 
or encystation), disorders arising from toxicity (cantharidin 
toxicity, described later, and nonsteroidal antiinflamma¬ 
tory toxicity, described on p. 754), and disorders included 
under the umbrella term inflammatory bowel disease (see 
p. 730). Disorders that can manifest with diarrhea but that 
typically do not have colonic inflammation include those 
in which there is increased intestinal hydrostatic pressure 
(congestive heart failure, cirrhotic liver disease), intralum¬ 
inal osmolarity, and poorly defined disorders in which 
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fluid secretion may be stimulated by the enteric nervous 
system. 

Colitis is active inflammation within the colon that is 
usually associated with myriad local and systemic patho¬ 
physiologic events. Diarrhea is an important problem in 
horses with colitis, but impaired cardiopulmonary function, 
coagulopathies, and other sequelae of activation of inflam¬ 
matory mediator cascades and septicemia can be most life- 
threatening. Complications that occur in colitis patients, 
regardless of cause, include overwhelming sepsis triggered 
by endotoxemia, septicemia and hematogenous organ colo¬ 
nization by bacteria, immune suppression and susceptibility 
to superinfection with bacteria or fungi, cecum or colon 
infarction, jugular vein thrombosis, and laminitis. 

A variety of inflammatory cells and mediators affect the 
equine colon. With acute colitis the neutrophil is the effec¬ 
tor cell, and the cascade of activation of inflammatory med¬ 
iators associated with acute colitis is designed to bring 
neutrophils to where chemical signals indicative of bacterial 
infection have been detected. Signs of sepsis associated with 
endotoxemia (see p. 712) frequently accompany, or even 
precede, diarrhea in horses. Severe tissue inflammation 
can result in ulceration of the mucosal epithelium, resulting 
in chronic malabsorption and protein-losing enteropathy. 
Malabsorption of volatile fatty acids (VFAs) and metabolic 
alterations that result from excessive production and release 
of inflammatory mediators can lead to an energy deficit and 
catabolism of body tissues. 

Specific diseases affecting the equine large colon (e.g., 
salmonellosis, PHF, clostridial colitis, and cantharidin toxic¬ 
ity) may have different activators of local and systemic 
inflammatory responses, and they can produce unique tox¬ 
ins that further contribute to tissue injury. Regardless of the 
cause, the clinical problems of affected horses are often sim¬ 
ilar, and the clinician must consider treatments that modify 
inflammatory changes and replace losses of fluid, electro¬ 
lytes, and plasma protein. In many cases the cause of the 
diarrhea is not determined. Descriptions of important 
causes of diarrhea in horses follow. 

Salmonellosis 

Salmonella bacteria possess an array of virulence factors that 
confer attributes of mucosal adhesion and invasion, pro¬ 
duce enterotoxins that stimulate intestinal fluid secretion, 
activate local inflammation, including recruitment of in¬ 
flammatory cells and the release of their mediators, cause 
local cytotoxic effects, and initiate systemic responses attrib¬ 
utable to LPS. 


11 Epidemiology. Numerous Salmonella serotypes have 
been associated with equine colitis, and overall more than 
2500 serotypes of Salmonella have been described. Salmo¬ 
nella Typhimurium is the most frequently isolated serotype 
in horses, with dozens of other serotypes isolated sporadi¬ 
cally. There are many reports describing clusters of cases of 
equine salmonellosis in which specific Salmonella serovars 
predominate. Nosocomial infections associated with Salmo¬ 
nella Krefeld, 718 ' 720 Salmonella Typhimurium, 719 Salmonella 
Anatum, 721 and Salmonella Infantis 722 have been reported 
in recent years. Pertinent features of these bacteria are the 
ability to withstand a wide range of environmental condi¬ 
tions, the ability to rapidly invade and spread within the 
host (and thus be shed into the environment through the 
feces), and the range of severity of illness that results from 
infection. 

Other key elements that influence whether clusters of 
cases will occur given the presence of a particular Salmonella 


serovar in the environment are availability and population 
density of susceptible hosts and the size of infective dose 
of the pathogen. It is for these reasons that veterinary hospi¬ 
tals, breeding farms, and other facilities that may have a 
high density of horses are most vulnerable to the develop¬ 
ment of Salmonella outbreaks. In one study at a veterinary 
teaching hospital, horses that were at greatest risk for devel¬ 
oping salmonellosis were those treated with antimicrobial 
drugs or admitted for treatment of colic. 723 Such horses 
will include the majority of patients in any equine referral 
hospital. Breeding farms are susceptible to Salmonella out¬ 
breaks (or other enteric infections) because of the concen¬ 
tration of large numbers of immunologically immature 
newborn animals. In either case the particular Salmonella 
organism involved in disease outbreaks may not have to 
be especially virulent, because the inherent susceptibility 
of the host provides the microbe the opportunity to colo¬ 
nize and invade the host. Also of importance is the ability 
of the organism (inherent or acquired) to persist in the 
environment, lying in wait for both susceptible hosts and 
environmental conditions that favor its propagation and 
dissemination. 

Serovars or strains of Salmonella that have newly acquired 
virulence plasmids can rapidly become established and 
spread among farms, sales areas, veterinary clinics, and vet¬ 
erinary teaching hospitals. Often the origin of these "new" 
bacteria is undetermined, but in some cases the organism 
can be traced to contaminated feed, 724 a specific shedder 
introduced into the environment, domestic or feral animals 
(barn cats), birds, and wildlife. 

Salmonellae are ubiquitous in the environment, and the 
prevalence of fecal shedding varies by the group of horses 
sampled and the method of detection. Prevalence of fecal 
shedding, based on fecal culture, in asymptomatic horses 
admitted to teaching hospitals varied from 1% to 
5%. 725 ' 726 In a nationwide survey of prevalence of Salmo¬ 
nella in fecal samples from horses on farms and ranches. 
Salmonella bacteria were cultured from less than 1% of 
horses. 727 Use of PCR to detect Salmonella DNA in horse 
feces resulted in a prevalence rate of 17% in horses admitted 
to a teaching hospital for lameness examination and greater 
than 60% in hospitalized horses with gastrointestinal dis¬ 
ease. 728 In that report the PCR technique was determined 
to be specific for Salmonella DNA, but the test cannot differ¬ 
entiate between shedding of live bacteria and DNA from 
dead organisms. 

Horses are not considered to be carriers per se of Salmo¬ 
nella, because no host-adapted Salmonella species have been 
identified in horses. Salmonella Abortus equi has now disap¬ 
peared in the United States. Horses that shed Salmonella 
species in the feces usually do so transiently for several days 
to weeks; infrequently horses may shed salmonella bacteria 
for several months. 

In acutely affected horses, large numbers of highly 
infective salmonellae can be shed in the diarrheic feces. 
Susceptible animals such as young foals, hospitalized 
horses receiving antimicrobial drugs, and horses under 
stress can become ill after becoming infected by numbers 
of salmonellae 100 to 1000 times less than those required 
to infect immunocompetent normal horses. Thus particu¬ 
lar care should be taken in the management of horses 
and foals with diarrhea in environments in which there 
are animals at risk (e.g., hospitals, breeding farms, race¬ 
tracks). Asymptomatic shedders generally pass relatively 
small numbers of salmonellae in the feces and do not 
appear to pose an important threat to healthy horses, 
although asymptomatic shedders have been responsible 
for outbreaks of salmonellosis in hospitals and on breed¬ 
ing farms. 
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II Clinical Findings. Salmonellosis typically is character¬ 
ized by an acute colitis that results in profuse diarrhea and 
occasionally abdominal pain. Horses with salmonellosis 
often have signs of sepsis associated with endotoxemia 
and suffer from cardiovascular shock, vascular leak syn¬ 
drome, and coagulopathies. Horses are usually febrile, 
tachycardic, moderately to severely obtunded, and dehy¬ 
drated. With other clinical syndromes of salmonella infec¬ 
tion, diarrhea is not a feature. These syndromes include 
fever and leukopenia, colic, and proximal enteritis with gas¬ 
tric reflux. 

II Diagnosis. Confirmation of salmonellosis requires bacte- 
riologic culture of Salmonella bacteri'a. Multiple fecal cultures 
for Salmonella species should be performed on all horses with 
diarrhea. It is recommended that at least three to five fecal sam¬ 
ples collected 12 to 24 hours apart be submitted to increase the 
sensitivity of culture. 729 Samples with little solid matter often 
yield negative culture results, even when the horse is infected 
with Salmonella. Formed fecal samples are more likely to result 
in a positive culture result from infected horses. A 5- to 10-g 
amount of feces should be submitted for culture in selective 
media such as tetrathionate broth or selenite broth and bril¬ 
liant green agar or XLD agar. Culture of a rectal mucosa biopsy 
may be a useful adjunctive test for Salmonellosis. PCR is a sensi¬ 
tive screening tool for detection of fecal Salmonella DNA and is 
important for environmental monitoring and biocontrol mea¬ 
sures in hospitals. 

II Treatment and Prevention. In most cases of salmonello¬ 
sis, aggressive treatment facilitates resolution of the severe diar¬ 
rhea and associated metabolic disorders within 7 to 10 days of 
the onset of illness. Intravenous administration of polyionic 
fluids is required to replace fluid and electrolyte losses and to 
augment preload in horses with poor venous return (see the 
Fluid Therapy for Horses with Gastrointestinal Diseases sec¬ 
tion [p. 767] and Chapter 44 for more comprehensive infor¬ 
mation about fluid therapy in horses with diarrhea). Plasma 
may be required to replace lost plasma proteins and increase 
plasma colloidal pressure. Alternative colloidal fluids, such 
as hetastarch, may be quite useful and more cost-effective 
than plasma in horses with vascular leak syndrome and 
hypoproteinemia. Flunixin meglumine is often used to treat 
inflammation in horses with signs of sepsis. Flunixin and 
other NSAIDs should be used with caution and at the lowest 
dose possible to prevent worsening of colonic mucosal 
damage or inhibition of mucosal repair. Other antiinflam¬ 
matory strategies may be used to treat sepsis associated with 
salmonellosis. Total or partial parenteral nutritional sup¬ 
port is often indicated to provide adequate calories and 
amino acids during the most debilitating period of the ill¬ 
ness. Antimicrobial administration to horses with suspected 
or known salmonellosis is not universally practiced. Anti¬ 
microbial administration may decrease the spread of sal¬ 
monella bacteria to other organs and may have some direct 
effect on salmonella bacteria in the colon. Traditionally, 
use of antimicrobial drugs such as chloramphenicol, tri¬ 
methoprim-sulfa (TMS), gentamicin, and cephalosporins 
has not appeared to accelerate resolution of signs of colitis. 
Fluoroquinolones, such as enrofloxacin, although poten¬ 
tially arthropathic in young horses, may be more effective 
because of high lipid solubility and bactericidal activity against 
Salmonella bacteria. 

Horses that have severe diarrhea and sepsis for 10 days or 
longer are unlikely to survive, even with intensive therapy, 
because they often have extensive ulceration of colonic 
mucosa and chronic, severe inflammation within the wall of 
the colon. Ulceration may be exacerbated by administration 



FIG. 32-55 II Colonic infarction in a horse with salmonellosis. Tenesmus 
and rectal prolapse were early clinical signs of colonic infarction. (Courtesy 
of Dr. M.J. Murray.) 


of NSAIDs. Complications such as catheter-associated throm¬ 
bophlebitis, colonic infarction (Fig. 32-55), colonization of 
other organs by salmonellae or other enteric bacteria, and 
laminitis can occur. 

Measures designed to prevent the spread of Salmonella in 
an environment with potentially susceptible hosts need not 
be excessively laborious or expensive. The goal is to mini¬ 
mize the size of the infective dose of an enteric pathogen 
to which a susceptible host may be exposed. Thorough 
cleaning of areas where fecal contamination is likely and 
prevention of mechanical distribution of contaminated 
material are the most important measures that should be 
taken. Extensive use of disinfectants may not be necessary 
if cleaning measures are adequate. Cleaning must include 
removal of organic debris, which can be accomplished with 
several products designed for that task. Areas that require 
particular attention are stalls, including water buckets or 
automatic watering systems, drains, and cracks in the floors 
and wall; stall implements; surgical areas, including drains; 
and nasogastric tubes and pumps. 

If a diarrheic horse is in the environment, it should be 
isolated to the degree possible. Bedding material should 
be removed frequently to minimize accumulation of poten¬ 
tial enteropathogens. Personnel entering the stall should 
be restricted to the professional staff, and they should wear 
disposable plastic boots. Footbaths with disinfectant often 
are not effective because they quickly accumulate organic 
material that interferes with the disinfectant activity of the 
footbath. Once a horse vacates a stall, the stall should be 
thoroughly cleaned, allowed to dry, disinfected, and deter¬ 
mined to be negative for Salmonella by culturing selected 
sites in the stall (floor, drain, waterer). Personnel should 
use common sense when dealing with diarrheic animals. If 
bedding is being blown about by wind or if mechanical 
blowers are used to clean aisles, then potential enteric 
pathogens may be readily spread to other horses. 

Potomac Horse Fever 

PHF is an infectious enterocolonic disorder caused by N. ris- 
ticii (formerly Ehrlichia risticii) 730 - 731 The organism is an 
obligate intracellular parasite, infecting peripheral mono¬ 
cytes and macrophages, colonic and small intestinal epithe¬ 
lial cells, and colon mast cells. 732 The pathophysiology of 
the disease is incompletely understood, although horses 
infected with N. risticii often have clinical signs and compli¬ 
cations similar to those in horses with salmonellosis. After 
experimental inoculation with N. risticii horses had a mild, 
transient fever 2 to 4 days after infection. 733 By 10 to 14 
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days after experimental infection horses became febrile, had 
a poor appetite, and exhibited mild to severe gastrointesti¬ 
nal signs ranging from mild colic and soft stool to proftise 
diarrhea. 

In clinical cases of PHF, there are signs of sepsis, includ¬ 
ing fever, leukopenia, congested mucous membranes, and 
hypercoagulability. The early fever observed in experimental 
cases is usually not detected by owners, and when clinical 
signs are seen it is presumed that the horse was infected 

10 to 14 days previously. Hypoproteinemia is a frequent 
finding in horses with clinical cases of PHF, which reflects 
loss of serum prote in through inflamed intestinal mucosa. 
It is interesting to note, however, that the magnitude of 
intestinal inflammation is typically much less than with sal¬ 
monellosis, yet the magnitude of hypoproteinemia (total 
protein <3 g/dL) can be as severe. 

Laminitis is a frequent sequela and may occur in 30% in 
horses with PHF. N. risticii has also been associated with 
abortion in mares, although this is an unusual occur¬ 
rence. 734 In some horses that show significant seroconver¬ 
sion to N. risticii , laminitis is the only clinical sign. 

11 Mode of Transmission. Although originally described as 
a disease of horses living near the Potomac River in Mary¬ 
land and Virginia, horses with serologic evidence of expo¬ 
sure to N. risticii have been reported in most states. 
Because early research on PHF demonstrated that infection 
was readily transmitted through blood, 733 it was presumed 
that the natural mode of transmission involved an insea 
or arthropod veaor. However, several studies have failed 
to demonstrate any such veaors. 735 736 

The association between an affeaed horse and proximity 
to a river (within 5 miles) remains strong. Recently investi¬ 
gators have found a possible link between this association 
and how the disease may be transmitted. N. risticii and 
Neorickettsia helmintheca were found to share a high degree 
of DNA homology. 737 N. helmintheca is transmitted to 
mammals via a trematode that parasitizes fish and aquatic 
snails. 737 This prompted investigators to search for evidence 
that N. risticii might reside in trematodes and their hosts 
found in riverine inhabitants. N. risticii DNA was detected 
in operculate snails (Pleuroceridae: Juga species) collected 
from stream water in a northern California pasture in which 
PHF is enzootic. 738 Moreover, N. risticii was detected in 
trematode stages found in the secretions of freshwater snails 
and in aquatic insects. 739 ' 740 The sequences of these genes 
were virtually identical to those of the genes of an equine 
N. risticii strain isolated from horses located on a property 
near the snail collection site. Further work demonstrated 
N. risticii DNA in two trematodes. Acanthatrium species 
and Lecithodendrium species, found in bats and swallows, 
suggesting that these animals may serve as a reservoir for 
the organism. 741 Oral transmission of N. risticii with 
infeaed cell cultures has been produced experimentally, 742 
supporting a role for ingestion of N. risticii, rather than 
blood transmission, as the route of natural infection. Oral 
transmission and clinical signs of PHF were demonstrated 
in horses fed infected aquatic insects (caddis flies), suggest¬ 
ing that ingestion of infected aquatic inseas may be the nat¬ 
ural route of infection. 743 744 Ingestion of water containing 
infected trematode stages released from aquatic snails may 
also be a route of infection. 

II Diagnosis. Accurate confirmation of PHF can be diffi¬ 
cult, because clinical signs of disease are nonspecific and 
available diagnostic tests are not entirely reliable. Conven¬ 
tional recommendation is that paired acute and convales¬ 
cent blood samples should be submitted for IFA or ELISA 


testing for antibodies to N. risticii. However, serologic eval¬ 
uation to confirm the disease is not as straightforward as in 
many other infeaious diseases. A fourfold increase in titer 
between acute and convalescent sera is considered to con¬ 
firm infection with N. risticii , but failure to seroconvert does 
not rule out infection. Because the onset of clinical signs can 
be delayed as long as 14 days after infection, horses may 
seroconvert by the time an acute sample is obtained. 742 
The magnitude of titer does not always correlate with active 
infection, because many horses in endemic areas have high 
titers but no disease. Vaccination also can affect the titer. 
There is significant interlaboratory variability in results of 
IFA tests, and false-positive results occur frequently. 745 
Therefore it has been suggested that IFA for antibodies to 
E. risticii not be performed in areas that are not endemic 
for E. risticii. 745 

The current standard for diagnosis of PHF used by most 
clinicians is PCR testing of whole blood samples to detect 
N. risticii DNA in leukocytes. 746 PCR testing appears to be 
sensitive and specific in horses with compatible clinical 
signs, but a thorough evaluation of the test has not yet been 
completed. 

II Treatment and Prevention. Treatment with oxytetracy- 
cline, 7 to 11 mg/kg IV twice daily for 4 days, effectively 
eliminates N. risticii from the horse. Fever should resolve 
within 48 hours of beginning treatment with oxytetracy- 
cline, and diarrhea typically resolves within 24 to 72 hours 
of beginning treatment. In one horse we treated, clinical 
signs persisted until the dose of oxytetracycline was in¬ 
creased to 15 mg/kg twice daily. Orally administered doxy- 
cycline (10 mg/kg ql2h) may be effective, although in 
horses with severe gastrointestinal signs, absorption of 
doxycycline may be adversely affeaed. Doxycycline must 
not be given IV because it will cause the horse to collapse. 
Some horses have had clinical relapses 2 to 3 weeks after 
initial resolution of clinical signs that were responsive to 
tetracycline. Horses do not remain chronic carriers of 
N. risticii. 

In most cases of PHF, intravenous administration of 
polyionic fluids is required to replace fluid and electrolyte 
losses and to augment preload in horses with poor venous 
return. Plasma may be required to replace lost plasma pro¬ 
teins. Other colloidal fluids may also be used in patients 
with hypoproteinemia or sepsis. Because horses improve 
rather quickly once treatment with oxytetracycline is begun, 
parenteral nutritional support is usually unnecessary. 

Vaccination has appeared to diminish the incidence and 
severity of disease, but PHF may still develop in vaccinated 
animals. Experimental results with vaccine were mixed, and 
the duration of immunoprophylaxis was very limited. 747 
Disease severity has appeared to be less in vaccinated ani¬ 
mals, although in the summer of 1994 many vaccinated 
horses developed severe cases of PHF. All of these horses 
were located in the area where PHF was originally described, 
and a new strain of N. risticii was identified. 748 PCR analysis 
has revealed multiple strains of N. risticii, which may account 
for the unreliable efficacy of the vaccine. 749 Horses in 
endemic areas should be vaccinated in the early spring and 
early to mid summer on an annual basis. 

Clostridial Diarrhea 

Enteric clostridiosis was reported as a clinical problem in 
the 1970s, and clostridial baaeria were implicated as the 
causative agents of colitis X. 750 Difficulty in substantiating 
clostridial baaeria as the cause of enterocolitis in horses 
led to a deemphasis of this potential cause for diarrhea in 
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adult horses. In the 1990s, improved laboratory techniques 
for identification of clostridial toxins resulted in increased 
confirmation of clostridial bacteria as common causative 
agents of colitis in foals and adult horses. 

The two most important clostridial species affecting the 
equine intestinal tract are C. difficile and C. perfiingens. Most 
reported cases in horses have involved C. difficile, although 
in a recent report the prevalences of C. difficile toxin A and 
C. perfringens enterotoxin in fecal samples from horses with 
diarrhea were similar, and in some horses toxins from both 
clostridial species were identified. 751 

Sfi Pathogenesis. C. difficile is a sporulated obligate anaerobe 
responsible for most cases of antibiotic-associated colitis, 
for 15% to 25% of cases of antibiotic-related diarrhea, and 
for a substantial proportion of nosocomial infections 
in humans. 752 C. difficile produces two important toxins, 
named toxin A and toxin B. Most isolates of C. difficile pro¬ 
duce both toxins, but some isolates produce only either toxin 
A or toxin B. Toxin A can elicit both fluid secretion and a 
pronounced inflammatory response in the bowel. Toxin A 
has intestinal secretory and cytotoxic effects, 753 754 increases 
intestinal permeability, 755 and can activate epithelial cells, 
neutrophils, mast cells, monocytes, and macrophages to 
release a multitude of proinflammatory cytokines and vaso¬ 
active mediators. 756 758 An interesting feature of toxin A is 
its induction of the neurotransmitter substance P in both 
the intestine and dorsal root ganglia, and the apparent 
dependence on substance P for expression of the full patho¬ 
logic effects of toxin A in the intestine of rodents. 759 Effects of 
toxin A appear to be mediated both through direct effects on 
intestinal cells and via the enteric nervous system. 

Toxin B exhibits enterotoxigenic (secretory) activity but 
recently also has been demonstrated to have potent cytotoxic 
effects on human colonic epithelium 760 Toxin B has little 
relevance to the pathogenicity of C. difficile in animal models, 
however, and the roles of toxins A and B in the pathogenesis 
of equine clostridial enterocolitis are not known. 

Strains of C. perfringens are classified on the basis of the 
toxins that are produced, with at least a dozen identified 
to date. 761 C. perfringens type A and type C have been 
recovered from equine specimens, 762 and several C. per¬ 
fringens toxins have been identified in equine speci¬ 
mens. 763 * 764 C. perfringens type A is the most frequently 
isolated type, and its enterotoxin is released on sporulation 
of C. perfringens within the intestine. Other exotoxins of 
C. perfringens have phospholipase activity (alpha-toxin), nec¬ 
rotizing cytotoxic effects (beta-, epsilon-, and iota-toxins), 
and hemolytic effects (theta-toxin). 

IX Clinical Features. Clostridial enterocolitis affects foals 
and adult horses. In some reports, toxigenic C. perfringens 
organisms were isolated from more than 50% of foals with 
diarrhea. 764 * 765 The clinical presentation in foals with 
C. perfringens is predominantly a hemorrhagic diarrhea 
with sepsis. C. perfringens can cause septicemia and can 
often be cultured from the blood of foals with hemor¬ 
rhagic diarrhea. In some foals, classic necrotizing entero¬ 
colitis will be manifested by gas- or fluid-distended 
intestines and thickened intestinal mucosa. These changes 
can be appreciated radiographically and ultrasonographi- 
cally, and intramural gas produced by clostridial bacteria 
may be detected with ultrasonography as hyperechoic 
areas within the bowel wall. C. difficile infection is also a 
cause of acute enterocolitis in foals. 766 Adult horses with 
clostridial enterocolitis frequently have diarrhea but may 
have abdominal discomfort or fever as the primary pre¬ 
senting problems. There are no clinical features that 


consistently distinguish clostridiosis from salmonellosis, 
and a spectrum of clinical signs exists, from moderate 
illness to severe toxemic colitis. Most horses with clostrid¬ 
ial enterocolitis develop diarrhea, but in some cases 
enteritis manifested by ileus and gas-distention of the 
small intestine may be the primary problem. Although 
both C. perfringens and C. difficile and their toxins have 
been detected in a significant number of adult horses with 
colitis. C. difficile appears to be more common. 767 * 768 
Indeed, C. difficile appears to be the most common cause 
of antibiotic-associated diarrhea in adult horses. 769 Strain 
differences among isolates of C. difficile cultured from the 
diarrheic feces of horses in intensive care units are 
associated with toxigenicity, severity of disease, and metroni¬ 
dazole resistance. 770 C. perfringens and C. difficile have been 
implicated in duodenitis proximal jejunitis (see p. 725), but 
a cause-and-effect association has not been proven. 

Similar to salmonellosis, clostridial enterocolitis can 
develop into a widespread problem affecting several animals 
in a hospital or an equine facility. 771 Risk factors for devel¬ 
oping nosocomial clostridial enterocolitis are similar to 
those for nosocomial salmonellosis: antimicrobial adminis¬ 
tration, concurrent gastrointestinal disease, and age suscepti¬ 
bility (foals). In addition, Clostridium species are well suited 
to persist in the environment because of the production of 
spores that are resistant to environmental extremes and 
many disinfectants. 

II Diagnosis. Diagnosis of clostridial enterocolitis requires 
identification of toxigenic clostridia from intestinal contents 
or tissue. Several direct and indirect methods are used to 
detect toxigenic clostridia and include culture, identification 
of toxins, and identification of toxin genes. Culture of 
C. difficile or C. perfringens requires anaerobic conditions, 
and the ability to culture these organisms from ingesta or 
fecal specimens rapidly diminishes with increased time 
from collection to arrival at a laboratory. It is recommended 
to transport samples, chilled (not frozen) on ice, immedi¬ 
ately or by overnight delivery for best recovery of clostridial 
organisms. Tissue specimens submitted for culture, toxin 
identification, or toxin gene identification should be han¬ 
dled similarly. Because nonpathogenic Clostridia are com¬ 
mon, 772 isolates should be tested for toxin production 
either by PCR or bioassay before a definitive diagnosis is 
made. Commercially available tests for clostridial toxins 
include an ELISA for C. difficile toxin A* a latex-agglutina¬ 
tion test for C. perfringens enterotoxin/ and an ELISA for 
C. perfringens enterotoxin/ Toxin tests have the advantages 
of being rapid and, at least in the case of C. difficile, both 
sensitive and specific. 

II Treatment. Supportive care may be required, as with 
other cases of acute diarrhea in horses. Treatment with met¬ 
ronidazole (15 mg/kg q6-8h) appears to be effective in 
eliminating enteric clostridial infection in most cases. In 
one veterinary teaching hospital, isolates of C. difficile were 
resistant to metronidazole, 773 and vancomycin was used 
with reported success. Large-scale resistance to metronida¬ 
zole has not been reported elsewhere, and it should be the 
first choice in the treatment of suspected clostridial entero¬ 
colitis. Saccharomyces boulardii is a nonpathogenic yeast used 
in the treatment of C. difficile diarrhea and colitis in 


*G difficile Tox A/B test, TechLab, Inc., Blacksburg, VA. 

f C. perfringens enterotoxin kit, Oxoid Division, Unipath, Ogdensburg, 

NY. 

*C. perfringens enterotoxin test, TechLab, Inc., Blacksburg, VA. 
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humans. The yeast releases a protease that specifically 
degrades C. difficile toxins A and B, and this has been shown 
to be protective in experimental C. difficile colitis in rats and 
to prevent damage to human colonic epithelium by C. diffi¬ 
cile toxins A and B in vitro. 774 Use of S. boulardii in horses 
has not been reported. A typical dose in humans is 1 g PO 
once daily. 775 DTO smectite powder (Biosponge) has been 
shown to bind clostridial toxins 776 and may be useful for 
treating clostridiosis in horses. DTO smectite is available 
as a powder or paste and should be administered according 
to the manufacturer's instructions for 3 to 5 days. 

Cantharidin (Blister Beetle) Toxicity 

II Pathogenesis. Cantharidin is the toxic principle found in 
beetles of the genus Epicauta, commonly known as blister 
beetles. 777 779 Ingestion of the beetles in contaminated 
alfalfa hay results in absorption of cantharidin through 
the gastrointestinal tract. Blister beetles feed on the flowers 
of alfalfa and are incorporated into baled alfalfa hay if 
the hay is cut and processed simultaneously. 777 * 779 Large 
swarms of beetles may be found in relatively small portions 
of hay. The lethal dose of cantharidin is less than 1 mg/kg, 
but the concentration of cantharidin varies from species to 
species of blister beetles. 777 778 Therefore as many as 100 
to as few as six to eight beetles may be lethal. Often more 
than one horse will be affected. The fatality rate may be 
50% or greater. 777 * 780 

Cantharidin is a potent irritant, causing cell damage 
and necrosis on contact. 777 ' 779 780 The mucosa of the gas¬ 
trointestinal tract is most commonly affected in horses 
because they ingest the toxin. Ulceration throughout the 
alimentary tract has been observed in natural and experi¬ 
mental cantharidin toxicity. Diarrhea probably results 
from the severe ulceration and inflammation of the large 
intestine, causing increased secretion of water, electrolytes, 
and protein. Large volumes of fluid and protein are lost in 
the gastrointestinal tract, causing hemoconcentration and 
profound hypoalbuminemia in some cases. 777 778 - 780 
Cystitis, nephrosis, and myocarditis occur in natural and 
experimentally produced cases of cantharidin toxic¬ 
ity. 777779 ' 780 Cystitis and nephrosis occurs from the high 
concentration of cantharidin in the urine. The cause of 
the myocarditis and myocardial necrosis is unknown, but 
they may also be direct effects of the toxin on the myocar¬ 
dium. Elevated plasma CK activity is often observed and 
has been postulated to arise from the damaged myocar¬ 
dium. 777 ' 778 Horses have a characteristically stiff gait, but his¬ 
topathologic evidence of skeletal muscle injury that explains 
the elevated plasma CK activity has not been observed. 778 
Hypocalcemia and hypomagnesemia are characteristic fea¬ 
tures of cantharidin toxicity in horses that have not been 
explained. 777 - 778 ' 780 Hypocalcemia may occur from hypoal¬ 
buminemia, but the ionized calcium concentration is often 
decreased, along with the total calcium concentration, indi¬ 
cating that hypoalbuminemia is not responsible for the 
hypocalcemia. 778 

il Clinical Features. Cantharidin toxicity can cause a range 
of clinical signs, from mild depression and abdominal dis¬ 
comfort to fulminant signs of toxemia and rapid death, 
depending on the ingested dose of toxin. 777 ' 778 - 780 Most 
commonly, clinical signs include depression, sweating, irri¬ 
tability, abdominal pain, elevated heart and respiratory 
rates, fever, polyuria, polydipsia, and profuse diar¬ 
rhea. 777 ' 778 ' 780 Blood is rarely seen in the feces. Affected 
horses frequently posture to urinate; indeed, stranguria 
and pollakiuria are characteristic of cantharidin toxicity. 777 


Signs of hypocalcemia include synchronous diaphragmatic 
flutter and tremors. A stiff and stilted gait may be evident. 
Neurologic signs such as head pressing, swaying, and disor¬ 
ientation may be noted. 780 Signs of systemic inflammation 
from endotoxemia may be seen in severe cases. Some horses 
develop severe depression and toxemia and may die within 
hours after ingestion of cantharidin without developing diar¬ 
rhea. 777 - 780 I Iematologic abnormalities are similar to those 
of other causes of acute diarrhea, reflecting dehydration and 
sepsis. Hypocalcemia (both ionized and total calcium con¬ 
centrations) and hypomagnesemia are characteristic bio¬ 
chemical features of cantharidin toxicity and may be 
profound. Azotemia with a urine specific gravity in the 
hyposthenuric range is common. 777 - 778 - 780 Microscopic 
hematuria and mild proteinuria may be evident. 

IK Diagnosis. Tentative diagnosis can be made based on 
clinical signs and the finding of blister beetles in the hay. 
Determining the species of the insects may be necessary to 
estimate the amount of cantharidin ingested. All species of 
Epicauta contain cantharidin, but some have small amounts. 
Definitive diagnosis requires the measurement of the can¬ 
tharidin concentration in gastric or intestinal contents and 
urine. 777 - 781 

IK Treatment. Fluid therapy and maintenance of electrolyte 
balance are important, as in all cases of acute diarrhea. Par¬ 
ticular attention should be paid to the degree of hypocalce¬ 
mia and renal function as a fluid therapy plan is developed. 
Specific therapy is limited. Administration of absorbent 
powders via nasogastric tube is important early to prevent 
further systemic absorption of cantharidin and local toxic¬ 
ity. Mineral oil administration may also help reduce absorp¬ 
tion of the toxin. Pain control may be needed for colic 
or urinary pain. Nonsteroidal antiinflammatory therapy 
should be used judiciously to avoid further injury to the 
intestinal mucosa and renal toxicity. Alternative analgesics, 
such as butorphanol or a lidocaine controlled rate infusion, 
may be better choices. 

ANTIMICROBIAL-ASSOCIATED DIARRHEA. The onset 
of acute diarrhea in the horse has been associated with the 
use of several antimicrobial drugs. Lincomycin administered 
orally and tetracycline administered parenterally have been 
demonstrated to induce severe diarrhea in horses. 782 - 783 The 
oral administration of TMS, erythromycin, metronidazole, 
and penicillin and parenteral administration of ceftiofur have 
been implicated with onset of diarrhea, including fatal 
colitis, in horses. In one report there was no association 
between TMS and diarrhea. 784 However, in other reports, 
prior administration of antimicrobial drugs was positively 
associated with onset of colitis and negatively associated with 
prognosis for survival in horses with colitis. 785 

Antimicrobial-associated diarrhea is presumed to be sec¬ 
ondary to disruption of normal colonic microflora and the 
proliferation of an enteropathogen, such as Salmonella 
species, C. perfringens, and C. difficile. Of interest, it was 
reported that mares whose foals were treated with erythro¬ 
mycin for Rhodococcus infection developed severe, acute 
colitis, from which C. difficile and its toxins were 
isolated. 786 The mares had erythromycin detected in their 
feces, and exposure to the erythromycin was presumed to 
have occurred by the mares licking erythromycin from the 
foals' faces. 

OTHER CAUSES OF ACUTE DIARRHEA. NSAID toxicity 
(see p. 754) has been associated with diarrhea secondary to 
damage to the colonic mucosa. Grain (carbohydrate) 
overload may cause acute diarrhea resulting from over¬ 
production of lactate in the colon. A combination of 
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hyperosmolarity of the luminal contents and damage to the 
colonic mucosa account for the pathophysiology of grain 
overload. The clinical signs are similar to those of other 
acute diarrheal diseases in horses and depend on the sever¬ 
ity of the overload. Hyperlactemia, metabolic acidosis, and 
sepsis are key features of grain overload, and laminitis is a 
common sequela. Acute diarrhea in the adult horse has also 
been associated with conditions such as lymphosarcoma 
enterocolitis and other IBDs, intestinal lymphosarcoma, 
peritonitis, heavy metal intoxication, anaphylaxis, and stress. 

CLINICAL ASSESSMENTS IN ACUTE DIARRHEA 
PATIENTS. The diagnostic evaluations performed on horses 
with acute diarrhea are intended to provide the clinician 
with information to accurately assess the horse's condition 
and thus direct therapy toward specific requirements. The 
first part of the evaluation is a thorough physical examina¬ 
tion, with particular attention paid to the horse's hydration 
status (skin turgor, gum moisture, capillary refill time), evi¬ 
dence of sepsis (fever or hypothermia, hyperemic mucous 
membranes, prolonged capillary refill time), cardiovascular 
system (heart rate and rhythm, character of peripheral 
pulse, capillary refill time), and signs of laminitis (lame¬ 
ness, digital pulse, palpable temperature of hoof walls). 
Horses with colitis are often moderately to severely dehy¬ 
drated, with either purplish or brick-red mucous mem¬ 
branes. Purple mucous membrane color reflects venous 
congestion and poor venous return, whereas brick-red 
membrane color reflects venous congestion and poor 
venous return plus arteriole and venule shunting and poor 
tissue oxygen exchange. 

Blood pressure should be monitored, and whereas direct 
measurements via an arterial catheter are most accurate, 
indirect pressure measurements obtained using a Doppler 
transducer placed over the coccygeal artery are satisfactory. 
Hypotension and hypertension each occur in horses with 
colitis, and the blood pressure status of a patient often is 
unpredictable. Blood pressure can be monitored as fre¬ 
quently as labor permits and should be done hourly if vaso¬ 
active pharmaceutical agents are used. 

Laboratory tests that should be performed include CBC 
and plasma protein and total solids. Total hemoglobin 
and PCV are used to assess hydration status. Total protein 
is used to assess hydration status and degree of protein loss 
through inflamed intestinal mucosa, and in more chronic 
cases through protein catabolism. Comparison of clinical 
hydration, PCV, and total protein is useful in determining 
the extent of protein loss, and daily evaluations can be used 
to determine the rate of protein loss. Colloid oncotic pres¬ 
sure measurements are useful, particularly if colloidal fluids 
other than plasma are given. 

Total WBC count, WBC differential, and WBC morphol¬ 
ogy are used to assess severity of sepsis; plasma fibrinogen is 
used to assess the severity of inflammation. Typically the 
total WBC and neutrophil counts decrease initially. This is 
primarily attributable to bacterial endotoxins and the host's 
mediators of systemic inflammation and occurs in most 
cases of acute colitis, not just in those caused by Salmonella 
species. The morphology of the WBCs reflects the severity of 
the inflammatory response. "Toxic" changes such as baso¬ 
philia, granulation, vacuolation of the cytoplasm, and scal¬ 
loped borders of the cell membrane or adherence of 
neutrophils to RBCs do not reflect injury to the neutrophils 
by toxins but reflect the cells' responses to stimulation by 
proinflammatory agents (TNF, 1L-1) and the production of 
inflammatory mediators by the neutrophils that are toxic 
to bacteria. The degree of these changes in circulating neu¬ 
trophils can be used to assess the severity of disease and also 
to assess the progress the horse is making. Often the initial 
sign that the horse is improving is a decrease in the "toxic" 


appearance to the neutrophils and a regenerative neutrophil 
response. A horse that continues to have severe neutropenia 
with a degenerating left shift or neutrophils, with cytoplas¬ 
mic vacuolation, granulation, and basophilia, for more than 
10 days has severe colitis that is unlikely to resolve. 

Serum chemistry tests that should be performed include 
electrolytes (sodium, chloride, potassium, and calcium), 
BUN and creatinine, blood lactate concentration, and 
assessment of acid-base status (blood pH and bicarbonate, 
or total C0 2 ). Horses with diarrhea often are hyponatremic, 
hypochloremic, and hypokalemic. With decreased feed 
intake, hypocalcemia occurs. A high gap metabolic acidosis 
with hyperlactemia may be noted, particularly in horses 
with sepsis. The severity of these electrolyte disturbances 
should be monitored, often daily, to allow for appropriate 
therapy. Parameters that assess renal function, BUN and cre¬ 
atinine, are frequently increased in horses with diarrhea for 
several reasons. Prerenal azotemia resulting from dehydra¬ 
tion and decreased filtration across the glomerulus accounts 
for some of the increase in these parameters. Hyponatremia 
and hypochloremia can cause a decrease in glomerular fil¬ 
tration and an increase in BUN and creatinine secondary 
to tubuloglomerular feedback. Horses that are adequately 
hydrated yet moderately hyponatremic (serum sodium 
120 to 128 mEq/L) often remain azotemic until sodium 
levels increase above 130 mEq/L. In addition, horses with 
toxemic colitis often have damage to renal parenchyma, 
presumably the result of the effects of inflammatory media¬ 
tors and alterations in renal blood flow. 

The acid-base status can be evaluated by estimating 
serum bicarbonate on the basis of the total C0 2 or directly 
from a venous or arterial blood gas analysis. Evaluation of a 
venous blood gas sample is useful in assessing perfusion 
and oxygen extraction. An increased venous oxygen partial 
pressure (>60 mm Hg) is indicative of poor capillary perfu¬ 
sion and oxygen delivery to the tissues. Affected horses usu¬ 
ally have brick-red mucous membranes. 

PRINCIPLES OF THERAPY FOR ACUTE DIARRHEA. 
Because the pathophysiology of equine colitis is complex, 
treatment is often multifaceted. Many of these treatments 
provide well-documented benefit, whereas with others the 
efficacy is based on empiric judgment only. Outcome is 
determined not only by the severity of the primary disease 
causing colitis but also by complications that may arise 
from the disease. 

In cases of acute colitis, fluid administration remains the 
treatment of primary importance. Most patients require 
intravenous administration in the early stages. The fluids 
used must replace fluid, sodium, chloride, and potassium 
losses. Often, large volumes are required for several days. 
More specific guidelines for fluid therapy in colitis patients 
are covered in the Fluid Therapy for Horses with Gastroin¬ 
testinal Diseases section (p. 767) and in Chapter 44. 

Most horses with colitis become hypoproteinemic sec¬ 
ondary to protein leakage through the inflamed colon and 
catabolism of albumin secondary to negative energy bal¬ 
ance. Hypoproteinemia frequently leads to edema forma¬ 
tion in several areas of the body, including the intestinal 
tract, and can compromise the clinician's ability to keep 
the patient properly hydrated through fluid administration. 
Intravenous plasma therapy is often beneficial. Plasma, 3 to 
10 L, should be given IV. Other colloidal fluids may be 
more cost-effective for increasing colloidal oncotic pressures 
in hypoproteinemic horses but do not have the additional 
properties of plasma that may be beneficial. 

Plasma contains proteins besides albumin and therefore 
can be of benefit beyond improvement of plasma oncotic 
pressure. The immunoglobulin present in plasma is of 
recognized benefit in the treatment of failure of passive 
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transfer in foals. The role of nonspecific immunoglobulin in 
the treatment of colitis is not known. Fibronectin is essen¬ 
tial to the normal function of the monocyte-macrophage 
system in the processing of a variety of antigens. Other 
plasma proteins such as elastase and proteinase inhibitors, 
complement inhibitors, AT-11I, and other inhibitors of 
hypercoagulability may be beneficial to colitis patients. 

The nutritional requirements of the colitis patient need 
to be considered, particularly in a case that may be pro¬ 
tracted. Horses with colitis are typically anorectic, and the 
disruption of normal physiologic processes in the inflamed 
cecum and colon limits the effectiveness of these organs in 
the digestion and absorption of nutrients. In addition, sev¬ 
eral mediators of inflammation and septicemia alter protein 
and calorie metabolism, resulting in a catabolic state. There¬ 
fore even if the horse eats, it is likely to be in a severe caloric 
deficit for some time. Normally an average horse requires 
approximately 15 Mcal/day. An endotoxemic horse may 
require 25 Mcal/day. In a catabolic patient, muscle and fat 
tissue are mobilized and used in lieu of ingested nutrients. 
The plasma protein pool, including albumin and immuno¬ 
globulins, also is catabolized. In many cases of colitis 
the decrease in plasma protein may be as much a result of 
catabolism as of leakage through the inflamed colon. 
A variety of products can be used for enteral feeding (see 
Chapter 50). 

Colitis is an inflammatory disease, and limiting inflam¬ 
mation is desirable when treating patients, particularly 
those with severe disease. Moreover, horses with acute coli¬ 
tis, regardless of the cause, have signs compatible with sys¬ 
temic inflammation associated with sepsis. Flunixin (0.25 
to 0.5 mg/kg q6-8h) is the most commonly used antiin¬ 
flammatory therapy in horses with colitis. However, the 
use of flunixin should be judicious and must be carefully 
monitored to avoid unwanted side effects on the gut 
mucosa and kidneys (see p. 754). Other antiinflammatory 
therapies, such as lidocaine controlled rate infusions, may 
also be beneficial. 

Sepsis is a common clinical feature in horses with acute 
colitis. Most of the clinical signs of sepsis are likely attribut¬ 
able to the effects of endotoxin. Therefore specific therapy 
for endotoxemia may be warranted (see p. 719). 

The use of antimicrobial drugs in the treatment of colitis 
is controversial. In cases of colitis caused by N. risticii, the 
efficacy of tetracycline, 6.6 to 11 mg/kg IV once or twice 
daily, is documented clinically and experimentally. In other 
cases of colitis, including Salmonella colitis, in which spe¬ 
cific antimicrobial sensitivities to the Salmonella species 
have been established, the efficacy of antimicrobial admin¬ 
istration is less well documented. Many clinicians believe 
that the use of an antimicrobial for which the Salmonella 
species have demonstrated sensitivity, such as chloram¬ 
phenicol, enrofloxacin, gentamicin, amikacin, or a third- 
generation cephalosporin, does not significantly alter the 
course of the disease or hasten the elimination of the organ¬ 
ism from the body. However, there is no published evi¬ 
dence either supporting or not supporting the efficacy of 
antimicrobial treatment for salmonellosis, and the use of 
antibiotic therapy remains a judgment of the clinician. In 
patients with sepsis the use of broad-spectrum antibiotics 
is justified to prevent bacteremia or organ colonization by 
Salmonella species or other enteric organisms. 

Medications that minimize or abolish colonic fluid secre¬ 
tion would be of tremendous benefit in the treatment of 
equine colitis. Medications such as kaolin, bismuth subsali¬ 
cylate, and activated charcoal are frequently used in cases of 
colitis in adult horses, but their efficacy as antisecretory 
agents in this context has not been established. These med¬ 
ications are more effective in foals with diarrhea, probably 


as a result of an effect on the small intestine rather than 
the colon. Absorbent powders such as activated charcoal 
or DTO smectite (Biosponge) may be useful to absorb 
bacterial toxins, particularly in horses with clostridiosis. 

Chronic Diarrhea 

Chronic diarrhea is one of the most frustrating disorders 
encountered by equine practitioners, with regard to both 
determining the cause and therapeutically managing the 
diarrhea. 789 Chronic diarrhea may be defined as persis¬ 
tent diarrhea of at least a month's duration. Although 
there are many causes of chronic diarrhea, these cases 
can generally be divided into two groups: diarrhea result¬ 
ing from a chronic inflammatory condition and diarrhea 
resulting from a disruption in normal physiologic pro¬ 
cesses. With inflammatory conditions there will be histo¬ 
logic changes in the colon mucosa, including pleocytosis 
(neutrophils, eosinophils, and lymphocytes), mucosal 
congestion, and mucosal erosion and ulceration. Submu¬ 
cosal edema, capillary congestion, and lymphatic conges¬ 
tion may be present. With physiologic disorders there are 
no morphologic changes in the colon, and diarrhea is 
presumed to result from abnormal VFA synthesis or 
absorption. A small percentage of horses with chronic 
diarrhea have a primary disorder of a system other than 
the intestinal tract, such as congestive heart failure or 
hepatic disease. A thorough physical examination and 
evaluation of a minimum database (CBC, serum chemis¬ 
try profile, urinalysis) should differentiate horses with 
primarily nonenteric disorders. 

It Causes. Inflammatory disorders that can cause chronic 
diarrhea include disorders caused by infectious agents such 
as chronic salmonellosis; chronic parasitism with S. vulgaris , 
Strongylus edentatus, and larval cyathostomiasis; abdominal 
abscessation; and, in weanling foals. R. equi infection of 
abdominal viscera and rotavirus infection. 

Noninfectious inflammatory causes include cellular infil¬ 
trative disorders such as granulomatous enteritis and lym¬ 
phosarcoma, as well as sand enteropathy. Sand causes 
diarrhea through continued irritation of the mucosal lining 
of the colon. In weanling foals, gastric ulceration and gastric 
emptying disorders have been associated with chronic diar¬ 
rhea that resolved when H 2 antagonist therapy was started. 
NSAIDs can cause chronic diarrhea, which is accompanied 
by varying degrees of pathologic change in the large 
intestine. 

Noninflammatory chronic diarrhea of colonic origin is 
thought to be a result of abnormal fermentation of cellulose 
by the resident bacteria in the large intestine. In vitro fer¬ 
mentation of feces from normal horses and horses with 
chronic diarrhea revealed that feces from the diarrheic 
horses produced more gas, acetate, and propionate than 
feces from normal horses. 790 Whether this reflects fermenta¬ 
tive activity within the colon is not known, but an abnor¬ 
mal increase in acetate could lead to fluid retention within 
the colonic lumen, because acetate inhibits colonic absorp¬ 
tion of sodium and water. 

IS Diagnosis. The diagnostic approach to cases of chronic 
diarrhea should be based on an attempt to differentiate 
inflammatory from physiologic causes. The evaluation can 
be extensive and expensive, and the owner should be 
prepared for the cause of the diarrhea to remain undeter¬ 
mined. Horses with chronic diarrhea may be adequately 
hydrated if water consumption has matched water losses. 
Often, however, such horses are brought to the veterinarian 
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in a condition of mild to moderate dehydration. Moderate 
weight loss also has often occurred. On physical examina¬ 
tion, signs of toxemia (injected mucous membranes, con¬ 
gested or hyperemic mucous membranes) should be noted. 

A CBC should be evaluated for signs of chronic inflam¬ 
mation. Such changes include a decrease in the RBC count 
and PCV as a result of decreased erythrogenesis secondary 
to sequestration of iron by bone marrow macrophages (ane¬ 
mia of chronic inflammation). The WBC count may be 
normal or moderately increased. The fibrinogen can be 
normal or increased. Changes in WBC count and fibrinogen 
levels are influenced by the degree of inflammation and 
whether the inflammatory response is localized. Therefore 
a normal CBC does not rule out an inflammatory cause of 
the chronic diarrhea. 

Peritoneal fluid analysis may reveal an increase in protein 
or WBCs, which is indicative of an inflammatory process 
within the peritoneal cavity. Often, however, colon inflam¬ 
mation is not reflected by alterations in the peritoneal fluid. 

Serum chemistry values vary in horses with chronic diar¬ 
rhea. Many affected horses have evidence of hyponatremia, 
hypokalemia, hypochloremia, azotemia, and metabolic 
acidemia. Other horses with less severe chronic diarrhea 
may have no serum chemistry abnormalities. 

The total serum protein is usually decreased with a chronic 
inflammatory disorder of the colon, reflecting protein leak¬ 
age from the capillaries and disruption of the colonic muco¬ 
sal integrity. This is usually reflected by hypoalbuminemia. 
In some cases, hyperglobulinemia occurs and total protein 
concentration maybe normal. 

Increases in hepatic-associated enzymes, including sorbi¬ 
tol dehydrogenase, GGT, and AST, and serum bile acids indi¬ 
cate that hepatic disease is present. Hepatic changes and 
dysfunction such as inflammation, fibrosis or fatty infiltra¬ 
tion, or biliary inflammation can be associated with diarrhea. 

Feces should be examined for parasite ova; cultured for 
Salmonella species. C. difficile, and C. perfringens; and 
tested for clostridial toxins. In cases of acute diarrhea, it 
has been recommended that five consecutive fecal samples 
be cultured for Salmonella species, but in cases of chronic 
diarrhea, many more are often necessary. As many as 15 
fecal cultures may be needed to get a positive Salmonella 
species culture. In addition, a rectal mucosal biopsy 
should be cultured. In weanlings the feces should be 
examined for rotavirus by transmission electron micros¬ 
copy or ELISA. Although it is an unusual cause of diarrhea 
in weanlings, rotavirus should be considered when dealing 
with a problem of chronic diarrhea in several foals on the 
same farm. 

An oral glucose absorption test can be done to determine 
if there is small intestinal malabsorption, which would indi¬ 
cate a widespread small and large intestinal disorder if both 
diarrhea and glucose malabsorption are present. 

A rectal mucosal biopsy may provide evidence of a wide¬ 
spread inflammatory disorder, such as one of the IBDs (see 
p. 730). 791 Biopsies should be evaluated by a pathologist 
experienced in examining equine tissue specimens, and some 
caution should be taken to avoid overinterpretation of the 
presence of few lymphocytes, plasma cells, and eosinophils. 

Frequently the results of the previously mentioned diag¬ 
nostic procedures do not determine the cause of the chronic 
diarrhea. In such cases an exploratory laparotomy may be 
warranted. This is particularly true if episodes of abdominal 
discomfort accompany the chronic diarrhea. In addition to 
exploration of the abdomen for the presence of masses or 
abscesses, the colon and cecum should be thoroughly exam¬ 
ined. Biopsies from several sites of the colon, cecum, and 
mesenteric lymph nodes should be submitted for histopath- 
ology and culture for Salmonella species. 


81 Treatment. Treatment of horses with chronic diarrhea is 
often empiric, because either a cause has not been determined 
or the cause is not amenable to treatment. With inflammatory 
causes such as lymphosarcoma and granulomatous enteritis, 
the disease is usually unbeatable. Some cases of eosinophilic 
colitis have been treated successfully with corticosteroids. 

Chronic parasitism may be resolved with appropriate 
anthelmintic therapy, although damage to the mucosa 
may have become too extensive to allow normal absorption 
to occur. Administration of larvicidal doses of fenbendazole 
(15 mg/kg PO daily for 5 days) is usually effective. Concur¬ 
rent administration of prednisolone (1 mg/kg PO once 
daily for 5 to 7 days) may minimize inflammation second¬ 
ary to killing migrating larvae within the vasculature and 
mucosa of the colon. 

Chronic salmonellosis does not lend itself to specific 
treatment, because antimicrobial therapy is generally unre¬ 
warding in resolving Salmonella infection in horses. 

Administration of products containing bismuth subsali¬ 
cylate is effective in some cases of chronic diarrhea. The 
action of bismuth subsalicylate is mediated through inhibi¬ 
tion of prostaglandin synthesis and possibly by other unde¬ 
fined mechanisms. In full-size horses a large volume, 1 to 
4 L/day, must be administered to be effective. 

Iodochlorhydroxyquin* is effective in managing some 
cases of chronic diarrhea caused by maldigestion of cellulose 
by colonic microorganisms. 792 The actual mechanism of 
action of iodochlorhydroxyquin in resolving the diarrhea is 
not known. The drug was originally administered to horses 
with chronic diarrhea because an increase in fecal trichomo- 
nads was observed. However, this observation likely reflected 
that trichomonads were washed out of the cecum and colon 
rather than that they were the cause of the diarrhea. Iodo¬ 
chlorhydroxyquin has minimal effect on colonic protozoal 
populations. It is not uniformly effective, and in many cases 
its effectiveness is only transient. Stools may initially become 
formed, but the diarrhea often recurs within several days. An 
initial dose of 20 mg/kg/day is recommended. If diarrhea 
recurs, decreasing the dose to 10 mg/kg/day is sometimes 
effective. If the medication is effective, it must be continued, 
because if it is discontinued, the diarrhea resumes. 

Changes in diet occasionally are helpful in horses with 
noninflammatory chronic diarrhea. Feeding a complete pel¬ 
leted feed may positively affect the constituent VFAs pro¬ 
duced in the colon and thus facilitate water absorption. 
Alternatively, trying different types of roughage may result 
in selecting one that creates a more favorable metabolic 
environment in the large intestine. 

The removal of sand from the colon by nonsurgical 
means is difficult, and in one report the administration of 
psyllium was not effective. 793 Other treatments used with 
anecdotal, but undocumented, success include fecal trans- 
faunations, probiotics, cultured yogurt, and brewer's yeast. 

SURGICAL DISORDERS OF THE 
LARGE INTESTINE 

ANTHONY T. BUKSLAGER 

SIMPLE OBSTRUCTION 

Simple obstructions of the large intestine tend to have a 
more gradual onset than those of the small intestine and 
in the case of large colon impactions are frequently amena¬ 
ble to medical therapy. 794 ' 795 Cecal impactions present 
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much more of a dilemma because of the greater propensity 
of this organ to rupture 796 and the relative difficulty of sur¬ 
gically manipulating the cecum. 797 

Cecal Impaction 

Cecal impaction may develop as a primary condition or 
may arise as a complication in hospitalized horses, particu¬ 
larly those that have undergone surgery. 798 Reasons for 
development of cecal impaction in hospitalized horses are 
unclear, although motility disturbances arising from post¬ 
operative pain may play a role. Cecal impactions may occur 
as one of two types: impaction of the cecum with firm 
ingesta or gross distention of the cecum with fluid ingesta. 
The latter has been termed cecal dysfunction and may be 
initiated by abnormalities in cecal motility. Evidence in 
favor of this supposition includes the fact that the right ven¬ 
tral colon is typically empty in horses with cecal dysfunc¬ 
tion, suggesting a lack of aborad movement of digesta 
through the cecocolic orifice. However, clinical differentia¬ 
tion of cecal impaction and cecal dysfunction may be very 
difficult. 799 Horses with dry-ingesta-filied cecal impactions 
tend to be presented with the condition as the primary com¬ 
plaint, and there is often a gradual onset of abdominal pain 
over a number of days. Such impactions have a propensity 
to rupture before the development of severe abdominal 
pain or systemic deterioration and therefore must be closely 
monitored. In horses with cecal dysfunction, there is fre¬ 
quently an association with surgery, particularly orthopedic 
surgery. For horses that develop this condition in the post¬ 
operative period, it is often very difficult to detect because 
there is an expectation for horses to show some degree of 
depression after surgery and because horses are often 
already on analgesics such as NSAIDs or opiates. The sim¬ 
plest method to detect these cases is to closely monitor fecal 
output in the postoperative period. 800 A normal horse 
should produce six to eight piles of manure per day, 
whereas an abnormal horse may have no evidence of defec¬ 
tion or a marked reduction in fecal production (<three piles 
of manure per day). These horses should be carefully evalu¬ 
ated for both pain and intraabdominal evidence of an 
impaction and treated accordingly. 

The diagnosis of primary cecal impaction is based on 
palpation of a firm, imparted cecum or a grossly distended 
fluid-filled cecum per rectum. According to one study such 
findings were detected in 89% of horses with cecal impac¬ 
tion that underwent per rectum palpation of the abdo¬ 
men. 799 In some cases, cecal impactions may be difficult 
to differentiate from large colon impactions. However, care¬ 
ful palpation will reveal the inability to move the hand 
completely dorsal to the imparted viscus because of the 
cecum's attachment to the dorsal body wall. 

Treatment for horses with dry-ingesta-filled cecal impac¬ 
tions may include initial medical therapy, including aggres¬ 
sive administration of intravenous fluids, judicious use of 
analgesics, and administration of oral laxatives (e.g., 2 to 
4 L of mineral oil per 500 kg). 801 Other oral laxatives have 
also been recommended, including magnesium sulfate 
(1 mg/kg in 4 L of water PO up to twice daily for up to 3 
days) and psyllium (1 kg q6-8h). However, if the cecum is 
grossly distended or if medical therapy has had no effect 
within a reasonable period of time, surgical evacuation of 
the cecum via a typhlotomy is indicated. In addition, it is 
advisable to perform an ileocolostomy in order to bypass 
the cecum, as postoperative cecal motility dysfunction with 
recurrence of the disease is common. 802 However, this 
aspect of surgical treatment remains controversial, and there 
are cases of cecal impaction if identified early that can be 
treated via typhlotomy alone. 


In horses with cecal dysfunction, immediate surgery is 
indicated. In addition, cecal bypass is often warranted 
because it is suspected that motility disturbances initiate 
the disease, and therefore recurrence in the absence of cecal 
bypass may occur. However, this decision can be made 
based on the appearance of the cecum at surgery. 

The prognosis depends on the type of cecal impaction 
encountered. In a recent report in which dry-ingesta-filled 
cecal impactions were treated by typhlotomy and ileocolost¬ 
omy or jejunocolostomy, seven of nine horses lived long-term. 
The cecum of horses in which cecal dysfunction develops have 
a great propensity to rupture, which is universally fatal. 
Because these cases can be difficult to identify before surgery, 
the prognosis for this condition tends to be unfavorable. 

Large Colon Impaction 

Impactions of the large colon with ingesta occur at sites of 
anatomic reductions in luminal diameter, particularly the 
pelvic flexure and the right dorsal colon. 803 Although there 
are a number of reported risk factors, most have not been 
proven. However, a sudden restriction in exercise associated 
with musculoskeletal injury appears to be frequently asso¬ 
ciated with onset of impaction. A further consideration is 
equine feeding regimens, which usually entail twice-daily 
feeding of concentrate. Such regimens are associated with 
secretion of large volumes of fluid into the small intestine, 
resulting in transient hypovolemia (15% loss of plasma vol¬ 
ume). 804 This leads to activation of the renin-angiotensin- 
aldosterone system, and because aldosterone stimulates 
absorption of fluid from the large colon, this may dehydrate 
colonic contents. 804 805 I^rge concentrate meals may decrease 
small intestinal transit time, resulting in increased presenta¬ 
tion of soluble carbohydrate to the cecum and large colon. 
Large shifts of fluid into the colon occur as concentrates are 
readily fermented in the large intestine, which would be 
expected to activate the renin-angiotensin-aldosterone system. 
This in turn triggers net fluid absorption from the large colon. 
The effects of these large fluid fluxes on development of large 
intestinal disorders remains to be fully characterized, but 
undoubtedly they play some role in the syndrome of colic. 
From a practical standpoint, intestinal fluid fluxes may be 
reduced with frequent small feedings in those horses requiring 
concentrate to maintain condition. 804 

Clinical signs of large colon impaction include slow 
onset of mild colic that is typically well controlled with 
administration of analgesics but becomes increasingly more 
severe and refractory if the impaction does not resolve. The 
diagnosis is based on palpation of a firm mass in the large 
colon per rectum. However, the extent of the impaction 
may be underestimated by rectal palpation alone because 
much of the colon will be out of reach. Adjacent colon 
may be distended if the impaction has resulted in complete 
obstruction. Initial medical treatment should be attempted. 
Intermittent abdominal pain is controlled with administra¬ 
tion of analgesics (flunixin meglumine 0.25 mg/kg IV q6h 
to 1.1 mg/kg IV ql2h; butorphanol 0.05 mg/kg IV as 
needed [pm]; xylazine 0.3 to 0.5 mg/kg IV pm). Detomi- 
dine (10 to 20 mg IV pm) can be administered with great 
caution, since this agent readily masks severe pain. In addi¬ 
tion to analgesics, mineral oil (2 to 4 L/500 kg PO), water 
with dioctyl sodium sulfosuccinate (180 to 240 mL in 4 L 
of water, PO), or magnesium sulfate (1 mg/kg in 4 L of 
water PO) may be administered by stomach tube for laxa¬ 
tive effects. Access to feed should not be permitted. For 
impactions that persist, aggressive oral and/or intravenous 
fluid therapy should be instituted. One study demonstrated 
the increased efficacy of a continuously administered oral 
rehydration solution in softening feces as compared with 
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intravenous fluids, which are probably best suited to restor¬ 
ing the systemic extracellular fluid compartment. 806 If the 
impaction remains unresolved, the horse becomes uncon¬ 
trollably pained, or extensive gas distention of the colon 
occurs, surgery is indicated. At surgery the contents of the 
colon are evacuated via a pelvic flexure enterotomy. The 
prognosis is good for those horses in which impactions 
resolve medically (95% long-term survival in one study) 
and fair for horses that require surgical intervention (58% 
long-term survival in the same study). 795 

Enteroliths 

These mineralized masses are typically composed of ammo¬ 
nium magnesium phosphate (struvite). 807 One study has 
suggested that an increase in magnesium in the diet may 
predispose to the formation of enteroliths. 808 Enteroliths 
almost always form around a nucleus such as a silicon diox¬ 
ide stone, a nail (Fig. 32-56), or piece of rope that has been 
ingested and are most commonly found in the right dorsal 
and transverse colons. Although enterolithiasis has a wide 
geographic distribution, horses in California have a high 
incidence. In one California-based study, horses with entero¬ 
lithiasis represented 28% of the surgical colic population. In 
addition, Arabians, Morgans, American Saddlebreds, and 
donkeys are at risk of this disease. 809 A more recent study 
performed in California indicated that horses fed a diet com¬ 
posed predominantly of alfalfa hay are at risk for develop¬ 
ment of enterolithiasis, and allowing horses to graze on 
pasture was protective against this disease. 810 

Initially, clinical signs include intermittent abdominal 
pain in mature horses (almost always greater than 4 years 
of age), 811 with few abnormalities on rectal examination. 
As enteroliths become larger, they may occlude the lumen 
of the colon and cause acute pain and large colon disten¬ 
tion that necessitate surgical exploration. In some cases an 
enterolith is forced into the small colon, where it causes 
acute small colon obstruction. Enteroliths may be diag¬ 
nosed by abdominal radiography or at surgery. On rare 
occasions, an enterolith may be palpated per rectum, partic¬ 
ularly if it is present in the distal small colon. 



FIG. 32-56 II Cut section of an enterolith. Note the presence of a nail 
head (arrow) that served as a nucleus for the formation of a struvite entero¬ 
lith. (Courtesy Dr. David G. Bristol.) 


In general, surgery is required for these cases, although 
there are reports of enteroliths being retrieved per rectum. 
In fact, in one study 14% of horses presented for treatment 
of enterolithiasis had a history of passing an enterolith in 
the feces. 809 However, enteroliths are typically located in 
the right dorsal colon, transverse colon, or small colon. At 
surgery the enterolith is gently pushed toward a pelvic flex¬ 
ure enterotomy, but removal frequently requires a separate 
right dorsal colon enterotomy to prevent rupture of the 
colon. After removal of an enterolith, further exploration 
must be conducted to determine if other enteroliths are 
present. Solitary enteroliths are usually round, whereas mul¬ 
tiple enteroliths have flat sides. The prognosis is good (92% 
1-year survival of horses recovered from surgery in one 
study of 900 cases) unless the colon is ruptured during 
removal of an enterolith. In one recent study, rupture 
occurred in 15% of cases. 809 

Sand Impactions of the Large Colon 

Sand impactions of the large colon are common in horses 
with access to sandy soils, particularly horses whose feed 
is placed on the ground. Sand accumulates in the large 
colon, particularly the right dorsal colon and pelvic flex¬ 
ure 812,813 i n addition, sand may trigger diarrhea, presum¬ 
ably as a result of irritation of the colonic mucosa. 814 In 
horses with sand impactions, clinical signs are similar to 
those of horses with large colon impactions. In addition, 
sand may be found in the feces, and auscultation of the ven¬ 
tral abdomen may reveal sounds of sand moving within the 
large colon. 815 Sand also may be detected on abdominal 
radiography. The diagnosis is definitively made at surgery 
but may be tentatively based on clinical signs compatible 
with a large colon impaction together with evidence of sand 
in the feces. To determine the presence of sand, several fecal 
balls are placed in a rectal palpation sleeve or other con¬ 
tainer, which is subsequently filled with water. If sand is 
present, it will accumulate at the bottom of the container. 
In addition, mineral opacity may be detected within the 
colon on abdominal radiographs. 

Initially, medical therapy is warranted. Administration of 
psyllium hydrophilic mucilloid in water by stomach tube 
may facilitate passage of sand, although a recent experimen¬ 
tal study failed to show a benefit of this treatment. 816 If 
colic becomes intractable, surgical evacuation of the large 
colon should be performed. The prognosis is good. 

NONSTRANGULATING OBSTRUCTION 
OF THE COLON 

Several configurations of displacements, including nephro- 
splenic entrapment of the colon, obstruct the colonic lumen 
but do not compromise the colonic blood supply. Therefore, 
technically these are simple obstructions. However, the 
lumen may not be completely obstructed, and some degree 
of venous congestion is common. 817 In some cases nonstran¬ 
gulating obstructions are difficult to differentiate from large 
colon volvulus, because a volvulus of more than 270 degrees 
will not result in strangulation of blood supply but can cause 
considerable abdominal pain and gas distention of the abdo¬ 
men. In this regard, nonstrangulating obstructions represent 
early stages of strangulating obstructions. Clinical signs 
include mild to moderate colic with evidence of large colon 
distention on palpation of the abdomen per rectum. The 
diagnosis is confirmed at surgery. 818 If pain is recurrent, par¬ 
ticularly if it is of increasing intensity and frequency, or if 
there is evidence of intestinal compromise (particularly pro¬ 
gressive changes in abdominal fluid and cardiovascular 
parameters indicating systemic deterioration), the horse 
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should be taken immediately to surgery. The prognosis is 
good, with more than 80% of horses surviving to hospital 
discharge in a multicenter study. 794 

Right Dorsal Displacement of the Large Colon 

With right dorsal displacement of the colon, the colon dis¬ 
places to the right of the cecum. Findings on per rectal pal¬ 
pation typically include colonic bands coursing horizontally 
across the abdomen, with evidence of colon lateral to the 
cecum. In the most common configuration of right dorsal 
displacement, the large colon wraps around the cecum 
(pivoting counterclockwise around the cecum, looking from 
above the horse) with the pelvic flexure lying in the left 
dorsal quadrant. Alternatively, the colon may wrap around 
the cecum in the opposite direction, with the pelvic flexure 
lying in the right dorsal quadrant. 819 

Nephrosplenic Entrapment (Left Dorsal 
Displacement) of the Large Colon 

On the left side, colon displacements most commonly 
involve entrapment of the colon over the nephrosplenic 
ligament, although left dorsal displacements may be 
detected before the colon is fully entrapped. Clinical signs 
include gradual onset of mild to moderate colic as the 
entrapped colon fills with gas. Palpation per rectum will 
reveal gas-distended ventral colon and displacement of the 
spleen toward the center of the abdomen. Careful palpation 
following colonic bands up to the left dorsal quadrant often 
reveals the presence of colon between the left kidney and the 
spleen. Diagnosis may be based on palpation per rectum of 
the colon traversing the nephrosplenic ligament. Alterna¬ 
tively, a tentative diagnosis can be reached using abdominal 
ultrasonography. 820 The spleen can be visualized on the left 
side of the abdomen, but the left kidney will be obscured by 
gas-distended bowel. Evaluation of this technique indicates 
that there are no instances of false-positive results, although 
false-negative results may occasionally occur. Therefore, as 
with other examination techniques, ultrasonography is not 
uniformly reliable. A definitive diagnosis may require sur¬ 
gery. Treatment has traditionally been surgical intervention, 
during which the colon is gently rocked ffee of the nephros¬ 
plenic space. More recently, nonsurgical intervention has 
been successful in select cases. 821822 If such manipulations 
are to be attempted, the clinician must be certain of a diagno¬ 
sis. The horse is anesthetized and placed in right lateral 
recumbency. The horse is rotated up to dorsal recumbency, 
rocked back and forth for 5 to 10 minutes, and then rolled 
down into left lateral recumbency. 823 The nephrosplenic 
space should be palpated per rectum to determine whether 
or not the entrapment has been relieved. Phenylephrine 
(3 to 6 mg/kg/min over 15 minutes) may be administered 
to decrease the size of the spleen. 824 If the entrapment 
remains, further attempts may be tried, but in cases where 
the displacement is not corrected, the horse should be taken 
to surgery. More recently, phenylephrine has been used in 
conjunction with 30 to 45 minutes of light exercise (jogging) 
to successfully reduce nephrosplenic entrapments in four of 
six horses. This technique can be used on horses with mild 
to moderate colonic distention, particularly if signs of colic 
can be readily controlled. 

Regardless of technique, the prognosis is good. In one 
study, survival was in excess of 90%. 822 There are cases in 
which nonsurgical interventions do not completely correct 
the problem and others in which nonsurgical manipula¬ 
tions correct the entrapment but result in large colon volvu¬ 
lus or displacement. 825 Such patients should be taken to 
surgery promptly. 



FIG. 32-57 II Operative view of a foal with atresia coli. Complete atresia 
of the pelvic flexure has resulted in a blind-ended ventral colon (arrows) 
resulting in gas distention of the colon. The ventral colon was subsequently 
anastomosed to the dorsal colon in this foal. 

Atresia Coli 

Atresia of any segment of the colon is a rare congenital 
abnormality in horses (Fig. 32-57). 826 The heritability and 
causes of the condition are unknown. One potential mech¬ 
anism for development of the lesion is intestinal ischemia 
during fetal life, which secondarily results in necrosis of a 
segment of intestine. Clinical signs include a failure to pass 
meconium and colic within the first 12 to 24 hours of life. 
Secondary abdominal distention results from complete 
intestinal obstruction, and abdominal radiographs may 
reveal gas-distended colon. The diagnosis is made at sur¬ 
gery. Any portion of the colon may be absent, but the distal 
segment of the large colon and/or the proximal small colon 
is usually most severely affected. If sufficient tissue is pres¬ 
ent, anastomosis to the proximal blind end of the colon 
may be attempted. The prognosis depends on which seg¬ 
ment of the colon is absent but is usually poor because of 
an absence of distal colon. 

STRANGULATING OBSTRUCTION 

Although simple obstruction of the large colon carries a 
very favorable prognosis, strangulating obstruction of the 
large colon is associated with high fatality rates. Two forms 
of strangulating obstruction are recognized: hemorrhagic 
strangulating obstruction, in which the arterial blood flow 
remains patent while veins are collapsed, and ischemic stran¬ 
gulating obstruction, in which both the arteries and veins are 
collapsed. The differentiating factor between the two is likely 
how tightly twisted the volvulus is. It has been suggested that 
ingesta-filled intestine is more likely to develop a hemor¬ 
rhagic lesion during volvulus because the intestinal contents 
prevent the intestine from twisting tightly. 827 

Large Colon Volvulus 

Clinical signs include rapid onset of severe, unrelenting 
abdominal pain. 828 Although postparturient broodmares 
appear to be at risk, this association has not been conclusively 
determined. Once the large colon is strangulated (>270 
degrees volvulus), gas distention is marked, leading to gross 
distention of the abdomen, compromised respiration as the 
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distended bowel presses against the diaphragm, and visceral 
pooling of blood as the caudal vena cava is compressed. 
Horses with this condition are frequently refractory to even 
the most potent of analgesics. These horses may prefer to lie 
in dorsal recumbency, presumably to take weight off the 
strangulated colon. An abbreviated physical examination is 
warranted in these cases, because the time elapsed from the 
onset of strangulation to surgical correction is critical. Experi¬ 
mentally the colon is irreversibly damaged with 3 to 4 hours 
of 360-degree volvulus of the entire colon. 829 Despite severe 
pain and hypovolemia, horses may have a paradoxically 
low heart rate, possibly related to increased vagal tone. 
In addition, results of abdominocentesis are often not indica¬ 
tive of the degree of colon compromise, 830 and in many cases 
abdominocentesis should not be done because of extreme 
colonic distention. Palpation per rectum will reveal severe 
gas distention of the large colon, often restricting access to 
the abdomen beyond the pelvic brim. The diagnosis may be 
tentatively based on signalment, severity of pain, and degree 
of distention. 

At surgery the volvulus is typically located at the mesen¬ 
teric attachment of the colon to the dorsal body wall, and 
the most common direction of the twist is dorsomedial using 
the right ventral colon as a reference point. However, the 
colon may twist in the opposite direction, twist more than 
360 degrees (up to 720 degrees has been reported), or twist 
at the level of the diaphragmatic and sternal flexures. In all 
cases the colon should be decompressed as much as possible, 
and in many cases evacuation of colon contents via a pelvic 
flexure enterotomy will facilitate correction of the volvulus. 
A determination must be made after correction of the volvu¬ 
lus as to whether the colon has been irreversibly injured. This 
is frequently based on mucosal color and bleeding (if an 
enterotomy has been performed), palpation of a pulse in 
the colonic arteries, serosal color, and appearance of muscu¬ 
lar motility. However, determination of viability based on 
these parameters is unreliable. Currently, one of the most 
reliable techniques for determining viability is histologic 
evaluation of frozen sections of colonic mucosa. Biopsies 
may be obtained at the pelvic flexure because it has been 
determined that mucosal changes are uniform throughout 
strangulated colon. A prediction of viability is based on the 
degree of crypt epithelial loss and the interstitiumxrypt ratio 
(based on measurements of the crypt width and the width 
of interstitial space between crypts). In one study, 16 of 
18 horses that had >50% loss of crypt epithelium and an 
interstitiumxrypt ratio of >3 typically did not survive, 
whereas 43 of 46 horses that had less severe mucosal changes 
survived, suggesting high accuracy. 831 In addition, it has 
been suggested that accuracy of viability determination can 
be increased by combining histologic evaluation with surface 
oximetry or laser Doppler determination of blood flow 832 
Unfortunately, frozen histologic sections are not available at 
most referral centers on an emergency basis. One recent study 
assessed intraoperative colonic intraluminal pressure as a 
more practical potential indicator of outcome in horses with 
large colon volvulus but found this measurement to be of little 
benefit in accurately making this determination. 833 

If the colon is judged to be irreversibly damaged, the fea¬ 
sibility of a large colon resection can be considered. 
Although 95% of the colon can be resected (that part of 
the colon distal to the level of the cecocolic fold), damage 
from the volvulus usually exceeds what can be resected. In 
these cases surgeons may elect to resect as much damaged 
bowel as possible or may advise euthanasia. 

The prognosis for survival is guarded to poor because of 
the rapid onset of this disease. In one study the survival rate 
was 35%. 830 In a more recent report, the survival rate was 
36% for horses with 360-degree volvulus of the large colon 


compared with 71% for horses with 270-degree volvulus. 828 
However, one study in central Kentucky documented a high 
success rate, most likely because of early recognition of the 
disease and the proximity of the hospital to the surgical 
caseload. 834 Postoperative complications include hypovole¬ 
mic and endotoxemic shock, extensive loss of circulating 
protein, disseminated intravascular coagulation, and lami- 
nitis. In addition, large colon volvulus has a propensity to 
recur. Although one study documented a recurrence rate 
of less than 5%, 830 some authors believe recurrence may 
be as high as 50%. Therefore methods to prevent recurrence 
should be considered. 835 * 836 

Intussusception 

The most common intussusception of the large intestine is 
cecocolic intussusception, although when this is compared 
with all forms of colic, it is a relatively rare condition of the 
horse, accounting for 11 of 842 horses (1.3%) taken to sur¬ 
gery because of colic at one hospital. 837 The condition tends 
to occur in young horses (2 to 3 years of age) and may be asso¬ 
ciated with intestinal parasites, particularly tapeworms. Clin¬ 
ical signs include acute onset of colic that varies in severity 
according to the degree of intussusception. Initially, the cecal 
tip inverts, creating a cecocecal intussusception, which does 
not obstruct flow of ingesta. As the intussusception pro¬ 
gresses, the cecum inverts into the right ventral colon (cecoco¬ 
lic intussusception), which obstructs flow of ingesta and 
often causes severe colic. In one report on cecocolic intussus¬ 
ception, 10 of 11 horses had severe colic. 837 The cause of 
abdominal pain is often difficult to differentiate in these 
cases, although it is sometimes possible to detea a mass on 
the right side of the abdomen and the concurrent absence 
of a palpable cecum. Treatment involves manual surgical 
reduction by retracting the intussusceptum direaly or via an 
enterotomy in the right ventral colon. 838 The prognosis is 
usually regarded as poor because of severe compromise to 
the cecum and the risk of cecal rupture or severe contamina¬ 
tion during surgery. However, a recent report has indicated 
that seven of eight horses that underwent right ventral colon 
enterotomy and cecal resection survived long term. 838 

Colocolic intussusceptions are rare but have reportedly 
affected the pelvic flexure and the left colon 839 842 Although 
the condition is reportedly more common in young horses, 
older horses may be affeaed. Clinical findings may include 
a palpable mass on the left side of the abdomen. Ultrasonog¬ 
raphy may also be useful. Treatment requires manual reduc¬ 
tion of the intussusception at surgery, or reseaion of affeaed 
bowel. 


NONSTEROIDAL 
ANTIINFLAMMATORY 
DRUG TOXI CITY 

SAMUEL L JONES 

Use of NSAIDs is common in equine praaice because of 
their antipyretic, analgesic, and antiinflammatory properties. 
These drugs are used to treat horses with colic, endotoxemia, 
musculoskeletal disorders, and other medical problems. In 
addition to these therapeutic properties, NSAIDs also exhibit 
unwanted toxic side effects. The NSAIDs have a relatively 
narrow therapeutic range, and when they are administered 
at excessive doses, toxicosis can occur within a few days. 
Although generally safe when administered at recommended 
doses, 843 some horses may exhibit signs of toxicosis at these 
doses within days or weeks. 844 * 845 The risk of toxicity is 
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exacerbated in animals that are dehydrated or septic (e.g., endo- 
toxemic patients). Recommended doses for NSAIDs com¬ 
monly administered to horses include the following: 

■ Phenylbutazone, 2.2 to 4.4 mg/kg ql2h 

■ Flunixin meglumine, 1.1 mg/kg ql2h or 0.25 mg/kg 
q8h 

■ Ketoprofen,* 2.2 mg/kg q24h 

■ Meclofenamic acid,* 2.2 mg/kg ql2-24h 

■ Naproxen ,* 5 to 10 mg/kg ql2-24h 

■ Aspirin, 12 to 25 mg/kg ql2-48h 

IS Pathophysiology and Predisposing Factors. The principal 
mechanism of the therapeutic and toxic effects of NSAIDs is 
related to their inhibition of prostaglandin synthesis by 
inhibition of the COX enzyme. Two isoforms of the COX 
enzyme have been identified: COX-1 and COX-2. 846 COX-1 
is generally constitutively expressed and is thought to play 
an important role in maintaining physiologic homeostasis; 
it is found in such tissues as the gastrointestinal mucosa 
and kidney and in the endothelium and platelets. In contrast, 
COX-2 is primarily an inducible enzyme that has a critical 
role in inflammation and is produced by a variety of cells 
including monocytes, neutrophils, epithelial cells, fibro¬ 
blasts, synoviocytes, and chondrocytes. 

It has been postulated that drugs that nonselectively 
inhibit both COX-1 and COX-2 have greater toxic poten¬ 
tial because they inhibit prostaglandins necessary for phys¬ 
iologic homeostasis as well as prostaglandins that mediate 
inflammation and pain. 846 Both COX-1- and COX-2- 
dependent prostaglandins play an important role not only 
in maintaining the epithelial barrier in the gut, but also in 
healing the epithelium when the mucosa is damaged (e.g., 
because of ischemic injury or infection). All of the com¬ 
monly used NSAIDs in horses are considered to be nonselec- 
tive. NSAIDs that are COX-2 selective are less ulcerogenic 
in other species and may be so in horses. For example, 
COX-2 selectivity decreases the adverse effects of NSAIDs in 
a model of epithelial repair in horses. 847 COX-2 selective 
NSAIDs are being developed for use in horses but are not 
yet approved for use in the United States. 

Although the COX-1-versus-COX-2 scheme is currently 
considered valid, evidence exists that it may be overly sim¬ 
plistic. For example, COX-1 may play an important role in 
inflammation and is at least partly inducible. 848 In contrast, 
COX-2 can be induced physiologically in various organs 
and tissues and by stimuli other than inflammation. 846 849 
In horses, gastric ulcerogenicity of even the nonselective 
NSAIDs varies (phenylbutazone > flunixin meglumine > 
ketoprofen). 850 This difference in toxicity among drugs 
may relate not only to the COX selectivity, but also on other 
factors such as tissue distribution. 

The gastrointestinal tract and the kidneys are the most 
common targets for NSAID toxicity. NSAID-induced injury 
can develop anywhere in the gastrointestinal tract (from 
the mouth to the rectum). Two well-recognized syndromes 
may be attributed at least in part to NSAID toxicity. The first 
is gastric ulceration. In the stomach, inhibition of COX can 
increase acid secretion, decrease output of mucus and bicar¬ 
bonate, impair vasodilation, and diminish epithelial restitu¬ 
tion, cell division, and angiogenesis. 851 Inhibition of COX 
also impairs the healing of existing ulcers. A second syn¬ 
drome attributed to NSAID toxicity is right dorsal ulcerative 
colitis (RDUC). Although the right dorsal segment of the 

* Ketofen, Fort Dodge Animal Health, Fort Dodge, IA. 
tArquel, Fort Dodge Animal Health, Ford Dodge, IA. 

*Equiproxen, Fort Dodge Animal Health, Fort Dodge, IA. 


large intestine is most commonly affected, other segments 
may also be involved. Ulcerative lesions in the large intes¬ 
tine can be particularly troublesome because they can cause 
chronic debilitation, are difficult to diagnose, and can be 
refractory to treatment. In the kidney, PGE 2 and PGI 2 
(prostacyclin) produce vasodilation in the autoregulatory 
response of renal blood flow to hypoperfusion; conse¬ 
quently, hypovolemia, hemorrhage, or renal disease will 
increase the risk of renal NSAID toxicosis. Damage is great¬ 
est at the renal crest (papilla), and papillary crest necrosis 
may be associated with subsequent nephrolithiasis or ure- 
terolithiasis and chronic renal failure. 852 In humans the 
most common side effect of NSAIDs is bleeding, caused in 
part by reduced function of platelets and in part by gastroin¬ 
testinal hemorrhage. 

Not all of the adverse effects of NSAIDs are attributable 
to COX inhibition. The NSAIDs also cause injury from a 
variety of mechanisms, including microvascular damage, 
increased intracellular concentration of reactive oxygen 
and other free radicals, direct local injury (particularly with 
ion trapping in the stomach), inhibition of cell division, 
and reduced hydrophobicity of the gastric mucous 
coat. 849 - 851 Inhibiting COX may shunt arachidonic acid 
metabolism toward the lipoxygenase pathway, thereby pro¬ 
ducing other biologically active eicosanoids. The clinical 
significance of this shunting is unclear, but the potential 
for deleterious effects exists. 

Although the toxicity of NSAIDs is related to the dose 
and duration of administration, some horses develop toxi¬ 
cosis at recommended doses. Predisposing factors such as 
dehydration, renal disease, hepatic disease, or sepsis may 
contribute to the development of NSAID toxicity. Dehy¬ 
dration, renal disease, and hepatic disease predispose to 
NSAID toxicosis because of reduced tissue perfusion and 
reduced drug elimination. Sepsis may predispose to 
NSAID toxicosis because of secondary hypovolemia, 
decreased tissue perfusion, and direct and indirect effects 
of various mediators produced in response to sepsis (e.g., 
platelet aggregating factor). In humans, risk of NSAID- 
induced ulceration is increased among those with various 
gastrointestinal disorders (e.g., IBDs). NSAIDs inhibit the 
ability of injured equine intestinal mucosa to repair, which 
may increase the risk of ulceration in horses with ischemic 
damage or intestinal infections. Body weight may be a pre¬ 
disposing factor in that NSAIDs are often administered to 
ponies, miniature horses, and small horses at doses higher 
than those recommended for their body weight. Inadver¬ 
tent overdosing can occur regardless of body weight or size 
(e.g., administration of a 12-g tube of phenylbutazone 
paste when administration of an anthelmintic paste was 
intended). 

Some horses may have an idiosyncratic predisposition, 
particularly for ulceration of the right dorsal colon. Experi¬ 
mentally, arthritic laboratory animals were more susceptible 
to NSAID-induced gastropathy than healthy animals. 853 
This finding may have relevance to horses because NSAIDs 
are often administered to chronically lame horses. Two or 
more NSAIDs are used concurrently in some situations. It 
is important to recognize that the effects of combining 
NSAIDs are additive, such that administering two NSAIDs 
at each of their recommended doses is similar to giving 
twice the recommended dose of one NSAID. Combination 
of two NSAIDs will prolong their pharmacologic effect 
and increase the risk of toxicity. 854 


II Clinical Signs. Clinical signs of NSAID toxicity are usu¬ 
ally referable to the alimentary system and vary depending 
on the segment involved. Oral or lingual ulceration may 
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lead lo difficulty in prehension and mastication. Esophageal 
ulceration may result in excessive salivation and apparent 
signs of pain (stretching of the neck, groaning) during swal¬ 
lowing. Gastric ulceration may result in slow consumption 
of feed, inappetence (particularly for grain in some horses), 
or anorexia. Horses that have gastric outflow obstruction 
associated with gastroduodenal ulceration may exhibit ptya- 
lism, reflux esophagitis, and, in severe cases, spontaneous 
nasogastric reflux. Horses with ulceration anywhere in the 
gastrointestinal tract may exhibit signs of colic, which may 
be intermittent and varying in severity. Horses with colonic 
ulceration may have soft stool or diarrhea and ventral 
edema secondary to enteric protein loss. Diarrhea can be 
severe, even fatal. Endotoxemia may result from intestinal 
mucosal damage caused by NSAlDs. Clinical signs of endo¬ 
toxemia (e.g., tachycardia, altered appearance of mucous 
membranes, fever, and dehydration) may be seen in some 
horses with NSAID enteropathy. In some horses, hematuria 
may be seen. 

Horses may have clinical signs days to weeks after having 
been administered NSAIDs. Such horses typically are presented 
because of recurring colic, weight loss, or loose manure. It is 
particularly important in these horses to determine whether 
there is any history of NSAJD administration, even if it was 
several weeks previous to the time of presentation. 


II Diagnosis. Diagnosis is usually made on the basis of his¬ 
tory of NSAID use, clinical signs, and clinicopathologic find¬ 
ings. The most consistent clinicopathologic abnormalities in 
horses with NSAID toxicosis are hypoproteinemia and 
hypoalbuminemia, presumably from loss of protein through 
inflamed intestinal mucosa. These findings are more com¬ 
monly observed with damage to the distal intestinal tract 
and are not reliable for diagnosis of NSAID gastropathy. 
Some horses have decreased serum concentration of calcium, 
presumably attributable to intestinal loss of protein-bound 
calcium. In horses with NSAID-induced diarrhea, hyponatre¬ 
mia, hypochloremia, hypokalemia, acidemia, and hypovole¬ 
mia may be observed if the diarrhea is severe. In such cases, 
hypovolemia may make the serum protein concentration 
appear to be higher than its actual value would be were the 
horse adequately hydrated. 

In chronic cases, horses may be anemic from inflamma¬ 
tion, intestinal loss of blood through ulceration, or reduced 
function of platelets. Occult blood may be found in the 
feces of horses with lesions in the more distal portions of 
the intestinal tract. Tests for occult blood often lack sensitiv¬ 
ity, and false-positive results may be expected for up to 24 
hours after rectal palpation. 

The concentration of leukocytes is usually within the ref¬ 
erence range, although leukocytosis and hyperfibrinogen- 
emia, associated with inflammation, and leukopenia and 
neutropenia, presumably caused by endotoxemia, can be 
seen in some horses with acute NSAID toxicosis affecting 
the distal intestine. Generally, results of peritoneal fluid 
analysis are within reference ranges, but increased concen¬ 
tration of nucleated WBCs, total protein, and fibrinogen 
may be seen when there is advanced intestinal damage or 
intestinal vascular infarction. When findings of cytologic 
examination of peritoneal fluid are abnormal, results are 
more consistent with nonseptic than septic inflammation; 
however, septic inflammation may be observed when severe 
intestinal ulceration leads to transmural lesions and septic 
peritonitis. 

Several clinicopathologic changes may accompany 
NSAID-induced renal damage. The most consistent finding 
is decreased urine specific gravity, from 1.008 to 1.020. 
Inability to properly dilute urine can be found with acute 


NSAID toxicosis for years after the original insult. This results 
from preferential damage to areas of the kidney that contrib¬ 
ute most to concentrating urine (medulla, papilla), in 
chronic cases urine specific gravity typically ranges from 
1.013 to 1.020. Some horses with NSAID toxicosis are azote- 
mic. In acute cases azotemia can result from dehydration, 
NSAID-induced alterations in renal blood flow, and tubulo- 
glomerular feedback mechanisms. Chronic azotemia, with 
serum creatinine ranging from 2.1 to 3.5 mg/dL, results from 
tubuloglomerular feedback mechanisms that reduce glomer¬ 
ular filtration to compensate for reduced reclamation of 
solutes in the medullary collecting ducts. In acute NSAID 
toxicosis, there may be overt hematuria. In other cases, uri¬ 
nalysis may reveal occult blood, increased renal cells, and 
increased WBCs. In chronic cases other than decreased urine 
specific gravity, urinalysis results are typically normal. 

Endoscopy can be useful to visualize the location and 
extent of esophageal and gastric lesions. NSAID-induced 
gastric lesions are more common in the glandular epithe¬ 
lium, although nonglandular lesions can be observed. 
Contrast radiography or scintigraphy may be useful to doc¬ 
ument delayed gastric emptying in some horses. Lesions of 
the jejunum, ileum, cecum, and colon can be difficult to 
identify without celiotomy and enterotomy. Isotope-labeled 
WBC scintigraphic scans may identify colonic ulceration 855 ; 
the sensitivity and availability of the procedure is limited, 
however. Ultrasonography may reveal thickening of the 
right dorsal colon or other colonic segments, but the tech¬ 
nique appears to lack sensitivity. 856 Horses with renal crest 
necrosis may have increased ultrasonographic echogenicity 
of the renal crest and echogenic debris in the renal pelvis. 

II Management. Administration of NSAIDs should be dis¬ 
continued if NSAID toxicosis is suspected. Gastric lavage 
and administration of 1 gallon of mineral oil per 450 kg 
of body weight via nasogastric tube may be of benefit in 
horses with acute NSAID overdose to reduce the absorption 
of the administered NSAID. Treatment for gastric ulceration 
with a proton-pump inhibitor (e.g., omeprazole*), an 
H 2 -receptor blocker (e.g., ranitidine), or sucralfate should 
be implemented for horses with gastric ulceration. 

Regardless of the site of NSAID toxicity, administration 
of misoprostol + may be of benefit because administration 
of a synthetic analog of PGE 2 has been demonstrated to 
prevent phenylbutazone-induced gastrointestinal lesions 
in horses. 857 Misoprostol, a synthetic analog of prostaglan¬ 
din Ei, can be administered orally starting at doses of 
5 pg/kg ql2h or 2 pg/kg q6h. Some horses will develop 
signs of abdominal discomfort or diarrhea at these doses; 
another protocol is starting at 1.5 pg/kg q8h for 2 to 4 days 
and increasing at increments of 0.5 pg/kg q8h every 2 to 4 
days until a maintenance dose of 2.5 to 3 pg/kg q8h is 
achieved. Because of the paucity of experimental and clini¬ 
cal data for this drug, dosage schedules should be individ¬ 
ually tailored for the horse's illness and tolerance to the 
drug. 

For horses with hypovolemia secondary to colitis, 
administration of crystalloid fluids is indicated. Infusion 
of plasma may benefit horses with NSAID-induced entero¬ 
pathies and signs of endotoxemia. The aim of plasma 
transfusion in a hypoproteinemic horse with colitis need 
not be to increase the plasma concentration into the refer¬ 
ence range, because this may be cost-prohibitive and 
infused protein may be rapidly lost via the intestinal tract. 
Smaller volumes of plasma (1 to 3 L in an average-size 


* GastroGuard, Merial Ltd., Iselin, NJ. 
+ Cytotec, Searle and Co., Chicago, 1L. 
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horse) may exert beneficial effects by increasing colloid 
oncotic pressure and perhaps by modulating the effects 
of endotoxemia. Alternative colloidal fluids may be benefi¬ 
cial as well. Hetastarch (5 to 10 mL/kg IV q48-72h) may 
maintain plasma colloid oncotic pressure in the acute 
stages of the NSAID toxicity. Administration of broad- 
spectrum antimicrobial drugs may be indicated when signs 
of endotoxemia are observed. Parenteral administration of 
antimicrobial drugs is preferable to oral administration in 
horses with colitis because of the presumed increased risk 
of antimicrobial-associated diarrhea with the oral route. 
Oral administration of metronidazole (10 to 15 mg/kg 
PO q8-12h) might be an exception to this guideline, 
because evidence exists that metronidazole may exert an 
antiinflammatory effect and enhance healing in NSAID- 
induced intestinal ulceration. 858 

For horses with RDUC, dietary management directed 
toward providing a low-bulk diet in the form of a pelleted 
concentrate and restricting or eliminating ingestion of 
roughage is recommended. The aims of this approach are 
to decrease the mechanical and physiologic load of the 
colon. A complete pelleted diet (i.e., a diet that contains 
both concentrate and adequate but relatively low dietary 
roughage) will decrease intestinal fill in the colon. A diet 
lower in fiber should decrease the physiologic load of the 
colon because the cecum and large colon are the primary 
sites in horses of fiber digestion and exchange of fluid and 
electrolytes. Concentrate should be fed in smaller amounts 
and frequently (four to six feedings per day). Addition of 
com oil may provide additional calories and may also aid 
in healing of the damaged intestinal mucosa by promoting 
PGL 2 production. Some horses will not eat complete pellets, 
and some horses that have roughage withheld will eat bed¬ 
ding or wood as a consequence. These horses should be 
allowed to eat fresh grass in small amounts on a frequent 
basis (four to six times daily). The importance of and opti¬ 
mal duration for restriction of roughage is unknown, but 
it likely requires months for the colon to heal. Horses 
should be changed from and returned to their usual diet 
over a period of several days to decrease the risk of inducing 
other digestive disorders. 

Feeding psyllium mucilloid may promote colonic heal¬ 
ing in horses with RDUC. In other animal species, psyllium 
mucilloid has been demonstrated to increase the concentra¬ 
tion of short-chain fatty acids of the large bowel, and 
increased short-chain fatty acids can promote colonic 
mucosal repair. 859 The amount and duration of psyllium 
mucilloid administered orally that is required to alter the 
colonic concentration of short-chain fatty acids and the role 
of short-chain fatty acids in repair of RDUC in horses is 
unknown. Continuous feeding according to manufacturer's 
recommendations for 3 to 6 months is suggested, or feeding 
1 to 2 oz of psyllium mucilloid once or twice daily for the 
same duration may be considered. 

Horses with strictures of the pylorus, duodenum, jejunum, 
or colon may require surgical management. Bypass or resec¬ 
tion of affected intestinal segments may be necessary. 

Limiting the extent of predisposing factors, such as dehy¬ 
dration, should decrease the risk of NSAID toxicosis. Avoid¬ 
ing use of NSAIDs or limiting the dose and duration of 
treatment to the minimum that is required to control the 
primary problem is recommended to decrease the risk of 
NSAID toxicosis. Other approaches to analgesia, such as 
regional (epidural or perineural nerve blocks of distal 
limbs) anesthesia or administration of butorphanol,* 
should be considered. 


*Torbugesic, Fort Dodge Animal Health. Fort Dodge, I A. 


DISORDERS OF THE DESCENDING 
(SMALL) C OLON 

VANESSA L COOK 

Colic resulting from a problem with the small colon is com¬ 
paratively rare, being identified in only 4.2% of surgical 
colics. 860 However, American Miniature Horses (AMHs) 
seem to be at increased risk for obstruction of the small 
colon, 861 with a prevalence of 60% of surgical colics in that 
breed. 862 The Arabian breed may also be overrepresented 
compared with the hospital population. 860 861 It is interest¬ 
ing to note that horses over 15 years of age also seem to be 
at an increased risk for small colon conditions, 861 especially 
strangulating lipoma, foaling injury, and submucosal hema¬ 
toma. 860 Mares may also be at increased risk for small colon 
lesions, possibly because of hormonal fluctuations affecting 
gastrointestinal motility, 861 because of the small colon's 
predisposition to injury during foaling, or because of the 
small colon's ability to become entrapped by an ovary. 

One of the biggest challenges with small colon lesions is 
that the associated clinical signs and rate of physiologic deteri¬ 
oration are less severe than with a higher obstruction, often 
resulting in later referral. 860 ' 861 A complete examination 
including rectal examination and abdominocentesis provides 
useful information in determining the diagnosis and indicat¬ 
ing surgical intervention. 860 1 lowever, because the small colon 
lies caudally in the abdomen, transabdominal ultrasonogra¬ 
phy may be less useful than it is for lesions in other sections 
of the intestinal tract. Transrectal ultrasonography, performed 
with care, may be a more sensitive method to detect compro¬ 
mised small colon and may aid in earlier diagnosis. 863 

Conditions affecting the small colon can be divided into 
congenital diseases, simple obstructions, vascular lesions, 
and strangulating lesions. 

CONGENITAL DISEASES 

Atresia Coli and Aganglionosis 

Atresia coli is much more rare in foals than it is in calves, 
with a reported incidence of 0.44%. 864 There are several 
theories on the pathogenesis of this disease, but an ischemic 
vascular accident that results in atrophy of the affected seg¬ 
ment is the most widely accepted. 865 There are four types of 
atresia, 866 with type 3, blind end atresia with no connection 
of the atretic segments, being the most common in 
foals. 864 - 867 Atresia coli may be confused with overo lethal 
white syndrome, in which affected foals have myenteric 
aganglionosis of the distal intestinal tract resulting from a 
mutation in the endothelin receptor type B gene. 868869 
However, in this condition the intestinal tract is patent 
but nonfunctional. Loss of neurons in the myenteric plexus 
of the small colon can also be found in equine dysautono- 
mia (grass sickness), although it is usually less severely 
affected than the ileum. 870 

Foals with atresia are usually normal at birth but develop 
progressive abdominal distention and colic within 24 hours 
of birth. Atresia can be differentiated from other causes of 
colic in foals by the lack of feces with no meconium stain¬ 
ing even after an enema. 865 It may be possible to confirm 
a blind ending rectum or distal small colon by digital palpa¬ 
tion or passage of a soft catheter or endoscope. However, 
the defect is usually too proximal to visualize this way, 
and perforation of the friable colonic mucosa can easily 
occur; therefore I do not use this method for diagnosis. 
Plain radiographs do not usually identify the atresia but 
can help to differentiate it from a meconium impaction. 
Retrograde contrast radiography, as described later in this 
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section for meconium impaction, may give a more defini¬ 
tive answer. 871 A large volume of barium sulfate, up to 
20 mL/kg, may be needed if the atresia is proximal to the 
transverse colon. If atresia is present, the contrast agent will 
be seen to end abrupdy at the atretic segment. 

The only chance for survival in cases of atresia is early 
exploratory celiotomy to assess the affected segment and 
determine if surgical correction is possible. In calves with 
atresia, the prognosis is vastly improved if the diagnosis is 
made early and the animal is alert and is stabilized medi¬ 
cally before surgery. 872 873 However, in foals, despite 
attempting surgical resection of the atretic segment and 
anastomosis, the prognosis is grave, with a 100% mortality 
rate reported in several studies. 864 - 867 

SIMPLE OBSTRUCTIONS 

Simple Impaction 

Small colon impaction is the most common abnormal con¬ 
dition of the small colon in adult horses, affecting 1.9% to 
2.5% of all horses seen for colic at referral institutes. 874 - 875 
Several studies report a strong association between small 
colon impaction and diarrhea. The most recent study docu¬ 
ments that horses with diarrhea are 10 times more likely to 
develop a small colon impaction than horses without diar¬ 
rhea. 876 In other studies, diarrhea developed during hospi¬ 
talization in 70% of all horses with small colon 
impaction, and 43% of those treated surgically cultured 
positive for Salmonella species. 874 These studies suggest that 
impaction of the small colon may be a sequela to colonic 
inflammation, such as Salmonella infection. Therefore it is 
advisable to use isolation protocols for all horses with a 
small colon impaction. Previous reports have documented 
a dramatic increase in the incidence of small colon impac¬ 
tion in the fall and winter, possibly because of decreased 
water intake or close housing that increases the incidence 
of infectious colitis, but a definitive reason is unknown. It 
is interesting to note that this seasonal incidence was not 
significant in the most recent study, possibly because of 
the milder winters in the south. 876 

Diagnosis of a small colon impaction is most easily made 
by rectal palpation, with an accuracy of 79% to 87%. 874 - 876 
A solid tube of ingesta with loss of the normal sacculations 
is found. However, great care should be taken when 
performing a rectal examination because the rectal mucosa 
may be edematous, and frequently the horse will strain. 877 
It now appears that the best parameter for determining when 
surgical treatment of these cases is required is the presence of 
abdominal distention. Recently it has been reported that 
horses with a small colon impaction and abdominal disten¬ 
tion are five times more likely to require surgical correction 
than horses without abdominal distention. 876 Unlike other 
types of colic, this single factor is more significant than heart 
rate, temperature, or duration of colic when determining the 
need for surgical intervention. 876 

Medical therapy should consist of aggressive intravenous 
and enteral fluid therapy, including correction of electrolyte 
abnormalities, combined with laxatives and lubricants, and 
analgesics as necessary. 874 - 875 The length of time for the 
impaction to resolve with medical treatment is often longer 
than for large colon impactions, averaging over 2 days. 876 
Surgical correction of the impaction via exploratory celiotomy 
is usually performed via a high enema combined with extra 
luminal massage by the surgeon. The imparted small colon 
is extremely friable, and great care should be taken by the sur¬ 
geon when manipulating the bowel in order to avoid serosal 
tears. Application of sterile carboxymethylcellulose to the 
serosal surface may help lubricate the intestine and reduce 


the trauma of manipulation. In severe cases, infusion of the 
imparted contents with isotonic fluids or an enterotomy in 
the small colon may be necessary to facilitate evacuation of 
the impaction. 877 An additional concern is the risk of reim- 
paction of the small colon as ingesta from the large colon 
move aborally after surgery. Therefore if there are ingesta in 
the large colon at the time of surgery, a pelvic flexure enter¬ 
otomy is recommended to empty the large colon and reduce 
the risk of recurrence. 874 Surgical correction of the impaction 
can be time-consuming; therefore to reduce anesthesia time it 
is advisable to assemble the items needed for a high enema, 
such as a stomach tube with a rounded atraumatic end, stom¬ 
ach pump, and buckets of warm water, in the operating room 
before induction. 

The prognosis for medical and surgical treatment appears 
to be similar in most studies. 874 - 876 It is interesting to note, 
however, that overall prognosis appears to have improved 
in recent years, increasing from approximately 75% in cases 
from 1986 to 199 6 874 to approximately 95% in cases from 
1999 to 20 04. 876 Therefore, overall, the prognosis for small 
colon impaction is excellent, even if surgical treatment is 
necessary. However, because of the underlying inflamma¬ 
tory cause of this condition, length of hospitalization and 
associated costs tend to be higher than those incurred with 
a simple large colon impaction. 876 

Fecaliths, Enteroliths, and Foreign Bodies 

Simple obstruction of the small colon also occurs from 
inspissated feces (fecaliths), enteroliths, foreign bodies, or, 
less frequently, concretions of plant material (phytobe¬ 
zoars) or masses of matted hair (trichobezoars). 

Fecaliths are improperly formed fecal balls that are larger 
than normal at 4 to 6 cm diameter in miniature horses. 878 
They are a common cause of colic in young miniature 
horses, 878 with an occurrence rate of 63% in a study of sur¬ 
gical colic in miniature horses. 879 Causes of the formation 
of fecaliths are probably similar to those of other impac¬ 
tions and include poor-quality roughage, dental disease 
causing problems with mastication, and reduced water 
intake. 878 - 879 Fecaliths that become lodged in the small 
colon usually cause complete intestinal obstruction and 
require surgical removal as described later. When managing 
colic in miniature horses, regardless of the cause, the patient 
should have serum triglyceride concentration monitored to 
allow early detection and treatment of hyperlipemia. 880 

Enteroliths are mainly composed of magnesium ammo¬ 
nium phosphate deposited in concentric layers around a 
nidus such as a small rock. 881 The incidence is very high 
in certain areas, such as California, where enterolithiasis 
constitutes 15.1% of all colic seen at the University of Cali¬ 
fornia, Davis 882 compared with less than 2% of colic cases 
at Texas A&M University. 883 Several studies report an 
increased incidence in Arabians, although the reason for 
this is unknown. Enteroliths can lodge in the large colon, 
transverse colon, or small colon, but the last is a relatively 
common site, with over 45% of cases involving an obstruc¬ 
tive enterolith in the small colon. 882 Horses with enteroliths 
were found to have certain changes in the composition of 
their colonic contents, compared with other surgical colic 
cases, which may predispose them to enterolith formation. 
These differences included a more alkaline pH, more 
colonic fluid, and higher mineral concentrations. 884 Certain 
management practices may also predispose to enterolith 
formation, including feeding a high proportion of alfalfa 
and giving less access to pasture. 883 - 884 Clinical signs of 
enterolithiasis are similar to those seen with other non¬ 
strangulating obstructions of the large or small colon. How¬ 
ever, many horses with enterolithiasis have a history of 
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intermittent colic, and some may even have passed entero¬ 
liths in the feces. 882 Abdominal radiographs may be a useful 
aid in diagnosis, although the sensitivity is reduced when 
the enterolith is in the small colon. 885 Medical management 
aimed at reducing colonic pH has been suggested to try and 
prevent recurrence after surgery. However, when an entero¬ 
lith lodges in the small colon it usually causes complete 
obstruction and acute colic that requires surgical interven¬ 
tion as described later. Rupture of the gastrointestinal tract 
is particularly common if the enterolith is lodged in the 
small colon and surgery is delayed. 882 Such cases should 
therefore be prioritized as requiring emergency surgery, 
even when there is a history of chronic colic. 

Obstruction of the small colon* can also occur from 
ingestion of foreign material such as rope, twine, rubber 
fencing, cloth, or tires. 886 887 This is usually a problem of 
younger horses, possibly because they are more inquisitive 
and will eat nonfood items found in their environment It 
is possible for the foreign body to cause signs of small intes¬ 
tinal obstruction first, followed by a period of quiescence 
while it passes through the large colon before it finally 
causes complete obstruction of the small colon and acute 
onset of severe colic 888 and abdominal distention. 886 The 
fibers become covered in crystalline material during their 
transit through the intestinal tract, and the resulting irregu¬ 
lar sharp projections cause mucosal ulceration, 860 which 
can be seen during exploratory celiotomy oral to the site 
where the foreign body has finally become lodged. These 
sharp projections make it virtually impossible to manipu¬ 
late the foreign body orally or aborally within the lumen, 
making removal more complicated. 

The majority of these obstructions require exploratory lap¬ 
arotomy and an enterotomy to allow the obstruction to be 
removed. 878 * 882 ’ 886 Regardless of the cause of the obstruction, 
the overlying intestine is friable and can easily rupture either 
during induction of anesthesia 886 or during surgical manipu¬ 
lation. 882 - 887 If possible, the mass should be gently manipu¬ 
lated more proximal or distal to the original site at which it 
lodged, so that the enterotomy can be performed in unin¬ 
jured intestine. 860 However foreign bodies in particular may 
be difficult to manipulate, and the enterotomy may have to 
be performed directly over the top of the obstruction. The 
site selected for the enterotomy should be isolated from the 
abdomen with sterile towels before the enterotomy incision 
is made. The incision should be made longitudinally through 
the anti mesenteric taenia in order to preserve luminal diame¬ 
ter, reduce hemorrhage, and maximize speed and ease of the 
procedure. 889 - 890 The enterotomy can be closed in one layer 
using an inverting suture pattern. 890 Problems arise, however, 
when intraluminal obstructions occur at the proximal portion 
of the descending colon, where the lumen narrows between 
the transverse and descending colon. Here, manipulation of 
the obstruction aborally into a section of small colon that 
can be exteriorized may be impossible. In such cases an anti- 
mesenteric teniotomy, through the seromuscular layer alone, 
can be performed. This will allow the obstruction to be 
advanced aborally into a section that can be exteriorized, while 
the intart mucosa prevents abdominal contamination. 891 The 
enterotomy and seromuscular incision are then closed as 
described earlier. 

Meconium Retention 

Meconium is composed of substances that are present in the 
intestinal tract at birth, such as glandular secretions, sloughed 
cells, and swallowed amniotic fluid, and is therefore sterile. It 
is thick and tarry and is usually passed within 48 hours of 
birth. Several studies indicate a higher incidence of meco¬ 
nium retention in colts than fillies, presumably because of 


the longer narrower pelvis in males. 892 893 Any factors that 
reduce intestinal motility, such as failure to ingest colostrum, 
and dysmaturity, can result in difficulty passing meconium, 
which is described as meconium retention. This results in 
progressive clinical signs of colic such as tail flagging, strain¬ 
ing, and reduced suckling. This can progress to more severe 
signs of colic over time, such as rolling and abdominal disten¬ 
tion. These signs are similar to those seen with ruptured blad¬ 
der, and the two conditions can occur together; therefore a 
complete examination of the foal is important. 

It may be possible to palpate meconium retained at the pel¬ 
vic inlet by careful digital rectal examination. If the meconium 
is retained more proximally, it may be identified on a plain lat¬ 
eral radiograph. Confirmation of the obstruction may be 
provided by retrograde contrast radiography, which provides 
excellent sensitivity and specificity for evaluation of the trans¬ 
verse and descending colon. 871 After plain radiographs are 
obtained, a Foley catheter is placed into the rectum and 
inflated. Up to 20 miykg (approximately 1 L) of 30% barium 
sulfate is carefully allowed to flow in by gravity until it squirts 
around the catheter or discomfort is observed. 871 Lateral and, 
more important, ventrodorsal radiographs are then obtained. 
If a meconium impaction is present the contrast agent is 
stopped before it reaches the transverse colon. 

Supportive medical management of all foals should be 
performed first including correction of fluid and electrolyte 
imbalances, provision of nutritional support, and correction 
of failure of passive transfer if indicated. 894 Judicious use of 
analgesics such as flunixin meglumine or butorphanol and 
oral laxatives such as mineral oil may aid resolution of the 
impaction. However, the most effective treatment is adminis¬ 
tration of an enema. The enema can be a commercial phos¬ 
phate enema or simply soap and water administered 
through a Foley catheter using gravity flow as described pre¬ 
viously. In cases that are refractory to simple enemas, an acet¬ 
ylcysteine enema may be effective. Acetylcysteine is a 
mucolytic, which acts by breaking disulfide bonds to make 
meconium less viscous. These enemas are available commer¬ 
cially (E-Z Pass Foal Enema Kit, Animal Reproduction Sys¬ 
tems, Chino, Calif.) or can be formulated by adding 20 g of 
baking soda to 200 mL of water, and then adding 8 g of acet¬ 
ylcysteine powder to make a 4% solution. 892 The solution is 
infused slowly through a Foley catheter, which is then 
clamped to allow the solution to be retained for up to 45 
minutes to allow maximum activity of the acetylcysteine. 
Successful resolution of the meconium retention occurred 
in all acetylcysteine-treated foals in one study, although 5% 
of foals did require three enemas before resolution. 892 

Previous reports have indicated that approximately one 
third of foals with meconium retention require exploratory 
celiotomy for resolution. 893 However, this was before the 
increased use of acetylcysteine retention enemas, and it is 
likely that the current rate of surgical intervention is much 
lower. Considering the high rate of adhesions in neonatal 
foals undergoing exploratory laparotomy, 893 - 895 this should 
result in an improved prognosis for this condition. 

Other Causes of Simple Obstruction 

Because of the proximity of the descending colon to the uro¬ 
genital tract it is possible for the descending colon to be 
obstructed by structures such as an ovary or retained testicle. 
Although such conditions occur infrequently, the most com¬ 
mon is for the small colon to become entwined around an 
ovary 860 The intestine can be freed and is not usually com¬ 
promised, but the ovary itself is usually nonviable and 
requires resection. 896 A similar problem has been reported 
from the spermatic cord of a retained teratoma occluding 
the small colon. 897 
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VASCULAR LESIONS 

Intramural Hematoma 

Intramural hematoma of the small colon is relatively rare, 
although some cases may not be diagnosed if they do not 
cause complete obstruction and if they resolve without 
intervention. 898 Hemorrhage occurs between the mucosa 
and muscularis layers, which expand to occlude the lumen 
and cause complete obstruction. The length affected has 
been reported to range from 24 to 65 cm. The cause is 
unknown, although in people, blunt abdominal trauma 
has been associated with the condition. 899 In one equine 
case series, iatrogenic rectal trauma was implicated as the 
cause. 900 There is an increased incidence in older horses, 
with those affected having an average age of 11 years in 
one study. 860 Affected cases frequently have blood in the 
rectum and may show signs of vascular compromise from 
blood loss. 860 * 900 

Exploratory celiotomy with complete resection of the 
affected segment and end-to-end anastomosis is necessary. 
Because of the long length of the affected segment, it may be 
difficult to exteriorize and resect all damaged intestine. How¬ 
ever, if the entire affected segment can be removed, the prog¬ 
nosis is good, with 75% of horses surviving in one study. 898 

Mesocolic Tears and Rectal Prolapse 

Tears in the mesentery of the small colon can occur as a 
complication of parturition, especially in multiparous 
mares, 901902 and result in segmental ischemic necrosis of 
the small colon. Trauma and straining during parturition 
can result in tearing of the mesocolon and devitalization 
of the associated descending colon, which may progress to 
an intussusception of the small colon, which manifests as 
a type III or IV rectal prolapse. In a type III rectal prolapse 
the rectal ampulla prolapses, as with a type II prolapse, 
but in addition a portion of the small colon intussuscepts 
into the rectum. In type IV rectal prolapse part of the small 
colon and the rectum intussuscepts through the anus. 901903 
Gentle palpation around the prolapse can help determine 
the type of prolapse. Although a rectal prolapse is readily 
identifiable, tears of the mesocolon resulting in devitaliza¬ 
tion of the small colon result in a more insidious onset of 
clinical signs, including depression and lack of feces. 901902 

The mesocolic tear is frequently located caudally, result¬ 
ing in the affected area being inaccessible via a midline 
celiotomy. Therefore it may be more prudent to first per¬ 
form standing flank laparoscopy to determine the location 
and extent of the lesion. 904 This allows assessment of the 
lesion to determine if resection and anastomosis of the 
affected segment via celiotomy is feasible, or if a permanent 
colostomy is required. 905 

STRANGULATING OBSTRUCTIONS 

Strangulating Lipoma 

Pedunculated lipomas can cause a strangulating or nonstran¬ 
gulating obstruction of the small colon, but this occurs much 
less frequently than in the small intestine. In a large retro¬ 
spective study, lipomas were found to involve the descending 
colon in less than 10% of cases. 906 The overall incidence of 
lipomas affecting any portion of the gastrointestinal tract is 
increased in older geldings 906 907 and in Saddlebreds and 
Arabians. 906 It is therefore likely that lipomas specifically 
affecting the descending colon have a similar distribution. 
Fig. 32-58 illustrates a pedunculated lipoma that had stran¬ 
gulated a short section of the small colon. Clinical signs 
typical of a strangulating obstruction are seen, with a 



FIG. 32-58 II A short section of small colon that had been strangulated 
by a pedunculated lipoma. 


significantly elevated heart rate, abnormal abdominocentesis, 
and distended large colon on rectal examination. 860 In addi¬ 
tion, on rectal examination a constriction of the lumen of the 
small colon caused by the lipoma may be felt. Surgery is nec¬ 
essary to free the constricting lipoma, followed by resection 
and anastomosis if the intestine is nonviable (Fig. 32-59). 
The prognosis is worse if resection is required, with a 50% 
survival rate in one study, compared with 100% survival for 
nonstrangulating lipomas. 860 



FIG. 32-59 II The same case as in the previous figure after resection of the 
ischemic segment and end-to-end anastomosis. 


CHAPTER 32 Diseases of the Alimentary Tract 




761 


Other Causes of Strangulating Obstruction 

Several other causes of strangulating obstruction can occur, 
but each condition is relatively rare. These include volvulus 
of the small colon 888 and strangulation through internal 
hernias such as a vaginal tear 861 or tears in the gastrosplenic 
ligament. 908 

II Prognosis. A good survival rate was found in two large 
studies reviewing small colon disorders, with 71% and 
91% of patients being discharged from the hospital. 860 * 861 
The main reason for euthanasia at the time of surgery was 
an inability to completely exteriorize the affected segment 
to allow adequate resection and anastomosis. 860 Previous 
reports have suggested that resection and anastomosis in 
the small colon may carry a poor prognosis because of a rel¬ 
atively poor blood supply, higher bacterial counts, solid 
fecal material, and increased collagenase activity compared 
with the small intestine. 888 However, if the patients eutha¬ 
nized at surgery are excluded, short-term survival after sur¬ 
gery for a small colon lesion is excellent, with a report of 
100% survival in one study. 909 In addition, horses that 
required resection and anastomosis did not have a worse 
prognosis for survival 861 and are less likely to develop the 
complications associated with small intestinal resection, 
such as POL 910 


PERITONITIS IN HORSES 

ROBIN M. DABARIINRR 

II Anatomy and Physiology. The peritoneum is the meso- 
thelial lining of the peritoneal cavity and its contained 
viscera. It forms a closed sac in males but communicates 
with the external environment in females via the fallopian 
tubes. The peritoneum consists of a single layer 
of mesothelial squamous cells resting on a thin basal 
lamina, which is attached to a loose connective tissue layer 
containing collagen, and elastic fibers, allowing a variable 
degree of motion. The peritoneum is coated with a thin 
serous film that serves to minimize friction and thus facili¬ 
tates free movement between abdominal viscera. 911912 The 
peritoneum is divided into the visceral peritoneum, which 
encloses the intraperitoneal organs and forms the omentum 
and mesenteries, and the parietal peritoneum, which lines 
the abdominal walls, pelvis, and diaphragm. The visceral 
peritoneum, mesentery, and omentum are supplied and 
drained by the splanchnic vasculature. 913 The parietal peri¬ 
toneum is supplied by arterial branches of the lower inter¬ 
costal, lumbar, and iliac vessels and is drained by veins 
entering into the caudal vena cava. Branches of the spinal 
nerves supplying the abdominal wall innervate the parietal 
peritoneum, and the phrenic nerve supplies the diaphrag¬ 
matic peritoneum. As a result, irritation of the parietal peri¬ 
toneum gives rise to afferent stimuli that are transmitted by 
the intercostal and phrenic nerves and perceived as somatic 
pain. 913 In contrast, there are no pain receptors in the vis¬ 
ceral peritoneum, and afferent stimuli are conducted cen¬ 
trally by the visceral autonomic nervous system. 

Peritoneal fluid is constantly being produced and 
absorbed. The movement of fluid and solutes occurs by 
passive diffusion across the semipermeable peritoneal mem¬ 
brane 914 Solutions or drugs administered into the peritoneal 
cavity equilibrate rapidly with plasma. Transperitoneal 
fluid movement can be increased during peritoneal inflam¬ 
mation, causing a rapid and massive transudation of fluid 
into the peritoneal cavity that can lead to hypotension and 
shock. 914 


The peritoneal lymphatics, especially the diaphragmatic 
lymphatics, play a major role in the removal of fluid and 
solutes from the peritoneal cavity. The diaphragmatic 
lymphatic valves provide a unidirectional clearance of perito¬ 
neal fluid and debris, which empty primarily into the thoracic 
duct and are probably the first line of defense in peritoneal 
contamination. These lymphatics are aided by movements 
of breathing, which encourage cranial flow and clearance 
of peritoneal fluid. 91 -^ 917 Cellular defenses are provided by 
peritoneal macrophages, mast cells, and mesothelial cells. 
Activated peritoneal T lymphocytes and local antibody pro¬ 
duction have also been demonstrated experimentally. 916 Peri¬ 
toneal macrophages have antimicrobial activity resulting 
from their complement receptors, phagocytic ability, and 
T cell-mediated immune responses. In addition, peritoneal 
macrophages are important in neutrophil chemotaxis and 
fibroblast stimulation, which aid in bacteria localization. Peri¬ 
toneal mesothelial cells are an abundant source of plasmino¬ 
gen activator, which is responsible for normal fibrinolytic 
activity on peritoneal surfaces. 915 


II Pathophysiology of Peritoneal Injury. Peritonitis can be 
induced by a number of infectious (bacterial, viral, fungal, 
parasitic) and noninfectious (traumatic, chemical, neoplas¬ 
tic) causes. The initial reaction to inflammatory stimulus is 
the release of histamine and serotonin from peritoneal mast 
cells and macrophages, resulting in vasodilation and 
increased vascular permeability with transudation of fibrin¬ 
ogen-rich plasma into the peritoneal cavity. The concurrent 
loss of mesothelial cells and release of tissue thromboplas¬ 
tin reduce the fibrinolytic capabilities of the peritoneal 
surface and activate the extrinsic coagulation pathway, 
thereby shifting the fibrinolysis-coagulation equilibrium 
toward fibrin formation. 918 * 919 This response serves to aid 
in the fibrin seal of the peritoneal defect and provides the 
framework for fibroblasts to lay down collagen, which pro¬ 
duces fibrous adhesions to localize bacteria. 

Peritoneal macrophages stimulate neutrophil chemotaxis 
both directly and indirectly via the release of TNP and IL-1. 
TNF and IL-1 stimulate neutrophil margination and degran¬ 
ulation and alter the vascular endothelium to promote leu¬ 
kocyte adherence. Metabolism of cell membranes results in 
phospholipid products such as PAF, prostaglandins, and 
leukotrienes, which contribute to the vasodilatory response; 
phospholipase A 2 provides the catalyst for activation of 
these phospholipid products via the arachidonic acid path¬ 
way. Within hours an influx of fluid, protein, and neutro¬ 
phils enters the peritoneal cavity in response to the 
inflammatory stimulus. 919 

The combination of enlarged diaphragmatic lymphatics 
and the cellular defenses described earlier result in rapid 
clearance of debris from the contaminated peritoneal cavity. 
If the inflammatory response resolves, the mesothelial cell 
lining is restored from either free-floating macrophages or 
differentiated subperitoneal connective tissue cells. 919 The 
normal fibrinolytic activity of the peritoneal mesothelial 
cells returns, initiating removal of the accumulated fibrin 
clots. Severe inflammation, foreign bodies, intestinal ische¬ 
mia, or infection can result in continued fibrin production 
from proliferating and migrating fibroblasts, causing fibrous 
scarring and adhesion formation. 918 

Peritonitis in the horse is usually secondary to intestinal 
leakage or degeneration, resulting in the transmural pas¬ 
sage of bacteria into the peritoneal cavity. Any disease pro¬ 
cess that causes gastrointestinal, hepatic, or urogenital 
inflammation or compromise can lead to the development 
of peritonitis. The adverse effects of intraperitoneal bacte¬ 
ria can be enhanced by the presence of excessive peritoneal 
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fluid accumulation, hemorrhage, 920 fibrin, bile, necrotic 
tissue, ischemia, anaerobes, and fecal matter. Excessive 
peritoneal fluid enhances the dissemination of localized 
bacteria and dilutes opsonic proteins such as complement 
and immunoglobulins. 

Fibrin formation can be beneficial in confining bacteria; 
however, excessive amounts can result in abscess formation 
and prevent phagocytes and antimicrobial drugs from 
reaching the source of contamination. Fibrinous adhesions 
may also physically occlude diaphragmatic lymphatics and 
protea baaeria from opsonins, neutrophils, and antibio¬ 
tics. Necrotic tissue, fecal matter, and bile all prolong the 
debridement phase of peritoneal healing and interfere with 
peritoneal defense mechanisms. 

Peritonitis is an inflammation of the peritoneum and can 
result from many causes, which are classified as primary or 
secondary, acute or chronic, and localized or diffuse. Primary 
peritonitis is uncommon in adult horses but may occur 
by hematogenous spread of baaeria in the septic or immuno¬ 
compromised neonate or in young horses exposed to 
Streptococcus equi infeaion. 916 Uroperitoneum and septice¬ 
mia-induced peritonitis occur predominantly in neonates. 
Internal abdominal abscesses caused by disseminated S. equi, 
Streptococcus zooepidemicus, or R. equi infection are usually 
found in weanlings or young horses. 921 * 922 

Peritonitis secondary to another disease process may be 
caused by perforating abdominal wounds, chemical irrita¬ 
tion (bile, urine), neoplasia, breeding and foaling injuries 
(uterine or vaginal trauma), intestinal parasitism, hepatitis, 
nephritis, pancreatitis, ruptured bladder or ureter, urinary 
infeaion, ruptured or lacerated abdominal viscera (spleen, 
ovary, liver, diaphragm), castration complications, and fac¬ 
tors directly related to gastrointestinal problems, which are 
divided into preoperative, intraoperative, and postoperative 
causes (Box 32-4). 


II Diagnosis 

HISTORY AND CLINICAL SIGNS. Clinical signs of perito¬ 
nitis vary and depend on the cause and duration of the perito¬ 
nitis. Ixxalized infeaions often have limited systemic 
involvement, whereas diffuse peritonitis can elicit generalized 
signs of endotoxemia and sepsis. Horses with peracute perito¬ 
nitis caused by intestinal rupture show signs of acute, severe 
sepsis and cardiovascular collapse with tachycardia, tachyp¬ 
nea, sweating, and varying degrees of abdominal discomfort 
with death ensuing within hours. 

The most common presenting clinical signs for horses 
with peritonitis described in retrospeaive studies of 21 
and 30 horses (age range, 2 months to 16 years) included 
pyrexia (reaal temperature exceeding 38.5° C), anorexia, 
mild abdominal pain, reduced or absent borborygmi, diar¬ 
rhea, increased heart rate, and clinical evidence of dehydra¬ 
tion. 923 * 924 In another retrospeaive study of 67 horses with 
peritonitis, clinical signs of abdominal pain, signs of circu¬ 
latory shock, and diarrhea were significantly less severe in 
survivors compared with nonsurvivors, regardless of the 
cause of peritonitis. 925 

Reaal examination often elicits pain, and if adhesions 
are present, distended bowel may be present. In cases of 
intestinal rupture, either roughened peritoneal surfaces or 
an abnormally empty abdomen can be palpated. Occasion¬ 
ally, abdominal masses or abscesses can be palpated, and 
mesenteric lymph nodes may be enlarged; however, in 
many cases, no abnormalities can be deteaed. Parietal pain 
may be charaaerized by a "guarded" or splinted abdomen 
with pain on abdominal ballottement and a reluaance to 
move or defecate. 

A urogenital examination should be performed in horses 
with peritonitis of undiagnosed cause to rule out vaginal, 
cervical, and uterine tears in mares or infected castration 
sites in males. Gastrointestinal motility is usually decreased 
secondary to sympathetic stimulation from parietal pain, 
hemoconcentration, or serosal surface trauma. Ileus fre¬ 
quently results in intestinal stasis with gastric fluid accu¬ 
mulation and intestinal distention, which subsequently 
intensifies the abdominal pain. The mobilization of fluid 
into the peritoneal cavity results in an intravascular fluid 
deficit, causing reabsorption of fluid from the large colon 
and cecum. Findings of intestinal ingesta impaaions sec¬ 
ondary to these fluid shifts or ileus are not uncommon in 
horses with peritonitis. 924 

CLINICOPATHOLOGY. Abnormal laboratory values are 
dependent on the cause and duration of peritonitis. Hemato¬ 
logic abnormalities seen in acute peritonitis include elevated 
PCV secondary to transudation of fluid into the peritoneal 
cavity and endotoxemia. Initially a proportional increase in 
plasma protein levels occurs, refleaing the degree of dehy¬ 
dration; however, in severe cases protein eventually is 
sequestered into the abdomen because of increased capillary 
permeability, resulting in systemic hypoproteinemia. Periph¬ 
eral blood neutropenia with a degenerative left shift is caused 
by margination of neutrophils and migration of these cells 
into the abdomen. Inaeased plasma fibrinogen levels (up 
to 1000 mg/dL) can occur after 48 hours. Peritonitis of lon¬ 
ger duration and internal abscesses are associated with 
greater variability in laboratory values, but affeaed horses 
often demonstrate a normal or inaeased systemic neutrophil 
count, monocytosis, and elevated plasma protein levels as a 
result of increased immunoglobulin produaion. 922 

Alterations in blood gas analysis and serum chemistry 
values often depend on the horse's clinical and hydration 
status at the time of presentation. Elevations in BUN and 
aeatinine occur secondary to dehydration. Hypokale¬ 
mia, hypochloremia, and hyponatremia may occur in the 



Gastrointestinal Factors Associated with Peritonitis 


IATROGENIC FACTORS 
Diagnostic Complications 

Enterocentesis during abdominocentesis 
Inadvertent rectal tears during palpation 
Laceration or leakage of distended bowel during 
percutaneous trocarization 
Hemorrhage secondary to splenic abdominal tap 

Surgical Complications 

Castration 

Colpotomy 

Surgical trauma to peritoneal surfaces 
Enterotomy 

Intestinal needle decompression 
Intestinal anastomoses 
Intraoperative hemorrhage 
Break in aseptic surgical procedures 
Foreign bodies (sponges, instruments) 

FACTORS ASSOCIATED WITH PRIMARY 
GASTROINTESTINAL DISORDER 

Proximal enteritis 

Intestinal ischemia or compromise 

Gastric, intestinal perforation 

Hemorrhage 

Uroperitoneum 

Parasitic migration 

Abscess 

Neoplasia 
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anorectic, acidotic patient with gastrointestinal dysfunction. 
Serum creatinine levels, anion gap, and pH were signifi¬ 
cantly different between survivors and nonsurvivors at the 
time of presentation in 67 horses with peritonitis. 925 

Abdominocentesis confirms the diagnosis of peritonitis, 
although the cause may remain unknown. Normal perito¬ 
neal fluid is clear, straw colored, and serous in consistency. 
The total nucleated cell count and total protein in perito¬ 
neal fluid of normal horses were reported to be less than 
5000 cells/pl. and 2.5 g/dL, respectively, with 24% to 60% 
of the cells being neutrophils. 926 We have found that nor¬ 
mal horses typically have peritoneal fluid protein less than 
1 g/dL The cytologic appearance of the leukocytes and 
mesothelial cells should be normal, although activated 
mesothelial cells are not an unusual observation. 

Colorless fluid is very dilute, and, if it is present in large 
quantities, the possibility of ascites or uroperitoneum must 
be considered. Serosanguineous fluid indicates an increase 
in erythrocytes or free hemoglobin that may be caused 
by intestinal degeneration and transmural erythrocyte leak¬ 
age, splenic puncture during abdominocentesis, abdominal 
viscera laceration, or skin contamination. Green fluid 
results from enterocentesis or intestinal rupture, and brown 
fluid is associated with late-stage tissue necrosis. Turbid 
fluid indicates an increased cell count, and opalescence sug¬ 
gests chylous effusion. Flocculent fluid with fibrin strands 
indicates an inflammatory, exudative process in the abdo¬ 
men. The quantity of fluid varies among horses and can 
be increased in acute peritonitis (transudate or exudate) 
or absent in chronic peritonitis with excessive fibrin 
production. 

Peritoneal fluid parameters consistent with peritonitis 
vary widely, depending on the disease process. High nucleated 
cell counts ranging from 15,000 to 800,000 cells/pL with 
greater than 90% neutrophils having toxic or degenerative 
changes have been reported for horses with peritonitis 923 * 926 
or internal abscesses. 022 Total protein greater than 2.5 g/dL 
indicates increased capillary permeability of the abdominal 
viscera or peritoneum resulting in protein exudation and is 
associated with peritoneal inflammation, intestinal compro¬ 
mise, or blood contamination of the peritoneal fluid. The 
presence of fibrin and intracellular bacteria is diagnostic for 
peritonitis. Cytologic evidence of extracellular bacteria can 
result from skin contamination and should be interpreted in 
combination with clinical signs. 

It may be difficult to distinguish between early and mild 
septic peritonitis and nonseptic peritoneal inflammation 
using clinical and clinicopathologic findings alone. In addi¬ 
tion, false-negative bacterial cultures in horses with perito¬ 
nitis are not uncommon, and positive culture results often 
require several days of incubation. One study investigated 
peritoneal fluid pH, glucose concentration, and LDH activ¬ 
ity in normal horses and horses with either septic or non¬ 
septic peritonitis. 927 Horses with septic peritonitis had 
significantly lower peritoneal fluid pH and glucose concen¬ 
tration than horses with nonseptic peritonitis or healthy 
horses. Serum-to-peritoneal fluid glucose concentration dif¬ 
ferences >50 mg/dL were diagnostic for septic peritonitis. 
Peritoneal fluid pH >7.3, glucose concentration <30 mg/ 
dL and fibrinogen concentration >200 mg/dL were highly 
indicative of septic peritonitis. LDH activity was not useful 
in the detection of septic and nonseptic peritonitis. These 
measurements may provide early indication of sepsis, espe¬ 
cially if cytologic evaluation or bacterial culture results are 
unavailable. The acidic peritoneal fluid pH likely reflects 
lactate production by peritoneal fluid neutrophils via 
glycolysis and acid metabolite production by bacteria. 
The low peritoneal glucose concentration may be secondary 
to glucose use by bacteria and phagocytic cells, glycolytic 


enzymatic activity in the peritoneal fluid, or low transport 
of glucose from the blood to peritoneal fluid. 

Peritoneal fluid must be interpreted carefully in horses 
after abdominal surgery, foaling, castration, or multiple abdo¬ 
minocentesis. Nucleated cell counts between 85,000 and 
418,000 cells/pL and protein values from 4.7 to 6.5 g/dL were 
found on postoperative day 5 in six normal horses that had 
undergone abdominal exploration. 928 Peritoneal fluid 5 days 
after open castration (N=24) contained 30,000 nucleated 
white cells per microliter, with more than 85% being neutro¬ 
phils. By day 7 after castration the cell counts were normal, 
with no toxic or degenerative changes. 929 Parturition can 
cause increased nucleated cell and RBC counts, with elevated 
total protein values in the peritoneal fluid 930 In a recent 
study, postpartum mares having uneventful foaling or 
uncomplicated dystocia had normal peritoneal fluid except 
for elevation in percent neutrophils. Mares having compli¬ 
cated dystocia had bloody peritoneal fluid with increased 
total protein (median total protein = 4 g/dL) and WBCs 
(median WBCs = 40,5000) 1 day after foaling. 931 Schumacher 
found no significant alterations in peritoneal fluid in 
normal horses sampled every 24 hours for 5 days; however, 
48 hours after enterocentesis, nucleated cell counts were 
113,333 in sue of nine horses. 932 Cytologic examination 
of the peritoneal fluid should include a Wright and a Gram 
stain. Macrophages should be examined closely for evidence 
of cellular engulfment and erythrophagocytosis. The perito¬ 
neal fluid cell morphology is an important diagnostic aid 
and can be evaluated from the Wright stain. The Gram stain 
demonstrates the presence of bacteria and can guide initial 
antimicrobial treatments until culture and sensitivity results 
become available. Microbiologic culture is performed to 
identify aerobic and anaerobic bacteria, and antibiotic sus¬ 
ceptibility testing is done to identify specific antibiotic ther¬ 
apy. Serial cultures of the peritoneal fluid may be necessary 
to identify emerging or resistant bacterial strains. Optimal 
bacteria isolation techniques when peritoneal fluid 
is cultured require the use of an enriching broth, blood cul¬ 
ture medium, and, if appropriate, an antimicrobial removal 
device. * 

Bacteria were cultured or cytologically identified in 48 of 
67 horses (71.6%) with peritonitis, and £. coli and Staphylo¬ 
coccus epidermidis were the most common bacteria isolated 
from peritoneal fluid samples. 925 Others have reported only 
a 16% to 25% isolation rate for infective agents. 923 924 
Anaerobes have been isolated from approximately 20% of 
equine peritonitis cases, with Bacteroides fragilis most 
common. 924 Failure to identify or culture bacteria from 
peritoneal fluid does not rule out septic peritonitis. Ultraso¬ 
nography may be helpful in obtaining abdominal fluid, 
detecting fibrin tags, determining if blood is within the 
abdomen, or finding an abdominal abscess (Figs. 32-60 
and 32-61). 

Hemoperitoneum is blood in the abdominal cavity caused 
by intraabdominal hemorrhage. Although rare in horses, it 
can be life-threatening. Clinical signs are variable and depen¬ 
dent on cause and severity. Affected horses often show signs 
of anxiety or depression as well as shock and anemia. Clinical 
signs of abdominal pain result from high intraabdominal 
pressure or the irritating effect of blood on serosal surfaces. 
In one study of 67 cases of hemoperitoneum in the horse, 
79% were presented with a primary complaint of abdominal 
discomfort. 933 Other clinical signs were shock and pale 
mucous membranes in 60% of horses. Mean heart rate was 
76 beats/min, respiratory rate was on average 30 breaths/min, 


*BBL Septi-Chek. Becton Dickinson and Company, Cockeysville, MD. 
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FIG. 32-40 II Sonogram of adult horse abdomen showing web of fibrin 
(F) surrounding fluid found in a horse with chronic peritonitis. The wall 
of the small intestine (SI) is thickened. (Courtesy Dr. David Schmitz, Texas 
A&M University.) 



FIG. 32-41 II Sonogram of abdomen full of blood. The fluid appears as 
swirlingechogenicfluid. (Courtesy Dr. David Schmitz,Texas A&M University.) 


and mean hematocrit was 30% with a total protein concen¬ 
tration of 5.8 g/dL. Causes of the hemoperitoneum were 
trauma (25%); neoplasia (18%); uterine artery rupture 
(14%); mesenteric injury (12%); disseminated intravascular 
coagulation (6%); and idiopathic causes (20%). Fifty-one 
percent survived to hospital discharge, 37% were eutha¬ 
nized, and 12% died. Poor short-term outcome was signifi¬ 
cantly associated with a high respiratory rate. 


II Treatment. Horses with peritonitis require early, aggres¬ 
sive therapy. The treatment of peritonitis involves (1) 
patient stabilization, (2) correction of the inciting cause, 
and, in most cases, (3) administration of antimicrobial 
drugs and/or anthelmintic drugs. Surgical intervention 
may be required to identify or correct the cause of the peri¬ 
tonitis. See the accompanying algorithm for the treatment 
of peritonitis in horses. 

Stabilization includes treatment of systemic hypovole¬ 
mia and endotoxic shock. Intensive fluid therapy is usually 
required to replace fluid losses into the peritoneal cavity 


and combat cardiovascular collapse. Acid-base disorders 
should be identified and corrected. Electrolytes, especially 
calcium and potassium, are important for gastrointestinal 
function and should be supplemented if deficits exist. If 
intestinal compromise or gram-negative bacterial infections 
are suspected as the cause of peritonitis, J5 hyperimmune 
plasma* (4.4 mL/kg) may moderate the degree of endotox- 
emia. J5 is a mutant strain of E. coli that lacks the variable 
oligosaccharide side chains and binds to many gram-nega¬ 
tive organisms and endotoxins, providing cross-protec¬ 
tion. 934 If serum hypoproteinemia (total protein less than 
4 g/dL) is present, administration of additional plasma 
should be considered to minimize peripheral edema. 

ANTIMICROBIAL THERAPY. Antimicrobial therapy sho¬ 
uld be initiated as soon as the diagnosis of peritonitis is 
made and peritoneal fluid is obtained for culture and sensi¬ 
tivity testing. In a study of 30 horses with peritonitis, 70% 
were treated successfully with antibiotics and supportive 
therapy. 924 Cytologic examination of the peritoneal fluid 
can suggest an antimicrobial regimen until the specific caus¬ 
ative organism is identified. Intravenous administration is 
preferred, especially in the hypovolemic or shocked patient 
with compromised tissue perfusion. The most common 
organisms isolated from horses with peritonitis include aer¬ 
obic bacteria (E. coli, Staphylococcus species, Streptococcus 
species, R. equi) and anaerobic bacteria ( Bacteroides species, 
Clostridium species, Fusobacterium species). 922 925 

Broad-spectrum antimicrobial therapy is recommended, 
with a combination of an aminoglycoside such as gentamicin 
(6.6 mg/kg IV q24h) or amikacin sulfate f (9 to 12 mg/kg IV 
q8h) and potassium penicillin G (22,000 to 44,000 U/kg 
IV q6h) or ceftiofiir (4 mg/kg IV q8h or ql2h). After intrave¬ 
nous administration of aminoglycoside antibiotics, antimi¬ 
crobial activity in the peritoneal fluid reaches 50% to 80% 
of serum levels, whereas intestinal tissue concentrations are 
10% to 25% of serum concentrations. 935 

Aminoglycosides are bactericidal and effective against the 
majority of gram-negative intestinal aerobes, but pharmaco¬ 
logic monitoring is important especially in the hypovolemic, 
septic patient. Aminoglycosides can penetrate an abscess cap¬ 
sule but are minimally active in the acidic environment of an 
abscess. Drugs that penetrate fibrin, such as erythromycin 
and fluoroquinolones, are effective in the local abscess envi¬ 
ronment. Important considerations during aminoglycoside 
use include renal toxicosis and potential neuromuscular 
blocking effects during general anesthesia. 935936 Most 
gram-positive aerobic bacteria are sensitive to penicillins, 
but the extended spectrum of antimicrobial activity from 
sodium ampicillin (11 to 25 mg/kg IV q6-8h) or ceftiofiir 
may be beneficial. Trimethoprim-sulfadiazine (30 mg/kg 
PO ql2h), chloramphenicol (25 to 50 mg/kg PO q6h), 
and enrofloxacin* (1.5 mg/kg PO ql2h or 5 mg/kg 
q24h) are broad-spectrum antimicrobial drugs that have 
good peritoneal penetration and can be useful if war¬ 
ranted from the culture and sensitivity results. Enrofloxa- 
cin has been shown to have adverse effects on cartilage 
surfaces in young animals and should be reserved for 
adult horses only. 937 

Anaerobic bacteria, especially penicillin-resistant Bacter¬ 
oides species, are reported in 20% to 40% of equine patients 
with peritonitis. 923 * 938 Percentages of anaerobic involvement 
may be artificially low because of difficulty in isolating anaer¬ 
obic organisms. Metronidazole (15 to 25 mg/kg PO q6-8h) 
is effective against most anaerobic bacteria but should be 


*Plasma-I, Veterinary Dynamics, Templeton, CA. 
+ Amiglyde-V, Ford Dodge Laboratories, Inc., Fort Dodge, IA. 
♦Baytril, Miles Inc., Shawnee Mission, KS. 
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used in combination with antimicrobial drugs that have 
antibacterial activity against aerobic bacteria. 938 Of 54 
horses with positive anaerobic culture results, 95% also 
had aerobic bacteria isolated from the same specimen. 938 
In the face of ileus, an intravenous route of administration 
can be used, although cost may be prohibitive. Recently the 
pharmacokinetics of metronidazole (15 mg/kg, q6-8h) 
administered to horses per rectum in a suspension of 
crushed tablets and water (40 mL) was evaluated, and 
serum minimum inhibited concentration was reached 
within 1 hour. 939 Complications attributed to metronida¬ 
zole administration in horses were reported to be uncom¬ 
mon, with only 4 of 200 horses (2%) that underwent 
treatment showing appetite suppression. 938 However, 
peripheral neurologic deficits and central nervous system 
(CNS) dysfunction have been associated with metronida¬ 
zole treatment in other species. 938 Protracted antibiotic 
administration for the treatment of peritonitis is necessary. 
If an abdominal abscess is identified, 6 to 8 weeks of anti¬ 
microbial treatment may be necessary. Horses with diffuse, 
septic peritonitis are usually treated with antimicrobial 
drugs for 7 days after clinical signs and peritoneal fluid 
abnormalities have resolved. 

ANTIINFLAMMATORY THERAPY Horses with peritoni¬ 
tis often have clinical signs of endotoxemia and tissue 
trauma eliciting a cascade of inflammatory mediators. Flu- 
nixin meglumine,* an NSA1D, inhibits COX production of 
prostaglandins and blocks many detrimental effects of 
endotoxemia. 940 Flunixin also may decrease adhesion for¬ 
mation within the peritoneal cavity. Low doses of flunixin 
(0.25 mg/kg IV q6h) inhibited prostaglandin production 
during experimentally induced endotoxemia in horses. 940 
Analgesia is also important in the treatment of peritonitis 
in horses to inhibit sympathetic stimulation secondary to 
parietal pain; therefore flunixin at a dose of 0.5 mg/kg 
q6h may be clinically more beneficial. 

ANTHELMINTICS. Anthelmintics are required if vermin¬ 
ous arteritis secondary to S. vulgaris migration is the suspected 
cause of the peritonitis. A history of mild intermittent colic 
and a poor or unknown deworming program may be appar¬ 
ent. The abdominal pain arises from ischemia or the initia¬ 
tion of focal infarcts. Often this disease cannot be 
differentiated from other types that cause mild colic. The 
heart rate is often normal, and rectal examination usually 
has no abnormal findings unless there is concurrent impac¬ 
tion or gas distention. Fremitus to the cranial mesenteric 
artery is an inconsistent finding. Laboratory findings can also 
vary greatly. Evidence of peritoneal inflammation is indicated 
by increased peritoneal protein and WBC count. The 
response to antilarval therapy may be the best way to diag¬ 
nose peritonitis secondary to parasitic migration. Colic in 
horses that respond will usually cease, and horses will 
become more active and alert several days to weeks after ther¬ 
apy. The larvicidal treatment is fenbendazole* (15 mg/kg PO 
for 5 days or 50 mg/kg for 3 days) or ivermectin (0.2 mg/kg 
PO), and aspirin (60 grains once daily PO). 

OTHER MEDICAL TREATMENT. Gastrointestinal ileus 
results from peritoneal trauma, intestinal compromise, or 
sympathetic stimulation. Intestinal ileus can cause respira¬ 
tory compromise from increased abdominal pressure and 
reduced intestinal perfusion, leading to further compro¬ 
mise. Intravenous lidocaine infusion is useful in providing 
analgesic support and prokinetic activity in horses with 
peritonitis. Lidocaine reduces neutrophil infiltration and 
endothelial permeability by inhibiting sensory neuronal 


*Banamine, Schering-Plough, Omaha, NE. 
f Panacur, Hoechst Roussel Vet, Warren, NJ. 


transmission. Administration of intravenous lidocaine (a 
loading dose of 1.3 mg/kg followed by a constant-rate infu¬ 
sion of 0.05 mg/kg/min) provides sufficient analgesia and 
may stimulate intestinal ileus caused by peritonitis. It also 
potentiates the analgesic response of other analgesics such 
as xylazine and butorphanol. 

Nasogastric intubation is necessary for relief of gastric 
fluid accumulation and continued intestinal decompres¬ 
sion. Parenteral nutritional support should be considered 
in the compromised, anorectic patient or in horses with 
severe, prolonged gastrointestinal dysfunction. 

SURGICAL TREATMENT. Surgical intervention is often 
required to identify or correct the inciting cause of peritoni¬ 
tis, which is often secondary to compromised intestine or 
leakage of the reproductive or urogenital systems. Peritoneal 
lavage and drainage can be accomplished at the time of sur¬ 
gery to remove any accumulated debris or exudate. Surgical 
drainage of internal abdominal or perirectal abscesses has 
been described but is difficult and often results in further 
contamination of the abdomen. 922 Long-term antimicrobial 
therapy with marsupialization or aspiration may be the pre¬ 
ferred approach in these cases. 

A successful technique used in the treatment of peritoni¬ 
tis in small animals and people is open peritoneal drainage, 
which allows continuous drainage of the entire abdominal 
cavity and provides an unfavorable environment for anaer¬ 
obic bacteria. 941 The large size, stall environment, and 
ambulatory nature of the horse precludes its use in the treat¬ 
ment of peritonitis in horses. 

The effectiveness of intermittent peritoneal lavage and 
drainage in horses with peritonitis is well documented. 942 
The benefits of abdominal drainage and lavage include 
(1) reduction of bacterial numbers, enzymes, and toxins 
from the large absorptive peritoneal surface area; (2) 
removal of degenerative neutrophils and cellular debris; 
(3) elimination of accumulated blood; (4) removal of 
irritating foreign material such as plant material and urine; 
and (5) dilution of adhesion-forming substrates such 
as fibrinogen and fibrin. Some claim that only a small 
part of the equine abdomen is effectively lavaged and that 
lavage may disseminate a localized infectious focus. 941 
In my opinion, peritoneal lavage and drainage constitute 
an important and potentially life-saving treatment that 
should be considered in the treatment of horses with 
peritonitis. The controversial aspects of its use should 
be when and whether peritoneal lavage is necessary. In 
our hospital, use of peritoneal drainage and lavage is 
reserved for acute cases of purulent effusion in the abdo¬ 
men and in horses not responding to medical therapy as 
determined by clinical signs and results of abdomino- 
centesis. We also use standing postoperative peritoneal 
lavage for prevention of abdominal adhesions after sur¬ 
gery for small intestinal obstructions. In an experimental 
study, horses having abdominal lavage after colic surgery 
were significantly less likely to develop abdominal adhe¬ 
sions than horses not lavaged. 943 Foley, mushroom, or 
thoracic catheters can be used. The catheter should have 
numerous fenestrations for allowing infusion and drain¬ 
age through the catheter. The catheter should be covered 
with a sterile bandage between uses to prevent ascending 
bacterial infection. A recent retrospective study evaluated 
67 horses with an indwelling abdominal drain placed at 
surgery after celiotomy surgery or in the standing horse 
with signs of peritonitis. Forty-nine percent had minor 
complications, which included obstruction of the drain, 
fluid leakage around the drain, and subcutaneous fluid 
accumulation. Incisional drainage developed in 32% 
of horses, and incisional herniation occurred in 11%. 
Lavage solution is usually lactated Ringer's solution, 



CHAPTER 32 Diseases of the Alimentary Tract 



767 


although heparin or antimicrobial drugs may be added to 
the abdominal solution. If heparin is used to prevent the 
development of fibrinous isolation of bacteria, the usual 
dose is 80 U within the lavage solution or a systemic dose 
of 40LI/kg SC ql2h. A sudden but transient decrease in 
PCV should be expected because of severe rouleau forma¬ 
tion. Peritoneal lavage is usually performed with 10 to 20 L 
of fluid twice daily for 2 to 5 days. It is usually continued until 
the peritoneal fluid becomes dear and cell count and total pro¬ 
tein concentration return to normal values. 

Stabilization, antimicrobial administration, and hydra¬ 
tion of the horse should be performed before abdominal 
drainage or lavage. Placing an ingress catheter in the para- 
lumbar fossa for fluid infusion and* an egress catheter on 
ventral midline for drainage has been described, but is 
probably not effective because the infused fluid usually 
finds a direct path through the abdomen to the egress cath¬ 
eter, providing inadequate lavage. Retrograde irrigation and 
drainage through an ingress-egress catheter placed on ven¬ 
tral midline have been used effectively for removal of peri¬ 
toneal exudate in horses. 944 

The site of drain placement is on the ventral midline at the 
most dependent aspect of the abdomen. Ultrasonography 
may be useful in locating a site free of abdominal viscera or 
fetus if the horse is in late gestation. A variety of drains can 
be used; mushroom drains* and argyle drains are most use¬ 
ful, but a large Foley catheter + is also effective. The horse is 
properly sedated, and the drain site is prepared aseptically 
and blocked with local anesthetic. A 1-cm stab incision is 
made through the skin, subcutaneous tissue, and linea alba. 
Mushroom and argyle drains should be stretched over a 
female canine or Chambers mare catheter to aid insertion. 
If the bowel is inadvertently punctured, the drain should 
not be removed until the horse is anesthetized to allow 
removal of the drain and closure of the puncture site. 

With the drain acting as an ingress cannula, 10 to 20 L 
of a warmed balanced polyionic fluid is infused. Abdomi¬ 
nal discomfort may be encountered after 10 L of fluid or 
after rapid infusion. Slowing the infusion rate or further 
sedation may be required. After fluid infusion the drain 
is filled with full-strength heparin and clamped closed 
and the horse is walked for 20 to 30 minutes to promote 
distribution of the lavaged fluid. The drain is then opened 
and the fluid is allowed to drain into a clean calibrated 
bucket to record its volume. The majority of the infused 
fluid should be collected. This process is repeated two or 
three times daily for 2 or 3 days until the peritoneal fluid 
white cell count and total protein show improvement. 
Between treatments the abdominal drain should be filled 
with heparin, closed, and protected from the environment 
by a sterile bandage. 

The addition of povidone-iodine or nitrofurazone to peri¬ 
toneal lavage solutions has been associated with chemical 
peritonitis, hypovolemia, hyperosmolarity, and acidosis in 
normal horses and is not recommended. 944 Adding antimi¬ 
crobial drugs to the peritoneal lavage solution is probably 
not necessary; however, plasma concentrations of antimicro¬ 
bial drugs should be measured to ensure proper levels in the 
face of peritoneal lavage and drainage. Horses treated with 
peritoneal lavage must also be monitored closely for hydra¬ 
tion, protein loss (up to 0.5 to 1 g/dL daily), and electrolyte 
imbalances. Complications of peritoneal drains include 
visceral puncture during insertion, ascending infection, sub¬ 
cutaneous leakage and edema, and herniation of intestine or 
omentum through the drain. 944 


* Argyle Trochar Catheter, Sherwood Medical, Sl Louis, MO. 
f Foley Catheter, CR Bard Inc., Murray Hill, NJ. 


Intraperitoneal or systemic administration of heparin has 
been recommended in the treatment of peritonitis in many 
species. 945 I leparin is thought to inhibit fibrin deposition, 
thereby minimizing the localization and entrapment of bac¬ 
teria, which can decrease the effectiveness of antimicrobial 
drugs 919 ' 945 Heparin has also been advocated in the pre¬ 
vention of abdominal adhesions in humans and decreased 
the formation of adhesions in ponies after experimentally 
induced intestinal ischemia. 946 There are no controlled 
studies in horses that describe the outcome of treatment 
or recommended dosage of heparin therapy in horses with 
peritonitis, but I use a dose of 20 to 40 IU/kg SC q8h. The 
horse's hematocrit and platelet count will usually decrease 
after 4 days of heparin treatment as a result of RBC aggluti¬ 
nation but will rebound within 48 hours after the drug is 
discontinued. 

Adhesion prevention should be a primary concern in 
treating a horse with peritonitis. Abdominal lavage with 
or without heparin therapy is beneficial in preventing 
the development of abdominal adhesions secondary to 
septic peritonitis. Sodium carboxymethylcellulose provides 
surface protection through a siliconizing effect and dec¬ 
reases contact between serosal surfaces. In an experimental 
study, instillation of sodium carboxymethylcellulose 
(7 mL/kg of a 1% solution) into the abdominal cavity after 
closure of the incision significandy decreased the inci¬ 
dence of abdominal adhesions in ponies. 947 This treat¬ 
ment may be beneficial in horses with peritonitis that 
have undergone an exploratory celiotomy as part of the 
treatment regimen. 

II Prognosis. The prognosis depends on cause, severity, 
duration, and complications of the peritonitis. The mortality 
rate was 59.7% in a recent retrospective study of 67 horses 
with peritonitis. 925 The prognosis for mortality in that study 
was dependent on the inciting cause of peritonitis, with post¬ 
operative peritonitis having a high mortality rate (56%). 

Uminitis, diarrhea, ileus, and coagulopathies can occur 
after endotoxemia, and abdominal adhesions or abscess 
formation can have a negative effect on long-term progno¬ 
sis. There are no specific laboratory parameters that can 
predict prognosis in affected horses; however, a rapid 
response to therapy is considered a favorable prognostic 
indicator. With early diagnosis, correction of the inciting 
cause, aggressive medical therapy, and peritoneal lavage, a 
fair-to-good prognosis can be given in acute cases of septic 
peritonitis in the horse. 


FLUID THERAPY FOR HORSES WITH 
GASTRO INTESTINAL DISEASES 

KEVIN T.T. CORIJZY 

AIMS OF FLUID THERAPY 

The primary goal of fluid therapy is to increase cardiac out¬ 
put by increasing and then maintaining cardiac preload 
(Starling's Law of the heart). This in turn increases oxygen 
delivery to the tissues. By varying the electrolyte content of 
fluids, it is also possible to correct electrolyte and acid-base 
disturbances. 

FORMULATING A FLUID THERAPY PLAN 

Fluid therapy should be based on the clinical status of the 
horse, an assessment of the severity of ongoing losses, and 
any laboratory information available. The plan consists 
of four overlapping phases: resuscitation, rehydration. 




maintenance and ongoing loss provision, and electrolyte 
replacement. Each phase should consist of a type of fluid, 
a rate of administration, and an appropriate delivery sys¬ 
tem. It should also include a schedule of monitoring the 
effects of the fluid therapy and adjusting as necessary. It is 
important to consider the practicality of administering 
fluids in the environmental conditions (e.g., fluids may 
freeze in cold weather). In horses that are going to be 
referred from the field, the impact of any delay associated 
with fluid therapy should be weighed against the perceived 
benefit, particularly when only small volumes can be 
administered. 

The most important part of successful fluid therapy is to 
frequently adjust the plan according<o the patient's response. 

IDENTIFYING PATIENTS THAT REQUIRE 
FLUID THERAPY 

Gastrointestinal conditions of horses that result in great 
fluid loss, such as high-volume diarrhea and gastric reflux, 
obviously require aggressive fluid therapy. However, many 
other horses with gastrointestinal disease may require fluid 
therapy because of prolonged mild to moderate fluid losses 
or sustained reduced fluid intake. It is the identification of 
these horses that this section addresses. 

Clinical Signs 

The clinical signs of hypovolemia and dehydration are 
listed in Table 32-7. Hypovolemia is an emergency, and 
the aim of treatment should be to reverse hypovolemia in 
1 to 2 hours. Dehydration needs to be addressed in the first 
12 to 24 hours of therapy. Unfortunately, attempts to link 
given clinical signs with a percent fluid dehydration have 
not proved accurate. 948 It is important to assess all clinical 
signs and make a judgment on the fluid status based on 
the whole patient, including laboratory parameters if avail¬ 
able. For example, tachycardia in horses with colic may be 
a result of pain or hypovolemia. Clinical signs and response 
to analgesics or fluid loading may help differentiate the two. 

Laboratory Signs of Dehydration 

The most commonly used laboratory tests to assess hypovo¬ 
lemia are PCV and plasma total solids. Unfortunately these 
tests are neither sensitive nor specific. The PCV may be sub¬ 
stantially increased by splenic contraction in the horse, 
making small increases very hard to interpret. A PCV of over 
50% in a resting horse usually represents hypovolemia. 
Plasma total solids (protein measured by reffactometer) 
or total protein (measured by a chemistry analyzer) concen¬ 
tration also increases with hypovolemia. However, signifi¬ 
cant protein loss can occur in gastrointestinal disease 


TABLE 32-7 


Clinical Signs of Hypovolemia 

and Dehydration Horses 

j Hypovolemia 

Dehydration j 

Tachycardia 

Decreased pulse pressure 
Reduced jugular fill 

Tachypnea 

Cold extremities 

Decreased urine output 

Tacky mucous membranes 
Prolonged skin tent 

Sunken eyes 


From Corley K. Stephen I, eds: Equine hospital manual Oxford, UK. 2008, 
Blackwell Used with permission. 

Not all signs are consistently present in all horses. 


(particularly with colitis), resulting in a low or normal pro¬ 
tein concentration despite marked hypovolemia. Further¬ 
more, hypergammaglobulinemia (e.g., in cyathostomiasis) 
can increase the plasma total protein concentration in the 
absence of hypovolemia. The PCV and plasma total solids 
are most useful when greatly increased or when used serially 
to monitor the response to fluid therapy. 

Plasma or serum creatinine concentrations are useful to 
assess hydration status in the absence of renal dysfunction. 
High normal (1.5 to 1.8 mg/dL; 130 to 160 pmol/L) creati¬ 
nine concentrations can be associated with subclinical 
hypovolemia and should be evaluated in light of the history 
and clinical signs. Creatinine concentrations up to 3.5 mg/ 
dL (310pmol/L) are common with moderate to severe 
hypovolemia, and concentrations as high as 5 mg/dL 
(450 pmol/L) are possible with prolonged or marked hypo¬ 
volemia. Even in severe hypovolemia, the creatinine con¬ 
centration will not increase by much more than 2.3 mg/dL 
(200 pmol/L) per day. 949 If the creatinine concentration is 
higher than would be suggested by the clinical signs and 
other laboratory parameters and if the creatinine concentra¬ 
tion does not decrease appropriately with fluid therapy, 
renal dysfunction should be suspected. 

Increased blood lactate concentrations in the nonexercis¬ 
ing horse are sufficient evidence of a metabolic disturbance 
to initiate fluid therapy. Blood lactate concentrations are an 
indicator of tissue perfusion. The most common causes of 
increased lactate in the horse with gastrointestinal disease 
are endotoxemia, which can increase tissue lactate produc¬ 
tion by inappropriate anaerobic metabolism, and hypovole¬ 
mia. Increased blood lactate concentrations were associated 
with worse outcomes in equine colic. 950 Lactate can be 
measured in the field with hand-held blood gas analyzers * 
The expected lactate concentration can also be calculated by 
means of equations based on electrolyte and acid-base mea¬ 
surements. However, when tested in foals, these equations 
were only moderately accurate. 951 An increased circulating 
lactate should be suspected in metabolic acidosis (decreased 
pH, negative base excess) in the absence of hyperchloremia 
or hyponatremia. 952 Urine specific gravity can easily be 
measured in the field. High urine specific gravity (>1.040) 
indicates probable dehydration and normal renal concentra¬ 
tion of urine. Isosthenuria (1.010) indicates possible renal 
damage or a recent high fluid load. Urine specific gravity 
is useful to monitor the response to fluid therapy because 
rising or continually high specific gravities in the face of fluid 
therapy indicate insufficient fluid is being delivered to the 
horse. 

Cardiac Filling Pressures 

Assessment of cardiac filling pressures and the changes in 
these pressures in response to fluids is the most accurate 
method of determining fluid requirements in the hospitalized 
animal. It is moderately easy to measure CVP in the horse. 
A piece of sterile polyethylene tubing (PE 190, outside diame¬ 
ter 1.70 mm, at least 1.5 m long) can be passed through a 
12-gauge jugular catheter into the thoracic vena cava or right 
atrium. Correct positioning of the end of the tubing is esti¬ 
mated by measuring the distance against the horse and con¬ 
firmed by observing changes in pressure with breathing 
activity. The catheter is connected to a pressure transducer or 
manometer at the level of the sternal manubrium. 953 The nor¬ 
mal CVP of the horse is 5 to 14 mm Hg. 953 In a horse with 
normal cardiac function, a high CVP indicates fluid overload¬ 
ing and a low CVP indicates insufficient circulating volume. 


* i-STAT, Heska, Fort Collins, Colo. 
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Perhaps more accurate is the change in CVP in response to a 
"fluid challenge" (bolus of fluids), 954 but this has not been 
evaluated in the horse. The fluid challenge method of moni¬ 
toring fluid therapy may prove to be particularly useful when 
factors such as acute renal failure or pulmonary edema com¬ 
plicate the gastrointestinal disease. 

TYPES OF FLUIDS 

Crystalloids 

For most situations in the field, commercial isotonic polyionic 
crystalloid solutions are the safest fluids to resuscitate hypovo¬ 
lemic or dehydrated adult horses. Th£y increase plasma vol¬ 
ume without causing profound electrolyte disturbances, 
because they contain approximately the same electrolyte con¬ 
centrations as plasma. It also follows that polyionic crystalloid 
solutions are often not sufficient to correct electrolyte imbal¬ 
ances. Isotonic (0.9%) sodium chloride has a higher ratio of 
chloride to sodium than plasma and therefore causes mild 
hyperchloremic acidosis in normal ponies. 955 Isotonic 
sodium chloride should not be used for resuscitation unless 
indicated by measured electrolyte abnormalities. Sodium 
chloride solution has been advocated in hyperkalemia in 
order to avoid the potassium-containing polyionic fluids. In 
adult horses with gastrointestinal disturbances (with the 
exception of quarter horses with the hyperkalemic periodic 
paralysis (HYPP) phenotype), hyperkalemia is likely to reflea 
acidosis, and polyionic fluids are probably appropriate. 

Two classes of polyionic fluids are available, those for 
resuscitation and those for maintenance. Maintenance 
fluids (e.g., Normosol-M*, Plasma-lyte M f ) contain higher 
potassium and lower sodium and chloride concentrations 
than resuscitation fluids (e.g., Normosol-R*, Plasma-lyte 
148 t , Isolec*, lactated Ringer's solution*). However, mainte¬ 
nance fluids are not currently commercially available in sizes 
greater than 1 L. This has led to the practice of adding potas¬ 
sium chloride (at 10 to 20 mEq/L) to resuscitation formulas 
to use as maintenance fluids in adult equine patients. 

The different alkalizing agents (or "bicarbonate substi¬ 
tutes") in resuscitation fluids have some clinical relevance. 
The alkalizing agent in plasma is bicarbonate. Bicarbonate- 
containing fluids are unstable when stored and may result 
in profound metabolic alkalosis. Therefore Hartmann, an 
American pediatrician, replaced the bicarbonate with laaate 
to make lactated Ringer's solution (also called Hartmann's 
solution). Laaate is metabolized in the liver, but this pro¬ 
cess is slow enough to avoid the rapid changes in plasma 
pH seen with bicarbonate. Sodium bicarbonate and sodium 
lactate both increase the strong ion difference, resulting in 
metabolic alkalosis. The cation (sodium) remains in the 
extracellular fluid, whereas the anion (bicarbonate or lac¬ 
tate) is metabolized. 956 It is the speed of metabolism of 
the anion and the renal excretion of sodium that determines 
the ultimate alkalinizing effea. It may seem counterintuitive 
to administer lactate-containing fluids to a horse with lactic 
acidosis resulting from poor tissue perfusion. However, clin¬ 
ical trials in human patients in hemorrhagic shock have 
shown that laaate-containing fluids do not exacerbate the 
lactic acidosis of hypoperfusion. 957 It appears that the liver's 
capacity for metabolizing lactate is not overwhelmed in 
shock, but the delivery of lactate by the circulation to the 
liver is impaired. Restoring the circulating volume, even 
with fluids containing moderate amounts of lactate, is 


* Abbott Laboratories, North Chicago, IL 
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sufficient to allow the liver to clear the circulating laaate. 
In horses with liver disease, which may have impaired lactate 
metabolism, laaated Ringer's solution should be used with 
caution. Alternative alkalizing agents to lactate are found in 
some commercial polyionic fluids (e.g., acetate and gluconate 
in Normosol-R). Acetate is metabolized by the muscles and 
gluconate by a variety of tissues throughout the body. Lactated 
Ringers' solution contains calcium, whereas Normosol-R con¬ 
tains magnesium. Calcium is incompatible with whole blood 
and sodium bicarbonate and is contraindicated in hypercalce¬ 
mia; therefore fluids containing magnesium can be used in 
more clinical situations than those containing calcium. 

Five-percent dextrose (D5W) and 5% glucose (G5W) 
solutions are used to replace water without accompanying 
electrolytes and are effectively hypotonic because the dex¬ 
trose or glucose is rapidly metabolized. They are indicated 
in cases in which fluid loss exceeds elearolyte loss, which 
can occur in strangulating intestinal lesions and colitis. 958 
Horses receiving D5W or G5W should be monitored care¬ 
fully because rapid administration can lead to hyperglyce¬ 
mia. If the plasma glucose concentration exceeds the renal 
threshold (approximately 180mg/dL |10mmol/L|), an 
osmotic diuresis will result, which can reduce the benefit 
of the fluid administration. D5W contains 0.17kcal/mL, 
and G5W contains 0.19 kcal/mL. They should not be con¬ 
sidered a form of parenteral nutrition. In order to provide 
11.5 Mcal/day, the maintenance requirement for a 500-kg 
horse standing in a stall, 959 it would be necessary to admin¬ 
ister 60 to 70 L of these fluids per day, which would result 
in serious electrolyte abnormalities. Although the glucose 
in D5W and G5W has been recommended for resuscitation 
of some foals, these fluids are poor choices for hypovole¬ 
mia. Thirty minutes after administration, only 10% of these 
solutions remain in the circulation. It is better to separate 
fluid and glucose replacement, if possible. If this is not prac¬ 
ticable, 10 to 20 mL of 50% glucose solution should be 
added per liter of balanced elearolyte solution for acute 
resuscitation of hypovolemic and hypoglycemic foals. 

Sodium bicarbonate has been advocated for correction 
of the acid-base disturbances associated with equine gastro¬ 
intestinal disease. However, its use in lactic acidosis is 
highly controversial, 960 and it should probably be reserved 
for use in hyponatremia without hypochloremia and 
for renal tubular acidosis, manifested by hyperchloremia 
without accompanying hypernatremia. 952 Both of these 
electrolyte disturbances occur occasionally in horses with 
severe colitis. Sodium bicarbonate should be avoided in 
horses with respiratory dysfunction because the bicarbonate 
is converted to carbon dioxide that, if it is not excreted 
by the lungs, leads to an increase in plasma carbon dioxide 
tension and further acidosis. 952 Caution is also necessary in 
patients with hypocalcemia, because sodium bicarbonate 
administration can result in tetany; in patients with severe 
hypokalemia that can be worsened by increasing the 
plasma pH; and in patients with congestive heart failure, 
in whom the large sodium load may exacerbate fluid 
retention. 

Homemade or "carboy" fluids, although considerably 
cheaper than commercial fluids, have been associated with 
clinical signs of endotoxemia in normal horses 961 and a sev¬ 
enfold increase in the risk of thrombophlebitis 962 and 
therefore cannot be recommended. 

Hypertonic Saline 

The large volumes of isotonic fluids required for resuscitation 
in the horse and the faa that only approximately 30% of the 
administered fluid remains in the circulation after 30 min¬ 
utes 963 have prompted the search for alternative fluids. 
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Hypertonic saline and colloid solutions have received the 
most attention. 

Hypertonic saline (2 to 4 mL/kg of 7% to 7.5% NaCl) 
has been advocated as a method of quickly restoring circu¬ 
lating volume in shock patients. Administration of 7% 
sodium chloride results in an increase in the extracellular 
fluid of two to three times the infused volume for at least 
60 minutes after it is infused. This is the result of fluid shifts 
from the interstitial fluid, principally from the muscle and 
liver, 964 without significant fluid replacement. Hypertonic 
saline should always be followed up by large volumes 
(at least 10 L for each liter of hypertonic saline) of isotonic 
polyionic crystalloids within 2.5 hours (the point in experi¬ 
mental studies a which cardiac output begins to fall below 
baseline). 965 As well as restoring plasma volume, hyper¬ 
tonic saline reduces the capillary endothelial swelling that 
may occur as pan of SIRS and therefore improves tissue 
microcirculation and oxygen delivery. 966 Administration of 
5 mL of hypertonic saline solution per kilogram immedi¬ 
ately after experimental endotoxin infusion in horses atte¬ 
nuated the cardiovascular derangements associated with 
endotoxemia more effectively than an equivalent volume 
of isotonic saline. 965 However, when compared with pen- 
tastarch (a colloid) in horses presented because of surgical 
colic, hypertonic saline resulted in a lower cardiac output 
for the first 2.5 hours of anesthesia. 967 Given the beneficial 
effects of hypertonic saline in experimental endotoxemia 
and sepsis, it may have a role after initial fluid resuscitation. 
However, treatment of endotoxic horses with hypertonic 
saline after fluid resuscitation has not been clinically 
evaluated. 

The combination of hetastarch (10 mL/kg) or pentastarch 
10% (10 to 15 mL/kg) with hypertonic saline (4 mL/kg) 
appears to be an excellent solution for resuscitation of 
severely hypovolemic horses, especially in severe colitis. 

Colloids 

Colloids, particularly hetastarch, have recently been advo¬ 
cated for resuscitation and treatment of severe hypoproteine- 
mia in horses. 968 Colloids contain large branched molecules 
(450 kD average molecular weight for hetastarch compared 
with 69 kD for albumin). These molecules exert a large col¬ 
loidal oncotic pressure and do not readily leak out of the vas¬ 
culature and thus hold fluid in the circulation. Endotoxin 969 
and ischemia-reperfusion injury 970 induce capillary damage 
that allows plasma albumin to leak out into the interstitium. 
The large colloid molecules may not leak as readily, allowing 
their oncotic pressure to draw fluid back into the vasculature. 
They may also plug the gaps in the capillary endothelium. 
However, if the capillary damage is severe enough, even the 
larger colloids may leak into the interstitium and exert their 
oncotic pressure to draw fluid with them. 

In normal ponies, hetastarch is safe but prolongs bleed¬ 
ing times at high doses (20 mL/kg). 971 Pentastarch also 
affects coagulation, but at higher doses than hetastarch. 972 
Although these hydroxyethyl starches have been used exten¬ 
sively in horses, 967 * 968 it is still unclear whether their use 
alters morbidity or mortality. Pentastarch appears to be 
superior to hypertonic saline when given before emergency 
colic surgery, at least in terms of cardiac output during anes¬ 
thesia. 967 When colloids are used, the plasma total solids or 
total protein concentration is no longer a useful guide to 
hydration status or plasma oncotic pressure. 968 

Fresh frozen equine plasma has been used extensively in 
horses with diarrhea. Although classically prescribed for 
hypoalbuminemia, its utility for replacing protein is unclear. 
At least 6 to 8 L need to be given to adult horses to treat 
clinically significant hypoproteinemia, 973 and the effects 


may be short-lived. Plasma administration does not have 
the advantage of the larger colloids of potentially drawing 
fluid back into the circulation in damaged capillaries, but it 
prevents low plasma oncotic pressure, which leads to 
generalized edema. Plasma may have a role in replacing 
AT-I1I and other cofactors that are depleted during the SIRS, 
and this has led to its continued use in diarrhea cases, with 
apparently favorable results. Freshly donated, rather than fro¬ 
zen, plasma contains higher concentrations of clotting factors 
and cofactors and is preferred in diarrhea cases. 

Oral Fluid Therapy 

It is possible to effectively treat dehydrated (but not hypovo¬ 
lemic) horses with oral replacement solutions. 974 In horses 
with gastrointestinal disease but no apparent dehydration, 
administration of an electrolyte paste and provision of fresh 
drinking water may be sufficient to supplement water and 
electrolytes. 975 Oral fluids do not need to be sterile and are 
therefore considerably cheaper than intravenous fluids. It is 
apparently not necessary to add glucose to oral fluids for 
the horse, 976 but electrolytes should be added if feasible. It 
is important to administer hypotonic or isotonic fluids. 976 
A possible isotonic solution consists of 4.9 g of table salt 
per liter and 4.9 g of Lite salt* per liter to give final concen¬ 
trations of 123mmol/L sodium, 34 mmol/L potassium, 
and 157 mmol/L chloride. 976 If sodium chloride is used 
alone, no more than 9 g should be added per liter. An iso¬ 
tonic solution can be made without the use of weight scales 
by measuring salt crystals in the barrel of a syringe. Fifteen 
mL of Lite salt and 15 mL of table salt added to 4 L of water 
will make an approximately isotonic solution. The fluids 
should be given via a stomach tube to allow measured quan¬ 
tities to be given. The amount given at one time should not 
exceed 8 to 10 L in a 500-kg horse, with at least 20 minutes 
between each administration. Before each dose the stomach 
should be refluxed and the administration delayed if more 
than 2 L of fluid are recovered. Some horses will show 
abdominal pain if large volumes of fluids are given, espe¬ 
cially if the fluids are cold. 

Oral fluids hydrate the colon contents more effectively 
than intravenous fluids 977978 and therefore are an ideal 
treatment for most horses with large colon impactions. 979 
However, oral fluids are not suitable in hypovolemia. The 
absorption of fluids from the gastrointestinal tract is depen¬ 
dent on its blood supply, and the physiologic response to 
hypovolemia is to divert blood supply from the gastrointes¬ 
tinal tract to maintain perfusion of other organs. 

Parenteral Nutrition 

Any therapeutic plan in the horse should include a nutri¬ 
tional plan. An enteral diet based on the horse's normal diet 
is the first choice for nutritional support. However, in adult 
horses with gastric reflux, ileus, esophageal obstruction, or 
anorexia, parenteral nutrition should be considered if the 
interruption to enteral feeding is predicted to last at least 
3 days. 980 The use of parenteral nutrition may be especially 
indicated in acute protein losing enteropathy, where its use 
may prolong the oncotic effects of exogenously adminis¬ 
tered plasma, possibly by preventing plasma albumin from 
being metabolized for energy. Total parenteral nutrition 
solutions commonly consist of dextrose, amino acids, 
lipids, and a vitamin-mineral mix. The estimated energy 
requirement of a normal adult horse standing in a stall is 
calculated with the following equation 959 : 


* Morton Salt, Chicago, IL 
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Energy requirement (Mcal/day) = 0.975 + (0.021 x body weight [kg]) 

The protein requirement is calculated with the following 
equation 959 : 

Protein requirement (digestible protein[g/day]) 

= 18 x Energy requirement (Mcal/day) 

The formulation of parenteral nutrition solutions is 
described elsewhere. 980 Parenteral nutrition is widely used 
in some practices for horses with gastrointestinal disease. 981 
Although there is much anecdotal evidence that parenteral 
nutrition (as opposed to no nutrition) may be beneficial 
in adult horses with gastrointestinal disorders, it has not 
been formally studied. The administration of parenteral 
nutrition increases the risk of thrombophlebitis and sepsis 
in hospitalized human patients. 982 

FLUID THERAPY DELIVERY SYSTEMS 

In the early resuscitation period of moderately to severely 
hypovolemic horses, it is important to use both a large- 
gauge catheter and a wide-bore sterile delivery system to 
be able to provide the fast fluid rates required. A 10- or 
12-gauge catheter is recommended for severely hypovole¬ 
mic adult horses and a 12- or 14-gauge catheter for other 
horses. Moderately hypovolemic foals, weanlings, and min¬ 
iature horses can be given 16-gauge catheters. It is necessary 
to use a large-bore extension set with a large-gauge catheter. 

For placement of a catheter, the hair should be clipped 
over the vein and the area should be given a surgical scrub, 
ideally with a chlorhexidine scrub solution. 983 The catheter 
should be handled and placed with sterile gloves. In young 
and refractory horses, a bleb of local anesthetic placed sub¬ 
cutaneously in the area to be catheterized makes catheteri¬ 
zation easier. The sterile scrub should be repeated after the 
local anesthetic. With 10-gauge and Seldinger ("over the 
wire") catheters and when local anesthetic is used, a small 
stab incision through the skin can also be helpful. For fluid 
therapy the catheter should be directed pointing toward the 


heart. The catheter should be flushed with heparinized 
saline (5 units/mL) and fixed either with instant bonding 
glue (for short-term use) or with suture. 

The easiest vein to catheterize in the horse is the external 
jugular vein. The cephalic and the lateral thoracic veins may 
also be catheterized and carry less serious consequences if 
they become occluded by thrombophlebitis. However, the 
maximum fluid rate attainable in these smaller veins 
(approximately 5 L/hr) is less than with the jugular vein, 
and infectious thrombophlebitis may be serious in any site. 
If one jugular vein is thrombosed or occluded, it is certainly 
prudent not to catheterize the contralateral jugular vein, 
because life-threatening head swelling can result from bilat¬ 
eral jugular thrombosis. Both the cephalic and the lateral 
thoracic vein can be technically difficult to catheterize. 
Good sedation is required to catheterize the cephalic vein 
because horses have a tendency to move during catheter 
placement. The lateral thoracic vein can be hard to identify 
and has a flat profile, which can make it difficult to pass the 
catheter into the lumen. The vein can be identified by ultra¬ 
sonography and is probably best catheterized using the 
Seldinger ("over the wire") technique. In both of these 
veins, valves can impede the passing of the catheter stylet 
or wire. 

Various fluid administration sets are commercially avail¬ 
able. Sets that include large-bore tubing and a coil are suit¬ 
able for most situations in adult horses and their use is 
recommended. The flow rate can be estimated by counting 
the number of drips per 10 seconds in the drip chamber 
(Table 32-8) or can be set by using an electronic fluid 
pump. In all situations, a record should be kept of the time 
the infusion was started to ensure that the desired volume is 
being delivered in the appropriate time. 

The frequency of replacement of catheters and adminis¬ 
tration sets depends on local environmental conditions 
and the catheter material. Catheters made from polytetra- 
fluoroethylene (Teflon) are associated with an increased 
incidence of thrombophlebitis and have a tendency to crack 
and kink. 984 These catheters should not be left in for longer 
than 72 hours. In contrast, soft catheters made from poly¬ 
urethane or silicone rubber can often be safely left in place 


TABLE 32-8 


Flow Rate Chart: Drops per 10 Seconds for Various Flow Rates 


Bag Size / 
Flow Time 

Flow Rate 
(L/hr) 

STAT Set* 
Drops/10 sec 

Straight Set, 
Single Spike’ 
Drops/10 sec 

Coil Set, 

Single Spike* 
Drops/10 sec 

Six Spike 
Set* 

Drops/ 

10 sec 

10 Solution 
Set 11 Drops/ 

10 sec 

Mini (60) 
Set 11 Drops/ 
10 sec 

5 L/l hr 

5 

150 

— 

— 

— 

138 

— 

5L/1.5 hr 

3.33 

100 

— 

— 

— 

92 

— 

5 L/2 hr 

2.5 

75 

— 

— 

— 

69 

— 

5 L/3 hr 

1.66 

50 

32 

— 

— 

46 

— 

5 L/4 hr 

1.25 

38 

23 

25 

— 

35 

— 

5 L/5 hr 

1 

30 

21 

24 

29 

28 

— 

1 L/l hr 

1 

30 

21 

24 

29 

28 

167 

1 L/l.5 hr 

0.75 

— 

15 

17 

21 

21 

125 

1 L/2 hr 

0.5 

— 

11 

11 

13 

14 

83 

1 L/3 hr 

0.33 

— 

9 

8 

12 

9 

55 

1 L/4 hr 

0.25 

— 

7 

7 

11 

7 

42 

1 L/5 hr 

0.2 

— 

6 

5 

10 

— 

33 

1 L/6 hr 

0.16 

— 

4 

4 

5 

— 

28 


•Stat Large Animal IV Set, International WIN, Kennett Square, PA. 
t V-LACT-24-200-S-C-ECl, Cook Veterinary Products, Spencer, IN. 
*V-LACT-24-450-S-C-EC2, Cook Veterinary Products, Spencer, IN. 
$V-LACT-14-60-6S-C-EA3, Cook Veterinary Products, Spencer, IN. 
■•Baxter Healthcare Corp, Deerfield, IL. 
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for at least 14 days when properly monitored. 984 These 
catheters should be replaced only when there is a suspected 
problem, and in a few horses they can be maintained for as 
long as 6 weeks. It is unclear how frequently administration 
sets should be replaced when used in a horse bam. The 
Centers for Disease Control and Prevention recommenda¬ 
tion for human hospitals is not to replace administration 
sets more frequently than every 72 hours, except when used 
to administer blood or lipid-containing parenteral nutri¬ 
tion, in which case they should be changed every 24 
hours. 985 Indwelling cecal catheters have been proposed 
for fluid therapy in horses, without the expense of sterile 
fluids. Unfortunately, although it is possible to deliver fluid 
by this technique, the high rate of serious complications 
precludes the use of cecal catheters. 986 For repeated admin¬ 
istration of oral fluids, an indwelling nasogastric tube may 
be placed, which should be plugged with a syringe barrel 
between administrations to prevent excessive air influx. 
Some horses will not tolerate a large-bore nasogastric tube, 
and an adult feeding tube* sometimes can be used success¬ 
fully in its place. 

RATES OF ADMINISTRATION AND 
VOLUME TO INFUSE 

There are four overlapping phases to fluid therapy: resus¬ 
citation, rehydration, maintenance and ongoing loss provi¬ 
sion, and electrolyte replacement. The resuscitation phase 
aims to rapidly restore circulating fluid deficits; the rehy¬ 
dration phase, to restore intracellular and interstitial fluid 
deficits; and the maintenance phase, to prevent occurrence 
of further fluid deficits. Electrolyte replacement usually 
takes place during the rehydration and early maintenance 
phases. 

Resuscitation 

Reversal of hypovolemia is the most important phase of fluid 
therapy. Although no specific experiments have been per¬ 
formed in the horse, there is plenty of evidence from human 
medicine that early reversal of hypovolemia dramatically 
improves outcome. 987 988 The clinical signs of hypovolemia 
are given in Table 32-7. There is no good evidence for choos¬ 
ing between balanced electrolyte solutions and colloids 
for treatment of hypovolemia. Therefore factors such as 
availability, speed of administration, ease of transport, and 
clinician preference will determine this choice. 

The most common concept used to describe treatment of 
hypovolemia is the ''shock dose." This describes the maxi¬ 
mum dose of fluids to be given acutely, as a bolus, to ani¬ 
mals in shock. The shock dose for adult horses is 60 to 
80 mL of crystalloids per kilogram. In practice, l A to Vi of 
the shock dose is given as a bolus. The animal is then 
quickly reassessed. If any evidence of continuing hypovole¬ 
mia is present, a further X A of the shock dose is then given. 
This process is then repeated, with the animal being reas¬ 
sessed and given further boluses of l A of the shock dose as 
necessary, until hypovolemia has been reversed or a full 
shock dose has been given. It should be possible to deliver 
a full shock dose to a foal in 30 to 40 minutes and to an 
adult horse in 60 to 90 minutes. Delivering fluid this fast 
requires a large-gauge catheter and a wide-bore delivery sys¬ 
tem. In my practice, wide-bore tubing designed for delivery 
of fluid during arthroscopy is used for reversal of hypovole¬ 
mia in adult horses. Drip sets with inbuilt coils provide a 


* 18Fr Equine Enteral Feeding Tube, Ross laboratories, Columbus, OH. 


much greater resistance to flow and are reserved for treat¬ 
ment of dehydration and ongoing losses and provision 
of maintenance needs. In adult horses with severe hypovo¬ 
lemia, both jugular veins may be catheterized with large- 
bore catheters (10 to 12 gauge) that allow approximately 
35 L/hr to be administered by gravity if a wide-bore admin¬ 
istration set is used. One of the jugular catheters should be 
removed immediately after the initial resuscitation phase is 
over, to reduce the risk of bilateral jugular vein thrombosis. 
A fluid pump may also be used to achieve high rates of fluid 
delivery, but the high pressures may cause damage to the 
intima of the vein and increase the risk of thrombosis. If 
colloid fluids are being used for initial resuscitation, 1 L 
should be used to replace each 3 to 4 L of crystalloid. The 
amount of hetastarch infused should not exceed 10 mL/kg. 

In the neonatal foal, there is an alternative method to the 
shock dose method that is more practical. For this method, 
give a bolus of 1 L of crystalloids (i.e., approximately 
20 mL/kg for a 50-kg foal) and reassess the foal to decide 
if hypovolemia has been reversed. Up to three further 
boluses may be given, reassessing the foal after each. Most 
obviously hypovolemic foals require at least two boluses. 
In foals in which the body weight is obviously different 
from 50 kg, the method needs to be adjusted so that the 
bolus is approximately 20 mL/kg. In pony foals and 
very premature thoroughbred foals, a bolus of 500 ml, is 
usually appropriate. In large draft foals, the first bolus 
should be 2 L. 

Deciding that hypovolemia has been reversed and that 
no further fluids are required is not always straightforward. 
In adult horses the clinical signs of hypovolemia should 
improve dramatically. Particularly useful to judge are the 
heart rate, jugular fill, and urination. Heart rate may not 
return to the normal range (particularly if other factors, 
such as pain, are also driving heart rate), but it should 
decrease, jugular fill may be noticeably quicker. Adult 
horses often urinate once sufficient acute fluids have been 
given. In foals the clinical signs of hypovolemia may not 
have been present. Often there is an improvement in degree 
of consciousness with administration of fluids. As for 
adults, foals often urinate once hypovolemia has been 
reversed. There may also be a change in mean arterial blood 
pressure with fluid administration in foals, and a MAP that 
was reduced and now is consistently above 65 mm Hg 
probably indicates that sufficient acute fluids have been 
administered. 

It is important to remember that reversal of hypovolemia 
represents the beginning of fluid therapy, and not the end. 
Almost all horses that have been hypovolemic will also be 
dehydrated, and this will need to be addressed over the next 
12 to 24 hours. Furthermore, these horses may be suffi¬ 
ciently compromised to limit their fluid intake, or increase 
their losses, resulting in a continued need for fluid therapy. 

Uncontrolled Hemorrhage 

There is one important exception to aggressive fluid therapy 
for hypovolemia. This is in the case of uncontrolled hemor¬ 
rhage (e.g., intraabdominal bleeds). 989 990 Fluids should be 
given at a rate of 2 to 3 mL/kg/hr until the hemorrhage has 
been controlled (usually by surgical intervention). When 
arterial blood pressure can be measured, therapy should 
be titrated to a moderate MAP (60 mm Hg). 

Dehydration 

Estimating the degree of dehydration and replacing it with 
fluid is not as straightforward as it sounds. Although tables 
relating clinical signs to estimated percent dehydration have 
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been published, 991 it is unlikely that these are sufficiently 
accurate to be a useful clinical guide. Evidence from dogs 
and cats demonstrates that similar tables are not accurate 
in those species, 992 and clinical experience suggests that 
the same is true of the tables designed for horses. 

This therefore leaves the clinician without a set recipe to 
treat dehydration, and with a quandary. T he key is monitor¬ 
ing. Once the hypovolemia has been treated, the horse 
should be examined for clinical and laboratory signs of 
dehydration. The horse should then be given fluids in 
excess of the ongoing losses plus the maintenance require¬ 
ments, until the clinical and laboratory signs of dehydration 
are no longer present. The aim should be for dehydration to 
be reversed in 12 to 24 hours. In practical terms, dehydration 
is usually treated by giving fluids at twice the maintenance 
rate (see later) with the addition of fluids for ongoing losses. 
Therefore a dehydrated adult horse will receive 5 mL/kg/hr 
and ongoing losses, and a foal will receive 9 mL/kg/hr and 
ongoing losses, until dehydration is reversed. In horses with 
normal renal function, urine specific gravity is probably 
the most reliable indicator of when dehydration is reversed. 
Horses with urine specific gravities below 1.020, and foals 
with urine specific gravities of 1.010 or less, are unlikely to 
be dehydrated. Adult horses with normal renal function, 
frequent urination, and a urine specific gravity of 1.012 
or below are probably receiving too much fluid. It is impor¬ 
tant, however, to check the other clinical signs of dehydra¬ 
tion, as isosthenuria (urine specific gravity 1.008 to 1.012) 
can also occur in horses and foals with renal failure. These 
horses will usually have increased plasma creatinine concen¬ 
trations. Horses with polyuric renal failure could become 
markedly dehydrated or hypovolemic, if fluid monitoring 
were based on urine specific gravity alone. Skin tent is a rea¬ 
sonably reliable clinical sign to use to judge dehydration in 
adult horses. It is less reliable in neonatal foals and geriatric 
horses. Tacky mucous membranes are also reasonably reli¬ 
able indicators of ongoing dehydration, providing the ani¬ 
mal is maintaining its mouth shut most of the time. 

Ongoing Losses 

Excessive fluid losses from horses with acute abdominal 
disease frequently do not stop when treatment is initiated, 
and these must be taken into account in the fluid plan. 
The most dramatic ongoing fluid losses are with severe diar¬ 
rhea or nasogastric reflux, which may reach 200 mL/kg/day 
(100 L/day for a 500-kg horse). 993 Even without such obvi¬ 
ous losses, horses may lose significant amounts of fluid 
through sweating, inadequate intake or, rarely, polyuric renal 
failure. 

Treatment for ongoing losses is aimed to exactly replace 
the amount lost to maintain hydration. This is relatively 
simple when the amount of fluid lost can be measured, as 
in the case of nasogastric reflux. Reflux is collected in a 
graduated bucket, and the amount collected over a 4- to 
12-hour period is compared with the amount of fluid admi¬ 
nistered. If the fluid lost is in excess of the amounts given, 
the fluid rates are adjusted both to replace this over the next 
12 to 24 hours and to account for the higher level of ongo¬ 
ing losses titan originally estimated. If the excessive losses 
have resulted in hypovolemia (on the basis of clinical and 
laboratory evidence), this must be treated acutely. It is 
much harder to estimate losses from diarrhea, sweating, 
and urination. In the case of diarrhea and urination, it is 
possible either to attempt to collect the feces or urine or 
to use absorbent bedding and measure the increase in 
weight. These are almost never done in clinical practice, 
except in the case of recumbent neonatal foals, for which 
feces or urine may be readily collected and weighed on 


incontinence pads or urine may be collected with an 
indwelling Foley catheter and closed collection system. 
When ongoing losses cannot be collected, they must be esti¬ 
mated. These estimates may be inaccurate, and the amount 
of ongoing loss can dramatically change; therefore it is 
important to frequently reassess the adequacy of fluid ther¬ 
apy through clinical examination and relevant laboratory 
investigations. Horses in which ongoing losses are not ade¬ 
quately replaced will become dehydrated initially, then 
hypovolemic. Urine specific gravity and the clinical signs 
of dehydration are the best methods of ensuring sufficient 
fluid delivery. 

Maintenance 

The mean daily water intake (including the water content of 
feed) of normal resting adult horses is 57 to 64 mL/kg/day 
at ambient temperatures of 41° F to 77° F (5° C to 25° 
C)." 4,995 when mares were restricted to 40 mL/kg/day, they 
demonstrated significant dehydration. 996 A useful guideline 
for maintenance rate in adult horses is 60 mL/kg/day (2.5 
mL/kg/hour). Thus, a 500-kg horse requires approximately 
30 L/day for maintenance, in addition to any fluids to replace 
ongoing losses. The maintenance requirement of neonatal 
foals is significantly higher and is usually taken to be 4 to 
5 mL/kg/hr, 997 ' 998 although some authors use a lower esti¬ 
mate. 999 The fluid intake of nursing foals considerably 
exceeds this figure. 1000 However, clinical experience suggests 
that use of 4 to 5 mL/kg/hr is appropriate for maintenance 
in foals receiving no enteral fluids. It should be emphasized 
that it is important to take into account the fluid component 
of all infusions when calculating fluid rates to avoid inadver¬ 
tent volume overload in neonatal foals receiving a number of 
intravenous infusions. For both horses and foals with normal 
enteral function, it is possible to meet maintenance require¬ 
ments with nasogastric fluids, if this is clinically appropriate. 

Monitoring of adequacy of fluid delivery is vital even 
when dehydration has been addressed and there are no 
major ongoing losses. The fluid requirements of the animal 
can change during treatment, and it is important to check 
that they are matched to requirements. Again, this is best 
done by monitoring urine specific gravity and assessing for 
the clinical signs of dehydration. 

ELECTROLYTE REPLACEMENT AND 
TREATMENT OF ACID-BASE 
DISTURBANCES 

Replacement of water losses is only part of developing a 
fluid therapy plan, albeit the most important one in acute 
resuscitation. The effect of the fluids on the electrolyte and 
acid-base status of the horse should also be considered, 
and fluids should be chosen to help correct physiologic dis¬ 
turbances. Unfortunately it is not possible to accurately 
predict electrolyte and acid-base disturbances based on clinical 
signs because seemingly similar clinical conditions may have 
quite different physiologic disturbances (Table 32-9). 1001 This 
limits the ability of the field veterinarian to monitor and treat 
these disturbances, although the recent availability of relatively 
inexpensive, portable blood gas and electrolyte measuring 
equipment has made determining the add-base status a possi¬ 
bility in ambulatory equine practice. As stated earlier, in the 
absence of specific laboratory information, fluid therapy 
should probably be limited to isotonic polyionic crystalloid 
fluids, possibly with 10 to 20 mEq or potassium chloride per 
liter added in the maintenance phase. 

When laboratory information is available within 4 to 6 
hours, fluid therapy can be tailored to the individual horse, 
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TABLE 32-9 


Fluids of Choice for Specific Metabolic Disturbances 


| Metabolic Disturbance 

Recommended Fluid 

Dose j 

Lactic acidosis 

Polyionic crystalloids (Normosol-R, lactated 
Ringer's solution) or 

Up to 60 mL/kg/hr 


Hetastarch 

Up to 10 mL/kg/hr 

Hyponatremia 


Sodium should be corrected no faster than 

With hypochloremia 

Sodium chloride 

1 mEq/L/hr 

Without hypochloremia 

Sodium bicarbonate 


Hypernatremia 

5% Dextrose or 

To lower sodium no faster than 0.5 mEq/L/hr 


2.5% Dextrose/0.45% sodium chloride 

Hypochloremia 

Hyperchloremia 

Sodjum chloride 

0.9% or 7.5%, to effect 

With hypernatremia 

5% dextrose 

To lower sodium no faster than 0.5 mEq/L/hr 

Without hypernatremia 

Sodium bicarbonate 

5%, slowly, to effect 

Hypokalemia 

Potassium chloride 

0.2 to 0.5 mEq/kg/hr, never to exceed 1 mEq/kg/ 

Hyperkalemia 

With clinical signs 

Calcium gluconate 

1 mL/kg IV over 10 min 

Or >7 mEq/L 

Sodium bicarbonate 

1-2 mEq/L IV over 15 min 

Without clinical signs 

50% Dextrose solution polyionic crystalloid 
fluids 

2 mL/kg IV over 5 min 

Hypocalcemia 

Calcium gluconate 

Typically requires 100-300 mL of 23% solution 

Hypercalcemia 

Non-calcium-containing polyionic fluids 
Magnesium sulfate 

4-16 mg/kg as an initial dose 

Hypomagnesemia 

Magnesium sulfate IV 

4-16 mg/kg as an initial dose 


Magnesium oxide PO 

8-32 mg/kg as an initial dose 

Hypermagnesemia 

Calcium gluconate 

250-500 mL of 23% solution 

Hypoalbuminemia 

Fresh or ffesh frozen equine plasma 

Hetastarch 

To effect, not to exceed 10 mL/kg 


IV, Intravenous; PO, by mouth. 

Always take into account all disturbances present before commencing treatment. 



allowing correction of specific physiologic disturbances. 
Although calculations of whole body electrolyte or base def¬ 
icits are possible, they are generally based on a simple 
"chemistry flask" model of the patient, in which addition 
of a known amount of electrolyte results in a predictable 
effect. Because this is clearly not the case, the relevance 
of these calculations to managing the clinical case with 
ongoing losses and renal responses to changes in plasma 
electrolyte concentrations is unclear . 1002 A safer and more 
physiologically relevant approach is to frequently monitor 
clinical and laboratory responses to therapy and adjust 
treatment accordingly, rather than relying on a calculated 
electrolyte dose to restore normality. 

Acid-Base Disturbances 

The most common acid-base disturbance in horses with gas¬ 
trointestinal disease is metabolic acidosis, caused by lactic 
acidosis (hypovolemia, endotoxemia), hyponatremia (coli¬ 
tis, peritonitis, intestinal torsion), or hyperchloremia (occa¬ 
sionally seen in colitis cases). Metabolic alkalosis, resulting 
from hypochloremia (high-volume gastric reflux) or hypoal- 
buminemia (severe enterocolitis, excessive fluid therapy), 
respiratory alkalosis (hyperventilation from pain), and respi¬ 
ratory acidosis (hypoventilation from extreme abdominal 
distention, central depression) can also occur . 952 

Although the predominant clinical signs in horses with 
acid-base disturbances are likely to result from the cause 
of the disturbance, clinical signs can arise from the physio¬ 
logic consequences of the derangement. Metabolic acidosis 
can result in reduced cardiac contractility, constriction of 


the peripheral vasculature, inhibition of glycolysis, decrease 
in oxygen uptake by hemoglobin in the lungs, and CNS 
depression. Metabolic alkalosis can lead to overexcitability 
of nervous tissue, blunting of the hypoxic drive, compensa¬ 
tory hypoventilation, susceptibility to cardiac arrhythmias, 
and inhibition of oxygen release in the tissues. 

Treatment of acid-base disturbances should be directed 
at the underlying cause and the specific plasma constituent 
imbalance. It is possible to determine the relative contribu¬ 
tions of unidentified anions (principally lactate in horses 
with gastrointestinal disturbances), sodium, chloride, and 
protein to the measured acid-base status by the use of equa¬ 
tions based on the calculated base excess . 952 1003 However, 
decisions for treatment can often be based on the absolute 
values of these blood constituents, and it is only in complex 
disturbances with changes in multiple blood constituents 
that the equations are usually necessary. 

Lactate 

As discussed earlier, increased blood or plasma lactate con¬ 
centrations are usually a result of poor tissue perfusion in 
gastrointestinal diseases but may also be caused by inappro¬ 
priate anaerobic metabolism in endotoxemia. The clinical 
signs of lactemia are those of the accompanying metabolic 
acidosis, but the signs of the cause of the lactic acidosis 
(those of shock) may predominate. 

Although lactate can be directly measured, its plasma 
concentration can be accurately predicted by the anion gap 
in adult horses with normal plasma protein concentra¬ 
tions . 1004 The anion gap is calculated from the plasma 
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concentrations of (sodium + potassium) minus the concen¬ 
trations of (chloride -I- bicarbonate). The normal range is 7 
to 15 mEq/L. 1004 At low and high protein concentrations, the 
equations based on base excess 952 1003 or the simplified strong 
ion gap (2.24 x total protein [g/dL]/[l + io 665 ~p h | - Anion 
gap) 1004 should be used. Any of these calculations may easily 
be performed on a pocket calculator, but none was accurate 
in critically ill foals. 951 

lactic acidosis should be treated with large volumes of 
polyionic crystalloid solutions. The use of sodium bicarbon¬ 
ate in lactic acidosis is highly controversial. 960 ' 1005 It cor¬ 
rects the laboratory value (pH) without addressing the 
underlying pathophysiology (poor tissue perfusion) by 
imposing a hypematremic alkalosis o*n an already deranged 
metabolic balance. Although increasing the pH may 
improve myocardial contractility, this effect may be negated 
by the myocardial depressant effects of an increased carbon 
dioxide tension. 1006 In endotoxic ponies, administration 
of sodium bicarbonate resulted in an increased blood 
lactate concentration, hypernatremia, hypokalemia, and 
hyperosmolality. 1007 

Sodium 

Low plasma sodium concentrations are most commonly 
seen in acute colitis, such as salmonellosis, PHF, and clostri- 
diosis. The hyponatremia is usually accompanied by hypo- 
chloremia because of an increased loss of electrolytes 
relative to water. 958 Other gastrointestinal conditions asso¬ 
ciated with hyponatremia are those that result in third 
spacing of sodium (peritonitis, torsion or volvulus of gut) 
and with sodium-wasting disorders (esophageal obstruction 
leading to loss of saliva). The clinical signs of hyponatremia 
are neurologic disturbances, including reduced or absent 
menace response, intention tremor, and hypermetric gait, 1008 
but severe clinical signs do not usually occur until the sodium 
concentration is less than 110 mEq/L. 1009 Hyponatremia will 
also result in metabolic acidosis. 952 

The fluid choice for hyponatremia depends on 
whether there is concurrent hypochloremia. If the plasma 
chloride concentration is also low, sodium chloride 
should be used. If the chloride concentration is normal 
or increased (which is rare in gastrointestinal disease), 
then sodium bicarbonate should be administered. If the 
hyponatremia is severe, then hypertonic solutions may 
be administered initially (7% to 7.5% sodium chloride 
and 5% to 8.4% sodium bicarbonate, respectively). Rapid 
correction of sodium deficits in other species can cause 
central pontine myelinosis. 1009 It is unclear whether this 
is a risk in the horse and therefore whether it is necessary 
to follow the guidelines for sodium restoration in other 
species. These guidelines state that sodium should be 
corrected at a rate of 1 mEq/L/hr in acute hyponatremia 
and at less than 0.5 mEq/L/hr in chronic hyponatremia, 
in neither case to exceed 8 mEq/L during the first 24 
hours. 1009 

Hypernatremia is rare in horses with gastrointestinal dis¬ 
ease 958 - 1001 ' 1010 and is usually caused by water loss in excess 
of electrolytes and accompanied by hyperchloremia. To cor¬ 
rect hypernatremia, low-sodium fluids such as 5% dextrose 
or 2.5% dextrose and 0.45% sodium chloride should be 
administered. Again, in other species it is recommended 
not to correct hypernatremia too rapidly; sodium should 
be lowered by 0.5 mEq/L/hr, not to exceed 12 mEq/L over 
the first 24 hours. 1009 

Clinical signs associated with hyponatremia and hyper¬ 
natremia are caused by changes in plasma osmolality. 
vSodium is the major cation in plasma, and sodium and glu¬ 
cose concentrations are the main determinants of plasma 
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osmolality. 958 Changes in plasma osmolality can lead to 
CNS edema or dehydration, resulting in neurologic signs. 1011 
Rapid changes in plasma sodium concentration may also 
cause CNS edema or dehydration, because the cerebrospinal 
fluid slowly equilibrates with the plasma, but will rapidly 
change if osmotic gradients are high. 

Chloride 

The loss of gastric hydrochloric acid in high-volume reflux 
(in proximal enteritis and grass sickness) and the secretion 
and/or lack of absorption of chloride in severe colitis often 
leads to hypochloremia in gastrointestinal disease. 1001 - 1010 
I Iypochloremia in the absence of hyponatremia results in 
metabolic alkalosis. 952 The alkalosis associated with hypo¬ 
chloremia may also result in increased cellular uptake of 
potassium, leading to hypokalemia. 1009 

Treatment of hypochloremia can usually be achieved 
with intravenous 0.9% sodium chloride, which contains 
more chloride relative to sodium than plasma. In horses 
with high-volume gastric reflux, administration of intrave¬ 
nous H 2 -receptor antagonists (e.g., cimetidine at 6.6 mg/ 
kg IV qid) reduces gastric hydrochloric acid secretion 
and therefore should reduce chloride loss. In humans, 
intravenous hydrochloric acid has been used to treat 
severe hypochloremia, 1012 but carries substantial risks for 
the patient. 1013 Hyperchloremia is rare in horses with 
gastrointestinal disease but may occur in severe colitis 
because of water secretion in excess of electrolytes. It 
should be treated with 5% dextrose if accompanied by 
hypernatremia and with sodium bicarbonate if severe 
and accompanied by a low or normal plasma sodium 
concentration. 1009 

Potassium 

Hypokalemia is commonly seen in horses after surgery for 
colic 1010 because of enhanced mineralocorticoid and gluco¬ 
corticoid release and because of infusion of large amounts 
of sodium-containing fluids that increase distal tubular flow 
and renal potassium loss. 1011 Hypokalemia also occurs in 
colitis and metabolic alkalosis. The most relevant clinical sign 
of hypokalemia is reduced intestinal motility. 1009 - 1014 How¬ 
ever, the association between hypokalemia and ileus remains 
undetermined in the horse. Other clinical signs include mus¬ 
cle weakness, lethargy, and inability to concentrate urine. 1009 
Cardiac conduction abnormalities are rare except in severe 
hypokalemia and in preexisting cardiac dysfunction. 1014 
The effect of potassium on acid-base status is small and need 
not be considered clinically. 952 

Potassium is primarily an intracellular ion, and therefore 
decreases in whole body potassium may not be detected by 
plasma measurements. 1015 Although erythrocyte potassium 
content has been used to estimate whole body potas¬ 
sium, 1015 its accuracy is unclear. Moreover, the extracellular 
potassium concentration (reflected in the plasma) is more 
relevant to neuromuscular transmission and therefore to 
the important clinical signs than whole body potassium 
stores. 1011 The intervention level for treatment of hypokale¬ 
mia is unclear. In postoperative colic cases and proximal 
enteritis, the prevention of ileus is a primary goal, and it 
may be prudent to supplement the plasma potassium con¬ 
centration below 3.5 mEq/L. In other patients, especially 
those being fed enterally, it may not be necessary to treat 
plasma potassium concentration above 3 mEq/L. 

Hypokalemia is treated with intravenous potassium chlo¬ 
ride solution. The rate of administration is more important 
than the amount. The rate should not normally exceed 
0.5 mEq/kg/hr and should never exceed 1 mEq/kg/hr. 1009 
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The addition of 40 mEq of potassium chloride per liter of 
crystalloid fluids is safe at rates up to 10 mL/kg/hr (5 L/hr 
for a 500-kg horse). This amount is usually required only 
in severe hypokalemia (<2.7 mEq/L), and smaller distur¬ 
bances can often be successfully treated with 20 mEq of 
fluid per liter. If hypokalemia does not respond to potas¬ 
sium chloride administration, magnesium should be sup¬ 
plemented. 1016 Hyperkalemia is not typical in horses with 
gastrointestinal disease, although it may occur with acido¬ 
sis, colitis, secondary renal failure, and hyperkalemic peri¬ 
odic paralysis. Artifactual hyperkalemia may be seen in 
blood samples stored for longer than 2 hours before plasma 
separation, because of leaching of potassium from the ery¬ 
throcytes. Clinical signs are due to disruption of neuromus¬ 
cular transmission and are therefore similar to those of 
hypokalemia. In the absence of clinical signs, polyionic 
fluids should be administered. Possible treatments for 
symptomatic or severe (>7 mEq/L) hyperkalemia include 
calcium gluconate (1 mL/kg IV over 10 minutes), sodium 
bicarbonate (1 to 2 mEq/L IV over 15 minutes) and 50% 
dextrose solution (2 mL/kg IV over 5 minutes). 1009 

Calcium 

Low plasma ionized calcium concentrations are common in 
horses with surgical colic 1017 and in colitis cases. Possible 
causes of this hypocalcemia include lactic acidosis, 1018 
endotoxin-induced changes in calcium homeostasis, 1019 
and functional disturbances to the small intestine (the main 
site of calcium absorption in the horse 1020 ). Clinical signs 
of hypocalcemia reported in the horse include synchronous 
diaphragmatic flutter, tetany, muscle spasm, and sei¬ 
zures. 1021 Of these, only diaphragmatic flutter is seen with 
any regularity in adult horses. Hypocalcemia has also been 
associated with POI in the horse, 1017 ' 1022 1023 but a causal 
relationship has not been demonstrated. 

Approximately 50% of the total calcium in plasma is 
bound to albumin or complexed with small ligands. The 
remaining ionized fraction is the biologically active form. 
Where possible, the plasma ionized calcium concentration 
should be measured, rather than the total concentration, 
because the plasma albumin concentration is often decreased 
in gastrointestinal diseases. If total plasma calcium measure¬ 
ments are used to guide therapy, the calcium concentration 
should be corrected for changes in albumin concentration. 
The intervention level for treatment of hypocalcemia is debat¬ 
able. There is one report of exacerbation of endotoxemia with 
calcium administration in a rodent model. 1024 Although the 
relevance of this to the horse has not been determined, aggres¬ 
sive supplementation of calcium in endotoxemic horses may 
be inadvisable. Even in endotoxic horses, calcium should 
probably be supplemented if the ionized calcium concentra¬ 
tion is less than 4.8 mg/dL (1.2 mmol/L). 

Hypocalcemia is treated with intravenous 23% calcium 
gluconate or 20% to 40% calcium borogluconate solution. 
A typical volume required is 100 to 300 mL of the 20% to 
23% solution, 1017 but the amount will depend on ongoing 
losses, and the ionized calcium concentration should be fre¬ 
quently checked during therapy. Calcium solutions are irri¬ 
tating to the veins and should be diluted in crystalloid 
fluids before administration. They are incompatible with 
sodium bicarbonate and whole blood. After calcium supple¬ 
mentation, the plasma calcium concentration should be 
checked after 4 to 8 hours because ongoing losses and 
redistribution into cells may result in further hypocalcemia. 
Hypocalcemia can be a sequela to magnesium deficiency, 
and therefore magnesium should be supplemented in 
horses with refractory hypocalcemia. 


Hypercalcemia occurs in horses with chronic renal failure 
but is rare in gastrointestinal disease. Clinical signs are usu¬ 
ally those of the underlying pathophysiology, but so ft-tissue 
calcification may occur. Treatment for severe hypercalcemia 
(ionized calcium greater than 9 mg/dL [2.25 mmol/L|) 
should include non-calcium-containing intravenous fluids 
(sodium chloride or Normosol-R) and intravenous magne¬ 
sium sulfate (see treatment of hypomagnesemia, later). 

Magnesium 

In one report, 44% of horses with gastrointestinal disease 
had low plasma magnesium concentrations. 1025 Causes of 
hypomagnesemia include decreased intake, gastrointestinal 
losses (prolonged nasogastric reflux, malabsorption), altera¬ 
tions in distribution (endotoxemia, parenteral nutrition 
administration), renal losses (prolonged administration of 
lactated Ringer's solution or other magnesium-free fluids, 
hypophosphatemia, acidemia, renal tubular acidosis), 1026 * 1027 
and excessive sweating. 1028 Severe hypomagnesemia can 
result in ventricular arrhythmias and also muscle tremors, 
ataxia, seizures, and calcification of elastic tissue 1029 in the 
horse. Other clinical manifestations of hypomagnesemia 
reported in human patients include supraventricular tachy¬ 
cardia, atrial fibrillation, thrombosis, anemia, decreased 
muscle strength, increased nephrotoxicity of aminoglycoside 
drugs, increased pulmonary vascular resistance, and sudden 
death. 1026 * 1030 * 1032 Hypomagnesemia can also result in 
hypokalemia refractory to potassium supplementation. 1016 

Extracellular fluid contains approximately 1% of the total 
body magnesium, and therefore the serum magnesium con¬ 
centration may not reflea the total body magnesium sta¬ 
tus, 1027 making diagnosis of hypomagnesemia difficult. 
Fortunately it is safe to administer moderate amounts of 
magnesium, irrespective of the magnesium status of the 
horse, providing the horse has normal renal function. Intra¬ 
venous magnesium sulfate (at 2 mg/kg/min, not to exceed 
50 mg/kg) is recommended for ventricular arrhythmias 
associated with hypomagnesemia. 1033 Higher doses should 
be avoided because they cause significant muscle weakness; 
140 mg/kg of intravenous magnesium sulfate can induce 
recumbency in normal horses. 1034 For treatment of hypo¬ 
magnesemia in the absence of cardiac signs, 2 to 8 mg/kg 
can be used as an initial dose in horses with normal renal 
function. Oral supplementation is possible with magnesium 
oxide, but oral magnesium sulfate should be avoided 
because of its laxative effects. 

In the study by Costa and colleagues, 11% of horses with 
gastrointestinal disease were hypermagnesemic, but asso¬ 
ciated clinical signs were not reported. 1025 Severe clinical 
signs after nasogastric administration of magnesium sulfate 
were reported in two horses with large colon impaaions. 
The doses given were between 1600 and 2000 mg/ kg. 
Both horses recovered 1 to 6 hours after the onset of 
clinical signs, which included flaccid paralysis with recum¬ 
bency, tachycardia, tachypnea, and nondetectable periph¬ 
eral pulses. The horses were treated with 250 mL of 23% 
calcium gluconate solution IV, repeated after an hour, 
and polyionic intravenous fluids to promote diuresis. 1035 
The phosphorylation of adenosine diphosphate (ADP) to 
form ATP is dependent on the intracellular magnesium con¬ 
centration, 1036 and therefore hypomagnesemia can disrupt 
ATP-dependent cellular processes. The sodium-potassium 
ATPase pump, the major mechanism for controlling intra¬ 
cellular and extracellular sodium and potassium concentra¬ 
tions, is ATP dependent and thus magnesium dependent. 
This may explain the relationship of refraaory hypokalemia 
to hypomagnesemia. 1016 The relationship between the 
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sodium-potassium ATPase pump and magnesium may 
also explain the effect of magnesium on calcium flux, 
because sodium is exchanged down its concentration 
gradient (controlled by the sodium-potassium ATPase 
pump) for calcium by the sodium-calcium exchanger. 1037 
Because of the interaction of the magnesium concentration 
with these other electrolytes, a main effect of hypomagne- 
sium is to alter depolarization of nerve and muscle cells. 1031 
Magnesium also directly competes with calcium for some of 
its binding sites, allowing greater binding of calcium to 
enzymes in hypomagnesemia. One such enzyme is phos¬ 
pholipase A 2 ; increased calcium binding results in greater 
activity of this enzyme, which leads to the increased forma¬ 
tion of eicosanoids, particularly TXA 2/ 1030 that may play a 
role in thrombophlebitis. 1038 

Phosphorus 

Hypophosphatemia has been reported in horses with either 
strangulating intestinal lesions or intestinal ileus 1001 and is 
also a sequela to renal dysfunction. 949 Prolonged admi¬ 
nistration of lactate-containing fluids, 1039 metabolic or 
respiratory alkaloses, repeated gastric magnesium sulfate 
administration (because magnesium binds phosphate to 
form an insoluble complex), and prolonged administration 
of non-lipid-containing parenteral nutrition solutions 1040 
may also result in hypophosphatemia. Reduced intestinal 
phosphate absorption, apparently without hypophosphate¬ 
mia, is a sequela to large colon resection. 1041 Clinical signs 
reported in small animals and humans with hypophospha¬ 
temia include hemolysis, skeletal muscle weakness and 
rhabdomyolysis, leukocyte dysfunction, ventricular arrhyth¬ 
mias, and reduced cardiac output. 1040 1042 

Clinical manifestations and treatment of hypophospha¬ 
temia have not been reported in the horse, and in humans 
there is no good evidence for treatment in the absence of 
clinical signs. 1040 Treatment options reported in small ani¬ 
mals include intravenous potassium phosphate (0.01 to 
0.03 mmol/kg/hr) and oral potassium phosphate (0.5 to 
2 mmol/kg/day). 1042 The potential effects of potassium 
phosphate on the plasma potassium concentration must 
be considered before this treatment is commenced. Intrave¬ 
nous glucose-1-phosphate 1043 and intravenous sodium 
phosphate have also been reported in humans. The safety 
of these treatments has not been evaluated in the horse. 

Hyperphosphatemia occurs in horses with strangulating 
intestinal lesions 1044 and severe colitis 1001 without specifi¬ 
cally attributable clinical signs. Clinical findings reported 
in small animals include diarrhea, hypocalcemia, hyperna¬ 
tremia, and an increased propensity to metastatic soft-tissue 
calcification. Treatment recommended in small animals 
includes intravenous fluids, to correct any acidosis and 
promote renal phosphorus excretion, and dextrose-contain¬ 
ing fluids, to promote translocation of phosphorus into 
cells. 1042 

The clinical signs of hypophosphatemia result from the 
wide range of physiologic functions of phosphate. These 
include storage of energy as ATP, which is used for many 
processes including musde contraction, neuronal transmis¬ 
sion, and electrolyte transport. Because phosphorus and 
magnesium deficiencies can both result in reduced availability 
of ATP, the clinical signs can be similar. Phosphate also acts 
as a buffer in plasma and is a component of many intra¬ 
cellular compounds including phospholipids, nucleic adds, 
enzymatic cofactors, and signaling molecules such as cyclic 
adenosine phosphate. It appears that increased plasma 
phosphate concentrations are not directly toxic. 1045 Hypocal¬ 
cemia and metastatic soft-tissue calcification caused by hyper¬ 
phosphatemia result from the caldum-phosphate product 


exceeding that required for predpitation of calcium phos¬ 
phate in the tissues. 1042 * 1045 

Albumin 

Hypoalbuminemia is common in horses with moderate to 
severe compromise of the colon. It may also occur with 
over-aggressive fluid therapy and parasitism. Clinical signs 
of hypoalbuminemia are peripheral edema (due to reduced 
plasma oncotic pressure) and tissue and organ edema, lead¬ 
ing to reduced oxygen uptake by cells (increased perfusion 
distance), and in severe cases organ failure. Albumin is a 
weak acid, and severe hypoalbuminemia may contribute 
to metabolic alkalosis or mask concurrent metabolic acido¬ 
sis. 952 A decrease in albumin concentration of 1 g/dL results 
in an increase in the base excess of +3.7 mEq/L. 1003 

Hypoalbuminemia should be treated when acute or if 
there are clinical signs. Although it is advisable to treat all 
horses with a plasma total solids concentration of less than 
4 g/dL, a few horses with chronic hypoproteinemia can 
have plasma total solids concentrations of 3.5 to 4 g/dL 
with no apparent clinical signs. The treatment options for 
hypoalbuminemia include fresh or fresh frozen equine 
plasma, concentrated albumin solutions, and hetastarch. 
Plasma has the advantage of containing other factors, such 
as AT-III, that may be depleted in the disease process. Heta¬ 
starch has the advantage of large molecular size and long per¬ 
sistence in the circulation 971 but has questionable efficacy in 
human patients. Albumin solutions were shown to result in 
neither benefit nor harm in human critically ill patients 
when compared with saline. 1046 At the time of writing, 
equine albumin solutions are not available commercially, 
and their role in the treatment of horses is unclear. 

COMPLICATIONS OF FLUID THERAPY 

Thrombophlebitis 

Thrombophlebitis is a common complication of intrave¬ 
nous fluid therapy. 962 It may be a nidus for infection and 
may cause mechanical blockage of venous drainage, result¬ 
ing in local edema. Fatal edematous occlusion of the upper 
respiratory tract can result from bilateral jugular vein 
thrombosis. It is therefore advisable not to catheterize the 
contralateral jugular vein if one jugular vein shows any 
signs of thrombosis. Bacterial endocarditis, particularly of 
the tricuspid valve, can occur as a sequela to infectious 
thrombosis. 

Thrombophlebitis can be identified by heat, swelling, or the 
presence of any exudate around the catheter insertion site or by 
palpation of a thrombus ("corded" feel) in the catheterized 
vein. Catheterized veins should be checked at least daily. Ultra¬ 
sonography of the catheterized vein can help identify throm¬ 
bus formation. It is prudent to continue to check the vein for 
2 to 3 days after catheter removal because thrombophlebitis 
may develop or become apparent in this time period. 

The risk factors for thrombophlebitis indude adminis¬ 
tration of carboy fluids, 962 presence of diarrhea 962 or 
endotoxemia, 1038 polytetrafluoroethylene (Teflon) cathe¬ 
ter material, and long duration of catheterization. 984 Sev¬ 
eral other risk factors for thrombophlebitis have been 
identified in humans but not studied in horses. These 
include inexperienced personnel placing the catheter, 1047 
administration of total parenteral nutrition, 982 and larger- 
bore catheters. 1048 Treatment for thrombophlebitis should 
include topical nitroglycerin ointment 1049 and probably 
also hot-packing and topical DMSO ointment. Catheters 
from thrombosed veins should be removed aseptically 
and cultured (preferably by the roll-plate technique 1050 ) 
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to allow in vitro susceptibility directed antimicrobial ther¬ 
apy, if necessary. A fine-needle aspirate of the thrombus 
can also be used for bacterial culture. Fluid-filled pockets 
within the thrombus can often be identified by ultra¬ 
sound 1051 and should undergo aspiration after surgical 
preparation of the skin over them. Empirical antimicrobial 
drugs should be broad spectrum with activity against Strep¬ 
tococci and Staphylococci species 1051 and have good tissue 
penetration. Such drugs include ceftiofur, gentamicin, 
and chloramphenicol. 

Overhydration 

Clinical signs of overhydration are rare in adult horses with 
normal cardiac and renal function. The most important clin¬ 
ical sign is pulmonary edema, manifested by dyspnea and a 
pink-white foamy nasal discharge. Treatment should include 
furosemide (0.5 to 1 mg/kg IV) and a reduction in the rate of 
fluid administration. Intranasal oxygen supplementation is 
indicated when there is significant hypoxemia (detected by 
arterial blood gas analysis). Further fluid therapy in such 
horses should be carefully monitored, ideally by means of 
CVP measurements. 

INOTROPES, PRESSORS, AND 
VASODILATORS 

Some horses with severe cardiovascular compromise will 
not respond to fluid therapy alone. A proportion of these 
patients can be successfully managed with inotropes, press- 
ors or vasodilators. These drugs should be considered in 
cases with continued tachycardia, lactic acidosis, oliguria, 
and hypotension or hypertension despite appropriate fluid 
therapy. In general, horses with a jugular venous oxygen 
tension of less than 35 mm Hg are most likely to require 
further cardiovascular support, and those with an oxygen 
tension over 60 mm Hg are least likely to respond. 1052 1053 
The cause of the cardiovascular insufficiency should be con¬ 
sidered before therapy is initiated. Horses with necrotic 
intestine that could not be resected are unlikely to respond 
to cardiovascular therapy unless the primary problem can 
be addressed. 

The inotropes increase cardiac output by increasing myo¬ 
cardial contractility, resulting in a larger stroke volume. The 
most commonly used drugs in equine intensive care for this 
purpose are the Pj- adrenergic agonists. Inotropes that have 
some p 2 -adrenergic activity, such as dobutamine, may also 
cause mild systemic vasodilation. The pressors cause arterial 
and venous vasoconstriction, mediated through a-adrener- 
gic receptors, and the vasodilators, such as nitroprusside 
and fenoldopam, cause arterial or venous vasodilation 
mediated through the nitric oxide pathway. 

The decision to use one of these drugs and the choice of 
drug should be based on as many cardiovascular parameters 
as can be measured. 1054 The minimum information required 
to select an appropriate drug includes heart rate, heart 
rhythm, indirect (tail cuff) arterial blood pressure, and 
response to fluid therapy. Direct measurements of CVP and 
arterial blood pressure, electrocardiogram, and cardiac out¬ 
put, if available, make these treatments safer and easier to 
titrate. All of these drugs should be carefully titrated to 
defined endpoints. For inotropes and pressors the goal 
should be to increase the arterial blood pressure sufficiently 
to decrease blood lactate concentration and increase urine 
output 1052 without inducing tachycardia or arrhythmias. 
For vasodilators the goal should be to reduce the MAP to less 
than 120 mm Hg without inducing hypotension, tachycar¬ 
dia, or acidosis. It is advisable to use an electronic pump to 
accurately deliver the diluted drug at the correct rate. 


It is extremely important to frequently monitor the 
response to these drugs, as the underlying cardiovascular 
disturbances may change rapidly. Improvements in arterial 
blood pressure may not result in improved tissue perfusion. 
Heart rate and rhythm, the acid-base balance, venous oxy¬ 
gen tension, and urine output should be monitored in addi¬ 
tion to arterial blood pressure. If indirect blood pressure is 
being used to monitor these drugs, it is important to bear 
in mind the limitations of the technique. All readings 
should be done in triplicate, and the cuff size should be 
matched to the patient. A small adult cuff designed for 
humans is appropriate for most adult horse tails. 

Endotoxemia is the most common cause of severe cardio¬ 
vascular disturbances in the adult. The initial cardiovascular 
response to experimental endotoxin administration is 
decreased MAP, systemic vasodilation, and increased cardiac 
output. 1055 However, this response varies markedly with the 
dose of endotoxin 1056 ' 1057 and treatments given, 965 1055 and 
this pattern of disturbance cannot be assumed. 

Dobutamine 

In the absence of cardiac output measurements, dobuta¬ 
mine should be the first drug used in hypotensive horses 
(MAP <65 mm Hg) that have not responded to appropriate 
fluid therapy. Dobutamine is a Pj- adrenergic agonist and 
increases cardiac output. 1058 Dobutamine also has signifi¬ 
cant p 2 activity, which could cause vasodilation. Dobuta¬ 
mine should be diluted in isotonic saline, 5% dextrose, or 
lactated Ringers solution. The dose should be carefully 
titrated from a starting dose of 1 to 3 pg/kg/min. The horse 
should be carefully monitored for tachycardia, which in 
some cases may indicate inadequate fluid resuscitation, 
and for dysrhythmias. 

In horses with endotoxemia and increased cardiac out¬ 
put, dobutamine is unlikely to improve tissue oxygenation. 
Despite increasing cardiac output, dobutamine did not 
ameliorate experimental colon ischemia in the pig. 1059 

Norepinephrine 

In hypotensive horses that either do not respond to dobuta¬ 
mine or have a measured increased cardiac output, norepineph¬ 
rine (noradrenaline) administration should be considered. 
Norepinephrine is an a-adrenergic and moderate p!-adrenergic 
agonist. It is a powerful vasoconstrictor in the horse. 1060 
Norepinephrine should be diluted in 5% dextrose. A starting 
dose is 0.1 pg/kg/min, and effects may be seen in some patients 
at doses as low as 0.01 pg/kg/min. The highest reported doses 
are 1.5 pg/kg/min in the horse 1060 and 3.3 pg/kg/min in 
human patients. 1061 Concurrent infusion of dobutamine 
(5 pg/kg/min) with norepinephrine has been demonstrated in 
humans to result in improved tissue perfusion 1062 and might 
be prudent when cardiac output is not being directly moni¬ 
tored. It is important to carefully monitor urine output when 
using norepinephrine, as inappropriate doses may reduce renal 
blood flow. 

Dopamine 

Dopamine has p-adrenergic (inotropic), a-adrenergic (pres¬ 
sor), and dopaminergic effects. In other species the dopami¬ 
nergic effects predominate at low doses (1-5 pg/kg/min), 
the P-adrenergic effects at moderate doses (5 to 10 pg/kg/ 
min), and the a-adrenergic effects at high doses (above 
10 pg/kg/min), 1063 but these distinctions may be blurred 
in the horse. 1064 In anesthetized horses a dopamine infu¬ 
sion started 5 minutes after endotoxin administration 
improved cardiovascular variables but did not prevent 
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hypoxemia or metabolic acidosis. 1065 Dopamine causes sig¬ 
nificant vasoconstriction of equine colonic arteries at higher 
doses in vitro 1066 and is associated with reduced gastric 
mucosal perfusion in human septic patients in vivo. 1067 
Furthermore, dopamine may disrupt normal equine gastro¬ 
intestinal activity, even after the infusion is stopped. 1068 In 
normal horses low doses of dopamine (5 pg/kg/min) can 
cause cardiac arrhythmias. 1064 

Dopamine is not recommended for horses with gastroin¬ 
testinal diseases because of the reported deleterious effects 
on the gastrointestinal system and because the predominant 
effects vary with the plasma concentration, 1064 which can¬ 
not be predicted from the infusion rate. 1069 ' 1070 Low-dose 
dopamine has been demonstrated not to have any efficacy 
in preventing or treating acute renal failure in human 
patients, 1071 and dopamine infusion does not increase cre¬ 
atinine clearance in the normal horse. 1064 

Nitroprusside 

In severely hypertensive horses, sodium nitroprusside 
administration should be considered. 1058 A diastolic blood 
pressure greater than 110 to 120 mm Hg is considered to be 
a hypertensive crisis in human medicine. 1072 Nitroprusside 
liberates nitric oxide by a nonenzymatic one-electron 
reduction that occurs on exposure to tissues such as vascu¬ 
lar smooth muscle membranes. 1073 Hypertension, particu¬ 
larly pulmonary hypertension, has been reported in 
experimental horses and foals treated with a low dose of 
endotoxin. 965 1057 ' 1074 Laminitis is also associated with 


hypertension (MAP up to 158 mm Hg). 1075 However, this 
increase in arterial pressure may be associated with 
increased cardiac output rather than a generalized increase 
in vascular tone (systemic vascular resistance). 1075 
Nitroprusside induces relaxation of palmar digital arteries 
and veins isolated from carbohydrate-overloaded hor¬ 
ses. 1076 Treatment of acute laminitis with glyceryl trinitrate 
applied topically to the pasterns results in some ameliora¬ 
tion of clinical signs. 1077 Assuming that this response is 
due to nitric oxide, parenteral nitroprusside administration 
would represent a method of delivering a more controlled 
source of nitric oxide. The potential beneficial role of nitro¬ 
prusside administration in ameliorating laminitis remains 
to be investigated. 

Sodium nitroprusside should be diluted in 5% dextrose 
solution and wrapped in foil to protea the solution from light. 
The dose should be carefully titrated from a starting dose of 0.1 
to 0.3 pg/kg/min. It is imperative to monitor the blood pres¬ 
sure continuously during the initial titration phase and fre¬ 
quently thereafter. As with all nitric oxide donors, there is a 
reduced responsiveness with time that may necessitate increas¬ 
ing doses. 1073 Hepatic metabolism of nitroprusside produces 
thiocyanate and cyanide, which may result in altered neuro¬ 
logic status, acidosis, and death at high concentrations. 1078 
In human patients, cyanide toxicity has not been reported at 
doses of less than 2 pg/kg/min. 1078 Fenoldopam, a seleaive 
dopamine-1 receptor agonist, is a possible alternative antihy¬ 
pertensive agent that has been used experimentally in the 
horse and foal. 1079 ' 1080 However, the current cost of fenoldo¬ 
pam is likely to prohibit its use in adult horses. 
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DENTAL AND PERIODONTAL 
DISEASES 

GUY ST. JEAN 

ERUPTION OF TEETH 

Determining an animal's age by examining the teeth is not 
an exaa science, because the appearance of the teeth can 
be affected by inherited factors, nutrition, and geographic 
location. 12 At birth or within 2 weeks, four deciduous inci¬ 
sors usually are present. All eight deciduous incisors erupt 
within the first month. 3 The fourth incisor (corner) is a 
modified canine tooth. The incisors meet with the dental 
pad of the upper jaw for the purpose of gripping and cutting 
herbage. Usually all three pairs of deciduous premolars 
have erupted at birth or shortly afterward. 1 ' 2 In cattle the 
formula for the deciduous teeth is as follows: 

2 (incisors 0/4, premolars 3/3) — 20 

The age at which permanent teeth erupt often is the 
best criterion for determining the animal's age if a registration 
certificate is not available. However, systemic illnesses and 
malnutrition can retard dental development and cause reten¬ 
tion of the deciduous teeth. 4 The first molars erupt at 
8 months of age and are fully developed at 12 months. At 


18 months the second molar is fully developed. The third 
molar erupts at 24 months and is fully developed at 30 
months. The permanent premolar teeth start to replace the 
deciduous teeth at 24 months, and all three permanent pre- 
molars usually are present at 3 years of age. 12 The first pair 
of permanent incisors (centrals) erupts at 18 to 24 months 
of age, the second pair (medials) appears at 24 to 30 months, 
the third pair (laterals) erupts at 3 years of age, and the fourth 
pair (corners) erupts between 3Vi and 4 years of age. 3 ' 4 Cattle 
therefore have a complete set of permanent teeth at age 4 to 
4 l /2 years. The formula for the permanent teeth in cattle is as 
follows: 

2 (incisors 0/4, premolars 3/3,molars 3/3) = 32 

The deciduous and permanent dental formulas of the 
sheep and goat are identical to those of cattle. 3 In sheep 
and goats the periods of eruption are as follows: The inci¬ 
sors are present at birth or within the first 4 weeks. The pre¬ 
molars erupt 2 to 6 weeks after birth. The first pair of 
permanent incisors (centrals) replaces the deciduous teeth 
at 12 to 18 months of age. The second pair appears at 18 
to 24 months. The third pair (laterals) erupts between 30 
and 36 months, and the fourth pair (corners) appears at 
3>/ 2 to 4 years. The three permanent premolars have erupted 
by 18 to 24 months of age; the first molar erupts at 3 
months, the second molar between 9 and 12 months, and 
the last molar between 18 and 24 months. 3 
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EXAMINATION OF TEETH 

Dental disease in ruminants should be considered first on a 
flock or herd basis. 5 6 Determining dental health is particu¬ 
larly useful when unconventional feeds are incorporated 
into the herd nutritional program. 7 8 The clinical manifesta¬ 
tions of dental diseases include inadequate food intake, 
inadequate calf development, weight loss, unthriftiness, 
low body condition score, quidding, low pregnancy rate in 
replacement heifers, and mandibular or maxillary swellings 
or draining tracts. 36 ' 9 Examination of the herd should be fol¬ 
lowed by dental examination of individual animals. For 
examination of the premolars and molars, the tongue 
should be withdrawn from the mouth and held at the com¬ 
missure of the mouth opposite the teeth being examined. 
A small dose of xylazine (0.03 to 0.04 mg/kg IV) and use 
of a mouth speculum allow for a much more thorough den¬ 
tal examination, including manual palpation in cattle. 

The incisors have a sharp edge in front and are used 
for gripping and cutting herbage. 3 ' 6 They should be aligned 
closely, with little space between them. 36 In sheep the 
periodontium of the incisor allows movement of up to 2 mm 
anteroposteriorly to accommodate rotating or turning forces 
during grazing. 9 This makes the sheep incisor very prone to 
loss with periodontal damage. The length of the premolar 
and molar teeth and their firm placement in the alveolar bone 
means that they are lost less often than the incisors. 1 ' 2 6 

Dental Attrition and Erosion 

Rapid wearing of teeth is seen most commonly in grazing 
sheep 5 years of age or older. Sheep and cattle grazing for¬ 
age-deficient or sandy pastures and arid ranges in Africa, 
Australia, New Zealand, and the southwestern United States 
often show an accelerated rate of tooth wear. 610 In Rhode¬ 
sia the incisors of Hereford cattle showed an increased rate 
of wear because of the softer enamel of this breed compared 
with that of indigenous cattle. 11 

Examination of an animal with dental attrition reveals 
worn incisor or molar teeth (or both); often only short stumps 
are seen. The teeth also may be loose, fractured, or missing. 
Dental attrition from excessive wear must be differentiated 
from periodontal disease that causes tooth loss. 61213 The 
pathogenesis of excessive tooth wear relates to tooth hardness 
and diet quality. Ingestion and mastication of soil and sand 
with forage abrades and wears the incisor and molar teeth. In 
New Zealand dental attrition in sheep was attributed to the 
action of the acids and enzymes in the herbage on tooth den¬ 
tin. 10 A calcium deficiency or calcium-phosphorus imbalance, 
which results in softness of the tooth enamel and dentin, may 
accelerate the rate of wear. 

In the United States the feeding of fermented sweet potato 
cannery waste to catde resulted in substantial increases in 
incisor erosion. 78 Cattle producers who fed the waste 
noticed a poor growth rate, inadequate calf development, 
low pregnancy rates in heifers, and worn, mottled, discolored 
incisors. 7 ' 8 Sweet potato cannery waste is highly acidic (pH 
3.2) and causes calcium loss and tooth erosion. Deciduous 
teeth are etched more rapidly, placing young cattle at higher 
risk for severe tooth wear and dental infection. In addition, 
the original enamel surface and the pulp chamber are closer 
together in deciduous teeth than in permanent teeth, which 
also is more significant in younger cattle. 78 Mixing 10% 
broiler litter with sweet potato cannery waste raised the pi I 
to 4, providing a palatable, high-quality feed and preventing 
the severe dental problems associated with feeding sweet 
potato cannery waste alone. 7 

A syndrome involving excessive wear of deciduous inci¬ 
sor teeth, maleruption of permanent incisors, and an 


increased prevalence of dentigerous cysts in sheep has been 
reported from New Zealand. 14 Excessive wear of the incisor 
teeth of cattle was recorded on the same farms. Ingestion of 
soil during winter because of the inclement weather, over- 
grazing of pastures, and low blood levels of copper were 
the main causes of the syndrome. 14 Dental attrition can be 
prevented by providing supplemental feed to avoid over- 
grazing of pastures. Adding 1% ground limestone to the 
feed in calcium-deficient areas is recommended. 15 

Periodontal Disease 

Periodontal disease is a disease condition of the supporting 
tissue that surrounds the teeth. 1617 Periodontal disease of 
sheep is endemic in parts of New Zealand. A periodontal dis¬ 
ease known as cara inchada, or swollen face, has caused losses 
of cattle in Brazil. 9 ' 18 

Periodontal disease is characterized by protruding, loose 
incisors. 2 ' 6 With time, incisors, premolars, and molars may 
be missing. Why periodontal disease is prevalent in sheep 
but less common in cattle is unknown. Periodontal disease 
causes pain on mastication, leading to poor maceration of 
food and reduction in food digestibility. 

Periodontal disease has been associated with bacterial 
plaque-induced gingivitis. 1619 * 21 The acute gingivitis is 
replaced progressively by a chronic inflammation in the gin¬ 
gival sulcus. The periodontal ligament is destroyed by 
plaque-forming oral microorganisms and host enzymes. At 
this stage, periodontal pockets are formed and lead to loosen¬ 
ing of teeth. This process may take months or years. With 
time the infection extends to the apical area. The gum margin 
begins to recede over the lesion, food accumulates in the 
pocket, and the entire alveolus becomes infected. At this point 
the tooth becomes a sequestrum. The alveolar pyorrhea 
causes a periostitis of the external surface of the alveolar pro¬ 
cess, and swelling is observed. Once a tooth has been lost 
from an affected alveolus, granulation tissue fills the alveolus. 
Deep to the granulation tissue, alveolar bone is redeposited. 

Bacteria such as Bacteroides species, Actinomyces species, 
and spirochetes, metabolic or immune disorders in the host, 
and mechanical or chemical agents have been implicated in 
the pathogenesis of periodontal diseases in sheep. 6 ' 20 ' 22 23 
Bacterial invasion in the gingival pockets has been associated 
with a defect of host immune competence. 24 Hypomagnese¬ 
mia has been a common Finding in sheep with periodontal 
disease, but this may be a secondary development. 23 Gingival 
trauma may be important in the etiology. 25 Dissolution of 
the enamel at the attachment of the gingival epithelium by 
organic acids from microorganisms of the soil may be a pre¬ 
disposing factor. 26 The serum values for calcium, albumin, 
and alkaline phosphatase (AP) were lower for sheep with peri¬ 
odontal disease than for sheep unaffected by dental disease. 27 

A postmortem examination of Scottish hill sheep 
revealed that 60% of 478 aged sheep had either loose or 
missing teeth. Gingival pockets were present in 87% of the 
population and were correlated with tooth looseness. 28 In 
the United States a 25% mortality rate caused by dental dis¬ 
ease in a herd of 300 ewes was reported. 29 The clinical signs 
were depression, anorexia, ataxia, and emaciation. 29 Nec¬ 
ropsy revealed dental disease of the mandibular teeth with 
plaque, plant fibers in periodontal pockets, and osteomyeli¬ 
tis of the mandibular bone. Initial trauma to the gingivae 
from cheatgrass awns in the hayfield was implicated. 29 

A particular type of periodontal disease in cattle has been 
reported from Brazil. 1819 This condition involves an 
inflammatory process of the periodontium of calves and 
older Zebu cattle that results in alveolar periostitis of the 
maxilla or, less often, the mandible. 1819 Examination 
reveals deep periodontal pockets and loss of or loosened 
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teeth. Affected animals suffer from malnutrition, diarrhea, 
and loss of condition and often die. Bacteroides and Actino¬ 
myces organisms often are found in the lesion and are sus¬ 
pected of causing the disease. 18 This disorder is seen only 
in certain areas of Brazil, and the cattle improve if moved 
to unaffected areas. In one trial the development of peri¬ 
odontal disease in calves was avoided by administration of 
the antimicrobial drug spiramycin. 19 

The assumption that incisor condition is a good indica¬ 
tor of future productivity is not well founded. Little scien¬ 
tific evidence exists on which to base the practice of 
culling sheep with periodontal disease. Three farms with 
a high prevalence of periodontal disease were selected, 
and the body condition and weight of affected sheep 
were compared with those of sheep with no signs of peri¬ 
odontal disease. On only one farm was a significant associ¬ 
ation noted between periodontal disease and body 
condition or weight. It was concluded that periodontal dis¬ 
ease in sheep may impair productivity on some farms but 
not others. 30 31 

Treating periodontal disease on a flock basis often may 
prove impractical. Dental treatment, drug therapy, and 
management change have been tried in sheep. One form 
of dental treatment, tooth grinding, consists of trimming 
the incisors to the levels of the lower dental pad. 12 Two 
trials of the productivity effects of tooth grinding have been 
conducted, and neither showed any benefit from the proce¬ 
dure. 30 An attempt to influence the development of peri¬ 
odontal disease in sheep through long-term treatment with 
tetracycline and metronidazole has proved ineffective. 21 In 
commercial sheep surgical treatment could improve condi¬ 
tions such as periapical and gingival abscesses, but such treat¬ 
ment is not economically feasible. 

Sheep can live without incisors provided they do not have 
to graze too closely. Supplementary feeding or improved 
pasture usage for sheep that have lost incisors should provide 
a net gain to the owner. However, this approach is unlikely 
to be effective when premolar and molar teeth are involved, 
because of the inability to chew and ruminate efficiently. 

Dentigerous Cysts 

Dentigerous cysts have been described in ruminants, partic¬ 
ularly sheep. 14 - 31 These are odontogenic cysts of unknown 
cause that manifest as localized, bony swellings. Radio¬ 
graphs demonstrate the cystic nature of the swelling and 
reveal one or more teeth in the cyst. 14 31 For valuable indi¬ 
viduals, treatment is surgical. 

Developmental Anomalies and Retention 
of Deciduous Teeth 

Developmental anomalies have been reported in cattle. 5 
Occasionally tooth buds fail to develop, and the fourth pair 
of permanent incisors is the set most often absent. The first 
mandibular premolar on one or both sides also occasion¬ 
ally fails to form. The permanent incisor teeth have been 
observed to be rotated up to 180 degrees in the alveolus. 
Rotation of the first permanent mandibular premolar also 
has been seen; the rotation was 90 degrees, and no cause 
could be detected. Retention of a deciduous premolar is 
common in 12- to 18-month-old cattle. This results in diffi¬ 
culty in masticating and excessive salivation. Treatment 
consists of removing the deciduous premolar with forceps. 

Overgrown or Loose Molar Teeth 

Overgrown molar teeth are found most commonly in old 
ruminants. The opposite tooth often is missing. Food 


accumulates between the affected tooth and the cheek, 
causing obvious swelling of the face. Interference with 
mastication often is noted. The offending tooth should 
be rasped regularly or removed. A power tool to grind 
cheek teeth works well. Premolar or molar teeth can 
become loose in advanced cases of actinomycosis, affecting 
the jaw. It may be difficult to determine whether the loose 
tooth is a cause or a result of the bony abnormalities. One 
cow with maxillary lymphosarcoma and loose teeth has 
been reported. 32 

Broken Teeth 

Broken incisors are not common because of the loose alve¬ 
olar attachment of these teeth. Broken premolars and 
molars are more common because these teeth are more sol¬ 
idly attached in their alveoli; breakage usually results from 
attempts to masticate hard objects. Most fractures usually 
involve only a portion of the tooth, do not involve the root, 
and are asymptomatic. A sagittal tooth fracture that includes 
the root causes pain and may result in reduced feed intake 
and loss of condition. Treatment is described later, in the 
section Tooth Root Abscess. 

Dental Caries 

Dental caries, or decay, creates areas of decalcification of the 
tooth. 3 Dental caries is rare in ruminants, 3 but it sometimes 
can be found in both temporary and permanent teeth and 
in both dentin and enamel. 5 Interference with prehension 
usually is not seen. On oral examination an orange or black 
pigment is seen in the defective enamel or exposed dentin; 
these areas should be probed with a fine dental pick or nee¬ 
dle. Caries may be filled or the tooth extracted. In rare cases 
the caries can reach down the pulp cavity to the root apex, 
causing periodontal abscesses. (See Tooth Root Abscess, 
later.) 

Osteodystrophia Fibrosa 

Osteodystrophia fibrosa is caused by resorption of calcium 
from bone and its replacement with connective tissue. 33 It 
is seen most commonly in the goat. Osteodystrophia 
fibrosa can result from calcium, phosphorus, or vitamin D 
deficiency or from hyperparathyroidism. The affected indi¬ 
vidual usually is a growing animal with a bilateral, soft, 
painless swelling of the maxilla or mandible or both. 33 
The diagnosis is based on radiographic evidence of poorly 
mineralized bone and inward rotation of the premolar 
and molar teeth. Treatment consists of supplementing the 
ration with adequate mineral levels while maintaining a 
ratio of calcium to phosphorus of 2:1. 

Tooth Root Abscess 

Dental repulsion is done preferably using general anesthesia 
with the affected tooth uppermost. A straight incision is made 
directly over the longitudinal axis of the tooth, or a trephine 
hole over the base of the root can be made. Only the bone lat¬ 
eral to the tooth is removed. If necessary, a chisel is used to free 
the tooth of bone at its rostral and caudal surface, taking care 
not to disturb the neighboring teeth. A dental punch is placed 
on the tooth root, and dental repulsion is performed. The ven¬ 
tral aspect of the incision can be left open for drainage, or the 
alveolus can be packed with dental wax, gauze, or dental mate¬ 
rial, such as Optisil. Abscessed maxillary cheek teeth often cause 
maxillary sinusitis. The sinus must be curetted at the time of sur¬ 
gery and flushed daily for 1 to 2 weeks after surgery. The alveo¬ 
lus must be packed until granulation tissue fills the hole. 
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Antibiotics are administered for 1 week according to culture 
and antimicrobial sensitivity results. After removal of the 
affected tooth, the abscess and clinical signs usually resolve, 
but chronic sinusitis may require a bone flap and extensive 
curettage. 

SALIVARY GLAND DISEASES 

GUY ST. I FAN 

The parotid, mandibular, and sublingual glands are the 
three largest salivary glands in ruminants. 34 In cattle the 
mandibular gland is larger than the parotid gland. The adult 
bovine produces 50 L or more of saliva in 24 hours. Saliva 
is secreted continuously, but the rate of secretion is 
increased by feeding, rumination, and the presence of 
coarse feed in the rumen. 34 The saliva provides a fluid 
medium for transport of ingesta during deglutition and 
regurgitation. It also maintains adequate phosphate for 
bacterial digestion of cellulose in the rumen and contains 
bicarbonate, which acts as a buffer to maintain ruminal 
pH above 5.5. Ruminant saliva contains approximately 
80 mEq of bicarbonate per liter. 

Excessive Salivation 

Excessive salivation (ptyalism) is a sign of many pathologic 
conditions. The volume of saliva may be normal, but if it is 
not being swallowed, salivation can appear excessive. 
Gloves should be worn to examine the mouth of any ani¬ 
mal that is salivating excessively as a precaution against 
exposure to rabies. Excessive salivation may be seen with 
dental disease, stomatitis, foreign objects in the mouth or 
pharynx, or esophageal obstruction. It also has been seen 
with ruminal disorders, in cows that have eaten spoiled 
silage, and with impaction of the abomasum. Ptyalism may 
be a clinical sign in rabies, pseudorabies, meningoencephali¬ 
tis, and slaframine toxicity. 34 35 Mercury, iodine, lead, cop¬ 
per, and arsenic also can stimulate secretion by the salivary 
glands. Treatment depends on the underlying causes. 

Sialocele 

A sialocele develops when saliva escapes from a duct or 
salivary gland and enters the surrounding tissue. The saliva 
contains enzymes that irritate the tissue. The accumulation 
of saliva is surrounded by inflamed tissue, which gives the 
lesion a cystic appearance. A soft, fluctuant swelling usu¬ 
ally is seen. Signs of pain may be observed during mastica¬ 
tion. Trauma or foreign body usually is the cause of a 
sialocele. The diagnosis is based on the history, palpation, 
paracentesis, and sialography. Needle aspiration may yield 
mucoid saliva. Two treatments have been described. 36 37 
The first involves removal of both the mandibular and 
sublingual glands and ducts. 36 Surgical extirpation of the 
mandibular salivary gland in the caudal area of the man¬ 
dibular spaces has been performed successfully in cows, 
sheep, goats, and buffaloes. 34 Exposure of the tissue by 
opening the capsule of the gland facilitates the process of 
extirpation and prevents trauma of the surrounding nerves 
and blood vessels. 36 In the second treatment option the 
sialocele is opened, drained, and chemically debrided 
using copper sulfate. 37 

Parotid Gland Carcinomas 

Three cows at slaughter had parotid gland carcinomas. 38 
The neoplastic cells appeared to originate from ductal and 
acinar epithelium. 38 Ocular squamous cell carcinoma may 
spread locally to the parotid or mandibular lymph nodes. 39 


Sialoadenitis 

Inflammation of the salivary glands usually is caused by non¬ 
specific infections, penetrating wounds, or plant awns. Dif¬ 
fuse swelling of the salivary glands may be observed, and 
the swelling may be hot and painful on palpation. Abscess 
formation is a common complication. Treatment consists of 
systemic antibiotics and antiinflammatory and analgesic 
drugs. Abscesses should be drained when they localize. Sali¬ 
vary fistulas can be sequelae to salivary abscesses. 

ACTINOBACILLOSIS (WOODY TONGUE, 
WOODEN TONGUE) 

BRADFORD P. SMITH 

II Definition and Etiology. Actinobacillus lignieresii , a gram- 
negative rod, is a normal inhabitant of the rumen and mouth 
of many cattle and sheep and probably goats. When the 
organism enters the soft tissues through a lesion, actinobacil- 
losis results in a granulomatous abscessation. Ruminants of 
all ages can be affected, and the disease appears to have a 
worldwide distribution. The classic site of infection is the 
bovine tongue; because the condition causes a very hard, dif¬ 
fuse nodular swelling, it has been given the name "woody 
tongue" or "wooden tongue." The prevalence of woody 
tongue in bovines at slaughter is 0.7% to 3.6%. 40 Atypical 
actinobacillosis lesions of cattle can occur in the lips, nose, 
or lymph nodes of the head or neck or at other sites. 41 * 43 
Although the lesions normally occur sporadically, herd out¬ 
breaks with up to 73% morbidity have been reported. 44 45 
Sheep are most commonly affected by hard swellings of the 
lips, often with fistulous tracts. 46 Actinobacillosis has also 
been reported to cause tongue lesions in sheep 46 - 47 and 
horses. 48 These lesions appear to be rare in goats. 

II Clinical Signs and Differential Diagnosis. Actinobacil¬ 
losis lesions usually involve soft tissues. When the tongue 
is affected, the major clinical signs are inability to prehend 
food normally, excessive salivation, and sometimes a visi¬ 
bly enlarged tongue that protrudes from the mouth. The 
submandibular area often is enlarged and firm. On palpa¬ 
tion the tongue is firm to very hard, painful, and nodular 
(Fig. 32-62). Nodular lesions often are slightly ulcerated. 
The base of the tongue is most frequently affected, but 
the shaft may also be involved. An ulceration filled with 
plant awns or stems often is seen in the sulcus lingualis 



FIG. 32-62 II Firm, enlarged bovine tongue typical of woody tongue 
caused by Actinobacillus lignieresii. Partly ulcerated areas of mucosa overlie 
hard nodules. 
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at the junction of the base and shaft of the tongue. Because 
cattle use the tongue to prehend food, anorexia results 
when the tongue is painful and inflexible. Actinobacillosis 
must be differentiated from dental disease, oral foreign 
bodies, pharyngeal trauma, and other diseases that cause 
oral pain. 

Atypical lesions in cattle involve sites other than the 
tongue. Lymph nodes of the head and cranial cervical area 
are most frequently affected, but where any abrasion is pres¬ 
ent, granulomas or abscesses may develop, followed by lick¬ 
ing or contact with pus draining from a lesion on another 
animal. Because plant awns and stems create entry sites 
for the organism in the mouth, most lesions are in the head. 
Granulomas in the nose and eyelids and needle puncture 
wounds over the left jugular vein have been reported. 41 
These granulomas may be confused with tumors, polyps, 
or cysts. Granulomas have been reported in the esophagus, 
pharynx, palate, flank, 42 internal iliac lymph nodes, 43 and 
testes 43 ; multiple subcutaneous lesions with regional lymph 
node involvement also have been reported. 45 Three cases 
involving cutaneous lesions of the facial tissues were 
described as extensive swollen plaques under alopecic 
areas 49 Most granulomatous abscesses in a herd outbreak 
of actinobacillosis involved the tongue, muzzle, and lips 
and the submandibular, parotid, and cranial cervical 
areas. 44 Generalized involvement or granuloma formation 
in internal organs may also occur. 

Lesions in sheep typically involve the lips and face or 
parotid and submaxillary regions. 47 The nasal cavity and 
internal organs occasionally may be involved. Soft tissues 
of the head may be infected through fight wounds 47 
Lesions of the lips must be differentiated from those of con¬ 
tagious ecthyma (CE), and granulomatous abscesses in 
other sites must be differentiated from caseous lymphadeni¬ 
tis lesions. lesions of the tongue of sheep, essentially iden¬ 
tical to those found in cattle, have been reported as a cause 
of green staining of the lips and "cud-dropping" in sheep 46 

II Clinical Pathology. Diagnosis of actinobacillosis requires 
biopsy and culture of the lesion. The pus usually is not mal¬ 
odorous. Pus crushed between two glass slides shows "sulfur 
granules," "clublike rosettes," or "club colonies." Similar 
colonies may be found in actinomycosis and some staphylo¬ 
coccal infections. 47 A. lignieresii are small, gram-negative 
rods. Definitive diagnosis relies on culture. No reliable sero¬ 
logic test is available for actinobacillosis, and the hemato¬ 
logic and clinical chemical findings may be normal or 
typical of a response to chronic infection. 

II Pathophysiology. A. lignieresii is a normal inhabitant of 
the mouth of ruminants and can be found in many plant 
awns. When mucosal lesions occur as a result of plant awns 
(e.g., foxtails), thistles, or particularly stemmy coarse feed, 
actinobacillosis may occur. Cattle often have a small ulcer 
in the sulcus lingualis at the junction of the base and shaft 
of the tongue. Plant fibers are sometimes found in the gran¬ 
ulomatous lesions of actinobacillosis. 44 Once inoculated 
into tissues the organism may cause a local lesion, lesions 
in draining lymph nodes, or both. Lesions elsewhere on 
the body may be contaminated by saliva or by pus from 
other draining lesions or directly by plant awns on which 
A. lignieresii resides. 

II Epidemiology. Most cases of actinobacillosis are spo¬ 
radic. Herd outbreaks may be associated with abrasive feed- 
stuffs and crowded conditions in which the organism is 
spread rapidly to wounds on other animals by way of saliva. 


In one herd outbreak, 73% of a group of heifers (4 to 24 
months of age) were affected 1 month after feeding of a 
coarse, stemmy haylage had begun. 44 Atypical lesions often 
are associated with a previous wound at the site, such as a 
nose lead wound, 41 multiple needle punctures, 41 or a head 
butting wound. 47 Outbreaks of actinobacillosis in wounds 
of the head, neck, body, and limbs have been reported. 49 ' 50 

II Necropsy and Biopsy Findings. Actinobacillosis lesions 
typically are firm, pale, gritty, granulomatous abscesses. 
Grossly they are similar to exuberant granulation tissue 
and connective tissue, often appearing to have a yellowish 
granular (1 to 3 mm) surface. Masses contain multifocal 
necrotic foci, often filled with nonodorous, thick, yellow- 
white pus. Histologically the lesion is a granulomatous 
abscess. 41 An outer capsular region of connective and gran¬ 
ulation tissue surrounds an area of leukocytes and rosettes 
("club colonies"). Mononuclear cells, plasma cells, and 
eosinophils predominate. Many neutrophils are seen at 
the center of the lesion. Multinucleated giant cells or plant 
fibers, or both, may be seen. 

II Treatment and Prognosis. Treatment usually is success¬ 
ful, and the condition has an excellent prognosis when only 
the tongue is involved. The prognosis may be only slightly 
less optimistic when internal organs and atypical sites are 
involved. Sodium iodide (70 mg/kg given IV as a 10% to 
20% solution) is the treatment of choice. Intravenous treat¬ 
ment is given once and repeated at least one more time at a 
7- to 10-day interval. In refractory cases intravenous therapy 
may be repeated more often (2- to 3-day intervals). In 
severe cases daily organic iodides can be administered orally 
at a rate of 60 mg/kg/day 41 in addition to the intravenous 
iodide. If signs of iodinism develop (excessive tearing, 
coughing, inappetence, diarrhea, and/or dandruff), iodine 
administration should be halted; the adverse signs normally 
disappear shortly thereafter. 

The onset of therapeutic benefit of sodium iodide is 
remarkably rapid. Within 48 hours after treatment, the 
tongue is flexible enough to allow the animal to eat. 
Although the mode by which iodides exert their beneficial 
therapeutic effect in actinobacillosis is not well under¬ 
stood, it seems most likely that they exert some antiin¬ 
flammatory effect on the granulomatous inflammation. 
Iodides have little in vitro bacteriostatic or bactericidal 
effect at the concentrations given, 51 yet the onset of 
action is very rapid. They probably act in some way other 
than by direct antimicrobial effect. The old belief that 
iodides cause abortion at the recommended dose has been cast 
into doubt by my clinical experience and by reports of 
others, 52 who gave one and one-half to two times the recom¬ 
mended intravenous dose without inducing abortion. Never¬ 
theless, there are anecdotal reports of the association, and 
when products are labeled with a contraindication for use in 
pregnant cattle, due caution should be exercised. Iodides 
should be given slowly and with caution to horses because 
of the possibility of severe generalized adverse reactions to 
intravenous sodium iodide. 

Most strains of A. lignieresii are sensitive in vitro to a 
number of antimicrobial drugs, including ceftiofur, ampicil- 
lin, penicillin, florfenicol, sulfas, aminoglycosides, and 
tetracyclines. Each isolate should be tested for antimicrobial 
sensitivity. Therapy with an antimicrobial drug to which the 
isolate is sensitive is recommended in severe, generalized, or 
refractory cases of actinobacillosis. Therapy should also 
include iodides. 

Surgical debulking of lesions, particularly if they interfere 
with airflow, is also possible for atypical cases in which a 
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large granulomatous mass is present and the mass has 
proved refractory to medical therapy. Hemostasis may be a 
problem after surgical debulking. 

II Prevention and Control. Prevention relies mainly on 
avoidance of coarse, stemmy, scabrous feeds and pastures 
full of hard, penetrating plant awns (e.g., foxtails) or this¬ 
tles. If an outbreak occurs, immediate change to a softer 
feed is advised, and affected animals should be treated indi¬ 
vidually. Rapid resolution of the outbreak can be expected 
once these steps have been taken. If atypical lesions occur, 
a cause of skin wounds in the area should be sought and 
resolved. 

ACTINOMYCOSIS (LUMPY JAW) 

BRADFORD P. SMITH 

II Definition and Etiology. Actinomycosis is caused by Acti¬ 
nomyces bovis, a gram-positive, nonencapsulated, branching, 
filamentous bacterium that is a normal inhabitant of the 
ruminant mouth. The disease occurs mainly in cattle but on 
rare occasions may affect sheep or goats. It enters the tissues 
and bone through oral abrasions, openings, and punctures 
associated with dental or gingival disease, hard plant awns 
(e.g., foxtails), thorns, stickers, or dry, coarse, stemmy feeds. 
Lesions may begin as cavities (caries) in the dentin or dental 
pulp. 53 Lesions are sporadic and occur mainly in the mandi- 
bl e 54-56 an( j j ess commonly in the maxilla. The preponder¬ 
ance of mandibular lesions, with the development of 
periosteal new bone and fibrosis, gives the disease its com¬ 
mon name of "lumpy jaw/' Lesions occasionally occur in 
soft tissues of the head, esophagus, forestomachs, and tra¬ 
chea. 57 ' 60 Occasionally A. bovis may cause granulomatous 
abscesses in other soft tissues. Most of the early reports of 
esophageal groove and forestomach involvement incrimi¬ 
nate actinobacillosis rather than actinomycosis. 61 

Osteomyelitis of the mandible in a horse associated with 
nocardiosis has been reported, 61 but no cases of mandibu¬ 
lar actinomycosis in horses have been reported. 

II Clinical Signs and Differential Diagnosis. Bovine actin¬ 
omycosis typically causes a hard, immovable, painless, 
bony mass on the mandible (Fig. 32-63). The lesion is most 
common on the horizontal ramus. Initially it is nondrain¬ 
ing (has no fistulous tracts), but it may develop fistulous 
tracts and involve tooth roots as the condition progresses. 
When teeth become involved, evidence of pain when chew¬ 
ing may be seen, and weight loss may result. A careful exam¬ 
ination of the mouth is required to detect loose teeth, plant 
awns, or severe gingivitis and to rule out a pathologic frac¬ 
ture. If a fistula is present, it is useful to flush the tract with 
organic iodine and perform contrast radiographs to deter¬ 
mine if it communicates with the mouth. The differential 
diagnosis includes tooth root abscess, fracture, tumors, 
and osteomyelitis caused by other organisms. A mandibular 
swelling that continues to enlarge despite therapy should be 
radiographed for evidence of a fracture or sequestrum. Atyp¬ 
ical actinomycosis with lesions in soft tissue causes a variety 
of clinical signs, depending on the location. 

II Clinical Pathology and Diagnosis. Hematologic and 
clinical chemistry findings may be normal or may reflea a 
chronic infeaion. Radiographs of the lesion are helpful in 
determining if there is dental involvement or a pathologic 
ffaaure. The radiographic lesion consists of multiple central 
radiolucent areas of osteomyelitis surrounded by periosteal 
new bone and fibrous tissue. If a fistulous tract is present, 
a contrast study done while flushing into the tract may help 



FIG. 32-63 II Hard swelling on the distal mandible of a cow, typical of 
lumpy jaw caused by Actinomyces bovis. Loss of teeth and bone destruction, 
along with fibrosis and callus formation, are seen in this advanced case. The 
oral mucosa is secondarily ulcerated by trauma. 

determine the extent of the fistula. Before flushing, material 
from the core of the lesion should be aspirated or biopsied. 
A Gram stain and culture of pus should be performed. The 
organism is gram-positive, filamentous, and branching. 
"Sulfur granules" similar to those described for aainobacil- 
losis may be seen. Many authors report that they were 
unsuccessful at culturing the organism. 

II Pathophysiology and Epidemiology. A. bovis appears to 
enter the bone through mucous membrane punctures caused 
by foreign bodies, plant awns, or coarse, stemmy feeds or 
through a diseased tooth or areas of gingivitis that allow oral 
baaeria access to the bone. Cases usually are sporadic. 

II Necropsy and Biopsy Findings. Actinomycosis causes 
a granulomatous abscess. 59 Scattered through the mass of 
tissue are basophilic clumps of baaeria surrounded by 
eosinophilic dublike projections. The baaeria are long, fil¬ 
amentous, branching rods. Surrounding them is cellular 
reaaion composed of neutrophils, epithelioid cells, macro¬ 
phages, and occasional multinucleated giant cells. In the 
outer fibrous tissue are plasma cells. 

II Treatment and Prognosis. Treatment of actinomycotic 
bone lesions usually results in arrest of the lesion, but 
seldom does the size of the hard mass regress significantly. 
The prognosis for arrest of the lesion with vigorous treat¬ 
ment is good. If the mass does not have any fistulous traas 
and no affeaed teeth are loose, medical therapy alone may 
be sufficient. If the mass has fistulous traas, it should also 
be vigorously curetted and flushed with povidone-iodine 
or other organic iodine. The lesion has a rich blood supply, 
and curettage can result in severe hemorrhage. If the cavity 
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is large, it may be necessary to flush and pack with iodine- 
soaked gauze daily for several days, then less frequently as 
healing progresses. One paper reports on the successful 
treatment of three cases of actinomycosis by using repeat 
treatments consisting of curettage followed by cryotherapy 
with liquid nitrogen poured into the lesion. The authors 
repeated the treatment on day 2, day 9, and day 16. 62 If 
there is an open fistula into the mouth (as judged by vigor¬ 
ous flushing) or if teeth are involved, the affected tooth or 
teeth should be carefully removed or repaired endodonti- 
cally. 53 Care must be taken to prevent mandibular fracture, 
and the animal must be sedated or anesthetized to allow for 
proper intraoral manipulation. The empty alveolus should 
be carefully packed with gauze or a dental acrylic to which 
a wire or umbilical tape is attached and pulled through 
the fistula. The wire is tied externally to a small gauze roll 
to keep the alveolar packing firmly in place. The wire 
should be untied daily and the tract flushed thoroughly 
with povidone-iodine until the wound is completely granu¬ 
lated. Once granulation begins, it may not be necessary to 
check and flush the lesion more than once a week. The alve¬ 
olus will take several weeks to close, pushing the gauze or 
acrylic out as it does so. 

Medical treatment of actinomycosis involves the use of 
sodium iodide, isoniazid, and penicillin or another antimi¬ 
crobial drug to which the organism is sensitive. Sodium 
iodide is given IV at a dose of 70 mg/kg as a 10% to 20% 
solution. It can be given every 7 to 10 days or more often 
until signs of iodinism occur (i.e., lacrimation, cough, inap¬ 
petence, diarrhea, and dandruff). If repeated intravenous 
treatments are difficult, oral organic iodides can be given 
at the rate of 60 mg/kg/day for 3 weeks. As with actinobacil- 
losis, the beneficial therapeutic effects of iodides appear to 
lie in their ability to reduce granulomatous inflammation 
rather than in direct antimicrobial effects. 63 Iodides do not 
appear to cause abortion and can be safely given to preg¬ 
nant cows, 64 although care should be used because there 
are anecdotal reports to the contrary, and products are 
labeled with a contraindication for pregnant cattle. 

Isoniazid (10 mg/kg/day given PO for 1 month) is effec¬ 
tive at arresting actinomycosis of the mandible in cattle. 54 It 
is inexpensive and readily consumed in a small amount of 
grain. A prolonged withdrawal period before slaughter for 
human consumption is required. The drug appears to be 
nontoxic at this dosage, but it may cause abortion and 
should not be used in pregnant cattle. 

Penicillin (10,000 U/kg IM twice daily) or another antimi¬ 
crobial drug such as florfenicol or ampicillin can be added to 
the treatment regimen in cases involving valuable animals or 
when twice-daily treatment for 7 to 14 days is possible. Strep¬ 
tomycin was found effective in one study, 56 but because of 
the prolonged persistence of tissue residues, aminoglycosides 
generally are considered unacceptable in food animals. 

Rl Prevention and Control. A. bovis is a normal mouth 
inhabitant of ruminants; therefore the only possible means 
of prevention is to avoid feeding coarse, stemmy feeds, 
feeds with hard, penetrating plant awns, or feeds with other 
sharp materials. The recommendations in this regard are 
similar to those for actinobacillosis. 


PHARYNGEAL TRAUMA AND ABSCESS 

BRADFORD P. SMITH 

II Definition and Etiology. Pharyngeal trauma occurs rela¬ 
tively frequently in cattle, resulting in cellulitis, 65 abscessa- 
tion, 65 or hematoma formation. 66 One case resulted in 


megaesophagus. 67 Pharyngeal trauma is almost always asso¬ 
ciated with use of a balling gun, 65 68 long dose syringe, spec¬ 
ulum, paste wormer gun, rigid probe of calf esophageal 
feeder, or rigid stomach tube. 65 Occasionally a foreign body 
such as a sharp stick or wire can perforate the pharynx. 
Hematomas may result from unidentified blunt trauma. 66 
The puncture or laceration may be very small and usually 
is located in the area near the origin of the esophagus. The 
result is that feed and saliva enter the retropharyngeal area, 
and eventually inflammation develops (also see Chapter 31, 
Retropharyngeal Abscess). 

II Clinical Signs and Differential Diagnosis. The clinical 
signs include anorexia, drooling of saliva, malodorous 
breath, extended head and neck, localized or diffuse pha¬ 
ryngeal pain, feed coming from the external nares, and fore- 
stomach stasis or bloat 65 Severe cases may involve obvious 
pharyngeal swelling, fever, easily elicited cough on laryngeal 
palpation, dyspnea, and aspiration pneumonia. Intralum¬ 
inal submucosal pharyngeal abscesses with similar clinical 
signs have been reported. 69 Differential diagnosis in cattle 
must include retropharyngeal abscesses (also see Chapter 
31, Retropharyngeal Abscess), pharyngeal foreign body, 
actinobacillosis, and lymphosarcoma or other tumor that 
involves the pharyngeal lymph nodes. 

If megaesophagus occurs, it must be differentiated from 
diaphragmatic hemia with herniation of the reticulum into 
the thorax; other outflow obstructions involving the reticu¬ 
lum can result in frequent regurgitation and vomiting, as 
can a number of other diseases, including esophageal 
foreign body and esophageal diverticulum. Several toxins 
also cause vomiting (see Chapter 7). Rabies is easily differen¬ 
tiated, because the only clinical signs common to both are 
anorexia and salivation. Careful digital palpation of the 
pharynx often is diagnostic, although restraint is difficult 
because the area is painful and swollen, causing dyspnea 
and struggling. A well-lubricated stomach tube should be 
gently passed to relieve bloat and ascertain that no esopha¬ 
geal obstruction is present. Pharyngeal trauma is rare in 
sheep and goats, and retropharyngeal abscesses caused by 
Corynebacterium pseudotuberculosis (caseous lymphadenitis) 
are the most common cause of pharyngeal swelling. 

II Clinical Pathology and Laboratory Aids. Endoscopy 
and radiography may be of great help in diagnosing the 
site of the lesion, the extent of cellulitis, and the presence 
of a foreign body. Endoscopy reveals a swollen, collapsed 
pharyngeal air space. The wound may be visible, and it 
may have exudate at its origin. Endoscopy can help rule 
out intraluminal masses and foreign bodies. Retropharyn¬ 
geal cellulitis, abscess, or hematoma often can be visua¬ 
lized radiographically, and radiopaque foreign bodies can 
be seen (Fig. 32-64). Gas in the soft tissues or a discrete 
mass can be seen with cellulitis and abscess, respectively. 
Gas often can be seen in the lumen of the esophagus as 
well. Radiographs of the lung may be helpful if aspiration 
pneumonia is suspected. The results of hematologic ana¬ 
lysis may reflect an infectious inflammatory process. 

II Pathophysiology. Inflammation, swelling, and necrosis 
in the retropharyngeal tissues interfere with normal swal¬ 
lowing by causing pain when swallowing is attempted, 
physical interference with passage of a bolus, and neuro¬ 
logic involvement. The resultant dysphagia may predispose 
the animal to inhalation of feed and saliva. 

If the retropharyngeal inflammation affects the pharyn¬ 
geal branch of the vagus nerve on the dorsolateral surface 
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FIG. 32-64 II Pharyngeal trauma in a 2-year-old bull caused by a magnet 
that was given forcefully with a balling gun 24 hours previously. The mag¬ 
net is visible in the retropharyngeal tissues surrounded by cellulitis, with 
swelling and gas in the tissues. The area is swollen and painful. 


of the pharynx, the esophageal and pharyngeal phases of 
swallowing and eructation are disturbed. 65 70 The resultant 
pharyngeal paresis may lead to reflux of feed through the 
nares. Involvement of the adjacent cranial laryngeal nerve 
makes the laryngeal mucosa less sensitive to foreign mate¬ 
rial and thus diminishes the cough reflex. 65 Severe inflam¬ 
mation may involve the vagus nerve itself and cause 
forestomach stasis with bloat and laryngeal motor dysfunc¬ 
tion. 65 * 71 Eructation also involves pharyngeal muscular 
activity, and the maneuver is likely to be quite painful when 
cellulitis is present in the area. 

II Treatment and Prognosis. In spite of the fact that 
affected animals often are completely anorectic and febrile 
and look very ill, most cases of pharyngeal puncture or lac¬ 
eration resolve successfully if the animal can be vigorously 
treated with broad-spectrum antimicrobial drugs for 7 to 
14 days, if aspiration pneumonia can be controlled by lim¬ 
iting access to feed, and if adequate supportive care can be 
given. Tetracyclines, sulfas, ampicillin, ceftiofur, TMS, and 
florfenicol or penicillin plus an aminoglycoside have been 
used successfully. NSAIDs should be given for analgesia 
and for their ability to reduce inflammation. Oral adminis¬ 
tration of boluses should be avoided. 

The animal should have access to water; if it cannot drink, 
a soft stomach tube should be used several times daily to 
gently administer a total of 30 to 50 L (8 to 13 gallons) of 
water plus electrolytes daily. The most important electrolyte 
to administer is potassium; 60 to lOOg of potassium chlo¬ 
ride should be given daily with the water. Once the animal 
can drink without coughing or nasal reflux, soft green grass 
or a soft mash should be offered. If this is well tolerated, it 
should be continued for 2 weeks, after which green pasture 
or soft, green, leafy alfalfa hay or other equally palatable feed 
should be gradually and carefully introduced into the diet. 

If a discrete retropharyngeal abscess forms, it is best first 
to attempt drainage into the pharynx through the original 
laceration by pushing a finger into the healing wound until 
pus escapes. If this fails, a surgical approach to the area may 
be necessary. Surgery is rarely required in cases of pharyn¬ 
geal trauma or laceration with cellulitis. 

II Prevention and Control. Careful use of balling guns, 
paste wormer guns, and other equipment that can damage 
the pharynx is the best prevention. Adequate restraint of 
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the head of any animal that is to be orally treated also helps 
prevent pharyngeal trauma. 

BLUETONGUE 

PAUL G.E. MICHELSEN 

BRADFORD P. SMITH 

II Definition and Etiology. Bluetongue is an arthropod- 
borne noncontagious viral disease of domestic and wild 
ruminants with complex interactions with the host, the 
host's immune system, the vector or vectors, other similar 
viruses, and the biopolitical environment. Clinical disease 
is largely restricted to sheep, but other ruminants may show 
disease in some circumstances. Cattle and other ruminants 
are considered amplifying reservoir hosts. 72 Epizootics of 
bluetongue disease such as one on the Iberian peninsula 
in 1956 that killed 179,000 sheep in 4 months led to the 
idea of bluetongue as an emerging exotic disease that 
threatened livestock industries. Since 1999 there have been 
reports of bluetongue from Greece, Italy, France, Spain, 
Portugal, Turkey, and the Balkans. 73 It occurs in the United 
States, South Africa, and parts of Asia. Bluetongue virus 
(BTV) has now been isolated from ruminants and insea 
veaors from all continents except Antaraica, yet the inter¬ 
national movement of ruminants is often severely restriaed 
for fear of importing BTV. 72 Epidemic disease outbreaks, the 
wide host range, the potential for establishment of endemic 
disease, and the similarity of some signs of bluetongue to 
those of vesicular diseases have made bluetongue infeaion 
the subjea of intense regulatory interest worldwide. Import 
regulations promulgated in reaaion to the disease have 
been more of a threat than the disease itself to the livestock 
industries of some countries. 74 

BTV is the prototypic orbivirus, a genus (or subfamily) 
within the family Reoviridae. It is inactivated by iodo- 
phores and phenols but stable in the presence of protein. 
Other viruses in the genus, some of which cross-react sero¬ 
logically with BTV, include Palyam virus, the epizootic 
hemorrhagic disease of deer virus and the agent of African 
horse sickness. The virus has a segmented genome of 10 
double-stranded RNA pieces, each of which codes for one 
or two polypeptides. The genome of BIV was recently 
determined down to atomic resolution using crystallogra¬ 
phy, the largest molecule known in such detail to date. 75 
The serologic classification is based on the protein produa 
of one or two genomic segments, but virulence and other 
charaaeristics may not be related to this protein, and 
genetic reassortment of the pieces occurs in infeaions of 
cells with more than one serotype. 76 BTV reproduces 
in both arthropod and mammalian hosts and must evolve 
quickly to maintain itself in these imperfectly overlapping 
realms. Reassortment of the segmented genome contri¬ 
butes to the prodigious genetic diversity and rapid evolu¬ 
tion of BTV. 77 

Strains of the virus with the same serotype may have 
markedly different virulence. 78 * 79 The discovery of BTV in 
Australia in 1975 originally was a cause of great concern, 
because the continent had been thought to be free of the 
virus. Subsequent investigation showed the presence of anti¬ 
body in stored sera, and the Australian strains of serotypes 
that are pathogenic elsewhere proved to have almost no 
pathogenic capability. Twenty-five serotypes are recognized 
worldwide, five (2, 10, 11, 13, and 17) in the United States. 
Recently BTV-1 was isolated from an ill white-tailed deer 
fawn in Louisiana. 80 


II Clinical Signs and Differential Diagnosis. Clinical blue¬ 
tongue disease is manifested in two ways: reproductive 
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syndromes and bluetongue per se, a vasculitic disease of 
several organ systems. Cattle and goats rarely manifest clin¬ 
ical disease; infected sheep commonly do. 

In sheep the first clinical signs appear after an incubation 
period of 3 to 20 days. These signs include a transient fever 
(up to 41.1° C [106° F] or higher); edema of the face, lips, 
muzzle, and ears; excessive salivation; and hyperemia of 
the oral mucosa. Affected sheep usually produce a profuse 
serous nasal discharge that becomes mucopurulent after a 
few days, leaving crusts around the nostrils and muzzle. 
The tongue may be cyanotic (hence the name), but this is 
an infrequent sign. The oral lesions progress to petechial 
hemorrhages, erosions, and ulcers, which are especially 
prominent on the dental pad and the commissures of the 
mouth. Pulmonary edema is often marked, and some cases 
appear to owners to be pneumonia. Secondary bacterial 
bronchopneumonia frequently complicates bluetongue. 
Lameness and stiffness caused by coronitis and myopathy 
are later signs, occurring 7 to 12 days after exposure, and 
the coronary band shows petechial hemorrhages and hyper¬ 
emia. Cardiac myopathy may result in sudden death at any 
time, even in an animal that appears to be recovering. 
Lameness may progress to "knee walking" or recumbency. 
The hooves may slough, and breaks in the wool are com¬ 
mon. Diarrhea, with or without blood, is frequently seen. 
Many sheep become depressed, are unable to rise, and die, 
but some severely affected sheep make a full recovery. The 
differential diagnosis for sheep showing some of these signs 
includes sore mouth (CE), foot-and-mouth disease (FMD), 
peste des petits ruminants (PPR), and sheeppox. 

The reproductive and teratogenic effects of BTV in sheep 
and cattle appear to vary gready depending on the strain, 
the host, and the ecologic factors. Reproductive effects, 
including abortions, stillbirths, and weak, live "dummy 
lamb" births, were prominent when live attenuated vaccine 
was given to pregnant ewes in California. In South Africa, 
which has been recognized as bluetongue-endemic since 
the first descriptions of the disease before 1900, teratogenic 
effects have not been firmly linked to the vims despite 
the use of polyvalent attenuated live vaccines and near- 
continuous exposure to the vims. 78 

The vims has been shown to be both abortigenic and ter¬ 
atogenic in cattle under experimental conditions, 81 but 
despite evidence of high seroprevalence in cattle, abortion 
and teratogenesis are very uncommon under field condi¬ 
tions 82 Early embryonic wastage and decreased reproduc¬ 
tive efficiency may be more important in cattle than 
teratogenesis and abortion; bluetongue-seropositive cows 
had more services per conception, longer calving-to- 
conception intervals, and a greater number of total services 
compared with age-matched bluetongue-negative cows on 
the same large California dairy 83 Experimental early gesta¬ 
tion infections in cattle produce severe deformities that pre¬ 
clude live birth; later infections can cause premature 
delivery of low-birthweight, weak, viremic calves. 79 

Clinical disease in cattle is rare, but it can show many of 
the same signs as in sheep. Excessive salivation may be the 
first clinical sign. Hyperemia and necrosis of the muzzle 
("burnt muzzle") and a patchy dermatitis may also be seen. 
In cattle, depending on which signs are exhibited, the differ¬ 
ential diagnosis should include mucosal disease (BVD), 
malignant catarrhal fever (MCF), vesicular diseases, rinder¬ 
pest (RP), photosensitization, bovine papular stomatitis 
(BPS), and infectious bovine rhinotracheitis. Clinical dis¬ 
ease in cattle can be difficult to distinguish from FMD and 
vesicular stomatitis (VS), and appropriate regulatory offi¬ 
cials should be notified in such outbreaks. 

"White eye calf' syndrome has been described in Harney 
County, Oregon. The problem has a low incidence on 


affected ranches (0.5% to 8%). The calves are full-term still¬ 
births or weak, recumbent animals that rarely survive, even 
with good nursing care. Most affected calves have congenital 
cataracts, often bilaterally, which dear at 3 weeks to 3 
months in the few that survive. Hydranencephaly and 
arthrogryposis are seen in a few calves, together with the 
lens opacity. The calves test negative for BTV antibody on 
agar gel immunodiffusion (AGID) tests, but BTV or epizo¬ 
otic hemorrhagic disease virus, or both, can be isolated 
from the spleen or bone marrow. 84 Lenticular, other ocular, 
and brain abnormalities may also be caused by bovine virus 
diarrhea (BVD) virus, and that cause should be considered 
in the differential diagnosis of suspected bluetongue terato¬ 
genesis in cattle. 

II Laboratory Diagnosis and Immunology. Two types of 
viral antigen are involved in bluetongue diagnosis by sero¬ 
logic testing. All BTVs have one of the types, the group anti¬ 
gen, which is a protein called P7. The other type of antigen, 
the P2 protein, determines the serotype (1 through 25) of 
the virus in question. The serum commonly is tested with 
complement fixation (CF), AGID, or one of several ELISAs 
for P7, which indicates bluetongue infection. Antibodies 
detected by AGID persist for years in normal animals 
exposed to BTV. CF tests detect shorter-lived antibodies 
and can be difficult to perform but are still used to deter¬ 
mine BTV exposure status for export. The AGID test cross- 
reacts with related orbiviruses and can also produce a rather 
high number of false-negative results. The competitive 
ELISA (C-ELISA) has proved to be the best serologic test 
for detecting group antibodies to BTV. 85 ' 86 Because of the 
wide pathogenic variability among BTVs (aided, no doubt, 
by reassortment of the segmented genome) and the fact that 
some other nonpathogenic orbiviruses have antigenic simi¬ 
larities to BTV, a positive result on the bluetongue group 
test does not prove that an animal's clinical disease was 
caused by BTV. 

Virus isolation from blood obtained during the viremic, 
febrile stage is the most definitive means of bluetongue 
diagnosis. Splenic tissues or, in the case of aborted fetuses, 
brain tissues also can be a source of vims for isolation. Vims 
isolation is done by inoculation of samples into a variety of 
test animals and culture systems, but it is being at least 
partly replaced by detection of viral RNA using PCR tech¬ 
nology. PCR-based tests for bluetongue are extremely sensi¬ 
tive and specific for BTV RNA and currendy are being 
performed on clinical samples at several diagnostic labora¬ 
tories. A positive PCR result is not synonymous with infec¬ 
tion, however, because viral RNA can be detected for some 
time after viremia (as detected by standard vims isolation 
methods) has waned. 87 

Other laboratory aids to diagnosis include the presence 
of leukopenia during the early febrile stage of the disease 
and an often marked increase in serum creatinine kinase 
that corresponds to the latter phase of reluctance to move 
and stiffness. 

The development of immune tolerance to BTV (in utero 
infection producing antibody-negative, virus-positive indivi¬ 
duals), as happens in BVD infections, now is regarded by 
many as rarely if ever occurring under natural condi¬ 
tions, 8688 but some controversy remains. 89 

II Pathophysiology. BTV is capable of reproducing in a vari¬ 
ety of mammalian cells. In clinical cases the disease appears 
to be a vasculitis caused by infection of vascular endothelial 
cells. Vasculitis results in edema and necrosis of epithelial 
and mucosal surfaces. In bulls the vims can cause inflam¬ 
mation and degeneration of the seminiferous tubules. 
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Teratogenic effects appear to be caused by general disruptions 
of organogenesis by viral infection of the developing fetus. 
The development of clinical disease in cattle may require pre¬ 
vious sensitization to the virus, operating through an IgE- 
mediated hypersensitivity reaction. 84 The disease in sheep 
also appears to be most severe when previous exposure has 
occurred. 90 Late-term in utero infections produce elevated 
fetal cortisol in calves, which could be the mechanism for 
the induction of premature delivery. 81 

II Epidemiology. The development of clinical disease is the 
product of a complex interaction among host, strain, vector, 
and environmental characteristics. .Bluetongue disease pro¬ 
vides a model of host-vector-pathogen coevolution; the 
pathogenicity of endemic virus to endemic livestock breeds 
usually is low. 91 Epizootics occur when new virus, new ani¬ 
mals, or new vectors are introduced into the stable prevail¬ 
ing system. 

BTV infects both wild and domestic ruminants and 
camelids, primarily through the bite of the vector midge 
of the genus Culicoides. There are over 1400 Culicoides spe¬ 
cies; however, only a few have been identified as BTV- 
competent vectors. This midge is most prevalent in mid¬ 
summer to early fall, and natural bluetongue in animals 
usually is limited to this time as well. The virus also can 
be transmitted sexually in infected semen and transplacen- 
tally from dam to offspring but apparently not through 
embryo transfer if the embryo is washed 10 times. 86 89 
Vector transmission is by far the most important method 
of transmission in endemic areas. In the United States, 
bluetongue prevalence closely mirrors Culicoides preva¬ 
lence, with lower rates in northern climates inhospitable 
to the midge and higher prevalence in California and 
southern regions. Culicoides sonorensis (formerly called 
Culicoides variipennis) is the principal vector of BTV in 
North America, but not all C. sonorensis populations are 
competent vectors of the virus. 92 ' 93 In the absence of 
competent vector populations, animal-to-animal trans¬ 
mission is incapable of maintaining the endemic state. 
The overall seroprevalence in cattle in the United States 
exceeds 18%. 94 

The location of "overwintering" virus or the reservoir 
for infection in endemic areas is unclear. After infection 
the BTV virus can be isolated for over 9 weeks from ovine 
skin biopsies. 95 Cattle have been suspected because of the 
high seroprevalence in cattle and the longer course of vire- 
mia possible in some cattle compared with sheep, but a 
recent paper demonstrated that BTV survived for only 
1 to 5 weeks after infection in cattle skin biopsy sam¬ 
ples. 96 In the Iberian epidemic of bluetongue in 1956 that 
killed 179,000 sheep in 4 months and caused clinical dis¬ 
ease in cattle, the disease failed to become established 
despite the presence of vectors, suggesting that cattle were 
not an effective reservoir in this instance. White-tailed deer 
showed a high BTV seroprevalence (81%) in a survey in 
northeastern Mexico. 97 The virus reproduces in C. sonoren¬ 
sis, and the vector may be the overwintering site in some 
situations. Another intriguing possibility that needs more 
investigation involves the prolonged presence of viral 
RNA in blood as detected by PCR; the vector may be able 
to recover BTV infectivity from PCR-positive but virus 
isolation-negative blood. 98 

The severity of clinical signs varies by breed. Early in the 
history of the bluetongue investigation, it was noted that 
African Landrace breeds showed few if any signs of infec¬ 
tion, whereas imported European breeds showed fulminant 
disease. 99 More recently, breed differences in immunologic 
response to a bluetongue vaccine have been reported. 100 


II Necropsy Fitidings. No one gross or histologic lesion 
points with certainty toward bluetongue. Some animals 
that die appear surprisingly normal at necropsy. Most 
show unusual hemorrhage in some organ, particularly the 
heart. Some experts consider subendocardial hemorrhage 
at the base of the pulmonary artery to be pathognomonic. 
Petechial and ecchymotic hemorrhages are also seen under 
the tongue, on the hard palate, and in the esophagus, forest¬ 
omachs (especially on the ruminal folds), lymph nodes, 
bladder, and spleen. Gross hemorrhage may be seen in skel¬ 
etal muscles (often alternating with linear areas of pallor, 
indicating Zenker's necrosis) and in the pulmonary artery. 
Erosions and ulcers are seen on any surface of the oral 
mucosa, prominently on the dental pad and tongue, and 
less often in other digestive organs. Gelatinous subcutane¬ 
ous edema of the head, neck, forelimbs, and trunk is com¬ 
monly encountered. Pulmonary congestion and edema 
probably are caused by vasculitis and occur secondary to 
heart failure. 101 Microscopically, lesions show evidence of 
inflammatory cell infiltration, cellular vacuolation, blood 
stasis, hypertrophy of small vessel endothelial cells, and 
fragmentation of small vessels. Cattle, but not sheep, show 
eosinophilic infiltrates histologically, suggesting the role of 
hypersensitivity in the rare clinical cases in cattle. 


II Treatment, Prevention, and Control. Treatment is non¬ 
specific and aimed at supportive and nursing care. Animals 
with severe oral lesions are reluctant to eat. Valuable ani¬ 
mals can be fed gruels of alfalfa pellets by stomach tube 
and can be encouraged to eat soft feeds or green grass. Mus¬ 
cle and coronary band pain may limit mobility; therefore 
water and shade must be close at hand. Sulfas or other rela¬ 
tively broad-spectrum antimicrobial drugs should be admi¬ 
nistered in an attempt to prevent or treat secondary 
bacterial pneumonia. NSAIDs, including aspirin and flu- 
nixin, are commonly used. 

Elimination of C. sonorensis from the environment usu¬ 
ally is not practical, but housing sheep indoors during the 
peak of activity (dusk, early evening) to avoid the house- 
shy midge may be beneficial. Grazing wet areas such as 
irrigated pasture only during the heat of the day also may 
help. Midges that feed on ivermectin-treated cattle are 
killed, but the exchange of virus may be made before the 
insect's demise. C. sonorensis larvae develop in fine-grained 
mud with high organic matter content, such as around 
farm reservoirs, overflowing watering troughs, and shallow 
septic systems. Elimination of these breeding grounds 
combined with larvicidal treatments may help in some 
situations. 

Modified live vaccines are available in some parts of the 
world and should be based on the local strains and sero¬ 
types. Some cross-protection between some serotypes does 
occur. A modified live virus containing serotypes 10, 11, 
and 17 is available in California from the California 
Woolgrowers' Association. The vaccine should be given 
at least 2 weeks before breeding season to avoid terato¬ 
genic effects. In the face of an outbreak, lambs and breed¬ 
ing rams should be vaccinated; pregnant ewes in late 
gestation may be vaccinated, but there is some risk of 
inducing abortion. Vaccinated breeding rams may have a 
slight risk of decreased fertility. Pregnant animals cannot 
be vaccinated with modified live vaccines with impunity, 
because the teratogenic effects may manifest. Genetic engi¬ 
neering techniques may produce effective killed vaccines, 
perhaps as subunits, but both cellular and humoral immu¬ 
nity appear necessary for complete protection. The capa¬ 
bility of the virus to reassort the genome in mixed 
infections makes some aspects of modified live vaccines 
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problematic. For example, a host-adapted, low-virulence 
vaccine strain could gain virulence from wild-type virus 
and be serologically indistinguishable in its pathogenic 
form from the mild vaccine virus. 

CONTAGIOUS ECTHYMA (SORE MOUTH, 
ORF, CONTAGIOUS PUSTULAR 
DERMATITIS, SCABBY MOUTH) 

PAUL G.E. MICHELSEN 

BRADFORD P. SMITH 

II Definition and Etiology. CE (sore mouth, orf, conta¬ 
gious pustular dermatitis, scabby mouth) is a common dis¬ 
ease of sheep and goats that is transmissible to humans and 
has a worldwide distribution. A good review of human 
lesions was published in 2005. 103 The colloquial name sore 
mouth describes the most common presentation of the dis¬ 
ease in sheep and goats; the name orf (possibly from the 
old Norse term hrufa, meaning a crust or scab) is more 
commonly used for the disease in all species in England 
and for human disease in the United States. The agent is 
a DNA poxvirus of the parapoxvirus subgroup, which 
includes the closely related viruses pseudocowpox (the 
cause of orflike "milker's nodules" in humans), the agent 
of BPS, parapoxvirus of red deer in New Zealand, squirrel 
parapoxvirus, and parapoxvirus of grey seals. Biologic and 
genetic differences exist among strains of CE virus, but 
these differences are not expressed antigen ically; only one 
serotype of orf (CE) is recognized. A study demonstrated 
that the sheep orf virus does not cause lesions in camels, 
and vice versa, 104 so it is likely that no infection is transmit¬ 
ted between camels and sheep or goats. Wild ruminants 
(reindeer, musk ox, and others) and camels are also 
affected. 105 The virus is epitheliotropic, usually creating 
proliferative lesions in the skin of the lips, nostrils, oral 
mucosa, teats, and occasionally the vulva. 


II Clinical Signs and Differential Diagnosis. The most 
common presentation is of a young animal with crusting, 
proliferative lesions of the mucocutaneous junctions of the 
mouth and nose (Fig. 32-65). Proliferative lesions may be 
seen on the gums (Fig. 32-66). Older immunologically 
naive animals may be affected, and lesions may occur at 
the coronary band, on the tongue, interdigitally, on the con¬ 
junctiva of the eye, on the external genitalia, or on the 



FIG. 32-65 II Typical scabby lesions of contagious ecthyma (sore mouth, 
orf) on the lips of a young goat. Lesions tend to be proliferative rather than 
ulcerative. 



FIG. 32-66 II Typical proliferative lesions of contagious ecthyma (sore 
mouth, orf) on the gums of a young sheep. 


udder or teats, with the last site affected especially in does 
or ewes nursing affected kids. The disease progresses 
through papular, vesicular, and pustular stages, which are 
rarely seen, before the characteristic presentation of prolif¬ 
erative, coalescing, scabbed lesions appears. One recent 
report described the characteristic proliferative scabs on 
the margins of healing burn wounds. 106 Affected animals 
may be reluctant to nurse, eat, walk, or be nursed, depend¬ 
ing on the location of lesions. Secondary bacterial infection 
or myiasis of affected parts may occur. The disease usually 
runs its course in 3 to 6 weeks, but chronic cases have been 
reported. 107 Complete healing without scarring is the norm 
as scabs fall off. Severe infections may result in stunting of 
growth. Overwhelming infection has been noted on rare 
occasions, with extension of lesions into the deeper respira¬ 
tory or gastrointestinal tracts. Does and ewes with severe 
udder infection may develop mastitis from secondary bacte¬ 
rial infection. Sheeppox and goatpox may occasionally pro¬ 
duce lesions similar to those of CE, but they are virulent 
diseases with systemic signs, including conjunctivitis, 
pyrexia, anorexia, and rhinitis. Animals with bluetongue 
may have a crusted mouth and nose and eye lesions in 
the convalescent phase, but bluetongue is a disease with 
more evidence of oral erosive rather than proliferative 
lesions and systemic signs, including pyrexia, reluctance to 
move, lesions on the tongue, and conjunctivitis. Bluetongue 
has a seasonal incidence (late summer, early fall) that coin¬ 
cides with the activity of its insect vector. CE may be seen at 
any time but typically occurs in spring in the lamb or kid 
crop. Ulcerative dermatosis (lip and leg ulcer) is an uncom¬ 
mon disease caused by a virus similar to that of CE, but the 
lesions are crusted ulcers, to be distinguished from the 
crusted proliferations of CE. I have seen a series of cases of 
what appeared to be mild CE of long duration (several years 
in one individual) in a family of Nubian goats; this was 
confirmed by an immunofluorescence assay. Smith and 
co-workers reported on five sheep, 4 months to 3 years of 
age, that developed severe refractory distal limb lesions 
resembling warts. Two also had lesions on the head. The 
sheep were from three different flocks; one was a Hamp¬ 
shire and four were Suffolk. Lesions were confirmed as orf 
by electron microscopy and immunohistochemistry. 108 
A report from Texas describes severe multifocal persistent 
orf lesions in 16 Boer or Boer cross-bred goat kids 2 to 5 
months of age, from two different farms. Some of the kids 
had been vaccinated with live-virus vaccine at 1 day of 
age, others at 2 weeks of age. Lesions were found on lips, 
nose, ears, body, legs, and feet. 109 


790 



PART FIVE DISORDERS of the ORGAN SYSTEMS 


II Laboratory Diagnosis. The diagnosis usually is made in 
the field by recognition of the typical lesions in a naive 
flock or in a naive group (young iambs or kids) in a dis¬ 
ease-endemic flock. Definitive diagnosis usually involves 
identifying the distinctive cross-hatched virus particles in 
early lesions with electron microscopy, PCR, 110 immuno- 
histochemistry, or inoculation into known protected or 
susceptible animals. Vesicular fluid or minced biopsy 
tissues have been used as a source of virus that is identi¬ 
fied by fluorescent antibodies after it has been growing 
in embryonic ovine kidney cell cultures. 111 CF tests to 
detect antibodies (using patient serum) or antigen (using 
vesicular fluid or a suspension of scabs) have also been 
used. 

II Pathophysiology. The disease follows a similar time 
course in animals and human beings-approximately 6 
weeks. Six stages have been described, 112 which begin after 
an incubation period of 3 to 14 days. Each stage lasts 
approximately 1 week. 

1. Maculopapular stage: An erythematous spot becomes 
elevated. Histologically this stage shows vacuolization 
of cells in the upper one third of the epidermis with 
intracytoplasmic eosinophilic inclusions in the 
affected cells. 

2. Target stage: A red halo of dilated blood vessels and 
inflammatory cell infiltrates surrounds a white ring 
of vacuolated epidermal cells with intracytoplasmic 
and intranuclear inclusions, which surrounds a red 
center of pyknotic epidermal cells. 

3. Acute stage: The lesion is a red, weeping nodule. 
Microscopically there is reticular degeneration of the 
epidermis with vesicles. The dermis is infiltrated with 
macrophages and lymphocytes and is denuded of epi¬ 
dermis in places. The hair follicles are distended with 
pyknotic epidermal cells. 

4. Regenerative stage: The nodule is now dry with small 
black dots (the pyknotic follicle cells, now extruded 
to the surface) in a thin yellow surface. 

5. Papillomatous stage: The surface of the nodule is rough¬ 
ened with papillomas, which microscopically prove to 
be fingerlike, downward projections of epidermis 
through a full thickness of dermis. 

6. Regressive stage: The lesion decreases in size and eleva¬ 
tion above the surface, the papillomas regress, and 
several crusts may come off. Microscopically the 
papillomas and infiltrates regress, leaving normal 
architecture. 

Orf virus encodes for a protein that is apparently homol¬ 
ogous to mammalian vascular endothelial growth factors. 
This family of molecules mediates vascular permeability, 
angiogenesis, and endothelial cell proliferation, which 
may account for the swollen, proliferative nature of orf 
lesions. 113 Transient fever and lymphadenopathy are occa¬ 
sionally seen in humans. Lesions in humans that are not 
biopsied or excised heal without a scar. 

Orf virus encodes a range of immunomodulatory genes 
that interfere with host antivirus immune and inflammatory 
effector mechanisms, allowing time for virus replication in 
epidermal cells. 114 

II Epidemiology. The naturally occurring disease is primar¬ 
ily one of sheep, goats, and human beings, but it has also 
been reported in a variety of wild ruminants. 115 Experimen¬ 
tal transmission has been achieved in cattle, rabbits, horses, 
and monkeys. No clinical cases in these species have been 
reported. All ages and classes of sheep and goats are 
affected, and clinically normal sheep can infect naive 


individuals. 116 In herds and flocks in which the disease is 
endemic, it usually is seen in the lamb crop and on the 
udders and teats of some of the nursing mothers. Animals 
that have had a bout of disease are solidly immune for 
1 to several years, but morbidity is high (often 80%) among 
naive individuals. Humans are infected through contact 
with affected animals or fomites that have contacted 
affected animals (including one report of transmission by 
a pickup truck that had been used to haul sheep). 112 
Human-to-human transmission can occur. 115 Mortality is 
low among animals except when young individuals are 
severely affected and quit nursing or have mothers with 
severe udder lesions. Overwhelming infections are rare, 
but some outbreaks are more severe than others. 

The virus is quite resistant to many environmental condi¬ 
tions and persists from year to year on infected premises. 
Dried scabs allow the virus to persist for years, but wet con¬ 
ditions are less hospitable to it. 117 Reports of persistently 
infected sheep 118 point to another possible source of infec¬ 
tion in wet climates. 117 


II Treatment, Prevention, and Control. The infection usu¬ 
ally is self-limiting and of minor consequence. Young indi¬ 
viduals may need to be tube-fed if the lesions are severe 
enough to preclude suckling. Secondary infections, myiasis, 
or mastitis may be treated with topical disinfectants, anti¬ 
biotics, or insecticides as appropriate. 118 The hard crusts 
should not be removed, because doing so may delay heal¬ 
ing and promote scarring. Also, humans should limit con¬ 
tact with affected animals and should wear gloves when 
handling them is necessary. Anecdotal reports, each consist¬ 
ing of one case, have claimed good results for treatment of 
human orf with intralesional corticosteroids, 119 IFN, 120 
idoxuridine in DMSO, 121 or diethyl ether 122 or ciyother- 
apy. 123 An immunosuppressed human with a huge orf 
lesion on the finger was successfully treated with topical 
cidofovir antiviral cream. 124 Similar good results were 
obtained in a group of 12 severely affected, bottle-fed lambs 
with painful intraoral lesions. The proliferative tissues were 
debrided and cauterized with a portable diathermy unit. 
The exposed submucosa was then frozen twice with liquid 
nitrogen spray. Healing occurred by second intention, with 
rapid recovery of affected lambs. 125 

The infection is prevented by maintaining a virus-free 
herd or flock by not introducing or contacting infected 
individuals. Lesions often are not apparent on carriers. 116 
Once established, the disease is persistent on the premises 
because of virus in scabs. Vaccination should be underta¬ 
ken only if the infection is persistent, because the vaccine 
consists of virulent live virus. Vaccination can also be 
achieved with dried scabs from the previous year's out¬ 
break; the scab material is rubbed into scarified skin in 
an inconspicuous location (inner thigh, under the tail, in 
the axilla). A localized inflammatory reaction at the site 1 
week after vaccination indicates a successful inoculation. 
Infected or vaccinated animals should not contact unex¬ 
posed animals (as at shows) until the lesions have healed. 
Lambs bom to immunized ewes may not be protected by 
colostral antibodies even though their levels of antibody 
postsuckling are high, 126 pointing to the importance of 
cell-mediated immunity in protection from the disease. 
Lambs should be vaccinated at 6 to 8 weeks of age and 
are immune 3 weeks later. 118 Yearly vaccination of the 
new lamb crop and new additions to the herd should pre¬ 
vent devastating outbreaks on infected farms. Vaccine fail¬ 
ures may be related to virulence of the disease-causing 
strain rather than to serologic differences between vaccine 
and field strains. 127 
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BOVINE PAPULAR STOMATITIS 
(PROLIFERATIVE STOMATITIS) 

BRADFORD P. SMITH 

BPS is a disease principally of young cattle caused by a para- 
poxvirus closely related to CE and pseudocowpox. There are 
many similarities among BPS, CE, and pseudocowpox, and 
they may indicate a single virus adapted to different species. 128 
There are as many antigenic differences among strains of BPS 
as among BPS, CE, and pseudocowpox. 128 Local strains there¬ 
fore are recommended for vaccination. Infection usually is 
asymptomatic, 129 but lesions consisting of raised papules 
may be noted on the muzzle, nose, oral mucosa (particularly 
the hard palate), or esophagus, where.they are important dif¬ 
ferential diagnoses for lesions caused by VS, FMD, and 
BVD. 129 In young feedlot cattle, 2- to 10-mm lesions of BPS 
are common for the first 4 weeks after arrival. 130 Morbidity 
may approach 100%. 129 BPS may also occur as a chronic dis¬ 
ease in young cattle. 131 It may be the same disease as prolifera¬ 
tive stomatitis, muzzle disease, mycotic stomatitis, erosive 
stomatitis, ulcerative stomatitis, and necrotic stomatitis. 

Ulcerative esophagitis caused by BPS virus in a 5-month-old, 
unthrifty calf was associated with a 20% morbidity rate in a 
group of 25 calves. 132 Outbreaks of severe disease associated 
with BPS with a mortality rate over 50% have been 
reported. 132 * 134 Weight loss and diarrhea accompanied by 
papular lesions are commonly associated with the severe syn¬ 
drome. Many lesions are erosions or shallow ulcers with ele¬ 
vated borders, 134 whereas others are obvious raised papules. 
Lesions are found in the mouth, esophagus, and rumen. 134 
There are no lesions on the feet BPS is commonly seen in calves 
1 to 12 months of age and is rare in adult cattle. The disease is 
spread by animal contact and appears to be worldwide in 
distribution. 134 

The first evidence of the disease is the appearance of 2- to 4- 
mm hyperemic foci, most commonly in the ventral margins of 
the nares. Similar lesions next appear in the mouth. Within 18 
hours they become raised papules. Some lesions enlarge to 
form raised plaques over 1 cm in diameter. Lesions regress in 
1 day to 3 weeks, leaving a yellow, red, or brown spot that per¬ 
sists for several weeks more. 129 Secondary lesions come and 
go, with some calves being visibly infected for 4 months. 129 
Most animals have no fever or obvious clinical signs, and they 
continue to eat normally. Leukopenia was not seen in experi¬ 
mentally infected calves. 129 Secondary lesions appear to be 
spread through the blood; intravenous inoculation results in 
similar upper alimentary tract lesions. 135 

Histologic lesions consist of hydropic degeneration of 
the epithelial cells of the oral mucosa, hyperplasia of the 
papillae of the lamina propria, and eosinophilic inclusions 
in the cytoplasm of the degenerating epithelial cells. 134 
Lesions reaching the ulcerative stage show secondary necro¬ 
sis, bacterial invasion, and sloughing of epithelium. 

BPS has been associated with the "rat tail" syndrome of 
feedlot cattle. 136 Thirty-six of 84 Texas feedlots reported the 
problem, with a morbidity rate of 1% to 10%. The syndrome 
consists of diarrhea, salivation, poor weight gain, and loss of 
hair from the end of the tail. 136 Sarcocystosis has also been 
mentioned in association with "rat tail" syndrome. BPS is 
capable of causing painful proliferative lesions in human 
beings. 137 The lesions resemble those caused by CE or pseu¬ 
docowpox. Most often the affected individual has a recent 
history of examining the mouths of cattle, often with cuts or 
abrasions on the hands. Lesions in humans apparently are 
limited to the primary site of inoculation on the hands. 

Although ovine ecthyma vaccines are commercially avail¬ 
able, no vaccine is marketed for protection against BPS. 
Local strains of parapoxviruses would be most likely to be 
more protective than commercial vaccine strains. 
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II Definition and Etiology. Disease in cattle resulting from 
infection with BVD virus (BVDV) is responsible for eco¬ 
nomic losses throughout the world. These economic losses 
are realized through decreased performance, loss of milk 
production, reproductive wastage, and increased rates of 
morbidity and mortality. More than 50 years ago an 
enteric disease of cattle was described in North America 
that was characterized by outbreaks of diarrhea and ero¬ 
sive lesions of the digestive tract. 138 139 The virus was 
named bovine virus diarrhea virus. Subsequently the virus 
was associated with a sporadically occurring, highly fatal 
disease referred to as mucosal disease. Mucosal disease 
occurs only in cattle that are bom persistently infected 
(PI) with BVDV. Persistent infection occurs as a result of 
in utero exposure of the fetus to BVDV at less than 125 
days of gestation. 140 

BVDV is a member of the family Flaviviridae, 141 which 
consists of three genera: Pestivirus, Flavivirus, and Hepaci- 
virus. BVDV is the prototypic member of the genus Pesti¬ 
virus, which includes two other viruses of veterinary 
importance: classical swine fever vims (hog cholera vims) 
and border disease vims of sheep. Isolates of BVDV can be 
classified in vitro as cytopathic (CP) or noncytopathic 
(NCP); this classification is referred to as the biotype. 142 
The NCP biotype predominates in the cattle population 
and is associated with persistent infection. It has been estab¬ 
lished that mucosal disease occurs when cattle born immu- 
notolerant to and persistently infected with an NCP-BVDV 
become superinfected with a CP-BVDV. There also is genetic 
and antigenic variation among isolates of BVDV. 143 BVDV 
has been divided into two groups based on genotype: BVDV 
type 1 and BVDV type 2. 144 BVDV type 2 infections have 
been associated with a severe acute disease and a hemor¬ 
rhagic syndrome characterized by thrombocytopenia and 
death. 145 BVDV genotypes can be further divided into sub¬ 
genotypes (e.g., BVDV type la). The significant genetic 
and antigenic variations among BVDV isolates may be fac¬ 
tors in achieving complete control of BVDV infections 
through vaccination. 

The vims is unstable at low or high pH and at high 
temperatures. On the basis of research with the related clas¬ 
sical swine fever vims, BVDV probably does not persist 
in the environment longer than 2 weeks. 146 This same 
work with the classical swine fever vims also suggests 
that BVDV is susceptible to common disinfectants such 
as chlorhexidine, phenols, iodophors, aldehydes, and 
hypochlorites. 146 

II Epidemiology 

PREVALENCE. Evidence of BVDV has been documented 
in many countries throughout the world. Serologic surveys 
have demonstrated considerable differences in the preva¬ 
lence of antibody-positive cattle, ranging from 20% to 
90%. 147 * 152 Cattle density, management practices, and vac¬ 
cine use are likely to account for these differences. Several 
studies have shown the prevalence of persistently infected 
cattle to be less than 2% of the general cattle popula¬ 
tion. 153 * 155 In individual herds the prevalence of persis¬ 
tently infected cattle may be substantially higher. No 
significant differences have been noted between dairy and 
beef breeds. The prevalence of U.S. herds containing at least 
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one persistently infected animal has been estimated to be 
4% to 15%. 154 155 Economic losses attributable to BVDV 
are difficult to assess. Losses in individual herds have been 
documented and range from a few thousand to $100,000 
per herd. 156 ' 157 National-level losses are estimated to range 
from $10 to $40 (U.S. dollars) per calving. 157159 

TRANSMISSION. Cattle persistently infected with BVDV* 
shed large amounts of virus their entire life and are the 
major source of BVDV transmission both within and among 
herds. Acutely infected cattle are also an important source of 
BVDV transmission, but the level of virus shed is consider¬ 
ably lower and the length of shedding is limited. Inhalation 
or ingestion of virus is the most common mode of infec¬ 
tion. The most efficient mode of transmission is direct con¬ 
tact with body fluids from persistently infected cattle. 148 
Virus has been isolated from nasal swabs, aerosols, saliva, 
urine, feces, and uterine fluids. 160 Indirect transmission 
can occur through blood-feeding insects 161 or contaminated 
mechanical vectors such as common needles, nose tongs, 
and animal caretakers. 162 Horizontal transmission has also 
occurred with frozen semen collected from BVDV-infected 
bulls and inseminated into susceptible cows. 163 Vertical 
transmission results with transplacental infection of the 
fetus in cows acutely or persistendy infected with BVDV. 
The role of other species of animals in the transmission of 
BVDV is unclear. Transmission of BVDV between cattle 
and sheep has been demonstrated. 164 In addition, BVDV 
has been isolated from many captive and free-living rumi¬ 
nants as well as pigs. 165 Recendy, camelid species have been 
identified as being susceprible to BVDV and have emerged 
as a potential source of transmission to cattle. 166 

The rate of transmission of BVDV within a herd varies 
depending on the source of the virus. Introduction of a per¬ 
sistendy infected animal into a herd can result in rapid dis¬ 
semination of the virus among the majority of susceprible 
catde in less than 6 months. 148 Conversely, if acutely 
infected catde are the source of the virus, the spread of 
BVDV may require an extended period. 148 

Spread of BVDV between farms most commonly occurs 
by the acquisition of new catde that are persistendy infected 
or pregnant and carrying a persistently infected fetus. Cattle 
operations that have purchased cattle within the past 5 years 
are at highest risk for having persistendy infected ani¬ 
mals. 167 The purchase of new catde incubating an acute 
infection is also an important source of virus introduction 
into a herd. Exposure to other catde through fence line con¬ 
tact, communal pastures, and animal exhibitions may all be 
important modes of herd-to-herd transmission. 

II Clinical Disease, Differential Diagnosis, and Patho¬ 
genesis. Infection with BVDV can result in a wide assort¬ 
ment of clinical manifestations ranging from subdinical 
conditions to death. The clinical outcome after infection is 
complex and depends on a number of factors. Host factors 
that influence the clinical outcome include whether the host 
is immunotolerant or immunocompetent to BVDV, preg¬ 
nancy status, gestational age of the fetus at the time of infec¬ 
tion, immune status (passive or active from exposure or 
vaccination), and concurrent level of environmental stress 
at the time of infection. In addition, genetic diversity, anti¬ 
genic variation, and differences in virulence among BVDV 
isolates may account for variations in the clinical response 
to infection. 

Subdinical Bovine Virus Diarrhea Virus Infection 

Most animals infected with BVDV have subdinical infec¬ 
tions that result in mild fever, leukopenia, and the 


development of serum neutralizing (SN) antibodies. These 
infections often go undetected. Subdinical infections explain 
the positive serum neutralization titers to BVDV found in 
most unvaccinated cattle. It has been estimated that 70% 
to 90% of BVDV infections occur without manifestation of 
clinical signs. 168 

Acute Bovine Virus Diarrhea Virus Infection 

Acute BVDV infection often is defined as clinical disease 
that occurs in immunocompetent cattle that are not persis¬ 
tently infected. Acute BVDV infection has also been referred 
to as "primary BVDV" or "transient BVDV" infection. This 
disease syndrome usually occurs in catde 6 to 24 months 
of age and traditionally has been thought of as primarily 
causing disease in cattle that are seronegative (i.e., passive 
immunity has waned but active immunity has not yet 
been acquired). The acute BVDV incubation period is 5 to 
7 days, with clinical signs of fever, leukopenia, depression, 
anorexia, oculonasal discharge, oral erosions and ulcera¬ 
tions, diarrhea, and decreased milk production in lactating 
cows after infection. A rapid respiratory rate may be 
observed, which may be interpreted incorrecdy as pneumo¬ 
nia. Viremia typically lasts 2 to 5 days and starts around day 
3 postinfection but may last for up to 15 days. Viral shed¬ 
ding is in low amounts when compared with the amount 
of virus shed by cattle persistendy infected with BVDV. This 
form of the disease, as it was initially described, has been 
traditionally referred to as bovine vims diarrhea. 

Neonatal infection with BVDV may result in enteritis or 
pneumonia, occurring most often when failure of passive 
transfer has occurred. Passively derived humoral immunity 
in calves is thought to be protective unless sufficient anti¬ 
genic diversity exists between the challenge strain and the 
strain against which the colostral immunity was developed. 
Viral infection in young calves without suitable or sufficient 
passive immunity may result in secondary disease because 
of the disease's immunosuppressive effects. 

The differential diagnosis for acute BVDV infection for 
the neonatal period includes other causes of diarrhea in 
young calves such as rotavirus or coronavirus infection, 
cryptosporidiosis, E. coli infection, salmonellosis, and coc- 
cidiosis. Other causes of calf pneumonia such as bovine 
respiratory syncytial virus, pasteurellosis, hemophilosis, or 
mycoplasma infection should also be considered. Diarrheal 
diseases considered as differential diagnoses for acute BVDV 
infection in adults include salmonellosis, winter dysentery, 
Johne's disease, intestinal parasites, MCF, arsenic poisoning, 
and copper deficiency. Differential diagnoses for diseases 
that cause oral lesions in catde include MCF, VS, papular 
stomatitis, foot-and-mouth disease, and bluetongue. 

Acute BVDV causes disease in infected cattle by damag¬ 
ing the epithelial tissue of the gastrointestinal, integumen¬ 
tary, and respiratory systems. 169 Viral antigen has been 
demonstrated in the epithelium of the tongue, esophagus, 
intestinal crypts and villi, bronchi, and basal layer of the 
skin of cattle clinically affected with acute BVD or mucosal 
disease. 169 In infected animals the viral antigens may also 
be detected in the phagocytic cells of the thymus, lymph 
nodes, Peyer's patches, tonsils, and spleen. In vitro studies 
support the theory that phagocytic cells become infected. 170 
These phagocytic cells probably represent the antigen¬ 
trapping cells of lymphoid structures such as the thymus, 
lymph nodes, Peyer's patches, tonsils, and spleen. As 
demonstrated by the presence of viral antigen, the first tis¬ 
sues to be infected are in the respiratory tract and tonsils. 169 
From there, BVDV is disseminated to the epithelial surfaces 
and lymphoid tissue. Mononuclear phagocytic cells in the 
lymphoid tissue retain the virus. 
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Severe Acute Bovine Virus Diarrhea Virus Infection 

Before 1993 it was believed that most BVDV infections in 
immunocompetent adult cattle resulted in subdinical or 
mild disease as described earlier. Beginning in 1993, how¬ 
ever, an atypical form of BVDV infection was recognized 
in Canada and the United States. 145171 The disease had a 
peracute course, caused high morbidity, and resulted in a 
substantial number of deaths in all age groups. This new 
form of BVDV infection killed approximately 25% of veal 
calves in Quebec. 145 Clinical disease in the Ontario out¬ 
breaks was characterized by fever, pneumonia, and sudden 
death in all age groups of cattle. 171 Abortions in cattle also 
were a common occurrence. The severity of the disease 
varied among herds, with some herd's experiencing 10% to 
20% mortality rates. The gross lesions were similar in 
appearance to those of mucosal disease, which is the pri¬ 
mary differential diagnosis (see the section on Acute Muco¬ 
sal Disease later in this chapter). 

Viral isolates obtained from these severe acute outbreaks 
were obviously of enhanced virulence. Nucleotide sequenc¬ 
ing of the S' untranslated end of the RNA of these isolates 
followed by comparison with classic BVDV isolates revealed 
a distinct group, designated BVDV type 2. 144 145 Classical 
BVDV isolates are now referred to as BVDV type 1. 

A further observation from the Ontario outbreaks was 
that cattle properly vaccinated with BVDV type 1 vaccines 
appeared to be protected from clinical disease. 171 It should 
be emphasized that outbreaks of severe acute BVDV infec¬ 
tion should not always be assumed to be caused by BVDV 
type 2. Not all BVDV type 2 isolates cause severe disease, 
and it is likely that some type 1 isolates are capable of caus¬ 
ing severe disease. 

Hemorrhagic Syndrome 

Acute BVDV infections in cattle can cause a hemorrhagic 
syndrome. 172 These infections are characterized by marked 
thrombocytopenia, bloody diarrhea, epistaxis, hemorrhages 
on mucosal surfaces, hyphema, bleeding from injection 
sites, pyrexia, leukopenia, and death. 172 Hemorrhagic syn¬ 
drome appears to be associated with noncytopathic isolates 
of BVDV, 172 and thus far only BVDV type 2 has been asso¬ 
ciated with the syndrome. 144 145 Thrombocytopenic BVDV 
infections have been experimentally reproduced in calves. 173 
Diseases that can mimic hemorrhagic syndrome include sep¬ 
ticemia with subsequent development of disseminated intra¬ 
vascular coagulation, sweet clover poisoning, and bracken 
fem poisoning. 

Virus-induced thrombocytopenia is the major patho¬ 
genic mechanism responsible for the BVDV-induced hemor¬ 
rhagic syndrome. The mechanism by which BVDV infection 
induces thrombocytopenia has not been clarified. BVDV 
does appear to be associated with platelets; a recent study 
demonstrated that in addition to thrombocytopenia, platelet 
function is altered. 173 Also, BVDV antigen has been demon¬ 
strated in megakaryocytes that are undergoing necrosis. 173 

Acute Bovine Virus Diarrhea Virus Infections and 
Bovine Respiratory Disease 

Bovine respiratory disease (BRD) is the most common cause 
of morbidity and mortality in North American feed- 
lots. 174175 (For a more complete description of BRD, see 
Chapter 31, Ruminant Respiratory Disease.) BVDV has been 
implicated in BRD complex since its first descriptions. 
Although this theory has been the subject of controversy, 
both circumstantial and experimental evidence suggests a 
role for BVDV in ruminant respiratory disease. 176 177 In 


the United States BVDV has been reported as the vims most 
often isolated in outbreaks of BRD. Experimentally it has 
been difficult to reproduce respiratory disease with BVDV 
alone, but synergistic effects have been documented between 
BVDV and Mannheimia haemolytica, 176 bovine herpesvirus 
type l, 179 and bovine respiratory syncytial vims. 180 Recent 
evidence also supports a role of BVDV in the development 
of Mycoplasma species pneumonia and arthritis in feedlot 
cattle. 181 ' 182 Differences in pneumopathogenicity have been 
reported for isolates of BVDV. 183 The results of epidemiologic 
studies attempting to define the role of BVDV in BRD have 
been equivocal. Studies have both implicated and shown no 
evidence of BVDV involvement in outbreaks of respiratory 
disease. 177 Taken together, the majority of evidence supports 
the theory that BVDV plays a role in BRD, and the contribu¬ 
tion of BVDV to respiratory disease is likely from the 
immunosuppressive effects of BVDV infection (see next 
section). 

Acute Bovine Virus Diarrhea Virus Infections and 
Immunosuppression 

It has been well established that acute BVDV infection can 
result in immunosuppression. 184 The importance of 
BVDV-induced immunosuppression is that it increases 
the host's susceptibility to other pathogens and may 
enhance the pathogenicity of co-infecting organisms. Stress 
on the host at the time of BVDV infection undoubtedly 
adds to the viral-induced immunosuppression. As previ¬ 
ously described, synergistic effects of BVDV infection have 
been demonstrated with M. haemolytica , bovine herpesvi¬ 
rus type 1, and bovine respiratory syncytial vims. BVDV 
infections have also been associated with concurrent sal¬ 
monellosis, E. coli infection, BPS, and rotavirus and coro- 
navims infections. 176 The ability of BVDV to cause 
immunosuppression contributes to the broad range of 
clinical disease associated with this vims. 

The pathogenesis of BVDV-induced immunosuppression 
involves several aspects of the immune system, and more 
mechanisms continue to be uncovered. BVDV is known to tar¬ 
get lymphocytes and macrophages. 185 Acute BVDV infection 
may result in transient leukopenia with lymphoid deple¬ 
tion. 186 Also, a decrease in CD 4+ and CD 8+ T lymphocytes, 
as well as B lymphocytes and neutrophils, can occur. 187 In 
vitro studies have demonstrated different causes of immuno¬ 
suppression, including decreased responsiveness of infected 
lymphocytes to mitogen stimulation 188 ; decreased production 
of IFN, 189 IH, 190 IL-2, 191 andTNF-a 192 ; and diminished che- 
motactic response by monocytes. 170 In addition, neutrophil- 
mediated, antibody-dependent, cell-mediated cytotoxicity 
can be impaired by BVDV. 193 Neutrophils from BVDV- 
infected cattle have reduced bactericidal activity. 194 It should 
be noted that the degree of immunosuppression and the 
mechanisms by which immunosuppression is induced are 
strain dependent. 195 

Reproductive Consequences of Acute Bovine Virus 
Diarrhea Virus Infection 

Reproductive losses may be the most economically impor¬ 
tant consequence of BVDV infection. Reproductive losses 
associated with BVDV infection were documented in the 
first clinical description of BVDV. 139 Since that time it has 
become evident that BVDV can cause a wide array of repro¬ 
ductive losses that are largely dependent on the stage of ges¬ 
tation at which infection occurs and the virus strain 
(Fig. 32-67). 

VENEREAL INFECTIONS. Semen from bulls with acute 
infection or that are persistently infected with BVDV 
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FIG. 32-67 II Potential reproductive outcome after infection with BVDV 
during different stages of gestation. 


contains virus and may serve as a source of infection. 163 In 
acutely infected bulls, shedding of virus in the semen may 
extend beyond the period of viremia because of local rep¬ 
lication in the genital tract. Although it occurs rarely, bulls 
that are immunocompetent to BVDV and that lack evi¬ 
dence of systemic virus persistence have been found to 
be persistently shedding virus in semen. 196 It is hypothe¬ 
sized that acute BVDV infection around the time of 
puberty may become localized in the testes and protected 
from the systemic immune response by the blood-testes 
barrier. 

INFERTILITY AND EARLY EMBRYONIC DEATHS. Field 
and epidemiologic studies provide evidence that BVDV 
can have a significant impact on early reproductive perfor¬ 
mance. 197198 The mechanism for decreased conception 
rates is not clear but may depend on the time of infection 
with respect to the stage of early reproductive events. Virus 
and pathologic changes have been localized in ovarian 
tissue for prolonged periods of time after acute infection 
with cytopathic BVDV and noncytopathic virus. 199 200 
Acute infection with BVDV has also been shown to affect 
ovarian function. 201204 During the early embryonic 
stages, BVDV has been shown to have detrimental effects, 
especially after the embryo has hatched from the zona 
pellucida. 205 

ABORTIONS. Transplacental infection by BVDV virus is 
a common event and occurs with high efficiency. BVDV 
has been shown to be detrimental to early embryonic devel¬ 
opment and a cause of embryonic death. 206 Transplacental 
infection of the fetus at 50 to 100 days of gestation may 
result in fetal death. 207 Expulsion of the fetus may occur 
days to months after infection. In general, late-term fetal 
infections do not result in abortion, but late-term abortions 
in association with BVDV have been reported. It should be 
remembered that BVDV infection can cause abortion during 
any stage of gestation. Although the incidence of abortion is 
generally low in immune herds, it can increase dramatically 
in nonimmune herds. 

CONGENITAL DEFECTS. Infection of the fetus at 100 to 
150 days' gestation may result in a number of congenital 
anomalies. This period of fetal development corresponds to 
the final stages of organogenesis of the nervous system and 
the development of the fetal immune system, which can 
result in the generation of an inflammatory response to 
BVDV infection. At this stage of gestation, BVDV infection 
may inhibit cell growth or cell differentiation or cause direct 
cellular lyses. The more common congenital defects induced 
by BVDV infection include hydrocephalus, cerebella hypo¬ 
plasia, hypomyelinogenesis, microphthalmia, cataracts, reti¬ 
nal atrophy or dysplasia, hypotrichosis, brachygnathia and 


other skeletal abnormalities, growth restriction, and pulmo¬ 
nary hypoplasia. 

BOVINE VIRUS DIARRHEA VIRUS INFECTION DURING 
THE LATER STAGES OF GESTATION. In the later stages of 
gestation, immunocompetence and organogenesis are usu¬ 
ally complete. Although abortions and the birth of weak 
calves have been attributed to infection with BVDV late in 
gestation, fetuses infected during this time period are nor¬ 
mally able to mount an effective immune response to BVDV 
and effectively dear the virus. These calves are usually nor¬ 
mal at birth and have precolostral neutralizing antibodies 
to BVDV. 208 Congenital infection may contribute to neona¬ 
tal calf loss during a herd outbreak of BVDV, with weak 
undersized calves being bom. In addition, calves congeni¬ 
tally infected with BVDV may be at greater risk for experien¬ 
cing a serious postnatal health event. 209 210 

PERSISTENT INFECTION. Infection of the fetus with 
NCP-BVDV isolates before the development of fetal immu¬ 
nocompetence may result in the birth of calves that are 
immunotolerant to and persistently infected with BVDV. 
The development of immunotolerance to BVDV is rare after 
100 days' gestation but has been reported to occur as late as 
125 days' gestation. 140 Cattle persistently infected with 
BVDV are viremic, continuously shed virus, and may appear 
healthy. Persistently infected cattle are immunocompetent 
with respect to other antigens. The immunotolerance is spe¬ 
cific to the infecting NCP-BVDV; therefore persistently 
infected cattle can respond immunologically to heterolo¬ 
gous isolates of BVDV. 211 For this reason, persistently 
infected cattle can be seropositive for BVDV. Persistently 
infected females produce persistently infected offspring, 212 
which may result in the production of persistently infected 
family lines. It appears likely that persistently infected cattle 
are the main mechanism by which BVDV is maintained in 
the cattle population. 

Persistently infected cattle are at risk for developing 
mucosal disease and appear to be at risk for other diseases 
and have decreased survivorship. 213 Persistently infected 
calves have death rates of 50% in the first 12 months of 
life, 146 and it is believed that fewer than 10% of persistently 
infected dairy replacement heifers reach the lactating herd. 
Persistently infected calves may be born undersized and 
have slower growth rates. Some persistently infected calves 
appear to be predisposed to infections; this often results in 
pneumonia and enteritis, 214 which tend to become chronic 
and unresponsive to treatment. An alteration in immune 
response, such as suppression of neutrophil and lympho¬ 
cyte function, also has been reported in persistently infected 
cattle. 215 Subclinical disease that eventually becomes clini¬ 
cal or immunosuppression that allows secondary bacterial 
infections may explain unthriftiness and mortality in persis¬ 
tently infected cattle. Postmortem Findings such as glomeru- 
litis and encephalitis have been reported in persistently 
infected animals. 216 

Disease Occurring in Persistently Infected Cattle 

MUCOSAL DISEASE. Mucosal disease occurs when cattle 
that are immunotolerant to and persistently infected with 
an NCP biotype of BVDV become infected with a CP 
biotype of BVDV that shares close antigenic homology with 
the persistently infecting noncytopathic virus. 217 Thus not 
every combination of NCP and CP virus results in mucosal 
disease. The origin of the CP virus can be external, as 
demonstrated by the documented occurrence of mucosal 
disease after the use of modified live BVDV vaccines and 
in experimental studies in which mucosal disease was 
produced by superinfection with CP-BVDV. It is more 
commonly believed that the CP-BVDV arises de novo 
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from the NCP, persistently infecting BVDV by molecular 
rearrangement. 

Mucosal disease takes different clinical forms. The differ¬ 
ences in the relatedness of NCP-BVDV and CP-BVDV may 
be responsible for the variations in clinical response. One 
extreme is acute mucosal disease, in which the CP virus 
shares close homology with the persistently infecting NCP 
virus. The other extreme is no clinical disease but serocon¬ 
version, in which the CP virus is heterologous to the NCP 
virus. Between these extremes lie other clinical forms of 
mucosal disease (chronic mucosal disease and possibly 
mucosal disease with recovery), which are determined by 
the antigenic relationship of the NCP and CP viruses. 
A delayed onset form of mucosal disease recendy was 
described. 218 As the name implies, delayed onset mucosal 
disease occurs after the expected time frame for acute muco¬ 
sal disease after exposure of a persistendy infected animal to 
an exogenous CP virus. Although the CP virus is heterolo¬ 
gous to the persistendy infecting NCP virus, a genedc 
recombination of the two viruses results in a CP virus that 
is antigenically identical to the resident NCP, and mucosal 
disease results. 

ACUTE MUCOSAL DISEASE. The occurrence of acute 
mucosal disease is sporadic, with less than 5% of the herd 
being affected. Often the animals affected in a herd are 
grouped by age and represent calves that were all persis¬ 
tendy infected with the same NCP-BVDV. In rare cases, up 
to 25% of the herd may be involved, but a high number 
of persistendy infected animals would be necessary for this 
to occur. The case fatality rate for acute mucosal disease 
approaches 100%. 

Acute mucosal disease is characterized by an incubation 
period of 10 to 14 days after exposure. Clinical signs of 
mucosal disease include a biphasic fever, anorexia, tachycar¬ 
dia, polypnea, decreased milk production, and profuse, 
watery diarrhea (occasionally with frank blood, fibrinous 
casts, and a foul odor). The oral papillae may be blunted, 
and the epithelium of the tongue, palate, buccal surfaces, 
and pharynx may have erosions. Erosive lesions also may 
be present in the interdigital regions and on the teats and 
vulva. All erosive lesions may be ulcerative to diphtheric, 
depending on their duration. Other clinical signs may 
include nasal and corneal discharge, corneal opacity, exces¬ 
sive salivation, decreased rumination, and bloat. Cattle may 
have inflammation of the coronary band and, in some 
cases, laminitis. Acutely infected animals often are neutro¬ 
penic (without a left shift) and thrombocytopenic. Animals 
with mucosal disease commonly have secondary bacterial 
infections, resulting in pneumonia, mastitis, and metritis. 
Cattle with mucosal disease become progressively dehy¬ 
drated and debilitated and usually die within 3 to 10 days. 
Some animals survive the acute phase but experience the 
chronic form of the disease. 

The differential diagnosis for bovine diseases with oral 
lesions and diarrhea includes severe acute BVDV infection, 
RP, bovine MCF, and mucosal disease. Diseases character¬ 
ized by oral lesions but no diarrhea include FMD, VS, and 
BPS. Diseases involving diarrhea but no oral lesions include 
winter dysentery, salmonellosis, Johne's disease, parasitism, 
and copper deficiency. 

CHRONIC MUCOSAL DISEASE. Some cattle that develop 
mucosal disease do not die in the expected time frame but 
rather become chronically affected. Cattle with chronic 
mucosal disease are unthrifty and may have persistently 
loose feces or intermittent diarrhea, chronic bloat, decreased 
appetite, weight loss, interdigital erosions, or nonhealing 
erosive skin lesions. Nasal discharge and persistent ocular 
discharge are common findings. Areas of alopecia and hyper- 
keratinization of the skin may develop, typically in the neck 


area. Chronic lameness may develop because of laminitis, 
interdigital necrosis, or hoof deformities. These animals 
may be persistently anemic, neutropenic, and thrombocyto¬ 
penic. Cattle with chronic mucosal disease rarely survive 
beyond 18 months and ultimately die of severe debilitation. 
Chronic mucosal disease should be distinguished from calves 
bom persistently infected with BVDV that are poor doers 
from birth. 

MUCOSAL DISEASE WITH RECOVERY. A single report 
exists of several persistently infected calves that showed 
transient signs of mucosal disease and subsequently recov¬ 
ered. 219 These calves remained healthy until slaughtered. 
The observation is interesting, and mucosal disease with 
recovery is a possibility based on the current understanding 
of the pathogenesis of mucosal disease. 

II Necropsy Findings. The postmortem examination find¬ 
ings for animals that died from BVDV vary depending on 
the form of the disease. 

MUCOSAL DISEASE. Animals that die of mucosal dis¬ 
ease usually have severe, necrotizing erosive or ulcerative 
lesions involving the mouth, tongue, esophagus, ruminal 
pillars, omasum, abomasum, intestines, and cecum. Ero¬ 
sive lesions may extend onto the external nares and into 
the nasal cavity. Ulcers involving the esophagus typically 
are elongated. The Peyer's patches in the small intestine 
often are necrotic and hemorrhagic. Bowel contents are 
watery, hemorrhagic, and foul smelling. Pathologic gastro¬ 
intestinal conditions may be absent or very mild in cattle 
with chronic mucosal disease, although histopathologic 
lesions usually are present. Skin lesions are often found 
and include patchy hyperkeratosis around the neck, shoul¬ 
der, and perineal areas. Erosive lesions involving the peri¬ 
neal area, the prepuce, and the interdigital cleft and 
coronary band of the hoof may be present. Skin lesions 
are most apparent in cattle suffering from chronic mucosal 
disease. 

ACUTE DISEASE. Animals that die of acute BVDV infec¬ 
tion have less severe lesions, but some or all of those 
mentioned for mucosal disease may be present. Often, sec¬ 
ondary bacterial infections such as pneumonia or mastitis 
are present and have contributed to the animal's death. Ani¬ 
mals that die of hemorrhagic syndrome may have evidence 
of hemorrhage in many organ systems, including the gastro¬ 
intestinal, cardiovascular, respiratory, and urinary systems. 
Petechial or ecchymotic hemorrhages are often apparent 
on mucosal surfaces, and significant hemorrhage in the gas¬ 
trointestinal submucosa and Peyer's patches may also be 
present. 

ABORTIONS AND CONGENITAL DEFECTS. Fetuses 
aborted as a result of in utero BVDV infection often are 
autolytic when expelled. Lesions found in aborted fetuses 
and the accompanying placentas are nonspecific for BVDV. 
Under experimental conditions or when aborted fetuses 
are expelled soon after death, lesions observed include 
conjunctivitis, peribronchiolar and interalveolar pneumo¬ 
nia, and nonspecific myocarditis. A significant decrease in 
cerebellar mass may be evident in calves affected by cere- 
bella hypoplasia as a result of in utero infection with 
BVDV during the second trimester of gestation. Other com¬ 
mon congenital defects associated with BVDV infection 
that may be noted at necropsy include cataracts and thy¬ 
mic hypoplasia. 

II Diagnosis. A diagnosis of BVDV infection can be made 
by serologic evaluation, virus isolation, viral antigen detec¬ 
tion, and viral RNA detection using amplification methods 
such as the PCR technique. 
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VIRUS ISOLATION. Virus isolation is commonly used for 
identifying cattle infected with BVDV. Serum is most often 
used to isolate virus from cattle persistently infected with 
BVDV, whereas buffy coats or nasal swabs are most appro¬ 
priate for attempting to detea acute infections. Antemortem 
differentiation of persistently infeaed cattle from those 
acutely infeaed with BVDV requires serial isolation of virus 
at least 2 weeks apart. At postmortem examination, BVDV is 
best isolated from lymphoid tissues such as Peyer's patches, 
lymph nodes, thymus, and spleen. 

BVDV is isolated by inoculating appropriate samples 
onto bovine cells in culture. Isolates can be charaaerized 
as cytopathic or noncytopathic biotypes by the presence or 
absence of charaaeristic cytopathic effeas in cell culture. 
Noncytopathic isolates are identified in cell culture using 
immunoenzymes or immunofluorescence. The immuno- 
peroxidase monolayer assay (IPMA) is a common adapta¬ 
tion of virus isolation and immunoenzymatic antigen 
deteaion used for rapid BVDV screening. 220 

ANTIGEN DETECTION. Virus can be identified in tissue 
samples by using fluorescent antibodies or immunohisto- 
chemistry. Immunohistochemistry has been reported to be 
more accurate than virus isolation and immunofluores- 
cent methods in diagnosing BVDV in cases of abortion 
and perinatal death. 221 BVDV can also be identified in 
blood and tissue samples by using an antigen-capture 
ELISA. Antigen-capture ELISAs are equal in sensitivity to 
virus isolation for deteaion of persistently infeaed cattle 
but less sensitive for identification of acute infeaions with 
BVDV. 222 Skin and "ear notches" are common samples to 
use for both immunohistochemistry and antigen capture 
ELISAs for deteaing cattle persistently infeaed with 
BVDV. 

VIRAL RNA DETECTION. Nucleic acid deteaion assays 
involve the direa identification of BVDV viral genomic 
RNA or a synthesized copy of the RNA called cDNA. The 
PCR test is the most commonly used nucleic acid deteaion 
assay. The advantage of PCR assays are that they can be 
very sensitive and specific. It is estimated that PCR is 10 
to 1000 times more sensitive than virus isolation. Detec¬ 
tion of BVDV by PCR requires that genomic RNA be 
extraaed from the sample of interest. This can be problem¬ 
atic because RNA is rapidly degraded if exposed to RNases, 
which are ubiquitous in nature. Careful sample handling is 
necessary to reduce this pitfall. Samples in which BVDV 
RNA has been deteaed include serum, WBC preparations, 
nasal swabs, homogenized tissues, semen, and milk. Spe¬ 
cific PCR primers have been designed to differentiate 
among the reported genotypes of BVDV. This may be use¬ 
ful in epidemiologic investigations and when designing 
vaccine programs aimed at controlling different genotypes 
of BVDV. 

Because of its ability to detect low levels of virus in 
samples, a PCR-positive sample does not allow the differ¬ 
entiation of viremia due to an acute or transient infection 
from viremia due to being persistently infeaed. Similarly, 
interpretation of PCR results must consider timing of 
vaccination with modified live virus products, as PCR 
is able to detect a transient viremia present 3 to 10 days 
after vaccination with a modified live virus BVDV 
vaccine. 223 

PCR can be used to screen pooled samples of blood, 
milk, or tissues (skin) in herd surveillance programs. This 
strategy takes advantage of the high sensitivity of the assay 
while reducing the cost per animal tested. 

SEROLOGIC EVALUATION. Serologic detection of BVDV 
exposure is most commonly done by serum neutralization 
assays. It is important to realize that serum neutralization 
titers can vary significantly from laboratory to laboratory. 224 


In most situations, evaluation of paired acute and convales¬ 
cent titers must be used. Single point titers are very difficult 
to interpret, especially if vaccination programs are used 
in the herd. Demonstration of a fourfold increase in SN 
antibodies in association with appropriate clinical signs is 
considered significant. Use of paired serologic evaluation 
for diagnosis of abortion may be difficult because serocon¬ 
version may already have occurred by the time the event 
is noticed. Persistently infeaed cattle generally have no or 
very low serum neutralization titers. However, persistently 
infeaed cattle may seroconvert to field virus or vaccination, 
especially if the vaccine or field virus is antigenically distina 
from the virus with which the animal is persistently 
infeaed. 225 As a result, the identification of seronegative 
cattle cannot be used as a sole criterion for determining per¬ 
sistently infeaed status. Serologic evaluation may be useful 
in determining the infeaion status of a herd. The presence 
of high serum neutralization titers in unvaccinated heifers 
older than 6 months of age indicates that BVDV is currently 
or has recently been circulating and is correlated with the 
presence of persistently infected cattle in dairy herds. 155 * 226 
This strategy has been less successful when used in beef 
herds. 227 

Table 32-10 summarizes diagnostic testing that can be 
used for specific forms of the disease. 

II Treatment and Prognosis. No specific treatment is avail¬ 
able for animals showing clinical signs of BVDV infection. 
Owners should be informed that severely ill animals may 
have mucosal disease, which normally is fatal. The goals 
of therapy for cattle suspeaed of having acute BVDV infec¬ 
tion are supportive care and prevention of secondary baae- 
rial infeaion. Broad-spectrum antimiaobial agents, fluids, 
electrolytes, and vitamins may be indicated. 

II Prevention and Control Practices aimed at preventing 
the introduction of BVDV to a farm are primarily applicable 
only for closed breeding operations (dairy farms or beef 
cow and calf operations) and cannot be used for feedlot 
or veal operations. Stria biosecurity systems with isolation 
and testing of all cattle entering the farm are necessary to 
ensure that no virus enters the farm; this may be difficult 
for most dairy and cow and calf operations to achieve. 
A reasonable compromise is to limit movement of cattle 
on and off the farm to the essential traffic, to avoid moving 
pregnant animals, and to purchase replacement animals 
(inducting bred heifers) from herds for which accurate 
records of disease history and vacdnation programs are 
kept. Isolation of new additions for 3 weeks should prevent 
transmission of virus from acutely infeaed (non-persistently 
infeaed) cattle. Purchased cattle should be tested for BVDV 
before entering the resident herd. If pregnant cattle are pur¬ 
chased, their offspring should be tested to ensure that they 
are free of BVDV. Semen used for artificial insemination 
should be from bulls that have been tested for BVDV infec¬ 
tion. It is important to test embryo transplantation recipients 
before their use to ensure that they are not persistently 
infeaed. Exposure of cattle to small and wild ruminants 
should be limited through separate housing for sheep and 
goats and well-maintained fences to reduce contaa with 
deer. 

In stocker or backgrounder and feedlot operations, immu¬ 
nity to BVDV has been shown to be proteaive against BRD 
complex. 228 Vaccination against BVDV before the expeaed 
occurrence of respiratory disease (as is done in precondition¬ 
ing programs for beef calves) may minimize the consequences 
that accompany infeaion with field strains of BVDV. This, in 
turn, reduces the severity of infection by other pathogens 
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TABLE 32-10 

Diagnostic Testing for Bovine Virus Diarrhea Virus (BVDV) 


I Clinical Form 

Specimen 

Diagnostic Test 

Comments 9 

Subdinical or acute BVD 

Serum 

Serum virus 

Pair sera 3-4 weeks apart 

disease 


neutralization 

Serology for both types 1 and 2 BVDV 
should be performed 


Serum or whole blood 

Virus isolation 

PCR 

Whole blood preferred 

Viremia may be too transient for successful 
virus isolation 


Nasal swabs 

Virus isolation 

PCR 

Useful for establishing role of BVDV in 
bovine respiratory disease complex 


Postmortem tissues 

Fluorescent antibody 

Tissues of choice include ileum, Peyer's 



Immunohistochemistry 
Virus isolation 

PCR 

patches, mesenteric lymph nodes, 
spleen, thymus (calves), lung (BRD) 

Infertility 

Serum 

Serum virus 
neutralization 

May need to establish serum bank on at 
risk animals as seroconversion 
complete when reproductive problem 
noticed or compare titers of affeaed to 
unaffected cattle 

Serology for both types 1 and 2 BVDV 
should be performed 

Abortion 

Serum 

Serum virus 
neutralization 

Pair sera 3-4 weeks apart 

Serology for both types 1 and 2 BVDV 
should be performed 


Fetal fluid 

Serum virus 
neutralization 

Presence of antibodies or BVDV 
suggestive but not definitive for BVDV- 
induced abortion 

Serology for both types 1 and 2 BVDV 
should be performed 


Fetal tissues 

Fluorescent antibody 
Immunohistochemistry 
Virus isolation 

PCR 

Tissues of choice include ileum, 
mesenteric lymph nodes, spleen, 
thymus, liver, lung 

Persistent infection 

Serum or whole blood 

Virus isolation (IPMA) 
Antigen capture ELISA 
PCR 

Should be repeated in 2-4 wk to confirm 
persistent infection 

For virus isolation, buffy coats should 
be used on calves less than 6 months 
of age 


Skin biopsy 

Antigen capture ELISA 
Immunohistochemistry 
Fluorescent antibody 

PCR 

Should be retested in 3-4 wk with blood 
sample to confirm persistent infeaion 
Pools of skin or blood may be tested 
initially by PCR 

Mucosal disease 

Serum or whole blood 
Postmortem tissues 

Virus isolation PCR 
Fluorescent antibody 
Immunohistochemistry 
Virus isolation 

PCR 

Isolation of both CP and NCP-BVDV 

Herd Screening 

Bulk milk tank 

PCR 

Screens only lactating cows; 300 cows 
per milk pool 


Serum from sentinel cattle 

Serum virus 
neutralization 

Unvaccinated cattle 6-12 months of age 
Serology for both types 1 and 2 BVDV 
should be performed 


BRD. Bovine respiratory disease; BVD. bovine virus diarrhea; BVDV, bovine virus dianhea virus; CP. cytopathic biotype; ELISA, enzyme-linked immunosor¬ 
bent assay; IPMA, immunoperoxidase monolayer assay; NCP, noncytopathic biotype; PCR. polymerase chain reaction. 


involved in the respiratory disease complex. Although stria 
biosecurity measures designed to keep BVDV off the farm 
may not be possible in the feedlot large feedlots have 
found economic advantage in screening incoming calves 
to ensure no persistently infeaed animals are present in 
feedlot pens. Presence of persistently infeaed calves can 
result in increased disease, treatment costs, and death in 
the persistently infeaed calves as well as increased disease 
and treatment costs for the pen as a whole. 153 


Vaccination programs are routinely used to limit disease 
from BVDV infeaion. The goal of a BVDV vaccination pro¬ 
gram is to induce immunity that will limit viral replication 
after infeaion and thereby prevent the subsequent effeas of 
viral infection. On dairy farms or in beef cow-calf operations, 
ensuring adequate immunity in breeding females is aimed 
at preventing in utero infeaions and harmful sequelae (infer¬ 
tility, abortion, congenital malformation, birth of weak 
calves, and persistent infection). An additional benefit of 
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vaccination of breeding stock is enhancement of the level of 
colostral immunity passed to the offspring. 

Many practitioners have concerns about commercial BVDV 
vaccines. Concerns over vaccine safety with modified live 
BVDV vaccines have traditionally centered on "vaccine 
breaks," transmission of vaccine strains, and vaccine-induced 
immunosuppression, abortion, and congenital anomalies. 
New technologies and better quality control of vaccine 
reagents has greatly reduced the occurrence of vaccine contam¬ 
ination. Immunosuppression has been demonstrated experi¬ 
mentally after the use of modified live BVDV vaccines. 229 
Vaccinal strains of modified live BVDV are reported to 
cross the placenta and induce the same detrimental outcomes 
as seen in fetal infection with field, strains of BVDV except 
persistent infections. This is of greatest concern during the first 
and second trimesters. Modified live vaccines may or may 
not induce mucosal disease in persistently infected cattle. 
The possible induction of mucosal disease in persistently 
infected cattle should not be a deterrent to using modified live 
vaccines. 

Killed BVDV vaccines are safe for use in pregnant cows 
and do not result in vaccine breaks or cause immunosup¬ 
pression unless improperly attenuated. When using a 
killed virus vaccine in cattle that have never been vacci¬ 
nated against BVDV, a booster dose must be administered 
2 to 4 weeks after the initial vaccination to ensure proper 
vaccination. 

Concerns about the efficacy of BVDV vaccines have 
centered on the ability of vaccines to stimulate an 
immune response capable of protecting against the broad 
antigenic spectrum represented by BVDV types 1 and 2. 
Current BVDV vaccines appear to be capable of preventing 
severe disease in cattle infected with heterologous field 
viruses. 230 231 However, the ability of vaccines to protect 
against fetal infection is not clear. The majority of fetal 
challenge studies have demonstrated that vaccines reduce 
the risk of fetal infection with BVDV but do not eliminate 
it.232-236 BVDV vaccines should be used strategically to 
optimize immunity during gestation, especially during 
the first two trimesters when the fetus is most susceptible 
to the detrimental effects of the virus. This would include 
vaccination of all breeding stock before the animals are 
bred. Replacement heifers should be vaccinated at 5 to 6 
months of age when colostral immunity declines and 
again before breeding. When possible, modified live vac¬ 
cines should be used to ensure broader and longer protec¬ 
tion. In calves, vaccination before the decline in colostral 
antibodies occurs is of questionable value, although some 
studies indicate that it is beneficial in protecting against 
calf hood disease associated with BVDV. 230 Vaccination 
against BVDV should be part of any preconditioning pro¬ 
gram for beef calves before entry into a commingled 
environment. 

In herds experiencing problems with BVDV infections, 
screening for persistently infected cattle may be warranted. 
In breeding herds, persistently infected animals serve as a 
continuous source of infection to susceptible cattle. In 
addition, because persistently infected females may pro¬ 
duce persistently infected offspring, it is desirable to cull 
these females before they spread virus to their offspring 
or before they have disease themselves, resulting in eco¬ 
nomic loss. Before instituting a herd-screening program, 
several points should be emphasized. First, there should 
be a definitive diagnosis of BVDV infection in the herd 
before the expense of testing is undertaken; second, the 
herd should be experiencing a disease syndrome that is 
associated with BVDV infection; third, the owner must be 
willing to implement biosecurity measures aimed at reduc¬ 
ing the risk of reintroducing BVDV into the herd. Herd 


screening involves testing strategic subsets or all cattle on 
the farm for BVDV. This includes in utero calves that are 
tested after birth. 

Cattle that are determined to be persistently infected 
with BVDV will remain so for their entire life and will con¬ 
tinually serve as a virus reservoir for susceptible animals. 
Once detected, persistently infected animals should be 
removed from the herd immediately and appropriate 
actions taken so that they do not come in contact with other 
susceptible animals. 


MALIGNANT CATARRHAL FEVER 
(BOVINE MALIGNANT CATARRH, 
MALIGNANT HEAD CATARRH) 

BRADFORD P. SMITH 

8E Definition and Etiology. Acute MCF is a highly fatal dis¬ 
ease of cattle, deer, bison, buffalo, some other ruminants 
(33 species to date), and pigs caused by a herpesvirus. It 
has worldwide distribution and has also been a major 
problem in zoos and game parks. The African strain, iden¬ 
tified as alcelaphine herpesvirus type 1 (A1HV-1), is a wil¬ 
debeest-associated gammaherpesvirus 237 carried by the 
blue or white-bearded wildebeest (Connochaetes taurinus) 
AlHV type 2 is a closely related but nonpathogenic gam¬ 
maherpesvirus from other species of African antelope. 
The name ovine herpesvirus type 2 (OvIIV-2) has been pro¬ 
posed for the sheep isolate. OvHV-2 is carried by numerous 
species of domestic and wild sheep and goats worldwide. 
OvHV-2, AlHV-1, and A1HV-2 are closely related antigeni- 
cally to bovine cytomegalovirus (bovine herpesvirus type 
3), which offers some cross-protection. 238 Goats may carry 
caprine herpesvirus type 2 (CpHV-2), which can be transmit¬ 
ted to Sitka deer 239 and perhaps other species. 

The sheep-associated form of MCF can be acute or 
chronic, and animals may recover. European, Australian, 
Asian, and American sheep-associated viruses have been 
isolated. These herpesviruses appear to represent species- 
adapted variants of the same virus. 240 The disease usually 
occurs sporadically, with only one animal affected, but 
many large outbreaks have been reported. Cattle are con¬ 
sidered dead-end hosts and usually do not spread the 
infection by contact transmission because there is no cell- 
free virus in secretions. 241 The virus is fragile and unlikely 
to survive outside a host for more than a day or even 
hours. 

The African and North American forms of the disease are 
similar except for the reservoir host and the fact that the 
African herpesvirus appears to be more contagious and is 
more easily transmitted experimentally. The incubation 
period for American MCF is more than twice as long as that 
for African MCF, but the course of clinical disease is one 
third as long. A higher percentage of catde develop acute 
disease with severe diarrhea with the American form. 242 

Some African hoofed ungulates may have clinical signs, 
and infected animals in wild animal parks may pose a dan¬ 
ger to domestic livestock. Bison, Dali sheep, muskox, elk, 
moose, deer, and other species can also be infected. Acute 
outbreaks in bison have been reported. 243 In one report 
exposure of bison to sheep for less than a day at an auction 
resulted in heavy mortality. 244 Pigs were infected and devel¬ 
oped clinical disease in Norway. 245 Both the African and 
North American viruses can be transmitted to rabbits, in 
which infection causes an acute, fatal lymphoproliferative 
disorder. 
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Sheep are usually asymptomatic, but a heavy experimen¬ 
tal intranasal inoculation of OvI 1V-2 resulted in illness and 
lesions in three sheep. 246 


II Clinical Signs and Differential Diagnosis. Cattle from 4 
weeks of age to adulthood can be infected and develop clin¬ 
ical illness. After an incubation period of 3 to 10 weeks, the 
disease attacks vascular endothelium (vasculitis), and all epi¬ 
thelial surfaces are affected. The incubation period can be 
prolonged, and in at least one case the incubation period 
was 200 days. Oral erosions, diarrhea, dysentery, severe kera¬ 
toconjunctivitis, mucopurulent nasal discharge, thickened 
cracking skin, encephalitis, lymphadenopathy with very 
enlarged nodes, and high fever may be seen (Fig. 32-68). 
Generalized weakness and dyspnea occur. Ropy saliva may 
be dropped from the painful mouth, and scabs may develop 
on the muzzle. The hoof or horns may be shed, and lame¬ 
ness may be pronounced. Hematuria often is present. When 
particular signs predominate, the condition may be labeled 
the alimentary form, the encephalitic form, the head and 
eye form, or the skin form. One strain of virus can cause all 
forms, and animals with most of these signs can be seen in 
a given outbreak. Clinical signs in any single animal may 
progress rapidly or over a course of weeks. In California a 
pygmy goat had vasculitis, sloughing skin, keratitis, neuro¬ 
logic signs, fever, and a positive titer to MCF before dying 
(Smith BP, unpublished data). Disease in Sitka deer (and 
perhaps other species) may consist primarily of dermatitis 
and alopecia. 247 

The course of the acute disease usually is 3 to 7 days; 
some animals survive longer. The mortality rate is very high. 
In some outbreaks an acute form has predominated, with 
affected cattle dying 1 to 3 days after developing a high 
fever, severe diarrhea, and conjunctivitis. 248 ' 249 Peracute 
deaths without any visible symptoms also were recorded. 
A mild form, with transient fever and mild oral and nasal 
mucosal erosions followed by recovery, has been seen 
in experimentally infected cattle. In a natural outbreak in 
the United States, three of the animals survived longer 
than 3 months with clinical signs, and evidence indicated 
that some animals seroconverted and remained infected 
for years. The main lesion in chronic or recovered cases is 
obliterative arteriopathy. 250 Cattle with chronic MCF and 
cattle that have recovered from sheep-associated MCF 
have been described. 251 - 252 The authors concluded that 



sheep-associated MCF can manifest with a full range of clin¬ 
ical signs. Some animals recovered after treatment with cor¬ 
ticosteroids, but there is also a report of recrudescence of 
MCF in a deer given corticosteroids. 

MCF must be differentiated from BVD-mucosal disease 
(BVD-MD), RP, bluetongue, VS, and FMD. The last two 
diseases are not usually associated with diarrhea, and VS 
and FMD tend to have high morbidity and low mortality 
rates. Clinical bluetongue is rare in cattle and not usually 
associated with dysentery. Arsenic toxicity and chlori¬ 
nated naphthalene toxicity have some clinical similarities 
to the intestinal forms of MCF. Ocular signs, including 
corneal opacity, conjunctivitis, and discharges, must be 
differentiated from bovine pinkeye, in which the lesion 
starts at the center of the cornea. The corneal opacity of 
MCF starts at the limbus and is caused by edema second¬ 
ary to the loss of the internal endothelial layer of the 
cornea. 253 


II Clinical Pathology and Serology. Some affected animals 
show leukopenia caused by neutropenia if sampled early in 
the course of disease, but this is a very inconsistent finding 
in natural outbreaks. 248 joint fluid is cloudy and may 
contain increased protein and mononuclear cell numbers. 
Cerebrospinal fluid has elevated protein concentrations 
(up to 584 mg/dL) and elevated WBC counts (up to 945/ 
mm 3 ), mainly because of an increase in mononuclear 
cells. 254 Serologic tests include ELISA, indirect immunofluo¬ 
rescence, 250 255 CF, and virus neutralization. Virus isolation 
can be attempted. PCR 256 258 tests have been developed for 
A1HV-1 and recently for OvIIV-2. The wildebeest-associated 
and sheep-associated viruses appear to be closely related 
antigenically, cross-react serologically, and offer some cross- 
protection. 259 

Diagnosis is based on a history of exposure, clinical 
signs, and gross and histologic lesions. PCR and competitive 
inhibition ELISA are definitive. 260 Rabbit inoculations can 
also be used. Nasal swabs and 500 mL of blood, as well as 
spleen and lymph node samples, should be collected for 
viral isolation (these should not be frozen). A cytopathic 
effect on thyroid cell cultures may be observed 4 to 20 days 
after inoculation. 261 


II Pathophysiology. Although the incubation period has 
been described as 3 to 10 weeks, a period of 150 days has 
been documented between the first and last cases in an out¬ 
break. 248 Persistent asymptomatic infection for 5 months 
after inoculation with MCF virus followed by 4 weeks of 
viremia and death was documented in a steer. 262 The MCF 
virus appears to cause proliferation of cytotoxic T lympho¬ 
cytes. The evidence suggests that the vasculitis observed with 
MCF is mediated by lymphoid cell infiltration rather than 
by virus or immune complexes. 263 Lymphocytes and lym¬ 
phoblasts are found in all affected tissues, whereas neutro¬ 
phils and plasma cells are rare. No visible viral particles 
are involved in the arteritis. Large granular lymphocytes 
are a subpopulation of T cells that act as NK cells and also 
as T lymphocyte suppressor cells. If these cells are malfunc¬ 
tioning, suppressor dysfunction can result in exuberant T 
cell proliferation, whereas NK cell dysfunction can result 
in indiscriminant killing of normal cells. 264 Major histo¬ 
compatibility complex restriction and macrophages also 
appear to play a role in the pathogenesis. AlHV-1 has simi¬ 
larities to other oncogenic lymphotrophic herpesviruses 
such as the Marek's disease virus and the Epstein-Barr 
virus. 237 The molecular structure of the MCF virus genome 
supports this view. 
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II Epidemiology. The African form of MCF is spread to cat¬ 
tle and other susceptible species by wildebeests, especially 
during the wildebeests' calving season. 265 AHV-1 has been 
isolated from asymptomatic wildebeests, from the nasal 
and lacrimal secretions of wildebeest calves, 241 and from a 
wildebeest fetus. 242 The virus does not survive more than 
a few hours in the environment. In South Africa, however, 
MCF occurs in cattle without wildebeest contact (except at 
a distance) and when wildebeest calves are usually 8 to 10 
months old. 266 The exact mode of transmission is thus 
incompletely understood at present. Hartebeests and topis 
are also reservoir hosts for the virus. 

The sheep-associated form of MCF is spread to cattle by con¬ 
tact or housing in nearby fields, even without direct contact 
between sheep and cattle. 248 There is evidence of aerosol trans¬ 
mission for over 70 meters. 253 Lambing is associated with 
many outbreaks as ewes shed more virus in the periparturient 
period. A high proportion of sheep sera yields positive findings 
for antibody to AlHV-1 by indirect immunofluorescence, 
including some from cesarean-derived lambs, which may indi¬ 
cate transplacental virus transmission, 267 and 99% of North 
American domestic sheep are infected. 268 

Although the disease usually occurs sporadically in a single 
individual, many severe outbreaks involving large numbers of 
cattle 248 * 259 ' 269 and bison 244 have been reported. The dairy 
cow outbreaks 248 259 that occurred in the late 1970s in Califor¬ 
nia and Minnesota were sheep associated, whereas recurrent 
North American feedlot outbreaks may not be. 

Asymptomatic carrier cattle, 262 bison, 253 or deer 237 may 
be sources of the virus, which would explain how outbreaks 
can occur without apparent contact with wildebeests, harte¬ 
beests, topis, or sheep. OvHV-2 infection of cattle can occur 
without concurrent development of clinical MCF. 260 A steer 
inoculated with MCF virus was asymptomatic for 5 months 
before becoming viremic for 4 weeks 262 and having clini¬ 
cal MCF. A deer that had previously had MCF as a fawn 
but had been asymptomatic for 4 months recrudesced 
(shed virus and had clinical MCF) when given dexametha- 
sone. 237 Cattle (and bison) traditionally have been consid¬ 
ered dead-end hosts for MCF virus because isolated 
individuals usually are affected, but this may not always 
be the case if an asymptomatic or symptomatic bovine 
were to shed cell-free virus in secretions. Vertical transmis¬ 
sion in cattle and bison through in utero infection has 
been documented. 


II Necropsy Findings. The nasal mucosa is hyperemic to 
hemorrhagic. The oral mucosa has necrotic papillae and 
large areas of necrosis and ulceration. Multiple focal ulcera¬ 
tions are seen in the esophagus. Parts of the forestomachs 
and intestines are thickened, edematous, and occasionally 
ulcerated and hemorrhagic. The lymph nodes, tonsils, and 
Peyer's patches are enlarged, moist, and friable. Splenic lym¬ 
phoid follicles are prominent, and the liver is swollen. The 
adrenal glands are hemorrhagic. The mucosal surface of 
the bladder has focal areas of hemorrhage. The eyes are 
hyperemic and ulcerated and show severe comeal edema. 
The brain has intersulcal cloudiness and meningeal pete- 
chiation. Joints have swollen and reddened synovium with 
an increased quantity of cloudy fluid. 254 

Microscopic lesions involve blood vessels and epithelial 
surfaces. There is a marked lymphoid accumulation around 
vessels, as well as necrosis of the tunica media and intima. 
There is generalized lymphoid hyperplasia and lymphoid 
infiltrates in subepithelial and intraepithelial locations, 
associated with epithelial necrosis and sloughing. Similar 
changes occur in all epithelial tissues. 254 Chronic cases 
develop chronic obliterative arteriopathy. 250 


II Treatment and Prognosis. Treatment of full-blown cases 
does not appear to be successful, but fluid therapy and good 
nursing care may allow some animals to survive. The mor¬ 
bidity rate may be quite high, running to 37% in one out¬ 
break. Although some animals that exhibit mild disease 
may survive, close to 100% of those with severe clinical 
signs die. 

II Prevention and Control. There is evidence that cattle-to- 
cattle and bison-to-bison transmission may occur in ende- 
mically infected herds; thus carriers should be identified by 
PCR and competitive inhibition ELISA (CI-ELISA) and 
isolated or culled. Incoming animals in bison herds should 
be tested. 253 During an epidemic animals that are exposed 
or that show clinical signs should be separated from unex¬ 
posed animals, and no across-the-fence contact should be 
allowed. Exposed or recovered cattle may serve as a reservoir 
for the virus for months. Sheep should be kept well away 
from cattle, and cattle should not be exposed to African 
wildlife, especially wildebeests, hartebeests, and topis, which 
may be infected carriers of the MCF virus. Vaccination with 
live or killed MCF virus has not proved consistently protec¬ 
tive against challenge 270 and generally is not used. 


VESICU LAR STOMATITIS 

BRADFORD P. SMITH 

II Definition and Etiology. Vesicular stomatitis (VS) is a 
rhabdoviral disease of the genus Vesiculoinrus that causes spo¬ 
radic (cyclic) outbreaks in cattle, horses, donkeys, mules, and 
pigs and typically has a high morbidity but a low mortality 
rate. Cattle under 1 year of age rarely show clinical signs. 
VS is seen in the United States, Mexico, and Central and 
South America. Human beings have sometimes been infected 
with an influenza-like disease. Two distinct antigenic strains 
have been designated, the New Jersey (NJ) and Indiana (I) 
serotypes. Vesicles occur in the mouth, on the teats, and in 
interdigital areas. Lesions may occur only on the teats or only 
in the mouth. 271 ' 272 The vesicles rapidly turn to painful 
ulcerations that cause dysphagia and reluctance to eat, froth¬ 
ing at the mouth, drooling, agalactia, weight loss, mastitis, 
and lameness. Death is rare. Epizootic waves of VS have 
tended to occur at about 10-year intervals, usually in the 
summer or fall, but since the major epizootic in 1982 and 
1983 in the western United States, the NJ serotype has been 
identified in the United States each year. 271 An outbreak 
occurred in 1995 in the western United States, in New Mexico, 
and Colorado. 273 More cases occurred in 1997 and 1998. 
Although the NJ serotype has at least 14 distinct genotypes, 
only a few of these have been found in recent outbreaks 
in the United States. The NJ serotype should be considered 
a collection of serologically related but genetically variant 
viruses. 271 The I serotype has three subtypes; 1-1 occurs in 
the United States. State and federal regulatory veterinarians 
should be contacted immediately when VS is suspected so that 
quarantine and disease identification measures can be used 
quickly to contain an outbreak. 

Numerous outbreaks occur yearly from southern Mexico 
to northern South America. 

II Clinical Signs and Differential Diagnosis. After a mean 
incubation period of 9 days (the range is 3 to 21 days), there 
is onset of fever and oral lesions that cause excess salivation 
and reluctance to eat. 274 * 275 From 5% to 60% of cattle on a 
farm may show clinical signs. Vesicles are only occasionally 
visible, because the epithelium rapidly necroses and many 
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FIG. 32-69 II Severe ulceration of the longue of a dairy cow caused by 
vesicular stomatitis. A plaque of dying mucosa covered by fibrin is visible 
at the tip of the tongue, and excessive salivation is obvious. (Photo courtesy 
of Dr. Mark Thurmond.) 

lesions quickly turn to ulcers, lesions on the gums and tongue 
may coalesce to form large eroded areas (Fig. 32-69). Milk 
yield falls quickly. Teat lesions are common in dairy cattle, 
and small ulcers in the interdigital area and on the coronary 
band are occasionally seen. Recovery varies from 2 to 21 days, 
depending on the severity of the lesions and management 
factors such as the type of feed and milking sanitation. 274 
Actual healing of the lesions may take 34 to 59 days. 275 

The major differential diagnostic consideration is HMD, 
which causes almost identical clinical signs. Other diseases 
of cattle that result in oral lesions (BVD, BPS, bluetongue) 
do not usually appear as epidemics but rather in one or a 
few animals (although BPS may have a high morbidity). 
Other causes of oral lesions such as bristle grass irritation 
and toxins should be ruled out. 

II Clinical Pathology and Laboratory Diagnosis. The VS 
virus is difficult to isolate from blood, urine, feces, and oral 
swabs but has been isolated from tongue epithelium. 275 
A CF test and a fluorescent antibody test are available for 
virus identification. Serum neutralizing (SN) titer rises rap¬ 
idly after exposure and then gradually falls over the first 
year. SN titers that follow natural exposure may persist for 
years. Vaccination with inactivated virus results in a rapid 
rise in titer followed by a gradual decline for a year. 276 
The presence of an SN antibody titer does not prevent rein¬ 
fection or development of clinical signs. 277 ELISAs are also 
available. 278 Hematologic and clinical chemistry findings 
generally reflect an acute to chronic inflammatory disease 
and are nonspecific in helping to make a diagnosis. 


hard pellets that traumatize the oral mucosa are at higher 
risk. 274 Cows with chapped or cracked teats and those on 
farms with poor milking hygiene are more likely to get teat 
lesions. 274 Cow-to-cow contact is a major mode of trans¬ 
mission in outbreaks, and increased interpen movement 
of cattle, as well as shared feed and water troughs, unless 
cleaned frequently, increases the risk of development of 
VS. 274 The virus is transmitted by milking machines and 
human hands during outbreaks. Insect vectors also contrib¬ 
ute to the mechanical spread. 

Outbreaks are often associated with the movement of 
animals from another area, but disease epidemics not asso¬ 
ciated with new animals do occur. The infection tends to be 
seasonal (occurring in the summer and fall in temperate 
areas and at the end of the rainy season in the tropics) 
and behaves like an arthropod-borne virus. 279 The midge 
C. sonorensis was found in 2005 to be an efficient vector of 
VS virus. 280 Other vectors include black flies (Simulium spe¬ 
cies). 281 Antibodies have been found in a number of wild 
species of animals (deer, raccoon, bobcat, monkey), which 
may provide a virus reservoir. 279 Active cases of VS occur 
in Mexico between U.S. epidemics, giving rise to the possi¬ 
bility that cattle from Mexico arriving in the United Sates 
may also act as sources of VS virus. 271 Sheep and goats in 
contact often seroconvert, although clinical signs in these 
species are rare. Fhe virus survives several weeks in cool soils 
and is very resistant to pH changes. Cattle generally show a 
high morbidity rate and a low mortality rate (1% to 5%). 
Although many in-contact cattle do not show obvious clin¬ 
ical signs of disease, many more have oral lesions if closely 
examined, and most animals in the herd seroconvert. 275 

The economic losses associated with an outbreak of VS 
can be severe, especially in dairy cattle. In the 1982 epizootic 
in California, losses on two dairies (principally decreased 
milk production and culling for mastitis) totaled $225,000 
during 2 months. 282 

II Necropsy Findings. Deaths are rare and usually are 
attributed to secondary bacterial diseases, including envi¬ 
ronmental mastitis and pneumonia. Cattle become gaunt 
and weak as a result of dysphagia and resultant reduced 
food intake. Erosive and ulcerative lesions are usually con¬ 
fined to the mouth. The teats frequently are involved in lac- 
tating cows, and lesions on the coronary band and 
interdigital area occasionally may be seen. 

Histologically, intracellular and extracellular edema, bal¬ 
looning and degeneration of epithelial cells, and vesicle for¬ 
mation accompanied by neutrophilic infiltration are 
present. There are no inclusion bodies. The characteristic 
bullet-shaped structure of the VS virus sometimes can be 
seen with electron microscope examination of fresh lesions 
or vesicular fluid 279 


II Pathophysiology. After a short incubation period of 24 
hours, fever and viral invasion of the germinative layer of 
oral epithelial cells occur. Oral abrasions or trauma may 
increase susceptibility. 274 Contact of virus with teats or feet 
can result in lesions in these areas, especially if the teats are 
chapped or cracked 274 or the feet are traumatized. The lesions 
progress rapidly from blanched macules to vesicles and soon 
rupture, leaving sloughed epithelium and ulcerated areas. 
Healing occurs quite rapidly if feed is soft and nontraumatic. 

II Epidemiology. Older, higher-producing dairy cows that 
have been in milk longer are more susceptible than herd- 
mates to clinical disease caused by VS. 274 Because the virus 
cannot penetrate intact mucosa, cattle fed coarse feeds or 


II Treatment and Prognosis. Mortality can be almost 
completely prevented if ill cattle are offered shade, fresh 
water, clean bedding, and soft feed. Offering soft feed hastens 
recovery and reduces the anorectic period. Debilitated cattle 
should be given broad-spectrum antibiotics in an effort to 
control secondary bacterial pneumonia. Cattle with teat 
lesions are at high risk for developing mastitis and should 
be carefully milked last and monitored closely for mastitis. 
The prognosis for survival is very good, but agalactia and 
mastitis may result in culling of a large number of animals. 

II Prevention and Control. The reader should use websites 
such as the World Organisation for Animal Health (OIE) 
and the U.S. Department of Agriculture (USDA) for the 
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latest information on contagious illnesses. During an out¬ 
break of VS, quarantine of the premises and isolation of sick 
animals are required. Regulatory officials will help organize 
and maintain a quarantine. Feed should be soft and fine, 
because coarse or hard-pelleted feeds increase the spread 
of the virus and prolong the recovery time. 274 Leftover feed 
should be removed from feed bunks twice daily, and the 
bunks disinfected. Water troughs should be cleaned and dis¬ 
infected daily. Disinfection can be accomplished by using 
1% formalin, organic iodines, hexachlorophene, or phenyl- 
phenolic preparations. Two hours of exposure to lye (2% 
NaOH) will not deactivate the virus. 

Vaccination using killed 283 or live virus vaccines 284 is 
rarely practiced preventively because the disease occurs as 
rare epidemics in small areas and because vaccination inter¬ 
feres with serologic testing and monitoring. Vaccination 
with a killed virus vaccine may be used by regulatory veter¬ 
inarians in at-risk animals during an epidemic, as it has 
been shown to be an effective vaccine. 283 Owners and man¬ 
agers should consult state and federal veterinarians before 
considering VS vaccination. 


FOOT-AND-MOUTH DISEASE 
(AFTOSA, APHTHOUS FEVER) 

mm 

BRADFORD P. SMITH 

II Definition and Etiology. FMD is an acute, highly conta¬ 
gious viral disease of cloven-hoofed livestock characterized 
by vesicular lesions, erosions, and ulcers in the mouth and 
interdigital areas and on the muzzle, teats, and coronary 
band. 285 Natural hosts include cattle, sheep, goats, swine, 
water buffalo, bison, deer, elk, antelope (all wild ruminants), 
bears, llamas, camels, giraffes, elephants, rats, yaks, capy- 
baras, and hedgehogs. 286 Of these, cattle and swine are the 
most susceptible, and camelids have low susceptibility. 
Mature sheep and goats usually have mild signs. Livestock 
of all ages are susceptible, but the mortality rate is higher in 
young animals because cardiac lesions occur. The horse is 
resistant to infection. In rare cases, humans have contracted 
the disease. It is endemic in Asia, Africa, parts of Europe, 
and most of South America, where losses involve not only 
those caused by the disease itself but also the monetary losses 
that result because fewer animal products are available for 
export as a result of loss of foreign markets. Great Britain 
experienced a major epidemic in 2001. 

The FMD virus is a picomavirus of the genus Aphtho- 
virus. At least seven immunologically distinct types of 
FMDV have been identified: A; O; C; SAT 1, 2, and 3; and 
Asia 1. Within the seven types at least 60 subtypes have 
been recognized. Vaccination against one subtype may not 
protea against another. 287 This fact, together with the faa 
that immunity is generally short term, means that effeaive 
vaccination programs are difficult. The virus is rapidly inac¬ 
tivated by high or low pH, sunlight, and very high tempera¬ 
tures but is very resistant to normal environmental 
conditions and drying. 285 Sodium hydroxide, sodium car¬ 
bonate, iodophors, chlorine dioxide, and acetic acid are 
effective disinfectants, but many common disinfeaants are 
ineffeaive, and the virus is resistant to iodophors, quater¬ 
nary ammonium, hypochlorite, and phenol. 

II Clinical Signs and Differential Diagnosis. FMD is clini¬ 
cally indistinguishable from VS except that VS also affeas 
horses. Clinical signs of FMD include fever, depression, 
anorexia, listlessness, occasional shivering, excess salivation, 


lip smacking, nasal discharge, and lameness. 287 Agalactia 
may occur. In addition to VS the differential diagnosis 
includes BPS, bluetongue, RP, MCF, and severe cases of 
infectious bovine rhinotracheitis. Teat lesions can be con¬ 
fused with those caused by bovine herpes mammillitis or 
parapoxvi ruses. 

Vesicular lesions (blisters) 0.5 to 10 cm in diameter rup¬ 
ture within 48 hours, followed by a mucosal slough and 
large erosion. 287 These lesions appear to be very painful, 
and affeaed animals are reluctant to eat or move. The mor¬ 
bidity rate is high, but the mortality rate is low. The disease 
is economically devastating because it spreads rapidly and 
causes weight loss, mastitis, loss of milk produaion, 288 
and frequent abortion. An outbreak of FMD in a country 
previously free of the disease can cost billions of dollars in 
trade losses over ensuing years. Deaths may occur in young 
calves, mainly from myocardial necrosis, and secondary 
baaerial pneumonia and foot infections are common. 

II Laboratory Diagnosis. Because FMD is clinically indis¬ 
tinguishable from VS and other viral mucosal diseases, lab¬ 
oratory confirmation of the diagnosis is obtained through 
CF, virus neutralization, agar gel precipitation, EUSA, or 
fluorescent antibody tests. 287 EUSA appears to be more sen¬ 
sitive and type specific than CP 89 and virus neutraliza¬ 
tion. 290 When VS or FMD is suspeaed, state and federal 
authorities should be contaaed immediately. In FMD-ffee 
countries, quarantine is practical to control spread. Slaugh¬ 
tered animals are burned. All animals within 3 km may be 
destroyed during efforts to halt the disease. 

II Pathophysiology. The usual incubation period is 2 to 14 
days. The usual primary sites of infection and replication by 
the FMD virus are the pharyngeal and digestive mucosa 287 
and alveolar epithelium of the udder. 291 The virus replicates 
in the cells of the stratum spinosum. 292 It spreads locally 
and also enters the circulation and is carried to other sus¬ 
ceptible tissues. Within 2 to 21 days a fever begins, and 
some vesicles appear. 293 Vesicles develop in the mouth 
and on the ruminal pillars, and myocardial and skeletal 
muscle degeneration charaaerized by Zenker's necrosis 
may occur in young cattle. The mucosal cell disruption 
results in separation of superficial epithelium from basal 
epithelium, which fills with tissue fluids. When these epi¬ 
thelial layers slough, erosions are left behind that take days 
to weeks to heal, depending on their size. 287 

II Epidemiology. Transmission occurs primarily by means 
of aerosols, 287 ' 294 295 animal contact and fomites such as 
shoes, tires, and equipment. The virus may be spread to 
farms 50 miles distant. Human beings can cany (and subse¬ 
quently transmit) the virus on their shoes or clothing or in 
respiratory traa tissues for longer than 24 hours. Recovered 
cattle usually stop shedding the virus by 2 weeks, but some 
harbor it for 6 to 24 months and may aa as sources of the 
virus at the start of an epidemic. 293 The virus has been 
isolated from semen, 296 and the possibility exists of sexual 
transmission from the African buffalo to cattle. 297 African 
Cape buffaloes can be lifelong carriers. 

The virus exists in milk, and it may survive pasteuriza¬ 
tion. Uncooked or partly cooked meat produas or garbage 
scraps, hides, or other tissues contaminated with the FMD 
virus from an endemic area of the world may transmit the 
disease long distances. The virus can persist in frozen meat 
for years. Besides aaively infeaed animals, sources of infec¬ 
tion include bedding, feed, milk, shoes and hands of 
humans, and equipment. 287 
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II Necropsy Findings. In addition to oral erosions and 
ulcerations, ulcers may be seen on the ruminal pillars. In 
young cattle myocardial and skeletal muscle degeneration 
and necrosis may be noted. Histologically the vesicles are 
characterized by ballooning, cellular degeneration, intracel¬ 
lular and extracellular edema, and separation of the basal 
epithelium. 292 There are no inclusion bodies. Muscle lesions 
(skeletal and cardiac) are characterized by necrosis (Zenker's 
degeneration). 

II Treatment and Prognosis. Where FMD is endemic, quar¬ 
antine, local eradication, virus typing, and revaccination of 
contact and at-risk cattle with the appropriate virus subtype 
should be considered. Good nursing care and administration 
of systemic antimicrobial drugs to limit secondary bacterial 
pneumonia and mastitis are recommended. Soft feeds such 
as chopped green grass are much more palatable than hay 
to sore-mouthed animals. The prognosis is good for survival, 
although many animals abort, lose weight, stop lactating, or 
have severe bacterial mastitis secondary to viral teat lesions 
and must be culled. The virus destroys mammary alveolar 
epithelium permanently. 291 

II Prevention and Control. The reader should also consult 
the OIE and USDA websites for current status of this dis¬ 
ease. In endemic areas, vaccination and quarantine are the 
basis for prevention and control. In FMD-free areas (Great 
Britain, the United States, Canada, Japan, New Zealand, 
and Australia), the method of choice is rapid identification 
of an outbreak, quarantine, and slaughter of all affected and 
exposed herds. 

Vaccines must be type specific. Most European and South 
American countries use trivalent inactivated vaccines against 
types A, O, and C from cell culture virus. Vaccine-induced and 
naturally occurring immunity is short-lived, and vaccination 
usually must be repeated two or three times a year. 287 Newer 
oil-adjuvanted vaccines can protect for up to 1 year. Because 
the protection is partial, infection usually results in subclinical 
or mild disease. Calves nursing immune dams are likewise 
partly protected by passive antibody for up to 5 months. 287 
In an outbreak the most effective vaccine is autogenous. 


RP in cattle. Bronchopneumonia is also common. The 
reader is referred to the World Animal Health and OIE web¬ 
sites for current information. 

II Clinical Signs and Differential Diagnosis. The incuba¬ 
tion period in cattle is 3 to 15 days, which is followed by 
sudden onset of fever, depression, and anorexia. The nose 
is dry, and mucous membranes are congested. Within days 
oral erosions appear where necrotic foci have sloughed. 
Purulent lacrimation occurs. Diarrhea is severe and may 
be bloody. Dehydration and emaciation often lead to death. 
The disease in sheep and goats usually is mild or subclini¬ 
cal, 300 but the PPR virus can cause outbreaks with high 
morbidity and mortality in small ruminants. 

In endemic areas RP is suspected when the signs described 
earlier occur in groups of animals. In nonendemic areas dis¬ 
eases that appear similar clinically are BVD, MCF, arsenic poi¬ 
soning, severe coccidiosis, and severe fulminating infectious 
bovine rhinotracheitis, as well as FMD and VS. Other causes 
of severe gastroenteritis and diarrhea (e.g., salmonellosis) 
must also be considered. Oral lesions of RP are similar to 
these seen with VS. In small ruminants, bluetongue, PPR, 
and Nairobi sheep disease must be ruled out. 

II Laboratory Diagnosis, laboratory confirmation of RP 
can be accomplished by (1) virus isolation; (2) PCR; (3) 
detection of viral antigen by fluorescent antibody testing, 
virus neutralization, CF, or AGID; (4) detection of rising 
antibody titer by ELISA or virus neutralization; and (5) histo¬ 
pathologic evaluation including immunohistopathology. 301 
Virus isolation is most successful in the first days of infection 
(often before the onset of diarrhea). Blood should be taken 
in heparin. The lymph nodes and spleen are reliable sources 
of virus, and in cattle, tears and ocular discharges are also 
reliable sources. 302 Lymph node biopsy after day 3 of infec¬ 
tion is the most reliable means of diagnosis in a living 
goat. 300 Tissues should be shipped frozen on ice to the labo¬ 
ratory for virus isolation or detection of antigen. Detection 
of a rising antibody titer can help diagnose the disease 
retrospectively. Leukopenia may be noted in the acute early 
states of RP. 


RINDERPEST (CATTLE PLAGUE) 

AND PESTE DES PET ITS RUMINANTS 

BRADFORD P. SMITH 

II Definition and Etiology. RP is an acute, highly conta¬ 
gious, and usually fatal disease of ruminants. Cattle and 
water buffaloes are most frequently affected, but the disease 
also occurs in yaks, gaur, sheep, goats, pigs, and other 
cloven-hoofed animals, in which it is usually less severe. It 
is rarer in camelids. Many wild animals in Africa are suscep¬ 
tible, including buffalo, lesser kudu, eland, giraffe, warthog, 
and wildebeest. 298 RP virus (RPV) is in the Paramyxoviridae 
family, genus Morbillivirus. There is only one known strain 
of RPV. It is closely related serologically to the virus that 
causes PPR. The virus can remain viable for at least 1 year 
in frozen tissue, but it is killed by direct sunlight in 2 hours. 
The disease is intermittendy active in Africa, the Middle 
East, and Asia. 299 Other morbilliviruses pathogenic for ani¬ 
mals include canine distemper and the 1995 Australian 
morbillivirus, which occurred in horses and humans. 

RRP is a closely related highly fatal virus of goats and 
sheep. Cattle and pigs develop inapparent infections. Clini¬ 
cal signs of PPR in goats and sheep are similar to those of 


II Pathophysiology. The virus usually enters through the 
respiratory mucosa. Lymphoid tissue is the primary target 
of the RPV. Lymphocytes are destroyed in the germinal cen¬ 
ters of the lymph nodes, Peyer's patches, tonsils, splenic cor¬ 
puscles, and cecal lymphoid tissue. Immunosuppression 
occurs as lymphoid tissue is destroyed. 303 The virus also 
attacks the alimentary tract mucosa; Peyer's patches are the 
most severely affected. As alimentary mucosa is lost, diar¬ 
rhea and emaciation become severe. 

II Epidemiology. RP is highly contagious; it is spread mainly 
through airborne droplets, direct contact, feces, and contami¬ 
nated fomites such as human beings. All secretions and feces 
of infected animals are contagious throughout the course of 
the disease. The virus is susceptible to most disinfectants. Wild 
ruminants frequently are a source of infection for livestock. 
The morbidity rate often approaches 100%, with a 25% to 
90% mortality rate, making treatment unrewarding and the 
prognosis poor. Innate or specific resistance may protect indi¬ 
viduals or herds from clinical signs after infection. Recovered 
animals do not appear to act as carriers. Valuable individuals 
may be helped by supportive therapy and hydration. 

II Necropsy Findings. Lesions are found mainly in the 
alimentary tract and lymphoid tissues. Subendocardial 
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hemorrhages may also be seen in animals that die of acute ill¬ 
ness. Oral erosions, edema, and congestion of the abomasum 
are typically seen, and ulcers and hemorrhagic to necrotic 
Peyer's patches occasionally are seen. The cecal and colonic 
mucosae are hemorrhagic, ulcerated, or necrotic. The lymph 
nodes are enlarged and have necrotic germinal centers. 

II Prevention and Control. Because there is only one 
known strain of RPV and protection after infection usually 
is lifelong, vaccination of cattle at 6 months of age and 
older in endemic areas with a live cell culture attenuated 
virus is an effective means of controlling RP. 304 Although 
there is some debate as to whether this vaccine causes 
immunosuppression, 305 it has been used safely and effec¬ 
tively in millions of cattle in Africa and Asia. 304 The vaccine 
does not produce adverse reactions, has a long shelf life, 
and produces solid immunity. 304 Its major disadvantages 
are that the lyophilized virus has to be kept cold, and once 
a vial has been reconstituted, it must be used quickly before 
the virus dies. A vaccinia-vectored gene vaccine currently 
under field testing is effective and has the advantages of 
long-term stability in harsh environments and ease of appli¬ 
cation (scratch on). 306 There is also a specific PPR vaccine 
available for goats and sheep. 

Control of epidemics in areas where the disease is not 
endemic involves quarantine and slaughter of infected and 
contact animals, as well as other contact ruminants and 
swine. Disinfection of premises while under government 
quarantine is essential in controlling the disease. The virus 
is susceptible to most disinfectants and survives in the envi¬ 
ronment only for 2 to 3 days. 

Global eradication of RP remains a viable goal. 298 - 306 

CHOKE AND ESOPHAGEAL 
DISORDERS 

MNNM I m HMNKKMr? - 

CHARLES L. GUARD 

II Definition and Etiology. Choke is the term used for 
esophageal obstruction. In ruminants it is most common 
in cattle because of their eating habits. If the obstruction is 
complete, the condition is rapidly fatal (except in neonates) 
because of the inability to eliminate the gases of fermenta¬ 
tion produced in the rumenoreticulum. Partial obstruction 
produces dysphagia or anorexia. Obstruction may be caused 
by the ingestion of foreign objects or large chunks of solid 
feedstuffs such as apples, potatoes, beet tops, or com cobs. 
It also may be the result of space-occupying lesions in or 
near the esophagus. Choke must be differentiated from dis¬ 
eases that cause dysphagia by means of pharyngeal lesions 
and resultant neuromuscular dysfunction. Congenital or 
acquired lesions of the esophagus such as aortic arch 
anomalies and diverticula may cause signs similar to those 
of esophageal obstruction. 

II Clinical Signs and Differential Diagnosis. The earliest 
signs of complete esophageal obstruction from intraluminal 
objects are anxiety and ptyalorrhea (i.e., saliva dripping 
from the mouth because of an inability to swallow). The 
animal may violently swing the head from side to side 
and make repeated attempts to swallow. Staggering (which 
must be differentiated from ataxia caused by neurologic dis¬ 
eases) may be observed. In a 2-week-old calf with a cloth 
foreign body obstructing the distal esophagus at the cardia, 
regurgitation after drinking milk was observed. 307 Bloat 
develops soon after at a rate that depends on the nature of 
the ruminoreticular contents. Objects such as potatoes, 


apples, or mangels may be swallowed whole or in chunks 
too large to pass the entire esophagus, especially in cattle. 
Dry grain, particularly in pellet form, may be consumed 
so rapidly that sufficient saliva is not produced to lubricate 
the passage of the feed boluses. This is more common in 
sheep than in other ruminants; spontaneous resolution usu¬ 
ally occurs within minutes to hours. 

Obstruction from intraluminal objects commonly occurs 
in the cranial part of the cervical esophagus, at the thoracic 
inlet, or at the base of the heart. External palpation may 
localize the site of obstruction in the cervical esophagus. 
With more slowly developing and incomplete obstruction, 
anorexia and dysphagia may be observed. Bloat may occur 
repeatedly and resolve spontaneously or after passage of a 
stomach tube. The underlying cause may result in signs severe 
enough to mask the esophageal problem. Cellulitis along the 
cervical esophagus may result in a reluctance to lower the 
head or bend the neck laterally. Possible causes of cervical 
cellulitis include perivascular injection of irritating sub¬ 
stances, abscesses, and reaction to Wypoderma lineatum larvae. 

Esophageal stricture may follow a previous episode of 
esophageal obstruction or inflammation in adjacent tis¬ 
sues. 308 If no site of obstruction is externally evident, careful 
attempts to pass a stomach tube usually reveal the site of 
the problem. Radiography with barium contrast material 
may help identify the site of strictures, perforations, and 
diverticula. 309 Endoscopy of the esophagus may also aid in 
identifying the specific nature of functional or structural 
abnormalities. Megaesophagus has been observed after pha¬ 
ryngeal trauma, 310 as a congenital disorder, 311 and with 
hiatal hernia. 312 An animal with an esophageal stricture or 
a diverticulum may reflux boluses of feed mixed with saliva 
or regurgitate liquid ruminal contents. Failure to gain weight 
or progressive weight loss accompanies the failure to swallow 
feed successfully. Signs may be seen only when forage is con¬ 
sumed, whereas water and grain are swallowed normally. 

Systemic diseases may lead to esophageal dysfunction. 
Rabies must always be considered when dysphagia is present, 
and appropriate precautions must be taken. Botulism also 
leads to esophageal transport failure, although dysphagia 
and a weak tongue are more prominent in the failure of 
affected animals to eat. Tetanus may be similar in appearance 
to esophageal obstruction because of the presence of bloat, 
dysphagia, and drooling. Several poisonous plants, including 
sneezeweed, larkspur, and milkweed, may cause excessive sal¬ 
ivation, drooling, and bloat. Consumption of red clover 
infected with the fungus Rhizoctonia leguminicola, which pro¬ 
duces the toxin slaframine, results in copious salivation. Pha¬ 
ryngeal trauma and subsequent cellulitis lead to dysphagia 
and drooling; severe bloat does not occur unless swelling is 
sufficient to occlude the esophagus. However, mild bloat fre¬ 
quently accompanies pharyngeal trauma caused by asso¬ 
ciated vagal nerve inflammation and dysfunction. 313 

II Clinical Pathology. Common features of longstanding 
choke are dehydration and metabolic acidosis resulting 
from continued loss of sodium bicarbonate and sodium 
phosphate in saliva. As sodium depletion develops, the 
composition of saliva shifts to include more potassium 
under the influence of aldosterone. Inflammatory diseases 
lead to predictable changes in the hemogram. 

II Necropsy Findings. Animals that die of acute esophageal 
obstruction are bloated and may have saliva and feedstuffs in 
the upper airway. Postmortem examination of animals with 
protracted esophageal dysfunction may reveal focal dilations 
or stenoses of the esophagus. Esophageal perforation may 
have occurred because of pressure around an intraluminal 
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foreign body or necrosis caused by extension of an adjacent 
septic process. 

II Treatment and Prognosis. In cases of complete esopha¬ 
geal obstruction, relieving bloat is the first concern. Passage 
of a stomach tube may be attempted if the animal is not in 
respiratory distress. Trocharization of the rumen or installa¬ 
tion of a temporary fistula may be required. Until the 
esophagus has been cleared, it is important to keep the 
muzzle level or pointed down to reduce the risk of aspira¬ 
tion of saliva. Sedative drugs such as acepromazine or xyla- 
zine may be useful to calm the animal and permit careful 
examination. Suitable precautions should be taken if rabies 
is remotely possible. The history and »an examination of the 
environment should enable the clinician to anticipate the 
nature of the obstructing object. Palpation of the neck along 
the left jugular furrow may reveal the site of obstruction in 
lean or thin-necked individuals. A manual oral examination 
should precede probing attempts with a stomach tube. Gen¬ 
tle pressure on the stomach tube as it passes down the 
esophagus should allow localization of the obstruction. 
A small hand can reach into the cranial part of the esopha¬ 
gus and may retrieve some solid objects. If the object is 
solid (e.g., a potato), it may be possible to massage it into 
the pharynx by pressing in the jugular furrow on both sides 
of the neck. Specialized equipment, such as a probang, is 
available with a corkscrew-like or pincer-like end that can 
be used to grasp or engage a foreign body and expedite its 
retrieval. If a mass of grain is obstructing the esophagus, 
external massage, probing with the stomach tube, or pump¬ 
ing fluid against the mass through the tube may break it up. 

If the choke is intrathoracic and probing with a stomach 
tube does not relieve the problem, several courses of action 
are possible. A small ruminal fistula can be inserted to pre¬ 
vent bloat, and the animal can simply be placed in a pen 
without bedding, feed, or water. Many masses consisting 
of grain or hay spontaneously pass within 24 hours, 
whereas solid objects rarely pass spontaneously. If the 
obstruction does not resolve in 24 hours, the animal can 
be heavily sedated, a cuffed endotracheal tube can be passed 
to prevent aspiration, and vigorous lavage with water 
through a stomach tube can be attempted. The head should 
be held lower than the body to minimize the risk of aspira¬ 
tion. If the obstruction still cannot be relieved or it is 
believed that the obstruction is a solid object, a rumenot- 
omy can be performed. Access to the esophagus through 
the cardia should allow snaring of the object with a loop 
of stiff wire or breakup of a mass of grain. 

The long-term prognosis after choke is good unless 
esophageal mucosal damage has occurred. Stricture forma¬ 
tion may follow cellulitis or pressure necrosis at the site of 
the obstruction. Aftercare for the choked animal consists 
of a soft diet and antiinflammatory drugs to minimize tissue 
swelling. Well-soaked alfalfa cubes made into a mush may 
pass partly obstructed areas. Hay and grain should be moist¬ 
ened before feeding, and grain should be offered only in 
small amounts at each feeding. Broad-spectrum antibiotics 
should be given if mucosal damage is suspected. Mainte¬ 
nance of an indwelling nasogastric tube for feeding for up 
to 10 days after severe esophageal trauma may be helpful 
in preventing strictures during healing. 309 Thick gruels 
made from soaked alfalfa cubes or pellets can be pumped 
into the rumen by a bilge pump designed for boats, or the 
animal can be fed and watered through a ruminal fistula. 
Surgical exploration may be required to determine the cause 
of esophageal obstruction from space-occupying lesions or 
strictures. 309 Abscesses may be drained, and granulomatous 
lesions resected. Esophageal diverticula, aortic arch anomalies, 
and intrathoracic surgical problems may not be easily treated. 


ESOPHAGEAL DILATION 
(MEGAESOPHAGUS) AND HIATAL 
HERNIA 

^—————m ii ii n~ t 

BRADFORD P. SMITH 

Megaesophagus rarely occurs in ruminants. It has been 
reported in association with pharyngeal trauma and resul¬ 
tant inflammatory involvement of the vagus 314 and with 
hiatal hemia (diaphragmatic hernia with herniation of the 
reticulum into the thorax) in which there was a large mega¬ 
esophagus (10 cm in diameter by 20 cm in length). 315 
Vagotomy and hiatal hemia are recognized as causes of 
diminished esophageal pressure. 316 A 4-month-old calf with 
megaesophagus lacked esophageal muscle cells and gan¬ 
glion cells, and many fat cells were present. 317 The esopha¬ 
gus of a 12-month-old ram with megaesophagus was found 
to be heavily infected with Sarcoqrstis arieticanis, and eosino¬ 
philic inflammation and degeneration of muscle fibers were 
noted. 318 However, Sarcocystis species have been found in 
the esophagus of many sheep without megaesophagus, 319 320 
making the diagnosis difficult. An 18-month-old heifer with 
megaesophagus also had eosinophilic submucosal infiltra¬ 
tion, but no sarcocysts were seen. 321 

Tlie principal clinical signs of megaesophagus are regur¬ 
gitation or vomiting, usually shortly after eating. Mild, 
recurrent bloat and discomfort when a stomach tube is 
passed are also observed. In other cattle with a hiatal (dia¬ 
phragmatic) hernia 322 or an esophageal diverticulum, 323 
regurgitation or vomiting and bloat have also been 
reported. Contortion of the neck while eating, apparently 
caused by pain, was seen in one cow 315 and is reported in 
human beings with hiatal hemia. 324 In some cases of herni¬ 
ation of the reticulum into the thorax, bloat and regurgita¬ 
tion are not seen 325 326 ; in others diaphragmatic hemia 
resulted in chronic bloat. 327 Diaphragmatic hernias may 
be either congenital or acquired. It appears that acquired 
diaphragmatic hernias are most common. 

A stomach tube should be passed to the rumen to rule 
out choke or an intraluminal mass obstructing the esopha¬ 
gus as a cause. If a tube can be passed freely to the rumen, 
plain and contrast radiographs of the esophagus should be 
taken. If this is not possible, surgical exploration of the 
abdomen for a diaphragmatic hemia and digital palpation 
of the cardia and terminal esophagus by means of rumenot- 
omy should be considered. 

Megaesophagus associated with pharyngeal trauma has a 
good prognosis, 314 whereas megaesophagus associated with 
hiatal hemia has a more guarded prognosis. 315 * 322 Support¬ 
ive treatments and stomach tubing with fluids may be 
required for 1 to 2 weeks until the animal is able to drink 
unaided. Longer-term support can be given to a valuable 
animal by surgically creating a ruminal fistula fitted with a 
rubber cannula through which feed and water can be given 
until normal deglutition is resumed. 


RUMINANT ABDOMINAL 
ULTRASONOGRAPHY 

BETSY VAUGHAN 

The key to diagnosing ruminant abdominal disorders is the 
thorough physical examination (see Chapter 1). A relatively 
new, noninvasive, and useful adjunct is the use of ultrasound. 

Abdominal ultrasound provides a readily available, real 
time, noninvasive method of imaging the abdomen in 



806 



part five DISORDERS of the ORGAN SYSTEMS 


ruminants suspected of abdominal disease. Radiographic 
examination of the adult bovine abdomen offers limited 
information because of the large size of the patient and the 
need for expensive equipment with high milliampere- 
seconds (mAs) and kilovolt peak (kVp). Although radio- 
graphic examination of the small ruminant abdomen offers 
clinically useful information, it should be used in conjunction 
with abdominal ultrasonography to evaluate the abdominal 
organs and to further characterize radiographic abnormalities. 
Exploratory laparotomy is still commonly performed in cattle 
with unexplained illness referable to the abdominal cavity. 
Ultrasonographic evaluation of the ruminant abdomen has 
become an important part of the diagnostic workup in rumi¬ 
nants suspected of abdominal disease in combination with 
CBC, serum chemistry, peritoneal fluid analysis, urinalysis, 
and ruminal fluid analysis and can often provide valuable 
information that may preclude the need for exploratory lapa¬ 
rotomy. 328 ' 331 Abdominal ultrasound is indicated in patients 
with signs of abdominal pain, stasis, decreased motility, 
increased motility, lethargy, anorexia, bloat, regurgitation, 
fever of unknown origin, and suspected renal or liver disease. 
Ultrasound is also useful for diagnosing thoracic disorders. 

Bovine patients should be restrained in a head gate and 
standing stocks. Squeeze chutes are not ideal because access 
to the complete abdomen is seldom possible. Small rumi¬ 
nants can usually be restrained with halters or collars. Bovine 
and small ruminant patients seldom need sedation for 
restraint during the examination. Patients should be prepared 
for complete abdominal ultrasound examination by surgical 
clipping of the left and right sides of the abdomen ventral to 
a diagonal line extending from the transverse processes of 
the lumbar vertebrae to the level of the elbow joint approxi¬ 
mately at the level of the ventral lung margin. The entire ven¬ 
tral abdomen should be clipped from the xyphoid to the 
inguinal region (Fig. 32-70). If only one organ is to be exam¬ 
ined, then the specific anatomic region should be clipped 
with wide margins. The clipped area should be washed thor¬ 
oughly with water, and ultrasound coupling gel should be 
applied to the region. If clipping is not possible, alcohol satu¬ 
ration of the skin and hair may be adequate in patients with a 
short hair coat. The examination is performed with a low- 
frequency, curvilinear transducer (2.5 to 5 MHz) in large 
patients such as adult cattle, which provides penetration to 
a depth of 24 to 30 cm. A medium frequency (4 to 8 MHz) 
"microconvex" curvilinear transducer is ideal for evaluating 
calves and small ruminants. In large patients, superficial 
structures near the skin surface should also be evaluated using 



FIG. 32-70 II Patient preparation for abdominal ultrasound examination. 
The region to be dipped for complete abdominal evaluation is shown, 
including the paralumbar fossa region, the intercostal spaces from the ven¬ 
tral lung margin to the costochondral junctions and the entire ventium 
from the xiphoid to the inguinal region. 


the medium-frequency transducer when image quality per¬ 
mits. This transducer is also useful for performing transrectal 
ultrasonography of the left kidney, urinary bladder, ureters, 
and urethra in cattle. 

The examination should begin with detailed evaluation of 
the right paralumbar fossa region followed by evaluation of 
each intercostal space beginning at the ventral lung margin 
and scanning ventrally beyond the costochondral junctions. 
The ventral abdomen is then evaluated from xyphoid to 
inguinal region. The examination is repeated on the left side. 
The abdomen is evaluated for abnormalities of the kidneys, 
liver, gall bladder, pancreas, spleen, rumen, reticulum, oma¬ 
sum, abomasum, duodenum, small intestine, cecum, and 
colon and for the presence and character of peritoneal fluid. 

Kidneys 

NORMAL APPEARANCE (FIG. 32-71). The right kidney is 
imaged from the right paralumbar fossa region and right 
eleventh to twelfth intercostal space at a scanning depth of 
10 to 20 cm in cattle and 6 to 14 cm in small ruminants. 
The anatomic detail of the right kidney is greater than that 



FIG. 32-71 II A, Sonogram of a normal right kidney viewed from the right paralumbar fossa region in a 5-year-old Holstein dairy cow. Note the lobulated 
shape and indistinct corticomedullary junction. This image was obtained with a 2.5-MHz curvilinear transducer at a depth of 20 cm. B. Sonogram of a normal 
right kidney viewed from the right paralumbar fossa region in a 4-year-old castrated male Nigerian Dwarf goat. Note the smooth renal capsule, ovoid shape, 
and distinct corticomedullary junction (arrows). This image was obtained with a 7.5-MHz curvilinear transducer at a depth of 7 cm. 
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of the left because of its more superficial location within the 
abdomen. In small ruminants the left kidney is routinely 
imaged in the right paralumbar fossa caudal to the right kid¬ 
ney at scanning depths of 8 to 14 cm. The left kidney in cattle 
can often be seen in this region as well. The left kidney cannot 
usually be visualized from the left side of the abdomen 
because it is obscured by the gas-filled rumen. Transrectal 
imaging of the left kidney should be performed in adult catde 
suspected of having renal disease even when it is visualized 
transcutaneously, because it offers superior anatomic detail. 

In cattle the normal right kidney has been reported to 
range from 8.1 to 11 cm in length and 4 to 7 cm in width. 332 
Transrectally the left kidney has been reported to range in 
width from 4.5 to 7.5 cm in normal oattle. Transrectal length 
measurements of the left kidney were not reported, as it can¬ 
not be imaged in its entirety. 333 However, in the author's 
experience, normal bovine kidneys routinely measure up to 
16 to 18 cm in length. Normal bovine kidneys demonstrate 
a lobulated appearance with an indistinct corticomedullary 
junction. Renal parenchyma should be less echogenic than 
hepatic parenchyma. The renal sinus demonstrates a hypere- 
choic appearance because of the presence of the renal calyces, 
adipose tissue, and connective tissue. 332 - 333 

in small ruminants, renal size can vary greatly depending 
on the size of the animal. In sheep the right kidney ranges 
from 7.1 to 8.9 cm in length and 3.4 to 5.5 cm in width, 
and the left kidney from 7.2 to 9.2 cm in length and 3.5 
to 5.4 cm in width. 334 335 Small ruminants demonstrate 
smoothly marginated, oval kidneys. The renal capsule may 
be visible as a thin hyperechoic line. As in cattle, the renal 
parenchyma should be less echogenic than hepatic paren¬ 
chyma. In contrast to cattle, the corticomedullary junction 
is clearly distinguishable. The renal pelvis demonstrates a 
hyperechoic appearance because of the presence of renal 
calyces, adipose tissue, and connective tissue. 334 335 

ABNORMAL FINDINGS. Changes in size, shape, architec¬ 
ture, and echogenicity are nonspecific ultrasonographic 
abnormalities that can be seen in ruminants with acute or 
chronic renal failure, amyloidosis, nephritis, and pyelone¬ 
phritis. Abnormalities seen in patients with acute renal fail¬ 
ure include renal enlargement, thickening of the renal 
cortex, and perirenal edema (Fig. 32-72). In cases of chronic 
renal failure, the kidneys are often smaller than normal and 



FIG. 32-72 N Sonogram of the right kidney viewed from the right para¬ 
lumbar fossa region in a 12-year-old pygmy goat buck with acute renal fail¬ 
ure. Note the increased cortical echogenicity and thickness (arrows). 
Perirenal edema (arrowheads) is seen surrounding the kidney. This image 
was obtained with a 7.5-MHz curvilinear transducer at a depth of 8 cm. 



FIG. 32-73 II Sonogram of a small right nephrolith (arrows) viewed from 
the right paralumbar fossa region in a 3-year-old Nigerian Dwarf doe pre¬ 
sented because of abdominal pain. Note the strong shadow cast by the 
nephrolith No dilation of the renal pelvis is seen. This image was obtained 
with a 7.5-MHz curvilinear transducer at a depth of 8 cm. 

may be misshapen. Echogenic material can sometimes be 
seen within the ureters and renal calyces of cows with pyelo¬ 
nephritis. 336 Ultrasound-guided percutaneous biopsy is 
commonly required to distinguish the specific cause of dis¬ 
ease in patients with acute or chronic renal disease. 

Specific renal abnormalities include nephrolithiasis, 
hydronephrosis, cortical cysts, renal neoplasia, and renal 
abscessation. Nephroliths are round or irregularly shaped, 
hyperechoic structures within the renal sinus that cast 
strong acoustic shadows (Fig. 32-73). Associated dilation 
of the renal sinus or calyces may be seen with obstructive 
nephrolithiasis. Hydronephrosis is characterized by dilation 
of renal calyces with anechoic urine and may be seen with a 
postrenal obstruction (Fig. 32-74). Hydronephrosis is com¬ 
monly seen in small ruminants with obstructive urolithia¬ 
sis. Transrectal evaluation of the ureters and urinary 
bladder is indicated in bovine patients with hydronephrosis 



FIG. 32-74 II Sonogram of severe hydronephrosis of the left kidney 
viewed from the right paralumbar fossa region in a 10-year-old pygmy 
doe. This doe had a uterine mass that was compressing the left ureter Note 
the severe dilation of the renal pelvis (arrows). This image was obtained 
with a 7.5-MHz curvilinear transducer at a depth of 7 cm. 
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or obstructive nephrolithiasis to evaluate for the presence of 
ureteroliths or uroliths within the bladder. 

The ultrasonographic appearance of cystic renal disease in 
ruminants has not been reported; however, congenital renal 
cysts are relatively common in cattle, sheep, and goats and 
should be readily recognizable via abdominal ultra¬ 
sound. 337 * 339 Cortical cysts have been described in horses 
as thin-walled anechoic spheric structures seen within the 
renal cortex. 340 Single small cysts may be considered inciden¬ 
tal findings. 

Mass lesions within or obliterating the normal renal 
parenchyma can be seen with neoplasia or abscessation. Both 
renal abscessation and renal neoplasia are rare in rumi¬ 
nants. 337 ' 338 * 341 Renal abscesses may be distinguished from 
neoplasia based on their ultrasonographic appearance. Renal 
abscesses are usually encapsulated and contain anechoic to 
echogenic fluid. Ultrasound-guided percutaneous aspiration 
can be used to obtain a sample for cytology and culture and 
to facilitate drainage in affected animals. Ultrasound-guided 
biopsy is necessary to identify specific neoplastic processes. 

Urinary Bladder and Ureters 

NORMAL APPEARANCE. The urinary bladder is nor¬ 
mally imaged from the right or left caudoventral abdomen 
in small ruminants at a scanning depth of 5 to 14 cm and 
appears as an oval or spheric structure with a thin wall con¬ 
taining anechoic urine (Fig. 32-75, A). The size and shape 
of the urinary bladder are dependent on its distention at 
the time of examination. The urinary bladder is often not vis¬ 
ible transcutaneously in cows but can be evaluated transrec- 
tally along with the urethra and the distal portion of the 
right and left ureters. 333 342 343 The normal urethra is not 
visualized except at the onset of urination and appears as a 
thin anechoic line when distended with urine. 333 An attempt 
should be made to locate the ureters to the right and left of 
the urinary bladder at the trigone region. The ureters should 
then be followed cranially as far as they can be visualized. 

ABNORMAL FINDINGS. Abnormalities of the urinary 
bladder include distention secondary to obstruction, thicke¬ 
ning of the bladder (cystitis), cystic calculi, mass lesions, and 
rupture. Severe distention of the urinary bladder can be 


indicative of mechanical or functional obstruction. For this rea¬ 
son, transabdominal ultrasound examination is commonly 
used as a screening procedure for obstructive uropathy in small 
ruminants. 334 - 337 - 338 In affected animals the bladder will be 
markedly distended and may demonstrate multiple pinpoint 
echogenic or hyperechoic particles within the urine as well as 
cystic calculi. 334 Cystic calculi are seen within the bladder and 
can be hyperechoic or hypoechoic with a round or irregular 
shape. They may or may not cast strong shadows (Fig. 32-75, 
B). Mass lesions associated with the urinary bladder wall 
include neoplasia and hematoma that may be difficult to differ¬ 
entiate ultrasonograph ically. 

Urinary bladder rupture may occur secondary to obstruc¬ 
tive urolithiasis or trauma. Ultrasound examination reveals 
an increased amount of free anechoic fluid within the abdo¬ 
men. Definitive diagnosis can be made by comparing the 
concentration of creatinine in abdominal fluid to the serum 
concentration. 

Ureteroliths may be seen on transrectal ultrasound exam¬ 
ination in bovine patients and demonstrate the appearance 
of hyperechoic structures within the ureter that cast strong 
shadows. Marked ureteral dilation that appears as a tubular 
structure dilated with anechoic fluid is seen cranial to the 
ureterolith. 343 Thickening of the ureteral wall may occur 
secondary to inflammation. Ureteral rupture can occur sec¬ 
ondary to obstruction and results in accumulation of 
anechoic fluid within the retroperitoneal space. 329 

Liver 

NORMAL APPEARANCE (FIG. 32-76). The right liver 
lobe is imaged from the right sixth to twelfth intercostal 
spaces at a scanning depth of 6 to 14 cm in small ruminants 
and 20 to 30 cm in cattle and demonstrates a homogenous, 
echogenic appearance. The branching vasculature of the 
portal and hepatic veins can be seen in addition to fine vas¬ 
cular markings scattered throughout the hepatic paren¬ 
chyma. The liver parenchyma is normally more echogenic 
than renal parenchyma and less echogenic than splenic 
parenchyma. In contrast to horses, an anatomic window 
for direct comparison of the liver and spleen does not exist 
in ruminants. Subjective comparison between the spleen 



FIG. 32-75 II A, Sonogram of a normal urinary bladder viewed from the left inguinal region in a 2-vear-old pygmy goat cross doe. This image was obtained 
with a 4-MHz curvilinear transducer at a depth of 15 cm. B, Cystic calculi (arrows) in an 11-year-old pygmy doe with urolithiasis. This image was obtained in 
the left inguinal region with a 7.5-MHz curvilinear transducer at a depth of 5 cm. 
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FIG. 32-76 II A, Sonogram of normal liver viewed from the right tenth intercostal space in a 5-year-old Holstein dairy cow. This image was obtained with a 
2.5-MI Iz curvilinear transducer at a depth of 27 an. B, Sonogram of normal liver viewed from the right tenth intercostal space in a 12-year-old pygmy buck. 
This image was obtained with a 7.5-MHz curvilinear transducer at a depth of 10 cm. Dorsal is to the right and ventral is to the left. 


on the left side and the liver on the right side should be 
undertaken with caution because changes in image quality 
and machine settings may lead to a false assessment of 
echogenicity. Bile ducts are not normally visible ultrasono- 
graphically. The ventral borders of the liver are usually 
sharp or mildly rounded and extend near or beyond the 
costochondral junctions. The most accurate method of 
assessing hepatic size in cattle is to measure the thickness 
of the liver overlying the portal vein (normally 5.1 to 
14.1cm) and the caudal vena cava (normally 8.2 to 
15.4 cm). 344 Cows with high body condition scores and 
milk production will have larger livers than thin cows with 
decreased milk production. 334 * 345 The portal vein and cau¬ 
dal vena cava should also be assessed during the hepatic 
ultrasound examination. The portal vein is round and is 
commonly seen deep to the liver in the right eighth to 
twelfth intercostal spaces, ventral and lateral to the caudal 
vena cava. The caudal vena cava is usually seen only in the 
right eleventh and twelfth intercostal spaces, dorsal and 
deep to the portal vein. 345 * 348 

ABNORMAL FINDINGS. Nonspecific ultrasonographic 
abnormalities of the liver, including hepatomegaly, changes 
in echogenicity, and a decreased number of fine vascular 
markings, can be seen with hepatopathies from numerous 
causes including pyrrolizidine alkaloid toxicosis, 349 fatty 
liver disease, and diffuse infiltrative disease 350 (Fig. 32-77). 
Fatty liver disease, in particular, has been reported to result 
in an overall increase in hepatic echogenicity with decreased 
fine vascular markings. 350 Variable changes in echogenicity 
can also be seen during the parenchymal stage of fasciolia- 
sis. 351 Ultrasound-guided liver biopsies can be used to 
obtain a definitive diagnosis. 

Hypoechoic or hyperechoic mass lesions within the hepatic 
parenchyma may represent abscessation or neoplasia. Hepatic 
abscessation is common in cattle and can occur with numer¬ 
ous disease processes, including cholangitis, traumatic reticu- 
loperitonitis (TRP), or bacteremia secondary to rumenitis 
or omphalophlebitis. Hepatic abscesses demonstrate a vari¬ 
able appearance with a homogenous or mixed echogenicity, 
hyperechoic or hypoechoic contents, and a variable degree of 
encapsulation (Fig. 32-78). 345 * 352 * 353 The appearance of the 
abscess can change throughout the course of disease. Early 
abscesses may demonstrate a hypoechoic appearance without 



FIG. 32-77 II Sonogram of an abnormal liver demonstrating increased 
echogenicity and decreased fine vascular markings viewed from the right 
ninth intercostal space in a 4-year-old castrated male Nigerian Dwarf goat 
with hepatic lipidosis. This image was obtained with a 7.5-MHz curvilinear 
transducer at a depth of 8 cm. Dorsal is to the right and ventral is to the left. 


visible encapsulation. More chronic abscesses are usually well 
encapsulated with more echogenic contents. Gas ei±oes 
within the abscess are indicative of anaerobic infection. 
Ultrasound-guided percutaneous aspiration commonly yields 
fluid for culture and sensitivity. 345 * 352 * 353 Thrombosis of the 
caudal vena cava can occur secondary to hepatic abscessation. 
Affected cows show dilation of the caudal vena cava character¬ 
ized by a change in shape from triangular to oval or round. 
Dilation of the hepatic veins may also be seen. Thrombi are 
typically not visualized ultrasonographically because of their 
location deep within the abdomen or in the thorax 354 

Hepatic neoplasia is uncommonly reported in rumi¬ 
nants. 355 The ultrasonographic appearance of the liver is 
variable in these cases. The hepatic parenchyma may be dif¬ 
fusely affected, or discrete single or multiple masses may be 
seen. Metastatic lesions can be seen within the hepatic 
parenchyma or may distort the hepatic capsule along the 
serosal surface. 345 * 355 Ultrasound-guidance is recommended 
when obtaining percutaneous biopsies to avoid sampling 
unaffected parenchyma. 
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FIG. 32-78 II A, Hepatic abscess measuring 3.6 an x 2.2 cm (arrows) viewed from the right tenth intercostal space in a 4-year-old Holstein dairy cow with 
anorexia. This image was obtained with a 2.5-MRz curvilinear transducer at a depth of 20 cm. B, Small hepatic abscess (arrows) viewed from the right elev¬ 
enth intercostal space in an 8-month-old Angora kid with disseminated Rhodococms equi infection. This image was taken with a 13-MHz linear transducer at a 
depth of 3 cm. Dorsal is to the right and ventral is to the left. 


Ultrasound can be helpful to differentiate hepatocellular 
from obstructive cholestasis. 345 ' 356 * 357 Ruminants with obstruc¬ 
tive cholestasis will show changes consistent with extrahepatic 
or intrahepatic obstruction. Extrahepatic obstruction usually 
occurs at the level of the duodenal papilla. Ultrasonographic 
findings include dilation of the gall bladder with bile and 
echogenic sludge, dilation of the common bile duct, and 
dilation of the intrahepatic ducts (Fig. 32-79). Dilation of 
the intrahepatic ducts results in a "parallel channel sign" 
because intrahepatic ducts lie parallel to portal veins. The pres¬ 
ence of gas echoes within the bile ducts is consistent with 
anaerobic suppurative cholangitis. The ductal phase of fascio- 
liasis results in distention and tortuosity of the bile ducts. 351 



FIG. 32-79 II Dilated cystic duct (arrow) viewed from the right ventral 
abdomen in a 3-year-old Holstein dairy cow with extrahepatic cholestasis. 
Color Doppler confirms the absence of blood flow in the cystic duct. This 
image was obtained from the right ventral abdomen using a 4-MHz curvi¬ 
linear transducer at 21.5 cm. Dorsal is to the right and ventral is to the left. 


Occasionally, moving echogenic forms can be seen within 
these bile ducts in infected sheep. 351 Mineralization of indi¬ 
vidual bile ducts can be seen in cases of chronic fasdolia- 
sis. 345 * 357 Ruminants with hepatocellular cholestasis may 
show ultrasonographic changes consistent with infiltrative 
disease or hepatic congestion or may have a normal hepatic 
ultrasound examination. 

Gall Bladder 

NORMAL APPEARANCE (FIG. 32-80, A). The gall bladder 
is visualized deep to the liver in the right ninth to eleventh 
intercostal spaces and is a thin-walled, round or oval struc¬ 
ture filled with anechoic fluid that is usually visualized in 
only one or two intercostal spaces. However, ruminants 
with anorexia have no reflex stimulus for emptying the gall 
bladder. This creates a distended appearance without 
obstruction (Fig. 32-80, B). 347 The gall bladder is usually 
seen at a scanning depth of 6 to 10 cm in small ruminants 
and 12 to 18 cm in cattle. 

Abnormal Findings 

Abnormalities of the gall bladder include, biliary distention, 
wall thickening, sediment accumulation, or cholelithiasis. 
As mentioned earlier, it is important to differentiate gall 
bladder distention secondary to anorexia or fasting from 
distention secondary to cholestasis. Cholestatic obstruction 
is a serious condition that can lead to rupture if the obstruc¬ 
tion is not resolved. 358 Wall thickening may be secondary 
to edema or inflammation. Choleliths appear as discrete 
hyperechoic structures that cast strong shadows. Sediment, 
on the other hand, demonstrates an amorphous echo¬ 
genic to hyperechoic appearance and will have a dependent 
location (ventral in standing animals) within the gall blad¬ 
der (Fig. 32-80, C). Ultrasound-guided cholecystocentesis 
has been reported to be a valuable diagnostic technique 
in cases suspect for liver fluke infection (Fasciola hepatica, 
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FIG. 32-80 II A, Sonogram of a normal gall bladder viewed from the right tenth intercostal space in a 2-year-old Hampshire ram. This image was obtained 
with a 5.5-MI lz curvilinear transducer at a depth of 10 cm. B, Sonogram of a distended gall bladder viewed from the right tenth intercostal space in a 3-year- 
old Holstein dairy cow with anorexia. This image was obtained with a 3.5-MHz curvilinear transducer at a depth of 16 cm. C, Sonogram of gall bladder dis¬ 
tention with bile sediment viewed from the right twelfth intercostal space in a 12-year-old Pygmy buck. This image was obtained with a 7.5-MHz transducer 
at a depth of 10 cm. Dorsal is to the right and ventral is to the left. 


Dicrocoelium dendrilicum) 359 Transhepatic cholecystocent- 
esis is considered safer than transcutaneous aspiration as it 
decreases the likelihood of peritonitis secondary to bile 
leakage into the abdomen. 360 Bile examination for detec¬ 
tion of fluke eggs is superior to fecal examination because 
liver fluke eggs are stored in the gall bladder for weeks. 359 

Pancreas 

NORMAL APPEARANCE. Ultrasonographic imaging of 
the right lobe and body of the bovine pancreas has been 
reported in the literature. 361 The pancreas is visualized in 
the right paralumbar fossa region and the right eleventh 
and twelfth intercostal spaces ventral to the liver and right 
kidney. The left lobe cannot be visualized because of its 
deep location within the abdomen. The pancreas demon¬ 
strates a triangular shape and is isoechoic or slightly hyper- 
echoic to the adjacent liver. 361 

ABNORMAL FINDINGS. Ultrasonographic abnormalities 
of the ruminant pancreas have not been described; how¬ 
ever, changes in echogenicity secondary to pancreatitis and 
dilation of the accessory pancreatic duct secondary to 
masses or calculi have been reported in other species. 361 


Spleen 

NORMAL APPEARANCE (FIG. 32-81). The spleen is 
visualized in the left seventh to twelfth intercostal spaces 
between the rumen and body wall at the cranial extent of 
the rumen at a scanning depth of 6 to 14 cm in small rumi¬ 
nants and 16 to 28 cm in cattle. Splenic size is variable, and 
the spleen may extend to the ventral midline in normal 
cows. 362 The spleen demonstrates a homogenous appear¬ 
ance and appears more echogenic and less vascular than 
the liver. The splenic capsule appears as a thin hyperechoic 
line. 362 

ABNORMAL FINDINGS. Splenic abnormalities may 
include changes in echogenicity indicative of diffuse par- 
ynchemal disease or discrete masslike lesions consistent 
with neoplasia or abscessation. Suppurative splenitis or 
abscessation can occur secondary to septicemia or TRP 
(Fig. 32-82). 331 Splenic neoplasia has also been reported 
in ruminants. 362 Ultrasound-guided percutaneous aspira¬ 
tion or biopsy may provide definitive cytology, culture, or 
histopathologic diagnosis but should be undertaken with 
caution in compromised patients because of the risk of 
hemorrhage. 





FIG. 32-81 II A. Sonogram of normal spleen viewed from the left ninth intercostal space in a 12-year-old pygmy buck. Note that the spleen appears less 
vascular relative to normal liver. This image was obtained with a 7.5-MHz curvilinear transducer at a depth of 4 cm. B, Sonogram of normal spleen viewed 
from the left tenth intercostal space in a 4-year-old Holstein dairy cow. This image was obtained with a 2.5-MHz curvilinear transducer at a depth of 16 cm. 
Dorsal is to the right and ventral is to the left. 




FIG. 32-82 II Sonograms of severe diffuse splenitis viewed from the left twelfth intercostal space in an 8-month-old Angora kid with disseminated Rhodo- 
coccus equi infection. A. Note the diffusely mottled appearance of the spleen. This image was obtained with a 7.5-MHz curvilinear transducer at a depth of 
6 cm. B, This image illustrates the importance of evaluating superficial structures with the highest-frequency transducer available. Note the superior anatomic 
detail in this image obtained with a 13-MHz linear transducer at a depth of 4 cm. Dorsal is to the right and ventral is to the left. 


Reticulum 

NORMAL APPEARANCE (FIG. 32-83, A). The reticulum 
is seen in the cranioventral abdomen and both the left 
and right sixth and seventh intercostal spaces ventral to 
the spleen and cranial to the rumen at a scanning depth 
of 4 to 8 cm in small ruminants and 10 to 14 cm in cattle. 
The reticulum should be evaluated during the examination 
for normal biphasic contractions, which should occur 
approximately once per minute. The reticulum contracts 


approximately 5 to 10 cm away from the abdominal wall 
during the first phase of contraction and more than 
17 cm away during the second phase of contraction. 363 
When in a relaxed state the reticulum appears as a semicir¬ 
cular structure immediately adjacent to the ventral abdom¬ 
inal wall. Reticular contents cannot normally be visualized 
because of their gaseous composition. The honeycomb 
appearance of the reticular mucosa is not commonly dis¬ 
tinguishable ultrasonographically. 







FIG. 32-83 II A. Sonogram of normal reticulum viewed from the left cranioventral abdomen in a 5-year old Holstein dairy cow. This image was obtained 
with a 3.5-MHz curvilinear transducer at a depth of 14 cm. B, Sonogram of a small reticular abscess (arrows) viewed from the left seventh intercostal space in 
an 8-year-old Charolais beef cow suspected of having traumatic reticuloperitonitis. A small wire was seen within the reticulum on abdominal radiographs. 
This image was obtained with a 5.5-MHz curvilinear transducer at a depth of 12 cm. Dorsal is to the right and ventral is to the left. 


ABNORMAL FINDINGS. Reticular abnormalities are pri¬ 
marily associated with TRP. Reticular abscesses caused by 
TRP can be seen between the reticulum and body wall, 
spleen, diaphragm, or liver. 364 These abscesses are usually 
well encapsulated with an echogenic capsule and may 
contain anechoic to echogenic contents (Fig. 32-83, B). 
Abscesses adjacent to the body wall can be incised and 
drained transcutaneously with ultrasound guidance. 364 Other 
abnormalities associated with TRP include changes in the con¬ 
tour of the reticulum, echogenic fibrinous deposits on the 
reticular serosa, nonencapsulated fibrinous exudate between 
the reticulum and body wall, and adhesions between the 
reticulum and the peritoneum or adjacent organs. 331364 365 
Reticular contractions are often absent, reduced, or indistinct 
in affected animals and can be an indication of adhesions 
between the reticulum and body wall. The causative foreign 


bodies are rarely identified ultrasonographically because 
of the gaseous composition of reticular contents and are 
better assessed via radiography. 331365 Reticular hyper- 
motility has been described in cows with reticuloomasal 
obstruction. 366 

Rumen 

NORMAL APPEARANCE (FIG. 32-84, A). The rumen nor¬ 
mally occupies the entire left paralumbar fossa region, the 
left eighth to twelfth intercostal spaces, and the left caudo- 
ventral abdomen and is seen directly adjacent to the body 
wall. The ruminal wall is seen as a smooth, thin hypoechoic 
line. Hyperechoic gas within the rumen creates a hyper- 
echoic line immediately adjacent to the wall. Ruminal con¬ 
tents are not commonly visualized because of their gaseous 



FIG. 32-84 II A. Sonogram of normal rumen viewed from the left paralumbar fossa region in a 5-year-old Holstein dairy cow. This image was obtained 
with a 2.5-MHz curvilinear transducer at a depth of 9 cm. B, Sonogram of severely thickened ruminal wall measuring 14.9 mm (arrows) viewed from the left 
paralumbar fossa region in a 12-year-old pygmy buck that recently underwent rumenotomy. This image was obtained with a 7.5-MHz curvilinear transducer 
at a depth of 4 cm. Dorsal is to the right and ventral is to the left. 
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composition. The wall of the craniodorsal blind sac, the 
ventral sac of the rumen, and the ruminoreticular groove 
are seen immediately caudal to the reticulum in the cranio- 
ventral left intercostal spaces. 331 Contraction of the cranio¬ 
dorsal blind sac of the rumen is commonly seen after the 
second reticular contraction. 331 

ABNORMAL FINDINGS. Thickening of the ruminal wall 
may be seen in cases of ruminitis or secondary to ruminotomy 
or ruminal trocarization (Fig. 32-84, B). Abcesses between the 
rumen and the left body wall may also develop secondary to 
surgical procedures performed in the left flank region. 367 Such 
abscesses are usually well encapsulated and contain anechoic 
to echogenic contents. Echogenic strands of fibrin or fibrinous 
deposits may be found in association with the abscess. Loca¬ 
lized or generalized peritonitis may also occur secondary to 
abscessation. Abscesses adjacent to the body wall can be aspi¬ 
rated via ultrasound guidance for cytology and culture. 

Omasum 

NORMAL APPEARANCE. The omasum is seen adjacent 
to the body wall in the right cranioventral intercostal 
spaces. Although fairly similar to the reticulum in appear¬ 
ance, the omasum can be differentiated by an increased 
wall thickness. 331 Omasal contents are seldom visualized 
because of their gaseous nature. 

ABNORMAL FINDINGS. Ultrasonographic abnormalities 
of the omasum are uncommon and have not been reported 
in the literature. 

Abomasum 

NORMAL APPEARANCE (FIG. 32-85, A). The abomasum 
is normally visualized in the cranioventral abdomen along 
ventral midline and in both the right and left paramedian 
regions caudal to the xiphoid process. In general, the 
abomasum is situated more to the right of the ventral mid¬ 
line. The abomasum can be distinctly identified because of 
its visible fluid contents, which demonstrate a heteroge¬ 
neous anechoic to echogenic appearance. The abomasal 
wall appears as a thin hyperechoic line. Abomasal folds 


are sometimes visible. Passive movement of the abomasum 
is seen during reticular contractions; however, abomasal 
contractions are usually not seen. The pyloms is rarely 
identified. 368 

ABNORMAL FINDINGS. Reported ultrasonographic 
abnormalities of the abomasum in cattle include left and 
right abomasal displacement and functional or mechanical 
pyloric stenosis. 329331 In cattle with left abomasal displace¬ 
ment, the rumen is seen adjacent to the body wall ventrally; 
however, the abomasum is imaged between the rumen and 
the left body wall dorsally. The mmen is displaced medially 
at this level, deep to the abomasum. Fluid and ingesta are vis¬ 
ible ventrally within the abomasum, and a gas cap is visible 
dorsally. 369 With right abomasal displacement, the aboma¬ 
sum is imaged adjacent to the right body wall in the right 
intercostal spaces. In this case the liver is displaced medially, 
deep to the abomasum, and cannot be seen. Similar to left 
dorsal displacement, fluid and ingesta contents are visible 
in the ventral aspect of the abomasum, and a gas cap is 
visible dorsally. 329331 In cases of pyloric stenosis, the aboma¬ 
sum is dilated but not displaced (Fig. 32-85, B). 331 No gas 
accumulation is seen, and the abomasal contents demon¬ 
strate an anechoic or hypoechoic, fluid appearance. If the 
abomasal distention is a result of delayed abomasal emptying 
secondary to ileus, distended, amotile loops of small intes¬ 
tine will be visible in the right ventral abdomen. 331 

Small Intestine 

NORMAL APPEARANCE (FIG. 32-86, A). The descending 
duodenum is visualized from the right tenth intercostal 
space caudally to the right paralumbar fossa region. The 
ascending duodenum cannot be visualized because of its 
location deep within the abdomen. The cranial duodenum 
may be seen deep or ventral to the gall bladder in the right 
tenth or eleventh intercostal space. The descending duode¬ 
num is then visible deep to the liver in the right eleventh 
and twelfth intercostal spaces and becomes progressively 
superficial as it courses caudodorsally such that it is seen 
adjacent to the body wall in the right paralumbar fossa 
region. Duodenal contents are often visible and consist of 



FIG. 32-85 H A, Sonogram of normal abomasum viewed from the right cranioventral abdomen in a 5-year-old Holstein dairy cow. This image was 
obtained with a 2.5-MHz curvilinear transducer at a depth of 9 cm. Note that abomasal contents are visible. B, Sonogram of severe abomasal distention 
viewed from the right ventral paralumbar fossa region in an 8-year-old pygmy doe with severe bloat. Postmortem examination revealed marked pyloric ste¬ 
nosis. This image was obtained with a 7.5-MHz curvilinear transducer at a depth of 9 cm. Dorsal is to the right and ventral is to the left. 
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FIG. 32-86 II A. Sonogram of normal small intestine viewed from the right paralumbar fossa region in a 5-year-old Nubian buck. This small intestine 
demonstrated normal consistent motility. This image was obtained with a 7.5-MHz curvilinear transducer at a depth of 7 cm. B, Moderate small intestinal 
distention viewed from the right ventral abdomen in a 2-month-old Holstein heifer calf with clostridial enteritis. This image was obtained with a 7.5- 
MHz curvilinear transducer at a depth of 5 cm. 


a fluid, feed, and/or mucous mixture with mixed echogeni¬ 
city. Occasionally, gaseous contents are seen within the 
duodenum. The descending duodenum can be differen¬ 
tiated from jejunum and ileum by its anatomic location 
within the abdomen. 

The jejunum and ileum cannot be differentiated from one 
another in adult cattle and are usually seen in the right caudal 
intercostal spaces, right paralumbar fossa region, and right 
caudoventral abdomen. Loops of jejunum and ileum demon¬ 
strate a similar appearance to the duodenum, with anechoic 
to echogenic fluid and feed contents. Gaseous contents may 
also occasionally be seen in the jejunum and ileum. Loops 
may be seen both longitudinally and transversely and dem¬ 
onstrate consistent, active motility. The wall thickness of nor¬ 
mal small intestine is 2 to 3 mm, and the normal diameter 
ranges from 2 to 4 cm in adult cattle. 370 

ABNORMAL FINDINGS. Motility, distention, and wall 
thickness are the most important variables for evaluating small 
intestinal abnormalities via ultrasound. Ultrasonographic 
evidence of ileus, characterized by distended, hypomotile 
to amotile loops of small intestine, can be seen in patients 
with functional ileus, obstruction, strangulation or incarcera¬ 
tion, volvulus, intussusception, and impaction of the small 
intestine. Small intestinal obstruction may be intraluminal, 
caused by foreign body, bezoar, impaction, or intraluminal 
mass or clot formation (hemorrhagic bowel syndrome 
|HBS|). 329 ' 331 ' 370 ' 371 The ventral abdomen should be carefully 
evaluated in patients suspected of having small intestinal 
obstruction because affected small intestine is heavier than nor¬ 
mal and falls to the most dependent portion of the abdomen. 
Distended small intestine demonstrates the appearance of a 
static tubular structure filled with anechoic to echogenic fluid 
(Fig. 32-86, B). Small intestinal intussusceptions demonstrate 
a characteristic appearance often described as a ''target sign" 
or "bull's eye" created by a loop of bowel imaged within a sec¬ 
ond loop. 371 Extraluminal causes of small intestinal obstruc¬ 
tion include compression from adjacent structures such as 
intraabdominal abscesses or masses or entrapment, which 
can occur secondary to adhesion formation, rents in the mesen¬ 
tery, extramural masses, or malposition of other abdominal 


organs. 372 Regardless of cause, small intestinal distention will 
be seen oral to the obstruction. Small intestinal thickening 
may also be seen oral to the obstruction owing to secondary 
hypertrophy. Fluid and feed contents may be seen flowing back 
and forth with little to no progressive motility. This movement 
should not be confused with normal peristalsis. Small intestine 
aboral to the obstruction may appear collapsed and hypomo¬ 
tile. Despite thorough evaluation of the ventral abdomen, the 
specific cause of ileus may be obscured by the presence of gas- 
filled bowel or may be too deep within the abdomen to be 
imaged. 371 

Cecum and Colon 

NORMAL APPEARANCE. The cecum is normally 
imaged in the mid to dorsal portion of the right paralum¬ 
bar fossa region adjacent to the body wall and demon¬ 
strates a smooth, curved appearance. Estimates of the 
diameter of the cecum vary depending on the amount 
of gas distention present at the time of examination and 
have been reported to range from 5.2 to 18 cm in normal 
cattle. 373 The proximal loop of the colon and spiral colon 
can be visualized dorsal to the cecum in the right para¬ 
lumbar fossa region and the right twelfth intercostal 
space. The spiral colon has been described as demonstrat¬ 
ing a "garland" appearance with segmental arched lines 
adjacent to one another. 373 Estimation of the diameter 
of the proximal loop of the colon also varies dependent 
on gas distention and has been reported to range from 
3.1 to 15 cm. The diameter of the spiral colon is smaller, 
ranging from 2 to 4 cm. The proximal loop of the colon 
and spiral colon may be difficult to distinguish from 
gas-filled small intestine; however, the proximal loop 
and spiral colon seldom demonstrate visible motility or 
contractions. 373 

ABNORMAL FINDINGS. The diagnosis of cecal dilation 
is commonly made via rectal palpation but may be more 
challenging in cases in which dilation of the cecum 
is not palpable because of retroflexion. 374 In cows with 
cecal dilation, the cecum demonstrates a large radius of 
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FIG. 32-87 R A, Sonogram of an enlarged uterine hom distended with echogenic fluid in a 5-year-old Holstein dairy cow with metritis. This cow had a 
history of aborting twins 4 days before presentation. Note the associated thickening of the uterine wall (arrows). This image was obtained transabdominally 
in the right inguinal region with a 3.5-MHz curvilinear transducer at a depth of 18 cm. B, Sonogram of an enlarged uterine hom distended with relatively 
anechoic fluid in a 6-year-old Shetland ewe with hydrometra (pseudopregnancy). This ewe was reported to be 3 months pregnant This image was obtained 
in the left flank region with a 7.5-MHz transducer at a depth of 9 cm. 


curvature and is seen to extend to the ventral portion of 
the right paralumbar fossa region and sometimes cranially 
into the right tenth to twelfth intercostal spaces. The prox¬ 
imal loop of the colon will also be dilated in and can be 
difficult to differentiate from the cecum. The liver may 
be displaced cranially in cows with severe cecal dilation. 
Torsion and retroflexion cannot be differentiated by ultra¬ 
sonographic examination alone but may be diagnosed 
with a combination of rectal examination and ultrasono¬ 
graphic findings. 374 

Nongravid or Postpartum Uterus 

Abnormalities of the uterus may be encountered during 
transabdominal ultrasound examination in ruminants and 
will be briefly addressed in the following sections. Evalua¬ 
tion of the gravid uterus and pregnancy diagnosis and mon¬ 
itoring are beyond the scope of this section. 

NORMAL APPEARANCE. The normal nongravid uterus 
is seldom visualized during transabdominal ultrasound 
examination in ruminants. However, the involuting uterus 
may be encountered in females that have recently given 
birth. 375 Transrectal ultrasound is the method of choice to 
evaluate the bovine uterus. 376 However, abnormalities of 
the bovine and small ruminant uterus can be identified dur¬ 
ing transabdominal examination. 

ABNORMAL FINDINGS. Abnormalities of the nongra¬ 
vid or postpartum uterus include metritis, pyometra, 
hydrometra, and uterine neoplasia. In ruminants with 
metritis or pyometra, the uterus is variably distended 
with fluid. This fluid may be relatively anechoic, echo¬ 
genic, or hyperechoic depending on the nature of the 
debris and inflammatory material within the uterus 375 ' 378 
(Fig. 32-87, A). Hyperechoic gas echoes can be seen within 
the uterine fluid in cases of anaerobic or mixed infection. 
The uterine wall may also be thickened. Hydrometra, or 
pseudopregnancy, is most commonly reported in goats 
and is readily diagnosed via ultrasound. 375 * 379 ' 380 The 
uterus appears distended with anechoic fluid in the 
absence of fetuses or placentomes. The dilated uterine 


horns may be curved or tortuous such that several cross- 
sections of the horn may be seen in any given scanning 
plane (Fig. 32-87, B). 375 It should be mentioned that small 
pockets of fluid may be seen in the normal involuting 
bovine uterus for up to 4 weeks postpartum. 376 381 

Uterine neoplasia is uncommonly reported in ruminants, 
but leiomyosarcomas, leiomyomas, carcinomas, chorione- 
pitheliomas, fibrosarcomas, rhabdomyosarcomas, adenosar- 
comas, and multicentric lymphoma have been found. 382 ' 383 
Mass lesions visualized within the uterine wall or lumen 
are consistent with neoplasia. Masses may be single or 
multiple with variable echogenicity (Fig. 32-88). Diffuse 



FIG. 32-88 D Sonogram of a large uterine mass viewed from the right 
ventral abdomen in an 11-year-old pygmy doe diagnosed with uterine ade¬ 
nocarcinoma postmortem This image was obtained with a 7.5-MHz curvi¬ 
linear transducer at a depth of 10 cm. 
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infiltration of the uterine wall has been reported in cases of 
lymphoma. 382 * 383 

Peritoneal Cavity 

NORMAL APPEARANCE. The peritoneal lining can be 
seen as a very thin, smooth hyperechoic line adjacent to 
the body wall. Minimal free abdominal fluid is seen within 
the peritoneal cavity. Retroperitoneal adipose tissue appears 
as a hypoechoic layer of varying thickness between the body 
wall and abdominal viscera and should not be misinter¬ 
preted as cellular peritoneal effusion. Adipose tissue may 
also be seen within the omentum and mesentery, demon¬ 
strating a similar appearance betweefi or among the gastro¬ 
intestinal viscera. This omental and mesenteric adipose 
tissue can often demonstrate an organized appearance with 
visible fine vasculature that can be mistaken for liver, espe¬ 
cially in small ruminants. 

ABNORMAL FINDINGS. Peritoneal fluid is readily iden¬ 
tified on ultrasound as anechoic to echogenic fluid between 
the body wall and abdominal organs (Fig. 32-89). In cases 
of severe effusion, the abdominal organs and viscera appear 
to float within the free fluid. Fibrin deposits are commonly 
seen in ruminants with inflammatory peritoneal effusion 
and appear as linear strands extending between organs or 
between peritoneal surfaces and serosal surfaces of abdomi¬ 
nal organs (Fig. 32-90). 329 367 Fibrin can also demonstrate a 
"shag carpet" appearance along the peritoneal and/or sero¬ 
sal surface. Localized peritonitis may also be seen and 
has been reported in cows secondary to left flank laparot¬ 
omy. 367 Hemoabdomen appears as hypoechoic cellular- 
appearing fluid that swirls with ballottement, peristalsis, 
or respiration. (Fig. 32-91) 

Other abnormalities of the peritoneal cavity include 
mesenteric abscessation, mesenteric lymph adenopathy, and 
neoplasia. Intraabdominal abscessation may be identified 
within the mesentery or associated with abdominal inci¬ 
sions. Abscesses are generally well encapsulated with 
anechoic to echogenic contents. Enlarged mesenteric lymph 
nodes can be seen within the small intestinal mesentery 
and are a nonspecific finding that has been seen by the 



FIG. 32-89 II Sonogram of mild peritoneal effusion (arrows) seen 
between several loops of normal small intestine and the ventral body wall 
viewed from the right ventral abdomen in a 2-year-old Hampton cross 
ram. This image was obtained with an 8.5-MHz curvilinear transducer at a 
depth of 7 cm. 


author in cases of abdominal disease from numerous causes 
(Fig. 32-92). Ruminants with neoplasia may demonstrate 
severe peritoneal effusion, most notably in cases of mesothe¬ 
lioma. 384 * 385 In cases of mesothelioma, multiple echogenic 
nodules are seen overlying the serosal surfaces of the perito¬ 
neum and abdominal organs (Fig. 32-93). Nodules can also 
be seen in the omentum. 384 * 385 



FIG. 32-90 II Sonogram of severe fibrinous peritonitis thought to be 
secondary to an intestinal rent viewed from the right paralumbar fossa 
region in a 3-year-old Holstein dairy cow. Note the hyperechoic fibrin 
strands creating a weblike appearance within the peritoneal cavity. This 
image was obtained with a 5-MHz curvilinear transducer at a depth of 
27 cm. 



FIG. 32-91 II Sonogram of severe hemoabdomen viewed from the right 
cranioventral abdomen in a 2-year-old Shorthorn heifer with metastatic 
granulosa cell tumor. Note the very cellular appearance to the fluid within 
the peritoneal cavity. The liver is displaced from the body wall and appears 
to float in the effusion. This image was obtained with a 2.5-MHz curvilinear 
transducer at a depth of 27 cm. 
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FIG. 32*92 II Sonogram of an enlarged mesenteric lymph node viewed 
from the left ventral abdomen in an 8-month-old Angora kid with 
disseminated Rhodococcus equi infection. This image was obtained with a 
7.5-MHz curvilinear transducer at a depth of 5 cm. 



FIG. 32-93 II Sonogram of multiple peritoneal masses (arrows) between 
the rumen and body wall viewed from the left paralumbar fossa region in 
a 10-year-old pygmy doe with mesothelioma. This image was obtained with 
an 8.5-MHz curvilinear transducer at a depth of 6 cm. Dorsal is to the right 
and ventral is to the left. 


INDIGESTION I N RUMINANTS 

FRANKLYN GARRY 

CRAIG McCONNEL 

II Definition and Etiology. Indigestion is a general term for 
a group of diseases characterized by dysfunction of the re- 
ticulorumen. Some texts have limited the use of the term to 
a single, poorly defined entity that includes inappetence, 
decreased reticuloruminal motility, and abnormal feces, with 
a nonspecific cause that involves intake of abnormal feed. 

The more generalized term applied here incorporates 
a pathophysiologic classification scheme of forestomach 


BOX 32- 


Classification of Ruminant Indigestion 


PRIMARY INDIGESTIONS 

Reticuloruminal Motor Disorders or Diseases of the 
Ruminal Wall 

Traumatic reticuloperitonitis (p. 849) 

Frothy bloat (p. 855) 

Free gas bloat (p. 821) 

Reticulitis or rumenitis (p. 822) 

Ruminal parakeratosis (p. 822) 

Vagal indigestion (failure of omasal transport, failure of 
pyloric outflow, and free gas bloat) (p. 822) 

Obstruction of the cardia (p. 825) 

Obstruction of the reticuloomasal orifice (p. 825) 
Diaphragmatic hernia (p. 825) 

Reticuloruminal Fermentative (Microbial and 
Biochemical) Disorders 

Inactivity of ruminal microbial flora (caused by poor quality 
roughage—ruminal impaction) (p. 827) 

Simple indigestion (p. 827) 

Acute ruminal lactic acidosis (p. 828) 

Subacute ruminal acidosis (p. 829) 

Ruminal alkalosis (p. 830) 

Putrefaction of ruminal ingesta (p. 830) 

SECONDARY INDIGESTIONS (SECONDARY TO 
SYSTEMIC ILLNESS) 

Secondary reticuloruminal motor inactivity 
Secondary reticuloruminal microflora inactivity 
Abomasal reflux 


disturbances that has been devised by workers in Germany. 386 
An absolute division of the pathologic processes is impossible 
because the various forestomach frmctions are interdepen¬ 
dent; that is, abnormal motor function affects microbial 
fermentation by altered mixing or passage of ruminal fluid 
out of the forestomach chambers, whereas abnormal fermen¬ 
tation products secondarily alter motor function. Neverthe¬ 
less, this classification provides a clinically useful diagnostic 
framework by emphasizing the underlying pathophysiologic 
mechanisms of different forestomach disturbances. 

The primary indigestions include those diseases in which 
the reticulorumen is directly affected and responsible for the 
major disease signs (Box 32-5). These problems can be 
divided into two categories: 

1. Abnormal motor function of the reticulorumen, 
including disease of the reticuloruminal wall, its 
innervation, or impedance to the passage of ingesta 

2. Abnormal contents of the reticulorumen, with dys¬ 
function of microbial and biochemical fermentation 

Secondary indigestions are the sequelae of systemic prob¬ 
lems or disease in other organ systems. For example, problems 
such as endotoxemia, fever, or depression can produce 
anorexia, secondary ruminal hypomotility, and decreased 
microbial fermentative function. Primary abomasal disease 
can depress ruminal function, inhibit mminal outflow, and 
reflux abomasal contents back into the rumen. 

With the exception of penetrating foreign bodies and 
sporadic infections of the forestomach wall (e.g., actinomy¬ 
cosis, mucormycosis), indigestions are physiologic abnor¬ 
malities. In the adult ruminant one or more of the 
homeostatic processes of the fermentative environment are 
disturbed (e g., an excessive carbohydrate intake generates 
an excessive amount of acid product; abnormal neural regu¬ 
lation of the ruminal motility pattern disturbs the mixing or 
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aboral passage of ingesta). In the young ruminant the fore- 
stomachs are actively developing, and indigestions can 
result from disturbances of the developmental mechanisms. 
The forestomach diseases of young ruminants generally 
have received little attention, but they can be recognized 
and appropriately treated within a classification scheme 
similar to that for adult ruminants. 387 

Pathophysiology. Digestion of feedstuffs in the reticu- 
lorumen is accomplished by microbial fermentation. The 
mucosal epithelium absorbs and exchanges products of fer 
mentation but performs essentially no secretory function. 
Appropriate forestomach fermentation depends on the 
coordination of processes that provide a fairly constant reti- 
culoruminal environment. Fhe requirements include addi¬ 
tion of appropriate amounts and types of feed substrate 
and water by ingestion; buffering of substances from the 
saliva to counteract the acid nature of fermentation pro¬ 
ducts; eructation of the gaseous products of fermentation; 
coordination of reticuloruminal motility to provide mixing; 
rumination and remastication; aborad passage of ingesta; 
temperature maintenance; and exchanges of electrolytes 
and VFAs across the ruminal wall. Because these functions 
are intimately interrelated, abnormalities of any one of 
them can lead to digestive disturbances. 

DISORDERS OF RETICULORUMINAL 
MOTOR FUNCTION 

Normal Motor Activity 

The two reticuloruminal contraction sequences function 
independently. The primary cycle of contraction occurs 
approximately once a minute but more often during feeding 
and rumination. It consists of a biphasic contraction of the 
reticulum followed by a contraction that runs caudally 
across first the dorsal and then the ventral ruminal sacs. At 
the height of the second reticular contraction the omasal 
orifice relaxes, and fluid, mostly composed of reticular 
ingesta, passes into the omasum. This reticuloruminal 
motility pattern directly influences ruminal fermentation 
by mechanically mixing the ingesta to provide contact with 
the microbes and to macerate the particulate matter. The 
mixing function prevents local accumulations of substrate 
or end products of fermentation, distributes the buffering 
saliva for neutralization of acids, and provides increased 
contact of the fluid with the ruminal wall to promote VFA 
absorption. Ilie coordinated sequence of contraction of var¬ 
ious parts of the ruminal wall maintains a stratification of 
fluid and particulate matter that selectively sorts the ingesta 
by particle size. ITie sorting function serves to retain large 
particles for further digestive breakdown while promoting 
passage of small panicles (smaller than 6 mm) into the 
omasum and lower gastrointestinal tract. 388 * 391 

The secondary contraction cycle does not involve the retic¬ 
ulum. It begins in the caudal blind sacs, and a wave of contrac¬ 
tion runs cranially across the dorsal rumen, pushing the gas 
cap into the cardia region. Eructation ensues, eliminating the 
gases generated by fermentation. Typically one secondary 
cycle contraction follows two primary cycles, so that three 
contractions occur every 2 minutes. 389 * 391 Two additional spe¬ 
cial contractions have been identified in sheep: primary-sec¬ 
ondary contractions and prosecondary contractions. 392 * 393 
These contractions appear when intraruminal pressure 
becomes elevated and function as secondary contractions by 
expelling ruminal gas. The primary-secondary and prosecond¬ 
ary contractions appear to help minimize free gas bloat when 
gas production is high. 


Maintenance of the motility patterns requires well-coor¬ 
dinated neural control. The pathophysiologic mechanism 
of the first group of primary indigestions (i.e., diseases of 
the reticuloruminal motor function) involves disturbance 
of the mechanisms of normal ruminal motility, which sec¬ 
ondarily affects ruminal fermentation. 

The ruminal contraction sequences described rely almost 
completely on motor nerve activation arising from the 
medulla oblongata, in contrast to the intrinsic segmental 
and peristaltic movements of the intestine. Gastric centers 
in the medulla integrate sensory input and generate motor 
impulses, both of which are carried in the vagus nerves. 
The gastric centers have neither spontaneous activity nor 
an inherent rhythm. Generation of motor impulses relies 
on a greater excitatory than inhibitory input from the sen¬ 
sory nerves to determine the rate, magnitude, and duration 
of primary cycle contractions. During the quiescent period 
between the primary contractions, while the medulla col- 
leas the sensory information, there are no tonic vagal 
motor impulses. 394 400 

The splanchnic nerves also affea reticuloruminal motil¬ 
ity by direct innervation and by neurohumoral effects of 
adrenal secretion. These nerves are not required for genera¬ 
tion of normal contractions. The effea of splanchnic stimu¬ 
lation is inhibition of reticuloruminal motility. Splanchnic 
sensory nerves innervate sensory receptors in other areas 
of the gastrointestinal system, and some abnormalities such 
as intestinal distention or surgical manipulation produce 
reticuloruminal inhibition by means of reflex from splanch¬ 
nic afferent activity. 390 - 398 401 

Primary Cycle Activity 

A decrease or absence of normal primary cycle activity (i.e., 
ruminal hypomotility or stasis) implies either a decrease of 
vagal motor discharges originating from the gastric centers 
or an ineffective motor response after motor impulse, as 
in cases of hypocalcemia. Causes of decreased motor dis¬ 
charges can include the following: 

1. Decreased excitatory input to the gastric centers 

2. Increased inhibitory input to the gastric centers 

3. Depression of the gastric centers 

4. Defective vagal transmission of motor impulses 

5. Other faaors 

DECREASED EXCITATORY INPUT The three most 
important excitatory inputs to the gastric centers are from 
(1) low-threshold tension receptors in the reticulum, (2) 
buccal receptors in the mouth, and (3) acid receptors in 
the abomasum (Table 32-11). The tension receptors are 
located in the musculature of the medial wall of the reticu¬ 
lum. They are stimulated by mild distention during the rest¬ 
ing phase and thereby influence contraction frequency. 
Ihey are further stimulated by the tension generated during 
contraaion and thus increase amplitude and duration of 
the primary cycle contraaion. This mechanism is probably 
responsible for the increased motility seen after feeding or 
during incipient bloat. Any cause of anorexia leading to 
decreased ruminal fill decreases this excitatory input, 
leading to ruminal hypomotility. Feeding mechanically sti¬ 
mulates buccal sensory receptors, providing a potent stimu¬ 
lus to both primary and secondary contraaion cycles. This 
reflex can double the rate of primary contractions but is 
short-lived and declines as soon as chewing activity ceases. 
Fherefore anorexia effeaively eliminates this potent excit¬ 
atory input. Abomasal acidity increases as the abomasum 
empties, and this, too, provides excitatory input to the gas¬ 
tric centers. The resultant increased reticuloruminal motility 
leads to increased flow of ingesta to the abomasum, diluting 
the abomasal acid and maintaining normal filling of the 
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TABLE 32-1 I 


Factors Influencing Vagal Motor Discharge from the Gastric Centers of the Medulla* 

1 Input 

Location 

Stimulus 

EXCITATION OF THE GASTRIC CENTERS (CAUSES INCREASED RUMINAL MOTILITY) 

Low-threshold tension receptors 

Reticulum, medial wall 

Mild distention, and tension generated during 
contraaions 

Buccal receptors 

Mouth 

Feeding (only during chewing) 

Acid receptors 

Abomasum 

Inaeased acidity as abomasum empties 

Tension receptors* 

Medial wall of cranial ruminal sac 

Increased ruminal gas pressure 

INHIBITION OF THE GASTRIC CENTERS (CAUSES DECREASED RUMINAL MOTILITY) 

High-threshold tension receptors 

* Reticulum and aanial ruminal sac 

Bloat or other severe ruminal distention 

Tension receptors 

Abomasum 

Abomasal distention 

Chemical receptors 

Reticulum, rumen 

Increased concentration of undissociated volatile fatty 
add with ruminal acidosis; also locally activated by 
some toxins 

Pain receptors in body inaease 
sympathetic tone and adrenal 
seaetory activity 

Anywhere in body; can aa directly 
and through medullary gastric 
centers 

Pain, espedally abdominal 

Gastric centers 

Medulla 

Anesthesia, depressant drugs, toxins, endotoxins, fever, 
addosis 

Hypocalcemia 

Reticuloruminal smooth muscle 

Hypocalcemia 


•There is no inherent reticuloruminal motility such as that found in the intestines. 
f Secondary cycle activity; independent of primary cycle activity. 


abomasum. Certain types of abomasal disease diminish this 
stimulus to forestomach motility. 396 ' 398 402 

Less well-defined stimuli of reticuloruminal motility 
include the physical and chemical characteristies of the 
ruminal ingesta. Fiber and water content, as well as the nor¬ 
mal chemical products of fermentation, are important for 
normal ruminal contraction. The exact mechanisms by 
which these factors enhance ruminal motility have not yet 
been clearly defined, but low levels of any of these ingesta 
characteristics impair normal function, causing decreases 
of both rumination and primary cycle activity. That these 
excitatory stimuli are decreased or absent under some feed¬ 
ing regimens and with some of the diseases attributable to 
abnormal fermentation may account for the impression of 
hypomotility observed clinically. 396 ' 403 404 

INCREASED INHIBITORY INPUT. Inhibitory inputs to 
the gastric center arise from (1) high-threshold tension 
receptors in the reticulum and cranial ruminal sac, (2) ten¬ 
sion receptors in the abomasum, (3) epithelial receptors 
that detea high concentrations of nondissociated VFAs in 
the rumen, and (4) pain elicited at any site in the body 
(see Table 32-11). The high-threshold tension receptors are 
sensory nerve endings below the epithelial basement mem¬ 
brane of the reticulum and cranial ruminal sac. They respond 
to extreme distention of the wall and serve to modify the end 
stage of reticuloruminal contraaion. With severe bloat or 
gross ruminal distention from other causes, such as overfill¬ 
ing with indigestible fibrous roughage, they can be continu¬ 
ously activated, producing ruminal stasis. Abomasal 
distention can inhibit primary ruminal contraaion cycles, 
presumably because of tension receptors in the abomasal 
wall. In normal circumstances this aaivity would serve to 
decrease the flow of ingesta to the abomasum when it is full. 
With abomasal displacement or impaction, this reflex may 
partly account for the observed ruminal hypomotility. Epi¬ 
thelial receptors in the reticulum and cranial ruminal sac 
are sensitive to increased concentrations of nondissodated 
VFAs. Inhibition of forestomach contractions occurs when 
conditions of excessive fermentation or acidosis inaease 
the concentrations of these substances. Pain can reduce 


forestomach motility by increasing sympathetic nervous and 
adrenal secretory activity and by inhibiting the gastric centers. 
Although painful stimuli in the abdominal viscera are partic¬ 
ularly potent, pain from anywhere in the body can inhibit or 
abolish reticuloruminal motility. 396 ' 398 * 402 

DEPRESSION OF THE GASTRIC CENTERS. Depression 
of the gastric centers reduces vagal motor activation of fore¬ 
stomach motility and can be induced by CNS depressant 
drugs and anesthetics. Endotoxemia, fever, and possibly 
blood pH and electrolyte abnormalities can induce ruminal 
hypomotility or stasis through central effeas on the gastric 
centers. These factors may also inhibit ruminal motility by 
increasing sympathetic nervous activity. In addition, some 
toxins or other abnormal fermentation produas reduce 
ruminal motility. These substances may act locally at the 
luminal epithelial receptors to generate inhibitory 
impulses, as do increased VFA concentrations, or they 
may aa centrally after absorption into the blood. For the 
most part the nature of the substances capable of chemi¬ 
cally suppressing ruminal funaion is unknown, but abnor¬ 
mal fermentation end products are the likely cause of 
ruminal stasis in indigestion associated with abnormal 
ruminal contents. 386 * 388 ' 396 ' 400 ' 403 * 409 

DEFECTIVE VAGAL INNERVATION. Failure of vagal 
nerve transmission of motor impulses has been implicated 
as the cause of a reticuloruminal contraction abnormality 
that leads to failure of aborad flow of ingesta (hence the 
name vagal indigestion). The left and right vagi in the thorax 
divide into dorsal and ventral branches that unite to form 
dorsal and ventral vagi as the nerves enter the abdomen. 
The ventral vagus innervates the cranial and medial parts 
of the reticulum, the omasum, and the abomasum. The 
dorsal vagus innervates the rumen and parts of the other 
segments of the ruminant stomach. Seaioning of more than 
50% of the vagal nerve trunks leads to impaired motility 
funaion, but most cases of vagal indigestion show much 
less nerve involvement. The importance of vagal nerve 
lesions in the pathogenesis of forestomach disease has been 
a subjea of considerable debate and is discussed more fully 
later in this chapter. 396 * 397 ' 401 
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OTHER FACTORS THAT AFFECT THE PRIMARY 
CYCLES. Other influences on forestomach motility have 
been identified. Hypocalcemia inhibits motility by prevent¬ 
ing contraction of the musculature after motor nerve 
discharge. This may explain the reduced ruminal motility seen 
in early cases of milk fever. 409 * 411 Low environmental tem¬ 
peratures 412 * 413 and milking 414 have been shown to increase 
ruminal motility mildly, whereas some drugs, 400 * 401 * 415 * 417 
hyperglycemia, 418 and gastric hormones 400419 are effective 
in decreasing reticuloruminal primary cycle contractions. 
These factors are not discussed further in this text. 

Secondary Cycle Activity 

The secondary cycle activity responsible for eructation is 
elicited independently of the primary cycles. An increase 
in ruminal gas pressure excites tension receptors in the 
medial wall of the cranial ruminal sac. This triggers relaxa¬ 
tion of the cardia and eructation of the gas accumulated 
in the cardia region by the secondary contraction cycle. 
Receptors that apparently distinguish gas from fluid or solid 
matter inhibit opening of the cardia if it is covered by mate¬ 
rial other than gas. 420 This reflex inhibition of cardia open¬ 
ing is responsible for bloat in cases in which abnormal 
ingesta cover the area, such as in recumbent animals, in 
frothy bloat, and when abnormal motility or overfilling of 
the rumen precludes clearing of the cardia. Under such cir¬ 
cumstances and when ruminal distention is not yet extreme, 
both primary and secondary cycle contractions may increase 
in frequency. In other forms of bloat, hypo motility is a 
prominent feature, and the gas accumulates as a result of 
the poor motility function. 391 This is the most probable 
cause of bloat in some of the disturbances of fermentative 
function. 

Gross overdistention of the ruminal wall may inhibit 
motility by stretching the musculature beyond its ability to 
contract forcefully. If the process leading to the distention 
develops slowly, the high-tension receptor inhibition of 
motility appears to adapt, and complete inhibition of 
motor impulses does not seem to occur. Rather, in these 
cases motility is present but weak and relatively ineffective. 
This motility disturbance is likely when poorly digestible 
roughage accumulates in the forestomach. Patients with this 
condition often have mild to moderate chronic free gas 
bloat, which may result from poor ability of the weakened 
rumen to clear the cardia and dispel the gas. 386 


Free Gas Bloat 

Accumulation of free gas in the dorsal rumen should not be 
considered a primary disease entity but rather a sign of dis¬ 
ease (Table 32-12). However, because free gas bloat often is 
the most prominent sign and because it accompanies sev¬ 
eral different forms of indigestion, its pathogenesis is 
reviewed briefly here. 

Ruminal microbial fermentation and neutralization of 
salivary bicarbonate continually produce gas as an end prod¬ 
uct (primarily methane and carbon dioxide) in proportion 
to the rate of fermentation. Normally the ruminant can eruc¬ 
tate volumes of gas that exceed the amount produced even at 
maximum rates of fermentation. 392 * 393 Therefore an exces¬ 
sive production of gas is not the cause of bloat. Bloat devel¬ 
ops either because the evacuation of gas is hindered by a 
physical obstruction or because the mechanisms that expel 
the gas are inhibited. 421 * 424 

As in choke, physical obstruction of the esophagus by a 
foreign body can produce dramatic and peracute bloat. 
Other forms of esophageal occlusion (which may addition¬ 
ally involve inflammation of nerves or ruminal muscle mal¬ 
function) include muscular spasm (e.g., tetanus), swollen 
mediastinal lymph nodes (e.g., chronic pneumonia, thymic 
lymphosarcoma), and tumorous or inflammatory swellings 
of the cardia region (e.g., papilloma, actinomycosis). Ifiese 
problems tend to show bloat of a slowly progressive or 
chronic nature, although the degree of bloat may be marked. 

Bloat is a common feature of indigestions caused by 
microbial fermentative disorders. When ruminal hypomotil- 
ity occurs, the fermentative rate may decline, but weak 
ruminal contractions may be inadequate to move the gas 
layer and to dear the cardia preparatory to eructation. Thus 
dietary, microbial, or metabolic factors that affect the excit¬ 
ability of the gastric centers or the reticulorumen can result 
in bloat. Ruminal stasis can result in bloat because eructa¬ 
tion occurs only with ruminal contraction. Bloat also accom¬ 
panies indigestions that produce gross distention of the 
reticulorumen with fluid or solid ingesta (e.g., vagal indiges¬ 
tion, ruminal acidosis, and microfloral inactivity caused by 
indigestible roughage). The cause of bloat in these cases 
may be a combination of ruminal stasis, weakening of the 
ruminal wall caused by the gross distention, and failure to 
clear the cardia. 

Some authors have attributed chronic bloat in calves to a 
form of vagal nerve damage resulting from mediastinal 


TABLE 32-12 

Causes of Ruminal Tympany (Bloat) 


I Mechanism 

Cause 

Disease Examples | 

Obstruction of 
eructations 

Esophageal obstruction 

Cardia obstruction 

Failure to clear cardia of 
fluid or ingesta 

Gas trapped in stable 
foam 

Choke, tetanus, thoracic inflammation or neoplasia with swollen mediastinal lymph 
nodes 

Papilloma, fibroma, actinobadllosis 

Lateral recumbency, reticulorumen overfilled with ingesta (as in vagal indigestion, 
ruminal microbial inactivity with poorly digestible roughage, obstruction of the 
reticuloomasal orifice) 

Frothy bloat 

Ruminal motor 
dysfunction 

Failure of smooth muscle 
contraction 

Weakened muscle 
contraction 

Abomasal distention 

Vagus nerve damage 

Hypocalcemia 

Chronic ruminal distention with indigestible roughage, outflow obstruction, or vagal 
indigestion, hypokalemia 

Displaced abomasum (especially in calves) 

Thoracic inflammation (especially in calves, neoplasia) 

Chemical 

inhibition 

Ruminal stasis 

Ruminal acidosis, ruminal alkalosis, abnormal fermentation products with simple 
indigestion 
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inflammation. 425 - 426 However, it has not been demon¬ 
strated that vagal nerve involvement is the source of the fail¬ 
ure to eructate in these cases. It appears that free gas bloat in 
calves has numerous causes, as is true in adult cattle, includ¬ 
ing fermentative indigestions, ruminal wall disturbances, 
and esophageal involvement in an intrathoracic inflam¬ 
matory process 427 Distinguishing between vagal nerve 
impairment and esophageal compression or inflammation 
as the cause of free gas bloat requires a thorough assessment 
of ruminal motor ftinction, as described under the section 
on clinical signs (p. 832). 

Reticulitis and Rumenitis 

The most important inflammatory problem is reticuloperi- 
tonitis caused by sharp foreign body punctures (TRP, hard¬ 
ware disease). This disease is discussed elsewhere in the text 
(p. 848). The localized infection established by reticulorum- 
inal perforation causes inflammation of the forestomach 
wall and adjacent peritoneal cavity and pain in the anterior 
abdomen, inhibiting forestomach motility, appetite, and 
aborad flow of ingesta. Other causes of ruminal wall inflam¬ 
mation can cause acute or chronic forestomach dysfunction. 

Most infections of the ruminal wall follow primary 
mechanical or chemical damage to the mucosa. The second¬ 
ary invaders colonize the damaged areas and may gain 
access to the circulation and invade other tissues as well. 
The ruminal wall may be the niche for some of these micro¬ 
organisms, and isolates from the ruminal wall have been 
matched with those isolated from liver abscesses. 428 Proba¬ 
bly the most common cause of the initial mucosal injury is 
acute ruminal acidosis produced by grain engorgement. 
Chemical damage resulting in ruminal ulcers also occurs 
in oak or acorn toxicosis and with ingestion of caustic 
chemicals. Common secondary ulcer invaders include 
Arcanobacterium (Actinomyces) pyogenes , Fusobacterium necro- 
phornm, and several mycotic species. 428 429 Mycotic rume¬ 
nitis can follow ruminal acidosis and septic diseases, 
especially after the use of oral antibiotics; it also can occur 
after feeding spoiled and moldy feeds and without apparent 
predisposing causes 430 434 Diseases that cause anorexia plus 
abomasal reflux of gastric acids may predispose an animal 
to mycotic rumenitis and omasitis. Mycotic rumenitis can 
be severe, with vascular thrombosis and infarction and 
mural necrosis and gangrene sufficient to cause death. Less 
frequently occurring specific infections of the ruminal wall 
include actinobacillosis, actinomycosis, and tuberculosis. 
These infectious inflammatory diseases of the ruminal wall 
may be distributed widely throughout the forestomach, 
depending on the initial site of mucosal injury, but they 
tend to localize in the ventral regions of the reticulorumen. 
The granulomatous inflammatory lesions of actinobacillosis 
and actinomycosis are most commonly found in the cranial 
forestomach in the area of the esophageal groove. 

Neoplastic growths in the rumen have also been identi¬ 
fied. These uncommon lesions include papillomas, myxo¬ 
mas, fibromas, carcinomas, and lymphosarcoma. 386 - 435 ' 436 
These lesions are most commonly localized in the reticulum 
and cranial rumen near the cardia and esophageal groove. 

The importance of these inflammatory reticuloruminal 
lesions depends on their extent and location. Acute and 
extensive lesions have been associated with signs similar to 
those of reticuloperitonitis caused by foreign body puncture, 
including pain, inappetence, impaired forestomach function, 
and in some cases death. The more chronic cases may cause 
forestomach motility disturbances and signs of vagal indiges¬ 
tion. Pedunculated masses especially, but not exclusively, 
may obstruct the cardia or reticuloomasal orifice, leading to 
bloat or reticuloruminal outflow disturbance. 


Reticuloruminal inflammation can also result from cer¬ 
tain generalized infections. These include BVD, HMD, 
MCF, and RP. In these cases the forestomach problems are 
unlikely to be the most important clinical manifestation. 

Ruminal Parakeratosis 

In parakeratosis the papillae are darkly colored, enlarged, 
thickened, and clumped together. Histologic changes of 
the epithelial cells include a thickened, comified layer with 
abnormal retention of nuclei in the comified cells, lliese 
morphologic changes appear to represent a reaction to per¬ 
sistently high concentrations of VFAs. The changes occur 
predominantly in animals on pelleted or very finely ground 
rations, especially when the ration contains a high amount 
of energy. These rations tend to increase the proportions 
of propionate and butyrate, reduce the proportion of acetate 
generated by microbial fermentation, and produce a low¬ 
ered ruminal fluid pH. The growth of the ruminal papillae 
is promoted by contact with the VFAs, especially butyrate, 
and secondarily propionate. 388 - 423 It appears that a dispro¬ 
portion of the concentrations of these VFAs may be the 
cause of an excessive change in the epithelium of the papil¬ 
lae. 437438 Initial changes in the epithelium under these con¬ 
ditions appear to increase the absorption of the VFAs, but in 
severe cases the absorption decreases. This disease of the 
ruminal wall is not usually diagnosed as a primary problem. 
Although it may lead to impaired performance of the ani¬ 
mal, the disease signs that lead to its discovery are usually 
those of chronic acidosis, a disease with which it often coex¬ 
ists. Parakeratosis can predispose to other injuries of the 
ruminal wall, however, because the abnormal papillae are 
more easily traumatized, leading to chronic inflammatory 
disease of the wall as discussed previously. In calves the 
problem is also associated with the development of hair- 
balls (trichobezoars) because of the propensity of calves 
on the rations associated with parakeratosis to lick their hair 
coat. 386 - 422 * 439 ' 440 

Vagal Indigestion 

Vagal indigestion syndrome (vagus indigestion, Hoflund's 
syndrome) is composed of a group of motor disturbances that 
hinder passage of ingesta from the reticulorumen or aboma¬ 
sum or both. The pathogenesis of the disease has been debated 
for years and has yet to be completely clarified because many 
investigations have yielded conflicting information.* 

The name vagus indigestion was introduced by Hoflund, 
who experimentally produced motor defects and disease 
signs similar to those seen in clinical cases by transecting 
various branches of the abdominal vagal nerve. 442 On the 
basis of his experimental results, he defined four types of 
functional disturbance, with obstruction of ingesta flow at 
two sites: 

1. Omasal transport failure (anterior functional stenosis), 
which impairs flow of ingesta through the reticuloo¬ 
masal orifice and occurs with 

a. atony of the reticulorumen, often associated with 
chronic recurrent bloat, or 

b. normal to increased ruminal motility 

2. Pyloric outflow failure (posterior functional stenosis), 
which impairs flow through the pylorus and occurs 

a. continuously or 

b. in an intermittent, recurrent pattern (incompletely) 
Hoflund's description of the syndrome is convenient for 

explaining the observed functional defects, but its presumed 


* References 386,396,397.401.425,441-453. 
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pathogenesis is not supported by the findings of several 
later investigators. 400 441 ' 444 449 The use of the term stenosis 
has also led to some confusion, although it was appropriate 
in its original context. Functional stenosis suggested that the 
defect was a functional one that mimicked a stenosis at 
the site of outflow. However, vagal denervation does not 
produce a true stenosis, but rather a paralysis and relaxation 
of either the reticuloomasal orifice or the pylorus. The 
paralysis can be appreciated in both experimental and clini¬ 
cal cases. 

FAILURE OF OMASAL TRANSPORT. Failure of omasal 
transport with hypermotility of the rumen is the most com¬ 
mon naturally occurring form of the disease. Accumulation 
of ingesta in the reticulorumen leads to gradually progressive 
distention of the forestomachs, whereas the omasum and 
abomasum remain relatively empty. The animal's appetite 
diminishes as the rumen becomes overfilled, producing one 
of the most characteristic signs of the disease: inappetence 


with gross distention of the rumen in the left flank. 
Continued dilation of the rumen eventually leads to a 
marked and almost pathognomonic overfilling of the ventral 
ruminal sac. The rumen assumes an L shape because the ven¬ 
tral sac occupies both the right and left ventral quadrants of 
the abdomen. The resultant characteristic abdominal contour 
often is called a "papple" shape (Fig. 32-94, E) because the left 
side of the abdomen is distended and assumes the appear¬ 
ance of an apple, whereas the right side assumes the contour 
of a pear. The diminished passage of ingesta results in 
reduced fecal volume. The normal ruminal process of selec¬ 
tive retention of fibrous material is disturbed, leading to large 
particle passage and feces with increased fiber length and a 
greasy or pasty consistency. Some cases show firm feces with 
large particle size. 447 * 450 Affected animals often continue to 
drink water, but absorption from the rumen is poor, and 
the water accumulates in the forestomach while the animal 
becomes mildly dehydrated. Vigorous contractions of the 



FIG. 32-94 II Abdominal contours (viewed from the rear) and abdominal palpation findings characteristic of cattle with various types of indigestion and 
other abdominal diseases. A thin line for the abdominal contour indicates the normal configuration. Bold lines indicate areas of the abdominal contour that 
typically deviate from normal in affected animals. A, Normal. B, Acute onset of ruminal stasis with simple indigestion, traumatic reticuloperitonitis (findings: 
mild ruminal distention with normal layering of ruminal content). C, Prolonged ruminal stasis, anorexia. The most common result of subacute or chronic 
disorders such as microbial or fermentative indigestions, traumatic reticuloperitonitis, and secondary indigestions (findings: reduced ruminal fill, "tucked* 
up abdomen," firm, doughy contents that gravitate ventrally). D, Ruminal inactivity with indigestible roughage (findings: rumen distended with firm, doughy 
contents that accumulate ventrally; recurrent free gas bloat often present). E, Omasal transport failure (findings: L-shaped rumen with gross accumulation of 
frothy ingesta; ruminal hypermotility often present; free gas accumulation varies). F, Pyloric outflow failure (findings: fluid accumulation in abomasum; 
abomasal reflux to rumen common; doughy ruminal content that usually accumulates dorsally until ruminal stasis or anorexia is prolonged; abdominal con¬ 
tour similar to that for omasal transport failure). G, Acute ruminal acidosis (findings, rumen distended with fluid; some free gas bloat common) H, Frothy 
bloat. 1, Free gas bloat or chronic free gas bloat (findings: accumulation of gas in dorsal sac; layering or ruminal contents usually normal; with chronicity, 
ruminal fill often decreased; associated with some microbial or fermentative disorders and with esophageal and cardiac disorders). I. Left displaced aboma¬ 
sum (findings: gas-filled abomasum that often causes slight bulge of paralumbar fossa; ruminal fill usually reduced). K. Right displaced abomasum, abomasal 
volvulus, cecal torsion (findings: distention of right flank with gas-filled viscus; ruminal fill and consistency usually normal). L, Hydrops (findings: ventral 
abdomen distended with fluid-filled uterus: ruminal fill usually decreased) M, Abomasal impaction (findings: abdominal contour similar to E and F; aboma¬ 
sum filled with firm ingesta). 
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rumen can be palpated in the left paralumbar fossa in most 
affected animals, although some display almost complete 
atony. The contraction pattern does not produce the typical 
stratification of material in the forestomach, but rather 
it chums the ruminal contents into a uniform frothy 

fluid.4so.453 

The signs just described, with abnormal flow of ingesta 
and normal or increased forestomach contractions, can be 
experimentally reproduced by sectioning the ventral vagal 
trunk at the cardia and the dorsal trunk just distal to the 
branching of the ruminal nerves. 397 * 442 The forestomach 
distention, empty omasum and abomasum, and stasis of 
the forestomach with resultant free gas bloat can be repro¬ 
duced by sectioning both abdominal vagal trunks along 
the esophagus. The paralysis produced by vagal denervation 
can explain the failure of ingesta flow into the omasum by 
two mechanisms, first, the lower end of the esophageal 
groove is formed by two muscular lips. These overlap in a 
manner that allows a passive valve effect that blocks flow 
into the omasum when they are relaxed or paralyzed. Sec¬ 
ond, it appears that the flow into the omasum is accom¬ 
plished by an active pumping motion of the omasum that 
reduces pressure and draws fluid through the reticulooma- 
sal orifice. Paralysis of the omasal musculature after dener¬ 
vation would eliminate this effect. Decreased reticular 
motility caused by adhesion or paralysis may contribute to 
the changes in ruminal content and the alteration in particle 
passage. 450 * 453 

The most common predisposing cause of naturally 
occurring omasal transport failure (anterior functional ste¬ 
nosis) is TRP. Other causes of anterior functional stenosis 
include abscesses, adhesions, and peritonitis at the reticu¬ 
lum (especially the right side of the reticulum) or reticuloo- 
masal area without identification of an offending foreign 
body; hepatic abscesses; diffuse peritonitis; neoplasia of 
the ruminoreticular fold and esophageal groove; inflamma¬ 
tory disease of the reticular and ruminal walls; papilloma or 
other mass at the reticuloomasal orifice; and herniation of 
the reticulum through a diaphragmatic defect. Foreign bod¬ 
ies that obstruct the reticuloomasal orifice cause a syndrome 
indistinguishable from vagal indigestion except by explor¬ 
atory rumenotomy. 436 To reconcile the experimental find¬ 
ings with those from clinical cases, the development of 
omasal transport failure has been explained as involvement 
of the vagal trunks in the inflammatory process at the retic¬ 
ulum. Several findings make this an unlikely explanation in 
most clinical cases 396 * 397 * 443 * 449 * 451 : 

1. Although sectioning the vagus nerves as described 
reproduces the syndrome, disturbing only one of the 
two trunks still allows normal cyclic contractions in 
most cases. For a clinical lesion to produce disease 
development, massive involvement of the vagal 
nerves would be required. By contrast less than a 
third of examined cases reported show actual lesions 
in the nerve branches. 

2. The ratio of sensory to motor nerve fibers in the 
abdominal vagi is approximately 9:1, suggesting the 
important sensory role of the nerve. 

3. Inflammatory lesions of the reticuloruminal wall 
reported in cases of vagal indigestion are predomi¬ 
nantly in the same areas as the important tension 
receptors that send afferent excitatory impulses to 
the gastric centers. Induration of the right (medial) 
wall of the reticulum and in the esophageal groove 
region may affect intramural nerves and ganglia and 
reduce the tension receptor activity and therefore the 
drive for primary cycle activity. 

These considerations allow an explanation of some of 
the inconsistencies found in various cases. Anterior func¬ 


tional stenosis may occur with insufficient vagal sensory 
excitation, which in turn reduces excitatory input to the gas¬ 
tric centers, diminishes primary cycle motor drive, and 
results in paralysis of the omasum and reticuloomasal 
orifice. Alternatively, substantial reticular adhesions that 
develop after I RP could prevent normal delivery of small 
particle ingest, with fluid consistency, to the reticulooma¬ 
sal orifice. 453 Because this reduces or abolishes flow into 
the omasum, both the omasum and abomasum would 
remain relatively empty, a common finding in these 
cases. The hypermotility observed in these cases may be 
the result of secondary rather than primary cycle contrac¬ 
tions. Distention of the cranial ruminal sac would still be 
able to induce the secondary contractions if this region is 
not involved in the induration. Without normal primary 
cycle activity, the typical stratification of the ingesta 
would be disturbed, as is usually observed. The existence 
of hypermotile secondary contractions with absence or 
severe reduction of primary contractions can be detected 
clinically. Damage to the thoracic or abdominal vagi by 
inflammatory or neoplastic lesions may lead to the occa¬ 
sional cases that show both anterior functional stenosis 
and atony of the forestomachs, with resultant free gas 
bloat. This would be similar to the experimental section¬ 
ing of both vagal trunks. 

Pyloric Outflow Failure. Failure of pyloric outflow (poste¬ 
rior functional stenosis) causes accumulation of ingesta 
in the abomasum and omasum. Advanced stages of this 
form of the syndrome also display gross distention of the 
reticulorumen. Generally the motility of the forestomach 
is not markedly affected in the early stages, and normal 
stratification of ingesta is maintained. Overfilling of the 
forestomach as a result of reflux of ingesta from the aboma¬ 
sum (internal vomiting) may occur, causing the chloride 
content of the ruminal fluid to increase (normal is less than 
30 mEq/L). In contrast, the ruminal fluid of animals with 
anterior functional stenosis has a normal chloride 
content. 444 * 446 * 447 * 453 With severe distention forestomach 
motility is reduced, and the ruminal contents become more 
fluid. Failure of ingesta to flow into the intestinal tract, 
combined with sequestration of chloride-rich fluid in the 
stomach chambers, can cause both marked dehydration 
and hypochloremic metabolic alkalosis. In cases with a 
gradual, prolonged development, however, as in anterior 
stenosis, any dehydration tends to be mild, and body 
fluid electrolyte concentrations do not show remarkable 
abnormalities. Fecal production in these cases tends to be 
even less than with the anterior stenosis form of the 
syndrome. 441 * 453 

Failure of pyloric outflow can be experimentally 
reproduced by sectioning the ventral vagus trunk at the 
cardia and the continuation of the dorsal trunk as it 
crosses the omasum. 397 * 442 This mimics the usual clinical 
form of the disease, which is characterized by complete 
inhibition of flow from the abomasum. Combinations 
of more distal resections of the nerves produce the 
syndrome of recurrent atony of the abomasum as it 
occurs in natural clinical cases. Again, the term stenosis 
is a misnomer, because a true stenosis or spasm of the 
pylorus is not identified. Rather, the experimental vagal 
nerve resection and the naturally occurring cases show 
a flaccid paralysis, and ingesta accumulate as a result of 
failure of propulsive activity. The dilation of the aboma¬ 
sum is in the fundus and body and not in the pyloric 
part. 399 * 441 442 

A common predisposing cause of pyloric outflow failure 
syndrome is volvulus of the abomasum. Other abomasal 
disturbances, including right and left displacements of the 
abomasum and abomasal ulceration, can cause the disease 
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as well. After surgical correction of a volvulus, the abomasum 
remains atonic, and the disease may develop within several 
days. Clinical signs compatible with vagal indigestion may 
arise from gross distention and twisting of the abomasum 
and lesser omentum, resulting in potentially coexisting but 
distinct injury to the vagal nerves or structural damage to 
the gastric wall, with or without peritonitis. Although focally 
extensive vagal nerve lesions have been associated with con¬ 
comitant vascular damage, indicating that even with nerve 
regeneration there may not be a return to normal function, 
the damage appears reparable in some cases, because a return 
to normal function has been observed. 452 

Inflammation and adhesions involving the abomasal 
fundus and reticulum have been associated with posterior 
functional stenosis in some studies. 441 - 453 Inflammation of 
the reticular wall may account for the reticular atony 
reported in some cases. This form of vagal indigestion 
may be more frequently associated with true vagal nerve 
impairment than appears to be the case in anterior func¬ 
tional stenosis. Alternatively, reticular adhesions may pre¬ 
vent normal motility, alter the flow of ingesta to the 
omasum and abomasum, and lead to abnormal filling of 
the abomasum because of decreased fluidity of abomasal 
contents. 453 

Another predisposing cause of pyloric outflow failure is 
advanced pregnancy with a large fetus. An exact pathogene¬ 
sis has not been clearly defined. Presumably the large, 
gravid uterus distorts the positioning of the abomasum or 
physically compresses and obstructs the anterior small 
bowel, preventing outflow of ingesta from the abomasum. 
In these patients the gravid horn typically occupies most 
of the space in the omental sling. In support of these con¬ 
clusions, the problem can be resolved by inducing delivery 
of the calf or performing a cesarean section. Supportive care 
may be required for severely affected cows, but the gastroin¬ 
testinal system returns to normal function, suggesting that it 
was secondarily affected by the pregnancy. This problem is 
referred to as a form of vagal indigestion because it appears 
as a pyloric outflow failure. Some patients have such severe 
obstruction of ingesta passage that they may be diagnosed 
as having an anterior bowel obstruction. This disease has 
been called indigestion of late pregnanqr. 

Animals affected with any form of vagal indigestion for a 
prolonged time lose body condition because the failure to 
pass ingesta into the intestinal tract produces a state of star¬ 
vation. The weight loss may be overlooked because of the 
impression of hill body size produced by the abdominal 
distention. 

CHRONIC RECURRENT BLOAT Chronic recurrent bloat 
is commonly identified with vagal indigestion in any of its 
forms. It is mild to moderate in severity, commonly waxes 
and wanes, and adds to the visual impression of gross 
abdominal distention. The pathogenesis of this ruminal 
tympany varies from case to case. Experimental resection 
of both abdominal vagal trunks stops eructation by causing 
complete forestomach stasis. In naturally occurring cases in 
which lesions of the vagal nerve truly inhibit motor impulse 
transmission, bloat may arise from this mechanism. When 
vagal nerve damage does not appear to be involved, other 
mechanisms may explain the bloat (see Table 32-12). Over¬ 
filling of the reticulorumen with frothy ingesta, a common 
finding, can inhibit the cardia dilation reflex that is a pre¬ 
requisite of eructation. Gross distention of the forestomach 
can also weaken the contractile ability of the rumen, so that 
the contractions are not strong enough to clear the cardia 
before eructation. 

Bradycardia is often identified in association with vagal 
indigestion but can also occur with other forestomach dis¬ 
eases. The finding that atropine administration can abolish 


the bradycardia of vagal indigestion suggests increased car¬ 
diac vagal tone as the direct cause. 425 * 454 However, the ori¬ 
gin of the vagotonia is unclear. When vagal nerve lesions 
exist distal to the cardiac innervation, reflex excitatory dis¬ 
charges may effect bradycardia. Experimental resection of 
the vagal nerves causes bradycardia as a striking feature in 
most cases, although advanced cases show increased heart 
rates. By contrast, naturally occurring vagal indigestion 
shows bradycardia as a feature in only a third or fewer of 
the cases. 441 * 445 - 447 These variations may exist because the 
experimental and natural cases have different causes or 
because the disease varies in duration. Once the forestom¬ 
ach has become severely distended, the heart rate tends to 
be elevated, probably as a result of deterioration of hydra¬ 
tion and cardiovascular parameters. 

Obstruction of the Cardia or Reticuloomasal Orifice 

True mechanical obstruction of the forestomach is an 
uncommon occurrence. The obstruction can be either full 
or partial and can occur at either the cardia or the reticuloo¬ 
masal orifice. The inflammatory and neoplastic conditions 
described previously can appear to be obstructive disease 
when the tissues are sufficiently distorted and lesions 
involve one of these orifices. Papillomas are most prone 
to causing an obstruction when they become pedunculated. 
A variety of foreign bodies create obstruction. In calves, 
trichobezoars are most commonly the cause, occurring pre¬ 
dominantly in animals on a low roughage diet that con¬ 
sequently lick their hair coats vigorously. In adult cows, 
ingestion of the placenta occasionally results in an obstruc¬ 
tion. Curious ruminants, especially goats, sometimes con¬ 
sume plastic bags or discarded rectal palpation sleeves. 
These and other nondegradable materials can lead to 
obstruction even after considerable time has passed. 

Cardia obstruction leads to the signs typical of esopha¬ 
geal obstruction, with free gas bloat as a prominent, per¬ 
haps life-threatening development. Obstruction of the 
reticuloomasal orifice produces the same consequences as 
some forms of vagal indigestion. Failure of ingesta flow 
beyond the rumen results in accumulation of fluid material 
in the forestomach and diminished or no passage of ingesta 
through the intestines. The degree and duration of obstruc¬ 
tion determine the severity of associated problems such as 
dehydration, depression, elevated heart rate, forestomach 
stasis, colic, and muscular weakness. Only rumenotomy 
can effectively differentiate these obstructive diseases from 
other problems with similar signs. 

Diaphragmatic Hernia 

Defects in the diaphragms of cattle are uncommon. Most 
cases involve a tear through which the reticulum can herniate. 
Other abdominal organs may also be involved if the rent is 
large. The diaphragmatic defect may be congenital or an 
acquired lesion caused by a local inflammatory process 
(TRP), sudden external trauma (fighting, hanging up on a 
fence), or internal pressure (parturition, acute tympany). 
Entrapment of the reticulum may lead to acute changes in 
intrathoracic pressure and cause sudden dyspnea, tachycar¬ 
dia, and poor venous return to the heart. Generally, however, 
this reticular problem causes signs identical to those of vagal 
indigestion with anterior functional stenosis. 386 - 445 Failure of 
flow through the reticuloomasal orifice may result from vagal 
nerve damage, or the anatomic distortion alone may explain 
the motility defect. Entrapment of the reticulum hinders 
normal reticular movements and distorts the esophageal 
groove and reticuloomasal orifice. Reticular ingesta can be 
heard moving inside the thorax; therefore complete reticular 
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paralysis is unlikely. Motility disturbance is reflected by 
hypermotility of the rumen, generation of frothy ingesta, per¬ 
sistent or recurrent moderate tympany, and overfilling of the 
rumen. Signs of pain may also be present, as in cases of TRP. 
Rumination usually is impaired, and large volumes of ingesta 
may be vomited, especially after eating. 

DISORDERS OF RETICULORUMINAL 
FERMENTATIVE FUNCTION (SEE BOX 32-5) 
Forestomach Microbial Population 

The continuous culture system of the rumen involves an 
ongoing selection of microorganisms best adapted to grow 
in a variety of ecologic niches that are in a dynamic state. 
Numerous control mechanisms govern the environment 
and the resultant microbial population. Some of these 
mechanisms are related to the animal itself, such as saliva¬ 
tion, mixing and rumination, removal of substances by 
absorption or diffusion, outflow through the reticuloomasal 
orifice, and eructation. Others are related to the diet, includ¬ 
ing nutrient quality of the substrate (feed), balance of 
required elements, solubility, particle size, presence of inhib¬ 
itory substances, nutrient quantity, and rate of delivery to the 
rumen. Control of fermentation also results from microbial 
interactions such as competition and symbiosis: cross-feed¬ 
ing between species, removal of inhibitory end products, 
and maintenance of the oxidation-reduction potential. The 
complexity of the system tends to promote an overall stabil¬ 
ity. Changes in the controlling factors create selective pres¬ 
sures that lead to population changes in the rumen. 424 ' 455 456 

The ruminal bacteria are predominantly anaerobes, with 
some coexisting facultative anaerobes. Although the faculta¬ 
tive organisms are not important in normal ruminal func¬ 
tion, they may be in some forms of ruminal dysfunction. 
Some microbes ferment the primary nutrients in the feed 
such as cellulose, hemicellulose, pectin, starch, and simple 
sugars. Other species ferment the products of the primary 
group, such as pentoses, glucose, lactate, succinate, and for¬ 
mate. Many species are very specialized and have numerous 
growth requirements that may be supplied by the general 
fermentation. The last group is important for its role in 
removing end products and cycling essential factors back 
to the other organisms. 424 ' 455 457 


Effects of Feed Characteristics 

The concentrations and proportions of the microbial spe¬ 
cies vary with the composition of the diet (Table 32-13). 
An abundant supply of a certain substrate tends to favor a 
microbial population with a predilection or high capacity 
for using that material. The most important factors in the 
rate of digestion are the properties of the carbohydrates 
and protein in the feed. High-protein diets favor proteolytic 
organisms, whereas high-starch, low-fiber diets favor starch 
users. Cellulolytic bacteria are prominent in a high-fiber 
diet, but their numbers also depend on the fiber size, as this 
factor determines the rate of passage or retention in the 
forestomach; therefore cellulolytic species can be abundant 
with a high-concentrate diet if some long-stemmed rough- 
age is included because the retention time of the fiber is 
prolonged. Diets with readily fermentable carbohydrates 
and low fiber favor species capable of rapid metabolism 
and tolerant of low pH. Acid production is rapid and high, 
and populations of microbes less tolerant of such changes 
decline. 455 ' 457 ' 458 

The microbial population is also influenced by the limits 
of supply of certain feed substrates. 455 High rates of fermen¬ 
tation and microbial growth on the abundant substrates 
depend on sufficient amounts of the more limited nutri¬ 
ents. Optimum carbohydrate use requires adequate sources 
of nitrogen, sulfur, and essential mineral nutrients. 459 
When any essential nutrient is deficient, the rate of diges¬ 
tion and therefore the digestibility of the feedstuff decrease. 
Whether the affected animal shows signs of nutrient defi¬ 
ciency or forestomach dysfunction with microbial and fore- 
stomach inactivity depends on the limiting nutrient and 
relative requirement of the host and bacteria for the nutri¬ 
ent. Substances and conditions that inhibit fermentation 
further reduce digestibility. 

The feed material also affects ruminal fermentation by 
influencing the rate of passage from the reticulorumen. Fine 
grinding and pelleting of feed increase the rate of passage of 
the particulate matter from the rumen. Very finely ground 
rations also reduce the stratification of fibrous material in 
the rumen. This affects the ability to sort material in the 
rumen selectively by particle size and density, so that larger 
panicles less thoroughly fermented pass more readily into 
the lower bowel. Microbes associated with the feed panicles 


TABLE 32-13 


Effects of Feed Characteristics on Ruminal Digestion and Health 


Feed Ruminal Content 


Primary forage of high quality, long fiber length, 
crude fiber >18% of dry matter; with 
concentrate supplement at 20%-50% of total 
intake, moderate protein level 
Excessive forage of low nutrient value (late cut) 
with little concentrate or protein 
supplementation 

High level of concentrate feeding (>60%) with 
decreased forage and/or fiber length 


pH 5.5-7, VFA 60- 
120 mmol/L, acetic > 
propionic > butyric 
acid 

pH 6.5-7, VFA decreased, 
microbial activity 
decreased 

pH 5-6.5, VFA increased, 
microbial activity 
increased 


Extremely high level of concentrates (especially 
with sudden exposure to ration), low intake of 
forage 

Normal levels of forage intake, concentrate with 
very high protein or NPN supplementation 


pH 4.5-5, VFA increased, 
lactic add increased 


pH 6.5-7.5, VFA 
decreased, ammonia 
increased 


Effect on Health 


Normal, healthy, productive 


Poor production or growth, microfloral inactivity 
and ruminal impaction, malnutrition caused by 
protein, energy, mineral, and vitamin deficiency 
High production, rapid growth; possible chronic 
ruminal addosis, milk fat depression, chronic 
laminitis, ketosis, ruminal parakeratosis, 
excessively fat condition 
Acute ruminal acidosis 


Ruminal alkalosis, possible urea toxicity 


NPN, Nonprotein nitrogen; VFA, volatile fatty acid. 
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are passed out of the rumen with the feed. Thus a faster 
rate of passage influences the bacterial population because 
it competes with the generation time of the organisms. 
Populations of slower-growing microbes tend to be most 
influenced by changes in the retention or passage times. 
Slow-growing cellulolytic bacteria decline in numbers as 
the passage rate increases (transit time decreases). High pas¬ 
sage rates usually produce faster digestion rates. Although 
these factors are primarily important to the feed efficiency 
of the animal, they also affect ruminal function and the 
adaptation of microbes to feeding changes. 388 

Adaptation of the microbial flora to dietary changes 
requires a week or longer. The abruptness of a dietary 
change determines the degree of alteration of the ruminal 
microbial population and fermentation pattern and the 
potential for digestive disturbances. With abrupt and dra¬ 
matic shifts to higher-carbohydrate diets, the facultative spe¬ 
cies may overwhelm the more normal flora by producing 
excessive acid and lowering the pH. The importance of 
microbial adaptation to a particular diet is evidenced by 
the reduction in forestomach disturbances seen when the 
rumen is inoculated, before a feeding change, with fluid 
from animals already adapted to the new ration. 424 - 456 

The end products of microbial fermentation influence 
not only the microbial population but also ruminal func¬ 
tion. High concentrations of nondissociated VFAs excite 
sensory epithelial receptors that reflexively inhibit ruminal 
motility. 424 460 461 If a sudden increase in concentrate feed¬ 
ing induces lactic acid fermentation, the ruminal pH sud¬ 
denly declines and a greater proportion of the VFAs shift 
to the nondissociated state, inducing ruminal stasis. A con¬ 
sistently high level of concentrate feeding produces rapid 
fermentation, a high concentration of VFAs, and low pH, 
and the nondissociated VFA level may reach the threshold 
for stimulation of the inhibitory epithelial receptors. The 
ruminal stasis reduces the fermentation rate. Mild cases of 
ruminal acidosis may show spontaneous recovery of rum¬ 
inal functions as the absorption of VFAs reduces the concen¬ 
trations to a noninhibitory level. With more severe ruminal 
acidosis the generation of acid continues despite the rum¬ 
inal stasis, giving rise to more severe complications of the 
disease. 

In some instances the effects of ruminal microbial 
metabolism and microbial end products extend beyond 
impacts on nutritional status and digestive system func¬ 
tion. Several ruminant diseases represent rumen-generated 
toxicities. These have extremely variable manifestations 
and include toxicoses from ammonia, nitrate and nitrite, 
3-methylindoIe, dimethylsulfide (Brassica species, onion tox¬ 
icity), and sulfur-associated polioencephalomalacia. 462 - 465 

In summary, excesses, deficiencies, or rapid changes of 
feed substrate can cause imbalance in the microbial popula¬ 
tion and the fluid milieu. The result can be bacterial over¬ 
growth and overproduction of microbial end products or 
insufficient microbial growth and fermentation. The effects 
of these abnormalities on the animal range from ruminal 
motility dysfunction to poor growth and performance to 
outright toxicity and organic damage. 

Inactivity of Ruminal Microbial Flora (Caused 
by Poor-Quality Roughage, Haybelly, or Ruminal 
Impaction) 

In ruminal microbial flora inactivity, the microbial popula¬ 
tions and their metabolic and fermentative processes are 
diminished as a result of deficiencies of one or more nutrients. 
ITiis occurs most commonly with poor-quality roughage 


deficient in protein and readily digestible carbohydrates 
(late-cut highly lignified hay or straw). Microfloral inactivity 
can also occur when specific mineral nutrients are deficient 
or it can be caused by inhibitory substances such as antibiotics 
or some plant products. 388 - 424459 Microfloral inactivity also 
occurs with prolonged anorexia, which abolishes the intake 
of all nutrients and is the primary' pathogenesis of many cases 
of secondary indigestion. 

When microbial digestive processes decline, the break¬ 
down of ingested feedstuffs is prolonged. Failure to reduce 
the particle size of the ingesta leads to a prolonged retention 
in the forestomach and gradual accumulation of the undi¬ 
gested feedstuff. Gradual distention of the reticulorumen is 
commonly observed (haybelly). In extreme cases this can 
mimic the signs of vagal indigestion. Forestomach disten¬ 
tion can result in weak contractions and moderate recurrent 
tympany. Ruminal hypomotility alters the normal stratifica¬ 
tion of the ruminal contents, and the fibrous components 
are found mixed in the fluid or compacted ventrally on 
the ruminal floor. Abnormal passage of ingesta from the 
forestomach results in decreased fecal passage, and the feces 
usually are dried and contain undigested plant fibers. Other 
effects on the animal are those of generalized or specific 
nutrient deficiencies (e.g., decreased growth or production, 
ketosis, emaciation, and a poor hair coat). When anorexia 
is the cause of the microbial inactivity, the ruminal fill 
decreases and the lack of normal distention also induces 
ruminal stasis. 386 - 466 

Simple Indigestion 

Simple indigestion is the most common sequela of an 
abrupt change in the ration. Such feed changes present the 
ruminal microflora with nutrient substrates (1) to which 
they are not metabolically adapted, (2) to which they are 
adapted but in lesser quantities, or (3) that contain inhibi¬ 
tory substances or produce inhibitory substances on fer¬ 
mentation. The result is an imbalance in the microflora 
and its fermentation products. The difference between this 
problem and some of the other fermentation disorders is 
mostly a matter of degree. Generally the disease is relatively 
mild and self-limiting. Most affected animals show anorexia 
for 1 to 2 days, break with diarrhea in about 24 hours, and 
return to feed without treatment when the ruminal fermen¬ 
tation has stabilized and inhibitory substances have been 
eliminated. Ruminal motility is reduced but usually not 
absent, the filling of the rumen is not remarkably altered, 
and if bloat occurs, it is mild. In some cases the ruminal 
fluid pH may change, but usually not dramatically. Mild 
acidosis or alkalosis of the ruminal fluid may develop, 
depending on the nature of the causative feedstuff and its 
resultant fermentative degradation. Signs of ruminal micro- 
floral inactivity are common. Simple indigestion is an acute 
problem, in contrast to the microfloral inactivity discussed 
in the previous paragraphs, in which deficiencies produce 
microfloral inactivity over time. 

Feeds commonly implicated as causes of simple indiges¬ 
tion include moldy or overheated feeds, frosted forages, and 
partly fermented, spoiled, or sour silages. This form of indiges¬ 
tion also occurs in animals fed high-quality feed, usually after 
an increase in the rate of feeding or after a change of one of the 
feed constituents. Thus these mild forms of indigestion can 
range from a mild acidosis to an excess of VFAs to the genera¬ 
tion of some bacterial inhibitory products. Because the rumen 
and its fermentative bacteria are very adaptable, the ways, if 
any, in which animals given a certain feed experience the 
problem vary considerably. Often only one or a few animals 
from a group on the ration may have signs. 
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Acute Ruminal Lactic Acidosis (Grain Overload, 
Toxic Indigestion) 

Acute ruminal acidosis is the most dramatic of the forms of 
ruminal microbial fermentative disorders and in some cases 
is lethal in less than 24 hours. It has also received the most 
research attention; therefore the events in its pathogenesis 
are more clearly defined than those of the other forestomach 
disorders. The condition has been named lactic acidosis, 
acute ruminal impaction, ruminal overload, acid indigestion, toxic 
indigestion, grain engorgement, grain overload, and o-lactic 
acidosis. 

This problem is the result of excessive consumption 
of readily fermentable carbohydrates, which causes a rapid 
fermentation with production of lactic acid and a decrease 
in ruminal pH to physiologically inappropriate levels. This 
occurs when animals consume an excess of concentrate 
feeds (e.g., if animals are suddenly exposed to the feeds 
without prior adaptation; if animals already on such feeds 
suddenly consume an excessive quantity because of acciden¬ 
tal access; or if animals that have been off feed return to 
feed and are offered unrestricted access to concentrates). 
The problem is more common when animals are grouped 
than when they are separate, probably because the psy¬ 
chology of competition induces them to overconsume. In - 
general the feeds involved include the cereal grains 
commonly used in high-production rations and fruit and 
root crops (e.g., feed beets, sugar beets, potatoes) where 
they are available. Starch and soluble sugars promote an 
overgrowth of bacteria that produce glucose and organic 
acids. The acid end products increase ruminal acidity 
and osmolality, inhibit or destroy other ruminal microbes, 
and cause forestomach dysfunction and metabolic distur¬ 
bances. 467 ' 469 

Specific characteristics of the feedstuffs contribute to acid¬ 
ification of the ruminal fluid. Cereal grains inherently pos¬ 
sess less buffering capacity than the fibrous forages. Low 
structured fiber content and decreased forage particle size 
induce less salivation at the time of ingestion and less rumi¬ 
nation subsequently; therefore salivary buffering declines 
when concentrate feeds are consumed. Some silages contain 
both high carbohydrate and lactic acid and thus introduce 
more acid at both ingestion and fermentation. 437 ' 468 ' 470 ' 471 

Feeding regimens that include significant fibrous rough- 
age limit carbohydrate availability and rates of microbial 
fermentation and growth. Carbohydrate fermentation effi¬ 
ciency relative to the amount of ATP derived from each 
sugar provides competitive survival value. Slower-growing 
cellulolytic bacteria use substrate most efficiently. When 
starch or sugar is available in excess, the faster growing spe¬ 
cies such as Streptococcus bovis metabolize carbohydrate fas¬ 
ter and produce more ATP per unit time, even though 
they are less efficient in ATP production per carbohydrate 
molecule. Under these conditions they can overgrow, pro¬ 
ducing lactic acid as their end product. 458 472 

The severity of ruminal acidosis and disease signs varies 
considerably, depending on the amount and type of carbo¬ 
hydrate-rich feed consumed and the degree of prior ruminal 
microbial adaptation to the carbohydrate substrate. The dis¬ 
ease can range from a mild form of indigestion to an over¬ 
whelming toxemia that may be difficult to distinguish from 
other acute toxicities or various diseases with endotoxemia. 

If consumption of fermentable carbohydrate is only 
mildly excessive, S. bovis proliferation decreases when the 
carbohydrate has been fermented, pH rises toward normal, 
and the efficient fermenters reestablish dominance. If the 
carbohydrate source is abundant and its supply is not 
exhausted, the acidosis becomes more severe. Continued 
production of lactate by S. bovis reduces the fluid pH to the 


range of 5 to 5.5, and the ruminal fluid osmolality rises con¬ 
currently. Both of these factors inhibit or kill the ruminal pro¬ 
tozoa, which normally use starch and small sugars and help 
to limit increasing lactic acid levels. There are also numerous 
species of lactate-using bacteria, of which Megasphaera elsdenii 
and Selenomonas ruminantium are the primary examples. 
These bacteria, which increase in numbers when animals 
slowly adapt to a high-concentrate diet, are eliminated by 
abrupt changes and generation of excessive acid; therefore lac¬ 
tate use decreases when the acid is generated too quickly. 458 

The lactobacilli are the major group of lactic acid producers 
in the rumen, rhe increasing acidity of the fluid enhances the 
growth of these organisms. Because the lactate-using bacteria 
are killed off before the lactobacilli overgrow, their diverse 
end products are unavailable as substrate for other bacteria. 
The lactobacilli are left as the predominant organisms to use 
the available carbohydrates. Even the S. bovis organisms that 
began the lactic acid production are inhibited below pH 4.5, 
leaving the lactobacilli, the most acid-resistant species, to gen¬ 
erate more lactic acid. 470 

The acidification of the fluid milieu enhances lactic acid 
production by altering microbial metabolism. The loss of 
the fluid bicarbonate buffer and the increase in available 
hydrogen ions block the conversion of lactate to propionate 
even before the lactate users die off. Also, when the pH 
is above 5, as pH declines, ruminal fluid amylase activity 
increases, liberating more free glucose from starch. However, 
glucose use is reduced, and ruminal glucose accumulates. 
Apparently the lactate-using bacteria such as S. ruminantium 
degrade less lactate to acetate in the presence of increased 
glucose concentrations. Therefore not only does the micro¬ 
bial population change, but the characteristics of the fluid 
accelerate the lactic acid production when the available 
carbohydrate is excessive. 

The effects on the animal from the ruminal fluid changes 
are numerous and detrimental. In the early stages of the 
acidic fermentation, the VFAs are produced in abundance. 
Although VFA production decreases as the microbes are 
increasingly inhibited, VFA concentrations remain elevated 
in advanced acidosis. The VFAs are much weaker acids than 
lactic acid; thus, as pH drops they accept hydrogen from lac¬ 
tic acid and serve as buffers in the fluid, so that a greater 
proportion of the VFAs exist in the nondissociated state. 
This form is more readily absorbable than free ions through 
the ruminal wall. During absorption some VFAs undergo 
metabolism by the ruminal wall epithelium, resulting in 
the release of lactate and ketone bodies into the circulation. 
Excessive absorption of the VFAs leads to systemic acidosis, 
and circulating lactate and VFAs may also directly damage 
the liver. 473 In addition, the high concentration of nondis¬ 
sociated VFAs at the ruminal epithelium provides a strong 
inhibitory effect on reticuloruminal motility and leads to 
ruminal stasis. This effect tends to protect the animal 
because it reduces the absorption of detrimental fermenta¬ 
tion products from the rumen. 460 * 466 ’ 468 * 470 

The osmotic pressure of the ruminal fluid increases as 
lactic acidosis develops. 437 ' 468 * 470 ' 474 In a normal animal, 
ruminal osmolality remains relatively constant at approxi¬ 
mately 280 mOsm/L, but osmolality may double in some 
cases of acute acidosis, tactic acid accounts for a major 
fraction of the increase, but some of the components of 
this change remain unidentified. The increased osmolality 
inhibits and kills some of the microflora and draws fluid 
into the rumen, mosdy from the extracellular compartment. 
This accounts for the increased ruminal fluid volume, rum¬ 
inal distention, and severe dehydration observed clinically. 
The loss of circulating fluid volume leads to circulatory 
impairment, decreased renal blood flow and glomerular fil¬ 
tration, and in some cases eventual anuria. Poor peripheral 
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circulation results in hypoxic metabolism and contributes 
to systemic acidosis. 

Although it has been assumed that the systemic acidosis 
that develops with this disease is attributable to ruminal 
lactic acid absorption, such absorption does not appear to 
occur readily. 470 475 * 476 Lactate is absorbed from the rumen 
at a much slower rate than are the VFAs because it is highly 
ionized at a pH near physiologic normal, which tends to 
inhibit absorption. At lower pH the rumen becomes static, 
thereby also inhibiting absorption. The hypertonicity of 
the ruminal fluid further limits absorption of lactate and 
other substances. It appears that the peak entry of lactate 
into the circulation occurs in the early phases of the disease. 
Some lactate may be absorbed from the intestinal tract from 
fluid passed before the onset of complete stasis. Many 
experimental trials do not show the development of severe 
systemic acidosis in the early phase of the disease. It may 
be that a large component of the later severe systemic acido¬ 
sis is attributable to circulatory insufficiency rather than to 
absorption of lactic acid. 

Some absorption of the lactic acid does occur, however, 
as evidenced by the appearance of D-lactic acid in the circu¬ 
lation. 422 - 470 ' 475 Microbes produce both the l and d forms 
of lactic acid, whereas animal tissues produce only i.-lactic 
acid. The animals' pathways for metabolism of D-lactic add 
are not as efficient as those for L-Iactic add; therefore 
absorption of both forms leads to an accumulation of pre¬ 
dominantly o-lactate in the animal's system. The lactate is 
eliminated by oxidation, gluconeogenesis, and renal excre¬ 
tion. The animal's hydration status, liver and musde metabo¬ 
lism, and renal function determine how readily it can 
eliminate excess lactate. Animals that survive ruminal aadosis 
often have metabolic alkalosis after the addotic phase, as a 
result of lactate metabolism and production of bicarbonate. 

Lactic add is a strong corrosive agent that can destroy the 
ruminal epithelium, giving rise to the name toxic rumenitis. 
The increased ruminal fluid osmolality also damages the epi¬ 
thelium as extracellular water influx across the epithelium 
occurs in response to osmotic pressure imbalance and dis¬ 
turbed Na transport. 467 The effects of epithelial destruction 
can be far-reaching because the damage persists after resolu¬ 
tion of the acute aadosis. 437 477 Some yeast and fungi that 
are resistant to the high aridity readily colonize the damaged 
sites, invade the vasculature, and cause thrombosis or spread 
to the liver and other organs. 430 - 431 Ruminal aadosis is con¬ 
sidered one of the primary causes of mycotic rumenitis (dis¬ 
cussed earlier under Reticulitis and Rumenitis) and mycotic 
omasitis, although other predisposing causes have been iden¬ 
tified. 430 * 434 Baaerial rumenitis can also result from the 
chemical damage and may lead to abscess formation, diffuse 
cellulitis, or perforation and peritonitis. If the animal survives 
the acute aadosis, it may succumb to secondary ruminal 
damage. 431 433 Alternatively, the rumen may heal unevent¬ 
fully, leaving scars in the ruminal wall, but access of baaeria 
to the circulation through these chemical lesions can result in 
hepatic abscessation, a common problem of animals fed 
high-concentrate rations. 429 - 478 479 

In addition to lactic acid, several toxic factors have been 
implicated in acute ruminal acidosis. 422 ' 458 470 The altered 
metabolism of the ruminal microflora has been shown to 
generate increased quantities of histamine, ethanol, metha¬ 
nol, tyramine, and tryptamine. These may play a role in the 
pathogenesis of the disease, but conclusive evidence is lack¬ 
ing. Histamine has been implicated as an agent in the devel¬ 
opment of laminitis that sometimes accompanies ruminal 
acidosis. However, histamine is poorly absorbed from the 
rumen, especially at diminished pH levels. The destruction 
of ruminal gram-negative baaeria has been suggested to 
release large quantities of endotoxin for absorption through 


damaged mucosal surfaces. Endotoxin would contribute to 
most of the signs of the disease such as ruminal stasis, poor 
tissue perfusion with cardiovascular deterioration, weak¬ 
ness, and depression. Increased ruminal and blood concen¬ 
trations of endotoxin and increased blood arachidonic acid 
metabolites have been found in cattle with experimentally 
induced ruminal acidosis, but their importance in naturally 
occurring disease is not clear. 480 * 483 With liver impairment 
or ruminal wall damage, toxin absorption and clearance 
are likely to be altered. Premature delivery and retained pla¬ 
centa may occur in pregnant animals after acute ruminal 
acidosis, possibly resulting from the effects of these circula¬ 
tory toxins and metabolites. 484 

Subacute Ruminal Acidosis 

Like acute ruminal aadosis, subacute ruminal acidosis 
(SARA) is caused by feeding of excessive quantities of con¬ 
centrate with low levels of well-struaured fibrous roughage; 
however, SARA results from continued ingestion of these 
feeds over a prolonged period rather than sudden exposure 
without adequate adaptation. Beef feedlot cattle may be 
chronically exposed to a ruminal pH of 5 to 5.5 from the 
start of the feeding period until slaughter. Dairy cattle are 
more likely limited to short periods of low ruminal pH typi¬ 
cally between calving and approximately 5 months postpar¬ 
tum, with the risk for SARA very low outside these time 
periods. 485 486 The ruminal microbial population adapts to 
the high grain ration, and large numbers of laaate-using 
and laaate-producing organisms are found. The proportion 
of cellulolytic baaeria decreases, whereas the starch- and 
glucose-fermenting species proliferate. The overall effea of 
the adaptation is devdopment of a microbial population 
that rapidly ferments the ingested feedstuffs. Laaic acid does 
not accumulate because it is further metabolized by the bac¬ 
teria. The high rate of fermentation instead produces high 
concentrations of VFAs, resulting in moderately addic rum¬ 
inal fluid with pH values usually ranging from 5 to 5.5. 487 
Ruminal buffering of the increased acid load is impaired 
because the fine partide size of the high-energy rations 
induces less chewing and less saliva produaion. As the name 
implies, the effeas on the animal are chronic and insidious. 

Along with the high concentration of VFAs and the low pH, 
a shift occurs in the proportions of the VFAs in the ruminal 
fluid. The proportions of butyric and propionic adds increase, 
and acetate decreases. Butyric and propionic adds stimulate 
proliferation of the ruminal papillae epithelium. When this 
process is exaggerated, it can progress to parakeratosis. 
The ruminal papillae develop an excessively keratinized epi¬ 
thelium and dump together. The parakeratotic changes are 
assodated with decreased absorption of the VFAs and 
increased susceptibility to trauma and inflammation. Epithe¬ 
lial damage and the addic nature of the ingesta appear to 
be responsible for inflammation of the deeper tissues of 
the ruminal wall in some cases. The ruminal wall lesions 
allow penetration by bacteria with dissemination to the liver. 
This commonly results in liver abscessation in a high pro¬ 
portion of affeaed animals. Liver abscesses usually have no 
pathognomonic signs. Affeaed animals tend to show reduced 
productivity and may have signs of a chronic inflammatory 
response.* 

The diagnosis of SARA is made on a herd level rather 
than on an individual cow basis. Cattle affliaed with SARA 
may demonstrate numerous clinical signs including reduced 
appetite and ruminal hypomotility. 486 High ruminal VFA 


* References 417,423.437,451,461,464.470,472.478.485.488 
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concentrations can inhibit ruminal motility by stimulating 
the inhibitory receptors in the epithelium. The finely 
ground ingesta also induce less active ruminal motility 
because it lacks the physical bulk of high-roughage diets 
that stimulate strong and sustained contractions. Although 
the bacterial population is metabolically very active, the 
number of species of bacteria is reduced. Likewise the proto¬ 
zoal population is inhibited when the pH remains in the 
lower end of this range. The microfloral environment is less 
stable when fewer species are present and is therefore more 
susceptible to sudden changes in the diet. 

A continual high acid load may also reduce metabolic effi¬ 
ciency and overall animal performance. High-concentrate 
diets have been associated with poor use of dietary pro¬ 
tein. 457 - 489 Other pathologic conditions have been attributed 
to SARA, including chronic laminitis 490 and cerebrocortical 
necrosis. These conditions may be induced by some of the 
toxic by-products of acidic ruminal fermentation, such as 
endotoxins and hydrogen sulfide. 464 - 465 - 470 ' 480 * 483 488 

Ruminal Alkalosis 

An alkaline ruminal fluid pH occurs most commonly when 
microbial fermentation is reduced while the animal con¬ 
tinues to ingest saliva. A ruminal fluid pH between 7 and 

7.5 is found with prolonged anorexia, microfloral inactivity 
caused by poorly digestible roughage, and some cases of 
simple indigestion. The low rate of fermentation does not 
generate enough acid to neutralize the alkaline pH of the 
saliva. In addition, the absorption of VFAs through the rum¬ 
inal epithelium proceeds with the generation of bicarbonate 
in the ruminal fluid. 491 Acetate absorption is associated 
with greater generation of bicarbonate than is absorption 
of the other VFAs, and acetate is the predominant VFA pro¬ 
duced during fermentation of roughage. Although the fer¬ 
mentation rate is low, the VFA absorption contributes to 
the ruminal alkalinity. Ruminal alkalosis occurring with 
these diseases is not the primary problem; therefore these 
entities are discussed separately. 

Ruminal alkalosis can occur with the generation of exces¬ 
sive ammonia. Ammonia concentrations rise when high- 
protein diets are fermented. The pH usually does not 
increase above neutral because these diets also contain suf¬ 
ficient readily fermentable carbohydrate to maintain a 
slightly acidic pH. 

More dramatic elevations in the ammonia concentration, 
with a ruminal fluid pH above 7.5, occur with overfeeding 
of nonprotein nitrogen sources such as urea, biuret, and 
ammonium phosphate (see Chapter 54). Accidental inges¬ 
tion of some common fertilizers that contain ammonium 
salts can produce the same results. For the purpose of this 
discussion, it is important to realize that some of the signs 
of urea poisoning involve ruminal dysfunction. Severe cases 
of urea poisoning result in generalized signs such as muscle 
tremors, incoordination, weakness, tachypnea, and CNS 
excitation, and affected animals die quickly. Signs of forest¬ 
omach dysfunction such as ruminal hypomotility, bloat, 
vomiting, and abdominal pain are also present. In milder 
cases, diminished appetite, ruminal hypomotility, recurrent 
tympany, and diarrhea may be the most prominent signs, 
along with muscular weakness and incoordination. Thus 
the disease may appear as a form of forestomach disease. 
The ruminal fluid shows an alkaline pH between 7.5 and 

8.5 and has a strong odor of ammonia. 462 - 492 - 493 

Putrefaction of Ruminal Ingesta 

Putrefaction of ruminal ingesta infrequently results from 
overgrowth of a microflora that decomposes feed material 


in a putrefactive manner. The existence of a high ruminal 
fluid pH, such as occurs with high-protein feeds, and 
repeated inoculation with abnormal bacteria allow the 
development of the putrefactive decomposition. Fermented 
feeds undergoing spoilage, feed and water contaminated 
with feces, and spoiling, contaminated concentrates supply 
the offending microflora, which includes the coliform 
group and froteus species. 386 This type of abnormal decom¬ 
position is normally inhibited by the existence of an active 
physiologic microflora. Therefore most cattle are remark¬ 
ably resistant to aberrant digestive patterns even when 
spoiled feeds are ingested. Cattle affected with this form of 
indigestion typically follow a chronic course of disease. 
Ruminal motility declines, appetite is poor, and recurrent 
tympany develops, sometimes with the generation of frothy 
ruminal contents. The ruminal fluid characteristically has a 
blackish-green color, a foul, putrefactive odor, poor proto¬ 
zoal and bacterial activity, and a pH in the neutral to alka¬ 
line range of 7 to 8.5. The cause of the forestomach 
hypomotility may be inhibitory products generated by the 
abnormal fermentation. In cases of prolonged duration, 
animals lose weight and display a poor hair coat, probably 
as a result of dietary deficiencies in the abnormal fermenta¬ 
tion products. 

FORESTOMACH DISEASES OF CALVES 

Normal forestomach development and diseases of the for¬ 
estomachs of calves have been reviewed. 387 - 388 494 The new¬ 
born ruminant has the same anatomic division of the 
stomach into four compartments as the adult ruminant. 
The abomasum is functional as a secretory digestive organ, 
like the stomach of monogastrics, and has a capacity 
approximately twice that of the other compartments. The 
remaining stomach compartments are small and do not 
perform digestive functions in the first days of neonatal life. 
The reticulorumen may not develop an adult-type function 
until 4 months of age or older and does not completely 
develop proportional dimensions similar to those of the 
adult until 9 to 12 months of age. 386 * 388 - 494 496 

The preruminant calf has been viewed as a functionally 
monogastric animal, and little importance has been assessed 
to diseases of the forestomachs. Under most management 
conditions, however, the forestomachs have begun to 
develop their digestive function within the first week or 
two after birth. During the development process the calfs 
forestomach is susceptible to problems different from those 
of the adult. After the rumen has developed a functional sta¬ 
tus similar to that of the adult, it is susceptible to the diseases 
discussed previously. Typically the feeding management of 
maturing young stock includes pasture or a mainly forage 
diet and does not predispose to digestive disturbance. 


Esophageal (Reticular) Groove Function 

Liquid feed bypasses the reticulorumen in the young rumi¬ 
nant flowing directly into the abomasum through the 
esophageal groove. Tlie groove consists of two lips that 
extend from the cardia to the reticuloomasal orifice. These 
lips close together, forming a tube to shunt liquid material 
to the abomasum when the soluble proteins and salts of 
milk stimulate a reflex through the glossopharyngeal nerve. 
Other salt solutions and even water can stimulate the reflex 
in very young animals, but the reflex weakens with age, 
especially after weaning. The response to stimuli varies 
among individuals, but generally milk produces the stron¬ 
gest response and plain water the weakest. Both nipple 
and bucket feeding stimulate closure in very young calves, 



chapter 32 Diseases of the Alimentary Tract 



831 


bul beyond 12 weeks of age closure is weak unless stimu¬ 
lated by nipple feeding. In older, weaned animals the reflex 
can be stimulated weakly for short durations by orally 
administered strong solutions such as copper sulfate or 
sodium salts. Intravenous vasopressin can induce more pro¬ 
found closure of the groove and has been advocated to aid 
ruminal bypass of orally administered treatment. 497 498 

Milk replacers that contain nonmilk protein appear to 
stimulate a weaker closure of the esophageal groove than 
do whole milk or milk replacers containing real milk pro¬ 
tein. Likewise unpalatable fluids and spoiled milk do not 
seem to induce normal closure of the groove. Even in 
healthy calves that consume unspoiled whole milk, some 
overflow into the forestomach may occur. 499 Failure of 
esophageal groove closure allows these fluids to pass into 
the rumen rather than bypassing it. Milk or other fluid 
administered through a stomach tube or esophageal feeder 
does not contact the pharynx; therefore the reflex closure 
is not stimulated and the fluid deposits in the forestomachs. 
Under normal conditions fluid in the forestomach of 
neonatal calves less than 2 weeks old overflows into the 
abomasum when an amount more than 400 mL has 
accumulated. 500 


Reticuloruminal Milk Accumulation (Ruminal 
Drinking) 

Milk can gain access to the reticulorumen by several means. 
Failure of esophageal groove closure, just discussed, is one 
possibility. In addition, if calves are maintained as prerumi¬ 
nants for longer than 3 to 4 months, groove closure weak¬ 
ens and may allow greater escape of fluid to the 
reticulorumen. Fluid can also accumulate in the forestom¬ 
ach from abomasal reflux (Fig. 32-95). Overfeeding fluids 
beyond the capacity of the abomasum (approximately 2 L 
in the newborn, 35-kg calf) promotes backflow into the 
reticulorumen. Certain fluids affect abomasal motility and 
emptying times, prolonging their retention in the organ. 
These include acidic and hypertonic fluids and severely 
heat-treated skim milk powder. Nonmilk protein does not 
curd in the abomasum, as does casein, when it contacts 
the abomasal enzyme renin. Prolonged fluid retention and 
failure of curd formation in the abomasum may promote 
backflow into the rumen, especially when more fluid feed 
is consumed. Abomasal inflammation or ulceration may 
also inhibit normal emptying and promote abomasal reflux. 

Some amount of milk reflux from the abomasum 
appears to be a physiologically normal occurrence. In fart, 
this route supplies some of the inoculum for ruminal 
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FIG. 32-95 II Abomasal reflux in calves. 


microfloral development and strongly influences the spe¬ 
cies distribution of the microbial population. But pro¬ 
longed, repeated, or excessive retention of milk in the 
forestomach can lead to the development of abnormal fer¬ 
mentation patterns. Although amounts of fluid greater than 
400 mL do not normally accumulate in the forestomach of 
the neonate, more fluid can accumulate when the aboma¬ 
sum is already filled and when ruminal size has increased 
during the development process. In some cases milk flow 
into the rumen accumulates significantly over prolonged 
periods. 499 

The predominant organisms comprising the forestom¬ 
ach microflora of the 1- to 4-week-old ruminant are the 
coliforms and lactobacilli. These lactose-fermenting, facul¬ 
tative anaerobes tend to maintain the ruminal pH in the 
acidic range before the adult-type, anaerobic, cellulolytic 
flora becomes established. The high fat and protein con¬ 
tent of milk in the rumen can predispose to a flora that 
decomposes these constituents and produces spoiled and 
rancid ruminal ingesta. Problems associated with ruminal 
milk accumulation are compounded when the milk or 
other fluid ingested is already contaminated or spoiled. 
The abnormal microflora established under these cir¬ 
cumstances does not supply the young animal with the 
necessary digestive end products, and signs of dietary 
insufficiency develop. Affected animals fail to grow nor¬ 
mally, show a poor hair coat potentially with widespread 
alopecia, and may have a depraved appetite. The stimuli 
for normal forestomach development are also deficient; 
affected animals have a potbellied appearance, and the 
rumen is distended with fluid and clots of milk. Ruminal 
motility is poor, and recurrent bloat is a common sequela. 
The ruminal fluid pH may be alkaline as a result of the 
proteolytic formation of ammonia, but in most cases the 
ruminal pH is acidic (below 6) because of an accumula¬ 
tion of VFAs and lactic acid from bacterial fermentation, 
and the fluid has a putrid, foul odor. 501 An enteric imbal¬ 
ance also seems to occur, and the feces are commonly 
pasty or fluid in consistency. Ruminal "drinking" appears 
to compound problems in calves with infectious enteritis 
and diarrhea, and affected calves frequently develop 
systemic acid-base and fluid balance disturbances. 502 * 504 


Problems in Ruminal Development 

The age at which the calf has reticuloruminal digestion 
depends largely on its diet. A plentiful supply of milk delays 
the time until the calf consumes significant quantities of dry 
feed. Veal calves maintained without access to solid feed do 
not have forestomach development. The nervous reflexes 
that drive ruminal motility, eructation, and regurgitation 
are already functional before birth, awaiting only the drive 
of normal stimuli to begin operating. Dry feeds pass into 
the rumen, and bacterial inoculation from the environment 
or from abomasal reflux stimulates fermentation to begin. 
This process can be initiated as early as 1 week of age when 
calves are encouraged to consume dry feeds. 495 * 505 

The increase in the size of the forestomach results from the 
bulk effect of ingestion of bulky, fibrous feeds. 506 Mild dis¬ 
tention stimulates ruminal motility and the development of 
the muscular wall. Mucosal development is stimulated by 
the presence of VFAs in the ruminal fluid, resulting from 
microbial fermentation. Butyrate and propionate are most 
effective in this regard, whereas acetate is less stimulatory. 
The thickness of the mucosa increases with proliferation of 
the ruminal epithelium and elongation of the papillae. 438 
These changes serve to increase the ability of the mucosa to 
absorb the VFAs. Dietary excesses or deficiencies affect the 
developing rumen by altering the balance of these stimuli. 
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Calves fed concentrate diets to the exclusion of forages or 
mixed diets with the hay pelleted or finely ground may expe¬ 
rience ruminal parakeratosis as a result of a lack of feed abra¬ 
sion 507 and the excessive production of the stimulatory 
VFAs: butyrate and propionate. 438 These calves can have a 
form of chronic ruminal acidosis that results in a reduced 
growth rate and poor body condition. Ruminal contents 
are typically fluid with an acidic pH, ruminal hypomotility 
occurs, and recurrent free gas bloat is common. Affected 
calves often display a craving for fibrous materials. Hair coat 
licking is common in these individuals, and hairball forma¬ 
tion in the reticulorumen is a common sequela. The hairballs 
may not be deleterious, but occasionally they cause obstruc¬ 
tive disease or abrade the parakeratotk papillae or the aboma- 
sal mucosa, predisposing to ulcers and inflammatory lesions. 
Acute ruminal acidosis is not typically recognized in the 
young, developing ruminant, probably because feed con¬ 
sumption is limited and because the predisposing adult-type 
ruminal microflora has not yet developed. 

An opposite extreme can occur when the young calf is 
fed dry forage to the exclusion of more readily digestible 
carbohydrates. Concentrates and grass contain soluble car¬ 
bohydrates and are well digested by the developing rumi¬ 
nant. I lays contain much less soluble carbohydrate and an 
abundance of the structured, slowly digestible forms. These 
substances are not as well digested by calves because the 
appropriate cellulolytic microflora is not fully developed. 
With moderate hay intake and the supply of other sources 
of nutrition, problems are rarely encountered. When dry 
roughage is the only available feed, especially when the 
hay is of poor quality, adequate breakdown of the fiber 
is prolonged. The low availability of nutrient substrate 
that results from delayed digestion of the structured carbo¬ 
hydrates decreases microbial proliferation and fermenta¬ 
tion. Inadequate fermentation of the feedstuff deprives the 
animal of required nutrients as well and results in poor per¬ 
formance and growth. When the only available feed source 
is the hay ration, the calf continues to consume while the 
long undigested fiber accumulates in the rumen. The rumen 
continues to expand as a result of the increased filling, even¬ 
tually becoming grossly distended. Recurrent bloat is com¬ 
mon in these animals because of the overfilling and poor 
ruminal contractility. This phenomenon is a frequent occur¬ 
rence under some management conditions and has com¬ 
monly been called "haybelly." Affected animals display a 
typical abdominal contour, with gross distention of the 
abdominal wall that is more prominent on the left side. The 
ruminal contents are very firm, the fluid has a pH around 
neutral and shows little microbial activity or odor, ruminal 
motility is poor, and despite the full abdomen the animal is 
thin. This form of microfloral inactivity is more common in 
calves than in adults because the young ruminant is less able 
to ferment fibrous roughage. 386 - 387 

Recurrent Bloat (Ruminal Tympany) 

Moderate gas distention of the rumen is a common sign of 
disease in calves, usually as a result of free gas accumula¬ 
tion, whereas frothy fermentation is very uncommon in 
the young ruminant. The pathogenesis of free gas bloat 
has been discussed, and the same principles hold for the 
young ruminant. The differences between free gas bloat in 
the adult and in the young calf are more a matter of 
chronicity and frequency of occurrence than cause. Diges¬ 
tive disturbances of the adult rumen tend to develop more 
rapidly and are more readily identified than those of the 
calf. Because of the involvement of ruminal developmental 
processes in the pathogenesis of calf indigestion, in young 
ruminants the diseases are more chronic than acute in 


nature. In most cases the calf continues to consume feed, 
and the abnormal ruminal function and development may 
be easily overlooked. 

Ruminal tympany seems to accompany indigestion in 
calves more often than in adult cattle and also assumes a 
more prominent appearance in calves than adults. These 
factors may be reflections of the juvenile anatomy and 
the incomplete development of adult function. It is worth 
noting, for instance, that although left-sided abomasal dis¬ 
placement is an uncommon occurrence in young calves, 
it almost invariably is accompanied by marked ruminal 
tympany. 508 In contrast, the disease is common in adult 
cattle, but ruminal tympany is an infrequent sign of the 
disease. 

Purulent lung infections appear to be a common cause of 
bloat in calves, probably as a result of intrathoracic com¬ 
pression or irritation of the esophagus or possibly the vagal 
nerves. However, other causes of bloat that are associated 
with abnormal ruminal function are also common in calves 
with indigestion. They include overdistention of the rumen, 
insufficient clearing of the cardia, and inhibition of motility 
by abnormal fermentation products. A thorough examina¬ 
tion is required to determine the underlying cause of the 
individual case. 

One presumed cause of bloat in calves that is not a cause 
of adult bloat is sudden filling of the abomasum by milk 
feeding during weaning. Calves not yet completely con¬ 
verted to a diet of solid feed still consume milk eagerly. In 
some cases acute free gas bloat occurs immediately after 
the milk feeding. Because the esophageal groove directs 
the milk into the abomasum but the abomasum is already 
partly filled by ingesta from the developing rumen, acute 
overdistention of the organ can occur and reflexively inhibit 
forestomach motility. Feeding smaller milk meals or discon¬ 
tinuing the milk feeding resolves the problem in these cases, 
lending support to the presumed cause. 

II Clinical Signs and Differential Diagnosis of 
Indigestion (Table 32-14) 

GENERAL SIGNS. A general physical examination allows 
the practitioner to recognize signs of reticuloruminal pro¬ 
blems and to assess whether a disease that could induce reti¬ 
culoruminal dysfunction as a secondary phenomenon is 
present. General signs common to all forms of indigestion 
include a reduction or absence of appetite, dullness or 
depression, and decreased animal productivity. The most 
common signs of ruminal dysfunction are a decrease, 
absence, or abnormality of ruminal contraction sounds in 
the left paralumbar fossa or an abnormal left-sided abdomi¬ 
nal contour. The left abdominal wall may show gauntness 
and decreased filling or may display gross distention. It is 
often the failure to detect signs of another primary disease 
as the cause of ruminal dysfunction that directs attention to 
the forestomach as the possible primary site of disease. Indi¬ 
gestion in calves effectively produces a state of malnutrition, 
and additional signs in these growing animals include poor 
growth rate and long, rough hair coat. The acuteness of onset 
and the severity of these signs depend on the inciting cause 
of the indigestion. Specific abnormalities in the ruminal 
motility pattern are discussed in more detail, but most indi¬ 
gestions are marked by decreased or absent ruminations 
(regurgitation and cud chewing) and depressed ruminal con¬ 
tractions. Only early cases of frothy bloat and some cases of 
vagal indigestion display increased ruminal motility. 

Body temperature usually is within normal limits 
because the causes of indigestion are mainly physiologic 
abnormalities. Exceptions include TRP and occasional cases 
of rumenitis with significant inflammation. Disturbances of 
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TABLE 32-14 


Clinical Signs Typically Associated with Primary Indigestions 


Signs Associated Problems 


Fever 

Decreased ruminal filling 
Abdominal distention 

Excessive fluid (or froth) in the rumen with loss 
of normal ingesta stratification 
Excessive firm, fibrous material in rumen 
Firm, doughy ingesta in ventral rumen with 
decreased ruminal filling # 

Ruminal hypermotility 

Abdominal pain present or can be elicited 

Abnormal feces 

Decreased quantity, firm, dry, with increased 
fiber length 

Feces with abnormal amounts of whole cereal 
grains 

Greasy consistency with very fine particle size 
Foamy, fluid, yellowish color, acidic odor 
Pasty to fluid consistency with foul odor 
Decreased quantity, dry, otherwise 
unremarkable 
Vomiting (rare) 


Traumatic reticuloperitonitis, reticuloruminitis 

Fermentative indigestions and secondary indigestions (especially with chronic 
anorexia) in which passage of material from the rumen is not impeded 

See Fig 32-94 

Acute ruminal acidosis, vagal indigestion, frothy bloat, anterior intestinal 
obstruction 

Ruminal inactivity caused by poor-quality roughage 

Prolonged ruminal stasis caused by chronic disease with anorexia 

Early cases of frothy bloat, some cases of vagal indigestion 

Traumatic reticuloperitonitis, abomasal ulceration, reticuloruminitis 

Traumatic reticuloperitonitis, omasal transport failure, ruminal inactivity with 
poor-quality roughage, also dental disease and some abomasal disease 

Acute or chronic ruminal acidosis 

Pyloric outflow failure, abomasal displacement 

Acute ruminal acidosis 

Fermentative indigestions, enteritis 

Anorexia (various causes), acute indigestions before later developing 
abnormalities 

Ruminal overdistention with vagal indigestion, inflammation of reticulorumen, 
reticuloomasal orifice obstruction, diaphragmatic hernia, some intoxications 
(differentiate from esophageal disease) 


heart rate, respiratory rate, and body fluid vary tremen¬ 
dously among different forms of indigestion and different 
cases of any one form of indigestion. For example, an acute 
onset of severe ruminal bloat can produce severe embarrass¬ 
ment of the cardiovascular and respiratory systems, whereas 
mild or chronic bloat may produce no remarkable change 
in these systems. Rapid accumulation of fluid in the fore¬ 
stomach chamber in severe ruminal acidosis with grain 
overload can induce severe dehydration, systemic acidosis, 
and increased heart and respiratory rates, whereas slow fluid 
sequestration in some cases of vagal indigestion may not 
induce marked changes in these parameters. 

The anamnesis is important, especially with regard to the 
animal's feeding. Characteristics of the feed determine the 
type of fermentation pattern to be expected. Knowledge of 
the nutrient content thus allows an assessment of the bio¬ 
chemistry of microbial digestion. Consumption of a high- 
concentrate, low-fiber ration or legume pasture may lead 
to frothy bloat. A ration of poor-quality hay or straw may 
result in low microbial fermentative activity and accumula¬ 
tion of impacted indigestible roughage. Overeating of car¬ 
bohydrates or sudden access to concentrate feeds without 
adequate adaptation time can induce chronic or acute rum¬ 
inal acidosis. The feeding history should agree with the 
findings from inspection of the ruminal contents, or the his¬ 
tory should be suspected to be inaccurate. The amount and 
consistency of the feces should also provide supportive evi¬ 
dence of the type and amount of feed intake. 

ABDOMINAL CONTOURS AND ANIMAL STANCE (SEE 
FIG. 32-94). Visual inspection of the abdominal contours 
allows assessment of the degree of abdomen filling. Indiges¬ 
tions can be characterized by decreased, normal, or exces¬ 
sive filling of the reticulorumen. Most primary and 
secondary indigestions are associated with ruminal hypo- 
motility and anorexia. Therefore the rumen usually shows 
no obvious distention and may have less filling than nor¬ 
mal, especially when the duration of the disease is pro¬ 
longed. Forms of indigestion in which abnormal ingesta 


or abnormal ruminal motility prevents effective forward 
flow of ingesta (overfeeding of poor-quality roughage, vagal 
indigestion) or in which fluid is actively sequestered in the 
reticulorumen (acute ruminal acidosis) typically cause some 
degree of forestomach distention (see Fig. 32-94). 

A left-sided or bilateral ventral abdominal wall distention 
indicates ventral ruminal dilation, although advanced preg¬ 
nancy and hydrops conditions must be considered. Disten¬ 
tion of the dorsal left flank results from ruminal tympany 
with or without distention of the ventral rumen. Abomasal 
displacement to the left can produce mild distention of the 
dorsal left flank under the caudal ribs and extending into 
the paralumbar fossa, but the abdomen usually is gaunt 
and empty when viewed from the side or the rear. Occasional 
cases of left-displaced abomasum appear to inhibit eructa¬ 
tion and produce gross ruminal tympany as the primary sign. 
Release of free ruminal gas through a stomach tube and reex¬ 
amination for abdominal pings reveals this cause of second¬ 
ary ruminal dysfunction. Frothy bloat in ruminants is 
discussed further elsewhere in this text (see p. 855). Free 
gas accumulation often occurs secondary to the causes of 
ruminal motility inhibition and is important as a sign of 
indigestion (Table 32-15). Right-sided abdominal distention 
suggests the various conditions of dilation, displacement, 
and obstruction or ileus of the intestines and abomasum. 
The diseases that cause obstruction and reflux of abomasal 
ingesta into the rumen may result in reticuloruminal disten¬ 
tion. Both prolonged cases of gastrointestinal obstruction at 
any site and generalized peritonitis can produce gross bilat¬ 
eral dorsal and ventral distention of the abdomen. 

The animal should be studied for signs of pain. A pain- 
filled expression, a reluctance to move, an abnormal, stilted 
gait, an arched back with a tucked-up abdomen, and an 
extended neck are typical signs of anterior abdominal pain. 
These signs may indicate TRP, abomasal ulceration, or 
another source of pain. A similar stilted gait and reluctance 
to move are typical of laminitis, a common sequela of acute 
ruminal acidosis. 
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TABLE 32-15 


Differentiation of Types of Bloat Through Nasogastric 
Intubation 


Results of Intubation Probably Causes of Bloat 


Tube does not pass 
Tube passes with 

resistance and releases 
ruminal gas 


Tube passes easily and 
releases ruminal gas 


Tube passes easily but 
does not release gas or 
releases small amount 
of foamy ingesta 


Esophageal obstruction 
Esophageal compression caused 
by thoracic inflammatory or 
neoplastic disease 
Distortion of the cardia caused by 
inflammation, neoplasia, or 
abnormal anatomy 
such as abomasal displacement 
Ruminaf stasis caused by 
reticuloruminal fermentative 
disorder, hypocalcemia 
Obstruction of cardia with ingesta 
(overfilling of rumen) or 
pedunculated mass 
Rumenitis (reticulitis) 

Weakened ruminal 
contraction caused by 
chronic overdistention with 
ingesta (vagal indigestion, 
indigestion with poorly 
digestible forage) 

Frothy bloat 

Frothy ruminal contents caused by 
abnormal motility in some 
forms of vagal indigestion 


PALPABLE FINDINGS (SEE FIG. 32-94). Deep palpation 
of the left side of the abdomen is used to determine the 
consistency of the ruminal contents and thus the nature 
and volume of the ingesta. In normal animals the organized 
contraction sequence produces a layering effect. 388 454 Ven- 
trally a fluid consistency can be palpated, whereas dorsally 
the consistency is firm and doughy. The doughy layer con¬ 
sists of the fibrous portion of the feed. Generally an animal 
fed a high-roughage diet has a more prominent layer of 
doughy ingesta. The ruminal contents of an animal fed con¬ 
centrate feed are softer. In sheep and goats the normal 
dorsal rumen is softer than that of cattle no matter what 
the feed. In the normal condition a small layer of free gas 
is present in the most dorsal region. Distention with gas 
or foamy feed produces a taut, elastic tension. With free 
gas bloat the doughy layer can still be appreciated ventral 
to the gas accumulation, but in cases of frothy bloat the 
doughy layer is much less prominent. Most cases of vagal 
indigestion and some cases of high intestinal obstruction 
cause a grossly dilated rumen filled with fluid or foamy con¬ 
tents that may fluctuate on ballottement. 

Overfeeding of indigestible poor hay or straw with resul¬ 
tant inactivity of ruminal microbial fermentation leads to 
accumulation of more fibrous material than normal that 
barely yields to deep palpation. With prolonged or severe 
ruminaJ stasis, as may occur in TRP, the lack of ruminal 
motility leads to failure to maintain the normal layering 
of the contents. In these instances the ventral portion of 
the forestomach is firmer than the area above. During severe 
ruminal acidosis, fluid accumulates in the forestomach. This 
can lead to some degree of abdominal distention, and on 
palpation the ruminal contents are fluid and may even 
splash with ballottement. 

The rumen should also be palpated per rectum; a com¬ 
parison of these findings with those obtained externally 
may be revealing. Moderate degrees of free gas accumula¬ 
tion are often more easily detectable per rectum. Palpation 


per rectum is also useful in distinguishing the presence of 
an L-shaped rumen, in which the ventral sac of the rumen 
is grossly distended in cases of vagal indigestion. It is impor¬ 
tant to differentiate an L-shaped rumen from either aboma¬ 
sal distention or impaction, which can display a similar 
external abdominal contour. It is also important to palpate 
for the size of the lymph nodes in the longitudinal groove 
of the rumen. These can enlarge to prominent size when 
rumenitis is present. The organs in the right half of 
the abdomen should be assessed as sources of abdominal 
problems. 

Rectal examination is impossible in small ruminants and 
calves. External palpation using both hands can be valuable 
in these animals. In calves and goats it is the best method 
for detecting bezoars or clotted clumps of milk in the rumen 
and for palpating intussusception, umbilical abscesses, or 
grossly abnormal kidneys. 

Palpation of the left paralumbar fossa reveals the pres¬ 
ence of ruminal contractions. In a normal animal, three 
contractions should occur over a 2-minute period. One of 
these contractions should be associated with an eructation 
of gas, which can be appreciated both visually and audibly. 
The rate of eructation increases or decreases in proportion 
to the fermentative production of gas. Most indigestions 
produce decreased ruminal motility or ruminal stasis. Early 
cases of frothy bloat and some forms of vagal indigestion 
can result in prominent hypermotility. The motility pattern 
is characterized by changes in both frequency and strength, 
and weak contractions can also be detected by palpation. 
Some cases of secondary indigestion, in which the decreased 
ruminal function is a result of inappetence rather than an 
inhibition of ruminal motility, show a normal contraction 
frequency but decreased contraction strength. The duration 
and strength of ruminal contraction are primarily determined 
by the nature of the forestomach contents, whereas the fre¬ 
quency relies on medullary gastric center control. Decreased 
ruminal fill, decreased fiber content of the ingesta, or overdis¬ 
tention of the ruminal wall musculature results in reduced 
strength and duration of the contraction sequence. These dis¬ 
tinctions can be important in determining the cause of 
decreased ruminal motility. 

AUSCULTABLE FINDINGS. Auscultation of abdominal 
sounds is performed over several sites in the left flank and 
rib areas. Initial auscultation assesses the nature, frequency, 
and strength of ruminal sounds. This information can be 
compared with the assessment of ruminal motility gathered 
on palpation. The sounds represent the friction of fibrous 
ingesta rubbing against the ruminal wall as the ruminal sacs 
contract and mix their contents. In healthy cattle on a 
roughage diet, the normal rustling sound is prominent 
and prolonged with each contraction cycle. The ruminal 
contents of animals fed a high-concentrate diet produce less 
sound because very-low-fiber rations induce weaker con¬ 
tractions and because less fibrous material is in contact with 
the ruminal wall. 

As with palpation, both the frequency and the nature of 
the sounds yield information about reticuloruminal motility. 
The ruminal motility pattern is disrupted in vagal indiges¬ 
tion. Although contractions are present and may be more fre¬ 
quent than normal, their lack of normal coordination can 
lead to a churning of the ingesta without the usual progres¬ 
sion of transport. This disrupts the normal stratification of 
the contents and produces abnormal sounds that are heard 
as a rumbling, bubbling, or splashing. When stratification is 
disrupted because of a hypoactive rumen and more fluid is 
present in the dorsal area of the rumen, contractions produce 
splashing sounds. The accumulation of gas under these cir¬ 
cumstances may produce ringing tones as the fluid moves, 
similar to the pings found with a displaced abomasum. 
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Some circumstances require a distinction between pri¬ 
mary and secondary contraction cycles, and they can be dif¬ 
ferentiated by ausculting for reticular contractions. Holding 
the stethoscope at the seventh intercostal space at the level 
of the costochondral junction, the examiner can detea a 
tinkling fluid sound as the reticulum contracts. A hand held 
in the paralumbar fossa can detea the tensed bulging of the 
dorsal sac as it contraas, allowing the examiner to deter¬ 
mine if the ruminal contraction is associated with a reticular 
contraaion. Reticular contraaion and motility can also be 
assessed by transabdominal ultrasound. 509 Hyperactivity of 
primary cycles associated with feeding or the immediate 
postprandial period is normal. Mechanical stimulation of 
buccal sensory receptors can lead to’an approximate dou¬ 
bling of the primary cycle rate. Hypermotility that results 
from excessive secondary contractions, without the normal 
mixing and propulsion of primary contractions, is abnor¬ 
mal and represents ruminal dysfunction. 

Combining the auscultation with percussion or ballotte- 
ment allows assessment of gas or fluid accumulations. The 
sounds heard in the left flank should be compared with 
those in the left rib area and right side of the abdomen. 
High-pitched pings and fluid tinkling sounds suggest a 
viscus filled with gas and fluid. In the left flank this may rep¬ 
resent a displaced abomasum, gas-forming abscess, pneumo¬ 
peritoneum, or static rumen. Careful comparison of the 
sounds heard at different sites, combined with the results of 
reaal palpation, should allow localization of the source. 
Generally the rumen can be ruled out as the source of pings 
if palpation reveals normal doughy ruminal contents, no 
ruminal tympany is felt per reaum, and sounds of normal 
ruminal contraaions are heard in the paralumbar fossa. Pro¬ 
longed anorexia associated with infectious or inflammatory 
diseases such as pneumonia or mastitis can result in a static, 
underfilled rumen, and occasionally a prominent ping can 
be ausculted in the left flank, where a filled rumen normally 
would be found. This condition has been called "ruminal 
collapse," and careful evaluation is required to distinguish 
it from left-displaced abomasum. 510 Ballottement of the 
rumen may reveal splashing fluid sounds without a high 
pitch in cases in which the rumen has accumulated signifi¬ 
cant fluid. This occurs frequently in cases of severe ruminal 
acidosis. It may also occur in cases of marked inaaivity of 
the ruminal flora with loss of the normal stratification of 
ruminal contents. 

PAIN ELICITATION. Tests of pain sensitivity in the ante¬ 
rior abdomen (percussion, deep palpation, withers pinch, 
xiphoid pressure) are performed to examine for localized 
peritonitis caused by TRP or abomasal ulceration. The same 
procedures, especially percussion or application of pressure 
to a localized area in the ventral abdomen, can be used to 
localize pain associated with rumenitis or ruminal abscessa- 
tion or perforating abosomal ulceration. 511 

FECAL ABNORMALITIES. The reaal examination pre¬ 
sents an opportunity to assess the volume and nature of the 
feces . 517 The feces are abnormal in most cases of forestom¬ 
ach dysfunction. In adult cattle, passage of ingesta through 
the digestive traa requires 1 Vi to 4 days. Changes in the feces 
caused by acute diseases therefore are often delayed by a day 
or longer beyond the first appearance of other clinical signs. 
Mature cattle typically pass a total of 30 to 50 kg of feces per 
day divided into 10 to 24 defecations. The color and consis¬ 
tency of feces are influenced by the feed and should be 
assessed in light of the feeding history. 

Diseases that reduce the flow of ingesta from the rumen 
to the lower gastrointestinal traa typically result in feces of 
reduced volume that are firm and dry. These findings are 
also present with reduced feed or water intake. Assuming 
that normal intestinal function is present, a decreased flow 


of ingesta from the forestomach allows longer retention in 
the bowel with greater resorption of water. In severe 
instances the feces form into firm disks or balls with a dark, 
shiny mucous covering. These findings are typical of vagal 
indigestion and forestomach diseases that produce ruminal 
stasis without a grossly abnormal fermentative pattern. Indi¬ 
gestions with abnormal fermentation may produce decreased 
quantities of dry feces initially but usually result in other 
fecal abnormalities as the abnormal ingesta pass into the 
lower traa. Intestinal obstruaions also deaease fecal passage 
to the point of absence, but usually the material passed also 
presents other gross abnormalities such as blood, melena, or 
discolored mucus. 

The particle size of fecal material depends on the fre¬ 
quency and duration of rumination, the activity of the rum¬ 
inal flora, and the function of the rumen in appropriately 
sorting out material for passage through the reticuloomasal 
orifice. Abnormalities of these digestive functions lead to 
passage of ingesta of inappropriate particle size. Plant fibers 
in normal bovine feces measure up to 0.5 cm. Particles with 
inadequate breakdown may measure 1 to 2 cm or longer. 
This long particle size may be seen in the feces of cattle with 
TRP, some cases of vagal indigestion, and poor-quality 
roughage with insufficient microfloral aaivity. 447 - 450 * 512 
Similar findings occur with tooth disease and some cases 
of abomasitis or cellulitis at the cardia or esophageal groove, 
in which rumination or aaivity of the reticuloomasal orifice 
is inhibited. Whole cereal grains (especially whole com) 
may pass in the feces of normal cattle, but excessive amounts 
of grain should raise suspicion of excessive intake and acute 
ruminal acidosis. Feces with an abnormally fine particle size 
and greasy-pasty texture are associated with delayed passage 
from the forestomach. These are common findings in most 
cases of vagal indigestion and abomasal displacement. 

The odor of bovine feces is relatively inoffensive in 
healthy individuals. Foul odors are the result of abnormal 
fermentation or decomposition. Thus abnormal odor typi¬ 
cally occurs when the ruminal fermentation pattern is 
altered, as in simple indigestion caused by abnormal feed, 
ruminal acidosis, ruminal alkalosis, or ruminal content 
putrefaaion. A repugnant odor is also typical of enteritis 
when blood products, inflammatory produas, or tissues 
decompose in the intestinal tract (e.g.. Salmonella enteritis). 
Foamy, fluid feces with a yellow-brown color and acidic 
smell are typical of ruminal lactic acidosis in adult cattle. 
Abnormal ruminal fermentation not only produces feces 
with abnormal odor but also typically leads to a pasty or 
fluid consistency as well. Fxceptions occur in acute cases, 
when ruminal stasis or the delay in the passage of ingesta 
from the forestomach can result in normal or firm feces dur¬ 
ing initial stages of the disease. 

ACUTENESS OF SIGNS. The various forms of indiges¬ 
tion may be manifested as acute, subacute, or chronic ill¬ 
ness. In general they do not appear as critical emergencies 
with fulminating systemic signs and life-threatening condi¬ 
tions. The exceptions to this are frothy bloat (see p. 855) 
and acute ruminal laaic acidosis or grain engorgement. 

Cattle examined a few hours after engorgement of grain 
may yet be alert but anorectic with a mildly distended 
rumen, weak ruminal contraaions, and mild signs of colic. 
If the acidosis is mild, affected cattle show the signs of indi¬ 
gestion discussed in previous paragraphs and with or with¬ 
out treatment may show return of appetite within a few 
days. The severe form of indigestion leads to severe systemic 
involvement, with depression, severe dehydration, weak¬ 
ness, recumbency, profuse diarrhea, and eventually death. 
The temperature usually is normal to subnormal. The heart 
rate elevates with the progression of dehydration and sys¬ 
temic acidosis, with rates above 100 beats/min usually 
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associated with a poor prognosis. Respiration generally is 
increased (60 to 90 breaths/min) and shallow. The rumen 
accumulates fluid. Animals capable of rising may show a 
staggering gait and appear blind. The pupillary light reflex 
may be slower than normal. Recumbent animals usually 
lie quietly and may be stuporous. As the cardiovascular sys¬ 
tem becomes more severely affected with increasing dehy¬ 
dration and acidosis, the extremities become cool, and 
mucous membranes dry. Anuria may follow poor renal per¬ 
fusion. Rapid progression of signs leading to recumbency 
bespeaks a poor prognosis, and animals may die within 
24 to 72 hours. Therefore if the progression of signs is rapid, 
emergency therapeutic measures are mandatory. 

In cattle with intermediate degrees of ruminal acidosis, 
other signs may develop secondarily. Acute or chronic lam- 
initis is a common complication. The damage to the rum¬ 
inal mucosa can lead to mycotic rumenitis or ruminal wall 
abscessation or can disseminate infection through the 
bloodstream to other organs, most notably the liver, result¬ 
ing in the formation of hepatic abscesses. 478 

HEART RATE. Bradycardia of 40 to 60 beats/min is fre¬ 
quently associated with certain types of indigestion. This sign 
suggests reflex vagotonia to the heart and has been considered 
indicative of vagal indigestion. The bradycardia can be alle¬ 
viated by subcutaneous administration of 30 mg of atropine, 
differentiating increased vagal nerve tone from a primary car¬ 
diac conduction disturbance. The atropine test is not especially 
useful because only a minority of vagal indigestion cases show 
bradycardia. 444 - 445 - 447 Animals with advanced cases with 
severe abdominal distention or fluid imbalances (or both) fre¬ 
quently show elevated heart rates (over 80 beats/min). In most 
cases the other physical signs are more reliable for establishing 
the diagnosis. Furthermore, bradycardia may accompany 
other forms of indigestion when ruminal hypomotility is 
prominent and no significant abnormalities of fluid or electro¬ 
lyte balance are present. Even in normal cattle, postfasting 
heart rates may drop below 50 beats/min. 513 Therefore recog¬ 
nition of bradycardia in association with other signs of rum¬ 
inal dysfunction is probably most useful as evidence that 
stimuli for an increased heart rate, such as inflammatory, infec¬ 
tious, or fluid balance disturbances, are not prominent factors 
in individual disease occurrence. 

VOMITING. Vomiting is uncommon in ruminants, but 
when it does occur, it generally reflects forestomach disease. 
Regurgitation from the abomasum frequently occurs with 
abomasal or intestinal disease. Abomasal reflux is not man¬ 
ifested externally and is discussed elsewhere (see pp. 837 
and 838) because it relates to forestomach disease. Small 
volume regurgitation and remastication are routine and nor¬ 
mal ruminant functions that do not result in expulsion of 
material from the mouth. Explosive vomiting of fluid ingesta 
in large quantity occurs when the reticulorumen is irritated 
and occasionally when it is overdistended. Vomiting may 
accompany diaphragmatic herniation of the reticulum, 
inflammation of the reticulorumen caused by actinobacillo- 
sis, vagal indigestion, or obstruction of the reticuloomasal 
orifice. Animals are more prone than normal to vomiting 
around an orally passed stomach tube when they have 
almost any indigestive disturbance. Vomiting also occurs 
with certain intoxications, most notably azalea, rhododen 
dron, and sneezeweed toxicity and some organophosphate 
toxi cities. 

IB Clinical Pathology/ 

RUMINAL FLUID ANALYSIS. Evaluation of ruminal fluid 
characteristics is an essential procedure in establishing 
the cause of the indigestions of abnormal fermenta¬ 
tion. 454 * 468 * 514 Several important determinations can be 


made at cowside in an ambulatory practice. Acquiring an 
appropriate sample is simplified by using proper equip¬ 
ment. The advantages of various collection techniques and 
devices have been discussed. 515 * 518 Needle puncture of the 
ventral ruminal sac (rumenocentesis) may yield a satisfac¬ 
tory fluid sample, and studies demonstrate that rumeno¬ 
centesis samples provide the most reliable evaluation of 
ruminal fluid pH for field evaluation of SARA. 517 518 Oral 
or nasal passage of a collection tube produces more fluid 
volume with no risk of peritoneal contamination but with 
an increased risk of saliva contamination. An adequate tube 
for aspiration of a ruminal fluid sample should be at least 
2.3 m long to reach the ventral ruminal sac and should have 
an internal diameter of 1 cm or larger to reduce the inci¬ 
dence of plugging with ingesta. A plastic stomach tube 
passed orally or nasally can be adapted for use by cutting 
multiple holes into the ruminal end of the tube. A digital 
examination glove can be placed over the end during 
passage to limit saliva contamination of the sample and 
then is forcefully blown off before sampling. The sample 
can then be withdrawn by a dose syringe. This technique 
is successful when ruminal fluid is accessible in the dorsal 
rumen, but the flexibility of the tube is disadvantageous 
when a prominent layer of fibrous feed is present. Several 
instruments with a flexible steel outer tube are commer¬ 
cially available and have the advantage of enough stiffness 
and weight to penetrate the overlying firm layer of ingesta. 

Ruminal fluid samples collected in an expeditious man¬ 
ner yield the most useful results. When the animal strongly 
resists sampling and a prolonged time is required from 
introduction of the tube until the fluid is obtained, saliva 
contamination of the sample increases. This contamination 
alters the pH and consistency of the sample. The specially 
designed ruminal fluid collection tubes reduce this prob¬ 
lem. If the sample must be collected writh a standard naso¬ 
gastric tube, passing the tube nasally avoids the presence 
of a device in the mouth. This reduces the amount of strug¬ 
gling (once the tube has passed the pharynx) and thus 
reduces excessive salivation. 

The sample should be evaluated as soon as possible 
after collection to minimize the effects of cooling and air 
exposure on protozoal activity and pH. The more elaborate 
chemical tests such as chloride, acid, and ammonia con¬ 
centrations can be delayed up to 9 hours for a room- 
temperature sample and up to 24 hours for a refrigerated 
sample and still yield reliable results. 519 Ruminal fluid col¬ 
lected for therapeutic transfaunation also retains its benefi¬ 
cial activity for a similar duration. 520 The ruminal fluid 
parameters important in a clinical examination are listed 
in Table 32-16. 

Color, Consistency, and Odor. The color, consistency, and 
odor of aspirated fluid are assessed immediately after collec¬ 
tion. Normal color varies depending on the nature of the 
feed. Animals fed a hay ration have olive to brownish-green 
ruminal fluid, those on grass show a deeper green color, 
and cattle fed grain or silage, a yellowish-brown color. Fluid 
from cattle with acidosis tends toward a milky gray. Rum¬ 
inal fluid from animals with prolonged stasis or decomposi¬ 
tion of the ruminal ingesta (or both) is a darker greenish- 
black, and fluid from calves with milk sequestered in the 
rumen as a result of abomasal reflux or esophageal groove 
failure is gray and may contain clots of milk. 

Normal ruminal fluid has a slightly viscous consistency. 
The fluid becomes more watery when the microflora is 
inactive. Saliva contamination causes greater viscosity; 
therefore the results from a highly viscous sample should 
be evaluated with care, and it may be best to discard such 
samples. Ruminal fluid has a typical odor that has been 
called "aromatic." The odor is less prominent when the 
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Diagnostic Ruminal Fluid Analysis 


| Parameter 

Normal j 

Color 

Olive, brownish-green 

Consistency 

Slightly viscous 

Odor 

Aromatic strong odor 

pH 

6-7 on roughage 

5.5-6.5 on grain diet 

Sedimentation or flotation 

4-8 min 

Redox potential (methylene 
blue reduction time) 

3-6 min 

Protozoal activity 

Multiple forms, active 
motion 

Gram stain 

Predominant gram-negative 
baaerial population 

Chloride concentration 

<30 mEq/L 


microflora is inactive. Abnormal odors include the acidic 
smell of lactic acidosis, the putrid foul odor of protein 
decomposition or spoiled milk with putrefaction of ruminal 
ingesta, or the ammonia smell of urea poisoning. 

Ruminal Fluid Ph. The pH of ruminal fluid fluctuates 
within a broad range of normal values, varying considerably 
during the course of a day with shifts of 0.5 to 1 pH unit 
common during a 24-hour period. 485 521 The pH measured 
in a given fluid sample depends on the type of feed and fer¬ 
mentation pattern and the interval since the last feeding. 
Physiologic ruminal fluid pH typically ranges between 6 
and 7 in animals on a mostly forage diet but is lower, at 
5.5 to 6.5, in animals fed mostly grain. 469 ' 470 ' 485 ' 518522 
The lower pH develops with the faster rate of amylolytic ver¬ 
sus cellulolytic fermentation. Immediately after feeding the 
pH tends toward the high end of normal with the addition 
of feedstuff and saliva, the production of which is deter¬ 
mined by the duration spent eating, ruminating, and rest¬ 
ing. 523 Over a 2- to 4-hour period the pH decreases to the 
lower range as the feed undergoes fermentation. With no 
further feed consumption, fermentation declines and the 
pH rises with salivary buffering and acid end-product 
absorption. 491 In animals held off feed the ruminal pH rises 
above 7 within 12 hours after a hay meal and within 24 
hours after a high-grain meal. Therefore consideration of 
the most recent feed consumption is important to the inter¬ 
pretation of the ruminal fluid pH measurement. 

Saliva contamination of the sample falsely elevates the 
measured pH value. Because it is impossible to exclude 
saliva completely from samples collected by tube, a minor 
false elevation of the pH likely occurs in all such examina¬ 
tions. 515 * 516 ' 518 This can be minimized by expedient collec¬ 
tion of a large fluid volume (more than 100 to 200 mL). If 
the collected volume is small and the sample viscosity is 
high, the pH measurement will be inaccurate. Modest con¬ 
tamination (5% to 10%) raises the measured pH by 
approximately 0.1 to 0.2 pH units, whereas excessive con¬ 
tamination with approximately 50% saliva may increase 
pH by 1 pH unit. 454 * 515 Ruminocentesis of the ventral rum¬ 
inal sac below the left paralumbar fossa is preferred by 
some clinicians for preventing saliva contamination. This 
is particularly advantageous for samples collected to moni¬ 
tor ruminal pH for balancing rations and minimizing 
chronic ruminal acidosis. A sampling strategy that incorpo¬ 
rates ruminocentesis and ruminal fluid pH measurement in 
groups of cows in a herd has been developed to optimally 
identify cow groups with feeding problems that lead to sub¬ 
acute ruminal acidosis. 517 * 518 


Ruminal pH values of 7 to 7.5 are common in animals 
with anorexia and in those that have ingested feed that is 
not suitable for fermentation (e g., simple indigestion and 
inactivity of microflora caused by indigestible roughage). 
Even higher pH values may be measured with ruminal alka¬ 
losis caused by urea ingestion or putrefaction of ruminal 
ingesta. Low pH values result from engorgement with readily 
digestible carbohydrates and generation of ruminal lactic aci¬ 
dosis. In extreme cases values occasionally decline to 4 to 
4.5. It is important to remember that prolonged anorexia 
and continued saliva ingestion result in rising pH values in 
these cases as well and that the ruminal pH of a cow with 
ruminal acidosis can be normal if a sufficient period of 
anorexia precedes the ruminal fluid analysis. Conversely, a 
ruminal pH of 5.5 to 6 is abnormal for a cow fed a roughage 
diet and may be indicative of unobserved access to grain and 
resultant lactic acidosis. Subacute or chronic ruminal acido¬ 
sis usually is accompanied by a ruminal pH in the range of 
5 to 5.5.468.469.485.518 Abomasal reflux into the reticuloru- 
men caused by abomasal disease, vagal indigestion, or intes¬ 
tinal obstruction can cause mild decreases in ruminal pH 
because of the acidic nature of abomasal contents. However, 
ruminal pH measurement is a poor means of detecting 
abomasal reflux because the pH will remain within the wide 
range of normal values. Abomasal reflux is better assessed by 
measurement of the ruminal chloride concentration. 

Sedimentation. The sedimentation activity time, or sedi¬ 
mentation-flotation test, provides a quick evaluation of 
microfloral activity. 524 It must be conducted promptly after 
collection of the sample. The aspirated fluid is allowed to 
sit in a tube, and the time for completion of sedimentation 
and flotation of the solid particles is measured. Normally 
the finer particles settle to the bottom and the coarser parti¬ 
cles float, buoyed by the gas bubbles of fermentation. Some 
of the finer particles sink and then rise again when the fer¬ 
mentation is very active. The normal time for completion 
of this activity is 4 to 8 minutes. Grossly inactive fluid shows 
very rapid sedimentation, and none of the material may 
float. This occurs with ruminal acidosis, prolonged anorexia, 
and inactive microflora caused by indigestible roughage. 
When the ingesta are particularly frothy, as in cases of frothy 
bloat or some cases of vagal indigestion, there may be no 
appreciable sedimentation or flotation. This test provides a 
crude evaluation of microfloral activity but does not differen¬ 
tiate well among the different forms of indigestion. 

Redox Potential. The redox (reduction-oxidation) poten¬ 
tial of ruminal fluid is a biochemical characteristic that 
refleas the anaerobic fermentative metabolism of the baae- 
rial population. 455 An indirea determination of the redox 
potential can be achieved by measuring the time required 
by ruminal fluid to decolorize methylene blue dye. 525 A 
mixture of 1 mL of 0.03% methylene blue with 20 mL of 
ruminal fluid at normal body temperature is observed in a 
tube and compared for color with another unaltered tube 
of the fluid. With a highly active microflora ffom an animal 
fed a hay and grain diet, the initial dark blue color of the 
mixture decolorizes within 3 minutes, leaving a narrow ring 
of blue color at the top of the decolorized sample. Fluid 
ffom a diet of hay alone requires 3 to 6 minutes and ffom 
a mostly grain ration requires as little as 1 minute for meth¬ 
ylene blue reduction. Reduction times up to 15 minutes and 
longer occur with diets of indigestible roughage, in anorexia 
of several days' duration, and after ruminal acidosis. 466 * 514 
Thus the methylene blue reduction time provides an assess¬ 
ment of the degree of baaerial fermentative activity. 

Microscopic Examination. Evaluation of the number and 
aaivity of protozoa in the ruminal fluid provides a sensitive 
indicator of the normalcy of the sample. 454 455 This is easily 
accomplished by examining a drop of ffesh, warm fluid 
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under a microscope. The examination requires only low 
magnification (x40 to xlOO) and no special stains. In very 
active fluid samples the largest protozoa can be seen with 
the naked eye. They are detectable in a tube as small gray 
specks of material in active motion in the fluid, and they 
tend to localize above the sedimented particulate matter. 
Microscopically both ciliate and flagellate forms of varying 
sizes and shapes can be observed, with ciliates usually out¬ 
numbering the flagellates. The protozoa are normal inhabi¬ 
tants of a healthy ruminant's ruminal fluid, although their 
specific function is not completely clear and their presence 
does not appear to be a prerequisite of normal digestive 
activity. The importance of the protozoa from a clinical 
viewpoint is their sensitivity to abnormalities in the fluid 
milieu. The normal animal should show a wide variety of 
sizes of protozoa, in large numbers that are easy to see, 
and with active motility. Reduced numbers occur in inactive 
fluid samples. The larger species are more susceptible to 
abnormalities; therefore a predominance of only small pro¬ 
tozoa would suggest a mild indigestive disturbance. All 
protozoa are killed off when the ruminal pH drops below 
5. A recent bout of acidosis would result in lack of proto¬ 
zoal activity, even if the pH has subsequently risen back 
into the normal range. Fluid from such an animal should 
also show other abnormalities of color and consistency. 
Very recent disturbances of the fluid may result in the obser¬ 
vation of a large number of dead protozoa. 

Although elaborate isolation methods for evaluating rum¬ 
inal bacterial growth are not clinically applicable, examina¬ 
tion of an air-dried. Gram-stained smear of ruminal fluid 
can be useful in diagnosing ruminal acidosis. Normal rum¬ 
inal fluid should contain a variety of morphologically 
distinguishable bacterial forms, with a predominance of 
gram-negative organisms. After the overconsumption of read¬ 
ily digestible carbohydrate (grain engorgement), a popula¬ 
tion of streptococci and lactobacilli proliferates as ruminal 
lactic acidosis develops. This shift in the bacterial population 
can be distinguished microscopically, and a predominance of 
gram-positive cocci and rods is seen. The findings are best 
confirmed by comparing a smear from a herdmate. 

Ruminal Fluid Chloride. The chloride concentration in 
ruminal fluid can be determined from the supernate from a 
centrifuged sample using standard chloride titration devices. 
A delay in measurement does not appreciably affect the value. 
Saliva contains concentrations of chloride similar to those of 
normal ruminal fluid, so that saliva contamination has mini¬ 
mal effect on the results. The normal ruminal fluid chloride 
concentration is less than 30 mEq/L, with elevated values 
demonstrating reflux of abomasal ingesta into the rumen or 
administration of chloride in the feed or as therapy. Accurate 
assessment of measured values requires information about 
possible previous administration of electrolytes via the 
rumen. In the clinical evaluation of forestomach dysfunction, 
elevated ruminal chloride suggests secondary indigestion 
caused by abomasal disease or obstruction of intestinal flow. 
This test can be very helpful in differentiating abomasal 
reflux from ruminal lactic acidosis as the cause of low 
ruminal pH and abnormal fluid accumulation in the reticu- 
lorumen. With vagal indigestion a high ruminal chloride level 
suggests that the failure of aborad flow is posterior at the pylo¬ 
rus rather than anterior at the reliculoomasal orifice. 446 ' 453 ' 434 
Generally cattle with elevated ruminal chloride also have hypo- 
chloremia and metabolic alkalosis as a result of the chloride 
sequestration in the forestomach, although very slow develop¬ 
ment of the sequestration may allow the animal to maintain 
normal plasma levels by altering other excretion rates. 

Numerous other tests of the ruminal fluid have been 
described for the evaluation of digestive activity of the rum¬ 
inal microflora. These include cellulose digestion, glucose 


fermentation, nitrite reduction, and measurements of titrat- 
able acidity, VFAs, lactic acid, and ammonia concentration. 
These procedures can more clearly define the nature of the 
ruminal fluid but are not generally used in a clinical setting. 

HEMATOLOGY. Hematologic abnormalities are not 
generally a significant feature of the indigestive disorders. 
The primary exceptions are TRP or rumenitis, in which 
neutrophilia and hyperfibrinogenemia are routine findings. 
This feature of the disease can aid in its differentiation from 
other forestomach diseases. An inflammatory leukogram 
can also be observed in some cases of vagal indigestion when 
inflammatory disease is responsible for dysfunction of vagal 
innervation and forestomach motility. Chronic broncho¬ 
pneumonia in calves and TRP in adult cattle are commonly 
implicated as causes of vagal dysfunction. A hematologic 
reflection of an inflammatory response may also be seen after 
ruminal acidosis if the ruminal wall and other organs suffer 
secondary pathogen invasion, and likewise in the occasional 
cases of primary rumenitis or reticulitis. 

The more common hematologic abnormalities associated 
with indigestion are reflections of fluid disturbance or stress 
response. Hemoconcentration is routine and may be severe 
in ruminal acidosis. Mild dehydration may also accompany 
the other forms of indigestion, especially when the disease 
shows a protracted course. A stress leukogram would be 
anticipated in cases of indigestion that are acute or distres¬ 
sing, such as acute bloat. The hematologic response in sec¬ 
ondary indigestions depends on the primary disease. 

When indigestion is chronic, especially in calves, in 
which the indigestive disturbance may go unrecognized or 
undiagnosed for a long time, a state of malnutrition may 
develop. In these instances a mild to moderate anemia 
may develop that may be attributable to micronutrient or 
macronutrient deficiencies. 

BIOCHEMICAL ABNORMALITIES. Most of the primary 
forestomach diseases do not induce remarkable changes in 
the biochemical profile. In lactating or heavily pregnant ani¬ 
mals, anorexia may induce a secondary form of acetonemia, 
which is detected by the presence of urine ketones. The ani¬ 
mal must be carefully examined to differentiate ketosis with 
secondary anorexia and decreased ruminal activity from pri¬ 
mary indigestion with secondary ketosis. Mild to moderate 
hypocalcemia and hypokalemia are commonly identified 
abnormalities in many cases of indigestion, especially when 
anorexia has been prolonged. 

Dramatic alterations of the blood biochemical characteris¬ 
tics may accompany severe ruminal acidosis. Usually the labo¬ 
ratory findings correlate with the degree of severity assessed on 
physical examination. Affected animals have metabolic acido¬ 
sis with decreased blood pH and plasma bicarbonate. Blood 
lactate levels rise with the acidosis. The urine pi 1 falls into the 
acidic range as the kidneys excrete some of the excess acid, 
but eventually severe dehydration results in renal failure and 
anuria, eliminating this route of acid excretion. Decreased renal 
function is reflected by elevated serum creatinine and urea 
nitrogen concentrations. Other findings commonly include 
increased serum phosphate concentration, possibly caused by 
massive cellular destruction, and mildly decreased serum 
calcium concentration, presumably the result of decreased 
gut absorption. Other serum electrolyte abnormalities, such 
as changes in the sodium and chloride concentrations, may 
reflea fluid balance changes in response to ruminal fluid 
hyperosmolality. 467 Concentrations of serum enzymes of mus¬ 
cle and liver origin rise when acidosis and dehydration pro¬ 
duce cardiovascular impairment with poor tissue perfusion, 
increased recumbency, and cellular destruaion. Portal baaeria 
and toxins from the damaged ruminal mucosa contribute 
significantly to the increased serum liver enzymes: AST, sorbi¬ 
tol dehydrogenase, and ornithine carbomyltransferase. 
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Vagal indigestion may cause no significant blood bio¬ 
chemical abnormalities or can result in severe disturbances 
of fluid and electrolyte homeostasis. 446 Measurement of 
the serum electrolyte concentrations provides important 
clues about the site of obstruction of ingesta flow and is 
useful in adjusting fluid therapy. When the primary prob¬ 
lem is failure of flow through the reticuloomasal orifice, 
the rumen fills and grossly distends with fluid, but signifi¬ 
cant abomasal reflux does not occur. Affected patients gen¬ 
erally show mild or no serum electrolyte abnormalities. 
When ingesta fail to pass from the abomasum, reflux of 
the high-chloride abomasal contents into the rumen 
results in elevated ruminal chloride concentrations and 
associated hypochloremic, hypokalemic metabolic alkalo¬ 
sis. In some instances these abnormalities can be dramatic. 
Prolonged or severe hypochloremia and hypokalemia may 
also result in the paradoxic aciduria associated with avid 
renal sodium resorption in the face of low concentrations 
of chloride and potassium. Some slowly developing cases 
may accumulate significant fluid in the reticulorumen but 
have minimal blood electrolyte changes. 

II Treatment and Prognosis 

Ruminal Wall and Motor Function Disorders 

Signs such as ruminal tympany, ruminal hypomotility or 
stasis, and forestomach distention can all result from a 
number of causes. Eliminating the underlying causative 
problem more effectively resolves the disease than does 
treatment directed at the disease signs. Ruminal hypomoti¬ 
lity, for example, is commonly a physiologic response to 
problems such as abnormal ruminal contents, a ruminal 
wall lesion, pain, or overdistention. In many cases the rum¬ 
inal motility disturbance serves as a protective role for the 
animal. Former treatments that were directed at stimulating 
ruminal motility without addressing the causative distur¬ 
bance included rumenatorics (e.g., nux vomica, ginger, tartar 
emetic) or parasympathomimetics (e.g., neostigmine, carba- 
mylcholine). Such agents are not indicated under these cir¬ 
cumstances. 400 Likewise the treatment of indigestions with 
alkalinizing agents such as magnesium hydroxide is indicated 
only when the pH of ruminal contents is low. 526 

FREE GAS BLOAT. When ruminal tympany is a promi¬ 
nent sign, it requires very critical assessment. Frothy bloat 
and free gas bloat can be differentiated by a thorough 
physical examination and knowledge of the feeding his¬ 
tory. Passage of a stomach tube to help in this differentia¬ 
tion is very important and may alleviate the acute 
problem if free gas is present (see Table 32-15). Evidence 
of respiratory or cardiovascular distress indicates that the 
bloat is an acute, life-threatening problem that requires 
emergency treatment. With the exception of cardia or 
esophageal obstruction, the free gas bloat associated with 
indigestive disturbances is mild to moderate in severity 
and chronic or recurrent in nature. It does not represent 
a major threat to the animal and can be handled by treat¬ 
ing the primary forestomach disturbance. Chronic free gas 
bloat does not respond to the antifermentatives or surfac¬ 
tants commonly used for frothy bloat. Only the restora¬ 
tion of physiologically normal reticuloruminal function 
corrects this type of bloat. Inhibition of eructation caused 
by lesions of the cardia region can usually be confirmed 
only by exploratory rumenotomy. This approach also 
determines whether the lesion is surgically correctable. 
Inflammatory lesions may respond to long-term adminis¬ 
tration of broad-spectrum antibiotics. This is also the 
treatment of choice when purulent lung infections appear 
to be the cause of the bloat. Failure to respond within 
about 3 weeks suggests that the treatment is not effective, 


and slaughter should be recommended after an appropri¬ 
ate withdrawal time. Detection of abnormal forestomach 
ingesta should direct treatment to the primary fermenta¬ 
tive or feeding disorder. 

The various causes of chronic or recurrent bloat usually 
require chronic treatment for correction. It follows that the 
bloat will also not completely resolve until the underlying 
disturbance is corrected. Repeated relief of the bloat may 
be accomplished by passage of a stomach tube during the 
treatment regimen. In many cases this proves too tedious 
or too traumatic for the animal, and the most viable alter¬ 
native often is the establishment of a temporary ruminal 
fistula. Several devices are manufactured for this purpose, 
or the fistula can be created by suturing the rumen to the 
skin. Release of the fermentative gas in this manner is 
important for the reestablishment of normal forestomach 
motility, which is inhibited if distention is extreme. When 
free gas bloat is the result of an obstruction of eructation 
or another gastrointestinal tract disease such as abomasal 
displacement, surgical treatment of the primary problem 
may be necessary. The tympany responds rapidly in these 
cases, and ruminal fistulation is not required. 

LESIONS OF THE RUMINAL WALL. Diseases of the rum¬ 
inal wall may be suspected on the basis of the physical 
examination findings and results of a CBC, abdominocen- 
tesis, and ruminal fluid analysis. In most cases exploratory 
laparotomy is required to confirm the diagnosis. Rumenitis 
or reticulitis may respond to antibiotic therapy, but the 
prognosis in these cases is guarded. Not only is the foresto¬ 
mach inflammation difficult to resolve, but the hematoge¬ 
nous spread of infection to other organs often causes 
intractable multiple organ system disease. Parakeratosis is 
best treated by correcting the causal feeding error (reducing 
the amount of concentrate and increasing the feeding of 
long-stemmed forage). The ruminal papillae can grow or 
regress in a period as short as 3 weeks when the feed is 
changed from low- to high-concentrate content or vice 
versa. Exactly how long it takes for parakeratotic papillae 
to return to normal is not certain, but it probably depends 
on the degree of change of the diet. The prognosis asso¬ 
ciated with this problem is good if inflammation of the 
ruminal wall is not also involved. 

RUMINAL DISTENTION. Vagal indigestion is a chronic 
and insidious problem that generally warrants a guarded 
to poor prognosis. The syndrome of abdominal distention 
with an L-shaped rumen and possibly ruminal tympany 
has several different causes. Exploratory laparotomy and 
rumenotomy are essential for establishing an accurate 
assessment (see Fig. 32-94). Diaphragmatic herniation and 
masses that obstruct the reticuloomasal orifice cause signs 
indistinguishable from those of vagal indigestion that 
results from inflammatory lesions of the reticulum. Surgical 
correction of a diaphragmatic hernia involving the reticu¬ 
lum can be attempted but has usually proved unrewarding, 
especially if the lesion is chronic, involves a large defect, or 
is accompanied by inflammatory reaction. Removal of 
pedunculated masses or foreign bodies at the reticulooma¬ 
sal orifice can promptly correct such problems. 

The two most common causes of vagal indigestion syn¬ 
drome are inflammatory lesions of the reticuloomasal region 
and abomasal diseases that involve gross distention, twisting, 
or vascular impairment of the organ. Vagal indigestion caused 
by abomasal disease carries a poor prognosis, whereas the 
prognosis for animals with reticular involvement is more vari¬ 
able. Animals in either category may respond favorably with 
appropriate therapy 448 451 527 (Box32-6). Surgical exploration 
not only allows an assessment of the cause of the problem but 
may also allow repair. When abscesses are identified at the 
reticulum or liver, surgical drainage may help resolve the 
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BOX 32-6 


Principles of Treatment of Vagal Indigestion 


1. Determine likely cause, often by means of exploratory 
laparotomy 

2. Administer specific therapy (e.g., antibiotics, 
antiinflammatory agents, removal of foreign body or relief 
of obstruction, drainage of abscesses) for causative lesion 

3. Relieve forestomach distention; often must be repetitively 
performed 

4. Limit feed and water intake; feed palatable, high-fiber 
ration 

5. Transfaunate 

6. Fistulate rumen if chronic bloat is a problem 



Principles of Treatment of Fermentative Indigestions 


1. Determine and resolve initiating cause; adjust feed 
regimen 

2. Correct ruminal pH 

3. Correa systemic acid-base and electrolyte abnormalities 
through parenteral fluid therapy (especially Ca*+ and K^) 

4. Remove grossly abnormal ruminal ingesta 

5. Correa ruminal fill (overdistention or emptiness) 

6. Transfaunate repeatedly 

7. Resolve inspissation or impaction of ruminal contents 
when present 

8. Provide oral and parenteral mineral and vitamin 
supplementation when indigestion or anorexia is chronic 


forestomach motor disturbance. 448 * 453 Identification of adhe¬ 
sions and aaive inflammation indicates that broad-spearum 
antibiotic therapy may be beneficial; it is essential that aggres¬ 
sive antimicrobial therapy be administered before and after the 
surgical correction of a right-sided abomasal displacement or 
volvulus. 452 Gross abomasal distention, indicating pyloric 
outflow failure, usually warrants a poorer prognosis, as does 
the presence of granulomatous or neoplastic processes or 
generalized peritonitis and adhesion formation. 453 When the 
presence of a large gravid uterus appears to be the inciting 
cause of outflow failure, induction of parturition or cesarean 
section usually resolves the problem completely. 

The evaluation of animals with vagal indigestion with a 
large fluid-filled rumen should include assessment of the 
fluid and elearolyte status. Abnormalities such as dehydra¬ 
tion, hypocalcemia, hypochloremia, and hypokalemia 
should be addressed with supportive fluid therapy. Treat¬ 
ment should be administered parenterally, because oral treat¬ 
ments are ineffective or deleterious. The forestomach should 
be emptied of the excessive ingesta accumulation either at 
surgery or with a large-bore stomach tube. This procedure 
may have to be repeated if the recovery period is prolonged. 
Relief of persistent forestomach distention is critical to the 
reestablishment of normal motility. Limited feed and water 
should be offered to prevent repeated accumulations in the 
reticulorumen, and intravenous fluid therapy should be 
continued until reticuloruminal motility is reestablished 
and oral fluid intake can be allowed at normal levels. Once 
the ruminal distention has been alleviated, several liters of 
ruminal fluid transfaunate from a healthy donor should be 
administered. 528 The limited diet must be palatable and 
should consist primarily of long-stemmed hay or green feed 
for maximum stimulation of the normal forestomach motil¬ 
ity pattern. A temporary ruminal fistula may be indicated if 
tympany is a prominent sign. 

Response to treatment of vagal indigestion usually is a slow 
process and may require several weeks. Favorable signs include 
a return of the normal primary and secondary contraction pat¬ 
terns, improvement in appetite, maintenance of normal forest¬ 
omach dimensions, weight gain, and increased fecal 
production. Repeated development of forestomach disten¬ 
tion, continued scant fecal output, poor ruminal motility, 
and recurrent bloat are indications that the animal is not 
responding to treatment and the prognosis is grave. 

Fermentative Disorders 

With the exception of severe acute ruminal acidosis, the 
disturbances of reticuloruminal fermentation generally 
are not fatal unless the disease is undiagnosed for a pro¬ 
longed period, leading to extreme debility. Treatment of 


fermentation disorders centers around restoring a normal 
ruminal fluid environment that allows normal microbial 
metabolism. Identification of ruminal fluid parameters 
(see Table 32-16) and the nature of the forestomach ingesta 
directs the appropriate treatment (Box 32-7). 

FEEDING. The first and most important step in treatment 
of nutritionally related indigestions is correction of the spe¬ 
cific causal feeding error. Because the imbalance may have 
gone on for weeks, especially in cases of calf indigestion, 
correction of the problem may also take some time. The 
evolutionary development of the ruminant has adapted it 
to be a grassland grazer. Economic pressures in the animal 
industry have caused managers to institute feeding practices 
that diverge widely from a pasture setting. Fresh green grass, 
however, remains one of the best means of stimulating nor¬ 
mal forestomach digestion and motility. The second best 
type of diet includes a balance of palatable and digestible 
sources of energy, protein, fiber, and mineral nutrients. 
Fiber requirements should be determined by considering 
both the physical effectiveness of fiber and the production 
of fermentation acids. 529 The content of structured rough- 
age should not fall below 10% of the ration dry matter, 
and a crude fiber component above 17% is desirable for 
any ration. 

ALTERATION OF RUMINAL CONTENTS. When the via¬ 
bility or aaivity of the ruminal microflora is in question, as 
in the primary fermentative disorders and most cases of sec¬ 
ondary indigestion, ruminal transfaunation is indicated. 528 
This should be obtained from a healthy individual that pref¬ 
erably is adapted to a ration similar to the one the patient is 
expeaed to consume. The fluid can be obtained from an 
animal with the rumen fistulated, by removal with a stom¬ 
ach tube, or from a local abattoir. After the large particulate 
matter has been strained from the fluid (cheesecloth or 
large stockinette can be used), it can be administered 
through a stomach tube. The transfer from donor to recipi¬ 
ent is best accomplished immediately, but fluid that con¬ 
tains active and healthy microflora remains viable for up 
to 9 hours at room temperature or 24 hours under refriger- 
ation. 519 * 520 In calves inoculation with 1 L is appropriate, 
whereas 3 L is minimal in an adult cow, and 8 to 16 L is 
more desirable. 

Many animals with indigestion exhibit decreased rum¬ 
inal fill. As discussed, one of the primary stimuli for active 
ruminal contraction is mild forestomach distention. In 
addition to the administration of ruminal transfaunate, it 
usually is beneficial in these cases to administer enough 
oral fluid to produce mild ruminal distention. Phis can 
be accomplished with water warmed to body temperature, 
and 20 to 30 L of fluid administered through a tube may 
be required to achieve the desired effect. The addition of salt 
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(sodium and potassium chloride) in amounts sufficient to 
produce an isotonic solution (approximately 2 tsp/L) sup¬ 
plements deficiencies and promotes rapid turnover of the 
fluid from the rumen to the lower tract. Cathartic agents 
such as magnesium sulfate have been used and may be ben¬ 
eficial but do not serve to supplement the common electro¬ 
lyte deficiencies. 

Correction of pH abnormalities to the normal range of 6 
to 7 is important when ruminal acidosis or alkalosis is 
detected. Alkalinizing agents such as magnesium hydroxide 
and sodium bicarbonate are indicated for treatment of aci¬ 
dosis at an initial dose of 1 g/kg. Magnesium hydroxide is 
commonly used by some as a routine treatment for any ani¬ 
mals in which ruminal hypomotility has been identified. 
This practice is not justifiable in most cases of ruminal 
hypomotility because the fluid pH is commonly at or near 
neutral. The use of magnesium hydroxide in such settings 
may induce a mild systemic alkalosis, and the agent is better 
reserved for true cases of acidosis. 526 Ruminal alkalosis can 
be corrected with the infusion of acetic acid (vinegar, initial 
dose of 2 mL/kg, up to 12 L). All of these agents are best 
administered in several liters of warm water to ensure good 
distribution through the ruminal fluid. 

Overdistention of the ruminal wall may be a primary 
inhibitor of forestomach motility in some cases of indiges¬ 
tion caused by abnormal fermentation. Treatment of free 
gas bloat has been discussed. When the distention is caused 
by accumulation of abnormal ingesta, normal contractions 
do not return and the ruminal tympany is not resolved until 
the distention is relieved. This situation is best exemplified 
by cases of microfloral inactivity caused by poor-quality 
roughage and is the underlying problem in calves with hay- 
belly. One approach to this problem is to restrict the animal 
to small quantities of readily digestible feed given several 
times a day. Between meals the animal can be kept in an 
unbedded stall or muzzled. Phis process is continued until 
the accumulated ingesta have passed out of the forestom¬ 
ach. Repeated transfaunations during this time help reestab¬ 
lish a more normal microflora. This approach relies on 
motility and microbial activity sufficient to break down 
the ingesta and pass them to the lower tract. An alternative 
approach is to remove the accumulated ingesta by means of 
rumenotomy, after which the animal is transfaunated and 
allowed access to moderate amounts of feed until normal 
motility is restored. Emptying the rumen surgically is the 
treatment of choice when spoiled milk, putrefactive ruminal 
ingesta, or severe ruminal acidosis is detected. Prolonged 
cases of microbial inactivity or anorexia (or both) with rum¬ 
inal hypomotility can result in loss of the normal stratifica¬ 
tion of forestomach ingesta. The fibrous, floating layer sinks 
to the ventral ruminal sac in these cases, forming a dense, 
firm mass. Return of normal forestomach motility will be 
delayed unless this accumulation of material can be elimi¬ 
nated. This can be accomplished during the process of 
microfloral reestablishment by massaging the mass through 
the lateral and ventral body wall. Dissolution and passage 
of the material can be enhanced by the administration of 
mineral oil (4 L) or DSS (4 to 6 oz in 2 to 3 L of water). 
Because DSS kills ruminal protozoa when given in amounts 
greater than required to saturate the fibrous matter, at least 
one ruminal transfaunate should be given 1 to 2 days after 
the last application of this agent. 530 

Animals with prolonged anorexia caused by a depressant 
or febrile disease that produced secondary indigestion 
may not return to feed or have normal ruminal motility 
even after normalcy of the ruminal contents has been 
restored. Chewing activity is one of the strongest stimulants 
for ruminal motility, and these individuals sometimes 
benefit if palatable hay or grass is placed forcefully into 


the mouth by hand. An alternative is to give such indivi¬ 
duals access to pasture. Both the ruminant and its ruminal 
microflora have trace mineral requirements that are often 
not met by the type of diets that may induce microfloral 
inactivity. 459 The ruminal microflora is also responsible 
for supplying the animal with its vitamin B require¬ 
ments. 423 The stunted, poor body condition of calves affec¬ 
ted by chronic indigestions may reflect these deficiencies, as 
well as protein energy malnutrition (see Chapter 9). Oral 
supplementation of minerals and parenteral supplementa¬ 
tion of the B vitamins may be helpful until normal ruminal 
digestive function is established. Adult cattle, especially lac- 
tating animals with high metabolic demands, may also 
benefit from B vitamin supplementation when ruminal 
function is impaired. 

Intraruminal administration of antibiotics has been used 
to kill undesirable populations of ruminal microflora. A 
2- to 3-day course of treatment with a broad-spectrum anti¬ 
biotic that is not readily absorbed is useful only when an 
overgrowth of undesirable bacterial species is present and 
should be followed by transfaunation. Drugs used for this 
effect include neomycin or tetracycline for ruminal alkalosis 
or urea toxicosis and chlortetracydine or erythromycin for 
ruminal acidosis. Feeding changes and ruminal transfauna¬ 
tion are also effective in inhibiting the undesirable popula¬ 
tion and inoculating the desirable population. When 
spoiled milk, putrefactive ingesta, or extremely acidic rum¬ 
inal contents are found on ruminal fluid analysis, rumenot¬ 
omy, removal of the contents, and flushing of the rumen 
seem the more desirable treatment. 

ACUTE RUMINAL ACIDOSIS. Therapy for cases of mild 
to moderate or chronic ruminal acidosis can follow the 
guidelines outlined previously. The prognosis in these cases 
is usually good, although ruminal inflammation and hema¬ 
togenous dissemination of infection to other organs can 
produce chronic problems with a poorer prognosis. 

Severe grain overload requires prompt and aggressive 
treatment. Animals showing severe depression, an unre¬ 
sponsive condition, apparent blindness, and gross ruminal 
distention warrant a grave prognosis. Immediate slaughter 
should be considered for animals with similar signs that 
are still able to stand. 

Emergency rumenotomy and removal of the acidic rum¬ 
inal contents may be lifesaving if the procedure can be 
performed before significant amounts of ingesta have 
passed into the lower gastrointestinal tract. An alternative 
treatment in less severe cases is repealing flushing of the 
rumen with warm water through a large-bore stomach tube. 
Administration of magnesium hydroxide into the rumen 
and sodium bicarbonate solution (5%) IV is necessary to 
counter the acidosis. Intravenous fluid therapy should be 
continued until the animal has recovered, to provide support 
against hypovolemic shock. Other treatments that may be 
considered include NSAIDs and intraruminal antibiotics. 
The other therapeutic measures discussed, such as transfauna¬ 
tion and dietary adjustment, should be continued during the 
recovery phase. 

SUPPORTIVE TREATMENTS. Indigestion often is accom¬ 
panied by varying degrees of dehydration and electrolyte 
imbalance. When these abnormalities are only mild or mod¬ 
erate, the animal's fluid homeostasis may correct as the nor¬ 
mal digestive processes are restored. More rapid recovery is 
achieved if these problems are addressed during the initial 
treatment and animals must be treated if the imbalance is 
severe. Restoration of normal fluid balance improves attitude 
and appetite and normal gastrointestinal motility. 

When laboratory facilities are available and the specific 
electrolyte imbalances can be assessed, fluid therapy can 
be tailored to the individual case. Empiric treatment with 
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a balanced electrolyte solution administered IV is sufficient 
in most cases, because gross disturbances of the body fluid 
electrolytes are uncommon in most indigestions. The great¬ 
est exceptions to this are cases of severe ruminal acidosis or 
vagal indigestion with pyloric outflow failure and sequestra¬ 
tion of abomasal chloride. These problems should be iden¬ 
tified during the examination 

Hypocalcemia and hypokalemia are routinely present in 
many cases of indigestion. Low serum concentrations of 
these elements can produce muscular weakness and impair 
gastrointestinal motility. Both calcium and potassium 
should be included in the administered fluids. As an alter¬ 
native, calcium salts should be administered SC if intrave¬ 
nous fluid administration is not’elected. When anorexia 
has been prolonged, an additional oral dose of potassium 
chloride (120g/day) may be required even after adequate 
hydration has been achieved and fluid therapy has been 
discontinued. 


II Prevention. Some of the sporadically occurring diseases 
of the forestomach wall such as granulomatous infections, 
neoplastic invasions, and diaphragmatic herniation cannot 
be foreseen or prevented. The most common cause of vagal 
indigestion syndrome is inflammation of the reticular area 
caused by TRP. Prevention of this disease by keeping metal¬ 
lic foreign bodies out of the feed or by prophylactic admin¬ 
istration of a ruminal magnet is the best prevention of vagal 
indigestion as well. 

Tlie microbial-fermentative forestomach disorders are 
best prevented by proper feeding management. A well- 
balanced diet of palatable feeds with an adequate amount 
of well-structured roughage (not finely ground or pelleted) 
prevents most problems. Dietary changes should be intro¬ 
duced slowly (over 2 to 3 weeks) to allow adaptation of 
the microbial flora to the new substrate. Calves undergoing 
ruminal development and cattle fed high-production diets 
or changing between production groups are at risk of over¬ 
sights in proper feeding management. Some feed additives 
have proved effective in preventing the overgrowth of the 
high-acid-producing ruminal microflora. Feed-grade buf¬ 
fers are widely used in both dairy and beef cattle produc¬ 
tion, in which high-concentrate diets are fed to maximize 
production. These buffers stabilize the ruminal pH and alter 
the mechanics of ruminal fluid outflow, thus decreasing the 
chances of overgrowth of the lactate-producing organisms. 
Commonly used buffers include sodium bicarbonate, 
sodium sesquicarbonate, sodium bentonite, magnesium 
oxide, and calcium-magnesium carbonate, of which only 
the sodium carbonates are truly buffering agents in the 
chemical sense. The other agents do tend to stabilize ruminal 
pH, however, and all of these have shown some benefit in 
reducing the disease problems associated with heavy grain 
feeding and diets that are low or marginal in effective 
fiber. 531 The ionophore antibiotics (e.g., lasalocid, monen- 
sin) and some other antibiotics (e.g., the sulfur-containing 
peptide antibiotic thiopeptin) have also proved effective in 
reducing lactate production in animals fed high-grain diets. 
The effect of these agents is to suppress the lactate-producing 
organisms while not appreciably affecting the lactate users. 
The ionophores are in common use in feedlot cattle and 
dairy heifer rations because the selective effects of these anti¬ 
biotics on the ruminal microbes alter the ruminal metabo¬ 
lism in a manner that promotes increased animal weight 
gain. 532 * 533 In 2004 the FDA approved the use of the iono¬ 
phore monensin for lactating cattle in the United States. 
Although approval was based on increases in milk produc¬ 
tion efficiency, ionophore use may also reduce the risk of 
ruminal acidosis and ketosis. 534 


ACUTE ABD OMEN IN RUMINANTS 

DAVID FRANCO/. 

GILLES FECTEAU 

ANDRE DESROCHF.RS 

Abdominal emergencies in ruminants are both a therapeutic 
and a diagnostic challenge for the veterinary practitioner. 
Some of them will require immediate surgical treatment, 
and others can be treated medically (see Fig. 32-96). They 
are associated with numerous conditions that affect the 
abdominal cavity and can also be mimicked by diseases of 
extraabdominal origin (see Fig. 32-97). 

Four important questions should be addressed while 
dealing with an acute abdomen in ruminants: (1) Where 
does the pain originate? (2) Is it a medical or surgical prob¬ 
lem? (3) Is medical treatment indicated before surgery? 
(4) What is the likelihood for survival and productivity? 
To answer these questions, the clinician should use a sys¬ 
tematic approach based on adequate signalment and his¬ 
tory, complete physical examination, and judicious choice 
of ancillary tests. Prognosis should be based on past experi¬ 
ences of others as well as one's own experience. 

Even though a precise diagnosis facilitates the institution 
of appropriate treatment and helps to better predict out¬ 
come, emphasis should not be placed solely on the diagno¬ 
sis. Precise information is not yet available for accurately 
making a prognosis on the outcome of an acute abdomen 
in ruminants. 

A CONCISE BUT PRECISE EVALUATION 
OF THE ANIMAL 

An animal with acute abdomen may need immediate medi¬ 
cal assistance. Therefore the clinician should identify life- 
threatening problems and take appropriate action rapidly. 
Acute abdominal emergencies are often associated with either 
hypovolemic or septic shock. 535 Hypovolemic shock is charac¬ 
terized by increased heart rate, pale mucous membranes, slow 
capillary refill time, and dehydration. 535 Increased heart rate 
and dehydration are also observed in case of septic shock, 
but mucous membranes are hyperemic or bluish in color, 
and scleral vessels are engorged and dark. 535 Intensive fluid 
therapy is the treatment of choice for both hypovolemic and 
septic shock. 535 Consequently, an intravenous catheter should 
be placed and fluid therapy instituted immediately. However, 
a complete history and meticulous physical examination 
should be performed before emergency medical therapy if 
the condition of the patient is stable. 

II History 

SIGNALMENT. Signalment may identify an animal at 
higher risk of particular diseases. Age, sex, breed, and pro¬ 
duction stage are important parameters to take into consid¬ 
eration when elaborating the differential diagnosis. For 
example, abomasal volvulus develops far more frequently 
in dairy cows than in beef cattle. 536 ' 537 Similarly, uterine 
torsions are essentially observed at the time of parturition 
or in the last trimester. 538 Colic in a wether or a buck goat 
should be considered a result of urolithiasis until proven 
otherwise. 

MANAGEMENT—FEEDING PROGRAM. Feeding man¬ 
agement system (feeding cows with silage or a total mixed 
ration [TMR)), herd size (dairy farms with more than 100 
cows), and high-intensity milk production are risk factors 
associated with the development of hemorrhagic bowel syn¬ 
drome (HBS). 539 Struvite urolithiasis in cattle occurs more 
frequently in bulls or steers fed with high-grain diets. 
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HISTORY AND CLINICAL SIGNS. Previous history of sur¬ 
gery can be associated with the development of adhesions 
and colic. Recent calving and obstetric manipulations may 
cause a full-thickness uterine tear and subsequent peri¬ 
tonitis. Paralytic ileus associated with hypocalcemia may 
occur during estrus. 540 Pleuritis, pleuropneumonia, or rib 
fractures may mimic abdominal pain. 541 Previous treatments, 
especially those that can modify clinical signs or the interpre¬ 
tation of laboratory results, should also be noted. Administra¬ 
tion of analgesics such as NSAlDs may partially control 
abdominal pain, attenuate signs of colic, and decrease the 
heart rate. 

Description of the clinical signs observed by the owner 
and the chronologic sequence of events are of particular 
interest. Intussusception in cattle is characterized by an 
acute onset of anorexia, decreased fecal output (often with 
dark feces containing blood) and milk production, as well 
as colic. However, even though the abdominal pain eventu¬ 
ally becomes less severe, the depression progresses. 541 ' 544 
Torsion of the mesenteric root has an acute onset with 
severe colic and rapid deterioration. 541 ' 545 ' 546 Fecal output, 
consistency', and appearance are relevant information. 
Stranguria manifested by unsuccessful micturition efforts is 
associated with urolithiasis. 


II Complete Physical Examination. A thorough and com¬ 
plete physical examination is the most important step when 
approaching an acute abdomen. 

VISUAL EXAMINATION. I he animal's abdominal profile 
or silhouette should be observed from the rear and both 
sides to detect and characterize abdominal distention. 541547 
Bilateral ventral distention is associated with small intestine 
disorders, whereas distention in the right paralumbar fossa 
is associated with cecal and/or colon disorders. In cases 
of abomasal volvulus, the distended abomasum can be 
observed caudal to the last rib in the right paralumbar 
fossa. Gas in the rumen causes a distended upper left abdo¬ 
men, whereas some forms of vagal indigestion have a "pap- 
ple" shape (pear on the right and apple on left). Lateral views 
of the abdomen help to determine whether the distention 
arises primarily from the paralumbar fossa or extends crani- 
ally under the ribs. An arched back may be observed in cases 
of cranial abdominal pain or laminitis (sore feet). 

Evaluation of pain severity and differentiation between 
visceral and parietal pain can be performed using history 
and observation of the animal. Abdominal pain is an 
important criterion in deciding if surgery is necessary. 
Severe colics are classically associated with some surgical 
intestinal conditions, 548 541 although animals with severe 
jejunal distention secondary to acute enteritis may have a 
similar clinical presentation. Abdominal pain may be a con¬ 
sequence of excess distention of a hollow viscus (excessive 
intestinal distention), spasms of intestinal smooth muscles, 
stretching of the mesenteric supporting structure, intestinal 
ischemia, or chemical irritation of the visceral or parietal 
peritoneum. 549 551 Abdominal pain can be classified into 
two main categories: visceral pain (hollow viscera and solid 
organs) and parietal pain (parietal peritoneum, abdominal 
muscles, rib cage). 551 Although the task is often difficult 
in animals such as cattle that have unpredictable behavior 
in response to pain, differentiation between visceral and 
parietal pain should be attempted. 

Pain sensation from the parietal peritoneum travels 
through the peripheral spinal nerves and usually localizes 
over the affected area. 551 Because parietal pain is exacer¬ 
bated by pressure and tension modification, the patient is 
reluctant to move and has a tonic reflex contraction of the 
abdominal muscles. 550 No active clinical signs of colic are 


present. This is typically observed in cases of peritonitis. 
The animal is reluctant to move, has a splinted abdomen, 
and is responsive to external palpation, 541 such as having 
a positive xiphoid grunt test or not dipping the back when 
pinched over the withers. 

Some pain fiber endings are located in the submucosa 
and muscle layers of hollow viscera (intestines, bladder) 
and in the capsule of solid organs (kidney, liver). Conse¬ 
quently, distention, forceful contraction, or traction will 
produce pain in a hollow viscus. Capsule stretching will cre¬ 
ate pain in solid organs. Visceral pain is typically recognized 
by active manifestations of colic kicking at the abdomen; 
treading with the rear feet; lying down, standing, and 
stretching out 541 ; and grinding the teeth. Goats may also 
vocalize. The animal is anxious and has an apprehensive 
attitude. Contrary to parietal pain, visceral pain is transmit¬ 
ted via sensory fibers in the autonomic nerves. 549 Visceral 
pain is often diffuse and difficult to localize. 549 

EVALUATION OF VITAL PARAMETERS. Assessment of 
cardiovascular status is essential in the evaluation of an ani¬ 
mal with an abdominal emergency. Hypovolemic and septic 
shock are associated with increased heart rate, pale or hyper- 
emic mucous membranes, slow capillary refill time, and 
dehydration. Low heart rate and adequate hydration status 
are considered good prognostic indicators regarding the out¬ 
come of abomasal volvulus. 552 * 553 Circulatory insufficiency, 
secondary to hypovolemia and caudal vena cava compres¬ 
sion, is a complication of abomasal volvulus. 553 Dehydration 
and acid-base abnormalities are principally caused by fluid 
accumulation in the abomasum and are associated with a 
high mortality rate. 552 554 Heart rate is increased secondary 
to hypovolemia, compression of the caudal vena cava, and 
sympathetic nervous system stimulation in response to dis¬ 
tention and twisting of the abomasum. 552 Determination of 
rectal temperature, pulse or heart rate, and respiratory rate 
(TPR) should always be performed first, as manipulations 
performed during the physical examination of an abdominal 
emergency can elicit pain, modifying the heart rate. 

The TPR and amount of pain exhibited may also be used 
to monitor the evolution of the condition and the response 
to the initiated treatment. 

EXTRAABDOMINAL EXAMINATION. Once vital para¬ 
meters have been evaluated and the animal appears hemo- 
dynamically stable, a thorough physical examination of 
the body systems should be performed. Examination of 
the thorax (pleuropneumia, rib fractures) and the musculo¬ 
skeletal system (laminitis, myopathy) are important in 
eliminating diseases that mimic abdominal pain. 

ABDOMINAL EXAMINATION. Abdominal examination 
is performed by auscultation, percussion, ballottement, 
and succussion of the abdomen. Pings are tympanic reso¬ 
nance caused by a gas-fiuid interface in a distended organ 
and can be detected by simultaneous auscultation and per¬ 
cussion. 541 Because rectal palpation may create an area of 
increased resonance on the right dorsal part of the abdo¬ 
men, detection of pings should be performed before rectal 
palpation. 541 

On the right side of the abdomen, many organs may be 
responsible for pings. Location, pitch characteristics and 
variability of the ping are essential to establish a differential 
and precise diagnosis. Pings localized from the thirteenth 
rib cranially to the ninth rib are typical of abomasal volvu¬ 
lus or a right-displaced abomasum. 541 Cecal dilatation or 
volvulus creates a ping in the right paralumbar fossa and 
caudal quadrant, 541 often extending to the hip. Abomasal 
volvulus will be more likely to have a high-pitched ping, 
whereas animals affected with peritonitis may have a bilat¬ 
eral low-pitched ping in the upper paralumbar fossa. Many 
cattle have a round area of monotone pinging some 15 to 
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20 cm in diameter centered high on the right under the last 
rib, which is gas in the spiral colon (see Figure 1-3). Moving 
or constantly contracting viscera will have changing pitch of 
their pings, like gas in the left-displaced abomasum, des¬ 
cending duodenum, or proximal colon. For this particular 
reason, it is important to auscultate and percuss for a certain 
period of time to notice ping variation. 

On the left side, pings are principally associated with left 
abomasal displacement, ruminal collapse, and pneumoper¬ 
itoneum. Left abomasal displacement typically creates vari¬ 
able pitch pings dorsally from the eighth to the thirteenth 
ribs. Pings associated with gas in the rumen, ruminal 
collapse, and pneumoperitoneum are localized dorsally in 
the left paralumbar fossa and extend cranially to the elev¬ 
enth rib. Illustrations and details are presented in Chapter 
1 of this textbook. Simultaneous auscultation and ballotte- 
ment (succussion) of the abdomen may permit detection 
of fluid trapped within the intestine or in a hollow viscus 
like the rumen or abomasum. 541 The location of the fluid 
splashing sounds on auscultation-succussion may help to 
confirm and differentiate among auscultation-percussion 
findings. 541 Tense abdominal muscles, secondary to parietal 
peritoneum inflammation, may also be detected during 
succussion. 

Cattle with cranial abdominal pain are reluctant to 
move; they stand with elbows abducted and back arched. 541 
During examination, bruxism (grinding of the teeth) may 
be present. 541 Pain can be elicited by pinching over the 
withers or applying forceful movement with the knee or 
upward pressure with a bar or pole over the xyphoid area 
or anterior abdomen. In response, the animal in pain may 
grunt or kick and be reluctant to dip the back. 541 Sensitivity 
of this test may be increased by simultaneous auscultation 
of the trachea. Cranial peritonitis, secondary to TRP or 
abomasal ulcers, is an important cause of cranial abdominal 
pain. A complete cardiorespiratory examination may help 
to differentiate this from thoracic pain. 

RECTAL PALPATION. Per rectum abdominal palpation 
of cattle is helpful in the differential diagnosis of an acute 
abdomen because the urogenital and digestive systems can 
be evaluated. 

Cecal disorders are clearly diagnosed per rectal palpa¬ 
tion. Moreover, cecal dilatation or volvulus can be differen¬ 
tiated by location of the apex. Based on these findings, 
medical treatment can be started if the caecum is only 
dilated and the apex is mobile. 548 - 555 Multiple, dilated, 
turgid small intestine loops and a firm mass may be pal¬ 
pated in cases of intussusception 543 - 542 or HBS. 539 Typical 
signs of peritonitis (adhesions between the kidneys and 
the rumen, and the intestinal convolutions, and decreased 
rectal mobility) may be palpated when the posterior aspect 
of the abdomen is affected. 556 Uterine wall integrity may be 
evaluated during rectal palpation, although examination 
per vagina may be necessary to confirm a fiill-thickness lac¬ 
eration in the postpartum cow. In cases of urolithiasis in 
bulls or steers, rectal palpation reveals a pulsatile pelvic ure¬ 
thra and a distended bladder. In cases of pyelonephritis, 
enlargement of one or both ureters may be palpated. The 
left kidney may be painful as well as bigger, without lobu¬ 
lation. Fnlargement of the right kidney is sometimes pal¬ 
pable. In small ruminants, urolithiasis is manifested by 
pulsations in the pelvic urethra that may be felt by digital 
rectal examination, and distended bladder or enlarged kid¬ 
ney can be detected by deep abdominal palpation. 

Presence and macroscopic appearance of feces can be 
evaluated during rectal examination. A decreased volume 
of feces is principally associated with intestinal stasis or 
obstruction, which may occur secondary to a direct mech¬ 
anical obstruction (requiring surgical treatment) or to 


gastrointestinal ileus (requiring only medical treatment). 557 
However, feces may be present in the first few days after an 
intestinal obstruction. 557 

Ancillary Tests 

PACKED CELL VOLUME AND TOTAL SOLIDS. Shock, 
sepsis, and toxemia cause hemoconcentration and dehydra¬ 
tion and are associated with an increase of PCV and total 
solids. On the other hand, increased PCV and decreased 
total solids are observed during the formation of a third 
compartment filled with a protein-rich fluid such as in 
generalized peritonitis. 558 

BLOOD GAS ANALYSIS AND ELECTROLYTES. Blood 
gas analysis as well as determination of electrolyte imbal¬ 
ance may be useful before initiation of treatment. Most 
adult ruminants with acute abdominal diseases suffer from 
metabolic alkalosis. 559 Metabolic alkalosis is often asso¬ 
ciated with abomasal volvulus, intussusception, cecal disor¬ 
ders, abomasal ulcers, peritonitis, renal diseases, and 
reticuloperitonitis. 559 Hypochloremia and hypokalemia are 
frequently combined with metabolic alkalosis. 560 Metabolic 
acidosis may be observed if urinary tract disease, small 
intestinal strangulation or obstruction, or enteritis with 
severe diarrhea is present. 559 

Serum chloride concentration, 554 - 561 anion gap, 561 and 
base excess 562 - 563 have been proposed as preoperative prog¬ 
nostic indicators in dairy catde suffering from abomasal 
volvulus. Poor short-term prognosis was associated with 
serum chloride concentrations less than 79 mEq/L, 554 base 
excess values of -0.1 or less, 562 and anion gap values of 
more than 30 mtq/L. 561 However, a prospective study on 
the outcome of abomasal volvulus reported that serum base 
excess and anion gap values did not differ between produc¬ 
tive and nonproductive animals. 552 In this study, serum 
chloride concentration was significantly lower in nonpro¬ 
ductive animals, but this prognostic test had numerous 
false-negative results. 552 

Blood gas analysis and electrolyte measurement results are 
helpful in the institution and monitoring of fluid therapy. 

BLOOD LACTATE CONCENTRATION. Blood lactate 
concentration, although rarely used in ruminants, can be 
used to assess cardiovascular or respiratory system compro¬ 
mise, to monitor the response to treatment, and to establish 
a prognosis for survival. In cattle, high blood lactate con¬ 
centrations have been associated with a poor outcome for 
abomasal volvulus in one study, 553 whereas Constable and 
co-workers did not find any association in their study. 564 
In humans 565 ' 568 and horses, 569 blood lactate concentra¬ 
tions are an important indicator of adequate response to 
treatment and reperfusion of ischemic tissues. 

COMPLETE BIOCHEMICAL PROFILE. Hvaluation of spe¬ 
cific enzyme activity (e.g., hepatic enzymes, BUN, and creat¬ 
inine) combined with physical examination and other 
ancillary tests may be usefril in establishing a diagnosis 
and assessing progress. 

WHITE BLOOD CELL COUNT AND DIFFERENTIAL. A 

WBC count rarely provides further information for estab¬ 
lishing the exact cause of an acute abdomen. I lematologic 
findings are rarely specific to a condition and reflect the 
underlying inflammatory process. In most cases a minimal 
to moderate inflammatory process characterized by a neu¬ 
trophilic leukocytosis is observed. Hematologic findings 
may also provide information about the acuteness of the 
disease and the severity of the sepsis and toxemia asso¬ 
ciated. Severe sepsis is associated with neutropenia, degen¬ 
erative left shift, toxic changes of neutrophil morphology, 
and lymphopenia. Hematology is also an important ancil¬ 
lary test to monitor the response to treatment. 
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FIBRINOGEN. In ruminants, increased fibrinogen con¬ 
centration is an early indicator of inflammation. Studies in 
cattle report that fibrinogen concentration may increase 
within 1 to 2 days after induction of inflammatory condi¬ 
tions. 570 - 571 Consequently, increased fibrinogen concentra¬ 
tion may be observed in some cases of acute abdomen. 
Normal fibrinogen concentration despite severe visceral 
involvement should be observed only in peracute cases 
(within a few hours) (e.g., torsion of the root of the mesen¬ 
tery). Moderate to marked increased fibrinogen concentra¬ 
tion is also the signature of an active localized inflammatory 
condition such as reticuloperitonitis, liver abscesses, or 
pyelonephritis. 

URINALYSIS. Urinalysis is helpful in differentiating 
between colic of urogenital origin versus gastrointestinal 
disorders. Urinalysis can be rapidly performed using a uri¬ 
nary dipstick* and gross morphologic examination. Renal 
diseases are associated with proteinuria (>1+), glucosuria, 
and positive blood reaction. In case of acute urethral 
obstruction, hematuria and proteinuria are consistently 
observed. Determination of urinary specific gravity may 
help to characterize azotemia. 572 

ABDOMINOCENTESIS. Collection and evaluation of 
peritoneal fluid is helpful in the diagnosis and the establish¬ 
ment of treatment, as well as prognosis, in many gastrointes¬ 
tinal disorders in cattle. 541 Abdominocentesis is considered 
an essential ancillary test in the approach to acute abdomen 
in many species. 535 - 573 Because of the ability of cattle to 
wall off and localize infections in the abdomen, a four- 
quadrant method of abdominocentesis is suggested by some 
authors. 541 Fluid can be evaluated macroscopically for color, 
volume, odor, and turbidity. Normal values are reported in 
the section of this chapter on peritonitis. Peritoneal fluid 
changes to cloudy yellow, then blood-tinged with fibrin, 
and finally to black in color as bowel necrosis and hemolysis 
of extravasated RBCs occur. In case of generalized peritonitis, 
fluid is abundant, cloudy, and sometimes foul-smelling. 
Occasionally, digestive fibers can be observed macroscop¬ 
ically if rupture has occurred. 

Biochemical variables may be evaluated in peritoneal 
fluid. lactate, glucose, alkaline phosphatase, and pH of the 
peritoneal fluid concentrations have been reported to be indi¬ 
cators of intestinal ischemia and peritonitis in horses. 574 
Such information is not published for ruminants. 

Diagnostic Imaging 

ULTRASONOGRAPHY. With the advance of multifre- 
quency abdominal transducers, ultrasonography is used 
more frequently in ruminant medicine. Information on ultra¬ 
sound of the ruminant abdomen is available in this chapter. 

RADIOGRAPHS. Although the use of abdominal radio¬ 
graphs in adult cattle is limited to referral hospitals, and 
their effectiveness is limited to the cranial abdomen, they 
are one of the most helpful ancillary examinations for the 
diagnosis of reticuloperitonitis. 575 - 576 Abdominal radio¬ 
graphs may help in the diagnosis of intestinal atresia and 
intussusception in calves. 541 

A lateral view of the abdomen of small ruminants may 
assist in the diagnosis of urolithiasis because stones in the 
urethra or in the bladder may be detected. 

Medical or Surgical Decision 

A differential diagnosis list and a decision for surgical or 
medical treatment should be established based on clinical 


*Chemstrip 9, Roche Diagnostics Corporation. Indianapolis, IN. 


signs and ancillary tests results (Fig. 32-96). If a precise 
diagnosis is made, adequate treatment can be instituted. 
When a precise diagnosis cannot be established, attempts 
should be made to differentiate surgical and medical cases 
(Fig. 32-97). Among surgical cases, intestinal obstructions 
are those requiring immediate surgery. A mechanical 
obstruction may be suspected when there is a suspicion 
of intestinal or cecal torsion on rectal examination, pings 
indicating a right abomasal displacement or volvulus, 
peritoneal fluid indicating bowel devitalization, or severe 
signs of active colic or rapid deterioration. 557 - 577 If an 
intestinal mechanical obstruction is not suspected during 
the first examination, exploratory surgery may be delayed 
for up to 36 hours. 557 However, frequent monitoring 
should be performed and appropriate medical treatment 
provided to the animal. 

SURGERY. Most abdominal surgeries in adult cattle are 
performed with the animal standing under sedation and 
local or regional anesthesia. Cattle can tolerate intestinal 
resection and anastomosis standing if adequate local anes¬ 
thesia and systemic analgesia are provided. However, some 
animals with acute abdomen are reluctant to stand and 
may be expected to lie down. If that occurs, surgery should 
be performed with the animal in lateral recumbency. 578 
Because a right paralumbar fossa celiotomy provides the 
best exposure to the intestinal tract, left lateral recumbency 
should be favored. Other than the general status of the ani¬ 
mal, the suspected affected organ, presence of aggressive 
behavior, surgeon preferences, and facilities should be con¬ 
sidered in the choice of doing the surgery with the animal 
standing or in lateral recumbency. If the animal is dehy¬ 
drated and/or manifests signs of shock, preoperative fluid 
therapy and analgesics are recommended. 546 - 557 - 577 - 579 For 
the prevention of surgical infection, appropriate preopera¬ 
tive antibiotic administration is also recommended. 577 - 580 

MEDICAL AND SUPPORTIVE TREATMENT. The goal of 
therapy in an animal with acute abdomen is to initially cor¬ 
rect the hemodynamic and metabolic imbalances associated 
with hypovolemic or septic shock, to control pain, and to 
correct or treat the primary cause of the disease, when iden¬ 
tified. Consequently, medical treatment is based on fluid 
therapy, NSAIDs, and antimicrobial drugs. 

Fluid Therapy. Crystalloid solutions (0.9% NaCl, Ringer's 
solution) are indicated initially to replenish fluid loss and 
improve the circulating blood volume. 560 - 581 To resuscitate 
critically ill neonatal patients, recommended intravenous 
fluid administration rates of isoosmotic crystalloid solution 
are 80 to 90 mL/kg of body weight per hour. 581 However, 
such rates are difficult to achieve through a catheter in adult 
ruminants. Studies demonstrated that perfusion rates of 
40 and 80 mL of an isoosmotic crystalloid solution per kilo¬ 
gram of body weight per hour can be used safely in adult 
ruminants and dehydrated calves, respectively. 582 * 584 If the 
animal is not critically ill, fluid and electrolyte deficits 
should be corrected over 2 to 8 hours. The maximal flow 
rate usually achieved through a catheter in an adult is 
15 to 20 mL/kg/hr. 

Hypertonic solutions (7.2% or 7.5% NaCl) are also an 
alternative. Intravenous administration of hypertonic saline 
provides rapid resuscitation in dehydrated or endotoxemic 
ruminants. 585 A rate of 4 to 5 mL of hypertonic solution 
per kilogram should be administered IV through the jugular 
vein over 4 to 5 minutes. Animals should be provided with 
a supply of fresh water immediately after the treatment, or 
an intravenous infusion of an isotonic crystalloid solution 
should be instituted. Cattle not observed to drink within 
5 minutes should have 20 L of water pumped into the 
rumen. 585 An administration rate for a hypertonic solution 
of over 1 mL/kg/min should be avoided because it induces 
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FIG. 32-96 II Suggested decision tree for cattle 
with acute abdomen. 
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FIG. 32-97 II Classification of abdominal causes based on the need for surgical exploration or medical treatment. 
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a potentially fatal hypotension coupled with a decrease in 
cardiac contractility. 585 

Correction of Acid-Base and Electrolyte Imbalances. Cor¬ 
rection of electrolyte imbalances should be based on labora¬ 
tory results when available. Previous treatments should be 
considered (e.g., intravenous calcium, orally administered 
magnesium hydroxide) to initiate the most appropriate fluid 
therapy if no laboratory results are available. 560 Most animals 
with acute abdominal diseases suffer from metabolic alkalo¬ 
sis, hypochloremia, and hypokalemia. 

Calcium homeostasis is in a precarious balance in 
postpartum dairy cattle. 1 lypocalcemia is common in anorectic 
ruminants or in ruminants with gastrointestinal diseases. 560 581 
Moreover, metabolic alkalosis, frequehtly observed in cases of 
acute abdomen, is strongly associated with subclinical hypocal¬ 
cemia. 540586 Calcium ions are of particular importance in gas¬ 
trointestinal motility. First, in the gastrointestinal smooth 
muscles, the channels responsible for generating action poten¬ 
tials are calcium-sodium channels. 551 Second, gastrointestinal 
smooth muscle contraction occurs in response to the entry of 
calcium into the muscle fiber. 551 

Based on these considerations, the intravenous solutions 
used for the medical treatment of acute abdomen, second¬ 
ary to a suspected digestive disorder, should contain Na, 
Cl, K, and Ca. 

The Ringer's solution containing 8.6 g of NaCl per liter, 
0.3 g of KC1 per liter, and 0.3 g of CaCl 2 per liter, yielding 
147 mEq/L Na, 155 mEq/L Cl, 4 mEq/L K, and 4 mtq/L Ca, 
is the commercially available solution of choice. In our clinics 
in Quebec, we use a beneficial homemade solution composed 
of 7.5 g of NaCl per liter, 1.5 g of KC1 per liter, and 5.75 g of 
Ca 24 per liter (25 mL of 23 % calcium borogluconate per liter), 
yielding 128 mEq/L Na, 148 mEq/L Cl, 20 mEq/L K, and 
26 mFxj/L Ca, for adult cattle. We usually begin our fluid ther¬ 
apy with rapid administration of a 0.9% NaCl solution (15 to 
20 ml./kg/h, which is the highest rate possible through a cath¬ 
eter) for rapid correction of dehydration and then administer 
this homemade solution with an infusion rate of approxi¬ 
mately 4 to 5 mL/kg/hr. 


Control of Pain and Inflammation. Pain and inflamma¬ 
tion are important causes of gastrointestinal hypomotility 
(Fig. 32-98). Gastrointestinal pain increases sympathetic 
tone, causing general inhibition of the gastrointestinal 
tract 551 ' 587 * 588 Numerous inflammatory mediators are 
released during disease of the gastrointestinal tract, leading 
to alteration of intestinal motility. 587 589 Peritoneal inflam¬ 
mation or irritation and associated pain are well-recognized 
initiating factors of ileus in multiple species. 587 589 Release 
of proteinases, vasoactive substances, free oxygen radicals, 
and endorphins secondary to ischemia and reperfusion 
injury, or to endotoxemia, impairs cardiovascular function 
and decreases gastrointestinal motility. 589 Inflammatory 
mediators lead to a pain response and modulate the inten¬ 
sity of noxious stimuli. 588 587 Consequently, analgesic and 
antiinflammatory drugs appear essential in the manage¬ 
ment of acute abdomen. These drugs must be used with 
caution. NSAIDs may induce abomasal ulcers, particularly 
in an anorectic patient. Analgesics may mask clinical signs 
(pain, fever) and compromise adequate case management 
by delaying surgery. 

NSAIDs are the most commonly used drugs for gastroin¬ 
testinal pain management in cattle. There is no information 
comparing the efficacy of the different NSAIDs available in 
food animal medicine related to their use in the manage¬ 
ment of acute abdomen. Some authors report that, based 
on clinical observations, flunbdn provides an excellent vis¬ 
ceral analgesia. 590 Ketoprofen and flunixin appear to have 
similar activities in endotoxic calves. 591 Consequently, no 
single NSAID can be recommended based on scientific evi¬ 
dence for the management of abdominal emergencies in 
cattle. The choice of NSAID becomes a matter of previous 
experience, comparative medicine, legislation, and cost. In 
our experience, flunixin and ketoprofen are both adequate 
for the management of acute abdomen in cattle. In equine 
gastrointestinal pain, a poor or short duration response to 
NSAIDs indicates a need for surgery. 588 This principle can 
be applied to cattle with caution because of their unpredict¬ 
able behavior in response to pain. 


FIG. 32-98 II Causes of abdominal pain in 
ruminants. 
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a^-Agonists that function as sedatives and analgesics, 
such as xylazine, detomidine, and medetomidine, could 
also be used to relieve pain in cases of acute abdomen. All 
are considered to be strong analgesics that can alleviate 
most visceral pain, at least temporarily, in equine medi¬ 
cine. 588 There are few data on the use of ot 2 *agonists 
for the management of acute abdomen in cattle. In a cow 
with a large intestinal obstruction, signs of abdominal dis¬ 
comfort disappear immediately after the administration of 
a single dose of xylazine (0.05 mg/kg IV) for at least 1 
hour. 592 Different side effects must be considered before the 
administration of alpha-2 agonists. Xylazine is reported to 
have significant effects on the gastrointestinal tract in cattle, 
decreasing reticuloruminal and intestinal motility. 593 Because 
of the hemodynamic changes associated with the administra¬ 
tion of oc 2 -agonists, these drugs must be used with caution in 
patients with arterial hypotension and/or shock. 594 ot 2 -agonists 
can mask surgical pain and delay the decision for surgery. 'Ihis 
is particularly critical with the use of detomidine. 588 Finally, 
dose and administration of oc 2 -agonists should be used with 
care if standing surgery is planned. 

Antimicrobial Drugs. Bacterial translocation from the 
intestines can occur in cases of mechanical or functional ileus 
secondary to bacterial overgrowth, inflammation, and 
impairment of barrier function of the intestinal wall. 555,595 
A systemic broad-spectrum antibiotic treatment should be 
instituted when a septic process is suspected, until bacterial 
culture results become available. This initial antibiotic ther¬ 
apy should be effective against gram-negative, gram-positive, 
aerobic, and anaerobic pathogens. The choice of antibiotic 
should also take into consideration legal aspects and the cost 
of the treatment, fi- Lactams, tetracyclines, and trimethoprim- 
sulfadoxine appear to be good choices. In cattle there is no 
accepted recommendation for the duration of treatment. In 
human medicine, prolonged broad-spectrum antibiotic ther¬ 
apy in case of surgical acute abdomen does not appear bene¬ 
ficial. 596 Prevention of infective complications was not 
affected by prolonging the course of antibiotic treatment. 596 
In human medicine the current recommended dose is a 
single prophylactic antibiotic administration when there is 
no or minimal evidence of contamination, and 5 to 7 days 
when pus or contamination, either localized or diffuse, is 
present. 596 

Other Treatments. The use of purgatives (magnesium 
hydroxide, mineral oil, liquid paraffin) in cases of suspected 
gastrointestinal obstruction or ileus in cattle has no thera¬ 
peutic basis. 557 Moreover, these treatments may exacerbate 
the condition. Because the intestines are already filled with 
gas and fluid, purgatives only impose additional distention. 
In human medicine, laxatives are frequently used for the 
treatment of postoperative ileus (POI); however, no study 
could demonstrate their actual benefit. 597 Braun and collea¬ 
gues reported that the use of purgatives for the treatment 
of cecal disorders delayed the time to first defecation. 555 
Moreover, magnesium hydroxide may be responsible for 
detrimental effects such as metabolic alkalosis, 598 sedation 
caused by hypermagnesemia, 598 increased ruminal pH, 599 
and decreased ruminal microbial activity. 599 

Motility-modifying agents may be used in the manage¬ 
ment of gastrointestinal disorders. In most cases intestinal 
motility is restored when pain is relieved and electrolytic 
imbalances are corrected. Steiner reviewed the different pro- 
kinetics that can be used in ruminant medicine and their 
clinical implication. 593 For cattle, he recommends the use 
of bethanechol (0.07 mg/kg SC tid for 2 days; not approved 
for food animal use in the United States) alone or in combi¬ 
nation with metoclopramide (0.1 mg/kg SC or 1M tid for 
2 days; not approved for food animal use in the United 
States), or erythromycin in polyethylene glycol (10 mg/kg 


IM bid for 2 days, Erythro-200) for the postoperative treat¬ 
ment of right abomasal displacement or torsion. 593 Bethane¬ 
chol (0.07 mg/kg SC tid for 2 days; not approved in the 
United States) can be used for conservative or postoperative 
treatment of cecal disorders and treatment of paralytic 
ileus. 593 Contrary to cattle and sheep, in goats metoclopra- 
mide (0.5 mg/kg IM or IV; not approved in the United 
States) has been reported to significantly increase myoelec¬ 
tric activity of the duodenum. 593 Continuous infusion of 
neostigmine (87.5 mg in 10 L of sodium chloride-glucose 
infusion at 2 drops/sec per cow) was successfully used for 
the conservative and postoperative treatment of cecal disor¬ 
ders. 555 In this clinical report, this protocol was preferred 
to those previously reported (neostigmine SC every hour 
over 2 to 3 days in doses that gradually decreased from 
12.5 mg to 2.5 mg). 555 Drug administration was easier and 
involved fewer disturbances for the animal. 555 However, no 
control group was included in this study. Also, neostigmine 
has been reported to have a pronounced effect on intestinal 
contractility, causing uncoordinated spikes to become more 
frequent, thereby compromising the potential beneficial 
effect. 600 

No prokinetic drug is reported to directly increase 
ruminal motility. In cases of prolonged anorexia or acute 
indigestion, ruminal flora can be disturbed and reduced. 
Transfaunation may help to rapidly reconstitute the ruminal 
flora and hasten return to normal function of the rumen 
and the digestive tract. The technique for and beneficial 
effects of transfaunation (reduction of ketonuria, increased 
feed intake, and higher milk yield) have been reported in 
the postsurgical treatment of left abomasal displacement. 601 

Follow-Up 

When a definitive diagnosis cannot be made, a close moni¬ 
toring of the animal may be indicated. Follow-up must also 
be performed secondary to surgery to ensure adequate 
response to surgical treatment and to allow possible adjust¬ 
ment of treatment. In a referral hospital the animal should 
be reevaluated every 4 to 6 hours. In field practice, vital 
parameters, rectal examination, presence and consistency 
of feces, and pain may be reevaluated every 6 to 12 hours. 
A significant reduction of heart rate was observed 4 and 6 
hours after the initiation of treatment in cases of cecal dila¬ 
tation. 555 Feces are passed within 4 to 6 hours after surgery 
in cases of intestinal volvulus 546 or cecal disorders. 555 Fail¬ 
ure to defecate for 24 hours or more is abnormal in cattle 
and therefore indicates persistence of intestinal obstruction 
and may adversely affect the prognosis. 557 Deterioration or 
persistence of clinical signs despite the initiation of support¬ 
ive treatment is also an indication for surgery. Surgical 
exploration is indicated if the following clinical signs are 
observed: persistence of colic, development of abdominal 
distention, heart rate over 100 beats/min, scant feces, typi¬ 
cal abomasal or cecal pings, or paracentesis indicating 
bowel devitalization. 

The decision for surgery or medical treatment remains 
challenging in cases of acute abdomen in ruminants. Optimal 
management of acute abdomen prevents any unnecessary 
delay in cases requiring surgery and avoids unnecessary 
surgery. Knowledge of diseases associated with signs of 
acute abdominal pain is important, but no clinical signs are 
specific for a particular problem, and a specific diagnosis 
cannot be established postoperatively in many cases. Based 
on a systematic approach to clinical examination and a judi¬ 
cious use of ancillary tests, the clinician may be able to iden¬ 
tify cases that require immediate or delayed surgery, avoid 
unnecessary surgery, and establish a cost-effective manage¬ 
ment plan. 
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TRAUMATIC RETICULOPERITONITIS 
(HARDWARE DISEASE, TRAUMATIC 
RETICULITIS) 

DAVID FRANCOZ 

CHARLES L GUARD 

11 Definition and Etiology. TRP or hardware disease is a 
common disease of cattle but is rarely seen in small rumi¬ 
nants. It is the most common cause of anterior abdominal 
pain in cattle. The ingestive behavior of cattle predisposes 
them to the accidental swallowing of metal foreign objects 
that settle in the reticulum. Ingestion of a foreign body may 
also be associated with diseases that cause pica, such as phos¬ 
phorus deficiency. Subsequently, the foreign object may 
enter the reticulum and (1) attach to a magnet without clini¬ 
cal diseases; (2) penetrate the reticulum wall only with intra¬ 
mural inflammation; (3) perforate the reticulum wall, 
penetrate into the peritoneal cavity, and create localized peri¬ 
tonitis; or (4) migrate into the peritoneal and thoracic cav¬ 
ities. 602 The diaphragm, pericardium, and heart muscle are 
located just cranial to the reticulum, with the liver positioned 
medially and dorsally and the spleen laterally and dorsally. 
These organs may sometimes be penetrated by foreign bodies 
and become involved in the inflammatory process. 

II Clinical Signs and Differential Diagnosis. TRP in the 
most severe, acute form is characterized by fever, anorexia, 
decreased or absent ruminal contractions, and evidence of 
cranial abdominal pain. Pinching of the withers or upward 
pressure on the xiphoid region may elicit a grunt on expira¬ 
tion. Affected cattle may stand with an arched back and 
resist ventral flexion of the back when pinched over the 
withers (normal cattle flex ventrally). Some cattle grunt 
spontaneously when forced to move or when defecating 
or urinating. Lactating cows show a sudden decrease in 
milk production. 603 604 Some cows regurgitate ruminal 
fluid, especially if the oropharynx is mechanically stimu¬ 
lated. Tachycardia, reluctance to move or lie down, mild 
bloat, constipation, or abducted elbows may also be seen. 
These typical signs often abate within the first day or two, 
making diagnosis more difficult. Auscultation may reveal a 
pounding heart or muffled heart sounds bilaterally if peri¬ 
carditis with effusion has developed by the time of examina¬ 
tion. Sudden death has occurred as a result of the laceration 
of a coronary blood vessel or puncture of the heart by the 
foreign body. 

\jcss severe or more long-standing cases may have signs 
that are more subtle and confusing. Cows in early lac¬ 
tation may have ketosis; however, a distinguishing feature 
of hardware disease is the abrupt onset of anorexia and 
hypogalactia. Fever may be absent. Weight loss, rough hair 
coat, diarrhea, or generalized lameness, along with cranial 
abdominal pain that is difficult to localize, may be the only 
signs. 

If the pericardial sac has been seeded with bacteria, peri¬ 
carditis usually develops. There is no initial change in heart 
sounds, but over a period of several weeks as septic fluid 
accumulates, the heart may become muffled. When there 
are both fluid and gas in the pericardium, sloshing sounds 
like a washing machine may be auscultated. Distended jug¬ 
ular and superficial abdominal veins and other signs of con¬ 
gestive right-sided heart failure are most common after 
pericardial effusion. Dyspnea may occur if left-sided failure 
is also present. 

The foreign body may penetrate the liver or spleen, lead¬ 
ing to abscess formation. These abscesses as well as reticular 
adhesions may be responsible for ruminoreticular outflow 


problems and may lead to vagal indigestion. 605 These are 
further discussed with vagal indigestion. 

TOP must be differentiated from other causes of cranial 
abdominal pain. They mainly include abomasal ulcers, 
hepatic abscesses from other causes, and pleuritis. More 
informations about the differential diagnosis of abdominal 
pain is presented in the section on acute abdomen in cattle. 
When thoracic structures are involved, TRP must be differ¬ 
entiated from primary pneumonia or pleuritis, diaphrag¬ 
matic hernia, and heart diseases such as endocarditis, 
lymphosarcoma of the heart, and cor pulmonale. Finally, 
'TOP must be differentiated from others causes of ruminal 
distention and vagal indigestion. 

II Clinical Pathology. The WBC count and differential, as 
well as the determination of plasma proteins and fibrino¬ 
gen, may indicate an acute or chronic inflammatory process 
depending on the stage of the TRP. Neutrophilia and a left 
shift are expected in acute cases. However, in more chronic 
cases changes are less pronounced, and WBC count as well 
as differential may be normal. 602 - 606 High fibrinogen 
concentration may be observed in acute cases (2 to 3 days 
after the beginning of the disease) and chronic active cases. 
Studies in referral centers 607 608 have demonstrated highest 
plasma fibrinogen concentration with TRP compared with 
other abdominal disorders. High total plasma proteins, 
primarily reflecting high globulin levels, were expected in 
chronic cases of TRP. Higher concentrations of total plasma 
proteins have been observed in cases of 'TOP compared 
with other abdominal disorders. 607 * 609 Plasma protein con¬ 
centration cutoff points of 87 to 100 g/L have been proposed 
in these studies. All the results of the studies demonstrated 
that high values of plasma fibrinogen and plasma protein 
concentrations are highly suggestive ofTPR. However, other 
disorders can induce the same modifications, and absence 
of these abnormalities does not rule out TRP. Consequently, 
other diagnostic tests (diagnostic imaging) must be per¬ 
formed to confirm the diagnosis. Biochemical profile and 
blood gas analysis are usually within normal range but may 
reflect hypochloremic metabolic alkalosis associated with 
ileus and dysfunction of the abomasum. 

Radiography and ultrasonography of the reticulum are very 
useful for the diagnosis of TRP. Radiographs of the reticulum 
are limited to referral centers. They are performed on standing 
animals and allow the detection of a metallic foreign body 
and the determination of its location in or outside the reticu¬ 
lum. Different parameters may be observed on radiographs 
for the diagnosis of TPR. They include presence or absence 
of a foreign body, position of the foreign body, presence of 
focal gas shadows or gas-fluid interface near the reticulum, 
and the shape, size, and location of the reticulum. 610 * 612 
Of these parameters, location of the foreign body is the most 
reliable indicator for the diagnosis ofTPR. 610612 Ultrasonog¬ 
raphy of the reticulum is presented elsewhere in this chapter. 
Ultrasonography and radiography are two complementary 
methods that provide different useful information for the 
diagnosis and the management ofTPR. 613 Ultrasonography 
is also the most useful complementary examination for the 
diagnosis of pericardial effusion. 

Abdominocentesis and pericardiocentesis may be per¬ 
formed blind or with ultrasound guidance. Abdominal fluid 
analysis and its limitations in cattle are discussed in the sec¬ 
tion on peritonitis. Pericardiocentesis may be performed at 
the level of the point of the elbow in the fifth left intercostal 
space. Aseptic preparation of the skin and local anesthesia 
of the region to be punctured are required; pulling the left 
forelimb forward may be helpful. A 5- to 10-cm spinal nee¬ 
dle or intravenous catheter can be used; the length required 
depends on the size of the animal and the amount of 
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subcutaneous fat. Previous ultrasonographic examination is 
helpful for the choice of the needle. Caution is advised 
when advancing the needle to prevent laceration of the 
myocardium. Ultrasound-guided centesis prevents trauma 
to the myocardium. Visual inspection of the fluid obtained 
is usually adequate to confirm the diagnosis of pericarditis; 
it is cloudy and foul smelling. The fluid may be examined 
bacteriologically and cytologically. 

If ileus occurs or vagal indigestion develops, analysis of 
the ruminal fluid may reveal elevated chloride ion concentra¬ 
tion as a result of reflux from the abomasum and omasum. 

II Pathophysiology. The indiscriminant eating habits of 
cattle lead to accidental consumption of foreign bodies. 
Those that are of high specific gravity initially settle to the 
bottom of the ventral sac of the rumen. Subsequent contrac¬ 
tion cycles of the forestomach move those objects from the 
rumen into the reticulum. If the object is large enough and 
sharp enough, it can be pushed, most often through the cra¬ 
nial wall of the reticulum, by the forceful, normal reticular 
contractions. Normal forestomach bacteria leak through the 
hole thus created and may establish infection locally along 
the foreign body. Infection also may spread as in the pericar¬ 
dium or locally during abscess formation. The pain and 
inflammation associated with the trauma and infection lead 
to decreased appetite and ruminal hypomotility or stasis. 
Agalactia is abrupt because of the acute anorexia and 
subsequent failure to absorb precursors for milk synthesis. 

Rehage and colleagues 605 demonstrated that the distur¬ 
bances of digesta through the forestomachs and the aboma¬ 
sum in cows affected with TRP develop in three phases. The 
first one. characterized by poorly comminuted feces, occurs 
secondary to virtual immobilization of the reticulum caused 
by pain and inflammatory adhesions. With extension of the 
adhesions, additional impairment of reticulum motility 
develops. At this time, stratification of the food particles in 
the reticulorumen is lost, volume of these two forestomachs 
is increased, and ruminal outflow is inhibited. Finally, the 
consistency of ruminal contents is changed to a pasty mass 
with high viscosity. Increase in viscosity of ruminal outflow 
leads to inhibition of the transpyloric outflow. At this time, 
abomasumal volume increases and internal vomiting occurs. 

II Epidemiology. The ingestive techniques of cattle allow 
sharp nonfood items to be prehended and swallowed. 
Ingestion of such items by sheep or goats is extremely rare. 
The disease affects confined cattle where mechanical proces¬ 
sing of forages or construction activities increase the 
chances that wire or nails will be included in the feed. Most 
cases are sporadic, but outbreaks have occurred when such 
things as multistranded cable have been chopped up by a 
forage harvester and ensiled. 

II Necropsy Findings. Cattle that die peracutely may have a 
lacerated myocardium with resulting hemorrhage or cardiac 
tamponade. Diffuse peritonitis characterized by copious, 
foul-smelling peritoneal fluid with an obvious reticular defect 
may be seen in acute cases. More chronically affected animals 
may have extensive pericardial effusion with a thick epicar- 
dial layer of fibrin. The penetrating foreign body generally 
is still present in the wall of the reticulum or pericardium. 


within 1 to 3 days. Different drugs have been used to 
enhance the chance of the magnet to enter the reticulum 
cavity. The effects of premedication with atropine, scopol¬ 
amine, or xylazine and of standing the cow with its fore- 
limbs 30 cm lower than the hindlimbs on successful 
administration of a magnet (i.e., adequately located in the 
reticulum cavity) have been evaluated in healthy cows. 614 
Adequate location of the magnet was evaluated radiograph¬ 
ically V /2 hours after the administration of the magnet. 
None of the procedures increased the chance of the magnet 
being successfully placed in the reticulum. Moreover, in all 
groups (treatment groups and control groups) only 57% 
of the magnets were adequately located in the reticulum. 614 
Braun and co-workers demonstrated that foreign bodies 
that have penetrated the reticulum wall or that have clearly 
perforated the reticulum had about 54% and 32% chance, 
respectively, to become attached to the magnet. 615 Animals 
that have not significantly improved by the third day may 
require a rumenotomy to remove the foreign object. Ideally, 
radiography combined with ultrasonography is recom¬ 
mended at this time to verify the diagnosis and objectively 
assess the response to treatment, but ultrasonography alone 
is most feasible in most practices. 615 

During rumenotomy, abscesses that are tightly adhered 
to the reticulum may be drained into the lumen of the retic¬ 
ulum. 616 In some instances reticular abscesses may also be 
drained through an ultrasound-guided transcutaneous inci¬ 
sion, 617 ultrasound-guided insertion of a chest trocar, or 
insertion of a trocar during ventral laparotomy. 602 Treat¬ 
ment of peritonitis requires systemic antibiotic therapy 
and possibly drainage of the affected area; surgical correc¬ 
tion of the inciting cause is discussed in the section on 
peritonitis. 

II Prognosis. The prognosis of TRP depends mainly on the 
location of the foreign body and the other organs affected. 
The prognosis is fair to good when TRP is associated with 
localized peritonitis and when only the spleen or the liver is 
also affected. In most cases as inflammation diminishes, the 
reticular function can return to normal. 618 The prognosis is 
poor to guarded in TRP associated with pericarditis, pleuritis, 
or diffuse inflammatory adhesions in the abdomen. 602 618 

II Prevention and Control. F.liminating sources of sharp 
foreign objects in the feed supply prevents TRP. Installation 
of large magnets on feed handling equipment and prophy¬ 
lactic administration of forestomach magnets to all animals 
at 6 to 8 months of age prevent almost all cases caused by 
magnetizable objects. 


PERITONITIS IN THE RUMINANT 

GILIMS FECTEAU 

Despite the frequency with which peritonitis is included in 
a list of differential diagnoses, it remains a very frustrating 
disease for all food animal clinicians. A diagnosis is often 
based on clinical signs and history and rarely confirmed 
by ancillary tests. If the patient improves with treatment, 
the clinician may never identify the cause of the peritonitis. 


II Treatment and Prognosis. Conservative treatment gener¬ 
ally is attempted first and includes the administration of a 
forestomach magnet, parenteral antibiotic therapy, and con¬ 
finement. Often the animal is confined to a stanchion or 
box stall. Many cattle recover after such a course of therapy 
with resumption of forestomach motility and appetite 


REVIEW OF PERITONEAL CAVITY 

Histology 

The peritoneal cavity is lined by a serous membrane composed 
of two layers called the peritoneum. The deeper layer 
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(subserosa) is composed of loose connective tissue containing 
collagen, fat cells, reticular cells, and macrophages. 619 Covering 
that layer is a single-surface layer of mesothelial squamous cells 
(serosa). On the surface of the diaphragm, special lymphatic 
collecting vessels are located under the mesothelial basement 
membrane. Small stomata are found between mesothelial 
cells. They act as channels for lymphatic drainage from the 
peritoneal cavity to the thoracic duct. 620 * 622 

Normal Peritoneal Fluid 

The peritoneum is a highly permeable membrane. Most of 
it acts as a bidirectional semipermeable barrier to the diffusion 
of water and low-molecular-weight solutes between the blood 
and the peritoneal fluid. 620 * 624 Peritoneal dialysis uses this 
principle to treat renal failure. Normal peritoneal fluid pro¬ 
vides lubrication for the movement of abdominal organs and 
apposed peritoneal surfaces. 625 It is formed and resorbed 
constantly. Normal fluid movement is achieved by normal 
movement of the viscera and contraction of the diaphragm 
during respiration. A normal animal has no more than 1 mL 
of peritoneal fluid per kilogram of body weight 624 In acute 
severe peritonitis, the inflammatory process may induce a 
net flow of liters of proteinaceous fluid (80 mL/kg/day in 
humans), leading to hypoproteinemia and/or hypovolemic 
shock. 620 

Normal peritoneal fluid has a wide range of 
values. 622 626 * 629 It should be clear, with a specific density 
less than 1.016 (Table 32-17). Protein content should be 
less than 3 g/dL, although some authors have reported nor¬ 
mal values up to 6.3 g/dL for cattle. 629 Normal bovine peri¬ 
toneal fluid may contain some fibrinogen and may clot 
when exposed to air. 630 Normal fluid contains fewer than 
10,000 cells with a majority of macrophages. Lymphocytes, 
eosinophils, and desquamated mesothelial cells may also be 
present, but there are normally very few neutrophils. Normal 
periparturient cattle have significantly more abdominal fluid 
with a lower protein concentration. 630 With peritonitis there 
may be a complete absence of collectable peritoneal fluid 
because of dehydration or fibrous adhesions. 


TABLE 32-17 


Normal Range for Classification of Bovine 
Peritoneal Fluid According to Different Authors 


1 Parameters 

Normal Values 

References 1 

Turbidity 

Clear 


Total protein (g/dL) 

0.1-3.1 

626,629 


2.2-4 

626 


1.2-6.3 

633 

Specific gravity 

1.005-1.015 

629 

Total cell count (per pL) 

425-2950 

633 


2000-5000 

629 


<10,000 

626 

Differential 

Ratio 1:1, 
neutrophils to 
mononuclear 
cells 

626 

Neutrophils 

45-2183 

633 

Lymphocytes 

8-168 

633 

Mononuclear cells 

36-960 

633 

Eosinophils 

5-545 

633 

Comments 

Eosinophils may 
predominate 

626 


Serosa cells may 
predominate 

629 


PATHOPHYSIOLOGIC MECHANISM OF 
DISEASES IN THE PERITONEAL CAVITY 
IN RESPONSE TO INJURY 

Healing 

Peritoneal regeneration is completed within 5 to 7 days, 
regardless of the defect size. Healing can occur by reperito- 
nealization or creation of an adhesion with an adjacent 
nearby mesothelial surface. This adherent type of healing 
occurs more frequently if the inflammation is severe, with 
presence of bacteria and/or foreign material. 620 ' 621 - 624 

Host Defenses Against Peritoneal Infection 

The first mechanism of defense is physical removal of the 
bacteria. In normal dogs, for example, it is possible to 
retrieve bacteria in the bloodstream 12 minutes after an 
experimental injection into the peritoneum. 624 The second 
mechanism of defense relates to the response to noxious 
stimuli. This intense acute inflammatory response includes 
degranulation of peritoneal mast cells with release of vaso¬ 
active substances. This creates a net influx of fluid rich in 
complement and serum opsonins that can bind to the bac- 
teria. 620 - 621 ' 624 Third, the omentum contributes to the 
defense mechanism by adhering to an infected and/or dam¬ 
aged area to wall off the problem site. Finally the rapid 
movement of neutrophils, and later, macrophages, is also 
an important mechanism of control of infection. 624 

Adhesions 

Adhesions are defined as fibrinous or fibrous bands that cre¬ 
ate an abnormal attachment of two or more surfaces that 
should be moving freely against each other. Formation of 
adhesions is pan of the healing process and should be inter¬ 
preted as an effort to control an injury. The omentum is 
often involved in adhesions and acts as a natural sealing 
device to control the acute phase of inflammation. Whole 
blood potentiates adhesion formation by providing more 
fibrinogen. 620 The various suture materials are approxi¬ 
mately equal in their capacity to induce adhesions, with 
chromic gut perhaps inducing the most reaction. 620 Adhe¬ 
sion may or may not be reversible, depending on the amount 
of organization that takes place in the process. Adhesions 
that are cut or broken usually rapidly reform. As the fibrin 
deposition process is replaced by capillaries and fibroblasts, 
the adhesion becomes solid fibrous tissue. The three major 
elements responsible for dissolution of the fibrinous adhe¬ 
sions are (1) adequate oxygen and nutrient supply for the 
mesothelium, (2) liberation of plasminogen-activating 
substance by mesothelial and submesothelial cells, and (3) 
control of the inflammatory process. 620 - 621 Mechanical 
obstruction to the normal flow of ingesta and subsequent 
development of bowel obstruction are major undesirable 
side effects of formation of adhesions. 


PERITONITIS 

II Definition and Etiology. Peritonitis is an inflammatory 
process involving the peritoneal cavity and its serosal sur¬ 
face, the peritoneum. Peritonitis is not a true synonym of 
intraabdominal infection because the latter is defined as 
an inflammatory response of the peritoneum to microor¬ 
ganisms and their toxins that results in purulent exudates 
in the abdominal cavity. Peritonitis should be considered 
as the localized equivalent of SIRS, whereas intraabdominal 
infection is the localized equivalent of sepsis. Intraabdom¬ 
inal abscess is an intraabdominal infection confined within 
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the abdominal cavity. Because most often in farm animals 
peritonitis is caused by bacteria, the two terms are often 
used as synonyms. The inflammation may result from 
trauma, surgery, or vascular damage associated with an 
intestinal obstruction and/or accident or from gastrointesti¬ 
nal ulceration (Box 32-8). Peritonitis is a serious and com¬ 
plex process that is often accompanied by various degrees 
of abdominal pain, progressive signs of hypovolemia and 
septicemia, and/or endotoxemia. 

II Classification. Peritonitis may be classified according to 
the clinical presentation and/or the cause. Clinically rele¬ 
vant classifications include acute versus chronic, septic ver¬ 
sus chemical, localized versus generalized, and primary 
versus secondary. Although it is useful to classify types of 
peritonitis, it is imperative to recognize that it is a dynamic 
process. An apparently localized nonseptic peritonitis can 
evolve toward a more diffuse septic process if the primary 
cause is not resolved. 

II Pathophysiology. After peritoneal injury or contamina¬ 
tion, mesothelial cells initiate an inflammatory response, 
modifying the permeability of the peritoneum and its vas¬ 
cular supply. Several blood constituents are then able to 
move into the peritoneal cavity. Macrophages and polymor¬ 
phonuclear cells, humoral opsonins, natural antibodies, 
serum complement, and a protein-rich fluid are the most 


important. The inflamed peritoneum also becomes more 
permeable to toxins, allowing them to be absorbed into 
the bloodstream. Although this initial response is beneficial 
to the organism, it induces several systemic abnormalities 
that the clinician must recognize and treat adequately. 

Hypovolemia, hypoproteinemia, bacteremia or septice¬ 
mia, and toxemia are commonly observed in acute diffuse 
septic peritonitis. The major adverse effects of peritoneal 
contamination are (1) rapid clearance of bacteria, produc¬ 
ing endotoxemia and/or bacteremia, (2) rapid influx of fluid 
rich in protein, leading to hypovolemia and hypoproteine¬ 
mia, (3) deposition of fibrin, occluding lymphatic drainage, 
contributing to abdominal distention, and enhancing the 
chance of abscess formation, (4) ileus, and (5) adhesion 
formation, which may lead to obstruction (Fig. 32-99). 

II Clinical Signs and Diagnosis. Clinical signs are often 
nonspecific but suggestive of gastrointestinal dysfunction. 
Severity of clinical signs ranges from mild recurrent discom¬ 
fort caused by a localized abscess to an acute severe onset of 
toxemia and hypovolemia leading rapidly to death after the 
sudden rupture of a viscus. Cattle suffering from acute peri¬ 
tonitis tend to show more characteristic signs. As the condi¬ 
tion becomes less acute, the ability of the bovine to seal 
the infection will attenuate the clinical signs. Chronic but 
active peritonitis remains to this day a very difficult diagno¬ 
sis to make without ancillary tests. Abdominal rigidity and 
tenderness, abdominal distention, scleral injection, fever, 
anorexia, and sudden reduction in milk production are clas¬ 
sic but not pathognomonic findings of acute peritonitis. In 
the acute stage, abdominal pain and the release of catechol¬ 
amines often lead to a complete gastrointestinal stasis and 
ileus. The rumen is then completely atonic. Feces are abnor¬ 
mal in quantity and quality. In the acute stage, feces are 
present in small amounts and often dry. In more chronic 
cases feces are present with a tendency to be diarrheic. Pain, 
decreased plasma volume, and endotoxemia often result in 
persistent tachycardia. Anterior abdominal pain, evaluated 
by the withers pinch test, may be difficult to interpret. This 
procedure is based on the normal reflex of the bovine to 
drop its back when the withers and back are pinched (ven- 
troflexion). Cattle with anterior abdominal pain may be 
reluctant to ventroflex on withers pinch. You can increase 
the sensitivity of this test by simultaneous auscultation of 
the trachea during the manipulation. Production of an expi¬ 
ratory grunt is considered as a sign of pain during ventro- 
flexion. Cranial ventral pressure with the fist, knee, or 
some other external force (transverse pole under the abdo¬ 
men) just behind the xiphoid can help identify the presence 
of pain (expiratory grunt) and even localize it in some cases. 
It is my impression that one of the most reliable clinical 
sign of abdominal discomfort in cattle is reluctance to 
move. Scleral injection, fever, tachycardia, gastrointestinal 
stasis, and distention are the clinical signs that should be 
monitored to evaluate peritonitis. 

II Ancillary Tests. Hematologic findings associated with 
peritonitis range from a completely normal hemogram to 
severe leukopenia with degenerative left shift and presence 
of toxic neutrophils, depending on the severity of the peri¬ 
toneal contamination. In severe cases variations observed 
reflea the degree of sepsis and toxemia. PCV tends to 
increase as proteins decrease. In less severe cases, a neutro¬ 
philic leukocytosis and hyperfibrinogenemia are often pres¬ 
ent. Hematologic analysis has been a useful tool to monitor 
response to therapy after a diagnosis has been made by 
other ancillary tests. Immature cells in the peripheral blood 
and/or leukocytosis were better indicators of recurrence 



Causes and Examples of Peritonitis in Approximate 
Order of Frequency 


TRAUMATIC PERFORATION 

Traumatic reticuloperitonitis 
Septic abdominal surgery 
Vaginal perforation in heifer during coitus 
Penetrating wound 

VISCERAL RUPTURE 

Perforated abomasal ulcer 

Perforated ulcer in other part of gastrointestinal tract (oak 
toxicity of other cause) 

Abomasal rupture after torsion 

Small intestinal rupture after volvulus, strangulated hernia, 
intussusception 

Ruptured bladder secondary to urolithiasis 
Spontaneous uterine rupture during gestation or dystocia 

ABSCESS FORMATION AND POSSIBLE 
INTRAABDOMINAL RUPTURE 

Reticuloperitonitis, localized 
Liver 

Umbilicus 

Perimetritis 

Pyelonephritis 

IATROGENIC 

Intraperitoneal injection of irritant solution or contaminated 
solution 

Uterine rupture during dystocia 
Perforation of the uterine wall with a pipette 
Rectal tear secondary to palpation 

MISCELLANEOUS 

Hematogenous with systemic infection: tuberculosis, 
septicemia 
Fat necrosis 
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FIG. 32-99 II Pathophysiology of 
peritonitis. 
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than body temperature in one human study. 631 Plasma 
fibrinogen concentration is also used to monitor the progress 
of a particular case. 

The blood chemistry profile is rarely altered by perito¬ 
nitis in a way that is diagnostically usefijl. Chronic inflam¬ 
mation causes a marked increase in serum proteins, 
particularly the globulin portion. In acute severe cases, sec¬ 
ondary findings may include increased serum urea nitrogen 
and creatinine, mildly increased liver enzymes, reduction in 
total C0 2 , and strong ion difference and reduction in serum 
albumin. Ileus and upper gastrointestinal stasis may result 
in marked hypochloremia and alkalosis. 

Cytologic examination of the peritoneal fluid is a useful 
aid in making a definitive diagnosis of peritonitis (see 
Table 32-17). 632 Abdominocentesis techniques have been 
described elsewhere. 630 The right side just cranial to the 
udder is the preferred site (to avoid stomach and omentum) 
(Fig. 32-100). A needle, a blunt teatcanula, ora bitch catheter 
and scalpel blade may be used with success (Fig. 32-101). The 
heavy fascia of bulls makes a needle preferable. It is impera¬ 
tive to remember that failure to secure fluid is common and 
should be interpreted with caution (because fibrinous perito¬ 
nitis with fluid loculation is common). More than one site 
should be attempted if no fluid is secured on the first attempt. 
Interpretation and classification of peritoneal fluid analyses 
have been reviewed by several authors. 622 ' 626 627 630 After 
exploratory celiotomy and omentopexy on normal cattle, 
peritoneal fluid has increased specific gravity, total protein, 
and WBCs for at least 6 days, even without any peritonitis. 633 
One should remember that because of the bovine's ability to 
deposit fibrin and seal areas of the peritoneal cavity, the inter¬ 
pretation of peritoneal fluid analysis applies only to the 
immediate area that was sampled. The clinician can be misled 
to conclude that a nonseptic process is occurring on the basis 
of a caudal tap, when in fact a septic process has already been 
sealed by the fibrin deposition in the cranial abdomen. 

Abdominal radiographs using a high-power unit are 
extremely useful in cases in which TRP is suspected. 634 They 
have limited value in other causes of peritonitis. A review of radi¬ 
ography of the bovine cranioventral abdomen is available. 635 

Ultrasound examination is useful for assessing the size 
and anatomic relationships of lesions, particularly when 
considering drainage, aspiration, or surgical exploration of 
a mass surrounding vital structures. The reader should 
see the section on ultrasound in this chapter. Knowledge 
of the underlying anatomy is important to prevent 



FIG. 32-100 II Site of caudal abdominocentesis. 


misinterpretation. Clarity of the image is affected by the size 
of the probe and the depth of tissue being evaluated. 
Higher-frequency probes produce finer images but have 
limited tissue penetration. Images reflea the echogenicity 
of the tissues viewed; relative echogenicity helps to differen¬ 
tiate struaures. Abscesses can have mixed echogenicity, vary¬ 
ing from anechoic (absence of internal echoes) to echogenic, 
depending on the relative amount of fluid, Fibrin, and gas. 
The fibrous capsule of abscesses may be identified as echo¬ 
genic bands around the area in question. Ultrasound is par¬ 
ticularly useful for evaluating the integrity of the body wall 
for presence of hernias resulting from traumatic injuries, sec¬ 
ondary to abscessation or incision dehiscence. Normal and 
abnormal appearances of umbilical struaures have been 
described. 636 637 Recognition of free abdominal fluid is eas¬ 
ily accomplished by ultrasound examination, and it is also 
useful to guide a peritoneal tap. Areas that should be scanned 
include the caudal lower flank area (right and left), right 
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FIG 32-101 II Material used to perform 
abdominocentesis of the bovine. 


perirenal area, liver, abomasum and pylorus, and right para¬ 
median area. Normal liver and liver abscess formation have 
been described. 638 639 References are available to describe 
normal appearance of the reticulum and the small intestine 
in cows. 640 * 641 During exploratory surgery, ultrasound can 
be used to image an internal mass or a viscera appearing 
abnormal. Intraoperative ultrasound is performed by placing 
the probe in a sterile sleeve filled with ultrasound gel. 

Surgical exploration is often used to confirm or rule out 
an intraabdominal problem. 642 Information obtained from 
physical examination and laboratory data is often indicative 
of a diagnosis but does not provide a specific cause. Cattle 
are particularly amenable to exploratory surgery, as the pro¬ 
cedure is performed when they are standing and is not often 
associated with complications. Recent advances in mini¬ 
mally invasive surgical technique in cattle are promising. 
Laparoscopy can be used to diagnose acute and chronic 
peritonitis, which is otherwise difficult to identify with 
ultrasound or abdominocentesis. It is easier to evaluate 
the extent of the lesions with the organs in situ. 643 


II Treatment. The basic elements of therapy are support, 
antibiotics, and surgery. 

Supportive Therapy. Depending on the severity of the 
process, the patient may be presented in shock. Urge 
volumes of isotonic intravenous fluids are then indicated. 
Correction of any acid-base deficit is indicated. Electrolyte 
abnormalities (hypokalemia and hypocalcemia) should be 
identified and corrected. If the animal is hypoproteinemic, 
plasma or whole blood transfusions may be beneficial. 
Nonsteroidal and/or steroidal antiinflammatory drugs 
may be of importance to prevent the synthesis of more 
inflammatory mediators. Pain control is also important. 
Transfaunation may be beneficial in cases of prolonged 
anorexia. In one study, ruminal transfaunation was shown 
to reduce ketonuria and increase feed intake and milk 


yield after surgical correction of left-displaced abomasum 
(LDA). 644 

Antibiotic Therapy'. Systemic antibiotic therapy should be 
instituted as soon as a decision to treat is made. Until 
results of culture and antimicrobial susceptibility become 
available, a broad-spectrum antibiotic should be used. The 
choice should take into consideration the following: cost 
of treatment, withdrawal period in food animals, spectrum 
of activity, and treatment regimen (frequency and route). 
Tetracycline or a P-lactam antibiotic (third-generation ceph¬ 
alosporin or a synthetic penicillin) appears to be a good 
choice. Diffusion into the peritoneal cavity is not a major 
limiting factor, because the permeability of the peritoneum 
is always increased in peritonitis. However, when fibrin 
becomes organized and forms multiple small pockets of 
infected peritoneal fluid, then diffusion becomes more 
problematic. In human medicine, single antimicrobial ther¬ 
apy with a broad-spectrum agent is effective in patients 
suffering from secondary peritonitis. 645 - 646 

Surgical Therapy. Surgical control of peritonitis includes 
peritoneal debridement and irrigation and drainage. Using 
ultrasound guidance, it is possible to safely establish drain¬ 
age from the abdominal cavity. A thoracic chest trocar can 
be used temporarily until all fluid has been removed. 

The concept of abdominal lavage during surgery was 
adopted by human surgeons around the turn of the century 
and has been accepted as a part of the treatment of peritonitis 
since then with fluctuating support. 647 Although the princi¬ 
ple of removal of any gross contamination is not in question, 
the level of aggression with which we should institute 
abdominal lavage during surgery is still open to debate in 
human and veterinary literature. There is evidence of negative 
effect of lavage on the mesothelial cells, the peritoneal 
defense mechanism, and the risk of spreading the infec¬ 
tion. 647 - 648 The solution used to irrigate is also under debate. 
There is no significant advantage to adding antibiotics to the 
lavage solution 647 - 648 and controversy regarding the possible 
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advantages of adding an antiseptic. 647 In our experience, 
drainage of the abdomen with Foley catheters or negative 
pressure drains has been consistently unsuccessful in the 
bovine. I>arge amounts of fibrin may be deposited in a short 
period of time; in combination with the omentum, this 
makes those drains plug and become rapidly ineffective. 

II Prognosis. The ultimate outcome of a bacterial peritoni¬ 
tis episode is determined by many factors, some of which 
are controlled by the clinician. The early decision on treat¬ 
ment (medical and surgical), correct choice of antimicro¬ 
bials, and adequate supportive therapy contribute to the 
success or failure of a therapy. The pwner's delay in seeking 
therapy, the primary cause of peritonitis, and the patient's 
age are examples of important factors beyond the clinician's 
control. When aggressive therapy is economically possible, 
survival rates will be good, but long-term sequelae may 
compromise a complete recovery. 

MISCELLANEOUS CONDITIONS 

Ascites 

Ascites is a collection of serous fluid in the peritoneal cavity. 
It must be considered as a secondary sign rather than a pri¬ 
mary diagnosis. 649 In that regard the primary cause must be 
identified in order to treat the patient adequately. Common 
causes of ascites in ruminants include severe liver disease 
and congestive right-sided heart failure. Young cattle with 
mesothelioma have remarkable ascites. Ascites remains an 
uncommon condition that needs to be differentiated from 
septic causes of peritonitis and from urine accumulation 
with ruptured bladder. 

Pneumoperitoneum 

Pneumoperitoneum is commonly observed postsurgically 
in the bovine. Presence of air in the abdomen can be recog¬ 
nized by simultaneous percussion and auscultation. A low- 
pitch resonance can be auscultated in the upper flank on 
both sides of the abdomen. Presence of pneumoperitoneum 
normally resolves in the week after surgery. No clinical signs 
seem associated with the presence of pneumoperitoneum, 
although some clinicians describe abdominal pain asso¬ 
ciated with no other cause than the presence of air in the 
peritoneal cavity. Pneumoperitoneum not associated with 
surgery is indicative of bacterial peritonitis and the presence 
of gas-producing bacteria (Box 32-9). 

Retroperitoneal Abscess 

Retroperitoneal abscess is a particular condition occurring 
in cattle after a flank laparotomy. Animals are often pre¬ 
sented several days after surgery. They are mildly febrile, 
not performing adequately, and showing clinical signs com¬ 
patible with peritonitis. The skin wound is often unremark¬ 
able, but some pain may be elicited while the flank area is 
palpated. A substantial mass may be palpated per rectum, 
localized in the upper quadrant of the side of the previous 
surgical approach. The mass will be firm, smooth, unmov¬ 
able, and close to the previous flank incision. Transabdom¬ 
inal or rectal ultrasound examination reveals a large amount 
of fluid located between the peritoneum and the rectus 
abdominis or the internal oblique of the abdomen. More 
superficial abscesses can also occur. A needle aspiration 
allows visual inspection of a thick, opaque, foul-smelling 
fluid. Treatment is aimed at establishing drainage and sys¬ 
temic antimicrobial therapy. A large volume of purulent 
and fibrinous material (up to 40 L) can be removed from 
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Causes and Examples of Pneumoperitoneum 
in Approximate Order of Frequency 


TRAUMATIC PERFORATION 

Traumatic reticuloperitonitis 
Septic abdominal surgery 
Vaginal perforation in heifer during coitus 
Penetrating wound 

VISCERAL RUPTURE 

Perforated abomasal ulcer 

Perforated ulcer in other part of gastrointestinal tract 
Abomasal rupture after torsion 

Small intestinal rupture after volvulus, strangulated hernia, 
intussusception 

Ruptured bladder secondary to urolithiasis 
Spontaneous uterine rupture during gestation 
Uterine rupture during dystocia 

ABSCESS FORMATION AND POSSIBLE 
INTRAABDOMINAL RUPTURE 

Reticuloperitonitis, localized 
Liver 

Umbilicus 

Perimetritis 

Pyelonephritis 

Iatrogenic 

Intraperitoneal injection of irritant solution or contaminated 
solution 

Perforation of the uterine wall with a pipette 
Rectal tear secondary to palpation 

MISCELLANEOUS 

Hematogenous with systemic infection: tuberculosis, 
septicemia 
Fat necrosis 


the abscess. Rapid decompression may provoke hypovole¬ 
mic shock, and intravenous fluids should be administered 
before a large abscess is drained. Prognosis is good, but 
the recovery phase is extremely long because of the large 
cavity left after drainage. Early closure of the drain is often 
observed, necessitating reopening. 

FROTHY BLO AT 

CHARLES L GUARD 

GILLES FECTEAU 

II Definition and Etiology. Frothy bloat is caused by diets 
that lead to the formation of stable froth in the rumen. 
Ruminal tympany is synonymous with bloat. The condition 
may be fatal if the distention is extreme enough to compro¬ 
mise ventilation by compressing the thoracic viscera. Cattle 
are more susceptible than sheep, but the disease does occur 
in the same circumstances in small ruminants. 

II Clinical Signs and Differential Diagnosis. The degree of 
forestomach enlargement varies from that producing an even 
filling of the left paralumbar fossa to that causing a uniform, 
extreme abdominal enlargement when the animal is viewed 
from the rear. With intermediate degrees of distention, the 
left paralumbar fossa bulges beyond the contours of the last 
rib and the tuber coxae. Clinical signs of colic may be seen, 
including kicking at the abdomen, treading, frequent lying 
down and rising, and vocalizations. Some animals adopt 
a stretched stance with the rear feet placed far back. Sheep 
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with heavy fleece may be significantly bloated without the 
changes in abdominal contour being obvious. As the forest¬ 
omach enlarges and compresses the diaphragm, breathing 
becomes more labored. Open-mouth breathing, cyanosis of 
mucous membranes, and collapse leading to death may 
occur within a few minutes if the animal becomes frantic 
from the abdominal pain and dyspnea. Other conditions to 
consider in the diagnosis of frothy bloat in ruminants 
include other causes of ruminal enlargement: free gas bloat 
and vagal indigestion. Advanced pregnancy, hydropic condi¬ 
tions of the uterus, left or right abomasal displacements, 
cecal dilation or volvulus, intestinal volvulus, omasal bursi¬ 
tis, ascites, diffuse peritonitis, and pneumoperitoneum are 
conditions creating abdominal enlargement that may be 
included in the differential diagnosis. 

Many systemic conditions influence the motility of the fore- 
stomach and thus may produce mild bloat coincidentally. 

Ift Clinical Pathology. Clinical pathologic measurements 
are not required for the diagnosis and management of most 
cases of frothy bloat in ruminants. When no cause for fore¬ 
stomach enlargement is obvious, evaluation of a sample of 
ruminal contents may provide information useful for pre¬ 
scribing treatment and prevention. The presence or absence 
of froth and the pi I are critical features relating to the cause 
that influence the choice of therapy. The normal pi I of the 
rumen varies with time after feeding but should be between 
5.4 and 6.8. 

II Pathophysiology. Regardless of the cause of forestomach 
distention, the process may become self-perpetuating 
because of reflex inhibition of motility. lx)w-threshold stretch 
receptors in the ruminal wall augment cyclic forestomach 
contractions when stimulated. I lowever, stimulation of 
high-threshold stretch receptors leads to inhibition of 
motility. Thus, beyond a certain degree of stretching of the 
ruminal wall, further contractions that may relieve the 
distention through eructation are prevented. 650 

Frothy bloat is caused by the retention of gases of fermen¬ 
tation within the mass of ingesta that fail to rise and coalesce 
into a dorsal gaseous layer. This condition can arise from 
diets of lush legumes or winter wheat pasture or may be seen 
with high-concentrate Finishing rations in the feedlot. In the 
case of legume-induced disease, bloat has occurred after 
grazing or feeding of fresh-cut forages or the feeding of alfalfa 
hay. The structure of stable froth in the affected ruminal con¬ 
tents is not a true foam. The ingesta in the septa between 
adjacent bubbles form a complex structure that prevents coa¬ 
lescence. The viscosity of the fluid may prevent gravitational 
flow through the septa that would lead to the bubbles' rising 
and coalescing. Frothy ruminal fluid is higher in chloroplast 
membrane fragments, soluble protein, and very fine particles 
than nonfrothy ruminal fluid. 651 The presence of the result¬ 
ing frothy ingesta at neural receptors believed to be near 
the cardia prevents the reflex relaxation of the cardia during 
the secondary contractions of the forestomach that ordina¬ 
rily lead to eructation. 652 In addition, the viscosity of the 
frothy ingesta is such that the cardia may become plugged 
during attempts to eructate. 

Current research 651 supports both animal and plant 
characteristics as predisposing to legume bloat. Individual 
cattle have been classified as having either high or low sus¬ 
ceptibility to legume bloat. Thus far, highly susceptible cat¬ 
tle have been shown to have larger ruminal volumes and 
specific salivary proteins in consistently different propor¬ 
tions than bloat-resistant cattle. The actual mechanisms that 
lead to larger forestomach volume in susceptible cattle have 
not been determined. There is a relationship between plant 


factors associated with bloat and the rapidity with which 
leaf structure is disrupted after ingestion. 651 Bloat-inducing 
plants are more readily macerated, thus providing quicker 
bacterial access to the inner leaf cells. Less bloat-predispos¬ 
ing cultivars of the main bloat-causing species, such as 
alfalfa (Medicago sativa), red clover (Trifolium pratense), 
and white clover (Trifolium repens), have a thicker leaf 
cuticle, smaller stomata, and a more fibrous leaf structure, 
lonophore antibiotics such as monensin inhibit ruminal 
protozoa that normally ingest chloroplasts, leading to a 
reduction in the bloat potential of some forages. 653 * 654 

Grain bloat occurs in a manner similar to that caused by 
legumes; a stable froth is produced from high-concentrate 
rations. Particle size and the rate of fermentation are 
thought to be the determining factors in the froth produc¬ 
tion. A mucoprotein slime composed of bacterial byprod¬ 
ucts stabilizes the froth. 653 * 655 This material tends to be 
stable at a lower pH than is found in non-grain-fed rumi¬ 
nants, so grain feeding promotes slime accumulation by 
lowering ruminal pH. Genetically susceptible cattle lack 
adequate mucin in their saliva to disrupt the tiny gas bub¬ 
bles. Animals (such as dairy cattle) that are fed grain and 
then legumes may be particularly susceptible to frothy bloat 
because all the factors leading to froth production and accu¬ 
mulation are present. Both legume bloat and grain bloat 
may resolve spontaneously if the animal stops consuming 
the bloat-producing feed and microbial digestion eliminates 
the froth-stabilizing factors. 

Acute distress, often appearing as colic, is caused by over¬ 
distention of the forestomach that stimulates pain receptors 
in the ruminal wall. As the abdominal distention increases, 
the ability to achieve normal respiratory movements of the 
diaphragm and rib cage is impaired. Death from asphyxia 
ultimately results as the lungs are compressed by the crani- 
ally expanding diaphragm. 

IS Epidemiology. Frothy bloat often occurs as an epidemic. 
Pasture bloat occurs wherever alfalfa, red clover, or white 
clover is grazed. Environmental conditions that produce 
rapid, early growth lead to a higher incidence of bloat. 
Frothy bloat also occurs when Stocker cattle are grazed on 
winter wheat pastures in the southern Great Plains of the 
United States. Death losses at pasture range from 0.5% to 
2.5% of cattle at risk on an annual basis. The incidence of 
feedlot bloat has been estimated at about 1%, with death 
losses of about 0.1%. 651 

II Necropsy Findings. The finding of tenacious froth in the 
rumen along with other evidence of bloat is grounds for a pre¬ 
sumptive diagnosis of frothy bloat. The challenge for the diag¬ 
nostician is to determine if the bloat occurred before death; 
this may not be possible if the animal was not observed before 
death. The increase in intraabdominal pressure prevents 
venous return from the hindquarters and may lead to obvious 
edema in the intermuscular areas. Unfortunately this is not a 
consistent finding; other evidence of impaired circulation or 
a differential degree of edema between fore and hind parts 
must be used to make a diagnosis. 

II Treatment and Prognosis. Passage of a stomach tube is 
indicated to determine the cause of the ruminal distention 
and possibly initiate treatment. A sample of the ruminal con¬ 
tents for pH measurement should be obtained at this time. 
Care must be taken to exclude saliva from the tube by blowing 
into the rumen, flushing water through the tube, or using a 
ruminal sampling device that carries the tip of the stomach 
tube down into the liquid ingesta. If no gas can be released 
with a stomach tube, the tube should be withdrawn after 
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suction has been applied and examined for the presence of 
froth. If the animal is not in respiratory distress or extremely 
colicky, surface-active agents should be administered by means 
of a stomach tube. Poloxalene is recommended for forage 
bloat, 654 and mineral oil or animal tallow for feedlot bloat 657 

Some cattle are in violent pain with bloat but not in 
respiratory distress. Sedation with xylazine may be necessary 
for further examination and treatment. Animals with 
extreme distention of the forestomach and in respiratory 
distress require immediate surgical intervention. A trocar 
introduced through the left paralumbar fossa after local 
anesthesia relieves bloat caused by free gas accumulation 
but may not be adequate for frothy bloat. An emergency 
rumenotomy may be necessary to evacuate frothy contents. 

II Prevention and Control. Prevention of frothy pasture 
bloat has historically relied on attempts to anticipate when 
forages were most likely to induce bloat. Cattle were fed other 
feeds and allowed limited access to the problem forages. 
Accurately predicting when forages are safe has not been reli¬ 
able. As an alternative the cattle at risk have been treated with 
supplemental surface-active agents such as poloxalene. 

In Australia and New Zealand, oils and tallows have been 
drenched daily, sprayed on fields, and smeared on the flanks 
to be later licked off, to prevent pasture bloat. Although 
poloxalene has proved effective, it is more expensive than 
oils. It can be fed in molasses blocks or individually adminis¬ 
tered. More recently ionophore antibiotics have shown 
promise for controlling bloat. Rumensin (1 mg/kg daily) 
greatly reduced the incidence of legume bloat, and lasalocid 
(1.32 mg/kg/daily) effectively reduced the incidence of grain 
bloat. 653 654 In both circumstances, beginning treatment 
before exposure to the bloat-inducing feed was more effective 
than waiting until bloat occurred. Agronomists are selecting 
cultivars of the bloat-producing forages for slower rates of ini¬ 
tial fermentation. These are likely to become more widely 
used in the regions in which bloat is a regular occurrence. 

Providing adequate fiber in feedlot rations and slowly 
introducing higher proportions of concentrates, particularly 
com, barley, and soybean meal, permit ruminal adaptation 
that helps prevent bloat. 


ABOMASAL DISPLACEMENT 
AND VOLVULUS _ 

GILLES FECTEMJ 

CHARLES L. GUARD 

II Etiology. Although the precise cause of displacement of the 
abomasum remains unknown, general agreement exists in vet¬ 
erinary literature that it is a multifactorial syndrome and that 
abomasal hypomotility is an absolute prerequisite. Abomasal 
motility can be decreased in many ways. Overdistention of 
the rumen, reticulum, or omasum can inhibit motility of the 
abomasum, 658 as can ulcers and ostertagiasis. 659 

Many of these conditions occur commonly in the imme¬ 
diate postpartum period or are related to common disorders 
of postpartum dairy cattle (Table 32-18). 

II Prevalence and Incidence. Abomasal displacement 
occurs either to the right or to the left side of the abdomen 
when gas accumulates within this viscus. Left-displaced 
abomasum (LDA) is the more common, accounting for 
85% to 95.8% of cases. 680 By far the highest incidence is 
in adult dairy cattle in the early postpartum period, but 
cases have been seen in all other classes of cattle. LDA is 


TABLE 32-18 


Factors Associated with Influencing Abomasal Motility 
and Contributing or Possibly Contributing to Abomasal 
Displacements 


Il Factor 

Reference' j 

Low pH 

660,661 

Particle size and fiber content 

662,663 

Amino acid, peptide, and fat content of 
duodenal fluid 

658 

High volatile fatty acid content 

665 

High ruminal histamine synthesis 

666 

Endotoxemia 

667 

Hyperinsulinemia 

668 

Hypokalemia 

669 

Epinephrine release 

670,671 

Histamine release 

672 

Metabolic alkalosis 

673 

Hypocalcemia 

674 

Prostaglandins 

672,675,676 

Lack of exercise 

665,677 

High blood gastrin concentrations 

667,678 

Acetonemia 

679 


probably a worldwide problem, and one survey of the prev¬ 
alence of disease in dairy herds indicates that 24% of herds 
reported at least one case of LDA during a 3-year period. 662 
In one Canadian study the lactational incidence risk of LDA 
was estimated to be 2% 681 The prevalence among dairy 
herds is variable depending on geographic location, man¬ 
agement practices (confinement vs. pasture), feeding prac¬ 
tices, climate, and probably several other factors. 

II Pathophysiology. After abomasal atony, distention with 
gas produced by microbial fermentation occurs and most 
likely precipitates the displacement. Diets with more grain 
result in an increase in the amount of gas produced in the 
abomasum. It has been hypothesized that the displacement 
will be oriented (left or right) according to the size of the 
rumen. A large and filled rumen will make the left displace¬ 
ment less likely, and the abomasum will dilate and in some 
cases twist to the right (Figs. 32-102, 32-103, and 32-104). 
If the rumen is small and empty (as in the postpartum period), 
the abomasum can move to the left and LDA can occur. 664 



FIG. 32-102 II Schematic view of a left-displaced abomasum (Courtesy 
Andre Desrochers, from Surgery of the abomasum in cattle. Version 2.0, Uni¬ 
versity de Montreal.) 




FIG. 32-103 II Schematic view of a right-dilated abomasum. (Courtesy 
Andre Desrochers, from Surgery of the abomasum in cattle. Version 2.0, Uni- 
versite de Montreal.) 



FIG. 32-104 II Schematic view of an abomasal volvulus (AV). (Courtesy 
Andre Desrochers, from Surgery of the abomasum in cattle. Version 2.0. Uni- 
versite de Montreal.) 


II Surgical Therapy . Numerous surgical techniques are 
used and have been described elsewhere. 680 The compari¬ 
son of their advantages and disadvantages has also been 
studied. 682 The permanent attachment is usually created 
by suturing either the abomasum or the greater omentum 
to the abdominal wall. The techniques may be classified 
into three different broad categories: blind technique, surgi¬ 
cal (open) technique, and laparoscopic technique. Multiple 
factors influence the decision; cost and preference of the 
surgeon are very important. Recently, laparoscopic tech¬ 
nique has been described and studied. 683 686 

All techniques have been successful when performed 
adequately. Understanding the limitations of each of them 
will allow the food animal clinician to best serve the patient 
and client in all situations. 


LEFT DISPLACEMENT OF THE ABOMASUM 

II Clinical Signs and Differential Diagnosis. Cattle with 
simple LDA have a reduced appetite (complete anorexia, 
reduced consumption of concentrates, or alternating peri¬ 
ods of normal appetite and anorexia). Milk production is 
reduced. Ketosis may develop as a secondary problem. Feces 


are often normal to softer than normal but reduced in vol¬ 
ume. Rectal temperature is normal, unless a concurrent 
infectious problem is present (metritis, mastitis). Pulse 
and respiration are normal or slightly above normal, unless 
a concurrent or secondary problem is present. Ruminal con¬ 
tractions are decreased to absent and difficult to hear 
because the abomasum interferes with transmission of the 
sound. The last one or two ribs on the left are sprung, but 
the abdomen is sunken in the paralumbar fossa. Gurgling 
or tinkling rather than normal scratching sounds may be 
heard on auscultation in the left paralumbar fossa. Simulta¬ 
neous auscultation and percussion reveal a ping over the 
gas-filled portion of the abomasum (see Fig. 1-5). With 
LDA the area of ping may be anywhere from the lower third 
of the abdomen in the eighth intercostal space to the para¬ 
lumbar fossa. Attention should also be given to the cranial 
and lower aspect of the flank because in some cases the ping 
will be audible only in this area. 

On rare occasions, during rectal examination the clini¬ 
cian may be able to palpate the abomasum to the left of 
the caudodorsal blind sac of the rumen or at least perceive 
that the rumen is displaced medially. 

Ruminal tympany, pneumoperitoneum, and collapsed 
rumen 687 may all produce pings on the left side of the 
cow. Physometra (air in the uterus) and dilation and dis¬ 
placement of the cecum to the left of the rumen (which is 
rare) may also produce left-sided pings. Having an assistant 
blow on the stomach tube passed into the rumen while aus¬ 
cultating over the left side differentiates the rumen from 
other structures. Percutaneous needle aspiration of fluid or 
gas from the suspected abomasum aids in correct identifica¬ 
tion. A pH of less than 4.5 as determined with wide-range 
pH paper or the odor of abomasal gas (slightly acrid or 
burnt almonds) confirms the presence of LDA. 

II Clinical Pathology. The most important abnormalities 
detected by clinical chemical evaluation usually are the 
serum electrolyte and acid-base levels. 688 Sequestration of 
the hydrochloric acid secreted into the abomasum within 
the abomasum or by means of reflux in the ruminoreticu- 
lum may occur and lead to metabolic alkalosis. The blood 
pH and bicarbonate concentration are slightly elevated, 
with a concomitant small decrease in the blood chloride 
concentration. Cattle examined on the farm usually are 
hypoglycemic and ketonuric. However, any important stress 
(e.g., transportation) may create a transient hyperglycemia. 
The serum calcium level may be below normal as a result 
of decreased intake and absorption. Hypokalemia may 
develop as a consequence of both the metabolic alkalosis 
and reduced intake and absorption. 

The CBC may reveal a mild dehydration and a stress leu- 
kogram. If LDA is combined with bleeding abomasal ulcers 
it may produce severe anemia. The presence of a concurrent 
disease may lead to specific changes (e.g., left shift with 
acute coliform mastitis). 

II Epidemiology. Cows in early lactation are at greatest risk 
of developing LDA. In one prospective study of 3172 lacta¬ 
tions in New York, 81% of 48 LDAs occurred in the first 30 
days after calving. 689 The overall incidence was 1.5% of lacta¬ 
tions. An older study reported a lower incidence rate (0.35% 
from 1970 to 1972), but even within that period the rate 
increased each year. 690 A higher incidence has been reported 
in late winter and early spring after the winter housing sea¬ 
son 691 Cows in this study had LDA in association with partu¬ 
rition as expected, but a preponderance of cases occurred in 
cows calving in February to April. Increasing parity was asso¬ 
ciated with an increased incidence of LDA in studies from 
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Ontario, Canada, New York, and Israel. 690 * 692 Milk production 
potential is not thought to be related to the risk of LDA. 693 
Most cows produce 300 to 500 kg less milk in lactations with 
LDA than would be expected if the disease did not occur. 694 
For unknown reasons, about 80% of recovered cases produce 
about 400 kg less milk, and 20% produce 2000 kg less milk, 
length of time a cow remains in the herd after correction 
of LDA is not affected. The Financial consequences of LDA 
for an individual cow with the smaller reduction in milk 
production favor maintaining the cow in the herd. 

Fnergy and protein nutrition of the prepartum dry cow 
were suggested to be causally related to LDA in one 
study. 695 On a herd basis, in cows fed levels of energy and 
protein above National Research 'Council recommenda¬ 
tions, LDA was less likely to develop. Genetic factors may 
also play a role in the predisposition to LDA. In a retrospec¬ 
tive case-control study, cows with LDA were IVi times more 
likely to be sired by bulls in one group than controls. 691 
Fox 696 suggested that body depth had increased in dairy cat¬ 
tle since 1945 and that this may provide more room for the 
relatively empty abdominal viscera to move about at partu¬ 
rition. An experimental herd composed of two groups of 

I lolstein cows, continuously mated and selected to produce 
large and small body sizes, had a 4.5% incidence of LDA in 
the large size group and a 1% incidence in the small cows 
during a 14-year period. 697 Body weight was 514 kg versus 
464 kg, wither height was 134 cm versus 129 cm, and fat- 
corrected milk production was 6163 kg versus 6135 kg for 
the two groups. Thus some evidence exists to support a 
genetic basis for predisposition to LDA, and perhaps this 
is mediated through body size or conformation. 

II Treatment and Prognosis. Treatment for LDA involves 
returning the abomasum to its normal anatomic location 
and preventing reoccurrence ("pexy"), treating the electro¬ 
lyte and acid-base abnormalities, and providing therapy 
for concurrent disease conditions. Prognosis for LDA is 
good but is influenced by the severity of the concurrent dis¬ 
ease. Cattle with severe hepatic lipidosis and LDA should be 
given a guarded prognosis, as their recovery is often slow 
and incomplete. 

It Prevention and Control. Ihe incidence of LDA has been 
reduced in problem herds by dietary manipulation that 
reduces the likelihood of forestomach and abomasal atony 
caused by high-concentrate rations. This includes slow 
introduction of concentrates after calving, prepartum intro¬ 
duction of ensiled and concentrate feeds and increase in the 
particle size of the forage. Maintaining serum calcium con¬ 
centration around parturition may be achieved by dietary 
management during the prepartum period. Dietary cation- 
anion difference (DCAD) is a reliable method of controlling 
hypocalcemia in dairy cows (see Chapter 41). Reduction in 
other periparturient inflammatory diseases such as mastitis 
and metritis also reduces the incidence of LDA. 

RIGHT DISPLACEMENT OF THE 
ABOMASUM 

Simple right displacement of the abomasum (RDA) occurs 
at approximately 10% to 15% the frequency of LDA. The 
exception to this is the reported higher incidence of RDA 
than LDA in Denmark. 698 

II Clinical Signs and Differential Diagnosis. The general 
systemic state of the cow with a simple RDA is the same 
as that of the cow with LDA. On the other hand, as the sim¬ 
ple RDA evolves toward the volvulus, the systemic changes 


observed in cattle with abomasal volvulus progressively 
appear. An area of tympanitic resonance is heard on the 
right side with simultaneous auscultation and percussion. 
The ping usually is confined to an area under the last five 
ribs in the upper half of the abdomen. The condition must 
be differentiated from other causes of right-sided pings, 
such as cecal distention (with or without volvulus), gas in 
the spiral colon, pneumorectum after rectal examination, 
pneumoperitoneum, physometra (gas in the uterus), and 
abomasal volvulus (see Fig. 1-4). 699 ' 700 Cecal and rectal 
pings usually are detectable in a linear pattern just below 
the transverse processes of the lumbar vertebrae extending 
to the tuber coxae. Rectal examination identifies the gas- 
filled structure. Pings heard with gas in the spiral colon typ¬ 
ically have a variable pitch, depending on the location over 
the cranial paralumbar fossa and last three or four ribs. 
Generally the spiral colon may be palpated per rectum as a 
laterally flattened, mildly distended viscus adjacent to the 
right body wall. Gas in the uterus can be detected per rectum. 
Pneumoperitoneum creates a ping that is distributed all 
along the dorsal portion of the abdominal cavity and is usu¬ 
ally heard on both sides. 

Abomasal volvulus is the most difficult to differentiate 
from RDA. Determination of the difference by physical 
diagnosis in an early case of abomasal volvulus is probably 
impossible. With time the cow becomes progressively more 
dehydrated and more severely ill with volvulus than is usual 
with RDA. Heart rate (above 100 beats/min), ruminal 
motility (totally absent), and fecal output (almost none) 
are clinical signs in favor of a diagnosis of abomasal volvu¬ 
lus. Advanced cases of volvulus also have a ping that has an 
arched dorsal border and a horizontal ventral border caused 
by the fluid level in the abomasum. This fluid is auscultable 
on succussion of the abomasum. 

II Treatment and Progtiosis. Surgical treatment is required 
to correct RDA. Because of the difficulty of differentiating 
RDA from early volvulus, intervention should be as prompt 
as possible. The prognosis for a successful recovery after sur¬ 
gery is comparable to that for LDA if no other concurrent 
disease is present. 

ABOMASAL VOLVULUS 

Abomasal volvulus, or right torsion of the abomasum, leads 
to complete obstruction of the flow of ingesta into the duo¬ 
denum and therefore is a surgical emergency, Ihe condition 
occurs in all classes of cattle. Although RDA is thought to 
precede its development, unknown factors lead to abomasal 
volvulus. 

II Clinical Signs and Differential Diagnosis. The systemic 
effects of the gastrointestinal obstruction that results from 
abomasal volvulus progress to a much more severe degree 
than in LDA or RDA. Sunken eyes and loss of skin turgor 
accompany the dehydration that develops. Ihe heart rate 
increases above 100 beats/min, and the pulse is weak and 
thready. Abdominal distention is marked bilaterally. Complete 
ruminal stasis develops, leading to bloat, and the abomasum 
greatly enlarges on the right. Despite the severe degree of gastric 
distention, colic rarely develops in abomasal volvulus; it is 
much more likely with cecal distention. The skin is cool to 
the touch. Feces are absent or watery but scant. A large area 
of tympanitic resonance with uniform pitch throughout is 
detectable on the right, extending from the eighth rib to the 
middle of the paralumbar fossa (see Fig. 1-5). 700 Ihe ventral 
border of the ping is a horizontal line reflecting the fluid level 
in the greatly distended abomasum. Borborygmi are absent. 
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part five DISORDERS of the ORGAN SYSTEMS 


Splashing fluid sounds can be heard when the abomasum is 
ballotted (succussed) behind the last rib. 

Other causes of proximal intestinal obstruction and tor¬ 
sion of the intestinal mass around the root of the mesentery 7 
must be differentiated from abomasal volvulus. On rectal 
examination the abomasum can usually be felt with aboma¬ 
sal volvulus. With intestinal obstruction or intestinal volvu¬ 
lus, distended loops of small intestine can be palpated. 
Pings caused by gas in the intestines have a variable pitch 
over the area involved. 

Cecal distention with rotation can produce a similar 
degree of abdominal distention high on the right, but the 
abdomen usually is less filled cranioventrally on the right. 
A ping extends to the tuber coxae, 'and the cecum can be 
palpated per rectum. Diffuse peritonitis leads to complete 
atony of the gastrointestinal tract, and the abdomen may 
become distended with gas in all parts of the tract; there 
is no discrete ping extending over a large area of the right 
side. 

As abomasal volvulus progresses, cattle become recumbent 
and depressed. Death occurs within hours of this stage, which 
occurs 1 to 3 days after the development of the volvulus. 


II Clinical Pathology. The serum biochemistry profile will 
show much more dramatic changes with abomasal volvulus 
than with RDA or LDA. Clinicopathologic consequences 
include hypovolemia, dehydration, hemoconcentration, met¬ 
abolic alkalosis, hypochloremia, hypokalemia, and paradoxic 
aciduria. Hyperglycemia, hypocalcemia, and hyponatremia 
may also be observed. Later in the condition a superimposed 
metabolic acidosis is also present. Anion gap gradually 
increases with the severity of the disease. Systemic shock 
eventually causes fatality. Reduced fluid intake and sequestra¬ 
tion of large quantities of chloride-rich fluid in the stomachs 
(third space problem) leads to dehydration and hypovolemia. 

Under the influence of carbonic anhydrase, hydrogen 
ions are normally pumped into the abomasal lumen. 
A chloride ion follows into the lumen, whereas bicarbon¬ 
ate and sodium remain in the blood. Under normal 
circumstances the HC1 leaves the pylorus, where the hydro¬ 
gen ions are neutralized by pancreatic and intestinal secre¬ 
tions and the chloride is resorbed. When abomasal 
volvulus occurs, the HC1 is sequestered in the abomasum 
and regurgitated into the omasum and rumen (internal 
vomiting). Ruminal chlorides increase. The animal 
becomes alkalotic and hypochloremic. Because of shifts 
between intracellular and extracellular compartments, 
potassium moves intracellularly as hydrogen ions move 
extracellularly in response to the metabolic alkalosis. This, 
plus the total anorexia, lead to severe hypokalemia. The 
hallmarks of abomasal volvulus are metabolic alkalosis, 
hypochloremia, and hypokalemia. 

Paradoxic aciduria occurs in the face of metabolic alkalo¬ 
sis, when the cow should be retaining hydrogen ions. 701 * 702 
The overwhelming renal physiologic drive appears to be 
sodium retention. Dehydration and reduced cardiac output 
result in falling blood pressure. The animal must respond 
by volume expansion; thus sodium is resorbed in the renal 
tubules. Chloride is also resorbed. Because there is hypo¬ 
chloremia, the electrical gradient that must be corrected is 
high; if 140 mEq/L of sodium is resorbed and only 
60 mEq/L of chloride is available, there is a net of 
80 mEq/L (140 60) of cations that must be secreted back 

into the tubules. Phis is normally accomplished by secretion 
of potassium. Because hypokalemia is severe, hydrogen ions 
are paradoxically secreted to retain electrical neutrality so 
that blood pressure can be maintained by means of maxi¬ 
mum sodium resorption. 


Pathophysiology. At least some of the factors predispos¬ 
ing to LDA or RDA probably contribute to the paths of 
abomasal volvulus. Whether true RDA precedes abomasal 
volvulus is not known. Dissection of naturally occurring 
cases of abomasal volvulus demonstrated that the structures 
involved in rotation can vary from the reticulum to the 
omasum at the orad end. 698,703 - 704 The rotation probably 
occurs most frequently at the reticuloomasal junction. The 
duodenum is looped around the omasum, regardless of 
the degree of volvulus. Creating the condition manually in 
an anesthetized calf was easier if the gas-filled fundus 
ascended around the cranial surface of the omasum, pulling 
the reticulum with it 703 The ensuing displacement leads 
to a counterclockwise rotation of the abomasum and oma¬ 
sum as viewed from the right side and the rear. The duode¬ 
num is pulled medial to the body of the omasum and wraps 
around the neck of the omasum in the final configuration. 
The continued hydrochloric acid secretion of the aboma¬ 
sum and the gas produced in the omasum and abomasum 
further stretch and occlude the duodenum. The abomasal 
blood vessels and the ventral vagal trunk are compromised 
near the site at which the duodenum wraps around the 
omasum in long-standing cases. Thrombosis of vessels 
may occur. 

The acid-base and electrolyte abnormalities of early 
abomasal volvulus are the same as those of LDA. In cases 
of severe distention of the abomasum and omasum with 
vascular compromise, systemic cardiovascular insufficiency 
develops. Reduced perfusion of peripheral tissues may lead 
to metabolic acidosis terminally. Hemoconcentration devel¬ 
ops, although bleeding into the abomasum may occur from 
devitalized mucosa, leading to a low hematocrit. These 
changes are compounded by the developing necrosis of 
the abomasum. The abomasum may physically leak con¬ 
tents through a weakened, overstretched wall. E.ndogenous 
inflammatory mediators and bacterial toxins may diffuse 
from the abomasum to viable surrounding tissues, where 
absorption occurs. In either case, the viability of the aboma¬ 
sum is lost, and death follows shortly. 

31 Treatment. Immediate surgical intervention usually is 
necessary to save the animal's life. Simultaneously fluid, elec¬ 
trolyte, and acid-base abnormalities need correction. For early 
cases of hypokalemic, hypochloremic alkalosis and dehydra¬ 
tion, intravenous fluids consisting of 20 to 80 L of 0.9% 
sodium chloride with 25 to 100 mEq/L potassium chloride 
added are administered. Intravenous potassium should not 
be given at a rate greater than 1 mEq/kg/hr to prevent cardio- 
toxicity. For advanced cases with metabolic acidosis, balanced 
electrolyte solutions such as Ringers solution are indicated. 
Broad-spectrum antibiotics are appropriate if the integrity of 
the abomasal mucosa is questionable. NSAIDs are indicated 
to control pain, inflammation, and shock. Both standing 
right-sided and recumbent right paramedian approaches have 
been successful for correcting abomasal volvulus. 682 - 705 

II Prognosis. Establishing an accurate prognosis before sur¬ 
gery is optimal because at that time salvage remains a possi¬ 
bility and little expense has occurred. A second critical time 
is after surgery in cows not recovering appropriately. The 
decision will be whether to continue to treat (cost) or 
salvage, if that still is an option. 

Preoperative assessment is difficult. In our experience, 
assessment cannot be based on a single clinical observation 
or serum biochemistry value. The best published studies 
looked at two different classifications of outcome: death 
versus survival and productivity versus nonproductivity. 
A logistic regression model, 706 looking at heart rate, base 
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excess, and serum chloride level, was developed as a preop¬ 
erative predictor of death or survival. The study by Consta¬ 
ble and colleagues found that four presurgical variables 
(hydration, heart rate, duration of inappetence, and AlP 
level) could be used to best predict cattle as productive or 
nonproductive after surgery. 707 

Surgical assessment of outcome has been investigated. Lhe 
overall success rate of surgery varies between 61.5% and 
86.3%. 708 * 711 The number of forestomachs involved in the 
twist has been found to adversely affect survival and produc¬ 
tivity. Wallace found only 20% success in cattle with reticulo- 
omasal-abomasal volvulus. 711 Another study reported suc¬ 
cess in 55% of cattle with omasal-abomasal volvulus and 
87% success in cattle with only an* abomasal volvulus. 707 
Edema of the abomasum carries a guarded to poor progno¬ 
sis. 711 * 713 Edema around the proximal duodenum was asso¬ 
ciated with a poor outcome in Pearson's study, 712 but 
Fubini and co-workers found no association with out¬ 
come. 714 Purple discoloration of the abomasal serosa tends 
to bode poorly for long-term outcome, as does total disten¬ 
tion of this organ, abomasal necrosis, and thrombosis of 
the gastric veins. 706 * 711 When it has been necessary to drain 
the abomasum of fluid to correct the twist, the animals have 
usually not done well. 709 The measurement of intraluminal 
pressures of greater than 16 cm Hg also carries a poor progno¬ 
sis because of mucosal damage. 707 A logistic regression 
model using some of the surgical findings did not predict out¬ 
come any better than with the preoperative model. 706 

After correction, cattle with abomasal volvulus often 
have diarrhea for 24 hours. Feces then firm up to normal 
consistency. Postoperative clinical signs associated with a 
poor prognosis include melena, anorexia, persistent tachy¬ 
cardia, and dehydration. 709 * 713 * 715 In our experience, even 
if appetite and general attitude are initially good (24 to 48 
hours after surgery), persistence of a loose low-volume stool 
72 hours after surgery may indicate complications and pos¬ 
sible vagal indigestion. 717 Once vagal signs develop, the sur¬ 
vival rate is only 11.5% to 20%. 711 * 716 Prolonged treatment 
seems irrelevant, because neither surgical treatment (pyloro¬ 
plasty, abomasal or ruminal fistula) nor medical treatment 
(prokinetic drugs or laxatives) has been shown to be 
effective. 672 ' 709 

II Necropsy Findings. Cattle that die of abomasal volvulus 
are grossly dehydrated, and the abomasum is greatly dis¬ 
tended or ruptured. The omasum often is also greatly dis¬ 
tended when torsion occurs at the reticuloomasal junction. 
Cattle that die or are euthanized after developing postopera¬ 
tive complications have one or more of the following 


postmortem lesions, gastric compartment dilation, peritoni¬ 
tis, abomasal wall necrosis or ulcer, vascular thrombosis, or 
vagal nerve lesions. 717 

II Preifention and Control. Because factors predisposing to 
atony of the forestomach and abomasum probably are 
important in the genesis of abomasal volvulus, prevention 
should be similar to that outlined for LDA. 


ABOMASAL U LCERS 

DAVID FRANCOZ 

CHARLES L GUARD 

II Definition and Etiology. Abomasal ulcers occur in cattle 
of all ages and rarely in sheep and goats. Signs of loss of gas¬ 
tric epithelium may range from no clinical signs, to hemor¬ 
rhage and anemia and subsequent melena, to peritonitis if 
the erosive processes penetrate all layers of the abomasum. 
The exact cause of abomasal ulcers is still obscure and may 
be multifactorial. In calves, development of abomasal ulcers 
has been proposed to be associated with mineral deficiencies 
(mainly copper), 718 * 719 stress, 720 proliferation of microorgan¬ 
isms (C. perfringens type A, fungi, or others), 720 * 724 and/or 
abrasion of the abomasal mucosa by roughage, geosedi¬ 
ments, or trichobezoars. 725 ' 726 I lowever, all of these hypoth¬ 
eses have failed to demonstrate alone their involvement in 
the development of abomasal ulcers. 720 723 ' 727 In adults the 
disease is associated with stress such as recent parturition, 
peak milk production, or presence of concurrent diseases 
(mainly those of the peripartum period), and with diets high 
in starch. 728 * 730 Lymphosarcoma of the abomasum also may 
lead to clinical signs of ulcer disease. Abomasal ulcers are 
also an adverse effect of NSAIDS. 

II Clinical Signs and Differential Diagnosis. Smith, 
Munson, and Erb 729 have classified abomasal ulcers into 
four types: (1) nonperforating with minimal signs, (2) 
nonperforating with severe blood loss, (3) perforating with 
local peritonitis, and (4) perforating with diffuse peritonitis 
(Table 32-19). These classifications are useful for describing 
the various clinical pictures that may be observed when 
examining an animal with abomasal ulceration. 

The mildest form (type 1) is caused by nonperforating 
ulcers that do not result in extensive hemorrhage. Affected 
animals may have mild or no clinical signs. The signs are 
mild abdominal pain, shown by partial anorexia, decreased 


TABLE 32-19 
Abomasal Ulcers 


Type 


Lesions 


Clinical Signs 


Nonperforating 

Nonperforating 
with severe 
blood loss 
(bleeding) 

Perforating with 
local peritonitis 

Perforating with 
diffuse 
peritonitis 


Mucosal and some submucosal tissue loss; focal mural 
thickening; local serositis 

Penetration of mucosa and submucosal blood vessel; 
hemorrhage into abomasum 


Penetration from mucosa to serosa; leakage of abomasal 
contents; localized peritoneal reaction with adhesion 
formation 

Penetration from mucosa to serosa; widespread 
contamination of the peritoneal cavity with abomasal 
contents; significant exudate in peritoneal cavity; 
fibrin deposition of all serosal surfaces 


Partial anorexia; decreased ruminal motility; 

positive fecal occult blood 
Partial anorexia; decreased ruminal motility; 
anemia; pale mucous membranes; melena; 
tachycardia; cool extremities 

Total anorexia; low-grade fever; decreased to 
absent ruminal motility; localized abdominal 
pain; very similar to traumatic reticuloperitonitis 
Total anorexia; fever early, then hypothermia; ileus 
of entire gastrointestinal tract; tachycardia; 
shock; terminally recumbent with grunt on 
respiration 
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ruminal motility, and mild ruminal tympany. There is usu¬ 
ally no febrile response. Manure may be normal or reduced 
in amount and stale because of prolonged transit. In some 
cases abdominal pain may be evident on manual pressure 
on the right ventral abdomen. TRP or indigestion may be 
suspected. In one study about two thirds of such cows had 
a positive test finding for fecal occult blood. 731 

In cattle with ulcers that erode into major gastric blood 
vessels (type II), blood loss can be sufficient to cause signs 
of anemia and hemorrhagic shock. These animals have dark 
blood clots in their manure or tarry, black feces with the 
characteristic smell of partly digested blood. The mucous 
membranes may be pale, tachycardia may be pronounced, 
and the respiratory rate may be elevated. Total anorexia 
and ruminal stasis usually are present. The rumen may have 
a fluid consistency, and if the animal is able to stand, 
abdominal pain sometimes is evident. There are other 
possible sources of proximal gastrointestinal hemorrhage 
in cattle, but abomasal ulcers are by far the most common 
cause. Among them, bleeding abomasal ulcers must be 
differentiated from melena sometimes seen with intussus¬ 
ception or HBS (jejunal hemorrhage syndrome |1HS|). The 
PCV usually is increased with intussusception, 732 * 733 
normal or increased in HBS, 734 - 735 and decreased with a 
bleeding ulcer. 736 * 737 

Abomasal ulcers that perforate the serosal surface lead to 
localized peritonitis (type III) from contamination with 
abomasal contents. If the lesion is small or the local inflam¬ 
matory reaction sufficiently swift, localized peritonitis 
results. This condition is most like TRP in presenting signs. 
The animal may be moderately febrile and partly or totally 
anorectic, and milk production may decrease acutely. iTiere 
is evidence of abdominal pain, usually localized to the right 
ventral quadrant (positive withers pinch test). Ruminal motil¬ 
ity may be absent, and mild bloat may be present. As with 
hardware disease, the signs usually abate over the course of a 
few days if the infection is successfully contained. In some 
cases the infection is confined to the omental bursa, where 
extensive fluid and pus may accumulate. The course of omen¬ 
tal bursitis is much more prolonged than that of simple loca¬ 
lized peritonitis and usually results in a guarded prognosis. 

Major leakage from a perforating ulcer leads to acute 
diffuse peritonitis (type IV). The course of the disease usually 
is rapid, with signs of septic shock developing within 24 
hours of the onset. Total anorexia and ruminal stasis are 
accompanied by tachycardia with a weak, thready pulse 
and a heart rate over 100 beats/min. Pain may be evidenced 
by grinding of the teeth or groaning. The extremities are cool, 
and the animal generally becomes recumbent. Abdominal 
enlargement may be evident as a result of both ruminal tym¬ 
pany and the accumulation of peritoneal fluid. Dehydration 
is detectable by skin pinch or by observation of the position 
of the eye in the orbit. Septic shock from other causes may be 
difficult to distinguish from that caused by perforated 
abomasal ulcers in the terminal stages of the disease. Diffuse 
peritonitis from uterine, cecal, or intestinal ruptures have the 
same final course. Abomasal volvulus of more than a day's 
duration has similar characteristics but can be differentiated 
by the right-sided ping and fluid in the abomasum. 

II Clinical Pathology. The most useful diagnostic test for 
abomasal ulcer disease without visible melena is the fecal 
occult blood test. In an evaluation of 296 hospitalized cattle 
with gastrointestinal disease, this test had a sensitivity of 
0.77 and a specificity of 0.97 for ulcers confirmed at surgery 
or necropsy. 731 The test is inexpensive and can be per¬ 
formed during the physical examination. 

Abdominocentesis confirms diffuse peritonitis (a large 
quantity of abdominal fluid is obtainable); centesis fluid 


may contain leukocytes with phagocytosed or free bacteria, 
and even feed particles. In localized peritonitis the results 
of abdominocentesis may be normal. 

Abdominal ultrasonography is also useful for the diag¬ 
nosis and the evaluation of peritonitis (see section on 
abdominal ultrasound). Braun and colleagues reported that 
percutaneous ultrasound-guided abomasocentesis can be 
safely performed for the evaluation of abomasal fluid. 738 
The presence of blood or hemoglobin is principally asso¬ 
ciated with abomasal ulcers. 738 * 739 

If peritonitis is present, leukocytosis usually is present, 
with neutrophilia predominating in many cases. The 
plasma fibrinogen is increased (over 700 mg/dL) in most 
cattle with peritonitis. This may be evaluated in the field 
with a glutaraldehyde coagulation test on whole blood. 
The hematocrit is normal or elevated with peritonitis, but 
plasma protein levels may be decreased as a result of pro¬ 
tein accumulation in the peritoneal cavity or increased if 
dehydration is severe. If blood loss is severe, the PCV is 
decreased. Cattle over 5 years of age with a bleeding aboma¬ 
sal ulcer should be tested for bovine leukosis virus. Results 
of a complete biochemistry profile or blood gas analysis 
are nonspecific. In most cases, they reflea a digestive stasis 
(hypochloremic metabolic alkalosis), but in animals in 
shock a metabolic acidosis may be observed. BUN may be 
increased. Phis can be a result of blood degradation in the 
intestine or hypovolemia and prerenal azotemia. The utility 
of BUN in the diagnosis of abomasal ulcers by identifying 
digestive hemorrhage remains to be determined. 

II Pathophysiology'. The specific events leading to erosion 
and ulceration of the abomasal mucosal epithelium are 
unknown but probably are similar to those in other spe¬ 
cies. Cytoprotective mechanisms include a mucous barrier, 
cloudy mucus containing bicarbonate ions to neutralize back- 
diffusing hydrogen ions, and high submucosal rates of blood 
flow to remove back-diffusing hydrogen ions. When these 
mechanisms are disturbed, gastric (abomasal) ulcers can occur. 
Stress, concurrent diseases, corticosteroids, and NSAIDs are 
among faaors known to contribute. 

II Epidemiology. Abomasal ulceration occurs in cattle of all 
ages. At slaughter many calves are found to have clinically 
inapparent abomasal erosions and ulcers, with prevalence 
reported ranging from 32% to 76%. 740 * 743 In clinically 
affeaed calves, perforation with peritonitis (rather than 
hemorrhage) usually develops. In clinically normal slaughter 
cows, 20.5% had type I ulcers. 744 However, a much lower 
prevalence (1% to 2.6%) of abomasal ulcers in healthy adult 
cows has also been reported. 745 * 746 In adult cattle with 
abomasal ulcers causing illness, approximately one third of 
clinical cases in a referral population had significant hemor¬ 
rhage. 736 Of these, half had lymphosarcoma and for the 
most part were older than 6 years of age. The age of the cattle 
with non-tumor-associated bleeding ulcers was generally 
younger (7 of 12 were less than 5 years old). In the remaining 
two thirds of the cattle, ulcers had perforated, with about half 
having diffused and half having localized peritonitis. 747 
Most adult cattle with abomasal ulcer disease are in the first 
month after calving and have a concurrent disease. Many 
cows have been discovered to have an abomasal ulcer at sur¬ 
gery for displaced abomasum. Metritis, mastitis, and ketosis 
are the other diseases commonly seen with abomasal ulcers. 
The incidence of abomasal ulcers apparently increased with 
the advent of heavy com silage and high-moisture com feed¬ 
ing. In the recent past, as feeding and management praaices 
have addressed the most common abomasal displacements, 
the incidence of ulcer disease has also decreased. 
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II Necropsy. Cattle with bleeding abomasal ulcers result¬ 
ing in death are very pale and may have blood or bloody 
fluid throughout the distal gastrointestinal tract. The lesion 
in the abomasum is typically small and involves an aboma¬ 
sal blood vessel in the submucosa. Most bleeding and 
perforating ulcers were found in the fiindic portion of the 
abomasum in the region of the proper gastric glands. The 
most ventral portion of the abomasum in its normal posi¬ 
tion is frequently affected. 737 ' 745 ' 746 * 748 Most animals have 
a single ulcer significantly bleeding, but approximately 
60% have one or more additional ulcers or erosions. 737 745 
Cattle with diffuse peritonitis have many liters of foul¬ 
smelling fluid in the peritoneal cavity. Fibrin usually covers 
the serosal surface of all abdominal* organs. The defect in 
the serosal surface of the abomasum is usually nearly round 
and 3 to 6 cm in diameter. Abomasal fluid freely enters 
the peritoneal cavity. Omasal bursitis may be present, with 
the omental recess filled with purulent to fibrinous fluid. 
In these cases the remainder of the abdomen may not be 
grossly affected. Asymptomatic abomasal ulcers (often 50 
to 200) may be found coincidentally in cattle that die of 
septic metritis or mastitis. These ulcers generally show no 
signs of hemorrhage and go undetected until necropsy. 


II Treatment and Prognosis. Treatment is aimed at correct¬ 
ing dietary problems, reducing stress, ameliorating concur¬ 
rent disease problems, and initiating specific therapy for 
the clinical problems caused by the ulcer. Removal of 
high-energy feedstuffs and replacement with good-quality 
hay plus confinement to a stall are beneficial. 728 The buffer 
effect of food is very important for the control of abomasal 
pH. Consequently, the return to a normal appetite is the 
main goal of the treatment of abomasal ulcers. 749 

Blood transfusions may be necessary for cattle that have 
lost enough blood to lower the hematocrit to 14% or 
below. Usually 4 to 6 L given once is adequate, but repeated 
transfusions occasionally may be necessary. Cross-matching 
usually is not necessary for cattle unless repeat transfusions 
are performed over a period of more than 3 days. Broad- 
spectrum antibiotics are administered to cattle with signs 
of peritonitis. Principles and details on the treatment of 
peritonitis are described in the section on peritonitis in 
ruminants. Intravenous or oral fluids may be necessary to 
treat dehydration and metabolic or acid-base disturbances 
that occur concurrently. Animals with diffuse peritonitis 
must be given intravenous fluids with caution because of 
the risk of pulmonary edema associated with the low 
colloid oncotic pressure of their plasma. 

Numerous recent studies have been performed to evaluate 
the effect of different therapeutic agents on abomasal pH of 
healthy calves. Results of these studies have been summar¬ 
ized by Constable and colleagues. 749 The therapeutic agents 
studied in normal calves included oral administration of 
an antacid agent containing aluminum hydroxide and 
magnesium hydroxide (25 mL and 50 mL, tid), oral admin¬ 
istration of specific H 2 -antagonists (cimetidine, 100 mg/kg 
and 50 mg/kg, tid; and ranitidine, 10 mg/kg and 50 mg/ 
kg, tid), and oral administration of the proton pump in¬ 
hibitor omeprazole (4 mg/kg sid). All these treatment 
regimens induce an increase in mean 24-hour abomasal 
luminal pH. Oral administrations of the antacid agent 
induced a dose-dependant increase in luminal pH and were 
more efficacious when administered postprandially. 
Because some deleterious effects were observed when this 
antacid was administered at the dose of 50 mL tid, this 
should be considered the maximal dosage rate in calves. 749 
Cimetidine (100 mg/kg tid) was the most effective. How¬ 
ever, ranitidine (50 mg/kg tid) was the most cost-effective 


in theses studies. Results of theses studies need now to be 
confirmed in ill calves. In adults, oral administration of 
these therapeutic agents is of doubtful benefit because of 
dilution in the rumen and slow release into the abomasum. 
Oral medications administered after stimuli that induce reflex 
esophageal groove closure would be more likely to have the 
desired effect. Traditional stimuli to close the esophageal 
groove have included copper sulfate solutions and 10% 
sodium bicarbonate solution. Vasopressin (0.25 Ill/kg IV) was 
shown to induce reliable abomasal deposition of materials 
given by drench to adult goats. 750 Intravenous administration 
of 11 2 -antagonists at lower doses may be efficacious, but their 
use by this route is cost-prohibitive ($100 to $200 USD per 
day) or reserved for very high-value animals. In our clinic in 
Quebec, we use ranitidine 1 to 1.5 mg/kg IV lid for high-value 
animals; our clinical impression is that this is effective. 

The prognosis is good for ulcers that are not bleeding and 
not perforated. For those animals that stop bleeding and those 
with localized peritonitis, survival and eventual return to 
normal function can be expected. Many dairy cattle stop 
lartaling during the acute course of the illness and do not 
return to milk until the next lactation. Because abomasal 
ulcers generally occur within the first month after calving, 
most of these animals are salvaged for slaughter. Most catde 
with diffuse peritonitis die despite aggressive specific therapy. 
Early recognition and immediate surgery followed by anti¬ 
biotic and fluid therapy may save some valuable individuals. 
Cattle with ulcers that occur secondary to lymphosarcoma 
should be euthanized or slaughtered. 

II Prevention and Control. Because the exact cause of 
development of abomasal ulcers is unknown, prevention is 
difficult. Dietary management that reduces other abomasal 
diseases likewise reduces the incidence of abomasal ulcers. 
Avoiding abrupt changes in rations and including adequate 
fiber sources of sufficient particle size to facilitate normal 
ruminal function also promote normal abomasal function. 
Minimizing stress caused by overcrowding, excessive compe¬ 
tition, and adverse environmental conditions, and minimiz¬ 
ing mastitis and metritis should also reduce problems with 
abomasal ulcers. Elimination of animals infected with the 
bovine leukosis virus from the herd eliminates lymphosar¬ 
coma as a cause of abomasal ulcers. Judicious use of corticos¬ 
teroids and NSAIDs is also important. 


ABOMASAL DILATION AND 
EMPTYING DEFECT OF 
SUFFOLK SHEEP 

DAVID FRANCOZ 

CHARLES L. GUARD 

II Definition and Etiology. A syndrome of abomasal dila¬ 
tion and mechanical transport failure has been described 
in adult Suffolk sheep. 751754 The condition resembles but 
is uniquely different from abomasal impaction of cattle win¬ 
tering on very-poor-quality roughage. It has been mainly 
reported in Suffolk sheep but a similar syndrome has been 
described in two Hampshire, 755 one Dorset 756 and oneTexel 
sheep. 757 No hereditary pattern of disease has yet been 
found. 753 * 754 

II Clinical Signs and Differential Diagnosis. The disease 
is primarily manifested by anorexia and weight loss. Most 
patients eventually die. Animals described in reports from 



864 



part rve DISORDERS of the ORGAN SYSTEMS 


several teaching hospitals were adults of both sexes. 751754 
Not all animals had all of these signs, but the following 
have been reported: watery green diarrhea or normal 
feces; ruminal tympany; pear-shaped abdominal distention; 
increased, normal, decreased, or absent ruminal contractions; 
a palpable firm mass in the right lower abdomen; mild 
abdominal pain; tachycardia; duration of observed signs 
from days to months; partial to total anorexia; dullness and 
depression; marked to undetectable weight loss; ketonuria. 

Wasting diseases of sheep include malnutrition, parasit¬ 
ism, dental problems, Johne's disease, caseous lymphadeni¬ 
tis, other chronic infections, and neoplasia. Abomasal 
emptying defect is distinguishable by the palpable aboma¬ 
sum in advanced cases and the exclusion of other possible 
problems. Other causes of abomasal enlargement or impac¬ 
tion resembling those reported in cattle must also be consid¬ 
ered. However, when a mature Suffolk from a well-nourished 
flock shows weight loss and a palpable abomasum, this 
syndrome must be considered highly likely. Confirmation 
should involve response to therapy but may require necropsy 
or exploratory surgery. 

II Clinical Pathology. Reports on cases seen in North 
America have found hematologic and blood chemical deter¬ 
minations of little benefit in the diagnosis. The hypochlore¬ 
mic metabolic alkalosis common in cattle with abomasal 
problems has not been consistently observed in affected 
sheep. Elevated ruminal chloride ion values have been the 
most consistent laboratory findings in published 
reports. 752 * 753 - 758 The normal ruminal chloride level in 
sheep is 8 to 15 mEq/L; affected sheep have had values 
ranging from 34 to 130 mEq/L. Mild hypocalcemia was 
observed in all cases in one report. 753 

II Pathophysiology. The mechanisms underlying the dila¬ 
tion of the abomasum and the failure to transport ingesta 
to the intestines are unknown. None of the problems com¬ 
monly associated with abomasal impaction and dilation in 
cattle have been identified in affected Suffolk sheep. 
Recently Pruden and colleagues advanced that abomasal 
emptying defect of Suffolk sheep may be an acquired form 
of dysautonomia. 754 

II Epidemiology. The disease has been mainly reported in 
sheep of the Suffolk breed. The disease has mostly been 
seen in winter months in association with lambing and 
feeding of concentrates. Both rams and ewes have been 
affected. Most cases are sporadic but at least two outbreaks 
have been reported. 753 - 754 The incidence in one report was 
13 of 92 mature ewes affected in the flock during one win¬ 
ter. 753 In the other, five ewes of the same flock (200 ewes) 
were submitted for necropsy the same day. 754 In both stud¬ 
ies, pedigree analysis of affected sheep in the flock showed 
no hereditary pattern. One report from a diagnostic labora¬ 
tory in England described abomasal impaction in a Texel 
ewe and in a Suffolk ram that were simultaneously diag¬ 
nosed as having scrapie. 757 It remains to be seen if any caus¬ 
ative connection exists between the two diseases. Because 
no antemortem tests exist for the diagnosis of scrapie, this 
relationship will be difficult to establish. In one study, six 
sheep were immunohistochemically tested for scrapie; five 
were negative, and one was positive and presented equivo¬ 
cal microscopic lesions. 754 

II Necropsy Findings. The abomasum is greatly distended 
in sheep that die of this condition. The contents are either 
dry or liquid but most often have resembled normal 


ventral ruminal sac contents. The pylorus has always been 
patent. Normal ingesta have been observed throughout the 
remainder of the intestinal tract. Incidental findings have 
included aspiration of ruminal contents and subsequent 
pneumonia, abomasal ulcer with local peritonitis, passive 
congestion of the liver, megaesophagus, and esophageal 
ulcers. Reports of histopathologic findings include no 
lesions other than thinning of the abomasal muscle 
layers 753 (presumably as a result of stretching), mononu¬ 
clear cell infiltration of the main muscle layers of the abo- 
masums, 751 and one case of myxomatous changes in the 
abomasal branches of the vagus nerve. 752 Chromatolytic 
and necrotic neurons without signs of inflammation 
within the celiacomesenteric ganglia were found in six of 
six sheep examined. 754 

II Treatment and Prognosis. Medical therapy alone with 
cathartics and laxatives has been of limited benefit. Mineral 
oil, dioctyl sodium sulfosuccinate, and magnesium sulfate 
have all been used. Neostigmine and calcium gluconate 
were not useful. 751 Abomasotomy has led to death from 
complications in many affected sheep, but those that have 
survived more than 2 days and have been treated with 
metodopramide (dosage not reported) have shown varying 
degrees of recovery. Metodopramide is a dopamine anta¬ 
gonist that has been used in ruminants to facilitate abomasal 
emptying. However, experimental studies in cattle and sheep 
have failed to demonstrate any beneficial effect of metodo¬ 
pramide on abomasal emptying. 759 - 760 On the other hand, 
erythromycin, a motilin agonist, has been shown to increase 
abomasal emptying rate in cattle. 759 - 760 Its utility in sheep 
remains to be determined. Despite these successes, most 
affected sheep die of cachexia. Because of the expense, poor 
response, and risks associated with abomasotomy, this treat¬ 
ment is reserved for valuable breeding stock. 

IP Prevention and Control. Until more is known about the 
pathogenesis of this specific defect in abomasal function in 
Suffolk sheep, no useful recommendations for prevention 
can be made. 


ABOMASAL IMPACTION 

CHARLES L GUARD 

DAVID FRANCOZ 

II Definition and Etiology>. Abomasal impaction is the 
accumulation of firm ingesta in the abomasum with failure 
of aboral transport. Depending on the cause, abomasal 
impaction can be classified as primary or secondary. In pri¬ 
mary abomasal impaction, no underlying cause can be iden¬ 
tified and the impaction is considered idiopathic. On the 
other hand, secondary abomasal impaction can be the result 
of feeding poor-quality, coarse roughage as the sole feed. Sev¬ 
eral animals in a herd may be affected over a short period. 
Calves may also have impaction of the abomasum caused 
by eating bedding or indigestible objects when fed low- 
quality milk replacers. The distended abomasum is filled with 
a firm mass of fibrous ingesta. Animals on low-fiber diets may 
consume wood or baling twine. Hairballs occasionally accu¬ 
mulate in the abomasum of calves. Indigestible material cre¬ 
ates a mechanical outflow obstruction. Abomasal distention 
may occur with normal diets after correction of abomasal vol¬ 
vulus, secondary to reticuloperitonitis, or secondary to the 
development of adhesions between the abomasum and the 
rumen and or the abdomen. These conditions are referred to 
as vagal indigestion. Lymphoma involving the abomasum 
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or other space-occupying lesions adjacent to the pylorus may 
lead to abomasal distention. Abomasal emptying defects of 
Suffolk sheep were addressed in the previous section. 

II Clinical Signs and Differential Diagnosis. Beef cows 
with abomasal impaction develop abomasal and ruminal 
enlargement over a period of days to weeks. Closely moni¬ 
tored animals have reduced feed intake and a reduced volume 
of firmer than normal feces. The animal may have bilateral 
ventral abdominal enlargement and bulging of the left para- 
lumbar region. Ruminal contractions are of normal or 
increased frequency but often reduced in amplitude. In the 
later stages of the disease, ruminal rtiotility often is absent. 
Cattle with advanced abomasal impaction maybe recumbent 
and groan with each respiration. The consistency of the rum¬ 
inal ingesta, as judged by ballottement, may be more fluid 
than expected on the basis of the coarse diet in some animals, 
whereas other animals have a uniformly firm and distended 
rumen. The pulse and respiration are usually normal until 
the animal is near death, at which time tachycardia develops. 
The abomasum may be palpable as a firm mass following the 
right coastal arch. Rectal examination reveals a distended 
rumen; often the ventral sac extends to the right body wall 
(L-shape rumen). The pyloric part of the distended aboma¬ 
sum may be palpable in the right ventral quadrant. Wintering 
beef cows usually are pregnant, and therefore the uterus pre¬ 
vents palpation of the abomasum. Mucus may be all that 
clings to the clinician's sleeve after rectal examination. Clini¬ 
cal signs in adult dairy cows are reported to be inconsistent, 
with the exception of decreased appetite. 761 In calves the 
abomasum may fill most of the abdomen and be doughy or 
firm on external palpation. The body condition of affected 
animals is invariably poor because negative energy balance 
precedes and is amplified by the impaction. If the abomasum 
ruptures, signs of generalized peritonitis occur. Death usually 
follows within hours of rupture. 

In dairy cows, abomasal impaction should be considered 
in the differential diagnosis of nonspecific clinical signs of 
decreased milk production and appetite. 761 Conditions that 
cause dehydration and bilateral abdominal distention with 
absence of feces must be considered in the diagnosis. In 
many of these cases exploratory celiotomy is necessary to 
arrive at a definitive diagnosis. 

II Clinical Pathology. The hypochloremic, metabolic alka¬ 
losis typical of upper gastrointestinal obstruction in rumi¬ 
nants does not always develop in abomasal impaction. 761 
Initially some fluid ingesta may pass through the aboma¬ 
sum, preventing chloride sequestration. However, some 
cattle have metabolic alkalosis with chloride accumulating 
in the rumen (internal vomiting). Terminally a metabolic 
acidosis from starvation may mask the metabolic alkalosis. 
Anemia and leukopenia can accompany the cachexia of 
chronic abomasal impaction in poorly fed animals. If abo¬ 
masal rupture has occurred, profound hemoconcentration 
and leukopenia are present. Abdominocentesis generally 
is not useful in diagnosing abomasal impaction, because 
peritoneal fluid is abnormal only after abomasal rupture. 

II Pathophysiolog} , . Animals fed roughage that is poorly 
digestible and incapable of meeting their energy require¬ 
ments consume as much as the rumen will physically 
permit. The flow of ingesta from the forestomachs to the 
abomasum normally contains only small, finely digested 
particles of forage material. With chronic engorgement of 
highly lignified, poorly digestible forage, larger particles 
escape the forestomach and accumulate in the abomasum. 


Once a mass of fiber forms in the abomasum, further accu¬ 
mulation of particulate material is enhanced. With time, the 
mass fills the abomasum. Additional ingesta distend the 
abomasum to several times normal size. Also, abomasal 
secretion may be inhibited by the cachexia and chronic 
distention of the organ. 

Abomasal transport failure after correction of abomasal 
volvulus is typical of vagal indigestion syndrome. Abomasal 
wall and vagal nerve damage, as well as peritonitis occurring 
secondary to the volvulus, prevent the return of normal aboma¬ 
sal muscular activity. 762 Vagal tone sometimes increases, and 
bradycardia is observed. Hypochloremic, metabolic alkalosis 
does develop frequently, with chloride accumulating in the 
mminoreticular contents. The abomasum distends moderately, 
presumably as a result of atony. 

Pyloric obstruction caused by foreign bodies or occlusion 
caused by lymphoma leads to mechanical outflow obstruc¬ 
tion and must be considered. Chloride escapes back into 
the rumen, and metabolic alkalosis develops. Ilie aboma¬ 
sum retains motility, but it is ineffective in moving ingesta 
into the duodenum. 

II Necropsy Findings. Emaciation and a firm, grossly 
enlarged abomasum are consistent with primary abomasal 
impaction. In Holstein cows a syndrome has also been 
described in which the impaction affected only the pyloric 
part of the abomasum. 761 The abomasal contents resemble 
normal, dry ruminal contents. The rumen is also enlarged 
but either filled with homogenous, watery ingesta that lack 
normal stratification or impacted with dry ingesta, similar 
to the abomasum. The abomasum is dilated, flaccid, and 
filled with fluidy ingesta if secondary to an abomasal volvu¬ 
lus. Intraluminal foreign body or tumor involvement of the 
abomasal wall is self-evident. 


II Prognosis. Because most cases of abomasal impaction 
are quite advanced when brought to the attention of the vet¬ 
erinarian, treatment usually is unrewarding. In dairy cows 
the short-term prognosis was reported to be good (93%) 
for impaction that affects only the pyloric antrum and 
guarded (50%) for impaction involving the entire aboma¬ 
sum. 761 The clinician must weigh the severity of the meta¬ 
bolic disturbances and the likelihood of recovery. Salvage 
by slaughter is often the most economic recommendation. 
If therapeutic measures do not resolve the impaction, death 
usually occurs within a few days of the onset of severe signs. 

II Treatments. Medical management includes correction of 
fluid and electrolyte abnormalities. Early cases may be 
resolved with easily digestible feeds, aggressive fluid ther¬ 
apy, and oral administration of laxatives such as mineral 
oil (4 L daily). Metoclopramide at a dose of 0.3 mg/kg given 
SC four to six times daily has been used to increase passage 
of ingesta through the pylorus. However, recent studies 
have failed to demonstrate any efficacy of metoclopramide 
on increasing abomasal motility. 763 * 764 Erythromycin (8.8 
to 10 mg/kg 1M bid) and bethanechol (0.07 mg/kg SC tid) 
alone or in combination with metoclopramide (0.1 mg/kg 
SC or IM tid) have been reported to increase abomasal emp¬ 
tying rate. 763 * 764 Pregnancy may be terminated by induction 
of parturition with corticosteroids and/or prostaglandin, 
leading to improved comfort. 

Different approaches have been proposed for a surgical 
treatment of abomasal impaction. Baker 765 recommended 
rumenotomy followed by installation of a nasogastric tube 
inserted into the abomasum through the omasum. Through 
the indwelling tube laxatives and emulsifiers may be given 
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during the postoperative days to aid in softening and remov¬ 
ing the abomasal contents. Mineral oil (8 mL/kg/day), dioctyl 
sodium sulfosuccinate (50 mg/kg/day), magnesium hydrox¬ 
ide (1 g/kg/day), or magnesium sulfate (2.5 g/kg/day) have 
all been recommended. Right flank or right paracostal 
approaches could also be used in order to gain direct access 
to the abomasum. Abomasotomy could be performed to 
remove the abomasal content, but it has not been reported 
successful in restoring abomasal function. 766 External massage 
may help break up the contents of the abomasum. Intralum¬ 
inal administration of 5% dioctyl sulfosuccinate solution or 
saline could also be performed. 761 

II Prevention and Control. Prevention of primary abomasal 
impaction requires proper dietary management of cattle in 
cold weather. Because animals outside without shelter have 
substantially increased maintenance energy requirements in 
cold, windy weather, straw or com stover (stalks) is not ade¬ 
quate as the sole feed. Concentrates and better-quality forage 
prevent abomasal impaction. Monitoring body condition 
during winter weather alerts the good manager that supple¬ 
mental feed is needed before abomasal impaction occurs. 


OBSTRUCTIVE INTESTINAL 
DISEASES _ 

DAVID FRANCOZ 

CHARLES L GUARD 

II Definition and Etiology. Several conditions may lead to 
obstruction of the flow of ingesta through the intestinal 
tract. They can be divided into functional and mechanical 
obstructions. Functional obstructions (pseudoobstruction 
or ileus) are the consequence of neuromuscular perturba¬ 
tions of the gastrointestinal tract. Mechanical obstructions 
are the consequence of physical obstruction of the gastroin¬ 
testinal tract secondary to digestive tract lesions (intussus¬ 
ception, volvulus, or congenital lesions) or extradigestive 
lesions (mesenteric fat necrosis, fibrous adhesions, or her¬ 
nia). Each of the specific diseases is discussed in the follow¬ 
ing paragraphs and summarized in Table 32-20. 


II Clinical Signs and Differential Diagnosis. Acute mani¬ 
festations of obstructive diseases include a reduced amount 
of feces or failure to pass feces, progressive abdominal enlarge¬ 
ment with areas of tympanic resonance on the right side of the 
abdomen, and sometimes colic. If pain is severe, forestomach 
atony may occur. Mechanical obstructions may lead to circu¬ 
latory shock and collapse. Electrolyte abnormalities depend 
on the site of the obstruction; those near the duodenum 
or pylorus lead to sequestration of abomasal secretions and 
result in hypochloremic, hypokalemic metabolic alkalosis. 
Obstructions of the cecum, colon, or rectum may lead to dehy¬ 
dration without alkalosis. If bowel necrosis or rupture occurs, 
acidosis may result from the circulatory collapse that accompa¬ 
nies peritonitis and the absorption of toxins. 

INTESTINAL ATRESIA OR STENOSIS 

Intestinal atresia or stenosis is a congenital anomaly reported 
in calves and lambs. 767 * 769 Clinical signs usually become 
evident within a few days after birth. Animals with anal or 
distal rectal atresia usually have the slowest onset of signs, 
whereas proximal obstructions lead to more rapid onset of 
signs. Malformations of the anus and rectum are believed to 
be hereditary, 770 and breeding of surgically corrected survi¬ 
vors should be discouraged. Jejunal atresia in the Jersey cow 
has been reported to be inherited as an autosomal recessive 
trait. The etiopathogenesis of atresia coli in calves is not well 
understood, but autosomal recessive inheritance has been 
reported 771 and Holstein calves seem to be predisposed. 772 
Rectal palpation of the amniotic vesicle for early pregnancy 
diagnosis (<42 day of gestation) is also suggested to be a 
cofactor for the development of atresia coli. 772 * 774 If the anus 
or distal rectum is atretic, animals strain or pump their tails in 
an attempt to defecate. A fistulous connection may exist 
between the rectum and the urogenital tract (e.g., either the 
vagina or the pelvic urethra). Visual and digital exploration 
of the perineum reveals the absence of feces and may permit 
definition of the specific defect. Stenosis or atresia of the 
intestinal tract may occur to any degree and can be differen¬ 
tiated in four types according to classification in humans: 
narrowing, a membranous diaphragm with a perforation, 
or an imperforate membrane (type I); a cordlike remnant 
of the intestine (type 11); a unique blind-ended dilation with 
complete separation of the intestine (type III, the most 



TABLE 32-20 

Causes of Intestinal Obstruction in Ruminants 


1 Disease 

Animals Most 

Commonly Affected 

Signs | 

Intestinal atresia or 

Neonates 

No feces; abdominal distention 

stenosis 

Intestinal volvulus 
around mesenteric 

All ruminants; neonates 
more common 

Colic; rapid abdominal distention; collapse; shock 

root 

Intussusception 

All ruminants; U or SI of 
neonates; SI of adults 

Colic early, then chronic low-grade pain; dehydration; mucus plus blood in 
dark red feces; slow abdominal distention; decreased fecal output; mass 
palpated per rectum; distended loops of intestine per rectum 

Cecal dilatation and 

Adult dairy cattle in early 

Mild to severe colic; distended abdomen, especially upper right; ping in right 

volvulus 

lactation 

paralumbar fossa; distended cecum palpated per rectum 

Intestinal tumors 

Sheep, rare in cattle 

Progressive weight loss; cattle—may palpate mass per rectum; sheep— 
identify by celiotomy or necropsy 

Mesenteric fat necrosis 

Cattle, especially Channel 
Island breeds 

May discover masses on routine examination; progressive weight loss; scant 
or no feces; dilated loops of bowel per rectum 

Intestinal incarceration 

All ruminants 

See Intussusception 

Pseudoobstruction or 
ileus 

All ruminants 

Scant or no feces; right-sided ping; succussable fluid on right; often 
associated with peritonitis 


LI, Urge intestine; SI, small intestine. 
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frequent); and multiple sites of atresia (type IV). 775 All have 
been described in cattle. 768 Affected neonates show depres¬ 
sion and mild colic and progress to cardiovascular collapse 
after the intestine proximal to the obstruction becomes 
distended with fluid and gas. Tympany may be easily 
detected by percussion. If the anus and rectum are normal, 
a digital examination usually reveals only mucus or blood 
(or both). Because the rectal and descending colon walls 
are thin in cases of atresia coli, retrograde tubes or catheters 
should be used with extreme caution to avoid rupturing 
the bowel. 775 Complete intestinal volvulus must be consid¬ 
ered in the differential diagnosis, but histories are often 
different. 

Surgical repair is indicated if the animal is of high value. 
However, the prognosis for normal and productive life is 
guarded. Many affected neonates develop severe complica¬ 
tions in the immediate postoperative period. Pneumonia, 
sepsis and peritonitis are among the most frequent, and the 
development of bowel stasis or ileus is common. When 
registered animals are involved, a letter should be sent to 
the appropriate breed registry stating that the defect has been 
corrected. 

VOLVULUS OF THE LARGE AND SMALL 
INTESTINE AROUND THE MESENTERIC 
ROOT 

Volvulus of the large and small intestine around the mesen¬ 
teric root leads to severe colic and relatively rapid abdominal 
enlargement. Circulatory shock develops rapidly. Ruminants 
of any age are susceptible, but most cases are seen in prerumi¬ 
nant neonates. Casting and rolling to correct a left-displaced 
abomasum may predispose to volvulus. Robertson 776 
reported that 1% to 2% of surgical abomasopexies were fol¬ 
lowed by torsion of the intestinal mass around the mesen¬ 
teric root. Severe colic is seen, including kicking and 
vocalization. Affected animals rapidly become recumbent, 
and hypovolemic shock develops. 777 The heart and respira¬ 
tory rates increase greatly as shock develops. Variable-pitched 
resonant sounds may be heard bilaterally over the abdomen 
using simultaneous percussion and auscultation. In adult cat¬ 
tle the tympany is restricted to the right side. Succussion 
reveals splashing sounds, particularly on the right side. Rectal 
examination reveals distended loops of gut. Surgical correc¬ 
tion is the only successful treatment option. The prognosis 
depends on the degree of devitalization of bowel. Animals 
surgically corrected during the early stages respond better. 777 

Volvulus of smaller portions of the intestinal tract leads to 
signs similar to those of complete intestinal volvulus around 
the root of the mesentery but often is slower in onset. Colic 
with accompanying tachycardia, ruminal stasis, and anorexia 
is present to varying degrees. The abdomen is moderately 
distended on the right when the animal is viewed from the 
rear. Simultaneous auscultation and percussion on the right 
side reveal multiple-pitched resonant pings from the gas 
accumulated proximal to the obstruction. Rectal examina¬ 
tion may reveal scant feces, mucus, or blood. The affected 
bowel usually is palpable as grossly distended with gas and 
some fluid. Because of their relatively long mesentery, the 
spiral colon (or part of it), the distal jejunum, and the proxi¬ 
mal ileum may develop an obstructive volvulus. Therapy 
requires correction of acid-base and electrolyte abnormal¬ 
ities and rapid surgical manipulation by means of celiotomy. 

INTUSSUSCEPTION 

In the development of an intussusception, the oral portion 
of gut (intussusceptum) usually is engulfed and propelled 
distally by peristaltic action of the enveloping portion 


(intussuscipiens). Constable and colleagues reported an 
increased prevalence in calves less than 2 months of age 
compared with adults, and in Brown Swiss compared with 
Holstein cows. 778 The condition has also been reported in 
goats 779 and in sheep. 780 * 787 Intussusception may occur in 
either the large or the small intestine of calves but is 
almost invariably in the jejunum of adults. 778 - 783 Clinical 
signs include colic caused by the tension on the mesentery 
on the invaginating portion of the intestine. With time, 
ischemia of this portion leads to pain and eventually loss 
of sensation. Distention of the intestine with fluid and 
gas proximal to the obstruction leads to abdominal pain. 
Therefore a cow may show violent behavior or kicking 
at the abdomen in the first few hours that is eventually 
succeeded by treading and repeated lying and stand- 
ing. 778 ' 784 - 785 Over the course of several days the intussus¬ 
ceptum may become totally devitalized and slough. This is 
accompanied by severe peritonitis, and in the event of 
bowel rupture, toxic shock will develop. The exact cause 
of intussusception remains unknown. Most cases in adults 
were thought by one author to be associated with an intra¬ 
mural mass or polyp, 786 but others reports did not find 
such association. 778 * 784 The mass is propelled into the 
intussuscipiens by normal peristaltic contractions. In con¬ 
trast, in the young animal no such mass lesion is usually 
associated with intussusception, but enteritis often is. 
Oesophagostomum columbianum causes nodules in the intes¬ 
tinal wall of sheep but has not been proved to be linked to 
multiple deaths from intussusception. 780 

Dehydration develops as gastrointestinal secretions accu¬ 
mulate in the gut lumen. In adults, hypochloremic, hypoka¬ 
lemic metabolic alkalosis develops gradually. The rumen 
becomes distended with fluid as its contents become more 
finely digested and abomasal reflux accumulates. The right 
side of the abdomen (or both sides) also enlarges as a result 
of the distention of the small intestine. Simultaneous auscul¬ 
tation and percussion of the right side of the abdomen 
reveals areas of variable-pitched resonance. 787 Rectal exami¬ 
nation reveals distended loops of small intestine. The intus¬ 
susception may be palpable as a firm mass. The cow may 
demonstrate pain when the mass is palpated. Feces are 
absent within hours of the onset of signs. The examiner 
may find mucus and blood in the descending colon. In 
long-standing cases the scant feces are very dark red and must 
be distinguished from the black feces (melena) associated 
with abomasal bleeding. Fluid obtained by abdominocent- 
esis shows an increase in erythrocytes and leukocytes and 
an elevated protein level. Fever is often present because of 
peritonitis. If the condition is long-standing and bowel rup¬ 
ture has occurred, bacteria may be present. The CBC may 
reveal neutrophilia and an elevated plasma fibrinogen level. 

In neonates with enteritis, fecal output decreases as appe¬ 
tite is lost after intussusception. A fever may develop as peri¬ 
tonitis occurs. Calves and other neonates may not exhibit 
obvious signs of colic. Abdominal palpation using both 
hands in an attempt to detect a mass is often successful in 
delineating an intussusception in a neonate. When neutro¬ 
philia, hyperfibrinogenemia, and loss of appetite develop 
after enteritis, intussusception should be suspected. 

Treatment requires both surgical correction of the 
obstruction and parenteral restoration of fluid and elec¬ 
trolyte balance. Because of the losses of chloride and potas¬ 
sium and the development of alkalosis, 0.9% sodium 
chloride solution with 30 mEq/L or more of added potas¬ 
sium chloride is recommended. Once intestinal patency 
has been restored, oral fluid and electrolyte supplementation 
usually allows the patient to achieve normal status. The 
prognosis is usually good if surgery is performed early in 
the course of disease. Complications such as peritonitis 
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can occur and need to be controlled to maintain the chance 
of success. The surgical incision should be made high in 
the caudal right flank. A retrospective study of 336 cases of 
intussusception reports a postoperative survival rate of 43% 
and an overall survival rate of 35%. 778 The exceptions are 
animals with intestinal neoplasia that has metastasized. 788 

CECAL DILATATION AND VOLVULUS 

Reports of hospitalized animals indicate that the postpar¬ 
tum interval to the development of cecal disease may be 
longer than that for left displacement of the abomasum; 
57% of cases occurred within 2 months of parturition 789 
and 46% within 4 weeks. 790 Dirksen and Doll 791 described 
19 cases in calves less than 6 months old. Of these, 84% 
were being raised for early slaughter, and the remainder 
for herd replacements. This suggests that feeding or manage¬ 
ment differences may predispose to cecal disease in calves. 
In adult cattle, cecal dilation generally is believed to precede 
cecal volvulus or torsion. The cause and pathophysiology of 
cecal dilation and volvulus remain unknown. Increased 
luminal concentration of VFAs was classically believed to 
play a major role in the etiopathogenesis of cecal disor¬ 
ders. 792 However, results of studies on the impact of VFA 
on cecal motility have been contradictory. A recent study 
demonstrated that increased concentration of VFA had only 
minimal effect on large intestine motility and was unlikely 
to play an important role in the development of cecal disor¬ 
ders. 793 Factors that affect motility, as described for dis¬ 
placed abomasum, are likely similar. 

Cattle with cecal dilation have a more gradual onset of ill¬ 
ness than that noted with cecal volvulus. The time required 
for dilation to develop into volvulus is unknown. With sim¬ 
ple dilation, feed intake and milk production decrease. Mild 
abdominal pain may be observed. The right paralumbar 
fossa usually is distended without the ribs being sprung. A 
large area of resonance is auscultable from the tuber coxae 
to a variable distance cranially 787 (see Fig. 1-3). Feces are 
usually still present, but the consistency may be loose and 
the amount reduced. The apex of the gas-filled cecum may 
be felt in the pelvic canal or nearby by rectal examination. 

Cattle with cecal volvulus show an abrupt onset of 
anorexia, agalactia, and severe abdominal pain. Tachycardia 
and forestomach stasis are also present. Feces are scant or 
absent. The abdominal distention usually exceeds that 
caused by simple cecal dilation. The area of resonance in 
the right paralumbar fossa is larger, and fluid usually can be 
detected in the cecum and proximal colon by succussion. 
Although some cows with simple dilation have no acid-base 
abnormalities, 790794 most with cecal volvulus have some 
degree of metabolic alkalosis with hypochloremia and hypo¬ 
kalemia. 790 The apex of the cecum is usually not palpable per 
rectum; rather, the distended body of the cecum or proximal 
colon impinges on the pelvic canal because the apex is 
directed cranially. Distended small intestine may be palpated 
with either cecal dilation or volvulus. Medical management 
of cecal dilation is usually successful with use of fluid therapy 
to restore normal hydration status and administration of 
nonsteroidal antiinflammatory drugs to control abdominal 
pain. In lactating cows, fluid therapy may contain calcium. 
Laxatives have also been recommended for the medical treat¬ 
ment of cecal dilation. However, Braun and co-workers 795 
reported that the use of laxatives (liquid paraffin) for the 
treatment of cecal disorders delayed the time to first defeca¬ 
tion. Moreover, magnesium hydroxide may be responsible 
for detrimental effects such as metabolic alkalosis, 796 
increased ruminal pH, 797 and decreased ruminal microbial 
activity. 797 Prokinetic drugs that can be used in the manage¬ 
ment of cecal disorders are presented in the section on the 


acute abdomen in cattle. Finally, animals should be fed a 
high-fiber diet. Some cattle have recurrent episodes of cecal 
dilation, and preventive surgery such as typhlectomy may 
be indicated. In two repons the recurrence rate after surgery 
was about 10% within a year of the first incident. 789 * 790 
Cattle with cecal volvulus require immediate surgical 
intervention, fluid management to correct the hypochlore¬ 
mic, hypokalemic metabolic alkalosis, and administration 
of NSAIDs to control pain. The prognosis for surgical patients 
depends on the degree of ischemic injury to the cecum and 
other structures involved in the obstruction. 

INTESTINAL TUMORS 

Intestinal tumors are rare in cattle. The most commonly 
reported intestinal tumors in cattle are adenocarcinomas. 
However, lymphosarcoma, adenoma, adenomatous polyps, 
carcinoid, leiomyoma, leiomyosarcoma, and fibrosarcoma 
have also been described. 798 The incidence in sheep is rela¬ 
tively high in some areas of the world. An unusually high 
incidence of intestinal tumors was seen in cull ewes in 
New Zealand in the mid 1950s. 799 * 800 The rate of gross 
lesions in asymptomatic ewes going to slaughter ranged 
from 0.4% to 4 . 40 / 0 . 801.802 greeds of British origin were 
observed to have a higher incidence than ''fine wool" 
breeds. In subsequent studies in New Zealand, Australia, 
South Africa, and Iceland, the type of husbandry practiced 
was linked to a higher incidence of tumors. Details of which 
specific common factor or factors might be responsible 
await further research. No specific environmental or toxico¬ 
logic exposures could be incriminated. 

Affected cattle or sheep may have a protracted course of 
weight loss with no other observable signs until near death. 
Alternatively there are reports of acute gastrointestinal dis¬ 
turbances manifested by colic, abdominal distention, and 
auscultable right-sided pings. 803 Although these cases are 
rare, they must be differentiated from other causes of acute 
obstruction in cattle such as cecal volvulus, intussusception, 
or abomasal volvulus. In cattle in which rectal examination 
is possible, the lesion may be detected on routine examina¬ 
tion as an intramural mass or annular constriction of the 
jejunum or ileum. In sheep, the diagnosis is usually made 
at necropsy. Clinical signs in affected animals might include 
diarrhea, abdominal distention caused by the accumulation 
of gas and ingesta proximal to the obstruction, or ascites. 
The well-characterized lesions in sheep involve local spread 
of the tumor through the lymphatics and intraperitoneally. 
Ultimately, cellular deposits occur on all visceral and parie¬ 
tal peritoneal surfaces, severely impairing lymphatic drain¬ 
age from the abdomen. 

MESENTERIC FAT NECROSIS 

Mesenteric fat necrosis affect cattle of all breeds, but more 
commonly Aberdeen Angus and Jersey cattle. 804 It has also 
been reported in a pigmy goat. 805 The cause remains unknown 
but dietary factors have been implicated, such as consumption 
of feed containing long-chain, saturated fatty acids; trace ele¬ 
ment deficiency; trauma; hormonal disturbance; and inges¬ 
tion of endophyte-infected fescue. 804 * 805 The lesions develop 
as an inflammatory response around degenerating adipose 
cells. The triglycerides in these cells are thought to undergo 
hydrolysis to glycerol and fatty acids. The longer the carbon 
skeleton and the greater the degree of saturation, the more 
resistant are the fatty acids to removal by normal cellular 
mechanisms. Remaining clumps or crystals of fatty acids serve 
as inflammatory foci for the subsequent necrotic masses. 804 
Affected cattle have subnormal serum free cholesterol and ele¬ 
vated serum free fatty acids. 806 Cattle with fat necrosis may 
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eventually develop an intestinal obstruction. The clinical signs 
resemble those of progressive intestinal obstruction from 
other causes. Weight loss, anorexia, diarrhea, bloody stool, 
abdominal enlargement and right-sided ping are all possible 
signs. Fever, tachycardia, and signs of discomfort such as 
tenesmus, treading, and teeth grinding may be seen as the 
obstruction becomes more severe. Many affected cattle have 
no clinical signs, and the condition is discovered during rectal 
examination for other reasons. Rectal examination may be 
impossible because of stricture of the rectum, or dystocia 
may occur as a result of the necrotic fat masses in the pelvic 
canal. Fat necrosis usually affects mature cattle, 804 but there 
is a report of a 6-month course of illness attributed to fat 
necrosis in a 13-month-old Black Angus heifer. 807 

Animals with fat necrosis that become clinical usually are 
not treated. Different treatments have been attempted over 
the years, but none was considered effective. Experimental 
therapy of subclinical fat necrosis using a compound that 
alters lipid metabolism in fungi was successful in one 
study. 806 The fungicide isoprothiolane was given at a dosage 
of 20 g/day PO for 8 weeks. Approximately half of the trea¬ 
ted cows had a 50% reduction in necrotic masses by 12 
weeks; at follow-up evaluation in 1 year the masses were 
not detectable in half the surviving cows. Cows given such 
unapproved drugs should not be used for food. 

INTESTINAL INCARCERATION 

Intestinal obstruction may occur in ruminants as a result 
of accidental entrapment of loops, usually of jejunum, 
around remnants of embryonic structures or through 
acquired defects in mesentery or the abdominal wall. Duo¬ 
denal obstruction caused by malposition of the gallbladder 
was also reported in a heifer. 808 Intestinal adhesions 
caused by intraperitoneal injections of irritating substances 
may also lead to intestinal obstruction. Initial signs of colic 
followed by depression, anorexia, progressive abdominal 
distention, and absence of feces usually develop. Dis¬ 
tended loops of small intestine usually are palpable per 
rectum. Remnants of the urachus, 809 the omphalomesen¬ 
teric duct, 810 and the left umbilical vein 811 in cows and 
of the ductus deferens 812 in steers have been described as 
responsible for incarceration of the jejunum. The authors 
of one report indicated that 26% of cows examined had a 
persistent round ligament of the liver and falciform liga¬ 
ment. 811 Therefore tears in the falciform ligament leading 
to intestinal entrapment may be among the most common 
causes of the relatively rare problem of intestinal incarcer¬ 
ation in cattle. Treatment of intestinal incarceration 
requires surgical intervention. 


HEMORRHAGIC BOWEL SYNDROME 
(JEJUNAL HEMORRHAGE SYNDROME) 

UBS or JHS is an acute enteric disease of cattle characterized 
by segmental intraluminal hemorrhage with subsequent 
obstruction of the small intestine. The disease seems to have 
been described for the first time in 1991 813 and is now con¬ 
sidered an emerging disease in different countries. 814 817 
MBS mainly affects dairy cows, but it is also reported in beef 
cows and a bull. 816 817 It is principally a sporadic disease, 
but outbreaks in dairy herds have been reported. 818 * 819 
The pathogeny of HBS is still unknown and may be mul¬ 
tifactorial. Aspergillus fumigatus has been implicated in the 
disease, 820 but C. perfringens type A and C. perfringens type 
A with alpha 2-toxin are considered the most likely causes 
by many authors. 815 * 818 * 819 ' 821 However, it is very difficult 
to clearly define the precise role of C. perfringens in the 


pathogenesis of HBS because C. perfringens type A is present 
in the intestine of healthy cows and is known to proliferate 
rapidly after death. Ewoldt and Anderson were unable to 
reproduce the disease by direct inoculation in the aboma¬ 
sum or jejunum of G perfringens type A with alpha2- 
toxin. 822 According to the authors, this may be explained 
by the multi factorial pathogenesis of HBS. Different risk 
factors have been described in the development of HBS. 
They include lactation stage (being in the first 100 days 
of milk and in the second or higher lactation), feeding 
regimen (being fed with a TMR, or a high-energy diet 
with low fiber), and herd size (herds with more than 100 
cows). 815 * 818 * 819 * 823 Berghaus and colleagues, in their study 
on risk factors associated with HBS, conclude that all man¬ 
agement practices associated with high-producing cows may 
promote the occurrence of IIBS. 823 

Affected animals may be found dead, but they typically 
demonstrated an acute decrease in milk production, 
anorexia, mild increase in heart rate, normal temperature 
and respiratory rate, and slight to moderate dehydration. 
These clinical signs worsen rapidly as the condition evolves. 
Mucous membranes are frequently pale or congested, which 
reflects the cardiovascular and hypovolemic shock. Animals 
usually have slight to moderate right abdominal distention. 
Clinical signs of abdominal pain may be present. Ruminal 
contractions are decreased or absent depending on the 
stage of the disease. The rumen may also be distended. In 
most cases, transrectal examination demonstrates intestinal 
distention, and scant to absent feces. An intestinal mass is 
rarely palpable per rectum. When present, feces contain 
digested and/or clotted blood. HBS must be differentiated 
from other cause of intestinal obstruction (intussusception, 
intestinal incarceration, volvulus of the intestine around the 
mesenteric root), dysentery (salmonellosis, coccidiosis, winter 
dysentery, coagulopathies), and melena from abomasal ulcers. 

Signs of intestinal obstruction are observed during the 
transabdominal ultrasonography (distended intestinal loops, 
decreased or absent peristalsis). In some cases hyperechoic 
structures (blood clots) are observed in the lumen of the 
intestine. 815 * 817 Hematologic findings are consistent with a 
slight to moderate inflammatory process. Hematocrit is usu¬ 
ally normal as a result of combined hemorrhage and hypo¬ 
volemic shock. A hypochloremic, hypokalemic metabolic 
alkalosis is frequently observed on blood gas analysis, con¬ 
sistent with a proximal intestinal obstruction. Postmortem 
lesions consist of segmental necrohemorrhagic enteritis of 
the small intestine. The jejunum is the portion of the intes¬ 
tine most frequently involved. 815 * 817 An intraluminal blood 
clot associated with intramural hematoma and ulceration is 
observed. Histologic examination of the intestinal wall fre¬ 
quently reveals submucosal hemorrhage, edema, and neu¬ 
trophilic infiltration, as well as necrosis and ulceration of 
the mucosa. 815 * 817 

The medical treatment of HBS consists mainly of fluid 
therapy to restore electrolyte imbalance and to correct dehy¬ 
dration and antimicrobial drugs and NSAIDs to control 
pain and inflammation. In our clinics we also found a ben¬ 
eficial effect of transfusion of 5 to 6 L of blood. 817 Surgical 
treatment consists of right flank laparotomy associated with 
enterectomy of the affected intestines. If the intestines do 
not look devitalized, the clot can be dislodged by manual 
massage or enterotomy. 

The prognosis for animals with HBS is guarded. Mortal¬ 
ity rates of 100% 816 and 77% 815 have been described. How¬ 
ever, 55% of cases survived at Saint-Hyacinthe. 815 Two 
animals out of five that were treated medically and 18 ani¬ 
mals out of 30 treated surgically survived. 

Because the etiopathogenesis of HBS is not well under¬ 
stood, it is difficult to provide recommendations for the 
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prevention of HBS. Prevention may be focus on manage¬ 
ment practices, and particularly feeding practices in order 
to provide adequate fiber length and quantity in the diet. 
There is currently no available vaccine against C. perfringens 
type A. Vaccination with the commercially available seven¬ 
way clostridial vaccines does not appear to protect against 
development of HBS. 823 

ILEUS (PSEUDOOBSTRUCTION) 

Failure to pass feces usually is a sign of intestinal obstruc¬ 
tion. However, in adult, lactating dairy cattle, a condition 
of ileus of the intestinal tract that mimics complete intesti¬ 
nal obstruction is commonly observed. The condition often 
resolves spontaneously or with medical treatment (fluids, 
calcium, and pain management); in rare instances surgical 
decompression of the affected bowel is required. In a series 
of 100 referred cases of intestinal obstruction, 39 were 
judged to be simple ileus. 824 Cows are most often in early 
lactation, and treatment is sought for partial anorexia. Colic 
sometimes is the presenting sign. Clinical examination 
reveals a normal temperature, a normal to elevated heart 
rate, and normal respiratory rate. Ruminal motility is 
decreased. Slight right-sided abdominal enlargement may 
be seen early and may progress to extreme distention of 
the abdomen on the right. No borborygmi are heard on 
the right side, but fluid tinkling sounds may occur. Simulta¬ 
neous auscultation and percussion reveal areas of variable- 
pitched resonance. Succussion produces sloshing sounds. 
On rectal examination a distended spiral colon, cecum, or 
small intestine may be palpated. Early in the course of the 
disease the distention is not extreme, and compression eas¬ 
ily flattens the affected bowel. If abdominal distention is 
severe, introducing the arm into the abdominal cavity may 
be difficult because of the pressure of distended bowel at 
the pelvic inlet. No feces are passed, but the examiner's 
arm may be coated with sticky mucus and feces with a stale 
odor. Evaluation of serum electrolytes usually reveals no 
abnormalities or hypochloremic hypokalemic metabolic 
alkalosis. Serum calcium may be decreased. Differential 
diagnoses to consider include intussusception, intestinal 
incarceration, intestinal volvulus, and cecal dilation. There 
is no blood in the feces, and no masses are palpable per rec¬ 
tum with pseudoobstruction. 

Because most obstructive lesions of the intestine in cat¬ 
tle are not immediately life-threatening, symptomatic 
therapy or simply close observation may be elected for 
24 hours. If surgery is elected in the absence of an 
obstructive lesion, the bowel may be decompressed and 
drained. This is a laborious procedure that requires multi¬ 
ple punctures unless the distention is restricted to the 
cecum and spiral colon. Despite the lack of correction of 
a specific underlying defect, many cows begin passing 
feces soon after an exploratory celiotomy. Manipulation 
of the intestinal tract alone seems to have beneficial 
effects. 824 This response is difficult to differentiate from 
the spontaneous recovery that may occur without surgery 
in cows. Relief of distention of portions of the intestinal 
tract may remove reflex inhibition of motility that can 
occur in response to extreme stretching of mural tension 
and pain receptors. The cause of pseudoobstruction of 
the intestine is unknown, and little pathophysiologic 
information has been elucidated. Medical management 
is described in detail in the acute abdomen section. It 
mainly includes administration of fluids, calcium, and 
NSAIDs. Numerous practitioners also administer oral 
laxatives, but as mentioned earlier the practice of using 
magnesium salts may be questionable and could have 
deleterious effects. 


DISEASES CAUSED BY CLOSTRIDIUM 
PERFRINGENS TOXINS 
(ENTEROTOXEMIA, YELLOW LAMB 
DISEASE, LAMB DYSENTERY, 
NECROTIC ENTERITIS) 

PAUL C.E. MICHELSEN 

BRADFORD P. SMITH 

li Definition and Etiology. C. perfringens is a toxin-produ¬ 
cing, anaerobic, spore-forming rod. It is a variable species that 
causes a variety of diseases in human beings and animals. 
Some biotypes are normal inhabitants of soil, and some are 
commensal intestinal organisms of animals. A sometimes 
confusing nomenclature has evolved to organize the complex¬ 
ity of C. perfringens biology. Clinical isolates are assigned to 
one of the types (A through E) on the basis of possession of 
the major toxins (alpha, beta, epsilon, iota) (Table 32-21). In 
addition to these four major toxins, strains of C. perfringens 
may produce any of at least eight other recognized soluble 
antigens, some of which have pathogenic importance and 
could be called toxins. Beta 2-toxin may be an important 
toxin as well. 825 Most of these antigens are named with Greek 
letters. 826 The soluble C. perfringens toxin responsible for 
one type of food poisoning in humans has not received a 
Greek-letter name but is commonly known as enterotoxin 
(or CPE for C. perfringens enterotoxin). Enterotoxin is also 
the general name for toxins that affect the intestines, and 
many of the C. perfringens antigens with Greek-letter names 
are also enterotoxins. In this discussion the toxin that causes 
food poisoning in human beings is denoted CPE to distinguish 
it from enterotoxin as a class of toxins. CPE is not recognized 
as the major component of classic C. perfringens disease in 
animals, but it may be important in some cases. 827 828 

The different biotypes of C. perfringens cause different 
diseases because they have different toxins, but a clear-cut 
assignment to one of the groups is not always possible, 
and overlap is considerable in the clinical signs caused by 
the various toxins. Many different diseases in many different 
animals have been ascribed to C. perfringens, but the ubiqui¬ 
tous nature of the organism and the fact that it rapidly over¬ 
grows into tissues after death makes the significance of its 
isolation questionable at times. 

One additional potentially confusing bit of nomenclature 
concerns the term "enterotoxemia." Although this term is 
widely applied to various diseases caused by G perfringens, it 
is strictly appropriate only for diseases in which the major 
signs are caused by systemic spread of the toxin in the blood. 

One group of diseases caused by C. perfringens type C is 
commonly called "hemorrhagic enterotoxemia," even though 
the disease is not always hemorrhagic and, although the toxin 
may incidentally reach the circulation, it is produced in the 
intestine and exerts its major effects locally. A better descriptive 
name for this disease has been proposed to be necrotic enteri¬ 
tis. 829 It is important to realize that many of the effects of other 
biotypes of C. perfringens are systemic and that enteric clinical 
signs may be entirely lacking with disease caused by C. perfrin¬ 
gens types A and D. Each type is discussed in the following 
paragraphs. Type E is only occasionally isolated from livestock 
and is not discussed. 


19 Diagnosis of Disease Caused b}’ Clostridium Perfringens. 
Meaningful diagnosis of C. perfringens as the cause of 
death or disease in an animal requires an integrative, 
open-minded approach. Type A is routinely isolated from 
soil and clinically normal animals. Types C and D are 
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TABLE 32-21 


' 


Types of Clostridium perfringens by Toxin Type and Diseases That Have Been Attributed to the Type* 


Group Typing Toxins 

Type Alpha Beta Epsilon lota Diseases Attributed 


A XX 


B X XX X 

C X XX — 


D X — XX 
EX — — 


— Gas gangrene (along with other organisms) 

Avian necrotic enteritis 

Hemorrhagic enteritis in cattle 
Yellow lamb disease 
Enterotoxemia of mink 
Type A enterotoxemia of horses 
Abomasal tympany and ulcers of calves 837 
. Sudden infant death syndrome (crib death) 

Food poisoning in humans 

— Lamb dysentery 829 - 840 
Enterotoxemia of sheep and goats (Iran) 

Enterotoxemia of foals (Britain) 

— Necrotic enteritis (neonatal hemorrhagic enterotoxemia of calves, lambs, kids, foals, 

piglets) 829 - 839 

Necrotic enteritis of fowl, struck (enterotoxemia) of sheep (Britain) 

Necrotic enteritis of humans (pigbel. Darmbrand) 829 

— Enterotoxemia ("overeating disease," "pulpy kidney disease") of sheep, goats, and cattle 

X Enteritis in rabbits 

Occasionally isolated from sheep and cattle 
Abomasal tympany and ulceration of calves 837 


X, Toxin of minor imponance; XX, toxin of major importance; —, not present. 
•Diseases of major veterinary imponance are in boldface. 


only rarely isolated from soil but can be isolated from 
asymptomatic individuals, especially those with neutraliz¬ 
ing antibody to toxin. The bacterium proliferates after 
death, often crowding out other enteric organisms and 
invading tissues beyond the gut. The isolation of C. perfrin¬ 
gens from a necropsied animal is not by itself sufficient basis 
for the diagnosis; however, if toxin is also demonstrated in 
gut contents and the history and lesions are compatible, a 
diagnosis of death from C. perfringens intoxication can be 
made. 

Until recently, an isolate of C. perfringens was assigned 
to one of the five biotypes by demonstrating toxin produc¬ 
tion with mouse-protection assays or ELISA techniques. 
This has been replaced by a multiplex PCR technique that 
detects the genes for toxin production in a clinical iso¬ 
late. 830 CPE, which causes food poisoning in human 
beings, can be detected with commercially available assays 
and is also detected by the multiplex PCR technique. 831 
Meaningful samples for bacterial isolation come from 
freshly dead animals. Samples of gut contents should be 
collected into sterile containers and cooled or frozen. In 
addition to typing bacterial isolates, demonstration of 
toxin itself in gut contents may aid in diagnosis. False-neg¬ 
ative results may occur in type C disease if proteases inac¬ 
tivate the beta-toxin. 

In the absence of definitive microbiologic evidence, a 
presumptive diagnosis of type C or D disease must be based 
on the history, clinical signs, pathologic findings, and differ¬ 
ential diagnoses. Administration of toxoid vaccines is cheap 
and effective and may be recommended without conclusive 
evidence for causation. This "whole herd" protection test 
may be as close as one gets to definitive diagnosis in field 
situations. Examination of gut-content smears from various 
levels of the gastrointestinal tract to demonstrate large num¬ 
bers of bacteria resembling G perfringens may be a helpful 
piece of information, but the significance of such a finding 
by itself is questionable. Glucosuria in urine obtained from 
the bladder at necropsy is often seen in sheep (but not other 
species) with type D disease. 


Type D disease should be distinguished from other 
causes of acute death (see Chapter 14). A history of sudden 
death in a rapidly growing, apparently healthy individual is 
characteristic. A single lamb is much more likely to have 
overeating disease than is a twin. Other causes of acute 
disease in well-fed individuals include systemic pasteurello- 
sis (lambs), acute bloat, grain overload, polioencephalo- 
malacia, and thromboembolic meningoencephalitis (cattle). 
These generally have a longer disease course than type D 
enterotoxemia. 


CLOSTRIDIUM PERFRINGENS TYPE A 
(JEJUNAL HEMORRHAGE SYNDROME, 
YELLOW LAMB DISEASE, AND OTHERS) 

C. perfringens type A can be found in many soils and is a 
normal inhabitant of the gut in many species. Although 
all five types of G perfringens produce alpha-toxin, type A 
strains usually produce more than other types. The toxin is 
a phospholipase and causes lysis of red cells, platelets, and 
leukocytes (equine and caprine red cells are resistant to 
the hemolyzing effects of toxin). The toxin also causes vas¬ 
cular permeability through endothelial damage and can 
cause necrosis at the villous tips in the intestines. 826 There 
is also a report of type A having the gene to produce a beta 
2-toxin. 832 The beta 2-toxin may act synergistically with 
alpha-toxin to cause necrotic and hemorrhagic intestinal 
lesions. 825 


HEMORRHAGIC BOWEL SYNDROME 

HBS (JUS, hemorrhagic enteritis) is an acute often fatal con¬ 
dition of cattle characterized by segmental intraluminal 
hemorrhage in the small intestine. 833 The jejunum is the 
most commonly affected portion of the small intestine. 
The disease is considered to be an emerging disease of lac- 
tating dairy cattle in the United States, with 9.1% of herds 
in a 2002 National Animal Health Monitoring System 
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(NAHMS) study reporting at least one case of HBS during 
the previous 5 years. It appears that high milk production 
is related to the condition, probably through feeding prac¬ 
tices and management factors. 834 

Affected animals usually are anorectic, have a moderately 
elevated heart rate, and have a normal to subnormal tem¬ 
perature. Other signs consistent with small intestinal 
obstruction also develop, but abdominal pain is not usually 
observed. Feces may contain partially digested or clotted 
blood, and distended loops of intestine may be palpable 
per rectum. Transabdominal ultrasound may show an 
increased intestinal diameter proximal to the lesion, hyper¬ 
glycemia, hyponatremia, hypochloremia, hypokalemia, and 
hypermagnesemia. 835 

Both medical and surgical approaches to treatment have 
had limited success. On postmortem examination Clostrid¬ 
ium species may be seen in affected tissues. The odds of iso¬ 
lating C. perfringens type A from intestines of cows affected 
with HBS was 8.5 times greater than for cows with 
LDA. 833 Another theory is that A. fumigaius is the causative 
agent of HBS. 833 

Increasing the percentage of long stem fiber in the diet 
is associated with a decrease in number of cases of 
MBS. 834 The value of vaccination in preventing HBS has 
yet to be documented. 833 An attempt to reproduce the con¬ 
dition by inoculating either abomasa or jejuna of cows 
with C. perfringens type A failed to produce illness or 
lesions. 836 

Yellow lamb disease (so named because of the icteric 
nature of necropsied lambs) is an uncommon disease attrib¬ 
uted to C. perfringens type A. Widespread hemolysis leads to 
anemia, weakness, hemoglobinuria, and icterus. The ani¬ 
mals have a high temperature and usually die within 6 to 
12 hours of onset. Differential diagnoses for yellow lamb 
disease include other causes of hemolytic disease, including 
leptospirosis and copper toxicosis. As with other type A 
infections, the diagnosis is always questionable owing to 
the commensal nature of the organism and its rapid inva¬ 
sion after death. The finding of predominantly large gram¬ 
positive rods in impression smears from intestinal mucosa 
lends support to the diagnosis. No vaccine against type A 
disease is marketed in the United States, and types C and 
D toxoids are not expected to protect against type A unless 
they also contain alpha-toxoid. 

One report implicates type A in neonatal calves with 
ruminal and abomasal tympany, abomasitis, and aboma- 
sal ulceration. The calves were 2 to 21 days old and died 
acutely or had signs of colic and depression of short dura¬ 
tion. 837 Type A is a relatively common cause of food poi¬ 
soning in human beings. Speculation links this type to 
human sudden infant death syndrome ("crib death") as 
well. 838 

CLOSTRIDIUM PERFRINGENS TYPE B (LAMB 
DYSENTERY) 

Lamb dysentery is a disease of young lambs in Britain and 
South Africa. Type B has not been isolated in North Amer¬ 
ica. Its clinical course and presentation are similar to those 
of necrotic enteritis caused by C. perfringens type C. I^mbs 
less than 1 week of age become depressed and die. A yel¬ 
lowish diarrhea becomes brown from blood as the disease 
progresses. Morbidity may be high, and mortality 
approaches 100%. Necropsy findings include ulcers (rarely 
perforating) in the small intestines and dehydration of the 
carcass and tissues. Sanitation and the use of type B vac¬ 
cine aid in prevention and control. Types C and D toxoid 
cross-protect because of the overlap in toxin types. 


CLOSTRIDIUM PERFRINGENS TYPE C 
(NECROTIC ENTERITIS; NEONATAL 
HEMORRHAGIC ENTEROTOXEMIA; 

PIGBEL; STRUCK) 

II Definition and Etiology. C. perfringens type C elaborates 
the alpha (hemolytic)-toxin common to all types, in minor 
amounts, and the beta-toxin in major amounts. The 
amount of beta-toxin produced may determine the pathoge¬ 
nicity of a type C strain. In addition, type C strains produce 
the cytotoxic and hemolytic alpha-toxin, which is used to 
assign strains to group C if they have lost the ability to pro¬ 
duce beta-toxin in culture. 839 Beta-toxin appears capable of 
producing all the signs of necrotic enteritis; the role of 
alpha-toxin or CPE in disease is unclear 829 

Necrotic enteritis is primarily a disease of neonates and 
occurs in calves, lambs, foals, and piglets. A similar disease 
in adult sheep, known as struck , has a very limited geo¬ 
graphic range in Great Britain. 

II Clinical Signs and Differential Diagnosis. Affected ani¬ 
mals may die acutely without diarrhea, but this is rare. The 
diarrhea may be yellow or, in more hemorrhagic cases, 
brownish. Gray-red streaks of necrotic mucosa may be pres¬ 
ent in the stools. Foals with type C disease at first show 
acute abdominal pain, then explosive yellow diarrhea that 
becomes brown and hemorrhagic. 839 Animals become 
dehydrated, anemic, weak, and moribund, despite intensive 
therapy. Morbidity and mortality are high, but the disease is 
quite sporadic in occurrence Salmonellosis and coccidiosis 
should be considered in the differential diagnosis, but 
necrotic enteritis is the more common disease in very young 
animals. 

II Pathophysiology. The causative beta-toxin is readily 
destroyed by proteolytic enzymes such as trypsin. The neo¬ 
nate is especially predisposed to beta-toxin attack by the 
presence of trypsin inhibitors in colostrum, the function 
of which is to prevent proteolytic degradation of immuno¬ 
globulins. Necrotic enteritis in humans is believed to be 
caused by decreased proteolytic activity arising from low- 
protein diets or the consumption of sweet potatoes, which 
contain heat-stable inhibitors of trypsin. 829 The scattered 
cases of necrotic enteritis in adult animals may be the result 
of similar dietary factors. Type C disease has been repro¬ 
duced experimentally in maturing lambs by administering 
type C cultures and soybean flour, which contains potent 
protease inhibitors. 840 

Ingestion of a protein-rich diet into a protease-deficient 
intestinal tract allows rapid growth of C. perfringens organ¬ 
isms. The bacteria attach to the villi, and elaboration of 
the cytotoxic beta-toxin results in necrosis and invasion 
of deeper intestinal layers. Death may result from the 
direct effects of the severe diarrhea or may be caused by 
secondary bacteremia or toxemia from the compromised 
gut barrier. 

IS Epidemiology. Neonates that ingest type C organisms 
during the first few days of colostrum feeding are at risk. 
They pick up the organism from an environment contami¬ 
nated by an asymptomatic shedder or from contaminated 
feed. Type C may be isolated from asymptomatic indivi¬ 
duals on occasion, but it is not considered a normal com¬ 
mensal as is type A. Once established on a premises, the 
disease may become endemic. In foals the disease is signifi¬ 
cantly associated with housing in a stall or drylot during the 
first 3 days of life, previous presence of livestock on the 
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farm, low amounts of grass hay fed postpartum, being bom 
on dirt, and having stock horse parentage (e.g., quarter 
horse, Paint). Feeding smaller amounts of grain prepartum 
is associated with decreased incidence of the disease. 841 

11 Necropsy Findings. Necrosis of the mucosa of the small 
intestine, especially the jejunum, is the consistent finding 
in all species. The large intestine may be normal except for 
intraluminal blood. The peritoneal cavity often contains 
excessive fluid, which clots when exposed to air. The mesen¬ 
teric lymph nodes may be hemorrhagic. Microscopically, 
affected gut shows hemorrhage throughout the mucosa 
and submucosa. The tips of the necrotic villi are covered 
with numerous, large, gram-positive rods. 


Sublethal doses may result in brain damage and focal 
symmetric encephalomalacia (see diseases of nervous sys¬ 
tem, Chapter 35). Affected lambs are dull and unresponsive 
to normal environmental stimulation. The major differen¬ 
tial diagnosis is polioencephalomalacia. Experimental intra¬ 
venous injection of type D epsilon toxin into calves 
produced neurologic signs and severe acute pulmonary 
interlobular edema. The histologic lesions in the brain con¬ 
sisted of perivascular proteinaceous edema in the interna 
capsule, thalamus, and cellebellar white matter, whereas in 
the lung intraalveolar and interstitial edema were found. 
These are similar to some of the lesions found in sheep 
and goats with type D enterotoxemia. 845 

The disease in goats is usually confined to the intestinal 
tract and seldom involves system signs seen in sheep. 846 


II Treatment, Prevention, and Control. Once a case 
becomes clinically apparent, treatment generally is unsuc¬ 
cessful because of the fulminant nature of the disease. 
Foals can be treated with supportive intravenous broad- 
spectrum antibiotics (to cover gram-negative bacteremia 
caused by loss of gut integrity), fluids, plasma (intrave¬ 
nous and oral), withdrawal of milk for 24 hours, oral 
metronidazole, and intravenous C. perfringens types C 
and D antitoxin. Metronidazole (10 mg/kg PO or IV given 
twice daily) can be given to at-risk foals in the face of 
an outbreak, beginning at 8 to 12 hours of age and con¬ 
tinuing for 5 days. 842 Toxoid has been administered to 
horses 843 to control the disease on an apparently endemic 
property, with good results. Antitoxin* may be given to 
animals at risk in an outbreak, and C. perfringens types C 
and D are common components of multivalent vaccines. 
The primary vaccination series consists of two injections 
1 month apart, with the final dose given 2 weeks before 
parturition, and a yearly booster thereafter. Neonates 
should be vaccinated at 8, 12, and 16 weeks of age on 
problem farms. 


II Pathophysiology. In some feedlot situations the animal 
ingests C. perfringens type D on a regular basis, but the acid 
environment of the abomasum and continuous peristalsis, 
as well as low amounts of fermentable substrate, conspire 
to keep bacterial numbers low and moving out of the ani¬ 
mal. The intestinal environment also influences the amount 
of toxin produced. 

Some factor of overnutrition, often heavy grain feeding 
or very rich pasture, provides substrate for rapid prolifer¬ 
ation of the type D organism, leading to elaboration of 
the prototoxin. Cleavage of the prototoxin by proteases 
yields the active toxin. Epsilon toxin increases intestinal 
permeability, causing edema in a variety of organs, nota¬ 
bly the lungs, kidney (hence the name "pulpy kidney dis¬ 
ease"), and brain (focal symmetric encephalomalacia). 
Excess pericardial, peritoneal, and pleural fluid (with or 
without fibrin) and subcapsular petechiation in the 
kidneys may be seen. 847 These lesions cause rapid deteri¬ 
oration and death. Hyperglycemia and glucosuria are the 
result of massive hepatic glycogen release caused by the 
epsilon-toxin. 


CLOSTRIDIUM PERFRINGENS TYPE D 
(ENTEROTOXEMIA, OVEREATING 
DISEASE, PULPY KIDNEY DISEASE) 

II Definition and Etiology. Enterotoxemia caused by 
C. perfringens type D is a disease of major importance in 
sheep and of lesser importance in cattle and goats. It is 
caused by strains of the bacterium that produces the epsi¬ 
lon-toxin. This type is not a common soil organism, as is 
type A, but it may be isolated from the feces of apparently 
normal sheep and, less often, cattle. 844 Most clinical disease 
occurs in animals fed a highly nutritious diet, especially 
grain-fed livestock. 

II Clinical Signs and Epidemiology. T he sudden death of 
a well-fed, rapidly growing animal is the most common pre¬ 
sentation of enterotoxemia. The disease may run its course 
in 30 to 90 minutes, with affected lambs showing ataxia, 
trembling, stiff limbs, opisthotonus, convulsions, coma, 
and death. At the onset of clinical signs, the animal is hyper¬ 
glycemic. At death it is glucosuric. The differential diagnoses 
should include other causes of neurologic signs and acute 
death: anthrax, botulism, black disease, leptospirosis, listeri¬ 
osis, enterotoxigenic E. coli infection, septicemia, polioence¬ 
phalomalacia, toxic indigestion (grain overload), systemic 
pasteurellosis, and tetanus. 


* Dybelon C perfringens types C and D antitoxin, Bio-Ceutic St. 
Joseph. MO. 


IB Necropsy Findings. Postmortem lesions are inconsistent. 
The pulpy kidney lesion may not be seen in freshly exam¬ 
ined specimens. The epicardium, serosa, thymus, and dia¬ 
phragm may have small areas of hemorrhage. The 
pericardial sac often contains excess fluid. The lungs may 
be edematous. Glucosuria is considered a hallmark of type 
D enterotoxemia but is sometimes not present. Histologic 
lesions include pleural and interlobular and perivascular 
edema in the lung, as well as perivascular edema in the 
brain of some affected animals. 847 

II Treatment, Prevention, and Control. If initiated at the 
first suspicion of overeating disease, type D antitoxin and 
oral antibiotics (sulfa) may have dramatic results. 848 The 
diet should be adjusted downward in outbreaks to try to 
minimize the substrate, especially starch, that reaches the 
bacteria. Lambs on rich pasture should be moved to poorer 
pasture or corralled and fed hay until they have been vacci¬ 
nated twice. Lambs and calves brought into a feedlot should 
have the concentrate ration increased slowly to minimize 
microfloral disruptions. 

Antitoxin can be given in an outbreak, but previous 
vaccination is more effective. Vaccination with type D bac- 
terin-toxoid is effective in preventing disease. Two doses 
are given 14 to 56 days apart, before heavy grain feeding 
or exposure to rich pasture begins. The aluminum hydrox¬ 
ide adjuvanted vaccines may cause raised subcutaneous 
lumps (most noticeable on goats) that may go on to 
abscess. Dairy goats fed continuous high-grain rations may 
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need to be vaccinated more often for continuous protection. 
One study of three commercial vaccines found that one of 
the vaccines provoked no antibody response in goats 14 
days after vaccination and that at 28 days after vaccination, 
even the goats that had responded to the other two vaccines 
had titers no higher than unvaccinated controls. 849 The vac¬ 
cine is not licensed in the United States for use in goats but 
is routinely used. Bummer lambs may be protected by feed¬ 
ing bovine colostrum from cows vaccinated several times 
with the sheep vaccine to provide high titers in colos¬ 
trum. 850 Colostral titers from the dam are protective to 12 
weeks of age, after which vaccination should be used to pro¬ 
vide active immunity against the disease. 851 

BETA 2-TOXIGENIC CLOSTRIDIUM 
PERFRINGENS TYPHLOCOLITIS IN HORSES 
AND RUMINANTS 

Beta 2-toxin is a newly described C. perfringens toxin that 
may play a role in intestinal diseases of ruminants and adult 
horses, particularly typhlocolitis. Affected animals may have 
a history of recent stress or antibiotic administration and 
show hemorrhagic, profuse, watery diarrhea, low body tem¬ 
perature, severe leukopenia, and hypoproteinemia. 852 The 
diagnosis depends on demonstration of the beta-2 gene by 
PCR. 853 


OAK (ACORN) T OXICOSIS 

BRADFORD P. SMITH 

II Definition and Etiology. Toxic signs can appear in rumi¬ 
nants 854855 and occasionally in horses 856 that ingest large 
quantities of oak buds, oak leaves (green or dried), or 
acorns. Most species of oak (Quercus species) cause similar 
signs when ingested, although there are marked differences 
in the amount of toxins among the 75 oak species. 857 The 
metabolites of oak tannins and volatile phenols present in 
the buds, leaves, twigs, and acorns are responsible for caus¬ 
ing toxicosis. The mouth, esophagus, gastrointestinal tract, 
and kidneys (renal tubular nephrosis) are the organs most 
affected. Because they are less selective in what they ingest, 
cattle seem to be the most frequently affected species. Signs 
begin shortly after ingestion of 50% or more of the diet as 
oak, and young cattle (under 300 kg) often appear to be 
more severely affected than adult cattle. 

Factors leading to toxicosis include the presence of 
large acorn crops when forage is scarce, wind or hail that 
causes large numbers of acorns to drop suddenly, or the 
sudden presentation of oak buds and young leaves to hun¬ 
gry cattle, as in spring windstorms or snowstorms that 
cover the grass and break branches. In the southwestern 
United States, range cattle regularly consume some oak 
species, which are apparently highly palatable and nutri¬ 
tious. 858 The condition has been described wherever oak 
grows, including most of the United States, France, Great 
Britain, Germany, Sweden, Australia, China, and South 
Africa. 

Acorn calf syndrome is completely different from the oak 
toxicosis described in this section. Acorn calves are congen¬ 
itally malformed calves bom to dams that ingest large num¬ 
bers of acorns under poor forage conditions during the 
second trimester of pregnancy. The cause appears to be a 
combination of poor nutrition and exposure to acoms. 
The calves have very short leg bones and may have abnor¬ 
mal hoof development and a short or long narrow head. 
In badly affected herds as many as 15% of calves are 



FIG. 32-105 II Perirectal and vulvar edema in a 3-month-old calf with 
acute oak bud toxicity. Acute acorn or oak poisoning causes similar lesions.’ 


affected. The disease has been reproduced experimentally. 
Supplementation of the herd with adequate protein and 
energy eliminates the disease. 

II Clinical Signs and Differential Diagnosis. The course of 
oak toxicosis usually is 1 to 12 days, but some cattle have a pro¬ 
tracted, debilitating disease. 854 855 In the peracute stages cattle 
are recumbent, weak, anorectic, and listless. 854 The rectal tem¬ 
perature is normal or below normal, and the heart and respira¬ 
tory rates are elevated. Marked edema is present in the 
perineum and vulva (Fig. 32-105), and edema is obvious in 
the submandibular area, brisket, and ventral abdomen. 
Hydration appears adequate, but anuria is present. Firm, dark, 
mucus-covered feces usually are present. Evidence of hydro- 
thorax, hydropericardium, and ascites may be noted on physi¬ 
cal examination. Some cattle may simply be found dead. 

A day or two after ingestion the animals appear anorec¬ 
tic and listless and have decreased ruminal motility. Many 
calves have hemorrhagic diarrhea or dark diarrhea that 
tests positive for fecal occult blood. The feces may have a 
smell of phenol. Dehydration occurs rapidly, but vital 
signs may be remarkably normal until hypovolemia devel¬ 
ops. As uremia progresses, scleral vessels become dark and 
engorged, and the breath may take on the smell of ammo¬ 
nia. The major differential diagnoses are other causes of 
renal failure and other toxins and clostridial diseases; viral 
diseases that cause ulceration of the alimentary tract 
should also be considered. Protracted cases most often 
result from renal failure and uremia, although some ani¬ 
mals have chronic oral, esophageal, or gastrointestinal 
ulceration or perforation with abscessation. 

In horses signs usually are peracute or acute; they include 
sudden death or colic, tenesmus, and hemorrhagic diar¬ 
rhea. 856 Acom husks and shells may be noted in the feces. 
As with most colics, tachycardia, hyperpnea, and injected 
oral mucous membranes are seen. Increased abdominal 
borborygmi often are present, and hemoglobinuria may 
occur. Determination of serum or urinary phenolic (hydro¬ 
lyzed tannin) content, based on a gallic acid standard, may 
be used in acute cases. 856 

II Clinical Pathology. In cattle with peracute and acute 
signs, the serum urea nitrogen and creatinine are elevated, 
whereas other laboratory values may show considerable 
variation. 855 856 Initially hyponatremia, hyperkalemia, hypo- 
chloremia, hyperphosphatemia, and a marked hypocalcemia 
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(5.1 to 6.8 mg/dL) accompany a mild metabolic acidosis 
with a very high anion gap (29 to 32). 854 Neutrophilia with 
mild hyperfibrinogenemia may be present. Although sorbitol 
dehydrogenase and GGT may be elevated, biopsy does not 
indicate that significant hepatic disease occurs with oak toxi¬ 
cosis. Animals may be anuric. If urine is being produced, 
often isosthenuria, proteinuria, and glucosuria occur. The 
urinary fractional excretion of sodium was elevated in one 
steer. 858 

In protracted cases the major findings are elevated serum 
urea nitrogen, creatinine, and anion gap, with variable 
hyponatremia, hypokalemia (versus hyperkalemia in acute 
stages), hypochloremia, and hyperphosphatemia. A mild 
metabolic alkalosis may be present? Hyperfibrinogenemia 
and an increase in total plasma proteins also are variable. 
An elevated WBC count most often reflects chronic ulcera¬ 
tion or abscessation (neutrophilia or monocytosis or both). 
Liver enzymes usually are normal in protracted cases. 
Urinalysis results are similar to those in acute cases; in 
addition, hematuria often is present. By 6 weeks after expo¬ 
sure, a normocytic, normochromic anemia may develop as 
a result of chronic inflammation and uremia, and hypoal- 
buminemia may result from chronic renal and gastrointesti¬ 
nal losses. By 8 weeks after exposure, surviving cattle have 
largely returned to normal renal function as determined 
by normal serum urea nitrogen and creatinine concentra¬ 
tions and by the ability to concentrate urine after a 24-hour 
water deprivation test. 854 

Laboratory findings in horses are similar to those in 
ruminants, except that during the acute stages rapid hemo- 
concentration and marked increases in PCV occur. 856 
Although protein, occult blood, and hemoglobin casts have 
been reported to be present in the urine, the urine specific 
gravity was 1.052. 

Pathophysiology. The toxicity of oak is attributed to its 
high concentration of tannins, which are hydrolyzed in 
the rumen to gallic acid, pyrogallol, and other compounds. 
The tannins themselves may contribute to oral, esopha¬ 
geal, and gastrointestinal damage by binding to proteins, 
including those in epithelial cells. This results in oral, 
esophageal, and ruminal ulcers or perforations. Protein- 
bound tannins are liberated in the acidic abomasum, 
making them available once again to damage intestinal 
epithelium. Some hydrolyzed tannins are absorbed and 
bound to plasma proteins and endothelial proteins, result¬ 
ing in hemorrhage and fluid loss from the vascular com¬ 
partment into body cavities and tissues; this results in 
edema. The gallic acid and pyrogallols are extremely toxic 
to renal tubules, causing acute tubular necrosis, anuria, 
electrolyte abnormalities, and uremia. Ruminants are 
more susceptible than horses because of the hydrolysis of 
the gallotannins in the rumen. 

Epidemiology. Young cattle in the 100- to 300-kg range 
seem to be particularly susceptible. In the southwestern United 
States oak toxicosis accounts for considerable economic loss in 
cattle. 858 The disease is seen sporadically in other ruminants 
and in horses. The morbidity rate in cattle varies considerably, 
with several to many calves in a pasture usually affected, and 
case fatality rates frequently exceed 80%. 855 

The disease is most often associated with ingestion of 
acoms in the fall and buds or young leaves in the spring. Cat¬ 
tle turned onto a pasture with oak trees under which acoms 
have accumulated may have toxicosis even when adequate 
forage is available. 855 In other cases windstorms have 
dropped numerous acoms or branches in a pasture to which 
cattle were already accustomed. In the early spring a heavy, 


unseasonable snowstorm may occur, covering the grass and 
bending young trees and breaking branches so that oak buds 
and young leaves are accessible. 854 Young leaves and acoms 
are more palatable than older leaves and also contain more 
tannins (up to 10% dry matter in acoms). The seedlings, 
buds, and acoms of small scrub oak may be important 
forages for cattle in parts of the United States. 858 

Ji Necropsy Findings. In peracute and acute cases promi¬ 
nent edema is often the most striking lesion. Ascites, 
hydrothorax, hydropericardium, perirenal edema, and sub¬ 
cutaneous edema are found. The kidneys are normal in size 
with multiple diffuse hemorrhages on the surface and 
extending into the cortex. The liver is slightly swollen and 
pale or mottled. Digestive tract lesions vary from congestion 
to hemorrhage and deep ulceration or perforation with nec¬ 
rotizing inflammation. Mucosal ulceration is found in the 
pharynx, esophagus, mmen, abomasum, small intestine, 
cecum, and colon. Free blood or melena may frequently 
be observed. 

Diffuse renal tubular damage is present. The changes 
include coagulation necrosis of cortical tubular epithelium 
and dilated tubules devoid of epithelium but with intact base¬ 
ment membranes. Many medullary tubules contain hyaline, 
granular, or cellular casts. The principal renal lesion is necrosis 
of the proximal convoluted tubules, but glomerular degenera¬ 
tion and fluid in Bowman's capsules are also seen. 

By 3 to 6 weeks after exposure, the lesions include gastro¬ 
intestinal ulceration, often with secondary infection; some 
healed ulcers; secondary bacterial bronchopneumonia; and 
slightly swollen, pale brown kidneys. Histologically, atro¬ 
phy of the cortical tubular epithelium with a marked inter¬ 
stitial fibrosis and mononuclear infiltrate is seen. Evidence 
of tubular epithelial regeneration may be present. The liver 
appears normal. 

818 Treatment and Prognosis. In acute stages intravenous 
fluid therapy aimed at promoting diuresis and correcting 
acid-base and electrolyte abnormalities may be lifesaving. 
Calcium, sodium, and chloride deficits should be replaced, 
and sodium bicarbonate should be given if needed to cor¬ 
rect metabolic acidosis. In anuric animals furosemide 
(1 mg/kg given IV) can be administered every 12 hours, 
along with adequate fluid therapy. Corticosteroids and 
NSAIDs are not likely to have a measurable effect on the 
course of the disease because they are unlikely to alter the 
direct toxic effects of the toxic metabolites. The prognosis 
is guarded and must be considered poor in animals that 
remain anuric despite therapy. The case fatality rate 
undoubtedly depends more on the amount of toxic material 
ingested than on therapy. Antibiotics, given to prevent sec¬ 
ondary pneumonia and abscessation, ruminal transfauna- 
tion, and readily accessible grass hay and water are 
recommended components of nursing care. 

If the animal survives the acute stage and begins to eat 
voluntarily, the prognosis for recovery is good unless sec¬ 
ondary pneumonia or gastrointestinal abscessation after 
perforation occurs. Renal function can return to normal by 
5 to 10 weeks, and weight gains as high as 1.76kg/day 
may be recorded in recovered cattle. 854 

Colicky horses can be treated as one would usually treat 
colic (intravenous fluids, analgesics, oral laxatives). Particu¬ 
lar attention should be paid to diuresis, acid-base balance, 
and maintenance of serum calcium levels. 

88 Prevention and Control. No specific antidote exists for 
oak toxicosis, but supplementation with calcium hydroxide 
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(hydrated lime) immediately before anticipated exposure to 
oak has been effective under experimental conditions. 859 
Feed containing 10% or less calcium hydroxide is palatable. 
Consumption of 0.9 kg/head/day of cubed or pelleted sup¬ 
plement containing 10% hydrated lime is effective in pre¬ 
venting toxic manifestations. 

Supplementation of cattle suddenly exposed to oak with 
any feed reduces death losses, apparently by allowing hun¬ 
gry cattle to consume the supplemental forage preferen¬ 
tially. 854 - 859 In an outbreak in California caused by spring 
snows in which 2700 cattle died of oak toxicosis, ranches 
where hay was immediately supplemented had minimum 
losses compared with ranches where feed supplementation 
was not offered. 


WINTER DYS ENTERY IN CATTLE 

CHARLES L. GUARD 

C.ILLES FECTEAU 

II Definition and Etiology. Winter dysentery is an acute, 
contagious diarrheal disease of cattle that occurs in epizo¬ 
otic fashion in a herd, usually during the colder months 
of the year. It is usually recognized by the clinical syndrome 
that occurs in herds and by exclusion of other causes of con¬ 
tagious diarrhea. 860 In the United States the disease is more 
common in the northern states; however, it has been 
reported in Australia, Sweden, the United Kingdom, Israel, 
France, Belgium, Japan, and Canada. The period of illness 
in an individual is brief, and within a herd the outbreak 
usually lasts less than 2 weeks. Recovery is spontaneous in 
most individuals, but in some cases supportive therapy 
may be indicated. The morbidity rate may be high in a herd 
that has not experienced winter dysentery for several years; 
regardless, mortality usually is rare. Although most reports 
indicate this to be a disease of adult cattle, in a herd out¬ 
break mild diarrhea may be observed in animals as young 
as 4 months old. 

There is still uncertainty regarding the precise cause of 
winter dysentery, but most recent attention has focused on 
a coronavirus that may be the same as or related to the coro- 
navirus that causes diarrhea in neonatal calves. In Japan, 
France, Belgium, and the United States, investigators have 
identified a coronavirus or similar virus particle in the feces 
of cattle with winter dysentery. 861866 The disease was repro¬ 
duced by contaminating feed with untreated feces in one of 
two attempts. 861 By immune electron microscopy, antigenic 
cross-reaction has been demonstrated between the original 
Nebraska calf coronavirus diarrhea agent and coronavirus 
isolated from field outbreaks of winter dysentery. 863 - 865 A rise 
in serum antibody titer to the calf coronavirus after an out¬ 
break of winter dysentery in adult cattle was found. 863 

II Clinical Signs and Differential Diagnosis. Winter dys¬ 
entery is an explosive diarrheal disease accompanied by 
some degree of anorexia and depression. In lactating cows, 
milk production is reduced. In rare cases mild colic may 
be observed; other animals may appear weak and prefer to 
lie down. If the diarrhea is severe or persists longer than a 
day, dehydration may develop. Weight loss is apparent 
and is caused by loss of ruminal fill and depletion of extra¬ 
cellular fluid. Ruminal motility usually is reduced, but intes¬ 
tinal borborygmi may be increased. Thirst often is increased, 
and polydipsia follows the diarrhea. Rectal examination 
may reveal dilated intestinal loops. The feces vary from light 
tan to dark brown; bubbles commonly form in the puddles 


that are deposited several feel behind the cow. Blood may 
be present in the feces of several animals in a group, typi¬ 
cally in the first lactation heifers. The amount of blood 
may range from just visible to large clots, or it may be uni¬ 
formly mixed into the feces. Some animals may have thick 
mucus in the feces. The odor in a bam during an outbreak 
of winter dysentery has been described as musty, fetid, 
and sweet and nasty. 867 

Fever usually is not present during the diarrheal phase of 
the disease but has been reported to precede it 860 or have 
no consistent relationship. 868 Mild respiratory signs consist¬ 
ing of serous nasolacrimal discharge and a soft cough have 
been inconsistently observed before diarrhea. Diarrhea 
caused by BVDV, coccidiosis, and salmonellosis must be 
considered in the differential diagnosis of winter dysentery. 
With winter dysentery no mucosal lesions are visible on 
physical examination. The absence of coccidial oocysts or 
parasite ova in the feces helps exclude these agents as 
responsible for the diarrhea. However, diarrhea caused by 
parasites may precede the shedding of detectable organisms 
in feces. The rapid occurrence of multiple cases within a 
herd, and often within herds in a locality, suggests winter 
dysentery. Fecal culture for Salmonella yields negative results 
in uncomplicated cases of winter dysentery. 

II Clinical Pathology. No consistent hematologic changes 
that would be of diagnostic benefit have been observed. If 
significant dysentery persists for longer than a day, signs 
of anemia may develop. 

II Pathophysiology. If the current contention that a corona¬ 
virus or coronavirus-1 ike agent is causal in winter dysentery 
is correct, the pathophysiologic characteristics of the disease 
can be attributed to lesions of the colonic mucosa. 864 Epi¬ 
thelial cells of colonic crypts are destroyed by viral action, 
leading to necrosis and hemorrhage. Even though histologic 
changes have been observed only in the colonic mucosa, 
blood was observed from the distal duodenum aborally in 
cattle that died of winter dysentery. 866 Loss of intestinal 
mucosal epithelium from colonic crypts leads to transuda¬ 
tion of extracellular fluid and blood. The exact mechanism 
leading to the voluminous, watery diarrhea has not been 
clarified but may be related to the inflammatory nature of 
the disease. Mediators of inflammation may lead to hyper¬ 
secretion in the small intestine and colon. 

II Epidemiolog} , . The incubation period is thought to be 
2 to 8 days. The most susceptible animals are first and most 
severely affected. In a small, housed herd, the typical inci¬ 
dence of diarrhea during an outbreak begins with the explo¬ 
sive appearance of signs in 10% to 15% of animals on the 
first day. The second day another 20% to 40% are affected. 
On subsequent days similar proportions become ill. By the 
end of a week the first affected animals are completely 
recovered, and only a few new cases occur. Typically within 
2 weeks of the onset of diarrhea, all animals have recovered. 
This period is marked by significant reduction in milk pro¬ 
duction. In large herds the outbreak may be prolonged 
for 6 to 8 weeks. Animals in their first lactation usually 
are most severely affected, but other cattle recently fresh or 
otherwise stressed may also have a longer clinical course. 
This scenario is typical of a herd that had not experienced 
an epizootic of winter dysentery during the preceding few 
years. In some herds milder outbreaks occur annually, with 
fewer animals showing diarrhea and with less severe clinical 
signs. 
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II Treatment and Prognosis. Mosi animals with winter 
dysentery recover spontaneously in a few days without spe¬ 
cific treatment. Many palliative treatments have been 
recommended and used over the years, including intestinal 
astringents, protectants, and adsorbents. On the basis of 30 
years of observations, Roberts 869 considered none of these 
treatments to alter the course of the disease. Provision of 
adequate fresh water, palatable feed, and free-choice salt is 
the most useful nonspecific therapy. The occasional animal 
with prolonged or severe dysentery may need a transfusion 
of 4 to 8 L of whole blood. 


SALMONELLO SIS IN RUMINANTS 

BRADFORD P. SMITH 

II Definition and FAiology. Salmonellosis is one of the few 
diseases that are increasing in prevalence. According to one 
study, 75% of dairies sampled in California had evidence 
of Salmonella infection. 870 A recent multistate study found that 
56% of dairies sampled contained cows shedding Salmonella 
in feces. 871 Salmonella of concern for livestock fall mainly into 
one species. Salmonella enterica, with numerous serovars or 
serotypes, such as S. enterica serovar Typhimurium, with 
the words serotypes and serovars used interchangeably. We 
shorten it to Salmonella Typhimurium by convention. More 
than 2200 Salmonella serotypes (serovars) have been identi¬ 
fied, and many are potential animal and human pathogens. 
Multidrug-resistant Salmonella Typhimurium DTI04 and 
Salmonella Newport are particularly virulent to animals 
and human beings. The presence of identical strains of Sal¬ 
monella Newport among bovine and human isolates indi¬ 
cates that zoonotic transmission is likely. 872 Fortunately 
10 serotypes of Salmonella in serogroups B, C, D, and E 
are responsible for most disease in cattle; therefore control 
programs can be aimed at these. 'Fable 32-22 lists the 
serotypes most commonly isolated from ill cattle in 2006 
in the United States. 873 Salmonella organisms are gram- 
negative enteric bacteria that are facultative intracellular 
parasites. Most serotypes are non-host-specific but a few 
are host-adapted. Salmonella Dublin is host-adapted to cattle. 
Salmonella Abortus ovis, and Salmonella Arizonae to sheep, 
and Salmonella Abortus equi to horses. Most-adapted sero¬ 
types are found most often in their host species, where true 
long-term carriers exist. 874 In contrast, non-host-adapted 
serotypes rarely achieve carrier status and usually infect an 
animal for a period of 3 to 16 weeks before infection is 
cleared, 874 although one cow with multidrug-resistant Sal¬ 
monella Newport excreted the organisms for 190 days. 872 
Infection with either host-adapted or non-host-adapted ser¬ 
otypes can be symptomatic or asymptomatic depending on 
the dose, the virulence of the serotype, and the host's 


TABLE 32-22 --_ 


Most Frequently Identified Salmonella Serotypes from 
U.S. Cattle from July 2005 Through June 2006 


1 Serotype 

Serogroup 

Typhimurium 

B 

Newport 

C2 

Orion var 15+34+ 

El 

Montevideo 

Cl 

Agona 

B 


Courtesy Dr. Brenda R. Flugrad, APHIS, USDA, NVSL, Ames, IA. 


immune status. There appears to be an association between 
an increased incidence of Salmonella infections and intensive 
management practices such as large farms, crowded condi¬ 
tions, and high-protein diets. In the absence of carriers, chain 
infections and persistence of Salmonella in the environment 
are responsible for long-term persistence of a given strain 
on a given dairy. 872 

Salmonella are grouped into serogroups (A to Z and 51 to 
65), depending on their cell wall antigens (somatic antigens 
that comprise specific oligosaccharides, often called O anti¬ 
gens, LPSs , or endotoxin). Thus, for example, local and 
regional laboratories often report that an isolate is a group 
D Salmonella. The most common group D isolate of cattle 
is Salmonella Dublin. Final confirmation that the Salmonella 
isolated is indeed Salmonella Dublin comes from the 
National Veterinary Services Laboratory in Ames, Iowa, or 
from some other laboratory in which antisera and facilities 
exist for identification of all 2200 serotypes on the basis 
of flagellar (H) antigens and somatic (O) antigens. Some 
serotypes also express capsular (Vi) antigens composed of 
mucopolysaccharide. Identification of the serotype is 
important in planning control strategies. In addition to 
the serotypes listed, lambs may be infected with Salmonella 
Arizonae, which comes from several different serogroups. 
Salmonella organisms are relatively easy to culture from the 
feces or tissues of infected animals, using common enteric 
agar such as XLT4 or brilliant green (BG) agar, with tetra- 
thionate and selenite as selective enrichment media. 


II Clinical Signs and Differential Diagnosis. Salmonella 
infection can cause a variety of clinical signs. The most com¬ 
mon signs are fever and diarrhea 875 after an incubation 
period of 1 to 4 days after exposure or a recrudescence from 
the carrier state. Animals of all ages may be affected, but 
serious illness is observed most frequently in very young 
animals and parturient dairy cattle. 

The character of the diarrheic feces varies from watery to 
mucoid with fibrin and blood. Sheets of Fibrin may appear 
to be sloughing mucosa. The feces often have a putrid, foul 
odor because of the presence of plasma proteins associated 
with severe IBD. Salmonellosis causes an acute protein- 
losing enteropathy. The systemic effects of endotoxins 
(and other toxic material) absorbed through the damaged 
bowel mucosa may be severe (fever, anorexia, depressed 
attitude, shock). 

Bacteremia may occur rapidly, especially in neonates 
infected with Salmonella Dublin, Salmonella Typhimurium, 
or Salmonella Newport. Peracute to acute septicemia in 
calves may produce lesions in many organ systems. Affected 
calves usually are under 2 months of age (the range is 1 day 
to 6 months). Dyspnea, respiratory symptoms, sudden 
death, and occasionally diarrhea are the principal signs of 
Salmonella Dublin infection, the incidence of which usually 
peaks in 6-week-old calves. Blood culture results frequently 
are positive. Pure cultures of Salmonella Dublin often can 
be grown from specimens from the lungs of 4- to 8-week 
old calves with pneumonic (septicemic) salmonellosis. 
Calves infected with Salmonella Typhimurium are only 14 
days of age on average (the range is 1 to 35 days) and have 
mainly enteric lesions, including enlarged mesenteric lymph 
nodes, abomasitis, fibrinonecrotic plaques in the ileum, 
and hemorrhage of Peyer's patches. 876 

Dry gangrene of the extremities may occur in calves after 
Salmonella infection, particularly with Salmonella Dublin. 
Legs, ears, and tails are most commonly affected, and cold 
agglutinins are suspected to be involved 877 

In adult catde, diarrhea or abortion may occur. 874 Abor¬ 
tion may occur by two mechanisms, because both culture- 
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positive and culture-negative fetuses and placentae may be 
found in an outbreak. In the former, bacteremia in the 
dam results in infection of the placenta or fetus, with result¬ 
ing fetal death and expulsion. Bacteremia and endotoxemia 
associated with diarrhea and damaged gut mucosa in cattle 
may result in release of PGF 2o , and subsequent lysis of the 
corpus luteum. Abortion follows in 2 to 3 days, and the 
fetus and placenta will have culture-negative findings. When 
the fetus has a culture-negative finding, many other causes 
of abortion must be considered. Many infectious agents that 
infect only the dam can act similarly to cause luteolysis and 
abortion. 

Differential diagnoses for the enteric form of salmonello¬ 
sis in neonates include all the common enteropathogens of 
neonates: E. coli, rotaviruses and coronaviruses, clostridia, 
Cryptosporidia, and other forms of coccidia. Concurrent 
infection with these agents is common. In older animals 
outbreaks should be differentiated from those caused by 
BVD, winter dysentery, and feed-induced indigestion. Pneu¬ 
monic and bacteremic salmonellosis in 4- to 8-week-old 
calves must be differentiated by culture from pneumonic 
pasteurellosis; in goats, from mycoplasmal infection; and 
in lambs from septicemic pasteurellosis. 

II Clinical Pathology. Salmonella enteritis often results in 
changes in the hemogram, 878 as effects of endotoxin mani¬ 
fest. 879 Plasma fibrinogen frequently is elevated because of 
the inflammatory nature of the disease, and either neutro¬ 
philia or neutropenia may be seen. In severe cases a left shift 
may be present. Initial dehydration may result in an ele¬ 
vated PCV and plasma protein level. The plasma protein 
level often drops over a period of days as protein is lost into 
the bowel lumen. Many other nonspecific abnormalities in 
clinical chemistry values are often seen, including elevated 
liver enzymes, decreased plasma calcium, and indications 
of prerenal azotemia if dehydration occurs. 

Definitive diagnosis of salmonellosis requires culture of 
the organism from feces, blood, or tissues. PCR is also avail¬ 
able. Serologic evaluation to confirm the development 
of anti -Salmonella antibodies is useful 881 but is not commonly 
performed and is not currently available in most laboratories. 

Ift Pathophysiology. Salmonellae are invasive organisms 
that may penetrate ocular, nasal, oral, or intestinal mucous 
membranes. Salmonella infection is most often transmitted 
by fecal-oral contamination from livestock or rodents, or 
by feeding of contaminated protein source animal byprod¬ 
ucts (e g., fish meal, meat meal, bone meal, or feather meal, 
40% of which are contaminated in the United States) or 
contaminated forages or plant proteins such as soybean or 
cottonseed. 

Once eaten, salmonellae attach to mucosal cells, proba¬ 
bly by means of a nonfimbrial adhesion. 881 Attachment is 
increased if gastrointestinal stasis is present or the normal 
competitive flora has been disturbed. Salmonellae cause 
degeneration of nearby cells and penetrate both through 
microvilli and through tight junctions between cells. 882 
The bacteria pass through the enterocytes to the lamina pro¬ 
pria, where they stimulate an inflammatory response and 
are engulfed by macrophages and neutrophils. 883 Intracellu¬ 
lar bacteria reach regional mesenteric lymph nodes or 
beyond. The organism has a predilection for lymphoid tis¬ 
sues and is found in highest numbers in Peyer's patches 
and mesenteric lymph nodes. 884 Thrombi form in vessels, 
and tissue damage can be severe. Virulent salmonellae are 
capable of surviving in host tissues and multiplying, often 
as facultative intracellular parasites in macrophages and 


reticuloendothelial cells. 885 In the case of carrier animals, 
salmonellae survive in cells in the presence of high titers 
of specific extracellular (i.e., serum) immunoglobulins. 
Intracellular salmonellae can also avoid many antimicrobial 
drugs and complement. Stress may cause a latent infection 
to recrudesce, resulting in fecal or mammary' gland shed¬ 
ding or clinical disease. 

The cell wall of all gram-negative bacteria contains LPS as 
a component. LPSs are also called endotoxins, and they are 
extremely biologically active, setting off an immunologic 
cascade of events that can lead to leukopenia, fever, 
anorexia, and eventually shock and death. 879 

II Epidemiology and Control. A study of calves in California 
found that 18% of 1-day-old calves shed Salmonella, but this 
percentage declined rapidly over the first 11 weeks of life. 
Farms that received calves from other sources were 35 times 
more likely to have calves that were shedding Salmonella in 
feces than were closed herds. 886 Infection with host-adapted 
Salmonella serotypes may occur as a cyclic endemic disease, 
especially in calves when Salmonella Dublin is involved. Sal¬ 
monella infections on a farm are maintained by (1) carrier 
animals shedding Salmonella Dublin in the feces 874 or 
milk, 880 (2) chain infections in infected calves and cows, 
(3) rodents, and (4) environmental contamination. Salmo¬ 
nella carriers infected with a host-adapted serotype such as 
Salmonella Dublin may shed constantly or intermittently. 
Cattle with the highest risk of becoming Salmonella Dublin 
carriers are heifers infected between 1 year of age and first 
calving and cows infected in the parturient period, 887 but 
calves surviving Salmonella Dublin infection and illness 
may also become carriers. Infected carriers that are not 
shedding are called latent carriers; stress may cause shedding 
in feces or milk to recrudesce. A single infected, asymptom¬ 
atic fecal shedder may produce one billion Salmonella 
Dublin organisms per day to contaminate the environment 
(one million organisms per gram of feces). Unlike other ser¬ 
otypes, Salmonella Dublin may be carried as a chronic gut 
and mesenteric lymph node infection and passed in feces 
or carried as an intramammary infection and passed in con¬ 
taminated milk. 

Calving areas must be constantly cleaned and disinfected 
between calvings. Raw milk feeding to calves may be a 
source of Salmonella (100 to 100,000 organisms per millili¬ 
ter of milk). 880 Infected calves constantly amplify the num¬ 
ber of organisms in the environment, causing exposure of 
other calves. Calves with clinical signs may shed billions 
of Salmonella into the environment daily. 

Environmental contamination can be difficult to elimi¬ 
nate, because salmonellae survive for months in moist areas 
out of direct sunlight and in lagoons and drainage areas. 
Salmonella Dublin was recovered from feces dried for 41 
months. 888 Freezing feces at —20° C (-4° F) kills 85% of 
salmonellae in 2 days and over 95% by 1 month. 889 Direct 
sunlight and drying in hot weather are effective at eliminat¬ 
ing salmonellae. 

Research has documented contaminated irrigation water 
as an important source of Salmonella organisms. In some 
cases municipal sewage treatment plant effluents had con¬ 
taminated water. 890 On one dairy farm, river water used to 
sprinkler irrigate green chop contaminated the green chop, 
which was fed to cows. On another farm, Salmonella- 
contaminated river water was used to irrigate cotton. When 
the cottonseed from that gin was used as feed, cattle became 
infected. On a third dairy, contaminated irrigation water 
resulted in haylage containing Salmonella organisms. 891 

Feedlot cattle colonized by Salmonella organisms could 
pose a public health risk when meat is contaminated at 
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slaughter. In a study by NAHMS, 7.5% of cattle on feed the 
longest shed salmonellae, whereas 3.5% of cattle that had 
recently entered the feedlot were shedding salmonellae in 
the feces. 892 Contamination of the animals before entry 
can cause the entering cattle to have a higher rate of shed¬ 
ding than was found in cattle that had been in the feedlot 
for several months 893 Standing water contaminated with 
feces is frequently highly contaminated with Salmonella; 
culture of temporary shallow lakes (called playas in the 
southwestern United States) yielded numerous Salmonella 
serotypes. 894 In one study 1.4% of cattle, mostly from dair¬ 
ies, shed salmonellae when in a veterinary clinic, 895 whereas 
I have found an average of 7% of cattle (mainly dairy cows) 
in our large animal clinic are shedding Salmonella. 

Control of Salmonella infection requires an integrated 
herd approach. Sick pens were found to be 7.4 times more 
likely to yield Salmonella as were pens of preweaned 
calves. 896 Management interventions that were found 
effective in helping control Salmonella on dairy farms 
include separation of sick and parturient cattle into hospi¬ 
tal and maternity pens respectively (considered the most 
important and effective intervention), switching from a 
phenolic disinfectant to a peroxygen biocide such as Vir- 
kon S for equipment disinfection, use of separate footwear 
or footbaths for personnel in the hospital and maternity 
pen sections, strict protocols for disinfection of hands 
and equipment between handling each sick or periparturi- 
ent cow, strict separation of feeds used in the hospital and 
maternity pens, and use of clean bedding in the hospital 
and maternity pens. 872 To detea herds infeaed with Sal¬ 
monella Typhimurium or other serotype except Salmonella 
Dublin, a herd serologic profile based on ELISA can be 
used. 897 Reaal swab sampling and culture of cull dairy 
cows was found not to be a satisfaaory method of detea- 
ing Salmonella- infected herds. 898 To control Salmonella 
Dublin, carrier cows and calves over 6 months of age are 
identified by serologic testing (ELISA) for anti -Salmonella 
antibody. 880 ' 899 901 Suspect animals are culled or tested 
further by serologic means or by multiple fecal cultures 
and milk cultures (five samples at weekly intervals). Ani¬ 
mals with positive test results are culled. In infected herds, 
Salmonella Dublin carriers (fecal or mammary) usually 
make up 0.4% to 3% of a dairy herd. Animals that remain 
seropositive over a 2-month period should be considered 
carriers, even if a culture result is negative on five sam¬ 
ples. 880 A Danish study 902 found that only 14 of 31 persis¬ 
tently seropositive animals were culture positive for 
Salmonella Dublin at postmortem examination, and one 
seronegative animal was culture positive. One study found 
that ELISA serology had a good negative predictive value 
for cattle 100 to 300 days of age, whereas fecal culture 
had a poor predictive value. 903 

To control all non-host-adapted and host-adapted sero¬ 
types of Salmonella, calves and cows are promptly treated 
when signs of illness occur, and strict procedures to prevent 
the spread of infection are instituted. A study of 14 farms 
infeaed with Salmonella Typhimurium DTI 04 showed that 
clinical disease ceased by 4 months, but widespread infec¬ 
tion and contamination continued. Over time the number 
of infeaed farms gradually declined, and vaccination corre¬ 
lated positively with a herd remaining free of clinical illness 
from DT104. 904 Control measures include the use of sepa¬ 
rate feeding utensils for each calf, washing of boots and 
hands by calf raisers between calves, isolation of ill calves 
to noncontact pens, and thorough disinfeaion of pens 
between calves. Decontamination of pens is most effeaively 
accomplished if an all-in, all-out system is used. Pens are 
divided into four groups, with each group of pens used for 
calves bom during a given week. When 3- to 4-week-old 


calves leave their pens as a group, these pens are cleaned 
and disinfeaed with a chlorine produa such as bleach, a 
peroxygen produa such as Virkon S, or a phenylphenolic 
disinfeaant. This helps prevent continuous recycling of bac¬ 
teria to each group of new calves. Environmental monitor¬ 
ing by frequent swab cultures of pens is the best way to 
check the effectiveness of the sanitation and disinfection 
program. Infection with Salmonella Typhimurium and other 
non-host-adapted serotypes most often occurs as an epi¬ 
demic after the organisms enter the farm by means of pur¬ 
chased cattle, rodents, 905 rendering trucks, or feedstuffs. 
Even Salmonella Dublin may be maintained on a farm by 
mice. 905 A case control study of farms infected with Salmo¬ 
nella Typhimurium DTI 04 found that the most effeaive 
interventions included purchasing cattle direaly rather than 
through a sales yard, quarantining purchased cattle for 4 
weeks, housing sick cattle in dedicated isolation areas, 
and preventing wild bird access to feed storage areas. 906 
Feeds may be contaminated by irrigation water, 891 in 
manufaauring when byproduct ingredients contain Salmo¬ 
nella organisms, on the farm, or in shipment by birds or 
rodents or contaminated trucks. When an epidemic involv¬ 
ing an exotic serotype occurs, feedstuffs should be examined 
as a likely source. Exotic serotypes are Salmonella from 
serogroups other than B, C, Dl, and El; that is, all those 
groups not listed in Table 32-22. Feedstuff contamination 
with the serotypes not considered exotic may also occur. 
High-protein supplements, rumen bypass protein, or calcium- 
phosphorus supplements of animal origin are sources of 
epidemics of various Salmonella serotypes in livestock. 
Forty percent of all animal byprodua feedstuffs in the 
United States are contaminated with Salmonella organisms. 
Once a Salmonella serotype enters a herd, the baaeria are 
rapidly spread among livestock and into the environment, 
where they may cause a prolonged course of herd illness 
and can be difficult to eliminate. Such appeared to be the 
case with Salmonella Newport and Salmonella Montevideo 
in dairy cattle in California in the past (Table 32-23). These 
and other group C Salmonella species tend to become 
endemic and persist for years on a dairy farm once it has 
become infected. Culture of feeds before use on a farm cur¬ 
rently is the only means of preventing the introduction of 
exotic Salmonella serotypes, because national and interna¬ 
tional controls currently appear to be inadequate. 


II Vaccination. Control by vaccination of dams using killed 
baaerins may be somewhat beneficial in proteaing neonates 
under 3 weeks of age through colostral and milk immuno¬ 
globulin. Because most dairy calves are taken from their 
dam and fed milk replacer after day one to day 3 of age, the 
potential benefit of intraluminal milk antibody from the 
dam is lost. This may account in part for the fact that vaccina¬ 
tion of cows by itself often is insufficient to protect calves 
from salmonellosis. In neonates over 3 weeks of age, colostral 
immunity appears to play only a small role in proteaing 
against salmonellosis. Because both humoral and cell- 
mediated immunity are important in protecting against sal¬ 
monellosis, 907 * 909 active immunity is superior to passive. 
Modified live, genetically altered vaccines that stimulate 
humoral and cell-mediated immunity offer better protection 
for calves. 909 910 Modified live vaccines have been available 
in Europe for years. Such a vaccine recently became available 
in the United States.* The role of increased nonspecific 
immunity to gram-negative core antigens (through immuni¬ 
zation with rough mutants of £. coli and salmonellae lacking 
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TABLE 32-23 


Changing Incidence of Salmonella Serotypes on California Dairy Farms as Illustrated by the Percentage of Farms 
from Which each Serotype was Isolated in 1985 to 1986 Compared with 1987 to 1988 


Serotype 1985-1986 Percentage of Farms (No.) 1987-1988 Percentage of Farms (No.) 


Dublin 78 (29) 

Newport 19 (7) 

Typhimurium 3 (1) 

Montevideo 0 

Infantis 0 

Anatum 0 

Arkansas 0 


53 (49) 
36 (33) 
7.6 (7) 
6.5 (6) 
2.2 ( 2 ) 
1.1 ( 1 ) 
1.1 ( 1 ) 


Blanchard P. Anderson M: Unpublished data based on calves brought for necropsy from Tulare area farms. 1988. 


complete cell walls) is being investigated. Some studies have 
been able to demonstrate an increased survival rate for sal¬ 
monellosis after vaccination with a mutant stain of E. coli 
(J5), 912 designed to produce antibodies to the common core 
antigens of gram-negative bacteria. Endovac-Bovi (Re mutant 
Salmonella ) is marketed with the same goal. 

Available commercial Salmonella vaccines are killed 
whole cell bacterins for use in cattle, and a new genetically 
altered modified live Salmonella Dublin vaccine for calves.* 
Some practitioners report that they have used the live vaccine 
orally and found it to be effective but with fewer adverse 
reactions than when used parenterally. The only products 
that are solely Salmonella vaccines contain Salmonella Typhi- 
murium or Salmonella Typhimurium and Salmonella Dublin 
or live Salmonella Dublin organisms (see Chapter 48). Autog¬ 
enous bacterins can be made for serotypes not commercially 
available when they are isolated from animals on a farm 
and believed to be the causative agent of disease. A new 
subunit vaccine with siderophore receptor protein (SRP 
vaccine) is being marketed by AgriLabs under conditional 
USDA license. Siderophores are iron chelating proteins pro¬ 
duced by all Salmonella, so producing antibodies against 
SRPs from Salmonella Newport should theoretically be effec¬ 
tive for all serotypes of Salmonella, and because they are a 
subunit, they should be less toxic. 

A major problem associated with Salmonella bacterins 
and modified live Salmonella vaccines is adverse reactions. 
Adverse reactions vary from fever, depression, and anorexia 
to collapse and death after vaccination. Animals may have 
severe reactions after the first, second, or third dose. The 
apparent cause of these severe reactions is a high degree of 
sensitivity to the presence of gram-negative endotoxin, 
which results in a rapid immune cascade leading to 
shock. 879 This sensitivity is genetically controlled, possibly 
accounting for the high frequency of adverse reactions in 
one herd and their absence in a neighboring herd. High 
ambient temperatures also increase sensitivity to the adverse 
effects of endotoxin. Adverse reactions usually can be 
reversed by using epinephrine (1 mL of 1:1000 [1 mg/mLj 
for every 50 kg of body weight given IM or IV) as soon as 
evidence of polypnea, dyspnea, or weakness appears. 

I^ck of efficacy of killed Salmonella bacterins in calves is 
evident in experimental studies. Commercial bacterin vac¬ 
cines in aluminum hydroxide administered directly to 
calves at 2 and 4 weeks of age failed to protea the calves 
when they were orally challenged at 6 weeks of age. 912 
Other research has demonstrated protection in older vacci¬ 
nated calves that were challenged intravenously. 913 Calves 
under 12 weeks of age do not serologically respond with 
anti-LPS antibodies after vaccination with two or three 


* EnterVene-D, Fort Dodge Animal Health, Fort Dodge, IA 


doses of killed baaerins in aluminum hydroxide. 914 On 
the other hand, calves over 12 weeks of age and cows do 
respond serologically to two doses of the same vaccine. 915 
The ELISA titer in cows is short-lived (2 to 4 weeks), there¬ 
fore the timing of vaccination before parturition is critical if 
the aim is to increase the anii-Salmonella colostral immuno¬ 
globulin G titer. 915 Under experimental conditions, calves 
fed colostrum from vaccinated dams were not proteaed 
against oral challenge at 3 weeks of age. 878 One report sug¬ 
gests that vaccination with killed Salmonella Typhimurium 
vaccine prevented reinfeaion and recrudescence of clinical 
signs after an outbreak of DTI 04 and helped in eliminating 
the organism from the farm. 906 As mentioned previously, 
these differences may in part be explained by whether or 
not a calf continues to receive milk from its dam and thus 
has or does not have intraluminal antibodies. Other live 
vaccines have been found effeaive in calves and capable 
of cross-proteaion against other serotypes, including a 
DNA adenine methylase-deficient Salmonella Typhimur¬ 
ium 916 and an avirulent live Salmonella Choleraesuis strain 
54, 917 but neither was licensed for cattle in the United 
States as of 2007. 

II Necropsy Findings 

ENTERIC FORM. Calves often are emaciated and have 
serous atrophy of fat. Especially with Salmonella Typhimur¬ 
ium, the ileal, cecal, or colonic mucosae may be thickened 
and hemorrhagic with adherent fibrinonecrotic plaques. 
Fibrin may be found in sheets, especially pronounced in 
the areas of Peyer's patches. The abomasum, duodenum, 
and jejunum are often involved but less severely. The 
abomasum usually contains brown, fetid liquid. Bowel con¬ 
tents often are watery and may contain fibrin or blood or 
both. 876 The mesenteric lymph nodes frequently are 
enlarged and dark. Chronically affeaed cows or calves 
may have discrete areas of necrosis in the cecum or colon 
that may involve the entire thickness of the wall. 876 

SEPTICEMIC FORM. Gross lesions of baaeremic Salmo¬ 
nella infection are acute and usually subde. Serosal and subcu¬ 
taneous petechiae are widespread. The spleen usually is 
enlarged. The lungs are edematous and fail to collapse and have 
random foci of hemorrhage or congestion. 876 The wall of the 
gallbladder is thickened and may contain hemorrhages. 876 
The bile frequently is inspissated into a firm coagulum. 876 I>ess 
common lesions include jaundice, cystitis, meningitis, osteo¬ 
myelitis, arthritis, and dry gangrene of ears, tail, or feet. Gastro¬ 
intestinal lesions may or may not be present 

II Treatment. The keys to successful treatment of baaer- 
emia caused by gram-negative baaeria are (1) antimicrobial 
drugs, (2) fluids and elearolytes, and (3) NSAIDs. Salmonella 
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Typhimurium antiserum is available commercially. Adverse 
reactions by cattle to horse serum are common; care should 
be taken. 

Early in the course of disease in calves, appropriate anti¬ 
microbial therapy often increases the survival rate markedly, 
because bacteremia frequently occurs. Appropriate antimi¬ 
crobial therapy depends on culture and antimicrobial sensi¬ 
tivity patterns. Many of the most virulent Salmonella types 
are now multidrug-resistant, but isolates of relatively non- 
pathogenic Salmonella on dairies and feedlots found on 
surveys are usually sensitive to most antimicrobials. 886 - 918 
In general, most Salmonella organisms are sensitive to flor- 
phenicol, ceftiofur (and other third-generation cephalospor¬ 
ins), TMS, gentamicin, amikacin, .and fluoroquinolones 
such as enrofloxacin. 885 - 886 Higher than label doses of cef¬ 
tiofur used in calves with experimentally induced Salmonella 
Typhimurium infections did not alter mortality but did 
reduce fecal shedding and promote more rapid clearance. 919 
Sulfas and fluoroquinolones may not be used extralabel in 
food animals in the United States. Aminoglycosides such 
as neomycin, gentamicin, and amikacin produce long-term 
tissue residues and should be avoided in animals intended 
for use as food. Susceptibility to ampicillin, amoxicillin, 
sulfas, and tetracycline varies considerably, whereas resis¬ 
tance to penicillin, streptomycin, erythromycin, and tylosin 
is anticipated. TMS combinations are relatively inexpensive, 
especially when given orally, but oral TMS should be used 
only in calves younger than 3 weeks of age. In calves over 
3 weeks of age, trimethoprim should be given IV because 
it is destroyed in the rumen and not absorbed. Antimicro¬ 
bial drugs such as fluoroquinolones, florphenicol, or TMS 
that achieve good intracellular levels and have a large vol¬ 
ume of distribution appear to be more effective than those 
that do not achieve good intracellular levels (e.g., gentami¬ 
cin and amikacin). Florphenicol or cephalosporins such as 
ceftiofur are good choices for therapy against many Salmo¬ 
nella isolates depending on susceptibility testing results. 
Antimicrobial drugs may not be effective at altering the clin¬ 
ical course of strictly enteric infections without bacteremia, 
but because bacteremia frequently accompanies salmonello¬ 
sis, systemic antimicrobial therapy often is chosen. 

The effects of endotoxins can be partially dampened or 
controlled by the judicious use of NSAIDs. The cascade of 
events caused by bacterial endotoxin (LPS from the cell 
wall) must be brought under control early and rapidly, 
by the use of drugs such as flunixin (Banamine) at a dose 
of 1.1 to 2.2 mg/kg every 12 hours. Once the animal is sta¬ 
bilized, NSAIDs should be discontinued, as continued 
administration can lead to adverse side effects such as 
abomasal ulceration. 

Intravenous fluid therapy to maintain blood volume 
and pressure and correct acid-base or electrolyte abnor¬ 
malities is important in any animal that is dehydrated or 
in shock (see Chapter 20, Neonatal Diarrhea, Chapter 32, 
Equine Fluid Therapy, for adult equine, and Chapter 44 
on critical care). Measurement of blood gases and electro¬ 
lyte values is useful to assist in fluid therapy formulations. 
Fluids containing sodium, with supplementation of glu¬ 
cose, should be administered intravenously as needed. Met¬ 
abolic acidosis with mixed water by electrolyte losses is 
most often seen. Oral fluids and electrolytes may also be 
effective supplements. The prognosis is good if animals are 
treated aggressively and early in the course of illness. 

II Control of Infectious Disease in a Veterinary Hospital 
Veterinarians must also be aware of preventing the spread 
of Sahnonella and other nosocomial diseases within an ani¬ 
mal hospital and should have an effective written infectious 
disease control program in place. 920 See Chapter 46. 


JOHNE’S DISEASE 

ROBERT H. WHITLOCK 

II Definition and Etiology. Johne's disease is an insidious 
chronic infection of primarily ruminants but also includes 
rabbits, 921 * 923 foxes, stoats, weasels, Eurasian badgers, bears, 
wild boar, brown hare, brown rat, crow, rook, jackdaw, and 
long-tailed field mouse, among other species. It is caused 
by Mycobacterium avium subsp. paratuberculosis. 924 932 Despite 
having 99% DNA homology, 933 - 934 M. avium subsp. paratu- 
berculosis can be differentiated phenotypically from M. avium 
subsp. avium by its. dependence on mycobactin 935 and geno¬ 
typically by the presence of multiple copies of an insertion 
element, IS900, 936 or a single copy of heat shock protein 
(HSx), among other DNA markers. 937 The two major strains 
of M. avium subsp. paratuberculosis identified by DNA strain 
typing are the cattle strain (c) and the sheep strain. 938 Other 
strains of M. avium subsp. paratuberculosis , with the exception 
of the Bison strain, have less species specificity. 939 ' 942 

After ingestion of M. avium subsp. paratuberculosis during 
the perinatal period, the bacteria are absorbed by the M 
cells of the small intestine and gradually spread to regional 
lymph nodes. 943 Given adequate time, M. avium subsp. 
paratuberculosis infection becomes systemic, spreading to 
other body organs including the liver, mammary gland, 
uterus, pulmonary lymph nodes, and peripheral lymph 
nodes such as the popliteal and superficial cervical nodes. 
The term Johne's disease typically refers to the clinical disease 
condition with weight loss and diarrhea, whereas the term 
paratuberculosis refers to the condition of being infected with 
the causative organism, M. avium subsp. paratuberculosis , but 
not necessarily having clinical signs. 

II Clinical Signs. The great majority of infected animals 
appear clinically normal when compared with herdmates. 
Only after a prolonged incubation period, typically longer 
than 2 years and up to 10 years, do infected animals begin 
to develop subtle clinical signs including gradual weight 
loss despite a normal appetite and usually decreased milk 
production. Over a period of several weeks, concurrent with 
the weight loss, the manure consistency changes to become 
softer then loose and usually progresses to a pipestream 
diarrhea without tenesmus. The diarrhea is initially inter¬ 
mittent, with periods of normal manure consistency. Other 
than the loose consistency, the manure appears normal; 
blood, excess mucus, and tenesmus are not present during 
this time, and the animal continues to lose weight despite 
a normal appetite. In rare cases diarrhea begins suddenly 
as a persistent loose manure or watery scours. Other than 
the loose consistency, the manure appears normal. As the 
disease progresses, affected animals become increasingly 
lethargic and emaciated. Intermandibular edema and possi¬ 
bly ventral sternal edema caused by hypoproteinemia typify 
advanced stages of the disease. Cachexia and "waterhose" 
diarrhea characterize the terminal stages of the disease. 
Most animals are culled from the herd before this time 
because of decreased milk production and/or severe weight 
loss. 

XI Stages of Infection and Disease 

STAGE I: “SILENT” INFECTION (CALVES, HEIFERS, 
YOUNG STOCK, AND ADULT CATTLE). Most cattle with 
Johne's disease are infected as young calves in the perinatal 
period. Recent evidence suggests horizontal transmission 
may occur among older heifers and even adult cattle. Once 
infected the organism proliferates slowly in the jejunal and 
ileal mucosa then gradually spreads to the regional lymph 
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nodes. Animals in stage 1 of infection are rarely detected with 
even the most sensitive laboratory tests, including a fecal cul¬ 
ture. At postmortem examination the organisms in the tissues 
may not be visible on microscopic examination of tissues but 
may be detectable by culture of the tissues, because culture is 
a much more sensitive test than histopathology. This silent or 
eclipse phase of infection usually lasts for a minimum of 
2 years and possibly for 10 years or more. However, in herds 
with a high prevalence of Johne's disease, cattle in stage I may 
proceed to stage II or even stage IV (clinical Johne's disease) 
by 1 year of age. Clearly the rate of progression of Johne's dis¬ 
ease is AT avium subsp. paratuberculosis- dose-dependent and 
to a lesser degree dependent on age when infected. Cattle 
infected in the perinatal period typically progress to stages 
III and IV over a period of 1 to 3 years before being culled 
from the herd. 

STAGE II: INAPPARENT CARRIER ADULTS. Inapparent 
carrier adults do not have weight loss or diarrhea but may 
have an altered immune response with increased IFN-y 
response by sensitized T cells to specific mitogens and or 
increased antibody response to AT avium subsp. paratubercu¬ 
losis . Some animals in stage II may have a positive fecal cul¬ 
ture, shedding AT avium subsp. paratuberculosis in the 
manure, contaminating the environment, and serving as 
sources of infection to other animals on the farm. Animals 
may remain in stage II for several years depending on the 
age at the time of infection, the dose of organisms, and 
the immune response of the host. 

Adult exposure to AT avium subsp. paratuberculosis occurs 
commonly in larger herds fed TMR that has been contami¬ 
nated by AT avium subsp. paratuberculosis-'mfecied manure 
from a super-shedder. These super-shedder cattle shed up 
to 10,000,000 colony-forming units (CFU) of AT avium 
subsp. paratuberculosis per gram of manure. Ingestion of less 
than 1 gram of manure from these super-shedder cattle may 
result in infection of the naive adult cow and/or a positive fecal 
culture. These periodic passive shedders should be suspected if 
the environmental AT avium subsp. paratuberculosis concentra¬ 
tions are high (equivalent to heavy shedders), suggesting the 
presence of a super-shedder in the herd. Subsequent fecal cul¬ 
tures over many months or years from these passively infected 
cattle should be negative, and the serum ELISA results should 
also be negative. 

STAGE III: CLINICAL DISEASE. Animals at this stage 
have gradual weight loss and chronic diarrhea. The appetite 
remains normal. Intermittent diarrhea is often present for 
weeks. The vital signs, heart rate, respiratory rate, and tem¬ 
perature are normal. Emaciation and cachexia develop grad¬ 
ually with a decrease in milk production. Most animals at 
stage III are fecal culture positive and have increased anti¬ 
body, usually detectable by a commercial Johne's ELISA 
and AGID test. Cattle at this stage of infection rarely remain 
in the herd longer than a few weeks and are culled for 
weight loss and unresponsive diarrhea. 

STAGE IV: ADVANCED CLINICAL DISEASE. Animals in 
the advanced stages of the disease are weak and emaciated 
and usually have a profuse pipestream diarrhea. Interman- 
dibular edema or bottle jaw is characteristic of this phase 
of the disease. Animals can progress quickly from stage II 
to stage IV, sometimes within a few weeks. Once the diar¬ 
rhea is profuse and hypoproteinemia (bottle jaw) occurs, 
the animal's condition deteriorates rapidly, often in a mat¬ 
ter of days. Most animals are sent to slaughter for salvage 
at this point. Otherwise, death occurs as a result of dehydra¬ 
tion and cachexia. 

For every cow with advanced Johne's disease born on the 
farm, it is likely that 15 to 25 others are infected. 944 Only 
25% to 30% of these infected animals will be detected with 
even the most sensitive testing techniques, fecal culture. The 


BOX 32- 


“The Iceberg Effect” in a Cow Herd 


Stage IV 

Advanced clinical 
disease 

1 animal 

Stage III 

Clinical disease 

1-2 animals 

Stage II 

Inapparent carrier 
adults 

6-8 animals 

Stage I 

Silent infection of 
calves—young 
stock 

10-15 animals 

Total 


15-25 animals 


animal with advanced clinical signs is the "tip of the ice¬ 
berg." As an example, consider a herd with 100 adult cattle 
and 100 young stock replacements. One cow born on the 
farm several years earlier develops clinical signs with weight 
loss and diarrhea. It is likely that 15 to 25 other cattle are 
infected, but less than 30% of these will be detectable by 
fecal culture (Box 32-10). It is also reasonable to conclude 
that if 25 to 30 of the adult cattle in a herd of 100 adult cat¬ 
tle are positive on a single herd fecal culture, most of the 
herd is probably infected. 

IK Clinical Pathology. Early stages of infection are not 
associated with any characteristic biochemical or hemato¬ 
logic changes. Animals with clinical signs are typically 
hypoproteinemic (TPP <5.5 g/dL) with reductions in 
albumin (<2g/dL) and all classes of immunoglobulin. 
The marked muscle loss may be associated with elevated 
plasma phosphorous levels (up to 10 mg/dL), which is 
attributed to the catabolic state with phosphorus release 
resulting from muscle wasting. The animals are often 
mildly anemic (PCV <25%) with concurrent hypocalce¬ 
mia (caused in part by the hypoalbuminemia), hyponatre¬ 
mia, and hypokalemia. 

ANTIBODY-BASED DIAGNOSTIC TESTS 

Agar Gel Immunodiffusion. The AGID test or rapid 
Johne's test (RJT) has diagnostic value only if the tested ani¬ 
mal is showing weight loss and/or diarrhea. A positive test 
result in an animal with clinical signs has high specificity 
(>95%) for Johne's disease. 945 Lack of sensitivity and fail¬ 
ure to detect animals that are fecal culture positive but not 
showing clinical signs are the major drawbacks of the AGID 
test. 946 The test should be reserved for the individual cow 
with clinical signs that are compatible with Johne's disease. 
One major advantage of the AGID test compared with 
serum ELISA is the near 100% specificity of the AGID; 
ELISA specificity ranges from 95% to 99%. 947 A small pro¬ 
portion (10% to 15%) of cattle with clinical signs will have 
a positive AGID test result but a negative result on the 
Johne's ELISA, seemingly a paradox, because the ELISA test 
will detect fewer antibodies than the AGID test. 

ENZYME-LINKED IMMUNOSORBENT ASSAY. The ELISA 
detects and quantitates the host's serum antibody response 
to an antigen derived from AT avium subsp. paratuberculosis. 
The sensitivity and specificity of the ELISA are 25% to 45% 
and 95% to 99%, respectively. 948 949 

Animals with higher ELISA antibody titers or sample/ 
positive (S/P) ratios are more likely to be infected with 
AT avium subsp. paratuberculosis . 950 ’ 951 The ELISA may be 
used to screen cattle to identify those at highest risk for 
Johne's disease. Those high-risk animals should have a 
fecal culture, considered the current gold standard test on 
live animals, to determine true infection status. If the cul¬ 
ture test is negative, then the cow should remain in the 
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herd. Advantages of serum ELISA are rapid turnaround time 
(2 to 4 days), low unit cost and the large number of sam¬ 
ples that can be processed each day. This screening process 
would permit a much higher number of cattle to participate 
in a Johne's disease control and/or certification program. 
An ELISA result should not be accepted as a definitive diag¬ 
nostic test for the individual animal, nor should cattle be 
culled on the basis of an ELISA result. With less than 
100% (range 94% to 99%) specificity, 952 960 any ELISA will 
identify some noninfected cattle as ELISA positive, espe¬ 
cially in low-prevalence herds, a major disadvantage of the 
serum ELISA. 

Milk ELISA. Early reports found that milk ELISA testing 
was not considered adequate for routine diagnostic use in 
the United States. 961 ' 962 Then in 2001 a company in Michi¬ 
gan introduced a more sensitive and specific milk ELISA 
based on existing serum ELISA for Johne's disease. Two 
reports on this commercial milk ELISA found the sensitivity 
and specificity to be similar to those of serum ELISA. 947 963 
The 2002 NAHMS dairy study indicated both the sensitivity 
and specificity of the milk ELISA to be similar to those of 
serum ELISA. 964 Studies in Denmark indicated that cows 
in early and late lactation had higher levels of antibody 
than midlactation cows. 965 968 There are two major advan¬ 
tages of the milk ELISA over blood ELISA. The first is that 
milk samples are taken at monthly intervals for routine 
Dairy Herd Improvement Association (DHLA) testing, 
which saves labor costs of having the cows restrained to take 
a blood sample as well as the cost of taking the sample. The 
second advantage is that because the samples are routinely 
available at monthly intervals, dairy operators may choose 
which cows to test at what times, thus providing the oppor¬ 
tunity of “target testing" such as at time of dry-off or when 
cows are checked for pregnancy. As with any ELISA test, 
blood or milk, some infected cows (as determined by fecal 
culture) will test ELISA negative. Elisa tests do not detea 
as positive about 15% to 20% of culture positive heavy 
shedders, 50% of culture positive moderate shedders, and 
75% of culture positive low shedders. The use and valida¬ 
tion of milk ELISAs is increasing, with more sensitive milk 
ELISAs on the horizon. Some countries are pursuing bulk 
tank milk tests as a herd detection test for Johne's 
disease. 969 

Complement Fixation Test. The CF test may be required for 
export purposes but is not recommended for diagnostic 
purposes. The test is plagued with major faults, including 
false-positive results and lack of sensitivity to detea infeaed 
cattle. 970971 

ANTIGEN OR ORGANISM DETECTION TESTS. PCR 

tests to identify specific DNA segments (IS900 or HSx protein) 
in M. avium subsp. paratuberculosis represent state-of-the-art 
technology to detea this fastidious pathogen. 972 976 Until 
recently most PCR methods were less sensitive than fecal cul¬ 
ture. 977 * 979 The PCR approach potentially has the greatest sen¬ 
sitivity and exquisite specificity to daea M. avium subsp. 
paratuberculosis. A recently approved USDA-licensed real-time 
PCR (qRT-PCR) test detects M. ainum subsp. paratuberculosis 
in fecal samples at low concentrations and may be more sen¬ 
sitive than the standard culture method. Not only is the qRT- 
PCR test sensitive and 100% specific, but it quantifies the 
mycobaaerial concentration in the manure and has a high 
correlation with fecal culture colony counts when serially 
diluted. 980 

HISTOPATHOLOGY. Microscopic examination of the 
intestinal tissues and adjacent lymph nodes after acid-fast 
staining with Ziehl-Neelsen stain, Kinyoun's method, or 
Auramine-O stain provides an accurate assessment of infec¬ 
tion status if clinical signs of weight loss and diarrhea are 
present. 981 * 982 Finding acid-fast organisms in clumps within 


macrophages helps declare the biopsy positive for Johne's 
disease. Infeaed cattle with clinical signs should have a pos¬ 
itive biopsy result. A negative biopsy report suggests that 
other causes for the weight loss and diarrhea should be 
explored. However, failure to demonstrate acid-fast organ¬ 
isms or to identify Langhans giant cells especially in the 
stages I and II of the disease does not necessarily imply 
the absence of infeaion. Other tissue sites may be infeaed 
but not seleaed for examination. Currendy qRT-PCR on a 
fecal sample offers a more rapid and more sensitive test 
than histopathology of tissues. Histopathologic examina¬ 
tion of tissues for Johne's disease should be reserved for cat¬ 
tle with clinical signs and is not appropriate for subclinical 
Johne's disease. 

FECAL CULTURE. Isolation of M. paratuberculosis from 
feces remains the gold standard for routine detection of 
individual infected animals in a herd suspected of having 
catde infected with M. avium subsp. paratuberculosis . 983 984 
Fecal culture techniques employing both centrifugation 
and double incubation are able to detea 10 to 50 organ¬ 
isms per gram of manure 985 and identify two to three times 
as many infeaed animals as the current ELISA tests. 986 
M. avium subsp. paratuberculosis can be deteaed in fecal 
samples of most infected cattle 1 year or more before the 
development of clinical signs. The major disadvantage of 
fecal culture is the prolonged incubation period of 12 to 
16 weeks and higher cost than the ELISA. 

Implementation of liquid culture systems for M. avium 
subsp. paratuberculosis has reduced the incubation time to 
35 days or less. 987 988 Another advantage of liquid culture 
is the correlation of time to detection (TTD) to M. avium 
subsp. paratuberculosis concentration in the sample. How¬ 
ever, the liquid culture deteas M. avium subsp. paratubercu¬ 
losis indirectly based on pressure changes in the culture 
vial or fluorescence of the sensor within the tube. This indi- 
rea detection necessitates more rigorous confirmation test¬ 
ing to verify that M. avium subsp. paratuberculosis rather 
than another organism or chemical reaction is causing the 
tube to flag positive. Liquid culture methods have been suc¬ 
cessfully developed to culture the sheep strain, which does 
not grow readily on culture media designed for cattle 
strains. 989 

Occasionally a positive fecal culture will be followed by 
several negative fecal cultures from the same cow. This 
may be a result of passive excretion after consumption of 
contaminated feed materials. 990 With the recent description 
of super-shedders or cows shedding up to 5 million CFU 
per gram of manure, a small amount of manure in the 
TMR could easily result in a positive fecal culture owing to 
passive shedding or "pass-through" M. avium subsp. paratu¬ 
berculosis. In some herds the rate of positive fecal cultures 
attributable to passive shedding could exceed 50% of posi¬ 
tive cultures. Passive shedding usually results in low 
M. avium subsp. paratuberculosis CFU or low shedders, but 
on occasion moderate shedders may be the result of pass¬ 
through from super-shedders in the herd. Typically, low 
shedders constitute approximately 50% of positive cultures, 
whereas mid-level shedders represent about 20% and heavy 
shedders about 30% of all positive cultures over a period of 
time. 991 Herd owners need to focus on culling heavy shed¬ 
ders and super-shedders to reduce the herd bioburden of 
M. avium subsp. paratuberculosis and be less concerned about 
the detection of low shedders. 

CELLULAR IMMUNITY TESTS. An ELISA to measure 
IFN-y, a mediator released by sensitized T lymphocytes in 
response to stimulation by specific mitogens, may be a use- 
fill diagnostic tool in the future. Current studies suggest that 
the IFN-y test may be more sensitive than other currently 
available serologic tests. 992 994 At this time a commercially 
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available IFN-y test is available, but the kit does not include 
an antigen for M. avium subsp. paratuberculosis and the lab¬ 
oratory has to provide an antigen. Research suggests that 
IFN-y has promise, if a well-characterized and reproducible 
antigen can be consistently manufactured. 

DIAGNOSTIC TESTS FOR THE INDIVIDUAL ANIMAL 
WITHOUT CLINICAL SIGNS. The usual reason for a 
request to test an animal without clinical signs is to deter¬ 
mine if the animal is free of M. avium subsp. paratuberculosis 
infection before it is introduced into a herd. Confirming the 
absence of infection in an animal without clinical signs 
remains a challenge for even the seasoned clinician. A neg¬ 
ative AGID test or ELISA result does not prove the absence 
of M. avium subsp. paratuberculosis infection. Many animals 
in the early stages (I or II) of Johne's disease are nearly 
impossible to detea with any currently available diagnostic 
test. The clinician should obtain a complete history to deter¬ 
mine if Johne's disease was present in the herd at any time 
during the previous 5 to 10 years. If both the herd owner 
and the herd veterinarian of record are willing to sign a 
statement to the effea that it was not then the risk of pur¬ 
chasing an infeaed animal from this herd will be lower. 
Further evidence for the absence of Johne's disease may be 
obtained by finding negative ELISA test results on a group 
of 30 second-lactation or older cattle in the herd. qRT- 
PCR testing of composite environmental manure samples 
(four to six samples) that represents all cow groups within 
the herd offers rapid turnaround and high sensitivity to 
detea herd infeaion. Pooled (composite) environmental 
manure samples should include manure samples from five 
or six sites within the area where the cattle are grouped. 
Negative environmental samples from the herd of origin 
as well as a negative herd history increase the confidence 
that an animal is at low risk for M. avium subsp. paratubercu¬ 
losis infeaion. 

DIAGNOSTIC TESTS FOR THE HERD. The recom¬ 
mended herd test is an ELISA; performed on cattle in the 
herd, it is an excellent screening tool to determine the pres¬ 
ence of M. avium subsp. paratuberculosis infection within the 
herd. Although the ELISA test is relatively specific, the sensi¬ 
tivity to detea lightly infeaed cattle is less than 20%. 948 If 
the commercial ELISA test detects one ELISA-positive ani¬ 
mal, which is then confirmed positive by fecal culture, it is 
likely there are many more infeaed animals in the herd, 
perhaps as many as three times the number of ELISA- and 
culture-positive catde. If paratuberculosis is to be elimi¬ 
nated from the herd, annual whole herd fecal cultures are 
required to identify and cull those animals that may be 
spreading the disease to other animals, along with imple¬ 
mentation of a stria biosecurity program. 

ENVIRONMENTAL AND POOLED FECAL SAMPLES. 
Johne's disease continues to be considered a herd disease, 
with some diagnostic efforts designed to detea infeaion at 
the herd level as efficiently as possible. Initially, serum ELISA 
tests on 30 second-lactation cows or older were designed to 
address this need because this sample subset was relatively 
inexpensive with a rapid turnaround time. Over time, less 
expensive and more sensitive alternatives were sought espe¬ 
cially for sheep. An Australian report showed that one pos¬ 
itive fecal sample from a sheep with multibadllary 
paratuberculosis could be readily deteaed when combined 
with fecal pellets of 49 uninfeaed sheep. 995 Later this 
approach to testing sheep flocks became the standard 
approach as a sensitive, efficient means to detea M. avium 
subsp. paratuberculosis infeaion. 995 Subsequently reports 
from the United States with cattle manure samples showed 
that culture of pools of five samples was sensitive to detect 
infeaed cows and could be done at a fraction of the 
cost of whole herd cultures on all adult cattle. 996 In this 


experimental study, 1:5 and 1:10 pools were tested. The 
sensitivity of pooled cultures ranged from 30% to 100% 
and was strongly dependent on pool size and the shedding 
level of the positive sample (low shedder compared with a 
heavy shedder). Occasionally culture of the pooled sample 
will be positive while each individual sample is found to 
be culture negative. 997 * 998 Evaluation of pooled fecal sam¬ 
ples (1:5) in a range of Johne's disease-infeaed dairy herds 
deteaed at least 88% of samples that contained at least one 
animal shedding moderate (>10 CFU/tube) to high colo¬ 
nies per tube. 999 Later studies with pools of 10 fecal sam¬ 
ples in low-prevalence herds proved cost-effective for herd 
saeening and may provide an estimate of M. avium subsp. 
paratuberculosis-infeaed dairy cows within large herds. 1000 
Optimal pool size depends on both prevalence and herd 
size, which has varied from three samples per pool for a 
500-cow herd with low prevalence to five samples per pool 
for a 1000-cow herd with high prevalence. 1001 

Composite environmental manure samples (a combina¬ 
tion of three or four manure samples from a specific area) 
from high-cow traffic areas in 64 herds known to be 
infeaed with M. avium subsp. paratuberculosis deteaed 50 
of the 64 herds (78%) with positive fecal pools, thus 
providing evidence that environmental manure samples 
serve as an excellent proxy to detea herd infection. 998 With 
refinement of the environmental manure samples—com¬ 
posite or pooled manure samples within high-cow traffic 
areas, manure storage areas, and pens or lots representing 
all cow groups within the herd—the diagnostic sensitivity 
to detea herd infection is further increased. 1002 Additional 
investigations have shown that composite environmental 
manure samples from high-dairy cow traffic sites and manure 
storage areas have a greater sensitivity and would be less 
expensive for deteaion of herd M. avium subsp. paratuberculo¬ 
sis infection than 30 serum ELISAs of second-lactation and 
older cattle. 998 * 1003 Samples of lagoon water from larger 
herds (350 to 2500 cows) were significantly more likely 
to give positive results than composite manure samples from 
high-cow traffic areas. 1002 Because composite environmental 
samples are collected from high-cow traffic areas where 
cows defecate daily, the weather or season of colleaion 
should not affea the ability to isolate M. avium subsp. paratu¬ 
berculosis. In addition, M. avium subsp. paratuberculosis 
has been shown to remain viable for long periods in the 
environment. 10041007 


II Pathophysiology. M. avium subsp. paratuberculosis enters 
the intestinal traa typically by fecal-oral contamination 
and is taken up preferentially by the M cells, specialized 
absorptive cells in Peyer's patches, 943 where the organisms 
are resistant to intracellular degradation and eventually pha- 
gocytosed by subepithelial macrophages. 1008 However, 
recent work would suggest that these organisms may be 
taken up by absorptive cells throughout the entire length 
of the small intestine. Typically the organisms proliferate 
slowly within macrophages in the intestinal mucosa then 
spread to regional lymph nodes. In the regional lymph 
nodes the baaeria stimulate inflammatory and immuno¬ 
logic responses. 1009 1010 The elicited response is similar to 
that to other mycobaaerial infections, most importantly 
T lymphocytes with cytokines from T helper cells. IFN-y, 
one of these cytokines, is an important component of the 
protective host response and may be an early indication of 
M. avium subsp. paratuberculosis infection. 1011 In some 
infeaed cows the cellular response is able to control infec¬ 
tion, with the animal never developing clinical signs but 
remaining subclinically infeaed for life. 992 * 1010 Poor nutri¬ 
tion, stress related to transport, laaation, and parturition 
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have been proposed as accelerating or precipitating the 
onset of the clinical phase of infection. 992 

The minimum time from infection to the onset of clini¬ 
cal signs requires at least 12 months of heavy and repeated 
doses of M . ainum subsp. paratuberculosis, and small doses of 
organism may require more than 10 years before clinical 
signs appear. In heavily infected herds with many clinical 
cases, yearling heifers may show evidence of ill thrift and 
loose manure because of Johne's disease, but this is rare. 
Typically the first evidence of weight loss and diarrhea 
occurs within several months of calving or another period 
of stress. On some occasions noninfected adult cattle 
become infected as adults when introduced to a heavily 
infected herd and then develop clinical signs several years 
later. The infected animal responds to the mycobacterial 
organism with the recruitment of macrophages and devel¬ 
opment of giant cells. 1012 As the organism multiplies over 
weeks and months, the thickened intestine is less able to 
absorb nutrients and the animal loses weight despite a nor¬ 
mal appetite. The thickened intestinal wall begins to gradu¬ 
ally leak protein, mainly albumin, from the blood into the 
intestine, resulting in a direct nutrient loss from the blood¬ 
stream and hypoproteinemia. 


II Transmission. Fecal-oral transmission is the primary 
mode of transmission from an infected adult to the neo¬ 
nate. Most infections with M. avium subsp. paratuberculosis 
occur in the early neonatal period, often associated with 
the calf sucking the manure-contaminated teat and udder 
when ingesting colostrum. 1013 Multiple-use maternity pens 
serve as focal points to spread the infection. An uninfected 
cow may lie on manure from a moderate or high shedder 
and contaminate her udder with the organisms. Approxi¬ 
mately 25% of calves bom to cattle with clinical signs will 
be infected in utero, but only 18% of calves bom to asymp¬ 
tomatic cows are infected in utero. 10141015 M. avium subsp. 
paratuberculosis has been isolated from uterine flush fluids of 
infected catde. 1016 

M. avium subsp. paratuberculosis may be passed through 
the colostrum and milk from cattle in the later stages of infec¬ 
tion. 1017 ' 1018 Feeding pooled colostrum or pooled waste 
milk from several cows will serve to spread the infection from 
adults to calves during their most susceptible stage of life. 
Physical separation to calf hutches or better yet to another 
property such as a commercial heifer-raising facility decreases 
the risk of transmission to young calves. Although calves are 
most susceptible, older heifers and adult cattle can become 
infected from the ingestion of contaminated feed material. 
Feeding manger sweepings from the adult cows to older heifers 
has been shown to be a risk factor for spread of Johne's disease. 
Semen from bulls kept in commercial bull studs represents a 
very low risk because these animals are tested twice yearly for 
Johne's disease and must test negative. Although several spe¬ 
cies of wild animals may become infected with M. avium 
subsp. paratuberculosis, they represent a very low risk to spread 
the disease to calves. 1019 

GRASSLAND PASTURE. Some dairy herds use intensive 
grassland grazing of their adult milk cows. This system relies 
on moving milk cows to a new fresh growth of lush pasture 
each 12 or 24 hours on a rotational basis for 15 to 30 days. 
Typically heifers or steers follow the milking cows to graze 
the pasture closer to the ground, so the pasture will not 
need to be clipped or mowed mechanically. This leader- 
follower system has been used in New Zealand for many 
years and is an excellent way to provide less expensive lush 
pasture to the milking herd, negating mechanical harvest 
and greatly reducing the need to feed expensive concentrate 
rations. However, in herds that have Johne's disease, the 


follower heifers or steers also are consuming M. ainum 
subsp. paratuberculosis along with the lush grass left by the 
milk cows. Thus the follower cattle have a rather continuous 
uniform exposure to M. ainum subsp. paratuberculosis over 
the months they follow the milking herd. Veterinarians 
need to be aware of this high-risk feeding practice, which 
perpetuates the transmission of M. avium subsp. paratubercu¬ 
losis to younger cattle in the herd. 

II Prevalence. Johne's disease is widely distributed 
throughout the world in many ruminant species. Reports 
suggest 7% to 18% of cattle from slaughterhouse surveys 
are infected. 1020 * 1022 In Holland the true prevalence at cow 
and herd levels, based on an ELISA test sensitivity of 0.3 
to 0.4 and a specificity that ranged from 0.985 and 0.995, 
was estimated to be 2.7% to 6.9% for cows and 31% to 
71% for herds. 1023 Herd prevalence based on bulk tank 
milk antibody showed that 70% of dairy herds in Denmark 
were positive. 1024 A recent prevalence estimate, based on 
culture of ileocecal lymph nodes and ileum from dairy cows 
at slaughter in New Brunswick, Canada found 16.1% of 
cows positive, whereas 21.7% of cows from Maine were 
positive. 1025 In 1998 the NAHMS survey indicated the dairy 
herd prevalence to be 30% to 50%. 1026 More recent esti¬ 
mates of prevalence suggest 65% to 75% of dairy herds 
are infected in the major dairy states. Beef cattle have lower 
infection rates than dairy cattle. 1027 Paratuberculosis is 
extensively distributed among other ruminants including 
sheep, goats, deer, bison, and many exotic ruminant species 
kept in zoologic gardens. The apparent prevalence seems to 
be increasing, but this phenomenon may be a result of an 
increased awareness by producers and veterinarians. 

II Treatment. No practical therapy for Johne's disease is 
available. However, for cattle with significant genetic or sen¬ 
timental value, several therapeutic agents have been used to 
effect remission of clinical signs. Isoniazid* given orally at 
10 mg/lb daily, rifampin 1, at 10 mg/lb daily, and clofazi¬ 
mine* orally at 5 mg/lb daily have resulted in the ameliora¬ 
tion of clinical signs facilitating collection of embryos and 
semen over an extended period of time. 1028 * 1029 The drugs 
must be given daily, and if therapy is stopped clinical signs 
may reappear within a few weeks. No drug or combination 
of therapeutic agents has been shown to eliminate the infec¬ 
tion. Treated animals continue to shed M. ainum subsp. 
paratuberculosis in the manure, contaminating the environ¬ 
ment, and have viable organisms in their tissues, indicating 
the possibility that semen and embryos from treated 
animals may be infected. If animals with Johne's disease 
are treated with chemotherapeutic agents, the owners 
should agree with the prescribing veterinarian that milk 
or meat from that animal will never be used for human 
consumption. Drugs used to treat Johne's disease are being 
used in an "extralabel" manner with an appropriate client- 
patient relationship but without any data regarding appro¬ 
priate withdrawal times. For further information, refer to 
articles by Hoffsis and colleagues 1028 and St-Jean and 
Jernigan. 1029 

Brumbaugh and colleagues 1030 demonstrated a reduc¬ 
tion in the number of CFll of M. avium subsp. paratubercu¬ 
losis from the livers of experimentally infected mice treated 


* Available from multiple companies including Henry Schein, Inc., Port 
Washington, NY; Barr Labs, Inc., Northvale, NY; and Eli Lilly & Co, 
Indianapolis, IN. 

f Rifadin, Merrell Dow, Cincinnati, Ohio. 
l Lamprene. Ceigy Pharmaceuticals. Summit, NJ. 
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with monensin compared with nontreated controls. Later, 
monensin was shown to either halt the progression of 
lesions or reverse the lesions in cattle with clinical signs of 
Johne's disease. 1031 Sections of tissues including liver, 
ileum, and adjacent mesenteric lymph node and a rectal 
mucosal biopsy were compared histologically with similar 
tissues obtained at necropsy after feeding 450 mg of mon¬ 
ensin for 120 days. Taken together, the results of these 
two studies suggest that monensin may play a useful role 
both in the prevention of M. avium subsp. paratuberculosis 
infection in young cattle and in the treatment of established 
infection in adults. 

Neonatal calves fed 70 mg of monensin twice daily in 
their milk replacer suggested in A proof-of-concept study 
that monensin is efficacious in controlling M. avium subsp. 
paratuberculosis infection in the neonatal calf. The amount 
of monensin (70 mg) administered per day to calves in 
this study is higher than the amount that would normally 
be consumed by a neonatal calf in a calf starter formula. 
In experimental dairy calves, monensin greatly reduced 
(>60%) both the passive fecal shedding and systemic tissue 
uptake. 1032 Monensin added to cattle rations at all phases of 
life, coupled with stringent implementation of biosecurity 
management practices at the farm level, offers new hope 
to help reduce the unyielding spread of this disease among 
the nation's cattle herds. Monensin seems to offer cattle pro¬ 
ducers another potent weapon in their management arma¬ 
mentarium to reduce the spread of Johne's disease within 
their herds. The costs are modest compared with many 
other management tools designed to reduce M. avium 
subsp. paratuberculosis bioburden within catde herds. No 
other management technique evaluated to date has been 
shown to reduce M. avium subsp. paratuberculosis shed in 
manure of cattle and to reduce the tissue uptake of the 
organism to this extent. 

Economic Losses Attributed to Paratuberculosis 

Economic losses associated with Johne's disease have been 
attributed to many factors, including decreased milk produc¬ 
tion, decreased fat and protein yield, increased susceptibility 
to other diseases, loss of genetic potential, loss of export mar¬ 
ket, increased medical costs, reduced weight at slaughter, pre¬ 
mature culling, poor feed conversion, increased calving 
interval, and financial loss at auction sales if animals are 
designated "exposed to Johne's disease." 1033 1042 In dairy 
herds where 10% or more of cull cows have clinical Johne's 
disease, the estimated loss per cow exceeds $220 for each 
adult cow in the herd. 1043 

Biosecurity Practices and Herd Management Plans 

The key to preventing, controlling, and eliminating Johne's 
disease in a herd is by implementation of a rigorous herd 
management plan designed to reduce M. avium subsp. para¬ 
tuberculosis exposure to young calves. 1044 Factors such as 
finances, movement of cattle on the farm, maternity and 
sick cow pen locations, feed delivery to adult cattle, location 
and structure of feed bunks, and personnel issues are but a 
few of the specific issues that need to be reviewed with the 
final focus on how to best limit transmission of M. avium 
subsp. paratuberculosis to young calves. Farm managers 
should adopt two fundamental control principles: (1) pre¬ 
vent highly susceptible newborn calves and young animals 
from ingesting manure from infected adults, and (2) reduce 
total farm environmental contamination of M . avium subsp. 
paratuberculosis by culling infected animals shedding the 
highest concentrations of M. avium subsp. paratuberculosis. 
Calves should be separated from their dams at birth and 


fed single source colostrum from culture-negative and/or 
ELISA-negative cows. The same management factors that 
reduce the risk for Johne's disease also reduce the risk of 
other fecal-oral diseases such as Salmonella, Cryptosporidium, 
E. coli, and Campylobacter infection. 1045 

Fecal culture testing of the whole herd followed by 
aggressive culling of infected animals is very effective in 
reducing the prevalence of paratuberculosis in the herd. 1044 
The risks of transmission of M. avium subsp. paratuberculosis 
within both dairy and beef herds have been compiled into 
three major documents, entitled "How to Do Risk Assess¬ 
ments for Johne's Disease," "Handbook for Veterinarians 
and Dairy Producers," and "Handbook for Veterinarians 
and Beef Producers." These documents are available at the 
national office of United States Animal Health Association 
(USAHA) and the National Institute for Animal Agriculture 
(NIAA) website. 1046 A companion document entitled "U.S. 
Voluntary Johne's Disease Herd Status Program for Cattle" 
is also available from the USDA website. 1047 1049 

In herds with low to moderate infection levels (1% or 
fewer clinical cases per year), wise use of a combination of 
testing, culling, and biosecurity measures may eliminate 
clinical disease within 1 to 3 years and most infected adults 
in 5 to 7 years, as the adult cattle are culled over time. Com¬ 
plete elimination of infected cattle is likely to take many 
years after clinical Johne's disease is no longer apparent. 
Biosecurity measures should remain in place, or Johne's 
disease is likely to recur. Herds at low risk for Johne's 
disease need to be reminded that a major risk factor for 
Johne's disease is the purchase of replacement cattle from 
herds of unknown Johne's status. As herd owners continue 
to expand herd size with the acquisition of purchased ani¬ 
mals, Johne's disease is often included in the purchased 
cattle. 1050 

Herds with more severe, widespread infection require 
aggressive control programs and many years to eliminate 
clinical Johne's disease. These herds should consider Johne's 
vaccination as one serious alternative to control Johne's dis¬ 
ease. However, a practical control program and sound herd 
management can eliminate clinical disease in these herds 
and reduce the economic impact of Johne's disease to a 
minimum. Feeding monensin to heifers and all adult cows 
should reduce the M. avium subsp. paratuberculosis biobur¬ 
den on the farm and therefore reduce transmission to 
young susceptible calves. 1032 Rather than focused attention 
to detea all M. avium subsp. paratuberculosis shedders, the 
diagnostic efforts should focus on elimination of those cat¬ 
tle shedding the highest concentration of M. avium subsp. 
paratuberculosis, that is super-shedders. 980 

In addition to the United States, with its well defined 
voluntary Johne's disease herd status program, 1049 Australia 
was one of the first countries to implement a national 
Johne's disease control program. The National Johne's Dis¬ 
ease Market Assurance Program for Cattle was launched in 
1996. 10501051 Subsequently both Denmark and Holland 1052 
and more recently Canada have implemented voluntary 
Johne's disease programs. 1053 

II Vaccination. A killed Johne's vaccine is available in sev¬ 
eral states through an accredited veterinarian with the 
approval of the state veterinarian required. The vaccine is 
effeaive at reducing the prevalence and delays the onset of 
clinical signs, 1054 * 1055 but does not eliminate infeaion. Inves¬ 
tigations with Johne's vaccines in sheep and cattle provide 
the following insights: (1) most Johne's disease vaccines 
reduce fecal M. avium subsp. paratuberculosis shedding by 
approximately 90% compared with nonvaccinated controls; 
(2) onset of fecal shedding is delayed approximately 1 year 
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postvaccination in sheep; (3) Johne's disease-vaccinated 
sheep have reduced mortality compared with nonvaccinates; 
(4) Johne's disease vaccines stimulate both a humoral and a 
cellular immune response in the host, but the site of vaccina¬ 
tion may progress to develop granulomas or draining 
abscesses; and (5) massive M. avium subsp. paratuberculosis 
challenge may overcome the protective immunity of the vac¬ 
cine, resulting in clinical Johne's disease in animals. 1056 - 1062 
On occasion in some flocks a vaccinated sheep will develop 
multibadllary lesions and excrete millions of M. avium 
subsp. paratuberculosis CFU per gram of manure and thus 
expose all other sheep in the flock. Thus some vaccinated 
sheep may serve as vectors if moved to flocks at low risk 
for Johne's disease. 1063 

Animals must be younger than 35 days old when vacci¬ 
nated. Reasons some oppose the use of vaccination for 
Johne's disease include the following: (1) vaccinated ani¬ 
mals will often have a positive skin test for tuberculosis; 
(2) injection site lesions may develop into granulomas, 
even abscesses that break and drain; (3) accidental injection 
of humans is a risk that has resulted in severe painful gran¬ 
ulomas 1064 ; (4) vaccination interferes with immunologic 
tests for Johne's disease; and (5) some producers rely on 
the vaccine as the sole management tool for Johne's disease 
and neglect herd management changes to reduce the risk of 
transmission. 

Paratuberculosis and Crohn’s Disease 

An increasing body of literature implicates mycobacteria 
as one of the causes of Crohn's disease, a chronic smol¬ 
dering inflammatory disease of the gastrointestinal tract of 
people. 1065 * 1066 Abundant evidence suggests human expo¬ 
sure to M. avium subsp. paratuberculosis may occur from 
the milk or meat of infected cows and/or the water 
supply. 1067 Many research publications suggest M. avium 
subsp. paratuberculosis is killed by pasteurization, whereas 
others provide evidence that M. avium subsp. paratuberculo¬ 
sis does survive pasteurization but in decreased num¬ 
bers. 10671072 More recently, retail pasteurized milk from 
three states was shown to harbor viable M. avium subsp. 
paratuberculosis in 2.9% of samples tested, with M. avium 
subsp. paratuberculosis genetic material detected in 64% of 
the 702 samples of milk tested. 1073 Later the same group 
found M. avium subsp. paratuberculosis in samples of soft 
cheeses. 1074 Because most metropolitan water is not filtered 
and is collected from rural areas, drinking water may also 
represent a major potential source of the pathogen. Intesti¬ 
nal cohabitation may change parasitism to clinical disease 
after a long latency period. Numerous cofactors such as 
genetic susceptibility, coexistence of other enteric diseases, 
hormonal factors, and other, poorly understood stress fac¬ 
tors may enhance the likelihood of clinical disease after a 
long incubation period. 1075 * 1078 An association between 
Crohn's disease and paratuberculosis has been shown, but 
a causal relationship remains to be demonstrated. M. avium 
subsp. paratuberculosis isolates from humans with Crohn's 
disease have been shown to be genetically similar to isolates 
from cattle with Johne's disease. 1079 Recent reports indicate 
an increasing number of patients with Crohn's disease in 
whom M. avium subsp. paratuberculosis has been isolated 
from breast milk and from the peripheral blood. 1080 One 
critical report defines the characteristics of Crohn's disease 
that differentiate it from Johne's disease, suggesting the 
two syndromes are in fact different disease processes. 1081 
For an unbiased review of a possible connection between 
Johne's disease and Crohn's disease, see the report entitled 
"The Diagnosis and Control of Johne's disease" by the 
National Academies of Science. 1082 


COPPER DEFICIENCY IN 
RUMINANTS 


JOHN MAAS 

BRADFORD P. SMITH 

II Definition and Etiology. Copper deficiency occurs when 
the diet contains an abnormally low amount of copper (pri¬ 
mary copper deficiency) or when copper absorption or 
metabolism is adversely affected (secondary copper defi¬ 
ciency). If inadequate amounts of copper are available to 
tissues in the form of essential metalloenzymes, the signs 
of copper deficiency (hypocuprosis) may occur. Clinical 
signs in ruminants include diarrhea, decreased weight gain, 
unthrifty appearance, anemia, changes in coat color (achro- 
motrichia) or wool quality, anemia, spontaneous fractures, 
lameness (epiphysitis), and demyelinization (enzootic 
ataxia of sheep and goats, or swayback). One of these syn¬ 
dromes usually predominates in a given herd. 

The minimum recommended dietary copper concentration 
(dry matter basis |DMB|) is 4 to 10 ppm (mg/kg) for cat¬ 
tle, 10831084 5 ppm for sheep, 1085 and 7 ppm for merino 
sheep. 1085 Young animals and fetuses are more susceptible to 
copper deficiency than mature animals, and cattle are more 
susceptible than sheep. Secondary copper deficiency is asso¬ 
ciated with high dietary levels of molybdenum, sulfates, zinc, 
iron, or other compounds. Secondary copper deficiency often 
manifests with clinical signs of diarrhea and weight loss or 
unthriftiness. It has been called lean, peat scours, renguerra, pine, 
and salt lick disease . 1086 Salt sickness in Florida appears to be 
the result of combined copper and cobalt deficiencies. The 
cause of copper deficiency in clinical cases is often multifacto¬ 
rial and can be difficult to quantify. In addition, unknown fac¬ 
tors cause clinical expression of copper deficiency in ruminants 
to be manifested as a variety of syndromes. 

II Clinical Syndromes and Differential Diagnosis. Profuse 
watery diarrhea with poor weight gain and/or weight loss is 
a common syndrome seen in ruminants with copper defi¬ 
ciency. 1086 When it occurs in animals on boggy pastures 
that contain high concentrations of molybdenum, it has 
been referred to as teart. 1086 Decreased weight gain or 
weight loss as a herd problem can have many other causes, 
including parasitism, trace mineral deficiencies (selenium, 
cobalt), protein calorie malnutrition, and Johne's disease. 
A syndrome characterized by epiphyseal enlargement, stiff¬ 
ness, and unthriftiness is seen in young ruminants as a 
result of copper deficiency 1087 and is sometimes called 
pine. 1086 Copper deficiency can cause spontaneous fractures 
in ruminants. Enzootic neonatal ataxia (swayback) of lambs 
and kids is characterized by progressive incoordination and 
recumbency that begins with the hindlimbs and progresses 
to the forelimbs. It has also been reported in deer and pigs. 
Inadequate keratinization of wool and achromotrichia are 
the result of imperfect oxidation of free thiol groups during 
hair growth and keratinization. Subsequently the wool 
fibers do not crimp normally, and they appear to be 
"stringy" or "kinky." A copper-containing enzyme, tyrosi¬ 
nase (polyphenyloxidase), is needed to convert L-tyrosine 
to melanin. With copper deficiency, this conversion is slow 
and hair is lighter in color than normal (achromotrichia). 
loss of wool crimp and pigmentation changes in sheep or 
cattle, respectively, occur late in the course of copper defi¬ 
ciency. In addition to the described clinical syndromes, 
which may occur alone or jointly, copper deficiency may 
be associated with anemia 1088 (altered iron metabolism) 
or infertility. 1089 Infertility is probably multifactorial and 
may not respond to an increase in copper intake alone. 
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Copper deficiency also seems to result in decreased immune 
function in ruminants. 1090 1091 

II Pa thogenesis. A frank dietary deficiency of copper results 
in hypocuprosis and eventual clinical signs. Also, a variety 
of conditions can decrease copper absorption from the gas¬ 
trointestinal tract (large intestine in sheep and small intes¬ 
tine in cattle). The interactions among dietary copper, 
molybdenum, and sulfates (or sulfur) are important 
(Fig. 32-106). Excess dietary molybdenum can lead to the 
formation of sparingly soluble cupric molybdates in the 
rumen that are not absorbed from the intestine. The addi¬ 
tion of excess sulfur or sulfates in the diet and/or water 
can result in the formation of insoluble copper thiomolyb- 
dates in the rumen. The interactions among these three ele¬ 
ments are complex. 1092 The infertility seen with secondary 
copper deficiency may be a result of excess circulating oxy- 
thiomolybdates, which interfere with the release of luteiniz¬ 
ing hormone. 1093 It is important to note that at low sulfur 
concentrations in the diet excess molybdenum has a mini¬ 
mum effect on decreasing copper absorption. Even when 
no dietary molybdenum or sulfates are present, only about 
5% of ingested copper is normally absorbed. Excessive cal¬ 
cium in the diet, particularly in the form of limestone, 
decreases copper absorption. Excessive iron, 30 mg/kg of 
body weight or 1200 ppm in the diet of calves, reduces 
copper absorption. 1094 Overgrazing, with the subsequent 
ingestion of excess soil, also decreases copper absorption. 
In addition, excess cadmium (3 to 7 ppm) or excess zinc (100 
to 400 ppm) reduces hepatic copper concentration, probably 
through the combined effects of decreased absorption and 
competition with copper for hepatic metallothionein. 1095 ' 1096 
It had been suggested that excess dietary selenium might 
interfere with copper absorption and/or usage; recently this 
was shown not to be the case. 1097 Copper is an essential 



FIG. 32-106 II Estimating the availability of copper in herbage from its 
molybdenum and sulfur concentration. The difference of 3 mg of molybde¬ 
num and 0.5 g of sulfur per kilogram of dry matter between pastures A and 
B is sufficient to reduce availability from 2.6% to 1.3%, doubling the grazing 
animal's requirement of copper from the pasture. (From Suttle NF: Copper 
deficiency in ruminants; recent developments, VeiRec 119:519, 1986.) 


component of a number of mammalian enzymes. Some of 
the medically important copper-containing enzymes are 
(1) the cytosol form of superoxide dismutase (copper and 
zinc), (2) cytochrome oxidase (c and aa 3 ), (3) lysyl oxidase, 
(4) ascorbic acid oxidase, and (5) ceruloplasmin. 1098 In addi¬ 
tion, normal copper nutrition appears essential for iron 
absorption and transportation of iron to the liver and reticu¬ 
loendothelial system and is therefore necessary for normal 
hemoglobin formation. The precise pathophysiology of most 
of the copper deficiency syndromes is not known. I Iowever, 
the central role of copper in preventing cellular oxidative 
damage and its role in iron and sulfur metabolism are prob¬ 
ably important. 

II Epidemiology. Copper deficiency can occur when diets 
are inadequate in copper or contain excess amounts of 
interfering substances, particularly sulfates and molybde¬ 
num. This occurs in many parts of North America. Forages 
and water can be sources of molybdenum, sulfur, and sul¬ 
fate. To avoid primary copper deficiency, pasture (dry 
matter) should contain over 5 ppm of copper, with 3 to 
5 ppm considered marginal, and less than 3 ppm deficient. 
Soil copper concentrations are generally slightly lower than 
those of the harvested forage. Molybdenum adversely affects 
plant uptake of copper. Forage molybdenum concentrations 
greater than the copper concentrations often lead to second¬ 
ary copper deficiency, even when forage copper is adequate. 
Because copper content in grasses and legumes can be dif¬ 
ferent, forage samples must be randomly selected to reflect 
dietary intake. Forage copper concentrations as high as 12 
to 27 ppm have been associated with copper deficiency 
when molybdenum levels are high. 1086 The critical ratio of 
copper to molybdenum in feeds is 2:1, with 5:1 recom¬ 
mended for sheep and 5:1 to 10:1 for grazing cattle. 

II Clinical Pathology and Diagnosis. The primary site of 
copper reserves is the liver, and the copper concentration 
in the hepatic tissue is the best indicator of copper status 
(Fig. 32-107). The reference range for hepatic copper con¬ 
centrations in cattle is approximately 90 to 200 pg/g 
(ppm) and in sheep 90 to 250 pg/g on a dry weight basis 
(DMB). 1086 ' 1099 1100 Hepatic copper concentrations as high 
as 250 pg/g DMB are not unusual in supplemented rumi¬ 
nants (even over 350 pg/g DMB in sheep). Blood copper con¬ 
centrations can be maintained near normal until hepatic 
copper concentration falls to 35 ppm DMB or less, at which 
time the serum copper concentration invariably begins 
to decrease. 1101 When using blood samples for copper 



Dry matter hepatic Cu ppm (pg/g) 

FIG. 32-107 II Relationship between the serum and hepatic copper con¬ 
centrations in ruminants. 
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determination, serum or plasma is normally preferred. 
Plasma copper concentration is usually about 5% greater 
than an identical serum copper concentration. 1102 Normal 
serum copper is 0.7 to 1.2 ppm (pg/mL). 1086 1098 Serum or 
plasma copper concentrations of 0.4 ppm or less are consid¬ 
ered evidence of frank deficiency. Values of 0.4 to 0.7 ppm 
are marginal, and it is difficult to estimate the actual liver cop¬ 
per concentration. Approximately 50% to 90% of the copper 
in serum or plasma is present in ceruloplasmin. The remain¬ 
der is bound to albumin or amino acids. The correlation 
between serum copper and serum ceruloplasmin was found 
to be weak (0.50) 1I02 ; therefore ceruloplasmin is not com¬ 
monly used to aid in diagnosing copper deficiency. Hepatic 
copper concentration is the preferred diagnostic sample and 
is easily secured at necropsy. Hepatic copper values less than 
35 ppm DMB are considered deficient. 1086 1099 * 1101 How¬ 
ever, surgical biopsy is necessary for live patients, and 
because laboratories generally require 100 mg or more of tis¬ 
sue, a biopsy instrument with an internal diameter of 3 to 
5 mm is necessary. 1103 The biopsy procedure in cattle is per¬ 
formed by locating the tenth intercostal space on the right 
side of the animal along a line from the tuber coxae (point 
of the hip) to the point of the shoulder. 1103 This site is surgi¬ 
cally prepared and blocked with lidocaine (12 mL of 2% 
lidocaine), and a stab incision is made. The biopsy instru¬ 
ment is directed slightly ventrad and craniad and advanced 
through the intercostal space and the diaphragm to enter 
the liver, where the biopsy sample is obtained. 1103 The liver 
biopsy can place the patient at increased risk for black disease 
or bacillary hemoglobinuria in some areas of the United 
States. This risk should be decreased by prior vaccination 
and a single dose of procaine penicillin G (4 million I.U. 
SC) administered at the time of the biopsy. 1103 This tech¬ 
nique has been shown to be safe and effective. 1103 The tissues 
of young animals (neonates) contain variable amounts of 
copper compared with adults of the same species. In sheep, 
serum and liver copper concentrations are the same for lambs 
(1 week of age) and adults. 1104 The plasma copper levels in 
lambs are low at birth but rise to adult values by 1 to 7 days 
of age. Plasma copper levels in the bovine neonate are lower 
than in mature cattle. 1105 In the bovine neonate hepatic cop¬ 
per concentration changes little from birth to maturity; how¬ 
ever, copper distribution in the liver is quite variable in the 
neonate. 1100 1105 Because of these differences, interpretation 
of neonatal serum copper concentrations is difficult. Milk is 
a poor source of copper, containing only 0.2 to 0.6 ppm in 
normal ewes and 0.01 to 0.02 ppm in severely copper-defi¬ 
cient ewes or cows. Milk copper in cattle is 0.05 to 0.2 ppm. 
To make matters worse, molybdenum is concentrated in 
milk. 1106 

II Treatment and Control. Treatment of copper-deficient 
animals is usually possible, and the prognosis is guarded 
to good, depending on the severity of the deficiency and 
the associated syndrome(s). When excess molybdenum, sul¬ 
fate, and other factors leading to secondary deficiency are 
present, they can be overcome to some extent by increasing 
dietary copper or by injecting copper glydnate. Copper gly- 
cinate must be prescribed by the attending veterinarian and 
dispensed by a compounding pharmacy because no com¬ 
mercial over-the-counter products are currently available. 
Injectable copper glycinate (30% copper by weight) is given 
to adult cattle at the rate of 400 mg (120 mg of copper) SC. 
Calves are given 100 to 200 mg of copper glycinate (30 to 
60 mg of copper), depending on their age. One injection 
may be effective as a treatment or supplement for up to 
4 to 6 months in cases of primary copper deficiency. How¬ 
ever, in cases of excess molybdenum, sulfates, and/or sulfur, 
repeat injections may be necessary. Injections of copper 



glycinate frequently result in large swellings, granulomas, 
or abscesses and may be cosmetic considerations for some 
cattle. The reactions can be minimized by using sterile tech¬ 
nique and using the subcutaneous tissue of the brisket as 
the injection site. Acute deaths can occur in calves after 
the use of copper glycinate injections. In some countries 
copper disodium edetate (copper EDTA) solutions are used 
as injectable copper supplements. The dose of copper is 
usually the same as that recommended for copper glycinate 
solutions. However, acute deaths can also occur after use in 
cattle. 1107 Copper can be supplemented to cattle in salt- 
mineral mixes in situations in which adequate consumption 
(1 to 2oz (28 to 56 g]/cow/day) of the salt-mineral mix 
occurs. These mixes are usually 0.2% to 0.6% copper. 
Feed-grade copper sulfate (CuS0 4 -5 H 2 0) is 25% copper on 
an as-fed basis (40% copper DMB). Feed-grade copper oxide 
is usually 50% copper as fed (80% copper on 100% DMB). To 
make a 0.4% copper salt mixture, add 7.2 g of CuS0 4 or 3.6 g 
of CuO to each 454 g (1 lb) of salt For large batches add 32 
ob of CuS0 4 or 16 lb of CuO per ton of salt. Salt mixtures 
for copper-deficient sheep should usually contain only 
0.0625% to 0.13% copper (0.25% to 0.5% copper sulfate). 
Copper supplements can be added to a TMR easily in the 
form of trace mineral-vitamin premixes or premix-contain¬ 
ing pellets. Copper sulfate can be added to molasses or other 
sweet feed at 0.363 g/head/day for mature cattle and corre¬ 
spondingly less for calves. This would supply approximately 
91 mg of copper to a 450-kg (1000-lb) cow per day or 
10 ppm of the total diet (20 lb (9.1 kg) of dry matter). The 
copper in CuS0 4 is more available than that in CuO. Another 
method of copper supplementation involves the oral admin¬ 
istration of copper oxide needles (fine rods, 1 to 10 mm long) 
placed in gelatin capsules, which dissolve in the reticuloru- 
men and liberate the CuO wires. These wires reside in the 
reticulum and abomasum and slowly release copper for 
absorption. These boluses are currently available in the 
United States (Copasure) and contain either 25 g or 12.5 g 
per bolus. The usual recommended dose is 25 g per animal 
500 lb or heavier. One 12.5-g bolus is recommended for 
calves, and the usual dose is 2 to 4 g for ewes and 
does, 1086 1108 1109 which is an extralabel recommendation 
for sheep and goats. The copper oxide needles are thought 
to provide copper supplementation for 4 to 12 months. 
Sheep are particularly susceptible to copper toxicity, and 
appropriate care is necessary when supplementing them. 
Sheep can easily be intoxicated when consuming cattle sup¬ 
plements or feeds. Continued monitoring of hepatic copper 
concentration from slaughtered animals or via liver biopsy 
is an important tool in evaluating copper supplementation 
methods in cattle and sheep. Lambs can be given 35 mg of 
copper sulfate per head twice weekly to prevent swayback in 
endemic areas. The usual recommendation by the National 
Research Council is 10 ppm (10 mg/kg) of the total diet 
DMB for cattle. However, diets of 20 ppm are commonly 
fed to lactating dairy cattle. The most important goal of cop¬ 
per supplementation is to provide adequate dietary amounts 
without oversupplementing or risking toxicity. 


COBALT DEFICIENCY IN 
RUMINANTS 


JOHN MAAS 

II Definition and Etiology. A number of syndromes occur 
in ruminants as a result of a primary cobalt (Co) deficiency 
in their diet. These include ill thrift or enzootic marasmus 
and anemia. Ihese conditions are characterized by decreased 
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growth, weight loss, diarrhea, decreased feed efficiency, 
unthrifty appearance, anorexia, and anemia. Recently, a Co 
deficiency syndrome referred to as oinne white liver disease 
has been described in sheep. ,1,<M1 12 This syndrome is also 
characterized by ill thrift, weight loss, serous ocular dis¬ 
charge, and occasionally photosensitization. ,,,0 * m2 Histo¬ 
pathologic lesions of this syndrome included accumulation 
of lipid droplets and lipofuchsin particles, dissociation 
and necrosis of hepatocytes, and sparse infiltration by 
neutrophils, macrophages, and lymphocytes. 1112 

II Clinical Signs and Differential Diagnosis. Co deficiency 
in ruminants is associated with the nonspecific signs of 
decreased growth, weight loss, diarrhea, ill thrift, pica, ema¬ 
ciation, pale mucous membranes (anemia), and lacrima- 
tion. Clinical disease is more common in young, growing 
animals. Sheep are apparently more susceptible to Co defi¬ 
ciency than cattle. Primary differential diagnoses include 
helminthic parasitism; protein-calorie malnutrition; coccid- 
iosis; lohne's disease; nutritional deficiencies of selenium, 
copper, or vitamin D; and other causes of chronic disease 
that may be associated with weight loss. 

Co-deficient ruminants are commonly anorectic and fail 
to thrive on lush pasture or high-quality feeds. Anemia with 
cobalt deficiency is characterized as normocytic normochro¬ 
mic and must be differentiated from other causes of ane¬ 
mia. Co-deficient cattle are more susceptible to infestation 
with Ostertagia ostenagi and to the effects of parasitism. 1113 
The primary differential diagnosis when considering Co 
deficiency is invariably internal parasitism. 

II Clinical Pathology and Diagnosis. Because the role of 
Co in ruminant nutrition is tied to the formation, absorp¬ 
tion, and use of vitamin B, 2/ the most significant clinical 
chemistry analysis is tissue vitamin B 12 concentration. How¬ 
ever, the effects of starvation tend to increase vitamin B 12 
concentrations in liver and kidney. 1114 If Co deficiency 
occurs with other conditions that cause anorexia, the tissue 
vitamin B| 2 concentrations may appear falsely normal. Cri¬ 
teria used for sheep 1115 (and by extrapolation for cattle) are 
found in Table 32-24. 

Serum vitamin B 12 analysis is advantageous in many 
clinical settings. Serum or plasma vitamin B 12 levels exhibit 
a marked diurnal variation. 1116 Serum vitamin B, 2 concen¬ 
tration more closely reflects short-term Co intake and can 
be decreased when adequate liver reserves of vitamin B 12 
remain. In normal. Co-sufficient ruminants, serum vitamin 
Bj 2 values are usually 1 to 3 ng/mL. When serum vitamin 
Bj 2 values decrease to 0.3 ng/mL, the threshold for clinical 
signs has been reached; when serum vitamin B 12 values of 
0.2 ng/mL or less are reached, marked signs of Co defi¬ 
ciency are evident. 1117 

Severe Co deficiency in ruminants results in the excretion 
of methylmalonic acid (MMA) and formiminoglutamic acid 
(FIGLU) in the urine. 1118 Urinary FIGLU levels of 0.08 to 


TABLE 32-24 


Criteria Used to Determine Cobalt Deficiency in Sheep 


1 Condition of Animal 

1 (Co or B| 2 status) 

Concentration of Vitamin B, 2 
(mcg/g of Fresh Liver) 1115 

Severe cobalt deficiency 

<0.07 

Moderate cobalt 

0.07-0.10 

deficiency 


Mild cobalt deficiency 

0.11-0.19 

Cobalt sufficiency 

>0.19 


0.2 pmol/mL would be presumptive evidence of Co defi¬ 
ciency, and the urinary FIGLU level should return to zero 
after vitamin B 12 administration. Use of urinary MMA for 
diagnosis is best accomplished by loading the rumen with 
propionate and then comparing the urinary excretion of 
MMA with and without vitamin B l2 supplementation. The 
fact that urinary MMA and FIGLU excretion occur very late 
in the course of Co deficiency limits the routine use of these 
methods for diagnosis. 

II Pathophysiology'. Co deficiency in ruminants induces a 
deficiency of vitamin B, 2 (cyanocobalamin). It is the lack 
of vitamin B l2 that is thought to cause the majority of clini¬ 
cal signs and clinicopathologic abnormalities observed. 
Monogastric species need to ingest vitamin B 12 preformed, 
whereas ruminants can manufacture adequate vitamin B 12 
if the ruminal microorganisms are supplied with adequate 
Co in the diet. The ruminal microorganisms incorporate 
Co into vitamin B 12 and a number of physiologically inac¬ 
tive vitamin B, 2 -like compounds. The production of vitamin 
B 12 from dietary Co was estimated in one study to be about 
15% in Co-deficient sheep and only about 3% in Co-suffi¬ 
cient sheep. 1119 About 50% of the vitamin B, 2 produced is 
absorbed in normal animals, but only 3% to 5% of vitamin 
B 12 is estimated to be absorbed by Co-deficient sheep. 1120 
Although the absorption of vitamin B 12 formed in the rumen 
is not particularly efficient, with normal dietary Co there are 
usually no clinical problems, and interference by other die¬ 
tary components does not appear to be important. 

Ruminants use the VFAs acetate, propionate, and buty¬ 
rate as their primary energy source. Propionate produced 
in the rumen is the precursor of glucose for ruminant 
metabolism. The general metabolic steps for conversion of 
propionate to glucose are shown 1121 (Fig. 32-108). 

A primary defect in Co-deficient ruminants is the 
inefficient metabolism of propionate at the point in the 
pathway at which methylmalonyl-CoA mutase, a vitamin 
B 12 -requiring enzyme, catalyzes the conversion of methylma- 
lonyl-CoA to succinyl-CoA. 1122 As Co deficiency becomes 
severe, the rate of propionate clearance from the blood 
decreases, and the intermediate metabolite methylmalonyl- 
CoA accumulates. 1123 With severe Co deficiency, the amount 
of MMA excreted in the urine increases. 1118 As the half-time 
for propionate clearance increases, the voluntary feed intake 
of Co-deficient sheep decreases. 1123 These changes correlate 
with the degree of anorexia and weight loss observed in 
severely Co-deficient sheep. 

The decreased growth, weight loss, unthrifty appearance, 
and anorexia are closely correlated to the observed abnorm¬ 
alities of carbohydrate metabolism. The diarrhea commonly 
observed with Co deficiency is not well explained; however, 
an increase in susceptibility to parasitism 1110 might explain 
a portion of this clinical observation. 

The anemia that is associated with Co deficiency occurs 
late in the development of the syndrome and is character¬ 
ized as normocytic normochromic. 1124 Cobalt deficiency 
results in the depression of the vitamin B, 2 -containing 
enzyme 5-methyltetrahydrofolate homocysteine methyl- 
transferase. 1125 This interference with the recycling of 
methionine has a marked influence on folate metabolism. 
In addition to potentially resulting in anemia through inef¬ 
ficient folate metabolism, the decreased activity of this 
methyltransferase could lead to a deficiency of methionine; 
this is a possible reason for nitrogen retention and 
decreased body growth and wool growth observed. 

II Epidemiology. Co deficiency in ruminants occurs in 
selected regions throughout the world and in association 
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FIG. 32-108 IK Pathway for conversion of proprionyl CoA (from proprio¬ 
nate) to succinyl CoA. 

with a variety of soil types. Clinically recognizable Co defi¬ 
ciency is reported in New Zealand, Australia, Brazil, the 
United Kingdom, Ireland, Scandinavia, and North America. 
In the United States, Co deficiency is most commonly seen 
in Florida, in the Northeast, along the eastern seaboard, in 
the upper Midwest, and around the Great Lakes. 1126 
Although various soil types are associated with Co defi¬ 
ciency, heavy fertilization with limestone reduces the Co 
available to plants and animals. 1127 

The dietary intake of Co by ruminants is generally 
recommended to be 0.1 mg/kg of dry matter (DM) of the 
complete ration. 11281130 The Co requirement of young, rap¬ 
idly growing lambs is thought to be 0.2 mg/kg of DM of the 
diet. 1131 When pasture Co concentrations are less than 
0.07 mg/kg of DM or 0.04 mg/kg of DM for sheep and cat¬ 
tle, respectively, signs of deficiency can be expected to 
develop. On a practical basis, diets with 0.1 mg/kg of DM 
are considered to be adequate. Legumes have relatively high 
Co concentrations. Rapidly growing grasses have much 
lower Co concentrations, and cereal grains are poor sources 
of Co. 1128 Oilseed meals are generally good sources of Co. 

II Treatment and Control. Treatment is best accomplished 
in the short term with vitamin B 12 injections. Ruminants 
poorly absorb oral vitamin B 12 ; therefore injections are 
more efficient. Lambs receiving 100 pg of vitamin B 12 per 
week or 150 pg of B l2 every other week show remission of 
clinical signs. 1132 Sheep receiving injections of 300 pg of 
vitamin B 12 weekly or cattle receiving 2000 to 3000 pg of 
vitamin B 12 weekly would also be expected to regain normal 
status. 

Rations with 0.1 to 0.2 mg of DM Co per kilogram (ppm) 
would be expected to prevent Co deficiency in ruminants. 


Salt-mineral mixes containing 0.1% Co also provide adequate 
supplementation. 0.1% Co in salt can be made by mixing 
cobalt carbonate (which is 46% cobalt) at the rate of 4.35 lb/ 
ton of salt, or 1 g of cobalt carbonate per pound of salt. 

Cobalt sulfate as a top dressing for pastures (1.5 kg/hec¬ 
tare every 3 to 4 years or 0.3 kg/hectare every 1 to 2 years) 
has been used to increase Co concentration of pasture for¬ 
age. Heavily limed pastures 1127 and soils high in manganese 
oxide 1133 decrease Co availability, and Co top dressing of 
the pastures or Co (Bi 2 ) supplementation to the animals 
should be considered. 

A variety of ruminal pellets containing Co are used to sup¬ 
plement grazing ruminants. These pellets have been success¬ 
ful in maintaining normal Co status in animals. 11311134 
The pellets are not commercially available in the United 
States at this time. 

The perennial grass, Phalaris tuberosa, can cause a syn¬ 
drome in ruminants that is referred to as "phalaris staggers." 
Co supplementation can aid in prevention of this syndrome 
because it inactivates or decreases absorption of the neuro¬ 
toxin contained in P. tuberosa , Phalaris minor (canary grass), 
or Phalaris hybrids (ronpha). 1135 The increased level of Co 
in the rumen is the important factor in preventing this con¬ 
dition; administration of oral or parenteral vitamin B 12 is 
not effective. 1135 Treatment of clinical phalaris staggers with 
Co is not effective, however. 

Because Co is poorly absorbed, toxicity is an uncommon 
problem, and diets in excess of 30 mg/kg of DM are neces¬ 
sary for toxicosis to occur in most cases. 1128 * 1130 


RECTAL PROLAPSE IN RUMINANTS 
AND HORSES 

SPRING K. IIALLAND 

II Definition and Etiology. Rectal prolapse is the protru¬ 
sion of the rectal mucous membranes through the anus. 
This evagination may be extensive and may include part of 
the small colon. Rectal prolapse occurs in all domestic ani¬ 
mals, with the highest incidence in cattle, sheep, and swine. 
The age at which prolapse most commonly occurs is 6 to 12 
months in sheep, 6 months to 2 years in cattle, and 6 to 12 
weeks in swine. 1136 Rectal prolapse is much less common in 
horses and occurs more often in mares than in males. 1137 

Rectal prolapse generally is the result of an increase in 
the pressure gradient between the abdominal or pelvic cav¬ 
ity and the anus. Factors that cause the increased pressure 
gradient can be divided into four categories: (1) factors that 
result in increased abdominal fill (e.g., excess fat, bloat, and 
large or multiple fetuses); (2) factors that cause tenesmus 
(e.g., enteritis, colitis, intestinal parasitism [coccidiosis], 
liver disease, constipation, proctitis, urinary obstruction, 
dystocia, aftermath of rectal examination, and false copula¬ 
tion); (3) conditions that result in chronic or excessive 
coughing (e.g., pneumonia, parasitism, and adverse envi¬ 
ronmental conditions); and (4) miscellaneous conditions 
(e.g., use of growth implants, space-occupying lesions, con¬ 
genital or acquired sphincter tone problems, and short tail 
docking [especially noted in sheep]). One study strongly 
revealed that sheep with short docked tails (as close to the 
body as possible) had a 7.8% higher incidence of rectal pro¬ 
lapse when finished on a high concentrate diet. 1138 Certain 
toxicities such as from lead, fluoride, estrogen, and zinc 
have been implicated as playing a role in rectal pro¬ 
lapse. 1139 Any combination of factors may precipitate a rec¬ 
tal prolapse. Identification of predisposing factors becomes 
important in management of the case. 
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FIG. 32-109 II A, Type 1 rectal prolapse. Mucosal prolapse, involving only 
mucosa and submucosa of the rectum. B, Type 11 rectal prolapse. Complete 
prolapse, involving full wall thickness of the rectum. C, Type III rectal pro¬ 
lapse. Complete prolapse plus intussusception of peritoneal rectum or small 
colon. D, Type IV rectal prolapse. Intussusception of the peritoneal rectum 
or small colon or both. (From Robinson NE, ed: Current therapy in equine 
medicine, ed 2, Philadelphia, 1987, Saunders.) 


IV Clinical Signs. Four categories have been used to 
described rectal prolapse: type I, mucosal prolapse; type II, 
complete prolapse; type III, complete prolapse with invagi¬ 
nation of the colon; and type IV, intussusception of the 
peritoneal rectum or colon through the anus (Fig. 32- 
109). 1,40 Types 1 and II are much more common and more 
amenable to correction. On physical examination, types I, 
II, and III are continuous with the mucocutaneous junction 
of the anus, whereas with type IV a protrusion with a palpa¬ 
ble trench inside the rectum is seen. 1140 Chronic cases can 
be seen and usually are type I or II. Types III and IV often 
cause loss of vascular integrity to the rectum or small colon 
and require more immediate intervention. Types III and IV 
may accompany dystocias in mares. 1141 

II Treatment and Prognosis. The first aim of therapy is 
identification and alleviation of the cause if possible. Early 
identification and correction of the prolapse is essential to 
saving tissues and the animal. The animal's value and 
intended use and the affected tissue's viability need to be 
considered when deciding on conservative or surgical 
options. The color of the membranes is a good parameter 
for determining if the tissue is salvageable. In general, the 
rectum is a forgiving structure, and attempts should be 
made to salvage the prolapsed tissue unless it is obviously 
cyanotic, necrosed, and devitalized. 1136 To prevent further 
damage, animals should remain standing and restrained in 
a small area until the prolapse can be corrected. 

Types I and II usually are treated conservatively. A caudal 
epidural is necessary to reduce straining and facilitate cor¬ 
rection of the prolapse. Sedation may also be necessary, 
depending on the individual animal. Effective conservative 
therapy includes thorough cleansing of the prolapse with 
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warm water and mild soap to remove all debris. This allows 
evaluation for trauma, tears, necrosis, or sloughing. Edema 
can be removed by gentle kneading combined with topical 
application of glycerin or sugar. Generous lubrication and 
massage allow for reduction of the mass into the rectum. 
To ensure that the rectum is maintained in place, purse- 
string sutures using umbilical tape or other nonabsorbable 
suture are placed circumferentially around the anal sphinc¬ 
ter, with care taken not to enter the rectum. The purse-string 
should not be so tight as to prohibit the passage of feces. If 
necessary, it should be loosened daily to expedite removal 
of accumulated fecal material. The purse-string should be 
removed in 3 to 4 days. In addition to purse-string sutures, 
counterirritants such as Lugol's iodine are often used. 1136 
Two to 3 mL of these irritants are injected with a 7.5-cm 
needle at the 4, 8, and 12 o'clock positions around the rec¬ 
tum. The counterirritants create an inflammatory response 
that results in scar formation, which retains the prolapsed 
tissue after the purse-string has been removed. Broad-spec¬ 
trum antimicrobial drugs should be administered if tissue 
compromise is a factor. When indicated, stool softeners 
and enemas may be used to ease the passage of feces 
through the rectum. 

Surgical intervention often is necessary if type I or type II 
prolapse cannot be reduced, if tissue necrosis is extensive, or 
if prolapse recurs after conservative therapy. 1140 Submuco¬ 
sal resection, amputation, or the use of a prolapse ring are 
all accepted surgical options. Prolapses of types III and IV 
that cannot be manually reduced often require a celiotomy 
for surgical reduction of the intussusception or resection or 
both. An important fact to remember is that even with man¬ 
ual reduction of a type IV prolapse, significant vascular 
compromise may have occurred, resulting in bowel leakage 
and peritonitis. Vascular damage encountered by the colon 
may necessitate a colostomy. 1486 Broad-spectaim antimi¬ 
crobial drugs should be administered in these cases. 

Unique problems are encountered when conservatively 
managing equine rectal prolapse versus ruminant prolapse. 
Equine patients may experience more hindlimb ataxia with 
caudal epidurals, which can be prevented by using different 
combinations of xylazine, lidocaine, detomidine, mor¬ 
phine, and/or mepivacaine in the epidural. Placement of 
an epidural catheter can facilitate long-term therapy if 
needed. 1142 Another problem encountered is that horse 
feces often are too large and dry to readily pass through 
the purse-string in the anus. The use of enemas and stool 
softeners offers some assistance. The sutures lend to cause 
greater anal irritation than is seen in ruminants, causing 
the horse to strain against them. 

The common complications after rectal prolapse include 
prolapse recurrence, rectal strictures, obstipation, formation 
of a pararectal abscess, and peritonitis. The prognosis for all 
types of rectal prolapse depends on early identification and 
reduction of the prolapse. Prolapses of types I and II that 
can be managed conservatively have a favorable outcome. 
Surgical correction of types I and II also carries a good prog¬ 
nosis but with a higher incidence of postsurgical complica¬ 
tions. Because of the cost of surgical repair, market 
animals often are slaughtered if conservative management 
fails. Rectal prolapses of types III and IV carry a fair to 
guarded prognosis, which depends on the extent of tissue 
involvement and viability, the surgeon's skill, and postsurgi¬ 
cal complications. 
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DIAGNOSIS O F LIVER DISEASE 

ERWIN G. PEARSON 

In making a diagnosis, the clinician should first determine 
that the animal has liver disease and then try to identify 
the specific cause. Therefore, this chapter first discusses the 
diagnosis of liver disease, then the individual conditions 
causing disease. The liver cannot be examined directly in 
large animals. The signs of liver disease are caused by failure 
of some of the livers many functions, but these signs may 
not appear in the early stages of disease. Special tests may 
be needed to detect early damage or minor impairment of 
function that has not yet produced clinical signs. 

LIVER DISEASE VS. LIVER FAILURE 

As with many other organs, such as the heart and kidney, 
the liver can be diseased long before it fails to function. 
Thus, early cases of liver disease are not apparent to the 
owner or veterinarian through physical findings alone; such 
cases usually are detected by finding elevated levels of liver 
enzymes or bile acids in the serum. Pathologic changes in 
the liver may include biliary hyperplasia, death of hepato- 
cytes, and fibrosis, and these may occur long before any 
signs of failure develop. Some functions may fail before 
others, and the onset of liver failure varies with the species 
and the disease process involved. 

LIVER RESERVE AND REGENERATION 

The liver has a large reserve capacity, and close to 80% of it 
can be removed before regeneration and recovery are no lon¬ 
ger possible. It also has a remarkable capacity to regenerate. 
Regeneration can occur in areas receiving portal blood, but 
most cell division takes place in Rappaport zone 1 (the portal 
area), and the cells are pushed to the central lobular area. The 
liver undergoes constant repair, and in people it is estimated 
that the hepatocytes are renewed every 50 to 75 days. 1 

Normal regeneration does not occur in some cases. Anti¬ 
mitotic agents such as metabolites of pyrrolizidine alkaloids 
or antineoplastic drugs can prevent cell division. Regenera¬ 
tion may be restricted by connective tissue. Once fibrosis 
has bridged the various lobules, additional regeneration is 
impaired because the fibrosis itself perpetuates the condi¬ 
tion. Loss of a stroma to build on or lack of portal blood 
supply also reduces regeneration. 

SIGNS OF LIVER DISEASE AND 
PATHOPHYSIOLOGY 

Many signs can be present with liver disease, but no sign is 
pathognomonic or present consistently. Table 33-1 provides 


some of the signs that may be present and other possible 
causes of the same signs. 2 

The clinical history is useful in some cases, but consump¬ 
tion of pyrrolizidine alkaloid-containing plants may not be 
apparent because of the delay between consumption and 
the onset of clinical signs. Exposure to other hepatotoxins 
could be detected. Ruminants grazing on land infested with 
snails are more likely to have liver fluke disease. Administra¬ 
tion of horse serum to Equidae 4 to 8 weeks previously will 
make acute serum hepatitis more likely. 

With the exception of pain over the liver elicited with 
pressure and change in liver size, most signs are related to 
failure of some function. Liver flukes may cause anemia 
and hypoproteinemia because of the effect of the parasite 
and its metabolites. Liver abscesses and other infections 
may produce signs such as fever and anorexia because of 
the release of pyrogens and other mediators (caused by 
the organism and not necessarily related to the liver itself). 

Icterus is typically seen in acute liver disease in horses but 
is not seen in many cases of chronic liver disease, and it is 
seen less often in ruminants unless biliary blockage occurs. 
Icterus is caused by failure of uptake, conjugation, or excre¬ 
tion of bilirubin. Excess production caused by hemolysis 
must also be considered when icterus is present, and is the 
most common cause of icterus in cattle. Morses are fre¬ 
quently icteric (up to 6 mg/dL unconjugated bilirubin) 
from anorexia or fasting even when the liver is normal. 

Weight loss is a common but nonspecific finding in some 
cases of chronic liver disease. It may be caused by anorexia 
or failure of metabolic functions of the liver and is probably 
not related to impaired fat absorption in the large herbi¬ 
vores. Diarrhea is also seen, especially in cattle with chronic 
liver disease. It is thought to be related to portal hyperten¬ 
sion and increased hydrostatic pressure, although the exact 
mechanisms are not yet understood. Diarrhea probably is 
not caused by fat malabsorption or steatorrhea, because 
the normal herbivore diet contains less than 3% fat. 

Ascites is a common finding in calves with liver cirrhosis. 
The ascites results from portal hypertension caused by 
venous blockage producing increased hydrostatic pressure 
and by protein leakage into the peritoneal cavity. Production 
of hepatic lymph high in protein (>3 g/dL) is increased. 
Because the liver sinusoids are permeable to plasma proteins, 
the protein-containing lymph leaks into the interstitial space 
and then into the peritoneal cavity. 3 - 4 Fluid moves into the 
abdominal cavity because of both osmotic and hydrostatic 
forces, according to Starling's law. The abdominal fluid pres¬ 
ent with liver disease is a modified transudate, but the pro¬ 
tein content may be relatively high (3 to 3.5 g/dL) because 
of leakage of protein from the liver. Hypoalbuminemia can 
aggravate the ascites, but if it occurs alone, it more likely will 
cause intramandibular and brisket edema. 
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part five DISORDERS of the ORGAN SYSTEMS 



TABLE 33-1 

Signs of Liver Disease or Failure 


1 Sign 

Pathogenesis 

Other Causes I 

Icterus (E) 

Failure of uptake, conjugation, 
or excretion of bilirubin 

Massive hemolysis 

Bile blockage 

Fasting in the horse 

Weight loss (E, B) 

Energy demand greater than 
absorbed or metabolized 

Poor nutrition, chronic inflammation, 
parasites, neoplasia, maldigestion, 
malabsorption 

Ascites (B) 

Portal hypertension and lymph 
leakage caused by cirrhosis or 
venoocclusion 

Cardiac failure 

Hypoproteinemia 

Cushing's syndrome 

Change in liver size 

Nodular hyperplasia, tumor, cirrhosis 
Fatty degeneration 

Right-sided heart failure 

Work hypertrophy 

Anemia 

Diarrhea (B) 

Bile deficit malabsorption 

Intestinal edema, portal hypertension 

Gastrointestinal (Cl) or systemic disease 

Pruritus 

Retention of bile salts 

Dermatologic or central nervous system 
(CNS) disorders 

Dermatitis 

Hepatogenic photosensitization 

Primary phototoxic photosensitization 

Unpigmented areas 

Central nervous system signs 

Behavioral change, ataxia, dysmetria, 
circling, stupor, coma, tremors. 

Hepatic encephalopathy (see text) 

Brain diseases 

Metabolic diseases 

Toxic diseases 

bellowing 

Tenesmus (B) 

Hepatic encephalopathy 

Rectal or colonic disease 

CNS disease 

Urogenital disease 

Rectal prolapse (B) 

Tenesmus 

Rectal or colonic disease 

Change in feces color 

Bile pigment deficit 

Undigested fat 

Diet 

GI disease 

Hemorrhage 

Failure to synthesize clotting factors 

II, V, VII, IX, X 

Other clotting factor or platelet deficit, 
trauma, disseminated intravascular 
coagulation 

Pain over liver 

Inflammation, swelling 

Abscesses 

Traumatic reticulitis 

Inspiratory stertor (E) 

Hepatic encephalopathy 

Upper airway obstruction 

Dyspnea 


E, Frequent sign in horses; B, frequent sign in cattle. 


Dermatitis of the white areas may occur because of hepatic 
photosensitization. The skin of the white areas first becomes 
erythematous, then thickened with keratin crusts, and finally 
necrotic. This is caused by the photodynamic agent phylloery¬ 
thrin, which is formed in the gastrointestinal (GI) tract of 
herbivores by the bacterial degradation of chlorophyll. After 
absorption into the portal circulation, phylloerythrin should 
be conjugated by the liver and excreted into the bile. With 
cholestasis, the phylloerythrin may be carried to the skin, 
where it acts as a photodynamic agent. 5 After bile duct liga¬ 
tion, the level of phylloerythrin steadily increases. 6 Although 
a small amount is removed by the kidneys, the rate is not fast 
enough to prevent accumulation in the plasma and the skin. 
Phylloerythrin in the skin rearts to sunlight and emits energy 
that causes lesions of the white areas. 5 

Pruritus is seen in a few cases of liver disease in horses. In 
people, pruritus is assumed to be caused by bile acid accu¬ 
mulating in the skin when it is not excreted by the liver. 
This same process may occur in horses, but pruritus is not 
usually seen in large animals with liver disease. 

A change in fecal color is not usually noted in adult her¬ 
bivores with liver disease because other pigments such as 
chlorophyll contribute to the color. In young animals with 
simple digestive tracts, much of the fecal color is from ster- 
cobilin, a metabolite of bilirubin. Therefore, with cholesta¬ 
sis, the feces may be a lighter color. 


A few signs may be seen terminally in liver disease. Hem¬ 
orrhage may occur when the clotting factors are not synthe¬ 
sized in adequate amounts. Factors I, II, V, VII, IX, and X are 
all produced by the liver, 14 but the disease is usually 
advanced before a deficit develops. 

Tenesmus, often followed by rectal prolapse, is seen in some 
cattle with liver disease. This may be associated with diarrhea, 
may be part of hepatic encephalopathy, or may be aggravated 
by edema of the bowel caused by portal hypertension. 

Pharyngeal or laryngeal collapse with loud stertorous 
inspiratory noises and dyspnea has developed in some cases 
of hepatic failure, especially in ponies. The exact mecha¬ 
nism for this is not known, but it may also be part of 
hepatic encephalopathy. 7 

Horses sometimes develop a terminal hemolytic crisis 
caused by increased red blood cell (RBC) fragility. This 
has not been observed in ruminants. 

HEPATIC ENCEPHALOPATHY 

Hepatic encephalopathy is a neuropsychiatric syndrome 
caused by hepatic dysfunction or portosystemic shunting of 
the intestinal blood. 8 It is considered a potentially reversible 
metabolic or neurotransmitter disorder, but it is associated 
with characteristic (although not specific) lesions in the cen¬ 
tral nervous system (CNS) such as altered astrocytes. 
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Signs of hepatic encephalopathy are often subtle and non¬ 
specific. Behavioral changes may be detected by the owner, 
who is more familiar with the patient's normal activity. Some 
docile animals become excitable and difficult to control, 
whereas other, normally unruly animals may become pas¬ 
sive. Depression and incoordination are frequent manifesta¬ 
tions, and some animals may walk aimlessly or even head 
press. 9 - 10 Apparent blindness is seen in some horses, and 
foot stomping was reported in 7 of 25 cases. 11 The animals 
eventually develop a stupor and may end up in hepatic 
coma. Yawning may be seen in horses, and ponies may have 
a stertorous respiratory noise. Ruminants show signs of 
tenesmus and sometimes vocalize excessively. In humans, 
hepatic encephalopathy is diagnosed by neuropsychological 
tests, which are not possible in animals. 12 

The pathophysiology of hepatic encephalopathy remains 
undefined and is controversial. 10 It occurs when portal blood 
bypasses the liver, as with congenital shunts in dogs, or with 
shunts secondary to portal hypertension induced by alco¬ 
holic cirrhosis in humans, or when the blood goes through 
an inadequately functioning liver. How neurologic function 
is altered has not been determined, but speculation abounds. 

It seems plausible to incriminate synergistic neurotoxins 
that bypass the liver. Most will agree that ammonia level 
plays a central role in the pathogenesis. Blood ammonia is 
elevated in most cases of hepatic encephalopathy because 
the liver is not metabolizing ammonia to urea. Encephalop¬ 
athy can be precipitated in cirrhotic patients by adding 
ammonia-generating substances, and there is an increase in 
cerebrospinal glutamine, the product to which ammonia is 
detoxified. The astrocytes contain the enzyme glutamine syn¬ 
thetase, which adds a molecule of glutamate to ammonia to 
form glutamine. The amount of glutamine formed in the 
brain correlates with the severity of hepatifc encephalopa¬ 
thy. 13 However, much higher concentrations of ammonia 
are needed to induce coma in normal animals, and there is 
poor correlation between ammonia levels and degree of 
encephalopathy. 11 Four horses with hyperammonemia and 
encephalopathy without liver disease have been reported. 14 

Magnetic resonance imaging (MRI) of human cirrhotic 
patients revealed increased image intensities from the glo¬ 
bus pallidus region, probably caused by manganese depos¬ 
its. 12 Serum manganese is increased in these patients, 
which correlates with the increased MRI intensities and neg¬ 
atively with the neuropsycological tests. This would indicate 
that manganese is another potential toxin that can enter the 
brain if not effectively removed from the blood by the liver. 

There may be an imbalance of true inhibitory and excit¬ 
atory neurotransmission. y-Aminobutyric acid (GABA) is an 
inhibitory neurotransmitter. The increase in GABAergic tone 
was originally thought to result from an increase in GABA 
or its receptor sites. More recently, it has been proposed that 
neurosteroids with GABA-agonist properties could be 
involved. 15 Ammonia is believed to play a role in the 
metabolism of GABA in the brain and thus could act syner- 
gistically. 16 Also, receptor sites for benzodiazepine are 
increased in the brain of animals with hepatic encephalop¬ 
athy. 17 Benzodiazepine augments the activity of GABA in 
stimulating the inhibitory neuron and causing sedation. 

False neurotransmitters have been proposed to cause the 
abnormal nerve function. Increased amounts of tryptophan, 
phenylalanine, and tyrosine in the brain could cause more 
serotonin, a false neurotransmitter, to accumulate in the 
brain. Plasma amino acid ratios are altered in horses with 
pyrrolizidine alkaloid-induced liver disease. 18 Concentra¬ 
tions of branched-chain amino acids (valine, isoleucine, 
leucine) are decreased, and the concentration of aromatic 
amino acids (tyrosine, phenylalanine, free tryptophan) are 
increased, partially because the liver is not adequately 


metabolizing the aromatic amino acids. The amino acids 
are transported across the blood-brain barrier by a common 
transport system, so they compete for entry into the CNS. It 
has been suggested that higher levels of aromatic amino 
acids in the CNS would lead to the formation of increased 
amounts of inhibitory neurotransmitters or to the alteration 
of catecholamine or monoamine neurotransmitters, such as 
GABA or L-glutamate. 

LABORATORY TESTS AND LIVER-DERIVED 
SERUM ENZYMES 

No single test can consistently confirm or rule out the 
presence of liver disease. Only serum concentrations of 
y-glutamyltransferase, globulins, and alkaline phosphatase 
were found significantly different in horses with or without 
histologic evidence of liver disease in one study. 19 A combi¬ 
nation of tests, including serum enzymes, total bile acids, 
and liver biopsy, may be needed. 

Some blood constituents may be altered because of failure 
of certain metabolic functions of the liver, but none of these 
changes is specific for liver disease. Blood glucose is some¬ 
times slightly lower in severe liver disease, especially in 
young animals, possibly because of decreased gluconeogene- 
sis, but none of 28 adult cases in one study had low blood 
glucose concentrations, and in fact, 14 cases had hyperglyce¬ 
mia. 11 Blood ammonia levels can increase fourfold or more 
in some toxic liver diseases because the urease needed to con¬ 
vert ammonia to urea is found only in the liver. For the same 
reason, blood urea nitrogen (BUN) may decrease, especially 
in the terminal phases. In the later stages, the blood-clotting 
factors may be diminished, with delayed partial thrombo¬ 
plastin time (PTT) and other clotting times. 

Terminally, serum albumin concentration may decrease. 
A large amount of protein synthesis takes place in the liver; 
all the plasma proteins except y-globulins are produced by 
the liver. The amount of these proteins in the blood, how¬ 
ever, depends not only on the rate of synthesis but also on 
the rate of removal. The albumin half-life in cattle is about 
16.5 days; in the horse, 19.4 days; and in sheep, 14 days. 20 
Therefore, serum albumin is reduced mainly in chronic liver 
disease. With liver damage, the synthesis of a-globulins and 
P-globulins is increased so that the total plasma protein con¬ 
centration is invariably normal or elevated, but the albumin/ 
globulin (A/G) ratio may be decreased. The healthy liver has 
a large reserve for protein synthesis, and lost protein can be 
replenished. Less than 5% of horses with hypoalbuminemia 
had liver disease in a group from our teaching hospital. In 
one study, 18% of the horses with chronic liver disease and 
6% of those with acute liver disease had albumin concentra¬ 
tions below the reference value. 21 In a British study, only 6 of 
37 liver disease cases were hypoalbuninemic, and none of 
these was hypoproteinemic. 11 Therefore, it is assumed that 
hypoalbuminemia is not a common feature in horses with 
liver disease, and that hypoproteinemia is rare. 

Amino acid ratios are altered in liver disease; the short, 
branched-chain amino acids are decreased, whereas the aro¬ 
matic amino acids are increased. 18 

LIVER ENZYMES 

A number of enzymes are compartmentalized in the hepato- 
cyte or in bile duct epithelium. This compartmentalization is 
useful in holding insoluble molecules close to the enzymes 
for chemical reactions. Hepatocyte damage may result in 
release of the enzymes into the circulation, and cholestasis 
may cause increased release from bile epithelium. Serum 
levels of these enzymes therefore may be an indication 
of hepatocyte integrity or bile excretion. Table 33-2 lists 



TABLE 33-2 



Liver-Derived Enzymes 


| Enzyme 

Specificity 

Problems i 

GGT 

Liver 

Kidney* 

Pancreas 

High in young animals 
from colostrum 

ALP 

Liver 

Bone 

Intestine 

Macrophages 

Placenta 

Not specific 

SDH 

Liver 

Not elevated in chronic 
disease; short life; 
not stable 

GLDH 

Liver 

Not elevated in chronic 
disease 

AST (SGOT) 

Liver 

Muscle 

Heart 

Not specific 

ALT (SGPT) 

Liver 

Low concentration in 
cattle and horses; 
not a good indicator 
in large herbivore 

LDH 

None unless 
isoenzymes 

Not elevated in chronic 
disease; short life; 
not specific 

OCT 

Liver 

Analysis not routinely 
available 

At 

Liver 

Analysis not routinely 
available 


GGT, Y-Glutamyltransferase; ALP, alkaline phosphatase; SDH, sorbitol 
dehydrogenase; GLDH, glutamate dehydrogenase; AST, aspartate amino¬ 
transferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; 
OCT, ornithine carbamoyltransferase; At, arginase. 

•Elevated in urine, not blood. 


frequently tested enzymes and their characteristics. Serum 
concentrations for some of these enzymes vary with the 
age of the animal and sometimes even with type or use. 
Table 33-3 lists some approximate upper limits of normal 
for animals of various ages. Normal values, especially for 
the enzymes, should be established by each laboratory. 
Chapter 22 provides normal adult values from one 
laboratory. 


y-Glutamyltransferase (GGT) is a frequently tested and 
fairly specific enzyme that is almost invariably elevated in 
chronic liver disease. It is found mainly in the biliary tract 
and indicates biliary damage (flukes) or hyperplasia (pyrro- 
lizidine alkaloid toxicity or aflatoxicosis). GGT also is pres¬ 
ent in pancreas, mammary gland, lung, kidney tubules, 
and other duct epithelium; but serum levels usually are 
not elevated with renal disease because the enzyme is lost 
in the urine. Serum concentrations are normally higher in 
neonatal calves (sometimes >4000 IU/L after suckling) 22 
because the enzyme is concentrated in colostrum. 23 GGT 
levels are also higher in foals than in adult horses, but the 
higher concentrations may partly be the result of increased 
production. 24 GGT is elevated in many horses with right 
dorsal displacement of the large colon, possibly caused by 
transient extrahepatic bile duct obstruction. 25 Elevated 
GGT is the most sensitive indicator of liver disease in the 
horse. 11 ' 26 GGT levels will remain elevated for several 
weeks. 

Alkaline phosphatase (ALP) is usually elevated in 
chronic liver disease of the horse and is variable in rumi¬ 
nants. ALP can come from other sources, such as bone, 
intestines, placenta, and macrophages, so it is not specific. 
Both ALP and GGT are elevated with cholestasis. 27 The 
dehydrogenases, such as sorbitol dehydrogenase (SDH), 
lactate dehydrogenase (LDH), and glutamate dehydroge¬ 
nase (GLDH), are found in hepatocytes and are elevated 
with acute hepatocyte damage, but serum concentrations 
may return to normal or below normal in chronic liver dis¬ 
ease. SDH is liver specific and extremely useful in detecting 
active hepatocellular necrosis, but it is not as stable as 
some of the enzymes. LDH is found in many tissues other 
than liver; thus it is not specific unless isoenzymes are 
determined. 

EXCRETION TESTS FOR FUNCTION 

Because the liver excretes a number of endogenous com¬ 
pounds and foreign substances injected into the animal, 
the rate of excretion or clearance of these substances can 
be used to test the excretory function of the liver. Bilirubin 
itself can be used and, if elevated above normal, would indi¬ 
cate liver failure, bile blockage, or excess production from 
hemolysis. In the horse, bilirubin is also increased during 
fasting in animals without liver disease. 28 With liver damage 
in the horse or ruminant, most of the retained bilirubin is 
unconjugated (indirect reacting), and the direct-to-total ratio 
is usually less than 0.3. With bile blockage or intrahepatic 


TABLE 33-3 


Upper Limits for Normal of Some Liver Function Tests (from Various Sources) 


Test 

O 


Sheep 



Cattle 


Sheep 

Goat 

Age 

<1 wk 

1-4 

1-12 mo 

Adult 

<1 wk 

1-4 wk 

1-6 mo 

Adult 

Adult 

Adult 

Total bilirubin (mg/dL) 

4.5 

3.0 

2.0 

2.0 

2.4 

0.9 

0.4 

0.3 

0.4 

0.5 

Direct bilirubin (mg/dL) 

0.8 

0.7 

0.7 

0.4 

0.6 

0.3 

0.2 

0.1 

0.1 

0.1 

Total bile acids (pmol/L) 

N/A 

N/A 

N/A 

14 

45 

35 

60 

120 

25? 

N/A 

BSP (half-life, TVimin) 

N/A 

N/A 

3.7 

3.7 

15 

8 

5 

5 

4.0 

2.1 

AST (IU/L) 

600 

540 

700 

270 

60 

60 

60 

60 

110 

80 

GGT (IU/L) 

170 

170 

40 

30 

4200 

1300 

N/A 

24 

55 

50 

ALT (IU/L) 

2800 

1200 

840 

194 

1150 

1000 

N/A 

81 

188 

386 

SDH (IU/L) 

8 

8 

N/A 

5.8 

N/A 

N/A 

N/A 

15.3 

28 

23 

GLDH (IU/L) 

N/A 

N/A 

N/A 

11 

24 

22 

19 

19 

N/A 

N/A 

LDH (IU/L) 

N/A 

N/A 

N/A 

412 

1380 

1280 

N/A 

1445 

440 

392 


N/A, Not available; BSP, Bromsulphalein (sodium sulfobromophthalein); AST, aspartate aminotransferase; GGT, y-glutamyltransferase; ALT, alanine amino¬ 
transferase; SDH, sorbitol dehydrogenase; GLDH, glutamate dehydrogenase; LDH, lactate dehydrogenase. 
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cholestasis, the direct-to-total ratio may be greater than 0.3 
in the horse or 0.5 in cattle. 

Bilirubin is the main bile pigment and is produced from 
heme, 75% of which comes from RBCs. 29 When the erythro¬ 
cytes are broken down, heme is converted first to biliverdin 
and then to bilirubin in the macrophage system. This uncon¬ 
jugated bilirubin is insoluble and must be bound to albumin 
for transfer, and this bound bilirubin is not removed by the 
kidneys. Unconjugated bilirubin is taken up by the hepato- 
cytes with cytosolic binding proteins within the hepatocyte. 
In the hepatocyte, some bilirubin is conjugated to the diglu- 
curonide, but in the horse, more than half the bilirubin in 
bile is conjugated with glucose. Conjugated (direct reacting) 
bilirubin is water soluble, and some will enter the general cir¬ 
culation; if concentration is sufficiently high, it will be fil¬ 
tered by the kidneys into the urine. Conjugated bilirubin is 
secreted into the bile canaliculi by an energy-dependent 
transport process. In most species, this is the rate-limiting 
step, but this may not be true in the large herbivores. Conju¬ 
gated bilirubin passes into the intestine through the bile 
ducts, and if they are blocked, both conjugated and unconju¬ 
gated bilirubin will increase in the plasma. In the intestinal 
tract, bilirubin is converted to urobilinogen by anaerobic 
bacteria. Some urobilinogen is absorbed and reexcreted by 
the liver, but a small fraction will pass the normal liver and 
be excreted in the urine. Therefore, with complete biliary 
blockage, there will be no urobilinogen in the urine, and 
with hemolysis, there may be increased urobilinogen in the 
urine. Urobilinogen is not very stable in the urine; thus anal¬ 
ysis must be done within 1 or 2 hours, or the amount 
detected will be erroneously low. 

Fasting decreases the efficiency of plasma bilirubin 
removal in all species, but the horse shows a greater rise 
in plasma bilirubin, often reaching a plateau two to three 
times the normal state. This increase is caused by a decrease 
in removal of bilirubin by the hepatic transport and not by 
an increase in its production. 30 * 31 

Serum total bile acid concentration is a good test of 
liver function. The concentration of bile acids in the serum 
will be increased if there is hepatocyte damage, blockage of 
bile flow, or shunting of portal blood to the systemic circu¬ 
lation, bypassing the liver. Bile acids are synthesized by the 
liver from cholesterol. Cholic and chenodeoxycholic acids 
are the primary bile acids that are conjugated with amino 
acids before excretion into the bile. Only conjugated bile 
acids are present in the intestine, are soluble, and form 
micelles with fat because of their detergent properties. 
Most of the bile acids excreted in the bile are resorbed by 
an active transport system in the ileum and carried by the 
portal circulation back to the liver for reexcretion. In most 
species, more than 95% of the bile acids are resorbed and 
recirculated through the enterohepatic circulation. 32 The 
daily synthesis of bile acids is much less than the daily 
requirement, and one study in ponies showed that the bile 
acids secreted each day are about 38 times the total pool. 33 

Many simple-stomached animals have a postprandial 
increase in serum bile acid because of the release of bile 
from the gallbladder during eating and subsequent resorp¬ 
tion by the ileum. This does not seem to be important in 
the horse, which has no gallbladder, or in cattle, in which 
no relationship to feeding could be found. 34 Table 33-3 
lists upper limits of normal for liver function tests in large 
animals of various ages. In cattle there is an hour-to-hour 
fluctuation that could be as much as 60 pM/L. 34 In the 
horse, serum concentration above 14 pM/L would indicate 
liver damage, bile blockage, or shunting. 35 * 36 Serum total 
bile acid concentration is likely a more sensitive indicator 
of liver disease in the horse than serum bilirubin; only 
8 of 34 horses with liver disease had elevated bilirubin. 


but 31 of 37 had elevated bile acids. 11 In adult cattle, 
because of the hour-to-hour variations, bile acid concentra¬ 
tion on a single sample would have to be above 126 pM/L 
in beef cattle and 88 pM/L in dairy cattle to be an indica¬ 
tion of liver disease. 37 Levels are lower (<64 pM/L) in 
calves less than 6 months old. Serum bile acid concentra¬ 
tion is a very specific test that has a high positive predictive 
value. 38 

A number of dyes are excreted primarily by the liver; 
sulfobromophthalein (Bromsulphalein, BSP) is used most 
often. In large animals, BSP clearance (half-time) is used 
much more than the retention test. In the test, 500 to 
1000 mg (~2 mg/kg) of BSP is injected intravenously. 
Blood samples are taken before the injection and two to 
four times 5 to 12 minutes after the injection (i.e., at 5, 
7, 9, and 11 minutes). These samples are analyzed for 
color produced by BSP, and a half-life is determined by 
plotting the points on semilog paper. Normal horses have 
a BSP half-life of less than 3.5 minutes, and for ruminants 
it is less than 5 minutes. This may be increased in very 
young animals (see Table 33-3) and in pregnant females. 
Other dyes, such as indocyanine green, have some advan¬ 
tage (less renal excretion than BSP) but at present are too 
costly for use in large animals. 

LIVER BIOPSY 

Liver biopsy can be very useful not only in confirming 
the presence of liver disease, but also in determining or 
ruling out some etiologies. It is a relatively safe and simple 
procedure but should be avoided when liver abscesses 
are suspected. A number of biopsy instruments are avail¬ 
able, including aspiration punches, but the Histo-Cut* or 
TrueCut + and similar notch-cutting needles seem to work 
quite well. In all species the skin over the biopsy site 
should be clipped and prepared for aseptic insertion of 
the needle. A local infiltration of 2% lidocaine helps to 
reduce the animal's reaction, but it may still flinch when 
the pleura and peritoneum are penetrated. A small stab 
wound is made through the skin at the site of insertion 
with a No. 11 or a No. 15 Bard-Parker blade. The horse 
should have a twitch applied or be given chemical seda¬ 
tion if necessary. 

The site of skin puncture for liver biopsy in the horse is 
the right fourteenth intercostal space at the intersection of 
a line drawn from the tuber coxae to the point of the shoul¬ 
der. Some operators recommend more cranial insertion 
(twelfth or thirteenth space), but more lung is penetrated 
at points farther craniad. If a more cranial position is 
selected, it should also be more ventral. If the needle is 
directed slightly craniad and ventrad, it is more likely to 
remain in the liver parenchyma and not penetrate larger 
vessels on the visceral surface or pass on through into the 
right kidney, pancreas, or colon. Ultrasound guidance will 
increase the chances of obtaining liver specimens without 
penetrating other organs. 

Cattle need to be suitably confined for liver biopsy. 
A biopsy can often be performed on quiet dairy cows in a 
stanchion while the tail is elevated ("tailed"). The puncture 
site in cattle can be located by extending a horizontal line 
craniad from the middle of the paralumbar fossa. The needle 
is inserted where this line crosses the eleventh intercostal 
space on the right side. The lungs do not extend as far caudad 
as in the horse, so the liver is more exposed. Ihe needle is 
directed slightly craniad and ventrad, as in the horse. 2 


•Jorgenson Laboratories, Loveland, CO. 
t MWI, Meridian, ID. 
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Liver biopsy in sheep and goats is slightly more difficult; 
additional sedation is usually required. A site at the ninth 
or tenth intercostal space at the level of the ventral end 
of the last rib has been recommended. The biopsy needle 
is advanced in a craniomedial direction until the liver is 
penetrated. 

Diffuse or zonal lesions, as seen in most toxic, infectious, 
and metabolic liver diseases, can usually be diagnosed by 
liver biopsy. Focal lesions, such as abscesses, granulomas, 
and neoplasias, as well as liver flukes, are easily missed by 
liver biopsy. If a liver abscess is suspected, biopsy is contra¬ 
indicated because of the potential danger of rupturing 
an abscess. A scoring system has been developed for the 
prognostic evaluation of equine liver biopsies. 39 Examining 
liver biopsy tissue can confirm the presence of liver disease 
and help establish the type of disease in addition to aiding 
in the prognosis. 

ULTRASOUND EXAMINATION 

Ultrasonographic examination of the liver is useful in 
determining its size, its situation, and the diameter of its 
vessels. Cholelithiasis, neoplasia, and fibrosis can be diag¬ 
nosed by ultrasound in the horse. 40 Liver abscesses can 
often be detected, and the circumference of the gallbladder 
can be determined in cattle. 41 - 42 Parenchymal pattern of 
the liver is changed with diffuse fibrosis. An ultrasound 
examination is performed on cattle on the right side in 
the tenth to twelfth intercostal space. On sheep the exami¬ 
nation is done on the right side in the seventh through 
twelfth intercostal spaces. 43 In horses the ultrasonic exam¬ 
ination is performed below and caudal to the lung in the 
eighth to fourteenth intercostal spaces. The liver can also 
be visualized on the left side of the horse in the lower 
intercostal spaces. Horses with evidence of liver disease 
should have a percutaneous liver biopsy regardless of the 
ultrasonic appearance. 40 

PROGNOSIS 

The severity of clinical signs may be the most useful non- 
invasive prognostic test in horses with liver disease. 44 
Indicators of a poor prognosis in liver disease include 
an albumin concentration less than 2.5 g/dL in horses 
or an increased globulin level, a prothrombin time (PT) 
greater than 30% of normal, and greatly elevated GGT 
and ALP, especially if there is a normal or decreased 
SDH or GLDH. Marked fibrosis that bridges the liver 
lobules on histopathology suggests a poor prognosis. 
Severe pyrrolizidine alkaloid toxicosis carries a particu¬ 
larly grave prognosis because remaining hepatocytes are 
inhibited from regeneration by mitotic arrest. Terminal 
clinical signs include development of hemolytic crisis in 
the horse and marked hepatoencepalopathy in the patient 
with a fibrotic liver. 


INFECTIOUS, TOXIC, 

AND PARASITIC LIVER DISEASE 


ACUTE HEPATITIS IN HORSES 

NAT T. MESSER IV 

Idiopathic acute hepatic disease (IAHD) is the most common 
cause of acute hepatitis and hepatic failure in horses. 45 IAHD 
is also known as Theiler's disease, 46 serum hepatitis, 47 post¬ 
vaccinal hepatitis, 48 and acute liver atrophy. 49 The disease 


was first recognized by Theiler in large numbers of horses 
in South Africa following immunization against African 
horse sickness with simultaneous administration of live virus 
and hyperimmune equine serum. 50 Since then, IAHD has 
been documented as a potential complication of any equine 
serum or plasma product used in horses. It is primarily a 
disease of adult horses 51 and recently has been most often 
associated with the use of either tetanus antitoxin (TAT) or 
commercial equine plasma. 47 - 49 - 52 * 55 

Mares appear to be affected with IAHD more frequently 
than males, with recently parturient, lactating mares at 
greatest risk. 51 - 54 The seasonal nature of some epidemics 
of IAHD 51 - 56 (most reported cases occur in summer 
months) and the observation that some affected horses in 
outbreaks of IAHD have not been treated with TAT or 
plasma 45 - 51 - 56 have led to the concern that a virus is 
involved, similar to hepatitis B virus in humans, but this 
remains unproved. 46 Alternatively, IAHD has been pro¬ 
posed to be a type III (immune complex-mediated) hyper¬ 
sensitivity reaction. 57 

The clinical effects of IAHD are associated with signs of 
acute hepatic failure and include depression, jaundice, inap¬ 
petence, pica, yawning, photoactive dermatitis, and hepatic 
encephalopathy. * Fever has been described as absent or rare 
in horses affected with IAHD. 48 Atypical signs that have been 
reported include progressive weight loss, ventral subcutane¬ 
ous edema, jugular pulses, ileus, and acute respiratory dis- 
Uess. 54 ' 55 - 59 Intravascular hemolysis has been reported to 
lead to hemoglobinuria in some terminal cases of IAHD. 46 
Evidence exists for a subdinical or chronic component in 
some cases of IAHD. 54 - 60 However, some horses that received 
TAT have clinicopathologic evidence of liver dysfunction 
without developing clinical signs, indicating that disease 
severity may vary. 49 - 54 ' 60 

Diagnosis of IAHD is based on the anamnesis, clinical 
signs, and Findings from serum biochemical analysis, 
hepatic biopsy, and necropsy. High serum levels of uncon¬ 
jugated and total bilirubin and serum bile acids, coupled 
with high serum activity of GGT, SDH, aspartate aminotran- 
saminase (AST), LDH, and ALP, are indicative of hepatic 
necrosis in horses. IAHD may be confirmed by hepatic 
biopsy or postmortem examination of hepatic tissue. Typi¬ 
cal histopathologic changes seen in biopsy specimens or 
obtained at postmortem examination include widespread 
necrosis of hepatocytes that is most severe in the centrilob- 
ular and midzonal areas, with the few living cells confined 
to the periportal areas. 53 The normal architecture of the cen- 
trilobular and midzonal areas is replaced by a pale, eosino¬ 
philic granular mass in which ghost outlines of necrotic 
hepatocytes are present. 53 A mild inflammatory cell infil¬ 
trate is seen in the portal areas, as well as a number of spin¬ 
dle-shaped fibroblastic cells. 53 The histopathologic lesion is 
frequently more advanced than the clinical course of the 
disease would suggest. 53 

There is no specific treatment for IAHD. 61 Treatment 
should be aimed at supporting liver function and 
controlling abnormal behavior. Dietary adjustments are 
important and should consist of reducing the quantity of 
protein in the diet while increasing carbohydrate intake. 46 
Sorghum, milo, or beet pulp, which contains high levels 
of branched-chain amino acids, can be mixed with molasses 
to improve palatability and caloric content. 46 Diets high in 
branched-chain amino acids tend to lessen the degree of 
abnormal behavior associated with hepatic encephalopathy. 61 
Oral neomycin, lactulose, and mineral oil may be adminis¬ 
tered to decrease ammonia production and absorption 


* References 46,47,51,53,57,58. 
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from the GI tract. It may become necessary to sedate horses 
that display severe signs of hepatic encephalopathy with xyla- 
zine or detomidine. 61 Continuous intravenous (IV) adminis¬ 
tration of dextrose and balanced electrolyte solutions to 
reduce hepatic workload and maintain plasma volume is 
recommended. 60 If spontaneous bleeding occurs at injection 
sites or at sites of self-inflicted injury, plasma transfusions 
may be necessary to replace the deficient clotting factors. 46 
The use of glucocorticoids for treating IAHD is controversial 
but may be indicated based on some histopathologic evidence 
of an immune-mediated etiology. 57 

Although the cause of IAHD is unknown, the administra¬ 
tion of TAT to recently parturient, lactating mares is asso¬ 
ciated with substantial risk for development of fatal 
IAHD. 51 - 54 ' 60 The susceptibility of postparturient mares to 
IAHD after TAT administration at foaling is unexplained. 
Postparturient mares may be the most likely adult horses to 
receive TAT. Therefore the use of TAT is not without risk, 
and its use should be restricted to clinical situations necessi¬ 
tating tetanus prophylaxis and in which a history of active 
tetanus (toxoid) immunoprophylaxis is absent or unknown. 
The risk of postvaccinal IAHD should be addressed with the 
owner before administration of TAT. 

Routine administration ofTAT to parturient mares should 
be strongly discouraged, and the routine use of active tetanus 
immunoprophylaxis should be reemphasized. Although the 
prevalence of serum hepatitis associated with administration 
of commercial plasma appears to be low in the horse, it 
should be considered an uncommon risk that can have a 
fatal outcome. 55 LAHD may be observed sporadically or 
may affect a group of horses. Recognition of IAHD in one 
horse should necessitate careful observation of horses on 
the same premises for either clinical or serum biochemical 
signs of LAHD. 60 Based on recent case reports, it appears 
that not all cases of IAHD are clinically apparent and that 
screening for its presence utilizing routine serum biochemi¬ 
cal analysis is useful in detecting subclinical cases of 
IAHD. 54 ' 55 ' 60 


BLACK DISEASE 

JOSEPH H. SNYDER 

STANLEY P. SNYDER 

II Definition and Etiology. Black disease (infectious 
necrotic hepatitis) is a disease of grazing animals, primarily 
sheep, resulting most often in sudden death. 62 * 65 It is 
caused by toxins produced by the bacterium Clostridium 
noiryi type B. C. novyi occurs in soils and is normally pres¬ 
ent in the digestive tracts and livers of animals grazing 
affected pastures. Disease occurs only when there is suffi¬ 
cient liver damage to provide the anaerobic environment 
required for growth of the organism and subsequent toxin 
production. In practice, the liver insult is almost always 
caused by larval migration of the common liver fluke, Fas¬ 
ciola hepatica. Therefore, this is a seasonal disease related 
to the liver fluke cycle and occurring in animals typically 
infested by F. hepatica. Other liver parasites, such as Fas- 
cioloides magna, Dicrocoelium dendriticum , and Cysticercus 
tenuicollis, are occasionally implicated, as is damage to 
the liver by biopsy or trauma that is severe enough to 
result in localized anaerobiosis in the liver, but these 
cases are rare. Such a scenario should be considered when 
sudden deaths occur at times flukes are not usually 
migrating or in families such as Equidae that are not nor¬ 
mal hosts for F. hepatica. The disease occurs worldwide 
where liver flukes are present. The C. novyi strains that 
cause black disease produce at least three potent exotox¬ 
ins: the alpha-toxin, which is the classical lethal toxin; 


the beta-toxin, which has both lethal necrotizing and 
hemolytic lecithinase activities; and the zeta-toxin, which 
is hemolytic. 66 

II Pathophysiology. C. novyi type B is widely distributed in 
soils, and its spores are continuously ingested and shed in 
feces of grazing animals. Some of these organisms cross the 
intestinal mucosa and become disseminated throughout 
the animal's mononuclear macrophage system, including 
the Kupffer's cells of the liver. When localized anaerobic con¬ 
ditions occur in the liver, as with migration of liver fluke lar¬ 
vae, these resident spores may germinate and enter a 
vegetative state. As they proliferate, they release their toxins 
and create enlarging zones of coagulation necrosis in the 
liver. The exotoxins produced will enter the general circula¬ 
tion, where they cause damage to neurons, vascular endothe¬ 
lium, and other vital cells and tissues, eventually causing 
sudden death of the animal. 

II Clinical Signs. Clinical black disease consists almost 
entirely of animals found dead. In the unlikely event that 
an affected animal is recognized before its demise, the signs 
are nonspecific. The animal will often be off to itself and 
will appear depressed, anorexic, and possibly in respiratory 
distress. Temperature is elevated initially, 40° to 41° C 
(104° to 106° F), but declines before death. Unlike closely 
related bacillary hemoglobinuria, or "redwater," affected 
animals do not show red urine or bleeding from nose or 
rectum. Diagnosis of clinical black disease can often be 
accomplished at necropsy or with the help of simple labora¬ 
tory tests. History will include sudden death, usually in an 
endemic area during warmer weather, when fluke transmis¬ 
sion is active. Flock or herd vaccination will be either over¬ 
due or absent. It is also helpful to know the history of fluke 
infestation on the farm and the timing of fluke control mea¬ 
sures, if any have been taken. Time of death should be 
ascertained as closely as possible. The animal is usually pre¬ 
sented in lateral recumbency without signs of struggle. It 
will be severely bloated, even if death has occurred quite 
recently, and gives the impression of a carcass in a more 
advanced state of decomposition than timing would 
suggest. 

II Necropsy Findings. Postmortem lesions are often 
obscured by rapid putrefaction of the tissues. Skinning the 
animal reveals engorgement and hemorrhage of subcutane¬ 
ous blood vessels, resulting in "black" discoloration, thus 
the name of the disease. Once the body cavity is entered, 
blood-tinged abdominal, thoracic, and pericardial fluids 
are present. Urine is grossly normal. Subendocardial and 
subepicardial hemorrhages are present. There may be 
hemorrhages on serosal and pleural surfaces, but these are 
not always present. Tissues, especially solid organs such as 
liver and kidney, appear to be in a state of autolysis much 
more advanced than time of death would suggest. In addi¬ 
tion to the presence of migrating fluke channels, the liver 
is swollen and congested and has one to several small, pale 
areas of coagulative necrosis. These lesions are typically 
along the diaphragmatic surface of the liver, have hyperemic 
borders, and extend for a variable distance into the hepatic 
tissue. Careful slicing of the organ may be required to find 
these lesions. 64 

II Diagnosis. If necropsy does not confirm a diagnosis of 
black disease, or if there is need for additional documenta¬ 
tion, a simple Gram stain of an impression smear taken from 
the margin of the liver lesion or from any area of a liver 
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without lesions will reveal numerous large, gram-positive 
rods typical of the clostridia. Because clostridial organisms 
proliferate rapidly after death, such findings must always be 
interpreted carefully, with consideration of time elapsed 
between death and necropsy. Further diagnostic measures 
include anaerobic culture and isolation of C. novyi type B, 
identification of the specific toxins, and fluorescent antibody 
identification of the organism. Characteristic histopatho¬ 
logic changes may also be seen in fixed sections of liver asso¬ 
ciated with necrotic lesions. Impression smears obtained 
from the liver lesions are ideal for the fluorescent antibody 
identification of C. novyi type B. Specific toxin identification 
is impractical for most laboratory settings but is the confirm¬ 
ing procedure of choice. 


II Treatment and Prevention. Treatment of black disease is 
rarely undertaken because of its acute to peracute presenta¬ 
tion, with animals usually found dead. C. novyi is highly sen¬ 
sitive to penicillin and the tetracyclines, but toxin production 
is usually too far advanced for antibiotics to be of value. If 
used, they should be administered at high doses, intrave¬ 
nously if possible for most rapid onset (20,000 IU/kg crystal¬ 
line penicillin or 5 mg/kg oxytetracydine), followed by 
intramuscular (IM) or IV doses at appropriate intervals. Sup¬ 
portive IV and/or intraluminal fluid therapy should be 
initiated to correct dehydration. Antiserum is not available. 
Care should be exercised in handling affected animals 
because stress may result in sudden death. Chances of success 
are small. In the event of an "outbreak," vactination should 
be initiated immediately, along with mass administration of 
penidllin or tetracydine, preferably in a long-acting form. 

A good prevention program requires consideration of 
both the pathophysiology and immunology of the disease 
and the natural history of the liver fluke (F. hepatica) that 
is so intimately involved in expression of black disease. 
Efforts to dear soils of the offending organism are unre¬ 
warding. However, it is recommended that carcasses of ani¬ 
mals dying from black disease be burned, buried deeply, or 
removed from the premises. 

Commercial bacterin/toxoids against C. novyi are avail¬ 
able in combination with other clostridial vaccines. These 
products are generally safe and highly efficacious. Dura¬ 
tion of protection is short, however, and should not be 
relied on more than 5 to 6 months. Field experience sug¬ 
gests that monovalent Clostridium haemolyticum vaccine is 
more effective than combination products in high-risk 
herds, and efficacy may vary among commercially avail¬ 
able combination vaccines. Animals vacdnated when less 
than 3 to 4 months old require revacdnation at weaning. 
Local reactions at the site of subcutaneous vacdnation 
are common but primarily of cosmetic concern. Intramus¬ 
cular vaccination should be avoided because it frequently 
results in permanent damage to muscle tissue, with a neg¬ 
ative impact on meat marketing. Timing of vacdnation 
must be determined by the local climate and liver fluke 
season. In more severe climates where the fluke season is 
relatively short, a single annual injection before fluke 
transmission season may suffice. In more moderate cli¬ 
mates with longer periods of fluke exposure, a second 
injection about 5 months later may be required. 

Control of liver fluke infestation is closely linked to pre¬ 
vention of black disease. Control measures include pasture 
or range management; control of water sources; limiting 
access to streams, canals, ponds, and marshes; and strategic 
treatment of animals with products effective against flukes. 
Appropriate disposal of infected carcasses is important. 
This is a complex subject, and the reader should refer to 
the section on liver flukes for more detail. 


BACILLARY HEMOGLOBINURIA 
(“REDWATER”) 

IOSEPH II. SNYDER 

STANLEY P. SNYDER 

II Definition and Etiology. Bacillary hemoglobinuria (red- 
water, icterohemoglobinuria) is a disease causing sudden 
death in cattle and other ruminants and, rarely, horses. It 
is caused by the toxins of Clostridium haemolyticum ( Clos¬ 
tridium novyi type D). This organism is closely related to 
the etiology of black disease, in which toxin production 
is closely linked to bacteriophage infection of the clostrid¬ 
ial organisms. 67 The major biologically active toxins in 
C. novyi type D (C. haemolyticum ) are the beta-toxin , which 
is a phospholipase C and has both lethal necrotizing and 
hemolytic lecithinase properties; the zela-toxin, which is a 
tropomyosinase; and the theta-toxin, which is a lipase. 
Prominent actions of the toxins induce localized hepatic 
necrosis and intravascular hemolysis. C. haemolyticum 
occurs in soils, and its spores are routinely found in the 
livers and passed in the feces and urine of healthy animals 
grazing affected pastures. Disease occurs only when there 
is sufficient insult to the liver to provide the anaerobic 
conditions required for bacterial growth and toxin produc¬ 
tion. In almost all cases the liver insult is caused by migra¬ 
tion of Fasciola hepatica (common liver fluke) larvae. 68 * 70 
As in black disease, Fascioloides magna, Dicrocoelium dendri- 
ticum (the lancet liver fluke), and Cysticercus cellulosae have 
also been occasionally implicated in the disease, as has 
liver biopsy or trauma severe enough to result in bruising 
of the liver. 71 Redwater is then, for all practical purposes, a 
seasonal disease occurring at the time of larval fluke 
migration. 

Bacillary hemoglobinuria is a regionalized disease. It has 
been reported that C. haemolyticum is limited to alkaline 
soils, but the disease is also endemic in regions with acid 
soils. The factors affecting distribution of the disease are 
not well understood. Even in areas where it is common, dis¬ 
tribution is erratic, with some farms severely affected, 
whereas others nearby are disease free. The disease is 
expanding from areas where it has traditionally been seen, 
probably in large part because of the shipment of cattle car¬ 
rying C. haemolyticum and F. hepatica. 

II Pathophysiology. Spores of C. haemolyticum are ingested 
by susceptible animals, cross the intestinal mucosa, and are 
transported to the liver and other organs, probably within 
the phagosomes of cells of the mononuclear macrophage 
series. The spores can persist for long periods in the liver 
within Kupffer's cells. Any localized area of anaerobiosis, 
as caused by migrating fluke larvae, allows these spores 
to germinate and proliferate. Release of toxins from the 
vegetative cells further increases the anaerobic environ¬ 
ment, favoring accelerated bacterial proliferation, toxin 
production, and hepatic necrosis. Absorption of toxins 
into the circulatory system rapidly leads to intravascular 
hemolysis, icterus, hemoglobinuria, and death. 

II Clinical Signs. In most cases of bacillary hemoglobin¬ 
uria, animals are found dead. In the rare cases in which 
disease is recognized antemortem, signs include malaise 
(animal by itself, "humped up," reluctant to move), 
anorexia, and fever of 40° to 41° C (104° to 106° F), declin¬ 
ing as death approaches. Breathing may be rapid and 
shallow, and blood or blood-tinged froth may be present 
in the nostrils. Rectal bleeding or bloody feces may also be 
observed. The eponymous sign is passage of dark-red, "port 
wine"-colored urine (hemoglobinuria), but this sign is seen 
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relatively infrequently. Blood is thin and watery and coagu¬ 
lates slowly. Mucous membranes are pale and icteric. Sever¬ 
ity of signs increases as the disease progresses. 

Bacillary hemoglobinuria is usually diagnosed at nec¬ 
ropsy as a cause of sudden death. Historical concerns 
include occurrence in or origination of the animal from 
an endemic area, season of the year, last known sighting 
of the live animal, approximate time of death (and time 
from estimated death to necropsy), and farm history of vac¬ 
cination and liver fluke control. Frequently the animal has 
been seen apparently healthy 12 to 24 hours before death. 
Herd vaccination is either nonexistent or overdue. The ani¬ 
mal is usually in lateral recumbency, severely bloated, and 
without signs of struggle. Blood is often present in the nos¬ 
trils, mouth, rectum, or vagina. The carcass appears to be in 
an advanced state of decomposition, even when it is actu¬ 
ally quite fresh. A tentative diagnosis can be made on the 
basis of history and observation of the carcass. 

II Necropsy Findings. On closer examination, membranes 
and tissues are icteric. Skinning the animal reveals numer¬ 
ous subcutaneous petechial and ecchymotic hemorrhages, 
edema, and sometimes emphysema. There will be copious 
amounts of red-tinged abdominal and thoracic fluid. 
Hemorrhages are present on all serosal surfaces. Dark-red 
urine (or traces) is present in the bladder. Lymph nodes 
are congested and usually hemorrhagic. There may be 
hemorrhage into the bowel lumen. The spleen is enlarged. 
The tracheobronchial tree is usually filled with blood- 
tinged froth or foam. Lungs show hemorrhages, edema, 
and frequently emphysema. Pericardial fluid is blood 
tinged, and hemorrhages are present on both the epicar- 
dium and the endocardium. Solid organs such as liver 
and kidney appear to be in advanced stages of autolysis, 
even in fresh carcasses. The confirming (pathognomonic) 
lesion is the so-called ischemic hepatic "infarct/' which 
has a zone of hyperemia at its interface with viable liver tis¬ 
sue. This area of coagulative necrosis, sometimes partially 
liquefied at its center, can reach up to a 30-cm diameter 
and have a very irregular outline. 69 Unlike a classic infarct, 
the lesion in bacillary hemoglobinuria results from the 
progressive enlargement of the focus of coagulative necro¬ 
sis caused by the bacterial toxins. Any thrombosis seen in 
the lesion is secondary, with the vasculature being 
included in the necrotic process, along with other hepatic 
tissue. 71 A thin coat of fibrin may cover the capsule of 
the liver where it overlies the necrotic lesion. 

II Diagnosis. In most cases, diagnosis of redwater can be 
confirmed at necropsy. Some peracute cases may be less 
typical, or laboratory confirmation may be needed in cer¬ 
tain, unusual cases. A simple Gram-stained impression 
smear from the liver will reveal numerous typical clostrid¬ 
ial organisms. Smears may also be made from spleen, 
blood, or abdominal fluid, with the same outcome. Post¬ 
mortem presence of clostridial organisms must be inter¬ 
preted with caution because they are always present and 
proliferate rapidly after death. It is important to have an 
accurate estimate of time of death to determine the signif¬ 
icance of these findings. Laboratory confirmation depends 
on identification of the causative bacterium. Both fresh 
(refrigerated) and formalin-fixed liver lesions should be 
submitted. Fluorescent antibody tests on impression 
smears taken from a liver "infarct" will be positive for 
C. novyi type D antigens. Extensive biochemical and toxin 
identification tests are confirmatory but are seldom used if 
lesions and fluorescent antibody tests are compatible. 
Histopathology reveals numerous clostridial rods within 


the hepatic lesion, particularly immediately subjacent to 
the zone of neutrophils at the advancing margin of the 
lesion. 


II Treatment and Prevention. Treatment of bacillary 
hemoglobinuria is seldom undertaken because of the acute 
nature of the disease. If there is opportunity for treatment, 
penicillin at high dosages (at least 20,000 lU/kg IM twice 
daily) is the antibiotic of choice, although tetracyclines 
(5 mg/kg IV twice daily or 10 mg/kg IM daily) are accept¬ 
able. Because time is critical, initiating treatment with crys¬ 
talline penicillin IV (20,000 U/kg) is indicated if available. 
Fluids are given intravenously (IV) or intraruminally to 
correct dehydration. Because of severe hemolytic anemia, 
blood transfusion is advisable and should be repeated as 
necessary. Affected animals must be handled with great care 
because stress or excitement may result in sudden death. 
In the rare instance of recovery, hematinics should be given 
to support RBC regeneration. 

An effective prevention program requires consideration 
of both the pathophysiology and immunology of the dis¬ 
ease and the natural history of the liver fluke (F. hepatica) 
that is so intimately involved in expression of bacillary 
hemoglobinuria. Efforts to dear soils of the offending 
organism are unrewarding. However, it is recommended 
that carcasses of animals dying from bacillary hemoglobin¬ 
uria be burned, buried deeply, or removed from the 
premises. 

Commercial bacterin/toxoids against C. haemolyticum are 
available in both monovalent form and in combination 
with other clostridial vaccines. These products are generally 
safe and highly efficacious. Duration of protection is short, 
however, and should not be relied on more than 5 to 6 
months. Animals vaccinated when less than 3 to 4 months 
old require revaccination at weaning. Local reactions at 
the site of subcutaneous vaccination are common but pri¬ 
marily of cosmetic concern. Intramuscular vaccination 
should be avoided because it frequently results in perma¬ 
nent damage to muscle tissue, with a negative impact on 
beef marketing. Timing of vaccination must be determined 
by the local climate and liver fluke season. In more severe 
climates where the fluke season is relatively short, a single 
annual injection before fluke transmission season may suf¬ 
fice. In more moderate climates with longer periods of fluke 
exposure, a second injection about 5 months later may be 
required. 

Control measures include pasture or range management; 
control of water sources; limiting access to streams, canals, 
ponds, and marshes; and strategic treatment of animals 
with products effective against flukes. This is a complex 
subject, and the reader should refer to the section on liver 
flukes for more detail. 


HEPATIC FAILURE IN FOALS 

THOMAS /. DIVERS 

Hepatic failure in foals might result from infectious, para¬ 
sitic, congenital, metabolic or toxic causes. Iron fumarate 
is the best documented of the toxic causes. 72 Iron toxicity 
most often occurs when newborn foals are given iron before 
nursing. Colostral-acquired glutathione or other protective 
substances may explain the great decrease in iron hepatotox- 
icity when the iron is administered after colostrum. 73 When 
the iron is given at birth and before colostrum, clinical signs 
develop 2 to 5 days later. In rare cases, clinical signs may 
not develop until the foal is older. The initial clinical signs 
are associated with hepatoencephalopathy and include 
seizures, marked depression, ataxia, aimless wandering, head 
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pressing, or any sign of abnormal behavior. Icterus is noted in 
most foals at the time neurologic signs are exhibited, although 
some foals may die so peracutely that icterus is not noticed. 
Although not documented in foals, nonsteroidal antiinflam¬ 
matory drugs (NSAIDs), such as carprofen and mycotoxins, 
are other potential toxic causes of hepatic failure. Rarely, foals 
treated with macrolides, trimethoprim-sulfas, or histamine- 
2 (H 2 ) blockers for pneumonia or diarrhea develop an 
increase in serum hepatic enzymes, despite the foal improving 
clinically. With changes in drug treatment, the serum enzymes 
return to normal, suggesting these cases may have drug- 
induced hepatopathy. 74 Steroid-induced hepatic lipidosis has 
been observed in foals receiving both prolonged and high 
doses of corticosteroids. 

Other causes of hepatic failure in foals include perinatal 
herpesvirus infection, leptospirosis, Actinobacillus equuli 
infection, streptococcal bacteremia, Tyzzer's disease, other 
bacterial infections, systemic inflammatory response syn¬ 
drome (SIRS) and multiple organ system dysfunction, septic 
portal vein thrombosis (e.g., Rhodococcus equi), chronic 
neonatal isoerythrolysis, hepatic lipidosis/hyperlipemia in 
miniature equine foals, cholangitis associated with duode¬ 
nal ulcer disease, Parascaris equorum migration, congenital 
anomalies (e.g., atresia of bile duct, portosystemic shunts), 
and hyperammonemia in Morgan weanlings. 

Equine herpesvirus 1 (EHV-1) infection of a near-term 
fetus may result in the birth of a nonviable foal with hepatic, 
respiratory, and/or gastrointestinal disease. 75 Generally, the 
clinical condition rapidly declines within 5 days after birth. 
Affected foals may have severe neutropenia and lymphope¬ 
nia. Treatment with oral acyclovir (8 to 16 mg/kg every 
8 hours) may improve survival rates. 76 

Leptospirosis was reported to cause jaundice and death 
in a 10-day-old foal. 77 Although Leptospira pomona is 
known to cause abortion and liver disease (giant cell hepa¬ 
topathy) in the equine fetus, it is also apparently a rare 
cause of neonatal liver disease. A. equuli typically causes 
bacteremic embolic nephritis and acute death in very 
young (~3-day-old) foals. It may also cause widespread 
multifocal hepatitis in foals. Streptococcus zooepidemicus 
bacteremia may also cause multifocal hepatic abscesses. 
Tyzzer's disease is the best-documented cause of bacterial 
hepatitis in foals, as briefly discussed in the following sec¬ 
tion. Other bacteria and bacterial toxins may initiate an 
exaggerated response to sepsis (SIRS), which may result 
in multiple organ dysfunction, including hepatic failure. 
Many vasoactive mediators are involved in this process; 
the hemodynamic system becomes ineffective, and certain 
organs (e.g., liver) may fail because of hypoxia. Diffuse 
hepatic necrosis and hepatocellular apoptosis are the char¬ 
acteristic lesions. The clinical signs may be identical to 
Tyzzer's disease, except the syndrome may affect a much 
wider age range. Prompt and aggressive treatment is often 
successful. Appropriate treatments include broad-spectrum 
antibiotics, fluids, oxygen, and antioxidants such as 
dimethyl sulfoxide (DMSO) and acetylcysteine. Bacterial 
sepsis rarely may cause acute portal vein thrombosis. Vari¬ 
able degrees of hepatic hypoxemia and inflammation 
accompany the thrombosis. Hepatoencephalopathy does 
not generally occur in foals, unlike in adult horses, with 
portal vein thrombosis. Diarrhea may occur in foals from 
portal hypertension. The thrombus can be seen on ultra¬ 
sound examination. A complete recovery may occur with 
long-term antimicrobial therapy. 

Foals with severe and prolonged neonatal isoerythrolysis 
may develop liver failure, 78 which may result from a combi¬ 
nation of chronic hypoxia and iron overload from multiple 
transfusions. Levels of conjugated bilirubin are generally 
high enough to suggest that bile stasis is also present. With 


severe and persistent hemolysis, bile excretion may become 
the rate-limiting step in bilirubin clearance. Physical 
obstruction of bile flow may result from duodenal scarring 
after a duodenal ulcer, 79 congenital biliary atresia, or para¬ 
sitic obstruction. 

Congenital portosystemic shunts occur infrequently in the 
equine and bovine. 80 Clinical signs may not be noted until 
foals are 2 to 3 months old and begin ingesting large 
amounts of grain or grass. Waxing and waning signs of 
encephalopathy are the most common signs in foals. 
Encephalopathic signs and tenesmus are characteristic of 
the disease in calves. Elevated plasma bile acids and ammo¬ 
nia levels in foals with encephalopathic signs and normal 
concentration of hepatic-derived serum enzymes should 
arouse suspicion of a portosystemic shunt. Shunts may 
be single or multiple and may be intrahepatic or extrahe- 
patic. Positive-contrast portography is the diagnostic tech¬ 
nique of choice. The shunt may also be detected by 
transrectal portoscintigraphy (in foals) or transabdominal 
ultrasound examination. Successful medical management 
followed by shunt ligation has been described in a foal 
and calf. 80 81 

Hepatic failure has been seen in Morgan foals. 82 ' 83 The 
onset of clinical signs (depression and weight loss) occurred 
soon after weaning. Liver enzymes are elevated; and variable 
degrees of portal and bridging fibrosis with bile duct hyper¬ 
plasia, karyomegaly, and cytomegaly are often seen on 
microscopic examination. The disease is fatal and may end 
with a terminal hemolytic crisis. The cause of the disease 
is unknown, but it may be inherited. 

The best laboratory aids in confirming hepatic failure are 
abnormally high concentrations of serum bilirubin (both 
conjugated and unconjugated), ammonia, and prolonged 
PT. Elevation in serum enzymes that are hepatic specific 
may indicate hepatic disease. Some foals with toxic hepatic 
failure have had normal or only modestly elevated SDH 
levels. GGT levels may be high in normal neonatal foals. 84 
Plasma glucose concentrations are frequently abnormally 
low in neonatal hepatic failure. The measurement of bile 
acids may be useful in determining hepatic dysfunction in 
foals older than 1 week. 85 

Treatment of these conditions is discussed later under 
Therapy of Liver Failure or under the specific condition. 

TYZZER’S DISEASE IN FOALS 

ERWIN G. PEARSON 

Tyzzer's disease is a sporadic, acute focal bacterial hepatitis 
that occurs in foals 7 to 40 days of age. 86 It has been 
reported in calves and other species. 87 The causative organ¬ 
ism is Clostridium piliforme, formerly called Bacillus pilifor- 
mis . 88 Multiple strains can infect Equidae. 89 

In many cases of Tyzzer's disease, the foal will be found 
dead with no previous signs of illness. The diagnosis in most 
cases is made postmortem. Recently, a polymerase chain 
reaction (PCR) test has been used to diagnose the condition 
in live foals. 90 If detected, clinical signs may include fever, 
icterus, depression, anorexia, diarrhea, and seizures, none 
of which is specific for the disease. 90 ' 91 Serum chemistry 
values will show elevated liver enzymes, hyperbilirubinemia, 
hyperfibrinogenemia, and a severe hypoglycemia. Histo¬ 
pathologic examination of the liver reveals multifocal areas 
of necrosis in which the organism can be identified with 
the Warthin-Starry method. 

There is one report of successful treatment of a proven 
case of Tyzzer's disease in a foal. 90 Early antimicrobial ther¬ 
apy and IV fluids to correct the severe hypoglycemia and 
acidosis, along with antiinflammatory drugs and parenteral 
nutrition, could be helpful. 
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CHRONIC ACTIVE HEPATITIS 

ERWIN G. PEARSON 

II Definition, Etiology, and Epidemiology. Chronic active 
hepatitis represents a sustained inflammatory process 
within the liver. The diagnosis is made histologically when 
the principal features are infiltration of inflammatory cells 
into the portal areas, necrosis, and fibrosis. 92 Some pathol¬ 
ogists do not recognize this as a large animal disease, and 
although there are few recent reports in the literature, a 
number of cases fulfill these criteria. 

The etiology of chronic active hepatitis in large domestic 
animals is not known, but several factors likely are 
involved. In humans, persistence of *he hepatitis B or hepa¬ 
titis C virus accounts for most cases of chronic hepatitis. In 
dogs, most cases are reported to be "idiopathic," even 
though more cases are reported. 93 In horses the histologic 
diagnosis is often cholangiohepatitis. 94 Cholelithiasis and 
cholangiohepatitis are encountered as forms of liver disease 
in adult horses and involve ascending infections from the 
small intestine. 95 These are discussed further under Chole- 
docholithiasis, Cholelithiasis, Hepatolithiasis. 

Cholangiohepatitis that is not associated with liver flukes 
also has been confirmed in cattle. Bacterial infection 
through the portal drainage of the bowel or by ascending 
infection from the bile duct is a potential cause of cholan¬ 
giohepatitis. Toxins may play a role. 96 Immune-mediated 
processes are thought to be potential causal factors in 
humans and may be involved in horses because some 
respond to corticosteroids, but no definitive work has been 
done in large animals. 

II Clinical Signs and Differential Diagnosis. The signs of 
chronic active hepatitis are similar to those of other types 
of chronic progressive liver failure, as described previously 
under diagnosis. Progressive weight loss and depression 
associated with intermittent fever and icterus may be noted 
initially. Fever is most consistent with bacterial cholangio¬ 
hepatitis. Other signs may develop progressively as liver 
functions begin to fail. Signs of concurrent intraabdominal 
diseases may be present, and some horses develop peculiar 
cutaneous lesions at the coronary band or areas of necrotic 
leathery skin. 97 These lesions usually appear as a moist, 
exfoliative dermatitis caused by an aseptic vasculitis. Differ¬ 
ential diagnosis includes pyrrolizidine alkaloid toxicity, bile 
stones, abdominal abscesses, and other chronic wasting 
diseases. 


II Liver-Derived Serum Enzymes and Diagnostic Tests. 
Serum liver enzyme activities are usually elevated, reflect¬ 
ing active hepatocyte damage. ALP and GGT tend to be 
greatly elevated in the active stages of the disease process. 
Serum bile acid concentrations are increased, and the bro- 
mosulfophthalein clearance half-life is prolonged. In most 
cases, serum bilirubin, especially the direct reacting (con¬ 
jugated) bilirubin, is elevated. A definitive diagnosis is 
made from histopathologic examination of tissue 
obtained by liver biopsy (see following discussion). A part 
of the liver biopsy, tissue should be submitted for bacte¬ 
rial culture and sensitivity. The lesion is described under 
Necropsy Findings. 

II Pathophysiology. The exact pathophysiology of chronic 
active hepatitis is not known. The early stages are associated 
with inflammation of the bile ducts and the portal areas of 
the liver. Extension of bacterial infection through the bile 
duct or through the portal venous drainage may be 


responsible for the lesion distribution in animals with sup¬ 
purative cholangiohepatitis. When lymphocytes and plasma 
cells are predominant in the cellular infiltrate, immune- 
mediated processes are more likely. 

The liver responds by proliferation of bile ducts and bile 
duct epithelium, which may impair bile excretion. Because 
hepatocytes are destroyed more rapidly than they are 
replaced, connective tissue takes their place. Eventually, 
areas are joined so that the fibrosis itself limits regeneration. 
At this stage, some cholestasis may occur, along with failure 
of other metabolic functions. Portal hydrostatic pressures 
could increase gradually, potentially leading to other clini¬ 
cal signs (e.g., ascites), but this has not been reported in 
large animals. 


II Necropsy Findings. Grossly, the liver appears firm and is 
often pale brown to green in color, and the cut surface may 
have prominent, irregular markings. Histologically, most of 
the lesions are present in the periportal areas. Inflammatory 
cell infiltration consists primarily of mononuclear cells in 
some cases, whereas a neutrophilic infiltrate that may con¬ 
tain bacteria (often coliforms) is found in others. These 
infiltrates are believed to indicate the nature of the primary 
disease process. Biliary hyperplasia may be marked if there 
is cholangiohepatitis. Loss of hepatocytes and increased 
fibrous connective tissue may be pronounced in the peri¬ 
portal area. 


II Treatment and Control. Supportive care is most impor¬ 
tant in these cases, especially for the maintenance of proper 
appetite and nutrition (see Chapter 50). 98 General measures 
for treating liver disease apply in these cases (see p. 921). 
Corticosteroids have been especially useful in horses with a 
lymphocytic plasmacytic hepatic infiltrate. They act to 
increase appetite, stabilize cell membranes, and reduce 
inflammation and connective tissue formation. Initial treat¬ 
ment with dexamethasone at 20 to 40 mg/day for the first 4 
to 7 days is followed by a gradual reduction in dosage rate 
over 2 to 3 weeks, depending on response to therapy. 99 
Low-level treatment with prednisolone at 400 mg once 
daily may be required for an additional 2 to 4 weeks. Anti¬ 
biotics are indicated when a bacterial cholangiohepatitis is 
suspected on the basis of the histologic features of the liver, 
the culture of the liver biopsy, and the presence of a persis¬ 
tent, intermittent fever. Although data are limited, enteric 
organisms are likely to be encountered, and antibiotic ther¬ 
apy should be directed at the likely organism. Bacterial cul¬ 
ture and sensitivity from the biopsy specimen can guide 
appropriate antimicrobial therapy. 


II Prognosis. The prognosis for cases of chronic active hep¬ 
atitis in the horse may be more favorable than with other 
liver diseases, such as toxicities and serum hepatitis. A 
recent retrospective study reported that five of nine horses 
with chronic active hepatitis survived. 100 Case records at 
Oregon State University Veterinary Teaching Hospital indi¬ 
cate that about half the cases of chronic active hepatitis with 
no evidence of Senecio poisoning improved. Liver biopsy 
and response to therapy are the best guides in formulating 
a prognosis. The prognosis for improvement and long-term 
survival is extremely poor in horses that have functional 
hepatic failure with widespread fibrosis and disruption of 
normal hepatic parenchyma. The prognosis is fair to good 
in patients with early (less severe) lesions, particularly those 
with a lymphocytic plasmacytic cellular infiltrate that 
responds well to corticosteroids. 



PYRROLIZIDINE ALKALOID TOXICITY 

ERWIN C. PEARSON 

Definition and Fdiology. Pyrrolizidine alkaloid (PA) tox¬ 
icity is a chronic, progressive, often-delayed intoxication 
that results when animals consume plants containing PAs. 
The condition is manifested by signs of liver failure. 101 
More than 350 PAs have been identified in over 6000 plant 
species. 102 Table 33-4 lists common plants containing PAs. 

Clinical Signs and Differential Diagnosis. The clinical 
signs of PA poisoning are basically those of liver failure, as 
previously described under Diagnosis of Liver Disease. 
Ihe most common signs of PA toxidty in the horse are 
weight loss, slight to moderate icterus, and abnormal 
behavior (e g., wandering, ataxia). 103 Signs seen less fre¬ 
quently in horses include photosensitization of the white 
areas and, in rare cases, diarrhea. A few cases in ponies have 
shown loud, stertorous inspiratory noises, possibly caused 
by pharyngeal-laryngeal paralysis. 7 104 We have seen pruri¬ 
tus in two cases involving horses, but never in cattle. Abor¬ 
tion may occur from ingestion of sublethal doses, 105 and PA 
has been shown to be teratogenic in rats. 106 Subtle signs 
such as poor performance (inability to race up to previous 
standards) may be seen in horses with pyrrolizidine- 
induced liver damage before the onset of liver failure. 
Secondary gastric impaction has been reported in ponies. 107 

Cattle more frequently show diarrhea, weight loss, tenes¬ 
mus, prolapsed rectum, and ascites. Calves are much more 
susceptible than mature cattle. Behavioral changes or subtle 
neurologic signs may also be seen in cattle, but icterus is 
uncommon. Differential diagnosis includes other diseases 
causing liver failure (e.g., aflatoxicosis), as discussed in 
Chapter 54, and some chronic, debilitating diseases such 
as gastrointestinal parasites, liver flukes, and Johne's 
disease. 101 

Sheep and goats are more resistant to PA toxicosis but 
can be affected by certain alkaloids at doses 30 times or 
more the dose that affects cattle and horses. A consortium 
of ruminal microbes from sheep degrades PAs found in 
Seneio jacobaea to less toxic metabolites. 108 PA injected 


TABLE 33-4 


Common Plants Containing Pyrrolizidine Alkaloids (PAs) 

I Botanical Name 


1 (Genus/Species) 

Common Name | 

Senecio jacobaea 

Tansy ragwort 

Senecio vulgaris 

Common groundsel 

Senecio douglasii var. longilobus 

Threadleaf groundsel 

Senecio riddellii 

Riddell groundsel 

Senecio trianularis 

Tarweed 

Senecio alpinus 

Alpenkreuzkraut (Europe) 

Amsinckia intermedia 

Fiddleneck 

Crotalaria species 

Rattlebox 

Echium plantagineum , 

Viper's bugloss. Salvation 

E. lycopsis 

Jane 

Heliotropium europaeum 

Common heliotrope 

Symphytum officinale 

Comffey 

Cynoglossum officinale 

Hound's tongue 


(houndstongue) 

Eupatorium macula turn 

Bruner's trumpet 

Baccharis pteronoides 

Yerba de pasmo 

Borago officinalis 

Borage 

Erechtites species 


Trichodesma species 



directly into the portal vein is toxic in sheep, as is Senecio 
when put in the abomasum. 109 Liver microsomal enzymes 
in sheep may also play a role in detoxifying PAs 110 ; how¬ 
ever, this alone does not seem to account for the differences 
in susceptibility. 111 

II Clinical Pathologyr And Diagnostic Tests. The liver- 
derived serum enzyme activities are elevated during periods 
of active hepatocyte destruction caused by PA poisoning. 
Although the dehydrogenases (e.g., SDH, GLDH, LDH) are 
elevated initially, they may have returned to normal by 
the time the animal first shows clinical signs of functional 
failure. Because lesions are largely in the portal region, 
GCI and ALP tend to be consistently elevated. 112113 In a 
study of sublethally poisoned horses, AST and the ratio of 
branched-chain/aromatic amino acids were persistently ele¬ 
vated. 105 Bile acids are increased and are increased early in 
some horses. Serum bile acid concentrations have a good 
predictive value, and levels above 50 pm/L would be a poor 
prognostic indicator in the horse. 114 Serum protein concen¬ 
tration is usually normal, and only terminally does albumin 
decrease or blood clotting become altered. Bilirubin, both 
direct and indirect, tends to be increased in the horse at 
the later stages of the disease process. 

Liver biopsy is useful in arriving at a definitive diagnosis, 
but other causes of chronic hepatitis (e.g., aflatoxins) may 
produce a similar histologic appearance. The triad of fibro¬ 
sis, bile duct proliferation, and megalocytosis is characteris¬ 
tic of PA toxicity. The histologic lesions are described more 
fully under Necropsy Findings. Some of the changes can be 
used for prognosis. Modest changes in the hepatocytes and 
biliary hyperplasia are reversible. Fibrosis bridging portal 
areas indicates an eventually fatal condition, as does the 
extensive fibrosis of an end-stage liver. 

Feed samples can be examined for PA-containing plants. 
Cubed or pelleted feeds can be analyzed for PAs, but this 
is often time-consuming and relatively expensive.* A sulfur- 
bound pyrrolic metabolite was identified by thin-layer chro¬ 
matography (TIC) on the hemoglobin of horses exposed 
to PAs. 115 

II Pathophysiology. There are a number of PAs, and many 
of the poisonous plants contain four to six different alka¬ 
loids. About 50% of the alkaloids are toxic, and some are 
more toxic than others. The alkaloid concentrations vary 
slightly among plants from different areas, but there is 
greater variation in concentrations from different parts of 
the same plant. 116 After absorption the portal circulation 
carries the alkaloids to the liver, where they are metabolized 
by microsomal enzymes of the hepatocyte to more toxic 
pyrroles. 117 The pyrroles may cross-link double-strand 
DNA in a dose-dependent manner. 118 The degree of DNA 
cross-links depends on the concentration of the pyrrol, 
but not on the base sequence of the oligonucleotide tar¬ 
get. 119 The cross-linking of DNA produces an antimitotic 
effect. 120 The hepatocytes cannot divide and often become 
megalocytes as cytoplasm expands without nuclear divi¬ 
sion. As cells die, they are replaced by connective tissue 
rather than new hepatocytes. This antimitotic effect may 
explain why megalocytosis (large hepatocytes and large 
nuclei) is seen with the disease. Besides cross-linking 
DNA, pyrroles, which are alkylating agents, may disrupt 
the hepatocyte in other ways. 121 They bind to protein and 
nucleic acid, thereby inhibiting enzymes and blocking pro¬ 
tein synthesis. All these actions may lead to faster death of 


•AM Craig laboratory, c/o VDL, Oregon State University. Corvallis, OR. 
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hepatocytes. With chronic doses, hepatocyte death is more 
severe in the portal areas (Rappaport zone 1), although 
some islands of necrosis do occur. 112113 Centrilobular 
necrosis may be seen with massive doses. 

With progressive death of hepatocytes and subsequent 
fibrosis, liver function begins to fail. The blood supply 
through the hepatic lobule is disrupted by fibrosis, making 
regeneration impossible. This becomes a venoocclusive 
disease, resulting in marked portal hypertension. The 
increased portal hydrostatic pressure leads to diarrhea and 
ascites in ruminants. It is unclear why diarrhea and ascites 
are seen infrequently in horses with PA toxicity. 

II Epidemiology. PA toxicity is seert wherever plants con¬ 
taining the alkaloids are found. The plants are not very pal¬ 
atable and in most cases are not readily eaten, but animals 
may eat them when the growth of the toxic plant is so thick 
that the animal cannot separate it from normal forage, or 
when other forage is sparse. Ihe plants are toxic in hay, 
including pelleted and cubed hay. Some herbicides may 
make the plants more palatable as they begin to die. PAs 
also survive ensilage; oat silage contaminated with 
Amsinckia or other PA-containing plants has been responsi¬ 
ble for illness in dairy cattle. Seeds of Heliotropium plants 
have poisoned feedlot cattle. 122 

The approximate toxic dose of dried Senecio as a percent¬ 
age of body weight for each species is horses, 5%; cattle, 
2% to 5%; goats, 125% to 400%, and sheep, over 150%. 
Most tansy ragwort contains less than 0.2% PA by weight, 
but there are reports of much higher levels in some of the 
other plants. 123 Horses were consistently poisoned by 
greater than 250 mg of total PA per kg body weight. 114 
The PA in hound's tongue is extremely toxic to horses. 124 
This dose does not have to be eaten all at once, since the 
effects are cumulative. Because signs often are delayed, 
some animals may not become ill until a year or more after 
removal from feed sources containing the toxins. 113125 
Signs do not occur until hepatocyte loss and replacement 
by fibrous tissue have caused failure of liver function. 

II Necropsy Findings. Cattle dying of PA poisoning have 
ascites and prolapsed rectums and are thin and emaciated. 
Horses are usually thin and may be icteric In all species the 
liver tends to be small, pale brown to yellow, and firm and 
may appear to be scarred. Hepatic megalocytosis is consid¬ 
ered the hallmark of PA poisoning, but it has also been seen 
in aflatoxicosis and is not always apparent in the earliest 
stages of PA toxicity. Biliary hyperplasia may occur early in 
the disease. Nonspecific nuclear changes, such as invagina¬ 
tions of cytoplasm into the nucleus, have been seen. 112113 
Isolated hepatocyte necrosis is seen later, and finally, portal 
or massive generalized fibrosis develops. Once bridging of 
connective tissue between the portal areas occurs, the disease 
is fatal. The condition is called a "venoocclusive disease" 
because perivascular fibrosis sometimes occurs, but this is 
not a constant or characteristic feature. 126 Most of the vascu¬ 
lar complications are caused by the generalized fibrosis and 
remodeling of the liver. 

II Prognosis. Liver failure may occur with either acute or 
chronic liver disease; the two must be differentiated for 
prognosis because end-stage fibrosis caused by PAs has vir¬ 
tually no chance for regeneration and recovery. 

No satisfactory treatment for PA poisoning exists. Once 
obvious clinical signs of liver failure develop, the animal 
usually dies within 5 to 10 days. Horses with mild clinical 
signs and reversible histologic lesions survived if they 
retained an appetite and were not exposed to any more 


PA-contaminated feed. 105 An accurate prognosis concerning 
mildly affected cases may best be obtained from a combina¬ 
tion of consecutive liver biopsies and liver-derived serum 
enzyme activity, 105 as well as from serum bile acid concen¬ 
tration. 114 Preventing further exposure to the toxic plants is 
indicated and may delay or stop the progression of the liver 
lesions, particularly if an uncontaminated feed source is 
provided before clinical signs develop. 

II Treatment. Therapy of liver failure is inappropriate if 
severe fibrosis has occurred because regeneration is impossi¬ 
ble. If the animal still has a reasonable appetite and only 
modest degrees of fibrosis histologically, treatment may be 
attempted by providing a low-protein, high-energy diet. 
The principles of treatment of hepatic disease should be fol¬ 
lowed (see p. 921). 

II Prevention and Control. PA poisoning is prevented by 
keeping susceptible animals from pasture, hay, cubed hay, 
or seeds that contains PA plants. Senecio vulgaris tends to con¬ 
taminate mainly first-cutting alfalfa, whereas Amsinckia inter¬ 
media is often found in planted fields of oat hay. Senecio can 
be controlled by cultivation because it is a biennial, or by her¬ 
bicide spraying in the early, rosette stage. Biologic controls for 
Senecio jacobaea include the cinnabar moth, Tyria jacobae , and 
the tansy flea beetle, Longitarsus jacobae. Sheep are sometimes 
used to graze Sen eda-infested pastures to control the weed 
because they are less susceptible to the poisoning. 

OTHER HEPATOTOXINS 

ERWIN G. PEARSON 

The liver is particularly vulnerable to toxic insults because it 
is the first organ to receive toxins absorbed from the Gl tract. 
Enzymes in the hepatocyte may either activate a toxin or, in 
some cases, metabolize it before it can cause damage. Most 
hepatotoxic agents are described in more detail in Chapter 
54. Some of the more common liver toxins are listed in 
Tables 33-5, 33-6, and 33-7, but these are not complete lists 
because many other plants and chemicals can damage the 
liver under the right conditions. Once a toxic liver disease 
has been diagnosed, possible sources of the toxin might be 
identified from these tables. A more detailed description of 
the toxin could then be found in Chapter 54. 

LIVER FLUKES IN RUMINANTS 

JOHN B. MALONE 

The common liver fluke Fasciola hepatica causes a disease of 
production in ruminants that mimics the production effects 
and clinical appearance of the GI nematode-parasite com¬ 
plex The disease often has its maximum economic effect 
in late fall and winter, when animals are most likely to be 
under seasonal nutritional stress. F. hepatica is unique 
among the common helminths of ruminants in that it has 
an asexual multiplication phase of the life cycle in snail 
intermediate hosts that is highly sensitive to environmental 
conditions. F. hepatica is well known for its exponential 
propagation of infective stages under favorable conditions, 
sometimes leading to explosive seasonal outbreaks of severe 
parasitism, especially in sheep. In addition, liver paren¬ 
chyma migration forms leave necrotic tracts in their wake 
that are a primary predisposing factor in some areas for 
acute fatalities caused by Clostridium novyi (black disease) 
and C. haemolylicum (bacillary hemoglobinuria). 127 

II Epidemiology. The geographic distribution of F. hepatica 
in the United States is limited mainly to areas in the 
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TABLE 33-5 


Hepatotoxic Plants 


Approximate Geographic 

Common Name (Botanical Name) LD 50 (%BW)* Distribution Liver Lesion 


For pyrrolizidine alkaloid-containing 


plants, see Table 33-4. 

Lantana (Lantana camara) 1 

Rabbitbrush (Tetradymia glabrata) 0.5 

Horsebrush (Tetradymia species) 

Sacahuista (Nolirui lexana) 1.1 

Lechuguilla (Agave lecheguilla) 4-15 

Puncture vine (Tribulus terrestris) # ? 

Whitebrush ( Lippa/Alosia species) ? 

Panic grasses ( Panicum species) ? 


Kleunegrass (Panicum coloratum) 
Bermudagrass (Cynodon dactylon) 
Cocklebur (Xanthium orientate) 
Lupine ( Lupinus species) 

Mycotoxin from Phomopsis inferior 
Cottonseed ( Gossypium species) 
Gossypol pigment 
Poisonous mushrooms (Amanita 
phalloides, Galerina veneta) 
Blue-green algae (Microcystis 
aeruginosa, Nodularia spumgena) 
AJsike clover (Trifolium hybridum) 
Mexican fireweed (Kochia scoparia) 


i 

7 

0.75-3 

Varies 

Varies; gossypol 
content 

Few mushrooms 

? 0.001 

Varies 

? 


Cycad palm (Cycas/Zamia species) ? 

Yellow-wood (Terminalia oblongata) ? 

Sneezeweed ( Helenium species) 0.25 

Moldy alfalfa (Medicago sativa) ? 

Bitterweed (Hymenoxys species) 1 


Northern North America 
Dry desert 
Western U.S. 
Southwestern U.S. 
Southern U.S., Mexico 
Wanner regions 
Southern U.S., Mexico 
Texas-Califomia, South 
America 
Southern U.S. 

North America 
North America 
Western North America 


Necrosis, canalicular collapse 

Necrosis 

Necrosis 

Fatty and centrilobular necrosis 
Necrosis, photosensitivity 
Biliary fibrosis, necrosis (big head) 
Fatty degeneration 
Biliary fibrosis, necrosis 

Necrosis, obstructed bile ducts 
? 

Hemonhagic centrilobular necrosis 
Necrosis 


Southern U.S. 
North America 
Ponds, worldwide 


Necrosis 

Cardiac lesions 
Necrosis 

Central nervous system signs 
Necrosis, dissociation 


Cultivated 
Southwest U.S. 

Central and South 
America 

South America, Australia 
Australia, Africa 
Northern U.S., Canada 
Wet areas 
Southwestern U.S. 


Portal fibrosis, biliary hyperplasia 
7 


7 

Centrilobular necrosis 
? 

Biliary hyperplasia, necrosis 
7 


?, Unknown. 

•I.ethal dose (as percentage of body weight) 

TABLE 33-6 
Hepatotoxic Chemicals 


Chemical 

Source 

Approximate Lethal Dose* 

Liver Lesion 

Carbon tetrachloride 
(CC1 4 ) 

Tremacide 

Fumigant 

Solvent 

10-40 mg/kg 

Fatty degeneration, centrilobular 
necrosis, cirrhosis 

Cl-Hydrocarbons 

Insecticides 

PCBP 

Solvents 

Varies with species, 
chemical, and route 

Necrosis 

Pentachlorophenols 

Wood preservative, herbicide, 
fungicide, molluscadde 

100-200 mg/kg 

Centrilobular fatty degeneration 

Polybrominated 
biphenyl (PBB) 

Fire retardant 

100 mg/kg 

Hemorrhagic necrosis, fatty 
degeneration 

Carbon disulfide (CS 2 ) 

Boticide 

Solvent 

Fumigant 

100 mg/kg 

Necrosis 

Coal tar pitch 

Clay pigeons 

Pipe sealer 

Tar paper 

Swine 15 g/pig 

Hemorrhagic necrosis 

Phenol 

Wood preservative 

30 mg/kg 

Hemorrhagic centrilobular necrosis 

Iron 

Iron supplements 

>150 mg/kg young animals 
Older animals 

Portal necrosis 



Injectable iron 
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TABLE 33-6 


mmmmm 

Mik*.-. .. 1 

Hepatotoxic Chemicals—cont’d 



1 Chemical 

Source 

Approximate Lethal Dose* 

Liver Lesion 1 

Copper 

Species inappropriate 
supplements 

Fungicides, algicides 
Molluscacide 

Foot baths 

Depends on species and 
molybdenum intake 

Portal vacuolation and necrosis 
(hemolytic crisis) 

Phosphorus 

Fertilizer 

Matches 

Rodenticide 

1-4 mg/kg 

Portal necrosis and fatty 
degeneration 

Tannic acid 

Oak 

Skin astringent 

20 mg/kg 

Centrilobular necrosis (also renal 
damage) 

Paraquat/diquat 

Herbicide 

4-10 mg/kg 

Centrilobular necrosis (also lung 
damage) 

Mycotoxins, 
aflatoxin B 

Moldy feed 

3 mg/kg 

Centrilobular necrosis, biliary 
hyperplasia, megalocytosis 

Rubratoxin B 

Moldy feed 

7 

Necrosis 

Sporidesmin 

Moldy feed 

7 

Bile duct occlusion (big head) 

Ochratoxin A 

Moldy feed 

7 

Necrosis (also renal damage) 

Phomopsin A 

Lupine 

7 

Necrosis 


?, Unknown 

•Lethal dose varies with individual, species, route of entry, rate or chronicity, enzyme induction, and many other factors. 


TABLE 33-7 

Drugs Used in Large Animals That Could Damage the Liver 


I 

Lesion* jl 

Carbon 

Centrilobular necrosis or fatty 

tetrachloride 

degeneration 

Hexachloroethane 

Centrilobular or massive necrosis 

Carbon disulfide 

Necrosis 

Alcohol 

Necrosis/cirrhosis 

Tetracycline 

Fatty degeneration (also renal 
damage) 

Clindamycin 

Cholestasis, icterus 

Erythromycin 

Cholestasis, icterus 

Isoniazid 

Active hepatitis —► cirrhosis/massive 
necrosis 

Rifampin 

Cholestasis, icterus 

Nitrofurantoin 

Active hepatitis —► cirrhosis 

Anabolic steroids 

Cholestasis, icterus 

Phenothiazine 

Cholestasis, icterus tranquilizers 

Halothane 

Active hepatitis -* cirrhosis/massive 
necrosis 

Fluothane 

Active hepatitis/massive necrosis 

Isofiurane 

Active hepatitis/massive necrosis 

Some diuretics 

Cholestasis, icterus 

Diazepam 

Cholestasis, icterus 

Phenobarbital 

Necrosis/cholestasis icterus 

Aspirin 

Active hepatitis —» cirrhosis 

Oil of pennyroyal 

Centrilobular necrosis 

Tannic acid 

Centrilobular necrosis, fatty 
degeneration (renal damage) 

Dantrolene 

Active hepatitis —* cirrhosis 

Copper 

disodiumedetate 

Massive centrilobular necrosis 

Iron (injectable) 

Necrosis, portal, cirrhosis, 
hemosiderosis 

Glucocorticoids 

Hepatocellular vacuolization 


•May vary with dose and time. 


south-central states and Florida and to the Pacific North¬ 
west, where neutral, well-buffered soils are found and local 
hydrologic conditions provide suitable habitats for Lymnaea 
species, the snail intermediate hosts. The important vector 
species in temperate climates are semiaquatic ''mud" snails 
found in disturbed mud banks and hoofprints in shallow 
depressions in fields, drainage channels, and temporary 
water bodies in alluvial river basins, bottomlands, and 
coastal regions of the southeastern United States. Springs, 
small streams, seeps, and sloughs serve as habitats in areas 
of greater terrain relief in the western states. Most infections 
occur by grazing in and around water in fluctuating habitats 
that stay wet for more than half the year. 

The life cycle development of both the snail host and the 
parasite in the snail occurs only when temperatures are 
above 10° C (50° F) and while snail habitats are wet. This 
leads to a distinct seasonal transmission in the mild, wet 
winter and spring of the south-central states and Florida 
and a late spring to fall transmission in the cooler climates 
of the western states (Figs. 33-1 and 33-2). It takes a mini¬ 
mum of 42 days at 25° C (77° F) or the accumulation of 
approximately 600 growing-degree days to complete intra- 
molluscan development, with release of cercariae that 
encyst as infective metacercariae on pasture vegetation 
(600 growing-degree days = 25° C minus the base tempera¬ 
ture of 10° C = 15 growing-degree days x 42 days; an 
equivalent value for the life cycle is 15° C or 5 growing- 
degree days x 120 days). Using soil water budget analysis 
to indicate the length of time habitats are wet and the accu¬ 
mulated sum of growing-degree days over 600, a climate 
forecast index can be calculated for use in describing the 
pattern of seasonal transmission at a given site and to pro¬ 
vide an indicator of the risk of economic losses in a given 
climate year. Two weeks of sustained summer heat and 
drought ends the transmission season by killing pasture 
metacercariae and forcing snail populations to estivate in 
soil or perish. In the cooler climates of the western United 
States, the season ends with drying of springs, seeps, 
sloughs, and other habitats or with the onset of sustained. 
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Fluke transmission dynamics—Louisiana 


Optional 


Strategic 

treatment 


treatment 

(reduces fluke 


adult 

numbers) 


flukes 



JAN 


1979 


APR JUL OCT 

Boxes below indicate time and number of flukes transmitted. 

I 


JAN 


I 


13 


1980 


63 


235 


158 


1981 H 


19 


FIG. 33-1 II Pattern of Fasciola hepatica 
transmission typical of the southern United 
States (based on 10 years of experimental 
data from Alexandria, Louisiana) and strate¬ 
gic treatment recommendations with adul- 
ticidal drugs. (From Malone JP et al: Prev 
Vet Med 3:131, 1985.) 



JAN APR JUL OCT JAN 


Boxes below indicate time and number of flukes transmitted. 

I 21 I I 407 | I 43 | [ 2 I 


FIG. 33-2 I* Pattern of Fasciola hepatica 
transmission typical of the U.S. Pacific 
Northwest in natural rainfall and irrigated 
zones (based on experimental data from Lan- 
golis, Oregon) and strategic treatment recom¬ 
mendations with adulticidal drugs. (From 
Rickard LG et al: Vet Parasitol 4 1:45, 1992.) 


cold winter weather. Variation in the annual climate alone 
may lead to a 100-fold variation in fluke burdens in differ¬ 
ent climate years (Table 33-8). 128 

The amount of snail habitat present on individual farms 
related to pasture wetness conditions, such as premises 
with low-lying, heavy clay soils with a high water table, is 


also an important consideration in evaluating the need 
for fluke control. This factor has also been shown to lead 
to a 100-fold variation in the risk of fluke losses in the 
same year on different premises in otherwise ecologically 
similar areas. 129 The snail habitat area on most enzootic 
livestock operations typically is only 1% to 5% of the total 
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TABLE 33-8 


Spring and Autumn Forecast Index Values and Observed 
Fasciola risk at Dean Lee Research Station, 

Alexandria, Louisiana 


I Year 

Spring 

Index 

Autumn 

Index 

Flukes 
per Calf 

Risk | 

1979 

416 

1423 

2 

Low 

1980 

757 

2949 

75 

High 

1981 

326 

956 

5 

Low 

1982 

370 

1134 

28 

Moderate 

1983 

1304 

3671 

251 

Very high 

1984 

549 

1168 

ND 

Moderate 

1985 

2899 

3187 

325 

Very high 

1986 

2151 

2470 

146 

High 

1987 

1619 

2081 

146 

High 

1988 

669 

1459 

ND 

Low-moderate 

1989 

830 

5741 

124* 

Very high 

Average* 

1081 

2385 

110 



From Malone JB. Xukowski SH: Parasitol Today 8:266, 1992. 

ND, Not determined. 

•Average fluke number despite subterranean drainage of half of the farm 
and improved preventive herd treatment in 1983. The neighboring farm 
averaged 189 flukes per calf. 

Hite 30-year-average reference value computed by the model was 579 for 
spring and 1978 for autumn. 


land area; operations with over 5% habitat may be asso¬ 
ciated with a high risk of liver fluke losses. 

II Clinical Signs and Pathophysiology. Subclinical produc¬ 
tion effects of F. hepatica include reduced rate of gain and 
feed efficiency in growing stock. Economic effects have been 
experimentally demonstrated in calves on a marginal nutri¬ 
tional plane in the first 5 to 6 months after infection, result¬ 
ing in an 8% loss in the rate of gain with a mean of 40 
flukes and a 28% loss with 140 flukes. In cattle it is esti¬ 
mated that herd economic losses are "negligible" with a 
burden of less than 10 flukes per animal, "possible" at 10 
to 40 flukes, and "probable" with over 40 flukes; clinical 
disease is seen with a burden of more than 200 flukes. In 
cow-calf operations flukes often act in concert with periods 
of nutritional stress and concurrent heavy GI nematode 
infections, causing further reduction of body condition, 
poor milking ability, and slower return to estrus. This trans¬ 
lates to reduced reproductive efficiency, prolonged calving 
interval, and lightweight calves at weaning. 130 

In cattle, flukes may lead to chronic disease or, in rare 
cases, subacute disease. When clinical signs occur, the typi¬ 
cal population "overdispersion" (individual variation in 
parasite burdens) is manifested first in the 10% to 20% 
minority of the herd that harbor most of the parasite num¬ 
bers. Signs may consist of weight loss, emaciation, depres¬ 
sion, anorexia, rough hair coat, anemia, hypoproteinemia, 
submandibular edema, and, in rare cases, mild icterus. The 
anemia associated with F. hepatica infections is more than 
can be accounted for by blood feeding by flukes. Evidence 
indicates that depression anemia and biliary hyperplasia 
result from high levels of proline, a product of fluke metab¬ 
olism. 131 Cattle are able to mount a protective immune 
response, with partial acquired resistance to F. hepatica, 
beginning at 5 to 6 months after initial exposure. 132 This 
and the short lifespan of flukes in cattle typically lead to a 
linear reduction of fluke numbers, with few surviving by 
the end of 1 year. Sheep and goats are more susceptible, 
and fatal acute disease with ascites, abdominal hemorrhage, 
pallor, and icterus can occur in association with massive 


entry to the bile ducts at 6 to 10 weeks after infection by 
1000 to 5000 or more migrating immature forms from the 
liver parenchyma. Subacute disease has been associated 
with a burden of more than 800 flukes acquired over time. 
Chronic clinical disease in sheep with submandibular 
edema, ascites, and emaciation has been associated with 
fluke burdens above 200. 133 


II Necropsy Findings. Necropsy findings attributable to 
migrating young flukes are caused by tortuous tunnels of 
coagulative necrosis that organize and fibrose, ultimately 
leading to a diffusely fibrotic liver parenchyma, especially 
in the ventral lobe, which in severe cases undergoes marked 
atrophy. Fibrous tags may result from fibrinohemorrhagic 
deposits left by large numbers of flukes at liver penetration 
3 to 4 days after infection. Inflammatory events associated 
with penetration of the bile ducts at 6 to 8 weeks after infec¬ 
tion are especially pathogenic. Once in the bile ducts, flukes 
grow rapidly from 1 mm to 2.5 cm or more and induce a 
proliferative cholangiohepatitis. The spines and suckers of 
flukes erode and denude the bile duct epithelium, leading 
to a fibrosed, thickened duct wall that is irregularly dilated 
and stenotic and begins to calcify in catde (but not sheep) 
at about 20 weeks after infection. The bile becomes darkly 
discolored and laden with regurgitated fluke ingesta, plasma 
proteins, and inflammatory cells. The extent of pathologic 
change is generally proportional to the fluke burdens of cur¬ 
rent or recurring previous infections. 133 

II Diagnosis. Fecal sedimentation methods are the stan¬ 
dard means of diagnosing liver flukes. A reusable commer¬ 
cial kit based on sieve-sedimentation of 2-g samples 
(Flukefinder, Visual Differences, Moscow, Idaho) reduces 
sample processing time by half and is suitable for use by 
practitioners for quantitative examination of an individual 
animal or of 10- to 15-animal herd composite samples. 
For herd or lot evaluations in cattle, egg counts of less than 
one egg per 2 g (EP2g) and 25% prevalence 2 to 4 months 
after the transmission season ends have a "low probability" 
of economic losses; 1 to 3 EP2g indicates "possible" eco¬ 
nomic loss; and 10 EP2g or more indicates "high probabil¬ 
ity" of heavy infections and economic loss. It is important 
to differentiate F. hepatica eggs from the eggs of Paramphisto- 
mum species, a nonpathogenic "rumen fluke" often found 
in the same herds in both the southern and the western 
enzootic areas. Flukecides used against F. hepatica are inef¬ 
fective against rumen flukes, and egg counts thus persist 
after treatment. Paramphislomum eggs are gray (rather than 
amber), slightly smaller, and more pointed at the opercu¬ 
lum end than F. hepatica. Paramphistomum egg counts can 
be used as a general indicator of the probable risk of 
F. hepatica in the absence of control in the southern states, 
because Paramphistomum flukes are known to be transmitted 
by the same snail vector in that region. 130 

Diagnostic enzyme-linked immunosorbent assays (ELISAs) 
have been developed to detect serum antibodies and 
coproantigen in the feces of infected animals 134 but have 
not yet found wide use outside of research or diagnostic 
laboratories. Blood and serum clinicopathologic results 
reflea the anemia, hypoproteinemia, and mild eosinophilia 
caused by F. hepatica. Pathologic changes in the liver bile 
ducts and parenchyma are refleaed by an elevation in serum 
liver enzymes (e.g., GGT, GLDH). 

II Treatment and Control. Prevention is the key to control 
in foundation herds and flocks because even low numbers 
of eggs shed can multiply asexually in snails and lead to 
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significant infection rates during the following transmission 
season. A single routine fall or late fall-winter treatment after 
the end of the transmission season with a highly effective 
drug is recommended to remove adult flukes before winter 
stress and to prevent egg shedding and snail infection in 
the next season (see Figs. 33-1 and 33-2). Most of the patho¬ 
genic and economic effects of flukes in cattle are reported to 
occur within the first 5 to 6 months after the major exposure 
period and may be related to metabolic products associated 
with the rapid growth and heavy egg production phases of 
the life cycle. This, coupled with linear loss of heavy fluke 
burdens in cattle and the onset of effective immunity at 20 
weeks after exposure, suggests the value of early flukecide 
treatment, within 2 to 3 months after the transmission sea¬ 
son ends. In some herds an optional curative treatment in 
spring may be needed in very high-risk years or on high-risk 
premises, or as a second treatment to remove flukes 
acquired during late, extended transmission on irrigation 
pastures or wet coastal areas in the west. 

Flukecidal drugs available in the United States are effec¬ 
tive against mature flukes in bile ducts (albendazole, 
10 mg/kg; closulon, 2 mg/kg). Closulon at 7 mg/kg has 
added efficacy against juvenile flukes over 6 weeks old in 
the bile ducts. The optimum time to treat should be based 
on the estimated susceptibility of mature fluke populations 
(> 12 weeks old after end of transmission season) but early 
enough to remove flukes while they are most pathogenic 
(<6 months old). Tridabendazole, which is widely used in 
other countries, is more than 90% effective against migrat¬ 
ing flukes over 2 weeks old and 99% effective against mature 
flukes and can be effectively given just after transmission 
ends. Worldwide, a number of other drugs are available, 
including oxydozanide, niclofolan, bithionol, and hexo- 
chlorophene (80% to 99% of adult flukes), nitroxanil, clo- 
santel (>90% adult and 50% to 90% juvenile bile duct 
flukes), rafoxinide (>50% late migratory flukes, >90% juve¬ 
nile and adult bile duct flukes), and diamphenathide 
(>90% migratory flukes, 50% to 80% bile duct flukes). 135 

The economic benefit of routine flukecide treatment of 
feedlot calves from enzootic areas in the United States 
has not been consistently demonstrated industry-wide 
because of the high variability of fluke burdens in animals 
from enzootic areas, or because lots are often of mixed 
origin. Fluke-related losses would be expected to be mainly 
absorbed by stocker operations, where lightweight calves 
are typically placed on small grain pastures for extended 
periods before feedlot, a common practice in the south- 
central states. The economic return of treatment at feedlot 
should be evaluated on a case-by-case basis because signif¬ 
icant losses may occur if the lot originates from the same 
premises and the history suggests a high risk of recent, 
heavy infection rates, such as in favorable climate years 
or use of irrigated pastures in fluke areas. Fecal egg counts 
on 10 to 15 randomly selected animals may aid in herd 
evaluation. An example case of the explosiveness of the life 
cycle is the greatly reduced feedlot performance and 100% 
liver condemnations of a lot from a stocker operation in 
the Pacific Northwest. The animals originated from irri¬ 
gated pastures where some habitats stayed wet year-round, 
and untreated calves from fluke areas were allowed to con¬ 
taminate pastures with eggs, which translated to infection 
later in the grazing season and to the next stocker group 
rotated onto the premises. 

OTHER FLUKES. Fascioloides magna, the large American 
liver fluke, may infect cattle and sheep that graze com¬ 
mon areas with deer, the natural host. The life cycle is 
similar to that of Fasciola hepatica, but with a wider vari¬ 
ety of lymnaeid snail hosts and a broader geographic dis¬ 
tribution in the Gulf States, the Great Lakes area, and the 


Northwest. Cattle are abnormal, dead-end hosts that 
react with an intense encapsulation response, forming a 
closed cyst that does not allow escape of eggs and obvi¬ 
ates diagnosis by fecal examination. The liver paren¬ 
chyma and regional lymph nodes have a characteristic 
diffuse, black pigmentation. The major economic effect 
of F. magna in cattle is condemnation of livers and other 
organs, such as lungs, in which aberrant migration some¬ 
times occurs. In sheep and goats, however, F. magna does 
not encyst and migrates uninterrupted. One or two 
F. magna flukes kill sheep before the flukes have time to 
mature, and this parasite limits sheep production in 
some areas. Albendazole given at high dosage is moder¬ 
ately effective against F. magna. 

In tropical regions, F. hepatica is replaced by Fasciola 
gigantica, a similar species that is somewhat larger, has a 
longer prepatent period (10 to 12 weeks), and is of some¬ 
what greater pathogenicity. Dicrocoelium dendriticum 
occurs worldwide but in North America is an unimpor¬ 
tant species, mainly limited to areas of central New York, 
with smaller foci in Pennsylvania, New England, Quebec, 
and British Columbia. Albendazole (20 mg/kg) and high 
doses of thiabendazole (150 to 300 mg/kg) are effective 
treatments. 127 

HEPATIC ABSCESSES 

T.G. NAGARAJA 

II Definition and Etiology. Hepatic abscesses occur spo¬ 
radically in most animals but are most common in rumi¬ 
nants, particularly cattle fed high-grain diets. Hepatic 
abscesses occur at all ages and in all types of cattle, includ¬ 
ing dairy cows, but have the greatest economic impact in 
feedlot cattle, in which the incidence ranges from 1% to 
2% to as high as 90% to 95%, but averages 20% to 30% 
in most feedlots. 136 Because hepatic abscesses are generally 
a direct result of feeding practices, diet is an important fac¬ 
tor influencing the prevalence. The prevalence of liver 
abscesses in dairy cows has not been documented, other 
than the anecdotal observations of liver abscesses "being 
not uncommon" in slaughtered heifers and cows. Most of 
the cows slaughtered are culled animals with low produc¬ 
tivity, often related to disease, removed as a routine strat¬ 
egy to improve herd productivity. 

Hepatic abscesses are generally polymicrobial infections, 
and in most cases the organisms are anaerobes. In the 
bovine, Fusobacterium necrophorum (formerly Sphaerophorus 
necrophorus), a gram-negative, pleomorphically rod-shaped 
anaerobe, is the primary etiologic agent. The organism also 
is implicated as the primary pathogen in necrotic laryngitis 
(calf diphtheria), foot rot, and foot abscesses in cattle. 137138 
F. necrophorum is a normal inhabitant of the rumen, and its 
role in ruminal fermentation is mainly to utilize lactic acid 
and degrade protein. The organism is in higher concentra¬ 
tion in grain-fed than forage-fed cattle, possibly because of 
the increased availability of lactic acid from starch fermenta¬ 
tion. Several virulence factors have been implicated in the 
pathogenesis of F. necrophorum infections. 138 These include 
leukotoxin, endotoxic lipopolysaccharide (LPS), hemolysin, 
hemagglutinin, capsule, adhesins or pili, platelet aggregation 
factor, dermonecrotic toxin, and extracellular enzymes (e.g., 
proteases, deoxyribonucleases). 139 Leukotoxin is believed 
to be the major virulence factor. The leukotoxin is cytotoxic 
to polymorphonuclear neutrophil leukocytes (PMNs), 
macrophages, hepatocytes, and ruminal epithelial cells. 
Because of leukotoxin, the organism is able to survive, 
proliferate, and establish itself, to set up infection of the 
ruminal wall and liver. There are two subspecies of F. necro- 
phorum, subsp. necrophorum (formerly biotype A) and subsp. 
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funduliforme (formerly biotype B). These two subspecies 
differ in cell morphology, colony characteristics, growth pat¬ 
terns in broth, and most importantly, in virulence factors. 
Subspecies necrophorum is more virulent (produces more 
leukotoxin) and thus more frequently encountered in liver 
abscesses than subsp. funduliforme, which tends to occur 
more often in mixed infections. 140141 

In most situations, Arcanobacterium p)>ogenes (formerly 
Actinomyces, Cor}7iebacterium), a gram-positive rod shaped 
organism, is the second most frequent pathogen isolated 
from liver abscesses, llie ruminal wall appears to be the 
niche for A. pyogenes, an aerobe, because the wall provides 
an aerobic microenvironment in an otherwise anaerobic 
environment of the rumen. 142 The organism may also act 
in synergy with F. necrophorum to cause liver abscesses. 143 

II Pathogenesis. Abscesses in the liver result from entry 
and establishment of F. necrophorum either alone or with 
other bacteria. The routes by which the bacteria can gain 
access to the liver include: the portal vein, hepatic artery, 
umbilical vein (in newborn with omphalophlebitis), bile 
duct system, and direct extension. Entry through the hepatic 
artery (after an episode of septicemia) or frie bile ducts 
(usually from obstruction, infection ascending from duode¬ 
num, or migration of flukes) is a rare occurrence. The direct 
extension of infection from adjacent tissues and organs, 
usually of traumatic origin, such as direct puncture of the 
liver by a foreign body lodged in the reticulum, is more 
likely to occur in dairy cows. Traumatic reticuloperitonitis 
caused by metallic objects lodged in the reticulum and per¬ 
forating through the reticular wall, rarely involving the rum¬ 
inal wall, is often a predisposing factor for liver abscesses in 
dairy cows. However, in both dairy cows and feedlot cattle, 
the most common route of entry of bacteria into the liver is 
the portal vein. 

Liver abscesses are secondary to the primary foci of infec¬ 
tion in the ruminal wall. Evidence to support this is the high 
correlation between ruminal wall lesions (rumenitis) and 
liver abscesses, thus the term rumenitis-liver abscess complex 
(Fig. 33-3). It is well accepted that ruminal lesions result¬ 
ing from acidosis are the predisposing factors for hepatic 
abscesses. Acid-induced rumenitis and damage of the 
protective surface usually are associated with a sudden 
change to high-energy diets and other dietary indiscre¬ 
tions, such as a change in feeding patterns, letting cattle 
become overly hungry, feeding unpalatable diets, and 
feeding very little roughage. 144 The ruminal damage often 
is aggravated by foreign objects in the feed, sharp feed par¬ 
ticles, or hair. 143 The ruminal wall that is damaged from 
acidity or penetration of foreign objects becomes suscepti¬ 
ble to invasion and colonization by F. necrophorum. Once 
colonization has occurred, F. necrophorum can gain entry 
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FIG. 33-3 II Pathogenesis of liver abscesses in cattle fed high-grain diets. 
(Modified from Nagaraja T), Chengappa MM: / Anim Sci 76:287, 1998.) 
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into the blood or cause ruminal wall abscesses and subse¬ 
quently shed bacterial emboli to the portal circulation. 
Bacteria from the portal circulation are filtered by the liver, 
leading to infection and abscess formation. 

Undoubtedly, the virulence factors of F. necrophorum play 
a critical role in the penetration and colonization of the rum¬ 
inal epithelium and entry and establishment of infection 
in the liver. The protease activity, dermonecrotic activity, 
and cytotoxic effect of leukotoxin on ruminal cells may 
aid in penetration and colonization of the ruminal wall. 
F. necrophorum, being an anaerobe, must overcome both 
high oxygen concentrations and phagocytic mechanisms to 
survive, proliferate, and initiate abscess formation. The leu¬ 
kotoxin may protea it from phagocytosis. Also, the release 
of cytolytic products such as lysosomal enzymes and oxygen 
metabolites, resulting from destruaion of phagocytes, has a 
detrimental effea on the liver parenchyma. Synergism with 
facultative baaeria, intravascular coagulation induced by 
endotoxic LPS and platelet aggregation faaor; formation of 
fibrin-encapsulated abscesses, and impairment of oxygen 
transport by damaged erythrocytes (aaion of hemolysin) 
all may contribute to the establishment of an anaerobic 
microenvironment conducive to the growth of anaerobic 
baaeria within the ruminal wall and liver. 

II Pathology. Abscesses found in the liver at slaughter or nec¬ 
ropsy often are well encapsulated, possessing thick, fibrotic 
walls. Histologically, a typical abscess is pyogranulomatous, 
with a necrotic center, encapsulated, and often surrounded 
by an inflammatory zone. 141 1 lepatic abscesses are pus filled, 
have capsules that vary in thickness, and range in size from a 
minute pinpoint to over 15 cm (6 inches) in diameter. The 
number of abscesses in the liver can vary from one to 
hundreds, and sizes range from less than 1 cm (0.4 inch) to 
greater than 15 cm in diameter, often encircled by a hyper- 
emic zone. The larger abscesses may be the result of small 
abscesses coalescing early in development. The distribution 
of abscesses in the liver shows no consistent pattern, with 
superficial and deep abscesses distributed almost evenly. 
Often, small abscesses are scattered throughout the organ, 
whereas large abscesses are located close to the portal entry. 

II Clinical Signs and Diagnosis. Liver abscesses are 
detected only at the time of slaughter. Cattle, even those 
that carry hundreds of small abscesses or several large 
abscesses, seldom show any clinical signs. Occasionally, 
the rupture of a superficial abscess or erosion and perfora¬ 
tion of the caudal vena cava could lead to extensive spread 
and massive infection of other organs and eventual death. 
Generally, hematology and liver funaion tests have not 
proved to be good indicators of liver abscesses. 145 In 
animals in which abscesses were induced by experimental 
inoculation of F. necrophorum, hepatic dysfunaion was 
documented by elevated serum protein, bilirubin, and 
enzymes, such as GGT and SDH concentrations. 146 

Ultrasonography is a useful technique in the diagnosis of 
various hepatic diseases in cattle because of the location and 
tissue consistency of the liver. 147 The technique has been 
shown to be useful for monitoring the onset and progres¬ 
sion of experimentally induced abscesses where the site of 
injeaion is known. 146 The development of abscesses in 
feedlot calves has been recorded by ultrsonographic exami¬ 
nation at regular intervals from weaning to slaughter. 145 
However, its application to the diagnosis in feedlot cattle 
is limited because the ultrasonographic scanning cannot 
visualize the whole liver, particularly the left side facing 
the internal organs, and parts of lobes are covered by other 
organs (e g., lungs, kidneys). 
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II Treatment. Both F. necrophorum and A. pyogenes are sus¬ 
ceptible to penicillins and macrolides. However, antibiotic 
treatment is seldom practical in cattle because complete 
recovery is difficult to attain. Cattle with sequelae (e.g., 
CVCT syndrome), for economic reasons, are generally 
culled for slaughter. 

II Prevention. According to the U.S. Feed Additive Compen¬ 
dium, five antibiotics (bacitracin methylene disalicylate, 
chlortetracydine, oxytetracycline, tylosin, and virginiamycin) 
are approved for prevention of liver abscesses in feedlot 
cattle. 148 These antibiotics vary in their inhibitory effect on 
F. necrophorum and A. pyogenes and their effectiveness in pre¬ 
venting liver abscesses. Tylosin, a macrolide, is the most 
effective antibiotic and the most commonly used feed addi¬ 
tive (6 to 8 g/ton, or 60 to 90 mg/head/day) in the feedlot. 
Studies show that tylosin feeding reduces abscess incidence 
about 40% to 70%. A vaccine combination of F. necrophorum 
leukotoxoid and A. pyogenes bacterin given to feedlot cattle 
has been shown to reduce the prevalence and severity of liver 
abscesses. 149 In addition to inclusion of antimicrobial com¬ 
pounds in the feed or vaccination, prudent bunk manage¬ 
ment to minimize ruminal acidosis is well accepted as a 
key factor for effective control of liver abscesses. 

SEQUELAE. Septic cardiac and pulmonary emboli are 
also associated with liver abscesses in feedlot and dairy cat¬ 
tle. Occasionally, sudden death has been reported in cattle 
secondary to rupture of liver abscesses, with septic emboli¬ 
zation in the right side of the heart. Generally, the condition 
starts as phlebitis caused by the extension of liver abscesses 
involving caudal vena cava. The phlebitis leads to thrombus 
formation anywhere between the liver and right atrium, but 
most often at the point of entry of caudal vena cava into the 
diaphragm. The clinical syndrome and the extent of lesions 
observed depend on the degree of thrombosis and type of 
organisms involved. The syndrome can range from death 
caused by rupture of caudal vena cava to various degrees 
of pulmonary embolism, pneumonia, infarction, endocar¬ 
ditis, hemoptysis, and epistaxis. Collectively, these lesions 
are categorized under caudal vena cava thrombosis (CVCT) 
syndrome. 150 ' 151 

ECONOMIC IMPORTANCE. Liver abscesses are a major 
economic liability to the producer, the packer, and ulti¬ 
mately the consumer of beef. Abscesses are the leading 
cause of liver condemnation in the United States. The 
National Beef Quality Audit indicated that liver condemna¬ 
tions ranked as one of the top-10 concerns of packers. 152 
The greatest economic impact of hepatic abscesses is not 
from the condemnation of liver but from the reduced ani¬ 
mal performance. Cattle with abscessed livers have reduced 
feed intake, reduced weight gain, decreased feed efficiency, 
and decreased carcass dressing percentage. These effects are 
evident only in cattle with the most severe abscesses (one 
or more large abscesses or multiple small abscesses). 153 

HEPATIC ABSCESSES IN HORSES. Hepatic abscesses 
occur sporadically in horses and are generally part of 
the intraabdominal abscess complex. In studies that have 
evaluated horses with intraabdominal abscesses, 12% 
(3/25) 154 and 53% (8/15) 15S of horses had abscesses in 
the liver. Hepatic abscesses in horses are usually associated 
with septic portal vein thrombosis but may also develop 
as an extension of the inflammatory process involving the 
intestinal tract, or as sequelae to abdominal surgery. 156 A 
variety of bacterial species, particularly anaerobes, have 
been cultured from the pus. The most frequently isolated 
bacteria include Streptococcus ecfui, Escherichia coli, Bacteroides 
fragilis, Corynebacterium pseudotuberculosis, Fusobacterium 
necrophorum, and Peptostreptococcus species. 155 * 157 


Clinically, horses with hepatic abscesses cannot be 
differentiated from other intraabdominal abscesses. Gener¬ 
ally, horses have a history of fever, loss of appetite, signs 
of colic, depression, and weight loss. Clinicopathologic 
changes are typical of chronic bacterial infection and 
include leukocytosis, thrombocytosis, hypoalbulinemia 
and decreased A/G ratio. 154 * 156 The prognosis is generally 
poor because of failure to respond to antimicrobial treat¬ 
ment. Percutaneous or surgical drainage has been shown 
to be effective, with high survival rate in humans with 
hepatic abscesses. 


HEPATIC LIPIDOSIS 

JOHN MAAS 
ERWIN G. PEARSON 

The conditions described next can cause hepatic lipidosis. 
Pathophysiology and prevention are similar for each and 
are described at the end of this section. 


FAT COW SYNDROME, LIPID 
MOBILIZATION SYNDROME 

II Definition and Etiology. Fat cow syndrome is a multifac¬ 
torial condition occurring in dairy cows after parturition. 
The syndrome is characterized by progressive depression 
and failure to respond to treatment of other predisposing 
diseases. It is associated with excessive mobilization of fat 
to the liver in well-conditioned or overconditioned cows. 
This mobilization of fat is induced by the negative energy 
balance and hormonal changes that occur during the peri- 
parturient period. This negative energy balance in most 
cases is aggravated by concurrent peri parturient diseases 
that reduce feed intake and increase energy needs. 158 * 161 

II Clinical Signs. The clinical condition occurs in the post- 
parturient period. Most affected cows are either obese or very 
well conditioned, with a large amount of omental and sub¬ 
cutaneous fat. Presenting signs usually include depression, 
anorexia, weight loss, and weakness that can lead to recum¬ 
bency. Most will have nonspecific signs, such as decreased 
rumen motility and decreased milk production. Other signs 
vary and are related to concurrent diseases. The concurrent 
diseases most frequently seen are metritis, retained fetal 
membranes, mastitis, parturient paresis, and displaced 
abomasum. 158 ' 159 It is important to look for these other dis¬ 
eases; even if mild, they could be significant in these cases 
and must be treated. 

II Clinical Pathology and Diagnostic Tests. Most labora¬ 
tory tests are poor indicators of hepatic lipidosis and are of lit¬ 
tle value in determining the severity of the disease. 162 Liver- 
derived enzymes are usually elevated above the level in the 
dry cow but are often within normal ranges. Some serum 
enzyme levels increase in the periparturient period in normal 
cows. Many cows with hepatic lipidosis have a leukopenia 
and a degenerative left shift, but this is not specific. As 
expected, serum free fatty acids (FFAs) will be increased, and 
triglycerides and cholesterol will be decreased. Most of the 
total cholesterol is in lipoproteins. Serum total bile acids are 
not significantly increased in most cows with fatty livers. 163 
The sulfobromophthalein dye excretion test may be useful 
prognostically, because those with a half-life longer than 
9 minutes have a more guarded prognosis. 164 Table 33-9 pro¬ 
vides common abnormal laboratory findings. 
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TABLE 33-9 


Common Clinicopathologic Abnormalities in Fat Cow Syndrome 


Normal (X ± 2 SD) 

Change from Prepartum Postpartum 


Test Parameter 

Normal 

Amount 

Dry 

( 1-2 wk) 

Ketonuria 

T 

>(1+) 

0 

Trace + 

FFA (gEq/L) 

T 

>800 

343-575 

597-821 

Triglycerides (mg/dL) 

i 

<5 

— 

— 

BUN (mg/dL) 

T or Normal 

>20 

16-24 

16-24 

BSP clearance T‘A min 


<5 

4.4-48 

4.7-55 

GGT (IU/L) 

T • 

>16 

44-56 

65-78 

AST (IU/L) 

T 

>70 

44-56 

65-78 

Insulin (U/mL) 

| Variable 

— 

12-17 

68-9.2 

Glucose (mg/dL) 

i 

— 

52-57 

48-52 

White blood cells 

i 

<4000 Neutrophils > 

4000-12000 

— 


lymphocytes Neutrophils < 

lymphocytes 


FFA, Free fatty acids; BUN. blood urea nitrogen; BSP, Bromsulphalein (sulfobromophthalein); CGT, y-glutamyltransferase. 


Liver biopsy may confirm the fatty infiltration of the 
hepatocytes, but a moderate to high amount of fat (15% 
to 30% total fat on a wet-weight basis)* is present in 
the liver of all postparturient, high-producing dairy cows, 
even those that remain healthy. 165 166 Fat is usually 
quantified by histologic methods, by measuring total 
hepatic fat on a wet weight basis, or by floating in copper 
sulfate solutions of various specific gravity (to estimate total 
fat on a wet-weight basis). 167 A recent review advocated the 
use of tricacylglycerol analysis on a wet-weight basis to 
differentiate degrees of hepatic lipidosis. 161 These workers 
categorized hepatic lipidosis as normal, mild, moderate, 
and severe by the triacylglycerol concentrations of less 
than 1%, 1% to 5%, 5% to 10%, and greater than 10%, 
respectively. 161 At present, triacylglycerol analysis of hepatic 
tissue is not a routine procedure in veterinary diagnostic 
laboratories. Thus, total hepatic fat concentrations remain 
the "gold standard" for laboratory diagnosis. Clinically, 
little correlation exists between the amount of hepatic 
fat and signs of disease until the fat is more than 34% 
wet weight, at which point the liver tissue will float in 
distilled water with a specific gravity of 1.000. 

II Pathophysiology*. See pp. 915 and 916. 

IK Epidemiology. Fat cow syndrome occurs sporadically in 
dairy cows but more frequently in those with loose housing 
where the dry cows are managed with the lactating cows in 
one group. Cows often become overconditioned during late 
lactation and during the dry period. The overconditioning 
may be caused by a poor breeding program associated with 
cows spending prolonged time in the low lactation strings 
and having excessive weight gain. Morbidity as high as 
90% occurred in the original reports. 160 Mortality can 
exceed 25%, with even higher rates without intensive treat¬ 
ment and correction of concurrent diseases. Clinical disease 
in obese cows that enter the dry period can be minimized 
by carefully controlling their diets to meet National 
Research Council (NRC) requirements and preventing milk 
fever. 


•Extraction by solvent and stereologic postcounting for estimation of 
fat volume. 


II Necropsy Findings. Generalized obesity is noted unless 
the animal has been ill for more than 1 to 2 weeks. Changes 
in the liver are most striking; it is enlarged, with swollen 
and rounded edges, is pale yellow in color, and may float 
in water. Histologically, there is fatty infiltration of the 
hepatocytes, especially in the centrilobular and intermediate 
areas. However, these liver tissues are not much different 
from those of healthy, high-producing dairy cows in early 
lactation. The pathologist must make an extra effort to find 
lesions of other periparturient diseases, even if mild. 

II Treatment and Prognosis. Prognosis must be guarded 
unless the concurrent diseases can be treated successfully 
and the liver fat mobilized. It is most important to treat 
the primary disease. Reducing the negative energy balance 
and treating the hepatic lipidosis as described on p. 916 
must be tackled vigorously. Prevention is based on prevent¬ 
ing overconditioning during the late lactation period and 
the dry period and treating periparturient diseases in a 
timely manner. General prevention of hepatic lipidosis is 
covered in more detail on p. 917. 

PROTEIN-ENERGY MALNUTRITION/ 
PREGNANCY TOXEMIA OF BEEF COWS 

II Etiology. Protein-energy malnutrition (PEM) and preg¬ 
nancy toxemia of beef cows are conditions of pregnant beef 
cattle on marginal diets, usually occurring in the winter and 
manifested by weight loss, weakness, depression, and some¬ 
times inability to rise. The condition is the result of the neg¬ 
ative energy balance caused by decreased quality and 
quantity of feed when caloric requirements are increased 
by fetal development and cold weather. Growing, pregnant 
heifers are especially susceptible because energy require¬ 
ments for growth are superimposed on the other caloric 
requirements. A number of other factors, such as unpalatable 
feed, snow cover, and diseases, may reduce caloric intake (see 
Chapter 9). Fatty infiltration of hepatocytes occurs transiently 
in early PEM, and at necropsy the liver is smaller than normal. 

II Clinical Signs and Differential Diagnosis. Animals are 
usually thin and have a long hair coat. In some cases they 
are down and unable to rise but are still alert. The body 
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temperature may be normal or subnormal. Occasionally, 
the cows also develop diarrhea. Most animals die 7 to 14 
days after becoming recumbent. 168 Differential diagnosis 
includes Johne's disease, lymphosarcoma, parasitism, 
chronic pulmonary disease, other deficiencies, and debili¬ 
tating diseases. 

II Clinical Pathology and Diagnostic Tests. Diagnosis is 
usually based on demonstrating decreased caloric intake 
and ruling out other chronic diseases that could cause debil¬ 
ity. Laboratory tests support but do not rule out the disease. 
Total serum calcium may be decreased. Packed cell volume 
also may be decreased, and serum insulin levels may be 
reduced. A ketonuria is not typical in PEM. 

II Necropsy Findings. Muscle mass usually is decreased. 
Serous (brown) atrophy of fat is often present, especially 
in the coronary groove, bone marrow, and perirenal areas. 
Lesions of concurrent disease also may be found if PEM is 
acute, and a fatty yellow liver may be noted. 

II Treatment and Progtiosis. Treatment is often unreward¬ 
ing. Efforts to reverse an advanced catabolic state may fail. 
A 454-kg cow requires 13 Meal of metabolizable energy 
daily, or approximately 6.5 L of 50% glucose solution by 
continuous drip. Alfalfa pellet gruels are helpful if force- 
fed, and approximately 11 kg/day of alfalfa is recommended. 
Propylene glycol (150 to 200 mL) orally twice daily can be 
helpful as a glucose precursor. Treatments include IV fluids, 
improving the energy balance as described later, and treating 
any concurrent disease. Prevention and control by nutrition 
are discussed on p. 917. 

PREGNANCY TOXEMIA IN EWES AND 
DOES 

II Definition and Etiology. Pregnancy toxemia, also known 
as ketosis or twin-lamb disease, is a condition occurring in 
ewes and does during the last 2 to 4 weeks of gestation. It 
is characterized by anorexia, weakness, and depression. The 
condition is caused by a negative energy balance resulting 
from increased energy demands of rapid fetal growth in late 
gestation and insufficient intake. 

II Clinical Signs. Animals with pregnancy toxemia are 
usually separated from the rest of the flock or herd. They 
have a poor appetite, and many appear blind. They eventu¬ 
ally become more depressed and recumbent. Neurologic 
signs such as tremors, star-gazing, incoordination, circling, 
and grinding the teeth may precede terminal depression. Dif¬ 
ferential diagnosis includes other periparturient diseases, 
such as mastitis and hypocalcemia, as well as polioencepha- 
lomalada, enterotoxemia type D, and toxicoses. 

II Clinical Pathology and Diagnostic Tests. Ketonuria 
is usually present and detected before ketonemia. Hypogly¬ 
cemia is not a consistent finding but is sometimes present. 
The ewes and does often are addotic and may have lowered 
serum caldum and potassium levels. The BUN and 
creatine levels are elevated terminally in some cases. ETA 
concentration in the plasma is usually elevated above 
500 pEq/L. Serum p-hydroxybutyrate concentrations are ele¬ 
vated (>1 mmol/L). 169 A nonspedfic but marked neutrophi¬ 
lia may be found in some affected animals and is 
particularly dramatic in does, sometimes reaching 35,000 
neutrophils/pL. 


II Pathophysiology. See p. 915. 

II Epidemiology. The incidence of pregnancy toxemia 
is greater in ewes with more than one fetus, during the 
last 2 to 4 weeks of gestation, 170 and in does with three 
or more fetuses. Poor-quality feed, cold weather, lack of 
exercise, and stress of movement also may increase the 
incidence. Many ewes are overly fat initially. Does seem 
to be more resistant to pregnancy toxemia than ewes, in 
that three or more fetuses are usually required to produce 
the condition. 

II Necropsy Findings. These animals have a pale, swollen, 
friable, fatty liver. The animals may be somewhat dehy¬ 
drated, and the uterus usually has more than one fetus. 

II Prognosis and Treatment. Mortality is high unless treat¬ 
ment is started early and the fetuses are removed. The most 
important step is removing the fetuses, either by inducing 
parturition or by cesarean section. Parturition can be 
induced in ewes with 15 to 20 mg of dexamethasone; in 
does the dose is either 10 mg of dexamethasone or 10 jig 
of prostaglandin F 2a . 170 A cesarean section may be per¬ 
formed if the animal's value warrants it and there does 
not seem to be enough time to induce parturition. Besides 
removing the fetuses, the ketotic condition should be treat¬ 
ed; 250 to 500 mL of 10% to 20% glucose is given intrave¬ 
nously, followed by a slow IV drip of 5% to 10% glucose. 
Acidosis and hypocalcemia must be corrected if present. 
Many practitioners use B vitamins in an attempt to stimu¬ 
late appetite. Transfaunation of rumen liquor from a 
normal ruminant (a cow is acceptable) is useful in 
promoting voluntary feed intake and rumen motility. 
Cyanocobalamin (vitamin B 12 ) and biotin are particularly 
indicated as adjuncts to glucogenesis. The energy intake 
must be increased. Glucose precursors such as propylene 
glycol (15 to 30 mL every 12 hours) or sodium propionate 
are often used, but excess propylene glycol may lead to aci¬ 
dosis and cause diarrhea. 


HYPERLIPEMIA/HYPERLIPIDEMIA 
IN PONIES 

II Definition and Etiology. Hyperlipemia occurs mainly 
in ponies and occasionally in horses and is characterized 
by a fatty liver and serum that is cloudy with accumulation 
of lipids. Triglycerides (TGs) are usually much higher 
than 500mg/dL. 171 The condition is caused by decreased 
caloric intake, which causes fat mobilization and fat accu¬ 
mulation in the liver and accumulation in the plasma. 172 
The decreased food intake may be secondary to other dis¬ 
eases. In horses, azotemia is usually also present and may 
block further TG uptake by the liver. 171 Equine hyperlipe¬ 
mia is characterized by production of an abnormal very- 
low-density lipoprotein (VLDL) fraction (VLDLj), which 
has a reduced content of apolipoprotein B-100 and an 
increased content of apolipoprotein B-48. 173 The substitu¬ 
tion of B-48 for B-100 is thought to allow greater TG con¬ 
tent because B-48 is the apolipoprotein of importance in 
chylomicrons. The activities of lipoprotein lipase and 
hepatic lipase, the enzymes responsible for VLDL catabo¬ 
lism, were increased in hyperlipemic ponies. 173 It was con¬ 
cluded that overproduction of VLDL is the cause of 
hyperlipemia, and agents that reduce VLDL synthesis 
should be candidates for clinical investigation. 173 

Hyperlipidemia is a mild condition of ponies and 
horses characterized by mildly elevated TG concentrations 
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(>500 mg/dL), dear plasma, and no evidence of hepatic 
dysfunction. 171 An increase in caloric intake is usually suffi- 
dent to reverse the condition. The more severe condition, 
hyperlipemia, is discussed further. 

II Clinical Signs. The dinical signs of hyperlipemia are not 
specific. Ponies usually are anorexic, depressed, weak, and 
incoordinated. Diarrhea is a common clinical sign. 174 

II Clinical Pathology and Diagnostic Tests. Diagnosis is 
based on examination of the blood and plasma to detea 
the white to yellow opacity caused by the presence of 
lipids. Bilirubin usually is elevated, as in most horses that 
are fasted. TGs are increased to above 500 mg/dL in hyper¬ 
lipemia. FFAs are also increased. Bromosulfophthalein 
dearances are delayed (see p. 897), and terminally a large 
base defidt may be caused by metabolic addosis. 171 

II Epidemiology. The incidence of hyperlipemia is greater 
in ponies than in horses. It is seen more often in the winter, 
especially from February to May in animals receiving poor 
feed. Pregnant animals and those that are laaating are 
affeaed more frequently. 

II Necropsy Findings. Postmortem examination reveals 
fatty infiltration of the liver and kidneys, which are pale 
and swollen and have a greasy texture. In ponies the liver 
is sometimes ruptured, resulting in intraabdominal hemor¬ 
rhage and death. Renal lesions may be seen histologically. 
There may be a primary disease that produces anorexia 
and secondarily has resulted in hyperlipemia. 

II Treatment. It is most important to treat any primary dis¬ 
ease to alleviate the cause of anorexia and to correa the neg¬ 
ative energy balance, as described in the following 
paragraphs. Insulin, along with 100 g of glucose intrave¬ 
nously, has been used in some affeaed ponies. 174 The 
recommended dose of protamine zinc insulin (PZI)* is 
30 IU intramuscularly twice daily with 100 g of glucose orally 
for a 200-kg pony. TTiis is continued on odd days; on even 
days, 15 1U of PZI intramuscularly and 100 g of galaaose 
orally is given twice daily. 171 A slow IV drip of glucose for 
several days or until lipemia clears may be indicated. Heparin 
(100 to 250 IU/kg twice daily) has been used to alter the 
lipoprotein lipase aaivity and inhibit hormone-sensitive 
lipase of adipose tissue, but it may alter coagulation enough 
to cause hemorrhage. Glucose administration also stimulates 
insulin levels, but overdoses may result in a more severe 
addosis. 123 

II Pathophysiology of Hepatic Lipidoses (Fig. 33-4). Stor¬ 
age of excess energy as fat and die periodic mobilization 
of fat for use as energy by the body is crudal. 175 The liver 
plays a major role in lipid metabolism and must process 
the absorbed chylomiaons, the volatile fatty adds, and 
many of the FFAs and much of the glycerol obtained by 
mobilization of fat from adipose tissue. The liver of large 
herbivores has unique functions because much of the 
dietary energy is absorbed as volatile fatty adds and not 
glucose. Glucose is still needed (in high amounts in lactat- 
ing animals) and must be produced by gluconeogenesis, 
85% of which takes place in the liver. 176 


’Protamine zinc and iletin insulin, Lilly, Indianapolis, IN. 


Negative energy balance is induced by laaation, fetal 
growth, exercise, deaeased feed consumption, environmen¬ 
tal chilling, and diseases (Fig. 33-5). During these periods 
of negative energy balance and before lactation, blood glu¬ 
cose may drop slightly, the insulin/glucagon ratio drops, 
and these and other hormones (e.g., catecholamines, growth 
hormone) aaivate hormone-sensitive lipases that convert 
tissue fat to FFAs or nonesterified fatty adds (NEFAs) and 
glycerol (Fig. 33-6). In the liver the glycerol may be used to 
produce glucose or may be recombined with FFAs to make 
TGs. In addition to being recombined with glycerol to make 
TGs, the FFAs may be degraded through (J-oxidation, and 
the two carbon fatty adds converted to acetyl coenzyme 
A (CoA). The acetyl CoA combines with oxaloacetate to enter 
the tricarboxylic add cyde for the produaion of energy. This 
pathway is in competition with the use of oxaloacetate for 
gluconeogenesis. 159 If there is not enough oxaloacetate avail¬ 
able, the acetyl CoA is converted to ketone bodies, which 
in high concentrations can reduce feed consumption and 
perpetuate the negative energy balance. 

When the liver is overwhelmed with mobilized FFAs, 
greater amounts of TGs are deposited within the hepato- 
cytes. These TGs eventually leave the liver as VLDLs, which 
are plasma-soluble complexes of phospholipid, cholesterol, 
TG, and apolipoprotein A. Hepatic lipidosis results when 
the rate of hepatic TG formation exceeds oxidation of fatty 
acids and the formation and rdease of VLDLs into the 
peripheral drculation. A number of faaors have been in¬ 
criminated for the inability of the liver to seaete adequate 
VLDLs to keep up with the deposition of TGs brought about 
by FFA mobilization from fat. Ruminants have a poor abil¬ 
ity to export excess lipid from the liver as VLDLs. This is 
particularly true in bovine hepatic lipidosis 177 178 and is 
theorized to result from a shortage of apolipoprotein A. 
Hepatic lipidosis can be induced in cows by inhibiting the 
produaion of apolipoprotein, 179 and the lowest concentra¬ 
tions of lipoproteins occur in the serum of cows with the 
most severe hepatic lipidosis. 178 Cows on low-protein diets 
in the dry period are more likely to develop hepatic lipido¬ 
sis than those on higher protein diets, regardless of the 
energy content. 177 180 Depression in dry matter intake in 
the Final week before calving will increase the liver TG con¬ 
tent after calving in dairy cows. 181 In the past, a lack of 
phospholipid or its precursor choline has been incrimi¬ 
nated but never substantiated. However, in the face of an 
energy shortage, it seems redundant and a waste of energy 
to repackage fat and send it back to the tissues, even if the 
liver is being overwhelmed with FFAs. Some of the same 
endocrine hormones that activate hormone-sensitive lipase 
and inhibit lipogenesis and glycogen synthesis may also 
inhibit the production of VLDLs. 

It has also been suggested that subdinical liver damage 
may inhibit the production of VLDLs, but experimental 
studies have indicated no significant elevation in liver- 
specific enzymes before lipid accumulation. 165 166 Func¬ 
tion may eventually be impaired by the accumulation of 
fat, because fasted cows have a deaease in the surface area 
of rough endoplasmic reticulum and the number of mito¬ 
chondria per unit volume. 182 Changes in the liver seem to 
be functional and not degenerative. 183 Hepatic lipidosis 
appears to be a reversible condition if the cause is 
removed and energy balance becomes positive (less nega¬ 
tive). In cows fasted and refed, all major liver funaions 
returned to normal within 18 days of refeeding, 182 and 
all lactating dairy cows with postparturient hepatic lipido¬ 
sis had normal liver fat (<15%) content at 6 months after 
calving. 166 

All high-producing dairy cows have increased amounts 
of fat (15% to 32% by weight) in the liver before calving 
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FIG. 33-4 II Metabolism of fat in animals 
with hepatic lipidosis. 



FIG. 33-5 II Energy balance (megacalories per day) in normal-condition 
and obese dairy cows after parturition. (From Perkins B: PhD thesis, Ithaca, 
NY, 1983, Cornell University.) 


and during the first few weeks after parturition 165 * 166 183 
(Fig. 33-7). These fat accumulations in the liver begin 
before calving as the animal prepares for lactation, and 
the blood glucose concentration is actually lower before 
calving. 184 The amount of fat in the liver depends on 
the amount available and the extent of negative energy 
balance. Fatter cows tend to lose weight more rapidly and 
have more fat accumulation in the liver. 165 166 Serum 
cholesterol values (lipoprotein) are inversely related to loss 
in condition. 185 


II Treatment of Hepatic Lipidosis. The most important 
principle in treating hepatic lipidosis is the elimination 
of negative energy balance and the factors or diseases 
causing it. Continual IV glucose at a rate of approxi¬ 
mately 100 to 200 mg/kg/hour may provide continuing 
energy and induce an insulin/glucagon ratio that will 
decrease hormone-sensitive lipase mobilization of FFAs 
and stimulate production of VLDLs. Insulin itself 
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FIG. 33-6 II Plasma levels of glucose, 
insulin, and free fatty adds in dairy cows 
before and after parturition (From Perkins 
B: PhD thesis, Ithaca. NY. 1983. Cornell 
University.) 



50 




FIG. 33-7 II Liver fat as a percentage of total dry weight in normal- 
condition and obese dairy cows before and after parturition. (From Perkins 
B: PhD thesis, Ithaca. NY, 1983, Cornell University.) 


may be given to alter this ratio directly. In cattle, 200 U of 
protamine zinc (NPH or Lente) insulin is given every 12 
hours per 1000 pounds of cow, along with glucose. 

Precursors of lipoproteins such as choline, which is a 
component of phospholipid, have been advocated to 
increase the rate at which TGs leave the liver as phospholi¬ 
pids (VLDLs), but no controlled studies have proved their 
efficacy. Choline is degraded in the rumen, 186 but theoreti¬ 
cally, choline chloride (25 g in 250 mL of sterile saline) 
given subcutaneously could have limited efficacy. Choline 
should not be given intravenously because it acts as a 
neuromuscular blocking agent. Addition of inositol both 
before and after birth did not reduce the incidence or sever¬ 
ity of hepatic lipidosis. 187 Methionine at 40 to 50 g/day has 
also been used for the same purpose. Nicotinic acid (niacin) 
fed at 6 to 12 g/head/day may help reduce lipolysis at the 
tissue level and thus reduce the amount of fat presented to 
the liver. 188 Treatment of hepatic lipidosis with nicotinic 
acid is often associated with a rebound of clinical signs, 
and its use as a preventive measure is recommended. 


Corticosteroids to treat ketosis may be useful but should 
not be used repeatedly over a long-term period because 
they may make the animal less resistant to infections. 188 
Corticosteroids usually increase appetite, reduce milk pro¬ 
duction, and induce gluconeogenesis. Both vitamin E and 
selenium, which function as cellular antioxidants, have 
been found to be low in many of the cows with fatty liver 
syndrome; 189 thus, supplementation may be helpful in 
selected cases. 

Digestion in the forestomachs can be enhanced by trans- 
faunating with rumen fluid from a normal cow. This may 
increase the absorption of volatile fatty acids used for 
energy and for glucose precursors. 


PREVENTING HEPATIC LIPIDOSIS AND 
HANDLING NEGATIVE-ENERGY BALANCE 
AND OVERCONDITIONING 

Hepatic lipidosis and associated conditions are most com¬ 
mon in dairy cattle. Preventing obesity in cows during late 
lactation is an important factor in controlling this condi¬ 
tion. This process involves a successful breeding program 
(maintaining a 12- to 13-month calving interval) and 
closely matching energy in the ration to the level of milk 
production during late lactation. Once the cow reaches 
7 months of pregnancy and the dry period, any dietary 
restriction below requirements for maintenance and preg¬ 
nancy are certain to be counterproductive. Table 33-10 


TABLE 33-10 


Daily Nutrient Requirements for 600-kg Cow During 
Dry Period for Maintenance Plus Last 2 months of 
Gestation 


Body 

Weight 

(kg) 

NE, 

(Meal) 

TDN 

(kg) 

Total 

CP 

(g) 

Calcium 

(g) 

Phosphorus 

(g) 

600 

12.61 

5.5 

<31 

37 

26 


NEi. Net energy of lactation (same as net energy of maintenance) in dairy 
cows; TDN, total digestible nutrients; CP. crude protein. 






lists the recommended nutrient requirements for a 600-kg 
cow. 190 

Adequate protein in the dry period is essential. 176 179 * 180 
It has been shown that cows fed higher protein diets 
during the dry period will perform better in the lactation 
that follows. Feeding good-quality to excellent-quality 
roughages (hay, silages) to meet most of these require¬ 
ments is preferred. Additional grain (starch) 2 to 4 weeks 
before parturition is important to acclimate the ruminant 
to anticipated changes in the rations fed after calving. It 
must be stressed that high-quality dry cow rations be fed 
but not overfed. Dry matter consumption should be limited 
to approximately 2% of body weight per day while 
meeting requirements. Other factors in the dry cow 
ration also must be considered to prevent periparturient 
diseases such as milk fever, displaced abomasum, mastitis, 
metritis, ketosis, ruminal lactic acidosis, and retained pla¬ 
centa. 191 Rations should be adequately supplemented 
with cobalt, the precursor of vitamin B 12 that is a cofactor 
in the rate-limiting step in conversion of propionate (the 
primary glucose precursor) to succinyl CoA. Nicotinic acid 
has been included in the dry cow ration at 6 g/head/day 
and in the early-lactating cow ration at 12 g/head/day to 
aid in the prevention of ketosis, which is a major risk 
factor for the development of hepatic lipidosis. The use 
of monensin in the dry cow ration and the early-lactation 
ration shows promise to aid in the prevention of ketosis 
and thus may be of some benefit in preventing hepatic 
lipidosis. 192 * 193 

Nutrient requirements increase greatly for beef cattle 
during the third trimester of pregnancy; these requirements 
are listed in Chapter 9. As forage quality (digestibility) 
decreases, the time that feed material stays in the rumen 
increases (increased rumen turnover time). Therefore, as 
quality decreases, the maximum dry matter intake (DMI) 
decreases, which greatly decreases the maximum nutrient 
(energy) intake. This compounding effect of poor-quality 
forage on maximum intake is particularly important for 
preventing hepatic lipidosis and the accompanying pro¬ 
tein-calorie malnutrition (PCM) of pregnant beef cattle in 
the winter. The approximate maximum DMI of forage of 
poor quality (oat straw, com stover), medium quality 
(meadow grass hay), and excellent quality (alfalfa hay 
[25% crude fiber], com silage) is 1% to 1.5%, 2%, and 
2.5%, respectively. Environmental temperature can 
increase energy needs for beef cattle on pasture or range; 
as the temperature falls from 20° C (68° F) to 10° C 
(50° F), approximately 10% more energy is necessary for 
maintenance, and at freezing temperatures, 0° C (32° F), 
20% additional energy is required. The key to preventing 
PCM and hepatic lipidosis in pregnant beef cattle is ade¬ 
quate body condition (scores 5 to 7) entering the third tri¬ 
mester and availability of good-quality to excellent-quality 
forage in adequate amounts. 

Preventing pregnancy toxemia and the associated severe 
hepatic lipidosis in ewes and does requires measures simi¬ 
lar to those outlined for PCM in beef cattle. Both overcon¬ 
ditioned and thin ewes and does in the third trimester of 
pregnancy are at increased risk. Because of the common 
occurrence of twins and triplets, nutrient requirements 
for pregnant ewes greatly accelerate during this period. 
Good-quality to excellent-quality forage for feeding sheep 
is very important. An additional tool for diagnosing under¬ 
feeding in ewes is measurement of plasma (3-hydroxy- 
butyrate (BHB). This test greatly facilitates assessment of 
nutritional inadequacy in pregnant ewes. 194 Plasma BHB 
concentrations of 0.8 mmol/L or higher are diagnostic of 
the need for increased energy consumption by pregnant 
ewes. 194 This dinicopathologic tool is of great benefit in 


diagnosing malnutrition before irreversible pregnancy tox¬ 
emia develops. 

The nutrient requirements of horses and ponies have 
been covered elsewhere (see Chapter 9). The presence of 
hyperlipidemia is readily detected and easily solved by 
increasing caloric intake. Although therapy of hyperlipemic 
ponies and horses is often unrewarding, the diagnosis is 
relatively straightforward, and prevention depends on 
providing adequate feed of good quality. 


CONGEN ITAL HYPERBILIRUBINEMIA 

^■MMaSB S3 

ERWIN G. PEARSON 

GILBERT’S SYNDROME 

Gilbert's syndrome is an unconjugated hyperbilirubinemia 
in the presence of normal erythrocyte lifespan. It occurs in 
7% of humans 195 and has been described in Southdown 
sheep. 196 Gilbert's syndrome involves a failure of unconju¬ 
gated bilirubin to cross the liver cell membrane and be con¬ 
jugated. This is most likely caused by a defect in carrier 
proteins or the conjugating enzyme. 197 Hepatic bilirubin 
clearance is about 30% of normal when tested with a load¬ 
ing dose of radiolabeled bilirubin. 198 

Affected Southdown sheep may have icterus or at least 
elevated plasma bilirubin levels, both conjugated and 
unconjugated. Affected sheep also cannot excrete sulfobro- 
mophthalein (Bromsulphalein, BSP) into the bile. No histo¬ 
pathologic lesions are present, other than some pigment in 
the hepatocytes. The condition is inherited as an autosomal 
dominant trait in humans. 197 The bile acid levels are nor¬ 
mal in humans, but one sheep exhibited defects in hepatic 
bile acid clearance. 199 

DUBIN-JOHNSON SYNDROME 

Dubin-Johnson syndrome is a failure of conjugated biliru¬ 
bin to enter the bile canaliculi. This has been diagnosed 
sporadically in humans and in Corriedale sheep. 200 There 
may be an impairment not only in bilirubin but also in 
the excretion of other conjugated organic anions. Sheep 
affected by this syndrome may be jaundiced or have hyper¬ 
bilirubinemia. Both conjugated and unconjugated biliru¬ 
bin are increased, and BSP clearance is delayed. Bile acids 
are reported to be normal in humans, but delayed clear¬ 
ance was reported in three Corriedale sheep. 199 Histo¬ 
logically, the hepatocytes contain a black, melanin-like 
pigment 200 

PERSISTENT HYPERBILIRUBINEMIA IN 
THOROUGHBREDS 

A persistent hyperbilirubinemia has been reported in a 
Thoroughbred racehorse that had no evidence of liver 
damage, cholistasis, or hemolysis and was not fasting. 201 
The horse was persistently icteric and had serum total biliru¬ 
bin concentrations of 8.7 to 9.4 mg/dL; 90% or more of the 
plasma bilirubin was the unconjugated form. Serum bile 
acid concentration, along with the liver enzymes GGT, 
AST, and SDH, were within normal limits. The horse acted 
clinically normal, and the plasma FFA concentration was 
also within normal limits. The condition was similar to 
Crigler-Najjar type II syndrome in humans, which involves 
a deficiency in bilirubin-uridine diphosphate glucuronyl- 
transferase needed to conjugate bilirubin, but this was not 
verified. 
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MISCELLANEOUS LIVER DISEASES 

ERWIN G. PEARSON 

RIFT VALLEY FEVER 

Rift Valley fever, also known as enzootic hepatitis, is an acute 
febrile arthropod-borne disease of sheep, goats, cattle, and 
humans present in most countries of sub-Saharan Africa. 202 
With the current threat of bioterrorism, it could appear in 
other parts of the world. Rift Valley fever is caused by a virus 
of the genus Phlebovirus. More than 20 species of mosquitoes 
have been implicated as possible vectors for the virus, includ¬ 
ing some North American mosquitcfes that are competent 
laboratory vectors. 203 The disease causes abortion in preg¬ 
nant females and a febrile condition with rapid death in 
lambs, kids, and calves. The mortality rate in young animals 
approaches 100%, but it is much less (20% to 30%) in older 
animals. 203 Clinical signs may include fever, anorexia, weak¬ 
ness, salivation, diarrhea, and sometimes abdominal pain, 
and almost all pregnant animals will abort. 202 The primary 
gross lesion is hepatomegaly and hemorrhage. Histologically, 
a focal hepatic necrosis is identified, and eosinophilic intra¬ 
nuclear inclusion bodies are present. 203 Confirmation of 
the diagnosis is made in the laboratory by vims isolation or 
immune tests. If the disease is suspected, state and federal 
regulatory veterinarians should be contacted. 

TELANGIECTASIA 

Hepatic telangiectasia, commonly known as "sawdust 
livers" in packing houses, is a focal degeneration in liver 
lobular circulation characterized by red-brown foci 1 to 
5 mm in diameter. 204 These lesions account for more than 
10% of the bovine liver condemnations but do not result 
in any clinical signs. 205 Microscopically, hepatocytes are dis¬ 
torted and sinusoids congested. 206 Hypotheses proposed to 
explain the pathogenesis of the lesions include necrotizing 
hepatitis, ischemia induced by emboli or other vascular 
pathologies, 207 dilation of Disse's spaces, reduced density 
of reticulin framework, vitamin E-selenium deficiency, 
alteration of the sinusoidal barrier, and immune-mediated 
disease. 204 205 Some human pathogens have been isolated 
from these livers as well as normal livers, but livers are con¬ 
demned on the basis of aesthetics according to current U.S. 
Department of Agriculture (USDA) regulations. 205 

ISCHEMIA, HYPOXIA, AND CONGESTION 

Ischemia and hypoxia can lead to death of hepatocytes, but 
less severe insults cause fatty infiltration, because lipopro¬ 
tein synthesis depends on oxidative metabolism. 204 This 
damage is more apparent in the centrilobular areas, which 
are the last to receive blood and oxygen. 

Chronic passive congestion causes the grossly visible nut¬ 
meg liver. This is caused by the distention of the sinusoids 
and central veins with blood. The liver may be enlarged in 
these cases, but other signs related to the liver are not usu¬ 
ally present. More significant findings will be detected in 
the cardiovascular system. 

Portocaval shunts are rare in large domestic species but 
have been described in several foals. 208 

FETAL LIVER DAMAGE 

The liver of the fetus may be damaged by infectious 
and toxic agents, but the result is usually abortion or birth 
of a weak neonate with signs related to other systems. 
The lesions in the liver may be diagnostic of the disease. 


Equine herpesvirus infection of the fetus causes hepatocyte 
necrosis, with acidophilic intranuclear inclusion bodies 
in more than 50% of the hepatocytes. Aborted fetuses 
of cattle caused by infectious bovine rhinotracheitis may 
have some focal necrosis of the liver, but not enough to 
be diagnostic. 

FAILURE OF DRUG METABOLISM AND 
EXCRETION 

A number of drugs are excreted by the liver and may have 
delayed clearance with hepatic insufficiency. These include 
antimicrobials such as chloramphenicol, erythromycin, 
and tetracycline. Chlorthiazide, most steroids, digitalis, 
morphine, many tranquilizers and anesthetic agents, and 
lecithin also are removed by the liver, and excretion may 
be reduced with hepatic insufficiency. 209 

NEOPLASIA OF THE LIVER 

ERWIN G. PEARSON 

Primary neoplasia of the liver is uncommon in large 
domestic species. Only 0.011% of abattoir animals seen 
in one study had liver tumors. 210 Metastatic tumors are 
more common, but the clinical signs of these are more 
likely to reflect changes at the primary site. Metastasis 
of lymphosarcoma in cattle is most common, but signs 
produced by growth in other organs, such as the lymph 
nodes, abomasum, heart, uterus, and spfhal cord, are more 
predominant. In the horse, lymphosarcomas and carcino¬ 
mas have metastasized from the digestive tract. 211 

Horses 

Although uncommon, a number of different primary 
hepatic neoplasias have been reported in horses. 212 The 
nomenclature seems inconsistent throughout the years of 
reporting, and the signs are usually more consistent with 
neoplasia in general than with hepatic failure. Weight loss, 
weakness, anorexia, lethargy, and occasionally colic may 
be seen in these animals. Serum concentrations of liver- 
derived enzymes are elevated in many cases. The tumor 
can often be located by ultrasonography, but the definitive 
diagnosis of the type of tumor is based on histopathologic 
examination of biopsy tissue. 

Hepatoblastoma has been reported in foals, young 
horses, and an equine fetus. 213 Young horses present with 
weight loss or failure to grow, lethargy, anorexia, and pos¬ 
sibly icterus. Serum concentrations of several hepatic 
enzymes are increased. Ultrasonography reveals hepatomeg¬ 
aly and a heterogenous appearance of the hepatic paren¬ 
chyma. Erythrocytosis is seen in some cases because of a 
paraneoplastic syndrome and increased production of 
erythropoietin. 

Hepatocellular carcinoma is seen in both old and young 
horses. These horses lose weight and are listless. Serum 
concentrations of LDH, GGT, and AST are often elevated. 
Erythrocytosis with a normal concentration of serum protein 
is seen in most cases as a result of paraneoplastic syndrome 
with elevated erythropoietin. 212 ' 214 

Cholangiocarcinoma or cholangiocellular carcinoma 
arises from the intrahepatic bile duct epithelium and 
appears to be a disease of older horses. 215 Lethargy, fever, 
abdominal pain, anorexia, and ventral edema have been 
reported with this tumor. Some of these animals have ane¬ 
mia rather than the erythrocytosis reported with hepatocel¬ 
lular tumors. GGT and ALP concentrations may be elevated, 
but SDH (which comes from hepatocytes) is usually within 
normal range. 
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Cattle 

In addition to the lymphosarcomas, primary hepatocellular 
carcinomas have been described in cattle. 216 Liver-derived 
enzymes may be elevated, and polycythemia (erythrocyto- 
sis) is a common laboratory finding in these cases. 217 


HEMOCHROMATOSIS 

JOHN MAAS 

ERWIN G. PEARSON 

Hemochromatosis is a disorder caused by deposition of 
hemosiderin in the parenchymal cells, resulting in tissue 
damage and dysfunction of the liver and other tissue. It is 
most frequently seen in humans and mynah birds, but 
hemochromatosis has been described as a new disease of 
Salers cattle 218 and has been reported in three horses. 219 
In people the types include idiopathic hemochromatosis, 
an autosomal recessive familial condition associated with 
increased iron stores, cirrhosis, and saturation of the iron 
transport capacity. 220 Both horses and cattle show increased 
iron deposits in the liver; histopathology of liver biopsy spe¬ 
cimens reveals brown pigment that stains for iron in the 
hepatocytes as well as Kupffefs cells. An increased concen¬ 
tration of iron can be measured in the liver, and there is 
fibrosis and elevated liver-derived enzymes. 

In Salers cattle the condition appears to be a homozy¬ 
gous recessive condition more like the human familial type. 
There is an inappropriate absorption of iron (Fe) by the GI 
tract, with subsequent hepatic storage (Fe overload) and 
eventual loss of hepatic function. It has been reproduced 
by experimental breeding in Salers cattle. 221 The primary 
clinical signs in cattle are decreased weight gains, poor body 
condition, dull hair coat, loss of incisor teeth, and some¬ 
times diarrhea. Serum concentrations of liver enzymes are 
elevated, and there is marked hepatic fibrosis, in addition 
to the hemosiderin deposits in die liver. Total serum Fe, 
total iron-binding capacity (TIBC), and saturation of trans¬ 
ferrin (>60%) are increased, similar to the familial disease 
in humans. Liver iron concentration will be greater than 
5000 pg/g (ppm) on a wet basis (normal herdmates of 
affected cattle, 84 to 100 ppm). 222 

Horses with hemochromatosis present with evidence of 
liver disease. Serum concentrations of the liver enzymes 
ALP, GGT, and AST are elevated; and serum total bile acids 
are greater than 40 pM/L. In the cases reported, total serum 
iron was not elevated, and unlike the idiopathic human 
condition or the cattle cases, there was no saturation of 
the iron-binding capacity. Total liver iron has been as high 
as 6700 ppm (normal, 100 to 300 ppm). 219 

Hemochromatosis should be suspected in animals with 
emaciation or elevated liver enzymes and in Salers cattle 
with greater than 60% saturation of transferrin. It is con¬ 
firmed by histopathologic examination of the liver, with 
excessive iron accumulation in hepatocytes. Clinicians 
should differentiate hemochromatosis from hemosiderosis, 
in which iron accumulates in the reticuloendothelial system 
and not hepatocytes, and which can be caused by hemolysis 
and other conditions. 

In humans, hemochromatosis is treated by reducing the 
iron stores through phlebotomies and blood removal. The 
one horse on which this was tried had advanced disease 
with severe cirrhosis, and it succumbed a few days after 
the blood removal. Removal of 160 L of blood over 12 
months failed to reduce liver iron concentration in one 
heifer 218 but produced some improvement in other 
calves. 221 Deferoxamine is given to some human patients 
to induce a negative iron balance and reduce the rate at 
which iron accumulates. 


GALLBLADDER AND BILIARY TRACT 
DISEA SE 

TERRY C. GERROS 

Biliary tract disease in large animal medicine is rare and 
results from both intrahepatic and extrahepatic causes. 
Intrahepatic causes of cholestasis include cholangitis, chole¬ 
cystitis, choledocholithiasis, and presence of a foreign body. 
Extrahepatic causes include abscess formation, inflamma¬ 
tory disease near the common bile duct, and neoplasia. 

CHOLEDOCHOLITHIASIS, 

CHOLELITHIASIS, HEPATOLITHIASIS 

By definition, cholelithiasis describes the presence of biliary 
calculi in either the bile ducts or the gallbladder, whereas 
choledocholithiasis describes stones found in the common bile 
duct. Hepatolithiasis indicates the presence of calculi in the 
intrahepatic bile ducts above the right and left hepatic ducts 
and is a variation of cholelithiasis. These conditions have 
been described in horses, cattle, sheep, and pigs; however, 
they do not seem to be recognized as a clinical problem in 
sheep, and rarely in cattle. 223 244 Choledocholithiasis is the 
most common cause of biliary obstruction in large animals 
and occurs more frequently in horses. 223 * 236 

Biliary stone formation begins with the precipitation 
or aggregation of normally soluble components of bile. 
Other mechanisms involved in the pathogenesis include 
ascariasis, ascending biliary infection or inflammation, 
biliary stasis, changes in bile composition, and presence 
of a foreign body. 228 * 243 Several pathogenic bacteria 
[Salmonella species, Escherichia coli, Aeromonas species, 
Citrobacter species, group D Streptococcus species, Clostridium 
perfringens) have been cultured from the bile ducts of horses 
and cows with cholelithiasis. 224 234 ' 238 ' 245 Whether these 
bacteria were the cause or the result of the stone formation 
remains unclear. In most reports the chemical analysis 
has shown that choleliths have a mixed composition, 
containing bilirubin, bile pigments, cholesterol esters, 
esters of cholic and carboxylic acid, calcium phosphate, 
and sodium taurodeoxycholate. 225 ' 228 ' 234 ' 236 ' 238 In one 
study, 80% of the choleliths contained less than 10% 
cholesterol. 238 

II Clinical Signs, Diagnostic Test, and Differential 
Diagnosis. Cholelithiasis should be suspected in horses when 
a triad of clinical signs exists: recurrent abdominal pain, 
pyrexia, and icterus. Hyperammonemic hepatic encephalopa¬ 
thy, photosensitization, and weight loss are other, less 
common features of cholelithiasis. 226 229 ' 233 ' 234 ' 243 ' 245 A sub- 
clinical presentation, caused by partial obstruction of the 
biliary tree, may be recognized only on postmortem examina¬ 
tion. 239 A large cholelith was the cause of duodenal obstruc¬ 
tion in a horse presented for colic. 240 

Elevations in the serum activity of ALP, AST, GGT, 
SDH, and total bilirubin are associated with cholelithia¬ 
sis. 226 * 229 ' 234 ' 238 ' 243 ' 245 The rise in total bilirubin is caused 
by an elevation in both direct and indirect bilirubin. In the 
horse, cholestasis should be suspected if more than 25% to 
30% of the total bilirubin is the direct type. 223 Serum bile 
acid concentrations also increase when bile flow is 
obstructed. 246 Other laboratory abnormalities that may be 
seen include hyperammonemia, increased urine bilirubin, 
and prolonged partial thromboplastin and thrombin 
times. 225 ' 229 ' 233 ' 234 238 The most common alterations in the 
leukogram include a neutrophilic leukocytosis. Elevations 
in globulin and fibrinogen may also occur. 225 ' 226 228 ' 233 



CHAPTER 33 Diseases of the Hepatobiliary System 



921 


Ultrasound examination of the liver is a safe, noninvasive 
tool for diagnosing cholelithiasis. Hepatomegaly and bile 
duct dilation are seen in horses with biliary calculi. The echo¬ 
genicity of the hepatic parenchyma is increased compared 
with that of normal horses and may approach that of the 
spleen; the bile ducts are thick and distended. The parallel 
channel sign (dilation of interhepatic biliary radicals adjacent 
to portal vein) may also be seen. Several choleliths generally 
are seen, but a single stone may be present Choleliths may 
be hyperechoic, casting acoustic shadows, or they may be 
sonolucent Choleliths are most likely to be visualized in 
the cranioventral part of the right hepatic lobe, especially in 
the sixth to eighth intercostal spaces. Cholelithiasis can accu¬ 
rately be diagnosed by ultrasound in at least 75% of horses if 
an adequate scanning image of the liver is obtained and bile 
duct dilation and choleliths are visualized. 236 

The differential diagnosis for a horse with the clinical 
signs associated with cholelithiasis include other causes of 
liver disease and mild, recurrent abdominal discomfort, 
including verminous arteritis, mesenteric abscesses, entero- 
lithiasis, abdominal neoplasia, and urolithiasis. 226 227 

II Necropsy Findings. Hepatomegaly is usually noted at 
necropsy, although a shrunken liver may be observed. The 
liver is firmer than normal, has a consistent texture, and var¬ 
ies in color from red to green-brown. The hepatic ducts and 
common bile duct are generally dilated and may contain 
the calculi. Histologically, periportal fibrosis is a common 
finding. Bile duct stasis and hyperplasia are usually noted; 
suppurative cholangitis is less common. 225 ' 238 ' 243 * 245 

II Treatment. Treatment of cholelithiasis includes relief of 
biliary flow obstruction and management of hepatitis and 
associated complications. Choledocholithotomy and chole- 
docholithotripsy, described in horses, have had limited suc¬ 
cess. 233235 Because the potential for bacteremia with 
surgical manipulation for cholelithiasis is high, treatment 
with potentiated sulfa drugs, ampicillin, tetracycline, or 
chloramphenicol before surgical intervention is warranted. 
In humans, chenodeoxycholate or ursodeoxycholate is used 
to dissolve cholesterol gallstones; 247 their use has not been 
reported in animals. Dietary management for cholelithiasis 
has yet to be determined. 

The prognosis remains guarded for horses with choleli¬ 
thiasis or choledocholithiasis. 


DISEASES OF THE GALLBLADDER 

CHOLANGITIS 

Clinical disease of the bovine gallbladder is rare. Obs¬ 
tructive gallbladder disease has been associated with 
abdominal fat necrosis, choleliths, fascioliasis, foreign 
bodies, hepatic abscesses, neoplasia, and suppurative cho¬ 
lecystitis. 248 ' 249 Adenomas and adenocarcinomas (most 
common tumors found in gallbladder), papillomas, and 
lymphosarcoma (rare) can cause obstruction. 248 * 250 Rup¬ 
ture of the gallbladder was found on necropsy of a cow 
in which icterus, anorexia, decreased milk production, 
and diarrhea had been present. 251 

Cholangitis is considered the most common cause of bile 
duct obstruction in large animals and has also been 
observed in horses with chronic active liver disease. Clinical 
signs associated with cholangitis in the horse may include 
anorexia, subtle behavioral changes, chronic weight loss, 
colic, and icterus. Alterations in hepatic enzyme activity 


may indicate either hepatocellular damage or cholestasis, 
or both. Histopathologic examination and bacterial culture 
are indicated to further identify the causative agent. In cases 
of suspected bacterial etiology, long-term antibiotic therapy 
is indicated. 252 The antibiotic choice should be based on 
bacterial sensitivity; however, in cases in which no bacterial 
organism is identified, an antibiotic that is secreted or 
cleared in the bile is warranted. 

Several foreign bodies have been recovered from the bil¬ 
iary tract, including grain, nails, sticks, stones, and sand. 
Retrograde motion of the intestine may have allowed these 
foreign bodies to enter the duodenal papilla and become 
lodged. 

CHOLANGIOHEPATITIS 

Cholangiohepatitis has been reported both as a primary 
disease and as occurring secondary to cholelithiasis, duo¬ 
denal inflammation, intestinal obstruction, neoplasia, par¬ 
asitism, and certain toxins. 253 Sporidesmin, a fungal toxin 
from Pithomyces chartarum, causes cholangiohepatitis in 
cattle and sheep. 254 Horses with cholangiohepatitis, either 
primary or secondary, may show anorexia, icterus, pyrexia, 
and intermittent signs of colic. 243 * 253 Biochemical analysis 
revealing elevated cholestatic and hepatocellular enzyme 
activity and conjugated hyperbilirubinemia, combined 
with inflammatory leukogram, supports a diagnosis of 
cholangiohepatitis. Hyperammonemic hepatic encepha¬ 
lopathy may also be a feature. Cholangiohepatitis can 
be successfully treated in the horse, which primarily 
depends on long-term antimicrobial therapy and sup¬ 
portive treatment with IV fluids. 255 Treatment failure is 
associated with hepatic biopsy results and inadequate 
treatment duration. Severe periportal and bridging fibro¬ 
sis with or without hyperammonemic hepatic encepha¬ 
lopathy carries a poor prognosis. Clinical recovery may 
be seen before normalization of biochemical indices of 
hepatobiliary function. GGT levels may increase during 
the early stages of treatment, before they decrease. It is 
recommended that treatment be continued until GGT 
levels return to normal. 255 


THERAPY OF LIVER FAILURE 

IIHU fiiri ■ 

THOMAS /. DIVERS 

Hepatic failure usually is treated medically and supportively, 
although surgery may be indicated in a few cases. TTierapy is 
best indicated in cases of acute liver failure without chronic 
fibrosis, such as with serum hepatitis, suppurative cholangi¬ 
tis, and toxic hepatopathies other than with pyrrolizidine 
alkaloids, because these animals have the best long-term 
prognosis for regeneration. Prognosis is generally poor if 
severe hepatoencephalopathy or hemolysis or severe acidosis 
or diarrhea is present. The initial therapy for hepatic failure 
should be directed toward any abnormal behavior (hepa¬ 
toencephalopathy) the patient may be exhibiting. 256 

Hepatoencephalopathy (HE) is a metabolically induced, 
potentially reversible, functional disorder of the brain. The 
pathophysiologic mechanisms of HE are undoubtedly com¬ 
plex but mostly result from abnormal protein metabo¬ 
lism. 257258 Cerebral edema is characteristic of HE in 
humans, but it is rarely observed on microscopic examina¬ 
tion of the brain in dying horses with HE. Complex interac¬ 
tions of both excitatory and inhibitory neurotransmitters 
determine if the patient is depressed or manic. 259 

If the animal is extremely agitated or convulsing, seda¬ 
tion should be accomplished before attempting further 
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therapy. Detomidine will provide adequate sedation in 
most cases and is the drug of choice for horses with manic 
behavior caused by the HE. Most sedatives and tranquilizers 
are metabolized by the liver, so their use should be kept to a 
minimum, and doses of detomidine that cause marked low¬ 
ering of the head or abnormally low respiration should be 
avoided. Diazepam should be avoided in animals with HE 
because it may enhance the effect of GABA on inhibitory 
neurons and worsen HE signs. 260 The use of the benzodiaz¬ 
epine receptor antagonist flumazenil has been reported to 
lessen HE signs temporarily in humans. 261 The overall suc¬ 
cess of flumazenil in treating HE in humans and dogs has 
been low, and it has rarely been used in the horse. Sarmaze- 
nil, which has a different mechanism of action, appears to 
be more promising for reversing signs of HE in some 
humans and has been used for treating moxidectin intoxica¬ 
tion in a foal. 262 263 

After chemical restraint of the affected animal, therapy 
can be directed at the physiologic events that may be caus¬ 
ing HE. If the blood glucose concentration is low, 0.2 to 
0.4 mL/kg of a 10% glucose solution should be initially 
administered intravenously. This may result in a dramatic 
alleviation of the clinical signs of HE in a few cases (e.g., 
Theiler's disease, hepatic neoplasia, Tyzzer's diseases). Ther¬ 
apeutic measures directed toward decreasing the blood 
ammonia concentration are also indicated. These include 
oral administration of neomycin at 10 to 30 mg/kg two or 
four times daily for 1 or 2 days, either alone or in combina¬ 
tion with oral lactulose (90 to 120 mL per adult horse three 
or four times daily), or oral acetic acid at 0.5 mL/kg twice 
daily. 264 * 265 A carbohydrate and prebiotic, lactulose is 
poorly absorbed from the small intestine and in the large 
intestine may decrease colonic pH and enteric ammonia 
concentration. Vinegar (acetic acid) should do the same. 
Metronidazole (10 to 15 mg/kg twice daily) may also be 
used to decrease ammonia-producing bacteria but is not 
preferred because it is metabolized by the liver, and signs 
of toxicity may mimic HE. 

Nasogastric intubation should be performed with care 
because excessive trauma to the nasal cavity, esophagus, or 
stomach may result in severe and prolonged hemorrhage, 
swallowing of blood, and worsening of HE. Therefore, I pre¬ 
fer to administer oral drugs by dose syringe mixed with 
molasses and Karo syrup. Neomycin administration should 
not be prolonged because this may have a toxic effect on the 
intestinal mucosa 266 and cause severe diarrhea in some 
horses. Following neomycin therapy, probiotics can be 
given, some of which may result in decreased intestinal 
ammonia production. 267 Some clinicians prefer not to treat 
with oral drugs that affect intestinal flora, but rather to rely 
mainly on a low-protein diet and a laxative. 

Acidosis may be severe in many horses with hepatic fail¬ 
ure, but attempts at correction must be made slowly. 264 Too 
rapid an increase in pH may exacerbate the HE. I recom¬ 
mend bicarbonate therapy only when the venous pH is less 
than 7.1 and IV therapy with an alkalizing, balanced elec¬ 
trolyte fluid has failed to improve the acidosis. The progno¬ 
sis is poor in horses that maintain persistent acidosis. It is of 
utmost importance that dehydration be corrected with a 
balanced electrolyte solution (preferably without lactate), 
dextrose (20 to 50 g/L), and supplemental potassium (20 
to 40 mEq/L). Additional potassium should also be given 
orally (5 to 20 g twice daily). Maintaining potassium intake 
is important because low potassium increases production 
and absorption of ammonia from the kidney. 268 

Urine dipstick and plasma glucometer measurements 
should be used to monitor glucose concentration. Although 
most adult horses with hepatic failure have normal blood 
glucose concentration, it is important to supplement the 


fluids with glucose unless the horse is hyperglycemic. Glu¬ 
cose decreases ammonia concentration, reduces the reliance 
on catabolic gluconeogenesis, decreases protein catabolism, 
and spares hepatic energy consumed in hepatic gluconeo¬ 
genesis. Glucose must not be given as the sole source of 
fluid. It is also important that glucose be continually main¬ 
tained within the normal range (90 to 120 mg/dL). Polycy¬ 
themia may be relatively unresponsive in some cases of 
hepatic failure and should not be used as the primary guide 
for judging adequate fluid therapy. Fresh or fresh-frozen 
plasma can be used, to increase colloidal oncotic pressure, 
clotting-factor transport proteins, and antiproteases. Stored 
whole blood should not be used because ammonia levels 
may be high. Hetastarch should also not be used in hepatic 
failure. 

Antioxidant, antiinflammatory, and antiedema therapy 
may be useful in some cases of acute hepatic disease and 
failure. Dimethyl sulfoxide (DMSO), acetylcysteine, vita¬ 
min E, and mannitol are antioxidant and antiedema 
drugs that may be useful. 269 S-adenosylmethionine (SAMe) 
appears to have protective effects against oxidative hepatic 
injury and is the preferred antioxidant for therapy in equine 
hepatic disease. 270 Antiinflammatory therapy should 
include flunixin meglumine and pentoxifylline (7.5 mg/kg 
PO every 12 hours). Horses with acute hepatic failure that 
cannot be controlled by this therapy would require extracor¬ 
poreal liver support systems. Although these have not been 
used in the horse, dialysis, charcoal adsorption, or plasma 
exchange methods are available. 271 

Treatment of ponies with hyperlipemia is covered in the 
section on hepatic lipidosis. If the hyperlipemia is thought 
to be associated with a pituitary adenoma, the treatment with 
pergolide (1 to 5 mg/day) is warranted and may be successful. 
Hyperlipidemia may also occur in horses in late pregnancy 
associated with diarrhea and azotemia. 272 If the pony or horse 
is in late pregnancy, it may be advisable to abort the mare. 273 
Fatty liver in ruminants is discussed on p. 912. Hepatic failure 
in cattle associated with septic metritis or mastitis and in those 
with biliary obstruction from hepatic abscesses can often be 
successfully treated by forced feeding (e.g., alfalfa gruel, elec¬ 
trolytes) and systemic antibiotics. 274 Treatment of hepatic 
fascioliasis is discussed on pp. 909 and 910. 

Animals with hepatic disease that maintain a fair appetite 
often are best treated by dietary management. Dietary man¬ 
agement is important in the recovery of animals with acute 
hepatitis or hepatopathy and in prolonging the life of those 
with chronic hepatic disease. Energy and protein require¬ 
ments (especially branched-chain amino acids) should be 
met. 275 An example of a reasonable diet is one part beet pulp 
with one-quarter to one-half part cracked com mixed with 
molasses four to six times daily. Milo or sorghum may also 
be used as a grain mix. Small meals given frequently are ideal 
because of difficulties with gluconeogenesis and insulin reg¬ 
ulation. Sorghum, oat hay, or grass hay may be substituted 
for beet pulp. If the affected horse will not eat, forced feeding 
should be considered, but nosebleeds should be avoided. An 
oral paste with a high branched-chain/aromatic amino acid 
ratio can be formulated or purchased for forced feeding. 276 
Vitamin Bi, folic acid, vitamin K 1# or fresh plasma transfusion 
might be indicated with chronic biliary obstruction. Grazing 
of mixed grasses is permitted and should be encouraged, as 
long as affected horses can be protected from sunlight 
Spring-cut hay or grass should be limited because these can 
be very high in protein. Alfalfa is also generally high in protein 
and is best avoided with hepatic dysfunction, except in cows 
that seem to be more tolerant of high-protein feeds. It is 
important that a horse with hepatic failure eat something, 
even if it is not one of the more desirable feeds previously 
mentioned. 



CHAPTER 33 Diseases of the Hepatobiliary System 



923 


Bactericidal antibiotic therapy is indicated for horses 
with bacterial cholangitis and in cattle with liver abscesses. 
A diagnosis of suppurative bacterial cholangitis usually is 
made before the organism or its antibiogram is known. 
Therefore, broad-spectrum aerobic drug therapy, such as a 
combination of ampicillin and gentamicin, trimethoprim- 
sulfa, ceftiofur, or enrofloxacin, is preferred for the initial 
therapy. Anaerobic organisms may also be involved, and 
metronidazole can be added to any of these drug therapies. 
Antimicrobial therapy can be adjusted if the offending 
organism can be identified from a liver biopsy. Gram-nega¬ 
tive enteric organisms are the most common causative 
organisms, and in my experience, only 50% or less are 
sensitive to trimethoprim-sulfa. This is unfortunate, since 
prolonged (2 weeks to 3 months) antibacterial therapy 
is usually required for suppurative cholangitis. 277 Ultra¬ 
sound examination is important in treating equine sup¬ 
purative cholangitis because some cases are associated 
with biliary stones, which makes the treatment more 
difficult and worsens the prognosis. If there are small 
obstructing stones or sludge, DMSO (0.5 to l.Og/kg IV 
for 3 to 5 days) may help dissolve the calcium bilirubinate 
stones or debris. 278 IV crystalloids may also thin secretions 
and promote bile flow. Ursodeoxycholic acid, a commer¬ 
cially prepared bile acid, is used for a variety of chronic bili¬ 
ary disorders in humans and small animals and will induce 
choleresis. This drug's benefit in horses has not been 
proved, and safety is a concern because rabbits, which have 
a GI system similar to the horse, metabolize this bile acid 
into noxious bile acids. 279 If a large, obstructing stone is 
present surgery is indicated. Although the most distal bile 
duct opening into the duodenum cannot be visualized by 
ultrasound examination, it can be seen during gastroduode¬ 
nal endoscopy. 

Cattle with singular or multiple liver abscesses often 
respond to penicillin therapy, but long-term therapy is 
required, and there is a significant rate of recurrence of 
clinical signs after therapy is withdrawn. Abscesses of 
small to medium size and echolucent have the best prog¬ 
nosis. Abscesses with echodense appearance are difficult 
to treat. Single, large abscesses are best treated by surgical 
drainage, especially those interfering with vagal nerve 
function. High levels of IV penicillin and an aminoglyco¬ 
side should be administered to foals with suspected 
Tyzzer's disease. Penicillin in high dosages and/or metro¬ 
nidazole should also be used for treating suspected anaer¬ 
obic abscesses of the liver. Foals with salmonellosis should 
be given antimicrobial therapy based on culture and sensi¬ 
tivity results from previously affected foals on the same 
farm and from results of blood and fecal cultures of the 
affected foal. 

Surgery may be indicated as part of the therapy for liver 
failure in foals with duodenal stricture or in horses with 
colonic displacements (usually 180 degrees volvulus) that 
result in biliary obstruction. 280 Foals and calves with porto¬ 
systemic shunts require surgical repair if desirable growth 
and performance are expected. 281 Surgery for cholelithiasis 
is indicated if there is an obstructing stone and unless 
diffuse fibrosis is already present. Cattle with a single, large 
hepatic abscess or calves with an umbilical vein hepatic 
abscess are best treated by surgical drainage. 

Horses thought to have chronic active hepatitis with 
bridging necrosis that is not believed to be associated with 
a bacterial infection may be given corticosteroids, pen¬ 
toxifylline, and/or colchicine (0.03 mg/kg orally every 
24 hours), but the therapeutic benefits of these drugs 
appears to be variable. If steroids are to be used, 200 mg 
of prednisolone orally per day for the adult horse is 
recommended. 


PANCREATIC DISEASE 

TERRY C. GERROS 

Pancreatic disease is rare in both cattle and horses. In the 
horse, acute and chronic disease has been reported, whereas 
only chronic disease has been reported in cattle. 

Recognized causes of pancreatitis include migrating 
parasites; bacterial and viral infections; immune-mediated 
damage; biliary or pancreatic duct inflammatory disease; 
deficiencies of vitamin A or E, selenium, and methionine; 
and vitamin D toxicity. 282 * 285 Drugs known to induce 
pancreatitis in humans that are used frequently in horses 
include furosemide, tetracycline, estrogen, and certain corti¬ 
costeroids and sulfonamides. 282 284 One case report in a 
pony suggests an association with Cushing's syndrome. 286 
The cause of acute pancreatitis in the horse is unknown; 
however, it has been associated with grain overload and 
severe abdominal pain. 287 The final common pathway 
may result from autodigestion by activated enzymes, but 
the exact mechanism remains speculative. Pancreatitis was 
also diagnosed postmortem secondary to severe gastroduo¬ 
denal ulceration in a foal. 288 

The clinical signs associated with acute pancreatitis 
are not specific and mimic those associated with an 
acute GI crisis. The characteristic clinical features are moder¬ 
ate to severe abdominal pain, gastric reflux, hypovolemic 
shock, and cardiovascular compromise. 282 ' 285 * 289 ' 290 Gastric 
distention accounts for the pain and gastric reflux associated 
with acute pancreatitis. Hypovolemic shock, occurring sec¬ 
ondary to fluid losses into the peritoneal cavity and bowel 
lumen, results from the release of vasoactive substances 
from the pancreas. Tachycardia, tachypnea, prolonged capil¬ 
lary refill, and congested mucous membranes result from 
hypovolemia and cardiovascular compromise. 

laboratory confirmation of pancreatic disease is difficult 
and not routinely attempted. The diagnosis is usually con¬ 
firmed on histologic evaluation of the pancreas after nec¬ 
ropsy. Laboratory tests that may be of value in the 
diagnosis of pancreatitis in the horse include measuring 
serum amylase and lipase activity, peritoneal fluid (PF) amy¬ 
lase concentrations, fractional excretion of amylase, and 
plasma trypsin levels. 285 Serum amylase values from normal 
horses range from 14 to 35 IU/L (mean, 21 ±6), whereas PF 
values range from 0 to 14 IU/L (mean, 5 ± 4) 291 Elevations 
of pancreatic enzyme activity are difficult to interpret 
because the enzymes may be elevated in horses with proxi¬ 
mal enteritis, colic, primary renal failure, and damage to 
intestinal mucosal cells, as well as in pancreatitis. 285 * 291 ' 292 
Amylase also originates from the salivary glands, and lipase 
can be released from the liver. Clinical cases documented at 
necropsy had serum amylase activity greater than 700 IU/L; 
this magnitude of elevation may be helpful in differentiating 
acute pancreatitis from other causes. In acute pancreatitis, PF 
amylase levels are higher than serum levels. 292 Plasma tryp¬ 
sin levels increase in horses with suspected pancreatic dam¬ 
age and may be a better indicator of pancreatic disease. 293 
Trypsin is specific to the pancreas and activates its own 
zymogen and those of all the other pancreatic enzymes. In 
one study, in horses with acute abdominal disease in which 
pancreatic damage was suspected, trypsin activity was signifi¬ 
cantly higher than in healthy horses (196 ± 128.2 ng/mL vs. 
28.5 ± 19.2 ng/mL). 293 Pancreatitis has not been imaged 
successfully in the horse with ultrasonography. 294 A tech¬ 
nique for ultrasound examination of the right lobe of the 
pancreas in healthy cattle has been described. 295 

Medical management of acute pancreatitis is symptomatic. 
Prevention of gastric rupture by continuous gastric decom¬ 
pression and control of abdominal pain are crucial in the 
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treatment of pancreatitis. 284 Large volumes of balanced poly¬ 
ionic electrolyte solutions are necessary to maintain the circu¬ 
lating volume and prevent shock. Because hypocalcemia may 
be a problem, serum calcium concentration should be moni¬ 
tored. Broad-spectrum antibiotics are warranted because of 
the potential for secondary bacterial infection. NSAIDs and 
analgesics are used to control inflammation and pain. 

Chronic interstitial pancreatitis (CIP) in horses and cattle 
seldom has clinical significance. In horses, Strongylus equinus 
and Stronglyus edentatus are most often identified as the eti- 
ologic agent of CIP; however, Parascaris equorum has been 
identified in one case report. 284 ' 296 * 297 In cattle, CIP has 
been primarily associated with the trematodes Eurytrema 
pancreaticum and E. coelomacticum; these parasites have not 
been isolated in the United States. 292 

Reports of pancreatic disease in adult cattle have been 
limited to endocrine dysfunction. 298 * 300 The most frequently 


reported disorder is type I diabetes mellitus; however, the eti¬ 
ology in most cases is not determined. 298 300 Histopatho¬ 
logic examination generally reveals an absence of (3-cells in 
the islet tissue. Foot-and-mouth disease virus has been asso¬ 
ciated with diabetes mellitus in cattle following convales¬ 
cence. 292 Hypoplasia of the acinar pancreatic tissue has 
been described in calves. 292 Clinical signs include steatorrhea 
and diarrhea. Adenocarcinoma of the exocrine pancreas is 
reported in rare equine cases and should be considered in 
horses exhibiting the clinical signs of pyrexia, depression, 
weight loss, and icterus. 283 301 - 302 

Pancreatic calculi found in older cattle (>5 years) during 
necropsy are considered incidental findings. 292 * 303 The cal¬ 
culi are composed primarily of calcium carbonate and cal¬ 
cium phosphate. Their presence may be associated with 
grazing on silica-rich soil, vitamin A deficiency, or chronic 
inflammation of the pancreatic ducts. 292 




Diseases of the Renal System 

DAVID C. VAN METRE, Consulting Editor 


I EQUINE RENAL SYSTEM 

ACUTE RENAL F AILURE 

THOMAS I. DIVERS 

Acute renal failure (ARF) in the horse is usually a conse¬ 
quence of exposure to nephrotoxins or vasomotor nephrop¬ 
athy (e.g., hypoperfusion or ischemia). The most common 
pathologic lesion with ARF is acute tubular necrosis (ATN). 

TOXIC NEPHROPATHIES 

Aminoglycosides 

Administration of aminoglycoside antibiotics is one of the 
most common causes, if not the most common cause, of 
ATN in the horse. Neomycin is the most nephrotoxic of 
the aminoglycosides, followed by gentamicin, kanamycin, 
and amikacin (all three of similar toxicity), with streptomy¬ 
cin being the least nephrotoxic. The aminoglycoside anti¬ 
biotics exert their toxic effect by accumulating within 
proximal tubular epithelial cells. Their entrance into the 
tubular epithelial cell is thought to be via urine, after filtra¬ 
tion through the glomerulus. 1 Once toxic amounts are 
sequestered within the cell, cellular metabolism is dis¬ 
rupted, and tubular cell swelling, death, and sloughing into 
the tubular lumen occur. Release of lysosomal enzymes and 
intracellular accumulation of calcium are likely involved in 
cell death. 

Most cases of aminoglycoside nephrotoxicity are not the 
result of overdosing of the drug or administration of the drug 
to an azotemic patient. 2 The healthy kidney can usually tol¬ 
erate a single major overdose (i.e., 10 times the normal 
amount) without detrimental effects. Toxicity is almost 
always the cumulative effect of repeated administration of 
aminoglycosides. Nephrotoxicity typically develops after sev¬ 
eral days of aminoglycoside administration to horses with 
diarrhea or septicemia that are not adequately hydrated, 3 or 
because of other factors that may exacerbate a decrease in 
renal perfusion (e.g., concurrent treatment with nonsteroidal 
antiinflammatory drugs [NSAIDs]). Prolonged administra¬ 
tion (> 10 days) of aminoglycoside antibiotics without mon¬ 
itoring of aminoglycoside trough concentrations or serum 
creatinine concentration is a common history with amino¬ 
glycoside nephrotoxicity in the horse. Gentamicin or amika¬ 
cin may be safely administered for longer than 10 days if the 
patient is adequately hydrated and appropriate trough con¬ 
centrations and creatinine concentration are maintained. 
With regard to the latter, experimental induction of gentami¬ 
cin nephrotoxicity in ponies was reflected by a rather small 
increase (0.3 mg/dL) in creatinine. 4 


Although it has not been proved that the neonatal 
equine kidney is more susceptible to aminoglycoside toxic¬ 
ity than the adult kidney, sick foals appear to be at greater 
risk for aminoglycoside nephrotoxicity. 5 This apparently 
greater risk may simply reflea an increased incidence of sep¬ 
ticemia in sick neonates and longer courses of treatment 
with aminoglycosides. Nevertheless, special attention (close 
monitoring of trough concentrations and creatinine) should 
be given to premature or young foals that are being treated 
with aminoglycoside antibiotics. 6 

When aminoglycosides are administered to high-risk 
patients (those with concurrent dehydration or neonates), 
volume deficits must be replaced, and serum trough con¬ 
centrations or creatinine should be monitored frequently. 7 
Aminoglycoside nephrotoxicity rarely develops in horses 
receiving appropriate fluid therapy. Increased urinary 
sodium excretion and fluid diuresis appear to have a pro¬ 
tective effect on the kidney. In contrast, hypokalemia (or 
total body potassium depletion) and low calcium intake 
may predispose horses to aminoglycoside nephrotoxicity 
by decreasing urine output. H Supplementation with oral 
electrolytes (e.g., 1 to 2 oz of NaCl and KC1 daily) may 
be of benefit to horses being treated with aminoglycoside 
antibiotics by increasing water intake and urine output 
and by replacing potassium deficits in anorectic horses. 
In contrast, furosemide should not be administered pro- 
phylaaically in an attempt to prevent aminoglycoside 
nephrotoxicity. 9 The recent shift to once-daily aminoglyco¬ 
side dosing, compared with previous dosing of aminogly¬ 
cosides two or three times daily, has become a standard 
praaice that likely reduces the potential for nephrotoxicity 
(by ensuring a longer period of the day with appropriate 
serum trough concentrations) but still provides a similar 
therapeutic response. 1013 

In patients with prerenal azotemia that receive aminogly¬ 
coside antibiotics, it is important to monitor creatinine 
closely and to consider prolonging the interval between drug 
administration until volume deficits are corrected. However, 
because nephrotoxicity is a cumulative effect of repeated 
dosing, delay of administration of the initial dose of an ami¬ 
noglycoside pending rehydration of a critical patient (e.g., 
septic neonate, extremely dehydrated horse) is unwarranted. 

Aminoglycoside nephrotoxicity should be considered in 
horses that become inexplicably depressed and inappetent 
while being treated with aminoglycosides or within a few 
days after aminoglycoside therapy is discontinued. Renal 
failure can develop even after the drug is withdrawn; thus, 
monitoring renal funaion 2 to 4 days after discontinuing 
aminoglycoside therapy may be advised in high-risk 
patients. Polyuria may be observed before the onset of 
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depression and anorexia or, if the patient becomes oliguric, 
mild stranguria and repeated posturing to urinate may be 
observed. A tentative diagnosis of nephrotoxicity is based 
on history of aminoglycoside use and supportive laboratory 
data. Abnormal laboratory findings associated with tubular 
damage that may be detected before onset of azotemia 
include enzymuria and cylindruria. 414 Although these para¬ 
meters can be monitored for early detection of tubular 
injury, their finding does not necessarily indicate if or when 
aminoglycosides should be discontinued or to what degree 
the interval of administration should be prolonged. 15 

When ARF from aminoglycoside use develops, it is usually 
manifested as nonoliguric to polyuric renal failure, and out¬ 
come is generally favorable as long as the duration of ARF is 
not prolonged and other underlying disease processes can 
be corrected. Peritoneal or pleural dialysis, plasmapheresis, 
or hemodialysis might be considered as methods to lower 
serum concentrations of nephrotoxic agents and uremic 
toxins; however, the amounts removed by a single use of 
some of these therapies are small and generally not worthy 
of pursuit in horses with nephrotoxic renal failure. 16 

Pigment Nephropathy 

Acute tubular necrosis and development of ARF consequent 
to rhabdomyolysis is uncommon unless the tying-up epi¬ 
sode is severe or the associated dehydration is prolonged. 17 
Observation of grossly discolored urine is not a prerequisite 
for the development of renal failure. Hemolysis appears to 
be a less common cause of pigment nephropathy than 
myopathy, although ARF can occur sporadically. Horses 
with severe hemolysis or those with hemolysis accompa¬ 
nied by disseminated intravascular coagulation (DIC) are 
at greater risk of developing pigment nephropathy. 18 
Although 40% of the 32 horses with red maple toxicosis 
and hemolysis had evidence of renal insufficiency, it was 
not an important risk factor for mortality. 19 Renal failure 
consequent to pigment nephropathy should be suspected 
in horses that become anorectic and more depressed during 
the week after an episode of tying-up or during a hemolytic 
crisis. Measuring serum activities of creatine kinase and 
aspartate aminotransferase may help confirm that ARF has 
developed in association with rhabdomyolysis. Because 
there is little preformed creatinine in muscle, rhabdomyol¬ 
ysis alone does not produce an increase in creatinine. 20 

VITAMIN K 3 . Vitamin K 3 (menadione sodium bisulfite) 
was a common cause of ATN and ARF in certain parts 
of the United States before its withdrawal from the market. 
The development of ARF was thought to be idiosyncratic. 21 

Nonsteroidal Antiinflammatory Drugs 

Most horses do not experience appreciable adverse effects 
from NSAIDs as long as they are administered at the proper 
dose and animals are not dehydrated. However, NSAID 
use may produce ARF in an occasional horse when excessive 
doses are administered or when dehydration is not cor¬ 
rected promptly. 2223 The lesion produced by NSA1D 
toxicity is medullary crest necrosis, which can be manifested 
by gross hematuria. 22 * 26 Unless severe, this lesion rarely 
causes overt clinical signs, and creatinine may actually 
decrease with fluid therapy in the face of medullary crest 
necrosis. An occasional horse may also develop chronic 
interstitial nephritis and nephrolithiasis after prolonged 
use (months to years) of NSAIDs at recommended doses. 27 
Presence of concurrent gastrointestinal (GI) disease 
(ulceration) and protein-losing enteropathy would further 
support NSAID toxicity in both acutely and chronically 
affected horses. 


When renal blood flow decreases because of dehydration 
or redistribution of cardiac output, counteracting vasodila- 
tory mediators are produced and released within the kidney 
to attenuate the decrease in renal blood flow. The best stud¬ 
ied of these vasodilatory mediators include renal prosta¬ 
glandins (PGI 2 and PGE 2 ) and dopamine. Although the 
role of renal prostaglandins in control of basal renal 
blood flow is likely insignificant, renal prostaglandins 
are important mediators of vasodilation during periods 
of renal hypoperfusion. 28 Further, production of renal 
prostaglandins is several-fold greater in medullary tissue, 
such that action of these mediators leads to a greater 
increase in inner cortical and medullary blood flow. Thus, 
it should not be surprising that the lesion associated 
with NSAID toxicity is renal medullary crest necrosis 
(consequent to ischemia). 29 Similarly, it is important to 
remember that use of NSAIDs in dehydrated or hypovole¬ 
mic patients increases the risk of acute nephrosis. 30 


Vitamin D 

Vitamin D intoxication may result from ingestion of feed 
additives or plants (e.g., Cestrum diumum) containing high 
amounts of vitamin D metabolites or parenteral administra¬ 
tion of vitamin D. 31 ' 33 Cholecalciferol (D 3 ) is thought to be 
more toxic in the horse than is ergocalciferol (D 2 ). 32 In gen¬ 
eral, horses do not need dietary supplementation with vita¬ 
min D as long as they are exposed to sunlight and have 
access to green forages. Further, because the effect of vitamin 
D supplementation is cumulative, signs of toxicity may not 
develop until several weeks after supplementation was 
started. 

Clinical signs of vitamin D intoxication may be refer¬ 
able to the musculoskeletal, cardiovascular, or urinary 
systems. 33 Calcification of tendons and ligaments results 
in lameness, and calcification of cardiac muscle and great 
vessels can lead to cardiovascular problems. Mineraliza¬ 
tion of tendons and ligaments may be detected directly 
by palpation or indirectly through ultrasonographic 
imaging. Heart murmurs may accompany calcification 
of the great vessels, and ultrasonographic imaging of the 
heart and kidney may also reveal evidence of mineraliza¬ 
tion. Further clinical signs of renal toxicity include poly¬ 
uria and weight loss. 

Abnormal laboratory findings with vitamin D intoxica¬ 
tion include azotemia, isosthenuria, hypochloremia, and 
elevations in both serum calcium and phosphorus con¬ 
centrations. The latter combination of hypercalcemia 
and hyperphosphatemia is unusual for any other disease 
in the horse, although it may be seen with neoplasia 
on rare occasions. A definitive diagnosis of vitamin D tox¬ 
icosis can be made by measuring serum concentrations 
of 25-OHD 3 , 25-OHD 2 , and l,25-(OU) 2 D. Treatment of 
vitamin D intoxication includes removal of the inciting 
cause (feed or medication), fluid diuresis, and corticoste¬ 
roid administration. Provision of feeds low in both cal¬ 
cium and phosphorus may be of benefit in less severely 
affected horses, but treatment is usually unrewarding 
once clinical signs attributable to tissue mineralization 
have developed. 


Heavy Metals 

Accidental ingestion of heavy metals may result in ATN and 
ARF in horses. Mercury, cadmium, zinc, arsenic, and lead 
are all nephrotoxic but are rare causes of renal failure in the 
horse. Mercury has been used experimentally to study renal 
failure in horses, 34 35 and there are reports of ARF in horses 
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that have had legs "blistered" or "sweated" with products 
containing inorganic mercury. 36 37 Because inorganic mer¬ 
cury also causes severe damage to intestinal mucosa, signs 
of GI irritation (e.g., increased salivation, oral erosions, colic, 
hemorrhagic diarrhea) predominate with mercury intoxica¬ 
tion. Further evaluation may reveal oliguria. Exposure to 
excessive amounts of zinc and cadmium can result in 
nephrocalcinosis and renal failure, but gait deficits (resulting 
from osseous effects, particularly in foals) and ill-thrift are 
more likely presenting complaints than oliguria. 38 

Laboratory findings with heavy metal intoxication are 
characteristic for ATN (i.e., azotemia, isosthenuria to 
hyposthenuria, hyponatremia, hypochloremia). In horses 
with ARF concurrent with GI disease,' as with mercury toxic¬ 
ity, severe hypocalcemia may be present. A tentative diagnosis 
of mercury intoxication may be made from history of expo¬ 
sure, clinical signs of erosive GI disease, and oliguric renal 
failure. The diagnosis can be confirmed by measuring 
increased blood and tissue (kidney and liver) concentrations 
of the metal. In addition to judicious fluid therapy, treatment 
of ARF induced by exposure to heavy metals should include 
dimercaprol, 3 mg/kg every 4 hours parenterally and 1 lb of 
charcoal orally. Visceral analgesics (flunixin meglumine) 
and sedatives (xylazine or detomidine) are often necessary 
to control abdominal pain. 


Acorn Poisoning 

Acorn poisoning is less common in equids than cattle 
(see Chapter 32), but it has been reported in horses. 39 
Death in horses is usually the result of erosive GI dis¬ 
ease, changes in vascular permeability, and resulting 
shock rather than a consequence of uremia. Immature 
leaves and green acorns are considered more toxic than 
mature acorns because the former have a higher tannin 
content. Clinical signs may include diarrhea, edema, 
and body cavity effusion, and laboratory evaluation usu¬ 
ally reveals azotemia, isosthenuria to hyposthenuria, 
hyponatremia, and hypochloremia. Detection of increased 
urinary excretion of phenols may be useful to confirm the 
diagnosis. 


Miscellaneous Drugs and Agents 

Several other drugs and agents, particularly tetracycline, have 
been suspected of causing nephrotoxic ARF in horses. 40 
When high doses of oxytetracydine (up to 70 mg/kg) are 
administered to neonatal foals for correction of limb contrac¬ 
ture, ARF is a potential complication, espetially if the foals are 
dehydrated or have concurrent sepsis or hypoxic-ischemic 
encephalopathy. 41 With renewed interest in polymyxin B as 
an adjunct treatment for endotoxemia, it is prudent to 
remember that this drug also has nephrotoxic potential. 
However, experimental studies have demonstrated that the 
risk of polymyxin B nephrotoxidty is low, especially when it 
is conjugated with dextran 70. 42 Amphoteririn B also has 
considerable nephrotoxic potential, but it is rarely adminis¬ 
tered systemically to horses. Ochratoxins have potential to 
produce ATN, but ARF caused by ochratoxins has not been 
documented in horses. Similarly, pyrrolizidine alkaloid 
poisoning may cause renal disease in horses, but failure is 
unlikdy. Blister beetle poisoning (cantharidin toxicosis) 
may cause abdominal pain, shock, hematuria, diaphragmatic 
flutter, dysuria, and renal dysfunction in horses fed alfalfa 
grown in regions where the beetles are prevalent. 43 One 
report of renal failure was associated with granulomas, 
as well as brain involvement, caused by the nematode 
Halicephalobus 44 


Vasomotor Nephropathy 

Any condition that causes sustained, marked hypotension 
or release of endogenous pressor agents can initiate hemo- 
dynamically mediated (vasomotor) ARF. Although poorly 
documented, vasomotor ARF may be more common than 
nephrotoxic ARF in the horse. Hemorrhagic shock, severe 
intravascular volume deficit (e.g., as with enterocolitis), sep¬ 
tic shock, and coagulopathy are important risk factors for 
vasomotor ARF in horses. 45 Another cause may be adverse 
drug reactions, including those accompanying intravenous 
(IV) administration of vitamin and mineral products or 
immunomodulators. The predominant lesion in vasomotor 
nephropathy is ATN, although diffuse renal cortical or renal 
medullary necrosis may occur in some cases. 

Clinical signs with vasomotor ARF are nonspecific and 
are more often referable to the primary disease (e.g., hemor¬ 
rhage or diarrhea). Additional subtle signs, including more 
marked depression and anorexia than would be expected 
with the primary disease, with or without signs of mild 
colic, may increase suspicion of ARF. If sedation for colic 
signs is deemed necessary, xylazine or detomidine can be 
administered as long as intravascular volume and blood 
pressure are not overly compromised. Occasionally, horses 
with severe ARF may also be ataxic or manifest neurologic 
signs similar to hepatoencephalopathy. 

Oliguria (often manifested as a lack of expected urina¬ 
tion in response to fluid therapy) is an important early indi¬ 
cator of vasomotor ARF and production of dilute urine 
(specific gravity <1.020) that may be discolored (hematuria 
or hemoglobinuria) may be observed when urine is eventu¬ 
ally voided. If urine produced is clear, microscopic hematu¬ 
ria is usually present and will produce a positive result on 
reagent strip analysis of urine. Glucosuria may also be 
detected in an occasional horse with vasomotor ARF as a 
consequence of severe proximal tubular damage. Although 
the pathophysiologic relationship to ARF is not well 
defined, diarrhea and severe laminitis may develop in more 
serious cases of vasomotor ARF. 


Acute Glomerulopathy 

Although subdinical glomerular damage likely accompa¬ 
nies some diseases affecting horses, especially immune- 
mediated disorders (e.g., purpura hemorrhagica), acute glo¬ 
merulonephritis is a rare clinical problem. 46 A syndrome of 
arteriolar microangiopathy and intravascular hemolysis 
causing distention of glomerular capillary loops with fibrin 
thrombi and accumulation of large amounts of proteina¬ 
ceous debris in Bowman's capsule has also been described 
in a few horses 47 Affected horses presented with oliguric 
ARF accompanied by hematuria, proteinuria, and intravas¬ 
cular hemolysis, and response to treatment was poor. The 
cause of the syndrome is not known, although renal lesions 
resemble those found with the hemolytic-uremic syndrome 
in humans (caused by toxins of Escherichia coli). Bacterial 
toxins, a consumptive coagulopathy, immune complex 
deposition, vasoactive amines, and hemodynamic altera¬ 
tions may all be contributors to this rare syndrome in 
horses. 

Acute glomerulopathy should also be considered in 
horses with severe ARF that do not have a predisposing pri¬ 
mary disease leading to vasomotor ARF and that have not 
been exposed to nephrotoxins. Gross hematuria, protein¬ 
uria, and oliguria would support an acute glomerulopathy, 
and renal biopsy can be pursued to confirm the lesion. 
Recently, in a case of toxic shock caused by Streptococcus 
mitis, ARF with glomerulopathy was one component of this 
syndrome. 48 
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Acute Interstitial Nephritis 

Acute interstitial nephritis is a rare syndrome of ARF accom¬ 
panied by rapid elevations in creatinine and clinical signs of 
uremia. Renal lesions include interstitial edema with a mild 
inflammatory infiltrate. Although adverse drug reactions 
(idiosyncratic) may be a cause, the etiopathogenesis of this 
disease in horses is unknown. In humans, eosinophilic 
infiltrates in renal biopsy tissue are supportive of adverse 
drug reaction. Although there are no published reports of 
the syndrome in horses, I have examined three horses with 
apparent acute interstitial nephritis. Because of the pro¬ 
nounced interstitial edema that may accompany this dis¬ 
ease, treatment with corticosteroids may be of benefit in 
suspect cases. 

Leptospirosis 

Acute renal failure attributable to infection with Leptospira 
interrogans serovar pomona has been documented in several 
foals and a stallion over the past decade. 49 52 Fever, partial 
anorexia, and depression were the presenting complaints, 
and gross hematuria was observed in one foal. Azotemia 
and low urine specific gravity (< 1.020) without bacteriuria 
were common laboratory findings, although leptospiruria 
was detected in one foal. Leptospirosis should be included 
in the list of possible causes of ARF when an underlying pri¬ 
mary disease leading to vasomotor nephropathy is not 
apparent and there has been no exposure to nephrotoxins. 
Seroconversion or high serum titers and positive fluorescent 
antibody test results on urine (air-dried sample on a micro¬ 
scope slide) can be used to establish the diagnosis. Success¬ 
ful treatment has been accomplished with IV fluids and 
penicillin administration. 

DIAGNOSIS 

Acute renal failure should be suspected in patients showing 
more marked depression and anorexia than would be 
expected with the primary disease process and in patients 
that fail to produce urine within 6 to 12 hours of initiating 
fluid therapy. Rectal palpation in horses with ARF may 
reveal enlarged, painful kidneys in some cases. Enlargement 
can be confirmed by renal ultrasonography, which may also 
reveal perirenal edema, loss of detail of the corticomedul- 
lary junction, or dilation of renal pelves. 53 * 55 

The diagnosis of ARF is confirmed on the basis of his¬ 
tory, potential exposure to nephrotoxins, clinical signs, 
and laboratory findings. The increase in creatinine is often 
several-fold greater (e.g., up to 5 to 15 mg/dL) than for 
blood urea nitrogen concentration (BUN) (e.g., up to 50 
to 100 mg/dL) resulting in a BUN/creatinine ratio that is 
often less than 10:1. Hyponatremia, hypochloremia, and 
hypocalcemia are usually present, and in more severe cases, 
hyperkalemia, hyperphosphatemia, and metabolic acidosis 
may also be detected. 

In addition to assessment of the magnitude of azotemia 
and alterations in serum electrolyte concentrations and 
acid-base balance, urinalysis should be performed on all 
horses in which ARF is suspected. As mentioned previously, 
a low urine specific gravity (< 1.020) in the face of dehydra¬ 
tion and gross or microscopic hematuria are common find¬ 
ings with ARF. In addition, evidence of more substantial 
proximal tubular damage, including increased urinary 
enzyme activity and glucosuria, may be detected in some 
horses, and significant proteinuria (urine protein/creatinine 
ratio >2:1; see Chronic Renal Failure) would support glo¬ 
merular disease. Examination of urine sediment may reveal 
casts and increased numbers of erythrocytes and leukocytes. 


and the amount of urine crystals may be decreased. 
Increased fractional clearances of sodium and phosphorus 
are also common findings with ARF. It is important to 
remember that administration of IV fluids to healthy horses 
will also result in increased fractional clearances of sodium, 
chloride, and phosphorus. 56 Thus, electrolyte clearances are 
ideally determined using the initial urine sample voided 
after admission or a sample collected by catheterization 
(i.e., before urine substantially altered by fluid therapy). 

The most accurate assessment of renal function involves 
measurement of glomerular filtration rate (GFR). C.FR can 
be determined by performing timed urine collections (inu- 
lin and endogenous or exogenous creatinine clearances) or 
by assessing plasma disappearance of several compounds 
(sodium sulfanilate, phenolsulfonphthalein, or radiola¬ 
beled substances). 57 In a clinical setting, measurement 
of GFR in cases of ARF is rarely pursued because multiple 
measurements are required to assess changes in GFR, and 
prognosis for recovery is more likely related to the duration 
of decreased GFR rather than the magnitude of the decrease. 
Further, because of the inverse relationship between GFR and 
creatinine, changes in GFR can be more practically assessed 
by daily creatinine measurement. 

Glomerular injury and tubular necrosis can be further 
confirmed by performing a renal biopsy. However, biopsy 
is rarely indicated in cases of ARF because the diagnosis is 
usually evident. Further, correlation between light micro¬ 
scopic findings and functional changes in animals with 
ARF has not been well established; thus, prognosis often 
depends more on response to treatment than results of 
renal biopsy. Immunofluorescent (IF) testing and electron 
microscopic (EM) examination are routinely performed on 
human renal biopsy samples to assess mechanisms of renal 
injury and extent of damage to glomerular and tubular 
basement membranes. If such detailed evaluation of renal 
biopsy tissue were also performed in horses with ARF, better 
information regarding etiopathogenesis and prognosis 
would likely be provided by the pathologist. 

At present, renal biopsy is most often indicated in the 
evaluation of horses with ARF for which exposure to nephro¬ 
toxins or another underlying primary disease process is not 
apparent. However, renal biopsy should be approached 
cautiously because life-threatening hemorrhage is a potential 
complication. Biopsy of the right kidney with ultrasono¬ 
graphic guidance, usually through the seventeenth intercos¬ 
tal space, is the preferred procedure for renal biopsy. 58 Use 
of proper instrumentation (automatic or spring-loaded 
biopsy instruments) and adequate restraint (stocks and seda¬ 
tion) are important considerations. Renal tissue collected 
should be placed in formalin for histopathologic examina¬ 
tion as well as frozen (or placed into additional media 
specified by the testing laboratory) for IF testing and EM 
examination. Although biopsy of the right kidney alone usu¬ 
ally is adequate for assessment of the disease process affect¬ 
ing both kidneys, samples of the left kidney can also be 
collected by guiding the biopsy instrument through the 
spleen. Again, ultrasonographic guidance is important when 
collecting a biopsy from the left kidney or when biopsy of a 
specific area of either kidney is desired. 

GENERAL PRINCIPLES OF TREATMENT 

General principles of treatment of ARF in the horse are sim¬ 
ilar to those recommended for human patients. 59 * 60 Initial 
treatment should always focus on judicious fluid therapy 
to replace volume deficits and correct electrolyte and acid- 
base abnormalities. The magnitude of azotemia and serum 
concentrations of sodium, chloride, potassium, and bicar¬ 
bonate should be monitored daily. Sodium and chloride 



CHAPTER 34 Diseases of the Renal System 



929 


replacement are often required in horses with polyuric ARF 
and can be accomplished by using 0.9% NaCl as the fluid 
administered or through electrolyte supplementation in 
grain feedings or as oral pastes. Serum potassium concentra¬ 
tion in horses with nonoliguric ARF is often normal and 
except for postrenal problems (e.g., obstruction or rupture), 
therapy intended to lower serum potassium is usually not 
necessary. Similarly, it is usually unnecessary to correct the 
mild hypocalcemia that can accompany ARF in horses. 

After correction of volume deficits and electrolyte and 
acid-base abnormalities, an attempt should be made to 
determine if the animal is oliguric or nonoliguric (polyuric) 
because the prognosis for recovery appears to be more 
favorable with nonoliguric ARF. This often becomes appar¬ 
ent by simple observation: oliguric horses fail to produce 
expected amounts of urine in the initial 12 to 24 hours of 
IV fluid therapy, and the bedding remains dry, whereas 
nonoliguric horses repeatedly void moderate volumes of 
dilute urine during the initial 6 to 12 hours of treatment. 
Further, edema can develop rapidly in horses with oliguric 
ARF. In horses with prerenal azotemia rather than intrinsic 
ARF, creatinine should decrease by at least 30% to 50% 
within the initial 24 hours of fluid therapy. In contrast, cre¬ 
atinine remains unchanged, or may even increase, with ARF. 

In severely ill patients, especially those with vasomotor 
nephropathy, systemic blood pressure (BP) can be moni¬ 
tored to confirm that fluid therapy has been adequate to 
restore BP. Some horses may remain hypotensive (systolic 
BP <80 mm Hg) despite administration of large volumes of 
IV fluids because fluid may be accumulating extravascularly 
as edema or a third space fluid. If systemic BP remains low, 
hypertonic saline, dobutamine, or other pressor agents may 
be needed to restore BP and glomerular filtration. Fluid and 
sodium replacement in horses with oliguric renal failure 
and normal systemic BP must be monitored closely because, 
as previously mentioned, overzealous fluid administration to 
horses with oliguric or anuric ARF will result in edema forma¬ 
tion, which is often initially noticed in the conjunctiva 
(Fig. 34-1). 

In addition to regular assessment of attitude, vital para¬ 
meters, packed cell volume, and total plasma protein 



FIG. 34-1 II Severe conjunctival edema from intravenous (IV) fluid 
therapy in a 3-year-old Arabian with oliguric acute renal failure (ARF). 
The ARF and a multifocal granulomatous pneumonia occurred after IV 
administration of an approved immunomodulator. 


concentration, monitoring should also include measure¬ 
ment of body weight once or twice daily (patients should 
not gain weight after rehydration) and comparison of fluid 
input with fluid (urine) output. Although there is no conve¬ 
nient method of collecting all urine voided by ambulatory 
foals or mares, urine output can be rather easily quantified 
in male horses by placing a urine collection device around 
the abdomen. 61 When desired, monitoring urine output in 
critically ill foals and mares can be accomplished by use 
of an indwelling Foley catheter and urine collection bag 
(closed system), but ascending infection is a risk. Finally, 
central venous pressure (CVP) can also be monitored as a 
more precise measure of fluid balance in critical patients. 
CVP is measured with a manometer, with the baseline at 
the level of the right atrium, attached to an IV catheter 
placed into the anterior vena cava via the jugular vein (nor¬ 
mal CVP in horses, <8 cm ll 2 0). 

In horses that remain oliguric after 12 to 24 hours of 
appropriate fluid and electrolyte replacement and restora¬ 
tion of systemic BP, furosemide at 1 mg/kg intravenously 
[IV) every 2 hours should be administered. Unfortunately, 
furosemide treatment is often ineffective in increasing renal 
blood flow, GFR, and tubular flow in horses with ARF. 60 62 
Continuous infusion of furosemide at 0.12 mg/kg/hr, pre¬ 
ceded by a loading dose of 0.12 mg/kg IV, was considered 
superior to intermittent use in one study. 63 If urine is not 
voided after the second dose, administration of mannitol 
(1 mg/kg as a 10% to 20% solution) and/or a dopamine 
infusion (3 to 7 pg/kg/min IV) can be instituted. Dopamine 
administration should only be performed in a hospital 
setting in which heart rate and BP can be monitored fre¬ 
quently to avoid development of tachycardia and hyperten¬ 
sion. Use of dopamine for selective renal vasodilatory and 
natriuretic actions has recently been called into question 
because most studies in humans have not demonstrated 
prevention of ARF in high-risk patients or improved out¬ 
come in those with established ARF. 64 Further, the drug 
may precipitate serious cardiovascular and metabolic com¬ 
plications in critically ill patients. If these treatments are 
successful in converting oliguria to polyuria (may require 
24 to 72 hours), they can be discontinued, but maintenance 
of urine production must be monitored closely over the 
next few days. Fortunately, the majority of horses with 
ARF resulting from ATN are nonoliguric rather than oligu¬ 
ric, and administration of furosemide, mannitol, or dopa¬ 
mine is not needed in most of cases of nonoliguric ARF. 

When this treatment approach to oliguria remains unsuc¬ 
cessful for more than 72 hours, the prognosis becomes grave. 
One study of horses with colic or colitis found that horses 
with persistent azotemia after 72 hours of fluid therapy were 
three times as likely to die or be euthanized as the horses 
without persistent azotemia. 65 However, dialysis therapy 
may be a further treatment option in select patients. I lemo- 
dialysis has been successfully used to treat two adult horses 
with myoglobinuric ARF 66 67 and a neonatal foal with oxy- 
tetracycline-induced ARF. 41 Peritoneal dialysis has been 
attempted in a few horses with nephrotoxic-induced ARF; 
however, omental plugging of the catheter has limited its 
success, and special dialysis catheters are needed for effec¬ 
tive fluid exchange. Pleural dialysis is another option for 
which fluid exchange is less problematic. Hemodialysis 
or dialysis would likely be most effective in horses with 
nephrotoxic ARF, whereas vasomotor nephropathy is best 
treated by addressing the predisposing condition and 
instituting appropriate fluid therapy. 

After volume deficits have been restored and polyuria 
has been achieved, patients usually require only continued 
fluid therapy (0.9% NaCl or another balanced electrolyte 
solution, 40 to 80 mL/kg/day) to promote a continued 
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decrease in creatinine. Fluid therapy may need to be 
continued (20 to 40 mL/kg/day) for several days until creat¬ 
inine returns to the normal range or a steady-state value and 
the horse is eating and drinking adequate amounts. Supple¬ 
mentation with oral electrolytes (1 to 2 oz NaCl twice daily) 
will also promote greater fluid intake and diuresis. Potas¬ 
sium supplementation (1 oz KC1 twice daily) may also be 
required because the diuresis also results in kaliuresis. When 
horses remain anorectic during treatment, addition of 50 to 
100 g dextrose/L fluids can provide needed calories, and if 
anorexia persists for several days, caloric intake may need 
to be provided by nasogastric tube feeding or total paren¬ 
teral nutrition. 

Within the week after fluid therapy is discontinued, creati¬ 
nine should be measured again to ensure that it has not 
increased. Occasionally, creatinine may not decrease to below 
2 to 3 mg/dL despite continued fluid therapy. As long as the 
horse is eating and drinking well, IV fluids can be discontin¬ 
ued. In some horses, further recovery will be manifested as a 
return of creatinine to the normal range within the next cou¬ 
ple of months, whereas in other patients a persisting elevation 
in creatinine indicates a permanent loss of renal function. 


CHRONIC RENAL FAILURE 

THOMAS /. DIVERS 

Chronic renal failure (CRF) in the horse may be divided 
by clinical and pathologic findings into two broad cate¬ 
gories: primary glomerular disease and primary tubulointer¬ 
stitial disease. 68 - 69 However, pathology in one portion of 
the nephron usually leads to altered function and eventual 
pathology in the entire nephron. Thus, CRF is an irrevers¬ 
ible disease process characterized by a progressive decline 
in GFR. However, the rate of decline in GFR is variable 
between affected horses, making the short-term (e.g., 
months to 2 years) prognosis guarded to favorable while 
the long-term prognosis remains poor. 

Primary glomerular diseases that can lead to CRF in horses 
include glomerulonephritis, nonspecific glomerulopathy, 
renal glomerular hypoplasia, and amyloidosis. Primary tubu¬ 
lointerstitial diseases causing CRF include incomplete recov¬ 
ery from acute tubular necrosis (ATN), pyelonephritis, 
nephrolithiasis, hydronephrosis, renal dysplasia, and rarely, 
papillary necrosis. Collectively, the latter disorders produce 
pathology categorized as chronic interstitial nephritis. Unfortu¬ 
nately, because renal disease is often advanced when horses 
are first presented for clinical evaluation, the inciting cause 
leading to CRF may be difficult to ascertain, and end-stage 
kidney disease (ESKD) may be the pathologic diagnosis. 
The inciting cause may more likely be discerned from the his¬ 
tory (long term) rather than clinical findings at presentation, 
especially for primary tubulointerstitial diseases. Adjunctive 
diagnostic evaluation, including laboratory assessment, renal 
ultrasonography, and renal biopsy, may provide further 
evidence to document the inciting cause. 

CAUSES 

Proliferative Glomerulonephritis 

Proliferative glomerulonephritis (GN), indicating increased 
cellularity of the glomerular tufts consequent to influx of 
inflammatory cells and proliferation of mesangium, is the 
most common glomerular disease causing CRF in horses. 
It is thought to result from deposition of circulating 
immune complexes along the glomerular capillaries or in 
situ formation along the glomerular basement membrane 



FIG. 34-2 II Depiction of a subendothelial immunologic reaction sus¬ 
pected to occur in horses with streptococcal antigen-antibody-associated 
glomerulonephritis. 


(GBM) (Fig. 34-2). Deposition of immune complexes 
causes activation of complement and vasculitis (type III 
hypersensitivity response). In one study, deposits of immu¬ 
noglobulin G (IgG) and complement along the GBM were 
found through immunofluorescent (IF) staining in a large 
percentage (22 of 53) of horses at necropsy. 70 However, only 
1 of these 53 horses developed CRF. Thus, although immune 
(antigen-antibody) complex deposition and subclinical GN 
may be common in horses, progression to CRF appears 
to be an infrequent occurrence. In this necropsy survey 
the predominant IF staining pattern was granular (patchy 
deposits of immune complexes and complement along 
GBM), but linear deposits were found in two horses. The lat¬ 
ter finding was supportive of true autoimmune disease with 
more diffuse deposition of anti-GBM antibodies (type II 
hypersensitivity response) along the basement membrane 
antibody. 

Streptococcal antigens have been suggested to be an 
important trigger for development of proliferative GN, 71 
and in one horse with CRF, streptococcal antigens were con¬ 
firmed to be present in diseased glomeruli. 72 Although 
equine infectious anemia virus is the only other antigen that 
has been detected in glomeruli of horses with proliferative 
GN, 73 subclinical GN likely accompanies other chronic 
infections in horses. It has also been suggested that equine 
GN may also be associated with either mixed or monoclo¬ 
nal cryoglobulins forming antibody-antibody glomerular 
depositis. 74 Fortunately, GN in most patients is rarely of 
clinical significance. 

Chronic Interstitial Nephritis 

Chronic interstitial nephritis (CIN) and fibrosis may be the 
most common cause of CRF in horses. Interstitial nephritis 
(tubulointerstitial disease) usually develops as a sequela to 
ATN consequent to exposure to nephrotoxins or vasomotor 
nephropathy. Other causes include drug-induced interstitial 
nephritis, urinary obstruction, pyelonephritis, renal hypo¬ 
plasia/dysplasia, and papillary necrosis. Although the 
majority of horses that develop ARF attributable to these 
causes recover with apparently normal renal function (they 
remain nonazotemic), a few may survive with significant 
loss of renal functional mass and subsequently (often years 
later) develop signs of CRF attributable to CIN. 75 In horses 
less than 5 years of age that develop CRF that cannot be 
attributed to other causes, anomalies of development, 
including renal hypoplasia, dysplasia, and polycystic kidney 
disease, should be strongly suspected 69 76 78 (Fig. 34-3). 
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FIG. 34-3 II Yearling thoroughbred with chronic renal failure caused by 
renal dysplasia. Failure to grow normally and lethargy were the primary 
complaints. 


Pyelonephritis 

Bilateral septic pyelonephritis is a rare cause of CRF in 
horses. 79 * 81 Pyelonephritis is usually a result of an ascending 
infection and is often accompanied by nephrolithiasis or 
ureterolithiasis. Multiparous mares, especially those with a 
history of dystocia, and horses with bladder paralysis are at 
greater risk for bacterial colonization of the lower urinary 
tract and subsequent development of ascending infection. 
Chronic distention with bladder paralysis compromises the 
integrity of the ureteral orifices, leading to vesiculoureteral 
reflux and pyelonephritis. With long-standing bladder paral¬ 
ysis, the ureteral orifices may appear wide open during cyto- 
scopic examination, and in an occasional affected horse, the 
endoscope can be advanced into the ureter with little resis¬ 
tance. With unilateral pyelonephritis, adequate renal func¬ 
tion is usually maintained by the contralateral kidney; 
however, passage of small uroliths into the bladder can lead 
to recurrent urethral obstruction. Gram-negative organisms 
appear to be the most common causative agents, although 
Staphylococcus, Streptococcus, or Corynebacterium species may 
be isolated in some cases, and mixed bacterial infections 
are not uncommon. 


CRF. 6987 Moderate polyuria and polydipsia (PU/PD) are 
usually present at some stage of the disease process, but 
PU/PD may not be noticed except by the astute owner or 
trainer. 69 Dysuria is generally not reported unless CRF is 
caused by pyelonephritis, which may be associated with 
bladder paralysis, lithiasis, and lower urinary tract infection 
(UTI). Normal equine urine is rich in crystals and mucus, 
making a prediction of urine abnormalities on gross obser¬ 
vation difficult. However, hematuria or pyuria (gross or 
microscopic) may be reported in some, but not all, horses 
with pyelonephritis, urinary calculi, or neoplasia. Often, 
urine produced by horses with CRF is light yellow and 
transparent because it is relatively devoid of crystals and 
mucus. Accumulation of dental tartar, especially on the inci¬ 
sors and canine teeth (Fig. 34-4); melena; and oral ulcers 
are other findings that may be detected in horses with 
CRF. Growth in horses with renal hypoplasia, dysplasia, or 
polycystic kidney disease may be stunted. Although abdom¬ 
inal pain would be expected in horses with obstructive 
nephroliths or ureteroliths, colic signs are not often 
reported in horses with lithiasis producing obstruction of 
the upper urinary tract. 75 88 

Clinicopathologic findings in horses with CRF vary 
depending on appetite, diet, and the cause and severity of 
renal damage. Most horses with clinical signs of CRF have 
moderate to severe azotemia (creatinine usually >5 mg/dL). 
The BUN/creatinine ratio may vary, depending on protein 
intake, muscle mass, hydration, and degree of azotemia, but 
is usually 10:1 or greater. Mild hyperkalemia, hyponatremia, 
and hypochloremia are typically found in horses with CRF. 
Hypercalcemia, with serum concentrations sometimes ex¬ 
ceeding 20 mg/dL, appears to be a laboratory finding with 
CRF that is unique to the equid. One early case series of CRF 
reported six of nine horses to be hypercalcemic 89 ; however, 
others have found a lower percentage to be hypercalcemic. 90 
Hypercalcemia in horses with CRF is not a consequence of 
hyperparathyroidism, 91 and its presence or absence appears 
to be more closely related to dietary intake than to the 
magnitude of azotemia. For example, four of four nephrecto- 
mized ponies fed alfalfa hay developed marked hypercalce¬ 
mia, 92 whereas serum calcium concentration remained 
within the normal range in four of four nephrectomized 
ponies fed grass hay (although filterable calcium did 
increase). 68 Similarly, hypercalcemia in horses with spontane¬ 
ously occurring CRF can resolve within a few days of changing 
diet from alfalfa to grass hay. 78 Serum phosphorus concentra¬ 
tion in horses with CRF is usually normal to decreased, and 
hypophosphatemia is more often detected with concurrent 
hypercalcemia. Hypermagnesemia may also be detected in 


Miscellaneous Causes 

Other reported causes of CRF in horses include amyloid¬ 
osis, 82 neoplasia, 83 focal glomerulosclerosis-like disease, 84 
and chronic oxalate nephrosis. 85 One study described CRF 
caused by polycystic kidney disease in an aged pony with 
hematuria, which also had hepatic cysts. 86 Renal amyloid¬ 
osis has been reported only in horses used for production 
of antiserum. 82 Further, "oxalate nephropathy" in horses is 
likely a misnomer because the presence of oxalate crystals 
in renal tissue of horses with CRF is typically a consequence, 
rather than the cause, of CRF. 85 


II Clinical Signs and Laboratory Findings. The most com¬ 
mon clinical sign observed in horses with CRF is weight 
loss. 69 A small plaque of ventral edema, usually between 
the forelimbs, is another frequent finding in horses with 



FIG. 34-4 II Dental tartar caused by chronic azotemia in a 5-year-old 
standardbred with chronic renal failure. 
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some horses with CRF. Acid-base balance usually remains 
normal until CRF becomes advanced, but metabolic acidosis 
is a common finding in horses with end-stage disease. 

Many horses with CRF are moderately anemic (packed cell 
volume, 20% to 30%) as a consequence of decreased erythro¬ 
poietin production by the diseased kidneys. Those with CRF 
resulting from GN frequently have hypoalbuminemia and 
hypoproteinemia, and horses with advanced CRF of any 
cause may also have mild hypoproteinemia associated with 
intestinal ulceration. Hyperglobulinemia may be detected in 
horses with immune-mediated diseases or chronic pyelone¬ 
phritis. Horses with CRF can also develop hypercholesterol¬ 
emia and hypertriglyceridemia (hyperlipidemia), and a 
horse with advanced CRF occasionally may have grossly lipe- 
mic plasma. 93 

Urinalysis findings may also vary depending on the cause 
of CRF. As mentioned, urine collected from horses with CRF 
is relatively devoid of normal mucus and crystals, making 
samples transparent. Further, urine specific gravity is typi¬ 
cally in the isosthenuric range (1.008 to 1.014), although 
heavy proteinuria in an occasional horse with GN may pro¬ 
duce values up to 1.020. Quantification of urine protein con¬ 
centration (as for cerebrospinal fluid) is required to assess 
proteinuria accurately. Urine protein concentration in nor¬ 
mal horses is usually less than 100 mg/dL, and the urine pro¬ 
tein/creatinine ratio should be less than 1:1. 949S With 
significant proteinuria, urine protein/creatinine ratio is usu¬ 
ally greater than 2:1. 72 In the earlier stages of GN, excessive 
urine protein is primarily albumin, but with progression of 
glomerular pathology, an increasing amount of globulin is 
also lost in the urine. Horses with CIN usually do not have 
significant proteinuria. Hematuria (gross or microscopic) 
may be present with pyelonephritis, urinary calculi, or neo¬ 
plasia and can produce trace proteinuria, but urine protein/ 
creatinine ratio usually remains less than 2:1. Although 
horses with septic pyelonephritis would be expected to have 
pyuria (>5 leukocytes/high-power field) and significant bac- 
teriuria on sediment examination, these findings are not 
consistently detected, and a urine sample should be submit¬ 
ted for quantitative bacterial culture in all horses with CRF. 
Usually, more than 10,000 colony-forming units per millili¬ 
ter of urine are found with infection, although lower num¬ 
bers do not always rule out septic pyelonephritis. 

II Diagnosis. A diagnosis of CRF is most often made in 
horses with azotemia and isosthenuria that present with a 
complaint of weight loss or decreased performance. As dis¬ 
cussed earlier, determining the inciting cause of CRF can 
be difficult because the disease has often advanced to ESKD 
when horses are initially presented for evaluation. Urinaly¬ 
sis does not often reveal the cause of CRF, except in some 
horses with pyelonephritis. In theory, assessment of urine 
protein concentration and urine protein/creatinine ratio 
should be helpful in separating glomerular disease from 
tubulointerstitial disease, but in practice, these laboratory 
measures have not consistendy been elevated in horses with 
histopathologic evidence of glomerulonephrids. However, 
detection of moderate to heavy proteinuria (urine protein/ 
creatinine rario >2:1) without hematuria provides support 
for glomerular disease. 

Rectal examination may be helpful in determining the 
cause of CRF. Horses with pyelonephritis, as well as those 
with ureteral calculi, often have enlarged ureters that can be 
palpated dorsolaterally as they course through the retroperi¬ 
toneal space. Although kidneys of horses with CRF are often 
small with an irregular surface, these changes are not always 
apparent on palpation of the caudal pole of the left kidney. 
The right kidney cannot usually be palpated in the horse 


unless it is greatly enlarged or displaced caudally by the liver 
or a mass. Ultrasonographic imaging is useful for evaluating 
kidney size and echogenicity and may reveal fluid disten¬ 
tion (hydronephrosis, pyelonephritis, polycystic disease) or 
presence of nephroliths. 96 98 Horses with significant renal 
parenchymal damage and fibrosis often have loss of detail 
of the corticomedullary junction, and echogenicity of renal 
tissue may be similar or even greater than that of the spleen. 
In contrast, intravenous pyelography (IVP) provides little 
information in adult horses and its use is generally limited 
to foals less than 50 kg. When hematuria or dysuria accom¬ 
panies CRF, cystoscopic examination can be helpful in deter¬ 
mining the side (right vs. left) from which renal hematuria is 
originating and further allows assessment of the ureteral 
orifices and urine flow from each kidney. 

As described under Acute Renal Failure, measurement of 
GFR provides the most accurate assessment of renal function, 
and repeated measurements at monthly or longer intervals 
can be useful to monitor rate of progression of CRF. It is also 
a useful measure to document a reduction in renal function 
in horses that are thought to have early CRF, before signifi¬ 
cant azotemia has developed. GFR can be measured by sev¬ 
eral methods, including urinary clearance of endogenous or 
exogenous creatinine, inulin, or technetium-99m diethylene- 
triamine pentaacetic acid ( 99lrt Tc-DTPA) (all require timed 
urine collections) or plasma disappearance of sodium sulfa- 
nilate, phenolsulfonphthalein, or radiolabeled compounds 
(e.g., 99nt Tc-DTPA). 78 '"* 102 Assessment of renal function by 
nuclear scintigraphic imaging of the kidneys has also 
been described, but in horses this technique appears to be 
better for documenting decreased individual kidney function 
(i.e., with unilateral or asymmetric disease) than for quanti¬ 
tative assessment of GFR. 103 104 In most clinical settings, 
performing a 24-hour endogenous creatinine clearance is 
the most practical and economical method for measuring 
GFR. The major challenge is application of a urine collection 
device for collection of all urine produced. Once urine has 
been collected, a well-mixed sample is submitted to the lab¬ 
oratory, along with a sample of serum obtained during the 
collection period, and GFR is estimated by the following 
standard clearance formula: 

GFR(mL • kg' 1 • min" 1 ) = {([Crun^/lCrserum]) * UF}/bwt 

where UF is urine flow (mL • min -1 ) and bwt is body weight 
in kilograms. 100 GFR in horses with normal renal function 
ranges from 1.5 to 3.0 mL • kg -1 • min -1 , and values less 
than 1.0 mL • kg -1 • min -1 are indicative of a decrease 
in GFR. Although repeated measurement of endogenous 
creatinine clearance provides useful information about the 
rate of decline in GFR in horses with CRF, simply measuring 
creatinine and assessing body condition at monthly or 
longer intervals are the most common methods used to 
evaluate the progression of CRF in affected horses. 

The inciting cause of CRF can be confirmed in some 
horses by renal biopsy. As discussed under Acute Renal Fail¬ 
ure, renal biopsy should be approached cautiously and pur¬ 
sued only if findings are likely to change treatment or 
prognosis. Treatment for CRF consists of supportive care, 
and the long-term prognosis is poor; therefore, renal biopsy 
is rarely indicated in horses with CRF. Further, most horses 
have rather advanced CRF at the time the disease is initially 
detected, and biopsy results in these patients may not pro¬ 
vide useful information regarding the inciting cause. 

II Treatment. Treatment of horses with CRF is most likely to 
produce improved renal function if there is an acute, revers¬ 
ible component exacerbating CRF (i.e., acute on chronic syn¬ 
drome). Similar to ARF, sudden exacerbation can be caused 
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by exposure to nephrotoxins or vasomotor nephropathy sec¬ 
ondary to diseases producing hypovolemia (e.g., diarrhea or 
sepsis causing volume depletion). Ascending urinary tract 
infection or obstruction can also exacerbate CRF. If an acute 
component is detected, it should be corrected rapidly (as 
described for ARF) with the goal of minimizing further loss 
of functional nephrons. In addition, surgical removal or frag¬ 
mentation of stones may be indicated in horses with calculi 
thought to be disrupting urine flow. 

In horses with relatively stable CRF, management changes 
should be kept to a minimum and, when necessary, made 
gradually. Treatment of horses with stable CRF consists of 
supportive care: providing sufficient fluids, electrolytes, and 
nutritional support. 105 Water should be available at all 
times, and salt can be provided freely as long as edema or 
hypertension is absent. If edema develops, salt should be 
restricted, even in the face of hyponatremia. In addition to 
creatinine, serum electrolyte concentrations and acid-base 
balance should be measured regularly (e.g., monthly or lon¬ 
ger intervals). If serum sodium and chloride concentrations 
are decreased, 60 to 120 g (~2 to 4 oz) of salt may be added 
to the feed, provided edema is not present. If metabolic aci¬ 
dosis is detected (e.g., blood pH <7.35 or serum bicarbonate 
concentration <20 mEq/L) and the patient is not edema¬ 
tous, sodium bicarbonate (NaHC0 3 ) powder (100 to 
200 g/day) or a mix of NaHC0 3 and salt should be added 
to the diet. The goal of supplementation with salt and 
NaHC0 3 is to maintain serum electrolyte concentrations 
and acid-base balance within reference ranges. However, 
the effect of electrolyte supplementation on progression of 
CRF is unclear because high-salt diets may actually hasten 
the decline in GFR and exacerbate proteinuria in human 
patients with CRF. 106 

Although no adverse effects of hypercalcemia in horses 
with CRF have been documented, decreasing calcium intake 
(e.g., replacing alfalfa or other legume hays with grass hay) 
may result in a return of serum calcium concentration to the 
normal range. The hypophosphatemia that usually accompa¬ 
nies hypercalcemia in horses with CRF may prevent mineral¬ 
ization of soft tissues. There appears to be no need for vitamin 
D supplementation in horses with CRF but regular adminis¬ 
tration of vitamin B complex, and anabolic steroids may be 
helpful to stimulate appetite. If appetite remains good, ana¬ 
bolic steroids may further limit muscle wasting and may 
increase packed cell volume (PCV). Attenuation of anemia 
in human and canine patients with CRF by administration 
of recombinant erythropoietin has been one of the most sig¬ 
nificant advances in management of CRF because it has elimi¬ 
nated the need for blood transfusions, improved exercise 
capacity, and decreased morbidity associated with the uremic 
syndrome. 107 In an occasional horse with advanced CRF, 
marked hyperlipemia may develop, and administration of 
heparin (40 to 100 IU/kg subcutaneously [SC] twice daily) 
may stimulate lipoprotein lipase and decrease plasma triglyc¬ 
eride concentration. 108 However, this treatment is not with¬ 
out risk because it may cause a further decline in PCV and 
potentiate bleeding tendencies in a uremic patient. NSAIDs 
and corticosteroids are best avoided in horses with CRF 
attributable to primary tubulointerstitial disease. If these 
drugs are essential for treatment of a complicating problem, 
they should be used judiciously. 

Treatment of CRF consequent to GN appears to be even 
less rewarding than treatment of CRF caused by tubulointer¬ 
stitial disease (CIN). Immunosuppressive therapy has been 
of limited benefit in slowing the progression of the disease 
and may even hasten weight loss. For patients with signifi¬ 
cant edema, treatment with diuretics may result in transient 
improvement, and plasma transfusions may be of tempo¬ 
rary benefit to horses with edema and hypoalbuminemia. 


As CRF progresses, partial anorexia and lethargy lead to 
more rapid loss of body condition. Thus, nutritional man¬ 
agement aimed at maintaining body condition is probably 
the most important aspect of supportive care of horses with 
CRF. Increasing carbohydrate (grain) intake and adding fat 
to the diet are recommendations to increase caloric intake. 
Fat can be added by feeding com oil (up to 16 oz/day) or a 
commercial fat supplement. Increased intake of omega-3- 
fatty acids (e.g., available in linseed oil or flaxseed oil) has 
been demonstrated to slow the progression of renal failure 
in experimental models, but potential benefits in spontane¬ 
ously occurring CRF are less dear. 109110 Over the past two 
decades, restricting dietary protein intake by human and vet¬ 
erinary patients with CRF was thought to have benefitial 
effects 111 ; however, the current recommendation is to pro¬ 
vide adequate amounts of dietary protein and energy to meet 
or slightly exceed predicted requirements while maintaining 
a neutral nitrogen balance. 112 In horses with CRF, adequacy 
of dietary protein intake can be assessed by the BUN/creati- 
nine ratio; values greater than 15:1 suggest excessive protein 
intake, and values less than 10:1 may indicate protein-calorie 
malnutrition. Finally, an important but often overlooked 
aspect of nutritional management of horses with CRF is pro¬ 
vision of a highly palatable diet. Feeding smaller meals more 
frequently and varying the diet (e.g., offering various types of 
concentrate feeds as appetite may vary from day to day) are 
helpful methods to increase food intake. 

Additional treatments for CRF in human patients 
include antihypertensive agents including diuretics, p- 
adrenergic blockers, and angiotensin-converting enzyme 
(ACE) inhibitors. 113 Use of ACE inhibitors may have an 
additional benefit of limiting proteinuria. 114 Currently, lit¬ 
tle is known about the roles of systemic or intrarenal 
hypertension in progression of renal disease in horses, 
and there are no reports of potential benefits of use of anti¬ 
hypertensive medications in horses with CRF. Finally, 
efforts are under way to examine the roles of mediators 
of inflammation in development of renal fibrosis, with 
the hope that future specific interventions may be devel¬ 
oped to limit the progressive interstitial fibrosis that occurs 
in all patients with CRF. 115 

Horses with end-stage CRF often develop oliguria and 
uncontrollable metabolic acidosis. At this stage, CRF can 
only be managed by hemodialysis or peritoneal/pleural 
dialysis. However, pursuit of either hemodialysis or perito¬ 
neal dialysis in horses with CRF is impractical because, even 
when successful, dialysis prolongs the life of the patient for 
only a short time. 


II Prognosis. The progressive loss of nephron function that 
is characteristic of CRF precludes successful long-term treat¬ 
ment in horses. However, many horses with early CRF may 
be able to continue in performance or live as a pet for 
months to a few years. In general, as long as creatinine 
remains less than 5.0 mg/dL and the BUN/creatinine ratio 
is less than 15:1, affected horses seem to maintain a reason¬ 
ably good attitude, appetite, and body condition. However, 
once creatinine exceeds 5.0 mg/dL, the rate of progression 
of CRF appears to accelerate, and signs of uremia (e.g., 
anorexia, poor hair coat, loss of body condition) become 
more apparent over a few weeks to months. Although this 
threshold value for creatinine is a useful figure for offering 
an initial prognosis for most horses with CRF, it is impor¬ 
tant to remember that progression of CRF is highly variable 
between affected animals. Thus, each case must be handled 
on an individual basis, with the emphasis on maintenance 
of body condition until humane euthanasia may become 
necessary. 
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URINARY TRACT I NFECTIONS 

THOMAS ). DIVERS 

Urinaiy tract infections (UTIs) can be anatomically divided 
into two categories: (1) those affecting the upper urinary 
tract (kidneys and ureters) and (2) those involving the lower 
urinary tract (bladder and urethra). Lower UTI in horses 
usually results from anatomic or functional causes of abnor¬ 
mal urine flow, especially bladder paralysis (see Urinary 
Incontinence). Although recognized less frequently, upper 
UTI is often a more serious, potentially life-threatening 
problem. In horses, UTI is also frequently accompanied by 
urolithiasis and partial obstruction. With the exception of 
single, large cystoliths (that predispose affected horses to 
lower UTI), it is often difficult to determine whether develop¬ 
ment of nephroliths, ureteroliths, multiple small cystoliths, 
and urethroliths was a predisposing cause or a consequence 
of UTI. The pathophysiology, diagnosis, and management 
of equine UTI has recendy been extensively reviewed. 116 


RISK FACTORS AND CAUSES 

The most common risk factors for development of UTI in 
horses are bladder paralysis, concurrent urolithiasis, and 
urethral damage (e.g., foaling trauma in mares, neoplasia 
or habronemiasis in stallions and geldings). The shorter 
urethra and its location near the anus also increase the risk 
of lower im in healthy females. For example, silent lower 
UTIs and pyelonephritis, resulting from infection with bac¬ 
teria shed from the GI tract, can develop in prepubertal girls 
and during pregnancy or after menopause in adult 
women. 117 This increased risk at certain times in women 
has been further attributed to a lack of estrogen, a hormone 
that appears to be important for production of glycosami- 
noglycans that cover uroepithelial surfaces and inhibit 
attachment of bacteria. 118 Whether fillies or pregnant mares 
are at increased risk for UTI has not been studied. However, 
horses with bladder paralysis (detrusor dysfunction) or 
decreased urethral sphincter tone (from trauma or neuro¬ 
logic disease) are clearly at greater risk of UTI than horses 
with normal detrusor and urethral sphincter function. 
Finally, because bladder catheterization cannot be per¬ 
formed in a sterile manner because of normal bacterial flora 
in the vestibule and distal urethra, contamination of the 
lower urinary tract is an accepted risk of this procedure. 
Nevertheless, development of lower UTI is an unlikely com¬ 
plication of bladder catheterization in otherwise healthy 
animals because host defense mechanisms, including urine 
flow, are highly effective in eliminating contaminating bac¬ 
teria. However, when urethral or bladder mucosa has been 
damaged or when urine stasis (bladder paralysis) is present, 
bladder catheterization has a greater risk of producing UTI. 

In a group of horses with neurologic bladder dysfunction 
complicated by UTI, Escherichia coli , Staphylococcus species, 
Corynebacterium species, and Pseudomonas aeruginosa were 
the microbes isolated most frequently. 119 In my experience, 
E. coli , Proteus mirabilis, Klebsiella species, and Enterobacter 
species are the most common pathogens isolated from 
individual horses with UTI. P. aeruginosa can cause lower 
UTI in some horses, but it can also be isolated from the ure¬ 
thra of many clinically normal horses. Gram-positive organ¬ 
isms are less frequent causes of UTI in horses, although 
Staphylococcus and Corynebacterium species are occasionally 
identified pathogens. 120 In horses with abnormal urine flow 
(e.g., with uroliths) or instrumentation of the urinary tract 
(e.g., indwelling bladder catheters, ureteral stents), UTI with 
Enterococcus species (formerly Streptococcus faecalis) may also 
develop. Similarly, lower UTI with Candida species develop 


commonly in recumbent neonatal foals receiving broad- 
spectrum antibacterial therapy. 

II Clinical Findings. Clinical signs with UTI usually reflea 
the location, severity, and duration of the infeaion. Lower 
UTI is typically charaaerized by recognizable disturbances 
in urine flow but seldom causes signs charaaeristic of a sys¬ 
temic infection (e.g., fever, weight loss). Dysuria, stranguria, 
pollakiuria, and incontinence are consistent with lower UTI. 
Urine scalding of the perineum may develop with chronic 
UTI in mares (but should not be confused with estrus), 
and the sheath opening and dorsal aspeas of the hindlimbs 
may be coated with urine crystals or blood in affeaed stal¬ 
lions and geldings. Gross hematuria may be observed if uri¬ 
nary calculi are present or if bladder or urethral mucosa has 
been eroded. Hematuria of bladder origin typically pro¬ 
duces hematuria throughout urination, but gross discolor¬ 
ation of urine is most obvious at the end of urination. 
Hematuria caused by renal hemorrhage was a major com¬ 
ponent of pyelonephritis reported in seven horses. 121 In 
an occasional horse, gross pyuria may also be observed as 
passage of mucopurulent debris in otherwise clear urine. 
Horses with upper UTI are more likely to have signs charac¬ 
teristic of a systemic infection (e.g., fever, weight loss). 
However, because UTI is typically accompanied by concur¬ 
rent lower UTI, dysuria may also be present. As an example, 
recurrent urethral obstruaion with small uroliths may be 
the presenting complaint for chronic upper UTI. 

Rectal examination may help confirm a predisposing 
cause of lower UTI (e.g., enlarged and atonic bladder, cystic 
calculi, accumulation of sabulous urine sediment, bladder 
mass). Chronic cystitis also usually leads to bladder wall 
thickening; however, this change is not easily deteaed by rec¬ 
tal palpation. Although ureters are usually not found during 
reaal examination of the normal horse, careful palpation of 
the dorsolateral aspects of the caudal abdomen (retroperito¬ 
neal space) usually reveals enlarged ureters in horses with 
upper UTI. With pyelonephritis, palpation may further reveal 
kidneys that are either enlarged or shrunken and misshapen. 

II Diagnosis. A diagnosis of UTI is based on clinical signs 
and laboratory analysis of blood and urine samples. With 
lower UTI, results of a complete blood count (CBC) and 
serum biochemical profile are usually within reference 
ranges, whereas CBC results with upper UTI often support 
a systemic inflammatory response. With chronic upper 
UTI, increased total protein and globulin concentrations 
are often deteaed, and when the UTI is bilateral, azotemia 
may also be present. Deteaion of greater than 20 organisms 
and more than 10 white blood cells (WBCs) per high-power 
field on sediment examination of a urine sample colleaed 
during midstream voiding or via bladder catheterization is 
highly supportive of UTI, and growth of 10 4 or more organ¬ 
isms per milliliter of urine confirms the diagnosis. 122123 
When evaluating a horse for possible UTI, urine samples 
colleaed should be examined and processed for bacterial 
culture within 30 minutes after colleaion, or they should 
be refrigerated because baaeria can continue to proliferate 
when urine is stored at room temperature. 122 

Detection of azotemia, low urine specific gravity, and WBC 
casts in urine sediment are indicative of bilateral upper UTI, 
especially when accompanied by signs of systemic illness. 
Ultrasonographic examination of the kidneys is useful for 
detecting abnormal renal size, shape, or consistency in horses 
with upper un . 121 * 124 * 126 Endoscopic examination of the 
lower urinary traa is another useful tool for evaluating the 
integrity of urethral and bladder mucosa, detecting small uro¬ 
liths, and assessing urine flow from each ureteral orifice. 127128 
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With long-standing cystitis, especially when bladder paralysis 
is the underlying cause, ureteral orifices may become dilated 
(and appear wide open), allowing for vesiculoureteral reflux 
and development of ascending pyelonephritis. When unilat¬ 
eral pyelonephritis is suspected on the basis of ultrasono¬ 
graphic findings and absence of azotemia, catheterization of 
each ureter to collect urine samples from each side of the upper 
urinary tract can be helpful to document unilateral disease. 
Ureters may be catheterized by passing sterile polyethylene 
tubing through the biopsy channel of the endoscope during 
cystoscopy, or this can be accomplished in mares by directing 
blunt-ended catheters (e.g., 8-Fr polypropylene) through the 
urethra into each ureteral orifice. 129 


II Treatment. Treatment of UTI consists of proper antimi¬ 
crobial therapy and correction, if possible, of predisposing 
anatomic or functional causes. Selection of the appropriate 
antimicrobial agent is best determined by prior knowledge 
of the following: 

■ Susceptibility patterns of the causative agent(s) 

■ Concentration of the antibiotic in renal tissue and 
urine 

■ Activity of the antibiotic at different pH values 

■ Ease of administration 

■ Toxicity 

■ Expense 

■ Compatibility with other antimicrobial drugs 

Recommended antimicrobial agents for treatment of UTI 
in horses are discussed next. It should be emphasized that 
in vitro resistance to a particular antibiotic may not pre¬ 
clude successful treatment with the drug, as long as high 
concentrations are achieved in urine. Similarly, in vitro sus¬ 
ceptibility does not always guarantee a successful response 
to treatment. For example, Enterococcus species are routinely 
found to be susceptible to trimethoprim-sulfa combina¬ 
tions; however, this pathogen is inherently resistant to these 
combinations in vivo. 130 

TRIMETHOPRIM/SULFONAMIDE COMBINATIONS. Tri¬ 
methoprim-sulfonamide combinations have been highly 
successful in treating lower UTIs in some species. 131 * 133 
Although sulfonamides alone can be effective in treating 
many lower UTIs, 134 addition of trimethoprim improves 
antibacterial spectrum without a prohibitive increase in 
expense or toxicity. 135 When selecting a trimethoprim-sul¬ 
fonamide combination for treatment of horse with a UTI, 
metabolism of the sulfonamide should be considered. For 
example, sulfamethoxazole is largely metabolized to inac¬ 
tive products before urinary excretion, whereas sulfadiazine 
is excreted largely unchanged in urine. 136 

PENICILLIN AND AMPICILLIN. Penicillin, administered 
parenterally, is effective for treating upper or lower UTIs 
caused by susceptible Corynebacterium, Streptococcus, and 
some Staphylococcus species. 137 Ampicillin has also been 
used successfully for treatment of both upper and lower 
UTIs in animals and human patients. 131138 Although many 
isolates of the Enterobacteriaceae family demonstrate resis¬ 
tance to ampicillin in vitro, this drug is highly concentrated 
in urine, and many organisms that are resistant in vitro may 
be killed in the urine of treated animals. 

GENTAMICIN AND AMIKACIN. Gentamicin and amika¬ 
cin, which can be nephrotoxic, should be reserved for treat¬ 
ing lower UTIs caused by highly resistant organisms or 
acute, life-threatening upper UTIs caused by gram-negative 
organisms. Pharmacokinetic studies in adults and foals are 
available. 139 * 140 Potentiated penicillins (ticarcillin or ticar- 
tillin/davulanic acid) may be considered as an alternative 
to aminoglycosides in horses with severely compromised 
renal function (e.g., creatinine >3.0 mg/dL). 


CEPHALOSPORINS, TETRACYCLINES, AND CHLOR¬ 
AMPHENICOL. Cephalosporins, tetracyclines, and chloram¬ 
phenicol are frequently and effectively used for treatment 
of UTIs in other species. 138 Cephalosporins are concen¬ 
trated in urine. Ceftiofiir has broad-spectrum antimicrobial 
activity and could be selected when urinary pathogens dem¬ 
onstrate resistance to trimethoprim-sulfonamide combina¬ 
tions or penicillin. Tetracycline and chloramphenicol are 
predominantly metabolized in the liver with variable excre¬ 
tion in bile. However, when acceptable serum concentra¬ 
tions are achieved, excretion of active drug into urine may 
be high enough that either drug may be effective for treat¬ 
ment of UTIs caused by susceptible organisms. 141 * 142 

OTHER ANTIMICROBIAL AGENTS. Nitrofurantoin has 
an impressive in vitro spectrum, demonstrating activity 
against most common gram-negative organisms, including 
Salmonella. 126 The drug is inexpensive, is easily adminis¬ 
tered as an oral suspension, and achieves high concentra¬ 
tions in urine. Although this antimicrobial agent has not 
been well studied in horses, adverse effects and acquired 
resistance appear to be uncommon. However, nitrofuran¬ 
toin does not attain high concentrations within renal paren¬ 
chyma; thus, efficacy in treating upper UTI would be 
questionable. Further limitations of nitrofurantoin usage 
include decreased antimicrobial activity at an alkaline pH, 
and increased risk of toxicity has been described in other 
species as GFR falls (e.g., with CRF). Because urine concen¬ 
tration and antimicrobial activity of nitrofurantoin after 
oral administration have not been well substantiated in 
horses, use of this antibiotic should be reserved for select 
cases in which specific susceptibility of a gram-negative 
organism has been demonstrated, or when expense pre¬ 
cludes selection of another antibiotic for long-term therapy. 

It is not unusual to find highly resistant organisms in 
urine of horses with chronic UTIs, especially those with 
bladder paralysis that have been repeatedly catheterized 
and have received a variety of antibiotic agents. In some 
cases the organisms may be highly resistant to all drugs 
approved for use in the equine. I have successfully treated 
a few adult horses and a yearling with UTI with enrofloxa- 
cin (2.5 mg/kg orally [PO] every 12 hours) without appar¬ 
ent adverse effects. Potential cartilage damage in younger 
horses should be considered and discussed with the owner 
before treatment with enrofloxacin would be pursued. 

When treating UTIs in horses, antimicrobial therapy 
should be continued for at least 1 week for lower UTIs and 
for 2 to 6 weeks for upper UTIs. Ideally, a midstream-voided 
urine sample should be submined for bacterial culture 2 to 4 
days after initiation of therapy and again 1 to 2 weeks after 
treatment has been discontinued. If the UTI recurs and the 
same organism is isolated, a focus of upper UTI should be 
suspected. Ultrasonographic or nuclear scintigraphic exami¬ 
nation of the kidneys should be considered in such cases to 
rule out a nephrolith or other parenchymal disease. Cystos¬ 
copy and ureteral catheterization can also be pursued to eval¬ 
uate for unilateral or bilateral infection of the upper tract. In 
contrast, recurrence of UTI with a different pathogen suggests 
an anatomic or functional cause of abnormal urine flow as a 
predisposing cause of recurrent lower or upper UTI. 


URINARY INCONTINENCE 

ELIZABETH A. CARR 

Urinary incontinence in the horse can result from urolith¬ 
iasis, congenital anomalies or defects of the lower urinary 
tract, trauma, neoplasia, neurologic diseases accompanied 
by bladder dysfunction, and decreased urethral tone. 
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Bladder and urethral calculi frequently result in transient 
incontinence secondary to cystitis or partial obstruction. 
Ectopic ureter and other congenital malformations of the 
urinary tract generally produce incontinence from birth, 
although development of incontinence in adult horses 
has been described. 143146 Traumatically induced inconti¬ 
nence may develop after breeding injury or dystocia in 
mares or in both genders after sacral or spinal injury. 147 
Incontinence has also been speculated to develop with 
long-standing lumbosacral or lower back problems that 
make it difficult for horses to posture to urinate. Over 
time, incomplete bladder emptying allows crystals nor¬ 
mally present in equine urine to accumulate in the ventral 
aspect of the bladder. This crystalloid sediment becomes 
heavy and in some cases quite firm and further prevents 
complete bladder emptying. This condition, which has 
been termed sabulous urolithiasis , 148 can accompany blad¬ 
der paralysis of any cause but may also be able to produce 
myogenic bladder dysfunction in the absence of an under¬ 
lying neurologic problem. Horses with neoplasia of the 
lower urinary tract can also present with incontinence, 
but other complaints (e.g., stranguria or hematuria) are 
usually reported as well. 

Neurologic disorders that often result in bladder paraly¬ 
sis and incontinence include equine herpesvirus (EHV) 
myelitis, cauda equina neuritis, and sorghum toxicosis. 
These diseases, along with other problems affecting gray 
matter of the sacral segments (e.g., an occasional horse with 
equine protozoal myelitis), result in loss of lower motor 
neuron function, whereas lesions of the lumbar or higher 
portions of the spinal cord result in loss of upper motor 
neuron function. Lower motor neuron damage leads to loss 
of detrusor function and overflow incontinence. A large, 
easily expressed bladder is found on rectal palpation. Initi¬ 
ally, upper motor neuron disease is characterized by 
increased urethral resistance, leading to increased intravesi- 
cular pressure before voiding can occur. Voiding may occur 
as short bursts of urine passage with incomplete bladder 
emptying and rectal examination may reveal a turgid blad¬ 
der that is small to increased in size. Although upper motor 
neuron signs are initially different from those of lower 
motor neuron disease, incontinence is usually not recog¬ 
nized until overflow incontinence develops as a result of 
sabulous urolithiasis and progressive loss of detrusor func¬ 
tion. The latter progression can explain why bladder paraly¬ 
sis and incontinence may occasionally be found in horses 
with other neurologic diseases, such as cervical stenotic 
myelopathy, equine degenerative myelopathy, and even 
viral encephalomyelitis. Presence of other signs associated 
with lower motor neuron dysfunction (e.g., loss of anal or 
tail tone) or upper motor neuron dysfunction (e.g., ataxia) 
may aid in differentiating the inciting cause of bladder 
paralysis. Despite many possible causes, the prognosis for 
recovery from incontinence resulting from bladder paralysis 
is generally poor because sabulous concretions and UTI 
quickly complicate the problem. 

A final syndrome of incontinence caused by decreased 
urethral sphincter tone has been reported in a few 
mares. 149 150 This condition has been attributed to hypoes- 
trogenism because incontinence improved after treatment 
with exogenous estrogen. 


II Diagnosis. In addition to taking a complete history and 
performing physical and neurologic examinations, it is 
helpful to observe the incontinence or any attempts made 
by the animal to urinate. Rectal palpation, transrectal ultra¬ 
sonography of the bladder, and endoscopy of the lower 
urinary tract are useful to rule out uroliths, neoplasia, and 


congenital anomalies as causes of incontinence. Although 
most affected horses remain nonazotemic (unless signifi¬ 
cant obstruction or bilateral pyelonephritis has developed), 
laboratory analyses of blood and urine, including a quanti¬ 
tative urine culture, should be performed in all horses with 
incontinence because UTI is a common sequela. Urethral 
and bladder pressure profiles can be used to assess urinary 
sphincter and detrusor muscle function. Normal values 
for both mares and geldings have been reported. 151 * 153 
When an underlying neurologic problem is suspected, cere¬ 
brospinal fluid (CSF) collection and analysis may also be 
of value. 

A review of 21 horses presented to Michigan State Uni¬ 
versity's Veterinary Teaching Hospital between 1995 and 
2000 with a primary complaint of incontinence revealed 
that 15 horses had bladder paralysis, three had urolithiasis, 
and one foal had bilateral ureteral ectopia. Another horse 
had incontinence of undetermined cause that appeared to 
respond to treatment with phenylbutazone. The remaining 
horse had a urachal diverticulum, hydroureters, cystitis, 
pyelonephritis, an atonic bladder, and urethral sphincter 
dysfunction that was supported by an abnormal urethral 
pressure profile. Of the 15 horses with bladder paralysis, 
four developed the problem after foaling, two of which 
had dystocia. Fat necrosis around the urethra and bladder 
neck was found postmortem in one of the latter mares. 
Bladder paralysis was attributed to equine protozoal myeli¬ 
tis (EPM) in two horses and to EHV myelitis, cauda equina 
neuritis, and cervical stenotic myelopathy in one horse 
each. One horse had segmental neuronal degeneration in 
the lumbosacral and caudal spinal cord, and another horse 
had histopathologic evidence of denervation atrophy of the 
detrusor that was attributed to prior spinal cord trauma. An 
underlying neurologic disease causing bladder paralysis 
could not be determined in the remaining four horses. 
Although originally presented for evaluation of acute-onset 
severe spinal ataxia and weakness, another mare developed 
signs of an upper motor neuron bladder dysfunction 
(squirts of urine and a turgid bladder on rectal palpation) 
during hospitalization. Bladder function returned to normal 
as the neurologic disease improved over 2 weeks. 


II Treatment. Treatment for incontinence varies with the 
underlying cause. Removal of calculi and appropriate anti¬ 
microbial therapy are effective treatments for urolithiasis. 
Surgical correction is generally needed for treatment of con¬ 
genital anomalies, but owners should be discouraged from 
using affected animals for breeding. EHV myelitis and EPM 
carry the most favorable prognoses for recovery, although 
bladder paresis may persist for several weeks. Removal of 
sabulous crystalloid material (by bladder lavage through a 
catheter or by cystotomy) and temporary placement of an 
indwelling bladder catheter are indicated in cases of recent 
onset of bladder paresis, to prevent continued distention 
and further damage to the detrusor. Antimicrobial treatment, 
ideally based on urine culture results, is also indicated in all 
horses with bladder paralysis. 

Bethanechol (0.25 to 0.75 mg/kg SC or PO every 8 to 12 
hours), a parasympathomimetic agent that appears to have 
a somewhat selective effect on smooth muscle of the GI 
tract and bladder, has been recommended for improving 
detrusor tone and strength of contraction in horses with 
bladder paralysis. However, response to treatment has usu¬ 
ally been disappointing perhaps because of long-standing 
paralysis before incontinence is recognized. Use of phenox- 
ybenzamine (0.7 mg/kg PO four times daily), an a-adrener- 
gic blocker that decreases urethral sphincter tone, has also 
been recommended in combination with bethanechol in 
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cases with upper motor neuron bladder dysfunction. In 
horses with evidence of urethral sphincter hypotonia, the 
sympathomimetic agent phenylpropanolamine (1 mg/kg 
PO every 8 to 12 hours) has also been used, but a successful 
response has not been reported. Dosing regimens for these 
autonomic drugs have been extrapolated from other species 
because no pharmacokinetic data are available for the 
equine species. 

In general, treatment with these autonomic dmgs has 
largely been ineffective in controlling incontinence resulting 
from bladder paralysis, and the long-term prognosis for 
recovery is usually poor. On a more positive note, treatment 
of a few mares with urethral sphincter hypotonia with estra¬ 
diol cypionate or benzoate (5 to 10'pg/kg intramuscularly 
[IM] every other day) has been effective at resolving inconti¬ 
nence as long as detrusor function was normal. Estrogen 
may modulate the effect of norepinephrine on a-receptor 
activity in the urethral sphincter, thereby improving urethral 
sphincter tone. Of further interest, incontinence in two mares 
with partial detrusor dysfunction was also reported to improve 
after treatment with estrogen, 150 although the mechanism by 
which estrogen would improve detrusor function is not clear. 


ECTOPIC URE TER 

THOMAS /. DIVERS 

Although rare, ectopic ureter is the most frequently reported 
developmental anomaly of the equine urinary tract. Of the 
cases reported, almost 90% have been fillies, and the pri¬ 
mary complaint is urinary incontinence and perineal dermatitis 
(urine scalding). 154 157 However, this gender distribution may 
reflea easier recognition of urinary incontinence in females 
rather than a true gender predileaion. In the male, intermit¬ 
tent urine dripping from the end of the penis is less easily 
recognized; further, urine entering the pelvic urethra may 
pass retrograde into the bladder. 

II Diagnosis. Ectopic ureter should be suspected in young 
horses with incontinence observed shortly after birth. Renal 
function is usually normal, but the affected ureter may be 
extremely dilated. In young foals (e.g., <50 to 75 kg) an 
excretory urogram (after IV administration of contrast agent) 
or pyelography (after percutaneous injeaion of contrast 
agent into renal pelvis via ultrasonographic guidance) may 
aid in diagnosis of eaopic ureter. 157 158 Unfortunately, most 
patients are not presented until they are too large for this pro¬ 
cedure to be performed (Fig. 34-5). Ultrasonographic exami¬ 
nation may reveal mild dilation of the renal pelvis on the 
affeaed side. Vaginoscopic and cystoscopic examinations 
should also be pursued in older foals to determine whether 
the problem is unilateral or bilateral, and when unilateral, 
to determine which ureter is eaopic. In the latter case, cysto¬ 
scopic examination should reveal urine entering the bladder 
from only one normal ureteral opening, located at either 
2 or 10 o'clock in the bladder neck. Urine can be seen squirt¬ 
ing from normal ureteral openings every 20 to 30 seconds. 
Observation of normal bouts of voiding, in addition to 
incontinence, further supports a unilateral problem. To 
determine the location of the opening of the ectopic ureter, 
visual examination of the vestibule and vagina (using a blade 
speculum) should be performed initially to look for intermit¬ 
tent urine flow from the area of the urethral papilla. Eaopic 
ureteral openings are usually not apparent unless urine flow 
is seen. Intravenous administration of dyes including sodium 
fluorescein (10 mg/kg IV; yellow-green color), indigotindisul- 
fonate (indigo carmine, 0.25 mg/kg IV; blue-purple color), 



FIG. 34-5 II Urine scalding in an 8-month-old thoroughbred filly with a 
left ectopic ureter. The filly recovered after a nephrectomy. 


azosulfamide (2.0 mg/kg IV; red color), or phenolsul- 
fonphthalein (1.0 mg/kg IV; red color) to discolor the urine 
may aid in location of ectopic ureteral openings. 154155 

II Treatment. If the ectopic ureter is unilateral, creatinine is 
normal, and ultrasonographic examination of the opposite 
kidney appears normal, the preferred treatment may be sur¬ 
gical removal of the kidney on the affeaed side and ligation 
of the ureter. Nephreaomy may produce an increase in cre¬ 
atinine (0.5 to 1 mg/dL) for a few days, but creatinine returns 
to the prenephrectomy value within a week. If both ureters 
are ectopic, which is not unusual, implantation of the distal 
ureters into the bladder neck should be attempted. Several 
surgical techniques have been described, but complications 
can include ascending infeaion, resulting from dilated 
ureters, and development of adhesions. 154157 


NEOPLASIA 

THOMAS /. DIVERS 

Neoplasia of the urinary tract is rare in horses. Primary 
kidney neoplasms include renal cell carcinoma and nephro¬ 
blastoma, with the former being the most common tumor 
of the kidney. 159 Renal cell carcinoma (or adenocarcinoma) 
occurs more frequently in older horses, but nephroblasto¬ 
mas may be deteaed in young horses. Squamous cell carci¬ 
noma is the most common bladder tumor, but horses may 
also develop transitional cell carcinoma. 160 ' 161 Fibromatous 
polyps may also occur in younger horses, but bladder 
tumors usually develop in middle-age to older horses. Ade¬ 
noma, lymphosarcoma, hemangiosarcoma, and melanoma 
may also involve the kidneys and, on rare occasions, the 
bladder. 162 ' 163 

II Clinical Signs and Diagnosis. Clinical signs in horses 
with renal neoplasia include hematuria, weight loss, and 
recurrent colic. Sudden death may occur if the neoplasm 
hemorrhages into the abdomen or thorax. Renal tumors 
may result in marked enlargement of the kidneys such that 
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FIG. 34-6 II Cut section of the left kidney from a 25-year-old horse with 
chronic weight loss, hematuria, and severe anemia. The kidney appeared 
normal, except for a small, 4 x 5-cm carcinoma with surrounding 
hemorrhage. 

both left and right kidneys may be found on rectal palpa¬ 
tion. In other cases, tumors may be small, circumscribed 
lesions within a kidney (Fig. 34-6) that cannot be felt dur¬ 
ing rectal palpation. Small tumors may also be difficult to 
visualize on ultrasonographic examination. The diagnosis 
is based on history, clinical signs, and ultrasonographic 
findings (Fig. 34-7). Affected horses usually are not azote- 
mic, but mild anemia may be detected when gross hematu¬ 
ria is observed. Although neoplastic cells are unlikely to be 
found in urine, cytologic examination of urine sediment is 
warranted. Nephroblastoma usually remains limited to the 
kidney, but renal cell carcinomas typically metastasize to 
the liver and lungs. Thoracic radiographs are helpful in 
detecting pulmonary metastases. With ultrasonographic 
guidance, the tumor can usually be biopsied and a defini¬ 
tive diagnosis established. 

In addition to hematuria and weight loss, horses with 
bladder tumors may also present with pollakiuria and stran¬ 
guria. With bladder tumors, a mass can usually be palpated 
on rectal examination, but it should not be confused with a 
cystolith or accumulation of sabulous concretions in the ven¬ 
tral aspect of the bladder. Horses with gross hematuria may 
be mildly anemic but usually are not azotemic. Other than 
hematuria and associated proteinuria, urinalysis results are 
often unremarkable; however, with bladder tumors, cytologic 
examination of urine sediment is more likely to reveal neo¬ 
plastic cells than with renal tumors. 160 164 A diagnosis of 



FIG. 34-7 II Sonogram of the left kidney area of a 19-year-old horse with 
chronic hematuria. A 26 x 20 x 19-cm echocavitated mass (renal carci¬ 
noma) originates from the left kidney. 



k. M 

FIG. 34-8 II Cystoscopic image of a squamous cell carcinoma of the blad¬ 
der causing intermittent hematuria in a 14-year-old warmblood mare. The 
endoscope has been passed beyond the tumor and retroflexed to provide 
a view directed caudally; a pool of urine is in the foreground, and the tumor 
can be seen in the ventral aspect of the bladder neck. 


bladder neoplasia may be confirmed by cystoscopic examina¬ 
tion and biopsy (Fig. 34-8). 

In addition, tumors may metastasize, and the initial 
signs may be as varied as a lameness 165 or an ulcerated mass 
on the premaxilla. 166 Tumors can also metastasize to the 
lung. 167 

Multiple myeloma involving the kidney resulted in 
hypercalcemia and a high serum parathyroid hormone- 
related protein concentration. 168 Hypoglycemia was the 
chief clinical sign in a 6-year-old horse with renal cell carci¬ 
noma, which was producing insulin-like growth factors. 169 

II Treatment. The treatment of choice for unilateral renal 
neoplasia is nephrectomy. Unfortunately, most cases of 
renal cell carcinoma have metastasized by the time the diag¬ 
nosis is made, and surgical intervention is of little benefit to 
horses with disseminated disease. Thus, careful evaluation 
for metastatic disease should be pursued before contemplat¬ 
ing a nephrectomy. Treatment of bladder tumors includes 
surgical excision and/or topical chemotherapy using either 
5-fluorouracil or triethylenethiophosphoramide. 160 


UROLITHIASIS AND OBSTRUCTIVE 
DISEASE 

THOMAS /. DIVERS 

RENAL AND URETERAL CALCULI 

Renal and ureteral calculi can produce partial or complete 
obstruction of one or both sides of the upper urinary tract. 
Nephroliths usually develop within or adjacent to the renal 
pelvis, and obstruction can lead to hydronephrosis. Most 
ureteroliths likely originate as nephroliths that pass into 
the ureter, where they become lodged and enlarge over 
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time. Ureteral stones have a propensity to lodge in the distal 
ureter and can sometimes be palpated rectally dorsal and 
lateral to the bladder neck. Occasionally, small nephroliths 
may pass all the way down the ureter into the bladder; 
unlike their human counterparts, affected equine patients 
are rarely recognized to manifest renal colic. 170171 Renal 
and ureteral calculi are most often composed of calcium 
carbonate crystals; calcium phosphate stones may occasion¬ 
ally develop. Although usually not recognized clinically, 
a nidus of damaged tissue (e.g., interstitial inflammation, 
infection, or fibrosis; area of medullary crest necrosis adja¬ 
cent to renal pelvis) is likely necessary for initiation of 
stone formation. Anomalies of development (e.g., renal 
hypoplasia, dysplasia, polycystic disease) or prior exposure 
to nephrotoxins could also provide a nidus for stone 
formation. 

Bilateral nephrolithiasis and ureterolithiasis has been 
best described in a series of young adult racehorses, and 
development of subclinical medullary crest necrosis as a 
result of NSAID use was a suggested risk factor 172 ; this was 
also seen in a 2-year-old gelding. 173 When both sides of 
the upper tract are affected, the condition typically pro¬ 
gresses to CRF before horses are presented for evaluation 
(Fig. 34-9). As described for CRF, the most common pre¬ 
senting complaint is weight loss, but polyuria and poor per¬ 
formance may be earlier complaints in competitive horses. 
Establishing a diagnosis of urolithiasis causing unilateral 
upper tract obstruction is more challenging because clinical 
signs are mild (recurrent colic) or nonexistent and azotemia 
is usually absent. In fact, unilateral upper tract stones may 
be detected as incidental necropsy findings in horses of all 
ages. In horses with clinical signs, careful rectal palpation 
may reveal a turgid ureter and presence of a ureterolith. 
When passed from the upper tract into the bladder, small 
uroliths may be voided without problem or may cause ure¬ 
thral obstruction in males. Horses with repeated bouts of 
urethral obstruction should be thoroughly evaluated for 
presence of upper tract disease. 

In horses with bilateral disease leading to CRF, azotemia 
and isosthenuria are present. As already mentioned, azote¬ 
mia is usually absent with unilateral obstruction. With 
either scenario, gross hematuria is uncommon unless stones 
have been passed into the bladder or urethra, but urinalysis 
usually reveals pigmenturia, and microscopic hematuria is 
confirmed by examination of urine sediment. Although 



FIG. 34-9 II Urinary tract removed from a 5-year-old standardised with 
chronic renal failure caused by intermittent or persistent obstruction by 
renal and ureteral stones. Note the location of the ureteral obstruction near 
the bladder. This is the most common site for the obstruction to occur. 


UTI usually is not present with upper tract obstruction 
consequent to lithiasis at the initial evaluation, it may 
develop with catheterization or other instrumentation used 
for relief of the obstruction. Thus a quantitative urine cul¬ 
ture should be considered part of the minimum database, 
especially if pyuria or bacteriuria is detected on sediment 
examination. Transabdominal ultrasonography is a valu¬ 
able tool for detection of nephroliths, dilation of the renal 
pelvis (or complete hydronephrosis), and fibrosis (increased 
echogenicity) within the kidney. 174 * 176 However, small 
nephroliths (<1 cm in diameter) occasionally can be missed 
despite a complete ultrasonographic examination. Transrectal 
ultrasonography is also useful for detection of ureteral dila¬ 
tion and lithiasis. 

If upper urinary tract obstruction is diagnosed before 
development of more severe azotemia (creatinine 
>5.0 mg/dL), surgical removal is recommended. A nephrot¬ 
omy and/or ureterotomy may be required. 170 172 When 
equipment is available, electrohydraulic lithotripsy is the 
preferred technique for removal of ureteral stones. 177 This 
procedure involves passing an endoscope into the ureter 
until the stone can be seen, then advancing a lithotriptor 
through the biopsy channel of the endoscope until the 
end touches the ureterolith (Fig. 34-10, A). An irrigating 
solution is pumped through the endoscope to distend the 
distal ureter, and an electrical impulse delivered by the lith¬ 
otriptor causes a shock wave at the surface of the stone. 
Because the majority of calcium carbonate stones are inher¬ 
ently fragile, 178 fragmentation by lithotripsy is usually rapid 
(Fig. 34-10, B), and remaining fragments are flushed distally 
by further infusion of irrigating solution (Fig. 34-10, C). 
Before surgical intervention is pursued, both kidneys should 
be thoroughly evaluated for evidence of other stones 
because upper tract lithiasis is often bilateral. 

In addition to intermittent signs of mild colic, unilateral 
nephroliths may occasionally cause intermittent or persistent 
gross hematuria. In the absence of azotemia and evidence of 
disease of the contralateral kidney, unilateral nephrectomy 
is the treatment of choice for obstructing nephroliths and 
remains a reasonable alternative to lithotripsy for treatment 
of unilateral ureteroliths 179 (Figs. 34-11 and 34-12). 

CYSTIC CALCULI 

Although occurrence is rare compared with other species, 
cystolithiasis is the most common form of urolithiasis in 
horses, and intact males appear to be at greater risk. 171180 
Calculi that develop in the bladder are usually single, large 
spiculated stones composed of calcium carbonate crys¬ 
tals. 178 ' 180181 Less often, stones are a mix of calcium car¬ 
bonate and calcium phosphate crystals; these stones often 
have a smooth surface and are more resistant to fragmenta¬ 
tion. 182 Risk factors for development of bladder stones in 
horses are not well understood, but anatomic defects (e.g., 
diverticuli) or suture material persisting from prior bladder 
surgery may predispose horses to cystic calculi. Although 
bacteria can often be detected by culture of the center of 
equine calculi, their role in stone formation is unclear. 171 
Considering that normal equine urine is rich in calcium car¬ 
bonate crystals, it is surprising that cystoliths are not more 
common in horses than in ruminants or small animals. 
Their low occurrence can likely be attributed to the large 
amount of mucus that is also present in horse urine. Mucus, 
produced by glands in the renal pelvis and proximal ureter, 
appears to act as a lubricant to prevent adherence of crystals 
to uroepithelium. 

The most common clinical sign exhibited by horses with 
cystic calculi is hematuria after exercise. Pollakiuria, stran¬ 
guria, or incontinence may also be observed. Less frequently, 
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FIG. 34-10 II Endoscopic images of a ureterolith completely obstructing the left ureter. A, Immediately before electrohydraulic lithotripsy. B, After partial 
fragmentation. C, After complete removal. White instrument is a ureteral stent placed to facilitate passage of the ureteroscope, and gray instrument (in A and 
B) is the lithotriptor touching the surface of the ureterolith. 


dysuria may be caused by accumulation of urine sediment in 
the ventral aspect of the bladder. Phis condition, sabulous 
urolithiasis, usually develops as a result of bladder paraly¬ 
sis. 183 Urinary incontinence is usually present in horses with 
sabulous urolithiasis, and prognosis is guarded to poor 
because of underlying detrusor dysfunction. 

Presence of a cystolith can be confirmed by rectal exami¬ 
nation. It is important to remember that most bladder stones 
can be palpated with only the hand and wrist in the rectum. 
As a result of frequent urination, the bladder is usually small, 
and cystic calculi can be missed if the examiner passes 
quickly beyond the calculus during the rectal examination. 
Careful palpation may also allow discrimination between 


soft-tissue masses of the bladder (neoplasia) and sabulous 
urolithiasis. With the latter, firm sediment is usually pal¬ 
pated well over the pelvic brim in the ventral aspect of a dis¬ 
tended bladder. Manipulation of the bladder is accompanied 
by incontinence, and sabulous uroliths may be indentable 
when palpated after the bladder has been emptied via cathe¬ 
terization. Although rarely needed to confirm the diagnosis, 
ultrasonographic examination of the entire urinary tract 
should be considered because calculi may be present in mul¬ 
tiple locations. Because IJT1 can sometimes accompany 
cystolithiasis, urinalysis and a quantitative urine culture are 
warranted during the initial evaluation of all horses with 
bladder stones. 
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FIG. 34-11 II Left kidney of a 12-year-old thoroughbred that presented 
with a complaint of intermittent hematuria. Right kidney appeared normal 
on ultrasound examination, and renal function was normal. 


remove all fragments completely by lavage. 171 This rela¬ 
tively high recurrence rate indicates that postoperative man¬ 
agement changes are warranted to decrease risk of future 
stone formation. Changing from a legume to a grass hay is 
the most practical recommendation to decrease urinary cal¬ 
cium excretion. Urinary acidification with ammonium chlo¬ 
ride (50 to 200 mg/kg/day PO) or ammonium sulfate (200 
to 300 mg/kg/day PO) has also been recommended to 
decrease the amount of urine crystals in equine urine. 190191 
Unfortunately, these ammonium salts are rather unpalat¬ 
able and should be administered as two or three doses daily 
for effective urinary acidification. Further, the actual benefit 
of urinary acidification in horses has never been established, 
and recurrence may be more likely related to inadequate 
mucus secretion or persistence of damaged uroepithelium 
in the upper or lower tract. A more practical recommenda¬ 
tion may be to administer 2 to 4 oz of salt in the feed daily 
to increase water consumption and urine flow. The increase 
in urine flow is accompanied by a decrease in urine pH to 
near-neutral values. 



FIG. 34-12 II Left kidney shown in Fig. 34-11 was removed with the 
horse anesthetized but strapped to the surgery table in an upright position. 
This is the preferred surgical position for nephrectomy or nephrotomy in 
adult horses. 

Treatment of cystic calculi usually consists of surgical 
removal accompanied by a 7- to 10-day course of postoper¬ 
ative antibiotic treatment. Cystotomy can be performed via 
celiotomy or a pararectal approach (Gakel's operation) or 
the stone can be removed after fragmentation with a litho- 
triptor passed via a perineal urethrotomy. 182 184 185 In 
mares, urethral sphincterotomy after epidural anesthesia 
with xylazine has been advocated as a practical method 
for stone removal. However, with sedation and epidural 
anesthesia, manual distention of the urethra often allows 
several fingers or a small hand to be passed into a mare's 
bladder, and depending on size, the stone can be retrieved 
intact or after fragmentation. Placing the cystolith into a 
sterile rectal sleeve or surrounding it with a similar smooth 
plastic material allows easier removal of spiculated stones 
and fragments. If available, electrohydraulic or pulsed-dye- 
laser lithotripsy may be the least traumatic method of frag¬ 
mentation and removal of bladder stones in both genders; 
however, success may be limited by the ability to lavage 
all stone fragments from the bladder. 186 * 190 

Historically, risk of recurrence after surgery has been con¬ 
sidered low; however, in a series of 68 cases of urolithiasis 
(at all levels of urinary tract), 12/29 horses (41%) with fol¬ 
low-up had recurrence 1 to 32 months after surgery. Recur¬ 
rence was more common with perineal urethrotomy than 
cystotomy and was attributed to the former's inability to 


URETHRAL OBSTRUCTION 

Calculi, neoplasms, congenital anomalies, and preputial 
edema and inflammation may all produce partial or com¬ 
plete obstruction of the urethra. Urethral calculi are most 
often calcium carbonate stones that lodge in the pelvic ure¬ 
thra in stallions or geldings, 192 and the most common neo¬ 
plasm causing urethral obstruction is squamous cell 
carcinoma of the penis. 193 Preputial edema and inflamma¬ 
tion may develop as a consequence of trauma or parasitism 
(habronemiasis). In addition, overweight horses may 
develop recurrent preputial inflammation and infection 
associated with fat deposition in the sheath. Horses with 
the latter condition may fail to drop the penis during urina¬ 
tion, and urine scalding within the sheath is likely a contri¬ 
buting factor to recurrent inflammation. 

Complete urethral obstruction usually causes moderate 
to severe signs of colic, and an enlarged, turgid bladder is 
detected on rectal palpation. Careful palpation of the ure¬ 
thra below the anus may reveal the location of an obstruct¬ 
ing urolith or frequent contraction of the urethralis muscle. 
Rarely, postrenal ARF may develop, or the bladder may rup¬ 
ture. Partial urethral obstruction is usually accompanied by 
dysuria, incontinence, and urine scalding of the hindlimbs. 
A diagnosis of urethral obstruction is based on clinical 
signs, rectal examination findings, external examination of 
the penis and prepuce, and passage of a catheter or endo¬ 
scope through the urethra to the bladder. 

Treatment of urethral obstruction usually involves surgery. 
Urethral calculi can be removed either by a subischial ure¬ 
throtomy over the site of obstruction or by hydropulsion 
through the urethrotomy incision. Excessive tissue trauma 
should be avoided because it may increase the risk of urethral 
stricture and recurrent urolithiasis. Laboratory assessment of 
fluid and electrolyte status is important for correction of dehy¬ 
dration, azotemia, and electrolyte alterations that may 
develop with sweating (caused by pain), bladder rupture, or 
anuria. With squamous cell carcinoma, aggressive surgical 
resection of involved tissues is warranted with larger lesions, 
whereas smaller lesions may be amenable to treatment with 
5-fluorouracil ointment. However, because recurrence rate of 
squamous cell carcinoma of the penis and prepuce is 20% 
or greater, 193 surgical removal should be initially considered 
in all affected horses. Detrusor function may be decreased if 
bladder distention had been ongoing for several days, and 
an indwelling bladder catheter (closed system) or treatment 
with bethanechol (0.25 to 0.75 mg/kg SC or PO every 8 to 
12 hours) may help with recovery of detrusor function. 




IDIOPATHIC RE NAL HEMATURIA 

HAROLD C. SCHOTT II 

Idiopathic renal hematuria (IRII) is syndrome characterized 
by sudden onset of gross, often life-threatening hematu¬ 
ria. 194 Hemorrhage arises from one or both kidneys and is 
manifested by passage of large blood clots in urine. Endo¬ 
scopic examination of the urethra and bladder usually 
reveals no abnormalities of these structures, but blood clots 
may be seen exiting one or both ureteral orifices. Although 
a definitive cause of renal hemorrhage may be established 
in some horses (e.g., renal adenocarcinoma, arteriovenous 
or arterioureteral fistula), 195 196 the. disorder is termed idio¬ 
pathic when a primary disease process cannot be found. 
Both genders, a wide age range, and several breeds of horses 
(including a mammoth donkey and a mule) have been 
affected. However, more than 50% of animals with IRH 
have been Arabians. 

Use of the term idiopathic renal hematuria to describe this 
syndrome of horses was adopted from its use in human 
patients and dogs with severe renal hemorrhage. 197 201 
Benign essential hematuria and benign primary hematuria 
are other terms that have been used to describe less severe 
hematuria that is not associated with trauma or other 
obvious causes of hematuria. In humans and dogs, hematu¬ 
ria is more often a unilateral than a bilateral problem, similar 
to what has been observed in the few affected horses. 
The pathophysiology remains poorly understood, but macro¬ 
scopic hematuria has been associated with immune- 
mediated glomerular damage (e.g., acute postinfectious 
glomerulonephritis, membranoproliferative glomerulone¬ 
phritis, IgA nephropathy or Bergers disease), thin basement 
membrane nephropathy, and the loin pain-hematuria 
syndrome in human patients. 

Although hematuria and pigmenturia can accompany sev¬ 
eral systemic diseases in horses, 202 * 205 patients affected with 
IRH appear to have spontaneous, severe hematuria in the 
absence of other signs of disease. Although one report sug¬ 
gested that severe renal hemorrhage was caused by pyelone¬ 
phritis, 206 supportive data were lacking. In cases that I 
managed, neither UTI nor lithiasis has been detected, and 
the magnitude of hematuria often resulted in the need for 
repeated blood transfusions. As with hemorrhage associated 
with guttural pouch mycosis, the syndrome may produce epi¬ 
sodic hemorrhage. Initially, hemorrhage is noted by finding a 
large amount of clotted blood in stall bedding or in the pas¬ 
ture. However, other client complaints (e.g., depression, 
anorexia, weight loss) are typically absent. Examination 
may reveal dried blood at the end of the penis or in the sheath 
of males or on the vulvar lips and between the hindlimbs of 
mares. In both genders, neoplasia of the external genitalia 
or urinary tract is an important differential diagnosis, and 
in mares, varicosities in the area of the vestibulovaginal 
sphincter also must be considered, especially in multiparous 
mares. When blood is not detected in the sheath or vulvar 
areas, further evaluation may be unrewarding because the 
renal bleeding may cease spontaneously. Bleeding has anec¬ 
dotally been attributed to cystitis and pyelonephritis, in the 
absence of positive urine culture results, because hemorrhage 
stops during a course of antimicrobial therapy. More likely, 
spontaneous resolution has occurred. Further, the magnitude 
of hematuria is considerably greater with IRH than with most 
UTls; pyuria is absent; and urine culture results are negative. 
In my experience, one or two initial episodes of hemorrhage 
are followed by a more severe hemorrhagic crisis within 
months to 2 years after observation of the initial bleeding epi¬ 
sode. Of interest, renal colic has been notably absent in the 
history of affected horses. 
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FIG. 34-13 II Cystoscopic image of a 19-year-old Arabian mare with idio¬ 
pathic renal hematuria. A large blood clot can be seen exiting the left ureter, 
whereas the right ureteral opening appears normal. 


II Diagnosis. A diagnosis of IRH is made by exclusion of 
systemic disease, other causes of hematuria, and alterations 
in hemostasis. Physical examination may reveal tachycardia, 
tachypnea, and pale membranes consistent with acute blood 
loss. Rectal palpation may reveal an enlarged, irregular blad¬ 
der resulting from the presence of blood clots. Azotemia is 
uncommon. Endoscopic examination is important to docu¬ 
ment that hematuria is originating from the upper urinary 
tract and to determine whether hemorrhage is unilateral or 
bilateral (Fig. 34-13). Repeated examinations may be 
required to answer the latter question. Ultrasonographic 
imaging is necessary to rule out nephrolithiasis or uretero- 
lithiasis and may occasionally reveal a distended vascular 
space or renal vascular anomaly as the cause of hematuria. 
Renal scintigraphy can be a useful technique in affected 
horses, providing semiquantitative information about renal 
function when a nephrectomy is being considered. Renal 
biopsy and IF staining may assist in documenting immune- 
mediated glomerular injury, but the significance of such 
results is not well understood at this time. 

II Treatment. Treatment for IRH consists of supportive care 
for acute blood loss, including blood transfusions. Medica¬ 
tions intended to promote hemostasis (e.g., a-aminocaproic 
acid, formalin) have also been administered, but their effi¬ 
cacy has not been validated. Because the condition may be 
self-limiting in some patients, supportive care is warranted. 
With severe and recurrent hematuria of unilateral renal ori¬ 
gin, a nephrectomy may be indicated, but owners should be 
warned that there is a risk of hematuria developing in the con¬ 
tralateral kidney. In my experience, risk of contralateral renal 
bleeding appears to be greater in the Arabian breed. 


URETHRAL H EMORRHAGE 

HAROLD C. SCHOTT II 

Although a recognized cause of hemospermia in stal¬ 
lions, defects or tears of the proximal urethra at the level 
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of the ischial arch are a more recently described cause of 
hematuria in geldings. 207 * 209 Urethral defects typically 
result in hematuria at the end of urination, in association 
with urethral contraction. Affected horses generally void a 
normal volume of urine that is not discolored. At the end 
of urination, a series of urethral contractions results in 
squirts of bright-red blood. Occasionally, a smaller amount 
of darker blood may be passed at the start of urination. In 
most cases the condition does not appear painful or result 
in pollakiuria. Interestingly, the majority of affected stal¬ 
lions with hemospermia and geldings with hematuria have 
been quarter horses or quarter horse cross-breeds that have 
been free of other complaints. 210 * 211 Treatment with anti¬ 
biotics for a suspected cystitis or ifrethritis has routinely 
been unsuccessful, although hematuria appears to resolve 
spontaneously in about 50% affected horses. Because the 
defects are difficult to detea without use of high-resolution 
videoendoscopic equipment, previous reports of urethral 
bleeding have been attributed to urethritis or hemorrhage 
from "varicosities" of the urethral vasculature. However, 
vasculature underlying the urethral mucosa becomes quite 
prominent when the urethra is distended with air during 
endoscopic examination, especially in the proximal urethra 
(to the point that blood can be seen flowing in the submu¬ 
cosal vasculature). Thus it would be logical to suspea that 
hemorrhage could arise from an apparent urethritis or 
urethral varicosity, although these problems are poorly 
documented in horses. 

Examination of affected horses is often unremarkable, 
and laboratory analysis of blood reveals normal renal func¬ 
tion, although mild anemia can be an occasional finding. 
Urine samples collected midstream or by bladder catheteri¬ 
zation appear grossly normal. Urinalysis may have normal 
results, or an increased number of red blood cells (RBCs) 
may be found on sediment examination, a finding that 
would also result in a positive reagent strip result for 
blood. Bacterial culture of urine yields negative results. 
The diagnosis is made with endoscopic examination of the 
urethra, during which a lesion is typically seen along the 
dorsocaudal aspect of the urethra at the level of the ischial 
arch. External palpation of the urethra in this area is usually 
unremarkable but can assist in localizing the lesion because 
external digital palpation can be seen through the endo¬ 
scope. With hematuria of several weeks' duration, there is 
little evidence of inflammation; rather, the lesion appears 
as a fistula communicating with the vasculature of the cor¬ 
pus spongiosum penis (Fig. 34-14). 

Although the pathophysiology of this condition remains 
unclear, it has been speculated that the defea is the result of 
a "blowout" of the corpus spongiosum penis (cavernous 
vascular tissue surrounding the urethra) into the urethral 
lumen. 209 Contraaion of the bulbospongiosus muscle dur¬ 
ing ejaculation causes a dramatic increase in pressure in the 
corpus spongiosum penis, which is essentially a closed vas¬ 
cular space during ejaculation. The bulbospongiosus muscle 
also undergoes a series of contractions to empty the urethra 
of urine at the end of urination; thus the defea into the ure¬ 
thra may develop by a similar mechanism in geldings. Once 
the lesion has been created, it is maintained by bleeding at 
the end of each urination, and the surrounding mucosa 
heals by formation of a fistula into the vascular tissue. An 
explanation for the consistent location along the dorsocau¬ 
dal aspea of the urethra at the level of the ischial arch has 
not been documented but may be related to the anatomy 
of the musculature supporting the base of the penis and an 
enlargement of the corpus spongiosum penis in this area. 
Further, a narrowing of the lumen at the distal extent of the 
ampullar portion of the urethra may also contribute to the 
location of the defeas. An anatomic predisposition in 




FIG. 34-14 II Endoscopic image of the proximal urethra of a gelding with 
hematuria at the end of urination A urethral defea can be seen beruven the 
arrows along the caudal aspen of the urethra as it passes dorsocranially over 
the pelvic brim. 


quarter horses has not been documented but could be specu¬ 
lated based on an apparent increased risk in this breed. 

Because hematuria may resolve spontaneously, no treat¬ 
ment may be initially required. If hematuria persists for 
more than a month or if significant anemia develops, a tem¬ 
porary subischial "incomplete" urethrotomy has been suc¬ 
cessful in some affected geldings. After sedation and 
epidural or local anesthesia, a catheter is placed in the ure¬ 
thra and a vertical incision made into the corpus spongio¬ 
sum penis but not into the urethral lumen. The surgical 
wound requires several weeks to heal, and moderate hemor¬ 
rhage from the corpus spongiosum penis is apparent for the 
first few days after surgery. Hematuria should resolve within 
a week after this procedure. Additional treatment consists of 
local wound care and prophylaaic antibiotic treatment 
(typically a trimethoprim-sulfonamide combination) for 
7 to 10 days. 


POLYURIA AND POLYDIPSIA 

HAROLD C SCHOTT II 

Polyuria and polydipsia (PU/PD) are defined as urine out¬ 
put in excess of 50 mL/kg/day and fluid intake of more than 
100 mL/kg/day. 212 213 These values equate to produaion of 
25 L of urine and consumption of 50 L of water for a 500-kg 
horse. It is important to remember that urine produaion 
and water consumption vary with age, diet, workload, envi¬ 
ronmental temperature, and GI water absorption. 214 * 215 For 
example, urine produaion increases by 50% to 100% when 
the diet is changed from a grass to a legume hay. 216 Similarly, 
horses in heavy exercise, stabled in hot climates, or with 
chronic diarrhea may have a water intake in excess of 100 L/ 
day yet produce normal volumes of urine. The major causes 
of PlI/PD in horses include renal failure (discussed previ¬ 
ously), pituitary adenoma (Cushing's disease), and primary 
or "psychogenic" polydipsia. Less common causes include 
excessive salt consumption, central and nephrogenic diabetes 
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insipidus, diabetes mellitus, sepsis/endotoxemia, and iatro¬ 
genic causes (e.g., sedation with a 2 -agonists / corticosteroid 
therapy, diuretic use). 213 

POLYURIA/POLYDIPSIA WITH CUSHING’S 
DISEASE 

Pituitary adenoma and the resulting syndrome of hypera- 
drenocorticism (Cushing's disease) is common in older 
horses. 217 Although the most consistent clinical sign is hir¬ 
sutism, PU/PD may be reported in some horses. For exam¬ 
ple, in one review of 17 horses with Cushing's disease, 
PU/PD was found in 13 (76%). 218 However, in another 
series of 21 cases, PU/PD was not a historical complaint 
in any of the affected horses. 219 This discrepancy can be 
explained by the fart that PU/PD associated with Cushing's 
disease is generally of lesser volume than that observed with 
psychogenic polydipsia or diabetes insipidus. 

Cushing's disease may lead to PU/PD by several mechan¬ 
isms. First, polyuria may be the result of an osmotic diuresis. 
The renal threshold for glucose in horses (~150 to 175 mg/ 
dL) appears to be lower than in small animals. 220 When 
plasma glucose concentration exceeds the renal threshold, 
the resultant glucosuria can lead to an osmotic diuresis. 
Although often implicated as the cause of PU/PD in horses 
with Cushing's disease, glucosuria was found in only one 
of five affected horses in one report. 219 Further, horses with 
hyperglycemia and glucosuria may still be able to concen¬ 
trate their urine in response to water deprivation. 221 A sec¬ 
ond mechanism implicated in the development of polyuria 
is antagonism of the action of antidiuretic hormone (ADH) 
on the collecting ducts by cortisol. Although frequently cited 
as the mechanism of polyuria in canine hyperadrenocorti- 
cism, experimental evidence to support this mechanism is 
lacking in both dogs and horses. Further, there is consider¬ 
able species heterogeneity in the effects of corticoids on 
ADH activity, and in some species a primary dipsogenic 
effect may be more important. Next, growth of the adenoma 
may lead to impingement on the posterior pituitary and 
hypothalamic nuclei (located immediately dorsal to pitui¬ 
tary gland), the sites of ADH storage and production, respec¬ 
tively. Decreased ADH production and release would result 
in central diabetes insipidus as a third mechanism for poly¬ 
uria. 217 Therefore, PU/PD seen in some, but not all, horses 
with pituitary adenomas is likely the combined result of 
several mechanisms. 

PSYCHOGENIC POLYDIPSIA 

Although rare, primary or "psychogenic" polydipsia is prob¬ 
ably the most common cause of PU/PD in adult horses for 
which clients will have a primary complaint of excessive uri¬ 
nation. 215 ' 222 Horses with this problem are generally in 
good body condition and are not azotemic. Further, the 
magnitude of polyuria is typically dramatic, with owners 
reporting that horses drink two to three times more water 
than their stablemates, and stalls can be flooded with urine. 
In some horses, primary polydipsia appears to be a stable 
vice that reflects boredom, whereas in other cases it may 
develop after a change in environmental conditions, stabling, 
diet, or medication administration. Anecdotally, it has been 
reported to be more common in southern states during 
periods of high temperature and humidity. 

The diagnosis of primary polydipsia is made by exclusion 
of renal failure and hyperadrenocorticism. In addition, 
other factors (e.g., salt supplementation, medication admin¬ 
istration) must be excluded. Diabetes insipidus is excluded 
by demonstrating urinary concentrating ability after water 
deprivation. 223 ' 224 Urine specific gravity should exceed 


1.025 after water deprivation of sufficient duration (12 to 
24 hours) to produce a 5% loss of body weight. In horses 
with long-standing polyuria, the osmotic gradient between 
the lumen of the collecting tubule and the medullary inter- 
stitium may be diminished (medullary washout). In these 
horses, ADH activity may not lead to an increase in urine 
specific gravity to values greater than 1.020. Consequently, 
in horses with primary polydipsia of several weeks' duration 
that fail to concentrate their urine after 24 hours of water 
deprivation, a modified water deprivation test may be tried. 
This is performed by restricting water intake to approxi¬ 
mately 40 mL/kg/day for 3 to 4 days. By the end of this 
period, urine specific gravity should exceed 1.025 in a horse 
that has had medullary washout. If urine specific gravity 
remains in the isosthenuric range (1.008 to 1.014), the 
polyuric horse should be further evaluated for early CRF 
in which urine concentrating ability may be compromised 
before the onset of significant azotemia. In theory, this 
could occur when two thirds to three fourths of functional 
nephrons have been lost. Subtle signs of decreased perfor¬ 
mance and mild weight loss would also support early renal 
failure. 

Management of horses with primary polydipsia is empir¬ 
ical. Because this is a diagnosis of exclusion, once it has 
been established that the horse does not have significant 
renal disease, it is safe to consider restricting water intake 
to meet maintenance, work, and environmental require¬ 
ments of the horse. In addition, steps should be taken to 
improve the attitude of the horse by reducing boredom. 
Increasing the amount of exercise and turning the horse 
out to pasture are possible options, along with providing a 
companion or diversions in the stall. Also, increasing the 
frequency of feedings or the amount of roughage in the diet 
may increase the time spent eating and thereby reduce the 
habitual drinking. 

In an occasional case of primary polydipsia, PU/PD may 
be attributed to excessive salt consumption and is mani¬ 
fested by an increased fractional sodium clearance. 214 Such 
"psychogenic salt eaters" appear to be less common than 
"psychogenic water drinkers" because the former would 
have to consume a substantial amount of salt to develop 
polyuria. In fart, salt intake may have to exceed 5% to 
10% of dry matter intake before PU/PD becomes appar¬ 
ent. 225 ' 226 Successful management consists of limiting water 
intake and preventing access to excess salt. 

DIABETES INSIPIDUS 

Diabetes insipidus (DI) may occur because of inadequate 
secretion of ADH (neurogenic Dl) or decreased sensitivity 
of the epithelial cells of die collecting ducts to circulating 
ADH (nephrogenic DI). 212 213 ' 227 With both forms of DI, 
dramatic PU/PD may be reported, and affected animals fail 
to concentrate urine in the face of water deprivation. 

In human patients, neurogenic DI is the more common 
form of DI, with both hereditary and acquired forms 
described. 227 Two well-documented equine cases of neuro¬ 
genic DI have been described. 228 ' 229 Neither animal could 
concentrate urine in response to water deprivarion, but admin¬ 
istration of exogenous ADH resulted in an increase in urine 
specific gravity and decrease in urine volume. In a Welsh pony 
in which the condition was considered idiopathic, the absence 
of an increase in plasma ADH concentration after water depri¬ 
vation further supported a diagnosis of neurogenic DI. 228 
Acquired neurogenic DI secondary to encephalitis was 
confirmed histologically in the other horse. 229 

Nephrogenic DI is most often a familial disorder in 
humans, with an X-linked semirecessive mode of inheri¬ 
tance. 227 Therefore the disorder is carried by females and 
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expressed in male offspring. Nephrogenic DI has been 
described in sibling thoroughbred colts, suggesting that an 
inherited form may also occur in horses. 230 These colts 
could not increase urine specific gravity in response to water 
deprivation, although they did show appropriate increases 
in plasma ADH concentration. A lack of response to exoge¬ 
nous ADH administration further confirmed resistance of 
the collecting ducts to ADH. Nephrogenic DI can also 
develop in association with drug therapy or a variety of met¬ 
abolic, infectious, or mechanical (postobstruction) disor¬ 
ders. Anomalous or neoplastic disorders resulting in 
structural deformation of the kidneys are other potential 
causes of nephrogenic DI. 227 

After determining that an equine* patient with PU/PD is 
not azotemic, the initial diagnostic test to differentiate DI 
from primary polydipsia is a water deprivation test. 228 229 
However, horses with suspected DI should be monitored 
closely during water deprivation because affected horses will 
continue to excrete excess water in the face of water depriva¬ 
tion. As a result, they may become substantially dehydrated 
(10% to 15%) within the first 12 hours of water depriva¬ 
tion. When a patient fails to concentrate urine during water 
deprivation, neurogenic DI can be differentiated from 
nephrogenic DI by measuring plasma ADH concentration 
or by administration of synthetic ADH (as illustrated by 
the cases previously described). Currently, equine ADH can¬ 
not be measured at commercial laboratories, but synthetic 
ADH (60 IU every 6 hours IM or SC) can be administered 
in combination with monitoring urine specific gravity. 

Treatment of DI is directed at managing PU/PD. With 
neurogenic DI, hormone replacement therapy with desmo¬ 
pressin (dDAVP, a potent ADH analog administered as eye- 
drops) has been a successful treatment in small animal 
patients. 231 However, this treatment has not been described 
in horses and may be cost prohibitive. With nephrogenic 
DI, hormone replacement therapy is ineffective, and the only 
practical form of treatment for many years has been to restrict 
sodium and water intake and to administer thiazide diuretics. 
The latter treatment may reduce polyuria by 50% in human 
and canine patients 227 232 Thiazide diuretics inhibit sodium 
reabsorption in the distal tubule (diluting segment of neph¬ 
ron) and increase solute delivery to the collecting duct, but 
the mechanism by which such therapy benefits patients with 
nephrogenic DI is not well understood. Administration of 
prostaglandin inhibitors or amiloride may also decrease 
polyuria in patients with nephrogenic DI. The former agents 
probably work by decreasing renal blood flow and GFR, 
whereas amiloride, a sodium channel blocker, is thought to 
act similar to the thiazide diuretics. 216 No reports have docu¬ 
mented the use of these treatments in horses. 

DIABETES MELLITUS 

Diabetes mellitus (DM) is a state of chronic hyperglycemia 
usually accompanied by glucosuria. The resultant osmotic 
diuresis is an occasional cause of PU/PD in horses and was 
described to result in a water intake in excess of 80 L/day 
in one report. 233 Type 1, or insulin-dependent, DM results 
from of a lack of insulin, which in human patients is usually 
attributable to viral or autoimmune disease. Individuals 
with type 2, or non-insulin-dependent, DM have normal to 
high insulin concentrations, but their tissues are insulin 
insensitive. The most common cause of equine type 2 DM 
is Cushing's disease, in which elevated plasma cortisol con¬ 
centration appears to antagonize the effects of insulin. 
Although uncommon, there are a few reports of both type 
1 and type 2 DM that were not caused by a pituitary ade¬ 
noma and that resulted in PU/PD as one of the presenting 
complaints. 233 235 


SEPSIS/ENDOTOXEMIA 

Polyuria and polydipsia have been described in horses with 
sepsis or endotoxemia, although other clinical signs (e.g., 
fever, abdominal pain, weight loss) predominate. 236 The 
mechanism of PU/PD is unclear but may result from endo¬ 
toxin-induced prostaglandin production. Prostaglandin E 2 
(PGE 2 ) is a potent renal vasodilating agent that can antago¬ 
nize the effects of ADH on the collecting ducts. 237 Some 
horses with chronic gram-negative bacterial infections (e.g., 
peritonitis, pleuritis) may have low-grade or intermittent 
endotoxemia as a mechanism for PU/PD, similar to the poly¬ 
uria observed with canine pyometra. 238 

IATROGENIC POLYURIA 

A final cause of PU/PD may be iatrogenic as a result of several 
treatments. The most obvious iatrogenic cause is fluid ther¬ 
apy, for which polyuria is a desired response. Polyuria has 
also been observed with exogenous corticosteroid adminis¬ 
tration, although the mechanism remains unclear. Humans 
and dogs appear to experience a potent thirst response to 
exogenous corticosteroids; thus, polydipsia may be an 
important cause of the polyuria observed. In horses receiving 
chronic dexamethasone treatment for immune-mediated dis¬ 
orders, profound glucosuria (2 to 3 g/dL) may be observed 
and could lead to an osmotic diuresis. Finally, a tran¬ 
sient diuresis or polyuria accompanies sedation with the 
a 2 -agonists xylazine and detomidine. 239 Although these 
agents also cause transient hyperglycemia and occasional 
glucosuria, a more likely mechanism for the polyuria is exis¬ 
tence of a 2 -adrenoreceptors on collecting-duct epithelial 
cells. Activation of these receptors is another mechanism by 
which the action of ADH can be antagonized. 240 


RENAL TUBULAR ACIDOSIS 

MONICA ALEMAN 

Renal tubular acidosis (RTA) is a syndrome characterized by 
abnormal renal tubular function, which results in a hyper¬ 
chloremic metabolic acidosis. 241 243 Hyperchloremia devel¬ 
ops as a result of enhanced renal conservation of chloride 
consequent to bicarbonate loss. RTA can be categorized as 
primary (genetic or idiopathic) or secondary when attributed 
to an underlying disease process or drug administration. 
Drug-induced RTA has been documented in human patients 
after administration of amphotericin B, trimethoprim- 
sulfamethoxazole, outdated tetracyclines, gentamicin, cepha¬ 
losporins, carbonic anhydrase inhibitors, lithium carbonate, 
and other organic compounds. 

Three types of RTA have been described: I (distal), II 
(proximal), and IV (hyperkalemic distal). 241 * 243 Types I and 
II have been reported in dogs, cats, and horses. Type I devel¬ 
ops when distal tubular excretion of hydrogen ions (H+) 
becomes compromised, and affected patients are unable to 
produce acidic urine. Type II results from decreased proximal 
tubular bicarbonate resorption and subsequent loss of bicar¬ 
bonate in the urine. Because H + ions are normally excreted 
as bicarbonate is reabsorbed in proximal tubules, acidosis 
with both type I and type II RTA results ffom decreased H+ 
excretion. Type II RTA often is a self-limiting problem but 
may be accompanied by more widespread proximal tubular 
dysfunction, leading to defective resorption of glucose, 
amino acids, phosphate, potassium, sodium, calcium, mag¬ 
nesium, uric acid, and other organic acids. The latter disorder 
is known as Fanconi's syndrome; as with RTA, it may be a pri¬ 
mary (inherited) problem or can develop secondary to 



kidney, metabolic, and autoimmune diseases or drug admin¬ 
istration. 241243 Although there are no well-documented 
reports, Fanconi's syndrome likely develops in an occasional 
horse as a sequela to nephrotoxic or vasomotor ARF. To date, 
type IV, or hyperkalemic distal, RTA has only been described 
in human patients. 242 

Renal tubular acidosis is a sporadically occurring meta¬ 
bolic disorder in horses. 244 247 There is no obvious breed or 
gender predilection, and to date, no evidence indicates that 
RTA is an inherited condition in horses. Typically, affected 
horses present with profound depression and anorexia and 
may have a history of poor performance, weight loss, and 
signs of abdominal pain. Vital parameters are generally 
within normal ranges, and horses do not appear clinically 
dehydrated. Hematologic and clinical chemistry findings 
are usually within reference ranges, with the exception of 
electrolyte concentrations and acid-base balance. A pro¬ 
found metabolic acidosis (plasma bicarbonate concentration 
<13 mEq/L and venous blood pH <7.25) and hyperchlore¬ 
mia (serum chloride concentration = 105 to 120 mEq/L) are 
characteristic for horses with RTA. A compensatory decrease 
in carbon dioxide partial pressure (Pco 2 ) is also observed in 
most horses with RTA. Hypokalemia (and total body potas¬ 
sium depletion) may occur in horses with RTA because of the 
combined effects of anorexia and ongoing loss of potassium 
in urine, especially in patients with type II RTA, in which bicar- 
bonaturia further increases urinary potassium excretion. 

Mild to moderate azotemia may be detected in horses 
with RTA, especially when they are dehydrated at presenta¬ 
tion. Affected horses may also have evidence of renal tubu¬ 
lar damage detected on urinalysis (e.g., pigmenturia, 
glucosuria, abnormal sediment), and urine specific gravity 
may be low. Despite profound metabolic acidosis, urine 
pH is generally neutral to alkaline. If pursued, renal biopsy 
results generally support tubulointerstitial disease (CIN). 

Differentiation of type I from type II RTA in human and 
canine patients is most easily accomplished by assessing 
urine pH; it remains neutral to alkaline with type 1 and should 
be neutral to acidic with type II. 241 ' 243 Most horses with RTA 
have had neutral to alkaline urine; however, because herbi¬ 
vores normally have alkaline urine, this distinction may be 
less useful in horses with RTA. A few reports have described 
horses with acidic urine, 246 ' 248 249 supporting type II RTA, 
but urine pH values near neutral are difficult to interpret. 
Assessment of all laboratory abnormalities (Table 34-1), 
along with additional testing (e.g., ammonium chloride chal¬ 
lenge, urinary ammonium concentration) may allow further 
discrimination between type 1 and type II RTA. 249 250 How¬ 
ever, this distinction may not be entirely necessary because 
the approach to treatment and the prognosis are similar for 
both types of RTA in horses. 

Treatment of RTA consists primarily of IV and oral 
administration of sodium bicarbonate. Response to treat¬ 
ment appears to be largely dependent on the rate of 
NaHC0 3 administration. For initial correction of acidosis, 
IV NaIIC0 3 must be administered aggressively, and large 

TABLE 34-1 ' 


Classification of Type I and Type II Renal Tubular Acidosis 


1 

Distal or Type I 

Proximal or Type II j 

Acidosis 

Severe 

Self-limiting 

Hypokalemia 

Severe 

Mild to moderate 

Serum 

phosphate 

Normal 

Low 

Urine pH 

Neutral to 
alkaline 

Neutral to acidic 


amounts (3000 to 9000 mEq) are often required to return 
plasma bicarbonate concentration to values above 
20 mEq/L. Half the estimated bicarbonate deficit is gener¬ 
ally replaced with IV NaHC0 3 over 6 to 12 hours, and the 
remaining deficit is replaced with a combination of IV and 
oral NaHC0 3 (initial oral dose: 100 to 150 g twice daily; 
1 g contains ~12 mEq NaHC0 3 ). Close monitoring of 
serum electrolyte concentrations and acid-base balance is 
required to adjust the rate of IV NaIIC0 3 replacement. 
Marked improvement in attitude and appetite usually 
accompanies correction of the acidosis, but unfortunately, 
relapse after discontinuation of IV therapy can occur. 
Continued oral administration of NaIIC0 3 (baking soda) 
for months to years may be required for maintenance of a 
normal acid-base status in individual horses. 

Because potassium excretion is proportional to the bicar¬ 
bonate delivery to the distal tubule, initial correction of 
acidosis with NaHC0 3 promotes kaliuresis and may exacer¬ 
bate potassium depletion, especially when horses have been 
anorectic for several days. Therefore, concurrent supplementa¬ 
tion with IV or oral potassium chloride is usually also neces¬ 
sary during initial correction of the acidosis. Complications 
associated with rapid correction of acidosis have not been 
described, but transient diarrhea may develop if large quanti¬ 
ties of NaHC0 3 (>200 g) are given by nasogastric tube to 
horses that are completely anorectic. 

Recurrence of metabolic acidosis also can occur when oral 
NaHC0 3 is discontinued. Relapses can be immediate or 
delayed for weeks to months, especially in horses that have 
RTA with evidence of renal damage. Reinstitution of NaHC0 3 
supplementation usually corrects the metabolic abnormalities 
and accompanying depression and anorexia. The short-term 
prognosis for horses with RTA is good, and although the 
long-term prognosis has not been well documented, several 
horses have been reported to recover completely. 244 246 


BLADDER RUPTURE IN ADULT 
HORSES 

THOMAS /. DIVERS 

On rare occasions, bladder rupture may occur in adult 
horses. The problem often develops in association with ure¬ 
thral obstruction, foaling, or prolonged recumbency. 251 As 
azotemia develops, affected horses become depressed and 
inappetent. Clinical signs may not be apparent for several 
days, or stranguria may be observed, depending on the 
cause of the rupture. Abdominal distention is not as appar¬ 
ent in adult horses as in foals. 

The diagnosis is based on history, rectal examination 
findings, laboratory results, and findings on ultrasono¬ 
graphic or cystoscopic examination. Postrenal azotemia 
develops within 24 hours after rupture and is accompa¬ 
nied by hyponatremia and hypochloremia. Unlike uroperi- 
toneum in neonates, hyperkalemia is not a consistent 
finding. Transabdominal ultrasonographic examination of 
the abdomen reveals a large amount of peritoneal fluid 
(Fig. 34-15); abdominal fluid is easily recovered on abdomi- 
nocentesis, and peritoneal fluid creatinine is twofold or 
greater than that of serum. Detection of calcium carbonate 
crystals on cytologic examination of peritoneal fluid is also 
diagnostic for uroperitoneum. Endoscopic examination of 
the bladder should allow determination of the location and 
extent of the bladder tear. Rarely, uroperitoneum may also 
develop in some horses without full-thickness disruption of 
the bladder wall, and it is difficult to establish definitively 
the cause of uroperitoneum in these cases. 
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FIG. 34-15 II Transabdominal ultrasonographic image of the right ingui¬ 
nal area of an adult horse with a ruptured bladder. A large amount of free 
hypoechoic fluid is apparent. 


Surgical repair is indicated in horses with large tears in the 
ventral half of the bladder. In patients with small dorsal tears 
or incomplete tears, use of an indwelling bladder catheter 
(closed system) to keep the bladder small may allow the 
tear to heal without surgery. 252 Before surgery, IV fluids 
should be administered to correct dehydration, along with 
broad-spectrum antibiotics as prophylaxis against sepsis. If 
the abdomen is distended, urine accumulated in the abdo¬ 
men should be removed (e.g., by placement of chest tube 
or other large catheter through ventral abdominal wall) 
before anesthesia is induced, to avoid further compromising 
respiration. 


URINARY SYSTEM DISORDERS 
IN THE FOAL 

THOMAS ]. DIVERS 

Umbilical disorders of the neonatal foal, including patent 
urachus, urachal infections, and omphalitis, are discussed 
in Chapter 19. 

UROPERITONEUM 

Bladder Rupture 

The most common disorder of the bladder of other¬ 
wise healthy newborn foals is bladder rupture. 253 255 It is 
more common in colts, and clinical signs include repeated 
posturing to urinate and stranguria during the first 2 days 
of life. As urine accumulates in the abdomen, depression 
and abdominal distention typically develop between days 
2 and 4. Repeated posturing and stranguria can easily be 
misinterpreted as tenesmus associated with meconium 
impaction (Fig. 34-16). Further, affected colts may continue 
to void small volumes of urine. Thus, establishing a diagno¬ 
sis of a ruptured bladder can initially be challenging until 
more obvious signs of uroperitoneum (e.g., decreased 
nursing, abdominal distention) develop. 

Laboratory findings in foals with uroperitoneum include 
hyponatremia, hypochloremia, hyperkalemia, and azote¬ 
mia. 253 ' 256 An occasional foal may also develop intermittent 
fine muscle tremors or a cardiac arrhythmia resulting from 
these electrolyte alterations, especially hyperkalemia. Trans¬ 
abdominal ultrasonographic examination usually reveals a 



FIG. 34-16 II A 2-day-old foal exhibiting stranguria caused by a ruptured 
bladder. Note the caudal position of the hindlegs, suggesting that the foal is 
straining to urinate rather than defecate. Differentiating between stranguria 
and tenesmus (meconium impaction) is not always easy. 


large quantity of free fluid in the abdominal cavity, and peri¬ 
toneal fluid creatinine/serum creatinine ratio greater than 
2:1 confirms uroperitoneum. 253 256 

Treatment of bladder rupture includes surgical closure of 
the defect, supportive care, and broad-spectrum prophylactic 
antibiotics for 3 to 7 days postoperatively. 253 ' 254 ' 256 257 An 
emergency surgical procedure is usually not required, and 
in most cases, surgery should be postponed for several hours 
until electrolyte abnormalities are partially corrected (most 
notably correction of hyperkalemia to a serum concentration 
<6.0 mEq/L). This can usually be accomplished by IV 
administration of 1 to 3 L of a 0.9% NaCl/5% glucose solu¬ 
tion. Treatment with insulin should be avoided unless hyper¬ 
kalemia is causing significant electrocardiographic (ECG) 
abnormalities and response to initial fluid therapy is poor. 
With marked hyperkalemia or abdominal distention causing 
respiratory embarrassment, slow drainage of urine from the 
abdomen (e.g., by chest tube or similar catheter) may be nec¬ 
essary before induction of anesthesia. Despite significant 
azotemia in some affected foals, use of aminoglycoside anti¬ 
biotics is generally safe because the azotemia is postrenal 
rather than reflecting intrinsic renal disease. In most cases, 
placement of a urinary catheter to maintain an empty blad¬ 
der for the initial 2 postoperative days is not necessary. How¬ 
ever, uroperitoneum may recur after surgery in an occasional 
foal as a result of ongoing leakage from the bladder tear. 
When this complication occurs, it can usually be managed 
conservatively by placement of an indwelling bladder cathe¬ 
ter (closed system) for 3 to 5 days. Rarely, a second celiotomy 
may be required. 

Urachal Urine Leakage 

Uroperitoneum may also develop in foals with urachal infec¬ 
tion or ischemia. Affected foals are often septicemic or hospi¬ 
talized for treatment of prematurity, hypoxic-ischemic 
encephalopathy, or botulism, and uroperitneum is recog¬ 
nized later (e.g., after 5 to 10 days of treatment). 257 258 Pro¬ 
longed recumbency and bladder distention are likely risk 
factors. The umbilicus of many affected neonates appears 
normal during the first 2 days of life but, in some cases, 
may subsequently become patent. Urine leakage through 
the umbilicus may or may not be accompanied by leakage 
into the abdominal cavity or subcutaneous tissues of 
the abdominal wall. In other affected foals the umbilicus 
remains normal, and all urine leakage accumulates into the 
abdominal cavity. When monitored, inappropriate weight 



948 



PART FIVE DISORDERS of the ORGAN SYSTEMS 


gain (e.g., >2 kg in 24 hours) is another common finding in 
hospitalized neonates that develop uroperitoneum. 

Laboratory abnormalities typical for uroperitoneum may 
be found in affected foals but are not consistently abnormal 
because these patients are often being treated with IV fluids. 
Correction of the problem includes surgical removal of 
the diseased urachus, closure of the bladder apex, and 
continued supportive care for the primary disease. The prog¬ 
nosis for a successful outcome for these foals is not as favor¬ 
able as for simple bladder rupture because they often have a 
degree of peritonitis (increasing risk for adhesions), and 
uroperitoneum is often only one of several complications 
of the underlying disease. 257 - 258 

In an occasional foal the urachus may also rupture more 
distally than usual and lead to subcutaneous accumulation 
of urine, ventral abdominal swelling, stranguria, signs of 
colic, and distress. 259 The swelling may be differentiated 
clinically from a hematoma or septic omphalitis because it 
may enlarge quickly and often becomes cold. Ultrasono¬ 
graphic examination and/or local aspiration of fluid and 
measurement of creatinine (twofold or greater than in 
serum) confirm the diagnosis. Prompt surgical removal of 
the leaking urachus is indicated. 

Ureteral Defects 

Ureteral defect(s) or disruption may also lead to development 
of uroperitoneum in both male and female foals. 260 263 Stran¬ 
guria is usually absent, and urine initially accumulates in the 
retroperitoneal space, but with time the retroperitoneal tissue 
ruptures, causing uroperitoneum. Affected foals may not be 
presented until 5 to 10 days of age because urine accumula¬ 
tion is slower than with a ruptured bladder. Clinical signs 
include decreased nursing, depression, and mild colic, and 
in fillies an external bulging of the vagina may be observed. 
Laboratory findings are typical for uroperitoneum, and with 
significant hyperkalemia, intermittent muscle fasciculations 
may be also noted. 

If urine accumulation remains localized to the retroperi¬ 
toneal space, ultrasonographic examination of the lower 
abdomen may be normal, but a large amount of retroperi¬ 
toneal fluid will be detected around the kidney and upper 
flank (within retroperitoneal space) on the affected side(s). 
In addition, the renal pelvis may be mildly dilated. 264 If 
the peritoneal membrane is ruptured, physical and ultraso¬ 
nographic examination findings are similar to those seen 
with a ruptured bladder, but careful ultrasonographic exam¬ 
ination may also reveal a full bladder or concurrent retro¬ 
peritoneal fluid accumulation. As with a ruptured bladder 
the ratio of retroperitoneal or peritoneal fluid creatinine/ 
serum creatinine is greater than 2:1. In small foals (e.g., 
<50 to 75 kg), excretory urography (after IV administration 
of contrast agent) or pyelography (after percutaneous injec¬ 
tion of contrast agent into renal pelvis with ultrasono¬ 
graphic guidance) may be useful for localizing the ureteral 
defect(s). 

One or both ureters may be involved, and during surgical 
exploration, one or more defects can usually be found in the 
proximal half of the ureter, often near the renal pelvis. 
During surgery the defects can be localized by placing a cath¬ 
eter into the ureter through a cystotomy and injecting dye 
(e.g., Evans blue, methylene blue). Successful correction of 
unilateral and bilateral defects can be accomplished by plac¬ 
ing a stent in the affected ureter(s) for 7 to 10 days. 260 - 261 

A report describing bilateral ureteral defects adjacent to 
the renal pelves provided histopathologic evidence that 
the lesions were traumatic in origin, rather than develop¬ 
mental anomalies. 263 The foal in that report had previously 
been kicked by its dam. The editor has also seen three foals 


with similar ureteral defects, all of which also had multiple 
rib fractures. Ureteropelvic junction injuries and proximal 
ureteral tears are a recognized complication after blunt 
abdominal trauma in human patients. 265 Taken together, 
these observations suggest that many ureteral defects in 
foals may more likely be traumatically induced at foaling, 
rather than being developmental anomalies. 

CYSTITIS 

Cystitis is rare in foals but can develop in recumbent prema¬ 
ture or neonatal foals being treated with broad-spectrum 
antibiotics. Voided urine may have a characteristic floccu- 
lent consistency. When cystitis is suspected, the bladder 
should be catheterized and a urine sample submitted for 
urinalysis and quantitative culture. UTIs with Candida spe¬ 
cies are fairly common in recumbent neonates. Specific anti¬ 
microbial therapy is not usually necessary for Candida 
cystitis as long as systemic antibiotics can be discontinued. 
If antibiotic therapy continues, dissemination of the yeast 
infection can spread to other sites (e.g., joints). 

SERUM CREATININE ELEVATIONS IN 
NEWBORN FOALS 

During the first 1 to 3 days of life, creatinine concentration 
in newborn foals is often 30% to 40% higher than in their 
dams. 266 The cause is unclear but likely related to an inabil¬ 
ity of creatinine to equilibrate rapidly across placental mem¬ 
branes. As supportive evidence, creatinine concentration of 
normal amniotic fluid (that contains fetal urine) at term is 
approximately 10 mg/dL (and may exceed 30 mg/dL in 
some mares). 267 This transient increase in creatinine, which 
may occasionally exceed 20 mg/dL in premature foals, has 
been called a "spurious" elevation, but this term should 
be discontinued because creatinine is truly increased. When 
an elevated creatinine level is detected in an otherwise 
healthy foal (that has also been observed to urinate nor¬ 
mally), there may be no cause for alarm. However, if creati¬ 
nine does not decline rapidly after birth or remains greater 
than 2.5 mg/dL on day 3 of life, peritoneal or retroperito¬ 
neal accumulation of urine, renal hypoplasia, or other 
causes of renal failure should be considered. Unlike creati¬ 
nine, BUN values in foals are typically low (< 10 mg/dL) 
after day 2 and remain low for the first several months of 
life. This finding can be attributed to the anabolic state of 
the growing foal. 

Urinalysis results in normal neonatal foals are also differ¬ 
ent from those in adult horses. Specifically, normal foals 
may have marked proteinuria for 1 to 2 days after birth 
resulting from filtration of small-molecular-weight proteins 
absorbed with colostrum. Next, water intake on a predomi¬ 
nantly milk diet (~250 mL/kg/day, compared with intake 
of 50 mL/kg/day of water by adults) is high in foals. As a 
result, after day 2 of life, urine is hyposthenuric (specific 
gravity, 1.002 to 1.006) and remains that way for several 
months. Finally, urinary enzyme activity and sodium and 
chloride clearances may be greater than adult values, and 
urine pH is neutral to acidic in foals. 268 

ACUTE RENAL FAILURE 

Acute tubular necrosis is the most common pathologic 
lesion causing ARF in neonatal foals. Many cases develop 
during or after episodes of diarrhea, likely caused by poor per¬ 
fusion (vasomotor nephropathy). Surprisingly, the diarrheal 
disease in some affected foals does not appear to be serious, 
but they may develop ARF. Similar to adult horses with ARF, 
the prominent clinical signs are depression and development 
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of edema. Abnormal laboratory findings include azotemia, 
hyponatremia, hypochloremia, and hypocalcemia. Foals are 
more likely to develop significant hyperkalemia and hyper¬ 
phosphatemia than adult horses with ARF. A urine specific 
gravity less than 1.018 and microscopic hematuria are usually 
also found in foals with ARF. Urine output of sick neonates 
should be monitored closely because they may become oligu¬ 
ric to anuric 12 to 24 hours before significant depression or 
azotemia is recognized. In addition, fluid retention during 
incipient ARF is another cause of inappropriate weight gain 
(e.g., >2 kg in 24 hours), which can often be detected before 
obvious edema develops. 

Nephrotoxicity, most often from administration of ami¬ 
noglycoside antibiotics or tetracycline, is another important 
cause of ARF (usually nonoliguric) in neonatal foals. As in 
adult horses, the recent change to once-daily aminoglycoside 
dosing appears to have decreased the incidence of hospital- 
acquired ARF in foals. However, it is important to remember 
that sick neonates are often more critically ill than many 
adult horses treated with aminoglycosides. Premature foals 
appear to be at even greater risk of nephrotoxicity than term 
foals. Judicious fluid therapy to correct dehydration and 
maintain blood pressure is an important precaution. 
Although there is a general impression that amikacin may 
be less nephrotoxic than gentamicin in foals, little supportive 
data exist. Regardless of which aminoglycoside antibiotic is 
selected, monitoring trough concentrations (<2 mg/mL for 


gentamicin; <4 mg/mL for amikacin) is warranted to 
decrease the risk of aminoglycoside toxicity in high-risk neo¬ 
nates. Dosage adjustment may be necessary in seriously ill 
neonates or premature foals because renal clearance may be 
decreased. 269 

The principles of treatment of ARF in neonates are essen¬ 
tially the same as those for adult horses (see earlier discus¬ 
sion). However, greater attention must be paid to mon¬ 
itoring responses to fluid therapy, including twice-daily 
measurement of body weight. Although foals that have a bout 
of ARF in the neonatal period would seem at greater risk of 
developing CRF later in life, no long-term follow-up study 
has corroborated this speculation. 


SEPTIC RENAL DISEASE IN FOALS 

Multifocal renal abscesses or infarct may be a complication 
of neonatal septicemia and can lead to ARF. Actinobacillus 
equili is the most common pathogen causing renal 
abscesses, but affected foals often die or are euthanatized 
because of overwhelming sepsis before clinical signs of 
ARF develop. Foals 2 to 4 days of age appear to be at great¬ 
est risk of developing acute Actinobacillus septicemia; when 
this problem is suspected, IV therapy with penicillin and 
gentamicin (at prolonged dosage) is recommended (see 
Chapters 18 and 20). 


I RUMINANT RENAL SYSTEM 


ULCERATIVE POSTHITIS AND VULVITIS 

DAVID C. VAN METRE 

Ulcerative posthitis and vulvitis (enzootic balanoposthitis, 
pizzle rot, sheath rot) is an ulcerative bacterial infection of 
the mucous membrane and surrounding skin of the prepuce 
and vulva of small ruminants. The causative organism, Cory- 
nebacterium renale, inhabits the mucosal surface of the pre¬ 
puce and vulva in low numbers. It proliferates and induces 
disease under conditions of high urea concentration in urine, 
which typically result from excessive dietary protein content. 
Losses result from debilitation caused by pain, incapacitation 
of breeding animals, loss of breeding soundness, and defor¬ 
mation of external genitalia. Venereal spread is possible. 


II Clinical Signs. In rams, bucks, and wethers the infection 
begins as a moist ulcer, usually at or near the mucocutane¬ 
ous junction of the prepuce. The ulcer surface is soon cov¬ 
ered with a thin, loose, brown to red, malodorous scab 
(Fig. 34-17). If the scabs are removed, little or no hemor¬ 
rhage will occur from the underlying tissue. 1 Focal swelling 
is often noticeable at the cranial aspect of the prepuce, and 
the area is usually painful on palpation. 

If unchecked, the infection may spread along the muco¬ 
sal surface inside the prepuce, creating the more serious 
internal form of ulcerative posthitis. In such cases the entire 
prepuce may be swollen and elongated. Affected animals 
often show dysuria, and goats may vocalize during voiding. 
Weight loss may occur in chronic cases. As local inflamma¬ 
tion progresses, ulceration of mucosal surfaces may result in 
Fibrous adhesions between the penis and prepuce. Severe 


inflammation of the glans penis may cause stricture of the 
urethral process (pizzle) and restriction of urine egress. 
Impairment of breeding soundness may result from admix¬ 
ing of blood or exudate into the ejaculate, penile adhesions, 
cicatricial scarring of the preputial orifice, or suppurative 
urethritis; pain may limit libido as well. 

Ulcerative lesions of similar appearance can develop on 
the vulva and perineum of affected ewes and does. Gross 
vulvar enlargement may be noticed from a distance. Dysuria 
may result from involvement of the urethral orifice. The 
fibrosis and contracture that develop in chronic, severe 
cases may distort normal vulvar conformation to the point 
of impairing copulation or partuition. 



FIG. 34-17 II Ulcerative posthitis in a Suffolk ram. 
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II Differential Diagnosis. Ulcerative dermatosis (lip and leg 
ulcer) is a dermatitis of sheep caused by an unclassified pox¬ 
virus related to the parapox virus of contagious ecthyma. 2 
Infection with this agent may manifest as balanoposthitis 
and vulvitis, and the crusted ulcers that develop closely 
resemble those induced by infection with G renale. 
Removal of the crusts overlying ulcerative dermatosis 
lesions may reveal a granular lesion that bleeds readily. 
The genital form of ulcerative dermatosis occurs most often 
in the fall breeding season in the western United States. 
Ulcers on the lips, nares, coronets, and interdigital spaces 
may also be present. 2 Contagious ecthyma (orf) occasion¬ 
ally affects the genitalia and perineum, although lesions 
are much more frequently found'on the lips, face, and 
udder. These lesions are raised, appear proliferative, and 
are covered with a thick, durable scab. Urolithiasis must 
be considered strongly in the differential diagnosis of any 
dysuric male or castrated male small ruminant. Although rare 
in small ruminants, preputial trauma, particularly if resulting 
from entrapped grass awns, can cause preputial swelling, pain, 
and exudation within the preputial cavity. External ulcerative 
lesions would not be expected in such cases. 

Caprine herpesvirus 1 (CHV-1) was isolated from 
aborted fetuses in three separate California goat herds. 6 
A buck on the premises had shallow, red, irregularly shaped 
ulcers in its prepuce that tested positive for CHV-1 on poly¬ 
merase chain reaction (PCR). Biopsy of the ulcers revealed 
intranuclear inclusion bodies within the stratum spinosum 
of the preputial epithelium. 

II Pathophysiology. C. renale is an aerobic gram-positive, 
pleomorphic club-shaped bacterium that is a normal inhab¬ 
itant of the skin and external genitalia of small ruminants. 3 ' 4 
This organism is capable of surviving in wool and scabs from 
lesions for as long as 6 months and can survive freezing 
temperatures in lesion exudate. 5 C. renale is capable of hydro¬ 
lyzing urea. Experimental diversion of urine flow has demon¬ 
strated that the presence of urine is required for both 
induction of and maintenance of lesions on the genitalia. 3 
The organism proliferates on the genital mucosal surface in 
response to elevated urinary concentration of urea. Diets 
high in crude protein or nonprotein nitrogen increase the 
urinary urea content and are required for development of 
the disease. 15 C. renale hydrolyzes urea to ammonia, which 
causes ulceration of the prepuce and surrounding skin. 

II Epidemiology. This condition appears to be more com¬ 
mon in males and wethers than in females. 1 Lambs under 
6 months of age can occasionally be affected, 5 but given 
the relatively short lifespan of market lambs, the disease is 
most often recognized in rams. Angora wethers, and pet 
wethers. Although all breeds are susceptible, higher rates 
of this disease are found in Merinos and Angoras. 1 7 Because 
of the dense wool and hair coat of these breeds, urine soak¬ 
ing near the preputial orifice may increase the local concen¬ 
tration of urea. Seasonal differences in the incidence of the 
disease are thought to reflect shearing schedules and 
changes in the availability of high-protein diets. 1 

Because the organism is part of the normal skin and gen¬ 
ital flora, disease can occur in isolated individuals under 
proper dietary conditions. However, the disease is conta¬ 
gious, because transfer of necrotic debris from the ulcers 
of affected animals can induce the disease in normal ani¬ 
mals. 1 * 5 Venereal transmission of the disease has been docu¬ 
mented. Several months may pass between the exposure 
of ewes to infected rams and the development of vulvitis 
in ewes. 5 


II Treatment and Prex>ention. Affected animals should be 
isolated to limit venereal or contact transmission. Wool or 
hair should be removed from the skin surrounding the pre¬ 
puce or vulva, and a topical antibiotic may be applied. 
Caustic antiseptic solutions should not be used. Treatment 
with systemic antibiotics is indicated for advanced cases or 
for outbreaks, in which handling of several animals for top¬ 
ical therapy is not feasible. Penicillin is the antibiotic of 
choice, although tetracycline has provided favorable results. 
Treatment should continue until the lesions have dried and 
acute inflammation has subsided. 

Reduction of protein and nonprotein nitrogen intake is 
crucial for successful treatment of affected animals and for 
prevention of additional cases. 1 * 5 Dietary crude protein 
levels of 16% to 18% (or higher) predispose sheep and 
goats to ulcerative posthitis and vulvitis. 1 Reduction of die¬ 
tary protein alone may result in satisfactory cure if the 
lesions are early in development. Shearing, especially at 
the time of highest protein intake, may be efficacious in 
reducing disease incidence. 5 Incorporation of grass hay 
feeding into a program of legume pasture grazing may help 
limit protein intake. 

Surgical treatment of advanced cases has been 
described. 8 The procedure involves resection of ventral pre¬ 
putial tissue to allow for normal urine flow and, less often, 
successful return to breeding. 

II Prognosis. Response to treatment is optimal early in the 
infection, before deformation of the prepuce and vulva as a 
result of fibrosis. The chances for full recovery without 
recrudescence are poor if dietary protein intake is not 
reduced. Complete recovery of breeding soundness is 
unlikely in animals with internal ulcerative posthitis. 

UROLITHIASIS 

JENNIFER M. MacLEAY 

Urolithiasis is a common metabolic disease occurring in 
most mammalian species. Uroliths cause disease through 
trauma to the urinary tract and obstruction of urinary 
outflow. Calculi (uroliths) most often lodge in the urethra, 
although obstruction of the bladder trigone, ureters, or renal 
pelvis can also occur. Sequelae to urinary tract obstruction 
include urethral perforation and rupture, urethral stricture, 
bladder rupture, ureteral rupture, hydroureter, hydronephro¬ 
sis, and rarely, rupture of the kidney(s). Urolithiasis can 
occur in outbreaks or as an endemic problem in group- 
housed animals or as an individual disorder in animals 
kept as pets. A definitive diagnosis of urolithiasis in a single 
animal suggests that all males in the population are at risk 
for the disease, because of the importance of dietary and 
environmental factors in its pathogenesis. 9 

HISTORICAL FINDINGS. The clinical signs of urolithiasis 
can vary; duration, extent (complete vs. partial), and loca¬ 
tion of the obstruction determine the historical and exami¬ 
nation findings. The early clinical signs can be remarkably 
subtle and may include anorexia, depression, and mild 
bloat. A history of colic and straining to urinate or defecate 
may be provided, and novice owners often mistake stran¬ 
guria for constipation or tenesmus. To aid in the diagnosis, 
suspected cases can be placed in a dry, unbedded stall to 
allow for assessment of urine output. 

Acute Urethral Obstruction 

II Clinical Findings. Impacted calculi lead to urethral 
trauma and progressive bladder distention, resulting in 
strangury and abdominal pain. Affected animals may be 
restless, tread, swish their tails, and or grind their teeth. 
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Goats and camel ids may vocalize. Stranguria is manifested 
as repetitive bouts of stretching and contraction of the 
abdominal muscles. Straining may induce secondary rectal 
prolapse; therefore, urethral obstruction should be investi¬ 
gated as the primary disease in cases of rectal prolapse. 
Rarely, affected calves develop a visible dilation of the ure¬ 
thra at the midline of the perineum proximal to the obstruc¬ 
tion. 10 Tachycardia, tachypnea, and mild bloat secondary to 
ruminal stasis are more common findings. Anuria occurs if 
urethral obstruction is complete, whereas urine may dribble 
in cases of partial obstruction. If a urine sample can be col¬ 
lected for dipstick analysis, proteinuria and occult hematu¬ 
ria are frequently detected. Crystals or blood may be 
found on the hairs of the preputial'tuft; in cases of anuria 
the hairs are dry. Fever is usually absent. 

The lumen of the bovine urethra narrows at the distal 
aspect of the sigmoid flexure, near the level of insertion of 
the retractor penis muscles. 1112 Calculi most frequently 
become lodged at this site in cattle, 1114 and pain or focal 
swelling over this area may be appreciated. Rectal examina¬ 
tion (digital rectal examination in small ruminants) often 
reveals pulsation of the pelvic urethra. In cattle, bladder 
distention is palpable rectally except in cases of complete 
obstruction complicated by rupture of the urethra or bladder. 

Abdominal palpation is useful in affected small rumi¬ 
nants, small camelids, and pot-bellied pigs. The examiner 
should place the fingertips of each hand into the ventral flank 
on each side of the abdomen. While slowly pressing the fin¬ 
gertips toward midline in the caudal abdomen, the examiner 
may encounter an orange- to grapefruit-sized, firm, spherical 
structure, which is the distended bladder (Fig. 34-18). Severe 
bladder distention will not be palpated in cases of incomplete 
urethral obstruction or bladder rupture. 

The urethral process (pizzle) is the most common site 
of calculus impaction in sheep and goats and should be 
examined in suspected cases of urolithiasis. 1415 Sedation 
or general anesthesia facilitates extrusion of the penis for 
examination. Because of its diuretic effect, xylazine may 
exacerbate bladder distention and is not recommended. 
Diazepam (0.1 mg/kg IV slowly) or acepromazine (0.05 to 
0.1 mg/kg IV or IM) have been used successfully, either as 
sole agents or in combination with butorphanol (0.05 to 
0.1 mg/kg IV). Alternatively, in hemodynamically stable 
individuals, it is possible to induce light general anesthesia 
with isoflurane. 



FIG. 34-18 II Palpation of the bladder of a Barbados wether. 


An adjunct or alternative to sedation is administration 
of epidural anesthesia, which provides greater patient com¬ 
fort and eliminates muscular resistance to penile extrusion. 
One milliliter of 2% lidocaine per 5 kg of body weight is 
injected into the epidural space at the lumbosacral junc¬ 
tion. 16 Lower dosages may provide sufficient anesthesia. 
The total dose should not exceed 15 ml. of 2% lidocaine 
in any small ruminant, regardless of size. 16 If cerebrospinal 
fluid (CSF) is obtained, one half of the epidural lidocaine 
dosage can be administered as a true spinal block. Hin- 
dlimb motor blockade, potentially lasting for several 
hours, is expected with either epidural or true spinal anes¬ 
thesia at this site. 

To exteriorize the penis, the sheep or goat is propped up 
on its rump. The examiner can then exteriorize the penis by 
pushing the sigmoid flexure cranially from the base of the 
scrotum while pulling the sheath caudally. Small towel 
clamps or Allis tissue forceps can be used to apply traction 
to the penis. In many cases, preputial mucosa must be care¬ 
fully grasped and extruded before the penis can be reached 
with a second pair of forceps. The urethral process can then 
be inspected and palpated for the presence of discrete uro¬ 
liths or sandlike grit within the lumen. If the urethral pro¬ 
cess is obstructed, it can be amputated with scissors or a 
scalpel blade (see Surgical Treatment). 

II Differential Diagnosis. Tachycardia, colic, bloat, and 
anorexia are characteristic of gastrointestinal (GI) obstruc¬ 
tion, but auscultation and percussion of the abdomen, 
abdominal succussion, rectal examination, and abdominal 
ultrasonographic examination should differentiate this con¬ 
dition from acute urethral obstruction. Goats with grain 
overload will occasionally vocalize and show signs of 
colic. 17 Encephalopathies, salmonellosis, coccidiosis, and 
proctitis from rectal prolapse or trauma frequently cause 
tenesmus. Additional signs of primary neurologic or GI dys¬ 
function should be evident with these diseases. 

Although rare in male ruminants, primary urinary tract 
infection (UTI) may result in dysuria and pollakiuria. Blad¬ 
der distention is uncommon with UTI, and large numbers 
of white blood cells (WBCs) and bacteria are present in 
the urine sediment. Occasionally an animal with urolithia¬ 
sis successfully voids the obstructing urolith(s). The resul¬ 
tant traumatic urethritis might cause dysuria, but the rate 
and ease of urination typically improve over time and with 
antiinflammatory treatment. 

In younger animals, it is important to consider congeni¬ 
tal abnormalities, such as ectopic ureter(s), pelvic displace¬ 
ment of the urinary bladder, and urethral duplication. 
Congenital abnormalities may be manifest at birth or not 
until later, depending on the level of observation and 
whether the defect results in obstruction, partial obstruc¬ 
tion, or constant urine dribbling. 

Urethral Rupture 

Urethral rupture is a common complication of urethral 
obstruction in cattle. The wall of the obstructed urethra 
undergoes pressure necrosis, causing leakage of urine into 
the subcutaneous tissue of the perineum and ventral abdo¬ 
men. Sequelae include cellulitis, penile adhesions (possibly 
creating phimosis), and urethral stricture. Erection failure 
secondary to vascular obstruction of the corpus cavernosum 
of the penis has been reported as a sequela to urethral 
obstruction and rupture in a goat. 18 

II Clinical Findings. Affected animals are frequently 
depressed and inappetent and have bilaterally symmetric, 




952 



FIG. 34-19 II Urethral rupture in a Holstein steer. Tissue swelling from 
urine accumulation may extend to the sternum and axillae. 


pitting edema in the ventral perineum, inguinal region, pre¬ 
puce, and ventral abdomen (Fig. 34-19). Swelling of the 
abdominal wall may extend as far forward as the axillae. 
The affected areas are initially warm and painful on palpa¬ 
tion. As necrosis progresses, the tissues become cool, dark, 
nonpainful, and potentially gangrenous. A fistula may 
develop to allow urine to escape. Fever may occur if tissue 
necrosis and sloughing are extensive. Rectal examination 
in steers and bulls reveals a small bladder. 

II Differential Diagnosis. Ventral abdominal swelling is 
found with umbilical or scrotal hernias with or without 
concurrent subcutaneous infection. These conditions can 
be differentiated from urethral rupture by careful palpation 
of affected tissues and through ultrasonography to identify 
defects in the body wall or presence of bowel in the 
swelling. Pain and heat are more pronounced in local infec¬ 
tion than in urethral rupture. Aspiration of subcutaneous 
fluid with cytologic examination is helpful in identifying 
primary infectious processes. In bulls, penile hematomas 
may cause localized swelling of the prepuce in the prescro- 
tal region and caudal sheath; unlike urethral rupture, how¬ 
ever, the swelling does not involve the ventral abdominal 
wall. Aspiration of a suspected penile hematoma is not 
recommended because of the risk of iatrogenic infection. 

Rupture of the Bladder (Water Belly) 

In all ruminants and camelids, prolonged bladder disten¬ 
tion secondary to urethral obstruction may result in 
pinpoint perforations, tears, or necrosis of large areas of 
the bladder wall. In cows, bladder rupture may also occur 
as a rare complication of dystocia. 19 20 Rupture of a ura¬ 
chal remnant may also result in uroperitoneum. 21 The 
dorsum of the bladder fundus is the most common site 
for rupture, 14 but rupture in other bladder regions does 
occur. 22 

II Clinical Findings. Relief of bladder distention causes 
cessation of stranguria. Bilateral distention of the ventral 
abdomen develops within 1 to 2 days after rupture and is 
accompanied by worsening clinical signs of depression, 
anorexia, weakness, dehydration, and shock. Ballottement 
of the abdomen may elicit a fluid wave. Rectal temperature 
may be normal, 23 but shock may result in hypothermia. Ihe 
animal's breath may smell like ammonia. On rectal or 
abdominal palpation, the bladder is small or not palpable. 


SYSTEMS 


Ultrasonography of the abdomen reveals a large volume of 
free fluid and a collapsed or partially filled bladder. 
Abdominocentesis yields a large volume of blood-tinged 
fluid. The fluid may or may not smell like urine and can 
be warmed to aid in detection of the urine smell. Measure¬ 
ment of creatinine in the fluid can be used to confirm a 
diagnosis of uroperitoneum (see Clinical Pathology). On 
occasion, urine translocation into the thoracic cavity can 
occur, presumably by passage across the diaphragm. Uremia 
and dehydration result in debilitation and eventual death if 
medical and surgical treatments are not provided. 

II Differential Diagnosis. Seepage of urine across the blad¬ 
der wall and into the abdominal cavity may occur in cases 
of severe bladder distention; in such cases, rupture is often 
imminent. Ventral abdominal distention may develop with 
diffuse peritonitis, vagal indigestion, or ascites secondary to 
liver fibrosis, caudal vena caval thrombosis, or hypoprotei- 
nemia. Marked peritoneal cavity effusion may be found in 
cases of mesothelioma. These conditions are differentiated 
from bladder rupture through rectal examination, ultraso¬ 
nography, cytologic and chemical analysis of peritoneal 
fluid, evaluation of serum chemistry, and abdominal 
exploratory surgery. 

Chronic Partial Urethral Obstruction 

An uncommon form of urolithiasis, chronic partial urethral 
obstruction occurs if calculi impair but do not completely 
obstruct urine outflow. 24 Chronic retention of urine elevates 
fluid pressure within the urinary tract lumen, potentially 
leading to hypertrophy of the bladder wall, hydroureter, and 
hydronephrosis. Azotemia, progressive renal failure, and 
uremia are evident in cases that develop hydronephrosis. 

II Clinical Findings. Affected animals have been termed 
"dribblers" because of their characteristic slow or intermit¬ 
tent urine flow during voiding. 25 Lethargy, reduced appe¬ 
tite, and thin body condition are evident if renal failure 
has developed. On rectal examination the bladder may 
be small, and thickening of the bladder wall may be 
palpable. 24 

II Differential Diagnosis. Urine dribbling may also occur 
in animals with neurologic disease caused by previous ure¬ 
thral trauma (stricture formation), congenital anomalies of 
the urogenital tract, chronic infection, or neoplasia. Con¬ 
trast urethrography may be used to identify the presence 
of strictures or anomalous structures. Small ruminants with 
the internal form of ulcerative posthitis may dribble urine. 
In such cases, characteristic preputial lesions are present. 
Tumors of the urinary tract, although rare compared to uro¬ 
lithiasis, may cause gradual obstruction in cattle, small 
ruminants, and camelids. 


Ureterolithiasis and Nephrolithiasis 

II Clinical Findings. Cattle with acute ureteral obstruction 
may show severe colic with stretching, kyphosis, treading, 
collapse, and vocalization. 25 Signs of distress may be less 
severe or even absent if obstruction is intermittent or 
incomplete. 26 Enlargement of the blocked ureter may be 
palpated rectally, and if the left ureter is obstructed, enlarge¬ 
ment of the left kidney may be appreciated. Azotemia is 
most severe if the obstruction is bilateral. Rarely, pyelone¬ 
phritis is the inciting cause of ureteral obstruction, because 
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necrotic debris and calculi may be released into the ureter 
from the infected renal pelvis. Pyelonephritis can also be a 
consequence of ureteral 26 or renal 27 calculosis. With ure¬ 
teral or renal rupture, uroperitoneum or retroperitoneal 
accumulation of urine may occur. 

II Differential Diagnosis. Signs of abdominal pain or 
colic can result from G1 or urinary tract obstruction in 
ruminants and camelids. Auscultation and percussion of 
the abdomen, rectal examination findings, ultrasonogra¬ 
phy, or radiography may allow for differentiation of GI 
obstruction from ureteral or renal obstruction. Cases of 
ureteral or renal calculosis without, colic may show non¬ 
specific signs of illness, and serum chemistry, urinalysis, 
and ultrasound examination may be useful for definitive 
diagnosis. 26 

II Ancillary Diagnostic Tests 

ULTRASONOGRAPHY/RADIOGRAPHY. A presumptive 
diagnosis of urolithiasis can usually be made through his¬ 
torical and physical examination findings. Ultrasonographic 
or radiographic evaluation of the urinary tract may allow for 
confirmation of a diagnosis. 28 31 In cases of prolonged ure¬ 
thral obstruction (>48 hours) or urethral obstruction with 
severe azotemia, it is prudent to perform ultrasonographic 
examination of the kidneys before consideration of surgical 
treatment. Detection of severe hydronephrosis warrants a 
poor prognosis for recovery. 

Ultrasonographic evaluation of the bladder of pot¬ 
bellied pigs, small ruminants, and camelids is most easily 
accomplished through transabdominal scanning with a 
3.5- or 5.0-MHz sector-array probe, directed caudodorsally 
from the inguinal area. Both kidneys of small ruminants 
and camelids and the bovine right kidney can be examined 
from the right paralumbar fossa. 28 In cattle, transrectal 
examination of the pelvic urethra, bladder, ureters, and left 
kidney is performed with a 7.5-MHz linear-array probe. 
Marked distention of the bladder, thickening of the blad¬ 
der wall, and echogenic material within the bladder lumen 
may be seen with acute urethral obstruction. A large vol¬ 
ume of free fluid in the abdomen is characteristic of uro¬ 
peritoneum and is suggestive of existing or impending 
rupture. 

Radiographic examination of the urinary tract is limited 
to thin, pot-bellied pigs, camelids, small ruminants, and 
young cattle. Radiodense calculi in the bladder may be most 
easily detected with lateral views of the abdomen, taken 
with the animal in lateral recumbency with the hindlimbs 
pulled caudally. Positive-contrast urethrography allows for 
detection of radiolucent urethral calculi, urethral stricture, 
or urethral rupture. After catheter placement about 5 cm 
into the penile urethra, injection of a volume of 10 to 
30 mL of water-soluble contrast media has been used with 
success in adult bucks and rams. Accidental introduction 
of bubbles may complicate interpretation of urethrograms; 
to avoid this problem, the catheter should be completely 
filled with contrast material before insertion. Injection 
should be performed slowly with minimal pressure to avoid 
iatrogenic urethral rupture. 

CLINICAL PATHOLOGY 

Acute Urethral Obstruction. Hematologic and serum 
chemistry findings may be unremarkable in ruminants with 
acute urethral obstruction uncomplicated by urethral or 
bladder rupture. 15 Hyperglycemia and a stress leukogram 
may be present. With time, hemoconcentration and azote¬ 
mia develop secondary to reduced water intake. Azotemia 
is severe in cases of hydronephrosis. Hematuria and 


proteinuria are consistent abnormalities, whereas crystal- 
luria is a variable finding. 32 Pyuria is present with traumatic 
urethritis, cystitis, or secondary bacterial infection. 

Bladder Rupture. Bladder rupture and accumulation of 
urine in the abdomen result in more profound alterations 
in hematologic and serum biochemical parameters. Urine 
osmolality is normally two to three times that of extracel¬ 
lular fluid (ECF), and ruminant urine contains higher con¬ 
centrations of urea, creatinine, and potassium but lower 
concentrations of sodium and chloride than ECF. 23 * 33 
Therefore, movement of water, urea, and electrolytes 
occurs along diffusion gradients, resulting in hyponatremia, 
hypochloremia, hyperphosphatemia, uremia, and hemo¬ 
concentration. 

Serum potassium concentration in ruminants with blad¬ 
der rupture may be more variable, depending on appetite 
and time before diagnosis. Potassium values tend to be nor¬ 
mal or low in cattle with bladder rupture, even if uroperito¬ 
neum exists for several days. 23 Anorexia may contribute to 
hypokalemia or normokalemia in these cases, and aldoste¬ 
rone release secondary to volume depletion results in dra¬ 
matic increases in salivary potassium excretion, providing 
an alternative route of potassium excretion in affected cat¬ 
tle. 19 Once in the GI tract, potassium absorption may be 
diminished by ileus and preferential absorption of sodium 
over potassium. 20 Alkalosis, which occurs secondary to 
hypochloremia, may also serve to reduce ECF potassium 
concentration by encouraging movement of potassium 
intracellularly. 23 

Although only a small fraction (<10%) of phosphorus 
excretion in the ruminant is urinary, 20 hyperphosphatemia 
may occur secondary to uroabdomen. Potential mechan¬ 
isms for hyperphosphatemia include phosphorus diffusion 
from the urine into the ECF, reduced glomerular filtration, 
and tissue hypoxia causing breakdown of organic phos¬ 
phate compounds in cells. 23 34 In addition, reduced salivary 
flow from anorexia may limit phosphorus excretion in the 
saliva, contributing to phosphorus retention. 20 Anorexia, 
ileus, and a competitive effect of hyperphosphatemia may 
contribute to reduction in serum calcium concentration in 
cases of uroabdomen. 23 

Chemical analysis of peritoneal fluid is a useful means of 
documenting uroabdomen. Creatinine is a relatively large, 
polar molecule that does not readily move back into the 
ECF space despite its high concentration in the abdomen. 
Therefore, peritoneal fluid creatinine can be compared to 
serum creatinine concentration, with a peritoneal fluid/ 
serum ratio of 2:1 indicating uroabdomen. 23 

Uroabdomen is often associated with a chemical peritoni¬ 
tis. However, experimentally induced bladder rupture did not 
cause peritonitis in steers, even after several days of uroperito¬ 
neum. 23 Nonetheless, WBC count and blood fibrinogen 
levels may increase in cases of ruptured bladder, possibly 
reflecting more extensive tissue necrosis and inflammation 
in natural cases. With uremia, impairment of blood coagula¬ 
tion may become an important clinical consideration. 
Reduced platelet aggregation and alteration of coagulation 
factor function occur in uremic patients of other species. 34 
Bleeding diathesis and elevation of partial thromboplastin 
time (PTT) have been reported in azotemic cattle. 35 

Urethral Rupture. Leakage of urine into the subcutaneous 
space produces hematologic and serum biochemical altera¬ 
tions that are similar but less severe than those seen with 
bladder rupture 33 The muscles and subcutis holding the 
urine do not possess as large a surface area as the peritoneal 
cavity. Therefore, less rapid and less extensive fluxes of 
water, ions, and waste products occur. 33 Tissue necrosis 
and secondary infection may result in neutrophilia, leuko¬ 
cytosis, and hyperfibrinogenemia. 
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Chronic Partial Obstruction. Hyponatremia, hypochlore- 
mia, hypocalcemia, hyperphosphatemia, and severe azote¬ 
mia with isosthenuria suggest extensive nephron damage 
caused by hydronephrosis. 24 

II Necropsy Findings. When the urethra is opened along 
the sagittal plane, hemorrhage and necrosis of the urethral 
mucosa are evident at the site of obstruction. Particular 
attention should be paid to examination of the distal ure¬ 
thra in camelids, the urethral process in sheep and goats, 
and the sigmoid flexure in cattle. Calculi may be relatively 
large, discrete mineral aggregates or very fine and sandlike. 
Calculus material should be collected for analysis of min¬ 
eral composition. Occasionally, no calculi can be found in 
the urinary tract, but mucosal trauma and necrosis of the 
bladder or urethra persist. 

Urethral rupture is characterized by the subcutaneous 
accumulation of urine in the inguinal area, prepuce, and 
ventral abdomen and hemorrhage at the site of the urethral 
defect. In cases of bladder rupture the abdominal cavity is 
filled with a large volume of blood-tinged fluid. Defects in 
the bladder wall vary in size and location, and necrosis of 
large areas of bladder wall may be present. 22 In rare cases 
the bladder wall is intact but obvious uroabdomen exists, 
suggesting transmural seepage of urine. Hydronephrosis, 
hydroureter, and bladder wall hypertrophy may be present 
in animals with chronic partial urethral obstruction. 24 

II Treatment and Prognosis 

SALVAGE. Steers and feeder lambs may be sent for 
immediate slaughter if urethral obstruction is diagnosed 
before development of azotemia or urinary tract rupture. 36 

MEDICAL TREATMENT. Medical treatment of urolithiasis 
is aimed at relief of the obstruction and correction of any 
fluid and electrolyte abnormalities. The antispasmodic 
effect of certain tranquilizers may facilitate passage of a ure¬ 
thral obstruction. 9 Relaxation of the retractor penis muscle, 
which results in straightening of the sigmoid flexure, is 
another means by which these drugs may facilitate passage 
of calculi. 13 In small ruminants, however, medical treat¬ 
ment with intravenous (IV) fluids, nonsteroidal antiinflam¬ 
matory drugs (NSAIDs), or tranquilizers alone has not 
met with much success, and surgical intervention is 
recommended. 1537 

SURGICAL TREATMENT. Surgical treatment of urolithia¬ 
sis is dictated by economic considerations, intended use of 
the animal, available facilities and equipment, and status 
of the patient. Removal or bypass of the obstruction and 
restoration of urine output are the goals of surgical treat¬ 
ment. The prognosis for both short-term and long-term sur¬ 
vival will vary according to the patient's status and the 
surgical procedure chosen. Acute renal failure is an occa¬ 
sional sequela to urinary tract obstruction and should be 
considered in the prognosis. 

PREOPERATIVE CONSIDERATIONS. Ruminants and 
camelids with urinary tract obstruction, particularly those 
with uroperitoneum, often require preoperative stabiliza¬ 
tion of hypovolemia and correction of electrolyte abnor¬ 
malities, particularly if surgery is to be performed under 
general anesthesia or with the animal restrained in recum¬ 
bency. Fluid therapy should be guided by analysis of serum 
electrolyte concentrations. An initial bolus of hypertonic 
(7%) saline followed by physiologic (0.9%) saline solution 
can be used to correct intravascular volume deficits, hypo¬ 
natremia, and hypochloremia. Calcium salts can be added 
to the fluids if indicated. Empirical supplementation of IV 
fluids with potassium should be avoided because the 


potential for hyperkalemia always exists. Hyperkalemia 
can induce fatal cardiac dysrhythmias, and this effect is aug¬ 
mented by concurrent hyponatremia. 38 Administration of 
dextrose, sodium bicarbonate, and/or insulin (regular insu¬ 
lin at 0.25 to 0.4 U/kg IV slowly, SC, or IM) reduces serum 
potassium concentration by promoting movement of potas¬ 
sium from the extracellular to the intracellular space. Blood 
glucose should be closely monitored when insulin is admi¬ 
nistered. Uremic animals undergoing IV fluid therapy may 
develop pulmonary edema, 39 so attention must be paid to 
respiratory rate, auscultatory findings, and respiratory effort 
during fluid therapy. Slow drainage of urine from the 
abdominal cavity reduces pressure on the diaphragm and 
slows the progression of metabolic derangements caused 
by uroperitoneum. In long-standing cases of uroabdomen, 
urine may also be present in the thorax, further warranting 
close observation of respiratory function during anesthesia. 
Thoracocentesis to remove thoracic urine is indicated if 
respiratory function is compromised; otherwise, abdominal 
drainage usually induces resolution of thoracic urine 
accumulation. 

Although bacterial infection is not considered to be a 
common primary cause of urolithiasis, secondary UTls 
may develop after surgical intervention. Loss of the flushing 
effect of urination, urinary mucosal damage, impaired host 
cellular defenses secondary to uremia, and indwelling uri¬ 
nary catheter placement may contribute to the development 
of ascending UTI. Perioperative antibiotic therapy is there¬ 
fore prudent, with due consideration of withholding times 
in animals intended for slaughter. Postoperative antibiotic 
therapy is discussed later. 

SURGICAL OPTIONS. Surgical options include amputa¬ 
tion of the obstructed urethral process, penectomy, perineal 
urethrostomy, prepubic urethrostomy, urethrotomy, cystot¬ 
omy, tube cystostomy, and bladder marsupialization. Ure¬ 
thral catheterization and retrograde flushing have been 
used to dislodge urethral calculi and restore urine flow in 
a ram. 40 However, successful clearance of the urethra is 
rarely achieved, 15 and retrograde flushing under pressure 
may result in urethral rupture. Retrograde passage of a cath¬ 
eter may allow for localization of the urethral obstruction, 
potentially guiding further surgical treatment. Passage of a 
catheter into the bladder of ruminants and camelids is diffi¬ 
cult because of the presence of a urethral recess located near 
the ischial arch 41 

In sheep and goats, amputation of an obstructed urethral 
process is a simple procedure that may at least temporarily 
restore urethral patency. The urethral process can be 
removed without detrimental effects on breeding sound¬ 
ness. 42 Success rates for initial restoration of urine flow after 
urethral process amputation range from 37.5% 32 to 66%.* 5 
However, recurrence of urethral obstruction is extremely 
common, and urethral patency is often maintained for only 
hours to days before reobstruction occurs. 15 32 Therefore, 
urethral process amputation is palliative and may provide 
enough time to allow feeder lambs to survive until slaugh¬ 
ter. For pet wethers, rams, and bucks, recurrence of urinary 
tract obstruction appears to be probable if this is the only 
procedure performed. 

Penectomy is an option for animals intended for slaugh¬ 
ter. Perineal urethrostomy is a surgical option for ruminants 
not intended to be used for breeding. In small ruminants, 
postoperative stricture of the stoma or recurrent obstruction 
with additional calculi is a long-term risk. 15 43 Ischial ure¬ 
throstomy with placement of a Foley catheter into the blad¬ 
der has been used as a treatment for urolithiasis in heavy 
feedlot steers 44 and bulls. 12 If urethral damage is not severe, 
this procedure allows the breeding ability of bulls to be 
maintained. 12 
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Prepubic urethrostomy has been reported in a sheep and a 
goat. 45 In this procedure a midperineal penectomy is per¬ 
formed. The perineal segment of the penis and pelvic por¬ 
tion of the urethra are dissected free from the surrounding 
soft tissue using perineal and ventral celiotomy incisions, 
respectively. Bilateral ileal and ischiadic osteotomies may 
be required to free the pelvic urethra. The urethral mucosa 
is then sutured to the skin of the caudoventral abdomen 
to create a long-lasting stoma. 

Urethrotomy (removal of obstructing calculi and primary 
closure of urethra) is another option. 1214 The calculi may 
be located, crushed with a towel clamp, and flushed from 
the urethral lumen, eliminating the need for a urethral inci¬ 
sion. 12 * 14 Urethral stricture, adhesions resulting in phimosis 
in breeding males, and reobstruction with additional calculi 
are long-term complications. 

Cystotomy allows for maintenance of breeding soundness 
and removal of additional calculi from the bladder. In small 
ruminants and camelids, bidirectional (normograde and 
retrograde) flushing is used to restore urethral patency. 1S * 32 
Even if the urethra is successfully cleared of calculi, trau¬ 
matic urethritis may cause significant postoperative dysuria 
in these animals. Therefore, some surgeons prefer also to 
perform a tube cystostomy to allow for rest and healing of 
the irritated urethra. 46 If the urethra cannot be cleared at 
surgery, the tube cystostomy allows for the urethra to rest, 
and spontaneous elimination of calculi often occurs. Alter¬ 
natively, a percutaneous tube cystostomy could be per¬ 
formed under ultrasound guidance. 

Tube cystostomy allows urine to exit the bladder through a 
temporary Foley or other type of suprapubic catheter, which 
is anchored in the bladder lumen and exits the ventral 
abdomen. 37 * 47 Urethral patency is apparently restored when 
calculi are spontaneously expelled from the urethra, dis¬ 
solved, or refluxed into the bladder, at which time the cath¬ 
eter can be removed. In cases of urethral rupture where 
patency of the entire urethra is the preferred outcome, tube 
cystostomy is often the sole feasible option 46 Primary 
repair of the urethral defect is rarely successful because of 
swelling and maceration of the damaged mucosa. 

Contrast medium can be introduced into the bladder 
through the catheter to monitor urethral patency, locate 
urethral obstruction, or identify urethral rupture. 29 In a goat 
with a tube cystostomy, 30 mL of a commercially available 
urinary lavage product containing citric acid, glucono-delta 
lactone, and magnesium carbonate (hemiacidrin; Renaci- 
din. Guardian Laboratories, Hauppauge, NY) was infused 
through the cystic catheter and left in the bladder for 30 
minutes four limes daily for 3 days. 48 This solution is acidic 
(pH 3.85) and was used to facilitate dissolution of calculi. 

Spontaneous resolution of urethral obstruction with 
tube cystostomy may take several weeks or longer; a mean 
time of about 11 days in small ruminants has been 
reported. 37 * 47 To judge when removal of the catheter is 
appropriate, the cystic catheter can be clamped shut and 
the animal observed for urination through the urethra. 

Complications of tube cystostomy have been reported to 
be as high as 50% with surgically placed tube cystostomies 
and 100% with percutaneously placed cystic catheters. 49 
The primary complication is a dislodged catheter, the 
replacement of which necessitates a second surgery. Risk 
of tube dislodgement appears to be less when 18 to 20 
French tubes are used, when the tube has a balloon to retain 
the catheter in place (Foley-type catheter), and when a 
purse-string suture is used in the bladder wall. 47 ' 49 Other 
complications encountered include tears of the bladder, 
leakage of urine into the abdomen, adhesions of the blad¬ 
der to intestine or body wall, and obstruction of the 
catheter. 


In cases of bladder rupture, the urine should be drained 
from the abdominal cavity, and a surgical procedure should 
be performed to divert urine to the exterior. If primary 
repair of the bladder defect is desired, a laparotomy and 
cystotomy or tube cystostomy can be performed with the 
animal under local 22 or general 50 anesthesia. Primary repair 
of the bladder defect is not always necessary, however, 
because spontaneous sealing of the bladder with fibrin or 
omentum can occur. Depending on the size and location 
of the bladder defect, daily or continuous abdominal drain¬ 
age may need to be performed until spontaneous sealing 
occurs. Tears are more likely to seal spontaneously if they 
are located on the dorsal aspect of the bladder 51 ; however, 
it is generally difficult to know the location of the bladder 
defect without performing a laparotomy. Abdominal drain¬ 
age may be combined with perineal urethrostomy or 
penectomy. 12 * 14 Alternatively, a catheter can be secured in 
the bladder by a small abdominal incision 52 or an ischial 
urethrotomy. 12 * 44 

In bladder marsupialization the apex of the bladder is 
exteriorized using a small paramedian incision, and the ser¬ 
omuscular layer of the bladder is circumferentially secured 
to the abdominal wall. A cystotomy is performed, and the 
bladder mucosa is secured to the skin, creating a permanent 
opening for urine drainage from the bladder to the exte¬ 
rior. 53 Advantages of bladder marsupialization include 
decreased hospitalization time and expense for the owner. 
However, complications include chronic urine scalding, 
stricture formation, reobstruction, and bladder prolapse. 
Failure of bladder marsupialization was reported to be 
33% in one study. 49 

Ureteral calculi may be removed by ureterotomy . 14 
Nephrectomy may be performed in unilateral cases of obstruc¬ 
tive nephrolithiasis. 54 If unilateral nephrectomy is under 
consideration, measurement of BUN, serum creatinine, 
and urine specific gravity, with or without a biopsy of the 
apparently unaffected kidney, should be performed to eval¬ 
uate remaining renal function. 55 Normal urine specific grav¬ 
ity, BUN, and serum creatinine indicate that the majority of 
nephrons in the remaining kidney are functional. 

Multiple small stab incisions into the skin and subcuta¬ 
neous tissue along the ventral abdomen may facilitate urine 
drainage in cases of urethral rupture. These are allowed to 
heal by second intention. 

POSTOPERATIVE CONSIDERATIONS. Continued assess¬ 
ment of hydration, urine output, and serum urea nitrogen, 
creatinine, and electrolyte concentrations is indicated after 
surgery. Postobstruction diuresis has been reported in 
ruminants 40 and may result from tubular damage, accu¬ 
mulation of urea or natriuretic factors, or preoperative 
fluid therapy. 56 Induction of modest diuresis through 
fluid therapy after surgery may help to reduce azotemia 
and accumulation of blood clots and bacteria in the 
urethra. 

Antimicrobial therapy with an antibiotic that achieves 
high urine concentrations (e.g., penicillin, ampicillin, sulfo¬ 
namides) is warranted; the duration of therapy depends on 
the surgical procedure chosen, residue withholding consid¬ 
erations, and whether UTI exists at surgery. For tube cystos¬ 
tomy, antimicrobial therapy is recommended while the 
tube is in place and for at least 1 week after the tube is 
removed. 37 Antimicrobial therapy should be maintained 
for at least 3 weeks after surgery in animals with active UTI. 

Prompt initiation of preventive dietary and environmen¬ 
tal management is critical for the long-term success of any 
surgical procedure for urolithiasis (see Prevention). In ani¬ 
mals intended for slaughter, at least 30 days is often 
required for resolution of tissue damage from urethral or 
bladder rupture. 44 
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II Epidemiology 

GENDER. Obstructive urolithiasis in ruminants and 
camelids is almost exclusively a disease of males and cas¬ 
trated males. Urinary calculi appear to develop to a similar 
degree in female ruminants. However, most calculi can pass 
through the relatively short, distensible urethra of the 
female, making urethral obstruction uncommon. 57 

Calculi form to a similar extent in the urinary tracts of 
bulls and steers. Because of the trophic effect of testoster¬ 
one, the urethral diameter of yearling bulls is approximately 
25% greater than that of yearling steers. Urethral obstruc¬ 
tion therefore is more common in steers. 11 A similar predis¬ 
position for urethral obstruction .may exist for wethers 
relative to buck goats. 49 However, because many wethers 
are kept as pets, factors such as diet, environment, and age 
are likely to differ compared with bucks. Specific gender 
risks in camelids and pot-bellied pigs is not well described; 
in commercial pigs, urolithiasis is generally associated with 
husbandry problems such as improper calcium/phosphorus 
ratio in the ration and inadequate water availability. 58 

SEASON. The incidence of urolithiasis increases in the 
late fall and winter in North America. 57 Limited water avail¬ 
ability, increases in the silica content of range grasses, and a 
larger population of susceptible animals (young, growing 
males) during this time of year may be responsible for this 
trend. In warmer climates, urolithiasis is more frequently a 
problem in the arid months of the year, underscoring the 
role of water intake in the pathogenesis of the disease. 57 

AGE. Cattle of various ages may develop obstructive uro¬ 
lithiasis. The tendency for this disease to be seen in younger 
ruminants may be the result of dietary influences, because 
younger animals are more often fed concentrates for weight 
gain and eventual slaughter than are mature males kept for 
breeding. In addition, because relatively fewer mature males 
are kept for breeding, the apparently increased prevalence of 
urolithiasis in younger animals may simply reflect the 
greater numbers of younger males and castrated males at 
risk. 

SILICA UROLITHIASIS. Estimates of annual death losses 
in steers in western North America range from 3% 44 to 
5%. 57 Deaths and treatment costs attributable to silica uro¬ 
lithiasis in cattle have been estimated to cost Canadian ran¬ 
chers $500,000 to $1 million per year (1981 Canadian 
dollars). 57 Silica urolithiasis is a very common subdinical 
condition in certain areas. For example, in western North 
America, silica calculi can be found in the urinary tracts of 
50% to 80% of range cattle, with urinary tract obstruction 
occurring in a variable percentage of these animals. 57 * 59 

PHOSPHATIC UROLITHIASIS. In one study the preva¬ 
lence of urolithiasis was 0.5% and 0.35% for two Colorado 
lamb feed lots. 60 The calculus types in these lambs were not 
identified and are assumed to have been phosphatic calculi. 
Urolithiasis was the fifth most prevalent cause of death on 
each feedlot. 60 In beef feedlots, death losses from urolithia¬ 
sis have been estimated at 0.6%. 61 


II Pathophysiology 

MECHANISMS OF CALCULOGENESIS. iVlultiple factors 
influence the development of urinary calculi, but of primary 
importance is the development of high urinary concentra¬ 
tions of soluble, ionized minerals (crystalloids) that aggre¬ 
gate to form insoluble crystals. Supersaturation of urine 
with a calculus-forming crystalloid is a prerequisite for 
urolith development. 62 However, supersaturation alone 
is not solely responsible for urolith initiation because 
normal urine is typically supersaturated with a variety of 
calculogenic ions. 63 Urine contains variable concentrations 


of mucopolysaccharides, ions, and organic acids, which act 
as intrinsic inhibitors of crystallization. Through physical 
and electrochemical interactions, these compounds maintain 
calculogenic minerals in a colloidal suspension. Calculus 
formation is initiated if supersaturation of urine with appro¬ 
priate crystalloids exceeds the protective capabilities of the 
crystallization inhibitors. The crystalloids are rendered insol¬ 
uble and precipitate out of the aqueous phase of urine. 
Calculi enlarge as further mineral precipitation takes place 
on the crystal surfaces. Dietary, environmental, and man¬ 
agement influences interact to determine the degree of 
supersaturation of urine with calculogenic minerals. Dehy¬ 
dration, with resultant concentration of urinary minerals, 
would appear to be a potential contributing factor in the 
development of all types of uroliths. 

Mucoproteins, which make up a variable fraction of 
most uroliths, may act as templates (matrices) on which cal¬ 
culogenic ions could initiate crystallization. 62 Urine muco¬ 
proteins may reduce the solubility of certain crystalloids or 
may be passively incorporated into developing uroliths. 64 * 65 
Estrogenic substances in the diet may promote urolithiasis 
by increasing urinary mucoprotein concentration. 65 * 66 This 
was of particular concern in the past, when diethylstilbes- 
trol (DES) was used as a growth promoter in sheep and cat¬ 
tle in North America. 66 

The solubility of some calculogenic crystalloids is influ¬ 
enced by urinary pH. Struvite (magnesium ammonium 
phosphate), calcium phosphate, and calcium carbonate 
uroliths are less soluble in alkaline urine, whereas calcium 
oxalate solubility is not affected by changes in urine pH 
within the physiologic range. 63 * 67 ' 69 The effect of urinary 
pH on silica calculi is debatable, 70 but recent findings show 
a trend toward reduction in formation under conditions of 
mild aciduria. 71 

Primary UTI is considered an uncommon cause of rumi¬ 
nant urolithiasis. 68 Purulent debris within the urinary tract 
may serve as a nidus for crystal development, and bacterial 
ureases may increase urinary pH, thereby reducing the solu¬ 
bility of certain crystalloids. Pyelonephritis, with presumed 
secondary urolithiasis, has been reported in cattle. 26 Uro¬ 
lithiasis may be considered as both a rare cause 27 and a rare 
consequence 26 of UTI. 

Although rare, vitamin A deficiency has been incrimi¬ 
nated as a contributory factor for urolith development. 68 
Metaplasia of urinary tract epithelium may create nidi for 
calculogenesis through desquamation of cells or altered cell 
surface characteristics. 

Feeding patterns may influence the formation of urinary 
calculi. In ruminants, providing a ration in one or two feed¬ 
ings per day induces antidiuretic hormone (ADH) release 
soon after feeding, resulting in a marked but transient decline 
in urine output and an increase in urine concentration. 14 * 57 
These changes in urine composition can be limited through 
ad libitum feeding. 9 Water hardness (dissolved mineral con¬ 
tent) has not been considered a significant factor in ruminant 
urolithiasis. 57 

PHOSPHATIC UROLITHIASIS. Ruminants consuming 
rations high in phosphorus, such as grain-based feedlot 
rations, typically develop struvite calculi 9 - 68 * 72 ' 75 or calcium 
phosphate (apatite) calculi. 58 * 76 Rations where the calcium/ 
phosphorus ratio favors phosphorus are particularly prone 
to cause outbreaks of urolithiasis. 58 * 75 Increased dietary phos¬ 
phorus levels result in increased concentration of phosphate 
ion in ruminant urine. 72 Because calcium opposes phos¬ 
phorus absorption from the gut, urinary excretion of 
phosphate is augmented by low dietary levels of calcium 
relative to phosphorus. 68 * 72 * 73 The interaction of magne¬ 
sium with calcium and phosphorus is less clearly under¬ 
stood, 72 but experimental increases in dietary magnesium 
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levels to 0.6% of dietary dry matter induced calcium phos¬ 
phate and struvite urolithiasis in calves. 74 

Pelleting of rations has been associated with an increased 
incidence of phosphatic urolithiasis. 9 Ruminant saliva is 
rich in phosphorus, and the GI tract is the primary route 
of phosphorus excretion in ruminants. 20 In theory, rumi¬ 
nants feeding on pelleted rations produce less saliva, which 
would reduce GI phosphate losses and increase urinary 
phosphate excretion. 9 

SILICA UROLITHIASIS. Silica urolithiasis is primarily a 
problem of sheep and cattle grazing native rangeland grasses 
of western North America. The silica fraction of these grasses 
tends to increase with maturity and may continue to increase 
even after growth ends. In some areas, 4% to 8% of total 
grass dry matter may be silicon compounds. 57 A fraction of 
dietary silica, as unpolymerized silicic acid, is dissolved in 
the ruminal fluid of the grazing animal, absorbed, and 
excreted in the urine. In sheep and cattle on range, water 
intake is usually intermittent. During periods of water depri¬ 
vation, avid water and sodium resorption by the kidneys 
results in the formation of highly concentrated urine. Silicic 
acid may be concentrated to such an extent that it poly¬ 
merizes to a less soluble form, polysilicic acid. Polysilicic 
acid, in turn, forms large micelles in solution that quickly 
become insoluble when bound to urinary mucoproteins. 64 
The resultant calculi are usually composed of about 20% 
mucoprotein, 75% silicon dioxide, and variable amounts of 
calcium oxalate and calcium carbonate. 57 

Dietary deficiencies of copper and zinc have been identi¬ 
fied as contributory factors in silica urolith formation in 
rats. 77 The incidence of silica urolithiasis can be increased 
by feeding sheep rations that have a high calcium/phospho¬ 
rus ratio (~2.8:1) and induce more alkaline urine. 7178 It is 
important to note that a high calcium/phosphorus ratio in 
the diet can help to prevent one type of urolith (struvite) 
but may be a contributory factor for another (silica). This 
underscores the importance of both ration and urolith min¬ 
eral analyses in the formulation of preventive measures for 
this disease. 

CALCIUM CARBONATE UROLITHIASIS. Calcium car¬ 
bonate calculi have a characteristic round shape and golden 
color and are often present as multiple calculi scattered 
throughout the lower urinary tract (Fig. 34-20). These cal¬ 
culi are common in sheep grazing lush, rapidly growing 
clover pastures in Australia. 69 These forages are rich in cal¬ 
cium and low in phosphorus and magnesium and have 
high oxalate content. In the gut, oxalate avidly binds cal¬ 
cium and makes it unavailable for absorption. With gradual 
introduction of oxalate-rich diets, ruminal bacteria effi¬ 
ciently metabolize oxalate to bicarbonate. 69 * 79 Thus, micro¬ 
bial metabolism of oxalate in the rumen may increase 
the availability of dietary calcium. 80 These factors may com¬ 
bine to increase urinary calcium excretion and alkalinize 
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urine, thereby promoting calcium carbonate calculogenesis. 
Calcium carbonate urolithiasis has been reported in north¬ 
ern California. 81 Although many of the animals in this 
report had a history of being fed alfalfa hay, the relation¬ 
ship, if any, between alfalfa feeding and calcium carbonate 
urolithiasis remains unclear. 

CALCIUM OXALATE UROLITHIASIS. Oxalate is an end 
product of glycine and ascorbic acid metabolism and is a 
normal constituent of urine. 62 * 69 In humans, inherent 
defects in oxalate metabolism and calcium homeostasis 
contribute to calcium oxalate urolithiasis. 62 Dietary and 
metabolic factors that influence formation of this urolith 
type have not been elucidated in ruminants. Poisoning by 
oxalate-containing plants is not considered a common 
cause of calcium oxalate urolithiasis. 68 Given its very low 
solubility, calcium oxalate crystals are often present in nor¬ 
mal urine 68 and may be incorporated into other uroliths 
as a trace component. 


II Prevention. A preventive approach to a urolithiasis 
problem begins with a search for risk factors associated 
with the diet, management, and the environment. When¬ 
ever possible, ration analysis and mineral analysis of the 
urolith(s) should be performed to identify causative die¬ 
tary factors accurately. Consult Box 34-1 for analysis 
laboratories. If uroliths are not obtained, ration analysis 
and a thorough dietary history may provide a strong sug¬ 
gestion of the urolith type. In light of the central role of 
urinary supersaturation in calculogenesis, the ultimate 
aim of preventive measures should be reduction of uri¬ 
nary concentration of calculogenic mineral ions. In addi¬ 
tion, the urine should be diluted to such an extent that 
the calculogenic ions are less prone to precipitate. Dilu¬ 
tion of urine is achieved through increased salt and water 
intake. 

DIETARY MANAGEMENT 

Phosphatic Urolithiasis. Prevention of phosphatic calculi 
requires adjustment of the dietary calcium/phosphorus 
ratio to a level of 2:1 or greater. 72 The magnesium content 
of the ration should be maintained at recommended levels. 
Abandoning pelleted feeds and increasing the quantity of 
long-stem forage in the ration may increase salivary flow 
and fecal phosphate excretion. 9 
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FIG. 34-20 II Calcium carbonate calculi. 
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Addition of salt to feedlot rations has proved effective in 
several studies. Sodium chloride, fed at a level of 3% to 5%, 
reduces the incidence of urolithiasis without adverse effects 
on feed intake or weight gain. 64 Cattle consuming such 
rations show variable increases in water intake and urine 
output, implying that some of the beneficial effect of salt 
feeding results from diuresis. 57 - 82 Other studies show mini¬ 
mal effect of this level of salt supplementation on urine vol¬ 
ume, and one investigator has suggested that the preventive 
effect is caused by interruption of crystal development by 
chloride ion in urine. 66 Nonetheless, it is prudent to antici¬ 
pate increased water intake after salt supplementation is 
initiated. 

Ammonium chloride supplementation, fed at a level 
of 0.5% to 1% of ration dry matter, also reduces the inci¬ 
dence of struvite urolithiasis. 82 - 83 Ammonium chloride 
may increase the solubility of magnesium ammonium 
phosphate crystals through a modest reduction in urinary 
pH. The pH of the urine is likely to be influenced by the rel¬ 
ative concentrations of strong cations (sodium and potas¬ 
sium) and strong anions (chloride and sulfate) of the 
entire ration, a relationship termed the dietary cation-anion 
difference Thus the efficacy of ammonium chloride in 
reducing urinary pH and therefore reducing struvite urolith¬ 
iasis may vary among different livestock operations because 
the concentration of these cations and anions may vary 
among rations. 81 

Silica Urolithiasis. Restriction of dietary silica intake in 
ruminants grazing native grasses is not feasible; thus dietary 
management is limited to salt (sodium chloride) supple¬ 
mentation. However, loose salt or lick salt is unlikely to 
be ingested in sufficient quantities to affect water intake. 85 
Sodium chloride supplementation of palatable creep feeds, 
at a level of 15% of dry matter, is an effective measure for 
range calves. 57 Creep feeding should begin at 4 months of 
age or earlier. Initially, lower salt concentrations may be 
required for young calves to become accustomed to the 
feed. The feeders should be located near a reliable source 
of palatable water. 

Ammonium chloride supplementation (1% of dry mat¬ 
ter) has been demonstrated to significantly reduce silica 
urolith development in lambs. 78 In the same study, reduc¬ 
tion of the dietary calcium/phosphorus ratio from 2:1 to 
almost 1:1 resulted in a trend toward reduced silica calculi 
formation. The role of copper and zinc deficiencies in rumi¬ 
nant silica urolithiasis remains to be determined. 

Calcium Carbonate Urolithiasis. This type of urolith has 
been frequently recovered from small ruminants fed alfalfa 
hay. 81 Because of this and the risk factors identified in 
Australian sheep, reduction of dietary calcium levels could 
be beneficial. This may not be possible for sheep grazing 
legume pastures. Ammonium chloride supplementation 
may be an effective preventive measure because calcium 
carbonate is more soluble in acidic solutions. 69 

WATER MANAGEMENT. Maximizing water intake is an 
important aspect of urolithiasis prevention, regardless of 
the urolith type involved. Cleaning of water containers 
should be a regular practice. Water palatability may also 
be improved through provision of shade for water contain¬ 
ers during the summer. Dark liners (with sun exposure) or 
heaters will warm water during the winter. Automatic water- 
ers should be checked regularly for proper function. Shal¬ 
low containers capable of rapid refilling provide higher 
rates of water turnover, resulting in less stagnation. 

In operations involving multiple animals or large pas¬ 
tures, placement of multiple watering sites might allow for 
more frequent intake. This is especially true for sheep, 
whose banding instinct usually prevents individuals from 
traveling alone to distant watering sites. 


URACHAL DISORDERS 

ROGER W. ELLIS 

Abnormalities of the umbilicus and umbilical remnants, 
including the urachus, are frequently encountered disease con¬ 
ditions of neonatal calves. Infections of the umbilicus, urachus, 
and umbilical vein or arteries (navel iU) are often associated 
with localized or systemic bacterial infections acquired from 
environmental contamination at birth. The association of 
umbilical abnormalities with calfhood morbidity and mortal¬ 
ity has been established. 86 Of the umbilical structures, the ura¬ 
chus is most frequently involved. 87 - 88 Occasionally, more 
insidious and chronic conditions of the urachal remnant are 
observed in older calves and mature cattle. Internal abscessa- 
tion, adhesions, sepsis, peritonitis, uroperitoneum, cystitis, 
and intestinal strangulation have all been reported. 89 * 94 Ura¬ 
chal fistulas or acquired patent urachus, although often 
observed in foals, is infrequently reported in cattle. 95 

II Pathogenesis. Subsequent to bacterial infections of the 
urachus of the neonate, the inflammatory response within 
the abdomen precipitates development of fibrinous adhe¬ 
sions between the urachus and surrounding viscera, includ¬ 
ing the rumen, intestine, uterus, bladder, or ovaries. 
Abscesses may form in single or multiple locations in the 
urachal stalk; although uncommon, abscesses involving 
the apex of the urinary bladder result in concurrent cysti¬ 
tis. 9194 Urachal fibrosis and adhesions may serve as a 
means of mechanical interference of bladder emptying, 
resulting in secondary cystitis from chronic urine reten¬ 
tion. 94 Infrequently, the urachal abscess perforates, with 
subsequent peritonitis, sepsis, or uroperitoneum. 89 - 90 Most 
urachal infections involve Arcanobacterium pyogenes or 
Eschericia coli; other skin or enteric organisms may be pres¬ 
ent as well. 96 

Alternatively, the urachus may fail to regress completely, 
creating a persistent communication between the bladder 
apex and the pouchlike urachal remnant. The volume of 
urine retained in the urachal remnant is variable. Animals 
with this problem may remain asymptomatic for life; how¬ 
ever, retention of urine in the urachal "pouch" can predis¬ 
pose the animal to urinary tract infection. Further, rupture 
of the urachal remnant can occur, resulting in uroabdomen 
and, if cystitis is also present, septic peritonitis. 89 

II Clinical Findings. Calves with internal urachal 
abscesses, adhesions, and other sequelae are usually older 
than 4 weeks of age. A history of umbilical infection during 
the neonatal period may or may not exist, and external 
umbilical abnormalities may not be present. Clinical signs 
may be nonspecific, including fever, lethargy, poor body 
condition, and poor growth or productivity. Dysuria, polla- 
kiuria, stranguria, and colic may be evident on examination 
or may be included in the medical history. External palpa¬ 
tion of the umbilicus and abdomen in smaller calves may 
reveal pain and enlarged umbilical remnants, particularly 
in the caudoventral abdomen along a line from the umbili¬ 
cus to the pelvic brim. Diarrhea, abdominal distention, and 
an ached-back stance may be evident in animals with con¬ 
current peritonitis. Complications from associated septice¬ 
mia, such as lameness and joint distention, pneumonia, 
hypopion, and meningitis, are occasionally seen. When 
infection extends into the bladder lumen, hematuria and 
pyuria are reliably present. 91 - 94 

In older animals, spontaneous rupture of the infected 
urachal stalk may result in the acute onset of peritonitis. 
If the urachal remnant communicates with the bladder 
lumen, rupture of the urachus results in uroabdomen. 
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Rupture may occur spontaneously or after abdominal 
trauma or parturition. Transrectal palpation may allow 
detection of abnormal bladder size, position, or shape 
resulting from adhesion of the bladder apex to the urachal 
remnant. Distention or displacement of bowel may be 
detected in cases of urachovisceral adhesions. 

A detailed ultrasonographic examination of the inte¬ 
rior of the umbilical remnant is warranted. Transrectal 
and transabdominal ultrasonographic examination of 
the caudal and ventral abdomen may reveal structures 
compatible with urachal abscesses. The bladder and other 
viscera may assume abnormal shape or position as a 
result of urachal adhesions. 9197 The luminal contents of 
the urachal remnant and bladder rhay appear flocculent 
in cases complicated by concurrent cystitis. Uroabdomen 
is characterized by accumulation of echolucent fluid in 
the abdominal cavity, with variable amounts of fibrin 
deposition evident. 

In cases complicated by urachal infection or peritonitis, 
laboratory findings of an inflammatory hemogram, includ¬ 
ing leukocytosis, neutrophilia, hyperfibrinogenemia, and 
hyperglobulinemia are expected. Urinalysis may be normal 
or indicative of cystitis if the urinary bladder is involved. 
Abdominocentesis findings are variable and depend on 
the presence and extent of peritonitis associated with 
the urachal lesion. Voluminous, blood-tinged abdominal 
fluid suggests uroperitoneum, and analysis of the fluid 
and serum creatinine concentration is indicated (see 
Urolithiasis). 

II Differential Diagnosis. Because of the variable nature 
of urachal problems, the differential diagnosis will vary 
according to the organ(s) involved. The general clinical pic¬ 
ture may suggest acute, subacute, or chronic infection with 
involvement of the abdomen and lower urinary tract. Ura¬ 
chal adhesions to the intestine or uterus may result in colic, 
signs of intestinal obstruction, and postpartum peritonitis 
or uroabdomen. Concurrent signs involving the lower uri¬ 
nary system might indicate the potential for primary 
ascending infections, such as cystitis or pyelonephritis. In 
cases of uroabdomen in males, obstructive urolithiasis is 
an important differential. Urolithiasis, urethritis, or neuro¬ 
logic disease may be included in differential diagnoses of 
dysuric animals. Nephritis of hematogenous origin is wor¬ 
thy of consideration in animals showing ill-thrift, colic or 
an arched back, or abnormal urine. 

II Treatment. Ventral midline celiotomy, paramedian 
celiotomy, or laparoscopy under general anesthesia is 
recommended to enable complete evaluation of the abdom¬ 
inal cavity. 98 " Resection of the urachal remnants with care¬ 
ful dissection of adhesions is often required for complete 
resolution. Resection of the apex of the urinary bladder is 
necessary if the urachus incorporates or communicates with 
the bladder. Perioperative and postoperative antibiotic ther¬ 
apy is essential, and appropriate antibiotic selection may be 
based on culture and sensitivity of the abscess(es) or urine. 

II Prognosis. Outcomes of the surgical management are 
often satisfactory, but recurrence of adhesions should 
always be considered as a potential outcome. A guarded 
to poor prognosis is warranted for severe peritonitis or 
extensive adhesions. Without surgery, medical manage¬ 
ment with long-term antibacterial therapy would be 
expected to provide limited success because the structural 
problems created by adhesions and abscesses are not 
directly addressed. 


EVERSION OF THE BLADDER AND 
PROLAPSE OF THE BLADDER 

DAVID C. VAN METRE 

Eversion of the bladder is an uncommon event that occurs 
during or shortly after parturition in cows. 100 104 Forceful 
straining moves the bladder fundus caudally, eventually 
turning the bladder inside-out. The bladder is then forced 
out of the urethral orifice. Prolapse of the bladder is also a 
rare periparturient event in cattle, more frequently associated 
with dystocia. loa 101 In this condition a full-thickness tear of 
the vaginal wall occurs during delivery, allowing the bladder 
(and possibly other viscera) to be displaced from the abdom¬ 
inal cavity into the vagina. 

II Clinical Findings and Differential Diagnosis. Cows 
with either eversion or prolapse of the bladder have a 
smooth, spherical mass within the vagina, usually protrud¬ 
ing from the vulva. An affected cow may be alert and ambu¬ 
latory, but if concurrent hypocalcemia, exhaustion, or 
peritonitis exists, the cow may be recumbent and depressed. 
Careful vaginal examination is required to differentiate these 
two conditions from each other and from vaginal prolapse, 
vaginal polyps, fat protrusion from a vaginal tear, vaginal 
neoplasia, fetal membranes, and uterine prolapse. Preven¬ 
tion of straining through epidural anesthesia is essential 
because expulsive efforts can cause herniation of other viscera 
through the urethra (bladder eversion) or through the vaginal 
tear (bladder prolapse). 100 Epidural anesthesia also facilitates 
cleaning of the area because straining may result in continual 
fecal contamination of the perineum and vestibule. 

EVERSION OF THE BLADDER. The mucosal surface of 
the bladder is exposed. The ureteral openings may be visible 
on its dorsal aspect, although these may be occluded and 
difficult to see if the wall of the bladder is edematous. 103 
Vaginal palpation reveals that the protruding tissue origi¬ 
nates from the urethral orifice. With time, constriction of 
the everted bladder by the narrow urethra may cause venous 
congestion, edema, thrombosis, and eventual necrosis. 100 
Palpation and ultrasonographic examination are required 
for detection of herniation of other viscera through the ure¬ 
thral orifice and into the interior of the everted bladder. 
Strangulation of incarcerated bowel may occur. 101J02 Care¬ 
ful fine-needle aspiration of the interior of the eversion has 
been used to differentiate eversion from prolapse of the 
bladder. With bladder eversion, aspiration may yield perito¬ 
neal fluid, but laceration of herniated bowel is a concern. 100 

PROLAPSE OF THE BLADDER. The serosal surface of the 
bladder is exposed. Careful palpation of the vagina reveals 
that the bladder protrudes from a full-thickness tear in the 
floor or lateral wall of the vagina. Other viscera may be 
present in the vagina as well. Fine-needle aspiration yields 
urine from the bladder lumen. 

II Treatment and Prognosis 

EVERSION OF THE BLADDER. Manual reduction of the 
everted bladder may not be possible if it is edematous or if 
other viscera have herniated into its interior. The dorsal 
aspect of the urethra may be incised to widen the route 
through which the bladder is to be replaced. 100101 Laparot¬ 
omy is required for assessment of the viability of herniated 
bowel, and subtotal cystectomy may be performed if exten¬ 
sive bladder trauma or necrosis has occurred. 101 The viabil¬ 
ity of the involved structures is of primary concern for 
prognosis. Bladder paralysis and rupture are potential 
sequelae to ischemic damage that develops during ever¬ 
sion. 100 Cystitis and pyelonephritis may develop as well, 
and antibiotic therapy is warranted if repair is attempted. 
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Animals with chronic conditions may develop hydroureter, 
hydronephrosis, and renal failure. 104 

PROLAPSE OF THE BLADDER. A flexible catheter may 
be passed into the urethra to remove urine from the 
bladder, thereby confirming the diagnosis and facilitating 
bladder replacement. After catheterization and removal of 
urine, the bladder can be replaced into the abdominal 
cavity and the vaginal tear can be sutured. Severe contami¬ 
nation of the peritoneal cavity may render attempts at treat¬ 
ment unjustified. Antibiotic therapy is indicated for surgical 
candidates. 

PELVIC ENTRAPMENT OF THE BLADDER 

DAVID C. VAN METRE 

In pelvic entrapment of the bladder, the apex and fundus 
of the bladder are displaced caudodorsally into the pelvic 
cavity, resulting in impaired urine outflow. In one report 
the condition was diagnosed in two Holstein cows a few 
days after parturition had occurred, suggesting a potential 
role of delivery or postpartum straining in bladder displace¬ 
ment. 105 Entrapment of the bladder in a perineal hernia 106 
or within a vaginal prolapse 107 may also occur. 



FIG. 34-21 II Bracken fern (Pteridium aquilinum). 


II Clinical Findings. Bladder emptying is impaired, and the 
presence of the bladder in the pelvic inlet induces straining. 
An affected cow may show tenesmus, pollakiuria, and stran¬ 
guria. On rectal examination a soft, fluctuant mass may be 
detected beside the vagina. 105 In calves, radiography has been 
used to demonstrate the pelvic position of the bladder. 108 

II Differential Diagnoses. Differential diagnoses include 
proctitis, vaginitis, retained placenta, bladder paralysis, cysti¬ 
tis, and perivaginal abscess. Needle aspiration of the bladder 
per vaginum has been used to make a definitive diagnosis, 105 
although the danger of uterine puncture should be consid¬ 
ered. 107 Ultrasonographic examination can also be useful 
for definitive diagnosis. 107 Draining the bladder through 
catheterization or needle aspiration facilitates replacement 
of the bladder by manipulation per vaginum. However, lap¬ 
arotomy was necessary in one cow to reset the bladder 
because of the development of fibrinous adhesions between 
the bladder and vagina. 105 In cases of bladder entrapment 
within a vaginal prolapse, complete correction of the pro¬ 
lapse usually restores the bladder to its normal position. 105 


Bladder wall thickening and bladder tumors may be pal¬ 
pated per rectum. Proliferative changes or overt neoplasia 
of the bladder may cause dysuria, pollakiuria, and rarely, 
obstruction of the bladder trigone. Occasionally, blood 
clots may cause urethral obstruction. Depending on the 
magnitude and duration of bracken fern ingestion, hematu¬ 
ria may last for months to years before severe debilitation or 
death occurs. Ultrasonographic examination of the urinary 
bladder of affected animals may reveal bladder thickening 
and an irregularly shaped bladder wall. In an Indian study, 
affected cattle showed a bladder wall thickness of 4 to 5 mm 
(normal, 1 to 2 mm). 1,0 

The syndrome of enzootic hematuria is quite different 
from acute bracken poisoning, which occurs after ingestion 
of large quantities of bracken fern (approximating the ani¬ 
mal's body weight), usually over 1 to 3 months. 111112 Acute 
bracken poisoning manifests as an acute coagulopathy or 
fulminant septicemic crisis associated with severe bone mar¬ 
row suppression. Clinical signs include fever, profound 
weakness, epistaxis, hyphema, dysentery, and petechial 
hemorrhages of the mucosal surfaces and sclera. 111 Acute 
bracken poisoning is further described in Chapter 54. 


ENZOOTIC HEMATURIA 

DAVID C. VAN METRE 

Enzootic hematuria is a disease of chronic or intermit¬ 
tent hematuria in cattle and sheep and is associated with 
chronic ingestion of bracken fern (Pteridium aquilinum)' 09115 
(Fig. 34-21). A different fern species, Cheilanthes sieberi , may 
induce this disease in Australian cattle. 109111 Hemorrhagic 
cystitis is the initial consequence of exposure to the toxic 
compound(s) in the plant. With continued ingestion of 
bracken fern, cattle develop bladder neoplasms of epithelial, 
mesenchymal, or mixed origin. Bladder infection with 
bovine papillomavirus type 2 is involved in carcinogenesis. 

II Clinical Findings. In most cases, several animals are 
affected in a group that is grazing a particular pasture or 
being fed a particular type or cutting of hay. Protracted, pos¬ 
sibly intermittent, hematuria is the first clinical sign 
detected in most animals. 109 Blood clots may be voided 
on occasion. Chronic blood loss eventually results in tachy¬ 
cardia, tachypnea, exercise intolerance, pale mucous mem¬ 
branes, and a decline in productivity and body condition. 


II Clinical Pathology. Severe anemia is often seen on 
hematologic examination of cattle and sheep with enzootic 
hematuria. Evidence of a regenerative response may not be 
present if bone marrow suppression is severe. The platelet, 
segmented neutrophil, and lymphocyte counts may be 
reduced. 111 * 113 Urinalysis reveals hematuria, proteinuria, 
and variable pyuria. 109 

II Differential Diagnosis. Examination of serum for evi¬ 
dence of hemolysis and analysis of sediment from a freshly 
voided urine sample for intact red blood cells allow for dif¬ 
ferentiation of hematuria from the hemoglobinuria found 
in hemolytic diseases. Icterus, also characteristic of rumi¬ 
nant hemolytic disorders, is not found in cases of enzootic 
hematuria. Hematuria may be evident in urinary tract infec¬ 
tion, but pyuria and bacteriuria are marked, and anemia, 
if present, is usually mild. Simultaneous involvement of 
several animals is uncommon with urinary tract infection 
but common in enzootic hematuria. Hematuria may be 
evident in cattle affected by malignant catarrhal fever (MCF). 
Protracted, severe hematuria is rare in cases of urolithiasis. 
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and anemia is also not expected. Without necropsy, a diagno¬ 
sis of enzootic hematuria requires documentation of access to 
bracken fern in animals with characteristic clinical signs and 
laboratory data. 


II Epidemiology. Enzootic hematuria has a wide geo¬ 
graphic distribution, with cases reported in North and 
South America, the United Kingdom, Australia, and several 
European countries. 109 Bracken fern is found in all areas 
of the United States except the Great Plains, with most live¬ 
stock poisonings occurring in the Pacific Northwest and 
upper Midwest. 112 The plant grows best in well-drained, fer¬ 
tile soils and is often localized in open areas of forests. 114 
Sheep and cattle are poisoned by grazing the plant or con¬ 
suming contaminated hay. 114 

Enzootic hematuria is primarily seen in adult sheep and 
cattle. In field cases, cattle grazing infested pastures develop 
hematuria by 2 to 3 years of age. 109 * 115 Feeding adult cattle 
1 to 2 kg bracken fem/head/day led to hematuria within 10 
to 15 months in one trial. 109 Papillomas of the bladder 
occur as early as 1 year after bracken feeding begins, with 
invasive carcinomas arising 2 to 6 years later. 109115 


II Treatment and Prevention. Treatment of enzootic 
hematuria is limited to reduction or elimination of bracken 
fern in the diet. Wooded areas that support growth of 
bracken fern can be fenced off, and forage improvement 
may help to limit incorporation of the plant into hay. If 
such measures are not feasible, a program of early culling 
may help to avoid low productivity from anemia and neo¬ 
plasia. Hematuria will cease if bracken feeding is discontin¬ 
ued before the onset of tumor formation. 


URINARY TRACT INFECTION 

DAVID C. VAN METRE 

Cystitis, ureteritis, and pyelonephritis in ruminants most 
often result from ascending urinary tract infection (UTI) 
with Corynebacterium renale or Escherichia coli. 124 Less 
common causative organisms include various coliform 
species 125 and other members of the C. renale group. 126 
Renal infection via the hematogenous route (suppurative 
embolic nephritis) is much less common but may result 
from bacteremia with such agents as Salmonella species, 
Actinomyces pyogenes, or in small ruminants, Corynebacterium 
pseudotuberculosis . 127 


II Pathophysiology. All parts of the plant are toxic to sheep 
and cattle. 111 ' 112 Several compounds in bracken fem possess 
irritant, mutagenic, immunosuppressive, or carcinogenic 
activities. 109 * 113 These include ptaquiloside (aquilide A), quer¬ 
cetin, and a-ecdysone. 116 ^ 19 The carcinogenic principles are 
present in the milk of cows grazing bracken fern. 120 * 121 
Bracken fem compounds may cause recrudescence of latent 
bovine papillomavirus 2 (BPV-2) infections through immu¬ 
nosuppression. Bladder infection with BPV-2 follows, and mu¬ 
tagenic compounds in bracken fem interact with BPV-2 in the 
bladder to induce local neoplasia. 109 * 113 ' 116 Growth of the 
resultant neoplastic tissue may be enhanced by further expo¬ 
sure to mutagenic bracken compounds. 109 * 113 * 116 Similarly, 
BPV-4 and mutagens from bracken fem may act in synergy to 
induce neoplasia of the mucosa of the upper GI tract. 116418 * 119 

In multiple species, cyclooxygenase 2 (COX-2) is overex¬ 
pressed in epithelial neoplasms, including those of the uri¬ 
nary bladder origin. Certain types of tumors of urinary 
epithelium may coexpress COX-1 and COX-2. Bladder carci¬ 
nomas from cows with enzootic hematuria have been shown 
to express both COX-1 and COX-2 at a high level relative to 
normal controls, when evaluated by immunohistochemical 
methods. 122 The efficacy of COX-2 inhibitor drugs on cancer 
prevention or treatment in cattle at risk for bladder tumors 
remains to be investigated. 

Immunosuppression results from reduction in circulating 
neutrophil and lymphocyte counts. Neutropenia appears to 
be a reversible phenomenon that results from bone marrow 
suppression. Neutrophil counts may normalize within 1 to 
2 weeks of cessation of bracken feeding. Lymphopenia 
persists during periods of low-level ingestion. 113 


II Necropsy Findings. Tissue pallor from anemia is often 
appreciated. The bladder wall is thickened and the mucosa 
hemorrhagic and ulcerated. Microscopic examination of the 
bladder wall reveals capillary engorgement, intramural hem¬ 
orrhage, and metaplasia of the bladder epithelium. 111 Sev¬ 
eral types of bladder tumors and mixed-origin neoplasms 
may be present Metastasis of epithelial neoplasms to the 
regional lymph nodes or other organs can occur. 123 Pharyn¬ 
geal, esophageal, or ruminal papillomas may be found as 
well, and carcinomas may develop in these same locations 
in cattle exposed to bracken fem over several years. 115 


II Clinical Signs. Cystitis in cattle is typified by dysuria 
and pollakiuria, with or without gross hematuria and 
pyuria. During urination the flow rate is often decreased. 
An affected cow may tread or swish the tail and retain an 
arched stance after voiding has ceased. Blood, purulent 
debris, or crystalline material may occasionally be found 
on the hairs of the ventral commissure of the vulva. Rectal 
palpation may reveal a thickened, painful bladder. If UTI 
is limited to the bladder, an affected cow usually does not 
show generalized signs of infectious disease (e.g., fever, 
anorexia, depression). 124 

In contrast, cattle with acute pyelonephritis often have a 
history of an abrupt reduction in feed intake and milk pro¬ 
duction. Fever, depression, ruminal stasis, scleral injection, 
and occasional episodes of mild colic accompany the signs 
of cystitis previously described. 124 With bilateral or left¬ 
sided pyelonephritis, renal enlargement, pain, and a loss 
of normal lobulation of the left kidney may be evident on 
rectal examination. Transabdominal ultrasonographic exam¬ 
ination is useful for evaluation of the right kidney, because 
the right kidney usually cannot be reached during rectal 
examination unless it is greatly enlarged. 124 In an adult 
cow, ultrasound evaluation of the right kidney can be per¬ 
formed using a 3.5-MHz transducer at the twelfth intercos¬ 
tal space. This transducer can also be used to view the left 
kidney at the dorsocranial aspect of the right paralumbar 
fossa. 128 Alternatively, the left kidney can be imaged trans- 
rectally with a linear-array transducer. Dilation of renal caly¬ 
ces; echogenic, flocculent material within the renal pelvis; 
abnormal renal shape; and renal enlargement are ultrasono¬ 
graphic findings suggestive of pyelonephritis. Vaginal palpa¬ 
tion is usually necessary to detect ureteritis 124 ; the ureters 
may be enlarged and painful when palpated through the 
vaginal wall. 

The clinical signs of chronic pyelonephritis are relatively 
vague and inconsistent. 124 Weight loss or poor growth rate, 
anorexia, and reduced milk production are common pre¬ 
senting complaints. Posture and behavior during urination 
may be normal, although affected calves have been noted 
to dribble urine, thereby developing phosphatic calculi 
adherent to the vulvar hairs and urine scald of the perineum 
and hindlegs. Ulcerative vulvovaginitis may be present as 
well. 129 Polyuria without gross urine abnormalities may be 
found in some cases. Diarrhea and pale mucous membranes 
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may also be seen during physical examination. Rectal and 
vaginal examination findings for chronic pyelonephritis 
are similar to those of the acute form, although the 
involved structures may not be painful or enlarged when 
palpated. 

Urinalysis with chemical reagent strips appears to be a 
sensitive ancillary test for both acute and chronic pyelone¬ 
phritis. In a study of 15 cases of bovine pyelonephritis, clin¬ 
ical signs suggestive of urinary tract disease were found in 
only three cows. However, evidence of hematuria or pro¬ 
teinuria was found through routine reagent strip urinalysis 
in all 15 cases. 124 Further examination and testing of the 
urinary tract confirmed a diagnosis of pyelonephritis. 

II Differential Diagnosis. Mild colic may result from a 
variety of GI disorders, but urinalysis findings are normal 
in these conditions. Enzootic hematuria usually affects mul¬ 
tiple animals in a particular locale, and access to bracken 
fern is usually demonstrable. Although dysuria and hematu¬ 
ria may be evident in enzootic hematuria, anemia is pro¬ 
found, whereas pyuria and bacteriuria are mild or 
nonexistent. Urolithiasis may induce colic, dysuria, and 
hematuria. However, urolithiasis is almost exclusively a dis¬ 
ease of male ruminants, and UTI is more common in 
females. Bladder distention is a common finding in urolith¬ 
iasis but rarely occurs in UTI. Other conditions that may 
cause dysuria include vaginitis, vulvar trauma, perivaginal 
abscesses, and pelvic entrapment of the bladder. Careful 
assessment of the neurologic system is warranted in cases 
of UTI to determine if the underlying cause is bladder pare¬ 
sis or incomplete voiding. 

II Clinical Pathology. Neutrophilic leukocytosis and hyper- 
fibrinogenemia are evident on hematologic evaluation of 
cattle with pyelonephritis. Hyperglobulinemia may develop 
if the infection is established for several days. Severe, pro¬ 
tracted proteinuria may cause hypoalbuminemia, and the 
resultant low plasma oncotic pressure may contribute to the 
development of diarrhea in occasional cases. In chronic 
pyelonephritis, anemia may result from reduced erythropoie¬ 
tin production, chronic inflammatory disease, and blood loss 
through the urine. 124 

If azotemia is found on serum chemistry analysis, the cli¬ 
nician must consider renal and prerenal causes before for¬ 
mulation of a prognosis. Pyelonephritis with azotemia and 
isosthenuria would indicate bilateral renal involvement, 
lowering the chances for successful treatment. 124 

Urinalysis is required for definitive diagnosis of UTI, but 
careful collection technique is important for valid conclu¬ 
sions to be made. Concurrent metritis, vaginitis, or posthitis 
may result in contamination of urine with blood, bacteria, 
and inflammatory cells, particularly if the rate of voiding 
is slow. A midstream or end-stream catch is likely to provide 
the most accurate culture results. 130 Tentative identification 
of the organism may be obtained through Gram stain of the 
urine. 

Urinary tract infection consistently produces hematuria, 
proteinuria, and bacteriuria on urinalysis. Quantitative cul¬ 
ture of a urine sample allows for confirmation of the diagno¬ 
sis and identification of the causative organism. Although 
not present in all cases, leukocyte casts provide definitive 
evidence of pyelonephritis. 131 

II Pathophysiology. Factors involved in ascending UTI 
include the dose and virulence of the bacterial challenge, 
the presence of urogenital trauma (e.g., from calving injuries) 
or abnormal vulvar conformation, obstetric manipulation, 


bladder catheterization, and urine retention (as occurs with 
bladder paralysis or urethral obstruction). After cystitis is 
established, alterations in the contractility and thickness 
of the bladder wall may promote vesicoureteral reflux, 
spreading infection into one or both ureters. 132 Hemorrhage, 
fibrin deposition, and epithelial necrosis may result in inter¬ 
mittent ureteral or renal obstruction, which may be responsi¬ 
ble for the episodic signs of colic occasionally seen in 
affected cows. Once pyelonephritis is established, necrosis 
of papillary and tubular epithelium leads to accumulation 
of necrotic debris in the renal pelvis, loss of functional 
nephron mass, abscess formation, Fibrosis, and distortion 
of renal shape. Renal calculi, particularly struvite uroliths, 
may occasionally develop in cases of pyelonephritis. Crys¬ 
tal deposition on necrotic debris and the high local pH 
caused by bacterial urease activity may contribute to 
calculogenesis. 

Corynebacterium renale is a large, pleomorphic, club- 
shaped bacillus that is aerobic, ureolytic, nonmotile, and 
gram positive. 126 Pyelonephritis caused by C. renale has been 
reported in a sheep 132 and induced experimentally in 
goats. 133 C. renale is adapted to and maintained in the bovine 
and ovine urinary tract and is unlikely to be maintained in the 
external environment for prolonged periods. 126 Subclinical 
carriers and diseased animals transmit the organism through 
direct vulvar contact or by splashing urine droplets onto the 
vulvas of susceptible cows. Iatrogenic transmission through 
contaminated obstetric instruments or urinary catheters is 
also possible. Venereal transmission of C. cystitidis 126 and 
C. renale 1 * 4135 from infected bulls may also occur. 

Adherence of C. renale to urinary tract epithelium appears 
to be mediated by pili 136 in a pH-dependent manner. 137 
Adherence is enhanced under alkaline conditions and inhib¬ 
ited by acidic conditions. This may explain the clinical 
improvements reported in infected catde fed salts that promote 
urinary acidification. 134 Through ureolysis and ammonia pro¬ 
duction, the organism maintains urine alkalinity, thereby facil¬ 
itating colonization of the epithelial surface. A serum antibody 
response develops after renal infection is established, but this 
response is rarely curative 124 and does not appear to impart 
resistance to reinfection with C. renale. 138 

Ruminant UTI is also frequently caused by Escherichia 
coli, a ubiquitous, gram-negative coliform bacterium. 124 
The serotype(s) and virulence factors of £. coli involved in 
bovine pyelonephritis have not been identified. Clinical evi¬ 
dence suggests that UTI results from fecal contamination of 
the urogenital tract or loss of normal urinary tract defenses. 

Congenital defects such as ectopic ureter occasionally 
result in UTI, presumably from ascending infection of an 
abnormally positioned ureter. Impairment of bladder emp¬ 
tying, as might occur with bladder adhesions, urachal rem¬ 
nant infection, or diseases of the spinal cord, may 
promote ascending UTI. Urethral trauma caused by urolith¬ 
iasis, breeding injury, urogenital papillomas, or catheteriza¬ 
tion of the urethra may also be conducive to infection. 


II Epidemiology. An Israeli study found that the prevalence 
of pyelonephritis on a per-farm basis varied between 0.3% 
and 2.7%. 139 UTI is much more common in female rumi¬ 
nants than in males because of the relatively short urethral 
length in females 140 and the potential for urinary tract con¬ 
tamination and trauma during parturition. Seventy-three 
percent of pyelonephritis cases developed within the first 90 
days after calving, suggesting that the postpartum period is 
a critical time for initiation of UTI. 139 Another study identi¬ 
fied reproductive tract abnormalities such as pneumovagina, 
metritis, and poor perineal conformation in 7 of 15 cows 
with pyelonephritis. 124 
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In the past, C. renale has been regarded as the most com¬ 
mon causative organism for bovine pyelonephritis 125 ; how¬ 
ever, in recent studies from Israel, £. coli has been the most 
frequent cause. 129141 Once C renale infection exists in a 
herd, the number of subclinically infected cows increases 
over time, and the infection becomes difficult to eradicate. 126 
Through increased frequency of contact, overcrowded cattle 
may experience more rapid transmission of infection. 


II Necropsy Findings. Hemorrhage, ulceration, and fibrin 
deposition are evident on the epithelium of the bladder 
and urethra. With chronic infection, polypoid growths 
may develop in the bladder mucosa; these masses grossly 
resemble tumors and must be definitively identified by his¬ 
topathologic examination. 125 One or both ureters may be 
enlarged, with purulent debris occasionally occluding the 
ureteral lumen. Pyelonephritis cases may show gross renal 
enlargement in acute to subacute cases (Fig. 34-22). On sag¬ 
ittal sectioning of the kidney, viscous, gray, odorless exudate 
is found within the renal pelvis and extending into the 
medulla and cortex. 126 A Gram stain of the exudate is useful 
for differentiation of C. renale from £. coli infection. Renal 
abscesses, with gross distortion of renal size and shape, 
may be seen in cases of chronic pyelonephritis. 


II Treatment and Prognosis. Aggressive antibiotic therapy is 
essential for successful treatment of UT1. Penicillin is the 
treatment of choice for C. renale infection; recommended 
dosage regimen includes procaine penicillin G (22,000 to 
44,000 lU/kg IM twice daily) or ampidllin trihydrate 
(11 mg/kg IM twice daily). 124 For valuable animals, higher 
serum and urinary concentrations of penicillin may be 
achieved with IV administration of sodium or potassium 
penicillin (22,000 to 44,000 IU/kg every 6 hours) or sodium 
ampicillin (10 to 50 mg/kg every 8 hours). Treatment should 
be continued for a minimum of 3 weeks. Subcutaneous injec¬ 
tion of antimicrobial drugs may be necessary to limit muscle 
pain and swelling during the course of treatment. Urinalysis 
and urine culture should be repeated 1 week after treatment 
is discontinued to ensure complete resolution. After pro¬ 
longed therapy with these extralabel dosages of antibiotics, 
residue withdrawal times for meat and milk must be extended 
appropriately. In addition, induction of diuresis through oral 
or parenteral fluid therapy may aid in removing necrotic 
debris and bacteria from the lumen of the urinary tract. 

Urinary tract infection with £. coli or other coliforms 
may also be successfully treated with high doses of penicil¬ 
lin or ampicillin. 124 Achieving high urinary concentrations 



FIG. 34-22 II Postmortem specimen of unilateral pyelonephritis and ure¬ 
teritis in a cow. The affected kidney and ureter are greatly enlarged. 


of these antibiotics may render them effective against 
many coliforms, even those that show in vitro resistance 
to the expected serum concentrations of the antibiotic. 124 
Repeated assessment of appetite, attitude, rectal tempera¬ 
ture, and reagent strip urinalysis is recommended for moni¬ 
toring cows with coliform ITTI that are receiving penicillin 
or ampicillin therapy. If these parameters do not improve 
after 96 hours of treatment, another antibiotic should be 
chosen. 124 Gentamicin (2.2 mg/kg IM twice daily) has been 
used to successfully treat refractory coliform UTI in a cow, 
but the nephrotoxicity of the drug and the current pro¬ 
longed slaughter withdrawal period are important consid¬ 
erations. 124 Trimethoprim-sulfadiazine (15 mg/kg IV once 
daily) 125 and ceftiofiir (3 mg/kg IV twice daily) 142 have also 
been used with success. 

The prognosis for UTI in ruminants depends on the 
duration of infection, the extent of UTI (cystitis alone vs. 
unilateral or bilateral ureteritis and pyelonephritis), and 
the remaining renal function. The chances for successful 
treatment are improved if treatment is initiated early in 
the course of infection. In recent reports the combined case 
fatality and cull rate for pyelonephritis in dairy cattle varied 
between 18% 124 and 33% 139 for treated cases; however, 
antibiotic dose and duration varied greatly between these 
two studies. Cows with pyelonephritis and marked azote¬ 
mia (BUN >100 mg/dL) were found to be at much greater 
risk for culling (odds ratio = 60) than nonazotemic cows 
with pyelonephritis. 139 


II Prevention and Control. Isolation of animals infected 
with C. renale is recommended to limit spread of the organ¬ 
ism, and disinfection of heavily contaminated areas is 
advised. Aseptic technique during urogenital procedures 
and disinfection of obstetric and surgical equipment will 
limit iatrogenic transmission. In herds using natural service, 
venereal transmission by subclinically infected bulls may be 
difficult to control over the long term. An artificial insemi¬ 
nation or mass treatment program may be required to pre¬ 
vent further losses from UTI. 

AMYLOIDOSIS 

DAVID C. VAN METRE 

Amyloidosis in cattle is caused by deposition of insoluble 
protein fibrils in the kidney, GI tract, liver, and adrenal 
glands. Renal amyloidosis in cattle is characterized as a spo¬ 
radic, chronic wasting disease. Amyloid deposition in the 
kidney disrupts the normal glomerular structure, resulting 
in a protein-losing nephropathy. 


II Clinical Signs. The most common clinical signs of amy¬ 
loidosis include chronic diarrhea, weight loss, and poor pro¬ 
ductivity in mature animals. 143 144 Generalized or ventral 
edema may be present as a result of hypoproteinemia. Altera¬ 
tions in appetite and attitude may be present, although this 
may be caused by concurrent disease. Enlargement of the left 
kidney may be palpated during rectal examination. The 
enlarged kidneys generally are not painful and maintain nor¬ 
mal lobular patterns. Urine may develops stable foam after 
hitting the ground or being collected and shaken in a con¬ 
tainer, a result of high urine protein concentration. 


II Clinical Pathology. Cattle with renal amyloidosis consis¬ 
tently develop marked proteinuria and hypolbuminemia. 143 
Serum creatinine and BUN levels may be elevated if renal 
damage is advanced. In cases of chronic, active inflammatory 
disease, hyperfibrinogenemia and hyperglobulinemia may 
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occur. 143 144 Polarized light microscopy and electron micros¬ 
copy have been used to examine urine sediment for the pres 
ence of amyloid protein in urine. 145 


glomerulus. Glomerular injury occurs subsequent to targeting 
of glomerular tissues by the immune system. Nonimmune 
mechanisms may be involved in certain forms of the disease. 


II Differential Diagnosis. Amyloidosis must be differen¬ 
tiated from other diseases causing chronic diarrhea, hypo- 
proteinemia, weight loss, and poor productivity. Diseases 
to consider include Johne's disease, copper deficiency, sal¬ 
monellosis, bovine viral diarrhea, G1 parasitism, and glomer¬ 
ulonephritis. Other than amyloidosis, glomerulonephritis is 
the only other differential diagnosis routinely displaying 
prolonged proteinuria. Renal biopsy can be performed to 
differentiate glomerulonephritis from amyloidosis in the live 
animal. 

II Pathophysiology. Amyloidosis of cattle is classified as the 
reactive (AA) type, 146 - 147 which is frequently associated with 
chronic inflammatory disease in domestic animals and 
humans. 148 Concurrent inflammatory disease, such as trau¬ 
matic reticuloperitonitis, pneumonia, mastitis, and metritis, 
have been found in some, but not all, cattle with amyloid¬ 
osis. 143144 Serum amyloid A protein (SAA) is synthesized 
in the liver and is a precursor of amyloid A (AA) fibril in tis¬ 
sues. 149 SAA concentrations increase dramatically in disor¬ 
ders such as trauma, neoplasia, and inflammatory disease. 
An elevation in SAA is apparently required for an animal to 
develop active amyloidosis. 148 Elevations in SAA as a result 
of abnormal catabolism by the reticuloendothelial system 
may also increase AA fibril formation. 148 150 AA fibrils are 
resistant to proteolysis, allowing for their accumulation in 
tissues over time. 146 Accumulation of amyloid in the glomer¬ 
ulus alters glomerular filtration. A resultant hypoalbumine- 
mia develops, which in turn decreases intravascular oncotic 
pressure. Diarrhea develops as a result of edema or amyloid 
deposition in the GI tract. 144 The protein-losing nephropa¬ 
thy and diarrhea result in weight loss. Glomerular filtration 
rate will be reduced if the glomeruli are obliterated by amy¬ 
loid deposition. Renal or pulmonary thrombosis may 
develop as a result of the loss of low-molecular-weight antic¬ 
oagulants through the compromised kidney. 151 

II Necropsy Findings. Renal enlargement with yellow-tan to 
white discoloration is frequently present. A waxy quality of 
the renal parenchyma may be appreciated on cut surface of 
the kidney. 143 Generalized edema resulting from hypoalbu- 
minemia may be present. Some animals will have renal or 
pulmonary thrombosis. 144 Other inflammatory lesions may 
be found in other sites. Histologic examination of the kidney 
may reveal amyloid deposition in the glomerulus, intersti- 
tium, and tubule lumen. Immunohistochemical tests using 
antihuman AA monoclonal antibody can be used for specific 
demonstration of amyloid in bovine kidney specimens. 151 

II Prognosis. Because the lesions of amyloidosis are irre¬ 
versible, the prognosis for affected cattle is poor. The resil¬ 
ient nature of the amyloid protein results in its persistence 
in tissues, even if the underlying cause of inflammatory dis¬ 
ease is treated successfully. Specific treatment for amyloid¬ 
osis has not been reported in cattle. 

GLOMERULONEPHRITIS 

DAVID C. VAN METRE 

Glomerulonephritis (GN) is a rare clinical disorder of rumi¬ 
nants that may result from deposition of antigen-antibody 
complexes in the glomerular basement membrane or from 
binding of antibody to intrinsic or foreign antigens in the 


II Clinical Signs. Cattle with GN may have a history of 
weight loss, poor productivity, and chronic diarrhea. 152153 
Lethargy and generalized edema may be detected on physi¬ 
cal examination. Rectal palpation may reveal a mildly 
enlarged but nonpainful left kidney. 153 GN may be clini¬ 
cally occult in cattle persistendy infected with bovine viral 
diarrhea (BVD) virus 154 and in catde with fascioliasis. 155 
GN has been associated with pregnancy toxemia in ewes; 
affected animals tend to show clinical signs typical of preg¬ 
nancy toxemia 156 (see Chapter 33). 

Mesangiocapillary GN has been described in Finnish 
Landrace lambs of specific lineage in Scotland and 
Canada. 157 The disease is heritable, but the exact mode of 
inheritance remains unknown. Clinical signs of this disease 
begin within hours after birth to 3 months of age. Affected 
lambs may be dull, ataxic, and appear blind. Fine muscle 
tremors, colic, and convulsions may also be seen. 

II Differential Diagnosis. The differential diagnosis for cat¬ 
de with GN is similar to that for amyloidosis (see preceding 
section). 

II Clinical Pathology. Heavy proteinuria, mild anemia, 
and hypoalbuminemia have been reported in catde with 
GN. 152 - 153 Granular casts, red blood cells, and leukocytes 
were found in the urine sediment of one affected cow. 152 
Azotemia, proteinuria, and ketonuria are found in ewes 
with GN associated with pregnancy toxemia. Mesangioca¬ 
pillary GN in Finnish Landrace lambs is characterized by 
uremia, hypoalbuminemia, proteinuria, hypocalcemia, and 
hyperphosphatemia. 157 

II Pathophysiology. In humans, GN may result from a vari¬ 
ety of infectious, toxic, or autoimmune disorders, all of 
which induce eventual immunologic injury to the glomeru¬ 
lus. 152158 Antibodies may be directed against host or foreign 
antigens located in the vascular endothelium, mesangial 
cells, or basement membrane. In addition, circulating 
immune complexes may deposit in the glomerulus. The ulti¬ 
mate consequences of antigen-antibody interaction in the 
glomerulus are activation of complement and chemotaxis 
of leukocytes, both of which result in direct glomerular 
injury and increased glomerular permeability. 158 

Filtration of plasma albumin through the damaged glo¬ 
merulus results in chronic albuminuria, eventually leading 
to reduced plasma oncotic pressure and generalized edema. 
Passage of antithrombin III through the damaged glomeru¬ 
lus and into the urine may result in a hypercoagulable 
state. 159 

Immunohistochemical data suggest involvement of 
immune-mediated mechanisms for spontaneous GN in cat- 
tj e i52,i53 anc j sheep, 157 GN associated with persistent BVD 
infection and fascioliasis in cattle, 154 155 and mesangiocapil- 
laty GN of Finnish Landrace lambs. 157 In the last condition a 
heritable deficiency of the third component of complement 
has been documented, but the role of this deficiency in GN 
remains unclear. 156 Glomerulonephritis may also be an inci¬ 
dental histologic finding in animals with acute septic disease. 157 

The clinical and histopathologic characteristics of GN of 
pregnancy toxemia in ewes resemble those of the preeclamp¬ 
sia syndrome of women. 156 Enlarged glomeruli with reduced 
blood content in glomerular capillaries are found through¬ 
out the renal cortex of affected ewes. The renal lesion in 
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preedampsic women may result from endothdial injury 
during disseminated intravascular coagulation (DIC) or an 
excessive glomerular vasomotor response to angiotensin. 160 
The lesion can be reversible in women, but the consequences 
of this condition in ewes have not been described. 


II Treatment and Prognosis. Treatment of GN in ruminants 
has not been described. Because most cases of GN are 
advanced at diagnosis, the prognosis is poor. Mesangiocapil- 
lary GN in Finnish Landrace sheep is not invariably lethal, 
and some affected lambs may survive until adulthood. 156 

HEMOLYTIC UREMIC SYNDROME 

DAVID C. RENTER 

Hemolytic uremic syndrome (HUS) is dassified within the 
group of thrombotic microangiopathy syndromes. 161 HUS is 
a set of symptoms characterized dinically by acquired, nonim- 
mune hemolytic anemia, thrombocytopenia, and acute renal 
failure (ARF). 162 Histologically, HUS is characterized by renal 
thrombotic microangiopathy. 163 HUS is the most common 
cause of ARF in young children and infants, with prodromal 
diarrhea occurring in approximatdy 90% of cases. 164 Evidence 
indicates that almost all the postdiarrheal human cases of HUS 
are caused by enterohemorrhagic (EHEC) or verotoxigenic 
Escherichia coli infections, and that the majority of the cases 
in the United States are caused by the EHEC serotype 0157: 
H7. 164 Although three horses 165 166 and a heifer 167 have been 
reported with clinical syndromes similar to HUS, an etiologic 
agent was not identified in any of these four animals. 

II Clinical Findings. Horses with clinical signs indicative of 
HUS have exhibited fever, diarrhea, hematuria, hemoglobin¬ 
uria, profound azotemia, oliguria, and ventral edema. 165166 
Hematologic findings included leukocytosis, anemia, and 
evidence of hemolysis. 165 166 The blood smear of one horse 
revealed the presence of poikilocytes and schistocytes. 166 All 
three horses were euthanized after unsuccessful treatment of 
anuria and azotemia with fluid therapy and diuretics. The 
reported case in a heifer was fatal postparturient HUS demon¬ 
strated by severe progressive anuric renal failure, acute hemo¬ 
lytic anemia, and consumptive thrombocytopenia. 167 

In humans, HUS presents as pallor, oligoanuria, edema, 
seizures (rarely), or generalized hemorrhagic diathesis. In 
prodromal human cases, this syndrome develops on aver¬ 
age 1 week after onset of diarrhea. 162 The classical clinical 
syndrome of HUS in people includes ARF, hemolysis, 
thrombocytopenia, and manifestations of DIC. 163 For treat¬ 
ment of HUS in humans, evidence is insufficient to support 
use of specific therapies, and some treatments, such as cer¬ 
tain antibiotics and motility-modifying agents, may be det¬ 
rimental. 162 Supportive therapy, including fluid/plasma 
therapy and dialysis, can be of paramount importance. 

II Pathophysiology and Necropsy Findings. In humans, 
HUS is the most common life-threatening complication 
of hemorrhagic colitis (HC) from EHEC infection. The 
EHEC strains produce the exotoxins Shiga toxin 1 (Stxl) 
and Shiga toxin 2 (Stx2), also referred to as verotoxin 1 and 
verotoxin 2. 168 Although £. coli 0157:H7 is the most widely 
publicized, as many as 100 different serotypes of E. coli (as 
well as Shigella and other Enterobacteriaceae) can cany the 
genes for Stxl or Stx2 and are capable of causing disease. 161 

The EHEC organisms, including serotype 0157:H7, are 
noninvasive but attach to the intestinal mucosa and pro¬ 
duce characteristic histologic attaching and effacing lesions. 
The Shiga toxins (Stxs) released from the bacteria are 


believed to translocate across the mucosa, where they access 
the systemic circulation. The Stxs bind to specific glycolipid 
receptors on the surface of vascular endothelial cells, are 
internalized by endocytosis, and induce cell death through 
inhibition of protein synthesis. 161 Activation of the coagula¬ 
tion cascade after exposure of subendothelial collagen may 
result in thrombosis of small vessels in the kidney and other 
organs. Oliguric or anuric ARF can result from fibrin/plate¬ 
let thrombi in renal vessels and glomeruli, fibrinoid necro¬ 
sis of vessel walls, congestion of glomeruli, and tubular 
ischemia. Because the coagulation events may be localized 
to certain organs, the results of laboratory tests of coagula¬ 
tion (e.g., PT, PTT) are not consistently abnormal. 169 

Cattle feces are considered to be the major source of 
EHEC; however, these bacteria have been isolated from 
the feces of many other asymptomatic species, including 
humans. EHEC organisms do not generally cause illness in 
cattle, although they do colonize the bowel. Fecal contami¬ 
nation of ground beef, other food sources, and water is 
thought to be the primary mode of transmission of the 
organisms. However, the small infectious dose makes per¬ 
son-to-person transmission a significant problem, especially 
in day care, nursing home, and outbreak situations. 161 

In the four large animals reported with HUS, the inciting 
cause was uncertain, and the isolation of EHEC or other Stx- 
producing organisms was not attempted. 165 167 The heifer 
had a necrotizing endometritis, but during postmortem 
examination of the three horses, no focus of infection was 
identified. Renomegaly, renal infarcts, and scattered pete¬ 
chial and ecchymotic hemorrhages within the renal paren¬ 
chyma were apparent on gross necropsy. Acute tubular 
necrosis and fibrin thrombi within the glomerular capil¬ 
laries were evident on histologic examination. 

Although the etiology was not determined, the clinical 
signs and pathologic lesions reported in the four large ani¬ 
mal cases are compatible with a diagnosis of HUS. Based 
on these reports, the pathogenesis of HUS in large animal 
animals shares some features of the disease in humans. 

TUBULAR NECROSIS 

DAVID a VAN METRE 

Tubular necrosis (TN), or tubular nephrosis, is the disease 
condition that results from a variety of toxic, infectious, or 
hemodynamic insults to the kidneys. Compounds identi¬ 
fied as nephrotoxins for ruminants are listed in Box 34-2. 
Hemodynamic causes of TN include diseases that reduce 
renal perfusion (blood loss, endotoxic shock) or that 
occlude the renal vasculature (DIC, renal vein thrombosis). 
Bilateral bacterial infection of the kidneys may result in ARF 
or chronic renal failure (CRF) as a result of destruction of 
nephrons by bacterial toxins and the host inflammatory 
response. Renal infection may be established by ascending 
UT1 or by hematogenous infection of the kidneys. Depend¬ 
ing on the nature and duration of the primary insult, wide¬ 
spread dysfunction or necrosis of tubular epithelial cells 
may produce reversible renal injury, ARF, or CRF. 

II Clinical Signs. The clinical signs of ARF in ruminants are 
nonspecific and usually are not indicative of overt urinary 
tract dysfunction. Depending on the inciting cause, anuria, 
oliguria, or polyuria may exist. Cattle with ARF frequently 
are presented for evaluation of poor appetite, diarrhea, or 
epistaxis. 170 Depression, nasal discharge, ileus, melena, and 
mild free-gas bloat may also be present. If a concurrent septic 
condition exists, fever, tachycardia, and scleral injection may 
be present. The saliva may have a strong ammonia smell. 
Muscular weakness, even recumbency, may result from 
the acid-base and electrolyte imbalances and intravascular 
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Nephrotoxic Agents 


METALS 

Arsenic 

Mercury 

Cadmium 

Chromium 

Lead 

Zinc 

Copper (secondary to hemolysis) 

ANTIMICROBIALS 

Aminoglycosides 
Tetracyclines 
Sulfonamides (rare) 

Ionophores 
Amphotericin B 
Polymyxin B 

ANALGESICS 

Nonsteroidal antiinflammatory drugs (NSAIDs) 

PLANTS 

Amaranthus retroflexus (pigweed) 

Lilium species (Easter lily) 

Quercus species (oaks) 

Philodendron species (philodendron) 

Pinus ponderosu (Ponderosa pine; nephrosis occurs in 
conjunction with hepatocellular damage and abortion) 
Xanthium species (cocklebur) 

Cestrum diumum (day-blooming jessamine) 
Oxalate-containing plants: Rumex (curly dock), Bern (beets) 
Rheum rhaponticum (rhubarb), Halogeton glomeratus 
(halogeton), Sarcobatus vermiculatus (greasewood), Oxalis 
species (soursob), Chenopodium album (lamb's-quarters), 
Salsola pestifer (Russian thistle) 

ENDOGENOUS 

Hemoglobin 
Myoglobin 
Calcium oxalate 

MISCELLANEOUS 

Ethylene glycol 

Vitamin C (parenteral form) overdose 
Pentachlorophenol 

Mycotoxins: ochratoxin, dtrinin, fumonisin (high doses) 
Cholecalciferol-based rodenticides 
Parenteral vitamin D overdose 


volume depletion that occur with severe acute TN. Rectal pal¬ 
pation findings are usually unremarkable, although renal 
enlargement and perirenal edema may be found in occa¬ 
sional cases. Table 34-2 lists clinical criteria that may facili¬ 
tate diagnosis of TN caused by nephrotoxins. If untreated, 
CRF may ensue, usually producing weight loss in addition 
to the signs just listed. In such cases a reduction in size of 
the left kidney may be appreciated on rectal palpation of 
affected cattle. 

Renal (uremic) encephalopathy is a syndrome of brain dys¬ 
function associated with renal disease. It is characterized by 
signs of intracranial disease, such as altered behavior or senso- 
rium, weakness, motor dysfunction, and convulsions, which 
may resolve on restoration of normal renal function or 
improvement of clinical parameters of renal disease. The patho¬ 
genesis of renal encephalopathy is complex and incompletely 
understood; neurologic fiinction appears to be impaired 
by alterations in the extracellular fluid content of acids, 


phosphorus, amino acids, or certain hormones. Alteration in 
neurotransmitter balance or release within the central nervous 
system (CNS) may also be involved. Renal encephalopathy 
appears to be a rare complication of renal failure in ruminants, 
as reported in two cows and a goat 171 * 173 

II Differential Diagnosis. Formulation of a differential 
diagnosis for a ruminant with TN may be difficult because 
of the nonspecific nature of the clinical signs and the variety 
of primary disease conditions that may predispose cattle to 
secondary TN. Coagulopathies and pulmonary abscesses are 
common causes of epistaxis in ruminants. The differential 
diagnoses for diarrhea are listed in Chapter 7. Female rumi¬ 
nants with advanced pregnancy toxemia may be depressed, 
azotemic, inappetent, and recumbent. Recumbent cattle 
should be evaluated for musculoskeletal injury, mastitis, 
metritis, peritonitis, spinal cord disease, and metabolic dis¬ 
eases. Cattle with TN are frequently misdiagnosed with milk 
fever because a temporary improvement in muscular 
strength may be seen in cattle with TN after treatment with 
calcium salts. 

II Clinical Pathology. Elevation in BUN and creatinine 
levels occurs with clinical TN, and the azotemia is con¬ 
firmed to be of renal origin by detection of isosthenuria 
on measurement of urine specific gravity. Proteinuria, 
hematuria, and granular casts may be found on urinalysis. 
Hypochloremia and metabolic alkalosis, resulting from 
abomasal atony or chloride loss in the urine, are often 
found in ruminants with ARF. 170174 Hyponatremia occurs 
after sodium loss in the urine. Because the kidney is the pri¬ 
mary organ controlling magnesium excretion in ruminants, 
hypermagnesemia may occur in TN, particularly under con¬ 
ditions of high magnesium intake. 170 - 175 Hyperphosphate¬ 
mia results from reduced phosphorus excretion in saliva 
during anorexia, reduced urinary phosphorus excretion, 
and tissue hypoxia. 176 - 177 Hypocalcemia is also common 
in TN in ruminants because of reduced calcium intake, GI 
stasis, urinary losses, and the competitive effect of hyper¬ 
phosphatemia. 170 Metabolic acidosis may develop in juve¬ 
nile ruminants with TN and concurrent diarrhea. 177 - 178 

Fractional clearance (fractional excretion [ FE)) of sodium 
has been used to help document renal failure in cattle. 178 
Values of 0% to 4% have been described in normal cattle; 
age, ration, and metabolic status may affect FE values. 178 
When applying this test, it is prudent to compare the 
patient's FE value for sodium to that of an age-matched 
herdmate in a similar physiologic state and on a similar 
ration. The normal values for several urinary diagnostic 
indices in healthy calves have been reported. 179 

II Pathophysiology 

ISCHEMIC AND HYPOXIC INJURY. Reduced blood flow 
to the kidneys most often occurs during generalized loss of 
vascular volume, as seen with marked blood loss, septicemia, 
endotoxemia, or severe dehydration. Oliguria or anuria is 
seen initially, and urine output varies after IV fluid therapy. 
These conditions may also cause infarction of the renal cor¬ 
tex and renal vein thrombosis. 170 Severe ruminal gas disten¬ 
tion may impair renal perfusion. 170 Prolonged, severe 
ischemia may destroy the tubular basement membrane, 
thereby preventing tubular epithelial cell regeneration. 180 

TOXIC INJURY. The high metabolic demands of renal 
tubular epithelial cells render them susceptible to toxins that 
disrupt cellular enzymes. The injury caused by most nephro¬ 
toxins is compounded by dehydration, which concentrates 
the toxin in the tubular filtrate, slows toxin clearance, and if 
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TABLE 34-2 


Clinical Characteristics of Acute Toxic Nephrosis Caused by Common Nephrotoxins 


Nephrotoxin Clinical Findings* 


Aminoglycosides 

Tetracycline 
lonophores 
Ethylene glycol 

Oxalate-containing 
plants, vitamin C 
Oak, acoms 

Myoglobin 

Hemoglobin/ 

methemoglobin 

Arsenic 


Usually nonoiiguric, ototoxicosis possible; hematuria, glucosuria, proteinuria, increased serum trough 
concentration of drug 

Hematuria, glucosuria, proteinuria; possible hepatocellular enzyme elevation 
Diarrhea, dark urine, dyspnea, cardiac dysrhythmias; elevated CK, AST, and indirect bilirubin 
Anuria or oliguria, tachypnea, ataxia, weakness; hemolysis, increased anion gap, increased serum 
osmolality, increased osmolar gap, acidosis, calcium oxalate crystalluria 
Hindlimb ataxia or paresis, apprehension, salivation; hypocalcemia, calcium oxalate crystalluria, 
aciduria, increased renal cortical echogenicity on ultrasonogram 
Hemorrhagic diarrhea, ascites, hydrothorax, subcutaneous and perirenal edema; 
hyperfibrinogenemia, increased hepatic enzymes 

Muscle stiffness and weakness, dark urine; elevated serum CK and AST, positive reactions for blood 
and protein on urine chemistry strip, hemolyzed serum not present 
Icteric to pale mucous membranes, tachycardia, tachypnea, red or brown urine; positive blood and 
protein reactions on urine chemistry strip, anemia, elevated serum total protein, hemolyzed serum 
(hemoglobin only) 

Colic, hemorrhagic diarrhea, ataxia; elevated blood and liver arsenic levels 


CK, Creatine kinase; AST, aspartate aminotransferase. 

•Many general clinical characteristics of acute tubular necrosis are also present. See Clinical Signs and Clinical Pathology. 


severe, reduces renal perfusion. Because some nephrotoxins 
are therapeutic agents, it is vital that the veterinarian moni¬ 
tors appetite, body weight, water intake, urine output, routine 
urine chemistry, serum drug concentration, and serum creat¬ 
inine concentration during administration of these agents. 
Young or elderly patients, patients with preexisting renal 
insufficiency or sepsis, those receiving other potentially 
nephrotoxic drugs, and patients on prolonged or high-dose 
therapy with these agents warrant the closest attention. 181 

II Treatment and Prognosis. In cases of toxic nephroses, 
the animal should First be removed from the toxin source, 
or treatment with a nephrotoxic drug should be discontin¬ 
ued. Rumenotomy , with removal of toxic material, is most 
beneficial if performed soon (within 24 hours) after the ani¬ 
mal has ingested a nephrotoxin. Activated charcoal (2 to 
4 g/kg PO) may bind die agent in the gut lumen. The use 
of magnesium sulfate or other magnesium-containing laxa¬ 
tives should be avoided in such cases because severe hyper¬ 
magnesemia may result in animals with concurrent 
compromise of renal function. If an animal is exposed to 
a potentially harmful quantity of a nephrotoxin, prophylac¬ 
tic diuresis through fluid therapy is warranted. In such 
cases, if the veterinarian were to wait for azotemia to appear 
before initiating fluid therapy, significant (>75%) loss of 
nephron function would occur before medical intervention. 

The cornerstone of treatment of TN is restoration of ade¬ 
quate renal perfusion and urine production. This is most 
effectively achieved through IV administration of isotonic, 
sodium-containing fluids, with calcium and potassium sup¬ 
plementation as indicated. If cost or facilities make IV fluid 
therapy impractical, repeated administration of water and 
electrolytes by stomach tube is an option. A small-bore 
stomach tube can be passed through the nasal cavity into 
the rumen and secured to the animal's halter to allow one 
person to administer fluids repeatedly without the need 
for repeated tube passage. Placement of a small rumenost- 
omy or securing in place a nasogastric tube allows one per¬ 
son to administer fluids repeatedly with relative ease. 
Administration of IV or oral fluids at 1.5 to 2 times the 
adult maintenance level of 60 mL/kg/day may be adequate 
to induce diuresis. The patient should be monitored for che- 
mosis or labored or rapid respiration, which may be indica¬ 
tive of overhydration. Fluid therapy should be continued 


until azotemia resolves, at which time the patient's volun¬ 
tary fluid intake can be assessed. Oral supplementation of 
potassium and calcium salts may be necessary in some 
cases, because it is often not possible to add adequate yet 
safe levels of these salts to IV fluids in cases of refractory 
hypokalemia and hypocalcemia, respectively. 

Restoration of urine production is necessary in anuric or 
oliguric animals. If fluid therapy does not promote diuresis, 
fiirosemide (1 mg/kg IV or IM) may be administered. 
Repeated administration (every 1 to 2 hours) may be neces¬ 
sary to induce urine production in oliguric or anuric 
patients. With repeated use of fiirosemide, the patient's 
serum sodium and potassium concentrations must be mon¬ 
itored. Mannitol (0.25 g/kg IV) or dopamine (2 to 5 pg/kg/ 
min IV) may be required to initiate urine flow if the previ¬ 
ous measures are unsuccessful. 

Lesions that occlude tubular blood flow (renal vein 
thrombosis, DIC) warrant a poor prognosis, whereas renal 
failure resulting from toxic causes carries a more favorable 
prognosis with early diagnosis and aggressive therapy. 
Return of appetite and progressive reduction in BUN and 
serum creatinine levels are positive prognostic indicators. 182 
Prolonged supportive treatment (2 to 3 weeks) may be nec¬ 
essary to allow for regeneration of tubular epithelium in 
cases of acute TN. 

LEPTOSPIROSIS 

ROBERT /. CALLAN 

Leptospirosis is a complex disease of both animals and 
humans caused by pathogenic species of Leptospira. 183189 
Pathogenic Leptospira species persist as chronic infections 
of the renal tubules of the maintenance host species, often 
causing little or no disease. Transmission to incidental hosts 
results from direct contact with urine from an infected 
maintenance host or through environmental and feed con¬ 
tamination with infected urine. Infection in the incidental 
host can cause acute disease in multiple organ systems, 
including the kidney, liver, and CNS, as well as result in 
abortion or reproductive failure. This discussion focuses 
on Leptospira infection and disease of the renal system of 
ruminants. 

Leptospira is a diverse genus of motile, gram-negative, 
obligate aerobic, tightly coiled spirochetes approximately 
0.1 to 0.3 pm in diameter and 6 to 20 pm in length. 183 * 185 
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The bacteria can survive in the environment for up to 
6 months. 183 184 190 Leptospira species prefer a warm, moist 
environment with a pH of 7.2 to 8.0. Survival is short under 
dry conditions or at temperatures below 10°C. 183 Leptospira 
does not survive freezing in the envrironment. 191 

Before 1989, Leptospira was divided into the pathogenic 
species, L. interrogans, and the nonpathogenic saprophytic 
species, L. biflexa. The current taxonomy and classification 
of Leptospira use a complex system of both serologic and 
genetic characteristics. 184 * 185 Serologic classification is based 
on antigenic grouping of the lipopolysaccharide (LPS) and 
other outer surface antigens using the cross-agglutinin 
adsorption test (CAAT). More than 240 serovars are charac¬ 
terized. Antigenically related seroVars are combined into 
larger serogroups, and serovars may also be further charac¬ 
terized into serotypes. Seventeen genomospecies have been 
identified based on DNA sequence heterogeneity. 184 * 185 

II Epidemiology. Leptospirosis is predominantly observed 
under conditions where livestock come in direct or indirect 
contact with urine from an infected maintenance host 
(Table 34-3). 183 185 190 The prevalence of infection within 
a maintenance host population tends to be high (30% to 
50%); in such populations, infection is often spread 
between animals by direct contact. 183 Transmission to inci¬ 
dental hosts is generally by contact with the environment, 
feed, or water that is contaminated with urine from an 
infected maintenance host. Transmission can also occur 
from contact with an infected fetus or uterine discharge. 
Survival of the bacteria in the environment and the inci¬ 
dence of infection in animals are increased in regions with 
warm, humid climatic conditions. The seasonal incidence 
is higher during the summer or fall in temperate regions 
and during the rainy season in warm-climate regions. 184 
Environmental conditions that contribute to moist sur¬ 
roundings and foot abrasions may contribute to Leptospira 
transmission, particularly in housed dairy cattle. 

Cattle are the primary maintenance host reservoir of 
L. interrogans serovar hard jo (type hardjopragitno) and 
L. borgpetersenii serovar hard jo (type hardjo-bovis). L. interro¬ 
gans serovar hardjo (type hardjopragitno) is isolated primar¬ 
ily from cattle in the United Kingdom, and L. borgpetersenii 
serovar hardjo (type hardjo-bovis) is observed worldwide. 
Cattle can also serve as maintenance or incidental hosts 
for L. interrogans serovar pomona and L. interrogans serovar 
grippotyphosa. 

Serovars hardjo, pomona, and grippotyphosa are most often 
implicated in renal infection of cattle. 192 Although data are 
scarce, renal disease caused by leptospirosis in small rumi¬ 
nants appears to be uncommon. 191 * 193 Sheep may serve as 
subclinical carriers of serovar hardjo . 187 194 Some serovars 
of Leptospira have zoonotic potential, and humans are 
always considered an incidental host. 183 * 185 188 


An abattoir study of more than 5000 cattle in the United 
States identified approximately 2% renal carriers of L. inter¬ 
rogans. 192 Serovar hardjo was the most common renal iso¬ 
late, followed by serovar pomona and serovar grippotyphosa. 
A study of Texas slaughterhouse cattle detected Leptospira 
species in 36% of urine samples by PCR. The seroprevalence 
for serovars pomona and hardjo was 22% and 15%, respec¬ 
tively. 195 A national survey showed 49% seroprevalence 
for L. interrogans serovars in cattle, with the highest sero¬ 
prevalence found in cattle from southeastern, south-central, 
and Pacific Coast states. 196 Because contact with urine from 
infected animals is a means of transmission within cattle 
populations, high stocking density or confinement may 
increase the rate of infection in a herd. 

In general, infection of cattle with the host-adapted sero¬ 
var hardjo rarely results in acute, severe disease. If present, 
signs of disease are usually mild in acutely infected cattle 
and may simply present as cases of undifferentiated fever. 
Persistent, latent urogenital infection usually follows acute 
infection, with most overt losses attributable to adverse 
effects on reproduction. 188 * 197 199 

Acute, severe renal disease is more characteristic of inci¬ 
dental (also termed "accidental") infection of cattle, particu¬ 
larly calves, with a non-host-adapted serovar of Leptospira. 
However, exceptions to this generalization do occur be¬ 
cause host immunity and virulence of the organism are 
variable. 187 * 188 

II Clinical Findings. Serovar hardjo is host-adapted to cat¬ 
tle, and many infections are asymptomatic or result in non¬ 
specific reproductive failure or abortion. Leptospira serovar 
hardjo infection of cattle may produce chronic interstitial 
nephritis of variable severity, but overt renal dysfunction is 
rarely observed. 200 Chronic infection of the genital tract of 
cows and bulls is common. 189 * 201 Protracted shedding of 
the organism in the urine often results, possibly lasting for 
the life of the animal. 200 * 201 Infertility, stillbirth, abortion, 
and birth of weak calves are typical clinical manifestations 
of infection with serovar hardjo in cows. 189 * 198 * 202 * 203 The 
fetus can be infected in utero, and if it survives the acute 
infection, it may be bom persistently infected. 183 Fever, aga¬ 
lactia, and mastitis may occasionally occur, and the resulting 
syndrome has been termed the "milk-drop syndrome" 187 or 
"flabby udder." 188 The udder is uniformly soft, and the milk 
may be yellow- or red-tinged and thick. 

In contrast, infection with the non-host-adapted sero¬ 
vars can result in severe systemic disease, hemolytic anemia, 
hepatitis, interstitial nephritis, and tubular nephrosis in 
calves and less often in adult cattle. 189 * 200 Meningitis is a 
rare manifestation. 193 Agalactia and mastitis often occur in 
lactating cows, and pregnant cows may abort. Urine shed¬ 
ding of non-host-adapted serovars by infected cattle can 
persist for weeks to months. 188 189 203 Renal lesions result 




Current Nomenclature, Maintenance Host, and Incidental Hosts for Common Leptospira Isolates in Ruminants 


1 Genomospecies 

Serovar 

Maintenance Host 

Incidental Hosts j 

L. interrogans 

Canicola 

Dogs 

Cattle 

L. interrogans 

Pomona 

Swine, opossums, skunks, racoons 

Horses, cattle, sheep, goats, dogs 

L. interrogans 

Icterohaemorrhagiae 

Rats 

Dogs, cattle, swine 

L. interrogans 

Bratislava 

Pigs, mice, horses 

Dogs, cattle, horses 

L. interrogans 

Hardjo (type hardjoprajitno) 

Cattle 

Sheep, goats 

L. borgpetersenii 

Hardjo (type hardjo-bovis) 

Cattle 

Sheep, goats 

L. borgpetersenii 

Ballum 

Mice 

— 

L. kirschneri 

Grippotyphosa 

Raccoons, muskrats, squirrels 

Cattle, sheep, horses, dogs 
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from direct damage to the vascular endothelium during lep- 
tospiremia, hypoxia from endothelial damage and hemoly¬ 
sis, tubular epithelial damage from hemoglobin, and 
interstitial nephritis. 183 184 ' 200 Some Leptospira serovars, par¬ 
ticularly pomona, produce hemolysins that can cause acute 
intravascular hemolysis and anemia in cattle. 

Clinical signs associated with acute infection may 
include fever, anorexia, lethargy, decreased milk produc¬ 
tion, petechiation, hemolytic anemia, and hemoglobinuria. 
Oliguria may be seen with interstitial nephritis or hemoglo- 
binuric nephrosis. Elevated creatinine caused by pre-renal 
or renal causes may be observed on serum chemistry analy¬ 
sis. Examination of the urine may show proteinuria, pyuria, 
and cellular or granular casts in casefc of nephritis. Hemo- 
globinemia and hemoglobinuria may be observed in 
patients with leptospire-induced hemolysis and can occa¬ 
sionally result in hemoglobinuric nephrosis. 

II Pathophysiology. Contaminated feed and surface water, 
wildlife, rodents, and domestic animals are potential 
sources of pathogenic serovars for cattle. 183 184 187 188 Lep- 
tospires penetrate external mucosal surfaces and scarified 
or macerated skin. The bacteria multiply locally during an 
incubation period that can last 2 to 20 days. 183 184 After 
the incubation phase, the organism enters the bloodstream 
through the lymphatics or by direct penetration into the 
blood vessel. Leptospiremia results in dissemination 
throughout the body and infection of multiple organs. This 
bacteremic phase lasts 4 to 7 days. Fever and other systemic 
signs are often present in clinically affected animals. 
Humoral antibodies can be detected at the end of the bac¬ 
teremic phase. Opsonizing antibodies are generated and 
aid in clearing infection from most tissues in the host. 

During the convalescent phase, leptospires may become 
localized in the mammary gland, kidney, or genital tract, 
where they appear to be protected from the immune 
response. 183 204 Depending on the virulence of the serovar 
involved, chronic renal infection may create few histologic 
changes, mild interstitial nephritis, or diffuse, severe, lympho¬ 
cytic interstitial nephritis with fibrosis. 193 Nephritis may per¬ 
sist long after the host immune response has cleared the 
organism. Chronic infection of the kidney or reproductive 
tract allows for transmission of the organism in urine, 
uterine and vaginal secretions, placenta, fetal tissues, and 
semen. 187 189 ' 201 ' 205 Shedding in the urine may last for weeks 
to months with non-host-adapted infections. Renal shedding 
of host-adapted serovars can persist for months to years. The 
bacteria reside in the lumen of the renal proximal tubules, 
where they are protected from phagocytes and humoral anti¬ 
bodies. The bacteria do not stimulate a systemic immune 
response while localized in the proximal tubule lumen, and 
thus serum antibody titers can decline and become negative 
even though the kidney is infected and shedding bacteria. 

Multiple potential virulence factors may contribute to 
leptospirosis. 184 185 Leptospiral LPS and outer membrane 
proteins are believed to contribute to the development of 
interstitial nephritis. However, leptospiral LPS has different 
biochemical properties that make it less toxic than other 
gram-negative lipopolysaccharides. Motility is an important 
pathogenic mechanism and contributes to invasion and 
dissemination of the bacteria. As many as 50 genes are 
related to leptospiral motility. 185 Pathogenic Leptospira 
strains produce chemotaxis proteins, and some strains 
exhibit chemotaxis toward hemoglobin. Adherence to cells 
is in part conferred by fibronectin-binding protein present 
on the surface of pathogenic strains but not on nonpatho- 
genic strains. Leptospiral immunoglobulin-like protein A 
(LigA) may also be involved in attachment and invasion. 


Additional proteins that may contribute to virulence 
include hemolysins, sphingomyelinase C, sphingomyeli¬ 
nase H, and hemolysis-associated protein 1 (HAP-1). 184185 


II Diagnosis. The microscopic agglutination test (MAT) is 
the most widely used serologic test for the diagnosis of lep¬ 
tospirosis in cattle. The MAT detects antibodies to specific 
serovars, but cross-reactivity occurs between related sero¬ 
vars, particularly within the same serogroup. Thus, an infec¬ 
tion with one strain may result in increased MAT titer to 
multiple serovars. Serum antibody enzyme-linked immuno¬ 
sorbent assay (ELISA) tests have been developed for 
research but have not yet been adopted in the routine clini¬ 
cal diagnostic setting for animals. 206 209 

An elevated serum antibody titer is observed after the 
bacteremic phase and is suggestive of Leptospira infection 
when associated with concurrent clinical signs. However, 
interpretation of a single titer is problematic in vaccinated 
animals or when endemic exposure is suspected. 189 - 204 A 
fourfold increase in MAT titer between acute and convales¬ 
cent serum samples, or conversion from a negative titer to 
a titer of 1/100 or greater, supports a diagnosis for both 
host-adapted and non-host-adapted serovars. However, 
vaccinated animals may have a diminished serologic 
response after challenge and renal colonization with L. borg- 
petersenii serovar hardjo . 21 ° Serologic detection of persistent 
infection with serovar hardjo can be difficult because paired 
serum titers may be increasing, static, decreasing, or unde¬ 
tectable at examination (e.g., at abortion). 189 ' 204 It is gener¬ 
ally recommended to consider the serovar with the highest 
titer as being the infecting strain. However, recent studies 
demonstrate that serologic antibody titers may not accu¬ 
rately predict the infecting strain in humans because of 
cross-reaction between different serovars within the same 
serogroup. 211 Consultation with a clinical immunologist 
affiliated with the laboratory performing the MAT is recom¬ 
mended for accurate interpretation of results. 

Leptospira shedding in urine and semen can be detected 
by multiple tests, including urine culture, phase-contrast 
microscopy, darkfield microscopy, fluorescent antibody 
(FA), polymerase chain reaction (PCR), nucleic acid hybrid¬ 
ization, and immunoblot. 192 ' 204 ' 205 ' 212 214 Urine cultures 
are often unrewarding because of the fastidious nature of 
the organism, and conclusive results may not be obtained 
for up to 6 months. 205 Both FA and PCR assays are typically 
used by veterinary diagnostic laboratories to identify Leptos¬ 
pira species from urine samples. Neither of these tests will 
determine the infecting serovar. The sensitivity of detecting 
Leptospira shedding can be improved by performing two 
tests on a single sample. 205 - 214 Evaluation of serovar-spedfic 
antibody titers from positive animals may aid in identifica¬ 
tion of the infecting serovar. 

Second-voiding urine samples collected after the admin¬ 
istration of IV furosemide are recommended for urine test¬ 
ing. 191215 Furosemide is administered at 0.5 to 1.0 mg/kg 
IV or IM, and the first-voided urine is discarded. A second 
urine sample is then collected after deaning the vulva of 
gross debris. Approximately 10 mL of urine should be col¬ 
lected and stored on ice (not frozen) for transport to the 
diagnostic laboratory. Urine from 10 to 15 adult animals 
should be tested when evaluating a herd for endemic Leptos¬ 
pira serovar hardjo infection. 

Biopsy or necropsy samples of renal tissue may be trea¬ 
ted with Warthin-Starry or Levaditi silver stains for micro¬ 
scopic examination. 193 Immunoperoxidase staining was 
shown to be more sensitive for identifying Leptospira species 
in kidney and liver of naturally infected catde than Levaditi 
silver stain. 216 
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II Treatment and Prognosis. Treatment of acute leptospiro¬ 
sis caused by non-host-adapted serovars should focus on 
the elimination of the bacteria, systemic support, and diure¬ 
sis if renal involvement is observed. In vitro susceptibility 
has been demonstrated for several antibiotics that could 
be used in food-producing ruminants, including ampicillin, 
amoxicillin, penicillin G, erythromycin, tetracycline, tylosin, 
and tilmicosin. 203217219 Oxytetracydine (10 to 15 mg/kg 
IM twice daily) and dihydrostreptomycin (12.5 mg/kg IM 
twice daily) have been recommended for treatment of 
acutely infected cattle. 191 Nephrotoxicosis is a potential 
concern with this dosage of oxytetracydine in cattle with 
preexisting renal disease, and dihydrostreptomycin is not 
currently available for use in cattle fa the United States. Pen¬ 
icillin (25,000 IU/kg IM twice daily) and sodium ampicillin 
(20 mg/kg IM twice daily) have been suggested for treat¬ 
ment, but the efficacy of these regimens in cattle remains 
unproved. 191 In humans, doxycycline (100 mg every 12 
hours for 7 days) has been shown to reduce the duration 
and severity of illness. 184 

Intravenous or oral fluids and nonsteroidal antiinflam¬ 
matory drugs (NSAIDs) may be indicated for systemic sup¬ 
port. In animals with severe hemolysis, blood transfusion 
may be considered. Renal diuresis should be established 
in animals with hemoglobinuria or evidence of ARF from 
pigment nephrosis or interstitial nephritis. The prognosis 
for renal disease caused by leptospirosis is influenced by 
the virulence of the serovar involved, host immunity, and 
the extent of renal lesions. Cases with renal azotemia war¬ 
rant a guarded prognosis because more than 75% of 
nephrons are affected in such cases, and chronic interstitial 
nephritis and fibrosis may occur after treatment of the acute 
disease. 

Chronic renal infection with Leptospira serovar pomona 
in cattle can be eliminated with a single injection of dihy¬ 
drostreptomycin (25 mg/kg IM), although spontaneous 
clearance of this serovar often occurs in cattle. 191 ' 203 
Conflicting data exist on the efficacy of this treatment in 
clearing renal infection with serovar hardjo 220 ’ 221 Long- 
acting oxytetracydine (20 mg/kg IM or SC, two doses 10 
days apart) has been recommended to treat chronic lepto- 
spiral infections or reduce the risk of introduction of 
infected animals into a herd. 187 Oxytetracydine (20 mg/ 
kg IM once), ceftiofur (2.2 mg/kg IM every 24 hours for 
five treatments), and tilmicosin (10 mg/kg SC once) have 
been shown effective in dealing renal shedding of L. borg- 
petersenii serovar hardjo from experimentally infected 
cattle. 222 


A monovalent L. borgpetersenii serovar hardjo (type 
hardjo-bovis) vaccine (Spirovac, Pfizer Animal Health, 
New York) is licensed for the prevention of Leptospira sero¬ 
var hardjo infection, including reproductive and renal tract 
colonization, and urinary shedding for up to 12 months. 
This vaccine stimulates an immune response characterized 
by IgG T and IgG 2 agglutinating antibodies, as well as anti¬ 
gen-specific T-cell production of interferon gamma (IFN- 
y) 210.225-227 jhe strong IFN-y response is consistent with 
induction of a type 1 immune response and may be respon¬ 
sible for antibody class switching to IgG 2 , which is a more 
potent opsonin than IgG^ 225 Combination pentavalent 
Leptospira vaccines have been developed that also promote 
high L. hardjo antibody titers, in addition to the other sero¬ 
vars contained in the vaccine (Vira Shield 6+L5 HB , Novartis 
Animal Health US, Greensboro, NC; Vista 5 L5 SQ, Intervet, 
Millsboro, Del). Because Leptospira spedes are largely extra¬ 
cellular pathogens, the relevant protective immune response 
appears to be antibody-mediated neutralization and opso¬ 
nization during leptospiremia. 184 * 185 There is no indication 
that cytotoxic immunity is a relevant immune response for 
protection or resolution of leptospirosis. 

Although these vacdnes help prevent colonization and 
shedding of leptospira serovar hardjo from the kidney, they 
are not effective in resolving current renal infection and 
elimination of the carrier state. Thus, vacdnation at an 
early age followed by annual boosters is recommended to 
prevent initial renal colonization. Renal shedding in previ¬ 
ously infected animals can be resolved by antibiotic treat¬ 
ment, and vaccination can be used to prevent future 
colonization. 

CONGENITAL DEFECTS 

DAVID C. VAN METRE 

Most severe congenital defects of the urinary tract of rumi¬ 
nants manifest at an early age, although occasionally defects 
remain dinically occult until adulthood. 228 Congenital 
defects of the urinary system should be considered in the 
differential diagnosis for a young animal with renal disease 
or abnormal urination. However, tubular necrosis caused 
by severe volume depletion, nephrotoxins, and infectious 
diseases are much more common. If a congenital defect of 
the urinary tract is identified, a careful examination of other 
body systems should be performed; 73% of lambs with uro¬ 
genital defects were found to have one or more defects in 
other organ systems. 229 Urogenital defects in ruminants 
are described in Chapter 51. 


II Prevention. Draining or fencing off standing water may 
reduce transmission. Maintaining a dry, clean environment 
may also help reduce exposure and infection. Limiting 
rodent and wildlife contact with cattle and their feed and 
water is often difficult to accomplish, but it reduces the 
potential for transmission of non-host-adapted leptos- 
pires. 189 For host-adapted Leptospira serovar hardjo, it is nec¬ 
essary to prevent or eliminate the renal carrier state in 
infected catde in order to reduce transmission. 

Vaccination is regarded as an effective means of pre¬ 
venting losses from leptospirosis. Conventional pentavalent 
(L. canicola, grippotyphosa , hardjo, icterohaemorrhagiae, and 
pomona), whole-cell, inactivated leptospiral vaccines are 
recommended in calves and adult cattle as an aid to prevent 
clinical disease caused by Leptospira species. However, these 
conventional pentavalent vaccines may not consistently pre¬ 
vent renal colonization and shedding after challenge with 
host-adapted L. borgpetersenii serovar hardjo (type hardjo- 
bovis). 223224 


Renal Defects 

Renal cysts are considered to be a common bovine renal 
defect 230 and have been described in sheep 229 and a 
goat. 231 These fluid-filled cavities in the renal parenchyma 
are usually of no clinical significance unless they are large or 
numerous (polycystic kidneys). 228230 Renal agenesis was 
found to be the most common renal defect in lambs, with 
hydronephrosis and renal dysgenesis occurring less fre¬ 
quently. 229 A retroperitoneal, perirenal pseudocyst (a fluid 
sac lacking an epithelial layer) has been reported in a ram 
with acute abdominal pain. 232 Pseudocysts typically develop 
as outpocketings of the renal capsule and can develop as a 
result of renal trauma, urinary tract obstruction, or vascular 
or lymphatic anomalies. 

Renal oxalosis is a metabolic disease of beefmaster calves 
that is suspected to have an inherited basis. The calves show 
weakness, lethargy, and anorexia within days to several weeks 
of age. Alopecia over the head, neck, and extremities; dehydra¬ 
tion; and diarrhea may also be seen. Evidence of renal failure 
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is found on serum chemistry analysis. An inherited abnormal¬ 
ity of glydne or glyoxalate metabolism may generate high 
levels of endogenous oxalate, which readily complexes with 
calrium. As a result caltium oxalate crystals accumulate in 
the renal tubules, obstructing outflow of the tubular filtrate. 
Exposure to oxalate-containing plants and ethylene glycol 
must be ruled out in all cases of renal oxalosis. 233 

Ectopic Ureter 

Ectopic ureter is a rare congenital defect in which one or 
both ureters terminate in an abnormal location. An ectopic 
ureter may terminate in the urethra, vagina, or cervix or 
caudal to the bladder trigone in females. In males the 
ectopic ureter usually terminates in the urethra, vas defe¬ 
rens, or seminal vesides. Urinary incontinence is the most 
common presenting complaint for affected animals. 234 
Urine dribbling results in scalding of the perineum and 
medial surfaces of the hindlimb in heifers, and scalding in 
males is usually located on the prepuce and ventral abdo¬ 
men. Occasional episodes of normal micturition may be 
seen. UT1, polycystic kidney(s), and hydronephrosis may 
exist concurrent to ectopic ureter(s). 

Definitive diagnosis requires IV contrast urography or 
endoscopic examination of the urinary tract. Options for 


surgical correction include transposition of the ectopic 
ureter(s) or, in the case of unilateral involvement, ipsilat- 
eral nephrectomy. The latter option is valid only if the 
contralateral kidney is functional, as determined by 
blood chemistry, and structurally normal or near normal, 
as determined by ultrasonography or IV pyelography. 
The use of affected animals for breeding should be 
discouraged. 

NEOPLASIA 

DAVID C. VAN METRE 

Other than those associated with ingestion of bracken fem, 
primary neoplasms of the urinary tract of ruminants are 
rare. In a North American abbatoir survey, primary tumors 
of the bladder were detected in 0.05% of more than 
21,000 cattle examined, with cases of papillomas, adeno¬ 
mas, and transitional cell carcinomas identified in the 
sample population. 235 

Renal carcinoma has been described in cattle, 236 237 and 
nephroblastoma has been documented in a ewe and an 
aborted lamb. 238 Renal involvement may be seen in occa¬ 
sional cases of lymphosarcoma in ruminants. Single cases 
of lymphoma involving the urinary bladder of a cow 239 
and a goat 240 have been reported. 




Diseases of the Nervous System 
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CEREBROSPINAL FLUID 


Cerebrospinal fluid (CSF) is partly derived from and in equi¬ 
librium with the extracellular fluid that bathes the brain and 
spinal cord parenchyma. 13 CSF has been shown to act as a 
"sink" for brain extracellular fluid, 4 and its composition is 
an indicator of the state of the intrathecal milieu. CSF is pro¬ 
duced by a combination of ultrafiltration of plasma and 
active secretion. 5 The sites of CSF production are the choroid 
plexuses of the lateral, third, and fourth ventricles; the epen¬ 
dymal lining of the ventricular system; the pia arachnoid; 
and the meningeal blood vessels. The CSF in the ventricular 
system flows caudally and diffuses out of the lateral apertures 
in the fourth ventricle. It then circulates around the brain 
and the spinal cord. Circulation of CSF is achieved through 
regional pressure changes caused by spinal motion and pul¬ 
sations of blood vessels. Resorption of CSF occurs from both 
the cranial cavity (75%) and the spinal canal (25%). 6 Some 
resorption of brain CSF occurs at the arachnoid villi asso¬ 
ciated with large veins and sinuses, but recent studies have 
shown that most resorption occurs at the cribriform plate, 
into nasal lymphatics. 7 8 Resorption of spinal CSF occurs 
into the lymphatics associated with spinal nerves. 

The predominant direction of CSF flow in the spinal 
canal is caudal; thus, changes in CSF caused by lesions 
within the nervous system occur predominantly caudal to 
lesions. CSF can be collected from the cistema magna when 
the site of interest is the brain, whereas it should be col¬ 
lected from the lumbar subarachnoid space when the lesion 
is in the spinal cord. In large animals, however, the risks 
associated with the general anesthesia required for cistema 
magna tap are considerable, so lumbar puncture is usually 
the most suitable technique for CSF collection in these spe¬ 
cies, regardless of the site of the lesion. 910 

COLLECTION OF CEREBROSPINAL FLUID 

Lumbosacral Spinal Tap 

Collection of CSF from the lumbosacral cistern is preferred 
for most large animal patients and is always done when the 
lesion is located in the spinal cord. Because the predominant 
flow of CSF is caudal, fluid collected from the cistema magna 
reflects only changes within the brain and the most cranial 
parts of the spinal cord. However, fluid collected from the 
lumbosacral site is altered by either brain or spinal cord 
disease. Once a neuroanatomic diagnosis has been made, 
therefore, the site most suitable for collection can be chosen. 

For collection of CSF by lumbosacral puncture, the ani¬ 
mal is lightly sedated, and the skin of the dorsal midline 
over the junction of the sixth lumbar (L6) and first sacral 
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(SI) vertebrae is surgically prepared (Fig. 35-1). A variety 
of standard sedative protocols are suitable, although xyla- 
zine has been shown to reduce CSF pressure. 11 Correa 
placement of the spinal needle is more easily achieved with 
the animal standing. The proper anatomic site for insertion 
of the spinal needle is between the dorsal spinous process of 
L6 cranially and SI caudally and the two tuber sacrales lat¬ 
erally. The overlying skin forms a depression that can be 
recognized by palpation, although this may be difficult in 
well-muscled horses. The correa site for needle placement 
can also be located by determining (1) the dorsal midline 
at the "highest point" of the quarters or (2) the point where 
a line drawn between the caudal aspects of the two tuber 
coxae intersects the midline. 

The skin is anesthetized with 2% lidocaine, and a 1-cm 
incision is made with a No. 15 scalpel blade. A 6- to 9-inch, 
18- to 20-gauge spinal needle is inserted perpendicularly 
through the incision and advanced until the tip punaures 
the lumbosacral cistern (a 3'/2-inch needle can be used in 
small ruminants, foals, and most cattle). A "snapping" sen¬ 
sation sometimes is felt as the needle passes through the 
interarcuate ligament. The patient may reflexly contract the 
tail, anus, and gluteal muscles. Some patients, particularly 
horses, may respond with violent motor activity. For this 
reason, a lumbosacral spinal tap performed on a conscious 
horse should be done only when the animal is restrained in 
stocks; people have been severely injured when this rule was 
not followed. The average depth of insertion is 17.64 cm 
(7 inches) in horses, 8.26 cm (3 l A inches) in ponies, 10 
and about 7.5 cm (3 inches) in adult cattle. 

The spinal needle is advanced gently to the floor of the 
spinal canal. Passage of the needle through the terminal spi¬ 
nal cord or the cauda equina does not cause subsequent 
neurologic abnormalities. When the needle is seated in the 
spinal canal, very gentle negative pressure can be applied 
by withdrawing spinal fluid into a series of 3-mL syringes. 
If frank blood is obtained, the tip of the needle probably 
is in one of the ventral vertebral sinuses. The needle should 
be withdrawn a few millimeters and a clean syringe attached 
to the hub. Compression of the jugular vein causes engorge¬ 
ment of the ventral vertebral plexus, which increases CSF 
pressure in the lumbosacral cistern. Failure of the CSF to 
flow from the needle after compression of the jugular vein 
could indicate incorrea needle placement or an obliterative 
lesion of the thoracolumbar spinal cord. 

Cisterna Magna Tap 

General anesthesia is required for a cistema magna tap. After 
the patient has been anesthetized, the dorsal area of the neck 
overlying the atlantooccipital joint is surgically prepared. The 
patient's head is held flexed at a right angle to the neck, with 
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FIG. 35-1 II Close-up view of landmarks for a lumbar cistern puncture in 
a horse. The large dark ovals (A) represent the position of the two tubers 
sacrale The smaller curved lines (B) represent the respective caudal and cra¬ 
nial aspects of the L6 and SI dorsal spinal processes. The dotted line repre¬ 
sents the optimum area for placement of a skin stab. 

the sagittal plane of the head parallel to the floor or table on 
which the patient is lying. The head must not be allowed to 
move while the needle is inserted. The needle is inserted at 1 
to 2 cm caudal to a point corresponding to the intersection 
of the dorsal midline and a line drawn between the cranial 
aspects of the wings of the atlas. This point usually is 6 to 
9 cm (2V2 to 3Vi inches) from the poll (Fig. 35-2). A 3 , /2-inch, 
18-gauge spinal needle is inserted perpendicular to the skin 
and aimed toward the nose. The needle is advanced slowly 
with the stylet seated. After the needle has been advanced a 
few millimeters, the stylet is removed and the hub of the 



FIG. 35-2 II View of the ideal area for a cistema magna cerebrospinal 
fluid tap in a cow. 'Hie two lines (a) represent the wings of the atlas. The 
large spot in the center (b) is the optimum area for needle insertion. It is 
essential to prevent head movement by use of anesthesia and restraint. 


needle examined for CSF flow. The stylet is replaced if it is 
dry and CSF is not spontaneously dripping from the hub, 
and the needle is advanced another few millimeters and 
checked again for CSF flow. Fntry of the tip of the needle into 
the cistema magna may be accompanied by the sensation of 
"popping" through a tissue plane or by a sudden decrease in 
resistance to the advancement of the needle. In other cases, 
however, no such sensation is perceived, thus the precaution 
of checking for CSF flow every time the needle is advanced a 
few millimeters. 

In most large animals the needle is seated at approxi¬ 
mately 5 to 8.75 cm (2 to 3V£ inches). While advancing 
the needle, the heel of the hand should be held firmly 
against the animal's neck to minimize the possibility of 
spinal cord injury. The mean depth of insertion is 6.16 cm 
[2Vi inches) in horses 10 and 5.08 cm (2 3 /io inches) in cattle. 
In a cistema magna tap, the needle entry site is dose to the 
cervical spinal cord and the brainstem. To minimize the 
danger of central nervous system (CNS) damage during a 
cistema magna tap, the animal should be adequately anes¬ 
thetized and ventilated, because an increased partial pressure 
of carbon dioxide (Pco 2 ) results in elevated intracranial 
pressure. 12 Removal of fluid from the cistema magna is con¬ 
traindicated in a patient with increased intracranial pressure 
because a possibly fatal herniation of the brain through 
the foramen magnum and under the tentorium cerebelli 
may occur. Signs of increased CNS pressure include a moder¬ 
ate to marked decrease in mentation, mydriatic pupils, 
opisthotonos, extensor rigidity, ventrolateral strabismus, and 
papilledema. 

Ultrasonography can be used as an aid to needle place¬ 
ment for collection of CSF from both the atlantoocdpital 
cistern and the lumbosacral subarachnoid space. 13 * 14 In 
the authors' experience, however, CSF collection can usually 
be effected without such assistance. 

Myelography 

Contrast material for myelography is injected into the cisterna 
magna in large animal patients. Withdrawal of CSF before 
injecting the contrast medium is unnecessary, and reinjec¬ 
tion of CSF after it has been withdrawn is inadvisable. The 
turnover of CSF is rapid and under stria homeostatic control; 
therefore, withdrawal of CSF through a spinal tap does not 
have deleterious effects that require its replacement. 15 * 17 In 
horses undergoing myelography, two spinal needles can be 
placed, one at the lumbosacral space and one into the cistema 
magna. As the contrast medium is injeaed through the needle 
in the cistema magna, CSF is allowed to drain freely from the 
lumbar needle. This technique facilitates injeaion of large 
volumes of contrast material but is not absolutely necessary 
to obtain a good-quality myelogram. 

ANALYSIS OF CEREBROSPINAL FLUID 

The color of the CSF should be noted as it flows from the 
hub of the spinal needle. Blood can originate from the 
tapping procedure (iatrogenic hemorrhage) or from a trau¬ 
matic CNS lesion. Iatrogenic hemorrhage is unevenly 
mixed in the CSF and disappears as the fluid drips from 
the needle. Fluid colleaed immediately after placement 
of the spinal needle tends to be mildly contaminated with 
blood even when this is not apparent grossly. Successive 
aliquots usually are less contaminated, so the later aliquots 
are most suitable for cellular and protein analysis. 18 Blood 
resulting from CNS hemorrhage is evenly mixed with CSF 
even after a large amount has been removed. Hemorrhage 
that has occurred days earlier may have a brownish rather 
than red discoloration. Prior hemorrhage also results in 
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FIG. 35-3 II Black cerebrospinal fluid from a lumbosacral tap of a gray 
horse with paraparesis. The animal had a melanoma that infiltrated the cau¬ 
dal spinal rootlets. 


xanthochromia, a yellow discoloration of the CSF. Xantho¬ 
chromia can be observed in the CSF for at least 10 days after 
the introduction of blood. Xanthochromic samples do not 
contain bilirubin. 

Other abnormalities may be noted in CSF. For example, a 
black discoloration is diagnostic of a melanoma (Fig. 35-3). 
Foamy CSF denotes a protein concentration greater than 
200 mg/dL, and turbid CSF usually denotes cell counts 
exceeding 400 mg/dL. 

The normal values for CSF are presented in Table 35-1. 
Cell counts should be determined in a noncentrifuged speci¬ 
men as soon as the sample is collected, using a hemacytome¬ 
ter. Automated methods for counting cells are not suitable for 
CSF because the very low numbers of cells in CSF compared 
to blood result in erroneous counts. Morphologic examina¬ 
tion of cells from CSF is most suitably done on cytospin pre¬ 
parations in an appropriately equipped laboratory, but 
sedimentation and membrane filtration techniques for CSF 
cell preparations have been described. 19 * 20 Normal CSF from 
large animals contains fewer than six white blood cells 
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(WBCs) per deciliter. Some reports have documented occa¬ 
sional WBC counts greater than 40 cells/dL in the CSF of nor¬ 
mal horses. 21 Although suggested to correct for the effects of 
iatrogenic blood contamination, various "correction factors" 
are inaccurate and should not be used. 18 22 

The refractive index of normal CSF is less than 1.335. 
The protein concentration of CSF in normal adult rumi¬ 
nants is less than 50 mg/dL and in normal horses less than 
100 mg/dL, although reference values vary with the techni¬ 
ques used for protein measurement; reference values should 
be established for each laboratory. 23 Nephelometry is usu¬ 
ally used for measurement of CSF protein in commercial 
laboratories. Protein electrophoresis has been performed 
on CSF to identify particular patterns associated with spe¬ 
cific diseases; 24 however, conflicting results limit the clinical 
application of this technique. 25 

Studies of the specific and relative quantities of albumin 
and immunoglobulins, particularly IgG and IgM, have been 
stimulated by the increasing importance of immunologic 
testing of CSF for diseases such as equine protozoal enceph¬ 
alomyelitis. Reference values for a number of parameters 
have been established. 26 The most important of these para¬ 
meters are albumin quotient, a measure of blood-brain barrier 
(BBB) permeability, and /gG index, a measure of intrathecal 
production of IgG. 27 The formulae for these parameters are 
as follows: 

Albumin quotient = (CSF albumin/Serum albumin) x 100 
IgG index = (CSF IgG/Serum IgG) x (Serum albumin/CSF albumin) 

Reference values must be established for each species. 
An elevated albumin quotient indicates BBB leakage or con¬ 
tamination of CSF with blood, with possible introduction of 
immunoglobulins from serum. An elevated IgG index indi¬ 
cates intrathecal production of IgG and may support 
a diagnosis of infectious disease of the CNS. The usefulness 
of these parameters is influenced by a number of other 
variables, including the immunoreactivity of blood. 28 There¬ 
fore, clinical interpretations must be made with great caution. 

The concentrations of glucose and protein in the CSF of 
newborn foals are almost twice those found in the CSF 
of adults, but they approximate adult normal values by 2 weeks 
of age. 29 In contrast, calves between 1 and 2 months have 
lower protein concentration and higher leukocyte numbers 
in CSF than adult cattle. 30 The reference values for CSF proteins 
of normal horses and cattle are presented in Table 35-2. 

Neural tissue contains the BB isoenzyme of creatine kinase 
(CK), which increases after damage to the nerve cells. 3132 
The molecule does not cross the BBB, so CK in the CSF origi¬ 
nates from neural tissue. Contamination of CSF with dura or 


TABLE 35-1 

Normal Range of Values in Cerebrospinal Fluid for Large Animals '• 4 - 5 


1 Component 

Unit 

Equine 

Bovine 

Ovine 

Caprine 1 

Specific gravity 


1.004-1.008 

1.004-1.008 

NA 

NA 

Refractive index 


1.3343-1.3349 

1.3343-1.3349 

NA 

NA 

Protein 

mg/dL 

5-100 

20-40 

8-70 

24-40 

White blood cells (WBCs) 

WBCs/dL 

0-6 

0-3 

0-5 

0-7 

Glucose 

mg/dL 

30-70 

35-70 

48-109 

45-87 

Sodium 

mEq/L 

140-150* 

132-144* 

145-157* 

NA 

Potassium 

mEq/L 

2.5-3.5 

2.7-3.2 

3-3.3 

3 

Creatine kinase 

IU/L 

0-8 

2-48 

NA 

NA 

Magnesium 

mEq/L 

NA 

1.7-2.7 

NA 

NA 


NA, Result not available. 

•Cerebrospinal fluid (CSF) sodium is the same as serum or plasma sodium when measured with ion-specific electrodes When other measurements are used, 
the CSF sodium is usually higher than plasma sodium. 
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TABLE 35-2 


Protein Composition* of Cerebrospinal Fluid in Horses 
and Cattle 3 * 5 - 10 


1 Factor 

Horses 

Cattle I 

Albumin 

22.6-67.9* (55.1) 

8.2-28.7 (15.7) 

Total globulin 

3.8-20.1 (10.5) 

NA 

Total alpha 

0.51-12.8 (0.46) 

9.7-24.3 (14.7) 

Alpha, 

0.18-10.6 (0.48) 

NA 

Alpha 2a 

0.1-0.76 (0.31) 

NA 

Alpha 2b c 

0.23-1.44 (0.59) 

NA 

Beta, 

0.38-3.36 (1.59) 

1.875-8.85 (3.8) 

Beta 2 

0.27-1.31 (7) 

NA 

Gamma 

0.27-3.03 (1.35) 

2.45-8.85 (4.8) 


NA, Result not available. 

•Range of values for protein concentration is expressed in mg/dL; numbers 
in parentheses are mean values. 


fat, however, falsely elevates the CK concentration. Some 
have suggested that CK is an accurate marker and a prognos¬ 
tic indicator for CNS disease, but other studies have not sup¬ 
ported this conclusion, and measurement of CK, although 
interesting, has limited clinical utility. 31 * 33 * 34 

The normal CSF concentration of glucose is approxi¬ 
mately 80% of that in blood. A decline in the ratio of CSF 
to serum glucose occurs in animals with bacterial meningitis 
because of increased use of glucose by inflammatory cells. 

Measurement of the sodium concentration of the CSF 
may be helpful for diagnosing salt poisoning in catde. In 
animals that do not have salt poisoning, this value is always 
less than 160 mmol/L; in animals with salt poisoning, the 
concentration usually is greater than 180 mmol/L. 

TESTING CEREBROSPINAL FLUID FOR 
SPECIFIC DISEASES 

T esting CSF for antibodies to a variety of infectious agents is 
now possible, as discussed later for specific diseases. 

Measurement of neurotransmitters and several biomarkers 
for CNS injury is currently available in the experimental 
setting. 35 Studies of these substances aid our understand¬ 
ing of CNS physiology and pathology. Large animal species 
frequently are used as experimental models in such research, 
thereby enhancing our knowledge of CSF in health and dis¬ 
ease in these species. Quantitation of neuropil-specific pro¬ 
teins (eg., glial fibrillary acidic protein, neurofilament 
proteins), a variety of cytokines, nitric oxide metabolites, and 
neurotransmitters (e.g., nociceptin) is proving useful in eluci¬ 
dating the mechanisms of CNS injury and, in some cases, 
quantitating its severity. 36 * 37 Although these tests are not yet 
commercially available, this may change in the future, facilitat¬ 
ing the clinicians ability to determine the prognosis for 
patients with CNS injury or disease. 


DISEASES PRODUCING 
CORTICAL S IGNS 

MAEDI-VISNA VIRUS INFECTION 
(OVINE PROGRESSIVE PNEUMONIA VIRUS 
INFECTION; ZWOEGERZIEKTIE) 

II Definition and Etiology. Maedi-visna virus, or ovine 
progressive pneumonia virus (OPPV), infection is a chronic 
disease of sheep caused by a retrovirus (subfamily 


Lentivirinae). 38 * 49 Visna virus is closely related to the many 
lentiviruses that cause immunodeficiency and neurologic dis¬ 
ease in other species; these viruses include equine arteritis 
virus, caprine arthritis-encephalitis virus, and simian, feline, 
and human immunodeficiency viruses. 50 * 51 Caprine and 
ovine lentiviruses constitute a single virus group, termed the 
small ruminant lentiviruses (SRLVs), which can readily cross 
between species. 52 * 54 These agents are enveloped ribonucleic 
acid (RNA) viruses that contain reverse transcriptase. 55 * 56 The 
respiratory aspects of the viral infection are discussed in 
Chapter 31. 

II Clinical Signs. Neurologic disease caused by maedi-visna 
virus is relatively rare. 51 Nervous system signs may be charac¬ 
teristic of a diffuse encephalitis and include ataxia, twitching 
of the facial muscles, conscious proprioceptive deficits, normal 
gait along a straight path, staggering or stumbling when turned 
or forced to perform a complex maneuver, circling, and blind¬ 
ness. Coma, convulsions, and hyperexcitability may be seen in 
terminal stages. Other sheep have gradually progressive limb 
weakness and ataxia, often worse in the rear limbs; myelitis 
may be the sole clinical manifestation of maedi-visna. 56 * 57 
Some sheep merely show emaciation without neurologic 
signs. The time between the onset of clinical signs and death 
may be as long as 1 to 2 years. Because of the slowly progressive 
nature of OPPV infection and the high probability that affected 
sheep eventually will develop chronic disorders of the nervous, 
musculoskeletal, mammary gland, or respiratory system, the 
presence of antibody in the serum usually is considered 
evidence of active infection. 58 * 59 


II Clinical Pathology. The CSF of affected animals is char¬ 
acterized by pleocytosis, with the cell counts per deciliter 
ranging from 1012 to 1478 for animals infected for 1 month 
and 4 years, respectively. 60 The protein concentrations of 
CSF range from 50 to 100 mg/dL for 30 days after infection. 
Antiviral antibody and virus can be detected in CSF speci¬ 
mens. The CSF/plasma ratio of immunoglobulin G (IgG) 
in the CNS is normal (<0.2) during the first month after 
infection but rises to over 0.4 after 1 month. 61 

II Pathophysiology. The lesions of maedi-visna virus infec¬ 
tion are partly induced by the host's inflammatory response. 
Experimental immunosuppression of infected sheep ame¬ 
liorates the severity of the clinical signs and reduces the 
pathologic lesions of the cerebral cortex without altering 
the amount of viral shedding. 62 * 63 The virus is immunosup¬ 
pressive. Viral infections usually lead to a variety of second¬ 
ary bacterial infections. 64 Spread of OPPV within the tissues 
and secretion of the virus may be facilitated by concurrent 
diseases, such as Brucella ovis. 65 The chronic viremia may 
be caused by repeated antigenic changes of the virus; by 
intermittent expression of proteins by persistent proviral 
deoxyribonucleic acid (DNA) in cells; or by protection of 
the virus in circulating immune cells. Natural resistance to 
maedi-visna virus infection may be mediated partly by a 
nonimmunoglobulin inhibitory substance that is present 
in ovine plasma. 64 

II Pathology. Gross lesions of visna infection are seen only 
rarely, when inflammation and malacia are extensive. In such 
cases, areas of yellowish tan discoloration are present in white 
matter. 66 The microscopic lesions of visna are predominantly 
those of a diffuse, nonsuppurative, perivascular inflamma¬ 
tion throughout the neuraxis, affecting white matter in 
particular, although gray matter also is involved. The lesions 
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include demyelination, gliosis, lymphocytic choriomeningi¬ 
tis, round cell infiltration of the choroid plexus, and focal 
necrotic areas that are infiltrated by macrophages. 67 ' 68 
Inflammatory lesions are predisposed to develop in a peri¬ 
ventricular location, including around the central canal of 
the spinal cord. 

After exposure to the virus, sheep develop an asymptom¬ 
atic infection for as long as 6 weeks. During this time the 
virus can be isolated from the brain and other tissues; later 
the virus can be isolated from peripheral blood neutrophils 
but not from tissue homogenates, indicating that replica¬ 
tion of the virus occurs in circulating cells during this stage 
of the infection. 69 Once the disease has been recognized, 
the affected sheep should be culled or slaughtered. Rigid 
control measures that may be partly successful 46 are dis¬ 
cussed in Chapter 31. 

II Diagnosis and Epidemiology. Spread of maedi-visna 
virus occurs through ingestion of infected milk by neonates, 
through in utero transmission, and horizontally within a 
herd. Recent data suggest that the role of colostrums and 
milk in the spread of disease may be less important than 
previously thought, and that seropositivity in young lambs 
may be caused by colostral antibodies rather than true sero¬ 
conversion by the lambs. 48 70 Low prevalence of the virus 
within herds managed extensively rather than intensively 
further supports the belief that horizontal transmission is 
the most important mode of infection. 71 

The diagnosis of visna infection is made initially by recog¬ 
nition of the clinical neurologic disease in groups of animals 
in which the pulmonary form of the disease also is present. 
Agar gel immunodiffusion (AGID) testing has been super- 
ceded by more accurate enzyme-linked immunosorbent assay 
(ELISA) and polymerase chain reaction (PCR) tests. 5172 ' 75 
The diagnosis and epidemiology of maedi-visna virus infec¬ 
tion are discussed in detail in Chapter 31. 

II Treatment and Prevention. No effective treatment for 
maedi-visna virus infection is available for field use, although 
the disease has been used as an animal model system for the 
study of drugs effective against lentiviruses 76 77 Prevention 
is based on herd hygiene and culling of affected animals. 
Recently, a novel vaccine strategy using a plasmid encoding 
for viral envelope glycoproteins has shown some promise, 
although routine clinical use of such vaccines is probably 
many years away. 78 


CAPRINE ARTHRITIS-ENCEPHALITIS 
VIRUS INFECTION (INFECTIOUS 
LEUKOENCEPHALOMYELITIS) 

II Definition and Clinical Signs. The caprine arthritis- 
encephalitis (CAE) virus belongs to the retrovirus group 
and is closely related to the virus that causes maedi-visna 
and ovine progressive pneumonia in sheep ("small ruminant 
lentiviruses"). 79 The systemic manifestations of the disease 
are thoroughly discussed in Chapter 38. The leukoencepha- 
lomyelitis form of CAE is predominantly seen in young goats 
but may occur in goats as old as 22 years. 80 The clinical 
signs of leukoencephalomyelitis include ataxia, paraparesis, 
paraplegia, tetraparesis, tetraplegia, hemiparesis, hemiplegia, 
head tilt, nystagmus, tremors, torticollis, trismus, salivation, 
depression, coma, and opisthotonos. 81 87 The neurologic 
deficits may be either symmetric or asymmetric Goats with 
high cervical spinal cord lesions (LI to L4) are recumbent 
and unable to raise their heads from the floor. They may 
show resistance to passive neck flexion. Vision and pupillary 


light reflexes may be diminished. 83 * 85 The specific gait distur¬ 
bances depend on the areas of the spinal cord involved. Signs 
of neurologic dysfunction may range from paraparesis to tet¬ 
raplegia. The spinal reflexes range from hypertonia and 
hyperreflexia to hypotonia and hyporeflexia. 8, ^ 6 This diver¬ 
sity of signs is related to the variable location of lesions in the 
central nervous system (CNS). 

Other clinical signs also are variable. In one study, affected 
goat kids remained afebrile, whereas in another study, 61% of 
affected animals had rectal temperatures ranging from 38.9° C 
to 41.3° C (103.6° F to 106.4° F) 8186 Other signs that could 
be associated with systemic viral infection include enlarged 
joints, vague and shifting leg lameness, weight loss, and 
tachypnea without significant auscultatory abnormalities. 

The major differential diagnostic considerations for the 
neurologic form of CAE include listeriosis or chlamydial 
and mycoplasmal infections. The CAE virus causes neuro¬ 
logic lesions in numerous regions of the CNS, whereas the 
lesions of listeriosis are generally restricted to the brainstem. 
Mycoplasmal infections typically affect kids ranging from 1 
to 6 months of age, and affected animals develop polysero¬ 
sitis. They are system ically ill, and the joints are hot, grossly 
swollen, and painful. Goats with a mycoplasmal infection 
show extreme pain when the neck is passively flexed 
because of meningeal and vertebral articular inflammation. 
Fluid from the body cavities of goats with mycoplasmal 
infection has a high protein concentration and an increased 
number of polymorphonuclear cells. 

II Diagnosis. Previously, an AGID test was used for the 
diagnosis of CAE, but this has been superseded by EUSA 
and PCR tests. 88 89 The vims also may be cultured from 
infected tissue. 90 One study has reported an increase in total 
plasma protein and hypergammaglobulinemia in affected 
goats 82 The results of other hematologic and blood chemistry 
analyses are normal. The changes in the CSF are characteristic 
only of a chronic granulomatous inflammation. Specific 
changes include an increased protein concentration and pleo¬ 
cytosis. 91 Cell counts in the CSF of affected goats range from 5 
to 1800/dL, and the protein concentration ranges from 0 to 
700 mg/dL 80 

II Pathogenesis. Being a member of the retrovirus group, 
the CAE vims contains RNA-dependent DNA polymerase. 
When inoculated into goats, the vims causes a chronic infec¬ 
tion characterized by demyelinating encephalomyelitis, 
arthritis, and interstitial pneumonia. The pathologic changes 
resemble those of an autoimmune process and are probably 
caused by interactions between the host's immunologic 
responses, denatured myelin, and the virus. 92 Macroscopic 
pathologic changes in the CNS of naturally infected goats 
include cloudiness of the meninges and tan discoloration of 
the white matter. 81 Microscopic changes include dissemi¬ 
nated perivascular accumulations of mononuclear cells, 
demyelination originating in the subependymal region, 
astrocytosis, and mononuclear leptomeningitis. 81 ' 85 * 88 * 92 ' 93 
The inflammatory foci are predominantly composed of 
macrophages containing material that tests positive on peri¬ 
odic acid-Schiff (PAS) staining. Neuronophagia and neuro¬ 
nal necrosis are not seen. 93 Lesions are most severe in the 
periductular, periventricular, and submeningeal regions of 
the white matter. Spinal cord lesions are most frequently 
observed in the thoracolumbar segments. 80 

II Treatment. No treatment is available for goats with leu¬ 
koencephalomyelitis. Control measures are discussed in 
Chapter 38. 



CHAPTER 35 Diseases of the Nervous System 


977 


BORDER DISEASE (HAIRY SHAKER LAMBS; 
HYPOMYELOGENESIS CONGENITA) 

II Definition and Etiology. Border disease is a congenital 
infection of sheep and goats caused by a noncytopathic 
toga virus (genus Pestivirus ). 94 The border disease agent is 
antigenically similar to the bovine viral diarrhea (BVD) 
and hog cholera viruses. Once introduced into a flock, the 
border disease virus causes a devastating syndrome charac¬ 
terized by abortion, infertility, and deformed lambs. The 
virus infects naive ewes during pregnancy and causes a vari¬ 
ety of fetal malformations, including early embryonic death, 
abortion and stillbirth, and small, malformed lambs. A 
seroprevalence rate as high as 29% has been seen in a newly 
infected flock; however, lambs infected in utero become 
immunotolerant and remain viremic. 95 In an infected flock 
the incidence of fetal malformations and abortions declines 
over lime because of the growing population of ewes with 
persistent active immunity. Adult sheep that become infected 
with the border disease virus develop an inapparent, short¬ 
lived viremia and become immune to reinfection. 

II Clinical Signs. The severity of clinical signs in affected 
lambs varies. Changes are most marked in newborn lambs 
infected in early gestation (before 50 days). The central ner¬ 
vous system (CNS), skin, and skeleton are the most seri¬ 
ously affected. The hairs of congenitally affected lambs are 
coarse, straight, and elongated and stand out from the body 
like a halo. 96 The coat is abnormally pigmented and may 
have a dark-gray appearance or hyperpigmented spots that 
are especially prominent over the top of the neck. 97 The 
combination of pigmentary abnormalities and long, coarse 
hair shafts gave rise to the descriptive term "steel wool 
coat." Animals that survive shed the abnormal hairs at 
9 to 12 weeks of age and replace them with normal hair 
fibers. Affected lambs also have a short, thickened body, 
shortened legs, smaller orbital size, and doming of the fron¬ 
tal bone. 98 " Arthrogryposis occasionally may be seen. Some 
infected lambs show neurologic symptoms such as ataxia 
and uncontrollable tremors. The tremors are coarse, involve 
the trunk and head, and disappear when the animal is 
asleep. 100101 The lambs often are alert and appetent but 
initially need assistance to stand and nurse. Some animals 
walk normally but hop on the rear limbs when forced to 
run. Over time the lambs become stronger but continue to 
show impaired locomotion for months. The CNS signs usu¬ 
ally disappear by 20 weeks of age, but the animals appear 
stunted. Affected animals have greatly decreased viability 
compared with uninfected herdmates and may die suddenly 
without showing premonitory symptoms. Aside from neo¬ 
natal death losses, economic burdens imposed by the viral 
infection include low birth weights, diminished weaning 
weights, lowered carcass quality, and infertility. 99102 

Abortions that occur 9 to 106 days after inoculation are 
seen in 30% of experimentally infected sheep. 97 98103 In 
field outbreaks the average gestational age of the aborted 
fetus is 63 days. Teratogenic effects are most often observed 
when lambs are infected at 50 to 90 days of gestation. 104 
Fetal mummification occasionally may be seen. 

The border disease virus is also pathogenic in goats. 105 
As in sheep, inoculation of pregnant does results in fetal 
mummification and abortion. The spinal cords of infected 
kids are hypomyelinated, but the characteristic hair changes 
usually observed in sheep fetuses are not seen in goat kids. 

The border disease virus has low pathogenicity for cattle. 
Abortions can be induced in cows inoculated with the virus 
at approximately 50 days of gestation, and affected calves 
have cerebral cavitations. 106 The condition is not recog¬ 
nized as naturally transmitted to cows. 


II Diagnosis. Identification of the viral antigens in tissues 
using fluorescent antibody tests is the most accurate method 
of diagnosing border disease. Tissues that most consistently 
contain viral antigens are those of the abomasum, pancreas, 
kidneys, thyroid, and testicles. 107 108 Serodiagnostic meth¬ 
ods, including serum neutralization (SN), AG ID, and com¬ 
plement fixation tests, have been developed. 109 In most 
cases the BVD virus has been used as the indicator antigen. Ser- 
odiagnosis of infected lambs is difficult because the lambs tend 
to be immunotolerant and therefore do not develop strong 
serologic responses. Sheep infected as adults develop SN titers 
ranging from 1:20 to 1:320, whereas the SN titers of animals 
with congenital infections are consistently below 1:10. 103 
The presence of viral antibodies in the CSF suggests border 
disease virus infection. 

II Pathophysiology. Hypomyelination probably is caused 
by a combination of virus-induced degeneration of the 
oligodendroglial cells (dysmyelinogenesis), persistent viral 
infection, and diminished secretion of the thyroid hor¬ 
mones L-3,3',5'-triiodothyronine and thyroxine. 110 A defi¬ 
ciency of these hormones probably results in a lowered 
concentration of 2 , ,3 , -cydic nudeotide-3'phosphodiester- 
ase, which contributes to the hypomyelination. The dimin¬ 
ished production of thyroid hormones is thought to be 
related to direct inhibition of the thyroid gland, because 
the pituitary activity of these lambs appears to be normal. 
Hypomyelination appears at approximately the same time 
as spetific antiviral delayed-type hypersensitivity, indicating 
that an immunopathologic event may be partly responsible. 
Morphometric measurements of the spinal cords of lambs 
infected in utero show a permanent reduction of both white 
and gray matter in a cross-sectional area as a result of the 
decreased myelin content. 111 Depressed blastogenic activity 
of lymphocytes, a decrease in T4 helper cell function, and 
an increase in T4 suppressor cell function have been 
demonstrated in affected lambs between 4 and 7 months 
of age, indicating a viral immunosuppression. 112 ’ 114 Such 
immunosuppressed lambs succumb to parasitism, diarrhea, 
and bronchopneumonia. 

II Epidemiology. Border disease is transmitted both verti¬ 
cally and horizontally. 112115 The agent can efficiently infect 
sheep through the intact mucous membranes. The major res¬ 
ervoir in infected herds is the asymptomatic, congenitally 
infected seronegative animal. 95116 Sheep exposed to the 
virus as adults develop antibody responses and are able to 
dear the infections within weeks. Asymptomatically infected 
animals may shed the virus through the placenta, infected 
offspring, saliva, respiratory secretions, urine, or feces. 103112 
In one seroepidemiologic study of infected ewes in the west¬ 
ern United States, lambs were more often seropositive than 
ewes. 95 A large percentage of the seropositive lambs were 
bom to seronegative ewes, indicating the presence of a large 
amount of vims cycling from asymptomatic carriers. Strain- 
related differences appear to exist in viral pathogenicity. 117 

II Necropsy Findings. The macroscopic changes associated 
with border disease vims infection are hydranencephaly, 
porencephaly, microcephaly, cerebellar hypoplasia, abnor¬ 
mal curvature of the ribs, brachygnathia, doming of the fron¬ 
tal bones of the skull, narrowing of the distance between the 
orbits, a decrease in orbital size, shortening of the crown-to- 
mmp and diaphyseal lengths, retention of secondary hair 
fibers, and abnormal skin pigmentation. 

Microscopic changes in lambs with congenital infection 
include hypomyelinogenesis and hypercellularity of the 
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white matter with abnormal-appearing glial cells. 118 The 
CNS shows dysmyelinogenesis, secondary demyelination, 
and a nodular periarteritis. Viral antigen can be demon¬ 
strated in the adventitia of the CNS arterioles. 110 The micro¬ 
scopic lesions of the placenta include endothelial swelling, 
thrombotic occlusion of the vessels, and fibrinonecrotic 
cellular debris in the fetomaternal space. 118 

II Treatment and Control. In herd situations, blood cul¬ 
tures and examination of skin biopsies by fluorescent anti¬ 
body tests should be performed concurrently to identify 
carriers. 106 The SN test is not a reliable indicator of infec¬ 
tion. Noninfected pregnant sheep should be kept separated 
from others in the flock for the first 60 days of gestation to 
ensure that in utero infections do not occur. 


environment for up to a month; cooler ambient temperatures 
and higher humidity promote virus survival. 127 Calves less 
than 6 weeks old are most susceptible, but infection and resul¬ 
tant neurologic disease also have been described in adult cat¬ 
tle 121,122,128-134 Animals that survive the disease become 
persistently infected; virus survives in the nasal and tracheal 
muscosa and the trigeminal ganglion. Reactivation and virus 
shedding may occur during periods of stress. 127 ' 129 ' 132 
Although clinical disease caused by reactivation of latent virus 
is usually mild and may go unnoticed, shedding of virus dur¬ 
ing such episodes provides a source for infection of in-contact 
animals. The viruses grow in the nasal and pharyngeal mucosa. 
Brain involvement results from centripetal spread along the 
sensory neurons of the trigeminal and olfactory nerves. 132 
Hematogenous dissemination to the brain is believed to be rel¬ 
atively unimportant. 


ENCEPHALITIC INFECTIOUS BOVINE 
RHINOTRACHEITIS VIRUS INFECTION 

II Clinical Signs. Two herpesviruses, bovine herpesvirus 
type 1 (BoHV-1) and type 5 (BoHV-5), have been associated 
with encephalitis in cattle. 119 BoHV-1 infection typically 
results in an acute upper respiratory tract disease character¬ 
ized by fibrinonecrotic white plaques of the nasal, pharyn¬ 
geal, and tracheal mucosa and abortions (see Chapter 31). 
Other clinical conditions associated with infectious bovine 
rhinotracheitis (IBR) infection include epizootic conjuncti¬ 
vitis (Chapter 39) and infectious balanoposthitis or vulvo¬ 
vaginitis (Chapter 43). Infection with BoHV-5, in contrast, 
usually results in meningoencephalitis with few or no respi¬ 
ratory signs. BoHV-1 infections also can result in meningo¬ 
encephalitis, but much less frequently. The clinical signs of 
this encephalitis include depression, mild nasal and ocular 
discharge, conscious proprioceptive deficits, head pressing, 
aimless circling, bellowing, salivation, bruxism, paralysis 
of the tongue, head tilt, nystagmus, convulsions, blindness, 
coma, and death. 120121 The seizure activity is characterized 
by a tonic-clonic convulsion with violent spasms or tremors 
of the head, with all four legs flexed and the head in 
opisthotonos. 120121 Rectal temperatures of 41° C to 42° C 
(106° F and 107° F) have been reported. 122 The case-fatality 
rate of encephalitic IBR is almost 100%; however, recovery 
occurs in rare case. In experimental infection, signs develop 

I to 2 weeks after infection. 

Differential diagnoses for encephalitic herpesvirus infec¬ 
tions in cattle include almost all encephalitic, encephalo- 
pathic, and neurotoxic diseases of cattle, including rabies, 
polioencephalomalacia, salt poisoning, and lead toxicity. 
Accompanying respiratory disease raises the index of suspi¬ 
cion for herpesvirus. A rising serum neutralizing antibody 
titer in surviving animals can be used to confirm infection, 
although this does not distinguish between BoHV-1 and 
BoHV-5. Specific diagnosis is usually made at necropsy 
using a number of modalities, including virus isolation, 
immunohistochemistry, and PCR. 123 ' 125 Many of these tests 
do not distinguish between BoHV-1 and BoHV-5; more spe¬ 
cific PCR and restriction fragment analysis techniques can 
differentiate between these two virus types. 126 

II Epidemiology. Bovine herpesviruses cause disease in cat¬ 
tle worldwide, although the encephalitic form of infection 
is relatively rare in the United States. Epidemiologic factors 
that appear to favor dissemination of herpesviruses among 
catde include a high stocking rate, repeated introduction 
of animals from diverse backgrounds, and mass weaning 
of calves at a time when the passively acquired anti-IBR 
antibodies are waning. 120 BoHV-1 may survive in the 


II Pathophysiology. Encephalitic IBR infections cause a non¬ 
suppurative meningoencephalitis that is widely distributed 
in the gray matter of the brain. Pathologic abnormalities 
affect predominantly the forebrain, although all areas of the 
brain can be involved. Findings include marked perivascular 
cuffing with mononuclear cells, diffuse gliosis, neuronal degen¬ 
eration and chromatolysis, hemorrhage, edema, necrosis, and 
neuronophagia. White matter lesions include myelitis with 
mononuclear cell infiltration and demyelination. Extensive 
lymphocytic meningoencephalitis is seen. Intranuclear inclu¬ 
sion bodies are rarely seen in bovine herpesvirus encephalitis. 
The vims usually can be isolated from brain homogenates of 
affected calves. 


II Treatment and Control. No adequate therapy exists for 
the encephalitogenic form of BHV-1 infection. Treatment is 
symptomatic and supportive and should include oral or intra¬ 
venous fluid support, nonsteroidal antiinflammatory drugs 
(NSAIDs), antibiotics in animals with respiratory signs, and 
nursing care. Diazepam or phenobarbital may be used for sei¬ 
zure control when necessary (Table 35-3). Animals with severe 
clinical signs may be euthanized for humane reasons. 

Vaccines that protea against BoHV-1 also may prevent 
BoHV-5 infeaion because of the close antigenic relationship 
between the two viruses. 128 Modified live intranasal vaccines 
may be most effective in preventing clinical disease and also 
can reduce shedding of vims by infeaed animals. In some 
European countries, eradication programs that employ test¬ 
ing and culling of infeaed animals have been successful in 
eliminating BoHV-1. Bovine herpesviruses can be spread 
through fomites and by aerosol transmission for up to 4 miles 
(6.4 km). 127 Stria biosecurity procedures are therefore essen¬ 
tial to developing and maintaining virus-free herds. 

BOVINE SPONGIFORM ENCEPHALOPATHY 
(“MAD COW” DISEASE) 

CHRISTINE F. BERTHEUN-BAKER 

II Definition and Etiology. Bovine spongiform encepha¬ 
lopathy (BSE) is a transmissible spongiform encephalopathy 
(TCE) of cattle that was first described in 1987 in Great Britain 
(GB). 135 The TSEs are a group of slowly progressing, invari¬ 
ably fatal neurodegenerative diseases that can affea humans 
and animals. They are also called “prion diseases" because 
of the accumulation of prion in the central nervous system 
(CNS). Since the "prion hypothesis" was first formulated in 
1982 by Stanley Prusiner, prions have been widely accepted 
as the etiologic infectious agents of the TSEs. 136 The prion is 
an isoform (PrPSc) of the normal prion protein (PrPc), a 
host-encoded membrane protein that does not carry any 
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TABLE 35-3 


Recommended Drug Dosages for Treatment of Cerebrocortical Disease 



Dose 

Route 

Frequency j 

ANTICONVULSANT DRUGS 

Valium 

0.01-0.4 mg/kg 

IV or IM 

Twice daily or as needed 

Pentobarbital sodium 

2-10 mg/kg 

IV 

Three times daily 

Phenobarbital 

Loading dose 20 mg/kg 

IV 

One time 


Maintenance dosage 1-4 mg/kg 

IV, PO, or IM 

Divided twice daily 

ANTIINFLAMMATORY OR ANTIEDEMA DRUGS 



Methylprednisolone 

1-30 mg/kg 

IV 

One time 

Dexamethasone 

# 1-4 mg/kg 

IV or IM 

Twice daily 

Mannitol 

0.25-0.5 g/kg 20% solution 

IV 

Twice daily 

Furosemide 

1 mg/kg 

IV, IM, or SC 

Twice daily 

Flunixin meglumine* 

1 mg/kg 

IV or IM 

Twice daily 

Phenylbutazone* 

2-4 mg/kg 

IV or PO 

Twice daily 

Dimethyl sulfoxide (DMSO) 

1-2 g/kg 

IV 

Twice daily 

Acetylsalicylic add (aspirin) 

7-10 g/500 kg 

PO 

Twice daily 


IM. Intramuscular; IV. intravenous; IK), oral; SC. subcutaneous. 

•Monitor for signs of gastric or abomasal bleeding (fecal occult blood). 

♦An initial loading dose of 10 to 20 mg/kg, followed by 2.5 to 5 mg/kg daily to every other day thereafter has been recommended for cattle. Because of the 
prolonged plasma half-life in ruminants, serial administration of the drug should be accompanied by careful monitoring of renal function and gastro¬ 
intestinal bleeding. 


nucleic acid. PrPSc replicates by inducing a posttranslational 
conformational change in the normal protein PrPc to form 
the abnormal prion PrPSc. 136 ' 138 

II Clinical Signs. Video clips of various clinical signs of 
BSE are available on the Internet. 139 As with all TSEs, BSE 
has a long incubation phase. It occurs mostly in 4- to 
6-year-old cattle (age range, 20 months to 18 years). The clin¬ 
ical signs of BSE are usually insidious in onset. 140141 They 
may be precipitated by stressful situations such as transporta¬ 
tion, concurrent illnesses, or states of increased metabolic 
consumption, such as late pregnancy and parturition. 

The detection of clinical signs of BSE and the array of 
clinical signs reported are influenced by how closely the cat¬ 
tle are being observed and the handlers' awareness of the 
insidious and nonspecific nature of the clinical signs. Subtle 
early behavioral changes are unlikely to be observed in large 
herds. Cattle may become apprehensive, stay apart from 
their herdmates, and become fearful of their handlers. As 
the disease progresses, cattle often become extremely excit¬ 
able, especially when restrained or placed in confined quar¬ 
ters or an unfamiliar environment. BSE cattle may refuse to 
move through previously familiar doorways and become 
impossible to restrain. Unprovoked aggression is less fre¬ 
quently seen. Hyperesthesia is most marked around the 
head and neck. A light touch on the hindlimbs may induce 
violent, "ballistic," and often repetitive kicking, which may 
also be observed during milking. Animals may overreact, 
startle, or "panic" in response to sudden visual, tactile, or 
auditory stimuli. The startle reaction may be gauged by a 
hand test (punching fist abruptly toward the animal's head 
without touching it), flashlight test, a hand clap, or a loud 
metallic "bang." Normal animals rarely startle in response 
to such stimuli, or they may startle once or twice when 
the stimulus is repeated. BSE cases will frequently startle 
in a violent and repeatable fashion, with no habituation 
to a repeated stimulus. In some cases the response may esca¬ 
late to an extreme "aberrant" startle, with head shaking and 
seizure-like head bobbing, which may be followed by vio¬ 
lent turning, running around, and falling. 139 

Other possible clinical signs of BSE include ptyalism, 
increased head rubbing, muscle fasciculations, and excessive 


vocalization. Other behaviors seen in BSE may include fre¬ 
quent and repetitive head tossing, licking of the nostrils, 
yawning, flehmen, head tossing and head butting, and rest¬ 
lessness. 139142 A relative bradycardia (<60 beats/min) may 
be observed in animals when a tachycardia is expected 
because of their hyperexcited state. Affected animals often 
lose weight and have reduced milk output. Ataxia and trem¬ 
ors are seen in more advanced cases. Tremors most often 
involve the head and neck and may become generalized, 
especially with exercise. Ataxia is most marked on turns, 
when going over steps, or on uneven terrain; it may also 
be accentuated with exercise. BSE animals may become 
recumbent and unable to feed if the disease is left to run 
its course. Recumbency may also be triggered by an inter- 
current illness or an injury during a fall. The clinical signs 
of BSE may be more difficult to recognize in animals that 
have become recumbent than in less advanced cases, 143 
and systematic targeted surveys of "fallen stock" have 
allowed for the detection of previously unsuspected cases 
of BSE in various countries. 144 

II Pathophysiology. The exact function of the prion protein 
is unknown, as are the mechanisms of neurodegeneration 
and CNS dysfunction in TSEs. 

The presence of BSE infectivity in extraneural tissues has 
not been identified in natural BSE cases. In pathogenesis 
studies of cattle orally inoculated with BSE, infectivity was 
detected during the incubation period in the distal ileum 
from 6 months after challenge and in the CNS from 32 
months after challenge (clinical signs first observed at 36 
months). 145 Similar studies in sheep revealed infectivity 
within Peyer's patches by 4 months after experimental inoc¬ 
ulation and in a wide range of tissues, including the CNS, 
by 16 months after inoculation. 146 PrPSc was detected 
in lymphoid tissue (Peyer's patches) of the distal ileum 
and in the bone marrow during the clinical phase of the 
illness. 147 Mice bioassays were negative for infectivity of 
milk, placenta, tonsils, and lymph nodes from BSE-affected 
and incubating animals. However, the more sensitive cattle 
bioassay showed that tonsils do carry small amounts of 
infectivity. 148 The full results of cattle bioassay studies have 
not yet been published. 
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II Epidemiology and Zoonotic Potential BSE may have 
derived from feedstuffs containing rendered carcasses of 
scrapie-infected sheep, or it might have been a preexisting 
sporadic and rare disease unrecognized in the bovine popu¬ 
lation. The BSE epidemic was traced to the recycling of BSE- 
infected carcasses into cattle feed, which occurred mostly in 
the 1980s in the United Kingdom (UK). 149 Cattle in other 
countries were affected as a result of the importation of 
infected feedstuffs or cattle, followed by later recycling the 
agent in their own rendered ruminant feedstuffs. 

Bovine spongiform encephalopathy has predominantly 
affected dairy cattle because of their longer lifespan and more 
intensive feeding and wider use of concentrate than beef cat¬ 
tle. From 1986 to August 2006, a tbtal of 179,140 cases of 
BSE were confirmed in GB. These cases have been distributed 
among 35,411 farms, representing about 60% of the farms 
holding adult cattle. 150151 The cattle cohorts bom in 1986 
to 1989 had the highest incidence of BSE cases, and the peak 
of the outbreak occurred in 1992, when 36,680 cases were 
detected through scanning of suspect clinical cases (passive 
surveillance) in GB. A sustained and sharp decrease in the 
number of cases has occurred each year since 1992. In 
2005, only 39 BSE cases were detected through passive sur¬ 
veillance (of 186 animals investigated), and another 164 
(of 547,366 cattle tested) were detected through active (tar¬ 
geted) surveillance programs in GB. 151 The decline in the 
GB epidemic is directly related to the successive bans on 
the feeding of ruminant-derived meat and bonemeal to cat¬ 
tle. The initial 1988 ban took effect in 1989 in the UK and 
has been tightened and refined since then. Similar bans have 
been adopted by many countries around the world. A map of 
countries that have reported home-born or imported cases of 
BSE and the number of cases reported each year is available 
and regularly updated on the website of the Office Interna¬ 
tional des Epizooties (OIE). 152 

No dear genetic predisposition to BSE has been demon¬ 
strated in cattle, unlike for scrapie in sheep. Calves bom from 
dams in the later stages of the incubation of BSE are at most 
10% more likely to develop BSE than their herdmates. This 
may be a result of an unidentified genetic predisposition or 
a low degree of vertical transmission. Mathematical model¬ 
ing of the rate of reduction in the number of BSE cases in 
response to the initial feed bans introduced in the UK 
showed that vertical and lateral transmission of BSE, if they 
do occur, do so at a very low rate that could not sustain an 
outbreak of BSE. At the turn of the century, mathematical 
modeling experts had initially predicted that BSE would be 
eradicated from the UK by the year 2005. 150 This prediction 
is being revised, especially because a previously unrecog¬ 
nized BSE phenotype has been identified in Italy, France, 
and Germany. 153154 

Since the onset of BSE epidemic, new TSEs have occurred 
in domestic cats, various exotic species, and humans. 151 
Strain typing in mice showed that these new TSEs were 
caused by the BSE agent. 155 ' 156 A new variant Creutzfeldt- 
Jakob disease (vCJD) was first identified in 1996 in the 
UK, where it has affected 162 people to date. 157 Other 
countries have detected vCJD cases (two in United States) in 
people who had lived in the UK between 1980 and 1996, 
when the strictest measures were enforced to prevent human 
infections. France, Italy, Republic of Ireland, The Nether¬ 
lands, Portugal, Spain, and Saudi Arabia have detected 
vCJD cases in residents who never traveled to the UK. The 
emergence of vCJD has put worldwide emphasis on the 
prevention and detection of TSEs in animals. The route of 
infection of people by BSE has not been clearly traced, but it 
is generally accepted that the consumption of food that 
included cattle nervous system was the main cause of vCJD 
in people. Successive "Specified Risk Materials" bans have 


been enforced to prevent contamination of human food with 
nervous system from ruminant animals. 

II Diagnosis. No in vivo test is available for the diagnosis 
of BSE. Clinical suspicion can be confirmed only by post¬ 
mortem examination. The diagnosis of BSE is based on 
microscopic brain examination or tests that identify prion 
in brain or spinal cord tissue. 135 153 154 158 Rapid prion tests 
include Western blot, paraffin-embedded tissue (PET) blot, 
and ELISAs. 159 * 162 Rapid tests have enabled the detection 
of BSE though surveillance in targeted at-risk populations, 
such as fallen cattle. 

Histopathologically, BSE is characterized by neuronal 
degeneration and intraneuronal vacuolation in specific brain 
areas. The vacuolation is accompanied or preceded by the 
accumulation of PrPSc. 149 163 164 The uniformity of the path¬ 
ology among affected cattle along the UK epidemic and in 
various other countries has generally supported the theory 
that all BSE cases were caused by a single strain of TSE agent, 
which has been defined by its specific BSE histopathologic 
phenotype. 149 164 167 Since 2004, atypical BSE cases have been 
described in Italy, France, and Germany. 153154168 Further stud¬ 
ies are ongoing to determine whether these cases reflect the 
existence of a previously unidentified strain of BSE. 

II Differential Diagnosis. Nervous system diseases that 
could be confused with BSE include viral encephalopathies 
(pseudorabies, rabies, Borna encephalitis, bovine immuno¬ 
deficiency virus encephalitis), listeriosis, polioencephaloma- 
lacia, lead poisoning, CNS parasitic migration, brain tumors 
and abscesses, and vitamin A deficiency. Hepatic encepha¬ 
lopathy and other metabolic imbalances may also be con¬ 
fused with BSE. Because of the insidious nature of BSE, 
affected cattle may appear to recover coincidentally with 
blanket therapy for suspected metabolic imbalances and 
later relapse. This must be kept in mind whenever therapy 
for metabolic imbalances initially appears to be successful 
but is followed by one or more relapses. 

II Treatment and Prognosis. BSE is always fatal, and no 
treatment is available. 

II Control. Various measures have been taken to protect 
public health by removing potentially infected animals 
and tissues from the food chain. The disposal of BSE- 
infected tissues and the sourcing of bovine tissues and body 
fluids for the preparation of medicinal products must take 
into account the extreme resistance of TSE agents. All TSE 
agents remain infectious after exposed to a wide range of 
inactivating treatments and environmental changes, such 
as autoclaving, rendering, storage for months to years, expo¬ 
sure to ultraviolet light, freezing, thawing, prolonged boil¬ 
ing, and incubation with formalin. 169 172 Because of the 
public health risk, the carcasses of animals suspected of hav¬ 
ing BSE should be incinerated. 

In countries that have had an outbreak of BSE, the com¬ 
plete exclusion of ruminant tissues from ruminant feed has 
aided progress toward eradication of BSE, as previously 
noted. In the UK the initial feed ban of 1988 was found to 
be insufficient and was reinforced by successive measures. 
The 1996 ban on feeding mammalian meat and bonemeal 
to all farmed animals was introduced to prevent contamina¬ 
tion of ruminant feed at feed mills and down the supply chain 
to the farm. Because of the long incubation period of BSE, 
there is a lag time in the effect of feed control measures, and 
the full effect of such measures can be assessed only when 
all animals bom after a feed ban reach 4 to 8 years of age. 
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SCRAPIE 

II Definition and Etiology. Scrapie naturally affects sheep, 
goats, and mouflons. It is the oldest known TSE. It has 
affected sheep in various countries for more than 250 years. 
Strain typing in mice has demonstrated the existence of a 
variety of scrapie agents, none of which are identical to 
the agent of BSE. 

II Clinical Signs. Video clips of various clinical signs of 
scrapie are available on the web. 139 Most animals with scra¬ 
pie are 1 to 5 years old. The clinical course varies but is typ¬ 
ically slow and may last several months. Shepherds who 
work closely with their sheep can best recognize the early 
signs of scrapie. Early behavioral changes are often accom¬ 
panied by weight loss. Scrapie cases may stay apart from 
the flock and become nervous and restless. 173 Pruritus of 
increasing intensity is a common feature; sheep may rub 
on fixed objects, scratch with their horns or hooves, and 
bite or lick at themselves excessively. The head, withers, 
flanks, back, rump, base of the tail, and lower Limbs are typ¬ 
ically affected, showing secondary wool loss, dermatitis, and 
skin infections or excoriations. 173 174 Head and face rubbing 
and shaking may also cause corneal chemosis or aural hema¬ 
tomas. When scratching the pruritic areas (mostly the back 
and rump), the animal may display a "scratch reflex'' (or 
"nibble reflex"), which may include reflex nibbling, lip lick¬ 
ing, and rhythmic head movements. This reflex is often but 
not always present in scrapie cases. It may also be observed 
in other CNS diseases and in pruritic skin diseases, especially 
ectoparasitism. 

Other clinical signs of scrapie include bruxism (tooth 
grinding) and ptyalism. Less frequently, rumen fluid (cud) 
may leak through the nostrils or the mouth. Tremors 
may start with the head and generalize to the whole body. 
As the disease progresses, some sheep with scrapie may 
develop signs of apathy, exercise intolerance, and ataxia. 
The most severe and advanced cases may show convulsions, 
collapsing episodes, and stupor. If scrapie is left to run its 
course, death may occur during a convulsion or as a result 
of starvation. The clinical signs of scrapie in goats are broadly 
similar to those in sheep. 174 178 Scrapie has been identified 
in fallen stock, especially in flocks that are not closely 
supervised. 

II Pathophysiology. The exact mechanism of CNS degener¬ 
ation in TSEs has not been identified. The oral route is the 
most likely route of entry of the scrapie agent, 179 180 which 
probably enters the gastrointestinal (GI) tract and is trans¬ 
ported to peripheral lymphoid tissue. 181 * 182 Follicular 
dendritic cells are infected early in the disease course, and 
there may be an interface between the lymphoreticular 
system and the nervous system. 183 Transport to the CNS 
likely occurs along the vagus nerve from the GI tract. 184 
PrPSc has been identified by immunocytochemistiy in the 
GI tract (in Peyer's patches and in autonomic plexuses) and 
in various lymphoid tissues of sheep with scrapie. 185 * 186 
Replication of the agent takes place in lymphoid tissues, 
including the spleen, but circulating lymphoid cells do not 
appear to be involved in scrapie replication. 181 * 182 * 187 

II Epidemiology. Scrapie occurs endemically in sheep 
flocks worldwide. 188190 Sheep are the natural host of scra¬ 
pie, but the infection can be maintained in goats that have 
no direct contact with sheep, indicating both lateral and ver¬ 
tical transmission of the agent in that species. 174 * 175 * 188 * 191 
Scrapie cases occur sporadically in infected flocks. Only one 
or a few animals are affected at any given time. Outbreaks 


with up to 40% of animals affected in a flock have been 
linked to the use of infected vaccines 192 or to the introduc¬ 
tion of scrapie by an infected animal in a previously unin¬ 
fected and genetically sensitive flock. The route of natural 
infection is presumed to be oral. The route of excretion 
and the means of transfer of the agent between sheep 
are unknown. 179 Lambing time is known to be a particu¬ 
larly high-risk period for infection for the young. The con¬ 
tamination of pastures with infected placentas is likely 
to be an important reservoir of the infectious agent in 
nature. 173 * 193 * 194 

Although there is no known breed predisposition to scrapie, 
the genetic makeup of the host controls differences in suscepti¬ 
bility and resistance to scrapie in various breeds. 172 , 95 196 The 
molecular basis of this resistance is largely controlled by the 
PrP gene. 197 The gene responsible originally was thought to 
determine the incubation period of scrapie and was called sip. 
This gene is now known to be the prion protein gene. Poly¬ 
morphisms at three codons of this gene appear to be the main 
determinants of the susceptibility of sheep to scrapie. 198199 
According to current evidence, the genotype W 136 RR 1S4 QQ 17l 
(or AAi 36 RR 154 QQi?i in some breeds) is most susceptible, 
and the genotype AA 136 RR I54 RR l71 is totally resistant. 200 
The potential relevance of other polymorphisms and other 
genetic factors is unknown. Selection of scrapie-resistant 
sheep flocks may be based on pedigree, phenotypic expres¬ 
sion of the disease, 172 or genetic testing to select sheep of 
"resistant" PrP genotypes. 200 Studies are ongoing to deter¬ 
mine whether "genetic resistance" may confer resistance to 
disease but not resistance to infection, in which case some 
genotypes of sheep could act as asymptomatic carriers of 
scrapie. 151 

II Treatment and Prognosis. Scrapie is a fatal and irrevers¬ 
ible disease for which there is no known treatment. 

II Diagnosis and Pathology 

IN VIVO DIAGNOSTIC TESTS. Immunohistochemistry 
may show PrPSc in biopsies of tonsils or nictitating mem¬ 
branes, allowing for diagnosis of infection in live animals 
that are incubating or in the clinical phase of scrapie. 201 ' 203 
However, these tests may be negative in scrapie cases, and 
their interpretation requires a high degree of experience. Fur¬ 
ther research is in progress to increase the sensitivity of PrPSc 
tests. Newer tests also are being developed to detect PrPSc in 
blood and cerebrospinal fluid (CSF). 204 206 

DIFFERENTIAL DIAGNOSIS. Nervous system diseases 
that could be confused with scrapie include pseudorabies, 
rabies, Boma encephalitis, listeriosis, polioencephalomala- 
cia, lead poisoning, parasitic migration in the CNS (coe- 
nurosis), brain tumors, brain abscess, maedi-visna virus 
infection, vitamin A deficiency, pregnancy toxemia, and 
other metabolic imbalances. When pruritus is the only clin¬ 
ical sign, skin diseases such as psoroptic and sarcoptic 
mange, ringworm, myiasis, pediculosis, and atopy may be 
considered as differential diagnoses. Because of the insidi¬ 
ous nature of the illness, animals with early scrapie may 
initially appear to respond to blanket treatments. This must 
be kept in mind whenever specific therapy for another sus¬ 
pected illness appears initially to be successful but is fol¬ 
lowed by relapse. When therapy of an alternate condition 
fails, the final diagnosis must rely on detailed examination 
of appropriate postmortem samples. 

POSTMORTEM DIAGNOSIS. Microscopic examination 
of the brain and spinal cord is the classic diagnostic method 
for scrapie. It is possible only when tissues are collected 
soon after death, before autolytic changes take place. Neu¬ 
ronal vacuolation and PrP deposits are found in specific 
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brain nuclei. 207 * 212 In autolyzed tissues, PrPSc can be iden¬ 
tified by immunohistochemistry testing, Western blot tests, 
or ELISA. 160 ' 161 ' 212 * 214 

II Control. Because there is no effective treatment for scra¬ 
pie, control measures designed to prevent the spread of 
the disease are especially important. Scrapie is a reportable 
disease. Eradication measures vary from country to coun¬ 
try. 149215 Animals suspected of having scrapie are slaugh¬ 
tered and destroyed. Contaminated pastures or paddocks 
may be left empty of livestock, but the scrapie agent is 
unlikely to be inactivated in the environment. Contaminated 
stalls, corrals, and sheds should be disinfected with sodium 
hypochlorite diluted at 4% available chlorine. In the United 
States and Canada, scrapie-affected and related animals are 
destroyed and their flocks quarantined. 215 Lines of sheep 
genetically resistant to the development of clinical scrapie 
have been selected. 216 These sheep do not develop the clini¬ 
cal signs of scrapie, but they may have a chronic asymptom¬ 
atic infection that could spread to sheep of susceptible 
genotypes. 172 , 216,217 

II Public Health Considerations. Although scrapie has been 
endemic in various areas of the world for more than two and 
a half centuries, epidemiologic studies have not shown any 
correlation between the incidence of Creutzfeldt-fakob dis¬ 
ease in humans and that of scrapie in sheep. 218 It is neverthe¬ 
less wise to take precautions to minimize the potential for 
human exposure to scrapie because some sheep could have 
been infected by BSE, which would be identical to scrapie in 
any infected flock. 219 In a study of BSE orally transmitted to 
sheep, the clinical signs of BSE were identical to those of 
scrapie. 220 

MURRURUNDI DISEASE AND SEGMENTAL 
AXONOPATHY OF MERINO SHEEP 

Murrurundi disease occurs in the sheep of New South 
Wales. 221 The condition is a spongiform encephalopathy that 
has some similarities to scrapie, humpyback, and Coonabar- 
abran disease; however, the three conditions are pathologi¬ 
cally differentiable. Murrurundi disease occurs in sheep 
between 1 and 5 years of age. The initial clinical sign is poste¬ 
rior paraparesis, with progression to paraplegia after several 
months. No wool breakage occurs in affected animals. Micro¬ 
scopic changes include multiple cytoplasmic vacuolation of 
the neurons and chromatolysis of Nissl substance. The cause 
of the disease is unknown. 

A similar condition has been described in Merino sheep 
that developed progressive paraparesis between 1 and 4 
years of age. 222 Axonal spheroids within white matter tracts 
of both the brain and spinal cord were the main pathologic 
feature of this disease. 

HUMPYBACK DISEASE 

Humpyback disease affects Merino wethers of Australia. The 
neurologic signs of the condition are not usually observed 
until the sheep are gathered for shearing. The affected ani¬ 
mals lag behind the flock and show posterior ataxia. They 
may fall or stand quietly with the head lowered and the back 
arched; thus the common name of the condition. The clinical 
signs include rear limb ataxia, stiffness of the rear limbs, 
knuckling of the fetlocks, arched back, and recumbency. After 
resting for several minutes, affected sheep arise and travel for 
a short distance but soon are immobilized again. Eventually 
the disease leads to recumbency and death. Affected animals 
worsen over several years. 223 Wallerian degeneration of the 


spinal cord is the major pathologic change seen in affected 
sheep; however, the severity of microscopic changes do not 
correlate well with the clinical signs. The cause of the condi¬ 
tion is unknown. 224 * 225 

EQUINE HERPES 
MYELOENCEPHALOPATHY 

JOHN W. SCHLIPF 

MARY O. SMITH 

Eight types of herpesvirus affect horses, donkeys, and possi¬ 
bly other equids. 226 227 Of these, equine herpesvirus type 1 
(EHV-1) is clinically important because it sometimes is asso¬ 
ciated with neurologic disease. 226 EHV-1 is more frequently 
associated with reproductive disorders, neonatal diseases, 
and respiratory disease. 226 ' 228 229 Equine herpesvirus type 4 is 
primarily associated with respiratory disease and is discussed 
extensively in Chapter 31. 228 Equine herpes myeloencephalo- 
pathy results from ischemic damage to the spinal cord, not 
from viral infection of neurons. 226 Single individuals may be 
affected, but outbreaks involving several horses in the same 
environment have been reported; such involvement of multi¬ 
ple animals raises the index for suspicion of EHV-1. 230 * 232 

II Clinical Signs. Acute onset of ataxia and tetraparesis of 
variable severity most often characterizes the neurologic 
form of EHV-1. 229 233 Signs usually appear between 6 and 

10 days after infection. 229 The severity of clinical signs can 
range from subtle neurologic deficits to complete recumbency. 
Other signs also may be seen, including nasal discharge, 
limb edema, colic, ocular lesions, and anorexia. 226 ' 228 231 233 
The animal may be febrile at presentation, but most are 
normothermic 226 229 Pyrexia is the most consistent premoni¬ 
tory sign before the onset of neurologic disease, although not 
all pyrexic horses will develop myeloencephalopathy. 232 234 
Coughing and nasal discharge sometimes accompany the 
neurologic deficits or may have been present in the preceding 
2 weeks. 231 

The neurologic signs reflea damage to the white matter 
of the spinal cord and include ataxia, paresis, conscious pro¬ 
prioceptive deficits, urinary incontinence, flaccid tail and 
anal tone, and diminished perineal sensation. 226 ' 229233 
Hindlimbs are more severely affeaed, and deficits usually 
are symmetric. Bladder atony and dysuria frequently occur, 
and the associated dribbling of urine leads to secondary 
perineal scalding. Anal sphincter tone also is diminished, 
which may result in a distended reaum. 

Cranial nerve deficits, including seizures, blindness, and 
vestibular signs, have been reported with El IV-1 infeaion. 231 
Ocular lesions also may be present, such as mydriasis, 
hypopyon, uveitis, and optic neuritis. 226 ' 229 235 ' 236 

The clinical signs typically stabilize within 48 hours, 
although progression varies. Some patients continue to 
deteriorate and eventually die or are euthanized. Most 
horses begin to improve within the first 5 to 7 days and ulti¬ 
mately make a full recovery, although the recovery may take 
months. A patient that does not become recumbent has a 
much better prognosis. 233 ' 235 

11 Diagnosis. A tentative diagnosis can be made based on 
charaaeristic neurologic signs, the history, and supporting 
findings on the physical examination. A cerebrospinal fluid 
(CSF) analysis that shows an increase in protein and a nor¬ 
mal or slightly increased nucleated cell count (albuminocy- 
tologic dissociation) is the classic CSF change seen with 
EHV-1 infection. 226 ' 229237 Cerebrospinal xanthochromia 
may also be seen. 233 The protein level may be normal, 
which does not necessarily rule out EHV-1. Occasionally, 
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early in the disease the CSF may be normal or may show 
only mild abnormalities; CSF protein concentration in the 
normal range does not rule out EHV-1. 226 

A fourfold or greater increase between acute and conva¬ 
lescent virus neutralizing (VN) antibody titers is consistent 
with a diagnosis of EHV-1 infection. 237 VN titers usually 
are the easiest and most economic to perform. Because 
they rise quite rapidly and reach a level much higher with 
natural infection compared with vaccination, a fourfold 
rise in the VN titer may not be seen, especially if collec¬ 
tion of the acute sample was delayed. 226 235 A single titer 
of 1:256 or higher is highly suggestive of recent infec¬ 
tion. 229237 The titer of VN antibodies does not correlate 
with protection against infection or with reduced vire- 
mia. 238 Complement fixation (CF) titers decline quite rap¬ 
idly after infection, requiring sample collection early 
in the course of the disease. A titer higher than 1:16 is con¬ 
sistent with recent infection. 237 It is important to know 
which assay the diagnostic laboratory uses, because inter¬ 
pretation of the results differs depending on the test 
performed. 

Viral isolation attempts from the buffy coat of an ethylene- 
diamine tetraacetic acid (EDTA) tube and nasopharyngeal 
swabs may yield a positive result for EHV-1 for approximately 

10 to 12 days after infection. 226 It is critical that samples be 
handled appropriately and transported to the laboratory as 
soon as possible. A viral transport medium is necessary and 
should be available from the diagnostic laboratory. Viral iso¬ 
lation from the CSF is unrewarding because there does not 
appear to be direct viral infection of neurons. 233 

11 Pathophysiology. An apparent immune complex vasculi¬ 
tis and thrombosis in arterioles of the spinal cord lead to 
segmental spinal cord ischemia. Although the lesions are 
characteristic of a type III (Arthus) hypersensitivity, an 
immune-mediated pathogenesis has not been conclusively 
demonstrated. 229 However, the theory of an immune- 
mediated pathogenesis is supported by the finding that 
horses vaccinated within the previous 12 months were 
shown to be 9 to 14 times more likely to develop the neu¬ 
rologic form of EHV-1 infection. 229 The vasculitis may be 
the result of viral infection of the CNS endothelium by cir¬ 
culating infected leukocytes. 233 The CNS vascular endothe¬ 
lium appears to be the primary site for infection, and the 
development of neurologic disease may depend in part on 
the endotheliotropism of the virus. Viral replication within 
neural tissue has not been definitively demonstrated. 226 * 229 

II Epidemiology. Herpesvirus infection is enzootic in the 
horse population. Infection usually occurs through the 
respiratory or intestinal epithelium after the animal comes 
in contact with the virus in fluids from an abortion or in 
ocular, nasal, or respiratory tract secretions. 229 * 235 Most 
horses become infected before 1 year of age. As with most 
herpesvirus infections, the virus is capable of evading the 
horse's immune system and can develop latency. 229 * 235 * 239 
Sites considered likely for latency are the lymphoid tissue 
and the trigeminal ganglion. 239 * 240 

Equine herpes myeloencephalopathy is rare, but cases 
have been reported worldwide. 229 The existence of a neuro- 
virulent form of the virus has been suspected, but the differ¬ 
ences in the strains isolated from neurologic syndromes are 
not significant enough to warrant additional classifica¬ 
tion. 226 However, equine herpes myeloencephalopathy out¬ 
breaks have been reported, lending support to the idea of a 
neurovirulent form. 230 * 233 * 235 During outbreaks, the virus 
appears to be spread readily, and both morbidity and mortal¬ 
ity can be high. 234 


Animals of any age or gender are susceptible; pregnant or 
lactating mares are most often affected. 226 * 229 Risk factors 
for the development of neurologic signs include female gen¬ 
der, older age, and fever. A higher prevalence of neurologic 
disease was found in standardbred, Hispanic breeds, and 
draft horses in one study of multiple outbreaks of herpesvi¬ 
rus myeloencephalopathy. 229 Foals are rarely affected with 
the neurologic form of EHV-1 infection. There appears to 
be some seasonal variation because more cases are seen 
during the spring and winter months. 232 Stress-associated 
recrudescence of latent infections and shedding without 
clinical signs are important in the development of equine 
herpes myeloencephalopathy in a closed population. The 
virus may be shed for 3 weeks or longer after infection. 
A morbidity rate of up to 90% and a mortality rate of up to 
40% have been reported. 229 * 233 There are no reports of equine 
herpes myeloencephalopathy associated with any modified 
live virus vaccine currently approved for use in horses. 175 
Frequent vaccination (up to four times a year) may render 
animals more susceptible to neurologic manifestation of 
EHV-1 infection. 234 

II Necropsy Findings. Gross and histologic lesions are not 
always limited to the CNS. 226 * 233 Ocular lesions have been 
reported, including hypopyon, iritis, and chorioretinitis. 
Cystitis and scrotal edema may be present. 226 * 229 Focal areas 
of hemorrhage may be found throughout the brain and 
spinal cord parenchyma and meninges. Vasculitis of the 
small arteries and veins of the spinal cord white matter 
and of the gray and white matter of the brain results in 
ischemic lesions in the CNS. 241 * 242 Equine herpesvirus is 
infrequently isolated from the CNS during a postmortem 
examination. 230 * 237 Polymerase chain reaction (PCR) and 
direct immunofluorescence assay in situ can be performed 
on CNS tissues obtained postmortem to confirm the 
presence of the virus. 230 

II Treatment. Supportive care is the most important 
aspect of treatment for equine herpes myeloencephalopa¬ 
thy 226,229,233,237 Measures include bladder decompression 
twice a day for horses with bladder atony and urinary 
incontinence, evacuation of the rectum, enteral or paren¬ 
teral nutritional support, and administration of intravenous 
or oral fluids. The horse may require support in a sling. 

Administration of antiinflammatory drugs soon after the 
onset of neurologic signs may be beneficial. Corticosteroids 
have been used because of the possible immune-mediated 
pathogenesis, but no objective data are available evaluating 
the efficacy of this treatment. Dexamethasone (0.05 to 
0.1 mg/kg IV) can be given every 12 to 24 hours for 3 to 5 
days, with the dosage then tapered for 1 to 3 days. 237 The 
possibility of viral reactivation is unlikely at the recommended 
dosage. 229 Dimethyl sulfoxide (DMSO; 0.25 to 0.1 mg/kg 
by slow IV infusion) every 12 to 24 hours is routinely used 
when treating neurologic disease, although its efficacy has 
not been documented. 226 

Use of antibiotics should be considered if the horse is 
recumbent or has urinary tract involvement, or if respiratory 
tract signs are present. Antiviral agents, particularly acyclo¬ 
vir, have been recommended based on their use in humans 
for herpes simplex virus encephalitis. There is insufficient 
evidence to recommend the use of antiviral agents for 
EHV-1 infection in horses. 237 

II Prevention. Currently, no prophylactic measures for or 
methods of preventing equine herpes myeloencephalopathy 
are available. The vaccines currently used to prevent EHV-1 
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respiratory and abortion syndromes do not claim to prevent 
equine herpes myeloencephalopathy. Findings in vacci¬ 
nated horses naturally exposed to EHV-1 during disease 
outbreaks are mixed regarding protection against myeloen¬ 
cephalopathy. 232 ' 238 Vaccination may reduce the incidence 
of the other EHV-1 -related diseases and thereby reduce expo¬ 
sure to the virus and the risk of developing equine herpes 
myeloencephalopathy. A recent study concluded that modi¬ 
fied live virus vaccine provided significantly better protection 
against EHV-1 myeloencephalopathy than a killed vaccine, 238 
although the duration and robustness of such protection are 
not yet clear. Vaccination in the face of an outbreak is contro¬ 
versial 226 ; viremia may be reduced or prevented as a result of 
vaccination, but an increase in antib'ody levels may be partly 
responsible for, or may play a role in the development of, the 
neurologic form. 

Management practices may reduce the risk of introducing 
or disseminating EHV-1 infection. Such practices include iso¬ 
lating all new arrivals for at least 3 weeks and maintaining 
distinct herd groups based on age, gender, and occupation. 
Pregnant broodmares should be kept apart from the general 
population as much as possible. Minimizing stress may 
reduce the likelihood of recrudescence of a latent infection. 

PSEUDORABIES (AUJESZKY’S DISEASE, 

MAD ITCH, BULBAR PARALYSIS) 

CHRISTINE BERTHELIN-BAKER 

LISLE W. GEORGE 

II Definition and Etiology. Pseudorabies is caused by an 
encapsulated DNA virus, suid herpesvirus type 1 (Su-HVl), 
a member of the genus Varicellovirus, subfamily Alphaherpes- 
virinae, family Herpesviridae. 243 ' 244 This virus is able to 
infect the CNS and other organs (e.g., respiratory tract) of 
virtually all mammals except humans and most primates. 
Domestic and feral swine are the natural hosts and may 
become latent carriers. The virus can also infect cattle, sheep, 
cats, dogs, and goats as well as wildlife (e.g., raccoons, 
opossums, skunks, rodents) and rarely, horses. 245 * 248 In 
domestic and wild ruminants, pseudorabies is an acute and 
usually fatal encephalitis. 

II Clinical Signs. The incubation period ranges from 90 
to 156 hours, and the illness may last 8 to 72 hours, 
although some affected animals have been found dead 
without any observed clinical signs. 249 ' 250 The initial clini¬ 
cal sign is usually a manifestation of paresthesia, with acute 
and severe pruritus inducing self-trauma, dermal abra¬ 
sions, swelling, and alopecia. 249 Other signs may include 
fever, bellowing, bloat, feet stamping, excessive salivation, 
chewing of the tongue, ataxia, circling, nystagmus, and stra¬ 
bismus. 251 * 253 Aggression may be seen, but most affected 
animals become depressed. As the disease progresses, there 
may be twitching, hyperesthesia, tenesmus, spasmodic 
kicking, excessive licking of the nostrils, continuous masti¬ 
cation, sweating, vocalization, semicoma, coma, convul¬ 
sions, opisthotonos, hyperpnea, tachypnea, and slow irregular 
respiration. 254 The clinical signs of pseudorabies in cattle 
closely resemble those of rabies, polioencephalomalacia, salt 
poisoning, meningitis, lead poisoning, hypomagnesemia, and 
enterotoxemia. 

II Clinical Pathology. The Aujeszky's disease virus (ADV) 
can be isolated from the pharyngeal or nasal secretions of 
affected animals and can be easily cultured from infected ner¬ 
vous tissues. Strains of ADV are antigenically distinct from 
other herpesviruses but share common antigens with the 
infectious bovine rhinotracheitis (IBR) virus. Heterospecific 


antibodies to the IBR virus may cross-neutralize the pseu¬ 
dorabies virus and confound serologic tests. For virus culture, 
tissues should be collected from sensory ganglia or the sen¬ 
sory parts of the spinal cord. Segments serving the pruritic 
sites should be collected preferentially because these areas 
contain the highest concentration of virus. 

II Pathophysiology. Ruminants are susceptible to pseu¬ 
dorabies infection after intradermal, subcutaneous, intrana¬ 
sal, or oral exposure to the virus. After subcutaneous, oral, 
or nasal infection, the virus spreads centripetally to the 
CNS by axonoplaSmic transport. During the acute infection 
the virus may be present in the nasal mucosa, secretions, 
and saliva. 

II Epidemiology. Aujeszky's disease has a worldwide distri¬ 
bution and, although cases occur only sporadically, is an 
economically important disease because of the regulatory 
quarantine and other restrictions imposed on animals from 
affected herds (it is a reportable disease). Outbreaks have 
occurred in cattle in the United States, Europe, Australia, 
New Zealand, Latin America, and South America. Until 
recently, Aujeszky's disease was endemic in the United 
States, but it now has been successfully eradicated from 
domesticated swine. As of December 2006, all states are 
classified as free of pseudorabies in domesticated swine 
(OIE status V), although ADV remains present in feral pigs 
in parts of the United States. 

The viral infection in cattle is perpetuated partly by the 
occurrence of latent infections in pigs, which can be recru¬ 
desced by stressful conditions. 255 Occasional spillover of the 
virus from swine into ruminants occurs because of the proxim¬ 
ity of the two species in many livestock operations. 250 ' 256 
The natural routes of transmission include nose to nose, fecal 
oral, and venereal. 245 ' 257 Indirect transmission usually occurs 
by inhalation of aerosolized virus. The virus may travel 
via aerosols up to 2 km (1.2 miles) in certain weather condi¬ 
tions and may survive up to 7 hours in nonchlorinated well 
water; for 2 days in anaerobic lagoon effluent and in green 
grass, soil, feces, and shelled com; for 3 days in nasal wash¬ 
ings on plastic and pelleted hog feed; and for 4 days in straw 
bedding. It is inactivated by drying, sunlight, and high tem¬ 
peratures (>37° C). Dead-end hosts, such as dogs, cats, and 
wildlife, can transmit the vims between farms, but aside from 
feral swine, these animals survive only 2 to 3 days after 
becoming infected. Sheep have also been infected by modi¬ 
fied live vims vaccines targeted for use in swine. 258 259 

Latency of the viral infection in mminants is not an 
important mechanism for perpetuation of an outbreak- 
most animals die within 48 hours of disease onset and 
may shed ADV in their saliva, oral secretions, and mucous 
membranes for only up to 6 days after infection, and direct 
spread of the vims between infected and uninfected cattle is 
unlikely. 256 Wild mammals such as raccoons may play a 
role in pseudorabies survival and transmission; rats, how¬ 
ever, develop transient infections and do not appear to 
transmit or perpetuate the vims. 260 * 262 The pseudorabies 
vims may survive in contaminated meat products for up 
to 7 weeks. The role of this prolonged survival in perpetuat¬ 
ing outbreaks in mminants is unknown. Differences in vims 
pathogenicity for cattle have been correlated with the type 
of syncytium formation in tissue cultures. 262 The role of 
these strain differences in the perpetuation and dissemina¬ 
tion of the disease is unclear. 

II Necropsy Findings. The macroscopic changes that occur 
in animals infected with the pseudo rabies vims are alopecia, 
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edema, and hemorrhage at the pruritic site. The neuropath- 
ologic changes include perivascular cuffing, interfascicular 
edema, nonsuppurative encephalitis, gliosis, neuronal degen¬ 
eration, and eosinophilic intranuclear (Cowdiy type A) inclu¬ 
sion bodies. The lesions are most pronounced in the dorsal 
nerve rootlets and the dorsal hom. 

II Treatment. There is no treatment for pseudorabies, 
which is usually fatal in livestock, although rare recoveries 
have been reported. 252 

II Prevention. The most effective method of preventing 
pseudorabies virus infection in ruminants is eliminating 
their exposure to swine. Contaminated pens can be disin¬ 
fected with 10% sodium hypochlorite solution, quaternary 
ammonium compounds, tamed iodine, or phenolic 
compounds. 263 At least 5 minutes of contact time should 
be allowed before the disinfectant is rinsed from the 
contaminated surfaces. Fumigation with formaldehyde 
for 6 hours effectively kills the virus, as does 360 minutes 
of contact with ultraviolet light. 

ALPHAVIRUSES 

MAUREEN LONG 

E. PAUL GIBBS 

Vaccination has reduced the size and number of outbreaks 
of eastern equine encephalitis (EEE), western equine en¬ 
cephalitis (WEE), and Venezuelan equine encephalitis 
(VEE) in horses from thousands of cases in the United 
States to several hundred annually. 264 Nonetheless, these 
diseases are important because of the resulting mortality 
or permanent deficits after infection in horses, and because 
horses are in important part of the surveillance network for 
arboviruses that also affect humans. Reporting of infection 
with EEE and WEE in horses is a requirement of licensed 
veterinarians in most U.S. states, and VEE is considered a 
foreign animal disease and also has federal reporting 
requirements. 

II Etiology. Togaviruses are single-stranded, linear, posi¬ 
tive-sense RNA viruses with an envelope that makes them 
susceptible to drying and ultraviolet light. EEE, WEE, and 
VEE viruses are the most frequently isolated togaviruses 
from epidemics of encephalitis in horses and humans in 
the Western Hemisphere. 265 The first recorded epidemic of 
EEE in horses occurred in Massachusetts in 1831; the virus 
was first isolated from a horse in 1933. 265 It was soon deter¬ 
mined that epidemics of encephalitis in horses in North 
America were caused by different alphaviruses with regional 
geographic biases. 266 267 

The virus is composed of a nudeocapsid within the enve¬ 
lope that has icosahedral symmetry consisting of peplomers 
arranged as trimers. 265 Viral species are differentiated by 
hemagglutination inhibition (HI) activity and neutralizing 
specificity. 267 * 269 The common group-specific antigenic 
determinants are still mainly defined by serologic tech¬ 
niques, such as fluorescent antibody, complement fixation, 
and ELISA. 270 * 274 Genetic sequencing has application in 
molecular epidemiology. 275 * 277 

For WEE virus, WEEV and Highlands J virus (HJV) con¬ 
stitute the two main subgroups. 278 * 281 WEEV predominates 
west of the Mississippi River, whereas HJV is primarily 
detected east of the Mississippi. 282 283 Both these viruses 
are capable of causing encephalitis in horses, with HJV 
likely less pathogenic for mammals. 282 - 283 Other subtypes 
of WEE virus have been identified in the United States, 
and most WEE infections in western states are likely the 



result of infection with one of the several antigenic variants 
of the actual WEE subtype, although minimal disease has 
been reported in humans and horses in the last decade. 

The organization of VEE is much more complex. Six dis¬ 
tinct subtypes (I through VI) and numerous varieties of 
viruses (designated by letter) within these subtypes are clas¬ 
sified within the VEE virus complex. 284 * 288 The "epidemic 
types" of VEE virus (types IAB, IC, and IE) are responsible 
for the large outbreaks of encephalitis in horses in the West¬ 
ern Hemisphere in the past 20 years. 289 - 290 "Endemic types" 
of VEE virus are considered to be of low pathogenicity for 
equids under most circumstances. 291 292 These include type 
ID and IF variants from Central America and Brazil, respec¬ 
tively; type II (Everglades) virus found in Florida; three 
known variants of type III (Mucambo) virus; type IV 
(Pixuna) virus; type V (Cabassou) virus; and type VI virus. 

II Epidemiology. The classic life cycle of equine alpha- 
viruses involves transmission between birds or rodents 
and mosquitoes. 274 In some cases, other domestic and wild 
animal species, especially species exotic to North America 
such as the emu, have been affected during these out¬ 
breaks. 293 Understanding the antigenic and genetic relation¬ 
ships among the viruses in the WEE complex has proved 
more challenging than for the viruses in the EEE and VEE 
virus complexes. WEE virus is a member of the WEE anti¬ 
genic complex that includes several Old World viruses in 
addition to the New World viruses previously described. 
Phylogenetic analyses of isolates from North and South 
America indicate that regional WEE lineages appear to 
evolve independently for several years to a few decades 
(eg., genotypes in South America are apparently absent 
from North America). 283 - 294 296 However, relatively homog¬ 
enous genotypes of WEE are dispersed across both North 
America and South America. This contrasts with EEE and 
VEE viruses, in which certain virus genotypes appear to be 
restricted to either North America or South America. WEE 
virus has been reported in several countries in South America 
(Argentina, Guyana, Ecuador, Brazil, and Uruguay), but only 
in Argentina has it been associated with human disease and 
significant epidemics in horses. 281 - 297 299 

EASTERN EQUINE ENCEPHALITIS. Although desig¬ 
nated as an "eastern" virus, EEE has a wide geographic distri¬ 
bution. It is found as far north as eastern Canada. Infection 
in the United States is primarily seen in the southeastern 
states, but it has been detected in all states east of the Mis¬ 
sissippi River and also in a number of western states. 
In recent years, intense focal activity has been reported in 
Wisconsin, Ohio, Massachusetts, and New Hampshire. 

In the United States, most reported cases of EEE in horses 
occur in the northern parts of Florida and the Carolinas. 
Several hundred equine cases are confirmed each year, despite 
the widespread availability of vaccines. 300 - 301 In Florida, most 
horses that succumb to EEE are not vaccinated or have only 
received a primary vaccination series, although 17% to 30% 
of EEE-positive horses have had at least one primary series. 301 
These horses are less than 3 years of age and are stock-type 
horses. There is no gender predilection. 

In North America, EEE virus is perpetuated in a sylvatic 
cycle between avian hosts (passerine birds) and mosquitoes, 
primarily the omithophilic mosquito, Culiseta melanwra- 302 
It is likely other mosquitoes, such as Culex erraticus, are 
important in nonavian forms of transmission, as demon¬ 
strate by recent studies in Alabama. 303 Indigenous passerine 
birds do not develop disease but develop sufficient titer 
viremia to allow transmission to feeding mosquitoes, with 
recent evidence showing cardinals to be efficient and impor¬ 
tant local reservoir hosts in the Southeast. 304 - 305 Secondary- 
vector or epidemic-vector mosquitoes feed on both birds 
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and mammals and are likely biologic vectors precipitating 
mammalian disease. These mosquitoes probably transmit 
EEE to horses, humans, and other vertebrate species, yet 
these particular clinically affected mammalian hosts do 
not develop levels of viremia sufficiently high to allow fur¬ 
ther transmission of the virus by mosquitoes and are con¬ 
sidered "dead-end" hosts. 

Culiseta melanura, a temperate breeding species of mos¬ 
quito, does not readily breed in southern Florida and the 
Caribbean, and EEE is not an endemic disease in this 
relatively focal region. 306 As such, sporadic reports or 
small epidemics of EEE disease are reported in horses in 
these areas, likely through migratory influx of viremic 
birds providing occasional sources of virus for secondary 
vectors. Apparently, these secondary vectors can initiate 
short-term outbreaks but cannot maintain the disease 
endemically. 

WESTERN EQUINE ENCEPHALITIS. Historically, large 
outbreaks of WEE have been described in horses. The virus 
was first identified in association with a large epizootic in 
the San Joaquin Valley of California in 1930. Approximately 
6000 horses were affected, with a case-fatality rate of 50%. 307 
Over the last decade, there have been limited, sporadic 
reports of WEE in horses, likely reflecting vaccination and 
protective immunity gained by subdinical exposure. 308 309 

Culex tarsalis is the primary vector that maintains WEE 
virus in an enzootic cycle with birds, especially nestling pas¬ 
serines. 276 * 310 G tarsalis population abundance is favored 
by a rapid increase in temperature after a cool, wet spring, 
resulting in the rapid melting of snow and flooding of 
rivers. 311 This species of mosquito also has a predilection 
for irrigated lands as breeding sites. 312 Other omithophilic 
mosquitoes become infected as the summer progresses, and 
the infection eventually spills over to other types of birds, 
mammals, and possibly reptiles and amphibians. Most, if 
not all, of these infections are inapparent. 

At least two variants of WEE virus (Fort Morgan and 
Buggy Creek) have been isolated in western North America 
and are transmitted between birds by swallow nest bugs 
(Oeciacus iricarius). 313 The third variant, HJV, found east of 
the Mississippi River, has been isolated from horses dying 
of encephalitis, but information is limited on actual annual 
occurrence of disease. 282 * 283 ' 313 ' 314 

VENEZUELAN EQUINE ENCEPHALITIS. VEE virus is 
one of the most important human and veterinary pathogens 
in the New World. 290 The virus has been responsible for 
large outbreaks of disease in both humans and horses over 
large geographic areas. The first recognized outbreak of VEE 
occurred initially in equids in Colombia and then in Vene¬ 
zuela in 1935 and 1936, although it is speculated to have 
been active in this area since 1920. 315 Documentation of 
human disease occurred in a Columbian outbreak in the 
1960s, when an estimated 50,000 to 100,000 equids (horses, 
mules, and donkeys) died and 250,000 humans were affected 
(mainly an influenza-like disease, but some cases of enceph¬ 
alitis and death). It is uncertain whether a 1969-1971 epi¬ 
demic, first reported in Ecuador with subsequent spread to 
Central America, Mexico, and Texas, was related to the out¬ 
break in Colombia or was caused by the use of an incorrectly 
inactivated subtype 1AB strain vaccine. 316 * 317 VEE has the 
potential to spread rapidly within an equine population, 
with a case-fatality rate approaching 90% in some areas. After 
a long period without any evidence of clinical disease in 
horses, geographically extensive outbreaks have occurred in 
Chiapas (1993), southern Mexico, Venezuela and Colombia 
(1995), and in Oaxaca, Mexico (1996). 290 * 318 * 320 These out¬ 
breaks resulted in the demise of large numbers of horses, 
mules, and donkeys, and an estimated 75,000 to 100,000 
human cases of disease occurred. Although the cause of these 


severe cyclic disease occurrences is still a matter of intense 
research, it can be assumed that severe epizootic VEE may 
continue to occur, with interepizootic periods of one to two 
decades. 

Key to understanding the epidemiology of VEE is recogni¬ 
tion of the differences in the basic biology of two transmis¬ 
sion cycles, enzootic and epizootic, of this virus. 290 Certain 
strains of virus are found only in the enzootic cycle, usually 
subtypes I-E, II, III, and IV. These tend to be of low pathoge¬ 
nicity for equids and do not result in high levels of viremia in 
horses. The enzootic cycle centers around sylvatic rodents 
such as spiny and cotton rats, which have high natural infec¬ 
tion rates and cart develop viremia high enough to transmit 
VEE to mosquitoes. 321 * 322 Even opossums, bats, and shore- 
birds likely are important in dispersal of enzootic virus. 323 
The subgenus Culex mosquito, Melanoconion (Culex) cedecei, 
is likely to be the most important vector of enzootic 
VEE. 324 This vector resides in tropical forests and swamps 
and feeds on small forest mammals at night, with activity 
peaking with high ambient temperature and rainfall. 

Epizootic VEE viruses, primarily of the subtypes IAB and 
1C, occur intermittently. 325 * 326 These viruses are associated 
with variable but often high equine mortality (20% to 
85%). 327 Efficient amplification with transmissible viremia 
by equids is the hallmark of epizootic VEE. Humans typi¬ 
cally develop a flulike illness, with 4% to 14% exhibiting 
neurologic signs and symptoms. 323 Case-fatality rate for 
humans is approximately 1%. Several other species of mam¬ 
mals, including domestic rabbits, small ruminants, and 
dogs, develop potentially fatal clinical disease after VEE 
virus infection. 327 More than 100 species of birds have been 
either virologically or serologically associated with transmis¬ 
sion of epidemic VEE virus. Birds may develop viremia as 
high as 10 8 0 TCID 50 /mL of blood. 

The importance of equine infection in maintenance of 
epizootic VEE is evidenced by the observation that human 
disease has never been demonstrated in the absence of 
equine disease. 328 All mammalian hosts are capable of 
developing a high-titer viremia of approximately 10 5 to 
10 7 plaque-forming units (PFU)/mL for up to 5 days, but 
the horse is likely to be the most important mammalian 
host in terms of vector capacity. 290 In contrast with EEE 
and WEE, where horses are not considered to be a major 
source of virus for the vector, in VEE epidemics, horses are 
the most important amplifiers of virus activity. 

Several species of mosquitoes from at least 11 genera have 
been determined to be naturally infected with epidemic 
strains of VEE virus. 329 Virus has also been isolated from 
Culicoides species (Ceratopogonidae) and blackflies (Simulii- 
dae), but it is not known whether insects in these families are 
capable of biologic transmission of VEE virus. 299 During an 
epidemic dogs regularly become infected and may be capa¬ 
ble of virus amplification. 330 In addition, ticks, including 
the species Ambylomma cajennense and Hyalomma trancatum, 
may be capable of viral transmission. 290 

Several theories exist regarding the source of IAB and IC 
strains and how they persist in the environment between out¬ 
breaks. 290 Isolates that are virulent for horses do not appear to 
be transmitted in the interepizootic period. 331 Mutation of 
enzootic strains may allow the emergence of highly patho¬ 
genic virus and initiation of epizootics with this change in vec¬ 
tor emphasis and equine morbidity. 332 This has been 
identified as the source of four epizootics. Some of these epi¬ 
zootics may have occurred secondary to the use of a modified 
live vaccine derived from the IAB strain. 317 


II Pathogenesis. The virus genome is 9.7 to 11.8 kilobases 
in length and encodes both nonstructural and structural 
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proteins. 333 Alphaviruses replicate to high titer in the cyto¬ 
plasm of infected cells and exit the cell by the budding of 
preassembled nucleocapsids through the plasmalemma. 334 
They cause cytopathic effects in a wide range of vertebrate 
cells in vitro. Virulence of VEE virus depends on systemic 
virus load rather than specific neurovirulence. 335 ' 336 Both 
EEE and VEE have efficient intracellular replication and are 
pathogenic when inoculated intracerebrally 337 Studies in 
mice demonstrate that neural invasion is likely to occur sec¬ 
ondary to vascular infection or invasion through the olfactory 
epithelium. 338 In young mice, there is intense replication 
in osteoclasts of developing bone, possibly explaining why 
young animals and humans are much more susceptible to 
severe disease. 

The regional lymph node is presumed to be the site of 
primary viral replication after the bite of a mosquito 
infected with EEE, WEE, or VEE virus. 264 The reticuloendo¬ 
thelial system is a major target in epidemic VEE infections. 
The viruses cause encephalitis after hematogenous or neuro¬ 
nal spread. Immunity, after both inapparent infection and 
clinical disease, as caused by EEE, WEE, and VEE, is long 
lasting in all species. Horses infected with EEE and WEE 
do not excrete infectious virus, and recovered animals are 
not persistently infected with virus. 


II Clinical Findings. Different strains of EEE, WEE, and VEE 
viruses may differ in their virulence not only for horses, but 
also for humans, certain domestic and wild animals, birds, 
and laboratory animals. 328 Clinical observations during epi¬ 
demics of VEE indicate that the disease is generally less severe 
in donkeys (burros) and mules. 339 None of these viruses 
appears to cause clinical disease in their reservoir hosts indig¬ 
enous to North and South America. Many human and equine 
infections, apart from those caused by highly virulent strains, 
are subdinical. When disease does occur, broad differences 
exist in the clinical manifestations produced by the three virus 
complexes in horses and humans. 

Eastern equine encephalitis and epidemic VEE viruses are 
generally more neuroinvasive than WEE and endemic VEE 
viruses. Children and young animals of all susceptible 
species are more likely than adults to develop clinical 
signs referable to infection of the central nervous sys¬ 
tem. 264 - 301 ' 323 ' 340 ' 341 The incubation periods of EEE, WEE, 
and VEE vary from 2 to 3 days to, rarely, as long as 
3 weeks. Inapparent infections in horses may or may not 
be accompanied by fever. In clinical cases, pyrexia is the first 
clinical manifestation of infection. Temperature has usually 
abated or is only moderately elevated by the time signs of 
encephalitis become evident. Neurologic signs are variable, 
but obtunded mentation, ataxia, paralysis, anorexia, and ulti¬ 
mately stupor occur in clinical cases. Irregular gait, grinding 
of teeth, incoordination, circling, staggering, head pressing, 
and hyperexcitability are also observed; clinical signs are pro¬ 
gressive in nature. Severely ataxic animals may stand by 
leaning against walls or other objects and sometimes stand 
with their hindlegs crossed. Partial or even total blindness 
may be evident. In severely depressed horses the head hangs 
low with drooping ears, and the eyelids may be slightly 
swollen and partly closed, while the lips are flaccid and the 
tongue may protrude from the mouth. The profound depres¬ 
sion associated with these virus infections give rise to the 
common name of "sleeping sickness." Esophageal paralysis, 
as manifested by repeated unsuccessful attempts to drink, 
has also been described. 

The course of disease in severely affected horses varies 
between 2 and 14 days. Almost all horses with EEE enceph¬ 
alitis die, regardless of the quality and intensity of clinical 
care. Horses with disease caused by VEE or WEE are more 


likely to survive than those with EEE-induced disease. At ter¬ 
minal stages, horses become recumbent, become comatose, 
and frequently exhibit seizure activity. 

II Diagnosis. Clinical signs and antemortem clinicopatho- 
logic findings are not specific for alphavirus infection. Viral 
and other encephalitides can cause abnormal cerebrospinal 
fluid (CSF), which usually consists, in the horse, of a mod¬ 
erate mononuclear pleocytosis with an increased CSF pro¬ 
tein. Eastern equine encephalitis is unique in that acute 
infection frequently results in a neutrophilic pleocytosis. 
Because there is a high mortality rate associated with this 
disease, identification of a neutrophilic pleocytosis indicates 
probable EEE infection and offers the veterinarian a chance 
to prognosticate regarding the horse's survival. 

It is paramount to obtain a definitive diagnosis for clinical 
signs of encephalitis in the horse, to justify and institute effec¬ 
tive control measures, because of the risk of these viruses to 
the health and well-being of both humans and equine live¬ 
stock. The viruses of EEE, WEE, and VEE frequently, but not 
always, can be isolated or detected after death in brain mate¬ 
rial of diseased horses by the use of cell cultures (e.g., Vero 
cells), intracerebral inoculation of suckling mice, and by 
detection of specific nucleotide sequences using reverse- 
transcriptase polymerase chain reaction (RT-PCR) technol¬ 
ogy. 342343 Blood is an inappropriate specimen for virus recov¬ 
ery because no circulating organism is usually present when 
neurologic signs become apparent. In an epidemic situation, 
however, it may be possible to isolate the virus from nonence- 
phalitic horses in the affected group, particularly if they have 
increased body temperature. The cytopathic or lethal effects 
of the virus in cell cultures or experimental animals can be 
inhibited by the use of specific antisera, and in this way the 
virus involved may be specifically identified. 

Currently, there are no reliable antemortem diagnostic 
tests to detect virus in clinically affected horses, and serol¬ 
ogy provides the mainstay of presumptive antemortem 
diagnosis. The demonstration of specific IgM antibody 
(dilution of 1:400) suggests recent infection. 344 The detec¬ 
tion of IgM antibody in CSF (if available) is even more con¬ 
clusive. Rising antibody titers to EEE, WEE, or VEE viruses in 
the sera of horses that survive can be detected by testing of 
acute-phase and convalescent-phase sera. Even in endemic 
areas, it is not possible to diagnose/differentiate EEE, WEE, 
or VEE in the horse with any certainty based on clinical 
signs and epidemiologic circumstances. 

Rabies, hepatic encephalopathy, and equine protozoal 
myeloencephalitis are the major diseases that must be con¬ 
sidered in the differential diagnosis in the Western Hemi¬ 
sphere. Other diseases that should be considered are 
equine herpesvirus 1 infection of the central nervous system, 
leukoencephalomalacia (a neuromycotoxicosis caused by 
the ingestion of maize infected with Fusarium moniliforme), 
and ataxia resulting from cervical vertebral malformation. 

II Pathologic Findings. In horses, brain lesions are thought 
to be the direct result of viral replication and are characterized 
by necrotizing encephalitis with neuronal dysfunction. 345 
There are no consistent gross lesions in horses that die of 
EEE, WEE, or VEE. Histologically, neuronal necrosis with 
neurophagia, marked perivascular cuffing with both mono- 
and polymorphonuclear leukocytes, and focal and diffuse 
microglial proliferation are evident. The lesions are more pro¬ 
nounced in the gray matter than in the white matter of the 
brain. Lesions are most marked in the cerebral cortex, thala¬ 
mus, and hypothalamus, whereas the spinal cord is mildly 
affected. More frequent and severe lesions are usually present 
in the cervical spinal cord than in lumbar cord segments. 
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II Treatment. No known antiviral medications have de¬ 
monstrated reliable activity against alphaviruses, and treat¬ 
ment of disease in affected horses is supportive. The survival 
rate for EEE infection is low compared with other infectious 
encephalitides. In most cases, horses die 3 to 5 days after onset 
of signs. 

Corticosteroids should be considered as a component of 
therapy for horses with neurologic signs consistent with viral 
encephalitis and neutrophilic CSF. If administered early, 
corticosteroids (to reduce brain edema) and intravenous 
fluids may aid recovery. In human patients, treatment with 
methylprednisolone at 1000 mg/100 kg is often recom¬ 
mended. Administration of flunixin meglumine (1.1 mg/kg 
every 12 hours IV) or other antiinflammatory medications 
to horses with EEE does not often result in the dramatic 
response frequently observed in horses with West Nile virus. 
Mannitol (0.25 to 2.0 g/kg every 24 hours IV) may assist 
in the control of brain edema. Detomidine hydrochloride 
(0.02 to 0.04 mg/kg IV or IM) is effective for prolonged 
tranquilization. 

Intravenous immunoglobin therapy has been used in 
people for its proposed anticytokine effect. Interferon-alpha 
(IFN-a) is a relatively common therapy. The recommen¬ 
dation for IFN-a therapy is based on anecdotal reports in 
the human and veterinary literature. Limited information 
regarding efficacy in the horse is available. 


II Prevention. The alphaviruses are not stable in the envi¬ 
ronment and are easily inactivated by common disinfec¬ 
tants. Mosquito control and immunization of horses are 
both important in control of EEE and VEE epizootics. Vec¬ 
tor control can be achieved through reducing the breeding 
activities of mosquitoes by implementing appropriate water 
management systems, although this can be difficult in exten¬ 
sive areas. 346 347 The widespread dispersal (usually achieved 
by aerial spraying) of insecticides has been used success¬ 
fully, although several critical factors need to be considered 
before embarking on such a step. Concern over indiscrimi¬ 
nate spraying of insecticides can be mitigated in some cir¬ 
cumstances if the biology of the mosquito vector is well 
known. For example, in northern Florida, where EEE is 
endemic, treating the pools of water in which Culiseta 
melanura breeds with a larvicide is often practical 
and economically feasible on those farms with valuable 
horses. Swamps with soil types that support the breeding 
of C. melanura can often be recognized by the nonentomol¬ 
ogist by the presence of the loblolly bay tree (Gordonia 
lasianthus); this broadleaf evergreen tree grows to a height 
of about 30 feet (9 m) and can easily be recognized by its 
white magnolia-like flowers and serrated leaf. 264 ' 300 301 Risk 
assessment can be assisted by geographic mapping of large 
areas where mosquitoes breed by using thematic mappers, 
such as those on orbiting satellites. 

Immunization of horses has proved highly effective as an 
adjunct to other control measures, particularly in outbreaks 
of VEE in which horses may serve as a source of infection 
for mosquitoes. 348 349 Currently, bivalent vaccines (usually 
consisting of formaldehyde-inactivated virus) are commer¬ 
cially available against EEE and WEE. These vaccines require 
a primary and a secondary immunization schedule about a 
month apart, followed by biannual boosters. The vaccines 
are not particularly effective in protecting foals and yearling 
horses, for unknown reasons. 350 

The 1969-1971 VEE epidemic in Central America and 
the southern United States was controlled partially by 
immunizing large numbers of horses with an attenuated 
VEE virus strain, TC-83. 348 349 This vaccine strain was pro¬ 
duced by serial passage of an epidemic variant in guinea 


pig cell cultures. Because of concerns over the presence of 
low-level viremia in some horses and the possible trans¬ 
mission of vaccine virus between horses by mosquitoes 
and reversion to virulence, inactivated vaccines against 
VEE are now available for use in horses. These vaccines are 
not widely used in North America because they compro¬ 
mise the international movement of horses for competition 
and breeding. 

Outbreaks of VEE might be completely prevented if sus¬ 
tained and widespread vaccination with live attenuated 
VEE vaccines was performed in Central and South Amer¬ 
ica. 290 Public health and animal industry officials should 
consider maintaining vast quantities of the live attenuated 
TC-83 vaccine. The use of the formalin-inactivated vaccine 
(usually marketed as a multivalent antigen) is discouraged 
in VEE endemic areas because of the need for multiple vac¬ 
cinations (and thus delayed onset of protection), short¬ 
lived immunity to VEE, lack of long-term compliance from 
agricultural officials and the horse-owning public in 
endemic locales, and concern of limited response to the 
live vaccine in horses immunized recently with a killed 
product. 

Surveillance for encroachment of alphaviruses in new 
geographic locales is also paramount to control. Most 
southern U.S. states have encephalitis testing programs that 
offer subsidized testing for horses with suspected viral 
encephalitis. Enhanced passive surveillance for alphaviruses 
should be undertaken when environmental conditions are 
favorable. For example, hurricanes were implicated in the 
VEE outbreak in Mexico in 1995. Given that the United 
States has experienced intense hurricane activity in 2004 
and 2005, enhanced surveillance for epizootic VEE should 
logically be undertaken. 

Alphaviruses are pathogenic for people but require a 
vector for infection. The horse does not develop a suffi¬ 
cient level of viremia with EEE and WEE to act as a reser¬ 
voir or amplifying host for these viruses. In contrast, 
horses are considered the most important species for 
amplification of virus in epizootic VEE. Therefore, control 
measures should be implemented to limit new exposure 
of horses in locales that are undergoing epizootic VEE. This 
includes restriction of horse movement; clinically normal 
horses may be viremic, and the disease can be translocated. 
Horses should be vaccinated and sprayed frequently with 
permethrin-based products. Mosquito abatement efforts 
should be pursued. Blood and tissues from VEE horses 
should be handled as infectious and biohazardous materi¬ 
als, with tissues from EEE and WEE horses handled as 
such. 


MISCELLANEOUS AND FOREIGN 
EMERGING VIRUSES CAUSING 
NEUROLOGIC SIGNS 

Since the encroachment of West Nile virus (WNV) in 1999 
into North America, the potential for emerging foreign dis¬ 
ease with widespread impact has been realized. Given the 
opportunity, many other viral infections could become 
established in new countries as a result of the globalization 
of the horse industry. Because of its close genetic relation¬ 
ship to WNV, Japanese encephalitis is one of the most likely 
candidates. The reader is directed to the WNV section; these 
diseases are highly similar, and prognostication would be 
the same. What is unknown at this time is the effect that 
widespread WNV vaccination will have on the severity of a 
North American outbreak. The list in Table 35-4 is not 
exhaustive and includes only the more frequently reported 
causes of viral encephalitis. 
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TABLE 35-4 


Miscellaneous Emerging Viruses that Cause Neurologic Disease 


] Name 

Classification 

Transmission 

Country of Origin [ 

Getah/Ross River 
Boma 

California serogroup 
Equine encephalosis 
Hendra/Nipah 

Alphavirus 

Bomaviradae 

Bunyaviridae 

Orbivims 

Mosquito 

Direct contact 

Mosquito 

Culicoides 

Direct contact 

Japan, Hong Kong, Se Sia, Korea, India, Australia, and South Pacific 
Germany, Northern Europe 

Africa, Europe, Asia, North America, South America 

Africa: South, Kenya, Botswana 

Africa: South, Kenya, Botswana 


Getah/Ross River Viruses 

The Semliki Forest complex of the Togaviridae are widespread 
throughout their geographic range, either in the Orient (Getah) 
or South Pacific (Ross River). 351 * 352 Although closely related, 
there is little overlap of these viruses. As with the North Ameri¬ 
can alphaviruses, these viruses are transmitted by mosquitoes 
(Aedes, Anopheles, and Culex species). 353 * 360 With Getah virus 
(GV) the reservoir is not known, although swine appear impor¬ 
tant in its transmission to mosquitoes. 360 ' 363 Other feral species 
are not firmly established. With Ross River virus (RRV), marsu¬ 
pials are important reservoirs. 364 With GV, horses might 
develop sufficiently high viremia to transmit virus, but this is 
unlikely with RRV. 365 ' 367 Many animals have been found to 
be seropositive to GV, including ruminants, and seroprevalence 
in horses varies from less than 10% to over 90%. 360 * 368 ' 370 RRV 
is endemic in horses and widespread, with seroprevalence 
ranging from 50% to 80% in Australian horses. 351 * 371 * 373 

Getah virus is likely more pathogenic in horses than 
rrV 365.368.369 clinical signs include pyrexia, edema of the 
limbs, and stiff gait. Horses may also develop urticaria and 
submandibular lymphadenopathy. The course of GV disease 
is 7 to 10 days. With RRV, horses also develop fever, lame¬ 
ness, swollen joints, inappetence, generalized stiffness, and 
even colic. 351 * 371 * 373 High rates of mortality are not a feature 
of either virus. 

Serologic detection of antibody is the mainstay of diagno¬ 
sis of these viruses, although a vaccine against GV compli¬ 
cates diagnosis. 374 ' 376 RRV can be isolated from the blood 
of horses during the disease course. Pathologic changes asso¬ 
ciated with these viruses are seldom described because of 
their low mortality. Horses primarily develop perivascular 
inflammation in the brain. 

Treatment is supportive; no antiviral is specific for alpha- 
viruses. A vaccine for GV is available in Japan. 

Borna Disease 

Boma disease is a cause of encephalitis first reported in horses 
in Boma, Germany, in the nineteenth century, with identifica¬ 
tion in other Northern European countries, such as Switzer¬ 
land, Liechtenstein, and Austria. 377 Unconfirmed outbreaks 
have been reported in the Middle East and Japan. 378 The 
Boma disease vims (BDV) is linked to other regions through 
serologic testing and identification of antibodies in horses 
from Turkey, Israel, Iran, and the United States. 379 ' 382 Other 
species noted with clinical signs of BDV include small rumi¬ 
nants, cattle, rabbits, cats, and dogs. 383 

The etiologic agent of Borna disease is a nonsegmented, 
negative-sense, single-stranded RNA vims of the order Mono- 
negavirales, family Bomaviridae. 384 ' 386 The vimses of Boma 
disease and Near Eastern encephalitis are indistinguishable. 
Importantly, with complete sequencing of the genome, several 
distinct vims clusters occur geographically. 381 * 387 * 388 In Ger¬ 
many, Boma has endemic foci centrally and south. 377 * 381 385 
Subdinical exposure in horses is between 10% and 20%, with 
seroprevalence as high as 50% in stables with disease. 


The Borna disease vims is shed through nasal and lacri¬ 
mal secretions and in the urine of infected animals, so 
direct contact is suspected. 383 * 385 * 389 BDV is resistant to dry¬ 
ing and other adverse environmental conditions. Outbreaks 
in horses in the Middle East may represent transmission 
from a dense population of infected wild birds, and recur¬ 
rent outbreaks in Germany have been thought to originate 
from birds that have migrated from the Near Eastern 
countries. 377 * 381 * 385 Most outbreaks in horses occur in the 
early spring or autumn. 

It is assumed that BDV enters the horse though intranasal 
infection and migrates to the brain transaxonally. 383 * 390 * 391 
Direct replication occurs in neurons and glial cells, with 
spread to peripheral nerves and retina. Infection with BDV 
is persistent, and Borna disease has a slow onset thought to 
be caused by chronic inflammatory reaction in the brain. 
The lesion resembles that of lymphocytic choriomeningitis 
vims (LCMV) infection, in which the vims induces a cell- 
mediated response that dismpts and replaces functional 
aspects of the neuropil. 

The clinical signs of Boma disease in large animals are 
similar to those of the other equine encephalitides. 377 In 
moderate to severe cases, horse die 1 to 4 weeks after onset 
of disease. In mild cases, recovery can be spontaneous; how¬ 
ever, a chronic disease can occur with recurrent exacerba¬ 
tions. Typical clinical signs include ataxia, head tilts, 
muscle fasciculations, hindlimb paresis, and localized cuta¬ 
neous hyperesthesia or hypoesthesia. Aggressive behavior 
may be noted. In mminants the clinical signs include head 
tremors, hyperesthesia, ataxia, anorexia, propulsive walking, 
coma, and convulsions. 

For antemortem diagnosis, antibodies to the agent may 
be found in the semm and CSF of most infected animals 
by ELISA, indirect fluorescent antibody (IFA), and West¬ 
ern blot. 377 * 382 Some work indicates that CSF antibodies 
are more likely to be found in clinically affected horses 
than normal horses. There is often a mononuclear pleocyto¬ 
sis with high protein concentration. Enhanced-sensitivity 
PCR techniques have demonstrated vims in the CSF and 
peripheral mononuclear cells. 392 The criteria for diagnosis 
include a horse with neurologic abnormalities testing 
antibody positive for BDV in semm or CSF, or a horse 
with neurologic signs and appropriate histopathologic 
changes. 377 * 383 

Pathologic abnormalities resemble those of a viral 
encephalomyelitis, and confirmatory diagnosis is by 
immunohistochemistry (IHC), vims isolation, and detec¬ 
tion of viral nucleic acids. 389 * 392 ' 395 The characteristic 
microscopic lesion of Borna disease is the Joest-Degen 
inclusion body in the neuronal nucleus, but this is not 
always observed. Vims is detectable easily with monoclo¬ 
nal or polyclonal antibodies. Histopathologic changes are 
those of a typical polioencephalomyelitis, with a particular 
loss of neurons in the hippocampus. There is involvement 
of the gray matter of the olfactory bulb, basal cortex, 
caudate nucleus, thalamus, hippocampus, and medulla 
oblongata. 
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No antiviral agents are available for BDV, and use of the 
amantadine sulfate (developed for treatment of influenza 
infection) is controversial. 396 * 398 Likewise, vaccination as a 
protective strategy is controversial. It is widely assumed that 
a modified live vaccine would offer more protection; how¬ 
ever, the live vaccine available until the early 1990s in 
Germany was removed from the market because of ques¬ 
tionable efficacy. 396 

Controversy also surrounds the zoonotic potential of 
BDV. Mental health patients, in particular schizophrenics, 
have been associated with infection through serologic 
testing. 399 * 401 However, normal unaffected humans have 
also been found to be antibody positive. Thus the causality 
of this virus and the neurologic dysfunction, mainly charac¬ 
terized by altered behavior and perception in people, 
remain to be firmly elucidated. 


California Serogroup Diseases 

Bunyaviruses are mainly mosquito-transmitted viruses and 
are found worldwide. Some of these viruses are known to 
be transmitted by Culicoides flies as well. 361 ' 413 -* 27 Approxi¬ 
mately 12 serotypes of these viruses, collectively known as 
the California serogroup, have been isolated in North Amer¬ 
ica, South America, Africa, Europe, and Asia. The viruses 
have various names, depending on location or host and 
possibility for equine infection, including snowshoe hare, 
Jamestown Canyon, Cache Valley, and Main Drain. Trans¬ 
mission is mainly by Aedes mosquitoes. 

Clinical signs are consistent with encephalitis and 
include ataxia, weakness, stiff neck, head pressing, and dys¬ 
phagia. Systemic signs include tachycardia and fever. I Iorses 
that recover generally do so in 1 week. 


Hendra/Nipah Viruses 

In 1994 an outbreak of a previously unreported illness 
occurred in horses and humans in Hendra, a suburb of Bris¬ 
bane, Australia. 402 - 403 A single mare brought into a stable 
died 2 days after arrival. In the following 2 weeks, 17 horses 
at the same facility developed respiratory and neurologic 
signs; several died or were euthanized. Two people that 
had close contact with the original mare also developed a 
flulike illness; one survived, but the other died from multi¬ 
organ involvement and cardiac arrest. Originally classified 
as a morbillivirus, Hendra virus was found to be similar 
to Nipah virus, was isolated from tissues of affected horses 
and people, and was believed to be the etiologic agent 
as proved by development of similar disease in healthy 
horses after challenge with tissue homogenates from 
affected animals. 402 - 404 ' 405 Nipah virus primarily causes 
respiratory disease in pigs and respiratory and neurologic 
disease in humans. 404 - 406 Infection of horses with Nipah 
virus has been indicated by serologic testing only in a 
few horses and in the brain of one horse. These two viruses 
occupy a new genus, Henipavirus, family Paramyxoviridae, 
subfamility Paramyxovirinae, order Mononegavirales. 

These viruses are primarily bat viruses (genus Pteropus, fruit 
bat), with approximately half the bats testing positive in an 
endemic focus, whereas other mammalian hosts are compar¬ 
atively seronegative. 407 - 408 Transmission is thought to be by 
direct contact of horses, likely with secretions such as urine, 
aborted fetuses, and other reproductive fluids. 407 * 409 

The predominant clinical signs of equine hendra virus 
infection are those of respiratory disease: tachypnea, dyspnea, 
frothy nasal discharge, tachycardia, fever, anorexia, and 
death. 405 - 410 Signs of neurologic disease that may accompany 
the respiratory signs include dullness and ataxia. 

Sera from infected horses are positive for antibodies to 
the virus. 

After infection by direct contact Hendra/Nipah virus 
appears to localize in the respiratory tract epithe¬ 
lium. 404 - 405 - 411412 Experimentally, however, infections can 
occur by all routes, resulting in respiratory shedding of the 
virus. As with other paramyxoviruses, there is widespread 
dissemination of the virus in lung, liver, kidney, lymph nodes, 
and blood after infection. Infection primarily involves the 
vascular endothelial cells with pulmonary edema, although 
CNS pathology is similar to that caused by distemper or 
measles. 

The infection results in an interstitial pneumonia with 
focal necrotizing alveolitis, subpleural edema, and syncy¬ 
tium formation in the vascular endothelium. 403 - 410 

Treatment is supportive and symptomatic care only. No 
specific agents have been shown to combat the Hendra/ 
Nipah viruses. 


Encephalosis 

Th virus for encephalosis is closely related to bluetongue 
virus and African horse sickness (AHS) virus and is an Orbi- 
virus. 428A20 Culicoides species transmit this virus to horses of 
South Africa, Kenya, and Botswana. 429 * 432 Because this virus 
is morphologically similar in cell culture to AHS virus, cor¬ 
rect identification of this virus sometimes is not made. 
There is widespread subdinical exposure of this vims to 
horses throughout endemic regions, and several different 
serotypes exist. 

Although subdinical disease is the most likely manifesta¬ 
tion of encephalosis, the vims was originally named for iso¬ 
lation from a horse with typical signs of encephalitis. 433 In 
addition to signs of acute encephalitis, horses will demon¬ 
strate systemic signs of fever, depression, and facial edema. 
Cardiac failure has been described, and pregnant horses 
may abort. 

Correct testing that is group spedfic for encephalosis vims, 
but not for AHS or bluetongue virus, should be performed on 
serum from affected horses. 428 - 434 * 437 Final, definitive diagno¬ 
sis is difficult even postmortem; cerebral edema, enteritis, car¬ 
diac myodegeneration, and fibrosis are seen. 

There is no recognized treatment or prevention for 
encephalosis. 

WEST NILE VIRUS 

West Nile vims (WNV), one of more than 70 single- 
stranded RNA viruses in the Flavivirus genus of the family 
Flaviviridae, causes encephalitis in humans and other 
mammals and encephalomyelitis in equids. 438 Flaviviridae 
viruses contain many important veterinary and human 
pathogens, with at least half of these members classified 
as "zoonotics." 439 Historically and currently, investigations 
of these viruses have resulted in some of the most impor¬ 
tant scientific landmarks in human and veterinary health. 

The Flaviviridae are composed of positive-sense, single- 
stranded RNA, measuring approximately 50 nm with a 
spherical, enveloped virion. 439 * 441 Most of the vims is com¬ 
posed of three structural proteins consisting of the icosahe- 
dral capsid (C), premembrane (prM) and membrane (M), 
and envelope (E). 442 * 444 The E protein is the immunodomi¬ 
nant protein and consists of the neutralizing epitopes. There 
are three domains, with domain II involving vims binding 
in the brain and III important for vector and host 
vimlence 445446 

The nonstructural proteins, seven in number, are essen¬ 
tially involved in synthesis of RNA. 447 - 448 The glycoprotein 
NS1 is essential for vims function and appears important 
for cell activation as pan of viral synthesis. 449 451 NS1 also 
is found on cell membranes of infected cells and must 
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interact with the other NS proteins for function. 449 * 451 NS3 
is highly conserved between flaviviruses; at the N-terminal, 
it encodes a serine protein with sequences consistent with 
the trypsin superfamily, and at the C-terminal, it encodes 
RNA helicases and triphosphatases. 452 The NS4b protein 
appears to block host antiviral cytokines 453 The NS5 pro¬ 
tein is essential for viral replication by forming the "cap" 
at the 5' end of a genome. 443 453 ' 454 

West Nile virus is thought to infect the cell through gly¬ 
coprotein receptors that are likely highly conserved in 
respective hosts. 439 * 446 This is further supported by the abil¬ 
ity of WNV to infect and replicate in many cells. After bind¬ 
ing, the viral membrane fuses with endosomal vesicle 
membrane, and the nudeoprotein is released into the cyto¬ 
plasm. Alternating periods of replication and translation of 
viral proteins occur, and immature virions, still with the 
prM, accumulate in vesicles and are transported through 
the host secretory pathway, where the E and prM proteins 
are modified. The virus-laden vesides are transported to 
the plasma membrane and released by exocytosis. Mamma¬ 
lian cells release progeny virus within 10 to 12 hours after 
infection. 

II Epidemiology. The life cyde of WNV consists of trans¬ 
mission by hematophagous mosquitoes to an avian host; 
with amplification occurring in both these hosts. 455 For 
maintenance, the virus must be cycled between biologic vec¬ 
tors, and presumably, vertical transmission occurs within 
the vector for season-to-season maintenance. 456 Passerine 
birds are likely the most important nonvector reservoir 
hosts. Horses and humans are dead-end hosts because they 
do not amplify the virus in quantities sufficient to infect 
mosquitoes. 

Other modes of transmission include oral infection of 
both avian and mammalian hosts, most notably predator 
birds and felids. Birds can shed WNV both orally and cloa- 
cally. 457 * 461 Virus is high enough in the blood of humans 
to be borne through blood and organ contamination by 
subclinical WNV-positive donors and can be transmitted 
vertically through placenta and milk. 462 * 468 

Initial manifestations of WNV disease occurred in humans 
and were characterized as flulike or febrile illness. 438 
Subsequent outbreaks of illness were focal and sporadic, with 
children more susceptible to actual disease 455 In endemic 
areas, most humans and horses demonstrate increased risk 
of spontaneous seroconversion with age. 457 461 ' 469 470 In the 
last decade, WNV outbreaks began increasing in both fre¬ 
quency and severity, with neurologic disease and higher 
mortality in birds, horses, and humans. Before 1999, WNV 
caused focal intense outbreaks in horses in the Middle East 
and Europe. 461 - 470 * 472 The first year the virus occurred in 
New York, several dozen cases of equine WNV occurred by 
2001. The outbreak spread westward and reached epizootic 
proportions, infecting large numbers of immunologically 
naive horses. 473 * 475 

Equine disease in the United States caused by WNV 
peaked in 2002 with the report of 15,257 cases that year 
(U.S. Department of Agriculture |USDA], 2003). Birds have 
developed natural immunity to WNV, so relatively fewer 
human and equine cases have been reported, especially in 
the Northeast and Southeast. However, overt WNV clinical 
disease still occurs. There were 3000 human cases and 119 
human fatalities from WNV reported to the Centers for Dis¬ 
ease Control and Prevention (CDC) in 2005. The average 
number of equine cases has been about 1000/year. As of 
January 2006, the official CDC count of equine WNV was 
more than 23,000 U.S. cases (Jennifer Lehman, personal 
communication). Horses with clinical signs of WNV disease 
reportedly have a 28.4% to 38% mortality rate. 473 476 - 477 


By 2005, WNV had been identified in all the 48 conti¬ 
nental U.S. states. 478 Canadian provinces reporting disease 
include Quebec, Ontario, Manitoba, Saskatchewan, and 
Alberta, with New Brunswick and Nova Scotia reporting evi¬ 
dence of WNV-positive birds. 479 In Latin America, serologic 
evidence of WNV has been detected in the Dominican 
Republic, Mexico, Guadeloupe, El Salvatore, Puerto Rico, 
Cayman Islands, Jamaica, Belize, and Cuba. 461 ' 470480484 
The incidence of equine and human disease appears low 
for Central America, South America, and the Caribbean 
compared with the United States. 485 A decrease in the viru¬ 
lence of the North American strain has been reported, how¬ 
ever, and other flaviviruses occur in Central and North 
America. Cross-protective immunity may also account for 
the decreased incidence in these locales. 

The Culex mosquito is considered the most important 
vector of WNV in North America, although the virus has 
been detected in more than 60 species of North American 
mosquito. 461 - 462 - 486 ^ 89 Culex pipiens -positive pools are 
most frequently detected in the northeastern United States, 
with Cx. uirsulis constituting the majority of positive pools 
in the West, and Cx. quinquefosciatus and Cx. nigripalpus in 
the Southeast. 486 - 490 ^ 03 In the Southwest, epidemics in 
2004 were associated, in decreasing frequency, with Cx. 
quinquefosciatus , Cx. tarsalis , and Cx. pipiens. 

Little is known regarding the actual vector of transmis¬ 
sion to the horse itself. Blood meal analysis supports Cx. 
pipiens as primarily avian feeders, whereas mammalian fee¬ 
ders include mainly Anopheles quadrimaculatus , Coquillettidia 
perturbans, and Aedes albopictus . Recent analysis of Cx. quin- 
quefasciatus has detected both human and bird feeding, 
and Cx. salinarius reportedly has widest range of host feed¬ 
ing. 504 Culex mosquitoes require a blood meal of approxi¬ 
mately 10 5 to 10 7 PFU/mL of virus for 30% to 100% of 
mosquitoes to obtain infection with WNV, respectively. 505 
Experimental infection of horses by mosquito transmiss¬ 
ion studies is accomplished with Aedes aegypti and A. 
albopictus. 506 ' 507 

In ticks, transtadial transmission has been inconsistently 
documented in Ixodes species. 508509 Under experimental 
conditions, Carios capensis transmitted WNV to ducklings, 
and Omithodoros moubata transmitted WNV to mice. 509 * 510 

More than 300 species of birds have been reported 
'WNV positive" in the United States, with 16 new species 
identified during the 2005 season. 511 Passeriformes and 
Charadriiformes obtain the highest titers with the longest 
persistence and viremia, and tissue levels can consistently 
exceed 10 8 PFU/mL. 460 The house sparrow is considered 
the most important amplifying host 460 Although susceptible 
to fatal infections, corvids develop very high viremia and still 
are likely efficient reservoirs. 457 ' 459 ' 460 * 512 Corvid susceptibil¬ 
ity to WNV is notable in the North American outbreak. Early 
studies with the Egyptian WNV strain, however, produced 
high mortality in crows. 513 514 

With its vector requirements, WNV in horses and humans 
is seasonal in temperate regions (with expected year-round 
activity in subtropical regions). 497 - 504 * 515 ' 516 Late September 
and October are times of peak incidence of disease, with July 
representing the start of intense WNV activity. Temperature- 
dependent spatial modeling supports these disease dynam¬ 
ics, with risk increasing from 25% in late August to more 
than 75% by the second week of September. 517 * 519 A drop 
in ambient temperature usually results in a rapid decrease 
in reporting activity. 520 - 521 

Age is a factor in susceptibility to neuroinvasive disease, as 
reported for both people and horses. 461 472 - 522 * 525 Although 
men are more frequently affected with neuroinvasive disease, 
there appears to be no breed or gender predilection in the 
equine. In fact, in one study examining outcome parameters, 
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female horses were 2.9 times more likely to die than male 
horses with neurologic signs. 522 * 524 This may reflea pas¬ 
ture-associated exposure with broodmares or longer lifespan 
due to reproduaive value. 

Multiple free-ranging and domesticated mammals, includ¬ 
ing the big brown bat, little brown bat, eastern chipmunk, 
eastern gray squirrel, eastern striped skunk, white-tailed deer, 
and brown bear, have demonstrated spontaneous seroconver¬ 
sion to WNV. 461 * 492 * 505 * 511 526 Neurologic disease has been 
diagnosed in WNV-positive gray squirrels and fox squirrels, 
and febrile disease has been described in cats. 527 * 528 Oral 
infeaion has been induced in experimental infection of cats. 
Both farmed and free-ranging alligators can obtain extremely 
high viremia and may be an important reservoir in the South¬ 
east 526 In farm-raised alligators, doacal shedding has been 
demonstrated, with oral infection likely. Serologic evidence 
of infection has been demonstrated in domestic dogs. Llamas 
have been reported to develop neurologic disease. 529 * 530 

II Pathogenesis. The syndrome of WNV in the horse con¬ 
sists of neurologic signs, with abnormalities in mentation, 
the spinal cord, and cranial nerves, primarily of the mid- 
brain and hindbrain. 474 - 531 * 540 Virus localization in the 
motor neurons of the thalamus, medulla, and pons likely 
accounts for changes in behavior. 532 ' 541 * 542 Change in con¬ 
sciousness occurs frequently, likely caused by lesions in 
the midbrain and rostral pons affeaing the reticular forma¬ 
tion. 540 - 543 The reticular formation projects to the thalamus, 
which in turn sends diffuse projections and is the source of 
cholinergic stimulation to the entire cerebral cortex. 540 
Thus, disturbances of the reticular formation and the mid- 
brain may induce the behavioral changes observed, which 
range from aggression to somnolence.* Spinal deficits are 
characterized as multifocal, asymmetric, with weakness 
and ataxia likely reflecting direa infection of the spinal 
cord, interruption of motor tracts in the hindbrain, and loss 
of fine motor control through infeaion of the large nuclei 
of the thalamus and basal ganglia. 546 * 547 Loss of fine motor 
control is evidenced by involuntary skin and muscle fascicu- 
lations, tremors, and hyperesthesia, and a predileaion for 
the basal ganglia likely results in Parkinson-like syndrome. 
Infeaion in the pons and medulla oblongata can explain 
clinical deficits of cranial nerves (CNs) VII, XII, and IX. 548 

It is unknown how WNV invades the central nervous 
system (CNS); WNV is proposed to cause minimal viremia, 
with replication in the lymph nodes, followed by invasion 
into the CNS across the blood-brain barrier. 446 Alterna¬ 
tively, there may be transaxonal transmission. 438 * 519 In 
rodent models the virus is capable of invading the CNS after 
peritoneal challenge, demonstrating a primary predileaion 
for neural tissues. 549 * 550 Viremia occurs 3 to 5 days after 
experimental challenge and lasts 24 to 72 hours, with dis¬ 
semination into the CNS at 4 to 6 days after inoculation. 
Intrathecal infection of horses results in clinical signs 7 to 

10 days after inoculation. WNV directly infects nerve cell 
bodies, and in rodents, initial replication occurs in the basal 
ganglia, with dissemination later to cortex, cerebellum, and 
hippocampus. The large neurons of the ventral or anterior 
horns are infeaed late in infeaion, and in mammalian 
hosts, neuronal viral load is low. As noted earlier, cell lysis 
occurs with viral replication, but WNV also induces apopto¬ 
sis in neurons, which likely accounts for most of the 
pathophysiology. 549551 

11 Clinical Findings. When infeaed with lineage type I 
WNV, horses develop neurologic disease, whereas infection 


with lineage type II viruses is subdinical in nature. f Both 
systemic and neurologic abnormalities are observed in 
horses. Systemic clinical signs occur initially and include a 
mild to moderate increase in reaal temperature (38.6° C 
to 40° C; 101.5° F to 104.0° F), anorexia, and depression. 
Presenting complaints can be insidious and can manifest 
as abdominal pain or lameness, including a bizarre gait, as 
in rabies infeaion in the horse. The occurrence of neuro¬ 
logic symptoms is frequently sudden and progressive, and 
the exaa course of disease in any one animal is unpredia- 
able. The most unique manifestations of equine WNV 
encephalomyelitis are changes in personality and develop¬ 
ment of fasciculations. Periods of hyperexcitability and 
apprehension are common and can be severe, to the point 
of aggression. Change in personality is manifest by a quiet 
horse becoming hyperexcitable and an abnormally aggres¬ 
sive horse becoming submissive. Some horses develop 
attention deficits, even with bouts of sleeplike behavior dur¬ 
ing aaivity, resembling cataplexy or narcolepsy. Fascicula¬ 
tions, although not pathognomonic, are so notable that 
many clinicians base their preliminary diagnosis on their 
occurrence. These tremors usually involve the face and neck 
muscles but can involve all four limbs and the trunk so that 
normal aaivities such as walking, eating, and interaction 
with handlers and other horses are interrupted. Rapid blink¬ 
ing of eyelids is common (and stimulated with a penlight), 
and horses likely are photophobic. 

One of the initial signs of motor abnormality is bradyki- 
nesia, charaaerized as a short, slow-stilted gait described by 
observers as "lameness," with laminitis being a common dif¬ 
ferential at this stage. Spinal abnormalities are charaaerized 
by ataxia and paresis that can be highly asymmetric or can 
involve only one or both forelimbs or hindlimbs. Cranial 
nerves are frequently abnormal, with weakness of the tongue, 
muzzle deviation, and head tilt most common. The tongue 
abnormalities can also be associated with dysphagia and 
choking. Abnormalities of the cauda equina also occur and 
consist of stranguria and rectal impaaion. All these clinical 
signs are variable, and after initial signs abate, about one 
third of clinically affeaed horses experience an increase in 
severity of clinical signs within the first 7 to 10 days of onset. 
Overall, about 30% of the horses progress to complae paral¬ 
ysis of one or more limbs. Most of these horses are eutha¬ 
nized for humane reasons or die spontaneously. 

In many horses, clinical signs generally improve within 3 
to 7 days of displaying onset. After 3 to 5 days, horses that 
are recovering or stabled may exhibit a sudden recurrence 
of signs. Clinical signs may be of short duration, or horses 
may become suddenly recumbent and either die or recover 
only with prolonged treatment. Horses that become recum¬ 
bent often need aggressive supportive care. Once the horse 
has demonstrated significant improvement, full recovery 
within 1 to 6 months can be expeaed in 90% of patients. 554 
Residual weakness and ataxia appear to be the main prob¬ 
lems; however, personality changes were reported as well. 554 
In humans, some patients have experienced long-term 
inflammation of the meninges, and others have experienced 
the long-term loss of the use of one or more limbs. In addi¬ 
tion, mild to moderate, persistent fatigue on exercise and 
chronic headache have also been noted. 

II Diagnosis. In general, complete blood count (CBC) and 
serum biochemistry profiles of WNV horses are normal. 531 
Horses may present with a mild absolute lymphopenia, 
elevated muscle enzymes, and hyponatremia, which has 
also been described in humans with viral encephalitis. 


•References 532, 534, 538, 541, 542, 544, 545. 
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Cerebrospinal fluid cell counts are normal to elevated and 
mononuclear in nature, with protein levels also normal to 
elevated. 555 

Confirmation of WNV infection with encephalitis in 
horses begins with assessment of whether a horse meets the 
case definition based on clinical signs occurring in an area 
in which WNV has been confirmed in the current calendar 
year in mosquito, bird, human, or horse. 473 Serologic testing 
relies on the development of immunoglobulin M (IgM) and 
neutralizing-antibody responses in acute-phase serum, as 
tested by an IgM-capture enzyme-linked immunosorbent 
assay (MAC-ELISA) and neutralization testing (NT), respec¬ 
tively. In serologic confirmation of flaviviruses and most 
arboviruses, the neutralization format is considered the 
"gold standard" because of the specificity of neutralizing 
antibody generated in response to these viruses. Until fall 
2001, a positive IgM titer of 1:400 or higher and a plaque 
reduction neutralizing-antibody test (PRNT) titer of 1:10 or 
higher on a single serum was considered confirmatory for 
serodiagnosis of WNV encephalomyelitis in a horse exhibit¬ 
ing appropriate clinical signs. Since 2001, reliance on the 
PRNT for serologic confirmatory diagnosis in horses has 
diminished because of the availability of WNV vaccination 
for horses. Vaccination induces formation of neutralizing 
antibody and likely confounds interpretation of the PRNT. 
Most diagnostic laboratories use MAC-ELISA for confirma¬ 
tion of WNV disease (because consistently detected IgM 
rarely occurs after vaccination) in the horse, and the sensitiv¬ 
ity and specificity of this test are approximately 81% and 
100 %, respectively. 556 

Other means of confirmation include postmortem detec¬ 
tion of WNV by PCR, culture, and IHC in CNS tissues. Sev¬ 
eral methods of WNV nucleic acid testing in equine tissue 
have been described, including nested PCR targeting the E 
protein, which demonstrated sensitivity for relatively low 
viral load, and real-time PCR. The E-protein target appears 
less sensitive; however, the NS5 target has detected WNV 
nucleic acids in CNS tissues, heart, and intestine of clini¬ 
cally affected horses. 


II Differential Diagnoses. Even if WNV is suspected based 
on time of year and vaccination history, other infectious 
CNS diseases should be considered in the differential diag¬ 
noses, including alphaviruses, rabies virus, equine protozoal 
myeloencephalitis (EPM), equine herpesvirus type 1 (EHV-1), 
botulism (less likely), and verminous meningoencephalo- 
myelitis (Halicephalobus gingivalis, Setaria, Strongylns vulgaris). 
Alphaviruses, rabies, H. gingivalis infection, hepatoencepha- 
lopathy, and leukoencephalomaiacia are rapidly progres¬ 
sive cortical signs characterized by behavioral alterations, 
depression, seizure, and coma. The appearance of seizure 
and coma is rare in WNV horses but can occur. Cranial nerve 
signs in EEE and WEE are also common, including head tilt, 
pharyngeal/laryngeal dysfunction, and paresis of the 
tongue. The incidence of WEE in horses is fairly low in the 
United States, but mortality and severity of clinical signs 
would more closely resemble WNV. Differentiation from 
rabies is problematic because clinical signs in horses with 
rabies frequently include ataxia, weakness, or gait abnorm¬ 
alities. Although there are periods of somnolence, blind¬ 
ness, and some cranial nerve deficits, WNV horses appear 
to become rapidly recumbent or stabilize over several days, 
as opposed to rapid deterioration with EEE, rabies, and 
H. gingivalis. Spinal disease caused by EPM is a more difficult 
differential if horses with WNV are not febrile and do not 
exhibit excessive muscle fasciculations. Noninfectious 
causes to consider include hypocalcemia, tremorigenic toxi¬ 
cides, hepatoencephalopathy, and leukoencephalomaiacia. 


Serum titers should be evaluated for recent exposure to 
other encephalitides, including EEE, WEE, and EHV-1. An 
IgM-capture format is appropriate for EEE and WEE, but 
for the NT format, paired titers are necessary in vaccinated 
horses. Because WNV can present with asymmetric weak¬ 
ness and ataxia, Western blot testing for EPM should also 
be performed on CSF. 

II Pathologic Findings. Flaviviruses cause polioencephalo- 
myelitis (inflammation of gray matter), with lesions that 
increase in number from the diencephalon through the 
hindbrain and frequently increase in severity caudad in 
the spinal cord.* Gross pathologic findings are limited in 
WNV infection in the horse. The meninges may be con¬ 
gested. Small to moderate-sized foci of hemorrhagic discol¬ 
oration can be observed in the brain and spinal cord. The 
most common areas observed in the brain include the basal 
ganglia, rostral colliculus, and both pons and medulla. The 
most common sign of spinal changes appears in the lumbar 
cord. Edema and softening of tissues are also common. 

Histopathologic changes are consistent with viral infec¬ 
tion and neural cell death. The basal ganglia, thalamus, pons, 
and medulla have the highest numbers of lesions, character¬ 
ized by two to several cell layers of mononuclear perivascular 
cuffing. Predominantly confined to the gray matter, there are 
also collections of mononuclear cells within the parenchyma 
(gliosis). By contrast, this is limited in the cortex and cerebel¬ 
lum. Neuronal damage includes chromatolytic neurons and 
neuronophagia. In long-standing disease, areas of neuronal 
dropout may be seen. In the spinal cord, there is perivascular 
cuffing, gliosis, and damaged neurons. The inflammation 
associated with the neuropil is confined mainly to the gray 
matter. 

II Treatment. To date, no antiflavivirus compounds are 
marketed. Therapy is supportive for these infections, 
although several experimental inhibitors of RNA virus repli¬ 
cation are under development. 558 563 Accurate assessment 
of the direct effect of any pharmacologic intervention in 
WNV disease is difficult because horses can begin the recov¬ 
ery process within 72 hours of onset of clinical signs. Flu- 
nixin meglumine (1.1 mg/kg every 12 hours IV) early in 
the course of the disease appears to decrease the severity 
of muscle tremors and fasciculations within a few hours of 
administration. To date, much of the mortality in WNV 
horses results from euthanasia of recumbent horses for 
humane reasons rather than spontaneous fatality. Recum¬ 
bent horses are mentally alert and frequently thrash, sus¬ 
taining many self-inflicted wounds and posing risk to 
personnel. Therapy of recumbent horses is generally more 
aggressive and may include dexamethasone sodium (0.05 
to 0.1 g/kg every 24 hours IV) and mannitol (0.25 to 
2.0g/kg every 24 hours IV). Detomidine hydrochloride 
(0.02 to 0.04 mg/kg IV or IM) is effective for prolonged 
tranquilization. Low doses of acepromazine (0.02 mgjkg 
IV or 0.05 mg/kg IM) provide excellent relief from anxiety 
in both recumbent and standing horses. Until EPM is ruled 
out, prophylactic institution of antiprotozoal medications is 
recommended. Other supportive measures may include oral 
and intravenous fluids and antibiotics for treatment of 
infections that frequently occur in recumbent horses 
(wounds, cellulitis, and pneumonia). 

Interferon-alpha is a relatively common therapy, 560 564 ' 565 
based on differences in genetic loci to immune response 
elements that induce nonspecific immunity in mice. 


* References 532, 534, 536, 537, 539, 542, 557. 



994 



PART FIVE DISORDERS of the ORGAN SYSTEMS 


The success of IFN-a rests on anecdotal reports in the human 
and veterinary literature. Intravenous WNV-specific immu¬ 
noglobulin therapy has also been described, and in a blind 
controlled placebo trial with low numbers of animals, the 
risk for development of recumbency was lower. Otherwise, 
outcomes and severity were the same. In human therapy, 
high-dose glutamate has been pursued to prevent neuronal 
cell death. 566 Another experimental investigation in mice 
involves p-lactam inhibitors that stimulate GLT1, a chemical 
that activates glutamate. 567 - 568 

II Prevention. Initial epidemiologic studies indicated a 
point source for WNV infection, demonstrating that the out¬ 
break could be controlled by vaccination. 474 ' 476 - 477 - 544 Pres¬ 
ently, three vaccines are licensed for prevention of WNV 
viremia in the United States. Vaccination before the mos¬ 
quito season is optimal. Two of these vaccines, a killed prod¬ 
uct and a recombinant product based on the canarypox 
vector, require an initial injection followed in 3 to 6 weeks 
with a booster injection. 569 Most manufacturers recommend 
more frequent vaccination in areas with year-round mos¬ 
quito seasons. However, the recently licensed third vaccine 
demonstrated 12 months of immunity against severe intra¬ 
thecal challenge with WNV. Limited information is available 
regarding long-term immunity with the other vaccines, given 
that the duration of immunity was tested using the mosquito 
model of WNV infection, which results in seroconversion 
and viremia as a measure of efficacy. Horses that have recov¬ 
ered from clinical WNV have long-term immunity against 
WNV and should not require immunization. 

West Nile virus is a zoonotic in that a bird reservoir 
maintains the virus in an endemic life cycle in the environ¬ 
ment, with transmission by mosquito to humans. There is 
little risk of disease by direct contact with a horse. However, 
the ecology of horse pastures and stables with standing 
water, a high degree of biologic debris, and // bridge ,/ vectors 
that feed on mammalian populations pose a risk to people. 
The same type of management tactics for prevention are 
important for humans, except that there is no vaccine and 
deet-based products are recommended for protection. The 
North American epidemic of WNV has demonstrated new 
modes of transmission involving blood-bome and occupa¬ 
tional risks. Blood-bome transmission can occur between 
a viremic host and accidental needle injection. In addition, 
occupational infection has occurred through necropsy of 
avian hosts. Veterinarians and horse owners should institute 
personal protection with appropriate clothing, gloves, and 
eye protection when coming in contact with animal tissues 
during the arbovirus season. 

OVINE ENCEPHALOMYELITIS 
(LOUPING ILL) 

II Definition and Etiology. Louping ill is an acute, fatal 
encephalomyelitis of sheep that occasionally infects humans, 
wild ruminants, horses, and cattle. 570 - 572 The disease has been 
reported in England, Scotland, Ireland, Norway, Turkey, and 
Bulgaria. 573 575 The etiologic agent of louping ill is a neuro- 
tropic, single-stranded RNA virus (flavivirus) that is tran¬ 
smitted by primarily the tick Ixodes ricinus, as well as by 
Rhipicephalus appendiculatus, Ixodes persulcatus, and Hemaphysa- 
lis anatolicum. Most outbreaks occur in swampy areas with 
dense populations of infected ticks and wild animals. Infection 
through blood contamination of hypodermic needles, other 
fomites, and blood products has been reported. 576 Minor 
genetic variations occur among viruses from different geo¬ 
graphic areas, forming four subtypes. 577 A similar disease of 
sheep in Spain is caused by a genetically distinct flavivirus. 578 


II Clinical Signs. Sheep develop central nervous system 
(CNS) disorders. Infection in horses often is asymptomatic. 579 
The initial clinical signs of louping ill include fever, anorexia, 
depression, constipation, and generalized muscular tremors. 
The ensuing signs are characteristic of CNS disease and 
include ataxia, conscious proprioceptive deficits, head tre¬ 
mors, hypermetria, and hyperexdtability. The hypermetria 
results in a characteristic '"bunny hopping gait," which gives 
the disease its name. Further progression of clinical signs is 
associated with cerebrocortical dysfunction; these signs 
include head pressing, hyperesthesia, recumbency, convul¬ 
sions, coma, and death. Survivors have residual neurologic 
deficits. The duration of the illness is approximately 12 days. 

II Clinical Pathology. Both hemagglutination inhibition 
and complement fixation tests can be used to detea virus in 
infeaed animals. 576 High levels of virus-specific IgG and 
IgM can be deteaed in the cerebrospinal fluid (CSF) of 
afifeaed animals. 580 Viremia peaks at approximately 3 days 
after inoculation and disappears by 7 days. Because animals 
usually are not viremic at the time the nervous system lesions 
develop, virus recovery is best done from the brain or spinal 
cord. Isolation of the louping ill virus from the CSF is difficult. 

II Pathophysiology. Ticks become infeaed when feeding on 
a viremic host. The virus survives in the salivary glands of the 
tick and can overwinter here, being transmitted to a new host 
when the tick becomes aaive the following year. 576 After 
inoculation into susceptible sheep, the louping ill virus 
migrates into the regional lymph nodes and spleen and then 
replicates. Viremia occurs 6 to 20 days after the invasion of 
the lymphatic tissues. 571 Viral replication in the brain causes 
nonsupportive inflammation and neuronal degeneration. 571 
Rapid antibody produaion is associated with recovery. 581 
Concomitant infeaion of sheep with the agent of tick-bome 
fever (Erlichia phagocytophila) results in a greater level of vire¬ 
mia and increased mortality from the louping ill virus. 582 

II Epidemiology. Louping ill principally affeas yearling 
sheep in the spring. Maternal immunity wanes when lambs 
are about 3 months old. Infeaion develops weeks to 
months after sheep have been placed on pastures infected 
by Ixodes ricinus. In any outbreak the prevalence of clinical 
louping ill is low, but the seroprevalence of antibodies in 
adult sheep in endemic areas is high, indicating a continu¬ 
ous, low-level exposure to the virus, and many animals are 
asymptomatically affeaed. Factors such as climate, tick pop¬ 
ulation, and immune status of the flock all play a role in the 
severity of an outbreak. 576 The case-attack rate may reach 
60% of the population, whereas the mortality rate is low, 
rarely exceeding 15%. The degree of susceptibility of neona¬ 
tal lambs and adult sheep is similar. Adults tend to be more 
heavily parasitized by the host ticks and thus play a major 
role in virus survival and transmission. 583 Pigs, cattle, 
horses, and red deer also become infeaed with the virus 
and can develop similar clinical disease. The seroprevalence 
rate of the virus in horses from one endemic area was 
10%. 579 Milk from infeaed goats can reach titers high 
enough to infect suckling kids. 584 

Sylvatic cycles of virus transmission occur in which viral 
amplification takes place through certain wild mammals 
and red grouse. 570 - 585 ' 586 The hare, in particular, appears 
to play a major role in the propagation and persistence of 
virus in the red grouse population. 587 - 588 Certain other 
small mammals, such as field voles, however, do not have 
a role in this cycle of virus persistence. 589 In the case of 
grouse, it has been demonstrated that the host can be 
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infected by ingesting the infected tick, rather than by being 
bitten by the tick. 590 

Mild occupational infections can occur in shepherds, 
veterinarians, and laboratory workers who cultivate the 
virus. The louping ill virus probably is maintained on pas¬ 
tures through infected sheep because grouse populations 
become unstable and die out whenever the virus is intro¬ 
duced. 591 The high incidence of louping ill in the spring 
and summer months probably corresponds to the peak 
activity of ticks. The virus may persist for long periods in 
the arthropod vector, but it is unclear if transovarial trans¬ 
mission of the agent occurs. Ixodes ricinus is a three-host tick 
with a life cycle of 3 years. The ticks do not walk, and dis¬ 
semination over a range requires animal transport. After a 
blood meal, the tick molts and then rests on vegetation 
until the next meal, approximately 12 months later. The 
activity of the ticks tends to increase greatly in the spring 
whenever the ambient temperatures are above 7° C (43° F). 

II Necropsy Findings. Gross lesions are absent at necropsy. 
The histologic lesions of louping ill include perivascular 
cuffing with mononuclear cells and neutrophils, gliosis, 
neuronal necrosis, and mononuclear cell meningeal inflam¬ 
mation. 592 * 593 Microscopic lesions are most severe in the 
Purkinje cells, the motor nuclei, and the ventral horn cells. 
The forebrain is spared. 594 Virus in tissue can be detected 
by virus isolation, IHC, and RT-PCR. 576 * 595 * 596 

II Prevention. There is no treatment for louping ill enceph¬ 
alitis, but supportive care should be provided. 

A formalin-inactivated vaccine given in the last trimester 
has been recommended for preventing louping ill. 597 A sin¬ 
gle dose of the vaccine provides responses that are protec¬ 
tive for at least 2 years. Colostral antibody titers higher 
than 1:40 are considered protective. 583 Other methods of 
preventing the disease include frequent acaricidal dipping 
of sheep and clearing of pastures to reduce the population 
of infected intermediate hosts. 

Louping ill has not been detected in the United States, but 
it is a reportable disease. Any suspicion of this disease should 
be reported to state and federal authorities. The disease also 
has a zoonotic potential; infection of humans can occur 
through tick bites, infected sheep or goat milk, or fomites. 

RABIES 

CHRISTINE BERTHEUN BAKER 

LISLE W. GEORGE 

II Definition and Etiology. Infection with rabies virus re¬ 
sults in severe and usually fatal neurologic disease. Most 
mammals are susceptible and are infected through bites from 
other animals during or near the clinical phase of illness. The 
rabies virus and other highly neurotropic "rabies-related" 
viruses belong to the genus Lyssavirus, family Rhabdoviridae. 
(bullet-shaped RNA viruses). Wildlife provides a natural res¬ 
ervoir for rabies, and each rabies strain is maintained in par¬ 
ticular reservoir host(s). Although they can readily cause 
rabies in other species, wildlife-adapted strains of rabies usu¬ 
ally die out when passed into species to which they are not 
adapted. Other, "rabies-related" lyssaviruses can cause a neu¬ 
rologic disease identical to rabies. They include the Lagos and 
Duvenhage viruses of bats in parts of Africa, the Mokola virus 
of rodents and shrews in Africa, and the European and 
Australian bat lyssaviruses. 598 * 600 

II Clinical Signs. Livestock cases of rabies have been re¬ 
ported mostly in cattle and occasionally in horses, sheep, 


and goats. 600 - 601 Rabies should be included in the differential 
diagnosis of any unexplained acute, rapidly progressive 
encephalitis, especially in the presence of autonomic instabil¬ 
ity, dysphagia, hydrophobia, paresis, or paresthesia. 600 602 * 603 
The incubation period ranges from a few days to 6 months, 
depending on the pathogenicity of the inoculum and the dis¬ 
tance from the site of inoculation to the brain. The shortest 
incubation periods are seen in animals bitten on the head, 
whereas the longest incubations have been reported after 
bites on the extremities of the pelvic limbs. 

The disease is usually fatal after a clinical course of 1 to 
8 days. Occasionally, an animal may be found dead without 
any previously observed clinical sign. Early clinical signs of 
rabies in livestock may be nonspecific sensory and behav¬ 
ioral changes, including anorexia, restlessness, depression, 
separation from the herd, and mild ataxia. Rumination 
may stop. Horses often appear colicky. Affected animals 
may repeatedly attempt to mount inanimate objects or 
show regional paresthesia with pruritus. Rubbing of the 
pruritic area results in loss of hair or wool and skin ulcera¬ 
tions. As the disease progresses, animals may become hyper- 
excitable, fearful, or enraged (furious rabies) or mentally 
depressed (dumb rabies). Furious and dumb states may alter¬ 
nate in the same animal. Cattle rabies frequently manifests 
as dumb rabies with flaccid paraparesis, tetraparesis, and 
tetraplegia (paralytic rabies) as the disease progresses. 

In an experimental study, all cattle and sheep infected 
with the rabies virus exhibited excessive salivation and 
behavioral changes, and the majority also displayed tre¬ 
mors, bellowing, aggression, hyperesthesia, and pharyngeal 
paresis/paralysis. 600 Tetraplegic animals may show frantic 
motor activity of the legs and bellow when stimulated. Ani¬ 
mals with dumb rabies are depressed, inappetent, and usu¬ 
ally febrile (>39.4° C [103°F]) and may have a drooped 
head and neck, ptosis, flaccid facial musculature, profuse 
salivation, yawning, repeated nibbling motions with the 
lips, tenesmus, paraphimosis, odontoprisis, head pressing, 
circling, wide-base stance, difficulty rising, and falling epi¬ 
sodes. Other clinical signs associated with dumb rabies 
include flaccidity of the tongue, tail, anus, and urinary blad¬ 
der and blindness, strabismus, and nystagmus. 

The first clinical sign of paralytic rabies in horses may be an 
unexplained ataxia or shifting leg lameness, soon followed by 
paraparesis or paraplegia. 604 Spinal reflexes and tone in the 
affected limbs may be decreased or absent. Most affected ani¬ 
mals become recumbent in 3 to 5 days. Initially the recum¬ 
bent animal may be able to eat and drink with help, but it 
soon becomes anorectic and develops encephalopathic signs, 
followed by coma and generalized seizures 605 606 (Fig. 35-4). 



FIG. 35-4 II Ten-month-old mixed-breed calf with terminal rabies virus 
encephalitis. The calf is comatose and showing opisthotonos. 
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TABLE 35-5 *£__J 


Occurrence of Particular Clinical Signs of Rabies 
in Horses 


1 Clinical Signs 

Frequency of Occurrence | 

Ataxia, paraplegia 

11/21 

Lameness 

5/21 

Pharyngeal paralysis 

2/21 

Recumbency 

21/21 

Colic 

2/21 

Hyperesthesia 

17/21 

Tail and anal paralysis 

12/21 

Fever 

* 11/21 


From Green S et al: Rabies in horses: 21 cases, / Am Vet Med Assoc 200:1133, 
1992. 


Regardless of the clinical manifestations, rabies is rapidly 
progressive and fatal disease leading to cardiorespiratory fail¬ 
ure, and death usually occurs within 10 days. In all disease 
forms of livestock, the clinical signs rapidly worsen over 1 
to 3 days, until the padent becomes recumbent and coma¬ 
tose. Animals may develop a pharyngeal-laryngeal paralysis 
resulting in stertorous breath sounds, inability to drink (thus 
the common name of "hydrophobia"), and accumulation of 
frothy saliva at the commissures of the lips. 607 

One summary of 21 cases of rabies in horses enumerated 
the frequency of particular clinical signs seen as the present¬ 
ing complaint (Table 35-5). Rabies can only be differentiated 
from other encephalitic disorders by specific postmortem 
tests or virus isolation, which is usually not possible before 
death occurs. In horses the clinical signs of rabies often 
are indistinguishable from other encephalopathies, such as 
hepatoencephalopathy, leukoencephalomalacia, togaviral 
encephalitis, equine herpesvirus type 1 (EHV-1), protozoal 
and other meningoencephalomyelitides, and space-occupy¬ 
ing masses. In ruminants, rabies may resemble herpesv.irus, 
thromboembolic meningoencephalomyelitides, nervous keto¬ 
sis, grass tetany, polioencephalomalacia, nervous coccidiosis, 
or even focal spinal cord or peripheral nerve diseases. Most 
horses die of fatal encephalopathy within 5 days of the onset 
of signs; but cases lasting as long as 14 days have occasionally 
been observed. 608 

II Clinical Pathology. There is no valid antemortem test to 
diagnose rabies in livestock. Rabies usually remains immu- 
nologically and serologically silent throughout the incuba¬ 
tion and clinical phase of the illness. 244 Clinicopathologic 
tests are not specific for rabies but may help rule out other, 
more common diseases. The CSF may be normal or may 
show moderate mononuclear pleocytosis (5 to 30 cells/pL) 
and increased protein (60 to 200 mg/dL), occasionally with 
neutrophils, eosinophils, or xanthochromia reported. 

II Pathology and Postmortem Diagnosis. Rabies causes 
a nonsuppurative meningoencephalomyelitis. Microscopic 
changes include brain edema, meningeal congestion, focal 
areas of hemorrhage, perivascular cuffing, gliosis, neurono- 
phagia, and neuronal degeneration. These changes are most 
severe in the dorsal root ganglia and can be seen in most 
CNS regions. 

A definitive diagnosis of rabies may be based on the finding 
of Negri bodies (not always present, especially in cases eutha¬ 
nized early in the disease course) or through a positive direct 
or indirect fluorescent antibody (DFA, IFA) test conducted 
on fresh smears of CNS tissues (thalamus, hippocampus, brain¬ 
stem, pons, medulla, cerebellum). 609 ' 611 If these tests are nega¬ 
tive or inconclusive and there has been human exposure. 


additional testing can be done using intracerebral inoculation of 
mice with CNS tissue from the suspect case. An antigen-capture 
enzyme immunodiagnostic technique has been developed for 
salivary gland specimens, to capture antigen onto solid phase 
using purified polyclonal antibodies. The specificity and sensi¬ 
tivity of this method are similar to the direct immunofluores¬ 
cence test, but it has not gained widespread clinical use in the 
United States. 609 The DFA test on brain tissue has become the 
standard by which the value of other rabies tests is evaluated. 610 
In cases of human exposure, the local public health parties 
should always be contacted before sample collection and sub¬ 
mission. The diagnostic pathologist will usually accept the refri¬ 
gerated head (or even whole body for small animals and bats), 
or refrigerated brainstem and cerebellum collected through the 
foramen magnum in mature cattle and horses. Care should be 
taken to prevent any human exposure to body fluids and CNS 
tissue of any animal with rabies on the list of differential diag¬ 
noses, especially in areas where rabies is known to be present 
in any domestic or wildlife species; open wounds or small heal¬ 
ing sores may provide portal of entry for the rabies virus. 

II Pathophysiology. The structure of the rabies virus capsid 
proteins is similar to that of the neurotoxins of cobra venom 
and acetylcholine 612 After subcutaneous or intradermal 
inoculation, the rabies virus replicates locally. After several 
days, it binds to the acetylcholine (and other) receptors of 
the peripheral nerves and then migrates retrogradely to the 
CNS through peripheral nerves, spinal rootlets, and the spi¬ 
nal cord. After entry into the nerve cell rootlets, the virus tra¬ 
vels to the brain along nerve tracts and into CSF. From there 
it spreads centrifugally along the rootlets of the cranial nerves 
to the salivary glands and the nasal epithelium. Shedding of 
the virus in the nasal secretions and saliva may precede the 
onset of clinical signs but not the presence of virus in the 
brain, where it needs to replicate before it can reach the sali¬ 
vary and nasal secretions. Therefore, whenever an animal 
bites a person, the attacking animal can always be sacrificed 
and tested for the potential of rabies virus transmission, 
and it not necessary to wait for disease progression before 
testing an animal for rabies, as recommended earlier when 
Negri bodies were the main diagnostic test for rabies. In 
humans, most cases become apparent within 1 to 3 months 
of infection, but up to 10% of cases have had incubation per¬ 
iods in excess of 6 months, extending to several years in rare 
cases. 598 The rabies virus replicates in the cell bodies (gray 
matter) of the CNS. Dysfunction of these neurons results in 
behavioral changes and variable abnormalities of the cranial 
and the peripheral nerves, with multifocal loss of lower 
motor neuron and autonomic function. Death results from 
cardiorespiratory paralysis as the virus infects the brainstem 
medullary centers. 

II Epidemiology. Rabies is a reportable zoonosis that has 
been detected worldwide, with some exceptions (especially 
islands). It does not presently occur in Scandinavia, United 
Kingdom, Ireland, Australia, New Zealand, or Iceland. 598 
The disease is endemic in other parts of the world, includ¬ 
ing the United States, Canada, and Europe, but remains epi¬ 
zootic in Central and South America, Africa, and parts of 
Asia, especially where a tropical climate and a high popula¬ 
tion of infected feral mammals favor viral propagation and 
transmission. 599 ' 601 The rabies virus is shed in the saliva 
and does not survive when dried or exposed to ultraviolet 
(UV) light. The most common method of viral transmission 
to domestic animals is through the bite of an infected feral 
or wild mammal. Humans and laboratory animals have 
also developed fatal infections after respiratory exposure to 
viral aerosols. Low levels of rabies virus are also shed in 
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the milk of infected animals and may occasionally infect 
offspring nursing infected dams. 613 614 Laboratory animals, 
foxes, and skunks also can be infected experimentally by 
ingestion of infected tissues from rabies cases. 613 614 The 
consumption of thorny bushes may also have caused hori¬ 
zontal transmission of rabies in an outbreak in African 
Kudu. 600 In the United States, survival of the virus in the 
wild may depend on cycling of infections in skunks, bats, 
or raccoons, which also are common sources of livestock 
infections. 615 - 616 

Certain strains of rabies virus have low virulence in skunks 
and bats, resulting in asymptomatic carriers serving as reser¬ 
voirs. The rabies virus is also transmitted directly among bats 
through aerosols in caves. The bats fnay die off from rabies 
during periods of high viral contamination. In the United 
States the most common wild reservoirs are foxes in Alaska 
and along the border of Mexico, raccoons in the East, and 
skunks in the central and western regions. 601 Mandatory vac¬ 
cination of dogs has virtually eradicated canine rabies from 
developed countries, where rabies transmission from domes¬ 
tic dogs to livestock is rare. 598 617 Island nations have been 
able to remain free of rabies by imposing a 6-month quaran¬ 
tine on imported dogs and cats. In South America, rabies out¬ 
breaks in cattle often result from vampire bat bites, causing 
up to 50,000 cattle deaths annually. Human rabies cases 
may result from bites inflicted by infected pets, feral dogs 
and cats, bats, or wildlife. Cases resulting from contact with 
infected cattle or horses are rare. 601 ' 617 ' 618 

Animal rabies cases are most common in late summer, 
possibly because wild animals give birth to offspring during 
the early spring, and young animals become infected and 
then spread the disease as they expand into new territory 
under pressure from selective forces (e.g., predation, starva¬ 
tion, hunting). 

The various strains of rabies virus are maintained in differ¬ 
ent hosts. Serial passage of virus from field cases ("street 
rabies virus") into laboratory animals can produce a modi¬ 
fied, "fixed virus" with loss of virulence for the field hosts 
and increased virulence for the laboratory species. Such fixed 
strains have been used in the preparation of vaccine viruses. 


II Prevention. Although widespread rabies vaccination of 
livestock is neither economically feasible nor justifiable on 
public health grounds, vaccination of valuable livestock, 
or animals that travel or are in regular contact with humans 
(e.g., petting zoos, animal shows) should be considered, 
especially in or near rabies epizootic areas. A list of licensed 
rabies vaccines for the protection of animals against rabies 
is regularly updated by state veterinary authorities. 619 

The disposition of livestock that have been bitten by rabid 
animals depends on the animal's vaccination history, local 
and national regulations, and the value of the bitten victim. 
In the United States and Canada, the disease must be 
reported to the state public health department. Management 
of exposed livestock must be coordinated with public health 
officials. Any livestock bitten by a wild animal should be 
considered to have been exposed to rabies, regardless of the 
availability of the biting animal for testing. If a bitten horse 
had been vaccinated before the bite, it should be revacci¬ 
nated immediately and kept under observation for 90 days. 
Other exposed, unvaccinated animals with a low economic 
value should be euthanized, or if the animal is very valuable, 
the bite wound may be washed with copious amounts of 
water and iodine or quaternary ammonium disinfectants, 
after which the animal should be quarantined for at least 6 
months and the brain examined if it dies. 619 620 

Vaccination of animals shortly after rabies virus infection 
is not recommended because it is less effective than 


prophylactic vaccination. In one study, postinoculation vac¬ 
cination of experimentally infected sheep had no effect on 
the incubation period, clinical signs, or mortality rate. 
Moreover, the antibody titers of the vaccinated animals 
had no predictive value for protection. 621622 Whenever 
human exposure to rabies virus is suspected, the suspected 
animal must be euthanized and its brain examined for evi¬ 
dence of infection. A vaccinated or valuable animal may 
be quarantined for 6 weeks under veterinary supervision, 
and the brain must be examined if it develops clinical signs 
suggesting rabies during that period. The World Health Orga¬ 
nization (WHO) publishes and regularly reviews its recom¬ 
mendations for vaccination and prophylaxis in humans 
after exposure or suspected exposure to the rabies virus. 599 

Control of rabies by immunization of susceptible wild¬ 
life using baits containing modified live vaccines has been 
successful in certain cases. 601 ' 618 ' 623 ' 624 Such approaches 
may provide a means for large-scale immunization of wild¬ 
life or feral animal populations for eventual eradication of 
the disease. 

SPORADIC BOVINE ENCEPHALOMYELITIS 
(BUSS DISEASE; POLYSEROSITIS; 

CHLAMYDIA PECORUM INFECTION) 

Sporadic bovine encephalomyelitis (SBE) is caused by Chla¬ 
mydia pecorum, 625 which produces a disseminated vasculitis 
and serositis. The disease was first reported in the United 
States in 1940. 626 A similar but not identical viral disease 
occurs in cattle in Australia and has been named "bovine 
ephemeral fever." 627 630 SBE occurs in Czechoslovakia, Hun¬ 
gary, and Japan. 631634 Nonsuppurative meningoencephalo- 
myelitis also has been described in a study of cattle in 
Switzerland; a variety of pathologic patterns were found 
in those animals, and neither chlamydiae nor other common 
neurotropic organisms (rabies virus, Borna disease virus, 
tick-borne encephalitis virus) were identified as etiologic 
agents. 635 Outbreaks of SBE are rare, but the case-attack rate 
in an epizootic ranges from 5% in adults to 25% in calves. 
The mortality is highest in calves and approximates 31% 
for all age-groups. 636 

Infected cattle shed the organism in urine, feces, nasal 
secretions, and milk. It also can be found in the feces of 
asymptomatic calves exposed to clinically affected herdmates. 
However, the most common mode of transmission of the 
chlamydial agent is unknown. The agent tends to remain 
endemic on a single farm, and sporadic outbreaks of disease 
may occur only on those premises. The pattern of these out¬ 
breaks varies, from a few cases annually to acute, recurrent 
epizootics with high case-attack rates that subside after 3 to 
4 weeks. Sheep and goats are resistant to the bovine agent. 

II Clinical Signs. Affected animals show signs of a multisys- 
temic disease. The initial clinical signs in cattle are fever (39° C 
to 41.5° C [102.1° F to 106.7° FJ), anorexia, depression, and 
stiffness. The cattle also may show signs of a respiratory dis¬ 
ease characterized by nasal discharge, dyspnea, and cough. 
These animals occasionally have a painful response to per¬ 
cussion of the hoof, as well as swelling of the coronary band 
or polyarthritis and tenosynovitis. 626 Auscultatory abnorm¬ 
alities may include high-pitched wheezes and crackles over 
the lung fields or pleural and pericardial friction rubs. 
Because of the fibrinous peritonitis and pleuritis, the clinical 
signs in some affected animals may resemble those of hard¬ 
ware disease. These animals may grunt or groan when sudden 
pressure is applied to the xiphoid region. Some animals may 
respond to soft percussion of the xiphoid region by striking 
or kicking at the examiner. There is an initial diarrhea. 
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Progression of the disease is related to development of the 
meningoencephalitis and is characterized by ataxia and 
conscious proprioceptive deficits, circling, head tilt, opistho¬ 
tonos, hyperesthesia, stiff neck, convulsions, and coma. 
Animals may die after 4 to 10 days. 

II Diagnosis. The detection of elementary bodies in the exu¬ 
date cells of pleural and peritoneal effusions is highly sugges¬ 
tive of SBE. The chlamydial agent can be cultured from the 
blood and body fluids of early infections in guinea pigs 
inoculated intraperitoneally with fresh tissue specimens 
and held for 6 to 7 days. Inoculation of embryonated eggs 
is a less sensitive diagnostic technique than animal inocula¬ 
tion. The causative organism has been identified as a distinct 
species, Chlamydia pecorum, by means of DNA analysis, 
immunologic assays, and serology. 635 

II Pathogenesis and Pathologic Lesions. The mode of 
infection and the genesis of pathologic lesions are unknown 
in natural cases. Growth of the chlamydiae in the arteriolar 
endothelium causes vasculitis, hemorrhage, edema, and 
accumulation of fluid in the body cavities. Diffuse fibrinous 
pleuritis, peritonitis, and meningitis also are seen. Microscopic 
changes include perivascular mononuclear cell infiltration 
and neuronal degeneration. The lesions all are composed of 
networks of neutrophils and mononuclear cells enmeshed in 
fibrin. Some of the inflammatory cells contain elementary 
bodies. 

II Treatment. Early cases of SBE can be treated with oxyte- 
tracyclines (20 to 50 mg/kg/day for a minimum of 7 days). 
Efficacy is indicated by a reduction of fever within the first 
24 hours of treatment. The chlamydial agent is also suscep¬ 
tible to penicillin and erythromycin, but the clinical efficacy 
of these drugs is unknown. 

II Control. There are no known effective control measures 
for the prevention of SBE. The chlamydial agent is susceptible 
to a number of disinfectants, including 2% sodium hydrox¬ 
ide (NaOH), 5% cresol, and 0.3% quaternary ammonium 
compounds. 

MORBILLIVIRUS ENCEPHALOMYELITIS 
OF CATTLE 

A nonhemagglutinating paramyxovirus (Morbillivirus) has 
been isolated from a calf with encephalitis. The disease 
was first described in Germany, but subsequent cases have 
been identified in Switzerland. 637 The German Morbillivirus 
organism is serologically related to the subacute sclerosing 
panencephalitis virus of humans but is unrelated to the 
parainfluenza virus of cattle. The clinical signs of Morbillivirus 
infection include pharyngeal paralysis, anorexia, salivation, 
hyperexcitability, intentional head tremors, aggressiveness, 
coarse muscle fasciculations, cutaneous analgesia, tonic- 
clonic seizures, dysphonia, and bellowing. The pathologic 
lesions include a diffuse, mononuclear cell encephalitis, 
perivascular cuffing with mononuclear cells, microglial cell 
proliferation, astrocytosis, neuronal loss, neuronophagia, 
and intraneuronal intranuclear (Cowdry type A) inclusion 
bodies. 

BOVINE NECROTIZING 
ENCEPHALOMYELOPATHY 

A neurologic disorder affecting Angus calves in Australia has 
been reported. Approximately 1% of the calves were 


affected, starting at 2 to 6 weeks of age. 638 The varied signs 
included nystagmus, strabismus, and wide-base stance with 
or without proporioceptive deficits, later progressing to 
recumbency with muscle tremors, bruxism, hyperesthesia, 
opisthotonos, and death 4 to 7 days after onset. Biochemical 
changes included increased hemoglobin concentration, neu¬ 
trophilia, hyperglycemia, and elevated serum creatine kinase 
(CK) and aspartate transaminase (AST), but biochemical 
data were available for only two animals. At necropsy, small 
malacic foci 1 to 2 mm in diameter were observed in the 
medulla oblongata. Histologically, symmetric degenera¬ 
tive lesions were found in multiple brainstem nuclei, with 
variable involvement of the spinal cord gray matter and 
thalamus. The neuropil in affected areas exhibited pallor, 
edema, and spongiform change. There was central chromatoly¬ 
sis in neurons, cytoplasmic eosinophilia, nuclear margination, 
and necrosis. Mild inflammatory changes in the form of 
gliosis, infiltration of gitter cells, and endothelial hypertrophy 
were observed. Axonal spheroids were numerous. 

This disease has been likened to Leigh's disease, inherited 
subacute necrotizing encephalomyelopathy, in humans. 
A heritable disorder was suspected because evidence indi¬ 
cated the herd was inbred, but pedigree analyses were not 
performed. Differential diagnoses included other heritable 
metabolic disorders, including lysosomal storage diseases, 
bovine cerebellar atrophy, and encephalomalacia caused 
by the endotoxin of Clostridium perfringens type D. 

No treatment is currently available for bovine necrotiz¬ 
ing encephalomyelopathy, but investigation into breeding 
practices and limiting inbreeding would be advisable. 


MENINGITIS (SUPPURATIVE MENINGITIS; 
BACTERIAL MENINGITIS) 

II Definition and Etiology. Meningitis can occur either 
from direct extension of infectious agents into the calvarium 
or from hematogenous infection. Causes of suppurative 
meningitis include direct extension of pyogenic infections 
into the calvarium from infected skull fractures, 639 osteomy¬ 
elitis from sinusitis or otitis, osteonecrosis caused by ther¬ 
mal cauterization during dehorning 640 or by improper 
placement of trephination holes, cribriform plate fractures, 
and extension from infected coccygeal vertebrae. In horses, 
septic meningitis is a common sequela to surgical removal 
of progressive ethmoidal hematomas and also has been 
reported as a consequence of local spread of infections of 
the paranasal sinuses, nasal cavity, periocular tissues, and 
submandibular lymph nodes. 641 

Centripetal migration of Cryptococcus neoformans along 
peripheral nerve rootlets results in suppurative meningo¬ 
encephalitis. 642643 Other bacteria that can cause suppura¬ 
tive meningitis include Streptococcus zooepidemicus in foals 
and goats 644 ; Streptococcus suis and Streptococcus equi in 
foals 645 ; Actinomyces species in horses; Escherichia coli, Pas - 
teurella, Streptococcus, Staphylococcus pyogenes, Mannheimia, 
and Arcanobacterium (Actinomyces) pyogenes in calves; and 
Globicatella sanguinis in lambs. 646 649 Embolic showers to 
the central nervous system (CNS) also occur in cases of 
left-sided endocarditis. Pseudomonas aeruginosa mastitis of 
cattle and goats may terminate with septicemia and men¬ 
ingitis. In adult animals, previous surgical procedures 
may result in sepsis and subsequent meningitis. 650 Man¬ 
agement or environmental factors may predispose to out¬ 
breaks of meningoencephalitis within groups of animals, 
as occurs when inadequate colostrum is supplied to neo¬ 
nates, or when contamination of the water supply occurs, 
as reported in an outbreak of amebic meningoencephalitis 
in cattle. 651 
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Suppurative meningitis of hematogenous origin is com¬ 
mon in neonates (see Chapter 18). Gram-negative bacteria, 
£. coli, and Salmonella species are the dominant organisms 
involved in neonatal infections. One survey reported a 43% 
prevalence of septic meningitis in necropsied calves. 652 Defi¬ 
cient passive transfer of colostral antibodies to the neonate 
predisposes to hematogenous meningitis (see Chapter 53). 
Mycoplasma mycoides subsp. mycoides is a common cause 
of meningitis in goat kids. Underlying immunodeficiency 
disorders may predispose to the development of suppurative 
encephalitis in mature animals. 653 

II Clinical Signs. The earliest clinical signs of meningitis 
are usually those of systemic illness, such as diarrhea, fever, 
and anorexia, accompanied by stiff neck and hyperesthe¬ 
sia. 654 * 655 Passive manipulation of the head and neck causes 
sudden extension and hypertonicity of the limbs. Slight tac¬ 
tile stimulation of the skin may result in strong spasmodic 
extension of the limbs, fasciculations of the underlying 
musculature, or even generalized frantic motor activity. 
The patient's behavior may vary from extreme depression 
to hyperexcitability or mania. Animals may display trismus 
and may vocalize when the head and neck are flexed. Tetra¬ 
paresis, hyperreflexia, and a tendency to circle or fall toward 
one side may be noted. A subtle intentional head tremor 
often is observed in foals. Dysfunction of one or more cra¬ 
nial nerves may result in facial muscular tremors, nystag¬ 
mus, facial palsy, blindness, anisocoria, or strabismus. 
These deficits are inconstant. Progression of the clinical 
signs is associated with a decreased sensorium, propulsive 
walking, coma, seizures, and status epilepticus. Evidence 
of infection elsewhere may be apparent, such as swollen 
joints, omphalophlebitis, or hypopyon. 647 

The clinical signs of purulent meningitis closely resemble 
those of metabolic encephalopathies, including hypomagne¬ 
semia, hypoglycemia (which may occur simultaneously with 
septic meningitis in neonates), and encephalomalacias (e.g., 
salt poisoning). The onset of clinical signs may be delayed 
in horses with Cryptococcus neoformans meningitis. 642 

II Clinical Pathology. Septic meningitis should be differen¬ 
tiated from metabolic encephalopathies by measurement 
of the plasma concentrations of sodium, glucose, and mag¬ 
nesium and by laboratory evaluation of hepatic function. 
Diagnosis of meningitis is based on examination of the cere¬ 
brospinal fluid (CSF; for normal values, see Table 35-1). 
The CSF of animals with meningitis may be turbid and 
white to amber in color, may foam when shaken, and may 
clot. Xanthochromia may be observed in some specimens. 
The white blood cell (WBC) counts in CSF of calves with 
purulent meningitis are typically greater than 100 neutro- 
phils/pL (mean count, 4004 WBCs/mL), and protein concen¬ 
trations range from 20 to 270 mg/dL. 654 The differential 
cell counts in the CSF are either predominantly neutrophilic 
or mononuclear, with fewer neutrophils. The concentra¬ 
tion of glucose in the CSF often is less than 50% of the 
corresponding concentration in the blood. Because of the 
lack of opsonic and bactericidal activity in the CSF, bacteria 
can proliferate to high titers and are often observed in 
Cram-stained smears of CSF. One study showed intracellular 
bacteria in 10 of 22 calves with meningitis. 656 Abnormalities 
in the blood are inconsistent and reflect secondary condi¬ 
tions such as septicemia, diarrhea, or overaggressive fluid 
therapy. These changes could include leukocytosis, left shift, 
toxic changes in the hemogram, hyperkalemia, respiratory 
acidosis, hypoglycemia, and hyponatremia or hypernatremia. 
Evidence of bacteremia and sepsis may be found in peripheral 
blood. 


II Pathophysiology. Because there is little bactericidal or 
opsonic activity in the CSF, animals are highly susceptible 
to meningeal infection by low numbers of bacteria. Bacterial 
proliferation in the CNS results in production of bacterial 
endotoxins, cytokines, and other products of inflammation 
that damage the neural parenchyma. Vascular sequelae of 
infection may include thrombotic or hemorrhagic infarcts. 
After several days, inflammation of the arachnoid trabeculae 
and choroid plexus can result in decreased CSF absorption 
and hypertensive hydrocephalus. 647 

II Necropsy Findings. The meningeal vessels appear to be 
congested, and the meninges are swollen, opalescent, and 
petechiated. The CSF is cloudy or amber and may contain 
fibrin clots. In cases associated with bacteremia, a fibrino- 
purulent iridocyclitis may be observed. Microscopic changes 
of CNS tissues include infiltration by neutrophils and lym¬ 
phocytes, endarteritis of the meningeal vessels, choroiditis, 
scattered leptomeningeal hemorrhages, and bacterial colo¬ 
nies around the blood vessels of the meninges and the brain 
parenchyma. 

Concomitant pathologic lesions, including omphalophle¬ 
bitis, septic arthritis, anterior uveitis, and panophthalmitis, 
result from dissemination of the septic process. These lesions 
may be helpful in differentiating meningitis from metabolic 
encephalopathies. When meningitis occurs secondary to 
trauma, the site of organism entry may be detectable. Fungal 
meningitis caused by C. neoformans often is accompanied by 
granulomatous lesions of the lips, nasal mucosa, and periph¬ 
eral nerves. 

II Treatment. Treatment of bacterial meningitis is difficult, 
and the mortality rate is high. Early recognition and treat¬ 
ment are essential for adequate recovery. Antimicrobial sen¬ 
sitivity tests performed on isolates from CSF may provide 
valuable information on ideal drugs. However, these tests 
frequently are unavailable because of the difficulty in isolat¬ 
ing primary pathogens from CSF in most cases of purulent 
meningitis. Because prompt treatment of meningitis is criti¬ 
cal, antibiotic therapy usually must be based on the Gram- 
staining characteristics of sedimented bacteria and the 
initial 24-hour cultures. 

Domestic animals have a well-defined blood-CSF bar¬ 
rier, and antibiotics that reach high plasma concentrations 
may not necessarily reach bactericidal concentrations in 
the brain. To ensure an adequate antibacterial efficacy, 
antibiotic concentrations in the CNS should range from 
10 to 30 times the minimum inhibitory concentration 
(MIC) of the infecting bacteria. 656 * 664 Antibiotics that are 
inherently bactericidal tend to produce superior responses 
compared with agents that are primarily bacteriostatic. The 
major factors influencing CSF penetration of an antimicro¬ 
bial agent are the lipid solubility, degree of ionization, and 
molecular weight of the drug. In general, broad-spectrum 
drugs with a nonpolar basic character tend to have the 
greatest CNS penetration and efficacy for treatment of 
meningitis. Antibiotics tend to diffuse into CSF to a greater 
extent when it is inflamed. Box 35-1 shows the relative 
penetrability of antibiotics and antimicrobials into the 
CSF. 

Antibiotic treatments should be administered by intrave¬ 
nous (IV) routes to attain maximum peak blood and CSF 
concentrations and should be continued for 14 days or lon¬ 
ger. Table 35-6 presents the recommended dosages for each 
of the antibiotics. 

Selection of antibiotics should be based on the results 
obtained from Gram-stained smears and cultures of the 
CSF or from other infected areas. Penicillin G is a polar 





Expected Penetration of Antibiotics and 

Antimicrobial Drugs into Cerebrospinal Fluid 

GOOD PENETRATION 

Isoniazid 

Minocycline 

Trimethoprim-sulfonamide 

Doxycycline 


Erythromycin 

POOR PENETRATION 

Sulfonamides 

Cephaloridine 

Chloramphenicol * 

Gentamicin 

Metronidazole* 

Tetracycline 

Quinolones 

Penicillin G 

Ceftiofur 

Kanamycin 

Cefotaxime 

Streptomycin 

Moxalaaam 

Neomycin 

Pyrimethamine 



•Prohibited in food-producing animals in the United States. 


acidic drug that has limited distribution into the CSF. 
Because of this and the predominance of gram-negative 
CNS infections in livestock, penicillin alone is a poor choice 
for initial therapy of uncharacterized purulent meningi¬ 
tis. 665670 Nevertheless, administration of very high IV 
dosages of penicillin may be effective for the treatment of 
meningeal infections by highly susceptible bacteria such as 
Streptococcus or Haemophilus organisms. In these cases, low 


but therapeutic concentrations of the drug can be achieved 
in the CSF. In humans, IV dosages of 250,000 U/kg daily 
are required to achieve CSF penicillin concentrations rang¬ 
ing from 0.3 to 0.8 pg/mL. 665 For infections caused by 
gram-positive bacteria with intermediate susceptibility to 
penicillin, multiple daily IV dosages of ampicillin (15 to 
20 mg/kg) may be useful. 

Meningitis caused by the Enterobacteriaceae should be 
treated with aminoglycoside antibiotics or third-generation 
cephalosporins. Although aminoglycoside antimicrobials 
are highly effective against gram-negative pathogens and 
are bactericidal, their efficacy for the treatment of purulent 
meningitis is diminished by their polar basic characteristics 
and low attainable CSF concentrations. The aminoglyco¬ 
sides used most often for the treatment of bacterial menin¬ 
gitis include gentamicin (3 mg/kg IV or IM three or four 
times daily) or amikacin (6.6 mg/kg IM three or four times 
daily). 671 

Because of the difficulties associated with aminoglyco¬ 
side penetration into the CSF and antimicrobial resistance, 
intrathecal therapy with preservative-free aminoglycoside 
antibiotics has been recommended for gram-negative men¬ 
ingitis. Intrathecal or intraventricular gentamicin (1 mg 
daily in smaller animals, 0.05 mg/kg in larger animals) 
has been recommended for treatment of P. aeruginosa men¬ 
ingitis. 672 The safety of the procedure has been questioned, 
however, on the basis of reports of increased mortality in 
experimentally treated rabbits and in children with natu¬ 
rally acquired infections. 672 673 


TABLE 35-6 

Recommended Drug Regimens for Treatment of Bacterial Meningitis in Livestock 


Antibiotic or Antimicrobial 

Drug Dose, Route, and Frequency 


Trimethoprim-sulfadiazine 

Chloramphenicol * 

Third-generation 

cephalosporins (moxalactam, 
ceftriaxone, cefotaxime) 

Isoniazid 

Erythromycin (cattle only) 

Penicillin G, sodium 

Ampicillin, sodium 

Ticarcillin/davulanate 

Tetracycline (100 mg/mL 
concentration) 

Amikacin sulfate 

Metronidazole* 


30 mg/kg sulfa PO twice daily 

100-200 mg/kg PO four times 
daily or 100-200 mg/kg IV six 
times daily 

40 mg/kg IV four times daily 


5-20 mg/kg PO two times daily 


10 mg/kg IM two times daily 


22,000-240,000 IU kg slow IV 
four times daily 

15-20 mg/kg IV four times daily 


44-50 mg/kg IV four times daily 
6-12 mg/kg IV two times daily 


6.6-7.5 mg/kg IV or IM two times 
daily 

22-25 mg/kg/day PO or IV 


Indication, Comments 


Staphylococci, Klebsiella, some coliforms; long-term 
medication; not for use during acute crises 
Staphylococci, streptococci, Klebsiella, Actinobacillus, 
Corynebacterium, some coliforms 

Staphylococci, streptococci, coliforms, Klebsiella, 

Actinobacillus, Bordetella, Salmonella, Pseudomonas, 
Corynebacterium; expensive 

Arcanobacterium pyogenes, Rhodococcus equi; long-term oral 
therapy is indicated; combine treatments with penicillin, 
ampicillin, or erythromycin 

Streptococci, some anaerobes, Arcanobacterium pyogenes, 
Rhodococcus equi; do not administer to horses or small 
ruminants; give to cattle only for 3 days; expea severe 
muscular swelling 

Some staphylococci, streptococci, anaerobes, Pasteurella, 
Haemophilus, Arcanobacterium pyogenes, Rhodococcus equi; 
rapid IV infusion may be acutely fatal to small ruminants 
Some staphylococci, streptococci, anaerobes, Pasteurella, 
Haemophilus, Arcanobacterium pyogenes, Rhodococcus equi; 
safer for small ruminants than IV penicillin G 
Staphylococci, streptococci, anaerobes, Pasteurella, Haemophilus, 
Actinomyces, Rhodococcus equi, Klebsiella, coliforms 
Some coliforms, staphylococci and streptococci, Pasteurella, 
Haemophilus, Actinomyces, Rhodococcus equi limited 
spectrum of aaivity 

Coliforms, Klebsiella, Pasteurella, Haemophilus 
Anaerobes 


Data regarding predicted susceptibility of bacteria to specific antimicrobials can be found in Prescott JF et al: Can Vet I 25:289, 1984. 
IM, Intramuscularly; IV, intravenously; PO, orally. 

•Use prohibited in food animals in the United States. 
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The third-generation cephalosporins moKithicliim, cefo¬ 
taxime, ceftiofui, and ceftazidime have a high efficacy against 
gram-negative CSF pathogens and penetrate the blood-CSP 
barrier better than penicillins or aminoglycoside antibio¬ 
tics. 674 - 6 ' 6 jfoy j| so iire resistant to inactivation by the 
p-lactamases of the gram-negative bacteria and retain activity 
In puruleni debris, because of these characteristics, the 
cephalosporins often are preferred over the aminoglycoside 
antibiotics for treating gram-negative CMS Infections. The 
recommended dosage for ceftiofur Ls 5 to IQ mg/kg IV or 
IM one to three limes dally. 6,17 Fluor! naled quinoline anti¬ 
biotics have a reproducible penetration into theCNS. in lab¬ 
oratory animals, data show that the drugs reached CSF 
concentrations of 4 to S mg/L 6 77 The recommended dosage 
of enrofloxacln for bacterial meningitis Is 5 mg'kg [V twice 
daily, Experimental animals have been given dosages as high 
as 50 mg/kg for some types of infections. 

When the quinoline antibiotics or third-generation cepha¬ 
losporins are too costly, trimethoprim-sulfonamide (TMS) 
combinations may be ah effective substitute for bor&es. 673 - 63 ^ 
TMS has good penetration into the CSF and may be useful 
for horses, foals, and prenimtnant calves, lambs, and kids. 
The drug Ls not useful for treating ruminating animals. In 
the ruminant the half-life of parenteral trimethoprim 
is short (SO minutes) compared with that of sulfonamide 
(11 hours). The short half-life of trimethoprim in the rumi¬ 
nant largely results from ruminal excretion and Inactivation 
of the drug. TMS has a higher effkaev in prerum I nan is and 
horses because the half-life of trimethoprim is significantly 
longer than in the adult ruminant. The recommended 
dose Is 5 mg/kgMay based on IV trimethoprim given lw r o 
or three limes dally. 647 Combinations of ampiclllin with 
third-generation cephalosporins or TMS may broaden the 
antibiotic spectrum. 

Patients should be observed closely for the first 3 weeks 
after the start of therapy because clinical Improvement is 
associated with decreased permeability of the blood-CSF 
barrier and reduced CSF concentration of the chemothera¬ 
peutic agent. 6J *- 665 - S67 Bacteria remaining in the CNS may 
regrow as a result of the lowered antibiotic concentration, 
and clinical signs of meningitis may return after a period 
of initial Improvement, 6 * 7 This recurrence of signs after 3 
to 4 days of seemingly successful therapy should indicate 
the necessity for an increased antibiotic dosage or a change 
in the type of antibiotic. 

Although chloramphenicol has a nonpolar character and 
good Lipid solubility, It Ls bacteriostatic and does not reach 
bactericidal concentrations in the CSF. Its efficacy for the 
treatment of gram-negative meningitis is limited. Because of 


this and the current regulatory restrictions imposed by the 
US. Food and Drug Administration (FDA), chloramphenicol 
cannot be recommended for the treatment of purulent men¬ 
ingitis in Large animals, especially ruminants.. Ihe tetracy¬ 
clines do not appreciably cross the blood-brain barrier and 
also cannot be recommended for the treatment of bacterial 
meningitis except for certain highly susceptible Infections 
such as Haemophilus somniu. 

Cryptococcal meningitis of horses has been treated by 100 
Lo 15G mg of IV amphotericin R in 4000 ml_ of 5% glucose, 
repeated every 48 hours for 2 3 days. One horse Improved 
with this treatment but relapsed." Flucytosine {Ancobon, 
Hoffman LaRoche) was recommended as an alternative 
treatment. 

Concomitant administration of dexamelhasone sodium 
phosphate or an MS AID may improve recovery from puru¬ 
lent meningitis. The choke of steroid versus nonsteroidal 
drug has not been established for large animals. Supportive 
therapy for animals with suppurative meningitis should 
Include protection from self-inflicted trauma, sedation, 
amelioration of pain, fluid therapy, and anticonvulsants. 

Convulsions can be controlled by diazepam (Valium) or 
phenobarbital at respective IV dosages of 0.01 to 0.4 mg/ 
kg 67] and 20 mg/kg (Table 35-7). For IV phenobarbital, 
the drug shoula be diluted in saline ana administered 
slowly over 30 minutes. Repeated doses {L to 9 mg/kg) are 
given three times dally. 68 - 1 After administration ofy mg/kg 
to horses, plasma concentrations of phenobarbital range 
from 11.6 lo 53 pg^mL. 684 Phenobarbital distributes slowly 
In the fat deposits. Because ibis could lead to drug accumu¬ 
lation, the trough drug concentrations should be measured 
frequently. The maximum desirable trough phenobarbital 
concentration Is 40 jig/mL, and the minimum therapeutic 
Level Is 15 pg/mL. 63 *- 635 After Initial sedation, long-term 
control of convulsions In horses can be maintained by oral 
dlphenylhydantoln (2.S to 16 mg'kg three times dally) or 
[V phenobarbital (11 mg/kg once dally). 645 - 687 The trough 
plasma concentration of olphenylhydantoin should also 
be measured repeatedly during continuous drug therapv; 
the maximum desirable trough level is 10 to 20 pg/mL°“ 6 
and optimum plasma concentration is 5 to 10 pg'kg. Primi¬ 
done is metabolically activated lo pbenobarbltal. Because It 
is more expensive than phenobarbital, however, primidone 
Ls not usually administered lo large animals. 

The concentration of plasma immunoglobulins should be 
measured in neonatal patients wl.lb bacterial meningitis. 
Neonates with a plasma protein concentration less than 
4.5 g/dL or an [gG concentration less than o00 mg/dL 
should be given I to 2 L of plasma from a normal adult. 


TABLE 35-7 



Suggested Anticonvulsant Drug Regimens for Treatment of Seizures In Horses and Cattle 

Drag 

Dose, Route. Frequency 

Comments 

Diazepam 

0.01-0 1 mg/kg ]V every id mmuLeh as needed to control 

Kfiiretlvie Lot rapid control of status cpilepUcus; poor 

[ Val i LiinJ 

convulsions 

choice foe long-term therapy because of cost and 
short plasma half-life 

rhcnabarbitit 

12-20 mg-'kg IV initial dose, dilute in saline over 
iii minutes 

] 1 mg/kg FO oner daily ihorses] 

Ltegin srealmenL in convulsive neonates wiLh 

Intravenous (IV) drips; for long-term adniintiLraiJon. 
give orally: monitor (rough plasma concenLrations of 
phenoharhilal 

Therapeutic concentrations range from 15 to 40 pg/mL 

reniciharhiL.il 

2-2 L'l m g/kg IV {^2 mL/5 kg body weight); repeat every 

4 hours as needed for control of status cpikpcicus; not 
good for long-term contra 1 of sporadic seizures 

Must administer slowly and monitor depth od 
anesthesia carefully to prevent respiratory arrest; 
control of convulsions In adult horses and catLle 
often occurs at lower [V dosages; use iVcaiheter for 
repetitive administrations 
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Nonsteroidal antiinflammatory drugs [flunixin meglumine 
or phenylbutazone) are useful analgesics In animals with sup¬ 
purative meningitis; Table 35-7 lists suggested dosages and 
routes of ad ministration. Good nursing care is essential. Paren¬ 
teral fluid therapy should be administered to animals that are 
un.ible to drink. Fluid dosages should be selected to replace 
insensitive water losses and existing deficits (40 to £0 ml/kg 
dally; balanced electrolytes). The blood pH, serum osmolality, 
and plasma concentrations of glucose., sodium, potassium, 
and magnesium should be closely monitored during the anti¬ 
microbial therapy and measured repeatedly in animals having 
seizures. 

PITUITARY ABSCESSES 

Pituitary abscesses occur sporadically in ruminants. Arcd/ie- 
bacterium ffraenes is the most frequently isolated bacterium, 
but CujyncotErJej j'urn pseudotuberculosis, as well as Streptococcus, 
Smphylooocais, AEttnomycBS, Bacteroides, Fusobaclenum ., Acinelo- 
bacter f Pasteureihi r Pseudomonas, and Acffrmfaaciihis species* 
occasionally have been isolated. Mil PLtuitaty abscesses are 
rare in horses. 

The clinical signs of pituitary abscess occur suddenly and 
progress for 7 to 10 days before the affected animal dies. 665 
The Initial signs are ataxia, head-neck extension, wide-base 
stance, inappetence, depression, head pressing, and recum¬ 
bency.'Mast affected animals have asymmetric deficits 
of one or more cranial nerves, resulting in dysphagia, blind¬ 
ness, anisocoria, absent pupillary light reflexes, mydriasis, 
flaccid tongue, nvstagmus, facial paralysis, facial hypalgesla, 
ventrolateral strabismus, or head tllL 633 - 651 Approximately 
50% of the affected animals have bradycardia (pulse rate 
<60 beats/mln). 

The CSF protein concentration in affected cattle ranges 
from 70 to 502 mgrdL, and nucleated cell counts range 
from 6 to 12,640/jii. (6% to 54% neutrophils). 66tl The ante¬ 
mortem diagnosis is based on the observation of bradycar¬ 
dia. blindness, and nonresponsive pupils in con|unction 
with evidence of pyogenic inflammation in the CSF. 

Some authors have postulated that the Infectious agent 
gains entry to the sella turcica hematogenoiisly and then 
localizes In the rete mirabile, which is the complex of blood 
vessels encircling the pituitary gland. 68 * A direct relation¬ 
ship exists between the complexity of the rete mirabile 
and the Incidence of pituitary abscessalion In different 
mammals. The hdrse and dog kick a well-defined rete and 
correspondingly have a low risk for developing a pituitary 
abscess, whereas the situation is reversed in cattle. One 
study reported that 55% of cattle with a pituitary abscess 
had pyogenic foci in other organ systems or In the sinuses, 
teeth, or soft tissues of the face, 666 indicating that the 
abscesses may result from a retrograde bacterial emboliza¬ 
tion tb rough ^branches of the facial veins. 

Ataxia is caused by interruption of extrapyiamidal motor 
nuclei in the brainstem by the expanding abscess. Extension 
of the abscess Into the communicating retroorbital rete may 
result in exophthalmos. Extradural extension of the abscess 
along the brainstem causes sequential loss of the cranial 
nerve function, with the nerves closest to the pituitary gland 
the fust to become dysfunctional. Bradycardia may be 
caused by interference with diencephalic cardioacceleratary 
centers. In animals that survive for several weeks, the 
abscess may extend into the dura mater and cause a suppu¬ 
rative meningoencephalitis. 

Animals ranging in age from 9 months to 12 years have 
been affected, but most cases occur between 1 and 5 years of 
age.* 32 Pituitary abscess appears to have a sSightly increased 
prevalence In castrated and Intact males. 4 * 33 A high incidence 
of pituitary abscessation has been related io infections that 


developed Ln bulls after Insertion of a nose ring. Prophylactic 
administration of penicillin and attention to aseptic proce¬ 
dure during Insertion of the ring can reduce disease inci¬ 
dence. 6311 Because of the high mortality rate associated with 
pituitary abscesses, treatment usualty Is not attempted. 

BRAIN ABSCESSES 

Because of the high incidence of strangles, Streptococcus &jui Is 
the most common cause of brain abscesses In horses. 633 
Arumcbaoterium pyogenes is a common cause of brain 
abscesses in cattle by means of extension of a sinus infection 
through the calvarium. Brain Infections of cattle with Bacler- 
dj des species have also been reported. 634 The neurologic dys¬ 
function caused by brain abscesses typically has a slower 
onset and Is more asymmetric than dial caused by meningi¬ 
tis, probably because most abscesses initially are extradural. 
However, acute onset of signs also can occur. 653 Forebrain 
abscesses compress the cerebral cortex, causing a caudal dis¬ 
placement of the brain and functional loss of one or both 
occipital lobes. Because of the high proportion of crossed 
fibers in the optic nerve decussation, unilateral cortical 
abscesses result In vision loss In the contralateral eye. 
Increased CN5 compression by the mass results in IpsiLateral 
mydriasis caused by Interference with the oculomotor nerve. 
Further increases in the size of the lesion cause more 
generalized cortical signs, including blindness, propulsive 
walking, circling, head tilt [toward the lesion side), depres¬ 
sion, coma, head pressing, or sudden unexplained mania. 
Abscesses at the base of the brain may cause additional 
abnormalities of cranial nerve function, including vestibular 
disease (Figs. 35-5 and 35-6) 653 Ophthalmoscopic examina¬ 
tion may reveal papilledema In the ipsllateral eye. Advanced 
imaging studies, such as computed tomography (CT) and 
magnetic resonance Imaging (MR1), may be helpful for ante¬ 
mortem diagnosis when these modalities are available. 655 - 636 



FIG. 3-5-5 ScvcTuty obmmkxi bed I ihai rfevclapnl a brain abscess Irani 
exlcnxkjn u! j lianlal sinuxLlis I lie almcsx rxU'iidL'd fu I be baxc ut iStc 
hc.imxLmi anil nJJe( ic-J cranial nerves V ami XII, resulting in dropped jaw 
ami Longue paralysis. The femLI .dsn was severely depressed, Hind, and. ataxic 
and is. id racial .iii.'.lpisia. 
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FIG. 35-6 11i'iLaj pniutiig in .1 puny caused an jLik-cesj mi llu. 1 xi^hi cere¬ 

bral hmmphicTC. -jC'ouili'bv Ur. Jt.ll. WhitLucb,.) 


In Liter stages, animals may assume lateral recumbency 
and display a decerebrate posture characterized by hyper- 
ton kelly., hyperreflexla, opisthotonos, coma, and convul¬ 
sions. At this stage the disease Is difficult to differentiate 
from septic meningitis. CSF findings in animals with brain 
abscesses are variable, ranging from normal to very abnor¬ 
mal, with high protein concentration and marked pleiocy- 
losis.* 33 - 6 *' Treatment of brain abscess includes antibiotics 
and supportive care {see Meningitis in ibis chapter]. In 
one clinical report a brain abscess in a horse was focalized 
with CT scanning and successfully drained through a 
craniotomy, 695 

MYCOTIC ENCEPHALITIS 

Reports of a horse and a calf Infected system teal ly with a 
pbycomycete described recumbency and coma. Pathologic 
CN r S changes consisted of cerebellar and occipital conical 
infarction.The CSF changes Included a greatly 
Increased Pandy test (for elevated"CSF protein concentra¬ 
tion) and an Increased WBC count (79/pL}. The cell popu- 
tallon in the CSF was composed of SJ% mononuclear 
cells and 19% neutrophils. 

BRAIN TRAUMA 

i Definilion n rid jElf&fogy Because of their size, behavior 
and relatively tlrin calvarium, bones are more susceptible to 
head trauma than other livestock. Traumatic injuries of 
horses most often result from kicks, sharp blows, or falling 
over backward.Blows to the poll of the horse, particularly 
associated with falling over backward, are very common and 
result In fracture or displacement of the baslsphenold, occip¬ 
ital, and petrosal bones and the bast occipital and basisphe- 
nold sutures.™- 7,03 Young horses are particularly prone to 
ibis type of injury, probably because of their more fractious 
nature and tendency to react strongly to restraint, as well as 
Eo lesser strength of the Immature skull . 7ai The basispbenoid 
and hasloccipital bones form a part of the foramen lacenim 
and the jugular foramen. Fractures around these foramina 
may result in dysfunction of CNs IX, X. and 3(11. 704 Hemato¬ 
mas form at the fracture stte and extend Into the membra¬ 
nous Labyrinths and basilar areas of the brain, where they 
cause vestibular and occipital cortex dysfunction. Basilar 
region fractures cany ajnuch more guarded prognosis than 
trauma at other sites.™ Blows to the forehead result In 
depression fractures of the dome of the calvarium and 
trauma to the underlying cerebrum. 


Skull fractures occur In cattle from bioivs to the top of 
the calvarium. Most skull fractures are located in the center 
of the frontal bones, where the internal and external plates 
of the frontal sinus are fused into a single-laver dorsal w r all 
of the cranial vault. This position can be located on the 
skull as the imaginary cross found by Intersecting lines 
drawn between the medial canlhus of the eye and the horn 
of the opposite side. Injuries In this area compress the fron¬ 
tal and parietal lobes of the cerebral cortex. The pressure 
changes result in loss of sensorium, sensory deficits, blind¬ 
ness contralaterally, or convulsions. 

In young goats and homed sheep under 4 Lo 6 months of 
age r the calvarium can be inadvertently opened by removal 
of excessive bone during disbudding or dehorning. In goats, 
cerebrate rtlcal burns can occur from ovemppilcatLon of a 
hot iron or caustic dehorning paste. Coiticai necrosis caused 
by bacterial infections after dehorning of calves has also 
been described/ 05 

Clin fed l Signs. The clinical presentation of cerebral 
trauma depends on the area of the brain damaged, the extent 
of the lesion, and the duration of the injury. 706 Lesions of die 
cerebral cortex and thalamus are characterized by variably 
altered mentation, circling, head pressing, pacing, aimless 
w r andertng. and cortical blindness [blindness with normal 
eyes, pupil la ry light reflexes, and oculomotor reflexes). Sei¬ 
zures aiso may result, however,, occurrence of a seizure does 
□ ot necessarily indicate a poor prognosis." 05 Compression of 
the mldbraln results in decerebrate rigidity caused by loss of 
the reticulospinal tracts. In more severe eases of mldbraln 
compression, abnormal breathing patterns may be observed, 
together with hyperreflexla, tetraplegia, and absence of 
pupiltary reflexes, Compressive lesions of the mesencepha¬ 
lon in the region of the oculomotor nucleus result in mydri¬ 
atic pupils on the Ipsilateral side of unilater.il brainstem 
Lesions. Medulla oblongata compression is characterized by 
serial dysfunction of cranial nerves, severe disturbance of 
consciousness, and abnormal respiratory 1 rhythm. Involve¬ 
ment of the long motor and sensory pathways to the limbs 
can occur with brain injuries at any level and results in ataxia 
and paresis, which may be worse on the side contralateral lo 
the Injur}-' in the case of cerebral cortex, thalamic, and mid- 
brain in|ury, or on the ipsliaterai side in the case of traumatic 
damage to the meduila or cerebellum. 

BastoccJpirai fractures of horses result in asym metric signs 
of vestibular disturbance. Including horizontal or rotary nys¬ 
tagmus, ipsilateraJ ventrolateral strabismus, contralateral 
dorsomedLal strabismus, head tilt, and contralateral blind¬ 
ness. Horses that remain ambulatory lean or circle toward 
the side of the lesion. Additional signs of this syndrome 
include dysphagia, facial paralysis, conscious proprioceptive 
deficits, recumbency, depression, and coma. Horses that are 
recumbent struggle Violently. ITacture of the petrous tempo¬ 
ral bone may cause profuse bleeding from the ipsilateral 
nares, external ear canal, and guttural pouch. 

Brain trauma caused by overaggressive dehorning in goals 
results in depressed sensorium, loss of menace response, 
Increased extensor tonus on the contralateral side, ipsliaterai 
mydriasis, sluggish pupillary reflex, and loss of conscious 
proprioceptive responses. The clinical syndrome may be 
delayed by several days in eases of conical bums or trauma 
caused by caustic paste and may be complicated by brain 
abscess or bacterial meningitis. 

Falhology and Pathogenesis. The pathogenetic events 
leading to cerebral edema and Increased Intracranial pressure 
(ICP) are complex. Trauma to the head results In a variety of 
abnormal physical forces exerted on brain tissue, including 
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acceleration-deceleration, shearing, compressive,, tearing, and 
relation a] forces.™-™ The consequence of direct physical 
insult to brain tissue that occurs immediately on Impact is 
considered primary traumatic brain damage . 707 Such physical 
insult results in axonal injuries that may"be Immediate' (pri¬ 
mary axolomy), such as axonal tearing, or occur many hours 
after the Initiating event (secondary axolomy) 703 Trauma 
activates neuronal mechanoreceptors, causing cellular depo¬ 
larization that spreads outward from she site of Impact. 
Together with direct axonal injury, this may underlie jniljal 
signs of concussion, including loss of consciousness.™-™ 
Processes that follow the initial mechanical trauma and 
further exacerbate in|ury are considered secondary brain dam¬ 
age. 707 intracranial hemorrhage or loss of vascular integrity 
and cerebral edema occur after concussive blows to the head. 
Hemorrhage after head trauma may be epidural, subdural, 
subarachnoid, or intraparenchymal. 707 Displacement of the 
neural tissue is caused by cerebral swelling or hematoma for¬ 
mation. The increased pressure is transmitted to the CSFand 
interferes with normal vascular flow, resulting in cerebral 
hypoxia and interneuronal and Lntraneuronal edema. Dimi¬ 
nution of cerebral perfusion results from a combination of 
increased ICP, disruption of the vascular architecture, and 
decreased systemic blood pressure. The net result Is reduced 
oxygen delivery to the brain, a tissue that relies on aerobic 
glycolysis for the production of energv. Interruption of energy 
production within the brain results in failure of tissue 
homeostasis. Breakdown of the blood-brain banier further 
contributes to brain swelling and loss of intracranial 
homeostasis. 

In addition to gross damage to tissue, brain trauma results 
in a complex series of biochemical events that disrupt cellular 
intj^lty.™-™ One of the most Important Is the depletion of 
adenosine triphosphate (ATP), the main energy store ivithin 
neurons. This results In dysfunction of cell membrane Ionic 
pumps, permitting influx of sodium (Ma') and calcium 
(Ca++) Into the cell, influx of these Ions activates a number 
of secondary pathways within the cell, Including the klnin, 
arachldonlc, complement, and xanthine-oxidase pathways. 
Activation of these pathways results in the production of 
a variety of substances that are deleterious to cellular func¬ 
tion, Including oxygen free radicals, vasoactive mediators, 
cytokines, nitric oxide, excitatory neurotransmitlers, and 
enzymes. Together, these contribute to a destructive cascade 
of events that further damages cell integrity.™ 

When brain swelling becomes severe, the respiratory cen¬ 
ters are depressed, resulting in hypoxemia and acidosis. I’he 
extra carbon dioxide diffuses Into the brain, and water fol¬ 
lows, which further swells the CMS. Acidosis and hypox¬ 
emia also worsen the vascular leakage and hypoxemia. 
Extreme swelling of the cerebral cortex results in herniation 
through one or more anatomic sites of the calvarium, hour 
forms of brain herniation have been described In large ani¬ 
mals. 710 Uliese include cingulate gyrus herniation ventral to 
the falx cerebri, herniation of parts of the temporal cortex 
ventral to the tentorium cerebelli (caudal tentorial hernia¬ 
tion), caudal cerebellar vermis herniation through the fora¬ 
men magnum, and herniation of the rostral cerebellar 
vermis ventral to the tentorium cerebelli (rostral tentorial 
herniation). Compressed tissue becomes hypoxemic and 
edematous. Compression of the CMS causes more hypoxia, 
prompting a dramatic and rapid deterioration. 

II C’h'rafctiJ Pathology. Clinical pathologic variables noted 
after head trauma include nonspecific changes consistent with 
a stress response, such as mild neutrophilia, lymphopenia, 
and hyperglycemia, as well as those resulting from systemic 
trauma, such as elevated serum CK. 703 Hyperglycemia has 
been associated with more guarded prognosis In people with 


head Injuries, possibly from deleterious effects on cerebral vas¬ 
culature. 7 LJ In one study of horses that had head trauma, only 
elevated packed cell volu me (PCV) was shown to be associated 
with a more guarded prognosis. 703 

Collection of CSF from the atlanlooccipital cistern is gen¬ 
erally contraindicated In head trauma, especially if signs of 
increased CMS pressure, uncontrolled hemorrhage from 
the ears or (he nose, or dorsal sagittal sinus fractures are 
observed. Clinical signs that may suggest the presence of 
increased ICP Include dull mentation (especially if this is 
worsening over time), mydriasis, blindness, or papilledema. 
The CSF changes that occur from traumatic ln|uries are 
characteristic. For the first 24 hours, blood is admixed 
evenly in the CSF. Iatrogenic hemorrhage from the tapping 
procedure can be differentiated from that caused by trauma 
because In the former case, the CSF is Irregularly streaked 
with blood; CMS hemorrhage usually results In an even 
admixture of blood through the CSF. During She first 24 
hours, the protein concentration and WBC count of CSF are 
elevated and are in the approximate ratio as Lb at of peripheral 
blood. Bv 4S hours after the traumatic episode, the amount 
of bloocf in the CSF decreases, and when centrifuged, the 
cell-free CSF appears xanthochromic. WBC counts of the 
CSF are only marginally Increased by 24 hours after hemor¬ 
rhage, and the protein concentration may range from 500 
to 1000 mg^mL (albumLnocytologic dissociation). 1’hereaf- 
ler, the protein concentration gradually decreases, and the 
xanthochromia disappears by 14 days after the acute hemor¬ 
rhage. The number of mononuclear inflam matoiy cells grad¬ 
ually increases as parts of the CNS degenerate. The CK level of 
the CSF is elevated (10 to 100 IU/dL) for approximately 1 to 
2 days after the acute traumatic episode. 

II Diagnostic imaging. Radiography or more advanced 
imaging studies (CT, .VSR1) are the primary modalities for 
definitive diagnosis of skull fractures. It should be remem¬ 
bered, however, that significant brain trauma can occur In 
the absence of skull fracture and that this is a common sit¬ 
uation. Radiography has the advantages of being widely 
available and relatively simple to perform, requiring res¬ 
traint or only mild sedation in most situations. However, 
false-negative findings are common, especially In cases 
where the bony lesion mav be particularly difficult to iden¬ 
tify, as with basilar bone fractures In horses. 703 While basi¬ 
lar fractures may be difficult to identify, other radiographic 
changes such as soft tissue densities in the tympanic bullae 
due to hemorrhage, or gas opacities adjacent to the basilar 
region, may support this diagnosis. 7nn CT Is the technique 
of choice for the diagnosis of bony lesions and for acute 
intracranial hemorrhages, whereas MRI facilitates diagnosis 
of a variety of pathologic changes within the brain paren¬ 
chyma. 'J’hese advanced Imaging techniques have limited 
availability, are costly, and usually require general anesthe¬ 
sia. Clinical findings and historical information may form 
the sole bases for diagnosis In many cases. 

II 'lYealmenL The treatment of brain trauma remains one 
of the most controversial areas of clinical neurology In all 
species. Opinions differ widely and evidence in the scientific 
literature is often contradictory. I’reatments that show prom¬ 
ise In rodent models of head in|uty often are disappointing 
in clinical trials. 71 Jh Successful treatment depends largely on 
early recognition and initiation of therapies that maintain 
cerebral and whole body homeostasis. General medical princi¬ 
ples for treating CMS trauma Include (1) establishment of 
proper respiratory function, (2) support of blood pressure 
and maintenance of cerebral perfusion and oxygenation, (3) 
control of seizures, (4) nutritional and fluid support, and 
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(5) protection from decubitus and self-1 nil I cted damage. Many 
treatment modal Sites recommended for head-injured large 
animats are based on anecdotal reports and are not supported 
by rigorous scientific studies. It Is reasonable, however, to 
apply the principles ofhead trauma management established 
in other species, Including humans, to the management of 
larger mammals that sustain similar In lories. Immediate 
treatment Involves establishment of a patent airway and 
administration of oxygen via mask, endotracheal lube, or 
nasal catheterization. In cases of severe upper airway obstruc¬ 
tion, emergency tracheostomy may be Indicated. 71 Il " Aggres¬ 
sive Intravenous crystalloid therapy is Indicated to establish 
and maintain □ normal systemic blood pressure and to ensure 
Lhal the brain receives adequate blood supply, with use of 
colloids or blood products as necessary. Principles of fluid 
therapy and treatment of shock are described in Chapter 34. 

Administration of dexamethasone, methylpredn Iso lone, 
mannitol, or dimethyl sulfoxide (DlMSO) has been recom¬ 
mended for controlling CMS pressure caused by edema. 
The clinician should bear In mind that little or no'scientific 
data exist to support the use of corticosteroids or DMSO In 
the treatment ofCNS trauma, and that these drugs may have 
deleterious effects lhal outweigh any potential benefits. 
Doses listed below are largely anecdotal and are Included 
because of the continued widespread tendency to use these 
agents, despite lack of evidence that they are effective. Studies 
of the use of corticosteroids in people with head Injuries are 
ongoing and the pendulum of opinion continues to swing 
between positive and negative. 7 J Si * An empiric recommenda¬ 
tion for the treatment of horses is administration of dexa¬ 
methasone at 0.1 to 0.25 mg/kg by sloiv IV Injection every 
4 hours for I to 4 days or, for mature animals, 100 to 
L000 me of methylprednLsolone by slow IV injection. 7 * 6 
Similar dosages could be used in ruminants. 

Data supporting the use of methylprednisolone sodium 
succinate for treatment of acute spinal cord Injuries in peo¬ 
ple comes from the National Acute Spinal Cord Injury 
Study {NA5CIS). A dose of 30 mg/kg bodywelght given by 
intravenous Infusion within fi hours of Injury has been 
recommended, followed by a second and thirc3 dose (15 
mg/kg each) given Intravenously 2 and 6 hours later and a 
subsequent infusion of 1.5 mg/kg/hr for the next 4S 
hours. 1 ‘‘ The use of a similar treatment for head injuries 
does not yet have good scientific support. In addition, she 


methodology and results of the NASC1S studv have been 
called into question. The potential deleterious effects of such 
high doses of corticosteroids in Large animat species include 
enhanced susceptibility to infection, muscular tveakness, 
renal potassium and calcium Loss, abortion In ruminants, 
and laminilis In horses. These adverse consequences of corti¬ 
costeroid use probably outweigh its uncertain benefits. 
Table 3 5-8 presents a list of antiedema drugs often adminis¬ 
tered to large animals with traumatic brain disease. 

The use of the osmotic diuretic mannitol has regained 
favor in the treatment ofhead trauma in humans. 71 '■-* Intra¬ 
venous administration of a 20% solution of mannitol 
1 gi'kg) or oral administration of glycerol [20mL/kg) has 
een used for the treatment of increased I CP in Large animal 
species. The physiologic activity of mannitol for lowering 
the CSF pressure may be related'mo re to its vasoconstrictive 
effects than its activity as an osmotic diuretic. Response to 
the treatment may occur as early as I hour after administra¬ 
tion. Mannitol is expensive and usually only economically 
justifiable for use in neonates. If response to the initial man¬ 
nitol dosage is noted, additional treatments should be given 
every 4 to 6 hours for the first day. Mannitol should be 
administered through blood administration filter sets to 
minimise the occurrence of mlcrociystalllne emboli. The 
drug should not be given to animals with active CNS hem¬ 
orrhage, because diffusion of mannitol Into the center of a 
newly forming hematoma exerts an osmotic effect., enlarges 
the size of the lesion, and further attenuates the nervous svs- 
tem tissues. Active CNS hemorrhage can be recognized "by 
the presence of unclotted blood in the nose or ears, or pari¬ 
etal bone fractures that lacerate the dorsal sagittal sinus. 
Despite ibis provision, administration of mannitol is prob¬ 
ably justified in an animal with rapidly worsening and 
potentially fatal deterioration in neurologic status, even in 
the likely presence of intracranial hemorrhage. 

intravenous use of DMSO has been recommended for the 
reduction of increased CSF pressure in large animals. The drug 
Is administered IV at 0.5 to 4 g/kg twice daily/ 0 *■ 7J2 ^ 
DMSO is diluted fivefold to tenfold in saline (10% to 20% 
solution) to minimize the hemolytic and hyperthermic 
effects. In horses, administration of 5L of 10% DMSO In a 
balanced electrolyte solution has been shown to have mini¬ 
mal deleterious clinical or dinlcopathologic effects. 75 ^ 
Higher doses (solutions >20%) have been reported to have 
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Drag 

Dose 

Houle 

Freq uc ncy 

Meihyiprediusofone 

30 tng/kg 

rv 

Once 


t5 mg/kg 

3V 

2 and 6 hours after 30-mg/kg dose 


2.5 mg/k^hr 

3V 

Constant infusion, begin 6 hours after 30-mg/kg dose 

Detameibdione 

t-4 mg/kg 

IV or I.M 

Twice daily 

Mannitol 

0.25-2 g/kg 

IV ( 2 1>% solution} 

TWlce daily, monitor plasma osmolality; keep below 
350 rnOsm/L 

FUmscmide 

t mg/kg 

]V, IM f or SC 

Twice daily; monitor plasma, calcium, and potassium 

Hunbdn megtumlne' 

L mg/kg 

IV, IM r or SC 

Twice daily 

Phenyl IjllL azonc * (hoise j 

2-4 mg/'kg 

TV 

Twice daLly 

rheny] biilazoni/ (cow) 

L0-20 mg/kg 

ro 

Initial dose 


2.5-5 rrvg/kg 

IV 

Alternate Jays 

Dimethyl sulfoxide (DMSO)* 

0.5-2.5 g/kg 

JV (2Dftii solution) 

1'wtce daily 

AceryJsa 1 icy lie acid 

31.2-62.4 g/500 kg 

ro 

Twice daily 


Ml, iniiamuscular; fV. in I mvliluus; JTJ. uraL; SC, Tubtiitar.tMJU3. 

'.Monitor p:nsml for HMKtrLNiilLiilbs.i] bleeding. 

'I LiLI-lito cd pii OTiyl tm-laxo n c in plasrun e! the cc.v is pmlongcd. CcmLinuoux use ol I lie dru|; in caltlc: should he j,rruiiipnidcd by careful iruirblDrmg or renal 
lunebmi .liilI yitscromnxLi iml bleeding, 

ul IXVlSi) Hinging Train 0.3 In t fi/kg art mos4 tdlen used l Lie only in a well-irentibLnd an a. If IntraVuacuJar hrmuJyiii develop*. dilute L'MSCJ lo Vii 
IlitnJ ruiiLLitLr.ilion. I ?MSt) may Lie Ioxli - (nr pregnant hunums-, .ind Ihn-jpeude cflicary may be Limn'd. 







a number of adverse side effects such as intravascular hemoly¬ 
sis* colic, diarrhea, muscle tremors,, and collapse. 71 ^ The use 
of DM SO for cerebral trauma is controversial, and benefits 
may be species specific. For example, anecdotal reports of 
benefit have been shown for horses, hut control led experi¬ 
ments in dogs have shown limited clinical benefit when treat¬ 
ing expert mental CN5 trauma/ J4 

DMSO has several beneficial pharmacologic actions* 
including free-radical scavenging, interference with neutro¬ 
phil chemotaxis, prevention of microlhrombi, increased 
penetration of corticosteroids and antibiotics into the brain* 
and vasodilation. 1 ' 3 ® A major effect of the drug is probably 
caused by its diuretic action, which is greater than that of 
furosemide. In experimental situations, administration of 
DMSO to animals with experimentally Induced CMS lesions 
resulted in more rapid neurologic recovery than treatment 
with urea, corticosteroids, or mannitol/ 20 The adverse 
effects of DMSO Include muscular fasciculations, intravas¬ 
cular hemolysis* hemoglobinuria, and sweating/ J5 Deaths 
have been reported in laboratory animals after Inlraperito- 
neal in lections of 10 mg/kg and in dogs after [V dosages 
of 2.5 mg/kg . 721 - 713 The median lethal dosage of DMSO In 
large animals is unknown. The drug is teratogenic when 
administered to pregnant laboratory animals. 722 725 When 
the drug is administered IV, approximately 70% of the dos¬ 
age is excreted through the respiratory trad/ 2 - 3 These data 
indicate that DMSO should be administered only in well- 
venlilated areas. Exposure of pregnant women and animals 
should be avoided. In cattle, DMSO is excreted rapidly and 
is essentially completely cleared from the plasma by 5 
days.A low-level residue of DMSO may persist In "the 
fat tissues for at least 20 days. When administered IV to 
horses at 1.0 and 0.1 g^kg, the biologic half-life of DMSO 
is a.6 and 9.a hours, respectively/ 19 

Depression fractures of the frontal and parietal bones may 
be reduced surgically. Lacerations of cerebral tissue can be trea¬ 
ted surgically with gentle cleaning and debridement of con¬ 
taminated and devitalized tissue. 725 Such procedures require 
general anesthesia. Prognosis in animals with exposed and 
contaminated brain tissue is very guarded, so expectations 
should be realistic before such intervention is undertaken .Sur¬ 
gical repair of skull fractures in horses using inlrafragmentary 
wires or bone plates may be indicated to improve functional 
and cosmetic outcomes/ 25 ^ 7J5b 

Convulsions may be controlled initially by IV administra¬ 
tion of diazepam [Valium], pbenobarbltal* or pentobarbital. 
The recommended dosages and mode of administration 
of these d rugs are presented in Ta b I e 35-7. Good nursing care 
is essential. These drugs are usually highly protein bound in 
plasma and can be displaced or functionally altered by other 
drugs. All anticonvulsant treatments should begin at the low¬ 
est possible dosage, which can be increased dally or everv 
second or third day until the seizures have been controlled. 
If seizures cannot be controlled without causing depression 
or ataxia, a second anticonvulsant is added. The dosage of 
the second drug is increased gradually until the seizures slop. 
This combination treatment is continued for 2 to 4 weeks. 
Thereafter, the dosage of the first anticonvulsant Is tapered 
until it is discontinued. If seizures reappear, the dosage of 
this drug is Increased until the seizures disappear again. 
The trough blood concentration of all anticonvulsants Is 
checked monthly. I’he suggested therapeutic trough concen¬ 
tration of phenobarbltal ranges from 15 to 40 pg/mL of 
plasma and that of diphenylhydantoin from 5 to 20 pg/mL. 
Any attempt to withdraw anticonvulsant therapy should be 
done gradually over a 4--week period. 

Eiorses with recurrent convulsions should not be ridden 
or used for sporting puiposes. Infrequent seizures generally 
do not justify anticonvulsant treatment* and economic 


considerations often limit the amount of drug therapy that 
is possible. Status epilepticus can be treated with EV diaze¬ 
pam in 5-mg doses until seizures are controlled or by 
titrated doses of phenobarbital or pentobarbital. Mares with 
eslra I-related seizures may be treated with an ovariectomy. 

TRAUMATIC OPTIC NERVE BLINDNESS 
OF HORSES 

Severe blunt trauma to the skull of young horses may result 
in a rapid caudal displacement of the brain and avulsion or 
stretching of the peripheral optic nerve. The condition often 
follows basisphenoid fractures or nonfracturing blows to 
the poll region {see preceding section). The clinical signs 
include blindness, loss of pupil lacy reflexes, and pupillary 
dilation. Ophthalmoscopic changes in the retina Include 
pallor of the optic discs, reduction in the number and cali¬ 
ber of the retinal vessels* and linear peripapillaiy pigment 
disruptions. I’he condition is permanent. 726 

NERVOUS COCCIDIOSIS 

II Definition and Etiology, Nervous coccidiosis is a neuro¬ 
logic syndrome of calves and yearling cattle, sheep, and 
goats that is associated w r llh enteric infections by Efmerj'ii 
species. The condition Is most often seen in western Canada 
and the northwestern United States and is especially preva¬ 
lent in feed lots. The incidence of nervous coccidiosis is 
highest in the tvinter months. En contrast to enteric coccidi¬ 
osis, mortality from nervous coccidiosis can be as high as 
72%/ 27 I’he pathogenesis of the encephalopathy may be 
related to the elaboration of a labile neuroloxin by the par¬ 
asite/ 2 * 1 I’he clinical signs and history of nervous coccidiosis 
are similar to those of other neurologic diseases that affect 
the function of the cerebral cortex. 

II Signs, The onset of the nervous system signs is 

usually preceded by diarrhea, tenesmus* and hematochezia. 
Some calves with severe diarrhea develop prolapsed nectums. 
Initial signs of CMS dysfunction Include depression* incoordi¬ 
nation, twitching, and hyperesthesia. As the clinical signs 
worsen, the animal becomes recumbent and develops numer¬ 
ous cerebrocortical signs, including opisthotonos, periodic tre¬ 
mors* horizontal nystagmus, frothing at the mouth, bellowing, 
snapping eyelids, and muscular fascieulations. 72 ’ 3 - 752 Blind¬ 
ness I s rarely seen. Stimulation of the patient may precipitate 
a tonic-clonic seizure. 729 - 752 The animal may die after 1 to 5 
days of encephalopathy. Convulsive calves may regain con¬ 
sciousness but relapse a week later. 755 

II OffiieflJ I'rtliiofosy. Fecal flotations from the patient and 
herd mates show a large burden of coccldlai oocysts. Fecal 
egg counts of affected animals may range from 5000 to 4 
m ill Lon/g. To exclude the possibility of oilier neurologic dis¬ 
eases, blood should be collected for measurement of elec¬ 
trolytes (calcium* magnesium, potassium). The acid-base 
status, plasma glucose, and blood lead concentrations 
should be measured. Acute meningitis and sail poisoning 
may be ruled out by C5F analysis. The plasma vitamin A 
concentration should be measured in any animal that has 
not had exposure to green forage. Polioencephalomalacia, 
ethylene glvcol poisoning, lead poisoning, rabies, petro¬ 
leum distillate poisoning, and clostridial enterotoxemia 
should be considered as possible differential diagnoses. 

II Pathophysiohg}'. The pathogenesis of the encephalopathy 
is unknown. r fhe nervous form of coccidiosis cannot be trans¬ 
mitted to mice by injection of CSF from infected calves: 
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however a he^t-lablle neurotoxln has been identified in the 
serum of calves with nervous coccldlosis. 726 The encephalo- 
toxle activity is precipitable vs.rith 30% ammonium sulfate 
and may have an apparent molecular weight of 
300,000 kD, 734 The coccidia do not directly Invade the GNS. 

II Epidemiology, Nervous coccldiosls occurs most fre¬ 
quently In feeder cattle, but dairy and pastured beef calves,, 
lambs, and kids also may be affected occasionally. In one 
epidemiologic survey the prevalence of nervous coccidlosis 
was 0.3% of the calves that w r ere affected with the Intestinal 
form of the disease. .Nevertheless,, outbreaks with a large 
percentage of calves developing CMS disease have been 
reported ! 739 In western Canada, nervous system signs have 
been reported In 21% of herd outbreaks of intestinal coccid¬ 
losis. 7 Approximately 90% of all cases of nervous cocctdi- 
osis occur In January, February, and March. 

II Necropsy Findings. No macroscopic lesions are seen In 
the GNS of calves with nervous coccldiosls. The microscopic 
lesions of the brain are mild and nonspecific and include 
edema, congestion, and occasional shrunken neurons. Para¬ 
sitic invasion of the ileum, cecum, and colon results In 
lesions in these organs. 

II Treatment and Prevention. Treatment should include 
2 to 4 mL/kg of a commercially available calcium gluconate 
solution that contains magnesium, given subcutaneously. 
The coccldlal Infection should be treated with sulfamethazine 
(110 mg/kg PG for 5 days, or I pound/100 gallons of drink¬ 
ing water), or amprollum [50 mg/kg/day PO for 7 days). 
Diazepam, sodium pentobarbital, or phenobarbital may be 
used to control tonlc-clonlc convulsions (see Table 35-3). 
5low r IV administration of 50 to 100 mL of a 10% magnesium 
sulfate solution may also be useful as a sedative. The response 
to treatment Is poor and the case-fatality rate Is high [-->90%) 
in calves that develop tonic-clonic seizures. Specific chemo¬ 
therapeutic regimens and methods of preventing Intestinal 
coeddiosls are described In Chapter 49. 

SPOROZOAN INFECTIONS OF 
RUMINANTS (SARCOCYSTIS INFECTION) 

II Definition and Ltiology, The three recognized species 
of Sdrracystis that infect cattle—S. crtrzr, S. Jatwflfnfs, and 
5. Jrirjuld—are sporozoan parasites with definitive hosts of 
dogs, primates, and cals, respectively. 736 - 717 Three other 
S^rracysrj'sspecles—S. capriamus t S. ffi4canjjj r and S. tenelln — 
have definitive hosts In dogs and secondary hosts in goals 
and sheep. 73S 

When a carnivore Ingests flesh from an Infected cow, Sur- 
cxyslis cysts in muscle are broken down by digestive 
enzymes, and motile bradyzoltes are released. The brady- 
zoltes infect the intestinal mucosal cell and differentiate Into 
sexual stages called micro gametes (male) and macro gamonis 
(female). The gametes fuse to form an oocyst, which is shed 
onto pastures as sporocysls. When eaten by a ruminant, the 
sporocysts hatch in the proximal small bowel and penetrate 
into the medium-sLzed mesenteric arteries, where they enter 
endothelial cells and form sporozoites. The sporozoites then 
mature in three successive waves. Each wave of development 
spreads downstream. r lhe third-generation merozo Ltes fi nally 
enter the soft tissues and encyst as sarcocysts. The total period 
of development in the ruminant requires 10 weeks. The life 
cycle Is completed whenever a carnivore ingests uncooked 
meat containing viable sarcocysts. Chronic illness in the 
cow occurs during the maturation of the cyst in the muscles, 
at approximately 9 weeks after Infection. 


II Clinical Signs. Most cases of Sarcaqptis Infestation 
are asymptomatic in both definitive and secondary hosts. 
llow r ever. If a large number of sporocysts are ingested by 
a non Immune ruminant, clinical Illness may develop. 
Clinical signs in cattle usually begin between 9 and 11 w r eeks 
after Ingestion of infectious sporocysts. Ihese signs include 
fever (>39.5‘ C 1103.5' F|), anorexia, weight loss, symmetric 
lameness, and diarrhea. Neurologic signs Include ataxia, 
muscular weakness, tremors, hyperexcitabllity, bypersal Na¬ 
tion, recumbency, tonic-clonic seizures, leg biting,, blindness, 
opisthotonos, and nystagmus7 3S - 740 Cattle may lose the hair 
of the tail switch ("rat tall"). Sheep may show a wool 
break. 73 *- 749 Animals with chronic Infections may develop 
edema of the limbs, poor weight gain, muscular atrophy, 
and pallor. 73 *- 752 Second-trimester abortions may occur In 
cattle and small ruminants beginning 23 days after ingestion 
of Infectious sporocysts. 743 The fetuses may appear either 
normal or autoiyzed. Laclaling cows may have reduced milk 
production. 732 

II Clinical Patholog)' ami Pflfhcgerifsfj, Prolonged pro¬ 
thrombin times may he observed in some infected animals 736 : 
however, the activated clotting times and bleeding times are 
normal. The concentrations of plasma lactate dehvdrogenase, 
alanine transaminase, sorbitol dehydrogenase, and blood urea 
nitrogen are Increased. The packed cell volume (PCV) and the 
serum protein concentration are decreased. During early infec¬ 
tion there Isa marked normocytic, normochromic anemia that 
Is characterized by 75% reduction of the blood hemoglobin 
concentration and reduced pcv . 733 - 755 The anemia Is thought 
to be caused by exlravascular hemolysis. 736 

Antibodies to solubilized freeze-dried Stfracysrh antigens 
have been delected by Indirect hemagglutination, enzyme- 
linked Immunosorbent assay [ELISA], and an agar gel 
Immunodiffusion (AGID) lest. 757 - 739 Immunoglobulin M 
[IgM) responses first occur by 3 to 4 weeks after Infection 
and peak by 11 to 15 weeks. 757-759 The concentrations of 
S^rcotyjCjj-speciffr IgG begin to rise by 5 to 6 w'eeks and 
peak after 11 weeks posllnfeclion, with peak seroreactivity 
occurring by 39 days after infection. Background titers of 
normal cattle range from 1:54 to 1:486, and liters of 
Infected cattle often exceed 1.10,000. There is no serologic 
cross-reactivity between Scirccicyjhi and Toxoplasma gondii, 
despite their physical similarities. 7 -^ 

II JVjtfauphysaufogy. The pathogenesis of Sfirccusyrris is poorly 
understood. Pathologic changes In the skin and muscle and 
In serum chemistry probably are related to a combination 
of parasite-directed Immunologic responses and diffuse vas¬ 
culitis. Although toxins have not been Identified, rabbits 
die acutely after parenteral administration of purified brady¬ 
zoltes. The clinical signs exhibited by the inoculated rabbits 
resemble endotoxic shock. Other studies have Indicated that 
chronic Infections result in increased concentrations of 
somatostatin and decreased concentrations of somatome¬ 
din. 7 * & Abortions probably occur because of luleolysts that 
results from die Increased concentrations of prostaglandin 
F_ 2 ^ r caused by vascular Infection by the parasite. 7 * 1 

II tpidfPFrtoJygy. Estimates of Infection rates range from 
70% to 98% in cattle In the United States 736 When infected 
flesh Is eaten by carnivores, the encysted sporozoites complete 
their lifecycle 736 (Fig. 35-7). The prepatent period of the par¬ 
asite In the carnivore {primary host) ranges from 9 to 45 days. 
The primary host may shed the sporulated oocysts in the stool 
for as long as 2 months after a single infection. The oocysts 
withstand freezing but are rapidly killed by sunlight and dry¬ 
ing. 736 Reexposure of previously Infected canids results In 
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a large fecal output of spciocysts. Ingestion of approximately 
250 g of Infected meat by a dog can result In an output of 
100 Id 6000 sporocysls per gram of feces. Wild canids are even 
more susceptible than domestic dogs and may serve as a 
major mechanism for propagation ofStiFrocysCis In range cattle 
in the western United States. 

Most Sarcocystis infestations of cattle are asymptomatic; 
however, the disease may become clinically apparent with 
sudden, overwhelming exposure to the parasite In a nonim- 
mune animal. Such conditions occur whenever there Is an 
opportunity for extensive scavenging of ruminant carcasses 
by carnivores and contamination of feed bunks or pastures 
with infected carnivore feces. 

The economic burden of SdtrcocysJL; infection is unknown. 
One author has estimated an annual Loss of $95 million in 
the United States alone. 736 

II Pathologic Lesions. iTte pathologic lesions of the CNS 
are similar for all species of sporozoans: they Include gran¬ 
ulomatous menlngoencephalomyelitls, focal malaria, peri¬ 
vascular cuffing neuronal degeneration, and gliosis. iTie 
changes are generally most severe In the cerebellum and 
mLdhraln but can occur anywhere in the CNS, including 
the spinal cord. The pathologic diagnosis is based on 
finding meronts and merozoiles in the affected sections of 
neural tissue. 761 - 761 

Pathologic lesions elsewhere Include hemorrhages on the 
sclera, serous surfaces, and muscles; fluid in the body cav¬ 
ities; and Lymphadenopalhy. The muscles have alternating 
light and dark stripes. Macroscopic changes may not be evi¬ 
dent In animals with chronic sarcocyslosis. , ‘‘ u - 741 ]f changes 
are not evident, postmortem diagnosis Is based on the 
finding of Intravascular schlzonts or Intramuscular hemor¬ 
rhages without significant Inflammation. Ultrastructural 


examination of affected areas of CNS shows an intracellular 
colonv tvith rosette orientation of agents In the cytoplasm 
of Infected astrocytes. 

II lYeatmenL heeding monensln (TOO mg'kg dally for 30 
days) during the incubation period Is prophylactic; how¬ 
ever, the efficacy of the drug in symptomatic cattle is 
unknown. For maximum effectiveness, monensin should 
be administered continuously for 2 to 5 weeks after expo¬ 
sure. Treatment of Infected sheep with salinomycin (1 to 
2 mg/kg) also has been recommended. 764 Administration 
of amprolium [100 mg/kg once daily for 30 days) may 
reduce the severity of Saioocystis infection 76 - 5 but may not 
completely eliminate the clinical disease. 

II CdTinif. The best method of controlling SaraKystis infec¬ 
tion Is to protect the food supply of ruminants. Scavenging 
of carcasses by carnivores should also be prevented by deep 
burial or LncineralLon. heed bunks should be kept dean and 
raised approximately 1 to 3 feet (30 to 90 cm) off the 
ground. All carnivorous pets that have access to the feed 
or pastures should be fed cooked meat or processed dry 
food. In range pasture situations, prophylactic feeding of 
monensin or elimination of predatory or scavenging carni¬ 
vores may be necessary. 

MEOSRORA INFECTION OF CATTLE 
(PROTOZOAL ABORTION) 

II Definition and Etiology. A cyst-forming protozoal para¬ 
site that closely resembles Neuspora c;zhj>nuji has been iden¬ 
tified in aborted fetuses from cattle In California. The 
condition is predominantly a disease of daily cattle; 
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however, sporadic abortions can occur In beef cows. 7lit76S 
The predominant clinical sign of a Meospo. ra-like agent is a 
midterm to i ale-term abortion (3 to 8 months of gestation]. 
Fetal lesions consist of a focal nonsuppurative necrotizing 
encephalitis nonsuppurative myocarditis and myositis r and 
mononuclear cell infiltrates disseminated in other tissues. 
Occasionally, calves are mummified. The agent appears to 
have been responsible for as many as 24% of all abortions 
in northern California dairy cattie. 

Occasionally, however, a non fata I infection may occur 
in the fetus. In this case the fetus is born with neurologic 
dysfunction (big. 35-S). The clinical signs of neurologic 
disease vary because of the randomly widespread distribu¬ 
tion of the parasite within the CNS. Affected calves are 
often unable to stand and suckle and have abnormal spi¬ 
nal reflexes. Flexural contractions of the fore]lmbs, domed 
skull, and torticollis have also been reported In spontane¬ 
ously occurring cases. 7&9 - 77< * The calves are usually bom 
with the CNS signs, which initially are ml id but then prog¬ 
ress after birth. Pathologic lesions associated w r llh the fetal 
infection include focal areas of brain discoloration, focal 
cavitation with cyst formation, and reduction of gray matter 
Microscopic changes In the CMS of affected calves Include non¬ 
suppurative inflammation of the gray and white matter, demy- 
el I nation. perivascular cuffing, focal lymphocytic meningitis, 
and neuronal necrosis. Changes in other tissues include non¬ 
suppurative myocarditis, myositis,, and hepatitis. Protozoa 
can be seen in microscopic sections of the stained tissues. 

N&ispvra organisms have been isolated in pure form 
using cultured ceils. 71 Antibodies have been produced by 
Intubation of laboratory animals, and the agent can be 
identified microscopically using Jmmunoperoxidase stain¬ 
ing on the fixed tissues. The CSF changes in affected calves 
range from normal to mild pleocytosis. 772 Similar condi¬ 
tions have been described In sheep 773 - 774 and goats. 775 - 776 

EQUINE PROTOZOAL 
MYELOENCEPHALITIS {TOXOPLASMA- LIKE 
AGENT; PROTOZOAL 
E N C E P H A LOM Y E LET! S; S EGM E NT ED 
MYELITIS) 

Definition and Etiology, Equine protozoal myeloence- 
phaillis (EPM) is a multlfocai, progressive disease of the cen¬ 
tral nervous system (CMS) that_ Ls primarily caused by 
Infection with Sarcocysds neurana, 77 -' Recently, another pro¬ 
tozoan parasite, Neaspam caniman/N. 7r me/icsj', has been 
implicated as a cause of ErM In six cases.The condi¬ 
tion has mostly been reported from many U.S. states, 
Canada. Panama. Brazil, and Argentina. 7 ® 4 -™ Several 


reports of the disease In countries other than those in the 
Western Hemisphere were primarily in horses that originated 
from the Americas. 70J - 71 ^ .More recently, there have been 
reports of horses in France that developed neurologic deficits 
with positive S. neurotw antibody titers that were native to 
France and had not resided In the United States. 7,Jf; 73 fl Young 
standardbred, thoroughbred, and quarter horses are most 
often affected, although horses of any breed may develop 
the disease. There does not appear to be a gender predilec¬ 
tion for EPM r and any age may be affected."' 1 The risk would 
appear io be higher in young horses, but horses as old as 30 
years have developed the condition. 737 

The parasite produces inflammation and necrosis of the 
brain, brainstem, and spinal cord. Linder light microscopy, 
the structure of the EPM agent resembles that of Tflxopfiismix 
gomiiir but comparative election microscopic analyses of the 
three agents show differences. The Sircorystir agent of horses 
has been grown in explain cultures of monolayered bovine 
monocytes. ,a7i7 ' m Antibodies Ln the sera or cerebrospinal fluid 
(CSF) can be detected using these specimens as probes of 
Lmmunoblots of the cultured parasites. Sera from clinically 
affected cases recognized eight S. neurmw- specific antigens,™ 
several of which are the basis for current diagnostic testing. 
DNA analysis has been very important Ln characterizing and 
classifying'.S. picurauM Using a random primed polymorphic 
DNA assay (RAPD), a unique sequence of base pairs was iden¬ 
tified dial distinguished t S. nourorM from eight related coccldla, 
specifically two Siircoctrsn's spedesr one J^.vnpLr>rnriJ species, and 
five Eimeria species aM *This research demonstrated that unique 
DNA sequences could be successfully used as a species-specific 
probe for S. fieuTonn r and that these probes perm tiled differen¬ 
tiation of 5. rwuronn from other cocddta ofequines. WK> 


Clinical Signs. Descriptions of clinical signs of horses 
diagnosed with EPM may vary greatiy because the organ¬ 
isms that cause this disease can affect any CNS tissue, liter e- 
fore, any horse exhibiting neurologic abnormality could be 
diagnosed with EPM. 

Clinical signs recognized In the earliest studies of this dis¬ 
ease still characterize neurologic abnormalities In horses 
with EPM. Early workers described horses with EPM as hav¬ 
ing an asymmetric ataxia and associated muscle atro- 
phy. Ml ' aD1 Horses may have a sudden onset of clinical 
signs, or disease may progress slowly over several months. 801 
Vague, intermittent lameness that is non responsive to ther¬ 
apy 7 may be caused by EPM, and encephalitic signs typified 
by asymmetric cranial ncive deficits may also be seen 
Ln affected horses. 1 ^ 1 Gall abnormalities in horses with 
EPM Include ataxia, tetraparesis, knuckling circumduction, 
and crossing over. The abnormalities may be asymmetric. 
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Depending on ihe location of the lesion In the spinal cord, 
areflexla, hypo reflex! a, or hyperreflexia maybe seen. Infec¬ 
tions of the myelencephalon may result In head tilt, facial 
paralysis, circling, nystagmus, dysphagia, facial paralysis, 
and apparent blindness, with or without abnormal pupillary 
reflexes. Parasitic invasion of the ventral spinal rootlets or the 
radicles of the maxillary branch of the trigeminal nerve may 
result in neurogenic atrophy of the tongue and masticatory 
muscles (Fig. 35-9]. This is often accompanied by focal areas 
of desens I lizalicn. Regional sweating ( J, stiip sweating'"') may 
be observed if the sympathetic tracts of the spinal cord are 
affected. Although EPM is typified by the presence of asym¬ 
metric, multifocal neurologic abnormalities, horses with 
EPM may have focal or symmetric signs. 

Cerebral signs are rarely seen In horses with EPM. How¬ 
ever, three horses with EPM presented to Ohio Stale Univer¬ 
sity Veierinaiy Teaching Hospital displayed seizure activity 
and evidence of cortical electrical activity abnormalities on 
electroencephalographic (EEC) examination. 303 Horses w r llh 
cerebral neurologic signs often have a poor prognosis. How¬ 
ever, seizure activity in horses with EPM may be treatable. Visual 
deficits and behavioral abnormalities have been reported in 
horses with EPM.™ Head shaking was also reported Ln a recent 
case series describing three horses diagnosed with EPM. 805 
[lead shaking resolved in these horses after treatment for 
EPM. Recently, urinary incontinence and incoordination haw 
been reported In three horses diagnosed ivith EPM. Resolution 
of the clinical signs wrere mixed in those cases.™ 

Differential diagnoses of the most common neurologic dis¬ 
eases of horses that resemble EPM Include equine degenerative 
myelopathy (EDM), cervical spinal injuries, cervical vertebral 
stenosis or malformation (CVM), equine herpesvirus type L 
(EEIV-1), and equine lower motor neuron disease (ELMND). 

Another disease has become she number-one differential 
for EPM over the last 7 years. West Nile Virus (WNV] was 


first reported in the United States In 1999; however, the 
number of equine cases has increased consistently from 25 
In 1999 lo greater than 14,000 in 2002. 1,07 Almost ail the 
equine cases in 1999 had been diagnosed with EPM first 
before a definitive diagnosis of WNV was determined 
Asymmetric neurologic deficits with profound weakness 
anil ataxia make it difficult to differentiate WN V from EPM. 


Clinical Pathology. A Western blot (WE) analysis for the 
diagnosis of EPM has been described and commercially 
marketed. 7 ^ 0 Macrophage-oil lured 5. neunrna is used as the 
antigen. After electrophoresis the blots are probed with sus¬ 
pect CSF or serum. Reactions are seen as bands developing 
on the blotted membrane, 'The sensitivity and specificity of 
WB has been reported as S9% based oh 295 postmortem 
examinations.However, these figures are likely based on 
more severe cases. Although promising, exhaustive examina¬ 
tions of the sensitivity and specificity of the test in clinical 
cases are not yet available. Recent research suggests that the 
sensitivity is excellent, but the specificity in current clinical 
cases is much lower than originally reported.* 1 10 There is no 
apparent serologic cross-reactivity between the parasites of 
EPM [S. neurma and N. cjJTN'uunr] and T. ^nrrdij. Use of the 
WE for antibody to S. raciircfpzrr differs depending on the prev¬ 
alence of the disease in the population studied.* 11 If the test 
is applied in the normal horse population, where the preva¬ 
lence of EPM is likely less than 1%, the predictive value of a 
positive test is extremely low (<&%) based on the 69^-0 sensi¬ 
tivity and specificity. However, given the presence of neuro¬ 
logic signs, the prevalence increases dramatically (50% at 
Ohio Stale), leading lo a positive predictive value of about 
90%. This suggests the test should not be applied in normal 
horses. A recent report demonstrates that the specificity of 
WB was much lower than originally reported.* 12 Another 
report attempted lo demonstrate Increased specificity for 
WB for 5. neuToim antibody detection by blocking the reac¬ 
tion using Sarcccyilis cruzi antibody.* 11 3 However, a double¬ 
blind Investigation indicated that this increased specificity 
is questionable (William J.A. Saville, unpublished data). 

Several new diagnostic tesls are still measures of reactivity 
lo antigens, initially, a recombinant surface antigen (SAG I) 
protein was discovered, and an ELISA test w r as developed lo 
lest horses for S. neumna exposure.* 314 However, no mention 
of controlled environment or heat-treated feed in this study 
makes it difficult to interpret the results. Further development 
of an ELISA test using a recombinant baculovlrus-expressed 
SAG 1 antigen was completed by others. 315 This test was able 
lo delect both naturally and experimentally infected horses 
and other species. Another diagnostic test w r as developed 
using direct agglutination, the 5. rnwcrctr agglutination test 
(SAT) 31 c In mice the sensitivity of SAT was 100% and the 
specificity 90%. 6LS In California an Indirect fluorescent anti¬ 
body (IFA) test was developed for detection of S. neummi 
antibody. 317 This test was compared with two currentlv com¬ 
mercially available WB tests, and the results suggested that the 
1FA was better than either WB test with regard to specificity. 617 
Further evaluation of the I FA using both naturally and expert- 
mentallv infected horses resulted in likelihood ratios that 
would be useful in diagnosing EPM. SLli The one concern 
regarding this test is that it may cross-react with horses recently 
infected w r Lth Saraacystts fuyeri, another common parasite 
infecting U.S. horses. 619 Further research with the I FA suggests 
that using this lest on CSF of horses has no benefit if used on 
the serum in the diagnosis of EPM. 630 

More recently, it nas been reported that surface antigens 
(SAGs) of 5. neurona are similar to the SAGs of T. gcmrfii. 321 
The SAGs of 5. fiettrofldj were named SnSAGI through 
SnSAG4. 32J Recombinant proteins were developed to the 
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four SnSACs to produce a set of ELIS As for detection of anti¬ 
bodies to the SnSACs. 322 Testing these EUSAs with con¬ 
firmed cases of EPM serum ana C5E samples suggested 
that the Sn£AG2, SnSAG3, and SnSAG4 assays would be 
good tests in the diagnosis of EPM 322 The EL3 SA lo the 
rSnSACI demonstrated poor sensitivity (63.2%) and speci¬ 
ficity (71.4%], likely because of the differences in strains 
of the parasite, some of which do not express antibody to 
5 AG 1. 322 There was aiso no cross-reactivity when testing 
horses infected with S. fawn or Neospora hughesi* 12 The 
most recent test developed for diagnosis of EPM has been 
the S. flcjjrnflij-speclflc IgM-capture EU SA. 813 This test was 
developed using samples from previous experimental infec¬ 
tion studies performed at Ohio Stale University.-* 123 Ihe IgM 
tilers developed and peaked between weeks 2 and 3 postin¬ 
oculation (PI), and the IgM response waned by 7 weeks 
PI.- 92 - 5 The IgM test is still a measure of exposure; how r ever, 
it indicates an acute infection and therefore may be useful 
in the early diagnosis of EPM 923 Further evaluation of this 
diagnostic test is needed using large numbers of field tests. 

Regardless of the tests developed in the past few years,, 
they nine primarily still tests of exposure, so diagnosis of 
EPM is problematic.* 2 " 1 Therefore, antibodies In serum or 
CSF must be accompanied by asymmetric neurologic defi¬ 
cits follotved by rule-outs of oilier possible causes of the 
neurologic deficits. 324 

One of the difficulties in diagnosing EPM Is caused by the 
large number of horses that have delectable quantities of anti¬ 
body lo S. nemona in the CSF for several months after therapy, 
or in horses that do not exhibit neurologic signs. S. mwcrzri- 
specific IgC found in the CSF is assumed to be produced 
locally because the blood-brain-barrier (BEE) should prevent 
large molecules from freely entering the cerebrospinal space. 
llow r ever, antibody delected in the CSF could have been pro¬ 
duced systemically if the BBB is compromised by disease or 
If peripheral blood contaminates the spinal fluid during sam¬ 
pling. To help determine whether IgG Ln CSF w r as produced 
locally or resulted from peripheral blood contamination, a 
series of tests were modified from those used in human 
patients with neurologic diseases. The albumin quotient 
(AQ) and the IgG index are calculated using concentrations 
of albumin and IgG found in serum and CSF of the patient.- 925 
1*he AQ Is a measure of BBB Integrity, and the IgG index is a 
measure of Intrathecal antibody production. 325 Some reports 
suggest that horses with EPM usually have a normal CSF albu¬ 
min concentration and a normal AQ, but the IgG Index Is usu¬ 
ally elevated.- 926 It has been suggested that these indices, 
specifically an elevated AQ, can be used lo distinguish true- 
posltlve WB tests In horses ivith EPM from false-positive tests 
resulting from blood contamination during sampling.- 926 
False-positive results caused by blood contamination may 
alter the AQ and the IgG index by increasing the albumin 
and IgG concentrations In the CSF.- 926 It has also been recom¬ 
mended that the CSF Indices may be used to monitor the 
response to therapy for EPM by identifying a decrease in the 
IgG index that would mark a decrease In intrathecal antibody 
production over time. However, small numbers of horses 
were used In the Initial evaluation of these tests, with some 
inconsistencies in the reported results. Although the IgG Index 
did decrease in 9 of i 2 (75%) horses treated tor EPM, 3 of 12 
horses demonstrated an increase In the IgC index. 927 r fhe reli¬ 
ability of the CSF indices has been questioned by others. 32 *■ 329 
One controlled Investigation suggests the CSF indices are 
inconsistent, therefore, if used, they should be Interpreted with 
caution 310 

Polymerase chain reaction (PCR) is available to aid In 
diagnosing EPM. 930 -- 931 The sensitivity and specificity of 
PCR testing of CSF has been reported to be a3% and 
100%, respectively, when histologically confirmed cases of 
EPM were used to validate the assay. 352 However, other 


research suggests that the sensitivity of PCR may be only 
about 40% J 3 3 PCR requires that parasite DMA be intact. A 
strong inflammatory response favors enzymatic degradation 
of parasite DMA, and this process may affect sensitivity of 
the PCR test. Therefore, PCR may be useful early In'the 
course of the disease and In chronic cases. 352 In addition, 
PCR analysis of CSF may be Insensitive because the parasite 
Is most frequently found Ln tissues and not floating freely In 
the CSF. r rherefore, parasite DNA may not be present Ln 
CSF, even when adjacent tissue is Infected.® 33 Toxoplasma 
£twcfj'r infections are difficult to detect Ln people lor the 
same reasons.* 3 " 1 A recent study ofclLnical cases found that 
PCR alone ivas not useful for antemortem diagnosis of 
EPM based on the low sensitivity (I2/151). 325 

Sarcocystis neiiwnn DMA has been detected in blood sam¬ 
ples. The presence of DNA Ln blood samples Is thought to 
Indicate recent ingestion of 5. neurona sporocysts and 
subsequent Infection. However, It Is not known how long 
detectable amounts of DMA remain Ln the blood stream after 
Infection.* 52 Controlled Investigations of PCR testing In 
horses with neurologic deficits as w r ell as in normal horses 
are required to define the usefulness of this procedure. 

Cerebrospinal fluid analysis has been used to aid Ln deter¬ 
mining the etiology of neurologic diseases in the horse. Early 
studies suggested that horses ivilb EPM had mildly elevated 
CSF protein concentrations, increases in numbers of mono¬ 
nuclear cells, and mild elevations Ln CSF enzyme activity 
(creatine kinase, CK; aspartate transaminase, AST). 355 Two 
early studies reported marked elevations in the CSF CK activ¬ 
ity Ln horses diagnosed wish EPM. 1 * 36 - 637 However, more 
recent studies suggest that neurologic disease of horses can¬ 
not be reliably differentiated based on CSF leukocyte counts, 
CK activity, AST activity, or protein concentration.* ia - 35 *-* 3 ^ 

Several serologic tests have been developed for detection 
of Neospora canrnuin antibodies Ln animal specLes.*^ The 
three methods currently used are ELJSA, IFA lest, and direct 
agglutination test. 340 However, these antibody tests are only 
measures of exposure to the organism. Mew diagnostic tests 
for N. hughesi used in experimentally infected equlnes 
Included a whole-parasite ELISA, a recombinant-protein 
ELISA* a modified direct agglutination test, and an IFA test, 
which showed the most consistent results.* 41 However, a 
recombinant NbSAGL ELISA has been developed that sug¬ 
gests, with a sensitivity of 94.4% and a specificity of 95%, 
It may be an excellent diagnostic test for N. hug?\esi Infec¬ 
tions in horses.* 42 

II Pathogenesis and Pathologic Changes. Little is known 
about the pathogenesis of EPM. It is assumed that the 
horses Ingest 5. JicwnDna and that the course of Infection 
and disease Is then similar to that observed In other host 
species infected with Sareocyrlts species. Because the sporo- 
cysls of 5. neawna are passed in (he feces of the opossum, 
Infective oocysts likely are introduced Into the feed and 
water supply of Intermediate hosts. Once Ingested, the spor- 
ocysts excyst and release sporozoites, -which penetrate the 
gut and enter arterial endothelial cells of various organs. 
Meronts develop and rupture the host cell, releasing mero- 
zoltes into the bloodstream. Tills is probably followed 
by a second round of merogony throughout the body. In 
most Mra?cystte-llke diseases, this process results In the for¬ 
mation of sareocysts in the muscle. Subsequent ingestion 
of the infected muscle tissue by the predator or definitive 
host completes the Life cycle. Sareocysts of 5. neurone! had 
not been found In affected horses. Indicating that the horse 
Is Likely an aberrant, dead-end host. 345 However, a recent 
report suggested that the horse may develop S. neurana sar- 
cocysts and therefore maybe a natural Intermediate host. 344 
ltie fact that this has been seen only once Ln the Literature is 
troublesome, and the Inability to fulfill Koch's postulates 
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is also a problem. Horse muscle fed io naive opossums has 
failed to produce sporocysts after numerous attempts (Wil¬ 
liam ].A. Savllle; unpublished data). 

Little is known about the life *ycle of N. Cfinjnujn or 
N. hughesi In horses. Recent reports have demonstrated that 
the definitive host of N. MJiinurrT Is likely the dog, 34 - 5 At 
present It Is not known if the dog is the definitive host of 
N. hughesi. The dog is the definitive host and also can be 
an intermediate host, which is similar to T. gondii in cats. 6 ^ 
Unlike EPM caused by 3. neunmd T tachyzolles have been 
found In horse tissues, as well as tissue cysts in two horses 
reported to have EPM caused by Neospora. 840 In addition, 
one case of neosporosls In a foal was determined to have 
been congenitally Infected. 760 Congenital Infections have 
not been demonstrated In horses Infected wish 3. neurons. 

Sarcocystii inewronrt has been recovered from CNS lesions 
in several horses and subsequently propagated in culture in 
the laboratory. 346 When administered to horses parenlerally 
or Introduced through the epidural space, cultured mero- 
zolles have not induced clinical disease in the horse.- 946 I’he 
merozolle stage ofSarmcysn's species is not known to be trans¬ 
missible to other animals.- 946 However, nude mice have been 
inoculated Intraperitonea I h r with cultured merozoites and 
subsequently developed evidence of S. neurom -associated 
encephalitis.- 947 These mice were immunosuppressed strain^ 
and inlraperitoneal ln|ection would not likely be the normal 
route of infection with 3. neurvna In horses. A better mouse 
model has recently been developed by feeding sporocysts 
from feral opossums to interferon-’/ knockout (IFM-y/KO) 
mice.® 43 Itiese procedures in [FM-y/KO mice also help to dif¬ 
ferentiate SftfEMystis species that a re excreted in opossum feces; 
at least three species appear to be present. 643 Itie mechanism 
bv which the merozoUes enter the CNS is currently unknown, 
'['be organism likely enters the CNS through infected leuko¬ 
cytes or through the cytoplasm of endothelial cells.- 946 Recent 
research may help In confirmation of this speculation. When 
co-cultured with equine peripheral leukocytes, S. neuwna mer¬ 
ozoites penetrated the cells within 5 minutes after starting the 
culture.- 940 This may be the mechanism for entering the CNS. 
In addition, a micron erne protein for host cell Invasion has 
been documented. 350 

'["here have long been anecdotal reports that the parasite 
may create Immune suppression in the horse. One report 
demonstrated a strong association between health events 
and development of clinical signs of EPM. 707 Earlier reports 
suggested that nitric oxide is Important to resistance to 
intracellular parasites, decreased nitric oxide was reported 
in horses with experimental and naturally occurring cases 
of EPM. 651 Another report indicated that decreased levels 
of transforming growth factor beta [TGF-P) In CSF of horses 
may be important In development of EPM. 1952 Two recent 
reports found a decrease In IFN-y production in lympho¬ 
cytes from EPM-posItlve horses compared with negative 
horses.- 9 ' 1 - 3,35 ' 3 Other studies have corroborated these find¬ 
ings. 69,5 Two reports In mice suggest that protection against 
3. flfjjmnit Infections requires CD4 and primarily CDS 
cells. 356357 I’his phenomenon has been demonstrated in 
T. go-JuJu Infections as well.- 956,357 

Much more research is needed to elucidate the mechan¬ 
isms and pathogenesis of 3. neurona infections in horses. 

II Life Cyde of SarcocysUs neirronfl. Most specific details 
regarding the life cycle ofS. Jiermwui are currentlv unknowm, 
although recent research has demonstrated that the opossum 
is likely the definitive host. The geographic distribution of 
opossums Is similar to the geographic distribution of EPM, 
and areas with lower seropievalence of 3. reeiiJGFrLi appear 
to coincide with regions outside the natural range of opos¬ 
sums. 353 Further evidence that the opossum is the definitive 


host for 3. FFeimuiiJ was obtained by experimental induction 
of EPM. 350 When sporocysts from feral opossums were fed 
to horses, neurologic disease developed . 3591 Itiis study has 
been repeated by other research groups. 360 - 365 However, 
induction of clinical EPM by fecdingSaioxystisfalcatula spor¬ 
ocysts was not successful. 366 More recent work has demon¬ 
strated at least three species of Srijcrrcysfj'j sporocysts in feces 
from the opossum. 367 Other studies suggest that four species 
of Srfjcacptj'i sporocysts may be present in opossum 
feces.® 6 ^- 360 Development of DNA probes that distinguish 
Sancocystis species wllI better enable researchers to character¬ 
ize sporocysts from opossum feces, using additional Induc¬ 
tion studies to help develop a reliable equine model for EPM. 

Several recent studies have Induced experimental infec¬ 
tion in horses with 3. neurona sporocysts. Initially, In a Uni¬ 
versity of Kentucky study, naive foals were infected with 1 x 
10 6 to 4 x IQ 7 sporocysts orally, which resulted In mild to 
moderate neurologic deficits. r rfie sporocysts were collected 
from wild-caugbt opossums, cleaned, anti administered by 
nasogastric Intubation. Unfortunately, the parasite wras not 
cultured from the CNS tissues, resulting In the inability to 
fulfill Koch's postulates. 653 At the University of Florida, three 
studies used sporocysts detected using molecular DNA 
probes. 360 One study administered 1 x ld fi 3. najjJCRit sporo¬ 
cysts and another 5 x IQ 5 sporocysts orally once dally for 7 
consecutive days. 3 * 4 -- 9 * 5 both studies resulted in mild to mod¬ 
erate neurologic deficits, and no parasite was detected. 364,36 - : ' 
In another Florida study, sporocysts characterized as 3. falai- 
tjJdi ivere administered to horses, with no development 
of neurologic signs and no seroconversion 366 litis study 
corroborated that the opossum excreted more than one Sa itl?- 
cysrfs species of sporocysts. 366 Recently, a study at Ohio Slate 
University attempted to Infect horses using 3^ Ifr 4 3. neurnfldi 
sporocysts wiLh three different treatment groups. 663 .All nine 
horses'in the Infected groups developed neurologic signs; 
however, I be most severe signs (mild to moderate) were seen 
in horses In the transport stress group. Unfortunately, as in 
the Kentucky study, 650 Koch's postulates were not fulfilled 
in the Ohio study. 36 3 

I’he previous studies attempted to mimic stress using 
dexametbasone, but the clinical signs were less severe, and 
the horses' clinical signs appeared to Improve. 350 - 365 - 364 In 
addition, regardless of the dose of sporocysts administered, 
some horses demonstrated an improvement in their clinical 
signs with no treatment. These results suggest that horses 
are capable of clearing large numbers of these organisms. 
Those findings may explain the high number of CSF anti¬ 
body-positive horses with no evidence of neurologic defi¬ 
cits. Equally troubling, after orally Inoculating horses with 
l x 10 6 S, neurona sporocysts, clinical signs of neurologic 
deficits were readily detectable; however, no parasite was 
found In the CNS at 7 or L4 days post,Infection (PI) (WJA. 
Saville and J.P. Dubey, unpublished observations). In the 
natural Intermediate host, the raccoon, 3. FrcumretJ was readily 
detectable in the CNS 7 days PI. 370 

Additional infection studies have been attempted In 
horses. A horse with severe combined Immunodeficiency 
disease [SOD) received characterized sporocysts of 3. ne jj - 
rona orally. Although a parasitemia was detected in this 
horse, the first detection of the parasite In an experimentally 
challenged horse, the horse did not develop evidence of 
neurologic dysfunction. I’his suggests that development of 
clinical signs of EPM requires an intact Immune system, 
wbLch also supports anecdotal evidence that EPM Is a neu- 
ropathologlc disease in horses. 6fi0,671 

Studies at Ohio Stale University [OSH) have further 
characterized 3. neurona Infection Ln horses. The Infectious 
sporocysts were produced using Laboratory-raised opossums 
and infected raccoons and the life cycle as previously 
reported. 370 - 372 I’he second trial was done to determine the 
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effect of sporocysl dose on development of clinical signs of 
EPM.- 002 Hones in the group that received 1 * 10 6 sporocysts 
seroconverted earlier arid dfeveloped more consistent clinical 
signs than those Infected with lower doses of sporocysts. 
Horses were transported a second lime and developed wors¬ 
ening clinical signs after residing at the Veterinary Teaching 
1 lospital at OS LI. 562 iTterefore, another trial was carried out 
testing the effect of a second transport after infection with 
sporocysts immediately on arrival at the first study site.* 561 
The results demonstrated more significant clinical signs In 
the horses not transported a second time, refuting the 
hypothesis from the 2002 study. Neither the 2002 study nor 
the 2004 study resulted in detection of the parasite In the tis¬ 
sues of Infected horses. Another study, in 2005, demonstrated 
that S. neuroma could be detected in the blood of an experi¬ 
mental lv infected. Immunocompetent horse. 872 The horse 
had been infected dally for 98 days, and 5. neurona was 
detected from the blood of one of six horses tested, demon¬ 
strating that the parasite could be detected_in immunocom¬ 
petent, experimentally challenged horses.* 72 Because of the 
lack of parasite detection In equine infection models at most 
sites, researeheis at OSU decided to attempt culture early In 
the infections rather than at the end of the Infection period. 
Eight naive horses negative for antibody to S. neuroma were 
included; six were Infected with sporocysts derived from lab¬ 
oratory production using the opossum-raccoon cycle, and 
two were control animals.- 374 Parasite w r as cultured from 
mesenteric lymph node, liver, and Lung at I, 2, and 7 davs 
PI; 2, 5, and 7 days PI; and 5 r 7, and9 days PI r respectively.* 5 ^ 
A though no parasite was detected I n CNS tissue, evidence of 
infection was present at 7 and 9 days FI. 374 This recent OSU 
study was able to fulfill Koch's postulates and shows evi¬ 
dence that the parasite can invade the tissues vety quickly 
after Ingestion, as demonstrated in previous studies in two 
different species of animals.- 644 -- 048 '* 70 Further work needs 
So be done to examine an equine model for the disease. 

Unlike most Srirrocystj'i species, S. nerrraid may aberrantly 
Infect a large number of intermediate hosts. Although the full 
range of intermediate hosts for S. neuwnti has not yet been 
Identified, several species of animals and birds have been 
reported to exhibit symptoms similar to those seen in horses 
wTtb EPM.. Several reports indicate that an S. flejjrflflii-like 
organism Infected and caused neurologic disease In do^, 
sheep, cats, mink, raccoons, a striped skunk, a golden hawk, 
Pacific harbor seals, sea otters, chickens, a Grant's zebra, 
Canada lynx, and a fisher.- 075 - 33 * The harbor seals and sea 
otter had evidence of sarcocysts In the muscle that were 
S. neurona positive. 878 - 870 This seems to be the first evidence 
for potential S. neurona sarcocysts to date, although the signif¬ 
icance of this finding was not well understood. This positive 
reaction to antl-S. neurwid antibody could be caused by 
cross-reactivity to other Srtmxystj'j species. A recent report 
indicates that S. neurona cycles normally between the opos¬ 
sum and various Intermediate host species. Even though the 
opossum Is the definitive host and does shed the parasite In 
its feces, the opossum does not develop antibodies to S. jicjj- 
rona. 3 * 9 Sarcocysts are found in the muscles of five species: 
infected domestic cats (Felis dc r rr£5i i cm) r nine-banded a mi add¬ 
les fDtrjjjpwjfloterrm'nrtijfj, striped skunks f.VlepJn'tis mep/n'Iis), 
raccoons fPfiDcyrm lotor), and sea otteis (Em hydra httris ner- 
errj.- 072 - 3 ™- 392 It was thought that the domestic cat was only a 
laboratory Intermediate host* but studies in Missouri and Oltio 
suggest that the cat is a natural intermediate host as well; 89 * 804 
this also seems to hold true for the striped skunk. 

Recently, the Life cycle of S. neurona has been completed In 
the Laboratory.- 002 Previous reports of serum prevalence of 
antibodies to S. neurona in striped skunks suggest that they 
are likely a natural Intermediate host as well.* 96 When muscle 
front wild-caught raccoons and road-killed armadillos was 


fed to laboratory-raised opossums, it resulted in shedding of 
sporocysts infective for ponies, horses, and IKN-y/KO 
mice. 371 - 691 1 ligh serop revalence of S. neuron antibodies in 
armadillos tested (100%) from, three states and raccoons 
(57%) tested from four slates supports that these two species 
are natural Intermediate hosts. 1001 ■- 097 After Ingestion of the 
Infected muscle, opossums shed sporocysts In their feces. 
5mall numbers of sporocysts were found after feeding sea 
otter muscle, but the sporocysts were Infective for IFN-y/ 
KG mice. 600 The role of the sea otter as a natural Intermedi¬ 
ate host Is likely limited because it is a marine mammal. 
Resul ts of tb ese I Lfe cycle studies d e mons trate chat many spe¬ 
cies may be polenti a f i n termed Lales hosts for S. reejj roma. Tn Is 
wide host range is atypical for Sarcocystis species. This host 
range behavior is similar to that of T. gondii, which is phylo- 
genetLeally close to S. raejirnrid . 303 '- 300 

Based on the number of Intermediate hosts determined so 
far, a number of Isolates ofS. rrcumnei are postulated to exist. 
Recent work found that there are differences between South 
American and North American Isolates. 900 - 001 Also, evidence 
Indicates that the U.S. group could be divided Into northern 
and southern (J.S. groups, which suggests geographic group¬ 
ings. Other w r ork has demonstrated differences In the SAG! 
gene In different Isolates of S. neurona, with 73% to 100% 
sequence similarity. 902 This is In contrast to the SAG1 gene 
of Ncospom species, with 9G% to 93% similarity. 002 These dif¬ 
ferences in the Isolates w r as confirmed when monoclonal 
antibodies developed against immunodominant proteins of 
5. neuwna failed to detect all isolates. 903 

Based on the estimated numbers of opossums in North 
America, the poo r survival rate of these ani ma Is, a nd the sm al L 
areas In which they travel, S. muruna may be transmitted by 
routes other than direct contact with opossum feces. Experi¬ 
ments performed by researchers in the 1980s Indicate that 
some transmission may occur through birds. 904 In experi¬ 
ments attempting to characterize the fife cycle of S. falcatula, 
birds were apparently infected by aerosol spread. 004 Vector 
transmission was also demonstrated by the recovery of sporo¬ 
cysts after budgerigars, canaries, white mice, and chickens were 
fed opossum feces. 005 r fhe recovered sporocysis were then fed 
to budgerigars to assess the viability of the sporocysts. Four 
of six budgerigars died, demonstrating that the sporocysts were 
viable. These experiments suggest that sporocysts might be 
transmissible between Intermediate hosts. Considering the 
apparent wTde range of natural and aberrant Intermediate 
hosts for 5. neuroma and S. /citartuia; transmission of infectious 
organisms between Intermediate hosts implies that control of 
disease caused by these organisms may be extremely difficult. 
Insects such as files and cockroaches may also be transport vec¬ 
tors forS. Early work demonstrated that files and cock¬ 

roaches may act as transport vectors for T. g 0 rzdiz. OM ' 007 In 
addition, fatal pulmonary disease developed Ln psitiacine birds 
fed cockroaches after the cockroaches had been fed opossum 
feces. 008 Although this suggests that Insects may play a role In 
transmission of5. newmntr, further Investigation Is necessaiy 
to determine which Insects are actually involved in Its life cycle. 

Stress may play a role in the development of EPM, 342 - 309 
but limited evLdence Is available to support this hypothesis. 
Itte severity of EPM may be related to the size of the Infec¬ 
tive dose, immune competency of the host, and the envi¬ 
ronmental stresses to which the horse Is exposed.* 40 A 
similar association between immunosuppression and dis¬ 
ease has been documented in other species with EPM-I ike 
symptoms. For example, recent mouse models have been 
developed for EPM using nude mice and IFN-y/KO mice 
both of which are immunocompromised strains. 347 - 34 * 
Raccoons have been identified that were concurrently inf¬ 
ected with a Stfrcm^ffs-Like protozoan and canine distemper 
virus (CDV).* 5 * 54 ' 000 Interestingly, CDV Is known to be 
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immunosuppressive and has often been associated with cer¬ 
ebri toxoplasmosis in dogs, foxes, and raccoons. 505 Immu¬ 
nocompromised people are often Infected with T. gondii, 
and stress plays a major role in the recrudescence of the 
clinical signs of T. associated encephalitis.* 10 Infec¬ 

tions with either N. caninum or T. gondii can cause T-cel] 
hypo responsiveness to the parasite antigen. It has also been 
demonstrated that an Intact T-cell response, specifically, 
appropriate Interleukin-12 (3L-12) and IKN-y production, 
is necessary for resistance against either .V. ctrnnrum or 
T. gondii, llie parasite may therefore facilitate further infec¬ 
tion by compromising host Immune responses. 511 Recent 
evidence suggests that neuropeptides called neuroimmune 
proteins (NIPs) are released from the CNS when an animal 
is stressed, which may lead to suppression of lymphocyte 
production and function.* 13 Stress leads to high "circulating 
glucocorticoid concentrations, which are also immunosup¬ 
pressive.* 12 The combination of high resting concentra¬ 
tions of glucocorticoids and an Increase in NIP release 
may resuft in immunosuppression and facilitate develop¬ 
ment of clinical disease in horses Infected with S. nejjmnfl. 
Recent evidence from a controlled investigation at QSU 
demonstrated that health events before diagnosis of EPM 
were strongly associated with the disease. 757 Transport stress 
and induction of the disease in an experimental equine 
model provide supporting evidence that stress may play a role 
in the pathogenesis of EPM. a63 It has long been Known that 
transport Is a stressor in horses and other species.* 13 -* 17 
Horses are transported year-round to equestrian events in 
the United States, sometimes across the country and to other 
countries. Further controlled Investigations are needed to 
exa mine the role of stress i n the development o f cl In Lea I signs 
of EPM In horses. 


II Uragnorif. The diagnosis of EPM has been difficult 
because of a lack of understanding regarding Its pathogenesis 
and the variety of clinical signs. Postmortem examination 
was the first method used to diagnose EPM definitively, 
and many still consider Li the "'gold standard" for diagnosis. 
Grossly, the CNS lesions Identified postmortem are des¬ 
cribed as multifocal areas of hemorrhage to light discolor¬ 
ation of the brain or spinal cord. 843 Histology often reveals 
a marked mononuclear perivascular cuffing with necrosis 
and loss of neurons, with Infiltration of monocytes, lympho¬ 
cytes, some eosinophils, and rarely, neutrophils.* 102 -- 835 Pro¬ 
tozoan organisms can be seen in" some or the lesions but 
are often difficult to detect. 8 - 5 Difficulty In detecting the 
organisms Increases If the animal has been treated ivith anti¬ 
protozoal medications. 518 Immunohlstochemlcal staining 
techniques can be used to Identify parasites definitively in 
situ.* 1 * 520 Postmortem examination is also the definitive 
diagnostic test for EPM caused by N. cffrrjnrmi (N. hygfoeri), 640 
Inmmunohlstocbemistry Ls also a useful tool for Identification 
of tbeNeospom organisms.* 40 However, a significant problem 
with this diagnostic method is that, by definition, Lt cannot be 
applied In horses antemortem and therefore cannot be 
applied io most clinical cases. A reliable diagnostic test that 
can be used for antemortem diagnosis Ls needed to better 
understand EPM and appropriately manage horses with 
this disease. 


II Epidemiology. Little Ls known about the epidemiology of 
EPM, although more and more knowledge Ls being accumu¬ 
lated about this disease. 

A small study from one county In Pennsylvania indicated 
that the seroprevalence was approximately 45% of the horse 
population (95% confidence interval, 36.3% to 54.3%}, and 


prevalence Increased with age. 521 Another report, found an 
overall seroprevalence of 45% among horses in Oregon, with 
differences in seroprevalence among geographic regions.* 13 * 
In Oregon the seroprevalence ranged from 22% In the 
eastern arid region or the stale to 65% in the coastal region. 
A third study reported a 53.6% prevalence of serum antibo¬ 
dies to S. n£ur 0 ftT In Ohio horses 532 The Ohio study demon¬ 
strated an increase In prevalence with age of the horse, and 
greater prevalence in southwestern Ohio versus northeastern 
Ohio, lire geographic differences in Ohio may have been 
related to climatic differences and freezing days in various 
regions of the state 532 These studies suggest that in many 
areas of the United States, approximately 50% of the horses 
may have serum antibodies to S. reeiinjrrtf.* 23 Another study 
suggested horses are exposed to S. rceurytrij In the eastern half 
ofthe United States at a rate 10% to 15% higher than the 
exposure rate In the western half of the country, 432 More 
recently, antibodies to S. ncuromi were found in 33.6% of 
various equid serum submitted to a laboratory in Colorado. 
As previously reported, the prevalence increased with age; 
prevalence was 26% in horses age 1 to 5 years versus 37% 
in 10-year-old horses. !>3J Seroprevalence was Lowest during 
the colder months, as reported previously. Another report 
on seroprevalence of S. neuraiii in horses demonstrated 
27% in California, 23% Ln Florida, 54% Ln Missouri, TO in 
Montana, and 0% from New Zealand.* 23 A Michigan study 
indicated a seroprevalence of 60%, with lower rates In colder 
areas, which corroborates earlier findings.* 26 Another study 
tested two populations of horses for S. neurona antibodies: 
the wild horse population in Wyoming and horses from 
western Canada.* 2 - Using the WB lest yielded IS of 276 
Wyoming horses positive and 0 of 243 Canadian horses. 
These results are difficult to Interpret In the Wyoming horses 
because ofthe range ofthe opossum; the Canadian results 
fit with Its range. Two recent reports suggest that the sero- 
prevalence of S. neurona antibody Ln horses Ln Argentina 
and Brazil are 35.5% and 35.6%, respectively. 7 * 4 - 7 * 3 Another 
recent study examined 5. nejjranir exposure Ln Brazilian 
horses using an r5nSAG4 ELISA, resulting in a seropreva¬ 
lence of 69.6%. 535 Another study examined Amerlcan- 
born horses exported to India for 5. neurotic! exposure. 52 * 
Of the 36 horses tested In this study, 42 were still posi¬ 
tive, even though some of the horses had been in India 
for 13 years. Inis w r ork suggests that antibody to 5. neu- 
rona has an extremely long half-life, or that ctironlc infec¬ 
tion occurs with this parasite. 

Ibese results suggest that exposure to S. Jierrmifl Ls com¬ 
mon, but that geographic differences may exist. 

Little work has been performed regarding the prevalence 
of antibody to N. caninumfN. hughesi in horses. However, 
recent work found a seroprevalence of 23.3% in sera exam¬ 
ined from two U.S. horse slaughterhouses a_nd a lack of anti¬ 
body detection Ln Argentina and Brazil. 530 Because of 
the low numbers of horses involved, these studies may not 
reflect the true prevalence of N. caninum fN. hughesi antibody 
in horses. A more recent study found seroprevalence to Netw- 
pom of 2% to 3% Ln Missouri and California.* 23 Antibodies to 
iV cflflj'rcwjji were found Ln 31.1% of Wyoming horses. 527 
1 lowever, testing of the Brazilian horses using the rNbSAGJ 
ELISA demonstrated a seroprevalence rale of 2.5% for 
N. Jrtighesi'. 524 Based on these varying results, More work is 
needed regardingN. caninum/N. hughesi exposure. 

No formal studies on the incidence or prevalence of EPM 
in the United Slates have been done until recently. Based on 
the number of cases diagnosed postmortem at the Univer¬ 
sity of Kentucky, the incidence of EPM may be increas¬ 
ing 346 The number of samples submitted forlmmunoblot 
analysis suggests that several hundred new cases of EPM 
might be diagnosed in the United Stales each year.- 346 
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The estimated incidence of EPM based on accessions to she 
University of Kentucky diagnostic laboratory was Wv or lets 
of all horses each year.- 1 '' The number of U.S. cases has 
only recently been enumerated bv the U.S. Department of 
Agriculture (USDA), which provide a baseline for future ref¬ 
erence. Based on the USDA study, the average incidence of 
EPM was 14 ± 6 cases per 10,000 horses per year. 931 The 
incidence was examined based on primary use of the horse 
in the operation, and the lowest Incidence was found In 
farm/ranch horses (1 ± I cases/10,000 horses/year). Inci¬ 
dence In pleasure horses increased to 6 ± 5 cases/10,000 
horses/year. A marked increase followed in breeding horses 
{1,7 ± 12 cases), racing horses (38 ± 16 cases), and compe- 
Ullon/show horses {51 ± 39 cases). I’he racing horses aid 
not Include horses at racetracks. These estimates reflect a 
similar incidence of EPM as previously reported, If not 
lower, and provide a baseline for the future. 

Regarding the Incidence of neosporosis In horses, no 
controlled Investigations have been performed. There have 
been six reports of neosporosis In horses caused by N. ai rrj- 
RiUJi fN. However, only four cases were In 

horses with neurologic signs, one w r as in an aborted fetus, 
and one was related to an Intestinal problem. 

Equine protozoal meningoencephalitis has been reported 
from a number of U.S. states, as well as from Canada, Mex¬ 
ico, Panama, Argentina, and Brazil. 734 - 750 EPM has also been 
reported in England among horses imported from the east¬ 
ern United States. 794 EPM was diagnosed in an £-month- 
old Arabian horse in South Africa that had been Imported 
from the United States approximately 5 months before the 
onset of signs. 753 'fhe most recent report was a California 
horse that developed clinical signs of EPM after 10 months 
In Hong Kong. 752 An American-born horse developing 
EPM has also been reported in Japan. 751 Neurologic disease 
has been reported in horses In France, both American-born 
horses and horses native to France. 755 - 756 EPM is thus pri¬ 
marily a disease of the Western 1 lemisphere. 

Several authors have suggested prevalence of disease may 
be high among standardbred bo rses. 301 - 30 *- 516532 However, 
two of these authors also suggested that this apparent predi¬ 
lection may be caused by the environment in which horses 
w r ere kept rather than breed characteristics. 501 - 5ia Another 
case series reported that disease was most common In thor¬ 
oughbreds/ 55 A controlled Investigation into risk factors 
for development of EPM did not find a breed predilection, 
but occupations such as racing and showing demons¬ 
trated Increased risk compared w r ltb breeding and pleasure 
horses. 757 iTiis finding was corroborated by the recent 
National Animal Health Monitoring System {NAHMS) 
study. 531 

Early reports on EPM suggested that young horses had an 
increased risk of disease/^-™- 91 * A consistent theme 
among reports was that at least 60% of the affected horses 
were 4 years old or younger. An OSU study also found 
increased risk In young horses, although Increased risk was 
seen in horses older than 13 years as well. 757 

Historically, EPM has been reported as a ■‘'sporadic" dis¬ 
ease; more than one case Is rarely reported on farms 5cn - 533 
In reports of EPM cases from Panama, all affected horses were 
stabled at the same location, although this is not a common 
occurrence. 757 Also, an outbreak was reported on a farm In 
Kentucky. 934 An Ohio study suggested an increased risk for 
EPM If the disease was previously diagnosed on the farm 
(>2.5 times higher), which suggests clustering of cases may 
occur. 757 

Several other risk factors for development of EPM have 
been reported. The Ohio study found an increased risk if 
opossums were seen on she farm and with the presence of 
woods on the farm, seasonal effect, or a health event before 


development of clinical signs of EPM. 757 The seasonal 
effect increased the risk of EPM as the temperature 
Increased, w r lth the highest risk in the fall. 75 7 Risk decreased 
If a creek or river was present on the farm and if the feed 
was kept protected from wildlife access. 757 The NA1 IMS 
study found an increased risk If opossums were seen (vs. 
never seen) on the premises and even higher risk If the 
opossums w r ere seen frequently. 931 Risk also Increased with 
Increased numbers of horses, purchased versus homegrown 
grain, use of wood chips or shavings as bedding, presence 
of rats and mice on the premises, and increased human 
population density. A low r er risk tvas seen when woods 
were w r Lthln 5 miles of the premises and w r hen surface water 
was used as the primary drinking source. As in the Ohio 
study, the highest risk for disease was in the fall of the year. 
It Is difficult to explain some of the findings from these 
studies, but management apparently plays a role in devel¬ 
opment of cl in leak EPM. 

Recent results demonstrate that transplacental transmis¬ 
sion of both S. neunmn and N. hughesi is unlikely. After fol¬ 
lowing horses at three breeding farms In California and one 
farm in Kentucky, investigators concluded that there was no 
detectable risk of transmission of either parasite. 533 


II Treatment and ProgTrojfj. Because of the slow develop¬ 
ment of a consistent equine model for induction of EPM, 
and because clinical patients require medication due to 
the severity of the disease, treatment regimens have evolved 
empirically. Until recently, recommended therapy had not 
changed since EPM was originally Identified. However, 
recent use of liquid combination therapies with question¬ 
able stability resulted In a lack of response and consistently 
Longer duration of treatment. I’his has Led to the develop¬ 
ment of novel treatments. 

The standard therapy for horses with EPM is a combina¬ 
tion of sulfadiazine and pyrimethamine, both antifolate 
medications. Based on the description of the pathologic 
Lesions of EPM and Identification of organisms that resem¬ 
ble T. gondii the first recommendations for treatment of 
EPM were extrapolated from therapy used to treat toxoplas¬ 
mosis In humans. 536 - 537 Numerous changes have since been 
made with regard to dosage and duration of the ther¬ 
apy. 556 - 533 - 535 - 535 Most recommendations were empirically 
based on clinical impressions rather than controlled clinical 
trials. 556 More recently, some therapeutic recommendations 
have been based on pharmacokinetic data. 5JD - 54L One study 
tested pyrimethamine, trimethoprim, sulfonamides, and 
combinations of these drugs against 3. neurona merozoltes 
In tissue culture. 542 Pyrimethamine was demonstrated 
to be completely Inhibitory and coccidlocldal at 1.0 pg/ 
ml. Ilie same was true for trimethoprim at 5.Gjig/mL. 
None of the sulfonamides alone had activity at JOOpg/ 
mL. Sulfonamides {5.0 or 10.0_LLg/mL) in combination 
with pyrimethamine (0.1 pg/mL) improved activity against 
S. jieurtMMi. 542 However, these findings are based on in vitro 
studies, and further work Is needed In controlled clinical 
trials in horses. Controversy surrounds the duration of ther¬ 
apy required So treat horses with EPM effectively; Initially, 
recommendations were based on clearing of specific IgG 
from the CSF, as Indicated by a negative WB. However, 
many horses remain CSF positive for antibody to S. neuron# 
for months after therapv. Many clinicians have adopted the 
recommendation that the medications be continued at least 
2 weeks after resolution of signs or 4 weeks after a plateau 
of the clinical signs. Current recommendations for the pvrl- 
methamine/sulfadlazine combination Is 20 mg/kg of sulfa¬ 
diazine once or twice dally and pyrimethamine at L mg/kg 
daily orally for at least 150 to ISO days. Horses with EPM 
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are often treated for long periods with medications that ad 
by inhibiting folate metabolism. Some suggest that com¬ 
plete blood counts should be monitored tor signs of folio 
acid deficiency In horses treated for EPM. Potential side 
effects of treatment with antifolate medications Include 
bone marrow suppression, anemia, colitis, and even terato- 
genesis. Most or the anemias are mild and Improve after 
withdrawal of (be medication. One other side effect of tri¬ 
methoprim-sulfamethoxazole and pyrimethamine, a com¬ 
monly used combination In the past, is its effect on 
reproductive function In pony stallions. 943 Although It 
may not affect semen quality, testicular volume, sperm pro¬ 
duction efficiency, erection, or libido of healthy stallions, It 
may induce changes in copulatoiy form and agility and alter 
the pattern and strength of ejaculation. 941 iTierefore, cau¬ 
tion should be used when treating stallions for neurologic 
disease believed to be EPM. 

Recently, triazlne derivatives have been used to treat 
EPM. Two of these drugs, dlclazurll and tollrazuril, were 
originally designed for use as herbicides and have been used 
in other countries In the prophylaxis of coccldlosls in poul¬ 
try and swine. The response to therapy in horses with EPM 
was slightly better than the response'documented for the 
standard therapy. * 44 The pharmacokinetics of both dicla- 
zurll and loltrazbril have been demonstrated. 945 Currently, 
diclazurii Is only available as a ration premix, so laree 
volumes must be given daily. Another disadvantage Is the 
poor palatablllty of dlclazurll In its present form. One 
advantage to use of these compounds is an appreciably 
shorter duration of therapy. Dlclazurll is administered at 
5 mg/kg for a minimum of 28 days. 946 Recent In vitro test¬ 
ing for acllvllv of diclazurii against S. newronfl has been 
demonstrated,- 47 Diclazurii may need to be administered 
by nasogastric lube dally. 946 Tollrazuril Is another coccldlo- 
stat becoming Increasingly popular because of Us ease of use 
and good absorption orally In horses. 9J6 Toxicity studies of 
tollrazuril in horses at 50 mg'kg for 10 days resulted in mild 
anorexia and depression. 949 iTse current recommended dose 
is 5 to 10 mg/kg for a minimum of 2S days. 946 further 
in vitro evidence Indicates that ponazuril, a metabolite of 
tollrazuril, is effective against S. ncjjroreii. 950 

Nllazoxanlde (NTZ) is another novel treatment recently 
used in the treatment of EPM. N1Z Is a 5-nitrothiazole with 
a broad spectrum of aclivitv against bacterial, protozoal, 
and helminthic parasites. 946 It has been shown to kill 
S. ticaromi in cell culture. 9,16 Toxicity studies showed that 
when horses were given two times the recommended dose, 
they became lethargic after I week of daily dosing. 9,16 When 
horses were given NTZ at four times the recommended 
dose, they 1 became significantly 111, with one death. 946 At 
present, the suggested dose schedule Is 25 mg'kg once daily 
for the first w'eek and 50 mg/kg once daily for the next 23 
days. 911 ® Two of these three new EPM medications, Marquis 
and NIZ, have been approved by the U.S. EDA. 

'Die prognosis for horses diagnosed w r lth EPM Is similar 
regardless of the treatment used. Most reports suggest an 
approximate improvement rate of 70% when using the stan¬ 
dard therapy, 604935 - 952 but earlier work suggested the success 
rale of therapy was about 50% 939 Less than 25% of affected 
horses may return to their original function, although little 
objective Information exists on this issue. 604 A recent study 
with dlclazurll resulted In approximately 75% Improvement 
in horses severely affected with EPM. 44 In the diclazurii 
study, approximately 30% of the horses (11/36) treated 
either returned to their original level of performance before 
EPM diagnosis or improved their level of performance. 9,14 
An efficacy study of 70 horses given NTZ found 63% of the 
horses met the criteria for success after treatment. 9 ^ A grow¬ 
ing concern is she percentage of horses which have a relapse 


in clinical disease after cessation of therapy. Some horses will 
relapse days, w r eeks, or even months after cessation of ther¬ 
apy, but the mechanism of relapse is unknown.- 196 Relapse 
may be caused by recrudescence of a truly latent stage of 
ihe’paraslte, presence of a small, persistent focus of Infection, 
or perhaps reexposure to the parasite. 696 Anecdotal estimates 
of the relapse rates range from 10% to 23% of treated 
horses.- 994 - 951 - 952 In a controlled study performed at G5U, 
relapse rates were 19%, close to previous anecdotal 
reports. 955 The relapse rate using diclazurii for the treatment 
of EPM was less than 5%. 944 

Identification of protein activity In S. neurotia menozoites 
has demonstrated two potential targets for therapy, includ¬ 
ing serine protease and enolase. 954 - 955 In the future, better 
treatments might be developed against certain proteins lo 
remove or reduce relapse rates and Improve the resolution 
of clinical signs of EPM. 

Before recognition of EPM, corticosteroids were wTdely 
recommended for treatment of neurologic diseases in 
horses. However, corticosteroids should be used with cau¬ 
tion In horses w r lth suspected EPM because the host 
immune response to the organism could be adversely 
affected. 7 ® 9 - 794 - 936 - 937 MSA IDs and DM5 O have also been 
routinely used in the treatment of horses with EPM since 
the mid 1930s. 794 -® 04 

Because antibody lo S. neurona persists In C5F for long 
periods in some horses with EPM, and because some horses 
may not mount a sufficient Immune response to clear the 
organism, immune stimulants (nonspecific T-cell-sti mu lad¬ 
ing compounds) have been recommended.™ Unfortu¬ 
nately, no controlled trials have examined the efficacy of 
these treatments. 

Supplementation with folic acid, folinlc acid, and brewer’s 
yeast has been recommended for treatment of presumed folic 
acid deficiency, particularly In pregnant mares. 794 939 How¬ 
ever, folk acid supplementation has been discouraged by 
other Investigators because of poor absorption and the 
potential for toxic effects on bone marrow activity.™ Toxic¬ 
ity has also been reported In newborn foals born to mares 
ifral w r ere treated for EPM wTth antifolate medications and 
concurrently supplemented w r Lth folic acid. 956 fTaese foals 
showed evidence of bone marrow aplasia and hypoplasia, 
renal nephrosis or hypoplasia, and skin lesions. Another case 
report involved an adult horse being treated for EPM. 957 A 
cause-and-effect relationship between folic acid supplemen¬ 
tation and these developmental abnormalities has not been 
conclusively demonstrated. At present, hotvever, folk add 
supplementation should not be used, particularly in preg¬ 
nant mares, until controlled clinical trials can be performed 

10 corroborate or refute these findings. 

Use of additional supplements, such as vitamin E and 
thiamine, shat may facilitate healing of nervous system tissue 
have been recommended for treating horses with EPM.® 04 - 951 
1 lowever, clinical trials have not been performed to establish 
the efficacy of this supplementation. 

11 i-TrwpKioiu Based on the proclivity for transportation 
Lo equestrian events and the nature of the horse business, 
prevention of clinical cases of EPM will be difficult. 
A complicating factor is that the parasite is widespread 
throughout much of the United Stales. A killed—5. Jicuranii 
vaccine was developed and released on a conditional license 
in 2000. The vaccine has been shown to Induce both 
humoral and cell-mediated immunity in the horse. 95 ® How¬ 
ever, efficacy of the vaccine to prevent EPM using an equine 
model have not been completed to date. Because develop¬ 
ment of other parasite vaccines is extremely difficult, effica¬ 
cious vaccines most likely will not be developed for many 
years. 949 - 962 
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Based on age as a risk factor for the disease, close moni¬ 
toring for evidence of neurologic disease in lilgh-risk age- 
groups [young horses, old horses) may help detect EPM 
early. The seasonal risk for EPM should raise the index of 
suspicion that it may be the cause of the clinical signs when 
horses are presented for neurologic disease in the warmer 
months. This seasonal risk factor is compounded by many 
major horse competitions occurring In the fall. Therefore, 
monitoring of horses subsequent to transport and competi¬ 
tion may be helpful. Access to feed and water by wLldllfe 
(opossums) and pests (mice, rats) should be restricted by 
using rodent-proof containers, which may help to prevent 
some cases of EPM. Forages should also be protected from 
wildlife access by keeping the forages in enclosed facilities 
to prevent access to opossums. 797 Some research suggests 
that preventing bird access to facilities may help to prevent 
some cases of EPM, although it is not known what role 
birds may play in its pathogenesis. Ingesting sporocysts 
mav result In passage through the Intestinal tract of birds 
and may be Infective for other species of wildlife or 
horses 9£ * 4i9D!5 noises may develop EPM after some other 
health event, as confirmed by a recent controlled investiga¬ 
tion. 797 Therefore, monitoring of broodmares close to foal¬ 
ing and horses that develop a major Illness or Injuiy is 
important because It may assist In the early diagnosis of 
EPM cases. 

Eocusing prevention on manipulation of risk factors 
for the disease, such as keeping opossums out of the feed 
and w r aler, is veiy important. However, one also must 
consider the intermediate host's role In EPM. As discussed 
previously, several species of mammals have been reported 
to ad as natural or laboratory Intermediate hosts In the 
life cycle of 5. ncjjrcfliz. 872 - 891 - 691 I’hese animals are not a 
threat unless they are dead. Therefore, veterinarians should 
encourage horse owners to pick up dead cats, armadillos, 
skunks, and raccoons on their property. It Is Important to 
dispose of the carcass so that opossums cannot eat them 
and excrete more Infectious organisms to infect horses. Pick¬ 
ing up these carcasses should be done carefully w r lth an 
inverted plastic garbage bag, plastic gloves, or some other 
instrument. 

These protozoan parasites are extremely difficult to kill In 
the environment. A recent study tested the most common 
disinfectants used In veterinary medicine. Including povi¬ 
done-Iodine, chlorhexidine, formalin, two different strengths 
of NaOll, and high-temperature steam. 9 * 5 The S. ncurcm 
sporocysts thrived on the disinfectants and the lower 
concentration of NaOll. At the higher concentration of 
NaOEl, the parasites did not survive the treatment, how¬ 
ever, most barn materials could not withstand Oils agent. 
Ihe parasite could not withstand temperatures of 60° C 
(140 F) for 1 minute or higher temperatures for shorter 
periods. Therefore the only alternative for cleaning horse 
facilities Is use of steam. 

Recently, medications to prevent development of clinical 
signs in IFN-^KG mice anti In horses w r ere attempted. The 
first study used pyrantel tartrate, a dally anthelmintic pro¬ 
phylactic treatment, and concluded that it does not prevent 
S. rzezut?rztr Infections In mice. 964 A similar study In horses 
tested for seroconversion in serum and C5F and days to 
seroconversion.* 65 Ihere was no difference In the groups 
receiving and those not receiving pyrantel. Another study 
used the triazlne-derlvative anticoccidial dldazurll;" mice 
treated before or up to 7 days after Infection did not 
develop clinical signs, and no parasites were recovered from 
the mice. 366 This study suggests that anticoccidial drugs may 
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be useful in the prevention of S. neurona infections In ani¬ 
mals. A second trlazine derivative, ponazuril, was tested In 
IFN-y/KO mice. 967 A single dose prevented abnormal neu¬ 
rologic signs and death, depending on when It was adminis¬ 
tered Ihis further corroborates the potential for prevention 
of EPM using anticoccidial drugs. In a further study on pre¬ 
vention of EPM in horses, two dose ranges of ponazuril 
were administered dally based on the recommendations 
for treatment; 71% of horses given 2.5 mg/kg and 40% 
given 5 mg/kg developed neurologicdeflcits. ,ii! " Seroconver¬ 
sion was decreased In the 5-mgi'kg group compared with the 
controls. Therefore, this study needs to be repealed to 
attempt other doses of ponazuril for prevention of clinical 
signs of EPM, because coccldiostals may be one method of 
prevention useful In the future. 


BABESIA ENCEPHALITIS (BABESIOSIS; 
PIROPLASMOSIS; TEXAS CATTLE FEVER; 
TICK FEVER; REDWATER) 

Parasitemia of cattle caused by the protozoans Bdhejj'iZ iwivrr, 
Edfeirt rtrgemuiiz, and Brtfcejj'di biggmfru usually is subcllnlcal 
but results In devastating economic losses worldwide. 969 The 
disease is transmitted to cattle by the cattle fever ticks Bijop/rriws 
tinnuitilus,. BcnpMtf rniavphts. and Boophilus dewfonihu. Babe¬ 
siosis occurs In the Americas, Europe, Africa, Asia, and Austra¬ 
lia. 'licks acquire Infection from an Infected animal 

and then pass the agent to their offspring through the ovaries. 
The protozoan is passed to susceptible cattle by nymphs and 
adults. Most Infections result in Intravascular and exlravascu- 
lar hemolysis and kidney and liver failure. Asm allproportion 
of Btibesj'ij Infections cause acute encephalitis 97D - 9, ‘ I Ine CNS 
signs begin suddenly and include fever (4I.7*C [107° F]), 
anorexia, depression, ataxia, conscious proprioceptive deficits, 
mania, convulsions, and coma. Sudden death occasionally 
Is observed. The nervous system signs are accompanied 
by engorgement of the scleral vessels. Icterus, proteinuria, 
and hemoglobinuria. Encephalopathic diseases that closely 
resemble babesiosis include rabies, coccldlosls, polioencepha- 
Lomalacia, lead poisoning, infectious bovine rhinotracheitis 
virus encephalitis, theileriasls, headwater disease, salt poison¬ 
ing. and chlorinated hydrocarbon toxicity. 

The pathogenesis of the CNS signs is unclear; however, 
possible causes include capillary thrombosis and infarction, 
disseminated intravascular coagulation (DICJ, anoxic en¬ 
cephalopathy, and direct invasion of the CMS by the par¬ 
asite. Thrombi are disseminated throughout the CNS. 
Expression of parasite proteins on the surface of Infected 
red blood cells (RBCs) facilitates binding of RBCs to cap Il¬ 
ia ry endothelial cells. 972 The proclivity of Btifeesta-infecled 
RBCs for binding to brain capillaries, particularly those In 
the cerebellum, Is supported by the high incidence of para¬ 
site-positive RBCs found in the brains of Infected cattle. 97:k 
Ihese findings and the observation of Increased prothrom¬ 
bin and partial thromboplastin times, thrombocytopenia, 
and decreased fibrinogen concentrations suggest that DIG 
may play a role in the pathogenesis of the CNS dis¬ 
ease. 074 - 976 Vascular blockage In the CNS, caused by severe 
sludging of RBCs within brain capillaries, appears to be cen¬ 
tral to the pathogenesis of neurologic disease in Infected 
animals. 977 Studies of Eizbcwi cwis In sheep, In which neuro¬ 
logic disease did not occur, failed to demonstrate RBC 
blockage of brain capillaries.* 78 This further supports the 
belief that CNS vascular pathology Is key to the develop¬ 
ment of neurologic signs in bovine babesiosis. 

BiEfrfjj'iJ encephalitis is a reportable disease in the United 
Stales. Suspect cases should be referred to the appropriate 
state and federal authorities. 
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EHRLICHIA (COWORIA, RJCKETT5JAJ 
RUM1NANTIUM INFECTION 
(HEARTWATER DISEASE) 

II Df/riTil/oiE imrf E'rtcJogy, £Jrrficha"ei rcunfFianliuni Is . : i rick¬ 
ettsial parasite that causes a fata] encephalitis In goals* 
sheep, and cattle, 379 The disease originated in sub-Saharan 
Africa and has spread to cattle in the West Indies (Guade¬ 
loupe, Antigua, and MarieGalante), 960 where it has become 
an economically important tick-borne disease of cattle. 
E. JUFMEfliintijJtJ] is transmitted by AmWjwFmfLi licks."'- M3 
Although a number of AmWyflmmti species have been impli¬ 
cated in the transmission of heartwater disease, the most 
important agents are A. hebraeiwi and A. EuriegtifiJtfL lTte 
intermittent feeding behavior of the tick makes it particu¬ 
larly resistant to treatment with acarlcides. Amfrfywmma ticks 
require three separate blood meals to complete their life 
cycle. The gravid females fall from the host and lay the eggs 
in rotting vegetation, particularly in areas where the hosts 
are bedded for the evening. Recently hatched larvae crawl 
onto foliage and await a host. After their first feed the larvae 
detach, molt Into nymphs, and await a second host. After 
refeeding the nymphs detach and molt into adults. I’he 
adults remain under rotting vegetation until they are acti¬ 
vated by carbon dioxide exhaled by a large mammal. They 
are further attracted to the host by pheromones from male 
ticks that remain permanently attached to she host. Animals 
that do not have male tick infestations are poor attractants 
for nongravid females. Once attached to the proper host, 
the females seek the male, breed, feed, and fall from the 
host when it lies down for the evening. Ticks that feed from 
EM'difa-infected hosts develop ovarian infections and 
transmit the agent to their offspring. This serves to perpetu¬ 
ate the agent over successive seasons. 935 

Many species of vertebrates, including snakes, Iguanas* 
lizards, and birds* are reservoirs for E. nrmj'jidtirj'Efm because 
these animals may serve as the first two hosts for the 
ArnbfytMurrrd lick. 53 * A vector-wildlife cvcle facilitates the sur¬ 
vival of E. nifflj'rrLfREfMffl even when domestic livestock are 
absent from the environment. 935 


EJirficfrid organism resemble those of chlamydia and Include 
elementary, reticulate, and Intermediate bodies, which can 
be differentiated microscopically. 990 Nervous system lesions 
may be caused by permeability changes in the cerebral 
capillaries. Changes In the other soft tissues Include hydro- 
pericardium, hydrothorax, and subcutaneous edema. 979 

Except for Angora goats, which are highly susceptible to 
Ehrilcfrki infection, animals reared In indigenous areas usu¬ 
ally have a high level of Immunity and do not succumb to 
the Infection. >L Animals that survive the initial Infection 
become asymptomatic but remain ricketlsemic for as long 
as 123 days (sheep), 246 days (cattle), and 0 days (goats). 
Calves under 3 weeks of age, lambs under 0 days of age, 
and kids under 6 weeks ot age are inherently resistant to 
E. rujnfnanliujn infection, regardless of the amount of colos¬ 
tra I protection they have received, 992 ' 995 

II Necropsy Findings. Pathologic changes of heartwater dis¬ 
ease Include hydropericardlum, hydroperitoneum, hydro tho¬ 
rax, pulmonary- edema, perirenal edema, hemorrhages In the 
pleura and peritoneum, and hemorrhagic enteritis. Micro¬ 
scopic changes include mlcrog]losis> necrotizing vasculitis 
in the brain, hemorrhage, edema of the neuropil, microcavita- 
llon, and focal necrosis of the granular layer of the cerebel¬ 
lum. In clinical cases the parasite can only be definitively 
diagnosed by biopsy of the cerebral cortex or by collection 
of the cortical tissues at postmortem examination 994 Simple 
techniques for collection of such biopsy specimens have 
been described. 995 -" 7 Squash preparations of she biopsied 
material should be stained w r lth either methyl green pyronlne 
or Giemsa stain before microscopic examination of the tis¬ 
sues. 993 - 99 ^ A cloned DNA probe that identified E. mwij'jidj]- 
fj'jmi DNA has been developed, but the clinical usefulness of 
the test Is unknown. 1000 

Diagnostic tests developed to identify infected livestock 
include an indirect fluorescent antibody [IFA) test using 
infected bovine aortic endothelial cells for Indicators, sev¬ 
eral ELlSAs, and tests using PCR methodology. 1(10 3 4004 of 
these, PCR is the most accurate. 


II C’h'rafctif &i£Pis. Animals xvith the peracute form of 
E. ruminantium Infection die suddenly without premonitory 
signs. The acute form of the disease Is characterized initially 
by fever, anorexia, depression, and respiratory distress. Cya¬ 
nosis also may be noted. Nervous svstem signs, w r hlch may 
appear within a few r days. Include hyperesthesia, snapping 
closure of the eyelids, rapid extension of the tongue, behav¬ 
ioral changes, muscular fasclculations, hypermetria, ataxia, 
conscious proprioceptive deficits, and head pressing. As 
the disease progresses* the animals become recumbent and 
comatose. Convulsions may occur terminally, 'fhese epi¬ 
sodes are characterized bv opisthotonos, nystagmus, chew¬ 
ing movements, and frothing at the mouth. Mild forms of 
the disease are characterized by transient diarrhea, malaise, 
and fever, with no CNS Involvement. The mortality rale In 
sheep ranges from 6% to B0%. Animals that recover are 
immune to reinfection for at least 50 months.™ Losses 
may reach 60% of susceptible cattle and 40% of goats. 
The mortality rate among Angora goats may exceed 90%. 

II Pathophysiology, After inoculation into a ruminant, 
the rickettsial agent infects reticuloendothelial cells and 
proliferates by binary fission tvithin membrane-bound 
vacuoles. 937 - 933 Release of the parasite from degenerating 
macrophages and neutrophils causes successive weaves of 
parasitemia that infect endothelial cells and cause vascull- 
tis.™- 939 in the cell the developmental stages of the 


II lYetitmeiiL The administration of oxytetracycline (6 to 
10 mg^kg IV lw r lce daily for 3 or 4 days) may be beneficial 
for treatment of the early stages of the disease. The Long- 
acting formulation of oxy tetracycline also Is effective, but 
for best results it should be administered as soon as the 
animal becomes febrile. Addition of dimethyl sulfoxide 
(DMSG) to the treatment regimen may be helpful: DM5O 
improved respiratory function in E. rummdntjurn-infected 
sheep, although It reduced their appetites. 1095 Treatment 
usually is futile If the first dose of oxytetracydine is adminis¬ 
tered after the onset of neurologic symptoms. 1006 Despite 
the depository nature of the Long-acting formulation, two 
or more doses 4£ hours apart are needed to achieve a good 
clinical response. Cattle should be re-treated If they develop 
a fever after the first dose has been administered" 1007 Ani¬ 
mals with nervous system signs frequently die despite inten¬ 
sive antibiotic therapy. Angora goats are highly susceptible 
to heartwater disease. In South Africa, Angora producers 
routinely treat all animals every 14 days during the summer 
with oxytelraeycline. Nevertheless, the number of deaths 
caused by heartwater disease is directly related to the num¬ 
ber of antibiotic treatments administered. Animals that 
remain essentially tick free never develop adequate Immu¬ 
nity to the Efrriidfija organism. 

A small degree of lick Infestation and exposure of the 
animals to Low numbers of the agent, combined with judi¬ 
cious oxy tetracycline therapy, would seem to favor the 
development of immunity over time. 1 ™ One method of 



CHAPTER J5 Diseases of the Nervous System 



1019 


immunization uses a controlled infection of a virulent strain 
(Qnderslepoort Ball 3 strain) of the Ehrlichia organism and 
treatment with long-acting oxytetiacycllne (SQQ mg per adult 
goal) at the beginning of clinical disease and 10 days 
Taler. |0M Vaccination with this isolate produces immunity 
against exposure to homologous but not heterologous strains 
or EhrTitfij'fl. 10 L0 - 10 E i More recent strategies have i ncluded vac¬ 
cines utilizing inactivated organisms, live attenuated organ¬ 
isms, and fragments of £. ntmirumtium nucieic acid, but 
none has had great success. 1013-1017 


II PnrMenifGrr mid Control. Control of ticks on cattle pas¬ 
tures Is the most desirable means of controlling heart water 
disease. Complete eradication of the ticks In most regions 
of sub-Saharan Africa Is neither possible nor desirable. Cat¬ 
tle that are reared In areas where Infection is 

endemic develop acquired immunity over lime. In these 
areas the licks should be sufficiently abundant to permit a 
low level of hearnvaler Infections In most cattle, yet not so 
populous as to introduce severe, overwhelming infections. 
Integrated methods for tick control have been recom¬ 
mended. These Include exclusion of wildlife from paddocks, 
artificial induction of host resistance to licks, application of 
insecticidal ear tag£, and conventional acariclde applica¬ 
tion. Application of Insecticides as the sole method of tick 
control has not proved highly effective. Resistance to the 
acarlcides may develop with prolonged use. The dips are 
expensive and frequently are used at Improper concentra¬ 
tions. Moreover, some species are not highly attracted to 
ni min ants unless other ticks are already attached. Treatment 
of these animals would be Ineffective and wasteful. A novel 
osmotic pump loaded with, ivermectin that delivers 60 |tg/ 
kg/day kills AjnMyotfiHui hebraeum and reduces the number 
or fertile eggs shed. Data on the efficacy of the drug under 
field conditions have not been published. 


CEREBRAL THEI LERI ASIS (TURNING 
SICKNESS; DRAAISIEKTE; EAST COAST 
FEVER; CORRIDOR DISEASE; JANUARY 
DISEASE; TROPICAL FEVER) 

Definition and Cerebral theilerlasis is an 

encephalitic disease of cattle caused by the piroplasma para¬ 
sites Theilerto annulate and Thetleria parwc!. 101 ®- 1015 llieikiia- 
sls is seen mainly In Africa [Kenya and Tanganyika) and 
India, where it Is characterized by a high mortality rale 
and is known as East Coast Fever. Theileria Is found 

In Korea and lapan. Theileria mulnns, a parasite of cattle In 
the southwestern United States, is relatively nonpatbo- 
genic. 1020 A mild form of theilerlasis. Locally called "January 
disease,"' occurs in cattle In Mozambique. This condition is 
caused by the subspecies Tfreikrj'ji prima bovis. Corridor dis¬ 
ease Ls caused by Theileria fmrva Lawrence, and Theileria 
dinnutafri is the cause of Mediterranean Coast fever or tropi¬ 
cal thelleriasls. Other species associated w r Llb cerebral Lhei- 
Leriasls Include Tftetferia mutens and Urerterifl hiurotrqgi. 1018 

Fast Coast fever probably originated In buffalo In eastern 
Africa and later spread to cattle. Spread of the disease to 
southern Africa probably occurred through introduction of 
infected cattle from eastern Africa. European breeds of cattle 
(Bos taurus) develop a more severe disease than do compa¬ 
rably infected Indian breeds (Bps mdj'riijJ. Both types 
of cattle appear to be equally susceptible to infection, hut 
differ in their ability to control the course of disease. 3021 
Theileria organisms are transmitted to susceptible cattle 
by the licks Hyalomma anatoheum, Hyalornma lusitanicum , 
and Aflifrtyiffrrmffl foebraerrm. 1022 


TrjpflnMcmLT species manipulate the Immune system 
both to evade destruction and to promulgate infection. Organ¬ 
isms escape (he host immune response by alterLng immune 
system activation so that infected cells avoid recognition 
and destruction. 1023 - 102 3 Clonal expansion of Infected lym¬ 
phocytes Is promoted, and these cells disseminate throughout 
the body. 1026 


II Clinfmf Signs. The clinical signs of Tfwffmti Infections 
Include lymphadenopathy, nasal discharge, lacrimation, 
tachycardia, fever, subcutaneous edema of the face, gangre¬ 
nous dermatitis, sloughing of facial skin, dvspnea, pallor, 
CNS disorder, and emaciation. 1027 The neurofogic syndrome 
Ls characterized by ataxia, hypcrmetrla, conscious propriocep¬ 
tive deficits, depression, head pressing, hyperesthesia, blind¬ 
ness, nystagmus, circling, and aggressiveness. Terminally the 
animals become recumbent and develop opisthotonos, 
tonlc-clonlc seizures, and coma. In rare cases the parasite 
may Localize in the spinal cord. The CMS signs result from vas¬ 
culitis and lymphocytic inflammation of the brain. L02S - 1030 
Clinically recovered animals become persistently infected. 


II Necropsy bindings. The postmortem lesions of theilerlasis 
Include capillary engorgement, scattered punctate hemor¬ 
rhages on the surface of the brain, thrombosis of the meningeal 
vessels, hemonhage in the cerebral ventricles, pulmonary 
edema, peripheral lymphadenopathy, and infarctions of the 
kidney and spleen. The brain of affected animals appears to 
have a yellow hue. 1030 Microscopically, blue cytoplasmic inclu¬ 
sion bodies [Koch's blue bodies) are seen In the Lymphocytes 
ad|acent to the bemonhagjc areas. 

The nervous form of theilerlasis is difficult to diagnose 
definitively because the parasite Ls only sporadically visible 
In sections of nervous tissue from the Infected animals. Para¬ 
sitemia occasionally can be detected by microscopic exami¬ 
nation of blood smears from infected calves. Reliable blood 
tests currently are not available. Biopsy of the cerebral cortex 
has been recommended as a confirmatory test for the disease. 
The CSF of affected animals is normal or has an increased 
protein concentration ranging from 1400 So LZ452mg/dL, 
with normal numbers of white blood cells. 1025 


II Treatment. Parvaquone (Clexon)/ 10 to 20 mg/kg In¬ 
tramuscularly [IM) In two injections 43 hours apart, and 
buparvaquone (Butalex), + at a single dose of 2.5 mg/kg, 
are approximately 90®^ effective for (he treatment of thelkr- 
lasis. l03L Some studies have found buparvaquone to be the 
most effective treatment. I032< 1033 Parvaquone can be com¬ 
bined with furosemlde, which Improves survival of cattle 
that develop pulmonary edema, a common consequence 
of theilerlasis. 3 034 Menoclone (10 mg/kg IV or I Ml also is 
curative. Single doses were effective, but repeating tne treat¬ 
ment daily for 5 days eliminated posttherapeulic recrudes¬ 
cence. 1035 The disease Ls exotic to the United States. 

II Prevention, Prevention of Theileria infection has largely 
been based on the use of live attenuated vaccines, which 
produce a solid, cell-mediated Immunity. 1036 These vaccines 
are used In an 'Infection and treatment 1 " manner, w r hereby 
vaccination must be combined with administration of 
Long-acting tetracyclines. 1037 Recent efforts at vaccine devel¬ 
opment have focused on the creation of subunit vaccines, 
using a variety of Theileria antigens. While promising, more 
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work Is still needed. 1038,011 Use of vaccines,, however, Is 
still not on a large scale. 

The naplhoquinones are ibe preferred chemotherapeutic 
agents In vaccinated animals and include parvaquone, halo- 
funglnone lactate/ and buparvaquone (see Treatment). 

II Control. Tick control is vital. Weekly spraying with cou- 
maphos and insertion of ear lags impregnated with cyper- 
methrin (Decum)’ have been effective for controlling ticks 
and preventing Tfteifm'fl infections in calves in Tanzania. 
The calves became Infected with ftwtieria ptmni by 3 months 
after the tags were removed. Wood ford ]0JJ suggested that 
the intensive lick control could minimize the incidence of 
thelleriasls until the calves could be successfully vaccinated. 
However inadequate or Incorrect application of products 
and tick resistance to chemicals present challenges to effec¬ 
tive tick control. 

CEREBRAL TRYPANOSOMIASIS 
(SLEEPING SICKNESS) 

II Definition, EffoJogy, fjnd Clmfrai Sfgns. Trypanosomla¬ 
sts is a hemoprotozoan disease of African cattle that also 
in fee is the central nervous system (CMS). The disease Is trans¬ 
mitted to cattle by the bite of the tsetse fly [Glassina species). 
The agents that infect cattle include TVyffcinostimii Eiiiwx, Tryptf- 
ncsoma congoicnse, and TrypaTwsomu brucei. An especially 
severe neurologic form of the disease has been caused by 
the inoculation of cattle with T. congpknse, follctved I year 
later by infection with T. bmcei, or by simultaneous Inocula¬ 
tion with the two agents. 1043 The encephalitic signs develop 
2Vi to 5 months after infection and Include ataxia, conscious 
proprioceptive deficits, knuckling, depression,, circling, and 
head pressing. Some animals may show signs of behavioral 
change, lose the herd Instinct and develop hyperesthesia 
and constant repetitive movements. Other signs associated 
with progression of trypanosomiasis are semicoma, coma, 
recumbency, opisthotonos, and Intermittent lonlc-clonic 
convulsions, which occur 2 to 3 days before death. Affected 
animals are emaciated, anemic, and Icteric at death. 1 0Jj 

Experimental infection with trypanosomes causes a 
marked fever (as high as 4G.S ,: C [105* F|). Other common 
nonneurologic signs are anemia, petechiation of the 
mucous membranes, occult fecal blood, melena, and epl- 
staxls. Chronic weight loss without other clinical signs 
may be seen In some animals. Hematologic abnormalities 
include anemia, hypoalbumlnemla, hyperbilirubinemia, 
and Increased plasma concentrations of aspartate transami¬ 
nase and urea nitrogen. 

Acutely Infected animals may develop a thrombocytope¬ 
nia and prolongation of the prothrombin and partial throm¬ 
boplastin times, indicating that DIC may be responsible for 
the vascular changes that occur before death. Ihe anemia Is 
characterized by increased mean corpuscular volume and 
mean corpuscular hemoglobin, -with Increased serum iron 
concentrations early In the infection. I045 ' ltMG One study did 
not demonstrate a change In the concentration of white 
blood cells or protein In the CSF of animals with the enceph¬ 
alitic form of trypanosomiasis. 1 013 However, another study 
showed significant alterations in cattle Infected w r llh T. bm- 
ccif 1047 These Included an increase in total protein (range, 
37 to 44 mg/dL) and pleocytosis (range, 0 to 3060 mononu¬ 
clear cells/pL). The abnormalities in the CSF may be present 
in Infected cattle not currently d I splaying clinical neurologic 


•Terii, Hoeschl, Germany, 
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signs. Antitrypanosomal antibody may be found In the CSF 
ot affected cattle using 1FA tests. 

II Pathology. The pathologic lesions of trypanosomiasis 
are a nonsuppurative encephalomyelitis, serosanguineous 
pericardial fluid, serosal hemorrhages, pulmonary edema, 
centrllobular coagulative necrosis, splenomegaly/necrotiz¬ 
ing myocarditis, and glomerulonephritis. 1DJb Macroscopic 
lesions of the CMS Include subtle thickening and grayish 
discoloration of the meninges. The meningeal vessels are 
congested. Microscopic lesions of the CNS Include mild 
to moderate diffuse meningoencephalitis, plasmacytlc and 
lymphocytic perivascular cuffing, nodular gliosis, and mono¬ 
nuclear choroiditis. I’he pathogenesis of the encephalitis is 
not understood. 

Trypanosomes may be cultured from the blood and CSF 
of infected cattle. 'I’he number of hematogenous parasites is 
highest in animals with a dual infection by T. congoknse and 
T. frruLTJ. The clinical diagnosis of trypanosomiasis may be 
confirmed by Inoculating blood or CSF specimens into lab¬ 
oratory mice and observing the recipients for parasitemia 
with direct darkfleld examination of the patient's blood. 
Identification of motile trypanosomes In the buffy coat 
zone of a microhematocrll capillary lube using darkfield 
illumination apparently Ls the most accurate of all diagnos¬ 
tic methods. Trypanosomes can be differentiated by their 
morphologic features, manner of attachment to erythro¬ 
cytes, and type of motility. I(U ^ Specles-speclflc antibodies 
can be detected In serum using either an antigen-capture 
ELISA or an I FA test In which the column-purified trypano¬ 
som a I antigen is fixed with acetone or formalized saline. 
Titers of 1:200 to 1:2000 w r ere consistent with acute infec¬ 
tion. Ihe test Is not typically used for field diagnosis of try¬ 
panosomiasis. 1030 - 101,1 Infected cattle develop acquired 
resistance to homologous but not heterologous Isolates of 
trypanosomes. 

II 1Yeatment and Cundcrk Of the drug^ available for the 
treatment of trypanosomiasis, Isomelamldium chloride* is 
most often used. Ihe recommended dosage ranges from 
0.25 to I mg/kg 3M; a single dose of 1 mg/kg exerts a protec¬ 
tive effect for up to 6 months. 1(152 The higher dosage [ I mg/ 
kg) was required to obtain increased weight gain and pre¬ 
vent recurrent Infection. Ihe treatment was particularly 
effective when combined with weekly surveillance, followed 
by treatment of confirmed infected animals. 1053 Side effects 
of IsometamidLum Include tachycardia, salivation, lacrima- 
tlon, pollakiuria, muscle fascicu la lions, convulsions, diar¬ 
rhea, and in rare cases, death. The drug apparently does 
not cause abortion In pregnant cows or otherwise affect 
(he calf. l05j 

Other drugs used include suramin sodium/ diminazene 
aeelurate^ (7 mg/kg), qulnapyramine sulfate and homldlum 
chloride* (I mg/kg). These drup provide residual protec¬ 
tion from reinfection for approximately 2 months; however, 
recurrent infection and resistance, especially to diamlna- 
zene, have been reported. 1055 - 1058 Combinations of these 
drugs (e.g„ diaminazene follotved by isometamldlum) 
reduce the number of resistance-related therapeutic failures. 
Relapses also undoubtedly occur because many of the che- 
moprophylactic drugs are unable to penetrate the blood- 
brain barrier In sufficient concentrations to eliminate the 
parasite in the CMS tissues. 


'Samorin, May £ Baker; TrypamidLum r Specia. 

’Nagano], Bayer Ag Division, Animal Health, Shawnee Mission, KS. 
'Berenil, Hoesctit, Germany. 
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Because of the variable responses lo treatment and the 
ability of DypflMostmiii organisms to develop drug resistance, 
all control programs must include methods of con trailing 
die tsetse By. 1057 Current recommendations for fly control 
include application of Insecticides with residual pyre¬ 
throws. Several methods of pyrethroid application have 
been Investigated, Including Inclusion In a visual baited 
target (dellamelhrin) 3057 or application of a pyrethroid 
pour-on formulation (Baytlcol pour on. 1ft mL/lt>0 kg}.* 
Both methods have been highly effective for reducing the 
tsetse By population and trypanosome In feci Lon rates. Ani¬ 
mals can he dipped In Dellamethrin dip every 2 weeks. 
A single application of the chemical has residual activity 
for as long as 52 days; henvever, to ensure maximum kill¬ 
ing., application every 14 days Is recommended. Because 
the tsetse fly prefers to feed trom the ventral torso or the 
Legs, insecticide-impregnated ear tags have been ineffective 
for preventing Infection. 1060 Other fly control methods 
include aerial spraying with endosulfan, ground-based 
spraying with 4% dlchlorodtphenyltrlchloroeuiane (DDT), 
or use of scented Insecticidal traps. 1050 However, cost and 
e n vi ronm e ntal concerns have 1 s m i ted th e useful ness of t hese 
techniques. 

Selection of resistant Lines of cattle Is possible. The taurine 
JM'Dama and West African shorthorn breeds have innate 
resistance to irypanosom Las Is and are the sole breeds of cattle 
In a teas o I" tsetse fly range. 1 Dii 1 Res Istan L b reeds o f small rumi¬ 
nants include the Dfallonke, Red MaasaS, Blackhead Persian, 
and East African sheep and goats. LWi2 Imported breeds of live¬ 
stock usually cannot be maintained, even In areas of low tsetse 
fly risk,, without Intensive drug therapy. 3001 

POLIOENCEPHALOMALACIA 
(CEREBROCORTICAL NECROSIS) 

ojjujs-Jurju-H M 

cur LOKt-MAU.l n 

UANM f'ULH.L} 

Definition and etiology. Polioencephalomalacia (PEiM) 
is a common and Important neurologic disease of rumi¬ 
nants 1 ® 54 - 1 ^ 5 with a worldwide distribution. An animal 
with clinical manifestations of PE.Vi often is referred to as 
having "polio'" or being a ‘"sleeper''' or "bralner."' 

Pofloencephalomalacla Is a descriptive term for histologic 
lesions 106 1066 that may arise Bom a variety of etiologies. Liter¬ 
ally, the name means softening or necrosis (malaria) of regions 
of the gray matter (polio) of the brain (encephalo). Thus a 
definitive "diagnosis of PEM requires appropriate histologic 
examination of brain tissue. The possible etiologies of PEM 
includejbut are not limited to) excessive sulfur consump¬ 
tion, ^7. jum presumably manifested through elevated ruminal 
sulfide production: 11170 - 5073 altered thiamine metabolism: 3rt72 
so-called salt poisoning or water deprivation; 1071 amprolium 
administration: 10741076 the molasses-urea diet: 1077 and lead 
Intoxication. lft7a 

Cftirjatf Signs, PEM appears to manifest both subacutely 
and acutely. l064 - 1073 In the subacute form, signs may 
develop within hours or over several days. In the early 
stages of the disease, the affected animals detach from the 
herd or flock, become anorectic, and stagger. They often 
appear blind, walk with the head held erect, and demon¬ 
strate a slight bypermetrie gait. Occasionally, affected ani¬ 
mals are excisable and charge around their enclosure, 
which may present a significant hazard to the veterinarian 
and animal handlers. Other early signs of PllM can include 
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diarrhea, hyperesthesia, and muscle tremors, which are 
most obviously observed as ear flicking or facial twitching. 
Progression of the condition is associated with cortical 
blindness, bead pressing, opisthotonos, dorsomedial strabis¬ 
mus. miosis, repetitive chewing, profuse ptyallsm. and 
odontoprisis l0t4 - 1Ofia - LO79L 3 2 (Tigs. 35-10 and 35-11). Despite 
the defective menace response, the animals usually have normal 
palpebral reflexes. Affected animals may also develop a variable 
nystagmus, strabismus (Fig. 35-12), and head tilt. 'Ihe rectal 
temperature Is normal unless excessive muscular fasci- 
cuI aliens have developed. The pulse and respiratory rates 
are usually Increased. An odor of hydrogen sulfide may be 
detected on the breath if the PEM is associated with excessive 
sulfur consumption. 

Although most of these animals respond favorably to 
aggressive therapeutic intervention, clinical signs may pro¬ 
gress to recumbency, tonic-clonic convulsions., and death. 
In facilities with certain types of fencing,, such as cables, 
affected animals may push or press with such force that they 
die of asphyxiation. 
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In the acute form of PllM, animals are found recumbent 
and comatose. 1064 - 31)71 These animals often experience epi¬ 
sodic tonic-clonic convulsions, and they remain recumbent 
and hypertonic between seizures. The prognosis Is poor for 
acuteEy affected animals or those with advanced subacute 
manifestations. SutvIvoes may remain Irreversibly decorti¬ 
cated and are culled because of poor performance, chronic 
anorexia and ataxia, or blindness. However, mildly affected 
animals may remain as productive members of the herd. 

Because the clinical manifestations of PEM maybe subtle 
and nonspecific, they can be confused with other disorders. 
PEM often is temporarily associated with lactic acidosis that 
develops after con sumption of excessive amounts of readily 
fermentable carbohydrates. Animals with lactic acidosis 
may appear ataxic and obtunded in addition to having a 
foul-smelling, watery stool and a distended, flu Id-filled 
rumen. Concurrent PEM may not be diagnosed, or produ¬ 
cers may confuse PEM for ladle acidosis or primary ruminal 
tympany in acutely affected animals that have remained lat¬ 
erally recumbent for some time. 

The major differential diagnoses for PEM include entero- 
toxemia type D [focal symmetric encephalomalacla form), 
Haemophffuj meningoencephalitis (thrombotic meningoen¬ 
cephalitis), cocctdtosls with nervous system Involvement, 
listeric meningoencephalitis, vitamin A deficiency, ethylene 
glycol poisontng, locoism, rabies, and infectious bovine rbl- 
nolracneltls encephalitis (calves only). 

ClfrarctrJ PulJioIogy, Although a definitive diagnosis 
depends ot3 histologic confirmation, a presumptive diagno¬ 
sis may he made antemortem based on the history and clin¬ 
ical signs or on a definitive diagnosis In herd mates of 
affected animals. If a diagnosis of PEM is made, either pre¬ 
sumptive or definitive, attention should be focused on iden¬ 
tifying the likely causes so thal exposure of herdinates to 
etiologlc agents can be mitigated or eliminated. The Investi¬ 
gation may proceed at the animal, herd, and environmental 
level lo identify evidence supportive of sulfide toxicity, thia¬ 
mine deficiency, lead toxicity, or water deprivation-salt 
toxicosis. 


Sulfide concentrations In the ruminal fluid and gas cap 
in experimentally induced sulfur-associated PEM have 
been shown to be high. jCl|iJ ' JD65 However, unpublished data 
supported a finding of a decrease In gas cap sulfide eon- 
centralions in naturally developing PEM associated with 
increased sulfur consumption. LWi4 ‘['his probably is caused 
by the rapid metabolism of sulfate to sulfide In the rumen 
and resultant absorption or eructation of hydrogen sulfide 
(H^S). Animals with naturally developing PEM are likely 
to have been anorectic for some lime, resulting in a decrease 
in oxidized and reduced forms of ruminal sulfur. 

Estimation of ihe rumen gas cap hhS concentration in clin¬ 
ically healthy penmates of affected cattle is an effective cbule- 
slde diagnostic procedure that can indicate excessive sulfur 
consumption. IDTi This method provides real-time results 
that may aid direction of further animal and environmental 
Investigations. In short, an area in the left para! urn bar fossa 
is prepared for rumlnocentesls. An 18-gauge, 31/i-inch spinal 
needLe is inserted through she body wall and into the rumen 
gas cap. A modified gas sampler is attached lo the spinal nee¬ 
dle by means of an extension set, and a known amount of gas 
is drawn through an HjS detector tube. 11 -' 1 ™ U Is Important 
to adjust the values to account for any dead space of the 
sampling instrument, such as the extension set and other 
modifications. IbS concentrations greater than 1000 ppm 
a rc i nd Icative of excessive su I fur consu mpl Lon. 1 ^ 5 

Appropriate blood samples may be analyzed for Lead con¬ 
centration and possibly estimation of thiamine status. Thia¬ 
mine status generally Is evaluated using one of several 
available methods, including determining the total blood thi¬ 
amine concentration using a thiamine-dependent Irtdafcutf- 
fus btoassay. lDflf ’ The erythrocyte thiamine pyrophosphate 
concentration maybe measured by high-performance liquid 
chromatography (HPLC). tM7 The value of estimating all 
phosphorylation forms of thiamine (free, diphosphate, and 
triphosphate) is questionable. Table 35-9 shows the reference 
ranges for Lbe total thiamine concentration in normal and 
affected cattle. 

Another method of evaluating thiamine status is deter¬ 
mining erythrocyte transketolase activity. This is a sensitive 
and specific measurement of active thiamine status. 1 ® 3 
Transketolase catalyzes the reaction between xylulose-5- IP 
and ribose-5-P lo form sedohepluLose-7-P and 3-pbospho- 
glyceraldehyde In the pentose phosphate pathway. Normal 
mean transketolase activity has been reported lo range from 
0.301 to 23 mmol pentose/hr/10 fl RBCs [mean, 0.732). 
Transketolase assays often are reported as the mean thia¬ 
mine pyrophosphate effect (Table 35-10]. This test com¬ 
pares tKe specific activity Ln the active (holoenzyme) and 
inactive (apoenzyme) forms with the activity of the two 
forms after addition of thiamine to the homogenates. A 
large increase in specific transketolase activity after addition 
of the thiamine pyrophosphate suggests thiamine defi¬ 
ciency. Theoretically, in animals with thiamine-associated 
PEM, the concentration of holoenzvme Is decreased, and 
that of [be apoenzyme is increased. Thiaminase may be 
delected In the rumen and feces of affected animals, but 
the value of this assay is questionable.nJ7Tiua7.ujsg.mgu |f 
Lb famine deficiency is identified in an affected animal, cau¬ 
tion should be used in interpreting the results because a 
period of anorexia may result Ln a decrease in ruminal de 
novo synthesis; L0!J * L no I thus, affected animals may have a 
thiamine deficiency that develops secondary to PEM. 

Changes Ln CSE of affected animals usually are vague. They 
include mild pleocytosis (5 to 50 WBCs/di.) with vacuolation 
and Increased proteLn concentrations (>50 mj^dL). 1072 > 10,93 

Electrophyslologlc studies of affected animals show a nor¬ 
mal latency and decreased amplitude of the late peaks of the 
vlsual-evofted potentials. These changes reflect a decreased 
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Mean Concentration of Thiamine In Tissues’ 4 '] 95 % Confidence Intervals In Clinically Normal Cattle and Sheep 
and In Patients with Polioencephalomaiacia 


Tissue 

Species 

Normal 

Folloercephalomalaicia | 

Liver, wet 

Cat lie 

2.6 i ± 0.515 

0.613 ± 0.L02 


Sheep 

2.07 ± _0-l74 

0.421 ±l}.06 

Liver, dry 

Cattle 

11.1 ±2.11 

2.51 ± 0.429 


Sheep 

7.14 ± t.73 

1.42 ± 0. 197 

Heart, wet 

Cattle 

2.6 1 ± 0.46 

0 .543 ± o.ua 


Sheep 

3.1 ± 0.432 

0.591 ± 0.053 

Mean, dry 

Cattle 

13.tS ± 2.12 

2.45 ± 0.559 


Sheep 

13.5 ± 1.75 

2.44 ± 0.4 [6 

Brain, wet 

Cattle 

1.4 ±0.21 a 

0.301 ± 0.06 i 


Sbe^p 

Mi ± O.IOI 

0 592 ±0111 

Brain, dry 

Cattle 

7.fi7 ± 1.5.2 

ia ±0 TGfi 


Sheep 

5-fit ± 0.566 

3.22 ± 0.556 


I'rom Edwin IlL et nl: Di.iyjiunnx- aippcta ul reccbrdeurtbcjE ntTruaL^ V#>j Jin, - LLU:4. 1 'J j ’>. 
■ Valuta ^ivt'ci in |jg,'[j’ (ppm.) 


TABLE 15-ID 

Mean {and 95% Confidence Range) Values of Erythrocyte 
Transketolase as Percentage of Thiamine Pyrophosphate 
Effect In Erythrocytes of Normal Cattle and Sheep 
and In Patients with Potioencephalomaiacia 


Species 

Normal (%) 

:>] iocncepha Lam a 1 ac 

la (%) j 

Cattle 

15 

172 



!_£2=114). 

(J2.0-2473 


Sheep 

23 

122 



£12-41) 

(56-156) 



l-Kitci Ldwin 111: «t jiI: I }ijy.]LUKl.K .ixpccih rcrebracu-Tlk.il ncivciiis. Vrf (tec 
im:J, 1975. 

population of neurons capable of responding to the photic 
stimulation. 11 ™ Electroencephalograpnic (EEC) changes In 
•some animals Include constant high amplitude (50 to 
GO mV) and slow activity (3 to 4 Hz). Another change ts diffuse 
lowered activity, whichconsistent with diffuse necrosis. JQM 
Environmental, Investigations should include evaluation 
of all practical feed and water sources for sit]fur concentra¬ 
tions or the possibility of lead contamination. The diet 
should also be checked for molasses and urea content. 


' Pathogenesis. The fundamental lesion with PEM appears 
to be neuronal edema with secondary compartment syn¬ 
drome. In most cases the edema is postulated to result from 
adenosine triphosphate (ATP) depletion and insufficient 
function of the sodium-potassium pump. With salt Intoxi¬ 
cation, aberrant accumulation of Intraneuronal osmolar 
substances, followed by mass movemen t of water Into neu¬ 
rons, offers a different pathway to cerebral edema. In either 
case, the bony calvarium limits expansion, and neuronal 
swelling leads to pressure necrosis. Additional neuronal dys¬ 
function Independent of edema and compartment syn¬ 
drome cannot be ruled out. 

The brain Is susceptible to PEM because of Its high 
energy and oxygen requirements. Brain tissue is only about 
2% of body weight hut accounts for 20% to 30% of body 
glucose utilization and 20% of oxygen utilization In 
adults. l0M More than 85% of glucose used by the brain is 
energy substrate, and the blood-brain barrier prohibits the 
switching to many alternate energy substrates. Compared 
with liver or muscle, the brain has relatively small glycogen 


stores, only about a 10-minute supply. It is entirely depen¬ 
dent on circulating oxygen, and under normal conditions, 
the extracellular fluid contains approximately 100 times as 
much glucose as the oxygen required for complete aerobic 
glycolysis. Thus, oxygen delivery or utilization Is much 
more rate limiting for ATT production tinder most circum¬ 
stances than glucose availability, l03 -' and factors that Inhibit 
oxygen utilization {e.g., H 3 5, lead) could have profound 
effects on neuronal ATP production. 

One intriguing but controversial theory on cerebral 
energy metabolism could further explain the high neuronal 
susceptibility to ATP depletion. By this theory, glucose is 
reduced anaerobically to lactate in astrocytes. I09a Jhls lac¬ 
tate diffuses Into neurons, which are then absolutely depen¬ 
dent on aerobic glycolysis for ATP production. Even if this 
theory’ Is false, it Is unlikely shat anaerobic glycolysis alone 
could meet neuronal ATP needs. 

Much of the early work on PEM focused on the Impor¬ 
tance of thiamine (vitamin D|. thiamin, aneurlnj. Tn adult 
ruminants, thiamine Is produced by rumen microbes at a 
rate that is marginally faster than the rate of consumption.; 
very little is stored.. 10 ^ Prerumlnants depend on dietary thi¬ 
amine. Thiamine compounds play several important roles In 
thegjycolytlc pathways Thiamine pyrophosphate (thiamine 
diphosphate) Is an important coenzyme for transketolase, 
the rate-limiting enzyme in the hexose monophosphate 
pathway (pentose phosphate shunt) of glycolysis, and the 
a-ketoacld dehydrogenases of the Krebs cycle. The role of thi¬ 
amine In the hexose monophosphate pathway was long 
thought to be key in the development of FEM r but this path¬ 
way actually accounts for less than 3% of cerebral glycoly¬ 
sis. 1 ]DD ll Is unlikely thal impairment of this pathway alone 
could lead to such severe disease. llow r ever, decreased func¬ 
tion of the Krebs acid cycle through inactivity of the i-ketoa- 
cld dehydrogenases could probably cause the necessary 
reduction in ATT production. Thiamine triphosphate may 
also play a ro le In neuronal function Independent of Its enzy¬ 
matic function. 

The dependence of ruminants on microbial thiamine 
production has lead to investigation of factors thal might 
decrease production, absorption, or function. The mechan¬ 
isms proposed Include ruminal production of bacterial 
thiaminases, production or ingestion of inactive thiamine 
analogs, ingestion of preformed plant thiaminases, de¬ 
creased Intake of preformed thiamine by prerumlnants, 
Impaired absorption or phosphorylation of thiamine by 
rumen bacteria, increased fecal excretion of thiamine, ancl 
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decreased ruminal production of thiamine diphosphate. 
The most frequently reported inactive thiamine analog Is 
amproilum. 30, J - 1076 Two types of bacterial thiaminases 
have been described. Thiaminase I r which Is produced by 
BadUus thiaminoiyttats or Ctaslridrufli sporo^nea, 1,01 cata¬ 
lyzes the cleavage of thiamine at the methylene bridge 
between the pyrimidinyl and the thlazole ring. A basic 
cosubstrate Is required Co combine with the pyrimldinyl 
derivative to form a new compound 1 ]Q1 (Fie. 35-13], Many 
common feedlot medications, including benzimidazoles, 
ievamisole* and promazines,, appear to be able to serve as 
this cosubstrale. 

Several plants also appear to make a thiaminase simi¬ 
lar to thiaminase [. These include bracken fern fPlerifflHffl 
triftcj'/iRii???) 1 ID;1 - 1104 horsetail fEfltfijtffjjm dmense)* 1 JOj and 
Nardoo fern fMars/Jai dmmtti&ndj'fJ, 1105 Of these, only the 
Australian Nardoo fern has been strongly linked to'out¬ 
breaks of PEM. ’fhlaminase II Is produced by BunUus ^fiejjr- 
jTiotyfj'rjjj, which proliferates In response to"excessive grain 
intake. 1106 The enzyme catalyzes the hydrolysis of the meth¬ 
ylene bridge between cbe two ring structures of the thiamine 


molecule. The specific relationship of this thiaminase to the 
clinical syndrome of PEM as seen In the field is unclear. 

Complete correlation has not been established among 
production of ruminal and fecal thiaminase, tissue and 
plasma concentration of thiamine, and development of 
clinical encephalopathy. LDa? - 1107 Some affected animals 
may show normal amounts of thiamine in the plasma but 
have greatly decreased levels in the erythrocytes and other 
tissues, supporting the diversity of causes of PEM. L l0S 

Dietary sulfur and sulfates are an important factor in the 
development of many cases of ruminant PEM. Beef cattle 
require 0.15% to 0.20% sulfur on a diy matter basis. 111 ™ 
Sources of sulfur Include elemental sulfur, 1067 feed addi¬ 
tives such as gypsum and ammonium sulfate, lMa - 1110 feed- 
stuffs such as corn-processing by-products* 1 ] ® cruciferous 
crops, ini ' 1113 molasses* 1077 and fertilizers. Water can be 
an Important contributor to sulfur Intake, usually in the 
form of sulfates. 1 D70 - 111316 14 

I’hereare two primary metabolic pathways of sulfur in the 
rumen. lLl4 - jn,> The flssimrkitoFy fKtouwiy Involves reduction 
of sulfate to sulfides and Incorporation Into sulfur-containing 
organic compounds such as cysteine and methionine. 3111 ' 
These are ultimately incorporate Into microbial crude pro¬ 
tein. TbedtssMlaeorypdriiiMiy Is an energy-producing pathway 
in which microorganisms use sulfate as a terminal electron 
acceptor, similar to how mammals use oxygen. 1130 Itie end 
product is liberated sulfide Ion. At a ruminal pi l of 5.2, 
97.2% of sulfide ions are In (he form of E l 2 S and move freely 
to the rumen gas cap. 1 Jl6 - 1131 H 2 S Is readily absorbed and 
transported to the liver and oxidized to sulfate. 1121 - 1132 
Some HjS may be lost through eructation, 3 1121 but the 
significance of this route has been questioned. 1133 Excess 
sulfur is excreted in the urine and large intestine 1124 ' 1135 
or recycled to the rumen. 1135 - 1127 A period of adaptation 
is required for maximum 1 h5 production after exposure to 
sulfur. IJ1 ^ 1134 ' 1 L37 - 1130 

Because sulfur and sulfate demonstrate low cellular toxicity, 
it is unlikely that sulfur-associated PEM results from a sulfate 
or sulfur toxicity. How r ever* sulfides are highly toxic. 1110 - 1132 
Sulfur-assoclatecl PEM Is more likelv to occur secondary to 
a sulfide toxicity. LD6? - 1B71 - 1083 

It has been proposed that the pathogenesis of sulfur- 
induced PEM involves Inhibition of cytochrome-r oxidase, 
an enzyme in the electron transport chain; this chain is 
important for regenerating the Intermediaries of aerobic gly¬ 
colysis and the final round of AIT production. With oxygen 
availability already limiting aerobic glycolysis in the brain, 
inhibiting the electron transport chain could have a pro¬ 
found effect on neuronal ATP production. 

For highly toxic sulfide to reach the brain* it must escape 
hepatic oxidation. This might be achieved by two mechan¬ 
isms. A surge in ruminal sulfide generation usually follows 
a period ofadaptatlon to high-sulfur diets. This may over¬ 
whelm the hepatic detoxification capacity. As an alternative 
possibility* cattle Inhale the ma|orlty of eructated ruminal 
gas. 1121 These inhaled gases can contain high amounts of 
H 2 S, and if absorbed via the pulmonary route, the EhS 
would completely bypass the hepatic circulation. However, 
this concept has been questioned. 1134 

In feedlot cattle, a summer peak In PEM cases was asso¬ 
ciated with consumption of water containing 2500 mg/L 
of sulfate. 10710 The total sulfur intake of these steers was esti¬ 
mated to be 0.G% on a dry matter basis during the hottest 
days of the year. Most PEM cases occurred between 15 and 
35 days after arrival In this feedlot. In another Investigation, 
11% of weaners consuming a diet containing 0.9% sulfur 
on a dry matter basis developed clinical manifestations of 
PEM. 1071 Lesions were confirmed In one steer dial died. 
Addition of gypsum {calcium sulfate) to feeder steer rations 
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at a final concentration more than 2% organic sulfate 
results In a significantly greater risk of developing PEM. 
Ihe addition of sodium sulfate (0.6% to 0.8%) (o diets 
may induce PEM within II davs_ ]DB2 ' ,Lia - Ll35 - Lllfi High 
sulftir concentrations In well water In combination with 
accumulation In forage has been traced to an outbreak of 
PEM In Canada. ]DTL One survey described an outbreak 
of cerebrocortlcal necrosis In cattle eating diets containing 
7200 mg/kg of sodium sulfate. 11 14 

'Ihe recommended maximum tolerance level of sulfur is 
0.4% of dry matter intake. 1109 Other effects of excessive sul¬ 
fur intake are decreases in feed Intake and weight gains. 
Accurate diagnosis of sulfur toxicity requires measurement 
of sulfur In all food and water sources. Sulfur from water 
must be Included when calculating total sulfur Intake. One 
third of the molecular weight of sulfate Is sulfur. Therefore, if 
an animal drinks 30 L of water a day containing 2000 mg/L 
of sulfate, this contributes 60,000 mg of sulfate, or 20 g of 
sulfur. Furthermore if this animal consumes an average of 

10 kg of dry matter daily at 0.15% sulfur,, the feed or forage 
contributes 15 g of sulfur, making the total sulfur Intake 
35 g. or 0.35% on a diy matter basis. Water therefore may 
be a substantial source of sulfur. 

Some have suggested that sulfides result In thiamine 
destruction, thereby directly Implicating a thiamine defi¬ 
ciency In the pathogenesis of sulfur-associated PEM. Rumen 
thiamine production was slightly reduced by the Inclusion 
of excessive sulfur in the ration . LIJ7 However, the authors 
deemed the reduction clinically insignificant. Apparently, 
sulfur-associated PEM occurs independent of thiamine 
status. 

PEM induced by feeding of molasses and urea is thought 
to be related to the high sulfur content of the molasses and 
to the depletion of propionate and other glucogenic precur¬ 
sors Induced by the foodstuff. 1077 it is not considered to be 
caused by an underlying thiamine destruction. The tissue 
thiamine concentrations of animals with molasses-related 
PEM are normal, 1IJB and signs are preventable by concomi¬ 
tant feeding of glycerol, which Is converted to glucose In the 
rumen. Outbreaks of PEM in range cattle have been asso¬ 
ciated with Ingestion of the plant MjcJielt SGCpurifl. 11 ^ 1 ^ 0 
The pathogenesis of this condition is unknown; how r ever, 
some have suggested that the plant has the capacity to accu¬ 
mulate sulfur In the forage. 1 ” 4 

Some cases of PEM cannot be linked to either problems 
with thiamine or sulfur toxicosis. Other compounds, such 
as Lead, affect electron transport In a manner similar to sul¬ 
fides and therefore also impair ATP production. Water 
intoxication creates a similar histologic lesion, but the patho¬ 
genesis of edema relates more to the generation of osmotic 
compounds and fluid shifts with rapid fluctuations of blood 
and neuronal osmolality. 

11 Epidemiology, PEM has a worldwide distribution. The 
condition is seen both in Individuals and as herd outbreaks. 
In one instance, approximately 2000 of 2200 sheep grazing 
w r ere clinically affected with PEM . 3067 No predilection by 
gender or breed is seen, although anecdotal reports suggest 
that heifers are less likely to develop PEM than steers In a 
feedlot environment. Ttie condition affects cattle, sheep, 
goats, deer, camels, and camelids. lMa - L074 - 1 IJJ - M44 Although 
PEM is seen predominantly in animals that eat a hlgb- 
concentrate supplement, the condition also can occur In 
unsupplemented animals on pasture. Itie Inciting cause of 
PEM can be Identified in some cases. 

One report from the United Stales Indicated a predomi¬ 
nance of cases in the summer in range cattle. Ihe age 
range for susceptibility to PEM has been reported as 3 weeks 


to 5 years In sheep, 3 w r eeks to S years In cattle, and 2 months 
to 2 '/j years in goats. The peak age of incidence Is 18 months 
or younger In cattle and sheep, but this depends on the pro¬ 
duction system. I0 *A 107] - 1145 The Incidence of PEM has been 
reported as high as 90% in some sheep flocks, with mortality 
of 1% to 10%. 1067 Ihe incidence of PEM Ls high In sheep 
exported by sea from Australia to the Middle East. In these 
cases the underlying disturbance was thought to be asso¬ 
ciated with a thiamine deficiency caused by a lack of rumen 
synthesis secondary to the shipboard conditions. 1I4fi 

II Necropsy bindings, In cases of sulfur-associated PEM, 
rumen contents may have an odor of] bS. In other cases there 
may be evidence of grain overload, coccidlosis, or respiratory 
disease. Some of these lesions relate to management condi¬ 
tions, but may also relate directly or Indirectly to PEM. The 
macroscopic pathologic brain lesions of PEM Include cortical 
swelling, softening, flattening, and yellowish discoloration of 
the gyrl. Necrotic areas of the cerebral cortex, auto fluoresce 
under ultraviolet iLght (365 noi]. ll4? - ll4il Severe cases show 
herniation of the cerebellum through ihe foramen magnum 
o r the occ I pita I cortex under th e tento rl u m cerebel I i. A n Lmals 
necropsled months after recovery may show cerebral atrophy 
and submenLngeal cortical cysts. The ma|or microscopic 
lesion Ls a diffuse laminar necrosis. Other changes include 
Intracellular and intercellular edema, neuronal necrosis, 
gliosis, and neuronophagia. ]D&G, JD&D 

II Treatment and I*rognosis< Regardless of the underlying 
cause, animals w r Uh the subacute form of PEM often respond 
favorably to parenteral administration of thiamine hydro¬ 
chloride. These animals may remain blind and may have 
depressed sensorium for weeks or months. 1149 Thiamine 
should be administered at 10 to 20 mg/kg IM or subcutane¬ 
ously (SC) three times dally. In severe cases, IV administra¬ 
tion of the first dose might be warranted, if given IV, 
thiamine should be diluted in 5% dextrose or other isotonic 
fluid and administered slowly to avoid adverse reactions. If 
no Improvement occurs initially, the treatment should be 
continued for at least 3 days. In some patients, recovery 
may take as long as 7 days, but most patients show Improve¬ 
ment by 24 hours. A single administration of sodium dexa- 
methasone at I to 2 mg/kg IM or IV or I g/kg of mannitol 
In a 20% solution IV may be beneficial in reducing cerebral 
edema. Anecdotal reports Indicate that feedlot animals that 
have recovered from PEM are at increased risk of respiratory 
disease; therefore, prophylactic antimicrobial administration 
may be indicated. Convulsions may be controlled with pbe- 
nobarhllal, pentobarbital, or diazepam. Specific dosing regi¬ 
mens are listed In Tables 35-7 and 35-8. 

Animals with the acute form of PEM usually have more 
severe cortical and deep gray matter Lesions than animals 
with ihe subacute form.™ 7 * These animals generally do 
not respond to therapeutic regimens. Ruminants with PEM 
secondary to the molasses-urea diet do not appear to 
respond to treatment with thiamine. They may respond 
more favorably to parenteral administration of glucose or 
enteral or parenteral administration of a glucose precursor. 

II Prevention and Control. Itiiamlne supplementation 
may not prevent outbreaks of PEM. Ultimately, the best 
way to prevent outbreaks is to manage the dietary 1 intakes 
of susceptible animals appropriately. RumLnanls should be 
allowed an adequate period of adaptation to high-concen- 
trate rations. All feedstuffs and water sources should be care¬ 
fill lv analyzed on a routine basis with an estimate of total 
sulfur intake. If excess sulfur consumption is a factor, steps 
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should be taken Eo remove sources such a-s high-sulfur hay., 
ammonium sulfate, and molasses. If the excess sulfur intake 
is unavoidable, steps can be taken to limit its effects. Older 
members of the cow herd could be used to graze the high- 
sulfur pastures, and younger, more .susceptible animals 
could be kept to lower-sulfur pastures or given hay supple¬ 
mentation. Personnel should be trained so that animals 
with PEM can be Identified early in the disease and treated 
appropriately. 

Thiamine may be supplemented {3 Jo 10 mg/kg of feed) 
in rations in which the concert trate/fibcr ratio is nigh, but 
this has little or no effect In preventing PEM. Other recom¬ 
mendations for preventing PEM include addition of 
brewer's yeast Lo the ration and gradual adaptation of rumi¬ 
nants (at least 2 weeks) to high-concentrate diets. If present 
as a feed-limiting additive, gypsum should be removed 
from the diet. Elimination of supplementation and rotation 
of pastures have been sufficient for controlling some out¬ 
breaks. ]N5 Supplementation with cobalt In trace-mineral 
salt mixes may be necessary in deficient areas. 

THIAMINE DEFICIENCY OF HORSES 

Horses may develop thiamine deficiency when fed diets that 
contain thiamin ases. Common sources of ihiaminases are 
bracken fern (Pteridhim aquilinum), horsetails (Equisetum 
ante.me), and amprollum (400 lo 800 mg/kg). The clinical 
signs of thiamine deficiency are ataxia, conscious proprio¬ 
ceptive deficits, heart block, bradycardia, blindness, weight 
loss, dysuria, hypothermia of the extremities, and periodic 
muscular fascLculalions. Terminally, affected horses develop 
convulsions. Electrolyte changes Include hyperkalemia, 
hyperphosphatemia, hyperglycemia, and decreased glucose 
tolerance. Parenteral thiamine is effective treatment, itso,li5.i 


SALT POISONING 

Definition find Etiology. Salt poisoning is a common 
CN5 disease of livestock. Salt-rich solutions Ingested over 
time can cause production-related losses and even death. 
Ingestion of water containing more than 7OQ0 mg/L of total 
dissolved salts is likely to result in acute salt poisoning 1152 - 1353 
Water that contains less than 3000 mg/Lof total dissolved salts 
is considered safe for consumption. Salt poisoning can 
be associated with water deprivation. 1152 ' 31155 Provided 
that access lo free water ts constantly available, animals 
may tolerate as much as 13% dietary salt intake. 115fl 
The total dietary salt concentration should never exceed 
4%, 

The acute toxic dose of oral sodium chloride (NaCl) For 
cattle and horses has been reported as approximately 
2.2 g/kg body weight and for sheep about g/kg. 1 Wish 
water restriction, (no toxic dose ot sail is considerably less, 
and poisonings have resulted from Ingestion of 0.5% MaCl 
in water-restricted cattle. 3J57 Chronic toxicity can occur 
at lower dietary salt levels than acute toxicity. Ingestion 
of water with salt concentrations above 1% uniformly 
results In toxicosis if no other source of ton-free water is 
provided. 3 '“-I' 5* 

Ingestion of water containing 0.7% salt lowers ihe fertility 
of females,' 153 and water containing 0.25% salt suppresses 
milk production In cattle. 1 Dairy calves have been poi¬ 
soned by dally feeding of 4 L of milk replacer containing 
2.6% NaCL J 1(1: Animals are most susceptible to salt poison¬ 
ing during the summer because of the Increased insensitive 
loss ofw r aler at that time. Salt poisoning In ruminants Is most 
frequently a syndrome of 'Vater Intoxication": a period of 
restricted access to low-salt water, followed by unrestricted 
access to water. 1152 3 1541155 


II Clinical Rapid Ingestion of large amounts of salt 

causes gastrointestinal and neurologic signs . 315a ' li6L - 1166 
These Include mucohemorrhaglc diarrhea and colic, bead- 
neck extension ("star gazing 1 "), blindness, aggressiveness, 
hyperexcltabtllty, psycbomotor seizures (paddling and loss 
of consciousness), vocalization, ataxia, proprioceptive defi¬ 
cits. head pressing, constant chewing movements, nystag¬ 
mus, muscle twitching and coma. Death occurs as a result 
of respiratory failure. Before the onset of neurologic signs, 
cattle with chronic salt toxicosis may appear to be depressed 
and dehydrated. Table 25-1J summarizes the spectrum of 
clinical effects associated with different levels of salt intake. 

Excessive salt intake also may interfere with productivity 
In the absence of acute neurologic signs. In one study, cattle 
were given either tap water (196 ppm of dissolved salts) or 
saline [2500 ppm NaCl), and Ineir milk production was 
measured. 1160 Cotvs given tap water had a greater fluid 
intake and a significantly greater laclalionar persistence 
and daily milk production than did cows given saline. The 
serum concentrations of sodium and potassium were nor¬ 
mal in the animals fed saline. 

The clinical diagnosis of salt poisoning depends on 
the demonstration of exposure to toxic concentrations 
(>7000 ppm or 0.7% of sodium), the presence of water 
deprivation, or the determination of serum or cerebrospinal 
fluid (CSF) sodium concentrations greater than 160 mEq/L. 
CSF/serum sodium ratios greater than 1 also suggest salt 
poisoning. The serum sodium concentration may vary, 
depending on whether the patient had recently been given 
ion-free w r ater before measurement. Some animals with 
acute neurologic lesions may be normonatremic if they have 
recently drunk to repletion with ion-free tvater, whereas others 
that have not had ion-free tvater may be hypematremlc. The 
CSF sodium concentration in salt-poisoned animals is consis¬ 
tently elevated and may exceed 200 mEq/L 1362 Ruminal 
sodium concentrations above tf.36% to 0.5% or brain sodium 
concentrations above 150 mtiq/g or 1800 ppm 11137 also 
suggest salt poisoning In cattle. 1 |l, - 2 Ll65 - 3Ul ^ Rapid Intake of 
low-sodium water during, the rehyd ration phase of the disease 
may cause intea vascular hemolysis With resultant hemoglobin¬ 
uria; such ilstdings raise the index of suspicion of salt 
poisoning. 1155 



EJTects of Different Sait Concentrations in Drinking 
Water on Performance in Cattle 


Salt Concentration 
(mg/L ot ppm} 

Clinical Effect 

<]lXf0 

N-o effect 

JtiOO-JQOO 

Temporary diarrhea; reduced milk 
production 

3000-5000 

May reduce- ml lie production .tml 
teed Intake; may produce 
reproductive failures (failure to 
conceive) 

5000-7000 

Conception failures (abortion, 
infertility), reduced appetite 

>7000 

LJtuafe, especially In hot weather: 
may produce encephatopaihic 
signs, abdominal pain, mucoid 
diarrhea, thirst, salivation, 
polyuria, central nervous system 
signs; include knuckling, 
blindness;, convulsions, coma, and 
abdominal pain 


l rum McCuy C.l\ I .d wards WC Sudium ion pm son in^ Ln livn.-Mock from oiJ- 
tleld wnstfi, lipLTjrt'J'rirLf ]S L5Z, 
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The concentration of acetylcholinesterase in plasma and 
RBC& is decreased in animals'that have been ingesting exces¬ 
sive salt (>0.49% of diet). 1169 The decrease is first seen after 
4 months of continuous ingestion of the high-salt diet. 

II i f iitht}pli} r swlog} r . The pathogenesis of salt poisoning 
involves the deposition of sodium ions in the CNS paren¬ 
chyma and the CSF, which occurs either acutely from inges¬ 
tion of a large quantity of salt or chronically after long 
periods of reduced water consumption. I’he ionic sodium 
accumulates in the CSF and neurons by passive diffusion. 
Ilte resulting hyperosmolality reduces energy-dependent 
sodium transport mechanisms and the anaerobic glycolytic 
pathways. 1 l7C ' These mechanisms normally provide energy 
by which the sodium ion is removed from the cell cyto¬ 
plasm. 11 * 5 I’he thirst receptors are triggered In response to 
the hyperosmolality. The animal is permitted to drink ion- 
free water to repletion, and the fluid Is absorbed from the 
gastrointestinal tract, resulting in expansion of the extracel¬ 
lular fluid and a return to normal pfasma osmolality. Water 
then diffuses from the blood into the relatively hyperosmo¬ 
lar CSF and neurons, resulting In CMS edema, increased 
intracranial pressure, and acute encephalopathy. If the 
patient has had sudden access to a large quantity of 
salt, the hyperosmolality in the Intestine results in saline 
catharsis and diarrhea. 

II Epidemiology, Animals are tolerant of high dietaiy salt 
levels if they nave concomitant access to fresh drinking 
water. Feedstuffs that are common sources of excessive salt 
include whey, saline-preserved fish or fish meals, bakery 
by-products, and certain milk replacers. 1171 Confined calves 
may be poisoned by improperly formulated milk replacers 
or oral electrolyte replacements. 11 * 2 - 11 ™ Cattle eagerly 
ingest large amounts or oil well sludge, which Is a potential 
source of salt for cattle in the western and southwestern 
United Stales. 1166 -' l72 - JJ 73 Brine is used extensively as a 
flush during the drilling of oil wells. Effluents from drilling 
rigs may contain as much as 100,000 ppm of salt. The efflu¬ 
ents are also contaminated by heavy metals and magnesium 
salts, which complicate she clinical syndrome of salt poison¬ 
ing. Concurrent neurologic disease may predispose animals 
to reduced water Intake, as occurred in a group of goats with 
locoweed (Ojcyfjvpgj species) poisoning who became water 
deprived because of reluctance to move to a water source. 
I’hey developed clinical and pathologic evidence of salt poi¬ 
soning when moved subsequently to an area where water 
w r as easily available. 1154 Salt poisoning caused by water 
restriction may occur either inadvertently from freezing of 
water sources' in northern climates or from Intentional 
water restriction of veal calves. 1162 ingestion of brackish or 
tidal water Is a cause of salt poisoning in cattle pastured 
on the coastal regions of the w r orld. 

II Necropsy Findings. The pathologic changes of salt poi¬ 
soning include cerebral edema and softening and flattening 
of the cortical gyri. Microscopic lesions include laminar cor¬ 
tical necrosis, poliomalacia, and occasionally, meningeal or 
perivascular infiltration of eosinophils. Perivascular infiltra¬ 
tion of eosinophils is not as reliable an indicator of salt poi¬ 
soning in ruminants as in pigs because most affected 
m min ants show perivascular cuffing of mononuclear cells. 

II Treatment, Treatment of animals affected by salt poison¬ 
ing is difficult. Many animals die even after intensive medi¬ 
cal treatment. Prognosis depends on severity of clinical 
signs at the start of treatment: animals that already have sig¬ 
nificant cerebral edema have a guarded prognosis. Therapy 


should be aimed at limiting the Ingestion of nonionic water 
and attempting to remove intracellular solutes slowly from 
the brain while simultaneously controlling cerebral edema 
and attendant CMS signi. To prevent brain swelling and 
herniation of the brain through the foramen magnum or 
the tentorium eerebelli, slow reduction of the CSF and 
plasma sodium is imperative. Slow intravenous (IV) admin¬ 
istration of normal or hypertonic saline is the mainstay of 
treatment. 

Adult cattle should receive normal or hypertonic saline 
intravenously (iV) at maintenance rate [7% body weight in 
adult cattle, '10% in neonates]. 1153 Slight underestimation 
of fluids is preferable to excess fluid administration. Serum 
sodium should be monitored regularly and correction 
effected over 24 hours or longer. Oral fluids can be intro¬ 
duced gradually toward the end of the first day of treatment: 
salt should initially be added to oral fluids to make them iso¬ 
tonic to blood. When IV replacement is not feasible, isotonic 
to hypertonic oral fluids should be administered at a mainte¬ 
nance level divided into four to six feedings dally. Access to 
low-salt w r ater is gradually allowed after 3 to 4 days. Any 
worsening of clinical sign's is an indication to Increase the 
salt level in fluids and may require IV mannitol (0.5 to 
2.0 mg/kg as a 20% solution) or oral glycerin (1 mL/kg 
diluted 50:50 w r ltb water) to reduce cerebral edema. 1153 

in calves, treatment can be accomplished by administra¬ 
tion of hypertonic saline concomitantly with feeding of 2 to 
4 L. of fresh milk daily. First, the plasma sodium concentra¬ 
tion is measured, and the calf then is given I to 2 L of a 
hypertonic saline solution [V. The molar strength of the 
sodium ion in the IV fluid should be equal to or slightly 
greater than that of the plasma. If the hypolonlcity of the 
whole milk Is not counterbalanced by treatment with hyper¬ 
tonic saline, the CMS will rapidly expand as a result of 
absorption of free water. The plasma electrolyte concentra¬ 
tion Is measured twice daily. If the plasma sodium concen¬ 
tration declines too rapidly, 1 L of hypertonic saline 
solution Is Infused over several hours, ifie concentration 
of sodium in this fluid should be greater than the most 
recent plasma sodium measurement and less than the 
beginning plasma sodium concentration. If the calf devel¬ 
ops nervous twitching, salivation, head-neck extension, stiff 
foreiimbs, or convulsions, 0.5 to 1 g/kg of mannitol is 
immediately Lnfused IV. A hlood administration set Is used 
to filter insoluble mannitol crystals. I’he calf should have 
no access to fresh w r ater. 

The use of solutions containing 5% glucose is dangerous 
and probably contraindicated because this represents ion- 
free extracellular fluid, which can exacerbate brain edema. 
Administration of corticosteroids {dexamethasone, 0.4 to 
0.-5 mg/kg by slow IV injection tw r lce daily for 2 to 3 days] 
may be helpful in animals with acute cerebral edema. Elow- 
ever, potential benefits should be weighed against the possi¬ 
bility of inducing extra renal sodium retention, if the 
neurologic signs diminish and the plasma sodium level 
returns to normal, the animal may be given fresh ion-free 
drinking water. Thiamine (10 mg/kg by slow r IV in|ection) 
may be a useful adjunctive therapy. 

II Control. Cattle should be fenced away from polluted 
ponds and oil w r ells. Cattle on coastal pastures should have 
access to fresh well water. The total daily dietary salt intake 
should not exceed 4% of dry matter intake. Drinking water 
must contain less than 7000 ppm of sodium unless the die¬ 
tary sodium load is reduced correspondingly. Oral rehydrat¬ 
ing fluids for calves should be dissolved In strict accordance 
with the manufacturer's recommendations and should not 
be administered for longer than 3 consecutive days. 
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VITAMIN A DEFICIENCY 

II Uf/riTiOojt and Elitftogy. Vitamin A (retinol) is found in 
green plants and can be synthesized by the small intestinal 
mucosal cells from plant carotenoid precursors. Precursors 
of vitamin A are usually fed in cattle rations as (3-carotene 
or as retinoids (retinyl palm Hate or acetate). Carotenoid in 
forage Is converted to retinol In the liver ana gut. Vitamin A 
deficiency occurs primarily in growing ruminants in feed- 
lots. Deficiency develops under these conditions because 
the growing animal has a higher requirement for the vita¬ 
min,. and feedlot-reared animals may have limited access 
to succulent plants. The vitamin is labile In foodstuffs 
and is essentially depleted after several years of storage. 
Diets that are naturally low In vitamin A include cereal 
grains, beet pulp, and cottonseed hulls. Conditions in 
which the Immune system Is challenged, as when expo¬ 
sure to pathogens is high, also increase the requirement 
for vitamin A. 

The clinical signs of vitamin A deficiency 1 In cattle are 
related to increased Intracranial pressure and Ul-thrift caused 
by secondary infections. Signs Include Intermittent convul¬ 
sions, depression, and blindness. The usual dietary or man¬ 
agement conditions that favor the vitamin deficiency 
include grazing on dry pastures or cereal grains other than 
corn, exclusive feeding of cereal grains that nave been stored 
at high temperature and humidity, or prolonged feeding of 
mineral oil as a preventive for frothy bloat. 

II C’JmfcaJ Signs. r fhe neurologic signs of vitamin A- 
depleted animals are age dependent. Signs in deficient calves 
include anorexia, ill-thrift, blindness, diarrhea, and pneumo¬ 
nia. I’he syndrome In adults Is characterized by '‘star-gazing" 
posture, blindness, diarrhea, anasarca, nystagmus, strabis¬ 
mus, exophthalmos, loss of pupillary light reflexes, and Inter¬ 
mittent tonicnrlonlc convulsions. The seizures last for only_a 
few minutes and ate followed by partial recovery. ]l74 - 1 ' 76 
Animals may die during seizures. Stimulation of the animals 
frequently precipitates seizures. n77 - L 173 Death often Is pre¬ 
ceded by hyperesthesia and coma. 1 11741173 inadequate 
vitamin A supplementation of calves is associated with 
unthrlftiness, intermittent fevers, and a higher Incidence of 
diarrhea. 1ISD Vitamin A-deficient adults appear to be in 
good body condition unless parasitism or some other nutri¬ 
tional deficiency is superinfiposed on the low vitamin 
A Intake. 1 l74 U Secondary factors that can Influence the 
appearance of she animals include concomitant nutritional 
deficiencies, parasitism, and pneumonia. 

r rhe ocular changes of vitamin A deficiency are character¬ 
istic. I’he pupils become dilated and unresponsive. As papil¬ 
ledema develops, the optic disc becomes pale and its 
borders become indistinct, particularly In the upper quad¬ 
rants, 1 1 j ik 1 bz giving the appearance of an inverted 
heart. The swollen disc may cast a shadow on the ad|acen( 
retina. 'I’he color of the disc becomes faded. In advanced 
cases the disc may become atrophic and appear dull, gray, 
flattened, and smaller than normal. The retinal blood ves¬ 
sels become tortuous or appear to be occluded as they 
course over the disc. Retinal detachment and subretinal 
hemorrhages are possible. 1174 Corneal changes are an 
uncommon clinical finding 1L74 - 1175 

Reproductive disturbances can occur. Including malformed 
fetuses, abortions, loss of Libido, testicular degeneration, and 
decreased sperm counts. Calves born to vitamin A-deficient 
dams are blind, have domed foreheads and thickened carpal 
joints, and are weak at birth. 1 153 

VUamLn A deficiency can be clinically differentiated from 
polioencephalomalacia (PEM) and salt poisoning by com¬ 
paring the menace response with the pupillary light reflex. 


Calves with Lead poisoning and PEM generally have Intact 
pupillary Light reflexes because of the proper functioning of 
(he mesencephalon and optic nerves, whereas vitamin A- 
deficLent cattle have absent pupLllary light responses because 
of retinal degeneration and constriction of cranial nerve II at 
the level of the optic foramen. 

II CifmoiJ Pathology. Assay of vita min A and carotene con¬ 
centrations in the plasma and feed is the most direct method 
of diagnosing the dietary deficiency. The concentration of 
plasma vitamin A and [1-carotene In normal animals ranges 
from 25 to 85 pg^dLand 150 and 397 pg/dL, respectively. 1 ^ 7 - 5 
Plasma concentrations of vitamin A-deficienl and J3- 
carotene-deficienl animals usually are less than 7 and 
70 pg^dL, respectively. Papilledema first occurs when plasma 
concentrations of the vitamin fall below 13 pg/dL. 1 l5j Ataxia 
and blindness occur when the serumvltamln A concentration 
ranges from 4.37 to 8.88 jig/dL 1171 ' The hepatic concentra¬ 
tion of vitamin A and carotene in normal calves ranges from 
SO to 200 and from 4 to 800 pg/g of tissue, respectively. In 
deficient calves the hepatic concentrations of the vitamin A 
and carotene nutrients range from 2 to 14 and from 0.5 to 
3 1 pg^g- respectively. nBlj 11 bJ There are no consistent changes 
in the blood chemistry analysts or the hemogram of deficient 
anLmals. Increased CSF pressure [>200 mm Elg] may occur; 
how r ever, standardization of the measurement for all forms 
of anesthesia and methods of measurement Ls difficult. 1153 
Changes in the CSE of vitamin A-deficient animals Include 
a mononuclear cell pleocytosis (40 to 50 nucleated cells/dL) 
and an increased protein concentration [140 mg^dL). 1136 

II itatfanpFiwfDtogy. Vitamin A is responsible for the regen¬ 
eration of rhodopsin In the retina and the maintenance of 
tissue integrity. I’he vitamin has effects on osteoblasts and 
osteoclasts, epithelial tissues, the choroid plexus, and repro¬ 
ductive (Lssues. The arachnoid villi and the retina are most 
sensitive to a deficiency of the vitamin. Vitamin A deficiency 
causes a thickening of (he dura mater, resulting in dimin¬ 
ished CSK absorption from the arachnoid granulations 
and the nerve rootlets. Narrowing of all the bony foramina 
of the skull occurs in immature animals, although bone 
remodeling does not occur In adults. The combined effects 
cause an Increase In CSF pressure. 1151 In severe cases the 
hraLn may herniate through the foramen magnum. Closure 
of the optic foramen may lead to Lransection of the optic 
nerve. The high C5F pressure is transmitted into the optic 
nerves and results in papilledema. 

I’hree causes of blindness have been associated with vita¬ 
min A deficiency. Nyctalopia Ls presumably caused by the 
decreased formation of vitamin A aldehyde in (he regenera¬ 
tion of the visual pigment rhodopsin; this type of blindness 
usually is reversible. Degenerative changes in the outer reti¬ 
nal layers also cause blindness; this is reversible if treated in 
(he early stages. The third cause Is associated with stenosis 
of the optLc foramen and compression of (he optic nerve; 
this condition is irreversible. 1167 An experimental study 
has shown that humoral immune function also Ls impaired 
in sheep with vitamin A deficiency. I’he pathogenesis of this 
condition is unclear. 1133 

II Epidemiology, I’he vitamin A requirement of all species 
ranges from 40 to 110 IU/kg dally. 316 * 1191 The minimum 
recommended daily dose of vitamin A for growing calves up 
to L year of age, for pregnant sheep, and for growing horses 
is 40 IU/kg. Pregnant cattle and pregnane or fa dating horses 
require 40 to 50111 (13.78 to I7.2pg/kg) of vitamin A 
dally. 1165 Laclating cattle require 30 III [27.5 jig/kg) of vita¬ 
min A daily. Horses are susceptible to vitamin A deficiency, 
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but the condition is rarely seen in that species.This is thought 
to be the result of differing conditions of management rather 
than an inherent resistance to (be deficiency. The daily dietary 
requirement for carotene is 0 12 mg/kg. 1 Pasture forage, 
silage, and properly cured bay [<l year old) contain large 
amounts of carotene. Common constituents that have low 
concentrations of vitamin A are sorghum, brewer's grain, 
and wheal straw. 

Livestock are protected from short-term deprivation of 
vitamin A by their ability to accumulate the vitamin In the 
liver; however. It is estimated that the intake required to Ini¬ 
tiate storage Is at least three times the minimum dally 
intake. nsl> Vitamin A-replete cattle fed a diet devoid of vita¬ 
min A requite approximately 180 days before they begin to 
show clinical signs. During that time the cattle grow and fat¬ 
ten normally and show no adverse effects. Offspring born to 
these animals may show severe deficiencies. Papilledema 
and blindness develop rapidly after the hepatic stores are 
depleted. 1 An interesting sexual dimorphism in suscepti¬ 
bility to dietaiy deficiency of vitamin A was found in one 
study of feedlot cattle; although all cattle were fed the same 
deficient diet, only steers had clinical sign^. 1 Iga 

Vitamin A deficiency may be categorized as a primary or 
a second a ry condition. Primary deficiencies of vitamin A 
develop in cattle confined In dry lot corrals or pasture on 
dry grass forage for prolonged periods or when cattle are 
kept indoors and fed unsupplemented, vitamin-depleted 
cereals and dry forage in which the activity of carotene has 
been destroyed. Also, there Is a seasonal difference in the 
concentration of vitamin A In feedstuff's. For example, 
cattle grazed on green pastures are consistently replete with 
she vitamin, whereas those grazed on dry pastures at the 
end of summer may become marginally deficient. Approxi¬ 
mately 80% of die vitamin A concentration of hay Is lost 
during field curing. 1 Ig2 

Destruction of carotene Is hastened by many environ¬ 
mental and physical factors. Including heal sunlight, trace 
mineral supplements, and humidity. In one study, exposure 
of nine different supplements to trace minerals in a humidi¬ 
fied atmosphere (80% relative humidity) at 28 c C {82.2° F) 
resulted in depletion of 47% to 92% of the total vitamin 
A after I week of Incubation. ng3 Improper storage has been 
im plicated as the cause of the depletion of vitamin A in one 
flefd case. 11 ag Other factors that affect the stability of vita¬ 
min A In feedstuff Include pelleting and exposure to rancid 
fat in the feed. The addition of gelatin to vitamin premixes 
has been recommended to stabilize the vitamin A activity 
in fecd.ua4.iis4 

Secondary deficiencies of vita min A result from Interfer¬ 
ence wish vitamin absorption, inhibition of the conversion 
of p-carotene to retinol (vitamin A) in the small Intestine, 
or an increased requirement in the face of limited vitamin 
intake, llie conversion of carotene to retinol Is impaired 
in vitamin A-deficlent patients. 11 rg Sheep may be more 
resistant to vitamin A deficiency because they convert P-car- 
otene more efficiently than cattle. ]L7? Extensive destruction 
of preformed vitamin A by mlcroflora appears to occur In 
the rumen and the abomasum. ]lW4 - |jg? Microbial destruc¬ 
tion, fever, lactation, high ambient temperatures, and Inad¬ 
equate dietary energy may increase the dally requirement 
for vitamin A. Iig ^ Females are slightly more resistant to 
the vitamin deficiency than males, presumably because of 
the interoonverslons of estrogenic hormones into vitamin A. 

Secondary deficiencies of vitamin A may be caused by 
Impaired vitamin absorption, which may occur from long¬ 
term feeding of mineral oil. Ingestion of highly chlorinated 
naphthalenes (X disease) causes severe vitamin A deficiency 
as a result of Interference with the conversion of carotene to 
vitamin A. Some in vitro evidence indicates that a high level 


of dietary nitrates Inactivates intrarumlnal vitamin A by oxi¬ 
dation. This may not be clinically Important, however, 
because studies performed In vivo failed to show a greater 
requirement for the vitamin when animals were fed sub- 
toxic doses of nitrates. isg, ‘- 1302 Other factors that can affect 
avaLiability of vitamin A or the requirement for the vitamin 
Include diets with low forage content, high proportion of 
corn silage to hay in the diet, increased exposure of animals 
to pathogens, and periods where Immunocompetence is 
reduced (e.g., periparcum period). 1101 Challenges to the 
Immune system Increase the requirement for vitamin A. 

II Necropsy Finrffn^s, The major pathologic changes in (he 
fundus of vitamin A-deficient calves include papilledema, 
small flame-sbaped hemorrhages around the optic disc, 
venous congestion in Lbe area of (lie swollen optic disc, degen¬ 
eration of the retinal ganglion cells, focal retinal thinning, and 
fusion of parts of the retina to the choroid plexus. 1IS2 Other 
changes associated with vitamin A deficiency include doming 
of the frontal bones, enlargement of the carpi, cerebellar and 
cerebral compression, partial transtentorial herniation of she 
cerebellum, cystic dilation of the hypophyseal cleft, focal lum- 
Inal hyperkeratosis, and increased keradnizatlon of the squa¬ 
mous epithelium of the penile and the preputial mucous 
membrane . lJMi1104 Corneal ulceration and clouding have 
been observed In (be eyes of calves with naturally occurring 
deficiencies. 1175<1 Vitamin A deficiency also can cause ana¬ 
sarca, squamous metaplasia of the salivary ducts, degenera¬ 
tion of the germinal testicular epithelium, degenerative 
changes In the intestinal epithelium in lambs, and reduction 
In intramuscular fat in cattle. I20J - 1206 

Microscopic changes In the CNS Include attenuation of 
the optic nerve with necrosis and demyelination. Focal 
accumulations of phagocytic cells containing llpofuscln 
and hemosiderin are present in the necrotic area. The optic 
nerve is attenuated along its entire length. Gliosis and focal 
vacuolization of the nerve also are seen, as is a focal loss of 
granular and molecular layers and PurkLnje's cells in the cer¬ 
ebellum. The meninges are thickened by fibrosis and mono¬ 
nuclear cell inflammation. The microscopic changes in the 
bones include wider than normal spacing of the central 
canals and reduction of osteoclastic Lacunae. 

II Trcrieuicni and Control, Cattle with severe blindness 
caused by damage to the retina or optic nerves do not regain 
their vision when treated with vitamin A; however, cattle 
with acute encephalopathy and simple papilledema may 
respond favorably after a short period or vitamin supple¬ 
mentation. 11 ag Affected cattle should receive 440 lll/kg 
(1 Hi = 0.4 ug) of vitamin A parenterally and then 
6000 lU/kg parenterally every 50 to 60 days until the diet 
has been enriched. High-dose oral therapy Is important 
because carotene and oil suspensions of vitamin A are not 
efficiently used when administered by parenteral injec¬ 
tion. 1207 Administration of large doses orally Is important 
because conversion of Pnrarotene to vitamin A Is inhibited 
In deficient calves. I’he recommended concentration ofvlLa- 
min A In milk replacers for prerumLnanl calves is 
11,000 lU/kg diy matter . nm 

Prophylactic dietary supplementation of vitamin A 
should be considered In all cattle that Lack access to green 
feed. Dietaiy supplements could include leafy, freshly cured 
hay, green pasture, or 0.5 to 2 kg of alfalfa meal daily. Con¬ 
centrate feeds formulated ivith exogenous, stabilized vitamin 
A are commercially available. Vitamin A powder* may be 


‘Vitamin AD 5000, Fuller. lnc. r Dublin, OH. 
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added Co the drinking water at a rate of 425,000 U/50 gal¬ 
lons. This treatment should be continued for as long as 
the dietary deficiency exists. The recommended vitamin A 
requirements In caLtle are SO Ill/kg for growing animals 
and 110 lU/kg for adult animals'{including pregnant and 
lactating cows). Recommended concentrations (IU/kg 
diy matter) of vitamin A In feed are 2200 l LI for teed lot 
cattle, 2SOO 1U for pregnant cows, and 3900 3U for lactating 
cows. LL?1 

Subdin Leal deficiencies In ewes have been treated ivith a 
vitamin-mineral premix containing 0.3 to 0.27 kg Iodine, 
20.6 kg zinc, 7.9 kg copper, and 1644.5 million [LI vitamin 
A per Con of feed. Addition of this premix to the diet of a 
group of sheep Increased their productivity, as measured 
by viability, birtbwelgbt and rate of gain of lambs, and 
amount and quality of wool. 1208 


HYDROCEPHALUS AND 
HYDRANENCEPHALY OF RUMINANTS 

II Definition and Etiology. 1 lydrotephalus/hydranencepb- 
aly Is a common occurrence in large ruminants. It is under¬ 
diagnosed because many of the affected animals die of 
complications, and the primary condition Is overlooked 
during clinical and pathologic examinations. One study 
reported chat 97 of 155 calves with CNS Lesions had hydro¬ 
cephalus. 1 ™ Hydrocephalus may be classified as hyperten¬ 
sive or normotensive. 12 JD 

NO RM OTE N SI YE HYDROCEPHALUS (HYDRANEN¬ 
CEPHALY). Normotensive hydrocephalus that develops as a 
result of a failure of cell growth or cellular necrosis Is called 
hjrfrajMmEphffjy. 3210 Most cases of hydranencephaly in 
domestic livestock are caused by in utero Infection of the 
fetus by the bluetongue, bovine viral dianhea (UVD), aka- 
bane, Cache Valley, aino, or border disease virus.'2) i-i2L7 
The pathogenesis and epLzootiology of the multisystemic 
virus Infections bluetongue and BVD are discussed in detail 
in Chapter 32. Ifie neurologic effects of border disease virus 
infection are discussed earlier in this chapter. 

The loss of neurons results in flexural contractions of the 
limbs (arthrogryposis) and Inability to nurse. I’he calves 
appear blind and are unaware of their surroundLngs. They 
usually are unwilling to stand and display a weak suckle. 
They may exhibit a dysphonla, which resembles a bark. 
.Neonates that are unable to nurse are deprived of colostrum 
and die of septicemia by 4 days after birth. 

Ataifoirie V/rws Infection. I’he akabane virus is a member of 
theSindbis serologic subgroup of the Bunyavirldae family of 
the AfbovLrLdae. 1311 It has been isolated from cattle in Africa, 
]apan, Israel, Korea, and Australia. 1 212.121? itie host range of 
akabane virus Includes sheep, cattle, and goats. Infection of 
pregnant, nonlmmune dams results in hydranencephaly or 
arthrogryposis of the fetus. 121 s I’he disease is thought to be 
transmitted to the cow by various Cultcoides species. Experi¬ 
mentally Infected calves develop porencephaly and encepha¬ 
litis when exposed to the akabane virus between gestational 
days 62 and 96. 13L ^ Studies in naturally infected cattle 
showed that infection of calves between days 76 and 104 of 
gestation resulted in hydranencephaly or porencephaly, 
tvhereas infection between days 103 and 174 of gestation 
resulted in arthrogryposis. 1210 Lambs are susceptible when 
exposed to the virus on gestational davs 30 to 36 . 1217 Fetuses 
that survive the in utero infection are born with arthrogrypo¬ 
sis. I’he CMS lesions apparently are the result of a direct nec¬ 
rotizing effect of the virus on the developing neurons. 'I’he 
pathologic changes of the CNS in experimentally infected 
calves and lambs are similar to those of naturally acquired 


infections. 12LJ - 1317 Adults occasionally abort when Infected 
by the virus but do not develop clinical disease. 

A syndrome of arthrogryposis, facial deformities, kypho¬ 
scoliosis, hydranencephaly, and hypoplasia of multiple 
regions of the brain and spinal cord nas been described in 
Corriedale sheep in Australia. Although resembling the dis¬ 
order caused by congenital akabane virus infection, breed¬ 
ing trials supported an autosomal recessive Inheritance for 
the disease. L “ 1 

Aino V/nrs infection. The aino virus causes stillbirths, pre¬ 
mature calving, and congenital malformations, including 
arthrogryposis, cerebellar hypoplasia, and hydranencephaly, 
in calves of Japan and Australia. 1333 - 1224 Aino virus Is anti- 
genically and biologically distinct from akabane virus, but 
the clLnical syndromes of fetal Infection by the two viruses 
are indistinguishable. 

Chuzan Virus Infection. Hydrocephalus, hvdranen- 
cephaly, and cerebellar hypoplasia have been attributed to 
infection of pregnant cattle with the Chuzan virus. 1331 *- 1327 
This virus is a relative of the akabane and aino viruses and 
is classified as a new member of the Palyam subgroup of 
the genus Ortainruj. The virus has been Isolated from Ctdj- 
cflities oxysfomd, which may serve as the major vector. The 
clinical signs are characteristic of hydrocephalus. 

Cache Valley Vfrus Infection. A flock outbreak of arthro¬ 
gryposis, myositis, hydranencephaly, and a variety of other 
brain malformations [micrencephaly, cerebellar hypoplasia, 
porencephaly) In newborn Lambs in the southwestern 
United States was attributed to In utero Infection with the 
Cache Valley virus (family Arbovlridae}. ,23B - ,32fl Cache Val¬ 
ley virus w r a"s first isolated from mosquitoes from Utah and 
has since been isolated from caribou, horses, sheep, and cat¬ 
tle elsewhere. Antibodies have been found In white-tailed 
deer in the southwestern United Stales, but the role of this 
mammal in the survival of the virus and the transmission 
of the disease to livestock is unknown. 1330 In one survey 
of sheep in the western United States, (be seroprevalence 
for the Cache Valley virus was 19.1%. J22S Vectors for the 
virus Include Anopheles, Miles, Culex , and CatpiellEttidki mos¬ 
quitoes. 1231 Infection before 30 days of gestation may cause 
embryonic death, whereas Infection between days 30 and 
52 causes fetal malformations. 123J 

BluefcHEghf Virus Infection. I’he bovine fetus is most sus¬ 
ceptible to the development of hydranencephaly from blue¬ 
tongue virus when the dam Is infected at approximately 125 
days of gestation. ]332 - 13:1 - 1 Abortions occur when nonimmune 
dams are Infected at other limes of gestation. Serotype 11 or 
serotvpe 17 of the virus is most frequently isolated from calf 
and lamb neonates Ln field epizootics. 1333 Calves Infected in 
utero may develop one or more associated birth defects, 
including hydranencephaly, arthrogryposis, brachygnalhia, 
prognathla, and excessive gingival tissue. In vitro studies have 
not supported the role of Infected calves as reservoirs for the 
virus. 1334 Similar abnormalities and fetal deaths have been 
reported following vaccination of pregnant ewes with live atte¬ 
nuated virus. 1323 (See Chapter 32 for additional Information.) 

flDitfpw Vimi Diarrhea Virus Infection. Elydranenceph- 
aly, hydrocephalus, and cerebellar hypoplasia have been 
associated with fetal Infection of cattle with the BVD 
vims. 13364330 Precoloslral serum antibody liters for the 
vims in affected calves vary; some liters range from 1:32 
to 1:256, but other calves may have persistent viremlas yet 
no demonstrable antibody, llie BVD antibody liter Ln CSF 
may range from 1:4 to 1:32. The vims can be Isolated from 
approximately 12% of affected calves. 

Other Infectious Agents. A single case of hydrocephalus in 
a calf aborted at 7 months of gestation was associated with 
necrotizing encephalitis caused by Neospom ainrnjjrn. 13JD 
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HYPERTENSIVE HYDROCEPHALUS, An Increase Ln CSE 
volume that results from compressive or obstructive lesions 
in the ventricular system or from decreased CSF absorption 
is called hypertensive hydrocephalus. 12 m Obstructive lesions 
of the ventricular system trap the CSF In the ventricles, caus¬ 
ing an increase in CSF volume and pressure. Ischemia and 
CNS degenerat Ion resu It fro m th e h Lgh C5 F pressu re. The sites 
of obstruction most often Include the lateral apertures, 
mesencephalic aqueduct, lateral ventricles, Interventricular 
foramina, and fourth ventricle. The obstructions may be 
either congenital or acquired. Causes of acquired obstruc¬ 
tive hydrocephalus Include cerebral abscess, cholesteatoma 
(equlnes), equine infectious anemia, Qwnums cerebraUs Infes¬ 
tation, pachvmenlngitis, and lymphosarcoma. E Ivperlenslve 
hydrocephalus also may be caused by acute inflammatory 
disease such as meningitis and vitamin A deficiency. In these 
diseases the increased pressure Is the result of impaired 
CSF resorption. 

CONGENITAL HYPERTENSIVE HYDROCEPHALUS. 

Congenital hypertensive hydrocephalus is a hereditary con¬ 
dition seen in Hereford, Charolais, Ayrshire, Dexter, Hol¬ 
stein, and Jersey calves. 12414343 The condition also has 
been recognized'In Arabian foals. 

At least six forms of congenital hypertensive hydrocepha¬ 
lus {types I through VI) have been identified In cattle. |24S 
Type 1 is a communicating hydrocephalus that Is unrelated 
to dwarfism and apparently has a hereditary basis. 1243 The 
mode of Inheritance Is thought to be a single autosomal 
recessive character. In highly inbred herds the prevalence 
of heterozygotes may exceed 20%. Pathologic lesions of this 
form of hydrocephalus included cranial doming and 
enlargement of the cerebral cortex and the choroid plexus. 
All affected calves die by 5 weeks of age. 

Type 11 occurs In Herefordsand is characterized by dorsal 
kinking of the mesencephalon and stenosis of the'sylvian 
aqueduct, without cranial doming. Ventricular dilation is 
less than that described for type [ hydrocephalus. 

Tvpe 111 also occurs in horned E lereford cattle. This type is 
similar to type 11, except that cerebellar hypoplasia, microph¬ 
thalmia, and muscular degeneration are observed, lltese are 
not characteristics of the type II hydrocephalus. 

Type IV occurs in white shorthorn calves. The disease is 
considered to be heritable through either an autosomal 
recessive gene or a dominant gene with Incomplete pene¬ 
trance. Affected animals develop an obstructive hydroceph¬ 
alus, microphthalmia, and scoliosis of the thoracolumbar 
spinal column. Ocular lesions associated with the disease 
include persistent pupillary membranes, retinal detach¬ 
ment, retinal dysplasia, vitreous hemorrhage, and hypopla¬ 
sia of the optic tracts. A misshapen sylvian aqueduct 
apparently causes the fluid accumulation. 

I’ype V is a form of hydrocephalus with congenital 
achondroplasia that has been reported In Dexter and Jersey 
calves. The disease Is considered to result from a recessive 
genetic trait. The calves are either aborted or stillborn. Ani¬ 
mals that survive to term have arrested development of 
the nasal bones and maxillae. Anasarca, achondroplasia, 
kyphosis, and cleft palate also are seen. 

' Type VI Is a form of Internal hydrocephalus of 
1 Eo I stein-Friesian calves. The animals are horn dead or 
die shortly after birth. Hie pathologic abnormalities 
include fluid enlargement of the lateral ventricles with 
normal cranial development. 1244 The condition is 
thought to be hereditary. 


obvious signs in animals that survive Include failure to 
bond to the dam, depression, diminished learning ability, 
partial failure of suckling, droopy head and ears, muscular 
fascLculaflons, head tremor, conscious proprioceptive defi¬ 
cits, blindness, ventrolateral strabismus, nystagmus, dys- 
phonia, longue flaccldity or paralysis, retention of food 
materia] Ln she cheeks and Lips, limb spasticity, hyperre- 
flexla, psychomotor seizures, recumbency, and coma. Occa¬ 
sionally, doming of the calvarium or protrusion of fluid- 
filled cystic structures through an open fontanelle is 
seen. 114 * Affected neonates often do not Ingest sufficient 
amounts of colostrum and frequently die of septicemia. 

In virally Induced cases of hydranencephaly, associated 
skeletal deformities may be observed, Including abnor¬ 
mally curved ribs, kyphoscoliosis, flexural deformities of 
the limbs, domed skulls, and bracbygnatbia. Patients 
with hydrocephalus caused by compressive lesions 
around the ventricular system may show unilateral or 
bilateral signs of Increased intracranial pressure. The clini¬ 
cal signs of uni Lateral lesions Include head Lilt {toward the 
lesion side), ipsllateral mydriasis, and contralateral men¬ 
ace deficit. Signs of hydrocephalus in foals are similar to 
those in calves. The cause of the condition Ln horses Is 
unknown. 

Antemortem diagnosis of brain malformations has been 
facilitated by CT and MRI. However, these techniques are 
rarely warranted or available for use in large animal species. 
A more practical technique for using ultrasonographic imag¬ 
ing, transorbital echoencephalography, has recently been 
described and has proved effective for the diagnosis of 
hydranencephaly. 124 ■ 

11 Ciircftfif rdilliofDgjA The diagnosis of hydrocephalus Ln 
calves and lambs Is typically based on the presence of charac¬ 
teristic clinical signs and a domed skull. Whenever hydran¬ 
encephaly is suspected, blood should be collected for virus 
Isolation, serologic testing, and quantitative immunoglobu¬ 
lin determination. Presuckle serum samples from bovine 
fetuses that have been Infected by the akabane or bluetongue 
virus in the latter part of gestation may be seropositive. 
Immunologically competent calves that are infected with 
the bluetongue virus have serum neutralization indices rang¬ 
ing from 1.5 to 4. 12Ml 

11 Necropsy findings. The pathologic lesions of hydranen¬ 
cephaly are similar regardless of the etlologic agent. They 
Include microcephaly, cerebellar hypoplasia, hydrocepha¬ 
lus, hydranencephaly, and porencephaly of the cerebral 
and the cerebellar cortex. Microscopic lesions of hydranen¬ 
cephaly include segmental loss of dorsolateral ventricular 
ependyma, thinning of the periventricular white matter, 
porencephalic cysts, and nonsuppurative meningoenceph¬ 
alitis. Lesions Ln other parts of the CNS may include loss 
of ventral horn cells Ln the spinal cord and demyelination 
Ln the spinal cord. Nonsuppurative inflammatory changes 
may be seen Ln cases caused by viral infections. Polymyosi¬ 
tis has been described in affected calves; however. It is 
unclear if these lesions are caused by viral infection or 
occur secondary to the denervation. The skeletal deformi¬ 
ties associated with vlrally Induced hydranencephalies 
Include rigid extension or contraction of one or more 
Limbs (arthrogryposis), abnormally curved ribs, domed 
skull, thickening of the calvarium, kyphoscoliosis, and 
braebygnathla. 


II Cfftmijf Hydrocephalic animals often are born II Trccirtucni. Except for one report of successful surgical 

dead or are weak and die shortly after birth. The most Intervention Ln a calf with a meningocele, no satisfactory 




therapy Is available for the treatment of hydrocephalus or 
hydranencephaly in large animals. 


AMMONIATED FORAGE TOXICOSIS 
(COW BONKERS) 

Exposure of poor-quality forage to anhydrous ammonia 
improves the nutritional density of the materia] and reduces 
certain toxic fungal metabolites,, specifically the pro I act In¬ 
line toxins of the endophytic fungus Aavmimtum cwnop'firLj- 
fujM . 1145 Ammonlation increases dry matter intake, enhances 
digestibility, and increases the relative value of the protein 
content of the feed. However, overammonialion of the for¬ 
age, at a rate exceeding 3% of the forage on a dry matter 
basis, may result in toxicosis. Studies now suggest that sev¬ 
eral d la Iky I Imidazoles may be responsible for the neuroloxic 
effects of ammonialed feedstuffs, superseding previous 
theories that 4-methyl Imidazole is the primary neuro¬ 
toxin. Arnmoniated foodstuffs containing high 

levels of molasses are more toxic than similarly treated grass 
hay. Itie toxin may be concentrated In milk; consequently, 
calves suckling from normal-appearing dams may show 
clinical signs of Intoxication. 

Affect&a animals are hyperesthetic and ataxic. At rest the 
animals assume a sawhorse stance, but when excited, thev 
become hyperactive, appear to be blind, and circle propuf- 
slvely. Other clinical signs include vocalization, dysphonla, 
and walking or running into ob|ects. llte periods of frenzy 
may result in recumbency and convulsions. The spasmodic 
episodes last for IS to 20 minutes. Afterward the animals 
rest quietly, with occasional muscle tremors. Repeated 
occurrences of the mania may be precipitated by loud 
noises or other frightening experiences. The concentrations 
of ammonia in the cerebrospinal fluid (CSF) and blood 
may be Increased. In one report, blood and CSF concentra¬ 
tions of ammonia were &. 16 and 1.05 fig^mL, respectively. 
Levels of Interleukin-6 (IL-6] are elevated in the CSF of 
affected calves, but not In the systemic circulation. 1251 1L-6 
is hypothesized to play a key role In arnmoniated forage 
toxicosis. Although specific treatments have not been identi¬ 
fied, one report indicated that affected calves benefited from 
acepromazlne (0.045 mg/kg IV) and thiamine (I.J4 mg/kg 
IM). ]252 

LEAD POISONING 

II Ue/riTil/cui and Etiology. Lead poisoning In ruminants Is 
characterized by an acute encephalopathy. In contrast, lead 
poisoning In horses is characterized by chronic polyneuritis. 
Blindness, ataxia, and depressed senserlum are significant 
clinical signs In cattle, sheep, and goats, whereas in horses 
the poisoning Is associated with weight loss, dysphagia, 
and secondary aspiration pneumonia. Cattle most often 
are poisoned because of their tendency to hek or chew on 
foreign objects, their access to lead-containing materials, 
and their propensity to drink contaminated petroleum 
distillates. 1 ^ 


II! Signs. The signs of Lead poisoning in rumi¬ 

nants are characteristic of central nervous system (CMS) 
derangement. During the first stages of lead poisoning, 
affected cattle stand alone and are depressed. 1154 They 
may show hyperesthesia, muscular fasciculalions, and 
rapid, spastic twitching of the eyelids or other facial mus¬ 
cles. Progression of the disease is associated w r Llh ataxia, 
conscious proprioceptive deficits, blindness, head press¬ 
ing, odontoprisis, coma, and convulsions. 1256 Despite 


the blindness, the pupillary reflexes usually are normal. 
Some animals may display episodic running, hyperesthe¬ 
sia, and bellowing. Others may die suddenly without pre¬ 
monitory signs. The more acute and severe the toxicity, 
the more acute, severe, and excilatoiy are the clinical 
signs. 1157 Animals with subacute or chronic lead poisoning 
have signs that are less excitatory and more indicative ot 
CMS depression and have a Longer clinical course. Affected 
cattle may accumulate frothy saliva at the commissures of 
the lips. Gastrointestinal (Gl) signs of bloat, diarrhea, 
rumen atony, and colic occur In about 60% of Lead-poi¬ 
soned cattle, and the presence of such signs increases the 
index of suspicion for lead toxicity versus other causes of 
cerebral dysfunction . 1153 Other substances Ingested with 
the Lead may contribute to G3 disturbances. The clinical 
signs of lead poisoning in horses Include weight Loss, Lack 
of coord i nation, laryngeal or pharyngeal paralysis, dyspho- 
nia, roaring, conscious proprioceptive deficits, loss of anal 
tone, facial paralysis, and difficulty with mastication. 1250 
Aspiration of pharyngeal debris caused by dysphagia may 
result in pneumonia. Fine muscular tremors occur inter¬ 
mittently. The poisoned animals die in psychomotor 
seizures. Horses with lead poisoning are emaciated at 
death. J 260 

In cattle, Lead produces microscopic changes of the myo¬ 
cardium that result In arterial hvpertenslon (120 to 150 mm 
Hg) and electrocardiographic abnormalities. These electrical 
changes, which occur by 30 days after exposure, Include 
increased duration and amplitude of the 0 wave (0.16 sec¬ 
ond and 0.06 mV, respectively), prolongation of the PR 
interval [0.14 to 0.16 second)/decreased QT Interval (0.32 
second), and Inverted T wave in lead Ii. 1261 


II Clinical Pathology, Diagnosis of Lead poisoning is based 
on measurement of Increased blood and tissue concentra¬ 
tions of lead, l’issue levels of Lead In naturally poisoned cattle 
can reach 20 to J 00 ppm in the liver, 30 ppm in the kidneys, 
and 5000 ppm in bone. Reported reference blood lead 
concentrations vary considerably, ranging from 0.05 to 
2.5 ppm. II55r,256tie3 Suggested toxic ranges also vary con¬ 
siderably among laboratories. Reference values from earlier 
colorimetric studies are consistently higher than those from 
later tests using spectrophotometry. 1265 Modem techniques 
usually report 0.3 ppm as the maximum normal blood (ead 
concentration. When interpreting the results of a lead mea¬ 
surement, consideration of the reference ranges obtained 
with similar methodology Ls essential. Table 35-12 compares 
the lead concentrations of various tissues of experimentally 
poisoned and control calves. Heparin is the anticoagulant 
of choice when collecting blood for Lead measurement 
because it does not chelate she lead. The Lead concentration 
of ruminal fluid from acutely poisoned cattle ranges from 
Oto 1 1,875 ppm. 1355 

Livestock that are chronically poLsoned with low concen¬ 
trations of Lead may have a normal blood Lead concentra¬ 
tion but a high concentration in the bone. In these cases 
the poisoning can be diagnosed by administration of cal¬ 
cium disod lum elbylenedlamine tetraacetlc acid (EDTA), 
which solubilizes the bone lead stores and increases the 
concentration of lead Ln the plasma. The soluble Lead-EDTA 
complexes are excreted Ln the urine. The urinary lead con¬ 
centration may rise by 40-fold over pretreatment levels 
within a few hours. Table 35-13 shows the lead concentra¬ 
tions Ln the urine and blood of naturally exposed horses 
and the temporal changes that occur after treatment with 
calcium dlsodium EDTA (75mg^kg). In cases of chronic 
lead poisoning, radiographs of the abdomens of smaller 
patients may reveal lead-containing radiodense foreign 
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Urine and BEood Lead Concentrations* in Horses with 
Chronic Lead Poisoning before and after Intravenous 
Treatment with Calcium Disodium EDTA 
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material in theGI tracL 1264 "Lead lines" also may be present 
in the long bones of young animals chronically exposed to 
lead. 

When blood lead concentrations aie normal Ln chroni¬ 
cal^ poisoned animate, measurement of free erythrocyte 
porphyrins and erythrocyte concentrations of a-aminolevu- 
iinlc acid (ALA) are the preferred methods of diagnoses. The 
concentration of porphyrins Is increased in die blood, urine, 
and feces of animals with Lead poisoning. The reference range 
of blood poiphyrln concentrations in normal calves is 21 .6 ± 
LI.6 to 45.6 ± 10.3pg/dL for whole blood and 113 and 
L42.fi ± 32.4pg/dL for eiylhiDcytes t 1:J5fi l2 * 5 ' J266 In chroni¬ 
cally exposed, asymptomatic cattle, the tree erythrocyte por¬ 
phyrin concentrations are frequently greater than 2000 pg/dL 
A "held test has been developed Tor determining blood 
pDrpbyjins. J2fi * 

Reference ranges for ALA dehydrase are 45.fi ± 20.6 U, 
whereas activities ranging from 2& to 33 LI have been 
reported in naturally exposed calves. 1260 The urinary con¬ 
centration of 6-ALA is increased and range above 500 jig/ 
mL. J26l - ]2e7 - ]2eB Measurement of ALA In the erythrocytes 
is more reliable than measurement Ln urine. I3 *' 3 

Environmental sources of lead can be detected by direct 
measurement of the lead concentration of the soil or pas¬ 
ture forage. Forage from toxic pastures contains more than 
30 ppm of lead, and in some cases the Level may exceed 
300ppm. J26aji7D 

The hematologic abnormalities of Lead poisoning are 
subtle. Most poisoned livestock have a normal hemogram. 
If present, lead-related changes are characteristic of a 


hemolytic anemia with an inappropriately Large-bone mar¬ 
row response. The morphologic abnormalities of erythro¬ 
cytes Include anlsocytosis, poikitocylosls, polychromasta. 
hypochromia, Howell-Jolly bodies, melarubrlcytes, and 
basophilic stippling. 12 1271 The shape changes begin within 

hours after ingestion of the lead and peak by 100 
days. 3255 - 3271 Blood changes do not occur in all cases of the 
disease and are not necessarily specific indicators of lead poi¬ 
soning In cattle, in which elevated blood lead may be present 
without hematological abnormalities. 1272 However, hemato¬ 
logic abnormalities tend to be more consistent in chronic 
lead toxicity and Ln lead-poisoned horses. 

Lead toxicity has a variety of effects on endocrine func¬ 
tion In callLe/ Elevated levels of serum Tj, Tj, eslradiol, 
and cortisol have been demonstrated Ln cattle with elevated 
blood Lead levels. 1271 Parameters of liver function also are 
affected; serum alanine and aspartate transaminase {ALT 
and AST) levels are Increased, whereas serum lipids, total 
protein, and albumin are decreased. 

In poisoned animate the concentrations of protein and 
WBCs in CSF are increased, ranging from 50 to 100 mg/pL 
of protein and 5 to 50 mononuclear cells/ml., respectively. 
Such changes are relatively nonspecific and found with 
other causes of polioencephalomalacia. 

JVufiophysaipfo^v. I.ead enters the body through the Cl 
tract or less often through the respiratory tract. Metallic Lead 
and the sulfide form are less well absorbed than ihe acetate, 
phosphate, carbonate oxide, and hydroxide salts. Metallic 
lead is poorly absorbed and causes toxicity only when a Lead 
foreign body becomes entrapped in the stomach for pro¬ 
longed periods. Interaction betw’een lead and other miner¬ 
als may occur. For example, high levels of dietary calcium 
reduce the Gl absorption of lead. Concomitant exposure 
to lead and cadmium results in a worsening of the clinical 
signs of lead poisoning. 1374 

Acute toxic single doses of lead range from 200 to SG0 mg/ 
kg for calves and 000 to 800 mg/kg for adults. J275 J276 
Although Intestinal absorption of Lead is relatively Inefficient, 
significant amounts can cross into the blood if sufficient 
quantities are ingested. Approximately 1% to 2% of the total 
oral dose of Lead Is absorbed by 24 hours. 1355 Increases in the 
blood Lead concentration are"observed as early as 3 hours 
after dosing Most of the lead absorbed from the digestive 
tract (90%) Is bound irreversibly to erythrocyte proteins, 
resulting in a low Lead concentration in the plasma but higher 


















concentrations In whole-blood specimens. 1277 At the end 
of the erythrocytes' lifespan, the cell-bound Lead is metabo¬ 
lized from the erythrocyte proteins and deposited In the 
bone as the triphosphate salt. A smaller amount of dis¬ 
solved lead is deposited into the soft tissues as the diphos¬ 
phate. A portion of the soft tissue lead is excreted through 
the Gl tract via the secretions (pancreatic |uices, bile) and 
direct diffusion. The haif-llfe of blood lead In adult cattle 
is extremely variable and unpredictable, ranging from 48 
to 2507 days In one study . 127b Phenotypic or genotypic fac¬ 
tors may affect metabolism and storage of lead; for exam- 
le, beef cattle store more lead In the Liver than the 
Idneys compared to dairy cattle. 13701 The variable time 
for clearance of lead has an obvious Implication for public 
health, because all carcasses of animals suspected or 
known to be exposed to lead must be tested before being 
cleared for human consumption . llS0 

Lead also crosses the placental barrier and accumulates 
in fetal bone, liver, and kidneys, but does not substantially 
accumulate In milk. Infertility) abortions, and fetal malfor¬ 
mations may result from exposure to lead. l2S7 I’he concen¬ 
tration of lead In milk from laclaling cattle fed a dally dose 
of 13 mg of lead acetate remains less than 5.9 parts per bil¬ 
lion (ppb]. l2ai In one study a logarithmic relationship 
between blood and milk lead concentrations was found. 
At blood concentrations below 3.6 pg/dL milk lead concen¬ 
trations were 0.8 pg/mL. However cattle with higher blood 
lead levels (4.8 pg/dL) had exponentially greater concentra¬ 
tions in milk (2.2 pg/kg). ual Lead cannot be detected in 
milk by 7 months after exposure. ua5 

The toxic effects of lead include inhibition of free sulf- 
hydryl groups found in many enzymes, interference with 
zinc-containing metalloproteins, and slerlc inhibition of 
enzyme activity. 1271 Enzymes of heme synthesis are partic¬ 
ularly susceptible to Injury. Iliese Include 5-ALA dehydra¬ 
tase and ferrochelatase. interference with ferrocbelatase 
inhibits the formation of be me from protoporphyrin, result¬ 
ing in a buildup of unmetabolized porphyrins, including 
protoporphyrin 3, uroporphyrins, and coproporphyrins. 
The Last two molecules are excreted In the urine and 
feces, respectively. 1154 Protoporphyrin I is retained in the 
erythrocyte. 

Interference with the activity of ALA dehydrase mav 
be partly responsible for the brain damage associated with 
lead poisoning. I’he enzyme 5-ALA dehydrase combines 
two molecules of 5-ALA into a single porphobilinogen 
molecule. TTiis enzyme is exquisitely sensitive to lead. Inhi¬ 
bition of the enzyme leads to accumulation of ALA, 
which is excreted into the urine. Concentrations of the 
synthetic product porphobilinogen in the erythrocytes are 
red uced 1 1267 ■ 1 ^ 12aj 

Because of the interference with heme metabolism and 
the altered function of other erythrocyte proteins, the eryth¬ 
rocyte half-life is shortened, which may result in a normo¬ 
chromic, normocytlc anemia In a small proportion of 
chronically poisoned animals. 13 ^ Iron Is not adequately 
used and Is stored In sideroblasts In the bone marrow . 1166 
Lead also Interferes with the activity of pyrimidine-specific 
S- 1 -nucleotidase. I2ar> Loss of activity of this enzyme results 
in basophilic stippling. 

After absorption, lead rapidly enters the brain at a dose- 
dependent rale. The lead deposition in the CMS results in 
acute cerebellar hemorrhage and edema from capillary dys¬ 
function. 1377 Abnormalities of brain cerebroslde content 
and catecholamine metabolism have also been described in 
animals with lead poisoning- however. She role of these 
changes in the pathogenesis of the clinical signs is unknowm. 


The pathogenesis of lead encephalopathy is multi factorial. 
Encephalitic signs probably originate from a combination of 
decreased mlcrovasculature, cellular necrosis, brain swelling 
neurotransmLiter dysfunction, and decreased glucose uptake 
by the brain. 13 * 6 

The molecular effects of Lead on the myocardium are 
unknowm. Hypertension caused by chronic poisoning is 
thought to result from an Inhibition of sodium-potassium 
adenosine triphosphatase or an alteration of the juxtaglo¬ 
merular apparatus. 12 * 1 

Ingestion of lead also results In aberrations of other 
minerals. For example, long-term exposure to lead results 
in competitive Inhibition of selenium uptake, thereby 
diminishing the absorption of selenium by as much as 
26%. 1276 If selenium Intake Is marginal, lead toxicosis could 
manifest as an outbreak of while muscle disease. Lead- 
induced selenium deficiency' may contribute to the patho¬ 
genesis of myocardial disease and Immune system 
dysfunction. 


II tpidcmwhgy. Sources of lead are legion. Including lead 
arsenate defoliants, batteries used motor oil, linoleum, roofing 
felt paint, machinery grease, caulking compounds. Improperly 
compounded mineral supplements, and foliage near lead 
smelters and battery-recycling pljnls. 12 ^- 12 ^ 1 - 1266 - 1237 - 1255 
Blood Lead levels of animals residing In highly contaminated 
urban environments may be significantly greater than those 
of their rural-dwelling counterparts, and nigh lead levels have 
been reported In grasses growing near busy roadtvays, but the 
clinical significance of these findings is undear. 1 ™' I2M - I2W 
Contamination of preserved feeds, such as silage, can occur 
before or during processing or during storage. Factors that can 
increase the likelihood of Ingestion or lead-contaminated food¬ 
stuffs Include lack of alternative feed, hunger, and phosphorus 
deficiency. 1357 The single Lethal dose of lead for cattle Is esti¬ 
mated to range from 220 to 600 mg/kg for calves, 600 Co 
800 mg/kg for adult cattle, and 400 mg/kg for goats. 1357 - 1175 
Poisonings from cumulative Intake are associated with substan¬ 
tia] Ly lower dally doses. Although cattle can detect fairly Low 
levels of lead on pasture and haw an aversion toward contami¬ 
nated herbage, continued exposure may lessen this aversion, 
making animals more prone to Ingest contaminated mate¬ 
rial. 1396 Lead poisoning has been Induced In cattle by feeding 
5 to 6 mg lead/kg body weight,May for 3 years or C mg/kg of 
lead {lead acetate) for 7 days. L36a - 1397 Lead poisoning has been 
reported In cattie exposed naturally to 6 to 7 mg/kg/day of lead 
on folLage and in calves given oral lead acetate at 2.7 to 20 mg' 1 
kg/dav.” 97 I’he Interval for development of clinical signs 
ranges from 5 to 20 days and Is related to the dose and the ionic 
form of lead administered . 1197 Ensiling of contaminated forage 
results In percolation and concentration of lead at the bottom 
of thesilo. L3ga 

I’he toxicity of lead Is apparently Influenced by dietary 
factors. Calves on a milk diet are more susceptible to lead 
poisoning than caives fed hay and grain. 1163 There 
appears to be a direct correlation between high levels of 
vitamin D and enhanced lead absorption, which may 
exp] a In the greater occurrence of the poisoning during 
the summer. Elevated copper concentrations In forage, 
such as may be found In pastures fertilized using pig 
slurry, may potentiate accumulation of lead In animais 
consuming it. 1259 

I’he estimated cumulative toxic dose of lead for horses is 
2.9 mg/kg/day. lM0 Poisonings have been reported in horses 
grazing pastures contaminated with 320 to 440 ppm of lead 
from a metal smelter; this amounted to a dally Intake of 2 g 
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^6.4 mg/kg). Metallic lead and the "galena 1 "' {insoluble sul- 
Ide sail) are less toxic than the acetate and carbonate lead 
salts. 15 ™ 


II Necropsy findings. The macroscopic brain lesions of 
lead poisoning are mild and include brain edema, con- 
estion of vessels of the cerebral cortex, and yellowish 
iscoloratlon and flattening of the cortical gyri. Lesions 
tend to he most severe In the occipital lobes. .Microscopic 
changes In the brain Include capillary prominence, endo¬ 
thelial cell swelling, edema of the Turk In je cell layer of 
the cerebral cortex, laminar cortical neuronal necrosis, 
and edema of the white matter. 1303 The lesions are pre¬ 
dominantly Located on the lips of the gyrl. Whether these 
lesions a recaused by a direct effect of Lead on the neurons 
or from vascular damage Is unclear. 1377 Intranuclear acid- 
fast inclusion bodies in the renal tubular epithelial cells 
have been described in experimentally poisoned cattle. 
Chronic lead exposure also may Interfere with normal 
functioning of the Immune system, resulting In an 
increased susceptibility to infections. 1305 

II Treatment, Therapy for lead poisoning should include 
removal of the lead from the digestive tract, chelation ther¬ 
apy with calcium disodLum EDTA, and fluid and nutritional 
support of the patient. Treatment with calcium disod Lum 
EDTA (calcium versenalej has been show r n to be superLor 
to treatment w r Lth penicillamine or dlmercaprol (BAL). The 
EDTA chelates osseous but not soft tissue-bound lead. 1274 
After chelation the unsaturated bone stores reequilibrate 
with the lead remaining In the soft tissues. In cases of acute 
lead poisoning, several days are required before reequilibra¬ 
tion results in a decreased blood lead concentration. The 
dose of calcium disodlum EDTA is 66 mg/kg/day, divided 
into several doses dally for 3 to 5 days. 1304 After five dally 
treatments, a 2-day non treatment period Is recommended 
to reequilibrate the soft tissue and bone lead. After the 2 days' 
rest, dally treatments are given for another 5 days. The deci¬ 
sion to continue therapy with EDl’A should be based on 
the results of posttreatment blood Lead analyses and renal 
function tests. Another recommendation is for administra¬ 
tion of two IV Injections of calcium disodlum EDTA 
(110 mg^kg per dose) given 12 hours apart for 2 days. 1505 
Ifterapy then Is withheld for 2 days, after which the EDTA 
treatments are re Instituted for 2 more days. The comparative 
efficacy of this regimen Is unknown. 

The EDl’A also chelates other divalent cations. Conse¬ 
quently, prolonged administration of the drug results In 
trace-mineral deficiencies, especially of zinc. Eor this reason, 
after prolonged EDTA therapy, oral supplementation with 
zinc should be considered to prevent the development of 
parakeratosis. 

Meso-2,3,-dlmercaptosuccinlc acid may be a more effec¬ 
tive agent for Lead chelation, particularly when it comes to 
removing lead from soft tissue. 1306 However, experience 
with tbLs drug Is still limited. There appears to be no advan¬ 
tage to using this drug In conjunction with calcium dlso- 
dlum EDl’A. 

Reports have Indicated that thiamine therapy is an effec¬ 
tive adjunctive treatment with EDTA In cases of acute lead 
poisoning of cattle.H75,i»7,t mb Administration of 2 mg, 1 'kg 
thiamine dally w r as more effective than treatment with dlso- 
dlum EDTA [62 mg/kg twice daily for 4 days) or thiamine 
plus dlsodium EDTA In Inducing remission of clinical signs 
of experimentally induced lead poisoning. 1305 For clinical 


treatment of Lead poisoning thiamine dosages of 500 mg 
for small ruminants and 1 g for cattle weighing 300 kg or 
5mg^kg have been recommended. 1507 Administration of 
daily doses of thiamine [100 mg/calf/day or 5 mg/ke) has 
protected experimentally exposed calves from clLnicafsigns 
of Lead poisoning and reduced lead deposition in the soft 
tissues. iSaajaiaiif i The nature of the protective effects of 
thiamine is unclear. Apparently, either Lead Interferes with 
thiamine synthesis, or the tissue distribution and deposition 
of Lead are reduced by the formation of rapidly excreted 
Lead-thiamine complexes. 

In ruminants, ingested lead is best removed from the 
digestive tract by means of a rumenotomy. 1375 Magnesium 
sulfate laxatives are administered concomitantly to form 
Insoluble lead sulfides. Because of the possibility of addi¬ 
tional Lead absorption from the Gl tract, oral administration 
of chelators Is contraindicated. 

Patients that respond slowly to chelation and thiamine 
therapy should he given supportive care. These measures 
should include provision of 40 to 80 mL free water/kgf day 
for maintenance, oral hyperalimentation, and administra¬ 
tion of diazepam or phenobarbital for convulsions (see 
Table 35-9). 

II Prevention and Ctintrof. Toxic pastures can be made safe 
by removing contaminated forage. I’his Is best done by 
cutting, baling, and burying native grasses; burning the 
stubble; and applying agricultural lime at the rate of 1 ton 
per acre where the lead concentration of topsoil exceeds 
175 ppm. ]26& In the case of negligent poisonings, vigorous 
attempts at laboratory confirmation of the clinical diagnosis 
should be made. Thesource of the lead should be established, 
and the affected animals should be carefully documented. In 
the United States, insurance Liability responslbllLiles may be 
covered under homeowner or farm Insurance. 

TOXICITY FROM GASOLINE, 

PETROLEUM DISTILLATES, 

AND RELATED PRODUCTS 

Ingestion of natural gas condensate or petroleum distil¬ 
lates can cause neurologic disease In livestock. Affected 
animals appear to be anesthetized and fail to respond to 
auditory or visual stimuli. I’he clinical signs of petroleum 
distillate poisoning include depression, ataxia, diarrhea, 
recumbency, coma, semlcoma, absent menace response, 
decreased palpebral reflex, and muscular hypotonia. Con¬ 
stituents ot petroleum and related products cause pathol¬ 
ogy in many organs, including the lungs, kidney, liver, 
anti digestive tract. Thus a variety of clinical signs, such 
as dyspnea, coughing, and bloat, may be present In poi¬ 
soned animals, in addition to neurologic abnormal¬ 
ities. 13121313 I’he feces and digestive tract contents have a 
strong odor of petroleum or gasoline. Some animals may 
die suddenly without premonitory signs. Animals in poor 
condition or suffering from chronic illness are at greatest 
risk of toxicity. 3314 

Necropsy findings in poisoned animals Include diffuse 
serosal hyperemia of the bowel and forestomachs and dif¬ 
fuse serosal ecchymotlc hemorrhages. The Lungs are firm 
and mottled, especially in the middle and cranial lobes. 
These pulmonary changes may be associated with moderate 
amounts of serofibrinous pleural exudates. Microscopic 
changes in poisoned animals include myocardial degenera¬ 
tion and necrosis, enteritis, mild renal tubular degeneration, 
and granular eosinophilic casts. Affected livers develop 
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perlaelnar fatty degeneration and periportal Infiltrations of 
lymphocytes and plasma cells. 

Gas chromatography of she intestinal contents usually 
reveals peaks of aromatic hydrocarbons. For Identification 
of the source of hydrocarbons, gas chromatographic pro¬ 
files of the environmental specimens can be compared to 
those of the rumen liquor. Several oxidative biochemical 
activities of circulating neutrophils are reversibly depressed 
in animals exposed experimentally to crude oil or diesel 
fuel. iTils effect Is dose dependent and may provide a 
method for determining exposure to oil and petroleum 
products and for tracking recovery. 1313 

In early cases of petroleum distillate poisoning, removal 
of the hydrocarbons by means of a rumenolomy should 
be considered. Treatment usually Is futile when the animal 
becomes recumbent and unresponsive. J316 

ETHYLENE GLYCOL TOXICOSIS 
(ANTIFREEZE POISONING) 

Antifreeze poisoning occurs primarily In lumlnants. 13L7 - L3ia 
When Ingested, ethylene glycol Is enzymatically converted 
to a number of acidic Intermediate compounds, especial I v 
glycolic acid, which Is further metabolized to oxalic acicf. 
This acid combines with calcium in She kidneys to precipi¬ 
tate as calcium oxalate. Ruminants are thought to be more 
resistant to the toxic effects of ethylene glycol than mono- 
gastric animals because of their ability to metabolize laige 
quantities of oxalate in the rumen. Tlie acute toxic dose of 
ethylene glycol for adult ruminants ranges from 5 to 
10 mL/kg, tvhereas that for preruminant calves is 2 mL/kg. 

Animals that have Ingested sufficient amounts of ethylene 
glycol become ill by 3 to 4 days after Ingestion. Clinical signs 
of ethylene glycol toxicity include blindness, progressive bln- 
dlimb ataxia, salivation, depressed sensorlum, nystagjnus, 
tonic-clonic seizures., and status eplleptlcus. TupLllarv reflexes 
usually are Intact. Hemolytic anemia and hemoglobinuria 
occasionally may be seen. 3 -- 117 r rhe cllnicopathologic changes 
of ethylene glycol toxicosis Include azotemia (443 mg/dl.), 
increased serum creatinine, hypophosphatemia, hypocalce¬ 
mia, acidosis, hyperosmolality, and increased ’/-glutamyl 
transaminase. 

The pathologic lesions Include slight swelling of the 
kidneys and pulmonary edema. Oxafate crystals can be 
demonstrated by microscopic examination of the kidney tis¬ 
sues using polarized Light. Ethylene glycol can be detected 
in the rumen for at least 4 days after ingestion. Mass spec¬ 
trometry of body fluids may show Increased urinary and 
ocular fluid concentrations of glycolic acid (4.3 iig'mL and 
2.3 tig/mL, respectively). 

Treatment with 20% ethanol at a rate of 50 ml./hr has 
been recommended but is unsuccessful In advanced stages 
of the disease. Some have suggested that ruminants also 
be given an oral dose of activated charcoal, but the effect 
of this treatment on long-term survival Is unknown. 131 ® 

NARDOO FERN POISONING 

Sheep that graze extensively on the Wardoo fern (Marsilea 
drummondti) develop a condition that Is Indistinguishable 
from polioencephalomalacia (PEM). Death losses of 2200 
of 57,000 sheep have been reported. 13 ^ The clinical signs 
are Indistinguishable from those of PEM. Neuronal necrosis, 
malacla, perivascular cuffing, vaetiolation of the neuropil, 
vascular dilation and endothelial hypertrophy, and gliosis 
occur in the central nervous system. The condition responds 
to a single subcutaneous Infection of thiamine {200 mg). 
The fern is thought to contain a form of thiamlnase 1. 


HEUCHRYSUM ARGYRQSPHAERUM 
POISONING 

Both naturally occurring and experimental poisoning of 
sheep and cattle in South Africa by plants of the genus 
HelidiTysum results In blindness and a variety of CMS 
signs. 1320 ' 1321 The clinical signs of Intoxication Include pro- 
resslve tetraparesis, depression, nystagmus, mydriasis, 
Lind ness, intentional head tremor, and star-gazing attitude. 
Older sheep may develop lens cataracts 2 to 3 months after 
eating the plants. The case-attack rale ranges from 1% to 
29%. Plants are toxic only in the flowering stage. HcJj'rfiry- 
sum species have been shown to contain substances that 
bind at the y-aminobulyrlc acid (GABA)-benzodiazepine 
receptor, suggesting a mechanism for toxic effects on the 
nervous system . 132 - 

Pathologlc findings include widespread status sponglo- 
sus of brain white matter, particularly In subependymal 
areas and In the cerebellar peduncles and brainstem. 1321 
Myelin edema is present in some cases. Edematous swelling 
of the optic nerve causes compression of the nerve in the 
optic canal, with second a ry damage to nerve axons and 
myelin. Ihe toxic principle in plants also causes 

a primary retinopathy in some animals. 

Other members of the Heiidi ryjtrrn genus are being stud¬ 
ied for a variety of medicinal properties, including antiviral, 
antioxidant, antiinflammatory, and free-radical scavenging 
activities. 3 * 23 " J 325 

FLATPEA (LATHYRUS SYLVESTRIS, LATHYRUS 
COLUS) POISONING 

Ingestion offlatpea sytatn'j, EaffiymjccHisJ results 

in a CMS disorder. The condition may be seen by 5 days 
after consumption of a diet composed of 50% flatpea vines. 
Toxicosis has been Induced in sheep ingesting forage of 
35% flatpea vines. 3 * 26 Livestock can develop a tolerance 
for the plant through rumen microbial detoxification. Nev¬ 
ertheless, acclimatized animals can be rendered susceptible 
by treatment with monensin or by a change in rumen 
mlcroflora. 1327 

The toxic constituent of the plant, 2,4-diamlnobutyrlc 
acid, is known to inhibit ornithine transcarbamylase/an 
enzyme responsible for urea detoxification. Consequently, 
the blood ammonia concentration In clinically affected ani¬ 
mals ranges from 189 to 163 mmol/mL (normal, 103 to 
135 mmol/mL). DiamLnobutyric acid also interferes with 
the uptake of GABA and inhibits GABA transaminase 
activity. 

The clinical signs of flatpea Intoxication are depression, 
muscular tremors, and spasmodic torticollis. Affected ani¬ 
mals become recumbent and are reluctant to rise. When 
stimulated to move, they display circling, head pressing, 
and odontoprisis. The urine may appear dark brown. The 
clinical disorder often culminates fatally in a seizure. Dur¬ 
ing the inlertctal periods the animals may rest, rise, and 
resume normal behavior and gait. lYeatmenl Is empiric 
and supportive and could Include I to 2 L of vinegar 
orally, IV diazepam, and removal from the offending 
forage. 

Ldtftyrus syfuestrUs is a leguminous plant with a high pro¬ 
tein content that might be an adequate substitute for alfalfa 
in areas where the latter grows poorly. 132 ® L. syJWsrris har¬ 
vested in the vegetative state has been fed to Lambs in com¬ 
bination with alfalfa and as a sole dLet without ill effect. I32g 
Similarly, when fed as part of a mixed silage In which the 
concentration of diamlnobutyric acid was approximately 
1 %, L. syh/estris produced an acceptable weight gain In cattle 
without' signs or toxicity. 133(3 
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LEUKOENCEPHALOMALACIA (MOLDY 
CORN DISEASE; EQUINE 
ENCEPHALOMALACIA; PESTA DE 
CEGARE; PEN YAN DISEASE; MOLDY 
CORNSTALK DISEASE; BLIND STAGGERS) 

Definition and Etiology. LeukoencephalomaLada (LEM) 
is an intoxication of horses caused t>y Ingestion of coni con¬ 
taminated with the fungus Fusaihpn momliforme. 1 * 314335 
Fumonlsin toxins {Hi, l>2, and B3] produced by J : . fnanilijonm 
interfere with sphingoilpid metabolism, disrupting endotbe- 
lial cell waits and basement membranes. l33fi Although all 
three substances are toxic, fumonlsin B1 is believed to be 
mainly responsible for LEM. 1357 Outbreaks of multifocal neu¬ 
rologic signs and hepatic disease occur In groups of horses 
exposed to tainted feedstuffs. 


CUniail Starts. TJieciinic.il signs of LEM occur suddenly. 
Occasionally, animats die acutely, without other overt 
signs, ]33JJ but most horses show a variety of neurologic signs 
before death. These Include somnolence, flacctdltyof the facial 
and pharyngeal muscles, muscle fasclculalions over the neck 
and withers, ataxia, conscious proprioceptive deficits, head 
pressing, mania, facial desenskizatlon, pharyngeal paralysis, 
blindness. seizures, and a tendency to circle or Jean to one 
ii-deanimals die while convulsing. 1331 Hie few 
horses that recover usually have permanent neurologic dys¬ 
function. Hepatic Involvement occurs in many cases, as evi¬ 
denced by elevated serum Liver enzymes, although hepatic 
failure is uncommon. Signs of liver disease Include icterus, 
petecblation on mucous membranes, and swelling of the muz¬ 
zle or lips. Gastrointestinal disease caused by fumonlsin toxins 
has been reported and may manifest as signs of colic. 

Unique constellations of clinical signs may predominate 
within any one outbreak of the disease. Fumonlsin toxins 
cause a variety of clinicaL syndromes In other species, but 
horses appear to be particularly susceptible and can show signs 
when closed to toxin concentrations as low as 5 to 10 ppm, 
almost 10 times Less than the concentration needed to cause 
mild signs of inappetence and decreased weight gain in cattle; 

ClIniat l J 'at Mogy and Dlrtgrtoifs. Eumo n I s I n Lax Lcosis 
has no unique cllnicopalhologlc findings, therefore ante¬ 
mortem diagnosis relies on recognition of the clinical signs 
with a history of exposure to moldy corn. Specific changes 
in the cerebrospinal fluid (CSF) of affected horses have 
not been reported. Serum liver enzymes (aspartate transam¬ 
inase [AST], y-glulamy[transferase [CGT[, sorbitol dehydro¬ 
genase |SDE1]) and bilirubin may be elevated. Nonspecific 
changes In serum chemistry associated with dehydration 
increased hematocrit, prerenai azotemia) and recumbency 
elevated serum creatine kinase |CK]) also may be present. 
Anemia, leukocytosis, and Leukopenia all have been 
reported, but none is a consistent finding. 

Differential diagnoses include craniocerebral trauma, the 
arboviral encephalHides, hepatic encephalopathy r equine 
protozoal myefoeneepha Litis, The I leds disease, andnotullsm. 

kptik'miology. Leukoencepbalomalacla occurs world¬ 
wide lii3 - 15JD Corn becomes contaminated during growth 
rather than in storage, and climatic factors that stress the 
plants, such as drought, excess moisture, or heal, contribute 
to the likelihood of mold development. Most cases of 
equine disease occur during the winter and early 
spring.J3.12. 1 33s i n experimental studies the toxic dose of 
infecled corn ranged from 5 to IB kg (IQ to 30 lb j, but 


the amount of corn required to cause the disease is likely 
to vary considerably depending on the amount of toxin In 
the grain . i55A A direct link between the onset and severity 
of clinical signs and the dose of toxin has not been estab¬ 
lished In naturally occurring cases, but experimental data 
suggest a dose-related effect. 1341 Repeated exposure to the 
toxin, rather than a single large dose, seems to be associated 
with the development of clinical signs. 1312 Experimental 
studies with Infected corn demonstrated an onset of clinical 
signs on the ninth day after the beginning of the feeding 
period. Older animals develop clinical signs of LEM more 
rapidly than younger animals and thus appear to be most 
susceptible to the effects of the my cotoxin. J13 J 

The rates of disease In exposed horses vary widely, from 
14% to 100% in some reports.- vn - j34(1 Ruminants apparently 
an? more resistant than horses to die effects of the neurotoxin, 
but this is not a complete resistance because camels and water 
buffalo have died after ingesting toxic com,. Diplodiosis, a 
similar neuromycotoxi costs of cattle caused by ingestion of 
Diplodia maydis, occurs in ,-Africa; however, the toxicologic rela¬ 
tionship between these conditions is unknown. 

I'nlholdgy. The major pathologic features In the central 
nervous system (CMS) result from the vascular damage 
caused by fumonisin toxins, including liqnefactlve necrosis 
and degeneration or malada of the white matter of one or 
both cerebral hemispheres. l3j7 - n The size of the Lesions 
may vary from 0.5 cm in diameter to complete necrosis 
of the entire cerebral cortex. 5331 Flattening of the cortical 
gyrl, enlargement of the cerebral cortex, vascular congestion, 
cortical softening, yellowish discoloration of the white mat¬ 
ter, hemorrhage, and cavitation of the cerebral cortex may 
be present 1131 ]336 33JD (Fig. 35-14). A gelatinous fluid can 
be seen in many of the cavltaiy lesions. 1319 Hemorrhage In 
the CNS also has been reported. 13 ^ 3 Lesions in the visceral 
organs, including hepatic congestion, cenlrilobular hepatic 



FIG. S 5 - 1 A , I .liMTJifttTixLk appearance oi a |n a lac it lei ion in :Jir brain ol 
a hiirac lM.il lI i<-U □l iiLcldy cum pc^KuiiLn^. (Courtesy tic, H. II Whitlock.) 
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necrosis,, hemorrhagic enteritis, and cystitis are found in 
some horses. The relationship between these lesions In the 
CMS and those in the liver, urinary bladder, and Gl tract Is 
unknown. 


II Treatment. There Is no known specific treatment for 
LEiM, but successful treatment of horses was reported using 
antiinflammatory medications such as dimethyl sulfoxide 
(DMSO) (1 g/kg given as 10% solution by slow IV infusion 
once daily for 3 days) or flu nix In meglumine (0.25 to I mg/ 
kg), as well as antibiotics and supportive care {thiamine, 5 g 
IV every 12 hours). 13:35 In other cases, survivors usually have 
permanent neurologic dysfunction. 

BLUE-GREEN ALGAE TOXICOSIS 

II Definition ijnd Frio fogy. Ingestion of stagnant pond 
water containing certain species of blue-green algae may 
result in a peracute Intoxication of livestock, blue-green 
algae poisoning Is characterized by convulsions, ataxia, 
bloody diarrhea, and sudden death. 1350 - 1353 Although often 
a fatal toxicity, some affected animals can make a full recov- 
eryjjsi.ias* fhe algal toxins have been responsible for high 
losses of livestock and illness in humans and for deaths of 
domestic dogs. J355 ' 1356 The algal toxins may also he respon¬ 
sible for occasional die-offs of fish and aquatic birds. Toxic 
algal species Include Microcystis aeruginosa, Annbaerui flos- 
cupiae, Aphanizomenon fics-arfune, Anacystis cynnea, Gioeotri- 
l/i !li ecfiinjjJiita, Noduhria spfiaevocarpa, and Osof id ton'd 
L^jrjfjhiT Of these, the first three are most toxic. 1557 Blue- 
green alg^ie poisoning most often results in sudden death. 
Affected animals rarely move far from the source of the 
toxin. So me of the algae produce hepatotoxlns, and animals 
develop liver failure, diarrhea, and photosensitivity. I’he 
development of toxic stands of blue-green algae requires 
specific environmental conditions, Including a water pll 
above 6, organic pollution, and a water temperature ranging 
from 15°* C to 30 c C (59 J E to 8<S ;i F). 


II C’JmrctiJ Signs, Clinical syndromes of blue-green algae 
poisoning In livestock may be separated into acute and chronic 
forms. Acutely affected animals may show signs resembling 
those of milk fever, 5354 including muscle tremors, reluctance 
to rise or move, ataxia, cold extremities, weak rapid pulse, 
mydriasis, muscle tremors, salivation, colic, rumen atony, 
mild bloat, pallor. Increased capillary refill time, vomiting, 
ataxia, conscious proprioceptive deficits, and bloody diarrhea. 
Some of the toxins are absorbed through the oral mucosa. 
Consequently, the full range of clinical signs, culminating in 
death from respiratory arrest, can occur within minutes of 
ingestion of the toxic water. If clinical signs are seen before 
death, affected animals tend to be afebrile but have signifi¬ 
cantly Increased pulse and respiratory rates. .Many animals 
die suddenly without premonitory symptoms. 155 ^- 5359 I’he 
deaths often occur In the vicinity of she pond, and dead ani¬ 
mals may be covered by the green scum. 

In the chronic form of blue-green algae intoxication, 
affected animals show ataxia, depression, anorexia, hemor¬ 
rhagic diarrhea. Icterus, and photosenslllzation, which 
occur secondary to hepatic necrosis. 1359 Death from respira¬ 
tory arrest and circulatory shock may occur within 2 to 72 
hours after the toxin is ingested. 

II CVinrcaf fWiuiogy. I’he diagnosis of hlue-green algae 
poisoning depends on recognition of a relationship 
between livestock deaths and ingestion of pond water, iden¬ 
tification of toxic algae in the pond water, recognition of 


hepatic disease in chronically affected animals, and elimina¬ 
tion of the possibility of similar clinical conditions, such as 
cyanide or acute poisoning. Diseases that kill animals sud¬ 
denly should be considered as differential diagnoses {see 
Chapter 14). Blue-green algae poisoning should be consid¬ 
ered whenever a group of cattle simultaneously develop 
marked massive hepatic necrosis. 

I’he vegetative cells of the algae can be Identified by 
microscopic examination of rumen contents. The intestinal 
contents should be split. Half the contents should be placed 
in 10% neutral buffered formalin for microscopic analysis, 
and the other half should be refrigerated {not frozen)" for 
mouse bloassay tests or chromatographic identification of 
the toxin using high-performance liquid chromatography 
(HPLC). 33G ® The blood of animals poisoned by mlcracystln, 
the toxic principle of Microcystis aeruginosa shows changes 
characteristic of hepatic necrosis. Including, increased con¬ 
centrations of bilirubin, AST, GGT, alkaline phosphatase 
(ALP), and aiginase. The animals may be secondarily bypo- 
calcemic, which complicates the clinical picture. 135:3 

II Pathophysiology'. Blue-green algae grow more slotvly 
than other algae In cold water; therefore, bighlv flushed 
systems cannot achieve a toxic bloom. The blue-green 
algae can fix atmospheric nitrogen dissolved In the water, 
and they have intracellular gas vesicles that accumulate 
the nitrogen when photosynthesis decreases. If mixing 
occurs because of the wind, the amount of light reaching 
the algae decreases because of the turbulence. The buoyancy 
of the cells increases because of decreased photosynthesis. 
At night the tvinds become calmer, and the algae lose their 
ability to regulate density. Ilie cells float to the surface of 
the water and form a scum, which is concentrated on She 
leeward side. For these reasons, poisonings tend to occur 
in the period of stable weather just after a frontal system 
has passed. 

Direct ingestion of the toxicant is necessary to cause clin¬ 
ical signs. No significant level of toxin was detected In milk 
of cows fed the toxin experimentally, so calves are not 
exposed through their dams'" mi Ik . 1361 

All species of blue-green algae probably produce toxins, 
which can be classified into the following" three groups: 

■ A/rftdnfrojnenijn, Oscillatorin, and Anabnemi species. Apim- 
Fria?jflflji£iN produces lw r o alkaloid toxins that have a struc¬ 
ture resembling that of saxlloxin, the agent of paralytic 
shellfish poisoning. Toxins from Aretjfrtfefrtj species are 
named anatoxin-a and anatoxln-a(s) and are structural 
analogs of cocaine. Toxins from asrifflatuTla species resem¬ 
ble those of Anabaena; they can be absorbed unchanged 
through the mucous membranes and kill by depolarizing 
blockade of the neuromuscular |unction, iass.uS&jKi-i 36* 

■ Peptide hepatotoxlns. Ihese substances are produced 
by strains of Miicrmyjfri, Osfj'ffdJtorid, and AfrdlMCFJtJ algae. 
Microcvslln-LR is the most frequently Isolated hepato- 
toxin. I3&5 - S3fi5 On a weight basis, this toxin Is 20 times more 
active than cyanide or strychnine. A single intraperltoneal 
Injection of l to 2 pg In a mouse is lethal. At least nine struc¬ 
tural variants of mlcrocystin h ave been identified. These tox¬ 
ins act exert their toxic effects on mitochondria. 337 ® I’he 
toxins can cross the placenta and cause lesions In the fetus. 

■ Llpopolysaccharldes. l’hese substances may be produced 
by most species of blue-green algae. 

II Necropsy Finding!. I’he pathologic lesions of blue-green 
algae poisoning are either severe centrilobular hepatic 
necrosis In animals that die of the chronic poisoning or 
generalized petechiation and body cavity effusions in ani¬ 
mals that die peracutely. 135B 
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II Epidemiology* Blue-green algae intoxication occurs 
worldwide and affects mammals, birds, and fish. The bloom 
is most abundant during the late summer and early autumn 
when warm, sunny conditions favor alga] growth. Growth is 
most abundant In ponds w r lih an alkaline pEI and in high 
concentrations of nitrogen, phosphates, carbonates, or 
organic matter. Release of the toxin is associated with death 
of the algae and production of a "rotting fish" odor. Most 
poisonings occur on the leew r ard side of the pond, where 
the algae are concentrated by the action of the prevailing 
wind. Ingestion of approximately 10S0 to ]500 ml of 
heavily contaminated water can be fatal for cattle. 13 ^ a Toxic¬ 
ity varies daily and In different parts of the pond or Lake. 

II Treatment. Therapy for blue-green al&ae poisoning is 
symptomatic and usually unsuccessful. Experimentally poi¬ 
soned calves have not recovered, even after 30 hours of arti¬ 
ficial respiration, although recovery of cows naturally 
Intoxicated has been reported. J35 l ' liS3 

II Prevention. Methods for control of the disease include 
restriction of access to infested ponds and treatment of the 
pond with copper sulfate or alfricides. 1352 Prevention of 
blue-green algae poisoning depends on the proper construc¬ 
tion of farm ponds and the prophylactic treatment of the water 
with bluestone (copper suffate) to achieve a final concentra¬ 
tion ranging from 0.5 to 1.0 ppm In acid w r ater and 1.5 to 
2.0 ppm In alkaline w r ater. The bluestone is either dissolved 
in water and sprayed over the pond or dragged through the 
pond in a burlap sack In lanes that are 5 to 10 feet apart. LJ52 
This amounts to l.22kg^acre foot In alkaline water. Cattle 
should be fenced from the pond for several days after the cop¬ 
per sulfate treatment. Ihe treatment should be repeated when¬ 
ever the toxic bloom recurs. To prevent algal bloom without 
application of copper sulfate, farm ponds should be con¬ 
structed so that they are SO x 20 feet in length and width and 
10 feet in depth. Surrounding drainage areas should be fenced 
from she livestock. Water should be pumped from the pond to 
ihe cattle In polyethylene pipes and delLvered into raised water 
troughs. Ihe w r ater for the troughsshould be pumped from the 
center and bottom of the pond. 


and the jugular vein in the posterior part of the neck. 
Hypertonic or caustic drugs, including phenothiazlne tran¬ 
quilizers, chloramphenicol, chloral hydrate, barbiturate 
anesthetics, phenylbutazone, calcium gluconate, sodium 
Iodide, and chloramphenicol, cause cortical necrosis when 
Injected Into the carotid artery . 1371374 

II Cffni'cnf Signs, The onset is peracute. When the drug is 
Injected into the carotid artery, the animal recoils backward 
and falls over. Some horses strike or rear violently or run 
wildly without regard to obstructions. Other animals fall 
down and become comatose without showing severe motor 
activity. Severely affected animals may die after a variable 
period, but others regain their footing and recover completely. 
Residual neurologic deficits may occur Ln surviving animals. 
Itiese deficits include contralateral blindness, facial hypalge- 
sia, head tilt (toward the side of the lesion), and a largely 
contralateral, conscious proprioceptive deficit. If the Injection 
has damaged the ascending vagosympathetic pathways, the 
animal may display llornefs syndrome, with sLgns that 
Include ptosis, miosis, and enophthalmos. Horses with Hor¬ 
ner's syndrome also sweat profusely over the head and neck 
of the ipsllateral side, vfbereas cattle wTlh the syndrome fail 
to sweat on the planum nasale on the ipsllateral side of the 
Lesion. 


II Patho physiology. Ihe CMS lesions are caused by vascu¬ 
lar endothelial damage. Intracarotid drug injection results 
In Intense vasospasm and profound alterations of the 
blood-brain barrier (BBB). Ihe vascular damage causes 
endothelial cell swelling, increased vascular permeability, 
mural necrosis, hemorrhage. Intercellular edema, and 
thrombosis. 3373 

II! Necropsy Findings, Pathologic lesions include diffuse 
cerebral edema and brain swelling. Microscopic lesions 
Include arteriolar hyalinizatlon, hemorrhage, edema, 
necrobiosis, and status sponelosus. Vannotation of the 
neuropil, perivascular hemorrhage, fibrin, and edema are 
also seen. 


NITROFURAZONE TOXICOSIS 

Nitrofurazone Is an antimicrobial that has been fed to cattle 
for the treatment and control of respiratory or gastrointesti¬ 
nal diseases. Treatment of food-producing animals with the 
nitrofuranscurrently is prohibited by the 11S. PDA. Nervous 
system signs of nitrofurazone toxicosis occur after 1 to 3 
weeks of continuous feeding at dosages exceeding 15 to 
30 mg/kg. 13711371 Lower dosages [7.1 mg/kg) reduce feed 
intake but do not result in neurologic signs. The nitrofurans 
inhibit enzymes of the oxidative glycolytic pathways and are 
ibougbt to Interfere w r LLh brain metabolism of carbohydrates. 

Clinical signs of nitrofurazone toxicosis include hyperir- 
ritabLilly, propulsive running, muscular tremors, blindness, 
convulsions, and death. At I owner doses the convulsions 
may appear intermittently, but as the condition progresses, 
the signs become continuous. 

INTRACAROTID DRUG INJECTION 

II Definition and Etiology. Intracarotid drug Injection is 
common in horses because the jugular vein and the com¬ 
mon carotid artery are closely apposed In the caudal third 
of the neck. The condition is rarely seen Ln cattle because 
the omohyoldeus muscle lies between the carotid artery 


II Treatment. No effective treatment exists for an acci¬ 
dental Intracarotid drug injection. Violent horses should 
be placed Ln a padded stall, sedated w r Lth diazepam, and 
treated with dexamethasone [1 to 2 mg/kg). Administra¬ 
tion of mannitol or other osmotic diuretics should be 
avoided Ln the first 24 hours because of active bleeding 
In the CNS and loss of the BBB. Administration of a 
hypertonic dehydrating agent at that time may result in 
distribution of the osmolieally active drugs Into the CNS 
parenchyma, resulting in a large increase in Intracranial 
pressure. Although most animals eventually recover from 
the effects of an Intracarotid injection, fatalities have been 
reported. l373 - JJ 75 

II Prevention. Intracarotid Injection of drugs Is best pre¬ 
vented by the use of large-bore needles or catheters for 
Intravenous Injections. Tills allows better visualization of 
pulsating oxygenated blood when the carotid artery has 
been accidentally punctured. In (he horse, venipunctures 
should be performed in the anterior one third, of she jugular 
furrow because the artery and vein are separated by the 
omohyoideus muscle Ln this area. Needles should be 
Inserted into the vein while they are separated from the 
syringe. 
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COENUROSIS (SHEEP GID; COENUAU5 
CEREBRAUS INFESTATION; TAENIA 
MULTICEPS INFESTATION} 

II definition rtfid bliofogy. Coenurosis Is caused by inva¬ 
sion of the CMS by Cnenjjras cercbralis, the intermediate 
stage of the tapeworm Taenia mulliceps. llte adult worms 
live in the Lnlestlne of domestic dogs and some wild carni¬ 
vores, where they shed eggs into the feces. Ruminants eat 
the egg£ from contaminated pastures. The eggs hatch in 
the small Intestine of the ruminant, and the farval stages 
travel through the blood to the CMS, where they mature 
into C. cerebralis. The lifecycle Is completed when the rumi¬ 
nant dies and the brain is eaten by a scavenging carnivore. 
Cranuras cysts then develop Into sexually mature adults in 
the bowel of the carnivore host. 

Many animals, including sheep, goats, cattle, horses, wild 
ruminants, and humans, are susceptible to C. cerebrals 
infestation. 1376 - 11 ^ Outbreaks of coenurosis may occur in 
previously uninfected sheep that are suddenly exposed to 
contaminated fecal matter from carnivores. Cases initially 
occur as early as 2 weeks after the sheep are exposed and 
continue for as long as 4 months. 

II C’JiFircaJ S/gns. Signs can occur acutely, during the 
migratory phase of the larval stage In the intermediate host. 
Limbs 6 Co & weeks old are most often affected by this form 
and develop fever, dullness, and mild neurologic defi¬ 
cits. 11711 Occasionally, acute encephalitis occurs, leading to 
sudden onset of severe neurologic signs and death within 
a few days. More frequently, the clinical presentation of coe¬ 
nurosis Is that of a space-occupying brain lesion; signs 
include depression, anorexia, ataxia, unilateral or asymmet¬ 
ric loss of vision, facial hemiplegia, head tilt, circling, high- 
stepping forelimb gait, and hyperesthesia. When the spinal 
core! is the site of cyst development, hindllmb ataxia and 
paresis to paralysis is the main clinical sign. 1160 As the dis¬ 
ease progresses," the sheep assume lateral recumbency and 
become comatose. |ia| ->3aj | n advanced cases the calvarium 
directly over the parasLte enlarges and softens. 1373 

II PathOph^ioiog}\ Lesions of the CNS may result from 
three separate pathogenic mechanisms. These Include 
encephalitis from Invasion of the CNS by large numbers 
of larvae, hypertensive hydrocephalus resulting from inter¬ 
ference w r llb CSF drainage, and development of laige cere¬ 
bral cysts that increase intracranial pressure. Full 
development of the CceFriurjjj cyst requires 6 to 7 months. 
Mature cysts may reach 5 cm In diameter and displace the 
bones of "the calvarium. 

II Necropsy Findings. In the acute form of coenurosis, the 
main finding Is coagulation necrosis and Inflammation 
associated with the pathway of the larval form as it migrates 
through the CNS. 13 ^ This may be visible grossly as yellow to 
red tracks through the brain parenchyma. Coagulation necro¬ 
sis and surrounding Inflammatory cells, such as degenerate 
granulocytes, macrophages, and histiocytes, are found micro¬ 
scopically. The mature cysts, up to 7 cm In diameter, are thin 
walled and contain clear fluid or, occasionally, purulent 
fluid. Protoscollces> up to many hundreds, can be visualized 
microscopically within the cysts, which are surrounded by 
severe and mainly nonsuppurative inflammation. r fhe cysts 
deform and compress the underlying brain tissue. 

II Diagnosis. Ibe combination of a characteristic clinical 
syndrome and location In an endemic area supports a 


presumptive diagnosis. Radiographs In the lateral and 
posleroanterior planes may detect radlolucent areas in the 
calvarium. Ilie optimum diagnostic views in the posteroan- 
terior projection occur whenever the base of the nose is 
level with the upper margin of the orbit. Computed tomog¬ 
raphy (CT) effectively demonstrates the presence of cysts 
hut rarely Is practicable In large animal species. 1164 


II Treatment Praziquantel,* SO to 100 mg/kg orally dally 
for 3 lo S days, Is effective for the treatment of coenurosis 
in sheep that do not yel have neurologic signs. 11601161 Con¬ 
comitant administration of a nonsteroidal antiinflamma¬ 
tory drug (NSAID) or dexamethasone may enhance the 
posttreatment survival rate. 

The cyst can also be removed surgically, l3aG with success 
rates as high as reported. 1167 A craniotomy is performed 
over the site of the cyst. Approximately 70% of the cysts are 
located extradural ly and can be removed easily with minimal 
d Issect Ion. The other cysts a re located on the su rface of the pi a 
arachnoid, in tvhich case the dura mater is Incised. The cyst 
usually bulges from under the incised dura and can be 
removed. When the cyst Is located in the cerebral cortex, ultra¬ 
sound probes placed on the surface of the brain may he used 

10 locate the pocket of fluid, l JM-J 

11 Prcmnioir, In endemic areas the carcasses of affected 
animals should not be fed to dogs, and dogs In endemic 
areas should be treated repeatedly with a vermifuge to 
mlnimLze the possibility of pasture contamination. Appro¬ 
priate management practices have virtually eliminated this 
disease from North American sheep flocks. Lyophllized 
antigens from in vitro-cultured larvae have protected 
sheep; however, this preparation is not commercially 
available. 


CEROID LIPOFUSCINOSIS 

II Definition a Fid Etiology. Ceroid lipofuscinosis Is a lyso¬ 
somal storage disease that has been reported In South 
Hampshire, Swedish Landrace, and Ramboulllel sheep, 
Nubian goals, Devon cattle, and horses, The disease 

is known to be inherited as an autosomal recessive trail in 
many cases 1397 and Is believed to be so In others. 1156 It is 
characterized by the intracellular accumulation of abnormal 
autofluorescent llpopigments in lysosomes of neurons and 
other cells throughout the body. The storage material has 
been shown to consist predominantly of the subunit c of 
mitochondrial c synthase. I39a - J 355 The mechanism of 
neuronal dysfunction Is hypothesized lo be mediated by 
N-melhyl-n-"aspartale (N.MDA) receptor excllotoxloity. |JC1 ° 
Affected animals display progressive ataxia and postural 
abnormalities, blindness due to retinal involvement In 
many cases, sensory depression, and terminally, coma. 
Lesions seen on CT scans include enlargement of the lateral 
ventricles and reduced thickness of the cerebral cortex. 1401 

Gross pathologic lesions In the CNS may Include mod¬ 
erate enlargement of the lateral ventricles, flattening of 
cerebral gyrl, and a yellow lo brown discoloration of the 
brain parenchyma. Accumulation of protein storage mate¬ 
rial in neuronal lysosomes Is evident on microscopic 
examination and is accompanied by neuronal necrosis 
and astroeytosis, which may be severe. The lesions some¬ 
times have a lamellar appearance. The disease is ulti¬ 
mately fatal, and no practical method of treatment is 
currently available. 


■ Droncit, .Miles l.iboralorics, Shawnee, K5. 
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CITRULLINEMIA 

CitnillLnemla Is a rare genetic defect of Holstein calves that 
has been reported in Australasia, Europe, and India. 14024 404 
The genetic defect has been found in one carrier bull In 
the United Stales. 1405 Itie mutation responsible has been 
traced to offspring of a North American sire named Greyvlew 
Crisscross and his son Lin mack Kriss King. 1406 Approxi¬ 
mately 3% of all bulls used for artificial insemination 
in Australia are heterozygous for the gene, but the gene prev- 
a I ence a ppears to be much I ower i n the Uni ted S tales. 1 jai ‘- 1407 

Citrulfinemia is caused by a defect of arglninosuecinale 
synthetase, an enzyme that processes citrulline In the path¬ 
way for the formation of urea. 'Hie condition Is fa tal. Affected 
calves are normal at birth but become clinically depressed by 
2 A hours after birth. By 2 to 3 days after birth, affected calves 
show head pressing, drooling of saliva, bellowing, muzzle 
twitching, longue protrusion, and odontoprisis. Convulsions 
are first seen at I to 4 days of age, and death rapidly follows. 

'Hie diagnosis may be made by observing an Increased 
concentration of citrulline in the plasma. The concentration 
of citrulline in normal calves is G.16 m.VS and in affected 
calves Is greater than L.5 mM by the third dav after birth. 
Ibe plasma arginine concentration Is decreased to less than 
0.02 mM at death. 3401 * There is a marked hyperammonemia 
because of the Inactivity of the hepatic ornllhLne-citrulline 
cycle. The brain concentrations of the transmitter amino 
acids glutamate, aspartate, and GABA are decreased. Affected 
calves also have a reduced affinity of postsynaptic glutamate 
MM DA receptors in the brain. 144 ® The genetic deficit has 
been traced to the insertion of a chain termination codon 
for arginine in the aigjnlnosuccinate synthetase genome, 
which causes a complete loss of enzymatic activity. A PCR 
test for detection of heterozygotes has been developed. 1407 
Microscopic brain alterations include astroglial edema and 
mild to severe spongiform changes In the deep laminae of 
the cerebral cortex. ] 420 


BRAIN TUMORS 

Nervous system tumors of ruminants include medulloblast¬ 
oma, ependymoblasloma, neurofibrosarcoma* angioblastoma, 
meningioma, meningeal hemangioma, neurofibroma, schwan¬ 
noma.. choroid plexus papilloma, pituitary adenocarcinoma, 
primitive neurectodermal tumor, and reticulosis. 14114413 
Central nervous system (CNS) tumors of horses include pitu¬ 
itary adenomas, microgliomas, medulloepithelloma, choroid 
plexus papilloma, ependymoma, neurofibroma, meningi¬ 
oma, meningeal carcinoma, and reticulosis. 141 144 164420 Sec¬ 
ondary tumors that Invade the CNS include melanoma, 
lymphosarcoma, adenocarcinoma, squamous cell carcinoma, 
bemanglosarcoma, and osteoma. J 41 r - 14204 424 Of these, lym¬ 
phosarcoma Is most often encountered. 34254427 Metastatic 
invasion to the CNS occurs either by vascular routes or by 
extension along the peripheral nerve rootlets. 1426 Local exten¬ 
sion from ad|acent tissue, such as the paranasal sinuses, also 
can occur. 3421 

Clinical signs of brain tumors vary with the location and 
include abnormalities of gait (ataxia, paresis, bypometrla/ 
hypermetrla), seizures, altered mentation (especially dull¬ 
ness), facial paresis or paralysis, facial anesthesia or analge¬ 
sia, dysphagia, head tilt, strabismus, nystagmus, and Loss of 
the menace reflex. 1423 - ]42S445a Migration of facial tumors 
(squamous cell carcinomas) Into the cranial vault through 
the crania] nerve foramina may also result in facial swelling 
exophthalmos, Horner's syndrome, or asymmetric airflow 
through the nates. |J27 Pituitary adenomas of aged horses 
(see Chapter 41) rarely cause neurologic disease, but they 
secrete melanocyte-stimulating hormone, which stimulates 


the adrenal cortex, and causes Cushing's disease. Some 
tumors are discovered as incidental findings at necropsy. 

Antemortem diagnostic tests include radiographs of 
tbe skull (for tumors that spread locally and some meta¬ 
static tumors), and electroencephalography (EEC) to 
elucidate brain dysfunction. 1421 Where available, CT or 
MR] can greatly facilitate diagnosis, but limited availabil¬ 
ity and considerations of cost restrict tbelr use In most 
cases. 14264 4504432 

Treatment of brain tumors in horses and livestock is 
generally not feasible because of limitations of cost, nursing 
care challenges after craniotomy, lack of access for large 
animals to radiation therapy, and considerations of safety 
for personnel handling animals with significant neuro¬ 
logic deficits. Palliative treatment, such as corticosteroids, 
may reduce clinical signs temporarily in some animals. Eutha¬ 
nasia Is tbe choice for most large animals with brain tumors. 

CHOLESTEROL GRANULOMAS 

Cholesteatomas are common lesions In the brains of older 
horses and frequently are Incidental findings at necropsy. 
Cholesteatomas usually are found In tbe Lateral ventri¬ 
cles. 143 - 1 They may form secondary to chronic hemorrhage 
Into tbe choroid plexuses, but their exact pathogenesis is 
unknown. Clinical signs of cerebral dysfunction, such as sei¬ 
zures, result only when the masses grow large enough either 
to obstruct CSF flow from the lateral ventricles or to attenu¬ 
ate the sunounding neuropil directly. Antemortem diagnosis 
of cholesteatomas in horses can be done by Cl’ scanning of 
the brain. 1454 Cholesteatomas appear grossly as brownish 
nodular thickenings in the choroid plexuses or less often as 
Large masses filling the ventricle. Light microscopy reveals 
abundant cholesterol crystals interspersed with empty clefts, 
hemosiderin, and an inflammatory reaction consisting of 
both macrophages and giant cells. r Hiere is no specific treat¬ 
ment for cholesteatomas, and relief of clinical signs should 
be symptomatic. Including anticonvulsants as appropriate. 

EPILEPSY 

(ifuuoc m atiw/n 

MARY U. SMUti 

j.rs'j.ji w. crtoHcrt 

Epilepsy Is a condition of recurrent seizures not attributable 
to other neurologic or metabolic disorders. 1433 A seizure 
(Ictus) may be gpneraUzedr Involving the entire cortex and 
accompanied by loss of consciousness, or partial (focal), 
Involving a limited cortical region with no loss of conscious. 
Partial seizures may in turn oecome generalized. Seizures 
may result from trauma. Infection, tumors, electrolyte distur¬ 
bances, or cerebral swelling. Some seizures are Idiopathic. 
Seizures may be preceded by a prodromal aura, usually con¬ 
sisting of a stereotypic sensory disturbance and followed by a 
postlcta] depression of variable duration. Seizures in very 
young or old animals frequently are not of epileptic origin. 

Seizure activity results from the synchronization of Targe 
aggregates of neurons that are driven, at least in tbe case of 
partial seizures, by abnormal epileptic neurons In a seizure 
focus that recruit increasing numbers of connected neu¬ 
rons. 3 43& Generalized epileptic seizure activity may result 
from subcortical pacing neurons acting through the excit¬ 
atory amino acid system. J 437 These neurons probably depend 
heavily on aspartate and gjuiamate for facilitation. I4ia 

Microscopic abnormalities of tbe brain may be detectable 
In focal epilepsies but usually are not in generalized epilepsies. 
Hippocampal degeneration Is a well-recognized pathologic 
change In humans with some forms of epilepsy and has been 
described In a single cow with seizures. It w r as not clear In this 
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report, however, whether the hippocampal changes were the 
cause or the consequence of the seizures. 11:35 

Smius cpj'Jeptj'cus, a condition of repetitive seizures with 
little or no intervening recovery that requires Immediate 
emergency treatment, may be the first detected clinical man¬ 
ifestation of epilepsy. Status epilepticus may result if antl- 
eplleptic medication is abruptly discontinued. 

II Cliniuii Signs. Generalized seizures may consist of mus¬ 
cle contractions that are tonic, clonic, or alternating between 
tonic and clonic. Affected animals may fall and display vari¬ 
ous autonomic signs, such as salivation, urination, and defe¬ 
cation. During the seizure there may he dorsiflexlon of the 
head and neck and rotation of the eyes. Postictal depression 
may last minutes to days. Blindness lasting minutes to weeks 
m ay be presen t postlcta I ly. 144 0 Partial selzu res may consist of 
tonic or clonic contractions of isolated muscle groups with¬ 
out loss of consciousness. Seizure disorders have been 
described in Romagnola, 144 1 Swedish Red, 1442 Brown 
Swiss 144 -* Hereford, 1444 Angus, 1445 Brahman, 144 * and cross¬ 
bred 1447 cattle. A recent study In Angus cattle suggests that 
the previously described epilepsy may, in fact, be a cerebellar 
disease, with episodes of severe cerebellar dysfunction, rather 
than a true seizure disorder of cerebral origin (see also Bovine 
Familial Convulsions and Ataxia). 1445 Attacks In a 6-month- 
old Brown Swiss bull were prompted by undue excitement 
and declined In number with age. 1449 Young progeny exhib¬ 
ited similar attacks, suggesting that the trait was transmitted 
as an autosomal dominant genetic character. 

Epilepsy has been poorly documented In horses but 
occurs in Arabians and In some ponies. 14 - 50 iTiere is anec¬ 
dotal evidence of the existence of the condition in Paso Rno 
horses of the western United Stales. A condition known as 
'“benign epilepsy"" is seen in foals of many breeds, especially 
Arabians, but unlike true epilepsy, is usually outgrown. 1*he 
condition in Arabians Is termed "juvenile Idiopathic epi¬ 
lepsy/' It occurs in animals of Egyptian lineage, is responsive 
to antiepileptic drugs (AEDs), and usually resolves by I to 
2 years of age. 1440 Idiopathic epilepsy in mares has' been 
associated with elevated levels of estrogen. 1451 

An epileptic condition In an B-year-old Hereford cow has 
been described. 1444 1’he seizures began at &V* years of age. 


Tonic-clonic convulsions could be elicited by administra¬ 
tion of pentylenetetrazol at doses of 4 mg/kg which was 
well below the convulsant dose for normal animals. EEC 
showed high-frequency spike bursts, spike and wave, and 
polyspike and sinusoidal wave abnormalities (Fig. 35-15). 
No microscopic abnormality could be found In the C.NS 
of the affected animal. Partial epilepsy has been described 
in a 5-year-old Nubian goat with a 3'/’-year history of epi¬ 
sodic convulsions. Between episodes the goat appeared to 
be healthy. 1’he seizures appeared more often at times of 
peak endogenous plasma estrogen concentrations and 
could be Induced by administration of ketamine. The clini¬ 
cal signs Included repetitive tremors of the forellmbs and 
hindllmbs, head tremors, and mastication without Loss of 
consciousness. 1’he postictal depression Lasted for several 
hours. 1451 

Ihe EEC evaluation of seizure disorders may be per¬ 
formed using evocative drug challenges with pentylene¬ 
tetrazol, ketamine, or other seizure-inducing agents and 
established techniques, but care must be taken to prevent 
injury to the animal. Although EEG may be of some value 
in Investigation of epilepsy and other train disorders, 1453 
the need for sedation or anesthesia In Large animals, com¬ 
bined with the paucity of data available for comparison, 
limits its usefulness. 

Because of the rarity of epilepsy In large animals, specific 
drug therapies have not been established; however, Table 35-9 
presents several drugs that could be administered. These drugs 
usually are highly protein bound In plasma and can be 
displaced or functionally altered by other drugs, Including 
tetracycline and cbLoram'phenlcol. Because of these potential 
interactions, these agents should not be used concomitantly 
with (he anticonvulsants. 

All anticonvulsant treatments are begun at a Low dose, 
which Ls Increased dally or every second or third day until 
the seizures have been controfled. If seizures cannot be 
controlled without causing depression or ataxia, a second 
anticonvulsant Is added. The dose of the second drug is 
gradually Increased until the seizures stop. This combina¬ 
tion treatment Ls continued for 2 to 4 weeks. iTsereafter, 
(be first anticonvulsant Is tapered until it Ls discontinued. 
If seizures reappear, the dose of this drug is Increased until 
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they disappear again. After I month the trough blood con¬ 
cent ration of all anticonvulsants Is monitored. Therapeutic 
trough concentration of pbenobarbital is 15 lo 40 jig/mL 
of plasma and for diphenyl hyd an to In 5 to 20 pg'mL. Any 
attempt lo withdraw anticonvulsant therapy should be 
made gradually, because rebound seizures may occur 
with too rapid withdrawal. Dosage recommendations have 
been established for potassium bromide in horses. 1151 
A loading dose of 120 mg/kg dally for 5 days, followed by 
90 mg/kg once daily, results In serum concentrations in 
the range found to Be effective for seizure control in other 
species. However, the efficacy of potassium bromide for sei¬ 
zure control In large animals has yet to be established. 

In many animals, epilepsy may be incurable because 
of its genetic basis. In these cases, treatment is rarely 
indicated. Horses with epilepsy should not be ridden or 
used for sporting purposes. Specific methods of control, 
other than breeding selection against affected animals, 
are unavailable. 

Mares with estral-related seizures may be treated with an 
ovariectomy. All ruminants experiencing seizures should 
also immediately be treated with thiamine [10 lo 20 mg/ 
kg IM or SC three times daily, or diluted In 5‘ft dextrose 
or Isotonic fluid and given slowly IV) in case the selzural 
problem is caused by polioencephalomalacia (see previ¬ 
ous discussion). The plasma sodium, magnesium, potas¬ 
sium, and calcium levels should be measured in all 
animals experiencing seizures of unknown origin. Infre¬ 
quent seizures generally do not justify anticonvulsant 
treatment, and economic considerations often limit the 
amount of drug therapy possible. Status epilepticus can 
be treated with IV diazepam in 5-mg doses until the sei¬ 
zures are controlled or by titrated doses of phenobarbltal 
or pentobarbital. 

NARCOLEPSY AND CATAPLEXY 

CrtCJHfJL: M. STHAIN 

MAHYSMl'IIi 

USLK W. GEORGE 

II Defin titan a ml Etiology. Narcolepsy Is a QMS disorder 
characterized by excessive daytime sleepiness, episodes of 
muscular weakness (cataplexy), and rapid eye movement 
(REM)-onset sleep. 1355-1 .Narcoleptic attacks differ from 
convulsions in that they do not involve lonlc-clonic muscu¬ 
lar activity. 1155 Cdlapfeiy, a sudden episode of paralysis of 


the voluntary muscles, frequently Is induced by stimulation 
of the patient and can ranee from atonic, arefiexlc paralysis 
of all nonrespiralory muscles lo weakness of facial neck and 
forelimb muscles. Episodes of cataplexy last seconds to min¬ 
utes. Environmental factors that can stimulate cataplectlc 
attacks include active restraint, feeding, or changing the stall 
environment, grooming or saddling norses in preparation 
for work 1455]15S - NM Excessive daytime sleepiness and 
REM-onsel sleep are difficult to document In large animals, 
so cataplexy Is the most frequently recognized manifestation 
of sleep disorder in these species.^ 1 The disorder Is consid¬ 
ered an intrusion of aspects of REM sleep into the tvaklng 
stage, especially the active descending paralysis of skeletal 
muscle. Ihis Intrusion results in indistinct boundaries 
between wakefulness and REM and non-REM sleep. Cata- 
plectic attacks result from sequential activation of pontine 
'ii ] - adrenergic and muscarinic cholinergic systems. The num¬ 
bers of muscarinic and dopaminergic receptors also are 
increased. 1156 - 1462 

Attacks of narcolepsy and cataplexy are considered a para¬ 
doxic form of sleep because the EEG Is characteristic of an 
alert, awake animal, but the REM Is characteristic of deep 
sleep. 1155 Both neonatal-onset and adult-onset syndromes 
have been described In horses. 1165 Narcolepsy has been 
reported in quarter horses, a Shetland pony, thoroughbreds, 
Morgans, Paint horses, Arabians, Appal oosas,standardbreds, 
Welsh ponies, Suffolk sheep, Spanish fighting bulls, a Guern¬ 
sey bull, and a Brahman bull. L459 ' l461 - 1J6fl A familial occur¬ 
rence has been reported in American miniature horses . l4m 

II Cifiifcaf Signs. The clinical signs of narcolepsy include 
staggering drooped bead, kneeling posture, flaccidlty of the 
lips, closure of the eyes, loss of the menace reflex, stertorous 
breathing and proprioceptive deficits. During severe narcolep¬ 
tic attacks the animal assumes lateral recumbencv and appears 
comatose. The sensorium returns lo nonnal after a time. In 
the periods between attacks, the patient appears normal. 

The EEG changes of narcolepsy and cataplexy have been 
reported in cattle. 1161 The waveforms vary between low- 
voltage high-frequency (LVI1E) and high-voltage low- 
frequency (HVLF) patterns, with LVMF corresponding to 
the actual period of narcoleptic attack (Eig. 35-16). The nor¬ 
mal EEG sleep patterns of the horse are usually unavailable, 
so the technique has limited application for diagnosis of 
the condition In equine species. 
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Cataplexy can be Induced by IV admin Istrallon of cen¬ 
trally acting chollnomtmetics such as physostlgmine salicy¬ 
late {0.05 to O.J mg/kg) or Xi-adrenergic blockers such as 
prazocin (0.02 to 0.06 nig/kg), but attacks cannot be evoked 
in all animals. Signs can be reversed for several hoursbyantl- 
muscarmic drugs such £is atropine sulfate (0.02 to 0.1 mg/ 1 kg 
IV once for acute signs). Diagnostic drugs must be used with 
caution because of possibly Inducing colic especially in 
horses. Pathologic lesions have not been reported in narco¬ 
lepsy of Large animals. In humans, narcolepsy can be caused 
by lesions In the rostral brainstem. 145s 

rrcLilrrEfFJC umJ Prevail ton, The tricyclic antidepressant 
imipramine can he used to treat narcolepsy or cataplexv. Life¬ 
long treatment is required, which must be considered when 
deciding whether to treat affected large animals. Side effects 
of imipramine in horses can be serious, Including tachycar¬ 
dia, muscle fasclculatlons, sensitivity to noise, and hemoly¬ 
sis. LJ 70 Such side effects can occur even when the blood 
level of Imipramine Is below the therapeutic range. This drug 
must be used with caution, and oral dosage In horses should 
not exceed 2 mg/kg; low r er doses should be used when possi¬ 
ble. 1457 Results of oral imipramine therapy are inconsis¬ 
tent 1457 ; duration of effect Ls about 5 hours. 

HEAD SHAKING IN HORSES 

iOfih' i;. lU.'UJJCTtiM 

Elead shaking in the horse Ls a. weLl-recognLzed problem that 
shows no predilection for age, breed, or gender. 14754443 
Some horses head-shake at rest, whereas most manifest head 
shaking shortly after the onset of exercise. I lead shaking may 
be vertical, horizontal, or both and often Is accompanied by 
agitation. Suggested causes have included middle ear disor¬ 
ders, ear mites, TnDfflfcfcEtLr dJHftrnrnfllfr {harvest mite) larval 
infestation, cranial nerve abnormalities, ocular disease, gut¬ 
tural pouch mycosis, dental abnormalities, maxillary sinus 
mass, and al I e rgic vasomotor rhi n 11 Ls. Fi ndi ng a speci fit cause 
has been difficult, with most cases termed "Idiopathic' 1 head 
shaking. The disorder can occur at any time, but a spring 
and early-summer pattern is typicalLy reported, although 
some cases start in the fall and winter. 1460 The research group 
at University of California, Davis, suggests that neurophar- 
macologic a iterations associated with pholoperlod mechan¬ 
isms, Leading to optic trigeminal summation (similar to 
photic sneezing in humans], may explain the spring onset 
of head shaking. En many horses, sneezing, snorting, and 
rtose rubbing accompanies bead shaking. Most horses con¬ 
tinue head shaking for many years, experience periods of 
remission, and often resume head shaking al the same time 
each year. 

Examination of horses with head shaking includes a com¬ 
plete physical examination: ophthalmic, otoscopic, neuro¬ 
logic. and denial examinations.: endoscopic examination of 
nasal passages, pharynx, and guttural pouches; radiography 
of the skull, and a complete blood count and chemistry panel. 
Mo abnormalities are usually noted in these examinations. 14 

IntraorblLaJ neurectomy eliminated head shaking in three 
to seven horses in one study. 34 ^ These results would seem to 
support that some cases of head shaking are caused by a tin¬ 
gling (or other uncomfortable sensation] in die muzzle area, 
ft is postulated that light may play a role In stimulating the 
response, and that exercise may lower the threshold for onset 
in some horses. L4fl3 It Is important to nole that infraorbital 
neurectomy has several complications and is not indicated 
for the treatment of head shaking. The infraorbital branch 
of the trigeminal nerve is just one branch from that nerve, 
and It is believed the problem may reside higher up. at the 
trigeminal ganglia area. 


The etiology of head shaking usually Is not known. Most 
horses show no physical abnormalities on comprehensive 
physical examination, and no lesions haw been seen at nec¬ 
ropsy. T he symptoms in these horses may best be explained 
by the presence of neuropathic pain Involving the trigeminal 
nerve. Neuropathic pain is a burning, tingling, Itching, or 
elect rlc-llke pain that can be intermittent or continuous. 
Symptoms include sharp, quick movements of the head; occa¬ 
sional striking at the face with a front hoof; excessive snorting 
and rubbing of the head on objects; carry I ng the head very Low 
during exercise; and dragging the nose in the dirt. These beha¬ 
viors could he manifestations of neuropathic pain. The cause 
of the assumed dysfunction of the trigeminal nerve is not 
known. The average age of onset of head shaking is 9 years, 
and most affected horses are geldings, although about 10% 
lo 20% are mares. Often a period of Inactivity precedes the 
onset of head shaking, which can occur quite abruptly. ]465 

Cyproheptadine, 0.3 mg/kg orally twice daily, has been 
used with some success for idiopathic head shaking. 1483 
Cyproheptadine, a type 1 histamine and serotonergic (5- 
hydroxytiyptamlne) blocking agent, was chosen for treating 
head shaking in horses because of serotonin's role in pain 
sensations in humans, ]4fl4 and because of photoperiod- 
induced Increases In serotonin in the CNS in the spring. Side 
effects are few, but mild colic and lethargy have been reported. 
The drug cannot be used In show or performance horses 
because It Is not an approved medication. Cyproheptadine 
appears to be effective only when the horse has an adequate 
blood level of the drug; therefore, it often is not possible to 
treat a horse and then withdraw the medication before a show 
and haw the head shaking controlled during the event. 

Other medications [e.g, corticosteroids, antihistamines, 
NSAIDs), chiropractic therapy, and acupuncture have not 
been successful. A few horses respond to a heavy hair net or 
a dangling device that makes contact with the nose area or 
upper forehead (Fig. 35-17). This type of contact may prevent 



FIG. 15-J 7 Head stake (fitter 
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BOX 3S-2 


Treatments and Medications for Horses with Head Shaking* 1 


PHYSICAL METHODS 

if light is a trigger, consider having the horse wear an Lillravtdkt 
11IV} Jlghc-blocking mjji shade-type Sly mask Irom Guardian 
Mask. San Diego (http:/Jlorsemask.com/Majn.htin]J. 

if the horse is only bothered during exercise, use nose rn-L or 
other device lhai attaches- to or dangles from over the- nostril 
and muzzle .uea (e.g.. German Jangling device). In one 
siuady, of head shakers respond, 1 * 110 

I he eaj covering, and forehead "dangling" material. 

DRUGS TO CONTROL NEUROPATHIC FAIN 

Cyproheptidine. Q.d mg/kg twice daiiv orally. 

CarbimiazepLrtd. I to 4 g either twice daily or tour times daily 
alone or in combination with cyproheptidine. 

Hydroxyzine (Atarax], 400 mg twice daily orally. 

Fluphenazinc (Reposttat), 2 ml. JM per horve. Repeat is needed 
every month or sometimes every 4 mcmLhs. Use only 
unopened, if opened, can use refrigerated drug willi no 
discoloration. 

donidine, 0.0025 mg/kg (U.3-mg tablets]: give 4 to ft (ablets 
orally twice dally to a 500-kg horse. 

rhenobarbltal. 97.2 mg/'tablec give Iti tablets orally twice dally 
to 500-kg horse. 

OTH ER TREATME NTS 

Lower protein In diet to about 8%. Allow mild weight loss and 
continue exercise. 

Alteration in photoperiod lor seasonal head shakers thai begin 
in spring and stop In late fail or wInter. Give 12 to 15 mg 
melatonin orally starting Kovember l every day aL 5 mi*. Can 
try starling in midseason,, bui not as effective. l~haH resets 
seasonal dock. Give ;hls dose year-round. Horae may no I 
shed and may need body dipping 


Combination 

CypFohepud Ine, atancLard dose. 

Add magnesium supplement: Ouiessence (double dose daily). 

Spirulina wafers orally. 

Magnesium 

Magnesium is an electrolyte that calms nerves by increasing the 
silmuh needed for depolarization. Supplementing the diet 
with magnesium may help decrease the stimulation of the tri¬ 
geminal nerve. One commercial formulation of magnesium. 
Quiessenoe, contains 5 g of magnesium per ounce. I ced 2 oz 
once daily and increase to 4 oz once dally if there is no 
improvement in Lhe head shaking. Quiessence is available 
oni i ne (http://www foxdenequme.com/qujcs. htm). 

Have the veterinarian measure die horse's serum magnesium 
level in about i weeks and check ii once monthly (o ensure 
it is not high. 

SpiruNns 

Spiral I ina as another supplement that may help decrease stimula¬ 
tion of the trigeminal nerve. Administer dose according to lhe 
label on the bo£lle. SpJmlina Is available online (httpi//Www. 
springii meinc.com/8howVicw/product/1 1 2/ L). 

Melatonin 

Give 15 mg (average Iiofsc) or I tS mg (larger horse) of melatonin 
orally (five or six 3-mg tablets) even - day at 5 r.vi. Vitamin- 
shoppe Is one source for melatonin (http://www.vltamin- 
sho ppe.com). Twin Lahs Is a health food or supermarket brand 
of melatonin thai has good bJonvallabihly. this switches the 
horse's photoperiod back to winter and sometimes stops the 
head shaking that starts in the spring. 


■ Iticrc are no clinic at ranfrollcd I r.iats Ime these tccaimcnl upitunx ni I lux tinii!. None ol these xurovxcUKia dire xpixiftc nYunmH'Eidiihtms lor an inUivid-u.il 
horse. Some ■= lien Li have used llio.ie treatments ar,d medications with itiim: degrre nf ancons tor hums wrUi IiljlI shaking. AJL leiedbciiiJuiis- haw podxnLial 
tidr cJfnix. Owners Uiuuld. alwriYs eunsull UirecLlv with their veterinarian belure pving any itubdkatkiits io ihdr liu-ric. 


Lhe nerve from "firing/ 1 similar to blocking a sneeze by placing 
a finger under lhe nose and applying pressure. In a review of 
therapies for head shaking Ln horses, a nose net device was 
reported to be successful In approximately 30% of cases. L4Sd 
Box 35-2 llsls other treatments used by the author. 


DISEASES PRESENTING 
PRINCIPALLY WITH BRAINSTEM 
AND CRANIAL NERVE 
DYSFUNCTION 


USLE w. l;huhc:k 

LISTERIOSIS (CIRCLING DISEASE; SILAGE 
DISEASE; USTERIA MONOCYTOGENES 
INFECTION) 

II Definition and Lliolagy. listeriosis Is an acute meningo¬ 
encephalitis caused by the gram-positive bacterium Listeria 
The disease has a worldwide distribution 
but occurs most often in temperate climates. Listeriosis typ¬ 
ically affects ruminants, fowl, and humans but is rare In 
horses. The prevalence of llsteric meningoencephalitis In 
infected herds does not usually exceed 1% of the adult ani¬ 
mals at risk. 1437 


Clinical forms of listeriosis include septicemia of neo¬ 
nates.. abortion,, neonatal death, ophthalmitis, septicemia 
and diarrhea of ewes, and neurologic disease.Usually, 
only one clinical form is recognized during an outbreak, 
and only one serovar can be isolated from the clinically 
affected animals. Neurologic listeriosis may manifest as a 
multifocal brainstem disorder, as a diffuse meningoen¬ 
cephalitis, or as a spinal cord myelitis. The condition usu¬ 
ally affects individual animals tiul occasionally can affect 
several members of a herd. LJl3 Asymptomatic intramam- 
mary Infections apparently occur and may he responsible 
for outbreaks of fisteriosis in humans. Repeated Intra- 
mammary inoculation of 10* lo I0 7 colony-forming units 
(Cf'Us) of L. monxyLogems Into cattle resulted Ln 500 lo 
50,000 Cf'Us of Listeria In the milk for as long as 12 
months. L4SD 


CfrtiiCLif Sigm. The neurologic signs of Listeriosis In 
adults reflect dysfunction of the caudal brainstem, cerebellar 
peduncles, nr spinal cord. 1 m Signs common to most Lrs- 
ferr.r Infections of the central nervous system (CN5) include 
fever, anorexia, depression, conscious proprioceptive defi¬ 
cits, head pressing, and centrally located cranial nerve defi¬ 
ciencies. Depressed consciousness Is the result of lesions of 
the reticular activating system. Conscious proprioceptive 
deficits are caused by Interference with the descending 
motor pathways and the ascending proprioceptive fibers In 
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the brainstem and may precede or accompany cranial nerve 
defunct I on. The Fever occurs early in (he disease course and 
often disappears after 3 to 5 days, [lead pressing and pro¬ 
pulsive walking or compulsive circling are caused by lesions 
of the basal ganglia. 

Cranial nerves (CMs) V through XI1 usually are dysfunc¬ 
tional in listerlc animals. Patients with loss of lire trigeminal 
nerve (CM V) show dropped jaw or asymmetric jaw closure 
and Facial analgesia or anesthesia. Facial analgesia Is best 
detected by stimulation of the nasal septum with a pencil 
or piece of straw. Animals with lesions of CM VI exhibit a 
medial strabismus on the Ips3lateral side of the lesion. Ani¬ 
mals with lesions of CM VII have ptosis, loss of menace 
response, absent palpebral reflex drooped ear loss of leva¬ 
tor nasolabial Ls muscle function, and decreased lin tone 
(Fig. 35-IS). Small ruminants with CM VI1 Joss nave a 
deviated philtrum. The paralysis of the orbicularis oculi 
muscle results In exposure keratitis and. In chronic cases, 
panophthalmitis. 1452 The loss of levator nasolabial Is func¬ 
tion is best detected by observation of the muscular contrac¬ 
tion on the dorsum of the nose during inspiration. Ijoss of 
lip and cheek muscle tone is best detected by observation 
of drooling of saliva horn the ipsilateral side of the mouth 
and by palpation of the lips and nostrils. 

Animals with CM VIII lesions display a nystagmus that 
changes its the position of the head is altered. Other signs 
include a head tllL toward the side of the lesion and a ten¬ 
dency to circle or fall to the lesion side. !he nystagmus 
maybe horizontal, vertical, or rotatory and usually Is Incon¬ 
stant. Goats may Lie on their backs with the head curved 
toward the trunk and tilled with the lesion side toward 
the ground. If the spinal reflexes can be tested, the affected 
animals show a mild to moderate hypertonia and hyperre- 
flexia In the limbs opposite the side of the lesion. Lesions 
of the cerebellar peduncles (Juxtarestiform body) may cause 
paradoxic vestibular signs in which the head till and circling 
are directed away from the sEde of the lesion and proprio¬ 
ceptive deficits are on the same side as the lesion. l4:?3 This 



FIG. JS-iB dlinical appearance u3 Llic nrunulo(y;ir 3orm arililaldiii in a 
Char Dials LmlJ Note [lie LliuppuiJ ri^il uya and ear and tlic UioD-Jinf; nl 
s.iliv.L 1 11msi Ibu li&hl aided" lh<: miiulli (tithircLsy Ur. W.LX Wiliun.) 


should be suspected whenever the head tilt Is directed 
toward the side opposite that of the other dysfunctional cra¬ 
nial nerves. Animals with acute loss of CNs IX, X, and XII 
develop stertorous breathing and dysphagia. Animals with 
dysfunctional CN XII have paresis or paralysis of the 
Longue. With unilateral lesions the longue protrudes from 
(he side of the mouth Ipsi lateral to the lesion. Progression 
of listeriosis is associated with decreased consciousness, 
coma, and convulsions. 

Lambs may selectively develop spinal myelitis without 
brainstem disease. This condition results in flaccid parapar¬ 
esis or hem I pa rests without attendant signs of brainstem 
dysfunction. J494 The clinical signs of myelitis include tetra¬ 
paresis, tetraplegia, paraparesis, paraplegia, conscious pro¬ 
prioceptive deficits, and recumbency. The sensorlum and 
appetite are normal In some affected animals and greatly 
depressed In others. 14(15 


CHniarf JYit/ittiegy, The clinical signs of multifocal brain¬ 
stem disease with fever In a ruminant are suggestive of liste¬ 
riosis, Haemophilus sown us Infection (cattle), or aberrant 
parasite migration. Examination of the cerebrospinal fluid 
(CSF) should be helpful for confirming a diagnosis of listeri¬ 
osis, but the cell and protein concentrations of the specimens 
do nos correlate with the severity of the clinical signs or the 
prognosis. The protein concentration in the CSF may he over 
40 pg/dL and Lhe CSF white blood cell (WBC) counts may 
be more than 12 mononuclear tells/pL 1487 - 1456 1417 Many 
cattle with advanced signs of listeriosis develop metabolic 
acidosis as a result of salivary bicarbonate loss. 


Patholagy. Pathologic confirmation of listeriosis is 
based on identification of multifocal microabscesses In the 
bra ins tern and isolation of L. rnffnccylogenes from infected 
brain tissue. The agent is only rarely Isolated from CSF 
and Is best recovered from refrigerated nervous tissues 
Enrichment of the Listeria organisms may be accomplished 
by refrigerating slices of brain at 4 C ( 39. J F) for 3 months 
while culturing the tissues weekly. In contrast to septicemic 
listeriosis of monogastrlc animals, peripheral monocytosis 
is not observed In infected ruminants. 


II l I aihDph) r siohig} T . Listeria organisms produce a hemolysin, 
Ilsteriolysin-O, a thiol-activated toxin (molecular weight, 
5S kD)"that is correlated w r lth pathogenicity. The molecular 
role of the toxin In dissemination of the Infection and In cell 
death is not known. 

It is unclear whether infection of the brain by L. mmcLy- 
fisgvrtes occurs bematogenousiy or by ascent from lhe cranial 
nerve rootlets. NM Morphologic studies of naturally occur¬ 
ring cases of encephalitic listeriosis have demonstrated 
the bacterium in lhe axons of the trigeminal nerve rootlets, 
indicating a possible centripetal migration.similar 
findings nave been reported In animals infected experi¬ 
mentally. 15(1(1 Younger animals maybe susceptible because 
eruption of the permanent teeth may expose trigeminal 
nerve rootlets. A model for experimental Induction of liste¬ 
riosis by inoculation of the bacterium into the pulp cavity 
of sheep has been described. [ 501 Infection of the CMS 
without bacteremia has been detected, indicating that cen¬ 
tripetal migration of the bacterium Is possible. 150 - Some 
investigators consider axonal migration as an unlikely 
mode of pathogenesis because of a lack of nutritional 
dependency of L. rnttfioeyldgeritfs for nervous tissue and the 
ready ability to produce multifocal brain mleroabscesses 
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11 Epidemiology. L. monocytogenes has 16 major serologic 
types based on comparison of somatic and flagellar anti¬ 
gens. Most clinical Infections are caused by serovars l/2a, 
l/2b r 4a, and 4b. Listeria ivanovii, usually associated with 
abortions in sheep, also has been classified as L_ fliorweyfich 
gene s serovar 5. The serovar 1/2 [a and b subtypes) Is most 
prevalent in livestock. I’he l/2b subtype appears to be exclu¬ 
sively related to encephalitic infections, whereas other sub- 
types, including l/2a, can be associated with any of the 
clinical forms of listeriosis. I :,aj The pathogenicity of serovar 
l/2a is hemolysin dependent. Serogroup \jl (a or b type) is 
most often isolated from feedsluffs. Serovar 4b is responsi¬ 
ble for most Infections In humans. 1505 

The case-attack rale In ruminants may reach 9% but 
rarely Is greater than 2%J 506 Listeriosis occurs sporadically 
in weaned Lambs confined to a dry lot and appears In only 
a small proportion of the lambs at risk. I’he encephalitis 
usually occurs from 4 to 32 days after tveaning and at 6 to 

12 weeks of age. Between 0.7% and 1.6% of all La mbs at risk 
may develop the infection. 1 ^ In untreated cases the fatality 
rate is almost 1 00%. 1451 The survival rate in treated animals 
is considerably higher than In untreated patients, 'the dis¬ 
ease in sheep and goats tends to be more acute and results 
in a higher case-fatal Sty rale than In cattle. Occasional out¬ 
breaks of listeriosis may occur In sheep without access to 
silage. 1491 - ism | r these Vases the source may be the feces 
of carrier animals or rotting vegetation on she pastures or 
feed bunks. During an outbreak of listeriosis, the bacterium 
can be Isolated from the feces of a large percentage of nor¬ 
mal animals. 550 * It is unclear whether this high rate of 
asymptomatic infections represents a true carrier state or is 
slmpfy the result of a high environmental contamination 
by nonpatbogenlc Isolates. j5D * The agent Infects the udder 
but rarely causes clinical mastitis. In sheep, excretion of 
the bacterium In the milk is greatest during the immediate 
postla mbi ng period. 151 °, ] 511 

Listeria monocytogenes can survive for long periods In the 
environment and in asymptomatic carriers. 'Hie bacterium 
can multiply at low environmental temperatures and is 
resistant to environmental influences. L. is 

shed In the feces of asymptomatic carriers, especially at the 
end of pregnancy and at Lambing. Once In the environment, 
the bacterium can survive for 2 years in dry soil. It is resis¬ 
tant to freezing and thawing In the soil but does not survive 
for more than 1 to 2 weeks in properly preserved silage. The 
bacterium proliferates In rotting vegetalLon in which aerobic 
conditions exist and the pEI Is above 5.4. 15ll - J514 Common 
sources of contaminated forage Include spoiled silage at the 
ends of trench silos, decaying forage at the bottom of feed 
bunks, or rotting hay at the periphery of hay stacks. 1512 ' 1515 
I’he incidence ot listeriosis may be Increasing because of (he 
greater use of trench silos ana bulk handling methods that 
result Ln a greater amount of spoilage than in conventional 
upright silos. Although L. rorniocytogeiiej can be Isolated 
from silage wLth a pi [ below 4, fewer bacteria are found Ln 
wel I -p reserved forage. 1516 

A selective enrichment medium has been developed for 
identifying and enumerating the LirtcrftJ organisms in silage. 
Ihis medium permits semiquantitallve enumeration of Lis¬ 
ten'd! bacteria Ln 10 g of silage. Hemolysin production is 
measured by overlaying the colonies with bovine blood 
agar and reincubating the plates. Using this method, out¬ 
breaks of Listeriosis have been correlated with silage con- 
LainLng L million Listerfd organisms and more than 1 
million enterobacteria per gram of silage. I’he pH of such 
silage characteristically is above 7.8. 1517 

There Is a significant public health concern about Lis¬ 
ten'd! contamination of milk products, 'the 4b serotype of 
L. is most often responsible for Infections Ln 


humans. 1518 Outbreaks have been traced to Ingestion of 
pasteurized milk, cole slaw r , and soft, ripened cheese. The 
occurrence in cheese has led to concerns that the bacterium 
may survive the pasteurization process 1535 ; however, heal 
resistance by Listeria organisms does not appear to be a sig¬ 
nificant factor in mi Ik-related human exposures. One study 
Indicated that Intracellular LhCeria bacteria survived after 
exposure to temperatures as high as 73. 9° C (165° F) for 
1C.4 seconds. Complete killing of the Listen'd! oiganisms 
required temperatures as high 7C.4 C ' C [169,5' F) for 15.4 
seconds. These temperatures exceeded the minimum tem¬ 
peratures required by the LF.S. Food and Drug Administra¬ 
tion {71.7-'’ C |16l FI for 15 seconds). 15 ^ The public 
health Implications of these findings are unclear. 

II Pathologic Lesions, The lesions of IlsterLc meningoen¬ 
cephalitis are most common in the pons and the trapezoid 
bodies, but they can be located anywhere In the brainstem. 
Neurologic structures most often affected include the reticu¬ 
lar formation and CNs V and VII to X. Macroscopic Lesions 
are limited to mild meningeal congestion and clouding of 
the CSF. Microscopic lesions Include perivascular cuffing 
with mononuclear cells, multifocal asymmetric brainstem 
microabscesses, and mononuclear cell meningoencephali¬ 
tis. 1521 The microabscesses are composed predominantly 
of neutrophils. Other microscopic changes include degener¬ 
ation of the neuropil and neuronopbagja. To enhance the 
speed and accuracy of pathologic diagnosis, a peroxldase- 
antiperoxidase method has been developed for use with 
formalln-flxed nervous tissue. The test detects degraded bac¬ 
terial proteins, asw r ell as intact bacteria In the suspect tissue. 
Bacterial antigen U exclusively located in areas of malacla or 
Ln the microabscesses. I -' 22 

II Trcflmieni. The recovery rale Is best If treatment is admi¬ 
nistered early in the disease course. Animals that are recum¬ 
bent, comatose, or convulsive rarely survive despite intensive 
anlLblotic and supportive therapy. In most cases, treatment 
must be administered for a prolonged period because recovery 
may take as long as I month. L. monocytogenes is susceptible to 
most of the common antimicrobial drugs. Recommended 
treatment Is either oxytetracycline, lOmg^kg intravenously 
[IV) tw r lce daily, or penicillin G. U5i Specific recommenda¬ 
tions for penicillin therapy include an Initial dosage of 
40,000 lll/kg (IV potassium"penicillin G) three or four times 
dally for 7 days and then 22,000 III/ kg (procaine penicillin] 
Intramuscularly (IM) once dally for 14 to 21 additional 
days. 1 - 351 

The plasma concentrations of bicarbonate and potassium 
should be measured and specific corrective fluid therapy ad mi¬ 
nistered. Maintenance fluids also may be administered by 
gavage. Good footing and nursing care are helpful in the short 
term hut may not influence the overall recovery rale. 1523 

II Frmjn/fpn. Serologic responses to flagellin and llsterl- 
olysin-O develop after oral administration of virulent 
L. rjiontjcytflgertes and correlate w r lth protection against lisler- 
lal bacteremia. 1501 Cell-mediated Immune responses also 
are important Ln protection against virulent challenge. Vac¬ 
cines of attenuated or killed bacteria have been used success¬ 
fully to protect sheep and goats. Although these vaccines 
reduce tne incidence of listeriosis Ln vaccinated flocks, they 
are not commercially available in the United States. 

Although the case-attack rate of listeriosis Is Low, occa¬ 
sional epizootics may occur in cattle, sheep, or goat herds, 
Invariably associated with high rales of environmental con¬ 
tamination. In such cases the hay and silage should be 
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examined culturally for L monocytogene*. Rotten vegetation 
should be discarded, and cattle should be fenced from con¬ 
taminated areas. 


THROMBOEMBOLIC 
MENINGOENCEPHALITIS {HJSTOPH/LUS 
SOMNI [HAEMOPHILUS SOMNUS] 

INFECTION; SLEEPER CALVES) 

II Definition unrf Etiology. Thromboembolic meningoen¬ 
cephalitis (TEME) Is a fulminant neurologic disease of cattle 
that arises from septicemia caused by the pleomorphic, 
nonencapsulated, gram-negative bacterium EFiJCDphi/us 
somni (formerly Htiemophihis scimmrs). 15341 The disease was 
first reported In Colorado in 1956, l5 - 3 but characterization 
of the etlologlc agent H, was not completed until 

I960.' 526 The disease Is economically significant for live¬ 
stock owners. One study in feedlots of tvestern Canada indi¬ 
cated that the average economic loss from TEME resulted in 
15 sick animals and five deaths annually, amounting to 
$3190 in lost revenue. 1527 In addition to TEME, disease syn¬ 
dromes that have been associated w r lth H. somnr infection 
include pneumonia, Infertility, metritis, vulvitis, orchitis, 
conjunctivitis, otitis, and mastitis. 152S - 1550 The bacterium 
has been Isolated from unthrifty calves, but its causative rela¬ 
tionship to chat syndrome Is unclear. 

Cross-agglutination, complement fixation tests and coun¬ 
tercurrent iImmunoelectrophoresis have shown the existence 
of common surface antigens among Isolates of H. sofftfij. 1531 
Nevertheless, differences In the susceptibility of heterolo¬ 
gous isolates of J"J. somni to antibody and complement have 
been identified. 1551 Isolates from septicemic animals are 
serum resistant, whereas those from preputial or vaginal 
mucosa of healthy animals tend to be serum susceptible. 

II C’fmrcaJ Signs. Only the neurologic syndrome (TEME) Is 
discussed here. Descriptions of other clinical syndromes of 
H. JCFNFii Infection are discussed in Chapters 31, 39 and 43. 
The neurologic signs of TEME occur peracutely and may be 
preceded for I to 2 tveeks by a diy, harsh cough and dys¬ 
pnea. 1553 Death may occur within 36 hours after the onset of 
neurologic signs. The initial signs of TEME are fever (40° C to 
41.6° C; 104° F to 107 5 F), anorexia, depression, and 
ataxia. L53i - 1336 In addition to depression, affected animals 
show a number of conscious proprioceptive deficits, including 
knuckling circumduction, crossing over, and Interference. 15 ™ 
Affected animals may fall while attempting to walk. 5Lgns spe¬ 
cifically associated with lesions of the cerebellum and caudal 
brainstem Include head tilt, nystagmus, strabismus, blindness, 
muscular tremors, opisthotonos, coma, and convulsions. 3557 
Auscultatory abnormalities in the chest include harsh bronch- 
ovesicular sounds and pleural friction rubs. Localization of the 
bacterium in the joints or lungs may result In lameness, joint 
swelling and fluctuant swellings over the |olnt surface. Other 
signs observed in some animals Include retinal hemorrhages* 
hyphema, and hypopyon. Lass.ssas 

After recovery from the pneumonia, some affected ani¬ 
mals may develop pLeurllls, necrotic laryngitis, and weight 
loss. 1559 Some symptomatic animals and as many as 10% 
of Inapparently Infected cattle may develop suppurative 
arthritis of the hock and the stifle joints. 

II CfiFircaf I*titho}ovy. Examination of C5E may be helpful 
in substantiating a clinical diagnosis of TEME. Specific C5F 
changes characteristic of hemorrhage include high erythro¬ 
cyte counts, xanthochromia, and Increased concentrations 
of protein (>1Q0 mg/dL) and neutrophils {>500 WECs/pL). 


In untreated cases of TEME, the bacterium may be Isolated 
from pleural fluid, lung sections, aspirated tracheal exudate, 
urine, hlood, and preputial washing^. F rhe bacterium can 
be isolated from 25% to 34% of all fatally infected cattle. 3537 
Histaphilm organisms die rapidly on swabs or transport media, 
so specimens should be Inoculated directly onto a growth 
medium as soon as they are collected from she patient. 3530 
The inoculated medium should be incubated in an atmo¬ 
sphere containing 5% carbon dioxide. Isolation of H. sowfius 
from joint fluid and CSF usually is unsuccessful. l5JLl The 
kidneys and brain should be collected at postmortem exami¬ 
nation because these tissues contain the highest concentra¬ 
tions of H. somnr. 3540 

Initial changes in the peripheral WBC count include neu¬ 
tropenia, left shift, and toxic changes in the neutrophils. 
A test for serum agglutinins has been developed. Cattle that 
develop acute TEME Invariably have antibody liters greater 
than 1:400 and show r a fourfold Increase by 2 to 4 days after 
infection. 154] Serum agglutination titers greater than 1:1024 
are seen In convalescent cattle: lower tilers may be seen with 
inapparent Infection or vaccination. 1542 

II Infection of cattle by H. jcmnf proba¬ 

bly occurs througn the respiratory trad. Bacterial prolifera¬ 
tion In the lungs and other soft tissues by serum-resistant 
isolates results in bacteremia. Circulating Hittophilus organ¬ 
isms are phagocylosed by neutrophils but are not killed. 
Blood-borne bacteria also adhere to and may be pb agocy- 
losed by the cells of the vascular endothelium. The Infected 
endothelial cells then degenerate and desquamate, exposing 
the subendothelial collagen and initiating she blood-cloi- 
tlng cascade and thrombosis. 1545 Death of neutrophils in 
the tissues Is thought to enhance the tissue damage. 15 ^- 1543 
The sites of the body most affected by the thrombosis are 
the brainstem, spinal cord, synovial membranes, pleura, 
and lungs. Although the name "thromboembolic meningo¬ 
encephalitis 1 ' 1 Implies the presence of disseminated coagulo¬ 
pathy, only Local thrombus formation likely occurs at the 
specific vascular lesion. Immunologic mechanisms may 
play a, role in the vascular lesion, llirombosls occurs most 
often In animals with high levels of specific agglutinating 
antibodies and is not seen in colostrum-deprived calves 
with H. sc?ffi rzf septicemia, indicating the importance of 
antigen-antibody complexes for the development of 
vasculitis. 1546 

Cattle probably develop Immunity to H. somm Lnfeclicn; 
however, (he presence of serum antibodies does not alw r ays 
confer substantial protection against challenge exposure by 
virulent bacteria. 

II Epidemiology* Most cattle develop Hrstop/H'Jjjj Infection 
by Inhalation of contaminated respiratory secretions from 
carrier animals. Although TEME occurs most frequently in 
feedlot cattle, 3556 outbreaks In the western United States 
and Canada have been reported in both pasture and dry- 
lot environments. 155 ^ 3547 The disease occasionally may 
occur in adult cattle. 15:37 Outbreaks of the neurologic form 
of 1T.ME tend to occur In the winter months, after shipment 
or overcrowding, or after additions to the herd In the previ¬ 
ous 7 months. Outbreaks usually are preceded by a poorly 
defined respiratory infection. 132 ' In feedlot outbreaks the 
disease frequently Is restricted to herd mates In a single pen 
or pasture. 

Transmission of H. somni from asymptomatic carriers to 
uninfected calves may be enhanced by concomitant infec¬ 
tion with infectious bovine rhlnotrachellis virus. 1533 The 
anatomic site of bacterial infection in the carrier animals 
is unknowm. Hislophilus organisms can be readily Isolated 
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from the vaginal and urethra] epithelium and from urine, 
the preputial cavity, and accessory sex glands, but the rela¬ 
tionship between these Isolates and those found in TEME 
is unknown. 1548 Although random bacteriologic surveys of 
cattle Indicated that 71% of bulls may have H. somm In 
she preputial orifice, the concentration In the nasal secre¬ 
tions and upper respiratory trad epithelium in cattle with 
TEME is low. 1548 Consequently, some investigators have 
suggested that the urogenital tract may constitute (he 
primary colonization site In chronically Infected cattle. 1543 
Differences exist in serum susceptibility of isolates from 
the CNS and from the urogenital tract. 1532 

The seroprevalence rale may be as high as 100% in some 
endemic herds and may range from 25% to 56% in herds In 
which the CNS disease is uncommon. In comparison, (he 
case-attack rate of TEME ranges from 2% to 74%. 1543 
Repeated annual outbreaks can occur in some herds. Esti¬ 
mates of the proportion of canier animals In feedlots range 
from 3.2% to 3.8%. 

II Necropsy f indings. Cattle with the neurologic lesions do 
not tend to develop fibrinous pneumonia. Macroscopic 
pathologic lesions ot the CNS include disseminated multi¬ 
focal hemorrhages and 0.1 -cm to 0.3-cm Infarctions In the 
spinal cord, brainstem, and cerebral cortex. Bacterial colo¬ 
nies frequently are observed In thrombosed blood vessels 
and the surrounding Infarcted tissues. Ocular lesions are 
characterized by conjunctivitis, multifocal retinal hemor¬ 
rhages, and areas of retinal edema. The CSF is cloudy and 
xanthochromic. A focal fibrinous meningitis is seen, and 
suppurative otitis may be seen in some cases. 

l"he earliest microscopic lesion of TEME is a vasculitis 
that progresses to septic Infarction and abscessation. The 
lesions usually are found In the CNS but In severe cases 
may be disseminated throughout the body. 

Non neurologic lesions of H. tfmnt Infection include 
suppurative arthritis, synovitis, suppurative pleuritis, and 
bronchopneumonia. Changes associated ivith the broncho¬ 
pneumonia include infarction, cranioventral pulmonary 
consolidation, and hemorrhagic Interstitial pneumonia. 
Simultaneous pulmonary infections with H. jcmtif and 
ftisteuretfa irrufrocj'dfl result in particularly severe pathologic 
changes. 355,0 These lesions Include ecchymotic to petechial 
hemorrhages over the serous surfaces, purulent exudate In 
the joints, and ulceration of the laryngeal and tracheal 
mucosa with pseudodlphlheritlc membrane formation. 1551 

II Treatment and ITognosis, During an outbreak, cattle 
must be examined frequently and should be treated when 
the neurologic signs first appear. H. stimiu' Is susceptible to 
many antibiotics and antimicrobial drug^. Diug^ that have 
been' reported to be effective for the treatment of TEME 
Include tetracyclines, penicillin, aminoglycosldesv and ampi- 
cillln. Parenteral oxytetracycllne Is regarded as the most 
cost-effective treatment for infected commercial cattle; dosage 
Is 10 m^kg of a conventional formulation given IV twice 
daily for 3 days or 20 mg/kg of a long-acting formulation 
given IM every other day for three treatments. After oxytetra- 
cycllne therapy, daily treatment with procaine penicillin 
(10,000 to 20,000 lU/kg IM) should be continued until com¬ 
plete recovery Is observed. Some advocate the addition of 
chlortetracvcllne (2.2 mWkg] to the feed for 10 successive 
days. 1552 1 nis method of mass therapy for a TEME epizootic 
is considered more efficacious than vaccination when the 
mortality is less than 2%. 1553 

II Prevention and Control. Antibody responses protective 
against respiratory challenge have been generated by 


vaccinating cattle with anionic, heat-stable proteins derived 
from the bacterial cell wall. 1553 In comparison, cattle vacci¬ 
nated with cationic cell wall proteins developed preci¬ 
pitating antibodies but were not protected against 
challenge exposure. 1553 Bactericidal antibodies may consti¬ 
tute Important mechanisms for host resistance against 
H. scmnr. l545 - 1 5se Vaccination of cattle with commercial 
products affords substantial protection from experimentally 
Induced H. somni septicemia and neurologic disease 1533 - 1554 
for as long as 95 days after vaccination. 1543 (See Chapter 43 
for more information about vaccines.) 

Mass prophylactic treatment of affected cattle with a par¬ 
enteral ly administered, long-acting oxytetracycllne formula¬ 
tion may be efficacious for preventing TEME in cattle that 
have been stressed and exposed to carrier animals. 1555 Oxy¬ 
tetracycllne feed additives also may be useful for preventing 
H. sorrmus Infection. 1551 One field study indicated that 
administration of modified live virus vaccines for infectious 
bovine rhinotracheltls and bovine viral diarrhea on arrival 
at a feedlot significantly Increased the Incidence of 
TEME. 1330 Such data Indicate that modified live virus vac¬ 
cines should he administered cautiously to cattle exposed 
to H. surrrm. 

BACTERIAL OTITIS MEDIA-INTERNA 
OF RUMINANTS 

Otitis medla-inlema Is a common disease of cattle and sheep. 
Itie condition usually occurs as a sequel to severe respiraloiy 
Infections caused by PastBumlla Pasteurella mtr/tD- 

cj'dtt, CDryne^cterfum pan (JcHuhcTtu lbs is, TieudmnorMi ieeru^E- 
rrastf, HistopJii/itf somnj', or Mycoplasma species. L536 - |j61 
Bacterial ear Infections are common In feed lot-reared lambs. 
Itie Incidence may range from 2.9% to 12% of all animals 
raised under those conditions, and In these animals the con¬ 
dition usually Is subclinical. I55fi - JM5 

Suppurative bacterial otitis Is characterized by thickened 
mucosae of the vestibular membranes and accumulation 
oflblck fluid in the labyrinths. The infection enters the ear 
through the eustachlan tube. The tympanum may be Intact 
In sheep. 1555 In calves, however, it usually is ruptured, and a 
clear, yellow, proteinaceous fluid Is discharged through the 
external ear canal; the fluid then accumulates at the base 
of the ear. I 55S - 1566 In chronic cases of bacterial otitis, Inva¬ 
sion of the local hone of the skull may result in bone remo¬ 
deling and hyperostosis. 1581 

Vestibular'disease results from Infections that extend into 
the Inner ear. Patients with vestibular signs display heal tilt 
(toward the side of the lesion), continuous horizontal nys¬ 
tagmus (fast phase aw r ay from the side of the lesion), and 
a tendency to stumble or fall tow r ard the side the lesion. 
Elead shaking with development of an aural hematoma 
may precede the clinical vestibular signs. Animals may 
become recumbent ljfi] and He with the Lesion side toward 
the ground; If turned, they return to the same position. If 
the lesion Involves the cerebellar peduncles, the animal 
develops paradoxic signs. In this case the head tilt Is away 
from the lesion side, the fast phase of she nystagmus is 
toward the lesion side, and the patient circles away from 
the lesion side. Many animals tvith otitis media also 
develop facial nerve dysfunction, which results In ptosis, 
drooped ear, and flaccid lips and nostrils. In small rumi¬ 
nants, facial nerve paralysis results in deviation of the phll- 
trum toward the normal side. Deviation of the phi It rum 
does not occur in cattle because of the large amount of con¬ 
nective tissue surrounding the planum nasale. Sheep with 
Fseudomantfi otitis may develop necrotizing dermatitis of 
the ear canal. Some affected sheep also develop signs of cor¬ 
tical or biainslem disease, including unilateral blindness 
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and contralateral mydriasis. These signs occur when the 
infection extends from the middle ear Into the meninges. 

Although the clinical signs of peripheral vestibular dis¬ 
ease are characteristic. It Is important to differentiate this 
condition from that of central vestibular dtstuibance. Ani¬ 
mals with peripheral vestibular disease usually are appetent, 
alert, and aware of their surroundings and do not have a 
significant deficit of postural placement. The nystagmus of 
these animals Is constantly horizontal. In comparison, ani¬ 
mals tvith central vestibular disturbances are systemically 
depressed, have a nystagmus that varies in direction, and 
show marked conscious proprioceptive abnormalities. 

Treatment of bacteria I otitis with oxytetracycllne (6 mg'kg 
IM or IV daily or 20 mg/kg of long-acting formulation IM 
every other day] or procaine penicillin (40,000 [U'kg IM 
dally) may be effective. Drug therapy should be continued 
for several weeks to prevent relapses. Treatment Is very effec¬ 
tive In obtaining a complete cure In animals wltK acute 
otitis but is less so In the chronic form. Otic Instillation of 
amlnogjycoslde antibiotics is contraindicated. Llncomycin 
{6.5 mg'kg) and spectlnomycln (10 mg/kg) have been used 
successfully when oxytetracycllne or trimethoprim-sulfon¬ 
amide therapy has failed. 1 Other drugs that have been 
beneficial for the treatment of otitis include ampiclllin, gen¬ 
tamicin, and enrofloxacln. Animals that do not respond 
should be examined for an abscess or squamous cell carci¬ 
noma invading the calvarium or osteomyelitis of the petrous 
temporal hone. 

EAR MITE INFESTATIONS OF RUMINANTS 

The ear mite of cattle Is JZotilfetia ijjjrfs, and that of small 
ruminants Is Pjornpces cufijoJj. Cattle that become infected 
with the ear mite develop a hearing Impairment. Severe 
infestations perforate the tympanum and result in vestibular 
disease, facLal paralysis, and ataxia. 15 ® 7 - 15 ™ Infected sheep 
and goats shake their heads vigorously and develop aural 
hematomas. 1571 Infestation of cattle can be recognized by 
observation of ulceration and purulent debris In the audi¬ 
tory canal next to the tympanum. In cattle, mites may be 
entrapped between the plug and the tympanum and may 
not be visible during an oloscoplc examination. All Infested 
cattle have pus and ulceration of the ear canal. Ii7i A foul- 
smelllng discharge on the side of the face under the ear 
canal may be seen In some affected animals. Chronically 
affected cattle develop a hearing loss for high-frequency 
sounds. 

The psoroptic ear mite of small turn Inants does not 
spread over the remainder of the body. The accumulation 
of purulent debris and swelling of auricular tissues block 
the transmission of sound to the tympanum. 

Ear mite Infestations In cattle are common and In some 
herds may affect most of the adults. One U.S. study reported 
a prevalence rate of 66% (29 of 44 cattle}. 1567 Hie biologic 
importance of the Infestation may be relaLed to changes in 
the herding or mothering behavior of range cattle. 'Hie eco¬ 
nomic significance of the infestation Is unknown. The para¬ 
site can complete a full life cycle by a day's. 

Ear mites have been successfully treated in goats using 
ear drops containing rotenone* once daily for 5 to 10 days. 
Good clinical responses can be obtained in cattle ivith the 
same treatment. E'enlhIon {SpotlonT 0.2 mL) drops also 
have been used successfully. In cases of parasitic otitis in 
which the discharge has been inspissated, lateral resection 
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of the ear canal should be considered to esiabllsb adequate 
ventral drainage. 1575 The addition of nicotine to final con¬ 
centrations of 2 ppm in dip tanks containing 0.25% toxa- 
phene has been 95% effective In some outbreaks, 1574 
Plunge-dipping in diazonon, propelamphos, or flumethrln, 
pour-on preparations of synthetic pyrethrofds, and oral dos¬ 
ing with Ivermectin all are ineffective. 1574 A single subcuta¬ 
neous [SC) in lection of Ivermectin at 0.2 mg'kg has been 
shown to be an effective treatment for P. funiculi otitis in 
both sheep and goats. 1574 - 1575 

The life cycle of the mite involves two free-living stages, 
the proto and the deuto nymphs. I’hese forms molt In the 
vegetation and reinfest cattle as they graze or bed during 
the evening. 1576 Therefore, tilling the soil of the infested 
pastures or re-treating cattle every 14 to 21 day's with insec¬ 
ticide should be considered as part of ah eradication 
scheme. 

A recent report of neurologic dysfunction In a cow with 
Raillietia infestation hlghligbtsthe importance of thorough 
evaluation before diagnosis. 1577 This cow also had Listerio¬ 
sis, the more likely cause of the neurologic signs. 

SPACE-OCCUPYING LESIONS OF CRANIAL 
NERVES IN CALVES 

LPSLE IV. CKORKL 

An epizootic disease of Groning^e Blaarkop calves character¬ 
ized by facia I paralysis and vestibulocochlear disease has 
been Identified. I57S r rhe calves showed drooped ear, loss 
of vision with normal pupillary reflexes, head tilt, dorsolat¬ 
eral strabismus, circling and depression. One calf had a mild 
fever, dysphagia, a nd m and Lbul ar pa ralysls. 'Hie CSF contained 
a high WBC count and an increased total protein level. The 
disease was caused by multifocal space-occupying lesions 
that surrounded the cranial nerves at the entrance of the cal¬ 
varium. The microscopic Lesions consisted of granulomatous 
inflammation of the nerves at the Internal acoustic meatus 
and the facial canal. The inflammatory cells In the lesions 
consisted of histiocytes, lymphocytes, mulllnudeated giant 
cells, and plasma cells. The specific dialogic agent was not 
identified. The granulomas did not contain acid-fast bacilli, 
fungal elements, or LesJerfff monocytogenes. The microscopic 
appearance of the Lesions and their location In the nervous 
system were similar to cauda equina neuritis In horses. The 
disease In the calves was nonprogressive, and some of the 
calves recovered, which differentiates the calf disease from 
the progressively fatal cauda equina neuritis In horses. 

PERIPHERAL VESTIBULAR DISEASE 
OF HORSES 

II Definition and Etiology, Vestibular disease of horses is 
an acute, asvmmetrlc condition with one of several causes: 
extension of pyogenic bacterial Infections from the guttural 
pouch, polyneuritis equi, viral labyrinthitis, and traumatic 
skull fractures. L57? - 1561 Idiopathic labyrinthitis probably 
represents an acute viral inflammation of the vestibular sys¬ 
tem that Is severe, 1550 but spontaneous recovery' Is com¬ 
mon. Lightning strike also has been suspected as the cause 
of vestibular signs in horses. 1553 

Vestibular disease may also be caused by pyogenic 
inflammation of the petrous temporal bone or membra¬ 
nous labyrinths. Staphylococci, streptococci, and Aspergillus 
species have been Isolated from cases of suppurative otitis 
in horses. 157, 4!>t3 -[\ vo forms of suppurative otitis medla- 
interna have been identified. 15791565 In the least severe 
form, the pyogenic inflammation localizes in the petrous 
temporal bone but does not spread into the calvarium or 
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rupture the tympanum. This infection results In vestibular 
signs. This mild form of otilis media-1 ulema aJso causes 
dysfunction of CNs VII and VIII. 

Cffrrrctff Signs. The clinical course of peripheral vestibu¬ 
lar disease may he chronic with acute exacerbations. Recov- 
eiy ts common with appropriate therapy. The more severe 
form occurs when the pyogenic Inflammation extends out¬ 
ward into the temporohyold |otnl and stylohyoid bone.'- 533 
d’he Inflammatory process fuses the lympanohyotd |oint. 
which fractures during strong contractions of tfte muscLes 
of the pharynx and neck. The fracture line extends Into the 
calvarium, resulting In hematoma formation In the CMS. 
Pyogenic agents from the original septic site may then gain 
access La the CMS and cause meningitis. The clinical signs are 
peraaite, and mortality is high. Extension of the fracture lines 
along the cranial vault and osteomyelitis result in dysfunction 
of CM's VN and VIII and the cerebrum. Affected horses show 
a rapid deterioration in mental status Immediately after the 
initial onset of clinical signs. Involvement of the temporo- 
hyoid bone can be recognized on radiographic examination 
of the head and pharynx. The radiographic changes include 
thickening and pathologic fracture of the stylohyoid bone 
and tympanosclerosis. 

Early din leal signs may appear to be unrelated to the CMS. 
The horse may appear to be uncomfortable and may shake 
the head or mb the affected ear for 2 lo 3 weeks before the 
onset of vestibular signs. Otorrhea is nol usually observed. 
Ihe neurologic signs appear suddenly. J louses wllh mild dis¬ 
ease develop ataxia, head Lilt, facial paralysis, and nystagmus. 
The nystagmus is not changed by movement of'the head 
(rapid phase away from the side of the lesion). 'Ihere also 
is a ventrolateral strabismus on the side of the lesion. The 
affected animals circle or more often lean against the stall 
walls for support, frequently, a mild conscious propriocep¬ 
tive deficit is worse on the affected side. Horses with severe 
calvarium fractures fall and become recumbent. They lie with 
the side of the lesion facing the floor. Because of the proxim¬ 
ity of the facial nerve to the vestibular apparatus In the 
petrous temporal bone, most affected horses also show signs 
of facial palsy, including drooped ear and lips, drooling of 
saliva, ptosis,' exposure keratitis, and deviation of the pnll- 
trum toward the opposite side of the lesion (Fig. 35-19). If 
extensive bleeding into the calvarium has occurred, the ani¬ 
mal becomes blind in the eye contralateral to the side of 
the hematoma. Pressure in the cerebral cortex may result In 
mydriatic pupils on the Ips(Lateral side, lesions Located cen¬ 
tral to the geniculate gang]Lon denervate the lacrimal glands 
and result in keratitis sicca. 

Horses with Lesions of the peripheral vestibular system 
remain appetent and alert. In comparison, animals with 
vestibular disease accompanied by petrous temporal bone 
fractures and meningitis tend to he depressed, febrile, and 
snappelenl. Animals that develop septic meningitis second¬ 
ary' to a temporal bone fracture show rapid deterioration 
of mental status, rigidity, or flailing of the limbs with mild 
stimulation, stiffness of"the neck, hyperesthesia, fever, otor¬ 
rhea, and dysphagia. 1334 

ll Dm mojj's find lYmtmerit. Ancillary diagnostic measures 
for vestibular disease In horses include skull radiographs and 
endoscopic examination of the guttural pouch to exclude the 
possibility of tympanosclerosis, fractured hyoid bone, or 
fungal otitis. Otic examination in the horse in difficult 
because of the external ear anatomy in tills, species and the 
resistance of horses lo this type of examination. Chemical 
restraint and the use of video otoscopy can facilitate both 
otoseopic examination and the sampling of material from 
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the external ear for microscopic examination and culture. I5ai 
The rate of tear secretion may be tested with a Schirmer tear 
test strip. The normal rale of tear secretion is approximately 
2i mm/rnln, whereas deficient tear production is less than 
17 mm/m in. Brainstem auditory-evoked response testing 
may help to establish the localization of vestibular signs as 
peripheral in origin rather than central. 1556 

Antibiotic treatment of peripheral vestibular disease should 
Include high doses of penicillin (20,000 to 40,000 1U/kg IV 
four limes dally) or, as an alternative, a thiid-generation ceph¬ 
alosporin or trimethoprim-sulfonamide combination. The 
alternative drugs should be considered when infection by 
penid 11 in-resistant bacteria is suspected. One study reported 
clinical improvement In patients treated with chlorampheni¬ 
col (10 mg/kg orally four times daily 

Patients with early cases of vestibular disease may benefit 
from treatment with nonsteroidal antiinflammatory drug£ 
[NSAlDs). Administration of corticosteroids in the acute 
stages of the disease may ameliorate the clinical signs, but 
the beneficial antiinflammatory effects of these drugs 
should be weighed against the potential for nonspecific 
immune suppression and ultimate extension of pyogenic 
foci Into ihe CN5 along cracks In the calvarium. 

Affected horses should be kept In a quiet, heavily bedded 
stall with good footing. Exposure keratitis may be treated by 
performing a tarsorrhaphy or by repeatedly administering 
petrolatum ophthalmic-lubricating ointments. Horses with 
keratoconjunctivitis sicca may be treated with 0.25% pilo¬ 
carpine eyedrops four times dally.- 1537 

Horses that recover after long-term antibiotic therapy 
should be used cautiously because subtle neurologic deficits 
that Interfere with coordinated motor activities could pre¬ 
cipitate catastrophic accidents. Relapses may occur in some 
seemingly recovered patients. 
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EXOPHTHALMOS AND STRABISMUS 
OF CATTLE 

UKU? W. ffflDJMX 

A heritable exophthalmos and strabismus of Jersey. 11o]- 
stein. Brown Swiss, and shorthorn cattle has been 
described. I3E& - 131,1 The defect is characterized by protru¬ 
sion of the eyeballs and anteromedial rotation of the eye 
around the axis (cross-eyed). The defect does not become 
evident until the animals are over 6 mo mils of age. 
Affected animals have defective vision and show difficulty 
walking in unfamiliar environments. Both genders are aff¬ 
ected. The condition in J lo I steins Is thought to he related 
lo a decreased number of nerve cells In the abduce ns motor 
nucleus. 


NIGROPALLIDAL ENCEPHALOMALACIA 
(YELLOW STAR THISTLE POISONING; 
RUSSIAN KNAPWEED POISONING) 

Deftmtlarr at id Etiology. NieropaLlid.il encephalomata- 
cia is a disease of adult horses characterized by facial dysto¬ 
nia, variable ataxia, mild depression, and food retention in 
the mouth. The disease is caused by ingestion of large quan¬ 
tities of the plants Centaurea stfhrir-ftfJis (yellow star thistle) 
or GeiPtaunffli repair (Russian knapweed JJ 592 - 1595 

Clinical Signs. The signs appear suddenly bul always 
after long-term ingestion of Large quantities of the plants. 
Characteristic signs of ntgropal tidal encepbalornalacia com¬ 
mon to all cases Include weight loss, mild to moderate 
depression, conscious proprioceptive deficits, yawning, low¬ 
ered head, protruding tongue, tremor of die Longue and Ups, 
and facial hypertonLcity when feed is offered. The facial 
hypertonicity causes a retraction of the lips, resulting In a 
fixed grimace with ihe mouth and Lips held half-open 
(Fig. 35-10). The patient may display constant chewing 
movements, and prehension, mastication, and deglutition 
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of food are uncoordinated and inefficient. Affected horses 
can grasp food in their Incisors bul are unable to chew ade¬ 
quately and propel the food lo the back of the mouth. Food 
retained in the mouth and cheek pouches may protrude 
from the commissures of the lips. Affected animals may 
attempt to drink by immersing their muzzles deeply Into 
the bucket lo force the water into the back of the pharynx. 
Once the food or water is In the posterior part of the phar¬ 
ynx, the animal is able to swallow. Affected animals die of 
starvation or dehydration. Horses that appear to be 
depressed usually can be aroused by mild stimulation. Motor 
and sensory deficits include hypertonicity, ataxia, conscious 
proprioceptive deficits, and occasionally hypermetria. There 
also may be a transient tendency lo walk propulslvely or 
to circle. Occasionally the animals are hyperexcltable. After 
several day's the signs stabilize, and the disease does not pro¬ 
gress. Affected animals usually do not recover. 

II Diagnosis. The CSF of affected horses may show 
increases in WBC count (75/dL). b5?Jl There are no character¬ 
istic changes in the complete blood count (CbC) or the 
serum chemistries. Magnetic resonance imaging (MRJ) was 
used to make an antemortem diagnosis in one horse with 
nigropallldal encephalomalacla. 15 ^ 6 

rtfJjrDp/iysieihpfty. The toxic principle in the plants has 
been Isolated and chemically characterized. The toxic mol¬ 
ecule Is called repin, a sesquiterpene lactone with high 
affinity for neural tissue. 15 * 7-16 ™ Long-term feeding of 
alcoholic extracts containing repin to monkeys has resulted 
in collapse, convulsions, and death. 160J Studies In rats 
suggest that repin exerts its neurotoxic effects by Inhibiting 
dopamine release. 16(00 Additional neurotoxic compounds, 
including aspartic and glutamic acids, also have been isolated 
from. Centamea plants. 

II Necropsy Findings. Al necropsy, sharply demarcated 
areas of yellowish malacia are visible grossly in the substan¬ 
tia nigra and globus pallidus (extra pyramid a I system). 
Lesions are bilaterally symmetric In more than 5G% of 
cases but are asymmetric in a substantial proportion of 
affected animals. Lesions In other brainstem nuclei are 
found In a small number of anlmatsT 393 - 16 ^ Microscopic 
lesions include neuronal necrosis, vacuo!ation with gliosis, 
llquefactive necrosis, and cavitation In well-developed 
lesions. 5597 

Epidemiology. Mlgropallidal encephalomalacla has been 
reported in horses or ihe United States, Australia, and South 
America. Yellow star thistle is a common plant In unIrri¬ 
gated pastures In ihe arid regions of the western United 
States. The plant Ls resist ant lo the effects of saline or alka¬ 
line soil conditions and has a minimum moisture require¬ 
ment. Russian knapweed belongs lo the sunflower family 
and grows predominantly on flood plains, where It can 
extract deep subterranean moisture. In the United States 
rhe plants tend to remain green during the dry- months, so 
most poisonings occur during the summer or late autumn. 
Most horses are reluctant to eat Cenkiiirea pLants unless 
other vegetation is unavailable, but some develop a craving 
and setectivefv seek it out. Horses that develop nlgropallidal 
encephalomalacia usually are being fed a poor-quality, 
high-roughage diet. Affected horses range from 4 months 
to 10 years of age (median. 2 years). lljL?7 The case-attack 
rates of yellow star thistle poisoning range from 3% lo 
31% of horses on infested pastures. 1557 Feeding studies 
have reported thal as much as 59% to 200% of the body 
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weight of yellow star thistle and 59% to 63% of Russian 
knapweed must be eaten over 3 lo 11 weeks to cause din Lea l 
disease, Continuous protracted exposure to the 

weeds seems to be important for expression of clinical dis¬ 
ease. The dried plants retain their toxicity. 

II Treatment and Present ton. There Is no known treatment 
for the poisoning. Prevention Is best aimed at correcting the 
nutritional problem by daily supplementation with 10 to 
15 lb of alfalfa hay and by not pasturing horses Ln areas 
w r here the thistle grows. 

RUPTURED RECTUS CAPITIS VENTRALIS 
MUSCLES (TRAUMATO CRANIAL NERVES 
IX N X S AND XI) 

1JSLL W. GEORGE 

Traumatic avulsion of the rectus capitis ventral Is muscle is 
seen exclusively in equlds. The condition causes dysphagia. 
The muscle Is ruptured when horses fall over backward and 
hyperextend the neck and head. Tearing of the tendinous 
insertion of the muscle damages CNs LX r X, and XI. The 
clinical signs Include mild transitory epistaxis, laryngeal 
hemiplegia, dysphagia, and pharyngeal paralysis. E:ndo- 
scopic annormalities of the pharynx and larynx include 
mucoid discharge from the guttural pouch, pharyngeal 
and laryngeal paralysis, atonic proximal esophagus, and 
food particles in the trachea and bronchi. 

Radiographic examination of the head and neck may be 
helpful for substantiating a clinical diagnosis. The radiolo¬ 
gic lesions include irregular radiopaque lesions in the gut¬ 
tural pouch and fracture of sclerotic occipital and petrous 
temporal bones. These cases usually are associated with a 
preexisting mycotic lesion that results Ln bone weakness 
and pathologic fractures. The neurologic lesion usually is 
reversible, but affected horses may die of aspiration pneu¬ 
monia before neurologic resolution. ,6<M 

HORNER'S SYNDROME 

II Definition £jnd t'/rufogy. E Eomer's syndrome results from 
interruption of ocular sympathetic pathways. Sympathetic 
fibers originate from neuronal cell bodies Located in the mes¬ 
encephalic tectum. Axons descend to the first to third tho¬ 
racic (T1 lo T3) segments of the spinal cord, where they 
enter the gray matter, synapse, and exit through the ventral 
spinal nerves. From there the nerves pass through the cervi- 
cothoracic and middle cervical ganglia {stellate ganglia) and 
ascend in the cranial vagosympathetic trunk. 160,5 The nerves 
enter the cranial ganglion In (he petrous temporal bone, 
where they synapse. The postganglionic fibers are distributed 
to the sweat'glands of the head, cllLaiy muscles, periorbital 
smooth muscles, and perlarterlolar musculature. Fibers of 
(he vagosympathetic trunk or the cranial cervical ganglion 
can be injured as they pass through the neck or over the cau- 
dodorsal aspect of the guttural pouch. 

Specific causes of Horner’s syndrome include mycotic 
guttural pouch Infections; traumatic lesions of the basisphe- 
nold area; cervical trauma; abscesses, tumors, or space-occu¬ 
pying lesions Ln the anterior aspect of the thorax 1606 - l60? ; 
periorbital abscesses or tumors: parotid duct obstruction 
and Inflammation l6DB ; esophageal rupture; and complica¬ 
tions associated with surgical Ligation of the carotid artery. 
Intracranial lesions involving the central components of 
the sympathetic pathway in the ipsllateral brainstem are 
rare but have been reported as a consequence of metastatic 
neoplasia. 1600 Homer's syndrome also has occuned after IV 
injection of certain drug^, including xylazine, vitamin E or 


selenium, and phenylbutazone. Lfi 10-1612 Elornefs syndrome 
has also been seen in horses with polyneuritis equl {cauda 
equina neuritis) syndrome and equine protozoal myeloen- 
cephalitis of the cervical spinal cord. lbl3 - L * u Tumors that 
have resulted In Homer's syndrome include sclerosing respi¬ 
rator epithelial carcinoma, squamous cell carcinoma, and 
mel a no ma 16Q6 - 1 607 • ] g i q, 1 6 1 sj el 6 

II CiinTtflf Signs. llte clinical signs of Horner's syndrome 
Ln horses vary but include miosis, enophthalmos, ptosis, 
regional hyperthermia, excessive sweating on the ipsilateral 
side of the face, congested mucous membranes, Lnspiratoiy 
stridor, and dermatitis caused by chronic sweating. Ptosis 
may be detected by palpation of decreased eyelid lone. 
Itie palpebral reflex'and the menace response are normal. 
Facial sweating often disappears 6 to 14 days after sympa¬ 
thectomy. If concomitant damage to the cervical sympa¬ 
thetic nerves is present, sweating of the skin of the neck 
also may be seen. iTiis is not obseived in animals with 
Lesions solely in the tectotegmentosplnal pathway. Regional 
hyperthermia Is caused by vasodilation, which results 
from deficient vasomotor tonus. Sweating is thought to be 
caused by vasodilation and increased cutaneous blood 
flow. 1617 -' 616 Increased sweating can be Induced by Jl?- 
agonlsts, Including IV clenbuterol (200 pg) or tsoprenaline 
(2 mg) or local application of 10% phenylephrine. 1610 Dys¬ 
function of adjacent neurologic structures may result In 
simultaneous facial nerve paralysis and laryngeal hemiple¬ 
gia. Bilateral Homer's syndrome has been reported In a 
horse with metastatic neoplasia affecting the sympathetic 
Innervation of the head bilaterally. 1616 litis horse had a 
mixed pattern of both preganglionic and postganglionic 
denervation caused by widespread metastases at multiple 
sites along the nerves. 

In contrast to the disease in horses, cattle do not sweat on 
the planum nasale of the affected side. This can be explained 
by the mediation of normal sweat gland secretion by x- 
adrenergic receptors in the bovine. L&l - The other signs seen 
In cattle are slmLlar to those in horses. The clinical signs of 
experimentally induced Elorner's syndrome in sheep and 
goats are Limited lo a mild ptosis. 1613 Retrobulbar tumors 
may cause 1 lorner's syndrome, but Ln these cases the eyeball 
proplosis results from the excessive retrobulbar pressure. 1615 

II Diagnosis. The specific site of the denervation of the 
ocular sympathetic system usually can be located by phar¬ 
macologic testing. 1 Hydroxyamphetamine [1% solution) 
Lnstilledinto the eye will result in release of norepinephrine 
from intact postganglionic sympathetic neurons, causing 
pupilLary dilation, but no response when the postganglionic 
neurons are damaged. A positive response to this lest Indi¬ 
cates a preganglionic sympathetic lesion, and a lack of 
response indicates a postganglionic lesion. In animals with 
a postganglionic lesion, topical administration of 0.1 mL 
of 1:1000 epinephrine solution directly activates the iris 
musculature and produces mydriasis by 20 minutes, 
whereas the onset of dilation occurs at about 40 minutes 
Ln animals with preganglionic lesions. Similarly, 2.5% to 
10% phenylephrine solution will produce pupillary dilation 
Ln an eye ivith a postganglionic sympathetic lesion, but not 
Ln a normal eye. I’he increased sensitivity to these direct- 
acting sympathomimetics in animals with postganglionic 
sympathetic lesions results from the phenomenon of 
"denervation supersensitivlty/'' with numbers and sensitivity 
of norepinephrine receptors In the Iris muscle Increasing 
over day's to w r eeks after postganglionic nerve injury. A pos¬ 
itive response is therefore expected only after the nerve 
lesion has been present for at least several days. Parenteral 
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ad min is trillion of L mL of LiOOG epinephrine solution 
causes affected horses to sweat profusely over the affected 
side of the face. LfilG However tills test does not differentiate 
between preganglionic and postganglionic lesions. 

The guttural pouches of horses and the pharynx of all 
patients should be examined endoacoptcal.lv to exclude the 
possibility of pharyngeal or Laryngeal paralysis or guttural 
pouch disease. The |ugular furrow’s should be palpated for 
swellings. Insertion of a nasogastric lube during palpation 
may be helpful for detecting subtle lesions on the Left side 
of the neck_ Radiographs of the cervical vertebrae should be 
obtained Lo exclude spinal cord disease. The thorax should 
be examined using auscultation and percussion and, Lf Indi¬ 
cated. radiographs taken. The gall and proprioceptive 
responses should be examined to evaluate the hniction of 
the spinal cord. The skin temperature may be measured 
using thermography k,Dr - 362D I on the affected side it Is 1 C 
to 2.5 1 ' C (33.4 E to 37.5 ' F) higher than normal. 

IVpflfuifiii, The treatment for Homer's syndrome 
depends on the underlying cause of the denervation. ILxcept 
for Homer's syndrome related to IV Infection of xylazine, 
the neurologic signs often are irreversible, even if the pri¬ 
mary cause of the condition has been eliminated. When 
xylazine Ls administered IV, the condition disappears spon¬ 
taneously. The situation differs from Inadvertent perivascu¬ 
lar dmg Injections., in which permanent neurologic 
sequelae may occur. The necrotizing effects of perivascular 
drug In lectio ns can be minimized if treatment Ls adminis¬ 
tered Immediately. These treatments should include aseptic 
infusion of large volumes of saline at the perivascular Injec¬ 
tion site and systemic administration of NSAIDs or dexa- 
methasone, or both Abscesses should be drained, and 
fungal infections of the guttural pouch should be treated 
as described In Chapter 31. 


GUTTURAL POUCH MYCOSIS, 
NEUROLOGIC SIGNS (DAMAGE TO 
CRANIAL NERVES IX THROUGH XII) 

Definition and Ltiolog)'. In one retrospective survey, 
mycotic infections of the guttural pouch were the third 
most common disease of the upper respiratory tract of 
horses. L * 2L The clinical signs occur because fungal Infec¬ 
tions Ln the medial part of the pouch extend dorsally and 
damage CN's IX through Xll and the Internal carotid artery. 
Mycotic guttural pouch infection usually occurs In older 
animals; however, horses as young as 3 months have been 
affected. 1421 

(Jirifuif Signs. Initially she horse may display head 
shaking and unilateral nasal discharge. Additional clinical 
signs are nasal catarrh, dysphagia, head shyness, head shak¬ 
ing, roaring, dysphonia, protrusion of the tongue from the 
mouth, and epistaxis 1422 - 3624 (Fig. 3.5-21). Other clinical 
signs Include parotid pain, abnormal head posture, facial 
sweating, shivering. Horner's syndrome, colic, hemiparesls 
to hemiplegia of the tongue on the affected side, and facial 
paralysis. 3622 - 1628 Epislaxis may be fulminant and life 
threatening. The abnormal head posture is characterized 
by a tendency (o hold the head in extension or lower to 
lire ground than normal. Atrophy of the brachiocephallcus 
and trapezius muscles occurs secondary to denervation of 
the accessory spinal nerve. Homer's syndrome occurs sec¬ 
ondary- to damage of the cranial cervical ganglion and sym¬ 
pathetic trunk, 'the sensorlum is Intact unless aspiration 
pneumonia develops or the fungus embolizes into the 
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brain. i619 ' LG:K> Occasionally, affected horses die peraculely 
as a result of exsangu I nation from a ruptured Internal 
carotid artery Endoscopic examination of the larynx of 
affected horses may reveal dorsal displacement of the soft 
palate. Inability to swallow, and unilateral or bilateral laryn¬ 
geal hemiplegia. Mycotic guttural pouch infection can be 
definitively diagnosed by endoscopically Identifying the 
characteristic fungal mass in the dorsomedial compartment 
(Fig. 35-22). Radiographic examination of the pouches 
shows a poorly defined border of the pouch in the abnor¬ 
mal area. Extension of a mycotic Infection from the guttural 
uch to the brain through the internal carotid artery has 
en reported. 1430 The Infection caused disseminated necro¬ 
sis and hemorrhage that was most severe In the thalamus, 
cerebral cortex, and hippocampus. The clinical signs were 
fever (38.3 C; 1QG.9' 3 : ). epistaxis, dysphagia, laiyngeal 
hemiplegia, pharvngeal paralysis, circling unilateral blind¬ 
ness, mydriasis, facial paralysis, and apprehension. 

i’jj/lrtipjijTroJog} 1 . The guttural pouch is separated Into 
[wo compartments by the stylohyoid bone and theocciptto- 
hvotdeus muscle. CNs TX 'through Xll and the Internal 
carotid arieiy are located In the dorsomedial aspect of the 
medial compartment and are susceptible to damage fro-m 
mycotic Infections, Extension to the cranial nerves occurs 
because of inflammation and direcl destruction of these 
structures by ihe fungal elements. Pathologic studies have 
shown swellLng of the myelin sheaths ana Schwann cells. 
Some sections demonstrate necrosis of the nerves and inva¬ 
sion by fungal elements. IG -^ J 

In chronic infections the fungal lesion may extend into 
the tympanic bulla and cause vestibular disease. Extensive 
growth of the lesion also results Ln temporomandibular 
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osteoarthropathy and fusion of the temporomandibular 
joint or osteoarthritis of the atlantooccipital joint. Exces¬ 
sive muscular force on the fused |olnl can result Ln avulsion 
fractures of the petrous temporal bone and calvarium. 
Hemorrhage or spread of infection Into the vestibular 
apparatus and calvarium results in acute vestibular disease, 
cerebral hemorrhage, and septic meningitis (see Peripheral 
Vestibular Disease of ]■ lousesJ„ in rare cases, fungal elements 
may reach Into the Literal compartment, invade the wall of 
die internal maxillary artery, and affect the facial nerve. 
Facial nerve paralysis also has been observed and results 
from abseessalion of the parotid lymph nodes secondary 
to a fungal guttural pouch infection" 1623 In other rare cases, 
Horner's syndrome may be caused by mycotic lesions In 
the cranial cervical ganglion. The syndrome also may occur 
iatrogenically during surgical ligation of the external 
carotid artery. 1652 Occasionally, the mycotic infection may 
extend Into the brain and cause encephalitic signs. 

II Treatment. Before the onset of neurologic disturbances, 
the internal carotid artery may be occluded using a ligature 
or by Insertion of a balloon-sipped catheter. 1633 During the 
exploration the fungal mass Is debrided surgically. The sur- 
tcal procedure is effective for preventing fatal eplstaxis 
ut may not reduce the potential for progression of the 
Infection, resulting in nerve deficits or extension of the 
Infection to the CNS. Some studies have shown excellent 
resolution of the mycotic lesion Ln horses that underwent 
carotid artery occlusion with or without additional antifun¬ 
gal therapy, l63j - 1636 but in other animals the Jeslon may 
progress despite complete arterial occlusion. 1616 Moreover, 
optic neuropathy and blindness of the IpsiLateral eye are 
common poslsureieaJ sequelae.- 1617 Neurologic signs may 
be permanent, although improvement or recovery over 


many months has been reported in some horses. 1656 
Affected horses often are euthanized for humane reasons. 
(See Chapter 31 for treatment of guttural pouch mycosis.) 


DISEASES PRODUCING TREMORS 
AND ATAXIA; CEREBELLAR 
DISEASES 

CEREBELLAR HYPOPLASIA CAUSED BY 
CONGENITAL BOVINE VIRAL DIARRHEA 
VIRUS INFECTION 

A complete discussion of bovine viral diarrhea-mu cos a I 
disease (BVD-MD) can be found In Chapter 32. bVD virus 
Infection of susceptible pregnant cattle from 90 to 170 
days' gestation results in abortion or stillbirth, bydranen- 
cephaly, or cerebellar hypoplasia Ln the fetus. J 
These signs are also seen in calves born to susceptible 
dams vaccinated during gestation with a modified Live 
BVD vaccine, 1640 The BVD virus Infects the developing 
germinal cells of the cerebellum and kills Purklnje's cells 
in the granular layer, resulting in necrosis and inflam¬ 
mation. ' 641 Such cerebellar lesions tend to be most severe 
by 21 days after Inoculation of the susceptible pregnant 
dams. 161 * The microscopic lesions include necrosis of 
the external germinal cells, focal parenchymal hemorrhages, 
and fallal edema. After Infection the acute inflammatoiy 
responses subside by 42 days, when the microscopic changes 
Include cavities ranging from I to 7 mm Ln diameter, thin¬ 
ning of the neuropil, atrophy of the cerebellar folia, axonal 
torpedoes, and mild reactive astrocytesLs. Calves Infected 
with vaccine vims between 90 and i 16 days' gestation may 
develop hydrocephalus and hydranencephaly.’* J2 

The signs of cerebellar dysfunction usually are present at 
birth and Include truncal ataxia, falling backward, opistho¬ 
tonos, base-wide stance, coarse intentional head tremors, 
hypermetrla, hyperreflexia, and nvstagmus or strabismus 
(fig. 35-23). 1 ^3.1*44 |f severely affected, the animal may 
be unable to stand or He Ln sternal recumbency. Excitatory 
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stimuli in these animals precIpUiaic wild oscillations and 
slde-to-slde movements of the head, which can he mistaken 
for convulsions. The affected calves may have a deficient 
menace response and appear to be blind, especially with 
concomitant hydranencephaly or microphthalmia. The neu¬ 
rologic condition rarely Improves after birth. Other fetal 
changes that may be Induced by the BVD virus include thy¬ 
mic atrophy, retina! degeneration, corneal opacity, failure 
to grow, and abortion. |L,JJ L631 The diagnosis of cerebellar 
hypoplasia Is based on identification of die specific clinical 
signs and the recognition of BVD antibodies in precolostra! 
blood specimens, The virus maybe cultured from the blood 
of some affected calves. Viral antigen has been delected In the 
spleen, kidneys, and lymph nodes of aborted fetuses. 1 "-W The 
vims cannot usually be isolated from Immunocompetent 
calves after antiviral antibody responses develop but may 
be recovered repeatedly from Im mu no Incompetent, seroneg¬ 
ative calves. Bmetongue virus may also occasionally cause 
cerebellar lesions in calves and lambs. 

CEREBELLAR ABIOTROPHY OF CATTLE 

Abiotrophy is defined as a degeneration of formed elements of 
the nervous system. 31545 Cerebellar abiotrophy has been 
described in Holstein, Angus, and Limousin calves.The condi¬ 
tion has been reported in the United States, Canada, 1646 - 36,1 * 
Australia, r iM0;is5D ^nd the United Kingdom. 3651 In 1 lolstein 
calves a recessive mode of Inheritance Is suspected, which 
can be traced to a single sire. The etiology of the condition 
in other breeds of cattle is uncertain. Some calves are affected 
from birth, 1655 tvhereas others are norma] at birth but 
develop signs at 3 to 9 months, or show signs intermittently, 
especially when stressed by factors such as Inclement 
weather. 16451650 Severely affected animals may be in lateral 
recumbency and unable to Fise. Nystagmus and opisihotonos 
are often seen in these calves. During the physical examina¬ 
tion, signs of cerebellar dysfunction may be observed 
(Fig, 35-24), Including Intentional head tremors, base-wide 
stance, hypermetrla, hyperesthesia, hyperreflexia, and Jack 
of menace with preservation ofeyesighs. The clinical condi¬ 
tion of affected animals may remain static or progress slowly 
until the animals become recumbent and unable to rise. Two 
calves showed gradual resolution of clinical signs when 
moved lo a new Location 1650 ; thus environmental factors 
m ay play some role In the cl i n Lea I development of the d I sease. 
The pathophysiology of the disease is unknown. There are no 
macroscopic abnormalities of the cerebellum of affected 
calves. The microscopic pathologic changes of abiotrophy 
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include noninflammatory focal loss of Purkinje’s cells and 
cerebellar nuclear neurons, with gliosis in the Pur kin je and 
molecular cel I layers. Swellings within Purkin]e cell axons also 
have been described in some cases. 1650 The variable pathology 
described In affected animals suggests that bovine cerebellar 
atrophy may be several similar but slightly differing disorders 
rather th t in a single entity. 

HEREDITARY HYPERMETRIA IN 
SHORTHORN CATTLE 

A neurologic disease characterized by symmetric cerebellar 
signs was reported in 15 shorthorn cattle of Brazil. The ani¬ 
mals were affected at birth, and the clinical disorder was noL 
progressive. Ihe affected animals had no pathologic 
changes in the central nervous system that differentiated 
the condition from cerebellar hvpoplasla and cerebellar 
abiotrophy. Examination of the relatives of the affected ani¬ 
mals indicated a familial distribution. Pedigree analysis sug¬ 
gested an autosomal recessive mode of inheritance. 1652 

CEREBELLAR MALFORMATIONS OF 
AYRSHIRE AND JERSEY CALVES 

Cerebellar malformations have been reported in two Ayr¬ 
shire calves from Great Britain. 1 * 5 - 1 The calves appeared to 
be normal at birth but displayed characteristic signs of cere¬ 
bellar dysfunction by 24 hours of age. A similar condition 
has been reported in Jersev calves. 36 * 4 ' 1655 The clinical signs 
included opisthotonos, tase-w r Lde stance, tiuncal ataxia, 
hypermetrla and hypertonia of all four Limbs, and head tre¬ 
mors. Lesions In the calves were present In the cerebellum 
and the pons; some animals also developed hydrocephalus. 
The cause of these abnormalities was not definitely deter¬ 
mined hut w r as presumed to he a hereditary condition. 
The relationship of this disease to BVD virus infection is 
unclear. 

BOVINE FAMILIAL CONVULSIONS AND 
ATAXIA 

Bovine familial convulsions and ataxia Is a disease of Angus cat¬ 
tle characterized by multiple tetanic tonlc-clontc convulsions 
and a spastic ataxia that persists for several months. 16S ^ ,65J 
A similar condition has been reported in a 9-month-old 
Chanolals calf in the United States, in polled Hereford calves 
in Australia, and in Angus crossbred calves in Canada. J65E> - J6 * J 
The disorder is believed to result from a defective autosomal 
dominant gene with Incomplete penetrance, although some 
affected animals did not have a dose relationship to blood lines 
believed to cany the trait Lfi3a 

II CJffifajJ Signs. The onset of clinical signs ranges from 
2 to 3 hours after bLrth to 3 months, of age. Calves may 
be born dead at or near term or may be aborted. Some 
aborted calves have a dorsiflexion of the spine. Most 
affected calves are bom alive and rapidly develop lnterm.it- 
tent signs of cerebellar dysfunction with multiple IJ telani- 
form seizures' -1 that last 3 Lo 12 hours. Two forms of 
seizures have been described. One form is characterized 
by a generalized stiffness and Inability to protracl the Legs, 
elevation of the tall head, and head-neck extension with 
mild head tremor. The animals are hyperesthelic. A more 
severe form is characterized by lateral recumbency. Loss 
of consciousness, opisthotonos, hypertonicity, ionic-don tc 
seizures, and trismus. Animals may improve greatly if sup¬ 
ported during the tetanifonn activity. The frequency of the 
seizures declines over several months, but animals are Left 
with a permanent ataxia characterized by cerebellar signs. 
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The attacks may be piecipHated by sudden, violent audi¬ 
tory, olfactory, visual, or tactile stimuli. These could 
include driving by dogs, shipment, flashing Lights, loud 
sounds, or painful tactile stimulation. These features of 
the attacks, combined with a Lack of electroencephalographs 
(EEC) evidence of seizure activity in the cerebrums of 
affected calves, suggest that these episodes may be exacerba¬ 
tions of cerebellar signs rather than true seizures. 1662 There 
Ls no response to treatment with electrolytes, mineral supple¬ 
ments, or B-complex vitamin injections. Seizure-llke activity 
can be controlled by administration of barbiturates or Lnha- 
latlonal anesthetics. 

Most animals Improve when turned out to grass pastures, 
but episodic relapses associated with excitement may occur 
for as long as 2 years. Affected animals gradually recover 
and by 2 years of age either show only mild cerebellar signs 
or are completely normal. There are no specific diagnostic 
tests for the disease. 


II Patfrafogy. The gross appearance of (be brain Ls normal. 
Microscopic lesions are restricted to the cerebellar cortex 
and include swelling and vacuo!ation of Purkinje's cells, 
chromatolysis, loss of neurofibrils, and formation of axonal 
torpedoes. The axonal structures have been defined as 
"argyrophillc axonal swellings." They are located In the 
granular layer of the lingula, uvula, and ad|acent parts of 
the vermis. An early report stated that these lesions were 
not seen in affected animals under 6 weeks of age, but a 
more recent study found lesions In affected animals of all 
ages. ] 66 L - 3 663 

II DiVj^nusis. Diagnosis is based on the presence of typical 
clinical signs, particularly when several related animals are 
affected. Differential diagnoses include cerebellar hypopla¬ 
sia caused by congenital BVD virus infection, hypomyelino¬ 
genesis, congenital brain malformations affecting structures 
in the caudal fossa, congenital storage diseases, and the var¬ 
ious cerebellar ablolrophl.es described in cattle. 3662 Imagine 
studies [e.g., CT, MR!) are expected to be within normal 
limits. 1662 Definitive diagnosis can be made only on histo¬ 
logic examination postmortem. 

II Treatment cmd Control. Inhere Is no known treatment for 
bovine familial convulsions and ataxia. Affected animals can 
be fattened and slaughtered but should not be used as breed¬ 
ing stock because the disease is genelicallv transmitted. Elim¬ 
ination of carrier animals from (be breeding population will 
effectively control the propagation of ibis disease. 

CEREBELLAR ABIOTROPHY 
(HYPOPLASIA) IN ARABIAN HORSES 

Cerebellar abiotrophy occurs In purebred Arabian or Ara¬ 
bian crossbred horses. 16 * 4 I66S Clinical signs may be present 
at birth or may develop after several weeks to months of 
postnatal life. Signs most frequently develop between 
2 and 4 months of age and almost always occur before 
6 months of age. The disease was initially reported as a cer¬ 
ebellar hypoplasia, but most descriptions suggest that the 
degeneration begins poslnatally, prompting classification 
of the condition as an abiotrophy. 11670 Some Investigators 
have suggested, however, that the clinical and pathologic 
course of the disease is not always consistent with a progres¬ 
sive postnatal degeneration of the nervous system. 1666 

Ine signs of cerebellar abiotrophy appear suddenly and 
range from subtle ataxia to complete diffuse cerebellar dys¬ 
function. Mead tremor Is usually present and may occur in 


either a vertical or horizontal direction. Some horses show 
no progression of signs, -whereas others progress slowly, fol¬ 
lowed by a plateau. The Initial clinical sign In most foals is 
mild conscious proprioceptive deficits. As the deficits 
worsen, affected animals show hypertonia and stiff, hyper- 
metric gaits accentuated by stimulation. In the most severe 
cases the animal may rear and fall over backward w r hen sud¬ 
denly startled. .More severely affected foals have marked 
intentional head tremor, truncal ataxia, and bypermetrla of 
all four limbs, often more pronounced in the forellmbs. 
iTiese deficits are exaggerated by turning the animal sharply, 
by having the foal step up and down a curb, or by walking 
the foal on an Incline. Most affected animals have a decreased 
to absent menace response despite normal visual acuity and 
facial nerve function; however, two affected foals with nor¬ 
mal menace responses have been described. 3665 - 1667 Rotaiy 
nystagmus occurs in rare cases. 

Diagnosis generally is made on the basis of typical clinical 
signs In an Arabian horse under 6 months of age. Differential 
diagnoses Include head trauma (particularly associated with 
baslspbenold bone fracture) and atlanlooccipllal malforma¬ 
tion. With bead trauma, other evidence of trauma and signs 
of vestibular dysfunction often are present Foals w r lth atlan- 
tooccipital malformation are ataxic and somewhat weak but 
do not have intentional bead tremors. Muscular strength is 
preserved In cerebellar abiotrophy. Cerebrospinal fluid 
(CSF) analysis usually is normal, although C5F creatine 
kinase occasionally is elevated. 

The major histologic finding is a degeneration and Loss 
of Purkinje's cells in the cerebellum accompanied by gliosis 
and thinning of the molecular and granular layers of the 
cerebellum. Evidence indicates that apoptosis may be the 
rlmaiy mechanism underlying Purklnje cell death in A ra¬ 
ta n horses with cerebellar abiotrophy. 1 * 71 Mineral deposits 
In the thalamus also are found in horses with cerebellar 
abiotrophy, but theLr significance and relationship to the 
cerebellar changes are unknown. 1665 

The cause of cerebellar hypoplasia In Arabians is 
unknown, but there Ls a familial pattern of occurrence. One 
survey has reported an prevalence rate In one family of 
36 foals and a 6% rate In another family of 67 foals. 1664 
Two of four full-sibling colls from a mare were affected. 166,1 
Pedigree analysis of 19 affected animals showed a high 
d egret of relationship between the patients. 

No effective treatment exists for cerebellar abiotrophy of 
Arab La n foals. Occasional animals are reported to have 
shown gradual mild Improvement, with considerable reso¬ 
lution of the head tremor. They remain unsafe for riding, 
however, and are not suitable "as breeding stock because 
the disease probably Ls inherited. Owners of affected foals 
should be counseled about the probable herltability of the 
disease and should be encouraged to discontinue use of 
the parent lineage as breeding stock. 

FAMILIAL ATAXIA IN HEREFORD CALVES 

A central nervous system (CNSJ disorder characterized 
by Lateral recumbency, ataxia, incoordination, pupillary 
dilation, and abnormal head posture has been reported In 
Hereford calves. 1672 The disease occurred at 24 hours of age. 
'Itie pathologic lesions could be differentiated from those of 
hereditary neuraxial edema and familial convulsions and 
ataxia of Angus cattle. Ihe lesions In the Hereford calves 
Included hypomyelinatlon of the cerebellum, cerebral cortex, 
medulla, and mid brain and vacuolatlon of the white matter. 
No necrosis of the CN5 or inflammatory Lesions was seen, 
and the neurons of the cerebellum appeared to be normal. 
Itie cause of the condition was not Identified, but the dams 
were highly related, and a genetic etiology was postulated. 
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MICROGNATHIA AND CEREBELLAR 
HYPOPLASIA IN ANGUS CALVES 

Micrognathia was observed In Angus calves of a small herd 
in western Missouri. These animals were horn dead. The 
calves had severe brachygnalhla and cerebellar hypoplasia. 
Other somatic changes included hepatomegaly and paten! 
foramen ovale. A pedigree analysis Indicated that an autoso¬ 
mal recessive genetic trait derived from a common ancestor 
may have been responsible for the condition. j6,-i 


STORAGE DISEASES AND INBORN 
ERRORS OF METABOLISM 

Storage diseases and Inborn errors of metabolism are charac¬ 
terized by intraneuronal accumulation of indigestible meta¬ 
bolic products. The material accumulates in the cells because 
of a deficient activity of one of several lysosomal catabolic 
enzymes. Neurons have a long lifespan and are rich In ganglio- 
sldes and glycol LpLds, which are continuously degraded and 
resynthesized. In normal animals the metabolic products are 
internalized by the intraneuronal lysosomes and are degraded 
into constituent amino acids, monosaccharides, fatty acids, 
alcohols, and simple lipids by acidic catabolic enzymes. Dis¬ 
turbances of ganglioslde metabolism result In accumulation 
of the degraded by-products in the neurons and other cells . 1674 
Over loading of the lysosomes by the undigested material pro¬ 
duces profound neurologic dysfunction. 

Storage diseases can be classified as either genetic or 
acquired. Acquired storage diseases are caused by Ingestion 
of plants that contain specific inhibitors of one or more lyso¬ 
somal catabolic enzymes, Genetic storage diseases are caused 
by the production or an Inactive lysosomal enzyme. One such 
storage disease is ceroid lipofuscinosis, described earlier. 

The genetic storage diseases are named according to the 
metabolic by-product that accumulates in the lysosomes. 
When tissues of affected animals are sectioned, processed, 
and examined microscopically, the metabolic storage prod¬ 
uct Is dissolved from the tissue sections by the normal dehy¬ 
drating and fixative agents. The spaces that contain trie 
product appear as intraneuronal vacuoles w r ben examined 
by light microscopy. Special fixation and staining procedures 
may be used to preserve and Identify the metabolic 
product. 167 * 1 

^-MANNOSIDOSIS (PSEUDOLIPIDOSIS) 

OE-Mannosidosis is a genetic defect of the enzyme a-mannosl- 
dase that is inherited as an autosomal recessive trait in 
Angus. Murray Gray, Slmmental. Galloway, and Holstein 
cattle. 1675 At least two different mutations in the gene coding 
for a-mannosidase occur in different breeds of cattle and 
have been characterized In Angus and Galloway breeds. 1676 
In animals deficient in -s-mannosldase, the final cleavage 
between N -acetylglucosamine and mannose cannot occur, 
and the oligosaccharide accumulates in the lysosomes of 
the macrophages, neurons, and reticuloendothelial cells. L67J 
Other abnormalities of glycoprotein metabolism occurring 
in affected animals may be the result of the multiple func¬ 
tions that have been ascribed to a-mannosidasea. 1677 

The clinical signs first appear by 1 week to 15 months 
of age. Affected calves lend to_be less well developed than 
age-matebed herdmates. 1676 - 16 '' 9 The first symptom usually 
is a mild ataxia of the pelvic limbs that develops after exercise. 
Other signs Include mild Intentional head tremor, hyperme- 
tria, base-wide stance, and unwarranted aggressiveness. L67a 


When galloping the rear limbs are overflexed, and the ani¬ 
mal's hindquarters appear to be sunken.The nervous system 
signs become much worse when the animals are excited 
Most patients develop diarrhea, become recumbent after 3 
to 4 months, and die shortly thereafter. A few affected ani¬ 
mals survive for as Long as 4 years. The neurologic signs of 
these animals remain constant, but they usually fall to grow 
normally. Other clinical manifestations in calves Include 
premature delivery, abortion, stillbirth, and superior bra- 
chygnathta. Mannosidosis In Galloway calves Is associated 
wiih somatic abnormalities such as arthrogryposis, hydro¬ 
cephalus, and hepatic and renal enlargement. J67S IW1 ® Phe¬ 
notypic variations affect the severity and onset of the 
neurologic signs. 

The concentration of a-mannosldase In the plasma can be 
measured with an enzymatic assay. Heterozygotes have less 
activity Lhan genetically normal animals; however, occa¬ 
sional overlapping between the phenotypes of homozygotes 
and heterozygoles can confound attempts at classification. 
Three isoenzymes of T-mannosidase exist, but only one form 
is Inactive in diseased animals. A delay In separation of the 
plasma from the cells or the useofserurii for enzymatic assays 
results in a Leakage of other Isoenzymes from tissue compart¬ 
ments and uncertainty In Interpretation of the results. In 
most cases, two populations of animals usually are evident, 
Lbe homozygous normal and the heterozygote. The mean 
plasma concentration of a-mannosidase in heterozygoles is 
6.6 nmol/mIn/mU whereas the mean plasma enzyme activ¬ 
ity in homozygotes Is 29.1 nmol/min/mL. The test Is most 
accurate at delecting heterozygoles over IS months of age. 

The brain enzyme activity- of heterozygoles ranges from 
0.03 to 0.05 IU/g of tissue; the reference range of enzyme 
activity Is i .3 to 3. 1 IU/g. Heterozygoles also may be detected 
by measuring the relative concentration of x-mannosidase 
and hexosaminidase in purified peripheral blood neutro¬ 
phils. This test has been recommended for confirmation of 
a carrier animal whenever the plasma mannosidase assay Is 
questionable. 

Pathology. The diagnosis of a clinical case of mannosidosis 
can be substantiated pathologically by observation of cytoplas¬ 
mic vacuo I allon In the neurons of the cerebrum, cerebellum, 
brainstem, and spinal cord. 1575 There is also a mild to marked 
internal hydrocephalus. T he microscopic appearance of the 
brain of affected calves Is characterized by vacuolation of the 
neurons and astrocytes and by reactive astrocytes Is. J 67 ^ The 
vacuolation is not restricted to the nervous system, however, 
and can be seen in Kupfifer's cells, pancreatic exocrine cells, 
fthrocytes, and macrophages of the spleen and lymph 
nodes. 1681 The vacuoles are lined by a single membrane and 
are thought to be part of die Golgi apparatus. 1681 Associated 
neuronal changes Include axonal swelling and spheroids. 

Because of the hereditary nature of the disease, the ances¬ 
try of affected animals should be traced, and the biochemical 
phenotypes of related Individuals should be tested. Both bio¬ 
chemical and molecular testing facilitate early detection of 
carrier animals, enabling their elimination from breeding 
programs. 1682 Allbough bone marrow transplantation has 
been shown to correct the defect Ln the feline and murine 
models of a-mannosldosis, 1683 - 1 * 85 there is currently no 
effective and practical treatment for a-mannosldosis of cattle. 

^MANNOSIDOSIS 

p-Mannosldosis is an autosomal recessive genetic trait of 
Anglo-Nublan goats and Salers calves. Mannosidosis in goats 
has a worldwide distribution, with reported cases occurring 
in Australia, Canada, and the United States. 1686 - 1850 The fre¬ 
quency of the condition is estimated at 1 in 2000 births of 
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purebred 5.skis calves. I’he disease Is seen in both ibe red 
and [be black phenotype of Salers. I3ie gene encoding for 
p-mannosldase has been characterised In bosh cattle and 
goats. 169 L - 16,2 A single base mutation in the complementary 
DMA (cD.NA) coding for the enzyme results in premature ter¬ 
mination of translation. PCR-based tests have been used to 
identify (l-mannosidosls carriers of both species. 

The lesions of mannosidosls have been Identified In 
aborted fetuses and fetuses In utero, and clinical signs are 
often present at birth. 16,6 

The clinical signs in goats include recumbency at birth,, 
deafness, shortened sternum, narrowed palpebral fissures, 
decreased muscle mass, intentional head tremor, carpal con¬ 
tractures, pastern joint hyperexiension, thickened skin, short¬ 
ened head, excessive gingival tissue, short curled ears, and 
domed skuil. 1&66 - L &w Numerous ocular changes are seen, 
Including pendular nystagmus, ventrolateral strabismus, 
thickened Immovable eyelid, hazy vitreous humor, ptosis, 
and Homer's syndrome. 1700 The head movements are 
described as wide circular motions that culminate with the 
animal In lateral recumbency. Pupillary and corneal reflexes 
are Intact, and the affected animals appear to have some 
vision. Compared with goats, affected calves respond to aural 
and visual stimuli. Other neurologic abnormalities include 
recumbency, depression, loss of suckle reflex, spontaneous 
chewing activity, head tremors, depression, and nystagmus. 

The diagnosis of Jl-mannosidosis Is based on observation 
of characteristic microscopic iesions in the central nervous sys¬ 
tem (CNSJ, demonstration of decreased tissue p-mannosldase 
activity, and demonstration of mannose-based oligosacchar¬ 
ides [Nanp L-4G IcMAc and Manp I -4G1 cMAc[M-4G1 cN Ac) 
In the CMS. 1703 The concentration of serum thyroid hor¬ 
mones Is decreased. 1 " 02 Some affected calves have concomi¬ 
tant col Lsepticemia or bovine viral diarrhea (BVD) Infection. 

In contrast to i-mannosldase, p-mannosldase has no Iso¬ 
enzymes. 1703 The mean concentration of jl-mannosidase In 
the plasma of normal goats ranges from 66 to 222 nmol/hr/ 


ml of piasma. L&D - S There Is no detectable P-mannosidase 
activity i n the pi asma of a ffected goats, and the activity i n het¬ 
erozygotes is intermediate between these ranges. Itie piasma 
concentrations of P-mannosidase in heterozygotes range 
from 43 to 64 nmol/hr/mL These tests cannot be interpreted 
rigidly because there is significant variability among assays, 
storage conditions, and different age-groups of cattle. 1690 

In addition to the CMS abnormalities, card Iomega ly, thvro- 
megaly, and pathologic fractures have been described in 
affected goats. Calves show a cerebral ventricular dilation and 
green discoloration of the renal cortices. Microscopic patho¬ 
logic changes In the CMS include hypomyellnation, axonal 
spheroids, and foamy-appearlng neuronal cytoplasm. 170 * 
me heat shock protein ublquitin has been detected In the 
CN5 of affected calves. 1704 Cytoplasmic vacuolation also is 
present In the visceral oigans. 1 k^' 706 Although in utero bone 
marrow or stem cell transplantation may offer hope for allevi¬ 
ation of the disease In the postnatal animal, no practical treat¬ 
ment exists for animals with ffmannosidosis. lioa 


GENERALIZED GLYCOGENOSIS (GMI 
GANGLIOSIDOSIS; p-GALACTOSIDASE 
DEFICIENCY) 

Generalized glycogenosis Is a rare heritable defect of Hol¬ 
stein cattle and several breeds ofsheep. I707 - |7L2 Generalized 
glycogenosis results from deficient activity of p-galactosl- 
dase, resulting In accumulation of the GMI gangjloside, 
aslalo-GMl, and neutral king-chain oligosaccharides In the 
tissues 1708 (Fig. 35-25). 

A combined deficiency of p-j^ilactosidase and a-neuramin- 
Idase has also been described. 1 ■ 13 This condition is thought to 
result from a defect of the structural gene of p-galaclosldase. 
The loss of a-neuraminidase occurs because of an Inability of 
the pa-galactosidase molecule to dimerize with a-neuramlni- 
dase, leading to deactivation of both molecules. 


GDI Dfsinlogon^ioiiciE 
GMI Ganglitisiide 


Globaside 



FIG. 35 -2 5 II CjtabulLc pathway i lor pin^ioLkk'ir. JU'Ll'v.ici I enzymes and lNm.'mml's enured by enzyme dclidiimtU.'K nrc staum m ir.jfirj. 
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The clinical signs of all forms of [J-galaclosidase deficiency 
are similar. Affected animals tend to show lethargy and 
anorexia by ] month of age. The head and neck are held 
low and rigidly extended. The animals are depressed, stiff, 
and ataxic, have a base-wide stance, appear to be blind, and 
eventually become recumbent. Itie animals tend lo fall 
whenever the head is moved. p rhe blindness is ibe result of 
dysmyelination In the optic nerve, which can be detected 
by observation of numerous small white spots on the retina. 
.None of these signs are pathognomonic for the disease, so 
biochemical testing or lectin histochemistry to characterize 
the stored carbohydrates in affected cells Is needed for spe¬ 
cific diagnosis. 17 L4 - 1715 

'fhe genetic disorder Is thought to be caused by an auto¬ 
somal recessive gene. A biochemical test for p-galactosldase 
using centrlfugally purified bovine neutrophils has been 
described. 1 Animals ivith fewer than 3 111 of beat-stable 
activity are considered deficient. In herds In which GML 
gangliosidosis has already been substantiated, observation 
of slowness in feeding and lack of alertness has proved to 
be diagnostically significant. 

Pathologic changes of GM1 gangliosidosis are present in 
the fetus as well as postnatally and include neuronal 
enlargement, vacuolation, accumulation of granular mate¬ 
rial in the nerve cells, spheroids, and loss of neurons with¬ 
out gliosis. 1716 - 1717 The material stains strongly with 
periodic acid-Schlff [FA£)/aleian blue, Sudan bfack, and 
oil red O. F fhe vacuolar contents are composed of complex 
llpopolysaccharldes. Including p-ga lactose, N-acelylneura¬ 
minic acid and jV-acelylgalactosamine. ]71& 

No treatment Is currently available for this disease. Strate¬ 
gies such as In utero bone marrow transplantation or stem cell 
transplantation may hold promise for the future, but are 
unlikely lo become a viable opt Lon In laige animal species. 17 L? 

BOVINE GENERALIZED GLYCOGENOSIS 
(TYPE II GLYCOGENOSIS; POMPFS 
DISEASE) 

Generalized glycogenosis results from a dysfunction of 
i-glucosLdase. The condition occurs in shorthorn and Brah¬ 
man cattle 1720 - 1722 and Is controlled by a single recessive 
allele. 1713 Several different mutations are described within 
the bovine i-glucosidase gene and are specific lo the 
breeds. 1724 Two separate clinical entitles have been 
described: the cardiac (infantile) form and the late-onsel 
form. Clinical signs of the infantile form are first seen at 
about 2 to 3 months of age and Include growth failure, 
weakness, hyperesthesia, muscle tremors, ataxia, conscious 
proprioceptive deficits, and recumbency. 1725 The cardiac 
{infantile] form is characterized by right-sided heart failure 
at 3 to 5 months of age. Brahman calves with the 1 ale-onset 
form die at age B to 9 months, whereas affected shorthorn 
calves may survive for more than a year, iTre tissues of 
affected cattle conlain_ only 2% to 5% of the normal 
i-gjucosldase activity. 17251725 The concentration of glyco¬ 
gen in the Liver and muscles is increased. 

The pathologic Lesions of the CMS in both forms are 
similar to those of cattle with x-mannostdosls, including 
cytoplasmic swelling and foamy cytoplasm in the CN5 
neurons. Lesions are found in the myocardium and skele¬ 
tal muscle. These include vacuolation and swelling of 
Purklnje's cells and myoflbers. L7it Because of a gene dilu¬ 
tion effect, the activity of i-glucosldase in peripheral blood 
can be used to delect asymptomatic helerozy- 
iwever, the test result may be falsely positive If 
the animals are ingesting seeds of GartaruMpfiTmufli iiustnaJe 
{.Moreton Bay chestnut trees). The seeds of this tree have 
an a-glucosidase antagonist. Eiematopoeltic chimerlsm in 


lymphocytes 
I 172. F lr 


twln animals, on the other hand, can result In normal 
levels of enzyme activity In animals Lb at are heterozygote 
carriers for the disease. 1723 Enzymatic methods for detect¬ 
ing carriers have now been superseded by DMA testing of 
leukocytes or hair root samples. 172fl 

GLOBOID CELL LEUKODYSTROPHY 
(KRABBE'S DISEASE) 

Globoid cell leukodystrophy has been reported In polled 
Dorset sheep. 1730 The genetic defect is the result of a lack 
of galaclocerebrosidase, which produces a high concen¬ 
tration of galaclocerebroslde In myelin. The clinical signs 
are seen by 4 months of age. Affected animals show 
depression, hypersensitivity, conscious proprioceptive 
deficits, slight tremor of the head and neck, exaggerated 
patellar reflex, incoordination, and tetraplegia. The activ¬ 
ity of the tissue galactocerebrosldase can be measured to 
substantiate the clinical diagnosis. Differential diagnoses 
include other heritable disorders, such as neuropathy 
and abiotrophy of the cerebellum and swainsonine (Loco- 
weed) toxicity {see later). 1751 

NEURONAL LIPODYSTROPHY 

Neuronal lipodystrophy occurs in Angus and Eeefmaster 
calves and In sheep, f 752 - 1734 lire biochemical Lesion of the 
condition Is unknown. The clinical signs are first seen at 
about 10 months of age and include depression, blindness, 
ataxia, circling, coma, and tonic-clonic convulsions. The 
pathologic lesions Include neuronal vacuolation with eosin¬ 
ophilic and sudanophilic Inclusions, llie Inclusions are 
cytoplasmic and perinuclear and are located In the axonal 
and dendrLlic zones. As with other neurovisceral storage dis¬ 
eases, the inclusions are bound by a single membrane. 
Involvement of the spleen and lymph nodes also can be 
demonstrated. The mode of inheritance Is unknown. There 
is no effective treatment for the disease. 

SHAKER CALF SYNDROME 

Shaker calf syndrome is an Inherited neurodegenerative dis¬ 
order of newborn horned Hereford calves.Itie condi¬ 
tion is characterized by recumbency, fine tremors of the 
neck and hind limbs, and hypermetrla. The amplitude and 
frequency of the tremors "are increased by stimulation. 
Other clinical signs include aphonia, loss of fine motor con¬ 
trol of the tongue, hyperesthesia, exaggerated spinal reflexes, 
and hypertonia. Most affected calves die of starvation by 
5 days of Life] however, one case of remission followed by 
relapse after 2 iveeks has been described. iTte cause of the 
disease Is unknotvn. Limited breeding trials indicate a 
12.5% inbreeding factor in affected calves, suggesting a 
heredLtary etiology. The pathologic lesions Include a neuro- 
fllamentous neuronal degeneration of multiple cell groups 
of Ebe central nervous system (CN5) and of ganglion cells 
of the peripheral and autonomic nervous systems. iTie spi¬ 
nal cord is most severely affected. Neuronal degenerative 
changes include distention of axons and dendrites by a 
faintly fibrillar material, neuronophagja, and reactive glio¬ 
sis. Walleiian degeneration of the spinal rootlets, spheroids, 
and empty fiber tracts Ln the spinal cord are noted. The 
pathologic appearance of the tissues differs from that of 
calves wLlb hereditaiy neuraxlal edema. 

MAPLE SYRUP URINE DISEASE 
(SPONGIFORM ENCEPHALOPATHY) 

Maple syrup urine disease (MSUD) is a hereditary spon¬ 
giform encephalopathy characterized by severe CNS 
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disturbance In newborn Hereford and polled shorthorn 
calves. 1756 The disease has been reported Ln Australia and 
Canada and may have occurred in ihe United States. 1757 
The biochemical lesion Is a deficiency of branched-chaln 
2-oxo acid dehydrogenase, which results In accumulation 
of the 2-oxo acids 4-methyl -2-oxopenlanoate, 3-methyl-2- 
oxobutanoate, [S}-(S-KMV), and (R)-3-methyl-2-oxopen- 
tanoate, as well as their precursors leucine, valine, isoleu- 
cine, and alLoisoLeucine. ;i75& - ,7iB - i7:w Ihe urine becomes 
highly viscous, discolored, and malodorous because of Che 
excretion of these substances through the kidneys. The 
buildup of the fransami nation product of Iso leucine, 
2 -keto-p-melhylvaleric acid, probably gives the urine the 
odor of burnt maple syrup. Branched-chain x-kelo acids 
have been shown to inhibit energy production in the brain 
and to cause morphologic changes and death of astrocytes 
in vitro. 3740 - 1741 Nigh levels of leucine are directly neuro- 
toxic. 3743 Pyruvate Is a vital constituent of the Krebs cycle, 
which Is important for the production of transmitter amino 
acids. 1tie CNS hyperactivity probably is related to a 
decrease in GABA-mediated inhibitory transmission. The 
enetic defect In polled shorthorns and polled Merefords 
as been shown to be a thymidlne-lo-cylldlne transition 
In the cDNA coding for a subunit of ihe branched-chaln 
amino acid dehydrogenase, resulting in a substitution of 
leucine for proline. 1743 PCR testing now can be used to 
detect both affected and carrier animals. A protocol for gen- 
olyplng cattle for both MSUD and inherited neuraxlal 
edema n as been used to estimate the frequency of the alleles 
responsible for these diseases in Australian cattle (0.01 to 
0 . 02). 1744 

Affected calves are bom normal but are depressed by 2 to 
3 days. They also are febrile [39.5 J C to 42* C; 103.1 0- F to 
107.6' hj. They Initially show ataxia and depression and 
become recumbent by (be second to third day of life. At that 
lime they show hyperesthesia, opisthotonos, muscular 
rigidity, myoclonic limb |erks, nystagmus, repetitive head 
tremors, stimulus-Induced tetanic spasms, blepharospasm, 
generalized decrease of spinal reflexes, and convulsions. 
The urine has the characteristic color and odor reminiscent 
of burnt maple syrup. The calves usually die by 5 to 10 days 
of age. The presence of ketoaclds can be detected by mixing 
urine tvith dlnitrophenylhydrazine and observing a faint- 
yellow precipitate/ 745 

Ihe clinical presentation of MSUD differs from that of 
hereditary neuraxlal edema. 1757 Calves with neuraxlal 
edema have extensor rigidity but tend to be bright and alert, 
whereas MSUD calves have rigid extensor tonus and 
obtundation. These differential features appear to be signif¬ 
icant because the original reports of hereditary neuraxlal 
edema likely included calves with MSUD 1746 (see following 
section). 

Spongiform changes caused by intramyelinIc vacuolation 
are present Ln the brains of affected calves In both white mat¬ 
ter and gray matter. 1747 MSUD can be definitively diagnosed 
by measuring the ratio of Isoleucine, leucine, and valine to 
x-aminobutyrlc acid In fixed tissues and finding Increased 
concentrations of these amino acids or their corresponding 
branched-chain 2-keto acids in urine or blood. 1747 Meterozy- 
gotes have normal blood and urine Levels of both amino 
acids and keto acids. PCR analysis of DMA extracted from 
halt root samples can identify 1 both homozygote affected ani¬ 
mals and the clinically normal beierozygote carriers of (he 
disease. 1 74,s - J75j£> Pharmacologic dosages of thiamine are ben¬ 
eficial for treatment of MSUD Ln some human patients, 
probably by increasing mitochondrial thiamin diphosphate, 
which promotes the activity of (he branched-chaln 2 -keto 
acid dehydrogenase complex. 3751 How r ever, (here Is no 
known effective treatment for MSUD in calves. 1756 - 1757 



HEREDITARY NEURAXIAL EDEMA 
(CONGENITAL MYOCLONUS; DODDLER 
SYNDROME) 

Neuraxial edema is an Inherited neurologic disease of new¬ 
born calves. Polled and horned He refords and Elereford- 
Krlesian crossbred cattle are affected. l752 -* 755 An autosomal 
recessive genetic trait is thought to be responsible for the 
condition. Ihe disease Is well defined clinically and patho¬ 
logically 175& - 3 75,> ; however, so me investigators nave reported 
a disease of polled 1 lereford calves that has similar neuro¬ 
logic signs but does not result In status sponglosus or CNS 
edema. These calves had a high frequency 5 olbllaleral slip¬ 
page of she capital femoral epiphysis, subluxatlon of the 
femoral head, and aceLabufar articular caitilage frac¬ 
tures. 3757 Ihe authors named the condition "'congenital 
myoclonus" to differentiate it from hereditary neuraxlal 
edema. Calves with congenital myoclonus have a shorler- 
than-normal gestational length. 

The earliest reports of hereditary neuraxial edema also 
described two clinical forms Ln which some calves were 
bright, alert, and responsive and others had a severely 
depressed sensorium. Subsequent studies suggested (hat 
the calves with systemic depression probably had MSUD 
(see previous section) and those with normal sensorium 
bad hereditary neuraxial edema. 

The clinical signs of hereditary neuraxial edema include 
hyperesthesia and myoclonic discharges of skeletal muscu¬ 
lature that occur spontaneously or in response to tactile, 
visual, or auditory stimuli, 'the calves are stillborn or are 
affected at birth. Affected calves are of normal size but 
are unable_ to rise; they lie quietly without Lifting the 
bead. 1752 - 1 '' 55 These calves develop marked extensor tonus 
and clonic spasms of the limbs and head when stimulated. 
During the spasm the animals become transiently apnelc 
and remain dyspneic for several minutes. 3756 'the spasms 
are less severe after repeated stimulation. Between spasms 
the patients can stand with assistance, but the propriocep¬ 
tive responses are greatly altered, and the animals fall when 
support is withdrawn. 3755 Ihe sensorium and suckling 
reflexes are unaltered when the calves are not in a spas¬ 
modic episode. Some authors have reported that vision 
and cranial nerve function are unimpaired, but others have 
reported nystagmus Ln some calves. 175 3 - 1756 Administration 
of anticonvulsant drugs does not ameliorate the clinical 
signs. Pathologic Lesions usually are not seen Ln the CNS 
of affected calves. 1753 Ihe condition has an autosomal 
recessive mode of inheritance. The defect lies within the 
postsynapilc glycineigjc receptors in the inhibitory Inter- 
neurons of the spinal cord. 3 ' 60 A protocol for genotyplng 
cattle for both inherited neuraxlal edema and MSUD has 
been used to estimate the frequency of the alleles responsi¬ 
ble for these diseases Ln Australian cattle (0.01 to 0.02). 1744 

INHERITED MYOCLONUS OF PERUVIAN 
PASO FOALS 

Inherited myoclonus is a disorder of Peruvian Paso foals 
that Ls characterized by myoclonic contractions of the mus¬ 
culature in response to auditory or tactile stimuli. 1761 These 
contractions are sustained with repeated stimulation. Some 
animals are ambulatory but have a "rabbit hopping' 1 gait. 
Some animals are recumbent. If assisted, the foals can rise 
and walk, and the animals are not depressed. Analeptic 
drugs and tranquilizers are ineffective for controlling this 
condition. Inherited myoclonus Ls associated with a specific 
deficiency of spinal glycine receptors, which are responsible 
for synaptic inhibition In the CNS. Glycine is a major Inhib¬ 
itory transmitter and works through the la afferent neurons 
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in the ventral columns and the Renshaw cells. Lass of the 
receptors results in uninhibited synaptic transmission. 

CONGENITAL ENCEPHALOMYELOPATHY 
IN QUARTER HORSES 

Congenital encephalomyelopathy has been described in 
quarter horse foals. 1702 The condition occurred in three foals 
born to two different mares and three unrelated stall Lons. 
The condition was seen at birth, and cliniral signs Include 
recumbency and coarse tremors of the hind Is mbs. When 
assisted Into a standing position, the hindquarters bounced 
off the ground. The torelimb function appeared normal; 
however, the patellar reflexes were exaggerated. Affected foals 
are bright, alert, and responsive and have Intact pain percep¬ 
tion. There are no macroscopic CNS lesions. Microscopic 
lesions include spongiform degeneration and axonal 
swell big of the while matter of the medulla, spinocerebellar 
tracts, and spinothalamic tracts. The lesions extend through 
the entire length of the ventral funiculi of the spinal cord. 


* Amlnonltfile, a compound dial caused abortion and 
teratogenesis. 

* Miserotoxln, a compound that causes a respirator)' disease 
complex. 

* Selenium accumulation {selenium toxicity may contrib¬ 
ute to the neurotoxicity and fetal deform Hies). 

Oxytroprs and tetmgdlus plants are legumes that have herba¬ 
ceous stems and alternate p Innately compound leaves. j77 * 
The fruits are characteristic leguminous pods that contain kid¬ 
ney-shaped seeds with pods marked by characteristic Longitu¬ 
dinal grooves. 3776 The plant Is eaten because It is the "first 
vegetation available in the spring. The Oxyinipis and AslnrgfiJzdi 
species found in the United Stales are Listed Ln Table 35-14. 
Symptoms do not usually develop Jn cattle until 3 weeks after 
she animals first begin grazing die plant and may not occur 
until long after ingestion of the plant has stopped. : l"he toxicity 
of the loco weed may vary from year to vear and even within 
one season. 1771 Despite Its relative unpaJatabllity, some sheep 
may become habituated to the plant and selectively eat forage 
containing up lo 20% Asfnagii/jjj plants. 1772 


LOCOWEED POISONING (ACQUIRED 
MANNOSIDOSIS, ASTRAGALUS AND 
OXYTRQPIS POISONING; LOCOISM; 
SWAINSONINE TOXICITY; IPOMOEA AND 
5IDA CARF/NJFOLfA TOXI CITIES) 

Dr/rjri(fcH and Chronic ingestion of a variety of 

different plants worldwide can result Ln an acquired neuro- 
vlsceral storage disease. These Include plants of the Astragalus 
and O.iymrptf genera {locoweeds) In the western United States, 
Canada, and Australia; Jpamoai (shrubby morning glory) in 
Mozambique; the darling pea Ln Australia (S^tiirrsonti species), 
and Skia carffinifolra Ln Brazil (Table 35-14j. l76i - 1770 Horses 
are most susceptible to intoxication, but cattle, sheep, goats, 
and deer also can be affected. 

Conditions that promote locoweed poisoning are hot, 
dry weather and a scarcity of alternative forage. Horses 
may be more prone to graze on locoweed than cattle, partic¬ 
ularly when other green forage is scarce, and may Increase 
their consumption over a single season.- 1771 Chronically 
exposed livestock can become habituated and feed selec¬ 
tively on the plant over successive grazing seasons. 1772 
Trie following toxic components have been Identified: 

■ LocoLne, swalnsonine n-oxide, and indollzidlne alkaloids, 
which Interfere with the activity of x-mannosldase and of 
Golgi mannosldase il 1 ^ 1765 , 1773,1774 

■ p-Galactosldase and p-glucosidase. ]775 


TABLE 3&-I4 

Specie? of Astragalus and Oxytroprs Found In Western 
United States 

Scientific: Name 

Common Name | 

Oxyirhpii s£Tic£a 

Ofytropii iflpntfrrii 
Qrnrnpjs jrdinpFJtrfj 

tfiscuiiWs 
Astr^ai'EiJ fij?rJW 

. uirrtihihi?. nro-TJittzznui 

AsJrrtgj/us IHWtntl 

While locoweed, [»ln< tora-wceJ 
Purple loctrweed 

Yell aw locaivt’ed 

Half moon locoweed 
i wo-gtooved milk veieti 
liartn locoweed 

Speckled, spotsed locoweed 

Wooly Locoweed 

Sheep locoweed 

Wooian locoweed 


l ; rajr Kiu^.IlI Ai T ; timpmeT C'diiir Lifeir ff'nzrJ VWJ IS, ]'J-b-7 


: Clinical Signs. Experimentally and naturally poisoned 
horses show clinical signs by 2 to 3 weeks after continuous 
ingestion of locoweed. 1769 - 1171 'The clinical signs Include 
ataxia, conscious proprioceptive deficits, and depression, 
with alternating periods of frenzied or manic activity. 'iTiere 
is sometimes a high-stepping, sSringhaLl-like gall. 1777 At rest 
the horses show intentional head tremor, ffaccidity of the 
nose and Lips, repetitive movements with the Lips and 
tongue, and dysphagia. 1777 The clinical signs worsen when 
affected horses are bandied or transported. Signs In goats 
are similar. Including ataxia, hypermetria, hyperesthesia, 
and muscle tremors.■ hfl forcing the head backward can 
result Ln falling, nystagmus, opisthotonos, seizures, and tet¬ 
any. 1776 Tranquillzation usually is ineffective for controlling 
the apparent hyperexcltabilitv. 1 Loises that survive locoweed 
poisoning retain an altered behavior. Abortions, stillbirths, 
and neonatal deaths can occur Ln all species exposed to 
these toxic plants, regardless of whether the dams have clin¬ 
ical signs of neurologic disease. J764 - ,766 - |7fiS 

Keurologic signs in adult cattle include conscious propri¬ 
oceptive deficits, hypermetria, weakness, depression, dull 
staring eyes, and loss of herding Instinct. Heavy losses from 
abortions or malformed calves have also been described. 
The Indolizidine alkaloids are secreted Ln the milk and 
may cause unthriftiness and weak suckling behavior in 
calves. Calves that have been exposed to the toxin in utero 
are weak and fail to thrive. Some may have flexural contrac¬ 
tions of the Limbs and lateral rotation of the carpus. l77!> - 1732 
Ingestion of locoweed by certain cattle at high altitudes may 
result in the development of cor pulmonale. 1779 ' 173(3 Many 
cattle with mild signs of Locow r eed poisoning recover 
completely by 60 days after removal from the offending 
pastures. Ruminants with advanced chronic intoxication 
apparently have permanent loss of neural tissue. 

Poisoned sheep have a star-gazing attitude and appear to 
be blind, nervous, and stiff. Th-t’ normal flocking behavior is 
absent 1765 Affected sheep may exhibit ptyallsm. Testicular 
atrophy has been reported in rams. 1765 Affected animals 
have intercurrent pyogenic infections such as pneumonia, 
keratoconjunctivitis. and foot roL This Is thought to be 
related to the Immunosuppressive effect of the plants on 
the T lymphocytes. 1764 Depression and reluctance to move 
induced by locoweed toxicity may predispose animals to 
other problems, such as water deprivation. 1765 

C J Path ology. M Icroscopic exam tnat Ion of stained 
blood smears may reveal the prese nce of vacuo I alio n in the 
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cytoplasm of the lymphocytes. These changes are found In 
ibe majority oflysoisom.il storage disorders, but might be 
considered diagnostic of Locoweed poison mg Jn animals 
with characteristic clinical signs and historical evidence 
of exposure. Serum concentrations of alkaline phosphatase 
(ALP) and aspartate transaminase (AST) maybe helpful mar¬ 
kers for toxicity; elevated concentrations were delected In 
sheep exposed to swaLnsonlne In Q.i}tfro^j's iffriara, 3788 Defin¬ 
itive diagnosis can be established by assaying sera from 
affected animals for r i-mannos1dase and swainsontne. 1737 

Pathology. The microscopic abnormalities of the soft tis¬ 
sues of acutely poisoned animals are similar so those of the 
Inherited lysosomal storage diseases of cattle, including cyto¬ 
plasmic vacuo! ation of neurons, particularly Purklnje's cells, 
a nd cel Is i n va rlous o ther tissues. 17G& - 17 ■ * Paraffi n -embedded 
tissues can be examined using led in histochemistry to charac¬ 
terize the stored material within the vacuoles. 17 ® 6 ' 1738 Vac¬ 
uo I ation of renal tubular epithelial cells may occur as early 
as 4 days after the start ofdaity feeding of 0.34 kg of tocoweed 
to horses and may be present In animals exposed to toxic 
plants but clinically normal. L766 = 1739 Pulmonary lesions 
associated with chronic ingestion of locoweed that may pre¬ 
dispose to higb-altitude disease (brisket disease) in cattle 
(see Cha pter 3 l) Lncl u d e a]veol ar e inphysema, b ron ch io tar 
constriction and hypertrophy, and interlobular edema and 
fibrosis. Pyloric or gastric ulcers have been reported In 
affected castle. |rt! - 317 ^ Placental edema., fetal ascites, and 
hydrops allantois have been described In exposed pregnant 
cattle. 


Ireutmgnt. There Is no known effective long-term ther¬ 
apy for locoweed poisoning. Animals remain affected for a 
prolonged period "after removal from the plants and may 
be permanently afflicted. Some recommend either tranylcy¬ 
promine (60 mg PO), a monoamine oxidase inhibitor, and 
protryptyllne (60 mg PO] or reserpine (3.125 g/50Q kg IM 
once or 1.25 mg PO per animal once dally) for treatment 
of chronically affected animals. l7fl<} However, the efficacy 
of these treatments is unknown. Addition of a mineral sup¬ 
plement and a natural day (clinoptilolile) to the diet of cat¬ 
tle ingesting locoweed did not prevent toxicity. 5751 

PmJFPilftin. Nonaddlcted livestock normally do not eat 
locoweed If other forage is available. The Intoxication may 
be prevented by supplemental feeding during the early spring 
and late summer. One report has described conditioning 
aversion to locoweed In horses using lithium chloride admi¬ 
nistered simultaneously with grazing of CUyirnprs sericeo. 1 732 
Whether this is a practical management tool in large numbers 
of animals has yet to be determined. 


GRASS STA GGERS 

Grass staggers Is caused by a number of related products of 
plant or mngal metabolism. These compounds appear to 
have universal activity at the y-aminobulyrlc acid (GABA) 
receptor of the Lntemuncial neurons; therefore, intoxication 
causes clinical signs characteristic of released inhibition. The 
structural backbone of these toxins permits the molecules to 
bind lo GABA receptors, thereby inactivating them. Some 
associated plant or fungal toxins also induce other physio¬ 
logic effects, Including agalactia, fever, and low productivity, 
because of a prolactin-llke effect. 


RYEGRASS STAGGERS 

Perennial Ryegrass Staggers 

Ingestion of toxic stands of perennial ryegrass {Ldunn pervnne] 
results in ataxia and tremors in horses, cattle, and sheep. The 
condition Is recognized In livestock of New Zealand. Australia, 
Northern Hu rope, United States, South America, and Great 
Britain. 3 7l>3 - tK1 ® The case-attack rate may reach 100%, hut the 
mortality rate Is typically less than 50%. ll ™ Conditions that 
favor toxicity include late seasonal growth, ambient tempera¬ 
tures over 23' C (73.4 F), and closely grazed pastures, for 
these reasons, the disease Is seen exclusively between |une 
and September in the Northern Hemisphere and between 
December and fune In the Southern Hemisphere. The condi¬ 
tion may appear 5 lo 10 days after grazing on highly soxtc 
pastures. for a pasiure Lo develop toxicity, the ryegrass must 
constitute a majority of the forage growth. 

Perennial ryegrass produces tremorgenlc toxins when 
infested with the endophytic fungus .AjiTemorrium bliae or 
Acrewjem'iiffr LOEtiaphkihim. The fungal infection confers resis¬ 
tance to the Argentine stem weevil, so there is a selective 
pressure for toxigenic cultivars. Strains of AcrcfUpnfHm-resis- 
tanl ryegrass have been propagated but are difficult lo main¬ 
tain because of the devastating effects of the stem weevil 
Infestation, The chemicals produced by AiTemcnimrr- 
infecled plants are classified as indole leipenes. These com¬ 
pounds are chemically related to the fungal tremorgens, 
penllrem A and fumotremogen. A number of separate toxic 
compounds have been isolated. Including lolEtrems A and 
B, paxilllne, and peramine. Paxllline is a biosynthetic pre¬ 
cursor of lolitrem B, which Ls related chemically lo pera- 
mine. Peramine has the major antagonistic effects against 
the Argentine stem weevil. The Lolitrems have the greatest 
tremorgenk effect on livestock. 14 ™ Concentrations of more 
than 2000 ppb of lolitrem fl In forage or 1.66 mg/kg of for¬ 
age have been associated with toxicity for sheep and cattle, 
respectively. 14,30 The concentration of lolitrem varies sea¬ 
sonally In the same grass, and toxic pastures may become 
nontoxlc over the course of the grazing season. 13 ^ 

A relationship also exists between the frequency of poi¬ 
sonings and the proportion of plants infested by die Act?- 
mcwj'uw fungus. Infection rates below 25% are associated 
with sporadic cases, whereas plots containing 9Q% Infection 
rates are associated with large outbreaks of si aggers. Intoxi¬ 
cation is most common on dry pasiures where the perennial 
ryegrass is growing sLowly under relatively low ambient 
temperatures. The Acrerfrcfifum fungus can be Identified by 
microscopic examination of boiled leaves. The fungus Ls In 
greatest prevalence In the summer and is found In the 
uppermost part of the leaf. To Identify the fungus, the rye¬ 
grass leaves are immersed In a stain containing 0.06 g ani¬ 
line blue in 50 ml of lactic add in 250 ml of distilled 
water, 50 ml of glycerine, and 50 g of phenol, 'lhe mixlure 
Ls boiled 5 minutes and mounted in lactopbenol (20 g phe¬ 
nol, 16.7 mL lactic acid, 40 mL glycerine, and 20 mL water). 
For biologic assay of lolitrem, chloroform: methanol extracts 
of suspect plants are injected into mice. The recipients are 
then examined every few hours for tremors. 

The endophyte-Infested grasses also produce ergovaline 
or other ergopeptlne alkaloids that exert prolactin-like activ¬ 
ity. The resulting cl in Leal signs are diarrhea, fever, tachyp¬ 
nea, and reduced weight gain. 

High-peramine, low-lotItrem cultivars of LoUum* have 
been propagated. Such cultivars have partial protection 
against the stem weevil but do not cause staggers in pas¬ 
tured animals , 1411 


'Nui Endcraafe, Dairying Research Coip., Mamikon, New Zealand. 
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Annual Ryegrass Staggers 

Annua] ryegrass toxicity Is caused by coryneloxin, which Is 
manufactured In ihe seed heads of annual jyegra&s [Lolium 
rigidiurn) andl related grasses. The seed head Is Infested by 
the nematode Afigumti agrostis fAn^Eri/i^a funesta). The para¬ 
sitic Infestation forms a ga]l that becomes secondarily 
infected by the bacterium Cffliitweter tiorrccrj fCffryneiwcte- 
ricrm L613, iau The CoTynebacteriuiu organisms pro¬ 

duce coryneloxin; this neurotoxin has been purified using 
high-performance liquid chromatography (EIPLC) and can 
be detected using an en^'me-Linked Immunosorbent assay 
(ELISA), llte structure of coryneloxin is similar to that of 
the antibiotic tunicamycin. 1315 The coiynetoxln Is a glyco- 
llpid that inhibits the synthesis of lipid-linked oligosacchar¬ 
ides and blocks protein glycosylation. ]ti,L& - sei7 bacterial 
proliferation In the gall results In the formation of a yellow 
to orange exudate, which contains the toxin. The toxic 
material usually leaks out over the seed but occasionally 
remains encapsulated within the gall and cannot be detected 
by external examination. Galls that have a normal external 
appearance are toxic if the Interior of the defect maintains 
a deep-orange color. Loss of color is associated with a 
decrease in the amount of toxicity. A method of evaluating 
toxic pastures based on enumeration of contaminated 
seed heads and ELISA to detect corynetoxln has been 
developed. 

Outbreaks of staggers may occur In animals grazing the 
same pasture for months because (he toxin is not inacti¬ 
vated by the rumen microflora, and daily doses may accu¬ 
mulate in sheep for as long as 9 weeks. '® ja Thus, repeated 
exposure leads to an accumulation of the toxin and 
delayed onset of clinical disease. Also, the concentration 
of the toxin increases In the seed heads during the summer 
and Is greatest as the plant dries and the seeds 
ripen. 13151320 Finally, toxic ryegrass may occur only in 
patches in the pastures, and the grazing patterns of the ani¬ 
mals Is altered by changes In the climatic conditions, the 
growth of the ryegrass, or Introduction of new sheep. This 
could explain why outbreaks occur shortly after onset of 
inclement weather or after Introduction of new sheep to 
the pastures. 

Pathologic changes associated with annual ryegrass stag¬ 
gers include hemorrhage in the cerebellum, liver, and spleen. 
Ultrastructural changes include swelling of the capillary 
endothelial cells, dilation of the endoplasmic reticulum in 
the endothelial cells, mitochondrial degeneration, swelling 
of the astrocytic end feet, protein Leakage across the bloocf 
brain barrier, pykno&Ls and death of granular cell nuclei of 
the cerebellum/and changes in the neuropil ad|acent to the 
damaged capillaries. These changes Indicate that the toxin 
may access the central nervous system (CNS) by damaging 
the blood-braln-cerebrosplnal fluid (CSF) barrier. CNS neu¬ 
rons could be affected because of vascubr damage or dLrecl 
activity of the toxins. 1321 

II Ch'PifcaJ i’fgrrs ci rid Pathologic Lcs/om. Ihe clinical signs 
of annual and perennial rvegrass staggers are similar. For 
both disorders the case-attack rate usually is high, but mortal¬ 
ity varies and can range from 0% to over 90%. Ilte clinical 
signs may occur within 4£ hours to several weeks after cattle 
are introduced to toxic pastures. The animals appear normal 
at rest but tremble when they are excited. 'Ihe g_n.Lt Is stiff, and 
limbs are hypermelric. There are fine and coarse tremors of 
all major muscle groups, especially those of the shoulder 
and flank areas. Ihe tremors w r orsen as the animal becomes 
excited. Other clinical signs Include Intentional head tremor, 
truncal sway, and base-wide stance. With continued stimula¬ 
tion, affected animals kneel and then fall over. While down. 


animals have stiff extension of the legs with occasional flail¬ 
ing and may display opisthotonos or convulsions. Frothy 
exudate from the mouth also has been described. After 
approximately 10 to 20 minutes of stiuggje, the animal 
recovers, stands, and walks back to ihe herd or flock. New 
cases and deaths can continue for as long as 1 week after 
the animals have been removed front the toxic pasture. 

II Differential Diagnosis^ Grass staggers is easily recognized 
by clinical signs. The specific plant invoked must be Identi¬ 
fied by examination of the pasture forage. TremorgenLc dis¬ 
eases of adult cattle are common throughout most of the 
world. In addition to jyegrass pastures, tremorgenic plants 
include Skutascma Jjjteolii and Srwjj'ruGFM gplevifola; Solarium 
ifomidkitam and Solarium fasligiatam; Astragalus species; red 
buckeye; Plralaris species (canary and reed canary grass); 
Ejjprtifriwm rugdsum (wbltesnakeroot); Cynodon dtrctykin (Ber¬ 
muda grass): Dal Its grass infested with the fungus Claurceps 
paspaii; Pafypagm nwnospeliensis (annual beard grass); Fermiser 
Njjj] (kikuyu grass); and the mycotoxins of Peni- 

dUiurn cjrfoptum. 1320 l lypomagnesemia has been reported to 
cause cerebellar degeneration under some circumstances, lire 
storage diseases (x- and G-man nosldosls, generalized glyco¬ 
genosis, globoid cell leukodystrophy, neuronal lipodystro¬ 
phy) may also be Important differential diagnoses for ataxic 
animals with tremor and cerebellar signs. 

II 'lYeatmenL There is no specLflc treatment for grass stag¬ 
gers. If the animals are removed from toxic pastures as soon 
as signs are first seen, the mortality rate Is low despite the 
high number of affected animals. Several months may 
elapse before the neurologic signs resolve completely. Treat¬ 
ment with high doses of magnesium chloride has been 
recommended, although others have shown it to be ineffec¬ 
tive for controlling the muscular spasms.' 322 Pastures may 
lose toxicity after rain and growth of new grass. In subtropi¬ 
cal regions,'cattle should not be Introduced to toxic pastures 
until the late fall or w r Lnler, w r hen less toxic growth becomes 
abundant. 


II Prewntian* Ammoniation of dried feed has been 
recommended as a method of reducing the toxicity of 
hay. TliIs treatment simultaneously Increases the digestsbII- 
ity'and protein equivalency of the forage . l&23 For prevent¬ 
ing annual ryegrass staggers, high-risk pastures can be 
identified by visually examining seed heads for infected 
galls. ELISA is sufficiently sensitive to Identify one infected 
seed gall per 100 g of dried seed heads and also can accu¬ 
rately predict toxicity in pastures. Lt2J The most practical 
strategy for controlling annual ryegrass toxicity is to break 
the nematode's life cycle by killing the ryegrass for two or 
three growing seasons. Otherwise, pastures remain perpet¬ 
ually toxic. Integrated control measures that have been 
recommended for prevention of annual ryegrass toxicity 
include applying herbicides In the spring, seeding the pas¬ 
tures with Legumes, burning the Infected pasture grasses 
during early autumn, and applying ryegrass-selective"herbi¬ 
cides in the summer months, combined with heavy winter 
grazing. 1323 

Prevention of perennial ryegrass staggers using endo- 
pbyte-free cultlvars has been recommended. Such resistant 
blolypes of ryegrass Lack resistance to the Argentine stem 
weevil and consequently are less productive than other bLo- 
types. The most convenient solution has been to minimize 
exposure of the anLmals until fall rains stimulate Less toxic 
pasture growth. Newer cultivars containing fewer tremor- 
gens may be useful in the future. 




BERMUDA GRASS STAGGERS 
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Bermuda grass fcynudcn dflctyfojiJ occasionally may become 
toxic for livestock. 1223 Cattle are most susceptible, followed 
by sheep., goats, and horses. Although the nature of (he 
toxic principle in Bermuda grass Is unknown, several fac¬ 
tors, including sooty mold (Puflufciriii species), endogenous 
basic alkaloids, and Leaf hopper infestation, have been asso¬ 
ciated with toxic pastures. 1 *- 6 

Animals may develop clinical signs as early as 3<5 hours 
after consuming toxic forage. Experimentally poisoned 
goats have developed clinical signs B days after being fed 
772 g/head/day ot toxic hay.'^ 26 The toxin survives drying 
Hay that Is cut from offending pastures may remain toxic 
for as long as 9 years. 1327 The pharmacologic nature of (he 
toxin is unknown; however, the sclerotia of CftiHiopj pur¬ 
purea have been identified on the seed heads of toxic pas- 
tures. IS2S Pastures that are toxic remain so for successive 
seasons unless the vegetation Is burned off and the ground 
is tilled and reseeded. 

I’he clinical signs of Bermuda grass Intoxication occur sud¬ 
denly, usually simultaneously. In several animals In the herd. 
In some cases, most of the animals on a single pasture may 
be affected, whereas animals on an ad|acenl pasture remain 
normal. The clinical disease Is indistinguishable from rye¬ 
grass staggers (see preceding sections). I’he electroencephalo¬ 
grams of affected animals are normal, indicating that the 
biochemical lesion is below the cortical level. 1325 The mortal¬ 
ity rate is low, and deaths usually occur from self-inflicted 
trauma. Affected animals recover 2 days to 2 months after 
removal from the pasture. Tremors may be controlled using 
intravenous diazepam (Q. 1 to L.Q mg/kg two or three times 
daily as needed). 

KIKUYU GRASS POISONING 

A nervous system disease characterized by depression, 
ataxia, drooling of saliva, and ruminal distention occurs in 
cattle and sheep of northern New Zealand that are grazing 
kikuyu grass (rVrrrej'reJHm clandestinum ). 1350 

DAL LIS GRASS STAGGERS (PASPALUM 
STAGGERS; CLAVtCEPS PASPAU TOXICITY; 
NERVOUS ERGOTISM) 

Ingestion of Dallis grass infected with the ergot fungus CJ*i- 
riLeps ptfsjw/i produces a tremorgenic disease similar to that 
of Bermuda and ryegrass staggers. Other RfispnJurrr-type 
grasses that may become toxic include Argentine bahia grass 
[Paspahim ddatatum) and water couch grass (Ptispalum disti- 
chum}. Horses are susceptible to the toxin, but the condi¬ 
tion occurs most often in cattle. The disease has been 
recognized in the United Slates, Great Britain, Australia, 
and .New Zealand. 1831 - 1335 

Clavicepi paspati first attacks the pistil of the grass flower 
and replaces the ovary with fungal tissue. The fungus 
secretes a sticky fluid, the "honey dSew r ' J which contains a 
large number of spores but little toxin. The fluid hardens 
Into a mature sclerotia containing large amounts of toxin. 
Toxic stands of Da 11 Is grass can be recognized by the pres¬ 
ence of numerous small, reddish brown or black sclerotia 
measuring 3 to 5 mm In diameter on the seed head of (he 
plant. The fungus produces a number of neurologically 
active agents. Some of the products resemble lysergic acid 
diethylamlne (LSD) In structure and activity, whereas others 
may "act as dopaminergic agonists. Animals apparently 
develop a craving for the infested seed heads and graze 
them selectively. The toxin remains active In cured hay. 
Toxin production Ls greatest when there Is a wet period after 


formation of the seed heads. Mowing the toxic pastures and 
removing or burning the infested seed heads are effective for 
preventing further outbreaks of the disease. If the amount of 
rainfall diminishes after mowing, the nexv growth usually is 
nontoxic 

The clinical signs of Dallis grass staggers are similar to 
those described earlLer for ryegrass. Including coarse and fine 
muscular fasclculallons, head tremors, spastic hypermetrLc 
g^iit, and falling. The clinical signs are exacerbated by fright 
or external stimulation. Clinical diagnosis Is made by visible 
detection of the toxic agent in the feed or by using thin-layer 
chromatography fl'LC). Animals recover spontaneously 
within I to 3 months after being removed from the pasture. 

CANARY GRASS STAGGERS 
(PHALARIS STAGGERS) 

Cattle or sheep that graze on certain Fhnhris species of canary 
grass (P. fintmJrNficttir P. ivberost a, P. riccfMilicfl, P. dn£,usika r 
P. cflnvrnj'dnd, P. frrflcfryjtarJiysJ grown under specific environ¬ 
mental conditions may develop neurolnloxLcalion. 133 *' 1341 
Plhtitoris poisoning has been reported in Australia, New 
Zealand, South Africa, Norway, 1 ^ 3 South America, 3 3 J 3 and 
the United Slates, 33JJ where the plant can be found In Virgi¬ 
nia, Colorado, Oregon, Florida, Texas, Georgia, Mississippi, 
Alabama, and California. 1343 The case-attack rate may reach 
BQ% r ,33S and the mortality rale ranges from 4% to 
40%. 3337 - 13:w Acute deaths may occur as early as 4 to 12 
hours after commencement of grazing on a toxic pas¬ 
ture. 1540 Animals usually recover by S days after removal 
from offending pastures, but signs can persist for as long as 
I month after removal and relapses can occur for up to 
5 months. l33 *- 183 

Continuous exposure to low concentrations of alkaloid 
[<0.001% of dry matter Intake) over 40 days has resulted 
In severe toxicosis in sheep on a drvlot. 1346 

The toxic principles of canary grass are tryptamlne alka¬ 
loids (dimethylated Lndoiealkyi amines), which are found 
In one or more Phalaris species fP. tisberosa, P. minor, and 
P. anmdimicm ). J839 I’he most potent of the toxins Ls the alky- 
la mine 5-methoxydimelbyItiyplamine. Intravenous doses of 
this compound as low as 0. I mg/kg can cause severe neuro¬ 
logic signs in sheep in 16 seconds. 41 The toxins competi¬ 
tively Inhibit the Initial step In the breakdown of serotonin 
by monoamine oxidase ana act on mid brain and medullary 
nuclei via presynaplic serotonin type I cholinergic receptor 
sites. The overall activity of the toxin Ls to enhance response 
to excitatory Inputs. 1347 

The dynamics of toxin production have been exam¬ 
ined. 1343 The concentration of alkaloid in the plant is 
Increased by a reduction of light intensity (shade) but not 
by a decrease in length of the daylight. 14 ^ If light intensities 
are high, the grass is unlikely to be toxic unless soil nitrate 
Levels are also high. 3 tja Rapid growth of the grass also favors 
the formation and accumulation of toxin. Other factors shat 
enhance the toxicity of a pasture Include fog, humidity, or 
rain, followed by sunny, warm weather or sunshine on nitro¬ 
gen-fertilized pasturesJ 343 Although there Ls no specific age- 
reiated susceptibility to the toxin, only weaned animals tend 
to be affected during an outbreak. Many outbreaks occur 
when hungry sheep ingest iarge amounts of toxic grass over 
a short period. 1337 The disease has also occurred 3 to 5 days 
after a ralnfail has ended a period of drought. 3341 

Electromyographic studies have Indicated that the tre¬ 
mors and spasms probably originate from the spinal cord 
and the peripheral nervous system. Excitation leads to 
Increased muscle tone and extensor rigidity. 1549 

There are at least two distinct clinical forms of the intox¬ 
ication: acute death from cardiovascular collapse and a 
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more chronic nervous form. ,B3B The cardiovascular form of 
the disease occurs by 12 to 72 hours after animals are 
placed on a toxic pasture. Ia3a - Ia4a Affecled animals die sud¬ 
denly from heart failure while being herded off toxic pas¬ 
tures. Animals also may be found dead w r Llh the head 
fixed in opisthotonos and the kgs in rigid extension. I’he 
ground surrounding the limbs Is disturbed, indicating that 
the animai died In convulsions. Signs associated with car¬ 
diac collapse include acute dyspnea, cyanosis, pounding 
heart sounds, Irregular heart rate with alternating periods 
of extreme tachycardia {170 to 240 beats/min), and then 
bradycardia. 3 M L - LB44 

'Hie nervous form of the disease is more prolonged and 
occurs after repeated exposures of 2 to 33 iveeks -1 duration. 
Signs may be delayed for as long as 4 months after removal 
from the toxic grass, 1344 The clinical signs Include hyperexclt- 
ahlilly, exaggerated responses to auditory or tactile stimuli, 
fine muscular fasciculations (particularly of masseter mus¬ 
cles), licking of the lips, wrinkling of the facial muscles, repet¬ 
itive chewing Inability to swallow, flaring of the nostrils, 
ptyallsm, nystagmus, intentional head tremor, ear and tall 
twitching, base-wide stance, reduced menace response, and 
deficient pupillary reflexes. 164 ILt ^ ? r rhe gait of affected sheep 
is described as stiff Legged, with both hind limbs moving in 
unison ("rabbit hopping - "). Affected sheep buckle at the 
knees and assume sternal recumbency 1 with the hindquarters 
elevated. They then fall into lateral recumbency and hall 
wildly while attempting to stand. 1435 Poisoned cattle also 
show Incoordination and repealed stabbing movements with 
the tongue and are unable to grasp the forage. They salivate 
profusely and drop feed from the mouth. Eventually the ani¬ 
mals die of starvation. There may be an increased protein 
concentration {40 to L 00 mg/m I.) 'a nd whi te blood cell cou n t 
{4 to 50 mononuclear cells/dl) In CSF of affected ani¬ 
mals. ja3Q Animals may survive the initial signs but have neu¬ 
rologic symptoms for as long as 10 months, 1450 

For confirmation of a diagnosis, the amount of trypt- 
amlne alkaloids In suspect grasses can be measured. Alka¬ 
loid concentrations greater than 30 to 50 mg/100 e dry 
Tvelght of forage are considered toxic for sheep.Ta.is.isw 

The pathologic lesions In the CMS of affected animals 
include focal, demarcated, greenish or slate-gray discolor¬ 
ation in (be pons, medulla, and coiticomedullaiy |unction 
of the kidney; IntracytoplasmLc accumulations of greenish 
brown pigment in the dorsal root ganglia and medullary 
nuclei; neuronal loss; focal gliosis; and swelling of the axo¬ 
nal sheaths In the ventromedial aspect or the spinal 
cardl 163 *- 1 * 3 * The pigment Is thought to originate from 
metabolism and deamination of the toxic alkylamlnes but 
is not thought to play a direct role in the development of 
the neurologic deficits. 1343 - 3 34 * Other lesions In cattle that 
have died acutely include ulcerative abomasitls, lejunitls, 
and ileitis; subcapsular renal hemorrhage; and ecchymoses 
of the pericardium and epicardlum. 

Administration of cobalt to animals on toxic grass pas¬ 
tures Is protective. The biochemical function of cobalt 
is thought to be related to increased ruminal inactivation 
of the toxins. Weekly administration of 28 mg of cobalt 
to each animal Is recommended to prevent clinical signs in 
exposed sheep. 1344 -- 1345 -- 145 **- 3353 This dosage Is much higher 
than that delivered by standard supplementation. Additional 
recommendations include removal of affecled animals from 
the offending pasture, sedation w r ltb a pbenothlazine tran¬ 
quilizer, and administration of sodium pentobarbital or 
diazepam to convulsive sheep. Phalaris plants may also 
contain potentially toxic concentrations of nitrate or cya¬ 
nide. In any outbreak of suspected PfriJarji toxicosis w r lth 
acute signs of sudden death, cyanide and nitrate poison¬ 
ings should also be considered. 1353 


To prevent Phularis poisoning, animals should be 
removed from the toxic grasses. I’he concentration of 
dlmelbylindolealkyl amines may be reduced by curing the 
forage as hay. Ensiling the canary grass does not reduce 
the amount of toxins. 1454 

PENIOLUUM CYCLQPIUM (TREMORGEN) 
INTOXICATION 

Ruminants that Ingest toxic species of Mriiiium develop 
clinical signs that are Indistinguishable from those of Dallis, 
ryegrass, Pfar tarts, and Bermuda grass staggers, 1455-1S5B The 
tremors are caused by mycoloxins, 3354 w r hlch can be classi¬ 
fied Into four ma|or groups: the aflatrem-paxllline group, 
vermculcgen-fumotremogen group, terrLtrem group, and 
tryptoquivallne group. Of these, the most Important fungal 
tremorgens are aflatrem, penitrem A, fumolremogen B, and 
verruculogen. Vemiculogen and fumotremogen B can be 
isolated from cultures of esiifl^erzjuji. Renitrem 

A is elaborated from Fteniei'JJfum nigricans, PmiciHium dtrireJ- 
hm f PemciUiiim cyclopium, Peaiciilivm cJflw^emm, and Asper¬ 
gillus canescens. Verrlculogen has also been identified in 
pure cultures of AsperglUftf /jjot usstUMo 

Ingestion of moldv cornstalks constitutes the most com¬ 
mon source of fungaf tremors in livestock. I’he fungi prolif¬ 
erate In the com but do not produce tremorgens until the 
stalks touch the ground. After production at or near the soil 
surface, the toxins translocate In plants through root 
absorption. 1455 

Jhe pathophysiologic mechanisms by w r hlch mycotoxins 
affect the CMS are unknown, but there is increased release 
of the transmitter amino acids aspartate, glutamate, and 
y-amlnobutyric acid in the corpus striatum, indicating the 
presence of a reversible biochemical lesion. 

Diagnosis is based on the clinical signs, demonstration 
of the mycctoxin in the feed, and Identification of the fun¬ 
gal elements In the feces. There is no specific treatment for 
the intoxication. Affected animals recover completely when 
they are removed from Infected pastures. I’he diagnosis of 
Iremorgenic fungal Intoxication is difficult. The mycelial ele¬ 
ments survive degrad alive conditions In the gastrointestinal 
tract and can be Isolated from the feces of intoxicated ani¬ 
mals. Penitrem A and verriculogen can be demonstrated in 
the forage by TLC or mouse assay. 

TREMORGENIC NEUROTGXICOSIS FROM 
ASPERGILLUS CLAVATUS 

Ingestion by cattle and sheep of fodder contaminated by the 
fungus Aspergillus ctai-nrru can result in ataxia, weakness, and 
tremors, similar to signs caused by Ingestion of other neuro- 
toxic molds. 1331343 Clinical signs Include ataxia, knuckling, 
muscle weakness and tremors that may be exacerbated by 
handling hypersalivation and drooling altered behavior, 
loss of appetite, reduced milk production, muscle spasms, 
recumbency, opisthotonos, and death. Cases have occurred 
worldwide, linked to feeding sprouted grains and the by-pro¬ 
ducts of beer production, both of which provide an environ¬ 
ment for growth of the mold. Factors that can encourage 
mold growth Include high ambient temperature and high, 
humidity. 1361 Hematologic changes Include evidence of 
dehydration, moderate neutrophilia, bypochromasla, and 
microcytic erythrocytes. Changes in clinical chemistry include 
elevated creatine kinase {possibly from recumbency), ASH’, 
y-gjulamyltransferase, and glutarnate dehydrogenase activity. 
The toxicity of A. ctawrfus Is attributed to a variety of tremor- 
gen lc neuromycoloxLns, including patulln, tryptoquivaline, 
tryptoqulvalone, norlryptoqulvalone, cythochala&Ln E, cytho- 
chalasln K, escladiol, and clavalol. 1363 
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DISEASES PRODUCING SPINAL 
CORD OR PE RIPHERAL NERVE SIGNS 

CERVICAL VERTEBRAL STENOTIC 
MYELOPATHY (WOBBLER SYNDROME; 
CERVICAL STENOTIC MYELOPATHY; 
CERVICAL VERTEBRAL INSTABILITY) 

tiuNNiE ft. kusii 

1 Clinical Signs, Cervical vertebral stenotic myelopathy 
(CVSM) is a common cause of symmetric spina] ataxia In 
horses. Neurologic gait deficits are caused by spinal cord 
compression by stenotic and malformed cejvical verteb- 
rae. ISG3, A neurologic examination is performed to assess 
the symmetry of deficits and the severity of weakness, 
ataxia, and spasticity. 1364 Gait analysis Is performed at the 
walk; neurologic deficits can be accentuated by circling, ele¬ 
vation of the head., and maneuvering over obstacles and 
inclines. Ataxia or proprioceptive loss is manifested by cir¬ 
cumduction of the hindlimbs, posting (pivoting on the 
inside hindllmb during circling), and truncal sway. In most 
cases, pelvic limb ataxia is more pronounced than forellmb 
deficits. Moderately lo severely affected horses have lacera¬ 
tions on the heel bulbs (w r obbler heels') and medial aspect 
of the forellmbs from overreaching and Interference. Stum¬ 
bling and toe dragging Indicate weakness. The hooves of 
horses with prolonged clinical signs of CVSM are chipped, 
worn, or squared at the toe. At rest., affected horses may 
have a base-wide stance and may demonstrate delayed 
responses lo proprioceptive positioning When prompted 
lo back, horses may stand base wide, lean backward, drag 
their hindlimbs, and step on their hlndfoot with a forellmb. 
The musculature of the neck may appear disproportionately 
Shin compared to the rest of the body, and In some horses, 
prominent articular processes of the fifth and sixth cervical 
vertebrae may be evident. 1365 

Occasionally, weakness and stumbling are more pro¬ 
nounced in the forellmbs. This Is usually observed in horses 
with stenosis of the caudal cervical vertebrae [C6-C7] 
caused by compression of the cervical Intumescence. Alter¬ 
natively, arthropathy of the caudal cervical vertebrae may 
produce cervical pain and forelimb lameness from periph¬ 
eral nerve compression, without producing clinical signs 
of spinal cord compression. lt6d Affected horses typically 
travel tvith a short cranial phase of the stride and a low foot 
arc of the forellmbs and may stand or travel with their head 
and neck extended. Rarely, dlskospondylosis of the cervical 
vertebrae will produce a short-strlded gall and cervical pain, 
with or without spinal ataxia. Horses with diskospondylosis 
or arthropathy of the caudal vertebrae may demonstrate 
increased rate and depth of respiration with cervical manip¬ 
ulation because of pain. 

The condition has been reported in most light and draft 
breeds. 1367 Thoroughbreds are particularly predisposed to 
CVSM, which affects approximately 2% of the population. 
Between 10% and 50% of thoroughbreds have characteristic 
developmental malformations of the cervical vertebrae 
without spinal cord compression. LM3 - 1363 jviale horses are 
more frequently affected than females. Most horses with 
CVSM are 6 months lo 3 years of age at presentation. None¬ 
theless, age (>4 years) aoes not preclude a diagnosis of 
CVSM; spinal cord compression caused by vertebral abnor¬ 
malities Is routinely diagnosed In adult horses, Including 
geriatric horses. 

The onset of neurologic gait deficits is typically insidious, 
with progression of ataxia for several weeks, followed by sta¬ 
bilization (plateau) of clinical signs. [M7 ' 1370 Owners may 


report a traumatic Incident with the onset of clinical signs 
or CVSM. The event may be the result of mild neurologic def¬ 
icits, with the in|ury exacerbating (he clinical signs of spinal 
cord compression. Asymmetric ataxia and paresis may be 
occasionally observed in horses with dorsolateral compres¬ 
sion of the spinal cord hv proliferative, degenerative articular 
processes and periarticular soft tissue structures. 

r«j(i l i4?pj | i}- , sjcii[cg}', CVSM appears to be a manifestation of 
developmental orthopedic disease. Developmental disease 
of the appendicular skeleton, such as physltls, Joint effusion, 
osteochondrosis, and flexural limb deformities, occurs more 
often in young horses with CVSM.- 1671 A direct cause-and- 
effecl relationship between osteochondrosis and CVSM has 
not been identified; however, (he association between the fre¬ 
quency of occurrence of osteochondrosis and CVSM Indi¬ 
cates that the two conditions have a similar pathophysiology. 

The etiology of osteochondrosis and CVSM appears mul¬ 
ti factorial, consisting of genetic and environmental influ¬ 
ences. It Is unlikely that CVSM Is heritable by simple 
mendelian dominant recessive patterns. 1371 The mode of 
Inheritance more likely Involves multiple alleles and vari¬ 
able penetrance, which determine genetic predisposition 
to CVSM. A high plane of nutrition, micro nutrient Imbal¬ 
ance, rapid growth, trauma, and abnormal biomechanical 
forces probably contribute to the development of CVSM In 
genetically predisposed animals. 

Dietary copper, zinc, and carbohydrates are thought to 
play a role In the pathogenesis of osteochondrosis and 
CVSM. Low dietary copper (12 ppm) and high dietary zinc 
[10OO to 2000 mg/kg of dry weight) concentrations cause 
osteochondrosis In foals, whereas copper supplementation 
(55 ppm) reduces the Incidence of osteochondrosis of the 
axial and appendicular skeleton. l37iJ 374 Copper supple¬ 
mentation does not eliminate developmental orthopedic 
disease, suggesting Lbe existence of other eltologtc factors. 
Excessive carbohydrate in the diet Is hypothesized to con¬ 
tribute lo the pathogenesis of osteochondrosis through 
endocrine Imbalance. ^ 75 - J 376 

Spinal cord compression can be dynamic or static Ln 
horses with CVSM. 1670 - 1577 DyrzLTWj'c compraHfdffl occurs 
because ofvertebral Instability and causes intermittent spinal 
cord compression during ventre flexion of the neck; compres¬ 
sion Is relieved xvhen the neck is In the neutral position. Path¬ 
ologic changes most often observed in horses with dynamic 
compression are instability between adjacent vertebrae, 
malformation of the caudal vertebral epiphysis (caudal 
epiphyseal flare), and malformation or malarticulation of 
the articular processes. Osteochondrosis of the articular pro¬ 
cesses Is not always present at the site of spinal cord compres¬ 
sion In horses with dynamic compression. 1370 The 
Intervertebral sites most frequently affected by dynamic com¬ 
pression are C3-C4 and C4-CS. 

Static compression is defined as continuous spinal cord 
Impingement regardless of cervical position. It occurs pre¬ 
dominantly in the caudal cervical region, C5-C6 and 
C6-C7. Static compression Is exacerbated by thickening of 
the dorsal lamina, hypertrophy of the ligamentum flavum, 
and degenerative joint disease (DJD) of the articular pro¬ 
cesses. Both static and dynamic compression are associated 
with narrowing of the vertebral canal from C3-C6, regard¬ 
less of the site of spinal cord compression, indicating that 
generalized vertebral canal stenosis is an important factor 
Ln the pathophysiology of CVSM. 1 * 73 

El istopatbologic examination of the spinal cord identifies 
myelin degeneration (ventral and lateral funiculi), malacla, 
focal neuronal loss, and fibrosis at the sites of compression. 
Wallerlan degeneration occurs In ascending white matter 
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tracts cranial to the affected site and In descending tracts 
distal to the site of spinal cord compression. 36711 


/Jjiignojfr, Radiographic examination and cerebrospinal 
fluid {CSFJ analysts are Indicated in horses with symmetric 
tetraparesis and ataxta to differentiate CVSM from other spi¬ 
nal cord disorders. The most important differential diag¬ 
noses for horses with symmetric tetraparesis and ataxia 
include equine herpesvirus myeloencephalitis, equine pro¬ 
tozoal myeloencephalUts. equine degenerative myeloen- 
cepbalopathy, and spinal cord/vertebral trauma. Cytologic 
C5F findings usually are unremarkable In horses with 
CV5M. When C5F findings are abnormal, the alterations 
are consistent with acute spinal cord compression,, such 
as mild xanthochromia and mild increases In protein 
concentration. 

Survey radiographs of the cervical spine are obtained in 
standing, sedated horses. Cervical radiographs are evaluated 
by subjective assessment of vertebral malformation and 
ob|ectlve determination of vertebral canal diameter. ia7t The 
five categories of cervical malformation sub|eetlvely assessed 
in horses with CVSM are B]D of the articular processes, sub- 
luxation between adjacent vertebrae, flare of the caudal phy- 
sls of the vertebral body, abnormal ossification patterns, and 
caudal extension of the dorsal laminae 187 ^ IBM (FLg^. 35-26 
and 35-27). Although the presence of characteristic vertebral 
malformations supports the diagnosis of CVSM, sub|ectlve 
evaluation of survey radiographs does not reliably discrimi¬ 
nate between horses affected and those unaffected by 
CV3.M.^ 6B - lB7S DJD of the articular processes of the caudal 
cervical vertebrae Is the most common and severe malforma¬ 
tion observed In affected horses. 1376 How r ever, degenerative 
arthropathy occurs In 10R-*b to 50% of nonalaxtc horses and 
is the most common and severe vertebral malformation in 
horses without CVSM. LSC,l> - La7a 3ub|eciLve evaluation of 
degenerative arthropathy of the arilcuLar processes may Lead 
to a false-positive diagnosis of CVSMJ 66 * 

The vertebral canal diameter Js ob|ectlvely assessed by 
determining the sagittal ratio, 167 *The sagittal riilm is obtained 
by dividing the minimum sagittal diameter of the vertebral 
canal by the width of the corresponding vertebral body. The 


minimum sagittal diameter is measured from the dorsal 
aspect of the vertebral bodv to the ventral border of die dorsal 
laminae, and the vertebral body width Is measured perpendic¬ 
ular to the vertebral canal at the widest point of the cranial 
aspect of the vertebral body (Fig. 35-23 J. The sagittal ratio 
eliminates error caused by magnification because the vertebral 
canal and vertebral body are In the same anatomic plane. The 
sagittal ratio should exceed 52% from C4 through C6 and 
56% at C7 in horses weighing more than 320 kg. 'Ihe sensitiv¬ 
ity and specificity of the sagittal ratio for Identification of 
CVSiU-aflected horses are approximately S!J% for vertebral 
sites C4 through C7J S83 Accurate measurement of the sagittal 
ratio requires a precise, lateral radiograph of the cervical ver¬ 
tebrae. Oblique views yield indistinct margins of the ventral 
aspect of the vertebral canal, resulting In erroneous values 
for minimum sagittal diameter and vertebral body width. 
Intervertebral ra/itu have been suggested to improve the ability 
to Identify the site of spinal cordco impression. 166 * This mea¬ 
surement is obtained bv determination of the minimum dis¬ 
tance from the craniocforsal aspect of the vertebral body to 
the caudal aspect of the vertebral arch of the immediately ros¬ 
tral vertebra. This value is divided by the width of the vertebral 
body. Reference values for this technique have not been 
published. 

ThesemiquanlLtalLve scoring system developed by Mayhew 
et al. 366D should be used in foals under 1 year of age to assess 
cervical radiographs for diagnosis of CVSM. The scoring 
system combines ob|ective measurement of the vertebral 
canal diameter and subjective evaluation of vertebral malfor¬ 
mation. Stenosis of the vertebral canal is assessed by deter¬ 
mining the intervertebral and Lntravertebral minimum 
sagittal diameters. These values are corrected for radiographic 
magnification by dividing them by the Length of the vertebral 
body (see Fig. 35-26). Foals that measure below the mean are 
assessed 5 points, and foals that measure 2 standard devia¬ 
tions (5DJ below the mean or fall below the mean 
at multiple sites are assessed 6 to 10 points (Table 35-15). 
Cervical vertebral malformation is determined by subjective 
assessment of five categories: encroachment of the caudal 
epiphysis of the vertebral body dorsally into the vertebral 
canal: caudal extension of the dorsal lamina to the cranial 
pbysis of the next vertebra; angulation between adjacent 




FIG. 35-26 I Survey radiograph of lilih 
fOJ and sixth (CftJ otTvical: vertebrae. 
Ikiciv ma] Forma limb* uirimk Nan? iH ihr 
caudal p3t; r -j;is (cumad amrcr, C5J, ■.■.stjlI.lI 
eitcnsi.rj.rt ol Ihu durad tnimru (jrninT 
an™ 1 * (.15), and subiuuLitth and ninlaJi^n- 
int’in ol die Cj-Cfc artinjJaiinci Sniiril urer 
bilci vcrLiflird L'.ui.d Ui.imt.1irr of C5»Oi 
articulalicm: ■ Jn ejF> i‘ir-fcf/ irmai', intraver- 
lEhrnJ canal Ubintrter uTCS. 
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vertebral bodies; abnormal ossification of the physls; and D[D 
of the articular processes. The maximum score a I Lotted for each 
category of bony malformation Is 5 points. A total score of 12 
or higher (maxi hiurn, 25) confirms the radiographic diagnosis 
of CVSM. Stenosis of the vertebral canal and malalignment 
between adjacent vertebrae are the most discriminating para¬ 
meters in thissemlquanlltafive scoring system to differentiate 
CVSM-affected foals from normal foals. 

Survey radiographic examination of the cervical vertebrae 
determines the likelihood of spinal cord compression. Mye- 
lographlc examination is required for definitive diagnosis of 
CVSM, Identification of the Location of affected vertebral 


sites, and classification of compressive lesions. The clinician 
should use radiographic interpretation to classify the patient 
Into one of the following categories: 

J. Low sagittal ratio (<4S% at CA to CC), moderate to 
severe bony malformation; myelographic examination 
to Identify sites of spinal cord compression and to clas¬ 
sify lesions as static or dynamic. 

1. Marginal sagittal ratio (4S% to 56%). mild to moderate 
bony malformation; myelographic examination to con¬ 
firm or rule out CVShL 

3. High sagittal ratio (>56%), minimal bony malforma¬ 
tion, other differential diagnoses pursued. 
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Mean Minimum Sagittal Diamet&rs* and Corrected 
Minimum Sagittal Diameters of Cervical Vertebrae 
In Foals without Neurologic Disease 


Cervical 

Vertebral 

Site 

Minimum Sagittal 
IMsmtELT (mm) 

± SD 

Corrected Minimum 
Sa^itliil Diameter 
(%) ± SD 

C2 

23 ± 1 

i& ± l 

C2-C3 

23 ± 4 

33 ± 2 

C3 

20 ± 1 

24 ± 2 

C3-C4 

25 ± 2 

30 ± 2 

C4 

20 ± \ 

24 ± 2 

CA-C5 

25 ± 2 

31 ± 2 

C5 

21 ± L 

25 ±: 2 

C5-C6 

26 ± 3 

34 ± 3 

C6 

21 ± l 

27 ± 2 

C6-C7 

3! ± 5 

46 zb 5 

C7 

23 ± t 

35 ± 2 


l : rujEi MiLytu'w KI <i .11 . I Jlikitiusia nr id pm.lkmus ui ctTvk.d vritebraC :n.'J 
friTm.ii.um in ihoraui^tbraiJ I'n.ih h.vwd liei AtTmi-tfuantibiEEVie TiiLlK^jphU 
indkjLmr:;, \lt\uim' Vri t 25:435, E'jy.H. 

S1J, S-Lindnid dTvinAinn. 

' I i:.i MLVfL'Tli'hr.il .i ni l inlxrYcnlcbraj. 

MyeJographic examination Is performed under general 
anesthesia with the patient In lateral recumbency.™ The 
landmarks for cisternal puncture at the atiantoocdpital she 
are the cram a I border of the wings of the ad as, the caudal 
border of the occipital protuberance, and the dorsal mld- 
llne. The poll region Is aseptically prepared and the head 
flexed at a 90-degree angle to the cervical vertebral column. 
The spinaJ needle (3 J /j-lneh, 18-gauge needle with stylet) is 
introduced and directed toward the lower jaw. The needle Is 
advanced until the dura mater Is penetrated, which often 
produces .1 '■’popping" sensation. Clear CSF should drip rap¬ 
idly or flow front the huh with successful placement of the 
needle. An equal volume [20 to 40 mL.) of CSF is removed 
before Injection of a contrast agent. From 20 to 40 ml. of 
contrast medium produces sufficient positive-contrast opac¬ 
ity to Identify spinal cord compression In adult horses. LiW3 


The bevel of the spinal needle Is directed caudally, and con¬ 
tras! medium is injected at a constant rate over'5 minutes. 
The head and neck are elevated under a wedged platform 
for 5 minutes at 30 to 45 degrees to facilitate caudal flow 
of the contrast medium, lohexol (350 mg ladlne/mL) and 
iopamidol (370 mg iodine/mL] are the most popular non- 
ionie. Water-soluble contrast media used for equine my olo¬ 
graphic studies, These second-generation agents 

cause less neurotoxicity and meningeal Irritation than 
melrtzamtde. jaa7 

It is difficult for investigators to agree on myelographlc 
criteria for definitive diagnosis of CVSM. In many cases the 
site of compression {or Lack thereof] is obvious, and all 
recommended criteria would produce the same result. How¬ 
ever. there is a population of horses for which myelographlc 
interpretation is more difficult Many reports recommend a 
50% or greater decrease in the sagittal diameter of the dorsal 
contrast column, paired with obliteration of the ventral eon- 
irasl column. ias:H The decrease in the sagittal diameter of the 
contrast column Ls determined by comparing the value at the 
intervertebral space to a mldvertebral site cranial or caudal to 
the suspected Intervertebral space. The 50% reduction 
should be Interpreted conservatively, given the propensity 
for false-positive diagnosis; a 70% reduction may be more 
reliable. Some Investigators prefer to use a diagnostic cri¬ 
terion of Less than 2 mm of dorsal contrast column (or smal¬ 
ler) to reduce false-positive results on myelographlc studies, 
bul Lhis criterion will Increase the risk of false-negative diag¬ 
nosis. Most recently, a 20% reduction in dural diameter 
(height of dural sac j at a given Intervertebral [unction, com¬ 
pared with the dural diameter at the level of the mldvertebral 
body, has been suggested as the most reliable Indication of 
spinal cord compression. 

A complete myelographlc examination should Include 
neutral and stressed (flexed and extended) views of the ce rvi- 
ca] vertebrae. ]S63 ^ iaa * Horses with dynamic spinal cord com¬ 
pression show obi Iteration of ibe dorsal and ventral contrast 
columns during ventroflexlon of the neck (Fig. 35-19), 
whereas spinal cord compression is not apparent with the 
neck in the neutral position. Static vertebral canal stenosis 
is characterized by constant spinal cord compression regard¬ 
less of cervical position (Fig. 35-30). In some cases of static 



FIG. 3 5-19 U MvuLu^rn^hic nzuniiEa- 
iian ui Ci i M: i ■ 1 . 1 1 1 CJt> wiLh ilii: terviral 
x|iirif in vniLruiltrion. Dynamic msL.ikiIilf 
andspinn] curd cum'prvrsxion areprcxtniL M 
ihr C3-CJ .im.1 L-5-Cb jrtkuli.ujmtx. Ilw 
vt'EiLml Trm triad ■;vEuEnm- are Ltt»litTT.nU~d. 
dknd 4ti l* Jun jI L'LmLr.a4 lliEuieiiin duet nar- 
nnwed (to Ilsi 111 .in Itnm) he (J3-U4 ami 
ti-C-Ci fiirmuvy 





CHAPTER 15 Diseases of the Nervous System 


S 071 


FIG. 35-30 Mvulii^i.ipluL finmln.i- 
Lion <>l C5 13 l i >jl u.J l L-7 wilh Lhc <n;rvirjil 
vpint in 3tt:LiiT.a[ position Sialic spinal 
cord. coinprLssion is demanairibtd by 
nbliLrration nr narrowing (lo I-rst ttuEL 
2 mm] id the dorsal and ventral Lonirasl 
r>::■ i 11c11 j v .ic L' 3-{-6 and t Ifi- 1 JT ij'irrrcrj'j.l 



compression, ventroflexion of the neck stretches the kga- 
mentum flavum and relieves spinal cord compression, 
whereas hyper-extension exacerbates compression. 3n horses 
with obvious slses of spinal cord compression on neutral 
myelographic views, excessive [lesion and extension of the 
neck should be avoided while obtaining dynamic views to 
prevent exacerbation of spinal cord in|ury. 

Horses should be monitored for 24 hours after the myelo- 
graphlc procedure for depression, fever, -secure, and worsen¬ 
ing of neurologic status.Worsening of neurologic status 
after myelography may result from spinal cord trauma during 
hyperflexion, iatrogenic puncture of the spina! cord, crcbemi- 
cai meningitis. Administration of phenylbutazone (4.4 mg/kg 
TO every 14 hours) ] day before through t day after myelo- 
grapbtc examination attenuates fever and depression asso¬ 
ciated with chemical meningitis 

II treatment Conservative management of CV5M-affected 
horses consists of administration of antiinflammatory therapy 
(glucocorticoids, dimethyl sulfoxide |DMSOj, and nonsteroi¬ 
dal antiinflammatory drugs |blSL-VJD&j) and exercise restric¬ 
tion. Antiinflammatory therapy alone may reduce the edema 
associated with spinal coat compression; however, full recov¬ 
ery is unlikely without dietary or surgical intervention. 

The most successful conservative treatment option for 
CVSM-affected foals (< 1 year of age) Is the ' 'paced diet" p ro- 
gram, LWD This program Is designed to correct endocrine 
imbalance associated with high-carbohydrate diets. After a 
carbohydrate meal, high serum insulin and low serum thy¬ 
roxine concentrations promote cartilage proliferation and 
retention without promoting maturation. This dietary 


program Is restricted in energy and protein [65% to 75% of 
National Research Council [NRC] recommendations) but 
maintains a balanced vitamin and mineral Intake (minimum 
JM% of NRC recommendations). Vitamins A and E are 
provided at three times the NRC recommendations, and sele¬ 
nium Is supplemented to 0.3 ppm. Roughage is provided by 
pasture or low-quality grass hay (6% to 9% crude protein). 
Solitary stall confinement Is recommended to minimize 
repetitive spinal cord compression from dynamic instability. 

Horses with cervical pain and forelimb lameness caused 
by cervical vertebra] arthropathy may benefit from Intraartlcu- 
Lar administration of corticosteroids and chondroprotectlve 
agents. 11)70113 ■^' L 652 Arthrocentesis of the cervical vertebral 
articulations (facets) Is performed wilh ultrasound guid¬ 
ance using a 6-inch. 13-gauge spinal needle In the standing, 
sedated, or recumbent horse. 1 The cranial facet of the 
caudal vertebrae will appear superficial lo the caudal facet 
of the cranial vertebrae, '['he articular space Is accessed at 
Lhe cranloventral opening of Lhe articular facet, which is 
angled approximately 60 degrees front the ultrasound 
beam. Lhe needle should be Introduced 5 cm cranial to 
the facet and Inserted at a 50-degree angle to the skin sur¬ 
face. Joint penetration should be confirmed by aspiration 
of synovia] fluid. If the neck Is extended, the transverse pro¬ 
cess'of the cranial vertebrae may obscure the path to the 
articulation. Intraarticular triamcinolone (6 mg/joint) or 
methvlprednlsoione (100 mg<'|oim) has produced a posi¬ 
tive clinical response in approximately 50% of horses with 
arthrosis of the articular processes. An antimicrobial agent 
(e.g.. amikacin, 150 mg) can be administered prophylacil- 
caily with Intraarticular corticosteroids or chondroprotec- 
tive" agents. The goal of Intraarticular antiinflammatory 
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therapy should be to improve cervical mobility, reduce cervi¬ 
cal pain, and eliminate forellmb lameness. It is unlikely than 
intraaitlcular therapy will significantly Improve clinical'signs 
of spinal ataxia. 

Surgical Intervention is the most widely reported treat¬ 
ment for CYSM and is Indicated Lo slop repetitive trauma 
to the spinal cord. ia94 - 169 7 The goals of surgical Intervention 
are to stabilize the cervical vertebrae and decompress the 
spinal cord. Cervical vertebral interbody fusion (ventral sta¬ 
bilization) provides Intervertebral stability for horses with 
dynamic spinal cord compression. The affected cervical ver¬ 
tebrae are fused In the extended position to provide imme¬ 
diate relief of compression and prevent repetitive spinal 
cord trauma {Fig. 35-31). 

Doisal laminectomy {subtotal Funkqulst type B) is per¬ 
formed to decompress static lesions by removing portions 
of the dorsal lamina, hgamentum flavum. and joint capsule 
at the compressed site. l - 15 This procedure provides immedi¬ 
ate decompression of the spinal cord; however, fatal post¬ 
operative complications may occur. 1396 Interhodv fusion 
in horses with static compression causes remodeling and 
atrophy of the articular processes, resulting in delayed 
decompression of the spinal cord over weeks to months. 
Decompression Is Immediate with dorsal laminectomy. 
Because of the relative safely of interbody fusion, however, 
some surgeons believe It is the technique of choice for both 
dynamic and static compressive lesions. 3 63& 

Cervical vertebral Interbody fusion Improves the neuro¬ 
logic status In about half the Worses with CVSM, with some 
horses returning to athletic function.An Improve¬ 
ment in one or two neurologic grades of five Is expected. 
The most important patient factor for determining the post¬ 
operative prognosis is the duration of clinical signs before 
surgical Intervention: horses with clinical signs for less than 
I month before surgery are more likely to return to athletic 
function than those with clinical signs for longer than 
3 months.In addition, the number of compressive sites, 
severity of the compression, and severity of postoperative 
complications contribute to the Long-term prognosis. 70 Sub¬ 
total laminectomy and cervical vertebral interbody fusion for 
static compression of the caudal cervical vertebrae are asso¬ 
ciated with fatal postoperative complications, Including verte¬ 
bral body fracture, spinal cord edema, and Implant failure, JBM 

Fosloperatlvely r horses should be maintained on strlc! 
stall rest for 3 weeks and fed from a hay net lo minimize 


motion at die surgical site, imraarticular in|ecticm of the 
intervertebral articulations with corticosteroids Immediately 
after surgery may lead to more rapid decompression. 1470 
The duration of convalescence and rehabilitation after cervi¬ 
cal vertebral interbody fusion is approximately 6 lo 12 
months. An Individualized exercise program, determined 
by the projected use of the horse and the animal's neurologic 
status, should be designed to promote muscular strength 
Extended exercise at slow speed, including ponying and 
lunging on Inclines, Is recommended during rehabilitation. 
A neurologic examination should be performed to determine 
the horse's ability to return to athletic function after surgery 
3L Is unlikely that significant improvement In neurologicsta- 
lus will occur beyond the 1-year postoperative period. 3 


EQUINE DEGENERATIVE 
MYELOENCEFHALOPATHY 

DujinUwn and Etfofojy. Equine degenerative myeloen- 
cephalopalhy (EDM) Is a symmetric, noncompressive spinal 
cord disease of young horses characterized by demyelin- 
ation In the dorsal funiculi of the cervical spinal cord and 
in the brainstem. 1699 A similar disorder In which lesions 
are found only in the grad I e and cuneate nuclei of the 
medulla oblongata also has been described, termed neumjr- 
onal dystrophy to differentiate It from the more common 
EDM. 3500 Signs most often develop Jn horses less than I year 
of age [mean, 3 months), but onset of signs can occur as 
late as 12 years. IS0l> aML The incidence of EDM in Arabian 
horses Is disproportionately high. 169 - 1 The disease has been 
recognized in zebras, donkey's, Welsh ponies, and horses 
of the JTzewalski, thoroughbred, standardbred, Appaloosa, 
quarter horse, Paso Ftno, Paint, 1 lafllneer. Norwegian Ejord, 
Trakeh n ex, EI ano vena n. a nd Mo rgan b reeds. 3 ,>nj - 1003 EDM 
has also been observed In Mongolian wild horses. 1903 

’lhe disease may be related to a dietary deficiency of vita¬ 
min E, but EDM also has a familial pattern of distribution 
These observations suggest a genetic etiology, but the mode 
of Inheritance is not clear. 111 10 

Clinical Signs. Affected horses show a symmetric; propri¬ 
oceptive (sensory'] ataxia characterized by Knuckling, stum¬ 
bling, circumduction, abduction. Interference, abnormal 
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limb protraction, spasticity, h\permeiria, and inability to turn 
sharply or lift the inside forefoot during sharp turns. When 
the animal is forced to turn sharply in a circle,, die inside bind- 
foot plvois instead of lifting off the ground. Affected animals 
appear clumsy and cannot stop rapidly from a gallop. When 
stopped suddenly, they step on the rear of the forelimbs and 
end in a dog-sitting posture. Affected animals usually have 
severe conscious proprioceptive deficits that can be detected 
by postural placement tests. Some patients are unable to back 
or move easily down an incline, 'they may fail or stumble when 
light pressure is applied to the tuber coxae or withers, Signs are 
often more severe in the hindlimbs than in the forelimbs: in 
some cases, signs are only apparent In the hindlimbs. m s 

Other clinical signs that may be observed with EDM are 
deficits of the local cervical and cervicoauricular reflexes, 
absence of response to the J 'slap test" m 2 [see Chapter S] r 
and paralysis of the laryngeal adductor muscles. Absence 
of these findings, however, does not completely exclude a 
cervical spinal cord disease. 3 913 In rare cases, animals with 
EDM may present in acute recumbency without a prior his¬ 
tory of neurologic disease (M.G. Smith, unpublished data]. 

Ihe most important differential diagnoses for EDM are 
cervical stenotic myelopathv ["wobbler syndrome'' 1 ), equine 
herpesvirus myelbencephaiopathy, and equine protozoal 
myeloencephafilis. 

II Cfftricirf Fciehtt?£7gy and Radiographk findings. EDM is 
best differentiated from cervical stenotic myelopathy by 
plain and contrast radiographic examination of the spinal 
column. The cervical spinal canal, CSF protein concentra¬ 
tion, and white blood cell count of horses with degenerative 
myeloencephalopathy are normal. Serologic testing and CSF 
analysis Is indicated to rule out herpesvirus and protozoal 
myelopathies. Ihe acute clinical course of herpesvirus 
myelopathy and the presence of signs such as cranial nerve 
involvement and lower motor neuron lesions in protozoal 
disease help to differentiate these entities from EDM. 
The plasma vitamin E concentration may be below the 
reference range (300 to 10SO pg/dL) in some unsupplemen¬ 
ted affected horses, For anafysts, optimal methods of 

blood collection include collection of unbemolyzed blood 
in a clot tube and storage in an upright position In a refriger¬ 
ator. Ihe refrigerated specimens should not be allowed to 
contact rubber stoppers and should not be stored for Longer 
than 72 hours uni ess the red cells are removed and the plasma 
is gassed with nitrogen and frozen at - \6° C [3.2° F). The 
concentration of vitamin E In specimens bandied in this 
manner remains constant for at Least 3 months. J3U 

II IVi/ftuphjtsrofogy. Some suggest that EDM Ls associated 
with a low plasma concentration of vitamin E from 6 weeks 
to 10 months of ageJtNH.isis.me Oral absorption of 
vitamin E does not appear to be deficient In affected 
horses. 1916 Vi tarn in-replete, clinically normal horses have a 
plasma concentration ranging from' 1.7 to 9.5 pg/mU vLta- 
min E concentration Is approximately 2 pg^mL higher In 
the spring and summer than in winter. Horses fed diets that 
lack fresh green forage have a low plasma concentration of 
vitamin E. Such diets include poor-quality, sun-baked hay 
and pelleted ralLons. In one study testing vitamin E supple¬ 
mentation, the case-attack rate declined from 40% to 10% 
In the first year after supplementation, and the severity of 
disease in subsequent foal crops was diminished. Moreover, 
supplementation of five affected horses with 6000 [LJ vita¬ 
min E daily Improved their neurologic condition. Horses' 
susceptibility to development of low vitamin E con¬ 
centrations also appears to be age related, foals sired by 
affected stallions lend to have Low r er plasma ^-tocopherol 



concentrations than those sired by normal stallions. r fhese 
lower concentrations are first noted by 6 weeks of age, but 
the differences disappear by 10 months. The causes of the 
differences in the two groups of animals are unknown. An 
alternative explanation for the role of vitamin E In EDM 
is a defect In vitamin E absorption, transportation, or metab¬ 
olism. 1930 Ihe nature of such a defect has yet to be 
elucidated. 

Vitamin E deficiency Is apparently not the sole etiologlc 
factor in EDM, ho tv ever, because one report documented 
normal vitamin E levels in the sera of 40 affected horses 
examined at a veterinary hospital . 1917 Subsequent epidemi¬ 
ologic studies indicated that risk factors for the disorder 
Include heredity, application of insecticides on foals, expo¬ 
sure to dirt lots without pasture, and exposure to wood pre¬ 
servatives. Access to green pasture bad a protective effect on 
foals. 1516 This study may indicate that the changes in the 
central nervous system are related to the patient's inability 
to respond adequately to oxidative stress such as phenols, 
anthelmintics, and insecticides. The key role of vitamin E 
as an antioxidant may explain the link between the dispa¬ 
rate etiologies proposed for EDM. 

The deficiency occurs most often in related horses, sug- 
esting a genetic predisposition. L9ao - 1516 The importance of 
eredlly in the development of EDM Is supported by studies 
in a number of breeds, including Appaloosa, tlaflinger, and 
Morgan horses. 3,00 ' Lf>07 - l !> is A higher incidence has been 
documented In both foals sired by certain stallions and foals 
bom to mares that already produced an affected foal. J^oustw 
However, the mode of Inheritance is not clear. 

Recent studies have indicated that a defect in axonal 
transport of proteins, particularly certain proteins vital to 
synaptic function, may be a key mechanism in the patho¬ 
genesis of EDM. 1319 

II Putiittfogy. The microscopic lesions are present through¬ 
out the spinal cord, involving both while matter and gray 
matter, and are most pronounced Ln the dorsal spinocere¬ 
bellar tracts, 1 ™ 3 Ihese lesions Include diffuse axonal degen¬ 
eration of ascending and descending spinal cord funiculi 
and prominent myelin loss. Gliosis and aslrocytosLs develop 
Ln response to myelin breakdown. Horses with acute, rap¬ 
idly progressive disease have evidence of active myelin 
destruction and vaculoation, whereas those with a more 
gradual course of disease have promLnent aslrogllosis. Con¬ 
siderable accumulation of ItporucsLn-like pigment has been 
reported in some affected horses. 1909 The form of EDM 
termed neuraxonal dystrophy (e.g., Ln Morgan horses) is 
characterized by lesions almost entirely confined to the lat¬ 
eral caudate nucleus in the medulla. Because of the clinical 
signs in these horses, however, it is suspected that subtle 
lesions may be present within the spinal cord. 

II Trcflriueni cipad CtupfroJ. EDM Ls a chronically progres¬ 
sive disorder, although the clinical signs may stabilize after 
2 to 3 years of age. The signs are irreversible, and most 
patients eventually are euthanized because they present a 
hazard to other Livestock and humans. 

Some improvement of cl in Leal signs has been reported Ln 
horses treated with vitamin E. The current recommended 
vitamin E level for horse feed Ls SO to LOO [U/kg/day. 1920 
In suspected cases of EDM, supplementation with 6000 1U 
of Lu-a-tocopherol acetate in teed is recommended, a level 
that appears to be safe. This dose should be mixed with 
60 ml corn oil and fed in J L concentrate ration daily. 1920 
Once clinical signs are present, the prognosis for complete 
recovery Is guarded to poor. Supplementation has been 
recommended for foals at risk of developing the disease 




PART FIVE DISORDERS OF THE ORGAN SYSTEMS 


(e.g,, family histo ry of EDM) and foals maintained cm poor- 
quality pasture. l5Q4 - m 6 

EQUINE MOTOR NEURON DISEASE 

j wuAUi f. oiviifis 

]n 1990 an acquired neurodegenerallve disease of adult 
horses was first described. 151J The equine disease appeared 
similar to one form of human motor neuron disease, amyo¬ 
trophic Lateral sclerosis (ALS, or Lou Gehrig's disease). 
Equine motor neuron disease (EMND) Is the only naturally 
occurring animal model for ALS. Experimental studies have 
revealed that the disease occurs secondary to chronic vita¬ 
min E deficiency and oxidative neuronal cell Injury. 1922 
Reports of this disorder are now almost worldwide. 

II CJfPlica! Signs. Affected animals are adults with a mean 
age of 9 years (range, 1 to 23 years). J92?l Clinical signs vary 
depending on the stage or duration of the disorder; there¬ 
fore the signs are best summarized by dividing the disease 
into subacute and chronic forms. A subclintcal form also 
occurs, although these cases cannot he currently diagnosed 
antemortem. 

SUBACUTE FORM. Horses develop acute onset of trem¬ 
bling, fascicular Lons., lying down more than normal, fre¬ 
quent shifting of weight in the hindlegs, and abnormal 
sweating. Mead carriage may be abnormally lotv. Appetite 
and gait often are not noticeably affected, but some horses 
have a ravenous appetite. Ihe owner may mention that 
the horse had been losing weight (loss of muscle mass) 
for a month before the other signs appeared. 

CHRONIC FORM. The trembling and fasciculations sub¬ 
side, and the horse's condition stabilizes, but with varying 
degrees of muscle atrophy. In some cases the atrophy is so 
severe that the horse looks emaciated. En other cases, muscle 
mass and fat deposition show noticeable improvement. Ihe 
tallhead frequently Is in an abnormally high, resting 
position. 

SUB CLINICAL FORM. Experimental research has proved 
that horses maintained on prolonged diets low In vitamin E 
may have subclinlcal disease. This could have significant 
implications because unknown to the rider or owner, the 
affected horse would have diminished strength. Pathology 
of EMND without clinical signs specific for the disease has 
also been found in a few yearlings with equine degenerative 
myeloenceph a lopathy. 

II Ch'pifca! Pathttiogy. Morses with acute or subacute 
EMND have mild to moderately elevated levels of creatine 
kinase [CK) and aspartate transaminase (AST). The serum 
vitamin E Is lotv (<1 pg'mL) In almost all acute and sub¬ 
acute cases. Levels of a- and ’/-tocopherol are Low In the gray 
matter of affected horses. Superoxide dismutase (SOD) 
activity In red blood cells also Is severely decreased, believed 
to result from increased consumption of SOD. Other dini- 
copathologlc abnormalities may be present In particular 
individuals. Including elevated serum y-glutamyltransferase 
(CGT) activity; low vitamin A, [1-carotene, and ascorbic acid 
levels; and high liver Iron and spinal cord copper levels. 
Many horses have abnormal glucose absorption, and some 
have enhanced glucose utilization.This supports the 
observation that many horses have ravenous appetites and 
that most have normal fat deposition at necropsy. 

The protein CSF Level Is elevated in almost half of 
affected horses, and intrathecal immunoglobulin G (IgG) 
is increased in many cases. Increased IgG is thought be a 
response to neuronal death rather than a primary patho¬ 
physiologic event. 


II fYjjJryphyripJugy. The sites of lesions In EMND are the 
ventral horn cells (Lower motor neurons) of the spinal cord 
gray matter the nuclei of cranial nerves V, VII, and Xll; and 
the nucleus ambiguous; all undergo noninflammatory 
degeneration. Neurogenic atrophy occurs In muscles inner¬ 
vated by degenerate neurons, particularly those with predom¬ 
inantly type 1 myo fibers, which have a higher oxidative 
requirement than type 2 fibers and thus are more susceptible 
to oxidative damage. The dysfunction and death of motor 
neurons Ls an oxidative disorder, presumably caused by vita¬ 
min E deficiency and the resulting Inability to protect against 
oxidative (prooxldant) stress. Clinical signs occur when 
approximately 30% of the motor neurons are affected. ]925 
Some of these neurons may regain function with vitamin E 
treatment, which may explain why some horses do not have 
continual progression ot clinical signs, as occurs In ALS in 
humans. 1 luman motor neuron disease, although an oxida¬ 
tive disorder, Is more complex that EMND, and the causes 
have yet to be determined. 

II rtalfrofagy. Gross lesions are limited to pallor of the 
medial head of the triceps brachli and vastus intermedius 
muscles. Severe atrophy Ls present In these muscles and many 
others, including the sacrocaudalis dorsalis medial Is muscle of 
the tall, which shows severe denervation atrophy and fibrosis. 
Scattered areas of myoflber necrosis are present In many mus¬ 
cles. A pigment retinopathy 152 * and deposition of llpopig- 
ment In the spinal cord vasculature are found In horses with 
EMND, apparently related to similar pigment depositions in 
other species with vitamin E deficiency. A vitamin E-supple- 
mented diet may result In resolution of pigment deposition 
in the spinal cord vasculature but not the retina. 

II EpfdefflroiDgy, EMND is a sporadic disease, with only sin- 
le animals in a barn usually affected, although a few oul- 
reaks of the disease have been reported. All breeds of 
horse can be affected, as can ponies. The apparent prevalence 
of EMND In certain breeds probably reflects the prevalence 
of the breed Ln specific populations of horses, and no famil¬ 
ial or heritable predisposition has been Identified. Affected 
horses usually are housed in facilities with Little or no access 
to pasture for more than a year before signs appear. L525 - 1527 
The diet of affected animals in North America Ls deficient 
in green foodstuffs and frequently consists of pelleted or 
sweet feed and poor-quality grass hay, without alfalfa or 
other sources of vitamin E supplementation. 192 ^ 1925 In the 
United Kingdom a few horses with EMND have been on pas¬ 
ture, have no laboratory or necropsy evidence to support 
malabsorption, hut are deficient Ln vitamin E. l5 ™The expla¬ 
nation for this remains elusive. No other management 
practices, such as worming and vaccination regimens, 
insecticide use, amount of exercise, or type of bedding, 
have been related to development of the disease. The high¬ 
est prevalence of EMND in North America occurs in the 
northeastern United States and Canada, although sporadic 
cases have been reported across the continent. This regional 
distribution Ls believed to relate to the frequency of predis¬ 
posing management practices In high-Incidence areas 
rather than other environmental factors. 

II Diagnosis. The diagnosis of EMND can be made from 
the following observations and testing: 

1. Epidemiologic Info rma t lo n. 

a. Previous cases Ln the stable. 

b. Historic Information that suggests the horse might 
have been without green forage for an extended period 
(with a few exceptions in the United Kingdom). 
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2. Clinical signs (see earlier seclLon). 

3. Measurement of plasma vitamin E and muscle enzyme 

levels. 

muscle or nerve biopsy. Biopsy of the sacrocaudalls 
donalls muscle Is Lbe Invasive lest of choice, wllh almost 
90% sensitivity and specificity. 1931 'the biopsy specimen 
should be placed in 10% formalin for laboratory submission. 
A positive result is the finding of characteristic abnormalities, 
Including denervation atrophy of myofibers and scattered 
myofiber necrosis. Biopsy of the spinal accessory nerve is 
more technically - demanding but is a more sensitive test In 
chronic cases. jg3L - 1952 Nerve biopsy requires general anesthe¬ 
sia, whereas muscle biopsy can be performed using a local 
block In the sedated horse! 

Differential diagnoses for EMND Include equine protozoal 
myeloencephalitis, colic, lamlnltls, botulism, and tylng-up. 

II Treatment. Oral vitamin E supplementation at 5000 to 
7000 IU dally may result in Improvement in some clinically 
affected horses, although full recoveiy is unlikely. This ther¬ 
apy cannot reverse the neuronal death, and all affected 
horses are permanently weakened. Use of a source of pure 
vitamin E Is preferable to a mulll-vitamin-mineral supple¬ 
ment. Natural vitamin E products are preferred over syn¬ 
thetic products, but both will raise serum levels. 

II Preittntfon. All horses without green forage (grass of 
good quality or green hay) for prolonged periods [>1 year) 
shouldbe routinely tested for the plasma vitamin E concen¬ 
tration and supplemented with vitamin E. If this were a 
standard policy, most If not all cases of EMND could be 
prevented. 

SPINAL FRACTURES AND LUXATIONS 
AND SPINAL CORD TRAUMA 

II Definition and Etiology. Vertebral fractures are relatively 
common causes of spinal cord ln|ury In food animals. In 
horses with various neurologic disorders, however, spinal 
fractures represented only about 3% of cases in two stud¬ 
ies.^ 311534 because of differences In management, temper¬ 
ament, and regional spinal strength, the pathogenesis and 
predominant anatomic location of spinal Injuiy sites differ 
among the livestock species. 

HORSES, In a U.K. study examining 26 horses with spinal 
fractures, IB had cervical fractures, 17 had thoracic fractures, 
five had lumbar fractures, and four had sacrococcygeal frac¬ 
tures.The vertebrae most often in|ured were Cl, T12, 
and L5. 1335 Morses wllh lesions of the thoracic dorsal 
spinous processes did not show neurologic deficits, whereas 
a high proportion of horses that had lesions In the lumbar 
and cervical spine had ataxia or other associated neurologic 
deficits. Stress fractures of the lumbar vertebral laminae 
may be common In racehorses, frequently are undiagnosed 
during llfe, ]93& and should be considered In the differential 
diagnoses for poor performance and blndllmb lameness In 
at-risk animals. 

RUMINANTS. Fractures of the vertebral column In rumi¬ 
nants may result from abnormal bone mineralization. The 
common sites of spinal fractures in calves are C2 to C4, 
TI0 to T13, and L3 to LB vertebrae. Spinal fractures are 
especially common In 3- to B-montb-old ruminants as a 
result of nutritional deficiencies, including vitamin D, cal¬ 
cium, and copper. Differentiation of nutritional osteodys¬ 
trophies from traumatic vertebral fractures Is essential, 
because different preventive measures must be taken for 
the two conditions. Traumatic cervical vertebral fractures 



of cattle and small ruminants may be caused by Injuries sus¬ 
tained in falls, roadway accidents, butting of other animals, 
predation, or squeeze chutes.Spontaneous fractures 
of vertebrae weakened by developmental defects (hemlver- 
tebrae) or spinal abscesses also ate common problems In 
calves. Rarely, pathologic fracture may result from weaken¬ 
ing of bone caused by bacterial osteomyelitis. 15 ^ More 
often, bacterial Infection is a sequela to spinal fracture. 

Traumatic luxations or fractures of the atlanlooccLpllal 
and atlantoaxial joints of pygmy goats may occur when 
the horns are held during restraint. 

Fractures of the Lumbosacral spine of cattle are frequently 
caused by slipping In cemented areas. 1937 Many of the spi¬ 
nal fractures occur during mounting by herdmales exhibit¬ 
ing estral behavior, Thoracolumbar fractures may occur In 
calves during correction of a dystocia, particularly epiph¬ 
yseal slippage at the middle to caudal thoracic verte¬ 
brae. If,4a - 1541 'Hie occurrence of spinal fractures during 
assisted delivery is mainly related to the excessive traction 
and rotational force used. 1943 Luxation of (he sacroiliac 
|otnl in the dam may occur with the use of excessive force 
during manual extraction of a calf. Traumatic lumbar verte¬ 
bral fractures occur secondary to chronic ankylosing spon¬ 
dylosis In mature bulls and rams. 1943 

Trauma to the spinal cord without spinal fracture can 
result In concussive damage to the cord. Including shearing 
forces and hemorrhage wllbln the neuropil. Hemorrhage 
and inflammation around the cord can result In space-occu- 
pyingleslons that cause clinical signs similar to those result¬ 
ing from spinal fractures. Prognosis for recovery Ls generally 
more favorable with blunt trauma than spinal fractures, 
although outcome depends on the severity of the 3n|ury. 

ill CJlnfcaf 57gi[f. 'the clinical presentation of a spinal frac¬ 
ture varies, depending on the site of the traumatic lesion, 
severity of the spinal cord compression, and involvement 
of specific anatomic tracts. 

CERVICAL SPINE. Acute vertebral fractures are painful, 
and the patient usually shows some distress In the early 
stages. Goats may bleat or cry when the spine is manipu¬ 
lated. Elorses groan and, if recumbent, thrash wildly. Cattle 
and sheep may lie on their sides and groan. Animals with 
noncompressive cervical lesions maintain a stiff neck 
["weather vane - " attitude), refuse to lower the head, and 
eat from (he ground w r htle kneeling. To prehend food, they 
often keep the head away from the ground and extend the 
tongue. These animals have stiff necks and resist passive 
flexion of the head.Similar signs may be seen with 
meningitis. Eorellmb lameness with or without obvious 
neurologic deficits may be the presenting complaint when 
fractures are fairly stable and cause minimal disrupt Lon to 
the spinal cord. 3 * 45 - 15 ^ Cervical fracture should be a differ¬ 
ential diagnosis for unexplained forelimb lamenesses. 

Animals with severe lesions may be recumbent. Depend¬ 
ing on the amount of pain and the secondary complications 
associated w r l(b (be disease, (he sensorium varies from bright, 
alert, and responsive to depressed and painful. Recumbent 
animals may not be able to lift the head from_die floor If a 
high cervical lesion (Cl to C4) is present. J547 Crepitation 
may be palpable In some cases. Luxation of the atlantooccl- 
pltal |oint results in asymmetry of the wings of the atlas. 
These animals often have a w r ry neck as a result of the twist¬ 
ing forces on the displaced atlas. |94S Patients with mild 
lesions of the cervical spine may be able to stand and show 
varying degrees of ataxia and conscious proprioceptive defi¬ 
cits. Specific gait abnormalities include circumduction. Inter¬ 
ference, knuckling, Incomplete limb protraction, crossing 
over, and excessive body sw r ay. Animals with high partial 
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cervical lesions may show hypalgesla of the entire body. 
Bilateral, severely compressive lesions of Ehe cervical spLiie 
can result Ln rapid! death from respiratory paralysis If neuro¬ 
logic injury causes paralysis of the phrenic nerve. If cbe spinal 
cord lesion Is above the GG segment (C6 to C7 vertebrae], the 
muscular tone and spinal reflexes {panntculus. triceps, and 
biceps) are normal to Increased In all limbs. If the lesion Is 
located at the C6 to CB segments, forellmb reflexes are 
diminished or absent and hindllmb reflexes normal to 
increased. The panniculus response may be absent on one 
or both sides of the body tf the lesion affects the CS segment, 
the origin of the lateral thoracic nerves. 

Conscious pain perception in the limbs often is dimin¬ 
ished or absent, depending on the amount of damage In 
the sensory splnat cord tracts, in Long-standing cases in 
which the Ventral rootlets or motor neurons of CB to CS 
have been destroyed, the muscles of the neck and forelimbs 
may become atrophic Regional or strip sweating may be 
observed in some horses. The aEiai tone and tail tone are 
normal. Ihe bladder may be distended, but the tone of 
the urethra] musculature is normal. 

thoracic spine. Animats with thoracic trauma have 
an altitude similar to those with cervical lesions, except that 
thoracic limbs are normal. Animals with severe spinal cord 
lesions intermittently lie on their sides and then arise to 
assume a dog-sitting posture. When lying In sternal recum¬ 
bency, animals hold the hindiimbs extended rather than in 
the normal tucked-up position. The spinal reflexes of the fore- 
limbs are normal. A crossed extensor reflex may be observed 
in the hindiimbs. Depending on the amount of damage to 
the sensory tracts, conscious perception of pain In the hin¬ 
diimbs may be decreased or absent. The tail and anal tones 
are normal. The bladder is distended, but the tone of the ure¬ 
thral sphincter and penis is normal. Animals with acute lesions 
of die thoracic spine (<2 days' duration) may display licblff- 
Sherrlngton syndrome.Foretimb postural reactions are 
normal but muscular tone is increased, resulting in a stiff fore- 
limb ggit. Postural reactions in the hindiimbs are decreased to 
absent, with normal to hyperreffextc myotactic reflexes (see 
Chapter 8). Sdiiff-Sherrington syndrome is rare in large 
animals. Most animals with thoracic ln|ury have normai to 
exaggerated spinal reflexes and hypertonia of the rear limbs. 

LUMBAR SPINE. Animals with Lumbar Injury have an 
attitude, gall, and posture similar to those with thoracic 
lesions. Fig. 35-3 2 snows the characteristic posture of a calf 



FIG. 35-32 I Oianictcriitjc ptHlurc of .1 t.iLl with rmciprcaslvi! fracture 
ur III..- jiijxUi lunitvir ( l.(V| vertebra htnn.icujiiMiilLii I hi." r.dJ was led .1 diet 
□r hay and ucwn and dEvifkjpcid nubritianaJ ailEodyatraptiY (LiaurtLsv 
Or it.] I. Whitlork.J 


with a fracture al the LG vertebra, fig. 35-33 Illustrates myeio- 
graphic findings of cord compression at LG. The forelimbs 
are normal. Lesions at the LI to L3 spinal cord segments 
result in normal or hypertonic and hypetreffexlc hindiimbs 
Conversely, hypotonia and hyporeffexla of the hindiimbs 
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may be seen Ln ani mals wilh lesions at segments L4 to S2. 1050 
Marked spasm of she longlssimus dorsi muscle has been 
described in horses wilh a lesion between the Tl l and T12 
segments. I93] Lesions of segments L4 to L6 result in cutane¬ 
ous desensitizatlon of the medial surface of the rear leg and 
diminished or absent patellar reflex because of dysfunction 
of the femoral and saphenous nerves. Lesions of segments 
L6 to S2 result in desensitization of the hind limb and dimin¬ 
ished withdrawal (flexor) reflexes. '3tie pannlculus response 
Is absent when the skin posterior to the lesion is stimulated. 
Damage to the spinal rootlets may cause regional swelling 
Fail tone and anal tone are normal. Itie bladder Is distended, 
but the sphincter tone is normal. 

SACROCOCCYGEAL SPINE. Lesions of spinal cord seg¬ 
ments SI to S2 result In decreased conscious proprioceptive 
responses of the rear limbs 1952 and diminished flexor 
reflexes of those limbs. Anal tone is diminished to absent, 
and the bladder is distended and hypotonic. The patient 
is Incontinent because of atonia of the urethral sphincter, 
and urine scalding may be seen over the perineum. The sail 
is flaccid and paralyzed. The anal sphincter Is dilated,, and 
the rectum Is filled with dry fecal matter. There may be palpa¬ 
ble abnormalities of the pelvis or sacrococcygeal |olnl. Crepi¬ 
tus of the pelvic bones may be noted when the animal is 
moved. 

II Cffniorf ftafJiDfogy and Radiographic Findings. Radiog¬ 
raphy Is the usual method of diagnosing a spinal fracture. 
In young horses, slipped physeaf plates are often seen In 
the alias. 155 L' 953 Shortening of the lumbar vertebrae Is con¬ 
sistent with either an oblique overriding fracture of the ver¬ 
tebral body or a compression fracture, I95D - 1955 Abnormally 
shaped vertebrae may signify 1 an anomalous vertebral arch. 
Myelographic examination may detect stenosis in segments 
distant from the fracture site.™ 

Examination of cerebrospinal fluid (CSFJ collected 
Lhrough a Lumbosacral puncture may be useful for ancillary 
diagnosis of a spinal fracture. Fracture-Induced changes In 
the CSF may be classified as either acute (0 to 1 day) or 
chronic [>3 day). Ilie acute changes include diffuse blood 
contamination, a high red blood cell (RBC) count, a normal 
to high white blood cell (WBC) count, and a high protein 
concentration. The CSF changes in patients with more 
chronic in|urles Include a normal to slightly Increased 
WBC count, normal to Increased FLBC count, Increased pro¬ 
tein concentration, and xanthochromia. These changes are 
not pathognomonLc for spinal fracture, however, so should 
be interpreted with caution. 

II Pathology and Pathophyji'oJugjA Neurologic dysfunction 
after spinal trauma is similar to that of brain trauma and is 
a result of both immediate and secondary events. Immedi¬ 
ate causes of Injury Include shearing forces that result Ln 
tearing of tissue, Hemorrhage, and Impingement of bone 
fragments on the spinal cord, particularly when the fracture 
Is unstable. lYauma Initiates a cascade of secondary bio¬ 
chemical events that further Injure nervous system tissue, 
Including adenosine triphosphate (ATP) depletion, which 
deprives cells of their ability to maintain their ionic envi¬ 
ronment through the action of sodium-potassium ATPase 
pumps. Rapid intracellular accumulation of calcium and 
sodium Ions causes cytotoxic edema and neuronal depolariza¬ 
tion. Release of the excitatory neu retransmitter gjutamate and 
activation of the arachldonic acid and xanthine oxidase path¬ 
ways further compound cellular damage. Other injurious sub¬ 
stances generated after traumatic injury include nitric oxide, 
oxygen free radicals. Lactic acid, arachldonic add metabolites, 
and a variety of cytokines. Local vasogenic reflexes, mostly 



mediated by ^-adrenergic receptors, result Ln decreased 
blood flow in the gray and while matter. Platelets aggregate 
Ln the hypoperfused capillaries and form microthrombi and 
Infarcts. Regional ischemia caused by hypoperfusion results 
Ln lipid peroxidation of the axons* myelin degradation, and 
demyeli nation. 3 955 


n Trcflriueni and Prognosis. It is Important to recognize 
that she radiographic appearance of a spinal fracture is not 
a reliable prognostic indicator, because the vertebral compo¬ 
nents are likely to be in a different position from that at the 
time of injury. Not all vertebral body fractures result Ln neu¬ 
rologic disease. The prognosis Is besi judged on the basis of 
repeated neurologic examinations. Provided she animal is 
not suffering inhumanely and the pain can be adequately 
controlled, repeated neurologic examinations should be 
made over the first several hours. The longer the patient 
remains recumbent and neurologlcally Impaired, the more 
unfavorable the prognosis. 

The mainstay of Immediate treatment of spinal injuries is 
maintaining whole-bodv homeostasis, particularly the main¬ 
tenance of cardiovascular integrity ana blood pressure. 1950 
Ischemia Local to the spinal cord plavs a key role in develop¬ 
ment of the ln|ury, but global cardiovascular failure com¬ 
pounds this effect. Most recoveries from spinal cord 
contusion occur spontaneously and are not appreciably 
Influenced by drug administration. Some recommend treat¬ 
ing acutely affected animals with DMSO (0.25 to 1 g/kg IV 
Ln 5% dextrose as a 40% DMSO solution) and dexametha- 
sone [0.1 to 0.2 mg/kg four times daily for 2 to 4 days), 
but supportive data from controlled studies are not available. 
Analgesics or tranquilLzers should be administered with care 
to ambulatory patients that have thoracolumbar spLnal 
Lesions because an ataxic patient may slip and worsen the 
spina I cord contusion. If signs of pain are severe, N SAJDs 
or narcotic analgesics may be administered. Epidural cathe¬ 
terization can be an effective method for delivery of analge¬ 
sics over several da vs in animals with severe pain. 1957 In 
animals with pelvic lesions, the bladder should be evacuated 
either by manual palpation per rectum or by Insertion of a 
catheter and use of a closed urinary drainage system. Atten¬ 
tion to aseptic procedure during catheter maintenance may 
reduce the number of Iatrogenic bacterial infections. The 
urine should be cultured ana examined repeatedly. Bladder 
Infections should be treated with an appropriate antibiotic. 
In animals with paralysis of the rectal musculature, the feces 
should be removed manually. Lubricants (1 to 2 quarts of 
warm detergent or methylcellulose) may be administered 
with an enema. 

[f the spinal fracture appears stable and the animal can 
stand with assistance, (he patient may he placed in a water 
tank and supported for prolonged periods. Goats are most 
amenable lo treatment for spinal fractures, whereas adult 
horses and cattle may present insurmountable nursing 
problems and should he euthanized If they are unable to 
rise after several davs or have intractable pain. Slings are 
commercially available or can be fashioned from canvas 
or burlap and xvool or cotton. The time spent in the sling 
varies* depending on ihe animal’s temperament and degree 
of neurologic dysfunction. Some horses become frantic 
while suspended In the device and cannot be supported 
without the risk of severe Injury to the patient and the 
handlers. The sling should not be used for recumbent ani¬ 
mals that cannot support themselves while harnessed. Such 
animals can sustain severe (even fatal) respiratory compro¬ 
mise or secondary myositis. Nevertheless* dally slLnglng of 
animals with mild neurologic signs may reduce secondary 
medical complications and facilitate recovery. 
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Recumbent cattle should be floated In a tub of warm 
water. Watertight tubs for use with large cattle are commer¬ 
cially available* [see Down Cows at end of chapter). 

Cervical fractures and luxations of small ruminants may 
be stabilized by Incorporation of the head, neck, and ante¬ 
rior thorax in a fiberglass cast. The cast should extend from 
the middle part of the thorax to the tip of the nose. The feed 
and water supply of all animals with cervical fractures 
should be placed'so that the animal can reach It without 
bending (he neck. Surgical methods for stabilization of cer¬ 
vical fractures have been described in horses. The effective¬ 
ness of such treatments for restoration of neurologic 
function after traumatic Injury or fracture of the spinal col¬ 
umn is variable, but good results may be achieved when 
presurglcal signs are mild and the repair Is stable. 195B - 1961 

Fractures of the dorsal spinous processes, transverse pro¬ 
cesses, and some small, oblique fractures of vertebral bodies 
may produce minimal instability of the spine. Such ln|uries 
may respond well to conservative treatment, such as stall 
confinement. Hone sequestra can result In the formation 
of draining tracts, however, and may require surgical 
removal to facilitate healing. 1563 

The dietary intake of copper, molybdenum, and calcium 
should be measured In cattle. If she dally intake Is inadequate, 
the minerals should be fed In supplements. Animals with 
metabolic bone disease should not be restrained because of 
the risk of inducing additional pathologic fractures. 

ANKYLOSING SPONDYLITIS 
OF HOLSTEIN BULLS 

Ankylosing spondylitis Is an inflammatory disease of joint 
tissue associated with fusion of lumbar vertebrae In Hol¬ 
stein bulls. Approximately 4% of all Holstein bulls used 
for artificial insemination are culled each year because of 
spondylitis. 1963 The clinical onset of the condition Is insidi¬ 
ous. Ihe first signs of the disorder are a stilted gait, reluc¬ 
tance to move, and dragging of the toes of the rear Limbs. 
Affected bulls are slow to mount teaser dummies for collec¬ 
tion. Ihe condition Ls progressive, and over several months 
the animals develop paraparesis and ataxia. With mounting, 
the ankylosed area of the spine may fracture, leading to 
acute recumbency. Pathologic changes associated with the 
condition Include calcification of the ventral vertebral liga¬ 
ments between the T11 and L3 vertebrae. Ihe condition 
appears to be hereditarv. All bulls with the condition pos¬ 
sess the class l major histocompatibility complex (MHC) 
BoLA A8 phenotype. In comparison, the phenotypic fre¬ 
quency of BoLA Afl In the general population or normal 
Elolsteln bulls Is only 44 % J 9 ” 

SPINAL ABSCESSES 

II Definition and Etiohg y. Most abscesses of the spinal 
cord originate from a preexisting vertebral body osteomyeli¬ 
tis. The bone usually is Infected bematogenously. Extension 
of bacteria from the lungs, the heart, or a septic In lection 
site is common. Neonates frequently develop vertebral 
abscesses secondary to septicemia. 19 ^ 1966 Bone lesions 
may develop from sequestra broken from fractured verte¬ 
brae. Epizootics of spinal abscesses can result from In lection 
of contaminated vaccines or mineral supplements near the 
spinal column. Similarly, spinal abscesses mav be seen 
along with other diseases in groups of animals that are 
immunocompromised, such as cattle with bovine immuno¬ 
deficiency vims infection. 1,567 infectious agents Isolated 
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from spina] abscesses of ruminants Include CfrryiHftactertfjm 
taeudcrfubeTCutaji, A mca rajiwtfcriu na fmjgerees, .VfiirmJiefmki 
WrnoJyto, Staphylococcus aureus, andf Fusokticlerium neew- 
phorum. iws.ugs-l?™ Agents typically found In vertebral 
infections of foals Include p-hemolytlc streptococci, Salmo¬ 
nella species, ActinirfuiciJJkE eifurfh, Esdrerfdifa edi, Rhotiocoi-- 
cjjj etfu i, and tffcbsEeWti pneMmontfire. 1970 - 3974 Agents less 
often associated with vertebral body osteomyelitis of horses 
and cattle Lnciude MyccfoicEerfutti iwivts, jViyailiiciej rc/m avium, 
Ajf?ej^EfJjjjr__specLes, Eikeuella corrodent and BrjjeeHrt abm- 
fjjj. ta7s-j577 | n r;ire cjse3i ^pile arthritis of the atLanloocci- 
pltal joint may result from extension of a mycotic guttural 
pouch kslon> 7a - L9?5 

if the infectious agent remains localized in the vertebral 
body, the patient usuaily show's signs consistent with a 
transverse myelopathy, if the Infection erodes through the 
dura mater, the animal develops signs of septic meningitis. 
3f the bone infection is extensive, (he vertebrae may fracture 
suddenly, resulting In signs characteristic of spinal trauma. 

II CJfjiicflJ Signs. The neurologic deficits of animals with 
vertebral body abscesses without pachymeningitis are simi¬ 
lar to those described previously for spinal fractures. 1569 
Animals with mildly compressive cervical abscesses show r a 
characteristic leather vane' 1 attitude, appear stiff, and are 
reluctant to eat food from the ground.Rumi¬ 
nants with this Lesion hold the neck In extension and 
attempt to prehend the food w r lth the tongue while the bead 
is held more than 30cm (12 Inches) from the ground. 1569 
Additional signs of spinal abscess Lnciude heal pain, 
swelling or crepitus over the affected areas and associated 
signs of bacteremia. Abscesses in she thoracolumbar spine 
cause hind limb weakness and ataxia of variable severity, 
from mild gait abnormalities to complete recumbency. Stud 
males may be unable to breed because of weakness and 
pain.Animals with pachymeningitis show r characteristic 
signs of meningeal Inflammation such as hyperesthesia, 
intermittent spasmodic muscle contractions, and recurrent 
profuse sweating 1971 -- 1975 (see earlier section on meningitis). 
Differential diagnoses Include trauma, aberrant parasite 
migration, tumor and pathologic fractures, hemorrhage Into 
or around the spinal cord (e.g., postanesthetic myelopathy), 
myopathies, caprine arthritis-encephalitis, and fibrocartila¬ 
ginous embolism. I9SI Spina] abscesses can be mistaken for 
other painful conditions, such as orthopedic disorders or 
traumatic reticuioperltonllls. L5a2 

II CJfjiiarJ JVrtfioiqgy and Wcidi^mpiifc Hndfngs. Radio¬ 
graphs are the best method for obtaining a definitive diagno¬ 
sis of spinal abscessatlon. A random pattern of hypedueeney 
and Increased bone density characteristic of osteomyelitis Ls 
seen in the affected vertebrae, with or without adjacent soft 
tissue mass lesions indicative of abscessation 1 ^ 76 
(Elg. 35-34]. Diskospondylltls usually results in detectable 
osteolysis In the Intervertebral joints. 1971 Occasional cases 
of extradural abscesses without radiographic evidence of os¬ 
teomyelitis have been described In calves and lambs. 33,31 
Nuclear scintigraphy can be used when the bone lesions are 
not well defined In plain film radiography. 1577 In addition, 
myelography can be used to detect the specific site of the spi¬ 
nal cord compression. 

A complete blood count (CBC) may Indicate the pres¬ 
ence of a chronic inflammatory focus. Specific changes in 
the CBC include hyperfibrlnogenemia, neutrophilia, mono¬ 
cytosis, nonresponsive anemia, and left shift. The plasma 
globulin levels are increased In adults but may be Increased 
or decreased In neonates, depending on the adequacy of 
colostra] Immunoglobulin transfer. 
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The changes Ln the cerebrospinal fluid (CSF) depend on 
she location of the abscess in the nervous system tissue and 
the meninges. Changes are present Ln CSF caudal to the 
lesion, but not cranial to the Lesion, thus, CSF should be 
obtained by lumbar puncture and not cisternal punc¬ 
ture. L?HI In most cases the abscess does not Infiltrate 
through the pachymeninges, and the CSF is normal or 
shows xanthochromia and mild increases In the protein 
concentration [CO to 120 mg/d I), with mlid lo no Increase 
in nucleated cell count, Itie CSF of animals with pachy¬ 
meningitis contains high numbers of WBCs (>100 neuiro- 
phlls/dL) and a greatly Increased protein concentration 
(>2(X) mg/dL). Tite CSF may dot after collection because 
of high concentrations of fibrinogen. Bacteria may be 
observed in a Cram-stained smear ot CSF sediment. Horses 
with spinal brucellosis may have a rising serum agglutina¬ 
tion liter or one above I: IfiOJ 373 Because of a high number 
of nonspecific reactions in equine sera, titers below 1:40 are 
considered nondiagnostic. 5 965 Horses with spinal tubercu¬ 
losis may be identified by an intradermai shin test using 
purified protein derivative or tuberculin. 1976 

IWrupJqsiofogy. Hcmalogenously derived abscesses 
arise: because of embolization of septic thrombi Into the 
metaphyseal arteries. These vessels have a sluggish blood 
flow because they become tortuous as they approach the 
physis. The metaphyseal vessels communicate with the ven¬ 
tral vertebral plexus.^ which In turn drains inlo the post cava, 
the portal vein, and the pulmonary veins. The ventral verte¬ 
bral plexus does not have valves; blood flow reverses with 
an increase in abdominal or pleura] pressure. Regurgitated 
blood from infected sites in the body cavities showers the 
vertebrae and spinal cord with bacteria. 1577 

Necropsy findings. The most common sites of Involve¬ 
ment arc the costovertebral and intervertebral articula¬ 
tions and the vertebral body epiphyses, 1966 Lumbar 
vertebrae frequently are Involved. The bone is uneven r 
deformed, and softened. The abscessed area is Inter¬ 
spersed w r Llh calcified trabeculae and pockets of necrotic 
debris. Request ration of necrotic bone may be seen In 


some cases. The meninges may he adherent Lo the 
abscessed site, and occasionally a fistulous tract may be 
seen from the center of the abscess pocket to the sub¬ 
arachnoid space. In other cases the abscess is compart¬ 
mentalized away from the CSF, but the proliferating 
bone impinges on the spinal cord. 

irea Lmercl and f’rcrenlMHi, If spinal abscessalion is 
recognized early, prolonged antimicrobial therapy generally 
Is effective. Selection of the appropriate antimicrobial 
agents should be based on the results of cultures from the 
patient's blood, urine, feces, and CSF. When bacteriologic 
culturing Is Inconclusive, a broad-spectrum antimicrobial 
should be chosen. Amikacin (7.5 lo 10 mg/kg J.M four limes 
daily) or gentamicin (I mg/kg l\i three times dally) com¬ 
bined with potassium penicillin G (10,000 lU/kg IV three 
or four times dally) should be administered. After I or 
2 weeks of this therapy, a trimethoprim-sulfonamide com¬ 
bination (2 to 3 mg/kg trimethoprim, 10 Lo 15 mg/kg sulfa¬ 
diazine PO twice dally) In horses or procaine penicillin G 
(10,000 to 20.000 Ell/kg 5C or IM dally) In cattle can be 
administered for 2 to 3 months. 

Small ruminants with cervical dlskospondylitls may 
show a good response after 2 lo 4 weeks of procaine penicif- 
Lin C (10,000 Ill/kg IM twice daily). Phenylbutazone, flu- 
nlxin meglumine, or aspirin may be administered for pain 
relief. Immobilization of the head and neck Ln a fiberglass 
cast extending from the thorax to the nose may provide sup¬ 
port to smaller patients with a cervical abscess. Surgical 
drainage of the abscess and curettage of the necrotic bone 
may be feasible in smaller animals with sufficient economic 
value lo lustify the procedure. 7 IM7 Surgical intervention 
In adult cattle and horses Is usually difficult because of the 
size of the epaxlal musculature and the inaccessibility of 
the spine In large animals. 


SPINAL TUMORS 

With the exception of lymphosarcoma, spinal tumors In 
domestic animals arc rare. Tumors reported to invade the 
spinal cord of horses include lymphosarcoma, plasma 
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cell myeloma, meningioma, ependymoblastoma, fib rasa r- 
coma, schwannoma, melanoma, carcinoma, angioma, 
angioblastoma gang) log] ioma, -and neurofibroma.™- tww 
The most common tumor of the spine of ruminants Is lym¬ 
phosarcoma, but others such as embryonal neuroectoder¬ 
mal tumors, have been reported. 2 ™- 2 ™ 3 

CNpiffti! Srgtii. 'l"he clinical signs of tumorous Invasion 
are Indistinguishable front those described previously for 
spinal fractures. The onset of the neurologic dysfunction 
varies. Some neurofibromas, melanomas, and lymphosarco¬ 
mas invade centrlpetally along the peripheral nerve rootlets, 
these patients develop slowly progressive dysfunction of 
the peripheral nerve or spinal cord, which eventually leads 
to tetraplegia or paraplegia (Hg£. 35-35 and 35-36). In rare 
cases the onset of tetraplegia in cattle with a neurofibroma 
or lymphosarcoma may be peracule and unaccompanied 
by prodromal neurologic symptoms. Lymphosarcoma has 
a predilection for the Lumbar segments of the spinal cord 
and the cauda equina in cattle over 5 years of age. A diagno¬ 
sis of tumorous spinal invasion should be considered in 
cases of progressive neurologic disease characterized by flac¬ 
cid tail and anus, dysurla, urine scalding, distended bladder, 
perineal analgesia or anesthesia, and paraparesis. Although 
most animals with spinal tumors are mature to older adults, 
Immature animals can he affected rarely, mainly by embry¬ 
onal tumors. J 9 3 


CJfnfe/iJ J 3 ir[frw/ij£r. Examination of CSF may be useful 
when the tumor has Infiltrated the cauda equina and is 
located In the Lumbosacral cistern. In these cases, tumor 
cells may be blopsied as the needle is Inserted into the lum¬ 
bosacral space. In other cases the CSF may be normal, or 
albumlnocylologle dissociation can be expected (elevated 
CSF protein with normal to mildly elevated nucleated cell 
count) with or without variable degrees of hemorrhage 
and xanthochromia. After necropsy, various immunohisto- 
chemical techniques can be used to Identity the tumor tvpe 
when routine histologic examination is Insufficient, 2 ™-™ 1 

II IfeahnenL There is currently no treatment for most spi¬ 
nal tumors of laige animals. One study reported survival of 
57 days after three treatments with l- asparaginase at 
10,£300 m/mm 2 . The body surface area was estimated using 
the following formula: 

5u-nfa.ee area (m 1 ! = Body weight^! 1 21 >; I0 b I0 4 

where ]Q b Is a constant that is routinely used for the calcu¬ 
lation of surface area In dogs. 

The nearly 2-month period of survival allowed the Inves¬ 
tigators to successfully superovulate the cow. When treating 
food animals with c.-asparaglnase, the benefits of the anti- 
meiabollte drug must be weighed against the potential for 
teratogenicity of the fetus, toxicity for humans, and the cer¬ 
tainty of relapse in the patient. 10 ^ 2 
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CEREBROSPINAL NE MATO DIAS IS 

Migration of nematodes and Insect larvae through the cen¬ 
tra [’nervous system (CMS) can cause acute CMS disease in 
all species of domestic livestock. The condition occurs in 
most countries. Parasitic agents that have been reported 
in (he CMS of horses include Micranenjii tielclrix, Hypodermn 
ihnwJLTHf. MypOfimmi bavk, Stranvyhis wlgans, Draschta mega- 
sfamfl, Stitarin species* and hydatid cysts. 21 ™-™* 1 In cattle 
the condition 15 caused principally by Setarid species and 
Hypadermn bovis. Small ruminants that share pastures with 
the w r hite-tailed deer may become infected with the menin¬ 
geal worm Farelaphcstnmgylui Jefnjj'j. 2013 -- 2015 

iTtese parasites can attack any region of the CMS, but 
most clinical cases result from lesions of the brainstem 
and spinal cord. The clinical signs are similar for all para- 
si lie CMS inflations and include tetraplegia/tetraparesis, 
paraplegia/paraparesis, asymmetric conscious propriocep¬ 
tive deficit, hyperrefiexta/arefiexLa, anesthesia or analgesia 
of dermatomes, and neurogenic atrophy. Cranial nerve def¬ 
icits may be seen if the parasites migrate through the brain¬ 
stem. Ibe following sections discuss specific parasitic 
syndromes in livestock. 


II HORStS 

StrongyJus vu/gorfs Migration 

Migration of 5, mi'grfNJ In the CMS causes two ma|or clinical 
syndromes: acute embolization of parasitic emboli and slow 
perivascular migration of Living parasites In the CMS. The 
two forms have a common pathogenesis. Aberrantly migrat¬ 
ing fourth-stage or fifth-stage larvae in the Lntima of the aorta 
or left ventricle damage the endothelium, stimulate the dot¬ 
ting cascade, and cause formation of a thrombus (hat often 
contains the parasitic larva 2020 Embolization of the throm¬ 
bus to the brain results in fulminating encephalitic signs.™ 5 
As the embolus Is degraded, the parasite migrates from the 
blood vessel ituo the CMS, resulting in the progressive brain¬ 
stem disease. The cranial brainstem (d I encephalon) is most 





CHAPTER 35 Diseases of the Nervous System 



I08f 



FIG. 35-37 r L'-ir j.il:Lk ici-ium in the br.iinxtt'cn tit j Liucjit- IIlc lirrtJiiw 
i□ llIjl. 1 1rr the major Inlaid but liIJh;t.. smaller k'lions a.™ dbcritmlfd uve t 
L litr enibcr brainstem. (CuiirtesY IJr K.IL WhiUcKi.] 


often effected, The thrombosis and migration are accompa¬ 
nied by multi focal Infarction, edema, hemorrhage, and 
necrosis 20 ® 7 (Fig. 35-37). Microscopic findings Include linear 
tracts of hemorrhage lined by neutrophils, macrophages, 
eosinophils, and reactive glial cells. Anesthesia of the hind¬ 
quarters has been described in some affected horses. 2010 
Donkeys are also susceptible to the aberrant migration. 20 ™ 
C5F changes associated with S. iwJgtfris migration in equlds 
include xanthochromia, refractive Index over 1.3353, protein 
concentration ranging from 32 to 550 mg/dl_ and Increased 
WBC count [42 to 10,000/ill.). The differential counts range 
from 70% to 30% neutrophils, 12% to 19% mononuclear 
cells, and L% lo 2% eosinophils. 


H^ocfermo Hneatum and Wypocferma bovis 
(Warble Flies) 

ffypfirferrjiii tipzaifum and H. boea are parasites that typically 
affect cattle but occasionally migrate aberrantly in the horse. 
Warble files hatch from pupae In the early spring and 
mature during the summer. The flies deposit the eggs of 
H. brrfjjJMttz on die Ups, where they hatch and are swal¬ 
lowed. The Ingested worms bumotv through die Intestine 
and along the adventitia of blood vessels until they reach 
the CMS. 20OH The flies deposit the eggs of H. bovis on the 
legs., where they hatch and burrow into the skin. The sub¬ 
cutaneous parasites then migrate as first-instar larvae to the 
spinal column, where they penetrate the epidural space 
along the peripheral nerves. 2004 Peroneal nerve paralysis 
from a incal parasitic Invasion has been reported in a 
pony. 


iWicrorrema deletrix 

Micranema deletrix is thought to be a free-living rhabdltid 
nematode that gains access to the CMS by penetration 
through the skin of the face and the lips, gums, and 
longue. 2005 -* 150 * The parasLtes migrate Into the brain 
through the vascular system and cause diffuse encephalitis. 
Kemalodes are found in the tunica adventitia and tunica 
media of blood vessels. 2005 Clinical signs of .VI delefrix 
depend on the localization of the parasite. Spinal cord Inva¬ 
sion is apparently less common than migration through the 
brainstem, cerebellum, thalamus, forebrain, and deeper 
layers of the cerebral cortex. Clinical signs include asymmet¬ 
ric ataxia, loss of conscious proprioception, depression, 
behavioral changes, propulsive walking, head pressing 


head till, circling, nystagmus, recumbency, convulsions, 
and coma. Affected animals may haw granulomatous 
masses in the mires* pharynx* and maxilla. These could he 
helpful In formulating a differential diagnosis when para¬ 
sitic migration Is suspected. CSF changes In affected horses 
include pleocytosis (25 to SO nucleated cells/pL), a normal 
Lo high protein concentration (69 to 114 mg/dL], and 
xanthochromia.- 2003 The cellular types w r ere mostly lympho¬ 
cytes and macrophages ranging from 73% to 91% ot the 
nucleated cells. Eosinophils were observed in the CSF of 
one horse. 


Droschicr megastoma 

Dniscfrpif mevastom*} has been found in the brainstem of a 
horse from the southern United States. 1011 The adult worm 
Is embedded in a pyogranulomalous lesion of the equine 
stomach, and the eggs are shed into die stomach. They 
hatch in the small intestine to form first-stage larvae, which 
are passed in the feces and ingested by the larvae of Kiasai 
files. The third-stage larvae migrate lo the mouthparts of 
the fly and are deposited on the mucous membranes of 
the host as the fly feeds. 


Sefurra 

Setnna parasites are common fllarld parasites of cattle that 
migrate aberrantly when thev Infect horses, sheep, or goats. 
These parasites have a worldwide distribution, and clinical 
cases are especially common in India and the Orient, where 
the common name for the disease Is "kiimrf (weak 
back). 2025 There are at least four Safoirw species, of which 
S. cjpilfM, 5. digilala, and 5. hibiatofkipilhsu are most com¬ 
mon. The parasite Is found In the connective tissues and 
peritoneal cavity of cattle, where It produces circulating 
microfilariae. Mosquitoes and possibly other bloodsucking 
insects become infected by the microfilariae and thus 
transmit the parasite. 2024 The parasite has a predilection 
for the spinal cord In horses. The clinical signs of reported 
cases Include hypotonic tall, bladder paralysis, ataxia, and 
conscious proprioceptive deficits. 1013 Changes In the CSF 
associated with SeLarki infestation include xanthochromia, 
pleocytosis (25 to 34 celts/dL), and a slightly Increased 
protein concentration (M14 mg/dl_}. The celts of one 
horse contained a small proportion of eosinophils and 
basophils, but this finding was inconsistent with other 
reports. 2003 


SHttP AND COATS 

Setorva 

The Infection caused by Sffririfr species in sheep and goats is 
similar to that described previously for horses. 


Porelaphostnongy/us tenuis 

Disease caused by P. tenuis occurs predominantly in sheep and 
goats of She northeastern United States and western 
Canada 101 320Lti20ia ^>i? The case-attack rate ranges from 
10% to 59%. MU The disease appears to be spreading because 
of the Increased range of the primary host, the white-tailed 
deer. Migration of the parasite In the CMS of deer is relatively 
Innocuous, but aberrant migration occurs in domestic small 
ruminants. The result of this migration is severe signs of spinal 
cord and brainstem disease.- 201,2 The life cycle of the worm is 
complex. Adult worms are found in the cranial subarachnoid 
space, venous sinuses, and spinal subarachnoid space of the 
deer, where they reproduce. 2015 Eggs are deposited into the 
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venous- blood and migrate into the lungs, where they embryo- 
nate. The larvae penetrate Into (he airways and are coughed 
into the pharynx, swallowed, and passed in the feces. They 
then penetrate Into snails and slugs. Sheep and Roars are 
infected when they eal the snails. After ingestion by the rumi¬ 
nant,. the larvae penetrate the gastrointestinal wall and enter 
the CMS hy migration along the nerve rootlets. Because of 
the complex life cycle of the parasite and the indirect life cycle 
in invertebrate hosts, the neurologic disease in sheep and 
goals is seen exclusively in late fall and winter. The pathologic 
lesions of the CNS of affected animals include asymmetric 
irregular tracts of disrupted necrotic tissue with macrophage 
infiltration. Coiled larvae occasionally may be seen in the tis¬ 
sues of some affected animals and may be excreted in the 
feces; however, these are difficult to distinguish from the lar¬ 
vae of Mullcrius worms. 

The clinical signs of F. tcnim Infection are acute. In 
untreated animals the disease is progressive, lire CSF of ani¬ 
mals with Infection contains increased 

concentrations of protein {56 So 157 mg/dL), RBCs {300 
to 4 1,000/pL}, and WBCs (17 to 700/pL). The differential 
cell counts contain a large number of eosinophils (7% 
to 97%]. 


II CATTLE 

Hypodermo bom 

After hatching, the larvae of H. bavis burrow through the 
skin and migrate along the peripheral nerves to the spinal 
canal. When the larvae reach the spinal canal, they lie dor¬ 
mant for 1 to 3 months In the epidural fat. Most of the 
larvae lodge In the lumbosacral part of the spinal cord; 
very few are found in the cervtcolhoracic region. If the lar¬ 
vae^ are killed while lodged In the epidural fat, the host 
mounts a marked inflammatory response. The swelling 
and inflammation caused by the dead worms results in spi¬ 
nal cord disease. In clinical practice these signs most often 
occur by 2 days after administration of a systemic organo- 
phosph'ate grub treatment. 201? - 3033 Other' drugs that kill 
H}tpoderma larvae in the spinal cord could cause a similar 
problem. In most of North America the grub is located in 
the epidural space between the months of July and 
October. 

'Hie clinical signs of hypodermiasis include stiffness of 
the rear limbs, ataxia, paraparesis/paraplegia, hemiparesis/ 
hemiplegia, or tetraparesis/tetraplegia. The conscious pro¬ 
prioceptive responses are greatly altered in the affected 
limbs. Reflex activity varies, depending on the level of the 
lesion In the spinal cord. 

r rhe C5F changes of hypodermiasis vary. Because of the 
epidural location of the grub, most affected animals have 
normal CSF values. If pressure changes induce vascular 
damage, CSF changes might Include mild xanthochromia 
and sight increases In WBCs and the protein concentration. 

Sefrarifl dfgj'terta 

Infection of the spinal coid of cattle by 5. dfgj'cu&j has been 
described In India. 3017 

II Dftignosfc iff Parasitic Infestation of Centra} Nervous 
System. Parasitic myeloencephalopathy must be considered 
in all cases of acute asymmetric disease of the spinal cord, 
cerebellum, or brainstem. Identification of eosinophils in 
the CSF may be helpful; however, this pattern is not seen 
in every neuroparasitic diseases. For example, Hypoderma 
infestations often are extradural, and CSF changes reflect 


only Increased pressure. The CSF of horses with acute 
S. wj/grtris migration could be normal or could show 
xanthochromia, Increased concentrations of RBCs or WBCs, 
and Increased protein concentration. 3 ™ 


II Treatment, Although severe reactions often are asso¬ 
ciated with death of the CMS parasites, administration of 
parasiticides In con|unction with heavy antiinflammatory 
therapy Is recommended. Such treatment prevents further 
migration of the parasite yet mitigates the host Inflamma¬ 
tory responses. 

The recommended treatment for neural S. vulgaris Infec¬ 
tion is either thiabendazole (440 mg/kg PO dally for 
2 days) or mebendazole (30 mg^kg dally for 2 days). 
Horses should also be given a combination of corllcosier- 
oids and NSAlDs for 10 days after administration of the 
parasiticides. 

Some experts speculate that ivermectin may be a valuable 
broad-spectrum treatment for all CNS parasitic infections. 
Hie drug has a prolonged plasma half-life after parenteral 
or oral administration (2.7 days) and may exert an anllpar- 
asitic effect for as long as 14 to 21 days after subcutaneous 
administration.. 303L - 3D33 Although Ivermectin diffuses across 
the blood-bra In barrier, the plasma concentrations after oral 
administration are low, and the drug should be administered 
parenterally lo achieve optimum efficacy. Unfortunately, sig¬ 
nificant side effects occur (0.92% overall adverse reaction 
rate) after parenteral administration to horses. 2034 - 3035 Con¬ 
sequently, until ivermectin Is proved to be effective by phar¬ 
macologic and clinical studies, alternative parasiticides 
should be considered for Initial treatment of parasitic CNS 
disease in horses. 

HYPO DERMA BOVIS. Systemic organophosphate insecti¬ 
cides formulated for oral administration or pour-on appli¬ 
cation have been recommended for eliminating H. Wei 
from the CNS. These one-time formulations include crufo- 
male (75 mg/kg as 13.5% Ruelene), tricblorfon {40 mg'kg 
PO), famphur" (13.2% I fluid ounce per 90 kg body 
weight not to exceed total dosage of 4 oz for cattle), ron- 
nel (100 mg/kg PO for cattle or horses), and Ivermectin 
0.5% solution (1 ml/10 kg). Although ivermectin kills 
the cattle grub in the subcutaneous tissues, its safety and 
efficacy in the treatment of clinical neurologic disease are 
uncertain. 

H Is important to remember that the treatment of 
affected animals with any of the systemic parasiticides may 
aggravate neurologic disturbances through release of toxic 
factors or the development of local immunologic responses 
lo the dying worms. 301 3036 Concomitant treatment with 
corticosteroids {e.§u dexamethasone, 0.1 to 0.25 mg'kg IV 
every 6 hours) I day before and 5 days after treatment is 
recommended to reduce the inflammation. Dying cattle 
grubs also release a systemic toxin that lowers blood pres¬ 
sure and causes acute dyspnea and collapse. The systemic 
toxic effects of the dying grubs can be ameliorated by con¬ 
comitant administration of phenylbutazone (4 mg'kg IV 
or PO twice daily In horsesj 10 mg/kg IV or PO once every 
36 hours In cattle), aspirin [lOOmg'kg PO lw r o or three 
limes daily for eatfle), or tlunlxln meglumine [I to 
2.2 mg'kg IV twice dally for horses or cattle). Naproxen 
(10 mg,'kg IV twice daily for horses) may be a useful alter¬ 
native So phenylbutazone therapy. 

Hypotierma Infestation can be controlled by prophylactic 
administration of the pour-on insecticides before worms 
have migrated into the nervous tissues. Itie appropriate 


■American Cyanirnid. Wayne, Nf. 
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lime for application of [he grublcide depends on the time of 
pupation and the emergence of adults. In most of North 
America ihe files emerge by k-tay, and ihe Larvae reach the 
nervous tissues by November. Therefore, prophylactic treat¬ 
ment of cattle or horses with orga nophosphorus com¬ 
pounds should be completed by August or September In 
warmer climates and October in colder areas. 

PARELAPHOSTRQNGYLUS TENUIS. A number of drugs, 
including levamlsole (7 mg'kg PO In a single dose), dlelhyl- 
carbamazlne (40 to 100 mg/kg twice In 72 hours), and thia¬ 
bendazole (250 to 440 mg/kg PO on 1 consecutive days), 
may be effective for eliminating P. feriurs from the 
CNS 2013 ' 2 * 157 Ivermectin has been administered to some 
affected goats, but only one of three treated animals recov- 
eied. 2030 'the Lack of response to Ivermectin was related to 
its poor distribution in the CN5. Administration of Ivermectin 
to animals before exposure protects them from larva 
migrans for 7 to 14 days. 2031 * All patients treated with anthel¬ 
mintics should be given corticosteroids and NSAIDs 
concomitantly. 

setawa species. Administration of a single dose of 
dlethylcarbamazine (SO to 100 mg^kg PO) may be effective 
against migrating Sefririd Larvae and adults. The drug also 
has been sTiown to be effective in preventing infection In 
sheep and goats ivhen given at 20-day Intervals (40 mg/kg 
PO) during the vector season. I’he efficacy' of diethylcar- 
bamazlne in the treatment and prevention of Sefrtrrd infec¬ 
tion In horses is unclear. As with therapy for other 
parasitic nervous system infections, patients should be given 
corticosteroids and NSAIDs concomitantly with the parasit¬ 
icide therapy. 

FIBROCARTILAGINOUS EMBOLIZATION 

Fibrocartilaginous embolization has been described In 
horses, lambs, and a calf. 2035 - 20 * 1 The clinical signs are 
those of an acute to peracute onset of myelopathy that 
usually is asym metric. Paresis to paralysis of the limbs cau¬ 
dal to the lesion occurs, as does hyper reflexla [if the lesion 
is above the brachial or lumbosacral Intumescences) or 
hypo reflexla to areflexia (If the lesion Is In an intumes¬ 
cence). Differential diagnoses that should be considered 
include traumatic Injuries and, in horses, equine herpesvi¬ 
rus infection. Other types of myelopathy usually have a 
more gradual onset and Less acute course. Lambs may 
develop diffuse tremors that resemble the truncal ataxia 
of cereoellar disease. I’he index of suspicion Is Increased 
by ruling out other causes of myelopathy, but definitive 
diagnosis usually is only made at necropsy. There Is no 
effective treatment for the condition, and affected large 
animals have not recovered. 3n dogs, bow r ever. In which a 
similar or Identical condition is common, partial to com¬ 
plete recovery over several w r eeks to months Is common 
and might be anticipated in some milder cases in large ani¬ 
mals, particularly when the signs are the upper motor neu¬ 
ron type. 2045 - 204 * 

'I’he emboli are believed to originate from the nucleus 
pulposus of the intervertebral disks and can be Identified 
histologically using an alclan blue slain. 2042 The exact 
cause or the'embolization and the associated mechanisms 
are unknown. Pressure changes or lesions associated with 
degenerative arthropathy might result In herniation of disk 
material Into the marroiv cavity of a vertebral body. From 
there the material Is hypothesized to enter the basivertebral 
veins and pass retrograde along the valveless basivertebral 
Lexus to the spinal veins, where It gains access to theverte- 
ral arterial circuit. I’he manner In which the material 
enters the arteries Is unknown, but some authors have 
postulated the presence of arteriovenous shunts in the 


vertebra] vasculature. 303 * 1 Other mechanisms proposed to 
explain embolization Include herniation of nucleus pulpo¬ 
sus Into persistent or anomalous embryonic vasculature, 
Into neovasculature formed at the site of a chronically 
degenerated intervertebral disk, or Lhrough the vertebral 
endplate via SchmorFs nodes into the marrow cavity of 
the vertebrae and then into the vascular system. Sudden 
Increases in pressure within (he disk, such as may occur 
during exercise or from trauma, may play a role in the for¬ 
mation of emboli. Once the material has embolized, the 
neurologic signs are related to swelling. Infarction, necrosis, 
and hemorrhage of the neuropil. The emboli occur exclu¬ 
sively in the brainstem, spinal cord, and cerebellum. The 
C5F of affected animals has been reported lo be nor¬ 
mal, 2040 but mild pleocytosis and elevations in the protein 
concentration coufd be expected in CSF obtained caudal to 
the Lesion In some cases. 


POSTANESTHETIC MYELOPATHY AND 
ENCEPHALOPATHY 

A sudden-onset myelopathy has been described in several 
horses and in a calf after anesthesia.J<U7-2 D&o Most of the 
horses were young and in dorsal recumbency during anes¬ 
thesia. The calf described with a similar syndrome was 
severely hypotensive during anesthesia. Paraparesis, ataxia, 
recumbency, or paraplegia occurs immediately after anes¬ 
thesia or within a feiv days. Other reported signs include 
hypalgesla and scoliosis. Lesions occur mainly in the thora¬ 
columbar spinal cord, although the cervical spine may be 
Involved, and consist of malacla predominantly within gray 
matter (poliomyelomalacial, with severe hemorrhage in the 
spinal cord parenchyma [hemorrhagic myeloma facia) In 
some cases. 

Rare cases of post an esthetic encephalopathy haw been 
described In horses. 20 ^ 1 ' 3053 Clinical signs included demen¬ 
tia, pacing and circling, cortical {"centraT) blindness, ataxia, 
bypermetrla, and recumbency, 'the onset of signi ranged 
from a few hours after recovery to several weeks later. The 
major pathologic finding In affected horses was cerebrocorti- 
cal necrosis, particularly In regions of the cortex supplied by 
terminal arterial branches {"watershed zones"). 

Although the pathogenesis of postanesthetlc myelopathy 
Is incompletely understood, it likely results from compro¬ 
mise of the vascular supply lo the spinal cord caused by 
hypotension or pressure from the abdomLnal viscera on the 
great veins (caudal vena cava, azygous vein) resulting In 
venous stasis. Similarly, systemic hypoxia, hypovolemia, 
and hypercapnia may underlie postanesthetlc encephalopa¬ 
thy 2053 Factors suspected to increase the risk of postanesthetlc 
encephalopathy Include positioning in dorsal recumbency 
during anesthesia, multiple anesthesias, endotoxemia, and 
shock. Differential diagnoses for myelopathy include ortho¬ 
pedic conditions such as limb fractures, spinal fracture, and 
myopathy secondary'to recumbency'. Differentials for enceph¬ 
alopathy include numerous metabolic, infectious, and toxic 
disorders. Prognosis for recowry' in both conditions is poor. 
I’he risk of these complications probably can be reduced by 
supporting adequate blood pressure and ventilation In 
patients under anesthesia and avoiding placing patients In 
dorsal recumbency whenever possible. 

oca PITO AT LA N TO AX IA L 
MALFORMATION 

Occiplloallanloaxlal malformation appears to consist of a 
spectrum of cervical spinal abnormalities rather than a sin¬ 
gle specific anatomic defect. 2053 It occurs in cattle, sheep, 
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goals, and horse&: 3 ' 054 - 20M At least five different types of 
affect have been reported In horses, as follows 205 
I. A heritable condition in Arabians characterized by symmet¬ 
ric allantooccipttal fusion. atlanlaLizallon of the axis, and 
hypoplasia of the atlanial wings. 2056 '- 3062 ' 20 * 5 A similar dis¬ 
order has been reported In an Arabian-cross coll 2066 
1. A nonfamlllal disease of quarter horses with spina] 
lesions similar to the lesions In Arabians* 2 ® 67 ' 2068 

3. Asymmetric malformations of the otctpitoadantoaxlal 
area in Morgan horses and standard bred foals. 2053 

4. Atlanta] duplication in Arabian and Arabian crossbred 
horses. 20 *^ 070 

5. Asymmetric occipitalization of the atlas and symmetric 
atlantalization of the axis. 

.Macroscopic pathologic lesions common to the Jive 
forms include loss or flattening of the occipital condyles* 
asymmetric flattening of the articular surfaces of the axis, 
and shortened dens. The pathogenesis of the vertebral 
defects is unknown, but the disease has been shown to be 
heritable in the Arabian horse. 207J 

The clinical signs vary considerably and range from norma] 
neurologic function with or without torticollis to brainstem 
compression, sudden unexpected death., and stillbirth-™ 53 In 
typical cases., signs of tetraplegia or tetraparesis begin at or 
shortly after birth and progress at a variable rale. Foals may 
become suddenly tetrapleglc, appear to stabilize for several 
days, but then die suddenly. 2062 In rare cases, horses may not 
show nervous system signs until 3 years of age. 2061 

The signs are symmetric In most affected animals and 
include conscious proprioceptive deficits, tetraplegia, hyper- 
reflexla, and hypertonia. Some affected animals may show a 
reluctance to move the neck and head and resist vigorously 
when the proximal cervical area is passively flexed. A clicking, 
creaking or crepitation may be palpated over the cervical 
spine when the head Is moved, 105 3 - 2057 Animals with asym¬ 
metric bone lesions often show torticollis, whereas patients 
ivith symmetric lesions hold their heads in extension and 
frequently display the "weather vane 1-1 attitude. Neurologic 
deficits may not be seen despite moderate torticollis. 

The bone lesions are readily apparent on radiographic 
examination (rigs. 35-3B and 35-39), and computed tomog¬ 
raphy (CT) can further elucidate the anatomic abnormal¬ 
ities. " Affected animals may show sub luxation of the 
atlantoaxial joint, ventral displacement of C2 in relation 1o 


Cl, nonunited ossification center of the dens, shortened or 
elongated dens, shortened transverse process of the atlas, 
fusion of Cl with the occipital condyles, atlantal duplication, 
and deviation of the basilar bone. 207 - 2 In sheep, additional 
malformations of the cervical vertebrae haw been seen 
concomitantly. 

Some suggest that treatment could include surgical 
fusion of the atlantoaxial |olnts, with or without a lamlnec- 
lomy. 2053 ' 2063 ' 2072 " 2 ® 75 Laminectomy alone has been used 
to alleviate spinal cord compression and clinical signs 
caused by occtpitoatlantoaxial malformation. 2076 However, 
long-term results of surgical Intervention have been poor, 
with neurologic deficits persisting. Closed reduction of the 
luxated atlantoaxial joint has been similarly unsatisfac- 
tory. 20 ^ 7 - 2077 Arabian horses should not be treated because 
of the hereditary nature of the disease In that breed. 

SYSTEMIC NEUROAXONAL DYSTROPHY 

Systemic neuroaxonal dystrophy Is seen In purebred Suffolk 
slieep. 2076 The animals are born normal but show a hind- 
limb ataxia beginning at 1 to 5 months of age. The disease 
is progressive, and eventually the animals become recum¬ 
bent and either die or are euthanized after B to 10 weeks. 
Pedigree analyses have indicated that an autosomal reces¬ 
sive trail may be responsible for the condition. The pathol¬ 
ogy of this disease Is characterized by numerous focal 
axonal swellings in gray matter and adjacent white matter, 
particularly In areas of the spinal cord and brainstem 
involved in conscious proprioception (dorsal and interme¬ 
diate horn gray matter in spinal cord, various nuclei in 
medulla and caudal mid brain). A condition that Is clinically 
and pathologically similar to systemic neuroaxonal dystro¬ 
phy has been described in 4- to 7-month-old Merino 
lambs. W* 

WEAVER SYNDROME (BOVINE 
PROGRESSIVE DEGENERATIVE 
MYELOENCEPHALOPATHY) 

Weaver syndrome is a progressive hereditary C.N5 disease of 
5- to IQ-month-old Brown Swiss and Angler cattle. 1 
The disease has been reported In the United States, Canada, 
Denmark, and Switzerland. The incidence of weaver 
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syndrome In some countries may be as high as 563 per 
100,000 registered Brown Swiss cattle, ana^das -j^ e dj seas£ 
affects both genders, but males are affected more often than 
females. 2032 

Affected animals develop clinical signs between 5 and 
8 months of age. The animals are easily pushed around by 
herdmates and show marked proprioceptive deficits when 
forced to move. The clinical signs worsen until the animals 
become recumbent by IB to 36 months of age. 20601 - 303,1 - 2035 
The pelvic limbs are most severely affected. Specific signs 
include tveakness, ataxia, conscious proprioceptive deficits 
(circumduction, crossing over, Interference, knuckling), mus¬ 
cle tremors, and recumbency. In early stages, attempts to 
move rapidLv may result in cessation of movement of gait in 
she hind! I mbs while the animal continues to pull with the 
forellmbs* causing the hind Li mbs to be pulled too farcaudally. 
Some animals may show varying degrees of hypermetria 
(""goose stepping" gait) in the limbs. The spinal reflexes and 
cranial nerve function are normal. Anestrus in females and 
aspermatogenesis of affected bulls have been described.- 3035 
The disease Ls progressIve and leads to Irreversible recum¬ 
bency'. The sensory' nerve conduction velocity' is reduced In 
affected calves, but motor nerve conduction velocity Ls nor¬ 
mal. Electromyograms and electroencephalograms are normal 
in affected calves. 3033 The CSF of affected cattle may show 
an increased concentration of protein {0 to 127 mg-'dL) and 
creatine pbosphokinase [2 to S9 mg^dL). 3037 

Except for muscular atrophy of the pelvic limbs (In long¬ 
standing cases), the small ovaries, and hypoplastic testicles, 
macroscopic lesions are not seen. 2DS2 - 2I3BB - 2aBS Although 
severe muscular changes are not observed, ultrastructural 
studies of muscle from affected cattle support the 


hypothesis dial myopathic changes are a significant fea¬ 
ture of bovine myeloencephalopathy, 10 * 10 - 2031 The primary 
microscopic abnormalities include degeneration of the 
rubrospinal spinocerebellar tracts, particularly In the ventral 
funiculi of the thoracic spinal cord. The lesions include axo- 
nai degeneration, vacuofatlon of the white matter, spher¬ 
oids, phagocytosis of myelin debris, gliosis, and status 
sponglosus, 2032 Axonal swellings have been observed In 
the brainstem nuclei and medulla oblongata. An uitrastntc- 
lural study has shown a reducilon of the height of the para- 
membranous densities of the synaptic junctions of affected 
cattle, 14 * 12 Indicating Impairment of transmitter releases, dys¬ 
function of the synaptic endplates, or losses of specific cell 
populations from the motor cortex. Other ultrastnictural 
changes Include axonal swelling and vesiculadon, swelling of 
the mitochondria of the Schwann cells, and membrane-bound 
vesicles. 2065 ' 2093 Cerebellar lesions Include degeneration and 
loss of rurklnje's cells and swelling of Puiklnje cell axons. 20 ^ 

The disease is thought to be transmiued by a simple auto¬ 
somal recessive trait. Apparent association between the 
weaver condition and genetic predisposition for high milk 
yield would favor retention of weaver carriers In situations 
of Intense genetic pressure for production. 34Hi A genetic test 
Ls available for this disease. 2093 Carrier bulls Identified by 
the American Brown Swiss registry are designated by the suf¬ 
fix J, W" as an Integral part of their registry name. 3 ™ 

PROGRESSIVE SPINAL MYELINOPATHY 
OF BEEF CATTLE 

Spinal myelinopathy of beef cattle has been reported In 
Australia, 2057 The condition occurs mainly in animaLs of 
the Murray Grey breed and Ls inherited in an autosomal 
recessive manner. 20 ' 93 Most of the affected animals are 
unable to stand at birth. Less severely affected calves usually 
exhibit severe conscious proprioceptive defects. The muscu¬ 
lar tone of the hindllmbs is Increased. The condition is pro¬ 
gressive, and affected animals die or are euthanized by 12 
months of age. 

The pathologic changes are restricted to the spinal cord 
white matter, with swollen axons, dilated myelin sheath, 
wallerlan degeneration, and ballooning of the axonal 
sheaths. There Is mild chromatolysls. The animals have nor¬ 
mal hepatic copper concentrations, Indicating that the con¬ 
dition Ls not related to enzootic ataxia . 1057 

BOVINE SPINAL MUSCULAR ATROPHY 

Bovine spinal muscular atrophy (SMA] Ls a heritable disor¬ 
der of Browm Swiss cattle, certain breeds derived from the 
Brown Swiss (e.g., Braunvleh, Red Swiss), and llolsteln- 
Frleslans. 205 * -2 ' 03 Most affected calves appear normal 
Immediately after birth but within a few weeks develop 
severe weakness and rapidly progressive muscle atrophy, 
particularly affecting proximal musculature. Calves deterio¬ 
rate rapidfy; most become recumbent and develop bron¬ 
chopneumonia. SMA is characterized pathologically by 
degeneration of motor neurons in the ventral horn of the 
spinal cord gray matter {equivalent to human anterior horn 
cells). Pathology Ls most severe in the brachial and lumbo¬ 
sacral plexuses but occurs throughout the spinal cord. 
Abnormalities Include neuronal loss, swelling and accumu¬ 
lation of phosphorylated neurofilaments, and neuronopha- 
gla. 2]04 r lhese findings suggest that neuronal degeneration 
In SMA Is a consequence of necrosis rather than apopto- 
s j s _2 ioi-jlbj Sensoiy neurons are unimpaired. 20 "- 2105 The 
SMA-delerminlng gene has recently been mapped to chro¬ 
mosome 24 in Brown Swiss cattle, sLmllar to the equivalent 
gene In humans. 2J0d - 2J07 Bovine SMA is inherited as an 
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autosomal recessive trait.Although this condition 
resembles weaver syndrome, the two diseases can he differ¬ 
entiated clinically. Signs of spina] muscular atrophy usually 
are first seen between 2 and 5 xveeks of age. Calves with 
weaver syndrome first show signs at 5 months of age. Ihe 
degree of muscular wastage Is much greater in calves with 
spinal muscular atrophy than with weaver syndrome.- 3LM 
SMA also must be distinguished from the dysmyellnation 
described in Braunvieh and Brown Swiss-Braunvleh calves 
(see nest section). 

SPINAL DYSMYELIN ATION OF BRAUNVIEH 
AND BRAUNVIEH-CROSS CALVES 

A congenital spinal condition characterized by dysmyelina¬ 
tion of the dorsal tracts of the spinal cord has Beeri described 
in Braunvieh-Brown Swiss crossbred calves. 1|i[W Test matings 
have shown that the disease Is Inherited In an ausosomal 
recessive manner. 2110 Calves are recumbent from birth.. They 
have a coarse tremor of the head, neck, and body xvhen stimu¬ 
lated and generalized muscular atrophy. Necropsy findings 
included deficient myelin production and demyelination of 
the dorsal sensory tracts of the spinal cord. The neurons of 
these calves are normal w r hich differentiates the condition 
from weaver syndrome and spina] muscular atrophy. A simi¬ 
lar condition was described In purebred Braunvieh calves; 
recumbency from birth, opisthotonos, and muscular spastic¬ 
ity mih increased reflexes were present In affected calves. 2111 
Bilaterally symmetric reduction of myelin w r as found in the 
spinal cord. 

MYELOPATHY IN HOLSTEIN-GIR CALVES 

A single report describes a myelopathy in Holslein-Gir 
calves in Brazil. 2112 Calves were normal at birth but devel¬ 
oped quadrlparesls and ataxia at about 3 months of age, 
becoming recumbent within J to 1 weeks after onset of 
signs. All died from respiratory complications within a few 
weeks. Nervous system lesions were confined to the spinal 
cord in all except one calf examined; findings were consis¬ 
tent w r lth a dying-back neuropathy. Lesions were broadly 
symmetric bilaterally and not limited to any specific tracts 
within the cord. In one calf, small glial noddies were found 
in the basal nuclei and medulla. Both male and female 
calves were affected, and all were offspring of a single Hol¬ 
stein bull, supporting a genetic but not sex-linked basis for 
this disorder. 

NEUROPATHY, MYOPATHY, 

AND GLOMERULOPATHY OF 
GELBVIEH CATTLE 

A disorder affecting peripheral nerves, spinal cord, 
kidney's, and muscles has been described in a small num¬ 
ber of Gelbvieh calves. 2m - 2J u Animals present with pro¬ 
gressive ataxia, stiffness, and weakness at a few r weeks of 
age to slightly over 1 year old. Signs may start in the rear 
limbs but progress over weeks to months to affect ah limbs. 
Animals may become recumbent but remain bright, with a 
good appetite. Muscle atrophy Is frequently observed, as 
are flaccid paresis, hyporeflexla, and decreased ana] 
tone. 3 L14 [ lypalgesia to analgesia may be present in affected 
limbs. Signs of cranial nerve dysfunction are rare. Protein¬ 
uria Is the most consistent abnormality of clinical chemis¬ 
try, whereas other changes, such as neutrophilia and 
elevated serum creatine kinase, are variable and may relate 
to secondary' problems (e.g., muscle damage when recum¬ 
bent). Histologic alterations Include degenerative changes 
in peripheral nerves and spinal cord [particularly dorsal 


columns), renal lesions described as "'interstitial nephritis" 
or "glomerulopathy," and variable myopathic changes 
(e.g., necrosis, fibrosis, atrophy). Vascular lesions also have 
been described. 2113 Controversy surrounds the relative 
severity and Importance of neuropathy, myelopathy, and 
myopathy, but all agree that all these tissues are involved 
and that renal lesions are prominent. Studies of potential 
toxicides or nutritional deficiencies w'Lthin affected herds 
lend not to support these etiologies, but rather suggest that 
this Is a heritable disorder. The exact mechanism of Inheri¬ 
tance and the molecular basis for this disease have not been 
elucidated. No treatment has been described, and the prog¬ 
nosis appears to be poor. Prevention likely would involve 
changes In breeding management. 

PROGRESSIVE ATAXIA 
OF CHAROLAIS CALVES 

Progressive ataxia occurs In purebred and crossbred Cha¬ 
rd a Ls calves of both genders between 6 and 36 months 
of age. 2115 - 2120 The condition has a worldwide distribu¬ 
tion. Affected calves develop posterior paresis and become 
recumbent by approximately 2 years of age. The disease is 
thought to be caused by a recessive genetic defect. Prelim- 
inarv studies to locale the defect In the gene coding for 
myelin basic protein have been reported.- 121 The clinical 
signs begin with posterior ataxia and end In Lateral recum¬ 
bency'. Other neurologic signs of progressive ataxia 
include stiffness of the neck, aggressiveness, dragging of 
the rear toes, stumbling, and loss of conscious propriocep¬ 
tion (abduction, knuckling, circumduction, abnormal leg 
placement at rest). 2122 In the initial stages of the disease, 
the gait deficits worsen with exercise and Improve after a 
period of rest. Muscular tremors or a JerkJng movement 
of the limbs and tail may be seen when the affected ani¬ 
mal attempts to rise. 21I7 - 2123 Some animals may be found 
down acutely and primarily show signs of central vestibu¬ 
lar disturbance.- 3122 Head bobbing may be observed, but 
affected animals have no other signs of brain involve¬ 
ment. Difficulty In assuming and maintaining a urination 
posture and prolonged pulsatile micturition are character¬ 
istic abnormalities in affected animals. Jl 15 2119 - 2114 The 
major pathologic lesion Is eosinophilic plaques In the 
white matter of the brain. Plaques also extend into 
the w'htte matter of the cerebellar folia and peduncles. 
Illtrastructural changes include hypertrophy of oligoden¬ 
drocytes and dysmyeli nation. 2125 These lesions, which 
have been characterized as an oligodendrogjal dysplasia, 
are almost unique to this particular disease of Charolais 
cattle, although similar pathology has recently been 
described in dogs. 212 * 

SPASTIC PARESIS (ELSO HEEL) 

Spastic paresis is characterized by marked asymmetric spas¬ 
ticity and hypertonia of the rear Limbs. The etiology' is 
uncertain; it may be genetic. Breeds in which the condition 
has been recognized include the Holstein, Brahman, Angus, 
shorthorn, Charolais, Sim mental, Red Danish, crossbred 
shorthorn, Gelbvieh, Ayrshire, polled Hereford, Hungarian 
red spotted, Kankrej, Belgian b]ue, and other rare European 
breeds. 212T - 2J39 The clinical signs of this condition are clini¬ 
cally similar to Inherited periodic spasticity {see next sec¬ 
tion), except that spastic paresis Ls seen in young animals 
(onset at 3 weeks So 1 year of age) and occurs at all times 
when the animal stands. 2127 - 2130 in comparison, inherited 
periodic spasticity occurs in adults in episodic fashion, with 
normal gjait between episodes. Spastic paresis has been 
recognized in pygmy goats.- 2140 
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II Ciiniatl Sigiii. Spastic paresis is characterized by inter¬ 
mittently Increased extensor tonus in the pelvic limb as the 
animal attempts to walk. J,2r - 2L3l ' 2l3C JI41 The gastrocnemius 
and superficial digital extensor muscles are spastlcally con¬ 
tracted in all calves, whereas the bleeps femorls, adductor, 
quadriceps, semitendlnosus, and semimembranosus muscles 
are less often affected. 212321 1 1 - 2J4L - 3142 I’he extensor tone is 
normal when the calf is recumbent and relaxed but becomes 
excessive when the animal stands and attempts to bear 
weight. 'I’he excessive extensor motor activity results In an 
inability to flex the hock during protraction of the pelvic 
limb. To prevent the toes from dragging the limb Is circum¬ 
ducted, resulting in a pendulum -like motion 2143 At rest the 
limb is held stiffly abducted and Is repeatedly circumducted. 
The fool is held off the ground, and the gastrocnemius mus¬ 
cles appear to be underdeveloped. The tall is elevated from 
the Ischiorectal fossa as the animal attempts to move. Eventu¬ 
ally there is atrophy of the hindquarters. The spasticity is pro¬ 
gressive, and affected animals experience difficulty rising and 
grazing If untreated,, the animals are stunted and usually are 
culled. 

I’he excessive pull of the extensor tendons produces 
radiographically detectable changes in the bones of the 
hock, including osteoporosis, lipping of the dorsal aspect 
of the tlblal epiphysis, plantar displacement of the proximal 
part of the tlblal diaphysis and epiphysis, and excessive 
straightening of the tuber calcls. 3121 -- 3 ’ 28 - 2143 

I’he etiology and pathogenesis of spastic paresis are 
unknown. Some investigators have documented the pres¬ 
ence of subtle demyellnating lesions of the red nucleus 
but were unclear about the contribution of these changes 
to the clinical syndrome . 2112 - 2134 Changes observed In 
affected calves include nonsuppurative encephalitis and 
reduced concentrations of dopamine and 5-homovanilllc 
acid in the cerebrospinal fluid. 23JJ There are no histologic 
or biochemical alterations of the myofibrils.- 3145 Neuropbar- 
macoLogtc studies have Indicated that the disease may be 
related to overstimulation of the gamma motoneurons of 
the spinal cord. 2JJ6 A genetic basis for the disease has been 
postulated because affected offspring lend to have a com¬ 
mon paternity 3 L27 - 3l3a - 2132 ; however, breeding experiment 
and progeny'evaluation of cattle have not demonstrated 
herltability. I’he condition has been seen In female calves 
only. In one case, and occurred in a single year; calves with 
the same parentage born in previous and subsequent years 
w r ere not affected, and calves In the same environment but 
w r l(h different parentage were unaffected. 3133 This suggests 
that a conjunction of environmental and genetic factors 
may determine disease pathogenesis. Consequently, some 
authors do not recommend culling a bull merely because 
an offspring has developed the condition, 2 ' 4 ^ whereas 
others disagree with this recommendation. 2146 


II Treatment, Surgical techniques for correction of the 
spasticity Include sectioning of the spinal afferents at seg¬ 
ments L4 through L6, neurectomy of the tibia! nerve root¬ 
lets supplying the medial and lateral heads of the 
gastrocnemius muscle, and superficial digital flexor tenot¬ 
omy proximal to the tuber calcls 2J29 - J4L -- 2i4? - 3l5J The 
tenotomy procedure Is performed by incising proximal to 
the tuber calcis and transecting the superficial head of the 
gastrocnemius tendon completely (this tendon twists 
around (be superficial digital flexor tendon from medial to 
lateral, coursing dlstally) and partly nicking the superficial 
digital flexor tendon 2l5D - 2152 

To perform a tlblal neurectomy, an incision Is made In 
the groove separating the heads of the bleeps femoris. The 
tlblal nerve is identified as the more caudal of the branches 



off the Iscblatlc nerve. Some surgeons have recommended a 
concomitant sectioning of the caudal cutaneous sural nerve. 

Success rates of S2% for the neurectomy technique and 
40% for the tenotomy procedure have been reported. 214 ^ 351 
Although recurrences'may be common, some authors found 
high rates of sustained improvement over several months 
with the neurectomy technique. 3149 Results are poorer when 
animals under 1 months of age are treated. 

Despite the reported success of these procedures, these 
treatments are not routinely performed Ln most countries 
because of the possible herltability of the condition and 
the need for specialized Instruments and general anesthesia. 
Administration of lithium gluconate (4 g/100 kg IM dally 
for 10 to 30 day's) is reportedly efficacious when used to 
treat calves in the early stages of spastic paresis. 2135 

INHERITED PERIODIC SPASTICITY 
(CRAMPY SYNDROME; STRETCHES; 

BARN CRAMPS; KRAMPFIGKEIT) 

Inherited periodic spasticity' Is seen frequently Ln Holstein, 
Ayrshire, Jersey, Brown Swiss, and Guernsey cattle of either 
gender 2]54 Beef cattle are rarely affected, The condition is 
thought to be transmitted by a single autosomal recessive fac¬ 
tor. 213 ^ Affected cattle are normal until they reach 3 to 7 years 
of age, when they develop marked muscular spasms of the hip 
and upper limb. 3134 An earlier onset was reported Ln a Here¬ 
ford bull. 2156 The disease Is mild for the first 2 to 3 years but 
progressively worsens over time. Eventually, affected animals 
are culled early because of weight loss or chronic foot pro¬ 
blems. Specific pathologic changes are absent at necropsy . 2157 

CJJrrfftrf Signs. During the attack the leg may be held 
spastlcally In flexion, but more often it is held In rigid exten¬ 
sion. I’he attacks are episodic, which differentiates them 
from the spasms of spastic paresis. The two diseases are oth¬ 
erwise similar Ln appearance. Each spasm Is accompanied by 
kyphosis, which initially Lasts 15 to 30 seconds and often is 
terminated by a fine tremor in the hindquarters or the digit. 
The Intensity and duration of the spasms progressively 
Increase over time. Both hind!hubs are affected. During a 
spasm the animal usually extends or flexes only one Leg at 
a time. Some animals with advanced disease arch the neck 
and back dorsally and lift the contralateral forellmb during 
an attack. 3154 At first the signs appear to typify a response 
to a painful focus, and affected animals may be misdiag¬ 
nosed as having lamlnitis, colic, or peritonitis. Gait and 
proprioceptive responses appear normal. 

H Treatment. There Is no specific treatment for periodic 
spasticity, although mepbenesin has been recommended, 
at a total 3-day dosage of LOO to 120 mg/kg orally. 
Although the pharmacologic effect of mephenesln lasts only 
6 to & hours, severe symptoms were reportedly reduced for 
as long as several months after a single course of ther¬ 
apy. 3155 Methocarbamol also has been recommended, but 
reports of efficacy are anecdotal only. 

DODDLER SYNDROME (HEREDITARY 
LETHAL SPASMS) 

Doddler syndrome Is a rare congenital Lethal trait of Jersey 
cattle. 3159 'I’he calves are down but appear bright and alert 
and usually are able lo suckle. When stimulated, thev 
develop severe intermittent spasms of the head and neck 
and convulsions. The animals can stand with assistance 
but are very ataxic and fall easily. p rhey have a severe head 
tremor when forced to stand. The signs improve when the 
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animal is allowed lo rest but worsen again with restimula¬ 
tion. 2160 Calcification of multiple neurons and small vessels 
in the brainstem and cerebellum Is observed ai necropsy. 
The condition probably Is Inherited as a lethal autosomal 
recessive trail. 

CONGENITALVERTEBRAL ANOMALIES 
(SPINA BIFIDA; BUTTERFLY VERTEBRAE; 
HEMIVERTEBRAE; ARNOLD-CHIARI 
SYNDROME} 

A large number of spinal deformities have been reported in 
domestic livestock Including the following: 

■ Spina bifida. Failure of closure of a vertebral neural arch; 
spina bifida usually occurs concomitantly with one of 
she forms of myelodysplasia. 21 G1 - 2162 

■ Sphru frrfj'dfl cysfrca. Spina bifida associated with a cerebro¬ 
spinal fluid cyst at the site of the bony defect. 

■ JfemiuOTtfibm A unilaterally incomplete vertebral segment; 
spina bifida and hemiveflebrae have been described in 
calves, and spina bifida also has been reported In sheep 
and foals. 2161 - 2 

■ Amold-Gfefcirf sytrdrjtjre. A complex disorder that occurs in 
lambs and calves 2171 and Is characterized by a number of 
pathologic changes, Including herniation of cerebellar tis¬ 
sue through the foramen magnum, caudal overgrowth 
and displacement of the brainstem, Internal hydrocepha¬ 
lus, poly microgyria of the cerebral cortex, malformation 
of the base of the skull, and enlargement of the foramen 
magnum. The strong correlation between the occurrence 
of spina bifida and Arnold-Chiari syndrome of calves 
indicates that the pathogenesis of the two conditions 
may be Interrelated. 2161 -^ i 

Animals with spina bifida may be asymptomatic or may 
show paraparesis and paraplegia or tetraparesis and tetra¬ 
plegia. If the spina bifida Is associated with syringomyelia, 
the calves may have a peculiar '“rabbit hopping 1 " gall, lire 
clinical signs often are present at birth or develop in the first 
2 postnatal months. 2166 - 2173 Kyphoscoliosis and abnormal¬ 
ities of the rib cage may be seen at birth In some ani¬ 
mals 2163 The skin over the abnormal vertebrae may be 
smooth and hairless. When examined microscopically,' this 
tissue resembles meninges or ependyma. 21 2 165 

Spina bifida and hemivertebrae are easily diagnosed by 
examination of plain radiographs. The specific site of cen¬ 
tral nervous system stenosis can be detected by performing 
a myelogram! Itie etiology of spina bifida Is unknown, 
but some suggest that it may have either genetic 3 J63 - 2LA5 
or toxic etiologies. 2172 - 2174 

Arthrogryposis occurs secondary to the spinal cord 
changes. Spina bifida and myelodysplasias are not the only 
causes of arthrogryposis, however, and clinicians should 
attempt lo differentiate between these and other diseases 
that interfere in utero with motor neuron development in 
the spinal cord. Nongenetlc arthrogrypollc conditions of 
cattle include perosomus elumbis, hydranencephaly, man¬ 
ganese deficiency, and ingestion of lupines or Niccfj'iUid 
gfriucd [40 to (SO days of gestation). 2175 - 2179 
See also Chapters 5 L and 52. 

MYELODYSPLASIAS (SYRINGOMYELIA; 
SPINAL DYSRAPHISM; HYDROMYELIA) 

The following Ivpes of myelodysplasia occur In live¬ 
stock 2130 - 21112 : 

I. Spj'fM/ dysraphism. A general term denoting arrested devel¬ 
opment of the spinal cord before complete differentia¬ 
tion of gray ana w r hlte matter; the areas of agenesis 


form longitudinal cystic structures instead of differen¬ 
tiated nervous tissue. 

2. Syringomata, Longitudinal canalicular cavitations of the 
spinal cord. 

3. HydrcmyeJfci. Abnormal dilation of the central canal. 

4. Djristimatoffiyrifa, Duplication of the gray matter at one 
or more segments. 

5. Uflcfri'sdtj'siii. Complete failure to close the neural tube; 
the central canal remains open and communicates with 
the Integument. 

6. .MetriVreacWe. Elernlatlon of the dura mater through a spi¬ 
nal column defect. 

7. Herniation of the meninges through a 
splnafcolumn defect and a concomitant myelodysplasia. 
Myelodysplasias are most often seen In Charolais calves, 

in which the condition is associated with palatoschisis and 
arthrogryposis. 2160 - 2163 p rhe condition has also been recog¬ 
nized in 5-month-old thoroughbred foals and an Arabian 
foal. 2 J ® 4,2 ]® 5 

I’he neurologic deficits of myelodysplasia are difficult lo 
differentiate from other spinal diseases unless the disorder 
is accompanied by spina bifida. Clinical recognition of 
myelodysplasia usually is based on the historical findings 
of paraplegia in a newborn calf without radiographic evi¬ 
dence of spinal fractures and with no myelographic evi¬ 
dence of spinal cord compression. 

COYOTILLO POISONING (TULLIDORA 
TOXICITY, BUCKTHORN FRUIT 
POISONING) 

Ingestion of the fruit of the coyotillo plant, Kdnjrtnskfd Jjiun- 
by domeslLc animals produces a stiff stilted gait, 
hypotonia, and hyperreflexta to areflexla. 3IS6,21 ® 7 The con¬ 
dition occurs In the southwestern United States. The neuro- 
toxin Identified In and purified from the plant Is called 
"tullldora 1 ' 1 toxin, after another name for the plant Itself. 3 
Goats are susceptible to the effects of the intoxication. Dally 
doses of the fresh plant amounting to 0.04% to 0.05% of 
the body weight are sufficient to produce neurologic signs 
by 60 days. The intoxication results In a peripheral poly¬ 
neuropathy characterized by degenerative changes In noth 
axons and myelin. 3Iaa - 2139 Higher dosages may result In 
neuroaxonal dystrophy characterized by axonal stvelling 
and gliosis. Experimental studies in small animals have 
revealed that the plant toxin exerts effects both on the 
Schwann cell and peripheral motor neurons, bul not on 
sensory neurons. 2190 It Induces a reversible inflammatory 
polyneuropathy with segmental demyellnatlon and also 
decreases fast axonal transport . 219 '-i mi 

CYCAD PALM POISONING 
(ZAMIA PARALYSIS) 

Ingestion of the palm cycad Cycas cirtinaiis L„ ftocuenfc rerjjj- 
fdCti, AJcrcjrauttij'd and Cyau media Is associated with 

the development of posterior paresis in cattle and 
sheep. 2193 - 2195 The condition is seen exclusively in the trop¬ 
ics. The toxic principles of the cycad palm are glycosides 
and meihylazoxyme&hanol (aglycone). l’he clinical signs 
include curvature of the spine, elevation of the tallhead, 
paraparesis, and paraplegia. The anal sphincter and tall tone 
are normal. Cattle develop ataxia by 50 day's after feeding of 
the plant [3.9 kg wet weight total intake). The cerebrospinal 
fluid of affected cattle is normal. The pathologic lesions 
include demyelination, spheroids, and cavitation of the 
spinal cord white matter. Changes relating to hepatic dis¬ 
ease have also been reported. 2196 These lesions Included 
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CMgrilallve centrilobular hepatic necrosis, icterus, and pete¬ 
chial hemorrhages or the serous surfaces. Poisoning by 
i\-ia£sviam in refiner can cause death from hepatic failure 
without signs of neurologic disease. 2 ^ 7 

ACQUIRED TORTICOLLIS 

Primary acquired torticollis with or without neurologic dis¬ 
ease occurs in all species of domestic Livestock. Causes 
include fracture or subluxiitLon of the cervical vertebrae, bas¬ 
ilar skull fractures, dystrophic muscle degeneration, unilat¬ 
eral cicatricial muscular contracture from infections, 
luplnosLs, traumatic rupture of the cervical muscles, hydran- 
encephaly, asymmetric neurodegeneralton, and congenital 
vertebral deformity. 2lflH - 22D - Calves w r lch torticollis have a 
deviated head and neck. One study hypothesized that phys¬ 
ical constraint of late In utero development by narrow r tips 
of uterine horns caused acquired torticollis and a variety 
of other deformities, such as head scoliosis and limb mal¬ 
formations, in more than 200 foals. 2301 Draft horses may 
be predisposed to this problem, which frequently results 
in severe dystocia In horses. Provided the spinal cord is 
intact, no neurologic deficits result. 

Treatment of traumatic torticollis should be directed at 
reducing the edema, relieving pain, and Immobilizing the 
damaged structures, h-luscular tears maybe treated by incor¬ 
porating the head, neck, and proximal thorax in a fiberglass 
cast. Ancillary supportive treatment may include dexametha- 
sone (0.04 to O.OS mg/kg dally for 2 to 3 days), methocarba¬ 
mol (3 mg/kg IV daily for 5 days), and NSAIDs (e.g., 
phenylbutazone PO or IV or flunixin meglumine IV for 3 
to 5 days after Injury). A method of surgical correction of cer¬ 
vical muscle contractures using a muscle-splitting procedure 
has been described 220J ; however, this seems unnecessary 
because most animals recover w r ith only medical treatment. 
When torticollis Is the cause of equine dystocia, delivery of 
the foal by cesarean section often is followed by rapid and 
complete anatomic and functional recovery. 2205 

TETANUS (LOCKJAW) 

Definition unit Ltto Jugy. Tetanus Is characterized by mus¬ 
cular rigiditv and death from respiratory anest or convul¬ 
sions. "ITie disease is caused by the exotbxins produced by 
the anaerobic, spore-forming, gram-positive bacterium Cfui- 
rricfj'urjj feftmj. Tetanus has a worldwide distribution, and all 
species of domestic livestock are susceptible. The bacterium 
Is typically isolated from the bowel contents of herbivores, 
but fecal contamination is considered to be only partly 
responsible for soil contam I nation . 22m 'lire agent also can 
be found In din with no documented contact with domestic 
Livestock.. This indicates that C retain' should be considered a 
primary soil contaminant. Tetanus usually is a disease of 
individual animals; however, herd outbreaks of tetanus after 
tail docking or castration have been described. 22 ®- 2207 Dur¬ 
ing outbreaks of tetanus. C. teUmi Gin be Isolated from the 
feces of a large proportion of the cattle, Indicating that In 
some cases the disease may be caused by proliferation of 
t fefrmt in the patient's gastrointestinal tract. 2 3207 

i Gftorirdf Signs. The incubation period of tetanus varies 
and depends on the size of the wound, the redox potential 
in the contaminated tissue, the number of bacteria Inocu¬ 
lated. and the host's antitoxin liter. In most susceptible 
animals the signs occur from 2 weeks to 1 month after 
I he bacteria] inoculation. During the first 24 hours, horses 
may develop Intractable colic, and ruminants may 
bloat. 2203 The first signs in some animals may he a vague 


stiffness and lameness of the infected limb, which are 
related to a local effect of the absorbed toxin (localized 
tetanus). By 24 hours, generalized spasticity usually is evi¬ 
dent. Affected animals display a stiff gall and an extended 
head posture . 1 209 The hypertonia is most evident In the 
antJgravity muscles. T hus the limbs are held in a character¬ 
istic posture that resembles the Legs of a sawhorse (saw¬ 
horse stance). Hie lips are retracted toward thepoll, and 
the ears are pulled slightly down and caudal. Tne fall is 
elevated from the ischiorectal fossa. There Is excessive 
muscle tone of all facial musculature. The laws are 
damped tightly shut (trismus), and the legs are held rig¬ 
idly extended. 

Muscular spasms can he elicLled by auditory, ocular, or 
tactile stimulation. The limbs and head are very resistant to 
passive flexion. Retraction of the eye and a rapid flashing of 
the third evelld across the cornea occurs after a menacing ges¬ 
ture or a slap over the neck. 2203 - 2210 This sign Is more consis¬ 
tently observed in horses than In ruminants. Aspiration 
pneumonia may develop as a result of Impaired deglutition. 
Severely affected animals become recumbent and Lie on their 
side with the head and kgs In full extension and the ears held 
almost parallel to the thoracic spinal cord (Fig. 35-40). Pro¬ 
gression of the disease Is associated with Increased tonic 
muscular activity, which results in pyrexia In all species and 
profuse sweating In horses. :2a7 - 22JI Frothy saliva accumu¬ 
lates at the commissures of the lips because the animals are 
unable to swallow, and respiratory Incursions whip the 
mucinous saliva into a foam. The respiratory muscles (dia¬ 
phragm and Lnlercostals) are affected, and the animals 
develop hypoxia. Ventrolateral strabismus and dilated, fixed 
pupils may occur In advanced tetanus of cattle. Animals die 
while In a terminal convulsion. Death is attributable to hyp¬ 
oxemia and heart failure secondaiy to systemic: hypertension 
and aspiration pneumonia. Survivors begin to show some 
Improvement a tier 2 weeks. buE the clinical signs may persist 
for as long as L month, and lameness may be permanent. 

Clinical I'uihalagy. There are no reliable dinicopatbo- 
loglc tests for confirmation of a diagnosis of tetanus. 
Attempts should be made Co culture C. aetawi from the sus¬ 
pected site of entry. 

In horses, puncture wounds of the foot 
or the soft tissues are the most frequent sites of infection, 
whereas dairy cattle are infected most frequently through 



FIG. 3S-4Q I Lhnmclcructic jppL-amnce ml teLamu in a lamb. I hi. 1 ! i aridi Urns 
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the uterus. Other sties for growth ofC tefrnir include lesions 
induced by elastrator bands, tail docking, dehorning,, bull 
rings, or Infected umbilical stalks. 2212 Proliferation of 
C. iclriFri in the forestomachs of normal cattle may produce 
sufficient concentrations of toxin to result In clinical 
signs. 22 IJ - 2214 Outbreaks of tetanus have been correlated 
with ingestion of millet. This diet has been postulated to 
promote the growth of C. letani in the large bowel 2215 and 
probably accounts for the lack of visible wounds in some 
animals affected with tetanus. 220G.2210 

When inoculated into the anaerobic site, C tec*™' spores 
germinate Into the vegetative form. Factors that enhance the 
sporulation and growth ofC tetarH include necrotic tissue, 
pus, concomitant bacterial Infection, and foreign bodies. 
Spores Inoculated into the tissues are highly resistant to nor¬ 
mal host defenses and may remain dormant for months or 
years before developing into the vegetative state. The pro¬ 
duction of the tetanus toxins occurs at the end of the loga¬ 
rithmic growth phase of the vegetative form and Is 
governed by a plasmid-associated gene. 3316 - 2217 The bacte¬ 
rium produces at least three toxic proteins: tetanospasmin, 
tetanolysin, and a nonspasmogenic toxin. Tetanolysln pro¬ 
motes the spread of (he Infection by increasing the amount 
of Local tissue necrosis. 2211 

Telanospasmin is a lipoprotein exoloxin that diffuses 
from the site of production into die vascular system, where 
it is distributed nematogenously to the presynaptic part of 
the motor endplates. Once bound to (he nerves, the toxin 
is internalized and transported to the central nervous sys¬ 
tem along the axons of the alpha motoneurons through 
the membrane-bound smooth endoplasmic relicu- 
lunt. JJOT ' 33ls ' 1319 After reaching the ventral horn of the spi¬ 
nal cord, the toxin crosses the synaptic cleft to presynaptic 
inhibitory interneurons (Renshaw cells) In the intermediate 
gray column.. 2220 Telanospasmin probably inhibits the 
release of glycine and y-amlnobutyric acid {GABA) from 
the Renshaw cells, resulting in dlslnhlbition of the gamma 
motoneurons. The Inhibition of these cells results In hyper¬ 
tonia and muscular spasms. 

'Hie nonjfwsjntJgenjr toxin is thought to produce overstimu¬ 
lation of the sympathetic nervous system. Systemic hyperten¬ 
sion seen in tetanus can be related to excessive catecholamine 
production by the adrenal medulla. Other physiologic 
changes Identified in humans and Laboratory animals 
include increased plasma cortisol concentrations and neuro¬ 
muscular blockade. Whether these changes are caused by the 
effects of the toxin or these are second a rv changes occurring 
in response to a painful and life-threatening problem Is 
unclear. There are no characteristic postmortem lesions asso¬ 
ciated with tetanus. 


II jymtJFifFiE. 'Hie six general medical principles for treat¬ 
ing tetanus in large animals are as follows: 

1. Provide muscular relaxation. 

2. Ensure good footing. 

3. Eliminate the Infection. 

4. Neutralize the unbound toxin. 

5. Maintain hydration and nutritional status. 

6. Establish active antitoxic immunity. 

Provide Muscidtir Relaxation. The patient should be 
sedated and placed In a quiet, darkened stall. Drugs are 
administered that may reduce the muscular spasms. These 
include promazine (0!5 to I mg/kg IV) or acetylpromazlne 
(0.05 to 0.1 mg/kg fV) given at 4- to 6-hour intervals. Pre¬ 
dictable muscular relaxation may be obtained inexpensively 
by concomitant IV administration of acetylpromazlne 
{0.045 mg/kg) and 5% sodium pentobarbital (2 to 4 mL/ 
50 kg). An IV catheter may be placed to minimize 


treatment-associated stimulation. Mephenesin (10 to 
20 mg/kg IV three times daily) and guaifenesin have also 
been recommended, These drugs Interfere with the Lnter- 
nunclal neurons of (he spinal cord that participate In reflex 
muscle activities. They do not have a high therapeutic effi¬ 
cacy for tetanus. Diazepam [0.01 to 0,4 mg/kg IV two to 
eight times daily) effectively reduces muscular spasms in 
large animals by enhancing GABA, but prolonged adminis¬ 
tration to a Large ruminant or horse is expensive because of 
the short duration in the plasma and CNS. In addition to Its 
enhancement of GABA, diazepam is efficacious because of 
its glyclne-mlmetlc effects 22as Packing the ears with cotton 
to minimize auditory stimulation also can help reduce mus¬ 
cle spasms. 

Eresure Good Footing. Excellent fooling is essential. 
Tetanic animals have difficulty rising because of Increased 
spasms and muscular tone, 'fhe stall should be bedded 
deeply In shavings or straw to minimize decubital ulcers. 
Horses and small ruminants that cannot stand should be 
supported in a sling provided they do not become frantic 
while suspended. 

Ehttifitote tire infection. Because C. tetani grows In non- 
vascularized sites, the Infection Is best eliminated by surgi¬ 
cal debridement of the affected area. Concomitant 
infiltration of penicillin G around the wound and paren¬ 
teral administration of potassium penicillin G [22,000 1U/ 
kg three or four times dally) or procaine penicillin G 
(22,000 [Ll/kg IM twice dally) also may be benef3clal. 

Neutralize the Unbound Toxin. Before the tetanus anti¬ 
toxin has bound to the nerve cells. It Is susceptible to neu¬ 
tralization wLlh antitoxin. Although administration of 
antitoxin to animals several days after the onset of clinical 
signs seems to have little benefit In horses. Increased 
survival rates have been documented In human patients 
who have received high dosages of tetanus antitoxin In the 
early phase of the disease. Infiltration of the area with 
3000 to 9000 IU of tetanus antitoxin may effectively neu¬ 
tralize toxin that has not yet reached the peripheral vascula¬ 
ture. Although specific dosages have not been determined 
for domeslLc animals, suggested doses range from 1000 Co 
5000 lU/500-kg animal to 1000 to 5000 IU/kg 2221 - 2223 
'Fhe limited therapeutic benefits of Intravenous antitoxin 
must be compared to the cost of the biologic, the potential 
side effects of hepatic necrosis [see Chapter 33) or anaphy¬ 
laxis, and the economic value of the animal. 

Some claim (hat administration of 50 mL antitoxin 
(IQOOlU/mL) in t racy sterna lly to horses resulted In stabili¬ 
zation of the clinical signs. However, (his treatment did 
not reverse the condition. 2224 The antitoxin Is administered 
after slow removal of 30 ml. of cerebrospinal fluid (C5F). 
Although a survival rale of 77% has been claimed, 2234 the 
study failed to consider several cysternally Injected horses 
that died of Lnlercurrenl diseases. When all cases were 
considered, (here appeared (o be no statistically significant 
difference between cysternally in|ecled horses and conven¬ 
tionally treated controls. Complications of this procedure 
included Iatrogenic CSF Infections, anesthesia-related 
deaths, and sepsis from indwelling catheters. Because of 
severe reactions to Intrathecal equine serum in ruminants, 
intrathecal administration of equine-origin tetanus anti¬ 
toxin is contraindicated. 

Aicifntdi/n Hydration ffnrf Nutritional ShJtuj. The pat Lent's 
hydration and food intake should he monitored dally. The 
food should be placed off the ground in an elevated feed 
bunk or hay net to allow easier access. Intravenous fluids 
should be administered as needed to correct dehydration 
and electrolyte abnormalities. Alimentation with a nasogas¬ 
tric lube may be attempted In anorectic horses, hut severe 
adverse reactions to this procedure in some tetanus patients 




CHAPTER J5 Diseases of the Nervous System 


may limit Us useful ness. A rumenostomy in anorectic cattle 
relieves the chronic ruminal tympany and provides a conve¬ 
nient means of administering oral fluids and feed. 

Es-hxbJtah Acl/i'B Antrtoxfc immunity- The concentration 
of tetanus toxin necessary to cause neurologic symptoms is 
less than that required to stimulate an active Immunologic 
response. Affected animals should be Immunized with teta¬ 
nus toxoid at the time of treatment and given a second dose 

I to 2 months later. Concomitant Injections of tetanus anti¬ 
toxin and toxoid should be made at different sites of the 
body and should not be admixed before administration. 

II ProgTTG'sfj. I’he mortality rale may reach 50% In cattle 
and 80% in horses. I’he rate of progression of clinical signs 
is Indirectly related to the prognosis. Animals that survive 
for Longer than 7 days have a fair to good chance of com¬ 
plete recovery. 

II Preimifton. Because cattle appear to be more resistant to 
tetanus than horses and small ruminants, they are not rou¬ 
tinely immunized against the disease unless outbreaks have 
occurred previously. Colostra I antibodies may Interfere with 
the active Immunization of neonates. One report indicates 
that most foals from immunized dams (82.9%) lose pas¬ 
sively acquired specific antitoxic antibodies by 4 months 
of age. However other studies suggest that pabive immu¬ 
nity may last as long as 6 to 12 months of age. Because 
some animals have low titers and others have high, persis¬ 
tent liters, a general recommendation might include vacci¬ 
nation of Livestock at 2, 3, and 6 months of age, followed 
by a booster after l year. To ensure protective levels of 
coLostral antibodies, mares, does, or ewes should receive 
an annual booster dose of the toxoid 1 So 2 months before 
the anticipated date of parturition. One study Indicated that 
tetanus prophylaxis was not cost-effective for sheep, but vac¬ 
cination recommendations would differ, depending on she 
economic value of the animal at risk. 2225 

Acute hepatic necrosis of horses (Tbeilet's disease) has 
been associated with administration of certain lots of com¬ 
mercially prepared tetanus antitoxin (see Chapter 33) I to 
3 monlKs previously. Such findings Indicate that administra¬ 
tion of tetanus antitoxin should be iLmlled to unvaccinated 
horses with tetauus-prone wounds. The recommended doses 
of tetanus antitoxin are 1500 IU subcutaneously (SC) or 
intramuscularly (IM) for adult horses or cattle 3326 and 
500 IU SC or IM for sheep and goats. Tetanus toxoid should 
be administered concomitantly. 'Hie antitoxin and the toxoid 
should not be mixed in the same syringe and should be 
administered at different sites of the body; a second toxoid 
dose should be given in 1 month. 2226 ' 212 ' Previously immu¬ 
nized horses with tetanus-prone lesions should be given a 
booster dose of tetanus toxoid and should not be given anti¬ 
toxin. Hoals from unvaccinated dams should receive 1500 IU 
of tetanus antitoxin at birth. 2226 

Tetanus toxoid Is effective, but not all horses develop 
protective Immunity. 1 llstorical information citing a previ¬ 
ous vaccination should not completely exclude the possibil¬ 
ity of tetanus. 332 ® 


TRIARYL PHOSPHATE POISONING 
(CHRONIC ORGANOPHOSPHATE 
POISONING; DYING-BACK AXONOPATHY) 

Ingestion of lubricants containing triaiyl phosphates causes 
a neurologic disturbance of Livestock characterized by a 
delayed neuropathy resulting in incoordination and paralv- 
sls. Common sources of the triaiyl phosphate esleis include 



turbojet lubricants, hydraulic oils. Industrial solvents, plasti¬ 
cizers, and automotive brake fluid. Chronic organophos- 
phate poisoning also occurs In some families of sheep 
after treatment with orgmophosphorus anthelmintics. 222 * 
At Least six different phenotypes of sheep have been Identi¬ 
fied with respect to their ability to metabolize carboxylic acid 
esters 225D - 225L These are designated as Esa/a, Esa/b, and Esa/c 
(hlgh-enzyme groups) aud Esa/c, Esb/b, and Esc/c (low- 
enzyme groups]. This genetically determined Inability to 
Inactivate organophosphaCes governs the appearance of 
demyellnallon after administration of therapeutic dosages 
of the drug^. 

Triaiyl phosphates have few effects ou die glial cells, 2252 
but they have profound neurotoxicity for the longest 
axons. 2253 These fibers degenerate first at the distal, nonter¬ 
minal areas. The degenerative lesions Chen spread proxlmally 
from the terminal nerve rootlets Into the spinal cord until the 
cell body dies [dying-back axonopathy). Dosages of tiiaryl 
phosphate ranging from 5 to 10 g/kg cause paralysis by 19 
to 3<3 days after exposure. 2254 Cats may be poisoned by a'sin¬ 
gle topical application of trl-c-cnesyl phosphate ester at 
1000 mg/kg or by dally application of L to 100 mg/kg. 2255 
and massive topical exposure may cause toxicity In Livestock. 
I’he poisoning may be cumulative because In some out¬ 
breaks, compounds containing as Little as 0.4% trl-c-cresyl 
pbosphaester have been found In toxic materials. Animals 
belonging to the low-enzyme groups are much more suscep¬ 
tible than their hlgh-enzyme herd mates. 

II L’hni'cfif Signs, I’he onset of slowly progressive neurologic 
signs occurs about 10 days to a few months after expo¬ 
sure. 3356 - 225 ® The clinical signs of chronic organopbosphate 
Intoxication are rough hair coat bloat, dyspnea, muscular 
weakness, and Incoordination of the rear legs. r rhe animals 
may slip on their hindlimbs and assume a dog-sLtting posture. 
I’he limbs are circumducted and Lack normal conscious pro¬ 
prioceptive respouses. Affected animals become recumbent, 
attempt to rise, but do so Incompletely and fall. Muscular tone 
and flexor reflexes may be normal, or flaccid paralysis may be 
evident. 2257 The tall, bladder, and rectum often are paralyzed, 
and affected animals show signs of Incontinence, constipa¬ 
tion, and perineal scalding. Slight ventrolateral strabismus 
has been described, and some animals have been reported 
to become mule. 2253 - 2233 Most animals retain a normat appe¬ 
tite and sensorlum during the development of the paralysis. 
Electromyographic changes in experimentally poisoned ani¬ 
mals include increased insertional activity, positive sbaip 
waves, and fibrillation potentials In the muscles of the hin- 
dllmb, consistent with denervation of affected muscles. 2240 
Qiganophosphate-induced neuropathy also has beeu 
reported in horses, where the most striding clinical sign was 
bilateral Laryngeal paralysis. 23 ^- 2243 Degeneration similar to 
that caused by delayed organopbasphate toxicity In other spe¬ 
cies was most severe in the recurrent Laryngeal nerves, but 
milder changes were present in other peripheral nerves. 

H Pathology', Laboratory confirmation of the condition 
usually Is based on histopathologic detection of a dying-back 
axonopathy In the peripheral nervous tissues. Clinical patho¬ 
logic parameters usually are normal. The RBC cholinesterase 
Is low or undetectable at clinical onset but may return to 
normal concentrations by the tLme the animals display pro¬ 
found paralysis. I’he specific concentration of cholinesterase 
depends Largely on the type of organophosphate and the 
patient's genetic ability to metabolize the toxic compounds. 
Whole-blood cholinesterase concentrations in haloxon-trea- 
ted esterase A-deficlent animals remain significantly lower 
than in controls for at Least 27 days after administration of 
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375 mg. In comparison, the enzyme concentrillions In the 
plasma of normal sheep do not decrease after drug treat¬ 
ment.- 22 ^ Cholinesterase levels in exposed animals are noi 
predictive of the later onset of delayed neurotoxicity. 213 * 

Macroscopic lesions are not usually seen. Microscopic 
lesions are found exclusively in the central nervous system, 
and their severity appears to be dose dependent. The lesions 
begin distally and progress retrograde along the long unsy- 
napsed proprioceptive and motor tracts. The dorsospinal, 
cerebellar, gracile, and cuneate tracts are most susceptible 
to the effects of the toxins.- 2240 SpeeLfk lesions include 
demyellnation, InternodaL axonal swelling, and waller!an 
degeneration. There also is a vacuolatlon of ihe large neu¬ 
rons of the ventral motor nucleus of the spinal cord. The 
mechanism of neurotoxicity is unknown, but alteration of 
a cell membrane protein found in neurons and some other 
cells has been implicated. 224 -*- 2241 ’ This protein has been 
designated a ''neuropathy target esterase 1 and is thought 
to be "aged’ 1 by phosphorylation induced bv the toxicosis. 

Newer compounds in the triaiy] phosphate group are 
less capable of causing delayed neurotoxicity, which offers 
some hope that the incidence of this type of toxicity may 
decline in the future.- 2215 Delayed organophosphote toxicity 
Is not treatable and Is Irreversible. 


MOTOR UNIT AND CAUDA EQUINA 
DISEASES 
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MARK U. SMI II t 

ELECTROMYOGRAPHY AND NERVE 
CONDUCTION TESTING IN MOTOR UNIT 
DISEASE 

A number of electrodiagnostic techniques are notv applied 
to the diagnosis of neurologic disease In animals. They are 
particularly useful when clinical signs of generalized weak¬ 
ness, muscle atrophy, tremors, or obscure lameness are 
present. Electromyography [EMC) and peripheral nerve 
conduction testing (NCT) are of great value for diagnosing 
diseases that affect the motor unit, for assessing the prog¬ 
nosis, and for determining the effects of therapy. EMG 
and NCT are simple, relatively non invasive techniques 
that provide objective information on the functional sta¬ 
tus of the nerves and muscles that cannot be determined 
by other means. 

Motor Unit 

The motor unit is the smallest functional unit of the periph¬ 
eral motor system. It comprises a single motoneuron ana all 
the myofibers Innervated by that motoneuron. 2216 In mus¬ 
cles In which precise control of movement Is necessary, each 
motoneuron innervates only a few muscle fibers, whereas in 
large postural muscles in which fine control Is not required, 
a single motoneuron Innervates many hundreds of muscle 
fibers. The cell body of the alpha motoneuron lies in the 
ventral horn of the spinal cord or. In the case of cranial 
nerves, in cranial nerve nuclei in the brainstem. The myelin¬ 
ated axon of the motoneuron runs within the ventral root 
to the spinal nerve and peripheral nerves and finally termi¬ 
nates in small, unmyelinated terminal arborizations 
{f'S 35-41). Enlargements of the ends of the terminal 
arborizations form the presynaptic components of the neu¬ 
romuscular junctions. The postsynaplLc part of the neuro¬ 
muscular junction consists of a specialized region of the 
muscle fiber membrane. When acetylcholine release from 


the nerve terminal Is sufficient to provoke an action poten¬ 
tial in the myofibers. all the myofibers of the motor unit 
respond equally, an "all or nothing" response. Motor unit 
disease (lower motoneuron disease) may result from dam¬ 
age to any one of the following: the alpha motoneuron cell 
body or axon, the 5chw r ann cells that form the myelin 
sheath of the alpha motoneuron, the neuromuscular |unc¬ 
tion, or the muscle fiber. 

Although they are not part of the motor unit., the neu¬ 
rons that provide the sensoiy supply to the skeletal muscles 
may be Involved in motor unit diseases In animals. Dys¬ 
function of the peripheral sensory nerves causes clinical 
signs similar to those seen with motor unit disorders, even 
when all the components of the motor unit are normal. 2247 
The cell bodies of sensory neurons lie In the dorsal root 
ganglia or in the sensory nuclei of cranial nerves. Their 
axons extend centrally to synapse with lower motoneurons 
and interneurons In the spinal coid and brainstem and 
extend distalLy in peripheral nerves to the stretch receptors 
in the muscle spindles of skeletal muscles and to proprio¬ 
ceptors In |oints (see Fig. 35-41). 

Instrumentation 

The recording of the electrical activity of nerve and muscle 
cells requires an electrode system, an amplifier, and a device 
to display the recording. An electrical stimulator is needed 
for NCT. A variety of computer-based units are now available 
for EMG and NCT, with a range of specifications to supply the 
different needs of investigators and clinicians. The compo¬ 
nents of a system may be purchased individually, hut most 
clinicians prefer to use a complete unit. Portable units make 
this technology easy to use in the field, not only in hospital 
situations. EMG units offer a range of specializations to 
improve signal amplification while minimizing interference, 
including high- and low r -frequency fillers, common mode 
rejection [to reduce (SO-Hz Interference from neaiby electric¬ 
ity sources), and signal-averaging capabilities to facilitate 








CHAPTER 


the recording of nerve action potentials. Data can be stored In 
ihe computer memory for Liter transfer to disc or other exter¬ 
na] mem on’ and to create paper printouts. An audioamplifier 
is a useful addition to the system, because many of the poten¬ 
tials recorded by EMC produce characteristic sounds when 
converted to an audible sign a]. It is often easier for an experi¬ 
enced electiomyographer So make a diagnosis by listening to 
the audio EMC than by trying to follow a series of rapidly 
changing potentials displayed on the cathode ray oscillo¬ 
scope (CRG) screen. Programs that can analyze data (e.g., 
motor unit potentials) and Piters that facilitate the study of 
periodic motion (gait) are now available. 134 *- 22545 

For recording three electrodes are required: an active or 
exploring electrode. a reference electrode, and a ground 
electrode. A number of different arrangements are possible, 
but the coaxial needle electrode is typically used. The central 
wire of the coaxial electrode is the active component, and 
the surrounding hollow needle is the reference component. 
The wire Is insulated front the needle along Its length by a 
material such as Teflon, except at Its tip, where It Is exposed, 
litis type of electrode Ls particularly suited to use In large 
animals because it minimizes the problem of poor electrical 
contact encountered with surface electrodes and does not 
seem to cause undue discomfort. For similar reasons, a sub¬ 
cutaneous needle electrode usually is chosen for the ground 
electrode, which is placed a short distance from the record¬ 
ing and reference electrodes, usually over a bony promi¬ 
nence. Surface electrodes can be used to study activity In 
muscles during exercise, both to determine the'presence of 
disease and to direct training exercises where development 
of particular muscles is desired. 325 L 1252 

E lectromy ography 

Electromyography usually can be performed in a conscious 
animal, although'some restraint is necessary, such its placing 
the animal In stocks and administering a sedative agent. Cen¬ 
tral anesthesia may be necessary for EMC in extremely frac¬ 
tious animals, but not without significant risks, particularly 
when animals are weak and may have difficulty rising after 
anesthesia. Caudal epidural anesthesia may offeF a safer alter- 
native when examination of hindquarter muscles alone is 
deemed adequate for evaluation. 1251 Common sedatives such 
as xylazine and acepromazlne do not Interfere with EMC. An 
electromyographic examination should Include testing of 
many muscles over the whole body, focusing on those thought 
to be involved in the disease process. The recording electrode 
must be Inserted Into four or five sites in each muscle tested 
to ensure that focal abnormalities are not missed. 

Electromyography alone usually does not provide a 
definitive diagnosis' of the disease' process present. EMC 
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does help lo localize the lesion and provides information 
that can then be used in selecting further diagnostic modal¬ 
ities (e.g., NCT] and the most suitable siLe for muscle or 
nerve biopsy. 

Norm at Muscle 

INSERTION ACTIVITY. Insertion of the recording elec¬ 
trode into a muscle or its movement En the muscle results 
in a hurst of electrical activity that stops abruptly when 
movement of the electrode stops (Fig. 35-42) It Ls accompa¬ 
nied by a harsh, crackling sound. This 'Insertion activity" is 
the result of direct stimulation of muscle fibers by the 
moving electrode. 

ELECTRICAL SILENCE. When the electrode Is motionless 
Ln a normal resting muscle {one that Is not actively contract¬ 
ing), no electrical activity Ls seen on the electromyograph 
The electron beam of the'CRG traces a straight line.' and the 
audio electromyograph Is silent. Electrical silence Is the nor¬ 
mal state in resting muscle except in the end pi ate zone. 

MOTOR UNITACTION POTENTIAL (MUAP). An MUAP 
Is the electrical activity of a single motor unit {Fig. 35-43). 
Only the activity of the fibers lying within approximately 
J mm of the electrode tip is recorded. 2254 MUAPs may be 
observed during EMC of normal active muscle, 'lire param¬ 
eters of an MUAP vary with the motor unit that produced 
It, with the type of electrode arrangement and electromyo¬ 
graph used, and with the position of the electrodes In 
relation to the electrical event Itself. The important character¬ 
istics of the MUAP are the amplitude, duration, and number 
of phases. Normal MUAPs are biphasic or triphasic with 
amplitudes of 500 lo 3000 uV and durations of 3 to 
15 msec. 2254 ' 2255 In very active muscles, many MUAPs are 
superimposed, producing "Interference patterns. 1 ' This may 
be observed in the limb muscles of a standing animal. 

MINIATURE ENDPLATE POTENTIALS (MEPPS). the 
neuromuscular junctions of ihe myofibers of one muscle 
tend lo lie In a band across the midpoint of ihe muscle fibers: 
this region is called the endplale zone. The spontaneous 
release of quanta of acetylcholine from the nerve terminal 
at a neuromuscular junction results In local electrical 
responses In the muscle fiber. This activity can be recorded 
when the recording elecErode lies close to the neuromuscular 
|unction in the enaplate zone (Fig. 35-44). MERPs are mono- 
phaslc-negative potentials having amplitudes of 10 to 20 pV 
and durations of 0.5 lo I msec. 2256 MEPPs are local electrical 
responses in the muscle fiber that are not propagated 
throughout the whole fiber and thus do not result in fiber 
contraction. MEPPs are present even In resting muscle and 
are normal. MLPPs may be absent In disorders in which ace¬ 
tylcholine release Ls lacking from the nerve [neuropathies]. 



FIG. 35-4 2 j.Ll'l croniyouj.n:ii iiiMTU un ;i; livily. ,\ Nunn.il* inwjrttuci a.etJvi*Y liilIs .\hrjpdv when movonfiiL tri Lhe Lxploring LlrcIroUc ikjpv H. .HbnDrmni 
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FIG. 35-43 J Muttw unit action potentials. A, Normal:ampljcudc i t appruKiiiutch- 550 pV H, Abnormal: .amplitude is dccrtns^d Liy jpprarimjtriy JUQ |iV. 
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FIG. 35-44 * Miniature cndpJate pndcnti.iLs- (Ml.PL's) Mtl'l’i arc a nur- 

cnal 4:kTLiui:ivcipr^phic IjcLtlLn^. 


in those with an abnormality in transmission across the neu¬ 
romuscular [unction (|unctlo nopath lea), and In some myo¬ 
pathies. MEPRs cannot be detected when the recording 
electrode Is not close to a neuromuscular |unction. 

Age of the patient has been shown to have an effect on 
EMG findings, even in animals that are clinically healthy. 
Insertional activity, spontaneous activity, and motor mill 
morphology all have been shown to differ in elderly horses 
(>18 years old] compared with young and adult horses, 
with the elderly horses displaying a greater amount of 
EMG activity usually considered to indicate muscle pathol¬ 
ogy- 2257 This factor must be taken inlo account when inter¬ 
preting EMG findings. 


Abnormal Muscle 

insertion activity. In both neuropathic and myo¬ 
pathic diseases, Insertion activity may be prolonged or occa¬ 
sionally reduced (see Fig. 35-42). Either of these findings Is 
evidence of abnormality. Abnormal I Lies in EMG recordings 
caused by neuropathic disease do not begirt to appear until 
approximately 5 days after the onset of the neuropathy. 

MOTOR UNIT ACTION POTENTIALS. In both myopa¬ 
thies and neuropathtes, changes In the characteristics of 
MUAPs occur. These Include reductions In amplitude, poly- 
pbasia, temporal dispersion, and even absence of MUAPs. 

After damage to some nerve fibers, others may undergo col¬ 
lateral sprouting, where new terminal arborizations grow and 
innervate denervated myoftbers. The net result of this process 
is an increase Ln the size of the motor unit. '3 he MUAPs of these 
large motor units have correspondingly larger amplitudes and 
thus axe called giant MUAPs (see Hg. 35-43). 

Quantitative analysts of MUAPs adds another level of 
sophistication to EMG examination. 224 ^ 2250 Characteristics 
of MUAPs in healthy horses include amplitude, duration, 
and number of phases turns within the MUAP. Cbanges in 
these characteristics are found when either myopathy or 
neuropathy are present. 2256 

FIBRILLATION POTENTIALS AND POSITIVE SHARP 
WAVES. These activities result from the electrical activity of 
single muscle fibers {Fig, 35-45J. The muscle activity may 
be spontaneous or the result of mechanical stimulation of 
the fiber by the electrode. It is thought that the occurrence 
of spontaneous individual fiber contraction Is a manifesta¬ 
tion of an increase Ln the excitability of the muscle fiber 
membrane. Fibrillation potent Lais and positive sharp waves 
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occur In both neuropathies and myopathies. The presence of 
either activity Is not pathognomonic for the type of patho¬ 
logic condition present. 

Fibrillation potentials are biphaslc spikes with an initial 
positive phase. Their peak-to-peak amplitude Is less than 
l mV and their duration Less than 5 msec. 22 * 6 Fibrillation 
potentials are recorded when the recording electrode lies a 
short distance from the muscle fiber whose activity is being 
recorded. 

Positive sharp waves have an initial positive phase with 
amplitude of up to I mV and duration under 5 msec, fol¬ 
lowed by a negative phase with lower amplitude and a 
duration'of 10 to 100 msec. 3256 1 Tiey are recorded when 
the recording electrode tip lies close to the electrically active 
myoflber. 

In addition to EMC changes Induced by primary myo¬ 
pathic and neuropathic disease, electrolyte disturbances 
such as hypocalcemia and hypomagnesemia also have been 
shown to result in EMC abnormalities,, both inducing spon¬ 
taneous muscle activity and altering the waveform character¬ 
istics of MUAPs. 335g iTierefore, a complete history, physical 
examination and semm chemistry are essential for correct 
interpretation of EMC findings. 

Nerve Conduction Testing 

Nerve conduction studies usually require that the animal he 
sedated or under general anesthesia, because the procedure 
is somewhat painful. Routinely used sedatives and anesthetic 
agents do not interfere with the results of testing Two stimu¬ 
lating needle electrodes, the anode and cathode, are placed 
on or close to the nerve to be stimulated. A short pulse of 
current is applied to the nerve. A compound nerve action 
potential (CNAP) is evoked in the nerve by the applied 
current and Is propagated along the nerve Ln the same manner 
as a naturally occurring action potential. ELther the CNAP is 
recorded directly from the nerve Itself, or the compound 
muscle action potential (CMAP) evoked in the muscle Inner¬ 
vated by that nerve is recorded. To ensure that all the nerve 
fibers are stimulated, the stimulus intensity Is varied to deter¬ 
mine the maximum stimulus (i.e., the current that just evokes 
the maximum CNAP or CMAP). A supra maxi mum stimulus 
(150% to 100% of the maximum stimulus) is applied when 
making recordings. 2255 - 2260 

MOTOR NERVE CONDUCTION (MNC). MNC Is deter¬ 
mined by stimulating a mixed peripheral nerve such as the 
rad La I or median nerve and recording the CMAP evoked Ln 
a muscle Innervated by that nerve. By recording the CMAP 
evoked by stimulating the nerve, only the activity of the 
alpha motoneurons In that nerve Ls evaluated. I’he latency 
between the application of (he stimulus and the onset 
of contraction or the muscle can be broken down into three 
components: the time for conduction of the action poten¬ 
tial in the nerve, the time for neuromuscular transmission, 
and the time for conduction of the muscle action potential 
from the neuromuscular |unction to the vicinity of the 
recording electrode. By stimulating the nerve at two or more 
points, the latter two variables can be eliminated from the 
calculation and the velocity of conduction of the nerve 
action potential between the stimulus points determined. 

SENSORY NERVE CONDUCTION (SNC>. SNC is deter¬ 
mined by stimulating a purely sensory nerve peripherally 
e.g., palmar digital nerves) 3360 and recording the CNAP 
rom the same nerve at a more proximal point. Because 
the amplitude of the CNAP is relatively small, usualIv less 
than 1 mV, the technique of signal averaging is used: the 
responses to repeated stimuli are recorded and electrically 
averaged, eliminating background electrical activity chat 
otherwise would obscure the evoked potential. 


Physiologic alterations Ln nerve conduction must be dif¬ 
ferentiated from pathologic changes. Cooling of the nerve 
results in a slowing of conduction velocity. 33 ® 1 Therefore It 
Ls Important to monitor Limb temperature when doing 
NCTs to avoid erroneous Interpretation of results. Heating 
pads and lamps can be used to maintain normal tempera¬ 
ture. Conduction velocity of the action potential in the 
nerve is proportional to fiber diameter. In ponies and dog£, 
nerve conduction velocity Ls faster Ln the proximal portion 
of the nerve because of the greater diameter of the proximal 
regions of peripheral nerves. 32 ® 3 SNC velocity is slower Ln 
horses than in ponies because of distal tapering of periph¬ 
eral nerves. 226 ^ Nerve conduction velocity is slower Ln 
young and aged dogs than Ln mature adults. 2363 This 
finding Ls probably true for all species. 

Specific techniques for peripheral nerve testing in the 
horse have been described, and normal values for both 
MNC and SNC velocities have been determined for a num¬ 
ber of peripheral nerves. 2260 - 236l - 226J Nerve conduction 
velocity, amplitude, and waveform characteristics all pro¬ 
vide valuable information on the functional status of the 
nerve. In pathologic conditions, changes In nerve function 
occur that depend only on the nature of the pathologic pro¬ 
cess in the nerve, not on its etiology. 

SLOWING of NERVE conduction. Reduction in the 
velocity of nerve conduction Ls the result of segmental demye- 
lination, tvhlch may occur In sensory or motor fibers or both. 
Demyellnation may be present as the sole pathologic change 
or may be accompanied by other neuiopathologic processes. 
No pathologic significance has been attributed to increased 
conduction velocity; it Is the result of technical error. 

increased temporal dispersion. Increased tem¬ 
poral dispersion of an action potential also results from seg¬ 
mental demyelination and differences In the rale of 
conduction Ln Individual nerve fibers. For example, if some 
fibers are normal and some are undergoing demyelLnallon, 
Increased dispersion of the action potential Ls recorded, 
whether a nerve or a muscle action potential. In this case, 
because some nerves are normal, the nerve conduction 
velocity calculated will be normal. 

reduction in AMPLITUDE, The amplitudes of the 
CNAP and the CMAP depend on the number of functional 
neurons stimulated. The CMAP also depends on the num¬ 
ber of functional myoflbers Ln the motor unit and on the 
functional Integrity of the neuromuscular |unctions. 
Because different complements of neurons are present in 
different nerves and in the same nerve In different animals, 
and also because the size of muscles themselves varies, it Is 
not possible to determine absolute parameters for the 
amplitude of CNAP or CMAP. However, qualitative evalua¬ 
tions of amplitude can be made. Reduced amplitude 
of nerve action potentials Ls seen as a result of primary axo- 
□opathy (wallerlan degeneration), junctlonopathy {e.g., 
botulism), and nerve conduction block in some demyel Ln- 
ating diseases. 2265 Reduction in the amplitude of the 
CMAP also may be caused by primary muscle disease, 
resulting Ln a reduction in the number of functional 
myoflbers. 

POLY PH ASIA. In cases of collateral sprouting the 
resulting larger motor units are distributed more widely 
Ln the muscle. Some of the nerve terminal arborizations 
are Longer than others: therefore the nerve action potential 
does not arrive at all the neuromuscular junctions at the 
same time. A poly phasic waveform Ln the CNAP results. 

Electromyography and NCT are valuable aids to the 
diagnosis of motor unit disease Ln animals. Although they 
provide considerable information about the nature, 
extent, and progress of pathologic changes, they do not 
define the etiology of those changes. Further diagnostic 
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procedures, such as muscle or nerve biopsy, CSF analysis, 
and serologic testing, are required to arrive at a specific 
diagnosis. 

BOTULISM (SHAKER FOALS; FORAGE 
POISONING) 

aauLR i n. wunuXK 

Ij JJc/rjTi(rtur And Etfctfogy, Botulism spores are ubiquitous 
in the soli in most areas of the United Slates and cause 
isolated occurrences of botulism in humans, animals, birds, 
and fish. 3366 The clinical signs of botulism result from the 
effect of the neuroloxin, an exotoxin produced by Gfrtftrrdiutfi 
frotjjjfrcwfli, on the myoneural junction, Leading to progressive 
muscular weakness. 33 * 7 - 3372 Seven neuroloxin types have 
been Identified: A, B, C, D, E r F, and g. 3373 - 337 * In North 
America, horses are most often affected by type B botulism 
(>B5% of cases) and occasionally by types A and C tox¬ 
ins. 2275 - 2276 Types A and B botulism are associated with for¬ 
age or hay and do not Involve an animal carcass. Type A 
cases have been reported In California, Utah, Idaho, Oregon, 
and Ohio, but almost never in the mid-Atlantic region 3375 
Type C toxin Is typically associated with a decomposing car¬ 
cass, 227fi feeding poultry litter, 2277 or situations where ravens 
or crow r s feed on a decomposing carcass, then transport toxin 
to the feed buckets or feed troughs of horses. 2277 - 227 * 

Type D botulism occurs more frequently In South America 
and South Africa and has been linked to phosphorus-defi¬ 
cient cattle chewing bones of decaying carcasses lo restore 
their phosphorus stores. 3 379 - 33M Feeding poultiy litter to cat¬ 
tle In North America, 2281 2283 Europe, Israel, 2285-3388 and 
Australia 2366 has been associated with type D botulism, often 
in massive outbreaks. 3 387-23 54 More recently, type D botulism 
was confirmed In a group of beef cattle in Canada being fed 
bakery waste, 2295 then later in dairy cattle in Canada. 3396 

Recently, types C and D botulism have been reported in 
Switzerland hoises. 2297 IVpe E botulism In humans 3373 - 3274 
is typically associated with fish, but rarely reported in animals. 
Birds that eat fish with type E botulism have recently been 
reported In areas surrounding Lakes Erie and Ontario. 2253 
Types F and C have rarely been repotted in humans 3274 

Clinical botulism occurs by one of three routes: (1) Ingestion 
of the preformed toxin (the most common form In cattle and 
adult horses), (2) Lngestion of spores, leading to toxicolnfec- 
llous botulism (shaker foal syndrome), and (3) wounds con¬ 
taminated with botulism spores and subsequent production 
and absorption of the neurotoxin. Wound botulism occurs in 
horses, most often In castration sites, 2395 umbilical hernia 
repairs (typically with hernia clamps), or deep puncture wounds 
that occur with Injections of counlerlntlants. 2M0 Horses are 
much more susceptible to botullnum toxin than cattle. If botu- 
llnum-contalnlng forage is fed to both horses and cattle, the 
horses will develop clinical signs first, and usually more horses 
will be affected than cattle 33 ^ This likely results from degrada¬ 
tion of toxin by the rnmen microbes, 3303 whereas horses have 
more time to absoib the toxin from the Intestinal tract before 
the toxin reaches the colon, the site of microbial degradation. 


II CJfpifmf Si %jtj fir bonk ("Shaker ton! Syndrome"). 'Hie 
owner's chief complaint Is often that the foal is found Lying 
down more than normal. When forced to rise, it stands for 
a few moments, develops generalized muscle tremors [ Ji shaker 
foal syndrome"'), then drops to the ground, usually in lateral 
recumbency. 3 305 - 2 ™ Some foals present with colic, whereas 
others present with pneumonia or respiratory distress. 2 -* 05 
Closer physical examination usually reveals a well-nourished 
foal that is bright, alert, and has normal vital signs and normal 
clinical pathologic findings, which help to differentiate botu- 
iLsm from other diseases. Affected foals often drool milk from 


their mouth when suckling the mare. Decreased tongue tone Is 
evidenced bv the tongue being easier to pull from the mouth 
than normal and the foal slowly retracting the tongue when 
released. 3306 Mild mydriasis and weak eyelid tone may be 
delected in most foals. Progressive symmetric myasthenia, 
along with the absence of fever and other signs of systemic dis¬ 
ease leading to recumbency, remains the predominant clinical 
sign. Constipation and Ileus are consistent finding^. 3307 As the 
disease progresses, the heart rate and respiratory rate Increase, 
which may progress to inhalation pneumonia and terminate 
in resplratoty failure. A small proportion of foals will stabilize 
at a certain level of neuromuscular weakness and then gradu¬ 
ally recover over 10 to 14 days with Intensive nursing care. 
AI though bolu I Ism may occu r at a ny age, the pea k age ot qccli r- 
rence is 4 w r eeks, wish 70% of cases occurring between 2 and 6 
weeks of age. 2 ™ 

II CJffEi'caJ 5’fgjrs in Adult Horses History. Generalized 
muscle weakness (myasthenia) and dysphagia are tvplcally 
the first clinical signs of botulism in adult horses delected 
by an alert horse owner Astute Individuals may deled subtle 
early signs of botulism. Including changes In the horse's atti¬ 
tude (slight depression) and decreased exercise tolerance. 
This is especially true after a few cases of botulism have 
occurred on their premises. 3800 Other early signs Include 
slowness to eat, with reduced ability to swallow hay and 
water. Colic maybe (he Initial clinical sign, presumably from 
ileus and accumulation of gas. 33J °- 351 3 Occasionally, tHepain 
will be severe enough that an experienced clinician recom¬ 
mends general anesthesia with surgical intervention, later to 
determine the pain was attributable to botulism. Draft horses 
have reduced work capacity, leading to progressive weakness, 
dysphagia, and recumbency. Some owners may not seek vet¬ 
erinary attention until the horse is recumbent. 

PHYSICAL EXAMINATION 

Decreased Tongue Tone. Characteristic early sLgns of botu¬ 
lism Include reduced tongue strength. Assessment of tongue 
strength Is best done by keeping the jaws closed with the left 
arm under the jaw, then placing the hand on the top of the 
nasal bones. The tongue is gently retracted w r Lth the other hand 
through the Interdental space and allowed to hang down, then 
slowly released. Most normal horses quickly retract the tongue 
into the mouth after release with one or two "tugs''' or attempts 
lo retract the longue. 3 3 SD Ifte strength of the normal tongue 
retraction response varies significantly from horse to horse 
and must be considered when assessing tongue strength In a 
suspect horse. In more advanced stages of the disease, but 
before recumbency, the horse will retract the tongue vety 
slowly, If at all [Fig. 35-46). 'fhis procedure, the '"tongue stress 
lest,'" if done properly, represents one of the earliest and most 
sensitive clinical signs of botulism In horses. 

JitrtrrJfsm Grdfu Test. The horse Is offered S ounces of 
sweet feed in a Large, flat feeding tube on the ground. The 
horsf is timed and observed for ability to consume the feed. 
Most normal horses will consume an S-oz cup of grain 
(sweet feed) In less than 2 minutes, often In less than I min¬ 
ute. 251 3 In outbreaks of equine botulism, owners should be 
taught to perform the grain test and the tongue stress lest 
lo detect early signs of botulism and allow early treatment 
of affected horses. As the ability to retract the longue 
diminishes, the time required for the horse to eat sweet feed 
increases. Grain mixed with some saliva often falls out of the 
mouth through the horse's lips while eating. This creates a 
row of grain in the feed tub and a ring on the norse’s Lip. This 
is very characteristic of botulism and Is one of the earliest 
clinical signs 2315 (Fig. 35-47). 

DyspfrufliiJ. 1 Corses with beginning dysphagia may eat hay 
but have difficulty swallowing it. Inability to swallow w r aler 
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occurs after the loss of the ability to swallow hay. Horses seem 
to respond differently to the inability to drink water many 
refuse to attempt to drink, whereas others Immerse their muz¬ 
zles under the surface of the water. Decreased tongue.strength 
and dysphagia typically occur before onset of obvious muscle 
weakness. Recumbent horses with botulism are very difficult 
to assess with regard to swallowing ability because the strug¬ 
gle to stand takes priority over eating and drinking. During 
an outbreak of botulism"in a, herd of horses, if one horse is 
recumbent, ii is always advisable to assess tongue tone on 
the other horses to detect early cases of botulism. 

OTHER SIGNS AND PROGRESSION OF DISEASE. 
Decreased eyelid and tall tone mav be detected in affected 
horses; however, the variation in tail lone from horse to horse 
makes this assessment problematic. Moderately affected 
horses walk with a shuffling gait, occasionally dragging their 
toes, and show evidence of muscle weakness. As the disease 
progresses, the dysphagia becomes more complete and the 
myasthenia more obvious, often with muscle tremors leading 
to recumbency and difficulty rising. Although the rate of pro¬ 
gression can vary and Is toxin dose dependent, clinical signs 
of botulism are always symmetric and gradually progressive, 
often leading to recumbency, followed by death’from respira¬ 
tory paralysis or euthanasia for humane considerations. 

Vital signs, including capillary refill, are normal in the 
early stages of the disease. Once the horse is recumbent, 
both the heart rate and respiratory rale increase In propor¬ 
tion to the intensity of the struggle to rise and severity of 
the disease. Eorboiygmal sounds are gradually diminished 
as affected horses eat less. In the early phases of type C bot¬ 
ulism, the character of the respiratory effort changes; the 
respiratory rale does not Increase, but the expiratory effort 
becomes more exaggerated, with a prolonged abdominal 
Lift. This unusual respiratory effort rarely occurs with other 
types of botulism, which helps to differentiate type C from 
types A and Ii in horses. 2196 
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Moderate mydriasis is an early sign that persists for several 
days, with a sluggish pupil I a ry response to light persisting 
for up lo several weeks. Muscle trembling and inability to lift 
the head are two additional but inconsistent signs of type 
C botulism. The muscle trembling often starts in the triceps 
and extends lo other large muscle groups. As the disease 
progresses* some horses have increased difficulty lifting 
their heads, and their head carriage becomes lower and 
lower. Massive edema of Che muzzle and face may interfere 
with breathing, primarily in type C botulism. Supporting 
the head in a sling several hours at a time may result in 
some relief. Affected horses, when treated with botulism 
antitoxin* gradually regain strength to lift their heads over 
7 to 14 days. 2313 

During examination of 40 horses with type C botulism 
in a California outbreak, dysphagia was not readily appar¬ 
ent or detected . 2314 The absence of dysphagia in these 
horses with confirmed type C botulism is unexplained. 
Elorses in Canada, 2311 a Florida foal, 2315 and horses wish 
experimentally induced type C botulism 22?|S all had evi¬ 
dence of dysphagia. Some California horses that recovered 
from botulism had unusual prominent muscle atrophy of 
thesupraspinatus and gluteal muscles. The atrophy was still 
apparent after 2 months but had healed by 5 months in 
four of the seven surviving horses 23 ]J This previously unre- 
ported type of muscle atrophy also has not been reported 
since this case. 

The higher the dose of botulinum toxin present at the 
neuromuscular junction, the more rapid is the progression 
of the clinical signs and the poorer the prognosis for sur¬ 
vival. Low levels of toxin (10 3 mouse Lethal dose |,MLD] 
units) result in a more gradual onset of clinical signs, 
which progress over 5 to 10 days and exhibit reduced 
severity of signs. Mildly affected horses may only have 
transient dysphagia and recover with minimal treatment. 
Larger doses of toxin (10 B MLD units) result in peracute, rap¬ 
idly progressive illness. These horses may become recum¬ 
bent within 3 to 12 hours of the first detectable signs. 
In herd outbreaks of equine botulism, cases may continue 
to develop up to 14 days after removal of the suspect 
feed source. 

Adult recumbent horses are more difficult lo manage 
medically than foals and therefore also have a worse prog¬ 
nosis for survival (<15 [ 14). Once an adult horse is recum¬ 
bent as a result of botulism and unable lo rise, the 
prognosis for recovery is poor, despite the most intensive 
care, including mechanical ventilation. 2300 Some horses* 
however, quickly learn to adjust to their muscular weakness 
and do not object to being recumbent. These horses may 
stabilize at a certain point and gradually improve aver time, 
but may develop massive decubilal sores, even when bed¬ 
ded deeply with straw. Terminally 111 horses paddle their 
legs in an intermittent struggling manner and die of respira¬ 
tory distress from paralysis of the diaphragm. Euthanasia Is 
recommended when horses are recumbent, unable to rise, 
and have respiratory compromise. 

II CJi'PiicaJ 5’fgm if( Cattfc 

HISTORY. Most clinical cases of botulism in cattle occur 
as a herd outbreak, whereas botulism in horses most fre¬ 
quently occurs as a single case, in cattle the veterinarian is 
usualIv called to evaluate several down cows that may have 
initialfy responded to treatment for hypocalcemia, but then 
relapsed. 231 ^ These doivner cows are often not associated 
with recent parturition. Multiple cattle in a herd w r Lth clini¬ 
cal signs similar lo milk fever and evidence of progressive 
muscular weakness typify many outbreaks of botulism in 
cattle. Affected cattle are anorexic and hypog^ilactic and 
may develop paraparesis, which leads to recumbency. 


Affected cows have decreased strength and frequency of 
rumen contractions and firm feces. 23 "? 

Further investigation of the herd outbreak usually finds a 
point source of botulinum toxin. Recent feeding of small 
grain silage such as barley, ryelage, oat I age or wheatlage 
stored In large plastic bag£ is often present 3 to 4 days 
before onset of clinical signs. In some outbreaks the plastic 
covering the forage may be damaged, allotving mold and 
spoilage lo occur, whlclfi may lead to anaerobic conditions 
with botulism spores producing toxin. Ryelage and haylage 
stored in plastic bags or in long plastic Lubes are major risk 
factors for botulism in cattle. 3 Com silage is rarely asso¬ 
ciated with botulism; however, spoiled corn silage with a 
pH above 5.0 has been reported as a source of botulism 
for cattle. 2318 

Occasionally, the Incorporation of an animal carcass dur¬ 
ing the silage-making process may lead to an outbreak of 
botulism. Cats, dogs, and poultry carcasses are typical 
sources that lead to type C botulism. In one California out¬ 
break, feed contaminated with a cat carcass was responsible 
for the death of more than 420 adult cattle in 1 week . 2276 
Poultry litter containing decomposing chicken carcasses 
may also predispose cattle lo either type C or D botu- 
llsm. 2232 - 22 * 5 - 22 ^ 23 ^ Repeated occurrences of types C and 
D botulism in beef cattle have occurred in West Virginia, 
Arkansas, and other states where feeding poultry litter- 
based ration s is com mon. 231 * 

TONGUE TEST. Reduction in tongue strength has been 
reported as the most important clinical sign of botulism in 
cattle. 23,30 A tongue stress test assesses three aspects of 
longue muscular strength. First, insert your right hand and 
fingers through the interdental space while your other arm 
and hand keep the jaws closed. Assess the longue muscular 
tone by reaching back in the mouth and putting pressure on 
the base of the tongue. Normally, the tongue is firm and rel¬ 
atively turgid. Softness and lack of longue turgor indicate 
weakness. Second, grasp the tongue and pull it out the side 
of the mouth to test lingual strength. Normally, it not easy 
lo grasp or pull the tongue out of a cow's mouth. Third, 
with the law's held closed, slowly release the longue from 
your grasp, allowing it to hang out of the side of the cow's 
mouth. Normally, when the longue is puiied out of the side 
of the mouth with the jaws closed, most cows quickly 
retract the tongue back into the mouth, if the tongue rests 
limply over the Up, even for a few seconds, this Is very 
abnormal and suggests a very weak tongue. 

In herds experiencing a botulism outbreak, some cattle 
in herds experiencing botuilsm wlil appear normal but 
have decreased tongue strength and reduced jaw lone; 
these affected cows are early in their clinicai course. Rating 
the tongue strength of all the exposed animals ailow r s treat¬ 
ment decisions regarding which cows are candidates for 
prophylactic treatment with botulism antitoxin. Tongue 
weakness is not specific for botulism, but is characteristic. 
Reduction in tongue strength has been considered as the 
most important clinical sign in cows with botulism. 2320 
Rarely do cows w r lth botulism protrude their tongue 
spontaneously. 

if tongue strength Is normal, another cause for the weak¬ 
ness should be considered. Decreased lingual strength may 
occur w r Ltb listeriosis and other causes of hypoglossal nerw 
injury. In cases of botulism, longue weakness is symmetric 
and often associated with dysphagia and progressive muscle 
weakness, with several animals typically involved In the 
same herd. During a herd outbreak of tvpe D botulism in 
Ontario, the tongue test was assessed as normal, and 
affected cows did not have evidence of dysphagia. 22M 

JAW MOVEMENT AND MUSCLE TONE. In addition ID 
longue strength, one should aiso assess the masseler muscle 
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strength by lateral movement of the mandible. Masseler 
muscle strength Is best assessed by grasping the mandible 
in the area of the symphysis, then moving It laterally to 
determine tone of the masseter muscles. In cattle ivith botu¬ 
lism, little resistance is encountered, and the jaw seems very 
loose compared to normal cattle. Cows with listeriosis may 
also have weak masseter muscles. 

PUPILLARY RESPONSE AND DYSPHAGIA. Botulism- 
affected cattle have pupils that lend to be dilated and poorly 
responsive to light. Tlie animals may drool saliva because of 
their inability to swallow. These cattle rarely develop severe 
acidosis, as may occur with listeriosis. Often, botulism- 
affected cattle appear to prehend hay or grass, chew, and 
then swallow. However, on closer examination, the affected 
cow continually chews the same cud for hours without 
swallowing, lamination of the pharynx or oral cavity 
may reveal evidence of chewed hay cud or a forage bolus 
resulting from the inability to swallow. 

Drooping ears have been reported In cows with botu¬ 
lism,- 233 ^ but as with tall weakness, this sign is subjective. 
Additionally, pricking the skin with a needle often results In 
no or minimal response. Botulism-affected cattle are dull, 
depressed, lethargic, and often become dehydrated because 
of the Inability to swallow. They closely resemble cattle with 
milk fever, except with botulism, multiple cows are involved 
at the same time. Animals may show muscle tremors and 
truncal ataxia, even to the point of dribbling urine, before 
becoming recumbent. They remain In sternal recumbency 
in the Initial phases and Ln the more advanced stages become 
laterally recumbent with evidence of respiratory failure. 

clinical course. As with horses, the rate of progres¬ 
sion of clinical signs in cattle after Ingestion of toxln-con- 
taminated forage Is toxin dose dependent. Typically, 
cattle that absorb a moderate amount of botulinum toxin 
exhibit evidence of weakness 24 to 48 hours before becom¬ 
ing recumbent, then are unable to rise for 1 to 3 days 
before death. Low toxin concentrations may not yield 
any clinical slgn& for 7 to 10 days or longer after toxin 
ingest I on. 2516 .Massive concentrations of toxin may lead 
to clinical signs within 12 to 24 hours of ingestion, but 
this is rare. 

Animals with clinical evidence of botulism should have 
minimal phvslcal activity. This includes not standing Che 
animal up frequently or hauling in a truck long distance. 
Physical activity adversely affects the progression of clinical 
signs. Physically active cattle or cattle that are stimulated to 
walk some distance are more likely to be affected by lower 
doses of toxin. The physical activity results Ln depletion of 
acetylcholine reserves arid may exacerbate muscle weakness, 
leading to recumbency with In 12 to 24 hours, which results 
in a poorer prognosis for survival. 

Most cattle that progress quickly to recumbency after 
botulinum toxin absoiplion die as a result of respiratory 
failure, dehydration, or other complications of recumbency. 
Cattle with a more gradual progression of clinical signs 
before becoming recumbent are often able to eat, drink, 
and swallow and may recover. Typically, down cattle 
affected with botulism that recover will be down for 5 to 
10 days, and then gradually regain sufficient muscular 
strength to rise again. In the author's experience, in a typical 
herd outbreak, many cattle will have subclinlca! signs, such 
as a weak tongue and decreased law 1 tone, possibly mild dys¬ 
phagia, and will never become recumbent. I’hese animals 
should have a detectable antibody response to botulinum 
toxin 3 to 4 weeks after recovery from sub-clinical botu¬ 
lism. 333 '- 2321 The clinical course ranges from 2 to 30 days, 
depending on the dose of toxin absorbed and treatment 
provided. In cattle, 30% to 50% mortality rates are most 
common. 


Other Large Animal Species 

IVpe C botulism has been reported Ln bighorn sheep In 
California 2335 and in sheep Ln South Africa associated with 
feeding poultry litter. 2326 - 3327 The later report Indicates the 
Importance of sampling both the rumen and the cecal con¬ 
tents for botulIlium toxin testing because In this case the 
rumen samples were negative but the cecal contents were 
positive for preformed toxin. 

H Differfn f I’d ? Diifgirusrj 

diagnostic rule-outs for horses. Differential 
diagnoses for horses include any disease associated with 
muscular weakness and dysphagia, equine protozoal myeli¬ 
tis ft PM), rhinopneumonltls [spinal cord myeloencephalo- 
palny) r 232B West Nile virus, white muscle disease, azolurla, 
eclampsia, guttural pouch mycosis, leukoencephaloma- 
lacla (moldy corn poisoning), eastern and western equine 
encephalitis, yew poisoning (Tltjcus species], rabies, white 
snakeroot poisoning, yellow star thistle toxicosis, hypocal¬ 
cemia, organocblorlne toxicosis, and pharyngeal ulcera¬ 
tion. EPM with brainstem involvement is one of the most 
difficult diseases to differentiate from early botulism. 
However, most horses with EPM have asymmetric neuro¬ 
logic deficits, which rarely occur with botulism, lonophor- 
ous antibiotics (monensln, sallnomycln, narasin) may 
produce signs of profound muscular weakness similar to 
those seen Ln botulism, but dysphagia and the absence of 
Increased muscle enzymes distinguish botulism, line 
absence of systemic signs of Illness also helps the practi¬ 
tioner differentiate botulism from sepsis and more 
generalized Infectious diseases. 

Myperkalemic periodic paralysis (HYPP) should be 
Included Ln the diagnostic rule-out List for myasthenic quar¬ 
ter horses. EIYPP, a dominant inheritable condition of 
quarter horses, is characterized by episodes of muscular fas- 
clculallons, weakness, myotonia, and recumbency. 2329 
Utiese episodes are associated with hyperkalemia attribut¬ 
able to a defect in sodium channels. Electromyographic 
examination, plasma potassium, and demonstration of a 
DNA marker help confirm EIYPP. 2330 

DIAGNOSTIC RULE-OUTS FOR CATTLE, Most herd 
outbreaks of botulism Involve several cows at the same time 
Ln all stages of Lactation. Hypokalemia and hypocalcemia 
resemble botulism but are easy to differentiate, because 
most cases of hvpocalcemla occur Ln the perl parturient 
period, and hypokalemia is most common in early lactation. 
Listeriosis almost alw r ays has Localized cranial nerve involve¬ 
ment, which is not present wLth botulism cases. Organo¬ 
phosphate toxicosis results In sailosls, nervousness, and 
constricted pupils, not mydriasis as occurs with botulism. 
Spinal cord compressions, as may occur with Lymphosar¬ 
coma or vertebral body abscess, are single-animal diseases 
and not herd problems. 

II ChnftaZ Pathology' and Diagnostic Approach. Labora¬ 
tory support for a diagnosis ofbotulism requires one of 
the following; (1) demonstration of preformed toxin Ln 
the patient's serum or gastrointestinal (Gl) contents or Ln 
a wound; (2) demonstration of Gfrstrrriiujii EmtuJtnuni spores 
Ln the Gl contents or feed materials, with compatible clini¬ 
cal signs; or (3) the detection of an antibody response to 
C. fjdftr/imrwr in patients recovering from suspected botu¬ 
lism. A definitive diagnosis may be obtained by demonstra¬ 
tion of preformed toxin Ln plasma or Gl contents, but this is 
rarely possible In adult horses. Preformed toxin has been 
Identified Ln about 30% of Gl contents of shaker foals, but 
rarely In adult horses. E : lndlng botulinum spores Ln the 
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intestine] or rumen contents, with clinical signs compatible 
with botulism, is strongly supportive of botulism because 
botulinum spores are rarely detectable in the rumen or Gl 
contents of normal cattle or horses, 

Botulinum toxin Is relatively stable In tissues or plasma 
frozen at -20° C (-4° F) for several weeks. The mouse blo- 
assay, the most sensitive lest for botulism currently avail¬ 
able, requires a minimum of 5 mL of plasma or serum 
from an affected animal as early In the clinical course as 
possible. Detection of toxin In the serum is likely only in 
animals with peracute onset and rapidly progressive clinical 
signs (onset to death In less than 4S hours). Itte seium 
( I ml] is Injected into two ICR Swiss Webster mice. If clini¬ 
cal signs of botulism occur In the mice {'"''wasp waist"'), four 
additional mice are injected with the suspect serum. Two of 
the mice receive either a monovalent or a polyvalent botu¬ 
lism antiserum, depending on the history, along with the 
test serum. If mice are protected by a specific antitoxin, 
the test Is definitive for the presence of botulinum toxin of 
that type. 3 335 Unfortunately, because horses are very suscep¬ 
tible to botulinum toxin, the level of circulating toxin in an 
affected horse Is often below the threshold of detection of 
the mouse bloassay. Few reports have demonstrated pre¬ 
formed toxin (type 11) in plasma (or serum) from an acutely 
affected foal or'horse.■ U3 ^ 333J 

A tentative diagnosis may be based on the presence of 
botulinum spores and toxin in feedstuffs recently consumed 
by animals having clinical signs compatible with botu¬ 
lism. 2301 Spores of C. bolittitnittf type B are found In the 
feces of approximately 34% of adult horses (three fecal sam¬ 
ples per norse) with clinical signs compatible with botu¬ 
lism. C. Ewluhflcmt toxin and spores can be found In the 
feces of approximately 20% and 70%, respectively, of foals 
affected with botulism. Spores are rarely detected In fecal 
samples from normal foals or adult horses. 2310 The presence 
of neutralizing botulinum antibody is a recently recognized 
indicator of botulism in nonvacclnated animals. 3321 - 233 ^ 
The polymerase chain reaction (PGR) for the detection of 
botulinum neurotoxin gene type B was reported to be more 
sensitive than the mouse bioassay In a natural case of type B 
botulism in Australia.- 2333 - 2313 At present, however, this tech¬ 
nique remains a research tool that Is not readily available for 
routine diagnostic purposes. In the author's experience, 
electromyographic evaluation has not been very rewarding 
to confirm a diagnosis of botulism In horses. 2301 

Typically, botulism Is a diagnosis by exclusion, ruling out 
other diseases that may result In si mi far clinical signs. Both 
hematologic and routine plasma biochemical findings in 
early to moderate cases of botulism show few abnormal¬ 
ities. Hyperglycemia is often present 2334 and expected in 
cases of botulism, because elevated blood glucose is 
expected In many life-threatening diseases of cattle. If signif¬ 
icant abnormalities are present, a disease other than botu¬ 
lism should be strongly considered, 'the gradual 
progression of din leal signs over l to 4 days, Including dys¬ 
phagia, decreased tongue tone, and muscular weakness 
leading to recumbency, Is fully compatible with botulism. 


II P-flthophyjioJogy, Botulinum toxin acts primarily presyn- 
aptlcally at the peripheral cholinergic neuromuscular junc¬ 
tion by blocking the evoked release of acetylcholine. 3 3 * a 
The three steps Involved in the neuromuscular blockage 
are [1) a primary step In which toxin heavy chain binds rap¬ 
idly and irreversibly to receptors on the presynaptlc nerve 
terminal, (2J an internalization process involving receptor- 
mediated endocytosis of the toxin light chain, and (3) a 
final blocking step to prevent (he release of acetylcholine 
from the vesicle, 2272 leading to a flaccid paralysis. Once 


toxin Is bound at the motor endplale, Improved neuromus¬ 
cular function is achieved onlv by the regeneration of new 
endplates; thus the prolonged time of a w r eek to 10 days 
for clinical improvement after antitoxin therapy. Each neu- 
roloxln serotype has its own specific receptor, an endopep- 
lldase, 3533 - 2330 which may explain differences In species 
susceptibility to different toxin types. (For more detail 
about the neurotransmission, see Dasgupta. 3260 ] 

ToxicoInfectious botulism occurs In foals and was initi¬ 
ally reported as "shaker foal syndrome." Foals may ingest 
botulinum spores with tlieir food material as "normal" 
contaminants. The spores then produce toxin in vivo Ln 
the Gl tract, resulting In neurologic disease. 2303 - 23 °A 23J5 
Toxin Is delectable in the feces of approximately 30% of 
shaker foals, but only In the acute clinical phase of the 
condition. 2310 Normal Intestinal flora of adult horses, 
humans, and other animals inhibit intralntestinal growth 
of botulism spores, limiting the occurrence of toxlcoinfec- 
llous botulism to neonates. 3337 In human Infants less than 
6 months of age, C. fwrtriiiiutti may colonize the Gl tract, 
which lacks competing microbial mlcroflora. After their 
ingestion, botulism spores vegetate to produce botulinum 
toxin, which may be detectable in the stool for several 
weeks. 3336 

Most cases of type B equine botulism are associated with 
spores In the hay and rarely with commercial grain con¬ 
taminated by decomposed animal carcasses. Commercial 
feeds (grains) are seldom proven to be the source of botu¬ 
lism toxin for horses. The origin of botulism affecting only 
one or two horses on a farm Ls often not Identified. When 
several horses are involved, the source is typically found to 
be the forage, as in outbreaks In California (hay cubes), 33J4 
Ohio (contaminated wheat fed to work horses), 2235 North 
Carolina (baled alfalfa hay), 230 * England (big baled 
hay), 2330 2335 Sweden (big bale ensilage], 23JO and Australia 
(oaten chaff). 3341 Silage and hay contaminated with type 
B botulinum toxin and spores are the typical sources of 
exposure for horses. 2310 Hay stored Ln plastic bags or tubes 
has become a common factor in many outbreaks of botu¬ 
lism in the United States and England. I342 - 23J3 

Conditions of Low acidity (pll >4.B), low oxygen, and 
high water content favor spore germination and toxin pro¬ 
duction. Small-grain forage, such as ryelage, callage, wheat- 
lage, and barley, 23JJ frequently provides these conditions 
and is a major risk factor for bovine botulism. The small- 
grain forages have a narrow window of harvest; if harvested 
too early or too late, fermentation is inadequate, and the 
pH remains high, helping botulism spores to vegetate, pro¬ 
ducing botulinum toxin. Spoiled hay or poorly fermented 
silage also represents potential sources of botulism exposure 
for horses. 2261 Silage with high pi l (>4.5) Is a well-known 
source of botulism for horses and is not a recommended 
equine feed because horses are much more susceptible to 
botulism toxin than cattle. 2501 

II Necropsy HndiPigs. Typically, no obvious gross or histo¬ 
logic lesions are associated w r llh botulism in most species. 
Myositis or aspiration pneumonia may be present In some 
foals and adult horses because the deglutition reflex is 
abnormal. Patches of edema among the cervical muscles 
of an adult horse suggest type C botulism because some 
horses are unable to lift their head when affected with this 
toxin type. 

II lYentttienl and Prognosis. Equine botulism is usually 
fatal unless affected animals are promptly treated with spe¬ 
cific antitoxin. 2310 In a series of 9 L foals, yearlings, and 
adults with presumed type B botulism, none was treated 
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wish antitoxin and only two of the foals survived. 23JS On 
she other hand, a recent report of 30 foals affected with bot¬ 
ulism had a survival rate of greater than 96% when treated 
wish antitoxin 3346 Neutralization of circulating toxin with 
a specific or multivalent botullnum antiserum should be 
the first and Immediate therapeutic objective, Eveiy hour 
between initial examination and antitoxin treatment'results 
In a poorer prognosis for survival. Only one dose of anti¬ 
toxin Is needed because the half-life of botullnum antitoxin 
of equine origin Is about 12 days In normal horses, llnfor- 
tunalely, the antitoxin has no effect on the toxin after bind¬ 
ing to the cell receptor; thus the Importance of immediate 
treatment. 2269 Once an adult horse Is recumbent, the prog¬ 
nosis for survival is greatly reduced, with less than 15% sur¬ 
vival. Because the prognosis for survival in recumbent 
horses Is poor, these animals should not be treated with 
antitoxin, unless the owners are fully appraised of the poor 
prognosis, the extensive nursing care that will be required, 
and the huge financial costs of an attempt to save these 
recumbent animals. 

l’he recommended dose of antitoxin is 200 ml 
(30/000 IU) for a foal and 500 ml (70,000 1U) for an adult 
horse. A single dose of antitoxin should provide passive 
protection for more than 60 days. 1 lorses with mild, slowly 
progressive disease may survive without antitoxin, as long 
as the patient Is confined to a stall to restrict muscular activ¬ 
ity as much as possible, frequent attempts to force the horse 
to rise are also contraindicated to avoid further depletion of 
acetylcholine stores and exacerbation of the clinical signs. 
Antimicrobials may be given for specific secondary compli¬ 
cations (e.g., aspiration pneumonia). If antimicrobials are 
used, those that may potentiate neuromuscular weakness 
should be avoided (e.g., aminoglycosides). 2347 - 2 -* 46 Metro¬ 
nidazole, often effective against anaerobic bacteria, 3140 Is 
not effective against botulism and has predisposed labora¬ 
tory animals and human patients to develop botulism. 2330 
Mineral oil Is often recommended as a cathartic for horses 
with ileus to prevent Impaction colic. Parasympalhomi- 
met Ics [e.g., neostigmine) and 4-amlnopyridlne are coun- 
traIndicated for the treatment of botulism In animals. 2310 

Most equine patients cannot swallow, so supportive ali¬ 
mentation Is required. A high-quality protein slurry composed 
of 4 lb of alfalfa meal and up to 12 L of water should be admi¬ 
nistered twice dally by nasogastric tube using a bilge pump to 
support, a 1000-lb'horse. 11 yd ration should be monitored by 
daily determinations of packed cell volume (PCV) and total 
plasma protein ('ITT 1 ). Alfalfa meal gruel with adequate water 
was shown to maintain dysphaglc horses for more than 
2 weeks. 2313 Expensive mixtures of electrolytes and semlpuri- 
fled nutrients are not necessary for oral alimentation. 2351 If 
the horse or foal Ls recumbent It should be fed Ln a sternal 
position and supported during gastric emptying. Recumbent 
Foals are prone to developing ileus and may accumulate a 
large amount of fluid In their stomach, which must be relieved 
by nasogastric Intubation. Additionally, recumbent male 
horses require bladder catheterization several times dally 
because they are unable or unwilling to urinate. If not catbe- 
terlzed, severe cystitis or bladder necrosis may result. Because 
most animals continue to attempt to eat, muzzling mav be 
necessary to prevent aspiration of food or bedding, which 
can lead to aspiration pneumonia. 

Eoals often require Lnlragastric feeding with either mare's 
milk, goafs milk, or a commercial milk replacer (Foal-Lac; 
Borden) through an indwelling nasogastric tube (Levin Tube, 
16 Fr, 1.27 m; Davol). Additional therapy often includes hLs- 
tamine receptor (Hj) blockers such as ranitidine or clmeti- 
dlne, along with sucralfate to help prevent gastric ulcers, 
which occur frequently In shaker foals. 230f! Ophthalmic lubri¬ 
cating ointments (Lacrl-Lube; Allergan Pharmaceuticals) are 



often needed to prevent corneal abrasions that may result 
from decreased eyelid tone. Recumbent foals must be turned 
frequently to help prevent decubital ulcers and muscle necro¬ 
sis. Parenteral antibiotics (e.g, potassium penicillin, cefllofur 
sodium) are indicated to help reduce secondary infections, 
especially Inhalation pneumonia. Approximately 50% of foals 
with botulism will require supplemental oxygen, and 30% 
will require mechanical ventilation. 2 - 152 In foals requiring 
mechanical ventilation, 67.5% survived. 2352 

Recovery from botulism depends on toxin dose and the 
resulting severity of the clinical disease. Dysphaglc horses 
that are able to stand will gradually regain the ability to 
swallow over 3 to 7 days. The more complete the dysphagia, 
the longer is the lime required for recovery. An occasional 
horse will remain dyspbagic for more than 2 weeks. Most 
adult horses are able to eat hay and swallow grain and water 
by 7 to 10 days after treatment with antitoxin. Return to full 
strength often lakes more than 1 month. Very few adult 
horses that become recumbent and are unable to rise for 
24 hours recover unless they are provided meticulous 
nursing care. Decubital ulcers and secondary respiratory 
problems are the major complications. Recumbent foals 
are usually able to stand after 7 to 10 days of intensive 
nursing care. 23Qa 

II Prevention. A toxoid for CftHlridiurn ktftrfrnurrT type B, 
EotVax B, is available from Neogen Corporation (Lexing¬ 
ton, Ky). Three doses of vaccine 1 month apart are required 
to successfully Immunize horses according to current 
recommendations. 2353 Alternatively, three vaccinations 
given at L 0-day to 12-day Intervals may provide protective 
antibody after 3 weeks, If necessary for emergency situations 
(e.g., outbreaks). 2354 Annual revaccination of pregnant 
mares 4 to 6 weeks before foaling Is highly recommended. 
Horses from an endemic area should be revaccinated annu¬ 
ally. The colostrtim from vaccinated mares receiving boos¬ 
ters 6 to 8 w r eeks before foaling should contain adequate 
antibody to protect the foal for S to 12 weeks. 2355 Foals vac¬ 
cinated with toxoid in the first few days of life should be 
Lm mu no responsive and should develop antibodies to the 
toxoid, even Ln the presence of passive antibody. 3334 Foals 
or w r eanLings given only two doses of toxoid may not be 
protected. 

Botulism toxoid is considered highly efficacious w r hen 
administered properly and is regarded as one of the safest 
and most effective vaccines for horses. Occurrence of clini¬ 
cal botulism in fully immunized horses has not been 
reported. No multivalent vaccine or licensed type C toxoid 
for horses Ls available in North America at this time. How¬ 
ever, horses have been vaccinated and immunized with a 
type C toxoid approved for use in mink. This vaccine has 
been used for several vears in endemic type C areas, such 
as southwestern United States. 

POLYNEURITIS EQUI (NEURITIS OF 
CAUDA EQUINA; CAUDA EQUINA 
NEURITIS) 

H De/ffilfion dfrd L/atifogy. The etiology of polyneuritis 
equl in horses Ls unknown. Inflammalorv changes occur Ln 
various nerve roots, particularly those of the cauda equina 
and cranial nerves. All nerve roots may be affected to a greater 
or lesser degree, w r hlch has led to the use of the term polyneu¬ 
ritis etfui as a more descriptive name for the condition than its 
previous name of "cauda equine neuritis/' 3356 - 2356 

The disease usually occurs In adult horses, 3:35fr23&L 
although it has been described Ln a yearling filly. 2355 No 
breed or gender predilection has been noted. 2360 ' 
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Several hypotheses have been proposed for the cause of 
this disease. The Lesions it causes bear some bLstopathologjc 
resemblance lo experimental allergic neuritis of rats, coon- 
hound paralysis of dogs, and Gulllaln-Barre syndrome in 
humans, all of which are suspected of having an autoim¬ 
mune basis . 236 Other proposed etiologies Include a 
hypersensitivity reaction after systemic Infection,, aberrant 
migration of helminth larvae, and association with equine 
herpesvirus type 1 {EIIV-JJ and equine viral arteritis (EVA) 
Infections. 2 - However, conclusive evidence 

supporting any of these theories is lacking 


III Ch'pircaJ and Differential Diagnosis. The clinical 

signs of polyneuritis equi reflect the Involvement of the 
lower motoneurons ana sensory neurons at the level of 
the nerve roots. In (be initial stages of the acute form, horses 
show signs of hyperesthesia, particularly around the 
tallhead, and rub and chew at this area.- 361 Sometimes 
pain Is apparent, and horses become apprehensive of 
handling. 2366 The condition can progress to hypoesthesla 
or anesthesia of the affected areas. 2536 - 2357 - 2363 In the 


chronic form a gradually progressive paresis of the tall, 
bladder, rectum, and anal sphincter develops, tvhich may 
terminate in paralysis. 

Common signs include weakness or paralysis of the 
tail. 2567 - 256 * Ihe anus may be hypotonic or atonic and 
distended. 2336 - 236 *- 2363 Fecal retention or Incontinence Is 
sometimes a feature. 2356 - 2357 - 2363 ^ 236 *' 237 ® Urinary Inconti¬ 
nence occurs in many horses because of Lnvolvement 
of parasympathetic fibers in the sacral nerves and is the lower 
motoneuron type (L.e., bladder is atonic, distended, and 
easily expressed manually). In severe cases, overflow inconti¬ 
nence develops, and urine dribbling may cause vaginal hyper¬ 
emia and scalding of the perineum In mares and scalding of 
the thighs In animals of either gsender 235622337 ' 23 * 3 - 2367 -^ 371 
Retention of urine predisposes lo urinary tract Infections. 2365 
In males the penis may be relaxed and protruding, with 
decreased sensation in the perineal skin. 23 * 6 - 2357 - 2567 [fnpo. 
tence resulting from Incomplete erection and inability to 
achieve Intromission w r as the presenting complaint In one stal¬ 
lion with polyneuritis equi 2372 The preputial skin, which 
derives Its innervation from spinal cord segments L2 id L4 
through the genitofemoral nerve, usually retains normal 
sensory function . 2373 When s he nerve roots of the lumbosacral 
enlargement of she spinal cord are Involved, hindlimb 
weakness with ataxia Is seen. J36D.2MI,23G3 i 236& Weakness 


and ataxia have been observed in all four limbs of some 
horses. 233723 ^ .ix?23?a The gait may be stiff ,:iswjm and 
denervation atrophy of muscles may result. 2366 

Cranial nerves can be involved. The signs depend on the 
individual nerves affected and the severity of the disease. 
The motor branch of the trigeminal nerve is reported lo be 
most often involved, resulting In atrophy of the temporal 
and masseter muscles, with drooling and dyspha- 
gia. 23&7 - 2370 - 2371 - 3374 Involvement of the facial nerve results 
in unilateral or bilateral facial paralysis, which can cause 
keratitis and corneal □Iceralion.' 2361 - 2363 - 2367 - 237 ®- 237,4 Head 


tilt and other signs of cranial nerve dysfunction may also 
occur. 2337 - 2367 - 237j3 


Any disorder that affects the cauda equina may cause 
similar signs. These include Instabilities of the caudal spine 
caused by luxations or fractures, EHV myelitis, sorghum 
intoxication, and Infectious diseases that involve the cauda 
equine, as well as some primary diseases of the lower uri¬ 
nary tract. 3373 - 2377 


more than 100 cel Ib/iiL 2355 The CSE protein concentration 
usually Is moderately lo markedly increased. 3237a - a374 
Electromyographic abnormalities occur in polyneuritis equi 
as a result of denervation of affected muscles. A recent study 
suggests that the presence of circulating antibodies lo P2 
myelin protein may prove lo be a useful diagnostic test, but 
further research Is required to confirm this. 2373 - 2373 

II Pathophysiology'. The finding that some horses with 
polyneuritis equi possess antibodies to P2 myelin protein 
supports the theory dial this disease has an autoimmune 
etiology. 237 *' 2379 An Initial traumatic or infectious Insult 
might cause the release of autoantigens from nerve tissue 
and disrupt the blood-nerve barrier so as to permit an auto¬ 
immune reaction. 2366 Experimental Inoculation of P2 pro¬ 
tein in rats produces an antibody response and an allergic 
neuritis that shares some pathologic features with polyneu¬ 
ritis equi. 3330 How r ever, such autoantibodies may represent 
an eplphenomenon and may not be central to the patho¬ 
genesis of the disease. 


II Necropsy Findings, ltie main lesions are In the nervous 
system. The cauda equina Is thickened, discolored, and cov¬ 
ered with edematous tissue and fibrous material. 23 * 1 - 23 7J ' 23a] 
There may be adhesions of the nerve roots or the spinal cord 
lo the meninges and the periosteum of the vertebral 
canal. 233 *' 23 * 9 Subdural or epidural pelechlation and hemor¬ 
rhage are sometimes seen. 2356 - 2363 - 2366 

At the microscopic level the major finding Is a granuloma¬ 
tous Inflammation that Is most Intense In the extradural part 
of the nerve roots. On rare occasions, microabscesses are found 
at the center of the granulomatous lesions. 2336 - 2361 ltie epi- 
neuria, perineuria, and endoneurla are thickened and are infil¬ 
trated to varyLng degrees by lymphocytes, plasma cells, 
lymphoblasts, macrophages, giant cells, eosinophils, and in 
rare cases, neutrophils.* Inlraneural Inflammation, necrosis, 
and endoneurial thickening can obliterate nerves. 2336 - 2363 - 23 * 6 
Axonal degeneration and demyellnatlon are present. 23 * 1 
Often, myelinated axons are absent in the affected nerves, 
Mildly affected nerves have axonal swelling and ballooning 
of myelin sheaths. .Nerve bundles are separated by laige 
amounts of fibrous tissue. There is minimum to moderate 
evidence of nerve regeneration.- 31 *^ 

Lesions can also be found In the spinal cord Itself, 
having occurred secondary to the nerve root lesions, 
such as wallerlan degeneration in the dorsal columns 
and axonal reaction in the ventral horn cells. 3366 inflam¬ 
matory lesions in dorsal root ganglia and In trigeminal 
ganglia have been found In some horses with this 
disease. 3367 


II Treatment and Prognosis. Treatment with corticoster¬ 
oids at antiinflammatory doses early In the course of the 
disease may be helpful. 2333 - 23 * 3 - 2371 - 33a2 However, no ther¬ 
apy has consistently been shown to be effective. Immuno¬ 
suppressive drugs, such as azathloprlne, may be useful in 
the treatment of polyneuritis equi, but their use for this dis¬ 
ease has not been reported. 3333 General supportive care 
should be eiven, including fluid therapy when necessary, 
and (he bladder and bowels should be manually evacuated. 
Because of the slow progression of signs In some horses, 
these animals may be maintained on supportive care for a 
long time. Because of the severity of the clinical sign^, the 
gradual deterioration, and the poor prognosis, euthanasia 
usually is the eventual choice. 


Clinical Pathology'. Cerebrospinal fluid (C5F) may have _ 

a mononuclear and neutrophilic pleocytosis, sometimes with * Reference* 2356, 236l r 2361. 23(57, 23<5S. 2371. 
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SORGHUM TOXICITY 

Definition and Etiology. A syndrome of ataxia and cysti¬ 
tis hi horses, cattle, and sheep has. been linked to the feed¬ 
ing of Soreftjjjw species. 33 *" 1 " 25 ^ 'Ihe underlying mechanism 
is probably toxic damage to the central nervous svstem, 
but the precise toxin responsible Is not known. This disease 
does not appear to be linked to the breed, gender, or age of 
an animal. 2 ' 65 

1 CUntcai Signs. The first sign observed usually is ataxia of 
the hind! I mbs, usually followed by urinary incontinence. 
.Affected animals have a swaying hindlimb gait and a ten¬ 
dency to knuckle over Occasionally, affected horses may 
walk with a hopping gait, in which both hlndllmbs are lifted 
off the ground simultaneously (Fig. 35-4S). Signs lit horses 
tend to worsen on backing, and animals may fail or even 
become recumbent. 23 * 5 During an outbreak of the disease 
in cattle, 3 of 54 affected cows became recumbent, and two 
of these died. 23 - 6 The perineal muscles are relaxed, and urine 
dribbles from a flaccid, distended bladder. 2365 - 23 * 6 In mares 
the vulva opens and closes repeatedly; In stallions and geld¬ 
ings the penis Is relaxed and protrudes from the prepuce. 11fi ^ 
Paresis of the tail may be present in both horses and cattle. 
Loss of skin sensation over the hindquarters has been 
described In a cow, suggesting Involvement of both sensory 
and motor nervous pathways, 23 ** Head shaking, ataxia, 
weakness, recumbency, opisthotonos, and death have been 
reported in sheep, and mortality can approach 5G%. 13flJ 

Cystitis in affected animals may be severe and occurs sec¬ 
ondary to urine retention. Dribbling of urine onto the skin 
of the perineum and hindltmbs results in scalding of the 
skin and dermatitis. Pyelonephritis is a common sequela 
to chronic cystitis and may be fatal,^ a5,23a7 Sometimes 
the clinical signs may be chronic; In one outbreak, horses 
had been showing signs for as long as 3 years. 3 - 333 

Abortion in mares, arthrogryposis as a congenital defor¬ 
mity of foals and lambs, and "neurologic abnormalities In 
newborn lambs also have been Linked to the feeding of Sor¬ 
ghum plants. 33 M - 3fl5 


Pfl(hopliyjtofpg)'. The precise nature of the toxic sub¬ 
stance In Sorghum plants that causes ibis syndrome is 
unknown. Most Sorghum species are cyanogehelic pi Lints 
that contain hydrocyanic acid at potentially toxic concen[ra¬ 
tions. 236!> Chronic exposure to cyanide has been suggested 
as the cause of the neuropathologic changes found in 
affected animals. 2365 Similarities in the clinical signs of this 
syndrome and chose of neural alhyrism in humans have led 
lb the suggestion that the toxic principle in Sorghum plants 
may be a iatbyrogen-llke substance.- 5 ™ 

KprdrPFifo/cpey. The cyanide concent of Sorchuni plants is 
increased by drought or freezing and also is higher in new 
shoots and wet planls. 2365 - 2390 In one survey of the disease 
in horses, most cases occurred during the wet season and 
involved young, growing plants. 2565 The period of grazing 
before the onset of signs ranges from 1 week to many 
months. 2365 - 2366 

Necropsy Findings, Wallertan degeneration, swelling of 
axons and myelin sheaths, and demyelEnallon in a small 
number of nerve fibers throughout the length of the spinal 
cord, in the cerebellum, cerebellar peduncles, and the pons 
have all been described, together with the presence of phago¬ 
cytic gitter cells. 236 - 3 2366 These changes are not associated 
with specific tracts. 2366 Ljkrastructur.il studies of brains and 
spinal cords of affected sheep have revealed that the axonal 
swelling (spheroids) are composed of aggregates of neuroftla- 
ments, mitochondria, vesicular bodies, and dense bodies, 
enclosed within a thin myelin sheath. 3 

i'lTtidneiri mid Prognosis. Withdrawal of Sorghum plants 
from the diet of affected animals results In a gradual 
Improvement In the clinical signs over weeks to months, 
although recovery may not be complete, 2364 - 23 ** Dealh is 
a potential sequelhowever, and mortality can be high In 
some cases. 2364 There is no specific treatment for affected 
animals. Supportive therapy Includes antibiotics for treat¬ 
ment of bacterial urinary tract Infections. 


Clinical toathbfogy. Diagnosis of sorghum toxicity Is 
made by the presence of typical clinical signs in association 
with a fiistory of feeding Sorghum plants. No specific diag¬ 
nostic test is available Cystitis and pyelonephritis are iden¬ 
tified by typical findings on routine urinalysis, serum 
biochemistry and urine culture. 



FIG. 35-Jfl 1 tlhiLrsflCTistk T.ihbil p,ii 1 uJ .1 liorw: wiLh l.ictiy- 
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LluTlaon.) 


Cofllr&J. Avoidance of feeding Sorghum plants as .1 pre¬ 
dominant part of the diet or the sole diet is the only 
method of control. This plant has considerable feed value 
and should not present a major hazard when used as part 
of a diversified feeding regimen. 

&TRINGHALT (SPRINGHALT; 
HAHNENTRiTT) 

Definition jiird fffftfJogy. SErlnghalt Is a disorder of 
unknown etiology that produces a characteristic hyperilex- 
Lon of one or both hock points In affected horses. The spo¬ 
radic form usually affects a single hind limb L ind Is often 
associated with traumatic Injury, although In some eases 
no inciting cause is Identified. The epidemic form affects 
both hlndlimbs and sometimes the forellmbs. This form 
also is called bilateral stringhuk, rather than IJ epidemic' 
slringhalt. Laryngeal paresis from Involvement of the recur¬ 
rent laryngeal nerves also has been described In this form of 
the disease. This form of stringbalE occurs often as an out¬ 
break In groups of horses grazing poor-quality, weed- 
infested pastures; it is suspected to have a toxic etiology. 

Clinical Signs 

Affected horses appear normal at rest but have a character¬ 
istic involuntary nyperfkxLan of the tarsocrural joint when 
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moving. l^he disorder may be unilateral or bilateral and 
can vary In severity from a slight exaggeration of norma] 
movement to a motion wherein the rear foot strikes the 
belly. A grading system has been proposed, with the severity 
of signs classified from grade ] to grade V. 3391 ]n grade l, 
mild signs are noted just as the horse begins to move; in 
grade V, animals are reluctant to move and have a "bunny¬ 
hopping'"' gait when forced to do so. The signs generally 
worsen on turning or backing and may also be more 
severe when (he animal Is frightened, after a period of rest, 
or In cold weather. 2392 - 2394 Knuckling of (he forelimbs 
may occur in the epidemic form of the disease, sometimes 
with evidence of laxyngeal weakness in the form of dyspnea 
or "roaring/" Atrophy of mtiscks in the affected limbs is 
usually a feature of strlnghalt and Is most severe in distal 
limb muscles. 


II I'fiffroJagy, Mo abnormal clinical pathologic 

findings are associated with strlnghalt. Electromyography 
of affected muscles reveals Increased Insertion activity and 
abnormal spontaneous activity, such as fibrillation poten¬ 
tials and positive sharp waves, consistent with denerva¬ 
tion. 23932 ™ 6 Merve conduction velocity Is slowed In the 
peroneal nerves of affected Limbs, Indicating demyellnation, 
and Improves as animals recover clinically. 2391 

II The etiology and pathophysiology of 

strlnghalt are unknown. The sporadic form occurs In individ¬ 
ual animals. In some sporadic cases, a history of traumatic 
in|ury to the Limb, particularly to the dorsoproxlmal metatar¬ 
sus, precedes the development of strlnghalt by several 
months, 3357,1398 although in other cases the cause Is 
unknown. Explanations Tor the development of strlnghalt 
after traumatic in|ury include tendinous adhesions and 
alterations in the function of nervous or muscular compo¬ 
nents of the myotactic reflex In the affected mus- 
deB. 2393 - 2399 - 2400 Outbreaks of strlnghalt among horses in 
Australia and the United States have been associated wish 
ingestion of certain plants, particularly Hypadrijerij nrdeoiika 
(catsear), but a causal role for a plant toxin has not been 
roved experimentally. 1,101-3403 Other related plants that 
ave been associated with she development of strlnghalt 
include Ttirtixticajjai officinale (dandelion] and Aftr/tui pnn'/flurd 
(cheeseweed mallow ). 239J Lalbyrlsm, a toxicity caused by 
plants of the Lit/ryn/s (flatpea) family, can cause signs similar 
to strlnghalt [see earlier discussion). Detailed pathologic 
studies of horses affected by the epidemic form of strlnghalt 
have revealed that the lesion is a distal axonopathy in periph¬ 
eral nerves that selectively affects large-diameter myelinated 
axons. 14 ° 2 - 2404 The pathologic changes are widespread and 
involve nerves of the forelimb and the recurrent laryngeal 
nerves, as well as those supplying the hindllmbs. Neurogenic 
myohber atrophy Is present in muscles innervated by the 
affected nerves, with type ll fibers being more severely 
affected than type I fibers. Recovery In affected horses Is pre¬ 
sumed to result from axonal regeneration, a process that 
requires an intact neuronal cell body. 2402 

II Epidemiology. The sporadic form of strlnghalt occurs in 
individual animals worldwide and at any lime of year. The 
epidemic form occurs in outbreaks In which several horses 
in the same location are affected; ll has a seasonal inci¬ 
dence, being most prevalent In the late summer or early 
autumn after a period of veiv dry w r eather. Outbreaks have 
been reported in Australia (thus the alternative name for 
the epidemic form, "'Australian strlnghalt"') and in the west¬ 
ern United Slates. 2405 2406 


II Necropsy findings. Lesions are limited to the peripheral 
nerves and muscles. 2402 There Is a loss of large-diameter mye¬ 
linated fibers in a number of peripheral nerves, especially 
those innervating the hindllmbs and the recurrent laryngeal 
nerves. The pathologic changes In the nerves include demye- 
II nation, fibrosis, and proliferation of Schwann cells. Longer 
nerves are more severely affected. Muscles Innervated oy 
the affected nerves show evidence of denervation atrophy, 
pa rticu I a rly of type 11 myoflbers. 

II lYentnwnl and ITognvsis, Individual cases rarely recover 
spontaneously. SurgLcal therapy by tenotomy or tenectomy 
of the lateral digital extensor tendon has been the treatment 
of choice in sporadic cases, resulting in a guarded to favor¬ 
able prognosis for recovery. 2392 - 2393 ^ 2407 Conservative treat¬ 
ment using gradually increasing exercise or intraarllcular 
administration of corticosteroids also has been advocated 
for animals with a history of trauma to the affected 
limb. 2397 - 2396 One study found no apparent significant dif¬ 
ference in outcome between horses that underwent surgery 
and those managed conservatively. 2397 Steroid therapy was 
successful in the one case reported, whereas exercise alone 
resulted In improvement In two of four horses but complete 
recovery in only one horse. 2397 

In the epidemic form, most horses recover In w r eeks to 
months without treatment. 2401 Because a toxic etiology is 
suspected, it is usually recommended that the horses be 
removed from the pasture they were grazing when they devel¬ 
oped signs. Administration of pbenytoin (10 to 15 mg'kg 
orally once or twice daily] resulted In clinical improvement 
and reduced abnormal electromyographic activity with In 24 
hours of starting therapy and reached full effect by I 
week. 2396 - 240 ^ Horses that did not recover spontaneously 
while receiving phenyloln showed reappearance of signs 
within a few d ays. Ml Id sed ation is a possible side effect of th Is 
treatment. Other drugs reported to have variable beneficial 
effects Include mephenesln and baclofen. 2409 - 2411 

II Coirtnif. Because plant toxicity is suspected as the cause 
of the epidemic form of strlnghalt, control Is best effected 
by not grazing horses on weed-infested pasture and by 
using weed control and good pasture management where 
horses are being grazed. Judicious exercise regimens may 
be helpful in reducing the likelihood of stringhalt In horses 
that have sustained traumatic injuries to the dorsoproximal 
region of the metatarsus. 2397 


TICK PARALYSIS 

II Definition and Ltiulogy. An ascending Lower motoneu¬ 
ron paralysis has been described In horses, sheep, cattle, 
and goals In Australia, associated with Infestation by the 
lick Ixodes Mflcychjj. 2412-2417 In the United Slates a similar 
disease occurs In dogs, humans, cattle. New World came- 
llds, and wild animal species as a result of infestation with 
several Dermacenlor species. 24111 - 2419 A similar problem 
occurs In small ruminants in Africa, where Trades rwfrfcHn- 
fftis and Rhipicephahis cvertsi erertti are the tick species 
implicated. 2420 

II Clinical Signs. Progressive generalized paresis develops 
over one to several days, terminating In recumbency. Death 
from respiratory paralysis may occur Ln as little as 24 hours 
in severe cases. 2412 Animals may be found recumbent or 
may be paraparetic and ataxic Ln the early stages of disease. 
When signs are mild to moderate, differential diagnoses 
include a variety of neurologic and non neurologic diseases. 
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such as rubles, colic, uterine torsion, trauma, myelopathies, 
myopathies, and metabolic disorders. These do not usually 
progress to the profound muscular flaccidLty seen In tick 
paralysis. 2421 Reflex withdrawal from a noxious stimulus 
and the blink reflex both are reduced to absent, although 
sensory function appears normal. The ma|or differential 
diagnosis for fully developed lick paralysis is botulism. Tick 
paralysis often Is fatal when caused by f. hciocydns, but ani¬ 
mals affected by Drrrndcentor species recover if (he ticks are 
removed before the animals are moribund. Diagnosis is 
made on the basts of the clinical signs and finding ticks 
on the affected animal. 

II Cliniiul Pathology. Inhere are no pathognomonic find¬ 
ings In affected animals except for the presence of ticks on 
the patient. Electromyography in tick paralysis in dogs In 
North America reveals minimal spontaneous activity and 
lack of evoked compound muscle action potentials In 
response to motor nerve stimulation. 2422 Findings in large 
animals can be expected to be similar. Cerebrospinal fluid 
is normal In tick paralysis, helping to differentiate it from 
some, but not all, myelopathies. 

II Pathoph^iolog) 1 . The cause of tick paralysis is believed 
to be a neuroloxln In the saliva of female licks that is Inocu¬ 
lated Into the host when the tick feeds. Nymphs and larvae 
also may cause the disease. 2413 - 2435 - 2431 ^ In (he case of 
I. JWacyrius the toxin has been named holocyclotoxln. The 
toxin elaborated by Di’nmiccntor species has been Less well 
characterized. The pathogenesis of the disease is blockage 
of transmission at the neuromuscular |uncllon as a result 
of reduced release of acetylcholine. Mortality is common 
in lick paralysis caused by l. holacydus despite tick removal. 

II Epidemiology. The disease occurs worldwide, associated 
with different tick species In different areas. In North America 
the region from the Pacific coastal range to the Continental 
Divide provides especially favorable conditions for the prolif¬ 
eration of DerniflceHtar cmdeRimt 24ls Tick paralysis in (he 
United States and Canada occurs mainly In the Pacific North¬ 
west and the Rocky Mountains, although the range of the tick 
species involved covers a much wider area 2423 The disease 
(ends to be seasonal In North America, with most cases occur¬ 
ring in the spring, when ticks are most active. Smaller 
animals, such as sheep and New World camel Ids, are more 
often affected than cattle, probably because they receive a 
larger dose of the tick neuroloxln relative to their body 
sLze. 2421 Tick factors probably Influence disease severity, 
and genetic variation within i. fictocycfus may play a role In 
toxin potency. 2 - 323 A short-lived Immunity has been demon¬ 
strated In d"og£ exposed to ticks. Tick paralysis Is most 
common in the early part of (he season and In younger 
animals, suggesting that a similar phenomenon may occur 
in other species . 14: ' The sign I flca nee of host i mmuni ty is su p- 
ported further by the finding that D. andersoni has reduced 
virulence In hamsters after the ticks are prefed on cattle previ¬ 
ously exposed to the same species of tick compared with ticks 
prefed on naive cattle. 1424 

II Necropsy findings. There are no pathognomonic find¬ 
ings at necropsy, although (he presence of licks should 
increase suspicion of this disease. Death usually results from 
respiratory paralysis. 

II Treatment and l j ttjgn(isfs. Treatment Is symptomatic 
after removal of the licks, which is essential. Lack of 
Improvement suggests that ticks remain on the animal, 


except In cases off liolecprius Infestation, where signs persist 
and may worsen despite removal of all ticks. Spraying or 
dipping'affected animals facilitates tick removal. In small 
animals, shaving the hair coat may be necessary to ensure 
detection and removal of all ticks. Areas such as the axillae 
and groin, in particular, provide good sites of attachment 
for ticks. The prognosis is good in the case of Dcrrnrtcerafor- 
Lnduced paralysis when tick removal and supportive care 
are Instituted before animals are moribund. Fatalities occur 
frequently In the case of ixodas-Induced paralysis despite 
removal of ticks. Cooling of the patient has been suggested 
In treatment of L EeJcrcydus toxicity because anecdotaf clini¬ 
cal reports suggest that patients may be more likely to sur¬ 
vive when cool. In vitro studies revealed that binding of 
holocyclotoxln at the neuromuscular Junction Is reduced 
In a cooler environment. 2425 However, such an approach 
may Increase risk of severe complications In patients dial 
are para lysed and cannot thermoregulate. A better approach 
may be to avoid warming the patient excessively. 

Administration of hyperimmune serum has been shown 
to be beneficial In the treatment and prevention of this dis¬ 
ease in dogs and in one llama. 241 , '- 2426 Adverse reactions 
such as anaphylaxis, bradycardia, and hypotension occur 
In a small number of dogs and cats treated with hyperim¬ 
mune serum, but these can be avoided by premedlcallon 
of atropine. 2427 No report of such treatment in other species 
was found. 

M Control. Environmental control to reduce tick popula¬ 
tions and routine use of a carle ides may decrease the inci¬ 
dence of tick paralysis. 

EQUINE DY5AUTONOMIA 
(GRASS SICKNESS) 

Equine dysautonomla, commonly known as grass sickness, 
Is a disorder of unknown etiology that occurs in horses, 
ponies, and donkeys In Great Britain and northern 
Europe. 2423 - 2434 A disease with similar clinical signs ["mal 
seco') has been described In horses in Colombia. 2431, The 
major clinical finding is a decrease in or cessation of gut 
motility. The signs of grass sickness, which are mainly 
caused by Intestinal stasis, Include colic, bloat, constipation, 
Lnappetence, weight loss, and dehydration. Esophageal 
dysfunction may be manifested by dysphagia. Paralysis of 
the urinary bladder occurs In some animals, and in males 
the relaxed penis may protrude from the prepuce. Signifi¬ 
cant cardiac functional disturbance has been documented 
In horses with grass sick ness. 2 4 3-6 The cou rse of the disease 
varies from peracute with sudden death to chronic; some 
animals survive for many months despite ailmenlary dys¬ 
function. 242 *-- 24W -- 24 3 7 Survival and return to function 
has been documented in horses mldly affected w r llh the 
cbronLc form of disease when they received good nursing 
care. 2432 - 2441 Risk factors for developing the disease include 
younger age, male gender, and location on premises (bat 
nave previously experienced the disease. Dry weather has 
been Identified as a risk factor, but not all studies support 
meteorologic influences on disease occurrence. 2442 Peak 
Incidence occurs from April to June. 2443 

Histologic examination reveals characteristic degenera¬ 
tive changes in peripheral autonomic ganglia, in the myen¬ 
teric and submucous plexuses, cardiac ganglia, and In 
certain central nervous system nuclei, particularly in the 
medulla oblongata. 243 L-M32.ujfi.J444.JM5 ^ reduction In 
the number of Interstitial celis of Ca|al within the gut wall 
has been demonstrated; these cells are believed to have a 
"pacemaker" - activity, and their depletion may be central 
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to the cUntcjil manifestations of equine dysautonomia. JJ44] 
Furthermore, electrical activity in the gut is decreased 
in grass sickness, possibly including that of die interstitial 
cells of Caja!. 1447 Studies of animals that recovered from 
the disease indicate that the histopathologic changes may 
be reversible. 3 Some degree of esophageal dysfunction 
occurs in all horses with grass sick ness . 3j:i4 The histopatbol- 
ogy of autonomic ganglia in horses that showed complete 
clinical recovery from grass sickness was virtually normal 
with normal morphology in L ill four horses studied and 
normal cells numbers in three of the four horses. 3 - 144 

Diagnosis rests mainly on clinical presentation; there are 
no definitive cllnicopatholoeic abnormalities in grass sick¬ 
ness. 344 ^ 344 ' 3 A small study demonstrated that the presence 
of cbromatolytlc neurons in rectal biopsies might be a use¬ 
ful ad|unctive test for diagnosis. 3450 

Evidence for pathology not related to the gastrointestinal 
(Gl) tract was found in a study of motor nerves and skeletal 
muscle in horses with grass sickness. The investigators 
found electromyographic evidence of a subtle peripheral 
neuropathy, which was further supported by mild patho¬ 
logic changes in both muscle and nerve at necropsy.* 451 

There is mounting evidence for an association between 
equine dysautonom ia and Ctartdrum perfringens type C neu- 
rotoxiiL * 4393452 2454 The presence of a neurotoxic factor in 
the plasma of affected horses was suggested by induction of 
typical neuropalhologic lesions in ponies by intraperitoneal 
inoculation of plasma and serum from horses with acute dis¬ 
ease. Clinical illness was not observed in the ponies. 3455 Cir¬ 
culating antibodies to C. perfritigcns type C endotoxin have 
been positively associated with the development of grass 
slckness. 24M Growth of the organism in the Cl tract (toxi¬ 
cal nfect ion) is hypothesized to be the source of ihe botull- 
num toxin. On the other hand, horses with grass sickness 
have lower circulating levels of antibodies directed against 
the surface antigens of closlridia, suggesting that these may 
have a protective effect against the disease. 3437 This finding 
also raises the possibility of a vaccine against grass sickness. 
The number of bacteria, Including dost rid ial species, Is sig¬ 
nificantly increased In the Intestines of horses with grass sick¬ 
ness, posing the question as lo whether change In Cl flora Is 
a cause or a consequence of the disease. 3,15 H 

Treatment of equine dysautonomia is supportive and 
includes supplementary feeding and fluid therapy. The indl- 
rect-acsing cholinergic' cisapride [0.5 to 0.8 mg/kg orally 
every 7 8 hours for l week) facilitates release of acetylcholine 
from the myenteric plexus and increases gut motility in 
chronic grass sickness. Colic signs may increase shortly 
after administration of this drug.- 2459 Many affected ani¬ 
mats die, but recovery has been reported in some duonic 
cases, as well as in 50% lo 70% of chronically affected 
horses that receive appropriate treatment. 243] Analgesia 
with intravenous flunixin meglumine or intravenous or 
orai phenylbutazone is appropriate in some cases, and 
diazepam (0.05 mg/kg every 2 hours) may he helpfui as 
an appetite stimulant. Factors associated w r lth a belter prog¬ 
nosis Include willingness to eat concentrates and milder 
signs of dysphagia. 3460 


PERIPHERAL NERVE DISORDERS 

JJSU: W. C,TOXt;C 

Most peripheral nerve disorders of Large animals are trau¬ 
matical iy induced, but injections, abscesses, tumors, and 
parasitic invasion of the nerves may occur in rare cases. 
The following section discusses the peripheral nerves most 
often damaged in large animals. 


PERIPHERAL NERVES 

Suprascapular Nerve 

Mechanical damage to the suprascapular nerve resuits in 
paralysis of the Infraspinatus and supraspinatus muscles.- 361 
Early denervation is characterized by a slight outward bowr¬ 
ing of the scapulohumeral joint as weight is placed on the 
limb. Neurogenic atrophy develops after several months, 
and the scapular sptne becomes prominent (fig. 35-49) 
The common name for tills condition is "'Sweeney.' 1 

Brachial Plexus 

Damage to the hracblal plexus may result In any com hi na¬ 
tion of dysfunction of the biceps and coracobrachlalis mus¬ 
cles (musculocutaneous nerve), as well as the pectoral, 
subscapularis, and triceps muscles. 

Lesions of the brachial plexus are caused by trauma to 
the shoulder, deep penetrating axillary wounds! or traction 
on the forelimbs of a fetus during relief of a dystocia. 
Because of theLr tendency lo rear and lump over objects, 
horses are most susceptible to brachial plexus injuries. The 
condition may occur in small ruminants after automobile 
accidents, carnivore attacks, or blows from larger animals. 

MOTOR DEFICITS. Severe Lesions of the brachial plexus 
result in complete flaccidity of the forelimb. The animals are 
unable to bear weight. Triceps reflexes are absent. Loss of pec¬ 
toral nerve function results In abduction of the elbow 7 . Sub- 
scapular muscle paralysis results in dropped shoulder. 2 ^ 2 
Musculocutaneous nerve paralysis results in a hyperexlensLon 
of the elbow 7 at rest and an inability to flex the joint. There Is 
loss of the biceps reflex. The clinical signs of radial nerve paral¬ 
ysis are described next. 

sensory deficits. Avulsions of the brachial plexus 
result in complete desensltlzatlon of the entire forelimb. 



FIG. 35-4? "SwetTK-y" (neurrjgenk atrophy) u( the Id I lupraipirLicux 
nnU inJraipinatLis irmadcs in j CJinTuEaai hull. Ihe Jrainn ut-.is rniLsed hv 
trauma related lit running ttu-uugh .1 cuttle chute. 
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Radial Nerve 

The radial nerve as motor to (he extensor muscles of the fore- 
limbs, 'The nerve courses over the lateral aspect of the elbow 
joint and Is vulnerable to traumatic insult at that point. 
Uadlal nerve paralysis most often arises front direct trauma 
to the nerve, during prolonged anesthesia, or during restraint 
in lateral recumbency with inadequate padding of the fore- 
llmb. J46J ' 2Ji4 Degeneration of the triceps muscles also plays 
a significant role in many cases of radial nerve paralysis. 3461 

The limb position varies, depending on Lhe location of 
the lesion In the radial nerve. Lesions at or near the elbow 
joint result in high radial nerve paralysis, characterized by a 
dropped elbow, failure of limb protraction with scuffing of 
the toe, and flexion of all distal limb joints {fig. 35-50), 
The fool Ls knuckled over at rest, and the animal is unable 
lo bear weight on the leg. Lesions of the distal radial nerve 
result in knuckling of the carpus, fetlock, and pastern joints. 
The animal can support weight on the affected limb If the 
metacarpus and distal limb are held In extension. The triceps 
reflex is depressed to absent. Chronic dysfunction of the 
radial nerve results In neurogenic atrophy of the extensor 
muscles of the fore! Lmb. Detectable sensory deficits resulting 
from radial nerve paralysis tend lo be vague and probably 
vary from patient to patient. 

''KANGAROO GAIT" IN SHEER A bilateral fore!lmb loco¬ 
motor disorder of pregnant and lactating female sheep has 
been reported In Scotland and northern England. 34611 The 
problem appears lo be a bilateral radial paresis and is strongly 
associated with pregnancy and lactation. 3466 Sheep recover 
after weaning their lambs or even while still lactating. Sheep 
kept in lowland areas are more frequently affected than those 
in hilly areas, although it is unclear whether this results from 
environmental factors or differing susceptibilities inherent to 
the different breeds of sheep kept In ihese areas. Most sheep 
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FIG. 35-5 D ? 1 lifth ratJuJ nm'c paralysis In a heme shEJwinp knur Ming li! 
i lie corpus .inU digii and dropped clbuw fCnuTLcvy Ur. I?.I I Whitlock.) 


affected are outdoors grazing, and sheep that are boused, even 
for part of the day, are I ess I tkely to be a ITected. J 'Ka ngaroo gait 1 ' 1 
occurs most often in the late winter and early spring, when the 
greates L numbers of sheep a re i n I ate pregnancy a nd early I acta- 
tion. There Is no specific treatment, and most animals recover 
uneventfully, although signs may recur at later pregnancies. 
The most common differential diagnosis Is Lameness caused 
by the numerous orthopedic conditions of sheep. 

Femoral Nerve 

The femoral nerve is distributed to the quadriceps femoris 
muscles and the ski it of the rear limb extending from the 
medial thigh to the medial part of the coronet (saphenous 
nerve). Traumatic overextension of the hip and stifle joint 
from a fall or other in|ury or forced posterior delivery can 
damage the femoral nerve. The din Leal signs of femoral nerve 
paralysis are related lo an inability to extend and fix the sti¬ 
fle. 2461 The reciprocal apparatus is unable to fix the hock, 
resulting In collapse of the limb during w r eight bearing and 
constant flexion of all distal digital joints. Chronic Lesions 
of the femoral nerve result in atrophy of the quadriceps 
femoris muscles and the muscles of the posterior part of 
the gluteals. The patellar reflex is absent or depressed, and 
the patella often Ls displaced Laterally. There Ls analgesia to 
anesthesia of the medial part of the rear limb extending from 
the proximal thigh to the medial malleolus of the tibia. 

Sciatic Nerve 

The sciatic nerve Innervates the extensor muscles of the hip, 
the flexor muscles of the stifle, and most of the muscles of 
the distal limb. 

Sciatic nerve paralysis occurs most often In postpartum 
cows after forced fetal extraction. Loss of function of the 
Lumbar branches of the nerve most likely plays a ma|or role 
In the so-called calving or obturator paralysis syndrome. 24 ' ST 
Injection of irritating drugs Into the space between the 
greater trochanter and the ischial tuberosity may cause a sci¬ 
atic neuritis. This occurs most frequently in neonates but 
can occur rarely In adult cattle and small ruminants. Other 
causes of sciatic nerve damage are pelvic fractures, tumors, 
or abscesses located along lhe course of the nerve. 

The sciatic nerve innervates most of the musculature of the 
rear Limb., so the motor deficits associated with denervation 
are profound. At rest the limb Is hanging behind the anLmal. 
The stifle is dropped and extended (Fig. 35-51'). The foot is 



FIG. 3 5-5 I ' Ui.irji Iltimi-: pctsEure ol ;i cuw wsLh p,Lrli.il u.'ijLit nerve 
o.ijmLj.lji. Dll CDiulrlj&n picLurcd Iicte was, lndLiord during •.’iimTUcm of a 
irttra dyuocia. Nlicl Mil Mrtcion of [tic Morks,. EuUrxkv .ind s,liJk ILicsc 
seizes. UiffercriELnSe the miidiiiun irtnm pLTuncn] pa ratvsia- ijCUunrav Dr. R.ll. 
WhliiD£*_] 
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FIG. 35-5-2 ■ i.ilf With pcrcicK.n.1 nerve paralj-i-is. f\iilL the Ih'scc k'lliK/k 

.md tl ip.iL ^nd (tie IhypiTcxLenjJed L J.rpi.L7:. flti iK condition vr,iz cjujittd by jciil 1 -: - 
cllti of jnlibiolic?: unto lMc pEranrnl nerve? on ihc r;iudul.iu.T.il aspect ol i I n. 
teR. (Courtay Pr ft.] I Whitlock.) 


FIG. 35-5 3 II Cow vi-itli n-bturatcr nerve parahraui tained by rElirfof a dil- 
fUuh dysLoLiJ. Null 1 tti-r i;-; u-: l* - ■> vL l I l ;i a a lt . the .ipp.ireni sue With wliic li 

Llie luw it ahJu to s’lUid on iher deep LiEdLlm^. Kute jho ili.Ll mpe h<<hhk - .v 
are Lu-icie applied cu prevent Jurrher and pout hie LusaLion ol die 

bCuo femora I jliieiI 
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constantly knuckled. If the Si nab is positioned properl y, the 
jinim.-sl usually can bear weight for a limited period because 
of the normal function of ihc quadriceps muscles and the 
action of the reciprocal apparatus. Chronic denervation of 
the sciatic nerve results in neurogenic atrophy of the caudal 
thigh muscles and all of the muscles distal to the stifle. 

The sciatic nerve divides Into the tibia! and the peroneal 
nerves Jn die distal limb. Therefore, except for the medial 
part of the thigh and rear limb, there is analgesia and anes¬ 
thesia of the entire limb distal to the stifle. 

Peroneal Nerve 

The peroneal branch of the sciatic nerve is distributed to the 
flexor muscles of the hock joint and the extensor muscles of 
the digit. The nerve becomes superficial and Is exposed to 
damage as It crosses over the lateral condyle of the flb- 
ula. i4 ^The condition Is typically seen In all species of large 
animals and is common in postpartum dairy cattle that 
have been recumbent as a result of hypocalcemia or other 
causes and In horses because of postanesthetic myopathy. 
MeuroLoglc deficits of the peroneal nerve result in a hyperex- 
tended nock joint and flexion of the fetlock and pas- 
tem 2 ^ 1 - 24 ^ 2 *® (Fig. 35-52). Many cows knuckle at the 
fetlock even when the foot is flat on the ground, and others 
may be able to bear weight only when the limb is manually 
placed in the proper position. ' 

There is desens lllzation of the skin over the cranlolateral 
aspect of the Limb extending from the stifle to the hoof. 

Tibial Nerve 

The tiblal nerve supplies the extensor muscles of ihe hock 
joint [gastrocnemius) and the digital flexors. 

TLbtal paralysis is most often observed in peri parturient 
cattle or neonates that have been given an in lection of an 
Irritant drug in the caudal leg at the level of the stifle. Tibia! 
paralysis also is seen in sheep and goats and is a common 
sequela to dog-bite in|uries. With, tlbial paralysis, the hock 
is overflexed and is pulled higjter than normal when the 
limb Is protracted. Ine toe does not drag on the ground, 
and the limb is dropped suddenly perpendicular to the 
ground at the end of the stride.' Al rest the pelvis is 


asymmetric, with the affected side held lower chan nor- 
mal.^ fiJ Chronic loss of Elbial nerve function results in atro¬ 
phy of the gastrocnemius and digital flexor muscles. 'Ifiere is 
anesthesia to analgesia of the skin of die caudomedlal 
aspect of the leg. 

Obturator Nerve 

The obturator nerve supplies motor impulses to the adduc¬ 
tor muscles. The nerve Is well protected in the equine and 
small ruminants, and therefore damage is rare in these spe¬ 
cies. The cow has a shallow r acetabulum and a poorly devel¬ 
oped round ligament. Consequently, the condition is often 
seen in peripartum cows. Reports of obturator nerve paraly¬ 
sis of cattle accompanied by knuckling and Inability to sup¬ 
port weight on the rear limbs probably represent a 
combination of sciatic and obturator nerve deficits. Coxofe- 
moral luxation is a common complication of obturator 
paralysis In cattle housed in stalls with slippery flooring. 
Such luxation can be recognLzed by the Identification of cre¬ 
pitus during passive manipulation of the hip |olnt. There 
may be a difference in the length of the rear limbs. 

Obturator nerve paralysis Is most common In cattle and 
is almost always a result of dystocia. The nerve in|ury is 
located in the pelvis at the level of the obturator foramen. 
Of all dystocias, 9. 2% result In paraplegia. 2470 

The obturator nerve innervates the adductor, pectlneus, 
and gracilis muscles. Only minimum deficits are observed 
if the cow Is placed on a surface that has good traction. 
Clinical signs of an obturator nerve deficit include a hop¬ 
ping gait when the animal attempts to run and severe 
abduction or splay-leggedness when the animal Is placed 
on a slippery surface (Fig. 35-53). In severe cases the cow 
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may be stern ally recumbent with the rear limbs extending 
laterally to each side. Experimental studies have indicated 
that the so-called calving paralysis syndrome is actually a 
result of a combination of Lesions of the Lumbar root 
(L6) of the sciatic nerve and the obturator nerve. Experi¬ 
mental sectioning of the obturator nerve alone does not 
produce paralysis, provided the animal has a non slip foot- 
i:ng. 246] ' 24G7 - 2471 Obturator nerve paralysis does not result 
in a cutaneous sensory deficit. 

Damage of one or more peripheral nerves during parturi¬ 
tion or milk fever may play a large role In the so-called 
downer cow syndrome {see later discussion). 2472,2473 The 
incidence of the condition ranges from 4% to 2£% of all 
cases of milk fever and Is associated with a mortality rale 
ranging from 20% to 67Vb. 2474 - li77 

PERIPHERAL FACIAL NERVE PARALYSIS 

llte facial nerve becomes superficial as It courses across the 
lateral aspect of the mandibular ramus and the masseter 
muscle. It is most susceptible to blunt trauma or Laceration 
at that site. Horses are most often Injured from prolonged 
recumbency or from trauma caused by a poorly designed 
halter. Haliers with large brass rings In the eaudodorsal 
aspect of the cheek pouch are most Likely to result In Iatro¬ 
genic facial palsy. Similar conditions occur In goats and are 
caused by excessive pull on neck chains while the animal is 
being led onto the milk stand or lied with the neck chain. In 
cattle, facial nerve deficits usually are the result of space- 
occupying masses at the caudal aspect of the mandibular 
ramus. 

Most animals with facial nerve paralysis caused by 
trauma recover after 1 to 10 days of treatment, but some 
animals may require several months before resolution is 
observed. Occasionally the nerve deficLls are permanent. In 
chronic cases, food should be removed from the cheek 
pouches twice daily, and the tongue and fauces should be 
routinely examined for ulcers. If present, oral ulcers should 
be treated by flushing the mouth. 

TREATMENT OF PERIPHERAL 
NERVE DISEASES 

Medical management of peripheral nerve Injuries consists 
of reducing Inflammation in the nerves, relieving muscu¬ 
loskeletal pain, preventing secondary medical complica¬ 
tions [e.g., mastitis, fractures, joint/ligament tears), and 
preventing malnutrition and dehydration. Medical treat¬ 
ment for reduction of neurologic Inflammation should 
be Instituted as soon as possible after the Injury. 2472 
Dexamethasone (0.05 mg/kg 3V daily for the first 3 to 5 
days after injury) may be beneficial. Plasma concentra¬ 
tions of calcium, magnesium, and potassium should be 
measured repeatedly, necause low levels of these electro¬ 
lytes may aggravate the muscular weakness, increase the 
animal's struggling, and enhance the severity of the mus¬ 
culoskeletal lesions. Calcium gluconate can be given 
empirically to down cows {500 mL SC dally), as may 
olassiuin chloride (lOOg in 20 L of water given daily 
y stomach tube). Concomitant administration of phen¬ 
ylbutazone by Intravenous injection and application of 
cold tvater or tee packs to the affected part also may 
be beneficial during the first 24 hours after Injury. Appen¬ 
dicular pain may be controlled by administration of 
nonsteroidal antiinflammatory drugs (e.g., banamlne, 
phenylbutazone, or salicylic acid] and/or narcotic analge¬ 
sics, Including Demerol (I to 2 mg/kg IV) or moiphlne 
(0.07 to 0.14 mg/kg IV). 



Affected patients should be placed in a dry soil stall 
that has been deeply bedded. Concrete-floored stalls 
should be avoided because the poor footing may promote 
an accidental fall that worsens the musculoskeletal 
lesions. Recumbent animals should be turned six to eight 
times dally to prevent decubltal ulcers and pressure 
myopathy. Support of some patients in slings may be use¬ 
ful for minimizing decubitus and maintaining strength in 
the opposite limbs. Goals tolerate dog slings well, but 
care must be used when Lifting cattle In a hip sling 
because the device may cause severe contusions of the 
muscles at the point or attachment to the tuber coxae. 
The hip sling should not be used repea ted I v to support 
cattle that fail to support weight when Lifted. Abduction 
of the rear Limbs may be prevented In cattle by applica¬ 
tion of a hobble around the metatarsus. The distance 
between the legs should be approximately 35.6 to 
50.S cm (14 to 20 Inches) when the legs are tied together 
and held abducted. It Is Important to apply the bobbles 
with a nontigblening bowline knot to prevent strangula¬ 
tion of the fool. 

The prognosis Ls poor for animals with neurologic dys¬ 
functions lasting longer than 2 weeks. 

DOWN COWS (ALERT DOWNERS) 

JCJUN A. AMJtLOS 

BUAULTMID I 1 . HMHll 

Down cows, downer cows, or downers are cattle that are 
recumbent and cannot stand; those that can maintain ster¬ 
nal recumbency ivhile continuing to eat and drink are clas¬ 
sified as '“alert downers." Common underlying causes of 
recumbency In cattle include mastitis (especially collform 
mastitis), metritis, musculoskeletal disease (primary muscu¬ 
loskeletal injuries, Including fractures and tom muscles/ten- 
dons), neuropathies secondary to pelvic trauma {calving 
paralysis or "obturator"" paralysis), spinal cord compression 
(secondary to lymphosarcoma), and metabolic disease 
(hypocalcemia, hypokalemia, hypophosphatemia, hypo¬ 
magnesemia). 2476 Following die Initial episode of recum¬ 
bency, secondary muscle and nerve injury caused by 
extended periods of recumbency on a firm surface may fur¬ 
ther exacerbate the recumbency. Heavy cattle down on con¬ 
crete are particularly susceptible to pressure ischemia of the 
muscles and nerves and to muscle and ligament tearing sec¬ 
ondarily to repeated struggling and slipping. The severity of 
pressure damage depends on regional anatomic factors and 
the duration of compression. 

Identifying underlying causes for recumbency in downer 
cattle represents a diagnostic challenge for the practitioner. 
Assessing prognosis and determining reversibility of the 
underlying condition are necessary for practitioners to assist 
producers In making treatment decisions, as well as to con¬ 
form to Laws and abide by ethical norms surrounding 
humane handling of down animals. The American Veteri¬ 
nary Medical Association (AV.MA) Position Statement on 
Disabled Livestock indicates that non ambulatory animals 
on the farm are not to be dragged: In cases of Irreversible 
recumbency or extreme distress to the animal, the animal 
should be humanely euthanized or humanely slaughtered 
on the farm (where allowed by state law). 2475 Although cur¬ 
rent IS.5. law prohibits dragging of nonambulatory animals 
under any circumstances, 2 ^ 4 legislation that would require 
humane euthanasia of any recumbent animal at a place of 
commerce has also been proposed (Downed Animat Protec¬ 
tion Act) 2431 

Laboratory testing for metabolic causes of recumbency 
would be Ideal in all circumstances, but this Ls often not 
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feasible or possible. As such, many downer cattle are trea¬ 
ted empirically for suspected metabolic abnormalities, 
and response to treatment aids in establishing the diagno¬ 
sis. Perlparturient dowmer cows should be treated for 
hypocalcemia with one or more doses of calcium. Animals 
that become more alert but that are not standing after one 
or two doses of calcium are classified as alert downer cows. 
It is reported that 3.£% to 2 a.2% of all milk fever cases 
become alert downers, 3474 - 3476 - 3 ^ with a mortality rate 
of 20% to 67 %. 2 * 7 *- 2 * 77 The Incidence of downers (14 
hours or longer) was 21.4 cases per 1000 cow-years in 
.Minnesota dairy herds, with a 33% recoveiy rate. 2453 
Fifty-eight percent of downers occurred within a day of 
calving, and 97% occurred within the first 100 days after 
calving. 2435 

Because the pressure damage done to muscles and nerves 
is aggravated by recumbency, it Is desirable to have the ani¬ 
mat on soft bedding (e.g., sand, 3 1,34 grass) and to have the 
animal stand as soon as possible. Eight of 16 normal cows 
anesthetized for 6 to 12 hours in sternal recumbency w r Lsh 
the right hind limb under the body were unable to stand 
on recovery and became alert downers. 34 * 15 Those that could 
stand exhibited swelling and stiffness and peroneal nerve 
deficits and paresis In (he right hind limb. 3435 These signs 
are typically seen In cows that have been recumbent for sev¬ 
eral hours on a hard surface. As pressure applied to a nerve 
increases, nerve conduction Is Impaired and eventually 
lost. 3456 

Serum creatine kinase (CK) values in experimental 
downer cows Increased, starting at 12 hours and 
continuing up for the first 48 hours, and (hen decreased, 
even though the cow r remained down. J4ar> The CK values 
at 12 and 24 hours did not differ statistically for the cows 
that could rise after anesthesia and the downers. After 48 
hours and 96 hours, the downers had higher mean CK 
values than the ambulatory group, but there was a great 
range in values. 3455 In another study of downers, aspartate 
transaminase (AS!’) levels were greatly elevated on days 4 
to 7, even after CK levels fell. 3437 The clinical difference 
between cows that recovered and those that remained 
downers was attributed to damage to the sciatic nerve or 
its branches, particularly the peroneal nerve. 3455 Peroneal 
nerve damage results in knuckling over at the fetlock. 
Serum levels of creatine phosphoklnase, AST, and lactate 
dehydrogenase have been examined to determine whether 
these Indices of muscle damage can predict recovery of 
recumbent dairy cattle. Of the three enzymes, AST has 
been shown to be most useful in predicting nonrecovery. 
Dairy cattle with an AST level greater than 171 U/L are 
£0% more likely not to recover than a dairy cow with an 
AST level less than 171 U/L. 24aa 

Devices that aid and promote standing traditionally 
include hip lifters (hip clamp), slings, and inflatable bags. 
Although these devices help Less severely affected animals 
to stand temporarily, they do not allow the animal to stand 
comfortably for hours and may even cause further trauma 
in animals that struggle. For these reasons, the use of water 
flotation has been explored as a tool in the management of 
downer cotvs. Rasmussen 3 first reported on (he use of a 
warm-water flotation system In Denmark In 1932. Com¬ 
mercial flotation systems practical for cotvs" are marketed 
in the United States. 

For flotation therapy to allow the best chances for 
recovery, the animal should first be examined to determine 
that It Is a good candidate for flotation, by ruling out frac- 
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lures, severe spinal cord compression, and severe systemic 
illness. Identifying and correcting electrolyte disturbances 
(e.g., hypocalcemia, hypophosphatemia/ hypomagnese¬ 
mia, hypokalemia) are required tor successful application 
of flotation therapy. Once metabolic or systemic Illnesses 
have been addressed and the cow is considered strong 
enough to stand once supported by water, the cow is 
placed in the flotation tank as follows: (1) the water tank 
is positioned near the down cow; (2) the wheels and 
longue are detached, and both ends of the tank are 
removed: (3J a mat is pulled from the tub to a position 
beside the cow, and the down cow is rolled or slid onto 
the mat; (4) the mat is winched or otherwise pulled into 
the tub, and the ends of the tub are put In place: they seal 
with rubber gaskets and large turnbucklesj and (5) the 
cow's head Is held up a few inches by a rope halter, and 
a hose is Inserted Into the tub, which is filled with water 
as quickly as possible: the water temperature should be 
37.7* C to 3S.7 : C (1M C F to 102° F). Cows In lateral 
recumbency on the mat become sternal when 12 to 24 
inches of water fills the tub and usually attempt (o stand 
beginning when the tub Is one-half to two-thirds full. If 
no hot water is available near the cow, or if the tub is 
not next to dirt or grass suitable for the cow to exit on, 
the wheels can be put back on and the cow easily trailered 
to a better location. In addition, it is helpful to have an 
assistant support the tall or have a means to pull the tail 
once the cow attempts to rise. r lhls helps the cow maintain 
a sternal position during early efforts at struggling before 
the cow r Is actually standing Before floatation of lactating 
cattle at the University of California, Davis, cows are 
milked and teat ends sealed with a rubber teat sealant: this 
is removed once the cow is removed from the tank before 
milking. The sealant is reapplLed after milking In prepara¬ 
tion for the next flotation. 

Once the cow r Is standing In tvarm tvaler, It Is possible 
to determine which limb or Limbs are paretic or painful 
by observing tvhlch limbs the cow is using to support 
weight. Most cows calm down and relax In a standing 
position within 5 minutes. Most will eat hay, and even 
first calf heifers that have not been handled much seem 
to be remarkably calmed by the warm water. Unlike 
horses, cattle do not panic or attempt to jump out. The 
cow can be left in the w r ater for 12-24 hours. If the w r ater 
temperature drops below 35 D C (9 ¥ F), some w r ater 
should be released from the discharge valve and replaced 
with hot w r ater; this Ls especially recommended Ln cold 
weather. When the decision Is made to remove the cow 
from the tub, the water is drained, and the end of the 
tub facing the dirt, sand, or grass is opened. The cow is 
encouraged to exit slowly Into a pen w r Lth good footing 
Some cows fall as the water is let out, and others collapse 
once they try to walk. By observing how r a cow is ambulat¬ 
ing on exit, It is possible to determine whether hobbles 
should he placed onto the cow r before the next flotation, 
if cows are considered at risk for splaying out while exit¬ 
ing the Sank, it Ls recommended to apply hobbles before 
placing the cow in the tank. 

Careful observation as the cotv moves can be very helpful 
in trying to locale anatomic or functional problems. The 
animal that collapses can be pulled out on the mat and left 
on suitable bedding, dirt, sand, or grass until refloated after 
a period of rest. Advanced planning on location Ls impor¬ 
tant for successful use of flotation therapy. Cows that can 
walk out into a pen may or may not be able to stand by 
the next day and may need to befefloaled. Cows may need 
to be floated for up to 10 consecutive days before they can 
arise by themselves. If cases are carefully selected to rule 
out fractures, severe traumatic stifle Injuries, septic arthritis. 
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and spinal cord compression,, a recuperative success rate of 
46^ii to 90*4i can he expected. 34 ^- 34 ™ 

Flotation Is most effective If applied early, before a 
downer cotv develops serious myopathy and neuropathy. 
Studies have shown that water flotation Is practical and 
effective, even when cattle have been down for 24 hours 
or longer. 2,1 ^ The sooner a postparturient alert downer 


cow can be floated after onset of recumbency, the shorter 
the time to stand. In one study of postparturient alert 
downer cattle treated with flotation therapy, the mean lime 
to stand was shorter for cattle floated within I day of going 
down (mean, 2.fi days to stand) than for cattle floated after 
being dow r n for 2 or more days (mean, 5.3 days to 
stand)>™ 
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Mammary Gland Health 

DAWN E. MORIN 


and Disorders 


The efficient production of wholesome milk is the primary 
mission of a dairy farm. .Mammary gland health is essentia] 
for maximLzing mi]k production and farm profitability. ]l 
also ensures the safety and quality of milk and mi]k products 
and limits the use of antimicrobial agents on the farm. This 
chapter discusses the pathogenesis, diagnosis, treatment 
and control of mastitis and other mammary gland disorders, 
with emphasis on dairy cattle. 

The large size of new dairy operations, growing emphasis 
on the well-being of farm animals, and heightened public 
concern about antimicrobial residues In milk and antimicro¬ 
bial resistance In pathogens present challenges for today's 
daily producers. Competitive markets for high-quality milk 
and demand for "naturar milk products afford new oppor¬ 
tunities. By providing expertise In prevention and treatment 
of udder health disorders, veterinarians can help producers 
address these challenges and enhance their opportunities 
for financial success. 

ANATOMY AND PHYSIOLOGY 
OF THE MAMMARY GLAND 

Knowledge of mammary gland anatomy and physiology Is 
required to fully understand the pathophysiology of mam¬ 
mary gland disorders. The bovine udder comprises four 
mammary glands, each with Its own teat. The milk-synthe¬ 
sizing cells of the mammary gjand, called manvmuy epithe¬ 
lial ceils , are arranged in hundreds of alveoli, each with a 
central lumen. In normal lactatlng glands, tight junctions 
between the epithelial cells provide an Impermeable barrier 
that prevents molecules and Lons from diffusing between 
blood and milk. 

Nutrients required for milk synthesis are delivered to the 
mammary gland by the circulatory system and transported 
into the epithelial cells or directly into the alveolar lumen. 
Major milk constituents, such as casein, Lactose, and fat, 
are synthesized within the epithelial cells and secreted Into 
the lumen, where they combine with other constituents to 
form milk. A portion of the milk synthesized between milk¬ 
ings (the cisternal /hicfiwi) drains from the alveoli through a 
series of progressively larger ducts to be stored in cisterns in 
the gland and teat; however, most of the milk (the diJj^uJdjr 
fraction) remains in the alveoli until milk ejection occurs. 1 

When the teats are manipulated at milking time, a neuro- 
hormonal reflex, triggered by pressure-sensitive receptors in 
the teal skin, causes the pituitary gland to release uxyiocfn 
into the bloodstream. 2 Milk is ejected when myoepithelial 
cells surrounding the alveoli and ad|acenl ducts contract 
in response to binding of oxytocin. When the resistance of 
the teat canal (also called streak canal) Is overcome by pres¬ 
sure of milk in the teat or by milking or suckling milk Is 
expelled through the teat orifice. 2 Activation of the sympa¬ 
thetic nervous system, as occurs during stress or excitement. 


can Inhibit the release of oxytocin from the pituitary gland 
or the binding of oxytocin lo myoepithelial cells, itius pre¬ 
venting milk election. 3 

As with cattk, South American camel ids [SACs; llamas, 
alpacas) have four mammary glands, called quarters. In con¬ 
trast, sheep, goats, and horses have on]y two mammary 
glands, called halves. In horses and SACs, each mammary 
gland Is composed of two distinct Lobes. Horses and SACs 
also have relatively small teats and limited cisternal storage 
capacity compared with ruminants. Otherwise, mammary 
gland anatomy and physiology are similar among livestock 
species. 

DEFENSE MECHANISMS 
OF THE MAMMARY GLAND 

A host of physical, cellular, humoral, and chemical defense 
mechanisms protect the mammary gland against Infection. 
These defense mechanisms enable the mammary gland to 
resist microbial invasion, inhibit microbial growth, destroy 
and remove microbes, neutralize toxins, and resist tissue 
damage during Inflammation. 

Teat Canal 

The teat canal and surrounding musculoelastic tissue pro¬ 
vide the primary physical barrier to microbial Invasion 
and also prevent Leakage of milk between milkings.^- 7 The 
teat canal is a narrow, longitudinally folded cylinder lined 
wLlh stratified squamous epithelium. The tortuous shape 
of the canal provides physical protection against Infection, 
as does protein-rich heralm, which Is continually produced 
by the epithelial cehs and lines the canal. Keratin physically 
plugs the teat canal and traps Invading microbes, which are 
then expelled with sloughed keratin at milking time. Keratin 
also contains fatty acids and proteins that have bacterio¬ 
static or bacteriocidal effects In vitro, s - 9 although their role 
in mammary gland defense Is uncertain. Loss of keratin 
greatly Increases the risk of Lntramammary infection. 10 

Management practices and the cows physiologic slate 
influence teat function and mastitis resistance For example, 
the integrity of the teal canal Is compromised for up to 
2 hours after milking wblk the elastic fibers surrounding 
the canal recoil and keratin begins to be renewed. 6 - 1 L There¬ 
fore, It is recommended that cows be fed after milking, to 
keep them standing and to minimize exposure to pathogens 
while the teal canal recovers. When a cow is dried off at the 
end of lactation, the teal canal does not fully fill with kera¬ 
tin for days to months, A delay In keratin plug formation is 
associated with an Increased risk of intramammary infec¬ 
tion. 12 - 13 When antibiotics are infused Into the teat, full 
insertion of the cannula disrupts the keratin and can trans¬ 
port microorganisms from the teat canal or skin into the 
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lo avoid release of cellular contents that can damage host 
(issue. Weuirophil elimination is accomplished by pro¬ 
grammed cell death (apoptosis), followed by phagocytosis. 
Apoptosis fragments the neutrophil into small, membrane- 
bound bodies that are easily pbagoeytosed and removed 
by macrophages. 36 - 56 

MACROPHAGES AND LYMPHOCYTES. Macrophages 
are the predominant leukocytes in normal milk but are 
greatly outnumbered by neutrophils during mastitis. As 
with neutrophils, macrophages ingest and kill microorgan¬ 
isms. 57 I’hey appear to be particularly important In chronic 
intramammary Infections and during Involution (dry-off) 
of the mammary gland. Macrophages process and present 
antigen to T lymphocytes, enabling them to secrete cyto¬ 
kines, activate B lymphocytes, and exert cytotoxic, suppres¬ 
sor, and memory functions. 3a In milk, CDS f (memory, 
cytotoxic, and suppressor) lymphocytes predominate over 
CD4- (helper) lymphocyte's.™ However, percentages of 
lymphocyte subclasses change with stage of lactation 35 
and are impacted by she presence and duration of intra- 
mammary infection. 11 ' Milk also contains vST lymphocytes, 
which may help regulate the inflammatory response or heal 
damaged epithelial cells, 29 and natural killer (NK) cells, 
which are cytotoxic. M E lymphocytes recognize specific 
antigens and differentiate Into antibody-secreting plasma 
cells and memory cells. 

EPITHELIAL CELLS. Although leukocytes are considered 
the main defensive cells in the mammary gland, epithelial 
cells are recognized as mediators of the early, innate 
immune response to infection. Toll-like receptors, which 
are found on epithelial cells, recognize conserved bacterial 
components, such as LPS on gram-negative bacteria or lipo- 
techoic add on gram-positive bacteria. Binding leads to a 
cascade of events that causes production and release of 
proinflammatoiy cytokines and chem 0 kines. 33 ' ,,l Cytokine 
production is lower and less persistent In response lo lipole- 
cholc acid than LPS, which may help explain why gram¬ 
positive Lntramammaiy infections tend to be more persistent 
than gram-negative infections. 43 Epithelial cells are also a 
source of antimicrobial proteins, such as p-defensins. As 
research continues, additional roles for epithelial cells in 
mammary gland defense will probably be Identified. 

Nonce llu I ar Defense Mechanisms 

IMMUNOGLOBULINS. Immunoglobulin concentrations 
are low In normal milk but rise in response to intramam¬ 
mary infection; the rise partly results from local lg produc¬ 
tion but mostly from Increased permeability of vascular 
endothelial cells and mammary epithelial cell tight junc¬ 
tions, which allows an Influx of plasma lg {and other 
plasma proteins) Into milk. Influx of opsonizing lg (lgM 
and lgG 2 in cattle) enables efficient phagocytosis of micro¬ 
organisms by neutrophils. 52 - 55 - 43 Nonopsonizing lg (lgG| 
and IgA in cattle) have other beneficial functions, such as 
neutralization of bacterial toxins, agglutination of bacteria, 
and prevention of bacterial adherence to epithelial cells. 
Immunoglobulins in milk also mediate antibody-depen¬ 
dent cell-mediated cytotoxicity by leukocvtes. 53,44 

LACTOFERRIN AND OTHER ANTIMICROBIAL PRO¬ 
TEINS, Lactoferrin is an iron-binding glycoprotein pro¬ 
duced by mammary epithelial ceffs and found in 
neutrophil granules. Lactoferrin concentration is Low in 
normal milk but Increases substantially during the dry 
period and In response lo lntramammaiy Infection. 22 By 
sequestering iron, Lactoferrin prevents multiplication of 
iron-dependent microorganisms, such as coliform bacte¬ 
ria.^ Lactoferrin plays a more general role In mammary 
gland defense by modulating granulopoiesis, leukocyte 


trafficking, lymphocyte cytotoxicity, and other immune 
functions. By disrupting bacterial cell membranes, it is also 
bactericidal. 3 ^ 7 

Lysozyme and lactoperoxidase are other antimicrobial 
proteins Chat play more minor roles In mam man- gland 
defense. 5 * Xanthine oxidase, found In milk fat globules, cat¬ 
alyses the formation of nitric oxide, which also plays a role 
in mammary gland defense. 23 

CYTOKINES. Cytokines regulate the activity of cells 
involved in nonspecific and specific Immune responses. 
Many cytokines are produced in response lo lntramammaiy 
infection and Influence Lhe signs, severity, and outcome of 
mastitis, '['he origins, actions, and interactions of these pro¬ 
teins are loo extensive to cover in detail. 1 lowever, of major 
importance are the interleukins (ILs), Interferons (IKNs), 
TNF-a, and colony-stimulating factors (CSFs). ja Macro¬ 
phages, T lymphocytes, and epithelial cells are the main 
producers of these cytokines. The cytokines Interact with 
membrane receptors on target cells to stimulate release of 
leukocytes from bone marrow, enhance recruitment and 
activation of neutrophils, Influence antibody production 
by B lymphocytes, direct the inflam matoiy response to 
infection, and In some cases, induce toxLc shock.™' 56 Differ¬ 
ences in cytokine profiles elicited by EiffterjcAjd! cuJj' and 
Sfci^ryJocflccus ^tireus may help explain why S. aureus masti¬ 
tis Is more persistent than E. coif mastitis. 

Recombinant cytokines [e.g., IL-2, G-CSF, GM-CSF, 
IFN-y) have been Investigated as preventative* 15 ' 50 or thera- 
peutlc^ 1 ^ agents for mastitis and as vaccine adjuvants. 53 
Although these cytokines have been effective In some 
in vitro and In vivo studies, none has proved sufficiently 
safe or practical for commercial use. S4 

Defense Mechanisms in the Peri parturient Period 

Mammary gland defense mechanisms are greatly reduced In 
the perlparturlent period, making cows most vulnerable to 
mastitis at that lime. Indeed, both the Incidence and the 
severity of mastitis are higher in the perLparturlent period 
than at other times.Neutrophil functions, particu¬ 
larly chemotaxis and intracellular killing are impaired In 
periparturient cotvs, as Is phagocytosis by macrophages. 
The Immunosuppression accompanying parturition is 
partly caused by a high circulating cortisol concentration, 
which Impairs neutrophil marglnatlon and recruitment. 
Neutrophils of periparturient cows also undergo apoptosis 
more rapidly than do neutrophils of cows in later Lactation, 
and early onset of apoptosis reduces phagocytic and Intra¬ 
cellular killing activity. 2 * Low circulating concentrations of 
insulin-like growth factor J (ICF-1) in periparturient cows 
may reduce neutrophil viability and impair cytokine secre¬ 
tion.Because a cow's ability lo resist microbial challenge 
is reduced during the periparturient period, producers must 
pay special attention lo the housing and management of 
periparturient cows. 

INTRAMAMMARY INFECTION AND 
MASTITIS 

The Importance of mammaiy gland defense mechanisms In 
protecting against or limiting the effects of Lntramammary 
infection cannot be overstated. When pathogens traverse 
the teat canal and multiply in the milk, an inflammatory 
response Is initiated, which results In mastitis (Inflamma¬ 
tion of the mammary gland]. If cellular and noncellular 
defense mechanisms combat the infection rapidly and effec¬ 
tively, mastitis will be mild and transient. 1 lowever, when 
defense mechanisms are compromised (e.g., during perlpar- 
lurlent period) or when the pathogen is able lo evade 
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normal defenses [e.g., resist phagocytosis or Intracellular 
destruction), severe or chronic mastitis may develop. The 
intensity of (he inflammatory response determines whether 
mastitis is subcllnical or clinical. 

With jubriiufoii tniisfrfj'j, (he inflammatory process does 
not result In visible abnormalities in the milk, mammary 
gland, or cow. However, milk production Is reduced and 
milk composition altered/ 3 With clinical mastitis, milk from 
the affected quarter is visibly abnormal, the gland itself may 
appear inflamed, and the cow may exhibit a drop In milk 
production and general signs of illness. Although mastitis 
can develop In response to trauma, she vast majority of 
mastitis episodes are caused by intramammary Infection, 
it is preferable to promote mastitis resistance and limit 
exposure to pathogens than to combat mastitis once Ll has 
developed. However, episodes of mastitis will occur even 
in well-managed herds. 

Detection of Subcllnical Mastitis 

somatic cell count. Subcllnical mastitis Is the pre¬ 
dominant form of mastitis Ln cattle and other livestock A 
consistent finding with subcllnical mastitis Is an Increase 
in the SCC of the milk. 'I’he SCC can be measured in milk 
from an individual quarter (QMSCC) or milk composited 
from all four quarters {CMSCC). In either case, SCC 
greater than 100,000/mL Is consistent with inflammation 
(mastitis). 1 lowever. Inflammation Is not synonymous 
with intra mammary Infection. .Milk from cows with intra- 
mammary Infection usually has an SCC substantially 
higher than 100,000/mL because of neutrophil recruit¬ 
ment. The CM SCC Is iower than the QMSCC because milk 
from the uninfected quarters dilutes the cells from the 
infected quarter. 

Although intramammary infection Is the most Important 
determinant of SCC, SCC can be influenced by stage of 
lactation and milk production. For example, colostrum 
and milk produced during the first w r eek after calving often 
have higher SCC than milk produced later. 55 ' 60 Some Inves¬ 
tigators have also observed an Increase in SCC during late 
lactation. 55 Findings in early and late Lactation may be con¬ 
founded because intramammary infection Is common at 
those times and milk production Is relatively low, which 
concentrates the cells. 61 Any disease that causes a marked 
drop in milk production, such as abomasa! volvulus or trau¬ 
matic retlculoperlcardltis, may cause an increase in SCC 
because of concentration. 

I’he SCC of milk can be quantified by direct microscopic 
observation or by use of a Coulter counter. However, most 
commercial Laboratories use a fluoro-opto-ekclronlc (Fos- 
somatic) ceil counter, which can accurately measure SCC 
In preserved or frozen milk. 62 In the United States, many 
dairies subscribe to monthly CMSCC testing of ail Lactating 
cows. The CMSCC is typically reported as Linear score (LS), 
a logarithmic conversion of SCC calculated as follows: LS = 
log: [SCC/100) i- 3. Conversion to LS achieves a normal 
distribution and linear association with milk yield loss 
(see section on economics). 

Because SCC can remain high after Lnlramammary Infec¬ 
tion resolves and can vary during the course of an Infection, 
the accuracy of a single QMSCC or CMSCC for detecting 
Infection is compromised. 59 A SCC threshold of 200,000 
or 250,000/mL is usually recommended for cattle; cattle 
with SCC below the threshold are assumed to be free of 
intramammary Infection, and cattle ivith SCC above (he 
threshold are assumed to have lnlramammaiy Infection. 
Unfortunately, no SCC threshold Is perfect. The Lower the 
threshold, (he higher is the sensitivity [more Infected glands 
are detected) and lower the specificity (more uninfected 


glands are classified as infected). Increasing the threshold 
Improves specificity [more uninfected glands are correctly 
classified) but reduces sensitivity (more infected glands are 
missed). I’he choice of threshold therefore depends on the 
purpose of testing. For example. If Ll is important to Identify 
all Infected cotvs so they can be managed in a certain way 
(segregated, culled, or treated), a low SCC threshold should 
be used to select animals for culture so Infections are not 
missed. How r ever, when screening cows to determine the 
types of pathogens causing high SCC in a herd, use of a 
higher SCC threshold to select animals for culture will 
reduce the chance that cultures will yield no growth. 

The predictive value of SCC Is Impacted by (be preva¬ 
lence or intramammary infection Ln a herd. For example, 
SCC values above a given threshold are more Likely to pre¬ 
dict Lnlra mammary Infections correctly in a herd with a 
high prevalence of mastitis than in a herd with a low preva¬ 
lence of mastitis. In contrast, SCC values below a given 
threshold are more likely to predict healthy glands correctly 
Ln a herd with a low r prevalence of mastitis than Ln a herd 
with a high prevalence of mastitis.Itterefore, knowing 
the approximate prevalence of mastitis in a herd is helpful 
w r hen Lnteipretlng SCC data. 

California mastitis test A rapid. Inexpensive 
alternative to SCC testing is the California Mastitis Test 
[GMT). With the CMT, 2 to 3 mL of milk from each quarter 
of the mammaiy gland is stripped Into individual cups of a 
hand-held paddle. A reagent Is added to lyse the cells and 
agglutinate cellular proteins, resulting Ln thLckenlng (gel¬ 
ling) of the mixture. 6-1 The degree of gelling is subjectively 
scored using a five-point scale; a score of 0 (negative) corre¬ 
sponds to SCC Less than 200 r tWO/mL. &d Although qualita¬ 
tive, progressively higher CMT scores correspond to 
progressively higher ranges of SCC. 

The CMT is Impractical for routine monitoring of masti¬ 
tis prevalence in a herd but can be a useful tool for screen¬ 
ing individuals, such as fresh cows, for possible Infection 
and selecting quarters for culture. 65 - 166 As with the SCC, 
the CMT is not a perfect test for intramammary infection. 
I’he optimal threshold will depend on the stage of lactation 
and objective of testing. 60 

Mand-held SCC counters are available for use at cow- 
side. 1 lowever, the need for exact SCC quantification (vs. 
ualitatlve CMT results) must be weighed against cost to 
etermlne Lf such a purchase Is warranted. Advantages of 
cow-side SCC counters and the CMT are that they provide 
Immediate results and can be used to assess Individual quar¬ 
ters, whereas monthly CMSCC provides infrequent data 
for the cow as a whole. A test strip that simultaneously 
detects cells and actively respiring bacteria in milk (V Strip 
2, GeneBact Animal Health) Is available Ln the United 
Stales, but the utility and acceptance of this test remain to 
be determined. 

ELECTRICAL conductivity. An alternative method 
of subcllnical mastitis detection is measurement of electrical 
conductivity of the milk. Electrical conductivity of normal 
milk is approximately 4.0 to 5.5 ms/cm 2 at 25° C. With 
mastitis. Increases in sodium and chloride concentrations 
and a reduction in potassium concentration Ln the milk 
result in an Increase Ln electrical conductivity/ 67 An advan¬ 
tage of eleclrLcal conductivity over SCC Is that conductivity 
can be measured automatically while cows are being 
milked, using sensors In the milking svsiem. It is therefore 
adaptable to robotic milking systems. 6 ^ Unlike CMSCC test¬ 
ing, which is performed monthly, electrical conductivity can 
be measured at each milking, thus allowing changes to be 
detected early. Results can be downloaded and archived 
on a computer and calculations performed. Mastitis detec¬ 
tion can he based on an absolute increase Ln conductivity 
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or on interquarter ratios or differences in conductivity, with 
a combi nation of absolute and Interquarter thresholds 
being most sensitive. 67 

r rhe median sensitivity of electrical conductivity for 
detecting Lntramammary Infection In 41 studies was 75% 
and the median specificity 95%. 6r However, In herds with 
a low prevalence of mastitis, the predictive value of a single 
or multiple positive tests can be much less than 60%.™'™ 
Variations in electrical conductivity can occur with transient 
intramammarv infections that do nos require treatment and 
for reasons other than mastitis. Therefore, treatment should 
not be initiated on the basis of electrical conductivity 
resuits. As with SCC, electrical conductivity Is simply a too] 
to assist in mastitis detection. Dairy producers must use 
electrical conductivity data along with other automated data 
{milk production, milk temperature, miik color, pedometry 
data) and physical examination findings to identify cows 
for monitoring or further testing. Although hand-held elecliL- 
cal conductivity meters are available, they generally perform 
poorly compared with the CMT for cow-side detection of 
subcllnlcal mastitis. 71 

OTHER SUBCLINICAL MASTITIS INDICATORS. A vari¬ 
ety of milk compositional changes accompany subdlnical 
mastitis besides the increase In SCC. I’hese Include reduced 
casein, lactose, and a-laclalbumin concentrations; an Influx 
of sodium, chiorlde, and plasma proteins; Increased proteo¬ 
lytic and iLpolytie activity; an increase In lactoferrln concen¬ 
tration and enzyme activities; and a rise In pH. 5 * As a result 
of permeability of mammary epithelial cell tight junctions, 
potassium, lactose, casein, T-laclalbumln, and other mam¬ 
mary gland-derived substances move from milk Into 
plasma. Many of these changes can be used as indicators 
of subdlnical mastitis. Among the mote common milk tests 
are those that detect albumin, sodium, chloride, lactose, or 
adenosine triphosphate (ATP) concentration; jV-acetyl-fk-D- 
glucosamlnidase (LN'AGase) activity; antitiypsin activity; or 
pH; plasma tests detect xlactalbumln, casein, or lactose con 
centration. M - 71 - 75 Milk concentrations of the acute-phase pro¬ 
teins amyloid A and haptoglobin are also used to distinguish 
healthy quartets from those with subclinical mastitis. 71 - 75 
To date, none of these tests has proved sufficiently more accu¬ 
rate or convenient than SCC, so they are used mainly in 
research. 

Detection of Clinical Mastitis 

Clinical mastitis results In obvious abnormalities of the 
milk, mammary gland, or cow r and Is easier to recognize 
than subdlnical mastitis. Most episodes of clinical mastitis 
are mild Co moderate in severity. With mild clinical masti¬ 
tis, milk from the affected quarter is abnormal in color, vis¬ 
cosity (w r ateiy, thick), or consistency (contains flakes or 
dots of Inflammatory material). In rndderate cases the 
affected mammary gland Ls noticeably inflamed {swollen, 
firm, warm, red, painful), and milk'production may be 
somewhat decreased. With severe clinical mastitis, milk 
and mammaiy gland changes are accompanied by systemic 
illness. Systemic signs may Include decreased feed intake 
or milk production, lethargy, depression, tachypnea, 
enophthalmos, weakness, recumbency, or low-volume 
diarrhea that may contain mucus or blood. Physical exam¬ 
ination of the' cow often reveals fever, tachycardia, 
decreased rate or strength of rumen contractions, pro¬ 
longed skin tent or capillary refill time, tacky mucous 
membranes, or cold extremities. 76 ' 7 " Hypothermia may 
precede death Ln fatal cases. Occasionally, gangrenous mas¬ 
titis occurs, In which case the skin of the mammary gland 
or teat may be cold, black, or crepitant, and gas may be 
expelled when milking the teal. 


I’he severity of clinical mastitis influences the choice of 
treatment, as well as the prognosis, so efficient detection 
of din leal mastitis and determination of severity are critical. 
Detection of clinical mastitis Is accomplished by stripping 
foremilk onto the floor of the milking parlor at each milk¬ 
ing. Milk that Is grossly abnormal must be discarded or 
fed to calves and must not enter the bulk lank. Grossly 
abnormal milk generally has a very high SCC and altered 
composition, so immediate exclusion from the bulk tank 
helps to protect milk quality. Currently, no automated 
methods reliably detect clinical mastitis in the milking par¬ 
lor, although such tests are being sought for robotic milking 
systems. 

Milking personnel should routinely check mammary 
glands for signs of Inflammation while cows are In the milk¬ 
ing parlor. When cows with abnormal milk or an Inflamed 
mammary gland have reduced milk yield or appear to be 
systemically 111, they should be examined promptly and sys¬ 
tematically to determine mastitis severity and appropriate 
actions. Relevant farm staff must therefore be trained In 
assessment of attitude, rectal temperature, hydration status, 
and Ideally, rumen motility. 

Resolution of clinical signs is not synonymous with reso¬ 
lution of intramammary infection. Clinical signs may per¬ 
sist for a time after the' pathogen has been eliminated, as 
often occurs with E. cerJj' mastitis, or infection may persist 
after clinical signs have resolved, as with S. ijjjj™ mastitis. 
Regardless, clinical mastitis Ls always followed by a period 
of subclinical inflammation. If the infection has resolved, 
SCC usually returns to normal within 2 weeks. -90 Persistent 
elevation in SCC suggests chronic Lntramammaiy Infection, 
which can be accompanied by recurrent bouts of clinical 
mastitis. Therefore, monthly CMSCC and periodic CMT 
are useful tools for assessing the Likelihood of cure after 
clinical mastitis. 

CONTAGIOUS VS. ENVIRONMENTAL 
MASTITIS 

Mastitis pathogens have traditionally been categorized as 
"contagious'"' or ‘"environmental"' based on the primary res¬ 
ervoir of infection and mode of transmission. With the 
advent of new methods of strain typing, this method of cat¬ 
egorization clearly is oversimplistlc. Within both pathogen 
groups are strains that vaiy Ln contagiousness. The tradi¬ 
tional categorization still provides a reasonable basis for 
investigating risk factors and initiating control programs in 
problem herds. However, If control measures do not 
achieve expected results, strain typing of pathogens can help 
to Identify an atypical reserve Lr(s) of Infection. The next tw r o 
sections provide general Information about the epidemiol¬ 
ogy and control of contagious and environmental mastitis. 
Specific pathogens are discussed in more detail Ln later 
sections. 

Contagious Mastitis 

Infected mammary glands are the predominant reservoirs of 
contagious mastitis pathogens. Transmission occurs when 
milk from an infected gland contacts the teal of an unin¬ 
fected gland during the milking process. The teat cup liners 
of the milking duster are Important fomltes if infected cows 
are milked before uninfected cotvs. Other fomites Include 
the hands of the milking personnel and towels used to wash 
or dry the teats of multiple cows. Once pathogens have 
been tieposited on the teat skin, the gland Ls at risk of infec¬ 
tion, especially when teat defense mechanisms are compro¬ 
mised. In some cases, abrupt vacuum fluctuations within 
the milking cluster (reverse-pressure gradients) can propel 
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contagious pathogens from the milk of an infected gland 
into the teat canal of ait uninfected gland. Ig 

Stjeptocoa"jjj agaiactiae and Staphylococcus aureus are 
major contagious mastitis pathogens that cause persistent 
elevation in 5CC and reduction in milk yield. GoryiMbocfe- 
rijjjji turns Is a minor contagious mastitis pathogen with a 
lesser impact on SCC and milk yield. Infection with these 
three pathogens can be controlled by implementing a five- 
point mastitis control program consisting of [I] postmLik¬ 
ing germicidal teat disinfection fpLulWfppifls), (.y antibiotic 
treatment of all quarters of all cows at ory-oft ("blanket" 
dry-cow antibiotic therapy), (3} culling of chronically 
infected cow's, (4) prompt recognition and treatment of 
din Leal mastitis cases, ana (3) proper use and maintenance 
of the milking machine.^ 1 Together, these measures reduce 
both the incidence and the prevalence of Infection. Myco¬ 
plasma iwws and other Mycu/rivffifi species are usually cate¬ 
gorized as contagious mastitis pathogens even though they 
colonise body sites other than the mammary gland (see sec¬ 
tion on Mycoplasma mastitis). This Is because once Intra- 
mammary infection Is established,. Myctiphajwiii spreads 
among cows and glands In a contagious manner. 

POSTMILKING GERMICIDAL TEAT DISINFECTION. 
Posldlpplng is the key to preventing new contagious masti¬ 
tis infections. 32 - 3 -* Postdipping kills pathogens deposited on 
the teat skin during the milking process before thev colo¬ 
nize the teat orifice and invade the gland. A variety of germi¬ 
cides are effective, with Lodlne-based (0.1% to 1.0%) dips 
the most common. However, not all products are equally 
effective. To determine If a particular germicide has been 
scientifically tested and proven effective, practitioners can 
consult the Summary of Peer Revieiiwd Publications t?ir E/frcttcy 
of Pre-milking Posl-rmibinv Teal Disinfectants Punishes 
since which Ls updated regularly by the NMC and 

available in the NMC annual meeting proceedings or at 
www. nmeo n I i ne. org. 

Even teat dips of proven efficacy may fall to control masti¬ 
tis If they are stored or bandied improperly or not used con¬ 
sistently. Each teat of every Lactating cow must be dipped 
after each milking; discontinuing dipping during cold 
weather or when mastitis appears to be under control is Likely 
to result in reemergence or mastitis. Poor coverage of teals 
with dip Ls a common cause of postdipping "failure." In par¬ 
ticular, spraying the teats, rather than using a dip cup, often 
results in Incomplete coverage. When Investigating a conta¬ 
gious mastitis problem, the postdipping process must be 
observed, rather than simply questioning the producer. 

ANTIBIOTIC TREATMENT OF DRY COWS. Blanket dty- 
cow r antibiotic therapy Ls tbe most effective way to resolve 
contagious mastitis infections once they occur.- 92 S. agyilactiae 
and C. tooivis are susceptible to tbe antibiotics marketed for 
dry cow's In the United Slates; cure rates approaching 100% 
can be expected. S. mm™ Infections are more resistant to 
antibiotic treatment for several reasons (see section on 
S. aureus mastitis). I low r ever, the cure rate for 5. nureus masti¬ 
tis Ls higher when antibiotics are administered during the 
dry period than during Lactation. Cows with chronic S. aureus 
mastitis, especially mastitis that falls to resolve after dry-cow 
antibiotic therapy, are candidates for culling. 
species are resistant to the antibiotics available lor use In 
dry cow's In the United States, so blanket dry-cow antibiotic 
therapy will not reduce the prevalence of Infection. To elimi¬ 
nate chronic Mycoplasma infections, cows must be culled. 

Selective dry-cow antibiotic therapy Is an appealing alter¬ 
native to blanket therapy because it reduces anltbiolLc treat¬ 
ment of uninfected g)ands. However, common selection 
criteria (CMT score, lactation average SCC clinical mastitis 
hisloiy) are imperfect Indicators of Infection status. When 
a high CMT or SCC threshold Ls used, many infected glands 



will go untreated. When a low r CMT or SCC threshold is 
used, many uninfected glands will be treated. Even milk cul¬ 
tures fall to detect a portion of chronic Infections. Therefore, 
Ln herds with a high prevalence of contagious mastitis or 
with risk factors favoring contagious mastitis transmission, 
blanket diy-cow r antibiotic therapy is prudent. Selective dry- 
cow therapy also falls to protect untreated glands against 
new r infections in the earlv dry period.^ 4 

OTHER CONTAGIOUS MASTITIS CONTROL MEA¬ 
SURES. Individual cloth or paper towels (one per cow) 
should be used to prepare teats for milking. Mi Iking person¬ 
nel should wear gloves and wash them frequently. An auto¬ 
mated back-flushing system can be installed to disinfect 
milking clusters betiveen cows. A milking order can be estab¬ 
lished, Ln w'hlch uninfected cows are milked before Infected 
cows. .Milking fresh heifers before older cows Is recom¬ 
mended, but in some cases, infected heifers are tbe main 
source of Infection.^ 5 Complete segregation of infected cows 
from uninfected cows Ls impossible to achieve, even if using 
culture results or SCC as criteria. However, segregation can 
have beneficial effects, particularly Ln herds with £. aureus 
mastitis. a6S7 

In open herds. Incoming animals can introduce conta¬ 
gious mastitis pathogens. Purchasing cows from known 
sources, where historical mastitis Information (bulk tank 
culture results, ETPSCC, Individual cow' SCC) is available, 
can reduce this risk. Culturing all quarters or all new' cows 
Ls the best way to screen for contagious mastitis, but this 
Ls costly, especially if Mprtfpfrrsmtf testing Ls performed. Neg¬ 
ative culture results must be interpreted in conjunction with 
SCC or CMT values because Infections (especially S. Aureus) 
can be missed on a single milk culture. 

Environmental Mastitis 

With environmental mastitis, the predominant reservoir is 
the environment. Transmission occurs when teats become 
contaminated with environmental pathogens between milk¬ 
ings or at milking time. Common sources of Infection are 
fecal material, bedding soil, and contaminated w r aler. Once 
environmental pathogens have been deposited on the teat 
skin, the gland Ls predisposed to infection, particularly 
when defense mechanisms are compromised. Environmen¬ 
tal pathogens can also be transported into the teat canal 
or cistern if the teat end is not sufficiently disinfected before 
Infusing antibiotics, or when a contaminated infusion prep¬ 
aration or cannula is used. The predominant environmental 
mastitis pathogens are eoliform bacteria and streptococci 
other than S. jigditacftae (environmental streptococci). How¬ 
ever, many other environmental organisms are capable of 
causing mastitis. 

HOUSING AND HUSBANDRY RISK FACTORS. The flve- 
point mastitis control program does not effectively control 
environmental mastitis. Control requires reducing exposure 
of teats to environmental pathogens. This is accomplished 
by frequently removing manure from lots, alleyways, and 
other cow holding areas; rotating pastures and providing 
sufficient shelter to minimize congregation of pastured 
cows; limiting access to wet, muddy areas; avoiding over¬ 
stocking; using appropriately designed stalls; and managing 
bedding So control pathogen load. Stall design and bedding 
comfort Impact a cow's willingness to use the stall. If poor 
stall design or insufficient bedding results in discomfort 
or injury to the cow or hinders her ability to lunge forward 
and rise, tbe cow r will choose to rest in a Less sanitary 
location. The same is true for a barn with poor ventilation. 
Poor sizing of stalls may allow manure and urine to accu¬ 
mulate in the bedding, rather than being deposited Ln 
the alley. 
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Sand is the favored bedding material because 11 is Inor¬ 
ganic and comfortable, as long as the beds are well main¬ 
tained. However not all manure handling systems can 
handle sand, and It is not always readily available. Many 
organic materia I s, such as straw, sawdust, newspaper, 
recycled manure, or rice hulls, are acceptable if stored prop¬ 
erly and replaced frequently. However, bacterial concentra¬ 
tions greater than tO^y'g can develop In less than 24 hours, 
especially if the bedding Is contaminated with manure. Mat¬ 
tresses or rubber mats can be used but must be replaced or 
repaired when worn and topped with organic bedding mate¬ 
rial as needed to ensure comfort. 

udder hygiene practices. Because it Is impossible 
to eliminate teat exposure to environmental pathogens, 
cleaning teats in the milking parlor is an Important compo¬ 
nent of environmental mastitis control. Premliking germi¬ 
cidal teat disinfection (predippirig) is the preferred method 
in the United States. To be effective, the teats must be wiped 
of gross organic materia I, and the germicide must contact the 
skin for approximately 30 seconds before being removed 
with a towel. All surfaces of the teat, Including the teat end, 
must contact the dip and be thoroughly cleaned. Massaging 
the teat helps to distribute the dip, clean the skin, and stim¬ 
ulate milk ejection. 

An alternative to predipping is washing the teats w r llh 
water containing a sanitizing solution. Only the teats 
should be washed, keeping the udder dry to avoid droplets 
of water from pooling on che teat cups and contaminating 
the teals. 

With either method, the teats must be clean and dry 
when the milking cluster Is attached. Dry wiping of the 
teats without washing or predipping Is Inferior for remov¬ 
ing bacteria. Clipping or flaming of udder hair reduces 
the amount of fecal material and bedding that adhere to 
the udder and facilitates cleaning of the teats: however, 
the effect on mastitis incidence has not been adequately 
studied. Tall docking has proved ineffective at reducing 
mastitis risk.- 9 *-- 99 

Poslmliking teat disinfection does not provide a sufficient 
duration of germicidal activity to protect teats effectively 
against infection with environmental pathogens between 
milkings. 

MANAGEMENT OF DRY COWS. Environmental mastitis 
can be acquired during the dry period as well as during lac¬ 
tation. In fact. Infection risk Is increased in the early and late 
phases of the dry period, when secretions accumulate In the 
gland and defense mechanisms are compromised. Many of 
these infections do not manifest as clinical mastitis until 
early Lactation. Housing conditions and management prac¬ 
tices for dry and parturient cows should minimize exposure 
of the teats to pathogens. Individual calving pens that are 
cleaned between cows are preferable to group pens that 
are cleaned less frequently. 

Antibiotic therapy at diy-off can reduce environmental 
streptococcal mastitis by resolving existing infections and 
preventing new Infections in the early dry period. 1 ^ 
However, by (be Late dry period, antibiotic concentrations 
are loo Low to protect against environmental streptococcal 
infection. AnlLbiotic therapy at diy-off Is generally ineffec¬ 
tive for resolving or preventing infections caused by coll- 
form bacteria or other environmental pathogens. An 
alternative or (preferably) ad|unet to antibiotic therapy Is 
use of an external or Internal teat sealant to provide a 
physical barrier against pathogen Invasion. External leal 
sealants are applied at dry-off or In the late diy period, 
but must be monitored for peeling and reapplied as 
needed. 90 Internal teat sealant is infused Into the teat at 
dry-off and remains In the teat until physically removed 
after calving. 91 


PATHOGEN DETECTION 

To address herd mastitis problems or develop appropriate 
treatment protocols for clinical mastitis, It Is necessary to 
identify the responsible pathogen(s). Microbio logic culture 
of milk is the current "gold standard - " method of pathogen 
identification. Milk from individual mammary glands (quar¬ 
ter samples) can be cultured, as can composite milk from all 
four mammary glands (composite samples), pooled milk 
from particular groups of cows (pooled or string samples), or 
bulk tank milk; Lhe choice of sample depends on the question 
being Investigated. 

For milk culture results to be accurate, milk samples 
must be collected aseptically, stored and handled properly, 
and plated on appropriate media. The volume of milk, 
cultured, laboratory methods used, experience of the inter¬ 
preter, and criteria for defining Intramammary Infection 
all Influence results. 


Sample Selection 

QUARTER VS. COMPOSITE MILK SAMPLING. Quarter 
samples are appropriate for identifying the cause of clinical 
mastitis In affected glands. Although it is best to collect the 
milk before administering antibiotics, the presence of anti¬ 
biotics In milk does not preclude culturing. In one study, 
mastitis pathogens were isolated from 92% of milk samples 
collected II to 24 hours after antibiotic treatment. n2 Quar¬ 
ter samples can also he used to determine if infection has 
resolved after treatment. 

Quarter samples are more sensitive for detecting S. aureus 
infection than are composite samples, although the sensitiv¬ 
ity of composite samples increases with the number of 
infected glands per cow r95,,3j Sampling (he cow r on more 
than one occasion (quarter or composite samples) increases 
the likelihood of delecting glands that intermittently shed 
S. aureus.^ 5 Quarter samples are also preferable io compos¬ 
ite samples for detectlng Mycoplasma mastitis; a recent study 
showed that Lip to 40% of glands infected with Myaiphuuau 
species shed less than LOO colony-forming units (CFU)/mL 
of milk. 96 In contrast, single composite milk samples are 
acceptable for delecting cows infected with S. 
because bacterial shedding is heavier and more consistent. 97 

When screening cow's for subdin leal Lnlra mammary 
infections, It Ls less time-consuming and costly to collect 
composite samples than quarter samples. 13ow r ever, patho¬ 
gens from Infected glands are diluted by milk from unin¬ 
fected glands, which reduces sensitivity and can lead Co 
false-negative culture results. Also, there is more risk of a 
composite sample becoming contaminated during the col¬ 
lection process. An alternative to composite sampling Ls lo 
select quarters for culture using the CMT. I’he specificity of 
the CMT is high, especially If using a high threshold (score 
>2), meaning that most CMT-positive samples will yield 
growlh. However, sensitivity is likely to be less than 50% 
regardless of the threshold, meaning that many Infected 
glands will be missed. 98 

Some producers routinely culture composite milk from 
cows at calving or select quarters for culture using the 
CMT. Such culturing provides a general assessment of udder 
health, which reflects the adequacy of management prac¬ 
tices for dry cow's and heifers. However, culturing for the 
purpose of selecting animals or quarters for antibiotic treat¬ 
ment is unlikely to be accurate or economical. The sensitiv¬ 
ity and specificity of the CMT for detecting infection In the 
first week after calving are moderate at best, 60 - 66 and antibi¬ 
otic treatment is ilkely to be beneficial only for streptococcal 
infections." The costs associated with CMT screening, cul¬ 
turing, antibiotic therapy, and milk discard w'lll probably 
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outweigh the benefits, unless the prevalence of streptococcal 
mastitis is high. 

BULK TANK MILK SAMPLING. Bulk lank milk is cultured 
in assess the udder health status of a herd, troubleshoot 
milk quality problems, or evaluate the adequacy of premLik¬ 
ing hygiene practices. In the United Slates, processing plants 
routinely test bulk lank milk For aerobic bacteria (standard 
plate count, SPC) and SCC (BTSCC) and may lest for psy- 
chotrophic, thermoduric, or coliform bacteria. Results of 
sJiese cultures help to distinguish milk quality problems 
caused by mastitis from those caused by poor'premilking 
hygiene, contaminated water, Improper cooling of milk In 
die bulk tank, or unsanitary milking equipment.™ How¬ 
ever, processing plants do not routinely speclate aerobic 
bacteria or test for Mycoplasma species. More comprehensive 
milk cultures are useful for determining the contagious mas¬ 
titis status of a herd. 

Detection of 5. S. ciureui, pathogenic Myrci- 

p/jumct species, or C. bovis In bulk tank milk Implies there 
are infected cows in the herd. EIowever, concentrations of 
these pathogens In bulk tank milk are not Indicative of 
the number of Infected cows or glands, 101 The BI’SCC 
should be high If infections are prevalent, but BTSCC can¬ 
not be used to predict the prevalence. Failure to detect 
contagious mastitis pathogens In bulk tank milk, espe¬ 
cially S. diureuj, which Is shed intermittently and In rela¬ 
tively low concentrations, does not mean that a herd is 
free of inlramammary Infection. 101 ™ Also, milk from 
cotvs with clinical mastitis Is diverted from the bulk tank, 
which prevents the causative pathogens from being 
detected. To Improve the sensitivity of bulk tank or 
pooled-milk cultures, at least four samples should be 
cultured on different days. Culturing of milk filters Is less 
sensitive for detecting contagious pathogens than Is cul¬ 
turing of bulk tank milk . 102 

Detection of environmental streptococci, coliform bacte¬ 
ria, or coagulase-negative Stoptyiocomu species in bulk tank 
milk does not Imply a mastitis problem. Although these 
pathogens may be originating from Infected mammary 
glands, they can also come from teats that are not effectively 
cleaned and dried before milking. Contaminated teats pre¬ 
dispose to environmental mastitis, so when high concentra¬ 
tions of environmental bacteria are found In bulk tank 
milk, ll is important to assess premilking hygiene practices 
and farm conditions that Impact teat cleanliness. 

POOLED MILK SAMPLING, Culturing pooled milk from 
a subset of cows, rather than the entire herd, allows screen¬ 
ing of specific groups or strings of cows for the presence of 
contagious mastitis. To accomplish this, the bulk tank is 
sampled before and after milking the cows in question, 
and results are compared. Alternatively, aseptically collected 
milk samples from individual cows may be pooled. 

Sample Collection, Storage, and Handling 

SAMPLING COWS. Teat ends must be thoroughly disin¬ 
fected before collecting milk, to avoid Introducing skin or 
environmental organisms into the sample. Typical prepara¬ 
tion practices Include dry-wiping the udder to remove loose 
debris that could fall into the lube, stripping a few streams 
of milk from the teat to remove organisms in the teat canal, 
and scrubbing the teat end with a I coho I-soaked cotton 
swabs or gauze pads; scrubbing should continue until the 
swabs or pads appear clean. Wearing gloves and dipping 
the teals In a germicidal solution before scrubbing the teat 
ends further reduce contamination risk. The risk of a con¬ 
taminated sample is lower when milk is collected after milk¬ 
ing, but premilking (foremilk) samples are more sensitive 
for detecting many pathogens.™ 



Milk should be collected in sterile tubes or sterile seal¬ 
able bags. I’he tube or bag must not touch the teat. Milk 
should be directed Into the tube or bag at an angle, to avoid 
placing the tube or bag directly under the teat, where it 
could become contaminated with falling debris from the 
udder. The cap of the tube must remain sterile and space left 
at the top of the tube or bag to accommodate expansion 
during freezing. When sampling multiple teats, Che far teats 
should be scrubbed before the near teats and the near teats 
sampled first, to avoid contamination by the sampler's arm 
or hand. Failure to use aseptic technique can produce cul¬ 
ture results that are not interpretable or are falsely Inter¬ 
preted. Samples must be refrigerated at 4 f C, held on ice, 
or frozen until cultured. 

SAMPLING BULK tank. Milk should be aseptlcallv col¬ 
lected from the top of the bulk tank using a sanitized dip¬ 
per. Alternatively, a sterile uterine infusion rod attached to 
a 60-mL syringe works well. The sample should be collected 
shortly after the herd is milked and after agitating the milk 
for 5 to 10 minutes. 104 Bulk tank milk should De placed 
on Lee or refrigerated and cultured within 3S hours of col¬ 
lection; freezing Is requited If longer storage Is necessary. 

Selection of Media 

The media used for quarter or composite milk samples 
depends on (be palhogen(s) of concern. Blood agar (5%), 
the most common medium, allows growth of most aerobic 
mastitis-causing pathogens. Addition ofesculln or staphylo¬ 
coccal beta-toxin facilitates identification of streptococci. 
Clinical mastitis samples are often plated on MacConkev 
medium, tvhlch selects for gram-negative bacteria and facil¬ 
itates diagnosis of coliform mastllLs. BLplales are available 
that contain both blood agar with escufln and MacConkey 
agar. A variety of selective media for streptococci and sta¬ 
phylococci are also available. Trlplates and quadplates 
incorporate streptococcal and staphvlococcal media along 
with blood and MacConkey agar, llie use of biplates, trl- 
plates, or quadplates facilitates pathogen Identification by 
farm personnel. 1DS Mycoplasma spp will not grow on blood 
agar and requires special media and enhanced-carbon diox¬ 
ide (CGj) Incubation conditions. Therefore, if milk samples 
are to be tested for Mycoplasma spp, It is Important to notify 
the Laboratory. 

Bulk tank milk samples should be plated on a variety of 
media to facilitate detection and quantification of strepto¬ 
cocci, staphylococci, coliform bacteria, and (when of con¬ 
cern) iVlyecpktsmdi species. 

Inoculum Size and Laboratory Methods 

I’he amount of milk plated determines the lower limit of 
pathogen detection. For example, a O.OJ-mL (10-p.iL) inocu¬ 
lum allows detection of approximately 100 CFU/mL of 
milk, whereas a 0.1-mL (lOQqiLj inoculum detects concen¬ 
trations as low as 10 CFU/mL. With the traditional method 
of milk culturing, a swab or 0.01-mL loop is used to plate 
the sample onto one quadrant of a plate; this allows four 
samples to be cultured per plate. Larger (0.05- or 0.1 fi¬ 
nal.) inocula increase recovery rates for pathogens shed In 
low r concentrations, such as £. call or S. trureus. Other xvays 
to increase recovery are preculture centrifugation,™ Incuba¬ 
tion,- 4 ' l07 ' 103 or freezing 108 of the milk, or a combination 
of these methods. I’he optimal method is pathogen depen¬ 
dent. Augmented methods are most useful for delecting 
subclinLcal S. aureus infections and reducing false-negative 
results for clinical mastitis samples. Some reports suggest 
that freezing negatively impacts the isolation of £. noli from 
milk, 109 1,0 but (his Is not the case In all studies. 111 
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A selective culture system marketed for Isolation and 
enumeration of specific pathogens from food products (Pet- 
rlfllm plates, 3M r Minneapolis) was more sensitive [83%) 
than traditional milk ail tune (66%) for detecting S. tiareus 
In milk and provided results within 24 hours. 1 lowever, this 
test requites subjective interpretation of color changes, 
which leads to false-positive results if the person reading 
the films Is Inexperienced 

'IThe inoculum volume used for bulk tank milk varies 
among laboratories. Larger inocula (e.g., 0.1 or 0.2 mL) 
enhance detection of pathogens that are present in low con¬ 
centrations. Preculture incubation (95' F for 18 hours) of 
bulk lank milk dramatically Increased detection of 5. aureus 
in one study. 112 

Interpretation of Culture Results 

Pathogen identification procedures are described in detail in 
the Ldiburdtory HfindlwnJr on Bovine Mastitis published by the 
NMC. 313 In most cases, it is not essential to Identify mastitis 
pathogens to the species or strain level. For routine diagno¬ 
sis and treatment purposes, it Is sufficient to categorize 
isolates as S. a^afdrtfde, other Srjeptocotfjjj or Enterjaia'jjj 
species, coagulase-positive Stiiphtfacdarus species, coagu- 
lase-negatlve Staphykxxxais species, collform bacteria, Ccry- 
ntfEurferium species, Arainchacterjurn fArtinmrryeesJ pyogenes, 
BariHus species, yeast, or "other." Most isolates can be tenta¬ 
tively categorized on the basis of colony morphology, 
hemolysis pattern, Gram stain results, and catalase testing. 
Use or blood agar that contains esculin and staphylococcal 
beta-toxin allows differentiation of S. /tic title from other 
streptococci and enlerococci; alternatively, separate CAMP 
and esculin tests can be performed. Coagulase testing distin¬ 
guishes coagulase-poslllve staphylococci (assumed to be 
S. hutcus) from less pathogenic coagulase-negative species. 
As previously mentioned, use of blplates, (riplates, or quad- 
plates can facilitate pathogen categorization. ]0r> When specl- 
atlon or further confirmation Is desired, a variety of 
biochemical and nonblochemical testing methods can be 
used. Mwcopfcrjrnd isolates must be speclated to distinguish 
potential mastitis pathogens from incidental, nonpatho- 
genic species. 

Deoxyribonucleic acid (DNA) fingerprinting, phage typ¬ 
ing, ribotyplng, pulse-field gel electrophoresis, mult Hocus 
gene sequencing, and other molecular methods of pathogen 
typing can provide valuable Information about she source 
and spread of Infection Ln herds with mastitis problems. 
For example, rlbotyplng Identified a cal with chronic sinus¬ 
itis as the probable source of a herd outbreak of Streptococ¬ 
cus dmii mastitis. 1 |J DNA fingerprinting demonstrated 
that many cows with recurrent episodes of clinical E. call 
maslllls had chronic Infections, 1 challenging the assump¬ 
tion that E. coti Infections resolve spontaneously shortly 
after the onset of disease. Typing techniques allow bacterial 
isolates from potential environmental reservoirs to be com¬ 
pared tvith those causing high SCC or clinical mastitis 11 * 
and can help Identify the source of bacteria in bulk lank 
milk. 117 As molecular technologies become more afford¬ 
able, their use Ln mastitis Investigations is Likely to Increase. 

Definition of Infection 

No universally accepted criteria exist for defining intramam¬ 
mary infection. Researchers require growth of the same 
pathogen in at least two of three consecutive milk samples, 
growth of the same pathogen In duplicate milk samples 
collected simultaneously, or groivth of a pathogen in con¬ 
junction ivith indirect evidence of infection (high SCC, 
positive CMT, or clinical signs of mastitis). In practice. It Is 


too costly to collect consecutive or duplicate milk samples. 
Therefore, diagnosis is usually made on the basis of a single 
milk culture result; fortunately, most cultures are from cows 
with clinical mastitis or high SCC, providing indirect 
evidence of Infection. 

Confidence in culture results Ls greatest when a single 
pathogen Is isolated in pure culture. Elow r ever, co-in feet Lons 
do occur. When three or more colony types are Isolated from 
a given sample, the sample Ls considered contaminated. 
1 lowever, even in a contaminated sample, growth of a single 
colony of 5 . agalactiae or S. ctureus Is considered significant. 

Alternative Methods of Pathogen Detection 

Clinical maslllls episodes caused by gram-positive bacteria 
are usually treated with antibiotics, ■whereas antibiotics are 
not required for many collform mastitis episodes (see sec¬ 
tion on clinical mastitis treatment). A variety of nonculture 
schemes using historical data [e.g., parity, stage of Lactation, 
season of year) and clinical signs (e.g., rectal temperature, 
rumen contraction rate, appearance of milk) have been 
developed to distinguish eoliform mastitis from mastitis 
caused by gram-positive bacteria. 1,a - 12 1 Unfortunately, none 
of these schemes Is sufficiently accurate to be used as a basis 
for antibiotic treatment decisions. Although veterinary prac¬ 
titioners often believe they can recognize eoliform mastitis, 
one study showed that practitioners correctly identified only 
23 of 36 (63%) eoliform mastitis episodes and misidenlifted 
32 of 82 (39%) noncollform episodes. 133 An artificial neural 
network and a model using Inductive Inference were only 
able to accurately classify 1 bacLerlal pathogens about 60% of 
the time. 123 

Cow r -slde tests that detect LPS In milk have been used to 
identify gram-negative mastitis episodes. 13 " 3 How r ever, these 
tests are not available In the United Slates. A method that 
distinguishes gram-positive and gram-negative bacteria In 
milk by adding a reagent, Incubating the mixture in hot tap 
water for 2 minutes, filtering the mixture through a mem¬ 
brane, and staining the membrane has been described. 125 
Unfortunately, the limit of detection of that method was 
lG b CFU/mL or greater for E. cah and S. aureus, which is 
loo high for many mastitis episodes. 

Cows with gram-negqlLve clinical mastitis are more Likely 
to be neutropenic ana monoeytopenie and to have higher 
blood hemoglobin concentration than cows with gram-pos¬ 
itive din Leal mastitis. The sensitivity of the combination of 
these hematologic parameters for delecting gram-negative 
mastitis was 93%, and specificity 39%, Ln one study. 326 If 
a Laboratory Ls not available or a complete blood count 
(CBC) is considered too costly, the percentage of segmented 
neutrophils and monocytes on a blood smear can be used; 
sensLlLvllv and specificity of differential cell counts were 
87% anef 71 %* respectively. 

Polymerase chain reaction [PCR) technology has 
allowed development of a number of PCR tests for mastitis 
pathogens. With PCR, pathogens are detected and defini¬ 
tively Identified more rapidly than by milk culture. Unfortu¬ 
nately, because PCR primers are specific for particular 
pathogens, PCR cannot be used to test milk for a wide range 
of mastitis-causing pathogens. Multiplex PCR overcomes 
this limitation to some extent. For example, a recently 
developed multiplex real-time PCR method for simulta¬ 
neous detection of S. aureus, S. amlaetiac, and Streptococcus 
uteris correctly Identified 96% of quarter milk samples. 127 
PCR Is also used for detecting MycDp?turrrd mastitis because 
culture results can lake more than a week . 12S Now that tech¬ 
niques have been developed to overcome the inhibiting 
effects of milk on PCR, PCR testing will likely become more 
widespread. 
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SPECIFIC MASTITIS INFECTIONS 

Streptococcus agafactfoe Mastitis 

Herds that conscientiously use the control measures 
described earlier In ihe five-point plan can eliminate or 
greatly reduces. ngfffortMf mastitis within a few years. llow r - 
ever, S. agahictitie spreads rapidly when effective control mea¬ 
sures are not In place and can cause substantia] economic 
loss. Most episodes of S. agalactiae mastitis are subdin I cal 
and last for months or years If not treated. Subdlnical Infec¬ 
tion maybe interspersed with bouts of mild clinical mastitis r 
but cows do not become systemically ill. 

Streptococcus ngiilactiae adheres to epithelial cells In the 
mammary gland and Localizes primarily in the ducts. Milk 
production declines when ducts become blocked with cells 
and debris and the associated alveoli Involute. Early treat¬ 
ment can restore milk production because permanent dam¬ 
age to the gland Is minimal. However, tissue damage, 
fibrosis, and a permanent decrease In milk production can 
occur If Infection becomes chronic. S. agatacfuie-infecled 
glands tend to shed high concentrations of bacteria and 
SCC In milk. Even a small number of infected cows can 
Increase the SCC or SPC of bulk tank milk and result In 
milk quality penalties. ]m 131 

Sfjeptocoa-jjj iigiiJtfctitfe mastitis should be suspected In 
herds that have a high or Increasing ffrscc or a Large or 
increasing proportion of cotvs with persistently elevated 
SCC. Growth of escuLin-negallve, CAM P-positive strepto¬ 
cocci In milk from the bulk tank or from individual cows 
confirms S. agalacliae infection. Composite milk from all 
cow's In the herd must be cultured to determine the preva¬ 
lence of infection and identify positive cows. PCR Is a 
promising alternative to milk culture. 127 - 15J - L33 

II Treatment, S. agalactiae is highly susceptible to penicil¬ 
lin and other antibiotics marketed for Lntramammary Infu¬ 
sion In the United States. Bacterlologlc cure rale typically 
exceeds 50% after a single course of therapy during lacta¬ 
tion 124 - 136 or at dry-off. 137 Ifterefore, In herds with preva¬ 
lent S. agalactia? mastitis and high economic loss* it is 
acceptable to mass-treat ["blltz-lreac"'). This Is accomplished 
by treating all I a elating cows or (preferably) culturing 
milk from all Lactaling cows and treating those with 
S. agalactiae infection; all four quarters of each cow are 
treated. Cows that are close to the end of lactation can be 
dried off and dry-treated. A small proportion of cases wlIL 
fall to cure or will be missed on milk culture, so It is essen¬ 
tia] to Institute effective control measures in con|unction 
w r lth blitz treatment. Although the initial cost of blitz 
treatment Is high, the benefit/cost ratio usually exceeds 
2:1 because of an increase In milk production and decline 

in Brrscc . ]3S - L3a - L39 

Failure to disinfect teal ends adequately before blitz- 
treating cow's, or use of contaminated antibiotic solutions or 
infusion equipment rather than commercially available antibi¬ 
otic tubes, can result In financially devastating outbreaks of 
environmental mastitis. 140 - 142 ifierefore, veterinarians or 
other personnel who are trained In aseptic technique should 
perform the infusions, using commercially available tubes. 
Systemic antibiotics are not necessary or recommended for 
treatment ofS. agalactiae mastitis. 126 

II ConfraL Conlrol measures for S. agalactiae mastitis are 
described In the section on contagious mastitis. Postmilking 
germLcidal leal dipping and dry-cow antibiotic therapy are 
the most Important measures. Introduction of Infected cows 
to a herd can Lead to rapid spread of S. agalactiae mastitis if 



control measures are not meticulously carried out. Purchas¬ 
ing animals from an 5. -j^j^ictiae-free herd or cu]luring milk 
before putting cows in the milking herd can reduce this risk. 
Vaccines are not available or necessary for control of 5. aga¬ 
lactiae mastitis. 


Staphylococcus aureus Mastitis 

Most dairy herds have cows with S. aureus mastlLls, but the 
prevalence and economic impact vaiy. As for S. agalactiae, 
most S. tfureus intramammary infections are chronic and 
subdinlcal, with periodic bouts of clinical mastitis. How¬ 
ever, clinical S. aureus mastitis ranges in severity from mild 
to gangrenous. Herds with a high prevalence of S. rfttreHi 
mastitis cannot be distinguished from those with a high 
prevalence of S. agalactiae mastitis without culturing milk; 
In some cases, both pathogens are prevalent. Herds with 
S . or S. agalactiae mastitis tend to have a high or 

Increasing ETfSCC and a large or Increa&Lng proportion of 
cows with persistently elevated CMSCC; however, 5. agalac¬ 
tia? mastitis lends to cause higher SCC and a higher bulk 
tank bacteria count. 

Stdi^iy/acLTCLUS aureus mastitis is presumptively diag¬ 
nosed isolating coagulase-posltive staphylococci from 
bulk tank milk or Infected glands, particularly If colonies 
are surrounded by a double zone of hemolysis (complete 
hemolysis surrounded by Incomplete hemolysis). Because 
certain S. nurem strains are coagulase negative 143 and other 
Staphylococcus species (e.g., S. tiyfcus] can be catalase posi¬ 
tive, 1 ' 1 definitive identification requires additional diag¬ 
nostic testing Herds typically have a predominant strain 
of 5. dwreus, with additional strains appearing sporadi¬ 
cally. 1415 Strains ofS. aureus differ in contagiousness, viru¬ 
lence, and antibiotic susceptibility, leading to variable 
responses to treatment and control measures among herds 
and among cows. 146-14 * In some cases, multiple strains of 
S. aureus co-Inhabit a gland or cow. LJ,> Resolution of infec¬ 
tion with one strain can be followed by infection w r lth 
another strain. 130 

aureus adheres to and Invades mammaiy 
epithelial cells and interstitial tissue. 151-153 It also resists 
phagocytosis by neutrophils. Antiphagocytic mechanisms 
Include a capsule that Inhibits opsonization and a surface 
protein (protein A) that binds the Fc portion of host lg. Leu- 
koto* In production enables some S. aureus strains to kill 
phagocytes. LS4 Other mechanisms allow s, aureus to survive 
within leukocytes and epithelial cells and induce apopto- 
sis. 153153 ' 156 S. aureus strains produce a variety of enzymes 
and exotoxlns that damage mammary cells and result 
In fibrosis and abscess formation. 157 Some strains produce 
P-Laclamase, conveying resistance to antibiotics such as pen¬ 
icillin and amoxicillin. Others convert to i.-form or small 
colony variants, which can persist with antibiotic tber- 
apy Certain S. aureus strains form adherent colonies 

surrounded by a blofilm, making them inaccessible to 
phagocytes and antibiotics 16l<L6I r biofllm-assoclated pro¬ 
teins are associated with persistent S. aureus mastitis. 161 
For these reasons, S. aureus intramammary Infections sel¬ 
dom resolve spontaneously and are difficult to treat with 
antibiotics. 

H Treatment. A number of cow factors Influence the 
response of 5. aureus to antibiotic treatment during lacta¬ 
tion or at dry-off. 163 These Include parity, stage of lacta¬ 
tion, SCC, and quarter. 66 - 164 - 166 Older cows (parity >2), 
cows In early to mid lactation, quarters with SCC greater 
than L x 10 6 /mL, and rear quarters have a higher risk of 
treatment failure compared with young cows, cows In late 
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lactation, quarters with low 5CC r and from quarters. Dura¬ 
tion of hTtectlon and bacterial concentration in milk are 
also negatively correlaled with cure rate. c,G - 16jJ Infection in 
multiple quarters reduces cure rate at the cow le^'el. 1 
Because pathogen and cow factors can greatly Impact treat¬ 
ment response, blitz treatment should never be attempted, 
even In nerds with a high prevalence of Infection. Rather, 
treatment decisions should be made on a case-by-case 
basis, considering the cow's history, value, and likelihood 
of cure. 

Intramammary antibiotics are the mainstay of S. dijjrcjjj 
mastitis treatment. Beta-lactamase-resistant antibiotics, such 
ascephapirln, ceftiofur, orcloxacillln, should be used unless 
isolates are tested for [J-laclamaseproduction . 167 Even when 
jf-lactamase-producing S. aureus strains are treated with 
Ji-lactamase-resistant antibiotics, the cure rate tends to be 
lower than for p-lactamase-sensitive strains lJB ; therefore, 
ji-lactamase testing can be prognostic. Most intramammary 
antibiotics marketed In the United Slates are labeled for 
two or three doses 12 or 24 hours apart. The bacteriologjc 
cure rate associated with a typical 2- or 3-day treatment 
regimen is veiy low r . Increasing the duration of treatment 
increases the time above the minimum inhibitory antibiotic 
concentration [MIC) for the pathogen, which should Increase 
the likelihood of cure. Indeed, a 4- r 5-, or S-day treatment 
regimen was superior to a 2-day regimen or no treatment in 
several studies, ™mh.]G 5 f | OW ever, even w r lth extended ther¬ 
apy, the cure rate can be less than 50%. J713 Infusing antibiotics 
per label directions on three occasions, with a withholding 
period after each treatment period {'^-peat therap/'), avoids 
exlralabel drug use, but cure rales vary widely [14% to 50%) 
among studies. L7J 

Duration of Lnlramammary antibiotic treatment is Irrele¬ 
vant If the antibiotic cannot reach bacteria that are seques¬ 
tered within cells or abscesses. Inflammation and swelling 
in S. diiretrj-infecled glands can also reduce the distribution 
of intramamma ry antibiotics. 172 Concurrent use of systemic 
antibiotics that achieve effective concentrations In mam¬ 
mary tissue and milk should augment intramammary 
antibiotic therapy, but few well-designed studies have 
addressed this question. In one study the cure rate of 5. 
aureus mastitis was twofold higher {51% vs. 25%) when 
six intramammary Infusions of amoxicillin were accompa¬ 
nied bv three intramuscular (IM) injections of procaine 
penicillin, 155 A combination of Intramammary and sys¬ 
temic antibiotics also appears to be superior to systemic 
antibiotics alone. UB 

The variability In cure rates observed among herds, 
regardless of antibiotic treatment regimen, likely reflects 
cow selection and the strains of S. aureus in the herd . 173 
Milk from treated cows should be cultured at least twice 
after the end of the antibiotic-withholding period before 
cure Is presumed; increasing the number of cultures will 
detect more unresolved infections. 3&5 - 37J 


II Control. I'he five-point mastitis control plan [see conta¬ 
gious mastitis) effectively reduces the incidence and preva¬ 
lence of S. aureus mastitis but does not eradicate it. Some 
strains persist in the face of excellent milking hygiene prac¬ 
tices, necessitating strict segregation, culling, and drying 
off of infected cows to control an outbreak. 57 The five- 
point plan will not necessarily control sporadic Infections 
with non predominant strains. 147 Those strains may be 
harbored outside the mammary gland and require differ¬ 
ent control measures. Mew S. aureus infections can develop 
during the dry period, w r hen glands are not being 
milked , 150 attesting to alternative reservoirs of infection, 
such as the environment or skin. 


1 terds that purchase replacement heifers have a higher 
prevalence of S. aureus mastitis and more 5. aureus strains 
than do closed herds. Illustrating the Importance of bInse¬ 
curity in mastitis control. 145 Because the predominant 
strains of 5. aureus differ among herds, even those close to 
one another, 175 measures that effectively control S. aureus 
mastitis In one herd may fall In other herds in the same geo¬ 
graphic area. Cows with resistant 5. a ureus mastitis or a low r 
likelihood of cure should be culled as soon as economically 
feasible, or segregated and milked last. Alternatives are sim¬ 
ply to stop milking the Infected gland or to Induce cessation 
of lactation by Infusing a disinfectant solution [see treat¬ 
ment of clinical mastitis). 

Highly effective vaccines for S. aureus mastitis are not 
available. Commercially available, mulllstrain baclerins 
provide variable protection against acute and chronic infec¬ 
tion, L7t] 79 and protection Is typically of short, duration. 
Vaccination may enhance the spontaneous cure rate, 176 
reduce 5CC, L76 - L t9 or reduce the severity or duration of clin¬ 
ical mastitis, 175 but again, results vary. Efficacy likely 
depends on the related ness of the 5. aureus strains In the 
bacterln to strains present in the herd. E lerd-speclflc autoge¬ 
nous baclerins have generally failed to provide protec¬ 
tion, 31 possibly because of the components of the 
bacterln or dosing regimen In general, S. aureus baclerins 
appear to he more protective In heifers than in cows. 

Recently, S. aureus vaccines have been used in combina¬ 
tion with extended Intramammaiy anllblollcjtherapy in an 
attempt to increase bacteriologic"cure rate. 171 - 163 Infected 
cows are vaccinated before and shortly after antibiotic treat¬ 
ment. Although experimental vaccines appeared promising, 
use of a commercially available bacterln In conjunction 
with extended plrllmycln therapy did not enhance the 
efficacy of plrlimycln therapy 171 and cured less than 50% 
of infections. 132 Vaccination strategies being investigated 
include delivery of S. aureus virulence-associated antigens 
in plasmid expression vectors (DMA vaccination), 155 recom¬ 
binant viral vectors, 153 or microspheres. J34 Better vaccines 
will likely be available in the future as researchers identify 
appropriate antigen combinations, adjuvants, and delivery 
mechanisms. 

/VlycoplosjTNj Mastitis 

Mycoplasma species are found in a variety of extra mam mary 
body sites of cattle, such as the respiratory and urogenital 
tracts. Colonized cattle may be asymptomatic or may 
develop bronchopneumonia, otitis, polyarthritis, or masti¬ 
tis. In dairy herds with Mjraplasma mastitis, otllls medla- 
interna, respiratory disease, or swollen joints may be seen 
in calves, especially if unpasteurized milk is fed. 335 Cows 
may or may not ejdilbll clinical signs other than mastitis. 
Most Mycoplasma intramammary infections are subclinlcal 
and chronic, as with 5. agplactiae and S. aureus. How r ever, 
when clinical mastitis occurs, it often affects multiple glands 
simultaneously or in succession and fails to respond to con¬ 
ventional antibiotic therapy. Although the milk from cows 
with clinical MycopJasmtT mastitis is visibly abnormal, the 
cows are usually systemIcally healthy. 

I’he pathogenreis of Mycoplasma mastitis Is not fully 
understood. Asymptomatic carrier animals may Infect herd- 
mates by shedding the organisms In nasal or vaginal secre¬ 
tions, feces, or milk. Purchased animals are often blamed 
for introducing Mycoplasma mastitis, but outbreaks can 
occur even In closed herds. Cow-to-cow transmission of 
intramammary Infection is believed to occur through 
milk-contaminated fomites at milking lime, as with other 
contagious mastitis pathogens. However, It appears that 
Mycoplasma species can be transmitted from other body sites 
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lo the mammaiy gland, or vice versa, via the bloodstream oi 
lymphatics, for example, experimental intramammary inoc¬ 
ulation of MycopAisjflti species Into a single mammary gjand 
was followed by detection of phenotypically identical Myco¬ 
plasma species 'In extramammary bodj 1 sites, blood, and 
non Inoculated mammary glands, 3a6 - iSi even tvhen gland- 
to-gland transmission was prevented by a special milking 
device. IB7 Recently, Biddle et al. Lti1 found that Isolates of 
Mycoplasma species from the milk, mammary gland paren¬ 
chyma, and supra mammary lymph nodes of infected cows 
all' had the same pulse-field gel electrophoresis pattern, 
and that all cow's had at least one extramammary isolate 
with the same pattern. These finding£ suggest that cows with 
Mycoplasma mastitis frequently have disseminated infec¬ 
tions, and that internal transmission may occur. 

Results of bulk lank surveys suggest that less than 10% 
of U.S. dairy herds have cows with Mrcopiasirui mastitis; 
how r ever, the economic Impact in Infected herds can be sub¬ 
stantial. Many species of Mycoplasma can infect the mam¬ 
mary gland and cause mastitis, hut to. f iamis Is Isolated 
most frequently, toycaphumti Infection will be missed when 
milk is cultured unless appropriate media and Incubation 
conditions are used. Freezing of samples reduces the con¬ 
centration of viable organisms, whereas broth enrichment 
before culturing can enhance detection of AdycopJosma 
species. 36 * Colonies usually take 7 to 10 days to appear, 
and Isolates must be specified to differentiate pathogenic 
from nonpathogenic Mymphsma strains. Because of the 
time required for culture and secondary special Ion, PCR- 
based diagnostic methods have been developed. Recent 
PCR-basecf methods have acceptable limits of detection 
[<100 CFU/mL) and use primers that differentiate among 
several Mycoplasma species. 11,0 PCR-based methods likely 
will Increasingly replace culture for detection of ATymptaima 
mastitis. 

When pathogenic MyeopksiMfl organisms are Isolated 
from the bulk tank or milk from an individual cow r , the 
herd probably contains more than one Infected animal. 
Pooled milk can be cultured after milking each string of 
cows to help identify 1 infected groups for further testing 
Cows with clinical mastitis and those with high SCC are 
good candidates for testing but may not Include all Infected 
individuals. 


II Treatment and Ccurtrof Antibiotic treatment of Wyeth 
p/jirntr mastitis Is unrewarding, at least with antibiotics that 
can be used in lactating cows In the United States. Although 
some intramammary Infections may resolve spontaneously, 
Infected cows should be considered permanently Infected. 
Even if repeated culturing of milk from an individual quar¬ 
ter yields negative results, infection might persist in an 
extramammary site and spread to the mammary gland Later. 
For this reason, some dairy producers cull all cows diag¬ 
nosed with .MpcnpJijmidi mastitis. However, even aggressive 
diagnosis and culling programs may not prevent periodic 
Mycoplasma mastitis Incidents if Infections persist asymptom¬ 
atically In extramammary sites. A more economical alterna¬ 
tive to aggressive culling Is to house and milk infected cows 
separately, culling only when indicated [e.g., persistent or 
recurrent clinical mastitis, lotv production); once a cow 
enters she Mycopfasnifl string, she should remain there until 
culled. In one study, Mycoptajttidi species were Isolated from 
bulk tank milk for less than I month in 70% of herds, sug- 
esting that producers rapidly Identified and managed cows 
efore prevalence could escalate. 151 

Although to. bouts hacterlns are available In the United 
States, minimal data have been published to assess their 
efficacy. Vaccination against M. kw/j Is hindered because 



of variable expression of a diverse and ever-changing set of 
genes encoding surface lipoproteins (Vsps). tH 

Mycoplasma species are susceptible to germicides often 
found in teat dips. 393 Effective premilking and postmlik¬ 
ing teal dipping and other measures used to prevent the 
spread of contagious pathogens In the milking parlor 
help limit MyMpJflSjaid mastitis transmission. Dry-cow 
antibiotic therapy, however, does not reduce the preva¬ 
lence of Infected mammary glands. Pasteurization of 
waste milk reduces the risk of Myccptaj/na transmission 
to mi Ik-fed calves. 165 

Corynebcrcte n'tjjn bovis Mastitis 

Although highly contagious, C. bovis Is considered a minor 
mastitis pathogen because It typically Inhabits the teat 
canal, induces a lesser increase In SCC than other conta¬ 
gious mastitis pathogens, causes subclinlcal infection, and 
has little impact on milk yield. 154 C. bovis can cause clinical 
mastitis,but the episodes are usually milder than 
those caused by other gram-positive bacteria or coliform 
bacteria. 196 As with S. drrretu, there is often a predominant 
strain of C bovis In a herd. 157 

Cffi^frabtfrferiauji bovis mastitis can be controlled by mea¬ 
sures that control other contagious mastitis pathogens. 396 
A high prevalence of C. mastitis Is often attributable 
to poor teat-dipping practices. 

There Is some evidence that C. bovis infection may pro¬ 
tect against mastitis caused by major pathogens. For exam¬ 
ple, In a large case-control study, the odds of Infection 
with a major pathogen were significantly reduced when a 
gland was Infected with C. bffivfs than when a gland was 
uninfected {odds ratio |ORj = G.52). 20D However, failure 
to control C. froives means that contagious mastitis control 
measures are insufficient and the herd is at risk for an out¬ 
break of S. aureus, S. agalactiae, or Mycffphijj’tid mastitis 
should those pathogens be Introduced. 

Environmental Streptococcal Mastitis 

Mastitis-causing Streptococcus species other than S. agalactiae 
are referred Co as '‘‘environmental streptococci/ These 
Include S. ubcris, S. parauberis, S. dysgalacliae, S. eifufnjjj, 
S. Mccharolytious. S. salivarius, S. cat u's, and others; entero¬ 
cocci, such as Enterococcus faeadis and E. faecium r and Aero- 
CCKCJJ5 Mfrj'dsirtj are often grouped with the environmental 
streptococci. These catalase-negative, gram-positive cocci 
have reservoirs in the environment and ad as opportunistic 
pathogens, -whereas the main reservoir for £. Ligtrfdrtfde is 
Infected mammary glands. This does not mean that environ¬ 
mental streptococcal mastitis cannot spread contagiously. 
Indeed, S. dysgplactiae Is sometimes categorized as a conta¬ 
gious pathogen. Also, 5. cams and some slraLns of S', uteris 
have been Implicated In mastitis outbreaks that appear to 
Involve cow-lo-cow transmission. 1 still, environ¬ 

mental streptococcal mastitis Is relatively more prevalent 
and costly In herds that have achieved control of contagious 
mastitis. Most research on environmental streptococcal mas¬ 
titis has focused on S. iiberfs, which Is considered the most 
Important of these pathogens. 205 

Environmental streptococci are shed in the feces of cattle 
and are ubiquitous in the environment on daily farms. Fecal 
shedding probably accounts for Isolation of environmental 
streptococci from'water, soil, plant material, and files. 316 
Infected dogs and cats can cany' S. canis In their respiratory 
and urogenital tracts and serve as potential sources of Infec¬ 
tion for cows. m - 2DL S. uberis Is found In the vagina of 
cows, 114 but genital tract secretions probably play little role 
In the transmission of infection compared with feces. 
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Bedding Is considered to be a major source of environ¬ 
mental streptococcal exposure for cows housed In confine¬ 
ment. Environmental streptococci multiply in a wide range 
of bedding materials, particularly when she bedding is con¬ 
taminated with feces and urine. 20,1 - 2DS Straw, In particular, 
supports the growth of S. uberis. However, 5. jj&erij mastitis 
also affects pastured cows and cows In lots that are not bed¬ 
ded. High-traffic races and areas of pastures or lots where 
cows congregate and defecate harbor S. uberis and serve as 
reservoirs, 1 

Approximately 50% of environmental streptococcal 
infections are Initiated during the dry period. 30lfi The mam¬ 
mary gland Is highly susceptible to environmental strepto¬ 
coccal Infection during the early and Late stages of the dry 
period, when mammary secretions accumulate and host 
defense mechanisms are compromised.However, 
infection may develop at any stage of Lactation. Infection 
is accompanied by a rapid Influx of neutrophils into the 
mammary gland and a resultant increase In SCC. Based on 
experimental Inoculation studies with 5. jjherij, the recruited 
neutipphils are unable to fully prevent bacterial multiplica¬ 
tion. 2 ^ Ineffective host response probably explains the pro¬ 
longed infections and persistently high SCC seen in some 
cases. 

Environmental streptococcal Infections often remain 
subclLnical, with the main Impact being the Increase in 
SCC. When the prevalence of environmental streptococcal 
maslLlls Is high, the increase In BTSCC may result In penal¬ 
ties or loss of quality premium payments.-™ 1 - 211 3n some 
cases, environmental streptococcal counts in hulk tank milk 
may exceed the regulatory limit of 100,000 CFU/mL . 117 
Although a portion of the environmental streptococci in 
bulk tank milk come from contaminated teat skin, strain 
typing has demonstrated Identical strains of 5. uberis in bulk 
tank milk and Infected mammary glands. This suggests that 
infected cows mav contribute to excessively high bulk milk 
bacteria counts. 11 ' 

Although most environmental streptococcal Infections 
resolve within 30 days, about one third of Infections persist 
for long periods, sometimes more than a lactation. Also, up 
to 50% of environmental streptococcal Infections result in 
clinical mastitis. 206 Clinical mastitis causes economic loss 
as a result of discarded milk and treatment costs. Fortu¬ 
nately, most clinical mastitis episodes are of mild to moder¬ 
ate severity and do not result In marked milk production 
loss or death of the cow. 


II IVrafjrtfPit. Antibiotic treatment of clinical mastitis is an 
important component of environmental streptococcal mas¬ 
titis control [see Later). Treatment of subclLnical mastitis 
is usually accomplished by intramammary infusion of 
antibiotics at dry-off. Antibiotic treatment of subdinlcal 
mastitis during lactation Is controversial and usually dis¬ 
couraged. Milk yield may not Increase after treatment of 
environmental streptococcal mastills, 2]2 which limits 
potential economic benefit. However, effective treatment 
reduces the duration of high SCC and bacterial shedding, 
thus improving milk quality. Effective treatment also 
decreases clinical mastitis occurrence and reduces the risk 
of transmission to other quarters or cows. When these ben¬ 
efits were considered, partial budget modeling predicted a 
net profit from treating subclLnical environmental strepto¬ 
coccal infections w r Lth a 3-day course of Intramammary 
antibiotics. 283 

Alternatives to antibiotic administration for treating 
subclinical or mild clinical environmental streptococcal 
mastitis have been investigated. The most common alter¬ 
natives are no treatment, administration of oxytocin at 


milking time, and frequent mllk-out of the gland (s). 
Although oxytocin administration resulted in similar 
clinical and bacterlologic cure rates for mild clinical envi¬ 
ronmental streptococcal mastitis as did lw r o or three treat¬ 
ments vvith Lntramammary antibiotics, 21 - 3 the subsequent 
rate of recurrence and new infections was higher. 215 
Adoption of a nonantLbiotlc approach to clinical environ¬ 
mental streptococcal mastitis was followed by a marked 
increase Ln bulk lank SCC and clinical mastitis in one 
herd, presumably caused by persistence and spread of 
infections. 318 Bacterlologic cure rale was increased and 
recurrence rate decreased in several studies In which 
intramammary antibiotics w r ere compared with no treat¬ 
ment for mild clinical 216 - 17 or subclLnLcol 232 - 236 mastitis. 
Similarly, lntramammary antibiotics resulted Ln a higher 
cure rale for mild clinical environmental streptococcal 
mastitis than did oxytocin administration with or without 
frequent milking. 21 , - 1 ls In one study, administering oxy¬ 
tocin in conjunction with lntramammary antibiotics 
reduced (he bacterlologic cure rate of experimentally 
induced 5. jjherij mastitis compared with antibiotics 
alone, suggesting a detrimental effect of oxytocin. 317 Oxy¬ 
tocin and frequent milking were Ineffective at preventing 
clinical mastitis, even when Initiated at the first sign of 
subclLnical 5. when's infection. 230 

Susceptibility of environmental streptococci to antibiotics 
used in commercial inlramammary infusion products in the 
United States varies among species, with S. dyswtlactiae iso¬ 
lates being more susceptible than 5. uiwris, ana enterococci 
being least susceptible.- 30 - 231 F lowever, Ln vitro susceptibility 
does not necessarily predict responsiveness to antibiotic ther- 
apy. 322 - 23 - 1 The bacleriologlc cure rate associated with a two- 
or three-dose (on-label) regimen of intramammary antibio¬ 
tics is usually lower for environmental streptococcal mastitis 
than for S. agahctiae mastitis 233 - 315 - 32J “ i: Extending the 
duration of therapy increases the time that antibiotic concen¬ 
tration Ls above the MIC Extended duration therapy (5 to 
8 days) enhanced the bacteriologlc cure rate in studies 
involving experimental 3l7 - 22& and natural 1 ' 0 ' 223 " 227 environ¬ 
mental streptococcal Infections compared with on-label ther¬ 
apy. Eiowever, the economic benefit of extended (8-day) 
therapy for subclLnical environmental streptococcal maslLlls 
was predicted to be less than for 3-day therapy in one 
model 213 As for S. aureus mastitis, the duration of environ¬ 
mental streptococcal Infection and the magnitude of SCC 
probably influence the likelihood of successful antibiotic 
treatment, w r Lth chronic infections and Infections xvilh high 
SCC being difficult to resolve. 135 

Systemic antibiotic treatment is an alternative to Intra - 
mammarv antibiotic treatment. Foi example, IM adminis¬ 
tration of penethamale hydroiodide cured 59% of chronic 
S. uberis orS. dysgahictiae Infections, versus 0% Ln untreated 
cows 211 ; clinical mastitis Incidence and CM SCC were also 
reduced by antibiotic treatment. However, systemLc antibi¬ 
otic therapy results Ln greater total antibiotic use than Intra- 
mammary antibiotic therapy, _and both routes appear to 
produce similar cure rates. 217 Therefore, Intra mam mary 
antibiotic therapy is preferred. 


II Coniruf. Control of environmental streptococcal masti¬ 
tis involves reducing exposure of the teats to feces and 
fecal-contaminated fomites, such as bedding and soil. iTtls 
can be accomplished by providing clean, dry, comfortable 
stalls or resting areas; feeding cows after milking to keep 
them standing; controlling environmental temperature and 
humidity; providing sufficient shelter to reduce congrega¬ 
tion of cows; avoiding overcrowding; removing manure fre¬ 
quently; and preventing access to high-risk locations such as 
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contaminated ponds. Particular attention should be paid 
to housing conditions for dry and periparturlent cows 
because of their Increased susceptibility. Sand Is the pre¬ 
ferred bedding material for housed coivs, but sand that 
becomes contaminated with feces and urine can readily sup¬ 
port pathogen multiplication. 2ns Urisket boards, cotv trainers, 
and other devices used to position cows properly Ln stalls can 
reduce contamination of llie bedding. Management of 
bedding is critical lo avoid buildup of environmental strepto¬ 
cocci. Frequent removal and replacement of organic bedding 
material are essential because environmental streptococcal 
concentrations can escalate within 24 hours under the right 
conditions. 203 - 305 Alkaline and acidifying bedding condi¬ 
tioners may transiently Inhibit bacterial growth, but efficacy 
depends on die type of bedding and declines within 1 to 6 
days after application. 226 

If facilities and environmental hygiene practices are 
appropriate,, udders should be relatively clean and dry when 
cow's enter the milking parlor. Cleanliness scoring systems 
have been developed to facilitate assessment of udder 
hygiene and monitor changes in hygiene over time. 39 ' 229 
dipping or flaming of udder hair should reduce accumula¬ 
tion of bedding material and feces. However, this practice 
did not reduce teat skin or milk bacterial concentrations 
or intramammary Infection risk In a herd with excellent pre- 
mi Lk I ng hygiene practices. 210 Tail docking, although a seem¬ 
ingly logical procedure for reducing fecal contamination of 
the udder, does not significantly improve udder cleanliness 
or reduce mastitis rlsk™ 1 ^ clipping of the switch is a more 
humane alternative to reduce manure on the tall. 

Even visibly clean teats should be disinfected before 
milking to reduce bacteria on the skin and in the bulk 
lank. 2 -^ Predipping Is an effective w r ay to accomplish this, 
provided gross organic matter Is removed first and the ger¬ 
micide contacts the skin of the entire teal for a sufficient 
time (20 lo 30 seconds) before being removed. 231 - 111 Fail¬ 
ure to effectively w r lpe the teat* to remove ihe dip can result 
in germicide residues Ln the bulk tank milk. 134 Washing of 
each teal with w r ater containing a sanitizing solution is an 
alternative to predipping, provided the water Is clean, exces¬ 
sive welting of the udder is avoided, and the teats are thor¬ 
oughly dried using clean towels. 231 Predipping and drying 
were more effective at preventing experimental S. Jihcris 
inlramammary infections than washing and drying in one 
study. 212 Thorough cleaning and drying of the teals, with 
or without foreslripping, provide the stimulation and lime 
needed lo elicit milk ejection, which minimizes milking 
lime and the risk of milking-induced teat trauma. 215 

Post mi I king teat disinfection may reduce environmental 
streptococci on the teat skin and thereby potentially prevent 
new infections from developing Immediately after milking. 
However, postmliking teat disinfection does not protect 
cows against teat contamination or Infection between milk¬ 
ings or during the dry period. Dry-cow antibiotic therapy is 
used to resolve environmental streptococcal Infections that 
are present at dry-off and prevent new infections during 
the early diy period. I2,a3 Unfortunately, antibiotic activity 
is not sufficient lo prevent new Infections in the late diy 
period. 20 * 

To help protect the teats from environmental streptococ¬ 
cal infection throughout the dry period, an Internal teat 
sealant can be infused Into all four quarters at diy-off. I’his 
inert material {bismuth subnitrate) remains Ln the teat cis¬ 
tern, providing a physical barrier against Infection until 
removed after calving. Internal teat sealant used alone 
reduces new r environmental streptococcal Infections during 
the dry period compared with no treatment. 216 New infec¬ 
tion rates are similar for quarters treated with teat sealant 
or antibiotics at diy'-ofT. 21 *- 13 ^ 1 However, the combination 


of antibiotics and teat sealant is superior for preventing 
new environmental streptococcal Infections during the dry 
period and is also Indicated if the prevalence of Infection 
at dry-off is high. 91 ' 213 External teal sealants are an alterna¬ 
tive to Internal sealants but are more cumbersome to use 
because teats must be monitored frequently and the sealant 
reapplied as needed, ga 

Because of the large number of species and strains of 
bacteria that cause environmental streptococcal mastitis, 
vaccination Is not a feasible general control measure. 
Vaccines that specifically target S. it tier is hold promise 201 
but will not replace hygiene as the mainstay of mastitis 
control. 

Coliform Mastitis 

Coliform mastitis Is a major cause of disease in many well- 
managed dairy herds, accounting for approximately 30% to 
50% of clinical mastitis episodes. 3 Although £. coli causes 
most coliform mastitis episodes, Klebsiella species are Impor¬ 
tant contributors on some farms, with Enterobacter species 
Isolated less frequently. Other gram-negative mastltls-caus- 
Lng bacteria, such as Semitj'fl, PjffudtfrrroHfls, Strfmune/fd, Pro- 
and fWewdJdi, are discussed later. Coliform mastitis 
can be distinguished from noncollform mastitis by culturing 
milk on MacConkey agar and observing the characteristic 
pink colonies indicative of Lactose fermentation. 

As with environmental streptococci, coliform bacteria are 
shed in the feces and are ubiquitous on daily farms. A wide 
variety of strains are capable of causing mastitis. 3 JL Mastitis 
develops after teals are exposed to feces or to contaminated 
beddings w r aler, or soil. Organic bedding materials, such as 
slraw r , wood chips, sawdust, recveled manure, pelleted corn¬ 
cobs, and newspaper, support tfie growth of coliform bacte¬ 
ria, particularly under warm, wet conditions. 332 ' 333 Sawdust 
bedding has been implicated Ln outbreaks of KJcJjjsfdTdi mas¬ 
titis, 244 but Klebsiella species can proliferate rapidly Ln other 
bedding materials as w r ell. Inlramammary infections and 
clinical coliform mastULs tend to Lncrease during sum- 
mer. lj33 Rainfall, stocking density, frequency of manure 
removal, and frequency of pasture rotation can also influ¬ 
ence the extent of exposure and risk of inlramammary 
Infection. 

The majority of coliform Lntramammary Infections 
develop during the early and late phases of the dry 
period. 30B ' 2J6 These Infections usually remain subcllnical 
until after parturition. Most clinical coliform mastitis epi¬ 
sodes that develop during early lactation are the result of 
Infections acquired during the dry period. 2M > 24fl Also, quar¬ 
ters that were infected during the dry period are at higher 
risk of clinical mastitis in early lactation than are quarters 
that were not Infected. 240 In one study, E. cwif Infection dur¬ 
ing the Late dry period w r as associated with an Increased risk 
of culling in the next lactation. 3on Although the dry period 
and early lactation are times of high risk for coliform masti¬ 
tis, It can develop at any time during lactation, particularly 
If exposure is high and cows are stressed. 

Ihe majority of clinical coliform mastitis episodes are 
mild, with less than 1C% causing systemic illness or a 
marked drop in milk production. I2 °- 24 '- However, coliform 
mastitis accounts for the majority of severe clinical mastitis 
episodes on most fa rms. 2jlfl iTie outcome of clinical coli¬ 
form mastitis depends on the severity, which reflects the 
cow's Immune response [see Later). Systemic signs are better 
than local signs or a combination of systemic and local 
signs for predicting coliform mastitis outcome. 249 High 
or subnormal rectal temperature, reduced rumen contrac¬ 
tion rate and amplitude, marked dehydration, and marked 
depression are associated with increased risk of death, 
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culling, or poor return to milk production. 76 - 79 Severe neu¬ 
tropenia 79 and high bacterial concentration in the 
mlfk 7 ^ 150 are also indicative of a poor prognosis. Cows in 
early lactation cows do not develop neutropenia to the 
extent observed In later lactation; therefore the leukon Is 
not a good indicator of mastitis severity In early lactation 
cows. I26 - 25 3 

Once in the mammary gland, coliform bacteria multiply 
rapidly but do not adhere to or invade the epithelial 
cells. 252 Therefore If the cow's immune response Is rapid 
and efficient. Infection will be eliminated quickly, with little 
long-term Impact on cow health or productivity. This Is 
what usually happens ivhen healthy cows are experimen¬ 
tally inoculated with £. coil and when cows develop coll- 
forni mastitis In mid- to late lactation. In such cases, cows 
are referred to as "mild responders'" or "moderate respon¬ 
ders/' However, when influx of neutrophils Is delayed or 
phagocytosis or intracellular killing mechanisms of neutro¬ 
phils impaired, bacterial multiplication continues, resulting 
in high bacterial concentrations In the milk and severe clin¬ 
ical disease. This happens most frequently In the perlpar- 
turient period and early lactation. In such cases, cows are 
referred to as ''severe responders," and prognosis for recov¬ 
ery Is worse.- 25 - 5511531 - 254 Responsiveness does not depend 
solely on stage of lactation and varies among cows. Indeed, 
it Is believed that cow factors, rather than bacterial factors, 
are the predominant determinants of coliform mastitis 
outcome, 52 

As coliform bacteria multiply and die in the mammary 
gland, LPS (endotoxin) is released from the cell wall. Bind¬ 
ing of LPS to host cells results In release of TNF-a, which Is 
largely responsible for initiating the Inflammatory cascade 
that causes the local and systemic signs of coliform ma&tl- 
tis.-255,256 important contributors to the Inflammalorv 
response include prostaglandins, 21,7 EL-1, IL-6, and IL-S, 
C5a, 35 ^ nitric oxide, 3 ^ 50 and acute-phase reactants. 35:3 
Although LPS concentration in the milk may be high, IPS 
is usually undetectable or in low concentration in the 
plasma. 2 This suggests that the fever, tachycardia, reduced 
rumen motility, and signs of shock that accompany severe 
coliform mastitis are not a consequence of endotoxemla 
but of production and absorption of other Inflammatory 
mediators, such as TNF-a. The concentration of TNF-a in 
milk Is positively correlated with coliform mastitis severity, 
and a high concentration of TNF-a in blood is seen only 
in severe responders. 25 - 254 - 256 flematologic and plasma bio¬ 
chemical changes that often accompany clinical coliform 
mastitis Include leukopenia (neutropenia, lymphopenia, 
monocytopenia), hypocalcemia, and reductions In plasma 
concentrations of zinc, copper, and iron. 12612fiJ 

Bacteremia does not occur during experimental coUform 
mastitis but develops in 30% to 40% of severely ill cows 
with naturally occurring clinical coliform mastitis.”- 2 * 3 
The risk of coliform bacteremia Increases with the severity 
of clinical signs. 2 * 2 Also, cows that remain neutropenic for 
4 or more days, or that have high metamyelocyte and mye¬ 
locyte concentrations In their blood, are more likely to be 
bacteremic than cows with a normalizing Leukon. 25 * Cows 
with coliform bacteremia are at greater risk of death or cul¬ 
ling compared with nonbacteremic cows. 362 

Most coli form i n tram am mary i nfect Ions are of short dura¬ 
tion, which means that less than 5% of quarters In a herd are 
infected at a given lime. 245 -- 247 I ]owever, up to 10% of £. coJj 
infections can become chronic. Chronic Infections put cows 
at risk for recurrent clinical mastitis In the affected quarter 
and for coliform infections In other quarters. 1 l5 - 263 Clinical 
mastitis accompanying persistent Infections tends to be 
milder than clinical mastitis accompanying newly acquired 
infections. 265 


II iYeatment. Antibiotic treatment of subcllnical coliform 
mastitis Is considered unnecessary because of a high sponta¬ 
neous cure rate and short duration of Infection. The need 
for antibiotic treatment of clinical coliform mastitis is 
debated. Cows with mild to moderate clinical coliform mas¬ 
titis are often able to comhat the Infection effectively with¬ 
out antibiotics. Even some systemically 111 cows dear the 
intramammary infection rapidly, making antibiotics unnec¬ 
essary. However, certain cows (e.g_. Immunocompromised, 
severely 111) are likely to benefit from appropriate antibiotic 
treatment. 

Clinical coliform mastitis can be treated with intramam- 
maiv and systemic antibiotics. Many of the Lntramammary 
antibiotics available In the United States, such as pirlimycln, 
erythromycin, and cloxacillln, are Ineffective against con¬ 
form bacteria. Even when lntra mammary antibiotics with 
gram-negative activity are used, most studies show r no effect 
on mastitis outcome, For example, intramammary Infusion 
of amoxicillin or cephaplrin according to label directions 
(two or three treatments) did not improve clinical or bacleri- 
ologlc cure rale of mLid clinical coliform mastitis, compared 
with oxytocin in lection 2 N Intramammary Lnfusion of colls- 
lln sulfate 264 or gentamicin, 265 both of which have good 
activity against coliform bacteria In vitro, did not alter the 
course or experimental L coli mastitis, compared with no 
antibiotics. However, Intramammary antibiotic therapy was 
beneficial in some studies. For example, a florphenicol- 
containlng product infused on three occasions enhanced 
the bacterlologlc cure rale In cows with experimental £. coli 
mastitis, compared with no antibiotics. In a field trial, 
intramammary Lnfusion of three doses of cefuroxlme was 
associated with a higher clLnical cure rate for E. cwii mastitis, 
compared with three intramammary Infusions of cloxaclllln, 
which was expected to be ineffective. 26 ' Benefit/cosi ratios 
were not reported. 

Systemic antibiotic therapy has been studied in many 
experimental coliform mastitis trials and a few field trials. 
Results of experimental inoculation studies must be inter¬ 
preted cautLously because cows usually recover rapidly with¬ 
out treatment, making it difficult to determine antibiotic 
efficacy. Three in|ections of a potentiated sulfonamide did 
not alter the course or outcome of experimental E. coli mas¬ 
titis compared with no antibiotics. However, systemic 
administration of cefqulnome for 2 days, with or without 
concurrent intramammary administration of cefquinome, 
improved clinical and bacterlologlc cure rates and Lessened 
milk production Loss In cotvs with experimental E. coli mas¬ 
titis, compared with Lntramammaiy administration of 
ampiclllln and cloxacLllln. 263 Also, two Injections of enro- 
floxacin enhanced the rate of bacterial clearance from the 
mammary gland 2265 and reduced the decline In milk 
yield and changes In milk composition 370 accompanying 
experimental E. roJi mastitis, compared with no antibiotics. 
The same enrofloxacin regimen reduced the acute drop in 
milk yield in cows tvith experimental £. coli mastitis ivhen 
the cows were also given flunixin meglumine. 271 

Results of field (rials are more applicable than results of 
experimental Inoculation trials. However, cows in field trials 
often receive a variety of supportive treatments and Lntra- 
mammary antibiotics in addition to systemic antibiotics, 
making it difficult to determine the direct effect of systemic 
antibiotic therapy. Also, It is often impossible to include an 
untreated control group. Some field (rials have shown no 
benefit of systemic antibiotic therapy for clinical coliform 
mastitis. For example, systemic administration of gentamicin 
did not affect the clinical course of acute coliform mastitis, 
compared with no systemic antibiotics. 272 Systemic adminis¬ 
tration of ceftlofur did not improve the bacterlologlc cure 
rate or reduce mastitis recurrence or culling risk in cows with 
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mild conform mast Ills, compared with no systemic antibio¬ 
tics. 275 On the other hand, systemic administration of cef- 
tlofur to severely III cows for 5 days reduced the odds of 
death or culling, compared with no systemic antibiotics. 274 
Systemic administration of marbofloxactn for 3 days 
improved bacterlologic cure rate and resulted in more rapid 
improvement In appetite, general condition, and milk pro¬ 
duction, compared with systemic administration of amoxi¬ 
cillin and davulanlc acid. 375 Cows with mild to severe 
clinical colLform mastitis had a more rapid clinical cure 
when treated with Intramammary [cephaplrln) with or 
without syslemic (oxylelracycline) antibiotics, compared 
with no antibiotics. 3 Lb 

Results of these studies suggest that antibiotics are not 
necessary or helpful for treating clinical colLform mastitis 
in many cases. Using antibiotics when they are unnecessary 
carries a risk of iatrogenic Infection, Is costly, and should be 
avoided If possible. However, cotvs that are unable to effi¬ 
ciently combat infection may benefit from antibiotics. Such 
cow's are likely to he severely ill and have a high concentra¬ 
tion of coliform bacteria In their milk. A high bacterial con¬ 
centration indicates an inadequate neutrophil response. 
Therefore, Infusion of an intramammary antibiotic with a 
gram-negative spectrum (e.g., cefllofur in United States, cef¬ 
quinome In Europe) or systemic administration of an anti¬ 
biotic that achieves therapeutic concentrations in milk 
(e.g., fluoroquinolones Ln Europe) may aid Ln killing bacte¬ 
ria and slopping the cycle of bacterial multiplication, LIPS 
release, and worsening Inflammation. Severely ill cows 
mav benefit from systemic antibiotics to treat bacteremia 
and prevent Infection of other organs. Unfortunately, fluoro¬ 
quinolones and cefquinome, the most promising antibio¬ 
tics for coliform mastitis, cannot be used in the United 
States; cefquinome is not available, and the use of florqui- 
nolones In 1 acta ting dairy cows is banned. I’he only syslemic 
antibiotic labeled for treatment of mastitis in the United 
States, erythromycin, does not have an appropriate spectrum 
for colLform bacteria, making extralabel drug use necessary. 
Cefllofur is currently the most logical antibiotic for treatment 
of coliform bacteremia in the United Stales, because poten¬ 
tiated sulfonamides are banned and there is a voluntary ban 
on aminoglycoside use in lactallng dairy cows. However, 
the effect of systemic antibiotic administration In bacteremlc 
cow's needs further study. 

Predicting which cows will be moderate responders and 
which will be severe responders to coliform infection w r ould 
facilitate antibiotic treatment decisions. However, although 
cow's can be distinguished on the basis of in vitro neutro¬ 
phil function tests, 20 there Is no practical method for use 
in (he field. Clinical signs, blood leukocyte concentration, 
milk culture results, and blood culture results are currently 
the most predictive indicators of outcome, with clinical 
signs being the most practical. 

II Control* Control measures for coliform maslllts are simi¬ 
lar to those for environmental streptococcal mastitis [see ear¬ 
lier discussion). Effort should be focused on reducing the 
exposure of teats to coliform bacteria during the dry and peri- 
parturient periods. Sand is the preferred oedding material 
because it resists the growth of coliform bacteria better than 
organic bedding materials . 242 - i7b Adding lime to the back 
one third of the stall reduces colLform bacteria In sawdust 
for l_day but Is Ineffective when applied for longer peri¬ 
ods 177,27 -h inhibiting effect of acid Lfying bedding condi¬ 
tioner is also short-lived and depends on the type of bedding 
used 223 

In contrast to environmental streptococcal mastitis, 
intramammary antibiotic treatment at dry-off Is considered 



to be Ineffective for resolving or preventing coliform Infec¬ 
tions during the dry period. This may be a result of the anti¬ 
biotics (P-laclams and macrolides) available for use Ln dry 
cows in the United States 279 Infusion of Internal teat seal¬ 
ant at dry-off reduced the incidence of new E. col i Infections 
compared with infusion of antibiotics (cepb a Ionium) In 
one study. 357 However, the risks of neiv gram-negative 
Lnlramammary Infections during the dry period and clinical 
mastitis during early Lactation were similar when quarters 
were treated v/Lth teat sealant plus antibiotics {doxaclLUn) 
or antibiotics alone. 111 The benefits of Internal teat sealant 
are more clear-cut for environmental streptococcal mastitis. 

One beneficial component of colLform mastitis control is 
vaccination of cows with a bacterln-loxold derived from 
mutant strains of E. cltJj or Sfiimmrdk fjflfi/rrrurium that lack 
outer cell wall antigens. These vaccines elicit an antibody 
response to core LPS antigens, which is believed to facilitate 
opsonLzallon and phagocytosis of gram-negative bacteria 
and enhance neutrophil dlapedests Into the mammajy 
gjand. 230 I3te core antigen bacterlns do not prevent intra- 
mammary infection but can reduce the incidence and 
severity' of clinical colLform mastitis 33| - 234 and Improve sur¬ 
vivability. 3 ^ I’he vaccines are usually administered at the 
end of Lactation and during the dry period, to increase resis¬ 
tance during the perlparturient period and avoid potential 
vaccine-Induced reduction in milk production. 265 However, 
the optimal tuning and frequency of vaccination are still 
being Investigated. 266 Vaccines that target receptors for 
Iron-binding proteins on gram-negative bacteria are also 
being studied but have not yet been sufficiently tested Ln 
field settings. 237 

Congulase-Negative Staphylococcal Mastitis 

Coagu I ase-negative staphylococci (CN5) are the most preva¬ 
lent bacterLa Isolated from mammaiy secretions of lactallng 
cows, dry cows, and prepartum heifers (see section on heifer 
mastitis). Coagulase-negatlve staphylococci can also be 
Isolated from teat skin and teat canals and found Ln the 
environment. hyicuy, S. ckromagenes, S. fpitcrun- 

lylicus, S. epidermidii, S. simulans. , and S. sciuri are among the 
most frequently Isolated CMS species, but many others nave 
been cultured from bovine milfc S. Iijiciu is usually grouped 
with the CNS, even though some strains are coagu lase 
positive. 

Although ihe CNS are usually considered as a group, 
different species and strains may differ in epidemiology, 
virulence, and response to treatment. For example, novobl- 
ocln-sensitive CMS predominate in Lntramammaiy' and teat 
canal infections, whereas novobiocin-resistant CNS are 
more Likely to be found Ln the environment and on teat 
skin. 3 * 5 

Most CNS infectLons are subclinlcal, manifested only by 
an Increase in SCC. However, Infections tend to be persis¬ 
tent 2S9 Compared with most other pathogens, the increase 
In SCC wdlb CMS mastitis is much less. 30o ln a meta-analy- 
sis the geometric mean SCC for CNS-Infected quarters was 
13S,000/mL, compared with 357,000/mL for S. aureus and 
greater than I mlIILon/mL for S. uberis and E. cMr. 250 For 
this reason, the CNS (as with C. iwt'es) are referred to as 
"minor"' mastitis pathogens. Several studies suggest that 
CNS infection protects the mammary gland against Infec¬ 
tion Tvith major pathogens 351 ' 352 or shortens the duration 
of Infection. 300 However, the protective effect differs for 
the various major pathogens, 352 ' 355 and some studies have 
shown no protective effect or even a detrimental effect of 
CNS Infection, 200 ' 234 Therefore, relying on a high preva¬ 
lence of CNS intramammary Infections to protect a herd 
against major mastitis pathogens Ls unrealistic. 
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Co agu] j& e-negative staphylococci can be Isolated from 
the milk of cows with clinical mast Ills in both poorly man¬ 
aged and well-managed herds. 395 However, in Is typically 
occurs In less than 10% of clinical mastitis episodes, and 
signs are usually mild. For these reasons, the role of CMS 
in clinical mastitis is usually downplayed. Care must be 
taken when collecting milk samples from cow's w r lth clinical 
mastitis to avoid culturing CNS from the skin or teat canal, 
which could lead to misdiagnosis. 

The CMS are often susceptible In vitro to antibiotics in 
intramammary infusion products in the United Slates. Anti¬ 
biotic treatment of clinical mastitis Is logical, especially 
given the persistent nature of many CMS infections. 1 low- 
ever, controlled trials specifically investigating the efficacy 
and economics of antibiotic treatment for clinical CMS mas¬ 
titis are lacking. Infusing Inlramammary antibiotics at dry- 
off successfully treats subclinlcal CNS mastitis. Treatment 
of subclinlcal CN5 mastitis during lactation Is unlikely to 
be profitable because the potential increase in milk yield 
after treatment is small. 

There are no specific control measures for CNS mastitis. 
Effective germicidal teat dipping, antibiotic treatment of 
cows at dry-off, and prompt treatment of clinical mastitis 
are recommended. Although such practices can reduce the 
prevalence of CNS mastitis, CMS are still the most prevalent 
isolates In herds that have adopted these practices. Because 
of the wide variety of CNS and the limited economic loss 
associated with CNS mastitis, vaccines are not available. 

OTHER MASTITIS PATHOGENS 

Contagious mastitis pathogens, col If or m bacteria, environ¬ 
mental streptococci, and CMS are responsible for most mas¬ 
titis episodes In cattle. However, many other organisms are 
capable of opportunistically Infecting the mammary gland 
and causing mastitis. Such infections usually occur sporadi¬ 
cally, but nerd outbreaks can develop in'certain circum¬ 
stances. It Is not feasible to discuss all potential mastitis 
pathogens In detail. Some of the more common opportu¬ 
nistic pathogens are discussed next. In general, mastitis 
caused by these pathogens ts not responsive to antibiotic 
therapy. Therefore, control depends on identifying and 
eliminating the source or predisposing factors for infection. 

Arcanobcrcterium pyogenes Mastitis 

pyogenes (formerly AetirtcwflycGS and 

Cmyntffwrtffrfuffl Is the predominant pathogen 

involved in "summer mastitis," a condition that affects pre- 
pa rtum heifers and nonlactating cows, mainly during sum¬ 
mer. 296 in most cases, anaerobic bacteria (e.g., Peptdcoa-jjj 
indolicusr Bactavides species, Fkiofarcterrum necrapJuruiK) 
and facultative anaerobes (e.g., 5 trepecu 5 ilysgtihic fhie) are 
also involved. 296 - 297 Summer mastitis occurs mainly in 
northern Europe and Japan, but cases have been reported 
throughout the world. It is characterized by a swollen, hard, 
painful mammary gland containing purulent, foul-smelling 
secretion. Acutely affected animals may show systemic signs 
ranging from lethargy and reduced feed Intake to high fever, 
severe depression, abortion, and death. Chronically affected 
animals may have palpable or draining mammary abscesses. 
Systemic administration of procaine penicillin C often 
resolves systemic Illness. However, neither systemic nor 
intramammary antibiotics are effective at eliminating intra- 
mammary infect Lon. 3 - 1 - 1 ltie outcome of most episodes of 
summer mastitis is chronic clinical mastitis or a nonfunc¬ 
tional quarter. 1'herefore, affected cows are often culled. 

Horn flies are believed to be responsible for transmitting 
summer mastitis. Flies that were allowed to feed on summer 


mastitis-causing bacteria transmitted the bacteria to teals, 
with subsequent development of inlramammary infec¬ 
tion 3 ^ damaged teat skin facilitated infection. F3ow r ever, 
the occasional occurrence of summer mastitis in winter sug¬ 
gests that other methods of transmission are possible. 
Because A. Is often found In the environment on 

farms and on body sites of cattle, teat skin contamination 
may predispose to infection, as occurs with col I form or 
environmental streptococcal mastitis, particularly if teat 
defenses are compromised. 

Control of summer mastitis is accomplished by fly control, 
infusion of mammary glands with antibiotics at dry-off, 
appropriate environmental hygiene practices and stocking 
density, prevention and treatment of teat lesions, and prompt 
recognition and segregation of Infected cows. Amputation of 
tlie teat, which facilitates drainage of secretions, Increases 
environmental contamination and should not be done unless 
the cow can be segregated. 

A condition similar to_summer mastitis occurs sporadi¬ 
cally In laetatlng cows. 297 A. is usually involved, 

often In conjunction with other bacteria. Mastitis almost 
always follows teat injury or teat skin damage. The result 
is clinical mastitis and a very high SCC. Milk yield loss per¬ 
sists for at least 70 days. 300 'Itie majority of episodes result 
in a blind quarter or Loss (culling, death) of the cow. 257 

Protothecer Mastitis 

Prototheca species are unicellular algae. These organisms 
have been isolated from bovine feces, as well as from soil, 
mud, vegetation, standing water, pond water, drinking 
water, feed troughs, and barn floors on dairy farms. 501 Pro- 
tothecti zapfu is the main species associated with mastitis. 
Mastitis can be subclinlcal or clinical and can occur sporad¬ 
ically, endemically, or as an acute outbreak. Once Infected, 
cows carry P. zopfti chronically in milk, mammary tissue, 
and supramammary lymph nodes, which results tn pyogran- 
ulomatous inflammation. 501 Infected cows usually nave 
persistently high SCC and reduced milk production. An ele¬ 
vation in EffSCC sufficient to threaten marketability of grade 
A milk has occurred in some herds. 305 Shedding ofR zep/ri in 
milk can be persistent or intermittent 504 Diagnosis Is facili¬ 
tated by culturing milk on selective media, such as Proto- 
theca Isolation Medium; however, R zcpfii does grow on 
blood ag^ir and can be detected by Gram staining of suspect 
colonies. Fine-needle aspiration of mammary tissue 505 and 
antibody testing of wbey 3M are alternatives to miJk culture 
but are not typically performed. Most Prototlwcn intramam- 
mary Infections are probably acquired from the environ¬ 
ment, but spread from shedding to uninfected cows at 
milking time may play a role In transmission. 

Prctotheca wpfil is resisLant to antimicrobial therapy, and 
infection can persist through the dry period. 5DJ Therefore, 
identification, segregation, and progressive culling of Infected 
animals are required to control RroMfoeai mastitis. Culling 
must be coupled with Identification and avoidance of con¬ 
taminated environmental sites, enhanced cleaning of feed 
bunks and watering devices, and use of milking procedures 
(hat ensure clean teats and minimize contagious spread of 
infection. 

Yeast Mastitis 

Yeast can be isolated from feed, bovine skin and feces, and a 
variety of environmental sites on daily farms. 507 Cflndkfii 
species, Triciiospoum heigelii, and other species can cause 
clinical mastitis in individual cows or herds. Yeast Infection 
usually follotvs intramammary antibiotic treatment or teat 
skin in|ury. Outbreaks occur when homemade, multidose 
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infusion products or associated equipment (e.g, needles, 
syringes, bottles, can nubs) are contaminated or when the 
teat Is not adequately disinfected before infusion. L40 - L4L in 
one study, sIk cows treated with a homemade Intramam¬ 
mary antibiotic solution contaminated with 7~. hetgrfff ail 
developed fever, hypogalactia,, and swollen mammary 
glands within 2 tveeks, and two of the sis died. When the 
producer continued to use homemade solutions, an addi¬ 
tional 23 cows (over half (he herd) became infected, and 
the herd was dispersed. 140 Yeast can be cultured from 
towels or teat cup liners used on infected cow's, suggesting 
that contagious transmission may occur. 140 -- 30& 

On blood agar, yeast colonies appear similar to CNS 
colonies, so it is Important to eKamlne the colonies micro¬ 
scopically. Sabouraud dextrose agar with antibiotics is a 
common alterative medium that selects for yeasts. Yeast 
infections are not susceptible to antibiotic treatment, and 
infusion of antibiotics may potentiate Infection. Antifungal 
agents have not been demonstrated to be effective and 
should not be used. Infection (especially with Candida 
species) often resolves spontaneously wllhln 2 to 4 
weeks/ 4 lj30E ' 305 but cows with severe or recurrent clinical 
mastitis, reduced milk production, or persistently high 
SCC should be culled.Control of yeas! mastitis Includes 
aseptic intramammary infusion procedures; use of single- 
dose, commercially prepared antibiotic Infusion products; 
segregation of infected cows at milking time; and use of 
individual rather than shared low r els. Feeding contaminated 
silage promotes fecal excretion of yeast and has been 
blamed for outbreaks of yeast mastitis In cows that have 
not received intramammary infusions. 50 * 1 Bulk tank SCC 
can Increase greatly during yeast mastitis outbreaks. 

Pseudamonar Mastitis 

Intramammary infection with Ifeudrononas species can 
result in severe clinical mastitis, similar to that caused by 
E. ooh'. 310 Gangrene develops in some cases. 311 flow r ever, 
chronic subcllnical mastitis with periodic bouts of mild 
clinical mastitis Is more common. Pseudomonas aeruginosa 
Is the most common Fteudamonw species associated with 
mastitis, intramammaiy Infection with P. aerugbwia can 
occur sporadically or can affect more than one third of lae- 
tating cows in a herd. 112 A high incidence or prevalence of 
P. aeruginosa intramammary Infections should trigger an 
investigation of the water system In the milking parlor. 

] loses used to tvash teats before milking have been impli¬ 
cated In numerous outbreaks of PseutfonitfTiLii mastitis 513 
Water from the hoses or die hoses themselves have cultured 
positive, particularly after water has been sitting in the hoses 
for several hours. When wash water Is contaminated with 
Pseudomonas species, the hoses and nozzles must be 
replaced, hut not without first culturing potential sources 
of bacteria. For example, water tanks, w r ater heaters, or water 
lines may need to be replaced or decontaminated to prevent 
colonization of new hoses. 113 Other steps that can be taken 
are to ffush stagnant water from the hoses before each milk¬ 
ing and ensure that Iodine concentration In the w r asb water 
is 25 ppm. 315 Alternatively, the teats can be predipped 
rather than washed before milking. 

PseudojAcnas mastitis has also been attributed to con¬ 
taminated Intramammary Infusion products 3N or teat can¬ 
nulas, Inadequate teat end sanitation before drug Infusion, 
contaminated teat wipes, 315 and exposure of cows to stag¬ 
nant w r aler. 'I’herefore, Investigation of a herd problem 
should Include intramammary Infusion practices and hous¬ 
ing conditions. Once P. aeruginosa mastitis Is established, it 
usually persists, and antibiotic therapy Is unsuccessful. I’his 
Is caused In part by production of factors that inhibit host 



defenses and reduce antibiotic efficacy, such as blofllm. 51 
Cows with persistently high SCC or repeated bouts of clini¬ 
cal mastitis are usually culled, but infusing gjands with ger¬ 
micide to Induce permanent cessation of lactation is 
another option for cows with a single infected gland. 316 

Serratia Mastitis 

Serralia mastitis is caused mainly by S. marcescem and 
S. JiifKe/ariefis. Mastitis can be clinical or subcllnical, with the 
subcllnical form predominating. .More than 15% of lactating 
cows can be Infected in problem herds, w r hich can cause sub¬ 
stantial elevation In BTSOC 517 ' 318 Although Semitia species 
produce bright-red colonies on blood agar, they are easlfy out- 
competed by other pathogens. I’herefore, Infection prevalence 
maybe underestimated unless special media and cultural con¬ 
ditions [e.g, incubation at 20" C) are used 3I7 - 3IS 

Senatia intramammary Infections can originate during 
lactation or the dry period. In one longitudinal study, 
45% of Serna tia infections were acquired during the first half 
of the dry period and 31% during the second half, with 
only 21% initiated during lactation.- 115 Almost half the 
Infections resulted in clinical mastitis. Cows with clinical 
Serralia mastitis do not exhibit severe clinical signs, such 
as those accompanying acute E. calf mastitis. 3 LS - 3J0 How¬ 
ever, Semjfjij infection persists longer than E. coli. A mean 
duration of 55 days has been repo_r(ed, 319 but many Infec¬ 
tions persist for C to 10 months. 17,321 

Senstia mastitis has been associated w r llh contaminated 
teat dip or teat dip cups, 122 - 323 frostbitten teats, 330 contami¬ 
nated organic bedding material, 517 and dirt packs In cow 
Lots. 316 in some cases the reservoir of Infection is never 
Identified. 121 Antibiotic therapy is usually ineffective, 319320 
but some infected quarters eventually self-cure. 519 Cows 
with repealed bouts of clinical mastitis or persistently high 
SCC should be culled. 

Nocardia and Mycobacterium Mastitis 

Nocardia species occasionally cause sporadic cases or herd 
outbreaks of mastitis, infections can be subdin Leal or clini¬ 
cal, with some clinical episodes being severe or fatal. Fibrosis 
and draining abscesses may accompany chronic Infections. 
Clinical or subcllnical mastitis can also be caused by Myco¬ 
bacterium /ortuifum. Itiis organism causes granulomatous 
Inflammation and encapsulated granulomas in the mam- 
man' gland. 1 u Other rapidly growing AJycBfcucterijjrrT species, 
such as M. chehneK M smesfliaffs, M . phlei, M. vaccae, and 
M. flmvscens, have been Isolated from cows with acute or 
chronic mastitis. 525-327 A1 avium subspecies ^rdtubencubfi, 
the causative agent of lohnes disease, does not readily cause 
mastitis, despite being shed In the milk of Infected cows. 

Milk culture is required to diagnose and differentiate 
Nocordia and Atyooboctertuiti species. Nocardia species pro¬ 
duce characteristic cottony white, adherent colonies on 
blood agar, but the colonies may not appear for 72 to 96 
hours; the color changes from while to yellowish orange as 
the colonies age. On the other hand, M.fortuitum produces 
nonadherenl, smooth colonies. 314 The other mycobacteria 
may or may not grow on blood agar. 315 - 327 With all these 
organisms, a tentative diagnosis can be made by observing 
acid-fast rods or gram-positive rods with branching filaments 
In a milk smear. 524 - 321 ’ 

Nocardia species and mastitis-causing Mycobacterium 
species are saprophytes and therefore may cause Lntramam¬ 
mary Infection when teats are exposed to unhygienic envi¬ 
ronmental conditions. However, most outbreaks are 
associated with contaminated intramammary drugs or infu¬ 
sion equipment or poor leal hygiene before Infusion. 324 - 326 
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Results can be devastating, in one NocanUkt outbreak, 450 
of 5500 cows died, and 500 more were culled.* 16 Use of 
oil-based dry-cow Infusion products appears to facilitate 
growth of Nocsirdhi and Mycobacterium species. Both types 
of pathogens cause intramammary Infections that persist 
for months, even through the dry period. Antibiotic therapy 
is futile. Cows with chronic Nocardia mastitis shouid be 
culled or the quarter dried off to prevent continued expo¬ 
sure of humans to this potentially zoonotic pathogen. 3,35 
Coivs with Wycofcflcferj'trm mastitis are often culled because 
of chronic mastitis and low productivity. Control of N'ocrtr- 
dia and Mycobacterium mastitis involves proper intramam¬ 
mary infusion practices and general environmental hygiene. 

PorteureJfa multocrda Mastitis 

PmteurdL rrruftociddir a normal upper respiratory tract inhab¬ 
itant of cattle and contributor to the bovine respiratory dis¬ 
ease complex occasionally causes mastitis. Most episodes 
are sporadic, but herd outbreaks can occur.* 30 -** 1 In a 
recent report a high incidence of clinical mastitis caused 
by P. muflocfLii was accompanied by an increase in B’l’SCC 
from approximately 2QO,M0 l /mL to over 900,MO/ml_ in 
about 5 months. 35 ° Bl^CC increased partly because milk 
from cows with clinical mastitis was not diverted from the 
bulk tank, i lematogenous or lymphatic spread of P. FnrWto 
cida from the resplratoiy tract to the mammary gland has 
been proposed, and P. has been isolated from 

the blood of cows with severe coliform mastitis. 26J How¬ 
ever, it is unlikely that hematogenous or lymphatic spread 
is responsible for herd outbreaks. Contamination of teats 
by nasai secretions (e.g., from nursing calves or intersucking 
cows), cow r -lo-cow spread at milking time, or inappropriate 
infusion practices may contribute to outbreaks.*** 3 Antibi¬ 
otic treatment has historically been unrewarding, and 
infected cows are often culled. However, spontaneous reso¬ 
lution appears to occur in some cases.** 0 

Food-Borne Disease Agents 

Salmonella species and Listeria Fn'onaqtfcgenes can cause mas¬ 
titis. However, mastitis is an uncommon manifestation of 
these infections. With the exception of Salmonella dubtin , a 
cattle-adapted species that is shed in the milk of infected 
cows, Salnwnclhi species or L munotytqgenes in bulk lank 
milk are most likely to originate from unclean teals or fecal 
contamination of milking units, rather than from the milk 
itself. Good milking hygiene practices reduce the risk of 
milk contamination. 

THERAPY OF CLINICAL MASTITIS 

In the United States, farm personnel treat most episodes of 
clinical mastitis. The veterinarian is relied on to develop 
rational, economical mastitis treatment protocols for farms. 
Developing protocols is challenging because many factors 
can influence mastitis treatment decisions for a given cow. 
These include the severity of clinical signs; the suspected 
or known) pathogen; the cow's milk production, stage of 
actation, pregnancy status, and previous mastitis history; 
the cow's genetics and market value (if she can be culled); 
the price and availability of replacement heifers; the milk¬ 
withholding and slaughter-withholding times of diugs; and 
the anticipated treatment costs. Farm personnel responsible 
for making breeding and culling decisions must work w r lth 
those responsible for treating mastitis to ensure that treat¬ 
ment decisions are financially as well as medically sound. 

Even when the pathogen causing an episode of clinical 
maslLtis is known and a logical treatment plan instituted. 


the outcome can vary substantially. For example, one cow r 
with mild Streptococcus uiwm mastitis might be clinically 
normal after on-label treatment with intramammary anti¬ 
biotics and maintain a low SCC for the rest of the lactation. 
Another cow with the same signs and pathogen might take 
longer to respond, maintain a high 5CC throughout lacta¬ 
tion, and experience repeated recurrences of clinical masti¬ 
tis. Factors responsible for intercow variability include the 
strain of the pathogen, inoculum dose, duration of Intra- 
mamma^ infection at onset of treatment, and the cow's 
ability 1 to mount an effective immune response. The latter 
is Influenced by stage of lactation, parity, previous exposure 
to the pathogen, nutritional status, concurrent disease, and 
a variety of stressors. Treatment failure is often attributed 
to ineffective drugs when, in fact, cow or pathogen factors 
or hoiv the drug£ are administered may be more important. 

For a mastitis treatment program Co be successful, the 
veterinarian and producer must work together to ensure 
that cows are housed, managed, and fed to promote good 
immune function [see mastitis control section). Farm per¬ 
sonnel must be trained to monitor cows for clinical mastitis 
and assess mastitis severity. Criteria must be established to 
assist farm personnel in selecting cows for antibiotic treat¬ 
ment so that time and money are not wasted on infections 
chat are unlikely to respond. Drugs and treatment practices 
chat are banned, ineffective, or potentially detrimental must 
be avoided for legal, financial, and ethical reasons. Antibio¬ 
tics must have an appropriate spectrum of activity for the 
pathogens of concern and muse be administered"In suffi¬ 
cient doses, by the appropriate route(s), at an appropriate 
frequency, and for a sufficient duration to achieve the 
desired outcome. Appropriate supportive treatment prac¬ 
tices must be used to promote welfare and assist the cow 
in responding to infection. Because of a paucity of pub¬ 
lished data to guide the veterinarian, mastitis treatment pro¬ 
tocols are typically developed using a combination of 
science, personal experience, common sense, and trial and 
error. 

Antibiotic Treatment 

Antibiotics can be avoided without adversely impacting the 
outcome of many clinical mastitis episodes. 1 iowever, treat¬ 
ment protocols that exclude antibiotic use altogether are 
likely to have a detrimental effect at both the cow and the 
herd level, ludicious use of antibiotics should be the goal, 
rather than complete avoidance. This section discusses some 
principles and factors to consider when making antibiotic 
treatment decisions. More specific recommendations can 
be found in the sections pertaining to each pathogen. 

CONSIDER the pathogen. The effectiveness of antibi¬ 
otic therapy and choice of antibiotic depend on the patho¬ 
gen causing clinical mastitis. Cows with mild clinical 
mastitis and no bacterial growth in the milk are unlikely 
to benefit from antibiotic therapy, as are cows with a low 
concentration of E. call in the milk. Cows with Mycoplasma 
mastitis or mastitis caused by opportunistic pathogens such 
as Pseudomonas aeruginosa, Prototbeca zapfii, or yeast are 
unlikely Id respond io antibiotic therapy. On the other 
hand, antibiotics can enhance resolution of many strepto¬ 
coccal or staphylococcal mastitis episodes. 

Farm personnel can make the most informed antibiotic 
treatment decisions if milk from each cow is cultured. Some 
farms have adopted this practice, despite the associated labor 
and supply costs. Milk is cultured on-farm or at a local veter¬ 
inary practice or laboratory. Use of biplales, trlpiates, or 
quadplates facilitates culturing and alloxvs farm personnel 
or veterinary staff to identify basic classes of pathogens with 
minimal training. Results are usually available in 12 to 24 
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hours. For clinical mastitis episodes of mild lo moderate 
severity, waiting for culture results before beginning treat¬ 
ment does not appear to be detrimental to the outcome.- 332 
Using this approach allows antibiotic therapy lo be targeted 
to cows with gram-positive Infections and can dramatically 
reduce antibiotic use. If farms do not routinely culture milk 
from cowrs with clinical mastitis, It Is still important to deter¬ 
mine the most frequent clinical mastitis pathogens In the 
herd to make appropriate treatment and prevention recom¬ 
mendations. It is particularly Important to determine if 
MyrapJ'flSfflLi species or opportunistic pathogens that are non- 
responsive to antibiotic therapy are contributing lo clinical 
mastitis. 

consider the cow^s Hi sto RY. A smal l proportion of 
cows can be responsible for a large proportion of clinical 
mastitis episodes In a herd. Antibiotic therapy Is unlikely 
lo cure Infections In glands with repeated bouts of clinical 
mastitis episodes. p rhe same is true for cotvs with persistent 
clinical mastitis or chronic Lnlra mammary infection. A 
number of cow r factors, such as parity, stage of lactation, 
and SCC, influence the outcome of antibiotic treatment 
for S. aurem mastitis (see earlier section) and probably for 
mastitis caused by other pathogens. 

CONSIDER THE SEVERITY. Cows w'Llh severe clinical 
collform mastitis have a guarded prognosis at best. Euthana¬ 
sia must be considered as an alternative. However, clinical 
parameters such as rectal temperature, rumen contraction 
rate, attitude, degree of dehydration, and appearance of she 
mammary glana can be used to assess the likelihood of a 
cow r returning to production.A producer might be more 
apt to choose euthanasia over treatment if the chance of 
recovery Is predicted to be less Shan 10%, versus 50%. If 
treatment is pursued, clinical parameters can help determine 
she likelihood of bacteremia, which is an indication for 
systemic antibiotic use. As mentioned in other sections, the 
blood leukocyte concentration and the concentration of 
coliform bacteria In milk also reflect clinical mastitis severity 
and outcome. Spending a few r dollars on a blood smear to 
determine that a cow is extremely neutropenic and unlikely 
to recover Is more prudent than spending over SI00 on 
aggressive treatment that falls. 

CONSIDER THE ALTERNATIVES. Alternatives to antibi¬ 
otic treatment Include {l) euthanizing or culling the cow, 
(2) drying off the cow r or gland, (3) inducing permanent 
cessation of lactation in the gland, (4) administering sup¬ 
portive treatment alone, or (5) doing nothing. The cow's 
welfare must be considered when choosing among these 
options, to minimize pain and suffering. If supportive treat¬ 
ment or no treatment is chosen, the cow should be milked 
after healthy cows and the milk withheld from sale as long 
as it is visibly abnormal. If a single gland Is dried off, anti¬ 
biotics should not be Infused because this may result In 
antibiotic residues In milk from the other glands. 

Germicides can be infused Into the mammary gland to 
Induce cessation of lactation. A single infusion of 120 ml 
of 5% povidone-iodine solution, or two tiO-mL infusions 
of chlorhexldlne diacetate 24 hours apart, induces perma¬ 
nent cessation of lactation. 331 - 33 " 1 Tw r o Infusions of chlor- 
bexldine suspension (Ig chlorhexldlne in 28 mL base) 
Induced cessation of lactation In one study, but milk was 
produced by the treated quarter in the next lactation; unfor¬ 
tunately, 4TO of treated glands were still Infected when lac¬ 
tation resumed. 335 Researchers recommend administering a 
systemic antiinflammatory agent when Inducing cessation 
of lactation, to limit the Inflammatory response and reduce 
pain. 331 Cessation of lactation should be undertaken only if 
the infused gland can be clearly recognized by the milking 
personnel; otherwise, germicide-containing secretions could 
enter the bulk tank milk. 


DETERMINE the desired outcome. The Ideal out¬ 
come of a clinical mastitis episode is clinical cure (resolution 
of clinical signs and return to marketable milk), baderiologlc 
cure (resolution of intramammary Infection), and normali¬ 
zation of milk production and SCC. Clinical cure without 
bacterlologlc cure can result In recurrence of clinical mastitis, 
transmission of infection to other glands, and persistence of 
high SCC, even If mastitis Is causcd by environmental patho¬ 
gens, such as S. uberis or E. colO l5iJI liJl * However, an ideal 
outcome is unrealistic In some cases (e.g., chronic S. dureus 
mastitis). Survival of the cow and clinical cure with out bacte- 
rlologic cure may be acceptable outcomes If the Intent Is to 
slaughter or cull the cow r as soon as possible or keep her until 
she calves or tier milk production declines. Veterinarians can 
help producers Identity appropriate goals for different types 
of mastitis episodes and tailor treatment recommendations 
accordingly. 

INSTITUTE TREATMENT PROMPTLY. Antibiotic treat¬ 
ment is most likely to be effective If Initiated early In the 
course of clinical mastitis. Delaying treatment for more than 
a few days can allow potentially susceptible pathogens, such 
as 5. uberis and S. aureus, to become established and evade 
antibiotics and host defenses. If milking personnel do not 
strip and examine milk before each milking, mild clinical 
mastitis episodes may to go undetected until they are diffi¬ 
cult to treat. 

CHOOSE APPROPRIATE ANTIBIOTICS. Fluoroouino- 
lones and potentiated sulfonamides are used to treat clinical 
mastitis In other countries; however, these antibiotics are 
banned for Laclaling daily cows in the United Slates and 
must not be used, regardless of the cow's condition. Anti¬ 
biotics labeled for treatment of mastitis must be used prefer¬ 
entially, whenever they 1 are likely to be effective. However, 
extralabel drug use Is frequently necessary. 

The spectrum of activi ty must be considered when select¬ 
ing an antibiotic; for example, certain p-laclam antibiotics, 
such as procaine penicillin G or amoxicillin, should be 
avoided when treating mastitis caused by penicillinase-pro¬ 
ducing staphylococci (see section on S. aureus mastitis). 
Erythromycin, pirlimycin, and penicillin, all labeled for 
Lntramammary treatment of mastitis in (he United States, 
are not appropriate choices for coliform mastitis because 
coliform bacteria are resistant to these drugs. Erythromycin 
Is the only antibiotic currently labeled for systemic adminis¬ 
tration to cows with mastitis in the United States; extralabel 
use of an antibiotic with a more appropriate spectrum, such 
as cefliofur or oxytelracycline, is warranted for cows with 
severe coliform mastitis to combat potential bacteremia. 
When antibiotics are used in an off-label manner, extralabel 
drug use requirements must be observed, 7,33 Including avoid¬ 
ance of violative residues In milk and meat. 

REALIZE LIMITATIONS OF ANTIMICROBIAL SUSCEP¬ 
TIBILITY TESTING. Antimicrobial susceptibility test results 
should not be used as the main basis tor antibiotic selec¬ 
tion. In most cases, susceptibility cut-points for zone diam¬ 
eters (for the disk diffusion test) or MIC values are based 
on antibiotic concentrations In serum or Interstitial fluid 
of people after oral or intravenous [IV) dosing; these are 
not equivalent to concentrations achieved in milk or mam¬ 
mary' tissue after intramammary or systemic dosing. 336 
Itie absolute MIC value is more useful than a result (suscep¬ 
tible or resistant) based on an Irrelevant cut-point. How¬ 
ever, the reported MIC value may not reflect the MIC In 
milk because .MICs Ln milk are often higher than In 
blood. 337 The newest Inlramammaiy antibiotics have MIC 
or disk diffusion cut-points that are relevant lo treatment 
of mastitis, but the cut-points need to be validated in vivo. 
In at least tw r o recent studies, susceptibility test results [sus¬ 
ceptible vs. resistant) had no impact on the outcome [clinical 
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cure, bacteriologic cure) of clinical in^scLli& episodes. 213 ' 133 
However, testing 5. aureus Isolates for penicillinase produc¬ 
tion facilitates antibiotic selection and prognostication; 
penicillinase-producing strains are less responsive to treat¬ 
ment even if penicillinase-resistant antibiotics are used. L4a 

CONSIDER PHARMACOKINETICS AND PHARMACO¬ 
DYNAMICS. 'I’he site being targeted {milk, mam maty tissue, 
or blood) influences the antibiotic treatment plan. 1 ^ Strep¬ 
tococci and coagulase-negatlve staphylococci reside mainly 
in the milk, so Intramammary antibiotic therapy is appro¬ 
priate for mastitis caused by these pathogens; systemic anti¬ 
biotics provide little or no additional benefit. On the other 
hand, ivilh severe collform mastitis, bacteria mav be circu¬ 
lating i;n the blood. In which case systemic antibiotics are 
appropriate. With S. aureus mastitis and chronic S. ubierjj 
mastitis, organisms can reside within leukocytes and mam¬ 
mary tissue, as well as In milk, so a combination of intra¬ 
mammary and systemic antibiotics may be beneficial. 
Unfortunately, most of the systemic antibiotics used In lac- 
tating dairy cows in the United States, such as penicillin, 
ampiclllin, sulfadlmethoxlne, and ceftlofur, do nol achieve 
high concentrations In milk or in leukocytes. Qxytetracy- 
cllne and macrollde antibiotics attain higher concentrations 
in milk., but mastitis pathogens are often resistant to these 
drugs. 336 

Time above the MIC Is a critical determinant of efficacy 
for Lbe antibiotics used to treat mastitis in the United States. 
Most intramammary antibiotics are labeled for two or three 
treatments 12 or 24 hours apart. This dosing regimen Is 
highly effective for S. agalactiae mastitis but may not pro¬ 
vide a sufficient duration of Inhibitory antibiotic concentra¬ 
tions for other streptococci or staphylococci. Improved 
clinical and bacteriologic cure rates have been observed for 
S. rfirarir and 5. aureus mastitis when Iniramammaiy antibio¬ 
tics were administered for a longer duration (see sections on 
S. aureuj and environmental streptococci). Switching of 
antibiotic classes after two or three doses, as Is frequently 
done on farms, limits time above the MIC and should be 
avoided. Although extended antibiotic therapy may consti¬ 
tute extralabel drug use, It Ls more prudent than using a sub- 
therapeutic treatment regimen. 

Veterinarians can use reported MIC values and their 
knowledge of antibiotic pharmacokinetics and pharmaco¬ 
dynamics to determine If administering a particular antibi¬ 
otic by a particular route Is Likely to exceed the MIC of a 
given pathogen In milk, mammary tissue, or blood. 1 lotv- 
ever, even If the likelihood Is high, 'many factors can prevent 
effective concentrations from being achieved. For example, 
inflammatory debris in the ducts or microabscesses in the 
mammary tissue can prevent antibiotics from reaching the 
organism's. Factors affecting the disposition of intram am- 
mary antibiotics used to treat mastitis have recently been 
reviewed. 339 

SUMMARY. Judicious antibiotic use is necessary for suc¬ 
cessful mastitis treatment programs. Case selection Is criti¬ 
cally important to avoid unnecessary antibiotic use, which 
is costly to the producer and of concern Lo the public. When 
producers are unwilling or unable lo use culture results as the 
basis for treatment determination, it is probably preferable 
to treat all cows (that meet selection criteria) with antibiotics 
than to avoid antibiotics altogether. In one study, cows with 
clinical mastitis were treated with supportive measures either 
alone or with anllblollcs (extended intra mammary cepha- 
pirln administration with or without IV oxylelracycHne). 
Environmental [collform, streptococcal) and baderiologi¬ 
cally negative mastitis episodes predominated, with the 
majority of episodes being mild. Antibiotic use was asso¬ 
ciated with higher clinical and bacteriologic cure rates [par¬ 
ticularly for environmental streptococcal Infections), fewer 


recurrences of din leal mastitis, less severe disease, Lower milk 
yield Loss (mean of l £2 vs. 528 kg), and Lower cost of masti¬ 
tis [mean of $201 vs. S295/affected cow). 340 Complete 
avoidance of antibiotics can result in Increased streptococcal 
mastitis prevalence and reduced milk quality. 311 Antibiotic 
selection and the liming dosage, frequency, and duration 
of treatment Impact the outcome. Therefore, antibiotic treat¬ 
ment protocols should be designed with veterinary Input 
and monitored for efficacy. Monitoring requires that farm 
personnel record the Incidence, severity, and duration of 
clinical mastitis, as well as the treatments administered; 
SCC data and targeted milk culture results also facilitate 
assessment of treatment efficacy. 

Supportive Treatment 

A variety of supportive measures are used in cows with clin¬ 
ical mastitis, otten in con|unction with antibiotic therapy. 
Fluids and electrolytes are administered lo combat circula- 
toy and electrolyte disturbances. Steroidal and nonsLeroidal 
antiinflammatory agents are used to reduce pain, Inflamma¬ 
tion, and fever. Oxytocin and frequent milk-out are used to 
promote milk ejection and removal of secretions. Dairy pro¬ 
ducers and veterinarians use many other systemic and local 
treatments, most of which have not been scientifically eval¬ 
uated or shown to be effective. Itiis section discusses the 
most frequently used supportive treatments. 

FLUID AND ELECTROLYTE THERAPY COWS with, clini¬ 
cal mastitis can develop fluid and electrolyte disturbances 
as a result of decreased feed and w r ater intake, rumen stasis, 
ileus, and diarrhea. Severely affected cows, particularly those 
with collform mastitis, may develop septic or endotoxlc 
shock; death or organ damage can result from decreased 
effective circulating volume. 

The hydration status of an adult cow Is assessed subjec¬ 
tively, by'observing skin tent duration on the neck or eyelid 
and position of the globe in the orbit. Lin fortunately, find¬ 
ings can be Influenced by the body condition of the cow. 
Objective criteria for estimating the extent of dehydration 
have been reported for dairy calves 14 ' but have not been 
established for adult cows. Extrapolating from calves, a 
healthy cotv should have a cervical skin tent duration of 
2 seconds or less and no recession of the eyeball. Skin tent 
durations of 4, 6, or S seconds and eyeball recession of 2, 
4, or 7 mm would correlate with 4%, £%, and 12% dehy¬ 
dration, respectively. Indicators of reduced peripheral perfu¬ 
sion are cold extremities [ears, tail, fetlocks (only reliable at 
moderate ambient temperatures]) and a dry muzzle or 
mouth. 143 Hematocrit and plasma protein concentration 
are not reliable indicators of hydration status In an individ¬ 
ual cow because of the wide range of normal values and the 
effects of inflammation and stage of lactation on total pro¬ 
tein concentration. 

Most cows with clinical mastitis, even severe mastitis, 
have normal add-base balance or metabolic alkalosis; met¬ 
abolic acidosis is uncommon and associated w r l.tb a poor 
prognosis/ 7 - 343 Iherefore, there is no need for routine IV 
administration of alkalizing agents, such as bicarbonate or 
lactate. Also, oral products containing magnesium hydrox¬ 
ide or sodium bicarbonate should not be administered. 

Oral Fluid Therapy. Fluids can be administered by the 
oral (intraruminal) or IV route, lbe oral route Is least 
expensive and is often adequate for cows with mild to mod¬ 
erate dehydration. Oral fluids should be hypotonic or isotonic 
and should contain sodium, to create an osmotic gradient 
between rumen fluid and blood and enable sustained 
absorption of fluid and electrolytes; hypertonic oral fluids 
sliould be avoided. 144 A GOO-kg cow that is 6% dehydrated 
needs to absorb 36 L [-*-9 gal) of fluid to replace her deficit. 
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lids volume can be safely administered orally, bul adminis¬ 
tration of Larger volumes of hypotonic fluid might lead to 
intravascular hemolysis. 345 Ora] fluids are not sufficient 
for cows with severe dehydration because they do not cause 
rapid resuscitation. 

Jnlrdivirous EJu/d TTiempy. Ringer's solution, which Is an 
isotonic (Isosmotlc), mildly acidifying solution that con¬ 
tains physiologic concentrations of sodium,, chloride, potas¬ 
sium, and calcium, is the fluid of choice for rapid IV 
resuscitation of adult ruminants.-' 544 Isosmotlc (0.9%) 
sodium chloride Is an alternative that can easily be consti¬ 
tuted using table salt and distilled water in a sterile carboy. 
However, administration of Isosmotlc crystalloid solutions 
is Impractical in many situations because of the large vol¬ 
ume of fluid required and the need for IV catheterization. 
A 600-kg cow that Ls 10% dehydrated requires 60 L 
(*-l5 gal) of fluid to replace her deficit. 

A practical (although inferior) alternative to Isosmotlc IV 
fluid therapy is IV administration of hypertonic (7.2%, 
2460mOsm/L) saline. Hypertonic saline is administered 
through a large-bore needle at 4 to 5 mL/kg body weight 
over 4 to 5 minutes, In conjunction with'ora I administra¬ 
tion of water (5 gal). Rapid administration of hypertonic 
saline Ls required to effectively create an osmotic gradient 
that draws fluid from she intercellular spaces and gastroin¬ 
testinal tract (mainly rumen] Into the vasculature. Although 
hypertonic saline does not have a sustained effect and will 
not completely correct a Large fluid deficit, It rapidly 
increases plasma volume and Improves cardiac output and 
tissue perfusion. Hypertonic saline has been shown to be 
safe in cows with endoioxic mastitis. 346 - 347 

Electrolyte Tfierapy. Mild to moderate hypocalcemia often 
acco mpanies cl Lnica] mast It Ls, with the odds of bypoca Lcemia 
Increasing with the severity of mastitis. 73 Affected cows may 
show muscle tremors or weakness but are seldom recumbent. 
Calcium supplementation can be by the oral, subcutaneous 
(SC), or slow IV route, depending on the severity of clinical 
signs and product used. Other serum electrolytes are variable. 
Inappetent cows often become hypokalemic, especially if 
anorexia persists for several days. Hypertonic saline adminis¬ 
tration also causes a transient reduction in serum potassium 
concentration. Potassium chloride can be supplemented 
orally at a rale of up to 240 g divided two to three times dally, 
with Lesser amounts (30 to 120 g] being satisfactory for mlfd 
to moderate hypokalemia. 346 Sodium and chloride derange¬ 
ments are usually mild and can be addressed by administer¬ 
ing balanced oral or IV fluids or hypertonic saline, blood 
glucose concentration Ls usually normal or high In cows with 
clinical mastitis, so dextrose should not be administered rou¬ 
tinely. 1 Lowever, IV dextrose treatment may be warranted In 
cow's with concurrent ketosis. 

ANTIINFLAMMATORY AGENTS. Most of the physiologic 
and pathologic changes associated w r lth clinical mastitis are 
a result of the inflammatory response to Infection. iTiere- 
fore, it Is logical to administer antiinflammatory' agents. 
Also, antiinflammatory agents can reduce the pain asso¬ 
ciated with clinical mastitis. However, the inflammatory 
response is necessary' for resolving Lnlramammaiy Infection, 
and antiinflammatory' agents can produce detrimental side 
effects. I’he potentia 1 benefits must be weighed against the 
potential risks. Some antiinflammatory agents are expen¬ 
sive, making repeated doses cost prohibitive. Many of the 
agents used in other countries are not labeled for use In lac- 
tating dairy cows In the United Stales. The choice of antiin¬ 
flammatory' agents in the United States is Limited to three 
approved "drug^: dexamethasone, Lsoflupredone acetate, 
and flunixin meglumine. 

Steroidal Antiinflammatory Agetits. Dexamethasone and 
Lsoflupredone acetate are Inexpensive steroidal antiinflammatory 


agents that have no milk-withholding requirement. How¬ 
ever, each of these agents has potenti a] adverse effects. 
Dexamethasone can be Lmmunosuppressive and can cause 
abortion in pregnant cows, especially after 5 months of 
gestation. Repeated dosing (0.04 to "o.fi mg/kg IM for 3 
days] of cows with subclintcal Lnlramammary Infections 
resulted in increased bacterial shedding and development 
of clinical mastitis. 343,31,0 lsoflupredone acetate reduces 
plasma potassium concentration, 351 and repeated doses 
can lead to severe hypokalemia and recumbency. 351-153 

Data on the efficacy of steroidal antiinflammatory' agents 
for treatment of clinical mastitis are Limited to experimental 
mastitis trials. A single, 30-mg IM dose of dexamethasone 
given at the time ofE. cdJj inoculation reduced Local signs 
of Inflammation, tachycardia, rumen motility' impairment, 
and J4-day milk production Loss, compared with untreated 
controls. 354 ' 355 A single EM dose of a product containing 
dexamethasone [0.025 mg/kg) and antibiotics (col 1st In ana 
amplcillin) reduced fever, improved rumen contraction rate, 
and shortened the duration of high SCC when given Imrne- 
dLately or 2 hours after endotoxin infusion, but not after 4 
bour^ 56 j this Implies that delaying treatment may reduce 
or prevent efficacy'. A single. Large IV dose of dexamethasone 
[0.44 mg' 1 kg) given to goats 12 hours after E. coll infusion 
reduced fever and appetite suppression bul. had no effect 
on heart rale, rumen contractions, serum biochemical para¬ 
meters, SCC, milk yield, or histopathologic changes. 357 
lsoflupredone acetate (20 mg IV) administered to endo¬ 
toxin-challenged cows after the onset of clinical mastitis had 
no beneficial effect on systemic parameters, mammary'gland 
stvelling, or milk production, compared with untreated 
controls. 351 * 

The relevance of results of experimental mastitis trials to 
naturally occurring clinical mastitis Ls questionable. Thus 
far, published studies do not provide compelling evidence 
to support the use of steroidal antiinflammatory agents for 
treatment of clinical mastitis. 

Nonsteroidal AntffnjTdmnftitary Agents, A variety of non¬ 
steroidal anti inflammatory drup (NSAIDs) are used to treat 
clinical mastitis worldwide. However, only flunixin meglu¬ 
mine is approved for use in Lactatlng dairy cows in the 
United States. Dlpyrone and phenylbutazone are banned, 
and other NSAIDs can be used In an extralabel manner only 
If appropriately justified. The NSAIDs are not immunosup¬ 
pressive, but as with steroids, they cany a risk of abomasa I 
ulceration and renal damage. These complications are not 
well documented in cattle and presumably are minimized 
If treatment Ls of short duration, hydration Ls maintained, 
and appetite Ls restored. 

Treatment of cow's with flunixin meglumine at 0 and 3 to 
5 hours after E. coll inoculation abolished fever and 
Improved rumen motility, compared with untreated con¬ 
trols, but had no effect on gland or milk appearance, heart 
rate, or respiratory' rate. 353 Similarly, administration of flu- 
nlxln meglumine every 3 hours beginning 2 hours after 
endotoxin infusion reduced fever and Improved gland 
appearance and attitude, compared with untreated controls, 
hut had no effect on milk appearance, heart rate, rumen 
motility, SCC or milk production 360 When administered 
after the onset of fever and gland swelling flunixin meglu¬ 
mine (2.2 mg/kg IV) reduced heart rate and rectal tempera¬ 
ture and increased rumen motility In cows with endotoxlc 
mastitis bul had no effect on milk production or mammaiy 
gland Inflammation. 361 As with the steroids, the relevance 
of these trial results to cows with naturally occurring clinical 
mastitis is uncertain. 

The most compelling evidence to support the use of 
NSAIDs In clinical mastitis comes from field trials. In 
one iria], cows treated with NSAIDs [keloprofen, 2g IM; 
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dlpyrone, 20 g IM; or phenylbutazone, 4 g EM) plus systemic 
antibiotics were 2.S times more Likely to recover (return to 
>75% milk production) than cows treated with antibiotics 
alone. 362 In two trials, cows treated with antibiotics plus 
ketoprofen (2g once daily) were 2.6 and 6.8 limes more 
likely to recover than cows treated with antibiotics alone or 
in conjunction w r llh a placebo. 36 - 1 Melosicam, although not 
available for use in U.5. cattle, was shown to reduce pain asso¬ 
ciated with clinical mastitis. 164 In summary, It appears that 
NSAIDs can Improve well-being and outcome In cows w r lth 
clinical mastitis. However, specific criteria for instituting 
NS AID therapy and the optimal duration of treatment 
remain to be determined. 

A locally infused antiinflammatory agent (gJycyrrhLzin) 
reduced Inflammatory changes in the mam may gland and 
milk of cows with coagulase-negative staphylococcal masti¬ 
tis, compared with Intramammary antibiotics. 165 However, 
such antiinflammatory agents require additional study in 
controlled field trials. 

OXYTOCIN AND FREQUENT MILK-OUT Oxytocin Is 
administered to stimulate milk election and facilitate 
removal of secretions from mastltlc mammary glands. 
Frequent ml Ik-out (stripping) is performed to increase the 
frequency 1 of removal of pathogens,, toxins, and inflamma¬ 
tory mediators from the mammary gland. Although seem¬ 
ingly logical practices, no solid evidence exists to support 
their routine use, and some data suggest they can be detri¬ 
mental. Oxytocin (20 III IM twice dally for 3 days) at milk¬ 
ing time prevented development of clinical mastitis In only 
two of eight cows experimentally inoculated with 5trcf?tLicriL- 
cus uterir; once clinical mastitis developed, oxytocin w r as 
ineffective at resolving (he S. uteris Infections. 215 When 
initialed at the onset of clinical S. Jiteris mastitis, oxytocin 
(80 lU IM, followed by 20111 IM !w r lee daily) resulted in 
no clinical or bacteriologic cures by 3 or 6 days. 217 In con¬ 
trast, clinical and bacteriologic cure rates of 91% and 
64%, respectively, w r ere achieved by Inlramammary antibi¬ 
otic administration for 6 days. When oxytocin was used in 
conjunction with intramammary antibiotics, clinical and 
bacteriologic cure rates at 6 days dropped to 10%, Implying 
a significant adverse effect of oxytocin and stripping. 
Frequent mllk-out (every 4 to 6 hours) in conjunction with 
oxytocin administration did not shorten the time to clinical 
or bacteriologic cure or resolution of systemic illness in 
cows with experimentally induced collform mastitis, com- 
ared with no treatment.When oxytocin administration 
100 lU IM twice daily for 1 week) was compared w r Uh no 
treatment (udder massage only) In cows experimentally 
inoculated with Staphylococcus aureus, oxytocin administra¬ 
tion reduced bacterial concentrations in the milk but did 
not Improve the bacleriologje cure rale or reduce 5CC. 3 * 7 
Oxytocin administration Increases the permeability of mam- 
maty epithelial tight cell |unctions in a dose-dependent 
manner, which can alter milk composition In nonmastitic 
glands, particularly If high doses (> 100 I LI) are administered 
repeatedly. 3-63 

Oxytocin and frequent milk-out have not been evaluated 
extensively In the field. 3n a California study, oxytocin 
(LOO lU IM twice dally for three treatments) at milking time 
resulted in similar clinical and bacteriologic cure rates, as 
did two or three treatments with intramammary antibiotics; 
however, an untreated control group was not evaluated . 114 
No overall benefit resulted because (he oxytocin-treated 
cows had a higher recurrence rate of clinical mastitis, partic¬ 
ularly environmental streptococcal mastitis. 215 In a Virginia 
study, frequent mllk-ouE [six times daily) In conjunction 
with oxytocin administration (20 [LI) did not Improve clin¬ 
ical or bacteriologic cure rates, lime to cure, or return to 
milk production compared with no treatment. 3 *' 3 In an 


Illinois herd, cows treated with supportive therapy alone 
(oxytocin administration (all cases), frequent milk-out [mod¬ 
erate and severe cases], antiinflammatory therapy [severe 
cases), and fluid therapy [severe cases]) had lower clinical 
and bacteriologic cure rales and a higher recurrence rate than 
cows given antibiotics In addition to the same supportive 
therapy. 213 

In summary, oxytocin administration and frequent in I Ik- 
out do not appear to be effective stand-alone treatments for 
clinical mastitis, particularly mastitis caused by streptococci, 
and may even be detrimental. In certain circumstances, 
when a cow dearly will not eject milk or when garget in 
the milk prevents effective milk removal, these practices 
might be of some benefit. Otherwise, unnecessary adminis¬ 
tration of Injections and frequent milking of painful teats 
should be avoided for welfare reasons. 

OTHER SUPPORTIVE TREATMENT MEASURES. A wide 
variety of other nonantiblotLc supportive measures are used 
to treat cows w r lib clinical mastitis. These include udder 
massage, application of liniments, hydrotherapy of the 
affected gland, Intramammary Infusion of fluids, vitamin 
injections, and homeopathic treatments. In most cases, effi¬ 
cacy has not been scientifically evaluated, or the only stud¬ 
ies Involved experimentally induced mastitis, making it 
difficult to extrapolate results to naturally occurring clinical 
mastitis. Massage and liniment application were of no 
benefit In resolution of experimental S. aureus infection. 367 
Intramammary administration of hypertonic saline did not 
hasten recovery of cows with experimental eoliform masti¬ 
tis. 370 Ascorbic acid (25 mg^kg SC once daily for 5 days) 
in con|unction with Intramammary antibiotic therapy 
appeared to shorten recovery time and reduce severity of ill¬ 
ness in one small field study, compared with intramam¬ 
mary antibiotics alone. 321 Ascorbic acid, 25 g IV 3 and 5 
hours after intramammary endotoxin infusion, did not 
reduce clinical Illness but did Increase milk production recov¬ 
ery (9% higher). 172 Elomeopathy Is frequently practiced 
on organic dairy farms, but controlled clinical trials are diffi¬ 
cult to perform because of the individual nature of the treat¬ 
ments; minimal efficacy data are available. 173 Natural 
antimicrobial substances (e.g, lactofenin, nl&Ln) and Lmmu- 
nostimulants are receiving attention as potential alternatives 
or adjuncts to antibiotic therapy but need further investiga¬ 
tion. Minimizing stress, feeding balanced diets with appro¬ 
priate concentrations of vitamins and minerals, and 
maintaining cows In good nutritional condition are logical 
practices that should enable cows to respond effectively to 
clinical mastitis. 

MASTITIS IN HEIFERS 

Mammary glands of preladational heifers are often Infected 
with mastitis pathogens. The prevalence of inlra mammary 
infection can be as high as 90% to 97% of heifers and 
60% to 75% of quarters. 174 - 375 En a multlstate study the 
prevalence of intramammary infection in heifers at calving 
averaged 34% of quarters and 63% of heifers, but varied 
widely by location and herd. 37 * Prevalence appears to be 
highest during the third trimester of gestation. 

Coagulase-negative staphylococci are responsible for the 
majority of Intramammary infections In heifers. However, 
Staphylococcus aureus can be Isolated from up to 37% of hei¬ 
fers and 15% of quarters, 37 * which allows heifers to serve as 
a reservoir of S. aureus for lactallng cows. In most herds the 
prevalence of 5. aureus intramammary infections In heifers 
is between 0% and 25%. S5 ' 377 Other pathogens Isolated 
from mammary secretions of heifers before or at calving 
include environmental streptococci and, occasionally. Strep¬ 
tococcus agalactiae and eoliform bacteria. Itie majority of 
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is the dllutional effect of milk from high-yielding cows on 
BTSCC 3 ** 

Milk from cows with subcllnical mastitis is not usually 
tvithheld from the bulk lank. This causes an Increase in 
BT5CC and reduction In milk quality, llte milk quality 
changes associated with snbclinlcal maslllls adversely affect 
the processing properties, organoleptic qualities,, and shelf 
life of milk and milk products.-^ 7 In the United Stales, milk 
processors routinely monitor BTSCC, and daily producers 
may be paid premiums for Low BTSCC or penalized for high 
BTSCC. Premium and penalty programs vary widely by 
location; however, in some cases, penalty payments or 
unearned premiums account for the greatest loss associated 
with subcfinlcal mastitis.^ 3 A substantia] economic loss Is 
incurred when BTSCC exceeds 750,000/mL because the 
milk cannot be marketed as grade A; ibis BTSCC Limit Is 
much higher in the United States than In Canada and other 
developed countries. 1 * 5 High-BTSCC milk also has a greater 
risk of condemnation because of violative antimicrobial 
residues A™ 402 

Cows that maintain persistently high SCC, have unbeat¬ 
able Lnlramammary infections, or have low milk production 
often are culled prematurely. The cost of premature culling 
depends on the perceived value of the cow, the market 
prices for culled cows and replacement heifers, and the 
potential value of the replacement heifer. 1 * 3 A recent retro¬ 
spective study revealed that cows with lactation average SCC 
reater than 700,000/mL had more than twice the risk of 
elng culled than cows with SCC of 200,000 to 250,000/ 
mL; the risk tended to be greater in herds with low SCC 
than those with high SCC. 403 Cows that are not culled 
sometimes require segregation or special milking proce¬ 
dures that Increase labor costs] for example, cows with 
chronic S. aureus or Mycopfrismfl mastitis may need to be 
milked last or in separate strings. 

Clinical Mastitis 

Approximately 15% to 20% of cows experience clinical 
mastitis during the course of a lactation. 404 - 405 However, 
the Incidence of clinical mastitis varies among herds, from 
less than 10% of Lactations to greater than 50% of lacta¬ 
tions. An acute drop In milk production often accompanies 
the onset of clinical mastitis. Some cows rapidly cease 
I acta ting or produce substantially Less milk than predicted 
for the rest of the lactation. Others experience little drop 
or rapidly return to normal or near-normal production. 4 * 5 
Average i acta! tonal milk yield losses reported for clinical 
mastitis range from less than 50 kg to 749 kg per lactation, 
but a loss of 5% of lactational milk production l.s usually 
assumed. 406 Milk yield loss Is generally higher w r hen clinical 
mastitis occurs In early to peak lactation than In late lacta¬ 
tion, and for multiparous cows than for heifers. 406 

MLlk that is visibly abnormal or contains drug residues 
must be diverted from the bulk tank and tvithheld from 
sale. I’he cost associated tvith diverted milk Is a major com¬ 
ponent of the cost of clinical mastitis. Actual cost depends 
on whether the milk Is discarded or fed to calves in place 
of milk replacer, as well as the price of milk and milk 
replacer and difference In labor associated with the two 
feeding methods. Failure to detect clinical mastitis and 
divert milk from the bulk tank adds to the reduction In milk 
qualitv caused by subcllnical mastitis. Cows with repeated 
episodes of clinical mastitis produce the majority of 
diverted milk in some herds. 407 

A small proportion (<5%) of cows with clinical mastitis 
die or are euthanized because of the severity of their condi¬ 
tion. More cows fall to respond adequately to treatment or 
experience recurrent episodes of clinical mastitis, resulting 


in premature culling. Mastitis is consistently ranked as one 
of the top reasons for culling dairy cows. In a national sur¬ 
vey, U.S. dairy producers reported that mastitis and other 
udder problems were responsible for an average 27% of 
culls 403 ] mastitis may also have contributed Indirectly to 
the 19% of cows culled because of low milk production. 
Neerhof et al. 4 * 5 reported that the risk of culling Danish 
Black and White cows was 1.7 times higher for cows that 
had experienced clinical mastitis than Tor those without 
mastitis. Rajala-Scbullz and Crohn 410 reported similar find¬ 
ings for Finnish Ayrshire cows. In a study examining the 
effect of mastitis on herd life in two New York dairy herds, 
the first episode of clinical mastitis caused by Streptococcus 
species, 5. durerrs, Sra/rirpiDcoccus species, E. toll, or itfehsmtoi 
species reduced herd Life, with pathogen-associated hazard 
ratios ranging from L.19 to 3.1B. 4Ll The hazard of culling 
for clinical mastitis differs with stage of lactation and 
increases tvith age of the cow. 41 '■ 4|2 

I’he cost of diagnosing and treating an episode of din leal 
mastitis depends on Lis severity, the causative pathogen, the 
treatments administered, the labor required, whether the 
milk Is cultured, and whether a veterinarian is involved. 
Antibiotic treatment carries a risk of Inadvertently introdu¬ 
cing antibiotics Into the bulk tank and causing violative 
drug residues, which Is costly. However, If antibiotic treat¬ 
ment improves the cure rate and reduces lost milk, SCC, 
and risk of mastitis transmission, economic Losses are 
reduced. 4 J1 I’he appropriate selection of cases for antibiotic 
treatment Is critical for optimizing returns and avoiding 
unnecessary losses, as discussed In other sections. 

Effects of Mastitis on Reproduction 

One Increasingly recognized cost associated with mastitis Is 
reduced reproductive performance. Development of clinical 
mastitis between days 15 and 28 postpartum delayed the 
onset of ovarian cyclicity and estrus by approximately 6 days, 
regardless of the causative pathogen (gram positive or gram 
negative) 414 Clinical mastltLs episodes caused by gram-nega¬ 
tive pathogens induced a substantially higher rate of prema¬ 
ture luteolysis (47%) than those caused by gram-positive 
pathogens (S%J and prolonged the follicular phase of the 
estrus cycle when mastitis occurred at that lime 414 Develop¬ 
ment of clinical or subclinical mastitis before first service 
caused increases In days to first service, days open, and ser¬ 
vices per conception, compared with nonmastltlc cows. 415 
Induction of 5. jjfierfs mastitis before ovulation decreased 
luteinizing hormone (Ml) pulses, impaired 17|)-esLradiol 
production, and prevented ovulation. 416 Maintenance of 
pregnancy can be impaired when mastitis occurs shortly after 
a cow is bred, presumably as a result of embryonic 
death. 417 ' 41 * Cows with LS greater than 4.5 before breeding 
were 2.4 times more Likely to experience early embryonic 
death than cows with LS Less than 4.5. 41 * Both experimental 
and natural clinical mastitis episodes have been reported to 
induce abortion. 4 - 0 - 421 Together, these findings imply that 
both clinical and subcllnical mastitis caused by a variety of 
pathogens can be detrimental to reproductive performance 
and can contribute to economic loss. 

Total Cost of Mastitis 

I’he total cost of mastitis Is impossible to quantify accu¬ 
rately, varies over lime, and is herd dependent. No studies 
have included al] (he major categories of economic loss in 
their calculations. 406 However, Imperfect estimates of aver¬ 
age costs have been generated ana are useful for appreciat¬ 
ing the impact of (be disease. The cost of clinical mastitis 
has been estimated at $107 per case 423 and $30 to $50 
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per cow Ln the herd. 1153 [n one herd the cost associated with 
toss of saleable milk and treatment alone averaged $201 or 
$295 per lactation, depending on the treatment protocol. 340 
Ihe total cost of mastitis has been estimated at $200/cow/ 
year or $1.5 to 52 billion per year nationally. 358 - 433 

Ihe economic loss resulting front mastitis Is not equiva¬ 
lent to the economic returns available from mastitis control, 
because it Is impossible to eliminate mastitis completely. 
Also, the costs associated with mastitis control can be sub¬ 
stantial. In one survey the cost of mastitis prevention 
accounted for 50% of the cost for preventing all diseases. 422 
Return on investment In mastitis control measures is more 
important than the absolute cost. Return on Investment 
ranged from -520 to $ 275/cow/year in nine studies, 424 
depending on the prevalence and type of mastitis in the 
herd, control measures already In place, efficacy of the 
control measures to be Implemented, and producer 
compl Lance. J2i - 426 

Stochastic modeling has been used to predict return on 
investment under a variety of scenarios/ 20 - J37 Using one 
model, mastitis control programs that included antibiotic 
treatment of all cow's at ary-off and preventive measures In 
the milking parlor (forestripping cleaning, or predipping of 
teats and posldlpping of teats), with or without antibiotic 
treatment of lactating cows, yielded positive annual net bene¬ 
fits, regardless of whether (be primary pathogens In the herd 
were contagious or environmental. On the other hand, lacial- 
ing-cow antibiotic therapy alone was not profitable Ln any cir¬ 
cumstance. 426 Such moctels can assist in making rational 
decisions about mastitis control, but results depend on the 
assumptions used, which are seldom universally applicable. 

MASTITIS CONTROL 

Eradication of mastitis is an unrealistic goal. However, mas¬ 
titis can be controlled by (1) determining the causative 
pathogens, (2) identifying and reducing the predominant 
reservoirs, (3] Idenlifvlng and limiting the main risk factors 
for transmission, and (4] promoting host defense. Control 
measures for specific pathogens are discussed In previous 
sections. Pathogen Identification is an essential first step In 
mastitis control because reservoirs and risk factors differ 
among mastitis agents. Reducing reservoirs and risk factors 
can decrease Intramammaiy infection risk, but exposure of 
teats to pathogens cannot be completely avoided. Itierefore, 
host defense mechanisms are critically important In pre¬ 
venting new infections and Limiting the severity and dura¬ 
tion or mastitis (see section on defense mechanisms). 

Factors Influencing host defense against mastitis include 
teat condition, nutrition, genetics, and stress. 1’radLllonal 
mastitis control measures can be augmented by keeping 
teats healthy, feeding appropriately formulated diets, select¬ 
ing for Inherent mastitis resistance, and minimizing stress. 

Teat Condition 

Teat Injuries can be avoided through appropriate housing 
and stall design. Milking machine-associated leal damage 
can be minimized by providing appropriate pulsation 
and teat end vacuum and by using properly sized teat 
cup liners. Premliking teat preparation methods can pro¬ 
mote oxytocin release and allow teat cups to be attached 
after milk ejection, thus minimizing milking time and 
associated risks to the teats. Teat chapping which facili¬ 
tates bacteria] colonization, can be avoided by providing 
protection against adverse weather and using teat dips that 
condition (he skin. Teat cannulas and dilators compromise 
the teat canal and should be avoided. Intramammary anti¬ 
biotics should be administered using the partial-Insertion 


method of Infusion. 14 Internal teat sealant can enhance 
physical defense against pathogen invasion during the dry 
period. 

Nutrition 

Negative energy balance, or more specifically keco-gereesj's, is 
a risk factor for mastitis 43a - 429 Ketone bodies adversely 
affect neutrophil function in vitro 43i> Experimental E. c-eli 
mastitis is more severe in ketonemlc cows than nonketone- 
mic cows. 429 - 431 In one field study, 29% of cows w r lth 
circulating jl-hydroxybutyrate [BHB) concentration of 
1400 pmol/L or greater in the week before calving devel¬ 
oped clinical mastitis after calving compared with 9% of 
cows w r Llh El IB concentration less than 1400 umol/L. 433 
In another study, cows with serum BE IB concentration of 
lOOOpmol/L or greater I to 3 days after calving were at 
Increased risk ot developing clinical mastitis caused by 
environmental pathogens, compared with cows with BE IB 
concentration less than 1000 pmol/L. 433 Heifers with 
BHB concentration of 100 pmol/L or greater In milk dur¬ 
ing the first or second week after calving were more likely 
to have subcllnical mastitis before calving and develop 
new Lntramammary infections after calving compared with 
heifers with less than lOOpmol/L BE IB In milk.- 134 These 
findings suggest that dietary management to minimize keto¬ 
sis Ln the periparturient period should reduce the incidence 
and possibly the severity of mastitis. Eonophore antibiotics 
also may Help to reduce energy-associated mastitis risk. 
Administering a control led-release monensin-conlainlng 
capsule before calving reduced serum B1EB concentration 
In periparturient cows, 435 and feeding monensln after calv- 
Lng reduced clinical mastitis Incidence and rate of intra¬ 
mammaiy infection. 436 

Dietary vitamin and mineral concentrations Influence 
mastitis susceptibility, particularly in the periparturient 
eriod when feed intake declines. Vitamin E and selenium 
ave received the most attention because of their synergis¬ 
tic antioxidant actions and beneficial effects on the 
Immune system, especially neutrophil function. J37 - 43S Hei¬ 
fers fed a selenium-deficient diet before and during their 
first lactation experienced more severe and persistent E. calr 
mastitis than heifers fed a selenium-supplemented diel. 43? 
Ihe prevalence of intramammary Infection, rate of clinical 
mastitis, and BTSCC all decline as blood selenium concen¬ 
tration Increases. 437i4j0 Supplementing 1000 or 4000 111 
vitamin E/day during the last 2 weeks of the dry period 
reduced clinical mastitis In the first week after calving by 
30% and 8B%, respectively, compared w r l(b 100 III/ 
day. 44S Current recommendations are to feed 1000 111 vita¬ 
min E/day during the late dry period and early lactation 
and 500 to 1000 IU/day at other times. 442 The traditional 
practice of feeding 0.1-ppm dietary selenium may result 
Ln blood selenium concentrations that are too low to 
protect against mastitis; 0.3 ppm is considered advanta¬ 
geous 441 Rations for U.5. dairy cotvs often contain subop- 
tlmal concentrations of both vitamin E and selenium, 
which creates an opportunity to improve mastitis resis¬ 
tance through dletaiy supplementation. In contrast, paren¬ 
teral Injection of vitamin E_or selenium provides less 
consistent beneficial effects. 1137443 

Additional dietary' ingredients considered important In 
Immune system function and mastitis resistance are vitamin 
A, Jl-oarolene, j44 and antioxidant trace minerals and vita¬ 
mins such as zinc, copper, and ascorbic acid. 445 Ensuring 
adequate vitamin and mlcronutrlent supplementation 
should assist Ln mastitis control. Protein balance, particu¬ 
larly a balance of amino acids such as glutamine, may also 
be Important. 446 
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Genetics 

Although mastitis occurrence Is largely determined by phys¬ 
iologic and environmental factors,, susceptibility is partly 
attributable to genetic variability. Direct selection against 
clinical mastitis Is difficult because herilability is low 
{<0.05) and producers do not consistently record clinical 
mastitis events. Somatic cell count (5CC) is recorded more 
consistently and has higher herllability (0.10 to 0.30), 
making It a better selection parameter. 447 Genetic correla¬ 
tion between SCC and intramammary infection Is almost 
1.0, and correlation between SCC and clinical mastitis Is 
fairly high (0.5 to 0.SJ, malting SCC a reasonable proxy. 145 
For instance, daughters of sires that transmit low somatic 
cell score {SCS) have a lower prevalence of intramammary 
infection at first parturition and shorter and less severe epi¬ 
sodes of clinical mastitis during first lactation than daugh¬ 
ters of sires that transmit high SCS. 119 - 153 Lactation 
average SCS, clinical mastitis incidence, and duration of 
clinical mastitis In first lactation are all Influenced by pre¬ 
dicted transmitting ability (PTA) for SCS, as are total num¬ 
ber of lactations, days of productive Life, and total days in 
milk, which means that daughters from sires with high 
PTA SCS are culled sooner. 15 ^ The concern that breeding 
for low SCS will increase clinical mastitis susceptibility does 
not appear to be founded. 453 

Both clinical mastitis and SCC are moderately correlated 
{0.2 to 0.7] with udder depth and udder attachment, mean¬ 
ing that selecting for high, tightly attached udders should 
reduce mastitis susceptibility. 44,5 Clinical mastitis Is nega¬ 
tively correlated with body condition score (-0.16) and 
positively correlated with dairy character (0.27), which sug¬ 
gests that placing more emphasis on body condition and 
less on dairy character might promote positive energy bal¬ 
ance and reduce the risk of ketosls-assoclated mastitis. 153 

Unfortunately r clinical mastitis is positively correlated 
{-0.40) with milk production and mi I king speed. 418 There¬ 
fore, selecting solely for increased milk production is detri¬ 
mental to udder health. 154 This may be the result of 
shorter, wider teal canals and increased pressure in the teats 
of high-yielding cows, both of which compromise the bar¬ 
rier function of the teats. Use of bovine somatotropin 
{rBST), which enhances milk yield. Increases the risk of clin¬ 
ical maslLlis by approximately 25%. 455 High-yielding cows 
also have more severe negative energy balance In the perl- 
pa riurlent period, when immune function Is compromised 
and mastitis risk is high. 439 I’herefore, the economic bene¬ 
fits of higher production and faster milking must be 
weighed against the economic and welfare costs associated 
with clinical mastitis. 

It may be possible to use Immune function measures 
to select for mastitis resistance. Neutrophil function in vitro 
and antibody production in response to vaccination in vivo 
are more heritable than 5C5 and Influence mastitis suscepti¬ 
bility or severity, 448 - 456 Therefore, immune function testing 
of sires might be helpful In selecting for cows that can resist 
mastitis. Differences in alleles of class 1 and class II major 
histocompatibility complex (MllC) genes also are asso¬ 
ciated with clinical mastitis susceptibility or SCC. for exam¬ 
ple, MllC class l alleles A26 and A7[tv50) are associated 
with mastitis resistance and the class 11 DRB3.2*24 allele 
tvith susceptibility. 445 Similarly, quantitative trait loci for 
SCS and clinical mastitis are found on almost all chromo¬ 
somes. 11 ^ Itierefore, in the future, producers may be able 
to use haplotype or quantitative trait loci data to supple¬ 
ment other selection criteria. The challenge will be to 
develop the most appropriate combinations of criteria to 
protect udder health without serious detriment to other 
health or production parameters. 


Stress 

Mastitis susceptibility is increased in the periparturlent 
period, when stress hormones are high- The role of stress 
at other times on mastitis susceptibility Li not clear. How¬ 
ever, because a variety of stressors affect immune function, 
it is logical that stress avoidance should promote mastitis 
resistance. Such measures as sprinklers, shades, and tunnel 
ventilation can help prevent heat stress. Good housing 
and stall design, appropriate stocking density, and sufficient 
feedbunk space can reduce housing and social stress. 

1 land Ling cows calmly and humanely, taking advantage of 
natural behaviors, can minimize handling stress. 


Other Practices That Influence Host Defense 

Vaccination of cows against core IPS antigens boosts Immu¬ 
nity against gram-negative pathogens and reduces the sever¬ 
ity ofcoliform mastitis. Unfortunately, effective vaccines are 
not available for most mastitis pathogens. Manipulation of 
photoperiod (short daylength exposure) during the dry 
period enhances cellular Immune responses In vitro at calv¬ 
ing, 157 but the effect on mastitis incidence and severity 
needs further investigation. 

Antibiotic therapy can assist host defenses In resolving 
mastitis In some cases (e.g^ with streptococcal infection). 

1 lowever, several classes of antibiotics often used lo treat 
mastitis, such as (5-1 acta ms and tetracyclines, have detrimen¬ 
tal effects on neutrophil phagocytosis or killing abLilly 
in vitro. 36 - 458 It is not known Lrthis translates to a negative 
impact on mastitis outcome in vivo. 

MASTITIS IN SHEEP AND GOATS 

Clinical Mastitis 

The Incidence of clinical mastitis in small m min ants Is low 
(<5% of lactations). 459 In most cases, clinical mastitis is 
sporadic, but outbreaks occasionally occur. Ewes or does 
wLlh clinical mastitis can experience severe clinical Illness 
or develop chronic mastitis with abscessatlon. The reduc¬ 
tion in milk yield that accompanies clinical mastitis reduces 
income on dairy operations and can adversely impact 
growth or viability of nursing neonates. Dairy producers 
must divert clinically abnormal or residue-containing milk 
from sale. Ewes or does that develop clinical mastitis are 
often culled at weaning or at the end of lactation, If not 
sooner. Therefore, despite its Ictv incidence, clinical mastitis 
can still have an adverse economic Impact on sheep and 
goat farms. 

SfapfiyJacGfCMS aureus Is the most common clinical masti¬ 
tis pathogen in meat and dairy sheep, as well as in 
goals. 460 ' 461 S. aureus is more likely to cause severe clinical 
signs or gangrenous mastitis in small ruminants than in 
cattle, and small ruminants are more likely to develop 
abscesses in the mammaiy gland If infection persists. 
Another important clinical mastitis pathogen of sheep, par¬ 
ticularly meat sheep, Is MdHfihetttUd haemolylim (formerly 
ftisteuraUd ^Tfimo^fjca}. 460 5. timeus, M. frtjcmcitytj'cit, and 
coagulase-negative staphylococci are responsible for most 
clinical mastitis episodes In sheep, with streplocooci, cory- 
nebacleria, collform bacteria, and Arcjincfoecterjjjtj] pyogenes 
isolated less frequently. 460 These pathogens also cause clin¬ 
ical mastitis in goats, but AJ. haemolytica Is Isolated less fre¬ 
quently than In sheep. 459 Outbreaks of clinical mastitis in 
small ruminants are usually caused by S. aureus, strepto¬ 
cocci, or opportunistic pathogens, such as or 

fungi 459 
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When clinical mastitis cannot be explained by bacterial 
or fungal Infection, Mycoptoirnii Infection should be sus¬ 
pected. A variety of MycfljrtflSMd species can cause clinical 
mastitis outbreaks in small ruminants. Mycoplasma mycoides 
subspecies myt&ides {large-colony type) is an Important 
mastitis pathogen In goats In the United Stales, especially 
In California. 461 - 46 * Mjvsptasma putri/acfenj Is Involved In 
some outbreaks, 464 and ,vi. utoilactiae Is Isolated on rare 
occasions. 465 Does with Mycoplasma mastitis often exhibit 
severe clinical Illness and reduced milk yield. In addition 
to an inflamed udder and visibly abnormal milk: hotvever, 
subcllnlcal Intramammaiy Infections can occur. Adult goats 
and kids Ln herds with M^oplusmu mastitis may experience 
polyarthritis and pneumonia,, and pregnant does may aboil. 
Morbidity and mortality can be very high, with more than 
30% of goats dying or euthanized In some herds, 4 ' 64 

Clinical mastitis Is detected at mliking time in daily 
sheep and dairy goats but may not be readily apparent In 
animals that nurse their young. Lethargy, depression, or 
abnormal gait may be the most obvious sign if the mam¬ 
mary gland Is not greatly enlarged. Abnormal gall which 
is often mistaken for lameness, occurs when the animal 
attempts to keep its hind limb away from the painful gland. 
Lambs or kids of dams with clinical mastitis may make fre¬ 
quent attempts to nurse but have poor abdominal fill 
because of the reduced milk production. 

Little research has been done on the treatment of din Leal 
mastitis In small ruminants. Ewes or does with severe or 
recurrent clinical mastitis are often sacrificed rather than 
treated, and the goal of treatment is often to maintain sur¬ 
vival until the animal can be slaughtered or sold. When treat¬ 
ment is performed, practices for bovine mastitis are usually 
followed. Ihese Include intramammary and systemic anti¬ 
biotics, antiinflammatory agents, and fluid therapy (see sec¬ 
tion on clinical mastitis treatment). No intramammaiy or 
systemic antibiotics are labeled for treatment of mastitis In 
sheep or goats In the United Stales, so extralabel drug use is 
necessary. Beta-lactam and macrolide antibiotics are often 
used because of the predominance of staphylococci and 
(In sheep) M. haetmlylka.^ 6 Without efficacy data, it is 
impossible to make evidence-based recommendations. 

Because of the small volume of the ovine and caprine 
mammary glands, producers often administer one half of 
the bovine dose when Infusing intramammary antibiotics, 
lids is likely to be adequate, provided the pathogen Is sus¬ 
ceptible, the antibiotic can reach the site of Infection, and 
treatment Is continued for a sufficient duration. Depletion 
of antibiotics from the mammary gland of goats after Lnlra- 
mammary infusion is similar to that for cows. 467 However, 
when using antibiotics labeled for cows, she in Ilk-withhold¬ 
ing and slaughter-withholding times should be extended to 
avoid violative residues. 

Economics often drive treatment decisions in small 
ruminants, but the welfare of the animal must be addressed. 
Because clinical mastitis In small ruminants is usually 
caused by gram-positive bacteria, in contrast to the high rate 
of collform mastitis In cattle, antibiotics should be adminis¬ 
tered. Also, analgesics (NSAlDsJ are Indicated to control 
pain. Elunlxln meglumine administration hastens clinical 
recovery in both sheep 46 ® and goats 463 Neither intramam¬ 
mary nor systemic antibiotics are likely to resolve Myci> 
phisma Infection, making euthanasia the most humane 
option In animals with clinical mycoplasmosis. Euthanasia 
is also the best option in most cases of gangrenous mastitis; 
if euthanasia is not performed, it may be necessary to 
amputate the teat or surgically remove necrotic tissue. Ani¬ 
mals with gangrenous mastitis should be segregated to 
avoid contaminating the environment and transmitting 
she pathogen (usually S. aureus] to herd mates. 470 


Sub clinical Mastitis 


SubclLnical mastitis is more common than clinical mastitis In 
both sheep and goats. Intramammary infection is Identified 
In 20% to 40% of ewes and does in most surveys. 461 - 471 - 471 


Title prevalence of Intramammary infection ranges from less 
than 10% to more than 30% among sheep flocks 460 - 47 * 
and less chan 10% to more than 60% among goat 
herds. 461 ' 474 Prevalence increases with parity Ln goats. 47 ^ 47 5 
SubclLnical mastitis Is accompanied by reduced milk pro¬ 
duction and altered milk composition. On dairy farms, this 
reduces Income and adversely Impacts the quality of milk 
and milk products. On farms raising sheep or goats for 


meat, the weaning weights of nursing animals may be 
reduced. J 


Coagulase-negallve staphylococci [CN3) cause the 
majority of subclLnical mastitis eplsoaes in sheep and 
goats. 4 * 5 Although CNS are considered minor pathogens 
In daily cows, ibis is not the case Ln small ruminants. Mam¬ 
mary glands infected with CNS, particularly novoblocln- 
sensltlve species, have substantially higher SOC than 
do uninfected glands. 46 M7H7M77 ^| SOi infections 

In small ruminants usually persist for months. Other sub- 
clinical mastitis pathogens of sheep and goats include 
S. aureus, streptococci, enterococci, corynebaclerta, and 
Mycoplasma species. 450 Within- be rd/flock prevalence of 
S. ijjjretts Ls typically low r er for small ruminants than for 
dairy cattle. 

SubclLnical mastitis Ls most often detected by palpating 
mammary glands for firmness and abscesses. In meat ani¬ 
mals this is done at weaning breeding or Lambing'kLddlng. 
In dairy animals it is done more routinely. Ullrasonograpy 
can be helpful Ln detecting abscesses or areas of fibrosis. 4 - 5 
Although milk culture Ls the "gold standard 1 " method for 
diagnosing subclLnical Intramammary infection, most sheep 
and goat producers do not routinely culture milk. Indirect 
diagnostic tests for subcllnical mastitis Include SCC, CMT, 
electrical conductivity/Impedance, and NACase activity 
(see Intramammaiy Infection and Mastitis). 5CC is a more 
reliable indicator of Intra mammary infection than CMT, 4S0 
but CMl’is more practical. In one trial, electrical impedance 
was of no predictive value in sheep and little value Ln 
goats. 460 NACase activity increases with intramammary 
Infection in sheep and goats, 474 - 4a 1 but more studies are 
needed to determine the ability of NACase activity to pre¬ 
dict Infection accurately. 


Somatic cell counts are more likely to be monitored In 
dairy sheep/goats than meat animals/An SCC threshold of 
250,000/m L was suggested for sheep in one report, because 
32% of milk samples from uninfected halves had SCC less 
than 250 r tW0/mL and 31% of samples from infected halves 
bad SCC greater than 250,000/mL. 4S2 In contrast, the mean 
SCC for uninfected halves of sheep was 500,000/mL In 
another study. 1480 Thresholds ranging from 50Q,0QG/mL to 
more than I mil lion/m L have been recommended for both 
sheep and goats. Ihe choice of SCC threshold and lls value 
for predicting infection status depend on the prevalence of 
Infection in the flock/herd, as Ls the case for cattle {see sec¬ 
tion on maslLlls detection). In general, a Low SCC Ls more 
predictive of a healthy gland than a high SCC of an Infected 
gland. 430 - 43 * SCCs from sequential tests are more valuable 
than a single test result. 

An Interesting difference between goats and sheep (or 
cattle) is that milk secretion in goats is an apocrine process. 
Anuefeated cytoplasmic particles are expelled from the 
secretory cells into the milk during secretion of milk com¬ 
ponents. Ihese particles are approximately the same size 
as somatic cells, average 150,000/ml In goat milk, and they 
can be mistaken for somatic cells by some counting 
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methods. "therefore, only direct microscopic observation or 
methods (bat identify 1 DNA should be used (dr quantifying 
somatic cells In goat mllk. 4aj Another difference between 
goats and sheep Is a higher proportion of neutrophils in 
normal goat milk. Lastly, the SCC of goat milk increases 
substantially in late lactation, even in does free of intra- 
mammary [nfection. Counts can exceed I million/mL in 
healthy glands, making SCC an unreliable predictor of 
Intramammary infection in late lactation. 4 * 4 - 4 * 11 To explore 
mastitis prevalence in a goat herd using SCC, goals should 
be sampled after the postparturient period but before 130 
days in milk, to avoid the influence of stage of lactation 
on SCC. 471 

Geometric mean SCC. values for CMT scores of negative, 
trace, 1, 2, and 3 are 170,000, 309,000, 760,000, 1,911,000, 
and 8,ai9,000/'mL, respectively, for dairy sheep and 
135,000, 148,000, 359,000, 1,110,000, and 7,505,000/mL 
respectively, for dairy goats, showing a clear poslLlve rela¬ 
tionship between CMT score and SCC. 4aa A CMT threshold 
of L Is usually recommended for differentiating infected 
from uninfected halves. Elow r ever, the CMT has the same 
drawbacks as SCC, tvith low scores (negative or trace) being 
highly predictive of uninfected glands but high scores being 
poorly predictive (<45%) of Infected glands, unless infec¬ 
tion prevalence is very high A 80 Bulk tank SCC is useful for 
estimating the Intramammary Infection prevalence in dairy 
sheep and goats, 459 but the proportion of goals In late lacta¬ 
tion must be considered when interpreting BTSCC. 

Subclinlcal mastitis In small ruminants Is most effectively 
treated by infusing antibiotics into the mammary glands 
at dry-on/weanlng. Antibiotic products labeled for dairy 
cows are used. Antibiotic infusion at dry-off?weaning signif¬ 
icantly Increases cure rate compared with spontaneous cure. 
Antibiotic Infusion at diy-on?weaning also reduces the 
incidence of new Intra mammary infections at parturition 
and the prevalence of Intra mammary Infection throughout 
lactation, and results in lower SCC. and higher milk 
yield. 4 ®MBMBt There appears to be little difference In effi¬ 
cacy between a full dose of antibiotic and a half dose, so 
producers typically split one antibiotic tube between two 
udder halves. When this is done, the cannula should be 
swabbed with alcohol before inserting it into the second 
gland. 4a * As in cattle, Inadequate disinfection of the teat 
or poor Intra mammary infusion technique In sheep and 
goats can lead to opportunistic Intra mammary Infections. 
Withholding times for milk and meat must be extended 
and milk tested for antibiotic residues after parturition if It 
is to be sold for human consumption. The risk of antibiotic 
residues by 5 to 7 days after lambing appears to be 
negjlgible. 461 

Other mastitis control measures for small ruminants 
include culling of chronically infected animals, hygienic 
housing conditions, and good premilking udder hygiene 
practices. Contagionsecthvma control will reduce the risk 
of teat Lesions and secondary mastitis. Identification and 
removal of mllk-robblng lambs may reduce spread of 
pathogens from teat to teat. Control measures for conta¬ 
gious mastitis In dairy cows are recommended for dairy 
sheep and goals: these Include post mil king germicidal teat 
dipping and use of gloves and Individual towels when pre¬ 
paring teats for milking. Apparently healthy goats can 
carry pathogenic Mycoplasma species In their external ear 
canals, often In con (unction with ear mites, 4aa but the 
importance of the ear as reservoir for Mycoplasma mastitis 
is uncertain 46 * 

f lerilability of SCS In sheep is . 10 to .15, with a negative 
genetic correlation {-0.35 to -0.11) between SCS and milk 
yield. Genetic selection for mastitis resistance is practiced 
in certain breeds in some countries. 11 ** Identification of 


regions of the ovine genome Involved In mastitis resistance 
has led to use of quantitative trait loci programs for genetic 
selection In some countries. 4 ** 

Retroviral Mastitis 

Retroviral (lentlviral) infections in sheep (ovine progressive 
pneumonia, maedi-vlsna) 490 and goats {caprine arthrllls- 
encephalllis) 451 ' 452 can cause Interstitial mastitis. Mammary 
glands become diffusely and homogenously firm, and milk 
production declines. VLral Infection results In an Interstitial 
accumulation of lymphocytes In the mammary gland. The 
SCC of seropositive [presumptively infected) goats is higher 
than the SCC of seronegative goats, but not as high as with 
bacterial Intra mammary infection. 452 llte Increase In SCC 
in seropositive goats may be caused by an increase In 
mononuclear cells in the milk or a reduction in milk yield. 
In contrast, retroviral infection in sheep appears to have lit¬ 
tle effect on SCC. 

Retroviral mastitis should be suspected when the udder 
is firm but not Inflamed and the milk appears normal. A 
positive serologic test result and other signs of retroviral 
infection {chronic weight loss, increased respiratory effort, 
arthritis) support the diagnosis. Inhere is no effective treat¬ 
ment for retroviral mastitis, so affected animals must be 
culled. Feeding colostrum or milk from affected animals 
to their offspring can transmit the infection. 

MASTITIS IN BEEF CATTLE 

Approximately 15% to 40% of beef cows have intramam¬ 
mary infection In one or more mammary glands in most 
surveys. 453 ' 49fi Coagulase-negatlve staphylococci are the pre¬ 
dominant Isolates, but Sldprtyfmdmjs aureus is found in 7% 
to 10% of samples. Streptococci and corynebacleria are 
isolated occasionally, as are gram-negative bacteria. Milk 
from Infected glands has significantly higher SCC than milk 
from uninfected glands, 49 * but somatic cell counting is not 
usually performed in beef herds. Clinical mastitis occurs 
sporadically and Is diagnosed and treated as for dairy cows 
when economically feasible: most mild clinical mastitis 
cases probably go unrecognized. 

The prevalence and etlologlc agents of Intra mammary 
infection in prepartum beef neifers are similar to those 
in beta ting beet cows. 49 *- 496 In contrast to dairy cattle, 
clostrldia are the predominant bacteria found in the teat 
canal of beef cattle, followed by ftaeitfus species and 
staphylococci.* 1 * 7 

Several modes of mastitis transmission have been pro¬ 
posed for beef cattle. Flies are believed to serve as vectors 
for staphylococci. This may explain the higher prevalence 
of Intramammaiy Infection in the front glands of beef hei¬ 
fers than the rear glands, because files on the front glands 
are less accessible by the tall. Fly-induced scabs on the teats 
of beef heifers have been shown to harbor staphylococci. 493 
Calves may also serve as vectors by transmitting oropharyn¬ 
geal organisms to the teats or carrying bacteria-laden milk 
From teat to teal. Unsanitary housing conditions probably 
increase the risk of Infection with environmental patho¬ 
gens.- 35 ^ As with dairy cows, poor udder conformation and 
teat Ln|uries may predispose to mastlLls. 

Several studLes have demonstrated numeric or significant 
decreases [up to 40 kg) In weaning weights of calves from 
beef cows with subclinlcal mastitis. 49 *- 455 "This probably 
results from reduced milk production. The adverse effect 
on weaning weight appears to Increase with the number 
of infected glands. 494 In most cases the cost associated with 
reduced weaning weight is unlikely to justify antibiotic 
treatment. 5elecllve Intramammaiy antibiotic treatment at 
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weaning based on CMT reaction has been suggested, but 
CMT score Is unlikely to be an accurate predictor of infec¬ 
tion. San Uaiy housing conditions, appropriate stocking 
density, and good fly control should help minimize mastitis 
risk in beef cattle. 

MASTITIS IN HORSES 

Mastitis Is an uncommon problem in horses, partly because 
of the small size and Inguinal location of the udder, which 
minimizes exposure to environmental pathogens. Little 
research has been done on the prevalence of subclinlcal 
mastitis in horses, but It is not recognized to be a serious 
problem. In one study, no pathogens were grown from 
die milk of I t mares sampled repeatedly during the first 
2 months of lactation, and average SCC was less than 
SO,000/mL at most sampling tlmes jrj,J 

Cl In Leal mastitis occurs sporadically in lactating and 
nonlactating mares; signs range from mild to severe. The 
most common clinical mastitis pathogen Is Streptococcus 
zeoepidem reus, but a variety of aerobic bacteria have been 
isolated from the milk of affected mares. 5 -*™ In a retrospec¬ 
tive study of 2S cases, gram-negilLve bacteria (coliform bac¬ 
teria, Pseudomonas, Actinobucilais, PtisteureUa) were Isolated 
from 42% of milk samples. 5 Streptococci ana staphylococci 
constituted most of the gram-positive isolates. Rarely, masti¬ 
tis Is caused by nonbacterial pathogens. For example, one 
mare developed unilateral mastitis as a component of 
disseminated coccidioidomycosis. 501 Verminous mastitis 
has even been reported.* 02 

Clinical signs of mastitis In horses Include an enlarged, 
firm, warm, painful mammary gland and edema of the 
udder and surrounding tissues. The mare resists milking 
and secretions are abnormal in appearance (color, viscosity, 
consistency). About half of all mares with clinical mastitis 
are systemically ill, with signs such as fever, tachycardia, 
Lachypnea, anorexia, depression, or agalactia. The mare 
may be reluctant to move or may adopt an abnormal gait 
to minimize contact between the hindllmb and the painful 
gland. Sedation or anesthesia Is necessary to achieve a thor¬ 
ough examination of the udder and collection of milk In 
some horses. 500 

Culturing of the milk is required to Identify definitively 
the causative pathogen of equine mastitis and confirm that 
antibiotic selection Is appropriate. However, bacteria can 
often be observed on cytologic examination of the 
milk. 5 - 505 A differential diagnosis for a firm, enlarged, pain¬ 
ful mammary gland Is adenocarcinoma, particularly if the 
udder skin Is ulcerated and the secretion Is serosangui- 
neous.^ 04 With adenocarcinoma, neoplastic cells may be 
seen during cytologic examination of the secretion, or a 
mammary biopsy may be required. Because bacterial masti¬ 
tis and adenocarcinoma can occur simultaneously, it is 
important to reevaluate mares that do not respond as 
expected to antibiotic treatment. A differential diagnosis 
for agalactia in mares Is fescue toxicosis. With fescue toxico¬ 
sis, the udder is not Inflamed, and mares may sweat pro¬ 
fusely, have prolonged gestation, or give birth" to weak or 
dysmalure foals. 50 * 

Treatment of bacteria I mastitis In horses consists of Lnlra- 
mamunary and systemic antibiotics to combat Infection; 
MSA IDs to reduce pain, Inflammation, and fever; and fluids 
to correct dehydration. Hot packing, hvdrotherapy, and 
frequent stripping of the affected gland are empirically 
justified supportive measures but may be difficult to 
accomplish, Furosemide can be administered If edema is 
substantial. 

broad-spectrum antibiotics should be given until results 
of cytologic examination or culture of the milk are available. 



Potentiated sulfonamides, or a combination of penicillin 
and an aminoglycoside, are reasonable systemic antibiotic 
choices. Because" no antibiotics are labeled for Inlramam¬ 
mary administration In horses In the United States, intra- 
mammaiy infusion products for cattle are used. Infusion 
products containing ceftlofur, cephaplrin, amoxicillin, or 
belaclllln are appropriate until the cause of the mastitis 
Is determined. A commercial intramammary Infusion prod¬ 
uct Is preferable to a homemade solution because the latter 
carries a greater risk of unintentional contamination. Intra- 
mammary infusion of antibiotics can be difficult to accom¬ 
plish in horses because of the small size of the teat orifice 
and the presence of two distinct lobes within each udder 
half. One or both lobes can be Infected, so antibiotics must 
be directed appropriately. Antibiotic treatment should be 
continued for at least 5 days to avoid relapse. 

The prognosis for survival of horses with bacterial masti¬ 
tis Is good; nowewer, milk production may be transiently or 
permanently reduced. Fortunately, mastitis Is usuallv unilat¬ 
eral, and recurrence is rare. 5 Most mares respond rapidly 
to antibiotic treatment. Although spontaneous recovery is 
possible. It Is unethical to withhold treatment from a mare 
that Is ill or in discomfort. I’he prognosis for mammary 
adenocarcinoma Is poor, even with surgical removal of the 
affected mammary g] a nd{s) and Local lymph nodes, because 
of the high rale of metastasis.* 04 

MASTITIS IN SOUTH AMERICAN 
CAMELIDS 

As with the horse, the udder of South American camelids 
(SACs) is non pendulous, has small teals, and Is protected 
from trauma and environmental contamination by its cau¬ 
dal location. Because they are not reared for milk" produc¬ 
tion, SACs are spared the contagious mastitis risks 
associated with hand or machine milking. Ilierefore, It is 
not surprising that the prevalence of mastitis is low. In a 
survey of 100 llamas, potential mastitis pathogens were 
Isolated from 2L%of mammary glands, with 57% of Llamas 
having at least one Infected gland; the ma|ority of Isolates 
were coagulase-negallve staphylococci However, Isola¬ 
tion of an organism was not associated tvith an Increase In 
SCC, CMT score, MAGase activity, or pH, w r hlch indicates 
that the organisms w r ere not causing mastitis. Kone of the 
Llamas exhibited signs of clinical mastitis, and 88^ had a 
CMT score of O [negative). The SCC (direct microscopic 
count) was 300,000/mL or less in all cases. Therefore, 
CMT and SCC scores for healthy llamas are much lower 
than for healthy sheep and goats. Low SCC values were also 
found when milk from 10 llamas was tested w r eekly for the 
first 27 weeks of lactation 507 The MAGase activity and Lacto- 
ferrin concentration In llama milk is higher than in sheep or 
cow milk, which may help protect against infection. 1 ™ 

Despite a low prevalence of subcllnical mastitis, Llamas 
occasionally experience episodes of acute clinical masti¬ 
tis, 505 most often after birthing. Treatment Includes sys¬ 
temic and local antibiotics and antilnflammatorv agents. 
As with the horse, intramammary antibiotic infusion is 
complicated by the presence of two distinct lobes per mam- 
man,' gland. Because each lobe has its own teat canal and 
orifice, both orifices should be cannulated when infusing 
Lntramammaiy anllbLollcs. I’he orifices are usually too small 
to accommodate the cannulas on Lntramammary infusion 
products for cattle; therefore a 3.5 French tomcat catheter 
Is recommended. 1 As w r llb other species, disinfection of 
the teat end and aseptic Infusion techniques are essential 
to prevent iatrogenic infection. Broad-spectium antibiotics 
should be administered until culture results are available, 
because both gram-positive and gram-negative bacteria have 
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been isolated from mastlllc llamas. Systemic antibiotics 
should be used in conjunction wUh intramammary antibio¬ 
tics in liamas that are systemically III. Pain should be 
addressed by administering NSAEDs, with fluids adminis¬ 
tered if needed, i lot packing and frequent stripping of the 
affected gland are empirically justified treatments that may 
prove difficult because many llamas resist handling of the 
udder. Prognosis for survival Is good Lf mastitis Is treated 
early, but milk production may be reduced. 

UDDER EDEMA 

Dairy cattle frequently develop physiologic edema of the 
udder during the periparturlent period. Other large animals 
are affected less frequently. Physiologic udder edema must 
be differentiated from patnologic edema, which can accom¬ 
pany mastitis and diseases of other body systems. Physiologic 
udder edema Is symmetric. Is cool to the touch, and pits on 
palpation. It can be limited to the udder or extend cranially 
along the ventrum or into the perineal region. In contrast, 
the edema that accompanies mastitis Is more focal, is asym¬ 
metric, and is accompanied by abnormal milk and' an 
inflamed mammary gland. Intermandibular and brisket 
edema, which are often observed In cow's with congestive 
heart failure or severe hypoproleinemla, do not occur in 
cows with physiologic udder edema. 

In most cases, physiologjc edema Is of little consequence 
and resolves spontaneously after parturition. However, 
treatment is recommended If the udder becomes excessively 
large and heavy, because (bis threatens the integrity of the 
udder suspensory apparatus and predisposes to teal in|ury 
and mastitis. Severe edema also can hinder ambulation or 
impair milking or nursing of the teals. If the edematous 
udder Impinges on the skin of the (high, moist dermatitis 
and secondary Infection may develop, and the skin may 
slough; this condition is referred to as udder sadd. 

The mecbanlsm(s) of physiologic udder edema Is uncer¬ 
tain. Supplementing the ration of prepartum dairy cows 
with high concentrations of sodium or potassium salts sig¬ 
nificantly Increases the incidence and severity of edema.*™ 
However, serum biochemical values and fractional clear¬ 
ance of electrolytes are similar In affected and nonaffected 
cows.- 511 Increased capillary hydrostatic pressure (resulting 
from changes in mammary blood flow r and intramammarv 
pressure that occur around parturition) might be involved, 
as might incompetent valves In the cranial superficial epi¬ 
gastric veins draining the udder. Cows with udder edema 
have higher blood pressure In the cranial superficial epigas¬ 
tric veins than do unaffected cows, and blood pressure Is 
inversely related to mammary blood flow, 512 Poor udder 
suspension can also predispose to physiologic udder edema. 

First-calf heifers and high-producing cows are at greatest 
risk of developing udder edema. Other risk factors are not 
well documented. In a case-control study of heifers in Flor¬ 
ida, the risk of udder edema Increased asbeighl of the heifer 
increased, tvas higher If calving occurred In winter than in 
summer, and was higher If the fetus was male rather than 
female. 513 Eleifers with udder edema In the first lactation 
were more likely than unaffected heifers to develop edema 
in subsequent lactations. 513 

Treatment of udder edema includes preventing excessive 
salt Intake and administering a diuretic. In the United States, 
furosemide is labeled for use In dairy cows, has 4S-hour 
milk-withholding and slaughter-withholding times, and Is 
the diuretic of choice for treating udder edema. In one study, 
high cranial superficial epigastric venous pressure in cows 
with udder edema was reduced by EV administration of furo- 
semlde (500 mg), but no( hydrochlorothiazide (250 mg) or 
acetazolamlde (50Qmg). 5L5 Repealed administration of 


furosemide for several days should be avoided, but if 
repeated dosing Is necessary, cows should be monitored for 
signs of electrolyte imbalance. Although corticosteroids have 
been recommended for treatment of udder edema, their effi¬ 
cacy Is questionable. Prepartum milking reduces the severity 
of edema- 5111 but also decreases colostra I immunoglobulin 
concentration at calving, so an alternative source of colos¬ 
trum Is needed. Increased milking frequency, udder massage, 
exercise, and hydrotherapy are empirically |ustified treat¬ 
ments for udder edema. Udder supports are available for 
cows with excessively pendulous or heavy udders. 

BLOODY MILK 

It is not uncommon to observe blood in postpartum mam¬ 
mary secretions. Small vessels may rupture as a result of 
trauma or In conjunction with udder edema. Itie milk is 
usually light pink to red or brown and may contain blood 
clots. Antibiotic treatment Is not Indicated. Bloody milk 
can also accompany severe clinical mastitis or gangrenous 
mastitis, both of which have a poor prognosis, but physical 
examination of the animal will identify 1 these conditions. 

Bloody mi I k shou I d be withheld from sa le for h u man con - 
sumption. The milk usually returns to normal appearance 
within 1 week. Elowever, because blood contains natural 
antimicrobial inhibitors, bloody milk may cause false¬ 
positive antibiotic residue test results. The IgG ( concentration 
of bloody colostrum is similar to that of normal-appearing 
colostrum, meaning It is not necessary to discard co rostrum 
simply because it contains blood. 35 

COLOSTRGGENESIS AND COLOSTRAL 
IMMUNOGLOBULIN TRANSPORT 

About 2 weeks before parturition, the mam man.' gland 
begins producing colostrum, a process that accelerates as 
arturitlon approaches. Colostrum contains an appropriate 
alance of nutrients for the neonate, as well as substances 
(hat provide protection against Infection and modulate 
development of the Immune system. 5 l5 - 5lfi Of particular 
importance are colostra I immunoglobulins, which are 
derived predominantly from maternal serum, by selective 
transport across mammary epithelial cells. 517 513 

In cattle, all immunoglobulin (Eg) Isotypes are trans¬ 
ported into colostrum, 519 out IgG transport predominates. 
Mammary epithelial cells express receptors for both IgG] 
and IgGi"during the periparturlent period, but IgG, recep¬ 
tors are more abundant and of higher affinity. 51 " Preferen¬ 
tial transport of IgG ( results in an IgGj/IgGj ratio of at 
least 7:1 In colostrum, compared with 1:1 In plasma. 517 
The EgG i concentration of Holstein colostrum averages 40 
to BO g/L, with substantial variability among cows. 52 ° 

Immunoglobulin C 3 Is also the most abundant Ig in the 
colostrum of sheep and goats, with concentrations averag¬ 
ing CO to SO g/L in sheep ' 1 - K512 and 40 to BO g/L In goals. 523 
Preferential transport of EgC L over lgC 2 has been demon¬ 
strated. 52 ^ 514 [.ess is know r n about colostral lg isotypes and 
transport In sAGs, 525 - 526 but mean colostra! EgG concentra¬ 
tion for llamas and alpacas In one report w r as 193 g/L 525 
much higher than for small ruminants. 

Equine colostrum contains IgCa, EgGb, IgGc, lgG(T), and 
IgA, but EgGb predominates, as is true for serum. En one study, 
serum-to-colostrum concentration ratios of these five Lso- 
lypes were 0.06, 0.12, 0.16, 0.17, and 0.18, respectively, 
demonstrating that all are greatly increased in colostrum. 5 - 7 
lota I IgG In equine colostrum Is highly variable, with concen¬ 
trations ranging from less than 10 to almost 400 g/L. 527 - 52 * 5 En 
contrast to colostrum, IgA Is the predominant Ig in equine 
milk. 527 
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Neonatal ruminants are agammagjobulinemic at birth and 
re]y on absorption of colostra I [eG, across the intestinal epi¬ 
thelium during the first day of life lo achieve protective circu¬ 
lating ]g concentrations. 5 32,525 Foals are also dependent on 
intestinal absorption of colostra] Ig. particularly IgGb. 517 Most 
d ai ry calves are b and-fed a fixed vol ume of colostru m by bot¬ 
tler bucket, or esophageal feeder.Therefore, the IgGj 
concentration of the colostrum Is critical in determining if 
a sufficient mass (>l25g/calf) of lgG| is fed. Beef calves, 
small ruminant neonates, and foals usually obtain colos¬ 
trum by suckling the dam, so both the amount of colostrum 
suckled and Its [gconcentration are critical in determining 
if a sufficient mass of lg is Ingested. 

A number of factors Influence colostra I IgC concentra¬ 
tion. Colostra I IgC concentration is typically lower for cows 
in first or second lactation than cow's In third or greater lacta¬ 
tion. &5 - 5:K> In contrast, colostral IgC concentration was high¬ 
est In 3- to JO-year-old mares and lower In older mares In 
one study.In sheep, yearling^ had higher colostra! lgG 5 
concentrations than older ew'es.- 525 Beef cows typically pro¬ 
duce colostrum of higher IgG concentration than daily 
cow's,” 1 and breed differences In colostral IgG concentration 
are apparent in both ruminants and horses.” 52S - 513, ” :3 

Differences in colostral IgG concentrations among spe¬ 
cies, or among animals within a species, probably result 
largely from the volume of colostrum produced. Colostral 
IgG concentration is negatively correlated vdth colostral vol¬ 
ume In dairy cows, meaning that colostrum from high- 


yielding cows frequently has lower IgG concentration than 
coloslnim from lower yielding cows. 5,5:30 

Colostral IgG concentration is highest at the first milking 
after parturition and declines rapidly thereafter, which 
means that a delay in time to first mil Icing results In a pro¬ 
gressive reduction In IgG concent ration. 554 The decline In 
colostral IgG concentration Injiorses appears to be even 
more rapid than in cattle. 1,27 Intramammary Infection 
reduces colostral yield in dairy cows but not colostral IgG 
concentration.- 535 

Direct measurement of IgG concentration In colostrum 
Is time-consuming and costly, so IgG concentration is 
often estimated from the specific gravity of the colostrum. 
In cattle, specific gravity is positively correlated with colostral 
protein concentration and, loa lesser extent, lgG| concent ra¬ 
tion 520 - 532 -- 536 ; the relationship between specific gravity and 
lgG L may differ among breeds of cows. 532 In horses, there is 
also a positive correlation between colostra! specific gravity 
and IgG concentration. 52 ® Cattle producers frequently mea¬ 
sure colostral specific gravity on-farm, using a commercial 
colostrometer. Values marked on the colostrometer do not 
accurately reflect actual IgGi concentration, 556 but the 
colostrometer can be used as a tool to differentiate very' poor 
col ostium from excellent colostrum. Unfortunately', the 
appearance of bovine colostrum Is not indicative of its IgG 
concentration. 55 

Transfer of colostral Ig to the neonate is discussed In 
Section Ihree of this book. 
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Diseases of the Hematopoietic and 
Hemolymphatic Systems 
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DISEASES ASSOCIATED WITH 
BLOOD LOSS OR HEMOSTATIC 
DYSFUNCTION 


iXhOA MORRIS 

Blood loss may be acute or chronic, and the clinical and 
Laboratory manifestations differ widely because physiologic 
adaptation occurs In the chronic slated 

ACUTE BLOOD LOSS 

Common causes for acute blood loss Include trauma [e.g., 
severe lacerations), surgical procedures {e.g., dehorning, cas¬ 
tration), and erosion of the carotid artery by guttural pouch 
mycosis In horses. lixternal hemorrhage is Immediately obvi¬ 
ous, but hemorrhage into a ma|or body cavity may be occult 
(e.g., spontaneous rupture of middle uterine artery; splenic 
rupture resulting from trauma or erosion of ma|or vessel 
by abscess, aneurysm, or neoplasia), ilemoperltoneum may 
induce signs of colic, and hemothorax is generally attendee! 
by dyspnea. Acute massive blood loss Induces hypovolemic 
shock characterized by tachycardia, tachypnea, cold extremi¬ 
ties, pale mucous membranes, muscle weakness, and even¬ 
tual death resulting from cardiovascular collapse. 

Acute blood loss does not initially cause a change in the 
packed cell volume (PCV) or total plasma protein (TPP), 
although rapid mobilization of extracellular fluid to main¬ 
tain circulating blood volume causes the PCV and TPP to 
decline within 12 to 24 hours. The severity of blood loss 
may be partially masked by splenic contraction because 
shock causes activation of the sympathetic nervous system. 
Icterus is absent, and bone marrow erythrold hyperplasia 
is delayed by 3 to 4 days. Peripheral' signs of erythroid 
regeneration in horses are limited to mild an Isocytosis w r ltb 
a variable increase in mean corpuscular volume. Ruminants 
show erythrocyte polychromasia, basophilic stippling, 
Howell-Joily bodies, and occasionally, nucleated erythro- 
cytes within 4 days of the onset of hemorrhage. 

Diagnosis. Diagnosis of acute blood loss is based on 
clinical signs, evidence of recent hemorrhage, and anemia 
accompanied by hypoproteinemla. Hemoperiloneum and 
hemothorax may be suggested by ultrasound and by abdo- 
mlnocentesis and thoracocentesis, respectively. 

'imf[rr?frar. Treatment of acute blood loss should initially 
be aimed at stopping the hemorrhage. External hemorrhage 
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may be managed by pressure wraps or appropriately placed 
ligatures; however, It may be inadvisable to attempt to con¬ 
trol Internal hemorrhage'when the patient is a poor risk for 
general anesthesia and the source of hemorrhage may not 
Be found. [ lypovolemk shock should be treated by prompt 
intravenous (IV) administration of 40 to SOmL^kg body 
weight of sodium-containing crystalloid solutions. Studies 
indicate that a small volume of hypertonic saline (4 to 
6 mL/kg of 7.2% sodium chloride) may temporarily reverse 
the pathophysiologic sequelae of severe hemorrhagic 
shock. 1 - 3 The total volume of necessary crystalloid solution 
is usually much greater tha n the vo I u me of blood lost beca use 
crystalloid solutions distribute throughout the extracellular 
space. The clinical response to fluid administration should 
be evaluated In light of ongoing losses to determine the nec¬ 
essary replacement volume. 

If anemia becomes life threatening, whole-blood Lransfu- 
slon must be considered. A PCV less than 20% in an animal 
with acute blood loss suggests depletion of erythrocyte 
reserves, and persistent reduction of the PCV to 12% or less 
over 24 to 4S hours indicates the need for blood transfu¬ 
sion. A low but stable PCV [12% to 20%) does not necessi¬ 
tate transfusion because transfusion should be reserved for 
cases In which oxygen delivery to the tissues is Inadequate 
to support life. Blood transfusion can only be viewed as a 
temporary therapeutic procedure because even crossmalcb- 
compatlble, allogeneic erythrocytes are removed from the 
circulation by the mononuclear phagocyte system within 
2 to 4 days of transfusion.- 5 Horses and ca'tlle display a high 
degree of blood type polymorphism, and minor antigenic 
incompatibilities are only delineated by blood typing. 4 
Serum antibodies a&ainst nonhost erythrocyte antigens 
(eiytbrocyte alloantlbodles) probably mediate the snort 
lifespan of transfused erythrocytes. Compatibility testing is 
used to avert life-threatening' antigen-antibody reactions 
caused by major blood group mismatching. 

The routine cross match Involves Incubating washed ery¬ 
throcytes from donor (major) and recipient (minor) with 
serum from the other. Gross and microscopic examination 
for clumping demonstrates senim agglutinins In horses 
Sensitized cattle erythrocytes do not become clumped In 
saline soluLion but do lyse In the presence of rabbit com¬ 
plement, so only a hemolytic crossmatch can be performed 
in this species. Not all equine erythrocyte alloantibodies 
act as agglutinins, and hemolysins must be detected by add¬ 
ing complement to the reaction mixture. Tooled rabbiL 
serum must first be absorbed with equine erythrocytes, to 
remove naturally occurring antibodies. The need for special 
handling and storage of rabbit serum makes hemolytic 
crossmalch procedures impractical for most veterinarians. 
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These tests are best performed by veterinary hematology 
laboratories (e.g., Veterinary Genetics Laboratory, School 
of Veterinary Medicine, University of California, Davis), 
which usually require serum and whoie blood In sodium 
citrate or acid-d£ rate-dextrose [ACD) to crossmalch. 

Itie first transfusion of whole blood to a horse or ruminant 
that has not been previously transfused or sensitized by immu¬ 
nization or pregnancy is usually well tolerated because natural 
alloanllbodles are of low concentration and weak activity. 
After incompatible transfusions, alloantlbodies develop rap¬ 
idly, making subsequent transfusions more hazardous. 

Blood for transfusion should be collected asepllcally Into 
sterile containers containing sodium citrate (2.5% to 4%) 
or ACD solution and used immediately. I’he necessary dos¬ 
age can only be estimated, but in most cases, replacing 
20% to 40% of the calculated blood loss is sufficient to 
maintain life until the bone marrow can respond. A drop 
in PCV from 36% to 12% in a 500-kg animal [8% body 
weight blood) represents a loss of 27 L of blood. In this case, 
6 to S L of whole blood would be therapeutic and easily 
donated by another 500-kg individual. Blood warmed to 
37° C [90.6° F) should be administered through an In-line 
filter to remove clots. After pretransfusion vital parameters 
have been recorded, 0.1 mL blood/kg body weight is given 
over 5 to 10 minutes and the evaluation repeated. If para¬ 
meters and attitude are unchanged, the transfusion can be 
continued at a rate not to exceed 20 mL/kg.'br. The recipient 
should be continuously monitored so that the transfusion 
can be stopped If adverse reactions occur, such as tachypnea, 
dyspnea, restlessness, defecation, tachycardia, plloerection, 
muscle fasclculations, or sudden collapse. Although these 
signs may not Indicate anaphylaxis, severe reactions should 
be treated with epinephrine (0.01 to 0.02 mL/kg, 1:1000). 
Mild signs may respond to a slowed transfusion rate or admin¬ 
istration of corticosteroids or flunixln meglumine. Because 
it is often not possible to delineate the cause of transfusion 
reactions, the safest approach Is to discontinue the blood 
and administer Isotonic crystalloid solutions. 

'I’he prognosis Is good for most cases of acute blood loss 
if hypovolemic shock is quickly treated and the bleeding 
stops, ’fhe normal bone marrow begins to replace lost cells 
within 5 days. Sequential analysis ot the PCV will be neces¬ 
sary to determine whether blood loss Is controlled. Exam¬ 
ples of specific disorders follow. 

Guttural Pouch Mycosis 

See Chapter 31. 

Hemoperitoneum in Horses 

jWUiVJCA ALLMjUY 

1 lemoperitoneum Is the accumulation of blood in the 
abdominal cavity, w r blch can be a life-threatening problem. 
Causes associated with hemoperitoneum in the horse 
include trauma, postoperative abdominal hemorrhage, 
neoplasia, complications from pregnancy and foaling 
(uteroovarian, middle uterine, and external lilac artery rup¬ 
ture), organ rupture, mesenteric Injury, coagulopathies, 
ovarian hematoma, systemic amyloidosis, and idiopathic 
causes. 5 - 11 The underlying cause of bemoperlloneum may 
be identified in the majority of the cases (78%). 11 Trauma 
(mainly of spleen, as well as reproductive tract w r llh asso¬ 
ciated vessels in mares) and neoplasia are the most com¬ 
mon causes of hemoperitoneum. ■ * 1 

A recent retrospective study of 67 horses with hemoperi- 
toneum revealed that thoroughbreds and Arabians were 
overrepresented breeds. 11 hi addition, middle-aged and 
older horses (>13 years old) were also overrepresented. 


Females may be overrepresented. lo11 r fhe most clinical 
signs Include abdominal discomfort, letbaigv, hypovolemic 
shock, pale mucous membranes, prolonged capillary refill 
time, tachycardia, and tachypnea. 10 - 11 Other clinical signs 
are anorexia, reluctance to move, weakness, trembling, cool 
extremities, and abdominal distention. LD 

Clinicopathologic abnormalities Include anemia, neutro- 
hilia, lymphopenia, thrombocytopenia, hypoproteinemia, 
ypocalcemla, and azotemia. 10 Abnormal [lies in clotting 
parameters may be observed, depending on the cause. Hem¬ 
orrhagic abdominal effusion Is characterized by high red 
blood cell (RBC) count (>2.4 million RECs/pL), PCV 
> 13%), and total protein (>3.2 g/dL), with a normal to high 
eukocyte count. 10 Central venous pressure and blood lactate 
concentration appear to be early indicators of hvpovolemia 
caused by acute blood loss. u Swirling fluid anJ the site of 
hemorrhage may be evident on abdominal ultrasound. 

Primary goals of therapy consist of treating hypovolemic 
shock, restoring perfusion and oxygen delivery to tissues, 
correcting fluid deficits, stopping further blood loss, and 
preventing complications. Blood transfusion should be con¬ 
sidered if anemia becomes life threatening. r rhe use of anll- 
fibrinolytlc and procoagulant agents have been reported In 
the literature, but controlled studies on Its efficacy and 
safely in the horse with acute blood loss are lacking. Physi¬ 
cal activity must be restricted In affected patients. 

The short-term outcome Is strongly associated with the 
underlying cause. 11 Elorses with neoplasia, uterine artery 
rupture, mesenteric injury, or disseminated intravascular 
coagulation (D1C) are a greater risk of death, llie survival 
rate has been reported to range from 51% to 74%. L-D - 11 
Poor short-term outcome w r as significantly associated with 
high respiratory rate in one study. 11 Prepartum hemor¬ 
rhage appears to be associated with a poorer prognosis 
than postpartum hemorrhage (100% vs. 20% mortality, 
respectively). 3 i 

Hemothorax 

Hemothorax may occur secondary to trauma [including 
Lung biopsy), neoplasia, and strenuous exercise 3 -^ (see 
Chapter 31). Hemothorax in neonatal foals may be the 
result of lacerated lung£ and vessels from fractured ribs 3J 
(see Chapter 19). 

Exercise-Induced Pulmonary Hemorrhage 

Exercise-induced pulmonary hemorrhage {EIPEI) has not 
been associated as a major cause of blood Loss. HIPl! Is asso¬ 
ciated with high intensity exercise in horses. An estimated 
14% to 75% of racehorses examined by endoscopy have 
F1PH. 36 Based on broncho alveolar lavage analysis, a study 
suggested that 100% of horses performing strenuous exer¬ 
cise have EIPEI. 16 EIPEI has been reported In various breeds. 
A recent study reported that the frequency of EE PH Is asso¬ 
ciated with race type, distance, gender, and age. In one 
study, eplstaxls was more common In females, In older 
horses than in horses less than 2 years old, after steeple¬ 
chase races than flat races, and w r Lth shorter distances 
(< 1600 m |1 mlle| long). 37 Recurrence rate In lhat study 
was reported to be 4.64%. The pathophysiology’ of El PH is 
not completely knowrn. For a complete description of this 
disorder, see Chapter 31. 

CHRONIC BLOOD LOSS 

DEHKA Dtt-M MOHHIS 

A number of diseases can result in chronic loss of blood that 
is insidious until clinical signs of anemia develop. Physio¬ 
logic adaptation to gradually developing tissue hypoxia 
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generally masks sigjii of anemia unlll ihe PCV is less 
than 15%. Causes for chronic blood Loss include bleed¬ 
ing gastrointestinal (Gl) Lesions, certain renal diseases* 
hemostatic dysfunction, bloodsucking external parasites* 
and haemoncnosls (especially in goats and sheep). 

Gastrointestinal hemorrhage is usually caused by neopla¬ 
sia (especially gastric squamous cell carcinoma In horses 
and abomasa] lymphoma In cattle), parasitism, or mucosal 
ulceration (e.g., abomasal ulcere in cattle, nonsteroidal anti¬ 
inflammatory drug [NSAID| toxicity In horses). Significant 
hemorrhage may occur In ruminants heavily infested with 
HoemtnrcAuj anitoftus shortly after they are treated with an 
anthelmintic. Generally, Gl hemorrhage Is best detected by 
chemical determination of fecal occult blood because melena 
rarely occurs In horses, and bleeding abomasal ulcers cannot 
be excluded In cattle when melena Is absent. Because of the 
low specificity of tests for fecal occult blood, the diagnosis 
of chronic Gfblood loss is usually supported by strong clini¬ 
cal suspicion and ruling out other sources of hemorrhage. 

Although renal papillary necrosis (caused by NSAID ther¬ 
apy) and urinary calculi cause hematuria, anemia rarely 
results. Renal neoplasia or congenital renal vascular anoma¬ 
lies rarely may be associated tvith chronic blood loss anemia. 
Other causes of blood loss Include idiopathic hematuria and 
idiopathic recurrent hematuria of Arabian horses. 

Disorders of hemostasis may cause internal or external hem¬ 
orrhage that leads to anemia if enough blood Is Lost. Qualitative 
or quantitative abnormalities of blood vessels, platelets, or 
coagulation factors result In hemostatic dysfunclLon (see next 
section). Loss of erythrocyte iron secondary to chronic severe 
blood loss may result In Iron deficiency anemia. 1 LypoferremLa 
or reduced serum ferritin develops with Increased total Iron- 
binding capacity and reduction in marrow iron. 

The aim In management of chronic blood loss is to deter¬ 
mine the primary cause. Treatment of the anemia Itself Is 
rarely Indicated. Iron deficiency may be alleviated by oral sup¬ 
plementation with fenous sulfate, although good-quality 
forages contain more than adequate amounts onion. Taren- 
teral iron supplementation as iron dextran should be avoided 
because It has been associated with anaphylactoid reactions in 
large animals. Examples of specific disorders follow. 

Gastric Ulceration 

MOHH 01 ALUUAN 

Gastric ulceration in horses is also known as erfuinc gastric 
ufeeratj'tfn syndrome (EGUS). Although EGUS Is not an impor- 
la n t cause of blood loss, it h as a high p reva I ence among ad u 11 
horses. Thoroughbred racehorses have the greatest preva¬ 
lence (£2% to 93%J, fo I Lowed by endurance norses (67%), 
show horses (53%), hospitalized horses (49%), and geriatric 
patients with abdominal pain (lfl%). ia - : “ Gastric ulcers w r ere 
found in 66.6% of pregnant and 75.9% of nonpregnanl 
mares In a thoroughbred breeding farm. 21 Clinical signs 
may include poor hair coat, decreased appetite, poor perfor¬ 
mance, nervous disposition, abdominal pain, teeth grinding, 
and salivation. Proposed causes of gastric ulceration Include 
exercise, transportation, grazing deprivation, alternating per¬ 
iods of feeding and fasting diets with high concentrate con¬ 
tent, and confinement. For a complete description of gastric 
ulceration, see Chapter 32. 

Right Dorsal Colitis 

Right dorsal colitis (RDC) Is an enteropathy associated with 
administration of WSAIDs* most often phenylbutazone. 34 - 35 
Other proposed factors that predispose to RDC Include 
infection, immune-mediated response, genetics, and stress. 
The pathogenesis of RDC Is unknown. NSAIDs ad by 


inhibiting cyclooxygenase (more Inhibition of constitullvely 
expressed COX-1 than inducible expressed COX-2 during 
stales of inflammation), which will cause Inhibition of the 
production of prostaglandin E resulting In hypoxic or ische¬ 
mic Gl mucosal damage and may delay mucosal healing. 25 

Ponies and young performance horses appear to be pre¬ 
disposed to RDC. The clinical signs include Inappetence, 
lethargy, intermittent or episodic colic, diarrhea, and weight 
loss. 

Cllnicopathologic abnormalities may include mild ane¬ 
mia, moderate to severe hypoproteinemLa with bypoalbu- 
mlnemla, hypocalcemia, and in some cases azotemia. 
Although mild anemia may be seen in most cases, horses 
occasionally present with severe anemia and hematochezia. 
RDC often develops over days or weeks. (See Chapter 32.) 

HEMOSTATIC DYSFUNCTION 

UtflUA LlitM Arc WJiJS 

Basic Physiology of Normal Hemostasis 

Understanding the pathogenesis and manifestations of 
hemostatic disorders Is based on knowledge of the normal 
physiologic mechanism of hemostasis. Hemostasis can be 
viewed as two Interrelated components, coagulation and 
fibrinolysis (both with their respective inhibitors), which 
function to slop bleeding from a damaged blood vessel 
and maintain nutrient blood flow. 

Coagulation is mediated by blood vessels, platelets, and 
blood procoagulant proteins. When a blood vessel Is dam¬ 
aged, vasoconstriction occurs* followed by rapid adherence 
of platelets Co subendotbelial collagen. Platelet adhesion 
causes membrane conformational changes that trigger 
aggregation, contraction, and granule secretion (the basic 
platelet reaction). Platelet phospholipoprotein (platelet fac¬ 
tor 3) provides the necessary surface to catalyze Interactions 
among the activated coagulation proteins that result in 
thrombin formation. Coagulant proteins are localized to 
(bis hemostatic plug because the platelet surface protects 
them from plasma anticoagulants. Through an incom¬ 
pletely understood mechanism, platelets also prevent spon¬ 
taneous hemorrhage into the skin and mucous membranes 
by maintaining 'Vascular integrity/ 1 

Procoagulant proteins circulate in the blood as precur- 
slve forms (zymogens) that must be altered during coagula¬ 
tion to become active. Numerous communications exist 
between the traditional extrinsic and intrinsic pathways, 
although initiating mechanisms remain distinct. 30 The 
extrinsic system is initialed when lipoprotein tissue factor 
(IT) gains access to the bloodstream. '\T is widely distributed 
in most tissues, including endothelial cells and monocytes, 
and may be Increased or secreted In response to numerous 
pathologic stimuli, such as bacterial endotoxin. Intrinsic 
coagulation is Initiated when blood is exposed to a nega¬ 
tively charged surface such as activated platelets. Because of 
reciprocal activation between factor XIl and prekalllkreln, 
the intrinsic coagulation pathway stimulates formation of 
numerous inflammatory mediators (e.g., klnins, comple¬ 
ment). Both coagulation pathways culminate In the forma¬ 
tion of activated factor X (Xa), by which thrombin is 
generated. In addition to catalyzing the conversion of fibrin¬ 
ogen to fibrin, thrombin promotes platelet aggregation, 
enhances cofactor activities of factors V and VIII, and acti¬ 
vates factor X] 11 and protein C. 27 Mechanisms to Localize 
coagulation to the site of vascular injury are critical to pro¬ 
tect against generalized thrombosis. 2 * Plasma anticoagulant 
proteins Include the serpins, which inhibit activated coagu¬ 
lation factors, and the protein C system, which is directed 
against cofactors V and VIII. 35 Antilhwmbin fJJ (AT III), the 
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main physio logic Inhibitor of thrombin and Xa, normally 
provides 70% of the anticoagulant activity of plasma. 
Although not absolutely needed, heparin accelerates AT lii 
action by 2000-fold. 30 Activated protein C destroys factors 
V and Vlllr ultimately limiting its own activation, which 
depends on thrombin and endothelial cofactor, thrombo¬ 
modulin. Protein S enhances the anticoagulant ability of 
protein C. 

The fibritwlyfik system Is activated simultaneously with 
coagulation and functions to prevent tissue Ischemia by 
limiting ibe extent of fibrin clot formation. Plasmin, pri¬ 
marily responsible for degradation of fibrin, exists in the 
lasma as the zymogen jMismrnqgeji. Plasminogen has a 
igh affinity for fibrin, as does tijjiie ptojtjifnogerc activator 
(tPA); therefore, clots contain the necessary components 
to allow Lysis from within, and systemic plasmin formation 
is avoided. (c^-AP), the main physio¬ 

logic Inhibitor of plasmin, competes with the binding of 
plasminogen to fibrin, and the clot contains equal amounts 
of both glycoproteins. Because of this molar balance 
between 12 -AP and plasminogen, a normal blood clot does 
not lyse spontaneously, despite fixation of tPA. Physiologic 
inhibitors of tPA (PAis) are found in plasma, platelets, and 
endothelial cells, and platelet-derived PAI also protects a 
blood clot against premature lysis. Clot Lysis is Initiated if 
additional tPA Is taken up from the surrounding tissues; sta¬ 
sis upstream from the occluded vessel Is a potent stimulus 
for release of endothelial tPA Conversion of plasminogen 
to plasmin allows partial digestion of fibrin and exposure 
of additional plasminogen-binding sites. When this addi¬ 
tional plasminogen Is converted to plasmin, the Inhibitory 
effect of L& overcome, and dot lysis Is accelerated. 

Plasmin hydrolyzes fibrinogen and fibrin with equal affin¬ 
ity, as well as numerous other procoagulants, and Li can 
activate complement and kinLnogen. The physiologic 
actions of plasmin are limited to the fibrin clot by the affin¬ 
ity between the latter and plasminogen and the presence of 
ao-AP In blood. Because of multiple Interactions between 
the coagulation and fibrinolytic systems, the most Impor¬ 
tant factor that determines the rale of fibrinolysis is the rale 
of fibrin formation. 33 

Inherited Coagulation Disorders 

inherited deficiencies of factors VIII, 11 IX, XI, 13 and prekallik- 
reln :iJ have been described in horses. Elolsteln cattle may 
have inherent factor XI deficiency. 15 Congenital factor Viii 
deficiency (hemophilia A) Is sex linked and recessive, occur- 
ringonly In males. FactorXI deficiency In cattle is transmitted 
as an autosomal recessive trait. 13 The Inheritance pattern of 
the other deficiencies has not been proved. 

Clinical signs of clotting factor deficiency reflect the 
tendency for abnormal hemorrhage from Larger vessels 
(e.e., subcutaneous hematomas; hemarth roses; eplstaxls; 
melena; hematuria; prolonged bleeding after trauma, diag¬ 
nostic procedures, or surgery). Pelecbiae are a feature of 
vascular or platelet disorders and are not caused by clot¬ 
ting factor deficiency. Clinical signs do not always result 
from Inherited clotting factor deficiencies. Cattle deficient 
for factor XI and horses with prekaLHkreln deficiency have 
complete In vivo coagulation competency. Prekallikreln 
appears to perform an accelerating rather than required 
role in activation of factor XII . 16 Activated factor XII acti¬ 
vates factor XI, which then catalyzes the remainder of the 
clotting sequence. Factor XII is also capable of activating 
factor VII In the extrinsic pathway , 26 which may explain 
why factor XI deficiency does not cause a hemorrhagic 
diathesis. Values for the coagulant part of factor VI31 
(VIII:C) or factor IX must be reduced to Less than 5% of 



normal before spontaneous hemorrhage occurs. Less 
severe deficiencies may result In excessive hemorrhage 
only after trauma. 

The major differential diagnoses for heritable factor 
deficiencies Include the acquired coagulation factor-defi¬ 
cient states, DIC, tvarfarin toxicosis (horses), moldy sweet 
clover toxicosis, and acute hepatic disease. The heritable 
clotting factor deficiencies involve proteins In the intrinsic 
pathway; thus a prolonged activated partial thromboplas¬ 
tin time (aPIT) is the only hemostatic abnormality. 
Acquired coagulation factor deficiencies Involve proteins 
In the extrinsic or common pathways as w r ell, causing a 
trend toward prolongation of both the prothrombin time 
(PT) and a PIT. The definitive diagnosis of heritable 
clotting factor deficiency must be based on specific quan¬ 
titative assays of Intrinsic clotting factors. The only possi¬ 
ble treatment for heritable clotting factor deficiency 
Is replacement of clotting factors through the administra¬ 
tion of fresh plasma. Specific clotting factor concentrates 
are not commercially available for large animals, and the 
rarity of specific factor-deficiency stales that produce clini¬ 
cal signs makes (he development of these products 
unlikely. Because of the expense of therapy and (he poten¬ 
tial for complications, the long-term prognosis for horses 
with hemophilia A or multiple congenita [coagulation fac¬ 
tor defects Is poor. Cattle with factor XI deficiency appar¬ 
ently live a normal life but may be more susceptible to 
second a ry diseases. 33 

Thrombasthenia in Horses 

MONICA ALLMAN 

GLANZMANN*s THROMBASTHENIA. Glanzmann'sthrom¬ 
basthenia (GT) is a rare inherited platelet defect caused 
by quantitative or qualllative change In the platelet glycoprotein 
complex Ilb-EIla (Integrln tiDbpj}- Ibese subunLls are encoded 
bv separate genes, and In order to form a stable functional com¬ 
plex on the platelet surface, both subunits must be expressed. 
Ibis complex was recognized as the receptor that mediated 
platelet aggregation and was termed the fibrinogen realtor. 
Cl’ has been documented In humans and dogs." 1,7 Clinical 
signs in these species Include purpura, eplstaxls, and gingival 
bleeding. Itiere have been four reports of thrombasthenia In 
the horse, two of which (4-yea r-old quarter horse, 7-year-old 
cross-thoroughbred gelding) were conflmned with various 
tests. Including genetic analysis. 38 J 3 The prominent clinical sign 
is chronic, intermittent epistaxis unrelated to exercise. Other 
signs include petechial and ecchymotic hemorrhages in the 
nasopharynx. 

Wild anemia may be observed. Platelet count, activated 
coagulation time, PTT, PI’, thrombin time (IT), fibrin deg¬ 
radation products (KDPs), and plasma concentrations of 
von WiIlebrand [v\V) factor antigen are normal. However, 
inglval bleeding time Is prolonged (>S0 minutes, control 
orses <2 minutes), clot retraction lest is greatly reduced, 
and platelet aggregation in response to various agonists (as 
measured by aggregometiy) is greatly impaired. Platelet 
morphology Is normal on electron microscopy. Flow cyto¬ 
metric studies using CD4L/CD61 monoclonal antibodies 
have revealed a reduction In the GC|| h Pj integrln on platelet 
surfaces.- 30 These findings are the basis for the diagnosis 
of GT. 

Christopherson et al. 4i found a single nucleotide change 
In codon 41 in exon 2 of the gene encoding Lnlegrin a Ub In 
two affected horses, Itiis mutation would encode a pro Line 
Instead of an arginine, which would result In an aberrant 
conformation that would prevent association of an b with 
lnlegrin Pj with ultimate lack of expression of the complex 
on platelet surface. Currently, treatment Is not available. 



I 148 



RAR.T FIVE DISORDERS OF THE ORGAN SYSTEMS 


HERITABLE BLEEDING DIATHESIS (OTHER THAN 
<jLANZMANN<s THROMBASTHENIA). Severe bleeding 
diathesis w r as reported In a 2-year-old thoroughbred filly 
presented for prolonged bleeding time after minor insults.- 32 
The filly's template bkeding time was longer than 120 min¬ 
utes, versus 5.5 minutes in eontro] horses/ 2 Platelet concen¬ 
tration, FT, FIT, antithrombin III, and coagulation factors 
(vW, VI El, IX, XI, Xll) were unremarkable. Platelet-rich 
plasma (PRP) aggregated normally In response to a range 
of agonists (adenosine diphosphate, thromboxane A 2 ) but 
was slightly prolonged in response to thrombin and colla¬ 
gen. 413 Several Integral platelet membrane glycoproteins 
involved In aggregation and clotting (e.g., CPIb, CFVI, 
an b p 3 ) were present in this filly. However, this filly had a 
reduced prothrombinase activity, production of thrombin, 
and binding of fibrinogen. 43 The mare's disorder results in 
decreased platelet aggregation and ineffective clotting. Off¬ 
spring of the affected mare tv ere also affected. 

Acquired Hemostatic Disorders* 

MONICA ALt-MAN (MA) 

ULiiJM ULLM MOUR-TS (INM) 

iOHN i-:. MAUIGAN ftKMf 

Acquired defects of hemostasis may be divided Into those 
involving blood vessels, platelets, and coagulation factors, 
although some diseases affect more than one component. 

vasculitis. Vasculitis is a elinlcopaihologlc process that 
involves inflammation and necrosis of blood vessel walls, 
regardless of size, location, or cause. 4 4 Vasculitis in large ani¬ 
mals is generally a second a ry manifestation of a primary 
infectious, toxic, or neoplastic disorder and has characteris¬ 
tics of hypersensitivity vasculitis In humans. 'Itie predomi¬ 
nant involvement of small vessels In the skin [e.g., venules, 
arterioles) is the hallmark of hypersensitivity vasculitis. 

The clinical manifestations'of vasculitis'Include demar¬ 
cated areas of dermal or subcutaneous edema, which may 
progress to skin infarction, necrosis, and exudation. 4r> E lyper- 
emia, petechial and ecchymotic hemorrhages, and ulceration 
of mucous membranes are common. Although the skin and 
mucous membranes are predominantly Involved, hemor¬ 
rhage and necrosis may occur in any organ system, resulting 
in conditions such as lameness, colic, dyspnea, and ataxia. 
Subclinlcal renal disease may also occur. Vasculitis Is often 
accompanied by adverse sequelae such as cellulitis, throm¬ 
bophlebitis, lamlnitis, and pneumonia. Characterized vascu¬ 
litis syndromes with predominant cutaneous Involvement in 
horses include equine purpura hemorrhagica (EFH), equine 
viral arteritis (EVA), equine infectious anemia (El A), and 
equine granulocvtlc ehrlichiosis (ECE). In addition, for a 
number of vasculitis syndromes In horses, the cause, patho¬ 
genesis, and clinical course are poorly defined 46 - 4? " 

Vasculitis Is apparently uncommon in ruminants but may 
accompany certain septicemic diseases, such as malignant 
catarrhal fever of cattle and bluelongueof sheep. 

Hematologic and seium biochemical findings in vas¬ 
culitis are determined by the underlying disease, length of 
illness, organ Involvement, and secondary complications. 
Chronic Inflammation may involve neutrophilia, mild ane¬ 
mia, hyperglobulinemia, and hyperflhrinogenemla. Some 
horses with EPH develop a moderate anemia [PCV, 20% to 
25%) thought to be caused by Increased erythrocyte destruc¬ 
tion. 4 ^ llie platelet count Ls generally normal. Muscle dam¬ 
age may be reflected by Increased serum concentrations of 
creatine phosp ho kinase (CPK) and aspartate aminotransfer¬ 
ase (AST). The creatinine may be elevated, and urinalysis 
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may rarely show trace hematuria or proteinuria if there is 
glomerulonephritis. 

Ihe definitive diagnosis of vasculitis is made by demon¬ 
stration of the characteristic hlstopathology of involved 
vessels. Full-thickness punch biopsies (at least 6 mm in 
diameter) of skin In an affected area should be obtained 
and preserved In 10% formalin and Michel's transport 
medium. Multiple biopsies from different sites may 1 be neces- 
saiy to reach the diagnosis, ltie most common inflammatory 
pattern Is neutrophilic infiltration of venules In the dermis 
and subcutaneous tissue, with nuclear debris In and around 
involved vessels (leukocyloclasls) and fibrinoid necrosis. 
Immunofluorescence on biopsies preserved In Michel's 
medium may reveal Immune complexes. Considerable evi¬ 
dence suggests that most vasculitis syndromes are mediated 
by Immunologic mechanisms, that Is, an allergic reaction to 
a microbe, drug, toxin, or protein. 44 In some cases an exoge¬ 
nous stimulus cannot be Identified, and an autoimmune 
pathogenesis Is suspected. Immune complex deposition in 
vessel w r alls, with subsequent complement activation and 
chemoattractant production, seems to be the major patho¬ 
genic mechanism. Infiltrating neutrophils and macrophages 
release proteolytic enzymes that cause vessel wall necrosis, 
with subsequent edema, hemorrhage, and Infarction of sup¬ 
plied tissues. Size and physlochemical properties of Immune 
complexes, blood flow turbulence In sites of vessel bifurca¬ 
tion, and hydrostatic forces In dependent areas account for 
preferential formation of lesions in certain disease states 
and anatomic Locations. Horses and cattle with idiopathic 
vasculitis may have incomplete response to therapy with an 
unpredictable, poor prognosis. 4 k 4 * 

Effuj'rte Pjtrpjjru Hemorrkagiai (MA t DDM). EPEE is a 
noncontaglous disease of horses characterized bv vasculitis 
leading to extensive edema and hemorrhage of the mucosa 
and subcutaneous tissue. The disease has been recognized 
as a sequela to infection or exposure to Streptococcus erfut 
5. Rhodococaa etfuij C&jytiefcticleriuwi psewfofjj- 

iMreukraj'i, and other species and to vaccination against 
3. etfui. 45 - 50 

Young to middle-aged horses are usually affected (mean, 
8.4 years; range, 6 months to 19 years). 5S The clinical signs 
usually develop acutely within 2 to 4 weeks of a respiratory 
infection. 51 The predominant signs are well demarcated 
subcutaneous edema of all four limbs, Lethargy r , anorexia, 
hemorrhages on mucous membranes, fever, and tachycar¬ 
dia. Other signs include tachypnea, reluctance to move, exu¬ 
dation from the skin, colic, and eplstaxls. 

I’he predominant laboratory abnormalities include ane¬ 
mia, neutrophilia, hypeiproteinemla, byperflbrinogenemia, 
hyperglobulinemia, and elevated muscle enzymes. I’hrom- 
bocylopenia is rarely detected In horses with EPH. 

Skin biopsy shows evidence of acute leukocvtoclastlc or 
nonleukocytoclaslic vasculitis with necrosis ofbfood vessels. 
Ilie lesions consist of marked dermal and subcutaneous hem¬ 
orrhage, protein-rich edema, and multifocal areas of dermal 
infarction. Small arteries and capillaries are swollen and Infil¬ 
trated by degenerate or nondegenerale neutrophils. Elyallne 
thrombi may be observed. 30 Immune complexes primarily 
composed of IgM or IgA, and streptococcal M protein may 
be present In capillaries and small blood vessels of horses 
with EPEI, Leading to type EEE hypersensitivity reaction. 32 
Deposition of complement In immune complexes in vessel 
walls may result in cell death. Extensive hemorrhages in the 
dermis, subcutis, skeletal muscles, lungs, kidneys, spleen, 
intestinal walls, and blood vessels have been observed on 
postmortem examination. 

Horses w r lth infarclive EPH can present with colic, Lame¬ 
ness, muscle swelling and stiffness. 1 ' 1 Extensive GI Infarction 
results in severe colic signs. I’he significant findings In these 
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horses include leukocytodastlc vasculitis and necrosis of var¬ 
ious tissues, neutrophilia with a Left shift, hypoalbumLnemia, 
and high serum creatine kinase. 33 

lYeatment is initiated to address the primary cause if 
identified, reduce the Immune and Inflammatory response, 
and provide antimicrobial therapy in cases of active infec¬ 
tion, or to prevent Infection If indicated, provide supportive 
care, and prevent complications. Horses with known strep¬ 
tococcal infection should receive penicillin (22,000 IU/tg 
of procaine penicillin G intramuscularly [IM] twice dally, 
or potassium penicillin G Intravenously [IV | every 6 hours) 
for at least 2 weeks. I lydrotherapy, limb bandages, and light 
exercise (hand vralk) have been helpful In reducing limb 
edema. Fluids administered through nasogastric lube or IV 
mav be necessary for animals shat become severely lethargic 
and fail to drink or those that develop dysphagia from 
laryngeal edema. Stridor and dyspnea may indicate the need 
for tracheostomy. Prolonged treatment with corticosteroids 
(2 to 4 weeks) has resulted in favorable outcome and low 
relapse rate. However, some horses may require more than 
4 w r eeks. Depending on severity of clinical signs, proposed 
dosage is 0.04 to 0.2 mg/kg of desamethasone (IV, IM, or 
orally [PO]} once (morning) or twice daily, or 0.5 to 
L.0 mg/kg of prednisolone PO once (morning) or twice 
daily, with a gradual reduction of the dosage. 50 Use of anti¬ 
microbials has been suggested throughout corticosteroid 
therapy to reduce the prevalence of secondary sepsis. J5 

The outcome will depend on early detection, early 
aggressive treatment, and extent of organ involvement. Skin 
sloughing. I am Ini t Is, cellulitis, pneumonia, and diarrhea 
may be seen and may significantly prolong convalescence. 
Although the prognosis has been thought to be fair with 
early aggressive therapy and supportive care, a recent retro¬ 
spective study of 53 horses with EPH reported a mortality 
rate of 7.5%. 5S 

E^jfirre IhvrJ Arteritis (MA), EVA Is an Infectious disease 
characterized by panvasculllls, edema, hemorrhage, and 
abortion in pregnant mares. EVA Is caused by an enveloped, 
spherical, positive-stranded RNA virus with a diameter of 50 
to 70 nm. Equine arteritis virus (EAV) Is a non-arthropod- 
borne virus classified as a member of the new order Nidovir- 
ales within the family Arterlvirldae. 54 EAV was first Isolated 
from fetal lung collected during an epizootic of abortion In 
Bucyrus, Ohio. 33 Clinical signs may be absent or may 
develop I to 10 days after Infection and include pyrexia, leth¬ 
argy, anorexia, limb edema, stiffness, rhinorrhea, epiphora, 
conjunctivitis, rhinitis, and abortion. Edema of several 
regions maybe observed, including periorbital, supraorbital, 
ventral abdomen, mammary gland, scrotum, and Limbs. 36 
Other signs Include urticarial rash, abortion, respiratory 
signs, ataxia, mucosal eruptions, submaxi llaiy lymph ade¬ 
nopathy, and Lntermandibular and shoulder edema. EAV 
can present as epidemic abortion, with occasional fatalities 
in foals and adults. In natural exposure, abortion rate varies 
from less than 10% to more than <50% and can occur from 
3 to 10 months of gestation. 37 Infected mares do not become 
EAV carriers or chronic sbeddeis and do not appear to have 
fertility problems. 

Laboratory abnormalities are variable and not diagnostic 
for EVA. Experimentally infected mature horses had a con¬ 
sistent leukopenia from neutropenia and lymphopenia. 33 
.After infection, EAV can be localized in macrophages and 
lymph nodes within 24 and 4fl hours, respectively. Various 
tissues are affected, but blood vessels are the principal target 
of EAV. Within vessels, EAV localizes In endothelium, 
medial myocytes, and pericytes. The virus causes vasculitis 
with fibrinoid necrosis of tunica media, abundant vascu¬ 
lar and perivascular lymphocytic and lesser granulocytic 
infiltration with karyorrhexls,' Loss of endothelium, and 



formation of large, flbrinocellular, stratified thrombi. 56 
Body cavity effusion may be seen. 

The virus Is mainly transmitted through aerosols from 
respiratory, urinary, or aborted secretions of acutely Infected 
animals. The other route of transmission is through semen 
from shedding stallion. Itie vims remains viable In fresh, 
chilled, and frozen semen. 57 Horizontal transmission by 
tom lies Is possible. 3 * Natural EAV exposure results in long¬ 
term Immunity to disease. Mares and geldings eliminate 
virus within <50 days, but 30% to 60% of acutely Infected 
stallions will become persistently Infected, temporarily or 
permanently shedding virus in the semen. 56 Ilte vims is 
maintained in the accessory organs of the male reproductive 
tract (ampullae, vasa deferentla). 57 An outbreak of EVA 
occurred in the quarter horse population in 2006. 6Ll 

A fourfold or more increase In serum neutralizing anti¬ 
bodies between acute and convalescent samples (3 weeks 
apart) Is required for diagnosis. Stallions with positive liters 
of 1:4 should be tested for persistent Infection by virus Iso¬ 
lation from sperm-rich ejaculate. 37 Viral Isolation can be 
attempted from fetal and placental tissues. Semen can be 
tested for viral shedding by culture. Isolation, or polymerase 
chain reaction (PGR). Identification of carrier stallions is 
crucial In preventing dissemination of EAV. A modified live 
vaccine Is available/ Vaccination will result in the develop¬ 
ment of a senim titer that will be detected on EVA testing 
and cannot be distinguished from active Infection. Horses 
vaccinated for the first lime may temporarily shed the mod¬ 
ified virus. 

Equine Infectious Anemia. See section on hemolytic 
anemia. 

ANAPLASMA PHAGOCYTOPHILA INFECTION IN HORSES 

{MA h JEM* 

II Definition rind Eiktfogy. Equine granulocytic ehrlichio¬ 
sis (EGE) was first reported In the Late 1960s in the foothills 
of northern California. 61 Ilie disease Is caused by Anuplnsimf 
pluwocytLtphihi, formerly known as Eftr/rcftfd apjf but reclassi¬ 
fied In the AndpfLTirrrd genus based on genetic analysis. 61 
Recently, the agent of human granulocytic ehrlichiosis 
(HGE) — Ehrlichia phagpcyLophila—and E. equi have been 
grouped into a single species and named Anaphisma phagpcy- 
Cnp.fieta. 61 These organisms are Identical based on 16S rRNA 
gene sequences and have similar morphology, host cell tro- 
p Is in, and IndLreet fluorescent antibody (I FA) response. 63 
Furthermore, in|ecticn of Infected blood from patients with 
HGE Into horses causes EGE. 

The organism is found w r lthln vacuoles (1.5 to 5 pm 
In diameter] in the cytoplasm of Infected granulocytes, 
primarily neutrophils and eosinophils. These vacuoles, or 
Inclusion bodies, are pleomorphic and contain one or more 
coccLbacLill or large, granular aggregates called mondue. 
The organisms are visible under light microscopy as deep- 
blue to pale-blue gray with GLemsa or Wrlgbt-Lelshman 


Epidemiology. Since the disease was first reported In 
California, 6J cases have been diagnosed in Colorado, Con¬ 
necticut/' 5 Florida, Illinois, Minnesota, New r Jersey, New 
York, Oregon, Washington, Wisconsin, Canada/Brazil, 
northern Europe, and Israel. EquLne cases occur during Late 
fall, winter, and spring. There is no apparent gender or age 
predilection. However, EGE appears Co be less severe Ln 
younger horses. Persistent, chronic, or latent Infections and 
carrier status have not been demonstrated and are unlikely 
to occur because the presence of A. phagocylaphikt Ls limited 

•Arvac, Fori Dodge Animal I kalih, ELvcsiodk Division, Overland Park, 
ECan. 
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to she acute phase. Therefore, it Is also unlikely that infected 
horses could serve as reservoirs. The disease Is not contagious 
but could be readily transmitted through the administration 
of Infected blood, l^e vectors of granulocytic ehrlichiosis are 
J.raffj pad fiats In California, J.raiti JcupuJarji in die East and 
Midwest (U.5.), and Iraties rfrinus In Europe. 06 - 60 Potential 
or proposed reservoirs are white-footed mice, chipmunks,, 
white-tailed deer, dusky-Footed wood rats, corvids, lizards, 
and birds. 60 


II /Aithcgerpicsrs, Itie pathogenesis of EGE is unknown. Entry 
of the organism occurs after Inoculation from a biting tick ancl 
presumed spread by blood and lymphatics. The organism 
has cell troplsm toward neutrophils and eosinophils, where 
it replicates within vacuoles, forming characteristic morulae. 
Presumed cytolysis, induction of inflammation, and cell 
sequestration, consumption, or destruction result In the 
observed clinical signs and pancytopenia. 70 Cell-mediated 
and humoral-mediated Immune responses develop In affected 
animals. Antibody titers peak at 19 to 81 days after the onset 
of clinical signs, and immunity may persist for a long time 
{2 years]. 71 

IR Cfi'rarctff Signs. Signs include reluctance to move, fever 
ranging from 39.4° to 41.3° C {102.9° to 106.3° F), mild 
to moderate tachycardia {50 to 60 beats/min), lethargy, 
decreased appetite, limb edema, petechiallon, Icterus, weak¬ 
ness, ataxia, and recumbency (reported In one case). Sec¬ 
ondary trauma may result from falling In severely ataxic 
horses. Ihese clinical signs appear to be less profound in 
younger horses. r Hie presumptive incubation period after 
natural infection Is believed to be Less than 14 days. 'Ihe 
prepatent period after experimental exposure to infected 
licks or Inoculation with Infected blood Is & to 12 days 
and 3 to 10 days, respectively. The disease is self-limiting 
and non fata I provided no complications develop. However, 
affected horses may be predisposed to secondary bacterial, 
fungal, and viral infections. 63 Abortions and Laminltis have 
not been reported in affected horses. 

II C’JmfcaJ IVrthofogy. Laboratory alterations include ane¬ 
mia, leukopenia characterized by granulocytopenia and lym¬ 
phopenia, and thrombocytopenia. Morulae may be observed 
within the cytoplasm of neutrophils and eosinophils during 
the acute phase of the Infection. 

II Diagnosis. The definitive diagnosis Is based on the pres¬ 
ence of characteristic morulae (minimum of three) within 
the cytoplasm of neutrophils and eosinophils or positive 
PGR assay for A. In peripheral blood (huffy 

coat). 72 Morulae may he observed in less than 1% of cells 
in the Initial stages of the Infection, up to 20% to 50% of 
the cells few days later. A-fourfold or greater Increase in 
1EA titer of paired samples confirms recent exposure. 73 

II Pathologic findings. Petechiae and ecchymosis of sub¬ 
cutaneous tissues and edema of the ventral abdomen, 
limbs, and prepuce are characteristic In infected animals. 
Proliferative and necrotizing vasculitis, thromboses, 
and perivascular cuffing in subcutaneous tissue, fascia, 
kidneys, heart, brain, lungs, ovaries, and testes have been 
reported.* 1 - 70 

II 'IVrabrEfPit, Prugnusas, rand Prevention. The treatment of 
choice Is IV oxytetracycline, 7 mg/kg once daily for 5 lo 7 


days. Prompt response to treatment is seen w r Llhln the first 
24 hours. Supportive therapy may be necessary In some 
cases. The disease can be self-1 ImLlLng In 1 to 3 weeks if 
untreated. Ihe prognosis of the disease Is excellent provided 
secondary complications are prevented. At present, preven¬ 
tion is Limited to tick control. 

THROMBOCYTOPENIA (DDM). Th rom bocytopen La (plate¬ 
let count <100,000/tiL) can result from one or more of 
three basic mechanisms: (I) decreased or ineffective plate¬ 
let production, (2) abnormal sequestration (usually in 
spleen), or (3) shortened platelet survival (consumption 
or destruction]. Thrombocytopenia causes a hemorrhagic 
diathesis characterized by multiple sites of small-vessel 
bleeding. Petechial hemorrhages with or without ecchy- 
motic hemorrhages are generally found on the oral, nasal, 
or vaginal mucous membranes, as well as on the nlctitans 
and sclera. Epislaxls, melena, hyphema, or microscopic 
hematuria may occur, but spontaneous hemorrhage is 
unusual unless the platelet count is Less than 10,000/pL 
Prolonged bleeding from wounds, in lections, or surgical 
procedures and the propensity to form hematomas after 
minor trauma are common when the platelet count drops 
below 40,000/pL. The platelet count below which bleed¬ 
ing occurs varies among individuals and seems to be 
determined by concurrent diseases. 

The Interaction of blood platelets with a discontinuous 
vascular surface constitutes the basis for primarv hemosta¬ 
sis, In addition, platelets provide the pbospbolipoprotein 
surface necessary to catalyze interactions among the acti¬ 
vated coagulation proteins that culminate In fibrin forma¬ 
tion. The platelet surface also protects activated clotting 
factors from destruction by plasma anticoagulants, thereby 
localizing coagulation to the hemostatic plug. Finally, plate¬ 
lets maintain "Vascular Integrity' - ' through obscure mechan¬ 
isms and prevent spontaneous hemorrhage Into the skin 
and mucous membranes. Severe thrombocytopenia pro¬ 
duces prolonged bleeding time and abnormal clot retrac¬ 
tion without affecting dotting times or plasma fibrinogen. 

Persistent life-threatening hemorrhage caused by throm¬ 
bocytopenia may be treated with a transfusion of compati¬ 
ble fresh w r hole blood or, preferably, PRP, which may be 
produced by centrifugation Ehrombocyiopheresis 74 or by 
centrifugation of freshly collected blood, 3 to 5 minutes at 
250£. 7n Blood or plasma must be used Immediately and 
contact with glass prevented to avoid platelet adhesion 
and activation. Platelet transfusion Isa veiy transient lifesav¬ 
ing measure, and the ultimate prognosis for thrombocyto¬ 
penia depends on the cause. 

Decreased production of platelets may result from 
replacement of the normal marrow architecture by neo- 

f 4astic or inflammatory tissue (myelophthisic disease) or 
rom bone marrow aplasia. Both conditions are character¬ 
ized by peripheral pancytopenia of variable severity and 
are extremely unusual in large animals. Myelophthisic dis¬ 
ease with thrombocytopenia has been described In dorses 
with various forms' of myelogenous neoplasia 76 - ?& and 
eosinophilic myeloproliferative disorder. 7 * 

1 lypopl astlc anem La with leu ko pen la a nd throm bocytope- 
nia has been reported in horses and cattle, as discussed later 
under Aplastic Anemia. Shortened platelet lifespan is by far 
the most common cause of thrombocytopenia in large 
animals. Increased platelet consumption accompanies DIG 
(discussed in the next section) and rare cases of vasculitis. 
Immune-mediated mechanisms result In platelet destruction. 

Immune mediated ihromboeytopenia (EMIT) may be primary 
(Idiopathic) or secondary lo drug administration, infections, 
neoplasia, or other immunologic disorders. 73 This disease 
is most common in horses and has been reported sec¬ 
ondary lo EIA, S0 Lymphoma, 01 and autoimmune hemolytic 
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anemia. -92 The clinical signs of IMTP Include mucosal hemor¬ 
rhages and the propensity to bleed from sin a] l blood vessels. 
Horses with Idiopathic LViTP are usually bright afebrile, and 
without overt hemorrhage despite severely reduced platelet 
numbers. Thrombocytopenia In a horse With obvious pri¬ 
mary disease should prompt a thorough hemostatic tvorkup 
to rule out DIC. 

AUtfimnums thfcnabocytopenia of neonates has been recog¬ 
nized as a spontaneous disease of human infants, piglets,, 
foals, and possibly mule foals. 85 Clinical signs include 
depression, loss of suckle, a bleeding tendency, blood loss, 
and rapidly developing anemia because of a profound 
thrombocytopenia. I’he condition occurs In multiparous 
dams, and Immunoglobulins may he found in the mare's 
plasma, serum, and milk that bind to the foal's platelets. 
AJloimmune thrombocytopenia should be considered In 
neonates with severe thrombocytopenia w r hen other causes 
can be excluded, and platelet "antibody assays should be 
used to support this diagnosis. Differential considerations 
include neonatal sepsis, neonatal maladjustment syndrome, 
and neonatal isoeryibrolvsis. 

Laboratory findings of LMTP include severe thrombocyto¬ 
penia (<40,000/pL), prolonged bleeding lime, and abnor¬ 
mal clot retraction with normal IT, Pf. a PIT, and plasma 
fibrinogen. FDPs may be mildly Increased, and anemia with 
hypoproteinemla develops If blood loss is ongoing. In most 
cases of IMTP and other causes of shortened platelet life- 
span, megakaryocytic hyperplasia is evident on examina¬ 
tion of bone marrow aspirates or biopsies. Megakaryocytic 
destruction by the immunologic process could Induce 
megakaryocytic hypoplasia, although this is apparently rare 
in horses. 

The definitive diagnosis of IMTP requires demonstration 
of increased quantities of platelet-associated IgG or C3 or 
anti platelet activity in the serum. Unfortunately, methods 
to detect platelet-associated immunoreactants have not 
been adapted for horses, although It appears they affect 
platelet function. 64 Therefore the diagnosis of [MTTP must 
be based on small-vessel hemorrhagic diathesis and severe 
thrombocytopenia In a horse with normal coagulation 
times and no other evidence of DIC. Response to therapy 
(see next section) supports the diagnosis. A tentative diag¬ 
nosis of IMTP in the horse should prompt a thorough 
search for an underlying disorder, especially lymphoma. 

Platelet destruction in IMTP Is apparently mediated by 
antibodies coating the platelet surface that cause premature 
platelet removal from circulation by the mononuclear 
phagocyte system (MPS).- 85 In primary 1M1T the platelet- 
associated immunoglobulin Is directed against a membrane 
antigen, Is usually of the IgG class, is produced in the 
spleen, fixes complement, and can be absorbed from serum 
by platelets from a normal individual of the same species. 
Auioantibodles may attach to megakaryocytes, but the latter 
are not necessarily destroyed because they do not circulate 
through the spleen or liver. In jccundniy IMTP the Immuno¬ 
globulin bound to the platelet surface Is part of an Immune 
complex composed of antibody directed against a drug, 
microbe, or neoplastic antigen that Is nonspeciflcaliy 
attached to the platelet Kc receptor. For secondary IMTP to 
be perpetuated, (be foreign antigen must be constantly 
replenished or difficult to excrete. Drug-Induced IMTP gen¬ 
erally subsides within a few days of drug discontinuation, 
although thrombocytopenia secondaiy to ebrysotberapy 
(gold therapy) may persist for weeks to years. Because gold 
is occasionally used to treat pemphigus follaceus in horses, 
thrombocytopenia should be considered as a potential side 
effect. The spleen Is the ma|or site of platelet phagocytosis 
because (I) much antlplatelet antibody Is secreted locally, 
(2J more than 30% of circulating platelets are normally 



stored there, and (3) the stagnant splenic blood flow allows 
sensitized platelets to pass slowly through a dense network 
of phagocytic cells. The mean cell life of circulating platelets 
and the platelet count are Inversely proportional to the 
quantity of platelet-associated IgG. 

When any unexplained case of thrombocytopenia is trea¬ 
ted, all current medication should be stopped. If a drug 
Is absolutely necessary, it must be replaced by the chemi¬ 
cally most-dissimilar substitute. Drug-induced IMTP usually 
responds within 14 days of drug withdrawal. Most animals 
with suspected IMTP Improve when treated with corticoster¬ 
oids. Although their precise mechanisms of action are spec¬ 
ulative, corticosteroids improve capillary Integrity, impair 
clearance by the MPS, decrease the number and avidity of 
macrophage Fc receptors, impair antlplatelet antibody pro¬ 
duction, impede platelet-anti body Interactions, and increase 
thrombocytopoiesls. 

Dexamethasone (0.03 to 0.2 mg/kg IV or IM) given once 
daily generally results In an elevation in the platelet count 
within 4 to 7 days. Once the platelet count Is greater than 
100,000/pL, the dose of dexamelhasone can be reduced by 
10% to'20% daily, while the platelet count is monitored 
for a relapse. Occasionally, animals with IMTP are refractory 
to dexamethasone, in which case prednisolone (1 mg^kg IM 
twice daily) may be tried. Treatment with corticosteroids 
can usually be discontinued after 10 to 21 days, provided 
the platelet count has been normal for at least 5 days. 

Most horses with IMTP have a favorable prognosis, and 
the disease resolves within 14 to 21 days. This suggests that 
many cases may be secondary, although the Initiating cause 
Is rarely found. Chronic or recurrent IMTP requiring pro¬ 
longed corticosteroid therapy has been reported.- 36 Alterna¬ 
tive treatment modalities for IMTP are largely unproved In 
horses because most cases respond to corticosteroids.- 37 - 65 

DISORDERS OF COAGULATION FACTORS (DDM), Nor¬ 
mal blood coagulation proceeds in an integrated sequence 
that can be simpllstically viewed as three key reactions: for¬ 
mation of activated factor X, formation of thrombin, and 
formation of fibrin. Other protein interactions serve to 
accelerate or Inhibit the reaction rale of the coagulation 
factors. 26 Excessive use or Inhibition of these proteins 
produces a relative deficiency that causes hemorrhagic 
diathesis. Alterations In the coagulation cascade, including 
thrombocytopenia and procoagulant and anticoagulant 
effects, can oe observed with snakebite {e.g., rattlesnake) 
envenomallon (see Chapter 34). 

Disseminate! Ititriwasailur l ion, 'Die most com¬ 

mon form of hemostatic dysfunction Ln large animals Is a 
syndrome know r n variously as DIC, consumption coagulopa¬ 
thy, defibrination syndrome, or intravascular coagulation 
fibrinolysis. 55 - 51 I’he pathologic process is characterized 
by widespread fibrin deposition in the microcirculation, 
with subsequent Ischemic damage, and the development of 
a hemorrhagic diathesis caused by the consumption of 
procoagulants and hyperactivity of fibrinolysis. 26 Never a 
primary disease entity, DIC represents an Intermediary 
mechanism of underlying disease. In large animals, DIC 
has been described in"association with forms of localized 
or systemic septic processes, 51 - 1 * 1 neoplasia, 51 Gl disor¬ 
ders,^'— 5 renal disease, 55 and hemolytic anemia. 54 ' 56 Diffuse 
activation of the hemostatic system is particularly prevalent 
In horses with acute Gl disorders that cause colic 51 - 54 - 55 
and is a likely Initiating factor for laminllis. 57 - 56 Because of 
the dynamic nature of DIC clinical manifestations range 
from diffuse thrombosis leading to Ischemic organ failure 
to severe hemorrhagic diathesis. The most important deter¬ 
minants are the rale of thrombin generation, which depends 
on the triggering disease, adequacy of fibrinolysis, and func¬ 
tional state of the MRS, which Is largely determined by 
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periphery] circulation. Coagulopathy usually occurs in a 
compensated form in horses and cattle and is rarely accom¬ 
panied by own hemorrhage; however, microvascular throm¬ 
bosis and subsequent Ischemia to vita I tissues leads to organ 
malfunction [e.g., renal failure), which contributes to the 
morbidity and mortality of the primary disease process. 

Renal Involvement is common In DIC, which produces 
ischemic cortical necrosis followed by acute tubular necrosis. 
Renal disease may be manifested by oliguria, depression, and 
ileus caused by azotemia and electrolyte imbalances. Gl 
microthrombosls may induce colic as a result of submucosal 
necrosis and superficial ulceration. Spontaneous Gl hemor¬ 
rhage caused by DIC may cause melena In ruminants and 
occult fecal blood loss In horses. Rarely, pulmonary function 
may be compromised by microvascular thrombosis in DIC 
causing tachypnea and variable hypoxemia. Altered con¬ 
sciousness, delirium, convulsions, or coma may follow cere¬ 
bral microvascular thrombosis, although these signs are not 
common in large animals with DIC. Although reported in 
both horses^ and cattle, M microangiopathic hemolysis Is 
rare i n 1 a tge anim a I s with D 1C because of their s ma 11 erythro¬ 
cyte size. 

Digital Ischemia frequently accompanies DIC In horses 
and may play a role in the development of acute 1 a mini t Is. 
Laboratory’ evidence of DIC has been documented during 
the developmental phase of equine laminltls/'^ and digital 
microvascular thrombosis occurs In horses that develop lam- 
in ttls with colic or septic conditions/ 37 The tendency for 
thrombosis of major peripheral wins Is another prominent 
manifestation of coagulopathy In horses. Venous thrombosis 
occurs In horses and Is associated tvith needle- or catheter- 
induced intimal trauma, no nsleri Li tv during catheterization, 
blood sampling or treatment procedures, and thrombogenic 
catheter materials. However, the strong clinical impression 
remains that severely ill horses with diseases known to induce 
coagulopathy have a greater tendency toward venous throm¬ 
bosis. Spontaneous thrombosis of smaller cutaneous vessels 
also occurs. 

As the thrombotic stimulus continues or intensifies, the 
tendency for hemorrhage develops because of clotting factors 
and platelet depletion or generation of excessive fibrinolytic 
by-products (FDPs). Petechial or ecchymollc hemorrhages 
on mucosae and sclerae and a tendency to bleed from veni¬ 
puncture or after mLnor trauma are the principal signs. Spon¬ 
taneous life-threatening hemorrhage is very rare; however, 
trauma or surgery may induce uncontrollable hemorrhage. 
Once signs of blood Incoagulability develop, the prognosis 
is poor. 

Morses may develop a chronic, compensated form of 
DIC with few or no clinical signs. This entity develops In 
patients with illnesses that produce a low-grade or Intermit¬ 
tent procoagulant stimulus that allows used coagulant pro¬ 
teins and platelets to he partially or totally replenished 
and activated clotting factors and KDPs to be cleared by 
the MPS. Localized sepsis (e.g., pleuritls), neoplasia, pro¬ 
tein-losing enteropathy, and immune-mediated disorders 
(vasculitis, anemia) are common initiating diseases. This 
compensated stale may become imbalanced by stress, con¬ 
current diseases, or worsening of the primary process, 
resulting In clinically obvious DIC. Diseases that must be 
differentiated from DIG include IMTP, warfarin toxicosis 
(horses), moldy sweet clover toxicosis, and inherited coagu¬ 
lation abnormalities. 

.Numerous laboratory tests of hemostasis may be abnor- 
mal during DIG; however, no one test consistently or specifi¬ 
cally provides a definitive diagnosis. Lack of test senslLlvlty 
results from the dynamic nature of DIG; Laboratory findings 
are determined by the balance between coagulation and fibri¬ 
nolytic forces, as well asMP5 Integrity at blood sampling. 


Ihe most wddely used hemostatic function tests in large 
animals include the platelet count, plasma fibrinogen, PT, 
a FIT, and serum FDPs. Because clinical manifestations of 
DIC vary widely, clarification of the most frequent laboratory 
abnormalities in Large animals with DIG Is hindered by lack 
of a definitive diagnosis In most cases. A disseminated coagu¬ 
lopathy is manifested by multiple hemostatic abnormalities, 
and serial analyses should reveal reduced platelet numbers 
and a trend toward prolongation of the PI’, am', and TT. 
Repeated hemostatic testing is advised when there Is strong 
suspicion for DIG. Serum FDPs are most often elevated by 
DIC, but they are usually normal in the early or compensated 
form of the disease. E lypoflbrinogenemia Is an uncommon 
manifestation of DIC In Large animals and, when present, 
should strongly suggest concomitant liver dysfunction. 

1 lemostallc function tests are totally unreliable unless blood 
samples are collected and handled properly. 

Criteria used for diagnosis of DIG are extremely arbitrary, 
and Laboratory results must be interpreted in light of the 
patient's underlying disease. The combi nation of thrombo¬ 
cytopenia with mild to moderate prolongation of the PT 
or a PIT strongly suggests DIC. The clinician should seek 
laboratory assistance when considering the diagnosis of 
DIC but should appreciate that the findings are often not 
helpful. Clinical signs and specific situations suggest the 
possibility of DIC, and laboratory tests are only used to pro¬ 
vide support. 

Diseases initiate DiC by two major mechanisms: (1) gen¬ 
eration of excessive procoagulant activity within the blood 
and (2) contact of blood with abnormal surfaces. Many dis¬ 
eases act by more than one mechanism to induce the over¬ 
whelming stimulus needed to trigger DIC. 'Hie nature and 
intensity of the pnocoagulant force (w r hlch determines the 
rate of thrombin formation), the concentration of natural 
coagulation inhibitors, and the functional capacity of the 
MPS determine (1) whether an Individual with a given dis¬ 
ease process develops DEC and (2) the clinical manifesta¬ 
tions of DIC. Many diseases that produce DIC have the 
propensity to cause endotoxemia. The intestinal tract Ln 
large animals normally contains large quantities of endotox¬ 
ins, only a small part of which Is absorbed through the por¬ 
tal vein and removed by the Liver. Conditions that cause 
intestinal mucosal edema or disruption allow endotoxins 
to gain access to the peripheral circulation and Initiate 
many morbid sequelae, one of which is DIC. Intestinal 
strangulating obstruction, thromboembolic infarction, and 
severe colitis induce mucosal abnormalities, allowingendo- 
loxemla to occur. The proliferation of gram-negative bacte¬ 
ria within tissues and the blood is afso accompanied by 
endotoxemia. 

Gram-negative endotoxins are capable of direct factor XII 
activation. However, most studies indicate that the proco¬ 
agulant effects of endotoxLn are primarily mediated by cyto¬ 
kine production by mononuclear phagocytes. 37 ' 3 ™ ^fier 
endotoxin stimulation, phagocytes produce a platelet-acti¬ 
vating factor (PAF), tissue factor, prostaglandins, interleu¬ 
kins, tumor necrosis factor flNF], and other mediators 
with procoagulant activity. 37 - 1 ® 1 

Ihe net result of any triggering mechanism for D3C is 
the exaggerated generation of systemic thrombin, which 
causes widespread microclrculalory thrombosis. En addition 
to the cleavage of fibrinogen to produce fibrin monomers, 
thrombin activates factorXIII to render fibrin more resistant 
to fibrinolysis, enhances the cofaclor activity of factors V 
and V113, and induces platelet aggregation and exposure of 
platelet phospholipid. Circulatory obstruction produces 
organ hypoperfusion, leading to Ischemic necrosis. 

The counterbalance fibrinolytic system Is also activated 
by DIG and plasmin contributes to factor consumption by 
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destroying factors V, VUE XIla, IX, and XI, Ln addition to 
fibrin ana fibrinogen. FDPs contribute greatly lo the hemor¬ 
rhagic manifestations of DEC because they have antilhrom- 
bln actlvlly, interfere wllh fibrin monomer polymerization, 
and cause platelet dysfunction. 21 * Paradoxically^ the combi¬ 
nation of consumption and antlcoagulalion predisposes to 
hemorrhage at the same lime that disseminated thromboses 
occur. 

The MPS plays a vital role In the pathogenesis of DIG. 
lire tissue-fixed macrophages of the spleen and liver nor¬ 
mally remove FDPs and activated clotting factors from the 
peripheral circulation, and l : DPs only Increase when their 
rate of formation exceeds the ability of the MPS to clear 
them. Shock and hypoperfusion of the liver and spleen or 
diseases associated with excessive tissue debris that must 
be removed by the MPS (e.g., sepsis, metastatic neoplasia) 
reduce the function of the MPS and predispose to or perpet¬ 
uate DIC. 

Therapy for DIC is highly controversial, and the only 
noncontended modalities are those directed toward Identifi¬ 
cation and treatment of the primary disorder, along with 
general supportive measures to combat shock and maintain 
tissue pertuslon. 2 *-**- 102 ' 103 Intravenous fluid administra¬ 
tion helps to prevent organ dysfunction after mlcrovascular 
thrombosis and can correct existing acid-base or electrolyte 
imbalances. Septic conditions should be treated with appro¬ 
priate antimicrobial agents, and necrotic tissue or purulent 
exudate removed whenever possible (e.g., immediate suigi- 
cal intervention to resect nonviable bowel). tTunixin meglu¬ 
mine mitigates the deleterious effects of endotoxin caused 
by eicosanolds and is used In horses at 0.25 mg'kg IV every 
8 hours. 49 Corticosteroids may worsen DIC because they 
reduce the phagocytic action of the MPS and potentiate 
the vasoconstrictor effects of catecholamines. 

Significant life-threatening hemorrhage is rare In large 
animals with DICj however, if it occurs, fresh plasma 
should be administered (15 to 30 mL/kg) to replace used 
coagulant and anticoagulant proteins. Ine use of heparin 
In DIG has been recommended in various regimens to stall 
the disseminated micro vascular thrombosis that precipitates 
organ failure; however. Its efficacy is still conlroversLal. ,sai Ia * 
In dogs, minidose heparin therapy (5 to 10 Ll/kg subcutane¬ 
ously [SC] three times dally) Is often used with blood prod¬ 
ucts Ln treatment of DlC. at - 102 Efficacy of heparin for 
DIC Ln horses is unproven. Heparin In all species can pre¬ 
dispose to hemonhage, thrombosis, and thrombocytope¬ 
nia 1 ^ and causes anemia and erythrocyte agglutination in 
horses. 105 If considering heparin therapy, the clinician must 
ensure there is adequate plasma AT III, which is necessary 
for heparin action. Because AT III is often depleted by 
DIC, plasma may be necessary. Clinical trials Ln humans 
have not Indicated therapeutic benefit of anticoagulants Ln 
chronic DIC. 

The prognosis for DIC in large animals depends Largely 
on the nature and severity of the underlying disease and 
how r effectively the latter is treated. Once DIC has pro¬ 
gressed to the stage at which signs of blood incoagulability 
predominate, the prognosis generally is extremely poor. 

Wcirfarj'rt Taxfcosis. 1 torses may develop a hemorrhagic 
diathesis caused by warfarin toxicosis.Some use this cou- 
marin-derivative anticoagulant to treat horses with navicu¬ 
lar disease. 107 Rarely, horses and other animals may be 
exposed to coumarlns used as rodentlcides in grains or 
other feedstuffe. 'therapeutic concentrations of warfarin 
can have a cumulative toxic effect if the diet is altered to 
contain Less vitamin K or If there Is concurrent protein- 
bound drug therapy, llie clinical signs of warfarin toxicosis 
Include hematomas, eccbymoses of mucous membranes, 
epistaxls, and hematuria. The earliest Laboratory Indication 


of warfarin toxicosis Is a prolongation of PT because the 
plasma half-life of factor VII Is shorter than the other clot¬ 
ting factors. 1 ^ As the disease progresses, the aPTT becomes 
prolonged, and the animal may develop blood-loss anemia 
and hypoprotelnemia. The diagnosis of warfarin toxicosis is 
based on a hlstorv of exposure, clinical signs of Large-vessel 
hemorrhagic diathesis, and prolonged PI’ with or without 
a PIT and with no other abnormalities of the clotting 
profile. 

Warfarin acts through competitive Inhibition of vitamin 
K, which Is necessary for liver production of dotting factors 
II, VII, IX, and X . 107 Factor activity is reduced Ln the blood at 
a rate that depends on Its Individual ha If-life. In most spe¬ 
cies, factors VII, IX, X, and XI have Increasingly greater 
half-lives, accounting for the greater sensitivity of PI’ for 
the early diagnosis of w r arfarin toxicosis. After' GI absorp¬ 
tion, warfarin is highly bound to plasma proteins. Drugs 
that are normally protein bound (e.g., phenylbutazone, 
chloral hydrate) can enhance the toxicity of warfarin by 
allowing a greater proportion of the administered drug to 
be unbound and active. 105 In the same manner, bypoalbu¬ 
rn! nemla may Increase the likelihood of warfarin toxicosis. 
Corticosteroids and thyroxin can lower the necessary thera¬ 
peutic dose of warfarin by Increasing both the receptor 
affinity and the clotting factor catabolism. Drugs that 
Induce hepatic microsomal enzyme activity (e.g., barbitu¬ 
rates, rifampin, chloramphenicol) can accelerate warfarin 
metabolism and reduce therapeutic response to a given 
dose, finally, any reduction in hepatic function or content 
of vitamin K In the diet can precipitate warfarin toxicosis. 

Treatment of warfarin toxicosis depends on clinical signs. 
Warfarin therapy should be stopped if PI’ exceeds twice the 
prelberapeutlc value. Vitamin K, (0.5 to 1 mg^kg 5C) must 
be given every 6 hours until PT is again normal and stable. 
Significant hemorrhage can be controlled by the administra¬ 
tion of fresh plasma lo provide necessary clotting factors. If 
the anemia is life threatening, whole-blood transfusion 
should be considered. Although w r arfarin is eliminated rap¬ 
idly, some potentiated coumarins have a prolonged half- 
life, requiring a longer course of vitamin K therapy. The 
prognosis for warfarin toxicosis Is good with early diagnosis 
and prompt administration of vitamin K. It Is Imperative 
that vitamin not be used because it has poor therapeutic 
action and is highly nephrotoxic for borses. no 

Prevention of warfarin toxicosis is based on limiting 
access of livestock to rodenticldes and carefully monitoring 
the therapeutic use of warfarin in horses, life benefits of 
warfarin In horses are highly controversial, and many ques¬ 
tion whether advantages outweigh the risks. 

iSEfleef Clover Toxicosis. Sweet clover [Mcliblus species) 
toxicosis is caused by the ingestion of moldy sweet clover 
hay or silage containing dicoumarol. Natural coumarlns In 
sweet clover can be converted to dicoumarol when hay or 
silage is Improperly cured and mold forms. The toxin per¬ 
sists In moldy hay or silage and is palatable. This disease 
can occur In all species but Is most often seen In cattle fed 
sweet clover hay In the northern plains states. Early signs 
Include epislaxis and melena, with the development of sub¬ 
cutaneous hematomas and periarticular swellings as the dis¬ 
ease progresses. Visible stvelling^ occur at points of trauma 
[e.g., brisket, tuber coxae, caipi) and are not hot or painful, 
although they may cause stiffness and disinclination to 
move. Accidental and surgical wounds cause severe hemor¬ 
rhage and may precipitate fatal blood-loss anemia. 

Clinical pathology in sweet clover toxicosis Is similar to 
that described for warfarin toxicosis, with prolonged PT 
being the earliest abnormality (detected before clinical evi¬ 
dence of hemorrhage). The platelet count remains normal 
which differentiates this syndrome from DIC and bracken 
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fern toxicosis. Other diagnostic rule-outs Include myontoxi¬ 
cosis, and toxicosis from trichloroethylene-extracted soybean 
meaJ> s lit the absence of fever and anorexia, coagulopathy 
should make moldy sweet clover toxicosis a strong tentative 
diagnosis in animals with a history of access. Chemical anal¬ 
ysis fordicoumarol in suspected feed or in the blood and liver 
of affected animats aids In the diagnosis 1 tl ; however, the 
disease cannot be excluded if dieoumarol Is not detected. 
The pathogenesis of moldy sweet clover toxicosis is iden¬ 
tical to that of warfarin toxicosis. Dleoumarol Interferes 
with hepatic synthesis of clotting factors ll, VII. IX. and X 
by Inhibiting vitamin k. Usually the syndrome appears In 
cattle 2 to 7 days after they ingest the moldy hay. Lower 
levels of dieoumarol {<70 mg/kg) in feed may prolong 
the onset of signs for up to 3 months.-^ 

The succulent nature of sweet clover creates a high inci¬ 
dence of molding in hay. Crazing the crop is not dangerous. 
Because of Its high forage yield, sweet clover is usually har¬ 
vested as silage, which should carry less danger of molding 
when property cured. The toxic level of dieoumarol in sweet 
clover feed samples is It) mg/kg of feed. 111 

Treatment of sweet clover toxicosis involves disconilnu- 
ing the use of contaminated feed and administering vitamin 
K|. ||J9 Dosages between L.l and 3.3 mg. * 1 * kg should The admi¬ 
nistered IM; response occurs within 24hours. Animals wish 
severe blood-loss anemia or ongoing hemorrhage should be 
treated with plasma or whole fresh blood. Sweet clover tox¬ 
icosis can be prevented by careful forage preparation, fol¬ 
lowed by the inspection of hay and silage before feeding. 
When the disease is suspected, questionable feed should 
be removed from the diet. 


DISEASES ASSOCIATED WITH 
INCREASED ERYTHROCYTE 
DESTRUCTION (HEMOLYTIC 
ANEMIA) 

CMJ3T LAfiLN.JN 

I lemolytic disorders are characterized by an increased rate of 
red blood cell (RBC, erythrocyte) destruction. Anemia occurs 
when the rate of RRC destruction exceeds the bone marrow 
capacity for increased proliferative response. Although intra¬ 
vascular hemolysis occurs in some circumstances, these 
anemias are primarily caused by an increased rate of extra- 
vascular erythrocyte destruction and shortened Intravascular 
Jifespan. 

Hemolytic anemias are associated with a wide range of 
systemic disease processes. The mechanisms responsible for 
the enhanced RBC destruction also vary greatly, Box 37-L 
lists differential considerations of possible causal factors for 
hemolytic anemia in large animals. Clinical manifestations 
of hemolytic anemia vary with the degree of anemia, rate of 

RBC destruction, and primary or underlying disease process. 
Regardless of the cause, however, several common clinical 
signs are seen in animals with a severe hemolytic anemia, 
including pallor of the mucous membranes, fatigue, depres¬ 
sion, and anorexia. Clinical Icterus can be quite variable, 
depending on the rate of RBC destruction and the ability of 
the liver to excrete bilirubin. Icterus is a characteristic feature 
in hemolytic anemia, but Intense icterus is noted only after 
massive RBC destruction and often Is transient. Wish 
continued low-level hemolytic processes, the liver may be 
able to excrete bilirubin at a rale sufficient to avoid clinical 
icterus. Hemolytic icterus must be differentiated from other 
potential causes, such as liver disease or anorexia, in horses. 


SOX 3 7- I 


Causes of Hemolytic Anemia 


INFECTIOUS CAUSES 

Parasitic 

AnaplasmiDSis 

Babesiosis 

I Jemobartondlosls 

Everyth rooooncksl i 

TtuHlertaais 

Trypanosomiasis 

Bacterial 

Leptospirosis 
BjjdJlaiy hemoglobinuria 

Viral 

Equine infectious anemia {EEA) 

1MHUNE-MEDtATED HEMOLYTIC ANEMIA 

Amcunimune hemolytic anemia 
Neonatal tsoerylh to lysis (ML) 

Drug induced: penicillin, trlrnclhoprlm-siilfameiho3UJ£ole 

HEINZ BODY HEMOLYTIC ANEMIA 

NienothLi/Jne roxkiiy 
Wild onion poisoning 
Red maple leaf poisoning 

OTHER C AUSES 

Severe cutaneous bums 
: -1 ryptophan-lndole inloxic.nt ion 
Wafer intoxication 
PostpariurleoL hemoglobinuria 
Copper poisoning 

Hemolytic syndrome Ln hones with liver laLlurt- 
Eryihrapofetic porphyria In Holstein cj.L<Je 


if icterus is caused by hemolytic processes, dear clinical 
and hematologic evidence of anemia should exist. Massive 
intravascular hemolysis may result in an orange to reddish 
discoloration of the "mucous membranes. Modest to marked 
and often variable febrile responses are frequently encoun¬ 
tered in hemolytic anemias caused by Infectious agents and 
during periods of active erythrocyte destruction. With 
advanced anemia the pulse and respiratory rates are elevated 
at rest. Death losses may occur, and neurologic abnormal¬ 
ities ranging from bizarre behavior lo mania, collapse, and 
death may he associated w r lrh handling animals with a severe 
anemia. 

The hematologic manifestations of hemolytic anemia 
also vary with the rale of RBC destruction, time course of 
the anemia, and primary or underlying disease process. 
The anemia may be modest to severe: after the first few days 
in all species except the horse, there Is usually hematologic 
evidence of enhanced erythropoietic response, manifested 
by Increased anlsocylosis, polychromasla, reticulocylosis, 
and she presence of nucleated RBCs In the circulation. Mor¬ 
phologic abnormalities of diagnostic significance {e.g., 
intracelluiar/epicellular parasites, granulocytic inclusion 
bodies, Heinz bodies, spbenocytes, schlstocytes, polkilo- 
cytes) may be noted on examination of stained blood 
smears. Responsive anemias often are accompanied by a 
neutrophilia and regenerative left shift. The bone marrow 
usually shows an active erythropoietic response with a 
decreased myeloid/eiythrold (M/E) ratio. The serum con¬ 
centration of haptoglobin Is decreased, and serum lactate 
dehydrogenase (LDH] enzyme activity may be elevated 
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during acute hemolytic episodes. An Increase in serum bili¬ 
rubin concentration, caused priinarlly by an increase In 
indirect reading bilirubin, is a reflection of active RBC 
destruction. 

Specific serologic diagnostic procedures are available for 
many of the infectious causes of hemolytic anemia. Immu- 
nobematologlc procedures such as the direct and indirect 
Coombs' test show dial immune-mediated processes con¬ 
tribute to enhanced erythrocyte destruction. The principal 
mechanisms responsible for Increased rate of RBC destruc¬ 
tion associated with many of the Infectious causes of hemo¬ 
lytic anemia (parasitic, bacterial, viral) are Im mu no logically 
mediated, and affected animals may be transiently Coombs' 1 
positive. 

INFECTIOUS CAUSES OF HEMOLYTIC 
ANEMIA 

Anaplasmosis 

GUV fALMtA 

II Definition t arid Etiology. In veterinary medicine, ana- 
plasmosis traditionally relers to disease characterized by 
progressive anemia caused by intraerythnxytlc Infection 
with AnupJasmtr marginale in cattle and Anaplasnui avis In 
sheep and goats. In addition, A. marginals subspecies cen¬ 
trals [also known as Anaplasrna ceil mite) causes mild disease 
In cattle and has been used as a Live vaccine to Induce par¬ 
tial protection against A. mflFjjjnde, 

In the recent taxonomic reclassification of the lick-borne 
bacteria in the genera AntipfcMmtT and Ehrlichia r Ehrlichia etfui 
(cause of equine granulocytic ehrlichiosis), Ehrfrcfij'fl phtrgu- 
cytophila (the cause of tick-borne fever In sheep, not recog¬ 
nized as a significant disease problem In Mortb America], 
and the agent of human granulocytic ehrlichiosis (IBOB) 
have been reclassified and unified as a single species, Am i- 
plasmaphagpcytnphila 62 Correspondingly, the disease caused 
by A. phagocytopihila in humans is designated as human 
granulocytic anaplasmosls (ilGA) and in horses as equine 
granuiocytlc anaplasmosis. In addition, A. phagpcvtophila is 
an emerging disease of dogs . n2 Although this discussion 
primarily addresses bovine anaplasmosls and, to a lesser 
degree, ovine and caprine anaplasmosls, It is Important to 
emphasize (bat any descriptions of human anaplasmosis 
are in reference to Infection with A. phagocytophila. 'Illere is 
no evidence that A. marginals or A. ovis are capable of infect¬ 
ing humans or any nonruminant mammalian species. 

11 Clinical Signs ami Differential Diagnosis. Clinical signs 
are highly variable, from acute severe disease to subclinlcal 
infection, and reflect variation In virulence among pathogen 
strains and age- and breed-related differences in host sus¬ 
ceptibility. Age at the time of initial infection is a primary 
determinant of host susceptibility. Disease is often mild in 
calves in the first 6 to 9 months of life and Increasingly 
severe In older cattle. 'I’he typical incubation period ranges 
from 15 to 30 days. Infections In calves are often asymp¬ 
tomatic, but mild lethargy and anorexLa may be seen for 
24 to 43 hours. In contrast, the early stage of acute anaplas- 
mosis In adult cattle is typified by fever, with rectal tempera¬ 
tures ranging from 39.5 ’ C to 4 T C (103° h to 103 1 5). Within 

12 to 24 hours the fever subsides, and the temperature 
may drop to norma] and become subnormal before the 
animal dies. Anorexia and. In dairy cows, a dramatic decrease 
in milk production can usually be observed soon after a fever 
is detected. Concurrently, there is suppression of rumina¬ 
tion, dryness of she muzzle, and lethargy. Cattle may stagger 
or become aggressive as a result of cerebral hypoxia 



associated with anemia. Care must be taken not to stress 
severely anemic cattle because this may result in coiLapse 
and death. Early, the mucous membranes are pallid, but 
they may be icteric if an animal has survived for 2 to 3 
dap past the acute crisis. Constipation is a consistent sign, 
with (be feces dark brown and covered ivith mucus, and 
pollakiuria Is characterized by dark-yellow urine. Hemoglo¬ 
binuria does not occur. Abortion mav occur when infection 
occurs late In gestation, if an animal survives the acute cri¬ 
sis, the convalescent period Is protracted and depends on 
the severity of the anemia. Icterus and w r elgbt loss are more 
frequently observed In the convalescent period, which may 
Last for 3 to 4 weeks. Recovered animals remain persistently 
Infected for life and, as described later, are epldemiologi- 
cally Important as a reservoir for ongoing transmission. 
However, persistent infection Is not associated with any dis¬ 
ease or decrease in production status; therefore, no basis 
exists for a diagnosis of "chronic anaplasmosis." Although 
A. avis Infection in sheep and goats is often asymptomatic, 
anemia occasionally becomes severe enough to produce 
signs similar to those seen during A. murginate infection 
or cattle. 

Definitive diagnosis of acute anaplasmosis requires 
identification of A. or A. cuts-I nfected erythro¬ 

cytes by microscopic examination of blood smears, con¬ 
comitant w r ilh a significant decrease in hematocrit [see 
next section). I’he differential diagnosis requires consider¬ 
ation of the diseases that can produce anemia or Icterus, 
Including babesiosis, bactllaiy hemoglobinuria, and lepto¬ 
spirosis. In pastured cattle, hepatoloxlc plant poisonings 
fseneeioj and other causes of liver disease that produce 
Icterus must also be considered. Copper poisoning Is 
considered in sheep. 

H Clj’nlcflf l*aihology and Serology. Because acute bovine 
anaplasmosis is characterized by anemia, a falling hemato¬ 
crit is an excellent criterion for prognostic puiposes and 
for determining the severity of Infection. The packed cell 
volume (RCV) drops below 30% when the first clinical 
signs are observed and may drop precipitously within 24 
to hours. Death can occur during this period despite a 
PCV above 20%. In other cases, PCV may decrease below 
10% before death. During this acute phase, A. marginals 
can be detected within the erythrocytes by microscopic 
examination of blood smears stained with Wright's, neiv 
methylene blue, or Ciemsa stain. I’he Inclusion Is com¬ 
posed of a small morula of lw r o to eight individual organ¬ 
isms, and over 5%, Lip to 20% to 70%, of the erythrocytes 
may be infected. Later, after several days of anemia, the per¬ 
centage of infected erythrocytes decreases dramatically, and 
evidence of RBC regeneration can be detected. p fhere is ani- 
socytosls, basophilic stippling, poikllocylosis, polychro- 
matophiiia, and relLculocytosls. 

After recovery from acute disease, cattle and sheep 
remain persistently Infected, with 0.000001% to 0.1% of 
erythrocytes being infected. These extremely low levels 
cannot be reliably delected by microscopic examination, 
and persistently Infected animals, which serve as reservoirs 
for transmission, need to be detected serologically. Sero¬ 
logic diagnosis is most often accomplished through com¬ 
petitive enzyme-linked immunosorbent assay (cEJJSA), 4 
which provides both high specificity and, unlike the com¬ 
plement fixation test, high sensitivity in detection of persis¬ 
tently Infected carrier cattle. JL3,1N cELlSA, approved as 
an official test by the U.S. Department of Agriculture 
(USDA) and the Office of International Epizootics (OIE), 
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is conducted by most, if not all state diagnostic labora¬ 
tories. Currently,- negative status with the cELlSA is required 
for Importation of five cattle into Canada. Although cattle 
will seroconvert by cELlSA during acute infection, serology 
generally is of minimal utility in diagnosis of acute 
anaplasmosis. 

II Pathophysiology, AnapktsrrM species are naturally trans¬ 
mitted by IxodLdae ticks, most often the genera DenFftfren [ru¬ 
in the mainland United States and Afcipfcepfarius (including 
tick species previously classified in BLicpMui) In tropical 
and subtropical regions worldwide. Although there Is strong 
epidemiologic evidence of transmission by hemalophagous 
files, under experimental conditions this is very ineffi¬ 
cient, 115 and thus the field conditions that allow trans¬ 
mission remain poorly understood. In addition, direct 
iatrogenic transfer of infected blood (contaminated needles; 
dehorning, castrating hormone-implanting or ear-tagging 
instruments) can result in transmission. After transmission, 
sequential rounds of bacterial Invasion of mature erythro¬ 
cytes, replication, and egress result in a progressively 
increasing cell-associated bacteremia, with a doubling time 
of approximately 24 hours. Clinical signs appear when 
greater Shan 1% of erythrocytes are infected and (he severity 
roughly correlates with the percentage of Infected erythro¬ 
cytes. Anemia is at least partly caused hy splenic and hepatic 
macrophage-mediated phagocytosis of both infected and 
uninfected erythrocytes. This appears to reflect both Induc¬ 
tion of autoantibodies against the RBC surface and Induction 
of acute-phase reactants, Including complement activation, 
during high-level rieketlsemia. Itie regenerative response to 
anemia can he vigorous and does not appear to be sup¬ 
pressed by the Infection. 

Protective immunity appears to require induction of both 
antibody against the outer membrane proteins and macro¬ 
phage activation for enhanced phagocytosis and bacterial 
killing. 116 Although the immune response controls the acute 
phase of Infection, organisms are not completely cleared 
from the hlood because of the emergence of antigenic var¬ 
iants. 1 17 Itiese variants are responsible for persistent infec¬ 
tion, characterized by recurring weaves of bacteremia that 
reflect sequential emergence and then Immune control of 
anllgenically variant organisms. 

II Epidemiology. A. murginafc Is the most prevalent of the 
tick-borne Infections of cattle worldwide and remains a seri¬ 
ous constraint to livestock production in tropical and sub¬ 
tropical regions. I lowever, anaplasmosls is also a significant 
problem In temperate regions. In the United States, infection 
is endemic in much of the West and occurs episodically in 
many historically nonendemic regions; anaplasmosis has 
been detected in'at least 40 stales. Canada Is considered to 
be free of endemic anaplasmosis. Endemic regLons are main¬ 
tained by the prevalence of both competent arthropod vec¬ 
tors and persistently Infected carrier cattle. These carrier 
cattle, which are typically asymptomatic, are efficient reser¬ 
voirs for tick-borne transmission. 115 - 1 us Vector activity varies 
by region, but outbreaks of anaplasmosis generally occur 
most frequently in the late spring and summer, when arthro¬ 
pod activity is highest. However, It should be emphasized 
that the determinants of tick-borne and fly-borne transmis¬ 
sion are not well understood, and transmission Is often 
unpredictable. In contrast, iatrogenic transmission can occur 
at any time and can be control led by avoiding blood contam¬ 
ination during veterlnarv medical procedures. Although wild 
ruminants [e.g., deer, elk, bison) rarely have clinical disease 
and generally are asymptomatic, persistently infected carriers, 
their overall Importance in the epidemiology of Infection Is 


unclear. Currently, w r lld ruminants are thought to play at 
most only a minor role In natural transmission. 

II Pathology. At necropsy, there are no pathognomonic 
lesions for the diagnosis or anaplasmosis. In acuie anaplas¬ 
mosis the blood Is thin and watery and falls to clot readily. 
Mucous membranes, subcutaneous tissues, and skeletal 
musculature are pale (anemic pallor). In later stages of acute 
disease, however, the same tissues exhibit varying degrees of 
icterus. Splenomegaly is a consistent finding; hepatomegaly 
and distention of the gallbladder are common but seen less 
often. Urine is deep yellow, but neither hemoglobinuria 
nor hematuria occurs. The absence of hemoglobinuria helps 
differentiate anaplasmosis from other hemolytic diseases 
(babesiosis, bacillary hemoglobinuria, leptospirosis, onion 
toxicity, copper poisoning In sheep). Occasionally, petechlae 
may be found In the subeplcardium, subendocardium, and 
other serous membranes. Detection of A. rrrd r^jTdiJe-infected 
erythrocytes within capillaries of Ciemsa-slalned histologic 
sections can be used to confirm a diagnosis of anaplasmosis. 

II Treatment, Tetracyclines are the antibiotic of choice for 
treating acute disease, and resistance has not been reported. 
In acute anaplasmosis, oxytetracycline at 11 mg^kg IV every 
24 hours for 3 to 5 days Is effective. One to two administra¬ 
tions of long-acting oxytetracycllne at 20 mg/kg IM at 72- 
hour intervals is also an effective treatment. In addition to 
antibiotic therapy, supportive therapy is important. If the 
PCV Is 12% or lower, ivhole-blood transfusion maybe indi¬ 
cated to prevent death and shorten the convalescent period; 
4 to S L of whole blood is usually administered to an adult 
animal. A PCV of 8% or lower indicates an unfavorable 
prognosis, and death often occurs despite appropriate anti¬ 
biotic and supportive therapy. Importantly, the oxytetracy- 
dLne regimen used to treat acute anaplasmosis is not 
effective In completely clearing the animal of the organism, 
and recovered animals become persistently Infected carriers. 
Although prior studies showed that long-acting oxytetracy- 
dlne at 20 mg/kg every 3 days for four successive treatments 
resulted In clearance, more recent studies using this regjmen 
and variations of this regimen have indicated that clearance 
is not achieved. 1 ig If required for exportation, clearance 
should be confirmed by conversion to seronegative status. 

II jfYnvri(Ton curd CoirtruP. Control measures vary depend¬ 
ing on the geographic region and type of livestock produc¬ 
tion system. In endemic regions with high transmission 
rates, such as those In (topical countries, beef cattle are 
often allowed to become naturally Infected at a young age 
and remain asymptomatic carriers with minimal risk oflater 
acute disease. In regions with lower transmission rates, live 
blood-based vaccines may be used to ensure Infection 
of cattle at a young age. 1*his is exemplified by the use of 
trivalent (A. JHflrgrncite, ftd&esitr Btihcnti frjgemind) live 
vaccine In Australia. Similarly, live vaccines based on 
A. cflitrtife or weakly virulent strains of A. rrrdrgiJidJe are typi¬ 
cally used in Africa, Asia, and Central and South America. 

I lowever, these are not licensed for use In the United States, 
largely because of the risk of transmitting knowm or newly 
emergent pathogens contaminating the blood-based vac¬ 
cine. The exception to this Is she licensing of a. live vaccine* 
for use In Calitornia. Importantly, these live vaccines should 
only be used In young animals and are contraindicated for 
use in older and especially pregnant animals. Killed vaccines 
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are less, efficacious and require multiple Immunizations, but 
these can induce at least partial protection against severe mor¬ 
bidity and mortality. Unfortunately, none of the federally 
licensed killed vaccines previously marketed In the United 
States are currently available. However, an experiment killed 
vaccine* has been licensed for use in 14 slates and Puerto Rico. 

In the absence of Immunoprophylaxis* anaplasinosls is 
usually controlled by preventing transmission. Although it 
is difficult to prevent completely the contact of ticks and bit¬ 
ing fties with cattle grazing on open ranges or farm pastures, 
strategic use of acaricides and insecticides can reduce trans¬ 
mission during periods of high vector activity. Periodic spray¬ 
ing for tick control and the use of insecticLde-iinpregnated ear 
Lags or insecticide dust bags for biting-fly control are cosl- 
effecllve r not only for control of anaplasmosis but also for 
control of pinkeye and for directly reducing Irritation and 
increasing weight gain, because blood-con laminated Instru¬ 
ments and needles can mechanically transmit Infection, 
appropriate sanitary measures should be implemented when 
injections or surgical procedures are performed. 

Maintenance of an A. nurr^i'rufe-free herd in nonen¬ 
demic areas can be accompli sited by quarantine and sero¬ 
logic screening of all additions using the U5DA-approved 
cELlSA. Within endemic regions, however, this requires 
extreme vigilance In screening and prevention of both direct 
contact and sharing pasture with other domestic and wild 
ruminants, which may result in vector-borne transmission 


■ Experimental Anaplasnaosis Vnecine. University Tiodurrs 11C, Enlon 
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The risk of maintaining a fully susceptible herd within an 
endemic region should not be taken lightly. 

Babesiosis 

L /Autsti 

Babesiosis Is a tick-borne Jntraerythrorytlc disease of 
domestic and wild mammal sand humans caused by proto¬ 
zoan parasites of the genera Babesia and 7'Jifl.i tenu. The acute 
disease is characterized by fever, hemolytic anemia, icterus, 
hemoglobinuria, and death. Although'both morphologic 
and serologic differentiation is needed for specific identifi¬ 
cation of the various disease-producing species, all can 
be categorized as being either "large"’ or "small" In size. 
Table 37-1 presents common Babesia species (and TheUeria 
equi), their usual bioiogte vectors, and livestock hosts. 
Babesiosis has a wide geographic distribution., particularly 
In the tropics and subtropics, largely related to 1 he distribu¬ 
tion of vector ticks. Of the different diseases, the economi¬ 
cally most important infections of livestock are those of 
cattle and horses. 

BABESIOSIS IN THE BOVINE 

Etiology. Known variously by such names as bovine 
babesiosis, plroplasmosis, Texas fever, red water, tick fever, 
and tristeza, the disease may be caused by at least six Babesia 
species (see Table 37-1). Animals other than cattle known 
to be susceptible to agents of bovine babesiosis include 
white-tailed deer, American bison, water buffalo, reindeer, 
and African buffalo. Infections In these other animals are 
nominal, and except under unusual conditions, such hosts 
are probably not significant reservoirs. 



Babeiio Species (Babesiosis) 


Organism 

Livestock 

Affected 

Principal CJcographic 
Distribution 

Morphology of Organism 

Tick Vectors j 

B. rrfl 

(Bi JEwb } 

Cattle 

Americas. Europe, Africa, 
Australia, Middle East 

4.5 ■■■ 2.5 jim Clarke, round, 
and pyriform; acute angle) 

Jk'J’ptlriflO fifHIFEElJjfltlTi, 

S. cfecoJoriEtio. 
fl. rtiirropfiis 

B Iwnii (B. berhern, 

B. Nr^nrlrriiu) 

Cattle 

Americas, Europe, Russia, 
Africa, Asia, Australia 

2.4 x 1.5 |im (small and more 
rounded, obtuse angle} 

fl. eZtimiltltUZ, JJ. PIEdLTj/^ki, 
ixotii'i species j ’) 

B. dic^rgEiu 

Cattle 

Europe 

t.5 x t A Him (small, narrow 
and obtuse angle) 

fjtudes nViMUJ 

JB. wrij/i>r 

Cattle 

Europe. Russia, North 

Africa, Middle East 

2.6 x J .5 |am (similar to 

JJ- bigEmtiux, but smaller) 

iicierthiphysiilis punctata 

fi. jakimm'i 

Cattle 

Asia 

2-4.6 x 1.5-2. L pm (large, round, 
and pyriform] 

i. rfcinits 

Si. h WiiLl 

Cattle 

lapan 

4.5 s 1.5 pm Clarke, round, 
and pyriform) 

Hiietmiphyhilis kwgtniTtm 

Jj. AAiWJj 

liaises 

Americas, Europe, Russia, 
.Asia. Africa, Middle East 

3 x 2 pm (large, pyriform, 
acute angle} 

OermiKeniflr, 1 Jj-rji'innrnj, 
and Rhipittphalm aperies 

Theileriu equi 
[B. e-ijui} 

1 lodes 

Americas, Europe, Russia,, 

As La, Africa, Middle EL.nL 

1-2 pm (small and rounded, 
Maltese crass is characloisrfJc) 

QerraatfGHtor, Hpikiiitm{i r 
and flJripuvpfi.jJro species 

Si. p1 2 l" ft pj j 

Sheep and 
go,Us 

Europe, Russia, Asia, 

Middle East 

3x2pm (large, pyriform, 
acute angle} 

D. >i?L«nJ7H {?), 

1 ■hmaapttj/ntiiis species. 

R. Buj^r 

JJ. *ms 

Sheep ind 
goats 

Europe, Russia, 

Asia, Middle East 

t.5 x 1 jim (small and more 
rounded, obtuse) 

J. rj'ij'mts {?}, Jf. fiursj?, 

D. retiraJiiJj'i (?) 

JJ. rrrtidiJMirj-Jrti 

Swine 

Europe. Africa, Russia 

3.5 x 2 jim {large, narrow, 
and tong.' acute angle] 

R. n-jnguj'nnAE 1’}, 

QermKflMtciF sjjecles (?'), 
fii.wpJi^ur species, 

JjLij/i?wrpuiJ species (?) 

JJ. perromitor 

Swine 

Europe, Africa. /Asia, 

0.7-2 jjm [small and 
more rounded) 

Vectors unknown 


L pi'.'i i KuLUc! Kl.. Jiurvfxri 1Mi1.ua/ rJiuniwi, Richmond. Va, I’iLSJ, Mniled Slates Animal Lknlili Auoriiiliuci, p 77 

({ J, SuspcL'lH'J VLicrlur. 
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Of greatest concern Ln the Western Hemisphere are the 
species B. and B. bovis. Babesia bigemina Is a laige 

species characteristically appearing within mature erythro¬ 
cytes as nonpigmented, paired, pear-shaped bodies |oined 
ai an acute angle. Irregularly shaped, round, or amoeboid 
forms are also seen, Baiwsj'fl kwh Is a small, pleomorphic 
species often identified as a single round body or as paired, 
pear-shaped bodies joined at an obtuse angle within mature 
erythrocytes. Of the two species, B. bans is usually consid¬ 
ered the most virulent. 

Natural transmission of both species occurs primarily by 
the feeding of various stages of the one-host ticks of the genus 
Bo&philus. Ticks are most often infected iransovarlally (verti¬ 
cally). The female lick becomes Infected by the Ingestion of 
parasites during engorgement. After It drops off she host, 
the babesial organisms reproduce within the tick's tissues. 
Some of the reproducing organisms are incorporated within 
developing lick embryos, and the disease agents are transmit¬ 
ted to new vertebrate hosts by the feeding of ensuing tick 
larvae, nymphs, or adults. Larval ticks may transmit B.Tcwj'j, 
but B. bigemina is not transmitted until the larvae have molted 
into the nymphal or adult stages. Both Babesia species may 
also be transmitted latrogenlcally through blood-contami¬ 
nated fomltes, as described under Anaplasmosls. 


IR CfiFiffriJ Signs. Clinical signs manifest 2 to 3 weeks after 
tick Infestation. The Incubation perLod after blood Inocula¬ 
tion may be less than 5 days to more than 3 weeks, depend¬ 
ing on the volume of inoculum. Clinical signs of fever 
(40* C to 42 & C 104° F to 107.S* F), depression. Icterus, 
anorexia, tachycardia, tachypnea, anemia, bemogjobinemla, 
hemoglobinuria, abortion, and death are seen. Anemia Is 
caused by intravascular destruction of erythrocytes by escap¬ 
ing merozoites after intraerythrocyllc reproduction' of the 
baheslas by binary fission. In addition, the osmotic fragility 
of the whole-erythrocyte population Increases terminally, 
such that massive lysis occurs, even chough the parasitemia 
may be less than l%. 120 Additionally, as also seen with ana¬ 
plasmosls, an autoimmune condition may result in which 
the spleen removes damaged and apparently healthy ery¬ 
throcytes from circulation. Thus, the degree of anemia 
may exceed that expected with a low parasitemia. I’he ane¬ 
mia may occur rapidly, with 75% or more of the erythro¬ 
cytes destroyed In a few days, 'the exit of B. ErjgemzfldJ and 
B. Wj'j parasites from infected erythrocytes releases two or 
more parasite-associated proteolytic enzymes Into the 
plasma. These enzymes and other parasite metabolic pro¬ 
ducts are believed to Interact with blood components and 
are responsible for such clinical signs as metabolic acidosis 
and anoxia. Tachycardia may be dramatic and the heartbeat 
pronounced. 

Cerebral babesiosis, characterized by hyperexci[ability, 
convulsions, opisthotonos, coma, and death, may be 
observed In cattle infected with either B. k^ernzna or B. bovis, 
but especially with the Latter. Central nervous system (CN5) 
signs are caused by brain anoxia resulting from severe ane¬ 
mia and erythrocyte blockage of cerebral capillaries. 

Death Is caused by a shocklike syndrome associated with 
the accumulation of toxins, release of vasoactive substances, 
and anemic anoxia. Most cases with cerebral Involvement 
are fatal; however, mortality Is extremely variable, depend¬ 
ing on Bdfcesztf species involved, susceptibility of the host, 
and management and environmental stress factors. Many 
cattle that survive the acute phase recover but become 
chronic carriers. Other survivors often experience episodes 
of recrudescence, eventually succumbing to the disease, or 
they may die as a result of secondary infections contracted 
during their debilitated state. 


Cattle of all breeds are susceptible to babesiosis. How¬ 
ever, Bos indicus breeds exhibit a definite degree of resistance 
to both Babesia species and the tick vectors. 121 Calves pos¬ 
sess a natural immunity to babesiosis. Such immunity was 
believed to be reinforced by colostraL antibodies for calves 
born to previously infected dams. 112 However, erythrocytes 
of young bovlnes may contain factor(s) Independent of 
antibody that provide an Innate resistance to severe babesi¬ 
osis. 123 Hius, calves Infected up to the age of 9 months 
experience a minimum reaction to the disease, becoming 
asymptomatic carriers. Carriers remain resistant to clinical 
disease for at least 4 years. 1 :j The carrier state can be over¬ 
come, however, by such stressors as calving, malnutrition, 
and concurrent disease. 125 

II Clinical Paflittfogy. Clinical signs observed In cattle in 
enzootic areas with Boophikts ticks may provide sufficient 
data for a presumptive diagnosis. Gtfier conditions that 
may exhibit similar signs as babesiosis are anaplasmosis, 
trypanosomiasis, thelleriosis, leptospirosis, chronic copper 
toxicity, and bacillary hemoglobinuria. The cerebral signs 
may be confused with rabies and other encephalitises. 
A positive diagnosis requires Identification of the Bafcsfd 
species on Glemsa-stained thin blood smears, positive sero¬ 
logic tests, or inoculation of spleneclomized calves with 
infective blood. In acute Infection, Btfkjsj'a species can usu¬ 
ally be delected in smears made from peripheral blood. In 
chronic cases, numbers of parasitized erythrocytes diminish, 
becoming so sparse as to make detection difficult, litis is 
especially true with B. bovis, which show's a marked ten¬ 
dency to accumulate In capillaries, particularly those of 
the brain. B. iwvzs may favor capillaries Ln the brain and kid¬ 
ney because the major energy-producing pathway of Bairasaa 
appears to be anaerobic glycolysis, 'fhe blockage of cerebral 
and renal capillaries by parasitized erythrocytes results in an 
anaerobic condition that enables the parasites to absorb 
preformed substrates by pLnocytosls and diffusion through 
their surface membrane. PCV values drop rapidly from a 
normal of 35% to below 10% In less than a week after onset 
of clinical signs. 126 Serum potassium levels decrease Ln 
some infected animals, whereas urine potassium levels 
increase Ln almost all cases. 127 

Specific anti-Bjjfreiici antibodies are detectable In cattle 
sera less than 7 days after infection. I2S Such antibodies also 
exist for at least 252 days after the disappearance of detect¬ 
able parasites. 12 r> The complement fixation [CF] and indi¬ 
rect fluorescent antibody (IFA) tests are the most widely 
used, 128 r rhe CF test follows the same basic procedure used 
in anaplasmosis CF testing 130 ivith a Babesfa antigen. 1,1 The 
test Is effective, but approximately 10O days after Infection, 
the CF antibodies drop below r a reliable diagnostic level. 128 
The I FA test uses the whole intraerythrocyllc parasite as anti¬ 
gen rather than an extract and commercially prepared rabbit 
antlbovine -/-globulin conjugated to fluorescein. 128 Other 
serologic tests include gel precipitation, 132 latex particle 
agglutination, 133 rapid card agglutination, 134 and enzyme- 
label Lng immunoassay (ElA). 13 =■ The Immunologic assays, 
how r ever, are indirect methods and do not detect the causal 
organisms In samples obtained from a suspected Infected 
animal. Recombinant DNA techniques using selected clones 
containing inserts of Bafwjj'd genomic DMA sequences are 
now avaifable to be used as specific, highly sensitive DNA 
or RNA probes to detect the presence of the hemoparasLle 
DMA Ln an Infected animal or a tick vector. 136 

II Necropsy bindings. Postmortem findLngs In cattle that die 
peraculely are characteristic of an acute hemolytic crisis. Such 
findings include a generalized pallor or Icterus throughout 
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she carcass; an enlarged icteric liver; gallbladder distended 
wish thick, dark-green bile; and a greatly enlarged,, dark, soft 
spleen. Elydroperlcardlum and subepicardlal/subendocar- 
dlal petechlation may be seen. The blood is thin and watery. 
'Ihe urinary bladder is frequently dislended with dark-red 
urine. There may be subserosal ecchymotic hemorrhages In 
abomasa I and Intestinal mucosa, and the lymph nodes are 
edematous. The carcass of an animal lhat dies after a pro¬ 
longed illness Is generally emaciated and Icteric. The Inter¬ 
muscular fascia Is also edematous. The kidneys are pale and 
edematous, and the bladder may contain plnk-llnged or 
normal urine. Ihe liver is enlarged and |aundlced, and the 
bile may contain flakes of semisolid material. 

II Treatment rjnrf Progniufs. After the onset of hemoglo¬ 
binuria or cerebral signs, (be prognosis Is poor. Acute cases 
with PCV values above 12% usually respond well to treat¬ 
ment. The prognosis decreases for cases with PCV values 
below 10%. Successful treatment depends on early diagno¬ 
sis and prompt therapy. In addition to specific treatment, 
supportive therapy such as blood transfusions (4 L of whole 
blood per 250 kg of body weight), fluids, hemallnics, and 
prophylactic antibiotics are Important. However, wild, excit¬ 
able cattle may best be left alone. With severe hemolytic 
anemias, any exertion associated with restraint and treat¬ 
ment may precipitate an anoxic crisis. 

Ihe small BLjfosjie species are more resistant to chemother¬ 
apy and may require increased dosages or additional treat¬ 
ments. Itie most frequently used, effective, and relatively 
less toxic specific babesiacides are diminazlne acelurale* at 
3 to 5 mg/kg; phenamidine dilselblonate + at a to 13 mg/kg 
imldocarh diproplonate* at L to 3 mg/kg and arnicarbalIde 
dlisethionale* at 5 to 10 mg' 1 kg. 137 Generally, treated cattle 
become chronic carriers and are resistant to further clinical 
episodes of the disease. E low r ever, treatment of B. bigemina 
may be so effective that sterilization occurs, eventually leav¬ 
ing the animal susceptible to reinfection. Imidocarb has both 
therapeutic and prophylactic activities. In enzootic areas, Its 
use prevents clinical infection for as long as 2 months but at 
the same time allows mild, subdlnical infections to occur, 
resulting in premunition immunity, 335 - 139 

II PrcFFnAfort and Control Eradication of Boophiius tick 
vectors has provided effective control in the United States. 
Other such prefects attempted elsewhere have not been suc¬ 
cessful because of such diverse reasons as lick resistance to 
acarlcides; ability of some licks to infest alternate, nonbovine 
hosts; failure to obtain 100% cooperation of cattle produ¬ 
cers; and lack of financial resources to sustain a prolonged 
program. 

Most procedures aimed at reducing tick Infestations {acar- 
iclde applications |on host or over environment!, controlled 
range burning cultivation, prolonged pasture rest, use of 
repellents) are beneficial. Care should be taken to prevent 
accidental transfer of blood from one animal to another In 
routine surgery (e.g., dehorning castration, ear marking 
hormone Implantation) and vaccination procedures. 

Ihe most common form of immunization consists 
of inoculating live organisms {virulent or attenuated) 
into susceptible calves to Induce a state of premunition. 
Inoculation of older animals Is followed by nonsterilizing 


■Eermil (Inttrvel Inc., St. iVlilliboro, Del) and Ganascf (Squibb and 
Sons de Mexico, Mexico City), 
lomidlne, May and Kaker Ltd., Dagenham, England. 

; lmizol. ncman-Moore, Middlesex, England. 

^Diamp-non, May and Baker Lid., Dagenham. Lngland. 



chemotherapy as needed to modify clinical effects. 340 
Although a premunition approach is useful in endemic 
areas, It Is less desirable in areas with low Infection rates 
because the premunized carriers provide a large reservoir 
of infection. Some killed adjuvant vaccines have proved suc¬ 
cessful in limited trials. 141 In vitro cell cultivation techni¬ 
ques have yielded highly immunogenic soluble antigens of 
B. iwris. 142 Subunit vaccines derived from monoclonal tech¬ 
nologies were proved effective in protecting against severe 
clinical disease. 141 The monoclonal antibodies apparently 
Inhibit merozoite invasion of the erythrocytes. Vaccines of 
such noninfectious material generally do not prevent dis¬ 
ease, but they do moderate the effects of Infection and do 
not directly produce carriers. 

BABESIOSIS IN THE HORSE 

II Etiology. Babesiosis/thelleriosis of equtds [piroplasmo- 
sis] is a febrile, tick-borne disease caused by Bttbesetf cjifoiJJr 
ana 7?ierferirf equi. Until recently, T. equi was known as Babe¬ 
sia equi. However, because the organism more closely 
resembles members of the genus Uidfenci w r lib Its exoeryth- 
rocytic (lymphocytic) stages within (be vertebrate host, with 
development of mlcroschlzonts and macroschizonts, B. equ f 
Is now classified as Thetl&ia equi 144 (see Table 37-1). flefbesitr 
caballi Is a laige species resembling flrtbesitf tngenrfna, which 
affects cattle. Although T. equi is not a member of the genus 
Babesia, for practical puiposes It Is still considered a "small'" 
parasite, similar to B. boi/fs on stained thin blood smears. 
Elow r ever, a unique characteristic of T. eqi jf is that the 
LntraeryLhrocylie parasites divide Into four cells to form a 
Maltese cross. 145 

Equine piroplasmosls Is widely distributed throughout 
the tropics and subtropics and to a lesser extent In tempera¬ 
ture regions. The distribution roughly corresponds to those 
of the tick vectors. Both species are naturally transmitted by 
ticks of the genera Deraiflcentar, Hycf/rumitdJ, and Rhipicepha- 
kts. B. caballi Is passed transovarially (vertically] from one 
tick generation to the next. Transmission of T. equi appar¬ 
ently occurs only transstadtally {horizontally); one tick stage 
(larvae or nymphs) becomes infected, and the disease agent 
Is passed to the next vertebrate host in the next tick stage 
(nymph or adult). Because of the widespread prevalence of 
potential lick vectors in the United States (OrrmucereJcrdilbE- 
pictjjj, D. ileus, and D. mriipbJj's), It Is unknown why equine 
piroplasmosls Is not a problem In the United States. 


II Clinical Signs. All equids apparently are susceptible to 
both parasite species. The zebra in Africa Is naturally Infected 
with T. etfree but not with B. catoiWi. Once infected, survivors 
remain chronic carriers. T. equi can be transmitted transpla¬ 
centa Ilv. Clinical features after an Incubation period of 5 
to 28 days include fever (39° C io AT C; 102° F to 107.6° F), 
hemolytic anemia, jaundice, hemoglobinuria, and death. 
Generalized signs of depression, anorexia, incoordination, lac- 
rLmation, mucous nasal discharge, swelling of the eyelids, and 
frequent lying down ate seen. T. equi Is considered the most 
pathogenic of the tw r o species and is responsible for a greater 
Incidence of hemoglobinuria and death. 5. rflbtrJJj causes a 
more persistent fever and anemia. Differential diagnoses 
Include equine monocytic ehrlichiosis, equine infectious ane¬ 
mia, liver failure with hemolytic anemia, and other hemolytic 
anemias of the horse. 


■■ Pathology. A fever associated with anemia, 

|aundice, and hemoglobinuria, with the detection of para¬ 
site-infected erythrocytes In Gelmsa-stained blood smears, 
Is diagnostic. A significant increase In relative and absolute 
numbers of monocytes and absence of eosinophils may be 



I 160 



RAR.T iHVE DISORDERS OF THE ORGAN SYSTEMS 


observed in horses infected with T. npii. 1 lemogloblnuria Ls 
rare In animate infected with B. raratfi, but urine is often 
dark yellow. The most frequently used serologic tests are 
CF and I FA tests. Blood from spleen-intact horses can 
become CF positive within 14 days after parasite exposure. 
There Ls also a cELlSA test for T. equi and a polymerase 
chain reaction {PCRJ test for both equine diseases. Further, 
as with the bovine infections, both E. caballi and T. equi 
infections can be specifically detected with nucleic acid 
probes. 1 ™ 

II Necropsy findings, Postmortem features are similar to 
those seen in bovine babesiosis, but jaundice is even more 
prominent throughout the carcass. There Is excessive fluid 
in the body cavities,, especially the pericardial sac. Pulmo¬ 
nary 1 edema Is evident. Ilte liver Ls swollen, and hepatic ves¬ 
sels contain large, yellowish clots. The spleen In enlarged 
with rounded edges. 

II I'reuCjrEenC and i'rflgn&sfj. Generally, both £. cflirafft and 
T. respond to the same babeslacldal drugs used to treat 
bovine babesiosis, but T. erfui is more refractoiy to treatment 
than B. cabatti. If diagnosed early and treated promptly, recov¬ 
ery is the rule. The drug of choice for eliminating the carrier 
state of infected animals is imldocarb; at 2.2 mg/kg twice in 
24 hours, Lmidocarb Ls effective against B. cutaHr; 4 mg'kg four 
times over 72 hours Ls effective against!. equi of Eastern Hemi¬ 
sphere origin. 337 1 lowever, donkeys receiving similar treat¬ 
ment died from drug toxicosis. 121 The higher doses, of 
imidoeaxb often produce transient side effects In horses similar 
to signs seen In colic. To date, attempts to eliminate consis¬ 
tently the carrier state of T. eqtri of Eastern European origin 
have been unsuccessful . 146 However as proposed in 1993, 31,7 
irregular chemical sterilization success has been obtained with 
concurrent IV buparvaquone* at 4 mg'kg and IM imldocarb 
at 4 mg/kg. 

II I'rcivniwti And CuHtroi. Control of the tick Infestations 
does much to reduce disease Incidence, as does care to pre¬ 
vent blood transfer during such routine surgical procedures 
as castration. No vaccines effectively prevent equine babesi¬ 
osis. Premonition (as used in bovine babesiosis) Ls of lim¬ 
ited value in some enzootic areas, but It is not widely 
practiced because early treatment without sterilization Is 
effective, and the resulting chronic carriers resist further dis¬ 
ease challenge. 

He mo barto nel I os is (Epe rythro zoonosis) 

OAKY K CARLSON 

HaemobartoneUa bovis Ls an epicellular organism that Ls 
closely associated w r ltb the surface of erythrocytes. It may 
appeaV as a rod shape, an ovoid, or in chains with conven¬ 
tional stains. Elemobarlonellosis Ls primarily of academic 
interest in North America because it Ls rarely a cause of ane¬ 
mia. l4A The organism has been found In association w r lth 
other rickettsial diseases and has been experimentally trans¬ 
muted In splenectomlzed calves. The agent may be visua¬ 
lized as delicate ovoid, rod, or dumbbell forms arranged 
in chains or tight groups or randomly distributed epiceTlu- 
larly throughout appropriately stained blood smears. 

eperythrozqonosis IN cattle. The causal agent Ls 
EperytihruHxm wenyrwrt Infection Ls usu¬ 

ally latent, producing no clinical signs in normal cattle, but It 


■H Lillies, Coopcrc Aiiiiiul I [call h l.imiLcd, I lertfordshlra. [Inked 
Kn^da-m. 


may become apparent in animals that have been severely 
stressed by some other systemic disease. The disease can be 
produced experimentally If Infected blood Ls administered 
to spleneclo mixed calves. Even under experimental circum¬ 
stances, clinical signs consist of mild depression, fever, and 
modest anemia. The disease in cattle Ls of little clinical conse¬ 
quence, except for the potential for confusion should the 
organism be seen on stained blood films. Occasionally, cat¬ 
tle may have swollen and tender teals and legs. 14 * 5 

EPERYTHRG ZOONOSIS IN SHEEP AND GOATS. The 
causal organism In sheep and goats Is Mycoplasma oi/is 
p^perylJtrasodm ortej, which appears to be very similar mor¬ 
phologically and serologically to the species found In 
cattle. The disease can produce more prominent clinical 
signs in sheep, with profound depression, anemia, and 
significant death Losses In young Lambs. 349 Erythrocyte 
destruction is thought to be caused by Intravascular hemo¬ 
lysis and erythrophagocytosis. 

Theileriasis 

GARY !■'. (jlHLWN 

Thelleriasis is caused by small hemoparasite of the genus 
Jheileria that Infects lymphocytes and erythrocytes of rumi¬ 
nants and Ls most common in tropical and subtropical cli¬ 
mates. The organism is spread by bloodsucking arthropods, 
particularly ticks of the Ixodidae family. TheSeria pdtmr is 
the cause of East Coast fever, a highly fatal disease of cattle 
in Africa. Other members of the genus Tfreiferifl {!. timruJdtar 
T. JMETtuns, T. hirci , and T. cuts] tend to be Less pathogenic and 
produce diseases with a w r Laer geographic distribution. 149 
T. cen.fi has been seen in North American deer. T. /njjtmrs has 
been seen In erythrocytes of both cattle and deer In North 
America. TheiLerlosLs caused by an agent indistinguishable 
from T. buffeli has been described in cattle from Texas and 
North Carolina wish parasitemia, but clinical signs were not 
reported. 350 Recently, T. buffeli was reported as the cause of 
a hemolytic anemia in a 6-month-old 5Immental calf. 151 
There ivas serologic evidence of a high herd prevalence of 
Tftfj'fc™ Infection, and the agent was transmitted to splenec- 
tomixed calves, which developed mild anemia. The oiganism 
produces a brief Illness characterized by mild fever, anorexia, 
and modest anemia, followed by rapid recovery. 

Trypanosomiasis 

GARY J>. dHLSGN 

Trypanosomes are flagellated protozoal organisms that can 
produce a variety of serious diseases of humans and ani¬ 
mals, although many are nonpathogenlc. Nagana, a disease 
of cattle In Africa, is caused by TYfipanusamii rangofensj. Trypn- 
Fifljomfl minsi is the cause of surra, a disease of cattle In 
India, and Trypanosoma equiperdium produces do urine In 
horses, in North America, Trypanosoma theitert (Trypanosoma 
americamim) Is the only agent reported and is principally of 
academic Interest because It is relatively nonpathogenic. The 
organism is occasionally seen free In the plasma in small 
numbers on stained blood films from cattle as a large, flag¬ 
ellated protozoan w r lth an undulating membrane. Lj5 The 
organism is best visualized In huffy- coat smears, which tend 
to concentrate 1L T. iheileri rarely produces clinical signs, but 
occasionally a fulminating parasitemia may develop, result¬ 
ing in fever, depression, and decreased milk production. 

Leptospirosis 

GARY r. CIHLSOM 

Leptospira Infections produce disease in several species, 
including cattle, sheep, swine, horses, dogs, and humans, 
but the acute hemolytic syndrome associated with these 
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infections Is seen most often Lit calves and lambs. Leptospira 
mcem^ms serova rs pnrnnmr and j ccere fuiernorrhtigiae are 
the serotypes usually involved in the hemolytic syndrome. 
Clinical signs of the hemolytic syndrome vary but gener¬ 
ally Include fever, Lethargy, icterus, anemia, and petechial 
hemorrhages. The anemia results, at least in part, from 
immune-media ted mechanisms. Cold-reacting immuno- 
Lobulin M (IgM) antibodies have been Imp] Lea ted in the 
emolytic anemia seen in Lambs. I’he degree of anemia is 
variable but can be severe, with evidence of erythropoietic 
response apparent in the peripheral blood within 4 to 7 
days. A moderate leukocytosis and elevation in plasma 
fibrinogen are often associated with the hemolytic ane¬ 
mia. The diagnosis is generally made on demonstration 
of the organism in the urine, PCR, and an increase In 
serum antibody liter. Discussion of leptospirosis as a 
reproductive, renal, and ocular problem can be found Ln 
other chapters. 

Equine Leptospirosis 

ArtJNIt jt 

Leptospirosis is a bacterial zoonotic disease that Is prevalent 
worldwide. 153 The organism can be readily transmitted 
between mammalian species (cattle, pigs, horses, dogs, 
and humans) through Infected urine, body fluids, and con¬ 
taminated soil or water. L53 In horses from North America, 
Lnfections are primarily caused by Leptospira interrogans sero- 
var pemom kennewiehi.. ]5i There are various maintenance 
hosts for this serovar, with the skunk being the most com¬ 
mon host. Leptospira bmtislava has been considered the 
host-adapted serovar of the horse, although this has been 
controversial. Some researchers believe this serovar is also 
pathogenic to the horse, and when the horse is Infected, 
the organism can be shed indefinitely in urine and possibly 
the reproductive tract. 354 

Leptospira fw??rariii can cause uveitis, placentitis, abortion, 
stillbirth, renal disease, and hemolysis. Clinical signs 
include fever, jaundice, anorexia, and Lethargy. Leptospiro¬ 
sis Is a sporadic cause of abortions, although in endemic 
areas it may account for 13% of bacterial abortions. 155 In 
general, abortions occur during late-term gestation. The 
organism can be found in the placenta, umbilical cord, kid¬ 
ney, and liver of the aborted fetus. L. pofliGHtr can be shed Ln 
urine for up to L4 weeks after Infection. Lept mpira grippoly- 
phosa and L. kardje are serovars also known to cause equine 
abortions. 154 

Renal disease, tubulointerstitial nephritis, pyuria, and 
rarely acute renal failure have been reported In horses with 
leptospirosis. More often, two ocular disorders appear to 
be associated tvith L. popnnnij Infection Ln horses: afurne 
recurrent itivefth (ERLJ) and immune-mediated keratitis. The 
immune-medlated response is postulated to result from 
the cross-react! on between Leptospira I antigens and uveal 
tissue, cornea, lens, vitreous body, and retina. 356 Recent 
reports have confirmed the presence of live Leplas^ffti Ln 
the uveal tissue of horses with uveltLs through Isolation of 
the organism, positive PCR, or high antibody titer in the 
aqueous humor. 156 

II DiYjgnusa's. Diagnosis of Leptospirosis can be challeng¬ 
ing because of variable serologic results. Microscopic 
agglutination titer (MAT) in serum and fluorescent anti¬ 
body liter (FAT) Ln infected tissues have been routinely 
used for diagnosis. 'I’he sensLtivlty and specificity of 
FAT in tissues of aborted fetuses are almost 100%. 155 In 
cases of uveitis, high antibody liters Ln aqueous humor 
may be found despite variable serum Uters, suggesting 
local antigenic stimulation. ]5d Serum tilers of 1:6400 are 


considered significant and consistent with Infection. 157 
Serum titers of 1:3200 that are stable for 2 to 3 weeks 
are not considered significant. RLslng titers after 2 to 3 
w r eeks are considered significant, and the patient should 
be Isolated and treated. Other diagnostic modalities are 
PCR, histology, and bacterial Isolation. Recently, Divers 155 
Isolated genes of two surface proteins of L. pntJiondi (Immu¬ 
noglobulin-Like proteins A and B) that are expressed only 
during active Infection. These proteins may Improve the 
diagnosis and development of a protective vaccine for 
Leptospirosis. 

■I Treatment. Treatment for leptospirosis has been advo¬ 
cated w r llb ampiclllin, amoxicillin, procaine penicillin 
[22,000 lU/kg IM every 12 hours), oxytetracyeline (5 to 
10 mg/kg IV every 24 hours, slow in fluids not containing 
calcium), or doxytydine [7 to 10 mg/kg PG every 12 hours) 
for 7 days. I’he Inflammatory response in horses xvith ERL1 
and Immune-medlated keratitis has been managed with 
corticosteroids and cyclosporine, but this mav provide only 
temporary relief. Affected horses lend to develop ocular 
complications (e.g., cataracts, glaucoma, blindness, Intracta¬ 
ble pain) that may result In enucleation. The Inability to 
cure many cases ofERU may be caused by the lack of treat¬ 
ment for the possibly active infection. Therefore, treatment 
should be directed toward controlling the ocular Inflamma¬ 
tory response and ongoing infection, if indicated. Systemic 
antimicrobial therapy may not be successful Ln ERL! cases 
resulting from an Intact blood ocular barrier despite being 
Inflamed. 155 

H Prevention. Prevention must be aimed at controlling 
exposure to shedding hosts, infected animals, and contami¬ 
nated fondles. 'Thorough cleaning and disinfection of con¬ 
taminated areas and proper disposal of infected material are 
essential measures to minimize exposure. Pregnant mares 
should be Isolated from other animals because bacterial 
shedding may last several w r eeks. If abortions occur Ln 
endemic areas. It Is recommended to lest horses for lepto- 
spiral antibodies and isolate those horses with a serum titer 
of 1:6400 or higher. 157 Also, horses with a negative or low 
titer should be retested In 2 to 3 weeks. Morses with rising 
titers should be isolated. Attempts to decrease shedding Ln 
horses with oxytetracyeline, penicillin G, and streptomycin 
have not been effective. Vaccination is sometimes performed 
on farms with endemic abortions or high rates of uveitis. 355 

Bacillary Hemoglobinuria (Redwater) 

i LAKY P. CAKIJiiM 

Bacillary hemoglobinuria is an acute hemolytic disorder 
caused by CJcstrLffE/m bdftnofyticutti [Ctaridjtrm ncty; type 
D). Also known as "Nevada redwater/'' It has been reported 
as a naturally occurring disease Ln cattle and has been exper¬ 
imentally produced Ln sheep. Clinical signs develop rapidly, 
and death losses are often seen. Affected animals may 
manifest severe depression, anorexia, fever, hemoglobine- 
mia, and hemoglobinuria. I’he disease is endemic Ln certain 
poorly drained areas of the tvestern LJnited States and is 
caused by Ingestion of infectious spores. lire organism finds 
a favorable environment for development in areas of preex¬ 
isting liver damage, most often produced by migrating Liver 
flukes. The hemolytic syndrome mulls from toxins elabo¬ 
rated by the organism, which also produce a characteristic 
focal liver Lesion. The anemia produced may be marked, 
and both Icterus and evidence of erythropoietic response 
may be seen in animals that survive for more than a few 
days. (See Chapter 33.) 
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Equine Infectious Anemia 

ftftFiT SPONSkLLLR 

Equine infectious anemia vims (ElAV) Is an RNA virus, a 
member of the Retrovirldae family, belonginglo the LeflCjj'j- 
rjji genus. It has a structure and genome organization similar 

10 oiber animal and human lentiviruses. Lentiviruses use 
virally encoded reverse transaipune to converl (he RNA 
genome to a DNA intermediate that is integrated Into the 
host's genome by another vitally encoded enzyme, fnbgrara 
The integrated DNA Intermediate, or provirus, usurps the 
host cell to replicate its genome, manufacture viral proteins, 
and assemble the vitally encoded proteins Into virions, tvhich 
subsequently bud from the cell. Thus, infection by alentlvlrus 
results In a lifelong, persistent Infection. ElAV causes the dis¬ 
ease, equine Infecllous anemia (ElA), first described in 1843 
by LLgnee. 159 In 1904, Carre and Vallee 1Si> determined that 
El A was associated ivith a filterable agent, making it the first 
animal disease determined lo be caused by a virus. 

11 tferosurrarflancg and Detection. El A Is a US DA-regulated 
disease. In 2003 the USDA estimated that serosurveillance 
of almost 2 million samples cost U S. horse owners more 
than $48 million. USDA-accredited laboratories use a test¬ 
ing scheme that detects the presence of serum antibody to 
the virus. The Coggins’ test, developed by Dr. Leroy Coggins 
in 1970, provided the first efficient serologic test for detec¬ 
tion of ElAV-infected animals; it remains a US DA-accepted 
test tfio.LGi [ n addition, four ELISAs are licensed tests, one 
of which Is a competitive ELISA (cELISA). These ELISAs 
detect antibody directed at the transmembrane glycoprotein 
(gp45) and the p2G antigen . 162 All areas In the United 
States, Canada, and Mexico accept either the Coggins 1 test 
or one of the licensed ELISAs when testing for El A Is 
required for entry. Equlds that cross state lines or that 
attend many equestrian events are required to be seronega¬ 
tive for El A; however, the required period of sero negativity 
between tests varies according lo the state. No tests are cur¬ 
rently approved by the US DA for diagnosis of El A based on 
detection of viral nucleic acid. 

Serosurveillance can lead lo the detection of horses that 
are Infected with ElAV but that otherwise appear healthy. 
Indeed, most Infected horses are inappareni carriers. How¬ 
ever. blood transferred from an inapparent carrier lo 
another horse, through instruments (e.g., needles, nasogas¬ 
tric tubes, dental equipment), blood products, or Insect vec¬ 
tors (primarily tabanlds), can lead to Infection with a fatal 
outcome. 


II C/iFiifriJ Ftndlngs. The din Leal form of EIA is character¬ 
ized by three defined, temporal stages of disease: acute, 
chronic, and Inapparent. The acute stage occurs with the 
initial burst of viremla and is characterized by high fever, 
thrombocytopenia, and nonspecific signs of malaise. Includ¬ 
ing Iethargyand inappetence. Ecchymoses and petechiae may 
also be detected on the mucous membranes. During the 
cJrrarfc stave, similar clinical features occur during recurrent 
episodes oi viremla, Interspersed w r lth periods of clinical qui¬ 
escence and low r viremla. llirougbout (be chronic stage the 
clinical episodes tend to diminish gradually In severity and 
duration. The inappanent stage occurs once Levels of viremla 
are Lm mu no logically contained and no clinical signs are 
detected. Elorses experiencing clinical disease at any point 
may develop D1C and die. In addition, episodes of stress, 
including transportation, racing, and extreme temperatures, 
may precipitate clinical disease. Furthermore, corticosteroids 
have been used experimentally to Induce recrudescence of 
clinical disease. 163 


Other chronic manifestations of EIA include the develop¬ 
ment of dependent edema, weight Loss, anemia, and o(ber 
ill-thrift signs. Rare manifestations that may develop 
include Leukoencephalitis and enterocolitis. 164 The expres¬ 
sion of clinical disease, particularly during acute Infection, 
llkelv Involves multiple factors, including Inoculating dose, 
vliufence factors of the inoculating viral strain, immune sta¬ 
tus and Immunogenetlcsof the host, age, and stress. Indeed, 
clinical disease occurs concomitantly with blgh-titer Vire¬ 
ns La. Elorses with high-tiler vlremia pose the greatest risk 
of transmission to uninfected horses. 

Lentivi ruses have a DNA-dependent RNA polvmerase 
(reverse transcriptase) that mlslncorporates nucleotides, 
resulting In changes in the viral genome. 165 This mecha¬ 
nism allows for generation of viral variants that differ genet¬ 
ically from preexisting ones. As a result, genetic and 
antigenic variation of epitopes for neutralizing antibody 
and cytotoxic T lymphocytes allow's viral escape from adap¬ 
tive immune responses . l66 , (67 Antigenic variation plays a 
central role in recurrence of clinical disease throughout the 
chronic stage of infection and thwarts attempts to develop 
an effective vaccine. 165 

The EIA virus can replicate effectively In monocytes, den¬ 
dritic cells, and tissue macrophages. ISB - 170 In addltloji, ElAV 
has been shown to replicate In endothelial cells. 1TL ElAV 
replication In endothelial cells may play a role In the devel¬ 
opment of DEC by viral damage to endothelial cells, with 
subsequent exposure of subendothellum. l7] This in turn 
could lead to platelet aggregation and formation of 
thrombi. 172 En addition, damaged endothelium may result 
in development of dependent tissue edema bv transudation 
of fluid through compromised small vessels. 71 

II Necropsy findings crnd CffmajJ Pdiriiufogy. Necropsy 
examination of horses that die of EIA may demonstrate 
splenomegaly, lymph adenopathy, hepatomegaly, pro¬ 
nounced hepatlc lobuLar architecture, ecchymoses of the 
mucosa and viscera, dependent subcutaneous edema, 
and thrombotic disease of small vessels. Histologic find¬ 
ings may include a mononuclear cell Infiltrate of peripor¬ 
tal regions of the liver, adrenals, spleen, lymph nodes, 
meninges, and lungs. 1 lemoslderopnages are frequently 
detected In the spleen, lymph nodes, liver, and bone mar¬ 
row. Glomerulonephritis from Immune complex deposi¬ 
tion Is often observed. 

Cllnicopathologic abnormalities vary depending on the 
stage and severity of Infection. During clinical disease, a fre¬ 
quently profound thrombocytopenia develops concurrently 
with eacn successive episode of fever. Platelet function of 
ElAV-infected horses has been demonstrated to be hypo- 
functional, possibly exacerbating bleeding tendencies and 
the progression to D1C In clinically affected equlds. 175 Ane¬ 
mia from Intravascular hemolysis, extra vascular hemolysis, 
and depression of bone marrow eiythropoiesls may pro¬ 
gressively develop during the chronic stage of infection. 174 
During the inapparent stage, horses typically have Increased 
plasma total solids and globulin concentrations, mild ane¬ 
mia, and decreased albumin concentration. 175 Polyclonal 
B-cell activation Is also evident, suggesting chronic antigenic 
stimulation despite clinical quiescence^ 75 Concomitant 
fever and thrombocytopenia should prompt Immediate 
consideration of EIA. A history of recurring fever Is also sug¬ 
gestive of EIA, particularly w r hen other causes of fever have 
Been ruled out. 

II iVrwFrticuE, Contnrf, ci Fid Regtikitcry CuiEsidcrnriom. It 
is well recognized (bat ElAV seroprevalence varies with the 
region of the United States. 17,1 Stales considered at a high 
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risk include Texas,. Oklahoma, Louisiana, and Arkansas, 
whereas the mid-Atlantic area, .New England, Alaska, and 
Hawaii are considered low-risk regions. The remaining states 
are classified as Intermediate-risk areas. Despite regional dif¬ 
ferences In risk Lo non Infected horses, sporadic outbreaks 
do occur. Veterinarians should therefore encourage all horse 
owners to test for EIAV annually, test new arrivals, and main¬ 
tain good fly control. In addition, the veterinary community 
should encourage organizers of equestrian events to require 
proof of sero negativity of attending horses. 

Once a seroreadoV Is identified, all contact horses are 
quarantined and undergo testing until two negative test 
results at 50- to 60-day Intervals are obtained for all Indivi¬ 
duals in the quarantined herd. 1 * 3 'I’he required Interval is 
based on the need to allow recently infected horses to sero- 
converl. Seroreactors may be either quarantined or eutha¬ 
nized, depending on slate regulations. Quarantined horses 
must be at least 200 yards (ISO m] from seronegative ani¬ 
mals, the distance shown to be sufficient to obviate viral 
spread by insect vectors. In addition, seroreactors remaining 
in permanent quarantine need to be Identified. A US DA 
code number followed by the letter A Is assigned to the 
quarantined horse and permanently applied to the horse 
as a brand or lip tattoo. 

Because an eradication program has never been imple¬ 
mented in the United States for Hi A, persistence of reser¬ 
voirs of horses Infected with EIAV must be expected. 
Indeed, the vast majority of horses in the United States 
are not tested on an annual basis. To encourage horse own¬ 
ers voluntarily to maintain vigorous surveillance testing, 
the veterinary community needs to educate owners about 
the consequences of Infection by EIAV. Norse owners are 
often unprepared to deal with the financial and emotional 
losses associated with detection of a horse seropositive for 
EIAV. 

IMMUNE-MEDIATED HEMOLYTIC ANEMIA 

Autoimmune Hemolytic Anemia 

C/WiV r. CAULSUN 

II Definition And Etiology. Autoimmune hemolytic anemia 
Is associated with the production of autologous antibodies 
directed against the patient's own RBCs. lltese antibodies 
combine with complement and antigens on the RBC mem¬ 
brane, leading to the rapid removal of affected RBCs from 
the circulation and their accelerated destruction. Autoim¬ 
mune hemolytic anemia occurs rarely as a primary idiopathic 
disorder 17 ^ 177 ; more often It is found secondarily associated 
with some other primary disease process. L7t An idiopathic 
immune-mediated hemolvtic anemia has been reported in a 
cilf 177 and pony. LTB 

II Clinical Signs and Differentia} Diagnosis, The present¬ 
ing clinical signs of animals xvith autoimmune hemolytic 
anemia are quite variable, depending on the degree of ane¬ 
mia and the primary disease. Animals with marked anemia 
(PCV <15%) manifest signs typical of those seen In any ani¬ 
mal with a severe hemolytic anemia (i.e., depression^ pale 
mucous membranes, variable icterus, elevated heart and 
respiratory rate, variable to intermittent fever). Secondary 
autoimmune hemolytic anemia In horses has been asso¬ 
ciated most often with some other primary problem, such 
as purpura hemorrhagica, lymphoma, other neoplasms, 
protein-losing enteropathy, or chronic bacterial Infec¬ 
tions. I?s - 130 Clinical features are typical of the primary 
problem, with additional findings of a hemolytic anemia. 
In humans, exposure to a wide variety of drugs has been 


causally associated with the development of autoimmune 
hemolytic anemia. A number of studies report an associa¬ 
tion between procaine penicillin and autoimmune hemo¬ 
lytic anemia In horses.® j - jas - ta5 Autoimmune hemolytic 
anemia was reported in a 10-year-old horse treated with 
trimethoprim-sulfamethoxazole. 136 This apparently occurs 
rarely, perhaps only In specific Individuals, but drug history 
should be ascertained in all animals with an otherwise 
unexplained hemolytic anemia. 

The anemia in cattle with anaplasmosls and babesiosis 
or In horses vvith equine infectious anemia, piroplasmosls, 
or ehrlichiosis is largely the result of an immune-mediated 
hemolytic process. These diseases are discussed fully else¬ 
where in this book. 

■I C’frnitfif Anthology. Hie hemolytic process often Is rapid 
and persistent, leading to a pronounced anemia. The hema¬ 
tologic features are those typically expected for a responsive 
hemolytic anemia. The anemia often Is progressive and may 
become severe, even life threatening (l.e., PCV <10%). Eryth- 
rophagocytosis and autoagglutination may be noted on 
blood smears. Spherocytosis may be difficult to recognise 
In large animals because of the relatively small cell size and 
lack of a clear area or central pallor of the erythrocytes from 
these species. If the process has been present for 4 days or 
more, hematologic evidence of active erythropoietic response 
may be seen in the peripheral blood of all species except Che 
horse. Itiis evidence of bone marrow response is a favorable 
prognostic indicator, even when the anemia Is quite 
advanced. A moderate neutrophilic leukocytosis Is a com¬ 
mon feature, and thrombocytopenia may be noted In some 
Individuals if the autoimmune process Is directed at platelets 
and megakaryocytes, as well as the erythrocytes. 

II Diagnosis. Documentation of the presence of antieryth¬ 
rocyte antibodies and complement on the RBC membrane 
Ls based on the direct Coombs 1 ' lest. I’he indirect Coombs' test 
detects antierylhrocyte antibody In the serum. It Is important 
to remember that the Coombs' test is based on species- 
specific reagents. I’hese reagents are commercially available 
in the United States for small animals and horses, and not 
all diagnostic laboratories will have suitable Coombs'" 
reagents for other species. Special procedures may be neces¬ 
sary to adsorb these reagents to avoid nonspecific reactions. 
Multivalent Coombs'" reagent directed against IgG, IgM, and 
complement is most often used. I’he Coombs'" test usually is 
conducted at body temperature and also in the cold. A posi¬ 
tive reaction at body temperature Indicates that the antibo¬ 
dies are primarily IgG. 'I’hese warm antibodies are associated 
more frequently with anemia, generally produce a more 
severe anemia, and lend to be more responsive to corticoster¬ 
oids than the cold-reading anti bodies. The cold-reacting anti¬ 
bodies delected with the saline agglutination lest run at 25° C 
and 4 D C {39* F and 77* F) are primarily of the IgM class. 
Exposure to a cold environment may be necessary to produce 
clinical signs associated with cold aggjutinln disease. Both the 
warm-reacting and the cold-reading antibodies are capable 
of fixing complement. Unfortunately, the Coombs' test is 
not always positive In affected animals. Approximately one 
third of human and canine patients with autoimmune hemo¬ 
lytic anemia have a negative direct Coombs'" test, possibly 
because of low concentrations of antibody or low binding 
to the RBC membrane. I’he diagnosis in these patients 
depends on ruling out other causes of a responsive hemo¬ 
lytic anemia and on the response to corticosteroid therapy. 
Direct Immunofluorescence with flow cytometry was used to 
determine the classes of antibody bound to erythrocytes In 
three horses and 12 dogs with Immune-mediated hemolytic 
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anemia. The three horses had surface-bound IgG, Including a 
horse with suspected penicillin-induced hemolytic anemia, a 
foal with neonatal Lsoerythrolysis, and a foal with clostridial 
septicemia. 337 

A substantial proportion of otherwise normal horses 
have small amounts of cold-reacting Coombs'" antibodies, 
and spontaneous agglutination may f>e noted in blood sam¬ 
ple tubes exposed to the cold. In most cases these cold 
agglutinins appear to occur naturally and, at low levels, 
are of little clinical significance. Prior treatment with corti¬ 
costeroids may Inhibit antibody production and could lead 
to a false-negative Coombs' test. 

II Pathophysiology, Autoimmune hemolytic anemia rarely 
has been reportedas a primary or Idiopathic process In laige 
animals; however, Immune-medlated anemia occurs more 
often as a secondary problem {I) Ln association with cer¬ 
tain types of neoplasia; (2) with a variety of viral, bacterial, 
rickettsial, and protozoal infections; (3) after exposure to 
certain drugfr or {4) In association with other immune- 
medialed disorders, such as systemic lupus erythemato¬ 
sus. 1 aE The Initiating factors for this autoimmune disorder 
are not completely understood but may be related to altera¬ 
tions Ln the RBC membrane through direct or Indirect 
in|ury, which elicits an abnormal response by the immune 
system. The RBC membrane Is no longer recognized as 
"self' and Is treated as a foreign antigen. Alternately, 
changes in the Immune system or stimulation by some 
other antigenic source may result in production of antibo¬ 
dies with a misdirected cross-reactivity wllh the patient's 
own normal erythrocytes. Structural ana functional changes 
in the RBC membrane are induced by the antigen-antibody 
reaction and complement fixation. The complement-fixing 
IgG or IgM antigen-antibody reaction may produce suffi¬ 
cient RBC damage to result Ln Intravascular lysis of erythro¬ 
cytes, but more often, affected cells are removed from the 
circulation at a rapid rate by the reticuloendothelial system 
of the liver and spleen. Partial phagocytosis of affected cells 
may result in spherocyte formation. Although the presence 
of spherocytes on blood smears is a characteristic diagnostic 
feature in human and canine patients with autoimmune 
hemolytic anemia, the relatively small size of RBCs of most 
large domestic animals may make It difficult to recognize 
spherocytes. 

II und Prognosis. llie approach to treatment of 

autoimmune hemolytic anemia depends on the causal fac¬ 
tors. 1 f the ani ma L has a hislo ry of d rug therapy, it Is advisable 
to discontinue medication or to change to another class 
of drug Patients with primary or Idiopathic autoimmune 
hemolytic anemia may be the best candidates for treatment. 
Immune-medlated hemolytic anemias secondary' to other 
diseases can only be managed If the primary problem Is amen¬ 
able to treatment. Thus, treatment of an immune-mediated 
hemolytic anemia in a patient tvith extensive lymphoreticular 
neoplasia Is likely to be unrewarding, and thorough dia¬ 
gnostic efforts should precede case selection for treatment. 
Although Immune-medlated processes are responsible for 
hemolytic anemia In a number of infectious diseases, therapy' 
must be directed at the primary agent, and corticosteroids are 
contraindicated in these diseases. Corticosteroids can cause 
recrudescence of viremla Ln horses wllh E1A, and a negative 
Coggins' lest should be a prerequisite to treatment of horses 
with an autoimmune hemolytic anemia of undetermined 
cause. 

Treatment of autoimmune hemolytic anemia Is directed 
at providing supportive care and interrupting the immune 
response responsible for antibody production. This is usually 


accomplished with systemic glucocorticoids. For a 450-kg 
horse, dexamethasone Is recommended at an Initial dos¬ 
age of 30 to 40 mg^day given parenterally. This rate is 
continued for 3 to 5 days, then decreased gradually over 7 
to 14 days, depending on the response (o therapy; the 
hematologic response should be closely monitored. If there 
has been no response Ln 5 to 7 day's, the diagnosis of auto¬ 
immune hemolytic anemia should be reviewed, and poten¬ 
tial causes of bone marrow' suppression should be 
evaluated. Once the hemolytic process is well under control, 
oral prednisolone can be" given at 400 to 500 mg dally. 
Human patients and small animals with Immune-mediated 
hemolytic anemia unresponsive Co corticosteroids are often 
treated wllh cyclophosphamide. There Is one report of suc¬ 
cessful management of a horse with cyclophosphamide 
and azathioprlne when the anemia failed to respond to cor¬ 
ticosteroids. |SS Supportive care consists of providing a 
quiet, restful environment and good nutrition. Including 
vitamin supplementation. Iron- and copper-containing 
hematinlcs are generally of little benefit because neLlher of 
these elements is lost wLlh hemolytic anemia. Blood trans¬ 
fusion is also of little benefit because it is often Impossible 
to find a compatible donor, and the transfused cells are 
rapidly removed from the circulation. Blood transfusion 
should not be administered unless the anemia is life threat¬ 
ening and the immune response can be controlled with 
corticosteroids. 


Neonatal lsoerythrolysis in Horse and Mule Foals 

iWCXNJtjt ALEMAN 

Neonatal isoerylhrolysls (Nl) is the most common allolm- 
mune disease in neonatal foals 7.5 hours to 12 day's old 
(median. 2.5 days). 190 Nl is characterized by hemolytic 
anemia. Icterus, and hemoglobinuria. Cllnlcopathologlc 
abnormalities include anemia, high serum Indirect and 
direct bilirubin concentrations, and sorbitol dehydrogenase 
activity'. Nl is caused by a blood group Incompatibility 
between the foal and dam. The foal Inherits from the sire 
and expresses an erythrocyte antigen (alloantigen) that is 
not present In the mare. The hemolytic syndrome is 
mediated by maternal antibodies against foal erythrocytes 
(alloantLbodies) absorbed from colostrum. Blood factors 
associated with Nl in horse foals are Qa, Qb, Qc, Aa, Pa, 
and Dg and donkey factor Ln mule foals. 390 The most com¬ 
mon antigens are Qi and Aa. Foals with Nl may also pres¬ 
ent with alloimmune thrombocytopenia. (See Chapters \9 
and 53.) 


HEINZ BODY HEMOLYTIC ANEMIA 

GARY r. CARLSON 

MO.NJtIA ALEMAN 

II Definition ctnd Etiology. An acute hemolytic anemia can 
develop after exposure to a variety of oxidizing agents. 
These include drug^ such as pbenothlazine, methylene blue, 
and acetylphenylhydrazine and plants such as wild or 
domestic onions, members of the Brassica family (rape or 
kale), and w'llted or dried leaves of the red maple (Acer 
rufrmmj. 391 - 197 Red maple toxicosis (RMT) has been 
reported Ln horses, zebras, and alpacas. 3 ^lss-am Heinz 
body hemolytic anemia also occurs Ln sheep on specially 
formulated diets that are low in molybdenum, which results 
in chronic copper toxicity, as herd problems in cattle 
grazing rye grass (Seaile cerertfrj 301 or selenium-deficient 
pastures in Florida, 202 and w'llb selenium deficiency as a 
contributing factor Ln postparturlent hemoglobinuria of 
cattle Ln New Zealand.™ These agents produce or allow 
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oxidative den atu rat Lon of hemoglobin and resultant aggre¬ 
gation of the protein globin, which appears as Heinz body 
inclusions within the RBCs. Heinz body anemia has been 
seen in association with lymphoma In a horse, possibly 
from failure of the reticuloendothelial system (RES) to 
remove the Heinz bodies, as reported In horses with El A. 204 

II Cffrricflf Signs and Differential Diagnosis. Clinical signs 
vary with the species involved, specific toxin or loxlc metab¬ 
olites, amount of toxin ingested, time course of the disease 
process, and occurrence of complicating secondary factors, 
such as hemoglobin nephrosis and acute renal failure. 
Weakness, lethargy, anorexia, and exercise Intolerance are 
die usual presenting complalnSs, and death losses can occur. 
Mucous membranes are generally pale with variable to 
marked icterus. I'he heart and respiratory rates are generally 
elevated, but rectal temperature Is usually within normal 
limits. Horses with RMT may be subdin lea l or may present 
with lethargy, muddy or cyanotic mucous membranes, 
tachycardia, Inappetence, weakness* colic, Icterus, brown 
discoloration of the blood, and pigmenlurla. Rarely, sudden 
death occurs. 200 Pyrexia and hypothermia have also been 
documented. Most horses develop clinical RMT during sum¬ 
mer and fall. The high mortality rate in horses with RMT 
may relate to the combination of a rapidly progressive 
hemolytic anemia and the formation of methemoglobln. 
Urine output may be reduced, and the urine may be dark 
because of the presence of hemoglobin, methemoglobln, 
or bilirubin. 

It is not possible to differentiate Heinz body hemolytic 
anemia from other potential causes of hemolytic anemia 
without laboratory evaluation. The absence of fever may 
help to differentiate these anemias from infectious causes 
of hemolytic anemia. History of exposure to potential oxi¬ 
dizing agents and the fact that these toxic plants may pro¬ 
duce death losses or clinical signs In multiple animals at 
the same time should help to differentiate these cases from 
autoimmune hemolytic anemia. 

II Clinical Pathology. Poisoning or Intoxication resulting 
In Heinz body formation usually causes acute and profound 
anemia. In the eariy stages a very high percentage of eryth¬ 
rocytes may have Heinz body Inclusions. Later, as these cells 
are removed from the circulation and replaced by young 
cells from the bone marrow, the relative number of affected 
cells may decrease greatly. Heinz bodies are round, oval to 
serrated, refract Lie granules usually located near the cell 
margLn or protruding from the cell and best visualized with 
vital stains such as crystal violet or new methylene blue 
applied to unfixed blood smears. Heinz bodies appear as 
bluish green inclusions with the new methylene blue stain, 
fixing of blood smears with methanol Ln preparation for 
staining with the classic Wright's stain interferes with stain 
uptake, and Heinz bodies appear as a pale area within or 
projecting from the cell margin and can easily be missed. 
After the first 3 or 4 days, the anemia Is usually associated 
with hematologic evidence of an active erylhrogenlc 
response Ln all species except the horse. The total plasma 
proteins usually remain within normal limits, and the 
Coombs'" test Is negative. Red maple poisoning also results 
Ln depleted RBCs, reduced glutathione, methemoglobine¬ 
mia, Increased osmotic fragility, and modest elevations of 
Liver-derived serum enzyme activities. 

Ihe rapid and profound erythrocyte destruction may 
Lead to bemoglobinemla and hemoglobinuria. The develop¬ 
ment of ren a [failure secondary to hemoglobLn nephrosis is 
a definite risk In these animals and Is reflected by modest to 
marked increases in the blood urea nitrogen (BUM) and 


creatinine, as well as changes in the urinalysis. i06 - 107 These 
parameters should be monitored in severely affected ani¬ 
mals. As with other causes of hemolytic anemia, serum bili¬ 
rubin, particularly the indirect reacting bLlliubln, Is elevated. 

The cllnieopathologie abnormalities of horses with RMT 
Include anemia [PCV as low as 7.5%), eccentrocyles, Heinz 
bodies, and elevated plasma methemoglobln concentra¬ 
tion. 200 Other significant findings consist of Inflammatory 
leukcgram and renal Insufficiency (75% and 40% of cases, 
respectively]. 200 Mild elevation of serum total bilirubin is 
observed Ln most cases, and hemoglobinuria is seen Ln all 
affected patients. 

II Helnzbodles are formed by the precip¬ 

itation of oxidatively denatured hemoglobin. The hemoglo¬ 
bin contained within the RBC is constantly undergoing 
mild oxidative stress associated with oxygen' transport, as 
well as generation of superoxide radicals and hydrogen 
peroxide within the cell. A number of reducing mechan¬ 
isms within the RBC counteract these oxidative processes 
through production of NAD PI [ and reduced glutathione. 
The occurrence of Heinz body hemolytic anemia could be 
viewed as a consequence of exposure to oxidative stresses 
that simply overwhelmed the cells' reductive capacity. 
Selenium deficiency results in a decrease in glutathione per¬ 
oxidase, a selenium-containing enzyme; in special circum¬ 
stances, selenium deficiency may contribute to Heinz body- 
formation by Impeding the ability of the cells to respond 
to oxidative stress. Substantia] species variation in the rate 
of I lelnz body formation relates to the chemical structure 
of hemoglobLn and the efficacy of erythrocyte-reducing 
mechanisms in the face of oxidative stress. 3 r,L RBCs with 
Heinz bodies are kss deformable than normal cells and 
are rapidly removed from the circulation bv the RES In the 
spleen, where they are phagocytlzed ancf broken down. 
Old or senescent erythrocytes are thought to be more prone 
to develop Heinz bodies. Splenectomy or corticosteroid 
therapy may alter Heinz body clearance mechanisms, allow¬ 
ing significant numbers of affected RBCs to remain Ln the 
circulation of otherwise normal animals. 

Gallic acid Is a strong oxidant present Ln red maple 
leaves. Gallic acid has been Implicated In the oxidation 
of hemoglobin, methemoglobln formation, and I lelnz 
body anemia. ]9S ' l 9*-2D5 Methemoglobin Is the result of 
oxidative change of hemoglobLn Iron to the nonfunctional 
ferric state (see discussion of nitrate poisoning, Chapter 
54). This is normally prevented by glutathione reductase, 
ascorbic acid, and reduced glutathione. Methemoglobin 
cannot load or transport oxygen and, when present Ln suf¬ 
ficient quantities, results in a brown color of peripheral 
blood and mucous membranes. An estimation of methe¬ 
moglobin concentration Ln a blood sample can be made 
by comparing the hemoglobin concentration measured 
by the cyan methemoglobln method, which measures all 
forms of hemoglobin, -with that measured by the oxyhe¬ 
moglobin method, which only measures oxyhemoglobin, 
not other forms such as met hemoglobin. Methemoglobi¬ 
nemia and hemolytic anemia have been reported Ln a 
mare and her dam in association with decreased levels of 
RBC glutathione and glutathione reductase, presumably 
as a result of an inherited enzymatic defect. 20 * 

■I Treatment. ITeatmenl primarily Involves removal from 
the source of toxicity and provision of supportive care. 
Blood transfusion can be very beneficial in severely anemic 
patients, particularly when there Is insufficient evidence of 
active erythropoietic response. Iron-containing hematlnics 
are of little benefit. Intravenous fluid therapy Is Indicated 
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in animals wllh hemoglobinuria or azotemia to reduce the 
potential for further renal damage. Eligh doses of vitamin 
C {ascorbic acid, 50 to 100 g IV daily), together with fluids 
and transfusion, were thought to aid recovery In two horses 
with red maple poisoning. 207 One report suggests that vita¬ 
min C therapy may have Tittle Impact on survival of affected 
horses, and when methylene blue was used to treat the asso¬ 
ciated methemoglobinemia In two horses, both died. 2 ® 6 
The goal of therapy should be to Improve tissue oxygena¬ 
tion and perfusion and control Inflammation and pain 
{use of NSAIDs). Elorses treated with corticosteroids have 
an Increased likelihood of death 

II Pfiogiuwfs. Prognosis in animals w r lth modest anemia 
and evidence of response is good if the inciting factor can 
be controlled or eliminated. The mortality rate of horses 
with experimental or naturally occurring RMT is reported 
to be 60% to 65%. 2 M In animals with rapidly progressive 
and profound anemia, prognosis is poor unless blood trans¬ 
fusion is undertaken. Complications are associated w r Lth 
hypoxia, hypoperfusion, and inflammation. Horses may 
develop acute renal failure, colic, pyrexia, and I am Ini t Is. 
A recent retrospective study of 31 horses reported a fatality 
rale of 59%. 2iK> It has been proposed that the severity of 
anemia Is associated with mortality, but the previous study 
showed no such association. 200 

OTHER CAUSES OF HEMOLYTIC ANEMIA 

Intravascular Hemolysis Following Cutaneous Burns 

monica aluuan 

Intravascular hemolysis has been reported in horses after 
severe cutaneous burns affecting more than 25% of their 
body surface. Plasma on admission showed hemolysis along 
with abnormal RBC morphology. Increased osmotic fragil¬ 
ity, hemoglobinuria, azotemia, and hemoglobin pigment 
nephropathy. 200 Itie pathophysiology of hemolysis Is 
unclear but suspected to be associates 1 with the production 
of hydroxyl radicals by complement-activated neutrophils. 
Abnormal findings reported In humans include intravascu¬ 
lar hemolysis, increased RBC osmotic fragility, decreased 
membrane deformahlllty, RBC crenatlon, eccentrocytosls, 
spherocytosis, hud formation, fragmentation, and veslcula- 
tion. 230 Presence of these abnormalities depends on the 
severity of bum trauma. 230 Pseudothrombocytosis has been 
reported, presumably caused by the Incorrect recognition bv 
automatic counters of RBC mlcroveslcles as platelets. 21 ® 
Early fluid therapy and free-radical scavengers have been 
beneficial for the treatment of burns in humans, along with 
supportive and wound care, control of pain and inflamma¬ 
tion, and prophylaxis of sepsis. A recent murine study 
suggested that the level of plasma free hemoglobin is related 
to the size and depth of burn injury, which may be difficult 
to determine In some cases. 211 


^Tryptophan-Indole Intoxication 

GAKY V. CAftL&UN 

Experimental studies in ponies have demonstrated an acute 
hemolytic process associated with orally administered 
r-tryptophan, which Is converted to indole In the Cl tract. 212 
intoxication was associated with an acute onset of restless¬ 
ness, tachypnea, Intravascular hemolysis, and hemoglobin¬ 
uria. At necropsy there was evidence of hemogloblnuric 
nephrosis and bionchiolar degeneration in some ponies. 
Similar clinical signs were noted after oral administration 
of tryptophan at 0.35 to 0.60 g/'kg and Indole at 0.1 to 0.2 
g/kg. 212213 Intravascular hemolysis was associated w r llh 


increased osmotic fragility and with Heinz body formation 
in a few of the experimental ponies. 

Water Intoxication 

GARY r. QIHLHJN 

Massive water intake may produce marked bypotoniclty of 
the body fluids, with subsequent intravascular hemolysis 
of erythrocytes. 214 This problem has been described as a 
naturally occurring entity In milk-reared calves when first 
given access to unlimited quantities of water. 215 - 216 Severe 
neurologic signs may be seen, including depression, convul¬ 
sions, and coma; respiratory distress, hemoglobinuria, and 
death losses occur In some cases. Cltnicopathologic features 
include hemolyLlc anemia, hypoprotelnemia, hyponatre¬ 
mia, hypochloremla, hyposmofallly, hemoglobinuria, and 
hyposthenuria. A sudden decrease in serum osmolality is 
believed to result In osmotic lysis of erythrocytes. 217 Fragil¬ 
ity of the erythrocytes to osmotic shocli is greatest in calves 
between 4 and 5 months of age. ITeatment Ls primarily a 
matter of temporarily restricting water and providing sup¬ 
portive care. Calves w r llb marked hyponatremia (sodium 
110 mmol/L] that are manifesting neurologic signs may 
benefit from hypertonic saline, mannitol, and corticoster¬ 
oids. The goal of treatment is the restoration of serum 
sodium to 120 to 125 mmol/L without overcorrection. 
Death Losses can occur In as soon as 1 hours, but most 
calves recover without long-term adverse effects. 

Fostparturient Hemoglobinuria 

GARY J>. CARLSON 

A syndrome of intravascular hemolysis, hemoglobinuria, 
ana anemia has been recognized in postparturient daily cat¬ 
tle worldwide. 216 The disease occurs sporadically, and the 
incidence Ls relatively 1 low. Affected animals are most often 
high-producing multiparous cows that develop clinical 
signs during the first month after calving. 219 Depression, 
decreased feed consumption, and decreased milk produc¬ 
tion are associated with hemoglobinuria, anemia, and 
icterus. 'I’he anemia Is often marked and after 4 or 5 days 
is associated with evidence of a strong erythropoietic 
response. The precise mechanism causing the intravascular 
hemolysis has not been fully defined. The condition has 
been related to the marked hypophosphatemia often found 
in affected cows and the moderately low phosphate levels in 
unaffected herd males. Hypophosphatemia arises from Inad¬ 
equate dietary phosphorus intake In animals grazing phos- 
phorus-deflcienL soils or fed fodder grown on such soils. 
Low Intracellular phosphate concentration may interfere 
with energy metabolism, thus affecting cell viability and 
the ability of RECs to deal with potential hemolysins, such 
as saponins from sugar beets or alfalfa. A postparlurLent 
hemolytic problem has been described as a herd problem 
in New Zealand associated with copper deficiency and 
] lelnz body formation 20 - 1 (see previous section). 

Blood transfusion and supportive IV fluids are indicated 
in valuable cows with severe life-threatening anemia. Treat¬ 
ment of hypophosphatemia consists of provision of phos¬ 
phate, Initially as sodium acid phosphate [NaEhPOjEljO), 
60 g/300 mLof w r aler IV, followed by oral phosphorus sup¬ 
plementation. Correction of dietary Imbalances is indicated. 

Copper Toxicosis 

LTSLE W. GLURCt; 

Copper is an essential nutrient for domestic animals, but 
excessive supplementation can result in toxicity. Copper 
poisoning is a common intoxication In ruminants. The 
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loxlcodynamlcs and clinical syndromes have been revi¬ 
ewed M 0 - 222 Lambs are most susceptible do she effects of cop¬ 
per, bul poisonings have occurred in adult sheep, goals, and 
cattle. Merino sheep are more resistant than British breeds 

10 the toxic effects of copper. 233 Cattle have been poisoned 
by Ingesting diets containing 37 mg of copper/kg of feed for 
2 years . 214 Cattle fed 12 mg or more of cop per/'kg have been 
reported to develop subclinlcal hepatic disea&e. 22 ^ 

11 Pathuvenesis. Elemental copper Is an essentia] trace 
mineral that has a narrow therapeutic window. Dietary 
requirements for growing sheep range between 4 and 6 
parts per million (ppm), bul toxicity can occur whenever 
sheep are exposed to diets containing as little as 10 to 
20 ppm.- 33,6 - 228 Phytogenous copper poisoning results from 
concomitant ingestion of copper at 20 ppm of food, molyb¬ 
denum, and sulfate. Ingested salts of copper are absorbed 
through enlerocyles by carrier proteins and transported to 
blood in loose complexes with albumin and amino 
acids. 229 Ionized copper is approximately 20% of the total 
plasma copper. Between 70% and 90% of the Ionic copper 
is internalized by hepalocytes, where it Is redistributed to 
bile, packaged in ly&osomes In protein complexes, or used 
for the formation of ceruloplasmin. 325 Accumulation of 
copper occurs because daily hepatic biliary copper excretion 
amounts to less than 1% of ingested copper In rumi¬ 
nants. 230 Hepatic storage can buffer high levels of copper 
intake until the sites become saturated. At that time, hepato- 
cytes die spontaneously or in response to environmental 
stress or dietary changes. 1 lepatocyte death causes the 
release of large amounts of cuprous copper into the blood. 
Animals that have preexisting hepatitis from pyrrolizidine 
alkaloids store less copper and are more susceptible to the 
hemolytic crisis. 223 - 231 

Free inorganic copper Is an oxidant and can participate 
in Fenton's reaction. Cellular damage Is related to the pro¬ 
duction of oxidative hydroxides and peroxides, hut not to 
copper oxidation. iTiese reactive intermediates are thought 

10 Initiate lipid peroxidation and oxidative denaturatlon of 
proteins within erythrocytes. Oxidation of heme protein 
produces Heinz bodies, and oxidation of the hemin pro¬ 
duces methemoglobinemia. Oxidized erythrocytes sponta¬ 
neously lyse intravascularly, or they are sequestered In she 
spleen and degraded to constituent amino acids. Vitamin E 
is also denatured, litis latter reaction removes a potent anti- 
oxidative protective factor and enhances the cellular sus¬ 
ceptibility to additional oxidants. Differences in genetic 
susceptibility to copper poisoning are unknown. 

The hemolytic phase of copper poisoning is often 
initiated by noxious stimuli that could include shipping, 
hierarchic change, administration of oxidative drugs, starva¬ 
tion, or change of housing. 232 Feeding of high-protein diets 
has Increased the resistance In sheep to the hemolytic crisis; 
however, the role of extra molybdenum Intake in these sup¬ 
plemented animals .was unclear. 22 *- 233 The mechanistic rela¬ 
tionship between the stressful events and the hepalocyle 
release of copper is unknown. 

11 ELfpfogj.’. Sources of copper that have been responsible 
for copper accumulation In animals Include trace-mlnera- 
lized salt. Inappropriately formulated cereal grain mixtures, 
forages from pastures fertilized by swine or chicken 
manure, 234 orchard pastures contaminated by copper-con¬ 
taining fungicides, rations containing more than 20% 
chicken litter, and diets that contain high concentrations 
of palm kernel oil. Other potential sources of copper accu¬ 
mulation include fencing and copper piping and overdoses 
of paten terally administered copper salts. In one recent case 



at the University of California, Davis, dairy goats were poi¬ 
soned by supplementation of trace minerals that were for¬ 
mulated for dalty cattle. 

The toxic dose of copper for each species Is variable and 
depends on the duration of exposure, the animal's genetics, 
and the amount of molybdenum being fed. Diets that con¬ 
tain copper/molybdenum ratios greater than 6:1 are more 
Likely to result In copper poisoning than diets with low r er 
ratios. Itie interaction between the two minerals may occur 
In the solid phase of rumen Lngesta, when Insoluble and 
nonabsorbable complexes of copper, sulfur, molybdenum, 
and large-molecular-mass protein are formed. The highly 
complexed copper is unabsorbed and thus not toxic. Eligh 
dietary intake of zinc and iron also inhibits absorption of 
copper, and although the precise mechanism of antagonism 
Is unknown, the elements share a competitive affinity for 
metallothioneine. 335 - 237 Competition for this protein could 
alter the storage capacity for copper. Soil sulfates reduce 
molybdenum absorption by plants, thereby Increasing 
the potential for pathologic accumulation of copper In 
herbivores. 

The respective single toxic doses of copper fo r sheep a nd ca t- 
tle range from 20 to 110 mg/kg and 220 to 880 mg/kg body 
weight. Most poisonings occur after a long-term, low-dose 
ingestion of the element. Copper poisoning can occur In sheep 
after 2 months of dally dosing of 3.5 mg/kg copper, feeding a 
ration that contains 20 ppm copper for several months, or after 
a single subcutaneous Injection of copper-elhylenedLaminete- 
traacetic acid (EDTA) salt at 2.0 mg/kg. 238 Sheep have been 
poisoned by subcutaneous Injection of 3 to 4 mg/kg copper- 
calcium EDTA, but remained normal after 6 mg/kg copper 
melhLonale. 21 ' 1 Sheep have died after single Injections of 
2 mg/kg dieihylamine copper oxyquinoline sulfonate 235 
One study that fed 3.7 mg copper/kg dal Ly for 84 days reported 
peak hepatic copper levels between 258 and 375 mg^kg wet 
weight by 2(5 days after the final copper feed. 2J0 A single dose 
of 50 mg copper caused acute hemolytic crisis In sheep when 
treated during mid pregnancy. The highest incidence of hemo¬ 
lytic anemia occurred In Welsh sheep, with a lower cumulative 
Incidence In Cheviot sheep. 2J1 Single doses of copper-calcium 
LTD A at 25 mg/an Lmal has killed lambs. 242 Cumulative doses 
of copper ranging betw r een 12.S and 12 g have produced 
hemolytic anemia In Suffolk lambs by 42 days. 

Goats may show signs of copper poisoning by 144 days 
after dally feeding of a ration that contains 80 mg copper/kg. 
Placental transfer of copper occurs, but concentrations In the 
tissues of Lambs are not toxic, even during the hemolytic phase 
In the dam. 

Adult cattle may be poisoned by feeding 5 g copper sul¬ 
fate daily for as long as 4 months. Calves may be poisoned 
after 6 to 8 weeks of feeding ml]k replacer containing 
I IS ppm copper. 225 - 242 Horses are resistant to high dietary 
concentrations of copper and may remain clinically normal 
after prolonged feeding of diets containing levels as high as 
79 J ppm. In these horses, hepatic concentrations of copper 
at the end of the feeding period reached 4000 ppm. Adult 
ponies treated once with oral copper at 40 mg/kg did not 
develop hemolytic anemia. 


Animals that have been exposed to high 
levels of copper are asymptomatic for weeks until the onset 
of hepatic necrosis. 3j4 - 2J 5 Signs develop rapidly after the onset 
of hepatic necrosis and reflect coexisting anemia, myopathy, 
and neurologic, renal, or hepatic disease. Clinical signs include 
Lnappetence, Lethargy, weakness, recumbency, cool extremities, 
pallor, and grayish discoloration of the mucous membranes. 
Affected animals have a greatly Increased pulse rate, tachypnea, 
hypotension, and hypothermia. r fhe pulse amplitude of die 
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linguofacial artery is decreased. Urine Is dark red due to the 
resence of free hemoglobin products. The animals may 
ave marked petechiallon of the con|uncllval mucosa. Preg¬ 
nant animals often abort because of hypoxemia. Feces are 
dark or have yellowish discoloration, hut are normally 
formed, and do not conlaLn hemoglobin unless secondary 
abomasal ulceration has occurred. Recumbent patients usu¬ 
ally expire without struggling. Lx posed ewes that survive 
copper poisoning tend to have dystocia and dilation failure 
In subsequent lambing periods. 

II Pathology. ' rhe tissues of hemolyzlng animals are pale 
and icteric. The serous surfaces are covered by petechial 
and eeohymotic hemorrhages. The liver is often pale and 
yellow, and the lungs are firm. r fhe kidneys are black and 
have a metallic sheen because of entrapped hemoglobin. 
The urinary bladder of copper-poisoned animals is filled 
with serosangulneous urine. Microscopic changes Include 
hemogloblnuric and tubular nephrosis, as well as necrosis 
of the splenic follicles and hepatocytes. '['here is also biliary 
ductular proliferation and pericholangitis.Hepatic 
necrosis may be detectable by microscopic examination 
for as long as 412 days after poisoning. Microscopic changes 
in the brain of poisoned animals include spongy degenera¬ 
tion of the pons and brainstem. 

II UfagiEPifr. Normal hepatic copper concentrations in 
sheep have been reported as 173 ± 130 ppm (mean ± SD) 
and 129 ± 59 ppm (wet matter) for adults and lambs, 
respectively. J4 7 Wet matter hepatic concentrations of copper 
in poisoned animals were 429 ± 249 ppm. Dry weight 
concentrations may be greater than 3000 ppm. Hepatic con¬ 
centrations are usually nigh before and after the hemolytic 
episode, but normal hepatic copper concentrations in hemo¬ 
lyzlng animals have been reported. 256 The correlation 
between plasma and hepatic copper concentrations in prehe- 
molytic animals Is poor. 246 ■ 2,l, Copper poisoning in animals 
with' normal plasma concentrations and near-toxic liver 
levels has been reported. 150 Normal plasma copper concen¬ 
trations range from 13 to 20 pmol/L (0.8 to 1.2 tLg/mL). 240 
Serum copper concentrations range between 0.60 and 
1.50 pg/mL {0.6 to 1.5 ppm). Plasma copper concentrations 
that range between 2.4 and 20.0 pg/mL (2.4 to 20 ppm) are 
diagnostic of acute toxicosis. 

II C'fiFiicaf Itaduriagy. There are no consistent hematologic 
changes until 24 hours before the hemolytic crisis, when 
sudden concentrations of cytosolic hepatic enzymes Increase 
coincidentally with a shaip rise in plasma copper concen¬ 
tration. Plasma copper concentrations fall rapidly after the 
hemolytic crisis and are often near normal by 4 days posthe- 
molysis. 244 The concentrations of copper within erythro¬ 
cytes remain high. 

Hepatic concentrations of 16 mmol copper/kg of dry 
matter are the threshold for development of hemolytic ane¬ 
mia. The half-life of copper in the liver of non treated poi¬ 
soned sheep has been estimated at 175 ± 91 day's, 31,0 and 
high copper concentrations In hepatic tissues can be found 
for as long as 100 days after the initiation of the hemolytic 
episode. 24 ® 

Kidney concentrations of copper In animals with hemo¬ 
lytic crisis are 15 and 50 ppm for dry and wet weight volumes, 
respectively. Sheep may have Increased plasma concentra¬ 
tions of y-glutamyltransferase (GCT) and aspartate amino¬ 
transferase (AST) for 3 days before onset of hemolysis, and 
glutamate dehydrogenase may be increased for as long as 
700 days after cessation of copper ingestion. 240251 Fecal 


copper concentrations may exceed 10,000 ppm during the 
hemolytic episode. 

ClLnicopathologjc changes that occur during the acute 
hemolytic crisis Include Heinz body formation; intravascu¬ 
lar hemolysis; methemoglobinemia (as much as 5%); 
decreased PCV; Increased concentrations of plasma biliru¬ 
bin, AST, GCT, alkaline phosphatase, total bilirubin, crea¬ 
tine kinase, creatinine, and plasma urea nitrogen; and 
increased plasma ceruloplasmin. Urine Is dark brown to 
black and contains high concentrations of protein, blood, 
and hemoglobin casts. Microscopic examination of urine 
may delect erythrocytic casts and Inflammatory' cells. 352 
Sheep that survive the hemolytic episode develop reticulo- 
cytosls by 4 days after onset of clinical signs. 255 

II lYeutnieiiL Animals with acute hemolytic syndrome 
should be treated with insufflated oxygen and vitamin E 
(three to five daily doses of 3000 lU/doseJ. If PCV is less than 
8%, animals should be given packed, washed homologous 
erythrocytes. Additional therapy' should include n-penicllla- 
mlne [Cuprimine* at 52 mg/ke dally for 6 days), anhydrous 
sodium sulphate (I gfsheep daily for 6 days), and ammo¬ 
nium molybdate (100 mg/sheep dally for 6 days], n-Pen¬ 
icillamine therajry increases urinaiy copper excretion by 
10- to 20-fold. Single-dose therapy with u-penlcillamlne 
(28 mg; 1 kg) increases copper excretion, but the effect Is tran¬ 
sient and insignificant for reducing the total hepatic copper 
load. 355 

Dietary supplementation with 7.7 ppm ammonium 
molybdate also results In hepatic copper concentrations that 
are 40% lower than in unsupplemented controls. Addition 
of 7 or 15 mg molybdenum for 80 days to experimentally 
poisoned sheep has reduced hepatic copper concentration 
in sheep by 34%and 46%, respectively. 356 Copper-poisoned 
cattle have been successfully treated with oral sodium 
molybdate [3 g dally) and sodium thiosulphate (5 g daily). 
When Introduced into the sulfur-rich rumen contents, 
molybdenum salts complex with hlgh-molecular-welght 
proteins In the solid phase of the dlgesta. 357 The prolein- 
bound thlomolybdate aggregates strongly chelate copper in 
insoluble and indigestible complexes. Molybdenum salts 
also enhance biliary copper excretion and remove copper 
selectively from hepatic metallothioneine. 255 I5a ' 25fl For poi¬ 
soned cattle, top dressing of food with 500 to 1000 mg 
ammonium molybdate daily for Ifl days greatly reduced 
the amount of hepatic copper. 260 

Parenlerally administered ammonium telrathiomolyb¬ 
date has been recommended for treatment of acute hemolytic 
crises caused by copper poisoning Intravenous administra¬ 
tion of ammonium tetrathlomolybdate reduces both lyso¬ 
somal and cytosolic copper In tiepatocyles. I’he drug has 
been given at 0.2 mg'kg molybdenum (thiomolybdate), as 
IV Injections of 50 to 100 mg twice weekly for up to 11 weeks, 
or as three doses of 3.4 mg^kg on alternate days and begin¬ 
ning at the onset of hemolytic crisis. 36J - 265 Concomitant 
administration of 36 mgxylazine IV increased copper excre¬ 
tion In bile by as much as 2.25-fold over controls that were 
treated with thiomolybdate only.The parenteral adminis¬ 
tration of the thlomolybdate results In transient increases of 
copper concentrations In blood for as long as 24 hours. 
Because copper Is acid insoluble, the effect Is to protect the 
copper-exposed animals from hemolytic crises and reduce 
the tissue damage during an hemolytic event. 26? - 36H Biweekly 
in lection of 100 mg molybdenum as tetra thlomolybdate 
increased dally hepatic biliary' copper excretion by a factor 
ranging between 150% and 300%. 360 
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II Preuttttbm. Because of the sporadic nature of the poi¬ 
soning and lack of signs during the accumulative phase, 
copper poisoning can be difficult to prevent. Clients should 
be counseled to purchase concentrates with label claims for 
the species that are being supplemented. Copper-supple¬ 
mented salts should be restricted, especially in sheep. 
Heavily coppern:ontamLnated pastures can be top-dressed 
with molybdenum phosphate at 113 g per acre. Fencing 
and plumbing that contain copper sulfite or metallic cop¬ 
per should be removed from the environment. One study 
controlled the hemolytic crisis and associated mortality 
from copper poisoning In sheep receiving 36 mg copper/ 
kg daily for IS months, by subcutaneous [SC) in|eetion of 
sterile ammonium telrathlomolybdale containing 3 to 
4 mg molybdenum on alternate days for three Injections. 264 
I’he sheep In this study were given either IV or SC molyb¬ 
denum at dosages that amounted to 1.7 and 3.4 mg/kg 
ammonium tetralhiomolybdate. Addition of ammonium 
molybdate at 7.7 ppm and sodium sulfate at 4200 ppm 
reduced liver copper and decreased plasma ceruloplasmin 
in experlmentallv exposed lambs. 249 

Feeding of sodium molybdate and sodium sulfate at respec¬ 
tive daily dosages of 20 mg and (5 g to experimentally poisoned 
lambs reduced hepatic copper content after 90 days. 3?a 

Molybdenum and sulfur protect sheep by' converting 
ingested copper to nonabsorbable thiomolybdate com¬ 
plexes in the rumen. I’he antagonistic effects are greatest at 
times of rapid hepatic accumulation of copper. Addition 
of 3 mg^kg of food {dry matter) molybdenum as letrathio- 
molybdate reduced hepatic copper accumulation by as 
much as 33-fold. 263 Lambs that were fed diets containing 
7.7 ppm ammonium molybdate after weaning until 14 
weeks of age had reduced hepatic copper and decreased 
ceruloplasmin concentrations 249 Cattle can tolerate Indefi¬ 
nite periods of feeding copper at dosages less iban 0.(5 mg/ 
kg dally. 250 Addition of 220 to 420 ppm zinc may be pro¬ 
tective against copper poisoning In sheep, but this Is not 
used in clinical situations . 3S7 

Hemolytic Syndrome in Horses with Liver Failure 

OTWiY r. CARLSON 

A fulminant, intravascular hemolytic syndrome has been 
reported as a near-terminal event In horses with either acute 
or chronic liver failure . 27i Marked hemoglobinemla and 
hemoglobinuria are associated with Intense icteius.'fhe sclera 
and con|unctlva often lake on a distinctive, deep-reddish 
orange color. I’he onset of Intravascular hemolysis is sudden 
and rapidly progressive. The prognosis is highly unfavorable 
because almost all horses that develop this syndrome die or 
must be euthanized because of cl In Lea I deterioration. 272 Intra¬ 
venous fluids, corticosteroids, and supportive cate do not 
appear to alter the clinical course or the unfavorable outcome. 

The cause of this syndrome has not been determined, but 
apparently It Is not related to a release of hepatic copper 
stores, ITte hemolysis appears to be associated with 
Increased erythrocyte osmotic fragility. Human patients 
w r llb liver cirrhosis develop a hemolytic syndrome asso¬ 
ciated with alterations in the exchangeable lipoproteins of 
the RBC membrane. It Is not known if a similar mechanism 
Is responsible In horses, but morphologic alterations In the 
RBCs of these horses resemble the "burr cells' -1 described Ln 
human patients. 373 Bile adds and their salts are greatly 
Increased in liver failure and could play a contributing role 
Ln the hemolytic process. At necropsy/widespread hemor¬ 
rhagic Lesions chat resemble those described for DIC are 
often present. 373 DIC and the activation of various media¬ 
tors may play a role in the terminal stages of this almost 
invariably fatal process. 



“Pink Tooth, Tp Congenital Erythropoietic Porphyria* 
Toxic Porphyria 

t.AKV J J _ CAHLifON 

A rare congenital disorder of hemoglobin production 
Inherited as an autosomal recessive trait has been recog¬ 
nized primarily In Holstein cattle, but It has also been 
reported ln Shorthorns and Jamaican cattle. 374 - 273 This 
disorder is commonly called '"'pink tooth" and Is character¬ 
ized by slow growth rates in calves, pbotosensLllzation and 
exfoliation of nonpigmented skin ivhen exposed to sun¬ 
light, reddish brown teeth, and modest anemia. The teeth 
and bones exhibit a pink fluorescence under ultraviolet 
[UV) light, and the urine Is brownish red because of uro¬ 
porphyrin. I’he condition Is present at birth, and the met¬ 
abolic defect Ln these cattle Is a hereditary deficiency of the 
enzyme urdpdrp-fiyrmiwtr 111 emynthetuse, which catalyzes 
an essentia] step in the synthesis of the porphyrin struc¬ 
ture of hemoglobin. 275 This Leads to the accumulation of 
uroporphyrin and coproporphyrln, w r hlch deposit Ln the 
teeth, where porphyrin Is concentrated Ln the dentine, 
bones, and other tissues. Several factors contribute to the 
variable anemia seen Ln these cattle. A reduced intravascu¬ 
lar RBC lifespan is related to the high concentration of 
uroporphyrin and coproporphyrin within the cells. Por¬ 
phyrins may induce hemolysis and also delay maturation 
of the RBC series In the bone marrow, although there Is 
often evidence of active erythropoietic response in the 
peripheral blood. 275 

There is no treatment for this Inherited disorder, but 
genetic counseling is advisable. Substantial efforts have 
been made to reduce the Incidence of pink tooth Ln the 
Holstein breed. It may be possible to detect carrier ani¬ 
mals. Affected cattle have much ]ower levels of uropor¬ 
phyrinogen 131 cosynthetase than normal cattle, and 
carrier animals have intermediate levels of this enzyme. 
Despite their rather serious problems, these cattle do rea¬ 
sonably well If housed indoors out of direct sunlight. 
The principal differential consideration is chronic fluoro¬ 
sis, which also produces brown discoloration of the teeth. 
However, the teeth of cattle with chronic fluorosis do not 
fluoresce under UV Light. 

An additional form of altered porphyrin metabolism, 
ctwgeNifctl erjftkropotelic pcvpliyritf, has been described Ln 
humans and cattle. 275 In humans the mode of Inheritance 
Is autosomal dominant, whereas in cattle the dLsorder 
appears to have a recessive pattern of Inheritance and may 
be sex linked because Ll is only seen in females. 'I’he disease 
does not produce anemia, porphyrinuria, or discoloration 
of the teeth. I’his disorder Is caused by a deficiency of ferro- 
chelase (heme synthase), which leads to high concentra¬ 
tions of erythrocyte and fecal protoporphyrins. Porphyria 
has also been reported in sw r Lne, with a dominant pastern 
of Inheritance. 3 " 5 There is Little effect on the health of the 
plg£ and no photosensitivity, but the teeth have reddish 
brown discoloration. Although similarities exist with bovine 
congenita] erythropoietic porphyria, the precise defect Ln 
stvine has not been found. 

Finally, animals may develop acquired toxic porphyrias. 
This can occur with heavy metal poisonings-, principally lead, 
but has also been produced experimentally with bexa- 
chlorobenzene and other chemicals. Lead Inhibits several 
key engines of heme synthesis. Inhibition of amlnolevulL- 
na'te dehydrase leads to an accumulation of aminolevulinic 
acid, and decreased amlnolevuHnate dehydrase activity is 
a sensitive Indicator of lead poisoning. Lead also Inhibits 
ferrochebse, leading to marked elevation of erythrocyte zinc 
protoporphyn IX, the measurement of which provides a 
means of monitoring Lead exposure. 2711 
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DEPRESSIO N ANEMIA 

rtAlfV *■_ CAWLSUiV 

The most common form of anemia in domestic animals Is 
associated with Inadequate erythropoiesis or bone marrow 
depression. Depression anemia can be caused bv (3) defi¬ 
ciencies of vitamins or minerals thaL are essential for erythro¬ 
cyte production, (2) systemic disease processes that interfere 
with norma] erylhiopoiesls, and {3) processes that damage 
or displace normal bone marrow elements (Box 37-2). 
Depression anemia Is often mild to moderate In severity 
and generally Is only slowly progressive. Depressed erylhro- 
poiesis Is occasionally associated with processes that also 
result In blood loss and Increased rate of erythrocyte destruc¬ 
tion. When this occurs, a profound, rapidly progressive, and 
potentially Life-threatening anemia can develop. 

With the possible exception of chronic Iron or copper 
deficiency, depression anemia tends to be normocytic and 
normochromic. Bone marrow evaluation Is an extremely 
useful diagnostic tool In animals with nutritional deficien¬ 
cies or when bone marrow damage or dyscrasla Is suspected. 
A thorough clinical evaluation and vigorous application of 
appropriate diagnostic procedures are necessary to establish 
a diagnosis of depression anemia and to determine the 
factors responsible for the anemia. 

IRON DEFICIENCY ANEMIA 

CAKY V t ARLSUN 

MONICA ALIMAN 

Iron is present In most forages and grains, in neonates the 
ma|or source of Iron is colostrum (^-0.79 mg'L in mare's 
milk). 376 Soil, dam's feces, and milk are other important 
sources of iron. 276 Iron deficiency most often Is associated 
with chronic blood loss as the result of Internal or external 


BOX J 7-1 


Causes of Depression Anemia 


NUTRITIONAL DEFICIENCY 

Itdei deficiency 
Copper deficiency 
Coba!< deficiency 
Vitamin E lT deficiency 
Folic acid deficiency 

ANEMIA OF INFLAMMATORY DISEASE 

■Chronic infection 
Chronic inflammation 
Fracture* and severe Lr.iuma 
Neoplasia 

ANEMIA SECONDARY TO ORGAN DYSFUNCTION 

Chronic liver disease 
Chronic renal disease 
Chronic gastrolnlestinal disease 
E^.iraii lism (Idchostno rigytosis) 

BONE MARROW DAM AG E^DYS PLASIA 

Myeloid and msgjikarypcytlc hone manow hypoplasia an 
standardbred hones 
EkackcLi tern poisoning. 

Congenital dyscrythropolesis and keraLosis tn polled 
Hereford calves 

Trichloroethylene-eKtracljed soybean meal toxicity 
Myelpphthlsic disorders (myeloproliferative disease, 
lymphoma) 

Aplastic anemia 


parasitism, bleeding Gl lesions, or hemostatic defects. 14 - 1 
Dietary iron deficiency Is seldom the sole cause of anemia, 
even In neonates on an all-milk diet, unless they are raised 
on cement or in barns or hutches with no access to the soil 
A modest anemia Is anticipated in veal calves. The anemia 
seen In some young calves during the first few days to weeks 
of life is apparently the msuit of congenital Iron defi¬ 
ciency^ 7 " but the causal factors have not been determined. 
Altered immune functions, high Incidences of Infection, 
and reduced growth performance are reported in veal calves 
on low-iron diets.- 3,11 Alterations in gastrointestinal pEI may 
alter absorption of Iron by the small intestine. Stales of 
inflammation and Infection cause iron sequestration, not 
deficiency, by the reticuloendothelial system and lactofer- 
rln. Iron deficiency has been well documented in calves 
and piglets that are housed exclusively indoors or hatches 
with no access to soL]. 37g Absolute Iron deficiency anemia 
is not usually reported In horses. aaa - 2BJ 

The circulating erythrocytes account for approximately 
two thirds of the total Iron reserves found in the body. The 
remaining iron stores are distributed in the Liver, spleen, 
and bone maiTow. With chronic blood loss anemia, iron 
depletion is first Indicated by decreased marrow Iron, which 
can be appreciated with special staining of the bone marrow 
with Prussian blue stain for iron. As blood loss continues 
and iron deficiency progresses, serum Iron is decreased, 
whereas iron binding capacity actually may increase. It is 
only late in this whole process that iron-deficient eiychropoi- 
esis results In the typical microcytic, hypochromic erythro¬ 
cytes that generally are thought to be characteristic of iron 
deficiency anemia (decreased PCV, hemoglobin concentra¬ 
tion, mean corpuscular volume, and mean corpuscular 
hemogjobin concentration). ul ' lH Other laboratory find¬ 
ings Include echinocytosls, keraiocytosls, schistocylosis, 
acanthocytosls, ovalocytosis, hypoferritinemia. and hypofer- 
remla. 280 - 2 ^ The observed RBC morphologic abnormalities 
are thought to be caused by oxidative damage. The normal 
serum iron and iron-binding capacity for most domestic ani¬ 
mals Is 100 and 300 jig/dL respectively., t here is one report 
of a neonatal foal that had iron deficiency with refractory 
anemia and severe abnormal RIJC morphology, but no 
microcytosis or hypochromasia. 283 

Treatment of Iron deficiency anemia depends on evalua¬ 
tion of the cause and the correction or resolution of the pro¬ 
cess responsible for tine chronic blood loss. Iron Is usually 
supplied as an oral supplement or as a feed additive, and a 
variety of commercial preparations are available. Injectable 
iron dextran Intended for use In baby pigs shouid be avoided 
in horses and cattle because it can induce an anaphylaxis, 
especiallv If administered repeatedly. 284 Iron cacodylate 
was a safe parenteral Iron preparation for use In horses but 
is no longer readily available. An in|ectable iron preparation 
intended for use Iri horses was reported to resuil in acute iron 
overload, massive hepatic necrosis, and severe death losses in 
a group of young cattle. 3M Iron overload has resulted in 
□cute death tosses in neonatal foals fed an Iron-containing 
microbial supplement. Iron accumulation resulting in 
hemochromatosis with extensive liver damage has also been 
reported in adult horses, although the mechanism responsi¬ 
ble for the Iron accumulation has not been explained. 36 * 

COPPER DEFICIENCY 

CARY r. fjlKLWN 

Copper deficiency can occur as a primary problem in mIlk- 
fed animals or In pastured animals in copper-deficient areas 
More often, copper deficiency occurs secondarily in associa¬ 
tion with other trace mineral imbalances (e.g., dietary 
molybdenum excess) and Is influenced by the sulfur and zinc 
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content of the diet. Copper Is an essential cofactor for a vari¬ 
ety of enzymatic reactions, and copper deficiency produces a 
constellation of din Leaf signs related to impairment of these 
reactions . 1S7 Clinical signs of copper deficiency are most 
prominent in young, growing animals and may include 
reduced growth rate,, rougji and depigmented hair,, diarrhea, 
osteoporosis with spontaneous fractures, and anemia. In 
lambs, copper deficiency can produce a demyeilnatJng syn¬ 
drome known as "swayfoack" or "enzootic ataxia." Copper 
deficiency has also been associated with hemolytic anemia 
in poslparturlent dairy cattle in New Zealand. 2 ^ 

Copper plays an Important role In the transport of Iron 
from, the gut to the marrow and In the incorporation of lion 
into the heme moiety. The anemia produced by copper defi¬ 
ciency Is generally moderate, slowly progressive, and closely 
resembles Iron deficiency In that it is usually a microcytic, 
hypochromic anemia. Bone marrow evaluation often 
reveals intracellular accumulations of iron known as sidero- 
WlisCt This finding Indicates that the principal problem Is a 
function of altered Incorporation of iron into the erythro¬ 
cyte hemoglobin rather than an actual deficiency of Lion. 
Copper deficiency can be documented by measuring serum 
copper as ceruloplasmin, erythrocyte superoxide dismutase, 
or the copper content of hair, liver, or kidney 1 . Serum Iron 
tends to be low in animals with copper deficiency. Copper 
can be supplied as a dietary supplement or as an in|eclable 
copper glyclnate preparation. 

VITAMIN B , 2 AND FOLIC ACID 
DEFICIENCY 

G'AJtP r. CARLSON 

Almost all the vitamins are necessary for normal erythropoi- 
esls, but In ruminants and horses, only deficiencies of 
vitamin B l3 and folate have been associated with the devel¬ 
opment of anemia. 149 These two vitamins play essential 
roles In DMA synthesis. When deficiencies of both vitamins 
coexist, as experimentally produced in pigs, a marked 
macrocytic anemia with nypersegmented circulating neu¬ 
trophils and giant metamyelocytes and neutrophils In the 
bone marrow may be found. In ruminants, vitamin 
deficiency has been associated with grazing cobalt-deficient 
pastures. A macrocytic to normocytlc anemia may be noted 
in these animals. Folate deficiency has been reported as a 
cause of a mild seasonal decline in erythrocyte parameters 
in horses. 

ANEMIA OF INFLAMMATORY DISEASE 

GARY r. C^IHLSOJY 

A depression anemia associated with characteristic distur¬ 
bances of Iron metabolism is often found In animals with 
conditions that result In a chronic Inflammatory 
response. 3M - 2S9 These conditions include chronic Internal 
or cutaneous infections. Infectious diseases, or immune- 
mediated processes that result in chronic inflammation, 
severe traumatic injury or fractures, and active malignant 
neoplasia. The anemia tends to be mild, slowly progres¬ 
sive, and of itself, of little clinical consequence. Clinical 
signs relate to the primary disease process; and hemato¬ 
logic features are those of a mild, nonresponslve anemia, 
often with Indications of a chronic inflammatory response 
(neutrophilic Leukocytosis, as well as monocytosis with 
elevaleJ fibrinogen, total protein, and globufin). Serum 
iron and iron-binding capacity are decreased, but marrow 
iron reserves and serum ferritin are increased. 14,283 

Anemia In these animals partly results from a modest 
decrease In the circulating RBC lifespan, but it is primarily 
caused by major alterations In iron metabolism and a 


depressed bone marrow response to the anemia, "these 
alterations represent part of the body's response to Inflam¬ 
mation. which includes the release of Interleukin and other 
mediators and the production and release of various ''acute 
phase" proteins from the liver. The body tends to sequester 
iron fro m the circulation I mo storage forms primarily in the 
Liver and bone marrow, where It Is retained and Is relatively 
unavailable for erythropoiesis. This general reaction may 
play a protective role by denying readily available iron lo 
potential bacterial pathogens that require iron for rapid 
growth and multiplication. Iron supplementation is not 
Indicated for the treatment of (he anemia of chronic Inflam¬ 
mation, and therapeutic effort should be directed at resolu¬ 
tion of the primary disease process. 

ANEMIA SECONDARY TO ORGAN 
DYSFUNCTION 

(jlKV I 1 . CARLSON 

A mild to moderate, nonresponsive anemia can develop in 
patients with chronic endocrine, hepatic, renal, or Gl dis¬ 
eases. These disorders can produce bone marrow depression 
by (1) reducing the production or absorption processing 
and the distribution of elements essential for erytnropoLesls, 
(2) allowing the elaboration or accumulation of toxic com¬ 
pounds, or (3) interfering with the production or action of 
erythropoietin. 2M - 23L These effects can occur independent 
of alterations In iron metabolism that characterize the ane¬ 
mia of inflammatory disease. 289 However, should Inflam¬ 
matory processes be responsible for the specific organ 
damage or dysfunction, the same pattern of anemia as 
described in the previous section would apply. Specific ther¬ 
apy for the anemia in these patients is not indicated, and 
resolution of the anemia depends on successful manage¬ 
ment of the primary disease process. 

Internal parasitism, particularly that associated with Tri- 
tftmlntwgyius species In ruminants, can result In a marked 
anemia. The anemia In these animals Is primarily the result 
of bone marrow depression, in which failure to absorb Iron, 
copper, and essential amino acids play's a ma|or role. 

MYELOID AND MEGAKARYOCYTIC BONE 
MARROW HYPOPLASIA 

(JIHV I s . CARLSON 

Myeloid and megakaryocyllc bone marrow hypoplasia was 
reported in eight young standardbred horses sired by the 
same stallion. 192 Clinical signs were variable and in Individ¬ 
ual horses Included nonheallng wounds, nonresponlve 
fevers, pleurltls, pneumonia, ataxia., hemoperltoneum, and 
bleeding into the bowel. Seven hoises died or were eutha¬ 
nized. The principal laboratory findings w r ere a variable RBC 
count from normal to modest to marked anemia, moderate 
to profound neutropenia, and an intermittent thrombocyto¬ 
penia In most of the horses. There appeared to be a cyclic var¬ 
iation in neutrophil and platelet counts. A bone marrow 
microenvironment or growth factor defect is suspected as 
the cause of this problem because myeloid progenitor cells 
were present and were able to respond to exogenous growth 
factors. A familial basis for the disease is suspected.- 52 

APLASTIC ANEMIA 

DEBRA DEEM MORRIS 

Aplastic anemia is a stem cell disorder characterized by 
reduced marrow production of all blood components in the 
absence of a primary disease process Infiltrating the bone 
marrow or suppressing hematopoiesis. 233 - 234 Peripheral 
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pancytopenia secondary la marrow aplasia is apparently very 
uncommon in horses, although Idiopathic hypoplastic ane¬ 
mia has been reported, 205 - 2 ' 17 as well as rare cases associated 
Tvith the use of phenylbutazone, 290 - 2 ^ Hemorrhagic diathe¬ 
sis caused by thrombocytopenia is often the hist indication 
of disease, manifested byepistaxis, mucosal petcch Lie, orpro- 
longed hemorrhage after trauma or injections. Pallor may be 
present, with other signs of anemia (e.g., reduced exercise tol¬ 
erance) depending on the severity and rapidity by which apla¬ 
sia progresses. Neutropenia causes increased susceptibility to 
infections, which may result in intermittent fever or weight 
loss. The production of lymphocytes is reportedly not 
impaired; however, absolute lymphopenia can occur in 
aplastic anemia. Circulating lymphocytes are often highly 
reactive, producing the suspicion of neoplasia or a preleuke- 
mlc syndrome. 250 

Marrow aplasia in humans is usually termed idiopaihic, 
although some cases are associated with exposure to a drug, 
chemical, ionizing radiation, or presence of another dis¬ 
ease. 294 Marrow failure results from damage to the hemato¬ 
poietic stem cell compartment. This may be in the form of 
DNA damage to stem cells or depletion of later progenitor 
cells by a cycle-active agent. Some cases of marrow aplasia 
appear to be Immune mediated, either genetically deter¬ 
mined or incited by a particular viral Infection or drug 
exposure. 

The diagnosis of aplastic anemia Is based on the combina¬ 
tion of peripheral pancytopenia and bone marrow hypopla¬ 
sia with fatty replacement. Because the normal erythrocyte 
lifespan in horses Is approximately 140 days and In cattle 
exceeds 160 days, 299 neutropenia with no left shlfL and 
thrombocytopenia are earlier hematologic manifestations. 

The major aims in treatment of apfastic anemia are to 
remove the animal from suspected causative agents and to 
provide supportive care, in the hope that spontaneous 
remission will occur. Broad-spectrum antimicrobials are 
necessary to control Infections. Blood transfusions are rarely 
indicated, and platelet transfusion should be reserved for 
severe bleeding episodes, which rarely occur. Bone marrow 
transplantation Is used with some success In humans, 
although graft-versus-host disease poses significant risk. 
The latter would presumably limit this therapy In horses, 
and too few horses with aplastic anemia have been studied 
to give a clear indication of prognosis. 

Bracken fern toxicosis In ruminants causes bone marrow 
depression and subsequent pancytopenia.^- 305 Most field 
outbreaks of the disease occur In cattle. The toxic effects of 
the plant are cumulative, and clinical signs occur suddenly 
2 to a weeks after cattle gain access to the plant. Clinical signs 
include fever, melena, epislaxls, hematuria, mucosal pete- 
chi ae. hyphema, and bleeding from the eyes and vagina. 
Hematology reveals a platelet count less than 40,000/pL 
and profound leukopenia with essentially no neutrophils 
present. Death may follow In 1 to 3 days as a result of the 
combined effects of multiple internal hemorrhages and bac¬ 
teremia. The aplastic anemia factor in bracken tern has not 
been Identified, although ptaquiloslde has been sug¬ 
gested.Necropsy of cattle tvith bracken fern toxicosis 
reveals multiple hemorrhages throughout most tissues, 
necrotic Gl tract ulcers, and pale bone marrow. Antibiotics 
and blood and platelet transfusions may be appropriate but 
cattle with advanced bracken fern toxicosis (platelet count 
<50,000/pL; leukocyte count <2000/pL} usually die. 


erythrocyte production in the bone marrow. Mild to moder¬ 
ate anemia and paradoxic eiylhroid hypoplasia based on 
bone marrow cytology were reported In two standardbred 
race horses after rh EPO administration. 300 Serum from these 
horses Inhibited the rbEPG-lnduced activity of mouse bone 
marrow in vitro. The degree of inhibition was Inversely 
proportional to the amount of exogenous rtiEPO added to 
the serum, suggesting the presence of aniJ-rhEPO antibodies. 
Anti-rhEPO antibodies to exogenous rtiEFO likely cross- 
reacted with the horses' endogenous rhF.PO. These horses were 
treated with dexamethasone at adjustable dosages according to 
response and returned to their usual athletic activity. 


ERYTHROCYTOSIS 

(POLYCYTHE MIA) 

IJiBJiA DEEM MORRIS 

Absolute erythrocytosis is caused by Increased erythropole- 
sls that creates a circulating erythrocyte mass above normal 
for the species. Relative erythrocytosis caused by hemocon- 
centrallon, endotoxemia, and splenic contraction (horses) 
must be ruled out because these conditions are much more 
common in large animals than absolute erythrocytosis. 
Diagnosis of absolute eiythrocytos Is Is based on persistently 
elevated packed cell volume [PCV) r hemoglobin, and eryth¬ 
rocyte count, without clinical evidence of shock or dehydra¬ 
tion and without response to Intravenous fluid therapy. 
Primary erythrocytosis is associated with normal arterial 
oxygen tension and reduced plasma erythropoietin, whereas 
secondary erythrocytosis is caused by increased production 
of erythropoietin. 

All disorders characterized by an absolute erythrocytosis 
share clinical manifestations caused by expanded blood vol¬ 
ume and Increased blood viscosity. Generalized vascular 
expansion and venous engorgement cause the characteristic 
"muddy"' hyperemia of mucous membranes. A marked 
decrease in cardiac output accompanies blood hyperviscos¬ 
ity and ultimately Impairs tissue oxygenation, producing 
ttie vague signs of lethargy and weight Loss. There may be 
an Increase in thrombotic complications such as lamlnitis 
and renal failure. 

CONGENITAL ERYTHROCYTOSIS 

Familial erythrocytosis, described in cattle 10] and humans, 302 
is caused by autonomous eiythropoletln production without 
a demonstrable lesion. Congenital erythrocytosis is thus a 
form of Inappropriate secondary erythrocytosis. Chronic hyp¬ 
oxia should be ruled out by measuring the arterial oxygen 
concentration. The only way to definitively differentiate 
secondary erythrocytosis from primary erythrocytosis is by 
determination of serum erythropoietin. 

ACQUIRED ERYTHROCYTOSIS 

Primary Erythrocytosis 

FfrJyryTfitfjflfd uena, an Idiopathic myeloproliferative disorder 
characterized by excessive proliferation of eryihrold, mye¬ 
loid, and megakaryocyllc elements, has not been reported 
in large animals. 


PARADOXIC ERYTHROID HYPOPLASIA 

MONICA ALLMAN 

Recombinant human erythropoietin (rhBRO) has been used 
in racehorses to enhance their athletic activity by stimulating 


Secondary Erythrocytosis 

PHYSIOLOGICALLY APPROPRIATE ERYTHROCYTO- 

SIS. in domestic animals, absolute erylhrocyto&Ls is usually 
secondary to chronic diseases that produce tissue hypoxia. 
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Chronic tissue hypoxia that attends residence at high alti¬ 
tude, congenita] heart defects that produce right-to-left 
shunting and some forms of chronic pulmonary disease 
induce a compensatory Increase In plasma erythropoietin 
that results In absolute secondary erythrocytosis. 303 

The partial pressure of oxygen (Po?) In capillaries must be 
maintained close to 40 mm Hg to ensure adequate off-load¬ 
ing of oxygen to tissues. At elevated altitudes, diminished 
atmospheric oxygen tension produces a much smaller alveo¬ 
lar capillary gradient and an inadequate driving force for 
tissue oxygenation. Erythropoietin production In response to 
hypoxia causes erythrocytosis to Increase the oxygen-canylng 
capacity of circulating blood. Cattle are most susceptible to 
the effects of high altitude, and some develop polycythemia 
at 3 800 m (5940 ft) above sea level. 46 Horses develop an 
Increased erythrocyte mass above 2200 m (72SO ft), espe¬ 
cially when in training. Sheep are similar to cattle, but goats 
are apparently least susceptible to elevation hypoxia. 

Congenital cardiac disorders that produce right-to-left 
shunts are a common cause for absolute erythrocytosis 
in large animals. Tetralogy of ballot Is the most common 
defect to cause shunting of unoxygenated blood Into the 
peripheral circulation, although a number of other defeels, 
Including the most common ventricular septal defect, may 
eventually- result in right-to-left shunting and secondary 
erythrocytosis. 104 

Chronic Impairment of alveolar ventilation may eventu¬ 
ally cause erythrocytosis, although most chronic pulmonic 
diseases in farge animals are not associated with signifi¬ 
cant hypoxemia. Chronic obstructive pulmonary disease In 
horses may produce enough ventilation/perfusion mis¬ 
matching to reduce the pressure of arterial oxygen below 
normal, but the resultant hypoxemia Is Insufficient to 
induce erythrocytosis. 

PHYSIOLOGIC ALLY INAPPROPRIATE ERYTHROCYTO¬ 
SIS. Inappropriate elaboration of erythropoietin (L.e., normal 
Pu 2 and secondary erythrocytosis) may rarely accompany 
renal, hepatic, or endocrine disorders, especially those caused 
by neoplasia. Secondary erythrocytosis may accompany non- 
malignant renal disorders, in which local intrarenal ischemia 
is believed to mediate increased erythropoietin production. 
Paraneoplastic erythrocytosis with normal serum erythropoie¬ 
tin Is caused by tumor production of androgenic steroids or a 
protein with erythropoietin-I Ike action. 1 ® increased plasma 
erythropoietin and secondary erythrocytosis have been Identi¬ 
fied in horses with hepatocellular carcinoma. 101 -- 3,06 Eryfhrocy- 
losts was described in a horse wish hepatoblastoma 30 ^ and in 
another with Lymphoma, 303 but serum erythropoietin Levels 
(as measured by a human assay) were normal In both cases. 
In the horse with lymphoma, erythropoietin gene expression 
was Identified in the lymphoma tissue. Typically, the diagno¬ 
sis of Inappropriate secondary erythrocytosis Is based on ele¬ 
vated serum erythropoietin in the absence of hypoxemia. 
Elevated serum erythropoietin may not be demonstrated 
because of she nature of the assay or other compounds caus¬ 
ing erylhrocytosis. 

TREATMENT OF ERYTHROCYTOSIS 

When erythrocytosis Is not in response to an appropriate phys¬ 
iologic stimulus (e.g, prtmarv erythrocytosis. Inappropriate 
secondary erythrocytosis), phlebotomy to keep the PCV less 
than 50% is the mainstay of she treatment to control hypervo¬ 
lemia and blood hyperviscosity, initially, 2 to 4 L of blood may- 
need to be removed every 2 to 3 days, but as Iron deficiency 
supervenes* the frequency of phlebotomy may be reduced. 
Ihe myelosuppresslve drug hydroxyurea, used in humans 
and dogs with poly r cythemia vera, 302 ' 303 has not been tried in 
large animals. 


The management of appropriate secondary erythrocyto- 
sis is more complex because there is a need for Increased 
oxygen-carrying capacity of the blood. The beneficial effect 
of expanded REG mass is ultimately offset by the detrimen¬ 
tal effect of Increased blood viscosity on oxygen delivery?. 
Oxygen delivery is impaired when the PCV exceeds 60%, 
although continued erythropoietin output may result In 
overcompensalion. Phlebotomy Is indicated when the PCV 
Is greater than (50%, but the J optimum PCV for patients 
residing at high altitudes or those with right-to-left cardiac 
shunts must be determined by trial and error. 

The long-term prognosis for patients with erythrocytosis 
Is determined by the severity and cause of the disorder. 
Congenital cardiac detects, neoplastic diseases, and chronic 
organ Insufficiency cany a guarded to poor prognosis. 
Familial or primary eiylbrocytosls may be managed by 
phlebotomy, although there are no long-term follow’-ups 
for large animals with these disorders. 


PROLIFERATIVE DISORDERS OF 
LYMPHOID AND MYELOID SYSTEMS 


The lymphoproliferatlve disorders reported In horses 
Include lymphoma* lymphocytic leukemia, and plasma cell 
myeloma, 'ifie myeloproliferative disorders include myeloid 
Leukemias and malignant histiocytosis. 31 G The following 
sections describe lymphoma, leukemia, and myeloma. 

BOVINE LYMPHOMA 

{(JUS ANGJfLUS 

MARK C. JHUHMCAVO 

Bovine lymphoma (lymphosarcoma) Is characterized In 
terms of the frequency of occurrence (sporadic or endemic/ 
enzootic), age at onset, organ involvement, and associated 
etlologic agent. Sporadic bo-vine lymphoma occurs as 
generalized lymphadenopathy In calves [calf or |uvenlle 
form), as thymic Involvement In caltle between 6 months 
and 2 years of age (thymic or adolescent form), and as a cuta¬ 
neous form In cattle between ] and 3 years of age. Lymphoid 
tumors of cattle with sporadic bovine lymphoma are of the 
E-cell or T-cell lineage. 311 The most common form of Lym¬ 
phoma appears endemlcally In adult cattle more than 2 years 
of age and is associated with bovine leukemia vims (BLV) 
Infection and typically Involves multiple org^in systems; 
BLV-associated lymphomas of adult cattle are of the B-cell 
lineage.- 312 BLV Is classified in the genus DcJkiretiwfnjs, 
subfamily Orthoretrovlrinae, and family Retrovlrldae. 

Sporadic Lymphoma 

CALF OR JUVENILE FORM. The prevalence rate of juve¬ 
nile lymphoma Ls unknowm, but this form of lymphoma 
is rare. and multiple cases may be seen In the same herd. 
The cause of juvenile sporadic lymphoma Ls unknown and 
does not appear to be associated w r llh BLV infeetion. 1J3 

The age at onset ranges from 3 to 6 months, but can be 
seen In calves as young as I month or in cattle as old as 3 
years. There have been reports of fetal involvement with 
the calf form 314 Calves generally present with a history of 
slight to moderate depression, weigh! loss, weakness 
(mainly In older calves and despite good appetite), or 
Lymphadenopathy (mainly in younger calves). 316 The onset 
of signs can be sudden (within a week). 

Physical examination may reveal generalized bilateral 
enlargement of lymph nodes.^ particularly the deep cervical 
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and parotid nodes and occasionally the popliteal and hemo- 
nodes. Moderate to marked enlargement may be noted for 
the iliac and mandibular nodes. Rarely, node enlargement Is 
not generalized but is restricted to a regional anatomic 
site. 315315 Enlarged nodes tend to be smooch and firm and 
are not hoc or painful. Mucous membranes are usually pale 
as a result of anemia. Tachycardia, tachypnea, byperpnea, 
cough, and harsh respiratory sounds may be evident on 
auscultation. Less frequently reported signs Include fever, 
ruminal tympany, an enlarged liver, ataxia, and diarrhea. 115 

Hematologic features include a microcytic hypochromic 
anemia, low hemoglobin concentration [<7g/100 ml), 11 * 
low PCV (typically mld-10s), and a leukocytosis primarily 
caused by a lymphocytosis. 513 ' 515 - 317 Bone marrow examina¬ 
tions may reveal an elevated myeloid/erylhrold ratio, with 
massive neoplastic Infiltration in some calves. 516 Affected 
calves also tend to have low serum globulin and elevated 
AST. Neoplastic involvement of a variety of organs, including 
the spleen, heart, kidney, liver, pancreas, uterus, and thymus, 
may occur. 315 - 315 - 316 [jess thymic involvement occurs com¬ 
pared with the thymic form of lymphoma; neoplastic tissue 
is found only as small, microscopic nodules. 336 Subperios¬ 
teal neoplastic infiltration may produce spinal cord com¬ 
pression and result in paresis. 51 *" The disease Is rapidly 
progressive and usually fatal within 2 to S tveeks of onset. 

THYMIC OR ADOLESCENT form. The thymic form of 
lymphoma Is very rare. The disease Is usually seen in cattle 
6 to 24 months of age but may occur in newborn calves 
and cattle up to 4 years of age" 3J5 Clinical signs are pro¬ 
duced by space-occupying lesions In the neck or thorax . 113 
Metastatic mammaiy lymphoma along with thymic lym¬ 
phoma was reported In a 3-year-old beef heifer. 319 Cattle 
with thymic lymphoma typically present with brisket 
enlargement or firm swelling In the presternal area of the 
brisket, associated with pitting edema. 330 Loss In body con¬ 
dition, rumen tympany, and dysphagia are common. Bloat 
may occur as a result of Inability to eructate ruminal gas 
as a result of a space-occupying lesion around the esopha¬ 
gus. 516 Although generalized lympbadenopathy is uncom¬ 
mon, enlarges superficial cervical and prescapular nodes 
are usually observed. The |ugular veins are distended and 
nonpulsating there may be muffled heart sounds and 
diminished resonance on thoracic percussion. Tachycardia, 
dyspnea, coughing or respirator distress may he present. 
Elematologlc features are generally unremarkable. Anemia 
is not a consistent feature, and lymphocytosis Is only seen 
occasionally. The course of the disease from the lime of rec¬ 
ognition Is generally from 2 to 9 weeks, but poor condition 
may have been present for several months before presenta¬ 
tion. 521 The disease is fatal, often as a consequence of bloat. 

Although thymic lymphoma is not associated with BLV 
infection, there has been one report of a BLV-posLtlve 13- 
month-old heifer with thymic lymphoma. In situ PCR was 
used to detect the presence of BLV proviral DNA in lympho¬ 
cytes of die thymus and In Liver and kidney epithelium 322 

ATYPICAL FORMS. A 7-monlh-old Holstein heifer with 
diffuse swelling over the left thigh, difficult ambulation, 
and peroneal and tibia! nerve deficit had an Infiltrative 
B-cell lymphoma involving the semi tend] nosus, semimem¬ 
branosus, and gluteal muscles. 515 This heifer was serologi¬ 
cally positive for BLV antibody, but the possibility of 
maternally derived antibody could not be ruled out. In 
another case report, the external and internal surfaces of 
the trachea of an 13-month-old Friesian heifer with cutane¬ 
ous Lymphoid tumors also had extensive lymphoid nodules 
covering the external and iuminal surfaces of the trachea. 13 - 3 
An S- to 9-year-old beef cow with weight loss was reported 
with pleural and pericardial invasion with a lymphoid 
tumor of T-cell lineage; the animal tested negative for BLV 


on PCR.- 325 Four of 10 cattle 3 years of age or younger diag¬ 
nosed with sporadic lymphoma had BLV provlnis In tumor 
DMA, as detected by PCR, and a possible role for BLV Ln 
some cases of sporadic lymphoma of cattle has been 
suggested. 526 

CUTANEOUS FORM, Cutaneous lymphoma Is not as age 
specific as the other forms of sporadic lymphoma and may 
affect cattle between L and 3 years of age. The history may 
reveal an inLllal period of I to 3 months during which cuta¬ 
neous swellings are observed around the anus, vulva, 
escutcheon, shoulders, or flank. Iliese signs may regress 
and subsequentLv recur. 137 Lesions tend to be raised and 
can be ulceratecf. They are generally about 2 to 3 cm in 
diameter with necrotic"centers and may be painful on pal¬ 
pation. Other clinical signs depend on additional organ sys¬ 
tem Involvement of the tumor and may Include cardiac 
insufficiency, with brisket edema extending along the ven¬ 
tral abdomen and jugular puisatlon. Pulse and respiration 
mav beeievated as a resuit of anemia. Hematologic features 
include anemia and presence of atypical lymphocytes. The 
mandibular, prescapular, prefemora L, and supra mammary 
lymph nodes are usually enlarged. 135 

At necropsy, a variety of organs may be Involved, includ¬ 
ing heart, brain, skin, spinal cord, liver, lung, kidney, and 
abomasum. "iTie massive lymphoid Infiltration of the skin 
resembles the clinical manifestations of mycosis fungoides 
of humans. 514 In a report of a 12-month-old red Holstein 
heifer with cutaneous T-cell Ivmphoma, serum activity of 
lactate dehydrogenase (LDIlf was moderately Increased 
despite normal to minimally increased activities of liver 
and muscle specific enzymes. 5 ™ 

HEMONODE ENLARGEMENT (HEMAL LYMPH NODE), 
A Lvmphoproliferative condition associated with bemonode 
enlargement and some generalized Lympbadenopathy has 
been described for cattle Infected with a lentlvlrus 521 that 
is now called iwymc yinjj (BIV). BIV 

belongs in the genus Lentivirus, subfamilv GrlhoretrovLri- 
nae, and family Retrovlridae. BiV has molecular similarity 
to human Immunodeficiency virus (EIIV) and Is associated 
with persistent Lymphocytosis, lymph adenopathy, central 
nervous system (CNS) lesions, progressive weakness, and 
emaciation. 330 Infected calves may develop enlarged super¬ 
ficial nodes (ftefflUfimJesJ, mainly in the cervical region ante¬ 
rior and dorsal to the prescapular Lymph node, over the 
spine of the scapula, in the para lumbar fossa, and dorsal 
to the prefemora L lymph node. Lymphocytosis may be 
related to an increase in B lymphocytes, in utero transmis¬ 
sion of BIV has also been documented. 331 


Adult Lymphoma (Bovine Leukemia Virus) 

The adult or enzootic form of Lymphoma is the most com¬ 
mon neoplastic disease of cattle and is associated with 
BLV infection. Rates of lymphoma Ln cattle vary consider¬ 
ably, probably reflecting variation in BLV Infection rates, 
in L 97S the U.5. condemnation of carcasses because of lym¬ 
phoma was reported to be 170 per 100,000 head slaugh¬ 
tered. 332 A high condemnation rate, sometimes exceeding 
1%, was reported for slaughtered California daily cows, 353 
and about 1.73^-ti of BLV-infected cattle had lymphoma. 354 
The rate of cattle condemnations resulting from lymphoma 
appears to have increased over time. 535 

II Epidemiology, The epidemiology of adult Ivmphoma is 
not completely understood. Elerd size might be positively 
correlated with. a high rate of lymphoma, which may reflect 
higher rates of BLV Infection In large herds or a prepon¬ 
derance of susceptible pedigrees Ln some of the herds 
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studied. 534 - 335 Susceptibility to BLV infection Is associated 
with EolA type, 336 - 337 which may explain why higher rates 
of lymphoma are found in certain families of cattle. The pro¬ 
gression of disease to lymphocytosis In some BLV-Infected 
cows may also be Influenced by Bel A type, suggesting a 
possible genetic predisposition to development of lym¬ 
phoma through the antigens of the major histocompatibility 
complex (ME 1C) encoded at closely linked loci. Other poten¬ 
tially contributing factors, including nutrition, concurrent 
infections, and environ men tal/meteorologlc stressors, have 
not been explored sufficiently. Inhere is no evidence for a 
seasonally associated pattern to appearance of clinical lym¬ 
phoma.’^ Antigenic and mo I ecu] ar evidence for the pres¬ 
ence of BLV Ln mammary glandular epithelium has been 
demonstrated. 333 I’he effect of persistent mammary ELV 
Infection on the mammary gland is not completely under¬ 
stood. Although one study identified increased average milk 
production in BLV-Infected versus uninfected cattle, 335 
others report negative associations between milk production 
and BLV status. 

II Etiftndinta. The economic importance of adult lym¬ 
phoma varies according to production type. 341343 Produ¬ 
cers Incur losses from lymphoma associated with death of 
cattle {particularly genetically valuable livestock), loss of 
milk production, costs of treatment and diagnosis, and pre¬ 
mature replacement costs for cattle dying or culled as a 
result of lymphoma, 'the: latter may partly explain an 
observed increased rate of culling found for BLV-Infected 
dairy cattle. 335 ' 343 In addition to premature culling and 
replacement, losses are Incurred because of failure to retain 
salvage value of cows condemned for lymphoma at slaugh¬ 
ter. 333 A hidden cost of lymphoma also may be In the per¬ 
petuation of BLV-Infected cattle through In utero Infection 
of calves born to cows with lymphoma. 344 - 343 

II Dtognosfc. Cattle presented with the adult or enzootic 
form of lymphoma usually are older than 4 years but may 
be as young as 2 years. Cattle are often presented with a his¬ 
tory of loss in condition, an abnipt drop In milk production 
(over a few days), enlarged peripheral nodes, exophthalmos, 
or partial to complete anorexia, particularly with regard to 
grain or concentrates. Because dry cows are not observed as 
closely aslaetallng cows and are not monitored for mi Ik yield, 
lymphoma Is less likely to be recognized until they freshen. 
Subcllnical lymphoma may be diagnosed in cotvs submitted 
for routine reproduction examinations; other signs may 
include diarrhea, ataxia, paresis, ketosis, and Infertility. 

Physical examination often reveals an organ system fail¬ 
ure resulting from tumor Involvement. Thoracic auscultation 
may reveal cardiac dysrhythmia, tachycardia, tachypnea, and 
hyperpnea. Common sites of lymphoid tumor predilection 
in adult lymphoma include right atrium, uterus, retrobulbar 
space, abomasum, and spinal cord (epidural space)' involve¬ 
ment of rumen, colon, and kidney Is also seen. Dependent, 
pitting edema is common when cervical or supra mammary 
lymph nodes are Involved. Involvement of the Intestinal 
lymphatics is often associated with generalized dependent 
edema anterior to the udder. Peripheral nodes typically 
found to be enlarged are theprescapular, femoral, andsupra- 
mammary nodes. Feces may be scant, pasty, or watery and 
probably reflects the presence of lesions within the Cl tract. 
Melena may be present In animals with ulceration of the 
abomasum and lymphoid cell Infiltration In the abomasal 
wall. Rectal palpation can be a useful In cases lacking periph¬ 
eral node enlargement or exophthalmos. ILimor masses pal¬ 
pated In the abdomen typically are multiple and range In size 
from only slightly enlarged lymph nodes to massive lesions 


half a meter In diameter. The Internal iliac nodes are 
Involved in most cattle with abdominal tumors. 

Tumors tend to be firm but not hard and may feel slightly 
Lobulated. Differentiation by palpation of lymphoma 
tumors from other masses Is highly subjective. Carcinomas 
tend to be of similar consistent but are seldom larger than 
15 cm In diameter and are usually associated with Intestinal 
tissue. Lymph nodes of cows with a carcinoma are not 
usually enlarged unless a secondary Infection Is present. 
Melanomas are generally less than IB cm In diameter and 
bard, sometimes with protrusions J to 2 cm high along the 
surface. They usually are not found associated with lymph 
nodes. Masses of fat necrosis tend to be firm and are usually 
associated with omental tissue. Internal abscesses are often 
singje and associated with the uterus, as a consequence of 
uterine tear and Infection during parturition, or w r Llh gluteal 
muscles of the pelvic ceiling, as a consequence of injection- 
related Infections. Exploratory 5 laparotomy may be Indicated 
as an additional diagnostic tool in difficult cases, particularly 
In valuable cattle. 

The hemogram of cattle with Lymphoma often is gener¬ 
ally unremarkable. Anemia, characterized as microcytic 
and hypochromic, may be present in cattle with Gl hemor¬ 
rhage. Fibrinogen levels have been Inconsistent in Lym¬ 
phoma, and therefore its measurement may be helpful 
only in differentiating an abscess. Approximately 30% of 
cattle with ELV Infection develop persistent lifelong Lym¬ 
phocytosis, composed mostly of B cells. 343 - 347 

Cytology of aspirates of tumors or tumorous nodes may 
not always be a reliable diagnostic tool, although It can be 
helpful. Discrimination cannot be made between a normal 
node responding, to an Infectious agent and a node Involved 
with neoplastic lymphocytes; in bosh situations, cells resem¬ 
bling young poorly differentiated lymphocytes may be 
present. Examination of nontumorous active lymph nodes 
may reveal an elevated proportion of laige, young lympho¬ 
cytes that could resemble chose of lymphosarcoma. Histo¬ 
pathologic examination of blopsied tumors or nodes may 
be more useful than aspirates in making a diagnosis. How¬ 
ever, cytology and culture of aspirates could be helpful Ln 
differentiating a tumor from an abscess. Failed attempts at 
collection ot cerebrospinal (lumbosacral) fluid Ln cattle 
with recumbency or hlndllmb weakness may be associated 
with the presence of lymphoid tumors in the vertebral 
canal; cytologic examination of cells from the collection 
needle in such eases may reveal abnormal lymphoid cells. 

Standard serologic testing for ELV Involves identification 
of antibody against the 51-kilodalton (kD) envelope glyco¬ 
protein {gp5 L). Although BLV diagnosis historically Involved 
the use of the agar gel Immunodiffusion (AGIO) lest, that 
method has been shown to be less sensitive than the 
enzyme-Linked immunosorbent assay (ELISA). 346 ELISA test 
kits are available commercially that detect antibodies to 
gp51 in serum and milk." Diagnosis is also possible by use 
of PCR to detect BLV nucleic acid, 3 - J? - 35L as well as by a com¬ 
bined PCR-ELISA that Is more sensitive than staining of PCR 
am pi icons with ethidlum bromide. 352 FLISA-positive cattle 
that tvere not detected by PCR testing have been reported, 
most likely related to a Low number of Infected circulating 
Lymphocytes al sample col lection . 3S3 The PCR by Itself is con¬ 
sidered unreliable for routine detection of BLV Ln herds with a 
high prevalence of dLsease. 31 ' 4 The ability of PCR to delect a 
ELV infected animal is improved by means of a nested PCR, 


*1 lerdChek Bovine ijeukemia Virus Antibody Test Kins (IDEXX Labora¬ 
tories, Westbrook, Maine}; Bovine leukemia Virus Antibody Test Kit, 
ELiSA [VMRD r Pullman. Wash); SVANOYIR ELV gp5l-Ab ELISA 
[Svanova Biotech AE, Uppsala, Sweden). 
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which was reported to be effective in diagnosing infection 
when seroconversion had not yet occurred. 351 The presence 
of a n ti bodies to gp51 is genera Lly considered to be a prerequ L- 
slte to a diagnosis of lymphoma, except for cows during the 
perlparturienl period, when circulating antibodies may fall 
below the level delectable by a serologic lest. 356 The mere 
presence of BLV antibodies does not necessarily mean that 
an animal has lymphoma,, which is found In only about 
J.7% of BLV-Infected cattle. 337 However, serology'can be 
helpful in predicting the chance of lymphoma In cattle sero- 
posi t Ive to the gp51 antigen. Sera from cattle with lympho ma 
generally have high titers to the gp51 antigen {scoreof 3 or 4 
on AG ID), compared with those of infected cattle without 
lymphoma {score of L or 2). In addition, cattle that do not 
have Lymphoma tend not to have antibodies to the p24 anti¬ 
gen of BLV, as detected by ACID. The percentage of cattle with 
histologically confirmed Lymphoma but in which lymphoma 
was not diagnosed by a gp51-positive and p24-negative test 
result (false-negative rate of diagnostic test) has been found 
to be only 0.21%, using the AG ID test. 334 Unfortunately, 
most diagnostic laboratories do not have the capability to 
perform the test using the p24 antigen. 

At necropsv, tumors are found enclosed in a capsular-llke 
tissue that, when sectioned with a knife, results in an ever¬ 
sion of tumor stroma. Cut tumor tissue Ls cream colored 
and friable, with little binding structure. Centers of tumors 
may appear necrotic and mushy, whereas peripheral regions 
are firmer and pink to w r hlte. Elistopathology provides the 
only definitive diagnosis. Tissue should be bi'opsled by sur¬ 
gical removal of as much of the node {or mass) as possible. 


II Control. No curative treatment for Ivmphoma exists. 
However, supportive therapy may be Indicated to reduce 
discomfort and prolong Life long enough to remove valu¬ 
able ova/embryos or calves or to Harvest semen. 

Until more information Ls available on the epidemiology 
of lymphoma, control and eradication hinge on success of 
efforts to eradicate BLV from a herd. Presently, no vaccines 
offer effective protection from BLV infection. 358 - 361 Control 
and eradication of BLV require reduction of blood transmis¬ 
sion through iatrogenic means and through physical contact 
among cattle. 362 Transmission associated with physical con¬ 
tact between infected and susceptible cattle can he reduced 
by segregating Infected and noninfected cattle. 363 - 3 * 3 Separa¬ 
tion of cattle by 10 feel Ls preferred, but a single fence may 
reduce sufficiently the degree of contact necessary for trans¬ 
mission. Transmission after phvsical contact may be through 
inhalation of BLV shed In nasal secretions . 3 * 6 -m 4 Experimen¬ 
tal studies have found that under extreme conditions of 
blood contamination and mucosal irritation, BLV can be 
transmitted recta Lly. 570-374 Under conditions typical of rou¬ 
tine palpation during pregnancy examination, however, 
BLV appearance may not necessarily be transmitted to any 
measurable degree. 3 r2 - 3 74 If potential for rectal transmission 
is a concern, palpation sleeves may be rinsed or replaced 
between cows. Although insect transmission of BLV Is theo¬ 
retically possible, 373 as demonstrated experimentally by 
interrupted feeding of tabanlds from cattle with persistent 
lymphocytosis to uninfected cattle, 376 studies of natural 
infection have not been able to Link flies with new natural 
infections. 377 - 376 Several studies have been unable to dem¬ 
onstrate transmission after use of a common needle. 375-331 
However, infection after use of a 11? needle dipped in blood 
of a BLV-infeeted animal could be prevented by wiping the 
needle with cotton before in lection. 362 Although data nave 
not shown the use of common needles to be an important 
means of BLV transmission, It w r ould be prudent to use indi¬ 
vidual sterile needles for treatment, testing, or vaccination. 


lYansmisslon of BLV has not been shown in cows inse¬ 
minated artificially using commercially prepared frozen 
semen. 363 - 387 How r ever, Infection resulting from the use of 
an Infected bull in natural breeding may be possible. 366 - 390 
Semen of 27 bulls that were BLV PGR positive in peripheral 
blood had no evidence BLV on PCR. 3 ‘ >L Embryo transfer reci¬ 
pients should be tested for BLV before transfer. 3,3 Embryo 
transfer using noninfected recipients offers a means of pro¬ 
ducing phenotyplcally preferred cattle from BLV-Lnfected 
cows and controlling in utero infection, 3 ^.wara.JtM because 
at harvesting, embryos are not infected. 383 It Is possible to 
produce transferable In vitro fertilized embryos that are free 
of BLV provirus from oocytes that are exposed to BLV during 
maturation, fertilization, or after fertilization, through a 
washing procedure. 393 

Bor most herds, control and eradication of the Infection 
would require modification of facllLiles, alteration of man¬ 
agement practices, and serologic surveillance at least annu¬ 
ally. Planning a control program should include a cost/ 
benefit analysis to evaluate potential return on the Invest¬ 
ment. Financial benefit of a BLV control program has been 
documented In herds In which the prevalence of BLV infec¬ 
tion Ls 12.5% or higher. 356 Hie selective culling of BLV- 
infected cattle based on positive lymphocyte BLV antigen 
expression In vitro was reported to be effective In preventing 
transmission of BLV infection. 397 


LYMPHOMA IN HORSES 

iWCXNJCA ALEMAN 

Lymphoma and lymphosarcoma are terms that have been 
used Interchangeably to describe a group of neoplasias 
originating from the Lvmphoid system, including nodal 
lymphoma [lymph nodes) or extra nodal lymphoma (thy¬ 
mus, spleen, and mucosal-, con|unctival-, or skin-associated 
lymphoid tissue |MALT, CALI’, and SALT, respectively!). 
The mucosal-associated lymphoid tissue includes mucous 
membranes lining the digestive, respiratory, and urogenital 
systems. Metastasis can occur to other organs, Including 
primary lymphoid tissues such as bone marrow. Based on 
its embiyologlc origin, lymphoma Is classified as a mesen¬ 
chymal neoplasm. Although the suffix -oma indicates a benign 
neoplasm and -sarcoma a malignant mesenchvmal neo¬ 
plasm, the Leukemia and Lymphoma Society determined 
(hat lymphoma is the appropriate term because all neo¬ 
plasms of the Lymphatic system in humans are malignant. 
In veterinary medicine, lymphomas aie also malignant, so 
the term lymphoma has been adopted. It Ls important to 
emphasize that 'lymphoid hyperplasia' 1 is not synonymous 
with lymphoma. ClonalLty studies may determine If a spe¬ 
cific clone of lymphocytes (B, T, natural killer, and plasma 
cells) are malignant versus hyperreactive. 

Lymphoma is one of the most common malignant neo¬ 
plasia In the horse. On postmortem examination, preva¬ 
lence of lymphoma In the horse was estimated to be 2% 
to 5%. 396 - 39 ^ In contrast to other species, lymphoma devel¬ 
opment has not been associated with a viral etiology in the 
horse. However, virus-1 ike particl es In lymph nodes of neo¬ 
natal foals with lymphoma have been described, although 
no causal relationship was proved. j00 ' 401 Lymphomas can 
occur at any age, from an aborted equine fetus to horses 
30 years old. 4 ® 1 - 403 Typically, age or onset of all forms 
of lymphomas has been reported as 5 to 10 years; however, 
a recent study revealed that the mean age of intestinal lym¬ 
phoma w r as H5 years. 403i4 ° 4 There Is no apparent breed or gen¬ 
der predilection, lire clinical signs vary depending on tumor 
location but most often include Lymphadenopathy, lethargy, 
weight loss, edema, and pyrexia. Affected lymph nodes tend 
to be firm, cool, and nonpainfuL In one retrospective study 
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of 79 horses with lymphoma, 21 cases had ocular involve¬ 
ment. 405 Paraneoplastic pruritus and alopecia were described 
in a horse with diffuse Lymphoma.* 06 Neurologic alterations, 
lameness, osteoiysis, and pathologic fractures haw been 
described as the result of lymphoma.* 07 -* 12 

The hematologic features of lymphoma are varied. llow r - 
ever, anemia is a relatively common flndLng. Anemia is 
thought to he caused by suppression of erythiopolesis, bone 
marrow Infiltration, blood loss, or immune-mediated hemo¬ 
lytic anemia.* 1 Itiere is only one report, in a 9-year-old 
warmblood mare, involving' multicentric lymphoma and 
perslstenL paraneoplastic erythrocylosis. 30 * Frank leukemia 
is rare, but when present [reported counts as high as 
256,500 cells/pL), neoplastic cells are generally found In 
the bone marrow. 413 More often I he lymphocyte count is 
w r llhln the reference range or Low. Atypical Lymphocytes 
may be noted In the blood smears of 20% to 50% of affected 
botses, especially late In the course of disease. 4I4 - 417 A mod¬ 
est neutrophilic Leukocytosis xvith an elevated fibrinogen is 
often seen. This Inflammatory response can cause confusion 
when trying to differentiate neoplasia from internal abscessa- 
llon.* 16 Serum biochemistry profiles may show r internal 
organ involvement. Serum protein alterations are frequently 
observed and include hypoalbumlnemta, hyperglobuIi- 
nemla with polyclonal gammopathy (most cases), and 
decreased albumin/globulln ralLo. 1 lowever, deficiencies 
In [gG and IgA concentrations were reported in a horse. 415 
Neoplastic Lymphocytes may arise from reactive B-cell clones 
producing antibodies responsible for gammopathles and 
immune-medlated processes (hemolytic anemia, neutrope¬ 
nia, lymphopenia, thrombocytopenia).- 91 Although low 
serum IgM concentrations and hypercalcemia have been 
reported in a few cases, these are hot consistent features of 
lymphoma In the horse. 173 - 4 l7 - 4 l0 - 431 

Lymphomas In horses have been classified based on ana¬ 
tomic distribution, morphology, and cell Lineage. 423 - 425 
Based on its anatomic distribution, the classification of lym¬ 
phoma In the horse Is as follows: multicentrlc, generalized, 
alimentary or Intestinal, splenic, mediastinal, thymic, and 
cutaneous forms. r fhe spleen Is the organ most frequently 
affected with lymphoma, and Lvmphoma is the most com¬ 
mon neoplasia of the spleen. 43 ® 

Morphologically, lymphocytes are classified as "small" if 
their nuclear diameters are 1.5 limes or Less the diameter of 
erythrocytes and "Large" If their nuclei average twice or more 
the diameter of erythrocytes. 423 Small-cell lymphoma con¬ 
sists of 60% or more small cells. Large-cell lymphoma con¬ 
sists of <50% or more large cells. A lymphoma designated as 
"mixed" Is a tumor that contains both small and large neo¬ 
plastic cells of the same Lm mu nophenotype. 429 

ImmunohistochemLcal classification of lymphomas has 
been determined by using monoclonal antibodies, such as 
BLA36, CD79a (nrib-lj, and B29 for B<e]L lymphomas 
and polyclonal antibodies to CD3 and CD5 forT-cell lym¬ 
phomas. All three lymphomas—B cell, T cell, and mixed B 
and T cell —have l>een reported In the horse. 423 - 42 * The 
monoclonal antibody proliferating-cell nuclear antigen 
(PCNA) has been used to determine the proliferative status 
of the cells. 413 Frequently, lymphomas are described as 
T-cell-rich B-cell lymphoma, or vice versa. T-cell-rlch, 
Large-B-cell lymphoma Is a neoplastic proliferation of Large 
B cells associated with a prominent component of nonneo- 
plastic reactive T Lymphocytes that constitutes a significant 
percentage of the 'cellular' population. 423 The presence of 
Large numbers of nonneoplaslLc T cells within a B-cell lym¬ 
phoma could result in an erroneous diagnosis of a T-'celL 
tumor. Neoplastic cells are determined based on Large 
cell size; large, vesicular, and Irregularly shaped nuclei 
w r ltb coarse chromatin; atypical mitotic figures; and positive 



Lmmunostalning to PCNA markers. Nonneoplastlc cells are 
Identified by their normal morphology and Lack of immu¬ 
ne reactivity'to proliferation markers. However, it may not 
be this simple to differentiate accurately between neoplasia 
and reactive inflammatory response: 'cl on a Illy assays are 
required to make this determination. Polydonality Is seen 
with lymphocytic hyperplasia and monoclonality xvith Lym¬ 
phoma. Accurate characterization and staging of lympho¬ 
mas in humans have been critical to establish therapeutic 
management and prognosis. All forms of lymphomas are 
considered malignant in the horse. 426 

Multicentric Lymphoma 

Itie multicentrlc form of Lymphoma involves lymph nodes 
(veterinary oncology terminology: nodal = lymph node; 
multiple lymph nodes = multi nodal = multicentrlc) regard¬ 
less of Location. 436 Extra nodal lymphoid tissue (lympnold 
tissue other than lymph nodes) is not involved. 426 How¬ 
ever, multicentric lymphoma may metastasize to extranod a I 
areas, in which case It will be classified as generalized (dif¬ 
fuse) lymphoma 436 In veterinary medicine the terms muhi- 
cetilric and generalized have been used Interchangeably. 

Generalized Lymphoma 

The generalized form is considered an end-stage Lymphoma 
characterized by involvement of both nodal and extranod a I 
Lymphoid tissue. 42 fl I’his form is more common than the 
Intestinal (exiranodal) and mediastinal (nodal) forms alone. 
Elorses often present with severe lethargy, emaciation, 
anorexia, generalized lymphadenopathy, and edema because 
of impaired lymphatic drainage.* 04 -* 37 Anemia is common, 
and hypoproteinemia caused by hypoalbuminemia may he 
found. Although rare, leukemia is generally associated with 
this form of Lymphoma.* 13 In addition to'lymphoid tissue 
Involvement, infiltration of tumoral cells has been reported 
In the spleen, liver, bladder, kidney, lung, heart, nasophar¬ 
ynx, eye, ovary, uterus, brain, and spinal cord. 4Di4l5 - 4itJ Mul¬ 
tifocal eosinophilic granulomas nave been identified In 
neoplastic lymph nodes, thought to be In response to para¬ 
neoplastic Interleukin-5 (1L-5) and granulocyte-monocyte 
colony-stimulating factor (GM-CSF) produced by neoplastic 
cells. 413 


Alimentary or Intestinal Lymphoma 

Alimentary tract lymphoma involves the Cl Lract, more fre¬ 
quently the small intestine. 424 - 42 * Lymphoma is the most 
common neoplasia of the intestinal tract In horses. 403 This 
neoplasia has been reported most often Ln horses less than 
5 years of age. However, a recent retrospective study on 
Intestinal neoplasias revealed that the mean age of horses 
with lymphoma was 16 years (range, 2 to 30 years), with 
Arabian horses the most common breed associated with this 
type of Lymphoma.* 03 Lymphoma arises from the lympho¬ 
cytes of the lamina propria (extranodal lymphoid tissue) 
of the intestinal tract, resulting in diffuse or segmental 
thickening, focal masses, or scattered crater-1 Lke ulcers with 
raised margins of the Intestinal wall 424 - 42S - 42a Lymphade- 
nopathy is generally not present. Metastases to mesenteric 
lymph nodes, liver, and spleen have been reported.* 25 
Transabdominal ultrasound may be very useful for the 
detection of Intestinal thickening'and cecal lymphadenopa¬ 
thy. lltese tumors could be of B-cell or T-cell origin. 
Although most of these tumors are considered to be of 
B-cell origin, clonality assays recently revealed that T-cell Lym¬ 
phomas are more common than B-cell lymphomas Ln the 
intestinal tract. 403 This neoplasia is usually associated with 
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malabsorption, prolei n-losing enteropathy (bypoa I bu mine- 
mi La), wetgjit Loss, edema, abdominal effusion, mild recur- 
renl colic, and diarrhea. 423 - 431 Affected horses frequently 
have an abnormal glucose or xylose absorption lest, Indicat¬ 
ing small intestinal malabsorption. Taylor et al. 403 reported 
that abdominal fluid cytologic analysis was useful for diag¬ 
nosis of miscellaneous Intestinal neoplasia in 33% of cases. 

Thoracic Lymphoma: MediastinaifThymic 

Lymphoma Is the most common ihoracic neoplasia in 
horses and may Involve mediastinal lymph nodes, thymus, 
and lungs. 02 - 43,3 Exclusive Involvement of mediastinal 
lymph nodes Is called fliediasfj'FW? ?yrrrpJicmtT, whereas exclu¬ 
sive Involvement of thymus is called thymic lymphoma. 416 
Prevalence varies from l£% to 23% of all forms of lym¬ 
phoma. LLa, - 4:H> " 43j Primary and secondary ( metastatic) medi¬ 
astinal lymphomas have been reported. Most often, 
however, the neoplasia results from metastasis. 433 Primary 
mediastinal lymphoma Is usually seen in adult horses {mean 
age of 10 years, range of 2 to 30 years), although it was 
reported in a J-month-old foal with a 1-week history of 
respiratory distress. 402 Metastasis from primary mediastinal 
lymphoma often occurs. In (he early stages of the disease, 
minimal clinical signs may be observed. Common signs 
include nasal discharge, adventitious lung sounds, pleural 
effusion, ihoracic ventral and limb edema, and regional 
lymph adenopathy at the thoracic Inlet. 450,432 Other signs 
include cough, pyrexia, pleurodynia, and in some cases, 
respiratory distress. 432 - 435 Temperature, pulse, and respira¬ 
tory rate are often elevated. Dysphagia may be observed in 
some cases with retropharyngeal lymphadenopathy. 436 High 
nucleated cells counts of several thousand per micro!Iter, 
with a !aige percentage of abnormal Lymphocytes, are often 
evident on pleural fluid cytology: however, colkctlon of 
multiple pleural fluid samples may be necessaiy to establish 
a definitive diagnosis. 43 * Some of the cytologic abnormal¬ 
ities include the presence of prolymphocytes, lymphoblasts, 
nuclear blebbing. Indented and cleaved nuclei, amorphous 
nuclei, altered nuclei/'cytoplasm ratio, and mitotic figures. 435 
Lymphomas could be' of B-, T-, or mixed-cell origin, but 
T-cel! lymphomas are more common. 423 - 433 

Cutaneous Lymphoma 

Cutaneous tumors are confined to the skin-associated ]ym- 
phoLd tissue. Single or multiple, subcutaneous, firm, non- 
pa Lnfu I nodules ranging from less than 1 cm to greater 
than 20cm in diameter can develop rapidly or slowly, 
regionally, or over most of the body surface. 437 - 433 I’he 
nodules are usually covered with hair. In some cases the 
kslons tend to wax and wane spontaneously, or they are 
associated with hormonal influences, seasonality, and ste¬ 
roid therapy. There is one report of complete regression of 
cutaneous lymphoma after surgical remova! of an ovarian 
tumor. 43r> Because of the waxing and waning response, 
there Is controversy whether this may be lymphoid hyper¬ 
plasia rather than lymphoma. Depending on anatomic loca¬ 
tion, lymphomas may cause mechanicallameness and limb 
edema as a result of vascular and lymphatic obstruction. In 
most cases, no hematologic abnormalities are present and 
generalized lymphadenopathy and internal organ Involve¬ 
ment are rare. This type of tumor Is usually of B-cell origin. 
Mycosis fungoides Is another form of cutaneous lymphoma 
in which there is diffuse Infiltration of neoplastic l’-oell lym¬ 
phocytes In the epidermis, dermis, and subderm Is. This 
type of lymphoma has been reported in a mare with a 
vulvar mass that Infiltrated the skin of the perineum and 
ventral abdomen. 4415 Cutaneous lymphoma may involve 


mucocutaneous junctions and carries a poor prognosis if 
deeper tissues are involved. 440 

Angiotrophic Lymphoma 

Also known as anibit iei!e L i,! j vphic iym ffJ iom it and inlnmiscaLiv fym- 
phangfamaiasis, angiotrophic lymphoma has been described in 
humans, dogs, and cats. 1-44 ^ There Is a single report In horses, 
in a 12-year-old pregnant thoroughbred mare with anorexia, 
tachycardia, and mild fever. 444 Ibe significant Laboratory 
abnormalities were profound anemia [PGV of 12%), decreased 
RBC count, marked anlsocylosis, mi Id lymphopenia, low IgM, 
and marked erytbroid hyperplasia and eiythrophagocytosls 
on bone marrow biopsy. Triglycerides, cholesterol, and total 
bilirubin were elevated on serum biochemistry. Coombs' and 
Coggins' 1 tests were negative. Postmortem examination revealed 
generalized icterus, with moderately enlarged mediastinal and 
mesenteric lymph nodes. Histologic examination revealed 
thickened pulmonary alveolar septa and vessels crowded with 
atvptca] Lymphoid cells with scattered mitoses. Similar atypical 
cells were evident In renal vessels. The neoplastic cells were 
determined to be ofT-cell origin based on ImmunohLstocheml- 
cal staining. Angiotrophic lymphoma may represent an ante¬ 
mortem diagnostic challenge because of the lack of circulating 
neoplastic lymphocytes and identifiable masses. 

Chemotherapy for Treatment of Lymphoma 

Information about chemotherapy for lymphoma in horses 
is Limited. One protocol used In two pregnant mares with 
lymphoproliferatlve disease consisted of a combination of 
cytarablne (200 to 300 mg/m 2 SC or [Jvl every 7 to 14 days), 
chlorambucil (20 mg/m 2 FQ every 14 days) or cyclophos¬ 
phamide {200 mg/m 2 IV every 14 to 21 days), and predniso¬ 
lone (1.1 to 2.2 mg/kg PO every 43 hours). 445 Vincristine 
(0.5 mg/m 2 IV every 7 dap) can be added If no clinical 
improvement Is noticed Ln'tbe first month of therapy. iTtls 
protocol was continued for 2 to 3 months, fo] Lowed by 
a maintenance protocol consisting of gradual decreases of 
prednisolone, and extending by 1 week the administration 
of other chemotherapeutic agents, for the next 2 to 3 months. 
This was followed by extendLng the administration interval 
by another week for 2 to 3 months, for a total of 6 to 9 
months 445 Other protocols Include diug£ used alone or in 
combination, such as i-asparaginase (10,000 to 40,000 U/m 2 
IM every 14 to 21 dap), doxorubicin {50 mg/m 2 IV), vincris¬ 
tine (1.4 mg/m 2 IV), and rituxlmab (375 mg/m 2 IV). A horse 
wllh thoracic lymphoma w r as treated with cytarablne 
(170 mg/m 2 IM] 2 w r eeks apart, alternating with cyclophos¬ 
phamide [M2 mg/m 2 IV) 7 dap after each dosage of cytara- 
blne. 435 In addition, the horse received prednisolone 
(36 mg/m 2 PO every 4S hours) and was discharged L month 
after the Initiation of chemotherapy, with instructions to con¬ 
tinue prednisolone at the previous dosage for life. Light 
months after discharge, the horse tvas in good health and 
resumed light exercise. Therapy may be attempted with dexa- 
methasone {0.2 mg/kg IV or PO every 24 hou rs for 5 days), fo I - 
lowed by prednisolone [I to 2 mg/kg PO every 24 hours). 
Tapering dosages of corticosteroids is not recommended 
because this has no therapeutic benefit and mav induce dnig 
resistance to corticosteroids and chemotherapy.^ 26 

Complications associated with chemotherapeutic agents in 
horses include anorexia, lethargy, thrombosis, arrhythmias, 
laminllis, bone marrotv damage, Gl and genitourinary 
toxicoses, urticaria, and immunosuppression. Anemia, throm¬ 
bocytopenia, leukopenia, and secondary infections may 
occur. 44 * Successful management of cutaneous lymphomas 
has been achieved using glucocorticoids such as clexametha- 
sone, prednisolone, and betamethasone. As mentioned earlier. 




CHAPTER 37 Diseases of the Hematopoietic and Homelynphatic Systems 


however controversy surrounds the nature of cutaneous 
nodules as possible lymphoid hyperplasia and not (rue lym¬ 
phomas. Other treatments Include auto logons tumor vaccine 
and radiation therapy. 4 4 7 - 44S Although periods of remission 
have been reported with chemotherapy, 455 - 445 the Long-term 
prognosis has been poor for most horses. 

LYMPHOMA IN NEW WORLD CAMELIDS 

MCJNJCA ALLMAN 

Lymphoma is the most common neoplasia in New World 
camel Ids. Two forms of lymphoma, multicentric and genera¬ 
lized have been reported in alpacas and Llamas. 44 *- 456 There 
Is no age or gender predisposition. The reported median age 
of affected alpacas ivas 0.8 year, with a range of 0.2 to 
2 years 456 Itie median age of affected llamas was 5.5 years, 
with a range of 0.3 to 15 years. 456 However, information from 
approximately 50 camel ids with lymphoma (unreported 
and reported) revealed a mean age of 4 months and 4 years 
for alpacas and llamas, respectively. 457 Lymphoma has been 
diagnosed In alpacas as earfy as a fetus and 2-week-old cria. 457 
Ihe pathogenesis of lymphoma In camel ids is unknown at 
present. 

The most common clinical signs are weight loss, palpa¬ 
ble masses, lethargy, respiratory signi, and anorexia. 443 - 455 
Other signs are tachycardia, fever, weakness, and recum¬ 
bency If the CN5 Is affected. 451 ' 456 The most common clin- 
icopathologic abnormalities Include anemia, Left-shifted 
leukogjam, hypoalbumlnemia, and hyperglycemia. Cere¬ 
brospinal fluid (C5F) analysis may yield atypical, immature 
lymphocytes if the CMS is involved. 456 Liver, kidney, heart, 
bone marrow, lymph nodes, stomach, and nervous system 
(extradural and subarachnoid spaces) have been reported 
to be involved 445 - 455 - 45fl Immunophenolyping analysis has 
been limited to three alpacas; Lwo had T-cell and one 
bad mixed B-cell and T-ceLl lymphoma. 452 - 456 Treatment 
of Lymphoma was attempted In a single case but was 
unsuccessful. 45 J 

LEUKEMIA IN HORSES 

JkKJNfCA ALLMAJV 

Leukemia Is a rare neoplasia of the hematopoietic system 
that originates from the bone marrotv (primary leuke¬ 
mia). 510 A leukemic phase (secondary Leukemia) has been 
rarely reported in horses with Lymphoma, In which blood 
and bone marrow were infiltrated with neoplastic 
cells. 510 ' 415 ' 415 ' 41 * Based on cell of origin, the major forms 
of Leukemia include myeloid and lymphoid Leukemias, 
which can have an acute or chronic clinical course. Accord¬ 
ing to the Leukemia and Lymphoma Society, acwfe leuke¬ 
mias are rapidly progressing disorders that affect mostly 
primitive or immature cells that Lack normal function; 
whereas cfircrcj'c leukemias progress slow r ly, allowing some 
growth and cell maturation, which may preserve limited 
normal function. Reported leukemias in"(be horse include 
myelomonocytic, monocytic, granulocytic, eosinophilic, 
and Lymphocytic forms. 76 - 73 ' 415 ' 415 ' 458 - 472 Based on pres¬ 
ence and numbers of cells in blood, other terms used are 
leukemic, subleukemic, and aleukemic leukemias. Leukemic 
leukemia Is characterized by an increase in cell numbers In 
peripheral blood. SuhfruJtetttk: leukemia is defined by an 
increase in abnormal blast cells In blood, with a total white 
blood cell (WELC) count within the reference range or low. 
Aleukemic leukemia is characterized by abnormal cells In 
the bone marrow, but not in peripheral blood. 

I’here is no apparent breed or gender predisposition 
based on the few reported cases and horses seen at the Uni¬ 
versity of California, Davis. 76 - 75 ' 415 ' 415 ' 453 - 472 The age at 
onset of clinical signs ranges from 2 to 25 years. The most 



common clinical signs are weight Loss* lethargy, anorexia, 
pyrexia, and lympbadenopathy It associated with lymphoma. 
Other signs aie weakness, ventral edema, exercise intolerance, 
colic, and recurrent or concurrent infections. 

At the Initial stages of the disease, the laboratory features 
may show mild hematologic abnormalities, Including one 
or more of the following: anemia, neutropenia, lymphope¬ 
nia, thrombocytopenia, byperproleinemla, and hyperflbrl- 
nogenemla. As the disease progresses (days to months), 
marked leukocytosis (counts up to 270,000 WECs/jiL) and 
byperprotelnemla will be observed In leukemic leuke¬ 
mias. 41 3 Thrombocytopenia Is a common hematologic fea¬ 
ture. 4 i3.Jfia.4ftM 72 pancytopenia and high blast cell counts 
(up to 1.6 x 10 3 cells/pL) were reported in a lactatlng mare 
with myeloblastic leukemia. 472 Pancytopenia caused by 
severe infiltration of leukemic cells in the bone marrow, 
Ineffective hematopoiesis, and myelofibrosis have been 
reported. 466 Horses with multicenlric Lymphoma, pancyto¬ 
penia, severe leukocytosis (more than expected for severe 
Inflammation), or presence of atypical or blast cells In 
peripheral blood should prompt the collection of a bone 
marrow aspirate or biopsy. Bone manow aspirates may 
have normal to altered myeloid/erythiold ratio [reference 
range, 0.5 to 3.76), with a disproportionate number of atyp¬ 
ical or poorly differentiated blast or mature cells of certain 
lineage. A decrease in or absence of megakaryocytes is often 
observed. 

S rotelnemia is a consistent finding because of 
ullnetnia. Serum electrophoresis typically shows 
a polyclonal Increase of jf 3 - and y-globulin fractions, and 
In some cases -a-globulln fraction as well. Marked Increases 
In serum [gG and IgA concentrations have been detected 
In horses with Lymphocytic leukemias. 435 Deficiencies In 
IgA and [gM have been reported In a single horse with 
chronic lymphocytic leukemia. 465 

Necropsy findings may Include mucosal ulceration, 
edema, thrombosis, and hemorrhages of various organs 
resulting from Intravascular leukostasts (aggregates of leuke¬ 
mic cells in blood vessels), disseminated intravascular co¬ 
agulopathy, and thrombocytopenia secondaiy to decreased 
production of megakaryocytes. Leukemic-Induced cell lysis 
may occur as the result of "mediators released by neoplastic 
cells. Peripheral and internal Lymphadenopathy may also 
be observed. Other pathologic findings are those associated 
with concurrent disease. 

The diagnosis is based on routine blood work, cytologic 
and histopathologic evaluation of bone marrow, immuno- 
cytochemlcal analysis. How cytometry, and immunopheno- 
typing. 510 Previously, leukemic cells In peripheral blood 
and bone marrow were described based on their morphol¬ 
ogy; however, this may result in leukemia misclasslflcatlon, 
especially in acute leukemias, in which mononuclear blast 
cells constitute the leukemic clone, which may lack specific 
Identifying morphologic features. Numerous cytologic and 
cytoc hem Leal stains have been used to determine the type of 
Leukemia, such as Wright, Giemsa, Sudan black B, peroxidase, 
periodic acid-5cblff, alkaline phosphatase, acid phospha¬ 
tase, various esterases, and surface glycoproteins. However, 
Leukemic cells may also lack specific cytochemlcal properties. 
Currently, the various types of leukemias are determined by 
the Identification of specific cellular antigens using a panel 
of monoclonal antibodies and flow cytometry In peripheral 
blood and bone marrow; examples are E-cell/lgM-positive, 
E-cell/lgM-negative, CD3/CD4/C D 5-positive' T-cell, CD3- 
negative/CD4-positive T-cell, and CD 13-positive myeloid 
Leukemias. 4 15 - 465 - 4 ^ Table 37-2 lists the various monoclonal 
antibodies for specific equine leukocyte antigens. 

The prognosis Is poor, resulting in death within days to a 
few months after diagnosis. 1’reatmenl of leukemia has been 
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TABLE 37-1 

Monoclonal Artlbodles for Specific Equine Leukocyte 
Antigens (ELAs) 


1 E-.].A Marker 

Specificity J 

EqCD2 

T celli 

EqCD3 

T cells 

EqCDl 

T helper cells 

hjqCDS 

T cells 

ELqCDS 

T cytotoxic cells 

EqCDlla/IS 

Pan leukocyte 

EqGD13 

Myeloid cells 

EjqCD44 

Pan leukocyte 

CD? Da 

B cell?; 

EqWGt 

Large T-cetl acid neutrophil subsets 

BqWC2 

T cells and neutrophils 

EqWC4 

Minor T-ceJJ subset 

MHCI 

Nucleated cells 

MUCH 

B cells, m.u roph.Tjiei. dendritic cells, 
and large T-cell subset 

LEM 

B cells 
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attempted in horses with cytosine arablnoslde, cytarabine. 
And prednisolone, but with little success. ieijie9 “ 47L 

MYELOMA IN HORSES 

MONICA AUALW 

.Myeloma is a neoplastic proliferation of plasma cells that 
primarily originate in the bone marrow but may have an 
extramedullary source. 475 Both forms have been reported in 
the horse. 474 - 4 Accumulations of neoplastic plasma cells 
outside the marrow is called erfrmmeib^iry pkismwrttnML 475 
Plasmacytomas can form in several organs and tissues* 
including the skin. The most common extraosseous sites in 
horses are lymph nodes., kidneys, spleen, and liver. 47J - 47 ^ 477 
Multiple myeloma involves bone marrow at multiple loca¬ 
tions and other tissues: and it Ls the most common form of 
myeloma in humans. 4 76 In human medicine, causes of mye¬ 
loma Include chromosomal translocation, irradiation, and 
chronic antigenic stimulation. 47 - 3 

Myeloma Is a rare neoplasia of the horse, with only IS 
cases reported In the literature, at a median age of 14 years 
(range, 3 months to 25 years) 474 - 477<,,79 - 4& ^ Almost half 
these cases were quarter horses, but various breeds, including 
draft horses and ponies, were represented. There Is no appar¬ 
ent gender predilection. The clinical signs vary with the 
degree of plasma cell infiltration, extent, and location. The 
most common clinical signs are weight loss, anorexia, fever, 
pale mucous membranes, lethargy, Timb edema, and recur¬ 
rent infections 474 - 477 - 46ft - 4 69 Bone pain as the result of osteo¬ 
lytic disease is the most common early sign of myeloma in 
humans. 476 Four horses from the literature were reported 
to have lytic lesions. The clinical signs In _tbese horses 
included paresis, cervical pain, and lameness. 4 ' 6 - 460462466 

The laboratory features are anemia, hyperproteinemla 
caused by hyperglobulinemia, hypoalbuminemia, and pro¬ 
teinuria. Anemia results from reduced erythropolesis sec¬ 
ond ary to myelopbtblsls and Infection, blood loss, and 
paraproteins' osmotic effect. Pancytopenia Is observed If 
myelopbtblsls develops. Hypercalcemia has been reported 
in a few cases 474476477 Exception to these features occurred 
in one gelding with systemic AL amyloidosis and multiple 


myeloma; 16 ’- 1 Itiis horse had hypoproteinemia. hvpoglobu- 
linemia, hypoalbuminemia, and hypocalcemia: thought Eo 
be die result of protein-losing enteropathy caused by the 
severe, diffuse gastrointestinal amyloidosis. 4 * 9 Concurrent 
systemic amyloidosis and multiple myeloma are common 
in humans but extremely rare In domestic animals, with only 
one cat and one horse reported In the literature. 4 * 9 - 490 Serum 
parathyroid hormone-rel a led protein concentration w'as 
mildly elevated In one horse with multiple myeloma 477 
In secretory myelomas the neoplastic plasma cells are 
responsible for overproduction of a monoclonal immuno¬ 
globulin called M protein, or paraprotein. M protein may 
be fragments (mainly light chains, also called Bence (ones 
protein) or a complete Immunoglobulin. Subclasses of IgC 
are the predominant paraprotein associated with myeloma 
in horses. 474466 Recently, however three horses were 
reported to have JgA paraprotein. 476477 

Plasma celts are relatively sparse In normal bone mar¬ 
row. The Involvement of the marrow Is usually focal rather 
than diffuse, requiring multiple marrow aspirates in some 
cases to confirm plasmacytosls. The diagnosis of multiple 
myeloma In humans Ls based on the presence of at least 
10% of plasma celts In the affected tissue, monoclonal 
protein in serum or urine, and evidence of end-organ dam¬ 
age (hypercalcemia, renal insufficiency, anemia, or bone 
lesions). Renal insufficiency has not been reported in horses 
with myeloma. 474 - 476 Bletxling and blood hyperviscosity 
syndrome ar_e common complications of multiple myeloma 
in humans 4 ' 6 ; these complications have been reported in 
four horses; 174 - 483 In addition, bone nuclear scan studies 
have been helpful In humans to delect single (monostotic) 
versus multiple (polyostotic) myeloma. 

Median survival after diagnosis In humans is approxi¬ 
mately 3 years. 4 7B Because of poor prognosis or deteriora¬ 
tion, most reported horses were euthanized within a few 
days to months after diagnosis. However, tw r o horses 
survived for I and 2 years, respectively. 464 - 467 A quarter horse 
with multiple myeloma was euthanized at age 29 years, 3.5 

{ rears after diagnosis, because of deterioration. 476 This horse 
tad weight loss, intermittent limb and ventral edema, recur¬ 
rent Infections, and colic. Serial blood work revealed mild 
anemia, byperprotelnemia, hyperglobulinemia, bypoalbu- 
mlnemla, hypercalcemia, and byperprotelnurfa. 

LYMPHANGIOMA IN HORSES 

AiOUICA ALkMAN 

lymphangioma is a rare tumor in horses that originates from 
lymphatic vessels. Morphologically, lymphangiomas are clas¬ 
sified Into three types: simplex or capillary, cavernous, and 
cystic 491 This neoplasia has been described Involving cutane¬ 
ous tissue of the mammary gland, thigh and Inguinal regions, 
pleural cavity, and Intestines. 493 - 494 Lymphangioma has only 
been observed in young horses. The clinical signs vary 
depending on tumor location. Because of the extent of these 
tumors, surgical removal has not been possible, resulting in 
euthanasia. 


OTHER DISEASES OF THE 
HE MOLY M FHATIC SYSTEM 

ANTHRAX 

H1CHAKD L WAUGH 

Anthrax Ls a soil-borne bacterial disease primarily affecting 
herbivores. It most often presents as an acute septicemia with 
high mortality. Other animal species, including humans, can 
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be infected. Anthrax occurs worldwide and is noteworthy 
because of its Impact on agjicullure and Us potential to cause 
zoonotic Infections. The anthrax bacillus has recently gar¬ 
nered Increased attention because It Is one of the microbes 
most likely to be used as a bioterrorlsm agent. 

II Etiology- jfkicjJJjjj an tilimr j's Is the etlo logic agent of anthrax. 
In the vegetative form, It is a large, rectangular-sbaped, gram- 
positive rod. Vegetative cells are predominantly found In 
tissues of infected animals; however, tf. Qirthnias exchanges 
genetic Information with other BriciMiis species in the environ¬ 
ment, indicating vegetative cells exist, (o some extent, outside 
animal hosts. 495 Under nutritionally limiting conditions, 
vegetative cells are Induced to form spores. Sporulatlon is an 
oxygen-dependent process and does not occur under anaero¬ 
bic conditions. The spore form of B. cinrfrmcrj is highly stable 
and resists many chemical and heat treatments, as well as 
adverse environmental conditions.- 396 Spores can survive and 
remain Infectious In the environment for decades. 


II Puthugenesis. Exposure of animals occurs primarily from 
grazing contaminated pastures and ingesting spores. 497 Fod¬ 
der grown In contaminated soil and contaminated animal 
by-products are other sources for infection. In swine, con¬ 
sumption of contaminated animal by-products in feed is 
she usual source of Infection. 

Ingested anthrax spores cross mucosal barriers, are phago- 
cytosed by macrophages, and are transported to regional 
lymph nodes. As spores convert to their vegetative phase, 
they are able to avoid the antimicrobial action of the phago¬ 
cyte and escape Into the extracellular environment. ITie pro¬ 
duction of plasmid-encoded virulence factors, particularly a 
poly-o-gjulamic acid capsule and a three-component toxin, 
are key to survival in the host. 497 Production of a capsule is 
important in evasion of the host's phagocytic defenses. The 
three components of the toxin are protective antigen (PA), 
lethal factor [LF], and edema factor (EF). PA attaches to host 
cells through surface receptors, polymerizes to form a pre- 
pore, and binds one or both of the other two toxin compo¬ 
nents, LF and EF. This entire complex enters the cell by 
endocytosb. 3n the endosome the polymerized prepore 
becomes a functional pore and allows LF and EF to enter 
tbe host cytoplasm. 493 I’he enzvmallc effects of EF and LF 
disrupt host cell functions, including innate and adaptive 
Immune responses.- 3 * 9 EF Increases cyclic adenosine mono¬ 
phosphate [cAMP], Leading to tissue edema and suppression 
of phagocytic capability. LF causes cell death through Inter¬ 
action of signal transduction pathways and increases 
numerous proinflammatory cytokines. The result Is rapid 
proliferation of B. anthracii in the host and an overwhelming 
septicemia. Death Is caused by toxic shock with hypotension 
and multiorgan failure. 

II Eprdcpni'cJugy, As mentioned, anthrax, occurs w r orldw r lde, 
and frequency of outbreaks depends on geographic loca¬ 
tion. Some parts of the world (sub-Saharan Africa, central 
and southern Asia), with high concentrations of spores in 
the soil are referred to as '‘anthrax zones.”' In the United 
States, certain states or geographic regions, such as Texas 
and the plains regions, nave more occurrences of anthrax 
than other areas. Some areas with greater incidence of dis¬ 
ease follow old cattle trails, which may have been the pri¬ 
mary source for contaminating those environments.'™ 1 '’ 1 - 11 

Environments favorable for anthrax spores Include soils 
with elevated pi t and concentrations of selected cations 
(Ca •■+, Mn *■+} and soils rich in organic material. 4 * 7 Droughts 
followed by heavy rainfall or hooding often precede 


outbreaks, as do earth-distuibing activities such as excava¬ 
tions, 'Topography that favors collection of runoff and 
establishment of temporary water storage areas (seasonal 
ponds) may promote the concentration of spores/ 00 - 501 Out¬ 
breaks usually occur during w r armer months of the year. 

Biles from bloodsucking Insects can spread anthrax 
organisms from Infected septicemic animals through 
mechanical transmission/ 502 Scavenging animals can also 
disseminate organisms. 500 Carcasses of affected wildlife are 
an additional source for contaminating environments 
because they are unlikely to be disposed ot properly. 

II CifmVdd Item (a tf dot. Susceptibility to E. anthracic Infec¬ 
tion depends on tbe Individual animal species. Ruminants 
(cattle, sheep, and goats) are most susceptible. Because of 
the often peracute nature of anthrax in ruminants, clinical 
signs before death may not be observed. If seen, nonspecific 
clinical signs include fever, depression, respiratory distress, 
congestion of mucous membranes, and convulsions. 503 In 
more protracted cases, bloody diarrhea, hematuria, and 
Localized tissue swelling may be observed. 

Horses develop an acute Intestinal form of anthrax. Asso¬ 
ciated clinical signs include colic, diarrhea, fever, and 
depression followed by a fatal septicemia. A more localized 
form, possibly Initiated by insect transmission, typically 
Involves the neck region with massive edema. A dependent 
edema may result Involving the thorax, abdomen, prepuce, 
or mammaiy gland. 

SWINE are less susceptible to anthrax infection. Oropha¬ 
ryngeal involvement with swelling of tbe head and neck is 
the most common presentation. 497 [f severe enough, edem¬ 
atous tissue may obstruct breathing and swallowing. Cervi¬ 
cal lymph nodes are prominently Involved. An Intestinal 
form' may present as dysentery.' Pregnant animals may 
abort. 

II Pathology. Animals that die of anthrax sometimes 
produce bloody exudates from body orifices and show 
Incomplete rigor mortis. Blood is poorly clotted. Carcasses 
undergo rapid decomposition. If a carcass Is opened, the 
spleen Is frequently enlarged and has a '‘blackberry jam ,r 
consistency. Lymph nodes may be edematous and hemor¬ 
rhagic. Hemorrhages may be present on the surface of other 
organs. Signs of enteritis may be apparent. 'I’he more loca¬ 
lized edematous form shows regional swelling. In the oro¬ 
pharyngeal form the cervical lymph nodes are edematous 
and hemorrhagic. 503 Histologically, large numbers of bacilli 
are observed In most tissues of septic animals. Spleen and 
lymph node architecture is obscured by the massive 
Hemorrhages. 

II Diagnosis. Initially, anthrax may be confused with clos¬ 
tridial Infections, lightning strikes, plant poisoning (e.g., 
oleander), other intoxications, or mineral deficiencies. Car¬ 
casses of animals with suspected anthrax should not be 
opened, in an effort to prevent sporulatlon of vegetative 
cells and further contamination of the environment. Labo¬ 
ratory diagnosis Is necessary for definitive diagnosis of 
Index cases. Diagnosis Is made by examining direct blood 
or tissue smears and performing bacterlologlc cultures. Sam¬ 
ples that minimize the potential for environmental contam¬ 
ination but still provide good-quality cultures include 
□ nclotled blood collected from superficial veins and ocular 
fluid collected in a sterile syringe using a laige-gauge needle. 
An intact eye can also be removed and submitted to the lab¬ 
oratory for diagnostic evaluation. In the more localized 
form of anthrax, samples from regional lymph nodes may 




be required. Because anthrax carcasses undergo rapid putre¬ 
faction, and vegetative B. unthracis cells are destroyed during 
the putrefactive process,, the time between death and sample 
collection can substantial]y affect the recovery rate of 
B. anlhriKis. As a good safety practice, whenever a case of 
anthrax is suspected, this should be relayed to Laboratory 
personnel performing the diagnostic testing. 

Examination of direct smears by Gram slain Is performed 
to demonstrate the typical, large, gram-positive, square- 
ended rods found singly or in chains of two to four cells. 
A polychrome methylene blue (M" Fay dean] capsule stain 
is performed to demonstrate the presence of the B. ffnrfimcij 
capsule surrounding organisms observed In direct smears. 
Frequently it Is necessary to distinguish anthrax bacilli from 
postmortem Invading clostridial species, tvhich have more 
rounded ends and are acapsular when examined with the 
M J Fay dean stain. B. anlhraas also stains well with common 
laboratory stains, including Wright and Giemsa stains, and 
displays morphology similar to that observed on Gram 
staining. 

Isolation of B. unrirracis is readily made on standard 
sheep blood agar. Colonies are apparent after as soon as 
6 hours of Incubation. Typical B. anthracis colonies after 
24 hours of incubation are large, gray-white, with a bee's- 
eye texture. Colonies are usually nonhemolytic. Gram stains 
of young colonies show very long chains [>10 cells] of 
large, square-ended, gram-positive rods often described as 
having the appearance of a row of 'Tailway boxcars." 

Identification of B. anlhracis Isolates Is confirmed by 
demonstrating lack of motility, lysis by a specific bacterio¬ 
phage {gamma phage), and protoplast formation In the 
presence of penicillin (string of pearls lest]. SD4 Capsules 
are demonstrated in culture dv growing isolates on bicar¬ 
bonate agar under an Increased C0 2 atmosphere. Spores 
develop in cultures after approximately 4& hours of incuba¬ 
tion. 1 hey are centrally located In the cell and do not cause 
the cell to bulge. 

A number of molecular-based and rapid screening tests 
for delecting B. dfirfrrucfr directly from samples or for identi¬ 
fying individual Isolates are available. Most of these are 
rimarily used in bioterrortsm surveillance programs. PCR- 
ased assays using primers specific for the capsule and FA 
genes are useful for differentiating field strains from the vac¬ 
cine strain. Because of the sporadic nature of the natural dis¬ 
ease, molecular-based identification may not be available in 
all veterinary diagnostic laboratories, 

II 'IVrabrEfFit, Control iifrd /■tewnlfcvL Any suspected 
anthrax case should be reported to appropriate local or state 
veterinary regulatory officials as soon as possible. Because of 
the peracute nature of many anthrax Infections, successful 
treatment requires early intervention; however, treatment 
is often unrewarding. Penicillin and tetracycline remain 
the drugs of choice for treating animals. ITeatment should 
be continued for a minimum of 5 days. Rare B. ontfmzcfs 
strains resistant to these antibiotics have been reported. 

Carcass management Is critical In controlling anthrax 
outbreaks. Carcasses should not be opened or moved from 
the area tvhere they are discovered. Carcasses are destroyed 
either by burning or deep burial. Burning of carcasses Is pre¬ 
ferred to burial because It Is more effective at destroying 
spores. Any contaminated bedding or soil should be han¬ 
dled similarly. 

In the face of an outbreak, regulatory officials will likely 
quarantine affected premises. Ail potentially exposed ani¬ 
mals should be closely observed for cl in leaf signs that sug¬ 
gest they might be Infected. All clinically normal animals 
should fse vaccinated using a commercially available, live. 


acapsular vaccine strain (Sterne strain].* Prophylactic anti¬ 
biotic treatment of unaffected herd mates Ls sometimes 
practiced; however, the combined use of antibiotics and 
vaccination In individual animals is not recommended. 
Because the vaccine Is a live attenuated strain, concurrent 
use with antibiotics may lessen effectiveness of the vaccine. 
Combined vaccination and prophylactic antimicrobial 
treatment should be undertaken only after consultation 
with local veterinary public health or regulatory officials. 
Vaccination of neighboring herds should be initiated to pre¬ 
vent netv infections resulting from either exposure to similar 
predisposing environmental conditions or through spread 
from initial outbreak sources. Controlling insects and both 
avian and mammalian scavengers will aid In preventing dis¬ 
semination to neighboring premises. 501 

Vaccination Is the major prophylactic measure underta¬ 
ken to protect animals In endemic areas. Vaccination 
should be performed annually 4 xveeks prior to turning ani¬ 
mals onto pastures where outbreaks have occurred. A single 
dose of vaccine is given subcutaneously in the neck. In 
heavily contaminated areas, a second dose may be given 
2 to 3 w r eeks Later to afford better protection. The vaccine 
manufacturer's recommendations or local regulatoiy offi¬ 
cial's Instructions should be followed regarding postvacci¬ 
nation market-withholding time for meat and discard time 
for milk. A minimum 42-day, poslvaccination withholding 
period before slaughter Is recommended. Localized swelling 
may occur at the site of vaccination. Goals and llamas may 
exhibit serious adverse reactions to the vaccine. 

Ensuring that pastures are of good quality so that ani¬ 
mals will not graze close to the soil will minimize exposure 
to spores. Avoiding rough feed that might traumatize muco¬ 
sal surfaces will also decrease Incidence rates. If possible, 
grazing animals on highly contaminated pastures should 
be avoided altogether and alternate uses encouraged for 
the land. 


II f'ubfrc Health, Anthrax Is a zoonotic disease. EInmans 
develop three forms of anthrax: cutaneous, inhalalional, 
and gastrointestinal. 457 Occurrence of the different forms 
depends on the route of exposure. Naturally acquired 
anthrax cases in humans In the United Stales are rare. When 
they occur, the cutaneous form is most common. Veterinar¬ 
ians are Included among at-risk Individuals because of the 
potential for contact with organisms while handling 
infected carcasses. If anthrax Ls suspected, proper personal 
protective equipment Including physical harriers {e.g., 
gloves) and respiratory protection, should be used when 
collecting diagnostic samples and during carcass disposal. 
Naturally acquired Inhalalional anthrax in humans is rare 
because of the relatively high median lethal dose (LD 50r 
8000 to 10,000 spores) required for infection and because 
spores carry static charges. These charges result in spores 
binding to Larger particles, making aerosolization of spores 
more difficult]™ 

Concern about biologic weapons and terrorism has 
focused the public health community's attention on 
B. jin rimers because it Ls an agent well suited for such use. Dis¬ 
semination of a powdered form of anthrax spores through 
the maLl In a bioterror attack on the eastern coast of the 
United Stales in 2001 demonstrated the effectiveness of 
B. anthraci s as a biologic weapon. In that incident, both cuta¬ 
neous and Inhalalional anthrax cases In people occurred. 505 
B. anthrads is now classified as a "select agent," meaning 
that possession of virulent strains Ls federally restricted^ 


"Anthrax spore vaccine, Colorado Serum Co., Denver, Colo. 
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Any isolation of B. antfmicis, even from naturally occurring 
cases, must be reported to appropriate federal regulatory 
agencies (USDA) and any B. anthradt isolates securely stored 
or destroyed. 506 

LYME DISEASE 

MONICA AUiMsW 

imiN k. MALMCiAN 

Lyme disease, also known as borrdiosis, is one of the most 
import ant arthropod-borne bacterial infections In (he 
United 5tales. The disease Is caused by the spirochete BcrreJidi 
burgdorferi and affects humans, horses, dogs, and cats. 507 - 510 
Lyme borrellosis was first Identified as a causative agent of 
an epidemic of juvenile inflammatory arthritis In children 
and adults in Old Lyme, Lyme, and East Haddam, Connecti¬ 
cut . 5Mi512 Itierefore, medical references usually cite "'Lyme 
disease"" when referring to infection with B. burgdorferi. 

II Epizootiology. B. burgdorferi is widely distributed in the 
Northern Hemisphere. Prevalence of infection or exposure 
in horses has been reported to be high in the northeaster]! 
United Slates [50%), Midwest, Texas, and California. 513 
Lyme borreliosis has been reported extensively in Europe, 
England, Russia, China, Japan, Southeast Asia, and South 
Africa. 514 B. burgdorferi Is transmitted from ticks to humans 
and animals by ticks belonging to the fracas riemus com¬ 
plex.*^ These ticks each feed three times, during the larval, 
nymphal, and adult stages. 511 The larvae and nymphs feed 
oh wild animals, and adults are found most often on deer 5 J5 
On the East Coast, JjcufesscHptrhxrts ticks are the principal vec¬ 
tor, whereas on the West Coast, Ixodes pacificus, the western 
black-legged tick, is the main vector identified. 536 1. Knpularti 
Is seen from the Atlantic coast to Oklahoma and Texas. 517 
A much higher percentage of f. scapalaris ticks (12% to 99%) 
will carry the spirochete compared with J. pacificus, In which 
the maximum number of infected ticks is 4% to 5% J 5]G . 5]7 
J. sctiptdeijis larval licks acquire the spirochete principally 
from Rerowiyscus leucojHJj, the white-footed mouse, and the 
nymph a I stages are the major transmitters of disease to ani¬ 
mals and humans. 536 With i. pacificm the California kanga¬ 
roo rat Dipodomyi califomkus, and the dusky-footed tvood 
rat, IVeutomfl fuscipes, are the likely enzootic reservoirs of 
B. burgdorferi. 

Borrelia burgdorferi is found in many arthropods, but the 
major route of transmission to animals and humans is 
believed to be Limited to the Ixodes species ticks. Experi¬ 
mental studies have demonstrated that licks may harbor 
and transmit several pathogens, including the human 
granulocytic ehrllcheal agent and B. frjj rgaorferi, al the 
same lime. 520 Exposure to licks infected with B. burgdorferi 
produced seroconversion without detectable histopatho¬ 
logic changes except for skin lesions in experimental 
horses. 523 B. burgdorferi Is maintained in a 2-year enzootic 
eye le that Involves Ixodes species ticks and mammals. Ticks 
are usually attached for at Least 24 hours for B. Ewgtfoifcri 
transmission. 521 Birds are frequently infected with 5. 
dorferi and may be responsible for the spread of the disease 
to new areas. 535 


II Public Health Considerations. Surveillance for Lyme 
disease was initiated by the U.S. Centers for Disease Con¬ 
trol and Prevention (CDC) In 1982, and in January 1991 
it became nationally reportable. Cases have been reported 
from 46 states, and the annual number of Lyme disease 
cases has increased 18-fold, from 497 to SB03. It is now 
the most common tick-transmitted disease in the United 
States. 


BorreHa burgdorferi organisms have been recovered from 
the urine of feral while-tooled mice, Peromyscus leucopus. 521 
Contact transmission has been reported among white- 
footed mice, 513 further complicating the understanding of 
transmission. Because of lack of any proof to the contrary, 
it is generally believed at this time that any potential 
increased risk'to humans from infected animals"is attribut¬ 
able to animals bringing ticks into areas of human habita¬ 
tion rather than any animal transmission. 521 

II Molecular Bioiog}’. Immunochemical analysis of North 
American strains of B. burgdorferi reveal two abundant sur¬ 
face proteins, termed outer surface protein A [OspA, 30 to 
32 kD) and outer surface protein 11 (OspB, 34 to 36 kD). 52J 
Itie^l-kD antigen is located on the flagellum and Is similar 
to the flagel I a r antigens of ot her spi rochetes. 525 Al L Isol ates to 
date have four to nine pieces of extrachiomosomai plasmid 
DNA. Plasmid may code for proteins that are important In 
athogenicity because the loss of infectlvily of isolates that 
ave been heavily passaged in the laboratory correlates with 
the Loss of particular plasmid in culture. 26 Recent work 
suggests that B. can vary its antigenicity similar 

to (he relapsing fever-causing BorreHa fe.g., E. bemud], 
although by a different mechanism and by using subtle 
alterations In the genome. 527 


II Ciintcaf Signs 

EQUIDS. Clinical signs are not specific but may include 
low r -grade fever, stiffness. Lameness in more than one Limb, 
muscle tenderness, hyperesthesia, swollen foints, and behav¬ 
ioral changes. s:a,5:5 The most common signs are lameness 
and hyperesthesia. These signs have been reported more 
often in performance horses. Borrelia may be found concur¬ 
rently with Anaplasrrw phagocytofhiln In Ixodes ticks, resulting 
in dual Infection in the horse. 1,20 

Elorses from endemic areas have serologic evidence of 
exposure. 530 - 533 Attempts have been made to correlate indi¬ 
vidual cases of arthritis, uveitis, or brain infection with this 
organism. 552 - 554 - 555 Experimental infection has produced 
seroconversion and shedding of the organism In the urine 
and seroconversion In contact controls. 516 In the United 
Kingdom, most seropositive horses do not show clinical 
signs of disease. 51f 

RUMINANTS. Although there are some reports in the lit¬ 
erature of seropositive animals with arthritis, the evaluation 
performed on the patients makes it difficult to determine if 
B. burgdorferi was the cause of the signs. 516 It appears at this 
time that many ruminants are seropositive to B. burgdorferi 
but do not have clinical signs. Whether these tests lack spec¬ 
ificity in the ruminant or represent a host-adapted strain of 
the Borrelia organism is unknown. 519 A recent report corre¬ 
lates exposure of /. scapularis ticks in dairy cattle with liters 
to 5. An attempt to develop a more specific 

test In cattle "using the 41-kD flagel Lin antigen has recently 
been reported. 543 

II Diagnosis. A number of diagnostic methods are avail¬ 
able, including I FA, ELISA, indirect CF, and Western 
blot. 515 - 513 Culture of the organism requires special media 
(BSK) and Is difficult but may be possible from blood, urine, 
or CSF. Diagnosis of recent "or active Borrelia Infection has 
been based on high ELISA titers (>300 units klnetics-ELISA 
|KELA|), positive Western blot, or PCR. 542 In an experimen¬ 
tal Infection study, l. scapularis licks infected with B . bwgdor- 
feri were placed In healthy ponies for 7 days. These ponies 
developed detectable antibody at 3 to 6 weeks. 543 KELA units 
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were elevated at 3 to 4 months postexposure and remained 
elevated for several months until euthanasia. Western blot 
became positive at 10 to 12 weeks postexposure. 542 Through¬ 
out the study the organism was Isolated from the skin where 
infected ticks were attached. Histopathologic examination 
revealed lymphohisllocytlc nodules in the dermis, lymph 
node enlargement, and perivascular and perineural lympho¬ 
cytic infiltrates In the skin, fascia, and perlsvnovlaL mem¬ 
branes. PCR was useful for the detection of organisms in 
the skin, lymph nodes, skeletal muscle, fascia, and synovial 
membranes. Less often, the organisms were detected in 
heart, pericardium, kidney, bladder, and meninges. 542 More 
recently, detection of serum antibodies to B. frur^titw/eri in 
horses was improved {ST'ii detection) by using an EJJSA 
based on whole-cell and recombinant antigens. 543 

II Trfti(merit. Antibiotic susceptibility of B. has 

been reported but may lack appropriate standardization. 544 

B. bur^toTferi Is sensitive to tetracycline and moderately sen¬ 
sitive to penicillin. Amoxicillin, ceftriaxone, and imipenem 
are highly active against B. Erjjjg^or/eri. Aminoglycosides, 
ciprofloxacin, and rifampin lack activity. 345 Doxycydine 
twice daily In humans has been frequently used. Probenecid 
and amplcillln or amoxicillin also have been used. 544 When 

C. N5 involvement is present, ceftriaxone or IV penicillin 
G has been used. The appropriate duration of therapy Is 
unknown but Is related to the stage of infection. 

Three different antimicrobials—ceftlofur sodium 
{2.2 mg/ kg/day LM), doxycycllne (10 mg/kg/day PO), and 
tetracycline {5 mg/kg/day IV)—were used for a 2B-day period 
in experimentally infected ponies. 54 * High KELA titers and 
B. burgdorferi isolation from skin biopsies confirmed infec¬ 
tion. Antimicrobial therapy was Initiated 3 months postexpo¬ 
sure. Tetracycline was the most effective antimicrobial; It 
decreased KELA antibody titers (<1L0 units) during and 
months after treatment, and bacterial Isolation became nega¬ 
tive In tissues. However, tissues were still positive for the 
spirochete on PGR. 546 The efficacy of decreasing titers of tetra¬ 
cycline in the clinical setting has not been highly success¬ 
ful. 547 Proposed treatment Tor Bcrrelia Infection includes 
tetracycline [6.6 mg/kg IV every 12 hours), doxycycllne 
(10 mg/kg PO every 12 hours), or ceftiofur [2.2 mg/kg IM 
every 12 hours) for 3 to 4 weeks. 542 

A recombinant outer surface protein A (rOspA) subunit 
vaccine was shown to be effective In preventing infection in 
challenged horses with infected ticks.- 520 - 548 Specific recom¬ 
mendations for Its use In the clinical setting are lacking. 

TULAREMIA 

BBADPOBD IK &MITU 

Tularemia is an Infectious disease of humans, wild animals, 
livestock, and pets caused by FmncjjeJJti [Pasteure-lla) tularen- 
sj's. 'I’he organism Is a facultative, intracellular, non-spore- 
formlng. gram-negative coccobacillus that survives frozen 
or In mud and water for Long periods (>1 year), 340 but It 
only survives for hours In carcasses. 'I’he natural hosts are 
rabbits and rodents, and transmission to livestock occurs 
chiefly through ticks, fleas, deerflles, and other insects. 550 
Sheep are the most frequently affected Livestock species. 
Massive epidemics with a high mortality In range sheep 
have been reported.Humans are stricken with a plague- 
like illness when bitten by infected licks, fleas, or Insects 
and from handling Infected rabbits or other infected animal 
carcasses. 551 Sheep shearers may become infected by bites 
of parasites from the sheep. Disease In horses has also been 
documented. 332 Oral infection from contaminated water 
occurs, so fresh water should be provided. 330 


’Jhe disease causes an acute septicemia, with localization 
and granulomatous Lesions in the organs [particularly the 
liver and spleen). Signs are very nonspecific, as expected 
with bacteremia, and include fever, anorexia, lethargy, and 
in some cases cough, rapid respiration, or diarrhea. Stiffness 
and edema of the limbs may be seen. The course of disease 
is usually 2 to 14 days. 

Agglutination titers in recovered affected sheep range 
from 40 to 5G00. Agglutination titers persist for very short 
periods (21 days) In horses, 5S0 probably because they mea¬ 
sure mainly IgM. Diagnosis is based on culture of the organ¬ 
ism from blood or organs. Diagnosis can also be made by 
1EA testing or PGR. 553 

Necropsy usually reveals ticks on the carcass. Often, red¬ 
dened or necrotic areas appear In and under the skin at the 
site of infected biles. Regional lymph nodes maybe swollen 
and congested. Congestion and edema of the lungs are 
common. Differentials include other bacteremias such as 
(Pasteurella) AaetttnFpttctf In sheep, Hislaphilus 
snmjii (Haemophilus jornnju/. In cattle, ATyeepmti mycaides 
subspecies mycoides in goals, and anthrax In all livestock. 
Treatment early In the course of infection Is effective. Ami¬ 
noglycosides, tetracyclines, or cephalosporins all are proba¬ 
bly beneficial initially, until results of antimicrobial 
susceptibility testing are available. Insecticide removal of 
licks from affected animals and herd mates Is Important. 
No vaccine Is currently available, so Insect and lick control 
in endemic areas remains the major prevention. Because 
oral infection from contaminated water has also been docu¬ 
mented, fresh water should be provided. 


CORYNEBACTERIUM PSEUDOTUBERCULOSIS 
INFECTION 

MOHiCA ALEMAN 

XHAUtlN i. SJ’JXH 

II De/jnt(j 0 ir. Garyneftactierfuiti pseudantbeTcuhsis infections 
occur worldtvide and cause external and internal caseous 
lymphadenitis in sheep and goats; cutaneous excoriated 
granulomas and maslltlc, visceral, or mixed Infection In cat¬ 
tle; and ulcerative lymphangitis and external and Internal 
abscesses in horses. 534 - 557 Subacute to chronic lymphadeni¬ 
tis and pneumonia have been reported In humans handling 
infected sheep. 55 *- 55fl Several zebras in the United States 
developed severe or multiple Internal abscesses and died 
weeks after being exposed to horses in California. 560 Ibere 
have been reports of the disease in camels, alpacas, and 
buffalo. 561 - 363 


II AJLTobi'otegy, C. infection is caused by a 

2-pm, gram-positive, intracellular, non motile, pleomorphic 
rod-shaped, facultative anaerobe. 554 564 C. pseadotuberaihisis 
grow r s well at 37* Con blood agar In 24 to 4S hours, and it 
Forms small, pinpoint-diameter, whitish, opaque colonies 
that are surrounded by a weak zone of hemolysis. Because 
of the high content of lipids In the bacterial cell wall, particu¬ 
larly corynomycollc acid, the colonies spatter in a tl a me can 
be pushed across the agar surface. 554 The high content of 
lipids may facilitate survival of the organism In macro¬ 
phages. 565 Tw r o species-specific biotypes ofC. pjcjj;fctjjk ? rrjj- 
kujj have been identified based on differences In nitrate 
reduction 55 * and DNA fingerprinting techniques. 566 - 568 
Strains isolated from small ruminants are nitrate negative, 
strains from horses are nitrate positive {except for two horses 
that w r ere nitrate negative), and both strains have been 
isolated from cattle. 553 - 550 - 5 * 7 - 5 * 0 From DNA studies the 
terms "blovar equi - " for nitrate-positive and J blovar ovis" 
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for the nitrate-negative strains were proposed.Recent 
studies levelled that there is more heterogeneity of the iso¬ 
lates ofC. pseudoiitberculotis from small ruminants and from 
horses 567 - 563 ' 570 and concluded that nitrate reduction may 
not absolutely distinguish between the Isolates as does 
ribolyping. 567 On the basis of rlbotyping, sheen and goals 
have specific isolates throughout the" wo rid, and horses and 
cattle have two distinct groups of isolates depending on geo¬ 
graphic location, with one trom the United States and the 
other from South Africa and Kenya. 5t7 Natural cross-species 
transmission does not seem to occur. 554 

QjryneiracteriurrT fneudohibermlasis produces various exo- 
loxlns, including phospholipase D (PLD), sphingomyeli¬ 
nase, Inhibitory factor of staphylococcal beta hemolysin, 
hemolysis factor, dermanecrotoxins, and mouse Lethality 
toxins. 571 PLD and sphingomyelinase are important in the 
pathogenesis of the disease because they hydrolyze lyso- 
phosphatidylcholine and sphingomyelin, respectively, thus 
degrading the endothelial cell wall and Increasing vascular 
permeability. 1 ' 72 The synergistic activity of sphingomyelinase 
with the exotoxin of Rhocfacoccus ecjui in lysing REOs in agar 
forms the basis for the synergistic hemolysis inhibition 
(SHI) lest.* 73 

Most recently, molecular characterization of C. pseudo i- 
tubercufruis Isolates from four different stales (California, 
Colorado, Kentucky, and Utah) was determined by random- 
amplified polymorphic DNA (RAPD) PCR. 574 1 Tie identity 
of G pseudotuberculQsi& in these isolates was confirmed by 
the presence of the gene encoding the PLD toxin by PCR. 
Ten distinct genotypes (l to X) were identilled. Types IV to 
VIII and X were isolated only from, horses, whereas types 
III and IX w r ere Isolated from horses and cattle, litis study 
also found differences in genotypes among states as follows: 
California [III, IV, V, VI, IX, X), Colorado (111, Vl r VII, IX, X), 
Kentucky (III, IV, V, VI, Vlllj, and Utah (HI). In horses, 
types HI r VI, and X were Isolated from internal abscesses 
from California and Kentucky, and types III to VI and VI11 
to Xw r ere Isolated from external abscesses from one or more 
states. 571 

II CUnital Signs a rid Differential Diagnosis 

SHEEP AND GOATS, C causes caseous 

lymphadenitis (CLA) In sheep and goals w r orldw r lde. CLA is 
a major cause of poor production, premature culling, and 
mortality. The tw r o forms of CLA are external and internal 
abscesses. 575 Itie infection in small ruminants Is primarily 
characterized by suppuration and necrosis of the Large, 
superficial lymph nodes. External Accesses are found more 
often Involving the mandibular, parotid, prefemoraL, or 
prescapular lymph nodes. The exudate present In those 
abscesses is thick or Inspissated and may appear white 
in sheep and greenish in goals. 551 A breed association 
with the type of CLA cutaneous Lesions was observed in 
an outbreak in a commercial ram stud In Scotland. 576 
The disease is commonly known as JJ cheesy gland ,J In 
Australia. Differential diagnosis should include abscesses 
caused by other organisms, trauma, seroma, hematoma, 
foreign body, injection reaction, and less frequently, 
tumors. Because C. pseudatubercufosis infection represents 
a ma|or herd health problem, culturing of the abscess 
to determine the causative agent Is important. Mastitis 
occasionally develops. 536 

Internal ttErjcerrej can be found in the Lungs, kidneys, and 
mediastinal, bronchial, mesenteric, and Lumbar Lymph 
nodes 575 Chronic weight loss is the most common present¬ 
ing complaint. Other clinical signs are related to the organ 
or tissues affected. Other diagnostic procedures may be nec¬ 
essary for the differentiation of internal abscesses as the 


cause of weight loss. Signs of spinal cord compression by 
vertebral abscesses have been seen in lambs born in unsan¬ 
itary conditions. 551 Knowledge of the Local prevalence can 
help in she diagnosis of the Infection when uncommon 
anatomic locations are affected. The prevalence In large 
breeding operations tn endemic areas is estimated at 5% 
to 10%. 

CATTLE. The Infection In cattle occurs as a herd problem 
with a sporadic incidence. The most common clinical form 
affecting cattle Is cutaneous excoriated granuloma; other 
forms Include mastitis and visceral and mixed infections. 556 
In the most common form the lesions do not occur as 
abscesses; instead, they appear as ulcerative, exuding granu¬ 
lomatous Lesions as large as 20 cm In diameter tvith necrotic 
areas that are easilv removed suigjcally, leaving granulation 
tissue underneath. 551 ' 55 '' I’he Location"of the lesions is usu¬ 
ally in the lateral exposed areas of the body: face, neck, tho¬ 
rax, and flanks. The exudate varies from bloody to (hick and 
greenish In color. The lesions heal spontaneously in 1 to 4 
weeks and do not appear to cause significant" Illness or 
decrease milk production In cattle, as reported In Califor¬ 
nia. 551 llow r ever, monthly milk production was decreased 
by 6% tn Israeli cattle. 557 Prevalence of the infection has 
been reported as high as 10% In California dairies. 551 Mor¬ 
bidity w r as reported as high as 35% in Israeli herds. 557 Man¬ 
agement problems, such as broken posts or exposed wires, 
traumatize the skin of cattle, allowing penetration of the 
organism. Young cattle appeared to be less susceptible to 
the disease than older castle in Israel.- 557 The differential 
diagnoses include trauma, foreign body, and other masses 
(e.g., tumors). Cutaneous Lesions and mastitis w r ere seen 
tn 6% and cutaneous Lesions with concurrent visceral 
Involvement In 1.6% of she Israeli cases. 557 The rest of the 
cows (92%) only bad the cutaneous form. 557 The most 
affected organ in the visceral form was the lung. 557 p fhe 
Infection has been reported in bison from Egypt, resulting 
In severe emaciation and edema In the ventral areas and 
flanks. 561 

camels AMD cam ELI ds. Caseous lymphadenitis has 
been reported In alpacas in South America. 577 A recent 
study documented five young alpacas (22 days to 14 
months old) in North America with CLA or subcutaneous 
abscesses that developed during Late summer and early 
fall. 563 The alpacas did not appear clinically ill but devel¬ 
oped sw r ellings that progressed to abscesses, Itie abscesses 
[l to 3 per alpaca) were located In the submandibular and 
cervical areas and in one case adjacent to the eye. Abscess 
excision appeared to be the most effective treatment in 
those cases. Differential diagnoses Include abscesses caused 
by Str^EEKBCcus species, Corynebacterium species, and A. pyn- 
gerres. 576 Severe lymphadenitis was reported in camels In 
Asia. 5 *- 2 A study on experimental infection of adult alpacas 
resulted in abscesses at the inoculation site and renal lymph 
nodes. 579 

HORSES. Three forms have been described In horses: 
ulcerative lymphangitis, external abscesses, and internal 
abscesses. In a study of C. pseudoiuberculosis Infection 
In horses from California, ulcerative lymphangitis was diag¬ 
nosed in 1%, external abscesses in 91% r and internal 
abscesses in 8% of the cases . 580 There appears to be no 
breed or gender predilection for development of the Infec¬ 
tion. Ulcerative lymphangitis appears as a severe cellulIlls, 
In which the lymphatics are affected in one or more limbs, 
with multiple draining ulcerative lesions. Elorses often 
develop a non-weight-bearing lameness, fever, lethargy, 
and anorexia. TTfcis form of the disease has a worldwide dis¬ 
tribution and often becomes chronic, resulting in Limb 
edema, lameness, weakness, and weight Loss. 55J Hie differ¬ 
ential diagnosis should include blunt trauma, fracture, 




foreign bodv, puncture wounds nonsepllc cellulitis,, staphy¬ 
lococcal cellulitis, and other septic cellulitis. 

The median age for horses with external abscesses is 5 
years (ranee, 3 months to 28 years). 580 Young horses appear 
to be predisposed Lo Infection because 52% of the cases in a 
large retrospective study tvere 5 years or younger. 530 Only a 
low number of cases involved foals under 6 months of age, 
suggesting that foals born to mares In endemic areas maybe 
protected for several months by colostra! antibodies. 580 llie 
external abscesses located primarily In the peciora! and ven¬ 
tral abdominal regions are common in geographically 
restricted areas of the western United States {Texas, New Mex¬ 
ico, Nevada, California) and Brazil. 554 - 555 - 530 - 531 However, 
the Infection has been diagnosed in other slates, such as Ari¬ 
zona, Colorado, Kentucky, Utah, and Wyoming. 574 - 582 This 
form of infection is commonly known as "pigeon fever" 
because of the large size of the pectoral abscesses with the 
appearance of a pigeon's breast. "Dryland distemper" is 
another name given in relation to its geographic distribu¬ 
tion primarily In the arid areas. Other common anatomic 
locations are the prepuce, mammary gland, axil]a, Inguinal 
region, limbs, and head. Abscesses involving the head 
include the ears, eyelids, forehead, and maxillary'and man¬ 
dibular regions. 580 Severe facial suppurative cellulitis and 
panniculitis w r lth skin sloughing has also been reported. 585 
Other, less common areas are the thorax, neck, parotid 
gland, guttural pouches, larynx, flanks, umbilicus, tail, 
and rectum. Septic joints and osteomyelitis have been 
reported. 580 

A large area of edema develops In the area of abscess for¬ 
mation. As the abscess matures, the area becomes bard and 
painful, and some become very large, particularly in the pec¬ 
toral area. The abscesses typically have a thick capsule, mea¬ 
suring up to 10 cm, and can cause severe lameness If Located 
in the axillary or inguinal region. 555 - 580 Maturation can be 
slow and drainage difficult to establish if the abscess Lies 
deep lo muscle. Once drainage is established by spontaneous 
rupture or Lancing, the majority of the cases resolve w r Llb In 10 
to 14 days without complications. The abscesses mav con¬ 
tain 5 to 400 mL of thick, tan, purulent exudate. 555 l’he 
majority of the horses present with a single abscess rather 
than multiple abscesses. 530 About 25% or animals develop 
fever up to 40° C (104 F| Other signs are nonhealing 
wounds, Lameness, ventral dermatitis, and less often, depres¬ 
sion, anorexia, mastitis, and other signs, depending on the 
abscess location. 530 

The vast majority of horses [91.4%) had complete recov¬ 
ery, with no recurrence of infection in sub sequent years, 
implying a long-lasting Immunity. However, 8.6% of the 
infections persisted for more than L year or had recurrence 
as external or internal abscesses. 530 In sheep and goats, 
humoral and cellular Immune responses develop after infec¬ 
tion, and macrophages acquire the ability to kill the organ¬ 
ism. 55,5 The case fatality for horses with external abscesses Is 
very low {0.fl%). 530 The differential diagnosis for external 
abscess, particularly pectoral, should include trauma, ser- 
oma, hematoma, foreign body, and abscess caused by a dif¬ 
ferent organism. 

In a large retrospective study of C. pKudrfubgrcuicafe 
infection in the horse, 8% of 533 horses developed Interna! 
abscesses. 5410 In tivo different studies, almost half to 63% of 
horses that bad internal abscesses also had concurrent or a 
history of external abscesses. M0 ' MJ In a study of 30 horses 
with internal abscesses, a female predilection (70%) was 
apparent* 84 The mean age Is 6 years (range, 10 months to 
23 years). 530 - 534 The most common clinical signs are 
anorexia, lethargy, fever (up lo 41.1 ' C), tachycardia, and 
weight Loss. Other signs are colic, pale mucous membranes, 
ventral/limb edema, ventral dermatitis, ataxia, hematuria. 


nasal discharge, and abortion. 5 * 50 Ihe most frequently 
affected anatomic Location Is I be liver, followed by mesen¬ 
tery, mediastinum, lung£, kidneys, diaphragm, spleen, 
pericardium, blood, and uterus. 575 - 584 - 585 A postmortem 
examination on an aborted fetus from a mare with pneumo¬ 
nia revealed C. pseudotuberculosh abscesses Ln the Liver, Lungs, 
spleen, diaphragm, kidney, and bladder. 534 Bacteremia may 
also occur. Both single-organ and multiple-organ involve¬ 
ment have been documented. 584 The case fatality for horses 
with Internal abscesses ranges from 30% to 4Q%.* ao * SJ The 
differential diagnosis should include other types of abscesses, 
such as those caused by Stjeprtjcacc lii, Acrmujupses, SfcipJpy/rjcac- 
cjjj, Khudccoctus dpi in foals, Goan'diGities j'rn??rj'hs, and'anae¬ 
robes, as well as neoplasia and other causes of weight loss. 
The clinical sl^ns and differential diagnosis will depend on 
the location ot the abscess. 

HU MANS, Human Infection may result from the con¬ 
sumption of unpasteurized infected milk or milk products, 
continued close contact with infected animals, handling 
contaminated equipment, and exposure of wounds with 
exudates. 558i5Ml Human Infection has been reported from 
strains of small ruminants. 553 Transmission from horses to 
humans has not been reported, but precautions when 
handling Infected horses should be Liken. Infection Ln 
humans occurs as a subacute to chronic lymphadenitis 
and pneumonia. 558 


II Clinical Patholvgy and La (juratory Lh'fjgnusrs, Almost 
half the horses with externa! and/or internal abscesses had 
anemia of chronic disease Ln one study. 530 Leukocytosis 
with neutrophilia and elevated fibrinogen are common fea¬ 
tures of developing bacterial infections, particularly in the 
case of Internal abscesses. 530 Leukocytosis with neutrophilia 
was seen Ln 36% and 76% of the horses with external and 
internal abscesses, respectively 580 Hyperprotelnemia caused 
by Increased globulins was observed In 33% and 59% of the 
horses with external and internal abscesses, respectively. 580 
Similarly, Infected cattle and small ruminants had increases 
in WBC counts. 557 - 576 

Peritonea] fluid from 93% of the horses with abdominal 
abscesses was abnormal. 5,30 The remaining horses with 
abdominal abscesses and normal peritoneal fluid bad 
abscesses located retroperltoneally Ln the kidneys without 
involvement of other abdominal structures. C f?jewdLi[wi?cj- 
rjjlfiis was isolated Ln 32% of the samples of peritoneal 
fluid. 530 Failure to Isolate the organism from peritoneal 
fluid does not rule out the disease. The organisms could 
be located retroperltoneally, or sequestered within a thick 
capsule, or suppressed by local factors or nucleated cells. 587 

Jhe ELISA lest for the detection of cell wall antigens is 
reportedly not very accurate in horses.* 54 ' 571 ELISA appears 
lo be more useful Vor detection of Infection In sheep.-* 33 - 581 

Another useful diagnostic aid is the synergistic hemolysis 
inhibition (SEN) test, which measures IgC response to the 
exotoxln Ln the patient's serum by detecting the highest dilu¬ 
tion that will prevent hemolysis of R. cqui exotoxln-sensi- 
llzed bovine RBGs when mixed wLth C. pxudotuberculosii 
exotoxln of a known concentration. 575 - 582 l*he IgG response 
to the exotoxln depends on the ehrontcity and severity of the 
infection and antibody availability. 554 It has been reported 
that a serum antibody titer of 1:128 Indicates exposure, 
whereas 1:512 or higher indicates the presence of infec¬ 
tion. 554 Studies in goats have demonstrated that most ani¬ 
mals have serum antibody tilers that correlate with 
bacterial culture results. 595 TTie SEN test can be used Ln sheep 
and goats to monitor prevalence and exposure of Incoming 
animals and lo detect subclinlcal Infections. 554 * 5 ^ Only 
40% of horses with external abscesses, in which (be Infection 
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was confirmed by culture, bad serum antibody Liters of 256 
or higher. E lowever, a low SHI titer does not rule out the dis¬ 
ease. Possible reasons for lack of titers include {l) acute onset 
of Infection and rapid maturation of the abscess before 
developing an immunoglobulin response (2) presence of a 
thick capsule Isolating the organisms and preventing a sero¬ 
logic response, and (3) consumption of antibody during 
active infection. 554 - 580 Many horses that are seronegative 
at drainage of an external abscess seroconverl at a later 
time. In contrast, almost all horses with confirmed C. psendo- 
tubemilasii internal abscesses have SHI liters of 512 or 
higher 575 - 584 The high titers in horses with internal abscesses 
probably reflect the cbronlcity of the disease and the result¬ 
ing prolonged Immune stimulation. Prolonged seiopositiv- 
ily has been observed In horses and goats. 580 - 5fl2 - 584 The 
SHI test appears to be a reliable ancillary aid for the diagnosis 
of interna] abscesses In horses. 560 - 56J Presence of a SI II titer 
greater than 512 can occasionally be found In horses with 
external abscesses and exposed herdmales. 

Other serodiagnostic tests used In sheep and goats are 
tube agglutination, complement fixation, and gel immuno¬ 
diffusion. 573 505 

A presumptive diagnosis can be made based on the his¬ 
tory, local prevalence, time of the year, clinical signs, and 
characteristics of the exudate.* 54 Yor the diagnosis of Inter¬ 
nal abscesses, the previous features must be considered, Ln 
addition to the presence of an inflammatory Leukogram 
with elevated fibrinogen, serum chemistrv abnormalities, 
abnormal peritoneal fluid or transtracheal wash, poslLlve 
blood culture, SHI titer of 512 or higher, and ultrasono¬ 
graphic or radiographic evidence of masses. 580 - 584 The 
definitive diagnosis is established through the isolation of 
she organism from abscesses or draining wounds. The 
organism Is readily Isolated and grows well in blood ag^ar 
in 24 to 4& hours, even when contaminant bacteria are 
present. 560 


II Fii/fiupiij’sfofogy und Eptitemivlogy. C. pseudatdbeiailmis 
is a soil-borne organism that survives for months to years, even 
in direct sunlight at environmental temperatures. 55 ^ 53 ^ 557 
Itie incidence of infection in horses varies considerably from 
war to war. External and internal abscesses In horses can 
present at any time of the year but are seen more often during 
the fall and early-winier months, with die highest Incidence 
in September, October, and November. 560 However, internal 
infections are more frequently seen In November through 
January, I to 2 months after the peak number of cases with 
external abscesses. 5 *^ The largest numbers of equine cases have 
been observed during the diy months of the year, after heavy 
rainfall, which may result in optimal breeding conditions 
for Lnsecls. 555 - 53 ^ 53 ^ The seasonal Incidence Ln horses has 
been associated with the presence of biting insects such as 
Haemataibia fmtons (horn fly), which causes ventral mid line 
dermatitis from Its feeding pattern. Insect vectors Involved in 
the transmission of disease Ln horses, such as H. imAms, 
£ tome.tys caktirans, and Miisca riomerflfti, were identified by 
detecting die PLD exotoxin gene of C. j&etdtajfcnaricsk Ln an 
endemic area. 1596 Ibe results of one study suggest that the 
disease could be transmitted through borse-to-horse contact, 
vectors, or contaminated soil. 5 * 3 Temporal and spatial analysis 
indicated an Incubation period of 3 to 4 weeks in horses. 
Itiere is no breed or gender predilection 580 ; however, a retro¬ 
spective study Indicated a predilection for internal abscesses 
Ln females. 53 * A case-control study in an endemic area rewaled 
that young adult horses less than 5 years of age had Increased 
risk of infection. 600 Horses housed outside or with access 
to an outside paddock, or in contact with other horses on 
pasture, appeared to be at higher risk than stabled horses.™ 


The disease In cattle from Israel occurred during the 
spring and summer dry season, from March to October, 
when the housefly population Is high. 557 C. psiWnmfierLtfZei¬ 
s's was isolated from houseflies collected over an Israeli cow 
lesion. 601 The infection in cattle may spread by direct con¬ 
tact or IndirecLly by houseflies or fomites. 557 The disease 
Ln sheep and goats is not seasonal, and transmission is 
through contact of exudate from a draining abscess from 
animal to animal or through contaminated equipment. 555 
Lambs born in contaminated surroundings can be Infected 
through the umbilicus, mouth, or inhalation 554 Sheep dial 
acquire the organism orally or from shearing wounds lend 
to have parotid, submandibular, prefemora I, or thoracic 
abscesses. 55J Goats can be Infected when w r ounds are 
exposed to contaminated milking equipment. The Incuba¬ 
tion period Is long and variable. In experimental Infections 
Ln small ruminants, the incubation period was 2 weeks to 
several months. 

The pathogenesis of the disease in horses is not dear, built 
has been speculated that the organism enters the equine host 
through skin or mucous membrane abrasions or wounds, as 
confirmed Ln sheep. 6a2 - 605 Experimentally induced infections 
Ln small ruminants revealed that once C. 
g^iins access through wounds or abrasions, the organisms 
spread to the subcutaneous or submucosal lymphatics, where 
they are phagocytosed by macrophages that migrate to the 
Invasion site to engulf the organism. 604 The organism sur¬ 
vives Inlracellularly because of its high content of lipids 
(e.g., coiynomycolic acid), which resist the action of Lyso¬ 
somal enzymes. 55j3 -' 604 C pjeuriotubOTCutaffs replicates in the 
phagolysosome; If large numbers of organisms are engulfed, 
phagocytic cells die. Experimental Inoculation of the organ¬ 
ism in sheep revealed a massive infiltration with polymor¬ 
phonuclear neutrophil leukocytes (PMNs), 605 which are 
believed to cany the bacteria to regional lymph nodes. 554 
A PLD toxin of approximately 3 1.5 kD, produced oy all C pseu- 
liotuhcrculosis isolates, increases the vascular permeability, 
causing spread of the organism regionally and systemI- 
ca]ly. 55a - 533 - 60ri Dewlopment of abscesses at secondary loca¬ 
tions Ln horses can occur in up to 25% of the cases. 580 PLD 
toxin can cause necrosis and thrombosis of the lymphatics 
and may enhance survival and multiplication of the organ¬ 
ism through complement depletion and Inhibitory effects 
on phagocytic cells. 558 The corynomycolic acid and PLD 
toxin contribute to the Inflammation, edema, and pain dur¬ 
ing abscess development. 607 iTae profound reaction of these 
co mpounds is probably respo nsible for the th Lck abscess cap¬ 
sule that develops as phagocytes accumulate In the abscess 
core. The abscess eventually matures and drains, but If 
removal of infected material Is Incomplete, recurrence may 
be expected, particularly Ln small ruminants. 554 Itie develop¬ 
ment of Internal abscesses in horses is unclear hut has been 
postulated to result from hematogenous or Lymphatic spread 
of bacteria from more superficial sites. 554 - 5 “'- 564 


II TrciUrrrtTtf a pari PnpeiTusfs. Important considerations 
when treating external abscesses are [I) to allow for the 
abscess lo mature; (2) to establish drainage, then collect 
and dispose of the infective exudate; and (3) to lavage the 
wound with an antiseptic solution. In a retrospective studv 
Ln horses, most external abscesses were Incised to establish 
drainage, and some animals received antimicrobials after 
drainage in an effort lo decrease cellulitis. Many horses 
received no treatment, and the abscesses broke and drained 
on its own. Other horses were treated only with antimicro¬ 
bials. The outcome was successful for 99‘to of the horses 
with external abscesses. 560 Horses with abscesses in die axil¬ 
lary region or deep within muscles have considerable pain, 
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necessitiling incision and drainage. Ultrasound Is useful for 
the detection of the location of deep abscesses.^ 

In one report the median resolution lime for horses 
with external abscesses that did not receive antimicrobial 
therapy before abscess drainage was IS days, versus 30 
days for the horses that received antimicrobials. 5810, These 
dab suggest that systemic antimicrobial therapy before 
abscess drainage In horses with external abscesses may pro¬ 
long the course of the disease. 550 However, when abscesses 
recur, drainage and concurrent antimicrobials may 
improve the chance of resolution. Conversely, long-term 
{minimum 4 to 6 weeks) antimicrobial therapy Is neces¬ 
sary for the treatment of internal abscesses and" ulcerative 
lymphangitis. The median resolution time for horses with 
internal abscesses treated wllh antimicrobials was 36 £o 
43 days, with a maximum duration of 97 days. 560 - 534 The 
case fatality for horses w r lth internal abscesses treated tvith 
antimicrobials was 30% to 40%, but 100% If not trea¬ 
ted ] n vitro, C. pieudolutierculosts is susceptible to 

almost all common antimicrobials, including penicillin, 
trimethoprim-sulfonamide, tetracycline, cephalosporin, 
chloramphenicol, erythromycin, and rifampin. 606 ' 60 * Most 
isolates are resistant to nllrofurans, cycloheximide, and 
nalidixic acid. 609 Bacitracin has marked activity against 
the bacterium. 610 In selecting an antimicrobial, the clini¬ 
cian must consider (I) the Intracellular location of the 
organism, [2] presence of a thick abscess capsule and pres¬ 
ence of pus, (3) lengthy course of treatment that may be 
required, [4) risk of complications [e.g., diarrhea), "and 
{5) cost. Antimicrobial-associated diarrhea was seen in 
6% of horses receiving antimicrobials (rifampin, trimetho¬ 
prim-sulfas, penicillin) for C. p&eudotubercubsis infection in 
a retrospective study 55i> Additional therapies Include mar¬ 
supialization of internal abscesses if location allows. 
NSAlDs such as phenylbutazone or flunlxln meglumine 
may be used to control the pain and fever w r blle waiting 
for external abscesses maturation. 

The prognosis for external abscesses is good. Most 
resolve in 3 weeks from the day of drainage. 1554 The progno¬ 
sis for horses with Internal abscesses and ulcerative lym¬ 
phangitis is guarded. The prognosis Improves If infection 
is detected early and appropriate therapy administered. 


In a bovine study the skin lesions on individual cows 
healed on average in 23 days after local or parenteral treat- 
menu 17% of severely affected cattle were culled. 557 Simple 
drainage in small ruminants does not usually result In reso¬ 
lution of the disease and creates potential sources of infec¬ 
tion. Dilute Iodine solutions can be used for abscess 
lavage Complete excision of the abscess under general anes¬ 
thesia may be necessary to keep the abscess from draining 
and to prevent the spread of Infection to other animals. 554 
The treatment of choice in small ruminants Is surgical 
removal of the affected lymph nodes. 

II ITrfWFifi'ojr and Control, Even though C. 
sis Infection is one of the most frequently diagnosed infec¬ 
tious diseases In California, Utile is known about Its 
prevention and control. General recommendations to pre¬ 
vent the spread of the infection are isolation of Infected ani¬ 
mals, fly control, good sanitation, careful shearing practices, 
disinfection of contaminated fomlles* and careful disposal 
of bedding. In small ruminant farms the morbidity can 
reach 100%, with depopulation being the most economic 
option. Because of the ability of the organism to survive In 
soil and fomites, the potential for environmental contami¬ 
nation Is very high. 596 - 600 

Immunization trials using whole cells, cell walls, toxoids, 
and bacterln-toxoid combinations have been performed in 
the prevention of CLA In small ruminants. 611-615 These vac¬ 
cines have been shown to provide a high degree of protec¬ 
tion, decreasing the number of Infected sheep and the 
number of abscesses per sheep. Ctfrynafoicleriunj pssudiHuber- 
cuiosts toxoids are commercially available for sheep and 
goats." The use of autogenous bacterln-toxoid in horses 
resulted In fewer abscesses and less poslchallenge pain in 
experimentally inoculated horses* but did not reduce the 
incidence of Infection in one farm because of a Low preva¬ 
lence of disease. 616 Use of an experimental baclerin-toxoid 
demonstrated Increased 5 Ell titers after two in lections; how¬ 
ever, the protection remains to be established. 617 


■Caseous D-T (Colciado Scrum Gcl, Denver, Colo.); Glanvac 
[Australia). 
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Diseases of the Bones, Joints, 
and Connective Tissues 

ROBIN M. DABAREINERh Ctwauffiirg Editor 


PHYSITIS (EPIPHYSITIS) 

A. BUMiJAT CTJJISLN 

Definition mid Etiology. Physitls is a term used to 
describe a developmental orthopedic condition In which 
there Is a disturbance In endochondral ossification at (he 
physis, or growth plate. Of ihe developmental orthopedic 
diseases—osteochondrosis, physitls, subchondral bone 
cysts, flexural limb deformities/ euboidal bone malforma¬ 
tion, acquired angular limb deformities, and juvenile arthri¬ 
tis—phvsitls Is the most common. 1J In one study of 17 t J 
Irish thoroughbred foals. 67% had signs of developmental 
orthopedic disease. 2 The term pfiysiris may better be defined 
as J, pnyseal dysplasia 1 ' because typically there Is no evidence 
of an inflammatory process. * 

PbysLtis has been seen In growing cattle as a result of 
copper deficiency and interactions with molybdenum, zinc, 
and sulfates, as well as in calves raised on slatted floors.- 1 
Two common antagonists of copper Include zinc, which at 
high Levels prevents absorption of copper by the body, 
and molybdenum, which is found in alfalfa. 3 Other animals 
in which phvsitls has been reported Include show rams 
being heavily fed and sheep and goats with pregnancy- 
associated epb I physitis. 4 

Physltis typically affects the given physis during its active 
rowlh phases, factors implicated as causing pbysitls In 
orses include the following 4 : 

L. A genetic component for faster-growing horses and for 
specific conformation (e.g.. upright and pigeon-toed 
appearance). 

2. Overweight foals. 

3. Growth spurts in foals. 

4. Intake of high levels of carbohydrates, causing hormonal 
changes and affecting the physis. 

3. Improper mineral balance (e.g., copper or zinc 
deficiency]. 

fi. Excessive or deficient calcium intake. 

7. Excessive exercise, especially on hard ground r may cause 
strain on maturing cartilage. 


tfftrrcwf Signs. Physllts in horses Is seen mainly in ihree 
specific locations at certain ages. Foals ranging in age 
from 3 to ft months most often have signs of physitls at 
the distal metacarpal/metatarsal growth plate (with or with¬ 
out Involvement, of the proximal physis of the first 
phalanx). Older foals (8 to 24 months) may have signs of 
physitis at fhe physis of the distal radius/ Less frequently 
the distal physis of the tibia may be involved. Pbysliis is 


characterized by firm swellings that may be warm and pain¬ 
ful on palpation. Typically the swellings are medial because 
of Increased weight bearing on this portion of the Limb/ 
Foals may or may not he lame. Radiographic changes 
Include a sclerotic, roughened physis with an irregular 
metaphyseal shape. 1. If the physltis continues, the growth 
plate may dose prematurely, leading to an irreversible angu¬ 
lar limb defortuity {usually a varus deformity because of 
decreased growth on medial physis)/' 

Diagnosis. A diagnosis of physitls is usually made by 
appreciation of the clinical signs, including warm, some¬ 
times painful, firm swellings in the locations previously 
died. Physitis at the fetlock may appear to have an hour¬ 
glass appearance if the proximal physis of the first phalanx 
Is affected. A convex appearance just proximal to the distal 
rib Lai and radial physis may be seen early In the disease pro¬ 
cess. 6 Recently, a quantitative method for detection of phy- 
sitls was investigated In thoroughbred foals. 2 This method is 
based on the observation that when the physis is enlarged, 
both the metaphysls and the eph I physis are more concave/ 
Results of this study show that epiphyseal concavity may 
Indicate the degree of pbyseal swelling by using the maxi¬ 
mum second derivative value of that contour. Radiograph l- 
calty. physltis is characterized by a growth plate that is 
Irregularly thickened with sclerotic adjacent bone. 2 

Trerttmcrit and Prognosis. Treatment of physitls should 
begin with management changes. Special attention should 
be given to the nutrition ot these foals and weanlings 
Ensuring proper balance of minerals, especially caLeium 
and phosphorus, as well as adequate amounts of trace 
minerals such as copper and zinc, Is necessary. Copper Is 
required for successful cross-Linktng of collagen. When a 
copper deficiency exists, the cartilage matrix weakens and 
microfiactures occur. Because mare’s milk is very low in 
copper, foals rely on hepatic stores gained during the last 
trimester of gestation. 5 One study showed that supplemen¬ 
tation of mares with copper during gestation significantly 
reduced radiographic signs of physltis in their foals at 150 
days of age. Supplementation of foals did not affect the Inci¬ 
dence of physitls In the same study. Based on these results, 
supplementation of mares during the second half of gesta¬ 
tion with copper on farms with a high Incidence of physltis 
may be beneficial in preventing physitis in their foals/ A 
general reduction in energy is needed to slow growth rates 
and, when necessary, decrease body weight Total concen¬ 
trate for nursing foaLs should be 0.5 to 0.75 kg/100 kg body 
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weight, l la 1.5 kg' ] M kg tor weanlings and 0.5 to J kg/ 
100 kg for yearlings.' 1 

Varying degrees of discomfort are associated with physi¬ 
tls. Tor horses with very' painful, warm physes, the judicious 
use of nonsteroidal antiinflammatory d'rug^ (MSAIDsJ Is 
indicated. Exercise restriction, specifically stali rest. Is indi¬ 
cated In affected horses. Without exercise restriction, these 
horses continue to load the pbyses, which may iead lo per¬ 
manent conformational changes, such ns angular limb 
deformities. 

With early detection and treatment., the prognosis for 
physitls is good for athleticism. 


OSTEOCHONDROSIS 

lAstv-t c. mm. 

Definition anti Etiology. Osteochondrosis is a develop¬ 
mental orthopedic disease characterized by failure of. or 
defect in, endochondral ossification that can lead to cartilage 
flaps, osteochondral fragments, or subchondral bone cysts. iE 
is classified as a devetoprrrerEfejJ orllwped re ifiscflse [DOD) along 
with physllis, angular limb deformities, subchondral bone 
cysts, flexural deformities, incomplete ossification of the 
cuboidal bones, and Juvenile arthritis.'" 1 and 

(fj'scftcrzr^mp/ctsrcr are more descriptive terms because they 
imply a primary defect In cartilage maturation, but their 
use is generally reserved for abnormalities of limb and verte¬ 
bral development. The terms osteochondrosis, osteochon¬ 
dritis, and osteochondritis dissecans have ail been used 
synonymously in discussing the condition. To maintain con¬ 
sistency and avoid confusion, the following designations are 
used: osteochondrosis refers Lo the disease, oiUvrtiomlritii- refers 
to the synovial Inflammatory response caused by the disease, 
and tHJeocliondifrj'i disjg&aj-js refers to the condition when a 
cartilaginous flap is identified. 10 

Osteochondrosis has been recognized In most domestic 
species. Including horses, swine, and less often in cattle, 
sheep, and goats. The main focus has been in horses 
because of the economic impact and performance-limiting 
characteristics of the disease and in swine because of effects 
on production traits ' 1 and the development of comparative 
models for study of the disease . 12 

cHnitnl Signs and Differential Diagnosis. Osteochon¬ 
drosis can present with a variety of clinical signs that are fre¬ 
quently recognized in Juvenile animals. Effusion of the 
affected iotnt with or without accompanying lameness Is 
common. The lorsocrural and femoro pale liar joints are most 
often affected, but the condition can be seen in any joint. 
Physitls, or Inflammation at the physeai plate, in young ani¬ 
mals can have a similar appearance, with generalized enlar¬ 
gements ad|aeenl to synovial structures. Osteomyelitis can 
cause a periosteal reaction that. If located In the area of a joint, 
can have a, similar appearance. Septic arthritis can dosely 
mimic the signs of osteochondrosis, but the associated lame¬ 
ness is often much more severe. Physitls, osteomyelitis, syno¬ 
vitis, and septic arthritis should all be considered in the 
differentia l di agnosls of osleochond rosis In | uven lie ani ma I s. 
in older animals the clinician should consider synovitis, os¬ 
teoarthritis, and trauma in the differential diagnosis. 

Osteochondrosis is generally diagnosed in horses when 
they are started Into training programs or begin athletic 
activity. They often present with a complaint or joint effu¬ 
sion that can be acute or insidious. Lameness is usually 
nonapparent to mild, except in cases w r Lth large osteochon¬ 
dral fragments or subchondral bone cysts. Severe cases seem 


to be more common In the stifle, and associated clinical 
signs may be present in foals as young as 6 months. Waim- 
bfood horses generally present later, at 5 to -I years of age. 
because It Is common practice to delay training until this 
stage. 

Reports in cattle Indicate that young. Intact male, pure¬ 
bred animals are most often affected. The typical clinical 
signs are lameness with associated |oint effusion. Osteo¬ 
chondrosis in swine has been associated with a syndrome 
known as '‘leg weakness," Affected animals can show a 
range of signs, from mild lameness lo inability to rise and 
inability or refusal Lo mount. 13, Evaluation of performance 
data from swine herds can be a useful indicator of osteo¬ 
chondrosis because It has been shown lo have a significant 
effect on production traits. 1 J - u Cattle and swine are produc¬ 
tion animals slaughtered before 2 years of age, so clinical 
signs may only be recognized In purebred animals used 
for breeding purposes. 

Sries of Predilection. Osteochondrosis can be found in 
any diarthrodlal joint, but sites of predilection exist In all 
species affected. In horses the stifle and hock are most fre¬ 
quently affected. In the stifle, in order of frequency, the lat¬ 
eral trochlear ridge of the femur, medial trochlear ridge of 
the femur, trochlear groove, and distal end of die patella 
are affected, 15 The medial femoral condyle is the site of pre¬ 
dilection for subchondral cystic lesions. In she hock, in 
order of frequency, the distal Intermediate ridge of the tibia, 
lateral trochlear ridge of the talus., and the medial malleolus 
are affected. 11 Predilection sites in cattle are similar to those 
in horses, with the bock and stifle most often affected and 
similar distribution in Ebe joints. 16 Swine show a slightly 
different pattern, with the medial condyle of the Juimerus 
and femur most frequently affected. 1J 

- fJj'iTgJTDrtfc Tests. Animals presenting with signs of joint 
effusion and lameness should undergo a thorough physical 
examination. Complete blood count (CRC) Indicating a 
septic process along with radiography help differentiate 
osteomyelitis, septic phystils, or septic arthritis from osteo¬ 
chondrosis. In cases with any indication of a septic pro¬ 
cess, appropriate cultures should be taken. 1 torses should 
be observed Ln motion along with flexion tests, using local 
and intparticular anesthesia to localize the site oi lame¬ 
ness. Swine and cattle can be observed in their normal sur¬ 
roundings for signs of lameness. Once localized, ihe 
affected joint should be radiographed along with ihe 
corresponding joint on the contralateral limb in the tarso- 
crural and femoropalellar |olnts because the lesions are 
often bilateral In nature (Eig. 3&-I). If lesions are detected 
in the metacarpophalangeal or metatarsophalangeal joint, 
the remaining three limbs should be radiographed because 
these can occur quadrilaterally. 17 

Lameness and effusion are more reliably seen in cases of 
osteochondritis dissecans and subchondral bone cysts than 
in osteochondrosis. Intraarticular anesthesia of the affected 
joint will alleviate the lameness, localizing the source. After 
the lameness has been localized, appropriate radiographs of 
the affected area should be obtained {Fig. 3S-2), as well as 
of the contralateral or quadrilateral limbs, as described 
previously. 

Swine and cattle will often present with signs of lame¬ 
ness and mild |oint effusion. Careful physical examination 
of the restrained animal should allow localization of the 
affected area and appropriate radiographs to be obtained. 
As with equine patients, the lesions are rarely unilateral, 
and corresponding limbs should be radiographed. Review¬ 
ing production records of finishing or breeding swine herds 




CHAPTER 5S Diseases of the Bones, Joints, and Connective Tissues 


1191 



FIG. 3B-t OHcvL'lKMidruiiij in the l.irxucnjrjl juini uj a hcnc. Ntilc ihr 
damctonlic u 2 LFLKhu.mJr. 3 l li,ij.;in..r.l‘, limited jL Mil- JisLnJ muTim'd i.Lli' 
lilljj--.- ElJ 111!' Li hL .1 


FIG. J 8-2 ('ijin-iiH hiULilTiiMA ire the iL'nioiYriitired joint ill j hors*. Nole 
ilir Lni&u MLibchomJTjl rysscic Iciiun Ln Lhe nted ini IcmuraJ ■i onJyk, n typLc^I 
1 1.1■: _nci11 lor Ihew . 1 cypi:s nf Etedoni. 


may also be of diagnostic value because osteochondrosis 
has been shown lo cause significant reductions in perfor¬ 
mance and production traits. 51 

The manifestations of osteochondrosis may not be ade¬ 
quately represented by clinical signs and radiographs. Clin¬ 
ical signs of lameness and |olnl effusion have been shown 
to precede changes within the |olm, and serial radiographs 
may be needed to diagnose the condition.Also, radio- 
graphic abnormalities consistent with osteochondrosis of 
the distal Intermediate ridge of the tibia and lateral troch¬ 
lear ridge of the femur can return to a normal appearance 
by 5 and S months, respectively, In warmblooa foals. 19 
Radiographs also often underrepresent the severity or size 
of the lesion seen at surgery. 


Pathophysiology. Endochondral ossification Is the pro¬ 
cess of bone formation that begins with a cartilage sea [fold 
arranged Ln zones that are gradually replaced by bone. It 
occurs at the artlcular/eplphyseal and metaphyseal growth 
plates and secondary centers of ossification, such as the car¬ 
pal and tarsal bones. Directly beneath the articular cartilage 
Is a zone of resting chondrocytes that divide to form the next 
zone,, the proliferating chondrocytes. These proliferative cells 
divide rapidly, organizing Into columns perpendicular lo (he 
long axis of growth. The cells progress to the hypertrophic 
zone,, where they swell and become vacuolated, and (he col¬ 
umns become more organized. The chondrocytes in this 
zone also become surrounded by increasing amounts of 
extracellular matrix, which becomes mineralized In the zone 


of calcification. These columns of chondrocytes are invaded 
by metaphyseal blood vessels, and bone forms on these cal¬ 
cified cartilage columns, creating the primary sponglosa. 
which is subsequently remodeled Into mature hone. 

The exact pathogenesis of osteochondrosis Is still unde¬ 
fined. Jtie traditional theory Is that the process of endo¬ 
chondral ossification Is disrupted, resulting In areas of 
thickened cartilage. The deeper layers of these retained carti¬ 
lage plugs do not receive adequate nutrients by diffusion 
from the synovium, and necrosis of the cells develops. 
These areas of cartilage have less structural Integrity than 
normal cartilage and are prone to damage. Shear forces act¬ 
ing on the abnormal cartilage can lead lo fissure formation. 
These fissures can then form dissecting cartilage flaps, free 
flaps, or fragments of cartilage and subchondral bone. 
When compressive forces predominate on an area of thick¬ 
ened cartilage, it can cause infolding of the cartilage plug. 
Normal endochondral ossification proceeds around the 
infolded plug, forming a subchondral bone cyst. 

This traditional theory of defective endochondral ossifi¬ 
cation is still well accepted, but recent literature suggests 
this may be a simplistic view of a multifactorial condition. 
Limited reparative responses of bone and cartilage make 
It difficult to determine whether she origin of a lesion 
is developmental or traumatic. A recent report failed to 
distinguish articular cartilage differences In naturally occur¬ 
ring osteochondrosis versus healing osteochondral frag¬ 
ments 20 Arthroscopic observations of normal-Lbidmess 
cartilage defects and normal subchondral bone, as well as 
Lesions occurring preferentially at single sites at the limits of 
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articulation, suggest causative factor other than defective 
endochondral ossification. 17 Itie development and spontane¬ 
ous regression of osteochondrosis lesions suggest that the con¬ 
dition Is a dynamic process (hat can he affected by numerous 
intrinsic and extrinsic factors, and a ''window of susceptibility' 1 
may exist whereby lesions are repaired and normal articular 
development proceeds. 23 'these findings and observations sug¬ 
gest that multiple pathologic pathways exist and that a single 
etiologlc explanation of osteochondrosis is unlikely. 

II Eftology, As with the pathophysiology, the exact etiology 
of osteochondrosis Is unclear and likely multi facto rial in 
origin. Several factors, including biomechanical forces* fail¬ 
ure of vascularization, nutrition, growth rate, genetics, and 
hormones* have been Implicated and are likely interrelated 
in the etlopathogenesis of the disease. 

The consistent distribution of Lesions at specific ana¬ 
tomic sites within the joint Implicate trauma as a causative 
factor. Ihe bilateral or quadrilateral nature of the disease 
would indicate that trauma or biomechanical stress is a 
necessary factor rather than direct cause. It has been estab¬ 
lished in pigs that microtrauma or disruption of the blood 
vessels In the developing cartilage canals causes ischemic 
necrosis, fa Liu re of mineralization, and a retained cartilage 
plug. 22 This mechanism has not been elucidated or studied 
in horses or cattle; therefore, while offering a plausible 
explanation, the results cannot be applied across species 
lines. 

.Nutritional Influences have been extensively studied in 
relationship to osteochondrosis. The studies have focused 
mainly on dietary energy levels and mineral composition 
{copper and zinc). The growth rate of the animal is 
directly affected by energy intake as well as the genetic 
predisposition of the animal for growth and size. Animals 
fed high-energy levels for accelerated growth rates have a 
much higher Incidence of osteochondrosis than those fed 
for Lower rates of growth. i2 - 25 ' 24 Low copper levels and 
increased zinc concentrations have both been implicated 
in the etiology of the disease. Low copper Is thought to 
exert Its effect through lysyl oxidase, a copper-dependent 
enzyme essential in the cross-linking of collagen mole¬ 
cules. Increased levels of zinc antagonize copper and 
could work Indirectly through a similar mechanism. 
There is conflicting evidence on the causative nature of 
low copper Levels, and lesions seen In copper-deficient 
animals do not always mimic those of naturally occurring 
osteochondrosis. .More recently, evidence suggests that 
neonatal copper levels exert a positive effect on the reso¬ 
lution of osteochondrosis lesions but are not directly 
involved in the pathogenesis of the disease. 25 

Genetics have been shown to be at Least partially respon¬ 
sible in the etlopathogenesis of osteochondrosis In different 
species, landrace and Yorkshire breeds of swine show a 
high frequency of osteochondrosis, whereas domestic pigs 
crossed with w r Lld hogs do not develop the disease. 32 Herita- 
bility has also been demonstrated in standardbred trotters 
in the (Iblolatsal and metacarpal/melatarsal phalangeal 
joints. 26 ' 27 A genetic component may also be related to 
nutrition Levels because an animal must have the genetic 
capacity for Increased growth rates and size while at high 
planes of nutrition. 

Alterations in hormone concentrations have been impli¬ 
cated in the etLo I ogy of osteochondrosis* but the mechanisms 
remain In question. Numerous hormones, such as Insulin* 
somatotropin, and thyroxine, are Involved In the process of 
endochondral ossification. Physiologic or iatrogenic altera¬ 
tions of these hormones or their derivatives could theoreti¬ 
cally lead to the development of osteochondrosis. Ihe 


contribution of these factors to the etiology of osteochondro¬ 
sis wllI likely not be elucidated until the molecular mechan¬ 
isms of endochondral ossification are better understood. 


II 'lYeatment find [Prognosis. The treatment of osteochon¬ 
drosis should take Into account several factors. The clinical 
signs; severity of ihe lesion; species, age, Intended use, and 
relative value of the animal; and owner expectations should 
all be considered. Treatment options include both nonsurgi- 
cal and surgical management. 

Nonsuigjcal management should consist of rest, con¬ 
trolled exercise* and dietary evaluation. The mineral and 
carbohydrate levels of the diet should be evaluated carefully 
and any deficiency or excess corrected. Systemic NSAIDs 
and Lntraarticular medications such as corticosteroids, hya¬ 
luronic acid, and polysuIfated glycosamlnoglycans {GAGs) 
can all be administered, but minimal clinical evidence exists 
to support their use. In food-producing animals the clini¬ 
cian must lake Into consideration that these are not 
approved treatments and that withdrawal times may not 
be established. Given the nature of the disease, nonsurglcal 
management may provide a favorable outcome only Ln very 
young animals with regenerative capacity or in those with 
very mild lesions and minimal to no clinical signs. 

Animals with osteochondritis dissecans are best treated 
with arthroscopic surgery. Cases with no radiographic evi¬ 
dence of degenerative joint disease (DJD) before suigery 
and minimal articular damage at arthroscopy cariy a favor¬ 
able prognosis. Animals that show radiographic evidence 
of D]D before surgery or considerable damage to the articu¬ 
lar surfaces at arthroscopy carry a guarded prognosis. 
Arthroscopic approaches to the |olnts of cattle have been 
described* bul the procedure is more difficult than Ln the 
horse. 16 In select cases, reailachment of large cartilage flaps 
with absorbable poly-p-dioxanone pins may be war¬ 
ranted. 2 * Diet evaluation should be Included with the surgj- 
cal patients and appropriate adjustments made. 

Treatment of subchondral cystic lesions Is still controver¬ 
sial, and many options are available. Nonsurglcal manage¬ 
ment can be at tempted and should consist of rest, 
controlled exercise, and intraart Leu Lar Injection of cortico¬ 
steroids along with hyaluronic add or polysu]fated GAGs. 
The prognosis Is guarded except in cases with very narrow 
openings into the synovial cavity, and alternate treatments 
should be considered in refractory cases. Cysts can be treated 
with ultrasonographically or arthroscopically guided Lnlrale- 
slonal deposition of corticosteroids, bone marrow aspirates, 
or a co mb Ina t Lon of the two. Stud Les are 1 acklng as to the effi¬ 
cacy of this treatment. Arthroscopic debridement and curet¬ 
tage of the cystic Lesion is another option, and horses less 
than 3 years of age cany a better prognosis. Recent investiga¬ 
tions show promise for arthroscopic debridement and curet¬ 
tage of lesions followed by packing of the remaining defect 
either with a cancellous bone graft covered by a chondrocytlc 
growth factor or with various bone substitutes. 2 ® Cysts 
located Ln the proximal Lnterphalangeal |oint are generally 
non responsive to conventional treatment, and arthrodesis 
of the joint offers the best prognosis. 

Treatment of osteochondrosis Ln food animals is gener¬ 
ally limited by the economic value of the animal. 5bow r 
animals or valuable breeding animals may be treated by 
any of the methods previously described, and the surgical 
options will offer a better prognosis than nonsuigjcal treat¬ 
ment. In production herds, ration evaluation and genetic 
predisposition may be the only variables that can be 
addressed. A review of production records and estimates 
of monetary loss will Indicate whether Intervention is 
necessary. 




CHAPTER 5 S Diseases of the Bones, Joints, and Connective Tissues 



1193 


ANGULAR LIM B DEFORMITIES 

JJJ-J-flO J J . WATKISS 

II Definition^ Liwlog}', and Clinical Signs. Angular limb 
deformities are deviations In the ax Is of the forellmhs or 
htndtimbs in the frontal plane. deformity denotes a lat¬ 
eral deviation of the limb disiaJ to the origin of the deformity; 
rants deformity denotes a media] deviation. The deformity is 
further described hy naming the |oint adjacent to the origin 
of the deformity; for example, carpus valgus describes an angu¬ 
lar deformity ail sing In the carpal region with lateral deviation 
of the metacarpus (knock-kneed conformation) (Tig. 38-3). 

Angular limb deformities may be either congenital or 
acquired. Jn general, they are caused by laxity of periarti cu¬ 
lar supporting structures, incomplete ossification, or asyn¬ 
chronous growth rate. Although the underlying cause of 
these abnormalities remains undefined, potential causes 
include intrauterine malposltJonlng, relative Immaturity, 
hereditary predisposition, rapid growth, dietary Imbalances, 
osteochondrosis, and trauma.-^ 1 

Congenital angular deformities frequently are attributed to 
intrauterine ma I positioning and laxity of periarticular support¬ 
ing structures. They typically originate in the region of the car¬ 
pus and Larsus, resulting In bilateral valgus deformity, k Is also 
common to Identify’ a windswept" foaling Jn which valgus 
deformity of one limb is accompanied by varus deformity of 
the contralateral limb. Acquired angular deformities usually 
occur secondary to asynchronous growth. Additionally, a foal 
bom with Incomplete ossification may acquire an angular 
deformity secondary to crushing of the cartilaginous precur¬ 
sors of the cuboidal bones. A hereditary angular Limb defor¬ 
mity of Suffolk, Suffolk crossbred, and Hampshire sheep is 
known as spider lamb syndrome (see Laler discussion). 



FIG. 30-3 ■Laqnjs, devtuiJLMi. 


ruriiopkj’sjfffog}'. Incomplete ossification is an Impor¬ 
tant cause of angular defounities originating at the caqius 
and tarsus, lire epiphyses and cuboidal bones of the carpus 
(ulnar, third, and fourth carpal bones) and larsus (central 
and third tarsal bones) are primarily affected. 35 Ossification 
of the cartilaginous precursors of these bones occurs In late 
gestation; prematurity or relative immaturity results In the 
birth of a foal before these precursors are completely ossi¬ 
fied (Figs. 3S-4 and 38-5). I r laxity of the periarticular sup¬ 
porting structures accompanies incomplete ossification, 
the deformity is congenital and may progressively xvorsen 
with weight bearing. If laxity Is not present, the foal may 
be born with straight leg^ and may acquire an angular 
deformity after deformation of the precursors of the cubol- 
dal bones during w r elghs-bearing activity. 

Foals can acquire an angular limb deformity as a result of 
asynchronous growth at the metaphyseal and epiphyseal 
grotvth cartilages. ■ ?a - 3J An Important cause of asynchronous 
growth is trauma to a portion of the growth cartilage of the 
physls.. 13 In many foals lit is trauma Is in the form of non- 
physiotogtc compression of the growth cartilage. Excessive 
exercise in foals with mild angulation and normal activity 
In foals w r ith moderate to severe preexisting angular defor¬ 
mity may cause sufficient trauma to the growth cartilage 
to cause progressive deformity, 



FIG. 3B-4 I be mat ure Iri.U whh incomplete oKstli-. at kin li! ih-i: cUbbadal 

earful bcrni/s marked hd.iui.i! carpus v.iii^ii. 
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FIG. JB-5 Specimen I rum n lordcRof I lit’ pn-tnuLurE 1 End in FigurE JE-4, 
till in Ihtr JtociUI pLim. 1 . Nutt Iht! thick ra.rLil^if luirmindn^. iSkt rnktErc ul 
[HistiliriuliLKn u I list cubuddd LMipnJ twine. 


Asymmetric loading also occurs when severe lameness Is 
present. With the change from a rectangular stance with 
four weight-bearing limbs to a triangular stance with three 
weight-bearing limbs, asymmetric, nonphyslologlc loading 
of the weight-bearing Limb occurs, which "predisposes 11 to 
develop an angular deformity. Because compressive forces 
are concentrated along the medial aspect of the growth car¬ 
tilages, a varus deformity usually develops in the overloaded 
limb. Abnormalities of the growth cartilage that affect ossi¬ 
fication, such as osteochondrosis, also may be responsible 
for angular deformities caused by asynchronous growth. 
Foals with a predisposition for rapid growth or those that 
are exposed to nutritional Imbalances appear to be at great¬ 
est risk for developing the disease. Rapid growth also may 
result in a foal with a large body size disproportionate to 
its skeletal structures. This condition may cause increased 
compressive forces, nonphysio logic loading of the growsb 
cartilages, and angular deformity. 1 -' 

Ruminants raised in confinement may experience endo¬ 
chondral dysplasia and angular limb deformities if dietary 
iron is high or dietary vitamin D Is low 13 (rickets). Elevated 
dietary iron results in elevations in serum phosphorus, 
which may in turn Inhibit l,25-dthydroxycbolecaIdferoI 
synthesis by the kidney, resulting In 'rickets. 3 Pregnancy- 
a'ssoclaled epiphysitis in primiparous dairy goats 1 - 1 also 
may result in angular Limb deformities. 

II hiwhurtioFJ cirid Rtulictgyuphii- Findings. In the evalua¬ 
tion of a foal with an angular deformity. Important histori¬ 
cal Information includes age, onset and progression of the 
deformity, and Intended use of the foal. The foal should 


be observed carefully while standing and walking to charac¬ 
terize the degree of deformity and determine the presence of 
compensatory problems or lameness. Physical examination 
includes careful palpation of the affected limb and a deter¬ 
mination of whether the deformity can be corrected by 
manual manipulation of the Limb. If the foal is examined 
before ossification has progressed, deformities resulting 
from laxity of periarticular supporting structures and incom¬ 
plete ossification can be corrected manually. On the other 
hand. If deformities iin foals born with Incomplete ossifica¬ 
tion are Left untreated and (he cuboidal bones are in a 
collapsed cotifiguration, or If deformities are the result of 
asynchronous growth, they cannot be corrected manually. 

.An arthropathy should be suspected if Lameness Is pres¬ 
ent. Collapse of Incompletely ossified cuboidal bones may 
result in deformation of articular surfaces and subsequent 
DJD. When this occurs in the carpus. She prognosis for ath¬ 
letic performance is guarded to poor. If the cuboidal bones 
of she tarsus are affected, mild collapse may not adversely 
affect performance, but with significant collapse, degenera- 
llve change Is likely. A less common cause of lameness in 
foals with angular Limb deformity is osteochondrosis. The 
prognosis for athletic performance in foals with osteochon¬ 
drosis-associated anguiar limb deformities Is guarded, 
depending on the severity of the cartilage lesions. 

The Importance of early radiograph Ic evaluation of foals 
with angular deformity cannot be overemphasized, if a 
diagnosis of incomplete ossification is delayed, irreparable 
damage, as described previously, may occur. In fact, a strong 
argument can be made for radiographic evaluation of all 
foals shortly after birth before uncontrolled exercise is 
allowed. Radiographic evaluation Is mandatoty to deter¬ 
mine the degree of ossification in premature foals, twins, 
foals that appear to be relatively immature at birth, and 
foals born with angular deformities. 

Radiographic evaluation allow r s the examiner to identify 
the origin of the deformity and determine its severity. 
Dorsopalmar views for the 'carpus and fetlock using 7 x 
17-Inch film cassettes and a lateromedlal view of the tarsus 
are recommended. In the carpus and fetlock the origin of 
the deformity mav be subjectively determined by two geo¬ 
metric methods [Fig. 33-6). One is to draw longitudinal 
lines bisecting the long bones above and below the joint. 
Where these lines intersect Is the ptootpoint which is consid¬ 
ered the origin of the deformity. In addition, the angje of 
incidence of these lines is an estimation of the degree of 
deformity. Another method, which the author prefers for 
the carpus and fetlock. Is to draw lines through the |oLnls 
and ad|aeent pbyses. lltese Lines should be parallel to each 
other and perpendicular to the long axis of the long bones 
proximal and distal to the affected joint. The origin and 
degree of deformity are estimated by determining where 
and by what degree these lines deviate from normal. Both 
asynchronous growth and Incomplete ossification can occur 
concurrently, which is most easily determined with the lat¬ 
ter method of geometric evaluation^ (Fig. 33-7). Geometric 
examination to determine the degree of deformity in the 
tarsus is less reliable because the tibia and third metatarsus 
are not. In the same frontal plane. The severity of the angular 
deformity In this location Is best determined by a careful 
visual assessment. 

Radiographic examination of foals with incomplete ossifi¬ 
cation reveals a rounded contour to the affected bones 
instead of their normal angular appearance. The width of 
the radlolucent cartilage is increased, appearing radiographi¬ 
cally as an increase in the width of the joint space (Fig. 33-3). 
As ossification progresses, the bones may appear wedge 
shaped or crushed because of deformation of the cartilage 
during weight bearing, litis phenomenon often Is noted in 
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FIG. 38-7 Cieumetnr t-v,'.lu<kljuci of .in .ln^nl.sr drfciricuLy at the rjirptus 
l .slisl'lI by .i rombinutiun <>l .iNynch ran mu gmwLh mil I inc oicipk-ic: ■: :■ i J L>: _i I j : j j. 
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(Reprinted wiLli perm is dun. Ihim Cbmpmif (i'irr i/fira: fiYiicf V J ei'J i:S3 JO.. 3SH2.) 
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the ulaiiTr. fourth, and lateral aspect of the third catpal bones 
in the forelimb and the central and third tarsal bones in the 
hind Li mb. In severe cases the affected bones may be grossly 
deformed and appear to he partially extruded from the |oinl 
(Fig. 3S-9). In the tarsus, ]ateromedia] radiographs are used 
to determine whether ossification is complete [Fig. 38-10). 

Radiographic evaluation of foals with angular deformity 
caused by asynchronous growth may show wedging of the 
epiphysis [Fig. 38-11), widening of the physls, and sclerosis 
adjacent to the physls.. Geometric evaluation places the 
deviation in the nietaphysis or the epiphysis of the Ions 
bone proximal to the affected point, the joints axe parallel 
each other and are perpendicular to the longitudinal axis 
of the adjacent long bones. 

'/ftrdlmerrf and Prognosis, Neonatal foals with an angu¬ 
lar deformity should be confined 1o a stall until clinical and 
radiographLc examinations are completed. If the deformity 
Is 10 decrees or less and radiographs reveal normal ossifica¬ 
tion, stall confinement with periods of controlled exercise is 
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recommended. This regimen promotes continued develop¬ 
ment of the supporting structures while minimizing trauma 
to growth cartilages that could result if the foal were 
allowed uncontrolled exercise. 

Foals with a congenital angular deformity of more than 
LO degrees accompanied by Incomplete ossification or l iga¬ 
mentous laxity falling to Improve with controlled exercise 
should he externally supported. If Incomplete ossification 
is present and the limb is not supported In axial alignment, 
continued weight bearing can cause deformation of the car¬ 
tilaginous structures. Subsequent ossification results In a 
permanent deformity of the affected bones (.see Fig. 33-9). 

Methods of externally supporting the carpus and tarsus 
vary from the application of tube casts or rigid splints to 
custom-made oithotic devices. Tube casts have been recom¬ 
mended and used successfully for several years.- 3 5-31 Although 
tube casts provide the rigid external support needed to maln- 
taln axial alignment while ossification progresses, several 
potential complications are associated with their use. The 
most serious complication is the potential for coxofemoral 
luxation when tube casts are used on thehindlimbs. In addi¬ 
tion, foal skin is easily traumatized by a pooriy fitting cast, 
and deep ulcerations may occur. Other considerations 
include the cost of materials and need for constant monitor¬ 
ing to detect signs of a poorly fitting cast. Monitoring the sta¬ 
tus of a cast requires daily evaluation by a trained individual, 
and owners are seldom capable or willing to take on this 



FIG. 3 B -10 il LTtcnL-tci-Enedi.iL i udioj^r.iph ci-lLi t;mu 5 Jcom .1 Ion] wilh 
LrirrHiiptatc oasi licalioTi. Nnti; llic lack u( .in .lnjf.ul.sr apptfanfctirc of Lh? cen¬ 
tral unul bonir .tciJ Encampk'jer oiitllcaritiri uf Lhc lined l.m.il bone. 


responsibility; therefore hospitalization is recommended. 
Rigid splints are an alternative method of support. The leg 
is protected wilh a padded support bandage, and the splint 
is applied with nonelastic tape while the limb is held In 
alignment by an assistant. These splint bandages are changed 
every third or fourth day. Pressure sores beneath the splint 
bandage are a concent and must be prevented. A splint for 
the tarsus may be fashioned from synthetic casting material 
molded lengthwise over the cranial aspect of a padded ban¬ 
dage centered at the |otnt. Once the material has dried, the 
splint is taped to the dorsal surface of the bandage. 

Regardless of the means of external support used for the 
carpus or tarsus, It should not extend beyond the distal 
metacarpus or metatarsus. Continued weight bearing by 
the suspensory apparatus of the fetlock helps prevent the 
development "of fetlock hyperextension after removal of 
the external support. A degree of carpal hyperextension Is 
usually present Immediately after removal of external sup¬ 
port from the forellmb, and exercise should be controlled 
until the tendons and periarticular supporting structures 
regain their normal tone. 

Foals with angular deformity resulting from asynchro¬ 
nous growth should also be confined to a stall and 
allowed only controlled exercise to minimize the magni¬ 
tude of asymmetric loading at the growth cartilages and 
encourage spontaneous correction. In these cases, reduc¬ 
ing the magnitude of the forces acting asymmetrically at 
the growth cartilage should encourage compensatory 
growth to occur and correct the deformity. Additional 
therapy consl&Ls of corrective hoof trimming. Because 
foals with valgus deformity typically have a toe-out 
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conformation, emphasis in the nasi has been to lower the 
Literal hoof wall of the affected limb. If ihJs mode of ther¬ 
apy Is vigorously pursued, compensatory varus deformity 
may develop in 'the fetlock region. This form of corrective 
trimming concentrates forces asymmetrically on the 
medial aspect of the distal metacarpal and proximal pha¬ 
langeal growth cartilages. Currently, trimming the hoof 
leaf el and squaring the toe to promote breakover at the 
foe are recommended. If the lateral hoof wall Is to be low¬ 
ered; only a few millimeters should be removed each week. 

Foals with angular limb deformities that fail Eo respond 
to stall confinement are candidates for surgical therapy. 
Although It was previously bdleved that animals with angu¬ 
lar deformities arising dLstal to the physis were not candi¬ 
dates for surgical therapy, it has been shown that they can 
respond favorably to surgery / 5 - 36 

The decision for surgery shouid take Into account fhe 
amount of correction required (degree of deformity) and 
the age of fhe foal. The more severe [he deformity, the ear¬ 
lier should be the surgical Intervention. Timing of surgery 
should consider the periods of rapid and predictable growth 
at the physis. The most rapid and predictable rate of growth 
occurs from birth to 10 weeks of age. 57 In the distal radius, 
continuous but declining growth occurs until 60 weeks of 
age. In she distal third metacarpal and metatarsal bones, 
growth rate slows dramatically by EO w ! eeks of age and stops 
shortly thereafter. 

Surgical manipulation of physeal growth is Intended to 
niter asymmetrically the elongation occurring at the physis, 
thereby realigning the axis of the Limb. Growth at the physis 
can be altered surgically in one of two ways: retardation or 


acceleration. Grorurfi retards t/orr Is accomplished by bridging 
the physis with metallic implants. When applied to the con¬ 
vex side of the affected physis, grownh is disallowed on the 
Long side of the bone while continued growth on the oppo¬ 
site of the bone brings the limb into alignment. As Long as 
the implants are in place, the effect continues and is limited 
only by the amount of growth remaining at the physis. If 
the physis is still active once the limb is aligned, it is 
extremely important that die Implants be removed, or over¬ 
correction will occur. Techniques of transphyseal bridging 
Include stapling, screw and w r Lre Implants, the use of a small 
bone plate, and more recently, a single transphyseal screw. 
Indications for transphyseal bridging Include deformities 
that present after the period of rapid and reliable physeal 
growth, severe angulations, and based on the author s expe¬ 
rience, deformities of the carpus and tarsus resulting from 
cuboidal bone malformations. 

In the second surgical approach to altering physeal 
growth, periosteal transection and elevation [stripping) is 
aimed at promoting growth acceleration on the concave side 
of the bone. 3 ' 5 Reported advantages include rapid correction 
without the potential for overeorreclion. 3 ^ 38 Periosteal 
transection does not require Implants; therefore the likeli¬ 
hood of Infection and excessive fibrosis is reduced. Implant 
failure Is not a consideration, and a second surgery for 
Implant removal is not required. The procedure does not 
require specialized equipment and Is technically easy to per¬ 
form. In one series of foals, correction of the deformity 
occurred in 22 of IS limbs treated with periosteal transec¬ 
tion. 33 In a second series of 23 foals, 33% had straight 
Limbs and ivere sound for their intended use at long-term 
follow-up. 35 The success rate w r as not affected by the origin 
of the deformity, degree of deviation, or presence of mild to 
moderate morphologic changes in the involved bones. 3& 
Indications include ml id to moderate deformities present 
during the rapid, reliable growlh at the involved physis. 
The periosteum will reestablish Itself, so the surgical effect 
is short-lived, and if correction is not adequate within 4 lo 
6 weeks, additional therapy is indicated. 


SPIDER LAM8 SYNDROME (OVINE 
HEREDITAR Y CHONDRODYSPLASIA) 

NANCtf LIST 

By the mid-1980s, multiple reports from all areas of the 
United States were documenting the occurrence of Suffolk 
Lambs with skeletal abnormalities, commonly called ''spi¬ 
ders, " '‘spider lambs,' 1 "corkscrew lambs. J ' ''monkey Lambs." 
■'crooked lambs/ and "bent Lambs" by producers. Simulta¬ 
neously in several university-owned Suffolk sheep flocks, 
lambs were born affected with the spider syndrome, and 
research began to describe and characterize the syndrome 39 

Dejiniiion and fctfoloey. Spider Lamb syndrome Is char¬ 
acterized by generalized chondrodysplasia and Is apparently 
a semi lethal autosomal recessive trait. Variable expressivity 
of the trait may occur in the homozygous anlmaL ia - JJ It 
has been seen in Suffolk. Suffolk crossbred, and 1 lampshire 
sheep (Hampshire sheep often have some Suffolk breed¬ 
ing). At this lime, no chondrodysplastic lambs from, any 
white-face breeds of sheep have been reported. 

Cbmcflf SfgPis. Lambs affected with spider lamb syn¬ 
drome are characterized by overall appendicular and axial 
deformities. Including one or more of the following 
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conditions 404 ^ kvpbosls. scoliosis, concavity of the ster¬ 
num, iateroventrai deviation of the maxima (crooked nose 
and Roman nose), and angular limb deformities. The limb 
deformities usually inrlude a "knock-kneed" appearance at 
the carpus (carpus valgus) and lateral deviation with rota¬ 
tion of the metacarpus or metatarsus (Fig. 38-L2). In addi¬ 
tion, these lambs snow extreme height, fineness of bone, 
poor muscling, and failure to thrive (Fig, 38-i3). 

The number and severity of the deformities seen in 
individual lambs vary widely. Spider lamb syndrome can 
occur in two types of lambs: those that are obviously 
abnormal at birth and, more often, those thaL develop 
abnormal Hies at 3 to S weeks of age. Lambs that are 



FIG. 3fl-l I Rnrtsrinn nnd ik'vi.iiiun oC finnl lejp. (carpus v.lI^uxJ chniJic- 
Lerutk ol ipitLrr Linih xyndrailie m .1 Lfr-wtrcii-D'kl Stilk J.unh. 
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Ik'i^JiL ruirruwciKd, kyplioxix. nod facia] ddctmu ly <>l .iJCn. el'J Limb 


abnormal at birth may have kyphosis, scoliosis, facial 
deformities, deformed sternum, and angular limb defor¬ 
mities. 40 Lesions may be present as early as day i 00 of ges- 
satlon but are not detectable by radiographic or ultrasound 
examination ^ The lambs may be slLllborn or die within a 
few days of birth because of their Inability- to stand or 
nurse. If these iambs are maintained by good nursing care, 
they fail to sain weight normally and usually die of sec¬ 
ondary problems (e.g., scours, pneumonia) by 4 weeks of 
age. In Lambs that are apparently normal at birth hut 
develop angular limb deformities at 3 to 8 weeks of age, 
one to four limbs may be affected; and close examination 
may show curvature of the spine and concavity of the ster¬ 
num. Often these lambs are unusually tall, Jong necked, 
fine boned, and poorly muscled. The growth rate of these 
"spider lambs'" decreases after 4 to 8 tveeks of age. and 
(be various deformities become more marked until the 
lambs can no Longer walk; chronic bacterial pneumonia 
and pathologic fractures are common. 

Attempts to maintain spider lambs for research are rarely 
successful beyond 6 months to I year of age. In Illinois an 
affected ram lamb was able lo breed seven ewes before he 
died, but In California, two affected ram lambs failed suc¬ 
cessive semen evaluations from 7 to 12 months of age and 
were euthanized because of their poor condition. 

Difigirtista Currently, spider lamb syndrome is diag¬ 
nosed on the basts of appearance, radiographic changes, 
and pathology (gross and microscopic). Radiographic 
changes are diagnostic, although serial radiographs may 
be necessary in some cases. There are widened, irregular 
growth plates with retained islands of cartilage in the 
olecranon, sternum, shoulder, long hones, and spine 
(Fig. 38-J4}. The most constant radiographic lesion is In 
the olecranon, which exhibits multiple islands of ossifica¬ 
tion instead of the uniform, non mineralized cartilage 



FIG. 58-14 I J..niT.il rndioj^jpib ciT front Lr^ uJ h Limb with iphler xyni- 
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nr.'.i tlif i iJi.-'. i .lriv'n jnd dishd hum crus. 






CHAPTER 50 Diseases of the Bones, Joints, and Connective Tissues 



119? 


surrounded by dense bone in a normal lamb. |IJ ' J ! The 
olecranon should be radiographed lateral so medial with 
the elbow Hexed. The changes in the olecranon usually 
begin by I to 3 weeks of age and are progressive. Lambs 
that are stillborn or die In the first w r eek of life may not 
exhibit radiographic abnormalities 1st growth plates asso¬ 
ciated with spider syndrome. 

Chromosomal evaluation, hematology, and standard 
serum chemistry, as well as morphologic and biochemical 
evaluations of growth plate, have not been abnormal in spi¬ 
der I a mbs . 42 - 11 Ci rcu la t In g levels of insu I ln-1 Ike growth factor 
type I (IC.P-1) and Us associated hepatic messenger ribonu¬ 
cleic acid (mRNA) aie Increased tn very young s pider iambs. 
The proliferative zone of the growth plate Is a ma|or target 
of IGF-1. 45 

Differential diagnosis includes other diseases that result In 
congenital defects (scoliosis, kyphosis, and arthrogryposis, 
often associated with hydranencephaly), including Cache Val¬ 
ley virus, bluelongue virus, lupine ingestion., and the bent leg 
syndrome.* 0 - 41 The bent leg syndrome Is believed to be a die¬ 
tary problem in young lambs suckling ewes on unimproved 
pasture; chondrodysplasia of the elbow Is not present. 

II Epldemiotogy. Limited breeding trials, pedigree analy¬ 
sis of breeding stock producing spiders," and the wide 
geographic distribution of spider lambs Indicates that 
the spider syndrome is an inherited defect and is proba¬ 
bly an autosomal recessive gene. 41 4J Some workers 
believe that the selection for very tall sheep within the 
Suffolk breed resulted in selection for the recessive trail. 
Affected lambs are double recessive (ss), and both the 
parents must be carriers (heterozygotes Ss) to produce a 
spider lamb (Fig. 3S-15). Carrier sheep appear to be fairly 
common within the seed stock of the Suffolk breed and 
presently can be Identified only when they produce a spi¬ 
der lamb. The appearance of a clinically affected lamb 
may lag years behind the Introduction of carrier breeding 
stock, especially if a carrier ram is crossed Into a ewe flock 
free of the trait/lt is Important that the diagnosis of a spider 
lamb is made correctly and with care, particularly in lambs 
dial die before 3 weeks of age, because the condition may 
be confused with other congenital defects causing scoliosis, 
kyphosis. and arthrogryposis. Not all lambs suspected as 
being spider lambs can be confirmed as such. 

II Necropsy faWbi^s. Gross postmortem examination 
findings are similar to radiographic changes (generalized 
chondrodysplasia). Joint cartilage may show erosion, and 
excess cartilage is evident in thickened, Irregular growth 
plates and in the oiecranon. Retained cartilage cores are 
apparent on the metaphyseal side of affected growth plates. 


Carrier x normal 



Gamer x carrier 
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Dysplastic growth plates of spider lamb syndrome are char¬ 
acterized by thickened, proliferative, and hypertrophic 
zones and a failure lo form organized columns. 1 llstologl- 
callvi chondrocytes exhibl! a chaotic pattern of ossification, 
with chondrocyte proliferation Jn areas of maturation and 
Loss of normal pattern and direction. 40 44 


II J*r£TCfrtm?i and (Jynirof. Carrier rams should be 
destroyed, but carrier ewes can be used to produce market 
lambs or to progeny-test rams for the spider trait. Ram 
lambs produced from carrier ewes must not be used for 
crossbreeding on commercial ewes of any breed, except 
for terminal cross-market lambs, because crossbred Suf¬ 
folk lambs can carry the trait into the commercial sheep 
Industry. A ram can be progeny-tested by breeding lo 
ewes that have produced spider iambs or by breeding to 
Its own daughters. If a rant produces 16 normal offspring 
from matings with known carrier ewes or 32 normal off¬ 
spring from mating with his own daughters, the probabil¬ 
ity that he Is a carrier is less than 1 in 100. 'i bis procedure 
Is cosily to the breeder, and the temptation lo retain a 
ram without an adequate number of lest progeny is great. 
Rams that have enough normal progeny to reduce the 
probability of being a carrier so less than 5 in 100 have 
produced spider lambs from the next test breedings 
needed to complete the progeny test." Within the pure¬ 
bred industry, breeding stock Is classified as "while" (no 
known spider progeny), "gray" (sire or dam or sibling 
has produced a spider Lamb, but this individual has 
not), or carrier or black 1 ' 1 (individual has produced a spi¬ 
der lamb). Inaccuracies in sheep pedigrees make predic¬ 
tion of the genetic makeup of any individual risky, and 
classification without proper testing may be potential 
grounds for Legal action. If parentage of a spider Lamb Is 
In question, blood-typing of the sire, dam, and 
offspring may be helpful.** 


SEPTIC (INFECTIOUS) ARTHRITIS 
AND OSTE OMYELITIS 

fOANNM JJ.-&RJW 

incidence and Risk Fac&m. Septic arthritis can result 
from extension of a periarticular wound Infection, traumatic 
Inoculation, iatrogenic inoculation, or hematogenous inocu¬ 
lation. The hematogenous route Is the most common avenue 
of inoculation of organisms in a joint In foals, and bacter¬ 
emia and septicemia are the most Important risk factors for 
septic arthritis In foals. In one study, septicemia was the 
most common cause of death (30%)"In Foals under 7 days 
of age; septic arthritis was Identified as the cause of death 
In 12.5% of foals age & to 31 days. 46 In adults, articular 
wounds are reported to be the most common cause of |olnl 
Infection, followed closely by Iatrogenic Intraarlicular in lec¬ 
tion; postsurgical infection and idiopathic (unidentified 
cause) are also reported in association with septic arthritis 
In adult horses. 4r 4S Although uncommon, hematogenous 
spread from a distant focus Is possible in adult horses. 

Establishment of infection depends on several factors, 
including size of inoculum, host defense, virulence of the 
organisms, and local joint factors. In foals, host defense is 


■Bob Rutherford: Personnl communication, 198ft. 
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mainly associated with passEvely acquired immunity. Failure 
of'transfer of passive fwiimwiJy (FlTl) is the greatest risk factor 
for development of septicemia in foals.* 3 3 fie incidence 
of disease resulting from FTPI has been reported to be as 
high as 78%. Organism virulence Is related to the ability 
to establish infection. Attachment factors, ability to resist 
phagocytosis, and resistance to cell killing all contribute to 
the establishment of Infection. Local joint factors that may 
predispose to establishment or maintenance of infection 
include low blood flow, particularly In end-loop capillaries., 
and poor blood supply, more prominent In bone. In adults, 
certain Inlraarticular medications (e.g., corticosteroids, hy- 
aluronate, polysulfated GAGs) have been associated with a 
higher risk for septic arthritis, potentially by decreasing 
articular defense. 5 ^ 51 

In calves, septic arthritis Is associated with 1-TPl and sep¬ 
ticemia and with feeding of maslltk milk f.ViycopJiiJJHdiJ. In 
older cattle, direct spread from a perl synovitis Is the most 
common cause, and the distal Interphalangeal |olnl Is most 
often Involved. 

II FaChcigFPifsfs, Articular blood supply is provided through 
a main arteriole that branches to the synovial membrane and 
epiphysis. Blood supply to the melaphysls Is provided by the 
nutrient artery, but in young foals, transphyseal vessels exists 
that connect the metaphyseal and epiphyseal blood supply. 53 
Experimental intravenous (TV) ln|ecllon of bacteria results 
in rapid inoculation of articular and periarticular capillaries. 
Five types of hematogenous articular infection have been 
described: iypeS (synovial), where a septic arthritis results from 
inoculation of the synovial membrane: type E (epiphysis), 
where subchondral bone infection is present (Fig. 38-16); 



FiG. 38- li I 1-Lnlii!^:,j|iti □( n Joat wi4h Lypt L w/pcLi- nrlhritli- 
mvuLvciTtfciL ul chi' iliirl.ii I'l' mr. lI t-pipti-ysis ^irmfU'J 
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type P (phy^Ls). where Infection of the physts occurs on the 
metaphyseal side of the growth plate (Pig. 38-17); iyptf I, 
obsewed In premature foals, with infection of (he small tarsal 
or carpal bones (Pig. 38-18); and type l. where joint invasion 
occurs after a periarticular soft tissue abscess (Fig. 38-19). 1,3 
In young foals, functional transphyseal vessels allow commu¬ 
nication of the metaphysls and epiphysis, such that bacteria 
localize preferentially In "the synovial membrane and subchon¬ 
dral bone. Thus, young foals predominantly have Infectious 
arthritis types S and E. Closure of transphyseal vessels occurs 
after about 7 to 10 days of age, such that localization of Infec¬ 
tion to ihe metaphyseal vessel loops occurs In older foals . 52 
Although bone Inoculation can occur simultaneously with 
synovial Inoculation in young foals, determination of hone 
involvement can be delayed untU radiographs Identify- the 
lesions. In foals the hock, carpus, and stifle are frequently 
involved In hematogenous joint infection, but i( is Important 
to remember that any joints. Including those of the vertebral 
column, can be affected. In young foals, AcUnriwallus eqmtli, 
SdimarEgUri species, Escherre Jil t coli, and other Enleiobacterla- 
ceae are often Involved; In older foals, Streptococcus species 
and ff/zortocruj equi are common Isolates. In foals with type 
P (physeal) involvement. Salmonella and Rhodococcus species 
are typically Involved. 

In adults, Inoculation of the |oinl from an articular 
wound is the most common cause of joint sepsis. The 
establishment of Infection will depend on size of the 
inocuium, pathogenicity of the bacteria, and duration 
before treatment. In one study. 53% of horses examined 
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within 24 hours of an open joint wound developed septic 
arthritis, versus 32% of horses examined within 2 to 7 dap 
of injury and LG0% of horses examined after 7 days- t 
Joints of (he lower limb (fetlock, coffin |oint) are often 
involved In open joint Injuries because of the poor tissue 
coverage in those areas. 46 - 55 Organisms frequently 


encountered in open joint wounds Include Einterobacieria- 
ceae, streptococci, and staphylococci 4B - s5 These injuries 
are also likely to have multiple bacterial infections. 
Wounds near the hoof are more likely to have anaerobic 
infection, and Ckulrirfium is the most common isolate. 
Fungal organisms are a rare cause of septic arthritis in 
horses but should be considered if Isolated In pure culture 
more than once. 56 

iatrogenic joint in lection Ls the second most common 
cause of septic arthritis In adults, followed by postoperative 
infection The tarsus ts the Joint most often involved in 
septic arthritis after |oint inject Ion, whereas the carpus is 
the most common joint Involved after surgery. 47 -Staphy¬ 
lococci, particularly Siupfryfcoems aureus, are the most com¬ 
mon organism isolated after Iatrogenic |oinl in lections or 
surgery. When S. aureus is Isolated from a joint infection, 
care should be taken to Identify further the possibility of 
methicillin resistance. 57 56 The risk of septic arthritis after 
arthroscopic surgery is low, & of 627 joints (1.3%) in one 
study . 1st> Interestingly In these horses, clinical signs did not 
develop until several days after discharge. 

In adult cattle, common pathogens Involved in septic 
arthritis include Mycoplasma kii^tmkri'zzmj, 
mycoideS' Brucella species, and Aminoh®3eriimi (Actinomyces) 
pyogenes, which is most often Involved. 615 In sheep, goats, 
and calves. Chlamydia psictacf polyarthritis can occur as an 
endemic or epidemic disease and may be accompanied by 
keratoconjunctivitis. 61 - 62 In lambs, fryiipeipt/irfx rfutjf-c- 
pathiae Is also a cause of polyarthrills, gaining systemic 
entrance through the slump of docked tails or castration 
site. Improving hygiene during these procedures helps pre¬ 
vent the disease. 6 3 


Dkivnosfs. Septic arthritis, osteomyelitis, or physills 
should be ruled out in any lame foal. Foals with septicemia 
are at high risk of developing septic arthritis, which gener¬ 
ally is noted clinically hours to days after the Initial signs 
of septicemia. Although owners often complain of external 
trauma, septic arthritis Is the most common cause of lame¬ 
ness in foals. In young foals with types 5 and E arthritis. 
Inoculation of the synovia I membrane is the first event, 
which the astute clinician can identify as periarticular 
edema. Joint effusion rapidly follows. Involvement of mul¬ 
tiple ioints is common, and Identification of all affected 
joints is essential for successful management Because effu¬ 
sion of the shoulder, elbow, or hip joints is more difficult 
to deled by palpation, arthrocentesis of these joints should 
be performed in foals wilh an unidentified lameness. In the 
stifle, femoropateliar |olnl Involvement results in marked 
effusion; however, femorotiblal joint effusion is usually 
more difficult to d I scent. Because of the usual communica¬ 
tion between the femoropateliar and the medial femoro- 
Liblal joint, both are usually Involved concurrently. Lateral 
femorollbial infection is more subtle to Identify and can 
occur separately. DlsLentlon of the long extensor pouch is 
often present in lateral femorollbial infection and suggests 
Involvement of (hat joint. In foals older than 7 days, phy- 
seal Infection may be observed. With physeal infection, 
presence of concurrent synovial effusion depends on the 
InEraarticular or extraarticular localtEJlion of the growth 
plate. For example, distal metacarpal physeal Infection 
results in perlphyseal edema, initially without join! effu¬ 
sion. The infection can break through"the skin, rather than 
invoking the join! in foals with septic arthritis, the CBC 
is consistent With an Inflammatory response and includes 
a neutrophilic leukocytosis and hyperflbrinogenemia. 

Adult horses usually show minimal changes on the CBC 
and tittle change in systemic signs; therefore the development 
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TABLE 38-1 

Characteristics of Synovial Fluid According to Condition In Large Animal 


Characteristic 

No mi aI 

Septic 

IJegeneralive 
loint Disease 

hi fin mm a lory* 

Color 

Clear 

YeJJaw/green, 

serosxn&umecms 

Yellow 

Yellow to Iridescent 

Clarity 

Transparent 

Turbid 

Transparent 

Translucent 

Fluid volume 

Low 

Increased 1- 

[jow 

Increased 

Viscosity 

nigh 

Low 

Variable 

l.ow (usually) 

WECs/mL 

<500 

>30-000 

<5000 

2000-10,000 

PMNi (f-ii) 

<25 

>75 

25 

>75 

total protein (g/dL.) 

<1 

>2.5 

<1 

>1 

Glucose 

Equal Lo blood 

<25 mg/dl. 

Lqu.il to blood 

25 Lo 50 mg/'dL lower 
than blood 

Gram or other main 

Na bacteria seen 

BacLeria may be seen 

No bacteria seen 

No bacteria seen 


Wif-dj. White Mood lcHjc t WJV 1 -. paly mucphonudL-jr ieuktoryte ncucm-plulv 
■M.iy nii'luiI', kvui .grille niupus in whir Jb baictenn .uv noL round. 

'LIn3ti j- thirre l 1 , j.ii open juird injury, m which fluid itmy be diJImilc tcHj nbUin. 


or Increasing lameness after a wound, joint Inlection, or sur¬ 
gery Indicates the need for further examination. Because of 
their potent antiinflammatory properties, corticosteroids 
may delay the onset of din lea] signs of septic arthritis after 
joint injection. En one study of experimentally Induced septic 
arthritis, changes In synovial fluid were present before the 
onset of clinical -signs, and clinical signs of lameness were 
delayed for 3 days In these horses. 63 

Artbrocent.esIs is the mainstay of diagnosis of septic 
arthritis. 63 Table 3S-J lists the characteristics of synovial 
fluid according to conditions In Jaree animals. A high pro¬ 
tein concentration (>2.5g/dL) and high white blood cell 
[WBC, Leukocyte) count are observed. Classic counts diag¬ 
nostic for septic arthritis In foals exceed 30,000 cells/pL 
with greater than 90% neutrophils: however, celi counts 
greater than 10,000/pL may indicate early infection. Neulro- 
phils are not always degenerate. Gram stain is a useful diag¬ 
nostic tool because it may identify die etiologlc agent in up 
to 25% of cases in which culture results are negative. 64 In 
foals with a separate physeal infection, where the phvsis Is 
estraarticular. sympathetic joint inflammation and effusion 
can occur. 63 This manifests as a moderate increase in WBC 
count, w r lth Less than 90% neutrophils. The presence of such 
cytologic findings should alert the clinician and practitioner 
to the’presence of physeal sepsis. 

In adult horses with a wound localized near a synovial 
structure, i! Is crucial to Identify as early as possible 
whether there is synovial Involvement. The most convinc¬ 
ing evidence Is demonstration of synovia] communication 
with a w r ound by Lnjecting a sterile solution in the synovial 
structure and observing fluid exiting from the w r ound. For 
this purpose,, a site remote from the wound and covered 
with normal skin should be prepared aseptlcally, and 
depending on the structure involved, 20 to 200 mL of a 
sterile solution (e.g., saline, balanced electrolyte) is 
injected, after collection of synovial fluid samples using 
aseptic technique. 66 If synovial involvement is detected, 
therapy Is immediately Instituted. 

Radiographs of all affected joints are essential. The pres¬ 
ence of osteomyelitis may affect prognosis and dictate pro¬ 
longed antibiotic therapy. Radiographs should he repeated 
weekly until resolution of clinical signs, or any time there 
is deterioration in the clinical condition. Radiographs are 
also Indicated whenever a change in therapy is planned 
{e.g. r from JV to oral antibiotics) 

Mud ear scintigraphy has been used to diagnose Infectious 
foci in odd localizations in foals. For example, vertebral and 


atlantoocclpital Involvements haw been diagnosed using 
this imaging modality. It must be remembered that local 
bone Infarcts, which are often present in osteomyelitis, will 
result in Areas of decreased rather than Increased uptake 
Scintigraphy using technetium-99 m n3 Tc)-labeled WBCs 
or ciprofloxacin labels has potential uses In foals with multi¬ 
ple-] Lmh Involvement and warrants further Investigation as 
an Imaging modality for septic arthritis. 67 Newer imaging 
capabilities (e.g., MR], CT) may evolve as diagnostic modal¬ 
ities in septic arthritis (Fig. 38-20). 

Identification of the organism should be attempted in all 
cases of septic arthritis. Gram stains, culture of synovial 
fluid In blood culture bottles, and culture of synovial biop¬ 
sies have been suggested to Increase the likelihood of iden¬ 
tification of the organism. In general, the positive culture 
rate from svnovial fluid samples is approximately 50%, 
and synovial biopsy culture has a low yield to increase this 
figure. 64. Appropriate culture techniques should be used for 
organisms such as CMimydiVj or toycQpiusrrm species, and 
special stains may be required. In foals, because bacteremia 
or septicemia precedes the local signs, blood cultures 
should be obtained, in addition, any other local sites of 
infection should be cultured, in cases of septic physltls, nee¬ 
dle aspiration of the affected site under radiographic or 
fluoroscopic guidance can be performed. En the future, 
other techniques for early Identification of synovial sepsis 
may become available.^ 



FIG* 3B-1D , C VmiijmiLl'i. 1 Lumo^npliy sc;.in nf,.i JuaE mLh sepLic .uLliritw uJ 
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II Treatment Septic anJirLtis is an emergency. Immediate 
assessment fallowed by institution of treatment should be 
done as soon as possible after problem identification. Treat¬ 
ment of septic arthritis Includes systemic broad-spectrum 
antibiotics, local |olnt lavage and debridement, and local 
antibiotics. Systemic antibiotics are best administered Intra¬ 
venously to ensure adequate tissue concentrations. Most 
often the combination of a fi-lactam and an aminoglycoside 
or fluoroquinolone is used In adults; a fklactam and amino¬ 
glycoside combination Is most often used in foals because 
fluoroquinolones may have detrimental effects on articular 
cartilage In young animals. In open joint in|urles, particu¬ 
larly If an anaerobic organism Is suspected, metronidazole 
may be added to the antibiotic regimen. Gram-positive 
organisms can be isolated from blood cultures In up to 
33% of foals with sepsis, so gram-positive coverage is also 
important.* 9 In foals with physeal Involvement, Gram stain 
and culture of a physeal aspirate are helpful to identify- the 
causative agent. The most common organisms isolated from 
septic physllls are Srifincnetfd species and fiJiftfoeoccus erfui. 
If W. equi is identified, appropriate therapvwlth erythromy¬ 
cin, azithromycin, or clarithromycin ami rifampin should 
be Instituted, keeping in mind that resistance to rifampin 
and erythromycin has been reported: therefore, obtaining 
susceptibility patterns may be warranted.™ In gene rat, 
(be presence of osteomyelitis may warrant an antibiotic 
combination that reaches effective bone levels; rifampin 
with another antibiotic is often used. Rifampin should 
not be used as the sole antimicrobial because resistance 
is acquired rapidly with this antibiotic. Other antibiotics 
that reach effective bone concentrations include tetracyclines, 
chloramphenicol, fluoroquinolones, and cephalosporins. If 
cephalosporins are chosen, third-generation agents [e.g, cef- 
tlofur, cefotaxime, ceftriaxone, ceftazidime) are preferred 
because they are more effective against gram-negative bacte¬ 
ria. In foals, fluoroquinolones should be reserved for organ¬ 
isms that are only susceptible to this class of drugs because 
evidence shows cartilage lesions developing In immature 
animals with their use. 71 - 72 

Local lavage of the joint or synovial structure Is an 
important component of therapy; removal of debris, fibrin, 
and Inflammatory mediators helps minimize damage and 
eliminate the organism. In foals, joint lavage can be per¬ 
formed under heavy- sedation or short-term general anesthe¬ 
sia. In adults, sedation and a regional block can be used or 
short-term general anesthesia, joint lavage can be per¬ 
formed using tbrough-and-tbrough needle technique: use 
of a pressure bag or a pump will facilitate efficient lavage 
of several Liters of fluids through the joint. This technique 
mav be sufficient In |oints where the diagnosis was made 
early, where the Infection is not severe, and in simple joints 
(fetlock, carpus). If there Is poor response to treatment after 
one or lw r o sequential joint lavages, arthrolomies should be 
performed without hesitation. Often, fibrin accumulation 
in the affected |oint precludes effective lavage and allows 
sequestration of bacteria. Once arthrolomies have been per¬ 
formed, the affected Joint wHI need to be covered with a 
sterile bandage. During subsequent lavages, a teat cannula 
inserted In (he artbrotomles may be used to lavage the |oint. 
Ihe arthrolomies are left to heal by second Intention; (he 
joint will need to remain bandaged until the arlhrotomLes 
are closed. Occasionally, delayed closure of the artbro- 
lomles Is necessary, particularly in artbrotomles Localized 
over high-motion joints. In joints with multiple compart¬ 
ments (stifle, hock), in severe infection or osteomyelitis, In 
cases of Longer duration, or in animals with poor response 
to joint lavage, arthroscopic debridement is indicated. 73 
Arthroscopy has several advantages over simple needle 
lavage. It allows thorough debridement, removal of fibrin, 


and Lavage of all compartments, as well as evaluation and 
debridement of cartilage and underlying bone lesions. In 
addition, arthroscopy may have prognostic value when 
radiographLc lesions are equivocal. The arlhroscopLc portals 
can be feft open for drainage and subsequent lavage but 
must be kept under a sterile bandage. 

Intraarllcular antibiotics are advocated for the manage¬ 
ment of septic arthritis. Delivery of local antibiotics to the 
affected joint can be achieved by In!raarticular Injection, 
regional IV or intraosseous (IG) perfusion, continuous antL- 
blotic delivery, or implantation of antibiotic-impregnated, 
blocompatible materials. Aminoglycosides (gentamicin, 
amikacin) and ceftiofur have been shown to maintain levels 
above the minimum inhibitory concentration (MIC) for 24 
hours after a single InCraarticular in lection. 74 - 75 Other tblrd- 
geneiatlon cephalosporins are also routinely used in the 
treatment of joint sepsis, at least until the susceptibility pat¬ 
terns are obtained. Antibiotic-impregnated polymethyl¬ 
methacrylate (PMMA) beads can also be used, although 
direct implantation into a joint can result in cartilage dam- 
age. 76 - 7b PMMA Implants are fabricated by mixing the 
desired antibiotic with the powder before adding the poly- 
merlzer. Antibiotics evaluated for inclusion In PMMA 
Include gentamicin, metronidazole, vancomycin, ceftiofur, 
cefazolin, and amikacin.Tetracyclines do not elute 
from PMMA and should not be used. .Antibiotic combina¬ 
tions have also been used; metronidazole and gentamicin 
elute well from PMMA, but the combination of cefazolin 
and gentamicin is not recommended.* 5 - 36 The implant is 
then molded into beads and strung on nonabsorbable 
suture material.The Implant is placed Into the affected |olnl 
or bone, and elution usually persists for approximately 7 
days, with peak levels In the first 24 to 43 hours depending 
on the antibiotic used; the Implant is then removed and 
may be replaced. Antibiotic-Impregnated Implants, such as 
gentamicin-impregnated collagen sponges," nave been eval¬ 
uated experimentally and are commercially available in Eur- 
ope.* 3 -^ Garamycin sponges consist of highly purified 
cattle collagen: the gentamicin molecules are embedded 
within the pores of the collagen. Mo stabilizing agents or 
foreign substances are added. A 50 x 50-mm sponge con¬ 
tains 32.5 mg of gentamicLn base and 70 mg of collagen. 
The main advantage of these Implants Is that a separate pro¬ 
cedure for their removal is not needed. 

Regional intravenous perfusion (RIP) or Intraosseous per¬ 
fusion (ROP) are also advocated for the treatment of septic 
aithtills complicated with osteomyelitis. 51 -^ 'Hie techniques 
are performed by first placing a tourniquet around the limb 
proximal to the location of the joint and/or bone Involved. 
Regional perfusion cannot be performed for |olnts above 
the carpal/tarsal region because of the In ability to place 
a tourniquet in those Locations. After tourniquet placement, 
a regional vein is calhelerized using a 23-gauge butterfly cath¬ 
eter for RIP; an lO screw Is inserted for ROP. + The antibiotic 
Is subsequently Injected and the tourniquet left Ln place for 
30 to 45 minutes. Antibiotics, particularly aminoglycosides 
and enrofloxaeln, should be diluted Ln 20 to 40 mL of saline 
to avoid phlebitis at the Injection site. 

Continuous infusion of antibiotics can also be accom¬ 
plished by placing a small catheter Into the joint and attach¬ 
ing it to an Infusion system- [pump syringe, balloon 
InFuser). 53 In foals It is difficult to maintain these catheters 


'Garamydn Sponge, Essex Chernie AC, Luzern, Switzerland. 
r Self-tapping infusion bone screw, toencuiy Orthopedics, Chesterfield, 
Ml. 

^LaslomerLc pump. Syringe pump, Mila international, Florence. KY, 
www.mLliinLeom 
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in place, and considering the concentration of antibiotics 
achieved after Intermittent inlraarticular injection or regional 
perfusion, the aggravation of trying to make the system work 
is probably not warranted.. 

With extensive physeal lesions In foals, curettage, autolo¬ 
gous bone grafting, and external coaptation may be 
required. 94 - 95 The addition of trlcalclum phosphate granules 
or bioresorbable paste may be considered. 96 Angular limb 
deformities may result from growth disturbances or collapse 
of thephysis on the affected side. In adults with septic arthri¬ 
tis a nd osteomyel Ills, cu retlage of the bone lesion fo I lowed by 
bone grafting and external coaptation may also be indi¬ 
cated.*' Adjunctive therapies that may help alleviate inflam¬ 
mation include sodium byaluronale, polysulfated GAGs, 
and dimethyl sulfoxide (DMSG). Sodium hyaluronate and 
polysulfated GAGs can be used systemically or locally, but 
local use should be reserved for when infection Is under con¬ 
trol because these agents decrease joint defense mechan¬ 
isms. 5 1 ' 9S Although DMSO has significant antiinflammatory 
properties in ]oinls r it should be used with caution because 
of Its negative effects on cartilage metabolism." 

In addition to specific therapies, management of pain, 
stress, and other metabolic disturbances are Indicated. Pain 
can be managed by judicious use of MSAIDs, using the smal¬ 
lest dose that will keep the animal comfortable. If a foal 
continues to show severe pain despite appropriate treatment, 
it Is Important to ensure that other joints in the limb are not 
involved. Other pain management modalities, such as 
opiates, fenlanyl patches, and epidural analgesia, can be 
attempted. It Is Important to remember that in foals, 
continued pain in one limb may result In development of a 
varus deformity in the contralateral weight-bearing limb, 
because of the tripod stance shat these foals acquire to main¬ 
tain the w r eighl-bearlng limb under the center of gravity. 
Application of a lateral extension to the contralateral foot 
may help increase the weight-bearing surface and prevent 
the development of this complication. Continued pain is a 
negative prognostic Indicator In the affected foal. In adults, 
continued pain In one limb may result In the development 
of contralateral limb lamlnitls. 1 ™ When continued pain in 
the treated limb Is a problem, preventive measures (e.g„ hoof 
support, therapeutic shoeing) should be undertaken. 

'fhe use of antiulcer agents Is Indicated in foals and adult 
horses that are in pain, stressed, and receiving high doses of 
NSAIDs, Omeprazole is currently the only medication that 
has been shown significantly to prevent formation of gastric 
ulcers and promote healing of existing ulcers in adult 
horses. Although evidence for its efficacy In preventing 
and treating NSAlD-induced ulcers Is Lacking omeprazole 
is still indicated when NSAlDs are used In stressed animals. 

In cattle, facilitated ankylosis is a reasonable alternative 
when the disease Is too advanced, and it Is a particularly 
good option for Involvement of the distal interphalangeal 
joint. Articulations of the distal limb In general are well 
suited to facilitated ankylosis. In brief, the Involved joint 
is opened and debrlded'of all debris, all infected tissue Is 
curetted and removed, and a cast is applied and maintained 
until ankylosis is achieved. 103 Alternatively, the digit maybe 
amputated, although a reduced production life should be 
expected. 3 02 


condition of the foal, number of joints Involved, Localiza¬ 
tion of loins Involvement, severity of the Infection, early ver¬ 
sus delayed Identification and institution of treatment, 
presence of osteomyelitis, and virulence of the organisms. 
In one study, 73/93 (78%) of foals survived to discharge, 
but only a thLrd reached racing performance. 103 Isolation 
of species and presence of multisystem diseases 

were negatively associated with survival and ability to race. 
In another study, 38/69 (84%) of foals survived to dis¬ 
charge, although signs were present for less than 24 hours 
in 74% of foals, only five foals had more than one joint 
involved, and only one foal had osteomyelitis . 304 This pop¬ 
ulation of foals therefore appeared less severely affected. Of 
the affected foals, only 40.5% started In one race, and of the 
affected foals that w r ere discharged, only 43.3% raced versus 
66.2% in the control (sibling) group. This study concluded 
that even if foals are successfully discharged from the hospi¬ 
tal, they are significantly Less likely to start In at Least one 
race than Lheir siblings. Furthermore, these foals took signif¬ 
icantly longer to appear on the track than their siblings. 

In adults with open joint Injuries, the prognosis can be 
favorable If the joint Is contaminated but not yet Infected, 
and If aggressive treatment is immediately started. However, 
with established Infection, the prognosis should always be 
guarded. In one study of horses with open joint Injury, 
53% of those examined within 24 hours developed septic 
arthritis, and overall survival was 65%. In horses presented 
within 2 to 7 dap of Lnjuiy, septic arthritis developed Ln 
92%, and survival w r as 38.5%; Ln horses examined more 
then 7 days after Injury, septic arthritis developed Ln all, 
and survival w r as 50%. 54 3n one study of 101 horses with 
heel bulb lacerations, those with involvement of synovial 
structures had worse outcomes then those that did not; 5 
of 17 horses with synovial involvement were euthanized. 55 
Horses with contaminated or infected synovial structures 
treated by arthroscopic debridement appeared to have a bet¬ 
ter Long-term outcome, -with 106 of 113 (90%) surviving 
and 96 (81%) returning to previous use.- 1 * 1 In a study of 
horses wnth septic tenosynovitis, 4Q of 51 horses (78%) 
were discharged, and 37 of 40 (73%) survived Long term, 
with 21 (57%) returning to Intended use. 10,1 Surgical tech¬ 
nique did not influence outcome in this study. Owners 
should be Informed of the prognosis and high cost of treat¬ 
ment of infected synovial structures. 

In cattle the prognosis for septic arthritis is generally bet¬ 
ter than Ln horses, probably because of the lack of expecta¬ 
tion for athletic use. The prognosis depends on time of 
presentation, degree of bone involvement, and degree of 
extracapsular ankylosis. In two studies the success rate was 
reported as 72% and 85%; cattle with septic tarsi had a 
worse prognosis. 305n - 10513 In another study, arthroscopic 
lavage and implantation of gentamicin-impregnated colla¬ 
gen sponges resulted Ln recovery in 12 of 14 cattle. 106 After 
arthrodesis of the distal interphalangeal joint, 35% success 
was reported . 301 For carpal arthrodesis, 87% success was 
reported if no caipai bone was removed, 72% success if 
one row of carpal bones was removed, and 35% If both car¬ 
pal rows were removed. Tarsal arthrodesis has a reported 
success rate of 87% Ln cattle. 103 


II Despite the relatively high prevalence of sep¬ 

tic arthritis or osteomyelitis in foals, few studies have exam¬ 
ined long-term outcome in affected foals. Furthermore, 
treatment is often limited by economic considerations, 
and therefore the true Long-term outcome of treatment Is 
not known. Prognosis for septic arthritis should always be 
guarded. Factors that will Influence prognosis are systemic 


MYCOPLASMA MYCOIDES 
POLYARTHRITIS OF GOATS 

NASCY OST 

II Definition mul ttiology. Mymp/drrrrd ttzycoj'des subspecies 
(ssp.) mj.«Mdes is a pathogenic mycoplasma that causes a vari¬ 
ety or cl in Lea I syndromes In goats. Although the organ Ism was 
formerly considered exotic to the United States, several large 
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herd outbreaks have been described. ia7,iaa [n most outbreaks 
the predominant clinical signs are polyarthritis and pneumo¬ 
nia In goat kids, occurring concurrently with mastitis In does. 
Abortions also may occur in pregnant does. Overwhelming 
generalized infection can occur in kids or adults,, resulting 
In death. 

II CNnaVflf Signs and Differential Diagrwies. Affected kids 
are from a few days of age to weaning age and have multiple 
warm swollen joints,- elevated body temperatures of 40.3° C to 
41.5° C (105.4° F to 10S.7* F), pneumonia, and weight Loss. 
They may have conjunctivitis. Many kids are unable to arise 
or reluctant to move. The acute febrile phase lasts 1 to 3 days, 
after which polyartbrllLc kids will be bright and alert and con¬ 
tinue to eat. In addition, a few very young kids may exhibit 
cenLral nervous system (CN5) signs (opisthotonos) or sudden 
death. Failure to respond to conventional antibiotic treatment 
or rapid relapse after treatment also characterizes outbreaks. 
Acute mastitis caused by M. mycoides ssp. mycoides is character¬ 
ized initially as an agalactia with a firm, hot gland(s); the milk 
is brownish and walerv with sandy clots. The affected doe is 
febrile, depressed, and anorexic; has dianhea; may abort; 
and may have swollen joints or pneumonia. Some does 
develop a toxic shock-1 Ike syndrome and die rapidly, whereas 
others make an apparent clinical recovery with variable 
a mounts of udder fibrosis and atrophy remaining. The milk 
becomes normal in appearance, but Intermittent chronic 
shedding of AT my conies ssp. myandes may occur. 

Differential diagnosis Ln kids Includes septic arthritis caused 
by bacteria, chlamydial polyarthritis, or white muscle disease, 
whereas In adult does the mastitis must be differentiated from 
that caused by Mpooptasma patfre/dicrefli and other bacteria. 
Other Myopiasmn species, particularly AT putrefaciens, occa¬ 
sionally cause polyarthritis Ln goat kids. 

II Clinical Pallwfog}' and in kora to it Ards. Most affected 
kids have an Increased WBC count [>13,0(30 WBCs/mm 3 
with neutrophilia >7200 cells/mm 3 , monocytosis >530 
cdls/mm 3 ) and plasma fibrinogen (>400 mg/dL). Peraeu- 
tely affected kids and does have a CBC typical of toxic 
shock, with neutropenia and a degenerative left shift. The 
joint fluid Is Increased Ln volume and contains laige fibrin 
clots with increased numbers of neutrophils and lympho¬ 
cytes. The organism is usually cultured on mycoplasma 
media from the most applicable affected site [joint fluid, 
milk, tracheal wash). 

II Pii/fiypiij’sfofttgy. AT mycoides ssp. mycoides Infection 
leads to mycoplasmemia and multiple organ involvement 
of varying degrees, with pyrexia, fibrinopurulenl polyarthri¬ 
tis, pneumonia, pleuritls, pericarditis, peritonitis, mastitis, 
abortion, and encephalitis the most common clinical 
expressions of Infection. Recovery Is accompanied by the 
conversion to carrier status in many animals with intermit¬ 
tent shedding of M. mycoides ssp. myrurifo In milk and Ln 
ocular and nasal secretions. Pathogenic my coplasm as are 
thought to produce toxins, but little is known of the patho¬ 
genesis of mycoplasmal diseases. 

II M. napeordfis ssp. myctJivio Is usually a 

milk-borne infection that enters herds through Lnapparent 
carriers (usually adult milking does). The organism is an 
obligate intracellular parasite and survives poorly in the 
environment. It Is easily transmitted to other does during 
normal milking operations and to young stock by ingestion. 
One milliliter of infected milk contains enough organisms 
(10^) to cause polyarthritis In kids. 109 In reported outbreaks 


the morbidity is high (60% to 90%), and the mortality is 
15% to 91%. The morbidity and mortality are highest Ln 
young animals. Transmission by contact occurs in conjunc¬ 
tion with high-denslly stocking rales. Environmental and 
other stressors (transport, kidding, kid processing changes 
Ln herd grouping) induce shedding in chronic carrier ani¬ 
mals and may facilitate herd outbreaks. 'I’he goat ear mite 
genus Psaroptes) may play a role In maintaining a reservoir 
or M. tJiyau'ito ssp. myeflides. 110 .Numerous Isolations have 
been made from the external ear canals of clinically normal 
goats infected with miles. 

II Necropsy Findings. Gross necropsy findings may include 
flbri no purulent polyarthritis, with erosions of articular 
surfaces, fibrinous pleuritls, fibrinous pericarditis, pneumo¬ 
nia, mastULs, peritonitis, and conjunctivitis. Subcutaneous 
edema often extends into soft tissues above and below r the 
|olnl. In addition, meningoencephalitis may be appreciated 
on gross examination. EI i&so logically, affected tissues exhibit 
neutrophilic infiltration with perivascular infiltration of 
plasma cells and lymphocytes. 

II Trcciriucrri urrd Prognosis. I’here is no effective treatment 
for AT mycaidei ssp. tnycoides. Treatment with antibiotics may 
result in complete or transient remission followed by relapse. 
Naturally recovered animals are considered to be' carriers, 
although the number of exposed-recovered kids that remain 
carriers is not well understood. I’reatment with tylosin (10 to 
50 mg/kg three limes daily) may result Ln apparent clinical 
Improvement, but the associated risk of producing carrier 
animals weighs against treatment. Newly developed anLlhio- 
tics may make successful treatment possible Ln the future. 

II Prevent ion and Corif roL AT myajides ssp. mycoides can 
be prevented from entering goat dairies by isolating and 
performing milk cultures on new herd additions. Milk cul¬ 
tures should be performed at purchase and 2 and 4 weeks 
Later, before the doe is declared free of M. mjraidies ssp. 
rnycffj'dfej. If the doe is dry at purchase, isolation should he 
maintained until she is "cultured at kidding and 2 and 4 
weeks fresh. Elerd outbreaks are controlled by feeding cow 
colostrum, cows'" milk, or milk replacer to kids and by 
performing milk cultures on Individual does. Initially, each 
doe should have a composite milk sample cultured for 
mycoplasma. 

Does with positive cultures are culled to slaughter or 
are housed together and milked Last until they can be sold 
to slaughter. At weekly intervals after the milk tank has 
been emptied, a culture is taken after each string Is 
milked, and the identity of each doe that contributed to 
the can or tank string sample Is recorded. If a positive cul¬ 
ture occurs In a string. Individual cultures must be per¬ 
formed on that string to identify the doe[s) shedding 
AT Mj-Ttridcj ssp. ijiycokki. After 1 to 2 months of weekly 
cultures, monthly string cultures are adequate, combLnei 
with Individual cultures for all does kidding. After 6 to 
S months, monthly bulk tank samples and fresh doe sam¬ 
ples are monitored for I more year. The majority of 
Infected lactating does are identified In the first 4 weeks 
of milk culturing. Some does Infected with AT myccides 
spp. rnyccudes mav remain undetected for years even with 
Intensive surveillance, thereby Leading to sporadic dis¬ 
ease. All kids that were being fed milk on the dairy during 
the outbreak should be sold for meat Lf they are "in satis¬ 
factory condition, whereas clinically affected kids should 
be euthanized because, even with treatment, they may 
become carriers. 
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CAPRINE ARTHRITIS-ENCEPHALITIS 
VIRUS 

ItERS L. wasu&Uuh 

Definition and Lliolog} r . Caprine arthritis-encephalitis 
virus (CALV) is an RNA-enveEoped lent]virus from the 
Relrovtridae family that Infects cells of she monocyte- 
macrophage lineage, with manifestations ranging from sub- 
cllnical disease to severe encephalitis. Time from infection 
by die virus lo clinical disease may vary from months to 
years, infection with CAEV Is lifelong, so efforts to eradicate 
and control its prevalence and Incidence are paramount lo 
maintaining successful goal herds. The economic Impact 
of this disease In herds and the goat Industry involves loss 
of productivity, death, and restrictions on'the export of 
diary goats in the United Stales, 

Clinical Sign*' Clinically, only approximately 2G% of 
CALV- infected goats display signs of disease during their life¬ 
time. Recognized forms of disease include a Leukoencephalo- 
myelitls, interstitial pneumonia, chronic mastitis, and 
debilitating polysynovltIs-arthritis. LcsjifeeeHcepftjtertiyeJjIts Is 
observed primarily In kids 1 to 6 months or age, although 
cases have been reported In adults. 111 liras form of CALV 
infection is characterized by an ascending paresis leading 
to paralysis, beginning In the hindllmbs and sometimes 
involving the forellmbs. These signs may or may not be 
accompanied by a mild Interstitial pneumonia. Goat kids 
surprisingly may continue to be hright, alert, and appetent. 
The most severe manifestation of Leuko encephalomyelitis Is 
progressive paresis to paralysis to urinaiy retention and 
bloating. Chrome interstitial pneumonia with progressive 
weight loss and dyspnea Is another recognized form of CATV 
infection. Primary ruleouts for this form should Include lung 
worms, pulmonary abscessatlon. and chronic bronchopneu¬ 
monia. The mammary gland is a target organ for CAEV, 
resulting clinically in a firm udder with decreased milk pro¬ 
duction (chrome mastitis). Although quantity of milk Is 
reduced, grossly, there are no apparent abnormalities. 

The most common form of CALV infection is po/yspitfUtis- 
rrrd]riffs, which can be recognized in goats as young as 6 
months but more frequently Is observed in mature goats. 
Lameness caused by this form is intermittent and Insidious 
in onset; eventually, however, affected joints become pain¬ 
ful and enlarged. Enlargement of she joints is most often 
caused by hyperplasia of the synovial tissues and their asso¬ 
ciated sheaths, rather than Increased volume of joint fluid. 
The carpus is most frequently involved, hut the stifle, coxofe- 
moral. atlantoocclpital, and hock joints are also potential 
locations. Affected goats have a stiff, stilted gait and progress 
to walking on their carpus or recumbency. Range ol motion 
is greatly affected, which contributes to chronic contracture 
of the soft tissue. This polysyncvLtis-arthritis form of CALV 
infection can be accompanied by chronic interstitial pneu¬ 
monia and weight Loss and typically is also associated with 
some form of mammary Involvement. 11J 

Diagnosis find Cl intent Pathology* On suspicion of the 
potysynavUEs-arthritis form of CALV infection, artbrocen- 
tesis usually yields a brown to red-tinged fluid, with an 
increased cell count and decreased protein, joint fluid cell 
counts in affected |olnts are dominated by mononuclear 
cells, which differs from the bacterial synovitis usually 
observed, consisting predominantly of neutrophils. This 
redominance of mononuclear cells Is also seen In the cere - 
rospinal fluid [CSF) of goals affected with the leukoence- 
phalomyditis form. Radiographs may be a useful tool in 


the diagnosis of CALV polvsynovitis-arth rills in that early 
cases display soft tissue swelling dorsal lo the carpus. Utef, 
as the disease progresses, mineralization can be observed in 
the periarticular tissue, tendon sheaths, |oint capsules, and 
ligaments. Roughened bone proximal and distal lo the joint 
becomes apparent, along with a periosteal reaction. 

The LI.3. Department of Agriculture (USDA) recog¬ 
nizes agar gel immunodiffusion {AGIO] usln^ ovine pro¬ 
gressive pneumonia virus antigen as the official test for 
CALV. However, an enzyme-1 inked immunosorbent assay 
(msA) has been developed for detection of whole-virus, 
core, or envelope proteins, both ACID and ELISA are con¬ 
sidered reliable enough to be incorporated into prevention 
and control programs. The ACID lest Is reportedly more 
specific, but less sensitive, than the ELISA. 1 Jj Detection of 
antigen it] milk, tissue, and blood can he facilitated through 
polymerase chain reaction (PGR) techniques. A positive 
AC.ID or ELISA In adults is synonymous with lifelong viral 
Infection. Generally, time from infection to seroconversion 
ranges from 4 lo 16 weeks, although some Infected goats 
shed virus for Long periods without seroconversion. 1 Goat 
kids may be transiently positive for the presence of antibo¬ 
dies during the first 3 to 16 weeks of life after consuming 
CAEV antibody-containing colostrum: however, because 
of the non protective nature of the maternal antibodies, such 
kids may seroconvert from true viral infection due to shed¬ 
ding of the virus from the Infected dam. 

II Pailwph^tofogy, The characteristic granulomatous 
inflammatory pathology produced In affected tissues is 
thought to be caused by Immune complexes generated by 
the Interaction of non neutralizing antibodies produced by 
lymphocytes and associated virus-infected macrophages. 
Localization of such Inflammatory lesions occurs where 
tissue-associated macrophages are found. Tissues of impor¬ 
tance in CAEV Localization include the synovium, mam¬ 
mary gland, and GNS; therefore the clinical manifestations 
of the disease are logical. 

II Epidemiology, Transmission involves tire transfer of 
vlius-laden cells from one animal to the next. Transfer of 
CAEV to neonates through colostrum and later milk is a 
highly efficient, natural mode of transmission. t14 -' 15 Trans¬ 
mission has also been reported through direct contact; con¬ 
sequently. herds that do nol practice segregation of 
seropositive animals have ongoing difficulty controlling 
and eradicating the disease. 11,1 - 117 Complete separation of 
kids from the dams Immediately after parturition and dur¬ 
ing the peri parturient period Is necessary because even kids 
not allowed to nurse Become Infected. CALV pro viral DNA 
has been recently detected in the female caprine genital 
tract, l]S and experimental intecllon of goat embryos with 
CAEV has been reported. 1 |,J Intramammary and In utero 
transmission also have been described. Jl, ^- Ll All these 
means of acquiring CAEV are potential explanations for 
continued transmission Ln herds that practice segregation 
and sound colostrum and milk management. 

Maedl-Ylsna virus (MW), also known as "ovine progres¬ 
sive pneumonia."’ is another lent!virus that, together with 
CAEV, is often referred to as "small ruminant lent!virus" 
(SLV). Although sheep are most likely to display clinical 
signs of MW and goals lo have signs of CAEV, studies have 
shown that these viruses can he transmitted from sheep lo 
goals, and vice versa. lJI Therefore, eradication programs 
aimed at eliminating SLV from herds and flocks should 
not allow contact between sheep and goats. 

The last study examining the prevalence of antibody to 
CAEV in the United States found ihat 31% of all goals; tested 
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were seropositive and that 73% of herds had at least one 
seropositive member, Scrum samples in this study were 
obtained from 1& states. The prevalence was highest in the 
western Pacific and northern plains regions, on family- 
owned farms, and Increased with age. Prevalence In this 
study was lowest In the Angora breed.- 121 

Necropsy Findings. Grossly, goats affected with the poly- 
synovltis-arthrltis form of CAEV have thickened, sometimes 
folded synovium consistent with synovial hyperplasia 
resulting from chronic inflammation. Microscopically, 
synovial hyperplasia is characterized by mononuclear Infil¬ 
tration of lymphocytes, plasma cells, and macrophages. 
Synovial spaces contain fibrin, whereas synovial villi and 
collagen are necrotic. ] 11 

No gross lesions are apparent In the C.NS of goats 
affected with the leukoencephalomyehiis form of CAEV: 
microscopically, however, perivascular infiltration of lym¬ 
phocytes, macrophages, and plasma cells are observed. Peri¬ 
vascular Initiation Is often accompanied by malacia of the 
brain and spinal cord In addition to loss of myelin, Occa¬ 
sionally, degenerative Lesions are seen in the gray matter.- 125 

treatment and Prognosis * Prognosis for CAEV Infection 
varies because most goats do not snow clinical disease: once 
signs begin, however, rapid deterioration ensues. Arthritis 
and accompanying weight loss are progressive, and there 
is no treatment. Kids or mature goats affected with die Leu- 
koencephalomyelitis form do not survive and should be 
euthanized for humane reasons. Reportedly, a genetically 
determined predisposition for development of the CAEV 
arthritis exists and can be Identified through the use of 
DNA fingerprinting. 124 

Invention jitid Control. Prevention and control are 
based on colostrum and milk management, although kids 
should also he prevented from any contact with the dam 
after parturition. Heat treatment of colostrum by holding it 
at 45' C (113 ‘ F) for 1 hour is effective in inactivating the 
virus. 1 Ir Kids can then be fed pasteurized milk until wean¬ 
ing. Coats' milk from seronegative dams that Is not pasteur¬ 
ized Is a risky substitute for heat-treated milk because some 
seronegative goats shed virus for long periods before sero¬ 
conversion occurs. Pooling of colostrum Increases the preva¬ 
lence of disease on goat dairies, so this practice should be 
restricted. Kids should be tested sexologically at periodic 
intervals to detect and remove infected individuals. Seroneg¬ 
ative goats should be isolated from seropositive ones by a 
minimum of 6 feel (LB m). Ll7 Sharing of feed and water 
troughs should not be allowed, nor should the use of com¬ 
mon needles during routine vaccination or administration 
of medication. Eturing breeding, seronegative does should 
not be housed with seropositive bucks: however, they can 
be hand-mated and quickly reisolated. New additions to 
the herd should be tested and isolated until seronegative sta¬ 
tus is confirmed before entry Into the herd. 

Despite diligent prevention and contxol programs based 
on elimination of colostrum and milk transmission, isola¬ 
tion of seronegative goats, and serologic monitoring, 
obstacles to a CAEV-free herd are often encountered 
Detection of virus has been reported in properly treated 
colostrum. 114 Colostrum that is overheated denatures 
Immunoglobulin, thereby preventing effective passive 
transfer of immunity, and colostrum not heated long 
enough or at sufficiently high temperature falls to Inacti¬ 
vate the virus, feeding overheated colostrum may also 
cause diarrhea In the kids. 125 Therefore, attention to times 


and temperatures during heat treatment of colostrum and 
pasteurization of milk is crucial for effective colostrum 
and milk management. Some farms routinely feed cow 
colostrum; however, neonatal isoeryebrolysis has been 
reported in kids consuming cows' milt, and the lack of 
goal-specific immunoglobulin transfer Is less than Idea!. 125 
Serologic monitoring can be complicated by shedding of 
Lbe virus before seroconversion. All goats must therefore 
be tested at least twice yearly to ensure that new cases are 
detected and managed accordingly. Unfortunately, no vac¬ 
cine is currently available for CAEV. 


OSTEOARTHRITIS 

Definition. The term osteoarthritis (OA) encompasses a 
large group of joint disorders that axe characterized by pro¬ 
gressive, permanent deterioration of the articular carti¬ 
lage. 124 -^ Cartilage damage Is often accompanied by 
changes In the adjacent bone and soft tissue structures. 
Including subchondral bone sclerosis, periarticular new bone 
formation, and synovial Inflammation. Unfortunately, some 
confusion and debate surround the best term to use for this 
broad group of disorders. Osteoarthritis, degenerative joint 
disease (DID), osteoarthrosis, and secondary Joint disease 
have been used almost interchangeably in veterinary medi¬ 
cine. 12 * 5 ' 127 However, osteodrlhrilh emphasizes the character¬ 
istic synovial Inflammation detected In most patients, and 
this term is used here. 

Interestingly. OA Is one of the oldest documented ortho¬ 
pedic conditions, fit fact, the fossilized remains of early 
dinosaurs suggest that OA predates the evolutionary devel¬ 
opment of mammals. Unfortunately, however, questions 
remain regarding the etiopatbogenesis of OA, and Shis con¬ 
dition Is still regularly diagnosed In most large animal spe¬ 
cies, Including horses, cattle, and small ruminants. In 
goats, OA is frequently associated with CAEV (see previous 
discussion).- 1 i0 ' J ■- In pigs, OA Is a common debilitating 
sequela of Infectious arthritis or osteochondrosis.’ 52 
Although not routinely diagnosed in sheep. OA has been 
reported to develop in Individuals infected with ovine pro¬ 
gressive pneumonia. 150 In contrast, iolnt disease is a com¬ 
mon and expensive problem in the equine industry, and a 
wide variety of athletic injuries can progress to a common 
endpoint with stereotypic features of chronic OA. 116 - 128 


Ltiology and Classification. Many factors, Including ath¬ 
letic performance, repetitive trauma, and age, are thought to 
Influence cartilage homeostasis and contribute to degenera¬ 
tive changes in the joint. Contrary to the traditional view of 
articular cartilage as a passive bystander subjected to overex- 
ention and traumatic wear-and-lear damage, Ll is notv recog¬ 
nized that both resident and Infiltrating articular cells have 
a critical role In the development of OA. Cartilage degener¬ 
ation is an active process ultimately resulting from the 
Inability of resident cells to maintain a normal balance 
between matrix synthesis and degradation. This occurs 
when chondrocytes and synovial cells are exposed to vari¬ 
ous nonphysio logic stimuli, including trauma and Inflam¬ 
mation. Once the balance Ls disrupted, proteoglycans 
within the hyalin cartilage matrix are depleted and reduced 
In size, while the collagen mesh work progressively deterio¬ 
rates. These changes In turn alter the mechanical properties 
of articular cartilage. A variety of different joint problems 
can initiate an Imbalance between the rates of cartilage 
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degradation and repair and. If left untreated, will ultimately 
progress to a common endpoint of GA. 

Although a number of initiating and predisposing condi¬ 
tions have been identified,. It is generally thought that 
trauma, either a single severe ln|ury or low-grade repetitive 
damage, is lhe most Important basis for the development 
of OA in large animal species. L2fr]2S In many eases the trau¬ 
matic damage Is augmented by abnormal weight bearing, 
poor-quality cartilage, or congenital joint instability, such 
as that seen with hip dysplasia in calves. In addition, OA 
frequently develops in joints that have unresolved or 
untreated osteochondrosis, subchondral bone collapse, or 
septic arthritis. In all these cases, the link between the cause 
and the end result of OA Is a series of complex biochemical 
and metabolic events that are not vet fully understood. 
Regardless of the Inciting etiology, advanced 0A is charac¬ 
terized by flbriHaled and ulcerated cartilage, eburnation 
and sclerosis of the subchondral bone, hyperplasia of the 
synovial membrane, and development of periarticular 
osteophytes. 

Several classification schemes have been proposed to 
group clinical 0A conditions In both human and veterinary 
medicine. One useful classification developed for equine 
0A defines three main categories of disease based on predis¬ 
posing causes and clinical findings. 131 The categories Include 
OA associated with synovitis and capsulitis [type 1), OA 
secondary to other identified in|urles or disorders (type 2), 
and incidental or nonprogressive articular cartilage erosion 
{type 3)_ 12r For example, type 2 OA would include the 
chronic degenerative changes typically associated with 
intraartlcular fractures, septic arthritis^ osteochondrosis, 
and traumatic cartilage or ligament Injuries. All three cate¬ 
gories are routinely Identified in equine athletes, but this 
slm p I e scheme can easily be applied to other 1 a rge a n Lmal spe¬ 
cies as well. For example, cattle most often develop type 1 OA 
as a consequence of septic arthritis, cruciate rupture, osteo¬ 
chondrosis, or nutritional deficiencies. 132 

A second way of classifying OA Is based on the possible 
deleterious effects of biomechanical forces on normal and 
abnormal joints. 12 ® According to this scheme, the first of 
two major causes of OA Is the concentration of abnormal 
forces on a previously normal joint. For example, OA can 
develop when there Is Increased weight bearing on one limb 
to protect a painful contralateral Limb. The second major 
cause is the concentration of normal forces on an abnormal 
articulation, such as the |olnt damage that occurs when nor¬ 
mal weight-bearing forces are applied to caitilage previously 
exposed to Infection. 

II FtathcJcm' and ttifhqgfPiesrs, Despite the many path¬ 
ways by which OA may develop, the resulting changes in 
the joint are essentialIv Indistinguishable regardless of the 
initialing cause. By definition, this condition has a charac¬ 
teristic picture of cartilage damage with variable amounts 
of hypertrophic cartilage and bone remodeling. Pathologic 
features Include different degrees of cartilage splitting and 
fragmentation, extending to complete erosion and Loss of 
articular cartilage. 136 - 11 * Typically, the rate of disease pro¬ 
gression and severity of OA are related to the nature and 
severity of the primary insult, the animals age at the time, 
the joint location, and the animals type and level of 
activity. 

'rhe pathogenesis of these changes Is only partially 
understood. Several explanations have been proposed for 
the failure of resident chondrocytes to maintain the extra¬ 
cellular matrix. Mechanical trauma to the |olnt surface 
could Initiate matrix damage, and repetitive mlciotrauma 
could damage chondrocytes and physically disrupt the joint 


surface. Leukocytes In an Inflamed |olnt release destructive 
enzymes, which can degrade the cartilage surface. Recent 
work has also demonstrated that various polypeptide med¬ 
iators released In Inflamed joints can stimulate chondro¬ 
cytes to degrade their surrounding matrix. Regardless of 
the initiating factor, once the balance of chondrocvte-matrix 
turnover Is shifted tow r ard degradation, proteogfycans are 
rapidly depleted from the extracellular matrix, and collagen 
fibers are exposed to direct traumatic and enzymatic break¬ 
down. Unfortunately, hyaline cartilage has no effective 
intrinsic repair mechanism. 

Articular cartilage damage is accompanied by changes 
in the ad|acent subchondral bone [e.g., sclerosis), |oint 
capsule (e.g., synovial hyperplasia, thickening of fibrous 
joint capsule), and joint margin (e.g., osteophyte forma¬ 
tion, enthesopbyte formation at joint capsule' and liga¬ 
ment Insertions). 13 * Subchondral bone sclerosis may 
develop from an abnormal distribution of forces under 
damaged articular cartilage, or it may actually precede the 
cartilage damage. It Is now known that bone remodeling 
and subchondral bone sclerosis occur In response to repet¬ 
itive cyclic compression during exercise and, In certaLn 
cases, could result In trauma to the overlying articular car¬ 
tilage and predispose to the development of OA (e.g., third 
carpal bone disease in horses). Joint margin changes occur 
as a result of progressLve cartilage deterioration and sub¬ 
chondral remodeling (osteophytes) or joint instability 
(enthesop bytes). 

II Clinical i’fgrrj, E ILstoiy and occupation are important for 
identifying animals at risk for developing OA. Typically, the 
first sign that an owner or caretaker recognizes In an 
affected animal is lameness or stiffness. Whereas the pain 
and dysfunction may develop Insidiously, the owner will 
often report a sudden onset of clinical signs. Flexion and 
extension of an involved joint frequently exacerbates the 
lameness or elicits a pain response. Because articular carti¬ 
lage is aneural, pain is thought to result from |olnt inflam¬ 
mation and secondary changes In adjacent tissues. Pain 
receptors are abundant In |olnl capsule, articular ligaments, 
and subchondral bone. Joint stiffness may be associated 
with guarding of a painful joint. Decreased range of motion 
with |olnt capsule Inflammation is also common. Osteo¬ 
phytes and enthesophyies may be palpable in chronic cases 
of bone spavin and ringbone. A postural deformilv may be 
evident If articular degeneration progresses to ankylosis. It is 
also Important to remember that OA may exist In the 
absence of any clinical signs. 

Galt abnormalities compatible with OA Include short¬ 
ened stride Length, limb abduction, and dragging the toe. 
Increased lameness after sustained flexion ofa single joint 
suggests that the joint Is involved. Horses with OA often 
present early in the course of disease tvith a primary com¬ 
plaint of poor performance. These Individuals can warm 
out of the lameness, or temporarily improve with rest, and 
are often difficult to diagnose. In contrast, food animals typ¬ 
ically present in the advanced stages of OA. Rams and bufis 
may stand post-legged and appear weak in the rear when 
the hind limbs are severely affected. In all species the severity 
of signs varies with Lhe joint affected, stage of disease, 
amount of Inflammation, cartilage degeneration, and peri¬ 
articular changes. 

II Djtfgirysix Regional nerve blocks and intraartlcular anes¬ 
thesia can be useful for determining the origin of lameness. 
Unfortunately, standard synovial fluid analysis typically 
shows only minimal, nonspecific changes. Although not 
useful for determining the severity of cartilage destruction, 
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cytology Is often useful for differentiating OA from other 
causes of synovial inflammation (e.g., septic arthritis). 
A variety of synovial fluid markers have been evaluated as 
possible diagnostic aids for evaluation of equine synovitis 
and |olnt disease [e.g., cytokines, elcosanolds, GAG concen¬ 
trations, immune complexes, collagen type-specific antibo¬ 
dies and propeptides, cartilage wear fragment, free-radical 
oxidation products, polymerization of byaluronale, chon- 
drollln sulfate epitopes). Current detection techniques for 
cytokines and elcosanoids may prove useful diagnostically 
and prognostically. 

After identification of an Involved joint, radiographs are 
used to determine the severity and extent of disease. Articular 
cartilage is not visualized but may he indirectly assessed by 
evaluating Joint space width. In contrast, the associated sub¬ 
chondral and periarticular bone reaction can be directly eval¬ 
uated. Radiographic signs of OA develop gradually, affect 
opposing joint surfaces, and may Include destructive as tvell 
as productive lesions. Changes typical of advanced OA 
include marginal osteophyte proliferation, periosteal new 
bone production at sites of joint capsule and ligamentous 
attachments (enthesophvtes), narrowing or obi Iteration of 
the joint space, subchondral bone sclerosis, and occasionally, 
subchondral lysis. Early in the disease, no bony lesions may 
be detected, and clinical findings from the entire examina¬ 
tion must be considered. Radiographic changes associated 
with OA must be differentiated from similar bone reactions 
caused by active Infection, fractures, osteochondrosis, and 
invasive tumors. Infectious arthritis classically causes rapid, 
widespread osteochondral destruction. Minimally displaced 
fractures may mimic OA but are usually discrete. Isolated 
lesions. Knowledge of the characteristic site distribution 
and site-respective appearances of osteochondroses In each 
species Is useful for differentiation from OA. Ilte presence 
of OA in |olnls with osteochondrosis usually w r orsens the 
prognosis. 

Scintigraphy is particularly valuable in early disease states 
when conventional diagnostic methods have not revealed 
bone or soft tissue changes. Increased scan activity Is asso¬ 
ciated with soft tissue inflammation or increased bone remo¬ 
deling but alone it is not diagnostic for OA. Arthroscopy is 
the best method for gross evaluation of articular cartilage 
and Is most useful when lameness has been localized to a 
specific joint but no bony changes are detected radiographi¬ 
cally. This technique provides the added therapeutic benefit 
of simultaneous |olnl lavage. Although arthroscopy was 
initially promoted for diagnostic and" therapeutic use In 
equine patients, these techniques are gaining popularity In 
food animal practice as well. 133 


II Treatment* The choice and efflcacv of treatment depend 
on the inciting cause of OA, stage of cartilage degradation, 
joint Involved, and degree of active inflammation. In general 
the treatment of OA should be directed at eliminating any 
primary causes, reducing active joint inflammation, and 
treating articular cartilage loss or degeneration. |26 - J2? - J 34 
Early treatment of primary problems minimizes the extent 
of secondary- |oint damage, for example, fractures and osteo¬ 
chondritis dissecans can often be managed successfully with 
arthroscopic surgerv: bow r ever, early intervention Is essential 
to avoid the secondary changes of OA. 

Many therapeutic options are designed to treat active soft 
tissue Inflammation and prevent progression of articular 
cartilage damage. Rest is the simplest but often the most dif¬ 
ficult recommendation to enforce, especially when dealing 
with elite performance horses. 'ITliere are also valid concerns 
that complete rest may result In resorption of subchondral 
bone ana predispose the horse to subsequent injury. Other 


treatments for soft tissue disturbances in the joint include 
physical therapy and controlled exercise, systemic NSAIDs 
fe.g., phenylbutazone, flunlxln meglumine), joint lavage, 
and topical application of antiinflammatory products. 

Numerous medications have been specifically designed 
and marketed for treating OA In human and veterinary 
patients. Elowever, many of these products remain contro¬ 
versial In terms of their safety and efficacy in large animals. 
Hie most popular formulations include intraart I cular corti¬ 
costeroids, intraarllcular and intramuscular polysulfated 
jyco&aminoglycans [GAG], Lntraaiticular and Intravenous 
yaluronan, and oral GAG supplements. 

Intraarllcular steroids are the most potent antiinflamma¬ 
tory agents available; historically, however, they have been 
associated with progressive cartilage damage. 134 - 135 Never¬ 
theless, Investigations critically evaluating the effects of corti¬ 
costeroids In equine joints suggest that when administered at 
physiologic doses, these drugs may have beneficial protective 
effects. 134 - 135 Current recommendations emphasize the need 
for appropriate caution and encourage the use of low doses 
of steroids In conjunction with other antiinflammatory med¬ 
ications. 1 [yaluronan (sodium hyaluronate) is currently used 
both intravenously and intraarllcularly to treat synovial 
Inflammation and OA In the horse_ 134 - 33t The Intraarllcular 
products vary in molecular weight and cost and include 
cross-linked hylans, which may prolong intraarllcular reten¬ 
tion. Clinical reports document die efficacy of hyaluronan 
for mild to moderate synovitis, and some research supports 
an Inhibition of proteoglycan degradation and inhibition 
of synoviocyte release of various Inflammatory mediators. 
Other studies failed to demonstrate beneficial effects In 
|olnts with significant articular cartilage damage or osteo¬ 
chondral fragmentation. 

The intraart Icular administration of polysulfated GAG has 
been reported to reduce progressive degenerative changes In 
articular cartilage, but Is controversial in terms of Its ability to 
augment the chondrocyte repair response. M4 - 137 Intramus¬ 
cular use Is advocated because intraarllcular use has been 
associated with adverse reactions and potentiates the risk of 
Iatrogenic joint infection. I34 - J37 

There Is still great Interest In the use of nutritional sup¬ 
plements to prevent and treat OA, with a proliferation of 
products promoted as beneficial to |olnl health and carti¬ 
lage regeneration. L3fl Among the most popular are the oral 
glucosamine sulfate and chondroltin sulfate preparations. 
llow r ever, oral absorption of chondroltin sulfates has not 
been documented in the horse, and although clinical 
reports suggest a beneficial effect from these supplements, 
additional controlled studies are needed to confirm these 
effects. Methylsulfonylmelhane (MSM), a dietary derivative 
of D.MSO, Is also being used as a dietary supplement to con¬ 
trol the Inflammation associated with OA. Again, minimal 
documentation exists regarding Its value In treating |olnl 
disease In large animals. Other compounds to treat OA 
Include 5-adenosyl-i.-methionine and various vitamins 
known to provide antioxidant protection. 

The most challenging aspect of OA management is treat¬ 
ment of existing articular cartilage degeneration and loss. 
Partial-thickness cartilage defects do not heal, and full- 
thickness defects heaL with inferior fibrocartilaginous tissue. 
Some surgical techniques (e.g., curettage, subchondral bone 
drilling, microfracture) facilitate defect repair by enhancing 
fibrocartilage ingrowth from the underlying subchondral 
bone; however, fibrocartilage is hlomecbanlcally Inferior 
to normal hyaline cartilage. Grafting cartilage defects with 
erio&teum, perichondrium, and sternal cartilage has not 
een encouraging. More recent work focuses on transplanta¬ 
tion resurfacing using chondrocyte grafts and growth factors 
to stimulate repair. 1 * ,J 
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ftnegrtnsrs. Prognosis for animals with OA depends on 
the Initialing factor(s), extern of the secondary disease, joint 
affected, and Intended use of the animal. With early and 
aggressive treatment, many animals can return to soundness 
and athletic performance. In other cases, salvage In the form 
of surgical arthrodesis may provide the most favorable 
outcome. 


SPRAINS, SUBLUXATIONS, 

AND LUXATI ONS 

WJ Li a JtJHUAN 

Definitions, Sprains and luxations have been classified 
as a type 2a traumatic arthritis. 140 These injuries have been 
categorized in three forms: mild, moderate, and severe. Mild 
sprains constitute injuries that Involve the tearing or disrup¬ 
tion of minimal number of ligament fibers, with no loss of 
integrity to the ligament. Hemorrhage and edema typically 
are present in the ligament. Injuries that involve a portion 
of the ligament, wllh loss of Integrity, are considered moder¬ 
ate sprains. Laxity of the lolnt Is ofieri present with moder¬ 
ate Injury: however, complete separation of the Ligament 
from the bone or complete separation of the body of the 
ligament is not seen. Significant hemorrhage and edema 
are present in the ligament. Injuries that Involve tearing of 
the ligament, resulting In either complete separation from 
the bone or widening of the tendon fibers, are considered 
severe sprains. These In furies will result in some form of 
joint Instability, especially when the affected joint is manu¬ 
ally stressed. 

Luxations and subluxtions are usually the result of severe 
sprains of periarticular or articular ligaments. Luxirtium rep¬ 
resent the complete dislocation of the articular surfaces, 
with subjugations having only partial and Incomplete disar¬ 
ticulation (Fig. 38-21). 



Etioh?g] r imd I\it}wphysiology'. Sprains can be associated 
with acute' Infurtes in which there is excessive strain on [he 
ligament fibers, on ligamentous attachments, or second ary 
to repetitive actions on the ligament. The latter results 
when there Is maximal or near-maximal loads repeatedly 
applied to Che ligaments and associated structures, causing 
a degenerative type of Lesion. Age can also be a contribut¬ 
ing factor to these degenerative changes. Furthermore, 
muscle fatigue can contribute lo the weakening of adjacent 
structures. Increasing the stresses applied to the supporting 
ligaments. 

Typically hemorrhage and edema form within the liga¬ 
ments) surrounding the |oinl capsule, or In severe lesions 
[be hemorrhage can be periligamentous or Jntraarticular 
inflammation ensues, and die Ligamentous or capsular 
lesion heals through fibrosis, forming a scar, with type III 
collagen the predominant type produced. Type 111 collagen 
contains a smaller fibril diameter and has fewer cross-links 
then type [ coliagen, which Ls the predominant collagen 
type In normal tendons and Ligaments. As the Lesion 
matures, the fibril diameter will Increase along with the 
number of cross-links, In addition to the proportion of 
type I collagen. Ibis will Increase the strength of the Injury, 
which can take weeks to months to heol but will ultimately 
be weaker than the normal tissue. Ui Often the affected 
joint capsule and surrounding ligaments become fibrolic 
as healing occurs, resulting in a decreased range of motion 
In the affected Joint. Secondary calcification of the affected 
soft tissue structures may occur and adversely affect the 
joint's mobility. 

Luxations o? the coxofemoral joint In calves may be asso¬ 
ciated with calving Injuries during a dystocia or in cows 
being ridden while In esirus, or with a traumatic tall in 
[be Immediate postpartum period.Shoulder ]oinL 
luxations are usually the result of trauma. 144 


II Clinical and Differential Diagnosis „ The clinical 
signs vary depending on the severity of the sprain and the 
diiration from the Initial injury. The animal may have a his¬ 
tory of mild Lameness or decreased performance, as well as a 
history of a positive response to NSAlDs or stall rest. 
Patients with moderate to severe sprains will typically have 
a more pronounced, acute lameness or may be non-weight 
bearing on the affected Limb. There may also be localized 
swelling, heat, Increased |olnt effusion, or pain elicited on 
palpation or manipulation of the affected joint. Other signs 
may include abnormal Limb positioning, decreased range of 
motion, crepitus, and joint laxity. Injuries may present after 
an acute or traumatic Insult, as a chronic lameness, or a 
chronic mild Lnjniy can present acutely with severe Lame¬ 
ness if the ligament completely separates. Chronic injuries 
are characterized by a thickening of the |olnt capsule or 
enthesopbyte formation at the origin and Insertion of the 
affected ligament. 

Sub luxations and luxations result In the Loss of joint 
function and mobility and may present with a vaius or val¬ 
gus deformity. Complete luxations in the horse are most 
common with the pastern, fetlock, and hock joints . 140 Luxa¬ 
tions can occur Ln the shoulder, carpus, and coxofemoraL 
joint: however, these luxations are less common in horses. 
Coxofemoral luxations are the second most common type 
of luxation Ln cattle . 143 

Differential diagnoses vary depending on the region 
affected and duration of injury but may Include soft tissue 
contusion, svnovitis and capsulitis, osteoarthritis, bursitis, 
musculotendinous injuries, fractures, physeal fractures, sep¬ 
tic arthritis, tenosynovitis, and flexural or angular limb 
deformities. 





CHAPTER 3H Diseases of the 


: DUtgrwslte rests, A thorough history and physical exam¬ 
ination should be performed at presentation" The exam 
should include assessment of pain, swelling, heal, effusion, 
or instability of the joint. Patients able to ambulate with 
only mild lameness should have a lameness examination 
that Includes perineural anesthesia to localize the affected 
region or joint. The clinician should take extra caution if 
there is any evidence of joint Laxity or Instability or severe 
Lameness. 

Radiographs should be obtained to assess the bony struc¬ 
tures of the joint because concurrent faaures are common 
with traumatic insults resulting In Luxation. Stress views can 
be performed to assess the Level of Instability of joints (see 
Fig. 3&-2I). Fractures of the proximal or middle pastern 
bones can cause luxation or subluxation of the proximal or 
distal interpastern point. Furthermore, radiographs are useful 
In detecting avulsion fractures or inserltonal des mo pat hies 
and enthesop bytes associated with chronic disease. Nuclear 
scintigraphy can also be used to evaluate Lnsertional desmo- 
palhies that may not be radiographically apparent. Arthros¬ 
copy may be indicated as a diagnostic aid If disruptions of 
Intraart Leu lar ligaments arc suspected or If damage to the 
articular cartilage is suspected. Ultrasonography is used to 
Locate the ligamentous lesions and characterize the extent 
of the lesion. Ultrasound should also be used to evaluate 
the |oint because arthritis is a common sequela. Magnetic 
resonance Imaging (MRI) is becoming, more readily available 
In the veterinary held and has been found useful In identify¬ 
ing and characterizing lesions In ligaments. In addition, 
there may be concurrent damage to adjacent structures of the 
|olnt or avulsion fractures that might not be ultrasonographi- 
caily or radiographically detectable but dial can significantly 
Influence the prognosis. UI - LJ5 - td7 


II T reutrmtil. Treatment is largely based on the severity of 
the lesion and associated structures involved. Mild sprains 
can be treated conservatively with support bandages, 
NSAIDs, polysulfated CAGs, and rest for 3 to 4 weeks, fol¬ 
lowed by a controlled exercise program before returning to 
normal activity. Ad|unctive physiotherapies may also be 
considered, such as hydrotherapy or shock wave treatment. 
Moderate sprains involving significant ligament damage 
may necessitate the use of a cast or splint to provide |olnt 
stability during the Initial healing process. In acute cases, 
ultrasound evaluation of the affected (oint. often shows 
hemorrhage within the joint capsule (Fig. 3S-22). This 
hemorrhage usually resolves after 7 to 10 days; however, 
it can also subsequently form a fibrinous clot within the 
joint capsule, resulting In a chronic mild synovitis that 
can be treated with In Particular medications, such as 
sodium hyaluronic acid, triamcinolone, and amikacin 
antibiotic. Arthroscopy should be considered to treat |oln!s 
with persistent fibrin accumulation. Arthroscopy has the 
advantage of further evaluating damaged cartilage or 
int particular ligaments and serving as a portal for nigh- 
volume flush. If arthroscopic surgery is performed, a cast 
or splint should be applied to the affected limb during 
recovery from anesthesia to prevent Luxation of the 
affected |oLnt and further In|ury. Severe sprains may need 
so me form of internal or external coaptation or arthrodesis 
of the joint, depending on the degree joint instability. Sup¬ 
port of the contralateral Limb should be considered for 
non-weigbt-bearlng injuries. 

Luxations of the coxofemoral Jiolnl in cattle can be 
repaired by open or closed techniques, and success depends 
on duration of the luxation, concurrent fractures or soft tis¬ 
sue Injury, and age. Open reduction was reported as being 
more successful than closed reduction, although closed 
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reduction should be attempted immediately after the Injury 
if possible,* 113 Shoulder joint Luxations can also be reduced 
by closed and open techniques.*^ Open reduction with 
Internal stabilization seems to result in a belter survival 
outcome for she animal. 1 ” 

i J rogtwsts. Prognosis depends on the severity of damage 
to the intraanlcular cartilage and surrounding soft tissue 
structures. Horses sustaining mild |otnl or ligamentous 
strains have a good prognosis for returning to previous ath¬ 
letic use. Horses sustaining moderate or severe sprains or 
joint luxations usually develop secondary DjD in the 
affected |olnt, which may require intraart leu Lar medications 
and NS A IDs to return to previous use. The lone-term prog¬ 
nosis for returning to athletic performance in these cases is 
poor. Simple shoulder Luxations In Large animals generally 
carry a guarded to poor prognosis. Simple coxofemoral 
luxations In cattle haw a fair to good prognosis, with calves 
having a better prognosis than adult cows. 


ARTHROGRYPOSIS 

jr.tr KEtfF llovu 
SUblOt ORiJ I 1 . SMtTU 

Arthrogryposis Is one of the most frequently encountered 
congenital diseases affecting calves; foals, goat kids, and 
Lambs are Less frequently affected (see also Chapters 51 
and 52). The condition Is usually characterized by flexural 




1212 


PART FIVE DISORDERS OF THE ORGAN SYSTEMS 
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pojax Lit chc carpus. 


deformity of the interphalangeal r metacarpophalangeal, 
carpal, and/or metatarsophalangeal joints (Tig. 38-23), Beef 
breeds are typically affected (e.g., Ch a ml als, ] lere fords. 
SlmmenEal), and the incidence Js greater In bull calves. 
The disease Is muUtfactori.il In origin and thus often accom¬ 
panied by other anatomic and neurologic defects. Including 
hydranencephaly, scoliosis, and cleft palate. 

Arthrogiy patio diseases can be categorized on the basis 
of Lbeir suspected etioiogy: infectious {eg., epizootic bovine 
and ovine congenital arthrogryposis-hydranencepbaly 
caused by Akabane vims, bluetongue virus, border disease 
virus, and Cache Valley virus), genetic us . l4Q (e,g r arthrogry¬ 
posis and pa La lose bis Is of Charolais calves; arthrogryposis 
and other abnormalities In Norwegian Fjord horses, Welsh 
.Mountain, ]50 merino, 151 and inbred sheep flocks), and 
toxic 152 (e.s. r arthrogryposis In foals associated with Sudan 
pasture and crooked calf and lamb disease associated with 
lupine alkaloid). Lambs also may have scoliosis, kyphosis, 
brachygnatbism, and deft palate.' 

Cache Valley virus [CW) is widespread In the western 
United States and has been Isolated In Wisconsin and Michi¬ 
gan; 19% of young sheep from 50 flocks in western slates 
were seropositive. CW appears capable of causing arthrogry- 
posis-hydranencephaly in fetal Iambs. 153 Expeiimentally 
infected gnotobiollc lambs developed bead tremors and con¬ 
vulsions. Other toxins, as well as lamb manganese deficiency, 
poisonous plants such as SoAinum dftntftafEjm r and sporadic 
genetic accidents resulting In maldevelopment, also are asso¬ 
ciated with arthrogryposis and related defects. 

Despite numerous causes, the clinical features of 
arthrogryposis are similar. Varying degrees of irreducible 
and rigid flexural deformity of both carpi and forellmb 
fetlock joints are more frequently observed than hyperex- 
tension of the tarsus, flexural deformity of the hind limb 
fetlocks, or tetramellc arthrogryposis. In contrast, flexural 
deformities caused by contracted tendons are not asso¬ 
ciated with Improper articular alignment or rotational 
deformity, and the limb often can be straightened manu¬ 
ally. Flexural deformities that could be confused with 
artlirogryposis may be secondary to septic arthritis or 
fracture ( Box 38-1). 

Rigid flexural deformity is a common cause of dystocia in 
cattle and horses. Failure to straighten a flexed limb manually 
through the vagina usually indicates the need either for cesar¬ 
ean section or feLotomy If the fetus is dead. Forced extraction 
is dangerous to the dam, because during the procedure the 
flexural deformity may cause damage to the uterus, cervix 
and vagina. Depending on the etiology, other defects are 


BOX 


Mechanisms of Joint Immobility and Arthrogryposis 


.Reveals of Ventral motor horn cd Is of spinal cord 
Fractures involving.one or more loints 
Severe jaunt or tendon swelling 
Con.tiac1.ure of muscles or tendons 
Septic Arthritis 


| Ankylosis 

1 


IContinued) 

TABLE 38-2 


Other Defect? Associated with Arthrogryposis Syndromes 

Disease 

Related Signs 

Epizootic bovine congeniuil 

Incoordination, 

,i rth rogryposi s— 

hydr.inenceph.iLy. 

Jiyd rancnceph aly (A knb.me 

blindness, abortion, 

virus—raotic} 

tmcroencephaly 

Arthrogryposis and 

CJcJt palate, hydrocephalus. 

palatoschisis (generic in 

kyphosis, scoliosis. 

Charolais breed) 

hypoplastic patella 

Crooked-calf disease (lupine 

Scollops, torticollis, cleft 

toxicity) 

palate 

E1 ered i 1 .try .mlirogryposls 

kyphosis, torticollis, 
scoliosis, deft palate 


observed In association ivith arthrogryposis (Table 38-2).The 
most frequently observed triad of signs Is arthrogryposis, 
scoliosis, and cleft palate In Charolais calves. I4a - 154 

The pathogenesis of arthrogryposis is speculated to be 
related to restricted fetal movement In ulero as a result of 
mechanical limitations, agenesis of 7-motoneuron cell bod¬ 
ies In the ventral horn of the sixth cervical segment of the 
spinal cord, and radial nerve dysfunction. l4ft Agenesis of 
some motoneuron cell bodies may result In lack of normal 
fetal movement, hypoplastic musculature, and frozen 
joints. 155 The cause for agenesis of motor horn cells In the 
spinal cord In unknown, but In virus-associated outbreaks 
it is probably vlrally induced. 

Treatment of mildly rigid flexural deformities may be 
effective if joint mobility and the ability to stand progres¬ 
sively Improve over several days. Passive stretching and flex¬ 
ing of the affected limbs, bandages, splints, and later casts 
may be beneficial. Vitamin E and selenium supplementation 
has been suggested, but the only mineral deficiency asso¬ 
ciated with arthrogryposis is manganese. 1 ^ Surgical techni¬ 
ques also have been described for transection of the flexor 
retinaculum and flexor tendons and for excision of the carpal 
bones with arthrodesis of the joint, depending on the loca¬ 
tion Lind severity of the deformity These procedures are 
intended to salvage the animal for rearing to market weight. 
Calves with suspected Inherited deformities should not be 
returned to breeding stock. 


ANKYLOSES 


FAMAffA AT. SWOft 

Definition ami Etiology. Ankylosis Is the abnormal 
adhesion or fusion of the bones In a joint. This process is 
naturally occurring resulting In a consolidation of two or 
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more hones Into one structure. 156 Development of ankylo¬ 
sis is often the result of disease or traumatic Injury to'the 
region Involved. Septic arthritis may be an inciting factor 
for secondary ankylosis, as can D|D, severe articular or peri¬ 
articular trauma, and prolonged joint immobilization from 
bandaging, splinting, or casting. 35 ~ 356 CrnTgeniruJ ankylosis 
(absence of an articulation) may occur, but It is rare Ln 
horses and cattle and is often associated with other congen¬ 
ital abnormalities. 153 

The process of joint fusion Is Initiated by biomechanical 
and biochemical factors, leading to |oinl Instability and 
degeneration of cartilage and chondrocytes, foint immobility 
occurs from periarticular contradure, capsular fibrosis, and 
chronic muscle spasm, leading to synovitis and cartilage 
destruction.. Ossification of the periarticular soft tissue struc¬ 
tures begins to develop, resulting in partial bone bridging of 
the joint. The final stage of ankylosis Is complete bone bridg¬ 
ing with trabecular bone and |oint obliteration. 11113 

Common sites of ankylosis in the horse include the tar¬ 
sometatarsal Joint, distal inLertacsal joint, thoracolumbar 
intervertebral articulations, proximal Inteiphalangeal joint, 
and distal Intei phalangeal joint. In high-motion |ohus, nat¬ 
urally achieving complete bony bridging across the articular 
surface Is rare, and the resulting cartilage degeneration leads 
to severe lameness. 156 Low-motion joints are more likely to 
achieve complete ankylosis without Intervention, Large ani¬ 
mals with vertebral ankylosis may show neurologic deficits 
caused by bony impingement of the spinal cord or by 
dynamic compression leading to abnormal motion or spi¬ 
nal ligament hypertrophy. 360 Pathologic fractures may 
occur near joints that are ankylosed because of abnormal 
biomechanical forces on the limb, and animals are prone 
ro secondary injuries and osteoarthritis from abnormal 
stresses Imposed on neighboring normal lolnls. 3 * 1 

Fdrt'Jj'tateci ankylosis refers to a procedure In which the 
joint is stimulated by a method intended to promote joint 
fusion. The speed at w r hich ankylosis occurs may be 
enhanced through the use of chemical destruction of the 
chondrocytes or surgical obliteration of the Joint. J5i 
A recent study evaluating surgical drilling to achieve ankylo¬ 
sis of the distal interlarsal joint and tarsometatarsal joint 
reported that 59% of the horses were sound and able to per¬ 
form at their previous level of athletic performance.^ 3 
A neodymium:yttrium-aluminum-garnet (bfd:VAG) laser 
has also been used for facilitated ankylosis in the distal 
tarsal joints, t6d Chemical fusion options include the use of 
ethyl alcohol or sodium monolodoacetate (MIA) in|ected 
into the intraartlcular space. I55 - J52 - 155 A study comparing 
suigical drilling, laser surgery, and Injection of MIA into 
the distal tarsal joints revealed that bone bridging was 
greater in the .MIA and surgically drilled horses at 6 and 
11 months after treatment; how r ever, animals receiving laser 
treatment were more comfortable after surgery and less 
Same on the treated limb. 156364- Injection of 70% ethyl alco¬ 
hol Into the tarsometatarsal joint of healthy horses resulted 
in progression to joint fusion 4 months posttreatment, 
although complete obliteration of the |olri! had not 
occurred by 12 months after treatment 152 

Arthrodesis Involves suigical fixation of a joint using pro¬ 
cedures designed to promote Joint fusion. An arthrodesis 
therefore may be considered a type of ankylosis. 3 A typical 
arthrodesis involves the use of stainless steel screws and 
dynamic compression plates., after removal of the articular 
cartilage. 156 

Clinical Signs and Differential Diagnosis. Typical indi¬ 
cations of ankylosis Include fused |oim bones evident on 
radiography, stiffness of the joint and joint Immobility, and 


decreased range of joint motion. Limited joint mobility is 
most obvious If high motion or multiple joints are involved. 
In the early stages, there may be local signs of inflammation 
with a corresponding lameness. The degree of lameness 
ranges from mild to severe, tnlaiged and thickened periarti¬ 
cular structures. conformational abnormalities, disuse atro¬ 
phy of muscles, and gait stiffness may also be Identified. 
Once ankylosis Is complete and no cartilage remains, the con¬ 
dition Is nonpainfut and the articulation will he Immobile. 

In calves and foals, congenital ankylosis may occur 
between vertebrae (Le., block vertebrae) or in multiple 
|olnls of the limbs, resulting in dystocia related to musculo¬ 
skeletal Inflexibility. 150 

Differential diagnoses should Include soft tissue In juries 
or contracture, Intraarticuhr or periarticular adhesions. Lux¬ 
ation of a joint. Joint or bone neoplasia, arthrodesis, spon¬ 
dylosis. an intraarticular mass, osteomyelitis, and fracture. 
Diagnosis of ankylosis should be based on a complete phys¬ 
ical examination, lameness evaluation, and radiographs. 
Multiple radiographic views should be acquired for defini¬ 
tive diagnosis: however, other Imaging techniques such 
as ultrasonographtc evaluation, computed tomography 
(€T), and MRE may be useful and provide more detailed 
Information, 

frealmenf find Prognosis. Early treatment focuses on 
making the animal comfortable because ankylosis Is a 
chronic and progressive disease process. Treatment may 
Include antiinflammatory medications, polys u I fated poly¬ 
saccharides (Adequan), hyaluron, oral joint supplements, 
joint Immobilisation, and/a decrease in the level of alhletic 
performance required. Common antiinflammatory medica¬ 
tions Include systemic phenylbutazone and intraartlcular 
administration of corticosteroids. 152 A low level of exercise 
appears to be beneficial Ln some animals and may increase 
and stimulate the development of new bone, resulting in a 
more rapid and complete ankylosis. In unstable joints, 
immobilization with splints or casts mav be necessity to 
allow the fusion to progress. Although further studies are 
warranted, the neurolytic properties of Lntraartieular 70% 
ethyl alcohol may allow the horse to continue in athletic 
work during the'fusion process. 153 In horses that remain 
Lame, have end-stage joint osteoarthritis, or are not com¬ 
pleting ankylosis naturally, facilitated ankylosis and 
arthrodesis are viable treatment options that may result Ln 
a usable animal. 

Ankylosis may require 6 to 12 months for completion and 
in some animals may take Longer. I5a j65 Prognosis depends 
on xvbich joint is Involved and the Intended use of the ani¬ 
mal. Low-motion joints (distal tarsal joints In horse) hold a 
good prognosis for return to soundness and athletic activities 
after eomplet Ion of the fusion p rocess. Ani mals requ Lri ng the 
use of a higlt-motion |olnt to sustain their athletic career 
have a poor prognosis for return to function. Once the bony 
bridge is complete, ankylosis is not painful, but it is irrevers¬ 
ible, and joint mobility is absent. 


OSTEOMYEL ITIS 

IVtfiHCM A. I JOf.VkN 

CUP PDfiD M. HUN NAS 

Definition and Etiology. Osteomyelitis Is an Infectious 
Inflammatory disease of the substance of bone and its mar¬ 
row cavity. Most large animal bone Infections are of bacte¬ 
rial origin, mycotic infections rarely occur. Osteomyelitis 
may be acute or chronic and may involve the epiphyseal, 
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metaphyseal, or diaphyseal region of a bone. Osteomyelitis 
can originate hematogenousiy, secondary to a contiguous 
focus o? infection, or by direct bacterial inoculation (e.g., 
trauma, orthopedic surgery). tfr& - 167 


Clinical Signs und Differential Diagtwsis. Diagnosis Is 
based on history, physical examination findings, micro bio¬ 
logic culture results, and radiographic findings. Clinical 
signs vary with the length and severity of Infection and the 
organism involved. 

Animals with acute osteomyelitis usually exhibit localized 
inflammation and soft (Issue swelling, may resent palpation 
of the affected area, and often have an obvious lameness. 
Fever, anorexia, depression, and general malaise may be 
observed. Acute bacterial osteomyelitis is seen most often 
in very young animals and Is usually of hematogenous ori¬ 
gin. | n neonate It Is frequently secondaiy to other 
foci of infection (e.g., respiratory or gastrointestinal tract) 
or umbilical remnant. 1 There is often a history of prematu¬ 
rity, failure of passive transfer of colostra! Immunoglobulins, 
orpenpartum dlfficultles. Osteomyelitis In foals, calves, kids, 
and lambs Is typically associated with septic arthritis and 
may or may not Involve infection of the epiphyseal, pbyseal, 
and metaphyseal regions of ihe long bones. 

The acute form of osteomyelitis is rare in adults and usu¬ 
ally is associated with direct bacterial inoculation during 
trauma or open reduction of a fracture. Clinical signs oT 
fever, localized pain, tnappetence, and soft tissue swelling 
often make differentiation between Infection and postoper¬ 
ative Inflammation difficult. Persistent elevation In rectal 
temperature for more than 48 hours may be more indicative 
of an acute Infectious process. 

Fever and depression are usually not observed In chroni¬ 
cally affected animals. In adults, infection Is usually loca¬ 
lized and the result of direct trauma to bone. Clinical 
signs typically observed in chronic osteomyelitis Include 
firm swelling of the affected area, reluctance to bear weight 
on the limb, mild to moderate lameness, and presence of a 
draining fistulous tract. Drainage may be constant or inter¬ 
mittent and is usually purulent. 

Radiographic signs of acute osteomyelitis are often subtle 
and can be difficult to interpret. Ho ft tissue swelling ad|,icen( 
to the affected area may be the only radiographically visible 
abnormality during the Initial signs of infection. Osteolysis 
may be observed as early as 3 days: however, serial radiogra¬ 
phy is often necessary to visualize bony changes, which 
may Jag 7 to 14 days behind the evolution of Infection. 1 ^ 
Destruction of cortfcal bone Initially appears as focal radio- 
lucent holes that subsequently enlarge and coalesce to 
Involves region of bone (Fig. 38-24). Radiographic changes 
frequently noted in animals with chronic osteomyelitis 
include sclerotic bone, cortical resorption bind thinning 
and periosteal proliferation that may be smooth, expansile, 
or spieulated. 1 ^ A s^rre/trum, a necrotic portion of cortical 
bone devoid of an osseous blood supply. Is a classic 
radiographic observation. It appears rad I odense and is 
surrounded by an area of cortical lysis J69 (Fig. 38-25). As 
the body's defenses attempt to isolate the area of infection, 
periostea] new hone forms an mwihjcrum, or bony sheath, 
around the sequestrum w r lth a cloaca that allows inflamma¬ 
tory debris an avenue to egress through a fistulous tract io 
the"skin lfir? (Fig. 38-26). 

Osteomyelitis at a fracture repair site delays hebiling and 
fracture Instability is often noted clinically. Radiographi- 
cally, lysis or bone resorption around Implants may be 
observed, and fracture gap widening or nonunion is fre¬ 
quently seen. 1 ™ 1 implant loosening and fixation collapse 
may occur with progression of bone ly&ls. 



FLG. 3S-Z4 I i .UtuoiTsy'cl i<Li Lit ihe dixc.d lEmiipliyic.iJ. physscnJ, and 
rpiphiisr-al x4:p.iL!2is ol lLn" ihird im~.\i .np.il hi mil" ni a J-werk-uJd KmL ili.ii 
lJLlI not ne'Ci.'ivc l~ 11 Ll■ sLr;Ll immuciUy Jt h irlh Llonv dtiiruction. Li jclvimcrd 
Ntilc the 1 .associated sLhli ijxauc racllmg. 



FLG. a ( oiuraJ xrLpjLTsLnitmn at the dancaj aspect of the third nueta- 

Liirsa.1 bune in a hoixu 4 iyv'cKv after hhml trauma to Lhe .region 
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FIG. 3H--2G I ii K'i ill r l 11 i ■i.11:■ 11 ol ihe LhuJ nuft.ncn.TpjI Ixjck: «l .1 L'uw 
wiih (jUrcuiK CKSlDoniryditi]. A in^uE^truin is visible xun um ikIclI by >m areji 
ui ualcukiiu. An iravolucrum [turned by icm-lIliJL.u y nctenraiK and periasleal 
ntTVi- bane and a chiaL.i farrtnusj' are evident.. 


A definitive diagnosis of osteomyelitis is made by culture 
of the suspected focus of infection. Samples for culture may 
be obtained from deep needle aspirates, sequestra, and 
necrotic tissue removed during surgical debridement or 
metallic Implants removed from the affected area. It is not 
recommended to culture draining tracts because tract organ¬ 
isms are not usually the pathogen(s) responsible for bone 
Infection. Blood cultures arc advisable In the neonate. Cul¬ 
ture for both aerobic and anaerobic bacterial pathogens is 
indicated. Clinical characteristics suggestive of, but not lim¬ 
ited to, anaerobic infection Include a fetid odor r presence of 
bony sequestra, and purulent discharge. Anaerobic Infection 
should be suspected if bacteria are identified on cytologic 
analysis but routine aerobic cultures show no bacterial 
growth. 166 Anaerobes are frequently associated with infec¬ 
tion after surgical repair of an open fracture. Culture results 
will most accurately reflect the causative bacteria if samples 
have been collected and transported properly. 


Cffrriurl Pathology. The WBC count is usually elevated 
In animals with acute osteomyelitis. A degenerative left shift 
In the leukogram Is often present. In neonates an Initial leu¬ 
kopenia may be observed as the result of a primary disorder 
such as generalized septicemia or enteritis. Plasma fibrino¬ 
gen aiso may be elevated In acute infection, 'the leukogram 
tends to return to normal with chronlclty. 

Osteomyelitis is frequently associated with septic arthri¬ 
tis in the neonate. 167 -" 58 Synovial fluid of affected joints 
has an elevated leukocyte count and total protein concen¬ 
tration. Gram stain of synovial fluid can be helpful Initially 
In determining the type of bacteria present, to aid In the 
selection of appropriate antimicrobial therapy before cul¬ 
ture results are lenown. Blood cultures also may be helpful 
for Identification of causative organLsm(s) in the neonate. 


II Pnliiophysiufogy. Sequestration of cortical bone results 
from mechanical trauma to the periosteum and overlying 
soft tissues, which compromises the defenses of normafcor¬ 
tical bone and leads to regional vascular in|ury and venous 
stasis. 3 66 ' l67 - ,6? increases! capillaiy permeability permits 
Inflammatory cells to infiltrate the Injured area and engulf 
bacteria. Lysed neutrophils release proteolytic lysosomal 
enzymes that induce local tissue and bone necrosis; and an 
exudate composed of serum, neutrophils, bacteria, and non- 
viable tissue accumulates. 1 * 7 If host defense mechanisms 
are inadequate to contain the infection, bacterial coloniza¬ 
tion of ad|acent periosteal, cortical, and medullary regions 
ensues. 167 Antibodies and antibiotics cannot easily penetrate 
the Infected area because of the compromised blood supply. 
The necrotic cortical bone or sequestrum is enveloped 
by granulation tissue and new bone, forming an involu¬ 
crum in an effort to contain the Infection. 167 Draining 
sinus tracts may eventually form as the disease progresses. 
Acute hematogenous osteomyelitis has historically been 
attributed to sluggish blood flow in the metaphyseal region 
of iong bones In young, growing animals. i66<167 It was 
thought that vascular stasis In the capillary Loops of the pri¬ 
mary spongiosa resulted In localization of blood-borne 
bacteria In the metaphysis. Recently it has been shown that 
ihe endothelial lining of the capillaries pervading ihe pri¬ 
mary spongiosa of neonates is incomplete and allows 
extravasation of bacteria and erythrocytes. 16 * Because leu¬ 
kocytes are absent from this location Jn the young animal, 
macrophages provide the sole defense against bacterial colo¬ 
nization In this region. L6fl The Inability of these macrophages 
to eliminate bacteria effectively appears to be a critical factor 
In the development of hematogenous osteomyelitis in young 
animals. 


Treti tment. Selected cases of acute osteomyelitis may 
respond to aggressive antimicrobial treatment in the earlv 
stages, but once infection is established In bone, it is difficult 
to resolve without surgical Intervention. Broad-spectrum 
ami microbial administration In combination with surgical 
management constitutes the hallmark of treatment for 
osteomyel Liis. 1M - L 67 

The goal of surgical treatment Is to facilitate the penetra¬ 
tion of blood-borne antibiotics to the site of infection by 
eliminating necrotic debris and encouraging vascular access 
la compromised tissues. The most important precepts are 
careful and thorough debridement of all non viable tissue 
and sequestrated bone fragments, establishment of open 
drainage, and removal of foreign material implants. 166 - 36, 
Certain bacteria (e.g., staphylococci) are capable of produc¬ 
ing a viscous substance that enshrouds bacterial colonies 
and facilitates adhesion of bacteria to necrotic bone and for¬ 
eign Implants. 1 * 6 When combined with host-derived matrix 
proteins and cellular debris, this biofilm protects bacteria 
from host defenses and may actually alter bacterial suscepti¬ 
bility to certain antibiotics. 1 * 6 

ihe exception to Implant removal arises when the Implant 
Is required for fracture stabilization. Although healing is 
delayed, stable fractures can heal In the presence of Infec¬ 
tion. 166 Therefore It is advisable to maintain Implants until 
they are no longer necessary for fracture stability while treat¬ 
ing the Infection. However, delayed healing can lead to exces¬ 
sive cycling of the Implant and fixation failure. 

Initially the choice of appropriate antibiotic is based on 
known susceptibilities of the organism suspected to he 
responsible for Infection. Antibiotic therapy may require 
modification after a definitive organlsm(s) is isolated 
and In vitro susceptibilities determined. The ideal antibi¬ 
otic demonstrates the greatest bactericidal activity against 
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the offending organism, with the least toxicity to the 
patient, and is economically feasible. Duration of antibi¬ 
otic therapy is empirical and depends on clinical 
response. Because compromised bone requires 4 10 6 
weeks for revascularization, this time frame has generally 
been accepted for treatment duration Ln cases of chronic 
osteomyelitis. !66 . * 1 2 3 4 5 * * * * * * * ™ 

The most common aerobic bacterial groups Isolated 
from musculoskeletal Infections In horses Include Entero- 
bacLeriaceae. streptococci., and staphylococci. 171 ArJfnoimj™ 
pyogenes is I be most frequent isolate recovered from adult 
cattle, sheep, and goats. Neonates appear particularly sus¬ 
ceptible to infection from Escherichia cafr and SfffffrmwiTd 
species. J6S Bticturaiites species Is the most predominant obli¬ 
gate anaerobic genus encountered; however, most Infections 
include a mixture of anaerobes or a combination of aerobes 
and anaerobes. 

Parenteral administration of antibiotics constitutes the 
mainstay of antimicrobial therapy in the treatment of osteo¬ 
myelitis. 170 Localized antibiotic therapy, however, is a use¬ 
ful adjunct to systemic antibiotic treatment. Regional limb 
antibiotic perfusion, local implantation of polymethyl¬ 
methacrylate (PMMA) antibiotic-Impregnated beads, and 
use of autogenous cancellous bone grafts enhance the reso¬ 
lution of osteomyelitis. 172 - 174 

Regional limb perfusion delivers a systemic dose of anti¬ 
biotic to an Isolated area of infected tissue, 172 - 173 subjecting 
the tissue to antibiotic concentrations in excess of the MIC 
for the Infectious agent. This technique is particularly useful 
for cases of septic arthritis in which vascular compromise of 
synovial membrane may prevent adequate antimlcrobiai 
distribution. 172 A tourniquet Is placed proximal to the site 
of Infection. A systemic dose of antibiotic Is administered 
through a catheterized vein distal to the slle of infec¬ 
tion, 172 - 173 or through a single. 4.5-mm-diameter hole Into 
the medullary cavity and allowed to perfuse the Isolated 
area for 30 minutes. In horses, cattle, and rabbits, synovia] 
antibiotic concentrations are significantly greater than peak 
serum concentrations associated w r ltb systemic administra¬ 
tion. 172 - 173 We have used regional limb perfusion as an 
ad | u net treatment in selected cases of septic tenosynovitis 
and navicular bursitis and osteomyelitis of the calcaneus, 
phalanges, and distal sesamoid bone. 

Antibiotic-Impregnated PMMA beads are an effective 
drug delivery system for bone and soft tissue Infections in 
human medicine. lfifi - l7J Although this treatment is gaining 
popularity Ln large animal orthopedics, there are no pub¬ 
lished reports of its efficacy in veterinary medicine. Genta¬ 
micin is the traditional antibiotic impregnated in beads 
and eiutes over time to yield local concentrations well 
above the therapeutic concentration range for as long as 
SO days postimplantation. 174 Aminoglycoside toxicity does 
not appear to be a problem, with human serum and urine 
concentrations below those associated with systemic admin¬ 
istration. 174 Gentamicin-Impregnated PM.VIA beads are 
used routinely In our hospital in the repair of open fractures 
and In the internal fixation of dosed fractures that Incurred 
significant soft tissue trauma. 

'['be use of autogenous cancellous bone graft has been 
advocated as an ancillary treatment in some cases of septic 
navicular bursitis and osteomyelitis of the navicular bone 
in horses. 173 Placement of the graft in a surgically created 
defect underlying the navicular bone may reduce dead 
space, provide protection of the deeper tissues front envi¬ 
ronmental contamination, and afford a temporary scaffold 
for tiie Ingrowth of capillaries and precursor cells of granu¬ 
lation tissue. 17 ' We believe this modality has merit for 
continued chnical application and routinely use U for 
deep-seated Infections of the foot. 


II i'mvpilfoii and Control. Early and aggressive medical 
therapy for neonates suspected to be at risk for developing 
septicemia Is prudent In the prevention of acute hematoge¬ 
nous osteomyelitis. Therapy may include administration of 
prophylactic antibiotics and hyperimmune piasma In ani¬ 
mals with failure of passive transfer of colostra I antibodies. 
Prompt and meticulous debridement of avascular and 
necrotic tissue Ln treatment of soft tissue wounds and repair 
of open fractures cannot be overemphasized. Delayed 
wound closure may be desirable In select cases of over¬ 
whelming contamination or Infection. 

Many Infections associated with fracture repair occur 
during open reduction and Internal fixation of closed frac¬ 
tures.™ Strict adherence to the principles of aseptic tech¬ 
nique Is imperative to a successful outcome. Prophvladlc 
an rib lories are often used because the risk of Infection 
increases with metallic implants. The timing of antibiotic 
administration is crucial for efficacy and should achieve suf¬ 
ficient blood antibiotic leveis while the amount of bacteria 
in the exposed tissues exceeds the host's ability to eliminate 
the organisms and aliow tissue healing to commence. 167 
For elective uncompiLcaled orthopedic procedures, antibio¬ 
tics should be administered l to 2 hours before surgery 
and continued for no more than 72 hours after surgery . 1611 
For long-bone fracture repair, the risk of infection is much 
greater because of increased operative time, the presence 
of melaiiic Implants, and the soft tissue trauma Incurred 
during the Injury and subsequent fixation. 171 In ibis case, 
administration of the most effective broad-spectrum antibi¬ 
otic combination for an extended period is advisable. 


NAVICULAR DISEASE (PALMAR 
FOOT PAIN) 

HOHJN M. ilAtSARIKNl-R 

Approximately one third of all forellmb iameness Ln horses 
originates from the caudal third of the foot. Lameness origi¬ 
nating from this area has generally been associated with 
pain arising from the navicuiar bone and its related struc¬ 
tures, ai though other structures in the foot can aiso cause 
lameness. Any one or combination of the following struc¬ 
tures should be considered as a potential source of injury 
in horses that exhibit iameness localized to the posterior 
aspect of the foot: 

1. The navicular bone itself. 

2. Desmitis of the navicular suspensory apparatus, which 
Includes the sesamoid Impar ligament (EL) dislally and 
the coi Lateral suspensory ilgament {CSLj proximally. 

3. Synovial membrane of the navicular bursa; navicular 
bursitis or inflamed tissue (adhesions) between the 
navicular bursa and DDFT. 

4. Desmitis of the deep digital flexor tendon (DDFT) at 
fa) the Insertion, (b) palmar to the navicular bone, or 
jej proximal to the navicular bone. 

3. Laminar tearing in the heel region. 

6. Solar bruising in the heel region. 

7. Some aspects of the palmar region of the distal phalanx 

5. Synovial structures located Ln the distal Inleiphalangeal 

[DIF) joint. 

9. Structural damage to the hoof capsuie in the heel region 

(e.g., underrun heels, collapsed foot). 

10. Desmitis of the distal annular ligament. 

Di'flgnosff. The diagnosis of heel pain Is not difficult when 

a horse's lameness resolves with a palmar digital nerve block. 

However, determining which foot structure Is the source of 
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pain and establishing correct treatment are becoming more 
difficult, it seems that the more we leant about diagnostic 
anesthesia,, the more clouded the picture becomes, ] lorses 
with navicular or heel pain can be a diagnostic and therapeu¬ 
tic challenge to the owner, clinician, and farrier. 

Diagnosis is based on historical data, clinical findings, 
and both routine and advanced imaging techniques to local¬ 
ise the structure causing pain within the hoof capsule. M y 
approach to horses with lameness originating from the heel 
region Is to determine which stiucture In the foot is causing 
the pain and then develop a therapeutic plan. Severity and 
duration of the lameness, the horse's activity, and potential 
owmer compliance, as w r ell as the farrier's experience, should 
be considered. The horse's hoof wall quality, conformation, 
environment, and occupation will all affect therapy. 

HISTORICAL DATA, Common complaints reported by 
owners of a horse exhibiting chronic foot pain include 
intermittent unilateral or bilateral forelimb lameness and 
increased severity of lameness for several days immediately 
after shoeing or at the end of the shoeing period {when 
the toes are long). Occasionally the horse mav point the 
affected forelimb, stumbling With a short, choppv gait 
and increased lameness when ridden on hand ground 

Horses sustaining acute Injuries to soft tissue structures 
in the caudal aspect of the foot (e.g., impar or CSL of navic¬ 
ular suspensory apparatus, distal DDhT), laminar tearing, or 
severe bruising of the heel region may have a history of 
becoming acutely lame during or Immediately after a per¬ 
formance event. Historical data are often overlooked but 
may suggest which foot structure is damaged. 

II CUniail handings umf Urtjgrifjytjc tLiwIuation. Signal¬ 
men! can be helpful in the diagnosis of chronic heel pain. 
Middle-aged quarter horses and thoroughbred and warm- 
blood horses in general are often affected by navicular dis¬ 
ease. Arabians, draft horses, ponies, donkeys, and mules 
are rarely affected with palmar foot pain. A hereditary pre¬ 
disposition may be related to the development of navicular 
disease. Many quarter horses are heavily muscled and have 
relatively smali bo of size. Poor hoof conformation plagues 
many thoroughbred and warmblood horses. Since 1978, 
Dutch warmblood stallions with grade 4 classification on 
navicular bone radiographs (0 = excellent, grade 4 = poor) 
have not been certified for breeding. 'Hie Incidence of grade 
3 or 4 navicular radiographs has decreased from I 1% In 
1997 to 3% in 20Q2. 17 ^ Although hind feet can be affected 
with navicular disease, it Is predominantly considered a 
forellmb problem. 

Observation of limb conformation, as well as hoof size 
and shape and hoof-pair asymmetry, can aid In the diagnosis 
and treatment of palmar fool pain. A broken back hoof- 
pastern axis Is frequently seen in horses with navicular or heel 
pain, but a small subset of horses with navicular pain will 
have a broken forward or normal hoof-pastern alignment. 
In one report of horses diagnosed with navicular disease, 
72% had a broken back hoof-pastern axis and a broken 
forward axis. 177 Horses having a long-toe, low r -heel-hoof 
conformation or underrun heels [defined as >5 degrees dif¬ 
ference between heel and toe angle of foot) was reported In 
77% of a group of horses with chronic heel pain! 1 ” 1 ' Atrophy 
of the frog and contracted heels (defined as frog width less 
than two-thirds Its length) can be seen in horses with palmar 
fool pain and has been attributed to lack of weight bearing In 
the posterior portion of the foot, which reduces the dynamic 
movement of the frog 177 E loof-pair asymmetry in which one 
fool Is smaller, narroiver, and has a higher heel length is also 
common in horses with navicular area pain. The smaller and 
more upright foot is usually the lamest limb. 


A thorough musculoskeletal examination should include 
palpation and comparison of the digital pulses In the feet 
and assessment of the hoof capsule for increased heat. Of 
23 horses diagnosed with navicular area pain, 97% had an 
Increased digital pulse in the most severely affected llmb. i7b 
Hoof tester evaluation can be beneficial in determining pain 
Location. Pain involving the navicular area is Identified by 
application of Intermittent hoof-tester pressure over the 
middle third of the frog, which results in persistent, nonfa- 
tigable reflex withdrawal of the hoof from the examiner. It 
Is Important to assess If the withdrawal reflex Is resulting 
from real pain and not a whimsical reaction by the horse. 
Both front feet should be tested and results from each fool 
compared. A positive hoof-tesler response over the wall of 
the fool across the ends of the navicular bone may occur 
In horses with radiographic evidence of proilferallve new 
bone on the abaxiai margins of the navicular bone, i lorses 
sustaining an Injury to the Impar ligament or insertion of 
the DDhT seem particularly sore with hoof tester pressure 
near the junction of the middle and anterior thirds of the 
frog, i lorses w r lih underrun heels, bruised heels, or damaged 
Laminae in the heel area will often have more pain over the 
affected heel. It is important, if possible, to differentiate 
peripheral versus central hoof pain with a thorough hoof 
tester examination. Many horses with heel pain will land 
toe first and may bruise the sole in the toe region, resulting 
In pain from hoof testers in this area. The hoof-tester exam 
Ls a useful diagnostic tool, but horses can have navicular 
area pain and not respond to hoof tester pressure. iTiis will 
occur more often during periods of dry weather, when the 
horse's feet are excessively nard, or in horses with thick soles 
and hard frogs. 

LAMENESS EXAMINATION. Elorses w r Lth bilateral fore¬ 
limb involvement have a stiff, shuffling, short-strided gait 
that owners often perceive as shoulder lameness. i*he 
horse should be observed at a slow trot in a straight line 
and circled in both directions. A smooth, hard surface Is 
optimal. In horses with heel pain the Lameness wlli often 
be exacerbated when trotted on bard versus soft ground. 
The severity of lameness should be assessed before and 
Immediately after application of hoof-tester paLn. Horses 
with navicular area pain may have Increased severity of 
lameness when, trotted after (he hoof-tester application 
In the central frog area. Several tests may exacerbate lame¬ 
ness In horses w r Lth navicular pain, such as allowing the 
horse to stand on a small block of wood centered over 
the frog for 60 seconds before trotting, or elevating the 
toe with a block of wood. A 30-second lower-limb ""fet¬ 
lock 1 ' flexion test may also exacerbate lameness In horses 
with navicular area pain. 

DIAGNOSTIC ANESTHESIA. Perineural anesthesia of 
the palmar digital nerves [PD.Ns) with I to 2mL of meplva- 
caine placed axial and distal to the proximal limits of the 
medial and lateral collateral ligaments will desensitize the 
palmar half of the foot, entire sole, and palmar aspect of 
the coffin joint. This block Is performed just below r the 
proximal limits of the collateral cartilages to avoid desensi¬ 
tizing the dorsal nerve branches. One study demonstrated 
that lameness secondary to solar pain created by a setscrew - 
Lnduced pain model w r as eliminated 10 minutes after anes¬ 
thesia using 2 mL mepivacalne over each PDN. 17? In the 
past, coffin joint (DIP) anesthesia was thought to be helpful 
In diagnosing navicular area pain, but Investigators have 
recently demonstrated a lack of specificity with this block. 
DIP anesthesia has been shown to eliminate lameness 
associated with pain in the navicular bone itself, navicular 
suspensory apparatus, navicular bursa, and sole of the foot, 
because the sensory nerves to the navicular area are close 
to the DIP joint, and passive diffusion of the anesthetic 
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occurs to the PD Ns. Solar pain in the toe region was 
eliminated before solar pain In the heel region after DIP 
anesthesia, and a maximum 6 ml. of anesthetic was recom¬ 
mended for analgesia of the DIP joint. I’his suggests that 
horses with heel bruises or laminar tearing in the heel 
region should not improve after DIP analgesia using 
low-volume anesthetic and evaluating the horse after 10 
minutes. 

The navicular bursa Is a thin synovial structure Located 
between the navicular hone and distal aspect of the DDFT. 
Analgesia of the navicular bursa may be more specific for 
navicular area pain. A positive response to navicular buisa 
analgesia probably reflects pathology In the navicular bursa, 
navicular Done, or supporting Ligamentous structures. I’he 
normal navicular bursa has a 3-mL capacity, which may be 
reduced in horses with inflamed tissue or acmes Lons between 
the navicular bursa and DDE’T. Synovial fluid is obtained 
infrequently when performing navicular bursa analgesia. 

Horses that improve but do not have total resolution of 
the lameness until after a high palmar digital or abaxial 
nerve block may have pain associated with a desmllls of 
the DDFT within the hoof capsule or desmllls of the DIP 
joint collateral ligament. Horses with DDFf desmllls may 
also Improve after DDFr analgesia. 

radiographic examination. A minimum of three 
higli-detall radiographic view's should be used to evaluate 
the navicular bone; additional views are needed to evaluate 
the entire fool. Lateromedial fLM), 60-degree dorsoproxl- 
mal-palmarodistal oblique with grid [DtiOPr-PaDiO), and 
palmaroproKlmal-palmarodlstal oblique (Pa45Fr-PaD10) 
view's ot the navicular bone are obtained. Some clinicians 
also include two oblique views of the navicular bone. 
Abnormal radiographic changes Include variation in size 
and shape of synovial foramina on the D60Pr-PaDlO pro¬ 
jection; cystic changes within the navicular bone; entheso- 
phyte formation at the attachment of the C3L Ligament on 
the LM projection; flexor cortex erosions and loss of corllco- 
medullaiy distinction, best viewed on the Pa45Pr-PaDLG 
projection; calcification of the flexor surface and distal 
DDFT; and osseous fragments associated with avulsion of 
the impar ligament. Previous studies have shown that abnor¬ 
mal synovial fossae are poorly correlated with lameness, 
rarely progress over lime, and are Inconclusive for the diag¬ 
nosis of navicular disease. Radiographic abnormalities more 
strongly associated with lameness are flexor cortex defects, 
medullary sclerosLs, proximal border remodeling, and loss 
of medullary trabecular pattern. 

Although radiographic eva I nation Is important In the 
diagnostic workup of a horse showing palmar foot pain, It 
is not very sensitive In defining the actual pathologic condi¬ 
tion of the navicular bone. Radiographs often underesti¬ 
mate the extent of pathology seen on necropsy in horses 
with navicular lesions. 

navicular BURSOGRAPHY. Administration of a 3-mL 
mixture of J:I contrast media and anesthetic into the navic¬ 
ular bursa, followed by a Pa45Pr-PaDiO radiographic view', 
is used to evaluate pathologic changes on the flexor surface 
of the n avicu I a r bone a nd adhesions or scarring of the DDFT. 
The advantage of this technique Is confirming pathologic 
changes on the flexor surface of the navicular bone, tvhich 
may not be apparent on survey radiographs, and In lection 
of the anesthetic Into the navicular bursa. Navicular burso- 
grapby identified pathology In the flexor region of the navic¬ 
ular bone 60% more often than plain radiographs. 17911 The 
disadvantages are that some horses are not very tolerant of 
needle penetration of the DDFF and Insertion Into the navic¬ 
ular buisa, and the procedure carries risks such as trauma to 
the navicular bone, sepsis, acute synovllls of the bursa, and 
possibly DDF]'damage secondary to needle penetration. 


NUCLEAR SCINTIGRAPHY. Radiography has lower sen¬ 
sitivity than, but equal specificity as, scintigraphy for the 
diagnosis of navicular disease. For detecting abnormal bone 
activity with In the hoof, nuclear scintigraphy is a sensitive 
but rather nonspecific Imaging method. Scintigraphy detects 
increased w,rt Tc uptake In areas of active osteoblastic activ¬ 
ity; how r ever, because of the proximity of anatomical struc¬ 
tures In the caudal third of the foot, specific structural 
location of the source of pain In a horse with palmar foot 
pain is limited with scintigraphy. 'Hie reliability of scintigra¬ 
phy in diagnosis of fool pain has been criticized because of 
common false-positive and false-negative results. Lateral 
bone-phase Images tvere found to be less sensitive than pal¬ 
mar images, and views taken I hour after radioisotope 
administration were as diagnostic as those taken 2 to 4 
hours after administration. 

ULTRASONOGRAPHY. Diagnostic uItrasonogjaphic ima¬ 
ges can be obtained for some structures In the foot region. 
Ultrasonographs of the collateral ligaments of the DIP 
joint are obMined by positioning a 7.5- or 10-MHz trans¬ 
ducer on the firm part of the dorsolateral and dorsomedial 
aspects of the coronary band. The normal DIP joint collat¬ 
eral ligament for a large horse Is about 0.66 cm. 177 The dis¬ 
tal aspect of the DDFf can be visualized from between the 
heel bulbs In the palmarodlstal aspect of the pastern |olnt. 
The frog of the foot can also be used as a w'Lndow to image 
the DDFT and I mpar Ligament near the flexor surface of the 
navicular bone. Before Imaging, the frog should be 
trimmed to pliable tissue and the foot soaked in a water 
bath overnight. Limitations of ultrasound are that the 
images are restricted to Ebe axial mid Line, and off-incidence 
artifacts can confuse image inteiprelation, [f the frog Is 
excessively hard or has deep sulci, poor contact between 
the frog and transducer may prevent propagation of the 
ultrasound beam. Variation in cross-sectional area and 
width of the DDl 7 r and impar ligament both within and 
between limbs of normal noises also may make image 
interpretation difficult. 

COMPUTED tomography. CT Is the best modality for 

detecting and evaluating bone pathologies in Che cortex or 
trabecula and can also provide an accurate three-dimensional 
assessment of soft tissue structures of the foot. Although less 
expensive than MRI, Cl’ Is less versatile. Special contrast stud¬ 
ies are needed to evaluate articular cartilage with CT, but not 
with MRI. One advantage over MRI is that Cl’ can be used 
to assess accurate needle or scalpel placement for specific 
treatment options. One disadvantage for cr in horses Is the 
need for general anesthesia and special equipment design to 
accommodate the horse. 

MAGNETIC RESONANCE imaging, MRI offers a supe¬ 
rior diagnostic tool to image soft tissue structures in the 
foot. The recent use of MRI in equine lameness has 
provided valuable insight into the pathologic problems 
occurring In horses with palmar foot pain. MR] Is particu¬ 
larly useful In the recognition of abnormally high signal 
fluid) in structures such as the DDIT, IL, and collateral 
Lgaments. MR] also can delect navicular bone edema as 
well as articular cartilage damage In the navicular region. 
MRI can be performed under general anesthesia or in the 
standing horse, depending on the equipment available. In 
one study of 139 horses with lameness focalized to the foot 
by clinical signs and perineural anesthesia, MRI was found 
to be superior to nuclear scintigraphy, ultrasound, or radiol¬ 
ogy in identifying the specific foot structure causing the 
pain. The most common injury was DDFT desmitis 
(59%), followed by desmitis of the DIP collateral ligament 
(31%); 17% of horses bad injuries to multiple structures. 
Only 28% of horses with DDFT or collateral ligament inju¬ 
ries of the DIP |oinl returned to previous use. 
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II Etiology. "I’he exact etiology of navicular pain Is unclear, 
but two theories exist. Initially, vascular occlusion of the 
navicular arteries was believed to result In ischemic necrosis 
of the navicular bone: however, this theory lacks experimen¬ 
tal support. Itie biomechanical theory suggests that the 
degenerative changes in the navicular bone result from 
abnormal forces exerted on the bone and Its supporting 
ligaments. Compression of the navicular hone by the DDR' 
Is an Important aspect of this theory. Peak compressive 
forces of the DDFT on the navicular bone are about 0.77 
times body weight during a slow trot and occur at approxi¬ 
mately 70% of the stance-phase duration. 377 In addition, 
the navicular bone suspensory apparatus [IL and C5L) is 
under excessive tension and possibly compression when 
the horse has dorsopalmar hoof Imbalance (broken back 
hoof-pastern axis or long-toe low-heel-hoof conformation). 
Faulty conformation and Improper hoof balance resulting 
In abnormal biomechanical forces In the navicular area 
cause pathologic changes in the navicular bone shat appear 
similar to those seen In clinical cases. Pain presumably 
results from interosseous pressure in the navicular bone or 
from strain of the support mg soft tissue structures. r fhe bio¬ 
mechanical force applied to the navicular bone depends on 
hoof conformation and Is negatively correlated (p <0.05) to 
both the angle between the distal phalanx and the ground 
and the ratio between heel and toe length. Experimental 
studies seem to support the biomechanical theory. 

II Treatment. There are numerous treatment regimens for 
horses with palmar foot pain, and no one treatment can 
be recommended In all cases. Factors to consider in deter¬ 
mining a treatment plan Include prior treatment, duration 
of clinical signs, structure Injured, severity of disease, use 
of horse, hoof conformation, and shoeing. "Treatment 
options Include variable periods of rest, therapeutic trimm¬ 
ing and shoeing, antiinflammatory medications, Lnlraarticu- 
lar therapy, systemic osteoarthritis-modulating drugs, and 
suigery. 

MEDICAL THERAPIES 

JJesL "faking the horse out of work and confinement to a 
small area such as a stall and small run allow the horse free¬ 
dom of movement without being able to run and buck, 
which could exacerbate the lameness. Controlled exercise 
at a walk and trot for 15 minutes daily has been shown to 
increase blood flow to the feet by 15%. Although the dura¬ 
tion of the rest period Is variable, 3 to 6 weeks will allow 
soft tissue Inflammation to subside and the horse to ad|ust 
to changes in trimming and shoeing. If She lameness has 
resolved after the rest period, a gradual Increase In exercLse 
is recommended before returning to normal use. An excep¬ 
tion is the horse with an acute ligamentous injury to the 
navicular suspensory apparatus or distal DDFT Injury.'These 
injuries are usually severe and require 6 to 12 months of 
rest and confinement. 

Although rest may be beneficial as part of the treatment 
regimen, the owner's situation may not allow for a rest 
period. Other treatments are then required to minimize 
the pain while allowing the horse to continue working, as 
often preferred by many professional horsemen. 

Ftirr/ery "Therapeutic trimming and shoeing to reduce 
biomechanical forces on the navicular/heel area Is the cor¬ 
nerstone of treatment for horses with palmar fool pain. 
Many horses respond to this without further need for medi¬ 
cal or surgical therapy. Other horses improve after corrective 
shoeing but still require additional treatments. Elorses with 
poor hoof conformation or Inappropriate shoeing often 
respond best to corrective shoeing whereas horses with 
good farrier management and good hoof conformation 


may show minimal or no Improvement after therapeutic 
trimming and shoeing. The goals are to [ 1) restore hoof bal¬ 
ance, (2) improve existing problems such as underrun 
heels, (3) reduce biomechanical forces on the navicular 
region, and (4) protect in|ured areas of the hoof. There is 
no standard shoeing technique for horses with heel/navicu¬ 
lar pain; however, observing abnorm a lilies in the hoof and 
Low r er-limb conformation and following basic principles 
can often accomplish these goals. Proper trimming alone 
may restore correct hoof balance such that special shoes or 
pads are not necessaiy; even with proper trimming how¬ 
ever, many horses still require special shoes or pads to 
achieve the desired hoof conformation. Although many 
horses benefit greatly from therapeutic shoeing some have 
permanent structural problems that cannot be corrected. 
Itie veterinarian, farrier, and owmer must w r ork together 
and consider the horse's hoof shape and hoof wall quality, 
environment, conformation, use, and severity of disease. 

Basic Principles for Proper Hoof Balance. 'The configura¬ 
tion of the hoof capsule reflects the stresses applied to the 
foot during the previous months. Hoof balance refers to both 
medio lateral and dorsopalmar balance. Dorsopalmar bal¬ 
ance refers to proper hoof-pastern alignment. Ideally, when 
viewed from (he side, a line drawn through the central 
aspect of the first phalanx should bisect the hoof capsule, 
and the toe angle and heel angle should be parallel to this 
Line. A broken back hoof-pastern axis is common in horses 
w r lth long-toe low-heel conformation and results in 
Increased stress on the phalangeal joint capsules, navicular 
suspensory apparatus, and distal DDFT and Increases pres¬ 
sure between the navicular bone and DDFT. 

Erenkowr (break-over point] of the foot Is the terminal 
part of Locomotion when the heel looses contact with the 
ground surface, followed by the toe. Tension of the DDK1’ 
over the navicular area and flexion of the coffin joint occur 
during breakover. A Low hoof angle or long toe is associated 
with prolongation of breakover time. A high heel angle 
reduces breakover, causing a reduction of forces exerted on 
the caudal structures of the foot and Limb (e.g., navicular 
suspensory apparatus, DDR’, suspensory Ligament). Break¬ 
over should be made as easy as possible by decreasing toe 
Length. 

Corrective trimming Is often more Important but can be 
more difficult than corrective shoeing, "Ihe toe is shortened 
as much as possible, and the heels are trimmed back to the 
widest aspect of (he frog. One of the most common pro¬ 
blems l see is allowing the heels to grow r forward, thus 
decreasing heel support and contributing to dorsopalmar 
hoof Imbalance (Fig. 38-27J; the heels Lose mechanical 
strength and often collapse. In addition, the bars of the 
hoof flatten out and lose support. Proper trimming of the 
heels back to the widest aspect of the frog Increases the 
functional weight-bearing surface of the fool, l’he ground 
surface of the properly trimmed foot has a more rounded 
appearance [Fig. 3S-28). Palmar hoof support Is essential 
for horses with navlcular/heel pain. Full-tlctlng shoes pro¬ 
vide more support hoof by Increasing the weight-bearing 
surface. Ideally, the shoe should fit about Vic* Inch wider 
than the hoof behind the last shoe nail to allow heel expan¬ 
sion. I’he nails should be placed In a line parallel to the 
ground approximately 1 inch (2.5 cm] proximal to the 
shoe, and no nails should be placed behind the widest 
aspect of the hoof. 

Using a w r edged shoe or pad to elevate the heels by 2 to 3 
degrees after the foot is properly trimmed decreases tension 
In the DDFT, thus reducing pressure applied to the navicu¬ 
lar region. I’he effect of raising the heels is helped by rolling 
or rocketing the toe to quicken the breakover of the fool. 
"The use of an egg-bar shoe Is controversial. Although horses 
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with long-toe, low-heel-hoof conformation may gain cau¬ 
dal foot/nee I support from the shoe,, egg-bar shoes had no 
effect on reducing forces between the DDFT and navicular 
area. 

When selecting a particular corrective shoe or shoe/pad 
combination, the horse's use Is an important factor because 
the desired corrective shoe for the individual hoof confor¬ 
mation may not be suitable for the horse to perform its 
intended use. A compromise must be made between 


shoeing for the "ideal" and shoeing for athletic perfor¬ 
mance. taking into consideration such factors as weight of 
the shoe, traction, and interference of other limbs. Another 
important factor is hoof quality. The Ideal shoe/pad selected 
for proper hoof balance may be Impossible to apply If the 
hoof wall is thin or damaged, lit these cases, a second ary 
shoeing regimen is selected that will accomplish similar 
results until hoof quality improves. Although no standard 
shoeing technique exists for horses with navicular pain, 
the following suggestions may he beneficial. 

A rim jfiw or ikiif-round shoe has a rounded edge that will 
enhance breakover. The rim shoe has good traction and Is 
useful in western performance horses, such as roping 
horses, barrel racers, and cutting horses. The Natural Bal¬ 
ance Shoe has a rockered toe and, because of Us design, arti¬ 
ficially shortens the toe length and enhances breakover. It is 
made of aluminum or steel; owners of some western perfor¬ 
mance horses seem to prefer die sleet shoe, which 3s 
thought to provide better traction than the aluminum shoe. 

Acute ligamentous ln|ur!es involving the distal aspect of 
the DDFT or navicular suspensory apparatus require 
extended periods of rest During the rest period, application 
of a 3- to 4-degree wedge pad to the shoeing regimen may 
decrease tension of these soft tissue structures. Controlled 
exercise is important in the treatment of these injuries. My 
group often begins with a 3- to 4-desree pad, depending 
on the horse's hoof conformation, and gradually decreases 
the quantity of heel elevation over time. 

Different shoeing techniques will accomplish the same 
goals of easing breakover, supporting the heels, and protect¬ 
ing in|ured areas of the foot. 

Nonsteroidal Atrtiitifluftuuutmy Drugs. Phenylbutazone is 
most common N5A1D used in the treatment of navicular/ 
heel pain, it reduces pain by Inhibiting the enzyme cycloox¬ 
ygenase and the subsequent cascade of prostaglandins. El 
also Inhibits platelet aggregation, which may theoretically 
increase blood How to die foot. Phenylbutazone can break 
the pain cycle and allow adjustment to new hoof angles 
and shoeing changes. The recommended dosage depends 
on individual horse needs and severity of disease. An initial 
dosage of 4.4 mg/kg once daily for 5 to 7 days seems appro¬ 
priate to allow adjustment to shoeing changes. Many horses 
will require additional treatment during competition. Gas¬ 
tric and right dorsal colon ulceration has been associated 
with phenylbutazone administration In some horses. 

Imxsuprtiie Hydrochloride. This ^-agonist, ^-antagonist is 
a peripheral vasodilator working to Increase blood how lo 
the foot. Its absorption after oral administration in the 
horse is erratic, and It usefulness Is questioned. The recom¬ 
mended dose of isoxsuprine is 0.6 mg/kg twice dally orally 
for 3 weeks; J f no response Is seen, the dose Is Increased to 
1.2 mg/,kg twice daily for 3 weeks, then once daily for 
3 weeks, then every other day Ebr an additional 3 weeks 
No adverse drug reactions have been reported, isoxsuprines 
efficacy appears to he horse dependent. 

Jjjtnwrrindjir iWerffruttom, Intraariicuiar medication of 
the DIT |otnt can be beneficial In horses with navicular area 
pain. Some horses fail to respond adequately to corrective 
shoeing, rest, and NSA3D therapy, or the horse may have 
responded Initially but no longer. If the lameness has been 
previously localized to the caudal aspect. Intraariicuiar anes¬ 
thesia of the DIP joint is performed at the recheck examina¬ 
tion. If significant improvement is seen in the lameness, the 
client is offered Intraariicuiar medication as a treatment 
option. Alternately, if the horse Improves after PDN anes¬ 
thesia In one limb and becomes iame In the opposite limb, 
anesthesia of the DIP joint Is performed. If significant 
Improvement Is seen, medication of the DIP joint is offered 
as an initial treatment option. It Ls Important to remember 
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foal DIP |aim anesthesia is not specific for navicular area 
pain, as discussed earlier. 

Selection of intraaiticular medication varies with the cli¬ 
nician, severity of disease, and client. I usually Inject 20 mg 
of sodium hyaiuronate and 6 to 9 mg of triamcinolone 
(Vetatog) H which often alleviates clinical .signs of tameness 
for 6 to 12 weeks. In severe cases of navicular disease, 20 
to 40 mg of methyl prednisolone acetate ( Depo-Medrolji In 
combination with the sodium hyaiuronate may provide a 
slightly longer duration of effect. Hyaiuronate Ls used for 
joint lubrication and to increase the hyaluronan content 
of synovial fluid. Corticosteroids interact with steroid-spe¬ 
cific receptors in the cytoplasm of cells and Inhibit inflam¬ 
matory InQltralton into me joint and neutrophil function 
by Impairing lysosomal enzymatic release. Corticosteroids 
also inhibtt phospholipase A 2 , preventing both cyclooxy¬ 
genase and lipoxygenase Inflammatory pathways. 

The two primary' reasons not to use intraarllcular corticos¬ 
teroids in horses with |otnt disease are risk of sepsis and 
potential adverse effects on articular cartilage and subchon¬ 
dral bone. Using aseptic technique and combining InLraarti- 
cular antimicrobials with the Injection medication should 
decrease the risk of synovial Infection. ] prefer to use 50 to 
LOO mg of amikacin sulfate for Joint in lections. To minimize 
the negative effects of Lmraarticular corticosteroids, the low¬ 
est clinically effective dose Is used. Minimal research has 
been performed in this area, so cl in lei an experience and 
empirical Information are often consulted. Both systemic 
and intraartleular corticosLerolds have been associated with 
iamlnitis In horses. DIP joint medication is Injected using a 
20-giuge sterile needle placed approximately I cm dorsafto 
the hoof capsule on mldllne, penetrating foe extensor ten¬ 
don while entering the DIP joint. The angle of needle inser¬ 
tion is about 45 degrees from perpendicular to the ground 
surface. Synovial fluid is usually obtained. 

About 30% of horses with pain Localized to the navicular 
area either do not Improve or may improve but remain 
lame after DIP joint anesthesia, which may be associated 
with different diffusion properties of the local anesthetic 
versus the intraartleular medication. Drug treatment of the 
navicular bursa may be beneficial In some of these horses. 
We recently reported on 25 horses with pain localized to 
the navicular region that did not respond to corrective shoe¬ 
ing, pbenvlbutazone. or DIP |olnt medication. L7B These 
horses did improve after navicular bursa in lection with 
40 mg methyl prednisolone and remained sound for a mean 
of 4 months. Most of the 25 horses had moderate to severe 
radiographic changes Involving the navicular bone. Approx¬ 
imately naif had an enthesophyte located at the proximal 
aspect of navicular bone at the attachment of the CSL pos¬ 
sibly indicating chronic CSLdesmLlis (Fig. 30-29], The tech¬ 
nique for navicular bursa in lection has been previously 
described. 3 76 

Systemic Joint-Modulating Drugs, Hyaluronan (HA) is a 
normal component of synovial fluid and functions as a joi nt 
lubricant, ft also appears to have some antiinflammatory 
properties, but the exact mechanism is unknown. Exogenous 
HA inhibits chemotaxis and phagocytosis of granulocytes 
and reduces the stimulation of lymphocytes and may 
decrease the formation of prostaglandin synthesis. The anti¬ 
inflammatory properties of HA appear to be dose dependent, 
and EIA with a molecular weight greater than 500,000 dal- 
lons may be more effective. Systemic E1A may be more effec¬ 
tive in horses with mild synovitis/capsulitis and less effective 
on horses with chronic osteoarthritis. The recommended 
dose is 40 mg HA intravenously once weekly for 3 w r eeks, 
then once monthly for maintenance. Some horses ivith mild 
navicular pain Improve after systemic HA administration, 
but Its use is usually combined with other treatments. 
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Polysulfated GACs such as Adequan are referred to as 
"chondroprotective agents 1 ' and are used to prevent, attenu¬ 
ate, or reverse morphologic cartilaginous lesions associated 
with osteoarthritis. Adequan is made from bovine lung 
and trachea extracts containing mainly cbondroilin sulfate. 
Previous studies have shown that the antiinflammatory 
effect of GAGS Involves the Inhibition of enzymes and cyto¬ 
kines associated with osteoarthritis, such as interleukin 
Interleukin-1 (31.-1, a potent chemolactant agent), metallo- 
protelnases (MMs), and prostaglandin E 2 (PGE 2 )- Roth 
In vivo and in vitro equine studies have been performed, 
with conflicting results. More recently, a survey of 1522 
equine veterinarians assessing the efficacy of systemic poly- 
sulfated GAGS resulted In the sub|ective conclusion foal 
their use was more effective than HA for treatment of sub¬ 
acute DJD and less effective for acute synovitis. Intramuscu¬ 
lar GAG administration was shown to improve lameness In 
horses diagnosed with navicular syndrome In one double¬ 
blind study. 131 The dose was 500 mg IM every 4 days for 
eight treatments. In our hospital we see many middle-aged 
western performance horses with chronic navicular pro¬ 
blems. IM Adequan (500 mg) every 1 to 2 weeks subjec¬ 
tively seems to benefit these cases, although no scientific 
studies support the change in frequency of Its use. 

The oral chrondromodulalory nutraceutical CosequLn has 
been evaluated In the treatment of 10 horses w r Lth navicular 
syndrome. lSSn The nutraceutical consisted of 9 g glucos¬ 
amine, 3 g chondroitin sulfate, and 600 mg manganese 
ascorbate and was given orally twice daily for 60 days. The 
clinical Impression from the owners was that the horses' 
lameness showed improvement. Glucosamine has been 
shown to reduce expression of MMPs and increase the 
expression of natural inhibitors of MMPs In the |olnt when 
studied in vitro. The ability of the horse to absorb these oral 
nutraceulicals has been questioned, and recent work suggests 
that doubling the dose currently recommended by the man¬ 
ufacturer improves efficacy of the product, although 4 lo 6 
weeks of treatment is often needed before a response 
Is seen. I have found that nutraceutical use is variable In 
horses with navicular area pain, with some showing 
Improvement with daily administration and some showing 
no effect. Empirically/ the benefit of oral nutraceulicals 
seems inferior to systemic administration of EV hyaluronan 
or IM Adequan. 
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Olhcr Medical Treatments. TlUidrunale, a blphosphonale, 
is used In human medicine to reduce bone resorption. J( 
has been used to treat navicular area pain In horses with 
promising results. 10 

Investigated as a treatment Tot navicular disease In 
horses, extracorporeal shock wave therapy (ESWT) directs 
a pressure wave to a specific area of the body to Increase 
osteogenic activity In bones and induce neovascularization 
at the tendon-bone junction. Human patients haw variable 
duration of analgesic effect after treatment with ESWT. The 
equine study reported that a single ESWT treatment had 
no effect on horses with navicular disease. 10 

SURGICAL OPTIONS 

Pnhitar Digital Neurectomy. Neurectomy of the palmar 
digital nerves is occasionally required to allow horses with 
chronic heel or navicular pain to remain athletically 
sound. Despite aggressive medical treatment with correc¬ 
tive shoeing, NSAIDs, and intraarticular/1ntrabursal injec¬ 
tions, many horses fall to respond or only improve 
temporarily, which leaves palmar digital neurectomy as a 
final treatment option, Before surgery the horse should 
Improve greater in an after palmar digital nerve peri¬ 
neural anesthesia. Palmar digital neurectomy resulted in 
Improvement in lameness for a mean of 1 years in one 
study evaluating 59 horses with navicular disease. Diligent 
postoperative care Is critical to achieve prolonged sound¬ 
ness.- 10 - 1 After surgery, a padded pressure bandage is 
applied to the limb and changed every 4 to 5 days for 
2 weeks. The horse remains In a stall for'30 days, followed 
by 30 days of light riding and resumption of normal activ¬ 
ity 60 days after surgery The limited activity and diligent 
bandaging after surgery may reduce the Inflammatory 
response and reduce scar tissue formation around the 
nerve stumps. 

Navicular Suspensory Dtainwtomy. This procedure has 
been recommended for horses w r llh navicular syndrome in 
the past and applied lo a number of cases, without favor¬ 
able long-term results. Therefore, we are not currently using 
this procedure and believe Ll has fallen out of favor as a 
treatment for horses with navicular pain. 

SUMMARY. No single treatment option is suitable for all 
horses with heel or navicular area pain. Each horse must be 
evaluated individually to determine which structure In the 
almar aspect of the foot is Injured, severity of disease, 
orse and hoof conformation, and horse use and level of 
performance expectation before a treatment plan can be 
developed. Many treatment options are available to help 
these horses to perform. 


SPONDYLITIS 


SAttUJ At. HlUtti 

fJefiiiiifoiPJ. Spondylitis is Inflammation or Infection of 
the vertebral body. DtektfpMdfyJrtj'j is an inflammatory 
lesion that Includes the Intervertebral disk and its adjacent 
vertebrae. It is usually confined Lo one Intervertebral joint. 
Both spondylitis and diskospondylitls are rare Ln large ani¬ 
mals but life threatening. Also called vertebral osteomyelitis, 
spondylitis is most often seen In swine 134 but Is also 
described in horses, cattle, 135 goats, 3 ^ and sheep. Infection 
is the most likely cause, but an ettologlc agent may be diffi¬ 
cult to Isolate. Neonates are especially at risk for spondylitis. 
Diskospondylitls Ln Large animals is most often reported in 
adult horses and cows in the cervical vertebrae. 
Lesions have been Identified less frequently Ln the tho- 
mdc, IM - m lumbar, 1 ' 32 and sacral m regions. The clLnical 


signs and diagnostic approach are similar for spondylitis 
and diskospondylitls 

II Clinical Sig ns and Differential Diagnosis. The earliest 
signs of spondylitis may include fever, lethargy, stiffness, 
and localized spinal pain. Soft tissue swelling may be evi¬ 
dent with paravertebral abscessailon. l9J Muscle" atrophy 
has also been reported in a quarter horse. 193 Because dis- 
kospondylitls most often affects the cervical and thoracic 
vertebrae in horses, neck pain and reluctance lo lower the 
head to graze are common signs. Animals may develop an 
abnormal stance with one forelimb forward and the Giber 
back Ln order to graze . 390 Vertebral osteomyelitis may pro¬ 
gress to spinal cord compression and variable degrees of 
ataxia, paresis, sensory and proprioceptive deficits, and 
recumbency. Neurologic signs depend on the vertebral sec¬ 
tion affected and the amount of spinal cord compression. 
Clinical signs are usually progressive. 

Early clinical signs in ruminants Include abnormal 
behavior, decreased "appetite, and weight loss. Difficulty In 
extending the head and neck ventralIv is often the reason 
for presen taLLon to a veterinarian.Varying degrees of 
neurologic deficits are reported, from occasional stum¬ 
bling 135 lo tetraparesis 195 and paraplegia. 136 

Differential diagnoses for spinal pain Include spondylo¬ 
sis, vertebral fracture, muscle strain, dorsal spinous process 
impingement, vertebral sub luxation, vertebral infarcts, and 
aberrant parasite migration. 1 * 6 Additional differentials for 
spinal cord ataxia in horses include cervical stenotic my¬ 
elopathy, equine protozoal myeloencephalopathy, herpes 
rayeloencepnalopathy, and neoplasia. 

Etiology and Pathogenesis* Both spondylitis and dlsko- 
spondylitis are thought to be septic conditions, although 
etiologic isolation usually is not successful. Even in cases 
where bacteria are not isolated, response to antimicrobials 
may Indicate a bacterial pathogenesis. IW Bacterial Infection 
is more common than fungal Infection, and the hematoge¬ 
nous route of infection Is the most common. Spondylitis 
occurs most frequently in neonates. This age predisposition 
may be caused in part by failure of passive transfer leading 
lo sepsis. 3 SJ In general, spondylitis Is often second a ry to a 
preexisting focus of infection elsewhere In the body. 134 
Tail-docking wounds, 197 umbilical Infections, l34 - 195 pneu¬ 
monia, 195 and lung abscesses 33J are possible sources of 
infection. Septic thrombi embollze into the metaphyseal 
arteries of the vertebrae, where flow is sluggish and bacteria 
can colonize. 197 In adults, direct Ln|ury to the intervertebral 
disk or the vertebral end plate may contribute to the forma¬ 
tion of diskospondylitls. The Injury disrupts the vasculature, 
increasing susceptibility to Infection. Diskospondylitls is 
also reported lo occur secondary to spread of local infec¬ 
tion 1 ^ and traumatic Injury?. 137 Infection results in destruc¬ 
tion and remodeling of affected bone. Inflammation of the 
disk and vertebrae leads to spinal cord compression and the 
associated neurologic dysfunction. The Intervertebral disk 
may actually prolapse into the spinal canal. The neuro¬ 
logic signs may also be secondary to the infection eroding 
into the meninges and causing a suppurative menlngULs. 

Pathogens that have been cultured from adult horses 
wLth vertebral osteomyelitis Include BruceJto abortus 193 
Aspergillus specEes, Streptococcm zooepidemic us, 1 **' Stap¬ 
hylococcus species, lfl9 - 1132 and Mycttfcucteraifm Jjot'is. 199 
Vertebral osteomyelitis isolates in foals Include Rhotlococcus 
equ\ f Streptococcus species, Artinobacilhis species, 

Eikeneila ctwrodaij, 291 Escherichia coli, SofmondL jyphj'imujjjwj. 
SfapMiiflYflds species, and Corynebaaerinm pscudotulTercuio- 
,sh. 193 isolates from cattle with vertebral osteomyelitis include 
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Aspergilkti fumigants, Eticteroda raodesiis, CJmtrktuiin pejfyin- 
gam, Streptococcus species, Sbiptojta.vtwj species, La ^ L eofi, 107 
/Utrrwpffyces pyogenes, FuwbiiLteriiitit necrophems, and Pseudomo¬ 
nas species . 201 Sto^^ocmanu species anti AmirwiMcterfriHt 
(Aetinom^es) ppogam were cultured from the Intervertebral 
disk Of A goat. 

II Dfiigrcasis. Diagnosis Is based on clinical signs and 
imaging modalities. Cllnicopathologic findings may include 
anemia, leukocytosis, neutrophilia, and hyperflbrinogen- 
emla. Lft3 Hyperprotelnetnia resulting from byperglobuline- 
mia may also be seen. 300 Cerebrospinal flu Id Is usually 
normal, unless the osteomyelitis has progressed to meningi¬ 
tis. Rtood and urine cultures should be obtained but often 
are not diagnostic. 

Radiography is the basis of diagnosis. Radiographic signs 
of spondylitis include bony proliferation, lysis, sclerosis, and 
localized soft tissue swelling. 1 "- 1 Radiographic abnormalities 
In diskospondylitis include osteolysis of adjacent endpiates 
with surrounding sclerosis and collapsed Intervertebral disk 
space . ni Contrast radiography may be used to delineate spi¬ 
nal cord compression. However, radiographic changes 
may lag 2 lo & weeks behind clinical signs, compromising 
early diagnosis. 3 * 1 * With vague clinical signs, the neuroana- 
lomlc location within the vertebral column may be difficult 
to identify, making targeted radiographs impossible. Nuclear 
scintigraphy may help to localize ihe lesion to a specific ver¬ 
tebra Isect Ion that can then be radiographed . iM Scintigraphy 
may also allow earlier detection because of the lag time In 
radiographic changes. Ciprofloxacin and VVRC-labeled scin¬ 
tigraphy may also prove useful in the diagnosis of vertebral 
osteomyelitis. 

Ult r a sonography Is currently being investigated as a 
useful imaging modality. Abnormalities Include irregular 
endplales or bone surfaces, wide or narrow disk spaces, 
vertebral step formation, and associated abscessation or 
muscle Involvement. 191 Transrectal ultrasonography of 
the lumbar vertebrae mav be performed, and transcutane¬ 
ous studies can Image tfie rest of the vertebral column. 
Advantages are that ultrasound can be done In she field 
anti can housed for needle-guided aspirates of pole nt tally 
Infectious lesions and as a screening tool to localize 
lesions. 192 MRI and CT may also be considered as they 
allow visualization of the endplates, vertebral disk, and 
spinal cord. CT has been used in a goat to diagnosis dis- 
kospondylitlsi bone Lysis, bone proliferation, mineral 
opacity In the intervertebral disk, and spinal cord dis¬ 
placement were seen.^ fi 


treatment. Long-term antimicrobial therapy Is indicated 
for animals wish vertebral osteomyelitis, blood, urine, or 
tissue culture and sensitivity may be used to guide antimi¬ 
crobial choices. When this is not possible, broad-spectrum 
bactericidal antimicrobials should be used. Long-term treat¬ 
ment is necessary and may last 3 to G months. 193 NSAEDs 
can also be used for pain control. In nonresponsLve cases, 
curettage of infected bone may be necessaiy.^-^This also 
provides an opportunity to collect material for bacterial cul¬ 
ture.[n horses with Instability and spinal cord compres¬ 
sion. surgical decompression and stabilization may be 
indicated 


J’ro^roffy. The prognosis for horses with diskospondyli¬ 
tis is guarded to poor. If there are no neurologic debcits and 
thus presumably no spinal cord compression, cbe prognosis 
Is more favorable. Early diagnosis and long-term treatment 
are essential. 


SPONDYLOSIS 


SAHAtl XJ. AIOJSS 

Definition. Spondylosis is a degenerative condition of 
the intervertebral |olnis. in middle-age and older horses 
and cattle, the thoracic and lumbar vertebrae are susceptible 
to chronic, progressive development of enlhesophyles 
within the ventral longitudinal ligament or the ventral mar¬ 
gins of the anulus flbrosus. Osteophytes extend across the 
Intervertebral space toward osteophytes on the ad|acenl 
vertebrae, resulting in partial bridging where a lucent line 
persists between the two. Complete bridging (nnltyiosii) can 
occur, however, w It bout significant loss of intervertebral disk 
width. A variety of terms are used in veterinary medicine 
to describe vertebral enlhesophyle formation, including 
ypofliMuifs defonna ru, ucrlefcm/ oiseophylosii r and Lrnfytastaj 
j/wndyktfti, 20 * 

Spondylosis In horses Is most common In mature animals 
and reportedly in a higher proportion of mares. 20,1 The most 
common location In horses is from the tenth to fourteenth 
thoracic vertebrae. When spondylosis occurs In the thoracic 
region, the osteophvtes are usually ventrolateral, whereas In 
the lumbar region the osteophytes are more lateral. 205 

Middle-age and older bulls have a higher prevalence of 
vertebral enlhesophytes than other cattle, bulls used for arti¬ 
ficial in semination are especially at risk; In one study, more 
than 49% of those ft years and older had spondylosis. 206 In 
another study, middle-age bulls also bad significant pathol¬ 
ogy, wish 21 of 21 dairy bulls age G5 to 90 months having 
some degree of lumbar osteophytes; 13 had complete anky¬ 
losis of at least one Intervertebral space. 207 

Etitilag}' and I'driiogenerfr. The exact cause of spondylo¬ 
sis Is unknown but is apparently related to altered biome¬ 
chanics and Inflammatory mediators. Some believe that 
spondylosis Is a result of excessive dorsi Ilex Ion when the 
back muscles fatigue.- 108 Mechanical stress then leads to 
tearing of the ventrolateral an ulus flbrosus. Chemical med¬ 
iators act on the periarticular ligaments and Joint capsule, 
leading to met aplastic change. Ossification occurs within 
the an ulus fibrosus and ventral Longitudinal ligament, 
resulting In partial bridging. The cycle may continue until 
ankylosis Is complete and a continuous medullary cavity 
exists. 20 - 1 Partial or complete ankylosis at one site puts more 
stress on adjacent segments, so there Is more active bone 
remodeling elsewhere In die vertebral column. 205 Second¬ 
ary D]R of the dorsal articular facets may also develop as 
a result of altered biomechanics. 

The enthesophytes and then the ankylosed vertebral bod¬ 
ies are at higher risk for fracture because of their Inability lo 
absorb normal forces. Three percent of bulls at artificial 
Insemination centers have vertebral fractures. 209 

Spondylosis in bulls Is not related to force of ejaculatory 
thrust at service, 210 frequency of semen collection, or higK- 
calclum diets. 200 Despite previous thinking, limited dietary 
calcium does noE reduce the prevalence of spondylosis In 
bulls. 200 

Nerve roofs may be compressed as they exit the Interver¬ 
tebral foramen, and spinal cord compression may occur If 
the bony proliferation extends dorsally into die vertebral 
canal. This results in neurologic deficits such as progressive 
ataxia and paralysis. 

Citnical Signs and Different ini Diagnosis. Spondylosis 
may be an Incidental finding in animals with no history 
or clinical signs of back pain. However, spondylosis can 
account for acute, recurrent, and chronic back pain In some 
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animals. Pain is caused by inflammation, Impingement,, 
and fracture. Palpation of the spine may be poorly toler¬ 
ated, Horses may "’guard" their vertebral column by using 
muscle contraction to disallow ventroilexion. Resentment 
of girthing and mounting may be noticed. Riders may 
report poor performance, vague lameness, or altered gall. i<M 
Bulls with spondylosis w r lll have a good appetite and are 
afebrile, but they may have difficulty rising, be reluctant to 
move, and have difficulty mounting, 203. Once present, clini¬ 
cal signs are slowly progressive. Lameness becomes more 
severe, and neurologic deficits may be seen, when ihere Is 
nerve rool Impingement or spinal cord compression. 
Abnormalities include bilateral proprioceptive deficits of 
the hindltmbs, with hoof dragging, excessive hindllmb flex¬ 
ion, and incoordination. Hindllmb ataxia can progress to 
paralysis in some animals, especially older dairy bulls. 20 " 

[Differential diagnoses for spinal pain include muscle 
strain, vertebral fracture, diskospondylitis, dorsal spinous 
process impingement, vertebral infarct, and aberrant parasite 
migration. Additional differentials for cattle with hindlimb 
neurologic deficits Include lymphosarcoma, encephalopa¬ 
thy, progressive degenerative myeloencephalopalby, and 
downer cow syndrome 201 

II Dfrjgfturfs. Diagnosis is suggested by clinical signs and, 
in bulls, a history of reluctance to mount or breed. Falpa- 
tion of the dorsum may elicit signs of pain. Rectal palpation 
may reveal ventral osteophytes If they are located on the 
caudal lumbar vertebrae. A thorough Neurologir examina¬ 
tion Is indicated If there are hindllmb deficits. Cerebrospi¬ 
nal fluid is usually normal, 

Standing lateral radiographs are the mainstay of diagno¬ 
sis. Diagnostic radiographs can be difficult to obtain, how¬ 
ever, given die depth of the vertebrae in the thoracolumbar 
region. If spondylosis Is suspected, targeting radiographs to 
areas of predilection is helpful. Spondylosis in horses Is most 
common In the caudal thoracic vertebrae. In bulls the most 
common locations areC3-C5, T2-T6, and T1J-L5. The larges! 
osteophytes occur in older bulls at Ebe thoracolumbar junc¬ 
tion. 20 ^- 30 Radiographic changes Include smooth bone thaE 
blends with the vertebral body and bridges apparently nor¬ 
mal intervertebral disks. The clinical significance of radio- 
graphic change must also be determined based on history 
and clinical signs, as spondylosis can be an Incidental 
finding. Nuclear scintigraphy can be useful for determining 
the activity and potential clinical significance of a lesion 
based on the radiopharmaceutical uptake. Scintigraphy Is 
also helpful in localizing the lesion for targeted radiography 
and is an excellent Imaging option if diagnostic radiographs 
cannot be obtained because of size constraints. 

!Ycd/jJi£trt/ mu! Prog rcosti. Treatment for clinical spondy¬ 
losis consists of palliative care. Systemic antiinflammatory 
drugs, cryotherapv (ice packs, cold hosing), and stall rest 
are recommended during the acute pha.se. Once complete 
fusion occurs, clinical signs should Improve. However, If 
vertebral fractures or neurologic deficits are present, the 
prognosis is poor. 


LAM IN ITiS (FOUNDER) 

ftDBEET L UioU ORD 

II Definition, Ltmlnitls {"inflammation of the laminae") is 
a disease that causes degeneration, necrosis, and inflamma¬ 
tion of the dermal and epidermal laminae in the hoof wall 
of horses and ruminants. 


Etiolog)'gene sis. Because the epidermal Lami¬ 
nae suspend the distal phalanx and therefore the body 
weight of a horse, laminar degeneration destroys the sus¬ 
pension mechanism and permits weight-bearing forces to 
push the distal phalanx ventral ly. Failure of the Laminar sus¬ 
pending mechanism causes a painful and potentially crip¬ 
pling lameness. Limlnitls is often a sequela of digestive 
disturbances and other disorders that cause endotoxemia 
and elaboration of Inflammatory mediators. Unless preven¬ 
tive measures are taken, Lamlnttis often occurs after eoIonic 
torsion, proximal enteritis, colitis, grain overload, pleuro¬ 
pneumonia, and septic metritis (L.e., postparturient reten¬ 
tion of th e placenta). 2 L1 - 2 J 5 

In horses, Lamlnttis Ls sometimes seen following changes 
in feed, excess Intake of cold water after strenuous exercise, 
grazing on lush spring grasses containing highly available 
carbohydrates, or persistent feeding of a high-concentrate 
ration.* * 11 - 212 Laminitls may also be precipitated In horses 
by administration of high levels of corticosteroids, 2 Lb which 
decrease protein synthesis and potentiate d I glial vasocon¬ 
striction and micro-thrombosis. 7 Excessive weight bearing 
in the support limb during severe Lameness of the contralat¬ 
eral limb can produce laminitls, as can work on hard 
ground or extreme exhaustion and dehydration. 21 2jLt - 213 
A water-soluble toxin in black walnut shavings also has 
been shown to induce laminitls In horses. 21 * 

In cattle, laminitls Is most often seen immediately after 
calving in fat heifers that have been fed excess concentrates 
and kept on concrete surfaces 2Jy 

II PdfJwpJtysfo logy. Hie pathophysiology of laminitls has 
not been totally elucidated; however, laminitls is often con¬ 
sidered a local'manifestation of a variety of disorders that 
cause a generalized metabolic disturbance. Several factors 
may produce laminar degeneration. The Integrity of the 
laminar suspending mechanism depends on maintenance 
of proteins in the cytoskeletal networks, intercellular junc¬ 
tions, and basement membrane of the epidermal laminar 
cells. This process is energy dependent, and disorders that 
decrease laminar perfusion or decrease protein synthesis 
haw the potential to initiate laminar degeneration. In addi¬ 
tion, Laminar degeneration may be initiated by disorders 
that cause the elaboration of factors cytotoxic to the epider¬ 
mal laminae, by disorders that activate metal I op rotel liases, 
or by disorders that increase the tension on the laminae. 
Because the laminae and their sustaining vasculature are 
confined within the rigid hoof wall, factors that cause tissue 
swelling (e.g.. Inflammation, edema) can theoretically 
increase the interstitial tissue pressure beyond critical capil¬ 
lary closing pressure, producing a compartment syndrome 
anti functional Ischemia of the corlum. Opening of arterio¬ 
venous shunls within the corlum occurs during carbohy¬ 
drate-overload laminitfs, but such shunting has not 
conclusively been shown Eo be the major factor producing 
laminar degeneration. 

Laminitls is often a sequela of diseases producing gram- 
negatlve sepsis and endotoxemia, but experimental admin¬ 
istration of endotoxin has failed to produce laminitls. How¬ 
ever, over ingestion of grain or other feeds containing iarge 
amounts o £ highly available carbohydrates is though! Co 
produce endotoxemia and Is the most common cause of 
acute laminitls. Carbohydrate overload results in bacterial 
overgrowth In the colon, Lactic acidosis, decreased colonic 
pH, colonic mucosal slough, and death of colonic bacteria 
with concomitant liberation of endotoxin. Degeneration of 
the colontc mucosa is thought to allow endotoxin to gain 
access to the portal circulation. The mechanistic Jink 
between endotoxemia and Laminar degeneration is not 
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totally understood; however, endotoxin (hat crosses a com- 
romised bowel wall into (be portal circulation Ls removed 
y reticuloendothelial ceils In the liver, where it likely 
(riggers activation of leukocytes and up regulation of proin- 
flammalory cytokines observed during colitis and grain 
overload. Hyperimmune serum to gram-negative core anti¬ 
gens has a strong protective effect on horses at high risk of 
developing lamlnitis as a result of Intestinal crises or carbo¬ 
hydrate overload.- 3 20 

Sequential biopsies of the epidermal laminae and 
corium during the development of grain-overload lamlnitis 
indicated that initial laminar degeneration was most com¬ 
patible with Ischemic or cytotoxic injury, and that a major 
influx of inflam matoiy cells, edema, and mlcrothrombosis 
did not precede laminar degeneration but occurred later 
and was likely to accelerate the degeneration.- 21 

Recent evidence Indicates that pro Inflammatory cytokine 
expression is increased 222 and leukocytes are activated 22 -- 
and begin to emigrate Into the perlvenular interslitium of 
(he laminar dermis 23 J - 23S during (he developmental stages 
of black walnut extract-induced lamlnitis. Levels of latent 
metalloproteinase also Increase In the plasma and vascular 
and perivascular tissues of the dermal laminae during (he 
development I stages of black walnut extract-induced 226 
and carbohydrate-overload 1 a mini t Is. 227 .Matrix metal lop ro- 
teinases (MMPls) in (he laminar region are normally located 
In the laminar epidermis, where they are thought to play a 
major role in laminar epidermal remodeling to facilitate 
hoof wall growth and migration. 22 ^ Early histologic lesions 
during the developmental stages of lamlnitis are compatible 
with excess activation of MMFs and disruption of cell-cell 
and cell-basement membrane linkages. 321 - 127 Increased 
expression of pro Inflammatory cytokines and activation 
and emigration of leukocytes during the developmental 
stage of lamlnitis may alter the balance between normal 
levels of activation ancl Inhibition of constitutive MMPs In 
the laminar epidermis, leading to disiuptlon of the laminar 
suspending mechanism. Continuous 4S-hour application of 
an ice-water bath to the distal limb is thought to decrease 
MMP enzyme activity and was recently shown to protect 
the chilled digit while the contralateral nonchi I led digit 
developed lamlnitis after carbohydrate overload. 225 

Because perfusion of the most dorsal laminae depends 
on vessels that course through vascular canals In the distal 
phalanx, distal migration of the distal phalanx caused by 
laminar degeneration may compromise laminar perfusion 
and result in a cycle that'Intensifies the laminar lesion. It 
is also theorized that the pain associated with laminar 
degeneration may cause release of catecholamines that 
potentiate peripheral vasoconstriction and further diminish 
laminar perfusion. 

II crtTNCftf 5/girs, Itie signs of acute laminltis are lameness, 
depression, anorexia, and reluctance to move. Early in the 
disease, affected animals often paddle or shift weight from 
one foot to the other. Increased pulsations can be palpated 
and sometimes visualized In the digital arteries. 1 loof-tesler 
examinations reveal sensitivity over the sole at the toe, and 
tapping on the hoof wall at the toe may elicit pain. Severely 
affected animals may be unwilling to pick up a forefoot or 
bindfoot because they are reluctant to bear full w r eigfu on 
the contralateral foot fobel grade III lameness 3:K} ). The fore¬ 
feet are usually affected more often and more severely than 
the blndfeet in horses, and the most dorsal laminae are 
more severely involved than laminae in the heel regions. 
Therefore, horses with lamlnitis typically draw the hind- 
limbs under the body and place the forelimbs forward 
to shift weigh 1 to [ he hindquarters and load the heels more 


than the toes. In ruminants the hind limbs are most often 
Involved, and affected animals characteristically become 
recumbent. In severe cases, when laminar degeneration 
circumferentially Involves the foot, a noticeable depression 
can be palpated along the coronaiy band. In such cases, exu¬ 
dation is sometimes noted in the coronary region, and the 
skin may separate from the hoof wall. These signs Indicate 
that the distal phalanx has shifted distally with respect to 
the hoof wall (L.e., severe rotation or sinking of the distal pha¬ 
lanx] and suggest a poor prognosis. With dislocation of the 
distal phalanx, the sole loses Its normal cupped appearance 
and is flat or bulges between the toe and apex of the frog. 
Pulse and respiratory rales are usually Increased, and other 
clinical signs reflect underlying disease processes. 

Signs of chronic lamlnitis are Lameness and abnormal 
conformation of the foot. 'The sole Is flat or dropped, the 
white line is widened, and the hoof w r all shows signs of 
uneven growth. Irregular rings of horn, closely spaced at 
the toe and more widely spaced near the heels, encircle 
the hoof w r all. In ruminants the sole softens and assumes 
a light-yellow discoloration. Elemorrhages can often be 
identified In the abaxial white Line region, and fissures par¬ 
allel to the coronaiy band may be seen In thehoofw r all. The 
signs of subsolar abscessailon sometimes mimic those of 
Laminltis; however, abscesses most often Involve only one 
foot and rarely cause anorexia, depression, or Increased 
pulse and respiratory rates. 

IV Cfomtflf and Rudiofog}\ Clinical pathologic 

findings during the development of acute laminltis most 
frequently represent alterations associated with underlying 
disease processes, such as enteritis, colitis, or metritis, and 
are not pathognomonic for lamlnitis. During the onset of 
alimentary lamlnitis, packed cell volume, total plasma pro¬ 
tein, heart rate, respiratory rate, rectal temperature, and 
blood glucose Level are often elevated. Arterial blood pres¬ 
sure is usually elevated In horses but depressed in ruml- 
nants. 33J Neutropenia often precedes Laminltis caused by 
disorders that produce endotoxemia; neutrophilia and eosl- 
nopenla are often seen later. Changes are thought to reflect 
compartmental fluid shifts and a stress response consistent 
with release of glucocorticoids and catecholamines. Horses 
with chronic severe lamlnitis. In which euthanasia was 
deemed necessary, had total WBC counts that were signifi¬ 
cantly elevated (5,000 to 18,000 /ilL) compared with control 
horses and horses that recovered from less severe bouts of 
laminltis. 313 The persistent neutrophilia tvas presumably a 
response to Lnfecllon and was thought to signify an unfa¬ 
vorable prognosis. 

Radiographic examinations should be performed on the 
affected digits of horses suspected So be developing Laminl- 
tis. The inLtial examinations should Include lateromedlal 
and 6 5-degree dorsoproximal-paImarodLstal prelections. 
These views should be taken to assess the appearance of 
the distal phalanx, the soft tissues of the hoof wall and 
corium, and (heir relationship. Lateromedial examinations 
are periodically repeated to check the progression of the dis¬ 
ease. Radiographic signs of lamlnitis Include ventral dis¬ 
placement of the extensor process with respect to the 
coronary groove of the hoof wall, increased distance 
between the dorsal cortex of the distal phalanx and the sur¬ 
face of the hoof wall, and ventral rotation of the tip of the 
distal phalanx. Linear radiolucencies are noted interior to 
the hoof wall In cases where the corium has separated from 
the epidermal laminae. Increasing degrees of rotation of the 
distal phalanx and increases in the distance between the 
dorsal surface of the distal phalanx and the hoof wall Indi¬ 
cate progression of the disease (Fig. 35-50). 
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FIG. 3S-3D 1 I A, Ijateromtrdial rjiLkn^r.iph of j, noriii.il ili^ii. Lwu radiopaque markers can be seen. One ha*-been plju/J un tlie blu-ck btrlow the loul 
mark the bemin^ surface oJ" the wall. nnd the uttier marker identifies' ttie LucaLion of the du-rcal surface of Lhe tiouJ wall. Notice that the dorsal surface ol" 
the houJ wall and Lhe dorsal eortex of the distal ph.iL.icis are parallel, and that the distance between them, the soil Lissiie Lhirkness [Tj, in .i]>pio.sin:.ndy 
ui die iJisLinee liocn Lhe tip uf the distal phalanx to the anieul.LlRm of ihe distal phidanx and the navk-uLai bone, that is, the length uf the distal phalanx 
(L). It, L,icvroniodi.il radiograph of a digit from a horse with severe laminitis. lhe dislaL phalanx han dropped venLrally widiouL rotating. JTiis phenomenun is 
seen in some horses with laminitis. lhe most oonnistent xadiogt^phic manilestaLion in such rases in an inrreaned distanre between the dorsal cortex. ol" the 
distal phalanx and the dorsal suilare oT the hood wall. The suit tissue thickness, an measured between the duexal cortex and Lhe dumal surface id the boor 
wall, in this case is 45% the Icnplh of the distill phalanx. Jhe suft tissue thickness in nunnally less than 2d% uf the distal ph alanx length fur thoroughbred 
racehorses. C, Lderomedial rad iograph iA a ilipii Jiom a horse with severe laminitis. Note the Linear jadiolucency dorsal Lu the disLal phalanx ^irruitVifmJJi. 
'Lliis I Linen cy indicates a nepaiatiun between the roiium and primary epidermal laminae and marks the inner aspect uf the tioui wall finmcynj^. 'Jhe dorsal cor¬ 
tex rd Lhe distal phalanx is roLated approximately H degrees with respect to the inner surface of Lhe hutd wall. Note that the dorsal and inner surfaces id the 
liooT wall ace not parallel. This is the result ui rasping alung the dislal portion ill the dorsal surface uf die hoof wall, lhe soft tissue thickness in this cane is 
greatly increased to aLmusL 12% of the distal ptiaLanx length. 


Because variations in technique affect subsequent radio- 
graphic distance and angle measurements, it Is essential to 
standardize the radiographic procedure to detect small 
changes between examinations. For the latero medial radio¬ 
graph, the fool is cleaned and placed on a wooden block 
approximately 3 Inches (7.5 cm) thick. A radiopaque marker 
can be embedded In the dorsal surface of the block and along 
the dorsal surface of lhe hoof wall to aid Ln determining the 
amount of rotation of the distal phalanx. However, marking 
the surface of the dorsal hoof wall Is generally not necessary 
when digital radiographs are available. A "small section 
of metal wire or a groove can be placed In lhe proximodor- 
sal hoof wall as a reference for measuring vertical displace¬ 
ment of the distal phalanx In repeated radiographs, and 
a thumbtack is often useful in marking ihe apex of the 
frog for radiographic and anatomic correlation before ther¬ 
apeutic shoeing. 

The radiographic beam should be perpendicular to a sagit¬ 
tal plane through the digit and should be centered midway 
between the toe and heels, about 1 inch (2 to 3 cm) above 
the bearing surface of the wall, ltie radiographic cassette 
should be parallel to the sagittal plane through the digit 
and should be placed as close to the foot as possible. Using 
a consistent technique and performing the examination In a 
standardized manner permit straight lateral radiographs to 
be produced and allow accurate quantification of radiographic 
parameters so that subtle changes may be identified early. 

One of the earliest and most reliable radiographic "signs 
of laminar deformity is an increase in distance between 
the dorsal surface of "(he hoof wall and the dorsal cortex of 
the dislal phalanx. When the laminar suspending mecha¬ 
nism fails, weight-bearing forces cause the distal phalanx 
to displace distally or rotate away from the dorsal hoof wall, 
and the Increased distance between the structures can be 
quantitated radiographically. Increased distance between 
the dorsal hoof surface and the dorsal cortex of the distal 
phalanx was significantly associated with increased laminar 
deformity during laminitis. 211 

A ku.urniir index measurement has been developed to 
reduce the need to account for differences In radiographic 
magnification when comparing radiographs from different 
hospitals, from different breeds, or from different sizes of 
horses. It Ls useful to calculate the laminar Index adjacent to 
the proximal and dislal aspects of the dorsal cortex of the d I s- 
lal phalanx. The proximal laminar measurement Is taken as 
the shortest distance between the linear portion of the dorsal 
cortex of the distal phalanx and (be dorsal surface of the hoof 
wall Immediately distal to the extensor process of the distal 
phalanx; the dislal laminar measurement is taken Ln the same 
way, 5 to 6 mm proximal to (be tip of the distal phalanx (see 
Fig. 33-30). r rhe proximal and distal measurements are used 
lo produce proximal and distal laminar Indices by expressing 
them as a proportion of the length of tb e pal ma r cortex of the 
distal phalanx, as measured from the tip of the distal phalanx 


to its articulation with the navicular bone. I’he palmar cortex 
measurement serves as an i ndex of fool size, and If the p rox- 
Lmal or distal measurements spanning the laminae are 
Increased In relation to the Length of the palmar cortex, lam¬ 
inar deformity has occurred. Both the proximal and (he dis¬ 
tal laminar Index measurements should be less than 30% of 
the palmar cortex length. The index measurements ranged 
between 20% and 28% for nonlame racing thorough- 
breds J2 L J33 and were greater than 30% In horses with Laml- 
nltis, 254 ranging up to 50% to 55% In those with severe 
laminar deformity. 221 If the proximal and distal laminar 
indices are almost equal and both are greater than 30%, 
the distal phalanx has sunk in relation to the hoof capsule, 
without rotation {see Fig. 38-30). When both indices are 
greater than 30% and the distal index Ls greater than the 
roximal Index, sinking and rotation of (he distal phalanx 
ave both occurred. Sinking generally indicates that 
laminar degeneration involves more than the dorsal wall 
laminae and carries a worse prognosis than for horses wLlh 
rotation alone. 


II EpidfFFiiofugy. A survey of the risk factors associated with 
laminitis Indicated that intact mares and stallions were at 
greater risk of developing laminitis than geldings. Tonies 
also accounted for a significantly greater number of Laminl- 
tis cases than expected based on their proportion of the 
caseload. I’he peak incidence of new cases also corre¬ 
sponded with growth of Lush spring grasses, suggesting that 
Ingestion of large quantities of fresh grass Ls also a signifi¬ 
cant risk factor for pastured horses. 2 ™ 

Other risk factors include diseases that cause excess 
weight bearing or trauma Ln the digit and diseases that pro¬ 
duce endotoxemla. Persistent feeding of a high-concentrate 
ration, stabling on concrete surfaces, long van trips, and 
exposure to or Ingestion of black walnut wood products 
are also thought (o be associated with an Increased risk of 
laminLlls. In addition, horses that previously had laminitis 
are at greater risk than other horses. 


II Necropsy bindings. Peracute cases may have total degen¬ 
eration of the secondary epidermal laminae, which causes a 
separation between the primary epidermal laminae of the 
hoof wall and the collagen fibers of the corlum. Abseessatlon 
may occur in the necrotic laminae or subsolar tissues. I’he 
distal phalanx may sink or may be rotated vent rally with 
respect lo the hoof capsule, and the tip may penetrate the 
sole (Fig. 38-31). Severe cases are accompanied by fractures 
of the solar margin, osteomyelitis, or severe resorption of 
the distal phalanx. The necropsy findings generally demon¬ 
strate a variable degree of elongation ot the epidermal lami¬ 
nae, which depends on the severity and duration of the 
problem (Fig. 38-32). 



1228 






CHAPTER SB Diseases of th-e Bones, Joints, and Connective Tissues 



122 ? 


FIG. 36-11 O A, Mids^tlJiL iscliotn from the l>::>>.n ol ji twire \vlLIi .s normal dLgjL. NoLc the lIlsuiio.' Ijliwixii (tre dorsal surfsitc ut the lIlktuI ourtex ut the 
dulal ptuLnruc .fcfmi ammnj and. Lire inner suiljrif or Lire hoot waJL frrmwi'jEj. The dnn.d surHace or Lire hoot wall and du<nal tortra ut (he lI isL.iJ ptmlanx are 
-parnlleL. Compare wlLIi Figure 3-B-iU. A. H, SLids,ipic.il serLion Jrern Lire iooL or a horse m i(ti severe laininiLia, a "scnJrer." NoLr the inertaaed diatanre beLween 
the dorsal surfare uJ Llie dorsnl xxirtex ol the distal phalanx, (-upon attvuxJ and the inntrr suilare ul the hotd wall -fmrramsj. Also nute thaL (he dislal phalanx has 
not roLatrd with respect lo the liooT wall. Compare with l-'i^ure JS-jJCJ 1 . h. C v .Midsa|ptLal section Irani Llie fuot ui a horse with severe lamlnitis. I he re is npprox- 
im.it'.Jy an Id-de^ee roLamiu of the disLal phi.iL.mx, and its (ip has ptnrtraLed the sole |nrrmf arrow). NoLr Llie increased distance between Llie dorsal surface 
o( the dorsal curie-.* Ltd (he disLal phalanx (open irnimvj and (he inner sudare or Llie hoot '.v.dL fjmra'jJ. Cumpnre with 1 i^me !i£j-30. C. 


II Treatment, Treatment of animals developing acute lam- 
ini tLs should be considered an emergency. Laminar degener¬ 
ation is underway by the time clinical signs of lameness 
appear, and even a few hours of delay in treatment can 
mean the difference betiveen success and failure. Therapy 
should be initiated before development of clinical signs 
when the untreated animal Is at high risk of developing 
lamlnilis (e.g,, animals (hat recently Ingested a large quan¬ 
tity of grain; mares with retention of placenta; horses ivith 
enteritis, colitis, or strangulating Intestinal lesions). 

General principles of therapy are aimed at eliminating 
the cause, promoting digital circulation, reducing tension 
on the laminae, reducing platelet activation and coagula¬ 
tion, and administering NSAlDs and free-radical scavenging 
agents to minimize digital Inflammation and necrosis and 
lo relieve pain. 

ELIMINATING CAUSE. A laxative or purgative should be 
administered to animals that have ingested a large quantity 
of grain. In such cases, 3 to 4 L of mineral olf Is usually 
given through a nasogastric tube. Intravenous administra¬ 
tion of balanced electrolyte solution Is Indicated for horses 
with lamlnitis resulting from exhaustion, dehydration, and 
hypovolemia. Retained placentas should be treated appro¬ 
priately If the placenta has not been expelled within 3 hours 
after parturition in mares. Antiendotoxin hyperimmune 
serum may be Indicated for horses at risk of developing 
endotoxemla as a result of colon torsion, toxic diarrhea, 
toxic proximal enteritis, septic metritis, grain overload, or 
other disorders. 

ADMINISTERING NONSTEROIDAL ANTIINFLAMMA¬ 
TORY DRUGS. Phenylbutazone is recommended, and at 
the onset of the syndrome It may be given once at a dose 
of up to 3.3 mg/kg Intravenously (IV), usually followed by 
4.4 madeg orally f PO) twice dailv for several days. The dose 
should be tapered to 2.2 mg/kg {PG tw r Lce dally) as soon as 
possible. For horses with endotoxemla, flunixin meglu¬ 
mine* (1.1 mg/kg IV lw r lce daily) is often used instead of 
phenylbutazone. Dimethyl sulfoxide (DMSG) also may be 
given dally (0.2 to l.Og/kg) for 2 or 3 days. To administer 
it IV in a 450-kg horse, 250 mL of the 90% solution is 
mixed In 3 L of balanced electrolyte solution and given 
slowly. DMSO should be diluted lo a concentration In at is 
less than 20% to avoid hemolysis when given IV. The use 
of aspirin (10 mg/kg IV or PO once daily) Is sometimes 
advocated for Us antiinflammatory and anti platelet activ¬ 
ities. Corticosteroids and adrenocorticotropic hormone 
(ACTEI) are contraindicated because they decrease protein 
synthesis and may potentiate peripheral vasoconstriction 
and mlcrolhrombosls. 

REDUCING TENSION ON laminae. The force related 
to suspending the weight of the horse by the attachment 
between the hoof ivaLl and the distal phalanx Is likely to 
be a ma|or factor producing laminar deformIty In horses 
with I a min Ills. Reduction of laminar tension may be 
achieved by focusing the forces of weight bearing more on 
the frog and sole and reducing the amount of weight taken 
by the noof wall, litis can be accomplished by using frog 
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support bandages or shoes, sole casts, or sand stalls. Eleva¬ 
tion of the heel with an 13-degree wedge has been advo¬ 
cated to reduce the pull of the deep flexor tendon and 
decrease the tension on the laminae.- 16 This elevation can 
be achieved with a plastic-cuff shoe 1 that Is bandaged or 
glued to the hoof wall and used with a frog support cush¬ 
ion + and an 13-degree heel ivedge. An elevated-heel hoof 
cast has also been advocated and_show r n to reduce strain 
on the dors a] hoof wall laminae. 217 

For horses with severe acute lamlnitis do not loxver the 
heel In the acute stage, and avoid shoes that require the horse 
to bear full weight on one foot for a prolonged period while 
the shoe Is being nailed on the other. Avoid using shoes that 
Increase laminar tension by transferring more weight-bearing 
forces lo the hoof wall. A plastic-cuff heel-wedge shoe can be 
temporarily taped lo the hoof with minimal trauma and 
effort. If it makes the horse more comfortable, the shoe can 
be glued In place. Frog support shoes continue to put pressure 
on the frog when the horse is recumbent and may predispose 
to subsolar necrosis. Frog support bandages or Lilly Pads 1 
provide satisfactory support and avoid the complications 
associated with shoeing. The toe should be dubbed off to 
decrease the lever arm effect shat a long toe has on prying 
the wall away from the dislal phalanx during breakover. 

Affected horses should be encouraged to lie down to reduce 
Laminar tension. This goal can usually be accomplished with 
sedation. I’he stall should be heavily bedded with slratv and 
pine chip shavings to a depth of I lo 2 feet (30 to GO cm) for 
comfort and to reduce the risk of pressure sores. 

PROMOTING DIGITAL CIRCULATION. Walking with 
frog supports In soft ground for 5 to 10 minutes every 3 to 
4 hours is beneficial for non Lame horses during the develop¬ 
mental stages of I a min Ills. It may increase the amount of 
Laminar deformirv when used in horses with lameness or In 
nonlame horses that have a depression at the coronary band 
Indicating that laminar degeneration has already begun. 
Aipha-adrenergic blocking drugs such as acetyl promazine, 
pbenoxybenzamlne, and prazosin have also been advocated 
to decrease peripheral vasoconstriction and promote digital 
circulation. AcetylpromazLne (0.02 to 0.04 mg/kg Intramus¬ 
cularly four times dally) may be given for Its theoretic effect 
on digital circulation and for the sedative effect that 
encourages the horse to lie down and reduce Laminar ten¬ 
sion. Before lameness develops, heparin may be adminis¬ 
tered (40 to 100 units/kg subcutaneously (w r o or three 
times daily) lo provide I a min Ills prophylaxis by attenuating 
potential microlhrombosls. This therapy significantly 
reduced the proportion of horses developing I a min Ills after 
proximal enteritis when given before onset of lameness. 236 

OTHER TREATMENTS, Antibiotics may be Indicated In 
severe cases to reduce the risk of secondary sepsis in the 
foot. Methionine (20 to GO mg/kg PO once dally) and bio¬ 
tin [0.03 to 0.2 mg/kg PO once dally) have been used for 
their effect on keratinIzallon. Recently, a continuous (43- 
bour) Ice-water bath has been advocated to chill the distal 
Limbs of horses at risk for developing I a min Ills. Other 
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FIG. 39-31 I .V. SfL'Li(:<ii ui .1 lic.illhv fooL. 1 hr/ Motion w.is ml pnrjlId Ln Mil: mcoiu.iv hand. midway between Iht curonacy band and the bc.irin^ ituriaru ol 
1 he hand wa.U (inset, S). I he knu.ih <?l I he L3MdhTm.1L I.m it: 1 i.ti; (L) is apjyiuxim.iiL-jy u( Mil- iiii( hsiL'Vk- til the hcraf wall fIVJ in nornul ShimcM. liic distance 
biriwrcii Lhc donnl ctiricic ol' like denial phalanx Ji/yv.'i uerrciusj and Mil inner miiJ.U'c of Mbr hoof ^ .ill ^■rrrenvj’ » nnirnaJLy lew Lhan 7 .V'o ml die lhirknno. nl die 
liouL' wall. II. 1 -ouL vocliun, cul Ln a manner similar Lo dial uf A, liom a Ium ol a tiorsu with moderate lamLnith. Kilter alie mrieasrd k'n^lli ud ihe irpidecmaL 
laminat: Jlj*. I lie inrrease in epidL'intal Laminar leii|^lh has altnwed Mil diaEanee bt'hvcLH the Ucm.il tori ex of ttie UcxL.it phalanx fupr7i arrounj and Mil 1 inner 
surface nl lhc hool walE fffirrGwiJ lo bci'msit .ilimixL as l.iifjL- as die liiUkm/xb cl dir' liimJ walE ('■'' J (J. l out icctkni, cm in a nbamicr similar tn lh.il ul .1, hunt a 
loul ol .1 liiiiw willi severe lanilnitLa. Note Lhc marked increase m Icn^dt nl the epidermal lamina I'i'.J. Hie distance bulween Ihu dois.ii cortex ot tht M1xL.1L 
phaL.inx ih'fvvi amniajl and. lhc inner surface nl line huol lvaLI (unuim} is abiimnialiy Increased tu almost lIiilt urncs ihc thickness ol Lbr fou-c-L wall (WJ 


methods of cooling, the distal limbs Include using bandages 
that continuously circulate ice water and simply adding 
crushed ice lo a rectal sleeve and lying it to the pastern to 
chill the dorsal hoof wall, replacing Ll several times daily 
as needed. Rectal sleeves with Ice are economical, well toler¬ 
ated by horses, and simple to use, but are likely to be less 
effective than continuous ice-water baths or bandages, 

ITogiursfs. Owners sbouid be advised that it is often dif¬ 
ficult to arrive at an accurate prognosis for up to 6 weeks 
after the original insult. Redden J - i:| has suggested the follow¬ 
ing general guidelines regarding prognosis. 

Horses that become sound within 24 to 4S hours of the 
onset of treatment, remain sound, demonstrate no radio- 
graphic changes, and have no palpable Increased pulsation 
of [he digital arteries after cessation of all medications for 
5 days have a good prognosis. They should be given 10 
additional days of stall rest.- after which they can be vanned 
of pul back to regular work. 

Horses that develop 2 to 5 degrees of rotation or a lami¬ 
nar index measurement of 30% to 35% within the first 30 
days of the onset but then become sound, remain sound, 
and show r no further radiographic progression after an addi¬ 
tional 45 days without treatment have a good prognosis. 
They may resume light exercise, but they should not be 
shipped long distances for several months, and they should 
be considered to have an increased risk of recurrence. 

Horses that develop 5 to 10 degrees of rotation in the first 6 
w r eeks but then haw no further radiographic progression 
sbouid receive an additional 90 days of stall rest. If they 
remain sound without medication, they may resume light 
exercise with caution after they haw been turned to pasture 
for an additional 12 months. Such horses will not return to 
their previous level of performance and are not suited for 
racing or endurance, but they may function as pleasure horses. 

Horses that develop 10 to 15 degrees of rotation w r llbln 
the first A to 6 weeks nave a poor prognosis. The Up of the 
distal phalanx often penetrates the sole. Necrosis of the der¬ 
mal and epidermal laminae and subsolar tissues usually 
occurs. Drainage often is noted at the coronary band or heels 
and Ls an Indication of subcapsular abscessation. Gas or fluid 
pockets may develop between the hoof tvall and the dorsal 
surface of the distal phalanx. Such cases require drainage 
and debridement of the necrotic tissue, which may be 
accomplished through an anterior hoof wall resection. If 
the keratinized sole is underrun, ll Ls thinned enough to be 
elevated off the underrun areas so that necrotic debris can 
be curetted and the area flushed with antiseptic solution. 
Dally bandage changes and antiseptic Hush big or soaking 
arc required. If all necrotic subsolar tissue can be accessed 
without removing the keratinized sole, a thin layer of kerati¬ 
nized tissue should be left in place. Horses with a thin layer 
of keratinized sole are usually more comfortable than those 
In which the sole has been completely removed. Leaving 
a thin layer of keratinized tissue reduces the potential for 
exuberant granulation and seems to Increase the rate of 
reepltbellalizatlon across granulating wounds In the sole. 


Horses with this degree of 1 am ini t Is require several 
months of stall rest and will be chronically crippled, at best. 
They will require several thousand dollars of care and ban¬ 
daging |ust to stabilize the foot. The foot usually remains 
chronically painful, and. If so, euthanasia is justified on 
humane grounds. Tenotomy of the deep digital flexor ten¬ 
don is beneficial In these cases. It seems to permit such 
severely affected horses to become more comfortable, 
enhances reepUhehalization of defects in the sole, and per¬ 
mits the dorsal hoof wall to grow better. 

Horses that have circumferential Laminar necrosis In 
which the distal phalanx drops 2 cm or rotates 15 to 20 
degrees with respect to the hoof capsule, or horses ill at 
develop a laminar Index greater than 50% within the first 
A £o 6 weeks of onset, carry a graw prognosis. 

Prerefltffln and Control. Prevention should be aimed at 
controlling as many risk factors as possible. Unrestricted 
grazing on lush spring grasses should he avoided, especially 
Ln areas where horses have developed lam but is in preceding 
years, and especially for horses with a history of lamlnEtis. 
Horses should not be allowed to have unrestricted access 
to grain or concentrates, nor should they be fed a ration that 
primarily consists of concentrates. Factors that cause gastro¬ 
intestinal upsets should be avoided; for example, changes In 
the ration should be made slowly, and overheated horses 
should not be allowed to engorge on cold water. Retained 
placenta in the mare should be treated within 3 hours after 
parturition. 

Preventive measures should be Instituted before clinical 
signs develop for horses, that are at high risk of developing 
La min Ills from conditions such as metritis, torsion of the 
colon, pleuropneumonia, proximal enteritis, or colitis. Pre- 
wntlve therapy should Include frequent walking, frog sup¬ 
port bandages and stabling on soft surfaces, cooling the 
distal limb, and administration of NSAIDs and anllendo- 
toxtn hyperimmune serum. 


FLUOROSIS 


KJJJN MAAS 

Definition and iftfoJcpgy. Ingestion of excessive fluoride 
by cattle, sheep, and horses can result in toxicosis. Acute 
fluoride toxicosis Is relatively rare and Ls the result of acci¬ 
dental massive ingestion of fluoride compounds such as 
sodium fluoride or sodium fluoroslllcate. Signs of acute 
fluoride toxicosis Include restlessness, stiffness, anorexia, 
agalactia, salivation, vomiting or regurgitation, urinary 
incontinence, diarrhea, clonic convulsions, hyperemia, 
weakness, severe depression, and cardiac failure. Necrosis 
of the gastrointestinal mucosa and high concentrations of 
fluoride :in plasma and urine are present In acute fluoride 
toxicosis. Chronic fluoride toxicosis Is most often referred 
to as Jhtaiosis, a general term that includes osteofluorosis 
and dental fluorosis. The most common sources of excess 
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fluorides in ihe diet .1 re (L) water with a naturally high fluo¬ 
ride canient, (2) forages contaminated with fluorides from 
nearby (upwind) Industrial] pbnts (e.g., phosphale-proces- 
sing plants, alum Inti m plants, smelters), [3) mineral (non- 
deEmorinated rock phosphorus) and feed supplements with 
excessive fluoride content, (4) forages contaminated by soli 
or water (particularly sprinkler irrigation water) with a high 
fluoride content,, and (5) volcanic activity, which can 
deposit fluoride-containing ash on soil, plants, or In water 
used for agriculture. 

CJmlurf Signs, Different tut Diagnosis, and Patho¬ 
physiology. Clinical signs of fluorosis are usually first recog¬ 
nized as either dental fluorosis or osteofluorosis. Developing 
teeth are very sensitive to the ingestion of excess fluorides. 'Ihe 
deciduous teeth rarely show signs of dental fluorosis because a 
partial placental barrier to the accumulation of fluorides 
appears to be present in the fetus. During tooth development 
excess fluorides cause ameloblasts to reduce In size prema¬ 
turely and the enamel epithelium to form an Irregular matrix. 
This matrix does not calcify normally, producing defects in 
the mature teeth. Cattle are susceptible to dental fluorosis 
during enamel matrix formation, from approximately 6 
months to 3 years of age. Excess fluoride Intake after 3 years 
of age does not result In the typical fluoride-Induced dental 
lesions. Changes In Incisor teeth are observed most fre¬ 
quently and Include chalkiness, mottling (striatlons or 
patches In enamel), hypoplasia {defective enamel], and 
hypocalclflcallon. Clinical lesions can be graded from nor¬ 
mal to excessive. 240 Factors that influence dental fluorosis 
include the amount of fluoride Ingested, the animal's age, 
the duration and consistency (intermittent vs. continuous) 
of exposure to fluoride, and the source and chemical form 
of fluoride ingested. Although diagnostically useful, dental 
lesions should not be used as the sole criterion to determ hie 
the degree of fluorosis. 

Iduoride accumulation in bone occurs over a prolonged 
time; osteppuowsii can eventually develop if excessive fluo¬ 
ride is Ingested. In cattle the first palpable Lesions occur 
on the medial surface of the proximal third of the metatar¬ 
sal bones. Liter, lesions can be palpated on the mandible, 
metacarpal bones, and ribs. Radiographically, osleofluorotic 
bones are thickened with a chalky, roughened, and Irregular 
periostea] surface. 

'['be presence of osteoporosis, osteosclerosis, hyperosto¬ 
sis, osteophytes 1 5 , or osteomalacia depends on the amount 
of fluoride ingested and the duration of exposure to fluor¬ 
ides, The articular surfaces are not Involved in osleofluoro- 
sls and can be used to differentiate osteofluorosis from 
osteomyelitis, osteoarthritis, and septic arthritis. The osse¬ 
ous Lesions eventually cause intermittent lameness and stiff¬ 
ness, which may affect feed Intake, body condition, milk 
production, and reproduction. Severe dental fluorosis 
causes reduced feed intake and efficiency, and affected ani¬ 
mals are sometimes reluctant to drink cold water. 


Clinical Pathology and Diagnosis, Diagnosis of fluorosis 
is difficult and complicated by many factors that affect fluo¬ 
ride intake and deposition. E : luorosis may be suspected by 
history, clinical signs, and physical examination. Radio¬ 
graphic findings of bone disease without evidence of joint 
involvement are highly suggestive of fluorosis In ihe Live ani¬ 
mal. The fluoride concentration in the urine of cattle may 
help to approximate recent fluoride exposure. The diagnostic 
value of urine fluoride analysis Increases as the duration of 
excess fluoride Ingestion increases. Normal cattle have a 
urine fluoride concentration of about 2 to 6 parts per million 
(ppm). Cattle exhibiting moderate fluorosis have urine fluo¬ 
ride concentrations of about 13 to 20 ppm. Cattle with urine 
fluoride concentrations of 40 ppm or greater or a urinary 
fluoride/creatinine ratio of 0.025: l or greater could be sus¬ 
pected of Ingesting a diet with a fluoride concentration of 
SO ppm or greater. 240 - 241 The concentration of fluoride in 
bone is quite helpful in the diagnosis of fluorosis 
(Table 33-3). Fluoride content In cancellous bone {e.g., rib, 
pelvis) Is greater than In cortical bone. In addition, fluoride 
concentrations may vary in different areas of the same bone. 

Fluoride concentration of bone is usually expressed as 
ppm (mg/kg) of dry, fat-free bone: however, some bone sam¬ 
ples are ashed before fluoride determination. Therefore, it is 
critical to note precisely which bone was sampled, how Lt was 
prepared, and what part of the bone was analyzed. The meta¬ 
tarsus and metacarpus are typically analyzed for fluoride 
content. For all practical purposes, fluoride concentration is 
equal In either of these bones from the same patient. 170 
Using sawdust from a longitudinal section of bovine meta¬ 
tarsus (dividing the bone into lateral and medial halves 
or dorsal and palmar halves) yields virtually the same 
fluoride concentration as the whole bone. 242 The fluoride 
concentration of the fourteenth coccygeal vertebrae (ash 
basis) Is approximately twice that of the metacarpus (dry, 
fat-free weight basis). 2 ' 1J This is a practical tool for clinical 
diagnosis. 

Analysis of dietary fluoride is a valuable adjunct to the 
diagnosis of fluorosis. The upper safe Limit of fluoride In 
water for Livestock is 2 mg/L (ppm). 244 - 245 This safe limit 
may not protect against fluorosis in all field situations 
because of the large number of variables involved in the 
pathogenesis of fluorosis. Table 38-4 lists the long-leim die¬ 
tary tolerances for cattle. Under field conditions, the clini¬ 
cian must consider all possible sources of fluoride ingestion 
in evaluating total Intake, In addition, because fluoride 
intake may be Intermittent, a low dietary intake at one lime 
may not necessarily eliminate a diagnosis of fluorosis. 

lYeatment ami Prognosis. No specific treatment is 
known for ruminants with severe fluorosis, and the progno¬ 
sis is poor for cattte lame from extensive bony Lesions. Ani¬ 
mals removed from the offending diet or water may Jose 
50^ of the fluoride from bone within 2 to 5 years; 1J6 how¬ 
ever, severe dental damage Is Irreversible. 



Fluoride Concentration In Bones of Dairy Cattle Fed Various Levels of Sodium Fluoride 


Fluoride in Feed (ppm, Dry Basis) 

Fluoride in 

Bone (ppm; Dry, Fat-! 

Free Basis] 

2 years 

A years. 

6 years 

0-15 (Normal conditions) 

-rOi-714 

706-1 L 3(3 

653-122.1 

L5-30 (No adverse effects) 

714-1605 

1 J 30-2379 

1221-2794 

30-40 (Borderline fluorosis) 

1605-2130 

2379-3 130 

2794-370ii 

40-60 (Moderate fluorosis) 

2 ] 30-3027 

3133-4504 

3730-5622 

60-109 (Severe fluorosis) 

3027^1206 

4504-6620 

5622-3676 
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TABLE 38-4 

Lone-Term Tolerances of Dietary Fluoride for Cattle 


Animal 

Dietary Fluoride 
(ppm. Dry Basis) 

Dairy or beef heifers 

30-40 

Mature dairy cattle 

4Q 

Mature beef cattle 

40-50 

fattening cattle 

100 


Treticriftorr and Control. Prevention Involves avoiding 
feeds, water, and supplements with excessive fluoride con¬ 
centrations. Feeding aluminum sulfate at 0.5% of the total 
diet reduces bone fluoride storage by 30% lo 40%. However 
additional phosphorus must be supplied Jn the diet, or oste¬ 
oporosis and possibly spontaneous fractures may occur. Alu¬ 
minum chloride or calcium akiminate also can be fed to 
cattle lo reduce fluoride absorption. Calcium carbonate 
added to soils high Jn fluorides aids in reducing fluoride In 
forages. Cereal grains do not accumulate fluorides and thus 
can be helpful In reducing overall fluoride consumption. In 
circumstances of hig|t fluoride concentrations in water,, use 
of flood irrigation rasher than sprinkler litigation decreases 
the fluoride content of crops such as alfalfa hay. 


HYPERTROPHIC OSTEOPATHY 


M. ATUir CILilTIN 


I Dafinttfoti tnui tdiology. Hypertrophic osteopathy 

(HO), also known as Marie's disease, is an uncommon con¬ 

dition in horses and is characterized by symmetric prolifer¬ 
ation of connective tissue and subperiosteal bone along the 
diaphyses and metaphyses of the bones of the distal extrem- 
Ities, 247 - 14 ’ * 1 The skeletal manifestations of HO are usually' sec¬ 
ondary lo a primary underlying disorder elsewhere In the 
horse's body, often Involving a space-occupying mass. 24 ■' ■' ' ,L "' 
Most often/1 ntrathoraelc d I solders are the primary cause; 243 
inlraabdominal and intracranial lesions have been less 
frequently associated with e-ID 243 - 250 - 253 In addition to 
horses, HO has also been described in humans, dogs, cats, 
cattle, deer, and fowl, In humans the term hypertroph frestent ir- 
thrapathy Is used because the articular surfaces are usually 
affected; In animals, however, HO apparently does not fre¬ 
quently affect the articular surfaces. 34 -- 24 ' 3 * 

In die horse, HO has been associated with a number of 
primary intrafhoraclc disorders. Including mycobacterial 
pneumonia, 246 253 lung abscess, 34 7i34 ' B suppurative pneu¬ 
monia, 24 7 - 246 - 25J granulomatous pneumonia, systemic gran¬ 
ulomatous disease. 246 - 24 '* fibrosing jpneumoni a, 354 primary 
and metastatic lung neoplasia, 3 - 35 -- 10 - 256 pulmonary Infarc¬ 
tion, 359 rib fracture, 260 pleural adhesion. 3431 and pericardi¬ 
tis. 361 Reported primary extrathoraclc disorders associated 
with HO Include ovarian neoplasia, 362 - 264 pituitary ade¬ 
noma. 351 and gastric squamous cell carcinoma. 250 There is 
one report of HO In a mare that was thought to be asso¬ 
ciated with pregnancy; signs of HO developed during ihree 
different gestational periods and regressed each time after 
parturition, 3 - 55 In occasional cases, HO may develop In the 
absence of an Identifiable underlying disorder. 24 - 6 

I'ulhoph^ioloffi. The pathophysiology of HO Is not 
completely understood. Initially, blood flow to the distal 
limbs is Increased, followed by proliferation of connective 
tissue, then bony proliferation along the Inner aspect of 


the periosteum. 347 ' 249 The periosteal proliferation results 
in the bony enlargements seen clinically. The link between 
lhe primary Lesion and the skeletal abnormalities Is poorly 
understood. Proposed explanations Include hormonal 
abnormal Elies, hypoxia, arteriovenous shunting, and neuro¬ 
logic mechanisms. 247 - 249 jNo single theory offers a completely 
satisfactory explanation, 

Horses of any age or breed and either gender can be affected 
with I iO, Some evidence suggests that I lO may be more com¬ 
mon in male horses and large-breed horses. 246 Ponies, 
donkeys, cattle, and sheep can also be affected, 253 - 356 yhecon¬ 
dition appears lo be most common in mature horses 27 - 5 

CbniftiT S/grrs, Common clinical signs of HO include 
lameness, stiff gait, and reluctance to move or trot. 247 - 24 ' 2 
Firm bony enlargements are present on the distal extremi¬ 
ties. In some cases, there may be soJ't tissue swelling or 
edema adjacent lo the bony enlargements. En some horses 
the Limb swelling Is warm and painful io palpation, whereas 
In others the swelling Is cold and painless. 243 Pain can fre¬ 
quently he elicited by forced flexion of the major ioints. 
Bony enlargements are usually bilateral and symmetric 
and often affect the cranial, lateral, and medial aspects of 
the affected bones. 347 - 343 All four limbs nine usually 
affected. 246 The metacarpal and metatarsal bones are most 
often affected: other sites that can be affected Include the 
phalanges, carpus, tarsus, radius, and tibia, as well as the 
maxilla, mandible, and nasal bones. 243 

Affected horses may or may not show signs related to the 
primary underlying disorder, such as cough, fever, weight 
loss, ventral edema, tachypnea, or colic, 24 * Cllnicopatbo- 
loglc features are highly variable and depend on the under¬ 
lying primary disease process. Generally, there is increased 
serum activity of alkaline phosphatase, associated with 
Increased osteoblastic activity ai the sites of periosteal 
proliferation. 246 - 24 '* 

Radiographically, the bony enlargements are character¬ 
ized by periosteal proliferative, new bone formal Ion of the 
diaphysis and metaphysls of affected bones. 346 The perios¬ 
teal reaction often exhibits an irregular, palisade pattern of 
osteophyte formation. 3j7 - 24 * The bony reaction may extend 
to the chondrosynovial functions; the articular surfaces are 
usually not affected . 249 In a few cases, nuclear scintigraphy 
revealed focal areas of intense uptake of radiopharmaceuti¬ 
cal at the sites of bony enlargement. 347 - 361 

Treatment arid i'rognysfy. The prognosis for horses w r llh 
HO is guarded and depends on Ehe underlying disorder, In 
one study, 71% of horses with HO were euthanized. 343 
Gradually progressive limb swelling and pain is lhe typical 
clinical course In most affected horses for w r bEch an under¬ 
lying cause Is either not identified or effectively managed. 
Thus, management of J IO should be directed at Identifica¬ 
tion and treatment of the underlying primary disorder, if 
possible. Common methods to "aid Jn Identification of 
the underlying disease Include hematology, serum chemis¬ 
tries, fibrinogen, thoracic radiography, thoracic and 
abdominal ultrasonography, abdominocentesls, thoraco¬ 
centesis. gastroscopy, and rectal examination. Successful 
management of lhe primary underlying disorder has 
resulted Jn partial or complete regression of the skeletal 
disease in a limited number of equine cases. 347 ' 24 *- 363 
Regression of HO Is characterized by a decrease In limb 
swelling and Lameness, and a return to athletic perfor¬ 
mance is possible If bony Lesions are nos advanced. 247 In 
a few r Idiopathic cases in which an underiylng disorder 
was not identified, bony reactions decreased with rest 
and phenylbutazone therapy. 243 
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FESCUE FOOT 


ItRtC W. DAVIS 

Definition and Etiology, Fescue fool is a toxicosis of cal- 
lle grazing pictures that contain tali fescue grass (Fartucu 
(Tnjnrfj'HfTfaiL' Schreb). The condition Is characterized by 
lameness, particularly of the rear limbs, progressing to dry 
gangrene of the feet and lower kgs. The end of the lad 
and the ear tips occasionally may be affected. 

Fescue pastures also cause three other syndromes. "'Sum¬ 
mer slump" is characterized by reduced gain and milk pro¬ 
duction. dull hair coat, and poor heat tolerance. Abdominal 
fat necrosis also has been reported in cattle on fescue pas- 
lure. 265 Equine reproductive problems, including prolonged 
gestation and agalactia, as a result of grazing tail fescue late 
in gestations have also been described.- 66 

The earliest description of "fescue foot" appeared in 3 549 
in Austra]ta. Jc has been reported In Europe, New Zealand, 
and the United Slates, particularly tn the Southeast. The etlo- 
logic agents In fescue have not teen definitely established, 
although several toxins have been Identified che¬ 

micals produced by the grass Itself (e.g., lollne, perloltne, sev¬ 
eral organic acids] could be toxic agents contributing lo 
fescue foot and other syndromes, but mvcotoxins produced 
by endophytic fungi, which infect tall fescue, are generally 
accepted as being the most Important agents. The endophytic 
fungus of tall fescue, AcmnonjHm fLWfltfpljj'iiJjjrrr (formerly £pj- 
ihhe typhinajr produces ergovaltne, ergo nine, ergosine, and 
lysergamideT 61267 2 ■ 1 All these toxins are capable of produc¬ 
ing vasoconstriction similar to that caused by Ingestion of 
the ergot fungus CtaVcps ptripjjjm In fact, the symptoms 
of fescue foot are identical to gangrenous ergotism. Pastures 
not infected with Acretnontam do not produce any of the 
symptoms of fescue toxicosis in animats. 271 

Environmental factors also play a role in the development 
of fescue foot. Although the disease can occur over a range of 
seasons, symptoms usually occur during colder months. 
Another factor Is Che level of pasture fertilization. High levels 
of nitrogen in soil, regardless of the form applied. Increase 
pasture toxicity. -Certain strains of fescue, partlculariy K|-3 l, 
seem to be more toxic. 272 Finally, because the endophyte 
imparts a selective advantage on the infected plant by 
increasing growth rate and disease resistance, the number 
of toxic plants in a pasture increases. The Infestation rate of 
the fescue endophyte Is high; more than half the forage 
samples from states in which fescue fool occurs are infected 
with A. coerittphialum , 273 

Clinical Signs and Differential Diagnosis, Clinical signs 
of fescue foot usually begin as hindlimo Sameness. Affected 
cattle also are underweight and have a dull, "Tough 1 ' hair 
coat. The feet and pasterns become cold to palpation, and 
the coronary bands become reddened and swollen. Hair 
may be rubbed front the pastern area with the ftngers, and 
limb edema may be present. As the condition progresses, 
the classic signs of fescue foot appear, including a sharp line 
of demarcation at the level of (he pastern or fetlock, distal to 
which the skin becomes dry and gangrenous and eventually 
sloughs. The tips of the cars and tall also may necrose. 
Affected animals lose condition initially and eventually are 
unable to stand or to walk. Susceptibility to the toxin in ani¬ 
mals on a given pasture seems to vary considerably. Gener¬ 
ally, morbidity is low, although 20% to 30% of "the herd 
may be affected In some circumstances.- 17 " 1 

The diagnosis is made on the basis of characteristic signs 
and gross lesions, as weil as the presence of tall fescue in the 
pasture. As mentioned, gangrenous ergotism is Identical 
clinically, except (hat it occurs In the presence of the easily 


recognizable ‘"ergot 1 ' fungus C. purpurea, which grows on 
rye grass. Similarly, chronic selenium toxicosis ("alkali dis¬ 
ease") mimics fescue fool, except dial this disease does not 
occur on fescue pastures, and affected animals have elevated 
tissue selenium concentrations. Both ergot and selenium 
poisoning affect animals other than cattle, whereas fescue 
foot has been described only In the bovine. 

Early In the course of the disease, mechanical foot injury, 
foot rot, or laininitis can resemble fescue foot, especially 
because only a few animals In a herd are affected. Close 
inspection of the foot, however, reveals lesions that are typ¬ 
ical of these diseases. Necrosis as a resuil of freezing may be 
difficult to distinguish from fescue toxicosis because both 
occur at the same time of year. 

II Pathophysiology. Pastures that contain tall, fescue Infected 
with A. coenophfaium produce toxins responsible for vasocon¬ 
striction. Peripheral vasoconstriction causes biood stasis, 
endothelial damage, and thrombosis In peripheral vessels. 
As a result of impaired circulation, tissues of the distal extre¬ 
mities become Ischemic and gangrenous. By decreasing 
peripheral circulation, cold ambient temperatures exacerbate 
the condition. 

Necropsy JTndffTE*. At necropsy the principal finding Is a 
characteristic line of demarcation between normal and gan¬ 
grenous tissues. Generalized loss of condition also is found 
because of the animal's inability to ambulate and eat. Vas¬ 
cular thromhosts and necrosis of the tissues of the lower 
limbs are found microscopically. 

IB J'rejf iiuenl and Prognosis. When animals with fescue 
foot are recognized early in the disease course, they should 
be removed from pasture as soon as possible. Antibiotic 
treatment to prevent bacterial invasion of In lured skin and 
hooves is valuable; recovery can occur in 2 weeks. Once 
(he extremities have necrosed, however, treatment Ls unsuc¬ 
cessful and euthanasia is recommended. 

II Confnrf. Unlike C. purpurea which grows only on the 
seed head of grasses, the toxins causing fescue foot are 
contained in the leaves and stems. As a result, mowing con¬ 
taminated pastures is not an effective control measure. 
Growing strains of tall fescue with low toxicity, mixed with 
legume forage plants, seems to be the best management 
technique for controlling fescue foot, tn cold weather, feed¬ 
ing hay to cattle when the pasture contains tall fescue 
decreases the ingestion of toxins., 


INTERDIGITAL NECROBACILLOSIS 
(FOOT ROT ) IN CATTLE 

tAKL'U J. fANKF. 

Definition and Etiology. Inter digital necrobadl lasts is an 
infectious disease of cattle that is a leading cause of Lameness 
in feed I o ts and co n fi nemen t dairies. The cond Llton ca n affect 
cattle at any age, although most cases are in mature or 
weaned animals. Sporadic cases are encountered with pas¬ 
tured beef and dairy animals. A variety of names have been 
used to describe this condition, including "Toul-ln-the-foot," 
foot rot, and Interdigital phlegmon (phlegmona Interdlgita- 
lls). The condition is characterized by inflammation and tis¬ 
sue necrosis of the soft tissues of the Inierdigital space. 275 
Deep structures (e.g., tendons, ligaments, synovium, bone) 
may be involved in severe cases. Fujflbflrlejlum ncrrophtinjrn-, 
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a grani-pqgatlve anaerobic rod, has classically been consid¬ 
ered the etlo logic agent associated with foot rot; however, 
multiple anaerobic organisms are likely to be synergt&Llcally 
involved. IVplcal foot rot lesions could be Induced 5 days 
after inoculation of the Interdigltal cleft with F. n&rophmum 
alone.- 76 Frcittfe/hr FnrfiDtifl 0 genJSnu and more recently f\ir- 
phyromoniis j i {both previously classified In the gen us Bcic- 
fercw'dej) have been reported to play an important role. 276 The 
presence of Dtchelobartsr nodosits, the agent associated with 
contagious fool rot In small ruminants and Interdigltal der¬ 
matitis In cattle, may facilitate penetration of the sldn with 
F. Fi^crcpficrwi-jj. Wet. unsanitary conditions and rough envi¬ 
ronmental flooring are important factors In precipitating 
infection. 


II CffniCtif Stem. Early In the course of foot rot, symmetric 
swelling and neat of the inlet digital space are noted, pro¬ 
gressing to the coronary band and possibly extending prox¬ 
imal ly to the level of the fetlock The claws begin to spread 
as a result of severe cellulitis, leaving a widened interdtgital 
space. Soft tissue swelling leads to necrosis and fissure for¬ 
mation ivithin a few days, 1,7 starting at the dorsal interdigl- 
tal space and spreading toward the heels. The edematous 
skin margins protrude and roll outward (Fig. 3B-33). Lauda¬ 
tion and pseudomembrane formation are seen., but signifi¬ 
cant purulent drainage is not evident. A characteristic foul 
odor accompanies the necrotic lesion. Acute and progressive 
lameness in one limb is typical, with the hindlimbs more 
frequently involved than tfie forellmbs. 273 - 379 Septic synovi¬ 
tis, osteomyelitis, or tendon involvement Is more likely to 
result in non-weight-bearing lameness and limb carriage. 
Mild to moderate elevation of the body temperature 
[39.4 C to 40' C 1103 ¥ to 104 ¥\) may be recorded. The 
associated pain leads to reduced ambulation, feed Intake, 
and milk production as well as weight gain. Affected animals 
may spend a significant amount of time bring down, predis¬ 
posing them to injury from herdmales. Systemic effects of 
inflammation and infection can result in reduced fertility In 
b reed Ing bul Is. Dl fferen 11 a l d iagnoses for lameness of E he foot 
include trauma, Interdigltal dermatitis, verrueose dermatitis, 
and laminitls. 2 ^ 

A severe form of fool rot described more recently is per- 
acule In onset and refractory to conventional treat¬ 
ments. i76 - 3 6 L Severe Interdigltal swelling is noted In 
multiple limbs and most often In the hindlimbs. The condi¬ 
tion Is rapidly progressive, leading to recumbency' and a 



FIG. 3 3-33 Unit rot in j nurture Arijjus cow . Lr !nl<n£li^h. , <l .-lim is 
LTiK.lurd .ind xw-ullcn Ufiulo LtKirEtTiy □( Or. Kiwin Wdatibuin, iu's.ns A&M 
LPmvtr*i<y, LoJlcftt; nl VrLeniuiry McLlid inr pi- I !■ i n j i i ■; ,n I cl nets Liqre 
AriimaJ Clinical SciLiieLK.) 


rapid extension to deeper structures. Euthanasia may be 
warranted on anlmaJ welfare grounds. 263 Penicillin/sulfon¬ 
amide-resistant F. Frecrqp/ierajn has been Isolated from sev¬ 
eral cases. : * J Concurrent Infection with bovine viral 
diarrhea (BVD) virus and the resultant Immunosuppression 
have been suggested as an etiology. 2415 


Clinical FflE/iotegy, l.aboratoiy analysis of blood is not 
typically done, although a normal or an Inflammatory len- 
Jcogram' may be encountered. Collection of samples for 
microbial culture Is seldom done because of the ability to 
diagnose the condition Lhrough typical clinical findings, 
[.estonal sw r abs or biopsy samples may be submitted for 
bacterial culture. A mixed population of environmental 
and fecal contaminants is likely'; however, isolation of 
F. netrophomm and other anaerobes suggests true foot rot. 
Microscopic evaluation of biopsy samples may identify spi¬ 
rochetes. although this is not a consistent finding. 


fYrthcFgenesfoi The mechanisms of inierdSgital necro- 
bacillosts are complex and incompletely understood. Com¬ 
promise of the skin barrier is critical for Invasion of the 
offending pathogens. Chronic exposure of feet to wet and 
dirty conditions leads to softening and maceration of the 
skin. Exposure to sharp gravel and stones, excessive stubble. 
Irregular concrete, and other forms of mechanical trauma 
can result in significant abrasions and damage to the interdl- 
gi tal skin, pa rt l cu laxly 3 n wet envi ro n merits. The combination 
of these two factors can result in penetration of the offending 
pathogens and resultant infection. Initial microbial flora may 
reduce tissue oxygen tension, allowing anaerobes an ideal 
envlnonmen! to proliferate. 3 ^ 13 * Once the organisms colo- 
nLze the subcutaneous tissues, multiple mechanisms likely 
promote growth and evas I on o f £ he hos t defense systems. 

The two subspecies of F. neaephorum currently recog¬ 
nized are blotypes A and B. BJotype A appears to be more 
virulent and is more frequently Isolated. 266 - 266 Others have 
described differentiation of virulent strains by colony 
morphology, 237 and PC 11 differentiation of strains is avail¬ 
able. 3 ^ Although F. Fta-T^p/iomm Is also a human pathogen, 
differences apparently exist between human and animal 
strains. 241 ^ F. necrophcrum is a normal Inhabit ant of the 
gastrointestinal tract of ruminants, although isolation from 
feces is generally rare. 265 - 269 Oral administration of some 
antimicrobials has been shown to increase fecal shedding 
of F. Fjecrn^irvjjrjj. 2 '* 0 The increased number of organisms 
In exudate from necrotic Jeslons may provide an important 
source of transmission to other animals. Major virulence 
factors associated with Lhls organism are a high-molecu¬ 
lar-weight leukotoxln and llpopolysaccbarlde (LPS) 29L - 29J 
The leukotoxln is cytotoxic to ruminant neutrophils and. 
w r hen combined with LPS, may protect the OTganism from 
phagocytosis. 266 

Recent findings suggest that P. levil did not stimulate a 
significant chemoEactic response in bovine macrophages 
In vitro, and suppression of phagocytosis occurred vchen 
the organism, was present in low numbers. 275 I’hese proper¬ 
ties of F. levii may facilitate a local tissue environment that 
allows other anaerobic organisms, Including F. iKcwphorum r 
to colonize and evade host defense mechanisms. 


EpidcFFiioJtF^r, Interdigltal necrobacillosts has been 
recognized worldwide for centuries. 3 ” Wet and humid cli¬ 
mates predispose to disease, and foot rot has been asso¬ 
ciated with rainy seasons. is*'! 1 ** The risk of disease Is 
higher in management systems that expose animals to trau¬ 
matizing ground underfoot, such as concrete confinement 
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with water and excrement accumulation,, iriigutted pastures., 
muddy lots, high stocking densities, and stony walkways. 
As noted, cattle of any age are susceptible, but mature ani¬ 
mals account for most cases. fl L i.< imhiiii breeds appear to 
have a lower incidence of foot rot than fto Jd writs, and Jersey 
cattle may be overrepresented in the dairy breeds. 3 ' 114 


Necropsy Huttings. Postmortem examination Is rarely 
performed. Characterization of the lesions, reveals subcuta¬ 
neous and soft tissue necrosis, with suppurative inflamma¬ 
tion of the foot. In severe cases, evidence of osteomyelitis, 
tenosynovitis, and septic arthritis may be Identified. 


II IrmfirrenE mid fYtfttfWtifln. Most animals are responsive 
to parenteral antimicrobial therapy. Local treatment (e.g., 
topical preparations, wound care, bandaging] is probahlv 
not necessary for minor cases Identified early, although 
Jocal therapy may reduce the number of infectious organ¬ 
isms spread to the environment. 2 * 54 Ihe organisms are typi¬ 
cally susceptible to a variety of antimicrobials. 276 Procaine 
G penicillin (12,000 to 44,000 lLi/kg intramuscularly [3M] 
once or twice dally) has been used successfully when infec¬ 
tion is detected early. 264 These dosages of penicillin are con¬ 
sidered exlralabel. and the clinician must take appropriate 
steps to ensure adequate meat- and milk-withdrawal peri¬ 
ods, Currently, a number of drugs haw been approved for 
the treatment of foot rot In the Limited States. 2 " 6 - 63 Amoxi¬ 
cillin to 11 mg/kg EM or subcutaneously (SC| for 5 
days), oxytetracyUne (10 mg/kg IM or SC), sulfadlmethox- 
ine (55 mg/kg TO or IV Loading, then 17.5 mg/kg PO or 
IV dally for 5 days), erythromycin (2.2 to 4.4 mg/kg IM 
dally for .3 to 5 days), cefliofur {1.3 to 2.2 mg/kg SC daily 
for 3 to 5 days), tylosin (IS mg/kg IM daily for up to 5 
days], sulfamethazine (30g/10Qkg PO, repeated in 72 
hours), and florfenicol (40 mg/kg SC once). 32811501332 ^^ 

Early recognition and treatment can produce clinical 
improvement in 2 to 4 days. 273 'Ihe antimicrobial of choice 
can be tailored to suit the needs of the farm in terms of with¬ 
drawal times, number of treatments, route of administration, 
and familiarity with the product. Investigators found that 
5 mg/kg of extra! abet ulmlcosln SC at the onset of lameness 
resulted in a 74% cure rate, significantly higher than with 
placebo. 293 Antiinflammatory therapy, including flunlxin 
meglumine or aspirin, may reduce fever and provide analge¬ 
sia, resulting In improved appetite and ambulation. 263 

When topical therapy Is warranted, cleaning the wound 
and curettage of the necrotic tissue are beneficial. A variety 
of topical antimicrobial or astringent preparations can be 
placed under a fool bandage. The main objectives of bandag¬ 
ing are to keep the wound clean and prevent further contam¬ 
ination from fecal organisms for several days. Moving treated 
animals to clean, dry areas is recommended. 130 Dressing the 
foot to prevent further spreading of the digits helps to protect 
ihe Lnterdigltal space. 3 : ool bandaging may also reduce the 
amount of exudale from infected feel, which could infect 
herd mates. 26,4 

Spontaneous recovery is possible, although the risk of 
complications is Increased, and recovery may lake several 
weeks. 360 Animals with significant deep structure Involve¬ 
ment may require prolonged therapy and repeated wound 
management. Animals with evidence of septic arthritis of 
the distal |olnts or other synovial structures may require 
amputation of the digit to allow drainage Claw amputation 
has been described . 262 - 206 

Metaphyiaxis, or the mass treatment of animals, may be 
warranted in some circumstances. Methods to mass-treat ani¬ 
mals Involve topical treatment In the form of footbaths or 


the addition of feed-grade antimicrobials and supplements 
to diets. It is prudent to inform owners that no feed additives 
are currently approved for the prevention or treatment of 
foot rot. 397 Extralabel use of feed additives, as governed 
by the Animal Medicinal [3rug Use Clarification .Act, Is strictly 
prohibited.-- 731 - 397 'The only antimicrobials approved for 
nonenterlc disease as food additives are chlortetracycllne and 
oxytetracycllne.-^ 7 Lthylenediamine dihvdrlodide (EDDI) 
has been used to reduce the severity ancf incidence of foot 
rot, 2 '* 6 although high doses are toxic In cattle. EDDI use for this 
purpose is prohibited, based on the present regulation of feed 
additives. 2 ' 63 ^ 7 

Footbaths are an appealing alternative for many producers, 
but proper use Is important. Contact time and efficacious 
ingredients are sometimes difficult to ensure. Footbath addi¬ 
tives often are rapidly contaminated with organic material, 
eventually leading to inactivation. 197 Antibacterial agents and 
astringents have been traditionally used. Including 3% forma¬ 
lin, 2% copper sulfate, oxytetracycllne, and lincomycin-specti- 
nomycln formulations. Dry Footbaths have also been reported 
and include \0% copper sulfate and slaked lime. 28 ? Practi¬ 
tioners must check state and local laws, which may prevent 
the use of some substances that could cause environmental 
contamination and might be unsafe for handlers. 

Vaccination against F. r?ecro^.h£<nim has been available for 
some time, but firm evidence of its efficacy In peer-reviewed 
publications is limited. 2731 One sludy evaluating she inci¬ 
dence and severity of hepatic abscesses and fool rot sug¬ 
gested a positive response to vaccination of feedloi cattle 
compared ivilh controls, although the significance was evi¬ 
dent only In the free-choice forage program. The same posi¬ 
tive result was not evident when the analysis included all 
cattle, particularly the limit-fed grain program. The benefit 
of vaccination may not be able to overcome the challenge 
of diets that promote jumenitis. 299 


INFECTIOUS FOOT ROT IN SHEEP 
AND GOATS 

MHt'iJ f- JASKk 

II Definition and ^rtology. Infectious foot rot is a highly 
contagious foot disease oi sheep and goats and is the leading 
cause of Infectious lameness in these species. 300 - 301 The 
essential pathogen is the anaerobic bacterium Ditfaelobacter 
raadcsifs. 301 - 310 Synergistic activity with oilier microbes, pri¬ 
marily Fitsofoicferitm? nflcrapfrcinim, plays an important role 
in the pathogenesis. 300 - 303 ’ 304 Equally Important are the 
roles that environmental moisture and climate contribute 
to the transmission from animal to animal. 300 - 303 -™ 5 ’-^ 
The infection has been reported in a variety of species, 
including cattle, horses, pigs, deer, and mouflon, but is gen¬ 
erally considered a sheep and goat-specific disease. 307 

Epidemiology* Fool rot accounts for significant economic 
losses In sheep-producing countries 303 - 304 - 306 - 307 and has 
often resulted in government control programs. ini - 303 
Reduced body and fleece weight and increased costs of man¬ 
agement. treatment, and culling make control of this disease 
important. Infectious foot rot Is found worldwide wherever 
sheep and goats are reared, although it is primarily a prob¬ 
lem In warm and humid di mates. D - JD3J<b,3<B Sheep raised 
on improved pastures Ln arid regions may also develop the 
disease. 3 ^ 4 Prolonged periods of moisture are required to 
facilitate transmission; short periods of heavy rainfall do 
not lead to significant Increases Ln clinical disease.aaa.3as.jiai 
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Consistent temperatures greater than 10' C (50‘‘ K) are con¬ 
sidered favorable for transmission. 300 incidence rates are 
likeiy to correspond with she seasons that favor these condi¬ 
tions and may vary between geographic regions. Using 
pastures with ground cover that promotes trauma to the foot 
is likely to increase the risk of disease. The natural herding 
behavior of sheep and goats is likely to propagate the spread 
of the organism within a flock. Traditionally, routine hoof 
trimming was thought to reduce the Incidence by Improving 
general foot health: however, others have not made this 
association and have actually proposed trimming as a risk 
factor. 300 - 301 - 304 - 305 

Sheep are the primary species of concern,, although other 
ruminants can be infected. An association with Increased 
severity In lambs from aged ewes has been suggested. 304 
Ihe merino breed appears to be the most susceptible, 
whereas British breeds demonstrate less severity. 303 - 304 Clin¬ 
ical disease Is more often diagnosed In adults, although 
lambs may also be affected. Age and breed have been Iden¬ 
tified as risk factors, with an increase In Incidence with age. 
Breed genetics and heritabLilly may play Important roles In 
resistance to disease, and reducing matings from chronically 
infected sheep may be an Important step in propagating less 
susceptible breeding iLnes.- 301 - 30 ^ Introduction of the organ¬ 
ism to a naive flock is almost exclusively by the addition of 
asymptomatic, chronic carrier animals, which may harbor 
the organism on their feel for years. 303 - 304 Animals exposed 
to pastures or bousing facilities immediately contaminated 
by Infected feel are at risk of contracting the organism. 
D. FioiJtHUJ is an obligate parasite of hooves and survives 
only a short time In the environment, but it may remain 
viable for up to 1 weeks in favorable conditions. 30 -*' 304 


II Pathogenesis and Clinical Signs. Itie Interdigltal skin is 
typically an adequate barrier to Infection. In prolonged wet 
conditions, however, the skin becomes macerated and weak¬ 
ened. Initially, F. necrijphnrjjij] invades the skin and superficial 
soft tissues, resulting In ovine interdigiud dermatitis (OID). 
Ihis organism may produce a local tissue environment (hat 
promotes Invasion of D. ntvfosus. Itiese two organisms work 
synergistically to allow F. neentpherum to Invade into deeper 
tissues and allow bacterial proteases produced by D. nodosus 
eventually to cause horn separation. Both organisms are 
essential for true foot rot to occur. 300 r rhe lesion associated 
with foot rot is characterized as exudative inflammation and 
necrosis of the epidermal tissues of the foot. 30 '' A characteris¬ 
tic foul odor is almost always present. 303 - 304 Both claws of 
multiple limbs are typically involved. Ihe Interdigital skin 
becomes moist and swollen, and die soft horn Is pale, pitted, 
and may be separated from the skin. 303 

Disease associated with D. FrLufciJjj infection Is highly 
dependent on the virulence of the organism, resistance of 
the animal, and environmental conditions. All these factors 
are extremely variable; relatively low virulent strains In wet 
conditions may contribute to more severe disease than a 
highly virulent strain In dry w r eather. Virulence is associated 
w r llb the kerati no lytic ability of a strain and occurrence of 
type IV fimbriae. 300 - 302 - 304 - 307 Ihe fimbria! subunit gene, 
flmA, appears to be essential for virulence. 30 " 1 Heat-stable 
protease production Is characteristic of virulent strains. 

Infectious foot rot Is categorized Into two clinical syn¬ 
dromes, benign or virulent, based on clinical severity and 
the ability to transmit through the flock. Some have 
included a third, intermediate syndrome for cases that 
clinically are more Lnvolved than the benign form but are 
not associated tvith the appreciable production Losses that 
occur w r Llh the virulent form. 300 Foot rot accounted for a 
10% decrease in body weight and wool production In 


one report. 307 It may be difficult to define clearly each case 
early in the disease process; what appears to be benign 
may be the early onset of the more virulent form. Benign 
foot rot may progress to separation of the soft horn from 
the underlying hard horn: however, It does not progress 
beyond this point. Virulent foot rot Is characterized by 
severe Lnterdigltal Lesions with separation of the soft and 
bard horn from the sensitive laminae. The separation 
begins at the axial surfaces of the heels and progresses in 
a dorsolateral direction. 303 - 3011 Underrunning of the sole 
occurs, and In the most severe cases, the entire hoof may 
be sloughed. When confronting acute, mulllple-llmb Lame¬ 
ness in several animals In a Nock, a practitioner should 
strongly consider virulent foot rot. 

The spread from animal to animal is generally rapid, and 
multiple stages of the infection are present within the flock. 
Inspection of the flock Is Indicated to categorize the severity 
of infection. In some flocks, only a small portion needs to 
be examined to determine the classification of disease, 
whereas evaluation of the majorlly of the flock Is required 
In other cases. If uncertainty exists, 2 weeks Is usually ade¬ 
quate to allow Lesions to progress to a stage that will accu¬ 
rately allow r classification of the clinical syndrome. 300 
Affected animals may graze on their knees to relieve the foot 
pain or may remain recumbent in severe cases. Systemic 
signs of Infection may Include fever, anorexia, and weight 
Loss. 303 Complications of the foot wounds include blowfly 
strike and second a ry bacterial Infection. 303 - 304 Although 
susceptible, the clinical course in goats Is often less severe, 
lnterdigltal dermatitis Is a more prominent clinical finding 
than separation of the horn in this species. 303 

Differential diagnoses for foot rot Include traumatic 
Injury, la min Ills, foot abscess, QID, and contagious ovine dig¬ 
ital dermatitis (CODD). The presence of Lnleraigital dermati¬ 
tis Increases the risk of the development of foot rot, and the 
prevalence may be high In the early stages of foot rot Infec¬ 
tion. It may be impossible to distinguish clinically between 
Lnlerdigital dermatitis and benign foot rot. 300 

Identified in the United Kingdom In the mid-1990s, 
CODD was initially thought to be a severe form of virulent 
foot rot. Clinically, the disease shows similarity to infectious 
foot rot, although Initial involvement of trie interdlgltal 
space Is usually absent with CODD. Ulcerative Lesions 
Involving haired skin adjacent to the coronet are more com¬ 
mon. This condition responds poorly to traditional fool rot 
treatment strategies. The complete pathogenesis of CODD is 
unclear, but one report Isolated D. reo&us Ln 74% and a 
spirochete In 70% of affected feet. The spirochete was from 
the genus TrepnnetJidi, which has been associated with simi¬ 
lar Lesions in cattle. 310 


II Cifnicnf lithology, Diagnostic I tests, a nd Necropsy 
Findings. Samples collected by swabs or lesion material 
can be submitted for anaerobic microbial culture. The 
mixed bacterial population present and the fastidious 
growth of D. nodosns make Isolation difficult and time-con¬ 
suming. 302 - 307 Collection of samples In anaerobic transport 
containers and rapid submission to the laboratory are 
required. One report found that D. nfldflsus could not be 
Isolated from field samples if they remained longer than 3 
hours in transport. 302 Routine growth media found Ln most 
laboratories is usually not sufficient to grow r this organism, 
and selective media and techniques are helpful In isolating 
this microbe. 302 Microscopic examination of D. noiiosus 
organisms by Cram stain reveals Large, barbel I-shaped, 
gram-negative rods. 303 - 307 Some Investigators have reported 
colony morphology and correlation w r llb virulence, but 
others have been tillable to make this correlation. 302 




Biochemical lest lug for elastase activity and thermal sta¬ 
bility of bacterial proteases has been used to differentiate 
benign from virulent strains. TbermosLability of bacteria] 
proteases can be measured by the gelatin gel test, 304 * 305 - 307 
although false-positive results have been reported.* 55 
Advanced molecular techniques, including PCR and DMA 
sequencing, have recently become available for detecting 
gene sequences that encode for virulence, particularly 
ilinA. 302 ' 305 -- 306 Ihese advanced techniques have expanded 
the classification and number of strains and serotypes iden¬ 
tified 302 - 303 - 306 and allow a rapid and sensitive diagnostic 
tool for use In control programs. 304 Serum antibody detec¬ 
tion using an ELISA Is available, but its specificity may be 
lacking. 30 * Serology may be helpful in determining flock 
involvement. Infectious foot rot is usually diagnosed on 
clinical findings, and postmortem examination is not typi¬ 
cally necessary. 

II cmd Prevention. Once D. nodosus infection is 

identified In a flock, treatment to control and potentially 
eradicate the organism should be initiated. Eradication 
may not he possible in all flocks, and the severity of disease, 
management practices, strain virulence, and environmental 
factors undoubtedly play a critical role. Separation of ani¬ 
mals confirmed to have lesions is likely to reduce the trans¬ 
mission to uninfected flock mates; however, this may not be 

E ossible under some management strategies. When possl- 
le, planning pasture rotation to allow r 2-week dormancy 
periods enables producers to have Infection-free zones. 
Improving pastures to prevent areas of standing vcaler, 
excrement, and mud will theoretically reduce the potential 
for transmission. Routine flock foot trimming has been a 
mainstay in the prevention of fool rot, although supportive 
clinical data are lacking.-* 00301 Regions having consistent 
problems with fool rot have discontinued this practice 
because of the lack of evidence and the increase In time 
and labor.-* 0L However, judicious foot trimming for the 
treatment of foot rot is probably beneficial on an individual 
basis and when topicaf treatments are employed. 30 emu,™ 
.Meticulous paring of the hoof may be necessary if the dis¬ 
ease has produced overgrown and misshapen feet that pro¬ 
mote hiding places for D. frodbsjjj. Disinfection of knives 
and shears between each animal is important to reduce iat¬ 
rogenic transmission. Treatment Is typically more successful 
during the dry periods of the year, when transmission Is 
reduced. 

Medical treatment methods for fool rot include topical 
therapy. Including footbaths, topical medications, and par¬ 
enteral antimicrobials. Although bandaging individual feel 
may increase the contact time of medications and reduce 
the spread of Infectious material, this Is not practical and 
does not allow the foot to dry. Topical 5% oxytetracycllne 
tincture has been used successfully. 504 Chemicals used in 
footbath solutions include 5% copper sulfate, 3% to 5% 
formalin, and 10% zinc sulfate. 300 - 30 -*- 30 - 1 When used prop¬ 
erly, these agents are usually highly effective, but caution 
must be used with each chemical to prevent adverse effects. 
All these agents are potentially toxic to varying degrees if 
ingested, and copper sulfate will stain the fleece. Compari¬ 
son of formalin and zinc sulfate In footbath preparations 
yields similar results. 304 Formalin is more resistant to con¬ 
tamination by organic material, but higher concentration 
and frequent application are extremely irritating to the 
skin. Additionally, considerable human health concerns 
and government regulations may prevent the use of forma¬ 
lin in some flocks. Efficacy and Improved safety make zinc 
sulfate an ideal agent for use in footbaths. Improved chem¬ 
ical penetration of the hoof can be achieved when the 


surfactant sodium lauryl sulfate Ls combined with the foot¬ 
bath solution, reducing Lbe need for foot trimming before 
treatment. Use of footbaths requires facilities and con¬ 
struction (6 to 12 m |20 to 40 ft] long) that ensure all feet 
on each animal are treated. The Ideal contact lime has not 
been established in dLntcal studies, but brief walk-through 
or soaking for up to 1 hour has been shown to be success¬ 
ful. 300 The frequency of treatment Is also not dearly 
defined and may be dictated by the contact lime. Because 
of Its irritating properties, formalin should not be used 
more than once a week,. 304 Although the response is likely 
mulllfaclorial, cure rates of 50% to S0% have been 
reported w r Uh fool bathing. Separate footbaths for infected 
and noninfected animals reduce the risk of inadvertent 
transmission. Washing the feet by walking animals 
through a plain-water bath and allowing the feet to dry 
2 hours before and at least 1 hour after treatment is 
ideal. 500 Once treated, the groups should be immediately 
moved to clean, dry pastures or lots that have not held 
livestock for at least 2 weeks. 300 - 303 - 304 * 

Currently, no antimicrobial drugs In the United States are 
labeled for use against infectious foot rot In sheep, so use is 
extra label. One-time treatment without fool trimming can 
roduce similar results to foot bathing. Parenteral antimiero- 
kals have produced recovery rates of S5% after one dose 
when sheep were kept on dry floors for 24 hours after treat¬ 
ment. 300 Although rcftfojirs has been reported to be sensi¬ 
tive to many antimicrobials In vitro, this gives no indication 
of sensitivity when used clinically. 304 Medications used 
successfullv have included procaine penicillin G [20,000 to 
30,000 Ill/kg IM twice dally), 353 long-acting oxytetiacydlne 
(20 mg/kg SC once, or repeated in 72 hours), 304 - 304 en-thro- 
mycin (J 0 mg/kg once, or 3 to 3 mg/kg IM twice daily), 303 - 304 
florfenicol (20mrg/kg IM, repealed In 43 hours), 303 and 
llncomycin (3 mg/kg SC once) In combination with specti- 
nomycin [10 mg/kg SC once].-* 04 Maintaining dry footing 
for 24 hours, yielding meat- and ml Ik-withdrawal times, 
and the potential of reinfection are important considerations 
when using parenteral antimicrobials. 300 

Vaccination against D. rctfdtfjus is available, and Its use 
in the treatment and control of foot rot has been 
reported.-* 00 -* 0i - 303 - 304 ' 30a A reduction In disease severity 
and quicker response to treatment may be evident when this 
is used as a treatment modality. Several strategies have been 
used for classifying D. strains, based on fi mb rial 

types, and at least 10 serogroups with 19 serotypes have 
been identified.-* 00 -* 02 - 304 - 3 ®- 301 - Fimbrlal gene variation 
undoubtedly plays an important role In vaccine efficacy. 304 
The current commercial vaccine available contains 10 sero¬ 
types, and antigenic competition Is likely to impede addi¬ 
tional serotypes. 300 - 304 Identifying the most prominent 
strain or fimbrlal type in a geographic region or flock may 
facilitate vaccine selection and development. Eight strains 
of D. nodosus have been reported to infect one toot. 304 
Response to vaccination appears to be strain specific, with 
poor cross-protection between strains. Successful resolution 
of cl Inica] signs by i he use of an autogenous vaccine, withou t 
other treatments, has been reported. 303 The use of adjuvants 
in killed vaccines are required to produce an adequate anti¬ 
body response, and the addition of adjuvants, particularly 
oil based, has led to a high incidence of injection site reac¬ 
tions 300 - 303 - 304 The response to vaccination is likely short¬ 
lived, about & to 12 weeks, 300 and requires multiple doses. 
Vaccination of animals during the dry period, several weeks 
before the optimal transmission period, Is likely beneficial 
in a control program. 

Control and eradication can potentially be achieved in 
regions where the climate allows a break In the transmission 
period; however, the Investment In labor and the cost of 



CHAPTER 5*1 Diseases of the Bones, Joints, and Connective Tissues 



123 ? 


medical therapy may be high. A combination oftopical treat¬ 
ment, parenteral antimicrobials, and vaccination is Likely to 
be employed. Careful observation for early signs of infection 
and quarantine of any new animals are critical to controlling 
or preventing a flock outbreak. Using a weekly zinc sulfate 
footbath for 2 to 4 weeks* along with vaccination and culling 
of severe and unresponsive cases, has been suggested, 30 * 
Based on evidence of resistance heritability, careful breeding 
programs sbouid be explored .■ 30 3 ■ 304 Complete eradication 
from a farm can he achieved if the entire flock Is removed, 
the facilities are left dor manl for at least 2 weeks, and the flock 
Is repopulated with non infected animals. 3 ® 


OTHER INFECTIOUS CONDITIONS 
OF THE FOOT 

jfCJlffJV M. IMHL-UIOVfc'H 

Infections involving the foot of horses and cattle are com¬ 
mon and almost always caused by contamination from 
the environment gaining access to the soft tissue or bony 
structures of the foot within the hoof capsule. Typically 
the animal has an acute, progressive lameness such that 
the animal is almost non-weight bearing on the affected 
limb or will bear w r eighl on the toe region of the foot but 
resist putting the heel on the ground. Other clinical signs 
include increased digital pulse pressure, heal and sensitivity 
to hoof tester pressure over the affected area. Regional nerve 
blocks can be used to localize the lameness to the foot but 
frequently are not necessary. Because the foot is encased in 
a shell of horny tissue, exudate from an Infectious process 
often accumulates between the soft tissue and horn. The 
exudate then spreads or dissects along that plane until it 
reaches a soft tissue surface such as the coronary band, espe¬ 
cially near the bulbs of the heels, v r here rupture and drain¬ 
age can occur. 

PROBLEMS ASSOCIATED WITH 
HORSESHOE NAILS (“NAIL PRICK") 

II History rrnd Cfrnicrrf Signs. Natl prLck ( ,, 'qulcking , ‘ , ] 
refers to penetration of the sensitive hoof structures, usually 
the sensitive laminae, by a driven horseshoe nail. The horse 
wlEI usually react as the'farrier drives or clinches the nail by 
lerking the foot from the farrier. In some cases, blood may 
appearon the nail or leak from (he nail hole. It Ls Important 
to realize that nail pricks occur for many reasons and are 
not always caused by a misdirected nail. Poorly made shoes, 
nalis that are loo large, poorly placed nail hoies r and faulty 
nails can also result In a nail prick. Horses with poor hoof 
quality, (bin hoof walls, or flaring hoof walls can be diffi¬ 
cult to nail and thus are at greatest risk. Fractious horses 
and young horses not previously shod may lean on the far¬ 
rier or repeatedly puli the foot from the farrier, making nail 
driving difficuJt. Damage from an Improperly driven nail 
can vary from minimal to serious infection. 

II Diagnosis. Diagnosis of a misdirected nail warrants great 
diplomacy from the veterinarian because many owners 
become unjustifiably upset with the farrier. Some horses 
will repeatedly stomp the affected foot or paw the ground 
immediately after shoeing. Others may point the affected 
limb after shoeing. Lameness may not be apparent immedi¬ 
ately after shoeing and may occur days later when the nail 
hole becomes Infected and the trapped pus begins to exert 
pressure. The horse usually becomes acutely lame and 


womens over Lime unless treated. Some infected nail holes 
will travel up the lamellae (while line) and create an abscess 
or soli spot at the hairline of the coronary band. The abscess 
will be directly aligned with the hoof wall tubules, leading 
to the Infected naif hole, which Is an important diagnostic 
aid. Hoof tester examination, paying particular attention 
to pressure over the driven nails, Is an essential diagnostic 
tool to locate the offending nail. Using a hammer to strike 
the outside hoof wall may also elicit a painful response over 
the nail. Increased digital pulse and heat may be present. 

f iTiitim-rn. Tricks from nails can be potentially serious 
and require Immediate treatment. If the nail prick ts discov¬ 
ered by the farrier at the time of shoeing, the nail is 
removed. The nail should be examined for moisture or 
blood. The nail hole can be Irrigated with DM SO, povt- 
done-iodine (Retadine) solution, or hydrogen peroxide. 
The nail hole Ls packed with Iodine-soaked cotton and the 
nail hole left open. Often the nail is redirected, and no fur¬ 
ther treatment is needed. If the horse's immunization status 
Ls not current, a tetanus vaccine Ls given. 

[f the offending nail cannot be localized or the nail hole 
Is Infected, the shoe ts removed. I loof testers are then used 
to localize the painful nail hole. Frequently the pressure 
from the hoof testers will cause black, malodorous iLqutd 
"'pus - " to exit from the hole. The basts of treatment is to 
establish drainage. The Infected nail bole often requires 
enlaigement with a loop hoof knife or curette. Ideally a 
cone-shaped hole Ls made, wLlb the Larger opening at the 
bottom of the hoof. The hole Ls irrigated or the entire foot 
soaked In an Eipsom salt-Betadlne footbath for 20 lo 30 
minutes twice daily until the infection Ls gone. It Ls Impor¬ 
tant to protect the foot from the environment (e.g., mud, 
dirt) by keeping the foot bandaged between foot soaks. 
Additional medications are usually not necessary unless 
Involvement Is extensive. Antiinflammatory medications 
may be beneficial to decrease pain. Once the Infection has 
cleared, the shoe Is replaced. The affected nail hole can be 
packed w r Llh iodine-soaked cotton and the horse reshod 
with a plastic pad covering the sole. Alternately, a bole can 
be drilled Into the shoe over the affected nail hole and the 
shoe replaced, Leaving access to the Infected area for daily 
Irrigation and povidone-iodine packing. 

Prognosis. Prognosis Is usually good provided that min¬ 
imal damage occurs to vital structures of the foot. Establish¬ 
ing drainage for sepsis Is Important to avoid potential 
complications, such as third phalanx osteomyelitis or cofFln 
|olnt sepsis. 

SUBSOLAR ABSCESS 

Subsolar abscess is one of the most common causes of 
Lameness in llte horse and cow, but it is relatively rare in 
sheep and goats. In one study In cattle, SS% of cases of 
Lameness were caused by problems in the hoof. 111 Most 
often, lameness is caused by a hole or crack in the homy 
sole, which then becomes packed with dirt, and eventually 
contamination extends to and is trapped within the sensi¬ 
tive soft tissue beneath the sole. Animals that are housed 
Ln filthy or muddy conditions and that have inadequate 
hoof care or overgrown feet are more prone to this problem. 
Horses taken from a very dry to a very wet environment, 
and vice versa, also lend to have a higher incidence of sole 
abscesses, apparently because of (lie sudden change in the 
moisture content of the hoof and the resultant cracking of 
the sole. Cattle with "corkscrew' claw" {a hereditary condi¬ 
tion) or other growth deformity In the daw are more prone 
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to sole abscess. Puncture wounds or any form of trauma 
that introduces contamination to the soft tissue of the sole 
also may result in abscessatlon. 

/-ifsfory uftd Clinics! Signs. Subsolar abscess is a com¬ 
mon cause of acute lameness seen in all horses. There is 
no signalmenl or breed disposition. rj GraveT Is a lay term 
describing the assumed etiology in which a piece of gravel 
migrates proximally front the while line to coronary band, 
leaving an Infected tract. Subsolar abscesses may originate 
from a penetrating wound In the white line, a nail hole, 
or a deep subsolar bruise. Lameness is usually acute and 
severe {grade 3 to 4 of 5) and may worsen over lime until 
drainage is established. The horse will often point and 
may not bear full weight on Lhe affected limb. Distal limb 
swelling often accompanies a subsolar abscess that has nol 
had drainage established. Systemic stgns of infection (fever, 
lethargy) usually are not associated with subsolar abscesses 
unless deeper structures are involved. The infected Intel 
may migrate and open at the coronary band. Before break¬ 
ing open, a soft, painful area can be located by digital palpa¬ 
tion of the coronary band. 

Diagnosis. Digital pulses are usually Increased, and the 
hoof capsule may radiate heat. A focal painful area can usu¬ 
ally {but nol always) be located with careful hoof tester 
exa mi nation. Careful paring of the sole and frog may be 
helpful in locatLng the abscess, but the clinician must be 
careful not to damage good, healthy tissue looking for the 
infection site. Foot poultices and hot-water footbaths with 
Epsom salts will help eventually to localize the affected area. 
Gray or black malodorous liquid will leak from the infected 
tract (Fig. 33-34). Radiographs are useful to rule out other 
causes, such as third phalanx and navicular bone fracture. 
In some cases a gas or fluid pocket can be idenlifted on 
radiographs. 

Itadfnimt. Treatment Is aimed at establishing adequate 
drainage. If an opening in the tract is present at the solar 
surface, it should be enlarged just enough for good irriga¬ 
tion and drainage. This may or may not require sedation 
or peripheral anesthesia of the foot. If pink tissue or blood 
is encountered, debridement Is discontinued. Large holes 
should be avoided to prevent solar cerium protrusion, 
which can be a patnful sequela to overzeaious hoof paring. 
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If drainage occurs at the level of the coronary band and 
solar surface, !hrough-and-ihrough lavage is beneficial. 
Debridement at the coronary band let-el should be minima! 
to prevent Iatrogenic coffin joint contamination. Once 
drainage Is established, the foot Is protected from the envi¬ 
ronment and from recontaminatlon with a foot bandage 
Continued foot soaks in warm-water povidone-Iodine and 
lipsont salt footbaths should be continued until sepsis and 
Inflammation are eliminated. The shoe Is replaced when 
the affected are Is dry 1 and comitled. Urge areas may require 
a plastic pad under the shoe for solar protection. Antibiotics 
and NSAIDs are rarely needed, except in severe eases or if 
penetration of deeper structures has occurred. The patient's 
tetanus immunization should be checked and a booster 
injection administered if needed. 

fYcgricirs. Prognosis for simple subsolar abscess is excel¬ 
lent but worsens If complications develop In which deeper 
structures of the fool become involved. 


DEEP PENETRATING INJURIES 
TO THE SOLE 

II History uiul Cliniuit Signs. Most animals' environment 
is filled with sharp objects that can penetrate the sole, caus¬ 
ing severe damage to structures deep within the hoof capsule 
All puncture wounds should be considered potentially 
serious, but those involving the solar while line or caudal 
frog area require special attention because of potential navic¬ 
ular bursa, digital tendon sheath, deep digital flexor {DDF) 
tendon, or distal phalanx Involvement. 

The clinical signs of a penetrating wound to lhe sole vary 
with lhe anatomic structure involved and chroniclty of lhe 
in|ury r . The animal may show minimal lameness initially 
at lhe tune of in|ury, but severe lameness once sepsis Is 
established days Liter. Animals with penetrating wounds to 
the podotrochlear bursa or DDF tendon attachment to lhe 
(bird phalanx are In considerable pain and are reluctant to 
bear weighl on the heel region. 

Diagnosis. If owners find a foreign body in the bottom of 
(he animal's fool, they usually should be Instructed to leave 
the object in the foot unless (here is danger of further pene¬ 
tration. A radiograph Is taken Immediately to determine 
depth of penetration. Digital pulses are increased, and lhe 
fool is usually warm to touch. Hoof testers are useful to 
determine the focal point of pain, but often the entire surface 
of the foot is reactive. Systemic sedation and peripheral anes¬ 
thesia using an abaxial sesamoid nerve block may be needed 
to examine the penetrated foot thoroughly. l.igltl paring of 
the sole and frog areas with a hoof knife may reveal a black 
spot indicating the penetration site. Often, however, the 
entry Is not discovered because of the elastic nature of the 
hoot structures and collapsing of the penetration site. 
Regional intravenous anesthesia (lUer block] using a tourni¬ 
quet is the method of choice for producing local anesthesia 
in cattle. Paring should be performed carefully so that the 
solar corium is not injured with the hoof knife. Because the 
corium represents the horn-producing epithelial covering 
of the foot. Injuries lo it heal the same way as skin injuries. 
If an entry wound is discovered, lhe fool is scrubbed and 
prepared for further diagnostic testing. A sterile, flexible 
prone can be gently Inserted into the hole and a radiograph 
taken lo determine the depsb and direction of (he hole. The 
clinician must be careful so that inadvertent force or horse 
movement does not cause the probe lo penetrate previously 
unaffected structures. Alternately, a less Invasive and pre¬ 
ferred method is to calheterize or place a sterile teal cannula 
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into the hole and in|ecl sterile radiopaque material to deter¬ 
mine which structures are Involved (Fig. 36-35}. 

If sepsis of the podotrochkar bursa, distal iliterpliaJan- 
geal joint, or digital tendon sheath Is suspected, paracentesis 
and joint fluid cytology and culture and microbial sensitiv¬ 
ity should be performed. Synovial fluid with an abnormal 
color, viscosity, elevated number of degenerative neutro¬ 
phils. and high total protein concentration should suggest 
sepsis, if distal limb swelling is present ailhrocentesis 
should be delayed until the cellulitis subsides. 

A series of radiographs should be taken to Include a 
jateromedlal, 60-degree dorsopaimar view of bosh the 
navicular bone and the thtrd phalanx, and flexor (tangen¬ 
tial) view of the navicular bone. Repeat examination 1 to 
2 weeks after the original in|ury may be necessary because 
bony lysis lakes lime to develop and may not be apparent 
at the Initial radiographic examination. 

Trenfmcrrl. Broad-spectrum systemic antibiotics, antiin¬ 
flammatory medlcLiLions, and tetanus prophylaxis are admi¬ 
nistered If penetration of deep hoof structures is suspected. 
Depending on the severity of the lameness, the animal 
may require an l^SAID such as phenylbutazone (4 mg/ kg 
twice daily In horses: 10 mg/kg once daily in cattle) to 
reduce pain and lameness in the initial stages. Anllblollc 
therapy should be continued for 1 weeks after resolution 
of clinical signs of Infection in most cases. Preferably, anti¬ 
biotics are initiated after a culture and microbial sample 
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has been obtained. Establishment of drainage, copious 
Lavage with sterile ionic fluid, and debridement of all 
necrotic tissue are Indicated Involvement of lhe podotroch¬ 
lear bursa Indicates use of navicular bursoscopy and aggres¬ 
sive medical therapy, consisting of dally tavaglng of the 
bursa under general anesthesia and local treatment using 
antibiotics Instilled within the bursa and regional Limb per¬ 
fusion. Surgical treatment such as she ""street nail 1 proce¬ 
dure is reserved for animals not responding to aggressive 
medical therapy. 

If Lhe DDF tendon is involved (septic tendinitis), 
debridement and removal of frayed and Infected tendon 
fibers may be performed In the standing, sedated horse 
using a tourniquet and peripheral anesthesia, or under gen¬ 
eral anesthesia, depending on horse temperament and 
owner financial constraints. After debridement, placing the 
horse in a 4- to 6-degree wedge shoe decreases weight-bear¬ 
ing forces on the DDF tendon and provides some pain 
relief. The wedge shoe angle Is gradually decreased over sev¬ 
eral months as the DDF tendon Begins to heal and 
strengthen. The bottom of the foot requires protection with 
a bandage or hospital plate until the surgical site granulates 
In and comities. 

Deep penetrating wounds lo the sole, especially the 
solar-white line junction, can result In Infectious osteitis 
of the distal phalanx. The horse usually presents with a 
chronic, recurrent draining tract at the coronary band or 
solar surface and varying degrees of lameness. Infection of 
the distal phalanx often results from undetected soft tissue 
Infection or dissecting subsolar abscesses. Septic pedal oste¬ 
itis may also be a sequela Lo la mini t Is secondary to recurrent 
abscessation and ischemia at the toe region. As the bone 
Infection progresses, blood supply to the area is compro¬ 
mised, and trie area of avascular bone separates from the 
parent bone, forming a sequestrum. Localized third phalanx 
septic osteitis and sequestrum formation may not become 
radiographically evident for weeks after the Initial penetra¬ 
tion in|ury. Radiology often reveals a radiolucent area 
within the margins of the third phalanx., with or without 
sequestrum formation. 

Debridement and curettage of all soft and necrotic bone 
can usually be performed In the standing, sedated animal If 
Its temperament permits. The foot is desensitized with 
peripheral anesthesia, cleaned with a hoof knife and steel 
brush, then prepared for aseptic surgery using standard 
techniques. Hemostasis is achieved by wrapping a roll of 
Vet rap firmly around the fetlock joint to compress and 
occlude the palmar digital arteries. Access to the Infected 
hone Is made by removing sequential layers of sole using 
either a motorized Dremel tool or a Galt trephine with a 
retractable pilot blO 12 The Infected bone Is usually discol¬ 
ored and soft and should be curetted to healthy bone mar¬ 
gins. The Infected bone should be cultured and undergo 
microbial sensitivity testing. A postoperative radiograph 
should be taken to ensure complete debridement. .After sur¬ 
gery the site is packed with sterile gauze sponges soaked in 
antiseptic or antimicrobial solutions, and then the fool is 
bandaged. Disposable diapers and duct tape are Inexpensive 
materials for a waterproof fool bandage. The bandage is 
changed even- I or 2 days for the initial few weeks. Applica¬ 
tion of a bar shoe and hospital plate provides solar protec¬ 
tion and decreases the labor and cost of daily bandage 
changes (Rg. 33-36). The bolts and metal plate are removed 
so that the surgical site can be cleaned and treated, and then 
the hospital plate is bolted back in place. 

After surgery the horse is confined lo a small area until 
the hole granulates .In and comifles, usually 4 to 6 weeks, 
[f granulation tissue becomes excessive at the surgical site, 
application of 2% tincture of Iodine will hasten healing. Jf 
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present but Fum&arfrrfHm flacfijpftaram is often Isolated. 
Thrush is most often caused by poor environmental condi- 
Llons; animals standing in soiled stalls,, deep mud, swampy 
land, or wet pastures are at risk for developing thrush, espe¬ 
cially if die feel are not cleaned daily. Another predisposing 
factor is poor hoof conformation. Saddlebreds, Tennessee 
Walkers, and other gaited horses have long feet tvillt natu¬ 
rally deep frog sulci and are at risk of ihrush. 116 Morses with 
sheared neels or acquired frog deformity are also predis¬ 
posed. Morses shod with full pads may develop thrush sec¬ 
ondly Lo moisture and dirt collection under the pad 
Other, well-kept, dean horses can develop thrush for no 
apparent reason. 

II Clinical Signs and Diagnosis, Lameness mayor may not 
be present, and the severity can vary. Diagnosis is based on 
the presence of black, malodorous discharge, most often 
within the frog sulci. The central frog suicus is often mal¬ 
formed and very deep. A painful response may occur when 
the affected sulci are cleaned because the degenerative process 
may extend to senslllve structures of the foot, if structural 
damage has occuned, the heels may move Independently 
of each other, causing pain on manipulation. Horses 
with mechanical Instability of the heels may show caudal 
heel pain. 


severe Infection Is present, the site can he packed lightly 
with antibiotic-impregnated beads for continued antibiotic 
release at she infected site. Regional limb perfusion with 
antibiotics Is also beneficial in severe cases. 

In cattle, simple sole abscesses may heal quite satisfacto¬ 
rily without bandaging In cows, use of a wooden block on 
the unaffected daw of the affected foot elevates the affected 
daw to a non-weight-bearing Level and greatly reduces 
lameness. The block Is attached with an epoxy such as Tech- 
novlt and allowed to wear off over a period weeks. 


Prognosis. Prognosis depends on severity of in|ury, 
structures Involved, and chronicity of the problem before 
initialing treatment. Horses with acute penetration wounds 
that receive Immediate and aggressive treatment have a 
good chance of returning to athletic use. Penetration 
in|uries that have an established infection involving the 
podotrochlear bursa, digital tendon sheath, or distal inter- 
phaJangeal joint have a poor prognosis. In one study, only 
12 of 3S horses with sepsis of the navicular bursa'had a 
satisfactory outcome. 113 Chances of survival increased If 
treatment was started within a week of the penetration 
in|ury. Osteomyelitis of the navicular bone and DDF ten¬ 
don rupture are common complications of a septic navicu¬ 
lar bursa. 

Prognosis for infectious osteitis of the distal pbaianx Is 
good If sepsis is not caused by iamlnltls. In one study, up 
to 24% of the distal phalanx was removed, and the horse 
returned to athletic soundness. 1,1 - 3 


THRUSH 

Dc/lnftfofi and Etiology. Thrush is a bacterial Infection 
characterized by an accumulation of black, malodorous, 
necrotic material usually originating within the central or 
collateral sulci of the hogs of the hoof. This degenerative 
condition may spread to involve deeper structures of the 
foot, such as the digital cushion, hoot wall, and heel bulb 
region of the foot, causing inflammation and breakdown of 
these structures. 315 .Many keratolytic organisms may be 


Treatment. The basis for treatment Is removing the pre¬ 
disposing cause of the thrush. The horse should be moved 
to a clean, dry environment and have line feel cleaned daily. 
Any necrotic debris and undermined tissue are carefully 
debrided and cleaned using a hoof knife. Foot bandage's 
may be necessary If the debridement is extensive. Systemic 
antibiotics may be necessary In severe cases that involve 
deep or more proximal tissues. Infection is usually managed 
by topical medication. Several caustic materials have been 
recommended, including a combination of phenol, tincture 
of Iodine and 10% formalin. Kopertox solution, or methy¬ 
lene blue. Others have recommended soaking the foot in 
chlorine bleach (I oz bleach per gallon water J. If poor hoof 
conformation is the cause, proper tauter management 
should be pursued to conect existing problems. If heel 
instability is present, a bar shoe may be necessary lo stabi¬ 
lize the caudal aspect of the foot. Exercise Is Important no 
strengthen the caudal aspect of the foot and will naturally 
clean the feet. The best treatment for thrush Involves pre¬ 
vention by educating the client on proper hoof hygiene. 

II Prognosis. Prognosis Is favorable if the cause of thrush 
can be identified and eliminated and if the condition is treat¬ 
ed before extensive hoof damage has occurred. 

WHITE LINE DISEASE ("SEEDY TOE') 

II History' and Clinical Signs. The white line, visible at the 
sole, is created by the |unction of the insensitive laminae of 
the hoof wall arid the horn of the sole. While line disease 
has historically described the separation of the hoof wall 
from its laminar attachments. A crack or opening occurs 
within she white line, allowing a bacterial or fungal infec¬ 
tion to Invade the stratum medium close to the laminae, 
causing cavities to develop between the laminae and outer 
hoof wall. In environmental conditions with too much 
moisture (continuous wet pastures) or in drought condi¬ 
tions producing excessively dry feet, animals are at risk of 
developing a crack or opening in the white line. Horses with 
poor-quality hoof walls that split or crack may develop 
white line' disease. In addition, horses with chronic 
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lamlnitis having a thickened or stretched while line in the 
toe region ("seedy toe"") are predisposed (Fig. 3S-37). 

The hoof wall separation is usually a chronic condition 
beginning weeks or months before presentation. Horses 
with white line disease often show little or no tameness 
and therefore are not perceived as an Immediate concern 
by many owners. Hard ground may exacerbate any lame¬ 
ness seen. 


II Diagnosis. Visual examination of the white line, assisted 
by a probing instrument, will reveal a cavity with separation 
of outer hoof wall from the laminae. Radiographic evalua¬ 
tion will determine the full extent of hoof wall separation 
Often ihe cavity is either dry or filled with necrotic debris, 
which may involve a bacterial orfung.il Infection. The cavity 
is usually "not painful to probing. 


U 7‘mt imml. Treatment begins with removal of the sepa¬ 
rated outer hoof wail using a hoof nippers, hoof knife, and 
motorized tools. It is important to remove any unattached 
or Loose hoof wall to reveal cracks or crevices that could har¬ 
bor bacteria. The Dremel tool burr Is useful to smooth any 
cracks in the insensitive laminae that are exposed after hoof 
wail removal After thorough debridement, large defects usu¬ 
ally exist In the hoof wall and require protection (Fig. 33-33). 
A heart-bar shoe redistributes weight-bearing forces to the 
frog and caudal region of the foot and away from damaged 
and weakened areas. The hoof wall defects"prevent normal 
nailing procedures,, and shoe clips can help secure the shoe 
to the hoof. After hoof wall removal, the exposed laminae 
may still have an '‘active" infectious component. With the 
heart-bar shoe In place, the owner Is Instructed to keep the 
horse in a clean, dry stall and topically treat the exposed 
laminae with Iodine or methlolate dally for 10 days or unlit 



the exposed laminae are dry and ''inactive." At this point, the 
horse may be a candidate for prosthetic hoof wall repair 
using a product such as Iqullox. The plastic acrylic is 
trimmed and shaped E,o the horse's natural hoof wall'at the 
next shoeing. The owner should keep the hoof dry to avoid 
Losing die acrylic patch. The horse may return to normal 
activity once tfie prosthetic patch Is in place. 


Prognosis. Prognosis depends on response to treatment 
and cause of the original white line problem. Horses with 
poor hoof quality or seedy !oe will often have disease recur¬ 
rence. If die horse responds to original lieatmen! and envi¬ 
ronmental conditions Improve, prognosis is good. 

QUITTOR 

Quitter is a term used to describe chronic infection of the 
medial or lateral collateral cartilage of ihe distal phalanx 
In the horse.This condition is characterized by local Inflam¬ 
mation and necrosis of the affected cartilage, with 
subsequent formation of draining tracts proximal to the cor¬ 
onary band. The infection Is usually caused by a wound, 
and the horse often presents with moderate to severe lame¬ 
ness and a history of chronic or recurrent drainage. Obtain¬ 
ing a dorsopalmar radiographic view after Injecting contrast 
dye Into the draining tract helps to demonstrate the Infected 
collateral cartilage (T : ig. 33-39). 



FIG, .35-19 I kmi:':-; [louf with ,iei inkirrrd Eiitl.itrr.il. cardla^t.- 
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Although tills condition occasionally responds to medi¬ 
cal therapy, the treatment of choice is surgical debridement 
with the horse under general anesthesia, the foot in fulJ 
extension, and a tourniquet around the pastern. An ellipti¬ 
cal section that includes the draining tract should be Incised 
above the coronary band and discarded. All underlying 
Infected soft tissue and necrotic cartilage should be excised. 
If the case has not become chronic and only a small amount 
of cartilage needs to be removed, the wound may be packed 
and partially sutured. The pads can be removed in 24 to 48 
hours and the wound flushed twice a day tin til it has 
healed. If the condition is chronic with extensive cartilage 
necrosis or multiple draining tracts, the Infectious process 
usually extends below the level of the coronary hand. Jn this 
case it is best to trephine a hole in the hoof wall at the low¬ 
est point of the Infection. This procedure provides better 
drainage, facilitates debridement of the necrotic cartilage, 
and allows for complete closure of the surgical incision 
above the coronary band. The wound should he packed 
through the trephine hole and ireated as an open wound 
until It heals. In cases with extensive cartilage necrosis, care 
should be taken to avoid accidental opening of the coffin 
joint. If debridement Ls complete, the prognosis lor the 
return to soundness is fair to good. 5]7 


FISTULOUS WITHERS 

SaieAU jm. UkOss 

Definition. Fistulous withers Ls a chronic Inflammatory 
condition of the supraspinous hursa and associated tissues 
in horses and mules. The supraspinous bursa is Located 
dorsai to the dorsal spinous processes of the second 
through fifth thoracic vertebrae (T2 to Hi). The normal 
bursa' may extend laterally to the scapular cartilage and 
may be asymmetric. Normal bursal volumes range from 
30 to 9G mL 3IB 


II C’h'rifcaf Signs. Affected horses may show nonspecific 
signs, including lethargy, fever, and generalized muscle stiff¬ 
ness. These may progress to the more specific signs of pain, 
heat, and swelling of the withers and cervical area. Over 
days to weeks, these swellings mature and rupture at one 
or more locations, releasing serous or purulent drainage. 
The classically described discharge Ls yellowish brown and 
mucoid or serous with white, yellow, or red flakes (""rice 
bodies 1 '}. 11 * Fistulous tracts may extend lo the dorsal spi¬ 
nous processes of the vertebrae, as well as lo the scapula, 
ribs, and occasionally the thoracic cavity. Lesions and drain¬ 
age may wax and wane. 113 

LriVjlo^y tint! There are two forms of 

fistulous withers: idiopathic and traumatic. The more com¬ 
mon idtofhithii form results from the spread of inflamma¬ 
tion and Infection of the supraspinous hursa to 
surrounding structures, Including the nuchal ligament. 
Organisms reported to be the primary cause of fistulous 
withers Include BruceRa crJwrjis, ArriflomyccsfroriX and Orrch- 
LHercii centfralis. B. iibonus lias a predilection for synovial 
structures and is often associated with septic supraspinous 
bursitis. In 1937, JX fliwrfiu was isolated from 80% of fistu¬ 
lous withers cases; 92% of affected horses had contact with 
cattle, and 65% were from farms with BruceNti-pcslllve cat¬ 
tle.* 1 " Currently, the disease has some geographic variabil¬ 
ity. In New York, where the prevalence of JX abortus 
infection In cattle Ls low, JX ijkutus is rarely isolated from 


equine cases of fistulous withers. In 1986 the prevalence 
of IX abortus In hones presented to the New York Slate Col¬ 
lege of Veterinary Medicine had apparently decreased, with 
only 2 of 14 horses (14%) having positive Ellers. 120 in 
Texas, however, where seropositive catde are still prevalent, 
9 of 26 horses {37.5%1 with fistulous withers were seropos¬ 
itive for E. flfwrfjjj, and these horses w r ere more likely to be 
pastured with seropositive cattie. 121 Researchers have also 
experimentally produced fistulous withers by injecting 6. 
Abortus and A. fwtrfs into the supraspinous bursa. ”- O. cen*\- 
tnlis has also been proposed as an etiology for fistulous 
withers, especially In Australia. This parasite migrates 
through the nuchal ligament causing Inflammation, which 
may extend Eo the supraspinous bursa, fibrous and calcified 
tracts develop around dead and viable parasites, causing 
necrosis and degeneration of the nuchal ligament. 123 

The traumatic form of fistulous withers is preceded by an 
open wound or blunt trauma to the withers and then 
secondary Infection. Infection may result from external 
contamination or from hematogenous spread lo devitalized 
tissue. Secondary contamination of open wounds with 
Streptococcus equi subsp. zooepidemicus^ or environmental 
microorganisms is reported. 

II Diagnosis. A careful history must be obtained, Including 
duration and severity of clinical signs and response to previ¬ 
ous treatment. Physical examination with careful palpation 
over the withers'may reveal pain, swelling, or draining 
tracts. Complete blood count may show leukocytosis caused 
by neutrophilia, as well as hypeiflbrlnogenemia, indicating 
chronic Inflammation. 

If the swelling Is encapsulated and not draining, needle 
aspiration should be performed to obtain a sample for 
culture and sensitivity. Once tracts are open and draining 
culture Ls of questionable validity because of secondary bac¬ 
terial contamination Negative cultures can also be 
misleading because ii. aJwriirs is difficult to grown in culture 
and may be overgrown by other bacteria. Biopsy of Inflamed 
(Issue may also be obtained for culture and histology. Blood 
cultures may also be diagnostic in febrile animals. 

All animals with fistulous withers should have serology 
for Brucella performed because of the public health implica¬ 
tions. Plate agglutination is die lest of choice and is more 
sensitive and specific than the card test. B media titers are 
considered to be negative when they are less than 1:50. ide¬ 
ally, paired titers should be performed, with any rise in 
titers 1 weeks apart Indicative of current infection. 124 
Chronic infections may not show an Increase, however, so 
a single high titer with compatible clinical signs should be 
considered diagnostic. 

Radiographs should also be obtained in suspected cases 
of Fistulous withers. They may show osteomyelitis and peri¬ 
ostitis of the dorsal spinous processes of Tl (o T9. There 
may also be swelling or granular opacity of the soft (issue 
in ihe withers region. 121 - Horses tvilh positive B. tfborftij 
liters are more likely to have radiographic evidence of oste¬ 
omyelitis of the dorsal spinous processes Chan seronegative 
horses.'- 1 A positive-contrast flstulogram may help deter¬ 
mine the extent of any draining tracts. Ultrasonography 
may also help delineate draining tracts. 

J’mr/mcfiL Medical treatment may he attempted but Is 
often unsuccessful alone. Antimicrobial selection should 
be guided by culture and sensitivity results. In the absence 
of a culture, systemic broad-spectrum antimicrobials may 
be used. This can also be combined with Lavage of the 
draining tracts. Systemic antiinflammatories are also indi¬ 
cated to control pain. 
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Brucella vaccination with the S]9 strain has been 
reported in Brjjo?//ff-confirm:ed eases as an effective extra la¬ 
bel treatment. The vaccination regimen varied from single- 
dose subcutaneous (SC) Injection, to a series of three SC 
injections 10 days apart, to Intravenous (IV) Injection. In 
L$37, Duff 310 reported that i>5 of 134 horses that received 
two or three SC injections recovered after vaccination; 35 
of these horses were also treated surgically. SC injection 
reportedly causes severe ]oca] .nnd systemic reaction, Includ¬ 
ing fever and abscessadon. ilJ The IV route may also he 
used, but it resulted in death in three of four hordes; the 
other horse fully recovered In 4 weeks.■ 1j!l At this time, there 
are no approved vaccinations for use In horses, and the 
RB51 vaccine has not been used In equids. Also, the appar¬ 
ent decline In frequency of Brucella In fistulous withers 
would make vaccination'of questionable value. 

Medical management usually needs to be combined with 
aggressive surgical debridement for effective treatment. 
Conservative treatment alone may Lead to recovery periods 
of 4 or more months. Reportedly, SOR-Id of horses with trau¬ 
matic fistulous withers treated conservatively will have recur¬ 
rent lesions. 1125 Drainage and debridement wLth the hoise 
standing has been performed, but general anesthesia with 
aggressive debridement is the preferred treatment.^ 20 Oslecl- 
omy and curettage of the dorsal spinous processes m ay be nec¬ 
essary. Primary closure is difficult to achieve but will provide a 
more cosmetic result and quicker healing time. Wounds left 
open to heal bv second intention may take 2 to 4 months to 
heal.- 121 - 1 


fTrwriNmr urirf Con\ rol. Bmceila dtbprtjjs Infection, If 
present, carries great public health implications. Horse own¬ 
ers and veterinary staff must be notified of the possible 
exposure and take appropriate precautions. Brucellosis In 
humans may cause acute fever with pneumonia., spondyli¬ 
tis, orchitis, or pyelonephritis. Chronic brucellosis causes a 
transient fever In people. 1151 

Parasite control is an Important aspect of prevention of 
fistulous withers. Horses should also be kept separate 
from Brucella -positive cattle. Proper saddle and harness 
fit will also decrease the Incidence of traumatic fistulous 
withers. 


FLEXURAL LIMB DEFORMITIES 

A. KLRULLY CHESEtf 

Definition, flexural limb deformities are defined as 
hypernexlon or hyperextentlon of a Limb. Flexural deformi¬ 
ties are described'by the joint involved, typically the drritii 
inteTphiilnnmat [DIP) joint, melacajpophaimg^ (MCP) or 
metatarsophalangeal (MTP) |olnt, carpus, and rarely the tarsus. 
Although commonly referred to as "contracted tendons/' the 
tendons themselves are not truly contracted, but rather short 
re I atlve to the adjacen t bone. FI exu ra 11 Imb deform 1 lies can be 
classified as either congenital or acquired. Conlractural defor¬ 
mities are very common In horses and cattle. Small ruminants 
and camelids are much less frequently affected. 

II Pathogenesis. Congenital flexure t deform Hies (deformed 
at birth ) are likely caused by a multitude of factors. Although 
intrauterine positioning has been suggested, it Is probably not 
a common cause of flexural limb deformities. Exposure of the 
mare during pregnancy to diseases and teratogenic agents Is a 
more likely cause of congenital deformities. Evidence for a 
definitive inciting cause is lacking, but the following have 
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been Implicated in contributing to flexural limb deformities: 
Ingestion of Locovveed (AsfrqgiiNuJ and hybrid Sudan grass, 
equine goiter, defective cross-Linking of collagen, defects In 
elaslln formation, neuromuscular disorders, and viruses .- 12f< - 
329 It is common for foals with congenital flexural deformities 
to have other anatomic abnormalities, such as spinal deformi¬ 
ties, which may result in dystocia. 

Acquired flexural deformities are seen typically from 
4 weeks to 4 months of age, as well as In yearlings to 2-year- 
olds. These deformities have been implicated as part of the 
developmental orthopedic disease complex.Two general the¬ 
ories explain how acquired flexural deformities occur. The 
first theory is that the tendon unit Is unable to elongate 
passively relative to the bone. 330 In the case of the DIP joint, 
the rigid accessory Ligament of the tkep digital flexor (DDF) 
tendon causes a palmar rotation of the fool (club-fooled) 
(Fig. 35-40). Flexural deformities in the MCP Joint are usually 
caused by the accessory Ligament of the superficial digital flexor 
(SDF) tendon. The second theory is that increased tension 
within the tendon Induces pain, leading to the deformity. 351 
Acquired deformities are often noticed with an aeute onset, 
which may add validity to the latter theory. 

Diagtioais 

CONGENITAL DEFORMITIES, Digital byperextension 
deformities occur in neonates because of a lack of tension 
in the flexor muscles. Typically these deformities correct 
without intervention after a few weeks. In severe cases the 
palmar or plantar surfaces of the foal's pastern and fetlock 
area may become ulcerated as a result of contact with the 
ground. If not protected. 

Contractu ral deformities may involve one or a combina¬ 
tion of the following: SDF tendon, DDF tendon, and sus¬ 
pensory 5 ligament. Congenital flexural deformities are most 
often seen affecting the carpus, tarsus, MCP |oint t and 
MTP joint 333 (Fig. 33-4 Lj. Contracture of the DIP joint also 
occurs and presents with the foal walking on the toes. 
Depending on the severity of the deformity. If the MCP 
|olnl is affected, die foal may or may not be able to stand. 
Although not truly a contractu ral deformity, rupture of the 
digital exleruor (CDF) tendon results In a similar 
appearance. These foais have a characteristic swelling on 
the dorsolateral aspect of the carpus. Often these foals 
bow at the carpus because of the lack of support over the 
Lateral aspect of the carpus. 326 ^- 13 More importantly, foals 
with ruptured CDE tendons should be checked for Incom¬ 
plete ossification of cuboidal bones because these condi¬ 
tions often occur together. 330 
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ACQUIRED DEFORMITIES. Contractural deformities are 
typically described by the Joint affected, The most common 
acquired flexural deformity Involves the DIP Joint. The 
affected limb will have a steeper hoof wall angle with a 
shorter toe than the unaffected limb. The heel will elongate 
on the affected limb, and the MCF |oint will concurrently 
begin to hyperextend. Two -stages have been used to 
describe contractural deformities of the DIT lolnt: Stage I 
is defined as an angle of less than 90 degrees between the 
dorsal hoof wall and the sole; stage 11 is a dorsal hoof wall 
that exceeds the vertical angle,™’ 

Early detection of contracture of the MCP Joint Is char¬ 
acterized by a straight fetlock angle,, or upright conforma¬ 
tion. More severe contracture of this |oint is evident by 
buckling at the fetlock. By placing pressure in a dorsopal- 
mar direction on the fetlock., the flexor tendons are 
stretched, allowing the practitioner to determine which 
structure is lightest, which is important for selecting an 
appropriate treatment. 330 

Carpal contractures tend to occur within the first 6 
months of life. These Jbals tend to be fast-growing, heavier 
foals {Fig. 3S-42J. 

Although not as common, contractural deformities of 
the proximal inlerphaiangeal (PIP) joint occur and are usu¬ 
ally bilateral. 330 The exact mechanism is unknown, but IE 
is thought that as the musculotendinous unit of the DDF 
complex shortens, Lhe 5DF lendon becomes more I ax. 1135 
This can lead to a dorsal subluxation of the joint. Often a 
clicking sound Is appreciated when the foal walks. This 
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contraclural deformity is most often seen in weanlings 
with a high growth rale,™ 0 

Flexural deformities also occur after foals or horses are 
non-weight bearing for a time. These deformities can be 
permanent If the joint undergoes "'contracture" or fibrodesis 
(fixed without osseous ankylosis). 33 * 

II Treatment 

CONGENITAL DEFORMITIES, Hyperextension deformi¬ 
ties require exercise lo hasten recovery. Excessive exercise is 
contraindicated because this leads to fatigue and possible 
in|ury. Treatments include swimming, corrective shoeing 
and light bandaging when Indicated. Swimming allows 
muscle Lone lo Increase without bearing weight on the 
limbs. If the foal's toe lifts off the ground when weight bear¬ 
ing, glue-on shoes with a heel extension may be indicated. 
Glue-on shoes must not be left on a growing foal for an 
extended period because they may prevent the foot from 
expanding normally. Bandaging is only indicated when 
the palmar/planlar surface of the pastern or fetlock is in 
contact with the ground, to prevent ulcerations of the skin. 
Excessive bandaging and support will only cause more laxity 
and should be avoided. 

Treatment lor congenital contraclural deformities should 
include pain management by judicious use of N 5A IDs. The 
use of gastroprotecEants Is strongly suggested to help avoid 
the ulcerogenic effects of N'SAlDs. 

Qxytetracycline at a dose of 44 mg/kg diluted In physio¬ 
logic saline given slowly IV has been used for many years 
in foals with contraclural deformities. 336 Renal function 
of the foal should he considered before administration of 
oxytetracydine. Many mechanisms have been proposed 
to explain how oxylet racy dine achieves a decrease In the 
angle of the MCP joint. One mechanism is lhe chelation 
of calcium resulting in muscle contraction. 336 Oxyletrary- 
citne has also been shown lo be a neuromuscular blocking 
agent, nil though this mechanism does not explain why 
other muscle groups arc unaffected. 336 An In vitro study 
showed that oxytelraq r clLne also works through matrix 
metalloproteinase-1 mRNA expression to Inhibit tract Iona I 
organization of collagen fibrils by myofibroblasts; this 
interaction may cause relaxation of the musculotendinous 
unit. 33 ' Regardless of Lhe mechanism of action, foals treat¬ 
ed with oxytetracydine should also undergo forced exercise 
to make the improvement permanent. Without exercise, the 
angle of the MCP |oint tends to return to its previous value 
within 96 hours. 33 ® 

Toe extensions benefit the foal in two ways: [ I) helping 
to protect the toe from being overworn and (2) lengthening 
the breakover of the foot, adding strain to the flexor ten¬ 
dons, potentially helping stretch them. Toe extensions 
may be made using acrylic hoof products or glue-on shoes 
with built-in extensions. Shoes and extensions should be 
removed within 2 weeks because they 1 can prevent the hoof 
front growing and expanding naturally In a young foal. Typ¬ 
ically. 2 weeks Is sufficient time to achieve correction. For 
foals with contracture of the DIP joint, frequent rasptng of 
the heels will help stretch the DDF tendon. 

Splints and casts have been used lo treat flexural defor¬ 
mities by giving support to the limb, cherebv allowing the 
muscle-tendon unit to relax When using splints, it is vital 
to use plenty of padding on the limb and to change the 
padding every time the splint Is changed, to ensure pressure 
sores are not developing. Pressure sores can be very serious 
and even life threatening. Splints are made from a variety of 
materials but most often, polyvinyl chloride (FVC) pipe cuL. 
to an appropriate Length and width, commercially made 
splints are also available. Splints are applied by placing 
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the splint over the padding on the palmar or plantar.surface 
of the limb, Sf the contraetural deformity involves the DIP 
joint, the splint should touch the ground. If the deformity 
is in the carpal region, the splint should end at the fetlock. 
Splints should be left In place for a period deemed adequate 
for the individual patient,, ranging from several hours to 
2 or 3 days. 330 - 332 One major advantage over casts is that 
splints may he removed every few hours if desired. Casts 
used for the lower limb are typically half-limb casts, incor¬ 
porating the foot. The exception Is the carpal region, where 
a tube cast is more appropriate, ending at the fetlock. Casts 
should never be left in place longer than 1 weeks at a time 
because of the rapid growth rote of foals. Cast sores are a 
serious complication and a Legitimate disadvantage to using 
casts. 

A combination of conservative treatments should be con¬ 
sidered when treating foals with contractuial deformities. If 
nonsurglcal management does not correct the problem, sur¬ 
gical intervention may be necessary; however, foals with 
severe congenital contraetural deformities have a poor prog¬ 
nosis.. Surgery is more often attempted for foals with carpal 
contracture. Other congenital contractual deformities usu¬ 
ally respond to non surgical treatments; Surgical correction 
for contraetural deformities In the carpal region involves 
transection of the tendons of the flexor carpi ulnarls and 
ulnaris lateralis, as well as transection of the palmar carpal 
fascia. 33 * 1 ' 332 The prognosis for mild to moderate congenital 
flexural deformities Is good for an athletic future If the Ebal 
Improves over the first 2 weeks and is able to stand and 
nurse. 332 Contraetural deformities that can be manually 
straightened have a much better prognosis than those that 
cannot be straightened. 

Foals with ruptured CDE tendons are best treated non- 
suigieally. Affected foals should be confined to stall rest 
wllb the application of a splint. 113 As with any splint, it 
should be well padded to protect the limb. The splint 
will provide support to the limb and help protect immature 
cuboidal bones, which often accompany this condition. 330 

ACQUIRED DEFORMITIES, Conservative management 
for acquired contraetural deformities is similar to that for 
congenital deformities. Other conservative therapies include 
dietary restrictions. Including early weaning. Surgical man¬ 
agement Is selected for animals unresponsive to nonsurglcal 
treatments. 

For contraetural deformities of the DIP Joint, desmot- 
omy of the accessory ligament of the DDF tendon is indi¬ 
cated. This surgery has an excellent prognosis for full 
athletic potential for stage I horses. For more severe flex¬ 
ural deformities of this |oinl (stage DDJ r a tenotomy of 
the DDE" tendon may be necessary. 330 This procedure is 
not performed to promote an athletic career. 9t is accept¬ 
able for pasture soundness, breeding animals, and for 
some, light riding. 

Acquired flexural deformities of the MCP |olnl are treat¬ 
ed nonsuigically with a combination of NSAlDs, corrective 
shoeing (raising the heel with or without using a vertical 
bar shoe with rubber dorsal tubing) and splints. Physical 
therapy has been used to help stretch the tendons by having 
the horse hop on one leg by holding the other up in a flexed 
position, moving in a lateral direction toward the down 
limb. 330 If surgical correction Is needed, It is Important 
first to determine which structure Is creating the tension. 
Most often the SDF tendon is involved, although the DDF 
tendon and even the suspensory ligament may be involved. 
I^or treatment of contracture of the SDF tendon, desmotomy 
of its accessory ligament Is performed. If the DDF tendon 
is the most taut, desmotomy of Us accessory ligament is 
completed. Both accessory ligaments may be cut when Indi¬ 
cated. In severe cases the suspensory branches may be 


transected, hut this procedure Is done for salvage because 
Lt usually leads to subluxation of the PIP joint. 330 

Carpal contractures are treated with splints and con¬ 
trolled exercise. Early weaning should be considered In 
these foals. If surgery is necessary, a tenotomy of the flexor 
carpi ulnaris and ulnarls lateralis In addition to splints 
may yield good results. 

Contracture of the PIP joint is not as common hut can be 
a serious threat to the future athletic potential of the horse. 
Over lime the soft tissues around the joint will fibrose, and 
the PIP joint may undergo degenerative joint disease. At this 
stage, a pastern arthrodesis may be necessary to achieve a 
pain-free and potentially sound limb. Desmotomy of the 
accessory ligament of the DDF tendon may benefit affected 
horses early in the disease process. 33 ^ 33?i 


TENDINITIS 


tUZUIrt U f. DAVIDSON 

Definition and Etiology. Tendon In furies can have a pro¬ 
found influence on the future athletic careers of horses. The 
superficial digital flexor (SDF) tendon is the most frequently 
Injured tendinous structure in the performance horse. 340 It 
occurs more frequently In the thoroughbred and standard- 
bred racehorse, although it is typically seen iti all types 
of performance horses. Deep digital flexor (DDF) tendon 
Injuries Lit the metacarpal/metatarxal region occur infre¬ 
quently 340 - 3 - 32 and are identified In older horses (9 to 10 
years) 341-344 and in horses that jump. 343 Western perfor¬ 
mance horses more often have hind limb deep flexor tendi¬ 
nitis (or tendonitis), probably because of their sudden turns 
and quick stopping in roping, cutting, or reining competi¬ 
tion. Recently, DDF tendinitis has been identified as the 
ma|or contributor of lameness In horses with foot 
pain. 343 - 343 Desmitls of the accessory ligament of the DDF 
tendon 346 and the accessory ligament of the SDF tendon 347 
are unusual Injuries Ln performance horses. 

Tendons passively transfer musde activity to the bone. In 
the equine distal limb, the palmar tendons act to support 
the fetlock during normal weight bearing and must tvith- 
stand high-tensile stress forces during locomotion. To com¬ 
bat these forces, tendons con tain a high proportion of type 3 
collagen, and the tendon fibers are aligned longitudinally. 
When loaded, these fibers deform elastically by stretching. 
Normally, substantial elongation, up to a 20^ increase Ln 
Length, 34 * 1 occurs before failure. In thoroughbred horses, 
normal SDF tendons haw stains reaching up to 16% when 
galloping. 340 litis suggests that tendons Ln racehorses are 
close to their physiologic limit and may explain the high 
Incidence of in|ury. Also, age-related and exercise-related 
tendon matrix deterioration may contribute to tendon 
weakness. 350 In addition, landing after a jump Increases 
the SDF load, 351 which may explain the Incidence of ten¬ 
don in|ury in horses used for Grand PrLx jumpers and 
eventing. 

Tendon Injury may occur as a single event or a cumulative 
fatigue failure and involves stretching of the fibers beyond 
physiologic limits. Response to tendon in|ury is similar to 
otfier tissue healing and Includes inflammation, repair, and 
remodeling. During the acute inflammatory phase, hemor¬ 
rhage and edema occur, and the degree of the response is 
determined by severity of the in|ury. Angiogenesis quickly 
follows, and recruited fibroblasts produce new type 111 colla¬ 
gen. A fibrinous scar of weak, haphazardly arranged collagen 
is formed. At this stage the tendon Is prone to reinjury. 
Finally, the scar tissue remodels over several months, 
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converting, type [[[ collagen to type [ collagen. Controlled 
loading of die tendon promotes (his conversation and aligns 
the collagen fibrils In the direction of force (longitudinally). 
In severely Injured tendons she entire process can lake 12 or 
more months, and tendon jelnjuiy is common. 

II C'Jm/ftiJ S’fgrrf. Clinical signs of acute SDE tendon in|ury 
include swelling and heat in the tendon and peritendinous 
tissues. Thickening or enlargement of the tendon is noted 
tvhen it is viewed from the lateral aspect, and the classic con¬ 
vex or bowed profile In the metacarpal region is apparent. 
A painful response to direct digital palpation can be appre¬ 
ciated and Is best performed by bolding the leg and palpating 
the tendon between thumb and forefinger. Unless the in|ury 
is severe, most horses with tendinitis are not lame. 

Morses with DDE tendinitis are moderately Lame,-^ 1 -^ 
become more lame after distal limb flexion, and have dis¬ 
tention of the distal digital tendon sheath. 341 ln|urles are 
usually uni Lateral. 34 , - 342 Horses with DDE tendon Injuries 
within the hoof capsule have unilateral or bilateral lame¬ 
ness without any palatable abnormalities.* 43 - 545 Horses 
with desmitls of the accessorv ligament of the DDE tendon 
have obvious swelling and acutely are moderately to 
severely lame. 5J6 l’hickening and effusion in the carpal 
canal may be noted in horses with desmitls of the accessory 
ligament of the SDF tendon. 

II Dfagfiorff. Diagnosis of SDE tendon Injury In the meta¬ 
carpal region Is obvious based on abnormal clinical signs. 
Diagnostic analgesia may assist the clinician In Localization 
of the tendon Injury if clinical signs are subtle or absent. 
This Is particularly true for DDE tendon injury within the 
hoof capsule. Pain from DDF tendon Injury In the distal 
metacarpal region can Improve after intrasynovlal analgesia 
of the distal digital tendon sheath. 541 Antebrachial or prox¬ 
imal metacarpal analgesia alleviates pain from accessory lig¬ 
ament of the SDE tendon 547 

Ultrasonography Is the technique of choice to diagnose 
tendinitis, and considerable advances in Instrumentation 
and clinical aptitude have occurred in the past decade. Ihe 
entire palmar/planlar area of (be melacarpus/metatarsus 
should be examined in transverse and longitudinal planes. 
The variables typically measured include cross-sectional area, 
echogenicity, and fiber alignment. The severity of the injury 
is determined by the length of the lesion, cross-sectional area 
of the tendon, cross-sectional area of the lesion, lesion echo¬ 
genicity, and fiber alignment of the lesion. 54 ^- 552 - 55 - 3 I’he 
severity rating score has been correlated with successful 
outcome, The most common type of SDF tendon Injury Is a 
central core Lesion that appears as an anechoic Lesion. 340 - 352 
Tendon Lnjurles of the DDE within the hoof capsule have 
been identified using Iranscuneal ultrasonography 344 Clini¬ 
cian emertlse and meticulous foot preparation are required. 
With the advent of MRI, DDE tendon Injuries with in the 
foot have been described. Injury types include core lesions, 
sagittal tears, and fibrillation along the dorsal border, and 
most Lesions occur at or near the navicular bone 543 ' 541 ''- 354 


II I rca Ejhcfi C. Proper treat men t of lendi n Ills i ncl udes assess¬ 
ment of the Injury usi ng ul traso nography, control of the acute 
inflammatory episode, controlled return to function, and 
adjunct medlcal/surgical therapy. In acute Injury, a combina¬ 
tion of systemic NSAIDs (e.g"„ phenylbutazone, flunixin 
meglumine) and topical therapy (e.g., cold-water hydrother¬ 
apy, poultice, distal limb bandage) Is recommended. DMSQ 
and anllphloglstlcally impregnated gauze bandages may also 
be beneficial. Rest Is essential during the acute phases. 


A variety of Lntratendinous and peritendinous Injections 
have been advocated. Intraleslonal cortLcosterolds dramati¬ 
cally decrease the swelling and pain but cannot be recom¬ 
mended because of delayed tendon healing and the risk of 
continued injury and catastrophic Injury in horses that 
remain In training. p-Amlnoproprlonitrile fumarate (BAP- 
TEN] temporary mocks the cross-linking between collagen 
fibers and improves tendon healing, resulting In superior 
fiber alignment] 35 - 5 horses with moderately to severely 
Injured tendons were more jtkely to return to racing after 
intraleslonal treatment. 556 - 557 This treatment has fallen out 
of favor because of complications associated with the proce¬ 
dure. For DDF tendon Injuries, Intrathecal Injections of 
sodium hyaluronate Into the distal digital tendon sheath 
are beneficial. 358 Inlralesional sodium hyaluronate for SDF 
tendonitis has been advocated, 330 although other reports 
failed to document any significant benefit 337 - 360 Intramus¬ 
cular polysulfaled glycosaminogjycan (GAG) has a positive 
effect on tendon heating in a collagenase-Induced model. 361 
1 towever, no difference In return to racing or recurrence of 
SDE tendinitis has been demonstrated with Inlralesional 
or intramuscular polysulfated GAG. 337 Newer therapies 
include intralesional Injections of urinary bladder matrix 
powder and stem cells derived from fat or bone marrow. 
Long-term effects have yet to be determined. 

Surgical treatments Include tendon splitting, 303 desmot- 
omy of the superior check Ligament, 363 - 566 and desmotomy 
of the palmar/plantar annular ligament. 567 Tendon splitting 
is believed to enhance revascularization and has a tendency 
toward Improved tendon repair. 563 It Is currently used for 
in horses with core lesions to decompress areas of hemor¬ 
rhage. Superior check desmolomv may improve the likeli¬ 
hood that horses return to racing 503 and Is clearly beneficial 
in standard bred racehorses. 363 - 364 In thoroughbred race¬ 
horses, postoperative success was Initially promising; 363 
how r ever, no difference between horses treated conservatively 
and horses treated with desmotomy has been reported. 566 In 
addition, desmotomy may predispose horses to desmitis of 
the suspenserv ligament. 364 - 366 Annular desmotomy has 
been successful performed i n ho tses w r Lth signs of a □ n u fa r 1 Lg- 
ament constriction 567 - 56 * and is usually combined with supe¬ 
rior check desmotomy. 368 Immediate decompression and 
improved gliding function are presumed benefits. 

Other therapies for SDE tendinitis include therapeutic 
ultrasound, Low-power laser treatment, and extracorporeal 
shockwave therapy. Counterlrrilalion (Internal or external 
blisters) and pin firing In combination with controlled exer¬ 
cise or turnout In a large pasture are time-honored treat¬ 
ments, but their effects on tendon healing have been 
questionable. 

Controlled exercise in combination with the previous 
treatments guides the repair process In hopes of producing 
a functional tendon or tendon substitute. If exercise Is exces¬ 
sive, fibrous tissue is produced rather than remodeled. If no 
stress is applied, the tendon is more adapted to pasture exer¬ 
cise than performance. Therefore, the exercise regimen must 
be adapted to the individual patient's needs. Depending on 
the severity of the tendon in|ury, stall rest with hand walk¬ 
ing and gradual introduction of trot Is Indicated. Morses 
should be monitored every 2 months using ultrasonogra¬ 
phy until tbev have returned to their previous athletic func¬ 
tion or have (ailed to do so. The exercise program Is dictated 
by the amount and type of healing. As die tendon heals, Its 
echogenicity increases and short. Linear echoes are detected. 
With continued healing, there are longer linear echoes and 
improved fiber alignment. Decrease in the cross-sectional 
area Is a good Indication that the tendon is healing and 
remodeling. Ideally, complete repair will occur, and the ten¬ 
don will no longer have a discretely visible area of in|ury 
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because ll has filled In with tissue that Is isoechoic with nor¬ 
mal tendon, and fiber alignment Is parallel to normal. 351 

II Prognosis, Prognosis for horses with SDF tendinitis 
depends on the severity of the lesion and the type of athletic 
work performed. Racehorses usually have a poorer prognosis, 
and 5S% return to racing with severe injuries, 66% for mod¬ 
erate injuries, and 64*'a for mild tendinitis. ^ Most horses 
treated with superior check desmotomy returned to racing; 
however, recurrence 361 -and suspensory desmitis 364,3 ® 
mav develop. Show hoises have a higher likelihood of return 
to function, 357 and many can continue to compete, although 
ala lower level. Horses with DDF tendon 1n|uries have a poor 
prognos Ls.^ 1 - 3J 5 - 1 ] 5 Prognos Is for ho rses with des mills of the 
accessory ligament of the DDE' tendon is good.- 146 Prognosis 
for horses wi th uncotnpl I ca ted d esm It Is oi the accesso ry 1 Lga- 
menLof the SDF is fair, although horses with concurrent inju¬ 
ries are likely to have recurrent lameness. 147 


SUSPENSO RY LIGAMENT DESMITiS 

LUJJtfiKtll l 1JA VIDM.W 

Definition and ttiology. Suspensory ligament desmitis 
is a common Injury of performance horses and affects all 
breeds of horses. Injuries to the ligament occur In both 
the forelJmbs and the hlndllmbs, and bilateral desmitis 
may be seen. The suspensory ligament, also named the third 
interosseous muscle, can be divided into three regions of 
interest, the proximal (origin) portion, the body, and the 
branches. The proximal portion originates from the distal 
row of carpal or tarsal bones, the proximal palmar/plantar 
aspect of the third metacarpus/metatarsus, and the palmar 
carpal or tarsal ligament. The bodv of the suspensory liga¬ 
ment descends between the second and fourth metacarpal/ 
metatarsal bones and then divides Into the medial and 
lateral branches In the middle metacarpal/metatarsal 
region. The branches insert on the abaxial surface of their 
respective sesamoid bones. The main function of the sus¬ 
pensory ligament Is to support the hyperexlensLon of the 
metacarpophalangeal or metatarsophalangeal |olnl during 
weight bearing. 370 Injury to the ligament occurs when 
it Ls overwhelmed with stress and its structural integrity is 
compromised, 't he damage induces a repair process charac¬ 
terized by inflammation (desmitis) and fibroplasia. It is 
surmised that ibis process Ls similar to tendinitis. 570 

Catastrophic traumatic disruption of the suspensory 
apparatus occurs almost exclusively in the forelimbs of thor¬ 
oughbred racehorses. It Ls the most common cause of race¬ 
track breakdown injuries. 371 Fatigue and high speed are 
components of this career-ending Injury. 

Degenerative suspensory desmitis Ls a progressive degen¬ 
eration primarily affecting the suspensory branches. It is 
most often reported in Peruvian Pasos, 371 although has 
been identified in other breeds. The pathogenesis remains 
unclear, although the disease appears to run In families 373 
This disorder has no gender or age predilection and can 
occur tn the absence of athletic activity. Affected horses have 
continuous enlargement of the suspensory ligament 
because of ineffective collagen fiber repair and generalized 
interstitial and periligamentous fibrosis. 371 

t Cliniail Signs. Clinical signs of acute suspensory liga¬ 
ment desmitis include local heat, swelling, and sensitivity 
on palpation. In horses with proximal suspensory desmitis, 
swelling is In a palmar or plantar direction and frequently 
mild and transient because of the bony borders of the 
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Ligament. .Most horses are lame, and the degree and dura¬ 
tion of lameness depend on location and severity of the 
Lesion. The lameness is usually worse when the horse is trot¬ 
ted In a circle with the affected limb on the outside of the 
circle. Lameness and local signs may resolve after a short 
period of rest and antiinflammatory treatment. 

Acute, severe traumatic disruption of the suspensory 
apparatus results in obvious swelling, grade 4 to 5 lameness, 
and a hyperextended fetlock. Affected horses require first- 
aid treatment by application of a spllnl that aligns the meta- 
caipus with the phalanges in a straight colunm to prevent 
fetlock bending. 

Clinical signs of chronic suspensory desmitis include 
thickening of the body and branches of the ligament Lame¬ 
ness is variable and may be bilateral, -Chronic desmitis is 
typically associated with sesamoidltls, periostitis, or fractures 
of ihe small metacarpal/melatarsal bones and sesamoid 
bones. Straight hock conformation and hyperextension of 
the fetlock |oinls appear to be predisposing factors in proxi¬ 
mal hlndlimb suspensory desmitis, and affected horses are 
chronically lame despite rest. 37,1 Degenerative suspensory 
desmitis is characterized by recurrent chronic lameness, 
marked fetlock swelling, dropped fetlocks, excessive Lying 
down, and reluctance to move. “Itie majority of horses wul 
be affected in all four limbs. 373 


Diagnosis. If suspensory' desmitis is suspected and clini¬ 
cal signs are not obvious, diagnostic analgesia techniques 
assist in the localization of the lameness to the palmar/ 
plantar metacarpal/melatarsal region, if proximal suspen¬ 
sory- desmitis Ls suspected, perineural analgesia of the lateral 
palmar nerve 375 or deep branch of the Lateral plantar nerve 
just distal to the tarsus* 76 will alleviate the lameness In the 
forelimbor hlndlimb, respectively. Desmitis oflhe suspen¬ 
sory body and branches can be" localized using low pal¬ 
mar,''plantar analgesia. 

Diagnosis of suspensory' desmitis Is confirmed by ultra¬ 
sound exa mi nation. The severity of the lesion is assessed 
by obtaining cross-sectional and longitudinal views of the 
ligament and cross-sectional area measurements. Ultrasono¬ 
graphic changes Include cross-sectional area enlargement, 
focal or diffuse areas of hypogeniclty', core lesions, loss of 
normal fiber pattern, and periligamentous thickening. Mild 
Injuries to the suspensory' ligament may be difficult to Iden¬ 
tify because of the w'Lde variation in its normal ultrasono¬ 
graphic appearance. This is especially true in the proximal 
region, where the suspensory ligament origin Is more heter¬ 
ogenous than for other tendons and ligaments because of a 
variable amount of muscle tissue. Comparison of the 
affected and nonaffected limbs Ln the same horse Ls recom¬ 
mended because of Large variation among breeds and 
Individuals, 570 - 377 

Radiographic examination Ls useful for identification of 
the bony abnormalities usually noted with suspensory' 
desmitis. Bony abnormalities such as subchondral sclerosis, 
avulsion fracture, and enthesophyte formation have been 
Identified In horses with proximal suspensory' desmitis. 379 " 3 ™ 
"Blind splints"’ associated with axial exostosis of the second 
and fourth metacnrpal/metatarsal bones or fractures may also 
contribute to suspensory desmitis. Proximal sesamoiditls and 
apical sesamoid fractures maybe noted In horses with desml- 
tis of the suspense ly branches. In acute traumatic disruption 
of the suspensory apparatus, comminuted fractures of both 
proximal sesamoid bones are common. 

Nuclear scintigraphic findings are normal In the majority 
of horses with suspensory' desmitis.™ 0 Increased radiophar¬ 
maceutical uptake associated with the proximal palmar/ 
plantar metacarpus/metatarsus can be Identified in horses 
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with avulsion fractures and other stress-related bone Lnjuries 
seen iit complex suspensory desmitis. 378 - 37 ^ Recently, MRI 
evaluation has been used to diagnose proximal suspensory 
desmltis and fibrous adhesions between the suspensory 
ligament and the small splint bones. 381 

Treatment. Treatment of acute suspensory desmltis Is 
aimed at reducing Inflammation by the administration of 
systemic NSAlDs, local cold hydrotherapy, limb bandage, 
and controlled exercise. Initial clinical signs often dissipate 
quickly,, even though there may be significant fiber disrup¬ 
tion of the ligament; therefore It is strongly recommended 
to assess the Initial En]uiy using ultrasonography. In uncom¬ 
plicated desmitis, a controlled exercise program may be 
initiated as soon as the acute Inflammation has resolved. 
The duration of rehabilitation will depend on the extent 
and severity of the desmltis. fractures of the small metacar¬ 
pal;'metatarsal bones or proximal sesamoid bones should 
be removed before rehabilitation, Horses are confined to a 
stall and hand-walked. Ligamentous healing should be mon¬ 
itored every 60 days using ultrasound. Ideally, there should 
be a progressive reduction in cross-sectional area. Improved 
echogenicity, and fiber alignment. A gradual increase In exer¬ 
cise can be prescribed depending on healing. 

Damaged Suspensory ligaments have been in|ected with 
various corticosteroids. Iodine compounds, sodium hyalur- 
onate, and polysulfated glycosamitioglycans In an effort to 
reduce Inflammation and promote a more rapid return to 
function. Pin firing, blistering and cryotherapy with liquid 
nitrogen have also been used. Although these therapies 
assist with tire initial Inflammation, they do not restore nor¬ 
mal fiber architecture and can nut the ligament at increased 
risk because of overuse of the norse based solely on reduc¬ 
tion of clinical signs. 

Recurrent or chronic proximal suspensory desmltis has 
been treated successfully with extracorporeal shock wave 
therapy. 3112 Other treatments, such as plantar metatarsal 
neurectomy.™ 3 intraleslonal in lection of autologous stem 
cells, 384 desiriotomy, 385 .and fasciotomy. 3 -* 13 - 383 - have also 
been beneficial. 

Tor horses with acute traumatic suspensory desmltis, it Is 
crucial to place in the affected limb in a protective splint 
that aligns the metacarpus with the phalanges in a straight 
column to prevent fetlock bending. Successful non surgical 
management using splints, casts, and special shoes to sup¬ 
port the fetlock has been reported. 388 Surgical management 
involves fetlock arthrodesis using dorsal plating. 

For horses with degenerative suspensory desmltis, treat¬ 
ment is palliative and consists of stall confinement for 6 
1o 12 months and extended heel or large egg-bar shoes. 
Humane euthanasia is recommended with continued break¬ 
down despite treatment. 

Prognosis. The prognosis for horses with suspensory 
desmills depends on the location and severity of the 
inpurv. Uncomplicated cases with minimal disruption of 
the ligament can recover and resume preln|ury athletic 
function; 90% of horses with acute proximal suspensory 
desmitis In the forelimb will return to full athletic func- 
tion. 3&: Complicated, chronic, or recurrent desmitis has 
been associated with a worse prognosis; only 13% of 
horses with hlndlimb proximal suspensory desmltis return 
to full work. 371 ' Most horses with traumatic disruption of 
the suspensory ligament can be salvaged for breeding, 
although meticulous nursing care in horses treated conser¬ 
vatively and uncomplicated surgical repair are imperative. 
Prognosis for horses with degenerative suspensory desmitis 
is extremely poor. 


FRACTURES 
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The ability to treat fractures in large animals depends largely 
on rapid and correct diagnosis, appropriate first-aid treat¬ 
ment and stabilization of the injured limb, and safe transpor¬ 
tation to a referral surgical center. Emergency treatmenL 
administered by a veterinarian in the field Is crucial to pro¬ 
vide the most treatment options and to enhance the progno¬ 
sis. Accurate knowledge of available treatment options and 
the prognosis for various fracture types is critical during dis¬ 
cussions with clients. The surgeon receiving a patient with a 
fracture should be contacted early and Involved in the deci¬ 
sions regarding limb stabilization, transportation, and owner 
financial commitments. Treatment options are discussed in 
this section; specific surgical principles related to fracture 
repair can be lound in surgical textbooks. 

II Definition and titioloz}'. A fracture Is defined as a break 
or rupture of a bone, in large animals, fractures are usually 
classified as complete or incomplete, articular or non articu¬ 
lar, displaced or non displaced, open or closed, simple or 
comminuted, and transverse, oblique, or spiral Classifica¬ 
tion by location Is also common and Includes terms such 
as physeal, metaphyseal, and diaphyseal. 

Fractures In large animals are typically associated with an 
acute traumatic event, followed by a sudden, severe lame¬ 
ness. J torses may have a history of falling or running Into 
a solid object, receiving a kick from another horse, being 
hit by a car, or flipping over backward (typically young ani¬ 
mals). 3n another common scenario, the owner hears a loud 
pop or cracking sound while the horse is being longed or is 
participating In an athletic activity. 

Stress fractures may also occur and often are a result of 
cyclic loading over time with corresponding fatigue, leading 
to bone mlcrofracture. Intensive training schedules create a 
high number of loading cycles w r lth Insufficient time 
to remodel and repair local areas of stressed bone {e.g., race¬ 
horse training). Specific locations of stress fractures Include 
the distal end of the scapular spine, caudoproximal humeral 
head, cranlodlstomedlal aspect of she humerus, medial 
humeral diaphysls, caudal aspect of the radius, dorsal mld- 
dlaphyseal and distodorsolateral third metacarpal, caudal 
border of the ilia! wing and adjacent to the pubic symphysis, 
proximolateral tibia, and caudal dlaphysls of the tibia. 388 

Other, Less common causes of large animal fractures 
include nutritional deficiencies, neoplasia, and infectious 
causes leading to pathologic fractures. Fractures related to dif¬ 
ficult parturition events are seen in neonatal foals and calves 

Clinical Signs and Differenttal Diagnosis, An animal 
with a long-bone fracture will typically present with an acute, 
non-weight-bearing lameness of the affected limb. Moderate 
to severe soft tissue swelling and Inability to control the limb 
often accompany olher clinical signs of distress, agitation, 
and pain. Because of the horse's ‘"Eight or flight" reaction to 
traumatic situations, the patient will often continue attempts 
to place weight on the fractured limb. Fractures in locations 
with limited soft tissue coverage are often open (e.g., third 
mesacarpal). Severe hemorrhage or laceration of large vessels 
is uncommon but may occur. 

Complete, catastrophic fractures are often easily Identi¬ 
fied based on Limb instability and soft tissue trauma or 
swelling. Proximal limb fractures may be difficult to palpate 
but have adjacent severe soft tissue inflammation and 
edema, crepitus, and difficulties In limb function. Nondls- 
placed or incomplete fractures may be associated with a 
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wound or may be painful to manual palpation. Focal pain 
on palpation, a corresponding lameness, and a history of 
trauma or being kicked by another animal warrant radio¬ 
graphic evaluation in search of an Incomplete fracture. An 
unrecognized Incomplete fracture may progress £□ a com¬ 
plete fracture with lime and exercise. Physeal fractures 
should be considered In young animals. 

Stress fractures often present with a history of an acute r 
severe lameness followed by a rapid decrease" In the degree 
of lameness. There may also be reports of Intermittent lame¬ 
ness that improves with stall rest. Palpation of Che limb 
often reveals a focal area of paln r heat, and swelling. The 
horse may resist manipulation of the limb. 

Differential diagnoses should Include hoof and sole 
abscesses. Joint sub luxation, |olnt luxation, nerve damage, 
soft tissue Injury, and seplic synovial structures. 

II Of fa for I iiutiiuatwn. A complete physical examination 
should be performed on initial evaluation. Animals chat 
are not Immediately Identified as having a fractured limb 
may be in need of systemic support. Fluid therapy, pain 
control, antiinflammatory medications, and antimicrobials 
should be used as necessary. 

Definitive diagnosis Is made- by taking multiple radio- 
graphic views; nuclear scintigraphy, ultrasonography. Cl', 
and MR I may also be used. Information from imaging studies 
will provide fracture configuration details essential for deter¬ 
mining prognosis. The bone involved, degree of comminu¬ 
tion, articular Involvement physeal Involvement, and 
condition of the bone fragments all affect potential repair 
attempts and long-term prognosis. Incomplete fractures may 
not he readily Identified at the time of Injury, and radiographs 
should be repeated In 10 Lo 14 days If a fracture is suspected. 
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Stress fractures also are diagnosed using radiographic evalu¬ 
ation and maybe identified as an incomplete cortical fracture, 
endosteal cal [us, or periosteal callus. 36 '* As with incomplete 
fractures, Li, may be difficult to Identify,'- a stress fracture by con¬ 
ventional radiography in the acute stages. Radiographs should 
be repeated In 10 to 14 days If a fracture Is suspected. Other 
Imaging modalities, especially nuclear scintigraphy or CT, 
may be useful in stress fracture identification. 

Emergency Treatment. The goals of emergency treatment 
Include preventing further soft tissue damage, stabilizing the 
injured limb to decrease the patient's anxiety, minimizing 
further damage to the fractured bone ends, keeping the frac¬ 
ture closed, and preventing further injury and stretching Lo 
ihe surrounding vessels and nerves. 3 ^ A large animal with 
a fractured limb should be immediately restrained and 
calmed. Sedatives and tranquilizers should be used with cau¬ 
tion, however, because the desired result may be difficult to 
achieve if the animal Is agitated or in shock. The goal of seda¬ 
tion should be to allow manipulation of the limb and place¬ 
ment of external, coaptation. Common sedatives should be 
used with caution lo avoid creating additional ataxia; butor- 
phanol should not be used If the horse has sustained a front 
limb fracture because it will make Lhe horse lean onto the 
forehand. If a soft tissue wound is present, the clinician 
should assume that the fracture Is open. The wound should 
be cleaned, topical antimicrobials used, a bandage placed 
to prevent further contamination, and the animal started 
on systemic antimicrobials. Antiinflammatory medications 
should be used as necessary. 

Appropriate external coaptation and stabilization of the 
fracture for transport can greatly influence the options available 
for fracture repair and the prognosis for success. Table 


TABLE 30-5 

Emergency Splinting Techniques for Fracture? in Large Domestic Animals 


Location 

SpcdCu/AgE 

Splint 

Distal phalanx 

J1 arses, foals 
Cattle, calves 

No splim needed 

Middle phalanx 

J lorses, ball 

Bandage with dors.il (forelLmbJ or plantar (hlndlimb) splint Lo proximal third 
metacaipaJ/lLaxSal and cast [MJerijf Kimaey sptipr 

Proximal phalanx 

1 lories, lo.ils 

Bandage with doriiil (forellmb) or plantar (Jilndllmb-} splint Lo proximal ihlrd 
metacajpi3 | i l tarsal and cast material, Kim icy splint ’ 


Cattle, calves 

No spllnl needed 

Distal .W'iij ivi l? i lI (navicular) 

1 lanes, foals 

No spllnl needed 

Proximal sesamoid* 

Horses, foals 

Bandage with dorsal (fore El mb) or planLar (Jiindhmbl splint and cast ni.iLLTl.il, 
Klmzey spllnl’ 

Metacarpal/ursal 3 

J Jones, foals 

Bandage with dorsal (forelimb) or plantar thlndiimb} splint and com material, 
Kimney spllnl’ If fracture distal 

MeSacarpal/la.T5;iJ : i h-V -1 

Cattle, calves 

Bandage with dorsal [forellmh) or plantar (hind limb) splint and casl, casl 

Meiacarpal/ianal 2 & 4 

Hones, foals 

No spline needed 

Olecranon^ ulna 

1 lanes, foals 

Robert lones-iype bandage with caudal splint Lo lock carpus in extension 

Radius 

J lonely foals 

Robert loncs-lype bandage with Lateral splint Lo withers, second L-.md.il spllm if 


Cattle, calves 

needed 

1 Eumerus 

1 tones, foals 
CaLtle, calves 

No spllnl needed 

Scapula 

Horses, foals 
Cattle, calves 

No splint needed 

Tibia 

1 lories, foals 

Robert fones-iype bandage with lateral spllm la tuber coxae 

Fern nr 

J lonely foals 
Cattle, calves 

No spllnl needed 

Pelvis 

Hones, foals 
Cattle, calves 

No spllnl needed 


■ i.L'i'.Sirvi.'T 3j:-hn1 Kimuey I nr, Id J hemurky .Avt, Wuodtiind, CA 95<i95 (53D--G&J4I31J, Lix J3IJ-bG2-9 IV8J: w ww .hiirizeym*Ln3piud heLt. cum 
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outlines specific emeigency splints for different fractures in 
bones. 390 - 391 Splinting techniques are designed to be placed 
on the standing horse and attempt to neutralise forces acting 
on the fractured limb. Splints should be made of a strong, 
lightweight materia] such as polyvinyl chloride (PVC) pipe 
or wooden boards. Bandages over fractures should be placed 
tightly over she injured area to decrease soft tissue swelling 
and minimize slippage. A layer of cotton padding should be 
followed by a layer ofgauze or a self-adhering bandage. Mul¬ 
tiple Layers can be placed if needed (e.g., Robert ]ones-lype 
bandage). The spllnS should not end at (be fracture location. 
In general, splinting techniques can be divided Into categories 
based on fracture Location. 

DISTAL LIMB FRACTURES (PHALANGES, DISTAL 
Metacarpu s^M etatarsuS). A Light cotton bandage 
should be placed on the affected Limb from the carpus to 
the ground. A splint is then positioned on the dorsal aspect 
of a forellmb or the plantar aspect of a hind Li mb. The toe 
is pointed toward the ground (o align the dorsal cortices 
and to minimize stretching of the palmar/plantar vascular 
and nerve structures. A second splLnt should be placed on 
the medial or lateral side of the limb If any Instability Is 
present In those directions. Ilie splint should be secured 
with Inelastic tape. For additional stability, several rolls of 
fiberglass casting tape should be placed around the entire 
bandage and splint structure, incorporating the hoof Into 
the cast. 

MIDLIMB FRACTURES (MIDMETACARPUS TO DISTAL 
RADIUS, MIDMETATARSUS TO PROXIMAL METATARSUS>. 

A Robert lones-type bandage should be placed on the limb 
from the ground Co the elbow in a forelimb or the ground 
to the calcaneal tuber Ln a hind! hub. The bandage should 
be kss extensive Ln the bind limb to facilitate splint place¬ 
ment. In the forelimb, splints should be placed on the lat¬ 
eral and caudal aspects of the Limb from the ground to the 
elbow. In the hi noli mb, splints should be placed on the lat¬ 
eral and caudal aspects of the Limb from the ground to the 
calcanea] tuber. The splints are secured using Inelastic tape, 
followed by several robs of fiberglass casting tape around 
the entire structure. 

UPPER LIME FRACTURES (MIDDLE AND PROXIMAL 
RADIUS, TARSUS h TIBIA). A Robert Jones-type bandage 
should be placed on the limb from the ground and extend¬ 
ing as proximal as possible. In the forellmb, a splLnt should 
be placed on the Lateral aspect of the limb from the ground 
to the withers. A second splLnt may be placed on the caudal 
or eranLai side, from the ground to (he proxLmal forearm, If 
needed for increased stability. Horses with olecranon frac¬ 
tures that disable the triceps muscle benefit from reestab¬ 
lishment of carpa] extension by placement of a caudal 
splint. In the blndlimb, a splLnt should be placed on she lat¬ 
eral aspect from the ground (o the tuber coxae. Splints 
placed high Ln this fashion will assist Ln minimizing abduc¬ 
tion of the limb. 

HIGH LIMB FRACTURES (PROXIMAL TO ELBOW 
JOINT, FEMUR). Fractures In these locations are covered by 
extensive muscle, and attempts at splLnting are usually 
unsuccessful and not helpful to the animal. If triceps muscle 
function is disabled, a splLnt on the caudal aspect of the car¬ 
pus, locking It Into extension. Is beneficial. 

TRANSPORT Transportation of horses with long-bone 
fractures can be difficult. It Is best to confine the patient 
in the trailer so that they may lean on dividers for support. 
The horse should be lied loosely In the trailer to prevent 
turning around, but allowing the animal to use its bead 
for balance. When possible, horses with forelimb fractures 
should be transported w r Llh the bead facing the rear of 
the trailer, and those with blndlimb fractures should be 
transported with the head facing the front of the trailer. 


lliese positions allow the horse to control its weight most 
easily w r Llh the uninjured limbs during deceleration of the 
trailer. 

II rtaJ/rophySiidJqgy of Bone Hecifing. 1 lea ling of a fracture 
terminates in the return of the in lured bone to Lis original 
form. 393 r rhe process of fracture healing Involves several 
blologLc steps that overlap and interact with each other. 
Typically, three phases are recognized: Inflammatory, repar¬ 
ative, and remodeling.- 392 - 393 The inflammatory phase occurs 
in the initial 2 to 3 weeks after bone fracture, and chemical 
mediators cause cbemotaxis, migration of Leukocytes, and 
vasodilation to the injured area. These mediators protect 
the Injury from Infection and stimulate angiogenic factors. 
Cytokines from platelets aid Ln angiogenesis and mesenchy¬ 
mal cell growth. 392 Granulocytes and macrophages destroy 
invading bacteria and stimulate cell repair through the 
release of growth and angiogenic factors. If the Inflamma¬ 
tory phase is impaired, fracture healing may be 
compromised. 3 ' 12 

I’he reparative phase overlaps with (be inflammatory 
phase and may Last up to 12 months, litis phase attempts 
to reestablish bone union. Interfragmentary stabilization 
by periosteal and endosteal callus formation begins if the 
fractured ends are not immobilized. 353 Bony union devel¬ 
ops as a result of endochondral and Lntramembranous ossi¬ 
fication. 352 - 353 In the reparative phase, interfragmentary 
motion may greatly Influence fracture healing. 

The: remud&ing phfisfl takes place both during and after 
the reparative phase. Osteon a L remodeling allows for 
replacement of the necrotic regions of bone. When the 
bone Is loaded, the negatively charged concave surface wllL 
attract osteoblasts to add new bone, and the positively 
charged convex surface will attract osteoclasis to remove 
bone. 393 - 393 I’he result Is the ability of a fractured bone 
to straighten itself by creating netv bone formation on 
the concave surface and removing bone from the convex 
surface. 

Repair of a fractured bone with the use of rigid Internal 
fixation will Inhibit the naturally occurring callus formation 
and encourage bone to heal through haversian remodeling. 
Haversian rerunning requires dial a fracture be rigidly fixed, 
have adequate reduction, and have an adequate blood sup¬ 
ply. 352 393 Haversian remodeling then functions to revascu- 
larize necrotic bone at the fragmented ends of the fracture 
and bridge Interfragmentary gaps. Itiis form of remodeling 
begins 2 to 3 months after injury. 

Fractured bones are often described as healing bv pri¬ 
mary (direct) or secondary (Indirect) intention.™- 392 - 393 
Primary' bone healing only occurs with complete anatomic 
reduction and rigid stability. In large animal fracture repair, 
(bis Is difficult to achieve because of the size of the animal 
and micro mot I on at the repair site. 389 Secondary bone heal¬ 
ing utilizes endosteal and periosteal callus formation, and 
new bone formed at the fracture site develops after initial 
formation of fibrous tissue or fibrocartllage. 393 - 393 

I’he rate of bone healing may be decreased if blood 
supply is inadequate. Infection Is present, soft tissue damage 
is extensive, or stability of the bone fragments Is Inadequate. 

II lYeuiment and Prognosis. Treatment options for fractures 
in large animals include conservative therapy with stall rest 
and external coaptation (casts, splints) and surgical stabiliza¬ 
tion with open reduction and internal fixation. It Is Important 
to recognize Incomplete and stress fractures Ln order to man¬ 
age them appropriately with conservative therapy, preventing 
progression to a catastrophic fracture. The majority of fractures 
require some form of stabilization for the best chance of a 
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successful outcome. Most horses require surgical stabiliza¬ 
tion for successful fracture repair. Ruminants are more 
amenable to successful fracture repair with nonsurglcal 
options. 3 * 9 

Conservative therapy with stall rest and externa] coapta¬ 
tion may be successful In some foals and calves with com¬ 
plete, nondisplaced Fractures. Young animals have a greater 
and faster ability to hea] bone in a reasonable amount of 
time, and their body weight Ls much less than that of a 
mature animal. In foals and calves, the fracture configura¬ 
tions tend to be simpler and ihe surgical Implants available 
for repair are of a suitable strength compared to the animal's 
size. Complications in young animats include closure of a 
physes with fractures In these areas,. Infection, and angular 
limb deformities from overuse of the contralateral limb. 

In adult animals. It Is more common to Identify severely 
comminuted fractures due to the large force needed for 
bone breakage. Proximal limb fractures in an adult horse 
are often unable to be successfully treated because severe 
comminution of the bone occurs, implants are not strong 
enough to support the bone until It Is healed, these horses 
are less likely to protect the limb, and lamlnitis formation 
in the contralateral limb Ls a common complication. Stall 
rest with external coapLation alone is rarely associated ivith 
a good outcome, ana most horses require some form of 
internal fixation for success. Morses are often required to 
be athletes, and fracture repair resulting In survival, but 
not soundness, may be unacceptable. In general, ruminants 
have a better prognosis for survival than horses because of 


their lew excitable temperament, and complete soundness 
Is often unnecessary for a successful outcome. External fixa¬ 
tion may be more successful in ruminants than external 
adaptation because It provides increased stability and costs 
Less than Internal fixation.Open Fractures In horses 
greatly decreases the prognosis for survival and may delay 
the ability to perform Internal fixation. In ruminants, open 
fractures are less common but also cany a poorer prognosis. 

Implants used for surgical open reduction and internal 
fixation methods vary based on the specific bone involved, 
the animal's age. the strength of the bone fragments used 
In ihe repair, and the surgeon's preference. Common 
Implants used In large animats include Intramedullary 
(l.Mj Interlocking nails, dynamic compression plates 
(DCPs), locking compression plates, Limited-contact DCPs, 
screws, wires, pins, and dynamic condylar screw plates. 
Table 30-fi lists specific treatment options and prognoses . 391 

HUMERUS. Ihe humeral fracture is often In a spiral or 
long oblique configuration. In ruminant and equine spe¬ 
cies, both conservative and surgical treatments nave been 
used. In foals, surgical repair may include the use of IM 
Interlocking nails, DCPs, or IM nails. Prognosis for a closed 
fracture in a foal Ls fair to good and depends on configura¬ 
tion, age, and weight . 3943,95 Humeral fractures in adult 
horses are not reparable at ibis time. Conservative treatment 
may be successful in adult horses with nond is placed frac¬ 
tures and has been used in small ruminants ana foals with 
acceptable outcomes. Ruminants have a better prognosis 
In general than equine species. 369 



■ 1‘onlii, calves, and uiuatl rmiminiilj. 
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RADIUS, Survival Til tes tor ruminants with r^dtiiL fractures 
repaired by external or Internal fixation have been reported 
as 86%.™' Radial fractures In foals repaired with Interna] fixa¬ 
tion have a good prognosis; however, lit adult horses the suc¬ 
cess rate is poor. ™ 7 Animals with Incomplete fractures that do 
noi progress have a good prognosis for a fu]L recovery. 

OLECRANON, ['here are several different fracture config¬ 
urations, and the olecranon fracture may be articular or 
nonart I cular. These fractures are common In both young 
and older horses. Surgical and conservative treatments have 
been used with success, although internal fixation Is the pre¬ 
ferred treatment method, Typically, the fracture Is 

repaired with a DCP applied as a tension band. The progno¬ 
sis with surgical repair is good, with 62%, 75%, and 87% of 
horses returning to athletic use. depending on the fracture 
type.™*-- 100 Conservative treatment has been reported to 
result in a 73% return to soundness. 301 

F EM U R, DI aphy sea I fradtures are mo re co m mon In ca I ves, 
whereas proximal physeal fractures are more common in 
foals,- 389 Femoral fractures in calves may occur during partu¬ 
rition events. In young calves, these fractures have been 
repaired by Internal fixation and femoral head and neck 
osteotomies with success. In foals, fracture repair with inter¬ 
nal fixation gives the best chance of survival, and the use of 
IM interlocking nails has shown positive results. 302 Femoral 
fractures In adult horses are not reparable at this time. 

TIBIA Ruminants sustaining tibia! fractures have been 
repaired using splints, external fixators, transfixation pin 
casts, and DCPs. fractures repaired with external fixation 
in adult cattle had a 64% success rate, versus conservative 
therapy success at 44%. iQ - 3 Internal fixation Is the repair 
method of choice In horses. Foals have a fair to good prog¬ 
nosis for survival. Adult horses have a poor prognosis for 
survival because ilbial fractures are often open, have limited 
blood supply, and are often severely comminuted. 

METAC ARPUSi'METATAR.SU5„ In cattle, these fractures 
are common and have a good prognosis when treated w r Lth 
internal fixation, casts, or transfixalion pin casts. 330 Calves 
may incur distal physeal fractures after forced extraction 
during a dystocia, and these may be casted with good suc¬ 
cess. In horses, cannon bone fractures are frequently open 
because of a lack of soft tissue coverage. Treatment options 
include Internal fixation with DCFs and screws or transfixa¬ 
tion pin casts. One study reported a 67% success rate with 
surgical repair, 

PHALANGES. In ruminants, fractures of the proximal or 
middle phalanx are treated with reasonable success by 
applying a block to the un In lured claw or by cast applica¬ 
tion. In horses, proximal and middle phalangeal fractures 
have been treated by internal fixation with screws and 
DCPs. Prognosis for survival is good, but return to athletic 
function depends on the degree of osteoarthritis that devel¬ 
ops after fixation. One review of proximal phalangeal frac¬ 
tures in racehorses reported that 61% to 75% were able to 
race.- 305 Prognosis for comminuted middle phalangeal frac¬ 
tures repaired with proximal inteiphalangeal joint arthrode¬ 
sis is 50% for forelimbs and 80% for hindllmbs. 3 ^ 
Severely comminuted fractures may also be treated with 
transfixation pin casts or the Nunamaker external skeletal 
flxalor. Fractures of the distal phalanx in horses may be suc¬ 
cessfully treated w r Lth surgical fixation, hoof casts, or modifi¬ 
cation in shoeing, depending on fracture configuration,' 106 

SUMMARY, Animals Identified with Incomplete fractures 
should be treated conservatively with stall rest and should 
be lied to prevent them from lying down if the fracture Is 
at risk of becoming complete (e.g., radius). Animals with 
stress fractures should be treated conservatively with stall 
rest and a careful rehabilitation program, with ongoing 
radiographic evaluation. 


Many fractures In large animals are able to be repaired 
and allow survival of the animal. Prognosis in general is 
better If the animal is young. Jt weighs 500 pounds 
(225 kg) or less, the fracture Is dosed, appropriate emer¬ 
gency stabilization Is Implemented, and prompt reduction 
and stabilization are performed. 


SPONTANEOUS FRACTURES 
IN RUMINA NTS 

tOIIS A4AA.Y 

Definition and t'ffo/fljiy. Spontaneous fracture of bone is 
a syndrome that occurs when underlying bone disease 
weakens bone(s) to the point where otherwise normally 
applied stresses result In bone failure. The terms jpAHUnanuj 
fnKliiie and pathologic fraclure are synonymous for clinical 
usage. Fractured bones typically include (1) long bones of 
the Limbs, (2) vertebrae, [3] ribs, and occasionally ( 4 ) the 
mandible or pelvic bones. 

Clinical Signs and Differential Diagnosis. Clinical signs 
of postural deformity, swelling and lameness are observed, 
with bone fracture resulting from minimal or no apparent 
stress. Thorough physical examination often reveals addi¬ 
tional fractures dial "are Ln the process of healing, particu¬ 
larly of the ribs and Long bones. A fracture that occurs in 
normal bone In response to applied stress is the main differ¬ 
ential diagnosis. 

L'pj'dcrFrts | ffj£) r r arid Clinical fVrffioiogy. 
The specific causes of spontaneous fractures in ruminants 
are varied and include pathologic processes that affect the 
tensile strength of bone. Although spontaneous fractures 
are not common, certain disease processes predispose 
animals to this condition, including (1) tumors affecting 
individual bones, (2) osteomyelitis, (3) rickets (osteodys¬ 
trophy) in young ruminants, (4) osteomalacia In adult 
ruminants, and (5) osteoporosis associated with copper 
deficiency. 

The effect of localized Infection or tumor growth Ls to 
weaken bone tissue by dissolution of the mineral matrix. 
More common tumors causing bone weakness and fracture 
include lymphosarcoma and primary bone tumors Ln rumi¬ 
nants. Osteomyelitis, as a primary condition or as an extens¬ 
ion from septic arthritis, can severely affect the strength of 
bone over time. Osteomyelitis causing pathologic fractures 
can be associated with wounds or can occur in diseases such 
as actinomycosis. 

Rickets In young, growing animals occasionally can 
result in spontaneous fractures of long bones and verteb¬ 
rae. Osteomalacia Ln adult ruminants is caused by the 
same factors that result In rickets Ln young, growing Live¬ 
stock. As in young ruminants, the cause of osteomalacia 
is most often a deficient of phosphorus or vitamin D. 
Calcium deficiency (primary or secondary), bowrever, 
can be Involved in the pathogenesis. Individual uremic 
animals may develop osteomalacia and spontaneous 
fractures from a lack of active vitamin D (1,25-dthydroxy- 
cholecalciferol). The pathogenesis of osteomalacia In the 
adult differs from that ot rickets, Ln that mature and 
well-mineralized bone is removed and replaced by inade¬ 
quately mineralized organic matrix. Therefore, radio¬ 
graphic and histologic examination of osteomalacic 
bone occasionally reveals signs of osteoporosis. Osteoma¬ 
lacia of the metapbysls ana epiphysis is less prominent 
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than with rickets. Spontaneous fractures associated with 
osteomalacia are usually accompanied by pica, skeletal 
deformities, and hypophosphatemia. 

Copper deficiency can be caused by a lack of adequate 
dietary copper {primary) or a relative excess of sulfates 
and molybdenum (secondary! which bind copper and 
make it unavailable for metabolism, resulting in osieoporo- 
sls ,cQ7 (see Chapter 37). The biochemical mechanism of 
bony lesions In copper deficiency is unknown: however, 
lysyl oxidase, a copper-containing metal! oenzy me. may be 
Involved. Copper deficiency can he a significant cause of 
lameness even without spontaneous fraclures. 4UH - 4l)il Radio¬ 
graphic and histologic findings in affected bones of lame, 
copper-deficient ruminants are similar to those seen with 
rickets. 4j0 Copper-deficient ruminants can also exhibit signs 
of anemia, acnromotriehla, alopecia, diarrhea, poor growth, 
decreased feed efficiency, osteoporosis, and sudden death. 
Diagnosis of copper deficiency can be made when serum 
or plasma copper concentration Is less than 0.5 |.ig/mL 
(ppm) or when hepatic copper concentration Is less than 
35 pg/g, on a dry-weig)u basis. Differentiating primary from 
secondary copper deficiency requires the analysis of diet 
and w r aler. In my experience with spontaneous fractures 
associated with copper deficiency, two additional findings 
are frequently seen: (1) concurrent selenium deficiency 
and (2) hypophasphorosis with adequate dietary calcium. 
Syndromes seen in the field may be more complicated than 
w r e currently understand. 

There are a number of possible causes of spontaneous 
fractures in ruminants. Factors that might affect a group of 
animals include dietary deficiencies of phosphorus, 
calcium, copper, and trace minerals {Se, Mn, Zn); mineral 
(Ca, F, Mg) Imbalances: indoor housing (vitamin D defi¬ 
ciency): protein deficiency (osteoporosis): rapid growth; 
lactation: and advanced pregnancy. The differentiation of 
spontaneous fractures front other "causes of bone fractures 
Is made by history, physical examination, and Identification 
of one or more associated conditions mentioned previously, 

freatimmi and I*rmmilion. Treatment of spontaneous 
fracture Is similar to that of common orthopedic problems 
caused by trauma. In addition, the underlying condliion(s) 
must be corrected. Although the prognosis must be consid¬ 
ered guarded or poor, I have examined recovered and 
ambulatory cattle with multiple healing rib fractures and 
two healing long-bone fractures. With spontaneous 
fractures associated with osteomalacia, rickets, and osteo¬ 
porosis caused by copper deficiency, the animals' ability 
to heal is remarkable. Prevention of spontaneous fractures 
depends on identifying and correcting all underlying 
problems. 


SUCKED SHENS AND STRESS 
FRACTURES OF THE METACARPUS 
IN THE HOR SE 

SUSAN M. H'lOVIJi 

Definition find Lu'ylugy. Bucked shins and stress frac¬ 
tures are the acute and chronic manifestations of disease 
of the dorsal cortex of the third metacarpal bone. Bucked 
shins Is a painful condtlion most often involving the mid- 
diaphyseal dorsal cortex of 2-year-old and occasionally 
3-year-old horses in their first year of race training 

Stress or fatigue fractures are incomplete fractures located 
in the mid-diaphyseal dorsal cortex and less often in the 


distal diaphyseal dorsal or dorsolateral cortex. These frac¬ 
tures are seen most frequently in 3-year-old horses but can 
also affect 2-year-old horses later in the racing season and. 
with decreasing numbers, older horses. 

Bucked shins and stress fractures are occupational dis¬ 
eases of horses in race training. These conditions are more 
prevalent in young horses training at fast speeds on dirt sur¬ 
faces than in older horses or horses training on grass 
surfaces. 


Chmoif Signs mnf Differential Diagnosis. A general 
pattern of clinical signs was observed In one study of 
2-year-old thoroughbred horses In race training. 411 Bucked 
shins usually occurred bilaterally. Both metacarpl usually 
were affected simultaneously, although occasionally one 
was affected several days before signs were observed in the 
contralateral metacarpus. In most horses the first clinical 
Indication of bucked shins was a painful response to palpa¬ 
tion of the metacarpus. Subtle pain often was found before 
the detection of an unwillingness of the horse to w r ork at 
fast speed. Lameness was not necessarily manifested by 
affected horses. 

Pain usually was localized to the dorsal aspect of the 
middiaphysis or near the junction of the proximal and mid¬ 
dle thirds of the diapbysis. Initially, pain w r as mild and eli¬ 
cited from a diffuse area. With "continued training, soft 
tissue thickness became palpable, and diffuse swelling 
became visible on the dorsum of the metacarpus. Later, soft 
tissue thickness and swelling became more focal unless hard 
work was continued. Approximately 2 to 3 weeks after pain 
first was detectable, discrete hard swellings could be pal¬ 
pated on the dorsum of the metacaipus. Radiographic 
abnormalities often are absent in horses with acute bucked 
shins. 411 The dorsal cortex thickens during adaptation to 
the stresses associated with training, 41 ^ but indistinct peri¬ 
osteal proliferation, subperiosteal demineralization, 11 * or 
subperiosteal radioiucencies support a diagnosis of bucked 
shins. Even In the absence of radiographic abnormalities, 
hone scintigraphy demonstrates a diffuse region of Intense 
radiopharmaceutical uptake In (he dorsal cortex of affected 
horses 414 (Fig. 3S-43). 

Differential diagnoses Include cellulitis, periostitis, and 
osteitis of traumatic or infectious origin, although these 
conditions are much less common In the racehorse popula¬ 
tion. Signs of external trauma or Infection (e.g., elevated 
temperature, wound drainage) may be present with these 
other conditions. 

Incomplete conical fractures occur approximately five 
Limes more frequently in the left than In the right metacar¬ 
pus! 11 --^ Left metacarpal fractures occur more often Ln 
the mid-dsapbysis than In the distal dlaphvsis; however. In 
one study a large proportion of right metacarpal fractures 
occurred Ln the distal diaphvsis. 4n 1 lon»es with Incomplete 
cortical fractures are more finely to he examined because of 
Lameness of the affected leg(s) than horses with bucked 
shins. Lameness, which may be marked after activity', usu¬ 
ally subsides within a few days. 415 - 416 With chronlcity a dis¬ 
crete, hard tissue enlargement is visible and palpabie 
overlying She fracture. Focal pain usually can be elicited by 
digital palpation of the enlargement. 

Incomplete cortical fractures may be detected radio¬ 
graph icaily; however, not all fractures can he visualized, 
Fracture lines usually extend in a proxim opal mar direction 
from the periosteal surface of the dorsal cortex at a 30- to 
45-degree angle to the dorsal cortical surface (Fig. 3S-44, A). 
Occasionally r fractures extend In a dlstopalmar direction 
from the periosteal surface, and Jess frequently a saucer- 
shaped fragment is noted with In the dorsal cortex. Fractures 
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rarely appear to course completely to the endostea] surface of 
the dorsal cortex. In the absence of a radio lucent fracture line, 
a localized periosteal or endosteal reaction Is highly indica¬ 
tive of an Incomplete cortical fracture. Alternatively, occult 
fractures may be identified with bone scintigraphy 
bv intense focal accumulation of radiopharmaceutical 1 M 
(Fig. 3.8-44 BV 

Differential diagnoses for stress fractures Include trau¬ 
matic periostitis or osteitis and osteomyelitis. Radiographic 
findings and clinical signs of external trauma are helpful 
diagnostically. 

ftif hopJiy*UA Bucked shins are believed lo result 
from cumulative microscopic damage within the dorsal cor¬ 
tex of the third metacarpal bone. .Mtcrodamage results from 
excessive strain (Le., deformation) of young, developing 
metacarpal bones during training at fast speeds on hard 
surfaces. 

Although third metacarpal bones of 2- to 3-year-old 
horses have attained adult length, the bone continues lo 
adapt to the Increased stresses of race training by enlarging 
in diameter and replacing Intracortical bone through inter¬ 
nal remodeling. These processes strengthen the metacarpal 
bone by Increasing its resistance to deformation, decreas¬ 
ing its susceptibility to microdamage with repeated load¬ 
ing, and repairing mtcrodamage. Adaptation usually is 


completed by 3 to A years of age and accounts for the lower 
incidence of bucked shins and stress fractures in older 
horses. 

If accumulated microdamage with continued training 
exceeds adaptive and remodeling processes of the metacar¬ 
pal cortex, bucked shins or chronically incomplete cortical 
fracture may become clinically and radiographically evi¬ 
dent. Because fractures result from accumulation of damage 
caused by repetitive loading, they are often referred to as 
"fatigue'" fractures. Evidence indicates that the direction of 
maximum strain on the surface of metacarpal hones 
changes with a shlfi from training to racing gaits 417 Because 
bone adapts by responding to the magnitude and direction 
of strain encountered, adaptation during training (Le., trot 
and slow r gallop) is probably different from that occurring 
during racing (Le., racing gallop). Thus, metacarpal bones 
that have adapted lo training may not adapt well to the 
strains of racing and may incur significant microdamage 
during Initial exercise at racing speeds, 4 JA 

II Epidemfrtagy. The incidence of bucked shins In 2-year- 
old thoroughbred racehorses is approximately 7G D 4, J 15 
occurring most often during the first year of race training. 
With continued training, horses with cortical microdamage 
develop stress fractures, which are most common in 
3-year-old horses. 
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The incidence of bucked shins Land stress fractures is 
lower in quarter horse and standardised racehorses than 
in thoroughbreds. The high incidence in thoroughbred 
horses may be associated with running long distances at 
the racing gallop. 43s Thoroughbred horses are subjected to 
more high-stress loading cycles than quarter horses running 
shorter distances or than standard bred horses trotting or 
pacing. Therefore, thoroughbred, horses are more likely to 
accumulate clinically significant amounts of core leal 
microdamage. 

II Necropsy Findings. Bucked shins and incomplete corti¬ 
cal fractures may be found Incidentallv on postmortem 
examination of racehorses. Callus may be evident on the 
periosteal surface. Cross sections of the bone may dis¬ 
close an incomplete cortical fracture or endosteal bony 
proliferation. Histologic examination usually reveals an 
indtsllnct fracture I Lite characterized by marked bone 
resorption . 14n 

Ire&ttmni if mi Prognosis. Treatment of bucked shins 
varies with ihe degree of pain and the decrease in the perfor¬ 
mance of affected horses. On palpation,, mildly and moder¬ 
ately affected horses exhibit resentful ness and mild 
soreness, which disappears wllhln 2 to 4 days. 410 Training 
should be continued, but al a slower pace, to promote 


continued adaptation of bone to the stress of racing and 
to prevent the accumulation of additional mlcrodamage. 
In severely affected horses, pain remains evident after 1 
week of rest. These horses may require complete rest for a 
minimum of 3 months before they can be returned to train¬ 
ing. After a horse has recovered from bucked shins, the 
prognosis is good for return to training, although the condi¬ 
tion will recur in severely affected horses that were not 
rested for long enough before their return lo training and 
In horses whose exercise intensity was accelerated too rap¬ 
idly on return to training. 

Many ad|uncilve therapies, including pin firing cold 
therapy! and electrostimulation, also are frequently used. 
Their effectiveness, however. Is difficult to assess without 
considering concurrent training or rest therapy. Horses with 
incomplete cortical fractures must be rested for a minimum, 
of 3 to 6 months. Most rested horses show radiographic evi¬ 
dence of bone healing and can he returned to training. 
Some chronic Fractures are refractory !o rest alone. Occa¬ 
sionally. returning these horses to Light exercise stimulates 
fracture healing. Alternatively, Interfragmenlary drilling has 
resulted In better healing of fractures with fewer adverse 
effects than lag screw fixation. After interfragmenlary dril¬ 
ling and adequate rest (e.g., 3 to 6 months), the prognosis 
is good for return lo racing. Without an apparent relation¬ 
ship to type of treatment, however, incomplete fracture 
recurs Ln some horses. 
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IR rVfiY’nliUPL Factors in the prevention of bucked shins 
and stress fractures Include training regimen, racetrack sur¬ 
face, and shoeing. In general, a training program should 
gradually increase (he degree of exercise, allowing time for 
concurrent bone adaptation, and should subject (he meta¬ 
carpus to similar strains encountered during racing. Jn 
Experimental evidence suggests that the metacaipus would 
have to encounter the strain associated with racing stress 


only for short duration a few limes per week lo stimulate 
(he appropriate adaptive response. 421 The effect of exercise 
on bone adaptation and remodeling is under active Investi¬ 
gation. Hard racetrack surfaces are associated with a higher 
incidence of bucked shins than softer surfaces. 422 l*he stres¬ 
ses and strains incurred by the metacarpus probably can be 
modified by changing the character of the racing surface or 
the horseshoe. 
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Diseases of the Eye 

DAVID J. MAGGS, Ornsiriring triitar 


OPHTHALMIC HISTORY AND 
EXAMINA TION 

CECIL i\ .UOUHL' 

KRIN S. CHAMPAGNE 

Before pursuing a detailed ophthalmic history, it Is Impera- 
llve to document the species, breed, age, gender, coat color, 
and use of the anLmal(s) to be examined and to obtain a 
genera] medical history. Because ophthalmic diseases of 
large animals may be genetic, an awareness of breed-related 
ocular abnormalities is also Important. 

Hie primary complaints of the owner regarding the 
animal's eye{s) or vision may generally be categorized into 
one of the following areas of concern: 

■ Abnormal appearance of one or both eyes [i.e_ r asymme¬ 
try or color change) 

■ Presence of ocular discharge 

■ Presence of ocular pain 

■ Reduced vision or blindness 

Additional reasons for obtaining a thorough ophthalmic 
history and performing a detailed ocular examination are to 
follow upon a preexisting or previously treated eye condi¬ 
tion or to examine the eyes as part of a prepurchase exami¬ 
nation. Examinations for inherited eve diseases In horses 
may be performed by board-certified veterinary ophthal¬ 
mologists and registration forms submitted to the Equine 
Eye Registration Foundation. 1 

OPHTHALMIC HISTORY 

A series of questions should be directed to the owner or 
responsible person regarding the signs observed, the dura¬ 
tion and clinical course of the condition, the animal's abil¬ 
ity to function In its normal environment, the existence of 
previous eye problems, and whether related animals or 
other animals on the premises have been affected. Potential 
causes for an ophthalmic or visual problem, including any 
possible relationship to neurologic or iatrogenic (e.g., 
drug-induced) disease, toxin exposure, or systemic illness, 
should be explored. To ensure that the necessary questions 
are asked in a reasonable sequence, a history form Is sug¬ 
gested {Fig 39-1). 

OPHTHALMIC EXAMINATION 
PROCEDURES 

General Inspection 

It Is optimal to observe she animal's activities and move¬ 
ments in its normal environment. Before restraining the ani¬ 
mal, the examiner should study the animal's unencumbered 
movements, posture, coordination, and head carriage. 


During this Initial inspection, the animals vision and its 
response to visual stimuli should also be observed. 

As ibe animal is approached, closer Inspection reveals 
whether facial and ocular symmetry and normal eye move¬ 
ments are present. Signs of ocular pain (l.e., blepharospasm, 
apparent photophobia, or epiphora) are noted, as well as 
size and position of the globes and the presence of ocular 
or nasal discharge, opacities, or masses. 

Restraint 

Adequate restraint Is an essential prerequisite to performing 
a detailed ophthalmic examination In large animals. Man¬ 
ual restraint of small ruminants and neonates Is usually 
adequate. For most cattle, restraint with a chute, heaei 
catch, and halter Is essential; restraining the horse with a 
baiter In slocks Is recommended. However, chemical 
restraint mav be necessary in cattle and Is almost always 
needed for horses before "a thorough examination can be 
performed. This may consist of a combination of Injectable 
sedative {e.g, xylazine or delomidine for horses), with or 
without an in|ectable analgesic (e.g., butorphanol for 
horses), with auriculopalpebral {and occasionally frontal) 
nerve blocks using a local anesthetic agent such as 2% lido- 
caine. A neuroopbthalmie assessment, including menace 
responses and palpebral/pupillaiy light reflexes, should be 
done before administration of sedatives, analgesics, or local 
anesthetics. 

Neuroophthalmic Assessment 

An evaluation of the Integrity of cranial nerves associated 
with normal ocular function is conducted {see Chapter &). 
This includes a rapid assessment aimed at determining the 
animals ability to do the following; 

■ Perceive tactile stimuli of the facial and ocular surfaces 

■ Blink effectively with complete eyelid closure 

■ Move and position the eyes normally 

■ Constrict or dilate pupils in response to background and 
focal Lllumlnation 

■ Respond to visual stimuli such as band motions or 
moving ob|ects 

Instruments and Materials 

After a general inspection, restraint, and neuroophtbalmlc 
assessment, a detailed ophthalmic examination Is per¬ 
formed. A few basic instruments and materials facilitate an 
efficient and thorough examination. These Include a focused 
Light source (a 3.5-V halogen rechargeable light source with a 
Flnoff iransillumlnator is preferred], a direct ophthalmo¬ 
scope, magnifying Loupes, and thumb forceps {blunt-tipped 
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UNIVERSITY 

OF MISGOURI-COUJMBIA 
Veterinary Teaching Hospital 


OPHTHALMOLOGY 

HISTORY 


Casa Numaar_ 

Saaclas-_Braep..... 

Gctar _ Sck ___ A^g 

Mimn □ndEnincalcr_ 

Dunam iwma_ 

Address- _ __ 


Tciephme 


1 . Winri imd yciu Vj bfHiavr- ygir nnimn! has an ayr prrblcrn'' 

C Loss ot vision 

□ Ey“ discharge 

□ i'^opfnai appearance 
C Ocular pain 

□ vAnisririJriiLP nLilm: pnebrnm 

FI Other -laiipJain. i>,o,, observed miuryl__ _ 

f • Hfiw fcjng has this pvibrn n™ present?- 

1 Which eye|&| lateral aNecwd'’ RIGHT LEFT BOTH 

4 h 0 | Ihp phnrarlnr gf Ihp 4yp|¥,l phangod $inrc ynu lirsl rnhuir ir° 

11 YES hPW?_ 

5 Have me eyes beer' treated? .. 

II YES. how, and *ith wfiat?_ 

6 . How wall do you behave your animal sees'* 

G Excellent 

□ Ptnr cn all occasions- 
G FYxir tspjL-t: ally r\ drr lichl ui dark 
FI Peer especially m bnghr light 

□ Rear in regard to near cbiectii 

□ Poor in regard *0 for object 

7. Do you Ihnk your animal a sea well m la/rlHar sumnumings? . . 

Slrange yij'ni.nringr;'? ... . ... . . . . .. 

6 . baa your animal had any olhei eye problems? ................. 

il YES, what typg-?. . . ...— 

9. Haa your animal -eaperianoed sebum, loss el balance, weahreae. inooordnaxion. or pe'sonaJrty tiwge? 

10 . your aramai-eoaiwinQ medoahoni* .. ............... 

H YES, what? _ 

It Cn y:xj nlhrr mina^* ....... 

n YES do they hsrve eye prcbiaros.? ................_... 

n YES. What tyfrt?_ 

12 . Do you know your animal's can, sire, or other reaied amrnaa?......... 

H YES db gl Ihpm hawq flye pTaWam;^...— . 

TJ. H;iic your ;nim;il h^fir riKpoiiori &> heusn nr farm chem cab; (claanam, ugr cultural induSIriai, Or automotive 

chemlcasl v building supplies.? ................. 

u. Has your animal hair pneuiouE. or praaam ilna&s?_ ^ .....:....... 

tl YES. what type"?_-____ _*--- 

15. la your anntal tonsuring, waier and lood mirnally?.......... 

ia. Is your annual urinellng mere InsqueMly than normal?_ J ..„........... 


□ Pnur ir rugn-d to moving objudK 

□ Foot m regard 1o denary adjects 

□ Poor when torning eg Ihe right 

□ PtKf when turning to the lett 

I | Fhsor when lumping or climbing down 

□ Pnnr whan |urr£mg Or thrnbng up 


NO 

YES 

UNKNOWN 

NO 

YES 



YES 

NO 

UNKNOWN 

YES 

NO 

UNKNOWN 

NO 

YES 

UNKNOWN 

NO 

ves 


NO 

YES 

UNKNOWN 

NO 

Yes 


NO 

Yes 


NO 

YES 


WO 

YES 


NO 

ves 

UNKNOWN 

NO 

YES 

UNKNOWN 

NO 

YES 

UNKNOWN 

YES 

NO 

UNKNOWN 

NO 

YES 

UNKNOWN 


Date_ _ 

Signature- ui PcisUft Compleling The Form 


FIG. 39-1 II Lxamp]? of nn i]:-1n i ii.iL 111 1u.ll- tiisLury Curin LliaL may be ruin-pLetud by llfc lt owner.. an animal caretaker., vn; Leri nary tirdinirLnu,. or clinician. 
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forceps with shallow serrations are recommended). Sterile 
fluorescein dye strips, tear lest strips, culture swabs, physio¬ 
logic saline solution (flushing solution), topical anesthetic 
(0.5% proparacalne), and mydriatic solution {1% tropica- 
mide) are often also necessary. For Irrigating nasolacrimal 
ducts, polyethylene tubing (5 French) should he available. 


Detailed Examination 

For recording results of the ophthalmic examination, use of 
a standard form is recommended (Fig. 39-2). The detailed 
examination begins with palpation of the boundaries of 
orbit for Irregularities, asymmetry, masses, or fractures. 



University of Missouri-Golumhla 
Veterinary Medical Teaching Hospital 

OPHTHALMOLOGY EXAMINATION 
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.Next, the gjobe ]s retropulsed to assess for Increased resis¬ 
tance (Indicating a space-occupying mass) and to inspect 
the anterior aspect of the nictitating membrane ('“third 
eyelid' 1 ). Retropulsion should not be done If the cornea Is 
compromised by a deep ulcer or laceration. 

At this point the examiner determines If ocular cultures 
or tear measurements are desired, because these procedures 
must, be completed before further manipulations are per¬ 
formed and before topical pharmacologic agents are 
instilled. 2 Depending on the clinical signs, severity of ocular 
disease, and species being examined, viral, bacterial [e.g., 
Chlzmy'riia. WycopftiJFiTd), or fungal cultures may be indi¬ 
cated. Sterile swabs moistened with saline and appropriate 
enrichment broth or transport media are applied to the tis¬ 
sue to be cultured (usually cornea or con|unctlva). I’he 
moistened tip Is placed In direct contact with the tissue sur¬ 
face and the sw r ab rotated by spinning the end of the stem 
with the fingertips. 

'[he rest of the ophthalmic examination Is performed In a 
darkened area, initiated by directing a focused light through 
each pupil to establish the presence of a fundus reflex (light 
reflected from back of eye that normally fills pupil space). 
By evaluating the fundus reflex in each eye, the examiner 
may compare pupil sizes, characterize pupillary light 
reflexes, and assess clarity of the ocular media. 

Examination of ocular structures should be performed in 
a set pattern {i.e., anterior to posterior).*-* Use of an oph¬ 
thalmic examination form Is helpful In systematically guid¬ 
ing the clinician through the examination and providing a 
record of examination findings (see Fig. 33-2). 

The eyelids are inspected for Integrity, position, and move¬ 
ment. Each lid Is digitally evened for Inspection of the mar¬ 
gins meibomian gland openings, and palpebral con|unctiva. 
Paresis, malposition {entropion, ectropion), defects, masses, 
inflammation (swelling, ulceration, exudates), alopecia, 
foreign bodies, and abnormal lashes are noted. 

'fhe nictitating membranes are examined for normal posi¬ 
tion, Integrity of surfaces and margin, degree of pigmentation, 
and the presence of follicles or masses. To inspect for foreign 
bodies possibly concealed by the third eyelid, topical anes¬ 
thetic solution (0.5% proparacalne) Is Instilled repeatedly 
onto the ocular surface. Two drops every 20 to 30 seconds 
for four applications Is generally adequate. After topical 
anesthesia is applied, the nictitating membrane Is grasped 
and manipulated with blunt-tipped, slLghtly serrated thumb 
forceps, and both sides are examined for foreign bodies. 

Normally the conjunctiva appears moist, glistening and 
semitransparent. Signs of con|uncllvltis are chemosis {con¬ 
junctival edema), hyperemia, and ocular discharge. Color 
changes of the conjunctiva usually accompany anemia 
{blanched, pale) or icterus (yellow, amber). Chemosis may 
indicate severe hypoprotelnemia. Conjunctival lesions noted 
include focal swellings, follicles, adhesions, or masses. The 
sclera underlying the bulbar conjunctiva Is Inspected for 
color, contour, swellings, masses, pigmented areas, or sur¬ 
face Irregularities. 

r fbe avascular cornea should be smoothly contoured and 
transparent with a moist, reflective surface. I’he cornea Ls 
examined for Irregularities and opacities and for the presence 
of blood vessels and melanin. Corneal edema appears as a 
hazy blue corneal opacity and should he characterized as 
localized or diffuse. With severe corneal edema, the epithe¬ 
lial surface may bulge and bullae {vesicles) may be noted. 
With corneal suppuration and necrosis, the cornea becomes 
more densely opaque and acquires a beige, green, or milky 
appearance. Infectious keratitis Is characterized by suppura¬ 
tion and necrosis. Corneal abscesses occur as focal areas of 
suppuration within the stroma underlying a nonulcerated 
cornea. 


Corneal opacities may also result from focal or diffuse 
scarring, areas of corneal degeneration or dystrophy, or 
stretching of Descemel’s membrane from previous elevation 
of intraocular pressure or previous trauma. Inflammatory 
products clustered on the corneal endothelium (keratic pre¬ 
cipitates) appear as multiple beige or brown foci, usually on 
the ventraf aspect of the corneal endothelial surface. Jhls 
finding indicates the presence of anterior uveitis. 

Lacrimal system examination entails evaluation of both 
secretory and excretory components. Normal secretions 
result In a moist, glistening ocular surface. Although not 
typically performed in large animals, tear test strips may 
be used to quantify the volume of aqueous tear secretion 
(see Ancillary Diagnostic Procedures). To examine the excre¬ 
tory' components, the upper and lower puncta and nasal 
openings of the nasolacrimal system are Identified. Any 
overflow of tears onto the face (epiphora) Is noted. Causes 
of increased ocular secretions {e.g, frictional irritants, for¬ 
eign bodies, corneal ulcers, ocular Inflammation) must be 
ruled out. Causes for stimulation of Lacrimal secretions 
must be differentiated from causes of outflow' occlusion, 
such as congenital atresia and acquired obstruction of the 
nasolacrimal system. 

Fluorescein dye instillation determines if corneal ulcera¬ 
tion Ls present and aLds in assessment of nasolacrimal system 
patency. Passage of dye from the nasal opening of the naso¬ 
lacrimal duct within 5 minutes confirms patency'. Retrograde 
irrigation of the nasolacrimal duct by Inserting a length of 
5-Fr flexLble tubing into the nasal punctual and flushing with 
physiologic saline solution may be necessary to differentiate 
insufficient drainage from excessive secretions. 

Intraocular examination begins with evaluation of the 
clarity and depth of the anterior chamber. Opacities within 
the anterior chamber include inflammatory products (cells 
and fibrin), proteins {flare), red blood cells (hyphema), or 
white blood cells (hypopyon). Suspended or clustered 
inflammatory materials in the anterior chamber Indicate 
intraocular inflammation (anterior uveitis). Besides the 
presence of exudates, loss of anterior chamber transparency' 
may result from lens luxation, anterior synechia, or Intraoc¬ 
ular masses (neoplasia or foreign bodies). Loss of normal 
anterior chamber depth may result from flattening of the 
cornea, leakage of aqueous humor, staphyloma formation 
(protrusion of uvea through the cornea). Iris bombe {for¬ 
ward bulging of the iris caused by iris-lens adhesions), or 
forward displacement of the lens. Increased depth of the 
anterior chamber may be caused by a protruding cornea 
(keratoconus) or posterior displacement of the iris or lens. 

l!he iris Ls Inspected for altered contour, pigmentation, 
mobility', neovascularization, pupil size and shape, and 
the presence of i rid a I masses (including the normal granul a 
i rid lea). “ITansllki mi nation of Iris masses allows differentia¬ 
tion of solid itidal masses {e.g^, melanoma) from iris cysts. 
In animals with Lightly colored or spotted hair coals, multi¬ 
colored irides should be recognized as normal variants. 
Although uncommon, congenital iris thinning (hypoplasia) 
may be noted as dark, hat, or translucent areas. The lens-Iris 
interface Is best evaluated when the pupil is dilated. Iris 
membranes, adhesions, or strands should be characterized 
as congenital {persistent pupillary membranes) or acquired 
(synecnlae or remnants of iris atrophy). 

Pupillary openings are evaluated for size, shape, symme¬ 
try, movements, and opacities. Direct and indirect (consen¬ 
sual) pupillary light reflexes are assessed. The examiner 
must recall that pupillary light reflexes are not a test of 
vision (i.e., abnormal responses may be observed in visual 
animals, and normal reflexes may occur in nonvlsual 
animals). Pupillary' abnormalities that should be noted are 
inequality In sLze (anlsocorla), abnormal movements 
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(hlppus). abnormal local I on (coreciopia], or abnormal 
shape (dyscorfa). 

Opacities of the pupil usually result from loss of lens 
transparency or from presence of Intraocular exudates. 
Obscuration of the pupil space may occur with severe miosis 
(from acute anterior uveitis’), condensation of anterior 
chamber exudates, or synechlae Formation (from chronic 
uvettls). in animals with normal pupillary light reflexes, 
complete examination of the lens and structures posterior 
to the lens {i.e_, vitreous and fundus) may be achieved only 
after dilation with a mydriatic agent such as 1% tropicamlde, 
which usually occurs 20 to 30 minutes after instillation. 

Using a focused Ligfrt, the lens is Inspected for a smooth, 
transparent, convex anterior capsule and normal position 
(no part of the equator should be visible). When evaluating 
lor lens opacities (cataracts), the examiner should direct the 
focused light through the axial pari of the lens to establish 
the presence of a fundus reflex. Cataracts may be classified 
according to the extent to which a fundus reflex occurs: a 
ptiruViJ reflex indicates an Incomplete cataract, whereas an 
absent reflex Indicates a complete cataract). Focal cat a radons 
changes are observed as dark areas seen within the area of 
reflected light. 

An ophthalmoscope must be used to examine the vitre¬ 
ous ana fundus. Using the monocular direct ophthalmo¬ 
scope, the vitreous should be In focus with a dioptric 
setting between +6 to -|-i, and the fundus Is usually in focus 
between +1 and -2 diopters. The vitreous Is examined for 
congenital remnants (retained hyaloid structures) and opa¬ 
cities, Including degenerative materials or exudates. 

Examination of the fundus begins with identifying the 
optic disc (papilla) and studying its size and shape. The 
shape, location, and vascular pattern of the optic disc and 
the appearance of tine fundus vary considerably among spe¬ 
cies. En ruminants the optic disc margin typically appears 
irregular and fluffy, indicating myetination ot axons entering 
the optic disc. However, it tends to be horizontally elliptical 
or kidney* shaped and Located in the tapctal portion of the 
fundus. 1 An optic disc with extensive myellnatlon may be 
elevated above the surface of the fundus (sometimes called 
psecrdiipiajnfJk'depfrrr). in ruminants the ma|or retinal arterioles 
are large and are accompanied by venules that anastomose 
on the surface of the optic disc. The dorsal arteriole and 
venule usually intertwine as they course away from the disc 
over the mldtapelum (Fig. 39-3]' By contrast, the equine fun¬ 
dus Is characterized by a lame, pink or salmon-colored, hori¬ 
zontally elliptical or oval disc located in the non tapetum 5 
jFlg. 39-4). In equidae, multiple small retinal blood vessels 
extend radially from the margin of the disc, and no anasto¬ 
motic venules are visible over the optic disc. 

In both ruminants and horses the fibrous tapetum is 
penetrated by choroidal capillaries; thus the fundus In these 
species is typified by dark, stippled foci termed stars of Win¬ 
slow, Coloration of the tapeta of large animals also varies 
considerably and may range from gold to bluish green. In 
animals with heterochromia I rides, areas of the fundi may 
characteristically be devoid of pigmentation and may lack 
a tapetum. These areas may appear orange or red because 
of direct visualization of the choroidal vasculature. 

Abnormalities of the optic disc Include hypoplasia (micro- 
papilla), elevation (papilledema), depression (cupping), 
degeneration (atrophy: fig. 39-5). and vascular changes (e.g r 
congestion, attenuation, hemorrhage). The lapetal fundus is 
evaluated for clarity, coloration, pigmentation (fig. 39-6). 
and integrity of the retinal vessels (Fig, 39-7). The non tapctal 
fundus is evaluated for uniformity of pigmentation. Both 
lapelal and nontapetal areas are assessed tor retinal elevations 
or separations (Fig 39-B), hemorrhages, degenerations, disor¬ 
ganization (dysplasia), or scleral defects (colobomas) 



FIG, 39-1 N 43 cm. 1 L c,i mi n,i m Jundm chinu^Dbcund; by .1 Jai^ knJmy- 
stuped, mydicintud npiiu disc. Note ihni ihu I ,u£.: reti.ii. 1 .1 .lrltiiok 1 and 
venule intertwine jk LlieV Euurw d ursalLy, 



FIG. 3 9-4 NcmiL.il equine lundm cJiaxaclErized hy j I.uer ticriu^n tally 
■rllipur.iJ optic dbc yveLIi JiumeriMii. small re Linn. I vcssrls, un knn£ [.iciL-rinlis) 
and cxilirie h Lnul is) Lhe ma rp.iEi nl iJll eip4Lr disc. Kale ih.bl die u^Lic line 
iies ni iJll* mml. 1 pcl. 1 l ptsrdan <nl I lie Inridu:;. 

ANCILLARY DIAGNOSTIC PROCEDURES 

vSeveral additional procedures may form Important supple¬ 
ments to ihe complete ophthalmic examination. .Although 
some ancillary procedures require specialized equipment 
and expertise, many may be performed In general practice. 
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PIG. 39-5 ■. )|]1ic ncrvtf .ifraphy | Lint margin uF iSiu U:k ii quiiu 

lI js*Li jicL became ii-l myelin Iimk. which ii di.LMC^'rishi ol uplir eiit,v jLru- 
pfliy. Mole atM^ncu; ol re Li tea l Lrli tod ifesads. 


FIG. 39-?' Hum rial Ucgefirraticpn [bLivincJ. l^criphmJ tmndl vaadi arc 
[jrenUy allenuarcd near h;i> tnpeLnL-nonijprtjl fund ion Shu juximulioii is 
ncroiiLpameiJ Ihv hypcr-rcdcnivkty nf Ihc taf-rt;i3 ru^ioi! Jltcst: dian^ci. jit 
mrmslviil with yunnuELr-ud rciinal .itropliv. 



FIG. 19-6 t’agivwMury changes alter craumaLie '.-luffiorriincipai hy Joreg- 
ular linear jit. tv u-l biypopl^iiij^nlation and hyptrpj|j;i]fcL'nlaticiBL anr [KrtMin 
lii tFil' LapeLa] Euiulua uJ a Imtic .iEelt oruEai Lr.mm.i PypncMiJiy ili.mp's 
iHItxl retinal pigmunl up itLicli.il dbtuihanrL- Jrom previous hLinorTh.i$k 
and tdrni.i (Cam.rLesy Ur. k N. LchicL.) 



FIG. Jfl-B Kccin.d scpjr&lion (e-quintl. (.ray. linear ancai radiate iiom 
Lhr upnu disc Into l!tt nmrdapcLaL rcyion o( die I lici Jli s. NJutc i 3 l.ii mu mar 
Hici li( the lIisc i?. quite Indistinct in iku jITccLrd a tea. An idiHCLicc nf retinal 
vessuEi iikdiraics connaritnit relitLal dc^rnuradon. 


Fluorescein and rose bengal are ocular surface stains 
most often used as aids irs diagnosing conjunctival and cor¬ 
neal diseases. The tip of a sterile dye-si rip Is moistened with 
saline or eye-irrigating solution, and a drop of the slain is 
instilled onto the eye. Fluorescein is a water-soluble dye used 
to detect exposed cornea] stroma resulting from an epithelial 
defect (erosion), stromal ulceration, or descemetocele. The 
pattern of fluorescein staining for a descemetocele Is 


characterized by a donut-shaped area of positive fluores¬ 
cence, with the perimeter retaining stain and the center or 
deepest area (Descemet's membrane] rot retaining stain 
Fluorescein may also be used lo evaluate the patency of naso¬ 
lacrimal ducts because an open duct allows the transmission 
of slain, which may be observed exiting the duct system at 
the nasal orifice. Rose bengal Is retained bv devitalized sur¬ 
face cells and is therefore useful in detection of subtle 







abnormalities such as hyperplastic or desquamating cells 
associated with ocular surface drying, herpetic infection, or 
squamous cell carcinoma. 

Although tear deficiencies are uncommon In large ani¬ 
mals, tear test strips may be beneficial to quantify aqueous 
tear production In selected cases. A sterile filter paper strip 
(40 ■ 5 mm with notched end) Is inserted Into the lower con- 
luncilval fornix, in large animals it Insufficient to measure the 
amount of wetting in 30 seconds (>2Q mm is normal). 

Cytologic evaluation of ocular surface scrapings or Intra¬ 
ocular aspirates may differentiate between Inflammatory 
and neoplastic diseases or in some cases may provide a defin¬ 
itive diagnosis. Orbital aspirates mav be diagnostic in cases 
of exophthalmos caused by neoplasia (e.g., lymphosar¬ 
coma). Ini mu no fluorescent testing of cytologic specimens 
may confirm viral (e.g., infectious bovine rhinolracheitis) 
or chlamydia] infections. 

Bacterial cultures taken from the ocular surface or from 
ocular aspirates, with subsequent antimicrobial suscepti¬ 
bility testing, may be necessary for definitive diagnosis 
and appropriate treatment of ocular Infections. The diag¬ 
nostic laboratory performing ocular cultures may offer 
suggestions on culture procedures. Including preferred 
transport media and handling of samples. It is especially 
Important to consult with the laboratory In advance when 
anticipating culturing for fungi, Myeopiosma, Chhun^Ua, or 
viral agents. 

Tonometry, a means of measuring the intraocular pres¬ 
sure (1GP), Is useful Ln diagnosing glaucoma (elevated 
I OP) and uveitis (low IGF) and In assessing response to 
therapy for these conditions. Digital tonometry (gently 
Indenting the globe through the upper eyelid) provides a 
general evaluation of lOP, at best characterizing the globe 
hypotensive, normotenslve, or hypertensive. Digital tonom¬ 
etry should not be done if the cornea is compromised by a 
deep ulcer or laceration. By contrast, applanation tonome¬ 
try using the To nopen provides accurate and reproducible 
IOF readings in large animals and is routinely performed 
at referral Institutions or specialty practices. Schfoiz tonom¬ 
etry Ls not applicable to large domestic species. 

Blomlcroscopy, using a portable handheld silt lamp, is 
useful for Identifying the location and nature of anterior 
ocular opacities. Focal irritants (e.g., ectopic cilia, small for¬ 
eign bodies) may only be visible with the magnification 
provided using blomlcroscopy. In addition, subtle opacities 
of the Lens and anterior vitreous may only be detected with 
the use of a sltt-lamp bio microscope. 

Funduscopic examination may be performed relatively 
quickly and easily using the technique of Indirect 
ophthalmoscopy. Monocular indirect ophthalmoscopy is 
performed using a handheld Light source and a separate 
20- or IS-diop ter focusing lens. Binocular Indirect 
ophthalmoscopy uses a light source mounted on a head 
band with an incorporated prism and binocular viewing 
apertures. Binocular Indirect ophthalmoscopy provides a 
stereoscopic, panoramic view of the fundus and Ls rou¬ 
tinely performed bv veterinary ophthalmologists. The 
Light'sources used for Indirect ophthalmoscopy may be 
ad lusted to relatively high Intensities and therefore 
enhance visualization of the fundus through partially 
opacified or hazy ocular media. 

Other ancillary diagnostic procedures Include electro- 
rellnography, visual-evoked potentials, and imaging 
procedures (radiography, ultrasonography, computed 
tomography). Although plain skull radiographs and some 
contrast studies (e.g., dacryocystorbinography) may be 
performed in a general practice setting, the remaining 
procedures require techniques and equipment usually 
available only at referral centers. 


CHAPTER 5? Diseases of th-e Eye 



SIGNS OF OCULAR DISEASE 


1265 


L Lf.Jl ll MCMMfJ 
DAVJtiJI. MACCS 

The five major signs of eye disease are as follows' 

■ Ocular or periocular asymmetry 

■ Ocular color change 

■ Ocular discharge 

■ Ocular pain 

■ Visual deficits or blindness 

Although any one of these signs alone may be the most 
obvious evidence of ocular disease, they frequently occur 
In various combinations. This section provides a general 
description of the signs and examples of ocular diseases Ln 
which a particular sign predominates. Table 39-1 sum¬ 
marizes common signs of ocular disease in large animals. 


OCULAR OR PERIOCULAR ASYMMETRY 

Ocular or periocular asymmetry results from unilateral 
changes Ln anatomy of the orbit, orbital contents, globe, 
eyelids, or pupils. Such changes often involve reduction or 
Increase in volume of a certain tissue. Reduction Ln tissue vol¬ 
ume occurs with congenital hypoplasia, cicatricial shrinkage, 
atrophy, or dehydration, Increase Ln tissue volume may 
Involve the whole globe (buphthalmos) or be characterized 
by irregular enlargement, as seen with Inflammatory or neo¬ 
plastic lesions Involving the globe, orb IT or lids. Asymmetry 
may also result from neurologic dysfunction. Common 
examples include reduced palpebral fissure size (secondary 
to facial nerve paralysis], strabismus, third eyelid protrusion, 
and anisocorta (see Chapter S). This section describes a 
method of approaching the eye examination and of categor¬ 
izing lesions noted. It Ls not the intent to describe in detail 
each of the diseases that may be noted; these are covered Ln 
other sections of this ch apter. 

Forward displacement of the eye (exophthalmos) is often 
associated tvith a space-occupying orbital lesion or, less often, 
a congenitally shallow, underdeveloped orbit. Posterior mal¬ 
position of the globe (enophthalmos) may result from active 
globe retraction caused by pain or from loss of supporting 
retrobulbar soft tissues. Congenital strabismus is a develop¬ 
mental abnormality that results Ln ocular asymmetry a_nd is 
typically seen Ln Jersey, Shorthorn, and Elolsteln cattle. 7 

Unequal globe size can also account for ocular asymme¬ 
try. A congenitally small globe (microphthalmia) occurs as 
a genetic defect in cattle and horses. 7 ' 3 Microphthalmia Ls fre¬ 
quently accompanied by multiple ocular anomalies and 
sometimes is associated with multiple org^n Involvement. 
Acquired variations in ocular size usually result from fibrosis 
and shrinking (phthisis bulbi) secondaiy to chronic uveitis, 
or stretching of the globe [megaloglobus, buphthalmos) 
because of glaucoma. 

Asymmetry of the upper or lower Hd may occur as a 
result of entropion, ectropion, blepharitis, con|uncllvLtls, 
or facial nerve paralysis (ptosis). Nictitating membrane 
(third eyelid) protrusion is frequently seen second a ry to 
active retraction of the globe in response to ocular pain, 
enophthalmos caused by loss of orbital contents [as seen 
with marked dehydration or malnutrition), presence of 
third eyelid masses^ orbital space-occupying masses, or neu¬ 
rologic disorders (e.g., Homer's syndrome, tetanus). Pupil¬ 
lary asymmetry, or anisocorla, may occur for a variety of 
reasons, including Horner's syndrome, intraocular diseases 
[uveitis, glaucoma, unilateral retinal lesions), diseases 
Involving the optic nerve or brainstem, and previous use 
of pharmacologic agents such as atropine that alter iris 
smooth muscle function. 
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TABLE 39-1 




Causes of Important Ocular Signs in Large Animals 



Cause (s) 


Sign s/Fin dings 

All Species (Ruminants and Horses) 

Rumi minis 

Hursts 

RED EYES 

Surface Redness 

Hemorrhage 

Trauma 

Clotting disorders 



nyperemle mass 

Gran illation/healing corneal ulcer 

Ocular squamous cell carcinoma, 


fTijlireneufi/ granuloma 


1 Eemangiosarcoma 



Diffuse Redness 

Co n | un di vi tl s/keca tills 

Entropion 

MdmxhIUi (EEK) 

Fungal keratitis 


Foreign body 

MjkopTlhpjw (O, C) 

Pseudo mopiws 


Chemical Irritation 

Chttmiyditi (G) 

Sirr'pj t ICO L LTj j 



Herpesvirus (1BRJ |B. C) 
Branhamelia (B’f 
lil uclongue 

Co li forms 

Uveitis 

Septicemia 

MjiBpfdSPJia 

Immune-medEaied 


Trauma 

.Malignant catarrhal fever (R) 

uveitis (ERU) 

Glaucoma 

Trauma 

IRK (R) 

ERLI 

1 lemorfhage 

Trauma 



CLOUDY EYE (OCULAR OPACITIES) 



Cornea 

Keratitis 

Infectious keratoconjunctivitis (see causative agents above 


Trauma 

for Conjunctivitis.’keratitis by genus) 


U leers 

Scars (healed ulcers) 

Uveitis (see under Red Eyes} 

Glaucoma 

IBK i B) 

ERU 

Anterior chamber 




Erudateg, blood 

Trauma 

.VJj'eepJiisuiiJ £C) 

ERU 


Live ills (see under Red Eyes) 

Glaucoma 

Septicemias {Et. C, O) 


Lens luxation [anterior}! 

Trauma 


ERU 

Lenses (cataracts) 

Trauma 


ERU 


Congenital (see Chapters 51 and 52) 
Genetic 

Uveitis (see under Red Eyes} 



Vitreous 




lixudates, blood 

Trauma (hemorrhage, detached retina) 

Congenital hyaloid vascular 

ERU 


Uveitis (see Under Red Eyes) 

remnants (B) 


Lens luxation [posterior) 

Trauma 


ERLI 

OCULAR DISCHARGE 

Water) 1 [serous) 




Painful eye 

Ectopic or misdirected cilia 

Conjunctivitis/keratitis [see spe-dflc etiologies 


Foreign body (plant awn) 

Entropion 

Uveitis (see under Red Eyes) 

Trauma (ulcer, uverils) 

Chemical 1 million 

under Red Uiyea) 


Non painful eye 

Nasolacrimal atresia 

Nasolacrimal obstruction 




{acute blockage) 



thick (mucoid or 

Foreign body 

Infectious keratoconjunctivitis (see causative agents 

mucopuruLent] 

Surface tumors 

under Red byes lor ConjunctiveIs/keradds by genua) 


Dacryocystitis 

Chronic nasolacrimal blockage 

Foreign body 

Sinusitis 

ISacteFlal infections 



Hemorrhage 

Trauma 




Foreign bod 

Ulcerative conjunctivitis 




Tumor 




1 1 :■ I l'■' ri l■ l i ■■ btf.irit ki;FJituranfuncLiVitis.: JJ iR, inJerticLUf bovine rtiinulrache'itiK; JiKlJ, L'quint- ren.i rmil UVeiLix; <J, ovicw: (... rapilng; U, bovine 








The pretence of an ocular mass may be ibe primarv cause 
of ocular asymmetry. Ocular surface neoplasms are relatively 
common in horses and cattle. Ocular squamous cell carcino¬ 
mas usually arise from nonpigmented tissues of the nictitat¬ 
ing membrane, the lateral llmbal region, or the eyelid 
margin. They may appear as Irregularly raised surface masses 
or, less often, as smooth, vascularized Lesions that invade the 
globe. Ulceration, exudation, and mucopurulent ocular dis¬ 
charge are frequent concurrent findings (see Ocular .Neopla¬ 
sia). Periocular sarcoids are also common in horses and 
appear as firm, raised, nonulcerative lesions.^ Other ocular 
tumors, such as adenomas, adenocarcinomas, angiomas, 
angiosarcomas, mastocytomas, and melanomas, occur In 
large domestic animals but are relatively uncommon. Der¬ 
moids and orbital cysts are congenital masses involving she 
eye or orbit. Other nonneoplastic ocular masses seen In Targe 
animals include firm parasitic and foreign body granulomas 
and soft, fluctuant subconjuncllvaI swelling characteristic of 
prolapsed periorbital fat. Ocular and orbital pseudotumors 
have also been described In the horse. Ja 

OCULAR COLOR CHANGE 

Changes In the color of the ocular or periocular tissues or 
She presence of opacities In the clear ocular media {cornea, 
aqueous humor, lens, or vitreous) are Important features of 
ocular disease. Such changes must be differentiated from 
normal congenital differences in ocular pigmentation. 
Developmental color dilution or absence of ocular pigmen¬ 
tation results in Light or multicolored irldes (heterochromia 
irldls). When this occurs unilaterally, the resulting appear¬ 
ance may be striking. Examples of abnormal coloration 
include hyperemia of conjunctival (superficial) or episcleral 
(deep) blood vessels associated with ocular inflammation 
(see Red Eyes, Table 39-1J, hemorrhage secondary to trauma 
or coagulopathies, pallor of the conjunctiva, which reflects 
severe anemia, and yellowing of the sclera and sometimes 
iris. Indicating Icterus. 

Opacities of the ocular media may occur either as surface 
(corneal) or intraocular (anterior chamber, lens, or vitre¬ 
ous) phenomena. Sources of corneal opacification include 
melanosis ("pigmentation"') secondary to chronic exposure, 
grayish scars from previous episodes of ulcerative keratitis, 
neovascularization secondary to chronic Inflammation, and 
bluish discoloration caused by corneal edema. 1*hese color 
changes frequently occur in various combinations In more 
severe keratitis, especially those of infectious origin such as 
chronic keratoconjunctivitis caused by Chlamydia species, 
Mycoplasma species, or Maraud fa bovis. Cataracts are perhaps 
the most obvious cause of intraocular opacities In large ani¬ 
mals. 1 lowever, the presence of exudates within the aqueous 
humor or vitreous, congenital vascular remnants in the vitre¬ 
ous, or retinal detachment may also account for intraocular 
opacities (see Table 39-1). 

OCULAR DISCHARGE 

Ocular dlschaig.es are characterized as serous ("epiphora 1 "), 
mucoid (catarrhal), purulent, or hemorrhagic (sanguin¬ 
eous). The type of discharge may be used to aid in determi¬ 
nation of the severity and chroniclty of the eye disease. 
For example, serous discharge generally indicates milder 
forms of eye disease, whereas mucopurulent or hemorrhagic 
discharge indicates more serious disorders. A notable excep¬ 
tion to this generalization is equine recurrent uveitis (ERU), 
which is a serious and potentially blinding disease but is 
usually associated with serous discharge {see Immune- 
Media ted Ocular Diseases). The nature of ocular discharge 
tends to change as the disease progresses or Improves. This 
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Is most notable In Inflammatory or infectious ocular dis¬ 
eases. Initially, the discharge is predominantly serous; how¬ 
ever, it tends to become mucopurulent with chronlcity (see 
Table 39-1). 

Epiphora describes facial wetting and results from over¬ 
flow of tears over the eyelid margin, litis may result from 
excessive secretion of tears or from obstruction of the naso¬ 
lacrimal system. In large animals, reflex Lacrimatlon with an 
associated overabundance of tears is the typical response to 
ocular inflammation {eg., conjunctivitis, keratitis, uveitis). 
When epiphora Is noted, careful digital and visual examina¬ 
tion for foreign bodies within the con|unctlval fornix or 
under the third eyelid Is Indicated. Epiphora is generally 
one of the earl Lest signs of conjunctivitis, ulcerative keratitis, 
or anterior uveitis. In cattle with keratoconjunctivitis caused 
by A ioraxella bevis, epiphora Is present several days before 
visible corneal ulceration occurs 11 (see Infectious Bovine 
Keratoeo n | u net LvLlis). 

Developmental defects or malformations of the nasola¬ 
crimal duct system (e.g., imperforate puncta) may account 
for ineffectual outflow of tears In neonates. In these cases 
the presence of epiphora may be misinterpreted as an over¬ 
production of tears. Previously undiagnosed congenital 
defects may also be the cause of persistent ocular discharge 
In adult animals. Acquired obstructions of the nasolacrimal 
ducts may result from Infections, foreign bodies, facial 
trauma, nasal tumors* or sinusitis that involve the duct sys¬ 
tem. When nasolacrimal obstruction is present, the nature 
of the ocular discharge depends on the chroniclty of the 
Lesion and the presence or absence of infection within the 
nasolacrimal system. Whether congenital or acquired, sim¬ 
ple nonseptic obstructions are characterized by epiphora. 
Occlusions with concurrent sepsis result in mucopurulent 
discharge from the eye or nostril on the affected side. Exces¬ 
sive mucus production is a feature of follicular conjunctivi¬ 
tis, possibly as a result of the rubbing of elevated lymphoid 
follicles on apposing con|undlvaI surfaces. Lymphoid folli¬ 
cles are noted Ln subacute or chronic forms of chlamydial 
conjunctivitis Ln sheep and with Onchocerca larval migration 
Ln horses. Mucoid ocular discharge may be observed con¬ 
currently with epiphora in acute ocular surface infections 
caused by viral or chlamydial agents. Excessive, tenacious 
mucus may also result from inadequate secretion of the 
aqueous component of tears (i.e., keratoconjunctivitis 
sicca). Although keratoconjunctivitis sicca is not diagnosed 
as commonly Ln large animals as It is Ln dogs, it has been 
reported Ln horses, usually as a complication of guttural 
pouch pathology. 12 

Purulent to mucopurulent material is the characteristic 
ocular discharge when bacterial organisms, Including Myco¬ 
plasma species, are the primary cause of, or secondary con¬ 
taminants in, ocular disease. Bacterial conjunctivitis occurs 
frequently Ln large domestic species and manifests as red 
eyes with copious amounts of mucopurulent ocular exu¬ 
date. Ocular foreign bodies and surface masses (e.g., squa¬ 
mous cell tumors) typically have associated bacterial 
Infections. Mucopurulent discharge Ln (be absence of ocular 
Inflammation suggests Infection of the nasolacrimal sac 
(dacryocystitis) or ducts* with reflux of exudate from the Lac- 
rimaf puncta. 

Sanguineous of hemorrhagic discharge most often occurs 
after blunt or penetrating trauma to Hie eye {see Ocular 
Trauma). Foreign body penetration may damage the eyelLd, 
con|unctiva, or globe, resulting in bleeding onto the ocular 
surface. Corneal ulcers may rupture and result in uveal pro¬ 
lapse and subsequent hemorrhage on the ocular surface. 
Ulcerative conjunctivitis from abrasion or infection may 
result Ln bleeding into the tear fluids. Similarly, ocular sur¬ 
face tumors may Become ulcerative and cause bloody ocular 
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discharge. Whenever blood Is noted on the surface of the 
eye., it is imperative that a thorough ophthalmic examina¬ 
tion be performed to determine Lbe cause and to evaluate 
integrity of the globe. 


OCULAR PAIN 

Blepharospasm, epiphora, apparent photophobia, and 
periocular hyperesthesia are signs of ocuiar pain. Animals 
with severe ocuiar pain usually resist manipulation of the 
eyelids or any form of ocular examination by persistently 
jerking the head away from the exam liter and by closing 
the eyelids tightly. In'cases of persistent ocular inf]anima¬ 
tion, discomfort and pruritus maybe manifested by nibbing 
and self-trauma to ocular or periocular structures. 

Ocular pain may result from blunt or penetrating 
trauma. Corneal ulceration and uveitis are painful sequelae 
to ocular trauma. LLmbal (scleral) ruptures from blunt 
In| li ry or penetrating lacerations of the fibrous tunic may 
result In uveal prolapse (staphyloma), which is extremely 
painful. Periocular trauma may cause eyelid swelling or 
paresis with exposure and drying of ocular surface tissues, 
resulting in painful ulcerative keratitis. Inflammatory dis¬ 
eases of nontraumalic origin (e.g., infectious keratoconjunc¬ 
tivitis, ERU I may also cause severe ocular pain in an affected 
animal. Other causes of ocular pain include frictional Irrita¬ 
tion, resulting from entropion, trichiasis, distlchia, or ectopic 
cilia, or direct Irritation of the ocular surface by foreign mate¬ 
rial. Foreign bodies causing ocular irritation In large animals 
are typically piant materials such as seeds, bay stems, straw, 
twigs, bark, or thorns, although particles of sand or soil can 
also cause severe ocular Irritation. Nonembedded particulate 
matter Ls usually entrapped by mucus and washed out of 
the eye by reflex tearing; therefore it typically results only In 
transient discomfort. By contrast, embedded foreign materia] 
(i.e., between ocular surface layers or within ocular tissues) 
causes persistent ocu I a r pai n. 

BLINDNESS 

Visual deficits in Luge animals manifest in a variety of ways. 
Obvious signs include bumping Into objects in the path of 
locomotion and being unable to respond to visual stimuli 
such as light or hand motions. Other signs of blindness 
are reliance on station a tv ab|ecfcs, such as fences, railings, 
or other animals, to maneuver within the environment. 
Behavioral changes include reluctance to move or to ven¬ 
ture Into unfamiliar areas. The nonvisuai animal is fre¬ 
quently found standing Isolated from the group. Searching 
nystagmus Is also seen in some animals with congenital 
blindness. 

.Nonvisuai animals attempt to compensate for Joss of 
vision with their other senses, resulting In behaviors that 
seem peculiar. For example, as an apparent overcompensa¬ 
tion for visual deficits, the blind animal may raise its head 
extremely high with the ears erect at the slightest auditory sti¬ 
muli. A similarly dramatic response to olfactory stimuli may 
be noted in affected animals w r hen snorting or intensive 
sniffing associated with nervousness and maximum neck 
extension is observed. Frequently, blind animals will show 
exaggerated elevation of the limbs while walking. This must 
be differentiated from true hypermelria (see Chapter 3). 
Partial loss of vision may he difficult to determine, and 
detection depends on observing more subtle behavioral 
changes such as slight head cocking or tilting, difficulty 
maneuvering in dim light, or shying and startling from 
objects on one side or objects present in some specific part 
of the visual field. Animals may effectively compensate 
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for congenital blindness or slow diminution of vision, par¬ 
ticularly when they remain with other unaffected animals 
in a familiar environment. Visual disturbance may not be 
apparent until an affected animal Is isolated or moved to 
an unfamiliar area. 

There are numerous causes of blindness In large ani¬ 
mals, including those that Involve only the visual system 
and some that Involve other nervous system tissues or 
are multlsystemic (Box 39-1). A functional approach to 
blindness Involves anatomically classifying the cause as 
one of the following: 

■ Obstruction of the ocular media (light does not reach the 
retina). 

■ Failure of the retina to process the light appropriately. 

■ Failure of the central nervous system (CNS), Including the 
optic nerve, to transmit or assimilate the visual stimuli 
appropriately. 








Assessment of the pupillary light reflexes (FLRs) aids 
in the localization of the lesion. Animals with lesions 
involving the retina, optic nerves, optic chiasm, or optic 
tracts generally do not have a normal Pl.R, whereas 
those with more central ("higher") lesions involving 
the lateral geniculate bodies, optic radiations, or occipi¬ 
tal {visual) cortex are Likely to exhibit a normal PLR 
(see Chapter S). 


OCULAR TR AUMA 

R. tlAYtt) WHHLLV 

KRISHNA H. VYC.WIAS 

rji.izatfx'tii M. wimu:Y 

CAUSES OF TRAUMA 

Because the eye Is anatomically prominent in horses and 
food animals. It Is prone to blunt and sharp trauma, which 
can range In severity from a mild abrasion caused by a con¬ 
junctival foreign body to a severe corneal Laceration with 
globe rupture and orbital bone fracture. Ocular in|urles 
may result from a variety of causes, including foreign mate¬ 
rials such as soil, sand, or stones, which maybe thrown into 
ihe eye during running or by the wind; trauma from disci¬ 
plinary action; scratches by vegetable matter such as hay, 
weed stems, tree Limbs, or thorns; exposure to chemical irri¬ 
tants; and sudden, violent head movements during training, 
working, or grooming. Other sources of ocular Ln]uiy 
include stanchion, stall or trailer latches, hooks, protruding 
nails, bucket handles, fencing materials, and other animals, 
particularly horned ruminants. 

Recumbent neonates and animals with CNS disease or 
severe Illnesses that cause depressed mentation often suffer 
eye in|uries from abrasion by debris or bedding materials 
such as sand, straw, hay, or wood shavings. Such in|urles 
may be pret?ented by "protecting the eye from trauma 
through the use of a padded hood or soft mats under the 
head, by keeping, the cornea well lubricated In dehydrated 
animals" with reduced blinking frequency, and by adminis¬ 
tering sedation to prevent thrashing. Following ocular 
trauma, opportunistic or pathogenic organisms may 
become established In the wound bed and may cause super¬ 
ficial or deep corneal Infections. 13 Ocular flora native to the 
con|unctlva include potential pathogens that may cause 
severe Infections. 14 

OCULAR EXAMINATION HIM CASES OF 
HEAD TRAUMA 

The goals of examination are to determine the degree of 
ocular trauma and to offer a prognosis for recovery of vision 
and preservation of the eye. The history should elicit Infor¬ 
mation as to the cause and duration of the in|ury, previous 
ocular and systemic disease or therapy, and a description of 
any recent sedation, anesthesia, or therapy. 

Blunt or sharp facial trauma frequently "results In damage 
to the orbit and globe, including fractures or soft tissue Inju¬ 
ries of the orbit, comeal abrasions and edema, hyphema, 
traumatic uveitis, lens luxation, traumatic cataract, vitreal 
hemorrhage, retinal tear or detachment, corneal or scleral 
rupture, or proptosis. Therefore, the orbit and globe and 
vision should be examined as thoroughly as possible when 
evaluating a patient with facial trauma. 

Ophthalmic examination can be performed only after 
adequate restraint of the head [see previous discussion). 
Intravenous (IV) sedation, sensory and motor nerve blocks, 
topical anesthesia, and the use" of a halter, twitch (in 
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horses), or nose tongs (In cattle) often are necessary for ade¬ 
quate examination of the traumatized eye. 


TRAUMA TO THE ORBIT 

Orbital injuries in domestic animals frequently include frac¬ 
tures of the orbital rim and zygomatic arch and damage to 
the supraorbital process of the frontal bone. 15 Fractures of 
the orbit may be Identified by palpation, conventional or 
digital radiography, computed tomography (CT), or mag¬ 
netic resonance imaging (MRE). Contusions or lacerations 
of orbital, soft tissues and temporary or permanent neuro¬ 
logic dysfunction also may be present. 

Radiographic examination of the bony orbit In large ani¬ 
mals Is technically difficult and often unrewarding w r Lth con¬ 
ventional radiography. Standard Lateral and doisoventral 
views require powerful radiographic equipment for penetra¬ 
tion of bony structures in horses and cattfe. 16 Large fractures 
may be identified, but distinct delineation of the bony orbit 
Is difficult because of overlying sinus and nasal structures. An 
oblique view of the frontal bone Is often the most helpful 
projection.This view may be taken with a portable 
machine because only minimal radiographic penetration of 
skull structures is required. Outlining the orbit and sur¬ 
rounding bony structures allows identification of fractures, 
osteomyelitis, with or without bony sequestra, and soft tis¬ 
sue abnormalities, including swelling and radiopaque for¬ 
eign bodies. If a periorbital sinus Is involved In the fracture, 
subcutaneous emphysema may be present. The use of digital 
radiology may allow r enhanced visualization of the bony 
structures of the orbit, especially when only subtle changes 
are present. 17 DLgital radiography systems used in conjunc¬ 
tion with portable equipment may "provide adequate detail 
In standard as well as oblique projections. CT and MRI are 
available at many referral centers. Detail of the bony and soft 
tissue structures is greatly enhanced by the cross-sectional 
views acquired by CT, as are the structures of the calvarium, 
sinuses, and teeth. 17 MRI Is alsoveiy beneficial In delineating 
soft tissue abnormalities within the orbit and sinuses. 17 - 1 ^ 
Immediate evaluation for orbital fractures should include 
careful examination of the globe. In cases tvith substantial 
stvelling, ice packs applied to the fracture site may reduce 
stvelling. Systemic antiinflammatory therapy (e.g., flunlxln 
meglumine, ketoprofen, phenylbutazone) may also be 
given. Systemic antibiotics should be used if sinus Involve¬ 
ment Is suspected. If the fracture fragments are only mini¬ 
mally displaced, surgical Intervention may not be required. 
Surgical repair should be considered if fragment displacement 
or entrapment of extraocular muscles has occurred or could 
occur. 16 - 20 Trauma sufficient to cause fractures may also 
result In neurologic dysfunction and Lm mob Lilly of the 
eyelids. 

If eye lid movement is impaired, the globe must be ade¬ 
quately protected and lubricated until neurologic function 
returns. If the globe is only minimally exposed, a sterile oph¬ 
thalmic lubricant may be used at least three or four times 
daily. In more severe cases, a nictitating membrane flap or 
temporary partial tarsorrhaphy may be required. If neuro¬ 
logic dysfunction Is permanent and results In significant 
exposure conjunctivitis or keratitis, partial or complete per¬ 
manent tarsorrhaphy should be performed. LLh Enucleation 
or enucleation with the placement of an orbital prosthesis 
may be required for severely affected eyes. 

Scleral rupture is another potential consequence of blunt 
trauma to the orbit and globe. A recent study found that the 
most consistent clinical sign of scleral rupture In horses is 
eyelid and conjunctival swelling 21 Other clinical features 
of this condition are hyphema, subconjunctival hemor¬ 
rhage, and a collapsed anterior chamber. Ultrasonographic 
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findings Include poorly defined scleral margins and echoic/ 
hyperecholc material in the anterior and posterior chambers 
and In ibe vitreous. 31 

Traumatic puncture wounds of the eyelids and conjunc¬ 
tiva may result In orbital cellulIlls anil exophthalmos in 
food animals and horses. 1tie onset of swelling may be sud¬ 
den. Pyrexia and leukocytosis may be present. ]f a retrobul¬ 
bar abscess occurs, temporomandibular movement causes 
extreme pain; the animal may have the eyes partially closed, 
be off feed, and stand with the neck extended. The client 
may observe a relatively sudden onset of exophthalmos, 
eyelid sivelllng, severe chemosis, and exposure keratitis. 16 '- 23 
Therapy should consist of systemic and topical antibiotics. 
Ophthalmic ointments and^ lubricants should be used to 
provide protection from desiccation of the exposed cornea 
and conjunctiva. With time, the cellulitis may organize Into 
a discrete abscess that can be located by palpation or ultra¬ 
sound. The wound or abscess should be debrided or 
drained to facilitate healing, especially If a well-organLzed 
abscess Is present. 

Although traumatic proptosis Is uncommon, It may 
occur In horses and food animals. The prognosis for return 
of vision is guarded to poor, depending on the extent of the 
damage to the optic nerve and retina. If the globe is rup¬ 
tured or the extraocular muscles are avulsed, the eye should 
be enucleated. If the extent of the damage cannot be evalu¬ 
ated initially, the globe should be repositioned, a temporary 
tarsorrhaphy performed, and the globe reevaluated after 
7 to 10 days of topical therapy. Treatment should Include 
topical broad-spectrum antibiotics and atropine. With 
severe fractures or serious ocular damage, consultation or 
referral to the appropriate specialist is advised. 

TRAUMATO THE EYELID 

Eyelid trauma is frequently accompanied by injuries to 
other ocular structures. Careful ocular examination should 
be part of the evaluation of animals with eyelid trauma. 33 
Injuries may range from swelling (blepharedema) or orbital 
cellulitis to extensive lacerations and avulsion. Blephare¬ 
dema may be accompanied by hemorrhage and usually 
resolves quickly without therapy; however, recovery may 
be hastened by the use of ice packs and system leal ly admi¬ 
nistered ketoprofen orflunixin meglumine. 

Horses are particularly prone to eyelid lacerations 
because of the prominence of the eye and their tendency 
toward sudden head movements when startled. Lacera¬ 
tions may be divided into those without eve!id margin 
involvement, those with eyelid margin involvement, and 
avulsions of part or all of an eyelid. For all types of eyelid 
injury, several basic principles should be followed. Lacera¬ 
tions should be treated promptly to avoid distortion from 
excessive swelling, infection, scarring, and loss of func¬ 
tion. Lacerated or displaced tissue should not be excised. 
It is impossible to replace Che mucocutaneous junction 
of the eyelid margin. If eyelid margin is sacrificed, the risk 
of scar formation and secondary corneal damage is high. 
The laceration should be thoroughly and carefully flushed 
with sterile saline and explored to remove all foreign 
material. In acute trauma, cold compresses may assist in 
decreasing swelling. In suturing an eyelid laceration, It is 
essential to preserve the eyelid margin; therefore, eyelid 
lacerations should be repaired with minimal debridement. 
In cases of long-standing or infected lacerations, the 
tvound should be packed with an antibiotic dressing for 
24 to 48 hours before surgical repair.- 24 In cases of avul¬ 
sion of part or all of the eyelid, a variety of blepharo plastic 
procedures may be performed to help restore functional 
eyelid margin.**- 23 


For a more detailed description of the principles of suigj- 
cal repair of the evellds, an ophthalmic surgical text is 
reoo mmended. 3 3 - 21 -*& 

Postoperative care of all eyelid lacerations should Include 
standard wound hygiene, application of fly repellent and 
topical ophthalmic antibiotics, and prevention of self- 
trauma. In contaminated wounds, systemic antibiotic ther¬ 
apy Is indicated for 5 to 7 days. Tetanus prophylaxis should 
be administered. 

Improper repair of eyelid lacerations can lead to abnor¬ 
mal function and secondary problems. Including chronic 
epiphora and associated dermatitis, exposure keratitis, 
ulcerative keratitis, cicatricial entropion or ectropion, con¬ 
junctivitis, and pigmentary keratitis. 

TRAUMATO THE NICTITATING 
MEMBRANE 

Lacerations involving the nictitating membrane fthird eye¬ 
lid) should be repaired to avoid Irritation and aamage to 
the cornea. This appears to be more important in horses 
than In ruminants. The margin should be realigned as pre¬ 
cisely as possible, and the lacerated con|unctlva should 
be repaired with absoibable, small suture material such as 
5-0 to 7-0 polyglactin.* Topical ophthalmic antibiotics 
should be used three to six limes daily for 7 to 10 days. 
The entire nictitating membrane should be excised only if 
it is irreparably damaged. 

TRAUMATO THE CONJUNCTIVA 

Conjunctival lacerations result In swelling (chemosis) and 
hemorrhage, '[he cornea and sclera should be examined 
carefully for evidence of lacerations or perforation. If the 
globe Is excessively soft on digital palpation, the anterior 
chamber Is shallow' or flat, or hyphema or subconjunctival 
hemorrhage is present, a concurrent scleral laceration is 
probable. 13 - 21 

Chemosis and hemorrhage frequently resolve without 
therapy. However, if the chemosis is severe enough to 
cause exposure and drying of tissues, topical sterile oph¬ 
thalmic lubricants or antibiotic ointments are indicated 
to prevent secondary Irritation. Conjunctival lacerations 
rarely require closure unless they are extensive. Subcon¬ 
junctival hemorrhage sustained during parturition is com¬ 
mon in foals and calves and requires no therapy, although 
topical ocular lubricants or antibiotic ointments are often 
prescribed. 

TRAUMATO THE CORNEA 

Corneal injuries In horses and food animals include blunt 
compressive trauma, foreign body penetration, ulcerative 
keratitis, and lacerations. Corneal perforation often results 
in iris, or Iris and ciliary body, prolapse. 1’herapy is dictated 
by the type and extent of corneal Injury, the complications 
encountered, the intended use and economic value of the 
animal, and other financial considerations. 


Blunt Trauma to the Cornea 

Blunt trauma to the globe from lead shanks, w r blps, and 
other ob|ects can result In corneal endothelial in|ury and 
subsequent edema. Signs of traumatic uveitis also may 
accompany such an Injury. Itie corneal edema that results 
from blunt trauma to the globe may be focal, linear, or 
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diffuse. Therapy for blunt trauma includes a topical hyper¬ 
sonic (5%) saline solution oi ointment two to four times 
a day so decrease corneal edema . 17 A linear keratopathy, 
characterized by a nonedematous* deep, striate, refraclile 
opacity In the cornea, may represent a focal thinning or 
break in Descemefs membrane shat has resulted from blunt 
trauma to the cornea. This type of lesion must be distin¬ 
guished from Elaab's striae, which are linear breaks in Des¬ 
cent's membrane that result from elevated IOP In 
glaucoma. 

Corneal Foreign Bodies 

Plant matter embedded In the epithelium or superficial 
stroma Is the most frequently encountered corneal foreign 
body. Foreign bodies usually are easily removed with a 
moistened, cotton-tipped applicator or ophthalmic forceps. 
Sedation, motor or sensoiy nerve blocks, and topical anes¬ 
thesia facilitate removal. Culture and sensitivity tests and 
cytologic examination of comeal samples are recommended 
before therapy Is initiated. The cornea is stained with fluo¬ 
rescein dye to evaluate the extent of corneal ulceration. 
While awaiting laboratory results, medical therapy should 
include a topical ophthalmic antibiotic (bacitracin-neomy- 
cin-polymvxin, gentamicin, or tobramycin three or six times 
daily) ancf atropine (as needed). The prognosis is guarded 
until the cornea heals; the eye should be reevaluated In 24 
to 4S hours. 

Complications of corneal foreign bodies include bac¬ 
terial and fungal Infection, corneal perforation, and 
severe corneal scars that may restrict vision. Subpalpeb- 
ral lavage systems are used In severe Ln|urles when fre¬ 
quent, prolonged therapy is needed or when treating 
intractable animals [see later under Bacterial Keratitis In 
1 torses). 23 

Corneal Ulcers 

Corneal ulcers In horses are usually initiated by trauma and 
should be considered contaminated by bacteria or fungi 
until proved otherwise. Trauma may play a lesser role in food 
animals in which primary infectious "etiologies are more 
common [see Infectious Bovine Keratoconjunctivitis). The 
conjunctival fomices and eyelids should be carefully exam¬ 
ined for foreign material. Diagnosis is based on cytologic 
examination, culture and sensitivity testing of corneal sam¬ 
ples, and fluorescein staining of the cornea. Material for bac¬ 
teria] and fungal culture is collected from the ulcer with 
sterile rayon-lipped swabs. Colton swabs are less satisfactory 
because cotton exhibits some antimicrobial properties. The 
eyelid margins and skin should be avoided, and belter cul¬ 
ture results are obtained if the swab Is moistened with a ster¬ 
ile solution (sterile water or saline) before specimen 
collection. The most reliable results are obtained if the swabs 
are placed in a transport medium at the time of collection.* 
Ihe use of a culture tube with saline in an enclosed, break¬ 
able ampule Is also helpful.- 3 ' 1, The ampule Is crushed, and 
fluid is allowed to moisten the sw r ab before specimen collec¬ 
tion. Immediately after collection, the swab is replaced in the 
lube or inoculated onto standard bacterial and fungal agar 
plates, or blood agar and thioglycolale broth. 

Corneal scrapings for microscopic examination are col¬ 
lected with the use of topical anesthesia. The eyelids are 
retracted, and the margin of the corneal ulcer Ls gently 
nibbed with a small brush, cytology spatula, or the blunt, 
handle end of a Bard-Parker scalpel blade until a small 
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amount of cellular material is collected. This material is 
transferred to tw r o to six clean gjass slides, spread over a 
l-cm (0.4-Inch) area and a]lowed to air-diy. One smear is 
stained ivith DlfT-Quik; one with Wright-GLemsa, periodic 
acid—Schiff (PAS), or GMS for fungal hyphae: one with 
Gram slain; and possibly one with new methylene blue. 

Therapy of corneal ulcers is based on the removal of the 
cause if it is still present, control or prevention of Infection 
with topical antimicrobials, use of topica] atropine for relief 
of painful ciliary body spasm and prevention of synechia, 
and, In horses, the systemic use of nonsteroidal antiinflam¬ 
matory drugs (NSAlDs) such as flunlxln meglumine, keto- 
profen, or phenylbutazone. Some ophthalmologists also 
tike to sterilize the base of the ulcer by application of povi¬ 
done-iodine solution (Betadlne) diluted 50:50 xvith sterile 
saline or collyrium. The initial choke of topical antibiotic 
should be based on the results of cytologic evaluation and 
Later modified, if necessary, according to the results of cul¬ 
ture and sensitivity testing. One study showed that oxvtetra- 
cyelLne combined with polymyxin B had in vitro efficacy 
against Isolates from infectious keratitis that was compara¬ 
ble to genlamicLn and superior to chloramphenicol. 30 If 
cytology demonstrates fungal hypbae, initial therapv with 
a topical antifungal agent should be instituted immediately. 
One study demonstrated that natamycin," miconazole, itra¬ 
conazole, and ket aeon azole are superior to fluconazole’ 
based on the results of in vitro susceptibility testing, 31 
Voriconazole is a newer antifungal drug that may be com¬ 
pounded for use in veterinaiy ophthalmology. Subpalpebral 
Lavage systems greatly facilitate she delivery of topical 
medication to the equine eye (see Bovine Keratitis In 
Horses). 23 " 32 

Surgical intervention should be considered In cases of 
deep corneal ulceration and especially when Descemel's 
membrane is exposed. Surgical procedures most often used 
for corneal ulceration include con|unctival pedicle flap, ker¬ 
atoplasty, and tarsorrhaphy. 12 - 33 " 33 Ophthalmic tissue adhe¬ 
sives and soft contact lenses may also be used as 
nonsurglcal therapy for deep corneal ulcers. Perforating 
ulcers with Iris prolapse and mixed bacterial and fungal ker¬ 
atitis or ulcers present greater than 2 w r eeks usually have a 
poor visual outcome.* 6 

Corneal Lacerations 

Corneal lacerations may he caused by sharp, protruding 
objects or projectiles. Corneal Lacerations can occur with or 
without sclera] laceration and. If they are nonperforallng, 
may be treated as corneal ulcers. By contrast, perforating cor¬ 
neal lacerations must be repaired surgically, Preoperatlve 
preparation includes tetanus prophylaxis [horses and goats), 
systemic antibiotics, and sample collection for corneal cul¬ 
ture and sensitivity. Ocular ultrasonography is very useful 
In determining the Integrity of Intraocular structures. Elow- 
ever, care must be exercised during ocular examination, 
ultrasonography, and during surgery and anesthesia (espe¬ 
cially induction and recovery] because extrusion of the intra¬ 
ocular contents may occur If excessive pressure is exerted on 
the gjobe or If the eyelids are forced open. In some cases, 
complete examination of the globe should be delayed until 
the animal is anesthetized. 

General anesthesia, adequate magnification, proper 
Instrumentation, appropriate suture material and needles, 
and adequate postoperative care are necessary for successful 
repair of a corneal laceration. Postoperative therapy must 
Include topical antibiotics and mydriatics/cyclopleglcs, 

P N macro, Alcan Laboraioriej, Fori Worth, 'IX 
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along with system Lc antiinflammatory agents. 34 " 37 The prog¬ 
nosis for recovery of vision and preservation of the globe 
generally is guarded. Complications that may occur after 
repair of cornea] lacerations Include phthisis bulbl, cornea] 
fibrosis, synechia formation, blindness, retinal detachment, 
cataract formation, uveitis, endophthalmitis* bacterial or 
mycotic keratitis, and wound dehiscence with subsequent 
iris prolapse. 

The prognosis after surgical repair of cornea] or cor¬ 
neoscleral lacerations Is best when the animal is presented 
immediately with a small wound In which the cornea or 
sclera Is sealed and the anterior chamber has re-formed. 
.Minimal hyphema, clear Intraocular media, a clearly visible 
fundus, and laceration length of less than 15 mm are addi¬ 
tional findings that indicate a favorable prognosis. 33 - 3 * 
In horses the success rale when only the cornea Is Involved 
is about 70% for recoverv of vision and 90% for a cosm¬ 
etically acceptable globe. 33, With corneoscleral lacerations 
the prognosis is much worse. In our experience the success 
rate in such cases Is 20% for recovery of vision and 70% 
for a cosmetically acceptable globe. Most phthisical globes 
are not considered cosmetically acceptable. I’herefore, enu¬ 
cleation should be considered Initially with severe cor¬ 
neoscleral lacerations because the prognosis Is poor for 
return of vision and guarded for preservation of the globe. 
Several surgical procedures have been described In horses 
to provide a cosmetic appearance to the gjobe and orbit, 
including placement of an Intraocular silicone prosthe¬ 
sis. 

TRAUMA TO THE UVEAL TRACT 

Trauma to the globe can damage the iris, ciliary body, and 
choroid. The resulting inflammatory response may range 
from very mild with rapid recovery to loss of vision and 
chronic discomfort. Signs of inflammation of the Iris and 
ciliary body include blepharospasm, epiphora, miosis* 
aqueous flare, corneal edema, fibrin in the anterior cham¬ 
ber, hyphema, hypopyon, low lOP, and synechia forma¬ 
tion. Concurrent damage to the corneal epithelium may 
be present and must be evaluated with fluorescein dye. 
Damage to the choroid may also affect the retina and lead 
to retinal detachment or degeneration. 

Traumatic uveitis is treated In a manner similar to uveitis 
of other etiologies. I’herapy Is directed toward dilating 
the pupil to prevent synechia formation, cycloplegla to pre¬ 
vent painful ciliary spasm, and controlling the Intraocular 
inflammatory response. Topical atropine Is instilled to 
maintain mydriasis and provide cycloplegla. Topical corti¬ 
costeroids and prostaglandin Inhibitors such as 0.1% diclo¬ 
fenac* are used to decrease Inflammation of the anterior 
segment. 

The topical corticosteroid of choice Is 1% prednisolone 
acetate or 0.1% dexamelbasone. 16 - 41 - 42 Subconjunctival 
injection of corticosteroids may also be quite beneficial in 
controlling inflammation. However, the use of topical and 
subconjunctival corticosteroids must be avoided in the pres¬ 
ence of corneal ulceration or abrasion. Systemic medication 
should Include f]unlxm meglumine, ketoprofen, phenylbu¬ 
tazone, or oral corticosteroids. In horses, prednisolone Is 
given by mouth at 0.5 to 2 mg^kg for 7 to 21 days. Care 
must he taken to avoid secondary complications from sys¬ 
temic corticosteroids. 

Trauma-Induced hyphema usuallv has a good progno¬ 
sis if the blood has clotted and fills less than half the 
anterior chamber. Stall rest, topical 1% atropine, topical 
corticosteroids, and systemic antiinflammatory therapy 


should be Instituted to control the associated uveitis. If 
a penetrating wound is suspected, topical and systemic 
antibiotic therapy should be Included with periodic fluo¬ 
rescein staining. Surgical Intervention to remove large 
blood clots Is rarely indicated because it may result In 
additional bleeding or may worsen the uveitis. Dilute tis¬ 
sue plasminogen activator" (tPA, 25 to 50 ^g) may be 
injected into the anterior chamber to disrupt or Ivse Intra¬ 
ocular hemorrhage and fibrin and to aid In resolution of 
synechiae. For maximum effectiveness, tPA should be 
used within 24 to 72 hours of clot formation. 43 - 44 Sys¬ 
temic tPA for use In humans is diluted for intraocular 
use but Is expensive. However, diluting the drug and 
repackaging It Into sterile vials that are stored at -70* C 
and then thawed for Injection has made the cost more 
reasonable for veterinary use. 

Chronic uveitis after ocular trauma may be associated 
with lens damage or the Introduction of Infectious or for¬ 
eign agents into the eye and carries a poor prognosis. If 
the lens is ruptured, Its surgical removal is advocated. Ocu¬ 
lar perforation is a frequent cause of panophthalmitis In 
food animals and horses. Although therapy consists of sys¬ 
temic and topical antibiotics, as well as tetanus prophylaxis 
in susceptible species, panophthalmitis usually necessitates 
eventual enucleation. 

TRAUMATOTHE LENS 

Blunt or sharp trauma to the eye may damage the lens by 
causing lens opacity (cataract), rupturing the lens capsule, 
or less often may cause a shift in position (suhluxallon or 
luxation). A luxated lens should be removed If it causes 
obstructive glaucoma or chronic corneal edema from endo¬ 
thelial contact, or if It becomes cataractous and reduces 
vision. 

Release of Lens protein Into the eye after lens capsule rup¬ 
ture may Induce severe granulomatous uveitis. In such cases 
the eye should be treated vigorously for lens-induced uveitis 
wLlh topical atropine and topical and systemic antiinflam¬ 
matory drugs. If the globe has been penetrated, topical 
and systemic antibiotics are indicated. The prognosis for 
preservation of vision Is poor. Lens removal is often 
required to control the inflammatory response. 

Cataracts (Lens opacities) associated with ocular trauma 
may occur acutely or develop weeks after the Initial Injury. 
The opacity may be only focal and not appreciably affect 
vision, or it may be complete and cause a visual deficit. If 
the remainder of the eye Is normal, surgical removal of 
the cataractous Lens may improve vision. 45 Removal of cat¬ 
aracts secondary to uveitis Is not recommended currently; 
how r ever, with the advent of new surgical techniques, proce¬ 
dures such as combined vitrectomy [possibly to remove the 
immunologic stimulus In recurrent uveitis) and lensectomy 
may become more commonplace. 46 

TRAUMA INVOLVING THE VITREOUS 

Trauma to the eye may result In hemorrhage Into the vitre¬ 
ous or release of inflammatory products that cause vllreal 
degeneration. Either circumstance can result In vltreal syner- 
esis (liquefaction), formation of vllreal tradLon bands, and 
subsequent retinal detachment. Symptomatic treatment of 
inflammation is generally adequate; however, vitrectomy 
may be beneficial In the management of severe vllreal hem¬ 
orrhage. 16 Foreign material that becomes entrapped in the 
vitreous may be an Inciting factor for endophthalmitis, 
if infectious endophthalmitis Is suspected, diagnostic 
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paracentesis of the vitreous or anterior chamber should be 
performed to obtain samples for bacteria] and fungal cul¬ 
ture and for sensitivity and cytologic examination. After 
die samples are obtained, but before removing the needle 
from the globe, 200 pg gentamicin and 1.2 mg cefazolln, 
or 200 pg gentamicin and J mg vancomycin, should be 
injected into the vitreous. 4 ' Further therapy should be 
based on culture and sensitivity (C&S) results, as well as 
cytologic findings If a foreign body Is Identified, removal 
and vitrectomy may be beneficial, but (be prognosis for suc¬ 
cessful treatment Is. poor. 

TRAUMA TO THE RETINA 

Retinal tears, hemorrhage, edema, and detachment may be 
caused by trauma. 35 In cases of opaque ocular media, ret¬ 
inal separation may be diagnosed by ocular ultrasonogra¬ 
phy (Fig. 39-9j. Retinal degeneration may follow ocular 
trauma. Retinal hemorrhage and edema should be treated 
with systemic corticosteroids. With current technology, 
surgical repair of retinal tears. Lacerations, or detachments 
in food animals and horses may be feasible in selected 
cases, 

TRAUMA TO THE OPTIC NERVE 

The pathogenesis of damage to the optic nerve Is not well 
understood. Shearing forces at the optic foramen from 
displacement of lhe brain after severe head trauma 
(Fig. 39- IQ), direct contusion or avulsion of the optic nerve, 
or Foss of blood supply to the nerve and subarachnoid hem¬ 
orrhage probably all have roles in optic nerve Injury, 50 Early 
examination may reveal only a dilated pupil that may be 
partially or completely unresponsive to light. Later, changes 
may include optic nerve atrophy (Fig. 39-11) and peripapil¬ 
lary retinal pigmentation changes. Therapy with systemic 
antiinflammatory drugs may be of benefit, but severe dam¬ 
age Is usually Irreversible. 

Traumatic op(k nerve atrophy Is usually characterized by 
sudden onset of unilateral or bilateral blindness; dilated, 
fixed pupils; and a lack of menace response. In horses the 
traumatic episode is frequently characterized by damage to 
the poll from rearing over backward and striking lhe back 
of the head, from rearing up and hitting n celling beam, 
or from blunt trauma (blows) to the side or front of the 
Face. The animal usually stands without loss of conscious¬ 
ness, and the injury is not considered serious by the owner 
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FIG, 39-1 0 II Optsc ntrrvL'i and chi urn a JonL Ui.lI .wu; LilLnd .is. j result 
e>[ toirad trauma. Note Liu 1 iromdTk-lionM uf Lhe optic nmn niiisod h/ nernv 
so ,au.d dcjjnbcrjtioii (tsjuriesy Dr, C L Martin ) 



FIG. JIM I Appearance ol' Uie opiir ntive 3 monltui after held trauma 
in a hoTsc. Kale the p;ik uplk disc and. perin.-ipLIlary inui.il degeneration 
ICIuuTk'vy J J r. C.L Marlin.) 


at the time Initially, blindness with a normal-appearing 
ocular fundus is observed. 

Within 3 to 4 weeks after the Lrauma, examination of the 
tundus reveals a pale optic disc (see E : Lg. 39-i L). Liter, Loss 
of peripapillary retinal vessels is usually evident. The optic 
disc often appears depressed, with increased prominence 
of the Lamina cribrosa. Confirmation of optic nerve or optic 
tract lesions causing blindness may be made by the absence 
of a direct pupillary light reflex with a normal eleclroretlno- 
gram. In some cases the pathologic lesion is a rupture of the 
nerve axons from stretching forces produced by movement 
of the brain, 50 Chiasmal hemorrhage and fractures of the 
basisphenold bone may be observed at necropsy. Therapy 
with systemic corticosteroids (dexamethasone, J mg/kg] 
and IV dimethyl sulfoxide (DM30) has generally not Been 
successful, S(1 although the lack of response to- medical ther¬ 
apy appears related to the severity oi the Injury, 
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A segmental optic nerve atrophy involving one to three 
quadrants of the optic disc occurs in horses. The appearance 
is characterized by pallor. Joss of normal vasculature, and 
increased prominence of the lamina crlbrosa In the affected 
quadrants. The etiology Is unknown; however, traumatic 
in|ury is suspected In most cases. Response to medical ther¬ 
apy is poor. 

CHEMICAL INJURY 

Ocular irritation caused by Insecticides and disinfectants 
inadvertently applied to the eye Is relatively common In the 
farm or ranch setting. Chemical burns to the cornea and 
adnexa may have serious consequences and may warrant a 
poor prognosis for salvage of the eye. Alkali bunts are more 
severe than acid burns. Corneal burns from adds lend to 
be sharply demarcated and nonprogresslve, whereas alkali 
burns cause progressive coagulation, melting, and sloughing 
of the cornea] stroma. 1 " Chemically Induced melting of the 
cornea must he differentiated from bacterial and fungal 
Infections. Treatment for a suspected or known chemical 
burn should Include lavage of the affected area with copious 
amounts {500 (o 2000 ml] of sterile saline solution. 7'ap 
tvater may be used by die owner until veterinary assistance 
is available. 1c may be necessary to sedate the animal. No 
attempt should he made to neutralize the substance because 
this may cause precipitation within the cornea. The damage 
should then be evaluated wllh the aid of local nerve blocks. 

Treatment should Include appropriate topical antimicro¬ 
bials, atropine, and a cotlagenase Inhibitor such as autologous 
scrum or possibly acetylcysteine, * which inhibits collagen uses 
and metailoproteinases by binding calcium, The commer- 
ciaiiy available preparations contain 10% and 20% acetylcys¬ 
teine and should be diluted to 5% and 10% to avoid 
epithelial toxicity. Acetylcysteine lasts oniy about 4 days once 
opened and should be refrigerated. Hourly application of 
scrum or acetylcysteine may be needed. Systemic antlinflam- 
matoiy drugi should be used to control secondary uveitis. 
Therapeutic soft contact lenses have been used to protect the 
corneal stroma in patients with extensive corneal ulcerations. 

THERMAL INJURY 

facial burns secondary to barn or stable fires may damage 
ihe eyelids, conjunctiva, and cornea. Thermal Injuries also 
may cause anterior uveitis and exfoliation of the lens cap¬ 
sule. Therapy for minor burns to the eyelids is directed 
toward keeping the injured area moist with antibiotic dres¬ 
sings and protecting the cornea If eyelid dysfunction occurs. 
Treatment for Injury to the conjunctiva or cornea should 
include topical antibiotic and systemLc antiinflammatory 
drugs in horses. Full-thickness eyelid bums may require 
gratling procedures to protect the cornea and to minimize 
scarring. s26 Iblrd eyelid or conjunctival flaps may be 
required to protect the cornea until eyelid function returns. 


INFECTIOUS OCULAR DISEASES 

/t)AN oafizrc 

NJOffXL-lS L iUJLLTCJJ J.L.UJ 1 

'['his section describes the ma|or Infectious ophthalmic dis¬ 
eases of large animals (Table 39-2), concluding with a dis¬ 
cussion of infectious bovine keratoconjunctivitis (EBK), or 
■"pinkeye/ 1 the most common ocular disease of cattle. 
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MYCOPLASMAL KERATOCONJUNCTIVITIS 
IN GOATS AND SHEEP 

II Definition and Lfioiflgy. Mycoplasma conjunclivtie has 
been frequently Isolated throughout the world from 
epidemics of keratocon|unctlvlils. respiratory disease, and 
arthritis in goats and sheep/ 1 - 54 Atytciphumu mycekfer subsp. 
mywides has been isolated from an epidemic of mastitis, 
arthritis, and keratoconjunctivitis In goals/ 5 Adioieplmmu 
octthtsi (ocnli) has been isolated from sheep and goats in epi¬ 
demics of keratoconjunctivitis. 56 - 57 AfycepfEsrarn tigffkjcfj'ae 
and Mycoplasma jfginfrzj' have also been described as causing 
keratoconjunctivitis and systemic disease.^ 

Clinical Sj^pjs turd Df/jeretfE ini Diagnoses. Clinical 
signs of mycoplasmal keratoconjunctivitis include epi¬ 
phora, conjunctival hyperemia, and occasionally follicular 
conjunctivitis. In experimental conjunctival inoculation 
with M. conjunctivas, clinical signs began on day 2 and 
lasted for 5 weeks/ IJ Liter In the disease, keratitis with cor¬ 
neal neovascularization {Fig. 39-12) and occasionally ante¬ 
rior uveitis can be seen/ L t,|J One case of choroiditis and 
hyalltis has been described/ 1 Signs can be seen In Indivi¬ 
duals, as well as In herd or flock outbreaks. The disease is 
usually unilateral but can be bilateral. Differential diagnoses 
include other infectious causes of keratoconjunctivitis, such 
as Chlamydia species (sheep), BmnhameUa (Neisiena) spe¬ 
cies, aerobic bacteria, parasites, and infectious bovine rhino- 
tracheitis (goats), as well as non infectious causes such as 
trauma. 


Clinical Pathology. In conjunctival scrapings taken early 
in the disease, many neutrophils are seen; later, lympho¬ 
cytes predominate. Plasma cells and necrotic epithelial cells 
are also seen. 5J Organisms can be seen occasionally In epi- 
tbdlaE cell cytoplasm as coccobaelllarv or varied forms/ 1 
Pigment granules can he mistaken for organisms/ 6 - 62 - 63 

Mycoplasmal organisms can be cultured and identified 
from conjunctiva) swabs; serum antibody titers can be 
measured/ 4 - 65 or polymerase chain reaction (TCR) can be 
List'd to Identify M. cnmurjcfj'wie in conjunctival smears/"-'- 67 
ligwu and Faulk 5 ® describe rising serum and lacrimal antibody 
titers in sheep topically inoculated with M. iimjuneffrwe. How¬ 
ever. Trotter et a!. 52 report low serum titers to M. conjunctivas 
in normal animals and no rise in titer in animals Inoculated 
with Af. carijunctime subcon |u net I va% that subsequently 
developed signs of disease. 

Lpidanioiogy, Mycoplasmal infections apparently arc 
transmitted directly from animal to animal, as evidenced 
by herd or flock outbreaks. The presence of carrier animals 
is postulated, and Af. conjunclivae can be cultured from 
unaffected animals,* 3 - 70 Animals can become reinfected 
Keratoconjunctivitis can be induced In sheep with topical 
inoculation of Af conjunctivae.^' 7 1 Clinical signs were 
identical to natural outbreaks and spread io uninoculated 
sheep. The organism can be cultured front eyes long after 
clinical signs abate/ 1 * See Chapter 33 for more details on 
iVJ. rrimmfrj. 

II SYeatmenl and Prognosis. In most animals, mycoplas¬ 
ma] keratocon|unctivltls associated with Ai, cMjjurzcrmje is 
transient. Affected animals usually recover spontaneously 
in IQ days, although some animals seem to have recurring 
episodes that last for several weeks. In a controlled clinical 
trial, one dose (20 mg/kg) of long-acting oxylet racy dine 






TABLE 19-1 

Major Infectious Ocular Diseases of Large! Animals 


Agent 

Common 

Namc/Diseasc 

Major Sign(sj 

Cattle 

Sheep 

Coats 

Horse 

amjunetimu 

Pinkeye 

Keratoconjunctivitis 


44 

44 


M)\:aplasma niycoides iubip. tuyttiides 

Pinkeye 

Keraroconjunaavitl 



4 


Atholephismu m:uhoi f ondf) 

Pinkeye 

Ker.uo conjunctivitis 


4 

-E 


CJilarnydia psait.ici 

Pinkeye 

Keratoconjunctivitis 


44 



iQrarrJjiJjrii'ffiJ ( Neisierin] 

Pin keye 

Keratoconjunctivitis 


4 

4 


MjtOpJrJSflW .TUijJiJl iidie 


Keratoconjunctivitis 


4 

4 


Mycoplasma 


Keratoconjunctivitis 


+ 

4 


ListFrin nrujicirj-Ttigenfs 


Keratoconjunctivitis 

4 

4 



Infectious liovlne rhino tracheitis 


Keratoconjunctivitis 

44 


4 


CotehioUi ( Rickettsia) awijunctfuu 

Pinkeye 

Keratoconjunctivitis 





Equine viral annuls 


Keratoconjunctivitis 




4 

i-.qu.me herpesvirus ivpt.- 2 


Keratoconjunctivitis 




4 

Atjv-tfpJjaswni Jraiwcirfi 


Conjunctivitis 

4 




Urfij^lWima species 


Conjunctivitis 

-J- 




Equine adeuovirus 


Conjunctivitis 




4 

MonixeUa species 


Conjunctivitis 




4 

Slrepl&coL-aii equi 

Strangles 

Conjunctivitis 




4 

bo\-is 

Pinkeye 

Corneal ulcer 

++ 




Equine herpesvirus rype 1 

Rhino-pneumonitis 

Keratitis 




4 

Malignant cstankoi lever 


Uveitis, keratitis 

4 




Neonatal septicemia 


Uveltia 

4 

-3- 

4- 

+ 

cterium IplN'u 

Tuberculosis 

Uveitis 

4 




Sd/jriiWieWf species 


Uveitis 




4 

BorrefAi bur&iarferi 

Lyme disease 

Uveitis 




4 

iLepr^wprrir ipiEgrttgpans 


Recurrent uveitis 




4 

Brucella dbcrtw 


Recurrent uveitis 




4 

Scrapie 


Retinitis 


4 



i ib-tOphiiuS SdJPI mj 

1 nfectious 

Retinitis 

4 




f Jivurruu) 

thromboembolic 







men! ngoencephalLt is 





Bovine viral diarrhea 


Retinal dysplasia, 

4 






cataracts 





Blueumgue 


Chorioretinitis, 

+ 

4 





conjunctivitis 





ro.tcip[psFn'j ^ viJii’l l 


Chorioretinitis 




+ 

filccdotofiiif ( Ccri 'n clwclerfu if i J ivpui 


Panophthalmitis 




4 

Bovine leukemia virus 


Exophthalmos 

-3- 




Cr^prcuwcier iMojlB.nmiF]j 


Exophthalmos 




4 


wa& given to experimentally Inoculated Jambs. Hiis treat¬ 
ment seemed to hasten the cessation of clinical signs, 
although the results were not analyzed statistIcaliy. 73 The 
treatment did not, however, eliminate the M, Hinjirnctiww 
infection. Other drugs recommended for the ocular disease 
include topical Gxytetracydlne or oxytetnacydine and poly¬ 
myxin l?. f>L Subconjunctival oxyteLracycllne Is not currently 
recommended because It may cause a severe inflammatory 
reaction. Jn vitro antibiotic testing of jVJ, cmfuucUvae shows 
thaltylosln, oxytdracydlne, streptomycin, and ehloitelracy- 
eline are suitable for treatment/' 1 


fVepelt&ow and Control. Introduction of new animals 
into a herd or flock has been Implicated In starling an out¬ 
break of keratoconjunctivitis. Therefore, Isolation and, If nec¬ 
essary, treatment of new animals are Important before 
contact with the herd. No other specific recommendations 
have been made for prevention and control of AT corcjjjmzi- 
me. See Chapter 33 for control of M. jjijratfdfissubsp. ntycaldes. 


CHLAMYDIAL KERATOCONJUNCTIVITIS 
IN SHEEP 

Definition and ElidUtgy. Chlamydial agents have been 
Isolated from outbreaks of keratoconjunctivitis In sheep 
flocks. The agent was originally described as a stratn of 
Chhiinydia psfd^ici. The agent Is now called Chknuyikiphila 
pecomm, which can also cause abortion (see Chapter 43) 
and polyarthritis (see Chapter 33) In lambs 75 - 7fi 


CHmVaf S’fgm nnd Differential Dftigtwwa. Early clinical 
signs consist of epiphora, chemosis, and conjunctival 
hyperemia. Later in the disease, follicle formation In the 
conjunctiva becomes prominent. Still later, corneal neovas¬ 
cularization may be seen. Most cases are bilateral and sym¬ 
metric.- ‘ In some flock outbreaks of keratoconjunctivitis, 
outbreaks of polyarthritis are also noted. Most lambs that 
develop chlamydial polyarthritis will also develop conjuncti¬ 
vitis. 77 -^ Differentials Include other Infectious causes of 
keratoconjunctivitis, such as Adjtuptasnw and Bmnhiimella 
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FIG. 39-12 HI Lrit ew of [^ojt mLli niyL'U|^LiinL.i] ktn-JtDGonjuTCbiVil.il. 
NoLc lI it! M -iL' cgtnul odum^ n.nd dorcullv I lie m.irkciJ corcu-n] neu- 
sou birii^i Liatl 


(Neisseria) species, aerobic bacteria, and parasites, as well as 
noninfectious causes such as trauma. 

Clinical ftitfiology. Early In the disease, con|uncttva9 
smears show numerous neutrophils and some lymphocytes. 
Liter, there are more neutrophils and fewer mononuclear cells. 
Cytoplasmic chlamydial Inclusions are occasionally seen In up 
to a third of the eyes scraped and can be definitively identified 
by fluorescent antibody staining. 75 Conjunctiva] epithelial 
cells are often necrotic. Chlamydial organisms can be cultured 
from conjunctival scrapings and from blood taken from sheep 
with polyarthritis and conjunctivitis.""-" 11 In one study, titers lo 
chlamydial antibodies were found at 1: 16 or higher In a num¬ 
ber of the affected lambs, although titers on normal lambs 
were not reported. 7 * Polymerase chain reaction (PCR) can also 
be used to Identify the organism. 

Epidemiology. Chlamydial organisms are apparently 
transmitted by direct contact, as evidenced by flock outbreaks. 
Chlamydial organisms caused conjunctivitis In five lambs 
inoculated topically. 30 An unInoculated lamb housed with 
the five lambs also developed conjunctivitis. Lambs subse¬ 
quently developed follicular conjunctivitis; 79 In another study, 
chlamydial organisms were injected Inlraarticularly Intrave¬ 
nously, and intramuscularly and caused polyarthritis and 
con juried vIHsl 79 

II Jmrtjrtfzzt and Prognosis. In uncomplicated cases the 
disease is self-limiting and eyes are normal within 2 to 3 
weeks. 7d The same treatments Indicated for Mycoplasma 
m^okies subsp. mwokies (systemic oxytetracycline and, 
when possible, a topical tetracycline ophthalmic prepara¬ 
tion] are also effective in treating chlamydial con|unctivl- 
Us/polyarth ritis of sheep. 

BRANHAMELLA (NEISSERIA) OVIS 
KERATOCONJUNCTIVITIS IN SHEEP 
AND GOATS 

BfitnliiZjjjtilliT L?L.'fi is a gram-negative dlplococcus similar to 
AlomreHrt species. This agent has been cultured from sheep 
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and goals with keratoconjunctivitis;* 1 '* 3 however, tl can 
also be cultured from normal eyes.* 3 B. -nzas has also been 
cultured from caute with serous conjunctivitis and rarely 
keratitis. 3 * Clinical signs are usually mild and Include epi¬ 
phora nind conjunciIvai hyperemia. 

in one outbreak., neutrophils and gram-negative cocco- 
bjcllll were seen on conjunctival scrapings, B. evil was 
cullured from the initial outbreak and was then instilled 
into the conjunctival sac of goats with or without ultraviolet 
radiation. The experimentally infected goats developed epi¬ 
phora and conjunctivitis, but no keratitis. 35 In another 
study, B. cin'j Instilled into the conjunctival sac of Jambs 
induced reddened conjunctiva And follicle formation. B. flt'j's 
could be cultured from these eyes for up to 20 days after 
inoculation.** 

In one outbreak, ninimals were treated with parenteral 
tylosin and topical neomycin, polymyxin R, and a cortico¬ 
steroid. and all 10 recovered.* 3 Rankemper el aL 85 used 
subconjunctival penicillin to treat affected goats. 

SCRAPIE-ASSOCIATED RETINOPATHY IN 
SHEEP AND GOATS 

The scrapie agent causes a degenerative CNS disease In 
sheep and less often In goats. Barnett and Palmer 57 
described two sheep with scrapie that also had multifocal 
hype rre fleet I ve areas in the tapetum, It isto logically seen 
as small areas of retina raised by an accumulation of eosin¬ 
ophilic material between photoreceptors and retinal 
pigment epithelium. The eosinophilic material was charac¬ 
terized as a complex lipid. It was not shown that scrapie 
had caused the lesions.* 7 Subsequently, using a monoclo¬ 
nal antibody, a goat with natural scrapie was found to 
have the scrapie prion protein in the retina without any 
microscopic retinal lesions. 8 * A sheep expert menially 
infected with scrapie was also found to have prion proteins 
in the retina.*'* as was a sheep experimentally Infected with 
(be prion responsible for bovine spongiform encephalopa¬ 
thy ( BSE] .'- 10 Prion proteins can also be found In the nicti¬ 
tating membrane,™,^ which may permit the antemortem 
diagnosis of scrapie. {See Chapter 35 for more information 
on scrapie.) 

BLUETONGUE-INDUCED RETINAL 
DYSPLASI A IN SHEEP AND CATTLE 

Bluetongue is a disease of ruminants caused by-in arbovirus 
that Ls transmitted by CulicoidES gnats. Clinical signs Include 
fever and vasculitis that leads to oral lesions, lameness, 
swollen face, pulmonary edema, and death (see Chapter 
32). In pregtianl ewes vaccinated with modified live virus 
(MLV) on day 40 of gestation, fetuses developed cerebral 
anomalies. 02 'Ihese anomalies have also been described In 
clinical cases In which ewes had been vaccinated with 
MLV at about 5 or 6 weeks of gestation. In addition, when 
the fetus was vaccinated with MLV vaccine between days 
50 and 75 of gestation, lesions of retinitis and choroiditis 
were noted that appeared centered around retinal vessels 
In some eyes, inflammatory lesions produced persistent 
areas of retinal dysplasia. 91 

LISTERIA MONOCYTOGENES IN SHEEP, 
CATTLE, AND HORSES 

listeriosis in ruminants is manifested mainly as either an 
encephalitis or as a septicemia In neonates, or as a repro¬ 
ductive problem manifested as abortions. Ocular signs 
with Lhe neural form include facia] paralysis and ptosis, 
often unilateral, on the side of the central iesion; medial 
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strabismus, often on the ipsi lateral side because of involve¬ 
ment of the abducens nucleus; nystagmus; and amauro¬ 
sis.^ Uveitis with hypopyon has been described In 
chronic cases.^ 

Lisleria rntwrocyto^enes has been cu] tuned from conjuncti¬ 
va] smears taken from sheep and cattle with keratoconjunc¬ 
tivitis. 9,6 In most of the sheep, BranhtTFrreJfd (Neisseria) c?t'is 
was also cultured. Clinical signs included conjunctival 
hyperemia, epiphora, photophobia, and corneal opacifica¬ 
tion. Treatment with Copica] chlortetracydlne was curative. 
Walker and Morgan 57 provide a description of two experi¬ 
mental sheep that developed unilateral anterior uveitis. 
L. monocytogenes was cultured from the conjunctiva of each 
animal. Both animals recovered after treatment with paren¬ 
teral amplcillln and topical antibiotics. L monocytogenes has 
been cultured from the conjunctiva of three cows with ker¬ 
atitis (one with keratitis and uveitis) and from a corneal 
scraping of one horse with keratitis . 93 In another case 
report, l. wicreocytogerres was cultured from the cornea of a 
horse with chronic keratitis.^ Diagnosis Is usually achieved 
by Isolation of L monflcptofentfs from tissues at necropsy. 
Early treatment with broad-spectrum antibiotics may be 
effective in some cases. 

INFECTIOUS BOVINE RHINOTRACHEITIS 
KERATOCONJUNCTIVITIS IN GOATS 

Goats are susceptible to Infectious bovine rhlnotracheitis 
(IBR) virus, which In some cases may result in ocular dis¬ 
ease. In one goat with ocular signs, conjunctivitis and kera¬ 
titis w r ltb keratoconus w r ere seen 5 days after the onset of 
severe respiratory illness. IBR virus was Isolated from ocular 
and nasal discharge. 100 

COLESIOTA (RICKETTSIA) 
KERATOCONJUNCTIVITIS IN SHEEP 

Cctesiola (or Rickettsia) conjunctivae has been described as 
she cause of Infectious keratoconjunctivitis In sheep, but 
documentation is sparse. The organism has not been 
cultured; only Identified on conjunctival scrapings. Clinical 
signs include epiphora, con|unctival hyperemia, and cor¬ 
neal neovascularization. 101 Several authors have since sus¬ 
pected that this organism is the same as Chlamydia psitiatii 
(now known as Cmnmydophihi pectnum }_ L03 ' l<H 


INFECTIOUS BOVINE RHINOTRACHEITIS 
CONJUNCTIVITIS 

II ErioJy^y. IBR is a herpesvirus (hat may Involve the respi¬ 
ratory or reproductive tracts, nervous system, or conjunctiva 
or may cause widespread systemic disease (see also Chapter 
31). Conjunctivitis is the most common ocular manifesta¬ 
tion of the disease, and it may occur as an Isolated clinical 
entity or with Involvement of other body systems. lQ4 - lM - 

II Cl hi Uni Signs and Differential Diagnoses, Although 
con | u net Ivllls is frequen t ly b I lateral, it can be u n llateral. Ocu¬ 
lar discharge; Initially serous and later becoming mucopuru¬ 
lent, Is usually seen without blepharospasm. Chemosis may 
be severe, especially by 1 week alter infection. Both the palpe¬ 
bral and the bulbar con|uncllva are injected, and petechial 
hemorrhages may occur. Multiple white plaques 0.2 to 
0.5 mm in diameter may develop on the palpebral and, to a 
lesser extent, (he bulbar con|unctival surfaces at J to 1 weeks 
after onset of clinical signs. These may coalesce later In the 
disease (5 to 9 days). Comeal vascularization and perlllmbal 



edema and opacification occur in severe cases. Iridocyclitis 
(seen as miosis) may occasionally occur in severe cases. 

Corneal changes of IBR are differentiated from those of 
Infectious bovine keratocon|uncllvltls f IBK) caused by Mor- 
axella bovis by their peripheral rather than central distribu¬ 
tion and lack of corneal ulceration In IBR, unless IBR and 
IBK occur concurrently in the same eye {see later IBK sec¬ 
tion J.Cornea I vascularization and opacification In malig¬ 
nant catarrhal fever accompany marked signs of anterior 
uveitis 1(17 and other signs of generalized vasculitis. 

Although ocular disease may occur as an isolated entity, 
ocular signs may be found In animals with upper respira¬ 
tory tract signs. Including rhinitis and dyspnea. Affected ani¬ 
mals may be pyrexlc, and a fall in milk yield may occur. 
Abortion In pregnant animals may occur following ocular 
manifestations of the disease. 


■I DfflFPitfs/ic rroccdtrres. IBR can be recovered from 
Infected eyes during the first 7 to 5 days of the disease but 
Infrequently thereafter. Swabs maybe taken for viral isolation 
In cell culture, which is probably the most reliable means of 
making a definitive diagnosis. E'luorescent antibody techni¬ 
ques may be used on conjunctival scrapings, and serology 
may be helpful if blood samples can be collected during the 
acute and convalescent stages of the disease. FCR Is also being 
used. I IlstopatholopMo deled intranuclear Inclusions Is not 
likely to allow reliable diagnosis of the disease. l07 - liM 

H Pathophysiology. Bpecific strains of the virus usually 
cause only one form of the disease {e.g., ocular form) in a 
herd. Ocular Infection results In lymphoid hyperplasia, visi¬ 
ble as white plaques. On histology, these are composed of 
plasma cells and lymphocytes In the conjunctival stroma 
and subepithelial area. Mild con|unctlval epithelial ulcera¬ 
tion may occur. During the recover,’ phase of the disease, 
diphtheritic membranes secondary to con|unctlval necrosis 
develop on the con|unctival surface. 

■ Treatment and i'nogirusrs. Recovery from the conjuncti¬ 
val form of the disease is spontaneous within 10 to 20 days. 
[ n certa in situ atio ns, pallia ti ve treat ment may be he! p fu I. This 
Is achieved by cleaning the ocular discharge from the lids and 
applying a topical broad-spectrum antibiotic to prevent sec¬ 
ondary bacterial infection. Treatment of the conjunctival 
form of the disease with topical antlherpetlc agents has not 
been studied and would rarely be practical or cost-effective. 

■■ Prevention and Control. Vaccination of susceptible ani¬ 
mals Is the most effective means to prevent and control 
the disease. IBR vaccination programs are discussed In 
Chapter 48. 

MALIGNANT CATARRHAL FEVER 
KERATOCONJUNCTIVITIS 

Malignant catarrhal fever (MCE) Is a sporadic disease charac¬ 
terized by fever, Lymphadenopathy, and generalized vasculi¬ 
tis resulting in inflammation of the mucosal membranes of 
the mouth, nose, and eye; the skin; and the gastrointestinal 
(GI) and nervous systems, with variable but usually high 
mortality. The African form is caused by alcelapbine herpes¬ 
virus type 1. The North American form is caused by a similar 
virus, ovine herpesvirus. I0S - 110 

Various forms of the disease are described on the basis 
of clinical signs (see Chapter 32). Ocular involvement is 
seen In the acute ‘""head and eye" form, which is the most 
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common presentation of the disease. Ocular signs include 
photophobia, epiphora, episcleral Injection and sderitis, 
severe conjunctIvttis, keratitis {comeal opacification 
caused by edema and vascularization appearing perLllmb- 
ally), anterior uvettis, and exophthalmic. Less significantly, 
and difficult lo diagnose clinically, retinal vasculitis may 
develop. Bullous keratopathy may develop as a result of 
edema In the anterior cornea, with subsequent rupture of 
bullae to form painful corneal erosions. Jn The absence 
of central corneal ulceration distinguishes the disease from 
ll?K, and ihe severity of the ocular lesions is worse than 
would be expected in [RR, bovine viral diarrhea/mucosal 
disease {BVD/MBj, or bluetongue. Differentiating this dis¬ 
ease from Rinderpest could be clinically difficult in areas 
tvhere both are endemic in cattle. 

Serology and PCR are being used lo confirm the clinical 
diagnosis.- 1 LI - 111 The ocular lesions are those of a nonsup¬ 
purative uveitis and vasculitis. The lesions involve the con¬ 
junctiva, cornea, anterior uvea, and retinal blood vessels; 
the choroid is rarely involved. Serofibrinous and cellular 
infiltrates develop In the uvea and retina as a result of vascu¬ 
litis and thrombosis. Perivascular cuffing and optic neuritis 
may be detected histologically. I]i - 116 

Prognosis for the eyes and the animal's recovery Is 
poor. Most Importantly In endemic areas, cattle should 
be kept away from sheep, which may act as a reservoir for 
the disease, and affected animals should be Isolated. 

BOVINE MYCOPLASMAL CONJUNCTIVITIS 

Mycoplasma bovaadi and Ureapiasma species have been 
isolated from cattle with conjunctivitis and IBEC. Inoculation 
of normal calves with M. bmiiaiH or Lfre-upkis-ma Isolates pro¬ 
duced con|unctivltls characterized by serous discharge and 
localized to diffuse conjunctival hyperemia. Experimentally 
induced conjunctivitis ran a course of over 1 month. Case's 
can be confirmed by culture or PCR performed on conjuncti¬ 
val swabs. 117 Mycoplasmal Infection may predispose the ani¬ 
mals to development of IRK from fvicraxeUa bmr 116 - 1 L ' J (see 
later IBK section). Therefore, although treatment of mycoplas¬ 
mal conjunctivitis per se may not be warranted, it may be 
advisable lit areas where IBK'is endemic. Topical oxytetracy- 
cllne ointment applied three times daily or intramuscular 
(IM) injection of long-acting oxy tetracycline Is recommended. 

Other mycoplasmal organisms {e^g., Ad. arginini) can be 
isolated from cows' conjunctiva but are not thought to cause 
the disease. M. kui.c was found using PCR performed on nor¬ 
mal conjunctiva! samples, J17 but it was not thought Lo cause 
conjunctivitis. .VI. Iwiigcnitulium, M. kw/ruiis, and AJ. bovo- 
llWf were isolated from members of two cattle herds with 
conjunctivitis and bronchopneumonia. 110 However when 
viral cultures were performed, IBR was isolated In the same 
individuals. The mycoplasma] organisms may have contrib¬ 
uted to the disease in these herds. In another cattle herd with 
outbreak of respiratory disease, keratoconjunctivitis fol¬ 
lowed, and M dowj, M boviritin b, and M bovoculi were 
isolated in various combinations from affected calves. 1 - 4 

H/STOPHILUS SOMNl 
CONJUNCTIVITIS AND RETINITIS 

Thromboembolic meningoencephalitis (TEME) is a fata] 
septicemia caused by infection with Hzs2epfzifu.s scumie (see 
Chapter 35), Calves and young adult cattle can be affected, 
but the disease most often occurs in feedlol rattle less than 
I year of age. The organism is capable of damaging vascular 
endothelial cells and activating blood dotting. Therefore, 
most of the ocular histologic signs are referable to thrombo¬ 
sis of retinal vessels. 


Although conjunctivitis may be seen, the main ocular 
findings are in the fundus. Retinal hemorrhages and exu¬ 
dates may be focal or diffuse. Retinal infiltrates may elevate 
the retina and Involve the vitreous. Retinal edema, hemor¬ 
rhage and necrosis, vascular thrombosis, and Infiltration 
of the retina and vitreous with neutrophils are seen histo¬ 
logically. Eosinophilic cytold bodies (swollen axons) are 
seen in die nerve fiber layer of the retina. Retinal detach¬ 
ments may result from retina edema. Liter in the disease, 
areas of chorioretinitis result In chorioretinal scars. The 
anterior segment is Less involved in this disease than in 
MCF, in which keratitis and anterior uveitis are usual. 122 - 123 

BOVINE VIRAL DIARRHEA-INDUCED 
RETINAL DYSPLASIA, CATARACTS, 
MICROPHTHALMIA, OPTIC NEURITIS, 

AND LEUKOCORIA 

The causative agent of bovine viral diarrhea (BVD) is a pesti- 
vlrus (part of the togavlrus group; genus Ptofj'rj'ruj, family 
Togavlridae) that, in congenitally affected animals, causes ret¬ 
inal Inflammation and necrosis.'Cattle infected between days 
75 and 150 of gestation may produce calves w r Lth cerebellar 
hypoplasia or ocular Lesions. Calves with ocular signs may 
be blind, and nystagmus may be present. Pupillary light 
reflexes may or may not be absent. Other abnormalities 
may include microphthalmia, cataract, Letifcocoria (either as 
a result of cataract or dense white Inflammatory Infiltrate in 
the anterior vitreous; Fig. 39-13), retinal hemorrhages, chor¬ 
ioretinitis, retinal dysplasia or folds, retinal detachment- or 
optic neuritis or atrophy. 124 127 The optic disc may appear 
atrophic, and areas of tapetal color change and byperreflee- 
llvlty may be seen, w r lth retinal vascular attenuation. In some 
cases. Inflammatory' debris may persist in the vitreous after 
birth, precluding adequate fun'dic examination. Congenital 
cataracts also occur in ibis disease, and although the patho¬ 
physiology is unknown, they probably develop secondary 



FIG. 19-13 :fl J.uukuri 'ei.l (whicr |iu].hI) m:. ,i SinimLnLni call iMtucd bv 
infl.unmniorv iJrbrjj in the vilimuj ,u:J un (lie puaLirrior (jpisLilu uJ Lhc kn\ 
nJicT intrautErinH; 1 n.k-flK -.11 with bnvi hit vir.il dijrrhirj 



to the Intraocular inflammation and necrosis. Cataracts 
mainly involve the Sens cortex. 

Transplacental Infection may occur when the dam 3s 
Infected during pregnancy. The severity of the disease Js 
related to fetal age at the time of Intrauterine Infection. 
Severe fetal disease and often fetal death occur in cattle 
infected between IDQ and 200 days of gestation. Infected 
fetuses can also survive and become persistently infected 
with the virus, in these cat tie, viral antigens can'be found 
in neurons of she retina and CNS in the absence of clinical 
signs. 11 * Ocular discharges have been reported in cases of 
acute or chronic cases of BVD. although the significance of 
these observations is uncertain. 127 - 119 

Serum samples collected from affected calves before 
ingestion of colostrum can be submitted for serologLc 
assessment using the serum-virus neutralization lest, or 
virus isolation can be attempted from huffy coal ceils of a 
whole-blood sample collected Into EESTA. (See Chapter 32.) 

BLUETONGUE CONJUNCTIVITIS 

Con|uncth1tls and mucopurulent ocular discharge may be 
seen in cattle chronically infected with bluetongue virus. 
Although topical antibiotics could be applied to reduce sec¬ 
ondary bacterial infection and reduce the ocular discharge, 
this would rarely be necessity. 110 

BOVINE LEUKOSIS AS A CAUSE 
OF EXOPHTHALMOS 

Lymphosarcoma In adult cattle Is usually caused by bovine 
leukemia virus, a I chough non infectious sporadic cases are 
reported In voting animals. Lymphosarcoma may result In 
unilateral or bilateral progressive exophthalmos. 13 l - m This 
Is ihe most common orbital neoplasm in cattle. If undiag¬ 
nosed, exposure keratitis and chemosls develop. Intraocular 
Involvement can occur, although h Is less common than 
orbital neoplasia. Generalized lymphadenopathy or other 
signs of generalized lymphosarcoma usually accompany 
the orbital form. Specific serologic tests wlli confirm the 
diagnosis. Enucleation or exenteration Is rarely indicated 
because of the poor prognosis for affected animals. Differ¬ 
ential considerations for progressive exophthalmos include 
frontal or maxillary sinusitis or nasal neoplasia, actinomy¬ 
cosis, and actlnobaciilosis. 


CHAPTER 5 ? Diseases of the Eye 



127 ? 


Hpif r Oo^e^ctcrrunr pyogenes, and A'JeiraJfJJji species. The 
incidence of infection with different bacteria varies among 
the domestic species. Therapy should include systemic anti¬ 
bacterial agents jbased, when possible, on sensitivity testing) 
and treatment ror uveitis. Prognosis for cases treated early 
Is still guarded. L3 ^- J37 


BACTERIAL KERATITIS IN HORSES 

. Defintiimi and Etiology. Bacterial keratitis occurs v r hen 
a traumatic corneal ulcer becomes infected with opportunis¬ 
tic bacteria; no bacteria are known to jnfiiiTte ulcers in 
horses. The most devastating clinical manifestations are asso¬ 
ciated with PjejjJflwrojijjj aerugfriasa and Streptococcur erfui 
subsp. aooepLiietmcm. Additional bacteria isolated from 
Infected corneas Include nutritionally variant streptococ¬ 
ci, l3B Sl/jpJsj'/iKtifCJJ5 species, E. coU, Aeinetobarler species, C/ns- 
Irirfrtrm species. Jil> Ct?r^rre&trcler? 2 im species, and others. 2411141 

CHnicnf Signs mid Differential Diagnoses, Whether 
Infected or not, corneal ulcers cause signs of pain (blepharo¬ 
spasm. epiphora, apparent photophobia). The conjunctiva 
Is hyperemlc, and the ulcerated area of the cornea retains 
fluorescein stain. A deep ulcer (resembling a crater in the 
corneal stroma) should be assumed to be infected. Superfi¬ 
cial ulcers, on the other hand, arc usually not infected, and 
the cornea maintains its normal curvature in the ulcerated 
area. Other signs of an Infected ulcer are rapid progression 
and white or yellowish opacity of the cornea (signifying cor¬ 
neal stromal Influx of neutrophils and bacterial coloniza¬ 
tion). An ulcer that Is rapidly becoming wider or deeper or 
a "melting"' ulcer, In which comeal stroma liquefies 
(Fig. 39-M), is highly suggestive of a bacterial infection. 
Fungal keratitis can appear similar but usually has a more 
Insidious, or at least a slower, course. However, a cornea 
with fungal keratitis can become secondarily infected with 
bacteria. Bacterial keratitis can also present as a stromal 
abscess - IJ In these cases a cellular infiltrate is seen in the 
corneal stroma over which the initially damaged epithelium 
has healed, therefore, such lesions do not sialn with fluo¬ 
rescein, and many topical antibiotics cannot reach the site 
of Infection. 


OCULAR MANIFESTATIONS 
OF TUBERCULOSIS 

Tuberculosis caused by Mycobacterium fwis may cause gran¬ 
ulomatous lesions in ihe eye of affected cattle. The uveal 
trad (Iris, ciliary body, or cHoroid) Is Initially affecLed. with 
later expansion of granulomas Into other ocular structures. 
Uveitis, keratitis, and chorioretinitis with retinal detach¬ 
ment are seen clinically. 1/33 

OCULAR MANIFESTATIONS 
OF NEONATAL SEPTICEMIA 

Neonatal septicemia In calves, foals, lambs, and kids may 
occur in the firs! few weeks after birth and may arise from 
umbilical infection or oral intake of bacteria {see Chapter 
IS). Septicemia Is especially common in colostrum-deprived 
neonates. .Secondary meningitis, polyarthritis, uveitis, and 
chorioretinitis may develop. Ocular signs include miosis, 
aqueous flare with fibrin deposition in the anterior chamber, 
hypopyon or hyphema, and In severe cases, panophthalmi¬ 
tis, Bacteria involved include Escherichia toll Streptococcus 
species, Pasteurella species, SffJmtwjrJfa species, Rhodococcus 



FIG. 3 9 -M Ri^ln eye of ivurtc wish ji muLLing ri'iiu jil ulcer cjLmtJ by 
pEeiickmToruLi Infection. C.-omen] stimrui hns lic^udjL'd rmU ei overlying the: 
luvfvr Lie! 
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Clinical Pathology, A diagnosis af a bacterial keratitis Is 
made using Gram-stained corneal scrapings Stained scrap¬ 
ings usually show many bacteria (some Intracellular) and 
many neutrophils (some degenerate). Bacterial organisms 
are definitively identified after culture of the ulcerated 
cornea. 

Pa tJi oph ys tol fl£y. Bacterial keratitis Is the result of patho¬ 
genic or opportunistic organisms colonizing a damaged cor¬ 
nea. The cornea Is most likely to be damaged by mechanical 
trauma., but chemical damage is seen occasionally, Many 
different t\pes of bacteria can be cultured from a normai 
eye, including CtiTyndMcteriu?n, SfrcpfocEhrotiJ, SiaphyJocBccus r 
flueditti and rarely Pwitifonwnns species or other gram-nega¬ 
tive bacteria. U3 - u -t Damage to the epithelium enables bac¬ 
teria to adhere to the exposed cornea] stroma and begin 
replicating. 545 Some bacteria such as Pseudnnjurrttf elaborate 
collagenases and other pnoteoglycanolytic enzymes, Njl 
which results In corneal melting. Proteases and collagenases 
liberated by white blood cells and possibly corneal epithe¬ 
lial and stromal cells also contribute to the melting process. 
In this way, what begins as a small wound to the cornea can 
progress to a corneal perforation within 24 to 48 hours. 

i'rcdlrrtcpzc arid Prognosis, Prognosis is guarded for any 
corneal ulcer that Is rapidiy progressing or melting. These 
ulcers can easily progress to corneal perforation and loss 
of the eye despite timely, appropriate treatment. On the 
other hand, with vigorous therapy some eyes with infected 
ulcers can be saved, leading to a visual eye, although usually 
a permanently scarred cornea. 

In any ulcer in which a bacterial component Is suspected, 
C&S of the ulcer and a corneal scraping for Gram staining 
and cytology should be Liken. The horse is restrained or 
sedated, a paipebrai block performed, topical anesthetic 
applied lo the cornea, and a culture of the ulcer taken with 
a moistened swab. The ulcer margins are then scraped with 
a Kimura spatula or the blunt, handie end of a scalpel blade. 

In cases of equine bacterial keratitis, including stromal 
abscesses, the therapeutic goals are to eliminate the bacteria, 
prevent or slow melting if present, and treat the concurrent 
uveitis. Because this requires very frequent applications of 
numerous medications to a horse with a painful and often 
fragile eye, a subpalpebral lavage system Is usually required. 

placement" of subpalpebral lavage system. 
The following equipment is necessary: 

■ Subpalpebral lavage kit (Tig. 39-J 5) 

■ White tape 

■ Applicator slick 

■ Lidocalne 

■ Topical ophthalmic anesthetic (pnoparacaine) 

■ Monofilament nonabsorbable suture on a cutting needle 

■ Tetanus toxoid 

The horse should be tranquilized and/or twitched. The 
auriculopalpebral nerve is blocked over the zygomatic arch 
to paralyze the orbicularis ocull muscle and reduce sponta¬ 
neous eyelid movement. The supraorbital (frontal) nerve Is 
blocked at Its exit from the supraorbital process to anesthe¬ 
tize the upper eyelid [Fig. 39-LB). Topical anesthetic (pro- 
pa racaine) is then applied to the eye by directing a gentle 
stream into the upper conjunctival fornix with a small 
syringe with a broken-off 25-gauge needle. 

The hiunt end of the 12-gauge needle is used to probe 
the lateral conjunctival fornix to establish the placement 
of the needle. the needle then is reversed and pushed 
through the eyelid In a lateral direction using a pair of nee¬ 
dle holders as resistance (Fig. 39-17). 'Ibe tip of the needle 
enters the dorsalmost aspect of the fornix and exits near 


the orbital rini [Fig. 39-16). After the needle Is pushed 
through the skin (Fig. 39-19), the Silastic Mila tubing is 
pushed through the needle, starting at the blunt end. When 
the tubing appears at the sharp end of the needle, the 



FIG. 3 9-15 II SuLi]xit|.iL!br.il Ijvn^c kit (MlI.i InformMjLmiiJ Jitr.) 



FIG. 19-1 & j ruin.ii (sLLprnorbirnJ} nervir bLudk in li un;u A JS-yTLUjje nee 
lILl 1 lx inscrtL'J intu Lhir ^upmurbllaJ foramen., jnd 5.k> raL ul IjlIochliic in 
i nj l'e cl-lI .iLur.u.:-;foL- the ntrvu. 
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FiG. 3 9-[7 Ihu I n*wiJ]e ii (,*>.; ^jll'lI through Uii: -tve IllJ WsLh 

ikvlILl buJJtn natd ,i.s ifiisl Surt: nnJ tu- I he uy idl'd skin lisim tfjiltri^ 



FIG, 39-19 UoitctL cirk'nt^Lion ol tin: Lj-^iupH' iiL't-JlL' .is ii it iidv.mtL’d 
Ihi'.I'I juJl llu tipper IilI from deep m the durin.1 ccmj'untliv.iL lorn Li to exit 
near ihL orlnlnJ rim. Ni’l-JJl pushed ihcuuj^i fctw uvrLidl LnV.-r.i3ty. Nu-le lli.il 
die JtLL-dk tv ns iim’riod -In dL'prEts lei- Ihi' eyidld JEinryin. I lie I.lv.^c sywens 
ii now Uirtndtd thrui.ip.i: the nee-dJe and die neeLlIc rtinawd. 




FIG, 39-20 i J'lif 3 2 ■^iLuii.c' neeilLr it n iihdr.Hwn docsiilLv iremn ihc uppifi 
FIG. 39-1 B 1 Prepatjn S to push the Li-ftsuKf needlf will: .i jjalixc Kpongr eyelid niul die L.iv.ij-l- liilusig jnillcJ tliTuu K h until Lin- JuotptiHe u, iiiu S in 
lndoru pl.tL'i n|f a pjitptbrj.1 Jnvajyf sy.ttt ni Ij^ dotsid furnis 


needle and tubing are pulled through the eyelid (Fig 39-20). 
The lube Is then pulled up until Lbe footplate fils snugly up 
into the dorsal conjunctiva I fornix (Fig. 35-21). During the 
manipulations,, care must betaken to ensure that the needle 
or the h Linds of the operator do not push against the cornea. 

Tape is used to secure the tubing to the upper eyelid, and 
sutures secure the tape to the skin (E : ig. 39-22). Alternatively, 
the green-plastic securing device in the pack can be sutured 
near the exit hole, securing the tubing without putting tape 
on the tubing. Additional tape and skin sutures can he placed 
several centimeters from the first tape, or tubing can be 
braided through the forelock. The Silastic tubing Is then 
run down the neck through several braids to keep it -secure. 
A catheter is run into this distal end of the tubing, an 


Injection port is fixed to the end of the catheter, and the cath¬ 
eter and tubing are taped to an applicator stick to prevent 
kinking. 7'he stick is then taped to a braid of the mane. 

Poorly placed lavage tubes or tubes that slip ventrally can 
rapidly produce a corneal ulcer. A displaced tube footplate 
can also cause topical medications to leak Into the subcuta¬ 
neous tissues, rapidly leading to a swollen and inflamed 
eyelid. Therefore the tube position should be checked at 
Least once daily by gentle dorsal traction on the exposed 
tubing to ensure it lias not slipped into the conjunctival 
cul-de-sac. Excess traction will pull the footplate through 
the conjunctiva and into the eyelid itself. Most horses toler¬ 
ate this system well, and we have kept the tubing In place 
for up to 6 weeks. Occasionally, horses try to rub their 
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FIG. J¥-'Z I L11cp 1 1.1141b? ^uhp.ilptcbrj.! Ijvji^c kil 



FIG. 3 P-22 I Mubpjljirbirn] syictrm. scl-litk J in final [Kiutiun wil.H 

tnpu- “wings" tti.lurcJ in l3iu skin. 


heads and can damage the tubing; neck cradles or protective 
eye cups can be used in such horses. 

MED 1CAUSURGICAL APPROACHES AND GOALS. In a 
cornea with rapidly developing keratitis or melting ulcer, 
the clinician should always suspect the presence of Pseudomo¬ 
nas organisms, although other organisms such as SfT-fipcot-jc- 
cus have also been described. Treatment should be started 
with an appropriate antibiotic used every L to 2 hours. Fluo¬ 
roquinolones such as ciprofloxacin (Ciloxan, Alton) and 
ofloxacin (Ocuflox, Allegan) 147 are good choices for treat¬ 
ment of infected ulcers. They are not necessary for bacterial 
prophylaxis in uninfected ulcers. If gram-positive organisms 
are seen on the corneal scraping ticarcillln, cefazolin 
{Ancef), penicillin, or ampldllfn can be used. 145449 Cefazo¬ 
lin is mixed to a concentration of 55 mgi'mU 150 ampiclllin 
to lOmg/mL 146 and penicillin G to 100,000 U/mL If the 
ulcer continues to worsen, antibiotics should be changed 
on the basis of the Initial sensitivity results, and corneas 
should always be recultured in these cases because organisms 
can become resistant to the first antibiotic used. For resistant 
organisms, sensitivity testing that gives minimum inhibitory 
concentration (MIC) may be very useful because higher drug 
concentrations are more readily and safely attainable in the 
cornea than In the systemic circulation. 

Melting of the cornea can be treated with collagenase 
and protease inhibitors. Experimentally, these drugs w r ere 
noL always effective in reducing melting. 15J However, some 


ophthalmologists believe that these drugs are efficacious. 
Certainly the main goal of therapv should be to kill the 
microorganism that Is elaborating the enzymes. Autologous 
serum, EDTA, or acetylcysteine can be used topically, as can 
systemic doxy eye line" (ID mg'kg orally twice daily), 11:7 for 
their antiprotease and antlcoilagenase activity. 

Surgical therapy can also be used and may improve prog¬ 
nosis, Conjunctival pedicle grafts can be used to bring a 
blood supply and subconjunctival fibroblasts to deep cor¬ 
neal ulcers and possibly slow progression and aid stromal 
reconstruction u ■' while' still allowing medication to reach 
the site of the ulcer. A con|uncAval graft allows observation 
of the cornea so that treatment can be changed as corneal 
health improves or If the cornea continues to deteriorate. 
A nictitating membrane "Hap" should nc?f be used in rapidly 
progressing or deep ulcers because It does not allow topical 
medication or observation of the cornea. In the presence of 
a third eyelid flap, topically applied medications fall to 
reach the cornea, worsening of the ulcer goes unnoticed, 
reculturing cannot be performed, and appropriate changes 
in therapy cannot be instituted. 

A corheoconjunctival transposition using autologous tis¬ 
sue or a corneal graft (penetrating keratoplasty) using donor 
cornea Is an excellent treatment to repair very deep ulcers, 
deseemeloceles, and perforations if melting has ceased and 
the ulcers are sterile. L ^ 15L - 153 Other substances that can 
be substituted for cornea are porcine small intestinal sub- 
mucosa, 15 -^ equine amnloflc membrane, 154 or bovine peri¬ 
cardium (Dura Guard, Synovia). Placement of any graft 
requires microsuFglcal Instruments, techniques, training, 
and experience. Highly specialized techniques, such as kera¬ 
tectomy with a conjunctival gFaft, penetrating keratoplasty, 
posterior lamellar keratoplasty, or deep lamellar endothelial 
keratoplasty, are necessary to treat stromal abscesses. 155456 

The initial desired response to appropriate therapy of a 
malacic ulcer is simply cessation ot worsening of the ulcer. 
That is, the ulcer docs not appear to be healing or shrink¬ 
ing but also Is not becoming Larger or deeper This suggests 
(baL bacteria have been killed and tissue destruction has 
halted. Epithelium will then begin to grow down the sides 
of (be ulcer, covering the stroma or Desoemet's membrane, 
and blood vessels will slowly begin growing Into the cornea 
from the limbus. Once reepithellaltzaElon is complete, new 
infection with microorganisms is unlikely. If surgery has 
not been performed, however, the area that had been ulcer¬ 
ated will be (sometimes markedly) thinner than the sur¬ 
rounding stroma. Thickening of this area will occur by very 
slow reconstruction of stromal collagen by comeal fibro¬ 
blasts ["keratocyS.es rj ] or when cortical blood vessels fill the 
old ulcer bed This can take weeks to months, and until this 
happens, the cornea is susceptible to traumatic rupture. 

Another goal of theiapy for an infected ulcer is inhibition 
of'Teflex uveitis'"' associated w r ltb any corneal irritation and 
mediated by the trigeminal nerve. Topical atropine Is used 
for this purpose because it decreases pain associated with cil¬ 
iary bendy spasm and maintains pupil dilation, which 
reduces the chance of posterior synechia formation. Atropine 
should be applied to effect [i.e., until reduced pain or pupil 
dilation noted). This may be as frequently as every I or 
2 hours Initially but may soon be limited to once dally or 
once every other day. Because topical atropine is absorbed 
into the systemic circulation and is associated with altered 
Gl motility, borborygml and signs of colic should be assessed 
frequently. Topical or systemic .NSAIDs also can be used to 
decrease corneal and uveal inflammation. However, these 
drugs do slow r corneal neovascularization to some extent, 
ano topical NSAIDs {as with corticosteroids) are contraindi¬ 
cated Ln Infected ulcers. 159460 Topical corticosteroids are 
sometimes recommended to reduce corneal vascularization 







and minimize near formatJon once epithelializatlon Ls com¬ 
plete. However corneal vascularization is a critical means 
by which cornea] stroma (and strength) l.s re-formed, and 
topical corticosteroids hasten regression of granulation tis¬ 
sue. suggesting that this approach may not he wise. In fact, 
no evidence indicates that steroid administration decreases 
the final size of the scar. and steroids may compromise heal¬ 
ing and predispose to corneal rupture. 

FUNGAL KERATITIS IN HORSES 

DEFINITION AND ETIOLOGY. Fungal keratitis (or kera- 
tomycosis) occurs when an ulcerated cornea becomes 
infected tvith a mycotic organism. As with bacteria, no fungi 
are known to fnj'ficiCf comeal ulcers. The most common 
genera isolated in eases of equine fungal keratitis are Aspergil¬ 
lus and Ftfsarium species, but CyUruimcarpon destruction and 
PJjH'Owysrfei, Pimialhaui, Piweffofnjces, Ctirrincfa, Miner, Allcr- 
nariii, and species of other genera have been cultured. 151455 
Horses seem to be unusually susceptible to fungal keratitis 
compared with the other domestic species. 

CLINICAL SIGNS AND DIFFERENTIAL DIAGNOSES. 
Fungal keratlils has various manifestations. I6e A common 
presentation Is a corneal ulcer, often with a history of 
chronic i ty. TV p Icaib Istory Is a no nbea li ng or wo rsen big u leer 
despite antibiotic and antiinflammatory therapy. The eye is 
painful; the conjunctiva is hyperemic; and blepharospasm, 
epiphora, and apparent photophobia are also present. Cor¬ 
neal edema and cellular inflltraSes surround the ulcer. Some¬ 
times the cellular Infiltrates can he very dense and appear as a 
white or yellow r area throughout the corneal ulcer. The cellu¬ 
lar infiltrate can be deep in the cornea and in some cases on 
the endothelial surface of the cornea, or even protruding into 
the anterior chamber, because fungus has a predilection for 
Descemet's membrane in the horse cornea. Corneal neovas¬ 
cularization is usually seen {3 : ig. 39-23). Signs of secondaiy 
uveitis can be severe. If ulcerated, fluorescein will stain the 
cornea. In some cases of fungal keraillis, however, the epithe¬ 
lium heals over the fungal infection, forming a stromal 
abscess, and the cornea will not stain with fluorescein. 



FIG. 39-23 L-lipIn eye uJ Jicme- wilb fun^iL ber^tiils. Nu?c mrni.M.1 nra- 
-vracularixalinn j,rul .Jltih: i LlInl.ir ii^li Ietj^Ll-s in title 



FIG. 17-24 t .nrn^iL scrapcng Jram Iumm? wtlh I iiii_u.il ksmlilii. Nutc sep- 

s jLl 1 tiyphuc .1 jilJ KLiiruundinf; inFlamiciatcr} 1 cirllEi 


Fungal keralitts can also present as chronic, mild corneal 
disease. Small, multifocal, superficial opacities can be seen. 
En some eases there are small focal areas of fluorescein stain 
retention; sometimes there Is no uptake of stain. Horses 
usually appear mildly painful with some epiphora; usually 
there is neither comeal neovascularization nor uveitis. 

In all eases of fungal keratitis, differential diagnoses 
include other causes of corneal ulceration, such as bacteria 
(which may be coincident). 

CHnirnf Pcilhofegy, A diagnosis of superficial fungal ker¬ 
atitis is made when fungal hyphae or yeast are seen on 
cytology or cultured from corneal scrapings (Fig. 39-24). 
Recause fungi have a predilection for the deeper stroma 
and Deseemefs membrane, a diagnosis of deep keratitis 
may require a full-thickness corneal biopsy from which 
the" fungus is Identified using culture or hfstopathoiogy. 
Lin fortunately, this predilection means some diagnoses of 
fungal keratitis are made only after enucleation. 567 If culture 
of an ulcer Is positive when scrapings or biopsy do not 
show hyphae. the possibility of a commensal organism or 
incidental surface contaminant must be considered; espe¬ 
cially if only one or two colony-forming units are cultured. 
Because treatment Is prolonged and expensive, a definitive 
diagnosis of fungal colonization Ideally should be made 
before treatment Is Initiated. The diagnostic utility of PCR 
for fungal keratitis Is currently under Investigation.. 

ftrihophysiofegy. fungal hyphae do not colonize Intact 
cornea. Damage to epithelium is necessary for pathogenic 
or opportunistic fungi to begin growth In the corneal 
stroma. This usualLy results from a traumatic incident dial 
may or may not be noticed by the owner. The use of anti¬ 
biotics and corticosteroids alters normal flora and decreases 
the normal immune response, which may encourage fungal 
grotvlh. Fungi implicated In ke rate mycoses are usually pres¬ 
ent in the horse's environment and can be cultured from 
more than 90% of normal horse eyes, with Aspergillus spe¬ 
cies being the most common Isolated 61 There is one report 
in the literature of keratomycosls caused by Candida dfhicarrs 
secondary to disseminated candidiasis. 163 

Epidemiology. This disease is sporadic, with varying 
seasonal distribution. 163 - 36 * 

JTeti(?»cPil and Prtigiitisfa. Treatment consists of elimi¬ 
nating the fungus from the cornea and controlling secondary 
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bacteria] invasion and melting along with reflex uvellls 
(if presenl), as for bacterial keratitis. Antifungal agents 
are required,, and the course of treatment usually lasts for a 
number of weeks. Subpalpebral Lavage systems are usually 
essential for delivering these drugs. ] leafing, is usually not 
complete until corneal neovascularization has reached the 
infected area, except when the fungus has reached Descemers 
membrane, and in these cases blood vessel growth does not 
always stop fungal growth. Medical therapy is most effective 
for treating superficial disease. For deep disease, surgical ther¬ 
apy can also be used with the medical therapy. Deep lamellar 
and penetrating keratoplasties probably carry the best prog- 
nosls, 150 - 155 ' 167 - 169 although superficial keratectomies w r l.ib 
a conjunctival graft can also be used for more superficial 
lesions. 

A number of antifungal agents are available. Miconazole, 
used as the undiluted IV preparation, was once the drug of 
choice for many ophthalmologists. Unfortunately, it is no 
longer available commercially In this formulation, although 
it can be compounded. Natamycin (Malacyn) Is manufac¬ 
tured as an ophthalmic suspension and Is the drug of choice 
for treating fungal keratitis In humans. 1 lowever, natamycin 
does not penetrate intact epithelium w r ell, and some Fws^r- 
jnfh species may be resistant to this drug. 170 Fluconazole 
(Diflucan) is now often recommended as a replacement 
for miconazole. However, one study reported that flucona¬ 
zole had lower in vitro activity than a number of other anti¬ 
fungal drugs. 171 The [V preparation Is a 2 mg/mL solution, 
tvhich is used undLluted as a topLcal preparation. Micona¬ 
zole and fluconazole do penetrate Intact corneal epithelium 
xvhen given topically, but drug concentrations in the stroma 
are higher if epithelium Is absent. 172 Fluconazole can also 
be used subconjunctlva I ly, Lntracamerally, or InlravLlreally. 
Ophthalmologists are also beginning to use fluconazole sys- 
temlcally to treat deep corneal fungal disease because this 
drug does reach adequate concentrations In the aqueous 
humor, which may be appropriate for deep stromal or 
endothelial Infections . 173 No toxicity studies have been per¬ 
formed on the horse, but anecdotal evidence does not sug¬ 
gest toxicides, and fluconazole has been associated with 
resolution of deep disease. 

Compounded formulations of Itraconazole/DMSO oint¬ 
ment have also been used for equine keratomycosis. High 
concentrations of Itraconazole can be achieved in she cor¬ 
neal stroma w r lth this preparation, even when the overlying 
epithelium Is intact, and it has been used successfully in 
clinical cases . 174 In contrast to fluconazole, systemically 
adminlstered_ itraconazole does not penetrate normal 
equine eyes. 17i 

Other drugs have been suggested as treatment for funga] 
keratitis. Voriconazole administered either topically or sys¬ 
temically does penetrate normal equine eyes and reaches 
concentrations that could be therapeutic. 176 Miconazole 
dermatologic or vaginal creams seem to work for mild, 
superficial disease; however, no clinical trials describing 
their efficacy and safety for ocular use have been reported. 
Amphotericin B has good antifungal properties but can be 
very Inhaling and is probably not the drug of choice. In 
vitro research shows that silver sulfadiazine Is fungicidal 
against isolates from equine patients with keratomycosis. 170 
Unfortunately, In vitro results do not necessarily correlate 
with clinical results in patients with keratomycosis. Corneal 
penetration of the drug, the horse's Immune system, and 
the site and severity of the fungal Infection all play impor¬ 
tant roles In choke of drug. J7D 

In addition to the antifungal agent selected, topical myd- 
rlatic/cydoplegk agents such as atropine should be used to 
combat the accompanying uveitis, and topLcal antibiotics 
are Indicated to prevent superlnfecllon with bacteria. 


Systemic MSAlDs should be used for the secondary uveitis, 
especially at the beginning of treatment, w ! hen fungal death 
can exacerbate the uveitis. However, MSAlDs probably slow 
neovascularization of the cornea, and treatment ivith th_ese 
drugs should be decreased as the uveitis Is controlled . 177 

Prognosis is guarded to poor in many cases of fungal kerati¬ 
tis, Usually the best possible outcome is a visual eye with some 
degree of residual corneal starring and possibly synechiae. 
Because no evidence suggests that corticosteroids decrease the 
eventual size of the scar, and because they will promote the 
presence of residual byphae, the use of corticosteroids Is not 
recommended In a healing fungal ulcer. Complications of fun¬ 
gal keratitis Include perforation of the ulcer with loss of the eye, 
superinfectlon with bacteria, and phthisisbulbl. 

UVEITIS ASSOCIATED WITH 
LEPTOSPIROSIS IN HORSES AND COWS 

Leptospirosis Is caused by a filamentous bacterium know r n as 
a spirochete. Disease is seen in most domestic animals as well 
as humans. Various serovars of Leptospira sensu 

itj-jcla, L. kirschnm , and L. sa manysai have been shown to 
affect various organs, such as kidneys. Liver, spleen, muscles, 
CMS, and eyes and have been associated with abortions. 17 ® 
These organisms primarily cause a vasculitis and endothel Litis 
in these organs. 179 

Becau se leptosp Iral organ Isms cause vascu I itis, It Is reason - 
able to assume that uveitis might be presenl in an acute infec¬ 
tion, and this has been reported in horses during the acute 
phase of leptospirosis . 150 Uveitis has also been seen experi¬ 
mentally in a calf during acute disease. I3] However, the role 
of leptosplres In uvellls seen weeks to months after the acute 
disease remains much more controversial. Evidence for such 
a role is most complete In the horse, in which leplosplral uve¬ 
itis and Its role In equine recurrent uveitis (ERL!) or "periodk 
ophthalmia" have been described.iso,]S2 1 .rs3 Uveitis in these 
horses w r as bilateral or unilateral and frequently was recur¬ 
rent, leading to loss of or decrease In vision. 1 ®* Uveitis was 
not seen until 1 fi to 24 months after she acute outbreak of lep¬ 
tospirosis. Treatment with systemic antibiotics did not seem 
to affect the uveitis. In this study, serum liters to L interrogans 
serovar pomona often remained high for at least 6years.In 
another study, uveitis was seen In 22 eyes of IS ponies exper¬ 
imentally infected with serovar pornojidj. The earliest sign of 
uveitis was seen at 1 year after inoculation. Anterior uveitis 
with cataract formation and posterior synechiae were also 
seen; as w r ere recurrences. 

Recently, leplosplral organisms have been identified 
using PCR |3J - or by cullure ]bJ - |S6 in the eyes of horses with 
ERU A study Ln California using a PCR assay for Leptospira 
showed that 30 of 55 eyes (21 of 30 horses) with ERU 
had delectable Leptospira DMA Ln their aqueous humor. 184 
Interestingly, in other studies, treatment with systemic anti¬ 
biotics did not decrease the inflammation. l ® 7 - 1 ® 9 in Western 
Europe a total of 6 IS vitreous and/or aqueous samples were 
taken from the eyes of 501 horses with either active ERU or 
a history of ERU. Leptosplres were isolated from 109 
(32.2%) of the samples. Most belonged to serogroup grippo- 
typhosa , -with the rest In serogroup tiusfjvifi'j, sejroe, pomona, 
or jauani'cci. 165 In contrast, 36 samples of vitreous from 2J 
normal horses did not grow leptosplres. 136 Although leptos¬ 
plres are Involved in ERU in many horses with this syn¬ 
drome, controlling or treating this disease remains a 
problem. The best means of symptomatic control of ERU 
at this lime appears to be the use of ocular bioerodible 
cyclosporin A implants. 1,0 lltese are placed Lnlravltreally 
or, more recently, suprachoroidally and w r ere investigated 
for this drugs ability to control iminune-mediated inflam¬ 
mation elsewhere in the body and within the eye. More 



recently, however, cyclosporine has been shown to be toxic 
so L Interrogans In vitro at the same concentration that is 
achieved in uveal tissue with a suprachoroidal implant. 190 
in one study a Leptospira I vaccine in horses wish ERU was 
not recommended. 191 (See also Equine Recurrent Uveitis.) 

OCULAR MANIFESTATIONS OF EQUINE 
ADENOVIRUS 

Equine adenovirus is a DMA virus that causes bronchopneu¬ 
monia In foals, especially If they are immunodeficlent. 
Mucopurulent nasal and ocular discharge accompanies the 
respiratory system disease. Histologically, swelling and 
necrosis of conjunctival cells with intranuclear Inclusions 
are seen, with accumulation of neutrophils In the lumina 
and adventitia of uveal blood vessels. 

OCULAR MANIFESTATIONS OF 
SALMONELLOSIS IN HORSES 

spec ies cause one of the more common and serious 
bacterial enteritldes In foals and adult horses. It is often accom¬ 
panied by septicemia in foals. Anterior uveitis and hypopyon 
have been seen In animals with salmonellosis, and StirrnoneJJa 
species can sometimes be cultured from these eyes. L ' :G 

MORAXELLA CONJUNCTIVITIS IN HORSES 

Two reports have described a Mcrtuneffci species recovered 
from several horses In herd outbreaks of conjunctivitis, 
ocular discharge, and erosions of eyelid epithelium at the 
canthi. 194 - 1915 The organism was similar but not identical to 
iVl fuw'j, and the disease was reproduced experimentally In 
horses by Instillation of the organism into the conjunctival 
sac. Huntington et aL. 39 * described successful treatment of 
the lesions with chloramphenicol ointment* whereas E lughes 
and Pugh 194 described the lesions as healing spontaneously. 

OCULAR MANIFESTATIONS OF EQUINE 
VIRAL ARTERITIS 

Equine viral arteritis Is a rare disease caused by an RN r A virus 
classified as Arterlvldae. Most animals are subclinically 
infected, but ocular and nasal discharges; palpebral, periorbi¬ 
tal, limb, or ventral edema; skin rash; pyrexia; rhinitis; 
leukopenia; abortions; and neonatal death are seen. 356 - 197 
Corneal opacity and apparent photophobia have also been 
descri bed. ] lire virus characleristlca I ly causes a panvascul I tis. 

OCULAR MANIFESTATIONS OF 
RHODOCOCCUS fCOfimEBdCTERJUM) 

EQUt IN HORSES 

Rhodococcus fufti Is a gram-positive coccobaclllus that causes 
bronchopneumonia In young foals. One report of R. etfui 
from the eye of a foal ivilh bilateral panophthalmitis and 
pneumonia can be found . 199 Clinically, the foal bad bilat¬ 
eral miosis and hypopyon. 

OCULAR MANIFESTATIONS OF 
BORRELIOSIS IN HORSES 

Borralhi burgdorferi, the agent of Lyme disease, has been most 
often described as causing polyarthritis In horses, cows, and 
dogs. EI ow r ever, on e case of a ppare nt ocu lard Isease has been 
reported in a pony Infected with B. fiurgdcr^ri. 300 Unilateral 
anterior and posterior uveitis was noted, and spirochetes 
were found in the anterLor chamber. Other clinical signs 
included arthrllLs and synovitis of both carpal joints. 


CHAPTER Diseases of the Eye 
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OCULAR MANIFESTATIONS OF 
CRYPTOCOCCOSIS AND 
HISTOPLASMOSIS IN HORSES 

Exophibalmla and blindness caused by CVypEDCBCtus rreci/cr- 
rmins have been described In a horse. 403 The frontal sinus 
and retrobulbar area were Involved with a fungal granu¬ 
loma, but the eye itself w r as normal. The chorioretinitis seen 
In other species associated with C. neaformam has not been 
described in the horse. Cryptacocaa has been 

cultured from the cornea of a horse with chronic kerati¬ 
tis. 202 Organisms consistent with HbtoplasHia spp. -were seen 
on cytology of a corneal scraping taken from a horse with 
chronic keratitis. 203 Hie horse was successfully treated with 
topical fluconazole. 


OCULAR MANIFESTATIONS OF EQUINE 
HERPESVIRUS TYPE 2 (EHV-2) 

Equine herpesvirus serotvpe 2 (EHV-2) has been isolated 
from eves In herd outbreaks of keratoconjunctivitis In 
horses. 20 J - 20!i Clinical signs in one outbreak Included appar¬ 
ent photophobia, epiphora, corneal neovascularization, 
corneal color change, and pinpoint ulcerations; eyes healed 
within 2 weeks. 2CL1 In the other outbreak, conjunctivitis, and 
multifocal superficial corneal opacities were seen; eyes 
healed within 2 weeks on topical LdoxurLdine. 205 Experi¬ 
mental Inoculation of EHV-2 ln(ranasally in two ponies pre¬ 
treated with dexamethasone caused conjunctivitis, as well as 
lymphadenopathy and coughing. 1 ™ Conjunctiva from both 
ponies was positive for vims by PCR S months after inocu¬ 
lation. EHV-2 can also be Isolated from the blood of normal 
horses, 207 and positive PCR results can be obtained from 
normal eyes as well as eyes with keratoconjunctivitis, 
making diagnosis difficult. 

Miller et al. 20ii confirmed EEIV-2 by fluorescent antibody 
staining after Isolating virus from the cornea of a thorough¬ 
bred mare with multiple superficial punctate corneal 
Lesions. The keratitis was successfully treated with topical 
1% trlfluridine ophthalmic solution.* 

OCULAR MANIFESTATIONS OF 
STRANGLES (STREPTOCOCCUS EQUJ 
SUBSR EQUJ) 

5trangles Is a respiratory Infection caused by Streptococcus 
cqui subsp. cqui that can have an accompanying ocular dis¬ 
charge. 209 Chorioretinal depigmentation w r as noted In the 
nontapetal fundus of several horses in one group clinically 
diagnosed w r Li.b strangles. Because these lesions repigmented 
with time, it was suggested that they were caused by embo¬ 
lism to the choroid during bacteremia. 310 One case of 
panophthalmitis caused by S. in a horse has been 
described. 211 Ten days after a bout of strangles, this horse 
developed anterior uveitis, which progressed to corneal stro¬ 
mal abscesses and panophthalmitis. S. erfui was cultured 
from the eye at enucleation. 

OCULAR MANIFESTATIONS OF EQUINE 
HERPESVIRUS TYPE I 

Equine herpesvirus serotype I (EEIV-1) is a cause of rhino- 
pneumonitis In horses. It has been cultured from cases of 
superficial punctate keratitis in the horse; the significance 
of these isolations is unknown. 212 


’Viraptk, Enuoughs-WdI dq me, Research Triangle Park, N'C. 
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Six foals were experimentally inoculated intranasally 
with EHV-1, 21 - 3 All developed typical mild signs of upper 
respiratory Infection. One foal developed vision problems 

I month after Inoculation. Bilateral chorioretinitis was diag¬ 
nosed. On necropsy, chorioretinal degeneration with 
mononuclear cell infiltration in some areas was seen, as 
well as demyelinallon of the optic nerve and mononuclear 
cell Infiltrate in parts of the CNS. 3L3 Itiese findings are not 
surprising in that EHV-I causes vasculitis and CMS disease 
in horses. 234 

OCULAR MANIFESTATIONS OF 
BRUCELLOSIS IN HORSES 

utamrs has been suggested as a cause for ERU, 3I=: 
although serum agglutination titers for B. abortus in normal 
horses and horses with ERU are similar.- 16 

OCULAR MANIFESTATIONS OF 
MYCOBACTERIUM AVIUM IN HORSES 

A case of anterior uveitis and bilateral chorioretinitis with 
retinal detachments has been described in a horse from 
Denmark. Acid-fast organisms were seen in both eyes as 
well as in numerous other organs. Afycotacferiuni jurum 
was cultured from these organs. 217 

INFECTIOUS BOVINE 
KERATOCONJUNCTIVITIS 

iOUN ANUILOS 

infectious bovine keratoconjunctivitis [IBK), or '‘pinkeye/' 
is the most common ocular disease of cattle and has been 
identified in cattle populations worldwide. The clinical 
signs of IBK include corneal ulceration, comeal edema, 
photophobia, blepharospasm, and lacrimatlon. In less 
severely affected animals, recovery with or without perma¬ 
nent cornea] scaning occurs. In the most severely affected 
animals, corneal rupture and lens/iris prolapse may occur, 
causing permanent blindness. IBK is most common in 
calves, typically affecting one eye, although both eyes may 
be affected. Estimates of annual Incidence of 1BK are 5% 
of all beef cattle, with more than 5Q% of herds affected. 213 
EpLzoollcs occur, tvilh case-attack rates approaching 90% 
to 100% of yearling cattle. 3I9 - 320 Cattle of all breeds may 
be affected; however, a higher Incidence is reported in Mere- 
fords 221 and a lower Incidence in Brahmans and cattle with 
more pigmentation at the ocular margins. 222 - 223 

II Economic Impart. Cattle with IBK have reduced weight 
gain that results in economic losses to producers. Postwean- 
ing 205-day weights of bulls and heifers with iBK showed 
losses of 36 and 40 pounds (16 and IS kg), respectively, 
over unaffected herdmates. 22J In 1169 pasture-raised calves 
over a 4-year period, the average weight reduction was 1 L 
pounds (5 kg) for calves with iBK in one eye and 35 pounds 
(15.75 kg) for calves with IBK in both eyes. 225 A recent 
study of more than 45,000 health records of weaned calves 
demonstrated almost 20-pound (9-kg) lighter weaning 
weights in calves diagnosed with iBK versus healthy 
calves. 221 The economic losses from reduced weight gains 
along with treatment-associated expenses account for 
annual losses In the United Stales estimated at 5150 million 
in 1976. 226 It is likely that current losses greatly exceed this 
estimate. 

II Etiology and t'pfdcmfofogy, Morntelln tan'j is the only 
organism for which Koch's postulates have been fulfilled 


with respect to iBK.- 337 However, other viruses and bacteria 
have also been associated with IBK. Infectious bovine rhino- 
tracheitis (iBR) virus 333 - 339 and Mycoplasma species 330 are 
probably the most important and likely act as risk factors 
lor iBK by enhancing opportunities for corneal inluiy 331 - 233 
and increasing ocular and nasal discharge, which may facilitate 
transmission of Vf tairis. 

Other potentially pathogenic bacteria have been Isolated 
from the eyes of cattle with iBK. In 1966, hemolytic gram- 
negative cocci were isolated from calves with severe keratitis 
and cornea] ulceration. 234 in Australia, Nersseritf species were 
isolated in 24 of 25 outbreaks of IBK; Ai. bovis was identified 
in only two of these outbreaks. 333 Neisseria {finuiJrdFrreUi) 
cafrirrfriJjs was reported in almost 45% of IBK cases, whereas 
AT tarn was isolated from only 2B% of IBK cases. 2 -* 6 AT tarij 
and Neisseria species were also cultured from normal eyes of 
cattle. 337 - 233 AT and Neisseria tfivfs were reported from 
cattle In Israel with iBK. 2 -* 9 - 240 During summer 2002 in 
northern California, the majority of bacterial isolates from 

I BK-affected calves were hemolytic gram-negative cocci. 341 
N. avis experimentally inoculated into the eyes of calves did 
not causelesions typical of IBK, despite previous corneal irra¬ 
diation. 343 AT tarts has been reported in mule deer with 
keratoconjunctivitis, although experimental inoculation of 
AT how's isolates into eyes or mule deer fawns did not result 
in disease. 243 Recently, hemolytic and cytolytic activity from 
culture filtrates of AT onjs Isolated from cattle with IBK has 
been described, suggesting a possible role for bacteria other 
than AT takfs in iBK pathogenesis. 344 

in addition to bacterial infection, other risk factors for 
IBK include flies, solar irradiation, and mechanical trauma 
from plant awns. Ai. bovis survives up to 3 days on the exter¬ 
nal surface 345 and 2 days in the gut 346 of face flies (Musai 
autumrmlis). IBK was experimentally induced in cattle that 
were exposed to face flies that had fed on AT bovis cul¬ 
tures. 34 ' Insecticide-impregnated ear lags or back/face rub¬ 
bers to reduce fly populations have proved effective in 
reducing IBK in cattle populations. 2J3 An association 
between solar irradiation and IBK is also documented. 349 - 251 
Corneas of calves exposed to ultraviolet (UV) irradiation 
incur corneal epitheliai cell degeneration 3:52 that predisposes 
eyes to establishment of Ad 1 , tauis and IBK. An experimental 
model for IBK has been developed in which calves are 
exposed once daily for 2 or 3 days to UV irradiation using 
sunlamps held 24'inches (60 cmj from the comeal surface; 
after the Last exposure, animals are infected by instilLallon of 
AT bovis into the eye. 253 - 255 Plant aw r ns, by causing mechani¬ 
cal cornea] damage, can predispose eyes to infection with 
AT bovis and iBK. 

] temolylLc strains of AT tarts are considered pathogenic, 
whereas nonhemolytic, nonpathogenic Ai. taits can be 
isolated from normal cattle, 215 - 256 - 25 ® from cattle exhi¬ 
biting conjunct Mils, 359 and simultaneously with hemolytic 
AT taurjj from cattle with IBK. 356 Outbreaks of iBK typically 
occur annually during summer months, and such outbreaks 
may be caused in part by cattle harboring VI tan's subcllni- 
caily. 253260 Shifting between hemolytic and nonhemolytic 
phenotypes of Ai. bovis has also been described. 261 

II I'titlwphysiolog)' of Moraxeiia bovis. AT tans produces 
many hydrolytic enzymes, including C4 esterase, CS esterase- 
lipase, CI4 lipase, phospboamidase, phosphatase, leucine 
and valine am I nopeptidases, and geialinase. 363 Of these, 
however, only two proteins have been linked to pathogenic¬ 
ity: pili and cytotoxin. Filin proteins of VT tarts are of the 
i\-methyl phenyl alanine type (type 4 pili 263 - 365 ) and enable 
bacteria to adhere to the corneal epithelium and colonize 
the surface of the cornea. 266 " 263 
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The At. iwyis cylotoxin (cytolysin/hemolysln) Li a pore- 
forming protein that is also considered necessary for 
pathogenesis. Broth supernatants of hemolytic, but not 
nonhemolytic, strains of AI. bovis will cause Lysis of bovine 
erythrocytes, neutrophils, lymphoma cells, and corneal epi¬ 
thelial cells In vitro. 263 - 272 The lytic activity of AI. bovis cyio- 
loxtn occurs through calcium-dependent formation of 
transmembrane pores in target cell membranes. 273 Ocular 
Lesions Induced by a purified hemolytic and cytolytic frac¬ 
tion of Af fwi/fs are identical lo the ocular lesions observed 
in naturally occurring iBK; extracts from nonhemolytic 
At how'j do not result in corneal lesions. 271 

An association between the Af bovis cylotoxln and the 
RTX {repeats In the structural torln) family of bacterial exo- 
protelns followed the discovery that At iwyij cytotoxln 
Induces the formation of pores in target cell membranes 273 
It was subsequently shown that an approximately 110-kilo- 
dalton protein In "concentrated culture supernatants from 
cvtolytlc Ai. kiirj'j cultures could be recognized by a mono¬ 
clonal antibody to EllyA, an RTX toxin of uropathogenlc 
Esrii&rfcJifa caff. 275 The presence of RTX toxins has been 
reported in a numerous animal pathogens, including Man- 
nheimia (Pasteurella) hacmolytica, the agent of shipping fever 
pleuropneumonia in cattle; 276 Actfrwfraclffus pfeu rojHieirmth 
fii'tie, an agent of swine pleuropneumonia; 277 iAisteuratfa 
aerogpnes, an abortLfacient In swine and other mammals; 273 
and Actmabacilhis cqmili, associated with foal septicemia. 273 
Enterohemorrhagic E. coli 0157:117 also harbors a plasmid- 
encoded rtx toxin. 230 

The best-characterized R’lX toxin is EllyA of uropatho- 
genic E. cob. The gene encoding this toxin is assigned the 
abbreviation hlyA and Is contained within a four-gene 
operon organized 5- r -C-A-B-D-3 , \ Ihe product of the RTX A 
gene is a structural toxin that must be activated by the RTX C 
gene product to become hemolytic. 241243 The activation 
occurs through fatty acylation of conserved lysine resi¬ 
dues. 234 - 235 After activation the toxin is secreted by mem¬ 
brane transport proteins encoded by the B and D genes and 
a third proteln r TolC. 266 - 267 The regulation of transcription 
through the R1X operon In E. coli Ls a complex process and 
involves the protein RfaE I and JUMPS tan D.NA sequences 283 
As with E. ml' hemolysin, the .VI. fun's cylotoxin gene (rrrferAj 
is contained within an operon that encodes activation and 
export proteins; this operon is called the mbx operon of 
AT btfi/rs and is absent In nonhemolytic Af. fcow'j. 264 r fhe mbx 
operon defines a pathogenicity island, and acquisition/Loss 
ot genes may explain the ability of Af iwws to change 
from the hemolytic lo nonhemolylLc phenotype. 340 

II fm ph unify to Mttmxelhi bovis. Secretory EgA Ls the major 
immunoglobulin found In normal bovine Lacrimal secre¬ 
tions. 231 During experimentally induced iBK, tear IgGI 
and EgG2 concentrations increase. 343 Early studies suggested 
that calves tvith more severe iBK had higher lacrimal IgA 
liters lo crude AT iun'j antigen preparations than calves with 
less severe iBK. 293 A subsequent study Identified a predom¬ 
inant tear IgG response to a crude, whole-cell AI. bm'fj anti¬ 
gen in calves with naturally occurring 1BK and concluded 
that AA htwis-spetiflc antibodies in lacrimal secretions did 
□ ot prevent IBK In calves. 334 Enzyme-linked immunosor¬ 
bent assay {ELISA) has been used to quantify nonspecific 
VI. fco-ws antigens In tears and has revealed that IgA titers 
are higher than IgG liters. 245 A study on a small number 
of calves then suggested that both lacrimal (secretory IgA) 
and humoral (IgG) antibodies against Af. bovis whole-cell 
antigen conferred resistance against IBK, versus a humoral 
IgG antibody response alone. 296 It was concluded that 
serum antibodies against Ai. bovis may account for a 



reduction In the Length and severity of clinical sigjis asso¬ 
ciated with IBK. Unfortunately, none of these studies ade¬ 
quately controlled for total antibody isotypes present In 
serum or ocular secretions. In addition, crude Af turn anti¬ 
gen preparations were used In these assays. 

In other diseases associated with R1X toxin-producing 
pathogens, the protective role of immunity against RTX 
toxins Ls not well understood. In one study a Aid rctrherm fir 
(Pasteurelk) haemolytica leukotoxln subunit vaccine was 
not protective; 297 however, calves Infected with a mutant 
strain of Af. haeflictyricdi that secreted inactive leuko toxin 
had reduced lung lesion scores but similar clinical sever¬ 
ity scores as calves receiving wild-type VI. Juremotytica. 243 
Ine Introduction of genes encoding the hemolysin 
(HlyA) into other E. ctfr strains Increased virulence, 344 
although an Elly A-deficient mutant was stili patho¬ 
genic. 300 Pigs infected with nonhemolytic Actinobncilhis 
piettropneumoniae developed Lung lesions that were simLiar 
to Lesions In pies Infected with a virulent strain, and It 
was concluded that the hemolysin of A. pleuropneumonia^ 
serotype 2 was not essential for diseased 01 However, 
another study found that pigs vaccinated with A. ptennop- 
jieurmutidf serotype I hemolysin were protected after 
challenge. 302 - 303 Ihese studies underscore the fact that 
Immunity to diseases caused by RTX toxin-producing 
bacteria Is complex and may not depend on an antibody 
response lo an RTX toxin alone. 


■I Experimental Vnccrnat/pir. Early studies that reported 
reduced AI. bovis Infection rates and decreased occurrence 
of iBK after reexposure lo VI. hoives indicated that vaccination 
against iBK might prevent disease. 250 Subsequent work 
showed chat calves vaccinated Lnlramuscuiarly with live 
At. bovis had less severe iBK after challenge. 304 Form a I Ln- 
kliled .VI. was also reported to he as effective as live 
cultures In preventing experimentally induced IBK 305 ; under 
fieid conditions, however, a formal In-kliled autogenous 
baclerln w r as not efficacious. 306 

In an effort to identify other candidate AI. bovis vaccine 
antigens, researchers began to examine the use of compo¬ 
nent or subunit vaccines to prevent IBK. In early studies, 
Af. bovis pilin antigens were found Co protect calves from 
homologous chalTenge. 307 Purified AI. hows ribosomes 
were not protective. 303 Bacterln-contalnlng pill pi us cor¬ 
neal-degrading enzymes were protective in field trials, 
and protection was correlated with the corneal-degrading 
enzyme Levei In the vaccine. 303 In that study, however, 
the exact composition of corneal-degrading enzymes was 
not reported. In a Later study, two commercial Af. how's 
pll us-based vaccines were not protective for calves In a het¬ 
erologous challenge model. 310 Although pilin Is Immuno¬ 
genic, there is marked antigenic diversity between different 
pll In types because of the presence of two structural pilin 
genes and variability In the amino acid composition of 
the pilin molecule caused by Inversions within pilin 
genes. 267 - 263 - 31 J - 3L1 Limited antigenic cross-reactivity w r as 
reported between heterologous pill, 3 ]3 - 314 and emergence 
of novel pilus types can precipitate IBK outbreaks. 315 Such 
antigenic variability is believed to reduce the overall effi¬ 
cacy of pilin-based vaccines. Nevertheless, more recent 
w r ork has demonstrated conserved epitopes across different 
pll In types, 316 - 317 suggesting a possible future roie for con- 
servedpilin antigens in vaccines against iBK. 

Unlike pill, the AI. hdw'j cytotoxln seems to be more con¬ 
served across different AI. omris strains. iBK-affected cattle 
were shown lo deveiop systemic Immune responses to cyto- 
toxLn 314 - 321 and anlLhemolysln antibodies to one Ai. bovis 
strain, neutralized hemoiysin from 33 different strains of 
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M. tours. 321 A partly purified cvtoloxin vaccine also pro¬ 
tected calves against EBK after challenge with heterologous 
M. touts. 310 Tnese reports suggest a role for a cylotoxln- 
based vaccine to prevent IBK from multiple iVJ. tours strains, 
which could therefore be superior to traditional pi Ins-based 
vaccines. 

.Methods to purlfy partly the Al. tours cytotoxin have now 
been published, 322 and its efficacy In a vaccine to prevent 
IBK has been demonstrated. 22 - 1 The labor-intensive process 
of preparing native cytotoxin has also led to the investiga¬ 
tion of recombinant Ad!, toyis cytotoxln vaccines to prevent 
IBK. fit one field trial, calves vaccinated with the recombi¬ 
nant carboxy terminus of M. toris cytotoxin had a lower 
cumulative proportion of ulcerated eyes compared with 
saline and ad|uvant control calves. 324 

Parent era] routes of vaccination have been tested moss 
often, although aerosol vaccination also has been found So 
be effective against EBK 323 

I'realment and Prevention. IBK prevention hinges on 
minimizing risk factors for disease, reducing Infection of 
the ocular surface with M. toufs through antimicrobial use, 
and vaccination. To reduce fly populat1o:ns r Insectlcrde- 
impregnated ear tags and topical Insecticides with back 
and face rubbers are employed. Clipping mature grasses 
before cattle are turned out may also help minimize risks 
associated with direct mechanical corneal Jn|ury from plant 
awns. 

Moraxtfk bovts is susceptible to numerous approved 
antimicrobials. These Include penicillin administered subcon¬ 
junctival ly, 3231 oxytet racy dine parenterally or orally (2G mg,. 1 kg 
once or twice followed by 2 g/calf/day for 10 days )„ 327 - 32 ^ Hot - 
fenicol intramuscularly {two 20-mg/kg Injections 4$ hours 
apart) or subcutaneously [40 mg, 1 'kg once], 33 ®- 3111 ceftiofur 
costal line-free add subcutaneously (6.6 mg ceftlohir equlva- 
lents/kg once) In the posterior aspect of the pinna, 2 J1 and tula- 
thromydn [2.5 mg/kg) subcutaneously. 332 

For vaccination against IBK, most producers use com¬ 
mercially available bacterins. Marry different vaccines are 
available but are not universally effective, as previously dis¬ 
cussed. Anecdotal evidence suggests that autogenous vac¬ 
cines against non-.Vf bo vis isolates of gram-negative cocci 
from IBK-affected eyes may provide an alternative preven¬ 
tion strategy to conventional commercial M. touir vaccines 
when such vaccines are Ineffective. 


IMMUNE-MEDIATED OCULAR 
DISEASES 


MARY Bk'LLfc GlA2£ 

Except for the conjunctiva, the eye has no lymphatic 
drainage. Access of antigens to potentially reactive lym¬ 
phoid tissue is also restricted by the a vascularity of" the 
cornea and the presence of selective blood-ocular barriers. 
As unlikely as immunologlcally mediated abnormalities 
might seem under these circumstances, immune-related 
inflammation remains a leading cause of blindness in 
the horse. Reports of immune-mediated ocular disease In 
ruminants arc rare. 

OCULAR IMMUNOLOGY 

The con|unctiva represents an extension of the mucosal 
immune system. A variety of immune cells can be found 
in conjunctival tissue, including intraepithelial CDS* 


lymphocytes and mast cells, as well as aggregates of CD4 r 
T-helper (Th) and B lymphocytes, CD] ■ dendritic cells 
and macrophages, and' within the substantia propria. 333 
The conjunctiva processes ocular surface antigens with the 
help of regional lymph nodes. Antigen presentation Is likely 
preceded by local tissue damage and release of Inflamma¬ 
tory mediators that recruit Inflammatory cells to the site. 
Under the influence of cytokines such as interferon alpha 
(IFN-aJ, tumor necrosis factor alpha fTNF-a), interleukin-1 
IL-] ], and EL-12 released by local and recruited cells, tissue 
endritic cells process and cany host and pathogen mole¬ 
cules to regional lymph nodes to activate CD4 ■ Th cells. 
Stimulated lymphocytes migrate back to the eon|unctlva 
(T cells) and lacrimal gland (B cells), where they participate 
in ceil-mediated reactions and local production of IgA and 
to a lesser degree EgG. respectively. 333 - 335 

Because the globe Itself is without lymphatic drainage, 
intraocular antigens must be processed as a distant site, 
These antigens pass into the systemic circulation, preferen¬ 
tially stimulating the spleen as well as the bone marrow 
and other distant lymphoid organs. After 5 to 7 days, sensi¬ 
tized lymphocytes migrate back to the eye and' Localize 
within the uvea and llmbal conjunctiva. As with those on 
the ocular surface, these Immunologically competent cells 
are capable of antibody production and can participate in 
cell-mediated reactions. Further exposure to the same anti¬ 
gen can provoke an anamnestic response, endowing the 
uveal and llmbal tissues with behavior comparable to that 
of a regional lymph node. 334 

Ihe intraocular Immune response varies from that of a 
classic immune reaction, presumably to limit excessive 
inflammation within the eye. Anterior chamber-associated 
Immune deviation (ACAID) is characterized by preferential 
stimulailon of T suppressor cells that inhibit development 
of both CD4* and B cells necessary In delayed-type hyper¬ 
sensitivity reactions and production of complement-fixing 
isotypes of antibody, respect Lvely. 333 ' 337 Cells In the uvea 
and* corneal endothelium also express Fas ligand (FasL), 
which limits inflammation through apoptosis of activated 
leukocytes entering the eye. 333 

Each of the four major types of Immunologic reactions 
occurs within the eye_ 33a Type I [immediate) hypersensitiv¬ 
ity is usually manifest as conjunctivitis, an acute local 
in flam male iy reaction that follows IgE-mediated release of 
histamine, pro Inflammatory cytokines and chemotactlc 
mediators from tissue mast cells, and synthesis of cytokines, 
leukotrienes, prostaglandins, thromboxane, platelet-activat¬ 
ing factor fPAF], and ki n Ins. 339 These mediators of the 
IgE/mast cell inflammatory pathway increase vascular per¬ 
meability, constrict smooth muscle, dilate blood vessels, 
and activate leukocyte chemotaxis and the complement 
cascade. Allergic reactions of the lids and con|unctlva 
undoubtedly occur In all domestic species. 

Type II {cytotoxic/cytolytic) hypersensitivity is an anti¬ 
body-mediated cytolytic reaction In which the antigen is a 
cell surface or basement membrane component. Three basic 
effector pathways Lead to cell destruction: (1) opsonization, 
with increased efficiency of phagocytic destruction; [2) anti¬ 
body-dependent cellular cytotoxicity, Inducing the release 
of enzymes capable of destroying cells and digesting base¬ 
ment membranes; and (3) lysis of Immunoglobulin-bearing 
edit 340 Con|unctival damage resulting from autoantibodies 
directed against epithelial basement membranes is described 
in equine ocular pemphigoid. 

Type III {immune complex) hypersensitivity may share 
similar effector mechanisms with those descrltred for cyto¬ 
lytic reactions, but antigen locale accounts for dissimilar dis¬ 
ease manifestations in these two pathways. 335 This Immune 
complex reaction may explain the clinical signs of 
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pemphigus foliaceus- 141 and the Intraocular inflammation 
observed in horses after influenza vaccination or contact 
with Infected animals. 343 Antibody-mediated cell destruc¬ 
tion has also been Implicated in uveitis. 3 3S 

Type IV [cel]-medialed/delayed) hypersensitivity is an 
important factor In contact allergy of the lids and con¬ 
junctiva and may also play a role in ocular toxoplasmosis. 
The tissue destruction associated with herpetic keratocon¬ 
junctivitis In the horse has been attributed to a cell- 
mediated response. 53a Increasing evidence implicates 
delayed hypersensitivity in the pathogenesis of equine 
recurrent uveitis. 3451344 The reaction requires an initial 
antigen exposure that results in sensitization of antigen- 
specific T lymphocytes. Reintroduction of anti gen Induces 
interleukin production, with subsequent T-cell activation, 
proliferation, and cytokine production. Once activated by 
cytokines, recruited leukocytes display Increased activity 
to many antigens. 345 

ALLERGIC BLEPHAROCONJUNCTIVITIS 

In humans, several forms of allergic con|undlvltis are 
mediated by immunoglobulin E (IgE), and histamine {El 2 ) 
receptors have been discovered on the human ocular sur¬ 
face. 346 The ubiquitous presence of llj receptors In domestic 
animals implies a similar distribution 554 and the potential for 
immediate hypersensitivity reactions of the eyelids and 
con|unctlva. 

Affected ani ma I s demo nslrate acute swell Ing of the eye I Ids 
and conjunctiva, accompanied by serous ocular discharge, 
mild conjunctival hyperemia, and pruritus. If the stimulus 
persists, mult iple subconjunctival aggregates of lymphocytes 
appear as tiny, semitransparent follicles tvithin the conjunc¬ 
tival cul-de-sac. In contrast to bacterial conjunctivitis, crust¬ 
ing and purulent discharge are not typical of allergic 
conjunctivitis. 

Diagnosis of allergic blepharoconjunctivitis Is often 
presumptive, based only on careful and thorough elimina¬ 
tion of all other causes of lid and conjunctival swelling 
lYauma, orbital inflammation, neoplasia, mechanical irri¬ 
tants, conjunctival parasites, and other Infectious agents 
(both ocular and systemic) should be considered. In sup¬ 
port of an allergic etiology, conjunctival cytology' may reveal 
eosinophils in response So mas! cell degranulation. 

The offending allergen may be difficult to identify. Insect 
stings and toxic plants (e.g,, nettle) are possible causes, as are 
molds and pollens. Allergic conjunctivitis was described In 
17 of LS7 cows pastured ad|acent to a field of blossoming 
cotton. 54 " A group of Angus-Holstein cattle demonstrated 
excessive lacrimatlon and ocular pruritus associated with 
familial allergic rhinitis. Several inhaled allergens have been 
incriminated, Including capeweed, clover, dock, lucerne, 
pepper tree, paspalum, wattle, ryegrass, sorrel, and fungal 
extracts. 345 Mew feeds and certain drugs [e.g., oxytetracy¬ 
cline, penicillin, sulfas) may produce generalized urticaria, 
with accompanying eyelid and con|unctlval edema. 549 Simi¬ 
lar findings have been reported in cattle with milk allergy 1 . 
Agents directly inducing mast cell degranulation through 
osmotic or charge Interactions Include hypertonic saline, 
nonsteroidal antiinflammatory drug£ (NSAlDs), thiopental, 
opiates, neuromuscular blocking agents, mannitol, radio- 
contrast agents, polymyxin B, and vancomycin. 53 * Occasion¬ 
ally, allergic conjunctivitis may be associated with a topical 
medication such as neomycin. Clinical signs exacerbate with 
continued application ana diminish when ihe medication is 
discontinued. 

Ocular signs subside with removal of the offending aller¬ 
gen, but this is often Impractical. Individual animals may be 
treated with a topical ophthalmic corticosteroid preparation 



such as 0.05^-i dexamethasone ointment* to hasten resolu¬ 
tion of swelling and redness. An agent with antlprostaglan- 
dln activity such as oral or parenteral flunlxln meglumine’ 
(0.5 mg/kg every 1 17 hours) may be of benefit In Che horse. 
Signs associated w r ltb urticaria respond to a decreasing 
regimen of oral prednisone or prednisolone, initiated at a 
dosage of I mg/kg once daily In the nonpregnant ani¬ 
mal. 551 Single parenteral doses of short-acting corticoster¬ 
oids, epinephrine, or antihistamines have also been used 
with reported success In food animals. 346 

OCULAR MANIFESTATIONS OF IMMUNE- 
MEDIATED DERMATOSES 

PismphJgjjj refers to a group of chronic blistering diseases that 
affect healthy skin and mucous membrane. Although these 
disorders are of presumed autoimmune origin, their exact 
pathogenesis Is unknoivn. Direct immunofluorescence reveals 
Intercellular deposition of Immunoglobulin G [IgG] and 
complement within the epidermis. Circulating auloantlbodles 
can be demonstrated in humans. 352 Pemphigus follaceus and 
bullous pemphigoid have been described in the horse. 353 - 55 * 
Ocular manifestations may Include ulceration or crusting 
of the periocular skin and erosions of the conjunctiva. Cbe- 
mosls and hyperemia are likely; secondary corneal disease 
may follow (hat of the mucous membranes. Diagnosis is 
based on clinical findings, cytology, hislopalhology, and 
positive immunofluorescence of affected skin. See the dis¬ 
cussion of immune-medlaled dermatologic disorders for 
therapeutic recommendations and prognosis. 

Other Immune-mediated diseases, such as systemic lupus 
erythematosus (SLE), occur infrequently In the horse but 
can affect the eyelids. In addition to skin lesions* vasculitis 
may be manifest by hemorrhages in mucous membranes, 
Including the conjunctiva. 353 - 357 

EOSINOPHILIC KERATOCONJUNCTIVITIS 

Eosinophilic keratoconjunctivitis is an uncommon disorder of 
horses characterized clinically by cornea l ulceration and plaque 
formation in one or both eyes. 553 - 561 [is name is derived from 
the predominance of eosinophils found in cytologic samples. 
The specific cause of this disorder Is still unknowm. 

H Cliniail Signs. Clinical signs may be unilateral or bilat¬ 
eral and Include nonspecific signs of blepharospasm, ocular 
discharge, and conjunctival hyperemia. PerilImbal corneal 
ulcers appear as raised, w r hlte corneal plaques because of 
adherent caseous exudates* often accompanied by corneal 
edema and superficial vascularization. 

II Diagnosis. Different al d lagnoses I Lnd ude mycotic keratitis, 
onchocercal keratoconjunctivitis* neoplasia, foreign body 
granuloma, traumatic keratitis, and calcific degeneration. 
Definitive diagnosis Is based on clinical signs and cytologic 
findings. Eosinophils and segmented neutrophils predominate 
In corneal scrapings, with fewer mast cells, plasma cells, and 
Lymphocytes. Light microscopy of corneal tissue reveals co¬ 
alescing foci of degenerated collagen fibers In the comeal 
plaques. 

■I PfjtiatfpJpysiufogy. The exact cause of the disorder is 
unknown. The finding of eosinophils in equine ocular sur¬ 
face disease Is usually attributed to parasitic infection by 

'Rausch & l.omb, Tampa, EL. 

Tanammc, ^dicilng-Plough, KenilvrtJith, N|. 
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Onchocerca or Htibrcnemti species, 362 although neither has 
been Identified in the reported eases to dale. One proposed 
mechanism for eosinophilic keratoconjunctivitis Is an aller¬ 
gic or Inflammatory response to long-term use of Ivermectin 
as an anthelmintic, triggering the complement cascade and 
cellular chemolaxis In patients with ocular onchocercia¬ 
sis.-^^ Similarities to vernal keratoconjunctivitis In humans 
suggest that eosinophil-granule major basic protein may 
play a significant role In the equine disease, Inhibiting 
corneal epithelial migration and proteLn synthesis and pro¬ 
moting collagen degeneration.-’k’ Eosinophil-derived colla- 
genase also has been reported to degrade type 1 collagen, 
the predominant collagen In cornea. 353 

II 'itTubrirrit iutd frognosis. Treatment consists of topi¬ 
cally applied 0.05% dexamethasone and prophylactic topi¬ 
cal antibacterial ointments every 0 hours until clinical 
signs resolve. Lesions remodel with minimal corneal scar¬ 
ring but mean duration of treatment in one series of 
patients was 64 days (range, 45 to 105 days}. 359 Use of oph¬ 
thalmic NSAID preparations may increase the severity of 
clinical signs of eosinophilic keratoconjunctivitis in horses 
because of potentiation of leukolrienes, the primary pro¬ 
moter of eosinophilic inflammation.* 5 * Excision of the cor¬ 
neal plaques by superficial keratectomy appears to enhance 
healing, attributable to removal of the eosinophil-granule 
major bas I c protein. 353 - 355 

IMMUNE-MEDIATED KERATITIS 

IN on ulcerative He rato uveitis 

Nonulcerative keratouveitls Is an uncommon corneal dis¬ 
ease In the horse characterized by a pink, vascularized and 
somewhat localized stromal infiltrate of predominantly 
lymphocytes near the limbus. 364 - 365 The overlying epithe¬ 
lium is intact, so fluorescein dye is not retained by the cor¬ 
nea. Accompanying anterior uveitis Is typically severe and 
unremitting with blepharospasm, epiphora, con|unctival 
hyperemia, corneal edema, miosis, aqueous flare, and 
hypopyon. The primary differential diagnosis is a corneal 
stromal abscess; other considerations include fungal kerati¬ 
tis, eosinophilic keratoconjunctivitis, onchocerciasis, and 
neopiasia. 

r fne pathogenesis is presumably immune mediated, based 
on blstopabiology and response to therapy. M4 Systemic 
leptospirosis was Incriminated etiologicalty In a 2-year-oid 
thoroughbred flllv with a unilateral corneal Infiltrate of 
lymphocytes and macrophages and a choroidal Infiltrate of 
lymphocytes, eosinophils, and basophils that was also 
positive to IgC and C3. 366 brooks el al. 364 speculated that, 
autoimmunity against cornea] antigens may play a role. 

Before beginning therapv. It is essential to rule out 
stromal abscessatlon and fungal keratitis. In which the 
prescribed antiinflammatory regimen would be contrain¬ 
dicated. Treatment consists'of a potentially lifelong regi¬ 
men of a potent topical corticosteroid that will penetrate 
through intact corneal epithelium (1% prednisolone ace¬ 
tate or 0.1% dexamethasone) every 4 to 6 hours, 1% cyclo¬ 
sporine every 12 hours, and/or an NSAID such as 
flurbiprofen every B bours. M4 - 367i36a Topical 1% atropine 
is administered to effect to minimize ciliary spasm and 
limit synechiae. A systemic NSAID such as flunixin meglu¬ 
mine Is administered every 12 to 24 hours. Clinical signs 
typically recur if medication Is discontinued. Prognosis is 
poor, without expectation of cure. Chronic Inflammation 
may result In phthisis bulbl or unremitting pain that 
necessitates enucleation. 3G9 


Nonulcerative keratitis 

Chronic, nonulcerative corneal opacities without signs of 
overt discomfort or Intraocular Inflammation haw been 
described. 370 - 371 In a report of IS horses age 5 to 11 years diag¬ 
nosed with nonulcerative keratitis, 11 horses had clinical signs 
for more than 12 months before referral. 370 The disorder com¬ 
prises three distinct clinical entities, classified as superficial, 
mldstromal, or endothelial, based on the location of the cor¬ 
neal pathology. Superficial keratitis Ls characterized by a super¬ 
ficial, while to yellow infiltrate with diffuse, mild to moderate 
vascularization. Midstromal lesions are typically more diffuse, 
with denser cellular and vascular components, A deep cellular 
infiltrate with mild corneal vascularization and variable 
degrees of diffuse corneal edema are typical of endbtfidta? kera¬ 
titis. Intraocular inflammation is not a feature of the disorder, 
regardless of lesion location. Differential diagnoses include 
stromal abscess, eosinophilic keratoconjunctivitis, bullous 
keratopathy, and nonulcerative keratouveitls. 

An Imnaune-medlated pathogenesis is theorized, based on 
histopathologic characteristics and response to therapy. 
Regardless oflesion depth, hlstopathology reveals a predom¬ 
inantly lymphocytIc-pIasmacyllc infiltrate, with stromal 
fibrosis and vascularization. Three of five horses were sero¬ 
positive for Leptospira in one study. 370 Presumably the 
immune system is reading to a self-antigen or antigens of a 
foreign protein or infectious agent within the cornea. Even 
though Infectious agents have not been documented In this 
particular disorder, Immunologic cross-reaction with self- 
antigens (i.e. molecular mimicry) may occur, as described 
with leptospiral organisms or their DNA in the equine 
cornea. 3 , ' 1 - 373 

Lesions of superficial stromal keratitis can be controlled 
with long-term topical dexam_ethasone and/or cyclosporine 
applied every 12 to 24 hours. 370 - 371 Lesions In 4 of 11 nones 
treated by superficial keratectomy and conjunctival grafting 
resolved without the need for ongoing medication, suggesting 
that surgical removal of the Inciting antigen will stop the 
inflammatory process. A similar chronic therapeutic regimen 
is used in mldstromai keratitis; Matthews 371 slates that topical 
corticosteroids ate less effective than cyclosporine in the 
deeper stromal disorder. Keratectomy followed by a conjunc¬ 
tival graft was curative In one horse. 370 Response to antiin¬ 
flammatory agents varies In patients with endothelial 
keratitis, resulting from differences in pathogenesis. Only 
two of four horses were controlled with constant topical dexa¬ 
methasone and cyclosporine in Cilger et al/s report. 170 In 
contrast, Matthews 371 described complete resolution of endo¬ 
thelial keratitis with topical 1% dexamethasone applied every 
6 hours for 3 to 7 daw. Although retention of vision Is likely in 
most cases of nonulcerative keratitis, long-term or even 
lifelong therapy is required to control the corneal disease. 

EQUINE RECURRENT UVEITIS (PERIODIC 
OPHTHALMIA, "MOON BLINDNESS”) 

II Definition iirrd EVrufqgy. Equine recurrent uveitis (ERU) 
is distinguished by a pattern of Intraocular Inflammation in 
which recurring episodes of acute uveitis are separated by 
periods of clinical quiescence, inflammation of the Iris and 
ciliary body [anterior uveitis or Iridocyclitis) predominates 
in the early stages; repeated episodes damage the cornea, 
lens, vitreous, retina, and optic nerve. A more Insidious form 
of ERU characterized by persistent, low-grade Inflammation 
occurs In the Appaloosa and draft breeds of horse. 

Equine recurrent uvetlls Isa leading cause of blind ness In the 
horse and mule. Although the exact prevalence is unknown, 
estimates as high as 10% to 25% have been reported . 3 ?ora 
I’he financial Impact on the equine Industry is estimated at 



LOO to 250 million LI.S. dollars annually as a result of (he effects 
on performance and the costs of veterinary one. 37 * 

Despite extensive clinical research, the specific cause 
of ERII is still unknown. The pathogenesis is Immune 
mediated, and characterization ofT-lympnocyte populations 
in affected horses documents a delayed hypersen*Itlvlly reac¬ 
tion as the basic Immunologic mechanism underlying the 
recurrent Inflammatory episodes,Identification of the 
triggering antigen has proved more elusive, suggesting 
the disease does not result from the persistence of or 
repeated exposure to a single antigen, hut rather to a variety 
of circulating antigens or native ocular antigens. Leptospira 
farerrogfliTJ serovar pomomi is ihe most frequently Incrimi¬ 
nated In feel Lous pathogen, 175 hut diversification of'[’-cell 
responses to a particular antigen or group of antigens over 
time may result In evolution of the immune response to 
encompass endogenous ocular self-antigens.■■ a7? 


II (.'fftrjcrrf SigfEJ. The ocular lesions observed In FRU vary, 
depending on the severity and duiallon of the dis¬ 
ease. 36 ^- 1, 1 37 *- 37 ^- 3 ' 7i ' ERU can occur at any age, but the Ini¬ 
tial uveitis episode frequently occurs In horses A to 3 years 
of age. Acute episodes are painful, characterized by blepha¬ 
rospasm and excessive tearing. Affected eyes are often 
described hv owners as IJ red and/or cloudy" because of 
changes in the con|unctJva, cornea, anterior chamber, or vit¬ 
reous. Dilation of subconjunctival vessels near the Limbus, 
termed "ciliary flush/ 1 may intensify the generalized con¬ 
junctival hyperemia. As corneal endothelial function 
decreases, diffuse corneal edema gives the eve a bluish while 
appearance. The cornea may also exhibit peripheral, circum¬ 
ferential vascularization, cellular precipitates on its inner 
(endothelial) surface, and linear stromal opacities. 

Increased uveal vessel permeability causes the aqueous 
h unto r to appear cl oudy a fter i n flux of plasm a proteins (flare), 
inflammatory cells (hypopyon), erythrocytes (hyphema), or 
fibrin Into the anterior chamber (Mg. 39-25). The Iris often 
appears edematous and lackluster or "muddy/ 1 A change in 
iris color may be noted in breeds with lightly colored eyres, 
changing from blue to green In response to uveal edema, 
vascular congestion, and cellular infiltration. Prostaglan¬ 
dins and other inflammatory mediators cause pupillary 
constriction, favoring the formation of adhesions between 
the iris and lens (posterior synechlae) that distort the pupil¬ 
lary shape. Even without adhesions, the Inflamed iris 
responds poorly to mydriatic agents. Intraocular pressure 
(IOP) is usually decreased because of diminished aqueous 



FIG. 39-75 .'WLivL' uvrrilii ih.irarU'njccw bv hy-pojjyum pu pi IJ.nv Inrugu- 
bcities bccmuJiiry Lo j'l j\I feint v,ri ll h i.vr, melanin ndhernkl tci the .interior 
Irni capsule, and n dull l.ipelnl ndkclian. 
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production by the inflamed ciliary body, but Intermittent 
IOP elevations can occur. iSD The ciliary body can also 
deposit cellular exudates within the anterior vitreous, cre¬ 
ating an opacity within the pupillary space that may be 
mistaken for cataract. 

Active chorioretinitis causes dullness and loss of detail 
In affected (issues. Retinal detachment may follow cho¬ 
roidal exudation. Multifocal depigmented or hyperplg- 
inented foci on either side of the optic disc are the Inactive 
sequelae of chorioretinitis ("chorlorelLrtal scars"), commonly 
rerened to as peripapillary "butLerft/ 1 lesions (1-ig. 39-26). 

Intraocular damage Increases each time inflammation 
recurs. Permanent corneal opacity caused by edema results 
If the cornea] endothelium Is severely compromised. 
Chronic recurrent uveitis Is characterized by tvidespread 
posterior synechiae, Iris depigmentation or hyperplgmenta- 
tlon, and iris atrophy. The anterior chamber may appear 
shallow if aqueous trapped In the posterior chamber by 
extensive iris-to-lens adhesions causes the iris to balloon 
forward (iris bom be). Most Lens changes occur weeks or 
months after uveitis begins. Abnormalities may range from 
pigment flecks on the anterior lens capsule (Mg 39-27) lo 
dense cataracts. Lens Luxation often follows degeneration 
of the lens zonules and vitreous. Retinal detachment may 
also follow vitreous liquefaction or may result from traction 
by fibrous tissue bands within the vitreous. If retinal degen¬ 
eration is substantial, the optic disc atrophies (FEg. 39-26). 
Permanent hvpotony ts followed by shrinkage of the globe 
(phthisis hultfl). Conversely, chronic uveitis may result in 
secondary glaucoma. The combination of these acute and 
chronic ocular Lesions determines the degree of vision loss 
In she affected animal. 

Equine recurrent uveitis may be accompanied by tran¬ 
sient and variable inflammation of the pineal gland. 

Similar pineal Inflammation has been reported Jit 
experimentally induced recurrent uveitis in laboratory- 
animals. 



FIG. 3 J-2S SC I'uisdux JHdpccnt In optic disc inkcs. on in:-«clled appearance 
.lk- .1 result uJ pijjri lent migration alLer previous dsnriorcttnjl inl!,i:i uEi.ici.un 
in jl'L'u irLnkL uveitis. Bee,.iusv rid their Rhape tm h Li'sions nn 1 icnntti iuck 
rrfnred lo jus "buLLerily k'.ilniis " 
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Dtogrldslr. Not every case of uveitis In the horse qualifies 
as ERU. Diagnosis ts based on a chronic, recurrent history of 
intraocular inflammation and the presence of characteristic 
ocular lesions. In cases in which the htstoiy is unknown 
but recurrent disease Is suspected, at least three of the fol¬ 
lowing Indicators of previous inflammation should be 
observed before a presumptive diagnosis of ERLI is made: 
corneal edema or vascularization, synechiae, iris atrophy 


or color change,, lens capsular pigmentation, cataract, lens 
liixalion/subLuxalion, vitreous opacities or traction bands, 
retinal detachment, or peripapillary scarring.- 174 Other causes 
of a red and painful eye that can mimic acute ERU Include 
ccm funclivftis, corneal ulceration, corneal stromal abscessa- 
Llon, keralouveltis, and glaucoma. 

Serologic testing of paired serum samples for Leptospira 
species or other infectious agents Incriminated as causes of 
equine uveitis (secTable 39-2) may contribute to a diagno¬ 
sis of ERU, but negative liters neither exclude the diagnosis 
nor eliminate leptospirosis as a contributing factor to the 
disease, 385 -Acute leplospiral Infections are characterized 
by high-tiler jeroreactivity to at Least one serovar by the 
eighth day; iB ~ the titer usually falls with time, but seroreac- 
tlvlty may persist for many years. Some authors suggest that 
a leptospiraf tiler of I:40Q J or higher is of clinical Impor¬ 
tance, particularly for Leptospira fnterrogaw serovar 
pcfttrcjjdj. 0 '' 4 A higher titer In ibo aqueous than In the serum 
is indicative of Intraocular antibody production and further 
supports a Leptospira! cause for the uveitis .Onchocerca 
microfilariae may be identified In confuncUval biopsies, 
although detection of live microfilariae does not necessarily 
indicate a causal relationship. 3813 ’ 390 Equine leukocyte anti¬ 
gen (E1A) typing may help determine susceptibility to 
ERU . 33,1 

Histopathologic lesions of the ciliary body considered 
palhognomonlc for ERU include the presence of a thick, 
nonceTlular hyaline membrane adherent to the non pigmen¬ 
ted epithelium (NPL) and the presence of eosinophilic lin¬ 
ear cytoplasmic inclusion bodies within the NPE.- 392 ' 393 
Cluslers of lymphocytes and plasma cells also accumulate 
in the posterior Iris, ciliary body,, near the ora ciliaris reti¬ 
nae, within Lire choroid and near the optic nerve 
head. 1715 - 1,jJ Dense bundles of fibrils coupled with necrotic 
cells and mononuclear Inflammatory cell Infiltrates charac¬ 
terize the changes within the vitreous. 3911 


i 1 jj/Jry i p/i] r rrs'Jdigy. Breed has been established as a risk 
factor for ERU. In a L9SS retrospective study of more than 
16,000 equine patients at Cornell University, researchers 
determined that the Appaloosa had a significantly higher 
risk of developing uveitis than did thoroughbreds.- 396 
A subsequent New York held study substantiated the breed 
predilection, concluding that the Appatoosa was S.3 times 
more likely to develop uveitis than all other breeds com¬ 
bined.- 3 ^ Within the Appaloosa breed, those with overall 
light hair coats and focal dark spots are more likely to 
develop ERU than horses with a dark- basic coat pattern 
and a ligjtt "blanket" over [he rump. 3Tb Trailers and warm- 
bloods were overrepresented in a report of 130 ERU- 
affecled horses in Germany. 3,57 Of 669 mares included In 
a serologic study of leptospirosis, significantly fewer positive 
liters were found In thoroughbreds and standardbreds. i5il 

In humans, an immunogenetic predisposition to certain 
types of uveitis has been linked to the major histocompati¬ 
bility complex (MHC), a closelv aligned cluster of genes 
designated the HLA region (for human leukocyle antigen), 
located on a single chromosome.- 3 '^ 1 Similar genetic Loci 
occur in the horse, and the gene products are referred to 
as equine leukocyte antigens {ELAsJ. Products of these genes 
are glycoproteins found either on most nucleated cells 
(class [ antigens) or restricted lo accessory cells such as 
monoevtes or macrophages (class 11 antigens). The Immu- 
no regulatory role of the MHC is especially important In 
discriminating seif-peptides from those of nonself origin 
Recenl studies have shown an increased risk of uveitis 
linked with the MHC class I haptolype ELA-A9 in a group 
of German warmblood horses. 351 As proposed In studies 




of human EILA-assoclated uveitis, cross-reactivity between 
self-antigens and ELA cell surface peptides could explaLn 
an Inadvertent immunologic attack on normal cells. 400 ' 401 

Experimental findings in ERU patients Indicate that a 
T-celI-mediated autoimmune mechanism underlies the 
recurrent episodes of Inflammation. T lymphocytes are (he 
predominant cell type to infiltrate the anterior uvea, 343 - 304 
choroid, 4 * 3 and vitreous 403 of horses with ERIE and affected 
horses demonstrate cell-mediated immunity to retinal auto- 
antigens and peptides. 403 ‘ 405 ]J Lymphocytes have been 
reported primarily In retinas from' horses "seroreactlve for 
L interrogpfis serovar pomona T suggesting that leptospin i- 
assoclated ocular Inflammation may be a distinct subset of 
equine uveitis. 4 * 6 Equine ciliary body epithelium may play 
a role In recruitment and activation of leukocytes through 
expression of a chemolactic cytokine (chemoklne), 407 
although Ln the normal ocular microenvironment,, ciliary 
body pigment epithelium suppresses T-cel 1 activation by 
direct cell contact and the action of unidentified molecular 
mediators. 4 * 9 Analysis of mRNA collected from horses with 
uveitis demonstrates elevated levels of iL-2 and IFN-y, Indi¬ 
cating a Thl response Ln the disease process. 4 * 9 In the 
absence of bacteria or viruses, this Th I response by CD4 _ 
uveal T-Lymphocytes suggests a delayed-type hypersensitivity 
(Dill) reaction to self-antigens or sequestered antigens Ln 
the uveal tract. 344 - 41 * In contrast to the ocular T-lymphocyte 
population, systemic lymphocytes of ERU-affected horses do 
not exhibit a Thl response. 34 ** The expression of a deviant 
ME 1C class II antigen on resident ocular cells (e.g., Muller, 
retina] pigment epithelial) suggests that aberrant Immune 
regulation may also play a role in ERU. 343411 

Aqueous and vitreous Immunoglobulin levels have been 
used to characterize immunologic responses within ERU- 
affected eyes. Using radioimmunoassay, an early study 
found that aqueous levels of IgC,. igM, and IgA were 50% 
to 120% greater In diseased eyes than Ln normal controls, 
but that the IgC/albumin ratio suggested Leakage of protein 
through an Impaired blood-aqueous barrier rather than 
intraocular antibody synthesis. 4 * 2 Subsequent reports sup¬ 
port local ocular antibody production but disagree on the 
dominant immunoglobulin in ERU-affected eyes. Wagner 
et al. 413 found selectively Increased IgA Levels In the vitreous 
of affected horses; Eule el al. 414 reported substantial IgM 
titers In 79.6% of ERU samples. In contrast to the intraocu¬ 
lar Immunoglobulins, there are no significant differences Ln 
serum immunoglobulin concentrations between healthy 
and ERU-affected horses. 4 J3 - 414 

Both exogenous and endogenous antigens have been 
proposed as stimuli for these basic immunologic responses. 
One theory suggests that an infectious agent such as L. inter¬ 
rogans [or another, perhaps non Infectious, exogenous 
antigen) causes the Initial Iridocyclitis. Sensitized Immuno¬ 
competent cells enter the uvea during this first Lnflamma- 
loiy episode, imparting Immunologic memory that is 
specific for the Inciting antigen. Subsequent challenge of 
these cells by the immunogen causes recurrence of the 
inflammatory reaction. 338 ' 41 " However, the premise of an 
infectious agent that exclusively Induces and maintains 
ERU through a classic anamnestic response does not fully 
account for the disorder's clinical course and response to 
therapy. 

I’he role of Leptospira] Infection in ERU has been studied 
extensively in recent years. AIL major serogroups of L. interro¬ 
gans have been identified in the horse ana implicated as initi¬ 
ating factors In ERU. 375j3SM16_4L3 In a report, of 130 ERU 
cases in Germany, 5fi.&% demonstrated positive titers to lep¬ 
tospirosis. an incidence 7 to 10 times higher than the control 
population 337 Antl-J^ptaspfrci antibodies have been found Ln 
the serum, fears, aqueous humor, and vitreous of Infected 
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horses. 5SMI7i42£M2J Wollanke et al. 42J reported positive 
serum antibody titers to Leptospira serovars in 25% [24/97] 
of normal-eyed horses and 22% [50/227) of ERU-affected 
horses, but only the ERU-affected animals had positive anti¬ 
body titers Ln "the vitreous. 422 Leptospira I organisms have 
been cultured from the aqueous and vitreous of ERU-affected 
horses. 386 - 136 ' 459 - 433 ' 424 1 lorses seropositive to L interrogans 
serov ar potnona are reportedly L3.2 times more ilkely to have 
signs of uveitis than seronegative horses. 375 Ocular signs dur¬ 
ing the acute infection are subtle or absent but overt ocular 
Inflammation develops months to years later. 435 - 438 Risk 
factors for equine leptospirosis include rodent and wildlife 
exposure, proximity to ponds and rivers, a dense equine 
population on site, and increasing age. 193 ' 425 - 43 * 

Although direct Leptopfm-mediated injury to the eye can¬ 
not be ruled out Ln the pathogenesis of ERU, a growing 
body of evidence instead Links leptospiral Infection with 
autoimmune responses to ocular tissue components. Com¬ 
plement-binding antl-Lepfrupifti antibodies capable of 
cross-reacting with equine corneal tissue and Lens have been 
found in the tear film and aqueous humor of horses with 
leptospirosis. 420 - 421 - 431 r rhese antibodies bind corneal epi¬ 
thelial cells, activating complement and initiating tissue 
damage, a mechanism replicated in tissue culture.* 132 A Lep¬ 
tospira L protein epitope that shares antigenic determinants 
with the equine cornea and lens has been found in bacterial 
homogenates, 373 and a DNA fragment of several serovars of 
L interrogans was determined to encode a 90-kilodalton 
protein llfiat cross-reacts with equine corneal proteins. 373 - 433 
Novel Leptospiral Lipoproteins, Identified as LruA and LruB, 
stimulate local intraocular IgA and IgG production and also 
cross-react wLlh equine ciliary body, Lens, and retina. 434 
Immunohislopathologic examination has also demon¬ 
strated leptospiral cross-reactivity with Iris pigment epithe¬ 
lium and retina from horses with ERU. 406 - 435 This 
antigenic relationship between liptmpini species and equine 
ocular tissues supports the concept of molecular mimicry as 
a contributing factor in ERU; exposure to exogenous anti¬ 
gens that share molecular structural sequences wLth equine 
self-antigens Initiates an autoimmune response. 343 

Toxoplasmosis, brucellosis, salmonellosis, streptococcal 
hypersensitivity, Erchericfiin cc/j, RhotioMcrus &fti, borrelio- 
sis, 436 - 437 intestinal strongyles, and onchocerciasis have also 
been implicated as causes of ERU, with no consistency Ln 
culture or serology results in affected horses. 365 - 375 Viruses 
suspected of a role in ERU include equine influenza vims, 
equine herpesvirus (Ei IV-1, El lV-4), 43 ^ equine arteritis virus, 
and possibly equine Infectious anemia. 369 - 374 - 376 More recent 
studies on vitreous and serum samples from affected horses 
question the roie of Barrelhi burgdorferi, Born a disease virus, 
and Toxoplasma Ln ERIE 430 - 440 

Both humoral and cell-mediated hypersensitivities have 
been implicated Ln the lesions of ocular onchocerciasis. 
Immunoelectrophoretie studies have demonstrated an influx 
of IgG and complement (C3) Into the tears of affected horses 
In response to larval death. 441 I’he resulting chemotaxis of 
mast cells, eosinophils, and lymphocytes perpetuates the 
Inflammatory response and facilitates destruction of the par¬ 
asite. Human patients with ocular onchocerciasis demon¬ 
strate conjunctival Infiltration byCD3- T lymphocytes and 
Increased expression of class 19 ME 1C antigens in conjunctiva 
and iris, 443 as well as deficiencies Ln suppressor T-cell func¬ 
tion that may interfere with the normal regulation of anti¬ 
body function. 443 

In addition to the role of Infectious agents in the patho¬ 
genesis of ERU, autoimmunity may occur when a normally 
sequestered component Is exposed to Lymphoid cells or 
when the antigenicity of a component increases as a result 
of a structural alteration 444 Several endogenous ocular 
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proteins, Including retinal soluble antigen (5-anllgen, or 
S-Ag), Lnteipholoreceptor retinoid-binding protein (IRBP), 
and uveal melanin-associated proteins are known to induce 
uveitis In various animal models. 445 - JJ6 Clinical studies also 
implicate these potent auioanllgens in the pathogenesis of 
some forms of human uveitis. 440 - 451 An autoimmune phe¬ 
nomenon In response to damaged uveal tissue has Been 
proposed in the pathogenesis of ERU 452 The isolation of 
S-antigen in the horse and the subsequent finding of antL- 
S antibodies in the aqueous humor and vitreous of horses 
with uveitis support the theory that this species is similarly 
capable of local production of antibodies to normally 
sequestered autoantigens. 403 - 405 - 453 Experimental uveitis 
with features similar to spontaneous ERU has also been 
induced in horses after Injection of IRBP In complete 
Freund's adjuvant. 403 Auloantibodles to S-Ag and IRBP were 
found in 72% of vitreous specimens from horses ivith uve¬ 
itis. 403 A more recent equine study concluded retinal S-Ag 
is a weaker auloantigen than IRBP; T and B cells were acti¬ 
vated after immunization with S-Ag, but only one of five 
horses developed uveitis or demonstrated Inflammatory cell 
infiltration ot the uveal tract. 1154 Because the retina and MPE 
of the ciliary body originate from neuroectoderm, It Is even 
possible that ciliary Body damage may release an S-llke 
antigen or another uvellogenlc suoslance. 455 Evidence sug- 
esls that response to S antigen is predominantly T-cell 
ependent. 456 

Verma el al. 43J proposed a link between leplosplral 
cross-reactivity and the release of other ocular autoantigens, 
based on strong IgC and IgA responses to LruA and LruB 
lipoproteins in uveltic eyes but not in companion sera. 
The early phase of ERll may Involve production of non- 
complemenl-fixing antibody and non-Dill T lymphocytes 
specific for LruA and LruB. Itie antibodies and cells react 
with the leptosplral lipoproteins, Initiating a process that 
ultimately liberates IRBP and other ocular auioanllgens. 

'fhe concept of "epitope spreading' 1 has been offered as 
an explanation for the relapsing character of ERU. J 57 The 
theory proposes that after destruction of an Initial target, 
the immune response spreads from the first autoantIgenic 
determinant to others not previously recognized bv the 
immune system. 45a - 450 Active uveitis subsides as regulatory 
cells suppress the Inflammation, recurring as the immune 
response shifts to an epitope of the same autoantlgen (intra¬ 
molecular spreading) or a completely different auto antigen 
{intermodular spreading). A recent 22-month study of 
peripheral T-cell reactions In eight horses with spontaneous 
ERU demonstrated Intramolecular shifts to different S-Ag- 
derlved (6/8) or IRBP-derived (5/S) epitopes and intermo¬ 
dular shifts in all horses, spreading from IRBP-derlved to 
S-Ag-derlved peptides (5/3), or vice versa (3/B). 457 A shift 
of the immune reaction could be correlated to new uveitic 
episodes in 10 of 14 relapses that occurred during the obser¬ 
vation period. The confounding factor In this theory is the 
shifts in immune response observed during quiescent 
stages, perhaps to minor uveitogenic epitopes (hat fall to 
result In overt inflammation, or as part of an unknown reg¬ 
ulatory or protective function of these T-cell clones. 

Regardless of etiology, the ocular inflammatory process 
may attract other reactive lymphocytes to the eye. During 
primary uveitis, only 10% of the ocular Im mu noglobulin- 
secreting cells are specific for the Inciting antigen. The 
remaining cells produce antibodies against immunogens 
that may not have entered the eye, but with which the host 
had previous contact. As a consequence, the eye may 
develop recurrent Inflammation after systemic exposure to 
anyone of multiple antigens. It Is therefore conceivable that 
subsequent episodes of uveitis may differ etiologically, cre¬ 
ating a perplexing clinical picture. 460 


II Treatment 

ACTIVE INFLAMMATION, Reduction of Intraocular 
inflammation is the primary therapeutic objective In aeule uve¬ 
itis. Preservation of vision depends on successful management 
at this stage, when sight-threatening sequelae are minimal. If a 
specific cause for the uveitis is identified. It Is also targeted phar¬ 
macologically. In most cases, symptomatic therapy combines 
corticosteroids, NSAlDs, and mydrlatic/cycloplegic agents. 
Nonspecific suppression of T-lymphocyte activation with 
cyclosporine implants’ 161 and surgical removal of T cells and 
potentially organisms from the eye by core vitrectomy 462 are 
recent Innovations aimed at preventing recurrence of disease. 

No therapy is indicated in nonpalnful eyes with lesions 
of chronic eniTstage uveitis. Those eyes that remain painful 
or do not respond to therapy are candidates for enucleation 
or evisceration, followed by silicone prosthesis Implanta¬ 
tion in the orbit or sclera, respectively. 

corticosteroids. J’he severity of the uveitis dictates 
the routes and frequency of corticosteroid administration. 
Although topical therapy Is most often used, efficacy Is lim¬ 
ited by the agents’ relatively short contact time with the eye. 
Therefore, topical corticosteroids must be applied three or 
four times dally, even in eyes with mild clinical signs. In 
more severe uveitis, topical preparations should be applied 
every 2 to 4 hours or combined w r llh other routes of ther¬ 
apy. A suhpalpebral lavage system should be considered 
when such frequent application Is indicated (see under Bac¬ 
terial Keratitis in Horses). 

Either ophthalmic solution or ophthalmic ointment is 
acceptable for topical use in the horse. Prednisolone ace¬ 
tate" has excellent intraocular penetration and Is considered 
(he diug of choice. Potent dexamethasone preparations 
(Maxidex)* are also effective. In general, therapy should be 
continued for at Least 2 weeks after cllnlcaVsigns- have 
resolved. Ideally, that assessment includes an objective 
IGF 1 measurement to ensure resolution of ciliary body 
inflammation and dysfunction. 

The subconjunctival Injection of a repository corticoste¬ 
roid preparation Is an alternative or supplement to frequent 
topical therapy. Triamcinolone acetonlde* is effective for 
1 to 3 weeks when Injected In a 0.5- to I.Q-mL volume 
(20 to 40 mg) beneath the superior bulbar conjunctiva. 
Subconjunctival methylprednisolone acetate* has compara¬ 
ble antiinflammatory effect but is more Likely to cause 
granuloma formation at the injection site. Duration of 
effect of either drug depends on the severity of the uveitis. 
Nonocular use of either drug has been linked to equine 
lamlnitis. 

Evaluation of inflamed eyes should always include topi¬ 
cal application of fluorescein dye to rule out ulcerative ker¬ 
atitis. This precaution is especially critical when considering 
the use of subconjunctival corticosteroids that deliver pro¬ 
longed and irreversible effects. Topical and subconjunctival 
corticosteroids are contraindicated in the presence of cor¬ 
neal ulcers because they delay healing, potentiate the 
destructive effects of endogenous and microbial enzymes, 
and predispose the cornea to secondary Infection. 

NONSTEROIDAL ANTIINFLAMMATORY DRUGS. Par¬ 
enteral corticosteroids may be used when topical and 
subconjunctival agents are ineffective In controlling inflam¬ 
mation, but NSAlDs are usually preferred in such cases. Use 
of these anti prostaglandin agents counteracts an Important 


■ L% suspension, Falcon Ophthalmic*, Fort Worth, TX. 

soLu1ioi^ f 0.D5^ ointment, Akon Laboratories, Fori Worth. TX. 
; Kenalo£, Weutwood-ScJufcb Fha-rmareulicals, Buffalo, NY. 
*Ocpo-MedroL. Upjohn, Kalamazoo, ML 
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intraocular levels of CsA or control inflariiiiiatpiy episodes 
in ERU-affected horses. Therefore, effects of a bioerodible 
implant infused with CsA and Inserted Into the suprachor- 
oidal space beneath a partial-thickness scleral flap J cm pos¬ 
terior to the dorsolateral limbus were studied. Initial reports 
of the supra choroid,si device are encouraging. Migh concen¬ 
trations of CsA were achieved in the equine ciliary body, 
choroid, retina, and optic nerve. In horses with severe 
ERU, only 15% of eyes were blind a mean of 14.1 months 
after implantation. In contrast, 90% of patients with severe 
ERU treated conventionally are blind within 1 year. 3,7 * In 
vitro studies of CsA also documented a direct inhibitory 
effect on l.eprmpirvE growth at concentrations achievable 
within Lhe uveal tissues after deep scleral Implantation. 
Duration of CsA delivery with current devices Is approxi¬ 
mately 14 months. 

CORE VITRECTOMY. Pars plana vitrectomy has been 
used to remove fibrin, Inflammatory cells, and debris 
trapped In the vitreous; improve vision; and delay progres¬ 
sion of clinical signs in affected horses 4 * 2 - 477 - 4h 3 Propo¬ 
nents theorize that removal of T cells or Infectious 
organisms such as Leptospira may reduce adverse Interac¬ 
tions between the vitreous and the uveal tract, thereby 
reducing the recurrence of ERU. The technique appears 
more beneficial in European warmbloods with ERU than 
in Appaloosas with ERU in the United States. In one Ger¬ 
man study, recurrence of ERU was prevented in B5% (29/ 
34] of treated eyes followed for 5 months to 5 years, but 
45% of horses developed significant cataract formation. 4 * 2 
A study of vitrectomy performed In the United States wras 
also complicated by postoperative cataract formation and 
progressive loss of vision, despite some decrease In recur¬ 
rence of uveitis. 470 More recent reports of vitrectomy per¬ 
formed on more than 1200 eyes at the University of 
Munich described no further recurrences of ERU in 9S% 
of patients. 4 30 Cataract formation and retinal detachment 
were reportedly rare in this group of animals. Investigators 
explained their success on the basis of Improved palienE 
selection and surgical expertise. 

II I'rognosis. The long-term prognosis for vision In horses 
with recurrent uveitis is poor, although statistics of actual 
raEes of vision loss are limited. Dwyer's 11-year study of 
ERU-affected horses reported that 56% of the 160 study ani¬ 
mals experienced blindness in one or both eyes. 3 ™ Appa- 
loosas and Leptiu pim -seropesttive horses were at increased 
risk for blindness over the course of the study. All seroposi¬ 
tive Appaloosas (100%) loss vision In at least one eye; 50% 
were completely blind. Of seronegative Appaloosas, 71% 
lost vision in one or both eyes, 29% were totally blind. 
Seropositive horses of other breeds Lost vision In one or 
both eyes 51% of the time, with total blindness In only 
17%. Seronegative, non-Appaloosas had the best prognosis, 
ivith 34% losing vision In one or both eyes and total blind¬ 
ness In only 6%. 

BOVINE-SPECIFIC OPHTHALMIA 

A recurrent uveitis of cattle has been described and compared 
to that of the horse. 431 - 432 As with ERU, its definitive etiology 
is unknown, although a viral Infection was originally 
suggested. Clinical signs Include con |u net Ival hyperemia, cor¬ 
neal edema and vascularization. Inflammatory cells and 
hemorrhage within the anterior chamber and uveal tract, 
and retinal and choroidal edema and hemorrhage. The disor¬ 
der Is uncommon and does not share the notoriety of its 
equine counterpart. Therapy Is directed at reducing inflam¬ 
mation, as described for the horse. 


OCULAR PARASITES 

tfOttJs'JiF' CN'CJ.ISJJ 

rUvlttX NASISSL 

Parasites are an often overlooked cause of ocular disease in 
large animals. Many ocular parasitic diseases can threaten 
vision and can reduce the economic value of the animal 
through decreased function, decreased production, or both 
The mechanisms by which parasites damage ocular tissues 
are extremely varied and range from direct tissue effects of 
aberrant parasite migration to complex immunopalhologlc 
responses to parasitic antigens. This section reviews the 
major ocular parasites of large animals, with reference to 
the ocular tissue of primary Importance. Parasitic eyelid dis¬ 
eases are discussed In Chapter 40. 

CORNEAL AND CONJUNCTIVAL 
PARASITISM 

Ocular Onchocerciasis 

Ocular disease caused by Onchocerca cervkaHs is the result of 
aberrant migration of rioninfective microfilariae into the 
palpebral, eon|unctival, and corneal tissues. 4fl3 The larvae 
do not appear to have a predilection for ocular tissues; 
rather, the eye Is Involved merely as part of a generalized 
subcutaneous migration. Approximately 50% of horses with 
cutaneous onchocerciasis will have ocular involvement. 464 

'Hie pathogenesis of ocular onchocerciasis remains 
unclear. In humans, keralocon|unctivttLs and uveitis asso¬ 
ciated with local presence of Ondwcena uahadus microfilariae 
occur only after the microfilariae die. Because Onchocerca 
microfilariae are typically found in equine ocular tissues 
without evidence or inflammation, a similar mechanism is 
probably Involved. Therefore, some change in the parasite 
and/or in the host's immune response likely occurs to Incite 
an Inflammatory response. 

Ocular onchocerciasis occurs mostly In adult horses. The 
older the host, the greater is the exposure to the vector and 
the parasite, and presumably the greater the potential for 
ocular migration of microfilariae. Furthermore, Increased 
immune sensitivity may occur with Increased exposure to 
dead microfilariae. 

Clintail Signs. Conjunctivitis and keratoconjunctivitis 
concentrated at the temporal limbus are the most common 
manifestations of ocular onchocerciasis. Acutely, chemosis 
and hyperemia of the conjunctiva occur, accompanied by 
increased Jacrtmalion and blepharospasm. Small, raised, 
while nodules (0.5 to 2 mm in diameter) In the Itmbal con¬ 
junctiva and similar-sized punctate, subepithelial corneal 
opacities are often present. Corneal lesions are often 
wedged shaped, with the base of the triangle at the Limbus, 
and are characterized by varying degrees of superficial and 
deep neovascularization and cellular stromal infiltrates. 
Untreated, the lesions progressively enlarge, although the 
rate of progression and the severity of the disease vary. With 
chronicl ty, patches of depigmentation {vitiligo) occur in the 
perllimbal bulbar conjunctiva. Recurrent episodes of keralo- 
con|uncllvltis are common. 

Migration and subsequent death of microfilariae in the 
uveal tract result in uveal Inflammation. Both the anterior 
and the posterior uveal tract may be involved. The clinical 
signs of Onrkmti uveitis include apparent photophobia, 
epiphora, miosis, aqueous flare, inflammatory cells in the 
anterior chamber, and globe hypotonklty. However, these 
signs are not specific for onchocerciasis, and other etiologies 
must be considered (see Table 39-2). 




Chorioretinitis reportedly is a com mo n manifestation of 
posterior segment involvement. Active lesions are recog¬ 
nized ophlbalmoscopically by hypo reflective areas, repre¬ 
senting chorioretinal edema and Inflammatory exudates, 
usually observed around the optic papilla In i "butterfly- 
shaped" pattern. 4 ^ However, aqueous and vitreous opacifi¬ 
cation often precludes accurate assessment of the fundus. 

II DiVj^nusas. Characteristic clinical signs are highly sugges¬ 
tive of Onchocerca keratoconjunctivitis, but definitive diag¬ 
nosis requires corneal or con|uncllval biopsy. Conjunctival 
biopsy may be collected after topical anesthesia, whereas 
general anesthesia Is necessary for partial-thickness lamellar 
keratectomies to obtain corneal biopsies. A single, 3- to 
5-mm biopsy Is divided into two samples. One sample is 
placed on a slide with physiologic saline, minced, and 
warmed to 37° C (98.6 - F) to stimulate larvae movement 
and therefore enhance their detection. Slides are examined 
repeatedly over the next hour for migrating microfilariae. 
like organisms are 200 to 240 mm long and 4 to 5 mm In 
diameter, with a short, unsheathed tall. The other half of 
the biopsy specimen is placed in 10% buffered neutral for¬ 
malin for histopathologic examination. 

I’he presence of microfilariae In ocular tissue does not 
substantiate a diagnosis of Onchocerca keratoconjunctivitis 
unless evidence of a host Inflammatory response exists. 
I’he cytologic response is usually pleomorphic, with neutro¬ 
phils, lymphocytes, plasma cells, and eosinophils present. 
Varying degrees of neovascularization, pigmentation, lamel¬ 
lar disorganization, collagen degeneration, and calcification 
are present in the cornea. I’he overlying epithelium becomes 
thickened and keratinized. I’he presence of eosinophils In 
corneal and conjunctival scrapings is sugg.est.lve of a parasite 
etiology: however, Onchocerca microfilariae are rarely found. 
Definitive diagnosis of Oncfiocemn as the cause of uveitis is 
rarely possible. 

The differential diagnosis for equine keratoconjunctivitis 
also Includes squamous cell carcinoma, habronemlasis, and 
mycotic infections. Because horses with ocular Onchocerca 
have a generalized larval migration, they may also have der¬ 
matitis, especially of the ventral thorax. 
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dally for 5 to 7 days, is tapered as the inflammation decreases. 
Refractory cases have been treated for extended periods with 
0.25 mg/kg prednisone every other day. 4SS I’he anti prosta¬ 
glandin activity of NSAlDs such as phenylbutazone and 
Hunixin meglumine is also beneficial, especially when cor¬ 
neal ulceration prohibits the topical use of corticosteroids. 

Elimination of the microfilariae is recommended once 
Inflammation is controlled (see Chapter 40). The use of 
topical antibiotics Is also recommended to prevent bacterial 
Infection when corneal or conjunctival epithelial ulceration 
Is present. With uveal involvement, topical mydriatic/cydo- 
plegic agents such as atropine are indicated to relieve ciliary 
spasm and reduce the risk of posterior synechia formation. 


II Ocular Habroncmimis Eiquine ocular habronemlasis 
occurs when larvae from muscae, Habronema 

microstoma, or Draschin megastoma are deposited on ocular 
tissues, biles serving as intermediate hosts for Hahronema 
are attracted to moist areas of the body, including the con- 
|unctiva, for feedLng: ocular discharge and periocular wounds 
provide additional sites. As the flies feed, Habronema larvae 
are deposited on the surface of ocular tissues, migrate Into 
the tissues, and produce a local granulomatous inflammaloiy 
reaction. Equine habronemiasls occurs worldwide. 

II C’iMfcflf Signs. Ocular lesions typically consist of raised 
proliferative, nonhealing wounds present at the medial can- 
thus. I’he lesions are friable and pruritic and bleed easily. 
Lesions often contain small (I lo 2mm), yellow, caseated 
nodules ( Jl sulfur granules 1 '). Fistulous tracts and subdermal 
nodules may develop below the medial canthus. Corneal neo¬ 
vascularization, edema, and ulceration can occur as a result of 
altered lid function and irritation to the cornea from contact 
with the rough, irregular surface of the lesion. Corneal Involve¬ 
ment Increases the degree of ocular pain and blepharospasm. 

Elabronemlasis lesions are typically seasonal, occurring 
In the warm summer months when the fly population 
Increases. Certain horses appear to be predisposed to devel¬ 
oping cutaneous and ocular habronemiasls, and recurrence 
may be seen In these animals each summer. 


II Treatment. In humans chronically Infected with 0. volvu¬ 
lus, systemic ivermectin therapy decreases ocular microfilaria 
burden and improves associated ocular disease. In horses, 
however, mleronlarlelde therapy has been associated with 
increased ocular inflammation. Therefore, treatment Is 
directed at first controlling the Inflammatory reaction and 
then eliminating the parasite. 436437 Corticosteroids are the 
mainstay of this Initial antiinflammatory treatment and may 
be given topically, subconjunctlvally, or systemlcally, depend¬ 
ing on the severity of the inflammation, the extent of ocular 
and dermal involvement and the temperament of the horse. 

Because of superior solubility, prednisolone acetate* and 
dexamethasone alcohols* are the preferred topical cortico¬ 
steroid preparations. Mild lesions without concurrent 
uveitis are treated four to six times dally. When keratocon- 
luncllvltis Is severe or when uveitis is present, hourly appli¬ 
cation maybe Indicated. Subconjunctival corticosteroids are 
also beneficial but must be used with caution If corneal 
ulceration exists or is possible. Therapy is tapered as the 
Inflammation Is controlled. 

Systemic corticosteroids are indicated for severe uveitis, 
with concurrent Onchocerca dermatitis, and before larvicidal 
therapy. Prednisolone, at an initial dose of 0.5 to l mg/kg 


■ Fred-Forle, Allci&an rfiarmareucicals, Irvine, CA. 
1 MasitroL Alton Laboratories, Fort Worth, TX. 


II Diagnosis. Demonstration of the larvae In the granuloma¬ 
tous lesions or fistulous tracts is diagnostic. Biopsies of the 
affected tissue are directly examined for Habwnema larvae 
and may also be submitted for histopathologic examination. 
Cytologic examination of conjunctival scrapings reveals a 
mixed Inflammatory response, with neutrophils, eosinophils, 
and macropbagespredominating; however, Hrifcroneww larvae 
are usually not seen. The differential considerations for these 
lesions Include neoplasia (especially squamous cell carci¬ 
noma), sarcoids, phycomycosis, onchocerd asls* foreign body 
reaction, and exuberant granulation tissue. 

■I Treatment. Until recently, routine treatment was topical 
with systemic therapy reserved for severe or refractory' cases. 
E lowever, oral Ivermectin (0.2 mg/kg) has become the treat¬ 
ment of choice. Lesions begin to regress In 7 days and are usually 
healed by 4 to G weeks after treatment. Other effective larvlcldes 
Include trichlorfon, ronnel, and dlethylcaibamazine(DEC). 

Topical, intraleslonal, and systemic corticosteroids may 
be used to decrease the inflammatory response to the larvae, 
but w r llb Ivermectin larvicidal treatment, they may not be 
needed. Topical antibiotics are indicated and topical corti¬ 
costeroids avoided If corneal ulceration Is present. Debride¬ 
ment and drainage of granulomatous areas and fistulous 
tracts may increase topical drug, penetration and prevent 
abscess formation. Fly control and prompt treatment of 
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disorders causing ocular discharge or exposure of fresh 
tissue are Important In prevention of habronemiasLs. 

Ocular Thelaziasis 

Thekaia nematodes Ln the con|uncllval sac of large animals 
are considered commensal but can cause clinical ocular dis¬ 
ease. Thelazia species have a worldwide distribution,, with 
Uuiazfri lacTymalis found more often in horses and Theiazia 
gulosa, Thelazia rhodesii and Thelazia skrjabini found more 
frequently In cattle. r rhe infection rate tor cattle and horses 
in tne United States is estimated at 15 e 4i to 3S%, with horses 
less than 3 years of age affected more often than adult 
horses. The complete life cycle of the parasite is unknown,, 
but Musnie outifniFurfc [face fly) and other Musaie species 
serve as the Intermediate hosts. 

II C’JmrcaJ Signs. Most horses and ruminants infested with 
Ihehizia show no clinical signs. However, chronic con|unetl- 
vitis, conjunctival cysts, and superficial keratitis can occur, 
especially In the summer months when files are active. 
The disease is often mild but can progress to cause corneal 
neovascularization, edema, and ulceration. Dacryocystitis 
from parasite migration in the nasolacrimal system occurs 
and is more common in cattle than horses. Migration Into 
the lacrimal gland and Its ducts is seen and theoretically 
may lead to keratoconjunctivitis sicca. 4B9 

II Diagnosis. Direct visualization of the adult Thchizia 
worms In the con|unctival sac or nasolacrimal flushings Is 
diagnostic. The parasites are motile unless topical anesthetic 
is used. Adult TMizitt are & to IS mm long and milky white, 
and their cuticle contains prominent transverse strl aliens. 

II Trmfrjicrif In cattle, both Ivermectin and dorameclin 
given system lea I ly at 200 mg/kg are effective In eliminat¬ 
ing ThcLiziii.|£ is unclear If Ivermectin therapy Is 
effective in eliminating TJacJnziiE Ln horses.Alterna¬ 
tively, the parasites may be removed manually with 
saline flushes or forceps after topical anesthetic Is admi¬ 
nistered, followed by topical ophthalmic organophos¬ 
phate therapy. 1 * 92 

Ocular Elaeophoriasis 

Elaeopborlasls, or IJ sore head," Is a disease of sheep that Is 
caused by the nematode Ehuvphora schneideri. Adult Elaco- 
pftertf organLsms are found in the common carotid and 
internal maxillary arteries of deer, where microfilariae are 
produced and migrate into the capillaries of the face and 
head. Biting flies of the genera hfyiwmilrcr and Tdfrinui trans¬ 
mit the microfilariae to new hosts. The disease Is most prev¬ 
alent in the fall and winter In western parts of the United 
States where sheep are grazed at high altitudes. Elaeophora 
infections Ln deer are usually not associated with clinical 
signs. In small domestic ruminants and elk, however, the 
migrating microfilariae can cause a hypersensitivity reaction 
in facial and ocular capillaries. 

II CTmrcdf .Signs. Migration of Elucopliom microfilariae in 
ocular capillaries leads to local Inflammation. Although the 
uveal tract Is affected more often, sheep with elaeophorlasls 
may develop chronic kera!ocon|unctivitis evidenced by 
epiphora, blepharospasm, conjunctival hyperemia, chemosls, 
and comeal opacities. Clinical signs of anterior uveitis caused 
by Eltiftjphora are nonspecific and include epiphora, blepha¬ 
rospasm, miosis, clouding of the anterior chamber, and 


cataract formation, funduscoplc changes Indicative of chor¬ 
ioretinitis and optic neuritis are common and Lnclude retinal 
edema, pigment changes Ln the tapetal and nontapetal 
fundus, optic disc edema, and optic disc atrophy. 453 

II DitfgOTcm? and Thfidtnwnt. Diagnosis depends on 
demonstrating the microfilariae in skin or conjunctival 
biopsies. Treatment of heavily parasitized animals may 
cause death by ocdusLon of the carotid arteries with Efoet?- 
phom adults. Drugs used Ln treatment include piperazine 
(50 mg/kg orally), DEC (100 mg/kg), and stibophen 
(35 mL intravenously). The efficacy of ivermectin to treat 
Elaaophora Is unknown, but it Is poor against other filarides. 
Symptomatic treatment of keratitis and uveitis Ls Indicated. 

Ocular Manifestations of Nasal Bots 

Larvae of the arthropod Oestrus Givis, the sheep botfly, can 
aberrantly migrate up the nasolacrimal duct and enter the 
con|uncllval sac, causing local inflammation. Conjunctival 
migration is accompanied by epiphora, con|uncllval hyper¬ 
emia, and cbemosis. Finding the larvae within the conjunc¬ 
tiva I sac is diagnostic. Treatment consists of mechanical 
removal and topical or systemic oiganophosphates. The 
nasal botfly Gedoebtla hasslai Ls reported to cause ocular 
lesions in horses in South Africa. 

Ocular Manifestations of Trypanosomiasis and 
Pi rop I asm os is 

Many species of the protozoal blood parasite TTtfNiriaHmui can 
infect horses and ruminants, causing edema, hyperemia, and 
pelechlation of the con|unctiva. Sheep infected with Tryfuno- 
stinru brjjcej' can develop keratoconjunctivitis and panuvellls, 
including chorioretinitis and optic neuritis. Demonstration 
of the organism Ln blood smears is diagnostic. 

Other blood protozoans, Including Bd&esrd and TTicfk™, 
can also cause conjunctival edema, petecblatlon, icterus, 
swollen eyelids, and blood-stained tears. 

UVEAL AND RETINAL PARASITISM 

Onchocerciasis,, Elaeophoriasis, and 
Trypanosomiasis 

Onchocerca cervicalis causes equine parasitic uveitis and 
chorioretinitis, and Eiaeopherfl and 7>ypicfRL?ic??rLf cause uve¬ 
itis in sheep. Ocular manifestations of these diseases are dis¬ 
cussed under Corneal and Conjunctival Parasitism. 

Toxoplasma Iridocyclitis and Retinitis 

The Lnlracellular protozoan parasite ThficpTasma eomiii 
can cause ocular disease in large animals. Invasion and rep¬ 
lication In the retina and uveal tract lead to relLnitis, chor¬ 
ioretinitis, and anterior uvellls. The acquired form of 
toxoplasmosis in ruminants, however, Ls often not asso¬ 
ciated with clinical signs, and ocular lesions are uncom¬ 
mon. Toxoplasmosis Ls rare in horses. 

II Clinical Signs. The most common ocular findings with 
ocular toxoplasmosis are Iridocyclitis and retinitis. 494 
Retinitis is the primary posterior segment lesion, tvilh sec¬ 
ondary Lnvolvement of the chorioid. Retinal degeneration, 
dumping of pigment in the retinal pigment epithelium and 
chorioid, and optic disc avascularlly are seen ophthalmosco- 
plcally; however, these lesions are not pathognomonic for 
toxoplasmosis. Orbital pain and swelling may result from 
parasitic Invasion of extraocular muscles and orbital fat. 



II diiijrf {rentwent 

MISCELLANEOUS INTRAOCULAR 
PARASITES 

The most common Intraocular parasite In horses Ls Srtaria, 
with Sstoma digitatei found more frequently within the eyes 
of horses than Setnria etfamd. Ocular infestation Ls presumed 
to result front aberrant migration of the larval stage. 
Although Srftirid causes minimal inflammation in the peri¬ 
toneal cavity, it can cause serious Intraocular inflammation. 
Diagnosis is by visualizing the parasite in the aqueous 
humor. Treatment involves symptomatic antiinflammatory 
therapy and surgical removal. 

Other ftlarldes found free within the anterior chamber of 
horses' eyes include Dirofilaria immitis and Orrcliocemi cervi- 
caUs. Diagnosis and treatment are the same as for Seteaia. 
Severe endophthalmitis resulting from intraocular Infection 
with the free-living nematode Hotiogpfidfabus has been 
reported in a horsed The ocular disease was accompanied 
by a fatal encephalopathy. Diagnosis was based on rinding 
Lhe parasite during microscopic examination of intraocular 
tissues. 

The canine cestodes, Echinococcus granulosa and EcJiforth 
flxeus m ufttfociikrfj, may form Intraocular hydatid cysts In 
horses and ruminants, thereby producing extensive inflam¬ 
mation and retinal detachment. There is no medical 
treatment, and surgical removal is often impossible. Diag¬ 
nosis is made on histopathologic examination of affected 
tissues. 

Coerrwrjjj cerehralis, the intermediate form o( Taenia muiti- 
cepj and Taenia serialis f can develop in the CNS of sheep, 
causing a disease known as '"sturdy" or "gid." Besides having 
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abnormal gait, affeefed animals are often centrally blind. 
No treatment exists. 


OCULAR NEOPLASIA 


SIEMW M. HUBUllS 

A wide variety of tumor types may involve the ocular or 
periocular tissues of food animals. Except for the most com¬ 
mon neoplasms, limited Information Is available regarding 
treatment modalities, drug dosages, overall prognosis, and 
prevention or control. The tendency has been to adapt 
Information and methods used In other areas of medicine 
for use in large animals. Table 39-3 lists potential presenting 
signs and corresponding ocular neoplastic conditions or 
related differential diagnoses for horses, cattle, sheep, and 
goats. Table 39-4 categorizes ocular neoplasms that have 
been reported in the literature for each of these species. 
The greatest amount of information pertains to the horse. 

Despite the variety of primary and secondary neoplasms 
affecting the ocu I ar and periocular tissues, most tu mon produce 
similar effects on the eye, with tissue distortion and loss of 
function being she Initial concerns. Strategic therapy and 
management goals may vary from curative or palliative (e.g., 
eliminating discomfort by enucleation) for Individuals to elim¬ 
ination of the problem (e.g., culling from the herd) for a popu¬ 
lation. Specific tumor treatment options are often similar for 
neoplasms involving a particular ocular region or Location; 
wrhen designing a management plan, however, the specific 
histologic tumor type is important in determining prognosis. 
Classification of a tumor as "benign" versus "■malignant" or 


TABLE 39-3 





Ocular Neoplasia and Differential Diagnoses by Species Based on Presenting Clinical! Signs 


Clin coil Sign 


Bovine 

Caprine 

Ovine | 

Ocular pain 

Hjainrpnentii 

bkpharocein j u nctl vltis* 
Brainstem neoplasia 

Ocular dermoid 

Ocular trauma 

Squamous cell carcinoma* 
Sarcoid. 

Brainstem neoplasia 

Ocular dermoid 

Orbital lymphosarcoma* 
Sporadic ho vine leukosis 
Squamous cell carcinoma* 

Brainstem neoplasia 
Ocular dermoid 
Squamous cell 
carcinoma 

Brainstem 

neoplasia 

Ocular dermoid 
Squamous cell 
carcinoma 

Ejophlhainina 

Optic nerve 

neuroepithelial tumor 
Lymphosarcoma 

Retrobulbar neoplasia. 

Enzootic adult 
lymphosarcoma* 

Nasal and paranasal sinus 
neoplasia 

No n progressive bilateral 
exoph lisa Itti os 

Oral, maxillary, and 
mandibular neoplasia 
Retrobulbar neoplasLa 
Sporadic bovine leukosis 
Squamous celt carcinoma" 

Nasal and paranasal 
sinus neoplasia 

Oral, maxillary. and 
mandibular 
neophasla 
Squamous celi 
carcinoma 

Adenocarcinoma 
of nasal cavity 
Kasai and paranasal 
sinus neoplasia 
Squamous cell 
carcinoma 

Intraocular cn.iu 

Exudative optic neuritis 

Mastocytoma 

MedullaepilheliomA 

Ocular melanoma 

Optic disc astrocytoma 

Optic nerve neuroepithelial 
tumor 

Squamous tell carcinoma 
rroliferaEivc optic 
neuropathy 
tJveal or Iris cyst 

Ectopic Lacrimal gland 

Ocular melanoma 

Squamous cell carcinoma 

Ocular trauma 
Squamous celi 
carcinoma 

Ocular trauma 
Squamous cell 
carcinoma 


CariJvtued 
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TABLE 39-3 

Ocular Neoplasia and Differential Diagnoses by Species Based on Presenting Clinical Signs—cont'd 

Clinical Sign 

Lqiti nc 

Bovine 

flaprine 

Ovine ! 

Nlci Lt.it Ing 

Horner's syndrome 

Homer's syndrome 

Ocular trauma 

Ocular trauma 

meant ni ne 

Ocular trauma 

Lymphosarcoma 

Nasal and paranasal 

Nasal and paranasal 

protrusion 

Orbital neoplasia 

Ocular trauma 

sinus neoplasia 

sinus neoplasia 


Nasal and paranasal sinus 

Nasal and paranasal sinus 




neoplasia 

neoplasia 



Nasolacrimal duel 

Cutaneous squamous cell 

Nasolacrimal duct occlusion 

Nasolacrimal duel 

Nasolacrimal duct 

obstruction 

ca nrfcnoma " 

Nasal and paranasal sinus 

occlusion 

occlusion 


I ittlftomma 

neoplasia 

Nasal and paranasal 

Nasal and paranasal 


blepbaroconjuncciv III s 
Nasal and paranasal sinus 


sinus neoplasia 

sinus neoplasia 


neoplasia 




Ocular discharge 

Conjunctivitis 

Conjunctivitis 

Conjunctivitis 

Conjunctivitis 


Ocular trauma 

Ocular uauma 

Lymphosarcoma 

Lymphosarcoma 


Lymphosarcoma 

Lymphosarcoma 

Nasas and paranasal 

Nasal and paranasal 


Nasal and paranasal 

Nasal and paranasal sinus 

sinus neoplasia 

sinus neoplasia 


sinus neoplasia 

neoplasia 




Retrobulbar neoplasia 

Retrobulbar neoplasia 



Periorbilal or eyeball 

Adenocarcinoma 

Ectopic lacrimal gland 

Fibroma 

Fibroma 

mass 

Angiosarcoma 

Fibroma 

Fibrosarcoma 

Fibrosarcoma 


Hemangioma 

Fibrosarcoma 

Melanoma 

Melanoma 


1 lemangiosarcoma 

Ocular dermoid 

Nasal and paranasal 

Nasal and paranasal 


Lipoma 

Ocular melanoma 

sinus neoplasia 

sinus neoplasia 


Lymphosarcoma 

Retrobulbar neoplasia 

Ocular dermoid 

Ocular dermoid 


Mastocytoma 

Squamous cell carcinoma* 

Papillomatosis 

Papillomatosis 


Melanoma 


Squamous cell 

Squamous cell 


Nasal and paranasal sinus 
neoplasia 

Ocular dermoid 

Reticulum cell sarcoma 
Retrobulbar neoplasia 
Sarcoid* 

Squamous cell carcinoma" 
Waits 


carcinoma 

carcinoma 

Ruphlhalmia 

Glaucoma 

Ocular trauma 




Ocular melanoma 

Ocular melanoma 




Ocular trauma 

M ed u 1 loepithelioma 
Infectious bovine 
keraiocon nine* LvLtis * 
Ocular melanoma 

Ocular trauma 

Ocular sjauini 



Corneal mass 

AngiosarcoEna 

ELrucootic aduli 

Kent© myrosi s 

Keratomycosis 


Hemangioma 

lymphosarcoma 

Ocular dermoid 

Ocular dermoid 


t lemangitt&areoma 

Infectious bovine 

Squamous cell 

Squamous cell 


KeFatomycoais 

kxr-alocon i unctivitls * 

carcinoma 

carcinoma 


Ocular dermoid 

Interstitial keratitis 

Fibroma 



Squamous cell carcinoma* 

Ocular dermoid 

Squamous cell carcinoma" 



Tadi! 1 mass 

Angiosarcoma 

Enzootic adull 

Fibrosarcoma 



Cut am etuis habronemiasts 

lymphosarcoma 

E listiocytoma 



1 lemangloLiia 

Fibroma 

Melanoma 



1 lemangiosatcoma 

Melanoma. 

Nasal and paranasal 



Lymphosarcoma 

Nasal and paranasal sinus 

sinus neoplasia 



Mastocytoma 

neoplasia 

Papilloma tosia 



Nasal and paranasal sinus 

Ocular dermoid 

Squamous cell 



neoplasia 

Ocular melanoma 

carcinoma 



Ocular dermoid 

Papillomatosis 

Fibroma 



Ocular melanoma 

Retrobulbar neoplasia 

Fibrosarcoma 



Oral, mandibular, and 

Sebaceous cyst 

Ly mphosarc© ma 



maxillary neoplasia 

Sporadic bovine leukosis 

Nasal and paranasal 



Retrobulbar neoplasia 

Squamous cell carcinoma" 

sinus neoplasia 



Salivary gland neoplasia 


Ocular melanoma 



Sarcoid* 


Papillomatosis 



Schwannoma of eyelids 


Squamous cell 



SluloadenltLs 


carcinoma 



vLtencitei i,liE iaiuhl pprvalmt and inipariJinl diNerunlijiL diagnostic considerations. 








TABLE 39-4 

Ocular Neoplasms Reported In Large Animal Species 

1 Neoplasm 

Equine 

Bovine 

Caprine Ovine 

Ad enocanitio im 

¥ 


+ 

Angiosarcoma 

T 



Basal cdJ rumor 

# 



Chondroma radens 

f- 



Equine sarcoid 

-jr 



1 {ejnapgjonia 

+ 



lymphangioma 

f 



Lym ph osarco m a 

+■ 

+ 

+ 4 

Mastocytoma 

+ 

+ 

4 4 

MedulJoep ithcllom a 

+ 



NasaJ/p.tran.ts.tl alnus 

+■ 


4 

neoplasia 




Ocular melanoma 

j- 



Optic nerve 

+■ 



astrocytoma 




Optic nerve 

T 

H- 


neuraepllhetloma 




Papilloma 

f 



Retrobu 1 bar 

+ 



neoplasia 




Reticulum tell 

T 

+ 

+ 4 

sarcoma 




Schwannoma 

+■ 



Squamous cell 

+■ 

4 

4- 4 

carcinoma 





localized" (e.g., equine sarcoid) versus 'systemLe" (e.g., lym¬ 
phosarcoma) greatly influences treatment options and manage¬ 
ment approaches.The following discussion addresses die major 
tumors of concern in large animals and briefly surveys miscella¬ 
neous tumors that have been associated with ocular signs. 


OCULAR SQUAMOUS CELL CARCINOMA 

Definition umi Effo/cgy. Bovine ocular squamous ceil 
carcinoma (OSCC), also commonly called ^cancer eye, 1 ' 
represents the most economically important neoplasm of 
large animals. It is the most common tumor affecting cattle 
in North America, and according to estimates from federally 
inspected abattoirs In the United Stales, 12.5^ of all bovine 
carcass condemnations were caused by OSCC. 43fi The eco¬ 
nomic Impact includes carcass condemnations, production 
losses, treatment expenditures, and management costs. 

Ocular SGC arises from the epithelial surfaces of the con- 
functiva (corneoscleral ]unction, nictitating membrane, and 
palpebra) or cornea, The etiology is probably multi factorial, 
with genetic, environmental, ana viral factors being proved 
or suspected. In particular, Increasing levels of solar 

irradiation and decreasing amounts of dreumacular pigmen¬ 
tation are linked to an increased prevalence of O5CC.^ S5D0 

Equine OSCC is the most prevalent equine ocular neo¬ 
plasm (followed by equine sarcoid) and typically occurs in 
horses tvith unplgmented eyelids. 4 ^ 01 The amount of peri- 
limbal and nictitating membrane pigmentation represents 
another Important causal factor in cattle and horses that 
has received little attention but should be considered on pre- 
purehase and health examinations (see Chapters l and 2). 

II CffiNcriJ Signs miff Differential Diagnoses* The gross 
appearance depends not only on the anatomic tumor site 
(because this determines the overall interaction between 
epithelium and underlying connective tissue elements) but 
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not 


also the stage of malignancy. In general. premallgnanl 
squamous cell tumors are small, white, elevated, hyperplas¬ 
tic plaques or papllloma-Like structures with verrucous sur¬ 
faces (Fig. 39-29). In contrast, malignant tumors are more 
Irregular, nodular, pink- erosive, and necrotic In nature 
[Fig. 39-30). Necrotic tumors often have a characteristic 
tom odor. Squamous cell carcinomas that Invade the orhLt 
may become massive and eventually aggressively invade 
bone. Often the gross appearance allows a diagnosis to be 
established, but at times, cytology or histology is necessary 
to differentiate among benign tumors, carcinoma In situ, 
and invasive SCC. Bovine OSCC typically involves (In 
decreasing order of frequency) the lateral limbus, eyelid 
margins (especially the lower), nictitating membrane/and 
medial cant ha I regions." 56 -^ 7 Similar tissues are involved 
in horses, although some reports suggest that the nictitating 
membrane is more frequently involved than the corneoscl¬ 
eral |unct]on. 4gs ' 5112 Clinical signs resulting from metastatic 
Lesions are not common, although lymphatic tissues may 
become infiltrated with neoplastic cells. 



FIG. 39-29 i Havinu un.iJ.ir squj.mLiuv ±t?ll carcinoma (OSCC). Note the 
xmalJ, piL'mjliKn.inC hypcTp-Jaatii: phi.|Ucr involving I hr medial Nimbus and 
iht: Inr^L", m.'.lixii-'.iii. undid. ir iriaui im the Jowrr eyelid line tiiciT mius is 
bcrmiLiik^ uih"t-i abed and nc3:mltr. 



FIG. 3-9-3B i Hovirie OSOC mvolvu lltL* ramea and cmijunctiv^. Nole 
ihc irK^LiJ.n jewI iiiYAS-ivc gftftvth intn the cornea. I lie suriart: is mu&h 
.nidi nerixmc. 
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Despite the characteristic appearance of lesions, differen¬ 
tial considerations (especially in the horse) include adeno¬ 
carcinoma, adenoma, angiosarcoma, basai cell tumor, 
conjunctival follicular hyperplasia, dermoid, fibroma, fibro¬ 
sarcoma, granulation tissue, habronemic blepharoconjunc¬ 
tivitis, lymphosarcoma, mastocytoma, plasma cell tumors, 
sarcoid, and schwannoma (see Tables 39-3 and 39-4). 

II PtfEjfopftysicJogy, I’he tumor In all species develops 
through a series of p rental Lgn ant stages (l..e., hyperplastic pla¬ 
ques or epidermal plaques and papillomas) to progress over 
months and years to a carcinoma in situ and finally an inva¬ 
sive squamous cell carcinoma. Neoplastic lesions may arise 
without notable precursor stages. It is unlikely Sliat tumors 
arise in the cornea unless previous vascularization has 
occurredSpontaneous regression of 30% to 50% of 
bovine piecancerous lesions may occur, 4,6 and in rare cases* 
early OSCC may regress spontaneously. Tumors arising at 
the Limbus are confounded by the dense and poorly vascular¬ 
ized sclera and cornea, thus hindering metastasis to extraocu¬ 
lar sites. Nictitating membrane tumors extend to the base of 
the membrane and cartilage more rapidly, with spread Into 
the orbit and surrounding bones occurring much sooner 
than with tumors involving the globe. Although metastasis 
will eventually occur, extensive exlraocular spread Is limited 
in cattle by the practice of sending most affected animals to 
slaughter. Horses demonstrate multiple tumor locations 
and local Invasion In up to 50% of cases. Metastasis 

beyond extraocular sites Is rare In horses. 

II Epidemiology, Although OSCC has been reported In a 
wide variety ofcallle breeds, the Hereford breed (either pure¬ 
bred or crossbred) Is most often diagnosed with this tumor 
as a result of the common use of this breed as a range animal 
and the strong genetic trait for a white face. Thus, selective 
breeding for partially to fully pigmented periocular skin 
greatly reduces the occurrence of this tumor.- 306 Itie tumor 
is more common In older cattle, with the peak age prevalence 
being 7 to £ years. Exposure to Increasing levels of aclinic 
radiation raises the prevalence of bovine OSCC. Jtl? The prev¬ 
alence of ocular squamous cell tumors. Including nonmallg- 
nanl tumors. Involving Hereford herds In regions with 
abundant sunlight can range from 20% to 40%. Research 
performed in cattle herds suggests that a high plane of nutri¬ 
tion or a lower-Lhan-normal body weight in cows for the first 
2 years acts to increase the prevalence. 4,06 The intriguing 
possibility that bovine OSCC may be induced by viruses 
(e.g., papillomavirus) warrants further research. 

Equine OSCC in North America demonstrates an 
increased prevalence with increasing longitude fW], alti¬ 
tude, and mean solar irradiation. 505 Breeds with a greater risk 
of developing OSCC. include draft breeds, especially the 
Belgian [odds ratio |OR| = 21.7), Appaloosa (OR = 7.9), 
paint and pinto (OR = 4.5), and grade horses (OR = 3.1). 
Coat colors showing an Increased risk Include white (OR = 
26.7), creamello/palomlno (OR = 13.7), gray (OR = 6.7), 
red/whlte and strawbeny/white (OR = 4.7J, buckskin 
(OR = 4.4), and chestnut/sorrel (OR = .3.8). 501 

II Necropsy findings. Depending on the extent of Involve¬ 
ment, gross changes are noted that Involve the globe, con¬ 
junctiva and nictitating membrane, orbit, bones of the 
orbit, and regional cervical lymph nodes. In rare instances, 
metastasis to thoracic and abdominal organs can occur. 

II Irea ErrreriE and Prognosis. Numerous modalities are 
available, and applications depend on availability of 


instrumentation. Location and extent of the tumor, and 
value and intended function of the animal. Choices Include 
radlofrequency hyperthermia,* eryonecrosis, Inlralesional 
in lection of biologic response modifiers (BRMs; e.g., alloge¬ 
neic OSCC extract, mycobacterial cell wall fraction, Pjcpjcnj- 
iwcterijjtn acnes*), Inlralesional chemotherapy with elsplatln* 
(with or without Initial debulking], 60;| * 0 * radiotherapy 
(cesium-137, cobalt-60, gold-193, iridium, strontium-90), 
and surgical removal (local excision, enucleation, and exen¬ 
teration with or without salivary gland and lymph node resec¬ 
tion). Inlralesional use of cisplalln (1 mg/cm 1 of tumor 
volume) is highly effective, but multiple Injections are neces¬ 
sary (four times at 2- to 3-week intervals). Handling of 
the drug and animal after treatment must adhere to U.S. 
Occupational Safety and Health Administration (OSHA) 
guidelines,* 06 and animals must not be used for food con¬ 
sumption. Appropriate precaution should be followed with 
extra label use of cytotoxic drugs. Surgical debulklng with 
ad|unctive eryonecrosis or radlofrequency hyperthermia is 
an effective and affordable treatment modality. Cryonecrosis 
is achieved with liquid nitrogen, using a probe or spray deliv¬ 
ery system to freeze the tissues to -30 1 C (-22° F) twice, with 
complete thawing between freeze cycles. Radiofrequency 
hyperthermia Is performed wLth piercing or surface probes 
to heat the tissues to 50° C ( \2T F) for 30 seconds. Multiple 
treatment sites are necessary for lesions Larger than 0.5 cm In 
diameter. 

Because recurrence rales range between 30.4% and 
42.4%, 496 - 501 the willingness of the owner to return the ani¬ 
mal for follow r -up treatment is a significant determinant In 
overall survival. Financial constraints were the most com¬ 
mon reason for cessation of treatment. Many horses that 
die as a consequence of OSCC are euthanized at the owner's 
request. The overall prognosis Is determined by the degree 
of neoplastic Involvement of normal tissue, but a guarded 
prognosis Is warranted. If treatment Is to be undertaken, 
intervention should begin at the earliest stages of tumor 
development. In animals destined for slaughter, the guide¬ 
lines for condemnation of bovine carcasses affected with 
OSCC shown In part A of Box 39-2 should be considered. 

II fYtwpaEicur And CunEroL In cattle, factors such as genet¬ 
ics, UV light, and environmental factors (e.g., wind, dust) 
are known to be Involved in OSCC. Ocular viral Infection 
may also be contributory. If possible, affected animals 
should be culled as soon as possible because most produc¬ 
tion situations preclude environmental factor modification. 
Specific preventive measures have not been systematically 
evaluated In horses, but recommendations Include reducing 
UV light exposure, using protective fly masks In horses 
(to decrease solar irradiation and environmental Irritants), 
tattooing lightly pigmented periocular skin, and avoiding 
breeds thought to have an increased risk of tumor 
development. 

OCULAR MANIFESTATIONS OF 
LYMPHOSARCOMA 

II DeJinfEton and Liit*hg\ r . Lymphosarcoma is a fatal sys¬ 
temic neoplastic disease of the lymphoreticular tissue. The 
adult or enzootic form of bovine lymphosarcoma is likely 
the most devastating and common neoplasm of daily cattle. 
This Is a systemic disease with ocular manifestations rather 
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BOX 3 9 2 


Guidelines for Inspection (Antemortem and Carcass) 
and Disposal of Animals, Carcasses, and Parts 
Affected with Neoplasia 

A. Lplthcl lo tn.i o f 11n: eye 

J. Any animal found or a memo Hem Inspection Lo he 
affected and ihe eye has been destroyed or obscured hv 
neoplaslk tissue arid which shows extensive Infection, 
suppurataon, and necrosis, usually accompanied by 
foul odor, or any affected animal with cachexia, 
regardless of extent, shall be condemned 

2. Carcnsves of animil & with the eye or orbital region 
affected wiJI be condemned ill lie affection has: 

a. Involved the osseous slruciures of the head with 
extensive Infection, suppuration, and necrosis; 

b. .Metastasized from rhe eye or orbital region to any 
lymph node (Includingthe parotid lymph node), 
internal organs, muscles, skeleton, or other structure, 
regardless of the extent of the primary tumor; or 

c. Regardless of extent is associated wiLh cachexia or 
evidence of absorption or secondary 1 changes. 

3. Carcasses of animats affected to a lesser degree than 
above may be passed for human food after removal 
and condemnation of the head. Including the tongue, 
provided the carcass is otherwise normal. 

E. Neoplasms 

1. An individual organ or other pan ot a carcass affected 
with a neoplasm shall be condemned. If there is 
evidence of metastasis or that the general condition of 
the animal has been adversely affected by the size, 
position, or nature of the neoplasm, the entire carcass 
shall Ire condemned. 

2. Carcasses affected with mallgjiam lymphoma shall tie 
CDudem ned. 


tram. -Qjite l<I Kfjgjikjinuu, 11 lie CZhapber 3 r I'jirts AUiJ 6, .111.1 I 

□nd 311.12 [ I -1-H7 edition] 


than a pure ophthalmic problem. (See Chapter 37 For spe¬ 
cific Information regarding bovine lymphosarcoma and 
the bovine leukemia virus.) Lymphosarcoma represents 
the most common cause of oitiitaf neoplasia In cattle, 507 
excluding Q3CC that Involves the orbit by local extension, 
lymphosarcoma may affect horses- 1 ™ and goats. The etiol¬ 
ogy in horses and goats is unknown. 

Clfniiul Signs irrrcf Differential Diagnoses. Clinical signs 
are usually associated with exophthalmos caused by orbital 
disease. Neoplastic lymphoid cell Infiltration behind the 
globe results In exophthalmos, subsequent exposure kerati¬ 
tis, and eventual proptosis 507 (Fig. 39-31). One report has 
documented Intraocular Lymphosarcoma in a Holstein 
cow as the presenting sign of generalized lymphosar¬ 
coma.™ Subtle exophthalmos Is often overlooked because 
of Lhe natural exophthalmic state of some dairy breeds. Typ¬ 
ically, these animals present with a history that suggests an 
acute onset of exophthalmos, when actually orbital involve¬ 
ment has been present for a lime. Clinical signs associated 
with the exophthalmos and exposure keratitis include cor¬ 
neal edema, vascularization., ulceration, epidermalLzation, 
conjunctival hemorrhage, chemos3s r and ocular discharge. 
Ihese signs may develop, progress, and change quickly once 
corneal protection Is com promised. Other physical exami¬ 
nation findings are discussed in Chapter 37. Differential 
considerations for exophthalmos Include orbital cellu¬ 
litis, trauma, retrobulbar hemorrhage, retrobulbar soft 
tissue masses, chronic sinusitis., and sinus neoplasia (see 
Tables 39-3 and 39-4). 



FIG. 3 9-11 OtMIjiL ly^npl-Kxs^rranin. baduxe ijrhatnJ torv-olvtmrnt caus¬ 
ing rau^hth-ilmn# and jrauiidnry exposure h.LT.^1 i I ix ul ihc n^hc tr™. 


Clinical Pathology. Definitive diagnosis is achieved by 
cytologic samples obtained with a spatula after topical 
anesthesia 11 '^ or specimens excised for biopsy and fixed In 
formalin. Benign lesions typically contain superficial, a nu¬ 
cleated, keratinized squamous cells and deeper epithelial 
cells with enlarged nuclei and coarse duo mat In clumping, 
biopsies of these lesions show that the basal layer or base¬ 
ment membrane has not been Invaded. Malignant GSCC 
lesions are composed of pleomorphic celts with bizarre 
shapes, large hyperchromatte nuclei containing large clumps 
of chromatin, and prominent nucleoli. On biopsy examina¬ 
tion, invasion across the basement membrane is noted, and 
keratin-pearl formation or marked anaplasia is usually pres¬ 
ent. 503 In the event of regional lymphatic Involvement, fine- 
needle aspiration or preferably a biopsy may demonstrate 
neoplastic Infiltration. 

E-quine lymphosarcoma Involving the eye also represents 
a systemic disease with ocular manifestations. Other sys¬ 
temic manifestations are discussed In Chapter 37. Ocular 
lesions include uveitis, nictitating membrane masses, che- 
mosls and conjunctivitis, and neoplastic Infiltration of the 
eyelids and orbit. 5011 Differential considerations should 
include any chronic inflammatory disease, equine Infec¬ 
tious anemia, equine piroplasmosls. and infectious causes 
of uveitis (see Table 39-1). 


.■SVrTcpjy bindings. As with the clinical signs, necropsy 
findings are variable, in cattle, orbital involvement is com¬ 
mon, with lymphoid tumors being firmly attached to the 
periorbita and tvalls of the orbit. Extraoeular muscles are 
frequently infiltrated with tumor cells. The globe itself is 
typically not Involved. 501 Ocular lesions occur less often 
in horses than in cattle. In the horse the globe (uveal tract.) 
can be involved, in addition to extraoeular tissues. As with 
other systemic neoplastic diseases, multiple organ Involve¬ 
ment is expected with Lymphosarcoma. 


J'rcahraerif ami f'ro^ncsfs. This systemic disease may be 
treated pailJail vely or systemirally in an attempt to achieve 
remission for a time. Enucleation provides palliative treat¬ 
ment. and chemotherapy with corticosteroids, vincristine, 
and i.-asparaginase may induce remission. Extralabel use of 
these cytotoxic drugs must be approached with extreme cau¬ 
tion, and treated animals must not be used for food con¬ 
sumption. Most cattle with orbital lymphosarcoma either 
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die or are euthanized in terminal sEages of disease within 6 
months of the original diagnosis. 5 *^ Horses can have a 
much more protracted disease course, with many presenting 
because of chronic illness of up to 12 months' duration. 5 ™ 
The overall prognosis Is unfavorable., regardless of the spe¬ 
cies Involved. 

II Pnauerctton and Control. Control of bovine lymphosar¬ 
coma depends on efforts to eradicate bovine Leukemia virus, 
a monumental task in most cases, In other large animal 
species, prevention and control recommendations lor lym- 
hosarcoma are not possible until the etiology can be tdenti- 
ed. If animals are destined for slaughter, the guidelines for 
condemnation of bovine carcasses affected with lymphosar¬ 
coma as shown in part B of Bos 39-1 should be followed, 

OCULAR MANIFESTATIONS 
OF EQUINE SARCOID 

De/britforr arid Etiology. Equine sarcoid Is a locally 
aggressive, nonmaiignanl. fibroblastic tumor of the equine 
skin (see Chapter 40). It appears to be the most common 
equine neoplasm, with 3 4.7° ii of ocular and adnexal tumors 
in the horse being sarcoids (all Involved the eyelids)." 5 10 This 
neoplasm develops more frequently In sites predisposed 3o 
trauma and areas that come Into contact with existing 
sarcoids, and It does not metastasize to Internal organs. 

II CHntcat Signs ant! Differential Diagnoses. Sarcoids 
involving the eyelids are classified according so the scheme 
used for cutaneous lesions: verrucous, fibroblastic, mixed, 
or occult. Tumors of the eyelids may appear smooth and 
nodular, crusted and nodular, ulcerated, or pedunculated 
{Figs.. 39--32 and 39-33). Regardless of their appearance, 
the tumors ,iTe non regressing. Periocular sarcoids are subject 
to trauma; thus the verrucous type frequently transforms 
into the fibroblastic type with surface ulceration. It Is diffi¬ 
cult to differentiate sarcoid from fibroma, fibrosarcoma, 
neurofibroma, neurofibrosarcoma, schwannoma, or non- 
neoplasllc granulation tissue (see Tables 39-3 and 39-4). 


Tred/mcnf find Prognosis. Problematic lesions can be 
treated by a variety of modalities, none of which Is uniformly 
successful Often, multiple treatment sessions are required 



FIG. 39-J1 J Ljuint: .iLLrcuiJ Uir upper eyelid Exhibrn n smoutli, rmdu- 
tnr miLss Lypicul m;mv pniMuLu uncciidz. 



FIG. J9-33 I JuiiLii'.- wircoid anvnJvidjf I he merdial itspcfL uJ tyeLid. At 
L-A.innii.'.lkui or during Itl-.iiicucii. umxHtJU may been me 11 Iit t .ul ! lI Jhh 
Lumor huc.nni: uLlltaLlJ niici one injection li-I .1 A-Ign-wlwir f4’i m^ir cell wjII 
prapiLMiJdii hu.L ^LhM.\| , JUfiiiiy muJW'd 

for tumor control. Treatment modalities Include surgical 
excision jSOR-ii success rate), cryonecrosis (30% success rate), 
rad Infrequency hyperthermia (RDM Hypertherm], Lntrale- 
s I on a I Injection of EiRMs (bacille Calmette-Guerln), nia 
chemotherapy wish intralesional clsnlatin {Tlatlnol, with or 
without initial debulklng), Si33 - 5W radiation therapy {cesium- 
L37, cobalt-60, gold-193, iridium, strontium-90], and che¬ 
motherapy {3-fluorouracll) combined withsurgic.il excision. 
BRM therapy has not proved as successful for sarcoids located 
at other body sites. An available commercial Alyojhdcterfum 
product [Mormagen) can be used, but It does no! demon¬ 
strate the clinical efficacy seen with previously used research 
preparations., [flhe sarcoid Is static, flat, and hairless, it may 
be best left alone because any trauma, surgical or otherwise, 
could increase the growth rate and LnvasJveness of die lesion 
Response to therapy varies on the basis of lumor location, 
duration, severity, and previous therapeutic measures. 

Treatment of periocular sarcoid with BRMs shows partic¬ 
ular promise bul has the disadvantage of requiring a poten¬ 
tially long course of treatment, involving a series of 
intralesional Injections Intralumoral use of cisplalin is 
highly effective (sec Chapter 40). Successful treatment mea¬ 
sures'exist for equine sarcoid, and if a complete treatment 
protocol Is followed, the prognosis is favorable. As with 
any neoplastic disease, at the first evidence of recurrence, 
the animal should be reevaluated. 

MISCELLANEOUS TUMORS WITH 
OCULAR INVOLVEMENT 

The tumors previously discussed represent the most signifi¬ 
cant ocular or periocular neoplasms of large animals. How¬ 
ever, to the individual animal or owner, any tumor type 
represents a significant problem. Thus, clinicians must 
remember that numerous primary and secondary neoplastic 
processes can Involve the eve and surrounding tissues. Sec¬ 
ondary tumors may be either metastatic masses or locally 
invasive masses extending from sites near the eye, The great¬ 
est variety of ocular neoplastic disease has been reported In 
the horse (see Table 39-4). 

Adnexal tumors that have been reported include ade¬ 
noma, adenocarcinoma, basal cell carcinoma, fibroma, 
fibrosarcoma, hemangioma, 511 hemanglosarcoma, 511 lym¬ 
phosarcoma, melanocytoma, melanoma, papilloma, plasma 
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ce]L tumors,, and schwannoma. Few repents address treat¬ 
ment of these minors thoroughly. 

Surgical excision of small lesions, cryosurgeiy, radiation 
therapy, Intralesional cisplalln, 50 *- 505 and medical treat¬ 
ment with clmelldine 51 ^ 14 have been used successfully 
on select tumors. Oral clmelidine (2.5 mg/kg three times 
daily for an initial 3-month period] Is useful as a means 
of melanoma control. If lesions are progressively enlarging, 
cimetidine has been particularly successful in arresting or 
resolving tumor lesions. Itiis treatment is also a useful 
adjunct to cryonecrosls, surgical excision, or chemotherapy. 
I’he prognosis is poor for malignant masses because meta¬ 
static disease or local recurrence usually results. This is espe¬ 
cially true with angiosarcomas 502 that involve primarily the 
conjunctiva but may also involve the corneoscleral |unc¬ 
tion. Limited success with angiosarcoma treatment has been 
achieved in a case of equine orbital lymphanglosarcoma 
through enucleation ana chemotherapy with intravenous 
vincristine (four doses of 1.3, 1.3, 1.2, and 1 mg/m 2 of body 
surface area on daysO, 7, 14, and 51, respectively) and pred¬ 
nisone. Seven years after treatment, the horse showed no 
signs of recurrence. An additional case of conjunctival and 
nictitating membrane malignant hem angiosarcoma tvas 
treated by local excision and perioperative Lntratumoral els- 
plat In. Follow-up demonstrated tumor lysis and no recur¬ 
rence after 6 months. 

Any tumor Involving the nasal and paranasal cavities has 
the potential to Involve the ocular structures as the result of 
orbital spread. Enzootic adenocarcinoma in sheep is an 
example of this type of process. Although Infrequently 
noted, exophthalmos secondary to orbital invasion of this 
tumor has been reported. f> 15 Primary orbital neoplasia In 
die form of a multilobular osteoma (chondroma rodens) 
has been reported In the horse 516 and reminds one that a 



space-occupying mass (neoplasia) can affect the eye by 
causing progressive exophthalmos. 

Neoplasia involving the CNS, diencephalon, or occipital 
cortex can result In a central blindness, abolished pupillary 
light responses, and mydriasis. Other forms of Intracranial 
neoplasia can secondarily Involve the eye as a result of cra¬ 
nial nerve dysfunction. For example, an Intracranial 
schwannoma caused exposure ulcerative keratitis In a cow 
that presented with left facial paresis. 517 

Reports of neoplasia involving the globe, all in horses, 
describe the clinical, histologic, and treatment aspects of 
eplbulbar melanocytoma, slH Intraocular melanoma r 5,Sj530 
and medulloepithelioma. 521 Optic nerve tumors have 
Included neuroepithelial tumors and meningiomas. In the 
Intraocular cases the globe was rendered nonfunctional by 
the neoplastic process, and the Involved eye was subse- 
uently enucleated. An optic nerve neuroepithelial tumor 
Isplayed metastatic spread as a result of extension into 
the brain through the optic foramen, causing brain com- 
pression.- 522 Although documented cases of these miscella¬ 
neous ocular neoplasms are not widespread, they must be 
taken Into consideration as possible causes of large animal 
ocular neoplasia. 

Other than vascular tumors, most ocular tumors do not 
display a severe metastatic threat. Although enucleation 
may be curative, histologic evaluation of excised tissues 
and long-term patient follow-up are necessaiy If accurate 
epidemiologic and prognostic data are to be available. Once 
an accurate diagnosis has been made, the clinician and 
owner must determine, In light of all available medical 
Information and the proposed use of the animal, whether 
treatment should be curative or palliative or whether elimi¬ 
nation of the problem from the herd should be of greater 
concern than care of the individual animal. 
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Diseases of the Skin 

STEPHEN D. WHITE, Omsuitwz Editor 


IMMUNE-MEDIATED SKIN 
DISOR DERS 

STEPHEN IX WtlfTC. 

PEMPHIGUS FOLIAGE US 

Definition and Etiology 1 , The term pempirfgus Li derived 
from the Greek woFd for "blister" and is used lo describe a 
group of autoimmune vesiculobullous disorders character¬ 
ized h istologically by intraepldermal acant bo lysi s and Lmmu- 
nologfcally by intercellular deposition of Immunoglobulin. 
Pemphigus foliaceus Is the most common of this group of 
autoimmune diseases; in large animats it has been reported 
in horses,goats, 1,1 and a donkey.^ In small animals, pem¬ 
phigus foliaceus has been putatively associated with drugs,* 
hut this has not been identified In large animals. The factors 

f >reclpilatlng the development of pemphigus foliaceus In 
arge animals are unknown. The clinical ksions recognized 
in horses and goats are primarily scaling and crusting. 

fti thopitysiol Pemphigus foliaceus Is characterized by 
the production ot autoantlbodies. In humans and dogs, these 
are d I rected against transmembrane prate! ns {des mogjei n i i n 
humans and a minority of dogs}. The pemphigus autoantl- 
body binds to the transmembrane protein, resulting In the 
release or activation of one or more proteolytic enzymes. 
These enzymes destroy the attachments between adjoining 
epidermal cells. The result is nainlha lysis; the epidermal cells 
assume a rounded shape and separate from one another, lead¬ 
ing lo the formation of Lntracpidermal clefts and vesicles." 

II CTfFifoiJ i’igjry. Pemphigus foliaceus Is characterized 
clinically as a generalized exfoliative dermatitis (Eic. 40-1). 
Ventral or peripheral limb edema and crusts are the most 
common clinical signs. 1 in one recent study, no age, breed, 
or gender predilection was noted, although (80*ft) of affected 
horses first exhibited signs between September and Febru¬ 
ary. 1 In the horse, lesions are usually first noted on the head, 
limbs, orventrum. Initial lesions also may be associated with 
fever, depression, or rarely urticaria. The disease usually pro¬ 
gresses to involve the entire body over days to weeks. The pri¬ 
mary lesion is a pustule, but these are fragile and transient 
lesions. Pustules rupture soon after formation, resulting in 
erosions, epidermal collarettes (rlng£ of exfoliating superficial 
epidermis), scale, and crust. The Lesions may or may not be 
associated with pruritus or pain.u 


Portioni of this chapter are adapted from previous Editions, which wete 
written by Anne G. Evans, DVM. 


In the goat, pemphigus foliaceus also presents as a 
generalized exfoliative dermatitis. In the Limited number 
of cases described, lesions were Initially noted on the limbs, 
perineal region, and ventrum. The lesions consisted of crust¬ 
ing and scaling resulting from rupture of vesicles and bullae. 
Pruritus and malaise appear to be variable findings 


tJjjigjTtfr.fr, Diagnosis of pemphigus foliaceus In large ani¬ 
mals is typically based on biopsy of lesions submitfed for 
routine histopathology. Characteristic histologic findings 
include intragranular to subcorneal deft and vesicle forma¬ 
tion associated with acantholvsis. both follicular and surface 
epitbella are frequently Involved. Neutrophils lend to pre¬ 
dominate in the inflammatory Infiltrate, although eosino¬ 
phils may also be present.'Because certain strains of 
Trichophyton species of dermatophytes may also cause 
aeantbolysis, any histology suggestive of pemphigus foliaceus 
must he stained for fungi.* Direct immunofluorescence or 
immunohlstochemlstry as an aid in the diagnosis of pemphi¬ 
gus foliaceus in horses and goats has also been reported but 
is somewhat limited to research and academic Institu¬ 
tions.- 1 .^ indirect Immunofluorescence testing {for pemphi¬ 
gus antibodies in serum) is reported to be unreliable for 
the diagnosis of pemphigus foliaceus in horses. 7 , id 


II Viera}?}'. Treatment Is corticosteroids at Immunosuppres¬ 
sive doses, such as prednisolone at t mg/kg every 24 hours 
(ql2h) or dexametnasone at 0.G3 Lo D.l mg/kg q24h, then 
tapering. Oral prednisolone is preferred to prednisone 
because some horses are unable to metabolize prednisone 
into the active metabolite of prednisolone J ■ ln|eclable 
gold (Solganal, Scherlng) was also used successfully, but 
this product Is no longer available. There are anecdotal 
reports of benefits using another gold salt, aurolblomalale 
(Myochrysine, Rhbne-Poulenc Rorer), I mg/kg intramuscu¬ 
larly [!M) every 7 days. Gold sails take 1 to 3 months to 
reach effectiveness, when dosage frequency can be tapered 
to every 1 14 to 30 days. Adverse reactions of gold salts, 
although rare in the horse, include thrombocytopenia and 
glomeru Lonephropathy. 

There are also reports of azathioprine {I lo 3 mg^kg q.Z4- 
4&h) being used for various autoimmune skin diseases 
in horses. LJ -^ A potential side effect is thrombocytopenia 
because horses have low levels of the enzyme tbiopurlne 
methyl transferase (TPMT), 11 which Is responsible for the 
melabolizatlon of azathioprine in other species. Including 
humans. Elctvever, l have administered azathioprine (1 to 
3 mg/kg for i month, then q48b) to eight healthy horses with 
no deleterious effects. 15 Azathioprine is used as a steroid- 
sparing drug with corticosteroids, eventually to decrease the 
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HYPERSENSITIV ITY DISORDERS 

STEPHEN U. IVirrjE 

ATOPIC DERMATITIS 

Definition mid Etiology. Atopic dermaUtis may be 
defined as an abnormal Immunologic response to environ¬ 
mental allergens, such as pollens, barn dust, and molds. It 
Is Increasingly being recognized as a cause of pruritus In 
horses. The disease may be seasonal or nonseasonal, depend¬ 
ing on the allergen(s) involved Age, breed, and gender pre¬ 
dilections have nol been extensively reported. A familial 
predisposition may be present. 

The presumed etiology is a type 1 {immediate) hypersen¬ 
sitivity response, mediated by immunoglobulin I: (IgE). 
Although evidence indicates tlkt atopic horses do produce 
allergen-specific IgEj s etiology is largely extrapolated from 
other species. The IgL Is presumed to be directed against 
specific allergens. When that allergen Is bound to two or 
more IgE antibodies on the surface of a mast cell, the mast 
tell releases granules containing various substances that 
cause erythema., vascular leaking, and pruritus. 


steroid needed. Approximate cost In a 500-kg horse for dally 
azathioprine is £30D/mantb. 

Goats have also been treated successfully with corticoster¬ 
oids {dexametbasone, prednisolone) and aurothiog)ucose.n.9 
Dosages approximate those for the horse. 

II Prognosis, The response to treatment in equine pemphi¬ 
gus fonaceus varies irom patient fo patient. Many horses 
require lifelong administration of medication to control 
the clinical signs; others may be gradually weaned from 
medication without further relapse. In one study in which 
folLow-up Information was available for 13 horses, four 
were euthanized because of complications from the disease 
or Us treatment. The reported cases of caprine pemphigus 
foliaceus are Insufficient In number to establish a prognosis 
reliably. 

BULLOUS PEMPHIGOID 

Bullous pemphigoid is an autoimmune, vesiculobullous, 
and ulcerative disorder that affects the cutaneous basement 
membrane zone (BMZ). It has been rarely noted In 
horses.".Initiating triggers for the disease In the horse 
are unknown. 

The pathophysiology of bullous pemphigoid In horses is 
assumed to be sLmtlar to that described in other mammals. 
Complement-activating antl-BMZ antibodies bind to a gly¬ 
coprotein antigen In the lamina lucida of the BMZ. In 
horses, this has been shown to be bullous pemphigoid anti¬ 
gen II (also called collagen XVII). Complement activation 
results In degranulation of mast cells and chemotaxis of 
neutrophils and eosinophils. Eosinophils release tissue- 
destructive enzymes with resultant in|ury to the BMZ, loss 
of dermoepldermal adherence, and subsequent blister 
formation.? 

Equine bullous pemphigoid Is characterized clinically by 
painful, crusted, or ulcerative lesions of the skin (face and 
axillae), mucous membranes, and mucocutaneous junctions. 
Bullae are rare. 7 - 16 Ulceration may Involve the gastrointesti¬ 
nal (Cl) tract. The diagnosis is based on histopathologic 
and, when available, immunofluorescent findings. Treatment 
is the same as for pemphigus foliaceus; the few cases reported 
have not had favorable outcomes, but l have seen a case that 
initially responded well to corticosteroids. 


Chmcdif S/grrj, Pruritus, often affecting the face, distal 
legs, or trunk, is the most common clinical sign. Alopecia, 
erythema, urticaria, and papules may ail be present. Urticar¬ 
ial lesions may be severe but nonpruritic. Horses may have 
a secondary pyoderma, typified by excess scaling, small epi¬ 
dermal collarettes, or encrusted papules (''miliary dermati¬ 
tis"). Diagnosis of atopic dermatitis Is based on clinical 
signs and the exclusion of other diagnoses, especially para¬ 
site (Cultecides) allergy. 

Diagnosis. Diagnosis Is based on clinical signs and 
exclusion of other pruritic skin disease. Confirmation to 
formulate allergen-specific Immunotherapy (ASH’, iJ hypo- 
sensitizatlon"") is based on either intradermal testing (IDT) 
or serum allergy tests. The IDT involves a series of inlrader- 
rrml injections "of aqueous allergen extracts along with a 
positive {histamine) and negative {saline) control.. The 
Injections are usually performed over the lateral cervical or 
thoracic region. The infection sites are then observed for 
30 minutes to 24 to 4S hours for evidence of wheal forma¬ 
tion associated with the Injection site. A positive reaction 
does nol necessarily mean that the horse's clinical signs 
are caused by the reacting allergen, but rather that Lhe horse 
has antibodies to the allergen that, on Intradermal expo¬ 
sure, trigger those clinical signs, false-negative IDT reactions 
may occur, the most Important cause ofwhich Is the use of 
corticosteroids, antihistamines, or phenolhiazlne tranquili¬ 
zers before testing. 

Thus, although horses with atopic dermatitis generally 
have a higher incidence of positive reactions than healthy 
horses, the diagnosis (as Ln other species) cannot be solely 
made on the basis of the IDT or serologic test alone; rather, 
these tests should be Lnlerareted In light of the history of 
the disease; for example, a horse tvith seasonal signs is more 
likely to have an allergic response to seasonal allergens (pol¬ 
lens in summer, barn dust In winter). This Interpretation 
thus .will help the clinician determine which allergens might 
be relevant Ln hyposensitization, should the owners choose 
that treatment. lB - 2J 

There is continuing controversy in the horse {and other 
domestic species) in regard to IDT versus the serologic tests 
available. These tests look for the allergen-specific IgE in the 
animals blood .^ I have used serologic tests as the basis for 
determining the allergens to be used for hyposensitLzallon 
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PART FIVE DISORDERS OF THE ORGAN SYSTEMS 


when the owner did nol want the horse shaved for the IDT 
oi the horse wa-s receiving antihistamines. Preferentially,, 
IDT and/or serologic testing Is performed on horses with 
atopic dermatitis and with owners who are interested in 
pursuing hyposensitization. It should be remembered that 
in regard to food allergy, neither serologic testing nor IDT 
likely has any relation to reality. Clinical research Is ongoing 
to determine the most important allergens, their Jesting 
dilutions and effective control substances.J-U4 

Therapy, Corticosteroid treatment is usually effective in 
the control of pruritus or urticaria resulting from atopic derma 
litis. The usual oral medication used Is prednisolone (J mg/kg 
q24h), although dexamelhasone (0.05 mgi'kgq 24h) may also 
be used. The Injectable dexamethasone solution may be used 
orally., although the clinician should remember that the bio- 
availabillty Is 60% lo 70% of the injectable route. 

Corticosteroids In horses may cause various adverse 
effects, including steroid hepato pithy, laminllis, and iatro¬ 
genic hyperadrenocorticlsm. Therefore, other modalities of 
treatment may be used, such as the antihistamines hydroxy¬ 
zine pamoate {200 to 400 mg/500 kg ql2h), or celirlzine 
( 0.2 mg/kg 4 L —h), doxepln (a tricyclic antidepressant with 
anlihlstaminlc effects; 300 to 600 mg/500 kg q! 2 h), or 
dfelhykarbamazLne syrup (6 to 12 mg/kg q24b j. l lydroxy- 
zlne, cetirlzlne, and cJoxepin may cause either drowsiness 
or nervousness, although these adverse effects are uncom¬ 
mon. Some clinicians nave noted improvement witen an 
essential fatty acid (EFA) product is added to the feed; Plati¬ 
num Performance has been used successfully in some atopic 
horses as an ad junctive treatment. * 

In general, hyposensitization injections for any manifes¬ 
tation of atopic dermatitis in the horse should be evaluated 
for efficacy lor at least 3 2 months. The veterinarian should 


■ Platinum Performance, Inc: RueLltcm, Calif; Dr. \Y Rusenkrantx. per¬ 
son nl aTmmLm.i-ra.Lian, 2004. 


maintain consistent communication with the client to mon¬ 
itor the progress of treatment and encourage the owner to 
continue with the Injections for the full year. If hyposensiti¬ 
zation is successful, it is thought that, as In other domestic 
species, most horses will need to be maintained on the 
injections for Life, although sometimes at a reduced fre¬ 
quency {one to three times monthly). Approximately 70% 
of the owners of atopic horses at the Veterinary Teaching 
Hospital, School of Veterinary Med Lei ne, University of 
California, Davis [UCD), that have had IDT or serologic 
testing have elected Lo try hyposensitization. In general, [ 
find that approximately 60% to 70% of atopic horses 
improve with hyposensitization^; other researchers have 
reported even better results, but in a noncontrolled study.-* 


URTICARIA 

II Dc/hrihorr und Etiology. Lfrlicarla is characterized by 
transient focal swellings In the skin or mucous membranes 
called JirfiealSj which represent localized areas of dermal 
edema. Angioedema is essentially identical hut Involves 
the subcutaneous tissues. The swelling of angioedema Is dif¬ 
fuse, often involving the entire face and neck of the animal. 

Urticaria is more frequently recognized In the horse than in 
ruminants. AJfcrgk: urticaria Is usually caused by atopic derma¬ 
titis [environmental allergens such as pollens}, i7.iq.2l, 27 j Al g 
eruptions (especially antibiotics and nonsteroidal antiinflam¬ 
matory drugs), contact allergies, and food allergies (rarely ). 7 

Physical urticarias are less common and Involve a nonim- 
munologic pathogenesis. The three most important categories 
include mechanically induced, such as dermatogjapn3sm r 
essentially a ' pressure ' 1 urticaria; cold urticaria; and exercise- 
induced urticaria. Miscellaneous diseases that can cause urti¬ 
caria Include dermatophytests [initial lesions],pemphigus 
fohaceus, "slress 1 '' (sometimes seen in racehorses immediately 
before a race), and vasculitis [Hox 40-1). Urticaria Is a recog¬ 
nized manifestation of milk allergy in cattle.- 3a 


BOX 40- I 


Possible Causes of Urticaria in Horses and Ruminants 


ALLERGIC URTICARIA 

Inhalants 

Pollens, animal danders, mold spores, feather dawn. aerosols, 
smoke, dust, and volatile chemicals 

Injectants 

Drugs, diagnostic agents, vaccines, Insect stings, scrums, and 
blood 

Inges touts 

Dru^s, various food Items, beverages, find occult additive 
materials found in foods 

Infections 

F : ocJ of bacteria, fungal, viral, and parasitic infections 

Contactants 

Animal products, plant materials, cosmetics, plastic, and other 
chemicals 

Drugs 

Penicillin, aspirin, quinine, sulfanamides. Insulin, and many 
others 

Milk Proteins 

Milk retention {cattle) 


URTICARIA CAUSED BY UflTICARJOGENIC MATERIALS 
Drugs 

Cocaine, morphine, codeine, atropine, quinine, fhiamin, 
pilocarpine. polymyxin K, u-tubacuranine, dextran, 
dehydrochalate sodium [Decholin), and other drugs 

Foods 

Certain clLrus fruits, strawberries, and certain fish 

Toxins 

Cobra venoms, jellyfish toxin, and certain, plant and. inseei 
toxins 

PHYSICAL URTICARIA 

Dermographic [induced hy bluiit-scratch injury) 

Heat 

Cold 

Light 

Erythema multiforme 
Pemphigus follaceus 

SECONDARY URTICARIA 

Infections 

Collagen vascular disease 

Neoplasia 

Psychogenic 
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Padwphpiology. The wheal & refill L fro.in vasodilation 
and transudation of fluid from capillaries and small blood 
vessels, Both immunologic and non Immunologic factors 
can trigger the release ot mediators from mast cells and 
blood basophils that will ultimately produce the characteristic 
wheals (Fig. 40-2). The most frequently cited immunologic 
mechanism of urticaria is a type I hypersensitivity (IgE). 
Eson-lgE-dependent, immune-mediated urticaria may be 
induced by either type II [cytotoxic Involving antibody 
and complement) or type III (immune complex) hypersen¬ 
sitivity reactions. Complement-activated urticaria may 
involve either Immunologic or non Immunol ogle mechan¬ 
isms and may occur through either the classic or the alterna¬ 
tive pathway. Urtkariogenlc materials can Induce wheal 
formation without involving immunologic mechanisms by 
being Ingested, Injected, or contacting the animal. Physical 
agents, including mechanical Injury, thermal changes.' and 
solar radiation, may induee urticaria. An example of mechan¬ 
ically induced, urticaria Is deymiiiogniphisjn (wbeallng after 
blunt scratch injury to the skin). Local or generalised expo¬ 
sure to heal or cold may induce urticaria! lesions In certain 
Individuals. 

Clinical Signs and Differcniud Diagnosis. Wheals range 
from l to JO cm (0.4 io -I inches) In diameter and tend to 
involve the cervical and cranlolateral thorax (F-'lg. 40-3). 
The animal may or may not be pruritic. Alopecia Is not usu¬ 
ally a feature of urticaria. The most important factor In distin¬ 
guishing urticaria from other nodular diseases is that she 
individual lesions pit with pressure. This is easily demon¬ 
strated In the early stages of wheal form alien, when the 



FIG. 40-3 Acute 11 xli .l ri.n in ^ Iiutm; l'.luu'iJ by >m jdventr dru^ cvarticjiL. 


lesions consist primarily of dermal edema. In the later stages, 
when there Is cellular Infiltration into the dermis, the pitting 
is less apparent. 

Diagnosis, llrtlearla is usually a clinical diagnosis; the 
diagnostic dilemma is to determine the cause of the urticarial 
eruption. A skin biopsy not only will Lend support to the 
clinical diagnosis of urticaria, but also may show evidence 
of pemphigus foliaceus, dermatophytosis, or vasculitis, Initi¬ 
ation of ectoparasite control, IDT of serologic tests for atopic 
dermatitis, and feed trials may all be used to determine the 
underlying diseased 

Thercipy. Avoiding the allergen/initiating factor or treat¬ 
ing the underlying disease is the best therapy. When this is 
not possible or when the allergens cannot be identified, 
medical therapy should be used, as described under Atopic 
Dermatitis. 

MILK ALLERGY 

The principal cutaneous manifestation of milk allergy Is 
urticaria and Is usually seen in cows during the diyine- 
off period. Increased intramammary pressure presumably 
causes milk proteins to gain access to the circulation, where 
they Induce a type I hypersensitivity reaction. 3 * The dis¬ 
order is believed lo he hereditary and familial, with cattle 
of the Channel Island breeds demonstrating increased 
susceptibility. 

The urticarial reaction can be localized or generalized. 
Other clinical signs that may be noted Include muscle tre¬ 
mors, respiratory distress, restlessness, ataxia, dullness, and 
evert maniacal behavior. Diagnosis Is made by observing 
an edematous swelling at the site of an intradermal injec¬ 
tion of the cow's milt or the milk protein casein diluted 
1 .1000, in combination with the appropriate clinical 
signs. 3 *3i 

Treatment Involves the use of antihistamines early In the 
course of the disease. Prevention requires avoiding milk 
retention. An affected cow Is likely to suffer recurrences of 
milk allergy, so culling is usually recommended. 

ERYTHEMA MULTIFORME 

Erythema mult I forme (EM) has been recognized clinically In 
the horse and In one bull (Fig. 40-4). This is an Immuno¬ 
logic reaction In the skin, and programmed keratlnoeyte cell 
death (apoptosis) Is the prominent change seen on biopsy. 
The keratinocytes may be killed specifically by killer lympho¬ 
cytes. The many possible etloLogic factors Include infectious 
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FIG. 4E-4 Lrycht'ni.i inumloriEiL" m ^ hone. 


diseases* drugs, systemic disease, and neoplasia. In the horse, 
dings are probably the most frequent inducers of EM. 
although in many eases an underlying disease is undiag¬ 
nosed.' 3 - 13 In one bull the EM may have been caused by a 
pyelonephritis found on necropsy. 14 Clinical lesions are 
characterized by macules, papules, urticarial lesions, or vesic¬ 
ular bullous lesions Individual Jestons may expand per¬ 
ipherally. leading to the formation of target-like lesions. 
Scaling and crusting are usually not a feature of equine EM, 
unless tiie disease is characterized by erosions or ulcers. Indi¬ 
vidual lesions can persist for several days, unlike urticarial 
lesions. Pruritus and pain are variable but usually are not 
seen. Lesions may occur in association with or after an infec¬ 
tion or drug administration. The late Dr. A.A. Stannard of 



FJG. 4S-5 Cn^ncuus viwuliiis i:i d, hurst'. A, Va^ul ilji involving Lhc 


SYSTEMS 


UCD had theorized that reticulated and hyperesthetic leuko- 
irfchia may also represent a type of EM In the horse.- 5 - 5 Inter¬ 
estingly, a similar disease, lokIc epidermal necrolysis, has 
rarely been reported in cattle. 

Differential diagnoses Include urticaria, amyloidosis, and 
other nodular papular diseases. The diagnosis is made on 
history, physical examination, and skin biopsies. The histo¬ 
logic changes are distinctive and often Include a lichenoid 
pattern with keratlnocyte apoptosis. Vesicular lesions may 
be present and can include more confluent areas of kerati- 
nocyte destruction, with massive spongiosis and subepider- 
mal and inlraepidermal edema. 

Treatment should be directed toward the underlying 
cause, if one can be found. A drug eruption should be high 
on the list, and searching the history for recent drug admin¬ 
istration Es Important. Although some cases of EM are self- 
limiting and may resolve within L to 3 months. 13 corticoste¬ 
roid treatment as for pemphigus foliaceus may be tried. In 
my experience, reticulated leukotrichia does fz^J resolve 
spontaneously and does not respond to corticosteroids. 

VASCULITIS 

Vasculitis is a histopathologic term that implies the presence 
of inflammatory changes in the walls of blood vessels, and li 
is associated with a broad spectrum of disorders. OjUnsozu 
botch J/tfs is recognized in horses and is most often seen as a 
feature of drug reactions, urticaria, photoactlvaled/leukocy- 
todastle vascultitis, or purpura hemorrhagica. Affected ves¬ 
sels may be limited to Lhe skin or may involve other 
organs, resulting In systemic disease. The cutaneous lesions 
are characterized by purpura, necrosis, and ulceratlon r most 
often affecting the head and extremities (Tig. 40-5). 
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Pastern leukccylockiflic iwculitis [photoaggravated vasculi¬ 
tis) seems to be more common (if poorly understood) in 
Catifomia and the western United States as a clinical entity. 
It generally affects mature horses and produces Lesions con¬ 
fined to ttie lower extremities that lack pigment. Lesions are 
multiple and weii demarcated, with the medial and lateral 
aspects of the pastern the most common sites. Initially, ery¬ 
thema, oozing, crusting, erosions, and ulcerations develop, 
foitowed by edema oi the affected limb(s). Chronic cases 
may develop a rough or "warty" surface. The pathogenesis is 
uncertain; an immune complex etiology has been suggested, 
and lesions being restricted to nonpigmented areas sug¬ 
gests a role for ultraviolet (LTV) radiation. Drug reactions 
may be a potential caused A recent report also implicated 
SMphyffleaccus j'rcte nncd i us. 5 5 

The differential diagnosis is photosenslllzation, particu¬ 
larly that caused by contact. The diagnosis Is confirmed by 
skin biopsy, which demonstrates leu Kocytoclastic vasculitis 
with vessel wall necrosis and thrombosis Involving the 
small vessels In the superficial dermis 'Jhese changes may 
be difficult to demonstrate. 

Treatment Involves corticosteroids at relatively high 
doses (prednisolone at I mg/kg q!2h or dexamethasone at 
O.tiS to 0.2 mg/kg q24h) for 2 iveeks, then tapered over 
the next 4 to 6 weeks. Reducing lA'llght exposure Is helpful, 
either by bandaging affected leg£ or stabling inside during 
daylight hours, or both, in some cases, topical corticoster¬ 
oids (e.g., betamethasone valerate cream 0. i % or triamcino¬ 
lone spray 0.015%) may enable the horse to be weaned off 
systemic corticosteroids. I have also used pentoxifylline 
|S to JO mg/kg ql-Zh) as an nd|unct treatment In one case, 
to good effect. Another alternative (but more expensive) is 
0.1% tacrolimus ointment q!4h [Protopic. Astellas Pharma 
US). This disease does not usually recur, which downplays 
sunlight's role in Us Initiation, these horses are prone to 
secondary bacterial infections, and a month of antibiotic 
treatment (usually trimethoprim -sulfa) Is often Indicated if 
the horse has fever or If the legs are extensively swollen. 

Cutaneous vasculitis seemingly is rare in ruminants; one 
report In calves describes lesions bn the forelegs and ear tips 
occurring within a month on one farm. Histology shelved a 
fibrinous-necrotic or ku kocytoclastic vasculitis. Glucocorti¬ 
coid (prednisolone) therapy was effective. 3ft 

Vasculitis and purpura hemorrhagica are discussed in 
more detail in Chapter 37. 

DRUG ERUPTION 

A drug eruption is a cutaneous reaction to any agent that 
enters the circulation by Ingestion. Infection/ inhalation, 
or percutaneous absorption. Drug eruptions may or may 
not be associated with systemic signs. Many drug eruptions 
are thought to be Immunologically mediated hypersensitiv¬ 
ity reactions, although on occasion they may occur with the 
initial administration of a drug and therefore without any 
prior sensitizing exposure characteristic of an Immunologic 
reaction. Drug eruptions may also occur after years of 
repeated asymptomatic exposure to a drug although this 
is probably less common than formerly supposed. Any 
medication can cause a drug eruption, but the compounds 
most frequently Incriminated include antibacterial agents 
(especially semi synthetic penicillins and the sulfas), pheno- 
tblazine tranquilizers, nonsteroidal antiinflammatory drugs 
(NSAlDs) and antipyretics (especially phenylbutazone), 
local anesthetics, and anticonvulsants. In general, the more 
recent a drug has been given, the more likely it may be the 
cause of a skin disease; the clinician should Lry to determine 
a temporal association between administration of the drug 
and the skin disease. 
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Because drug eruptions can result in a wide variety of 
cutaneous manifestations, they must be considered in the 
differential diagnosis of all skin disorders. Certain clinical 
symptoms are more often associated with drug eruptions. 
Urticaria and angioedema. diffuse erythema, papular rashes, 
intense pruritus that is poorly responsive to corticosteroids 
(fig. 40-6), sharply demarcated ulcers secondary to vascull- 
tides, vesicular and bullous eruptions, and photosensltiza- 
tion should arouse clinical suspicion of a drug eruption. 
Typically, cutaneous lesions are noted 24 to 4S hours after 
drug administration, although there may be a longer lag 
interval. The eruption usually subsides within 24 to 4ii 
hours after exposure ceases, although lesions may persist 
up to h months after the offending agent is eliminated.-^ 

A diagnosis of drug eruption is based on clinical suspi¬ 
cion associated with an Incriminating history of drug 
administration and by ruling out other possible causes. In 
a suspected case, all medications should be discontinued, 
[f lifesaving medications are being administered, a chemi¬ 
cally unrelated compound with similar pharmacologic 
effects should be substituted. Administration of corticoster¬ 
oids may provide some relief, but drug eruptions are vari¬ 
ably responsive to corticosteroids. Although development 
of a cutaneous reaction after readmknistratlon of the sus¬ 
pected agent would support a diagnosis of drug eruption, 
read ministration is not advisable because it can be fatal. 
Future exposure to any Implicated compounds and chemi¬ 
cally related substances should be avoided. 

CONTACT DERMATITIS 

. Definition tind Etiology. Contact dermatitis ts recog¬ 
nized in both horses and ruminants and can be subdivided 
into irritant and allergic contact dermatitis. lir/Jimf contact 
dermatitis occurs more often and is defined as a cutaneous 
reaction to an irritating concentration of an offending 
agent. The substance chemically damages the skin without 
immunologic mediation. I’he reaction may occur after a sln- 
g)e contact tvilh a strong irritant or after repealed contacts 
with a milder irritant. Allergic contact dermatitis represents 
a cutaneous reaction in a sensitized animal to a nonirrllat- 
Lng concentration of the offending agent. Tissue damage is 
immunologically mediated by delayed-type hypersensitivity 
(type IV); thus prior exposure is requited to sensitize the 
skin to the material eliciting the dermatitis,^ ]t may be 
difficult to differentiate between the two types of contact 
dermatitis, and It may not be clinically important. In my 
experience the vast majority of contact dermatitis cases are 
iatrogenic, caused by topical products placed on the skin 
by veterinarians or owneis. 
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CJfjrioiJ Sign*, The clinical legions associated with aller¬ 
gic and Irritant contact dermatitis are very similar. Predis¬ 
posed areas Include the muzzle, the extremities, and the 
areas contacted by tack. Early lesions Include erythema, 
edema, and veslcufatlon. which progress to erosions, ulcera¬ 
tions. and crusting and ultimately to lichentftcalton and 
hypeipigmentation. A gravity-Induced drip pattern may be 
evident when the irritant is a liquid.- 3 " 

LUdgriasfr. Patch testing is possible but usually impracti¬ 
cal. Provocative exposure Is the most useful Lest for diagnosis 
of contact dermatitis, although It does not reliably distin¬ 
guish between allergic and Irritant contact derm.Hills. Provoc¬ 
ative exposure requires avoiding contact with all suspected 
agents for 7 to 10 days to permit clearing of the skin lesions. 
The patient is then reexposed Eo these agents on an individual 
basis at 7- to 10-day Intervals while bel ng observed for recur¬ 
rence of the dermatitis. When a positive reaction Is observed, 
challenge with ihe suspected agent should be repealed to con¬ 
firm the diagnosis. The process Is time-consuming requiring 
patience and cooperation front the owner. 

Jfirara^y. An animal with a suspected or confirmed diag¬ 
nosis of acute or irritant contact dermatitis should be placed 
in an environment where there is negligible cbanceofexpo- 
sure to agents that might have produced the dermatitis, 
Symptomatic treatment pending spontaneous resolution 
includes gently washing the affected regions with water. 
Pentoxifylline at the dose noted earlier for vasculitis may 
be helpful In horses. 


BACTERIAL D ISEASES 

sri-M ilm l>. wurt u 

D E R M ATOPH t LO SIS (ST RE P TOTH RICOS IS t 
RAIN SCALD, LUMPY WOOL, 

STRAWBERRY FOOT ROT) 

Definition and ttwlogy. Derm atop h Hosts is caused by 
an actinomycete bacterium. Derm/rtopMitf crNTgoJemis. The 
organism Is a gram-positive, non-acid-fast, branching! fila¬ 
mentous,. aerobic bacteria that divides Longitudinally and 
then transversely to form parallel rows ot coccoid zoos¬ 
pores. Dermatophilosis affects horses, cattle, sheep, and 
goats, as well as a wide host range of other mammals.asji 

Three conditions mu si be present for ^npwrop/iiJijj 
to manifest itself: a carrier animal, moisture, and skin abra¬ 
sions. Chronically affected animals are the primary source 


of Infection; however, they become a serious source of 
infection only when their Lesions are moistened, which 
results in the release of zoospores, the infective stage of 
the organism. Mechanical transmission of the disease occurs 
by both biting and nonbiting Hies, licks, and possibly 
fomites. Because normal healthy skin Is quite Impervious 
to Infection with D. OFFigfflJensh, some predisposing factor 
that results in decreased resistance of the skin is necessary 
for Infection Eo occur, especially prolonged wetting of the 
skin by rain. The organism has only recently been Isolated 
from the environment of affected animals' Although the 
distribution is worldwide, the frequency of occurrence of 
dermatophliosis varies with geographic location, '['here is 
no apparent age, breed, or gender predilection. 

II Clinical Signs. Dermatophliosis is usually seen during 
the fall and winter months, with the dorsal surface of the 
animal most often affected (Fig. 40-7). In horses, this 
association with the wetter months of the year has led to 
the term "rain scald.’' Occasionally the lesions involve the 
lower extremities when animals are kept In wet pastures 
f ,J dew poisoning") or if horses are left in Ehe stall while 
(he stall is cleaned with high-pressure water hoses. In the 
early stages of disease the lesions can be fell easier than they 
can be seen. Thick crusts can be palpated Linder the hair 
coal. Removing the crusts and attached hair exposes a pink, 
moist skin surface, with both the removed hair and the 
exposed skin assuming a paintbrush shape. The undersur¬ 
face of the crusts are usually concave, with the roots of the 
hairs protruding. In cattle and goats the older term "cutane¬ 
ous streplolhricosis" is sometimes used. In sheep the condi¬ 
tion is referred to as J ''lumpy wool" or "mycotic dermatitis' 1 ' 
when wooled areas are ailed ed and "strawberry foot rot" 
when the disLal extremities are involved. 

Body areas predisposed to Infection Include those that 
are most susceptible to maceration and trauma. Ihe distal 
extremities, muzzle, and entire Length of the dorsum are fre¬ 
quently (he initial sites of infection. ttonpigmented skin Is 
also reported to be more susceptible to Infection. Horses 
develop lesions in areas rubbed by tack, and cattle often 
have involvement of Ehe udder and scrotum. Coal kids 
reportedly have a tendency to develop Lesions on the pinnae 
and under the surface of the tali. Sheep may develop a form 
of dermatophliosis that begins as an encrusted, proliferative 
dermatitis at the coronet region; removal of the external 
crusts reveals a pink-red granulation bed that resembles 
the surface of a strawberry. Lesions can extend from the 
hoof to the hock- and with Loss of the crusts, ulceration 
occurs. Under appropriate conditions, dermatophliosis can 
become general Lzed. 
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II DiYjgnysas. Diagnosis is made by demonstrating the 
"railroad track" cocci on impression smears. A portion 
of one of the crusts should he minced and mixed with a 
few drops of sterile water on a glass slide. Gram stained, 
and examined microscopically. Alternatively, bacterial 
culture or hlstopathology may be used for diagnosis, par¬ 
ticularly In chronic cases. A thick crust composed of alter¬ 
nating layers of parakeralolic stratum corneum, dried 
serum, and degenerating neutrophils Is the most charac¬ 
teristic change. A superficial folliculitis may be a promi¬ 
nent feature of the disease.^ in Gram-stained sections 
the branching, filamentous organisms can be observed 
in the crusts and In the follicles. 


II 'I7ierapy> The animal should be removed from the wet 
environment. If possible. Careful removal of possibly pain¬ 
ful crusts, washing with iodophors or lime sulfur, and 
administration of antibiotics (for horses, 22,000 mg/kg 
procaine penicillin G Intramuscularly twice daily, or 
30 mg-'kg trimelhoprlm-sulfa orally twice dally) for 7 
to 10 daysAJ Long-acting oxytetra eye line given as a single 
20 -mg/kg intramuscular dose has been reported to be 
effective for bovine and ovine dermatophllosis. The crusts 
are Important in contagion, so these should be disposed 
of rather than brushed to the ground. 

FOLLICULITIS/FURUNCULOSIS AND 
IMPETIGO 

II Definition find Eifofcgy, Bacterial /hfftcufifis {superficial 
pyoderma) is defined as inflammation of the hair follicles sec¬ 
ondary to a bacteria] infection. Furunculosis is the term used to 
describe a follicular Infection that breaks through the follicular 
w r all (Tsoll"). Bacterial infection that causes subcorneal pus¬ 
tules but does not Involve the hair follicles Is called impetigo. 
Folliculitis and furunculosis are often seen in horses^. 
and goats JLl but are an uncommon problem In cattle and 
sheep. Impetigo Is relatively common in cattle and goats. 

Bacterial folliculitis is usually caused by a coagulase- 
ositive Sttiphyk^occus species. Both S. aureus and S. rntermerfj'us 
Lave been isolaled.iMi [n one study In horses, S. aureus 
accounted for twice as many isolates as S. intermedins; 
the same study Isolated some strains of S. hyicus as well A* 
Many isolates are resistant to penicillin G. 43 Occurrence of 
pyoderma has been 1 Inked to poor nutrition and hus¬ 
bandry in some cases. j4 

II Clinical Sig ns. Clinical signs of staphvlococcal pyo¬ 
derma are most often crusts, usually in a circular pattern sug¬ 
gestive of dermatophytosis {this may be the reason that 
equine pyoderma is underdiagnosed), epidermal collarettes 
(circular skin lesions with an exfoliative border as seen In 
dogs with superficial pyoderma), or encrusted papules simi¬ 
lar to the miliary dermatitis reaction pattern In cals.-ss These 
Infections tend to vary In Intensity of pruritus. Histology 
often shows folliculitis and furunculosis, but bacterial 
colonies are not always seen. A truncal form of bacterial fol¬ 
liculitis [contagious acne, contagious pustular dermatitis, 
Canadian horsepoxj is often associated with poor grooming 
and trauma from tack and saddle, warm wet weather, and 
heavy work. It Is painful and Interferes with working and 
riding. It is usually caused by a coagulase-positive Staphylo¬ 
coccus species but may also result from Gofyneiwcterftrrrr pseu- 
datoiberailasis * 5 {more often a cause of deep pyoderma, as 
discussed later). In horses, folliculitis often develops In the 
saddle and lumbar region, particularly In the summer, 'the 
affected area Initially may be swollen and sensitive, followed 
by formation of follicular papules and pustules. Ifiese may 



become confluent or may rupture, forming plaques and 
crusts. Deep pyoderma followed by ulceration may develop 
over large areas of the body, especially the neck, sides of 
the thorax, inner surface of the thighs, and prepuce. 

A pastern bacterial infection [pastern folliculitis] Is often 
seen. Again, the causative agent is usually a coagulase-positlve 
Staphylococcus species. As with most "primary pyodermas,'" 
the mechanism by which the organism gains its foothold is 
unknown; it Is not contagion or poor sanitary conditions. 
Itie lesions are usually Limited to the posterior aspect of the 
pastern and fetlock regions; one or more limbs may be 
Involved. The initial lesions consist of papules and pustules. 
If Left untreated, the lesions coalesce and may produce large 
areas of ulceration and suppuration, which may be quite 
painful. Title disease Is usually not associated with systemic 
signs, and the general health of the horse is not affected. 

A relatively uncommon nodular disease termed httfrycwryfLi- 
sis mimics actinomycosis or a deep fungal infection but Is most 
often caused bv species in the horse.These may 

require surgical excision as well as long-term antibiotics. 

■I Public Health Cunstiteraiwtis. In a 2000 study, methl- 
cll I in-resistant, coagulase-ne^illve staphylococcal species 
were cultured from healthy horses in Japan; the authors 
concluded, 'These organisms must be considered a poten¬ 
tial threat to horses and veterinarians who care for them.'^t 
In a 2006 study from the Netherlands, melh Lei LI In-resistant 
coagulase-negatlve staphylococci were found frequentlyA T 
Itie organism was usually Staphylococcus sduri, as opposed 
to 5. epidermidiSt which was found In the humans In close 
contact with these horses. No methicll I in-resistant SJiipfryto- 
cdccjjj aureus [MRSA) was found In healthy horses. 

In contrast, a single strain of MRSA was Isolated from 
both humans (13%) and horses (4.7%) on horse farms In 
Canada and New r York staled ]n Looking at horses admitted 
to a university teaching hospital {Ontario Veterinary Col¬ 
lege), MRSA was isolated from 120 (5.3%) of22S3 horses. 
Of these 120 horses, 50.fi% were positive at admission, 
and clinical Infections attributable to MRS A were present 
or developed in 14 animals. 1 lorses colonized at admission 
were more Likely to develop clinical MRS A infection. 
Administration of ceftlofur or aminoglycosides during hos¬ 
pital Lzatlon was the only risk factor associated with nosoco¬ 
mial MRSA colonization. Another strain of MRSA was 
Isolated from a small number of horses at the Veterinary 
University, Vienna, Austria.*^ 

Of most concern is the finding of humans reporting skin 
lesions after contact with a comm unity M,RSA-positLve 
affected foal, despite short-term contact with standard pro¬ 
tective barriers. The Lsolates from the foal were indistin¬ 
guishable from those affecting humans,-^ 

■I Therapy, The antibiotic usually used for bacterial skin 
Infections in the horse is trimethoprim-sulfamethoxazole 
[TMS] orally [PO, 30 mg/kg ql2h for 2 to 6 weeks, longer 
for deep infections). 7 -^ interestingly, dosing Intervals for 
Intravenous (IV) administration or TM5 in horses may not 
be appropriate for use In donkeys or mules. Donkeys elimi¬ 
nate the drugs rapidly compared with horses.‘'i In cases of 
staphylococcal resistance to TMS, enrofloxacln or doxycy- 
cline may be used. Doxycycline is less expensive, but Is asso¬ 
ciated with a higher incidence of colic. Dosage is usually 
iOmg/kg q llh. Off-label use of ora I enrofloxacln formula¬ 
tions for poultry, ruminants, or swine has been suggested; 
a dose for the poultry formulation has been suggested as 
7.5 mg/kg PO once dally. The formulation for poultry 
may he used; the dose is 7.5 mg/kg PO once daily. Use of 
enrofloxacin in young horses {<1 years old) should be 
avoided because of concerns about damage to the articular 
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cartilage. 52 A recent report of the usage of an oral gel formu¬ 
lation of enrofloxacin (IMmg/mL of gel) showed good 
clinical efficacy for infections In several organs; however, 
almost one-third of the horses had some dlanhea, and 
10 % had oral lesions. 1 ^ authors believed that this latter 
side effect could be overcome with a tap water rinse of the 
oral cavity after administration. Interestingly, enrofloxacin 
binds to melanin in equine hair,, although the clinical 
implication is unknown.-^ Ceftiofur sodium 2.2 mg^kg, 
qll-24b, IM or IV, may also be used for pyoderma in 
horses, although its usefulness over a long period is limited 
by Its parenteral route. In one report of 15 horses, vancomy¬ 
cin was used, alone or in combination with an aminoglyco¬ 
side, to treat MRSA and enterococcal infections. The average 
vancomycin dosage was 7.5 mg/kg qfih IV over 30 minutes. 
The antibiotic, alone or In combination with an aminogly¬ 
coside, was safe and effective. Because of the problems 
with emerging resistance, the authors recommended vanco¬ 
mycin use in horses be limited to cases in w r hlch culture 
and susceptibility indicate effectiveness and no reasonable 
alternative treatment exists. 155 

For localized lesions, muplrocin ointment 2% or silver 
sulfadiazine cream {Sllvadene) may be effective. As 
shampoos, ethyl lactate (Etlderm, VIRBAC- Fort Worth, 
Texas) or chlorhexldine (2% to 4%) are helpful. 

Pyoderma in ruminants has not been studied as much as 
in horses. In goats, lesions {often pustules that progress to 
crusts) usually begin on the udder and spread to the abdo¬ 
men, thigh, perineum, and face. Pruritus is variable. Stress 
from parturition is also an Important predisposing factor 
in goats. In sheep a generalized, staphylococcal, scalded 
skin-like disease has been reported in lambs. 56 In addition, 
staphylococcal infections In association with Psoroptes oi4r 
in testation have been noted .- 5 7 5S 

In cattle, furunculosis caused by C. pseudoluberculosis mani¬ 
fests as a locally extensive, raised, raw lesion that Is frequently 
hemorrhagic. The lesions are almost constantly covered with 
a serosangulneous exudate, and palpation of the lesions usu¬ 
ally elicits a pain response. Treatment Is similar to treatment 
ofdeTmatophllosls, taking into consideration culture and sus¬ 
ceptibility results, as well as tvlthdrawal times for food animals. 

EQUINE STAPHYLOCOCCAL CELLULITIS 

Cellulitis is a severe, deep, suppurative process In which a 
poorly defined area of Infection tends to dissect through 
tissue planes. Although many organisms are capable of pro¬ 
ducing cellulitis, staphylococcal cellulitis has been recognised 
as a specific disease entity in thoroughbred racehorses. 5 - 
Coagufase-posltlve staphylococci have been isolated from 
all reported cases, and when speciated, the Isolates were clas¬ 
sified as SUflpfty/dKdcctu dLtrcjjj. 60 Other studies of pathogenic 
species from horses have suggested that 
S. aureus and S. intermedins are (he major cutaneous patho¬ 
gens, 60 -^ with no significant difference in their susceptibility 
patterns. 60 In a recent retrospective study of limb cellulitis in 
44 horses, coaguIase-posltive 5 tnphylococcus spp were cultured 
from 33 of 36 horses from which specimens were obtained. 
Norses that were febrile at admission or that developed lam- 
in Ills were significantly less iLkely to survived ln 

The cause of staphylococcal cellulitis Is uncertain. Man¬ 
agement practices may be associated with the condition 
because bathing, grooming devices, and handlers can be a 
source of the organism. 63 

The initial symptom is acute swelling and lameness that 
involves one or more limbs. Lesions progress rapidly by dis¬ 
section along tissue planes. The overlying skin becomes 
devitalized and frequently sloughs. Accompanying systemic 
signs include Increased rectal temperature and heart rate. 


LaminLlis of either the affected or the contralateral limbs, 
osteomyelitis, and bacteremia are possible sequelae .™ Diag¬ 
nosis is based on the results of bacterial culture and biopsies 
for routine hlstopathology. 

ITeatment must be aggressive and Initiated early in the 
course of the disease. Pending the results of bacteria I culture 
and sensitivity, treatment should Include broad-spectrum 
antibiotics such as potassium penicillin G and gentamicin 
sulfate orTMS. To decrease edema, promote weight bearing, 
and reduce the chance of I a min Ills, therapy should Include 
MSAlDs, hydrotherapy, and support wraps.S‘> The prognosis 
for complete recovery Is guarded. 

EQUINE CORYNEBACTERIUM 
PSEUDOTUBERCULQSIS CELLULITIS 

Unlike equine staphylococcal cellulitis, solitary or multiple 
abscesses or nodules with many draining tractsdh at progress 
to diffuse cellulitis are often caused by Cftyrc ehicferiu m pscu- 
dotuberculosis; when It affects the pectoral region, it Is termed 
"pigeon fever"" In the United States, 'fills type of deep Cery- 
riefoicteriijrn infection may occur where caseous lymphadeni¬ 
tis is common in sheep, although proximity to sheep is not 
a requirement, and it also may be seen seasonally tvhen 
insect population and activity are maximal. Insect vectors 
seem probable, especially stable, horn, and house flies.<^ 
llie draining nodules or abscesses are especially common 
in the pectoral region and occasionally affect the face, 
neck, axilla, groin, and limbs; they begin deep and enlarge, 
often with much edema, and rupture In L to 4 w r eeks, dis¬ 
charging viscid, creamy pus, a major source of contamination. 
Abscesses most often rupture externally. 

Diagnosis is by clinical signs, with the infection readily 
identified by bacterial culture of aspirate samples from 
abscesses. Ttie synergistic hemolysis inhibition test is useful 
for diagnosis of internal abscesses but is unreliable for exter¬ 
nal abscesses.^ 

Treatment depends on location. For example, if the 
abscess is in the axilla and thus is painful on movement or 
prevents locomotion, establishment of drainage 1s Important, 
and antibiotics are indicated. The antibiotics most often used 
are procaine penicillin (20,000 to 50,000 I U/kg^day) with 
rifampin (3 to 5 mg/kg PG): alternatively, TM5 (30 mg/kg 
ql2h) may be used.Treatment with TMS and rifampin con¬ 
currently may lead to a greater Incidence of colitis and should 
be avoided. If the decision is made to use antibiotics but 
drainage cannot be easily established (eg., axillary abscess, 
with owner unwilling to allow veterinarian to use trocar and 
drain), the antibiotics rmtsf be used for a minimum of 
1 month. If the abscess Is solllaiy and not causing pain or 
fever, antibiotics are usually not necessary, but bringing the 
abscess to a bead with hot packs or heat-inducing agents 
(Lchthymol) is important. Once an abscess has drained, gentle 
cleaning with Lamed Iodines or chlorhexldine Is indicated. 

PAPILLOMATOUS DIGITAL DERMATITIS 
(DIGITAL DERMATITIS, FOOT WARTS, 

HEEL WARTS, HAIRY FOOT WARTS, 
MORTELLARO’S DISEASE, STRAWBERRY 
HEEL WARTS) 

StEVfol L. BtMRY 

Papillomatous digital dermatitis (PDD) of cattle Is an infec¬ 
tious, contagious dermatitis of the digital skin of cattle. It is 
primarily a disease of housed dairy cattle. TDD ivas first 
described In Italy in 1974 and In Mew York in 1930. During 
the early 1990s the reported first observations of PDD 
increased dramatically In the United Slates, and this disease 
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is a ma|or cause of lameness In dairy cattle in many 
countries. 65 - 66 Financial losses are from reduced milk pro¬ 
duction, reduced reproductive efficiency, costs of treatment, 
and premature culling. European and LJ.S. studies estimate 
the cost per case to be approximately $130. Prevalence In 
endemically Infected herds is typically 10% to <$0%. 

II Cf(inertf Signs, About 30% of PDD lesions occur on she 
plantar aspect of the blndfoot, immediately proximal to the 
heel bulbs and ad|acent to or extending Into the interdlgital 
spaced Less common sites for lesions are the plantar aspect 
of a forefoot and the dorsal aspect of any foot. Multiple 
lesions may exist on a single animal, even on a single foot, 
but lesions are confined to the digital skin and have not 
been reported to occur above the level of the dewdaws. 65 

The gjoss appearance of the lesions and the predilection 
for hind Li mbs and skin-horn junctions,, especially those bor¬ 
dering the heel bulbs and Interdlgital space, distinguish this 
disease from other bovine dermalllides. Lesions are most 
often 2 to tS cm (0.S to 2.4 inches) across at their greatest 
dimension, are circular or oval, and have clearly demar¬ 
cated, raised borders.^.* 7 Lesion borders are often sur¬ 
rounded by hairs that are two to three times normal 
Length. Lesion surfaces may have filiform papillae varying 
In length from I mm to 3 cm [1.2 inches) and 0.5 to 

I mm in diameter, thus the name '"hairy foot warts." 
Lesions lacking the filiform papillae ("hairs 1 '] may have a 
granular surface. Lesions vary in color and appearance. 
Washed surfaces are generally very painful and either red 
and granular or composites of white, yellow, gray, brown, 
or black papillary areas with red, granular areas Inter¬ 
spersed/' 5 Itie lesions bleed easily If traumatized. When 
PDD lesions develop In she Lnterdiglial space, they fre¬ 
quently occur on a preexisting fibroma. 

The lesions slowly enlarge and become raised [papillo¬ 
matous) masses 2 to cm Ln diameter that are red, gray, 
or black and oval, spherical, or U shaped. Proliferative or 
papillomatous Lesions are seen less often Ln Europe than 
in she United States and are less common on dairies with 
a consistent treatment and control program. 

A foul odor may be present and appears to be caused by 
secondary bacterial growth in the exudate covering the PDD 
lesion. Swelling of the pastern and fetlock regions is not pres¬ 
ent Ln uncomplicated cases. Lameness Is a herd characteristic 
on dairies where PDD has a high prevalence but Is an incon¬ 
sistent finding on Individual Infected cattle and Ls not consis¬ 
tently related to Lesion size or maturity's [f PDD lesions 
remain untreated, the claws of feet with plantar or palmar 
lesions may develop a clubbed appearance because the cow 
prefers to bear weight on {and wear down) the toes. 65 

II Differential Diagnoses. Differential diagnoses for an 
individual case of PDD Include interdlgital necrobacLllosis 
(foot rot, ‘'foul in the foot,' 1 or interdlgital phlegmon], 
interdlgital hyperplasia (corns or Lnierdigital fibroma], 
interdlgital dermatitis, and traumatic injury with granula¬ 
tion tissue. For herd problems of lameness localized to the 
digit, differential diagnoses should Include PDD, interdigi- 
taL necrobacillosls, interdlgital dermatitis, lamlnitis, exces¬ 
sive sole wear from caustic or abrasive flooring and 
improper daw trimming. If signs of polysystemie disease 
exist, coronllis from viral diseases (e.g, bovine viral diar¬ 
rhea) should also be considered. 

II Epidemiology, Once introduced into a herd, PDD 
spreads rapidly w r ltbln adult cows, often affecting the major¬ 
ity of adults within the first year of infection. 6 * When 



established In a herd. Lameness Is most often seen Ln flrst- 
and second-Lactation cows. fi5 .*" Lesions are typically present 
Ln a proportion of older cows, but lameness is Jess apparent 
than in the younger cows. Bulls and yearling heifers may 
also be affected but usually comprise a small fraclLon of 
clinical cases. In California the disease appears to be most 
severe during the spring and summer months,^ whereas 
in Europe Li Ls most severe Ln the winter months. Free-stall 
herds are more often affected than stanchion (lie-stall) 
herds, probably because of belter foot hygiene in the stan¬ 
chions. Cattle confined to pasture are rarely affected,^ but 
the disease Ls emerging Ln some South American countries 
with wet pastures during part of the year. PDD is almost 
exclusively seen Ln dairy cattle, with Holsleins more likely 
to be affected than jersey or dual-purpose breeds,* 3 .™ Erad¬ 
ication of PDD from an endemically infected herd is 
unlikely. 

Retrospective epidemiologic studies Indicated that two 
risk factors are significant in high-prevalence herds: muddy 
or wet conditions and purchasing replacement cattle from 
off premises. 63 - 7 *- 72 Other risk factors Identified were the 
use of outside hoof trimmers and not washing hoof- 
trlmming equipment between cows. 72 

Attempts to transmit the disease experimentally were suc¬ 
cessful when scrapings from active Lesions were applied to 
the feet of calves subjected to constant moisture and low 
oxygen tension. Constant moisture and low oxygen tension 
are present on confinement dairies If manure management 
and hygiene are not adequate. Poor free-stall or beddLng 
area management will exacerbate the problem by forcing 
cows to stand in manure slurry for Longer periods and will 
not allow the feet of cattle to dry out periodically. 

■ Prtljittgencjte. Numerous obligate anaerobic organisms 
have been associated with PDD. 7 * Spirochetes from the gen us 
have been identified most consistently. 7 *-™ Dur¬ 
ing experimental transmission studies, Trepcrcefliie species 
are the first organisms to appear, comprise the bulk of the 
colonizing bacterial mat found on active lesions, and are 
the organisms that Invade the epidermis and dermis. 76 
These spirochetes also produce a humoral response Ln cows 
with active lesions.* 5 - 7 * PDD lesions show gross and histo¬ 
logic similarities to viral papillomas: however, bovine papil¬ 
lomavirus has not been found.* 5 

Current evidence Indicates that PDD is multlfactorial, 
Involving environmental, microbial, host, and management 
factors. Factors such as rough flooring: poor drainage: accu¬ 
mulation of feces and urine on floors; dirty, w r et, or uncom¬ 
fortable beddLng areas; and overcrowding have an adverse 
effect on digital skin health and could Increase the risk of 
PDD. The mode of transmission between eow r s and between 
herds is currently unclear, although one study found con¬ 
current spirochetal infection of feet and colon Ln cattle. 7 * 
Clinically and subcllnically affected cows and fomites such 
as foot-trimming instruments, Livestock trailers, and farm 
equipment may he sources of Lnfeclion for naive herds. 

A California study found that antibodies against two 
antigen Rally distinct "spirochetes w r ere Increased on dairies 
with PDD compared with PDD-free dairies. 76 Also, cattle with 
PDD on a bigh-prevalence daily were much more likely to 
have antibodies to the spirochetes than w r ere cattle without 
lesions on the same dairy 76 There was no cross-reactivity 
between the tw r o spirochetes or to other spirochetal diseases 
of cattle. 7 * The concentration of clinical disease in the youn¬ 
ger animals of an endemically infected herd suggests that 
some degree of immunity may develop in older cows. .None¬ 
theless, chronic and recurrent cases In otherwise healthy 
adult cattle have been reported, and Immunity to PDD, if it 





1316 



PART FIVE DISORDERS OF THE ORGAN SYSTEMS 


does develop, may be incomplete or temporary. One study 
found high recurrence or new lesions 7 to 12 weeks after suc¬ 
cessful treatment® Spontaneous regression of lesions and 
resolution of lameness have also been observed but appear 
to be rare. 

. Pathologic Findings, Histopathologic criteria to estab¬ 
lish a diagnosis of PDD are as foliows®: 

■ Circumscribed plaque of eroded acanthi olio epidermis 
attended by parakeratotlc papillomatous proliferation 
profusely colonized by spirochete-dominant bacterial 
flora. 

» Loss of stratum granulosum. 

■ Invasion of stratum splnosum by spirochetes. 

■ Infiltration of neutrophils., plasma cells, lymphocytes, and 
eosinophils in the dermis. 

If performed, biopsies should be full-thickness 6-mm 
punch biopsies, washed off with sterile saline, and placed 
in buffered formalin, lllstopathology is helpful to confirm 
a diagnosis of FDD but Is not necessary because lesions 
have such a characteristic appearance and location. 

Preliminary results of a biopsy study on treatment and 
recurrence of POD indicate that the gross visual and histo¬ 
pathologic diagnoses were in agreement for active lesions 
before treatment. I Nstopathology on day 23 after treatment 
with lincomycln or oxy tetracycline, however, found a high 
percentage (S5*i) of lesions that visually appeared lo be 
healed but still had microscopic evidence of infection.*^ It 
could not be determined if lesions were Incompletely 
healed or recurrent infections. 

Itralflinif and Prevention. The most common treat¬ 
ments for FDD involve the use of topical antibiotics.*** > 
There are limited reports of nonantibiotic products being 
efficacious, although research and development continue. 
Currently, no antibiotics are labeled for treatment of PDD 
in the United States; therefore, adherence to extralabel drug 
use regulations Is imperative. 

'['he most common treatment for PDD in the United States 
is topical oxytetracycline or lincomycln used as a spray or 
applied with a bandage. For topical spray treatments, oxylet- 
racycline or lincomycln are mixed with deionized or distilled 
water in a 2- to 4-L agricultural sprayer (25 g/L oxytetracy- 
cline, flg/L lincomycln) and applied directly to the heels of 
PDD-affected cattle once daily for 5 to 10 days. Recurrence 
is sufficiently common that topical treatments need lo be 
repeated every 45 lo 60 days on affected caLtle to control 
the disease. No antibiotic residue violations have been 
reported resulting from topical application of antibiotics.^ 
Efficacy from parenteral antibiotics has been inconsistent. 

Footbaths are often used on dairies to control PDD and 
other Infectious causes of lameness, although most footbath 
products have not been rigorously evaluated.** Products 
used include antibiotics, copper or zinc sulfate (5%), forma¬ 
lin (5%), and various proprietary products. On large dairies, 
footbaths may be more eifective at controlling PDD when 
the disease Is at a low r prevalence (< 3 TO]. When the disease 
has a high prevalence, Individual topical treatment Is proba- 
bl y more efficacious at reducing the prevalence. The efficacy 
o( footbaths is reduced if feces ana debris are allowed lo 
accumulate in the treatment solution. This problem can be 
limited by placing two footbaths in tandem, with the first 
containing water or a mild detergent solution for cleaning 
the feel and the second containing the antiseptic solution. 
The footbath solution should be changed every S5Q to 300 
cow passages, depending on soiling. Footbaths should be a 
minimum of 8 feet Long and 2 to 3 feet wide, with a depth 
of 5 to 6 Inches so that cows have to place all four feet in 


the solution as they walk through. The baths should he cov¬ 
ered to limit dilution by rain and should be Located in an exit 
alley off of the milking parlorto avoid splash contamination 
of the teat ends before milking. Additional footbaths can be 
placed in other Locations to treat bulls, dry cows, and heifers 
Treatments should occur every 1 to 7 days depending on 
response on the individual dairy. Laws regarding the use 
and disposal of certain chemicals, as well as when 3 on the 
dairy such medications can be used, often vary among 
locales. Consultation with local regulatory agencies Is pFU- 
denl before initiation of a control program on a dairy. 

The efficacious use of footbaths on dairies signals major 
husbandry problems on dairies because the environmental 
and hygiene problems are often not addressed.* '■ improve¬ 
ment of stall, corral, and alley hygiene; provision of dry 
and comfortable bedding: reduction of slocking rate; and 
improved ventilation to allow drying of stalls and alleys 
may result In reduction of the incidence or severity of clini¬ 
cal cases. Claw-trimming equipment, mobile tilt tables, and 
livestock trailers should be thoroughly cleaned and disin¬ 
fected to prevent potential transmission of the agent(s) of 
PDD between dairies. 

bacterin was developed, tested, and licensed 
for use in the United Slates. A blind field study w r here half 
the lactaltng cows were vaccinated and half received a pla¬ 
cebo vaccine [no Trep£?rzePHdT) did not find a prophylactic 
or therapeutic effect of the vaccine.*-* 

INTERDIGITAL DERMATITIS 

Interdigilal dermatitis (ID) Is acute or chronic Inflammation 
of the interdigilal skin that usually does not cause lameness. 
Inflammation Is confined to the epidermis. Diffuse epider¬ 
mal erosion In the Lnterdigltal cleft may be seen in early 
cases. More chronic cases show hyperkeratosis, which creates 
a roughened appearance to the Inlerdigltal skin and dorsal 
and palmar commissural skin folds. A malodorous, gray, 
serous exudate may be present, and there is mild sensitivity 
lo pressure. This condition is frequently accompanied by 
cracks in the heel mufon], with potential under¬ 

running of the heel horn, and some researchers consider ID 
and heel horn erosion to be the same disease (IDHE). When 
severe, ID HE will cause lameness. 

DzcheMttzcter rctjdLMUs and fiuoftoMm necrapifrcinjm may 
be primary or contributory pathogens for ID. Several Investi¬ 
gators have speculated that ID and PDD are forms of the 
same disease complex. Both share several histologic charac¬ 
teristics, Including spirochetal Involvement, and both can 
be successfully treated and prevented with the same topical 
antibiotics or footbaths. However, ID can persist on dairies 
that practice regular foot bathing because the causative 
organisms may survive within deep heel cracks that are not 
permeated by footbath solutions. During claw trimming, 
heel cracks must be trimmed away to allow for exposure. 

Inter digital dermatitis differs from inlerdigltal necroba- 
ciilosts (foot rot). In which infection extends into the der¬ 
mis, leading lo fissure formation, infection of deeper 
structures, and cellulitis of the pastern and fetlock regions. 


VIRAL DISEA SES 

steniuN d. wtlnv 

PAPILLOMAS (WARTS, 

FIBROPAPILLOMAS) 

II Definition and litiohp'. Cutaneous papillomas or warts 
occur (In decreasing order of frequency) in cattle, horses, 
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Distribution and Appearance- of Bovine Warts by Type of Virus 


Virus Strain 

Usual SLUi: 

Appearance 

Comments ! 

BPV-1 

Mom:, teals, giant penis 

Filamentous or frond like 

Can p revenl breed i ng when on 
penis 

RPV-2 

1J ead. neck h-rls ket. 
occasionally alimentary (racl 

Pedunculated or broad-based mass 

Jvkut common typical wans 

BFV-3 

Atypical warts, head, neck, 
possibly intend IgLtal* 

Monpedunculaled protruding growths, 
delicate fronds with hair between 

Persist for years 

EPV-4 

Alimentary ir,ic[, urinary bladder 

Pedunculated mass 

See Chapters 32 and 34 

RPV-5 

Teat 

Smooth, white 

Persist lor years, other types may 
also occur on teals 

BPV fi 

Teat 

Round and tidier lias or frond tike 

SLmilar in appearance to I3PV-1 
when frond like 


MuJiJkJ. rrmn E In nt J.. Vrd Gim .Morih Am lirjur Amir I¥ju.'J fr: I (53, J'J'Ud 
tiJ'V, Jkjvicii: papillomavirus. 

■SmyLTted huL HI'V-.J nut yiei isuliik'd (com iincTdtjytnl wiirU. -Soraii duihviK speculate Lh.il iiiLecdigitat w-ins may be came Lid by yet anu^hcr new BPV ht.iln 


goafs, and sheep.ss-B-a The growths usually occur in young 
animals,** as well as on teals of mature cattle and goats, 
and are white, tan. or gray, firm protruding masses with a 
dry. homy surface. They vary In size from 1 to 500 mm 
and may be single or multiple. Species-specific papilloma¬ 
viruses (subgroup of papoYwtrus) are responsible lor caus¬ 
ing warts. It Is now accepted (hat parts of the bovine 
papillomavirus [BFV) genome are found In naturally occur¬ 
ring equine sarcoids. 59 'Jhere are at least 10 BFV strains, 
designated BFV-t through BPV-10 [Table 40-1),^ and there 
are probably more. Only one strain of virus Is currently 
recognized in horses, goats, and sheep, but little research 
on papillomas has been done In these species, and two 
horse and two goat strains are likely. 

Cffnfcuf iSi^Jis. Warts are usually small, benign growths 
that appear on young animals under 2 years of age, persist for 
3 to 12 months, and then spontaneously regress without caus¬ 
ing cl In tea l signs {other than a blemish). I n ca ttl e. warts on the 
teals, penis, or interdigit.il skin 9 * or In the alimentary tract may 
produce clinical signs of pain or occlusion. Warts usually 
develop an the ears of young cattle after Lagging or tattooing, 
especially if Instruments are not disinfected between Indivi¬ 
duals; these are not age related, feat warts also predispose 
to environmental mastitis. Occasionally, individuals with 
(presu med) defective ceil ubr i mmu n I Ey may develop multi pi e, 
extremely large warts that may result in weight Loss. 

In horses, warts on the face are rather common but rarely 
cause a significant problem (Fig. 4G-B). The previously 
reported congenital wan In young horses has now been 



FIG. 4Q-S I'ypicoJ rtarts (p.ipiJInjn.ihJ an llac iilisl n-l .1 yu.irljEig. fcurar 


more properly termed a ham anomalous lesson (epidermal 
nevus) and has been shown not to be virus induced. 9 - 

Warts are relatively ran? in goats. They occur mainly on 
teats and may spread throughout the herd. A 1936 report 
described a herd outbreak Involving the head, neck, 
shoulders, and forelegs in milking goals.^ Does without 
adequate pigmentation on the udder develop persistent 
mammary gland warts Chat may undergo transformation 
to become squamous cell carcinomas. 94 There are probably 
at least two different strains of goal papilloma virus (bead/ 
neck and mammary) 

Warts are rare in sheep but may occur on the face or Legs. 
Differential diagnosis In sheep and goats Includes conta¬ 
gious ecthyma fort), ulcerative dermatosis, dermatophHosts, 
and sbeepjsox and goatpox. 

'i'mifHicnl amtf Control. Small warts can be crushed, 
pinched off, or surgically removed. Cryosurgery can be used 
on larger warts. Many regress spontaneously within a few 
months, even without treatment 

When show animals are Involved or when animals have 
multiple large papillomas, tissue can be removed and made 
into crude autogenous vaccine (2 ml. InLradermatly three 
times weekly) by homogenizing, grinding freeze-thawing 
twice, filtering, and killing virus with 0.5% formalin. Autog¬ 
enous wart vaccines are variable In their efficacy, as are com¬ 
mercial vaccines, 1 ^- 97 The latter rarely seem to result In 
effective regression of existing warts, but may prevent the 
development of new lesions if the same BPV strain is 
involved. Autogenous vaccines are capable of preventing 
new lesions caused by the same BFV strain in a herd. T here 
Ls no indication that cattle vaccines have any efficacy In 
other species. N r o wart vaccines for horses, sheep, or goats 
are currently marketed. 

Because the viruses can be directly or fomite transmitted, 
prevention Involves Isolation, preventing animals from 
rubbing on each other, and not sharing halters, brushes, 
and other equipment. Dipping of dehorning tagging and 
tattooing instruments in a viricidal solution between ani¬ 
mals will also slow spread of the virus. 

AURAL PLAQUES 

Aural plaques may be a form of viral papilloma that often 
affects the inner pinna (Fig. 40-9). Nonpruritic, these pla¬ 
ques may also occur on the genitalia and mammary glands. 
The color varies from pink to grayish-white. Plaques do not 
resolve spontaneously, as do the '‘classic 1 " papillomas seen 
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FIG. ■IQ-'S Auml -I.i l | i.i t mi Lhe inner wifnn LIil> fiimu of Mat ear cn 
a hoTMf. 


in young horses. Biopsy or "shaving off aural papillomas 
may stimulate reduction or resolution of the masses, 
although In some horses, this may only be temporary (G 
to 12 months). This has been theorized to be due to the 
release of "papilloma antigens" into the blood stream dur¬ 
ing the surgical procedure, prompting an Immune response 
against the tumor. Imiquimod (Akkra, 3H Minneapolis), a 
nonsteroidal local Immune response-modifier cream, has 
been helpful in some cases, used three times weekly, every 
other week, for 2 to 4 months. Owners should wear gloves 
and should he forewarned that there is frequently an 
Impressive Inflammatory reaction to the cream in the Initial 
weeks of treatment. 

A papillomavirus has been demonstrated In aural plaques 
on electron microscopy and with Immunobbiochemical 
techniques sfl 

PSEUDOCOWPOX 

Pseudocoxvpox Is a common parapoxvirus of callle related 
lo the viruses of contagious ecthyma (soremouth) of sheep 
and goats and bovine papular stomatitis (see Chapter 32 
for these diseases). All three parapoxvlmses may cause nod¬ 
ular lesions on humans. The lesions of pseudocowpox are 
usually confined to the teals of cattle, and the disease Is 
common worldwide. Cyclic waves of reinfection occur Ln a 
herd, where It causes minor teat lesions characterized Initi¬ 
ally by a small papule 2 to 3 mm in diameter, followed by 
crusting and circular spread of the lesion. Approximately 
10 days later, the 15- to 20-mm lesion appears as a ring or 
horseshoe-shaped scab.?? Lesions occasionally Involve the 
udder, medial thighs, or scrotum. Deep ulceration is rare, 
‘['here are no systemic signs of illness .m The major problem 
associated with the teat lesions is an increased Incidence of 
mastitis. The most important and common differential 
diagnoses are bovine herpes mam mi lilt Is and viral papillo¬ 
mas. Rare viruses Involving the teal include vaccinia and 
cowpox.^ Gmvpox is a rare disease of cattle in Europe that 
causes ulcers and may also produce lesions in humans. 
Veslculalloo Is rare in pseudocowpox, in contrast to bovine 
herpes mammll litis, vaccinia, and cowpox. 25 

BOVINE HERPES MAMMILLITIS (BOVINE 
HERPESVIRUS, BOVINE ULCERATIVE 
MAMMILLITIS} 

Bovine mam mi 11 Ills leal lesions are caused by bovine herpes¬ 
virus type 2 (BHV-2), which is widely disseminated in most 
cattle populations. 100101 The disease may be epidemic or 
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endemic. The virus may also cause oral lesions, udder 
lesions, or generalized skin disease in cattle. The teat lesions 
stan as swollen, tender, edematous teats. Vesicles may appear 
in some lesions, whereas others ulcerate almost Immedi¬ 
ately. The teats become painful, and ulcers require 3 to 10 
weeks to heal. 300101 Mastitis Is increased because the scabs 
on the teals are laden with bacteria. Diagnosis may be con¬ 
firmed by isolation of the virus, the BHV-2 serum neutraliza¬ 
tion tester, or histologic demonstration of herpesvirus 
particles. 100103 Therapy consists of segregation of affected 
animals from the rest of the herd, and affected cows should 
be milked last. Milkers should wash hands between cows. 
In severe cases, secondary Infection mav be controlled bv 
topical antibiotic creams or parenteral antibiotics, with 
proper residue avoidance precautions In place. 

SHEEPPOX AND GOATPOX 

Sheeppox and goatpox are caused by caprlpoxvtruses. 10 - 
Roth occur in Africa, Asia, and the Middle East; goalpox also 
occurs In pans of Europe and the United States. The two 
diseases are clinically similar, although sheeppox has the 
most severe systemic signs of the animal pox diseases. How¬ 
ever, recent studies have showed that the viruses are phylo- 
genetically distinct and can be differentiated by molecular 
tools . ]Di The diseases affect all ages, causing pyrexia, 
anorexia, conjunctivitis, rhinitis, and skin lesions. Prophy¬ 
laxis using attenuated vaccines is the preferred control mea¬ 
sure because the immunity is long-lasting. 10 ^ 101 Morbidity 
is high. Mortality may reach with sheeppox but usually 
is low with goatpox. Humans may develop skin lesions 
from goalpox. 


FUNGAL DISEA SES 

silfuln d. lvjjhl 

DERMATGRHYTOSIS (RINGWORM) 

Dermalophylosls refers to Infections of the keratinized 
tissues of the skin (stratum corneum layer of epidermis, 
hair, daws, hoof, and horns) by Mitrasponmi and Trichophy¬ 
ton species. Dermatophytosis Is relatively common in the 
horse and in cattle, less so In goals, and rare In sheep. 

tliolDzy and Pathogenesis, the most common equine 
dermatophyte species isolated from horses are Triditfpfcytorc 
Cdjjjrraiim, Mteraspomm a/trihirnr, Trichopfoytnn menlagraphytss, 
and Tridiophj'tofT iwtjjarsjmi. 7 .^.icu T. ivmircuimi infections 
in humans caused by transmission from horses have been 
reported. 30 '* In ruminants die majority of dermatophytosis 
lesions are caused by T. ittmJaisum and to a lesser extent 
by 7’. mentagrophytes. The transmission of the disease is 
usually from" animal by direct contact or indirectly through 
fondles such as grooming Instruments, lack, housing, fencing, 
or feed bunks. Trie incubation period may range from 1 lo 6 
weeks. 

Several factors may influence the susceptibility of an ani¬ 
mal to dermatophyte infection. Age is probably most impor¬ 
tant, with younger animals more susceptible lo Infeclion.The 
susceptibility of young animals is most likely related to lack 
of prior exposure/infection and thus no immunity, as well 
as crowding of young animals and conditions that decrease 
resistance to Infection (e.g., poor nutrition). Environmental 
factors such as warmth and humidity also may play a role. 
Calves kept Indoors or exposed to foggy weather with little 
or no sunlight have an Increased incidence. 




Linder normal circumstances, dermatophytes only Invade 
fully keratinized, nonliving, tissues. 7 '['his results in weakened 
hair shafts, leading to alopecia. 

In many cases, dermatophytosis Is theorized to be a sdf- 
limitlng tfisease, with the duration of infection ranging 
from 1 to 4 months. The spontaneous regression is at least 
partly related to the development of Immunity, of which 
cell-mediated I mm unity is the more Important. The Immu¬ 
nity that develops Is probably not complete, and Its duration 
is unknown. 
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usually mild or absent. Erythema Is usually absent or 
obscured by pigmented skin. Itie lesions in cattle are usually 
characterized By excessive crusting, taking on an almost 
wartlike appearance. 

Dermatophytosis must be considered in the differential 
diagnosis of any dermatoses characterized by multifocal alo¬ 
pecia or scaling and crusting. For a solitary lesion In horses, 
the occult sarcoid is the primary differential diagnosis. The 
two most important differential diagnoses of more extensive 
lesions .are dermatopb Hosts and pemphigus foliaceus. 


Cffnicuf Signs. The lesions are often circular and usually 
appear first on the face or In the axil I ary.'girth area and 
may spread over the trunk, rump, neck, head, and limbs 
(Fig. 40-1O). Occasionally In the horse, demnatophytoses 
may be limited to the pastern region. Rarely, dermatophytes 
may be a cause of coronary band disease in hoFses. The 
mane and tall are rarely involved. Cattle and goats are 
frequently affected around the eyes and face (Fte. 40-11). 

Lesions may be superficial of deep. Superficial infections 
are much more common and manifest with the development 
of thick crusts or more generally a diffuse moth-eaten 
appearance with desquamation and alopecia, sometimes in 
a ring pattern. A small crust may form over the follicle, and 
die hair is lost. Occasionally the initial lesions may be urti¬ 
carial, progressing to multifocal r sharply demarcated areas 
of alopecia and scaling. The degree of pruritus varies but is 



FIG,. 40-10 Ringworm lesion in flank anrj uE .1 ihcjnc [Tirdtapihifun 
species}. 



F3G t 4D-J1 i kin^itvorm Jlsliiciv around the rvt ol‘ .1 <caEl r era Liard hy 
? 'raihopJ^im vcTTMcam ira. 


Diagnosis. Direct microscopic examiElation of infected 
hairs is of value, but In general the most common and reli¬ 
able method of diagnosing dermatophytosis Is fungal culture 
(see Chapter M ). Broken hairs at the periphery of lesions are 
most satisfactory for this ptupose Large crusts and areas of 
separation should be avoided. The use of specialized indica¬ 
tor media is preferred. On occasion, dermatophytosis is diag¬ 
nosed hlstopalhologlcally. interestingly, TrhJrn^hvtcvj species 
occasionally may cause acantbolysis. mimicking pemphigus 
foliaceus on hislopathology. ta * 

Therapy. Although 50% captan {2 tablespoons powder 
In I gallon tvaler) has been recommended in the past and 
Is certainly safe for lack, Its effectiveness has been ques¬ 
tioned. Lime Sulfur (LymDyp, IVX Animal Health, St. 
Joseph, MO), I cup to I gallon of water, and bleach 1:10 
with water are both effective, hut messy, odiferous, and 
staining. Miconazole shampoos are becoming more widely 
used and may be as effective. In Europe and Canada an enil- 
conazole rinse (Imaveral, (aansen), approved for horses and 
cattle, Is highly effective. 

Systemic treatment Is occasionally needed. The efficacy 
and proper dose of grlseofulvin in horses has not been thor¬ 
oughly researched. However, a dosage of LOO mg/kg dally 
for 7 to IQ days has been advocated and has been used with 
good success on a small number of horses by the author. 
Grlseofulvin is a teratogen and should not be used In preg¬ 
nant mares. Alternatively. 20°-b sodium iodine (Mai) may be 
given IV (250 mL/500-kg horse once or twice every' 7 days) 
but also Is contraindicated In pregnant mares because It 
may cause abortion.^ 

Vaccinating cattle against 7*. uernfcasKJH has long been 
successful in Eastern Europe and Scandinavia. Effective con¬ 
trol of ringworm in cattle has been achieved Jn regions 
implementing systematic vaccination. ^7 Vaccination 
against T. etjtrfnum in horses may reduce the Incidence of 
new infections and protect a high percentage (>B0%) of 
vaccinates from infection. These data are based on results 
with an inactivated vaccine containing both conk!La and 
mycelial elements.' 1 ^ In cattle, newer vaccines consisting 
of recombinant protein and deoxyribonucleic add [DNAJ 
derived from heat-shock protein fiO of I. meHfrigropfiyCfis 
have shown success experimentally. ltB Such vaccines are 
not yet available In the United States. 

SPOROTRICHOSIS 

Sporotrichosis is caused by the yeast Sporothrix jehencM', 
which is most common in vegetation. The yeast becomes 
pathogenic in animals as a result of Lis dimorphic ability 
to convert from a yeast!Ike form at (tissue] temperatures 
between 35 C and 37 C (55 r ‘ F and 98.fi H) to a mycelial 
phase (with branching, septate hyphae) at environmental or 
laboratory temperatures of 25 to 30 " C (77 to 86' F). nD 
Jhe disease has been reported in many species of domestic 
animals. 
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The LnUta] lesions are nodules, which frequently ulcer¬ 
ate, and the disease may progress to a lymphatic-cording 
disease. Rarely, the fungus will eventually spread to the 
lungs. Diagnosis is made by demonstrating the organism 
on nistopathology, immunofluoiesceiit antibody testing 
on affected tissues, impression smears, and culture. 1 ' 1 This 
Is a zoonosis,, so care should be taken in handling 
suspected samples. 

Successful therapy with a number of different systemic 
iodine preparations (Nat, Kl) has been reported. Tire organic 
iodides have proved to be superior in efficacy to the in¬ 
organic iodides in the treatment of equine sporotrichosis., 
with ethvlenediaminedibydraiodide* being the drug of 
choice. This product is In the form of a feed additive and 
can be mixed with a small amount of grain and administered 
at 1 to 2 mg/kg of the active ingredient once to twice dally for 
the first week, then 0.5 to 1.0 mg/kg once dailv for the 
remainder of the treatment. In general, lesions will begin to 
regress during the first month of treatment, and therapy 
should be continued fortir faisi I jhohj/p beyond the complete 
resolution of all cutaneous nodules and the healing of any 
ulcerated lesions. Discontinuing therapy prematurely will 
invariably result In an unnecessary relapse of the disease. 
During treatment the horse should be closely observed for 
any evidence of iodide toxicity (lodlsm), which includes 
excess scaling and aJopeda, a serous ocular or nasal discharge, 
excess salivation, anorexia, depression, coughing, nervous¬ 
ness, or cardiovascular abnormalities. Should any of these 
signs develop, the treatment should be discontinued for l 
week, then resumed at three-quarters the dosage at which 
the iodism was noted. In most cases the treatment is subse¬ 
quently well tolerated. 112 Although both Itraconazole and 
terbinafine have been shown to be effective in vitro against 
the organism isolated from a horse, I am unaware of any 
clinical reports in this species. 1 ^ 

PHAEOHYPHOMYCOSIS 

PhaeohyphomycQsls is actually caused by a number of 
ubiquitous fungi that are either saprophytes or plant patho¬ 
gens. These include Altermma, Dreschlern Chiiiaphial&phoru, 
Cladcsponmn ,, Phialophom, and Surn\ph}4iun\ species. The cor¬ 
rect terminology currently depends on the histologic 
appearance of the organism, as follows 1 ^: 

■ Qiraniowryrnjfs; Any pigmented fungi. 

■ Gfrro moblastomycosis: Pigmented fungi, primarily yeast. 

■ Pfcoaoifiyphomycosis: Pigmented fungi, both hypbal ele¬ 
ments and yeast. 

■ Hyulahyftwmyuists; NonpLgmented fungi, mainly hyphal 

elements. 

Cutaneous lesions arise from either trauma to the skin or 
disseminated disease. Animals w r llh disseminated disease 
probably have a deficient immune system. Similar to the 
other deep mycoses, these lesions present as expand¬ 
ing nodules and draining tracts. Diagnosis is by biopsy 
or occasionally cytology. Histopathology shows foamy or 
epithelioid macrophages, and special stains will show the 
organisms. Veterinarians and their staff should be careful 
in handling material from Infected animals, because the 
inadvertent Inoculation of these organisms can cause human 
infections. 

Treatment has generally Included surgical excision or 
amputation If practical. Potassium Iodide (PI), as for sporo¬ 
trichosis, and (If the owners can afford it) fluconazole at 
5 mg,'kg may be effective. 


•Organic iodide powder. Neogeni Cnrp. Lexington, KY, nr KDDI 20 Gi. 
DexSiose base. Vedco. 5503 Corporate Dr. 5t. foseph, MO. 


ZYGOMYCOSIS 

Similar to phaeohypho mycosis, zy go mycosis Is caused by a 
number of related rungal species that ore ubiquitous sapro¬ 
phytes. Gastrointestinal and respiratory tract involvement is 
possible. Cutaneous lesions are thought to be caused by 
wound penetration. The disease typically occurs. In tropical 
and subtropical areas. The two orders of Zygomycetes that 
cause disease are Mucorales, including the genera KAj'zopui 
and Mucwr, and bntomophlborales, including the genera 
ConMftrfw/iis and Biisirfiphoius. Most cutaneous reports are 
in horses, although ruminants may have other organ sys¬ 
tems affected. 

The skin disease Is ulcerative, nodular, and generally 
found on the trunk and neck. Generally, only one large 
nodule Ls present. Diagnosis Is by histopatbology and cul¬ 
ture; a serum agar Immunoprecipitallon test has been useful 
in diagnosing conIdiobolomycosts. Surgical removal, if 
possible, is preferred for treatment. Medical options Include 
the iodides (not effective against the order Mucorales) and 
possibly the azoles or amphotericin K." 

PYTHIOSIS 

Mol a true yeast, but rather a protista, PpfJrtum insitfiesum is 
considered to be the causative agent of "swamp cancer," 
also known as "Florida horse leech, 1 ' 1 bursattee, and kunker. 
This organism Ls found In tropical and subtropical areas 
worldwide. The pythiosis lesion occurs most often on the 
limbs, abdomen, neck., and lips and consists of dense gran¬ 
ulation tissue containing masses of yellow-gray necrotic tis¬ 
sue, which sometimes are calcified and often are present as 
cores in flstulae and are removable intact. Such masses are 
known as ‘'leeches" or "kunkers." The granuloma ulcerates 
and extends peripherally and may reach a very large size 
in a short time; the overlying and adjacent skin Is destroyed 
by both the inflammatory reaction and the self-mutilation 
by the horse. Important differential diagnoses are systemic 
fungal Infections, habronemiasls (‘'summer sore"), and 
neoplasia. Although most reports in large animals are in 
horses, cattle and sheep may also be affected. 1 ^- 1 JS 

Histopathologic examination of affected tissue reveals 
pyogranulomatous inflammation directly surrounding the 
organism. Isolation of organisms from the lesions is neces¬ 
sary for further identification and study, but histologic dem¬ 
onstration of the protozoa within tissues that are reacting to 
its presence Is critical in establishing the causal relationship 
in an Individual lesion. In obtaining culture, the kunkers 
are preferred to the actual tissue. For samples that cannot 
be processed immediately, acceptable handling techniques 
inefude storage at room temperature for up to j days, refrig¬ 
eration for up to 5 days, shipping on cold packs, and stor¬ 
age in antibiotic solution, each combined with subsequent 
inoculation on selective media.Recent advances In ELISA, 
or molecular techniques offer better potential for oiganism 
detection and Identification. JLb Wide surgical excision 
combined w r llb Immunotherapy has the best chance of 

success J la, l l? 


PARASITIC SKIN DISEASES 

STEPHEN D. WH7TE 

PEDICULOSIS 

Lice are obligatory ectoparasites that are generally host 
specific. Adults and nymphs are seldom able to live more 
than a few days away from their host. Large domestic ani¬ 
mals suffer from infestation with several species of lice that 





TABLE 

40-2 


Lice Associated with Large Domestic Animals 

Jlost 

MalLophaga (Biting) 

Anoplura (Sucking) 1 

1 louse 

ItoNi Lii'ii fOiHFJijkftNlJ 

Wi'met&iAla ajut wjihi 

Hijt'jpi e m?pjniL5 cLiirif 

Cattle 

Bevii-iiUt (Dii?nuli?tra) 

i-Limuitopinm 


bovis 

tfldFJSJtTFUU 

Hxwmutopimii 

(\itibiripcTt\isuf 

HoeniaaSpiniet 

tubemtlatus 

SfiVi’iifiLiir.-- i.'ipilbitus 

Goats 

ftpi iiuht (Djtttifllirrfti} 
E-vjprjjL' 

Li/uwhithu* stfn&psL- 


Bcifloj/if f LkiMfjliniii? 
litnbtiliu 

IfaGgnatifEis dfricanus 


Bauictifa {Damijlinin) 
emssipes 

iiirwfpnat/iEij j'rftiJi 

Sheep 

lioi'MiiL ( DanhjJinui) 
avis 

l'.. l i l l h'Lj.'JiJi'JrlJ." pcjhih.s 


Bavicolii \ Diimdlitiiii) 

LitfugMutims di'iUuj 


napre 

Lipr^nijriFrjs afrininus 


belong to the orders MaJlophagp, the biting I Lee, and Ano- 
plura, the sucking lice (Table 40-2]. 

Clinical infestations are most apparent during the winter 
months and reflect efficient lou.se reproduction during the 
late fall and that summertime temperatures on body areas 
exposed to sunlight are loo high for lice. Apparent "carrier" 
animals within a herd maintain populations during the 
"off" season and serve as a source for reinfestatLon of the 
herd during the fall.' 2 ® The hallmark of Infestation Is pruri¬ 
tus, and many clinical changes result from self-trauma. The 
neck and tall are typically affected first 1 2J but Infestation 
and clinical signs may become generalized. The coat 
becomes dry and scaly. Patchy alopecia and crusted ulcera¬ 
tions result from excoriation. A heavily Infested animal 
may become anemic. Significant bide damage occurs as a 
result of excoriation, and halrballs may accumulate in the 
gastrointestinal (Gl) tract from self-grooming. Reduced pro¬ 
ductivity and weight loss result from decreased feed Intake 
associated with restlessness. Diagnosis Is usually by exami¬ 
nation; a hand lens Ls useful (e.g., otoscope without cone]. 
Interestingly, when a horse Is exercised and becomes warm 
and sweaty ," the Lice will climb out toward the tip of the hair 
and are easier to find. 122 

Several treatment approaches exist. Ivermectin at 200 pg/ 
kg every J4 days for two applications is effective for sucking 
lice but not biting lice. Application of an appropriate topical 
insecticide to Infested animals and to all contact animals at 
2 -week Intervals for two or three treatments is usually curative 
for both types office. Repetition of treatment is necessary to 
break the louse life cycle because eggs are not killed by Insec¬ 
ticides and will hatch despite therapy. Effective topical agents 
include pyrethroids, permethrlns, selenium sulfide, imidaclo- 
prld, phoxLm, and flpronil.'^ Appropriate attention should 
be paid to withdrawal times In food animals. Cleaning of 
fomltes such as blankets, brushes, and rope halters Is probably 
Indicated, although lice do not live long off the host. 

TROMBICULIDIASIS 

Trom bleu fid Lasis is caused by the larval stages of mites com¬ 
monly known as "harvest miles'"' or "chiggers." The most 
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common species affecting large animals are Euirarobicukr 
aifreddugesi and Neolrombkula djicufnmili's. The adults and 
nymphs are free living. The larvae feed on mammalian hosts, 
secreting substances In their saliva that hydrolyze the epider¬ 
mis and allow extraction of tissue fluids. The individual lar¬ 
val stage is short, bus Che Infestation may be ongolsig with 
the acquisition of new larvae from the environment In the 
Northern 1 Lemisphere, E. alfrethiugesi is active from late 
spring through early fall, whereas N. ausmnmdis is more com¬ 
mon in the Late summer to midfall. The miles may be found 
in wooded areas, grass, and hay. L22 L21 

The clinical signs of trom bleu fid lasis are crusts and 
papules, especially on the face, neck, and extremities. Pruri¬ 
tus Is variable.i-3 [Diagnosis may be made early In the 
course of Infestation by careful inspection (e.g., hand lens) 
and finding the minute, red-orange larvae In the center of 
a papule. The six-legged larvae have round bodies and 
may be Identified specifically on skin scrapings or acetate 
tape preparations. 122 Although the larvae only remain on 
the animal host for several days, clinical signs may persist 
longer. Thus, trom bicu Lid lasis should be suspected even In 
the absence of mites In an animal with appropriate signs 
Lit the summer and fall. 

The disorder Is In theory self-limiting because of the 
short time of attachment of the parasite. However, if the 
pruritus Ls severe, corticosteroid administration is Indi¬ 
cated. Various products have been used on the horse to 
eliminate the larvae; 5% lime sulfur, flpronll, and permelh- 
rin are generally the safer parasiticides to use. 


MANGE 

P so r optic Mange 

Psoropllc mange has been recognized in horses, cattle, 
sheep, and goats (and rabbits}. The host specificity of 
Psoroptes eqi ri, P. avis, P. imtalensis, and P cuniculi is con¬ 
troversial; two recent reports stale that the mites are all 
genetically homogenous with Little or no host speclfic- 
Uy r 1-23. 12^1 whereas another report documents an Inability 
to transfer Prcrcpfcj oirts to goats.^ The mites do not 
affect people. Psora p tic mange is common in cattle but 
has been eradicated from horses and sheep in the United 
States; it is sLill a concern for sheep production In the 
United Kingdom and elsewhere In the world. The miles 
have a 2-week fife cycle on tbelr host but can live away 
from the host for up to 3 w r eeks. Fsojoptes mites live on 
the surface of the epidermis and do not burrow. Symp¬ 
tomatic Infestation tends to be more prevalent during 
the cooler months. 

The hallmark of Infestation In all species is pruritus. In 
cattle, crusted papular lesions are typically first apparent 
on the withers but then generalize, resulting In weight loss, 
secondary Infections, and decreased production.Horses 
develop papules, crusts, and alopecia most often at the base 
of the mane, tail, ears, and in ter mandibular area, with 
subsequent spreading to the trunk. 132 An otitis externa 
may be present., seemingly w r Ltb Psmoptes cumcu&m in 
sheep, typical lesions Include papules and crusts In wooled 
areas, and secondary infection with Staphylococcus aureus 
may occur. 117 The intense pruritus can be debilitating. Cer¬ 
tain sheep breeds (e.g., merino) are more susceptible to 
Infestation than others.J- 15 The immune response In sheep 
has been extensively studied, with early Innate and longer- 
term adaptive cutaneous Lmmunolnflammatory responses 
as well as mite antigen-directed IgE being reported. 326 
Goats usually have lesions restricted to the ears, although 
Infestation and symptoms may spread to the neck and 

body. 23 
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Diagnosis is based on demonstrating mites in skin scrap¬ 
ings and ear swabs from affected animals. Psoropllc miles 
are recognized by their round bodies and Long, segmented 
pedicles. 3 * 

A number of topical Insecticides have been recom¬ 
mended for treatment and should be applied to all affected 
and contact animals according to the manufacturer's guide¬ 
lines. These Include deltamelhrin, coumaphos, dlazinon, 
malathion, loxaphene, and lime sulfur.as The con¬ 
taminated environment should also be treated. Ivermectin, 
doramectin, and moxidectin have been used for Psomptes 
species In Large animals at 0.1 mg/kg subcutaneously 
(SCp^UEUMbut treatment does not eliminate Live mites 
from all animals. It has been recommended that P. tjyfs- 
infested cattle be isolated for a minimum of 14 days after 
treatment to prevent transmission to susceptible contact cat¬ 
tle. L34f Pi o rajWej-infested ears in horses should not be treated 
topically because of the resulting discomfort; reliance Is on 
systemic treatment. PsoroptLc mange is a reportable disease 
in the United States. 

Chorioptk Mange 

Chorioplic mange, also known as leg mange, Is common in 
cattle and sheep, uncommon in goats, and seen with vari¬ 
able frequency in horses depending on geographic area. 
Draft horses may be more susceptible than other breeds. 
Chorioptes species are relatively host specific and Include 
C. kwj'j, C. te.wEJjj, C cm's, C. cqui, and C. cqpJ¥. 3 ^iJ3 r i3i 
The mites do not penetrate the epidermis 113 and do not 
affect humans.t-W Ittey have a life cycle that spans 2 to 
3 weeks and can live off the host for only a few days. 39 

This disease is variably pruritic, more so In ruminants than 
horses, and Less so than Infestations with Psoraptes otSanroplcs 
miles. Lesions consisting of papules, erythema, scaling, crust¬ 
ing, ulceration, and alopecia result fromself-trauma. In cattle 
the lower aspects of the hind limbs, the perineum (partlcu- 
1 arly the peri a nal fossa), tai I, and sc rotu m are usu a I ly a ffected. 
Sheep typically demonstrate Involvement of the lower limbs 
and scrotum. Goats have Involvement of the lower Limbs. 
Norses typically have lesions on the pasterns, although the 
ventral abdomen may become involved In severe cases. In 
all species, infestation can become generalized. l22_.l2j,l.3s> 

Mites are often numerous and readily demonstrated with 
skin scrapings. Cattle may be asymptomatic.^ Chorioplic 
mange will respond to treatments described for psoroptic 
mange, although Ivermectin and related compounds are 
more effective in ruminants than horses; In horses, lime sul¬ 
fur or flpronll applied once weekly for at least 1 month Ls 
recommended, ljll 32, l 33 a recent study in horses showed 
efficacy using a single dose of moxidectin 2% oral gel 
{Equest, Fort Dodge, 1A) at the manufacturer's recommended 
therapeutic dose of 0.4 mg/kg body weight, Chorioplic 
mange Ls a reportable disease In the United States. 

Sarcoptic Mange 

Sarcoptic mange Is an uncommon, contagious disease of 
horses, cattle, sheep, and goats. The etiologjc agent is Sarcoptes 
scabiei; several subspecies are relatively host specific but can 
be transmitted to humans. Ihe mite burrows Into the epider- 
mIs, w r here the egg is depos I ted, and its Li fecycle is complete i n 
10 to 17 days. Transmission Is usually by direct contact, but 
the mile has a variable survival time off the host; therefore, 
environmental and fomite transmission is possible. l22 - 125 

p fhe clinical signs are all referable to the severe pruritus 
caused by the mite. Lesions include papules, scaling crust¬ 
ing ulceration, and alopecia. Itie head (especially the ears) 
and neck aie usually the initial areas of Involvement, 


although lesions become generalized. 29 ' 12 Li23 Horses in 
areas frequented by Infected wild foxes may have lesions 
affecting the legs and the ventral abdomen.' 33 Dairy cattle 
may have an associated udder cleft dermatitis.Sheep 
tend to have initial involvement of the nonwool areas. 
The ears should alw r ays be scraped for mites; the mite is 
identified by its rounded body, terminal anus, short legs, 
and long unsegmented pedicles. 29 ' 122 ' 125 

Because mites may be present only in small numbers, 
negative skin scrapings do not rule out the disease. Diagno¬ 
sis should be based on clinical suspicion and response to 
therapy . 7 - 2 ^ l33 - 133 

Topical acarictdes have been recommended for treatment 
and are applied to all affected and contact animals at 10- to 
14-day intervals for four to six treatments. These Include lin¬ 
dane, coumaphos, dlazinon, malathion, toxaphene, and 
lime sulfur. 29 - 122 ' 125 Ivermectin, 0.2 mg/kg at 2-week Inter¬ 
vals for two to four in lections [ruminants) or orally 
(horses), has been shown to be effective, as has injectable 
moxidectln and topical doramectin. The contaminated envi¬ 
ronment should also be treated. It is recommended that the 
stale regulatory agency for livestock disease control be con¬ 
sulted tor methods of treatment and products to use 
because sarcoptic mange Is a reportable disease. 

Demodectic Mange 

Demodecllc mange is a rare disorder, although it has been 
recognized In all ibe large domestic species, the mites live 
in the hair follicles and in the sebaceous and sweat glands 
and are host specific. They are not contagious between 
members of the same species, but Demoder species are pre¬ 
sumably transmitted from mother to offspring during the 
first few days of life by direct contact with the dam. Little 
else is known regarding the life cycle of the mite. 122 ' 125 
Two species of D^PMtkvr are recognized In the horse.".' 33 
Dcmndex aiballi is a normal inhabitant of the pllosebaceous 
apparatus of the eyelids and muzzle and may be found in 
skin scrapings of these areas on horses In the absence of 
skin Lesions. Dawdex etfui inhabits the pllosebaceous appa¬ 
ratus of the remainder of the body and is the species found 
on horses that has been associated tvith disease. The species 
found on cattle, sheep, and goats are DemmJfflt Eroivfs, D. t?ivrs, 
and D. coprae, respectively, ^l 22 - 125 - 150 

Clinical signs are variable, depending on the species 
affected. The disease is quite rare in horses, which may 
develop alopecia of the head and trunk; I have seen one 
case of concurrent demodicosis and chorloptlc mange on 
the legs of a draft horse. Underlying pituitary dysfunction 
of the pars Intermedia has been seen in some horses.' 33 
Pruritus and secondary pyoderma are variable. Goats and 
cattle usually develop nodular lesions that involve the face, 
shoulder, and neck. 35i - J 3& the nodular contents are 

white and caseous; microscopic examination for mites dif¬ 
ferentiates the lesions from Cftrynefcacterrunt 
sis. '36 Sheep tend to develop periocular nodular lesions. 

Diagnosis is based on recognizing mites with micro¬ 
scopic examination of skin scrapings or exudates obtained 
from nodular lesions. p lhe mites are elongated and have 
short, stubby legs. 39 -' 33 .' 33 

Wo treatment has proved to be consistently effective in 
large animals, although relatively few case reports exist in 
the literature. Amllraz has not been successful In the treat¬ 
ment of caprine demodicosis. 356 Horses sprayed with 
0.025% amltraz developed somnolence, depression, ataxia, 
muscular iveakness, and progressive Large Intestinal impac¬ 
tion, suggesting that amitraz Is contraindicated in equlds.' 57 
Daily ivermectin has been suggested as a successful treat¬ 
ment for equine demodicosis, but dosages have not been 




codified. Oral Ivermectin (0.67 mg/kg once weekly for 12 
weeks) and pour-on eprinomectln (0.5 mg/kg) each suc¬ 
cessfully treated one goat with generalized demodlcosIsJ- 3 ^ 

CUUCOiDES HYPERSENSITIVITY 

! Fhe females of various Cuficoidcs fly species ("no-see-ums, 1 ' 
'"punkles") may feed either on the dorsal or the ventral sur¬ 
face of the horse, affecting the mane, saddle, and rump or 
causing a ventral midline dermatitis in a diffuse pattern. 
Alopecia, papules, crusts, and erythema may al! be present 
( Tig. 40-12). The Insects Induce a hypersensitivity response 
through salivary antigens; this condition is termed CitVi- 
coides hypersensitivity {Queensland itch r sweet itch) and is 
recognized In various areas of the world. Evidence indicates 
a hereditary predisposition to develop the hypersensitivity. 
1 lislopatbology of lesions frequently reflects a hypersensi¬ 
tivity response. >m Although many species of Qiftcoulef exist, 
the two most commonly suspected of causing the allergic 
response are C. wufifmirHJ ana C. nuheaifosus. 

Recent studies have attempted to define the nature of the 
hypersensitivity response. One study found semrn antibod¬ 
ies to Cu/j'cuj'diei salivary glands in both healthy horses 
exposed to QtHcufcfe bites and In horses with insect ,J der- 
mar hypersensitivity.HQ In contrast, no antibodies were 
detected In serum front native Icelandic horses which had 
not been exposed to Culicaides. Anil-salivary gland immu¬ 
noglobulin G (IgG) antibodies were detected in both 
groups of horses, whereas IgE antibodies were only detected 
in clinically affected horses. 140 A more recent study compared 
two groups of affected Icelandic horses: those born in Iceland 
(no previous exposure to Cultioui^s) and transported to 
Europe, where they were then exposed to the flies, and those 
born in mainland Europe. The former had IgE and IgG anti¬ 
bodies !o a greater number of the Insects' salivary proteins. 3 
Another study found significantly more IgE-bearing cells In 
the dermis and epidermis of acute and chronic lesions than 
in skin biopsies from healthy horses, m Further evidence 
for a hypersensitivity response was demonstrated In a study 
in which Intradermal Injection of a Culicaidas antigen extract 
induced T lymphocyte and eosinophil accumulation In the 
skin of affected horses A 4 -* Other studies have supported the 
immunologic nature of this disease. l4d - Na 

The hallmark of disease is pruritus. Although no gender 
predisposition has been noted, Icelandic horses may have a 
higher incidence of allergic reactions to the Culicoides Insects 
than other breeds. The disease is uncommon in horses under 
L year of age, with an onsel usually between 2 and 4 yeare. 
Cwhccjdes hypersensitivity may be seasonal, at least during 
die first few years of life, in temperate climates. Diagnosis is 
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primarily by clinical signs. CuJictfides antigens (commercially 
available in the United States by Greer, Lenoir, NC) seem 
useful in belli diagnosis and treatment,^ t^bul this needs 
to be documented In laige case studies. 

Therapy is aimed aL insect control, especially the 
following: 

1. Stabling horses at sunrise and sunset, peak Cultcoides 
feeding hours. 

1. UltraRne setting or screens placed in windows (60 
squares to the square Inch). 

3. Fly control, especially keeping horses away from stand¬ 
ing water and using permethrin repellents, usualty 2% 
permethrin sprays Frequently, sprays must be applied 
more often than the label recommends (Le.. daily, al 
least at first). I have had some success using a nonpestl- 
cide "herbal 1 ' spray or roll-on (MedZone Vet Shield & 
Sheen, Sun City, AZ). 

4. Overhead or stall fans (drafts interfere with Insects 1 ' 
flight). 

5. "Dresses'" that physically obstruct the insects from reach¬ 
ing the skin. 

6 . E lyposensltizatlon is controversial; success may vaiy with 
the presence of an adjuvant, or the actual antigen used. 

7. Oral prednisolone to manage the pruritus. 


VENTRAL MIDLINE DERMATITIS 
OF HORSES 

litis is a reaction pattern in horses to ectoparasites, and not 
necessarily specific for any one arthropod. Qiftcofrfes hyper¬ 
sensitivity, Onchocerca cervicoKs infestation, and black flies 
(Simuliidae) may cause generalized ventral midline derma¬ 
titis (VMD), whereas horn flies (Haematobm irrihms) cause 
a focal dermatitis. Severe chorioplic mange may also 
Involve the ventral mid line. In all cases, the lesions have 
variable alopecia, pruritus, and crusts. Treatment is based 
on eliminating or repelling Lhe causative organism. 

OTHER FLYING INSECTS 

Stable files {Stivtiox}* takilnms), black files (SimullidaeJ, horn 
flies i irikitu), horse files (YjjJwiuj and /fyfewnftra: 

species), deer files (CJinwps species), house Hies (Miu&j ifcmrej- 
rfaajj face flies fiWtis ca autummlis), and mosquitos are com¬ 
monly associated with Irritant and allergic skin disease, as 
well as being vectors of many parasites. They must be con- 
inolied by limiting breeding areas and by repellents: 2%perme- 
thrins are often used. It is important to remember the 
relallonsblp of these various flies to the environments they 
favor or require for breeding and when they feed, as follows:" 



FIG. JO-11 Severe (jrJnvMta tiypt'rsenaiLiviLy in ;l horse, ihtnvinf;typruJ 
Jtj-liibistioci tit wirther^ slitKjIdera, .iuU fcienJ Visible). 
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SC RE W WO RM INFESTATION 

Screwworm flies cause primary myiasis; the species of 
Importance In the Americas Is GcdrJinmyj'ji fomjrna'Lwm'.T (Orl- 
iitvoga ameiicarui). The fly was formerly found throughout 
the American tropics and subtropics from the southern 
United Slates to northern Chile.^Lts? n is no longer found 
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in the United 5tales or Mexico as a result of state, federal 
and International eradication efforts. 355 

The adult fly Is about three limes the size of a house fly, 
with a metallic bluish or blue-green color, 3 si.^3 Females 
are attracted to fresh wounds (castration, dehorning, brand¬ 
ing and shearing sites), abraded body orifices, areas soiled 
by discharges or excretions, and navels of newborns. They 
lay batches of 150 to 500 white eggs on the margin of dam¬ 
aged tissue in rows that overlap Tike shingles. Eggs hatch 
within 24 hours, and the larvae begin to feed In a head- 
downward position. Larvae are obligate parasites that 
require living tissue as feedstuff. They cannot develop In car¬ 
rion. Larval development continues for 4 to 10 days, and at 
the time of their maturation, they may have created a cavity 
10 to 12 cm (4 to 5 inches) in diameter. |5i Mature larvae 
are about 2 cm In length, pink In color, pointed anteriorly, 
and blunt posteriorly. The larvae then drop to the soil and 
pupate. The life cycle averages about 21 days and Is favored 
by hot, humid weather. 

Screwworms do not have a dormant stage In their life 
cycle and cannot overwinter in cold climates. 151 Thus the 
susceptible stage of development is the pupae, which will 
not survive soil temperatures below 15 c C (59° F). I’he 
feeding larvae burrow deeply, creating a cavernous lesion 
characterized by liquefaction necrosis, profuse brownish 
exudate, and an objectionable odor. The syndrome is self- 
perpetuating in that wounds infested by screwworm larvae 
become Increasingly attractive to gravid females. The end 
result Is often death of the host as a result of secondary 
bacteria] Infection, toxemia, and fluid loss. 152 

Treatment of wounds requires clipping and cleansing, 
as well as destroying all Larvae. Dressings containing lar- 
vicldes and antiseptics should be applied. Preparations 
containing lindane or organ op bosphates have been used 
in an ointment or gel base. The treatment Is repeated twice 
weekly. When large numbers of animals are affected, 
a 0.25% solution of coumaplios, cblorfenvinphos, or 
fenchlorpbos may be applied to herds with a power 
sprayer. Calves may become ill from the spray; thus appli¬ 
cations should be'restricted to the ventral abdomen.'5- 
More recently, the curative efficacy of fipronil 1% against 
C. fitfrni'riiworftjr larvae Infestation In castration wounds 
was 100%. L5J Even more Impressive, dorameclln as a pro¬ 
phylactic treatment was 100% effective In prevention of 
C. frontfnivorax infestations. ' 5 5 

Control of screwworm files In the United Stales has 
been achieved largely through the release of sterile males, 
because of the single mating tendency of the female fly. 
The eradication program has proceeded through Mexico 
south to the twenty-fiist-degjee parallel. 151 Screwworm 
myiasis is a reportable disease In the United States, and 
suspect larvae should be preserved In 70% alcohol for 
positive identification.* 56 

BLOW FLY STRIKE (FLEECEWORMS, 
WOOLMAGGOTS, SECONDARY 
SCREWWORMS) 

Blow flies are found throughout the Western Hemisphere. 
The species of importance include CocfilHjmjifl macelltiria 
(secondary screwworm), Phoenicia jericflfri {green bottle 
fly), and nrcirtJiw r^j'rcct (black blow r fly). The Tiles tend to 
be most common in the warmer regions, with the exception 
of P. regina, which Is widespread throughout the cooler 
parts of >jorlh America and Europe. 151 Blow r files cause seri¬ 
ous loss of sheep and wool In many countries.!^ Female 
files are attracted to decaying animal matter, such as 
wounds infested by primary screwworms, infected sores, 
carcasses, and fleeces that are dampened with feces, urine. 


or bloody fluids. 153 They lay eggs In batches of up to 300, 
which hatch within hours. Ine larvae feed on necrotic tissue 
but may Invade healthy tissue. Larvae develop for 3 to 5 
days and, when fully mature, are white and 6 to 12 mm In 
length. The larvae then drop to (he ground for pupation. 
As soli temperatures fall, larvae fail to pupate and may over¬ 
winter until the following spring. The entire lifecycle Is gen¬ 
erally complete in 2 to 4 weeks under ideal conditions of 
warm temperatures and high humidity.*^ 

Unlike primary screwworms that feed in pocket-like 
aggregations, secondary screwworms tend to be dispersed 
throughout the in tested tissue. In wool infestation the larvae 
may remain on the skin surface, feedingon the decomposing 
wool, or may penetrate the skin through small abrasions. 
The most common site of Involvement is the breech. Infested 
tissue attracts more ovipositing females, and thus the syn¬ 
drome Is perpetuated. 353 Affected sheep are restless and do 
not feed. They move ivlth their heads close to the ground, 
bite or kick at their w r ounds, and continually wriggle their 
tails. Affected wool is moist and brown with an obvious 
odor. Animals may become syslemically ill and die. 356 

Treatment of individual wounds is as described for 
screwworms. Control involves management practices that 
decrease the Incidence of w r ounds or skin Irritations. Sheep 
are often clipped below the tail and between the hind limbs 
("crutched"), where wool is likely to become saturated with 
urine or feces. Castration, shearing, docking, and Lambing 
are avoided during the summer season. 151 

CUTANEOUS ONCHOCERCIASIS 

II Defini (ron and Etiology, Cutaneous onchocerciasis In 
horses is a common filarial dermatitis with a worldwide 
distribution. Its incidence In the United Stales has 
decreased dramatically since the introduction of ivermec¬ 
tin for routine dewarming. In a recent report from South 
America, Onchocerca cervicalis microfilariae w r ere detected 
in midventral skin biopsy samples In 215 (17.9%) of 
1200 horses examined, and the adult worms were recov¬ 
ered from 200 (16.6%) llgamentum nuchae from the same 
animals. 157 

The disease Is caused by the microfilaria of O. cervicalis 
and is seen primarily in adult horses.' sfi. i w Adults typically 
are found colled in the funicular part of the llgamentum 
nuchae, where they produce calcified nodules. Viviparous 
females may live for up to 5 years and produce large numbers 
of microfilariae that migrate through connective tissues to 
the superficial layers of the dermis. Preferential areas of 
mlcrofllarial Localization Include the ventral midline, Lower 
eyelid, and Lateral Li mbus of the eye. i^l’he infect Lon is trans¬ 
mitted by CLt/ioij'dfls, which act as an Intermediate host. The 
larvae are ingested by the vector and undergo development 
into the third-stage latvae [L3J in approximately 2 weeks. 
I’he L 3 larvae enter the animal host through lesions created 
by the feeding vector. 55 Many horses are Infected with the 
parasite without demonstrating clinical diseased, isa 

II Pathophysiology. Pathogenesis Is believed to involve a 
hypersensitivity reaction to antigens released by dying 
microfilariae. 55 - 156 This theory has support because not all 
infected horses demonstrate disease, neither the presence 
nor (he severity of the dermatitis Is correlated with the num¬ 
ber of organisms present, and treatment with filarlcides 
often causes a temporary exacerbation of clinical signs. 

II Clinical Signs. Clinical signs occur most often in older 
horses and can include both ocular and cutaneous 
lesions. 55 -J 5 ® Ocular lesions include uveitis, conjunctivitis, 





FIG. 40-1 3 I GuL.niw[K£i onchutEirL'MicLs in ji honr. 


keratitis, and de pigmentation of the lateral limbus. 360 Cuta¬ 
neous lesions Include diffuse or patchy alopecia, erythema,, 
and scaling. Focal cutaneous depigmentalLon is common. 
Lesions tend Lo occur in regions where microfilariae are 
typically present in highest concentrations, such as the 
ventral mldilne, face (Fig. 40-13), base of the mane, antero¬ 
medial proximal forelimbs, and anterior pectoral region. An 
inflammatory, alopeclc, or hyperpigmented area in the cen¬ 
ter of the forehead Is highly suggestive of the disorder.™ 
The dermatitis Is generally reported as being nonseasonal 
and nonpruritic, 33 . 161 


Diagnosis und Histopathotogy. Because many normal 
horses have microfilariae without disease, the finding of 
microfilariae does not prove that they are the cause of the 
cutaneous lesions. Jn addition, because microfilariae lend 
to "nest 1 ' 1 In the dermis, there is a tremendous difference In 
the number of microfilariae recovered from ad|acent skin 
samples, i5s.uu Thus, although the absence of microfilariae 
makes cutaneous onchocerciasis unlikely, it does not defin¬ 
itively exclude It as a diagnosis. Differential diagnoses 
shouid Include ventral mldilne dermatitis caused By the 
horn fly Uuemdlidnn im&uir, hypersensitivity reaction to 
Ctiifcoj'des, dermatophytosis, anti in festal ion with mange 
mites, 

Ultimately, diagnosis should be based on history, sup¬ 
portive clinical findings, exclusion of other differential diag¬ 
noses, and most Importantly, response to treatment. 

A positive Onc/mc-fr-ra microfilarlal saline preparation 
demonstrates slender, delicate microfilariae that are app¬ 
roximately S x 220p.m. Typical histopathologic changes 
include an eosinophilic and lymphocytic perivascular der¬ 
matitis, a finding that is nonspecific and common to many 
other equine parasitic dermatoses {see Chapter 11). Aggre¬ 
gations of microfilariae may be found in the superficial der¬ 
mis or perifollicular region.™- I5S - 162 

II iherapy. Ivermectin or moxideetin are the treatments of 
choice and are administered at 0.2 mg/kg PO.'™' 6 '' Most 
horses Improve within 2 to 3 weeks, Minor adverse reac¬ 
tions, including fever and swelling of the periorbital, facial, 
and ventral mid Line regions, may occur In up lo 25Vu of 
infected horses treated with ivermectin; moxideetin did 
not cause postlreatment dermal reactions in one study. 16,1 
Severe reactions may benefit from treatment with cortico¬ 
steroids, but most reactions resolve within 24 lo 72 hours. 
Because there Is no effective adulticide, recurrence may be 
noted as soon as 2 months after therapy. Most animals 
remain free of clinical signs for 6 to 12 months Jgi.jsj 
R e-ireatmenL Is recommended at 4-month Intervals. 
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In cattle, onchocerciasis has been caused by the microfi¬ 
lariae of Onchocerca guiituroAi and OfruVceror /fentflfi and in 
Africa, Onchocerca vciimgi. '* 5 . Flies of Stmullidae are the 
vectors. The disease causes nodules and crust on the skin, 
Including the teats; adult worms surrounded by neutrophils 
were detected free in the teal canal. ]fit Ivermectin and mox- 
Ldeclin are effective treatments. '*5 


STEPHANOFILARIASIS 

Cutaneous stephanofilariasLs is a filarial dermatitis of cattle, 
The disease is caused by organisms of the genus Stephartafi- 
hirifi and has been observed in cattle In many countries. 367 -* 6 * 
Within the Untied Stales the disease is most prevalent m the 
western and southwestern regions, where it Is caused by 
SEtfpJitirwjiJflrAir jJifgsiJ 3 *.'5«u® Adults and microfilariae 
inhabit the epidermis. The parasite is transmitted by the 
female horn fly fEJffenkiJoirid Arrians) when It feeds on lesions 
on the ventral mid lined w The microfilariae are ingested 
and develop to Infective Lj larvae in 2 to 3 weeks. The Lj 
stage is Introduced into the animal host on subsequent 
feedings. 165 

Clinical signs of cutaneous slephanofilariasls include a 
ventral midline dermatitis Initially associated with a papular 
eruption. The scrotum may also be affected. ' 7 a The tesions 
progress lo nodules, alopecia, and crusted uIccfs. There 
may be mild pruritus.*si Diagnosis is based on history 
and appropriate clinical signs, excluding differential diagno¬ 
sis and demonstration of the nematode. Biopsies may be 
taken as described for equine onchocerciasis, or the crust 
can be removed from an acute lesion and deep skin scrap¬ 
ings performed to recover the parasite. The tissues should 
be minced In isotonic saline and then examined microscop¬ 
ically. Multiple skin scrapings may be required to demon¬ 
strate the parasite. Either adults or microfilariae may be 
found. The adult male is about 3 mm in length and the 
adult female 6 mm In length.' 6 ' Microfilariae are 50 jim In 
length.' 67 Characteristic histopathologic findings include a 
perivascular dermatitis associated with an eosinophilta. 
Microfilariae may be noted In the dermis, and adults In epi¬ 
thelial-lined cysts at the base of the hair follicles, although 
both may be difficult to find.'* 7 

There" is no approved treatment for Stephan ofilariasis. 
although approved topical organophosphates have been 
suggested. 3 ^ Some authors have not recommended treat¬ 
ment because clinical signs are relatively mild in many ani¬ 
mals. iCattle with zebu ancestry may be more resistant.* 66 


HYPODERMA (WARBLES) 

Definition and tiioiag} 1 . Infestation with the larvae of 
Hypoderma species Is a common and serious economic prob¬ 
lem In cattle and Is recognized sporadically In horses that are 
pastured near cattle. Occurrences have also been reported In 
sheep, goats, and humans. 173 Warble flics are present in the 
Northern Hemisphere between 25 and 60 degrees latitude 
in more than 50 countries of North America, Europe, Africa, 
and Asia. Hypodermrj species are not established south of the 
equator. l52 - 171 The U.S. cattle Industry loses millions of dol¬ 
lars annually because of cattle grubs. 

Two species of Hyptiderimi parasitize cattle: EJ. bovis and 
IL iltteatum. The latter prefers warmer climates and Is the 
only Hypotiermii species present In the southern Dotted 
Stales, Hach of the species occurs in the northern United 
Stales and in Canada. f-i Imctilum and H. b&vis have very 
similar life cycles, but the stages of H. Imeatuni tend to occur 
3 to S weeks earlier than those of El. Earn. Timing of the life 
cycle also varies with local geographic and climatic 

factors.^.! 7i 
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'IThe adult Elies are beelike In appearance, covered with 
dense chin bristles (hair), 12 to I S3 mm In length, and have 
nonfunctional mouth parts, i 72 They have a short lifespan, 
only 1 week. Adult flies are active in the spring to early 
summer with H. lineatum appearing 3 to 4 weeks before 
H. Eim-'rs. Female H. lineatum files deposit eggs on the hairs 
of the legs or lower body, whereas JT. htwis tends to deposit 
eggs on the rump or upper parts of the hind limbs. Total egg 
production by a single female has been estimated to range 
from 500 to 300. 172 The eggs hatch in 3 to 7 days, after 
which the larvae penetrate the skin and begin their migra¬ 
tion through the connective tissues. H. frnHiium larvae 
migrate to tne subcutaneous connective tissues of the esoph¬ 
ageal wall, -whereas H. Jwh'j Larvae migrate toward the spinal 
canal. The first-stage [Lj) larvae remain In this location for 
2 to 4 months, during autumn and early winter. Between 
January and February the larvae begin a final migration 
through the connective tissues to the subdermaL tissue of 
the back of the host, where they form a breathing hole 
through the skin. Cysts (warbles) develop around l L larvae. 
Within the cyst the larvae undergo two molts over a 4- to 
6-week perlocl. Itie Lj larvae (gam) emerge from the breath¬ 
ing pore, fall to the ground, and pupate. Adult Elies emeige 
from the pupae in J to 3 months, and emergent adults are 
ready to male almost Immediately.* 72 is& The life cycle Is 
complete In I year. Most larvae fall to reach normal size 
and complete their life cycle in the horse. 

II signs 

CATTLE. During the spring and summer when adult flies 
are active, "fly worry” may be a serious problem. Cattle 
exhibit a stampeding behavior called "gadding" when 
chased by ovipositing females, even though she files do 
not bile or sling. This fear reaction results In self-in|ury 
and decreased feeding and milk production. ]72 Diagnosis 
of ivarble flies in goats by ELISA has been reported, but It 
is not known whether this is applicable to cattle. 173 

Clinical Lesions are not usually observed in association 
xvith migration of Li larvae unless the larvae die along the 
migratory path. >tl Lesions that have been associated with 
infestation of Lj larvae of H. bows include fat necrosis and 
inflammation of the connective tissues surrounding the spinal 
canal. Secondary periostitis, osteomyelitis, and rarely paralysis 
or other nervous disorders may occur. Similarly, infestation 
with L| larvae of H. lincatiim in "the submucosa of the esopha¬ 
gus may cause inflammation and edema In the surrounding 
tissues. Swallowing and eructation may be hindered, resulting 
in bloat and subsequent respiratory failure. 171 

Lesions most often observed with Hypoderma infestation 
are attributed to L 3 larvae. Warbks occur along the back 
from the shoulders to the tallhead and from the dorsal mld- 
llne to a point about one-third the distance down the sides. 
The Lesions may be firm to fluctuant, raised, and painful to 
the touch. They measure approximately 3 cm In diameter 
and contain a breathing pore that usually exudes a yellow¬ 
ish serum. Excisional biopsy of a nodular lesion reveals 
the Larvae within a cysllike structure that contains yellow 
fluid. '1tie surrounding tissue Is necrotic. Secondaiy infec¬ 
tion of the cysts can result in laige, suppurating abscesses. 
The number of warbles In an Infested animal may range 
from 1 to 300. Infestations are most serious in younger ani¬ 
mals and become progressively less severe with age. Emer¬ 
gence of the grub results In 'healing, although carcasses 
retain evidence of Infestation and are devalued at 
slaughter. > 52 . i 7] 

HORSES. Most horses have only one or two grubs, but 
heavy Infestation Is present in rare cases. Lesions associated 
with L 3 Larvae include small, nodular swellings that develop 


dorsally and frequently In the region of the withers. Most 
lesions have a breathing pore. 156 Differential diagnosis is 
most often nodular collagenolytic granuloma (nodular 
necrobiosis), but mastocytoma, sterile nodular panniculitis, 
and amyloidosis should also be considered. Posterior paral¬ 
ysis associated with involvement of the spinal cord has been 
reported in both horses and cattle.i?i 

The season, Location of the leslon(s), and presence of a 
breathing pore are usually diagnostic. Larvae can be recov¬ 
ered by enlarging the breathing pore with a scalpel and 
extracting the grub. 


II Ihenipy. When small numbers of cattle are affected with 
just a few grubs, manual removal of the grubs Is possible by 
simply enlarging the breathing pore. This Is usually the pre¬ 
ferred treatment In horses as well. If only one or two lesions 
are present. Care must be taken to remove the larvae in 
their entirety because breaking the larvae and rupturing 
the cyst during removal can result In a severe systemic 
reaction J5Z.J71 

Systemic Insecticides are the only means of eliminating 
the migrating larvae. Organophosphates or the maoroeyclLc 
lactones (doramectin, eprlnomeclln, Ivermectin, moxidec- 
lln] have been used for this purpose and are applied on 
the midline of the back. 171 ' 174 Administration of insecti¬ 
cides should be timed to provide treatment In early autumn 
after all eggs have hatched and larvae are in the early stages 
of their connective tissue migration. Third-stage larvae are 
less susceptible to Insecticides, and destruction of Larvae in 
later stages of migration increases the risk of serious second¬ 
ary illness. It Is advisable not to admlnisLer systemic insecti¬ 
cides later than 3 to 12 weeks before the anticipated first 
appearance of grubs along the backJ 52 ^ In the northern 
United States and Canada, treatment of cattle with systemic 
insecticides is not recommended from October 1 to March I 
because this Is when H. burrs larvae are Located In the epidu¬ 
ral space and H. /inraftmi Larvae reside in the esophagus. > 52 

SHEEP KEDS 

The sheep ked, Melophagus urrrius, Is a wingless fly approxi¬ 
mately 6 to 7 mm In diameter with a tLckJLke appearance. 
Sheep keds have a worldwide distribution. 1’hey primarily 
parasitize sheep and occasionally goals that are kept under 
poor management conditions.- 152175 

Ilie entire life cycle Is spent on the host. Females live 4 to 
5 months, laying 10 to 15 larvae Individually that are 
cemented to the wool or hair. Itie Larvae pupate In 12 
hours, and the adult emerges 3 weeks later. Adults feed on 
blood and do not survive Longer than a few days off the 
host. Transmission Is by direct contact, and Infestation is 
more common in the winter months.' 5275 

Clinical signs of infestation Include pruritus with 
subsequent self-trauma, wool stains from the files' fecal mate¬ 
rial, and in severely parasitized animals, anemia. Multiple fimi 
nodules (cockles)"develop as a result of repeated puncture of 
the skin as the keds feed. 1321 1 nfeslalton resu Us In economic 

loss from a reduction in dressed carcass weights of lambs, 
reduced clean dry w r elght of fleece, w r ool staining, and reduced 
value of sheep skins because of nodular defects, l52,175..l 76 
Diagnosis is based on demonstration of the parasite. 

■Jherapy Involves shearing all sheep in the affected flock, 
followed by two topical applications of malathion, dlazi- 
non, or coumaphos at 14- to 21-day Intervals to kill 
emerging adults J 52 Because the Larvae are attached to the 
wool or hair some distance above the skin surface, many 
larvae and pupae are removed by shearing. ' 55 -J 76 Recently, 
imidacloprid w r as found to be effective In killing the 




parasite. 177 Alt new animals should be isolated and treated 
belbre introduction to prevent rein testation. Acotitro] pro¬ 
gram Lncludes annua] treatment of the entire flock. 
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prognosis for resolution of individual Lesions is good if 
the therapeutic goals are achieved, 


CUTANEOUS HABRONEMIASIS (EQUINE 
SUMMER SORE) 

] tabronemlasis [''summer sore - ") Is a granulomatous disease 
caused by the deposition of Habrvnemn microstoma , Habro- 
ncma imiiuu\ or Drusckui megastoma larvae by tlies at die site 
of wounds or natural body" moisture (sheath, e\ r es 
The adult pa rashes normally reside In the stomach, where 
they cause little tissue reaction, with the exception of 
D. ffregjutojma, which produces gastric nodules of varying 
sizes near the margo pllcatus. Females are viviparous, and 
lame are passed in the feces, where they are then ingested 
by the larvae of flies acting bis Intermediate hosts. H. rrrtu&ie 
and D. megastama develop in the house fly, Mustu domes Hot 
and H. microstoma develops In the stable fly, Sfomatys cslci- 
(rflni. 155 iTte La larvae are then deposited around the horse's 
mouth and sw r allow r ed to pass to the stomach, where they 
mature to adults. Cutaneous lesions occur when the larvae 
are deposited Ln damaged skin or areas of natural body mois¬ 
ture. The larvae cannot penetrate normal healthy skints 
in these aberrant locations, they are unable to mature to 
adults, and the resulting proliferative lesions are thought 
to represent a hypersensitivity reaction to the dead or dying 
lame. In temperate parts of the w r orld, habronemiasis is a 
seasonal disease, occurring in w r arm, wet weather. 

Arabians, gray horses, and horses with a dilute hair coat 
seemingly have a predilection for this disease. The medial 
canthus of the eye, male genitalia, nictitating membrane 
("third eyelid"), and distal extremities are the most common 
parts of the body affected. 376 Lesions consist of ulcers and 
nodules. Diagnosis is based on clinical signs, history, and 
the presence of calcified concretions (sulfur granules) and is 
confirmed by biopsy. The nodular lesions may lake on the 
gross appearance of neoplasia. Alternatively, the Larvae may 
infest a preexisting tumor, especially squamous cell carci¬ 
noma of the male genital ini, and a biopsy is crucial for accu¬ 
rate diagnosis. Characteristic histopathologic findings 
include granulation tissue with a diffuse infiltration of eosi¬ 
nophils and an ulcerative epithelial surface. The granulation 
tissue usually contains focal areas ofcoagulation necrosis sur¬ 
rounded by a dense eosinophilic Infiltrate. Cross seclions of 
larvae can often be Identified within some of the necrotic 
foci.Rarely, larvae are found in scrapings from the 
lesions. 3 Larvae are not always found in the biopsy sec¬ 
tions < 7 ^ in these cases. If neoplasia has been ruled out. 
presumptive treatment for habronemiasis should he per¬ 
formed. Recently, a PGR assay for diagnosing habronemiasis 
has been developed; this may hold promise in the future for 
those cases wherein die Larvae are not found on biopsy. 37 '^ 1 

Treatment In the past has been either corticosteroids or 
organophosphales, topical or systemic. Ivermectin [0.3 mg/ 
kg POj has been shown to be effective and is considered the 
treatment of choice by many clinicians. Moxidectin [0.4 mg/ 
kg PO) may also be used. Systemic corticosteroids {e.g., pred¬ 
nisolone, L mg/kg once daily for 10 to 14 days, then tapered 
over 2 w r eeks) or Lnlralesional or top leal corticosteroids often 
are used because of the hypersensitivity-reaction nature of the 
disease process. In severe cases, surgical removal or debulking 
of the lesion should be considered. I7P 

Habronemiasis has been seen Ln horses routinely given 
ivermectin as part of theli dewormLng program . 17,3 Prompt 
removal and disposal of manure and soiled bedding are 
important to eliminate vector breeding habitats. Insect 
repellents should be applied to affected horses. Face guards 
(fly masks) will also prevent Infection. In general, the 


TUMORS AND CYSTS 


SQUAMOUS CELL CARCINOMA 

s Jiav E.j. wwiTfi 

Dejintiion. Squamous cell carcinomas (SCCs) are 
tumors composed of squamous epithelial cells. They occur 
Ln all domestic species and are the most common "bovine 
ocular tumor (see Chapter 39} and the second most com¬ 
mon tumor recognized in the horse. 3 Although their 
gross appearance mav vary, these tumors are usually 
slightly raised, broad based, and white to pink and have 
a cobbled or caullflow r er-like surface. SCCs frequently 
occur on the penis and sheath of aged stalLions and gelJ- 
Lngs [see Chapter 43). They also occur on the lips, nose, 
eyelids, eyes, and ears of horses. SCC often accompanies 
cutaneous papillomas of the udder and teats In Saanen 
milk goats, as well as in female Angora goats in South 
Africa. The ears, base of the horns, and prepuce may also 
be affected.Jas SCC Is reported as being the most common 
cancer of the ear of sheep; an outbreak primarily affecting 
the eyelids Ln 15% to IS % of a sheep population has been 
reported.^- Diagnosis is by biopsy. 

The treatment of choice Is wide surgical excision. ]Sysaj 
Solar elaslosis (aggregates of thick, wavy. Interwoven elastic 
fibers, mixed with areas of degenerated collagen), when seen 
histologically with SCC, may lend a more favorable progno¬ 
sis after complete surgical removal of Lesions. LS5 Other treat¬ 
ment modalities reported as successful Include cryosurgery, 
radio frequency hyperthermia, and radiation therapy. 3 at 
More recently, topical application of 5-fluorouradl (5-FLT) 
and intraleslonal ctsplatin were shown to he effective Ln 
horses with SCC. 187 - 11,0 Piroxicam was successful Ln the 
Long-term conlrot of SCC with metastases in one horse. 3, > 3 

EQUINE SARCOID 

,-lL-UN I 1 . 1 in'-ON 

Epidemiology and Pathogenesis. I'he equine sarcoid was 
first reported in'1936 by Jackson . 3 [t is (tie most common 
tumor In Equidae (horses, mules, and donkeys] worldwide 
and accounts for more than 50% of cutaneous tumors. 

Sarcoids are locally aggressive, noniegressing. fibroblastic 
tumors of the dermis and subcults with a variable prolif¬ 
erative epithelial component This dual epidermal-dermal 
involvement Ls the haft mark of the sarcoid and explains its 
multiple and evolving clinical appearance. The epidermal 
co m po nent of sarcoid sh a res features w I th ben ign pap i 1 1 oma. 
arid the fibroblastic component is consistent with low-grade 
fibrosarcoma.^ These characteristics can lead to an incorrect 
histologic diagnosis of fibrosarcoma or nerve sheath tumors 
when the skin is not Included in the tissue analyzed. 194 

Despite numerous clinical reports on sarcoids, the clini¬ 
cal and epidemiologic data are still puzzling. The inconsis¬ 
tent and sometimes conflicting data do not support a 
gender, breed, age, or genetic predisposition or any ana¬ 
tomic predilection, u 1 ' These data reflect in part the frequent 
lack of histologic confirmation of the disease in reported 
studies and may represent regional or national variations 
In the clinical characteristics of sarcoids. 

Epidemiologic evidence of a causative agent comes from 
the fad that age is not a risk factor. Unhke spontaneous 
tumors, affected horses are iLkely to have synchronous or 
metachronous lesions, w* and sarcoid outbreaks have been 
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reported. 196 91 Li widely accepted that bovine papillomavirus 
(EPV) types L and 2 are associated with the pathogenesis of 
sarcoid "disease. The presence of viral genetic material is 
apparently necessary because it is always found in sarcoids, 
although it is not "sufficient to produce the disease. The 
lesions and surrounding normal cutaneous margins con¬ 
tain detectable sequences of the viral genome, including 
E5, EG, and occasionally E2. 1071 ss Both the epithelial and 
the fibroblastic component of the tumor contains viral 
genetic sequences. 199 However, the infecting viral genome 
sequences are nonproductive for infectious virions, and 
viral particles have never been detected. Transmission 
studies of sarcoids have been unsuccessful. Inoculation of 
sarcoid cell-free extract does not induce warts in cows or 
sarcoids in unaffected horses. 3 Experimental infection 
with BFV induces fibropapiilomas clinically similar to 
sarcoids that regress spontaneously with production of 
antibodies to the virus.- 00 

The mode of transmission of sarcoid disease is unknown. 
It does not occur by casual contact with contaminated 
fomites or affected horses 201 or by BPV-infecled insect 
bites.-20J The mechanisms of cellular oncogenesis are similar 
to those of other transforming papillomaviruses. Gncogene- 
sLs is associated wLlh genomic integration and expression of 
the two transforming genes EG and E7, w r hich respectively 
bind to cell cycle control gene products, the Rh and p53 
prolei ns. ™ 

II Biologic Behavior. Clinically, many sarcoids behave 
initially as benign Lesions because they are slow growing, 
giving the false impression that the lesion is inactive. In 
addition, sarcoids are frequently classified as biologically 
"benign"' tumors because they do not metastasize to distant 
organs, and regional metastasis is rare and usually asso¬ 
ciated with unsuccessful treatments.^ However, the equine 
sarcoid is not a benign tumor because it is a progressive dis¬ 
ease that invades and destroys surroundLng normal tissue, 
does not regress spontaneously, and recurs predictably after 
surgical removal.Early Lesions are restricted to the 
dermis and epidermis, but advanced lesions typically invade 
the subcutis and may extend through fascia into deeper 
muscular structures. Considering sarcoids as benign tumors 
leads to inappropriate management early in the course of 
the disease and thus to multiple recurrences, resulting in 
unsatisfactory cosmetic and functional outcomes as well as 
unnecessary expenses to control the disease. 

II Clinical findings and Diagnosis. Sarcoids are recog¬ 
nized as having different clinical manifestations, including 
occult, verrucous, and nodular clinical types™ {Rg. 40-L4). 
In addition, approximately one third of affected horses have 
multiple sarcoids at different clinical stages on diagnosis. 
The different types represent stages of tumor progression 
and reflect the relative predominance of the dermal or epi¬ 
dermal component. Lesions with a predominant epidermal 
component include occult and verrucous sarcoids. Gccidr 
sarcoids appear as an aimost-circular area of alopecia with 
a gray, scaly surface. Verrucous sarcoids may be sessile (flat 
variety) or pedunculated [warty variety); the skin Is thick¬ 
ened with a dry rough surface, with partial or total alope¬ 
cia. Nafufijr sarcoids, also called fibroblastic sarcoids, range 
in appearance from a dermal or subcutaneous nodule to 
a large, exophytic mass with a skin surface that eventually 
ulcerates. The nodular type is locally invasive, destroying 
ad|acenl tissues, and may ultimately infiltrate lymphatic 
vessels and nerve sheaths and disseminate to form regional 
melastases. 30 * Mixed forms represent a transition from one 
type to another. Other classifications have been proposed. 


including up to six clinical types with four subtypes.™ 
iTae multiplicity of recognized clinical forms confirms the 
equivocal and progressive nature of sarcoid disease. A clas¬ 
sification, however, must be simple and reflect the biology 
of the disease to be clinically relevant and have prognostic 
value. As a result, tumors should be categorized as mdote/it 
sarcoids, including occult and verrucous types, or j'reytuj'LE 
nodular sarcoids, invasive sarcoids may result from a sarco¬ 
matous progression of an indolent form or may appear de 
novo. 

The polymorphic appearance of sarcoids, the lack of 
consensus on clinical classification and anatomic distribu¬ 
tion, and the long list of differential diagnoses make the 
clinical diagnosis of sarcoids unreliable. The diagnosis 
and treatment of sarcoids require a biopsy because they 
are often overdiagnosed clinically. In a review of Gfil 
horses referred to the Oncology Clinic at the Veterinary 
Medical Teaching Hospital of the UCD School of Veteri¬ 
nary Medicine for evaluation and treatment of sarcoids 
from January 1995 to June 2004, 345 cases were presented 
with a clinical diagnosis of sarcoid without a biopsy, and 
31% of these were found to have non neoplastic dermato¬ 
logic conditions.- 07 After ruling out a nonneoplastic skin 
condition, any clinically suspicious lesion should be biop- 
sLed.206 As with any tumor, early recognition and treat¬ 
ment of a small lesion are always associated with a better 
prognosis, it is important to keep in mind that any large 
and invasive sarcoid associated with a poor prognosis 
was, earlier in its evolution, an apparently inactive small 
lesion that w r as not recognized or was deliberately 
neglected. There is no contraindication for biopsy of a sus¬ 
picious skin lesion as Long as definitive treatment Is insti¬ 
tuted immediately after the diagnosis is made. Clinicians 
should not be concerned about performing a biopsy of a 
suspected sarcoid because effective treatments are avail¬ 
able. As with any trauma, however, a biopsy can increase 
proliferation of a previously slow-growing tumor and 
may accelerate tumor progression. As a result, a biopsy 
should not be recommended if the owner is not willing 
to pursue treatment, if needed, because the process or 
biopsy without subsequent treatment has the same effect 
on overall prognosis as an unsuccessful attempt at 
treatment. 

II Iherapy. Because tumor size and previous unsuccessful 
treatment attempts are the most important prognostic fac¬ 
tors,-i 05 - 107 early and complete surgical resection is the 
mainstay of treatment of sarcoids.- 10 * Failure to eliminate 
the disease results in regrowth of a tumor that is histologi¬ 
cally and hioLogically more aggressive and requires wider 
excision than the primary lesion. After surgery, it is critical 
to submit the resected specimen for histopathologic exami¬ 
nation to determine the status of the surgical margins. As a 
rule, grossly or histologically incomplete resection [i.e., pos¬ 
itive or close pathologic margins, <5 mm) must be fol¬ 
lowed by a re-resection. It possible, or by effective 
adjuvant treatment. Eor non invasive sarcoids resected with 
pathologic margins greater than 5 mm and invasive sarcoids 
with margins greater than I cm, the risk of recurrence Is 
low, and no further treatment except observation at regular 
intervals for at least 1 year is recommended. For invasive 
sarcoids resected with surgical margins between 5 and 
10 mm, the risk of recurrence is high, and adjuvant treat¬ 
ment maybe recommended, particularly when tumor recur¬ 
rence may be difficult to manage because of unfavorable 
anatomic location. Access to molecular techniques [PCR 
and TaqMan PCR) designed to delect BPV E5 or EG in path¬ 
ologic margins will help assess the risk of recurrence and 
determine the need for adjuvant treatment.™ 






Among, the nonsurglcal treatments., Jnteriliti.il radiation 
therapy and inlralesional chemotherapy with cisplatln 
have well ^documented efficacy against biopsy-confirmed 
sarcoids of all clinical types In any location.^11 Com¬ 
pared tvith radiation therapy, intratumoral chemotherapy 
with cisplatln is as effective, but without long-term side 
effects, and It does not require a special license. Although 
several antineoplastic drugs 2 * 3 - 315 and drug formula- 
llons 2DS - 2D7 J,i - 2l4 - 2S6 for intraleslonal chemotherapy have 
been evaluated, a crystal suspension of cisplatln In a sesame 
seed oil and Soibitan monooleate (Span SO) emulsion has 
been shown most effective, (Native protein [Le„ the 
patient's own serum] preparations are proscribed because 
of their strong binding to cisplatln.- 31? ) When all stages 
and clinical types were combined, the cure rate after treat¬ 
ment with Intratumoral clsplatin therapy used alone or as 
an ad|uvanl to surgery has been reported to be as high as 
9 6%, 2 07 Treatment includes a series of four Intraleslonal 


doses of cisplatln ( ■■ t mg/ern 1 tissue) given at 2-week Inter¬ 
vals. Generic clsplatin is widely available and inexpensive. 
Treatments are done on an outpatient basis, and the meth¬ 
ods of administration and safely precautions have been 
described. 214 

Nonspecific Immunotherapy using bad Lie Calmette- 
Guerln (BCG) cell wall derivatives* administered Intrale- 
sionally 311 has been shown to be effective only for periocu¬ 
lar sarcoids.The number of treatments depends 
on the rate of tumor regression, and the treatment schedule 
Is dependent on normal tissue toxicity; most sarcoids 
require 2 to 9 treatments over several weeks.-^ 

Eincou raging results have been reported with Imlqulmod, 
a biologic response modifier, used topically. 1 The ointment 


'Nomagen, Fort Dodge Laboratories, Fort Dodge-, Iowa. 

Irniquirnod cream; Aldara, 3M PhaimaoeiitLcaLs, Minneapolis-, MN. 
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is recommended for the treatment of viral warts and basal 
cel] carcinomas in people. It is applied as a thin layer to 
the tumor surface three times a week on nonconseoutive 
days, up to 32 weeks until resolution. 320 The reported 
60% response rate suggests that topical imlquimod may 
be a therapeutic option for specific equine sarcoids. 1 low- 
ever, the data must be confirmed In a larger series of horses 
with sarcoids and after adequate long-term follow-up. 

Topical applications of escharotlcs with zinc chloride- 
based caustic ointments* or 5-EU cream* are used empiri¬ 
cally for treatment of sarcoids. Unfortunately, no scientific 
data have been published documenting treatment efficacy 
against actual equine sarcoids. As a result,, no Information 
on treatment protocol, efficacy, prognosis, or toxicity Is 
available. 

MASTOCYTOSIS 

ST WULN D. WHI I t 

In hoises, mastocytosis {mast cell tumors, mastocytomas) 
occur in animals 1 to 13 years old (average, 9 years), with 
no breed predilection. A predilection for males has been pro¬ 
posed but Is not always sustained. 221 222 In addition, multi¬ 
le mast cell tumors resembling urticaria pigmentosa of 
umans may occur In newborn foals: these spontaneously 
appear and regress. 222.223 

Equine mastocytosis is usually solitary and occurs most 
often on the head and trunk. Lesions are 0.5 to 20 cm in 
diameter, well to poorly circumscribed, firm to fluctuant, 
dermal or subcutaneous, and may or may not be alopecic, 
ulcerated, and byperplgmented. [jeslons on the leg£ tend 
to be very firm and Immovable. 

I llstology may vary from sheets of mast cells with few 
eosinophils [presumably early lesions) to sections showing 
both sheets of mast cells with numerous eosinophils and 
collagen degranulation. Ultraslructural features are similar 
to those noted In mastocytomas of other species.--* 

Clinically, most mast cell tumors in horses do not recur 
after being excised [22 of 25 in one study). 324 In one anec¬ 
dotal case of metastasis from a tumor on the muzzle to 
regional lymph nodes, the tumor and the nodes w r ere 
removed, and the horse was clinically sound 3 years later. 
There Is some debate as to whether equine mastocytomas 
are benign neoplasias or focal dysplasias of mast cells. 

Mastocytomas are uncommon In cattle but typically 
occur In young calves. 325 . 22 s one report describes a cutane¬ 
ous mast cell tumor in a kid goat. 227 Although equine mas¬ 
tocytomas are almost always benign, mastocytosis in cattle 
may be malignant or benign and therefore' carry a more 
guarded prognosis. 

MELANOMA 

STEPH&i ix wutil 

Equine Melanomas 

Melanomas occur In all domestic animals, but of the large 
domesticated species, they are most Important In the horse. 
Excessive exposure to sunlight has not been definitively 
proven to predispose horses to the development of mela¬ 
noma. A disturbance In melanin metabolism associated with 
graying has been hypothesized to stimulate formation of new 
melanoblasts or to stimulate their activity, resulting in focal 
areas of overproduction In She dermis and epidermis, with 
subsequent (umor formatlon. 22B A higher Incidence is 
observed In the Arabian, JJpizzaner, and Percheron breeds. 


’Indian Mud, Original Cream Company, Magnolia, AR: XXIERRA, Lar¬ 
son Laboratories, Fori Collin j p Colo; Animea, t\"IE5, Las Vcgai. 

+ Efud.o fluoiouracil), Hoffmann La Roche, Nutley, N|. 


probably because gray coat color occurs more often In these 
breeds. There is no gender predilection. 

Melanocytic skin tumois of horses traditionally have been 
described In aging gray horses. In t}piati locations: the ventral 
tail, perineum, external genitalia, lip, udder, and perlocuiar 
and parotid gland regions. These tumors have been the sub¬ 
ject of several classification schemes in attempting to corre¬ 
late histopathologic appearance with clinical behavior (l.e., 
benign or malignant). One study distinguished three basic 
types of meianocytlc skin tumors, as discussed next. 32 ' 3 

iVidtfRtYytj'c new' (meianocyloma) occur In the superficial 
dermis or at the epidermal-dermal (unction and frequently 
have epithelial Involvement, wish nests of relatively large, 
mildly to moderately pleomorphic cells showing variable 
cytoplasmic pigmentation and occasional mitoses. More 
than 70% of these occur In horses less than 6 years of age 
and may occur in horses of any color {not |usl gray). Most 
of these tumors occurred in atypical locations. Of 28 mela- 
nocytic nevt, only one became Invasive: the rest exhibited 
benign behavior. 

Dermal nreknamos are found in the deep dermis and are 
composed of small, homogenous, indistinct tumor cells, 
either round or dendritic, with no mitoses. (If there are 
multiple, confluent dermal melanomas, this is referred to 
as dermal mdanomatosis). About 80% of these tumors are 
in horses older than 6 years 22,3 qi between 5 and L5 years 3 - 50 
and are much mote common in gray horses. Most of these 
tumors occurred in typical locations. Of 14 cases available 
for follow-up In one'study , 329 eight bad malignant behav¬ 
ior, as demonstrated by melaslases. 

In another study, clinlcopalbologlc characteristics of 
cutaneous melanomas occurring in 83 Camargue-type gray¬ 
skinned horses showed that the tumors occurred most 
frequently underneath the tall (93.9%) and at high rates 
in the perianal region (43.0%), the Lips (33.0%), and 
the eyelids (24.0%), but rarely In the vulva {3.3%). 35 i 
Microscopic examination Indicated that these tumors were 
composed mostly of melanocytes and numerous melano- 
pbages, and that these cells manifested a remarkable cellular 
atypia. Early slages of the tumors occurred Ln close association 
wish apocrine sweat glands, but not at the dermal-epidermal 
junction. 

A clinical study was conducted on 296 gray horses of the 
Liplzzaner breed.- 52 Of the 296 horses, dermal melanomas 
were present in 143 horses (50%), 68 of which were older 
than 15 years; 51 of these were melanoma bearing. In 
75.6% of cases, melanotic tumors were delected underneath 
the tail. None of the affected individuals bad any severe clin¬ 
ical effect or w r as handicapped Ln performance. The authors 
concluded (hat in contrast to melanomas in solid-colored 
horses characterized by early metastases, melanomas Ln gray 
horses showed Less malignancy. Affected Individuals often 
had encapsulated nodules or structures similar to human 
blue nevl. This finding at least partiaily reflects confusion 
in terminology between true malignant melanomas and 
dermal melanomas. 

Anaplastic malignant melanomas are composed of sheets of 
extremely pleomorphic epithelioid cells with poor pigmen¬ 
tation and many mitoses. These are usually seen in horses 
older than 20 years of age and occur in horses of any color. 
Metastasis usually occurs first to the regional lymph nodes, 
then to the Lungs, spleen, and liver. Hematogenous spread 
may also occur. Metastatic growths may be larger than the 
primary lesions and softer in consistency. 

In regard to treatment, one study reported good success 
with excising dermal melanomatosls from the perineal, 
perlanai, perirectal, or ventral tail regions.- 55 In a study of 
three horses, clmelldine (2.5 mg/kg PO qSh) was shown 
to decrease the number and size of melanoma growth. 354 




However, a more recent study of 10 hordes found that 
cimetidine had no consistent effect on either the number 
of tumors or the tumor surface area over the 16 weeks of 
treatment at 5 mg/kg PG ql2b. 233 Another recent article 
noted a cure rate of Sl% for melanomas treated with Lnlra- 
lumoral Injections of cisplatln. 207 


Bovine Melanomas 

Melanomas represented a Large proportion of Lhe cutaneous 
neoplasms of cattle In an older study,23* The ma|ority are 
benign, well-differentiated tumors, subcutaneous In location, 
and without site predilection. Dark-baired cattle are predis¬ 
posed, particularly the Aberdeen Angus breed. Itiere is no gen¬ 
der predilection.Melanomas usually occur in young cattle 
and are occasionally recognized as congenital Lesions. 237 

Caprine and Ovine Melanomas 

Melanomas have been observed only rarely In sheep and 
goats. 236 - 233 A survey of 800,000 slaughtered goals revealed 
only five melanomas.^? most common site for mela¬ 
nomas In the goat Is the perineal regjon, 23 although there 
is a case report of a malignant melanoma occurring in the 
coronaiy band regjon. 23 ^ Melanomas in Angora goats histo¬ 
logically resemble the corresponding tumors In humans. 233 

CUTANEOUS LYMPHOSARCOMA 

D. WHITE 

Equine Lymphoma 

Cutaneous lymphoma has occasionally been reported In 
horses 2 w.ia7 Both T-tell and B-cell forms have been 
reported. Lesions present as nodules, either cutaneous or 
subcutaneous. Diagnosis Is made by biopsy and, ideally, 
immunoblstcchemislry to determine ceU "type.346. i*? ] n 
one horse, progesterone receptors tvere demonstrated on 
the lymphoma (B) cells, and the lesions regressed after 
removal of an estrogen-secreting ovarian tumor. 243 Ihis 
horse also had a history of partial regression of Lis tumor 
after administration of a synthetic progestin, altrenogest 
(0.044 mg/kg PO once dally for 10 days). Another horse 
demonstrated reduction In tumor size after administration 
of another synthetic progestagen, megesirol acetate 
(0.2 mg/kg PQ once daily forS days) as well as a local injec¬ 
tion of 20 mg betamethasone into a mass, 2 ** Clearly, treat¬ 
ment is far horn standardized, but the progesterone drugs 
may offer a reasonable treatment modality. 
Lymphosarcoma is discussed In Chapter 37. 

Bovine Lymphoma 

Cattle occasionally are affected by cutaneous Lymphoma, 
lhe presentation Is multifocal intracutaneous nodules, 
often accompanied by alopecia, lymphadenopathy, leuko¬ 
cytosis, and lymphocytosis are often present, and internal 
organs may be affected 7 

Ovine Lymphoma 

Ihere are rare reports of cutaneous lymphoma in 
sheep. 219 ' 250 


CYSTS 

STEPHEN U. WHITE 

Cutaneous cysts are benign lesions characterized by an 
epithelial wall with keratinous contents. Cutaneous cysts 
are subdivided Into several types on the basis of their histo¬ 
pathologic features. 


CkWEMC Diseases of the Skin 



1331 


Epidermal Cysts 

Among large animals, epidermal cysts have been reported In 
horses, 23 l cattle, 252 ana sheep. 233 i*hese cysts may be more 
property called follicular cysts because the epithelial lining 
Is probably most often derived from the follicular epithe¬ 
lium rather than the epidermis. The cysts can be found any¬ 
where on the body, single or multiple, congenital or 
acquired, and generally range in size from 0.2 to 3 cm In 
diameter. The cysts are covered by Intact epithelium and 
generally do not attach to the overlying epidermis. Micro¬ 
scopically, epidermal cysts consist of a wall of stratified 
squamous epithelium surrounding a keralln-fllled Lumen. 
Epidermal appendages are not associated with the cyst wall, 
a feature that distinguishes epidermal from dermoid cysts. 

Epidermal cysts are thought to originate from occlusion 
of a hair follicle or by traumatic Implantation of the epider¬ 
mis. A tentative diagnosis may be made by performing fine- 
needle aspiration of a Lesion and obtaining a fluid that is 
clear to brownish In color. Aspiration of the contents may 
temporarily decrease the size of the cyst, but it typically 
refills. Definitive diagnosis Is made by exclslonal biopsy, 
which is curative. Epidermal cysts are benign Lesions, 
although painful Inflammatory responses and ulceration 
may result If the cyst is ruptured, w r ltb extrusion of contents 
Into the adjacent dermis and subculls. 


Dermoid Cysts 

Dermoid cysts are very similar clinically to epidermal cysts 
but are much less common. Among large animals, they 
have been identified in horses, 251 goats, 35 * and cattle. 255 
In cattle, dermoid cysts may be congenital, have been 
reported to he as large as 10 cm (4 Inches) In diameter, 
and are said to develop most frequently over the cranial 
area of the thorax 233 and In the pharyngeal region, in 
horses, dermoid cysts may be single or multiple and are 
observed most frequently along the dorsal mid line between 
the withers and the croup. Dermoid cysts are believed to 
result from displacement of embryonic cells Into the subcu¬ 
taneous tissue. Itiey can be distinguished histologically 
from epidermal cysts by the presence of epidermal appen¬ 
dages within the wall of the cyst and by a Lumen that often 
contains hair and secretions from sebaceous and sweat 
glands in addition to keratin. As with epidermal cysts, surgi¬ 
cal excision Is diagnostic and curative. 

Dentigerous Cysts 

Dentigerous cysts are a congenital defect recognized In 
horses and are believed to be the result of an abnormality 
of the first branchial cleft. 23 * Clinically, a unilateral saclike 
stvelling that contains embryonic teeth Is seen at the base 
of the ear. The lesion may be firmly attached to the concheal 
cartilage or temporal bone. Dentigerous cysts tend to fistu¬ 
la te. Treatment consists of surgical excision. 233 Dentigerous 
cysts have also been reported In sheep and are suspected of 
being related to a nutritional deficiency of copper. 237 

Wattle Cysts 

Wattle cysts are found in goats and usually are present at 
the base of the wattle. Nubians and Nubian crossbreeds 
may be predisposed to developing these cysts. The cysts 
are congenital, but they may not be apparent until the 
animal is several months old. Tentative diagnosis is based 
on aspiration of clear fluid, which w r lll temporarily decrease 
the size of the cyst. Surgical excision is diagnostic and cura¬ 
tive. Histologic examination reveals a cyst wall composed of 
one or two layers of cuboidal to columnar epithelial cells. 
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The cyst cavity contains homogenous amorphous baso¬ 
philic substances. 257 


FROSTBITE 


STEPHEN £>. WHfTk 

Frostbite is an uncommon Injury among healthy, well- 
nourished animals, with all species being susceptible. It Is 
caused by prolonged exposure to subfreezing temperatures. 
The length of lime needed to cause frostbite depends on the 
ambient temperature, area of the body exposed, and heal ill 
status. The areas most often affected by cold injury Include 
the ears, tail, teals, scrotum, and distal legs. 

Frozen tissue must be handled gently and thawed rapidly 
in warm water 3S' : C to 44° C [100.2° F to 111.1 6 F) as soon 
as possible after it Is known that refreezing can be pre¬ 
vented. Tissue damage Is greatly Increased If thawing and 
subsequent refreezing occur {freeze-thaw-freeze-lhaw r syn- 
dromej. Tissue thawing is painful, and analgesics should 
be administered. Slow r thawing is less painful than rapid 
thawdng but results In much greater tissue damage. Frozen 
tissue should not be massaged during w r armlng. Damaged 
areas ate best left exposed during the healing process rather 
than covered w r lih occlusive dressings, and premature 
debridement should be avoided because more tissue may 
be viable than first apparent. The animal should be given 
good supportive care and may need to be restrained to pre¬ 
vent self-mu illation. Management practices should be 
changed to prevent recurrence. Tissues previously damaged 
by freezing are more susceptible to cold in|ury when re- 
exposed to subnormal temperatures. 7J54 

SKIN DISORDERS OF UNKNOWN 
OR GENETI C ORIGIN 

STEPHEN IK WHtt£ 

EQUINE SEBORRHEA 

Several possibly related equine skin diseases characterized 
by scaling and crust formation are referred to as "sebor¬ 
rhea.'"' Contrary to claims in the older literature, there Is lit¬ 
tle evidence that seborrhea is related to excess sebum 
production by the sebaceous glands. .Most types of sebor¬ 
rhea are probably diseases of abnormal cornification (devel¬ 
opment of the' stratum corneum). Further, most cases 
reported as ‘'generalized seborrhea" in the horse were prob¬ 
ably pemphigus foliaceus, equine sarcoidosis (chronic gran¬ 
ulomatous disease), or some other Immune-medlated or 
autoimmune disease. Mane and tall seborrhea is typified 
by moderate to heavy scaling, with minimal or no pruritus. 
Some horses have considerable alopecia of the tail. 

Gnirion fcertftosts is a common equine skin condition. It 
involves the cranial surface of the rear cannon bone region 
and rarely the fonellmbs. The lesions consist of areas of scaling 
and ousting with varying degrees of alopecia. There Is no pru¬ 
ritus or other signs of inflammation. Cannon keratosis occurs 
in both males and mares, so there Is no basis for the theory 
that the condition Is caused by urine splatter ("stud crud 1 ') 55 

LINEAR KERATOSIS AND LINEAR 
ALOPECIA 

Linear keratosis and linear alopecia are rare equine derma¬ 
toses of unknown cause. There is one report in a cow.^tJ 
The lesions do not follow blood or lymphatic vessels, 
nerves* or dermatomes. Because both conditions coexist in 


some horses, It has been suggested that they are variations 
of the same abnormality, although this is difficult to justify 
hisiopathologically, both conditions have been seen In a 
wide variety of breeds, but quarter horses appear to be pre¬ 
disposed. Most horses develop lesions between 6 months 
and 5 years of age. 

Linear alopecia is characterized by the gradual develop¬ 
ment of annular areas of alopecia, usually In a linear, verti¬ 
cally oriented configuration. One or more linear areas may 
be present. The lesions are usually 2 to IQ ntm wide by a 
few centimeters to over 1 m In lenj^h and occur on the 
neck, shoulder, and lateral thorax. Mild surface scale and 
crust may be present. The Lesions are neither painful, nor 
pruritic. Affected horses are typically otherwise healthy. 

Linear Is characterised by the gradual, asymptom¬ 

atic occurrence of one or more unilateral, linear, vertically ori¬ 
ented bands of hyperkeratollc papules that progress to marked 
hyperkeratosis and alopecia. The lesions vary from 0.25 to 
3.5 cm in width by 5 to 70 cm in length and occur most often 
over the neck, shoulder, and lateral thorax. Lesions have also 
been reported to Involve the legs, hip, and pectoral region. 
Again, affected horses are typically otherwise healthy. 

These disorders are visually distinctive. Histopathologic 
findings in Linear alopecia Include early Lymphocytic, infiltra¬ 
tive, mural folliculitis and later granulomatous, Infiltrative, 
mural folliculitis. The mural Infiltrate is often directed at the 
middle area (isthmus) of the follicle. Sebaceous glands may 
be involved in some cases, and complete follicular destruc¬ 
tion and permanent alopecia are seen in severe chronic 
lesions. 1 llstopathologlc findings in linear keratosis Include 
irregular to paplllated epidermal hyperplasia and marked 
compact orthokeratotlc hyperkeratosis.- 60 I have seen one 
horse that had Lesions grossly diagnosed as linear keratosis, 
whereas the histopatbology had features of both conditions. 

Neither condition is known to undergo spontaneous res¬ 
olution. Owners should be advised of the potential heredi¬ 
tary nature of these disorders. Linear alopecia has been 
anecdotally reported to respond to topical or systemic glu¬ 
cocorticoids, but recurrence is likely. Response to therapy 
is more likely to be seen Ln early Lesions, when complete 
destruction of hair follicles has not occurred. Linear kerato¬ 
sis responds poorly to treatment. Topical keratolytlc and 
keratoplastic agents, such as sul fur/sal LcyLic acld-contalning 
shampoos or 50% propylene glycol, can reduce the hyper¬ 
keratosis but must be continued for life. 1 have had some 
success using tacrolimus (Protopic, Astellas Pharma US, 
Q.1% ointment), a drug similar to cyclosporine but belter 
absorbed through the skin, once or twice dally. Because nei¬ 
ther condition is symptomatic, observation without treat¬ 
ment may be an acceptable approach. 

Interestingly, a report exists of a familial incidence of lin¬ 
ear epidermal nevL in Belgian horses. 361 

ALBINISM 

Complete and partial albinism occurs in cattle, sheep, and 
horses. It is a genetic defect (probably autosomal recessive) 
in melanin synthesis, resulting in white skin, white hair, 
pink eyes, and photophobia. In horses, albinism must be 
distinguished from while symimme, which is primarily 
a problem In Paint horses (especially, but not exclusively, Ln 
overo breedings). The defective gene has also been found Ln 
American miniature horses, half-Arabians, thoroughbreds, 
and cropout quarter horses (foals born to registered quarter 
horses that have loo much white to register as with the 
AQHApaz The Veterinary Genetics Laboratory at UCD 
offers a diagnostic test to determine carrier status.* 


■ www.vgl.ucdaviB.edu/scrvLcc/horagfindci. h Lml. 







The lethality of albinism Ln horses comes from the asso¬ 
ciation with Intestinal aganglionosls. The foals die .shortly 
after birth. Because some white foals are not affected, eutha¬ 
nasia should be performed only after signs of Intestinal 
malfunction occur. This disease Is similar lo Hirschsprung 
disease In humans and is linked to a mutation In the 
endothelln-B receptor gene.^fii 

JUVENILE ARABIAN LEUKODERMA 
(ARABIAN FADING SYNDROME, RINKY 
SYNDROME, HEREDITARY VITILIGO) 

loss of melanin In the skin {depigmenlation) occurs in young 
Arabian horses 6 months lo 1 years of age (Fig. 40-1 5A}- The 
areas most frequently affected are periocular tissues, muzzle, 
genitalia,, anus, perineum. Inguinal region, and undersurface 
of die base of die tail. Deplgmenladon may persist, repLgment. 
or wax and wane, The condition Is probably hereditary.^ 

VITILIGO 

Thi.s condition Is best defined as ’’idiopathic depigmenta- 
t ion. "Typically. no trauma has occurred to produce the loss 
of pigment, and other skin structures are not affected {i.e., 
no scarring or alopecia) {fig. 40-15,/?). There is no known 
treatment for vitiligo. 

RETICULATED AND HYPERESTHETIC 
LEUKOTRICHIA 

Reticulated occurs mainly in quarter horses, usu¬ 

ally as yearlings, and occasionally in other breeds. The 
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Lesions occur on the dorsal midline and consist Initially of 
Linear crusts arranged In a characteristic cross-hatch pattern 
(fig. 40-1 ti). The crusts shed, alopecia occurs, and white hair 
gjows In permanently, '['here is leukotrichia without leuko¬ 
derma {deptgmenled skin). Histologically, these lesions 
resemble an epidermal form of erythema multi forme, result¬ 
ing In individual keratinocyte necrosis. Hypermtheik tenhotn- 
chia Is a similar disease both clinically and histologically, 
except the crusts are extremely painful to the touch. Within 
a few wet-ks r white hairs appear In the affected areas. The 
crusts resolve, and the pain subsides in I lo 3 months, but 
the LeukotriehLa persists. Several cases have been Linked Lo 
recent rhino pneumonitis vaccination. Ihese diseases may 
rarely recur, and there Is no known effective treatment, n 


HEREDITARY EQUINE REGIONAL DERMAL 
ASTHENIA (HYPERELASTOSIS CUTIS) 

Hereditary equine regional dermal asthenia fHERDA) 
occurs early in life In horses. Most affected horses are quar¬ 
ter horses, but registered Paint horses and Appaloosas with 
quarter horse lineage have developed this disease. 204 
Many of the quarter horses are from high-quality cutting 
Lines'. The disease (or similar condition) has also been 
reported In a crossbred Arabian mare, a thoroughbred geld¬ 
ing, a Hanoverian foal, and a llaffllnger harse.'.- 6 fi- 2 C.& 
Rarely, a similar disease has been noted in cattle, termed 
demmtaspOTiixis; this Is caused by mutations in the procolla- 
gen I N-proteinase gene. 3 * 8 ' 16 * 

The working hypothesis for HERDA Ln horses Is a defect In 
the structure or healing process of the collagen fibers in the 



FIG. >40-15 I A, luvtnjk Auhi.u: LEuliadrTinn H-, Viiiliga in .a haras. [Unurl-Licv Ur. Anthony S^inn.inl.) 



FIG. 40-jfi> l-h:Lk'i]Li[i/d kutaiiik !:i.i tn a iclv (rnuibr Jiiif-ie (< ifuiiL^y Ur. Anlbuny Mjmurd j 
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Sbaiuiard.] 


middle to deep derm Is. Typically, these areas are over the 
back and sides of the neck (Fig. 40-17). The skin in these areas 
may be easily tom or stretched and often develops seromas 
and hematomas ("blisters"' filled with either serum, or blood). 
Mealing is usually adequate but often leaves rather unsightly 
scars. Diagnosis Is often based on the din leal signs alone; his¬ 
tologic findings are sometimes subtle, but "■dumped' -1 or 
poorly organized collagen fibers below the level of the hair 
follicles may be seen. A zone of middermal to deep dermal 
separation has been reported in two horses and is present in 
so me biopsy samples. 265 - 37D "Poorly oriented" collagen fibers 
are sometimes seen on electron microscopy. 

This condition is almost certainly present at birth, but 
HERD A is often not noticed until about 1 years of age, when 
horses start being trained with tack and saddle, and the result¬ 
ing friction and trauma induce the typical lesions. As w r lth 
many genetic diseases, no effective treatment or cure exists; 
some of these horses have been maintained as "pasture pets." 

This disease follows an autosomal recessive mode of Inher¬ 
itance. so In order for the foal to be affected, both the sire and 
the dam must cany the gene, and if they were bred ag^Ln, there 
would be approximately a 25% chance that the next foal 
would also be affected.^"! Recently, a genetic marker w r as 
determined for this disease.- 7]n The Veterinary Genetics Labo¬ 
ratory at the University of California, Davis offers a diagnostic 
test to determine canler or affected status (http://www.ygj. 
ucdavts.edu/servl.ce/horse/index.html). Both carriers and clin¬ 
ically affected horses with HERD A should be removed from 
breeding programs. 

EPIDERMOLYSIS BULLOSA 

Epidermolysis bullosa (EB) Includes a number of diseases 
typified Ln humans by the common finding of blister 


formation after minor trauma. Most forms are congenital 
and apparent soon after birth. In animals and humans, sub¬ 
sets or EB are classified by the histologic location of the blis¬ 
ter or cleft. These subtypes (and respective cleft location) are 
termed EB simplex (basal cell layer of epidermis), jtmctiandT 
EB (intralamina luclda or basal cell layer), and dystnrphic 
EB (sublamina densa). 

Junctional EB has (seen reported In Belgian foals of both 
genders, In other breeds, and In a donkey. 373 - 271 Lesions 
are usually noted within 3 days of birth and include multiple 
asymmetric skin erosions and ulcers, often encrusted. Lesions 
may be especially prominent around the coronary bands 
(causing the hoof to crack and slough) and on the oral, anal, 
and genital mucosa. Histology and ultrastruclural findings 
indicate a cleft In the Intralamina luclda of the basement 
membrane zone. This is presumably caused by a defect Ln 
the anchoring filaments that connect the basement mem¬ 
brane to filaments in the superficial dermis. 2 " 3 A Laminin-5 
defect has been demonstrated Ln Belgians and in ttvo French 
draft breeds, Trail Breton and Trait Comtols; the mutation is 
a cytosine Insertion In exon 10 of the LAMC2 gene.-* 7 ^ 7 ® 
Because of this knowledge, the Veterinary Genetics Labora¬ 
tory at LJtD offers a diagnostic test to determine carrier status 
in Belgian draft horses and related breeds. * 

Clinical presentation and the age of the foal are highly 
suggestive of EB diagnosis. I listology and ideally electron 
microscopy are required to confirm the diagnosis. There is 
no known "treatment, and affected horses, as well as the sties 
and da ms of affected horses, should not be bred; the mode 
of Inheritance Is autosomal recessive. 


■ www.vgl .iKdavi h . ed ll/ s e rvfce/h cme/in da . h Lml. 




This disease differs from epithellogenesis Imperfecta (see 
foJLowing discussion) in that large areas of the skin are not 
at first devoid of epidermis, hue rather lo.se their skin 
because of the flbri] defect. 

EPITHELIOGENESIS IMPERFECTA 
(APLASIA CUTJS) 

EpJthelLogenesLs Imperfecta is a rare Inherited congenital dis¬ 
continuity of squamous epithelium. It is thought to be an 
autosomal recessive trail and has been reported in several 
breeds. Lesions are most common on the limbs, head, and 
tongue. Hooves may slough in severe cases. Clinical presen¬ 
tation is usualty diagnostic.? 7 '* In moderately to severely 
affected animals, the disease is fatal within a few days; the 
foals die of septicemia or other developmental abnormal¬ 
ities. Mildly affected areas may heal by scar formation. More 
recent reports suggest that some of these horses (saddle- 
hreds) may have a condition similar lo the | unction a 1 epider¬ 
molysis bullosa In Belgian foals previously noted. 1 & 0 - 2&2 

EOSINOPHILIC GRANULOMA (NODULAR 
NECROBIOSIS, COLLAGENOLYTIC 
GRANULOMA) 

Eosinophilic granuloma is the most common nontumor 
nodular disease In the author's practice. In most cases the 
etiology is unknown, although a hypersensitivity reaction 
to insect bites has been suggested. There is no apparent 
age, breed, or gender predilection. The disease often begins 
in warmer months. Lesions up to 5 cm [2 Inches) In diam¬ 
eter may be single or multiple and most often affect the 
neck, withers, and back (Fig 40-18). Skin biopsy reveals 
multifocal areas of abnormal-staining collagen surrounded 
by granulomatous Inflammation containing eosinophils, 
lymphocytes, and histiocytes.^ This is not thought to he 
caused by ‘"degeneration," hut rather by degranulation of 
eosinophils and the coating of normal collagen libers with 
the degranulated material.?^ 

Development of equine eosinophilic granuloma has 
been noted in areas ol previous infections using standard 
silicone-coated, stainless steel hypodermic needles.The 
reaction may occur at sites of intravenous as well as Intra¬ 
muscular Injections. The lesions consist of nonpainful, cool, 
raised papules or nodules 0.25 lo 1 cm In diameter at sites 
of previous injection. The nodule appears 24 to 4tJ hours 
after the Injection, and the subsequent eosinophilic granu¬ 
loma can persist for months to years. Affected horses do 
not develop a lesion at the site of in lection If nondlspo sa¬ 
ble, noncoaled needles are used. The use of the noncoated 



FIG. 40-1 0 H Ijxsmoptiilfc jqr.inulmiin [ntxtuLnr nrcrabLories], with, der¬ 
mal Jtciduh'iMHi the wither* ul a horn.’. {CuurLPW Dr. AiiilikLiny SciutEinrd. \ 
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needles Is recommended for any horse dial develops in lec¬ 
tio n-stte collaeenoJytic granulomas. 

Morses with solitary or a few Lesions may be treated by 
surgical excision (not In the saddle area) or glucocorti¬ 
coid Injections under the lesions. Triamcinolone acelo- 
nide (3 to 5 mg per Lesion) Is effective. It has been 
recommended that no more than 20 mg triamcinolone 
acetonlde he administered at once to any horse because 
any more of this drug may cause lanrrinltls.3 3 Horses 
with multiple lesions may he treated with oral predniso¬ 
lone at l mg/kg once dally for 2 to 3 weeks. Multiple, 
small (<5 cm] lesions may be Indicative of Insect bite 
hypersensitivity. 


CUTANEOUS AMYLOIDOSIS 

Cutaneous amyloidosis Is an uncommon nodular dermatosis 
of unknown etiology. There is no age, breed, or gender predi¬ 
lection. The condition appears to be a primary form of amy¬ 
loidosis, in that concurrent Inflammatory processes are not 
present, and amyloid (a fibrillar protein substance derived 
from immunoglobulins) deposition is usually restricted to 
the skin and occasionally the regional lymphatics, regional 
Lymph nodes, and upper respiratory mucosaOne case 
was documented as being caused by Lambda-light chain depo¬ 
sition from an extramedullary plasmacytoma^as Another 
horse showed amyloidosis concurrent with lymphoma. 

Papules, nodules, and plaques on the head, neck, 
shoulders, thorax, or Inguinal areas are firm, 0.5 to 10 cm 
In diameter, nonpalnfuJ, and nonpruritic. The overlying 
skin is normal, although It may scale or crust in severe cases 
(Fig. 40-19). The course of cutaneous amyloidosis Is pro¬ 
gressive and prolonged. Megestrol acetate may be an 




FIG. 4U-t9 A jiilL H-, (Jutarirausf .1 my Laid os» in n. Iiqtkt l| Court eny 
IJr. Ajitliony -SOimi.n d.) 
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effective treatment £0.2 mg/kg VO q24h until lesions 
resolve). Because certain forms of primary amyloidosis in 
humans have a genetic basis, It may not be advisable io 
use affected, horses for breeding until more is learned abouf 
the genetics of the equine disorder. 

EQUINE SARCOIDOSIS (GENERALIZED 
GRANULOMATOUS DISEASE) 

Equine sarcoidosis Is characterized by skin lesions and usu¬ 
ally concurrent systemic Involvement. It is net a neoplastic 
disease and should not be confused with equine sarcoids. 

The disease is infrequently encountered, and there is no 
known breed predilection. Geldings may be at increased 
risk. 3 * 17 The skin lesions typically are generalized sealing 
and crusting associated with varying degrees of alopecia 
(Fig 40-20). Occasionally, the disease Is focal or multifocal 
in distribution. Rarely, the skin lesions consist of nodules or 
large., tumor-1 Ike masses. The different types of skin lesions 
may coexist. In addition to skin lesions, the most frequent 
presenting complaints are weight loss, decreased appetite, 
and a persistent low-grade fever. Lung involvement is man¬ 
ifested by exercise Intolerance, increased resting respiratory 
rate, and mild dyspnea.39a Although one report showed 
positive titers to Bonelia burgdorferi in three of four horses 
with equine sarcoidosis,-" 3] a more recent report was unable 
to demonstrate the presence, using PGR and histologic 
stains, of any causative organism. 237 

Diagnosis is by histopathology and ruling out infectious 
etiologies. The major histologic change Is the presence of 
noncaseating granulomas consisting of aggregates of epithe¬ 
lioid cells and multi nucleated giant cells. Neutrophils, lym¬ 
phocytes, and plasma cells are present in small numbers. In 
the skin the granulomas tend to he located in the superficial 

K orElon of the dermis. Because of the small number of 
arses studied and the variability of clinical signs, response 
to therapy has not been well documented. A recent abstract 
reported that five of six horses did well and lived longer 
than I year with prednisolone treatment.- 92 Another exten¬ 
sive review showed that some horses did well on corticoste¬ 
roid therapy (usualtv at doses approximating those used to 
treat pemphigus and other autoimmune skin diseases); gas¬ 
trointestinal Involvement was a sign of poorer prognosis. 151 ' 

PHOTO SENSITIZATION 

Photosensitivity Is an abnormal reaction of (he skin when 
exposed to light. Photosensitivity In the home is usually 
caused by a photodynamic agent in or on the skin that 
absorbs or transfers "energy from light anti transfers it io 



FIG. 4tt-20 I.^lijeu.' xan/ucdim* (^i/iji/T.iLiiCL'i.l ^uii ulfjn uLuli s ttiiLMM.'J tn 
□ horse. In .iddLLion ia 12 h; st.ikn^ .u id rn.iMinj.; skin Jnram, (tic hunse Iuj 
K ysLi'mir imralvvrTKELL. {Gourtmj- EJr. Amhiiny t.11j11.jL |- 


body cells. The activating light Is generally In the ultraviolet 
A (llVA) range {320 to 400 nm). Melanin in the skin 
screens UV light, thereby limiting photosensitivity reactions 
to the white and light-colored areas of Ebe body.— 3 

Photodynamic agents may be drugs, topical medications, 
foodstuffs, contactanls, or excessive phylioerylhrtn from 
liver disease. Examples of plants containing photodynamic 
agents follow: 


Gammon Nam? Scientific N.ime Ag.enl 

SL. foil ns wort Hypericum perforatum Hypcridn 

Buck’.vhcil nalj'gitfiimi fogppyrum Fago pyrin 

Perennial LWi'idm permtte Perloline 

WhiLchcadi rafJLteJk&nn tJnknown 


in addition, l have sometimes seen alfalfa or clover 
induce a photosensitivity reaction; these plants have been 
suspected to contain either an ingested or contact photody¬ 
namic agent. Recent reports describe photosensitivities 
apparently induced by the Ingestion of gjuten In horses, 
and of cocoa shells in calves. 23 '*- 2941 

As horses Ingest plants containing chlorophyll, this 
molecule Is degraded by bacteria In the intestine into the 
porphyrin, phylloeiylhrln. Some phylioerylhrin is normally 
absorbed into the portal circulation, removed by the liver, 
and excreted by the bile. In liver disease the hepatic excretion 
of phylioerylhrin Is decreased, Leading to excessive levels in 
the peripheral circulation and eventually In the skin, causing 
photosensitivity Ln approximately 25 e /ii of horses with Liver 
dysfunction. 295 - 297 One of the more common reasons for 
liver disease in the United States is Ingestion of the following 
plants containing pymolizidine alkaloids: 


Common. Name 
Common gruuiuisd 
Ragwort. Kimliing Willie 
Tfljwccd 
Kaffkwecd 
Satration Jane 


Scientific Name 

£ cm reefs jiKo&ra 
.■IjpitjprfibjT intermedia 
Crordlarw species 
Ecitutm iycopsh 


In addition, consumption of alslke clover (Trifolfum Mn- 
Wwwrj may induce hepatic dysfunction (with histologic 
lesions distinct from those caused by nvrrolizJd I ne alkaloids), 
leading lo photosensitization signs (akike clover poisoning, 
dew poisoning). Cases seem to be correlated to years with 
heavy rainfall and the Ingestion of the plant blossoms. 23 ® 
Ingested plants and feed should be noted and collected 
for future analysis. Environmental considerations Include 
(be type of pasture (or other material) wkb which the ani¬ 
mal is In contact, the amount of Lime the animal Is exposed 
to sunlight, any seasonality of the condition, and any other 
horses involved. A seasonal Incidence would tend to negate 
liver disease; multi horse involvement should arouse suspi¬ 
cion of an Ingested or contact photosensllizer. A thorough 
history of recent diug therapy should be obtained. 

Physical examination usually reveals lesions limited lo the 
hairless, white, or lightly pigmented areas of the skin. The 
involved .skin is erythematous, swollen, and painful. The 
lesions may progress to serum exudation, thickening flour¬ 
ing, and in'severe cases, necrosis and sloughing [Fig. 40-2 i) 
Therapy is related to etiology. Chronic liver disease car¬ 
ries a guarded prognosis. Removal of feedstuffs containing 
photodynamic agents, or removal of £ he horse from a pas¬ 
ture with plants containing these agents, will usually result 
in full recovery If the horse is also kept out of the sun for 
1 to 2 weeks! Corticosteroids are helpful In controlling 
inflammation and pruritus. Oral prednisolone at I mg 1 'kg 
daliv for 1 week, then halving the daily dosage for a second 
week. Is an effective regimen. 





FIG. 40-1 1 I [’SkDEcmniHtuiLtioii. A. Whi le Lil.ui' <jf .1 horse » selectively nJkrtci!. &. While slockinj; nf it tburxr is seSertLvrfy niforLcx). C P Area a round eyi? 
where tidier it Jcsjs dsmae Li ukUhL sffvm.'ty .(.IhTlL-J 


CHRONIC PROGRESSIVE LYMPHEDEMA 

Chronic progressive lymphedema Is die term for a condition 
seen in Shires, Clydesdales, and Belgians, ll Is characterized 
by progressive swelling, hyperkeratosis (thickening), and 
fibrosis (hardening) of the skin on the lower Legs. This chronic 
progressive disease starts ar an early age, progresses through¬ 
out the life of the horse, and often ends in disfigurement 
and disability of the limbs. Inevitably, this condition Leads 
to the horse's premature death. In the Belgian draft horse, it 
has reduced the average Life expectancy of a stallion from 20 
lo only ft years. 


The pathologic changes and clinical signs* closely resem¬ 
ble a condition known In humans as chronic Lymphedema, 
or elephantiasis nostras verrucosa. The lower leg swelling is 
caused by abnormal functioning of the lymphatic system In 
the skin, which results in chronic lymphedema (swelling), 
fibrosis, a compromised immune system, and subsequent 
secondary infections of the skin. Based on preliminary 
research, It appears that a similar pathogenic mechanism 
Is Involved in the disease that affects these specific draft 
horse breeds. 

The clinical signs of this disease are highly variable. The 
earliest lesions are characterized by skin thickening and 
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crusting; both are often visible only after clipping the long 
feathering. Secondsry infections develop very easily in these 
horses' legs and usually consist of either cborlopt'lc mange 
or bacterial infections. Both dark skin and white skin on 
the lower kgs are equally affected. These Lesions are consis¬ 
tent with pastern dermatitis, certainly seen In other breeds. 
In Shires, Clydesdales,, and Belgians, however, these lesions 
do not respond well to therapy. 

As the disease progresses, one or two thick skin folds and 
sometimes multiple small, well-demarcated ulcerations 
develop, predominantly in the rear of the pastern region. 
The ulcerations are covered tvith adherent crusts. Manual 
removal of the crusts or even movement during exercise 
results In bleeding, lltese small sores may seem to respond 
initially to various topical medications, but often reverse 
course, only to progress In severity and multiply in number. 
Small lesions tend to coalesce into larger and more Intracta¬ 
ble (resistant to cure) areas of skin ulceration. Over time, 
the lesions extend up the leg, often affecting the skin as high 
as the knees or hocks, lltese lesions are, at the very Least, 
irritating to the horses and at times can be quite painful. 
Severely affected Individuals often exhibit generalized 
swelling in all four legs. 

This condition therefore is primarily a Lymph system 
disease, and the pastern dermatltLs in these draft horses is 
secondary to the body's Inability to supply fluids properly 
and oxygen a te the skin of the lower leg.'The Lymphatics 
break down over time, and the proteln-rlch fluid leaks into 
the tissues of the low r er leg, which results In fibrosis of the 
tissues under the skin and thickening of the skin Itself. 
The tissue fibrosis leads to even more blockage of fluid 
within the legs, inhibiting circulatory flow. This results in 
neovascularization, a process by which she body develops 
new blood vessels In a futile attempt to provide oxygen 
to Its tissues. 

Researchers suspect that a deficiency or abnormality in 
the connective tissue component known as cJflsftn Is the 


underlying factor and perhaps the cause of the lymphatic 
degeneration In these horses. mp.-soo in affected animals the 
lymph vessels and deep tissues of the skin do not have suf¬ 
ficient amounts or the proper configuration of elaslln. The 
lack of this critical tissue element apparently Instigates the 
progression of disease and the chronic progression of clini¬ 
cal signs. A recent report documents high Levels of antielas- 
tln antibodies In affected horses.-™ 1 

As the condition becomes more chronic, the lower Leg 
enlargement becomes permanent, and the swelling is firm 
on palpation. More of the thick skin folds and large, poorly 
defined, firm nodules develop. The nodules may become 
quite large and often are described as golf ball or even base¬ 
ball In size. Both skin folds and nodules first develop 
in the back of the pastern area. With progression, they 
may extend and encircle the entire Lower leg. 'Hie nodules 
become a mechanical problem because thev Interfere 
with free movement and frequently are Injured during exer¬ 
cise. This disease often progresses to Include massive sec- 
ondaiy Infections that produce copious amounts of foul- 
s me I ling exudates, generalized Illness, debilitation, and 
even death.wiDi 

in a recent report of possibly the same condition In 
several draft breeds, the authors found a perivascular der¬ 
matitis dominated by T lymphocytes with an Increase In 
major histocompatibility complex (MHC) class II-posi¬ 
tive, dendritic-1 ike cells. Immunohistochemlcal Labeling 
for cytokeratlns CK5/6(4), CK10, and CK14 indicated a 
change In their expression pattern. This correlated with 
the degree of epidermal hyperplasia, Indicating abnormal 
differentiation of keratlnocytes. There was a statistically 
significant correlation between the severity of skin Lesions 
and several other factors, including increasing age, 
increasing cannon circumference, prominence of ana¬ 
tomic structures (e.g., fetlock tufts of hairs, ergots, chest¬ 
nuts), and bulges in the fetlock region.^ 
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I EQUINE ENDOCRINE AND METABOLIC DISEASES 


PITUITARY AND HYPOTHALAMUS 

DIAMVL' .UtJ-AULANi:' 

I’he plLuLLary gland is composed of two embryo logically 
distinct portions: the adenohypophysis* derived from invag¬ 
ination of the pharyngeal epithelium known as RalhkFs 
pouch, and the neurohypophvsis* derived from neural tissue 
of the hypothalamus. The adenohypophysis can be further 
divided into the pars distal Is* pars tuberalis* and pars Inter¬ 
media. The pars distal Is contains five different endocrine 
cell types* each of which is responsible for the release of a 
unique hormone or set of hormones In response to hypo¬ 
thalamic releasing factors delivered from the median emi¬ 
nence via the hypothalamic-hypophyseal portal svstem. 
The pars tuberalis Is a highly vascular band of cells sur¬ 
rounding the pltuItaiy stalk. The function of the pars tuber- 
alis is unclear and has yet to be directly investigated In the 
horse. The neurohypophysis or pars nervosa is a collection 
of nerve axons and terminals that originate In the paraven¬ 
tricular and supraoptic nuclei of the hypothalamus. Oxyto¬ 
cin and arelnlne vasopressin (antldluretic hormone] 
produced In the cell bodies of these nuclei are transported 
into the pars nervosa for storage and eventual release into 
the systemic circulation. 

The pars intermedia of the horse Incorporates tissue 
derived from both the adenohypophysis ana the neurohy¬ 
pophysis. It Is composed of a single endocrine cell type, 
the melanotrope. Mel a no tropes are directly innervated by 
nerve terminals of the hypothalamic periventricular dopa¬ 
minergic neurons. These originate in the periventricular 
nucleus of the hypothalamus ad|acent to the third ventri¬ 
cle* pro|ec! through the infundibulum, and terminate In 
the pars Intermedia (Fig. 4I-1]. J These neurons release 
the neurotransmitter dopamine* xvhich acts to tonically 
Inhibit the release of hormones from adjacent me! a no- 
tropes. Dopamine released from the nerve terminals inter¬ 
acts at dopamine (D?) receptors on the melanotropes to 
Lnhlbit cell proliferation* transcription of proopiomelano¬ 
cortin (PGMC)* and release of POMC-derived peptides. 1 
Additional regulatoiy signals to the pars intermedia may 
be delivered by direct systemic arterial supply and from 
the hypothalamic-hypophyseal portal velns.^ In addition 
to being under tonic Inhibition, melanotropes may also 
be positively regulated by interaction with a me! a no¬ 
trope-releasing factor. Studies have show r n that exogenous 
thyrotropin-releasing hormone (TRII) can directly stimu¬ 
late hormone release from melanotropes.-^ However, the 
physiologic significance of TRII regulation of the pars 
Intermedia has not yet been determined. 


The primary product of the melanotrope is the hormone 
precursor protein POMC. PG.MC is also expressed by the 
corticotropes of the pars dlstalis. However* owing to differ¬ 
ential posttranslational processing by proteases called pra- 
hormtme amwsrtases* each cell type secretes a different 
complement of POMC-derived peptides (Fig. 41-2}. Because 
of the action of prohormone convertase l* POMC In cortico¬ 
tropes is primarily processed into adrenocorllcolropln 
(ACTEI). ACT! l circulates to the adrenal cortex* where it sti¬ 
mulates secretion of cortisol. Melanotropes contain active 
prohormone convertase 1 and 19, and therefore POMC In 
the pars Intermedia Is cleaved Into the secretory peptides 
x-melanocyte-stimulallng hormone (a-M5H) r ]J-endorphln 
((J-EMD)* and corllcotrophln-like Intermediate lobe peptide 
(CLIP). A small amount of ACTEI may also t>e produced. 
Eairther processing of the peptides* including cleavage of 
C-terminal amino acids and Ai-acelylation* serves to control 
the activity of the final product. For example* the most 
abundant form of p-HND produced in the normal horse's 
pars Intermedia Is Ac-p-endorphLn-(l-27)* wbLch lacks opi¬ 
oid activity.The most abundant [J-EMD in horses with PPID 
Is P-endorpbln-(l-3l)* which is an opioid agonlstA 

The physiologic role of the pars Intermedia POMC 
derived-peptides a-MSEI* P-EMD* and CLIP has not been 
extensively studied in the horse. In other species a-M5H 
has several diverse actions that are mediated through Interac¬ 
tion with one of five distinct G-proleln-coupled melanocor- 
tin receptors, x-MSEI is so named because of its ability to 
Induce skin pigmentation In amphibians. Its role in pigmen¬ 
tation Is through Interaction with melanocortln receptor 1 
(MCIR)* which Is predominantly expressed In skin. In 
horses, mutation of the MC2 R gene is associated with the 
chestnut coat color. 5 in white Camarque horses the degree 
of coat pigmentation is directly correlated to the plasma con¬ 
centration of a-MSR 6 a-MSH is also an integral mediator 
In control of energy homeostasis. MC3R and MC4R are 
both expressed in the central nervous system (ChTSj* particu¬ 
larly In the hypothalamus* where they function In the leplln- 
melanocortin pathway, regulating appetlie-satiety balance 
and fat metabolism. 7 Animals and humans lacking func¬ 
tional MC3R or MC4R are obese* and melanocortin receptor 
defects are a common monogenetic cause of obesity In 
humans. 8 Plasma a-MSH concentration In otsese men has 
been reported to be higher than in Lean men. 0 It has been 
suggested high plasma concentration in obese individuals 
may be an attempt to maintain homeostasis In individuals 
with a defect in MC4R. Plasma a-MSH concentration was 
also found to be positively correlated to obesity in horses. ]D 
Another function of a-MSH is as a potent antlinflammaloiy 
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agent 11 x-MSH has been demonstrated to have multiple 
immune-modula!Ingeffects. Its most profound effect is in reg¬ 
ulation of cytokine response. xMSH inhibits activation 
of nuclear factor (N'F)-kB by 1 Ipopolysaccharide (LPS) and 
interferon -7 (IFM-yj_ Recent data in mice haw suggested thal 
■jt-MSE I may suppress LPS-mediated inflammation by facilitat¬ 
ing ibe interaction of Interleukin receptor-associated kinase 
(]RAK) and 1RAK-M. IRAK Is a kinase that functions in activa¬ 
tion of NF-kB after TL-R-4 (the receptor for bacterial LPS) 
stimulation.^ IRAK-M Is a negative regulator of IRAK As a 
result NF-vE activation and pjoinflammatory cytokine release 
of tumor necrosis factor alpha (TNF-a), interleukin (IL)-lp, 
and EL-S are all decreased after a-MSH administration. Fever 
and other clinical evidence of Inflammation are also reduced. 

Ji-END is a known endogenous opioid. Secretion of 
Ji-END provides analgesia and behavioral modification. It 
also suppresses immune responsiveness and has effects 
on vascular lone. L3 - u CLIP (ACTH 10-39) has not been 
extensively studied in any species. In pancreatic Islet cells 
in culture, CLiP was shown to be a pancreatic beta cell 
secrelagogue, stimulating the release of insulin . 15 How¬ 
ever, when administered to rats by either Intraperltoneal 
or Intraventricular injection, ACTE I but not CLIP resulted 
in release of Insulin and decrease in blood glucose. 1 * 


Recent data have demonstrated a distinct seasonal effect on 
the activity of the pars intermedia of horses and ponies resid¬ 
ing In the" northeastern United Slates and Canada . 17 Plasma 
"j-.MSEi concentration was considerably higher In horses and 
ponies in September compared with" samples collected in 
the winter, spring and early summer. An effect of season on 
7 -MSH concentration has been described for humans, ham¬ 
sters, and sheep. 13 - 2 ® The functional Importance of the sea¬ 
sonal cycle Is unknown, but several physiologic events occur 
in parallel with the a-MSH cycle. In sheep, body weight, vol¬ 
untary food intake, and condition all peak simultaneously 
with a-iViSJ l, with seasonal maximum* occuning In Septe¬ 
mber. Soay sheep with surgically created hypothalamic-pituitary 
disconnection have an increase In circulating concentration of 
i-MEH and chronic Increase in body weight 19 These findings 
suggest that a-JVtSl l or other POMC^erlved peptides may play 
a role In metabolic preparation for winter in sheep. It Is possi¬ 
ble that horses and ponies have a seasonal Increase in PGM.C- 
derived peptides to metabolic ally prepare them for a decrease 
in accessible food observed In die wild in winter. If so, dys re¬ 
gulation of this pathway mighl be associated with abnormal¬ 
ities In body weight ' and fat storage. Weight loss and 
abnormal fat distribution are two clinical signs associated 
with equine pituitary pars Intermedia dysfunelson (ETiD) 
Development of a winter coat also begins as length of day 
decreases In the fall. The development of hirsutism In horses 
with PHD leads one to speculate that the naturally occurring 
seasonal increase in POMC-derlved peptides contributes lo 
development of winter coat growth. This has not been criti¬ 
cally assessed in equids. 


EQUINE PITUITARY PARS INTERMEDIA 
DYSFUNCTION 

PPID Is one of the most common diseases of horses and 
ponies 15 years of age and older . 23 PHD w r as originally 
termed "equine Cushing's disease" because of features simi¬ 
lar to human Cushing's disease. However, in contrast to 
human Cushing's disease, PPID affects the pituitary pars 
intermedia rather than the pars dlstalis and is typically not 
a neoplastic condition, and the adrenocortical contribution 
to the clinical syndrome Is of much less importance . 22 To 
avoid confusion, equine Cushing's disease Is now more cor¬ 
rectly referred to as pituitary P ars intermedia dysfunction. 

in the past two decades the population of aged horses 
has increased dramatically, litis, in conjunction with the 
vast amount of information available to the horse-owning 
public, has lead to a heightened client awareness of age- 
associated equine health issues and a desire to promote 
healthy aging In their horses. As a result diagnostic testing 
and treatment of horses for PHD has increased. Yet despite 
increased clinical recognition of this disease, much about 
PHD remains poorly understood. 
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Pfllfropfiysiofcigy. The pathologic hallmarks of PPID are 
hypertrophy, hyperplasia, and micro adenoma or nracroade- 
noma Formation In the pituitary pars Intermedia that results 
In an Increased secretion of POMC peptides. Horses with 
PPiD develop enlarged pituitarJes that may reach five times 
normal weigh L As the pars In termed La expands, it com¬ 
presses the adjacent pituitary lobes and hypothalamus, 
often resulting In a loss of function of these tissues, in con¬ 
trast. ihe pars intermedia remains active In horses with 
PPID, secreting relatively large quantities of PQMC-derLved 
peptides into the peripheral circulation. Horses with disease 
may have as much as a 40-fold increase in plasma concen¬ 
tration of pars Intermedia POMC-derlved peptides. 23 Clini¬ 
cal signs of disease llkety result from a combination of 
increased circulating POMC peptides and loss of neuroen¬ 
docrine function ofad|acent tissues. 

Evidence indicates loss of dopaminergic inhibition Is critical 
in the pathology of PPID. Dopamine and dopamine metabo¬ 
lite concentrations in she pars intermedia of PPID horses are 
decreased eightfold compared with age-matched controls. 5 
Systemic supplementation of dopamine or a dopamine ago¬ 
nist to horses with PPID results in a decrease in plasma concen¬ 
tration of POMC peptides. 23 Severnl investigators have 
reported that horses treated with the dopamine agonist pergo- 
lideshow Improvement in both clinical signs andblodiemical 
abnormalities associated with disease. 2,126 Immunohlsio- 
chemlslry of formalin-fixed tissue showed a fivefold decrease 
in pituitary dopaminergic nerve terminals (P < .001) and a 
50% reduction in the number of dopaminergic periventricular 
cell bodies (P < .01} in the hypothalamus of PPID animals. 27 
This evidence suggests that a loss of functional periventricular 
dopaminergic neurons or'"dopaminergic neurodegeneration" 
occurs In horses with PPID (Tig. 4J-3J. Loss of periventricular 
dopaminergic inhibition of die pais intermedia in other spe¬ 
cies results in pathologic changes similar to those of PPID, 
Surgical disruption of the peri ventricular hypophyseal dopa¬ 
minergic tracts In rats results in increased expression of pars 
intermedia melanotropes. 2 * In addition, □: dopamine recep¬ 
tor knockout mice develop pars Intermedia lesions similar 
to PPID. 101 These data suggest PPID Is primarily a disease 
of hypothalamic origin rather than the consequence of a 
spontaneously forming pituitary adenoma. 
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One potential cause for dopaminergic neurodegenera- 
tion is oxidative stress. Oxidative stress is modification of 
cellular components including proteins, DMA, and cell 
membrane lipids because of excessive exposure to exoge¬ 
nous or endogenous sources of free radicals. This cellular 
damage ultimately leads to cell death or. in the case of neu¬ 
rons,. neurodegeneration. Chronic exposure to oxidants in 
excess of an animal's antioxidant capacity results in accumu¬ 
lation of functionally impaired cellular components. Dopa¬ 
minergic neurons are particularly vulnerable to oxidative 
damage, because dopamine metabolism itself produces free 
radicals. 1 torses with PPID have evidence of oxidative dam- 
age r including accumulation of pars Intermedia 3-nitrotyro- 
sine* 7 and decreased plasma thiol. 50 This oxidative damage 
does not appear to be the result of impaired antioxidant 
capacity, as the systemic and pituitary antioxidant capacity 
of horses appears unchanged. 31 


CJfrifr-rtf Signs, Equine PPiP affects many aged equlds, 
resulting in a variety ot clinical signs Including hirsutism, lam- 
Initls, muscle atrophy, fat accumulation, polydipsia, polyuria, 
secondary Infections, lethargy. Infertility, persistent lactation, 
hyperhidrosis, and metabolic abnormalities including hyper¬ 
glycemia (Fig. 41-4). 32 The most unique clinical manifestation 
ofPPI D is an abnormally long, curly hair coat that fails to shed, 
referred Eo as equine frirsufiim. Often horse owners may report 
the horse shedding its winter coat slowly or Incompletely in 
the year(s) prior io development of full hirsutism. Hair may 
be initially retained along the legs or under the mandible. 
The mechanism responsible for development of hirsutism In 
horses with PPID has not been Investigated. The onset of hir¬ 
sutism in an aged hoisc or pony is considered essentially 
patbognomoniofor PPID. 

Laminit is secondary to PPID is reported to occur in 24% to 
32% of diagnosed cases and frequently necessitates euthana¬ 
sia Ln affected animats. 13 - 51 When adult horses with Lamintlis 
of unknown origin were examined, 70% had Increased 
ACTH, suggesting that laminills in these animals may have 
been the result of undiagnosed PPID. 36 This study suggests 
PPID may be underdiagnosed, especially when lamSnlits is 
the presenting complaint and hirsutism is absent The patho¬ 
genesis of Laminltis in PPI D is not currently understood but is 
the subject of ongoing investigation, it has been suggested 
that lainlnitls secondary to PPID is the consequence of high 
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circulating cortisol concentration However, the Inability 
to induce expertmental 1 antinids in normal horses using 
corticosteroids Indicates the pathogenesis Is more complex. 
Recent data have shown that glucose deprivation in the 
laminar tissue of the hoof, as would occur with insulin 
resistance (IR) secondary to endocrinopathy or exogenous 
glucocorticoid administration, may result in failure of the 
energy-dependent reactions required Co maintain the laminar 
attachments known as hemidesmosames.* 7 inflammatory 
cytokine and matrix metalloproteinase activation has been 
suggested to have a role in acute laminttis associated with 
endoloxemia or grain overload and may similarly contribute 
to la min ills In horses with endocrine dysfunction. 

In the author's experience, weight loss caused by muscle 
mass atrophy is the most common and possibly earliest clin¬ 
ical sign of PPID (Fig 41-5). Despite ivetgnt loss, PPID 
horses often have a potbellied appearance, and as a conse¬ 
quence owners may fall to notice the lost weight. Weight 
loss and muscle atrophy may result from several factors 
including poor dentition, poor nutrition, heavy parasite bur¬ 
den, minimal exercise, and protein catabolism induced by 
increased cortisol activity. Histologic evidence of type 2 myo- 
fiber atrophy has recently been documented in muscie biop¬ 
sies from horses with PPID, consistent w r lth corticosteroid- 
associated muscle atrophy In other species. 40 Response to 
treatment with the dopamine agonist pergoiide was assessed 
in three horses. Pergoiide treatment was associated with an 
improvement Ln myoflher type composition, although myo- 
fiber ratio and cross-sectional area were no different, 
improvements in management of PPiD horses often result 
in significant weight gain, even In the absence of pharmaco¬ 
logic treatment. 

Despite weight loss and muscle mass atrophy, horses w r Llh 
PPID often have abnormal accumulations of fat, most nota¬ 
bly in the crest of the neck, tail base, sheath, and stipe rorbital 
fossa. This fat accumulation typically predates the weight 
loss and has a similar pattern as that observed in horses wldi 
equine metabolic syndrome (EM5). The similarity of these 
two diseases. In both the breeds that are predisposed and 
clinical signs, has resulted in misdiagnosis of FPTD in ani¬ 
mals with EMS. There has also been speculation that animals 
with EMS or sustained obesity with [R may be at greater risk 
for developing PPID as they age. Although epidemiologic 
data are currently lacking to support this association, client- 
provlded anecdotal, data suggest this may warrant more 
critical assessment. 
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Polyuria and polydipsia j PU/PD) have been estimated to 
occur lit 17% to 76% of cases and are typlcatiy mild in 
severlty^ 2 - 3 ^ 1 * 12 The mechanism responsible for PU/PD 
may include {I) compression of the pars nervosa resulting 
in decreased arginine vasopressin (AVP; antidiuretic hor¬ 
mone) production; (2) osmotic diuresis secondary to hyper¬ 
glycemia and glucosurla; or (3] factors dial are cortisol 
induced. Cortisol is thoughL to cause PU/PD in other spe¬ 
cies by interfering w r llh the secretion and/or action of argi¬ 
nine vasop cession.: 13 Evidence suggests that ACTH and 
cortisol may inhibit the renin-angiotensin-aldosterone axis, 
as weiL The mechanism of PU/PD In horses with PPID has 
not been extensively examined. Glucosuria Is not a com¬ 
mon finding in horses with PPiD. In one study, two PPID 
horses with marked hyperglycemia were found to have 
water consumption similar to that of normal horses. 55 
These findings suggest it Is unlikely that osmotic diuresis 
is a major mechanism of PU/PD in the PPiD horse. 

] Corses with PPID have been reported to be more suscep¬ 
tible to infection, including endoparasitlsm, bacterial sinus¬ 
itis, skin Infections, foot abscesses, and respiratory 
infections. 52 The morbidity and mortality of second a ry 
infection in equine PPID has been reported to range from 
27% to 43%.3 j-3 MM2 in the absence of parasite control, a 
heavy parasite burden is common. Routine, quantitative 
fecal egg counts are recommended to ensure an adequate 
anthelmintic program. Vigilance on the part of the owner 
and veterinarian Is Important in both prevention and eariy 
recognition of infections, as they may be clinically insidi¬ 
ous. Bronchopneumonia was found at necropsy In 7 of 19 
horses with PPID. 56 Bronchopneumonia should be consid¬ 
ered in the PPiD horse with fever or tachypnea and ruled 
out in horses with Intermittent hyperhidroUs. 

Equine PPID is both common and life-threat¬ 
ening. therefore early and accurate diagnosis and Intervention 
are Imperative. Antemortem diagnosis of PPID currently relies 
on testing hypothalamlc-plluitary-adrenal axis responsiveness 
or measurement of endogenous plasma concentrations of 
POMC-deitved peptides, such as ACT! i. These tests have been 
the subject of recent evaluation, and the search for new testing 
strategies is ongoing. 

Tiie overnight dexamethasone suppression test (DST) has 
been considered the gold standard for antemortem PPID 
diagnosis. In the unaffected horse, Intramuscular administra¬ 
tion of dexamethasone decreases release of ACTH from the 
pars dI stalls, resulting In a serum cortisol concentration of 
less than 1 pg/dL (27.59 nmol/L) 19 hours after dexametha¬ 
sone administration (Fig. 41-C).- 2 Horses with PPED fail to 
suppress seium cortisol concentration as a result of ACTH 
production from Ehe pars Intermedia. Originally this test 
was reported to have a sensitivity and a specificity of 
100 % * However, a recent report suggests the reliability of 
the test has been overestimated. 44 When the DST was per¬ 
formed three times at 30-day intervals in seven horses with 
c! Inical signs of Pr ID, o nlv o ne of the seven horses tested pos¬ 
itive for disease on all 3 clays. After an initial positive result, 
five of the seven horses suppressed normally on each 
subsequent test date. Indicating either false-positive results 
at the initial test period or false-negative results at subsequent 
testing. These findings arc consistent with the observations of 
the author. Horses with a normal dexamelbasone suppres¬ 
sion response have been found to have an increased plasma 
concentration of ACT! I or x-MSH and postmortem histologic 
evidence of pars intermedia adenomatous hyperplasia, 
Although it has not been critically assessed, a loss of feedback 
inhibition by glucocorticoid maybe a late event in the disease 
progression, and the high sensitivity originally reported may 
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reflect a case selection bias toward horses with advanced dis¬ 
ease. Despite these limItalians, the overnight DST remains 
die lest of choice for diagnosis of PPID in the animal when 
die risk of Laminltis is minimal and more Intensive testing 
(DST and TRH) is not practical. In horses in which clinical, 
examination suggests early PPID and diagnostic test results 
arc normal, repeat testing is recommended 6 months taler 
or sooner If clinical signs progress. 

Seasonal variation in DST results has been recently docu¬ 
mented.- 35 Clinically healthy horses and sem[feral ponies 
residing In Pennsylvania had a normal DST In January, 
but when the same animals were tested In September, 
40% of the horses and 21% of the ponies failed to suppress. 
Other diagnostic lesls have also been shown to be affected 
by season. Plasma ACTE I concentration measured In Sep¬ 
tember was significantly higher than in January or May. 45 
in plasma samples collected In September, 85% of horses 
and 97% of semLferal ponies had ACTH concentrations 
greater than reference range. These animals would have 
been falsely diagnosed with PPID. In contrast, 100% of 
she horses and 93% of the ponies bad ACTH concentrations 
within reference range when measured In January or May. 
Similarly, plasma i-MSH was Increased twofold in horses 


residing In Prince Edward Island. Canada and elevenfold 
In scmiferaJ ponies in Pennsylvania when measured in the 
fall compared with spring, summer, or winter concentra- 
tiom. jT The effect of season on diagnostic testing needs to 
be more extensively explored using a Larger number of ani¬ 
mals In diverse geographic locations. 

TheTRl f stimulation test is also used for diagnosis of PPID, 
particularly In horses with a history of lam In Ills. Horses with 
PPID show an increase In serum cortisol concentration 30 to 
90 minutes afterTRJ L administration, w r hereas normal horses 
do not ^ TRH Is believed to he a physiologLc releasing factor 
of the equine pars intermedia. 3 In healthy horses, ct-MSH 
[a pars intermedia product) increased over 000% after TRH 
administration. The exaggerated cortisol release after TRE1 
administration in horses with PPiD may be the result of failure 
of the enzyme prohormone convertase 2 lo keep up with the 
PGMC production in the hypertrophic pars intermedia mela- 
nolropes, resulting in preferential accumulation and secretion 
of ACTH. Evaluation of the predictive value of LheTRI [ stimu¬ 
lation test has not been critically assessed in a large number of 
horses. In one study, 5 of 15 horses without clinical or histo¬ 
logic evidence of PP1D had a greater than 50% increase In cor¬ 
tisol 30 minutes after TRH administration. 3 These horses 
w r ould have been falsely Identified as having PPID Histori¬ 
cally, TRtE stimulation lest was limited by the lack of availabil¬ 
ity of TRH approved for use in the horse and the high price of 
hum an-approved products. The current availability of com¬ 
pounded TRH and its apparent lack of adverse effects have 
resulted in this lest being employed more frequently In field 
practice. 

A diagnostic test that may have better performance than 
either the DST or the TRH stimulation lest Is the combined 
dexametbasone suppression and TRIt stimulation test. Sen¬ 
sitivity of the combined dexamethasojie suppression and 
1 RIE stimulation test has recently been critically evaluated 
In 42 horses, using histology for diagnosis. 17 Disease was 
defined as the presence of a discrete mass in the pars Inter¬ 
media. Horses w r ere included into the study based on avail¬ 
ability (horses donated during the time span of ihe project). 
This differs from previous studies In which inclusion was 
based on presence or absence of clinical signs of disease. 
The method of selection used In She current study Is more 
random and therefore more appropriate for determining 
sensitivity and specificity of a diagnostic test Based on 
histology, prevalence of PR ID was 40% In horses of all ages 
[2 lo 33 years) and significantly correlated with age. Sensi¬ 
tivity of the combined test was reported as 88% and speci¬ 
ficity as 7G%. This test has the disadvantage of requiring 
multiple sampling over 2 days and an increased cost 
compared with other methods. 

Endogenous concentrations of POMC-derlved peptides 
are also useful In diagnosis, of PriD. Increased plasma con¬ 
cern ratio ns of ACTH, 2 -MSH. and p-EiND have ail been 
shown to have a .sensitivity and specificity of approximately 
80% lo 90%. 3J - 4a 1 Eowever, because the DST w r as used as a 
gold standard, it is Likely these studies overestimate the 
validity of measurement of POMC-derlved peptide concen¬ 
tration In the diagnosis of PPID. Measurement of ACTH is 
perhaps the most commonly used method for diagnosis of 
PPID in ambulatory practice because It requires collection 
of only a single plasma sample and poses no risk lo the 
patient. 

Imaging of the pituitary using computed tomography 
[CT) has also been examined in a limited number of cases 
as a method for documenting pituitary enlargement . 4930 
Accuracy of CT at estimating width, height, and length of 
the equine pituitary gland in disarticulated heads from 25 
normal horses was determined to be 31% to 93%, 58% to 
71%, and 88% to 99% respectively. 51 Accuracy for volume 
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was calculated to range from 43% to 53% In the same 
study. 1 ' 1 Although magnetic resonance imaging is the pre¬ 
ferred diagnostic Imaging mod a lily for pituitary masses in 
humans, there are no reports of Its use in diagnosis of PPID 
in the horse. 

II Necropsy bindings. Postmortem examination of the horse 
with PPiD reveals a grossly enlarged pituitary resulting from 
hypertrophy and hyperplasia of the pars Intermedia. The nor¬ 
mal horse's pituitary typically weighs 1 to 3 g- the affected 
horse's pituitary may be two to five times this weight. Enlarge¬ 
ment may be the result of an adenoma [>J cm), which often 
contains areas of hemorrhage and necrosis. Alternatively, 
m Icroadenoma tous (< 1 cm) hyperplasia may be present. Mel- 
anotropic tumor cells are pleomorphic (polyhedral or spindle 
shaped) with eosinophilic, granular cytoplasm. 52 ^ 3 Cells 
are organized Into nodules, rosettes, bundles* or follicular 
structures separated by fine septal tissue. Pigment deposition 
is common In the pars nervosa, and hemosiderin may be 
observed when hemorrhage is present. Other lesions include 
compression of the pars distalLs, pars nervosa, or, in the 
case of large tumors that outgrow r the sella turcica, compres¬ 
sion of the optic chiasm or hypothalamus. Other gross 
lesions may Include those related to disease complications 
such as lamlnltls, intestinal parasitism, pneumonia, or 
sinusitis. 

11 Jrm/jiirnf and J'mgnusis. Treatment of PP1D Is aimed at 
improving general health and reducing the risk of disease 
complications such as 1 am Ini t Is and Immunosuppression. 
.Management practices should be optimized for care of an 
aged horse. Diet and feeding practices, dental and hoof care, 
and deworming schedule should be assessed. Feeding of 
a pelleted diet designed for senior horses and frequent 
deworming and correction of dental abnormalities are use¬ 
ful In maintaining the animal's weight and improving over¬ 
all general health. Body dipping Lhe horse w r lih hirsutism 
during the warm weather Is critical to limit hyperhJdnosis 
and avoid hyperthermia. Vigilant observation for evidence 
of infection or Lamlnitis followed by early Intervention Is 
important in avoiding protracted Illness. 

Pharmaceutical therapies for PPID function by decreas¬ 
ing the concentration of circulating POMC peptides and/ 
or cortisol, which theoretically should reduce the risk of dis¬ 
ease complications beyond what can be achieved by man¬ 
agement alone. Ideally, treatment should also reverse or 
retard the hyperplastic growth of the pars intermedia, 
thereby limiting compression of ad|acenl tissues. However, 
minimal data are available evaluating the long-term efficacy 
of medical therapy for PPI D. 

The curren t p referred d rug for the treatment of P PI D is per- 
golide, a dopamine agonist.. Several reports have indicated 
that peigolide Improves clinical signs and diagnostic test 
results In treated animals.^- 2 * An initial dose of 0.002 mg' 
kg orally every 24 hours has been recommended. 12 If no 
response Is observed in 4-12 weeks, the dose Is increased in 
0 .002-mg'kg Increments monthly until clinical signs and bio¬ 
chemical abnormalities normalize. A total dose of 0.01 mg/ 
kg should not be exceeded. 12 Complications associated with 
pergollde use in the horse Include anorexia, colic, and diar¬ 
rhea. These are typically dose dependent and resolve sponta¬ 
neously after a reduction in dose. Once an effective dose Is 
established, endocrine Lestlng should be repealed every 6 to 

12 months to ensure hormonal control Is maintained. 

Cyproheptadine, a drug with antiserotonlnerglc, antlhis- 

taminerglc, and anticholinergic activity, was one of the orig¬ 
inal drugs used to treat horses with PPID. However, several 
studies using measurable outcomes failed to show consistent 


efficacy of the drug. 34 ' 26 In addition, although historically 
inexpensive, cyproheptadine has increased significantly in 
cost making pergollde the more rational treatment choke. 
Cyproheptadine may be useful as an adjunct therapy In horses 
resistant to pergollde monotherapy. Cyproheptadine may be 
added at 0.3 to 0.5 mg/kg orally once dally to horses that show 
minimal response to 0.004 to 0.006 mg'kg of pergollde. 32 

A newer treatment available in Europe is trllo&Lane, a 
competitive inhibitor of 3jdhydroxysteroid dehydrogenase 
(HSD).Trilostane blocks cortisol production by the adrenal 
gland. In a report of 20 clinical cases diagnosed using the 
combined DST suppression and TRH stimulation test, tri- 
lostane at a dose ol 0.4 to 1 mg'kg once dally resulted in 
improvement of clinical signs and normalization of cortisol 
after TRH administration 30 days after starting therapy, 
although baseline cortisol remained unchanged. 1,4 Adverse 
effects of trllostane w r ere not reported in this study. The 
effectiveness of trlloslane as a monotherapy or In combina¬ 
tion with pergollde remains to be evaluated In a large num¬ 
ber of horses. One potential limitation of trilostane as a 
monotherapy in the treatment of PPID is the lack of down- 
regulatlon of the pars intermedia melanolropes. "Hterefore a 
continued elevation In plasma POMC peptide concentra¬ 
tion and enlargement of the pars Intermedia would be an 
expected outcome. 

The prognosis of horses with PPID is not w r ell documen¬ 
ted. Many horses live for years after diagnosis, particularly if 
receiving optimized management. Anecdotal reports of 
PPID horses that have responded to pergollde tor more 
than 4 years suggest treatment may remain effective long 
term. As with all diseases, early recognition, appropriate 
intervention, and avoidance of complications are the keys 
to a positive outcome. 

DIABETES INSIPIDUS 

NOLL O. DYtSDAL 

1JIANNJ: McfilALAtfE 

hieurogenIc diabetes Insipidus results from decreased release 
of AVP from the posterior pituitary. As already noted, the 
most common cause of decreased AVP release In the horse 
is posterior pituitary destruction secondary to pars interme¬ 
dia enlargement; how r ever, in rare cases, Idiopathic neuro¬ 
genic diabetes insipidus has been reported in the horse. 33 
iTie clinical presentation of PU/PD in an otherwise normal 
animal must Include as differential diagnoses primary renal 
disease, nephrogenic diabetes Lnslpidus (insensitivity of the 
kidneys to AVP), psychogenic PD syndrome, PPID, and dia¬ 
betes insipidus caused by posterior pituitary dysfunction 
unrelated to PPID. In the horse with idiopathic diabetes insi¬ 
pidus, urine specific gravity is less than 1.01.The affected ani¬ 
mals fall to concentrate urine on a water deprivation test. In 
one reported case the horse responded to exogenous AVP 
(40 □ of pllresstn tannate In oil intramuscularly 11M]) with 
a decrease In water consumption and concentration of the 
urine, which lasted approximately 24 hours. 33 Blood AVP 
concentrations were low compared with controls and did 
not change in response to w r aler deprivation. 

Although relatively uncommon, psychogenic PD syn¬ 
drome occurs in horses. When subjected to a deprivation 
test, horses with psychogenic PD will moderately concen¬ 
trate urine (up to 1.025). AVP levels in this disorder have 
not been reported. With renal disease, specific gravity rarely 
falls below 1.010, and other laboratory findings [e.g., ele¬ 
vated blood urea nitrogen, creatinine) are consistent with 
the diagnosis. Ilie same Is true of PPJD. Because the PU 
and PD of PPID are not entirely related to decreased AVP 
levels, affected animals frequently respond normally to 
water deprivation. 
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’Ihe paired adrenal glands in the horse Jay craniomedial to the 
kidneys. The adrenal glands weigh 15 to 17 g each and are 9 
to 10 cm In length, 3 to 4 cm wide, and 1.5 cm thick. The 
right adrenal is medially adherent to the vena cava and crani¬ 
alYy lies In the Impression in the Liver formed by the right kid¬ 
ney. The left adrenal is associated with the cranial mesenteric 
artery on Its medial border, the aorta and renal artery on Its 
dorsal border, and the left aspect of the pancreas on Its ventral 
border. 56 The glands are welt vascularized. The adrenal cortex 
is composed ofthe outermost zona glomenilosa. which pro¬ 
duces mineral ocortlcolds.. primarily in response to angioten¬ 
sin II and falling serum sodium levels; the zona fascicuLata, 
which produces glucocorticoids In response to stimulation 
by ACTH; and the zona reticularis, responsible for adrenal 
androgen production. The centrally located adrenal medulla 
produces catecholamines. In the horse the primary adrenal 
medullary catecholamine appears to he epinephrine; how¬ 
ever, norepinephrine and dopamine are also produced and 
secreted to some extent." The adrenal glands are a shock 
organ in the horse, and adrenal hemorrhage and necrosis 
are common sequelae to conditions such as severe bouts of 
endotoxemla and colic. 

ADRENAL EXHAUSTION 

Adrenal exhaustion or "let down" syndrome are much dis¬ 
cussed, poorly documented syndromes ascribed to adrenal 
insufficiency In the horse.. Low cortisol levels have not been 
found in racehorses that turn in poor performances blamed 
on adrenal exhaustion. 56 Abnormal response to ACTH chal¬ 
lenge has not been noted In endurance horses after22.4-km 
(36-mile) rides. w Low circulating cortisol levels have been 
noted after 160-km (100-mile) rides; however, adrenal 
function was not assessed by any provocative tests in this 
study. 60 At necropsy it is more common lo find enlarged 
adrenal glands in racehorses than Lt Ls lo find atrophic 
glands, mis hypertrophy may be the result of repeated 
administration "of exogenous ACTH, which in turn could 
Lead to "let down' 1 when injections are discontinued, or it 
may be caused by chronic stress. Because the adrenals are 
a shock organ in the horse, they can be damaged {e.g, by 
hemorrhage and necrosis, which can lead lo subsequent 
scarring) during bouts of endotoxemia, severe colic, or ana¬ 
phylaxis. Chronic administration of corticosteroids can also 
Lead lo adrenocortical Insufficiency. 

Adrenal Insufficiency should be considered in the differ¬ 
ential diagnoses of horses with depression, anorexia, weight 
Loss, hyponatremia, hypochloremla, hyperkalemia, or hypo¬ 
glycemia, particularly if the horse has recently come off the 
track or some other form of Intensive training or corticoster¬ 
oids have been administered. An ACTH stimulation test can 
be used to confirm the diagnosis; cortisol should Increase 
twofold to threefold 2 to 4 hours after stimulation. 

PHEOCHROMOCYTOMA 

Although adrenal medullary tumors are generally nonfunc¬ 
tional tumors noted incidentally at necropsy,, there are a few 
case reports In she Literature of functional adrenal medullary 
tumors in horses. 6l<62 Clinical signs are attributable lo 
increased circulating catecholamine and Include excessive 
sweating JhyperhidrosLs), apprehension, recurrent colic, tachy¬ 
cardia, alfated pupils, hyperglycemia, and hypertension. Pheo- 
cbromocytomas are predisposed to hemorrhage, and severe 
hemorrhage secondary to ruptured pheochromocytoma has 


been reported In horses. 62 A] though most cases are diagnosed 
at necropsy, determination of urinary catecholamine Levels 
can aid in antemortem diagnosis. 

ANHIDROSIS 

UABITIA A. fimiJlAllS 

EfesaiptiQji of Disease. Anhidrosis is characterized as an 
Inability to sweat In response to appropriate stimuli. It occurs 
In geographic areas that experience hot, humid weather 
for prolonged periods of time. Clin Leal signs are especially 
Likely to occur when nighttime temperatures do not fall 
below 70'"' F. Classically, anhidrosis affects horses that are 
not accustomed to these environmental conditions and are 
moved to a hot, humid area. However, partial or complete 
anhidrosis is also diagnosed in horses that have grown up 
in the same areas. It appears that horses that are worked or 
exercised In hot. humid conditions are more likely lo develop 
the condition than horses that are not worked. Stress may 
also contribute to onset of the problem. Epidemiologic stud¬ 
ies performed In the mid L5S0s concluded that there was no 
sex or breed predisposition to the condition. 6 However, 
Lt is the author's subjective Impression that thoroughbreds 
(and Appendix registered quarter horses) and warm bloods 
are more Likely to be affected. 


Etiology and Pathophvstalogy. The cause of anhidrosis is 
unknown. Presumably there Is an abnormality in stimula¬ 
tion or production of sweat. Equine sweat glands produce 
sweat as an ultrjfjJtr^te from plasma; water and electrolytes 
are secreted into sweat gLmd ducts, and this fluid Ls trans¬ 
ported to the skin surface as sweat. Physiologic stimulation 
of sweating in horses is achieved by activation of fh-adren- 
ergic receptors, both by direct neural stimulation and from 
circulating catecholamines. 65 " 67 Sweat glands from anhidro- 
tic horses do not respond normally to direct stimulation, 
and there Ls histologic evidence of sweat gland atrophy. 66 - 65 
However, lt Ls unknown whether the observed sweat gland 
atrophy Ls the primary cause of anhidrosis or merely sec¬ 
ondary lo disuse. Histologic examination of skin from anht- 
drotichorses also showed no evidence of neural disruption 
to the sweat glands, 69 and circulating concentrations of 
epinephrine are actually higher In anhidrollc horses than 
In horses that sw r eat normally, 70 suggesting that the prob¬ 
lem Is more likely caused by decreased ability of sweat 
glands to respond "to stimulation, rather than failure of the 
thermoregulatory system to perceive the need to sweat or 
failure ofstimulallon to sweat. Most theories of pathogene¬ 
sis of anhidrosis suggest do wnregulation or desensltization of 
the jl 3 -adrenoreceplors, but to dale no studies have demon¬ 
strated either one of these or an alternative mechanism. 

In addition to a neural mechanism, there may also be an 
endocrine component to this disease. Pregnant mares were 
found to be somewhat less at risk of developing anhidrosis 
than nonpregnant mares. 64 An association of anhidrosis 
with hypothyroidism most likely stems fro in the observa¬ 
tion that thyroid supplementation helped anhtdrotlc horses 
racing in 1 long Kong Ln the 1550s. 71 However, the author 
has not observed any improvement in anhldrotlc pleasure 
horses supplemented tvith thyroid hormones, and measure¬ 
ment of thyroid hormones at rest and in response to TRH 
showed no difference between normal hoises and horses 
with anhidrosis/ 2 

There Is evidence Ln some humans that acquired Idio¬ 
pathic anhidrosis may have an Immunologic pathogenesis. 
Serum IgE concentration was increased ln one reported 
case. 73 £w r eat gland atrophy with Infiltration by lympho¬ 
cytes and mast cells and IgG and C3 deposition in the 
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basement membrane has been described/*■" J Steroid ther¬ 
apy improved ihe ability of one of these patients to sweat. 
An immiine-rnedijied basis for anhidrosis has not been 
studied In the horse. Basement membrane was noted to be 
thickened in skin biopsies from JO anhidrotic horses. 571 
However, inflammation [i.e., Infiltration with ivhite blood 
cells) was noted In only one of sis anhidrotic horses housed 
at ambient conditions.'-'- 1 

Results of a recent study showed that expression of the 
water channel aauaporin-5 was decreased in sweat glands 
from anhidrotic horses compared with sweat glands from 
horses that sweated normally. 75 Although these results 
may help explain why hypohldrotac or anhidrotic horses 
cannot produce as much sweat as normal horses, It Is noi 
clear whether loss of these water channels is a cause or a 
consequence of decreased sweat gland secretory capacity. 

Clinical Signs ami Differential Diagnoses. Early clinical 
signs of hypohidrosis Include exercise Intolerance, particu¬ 
larly in warm humid we a the r r and tachypnea, initially during 
or after exercise and then at rest as the severity of disease 
increases. Owners may call the veterinarian thinking the 
horse has a respiratory problem. As hypohidrosis worsens 
or the horse becomes anhidrotic, owners realize the horse 
is not sweating as much as they would expect for the level 
of w r ork It Is performing, or It Is taking longer than normal 
to cool out after exercise. Areas of residual sweat production 
often include under the inane, In the axilla or Inguinal areas, 
and under the saddle. Body temperature can increase to dan¬ 
gerous levels if signs are not recognized, and affected horses 
continue to work in hot weather. The hair coat often 
becomes dry and thin In chronically affected horses, particu¬ 
larly over the face (Fig, 41-7) and cannon bones. 

Cfmfcuf Pathology and Diagnostic tests . Hypohidrosis 
or anhidrosis can be Included in a differential diagnosis of 
exercise Intolerance based on history and clinical sights. 'The 
diagnosis can be confirmed by performing an intradermal 
sweat test. fia 7t ' 7a Six serial tenfold dilutions of a p 2 -adrenergic 
agonist such as terbutallne {10 3 w/v to 10 y w/v] are 
prepared. E\arh dilution ft). I ml.) is injected intradennally 
along the neck or In the pectoral region. In normal horses a 
localized area of sweat will appear at the site of injection ai 



FIG. 41-7 Chronic ajitiiJimiis often causesi I.kj.lI h,ur luas eh- iJiiimiiiK. 
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FIG. 41-B II SL-ihLiiuliTki' iaiLrj.dtrm.-iJ iWK.il test. Six vlii.iJ te-ciJctld UjIli 
lions c>[ L-LriSutilinir iru in ii lI inLT&Kjffiafty along Jhc tk-tJ-:. Neiiiil.iJ 
horsey. li ns ihf ci-hl slickvm ht.Tr, wall swell at lLic Injection Nile ol j,lJ 
runn-EilrnuLiai^, cxi'i’jM pcrlups the must dilute' | JU- * w/v J. Iei ihc nurm.iJ 
liorsf. jyvejtLnB will typicnlEy Isir^’in vrithim 5 ir.Lii'.ite'v injpcLii>n. RedutLion 
in Lht: n mount uc cIl’Lsiv in lanuft oF sweating iw dingiujilic J..n hypcihidrosi].. 
A complete Cnil-urc lo snhoal in icijJEinsc lo nil Lertmtahne Injections i.i diajj, 
iil.'Vul Lur imhidrusis. 


all concentrations, except perhaps the most dilute concen¬ 
tration (t.e.. 10 s ). The amount of sweat produced at each 
site is proportional to the concentration of terbutallne 
injected (Fig. 4 l-Sj. Sweating will first be noted in normal 
horses within 5 minutes of injection at the higher concen¬ 
trations. Onset of sweat production may be delayed and 
amount of sweat reduced In hypohidrotlc horses, or hypo- 
hid rotLc horses may sweat only at the higher concentra¬ 
tions of terbutallne. Anhidrotic horses do not sweat, even 
at the highest concentration. 

Ai though failure to sweat in response to Intradermai terbu- 
tallne Injection confirms a diagnosis of anhidrosis, horses 
that are hypohidrotlc may continue to produce sweat, even 
at the low r er concentrations. For these horses, a lunge test will 
help confirm the diagnosis. Body temperature, heart rate, and 
respiratory rate are recorded. The horse is then lunged at a trot 
for 30 minutes on a hot day. During this time, the horse is 
observed for evidence of sweat production. Body tempera¬ 
ture, heart rale, and respiratory rate measurements are made 
immediately at the end of lunging and every 10 minutes 
thereafter for the next 30 minutes. Although the heart rate 
response reflects the degree of fitness, the body temperature 
and respiratory rale responses correlate better to the horse's 
ability to cool Itself. If the horse's respiratory rate is not back 
to what Is was before die onset of lunging by 30 minutes after 
the end of the exercise, It Is highly Likely that the horse Is hav¬ 
ing a problem cooling. Rarely, horses unable to secrete fluid 
sweat are observed to secrete salt crystals after a lunge test 
(Fig 41-9], 

The moss likely differential diagnoses for hypohidrosis 
include various respiratory diseases. In my experience, some 
hypohidrotic or anhidrotic horses also have mild airway 
inflammation, documented most often by increased mast, 
cells or eosinophils in bionchoalveolar lavage fluid. It is 
unknown whether the two problems coexist coincidentally 
or if there is a mechanistic Link. Either way. It is Likely that 
airway Inflammation would decrease the ability of a horse 
lo use its respiratory system lo help cool itself, and this is 
likely to be more critical In a horse that cannot sweat 

lYeatnienl, Prevention, and Prognosis., The only consis¬ 
tently successful treatment is movement of the horse to a 
cooler environment, although this is not always practical 
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or feasible. Other environmental or dietary alterations mayor 
may not be helpful. ! : or hypohIdiotic horses or horses dial are 
having their first episode of anhidrosis., it is important to stop 
any workload and decrease the sEiess level. Concurrent disease 
conditions such as airway Inflammation should be appropri¬ 
ately treated. Shade, fans, misting fans, and window air condi¬ 
tioners can he used to try to decrease the temperature in the 
horse's Locai environment. Applying water by hose or spong¬ 
ing the horse with water during the hot part of the dav can 
Like the place of sweat. Electrolyte supplementation (espe¬ 
cially KCl) has been advocated, 7 * and various products are 
available commercially that appear to help some but nut all 
horses. One such supplement contains L.-tynoslne. ascorbic 
arid, niidn, and cobail and claims to improve sweat produc¬ 
tion by supplying precursors to dopamine synthesis (One AC r 
MPCO, Phoenix Ariz.). The theory is that dopamine Improves 
skin vasodilation, resulting in increased blood flow to sweat 
glands during exercise. To the author's knowledge no studies 
at present support or refute this claim. Other treatments that 
have been used with mixed success Include acupuncture and 
Chinese herbs. 7 * 

Medical therapy of anhidrosis has primarily been unre¬ 
warding. Anecdotally, the p^-adrmeigjc agonist clenbuterol 
increases sweat production in hypohIdiotic horses and may 
be beneficial if used sparingly, only when weather conditions 
are particularly bad (L.e., extremely high heat and humidity). 
However, traditional recommendations are to avoid use 
of Pj- adrenergic agonists in hypohldrotlc horses because 
sheir use may precipitate complete anhidrosis. 7 ^ There is 
Increasing evidence In human medicine that combination 


treatment of chronic airway disease with both fb-adrenergic 
agonists and corticosteroids results In a synergistic effect, with 
corticosteroids helping to prevent deserts illzation and toler¬ 
ance so p 2 -adreneiglc agonists, and p 3 -adrenergic agonists 
potentiating the antiinflammatory effects of the corticosler- 
olds. aD - ai Thus, combination therapy maybe useful In hvpo- 
h id rot I c horses, but to date no controlled studies have been 
performed. Corticosteroid therapy may also be useful If there 
Is an immune component to the pathogenesis of anhidrosis. 

Once a horse has had an episode of anhidrosis, there a re 
certain measures that can be taken So try to prevent recur¬ 
rence of the problem In subsequent years. Before the hot 
part of the year begins, start the horse on any supplements 
that have been helpful previously and make certain the 
horse is cardlovascularly fit. Also, make sure that any respi¬ 
ratory problems are under control before the onsefof hot 
weather. As the hot season approaches., try to avoid proce¬ 
dures (e.g., dental procedures) that might require adminis¬ 
tration of heavy doses of a? sedatives that stimulate the 
horse so sweat. Plan to do these procedures during the 
cooler parts of the year. During hoi periods, work the horse 
only during the cool pans of the day. Use external water 
sources to decrease the need for the horse to sweat. 

The prognosis for hypohldrotlc horses is guarded for 
future athletic performance in a hot environment. It Is the 
author's opinion that the longer an anhidrotic horse has 
been left untreated or unmanaged, the less likely the horse 
will be to sweat again despite any of the treatments 
described earlier. However, If an underlying disease or prob¬ 
lem can be identified and treated successfully tn a horse that 
Is just becoming hypohidroliCr the likelihood that ihe horse 
will sweat better the following season Is Improved. 


THYROID GLANDS 

JMtfl. J 7 .-l A. titlLUHAUb 

Thyroid gland physiology and control of thyroid hormone 
secretion In horses is similar to that tn other species. Thy¬ 
roid hormones are important for growth, maturation of 
organ systems, and regulation of metabolism. They stimu¬ 
late protein synthesis and catabolism. Increase bodv heat 
production, and stimulate basal metabolic rate. The thyroid 
gjand concentrates iodides from the blood and synthesizes 
and secretes both thyroxine (Tg) and triiodothyronine 
[Tfj. Once secreted, thyroid hormones circulate both bound 
to proteins and unbound (‘'free' 1 ), with the free fractions 
betng the active fractions. T=, is more metabolically active 
than T. r and although some Tj Is secreted by the thyroid 
gland along with T 4 , the main source of Tj In the body is 
from conversion of T. v to T* in peripheral tissues. 

Thyroid hormone secretion Is regulated by the hypothal¬ 
amus and pituitary. TRH from the median eminence of the 
hypothalamus stimulates release of thyroid-stimulating hor¬ 
mone {TSH) from the anterior pituitary; TSEI travels in the 
blood to the thyroid gland to stimulate release of thyroid 
hormones. Circulating thyroid hormones exert negative 
feedback on the hypothalamus and pituitary to limit further 
release of TRH and TSEI. Neurolransm Liters that play a role 
In thyroid hormone regulation include x-adrenerglc ago¬ 
nists (stimulatory) and somatostatin and dopamine (inhib¬ 
itory). Glucocorticoids and the cytokines TNF and IL-Lp 
also inhibit TSH secretion. 

Alterations in thyroid hormone status that have been 
described In horses include thyroid gland neoplasia, hyper¬ 
thyroidism, and hypothyroidism. Certain drugs, diets, and 
physiologic or pathophysiologic states can also influence cir¬ 
culating thyroid hormone concentrations. Although equine 
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thyroid dysfunction has been reviewed fairly recently, 
a number of studies of equine thyroid function and dysfunc¬ 
tion have been performed since that time or are In progress. 

THYROID GLAND NEOPLASIA 

Thyroid gland neoplasias are not uncommon, and it is not 
unusual to find them as incidental findings during necropsy 
of older horses. ajS6 'fhyroid adenomas are most common, 
but other reported thyroid neoplasias Include carcinomas, 
adenocarcinomas, and C-ceH tumors. Although there are also 
scattered case reports In the literature of horses that were 
found to be hypothyroid or hyperthyroid because of a thy¬ 
roid tumor, most thyroid gland tumors are benign and non¬ 
functional. The glands enlarge physically, but there Is no 
metastasis, and circulating thyroid hormone concentrations 
remain within normal limits. Therefore treatment of most 
thyroid gland neoplasias Is unnecessary until or unless the 
glands become big enough to start to Interfere with swallow¬ 
ing or breathing. Once a thyroid gland tumor becomes 
enlarged enough for the owner to notice it, a reasonable 
approach would be to measure circulating thyroid hormones 
(both total and free concentrations of Tj and T*). Provided 
that the horse Is comfortable, the tumor is not big enough 
to interfere with alimentary or respiratory function, and the 
circulating thyroid hormone concentrations are normal, sur¬ 
gical removal is not mandatoiy. The size of the gland should 
be monitored. If the gland starts to enlarge rapidly or If circu¬ 
lating thyroid hormone concentrations increase, It is best to 
surgically remove the gland sooner, not later. Once the thy¬ 
roid glands have been removed, the horse should be treated 
with thyroid hormone supplementation as needed to main¬ 
tain circulating concentrations of thyroid hormones within 
the normal reference range. 

HYPERTHYROIDISM IN ADULT HORSES 

Hyperthyroidism is extremely rare in horses, '['here are two 
documented case reports In the literature, and both of these 
were associated w r lth thyroid gland neoplasia.^- 37 Circulat¬ 
ing thyroid hormone concentrations are also sometimes 
temporarily Increased In horses exposed to excess Iodine, 
such as In a topical blister. Clinical signs of hyperthyroidism 
in horses include weight Loss, tachycardia, tachypnea, hyper¬ 
active behavior, ravenous appetite, and cachexia. Diagnosis 
is confirmed by measurement of Increased circulating con¬ 
centrations of free fractions of thyroid hormones. Treatment 
of a hyperactive thyroLd tumor is thyroidectomy. If only one 
half or the thyroLd gland Is removed, thyroid hormone 
supplementation may not be necessary. 

HYPOTHYROIDISM IN ADULT HORSES 

Hypothyroidism in the horse Is poorly understood, and its 
existence is controversial. Although autoimmune thyroid dis¬ 
ease Is somewhat common in people and dogs. It has not 
been described In the horse. The prevalence of true hypothy¬ 
roidism In adult horses Is unknown but is almost certainly 
overestimated. Hypothyroidism has been thought to contrib¬ 
ute to a variety of problems in the botse, including obesity, 
lam In itls, anhidrosis, recurrent rhabdomyolysls, and poor 
fertility. However, proper documentation of hypothyroidism 
in such cases for the most part does not exist. Anecdotal 
reports of beneficial effects of thyroid hormone supplemen¬ 
tation in these horses are also Largely unsubstantiated. 
Despite this, many horses with these conditions receive 
unnecessary thyroid hormone medication overextended per¬ 
iods of time, besides the obvious waste of money, potential 
health risks associated with Inappropriate thyroid hormone 


supplementation are only beginning to be explored in 
horses. In humans, thyrotoxicosis or oversupplementalion 
with levolbyroxine can result in decreased bone density, 
increased risk of atrial fibrillation, and perhaps Increased risk 
of myocardial infarction or congestive heart failure. 63 

Clinical signs of hvpothyroidism Ln adult horses appear to 
be subtle. Traditionally, horses that gained weight easily, had 
cresty necks, and tended to have recurrent bouts of lamlnltls 
were thought to be hypothyroid. However, Ln the author's 
experience resu Its of thyroid fu nctlon tests i n horses tha t fit ib Is 
description are usually normal, and it is more likely that these 
horses have either EMS or PHD. In a few published case reports 
of horses that were documented to he hypothyroid, clinical 
signs were primarily lethargy, exercise intolerance, and poor 
haLrcoal.W In experiments Ln which horses were made hypo¬ 
thyroid either by surgical removal of the thyroid gjands or by 
administration of antithyroid drugs, 91 - 96 obesity and lamLnLlls 
were not reported. Although resting heart rate, cardiac output, 
respiratory rate, and rectal temperature decreased In horses 
after thyroidectomy, 9 - 1 and seium concentrations of triglycer¬ 
ides, cholesterol, and very-low-density lipoproteins (VLDLs) 
increased, 911 Lhe changes were mtLd, , and absolute values 
remained within the normal reference range for adult horses. 
For this reason, measurement of these values tvould not help 
identify a hypothyroid horse In the general population. 

Other Alterations of Thyroid Function 

Certain diugs, diets, physiologic, or pathologic stales can alter 
thyroid hormone synthesis, metabolism, or binding resulting 
in altered serum concentrations of thyroid hormones. For 
example, fasting lowers circulating concentrations of thyroid 
hormones in many species studied, Including the horse. 137 
Phenylbutazone or dexamethasone administration, strenuous 
exercise, and diets high in energy, protein, zinc, and copper 
have also been shown to alter circulating concentrations of 
thyroid hormones in horses.* 3 - 105 

Nontiiyroidal Illness Syndrome 

Nonthyroidal III ness syndrome has been described in humans, 
dogs, and cals with systemic illnesses but has not been studied 
extensively in horses. A preliminary report by the author sug¬ 
gests nonthyroidal illness syndrome Is similar in horses com¬ 
pared with other species. 106 In humans, milder forms of 
illness result In decreases Ln serum concentrations of Tj, w r lth 
Tj remaining within the normal range or slightly decreased. 
As nonthyroidal illness becomes more severe, total T 4 
decreases, and eventually freeTj also begins to decrease. The 
magnitude of thyroid hormone suppression has been corre¬ 
lated to severity of disease and mortality. mT - J 09 Mechanisms 
by which thyroid hormones decrease during Illness include 
decreased peripheral conversion ofT 4 toT 3 by T-deiodlnase, 
altered binding to serum carrier proteins, and hypotbalamlc- 
pllui tary dysregu I ation or suppression. im - 113 

Fescue Ingestion 

Tall fescue (Festuca anmdinacxae) is a perennial grass that Is 
growm commonly In the Southeast because it is relatively 
easy to establish, has a long growing season, and has good 
disease and drought resistance, which allows it to survive 
hot, humid summers. Various reproductive problems have 
been described in maxes consuming fescue that have been 
shown to be caused by alkaloids produced hy an endophytic 
fungus (■VenJyp/wdjjmi cuenopMtilunaJ that lives symbolically 
on file fescue plant. r rbese alkaloids act as a dopamine ago¬ 
nist (for a recent review, see Evans], LN Because TS.H release 
from the pituitary is inhibited by dopamine, 115 It has been 
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suggested that fescue consumption could lead to secondary 
hvpolbyroldLsm. Fescue ingestion was proposed as the cause 
oilower serum TSII concentrations in mares and foals con¬ 
suming endophyte-infecled fescue on a centra] Kentucky 
farm, compared with neighboring mares and foals grazing 
mainly endophyte-free fescue pastures. 116 However, when 
adult, non pregnant horses were fed endophyte-Infected fes¬ 
cue seed for 2 months there was no differences in baseline 
concentrations of thyroid hormones, TSH, or responses to 
administration of TRH. 117 It appears that dopamine acts 
more as an acute modulator or TS1 [ secretion, rather than 
as the prim ary control. In humans, although acute dopamine 
blockade results in increased TSM secretion and increased cir¬ 
culating thyroid hormones, chronic administration does not 
cause long-term alterations In thyroid hormone status. 115 
I’herefore it Is likely that compensatory mechanisms override 
any dopaminergic effect of chronic fescue Ingestion in the 
horse. 

Syndromes Historically Associated 
with Hypothyroidism 

OBESITY. As mentioned earlier, horses thalg^iin weight eas¬ 
ily and have a lendencv to deposit fat in the crest of the neck, 
over the rump and taifhead, or In the sheath have long been 
regarded as hypothyroid. It is now known that these horses 
are likely to have normal thyroid function and to be insulin 
resistant. Anecdotally, thyroid hormone administration to 
these horses usually does not result in weight loss. This Is espe¬ 
cially true if feed consumption is not restricted and if the 
amount of thyroid hormone supplementation Is titrated to 
maintain serum thyroid hormone concentrations in the nor¬ 
mal reference range. However, because thyroid hormone sup¬ 
plementation decreases blood lipid concentrations and 
improves insulin sensitivity and disposal in normal horses, 113 
it is possible that thyroid hormone supplementation may be 
useful to help obese horses with metabolic syndrome lose 
weight. If thyroid hormones are given for this purpose, it is 
important to understand that they are being used as a pharma¬ 
cologic tool for a short period of time, and lifelong administra¬ 
tion is not Indicated. When thyroid hormones are used to help 
obese horses lose weight, it is likely that the amount of hor¬ 
mone given needs to be enough to make the horse mildly 
hyperthyruLd. Feed Intake must also be controlled at 1.5% to 
2% of desired body weight per day of grass hay or other feed 
Lhat is low in soluble carbohydrates. 

LAMUNITIS, A role for decreased thyroid function In the 
pathogenesis of Laminitis is poorly documented and remains 
a controversial topic. Although low serum thyroid hormone 
concentrations have been associated with acute lam In Ills in 
some horses, it is unlikely that decreased thyroid function 
alone causes laminitis. In five studies In which hypothyroid¬ 
ism was induced either by surglca] removal of the thyroid 
glands or by administration of propylthiouracil, laminitis did 
not occur. g -- M I’herefore any alterations In serum thyroid hor¬ 
mone concentrations In horses experiencing laminitis may be 
caused by factors associated with the episode of laminitis, 
rather than being ibe cause of the laminitis Itself Such factors 
cou]d Include drugs used to treat Laminitis [e.g, phenylbuta¬ 
zone], development of nonthyroldal illness syndrome, or a 
direct effect of pro Inflammatory mediators that may contrib¬ 
ute to the onset of laminitis. In the author's experience, TRI1 
stimulation tests performed in a horse that has had an episode 
of laminitis or that has had bouts of recurrent laminitis show 
normal thyroid hormone responses when these tests are 
performed after the horse Is stabilized and has been off all 
medications for 4 weeks. 

Despite evidence of normal thyroid function in horses 
with Laminitis, some veterinary clinicians still believe that 



treatment of horses with iodlnated casein during an acute 
episode of laminitis results in improvement. 'Htese horses 
often are treated without prior measurement of thyroid hor¬ 
mones. Some are treated even when measurement show's 
serum thyroid hormone concentrations to be within the 
normal range. Itiese horses are then often kept on thyroid 
hormone supplementation indefinitely. To date, no con¬ 
trolled studies have been performed to determine whether 
or not administration of Lbyroid hormones during acute 
episodes of Laminitis is beneficial. However, because the 
action of i-adreneigjc agonists on vasculature is usually 
vasodilator,', It Is possible that thyroid hormone adminis¬ 
tration Increases circulation to the foot by its ability to 
potentiate -a-adrenerglc receptor numbers and sensitiv- 
Hy II9-L.2I [i [ & j| so possible that thyroid hormone supple¬ 
mentation alters carbohydrate and fat metabolism In a 
way that increases insulLn sensitivity. 1 lfl Tbus, any beneficial 
effect of thyroid hormone administration in horses with 
Laminitis may be pharmacologic rather than physiologic. 

anhidrosis. Anhidrosis is a condition of adult horses 
characterized by a decreased ability or inability' to sweat In 
response to appropriate stimuli. The cause is unknown. 
Hypothyroidism has long been associated with anhidrosis, 
perhaps' because treatment with Iodlnated casein was 
reported to help increase sweat production In anhldrotlc 
horses In the 195Os. 133 However, the author found lhat base¬ 
line concentrations of thyroid hormones and TSH were nor¬ 
mal In horses with anhidrosis. 135 Thyroid hormone 
responses to TR1 [ w r ere also normal, but I’Sl l responses to 
TRH were significantly greater In anhldrotlc horses than they 
were In horses with normal sweat production, '[he clinical 
significance of this exaggerated l^Sl l response in anhldrotlc 
hotses is unknown. It Is possible that any observed benefit 
of thyroid hormone supplementation Is pharmacologic, 
rather than physiologic as w'as suggested for Laminitis. 
Because equine sweat glands are stimulated to secrete by acti¬ 
vation of Eh-adrenergic receptors and because thyroid hor¬ 
mones modulate adrenergic receptor function, perhaps 
making horses mildly bypertbyroid iatrogenlcally restores 
p-adreneigjc receptor numbers or sensitivity' or potentiates 
sweat responses to whatever neural stimulation remains. 

RHABDOMYOLYSIS. A link between hypothyroidism and 
rbabdomyolysis w r as suggested by a report of muscle stiffness, 
oor performance, and rbabdomyolysis In four thorough- 
red and two standardbred racehorses that had Low r baseline 
Tj concentrations. 124 The hotses improved after administra¬ 
tion of Lodinated casein. However, T 4 response to r fSEI was 
normal In these hones. A subsequent study showed normal 
resting concentrations of l’j but decreased Tj response to 
TRJ L in five horses lhat had previous episodes of rhabdomy¬ 
olysis. 5 25 In a study of 13 quarter horses wiLb polysaccharide 
storage myopathy and 18 thoroughbreds with recunent exer¬ 
tional rhandomyolysis, circulating concentrations of 1\ and 
Tj were within normal range. Stimulation tests w r ere not per¬ 
formed. 3 3 I’herefore a role for hypothyroidism In the patho¬ 
physiology'of equine rhabdomyofysls Is unclear. Because it is 
now known that the clinical syndrome of rbabdomyolysis 
can be caused by more than one underlying pathophysio¬ 
logic entity, it Is possible that hypothyroidism may contrib¬ 
ute to some but not all cases of equine rhabdomyolysis. If 
hypothyroidism Is suspected, thyroid function should be ide¬ 
ally assessed by measuring both resting concentrations of free 
thyroid hormones and response to TRH or TSII. If resting 
concentrations of free thyroid hormones are found to be 
low, nonthyroldal factors should be ruled out before thyroid 
hormone supplementation Is prescribed. 

infertility IN mares. Ihyroid hormone administra¬ 
tion to broodmares has been a fairly common practice, despise 
Lack of evidence that the mares were actually hypothyroid 
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in the first pi ace oi that thyroid hormone supplementation 
improves fertility of horses, litis practice presumably is an 
extrapolation from human medicine,, where hypothyroidism 
in women adversely affects fertility. ] lowever, Lowe and collea¬ 
gues reported that two of three fillies that had undergone thy¬ 
roidectomy became pregnant without thyroid hormone 
supplementation, 132 and Uvo recent publications showed no 
association between thyroid hormone status and conception 
rales. 117 - 123 The first study was performed In 329 clinically 
normal broodmares. 317 Resting serum concentrations were 
beloiv normal In 12% of the mares, normal in S6%, and 
increased in 6%. 'There was no association between serum Tj 
concentration and whether or not the mare was pregnant 15 
to 16 days after ovulation, lltere also was no association 
between whether or not the mare was receiving thyroid 
hormone supplementation (60 were, 269 w r ere not) and 
pregnancy status. In the second study, resting serum concentra¬ 
tions of total X 4 and T 5l as well as their responses to TR E I, ivere 
measured in 79 thoroughbred and standardbred brood¬ 
mares. L3a Resting and stimulated thyroid hormone concentra¬ 
tions were not different between mares that became pregnant 
and mares that did not. 

Although these studies suggest there is no association 
between thyroid status and fertility or Infertility in the mare, 
it Is still possible that hypothyroidism contributes to infer¬ 
tility In a small subset of mares and that this effect Is being 
lost among all the other potential causes of failure to con¬ 
ceive. However, given that true hypothyroidism appears to 
very rare in the horse, this would have to be a very small 
number of mares—certainly not as many mares as are cur¬ 
rently being routinely supplemented. Is there any basis, 
then, to the clinical impression held by some that thyroid 
hormone supplementation helps some mares get pregnant? 
If there is, perhaps it is more related to obesity, [R, and EM5 
than to hypothyroidism. Women with IR and metabolic 
syndrome are subfertile, and there Is evidence that thyroid 
hormone administration to normal-weight mares increases 
insulin sensitivity . 113 llierefore It Is possible that insulln- 
resLstant, overweight mares are subfertile, and thyroid hor¬ 
mone supplementation is beneficial not because the mares 
were hypothyroid but because it improves their insulin 
sensitivity. At the lime of this writing, no studies have been 
performed to examine this hypothesis. 

Assessment of Thyroid Function in Adult Horses 

Because certain drugs and pathophysiologic slates can lower 
serum concentrations of thyroid hormones in otherwise 
euthyroid horses, It Ls important that thyroid function tests 
not be performed while horses are ill, receiving certain 
drugs, or on thyroid hormone supplementation. 'I he author 
recommends that thyroid hormone testing be performed in 
horses that have not received any medications for at least 
2 and preferably 4 w r eeks before testing. If a horse has been 
receiving thyroid hormone supplementation without prior 
documentation of hypothyroidism, the author recommends 
tveaning the horse off supplementation and then testing 
thyroid function once the horse has not received any sup¬ 
plementation for at least 4 weeks. 

Tests that are currently available for assessment of thyroid 
function in the horse include measurement of tola I and free 
fractions of T 4 and and response of these hormones 
to administration of either TRH or TStl. iM - |DD - 1 
Although results of TREI or TSEI stimulation tests are thought 
to provide a better Indication of thyroid status than single- 
point-In-time measurements of thyroid hormone concentra¬ 
tions, these tests are not routinely performed by ambulatory 
clinicians because of the impractlcality of having to take mul¬ 
tiple blood samples over time. In addition, TRH and TSE I 


either are not readily available commercially for sterile, 
single-dose application or are prohibitively expensive. 

for perfoimanceofa stimulation test, a control blood sarn¬ 
ie Ls obtained, TR11 ( I mg to the average 430- to 300-kg 
orse) or TSH (3111) Is given Intravenously [IV}, and sub¬ 
sequent blood samples are obtained. Most references say that 
T.} should double at 2 hours and T 4 should double at 4 Hours. 
The author routinely performs TRH stimulation tests and pre¬ 
fer to measure both Tt and T 4 before and I, 2, and 4 hours after 
TRE I administration, in order to make sure the peaks are not 
missed. In 36 normal horses that participated in various 
studies the author conducted, the mean increase In total T 4 
was 2.2 times at 4 hours. However, the range ivas 1.3 to 3.8 
limes. Increases In free T 4 and free T^ by dialysis [mean and 
range) were 1.7 (1.1 to 2.1) limes and 1.8 (1.1 to 2.S) times 
at 4 hours, respectively. Increases in total and freeT-j (mean 
and range) tvene 3 ( LI to 10.3] times and 4.2 (1 to 33) times 
at 2 hours, respectively. Itiese seemingly Lower thyroid hor¬ 
mone responses to TRE I injection are in agreement with find¬ 
ings in a receni report of Levothyroxlne administration to 
normal horses. 113 Closer examination of the data from the 
author's horses revealed that Ln general the few Individuals 
wLth small increases In T 4 orT] either started with higHer rest¬ 
ing values or had peaks that occurred later (T 4 ) or earlier (Tj) 
than 4 or 2 hours. Individuals wish lower T 4 responses in gen¬ 
eral were not the same individuals with lower Tj responses. 
I’herefore one must be careful when interpreting results of a 
TRE I stimulation lest. Fa Liu re of T 3 to double by 2 hours or 
T 4 to double by 4 hours after TRI ] Injection does hot necessar¬ 
ily mean that the horse is hypothvrold. Individuals with high 
responses tended to be Individuals wish very low resting thy¬ 
roid hormone concentrations. 

If single-point-Ln-t I me measurement of thyroid hormones 
is the only option available for evaluation of thyroid status, 
measurement of free fractions of thyroid hormones (alone 
or in con | unction with measurement of total amounts of hor¬ 
mone) provides more useful information than measurement 
of tola I amounts of thyroid hormones alone. Measurement of 
serum TSE I concentration Ln single samples will likely aid 
diagnosis of thyroid status once a TSE I assay for the Horse 
becomes commercially available. 

During Illness Ln humans, measurement of serum free T 4 
by direct methods often underestimates values w r ben com¬ 
pared with measurements of freeT 4 after dialysis or ultraflltra- 
lion. J34 - ]3B This also appears to be the case In dogs m and 
horses. 106 Therefore serum concentrations of free Tj measured 
by equilibrium dialysis are more iLkely to reflect true thyroid 
status in 111 horses, compared with other methods of freeT 4 
measurement. Measurement of fT 4 D instead of fl’ 4 may help 
prevent equine clinicians from misdiagnosing 111 horses as 
being hypothyroid. 

Treatment of Hypothyroidism in Adult Horses 

Management of horses that have been properly diagnosed 
as being hypothyroid or horses that have undergone thy¬ 
roidectomy theoretically should be fairly straightforward. 
Serum thyroid hormone concentrations should be moni¬ 
tored and dosages of thyroid hormone supplementation 
adjusted to maintain serum thyroid hormones In the nor¬ 
mal range. This is not necessarily as simple as it sounds. 
T 4 Is the most common form of thyroid hormone supple¬ 
mentation. T 4 administration increases serum concentra¬ 
tions of Tj; however, serum concentrations ofT^ may not 
change or may actually decrease Lf T, is not also given or 
if the horse Ls not truly hypothyroid, in addition, T 4 dosage 
recommendations have been made based on thyroid hor¬ 
mone concentrations obtained after thyroid administration 
to normal horses with Intact thyroid glands. UiJ iTiyroid 
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hormone pharmacokinetics may be different in truly hypo- 
ihyrold horses; pharmacokinetic studies in horses made 
hypothyroid by thyroidectomy oi by administration of anti¬ 
thyroid drugs would be useful. Until such studies are 
performed, the following recommendations can be made. 
Tj is available In several forms, lodlnated casein contains 
approximately L% T 4 and is given at 5 to 15 g/horse/day 
by mouth [FG]. SI The recommended starting dose of 
levolbyroxine was 20 g/kg/day PG,- 92 - 1 ^ but a more recent 
study suggested that doses as high as SO to 100 g/kg/day 
are well tolerated and may be necessary. IV * If a sensitive 
'l^SEI assay becomes commercially available, dosages should 
be adjusted to normalize TOEi. 

THYROID FUNCTION IN NORMAL 
NEONATAL FOALS 

Fetal concentrations of Tj and cortisol are low. 14 J In many 
species fetal serum thyroid hormones Increase just before 
birth and probably play a role in the rapid growth and 
organ system development that occur In late gestation. Nor¬ 
mal neonatal foals nave serum concentrations of thyroid 
hormones that are approximately 10 times adult concentra¬ 
tions. 14 I’hyroid hormones remain very high during the 
first week of life, then slowly decline, reaching normal adult 
concentrations by approximately I month of age. These 
high concentrations of thyroid hormones are thought to 
be important In maintaining thermoeenesls, regulation of 
cell differentia lion, and maturation of many body systems, 
especially the respiratory, nervous, and musculoskeletal sys¬ 
tems. Thyroid hormones increase thermogenesls by increas¬ 
ing metabolic rate and, of particular relevance to the 
neonate, increasing heat production from brown fat. 145 
I’hyroid hormones also stimulate lung development and 
surfactant production, and these effects are potentiated by 
concurrent administration of glucocorticoids. 146 Skeletal 
growth and maturation are stimulated synergetically by thy¬ 
roid liormones and growth hormone (GH). 347 The mechan¬ 
isms by which thyroid hormones are Increased In the 
perlpartum period are unknown. One might expect the 
increase to be centrally driven. I lowever, in a study the author 
recently completed, J14 serum TSH concentrations were not 
increased in equine neonates compared with adults, nor did 
they change over the first month of life while serum thyroid 
hormone concentrations were declining. 

Thyroid Function in Premature Foals 

Premature human infants experience transient hypothyroxi- 
nemla, with serum T 4 concentrations correlated to gesta¬ 
tional age. 34B - ]SI [n a study recently conducted by the 
author, seium concentrations of thyroid hormones and 
T’SE B at rest and in response to TR11 were measured In foals 
60 determine the possLble contributions of an immature 
hypothalamic-pituitary axis and nontbyroidal illness to thy¬ 
roid function. Itiree groups of foals were examined: (1) 
normal, healthy neonatal foals that were full term and not 
receiving any medications [normal foals): (2) premature 
neonatal foals (premature foals): and (3) full-term neonatal 
foals that were hospitalized for conditions similar to those 
encountered In premature foals {sick foals). 144 Both sick and 
premature foals received medications routinely used to treat 
their conditions, which Included [but were not limited to) 
failure of passive transfer, sepsis, and perinatal asphyxia syn¬ 
drome. Blood samples were collected for measurement of 
baseline concentrations of total and free thyroid hormones 
and T5EI at predetermined ages. TRI1 stimulation tests w r ere 
erformed In foals at less than 3 days of age. Premature foals 
ad significantly lower serum concentrations of total and 



free fractions of thyroid hormones than normal foals. Base¬ 
line serum concentrations of l^SH were not different, but 
TSH responses to TFLH w r ere exaggerated in premature foals 
compared wish normal foals. Seium concentrations of Tj 
and T5EI were similar in sick full-term foals and premature 
foals, but serum concentrations of Tj in sick full-term foals 
w r ere Intermediate between those of premature and normal 
foals. These results suggest that sick foals experience nonlbyr- 
oldal illness syndrome, primarily a lowT 3 state. The effects of 
drugs commonly used to treat 111 foals on seium thyroid hor¬ 
mone concentrations In the premature and sick foals in this 
study were not examined. More profound alterations in thy¬ 
roid function In premature foals compared with sick full-term, 
foals may be caused by an Immature hypotbalamic-pltuitary- 
thyrold axis. It remains to be seen whether early thyroid hor¬ 
mone supplementation In premature foals might improve 
short-term survivability and preserve long-term athletic func¬ 
tion. Traditional thought has been that administration of 
thyroid hormones to patients with nontbyroidal Illness 
syndrome Is not beneficial and might even be detrimental. 
However, these beliefs have recently been challenged, lOTi 130 
and the Issue remains controversial. Although results are 
variable, treatment of premature human Infants with 1’ 4 has 
resulted In Improved IQ and neurologic development at 2 years 
of age, 14334 ' 1 andT^ administration to human neonates with 
severe respiratory distress syndrome has been shown to 
Improve survival . 1,52 

Congenital Hypothyroidism in Foals 

lV.ro syndromes of congenital hypothyroidism have been 
described In foals. Hypothyroid foals with visible goiters 
have been produced by mares ingesting either loo much or 
too little iodine and by mares ingesting goitrogenic 
plants. 15 - 3 - 155 These foals are born weak, with poor sucking 
and righting reflexes, hypothermia, and developmental 
abnormalities of the musculoskeletal system, including ten¬ 
don contracture or rupture and delayed bone development, 
particularly of the small cuboidal bones of the carpus and tar¬ 
sus. Thyroid hormone supplementation to more severely 
affected foals may Improve survivability, but dosage recom¬ 
mendations are scarce. Irvine recommends basing the dose 
on secretion rate. 147 For oral administration ofT 4 , this would 
equal 10 x 0.22 x kilograms of body weight x O.OS x plasma 
Tj (g/L). Itiis calculates to approximately 2.5 mg/d ay TO for 
a I - to 3-day-old 50-kg foal. Because there Is a time delay for 
Tj to act and because T 3 Is more active thanTj, T 3 supplemen¬ 
tation alone third the calculatedT^ dose may provide more 
benefit initially. 

A second syndrome of congenital hypothyroidism has 
been described in foals, primarily in the western parts of 
the United Stales and Canada. 156-330 r rhls syndrome is char¬ 
acterized by thyroid gland hyperplasia, increased gestational 
Length, and musculoskeletal abnormalities, including man¬ 
dibular prognathia, flexural limb deformities of the front 
Legs, ruptured digital extensor tendons, and Incomplete ossi¬ 
fication of the caipal and tarsal bones. Despite the prolonged 
gestation, other Indicators of prematurity may be present 
such as a silky hair coat. At the time of birth, baseline serum 
concentrations ofT^ and T 3 are usually within the normal 
neonatal ranges, but the response to 'TSH administration is 
decreased. 131 The cause is unknown but suspected to be a 
dietary deficiency or toxicLly of the mare during gestation. 
Likely candidates include nitrate, low Iodine, low selenium, 
or goitrogenic plant Ingestion by the mate. 359 361 Because 
thvroid hormone concentrations are normal at the lime 
of birth, thyroid hormone supplementation Is usually not 
administered. Supportive care to try to prevent collapse of 
the carpal and tarsal bones is recommended. 
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EQUINE MET ABOLIC SYNDROME 

|W :j JUfAS FHAJVJt 

Dcfimliotis. Equine metabolic syndrome [EMS) Is char¬ 
acterized by obesity or regional adiposity, IR, and subcllnical 
or clinical JamLnitls. Regional adiposity occurs in the form of 
adipose tissue accumulation in the neck or lallhead region, 
and subdlnical Laminltis is detected by the presence of abnor¬ 
mal growth rings [also called founder /frrei) on ihe hooves. 
The term equine jneJiitoifr jpufrwne has been adopted because 
IR and regional adiposity are components of metabolic syn¬ 
drome in humans. However, EMS is unique to this species 
because other components of metabolic syndrome. Includ¬ 
ing abdominal adiposity, hypertension, and microaihumine- 
mla, have not been detected In horses.The term 
prehijnrnitic metabolic syndrome- {PLUS) has also been Intro¬ 
duced to describe ponies at risk for developing pasture- 
associated iaminitls because of IRA 64 ibis Is somet imes referred 
to as endoainopiithk laminins because of its association with 
IR in horees and ponies. 

Obesity is defined as an Increase in body weight because of 
excessive fat accumulation within die body. When die body 
condition score (BCS) system developed by Henneke and col¬ 
leagues 11111 is applied, obesity Is defined by a BCS >7 on a I 
{poor) to 9 [extremely fat)_scale. Obesity and IRare associated 
in horses and ponies. iiMr - lc " Insulin rasisEdrrce refers to the failure 
of insulin-sensitive tissues to respond to insulin. Skeletal mus¬ 
cle. adipose, and Liver tissues are primarily affected because they 
are the primary sites for Insulin-mediated glucose disposal. 
Hyperinsulinemia Is a feature of compensated ]R, whereas 
uncompensated IRoccurs when beta-cell insufficiency {pancre¬ 
atic failure) develops. Compensated IR is more common in 
horses and ponies, but uncompensated IR sometimes accom¬ 
panies advanced PPID. Type 2 diabetes mellltus occurs when 
hyperglycemia develops as a result of uncompensated [R. Dj'u- 
beles actually refers to excessive production of urine (polyuria), 
which is caused by glucosurta In the case of diabetes mellltus. 
There has been a recent report of diabetes mellitus In a Spanish 
.Mustang, i6S but this condition is rare in horses. 

trtolcijy, Genetic predisposition plays an Important role 
in the development of obesity and [R in horses. Ponies tend 
to be more insulin resistant than horses , lh ~ and certain 
breeds of horse including Morgan horses, Arabians, and Nor¬ 
wegian Epords appear to more predisposed to obesity and 
IR. I<S2 - Jfi6 Horses with thts predisposition are sometimes 
referred to as "easy keepers”' because they require fewer cal¬ 
ories to maintain body weight. Environmental factors Includ¬ 
ing diet and exercise are also Jlkely to play Important roles In 
the development of obesity and IR in horses, feeding concen¬ 
trates to a susceptible animal Is often enough to Induce obe¬ 
sity and the grass consumed on pasture can be a significant 
source of calories. Carbohydrate Intake cm pasture Is Influ¬ 
enced by grazing lime, the area grazed, and the water-soluble 
carbohydrate (WSC) and starch content of pasture grasses. 
Amounts of these carbohydrates vary considerably by geo¬ 
graphic location, climate, soil quality, and season. 16 - Exercise 
increases insulin sensitivity in humans and horses, so more 
sedentary horses may be more susceptible to obesity. L7<} ' L71 
EMS affects aduit horses, and most affected animals are over 
5 years of age. There Is no identifiable sex predilection. 

CfirrtCLif Signs and Lxfferential Diagnoses. Obesity Is 
detected on physical examination of the horse and applica¬ 
tion of a BCS system. A mare with EMS Is shown in 
IMg. 41-10. Regional adiposity Is commonly detected In 
horses with IR, and mean neck circumference has been nega¬ 
tively correlated with Insulin sensitivity in obese horses 


with JR. IC6 The technique for measuring mean neck circum¬ 
ference is presented in fig. 41-S1 Expansion of adipose tis¬ 
sues within the neck is commonly referred to as a “cresty 
neck,”' and with the exception of stallions this finding is sug¬ 
gestive of IR In horses. Enlarged fat deposits may also be 
found close to the tallhead, within the sheath, or randomly 
distributed as subcutaneous swellings. Abnormal hit deposits 
may also develop in older horses with PFTD but are usually 
accompanied by hirsutism, loss of skeletal muscle mass, poly¬ 
uria, or polydipsia. 17 -1 Corses with EMS commonly have !am- 
iniEls, which is delected by observing the horse's gait or 
applying hoof testers to the feel. Some horses do not show 
signs oHaminitis on physical examination but have a history 
of previous disease. Others have abnormal growlh rings 
(founder lines) or radiographic evidence of third-phalanx 
rotation or sinking. IR predisposes ponies to pasture-asso¬ 
ciated laminltis. 164 and there is anecdotal evidence to suggest 
Lh.il the same association exists in horses. 


II Clinical t M athotagy. Complete blood count and serum 
biochemical analysis results a re usually unremarkable, except 



FIG. 41-10 7 -year-Did Mordvin horse cross-bred marc wills equine 

niL'ljbolic syndroma 1 



FIG. 4 I-I I la A procedure used 10 tne.mirc mean □t'rk riiturnEcicricc in 
horses, .j - iJ.^S of kin: distance Irani poll lo withers.: Ai ■ Cl. 5 U ol die distance 
I rum poll lu wiLlicrv l - U.7'5 ol ltiu distant? hum poll Lo withers, 
iLined wish permission frirni iJll ftiiirnirJ of (Sri- Ammwjn i VJroniT.rj' XtferJrhiJ 
.Usi.L-i,dii.n 22B:13^:t, 
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blood glucose concentrations are sometimes toward the 
upper end of the reference range. Hyperglycemia is more 
commonly detected In ponies. It occasionally occurs In 
horses with PHD and may be accompanied by mature neu¬ 
trophilia wish lymphopenia. Elevated serum triglyceride con¬ 
centrations may be detected in ponies 16 * or horses 166 with 
obesity and IR, but this finding is Inconsistent In our experi¬ 
ence. Plasma concentrations of VLDL and hlgh-density lipo¬ 
protein cholesterol (EIDL-C) are significantly higher in 
obese horses with 1R, but these measurements are not readily 
available. 166 

Low resting total triiodothyronine {iTO or total thyrox¬ 
ine (iTj) concentrations are sometimes detected in obese 
horses with ER, but the significance of this finding has been 
overstated in the past. It is a common misconception that 
obese horses have hypothyroidism because obesity Is asso¬ 
ciated with hypothyroidism In dogs and humans. Mow r ever, 
advanced testing rarely supports a diagnosis of hypothyroid¬ 
ism In horses with ElUS. Serum thyroid hormone concentra¬ 
tions rise appropriately when TRH is injected Intravenously, 
indicating that (be hypothalamic-pituitary gland-thyroid 
gland axis Is functioning normally. It is therefore likely that 
serum thyroid concentrations reflect responses to extfathy- 
roldal changes In metabolism. Breuhaus and co-workers 173 
recently detected markedly lower serum tl’j and freeT* con¬ 
centrations in horses with systemic illness, and these values 
were below the reference ranges used by most laboratories. 
Results of that study Illustrate (hat extra thyroidal factors 
lower serum thyroid hormone concentrations, which may 
lead to (be Incorrect diagnosis of primary hypothyroidism. 
Phenylbutazone also significantly lowers serum tTj concen¬ 
trations In horses, and this drug is commonly used to treat 
lamlnitis in horses with EMS. LT ^ 


II Diagnostic Itertfirg. Horses can be screened for IR by 
measuring resting seium insulin concentrations. Results 
should be Interpreted using the reference range provided 
by the laboratory. In our laboratory a resting serum Insulin 
concentration above 20 pU/mL is suggestive of IR, and a 
concentration above 30pU/mL defines hyperlnsullnemia. 
Resting serum insulin concentrations can be measured to 
screen horses for [R and assess responses to diet or exercise, 
but it should be recognized that ibis diagnostic lest does not 
detect uncompensated IR. Crass consumed on pasture and 
concentrates can potentially elevate serum Insulin concen¬ 
trations, so it Is Important'to remove horses from pasture 
and feed only grass hay for a minimum of 24 hours (and 
ideally 72 hours) before collecting blood samples. 

l\vo proxies have recently been established to provide 
measures of Insulin sensitivity and pancreatic beta-cell func¬ 
tion In horses and ponies. 3 ™ The reciprocal of the square 
root of Insulin (RESQ!) measurement uses the resting serum 
Insulin concentration and provides a measure of Insulin 
sensitivity, whereas serum concentrations of both glucose 
and insulin are used to calculate the modified Lnsulln-lo- 
lucose ratio (IdIRC), which represents the pancreatic 
eta-cell response. Horses w r lth compensated IR have a low 
R1SQI and high M1RG, whereas both (he RISQ1 and M1RG 
are low in horses with uncompensated IR. 

lltecombined glucose-insulin test (CGIT) Isa useful field 
test for detecting IR In horses. 166 This test involves collection 
of a baseline blood sample followed by Intravenous Infusion 
of 150 mg of 50% dextrose solution per kilogram of body 
weight, then immediately by 0.10 unit of regular Insulin 
per kilogram of body weight. 176 Blood samples are collected 
at I, 5, 15, 25, 35, 45, SO, 75, 90, 105, 120, 135, and 150 
minutes post Infusion. When the CG1T is used, [R is defined 
as maintenance of blood glucose concentrations {measured 


r 300 



i-<-1-1-1-i-p-1-1-1-1- o 


o 15 m 45 eo 75 so i» iw 135 isd 
Time (min) 

FIG. 41-12 Cl HJckxJ pjIurusK (.njntienNrjtions duiin^ Uitr mmbinud 
in.MJ.lin. cl'sL (DC IT) in a rujcrobraif mixEdJbreed Iiekth - friauJiiYf rirzej 

and jh ubrar insulin-res issLnn L horse mart? fWid JrircJ. The horbttMi- 

4ill lint? represent 4ht? appruxiiruite ba^trline p];Lsma conrtmtraLion, 

and the arrow indknttrs the Li me jxHni (>15 minuNea pusLinjerLion ) seLtrtird 
4o define insulin resistnnrif when the CCtl ii Lin'd, tiloud rminmLnrljmis 
remain aJbuve Lhe baseline value lor >1.5 mimries ui longer LI Lhe humr is 
icuulin rtrsi^miL 

with a band-held glucose meter) above the baseline (pree¬ 
lection) value for 45 minutes or longer (Fig. 41-12). The 
test can be abbreviated to SO minutes when used In the 
field, but it is advisable to complete the measurements so 
that the time taken for the blood concentration to return 
to baseline can be recorded for future reference. This allows 
responses to diet, exercise, or medications to be assessed. 
Itiere is a small risk of inducing hypoglycemia when this 
test is performed, so two CO-mL syringes containing 50% 
dextrose should be kept on band and administered if mus¬ 
cle fasciculations or profound weakness are observed or If 
the blood glucose concentration drops below 40 mg/dL. 
Note that stress is an Important cause of transient IR (hat 
can significantly affect CGIT results. In one study, IR was 
detected In healthy nonobese horses when CG1T proce¬ 
dures were performed immediately after endoscopic exami¬ 
nations. 176 Horses must therefore remain calm before and 
during the procedure to avoid false-positive results. An 
Intravenous catheter should ideally be placed the night 
before testing to minimize stress. Because pain affects 
results, horses with acute I a mi nit Is must be given time to 
recover before testing Is performed. Feed deprivation also 
causes stress, so horses are permitted to eat grass hay during 
the testing procedure. 

Pdthophpiobgf. Relationships among obesity, [R, and 
I a min Ills In horses are complex. It Is likely that certain horses 
are genetically predisposed to obesity and [R and these ani¬ 
mals are recognized by their owners as easy keepers. Adipose 
tissues expand as obesity develops, through an increase In 
adipocyte size (hypertrophy) or number (hyperplasia). This 
appears as generalized obesity and/or regional adiposity, 
and either may be accompanied by IR. In horses, regional 
adiposity increases the size of adipose tissues within the 
nuchal crest, and neck circumference has been negatively 
correlated with Insulin sensitivity In obese insulin-resistant 
horses. 166 Fat thickness over the rump_has also been used 
as a measure of body fat mass I n horses, L , ' 7 and some affected 
animals develop pronounced fat pads In this area. It has been 
suggested that visceral adipose tissues play an Important role 
in the development of IR because expansion of visceral fat 
depots Is a feature of metabolic syndrome In humans. This 
synd ro me is caused by i ncreased J1 ff- H SD activity and exces¬ 
sive local cortisol production within visceral adipose tis¬ 
sues. 162 1 lowever, Insulin sensitivity has not been correlated 
with visceral fat mass Ln horses, and no evidence presented 
to date has supported an association between [R and altered 
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1 lfMHSD activity in this species. Regional adiposity may sim¬ 
ply reflect an altered metabolic state In IR horses. 

Elorses that are evolution a rlly adapted to sparse forages 
and harsher conditions may be predisposed to obesltv 
because lipid accumulates more readily when excessive cal¬ 
ories are provided in the diet. A state of overnutrition may 
be Induced when genetically predisposed horses are turned 
out on lush pastures. The natural equine diet contains little 
fat, but excess glucose can be converted Into fat via de novo 
llpogenesls. Fals are used for eneigy or stored as triglyceride 
within cells. When the storage capacity of adipose tissues Is 
exceeded, fats are directed, toward nonadlpose tissues 
{reparlitioning). Skeletal muscle, liver, and pancreatic tis¬ 
sues attempt to use fals by increasing beta oxidation, but 
lipid can accumulate within these tissues and alter normal 
cellular functions. This pathophysiologic condition Is some¬ 
times referred to as h'potoxicity, 176 Reactive oxygen species 
are also generated as oxidative pathways are upregulated. 
Oxidant damage contributes to llpotoxlcity and llpld- 
induced programmed cell death (lipoapoptosis). Inflamma¬ 
tion accompanies these evenis, resulting in the release of 
TNF-a and 11-6 from adipose tissues. Adipocytes can also 
release pro Inflammatory cytokines referred to "as tiiltpohitias. 
that act locally or enter the blood. IR develops when these 
events affect Insulln-sensltlve adipose, liver, and skeletal 
muscle tissues. Insulin receptors or their downstream signal¬ 
ing pathways are disrupted, which lowers insulin sensitivity. 
.More Insulin Is released from the pancreatic beta cells to 
compensate for the reduction In insulin sensitivity, tvhich 
results In compensatory hyperinsullnemla. 

Associations between la min Ills and insulin sensitivity 
require further study, but results of in vitro studies suggest 
that equine hoof keratinocytes have a high requirement 
for glucose and dermoepldermal attachments are weakened 
when the availability of glucose is reduced. I7g - 130 IR is also 
likely to affect vascular dynamics within the fool because 
insulin serves as a slow vasodilator and recruits capillaries 
to the local circulation. LtL Insulin stimulates the release 
of (he vasodilator nitric oxide from vascular endothelial 
cells, and this process is Inhibited tvhen IR develops. 13 ' It 
is therefore conceivable that dietary exacerbation of IR, 
including intracellular lipid accumulation and the genera¬ 
tion of inflammatory mediators, causes parallel impairment 
of metabolic and vascular responses, which significantly 
reduces nutrient delivery to hoof tissues. 


II AtonflgfHicnf. r rbe principal components of manage¬ 
ment are exercise and diet. 1 torses that are free of overt lam- 
in Ills should be ridden or exercised on a lunge line each 
day. Although lamlnitic horses should not be exercised dur¬ 
ing the acute phase of the disease, hand walking may be 
beneficial once the condition stabilizes. 

Weight loss should be induced in obese horses by restrict¬ 
ing the total number of calories consumed. In horses that are 
being overfed, removal of all concentrates from the diet Is 
often sufficient to achieve the Ideal body weight Total calo¬ 
ric intake should Initially be met by feeding grass hay exclu¬ 
sively in amounts equivalent to 1.5% to 2% of current 
body weight (e.g., IS to 24 lb of grass hay per day for a 
1200-lb horse). If (he horse does not lose weight, the amount 
fed should be lowered over several weeks to L.5% of Ideal 
body weight (e.g., 15 lb of grass hay for an ideal weight of 
1000 lb). These strategies are effective for horses kept in stalls 
or dirt paddocks, but weight loss Is more difficult to achieve 
when horses are grazing on pasture. Strategies for limiting 
grass consumption on pasture include shortened turnout 
time, confinement to a small paddock, round pen, or area 
enclosed with electric fence, or use of a grazing muzzle. 


When managing horses with EMS, close attention must be 
paid to the amount of suftir consumed in the diet. Concen¬ 
trates such as sweet feed should be eliminated altogether 
because they tend to be rich in readily available sugar. How¬ 
ever, forages can also be a concern if they contain large 
amounts of hydrolyzable carbohydrate in the form of starch 
or fermentable carbohydrate such as fructans, which are 
polymers of fructose . J81 Elay samples should be submitted 
to a forage laboratory for analysis. Laboratories provide 
values for WSC {simple sugars and fructans) and starch or 
collectively report these components as nonstructural carbo¬ 
hydrate {NSC). Structural carbohydrates include cellulose 
and lignin, which are measured as neutral detergent fiber 
(NDF).Insulin-resistant horses should ideally be fed grass 
hay containing less than 12% NSC, and clients should be 
encouraged to analyze each batch of bay before purchasing. 
If hay ivith a higher NSC content must be fed, soaking in 
water for 30 minutes will leach out some soluble sugars. 135 
Pasture grass also provides large quantities of NSC that can 
exacerbate IR and Increase the likelihood of I a mi nit Is. 164 
Grass growing on pasture varies in NSC content according 
to location, soil type, rainfall, season, and time of day. 16 ^ 
it is therefore advisable to restrict or eliminate access to pas¬ 
ture when managing horses with EMS. If grazing Is permit¬ 
ted, pasture grass samples should Ideally be collected from 
different pastures at various limes of the year to determine 
the best location and safest lime for grilling affected horses. 

Insulin-resistant horses that exhibit regional adiposity 
but have a thinner overall body condition are more difficult 
to manage because additional calories must be provided 
without exacerbating [R. Some of these horses are affected 
by PP1D, and others have lost weight through regular exer¬ 
cise but remain insulin resistant. Diets rich In fat and fiber 
increase insulin sensitivity In horses, whereas feeds rich in 
starch and sugar have She opposite effect. 11 * 1 It is therefore 
advisable to select low-sugar feeds such as molasses-free 
beet pulp and add vegetable oil to provide additional cal¬ 
ories. Commercial feeds containing more fat and fiber are 
also available, and these feeds may be appropriate for thin¬ 
ner horses with IR. However, these feeds are not recom¬ 
mended for obese horses: these animals require only grass 
hay and an appropriate vitamin and mineral supplement. 

Some horses with EMS that have repeated episodes of 
lamlnitis must be removed from pasture altogether. These 
horses should be kept In dirt paddocks and fed only grass 
hay and a vitamin and mineral supplement. After tvelght 
loss has been achieved, reintroduction to pasture can be 
attempted. Elowever, some horses are so sensitive to altera¬ 
tions in pasture nutrient content that they must be held off 
pasture permanently In order to avoid pasture-associated 
lamlnitis. Grazing In the early morning is likely to be safer 
for horses with IR, except after a hard frost, when grasses 
rapidly accumulate sugars. 3 

Levolhyroxine sodium can be administered to accelerate 
weight loss when treating an obese horse that cannot be 
exercised, when obesity persists despite dietary interventions, 
or if the horse has repealed episodes of lamlnUls. It has previ¬ 
ously been demonstrated that levolhyroxine sodium (Thyra-L 
Lloyd, 3nc., Shenandoah, Iowa) Low r ers body weight and 
improves insulin sensitivity In horses. Lfet Levolhyroxine can 
be administered orally or in the feed at a dose of 4 tsp 
(4fi mg) per day until the Ideal body weight Is achieved or 
for up to 6 months. When treatment Is discontinued, the 
dosage should be lowered to 2 tsp (24 mg)/day for 2 weeks 
and then l tsp {12mg)/day for 2 weeks. Health problems 
have not been associated with the administration of levothy- 
roxlne to horses for 12 months, but the 4 tsp (4& mg)/day 
dose should not be exceeded, and treatment at this higher 
dose should not extend beyond 6 months, in the past, 
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levothyroxine has b«n Inappropriately prescribed to horses 
for extended or lifelong treatment of hypothyroidism. As 
described here. levothyroxine is used for a defined period of 
time to Induce weight loss presumably by Increasing basal met¬ 
abolic rate. 

Numerous other treatments have been proposed for the 
management of II? in horses Including magnesium supplemen¬ 
tation. chromium,*^ deribtiterolr^ and cinnamon, liach of 
these therapies may be of benefit, but further studies are 
required to establish their efficacy in the management of EMS. 


PARATHYROID GLAND AND 
CALCIUM DY SREG ULATION 

RAMIKU IL TDfiiBJD 

CALCIUM 

Calcium is the fifth most abundant element in the body, 
representing approximately L5% of the body weight. Phys¬ 
iologic functions such as muscle contraction, hormone 
secretion, enzyme activation, cell division, cell membrane 
stability, neuromuscular excitability, and blood coagulation 
are calcium-dependent. s&? Processes that result In cell Injury 
and death such as free radical production, cytokine release, 
protease activation, vasoconstriction, and apoptosis also 
depend on calcium. 

Calcium has structural and nonslructural functions, and 
It Is found In three main compartments: the skeleton, soft 
tissues, and extracellular fluid. The skeleton contains 
approximately 99% of the total body calcium (and 80% of 
phosphorus) as hydroxyapatite (Ca io>[POj |^|OH|j>J In a cal¬ 
cium: phosphorus ratio of 2:1. As part of the skeleton, 
calcium provides support against gravity, protects vital Inter¬ 
nal organs, and houses blood-forming elements. The skele¬ 
ton also acts as a reservoir for calcium. The nonstruclural 
functions are related to calcium as a regulatory ion. The 
remaining calcium is present In the cell membrane, 


mitochondria, endoplasmic reticulum, and extracellular 
fluid. 145 In blood, most calcium is in plasma In a free or ion¬ 
ized form {approximately 55%), bound to proteins {approxi¬ 
mately -10%), and completed to anions such as citrate, 
bicarbonate, phosphate, and lactate (approximately 5%) 
[ Fig. A I -13). ] ® n - 3 s1 1 n horses, semm Lon tzed calclu rn repiesent 
,5 0% to 5 5 % of the lota I serum calc! u in. 1 ,J 1 - 1 iy5 F ree, u nbou nd, 
or Ionized calcium (Ca 2 ■) is the biologically active form of cal¬ 
cium. Of the protein-bound calcium, approximately 80% is 
associated with albumin and 20% with globulins. Calcium 
binds to negatively charged or anionic proteins. litis affinity 
Ls pi l dependent. During acidosis, increased H' concentra¬ 
tions decrease Ca 2 ■ binding to anions, resulting In Increased 
plasma Ca 2 concentrations. Alkalosis lowers Ca- concentra¬ 
tions, llypoalbuminemla results in total hypocalcemia 
(pseudohypocalcemia), with Ca 2 ' concentrations remaining 
within the normal range. 

Calcium and phosphorus requirements in horses depend 
on age, physiol ogic status, and amount of work or exercise per¬ 
formed (Table 41-1). Serum Ca 2 - concentrations are not a 
reliable indicator of dietary calcium intake. An acceptable diet 
for horses must have 0.15% to 1.5% of calcium and 0.15% to 
0.6% of phosphorus in feed dry matter (Box 41 -1). A calcium: 
phosphorus ratio less than 1:1 can have negative effects on 
calcium absoipllon and skeletal development however, a cal¬ 
cium phosphorus ratio as high as 6:1 for growing horses inav 
not be detrimental if phosphorus intake is adequate.Adult 
horses should receive approximately 40 mg of caldum/kg/day 
(see Table 41-1). Average horses must absorb 20 to 25 mg of 
calcium and 10 to 12 mg of pbospboius/kg/day to meet their 
needs and balance losses. Calcium and phosphate content In 
some mineral supplements and equine feeds are presented in 
Tables 41-2 and 41-3. 

Horses have distinctive features with regard to calcium 
metabolism. These include high serum total and Ionized cal¬ 
cium concentrations, 3 poorly regulated intestinal Ca 2 - 
absorption, |,?s high urinary fractional excretion of calcium, ls * 
Low serum concentrations of vitamin D metabolites,and 
decreased parathyroid gland sensitivity to Ca 2 - 


Distribution of Calcium in the Body 
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Calcium and Phosphorus Requirements In Hors-es 34 * 



Percent in 

Dai 

Lly Lnlakr 


the 

Diet 

( 

grams) 


Ca 

P 

Ca 

P 

Foals [ Cl- months) 

0.30 

0.55 

33 

20 

Weani lugs 

0.60 

0.45 

34 

25 

Vf-aiilnp 

0.50 

0.35 

31 

22 

2-year-olds 

0.40 

0.30 

25 

17 

Mare, late pregnancy 

0.45 

0.30 

34 

23 

.Mart, lactation 

0.45 

0.30 

50 

34 

Mature horses 

0.30 

0.20 

23 

14 


Adapted (coin 5dn.ryvei if]-, Niril^ III' Minerals. Iel jtuhiiiHMi NJ . trtl: tliimml 


tfuMfy in FjpcirzF madici'nf, lJ 2, I 'll iL.i-icEptiij, J iHi , KanndLTi, p J?J3 




Calcium and Phosphorus Content of Some Mineral 
Supplements 



Cdlciitm 

Phosphorus 1 

m l 

Caiclum carbonate 

34 

0 

Dicalclum phosphate 

27 

21 

MomKakkum phosphate 

17 

21 

Sant meai 

30 

14 

Mcmmodium phosphate 

0 

22 

Deiluadnated phosphate 

32 

15 

Caiclum -gluconate 23% 

2.14 

0 


A-dnpifd Irum Luribio H.L: Uiiordrrj. id tin; endiimiu' ^ym'cri In fcrc.\j iM, 
HsvFv W‘M, SidLuri DC, cds: 3!xfui he mLern..il medic hu:. Si Luues. Jl'iiJJ, Saun- 
dm.' p 1295. iy " 


.Most calcium absorption occurs in the xm*\W intes- 
U ne _i55- i ?9 Compared with other species, horses absorb a 
larger proportion of dietary calcium. Horses can absorb 
50% to 75% of the calcium and Jess than half the phospho¬ 
rus- Ln their diet, with little effect of age. 195 Caiclum absorp¬ 
tion is inverse] 1 / related to dietary caicium content. High 
content of phosphate (or phylate, oxalate) inhibits calcium 
absorption; however, high dielary calcium content has mini¬ 
ma] effect on phosphorus absorption. Oxalates reduce cal¬ 
cium absorption. Some piants containing harmful amounts 
of oxalate are listed in Table 41-4. The dietary cation-anLon 
balance (DCAB) affects Ca- absorption In 'horses; a low 
DGAB Increases Intestinal Ca J ■ absorption, whereas a high 
DCAB has the opposite effect. 21 ** Glucocorticoids decrease 
intestinal absorption of caklum r decrease bone resorption, 
and increase urinary excretion of Ca 3 - In horses. 

Calcium is eliminated through the kidneys, milk, sweat, 
feces, and fetus, in the kidney approximately i3G% of calcium 
is reabsorbed lit the proximal tubules by passive mechan¬ 
isms, and 35% Is reabsorbed In the thick ascending Loop 
of Elenie and distal lubuks by active mechanisms. The 
rest (approximately 5%) represents she urinary fractional 



Mineral Composition of Some Equine Feeds 
on a Dry Matter Basis 33,11 


I Source 

Ca (%) 

P (46) 

m b W I 

alfalfa 

1.71 

0.30 

0.36 

Ai folia hay 

1.41 

0.2.1 

0.34 

Timothy 

0.40 

0.26 

0.16 

Timothy hay 

0.51 

0.25 

0.L3 

Bkiegrass 

0.50 

0.4 

0. 13 

Oat hay 

0.32 

0.25 

0.29 

Orchard grass 

0.25 

0.31 

0.31 

Barley 

0.05 

0.37 

0.15 

Com 

0.05 

0.60 

0.03 

Oats 

0.09 

0.33 

0.16 

Wheai 

0.05 

0.42 

0.L4 

Cottonseed meal 

0.1 & 

1.22 

0.59 

Linseed 

0.43 

0.90 

0.67 

Skim milk 

1.36 

1.09 

0.13 

Soybean meal 

0.40 

0.71 

0.31 

Molasses, cane 

1J0 

0. J 5 

0.47 

Wheal bian 

0.14 

127 

0.63 


AdripLcd Irocci ilu: NatiucuiL .V .id-. iny el -Scicntcx: JVirJntfrjl! re-i|*iia titt?ict.i ia q} 
rrurjra. cd 5. Wiuhlnjfldit, E5C.J, Njcion.iL Etejcnn.'h EJeundU. 


excretion of calcium. Endogenous losses of calcium Ln horses 
have been estimated to be 20 to 25 mg/kg of body weight per 
day Assuming a 50% calcium digestibility, a 500-kg horse 
wouid require 20 g of calcium to replace tosses, or 40 mg/ 
kg/day, growing and Lactating horses can double these 
requirements. Interpretation ot the urinary excretion of cai¬ 
cium can be difficult because horses eliminate large 



Plants That Contain Oxalates' 


I Common Name 

Scientific Name 1 

Bermuda grass 

(Lytiutioii JcJl-Jj'i'lvi 

EuffeL grass 

Cenciints cifans 

Dai 1 Is grass 

Purpoiion species 

Elephant grass 

Piinitura species 

Foxtail grass 

£ chirm species 

Greasewuod 

S'drruiuitiis iffnniciddtCus 

J lalogeton 

l-hikfieton glomeralus 

Kl kuyu 

Pcmi BeiJiFii ckmc^Estinii m 

Kochia. summer eypress 

Konkin tdopioin 

Lamb's-quarters 

(^jenopuyidEiNr species 

Napier, mission grass 

P*ffrrnjeiJdFii species 

Pangola 

Dtgihma dKumbem 

Panic 

PuFtkum species 

Para grass 

Bmchicnti species 

Pokeberry 

PJjj'idJjJccd jcwjcricdJi.'d 

Purple pigeon grass 

Seiurifl iniriaiiiM 

Purslane 

Rortittaea etaruceae 

Red-rooted pigweed 

AmdraniJim species 

Rhubarb 

fiJwrjtjr duiponifcum 

Russian thistle, tumbleweed 

Sdkokj species 

Setaria 

Scian^r spLaeisiuld 

Sorrel 

fiidnww species 

Soursoh r shamrock 

GjuifiS species 

Sugar beet 

Birttt vutgpjii 


' ilifw ptnuL; h r.if nit oxaLict ccmlmt liLu.hLT ill .ml ■S5..t"-d ol dry mallet; ur .1 
fnJriuEii iiAjil.ut: r.nu 1 dF 115 
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amounts of calcium (primarily calcium carbonate) In 
urine . 100 

Calcium deficiency can be acute or chronic. Horses with 
acute calcium deficiency 1 have clinical signs associated with 
neuromuscular excitability. Chronic calcium deficiency In 
general is manifested as abnormal cartilage and bone devel¬ 
opment (developmental orthopedic disease |DOD|) and 
lameness. When calcium deficiency is suspected, feed analy¬ 
sis Is recommended to determine If dietary calcium arid 
phosphorus are adequate. 

PHOSPHORUS 

In blood, phosphorus exists as organic [Intracellular) and 
Inorganic (extracellular) phosphates. Organic phosphate 
consists of phosphate esters [phospholipids) bound to 
proteins and blood cells and represents most of the phos¬ 
phorus In circulation; however, only Inorganic phosphate 
(POj) is measured. PO^ is found as ionized phosphate 
(approximately 50%), completed with cations (ISTa-, 
Ca , Mg 3 ’; approximately 35%), and bound to proteins 
(approximately 15%). At pll 7.4, PO 4 exists as divalent 
(I IPO.r ) and monovalent (H 2 PG .1 ) anions in a 4: l ratio. 
In acidosis this ratio is l: I, and It can be as high as 3:1 dur¬ 
ing alkalosis . 203 In soft tissues, most of the phosphate is 
organic. Intracellular, and Incorporated Into nucleic acids, 
phospholipids, and energy compounds such as adenosine 
triphosphate (ATP) and creatine phosphate. Phosphate is 
important for muscle contraction: neurologic functions; 
enzyme activity; electrolyte transport: oxygen transport 
(2,3-dipliosphoglycerate |DPGj); Intermediary metabolism 
of proteins, carbohydrates, and fats, gene transcription, and 
cell proliferation and differentiation. Approximately 30% 
of the PO .1 Is in the skeleton bound to calcium as hydroxy¬ 
apatite. PO 4 regulation Is closely associated with Ca 2 ^ 
homeostasis. 

Phosphorus requirements depend on age, physiologic sta¬ 
tus, and amount of work or exercise performed (seeTable 41-1). 
In horses, phosphorus absorption ranges from 30% to 55% and 
occurs in the small and large intestines.“W® High aluminum 
in the diet reduces phosphorus absorption. In the kidneys, most 
of the PG 4 Is reabsorbed In the proximal tubules by an Na+- 
dependent mechanism, and the urinary fractional excretion of 
PO_] In horses Is low (<0.5%), 

Chronic excess of phosphorus results In clinical signs 
consistent with calcium deficiency including lameness, 
abnormal cartilage and bone development, fractures, and 
osteodystrophia fibrosa [nutritional secondary hyperpara¬ 
thyroidism). Acute renal failure and hypoparathyroidism 
are associated with hyperphosphatemia. Conditions that 
result in cell lysis such as hemolysis, rhabdomyolysis, and 
tumor necrosis may cause acute hyperphosphatemia. 

Hypophosphatemia occurs from inadequate intake, de¬ 
creased Intestinal absorption, renal waste, hyperparathyroid¬ 
ism, sepsis, and intracellular shift. Intracellular FO 4 shift Isa 
common cause of hypophosphatemia in critically ill humans 
and small animals and occasionally occurs in horses with 
starvation or refeeding syndrome or receiving parenteral 
nutrition [hyperglycemia, hyperinsulinemla). Acute hypo¬ 
phosphatemia Is associated" with cell membrane fragility 
and ly^Ls (hemolysis, rhabdomyolysls). Chronic phosphate 
deficiency can be manifested as weight loss, weakness, pica 
(depraved appetite), lameness, and BOD. Rickets, as described 
In other species with POj or vitamin □ deficiency, Is not a 
recognized condition in foals. Serum POj concentration is 
more indicative of dietary phosphorus intake and status 
than serum Ca 2 ^ because FO 4 homeostasis Is not as precise 
as that of Ca 3+ . Normal POj concentrations are presented 
In Table 41-5., 


TABLE 4t-5 


Normal Serum Concentrations in Healthy Horses 

1 Variable 

Concentration: I 

Total calcium (mg/dl.) 

1 1.1-13 

Ionized calcium (mg/dL) 

6-7 

Phosphorus (mg/dL) 

1 . 2 - 4 . a 

total magnesium (mmol/L) 

0.53-0.3.1 

Ionized magnestum 
(mmol/L) 

0.46-0.66 

PTH (pmol/L) 

<4; {<40 pg/ml.i 

Calcitonin (pg/mL) 

<40 

FTIkP (pmol/L)* 

<3 

fe^ m 

2-& 

FEj- m 

0.0-0.5 

25-Vllamlfl Du 

1.90 =: 0.23 ng/mL—winter 3 

2.43 ± 0.00 ng/ml.—summer- Vl 

4.2 ± 0.34 i-ig/L—winter-’^- 

6.2 ± 0.36 pg/L—summer 312 

1,25-Vitamin Q-, 

L6.fi £ 7.3 ng/l.—winter 2-12 

LS.7 £ S ng/L—summer 2 '” 

5j O ± 24 pmol/L" 


Oalu linm the Colkyu - ill Vrln-ijinry Mediciiy. - . Ohio Stutc □ □■wrxi.ly Lifting 
oLherwiir ncricd. 

" hie;i 2 tired In Elhy1nM!Llij.iJiinEjlietf33i:ctk: arid [LOLA) pLa&ma.. 

M.; ,i. Urinary frj.rl itni.il Kscrtftton ul rnJriuim. l : l ,, uriitnrV Ji.imim iSDcrunan. 
of phuhpht?ru.i; t T l'll, pai.iliiviniLl lumnunt; FJTJrJV 3 r l I [-rrijrted pr?rfein. 


CALCIUM AND PHOSPHORUS 
HOMEOSTASIS 

Extracellular Ionized calcium (Ca 2 - ) concentrations are regu¬ 
lated by a homeostatic system that includes three hormones 
[parathyroid hormone |FT!11,calcitonin, and 1,25-dihydrox- 
yvitamin D 3 [1,25(0H) 2 H>a]: cakltriol); three body systems 
(kidney, intestine, and bone); and a calcium-sensing receptor 
[CaRjJ 90 - 193 ' 203 PTH Increases during hypocalcemia and 
hyperphosphatemia, whereas calcitonin increases during 
hypercalcemia (Fig. 41-14). Under physiologic conditions 
rni-related protein (PTEIrP), which also activates the FT! 1-1 
receptor, has little effect on Ca 2 + homeostasis . 2 ** 3 P0 4 is 
closely associated with Ca 2+ homeostasis. The role of phos- 
phalonins, which Inhibit renal PO 4 reabsorption and 1,25 
(Ol 3J 2 O 3 synthesis, is unknown In thehoise /* 35 

m I is secreted by the chief cel Is of the parathyroid gland in 
response to hypocalcemia and hyperphosphatemia. Parathy¬ 
roid chief cells detect changes in Ga 3i concentrations by a 
QjH_i 97 . 3 fts Through the FTH receptor, Fill increases renal 
Ca 2 1 reabsorption (distal nephron), decreases renal P 0 4 reab¬ 
sorption [proximal tubules), stimulates renal calcltriol synthe¬ 
sis (proximal tubules), and stimulates osteoclastic bone 
resorption (see Fig. 41-14). Caldtriol then increases Intestinal 
absorption and renal reabsoiptlon of Ca 3 f and P0 4 and Inhi¬ 
bits PTI1 synthesis and secretion . 390 FT! l secretion is under the 
Influence of Ca 3 " 1 *, FO^, and vitamin D. Biologically active 
Intact FTH Is measured with immunomelrlc assay's. 

Vitamin D plays an Important role in Ca- 1 and PO 4 
homeostasis and to lesser extent in magnesium metabolism. 
Vitamin D 2 (ergocalclferol) and vitamin D 3 [cholecalciferol] 
are secosterols derived from photo Ktic cleavage of the b ring^ 
of eigosterol (plants and yeasts) and 7-dehydrocholesterol 
(animals), respectively. Vitamin D 3 Is hydroxylated in the 
Liver to produce -25-hydroxyvitamin D 5 [25(OH)D3; calcl- 
diol |, which is transported to the kidney to produce the active 
metabolite 1,25-dlnydroxyvitamln D 3 | l,25(GH) 2 D 3 ; cakl- 
trl.ol| by Li-bydroxylase. In mammalians, 25(0EI)D is the 
major circulating form of vitamin D. Hypocalcemia, hypo¬ 
phosphatemia, and FTH stimulate l r 25(OH) 2 D synthesis 
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PART FIVE DISORDERS OF THE ORGAN SYSTEMS 



PEG. 41-14 'I GnJrium ■irnl ph(M]>h.\if .humo^^L-isix A dstreruc in ^fiurri 
(_j J u-r incrciw i je ml 1 rum L'O^ r cnn l- crxt tr ; Li i ■::• ii^ inmrtH't Pill hmicIjlhs. 
U'J'I L inrreiLies rucL.iJ C;.i J 1 rr-ib^urpLi^icL >n:J viLartun I) synlhexu, dccrc-jits 
renal 1*0, mbKurptLun, .iruS Lnuraiei oitaocbrtic hone icwjqjliu.n. In Luni, 
vitamin 1.1 incruiuua iulntlnn.1 ^hxucption uiid TiTinl irib sorption l;I tia 2 ' 
inmJ I 'Ll | Dsi die nmLr.rry. hyperulrmijj dHcrta&n I’J'I L MscrcricKi .mU 
slinLuljttn: calcitonin secretion Id uiluhn osleori jxI ic buuc rr.iu-rpcLim 


by Inducing renal loc-hydraxyla&eactivity, whereas hypercal¬ 
cemia, hyperphosphatemia, anti increased lj2S(OH)?D 
concentrations inhibit la-hydroxylase. 

Vitamin D stimulates Intestinal absorption and rena] reab¬ 
sorption of Ga J ^ and POj. 3,25(GH)j.D Increases the expres¬ 
sion and activity of proteins important for transceJluIar Ca 3 ■ 
transport, including epithelial Ca 2 < channels, Ca : binding 
proteins {calbindin Dr^ calblndin D^], Na + /Ca 2, exchan¬ 
gers, and Ca 2 - -ATPases. The effects of 1.25(OH) iD on intesti¬ 
nal absorption and renal reabsorptson of POj are mediated by 
N-a -POj cotransporters, in addition. J ,25(01 l)jD Increases 
Mg 2 ' renal re-absorption. 307 In bone, l,25(OM):-D Increases 
bone matrix synthesis and mineralization and stimulates 
osteoclastic activity and bone resorption. In the parathyroid 
gland, 1,25(011) 2 D Inhibits PTH synthesis and secretion. 2011 
Vitamin D deficiency results in rickets in young animals and 
osteomalacia in adults; however the existence of rickets in 
the horse is not clearly documented. 

Calcitonin is a 32-amino acid peptide secreted by the 
parafollicular cells (C cel is) of the thyroid gland in response 
to hypercalcemia. Calcitonin Inhibits osteoclast function 
and hone resorption and decreases renal reabsorplion of 
Ca 3i and P0 4 In most species. There is limited information 
on calcitonin In the horse . 2m 

PTHrP is produced by almost every tissue In the body 
and has a broad range of functions that have little to do 
with Ca* ■ homeostasis. 20J Under physiologic conditions, 
PTHrP functions (morphogenesis, cell differentiation) are 
considered to be paracrine, autocrine, and intracrine. For 
the most part, the endocrine funedons are considered path¬ 
ologic (humoral hypercalcemia of malignancy |HHM|). 
HHM is a paraneoplastic syndrome that results bom exces¬ 
sive secretion of TTl ErPby some tumors. By interacting with 
PTH receptors, FTHrP promotes bone resorption and inhi¬ 
bits renal Ca 1,: excretion, causing hypercalcemia In humans 
and domestic animals, including the horse. 2111 - 11 * 

Organs Involved in Ca 21 homeostasis (parathyroid gland, 
thyroid gland, and kidney), known as the ca/cfimi-jcnr/jr# .<]*- 
imi, express a CaR, which is a C protein-coupled seven trans- 
membrane domain receptor that is activated by extracellular 
Ca 3 ' and to lesser affinity by Mg 1 ' 2M CaR activation 


inhibits PTH secretion and stimulates calcitonin .secretion 
in various species, including the horse. 1 in the kidney, 
CaR regulates Ca 2 - and Mg 2 - reabsoipdon Independently 
of PTH. Renal CaR activation Inhibits the furosemide-sensi- 
tlve Ma l /K -/2Cl cotransporter in the distal nephron, result¬ 
ing In diuresis and urinary waste of Ca 3 ■ and Mg 2 , 2Db 

CALCIUM DISORDERS IN THE HORSE 

Calcium dysregulation in the horse ls associated with hypo- 
calcemic and hypercalcemlc disorders. Equine pathologic 
conditions characterized by abnormal calcium homeostasis 
include hypoparathyroidism, 21 ^ 217 primary hyperparathy¬ 
roidism,- 1 |,?l nutritional secondary hyperparathyroidism, 21 ' 3 
renal failure, 110 HHM, 211 - 2]2 - 214 vitamin D toxicity.- 331 exer¬ 
cise-induced hypocalcemia, 212 idiopathic hypocalcemia of 
foals, 21 * cantharidiasls, 32 - 3 and sepsis. I?3 - 235 - 136 Mormal cal¬ 
cium concentrations for horses are presented In Table 41-5. 

Hypocalcemk Disorders 

Conditions associated with hypocalcemia in the horse are 
presented Ln Box 41-2. Most clinical signs of hypocalcemia 
ore the result of increased neuromuscular excitability and 
decreased smooth muscle cell contractility (Box 41-3} 
A decrease in extracellular Ca 2 ■ concentrations Increases cell 
membrane Ma - permeability, decreasing the resting mem¬ 
brane potentlal, thus making muscle cells and nerve fibers 
more excitable. This results In spontaneous and continuous 
discharges, muscle fasclculalions, tremors, tetany, and sei¬ 
zures. Tachycardia and cardiac arrhythmias may be present, 
although bradycardia may develop during severe hypocalce¬ 
mia. Decreased serum Ionized magnesium (Mg 3 - j concen¬ 
tration occurs frequently In horses with hypocalcemia and 
further Increases neuromuscular excitability. 

Synchronous diaphragmatic flutter (SDF) or JH lhumps" 
may occur in horses with hypocalcemia associated with 


SOX A 


Equine Clinical Conditions in Which Hypocalcemia 
Has Seen Reported 


Acute renal failure 
Bicarbonate ad ntlniss ration 
Cinth.trid I it toxicosis 
Chronic renal Failure 
Colic 

During Jactation (lacL.ision leutny) 
During transport (transit tetany) 
Dystocia. 

En do toxemia 
Endurance, exercise 
Enterocolitis 

I : uro wjn LJ e admLnisiration 

I feat stroke 

I lypomagnesemla 

Late pregnancy 

Liver disease 

Magnesium iaxkosis 

Malignant hyperthermia 

Ox.tl.Lte LngeslJon 

Pancreatitis 

L'leuiop neu monia 

Pas tope Fat tve myopathy 

Brim ary hypoparathyroidism 

Retained placenta 

Rhabdomyolysis 

Sepsis 
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gastrointestinal disease, m endurance exercise, 227 hypo¬ 
parathyroidism, 11 ' 7 ' 223 Idiopathic hypocalcemia, 223 tetany 
(lactation, transport), 229 sepsis, l93 " blister beetle toxico¬ 
sis, 2 30 and alkalosis. 390 5DF develops when depolarization 
of the right atrium stimulates action potentials in the 
phrenic nerve as it crosses over the heart. Clinically r 
affected animals have a rhythmic movement on the flank 
from diaphragmatic contractions that are synchronous 
with the heartbeat. 

During alkalosis there is increased Ca 2 ’ binding to albu¬ 
min, resulting in Ionized hypocalcemia. Exercising horses 
may develop alkalosis from hyperventilation [respiratory 
alkalosis) and chloride losses in the sweat (metabolic hyp¬ 
ochloremic alkalosis). Hypomagnesemia is common In 
horses with SDF and hypocalcemia. 

Hypocalcemlc tetany is the development of sustained 
skeletal muscular contractions in horses with hypocalcemia. 
Although hypocalcemlc tetany can occur Ln any horse with 
hypocalcemia, lactating mares and horses transported for 
long distances are at greatest risk. Lactation tetany may occur 
anytime in mares immediately before foaling up to the end 
of the Lactation period. In particular, mares producing large 
amounts of milk and eating diets low in calcium, grazing 
lush pastures, or performing physical work (draft mares) 
are at risk. Clinical signs may include anxiety, depression, 
ataxia, muscle fasclculatlons and tremors, stiff gait, tachy¬ 
pnea, dyspnea, dysphagia, hypersalivailon, and hyperhidro- 
sls (see Box 41-3). 13(3 

Hypocalcemlc seizures, seen in foals and adult horses, 
are caused by decreased CNS extracellular Ca 21 concentra¬ 
tions leading to Increased neuronal excitability'. Clinical 
signs usually improve with calcium treatment, although 
some animals may require repeated treatments. In general, 
horses and foals with refractory hypocalcemlc seizures have 
a poor prognosis for recovery'. 

Ileus and retained placenta in mares are both believed to 
result from decreased smooth muscle tone and contractility 
secondary to hypocalcemia. Whereas Ln skeletal muscle 


most of the Ca 2 1 required for contraction comes from the 
sarcoplasmic reticulum, In smooth muscle Ca 2 ' comes 
from the extracellular space. For this reason, any condition 
that results In hypocalcemia can decrease smooth muscle 
contractility. Retained placenta In mares has been reported 
to occur Ln up to 10% of foaling^. 231 

Hypoparathyroidism In horses Is characterized by hypo¬ 
calcemia. hyperphosphatemia, hypomagnesemia, and 
decreased serum FTH concentrations. Primary hypoparathy¬ 
roidism results from decreased secretion of PTH, whereas 
secondary' hypoparathyroidism results from magnesium 
depletion and sepsis. There are few documented cases of pri¬ 
mary' hyperthyroidism In horses. 2t7 - 2IR Hypoparathyroidism 
should be suspected In any horse or foal with refractory hypo¬ 
calcemia. Clinical signs include ataxia, seizures, hvperexcJt- 
ahility, SDP, tachycardia, tachypnea, muscle fasciculaliens, 
bruxlsm, stiff gait, recumbency, Ileus, and colic. ],>0 - 2]7 - 22li 
Laboratory findings include hypocalcemia, hypephosphate- 
mia, and low or normal serum intact FTH concentrations. 
Hypomagnesemia may be present in some horses and 
foats. :|7 Secondary (functional or acquired) hypopara¬ 
thyroidism per se has not been reported Ln the horse; how¬ 
ever, some critically ill foals and horses with hypocalcemia 
have impaired parathvrold gland function, which we believe 
represents hypoparathyroidism secondary to sepsis and/or 
hypomagnesemia. 

’ Critically III foals may develop a form of hypocalcemia 
that Is refractory to calcium treatment. 133 These foals 
have low or normal PT11 concentrations despite hypocal¬ 
cemia, suggesting hypoparathyroidism. This condition 
has been called neonatal idiopathic hypocalcemia. 22i It Is 
believed that abnormal parathyroid gland function may 
result from increased inflammatory cytokines. Il.-L and 11.^6 
have been shown to increase CaR activation and deaease 
FTH secretion by equine parathyroid cells. 1,7 Prognosis for 
survival in foals with refractory'hypocalcemia Is poor. 

Sepsis and endoloxemla are the most common cause of 
hypocalcemia in equine patients admitted to veterinary hos¬ 
pitals. Clinical observations also indicate that hypocalcemia 
Is common in horses w'lth severegasl.roIntestinal disease. 393 
Hypocalcemia in septic patients often results from parathy¬ 
roid gland dysfunction (Insufficient PTH secretion] as well 
as intracellular calcium sequestration. 150 193 Inflammatory 
mediators known to be Increased Ln horses and foals with 
sepsis and endotoxemia such as TNF-7, IL-1, and IL-6 
decrease equine parathyroid cell sensitivity to Ca 2 - and 
PTH secretion. 107 

Horses under Intense exercise develop electrolyte and 
acid-base abnormalities. Unlike humans, who may develop 
either hypocalcemia or hypercalcemia, hypocalcemia Is a 
more consistent finding throughout exercise In the horse. 
Exercise-induced hypocalcemia may result from Ca 2- losses 
In the sw'eat, intracellular movement of Ca 2 -*-, Increased 
Ca 2 - binding to albumin, lactate, phosphate, and bicarbon¬ 
ate during alkalosis, and parathyroid gland dysfunction . 222 

Oxalate toxicity' causes hypocalcemia by' Interfering with 
calcium absorption; a diet consisting of 1% oxalate or 
higher can reduce most intestinal calcium absoiption. 232 
It Is Important that the equine diet contain less than 0.5% 
oxalate or a calcium:oxalate ratio over 1.0. Clinical signs 
associated with oxalate excess are those of phosphate excess, 
calcium deficiency, and nutritional hyperparathyroidism. 
Oxalates are present In several grasses and toxic plants (see 
Table 41-4). 

Equine cantharidlasis (blister beetle toxicosis) Is a condi¬ 
tion reported in the southwestern and mldw'estern United 
Stales and results from the ingestion of alfalfa contami¬ 
nated with beetles [Epicauta species) that produce canlharl- 
dln (cantharldlc acid). Clinical signs develop from the 









irritant effect of cantharidln on mucosal surfaces (gastroin¬ 
testinal and urinary tracts). CantharLdin often causes acute 
hypocalcemia and hypomagnesemia. Therefore clinical signs 
of severe hypocalcemia {muscle fasclcu La lions* SDK* ataxia* 
dyspnea* laryngeal spasm* and cardiac arrhythmias) may be 
resent. It is unclear why these horses develop hypocalcemia; 
owever* it may be a combination of severe gastrointestinal 
disease associated with acute renal failure and parathyroid 
gland dysfunction. 

Hypocalcemia and hypomagnesemia are common find¬ 
ing^ In horses with acute renal failure. Reabsorption of 
Ca 3 * and Mg J > In the kidney is highly dependent on func¬ 
tional epithelial cells* and these cells are very susceptible to 
various insults (hypoxia* Ischemia* toxins), the loss of epi¬ 
thelial cells and their absorptive capacity results in decreased 
reabsorption of Ca 2 - and Mg 2 -. 

The pathogenesis of hypocalcemia In exertional rhabdo- 
myolysls is unknown. It is speculated that damage to mus¬ 
cle fibers during Intense exercise results in Ca 2 - influx and 
sequestration in the sarcoplasmic reticulum. 

treatment of hypocalcemia. Calcium deficit* 
maintenance* Losses, and sequestration should be consid¬ 
ered when treating hypocalcemia. If parathyroid gland func¬ 
tion is normal* minimal to no cafcium supplementation 
may be required. Most horses wish hypocalcemia do not 
show overt signs of hvpocakemLa. Lack of therapy, how¬ 
ever, can result In development of additional com plications* 
in particular Ileus. Horses with functional kidneys can rap¬ 
idly eliminate large amounts of calcium, and hypercalcemia 
from excessive calcium administration is rare* particularly If 
thehoiseis receiving flu Id therapy. When possible* calculate 
the calcium deficit based on Ca 2- concentrations (mg/dL = 
mmol/L x 4). From a practical standpoint, the use of stan¬ 
dard formulas for electrolyte deficit can be used (multiplied 
by 10* as calcium is expressed as mg/dL). Total calcium can 
be used to estimate calcium deficit* keeping in mind that 
total calcium has more variability than Ca 2 - concentration* 
as it is dependent on plasma protein concentration. A horse 
can have total hypocalcemia* but serum Ca 3 + concentrations 
may be within the normal range {pseudohypocalcemla), and 
calcium administration may not be necessary. It Ls also 
important to remember that 9.3% of calcium gluconate Is 
elemental calcium* which means that a 23% solution of cal¬ 
cium gluconate contains 2.14% of elemental calcium or 
21.4 mg/mL. Avoid (he use of calcium chloride. as Li can 
cause subcutaneous irritation. 

Frequent monitoring of Ca 3 * concentration and adjust¬ 
ment of dosage are Important. Rapid administration of cal¬ 
cium may result In cardiovascular complications* especially 
in horses with sepsis, which may be more vulnerable to the 
toxic effects of calcium. In our experience* horses can handle 
high calcium doses. For an average size horse with mild hypo¬ 
calcemia (3 mg'dL)* we administer 30 ml. of 23% calcium 
gluconate per 3 L of crystalloid fluids at a fluid rate twice 
maintenance. Oral treatment with calcium salts is feasible 
in some horses with non-Life-threatening* refractory hypocal¬ 
cemia. Dicalclum phosphate and calcium carbonate {lime¬ 
stone* 200 to 300 g/day) can he used safely (see Table 4 L-2). 

Hypercalcemic Disorders 

E lypercalcemlcdisorders In hotsesaiedivided into two groups: 
L) parathyroid gland-dependent hypercalcemia (develops 
ecause of parathyroid gland hyperfunct Lon), and ( 2 ) parathy¬ 
roid gland-Independent hypercalcemia (develops despite 
parathyroid gland suppression). Itils distinction is clinically 
relevant in the differential diagnosis and In the Interpretation 
of specific diagnostic tests* Including intact FTH* fTHrP* 


Ca 2 ', POj* and vitamin D concentrations. Parathyroid gland- 
dependent hypercalcemia in the horse Ls limited to primary 
hyperparathyroidism, whereas parathyroid-independent hyper¬ 
calcemia results from various conditions {secondary hyperpara¬ 
thyroidism* chronic renal failure |CRF]* hypercalcemia of 
malignancy* and hyper-vilaminosis D). 

Primary hyperparathyroidism results from an excessive 
and autonomous synthesis and secretion of FT1 l by the 
parathyroid gland that Is not responsive to the negative 
feedback of Ca 31 . Primary hype parathyroid Ism has been 
reported in ponies and horses 21 *- 333 - 33 * and results from 
parathyroid adenomas or parathyroid hyperplasia. The ele¬ 
vated PTH concentrations Increase renal Ca 2 + reahsorp- 
llon* decrease PO 4 reabsorption* Increase 1*25(011] 
synthesis, and increase bone resorption (osteodystrophia 
fibrosa). Laboratory findings Include hypercalcemia* hypo¬ 
phosphatemia* hypocalciurla* and hyperphosphaturla. 
PTHrP concentrations are within normal limits (low or 
undetectable). Clinical findings include facial bone enlarge¬ 
ment, Lameness* and a poor body condition. Radiographic 
findings Include decreased long and facial bone density* 
fibrous proliferation of the maxilla and mandible* and Loss 
of the lamina dura surrounding the molars . 313 Endoscopic 
examination may reveal narrowing of the nasal passages. 

Postmortem findings Include enlargement of the maxilla 
and mandible* stenosis of the nasal passages, and loosening 
of premolars and molars. Histologic evaluation of the 
parathyroid gland Is Important to confirm the diagnosis of 
primary hyperparathyroidism: however, finding the para¬ 
thyroid glands In the horse is a challenge because of their 
small size and variable location . 190 Although not documen¬ 
ted in horses* treatment consists of surgical removal of the 
affected parathyroid gland. 

Secondary hyperparathyroidism Is characterized by exces¬ 
sive secretion of PTf I in response to hyperphosphatemia and 
hypovitaminosis D from chronic renal failure (renal second¬ 
ary hyperparathyroidism) or hypemhosphalemia and/or 
hypocalcemia from nutritional imfcafances (nutritional sec¬ 
ondary hyperparathyroidism). Renal secondary hyperpara¬ 
thyroidism Ls not a well recognized disease In the horse. 
Unlike humans and small animals* in which CRF results in 
hyperphosphatemia* horses with CRF often have hypopho¬ 
sphatemia. Moreover* the hypercalcemia In horses with CRF 
is (he result of renal Ca 3 * retention rather than Increased 
PIT I concentrations. The Increased Ca 2 ^ concentrations in 
turn decrease PTH secretion; therefore PTH concentrations 
in horses with CRF frequently are below or within the normal 
range . 2L6 - 337 In contrast nutritional secondary hvperparalhy- 
roidism is a well documented pathologic condition of the 
horse. 


NUTRITIONAL SECONDARY 
HYPERPARATHYROIDISM 

II Definition and Etiology. 1 lorses fed diets low In calcium* 
hLgh In phosphorus* or with a phospboms:calcium ratio of 
>3:1 may develop nutritional secondary'hyperparathyroidism* 
also known as brcin disease, Miller's rirscdije, iighaid* ostoaiysi™- 
pJiici frbrosti, nsteftis fibrosd r and equine osteoporost^ 2 ** Pastures 
and toxic plants with high content of oxalates (seeTable 41-4) 
predispose to secondaryTtypetparathyioldism. 

II i'athogentets. Excessive dietary POj reduces Intestinal cal¬ 
cium absorption and results In hyperphosphatemia. Dietary' 
oxalates form insoluble calcium oxalate (Ca|COO|j)* reduc¬ 
ing calcium absorption. Both high-phosphorus and" Low-cal¬ 
cium diets induce parathyroid cell hyperplasia and stimulate 
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FIT] secretion in Lhe horse. 2 - u I fyperphosptiatemla directly 
stimulates FfH seaetion and Inhibits renal l.,25(OEI)2D 
synthesis. Because L25[OH)2D Inhibits parathyroid cell 
proliferation, ]ow 1,25(011) iD concentrations contribute to 
parathyroid cell hyperplasia and FTH secretion. Hyperphos¬ 
phatemia also results In the formation of calcium phosphate 
precipitates, reducing blood Ca 2 * r and inducing additional 
FTH secretion. FTH increases osteoclastic activity, bone resorp¬ 
tion, and bone loss [Fig. 4 l-IS), 2 ^ There Is facial bone loss 
with excessive accumulation of subperiosteal unmineralized 
connective tissue {osteodystrophia fibrosa) resulting in facial 
enlargement (big head) {Fig. 4 I-1C). Because this Is a condi¬ 
tion of slow progression, the homeostatic mechanisms that 
regulate extracellular Ca 2 ■ concentrations (FTH, vitamin D, 
calcitonin) in general are effective ut maintain! ngCa 2 ' within 
the normal range. Affected horses preserve normocalcemla at 
the expense of the skeletal reserves and do not develop clinical 
signs of acute hypocalcemia. 

Cffiriarf Stans. Cl in seal signs result from increased bone 
resorption ana include unthriftiness, Intermittent., shifting 
lameness, and a stiff gait. Younger animals may develop pby- 
sltis and limb deformities. There Is a typical and symmetric 
swelling of the facial bones; however, facial bone enlarge¬ 
ment may not be evident In old horses (see Fig. 4 1- IS). The 
facial changes arid the Increased bone resorption around 
molars and premolars may result in masticatory problems. 
Ihese horses are physically weak and may be In poor body 
condition from the pain associated with lameness and 
mastication. In severe cases, teeth may become loosened 
and spontaneous fractures of long bones may occur. 
Upper airways obstruction, dyspnea, and epiphora may be 
present. 2M - 2d0 

LiihtfrafcJiy findings. Typical laboratory changes In 
horses with nutritional secondary hyperparathyroidism 
include hyperphosphatemia, hypocalcemia ornormocaloemia 


(hypercalcemia is unusual), and Increased Intact FTH con¬ 
centrations, especially if the animal is eating a low-calcium 
or high-phosphorus diet at the time of evaluation. The uri¬ 
nary fractional excretion of ealcium is low {hypocalcluria), 
whereas the excretion of phosphorus is Increased (hyperpbo- 
sphaturia). Serum alkaline phosphatase activity and collagen 
degradation products may be increased. Laboratory find¬ 
ings may be within normal limits If the animal Is eating 
a balanced diet. 

Hudio^gjcf'hjdffrgf. Decreased bone density is frequent,; 
however, bone density must be decreased by 30% before It 
can be detected radldgraphically. 2Jl Decreased facial bone 
density along with fibrous proliferation is a consistent 
finding. Resorption of alveolar sockets and loss of the den¬ 
tal lamina dura may be present before other radiographic 
changes are present, and long bones are affected only In 
advanced cases. 

Necropsy. There Is Increased bone resorption, bone 
fragility, accumulation of fibrous tissue around facial bones, 
obstruction of nasal passages, and parathyroid gland hyper¬ 
plasia (see Fig. 41-16). Soft-tissue mineralization has been 
reported In atfected foals. 24 Ji 

lYraiLinenr. Diet evaluation is indicated. Eliminate or 
reduce any grain-based diet and avoid high-containing 
oxalate feeds. The addition of alfalfa to the diet may be 
helpful. Supplementation with calcium carbonate (lime¬ 
stone. CaCGj] or dkatclum phosphate may result in 
Improvement.- 10 Ground limestone, which contains no 
phosphorus, Is recommended as a good source of calcium 
(35%). An affected animal may require a total of 100 to 
30Og/day. 'lhe diet should have a Ca:F ratio of 3:1 or 
4.1. Limestone may decrease feed payability , and adding 
molasses should be considered. Supplementation with 



F3G. -4 I - C 5 PaNtiatfennjK ul nuljilituL.iJ Mxmid.Lry hypcrpjirjLliyrcHidiSm Lri horses. Ljcceisiui: dicLiry phosphorus refines intKEin.il jrlisocpLioi] at calcium 
.irid incjLi'. i.\i ]iyp?rplicrapfcaLi'min In addihun, phosphate, mu Late, and plivl .ill bind dtL't.ury uik-huii ru iL'dure jbimption IkiLh htfjji-ph>::'i|jhc'iij-; and. low- 
i .ill mm lIil-;s iridufe pnractiyroid c*IJ liypcrpL.isi.! .md slimulaU' L r £ 11 xucrcLmn I'll I increases cutrcjcListic uclivily and bain; muipdan, rcMiilin^, in bone Joss 
(o^oodyvnophLi lihros.i!-. 
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vitamin □ has been proposed. Horses may require $ lr> 12 
months for complete recovery, although some bone 
changes may not regress. Confinement of severely affected 
horses Is advised. The use of NSAIDs may be indicated Ln 
some animals. 

HYPERVITAMINOSIS D 

Definition mid Etiology. The Ingestio n or administration 
of ergociileiferol (vitamin D_>) nr cbolecalcLferol (vitamin 
[I5 3 ) results in disturbances of calcium and phosphorus 
metabolism in horses. 221 - 242JJj] Ingestion of plants contain¬ 
ing LI.SfOH^D-llke compounds results In typical clinical 
signs of vitamin Intoxication. 3413,15 The Ingestion of Sctanuffl 
gitiiicnphyUum {Solarium mahcpXylon) results Ln o condition 
known as "enteque seco" In Argentina and "esplchamento' -1 
in Brazil. 243 - 245 - in Hawaii, Solarium sodamaeum, and in 
the southern United States, |e&samlne fCestrnm ttiurnumj 
may cause hypervitamlnosis D. 24 * In Europe die Ingestion 
of golden oat fTttsetujn flavesoens} results in enzootic 
calcinosis. 


ftithcgepadfis, Hypervllaminosts D increases the intesti¬ 
nal absorption and renal reabsorption of calcium and phos¬ 
phorus. Jiypejphosphalemta is the most consistent and early 
laboratory'finding In horses with vitamin D intoxication. 3 ^ 


Serum calcium concentrations may be increased or within 
the normal range. 22t - 2Ji - 24J I Lvpervitaminosis D results 
in parathyroid cell atrophy ancf decreased FTH secretion, 
in addition, hypercalcemia contributes to decreased FU I 
secretion, lowering bone turnover. Azotemia and hyposthe¬ 
nuria may be present. 231 

IB Clinical 5'tgrts. Most clinical findings in horses with 
hypervitamlnosis D are the result of hyperphosphatemia. 
Affected horses often have weight loss, poor appetite, Lame¬ 
ness, and painful stiffness and are reluctant to move. Acute 
death from severe cardiovascular mineralization has been 
reported. 22J foivTuria and polydipsia are frequent findings, 
in cases with hypercalcemia, mineral deposition In the 
kidneys may precede mineralization elsewhere, resulting in 
renal 'failure. Lameness is probably caused by calcification 
of Ligaments and tendons. 

Rndtolagic Eludings. These horses often have Increased 
bone density, decreased size of the medullary cavity, and 
increased calcification of soft tissues. 

II Treatment. Reducing dietary calcium Intake and using 
calcium-binding agents such as sodium phytate have been 
proposed . 3u Gkicoconicoids are used in’ humans w r lth 
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hypervitamlnosSs D, as they may Inhibit the vitamin D- 
medlated intestinal calcium absorption In squids, glucocor¬ 
ticoids decrease LnLeslJnaJ absorption of calcium, Increase uri¬ 
nary excretion of calcium*' and decrease bone resorption.™ 
Dexametbasone has. been administered to horses with hyper- 
vltaminosis D with variable results. The prognosis for horses 
with hypervltaminosls D is poor. 

Necropsy Finding *. Postmortem examination may reveal 
mineralisation of soft tissues. Mineralization of the endo¬ 
thelium of the aorta and pulmonary vessels and of the 
endocardium is frequent. Mineralization may be found In 
the kidney, liver, lymph nodes, lungs, ligaments, and ten¬ 
dons. Osteopetrosis of epiphyses and metaphyses may be 
present. Atrophy of the parathyroid gland can be severe. 247 

HYPERCALCEMIA OF MALIGNANCY 

HEIM (pseudohyperparathyroldlsm) is a paraneoplastic 
condition In which humans and animals develop hypercal¬ 
cemia associated with various types of tumors. These malig¬ 
nancies secrete FTFIrP, which Interacts with PTE E receptors to 
increase renal reabsorption of Ca 3! and bone resorption. 343 
In horses, EII hVI has been associated with squamous cell carci¬ 
noma, adrenocortical carcinoma, lymphosarcoma, multiple 
myeloma, and ameloblastoma. 1 ' 30 Laboratory findings Include 
hypercalcemia, hypocalcLuria, hypophosphatemia, hyperpho- 
sphaturia, normal or low FFl t concentrations, and Increased 
FTTirP concentrations. I HIM should be suspected In any horse 
with hypercalcemia, no evidence of renal disease, and normal 
m I concentrations. 


NEONATAL HYPERCALCEMIA AND 
ASPHYXIA 

Clinical observation indicates that a number of critically ill 
newborn foals develop hypercalcemia associated with peri- 
partum asphyxia. The mecbanLsms underlying this problem 
are unknown, although it is speculated" to be associated 
with placental Insufficiency. 


TREATMENT OF HYPERCALCEMIA 

Hypercalcemia as an equine emergency is rarely presented; 
however, the differential diagnosis of hypercalcemia Is 
important for Its treatment. Few disorders in the horse are 
associated with hypercalcemia [hyperparathyroidism, CRF, 
HHM, hypervltaminosls D). Mild to moderate hypercalce¬ 
mia in general is not life-threatening, and treatment should 
be directed lo the primary cause. Although unreported, para¬ 
thyroidectomy is the treatment of choice for primary hyper¬ 
parathyroidism. Surgical removal of epithelial tumors can 
be a successful treatment for HUM. Some horses with lym¬ 
phosarcoma may show improvement with chemotherapy. 
In severe cases of hypercalcemia that may require medical 
treatment, initial therapy should include the administration 
of a 0.9% saline solution and Loop diuretics. Furosemide is 
the diuretic of choice because it Inhibits the Na-/K+/2Ci 
contiansporter in the distal tubules, increasing the urinary 
excretion of calcium. Thiazide diuretics are contraindicated 
because they stimulate calcium reabsoiption. Glucocorticoid 
administration should be considered, In particular for horses 
with hypervLlamLnasLs D. 


TABLE 41-fl 

Normal Equine Reference Values and SI Conversion Factors 


Conversion 


TptaJ caldum 

II J -] 3 m^dl.* 

mmol/L = mg/dL 

x. 0 25 

Ionized; calcium 

6-7 mg/d 1. T 

mmol/L mg/dl. 

x 0.25 

Phosphorus 

L-2-4.fi mg/dL* 

mmol/L = mg/dl. 

x 0.323 

['oiid magrtestum 

0.5 3-0.'3 L mmol/L* 

mgi'dL = mmol/L 

x 2.43 

Ionized magnesium 

0.4 0-0. mmol/L* 

mgi'dL = mmol/L 

x 2.43 

FTH 

1-4 pmol/L* 

p^mL = pmol/L 

k 3.5 

OldlonLn 

<40 pg/'mL* 

pmol/L = pg/cnL 

x 0.29 

mirr 

< 1 pmoi/L* 

p^'mL — pmol/L 

x 10 

23-Vitamln D, 

Set text 

nmol/L = ng/mL 

x 2.5 

1.25-Vitamin D.i 

Set xext 

pmol/L = pg/mL 

x 2.4 

Glucose 

£3-112 mEfdC 

nunol/L = mg/dL 

x 0.05551 

Insulin 

:300 pEKol/l/ 

<30 plll/mL* 

pilll/mL = pmot/L 

x 0.1296 

Cortisol 

35-L30 iimol, , 'L + 

pigfdL = nmol/L 

x 0.0.3625 

A CIT 1 

2-10 pmol/L 1 

p^mL = pmol/L 

x 4.5 

ct-MSJ 1 

<31 pmol/L? 

< 20 pmol/L' 

pg/ml. = pmol/L 

x 1.67 

IT, 

7-27 nmol/L* 

nmol/L = mg/dL 

x 12.37 

IT, 

0.7-2.5 nmoL/L 1 

nmol/L = jig/dL 

■ 0.0 L 536 

fr. 

6-24 pmol/L 1 

nmol/L = mg/dl. 

x 12.37 

fr s 

1.7-5 2 pmol/L 1 

nmol/L = ng/dL 

0.01536 


.-U.'JJI. AdrenumrlicoLrupin; i'J ,.. (err tniuiJul hvneminc fl' 4 , Iitl~ Lhyruxiitt;; a-,MS \{. a-nttrlnnucyLe-hlim irLUmg hucm-mir: J|i.im.lJiyj-iiuJ hurnuim'; 

I'l'l t-relalcul itriiH'h:: J'J ,, Lot.d, triitsdothyrnaiuiE^ i!\, ioIjiI LhyrcraiatK. 

'Ccllq^ d Veterinary- Medicine; Ohio State LlniVenity. 

Kiidrijpn Stale LFn ire rally Uiagrurslii: Center, Lrt UcLifivp lflijfr' Sertiuti. 
iLrJC-L'iJjE ill Veterinary MtdilLinr, tliiLvenity cit [tnnraseei 
: AlIjun^lLr Vetcrnkniy GnUe^e, *34 clinical Jy ncnmal hurcira ■:r:li l - ■.ll’sJS in spring kurnint/i. or winlcr. 

L.iiburalacy of Qi irEpaTnjiir Aging Itesuarch |'Al< I’arCanc), Oklahoma Slailr University ^5 rl hiic.il Iv normal Oklahonia horaira ratlccLcd in xpriis|^ au limner, nr 
winleT. ^uferenrr range - menu ± 2 S1J). 
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! BOVINE METABOLIC DISORDERS 


KETOSIS OF RUMINANTS 
(ACETONEMIA) 

SHlJtRIIJ. A. RtMlMJ 

Dejflnttfam Ketosis is a condition characterized by 
abnormally elevated concentrations of ketone bodies in 
the body (Issues and fluids. 25 ' 3 The ketone bodies are ace¬ 
tone (Ac), aceloacetlc acid (AcAc), and (J-bydroxybutyric 
acid (BHR), which Is technically not a ketone body but is 
formed from Ac Ac. Ketosis has been categorized as type I 
or type II based on blood glucose and blood Insulin. 154 
Type J ketosis is the classic primary or spontaneous ketosis,, 
causing a reduction of glucose in the blood and liver 
(decreased glycogen) and an increased fat mobilization cul¬ 
minating In elevated ketone body accumulations from a 
negative energy balance during early lactation. 254 - 255 Type 
11 ketosis Involves high blood Insulin and transient hyper¬ 
glycemia secondary to overconditioning and fatty infiltra¬ 
tion of the liver (also see Chapter 33 for discussions of 
fatty liver and pregnancy toxemia). Baird and co-workers 15fl 
stated thaL "a certain degree of ketosis is a natural slate in 
the ruminant, and the ketotic animal may only represent 
the extreme of a normal metabolic range.” Ketosis becomes 
a disease condition only w r ben the absorption and produc¬ 
tion of ketone bodies exceed their use by the ruminant as 
an energv source, resulting In elevated blood ketones, free 
fatty acids (FFAs), or nonesterlfled fatty acids (NEFAs) and 
decreased blood glucose. The clinical signs of ketosis tend 
to be vague and nonspecific. Therefore ketosis is classified 
as clinical or subdinlcal on the basis of levels of ketone 
bodies in the blood, urine, and milk and the presence or 
absence of clinical signs. Any disease process occurring in 
early lactation that reduces feed Intake may cause secondary 
ketosis. 


Ketosis is a production disease of modem agri¬ 
culture. Dairy cattle have been genetically selected for high 
milk yield, which has resulted in elevated milk production 
during early lactation. This milk production exceeds the 
capacity of the animal (o ingest sufficient feed to meef 
requirements for energy. 157 The Input into the animal must 
equal or exceed the output to prevent a negative energy 
balance (Table 41-7). 

The milk production of dairy cattle peaks by approxi¬ 
mately 4 weeks after parturition, but the dietary intake on 
a dry matter basis does not peak until 7 to 3 weeks. 35 * 1 
I-Ughi-producing dairy cows will be in a negative enerey 
balance for as long as S weeks, despite the provision or a 
high-quality, palatable diet. To offset the negative energy 
balance, (he individual cow must mobilize body fat and 




Summation of Components of Energy Balance in 


the Bovine 

1 Inputs 

Throughputs 

Outputs | 

Food 

Digestion 

Defecation 

Water 

1 Jcpatac metabolism 

□d nation 

Respirataon .snd O i3 

[-at mccabolism 

COj 

Endocrine Influences 

Mammary gland 

EjcLiiion 

Environment 

metabolism 

Muscular 

And sfiEta 

'tissue metabolism 

activity 


(fetus) 

1 leat loss 


Reproiiu.rI.loFi 


protein stores in the form of triglycerides and amino acids 
for gluconeogenesis. Ketone bodies are normally produced 
by the Liver and ruminal wall, although ruminal wall ketone 
production Is Insignificant during clinical ketosis. 155 The 
mammary gland indirectly con tributes to ketone body pro¬ 
duction by using glucose for lactose production. 26-0 The 
liver, however. Is die major source of overall ketone produc¬ 
tion during ketosis. All tissues In the normal cow can adapt 
to the use of ketone bodies as an alternate energy source 
except the Liver. It must be stressed that normal, high-pro¬ 
ducing dairy cows will have some level of ketosis during 
the rising curve of their lactation until their energy intake 
balances milk production, despite the provision of good- 
qualtly feed. During this period cows lose 30 to 100 kg 
(65 So 220 lb). I6lJ “'The difficulty Is in Identifying and pre¬ 
venting the factors that move a cow from the normal level 
of ketone body formation Into she subclinlcal and clinical 
categories. 

Any disease condition that decreases dietary Intake may 
cause secondary ketosis as a result of increased fat mobiliza¬ 
tion and ketone production. During the immediate postpar¬ 
tum period cows are susceptible to many diseases that are 
likely to reduce their normal feed Intake. Ketosis may also 
be secondary to the Ingestion of preformed ketones In the 
diet (silage high in lactic or butyric acid). 256 Biogenic 
amines such as pulresclne, tryptamlne, cadaverlne, and his¬ 
tamine contained In ketogenlc silage may play a role, possi¬ 
bly by decreasing intake. 264 - 255 Cobalt deficiency has been 
implicated as a potential cause of ketosis. 2615 There is also 
a high incidence of ketosis in herds affected by fluorosis. 167 
Contamination of concentrates with low levels of lineomy¬ 
cin have been reported to cause herd outbreaks of clinical 
ketosis. 263 The onset of bovine somatotropin (BST) use In 
dairies was speculated to Increase the Incidence of ketosis, 
but this has not been demonstrated. 26 ' 1 - 270 


II Clinical Signs and Differential Diagnoses. Clinical 
ketosis is most commonly seen as a gradual loss of appetite 
and decrease In milk production over several days. Loss of 
appetite Is usually sequential, -with refusal of grain, then 
silage, and lastly forages. As feed Intake decreases, weight 
is lost rapidly, and milk production drops. During early lac¬ 
tation, reduction In milk production Lags behind the reduc¬ 
tion in energy intake. I’he incidence of type 1 ketosis tends 
to occur 3 to C weeks postpartum as milk production peaks, 
In contrast to type II. which Is seen Immediately after calv¬ 
ing. 254 Physical findings Include normal vital signs; firm, 
dry feces; moderate depression, and sometimes reluctance 
to move. Ruminal motility may be decreased If the animal 
has been anorectic for several days. Occasionally pica is 
seen. Often the odor of ketones can be detected on the 
breath and in the milk. Clinical signs may spontaneously 
disappear without treatment when an equilibrium between 
milk yield and dietary intake is reached. Transient nervous 
signs such as staggering and blindness may occur for sborl 
periods of time. Displaced abomasum [particularly left 
displacement or LDA), metritis, m astitis, and perl ton!lls 
(particularly traumatic' retlculoperitonItis] are common pri¬ 
mal)- disease entitles leading to secondary ketosis. Although 
LDA has traditionally been thought to result In ketosis, 
recent work has demonstrated that elevated blood NLE : As 
and ketones precede LDA by 1 days and Increase the risk 
of the condition by as much as eightfold. 271 Ketosis 
decreases Lmmu norespo nslveness, leaving affected cows 
more vulnerable to concurrent infections. This is attributed 
to the hypoglycemia and suppressive effects of N r EFAs 27j 
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Less common causes of secondary ketosis are subtlinlcnl 
hypocalcemia, mild ruminal overload and laminitis. lame¬ 
ness caused by sole abscesses and ulcers, pyelonephritis, 
and musculoskeleSal Injuries after calving. 

In the nervous form of ketosis, there Is an acute onset of 
bizarre neurologic signs, Including circling, proprioceptive 
deficits, head pressing, apparent blindness, wandering 
excessive grooming behavior, pica, and excessive salivation. 
These animals may show hyperesthesia, bellowing, moder¬ 
ate tremors, and tetany.- 72 They may behave aggressively 
toward people or inanimate objects and appear ataxic when 
ambulating. Episodes of nervous signs last ! to 2 hours and 
recur at S- to l O-hour Intervals. 2fiQ Diseases such as listerio¬ 
sis, rabies, Lactation tetany, acute lead poison big, and Cltim- 
ccp .5 paspali poisoning should be considered as possible 
differential diagnoses. 

A very thorough physical examination must be performed 
to different Late primary from secondary ketosis A mild fever 
and Increased heart rate are often associated with primary dis¬ 
eases that are Inflammatory' Ln nature, Moderate to severe 
ketonurta may be seen. During the first 1 weeks after calving 
cows may require treatment for concurrent diseases. If appe¬ 
tite does not return after standard therapy for the primary'dis¬ 
ease entity, further therapy for ketosis maybe necessary. The 
tendency for ketosis to recur necessitates careful reassessment 
by repealing (he physical examination to detect prim ary.'dis¬ 
eases causing secondary ketosis. 


II CtinicaJ Pathology arM Laboratory AMs. Ketone bodies 
may be detected in urine, plasma, and milk (Table 
4s_3j. JM r27a-2SQ literature Is reported In the Interna¬ 
tional System of Units (S3 units) (mmol/L) and conven¬ 
tional units (mg/dL), which makes interpretation difficult. 
Hie vagueness of clinical signs has made It difficult to deter¬ 
mine precise definitions of ketone bodies in clinical ketosis. 
As a general guideline, animals with clinical ketosis will 
have blood glucose concentrations of 20 to 40 mg/dL, total 
blood ketones >30 mg/dL, total urine ketones >S4 mg/dL, 
and total milk ketones >10 mg/dL Individuals with sub- 
ci In Leal ketosis are those that have no clinical signs of keto¬ 
sis but have low-normal hlood glucose, total blood ketones 
of 1.0 to 30 mg/dL. and total milk ketones of 2 mg/dl.. 
Recent studies have statistically determined RIEB to give 
the best correlation for subclinical ketosis with a threshold 


of t400 jjmol/L (E-3.4 mg/dl} 2 ** 1 Secondary' kelosis tends 
to fall between the ranges for clinical and subclinlcat keto¬ 
sis, depending on the duration of the primary disease 
process. 25 ' 1 

Commercially available tests have changed substantially 
in the past few years, with greatly Improved diagnostic capa¬ 
bility. Urine ketones may give a positive result in otherwise 
normal cows, because ketones are concentrated to 2 to 20 
times (he blood ketone level. Ketone bodies in the milk 
more closely reflect ketone blood levels, making milk 
ketones a better indicator of ketosis (approximately S0 °\h 
of blood concentration). 271,1 Of the ketone bodies, AcAc 
tends to be the most unstable and difficult to detect Ln sam¬ 
ples, Various products that detect the Ac, Ac Ac, and/or BE IB 
are available. A recent review 1 of available tests found that 
two products, one detecting AcAc In urine at the "small" 
reading {Ketostlx, Bayer, Elkhart, End.) and the other detect¬ 
ing Bl’lB in milk (KetoTest. Sanwa Kagaku Kenkyusho, 
Nagoya, japan), had acceptable sensitivity and specificity 
for screening herds for subclintcal ketosis. 282 In a seconi 
study, Pink test liquid (www.profe-products.com, Germany) 
and Ketolac (Eloescht, Germany) were also found to be sat¬ 
isfactory for diagnosis of subclinical ketosis. 233 Blood levels 
of volatile fatty adds (VFAs), FFAs, and NEFAs are Increased 
Ln kelosis. New 1 test kits have been developed that are capa¬ 
ble of assessing NEFAs on site (VDx Diagnostic Analyzer, 
Newburg. WJs.J. NEFA levels of >0.5 mEq/L were satisfac¬ 
tory in detecting herd problems with subclinical keto- 
S ] S as4.±fi5 Problems exist with diurnal variation in blood 
levels of VFAs, FFAs, and NEFAs, making timing of blood 
sampling dlfticu It. 2M - 2a *- 247 These tests can be used to mon¬ 
itor dairy' herds tor negative energy balance and the risk of 
subclinical and clinical ketosis and associated disease 
problems. 285 

The cenEral role of the liver Ln energy metabolism of 
ruminants associates the onset of din Leal ketosis with eleva¬ 
tions of liver enzymes and abnormal liver function test 
results. Semni aspartate aminotransferase (AST) and sorbi¬ 
tol dehydrogenase (SDH) may be increased In severe cases. 
The degree of liver dysfunction is mild compared with that 
of cows with fatty liver syndrome. The sulfobromophlhaleln 
(BSP) clearance test was the classical evaluation of Liver 
function particularly in overcondltioned cows al risk for 
fatty liver syndrome development (see Chapter 33) but is 
currently unavailable. Serum bile acid levels have had 
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AcAc 

0 

■=0.35 


0.36-1.05 

4.4 

>1.05 r 0,5 

BUB 

10.7 

tl-Qfll 

>10 

0-1.5 

23.5 

>1.5 

TOTAL 

3; 6.1 


10-30 


>30; 4t; 4 8 

•5 

Urine Ac 

I 

(0.17) 



22 

3.7B 

AcAc 

3.4 

(0.35) 



37:3 

3.60 

BUB 

11.7 

(1.1H) 



25.1 

2.54 

TOTAL 

9.5-3, tti.i 




£9; 305.77 


Milk Ac 

Q 



0.17-0.25; 0 A 

16.2 

>1-2 

AcAc 

0 




1.6 

0 16 

BHJJ 

4.9 

fo.qg) 



7.9 

O.fiO 

TOTAL. 

4.9 


2 


27.5; 37.35 



Ad.\ Aunt cm it, AcAi*. .11 ’rtcucrmr ntid; STi'H, fl-hyUrnsylHLlync J-V-Vl. i ree Ij.LLv acid 









1346 "m FWRTHVE DISORDERS OF THE ORGAN SYSTEMS 


variable results and may not be useful In differentia ting 
mild, moderate, and severe fatly Infiltration of the liver, 
but they do coirelate tvith severe hepatic damage. 233 - 2 - 95 
The B5P clearance test also did not differentiate between 
mild and moderate fatty Infiltration of the liver. Liver 
biopsy and determination of triglyceride or triacyl glycerol 
{TAG) are the gold standards for accurately assessing the 
degree of hepatic lipidosis and are relatively simple to 
perform In cattle. 2I>D 

White cell counts vary and may reflect stress or the pri¬ 
mary disease process that the animal is experiencing. Stud¬ 
ies vary in the reported effect of elevated ketone bodies 
and decreased blood glucose on lymphocyte proliferation 
and immunoglobulin production. 271 Serum calcium and 
magnesium levels may be slightly decreased Ln animals that 
are anorectic. Cortisol levels are usually within the normal 
range, and plasma Insulin is elevated initially but depressed 
as the feed Intake is decreased. 


II rdChophysiciJovy, Ruminants are exquisitely profynmmed 
to use forages in the production of energy for "growth, main¬ 
tenance, pregnancy, and laclatlon. The control of energy in 
the ruminant Is under the hormonal control of mainly Insu¬ 
lin and glucagon. Corticosteroids, Gil, catecholamines, and 
leptins have also been shown to have Important roles in 
the fine-tuning required at the critical times of transition 
between late pregnancy and early lactation. It is Important 
to keep In mind that ketone bodies are an integral part of 
normal energy metabolism In ruminants, and it is only when 
the negative energy balance overwhelms the ability of the 
cow to use the available ketone bodies that a disease condi¬ 
tion occurs. 

Control of blood glucose Ln ruminants Is mainly under 
the control of insulin, which favors cellular uptake of glu¬ 
cose, llpogenesls, and glycogen synthesis while decreasing 


ILpolysis and hepatic gluconeogenesis. 290 - 291 Ruminants 
are considered to be relatively insulin resistant, but during 
early lactation low Insulin concentrations are accompanied 
by high tissue Insulin sensitivity. 252 Glucagon counteracts 
insulin by Increasing Hpolysis and hepatic gluconeogenesis 
and decreasing llpogenesls. Catecholamines modulate 
energy metabolism by favoring ILpolysis and decreasing 
llpogenesls. GH Levels are normally high in early Lactation 
and inhibit llpogenesls Ln adtposeWhne Increasing gluco¬ 
neogenesis In the liver. Adipocytes have been of Increasing 
interest In all species, as they Have been shown to produce 
a variety of endocrine factors (leptln, resist In, IL-6, TNF-a, 
and □diponeetin). 235 - 291 Leptin has potential for Influencing 
feed Intake and resistance to insulin and increasing energy 
expenditure and has been documented to be Increased in 
obesity. The extent and importance of these Interactions 
have not been completely Investigated in ruminants. 

In the normal Lacladng cow r , energy is presented to the 
liver in the form of VTAs, bacterial protein, and a small 
amount of glucose and protein that escapes degradation in 
the rumen (Fig. 4]-17). 355iJ6a;261 The principal VFAs are 
acetate, propionate, and butyrate, which are produced in 
an approximate 70:20:10 ratio, respectively, Ln the rumen. 
Acetate is mainly used in fat synthesis, although there is 
some evidence to suggest that it may be a minor glucose 
source by entering at the acetyl coenzyme A (CoA) Level. 
Butyrate is condensed into aceioacetyl Co A, which can be 
partially oxidized to ketone bodies or transformed into ace¬ 
tyl CoA that can enter the tricarboxylic acid (IGA) cycle (no 
net gain of glucose). Propionate enters the IGA cycle 
directly at the level ofsuccinyl CoA (equivalent to 30% to 
50% of glucose production in the ruminant).^ 5 Hterefore 
acetate and butyrate are ketogenic, and propionate Is glyco¬ 
genic. The normal ratio of production in the rumen is lour 
ketogenic to one glycogenic VFA. Significant production of 
ketone bodies occurs Ln the ruminal epithelium and 
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mammary gland, as well as in (be major production site, the 
liver. J39 - 393 Ketone bodies are normally used by the TCA 
cycle in the heart, kidney, skeletal muscles, and mammary 
gland through the acetyl Co A pathway. 

Efficient oxidation of acetyl CoA depends on an ade¬ 
quate supply of oxaloacetale, which is generated from glu¬ 
coneogenic precursors, mainly propionate (From the 
rumen) and lactate and pyruvate (from anaerobic metabo¬ 
lism of glucose). 235 Skeletal muscle mass also provides 
amino acids for gluconeogene&Ls. Lactating cows preempt 
a large quantity of propionate and lactate for milk produc¬ 
tion in the form of lactose 293 Supplies of oxaloacetate are 
reduced, slowing down the TCA cycle and the use of acetyl 
CoA. The backlog of acetyl CoA is^ diverted Into the forma¬ 
tion of ketone bodies. 

Adipose ll&sue stores energy In the form of triglycerides, 
which can be mobilized to provide NEFAs that either enter 
the 1C A cycle through acetyl CoA, adding to the formation 
of ketone bodies, or are reesterified Into triglycerides or TAG 
(see Fig. 41-17). The ruminant ilver is inefficient In parti¬ 
tioning the Increased NEFAs into triglycerides and secreting 
them into the circulation as lipoproteins. Apoprotein B is 
required to form VLDLs. Deficiency of apoprotein B will 
result in accumulations of TAG or fatty infiltration of she 
liver and abnormally elevated ketone bodies. The negative 
energy balance that occurs In postpartum dairy cow's further 
reduces available carbohydrate and accelerates fat mobiliza¬ 
tion and ketone body formation. The ketone bodies In clin¬ 
ical ketosis are mainly produced from NEFAs In the liver, 
which shift in response to low carbohydrate supplies from 
the pathways of esterification and cornpiele oxidation of 
acetyl CoA to COj to partial oxidation of aeeloacetyl CoA 
to ketone bodies. n€| resL1 [ ls Jre ketonemla, 
ketonuria, kelolactla, hypoglycemia, and low leveis of 
hepatic glycogen. 

Clinical ketosis in ruminants occurs when the demand 
for giucose by the mammary gland or fetus exceeds (he 
energy resources available from the diet and fat mobiliza¬ 
tion, resulting in hypoglycemia. The daily glucose require¬ 
ments of a daily cow r increase above normal maintenance 
by 30% in late gestation and by 75% with the onset of 
lactation. 293 The average energy requirements of a 1000-lb 
lactating cow r have been estimated to be 50 g of glucose 
per hour. 29 * Oniy 10% of the glucose requirement Is avail¬ 
able in the form of glucose. 

In late pregnancy and early lactation It Is common for a 
negative energy balance to occur, which results In subcllni- 
cal keLosis. Any additional nutritional, metabolic, or other 
disorder resulting In decreased feed intake will make the 
subcllnical ketosis clinical. 


II EprdfPJiioJugjA The morbidity of clinical ketosis is 
extremely variable and difficult to measure. Management 
and nutrition are influential factors that vary widely from 
farm to farm and area to area. Prevalence rates (number of 
cases at a point in time) have been reported to be 13.1% 
(range 3% to 22%, depending on lactation) for clinical 
ketosis and 33.8% (range 31% to 41%) for subdin leal keto¬ 
sis. 297 - 293 Incidence rates [number of cases that occur In 
l year) have been reported to range from 1.87% to 13% 
for clinical ketosis and 7.3% to 12.1% for subcllnical keto¬ 
sis 297 - 301 Studies using newer tests for ketone bodies have 
reported subcllnical ketosis incidence rates of 53% and 
43% using cutoff points of 1400 and 1200 umol/L, respec¬ 
tively A DJ Most cases occur In Lhe first 6 w r eeks after calving 
with the peak Incidence at 3 to 4 w r eeks after calv¬ 
ing. 293 - 303 - 304 Breed differences have been found, as weil 
as genetic tendencies within bull-daughter families. 299 - 300 


Itie Incidence of clinical ketosis Increased with parity, peak¬ 
ing at the fifth to sixth lactation. 293 - 299 Cows that were diag¬ 
nosed with clinical ketosis once had increased risk of ketosis 
at subsequent calvings. 303 - 303 Recurrence of ketosis in Indi¬ 
viduals may reflect digestive capacity and metabolic effi¬ 
ciency, as well as milk production, which are likely to 
have a multi facto rial mode of inheritance. 

Generally, clinical and subclinlcal cows are high produ¬ 
cers and are overconditioned at calving 304 - 303 Fat cows have 
been shown to have a 25% reduction in dry matter Intake 
[DMI) and higher turnover rates of fatly acids because of 
more fat mobilization. 306 Environmental factors that affect 
the incidence of cllnicai ketosis Include season [Increased 
during midwinter), climate, stabling (increased in stabled 
vs. loose housing), and feeding regimen (increased with 
number of feedstutTs used and fewer numbers of feedings 
per day). 331 - 3 ^-^ 7 Diets that are less than 8% protein on 
a diy matter basis before calving or that have high protein 
levels [greater than 20% DM) after calving have been asso¬ 
ciated with high incidences of herd ketosis 303 One study 
reported an association of increased incidence with a high 
standard of management and decreased incidence if the 
wife, versus other famliy members or paid workers, assisted 
with chores. 307 

Thirty percent to 40% of cases are complicated by con¬ 
current diseases such as metritis, traumatic reticuloperllonl- 
tis, and abomasal displacements. 303 These cow's are 
classified as having secondary ketosis. A diagnosis of partu¬ 
rient paresis, alone or In combination w r lth retained pla¬ 
centa, Increased the risk of clinical ketosis. 101 Cows 
with metritis are more likely to be diagnosed as having sub- 
clinical ketosis. 397 Displaced abomasum and lameness in a 
previous lactation were associated with clinical ketosis. 304 
One study reported that cow's with elevated NEFA concen¬ 
trations prepartum and elevated BHB postpartum had an 
Increased risk of developing an LDA and ketosis. 270 Cystic 
ovaries, increased calving to first service Interval, and 
Increased calving to last service interval have been asso¬ 
ciated with subclinlcal ketosis. 297 - 3 ™- 305 Others reported 
no association between ketosis and the calving Interval 
and number of Inseminations. 309 Most genetic studies are 
based on the lactation previous to the diagnosis of ketosis 
and have found either no difference or a tendency toward 
higher production In cows with ketosis. 299 - 309 - 312 One study 
demonstrated a genetic correlation between milk produc¬ 
tion and ketosis using only first lactation records. 333 Sub- 
clinical ketosis was found to be associated with losses of L 
to 1.4 kg of milk per day or 4.4% to 6% of the mean dally 
production.- 297 Other authors 332 found an association 
between diagnosis and treatment of clinical ketosis, with 
an increase of 2.5% in production over the entire lactation. 
A negative correlation of ketosis with culling rate Indicated 
that nigh-producing cows w r Ltb ketosis were Less likely to 
be culled than Low-producing cow's. 30 L - 314 

II Naropsy tindinvs, I’he mortality rate from primary 
ketosis Is extremely low. In animals that die with clinical 
ketosis, a fatty liver is likely to be the only pathologic 
finding, in secondary ketosis lesions are associated with 
the primary disease condition. 

Trent men I titu! Prognosis. Treatment of secondary keto¬ 
sis requires correction of the primary condition while ensur¬ 
ing the provision of an adequate diet, in ketosis secondary 
to (he butyrate content of silage, the diet can be manipu¬ 
lated to eliminate or dilute the sliage. 233 

Many treatments have been used for primary clinical 
ketosis. The goal of treatment is to limit the mobilization 
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of fat by increasing the aval]ability of glucose or glucose pre¬ 
cursors and promoting uptake of glucose by cells. 315 The 
pathophysiologic reasoning for specific treatments of keto¬ 
sis has been reviewed. 316 Clinical response to traditional 
treatment with intravenous glucose, oral propylene glycol, 
corticosteroids, and Insulin has been well documented. In 
addition, many nontraditional treatments and feed supple¬ 
ments have shown variable success In treating and prevent¬ 
ing ketosis. 

Traditional therapy with intravenous Injections of 100 to 
500 mL of 50% glucose (dextrose) gives marked clinical 
improvement. A transient hyperglycemia is produced; 
return to prein lection levels occurs in 2 hours. Blood 
ketones drop Immediately, clinical signs disappear, and 
milk production increases by 5 to 10 lb for at least one milk¬ 
ing. 31 ^ Neivous signs may reappear in 12 to 24 hours, and 
milk production drops again over 2 to 3 days. There are 
fewer relapses if the glucose Injections are repeated fre¬ 
quently. Solutions containing a mixture of 25% dextrose 
and 25% fructose have been used In an attempt to prolong 
the hyperglycemic action. Ideally a continuous intravenous 
glucose Infusion at 0.5 g/mln should be administered until 
milk ketone test results are negative. 296 ^ 317 In my opinion 
a slow Infusion of 20 L of 2.5% glucose (with half normal 
saline) over 24 hours improves the clinical response. This 
solution allow's fast enough drip rates for ease of catheter 
maintenance without the danger of causing osmotic diuresis 
and excessive water loading. Urine is monitored by dipsticks 
for negative glucose and decreasing Levels of ketone bodies 
several tLmes dally. Dally monitoring of the blood glucose 
(once or twice dally) measures the adequacy of dextrose 
administration. Careful monitoring for hypoglycemia Is 
required when intravenous glucose Is discontinued. This 
may be Impractical for field situations but Is worthwhile 
in clinical settings with valuable Individuals, 

Glucose precursors may be given orally in the feed or as 
a drench and provide a source for gluconeogenesis. These 
include a propylene glycol drench at 225 g (a oz) bid for 2 
days, followed by 110 g (4 oz) once daily for 2 days or gly¬ 
cerol at 500 g bltl for up to 10 days. 313 Overuse of propyl¬ 
ene glycol may have a deleterious effect on ruminal flora, 
decrease ruminal motility, and cause diarrhea, necessitat¬ 
ing its discontinuation and the institution of ruminal 
transfaunatlons. In one study, adding propylene glycol to 
the diet of postpartum cows decreased ME FA anti 111 LB 
levels but did not significantly change milk production, 
health, or fertility and therefore was not economically 
beneficial. 315 Glycerol drenches at I to 2 L orally per 
cow alleviated symptoms of ketosis, but Including glycerol 
in the transition feed did not. 32£> - 321 Sodium propionate 
(125 to 250 g bid orally), ammonium lactate (120 g bid 
orally), and sodium lactate [360 g bid orally) have also 
been used as feed additives to provide alternate glucose 
sources. All of these tend to Lower the butterfat test result 
and may cause digestive disturbances If prolonged treat¬ 
ment Is used. 317 

Glucocorticoids are often used to prolong the hypergly¬ 
cemic effect by decreasing tissue uptake of glucose and 
reducing milk production for up to 3 days. Dexamethasone 
(0.04 mg^’kg) and betamethasone are most commonly 
used. In one study a single treatment of dexamethasone 
(0.04 mg/kg) significantly increased blood glucose for 6 to 
9 days and decreased milk production for 1 to 7 days. 333 
Caution must be used, because overdosing may reduce feed 
intake and exacerbate the condition of cows with fatty' liver 
syndrome. 323 Anabolic steroids such as trlenbolone acetate 
have resulted In decreases in blood levels of ketone bodies 
without depression of milk production but are prohibited 
in the United States. 3 * 4 


Low.' doses of Long-acting Insulin [2001U of protamine 
zinc insulin subcutaneously [SC] once every 4S hours) have 
been used as an adjunct to intravenous glucose and gluco¬ 
corticoid therapy. Use of the newer slow-release Insulin 
(llumllin, Ultralente human insulin rDNA, Eli Lilly, India¬ 
napolis, Ind.) at a dose of 0.14/IU/kg of body weight I Mi 
provided an Insulin peak by 12 hours postin lection, with 
return to prelnjecllon levels by' 24 hours. 333 Blood glucose 
lowered by 21% at 6 to 12 hours and returned to prelnlec¬ 
tion levels within 24 hours. Pancreatic secretion of insulin 
is reduced In ketotic cow's in response to intravenous Lnfu- 
slons of glucose.Insulin assists in suppressing fatly acid 
mobilization and increasing tissue uptake of glucose while 
stimulating hepatic glycolysis. Intravenous glucose com¬ 
bined with insulin when administered over several days 
has been shown to decrease NEFAs and liver triglycerides 
and Increase hepatic glycogen. 337 

lltere has been interest In using glucagon injections to 
stimulate gluconeogenesis and limiting 11 po lysis, which 
decreases triglyceride accumulation In the liver during early 
lactation. Recent studies reported glucagon had no adverse 
effects but had only minor effects on the iLpid transport in 
early lactation. 333 Glucagon Is not commercially available. 

Lipotrophlc agents such as choline [25 to 50 g dally PO), 
cysteamlne [750 mg IV every 2 to 3 day's], and i.-methionlne 
have been suggested as feed additives or treatments that 
increase mobilization of fat In the liver. 335 - 331 Choline 
(25 g dally) may also be given subcutaneously but should 
rctft be given Intravenously because it acts as a neuromuscu¬ 
lar blocker. Therapy with lipotrophlc agents has not been 
proven effective In controlled triafs and may even be harm¬ 
ful In cases of severe liver damage. 3M 

Cobalt deficiency and therefore vitamin B lJ deficiency 
have been implicated as a cause of ketosis. 363 Vitamin Bj 2 
is an essential cofactor in the metabolism of propionate as 
it enters Into theTCA cycle. 363 Blood and liver levels of vita¬ 
min B ij are reduced in the postparturient cow. 366 Although 
vitamin B 32 and cobalt may be added to the diet, the effec¬ 
tiveness o-f vitamin B, 2 has not been proven. 332 

Supplementation of prepartum and early lactation diets 
with chromium decreased serum NEFAs but bad no effect 
on milk production or milk components. 333 Decreased 
NEKA w r as greatest at I week postpartum. Chromium may 
potentiate the action of insulin and has a role In the activa¬ 
tion of thyroid hormone. 

Nicotinic acid [niacin) and nLcotlnamide have been used 
with variable effects. 362 Nicotinamide coenzymes in mam¬ 
mary tissue were reduced In ketotic cows compared with 
normal cotvs. 334 The suggested dose of nicotinic acid is 6 g 
orally once daily for up to 10 weeks after calving. Milk pro¬ 
duction was slightly Increased, and blood levels of ketone 
bodies and FFA& w r ere lower in niacin-treated cows. 355 Nia¬ 
cin decreases blood ketones and EEAs and increases blood 
glucose. Niacin has also been used in coin hi nation with 
propylene glycol ormonensln, but no significant differences 
were found between treatment and control groups. 336 - 337 
Biotin is a coenzyme in the process of gluconeogenesis and 
has been studied in the perlpartum period. 3 ™ Although 
NEEAs and hepatic TAG were lower, biotin did not decrease 
BUB. 

lonophores Increase the ratio of propionate formation In 
the rumen and have been documented to decrease the Inci¬ 
dence of clinical ketosis. 351 As of October 2004 monensin 
(Rumensin, Elanco, Greenfield, Ind.) was cleared for inclu¬ 
sion In feed for dry and lactatln^ dairy cattle In the United 
Slates and Is valuable as a tool Tor preventing clinical and 
subcllnical ketosis. 

Chloral hydrate is a traditional treatment that increases 
the breakdown of starch in the rumen and Influences the 
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ruminal production of propionate. The initial ora] dose is 
30£ followed by 7 g bid for several days.'- 7 Chloral hydrate 
may be particularly helpful for Its sedative effects in treating 
cows with recurring nervous ketosis. 

As In all metabolic diseases, nursing care is important 
Supportive therapy may include ruminal transfaunaticns, 
provision of a variety of palatable feeds, and exercise. 


Plhfttentfotf and CotUroL Because the underlying mecha¬ 
nism of clinical and subchnical ketosis Is one'of negative 
energy balance during the first S weeks of lactation, preven¬ 
tion and control can be addressed In three steps. The feed¬ 
ing and management of cows; during late lactation and the 
dry period should promote good body condition at calving 
(see Chapter 9 for BCS system). Optimum intake of lactat- 
ing rations at the commencement of lactation must be 
encouraged by introducing the ration In a stepwise fashion. 
The idea] ration during early lactation Is highly palatable 
and of an appropriate energy density. 263 - 235 

A moderate amount of body fat should be available for 
mobilization and mlik production at parturition. The body 
fat that is lost In early lactation must be stored In the previ¬ 
ous iate lactation by feeding to National Research Council 
(NRC) recommendations. 1 * 3 Body condition of the dry 
cow r must be maintained, and fetal growth provided for. It 
Is essential that cows do not become too fat before parturi¬ 
tion. 26 L '305,306 There is evidence that fatly infiltration of the 
liver begins before parturition, particularly in individuals 
with fat cow syndrome. J&a 

The Introduction of the lactatlng ration should be made 
as smoothly as possible to encourage maximum Intake 
and minimize digestive upsets. Feeding of the Lactation 
ration In limited amounts may begin as early as 4 to 5 
weeks before parturition so that typlcaliy 3 to 9 ib of con¬ 
centrates are being fed at parturition. After calving Incre¬ 
mental Increases of a few’ pounds per day are made until 
ad lib Levels are reached (at approximately 2 to 4 w’eeks) 260 
Ensuring adequate bunk space and minimizingpen changes 
at the lime or parturition will have a critical, positive effect 
on DM I immediately. 285 

The idea] early lactation ration is highly palatable and 
meets NRC recommendations. It is beyond the scope of this 
text to outline detailed ration balancing. The key aspects are 
maintaining high energy density and optimum levels of 
fiber and protein without compromising the DMI. Calcula¬ 
tions of the energy requirements of a lactatlng cow r are 
expressed as tota] net energy of lactation and are obtained 
from NRC charts.- 3 * 2 Recommendations for fiber content 
of the diet are based on the acid deteigent fiber (ADF) 
and NDF. NDF is a good estimate of the bulk of a diet, 
and the DMI of a ration depends on the NDF (1.2% of 
body weight). Not all forage analysis laboratories report 
the NDF, but It can be approximated by dividing the total 
digestible nutrients by 100. Protein shouid be provided as 
both rumen degradable {soiubie and non protein nitrogen) 
and rumen undegradable (bypass). Excess protein and fat 
should be avoided. 335 Specific instructions for formulating 
these ingredients into a ration are provided by multipie 
rat Lo n-baLandng programs. 263 

The diet must aiso be balanced in Its minerals. Cobalt 
may be added if there Is an Indication of Inadequate ievels. 
Nicotinic acid Is recommended as a feed additive at 6 to 
12 g/head/day In early lactation rations. 335 Inclusion of 
chromium in perlpartum diets may also be beneficial. 333 

Problems that arise from silage with high butyrate con¬ 
centrations may require substitution or dilution of the 
affected silage with other feeds for the cows in eariy lacta¬ 
tion. EILgh-butyrate diets are often tolerated because they 


encourage a higher milk butte rial content- 258 "^ 17 The addi¬ 
tion of protected fats in the form of the calcium salts of 
long-chain fatty acids or a high proportion of saturated 
long-chain fatty acids (palmitic and stearic acids) Increases 
the energy density of the ration without reducing the fiber 
content. 339 'I'hese compounds are not degraded in the 
rumen hut are digested in the abomasum and small intes¬ 
tine. Feeding protected fats results in Increased mlik produc¬ 
tion, slightly decreased DMI, and increased FFAs, as well as 
stabilized biood ketones and weight loss through a giucose- 
sparlng effect. However, there is some evidence that added 
fat does not heip In the perlparturient period and may Inter¬ 
fere with other treatments, 340 Glucogenic precursors such as 
propylene glycol and sodium propionate have been 
Incorporated Into early Jactation rations for many years. 
Both of these compounds are not palatable to dairy cattle 
and are belter reserved for treatment of individual cases of 
ketosis. 

Subcllnicai and cilnicai ketosis should be detected and 
treated as early as possible to prevent deleterious effects on 
health and production. This may be accomplished by 
encouraging clients to use ketone tests routinely on milk or 
urine during the first 50 to 60 days after parturition. Several 
companies are developing commercial automated sampling 
systems that can routinely lest mlik for ketone bodies. 341 - 343 
Cattle with positive lest results should have a thorough phys¬ 
ical examination. Institution of supportive therapy Tor sub- 
clinical ketosis should include administration of oral 
propylene glycoi. A high prevalence rate of cilnicai and/or 
subcllnicai ketosis w r ould necessitate investigation of the 
feeding program. 


CALCIUM, MAGNESIUM, AND 
PHOSPHOR US 

JLSflft ft l.OII 

Adequate blood calcium (Ca), magnesium (Mg), and phos¬ 
phorus (F] concentrations are vital to normal function of 
animals. Mechanisms for maintaining blood Ca, Mg, and 
P concentrations within normal limits perform efficiently 
most of the time. Occasionally, these homeostatic mechan¬ 
isms fail, and metabolic diseases, such as mlik fever, occur. 
Inadequate biood Ca, F, Mg, or potassium (K) concentra¬ 
tions (discussed later In chapter) can cause a cow to lose 
the ablilly lo rise lo her feet, as these minerals are necessary 
for nerve and muscle function. Less severe disturbances In 
blood concentrations of these minerals can cause reduced 
feed intake, poor ruminal and Intestine motility, poor pro¬ 
ductivity, and Increased susceptibility to other metabolic 
and infectious disease. 

CALCIUM 

Ca Is the major mineral of bone. The skeleton of a GOO-kg cow 
contains approximately 3.5 kg ofCa. Extracellular Ca is aiso 
essential to ensure transmission of nervous tissue Impulses, 
excitation of skeletal and cardiac muscle contraction, and 
blood clotting and as a component of milk. Intracellular Ca, 
although iriu.DUD the concentration of extracellular Ca, is 
Involved In the activity of a wide array of enzymes and serves 
as an important second messenger conveying Information 
from the surface of the cell to the Interior of the cell. Low- 
extracellular Ca concentration causes byperexcllability of 
the nervous system, causing muscle fasciculatJons or even tet¬ 
any. At the neuromuscular |unctlon, the amount of acetyl¬ 
choline released during an endplate action potential is 
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directly related to the amount of Ca that enters the terminal 
end of the motor neuron, which Ls in turn dependent on 
extracellular Ca concentration. Thus, hypocalcemia reduces 
the strength of muscle contraction, resulting in paresis. In 
many species (dog. cat. human, horse) the prevailing effects 
of hypocalcemia result in tetany. In die cow and sheep, hypo¬ 
calcemia manifests as paresis, though it Is Important to point 
out that both effects of hvpocalcemla are occurring at the 
same time and careful evaluation of a hypocalcejmc animal 
will reveal both signs. 

Calcium Homeostasis 

Blood Ca concentration in the adult cow or sheep is main¬ 
tained at S.5 to 10 mg/dL and is slightly higher in young ani¬ 
mals (Fig 41-18). There are approximately 3 g of Ca in the 
plasma pool of a 600-kg cow r and 3 to 9 g In the extracellular 
pool. The Ca concentration in the blood Is tightly regulated, 
primarily by she parathyroid gland, which responds to even a 
small decrease In Ca concentration by secreting FTI3 Into the 
blood, rn I first w r lll act on the kidney to increase renal tubu¬ 
lar reabsorption ofCa from the glomerular filtrate. However, 
because only small amounts of Ca are lost in urine [<1 to 
2 g/day Ln the cow r ) r this action of PTII Is sufficient to restore 
normal blood Ca concentration only If the total deficit Is 
small. Larger Ca deficits cause prolonged secretion of Fill 
(hours to days), which stimulates osteoclastic resorption of 
bone Ca and stimulates renal production of 1,25-dinydroxy- 
vitamin D. 'Hie 1,25-dlhydroxyvitarnln D stimulates the 
intestinal epithelial cells to produce Ca binding proteins 
and Ca pumps so that Ca within the Lumen of the gut is effi¬ 
ciently transported across the intestinal epithelial cells Into 
the blood. Should an animal be fed a Ca- or vitamin D-defl- 
cient diet. It will generally maintain normal blood Ca con¬ 
centrations for weeks to months by resorbing bone Ca. 
However, this ultimately will cause bone disease such as 
osteoporosis and osteomalacia. An increase Ln blood Ca con¬ 
centration above normal shuts off FTH and stimulates 
release of calcitonin from the thyroid gland C cells. This hor¬ 
mone Increases renal clearance of Ca and decreases osteo¬ 
clast activity so more Ca Is retained Ln bone. 

Parathyroid gland 

/ \ 

Bore calcium Kidney 

resorption i 

I 1,25-dihydroxyvitarinin D 


Dietary Ca absorption 

i 



Milk (2G-3Qgl Endogenous Urine 

(1 .22 g' Ca/L milk) iecal loss (0.5-2 g Ca) 

( 2 ,t g Ca-I ( 5-7 gCa) 
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ACUTE HYPOCALCEMIA (MILK FEVER) 

IN DAIRY COWS 

N r early half of all dairy cows will experience subdin Leal hypo¬ 
calcemia (<7.5 mg/dL) within 24 hours of calving. Although 
this reduces ruminal and abomasa! contractility and reduces 
feed intake, clinically these animals appear normal. Hypocal¬ 
cemia also contributes to metritis, mastitis, and retained pla¬ 
centa by negatively affecting uterine and teat sphincter 
contractility and the Immunity of the cotv. With further 
reduction in blood Ca concentration the animals can appear 
ataxic, and some will be slightly bloated as eructation Is 
reduced, finally, in as many as 5% of LI S. cows, blood Ca 
will fall below 5 mg/dL, and In a few Ca will be as low .is 
2 mg/dL. These cows are recumbent and unable to rise and 
have a condition commonly referred to as milk fever or ptirfjj- 
rient paresis. They often Lay w r lth the neck out Ln an S-shaped 
curve, and close examination of muscles In the legs and neck 
will reveal fasciculation of some muscle groups. The heart 
muscle doe not contract strongly, so on auscultation the 
heartbeat is muffled. The heart rate Is generally Increased to 
irv to compensate for the low ventricular election volume. 
Tfae cow Loses the ability to tbermoregulate and lake on 
the ambient temperature of Lis surroundings. In most case 
this cause the skin, especially skin of the ears, to be cold. 
However, Ln hot climate or w r hen the cow r is recumbent Ln 
the hot su n the body temperature may be elevated w r ell above 
normal. .Milk fever typically occurs within a day or two of 
calving—usually after but occasionally |ust before calving 

Acute hypocalcemia also occurs with many Infectious 
conditions, such as mastitis or metritis, specially if endo¬ 
toxins are elaborated. As a rule the blood Ca concentration 
is 6 to & mg/dL. This form of hypocalcemia is a result of 
redistribution of Ca within organs and will not be discussed 
further other than to note that not all bypocalcemlc cows 
have the syndrome known as milk fever (box 41-4). 

Treatment of milk fever and hypocalcemia should be 
done as early as possible, especially if recumbency Is present. 
The pressure exerted by the massive weight of the cow r can 
cause a J crush syndrome" effect on the down side appen¬ 
dages in as little as 4 hours. This causes Ischemia of the mus¬ 
cles and nerves and is followed by necrosis of these tissues, 
resulting in the "downer syndrome" cow.* 144 The fastest way 
to restore normal plasma Ca concentration Is to administer 
an Intravenous injection ofCa salts (commonly Ca boroglu- 
conale). In general, commercial preparations for intravenous 
use supply from 3.5 to I J.5 g of Ca per 500 ml They may 
also contain sources of Mg, P (often as in effective phos¬ 
phite), and glucose. The most effective Intravenous Ca dose 
is approximately 1 g of Ca per 3 00 kg of body weight. A good 
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.Mineral Imbalances 

* Hypocalcemia—plasma Ca <5 mg/dL 

1 Hypomagnesemia —plasma Mg <1.2 mg/dL 

* Hypophosphatemia— pLisma T <1.5 mg/dL 

Severe toxemia:—moderate reduction Ln plasma Ca. Mg, and P 
Dystocia 

Pregnancy toxemia syndrome— low plasma Ca, Mg. V, and 
glucose 
Fractures 
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rule of thumb is la administer die Ca at a rate of 1 g.'ntin. IfCa 
is adm in tstered too rip idly, fat.il arrhythmia of the heart and 
cessation during systole cart occur. Intravenous Ca treatments 
increase blood Ca above normal for approximately 4 hours. 
Ca salts can also be Injected subcutaneously, but absorption 
is variable because blood flow to the periphery Ls often com¬ 
promised. The amount of Ca that can be Injected Into a single 
subcutaneous site should be limited to 1 to 1.5 g of Ca {50 to 
75 inL of most commercial preparations). Ca preparations 
designed for Intramuscular administration are also available 
(Ca Yevullnalt or Ca lactate). Most of these preparations must 
be limited to 0.5 to I g of Ca per injection site to avoid tissue 
necrosis. To get an effective dose of Ca into the clinically hypo- 
calcemic animal might therefore require 6 to 10 Injections 
into widely separated spots. Oral Ca treatments are not recom¬ 
mended a's treatments for clinical milk fever cases, although 
they am be effective aids In prevention of milk fever. 

HYPOCALCEMIA IN LATE-GESTATION 
SEEF COWS AND EWES 

I-kir beef cows and ewes, especially those carrying twins, 
meeting the sudden Increase in fetal skeletal demand (8 to 
10 g/felal cal (/day) for Ca often presents a greater challenge 
lo Ca homeostasis than does lactation. Estrogen, which 
increases dramatically in late gestation, decreases osteoclast 
activity. This reduces the ability to use bone Ca reabsorption 
to meet fetal skeletal Ca demands. As a result., most primary 
hypocalcemic disorders of the beef cow and ewe occur In 
late gestation. They are usually prevented by Increasing Ca 
and/or Mg in the' gestation cliet; provided the animal is 
eating. Often the syndrome In beef cows and ewes is com¬ 
plicated by inadequate energy Intake and a state of Inappe¬ 
tence associated with the pregnancy toxemia syndrome. 

Etiology of Milk Fever 

Daily cows producing colostrum (containing 1.7 to 2.3 gof 
Ca per kilogram) or milk [containing 1.2 g of Ca per kilo¬ 
gram) typically secrete 20 to 30 g of Ca each day In early lac¬ 
tation. Put simply, hypocalcemia and milk fever occur when 
cattle do not obtain enough Ca from their bones and diet to 
replace Ca Lost lo milk. The long-accepted reason ibis occurs 
was that high dietary Ca fed to the cow r before calving placed 
the cow In such a state of positive Ca balance that the parathy¬ 
roid gland atrophied, rendering it too sluggish to adequately 
respond when onset of lactation placed the cow r into negative 
Ca balance. However, in recent years It has been discovered 
that high dietary Ca does not have this effect, and in most 
cases FTEI secretion is quite adequate in these animals. 


Role of Metabolic Alkalosis 

Metabolic alkalosis predisposes cow r s to milk fever and subclln- 
ical hypocalcemia by altering the conformation of the PTH 
receptor, rendering the tissues less sensitive to PTH (Rg. 41- 
lS). 345 -^ 7 Lack of FT! I responsiveness by bone tissue prevents 
effective use of bone canal Lcull fluid Ca (sometimes referred to 
as astenyrtc ur/edysrj) and prevents activation of osteoclastic 
bone resorption. Failure or the kidneys to respond to PTH 
reduces renal reabsorption of Ca from the glomerular filtrate. 
More important, the kidney's fail to convert 25-hydroxyvitamin 
D to L,25-dilwdraxyvilamLn D. Therefore enhanced intestinal 
absorption of dietary Ca, which normally would help restore 
blood Ca lo normal, fails to be instituted. 

Metabolic alkalosis of dairy cows is caused by higji-potat- 
slum diets. This is best explained by Stewart's 348 strong ion 
difference theory of acid-base physiology, which states that 
the number of moles of positively charged particles [callous] 


A. pH=7.35 B. pH=7.45 C. pH=7.35 

Normal Mg Normal Mg hypomagnesemia 
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In any given solution {including body fluids) must equal the 
number of moles of negatively charged particles {anions) Ln 
the solution. Put Into extremely simplified terms. If positively 
charged particles are added to a solution, such as the plasma, 
the number of LI ■ cations will decrease and the number of 
Oil anions will increase to maintain the electroneutrality 
of the solution [the solution becomes more alkaline). Con¬ 
versely, adding anions to a solution causes an Increase Ln 
El ! and a decline Ln Oi l to maintain electro neutral Lty, and 
the pH decreases (the solution becomes more acidic). 

Cations and anions enter the blood from the digestive 
tract, making the cation-anion difference of the diet the ulti¬ 
mate determinant of blood pH. The ma|or cations present 
Ln feeds and the charges they carry are sodium [+1], potas¬ 
sium (-1-1), Ca (-1-2), and Mg (+2). The major anions and 
their charges found in feeds are chloride (-1), sulfate 
(-2), and phosphate [assumed to be -3). Cations or 
anions present Ln the diet will alter the pH of the blood 
only If they are absorbed into the blood. The difference 
between the number of cation and anion particles absorbed 
from the diet determines the pi [ of the blood. 

When formulating dairy cow late-gestation diets, the cat- 
Lon-anion difference of a diet is described Ln terms of mEq/ 
kg or mEq/100 g of diet, using various equations Involving 
Na, K, Ca, Mg Cl, sulfur, and IP, w r Llh and without adjust¬ 
ments for absorbability of each mineral in the diet: 

Dietary Caution - Anion Difference ( DCAD ) 

= {Na H-K + )-(CI" + 5") 

= {Na ' + It 4 ) — (Cl + 0.6S- ") 

= (0.2Ca++ +0.1 bMg- • - Na+ + K“ ) 

~(CI + 0.65 + 0.G-4F ") 

The equations Largely become an academic pursuit, as 
several of the variables in the formulas showm are somewhat 
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fixed constants. A strategy- [ use is to set dietary Ca at G.85% 
to 1% and dietary P andMg at 0.4%. Dietary sulfur needs to 
be above 0.22% to ensure adequate substrate for runrtina] 
microbial amino acid synthesis but beiow 0.4% to avoid 
possible neurologic problems associated with sulfur toxic - 
ity. The key to milk fever prevention Is to keep sodium 
and potassium as close to the requirement of the cow as 
possible [0.1% for Na and L% for potassium). The kev to 
reduction of subdin Leal hypocalcemia Is to then add chlo¬ 
ride to the ration to counteract the effects of low levels of 
potassium on blood alkalinity. As a rule of thumb, the 
amount of dietary chloride needed to acidify (he cow's 
blood (and urine) is approximately 0.5% less than the con¬ 
centration of K In the diet. For example, if dietary K can be 
reduced to only 2% of the diet. Cl tvould need to be roughly 
J.5% to acidify the cow. This level of Cl In the diet is I likely 
to cause a decrease in DMI. Chloride sources differ In their 
palatabillty, and because achieving low dietary K can be dif¬ 
ficult, It is prudent to use a palatable source of Cl when for¬ 
mulating she diet. Ammonium chloride {or ammonium 
sulfate) can be particularly unpalatable when included in 
rations with a high pH. At the higher pH the ammonium 
cation Is converted so ammonia, which Is highly irritating 
when smelled by the cow. Prilling the Cl {and SOj) salts 
can reduce the unpleasant taste of the salts. In our experi¬ 
ence, hydrochloric acid has proved the most palatable 
source of anions. 1 lydrocbloric acid can be extremely dan¬ 
gerous to handle when it Is procured as a Liquid concen¬ 
trate. Several companies now manufacture hydrochloric 
acid-based anion supplements that are safe to handle. 

These are simply guidelines for anion supplementation 
that 1 use and are based on inclusion of Ca, N'a, 5, .Mg. and 
P at the levels outlined previously. Urine pi 1 of the cows pro¬ 
vides a cheap and relatively accurate assessment of blood pf i 
and can be a good gauge of the appropriate level of anion 
supplementation. 34 ^ Urine pH on nigh-cation diets is gener¬ 
ally above 8.2. Limiting dietary cations will reduce urine pH 
only a small amount (pH 7.5 to 7.S). for optima I control of 
subcllnical hypocalcemia the average pi 1 of the urine of Hol¬ 
stein cows should be between 6.2 and 6.8, which essentially 
requires addition of anions to the ration. In Jersey cows the 
average urine pH of the close-up cows has to be reduced to 
between 5.S and 6.3 for effective control of hypocalcemia. 
If the average urine pi l Is between 5.0 and 5.5, excessive 
anions have Induced an uncompensated metabolic acidosis, 
and the cows will experience a decline in DMI. Urine pH can 
be checked 48 or more hours after a ration change. Urine 
samples should be free of feces and made on midstream col¬ 
lections to avoid alkalinity from vaginal secretions. Anion- 
supplemented diets are generally fed for the last 2 to 3 xveeks 
before calving. 


1,25-dihydroxyvLtamin D. iTiis increases bone Ca release 
and prepares (be Intestine to absorb Ca efficiently, should 
it become available. At parturition, the Lactational drain of 
Ca Is more easily replaced because the cotv's bone osteoclasts 
are already active and In high numbers and the previous 
stimulation of enlerocyles by 1,25-dlhydroxyvUamln D 
allows efficient use of dietary Ca. Unfortunately, a truly 
low-Ca diet should supply considerably Less than 20 g of 
absorbed Ca per day. This is difficult to actually achieve on 
most dairy farms, although increasing use of straw In prepar- 
tal diets arid the use of Ca binders, such as zeolite or vegeta¬ 
ble oils, may make this approach more practical. 354 

Physiologic Milk Fever Risk Factors 

The incidence of milk fever rises as a cow ages, especially as 
she enters her third or greater lactation. As animals age the 
number of active bone cells is reduced. Heifers, which are 
still growing rarely have problems with hypocalcemia. 
Lower numbers of active osteoblasts mean fewer cells to 
respond to PTE I and mobilize bone Ca. In addition, as ani¬ 
mals age the number of receptors for 1,25-dihydroxyvLta- 
mln D on target tissues declines. 

The incidence of milk fever is higher In Jersey cows com¬ 
pared with Holstein cows. Although Jersey cow colostrum 
and milk Ca concentration lend to be higher than in 1 Eol- 
stelns, this does not appear to be the only factor. Prelimi¬ 
nary data from our Laboratory suggest that the Intestine of 
Jersey cows possesses approximately 15% fewer receptors 
for 1,25-dlhydroxyvItamln D than does intestine of Hol¬ 
stein cows. 

Preventing Milk Fever with Vitamin D 

Earlier literature often recommended feeding or injecting 
massive doses [up to 10 million units) of vitamin D 10 
to 14 days before calving to prevent milk fever. This will 
pharmacologically increase Intestinal Ca absorption and 
can help prevent milk fever. Unfortunately, the dose of 
vitamin D that effectively prevents milk fever is very dose 
to the level that causes irreversible metastatic calcification 
of soft tissues, and therefore this strategy cannot be recom¬ 
mended. Lower doses may actually induce milk fever 
because the high levels of 25(OEI)D and 1,25-dibydroxy- 
vLtamln D induced by the treatment suppress PTH secre¬ 
tion and directly suppress renal synthesis of endogenous 
1,25-dihydroxyvLtamin D. 155 

ITeatment with 1,25-dLhydroxyvLtamLn D and its analo¬ 
gues can be much more effective, but problems with timing 
of administration, withdrawal from treatment, expense, and 
availability have made these treatments not p tactical. 336 - 3i7 


High Dietary Phosphorus 

I ilgh blood T concentrations Inhibit the activity of the renal 
25-hydroxyvitamLn D la-hydroxylase enzyme. 350 - 351 As sum¬ 
marized by Jorgensen, 3 ^ the incidence of milk fever Increases 
when dietary P exceeds QQg^day and little negative effect of 
dietary P is seen when dietary P is less than 50 g/day. Cows 
need approximately 35 to 40 g of P each day. 353 

Use of Low-Calcium Prepartal Diets to Prevent 
Milk Fever 

By feeding late-gestation cows a diet that supplies Less Ca 
titan they require, the cows can be placed Into negative Ca 
balance. This causes a minor decline In blood Ca concentra¬ 
tion, which stimulates PTE I secretion, which In turn stimu¬ 
lates osteoclastic bone resorption and renal production of 


Hypomagnesemia as a Cause of Hypocalcemia 

1 lypomagnesemia affects Ca metabolism In two ways. Mod¬ 
erate hypomagnesemia (<1.6 mg/dL) Interferes with PHI 
action on tissues. When PH l binds Its receptor on bone or 
kidney tissues. It normally Initiates activation of adenylate 
cyclase and phospholipase C, resulting In production of 
the second messengers, cyclic adenosine monophosphate 
(AMP) and Inositol 1,4,5-lrLphosphate. Both adenylate 
cyclase and phospholipase C nave an Mg 4 ■ binding site 
that must be occupied by an Mg Lon for full activity. 358 
Hypomagnesemia, from Inadequate absorption of dietary 
Mg, is the second most common cause of milk fever In cows 
around the time of calving and Is the most common cause 
of mid lactation milk fever in dairy cows. More severe hypo¬ 
magnesemia [<1.2mgML) can inhibit PTE I secretion in 
response to hypocalcemia, This appears to be a factor in 
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she development of some hypomagnesemlc tetany syn¬ 
dromes of grazing beef and dairy cattle. In these syndromes 
blood Mg concentration falls slowly over time until such 
point that PH] function Is impaired. It Is at this point that 
blood Ca concentration declines precipitously and clinical 
symptoms, such as tetany, become apparent. 35S 

Agronomic Considerations for Producing Low- 
Dietary Cation-Anion Difference Forages 

Reducing K in the ration of the late-geslation cow can pre¬ 
sent a problem. By restricting K application to the soil, it 
is possible to avoid luxury consumption of K by legumes 
and cool season grasses. Producers should also be aware 
that forages take up Cl from the soil, and it Is possible to 
find hays that are low In K and high (1% to 1.2%) In Cl 
Producers should use the lowest DCAD forage possible, 
not simply the lowest K forage. Forages intended for the 
close-up dry cow should routinely be analyzed for both K 
and Cl by a wet chemistry method. Near infrared determi¬ 
nations of forage mineral content are not currently useful. 

Oral Calcium Treatments at Calving 

Ca is absorbed across the Intestinal mucosa by lw r o meth¬ 
ods. The first method is by the active transport of Ca across 
intestinal cells—a process mediated by the hormone 1,25- 
dLhydroxyvitamln D. The second method Is by passive diffu¬ 
sion across the tight junctions that hold ad|acenl mucosal 
cells together. The concept behind oral Ca supplementation 
is that the cow's ability to use active transport of Ca across 
intestinal cells is Inadequate to help her maintain normal 
blood Ca concentrations. By giving the animal large 
amounts of very soluble Ca, it Is possible to force Ca across 
the Intestinal tract by means of passive diffusion between 
intestinal epithelial cells. Best results are obtained with 
doses of Ca between 50 and 125 g. For best control of hypo¬ 
calcemia, a dose is given at calving and again 24 hours Later. 
Administering 50 g of Ca from Ca Cl as a drench in 250 ml 
of water Is roughly equivalent to administering 4 g of Ca 
intravenously. 3 ™ Unfortunately, hypocalcemic cows have 
poor swa I Lowing and gag reflexes, making them vulnerable 
to aspiration pneumonia. Aspiration of Ca solutions leads 
to a severe pneumonia. Ca chloride has been used in oral 
Ca preparations but can be very caustic. Ca propionate is 
less injurious to tissues and has the added benefit of supply¬ 
ing propionate, a gluconeogenic precursor. Toxic doses of 
Ca can be delivered orally; approximately 250 g of Ca in a 
soluble form will kill some cows. 

CHRONIC CALCIUM DEFICIENCIES 

Nutritional Secondary Hyperparathyroidism 

A deficiency of dietary Ca or vitamin D can reduce the 
amount of Ca that can be absorbed across the intestine into 
die extracellular fluids. Diels severely deficient In Ca will 
not supply adequate Ca to replenish Ca lost from extracellu¬ 
lar pools. As a result, blood Ca concentration decreases and 
PIT [ secretion Increases. FTH can act on the kidney to 
reduce urinary Ca loss and Increase synthesis of 1,25-dihy- 
droxyvitamin D to enhance Intestinal Ca absorption effi¬ 
ciency. But If dietary Ca is very Low, Increasing the 
efficiency of intestinal' Ca absorption cannot substantially 
increase the amount of Ca entering the extracellular pool 
of Ca. The only action of PTE I that can Improve blood Ca 
concentration in this situation is to enhance bone Ca 
resorption. The continued removal of bone without replace¬ 
ment results in fibrous osteodystrophy. The clinical signs of 


nutritional secondary hyperparathyroidism Include hyper¬ 
trophy of the parathyroid glands [although they rarely can 
be palpated) and cessation of growth In young animals. 
Itie Lack of Ca available for mineralization of bone matrix 
causes the growth plates to be soft, weak, and swollen. 
'Itie cortices of the long bones are thin, and minor or major 
fractures are common. 

Vitamin D deficiency prevents the kidneys from being 
able to synthesize 1,25-dihydroxyvltamin D. Therefore 
unless dietary Ca is greatly elevated, the reduced efficiency 
of dietary Ca absorption will prevent adequate Ca from 
entering the extracellular fluids, and, again, HIE will acti¬ 
vate bone resorption mechanisms to attempt to maintain 
normocalcemia. 

Renal Secondary Hyperparathyroidism 

Renal secondary hyperparathyroidism is a syndrome caused 
by renal failure and is occasionally observed In older ani¬ 
mals. In cows, pyelonephritis can develop in late gestation 
through early lactation owing to poor urine flow and retro¬ 
grade urine flow resulting in destruction of renal tissue. 
A major function of the kidneys In most species Is to 
remove excess phosphate from the circulation. As renal 
function Is lost, phosphate is retained and hyperphosphate¬ 
mia develops, '['his occurs w r hen the remaining amount of 
functional renal tissue is less than 25% of normal. 

Hyperphosphatemia has ttvo effects. r fhe first effect Is to 
reduce the Ionized Ca content of the blood. This Is because 
Ca and phosphate ions normally exist in blood at concen¬ 
trations that are slightly below the Levels that would cause 
saturation of the fluids resulting in precipitation of Ca 
phosphate salt from the solution. Elowever the greatly ele¬ 
vated phosphate level Ln the blood of renal failure patients 
can exceed the equilibrium of Ca and phosphate in solu¬ 
tion, causing precipitation of Ca from the blood. More 
Important, as phosphate builds up in the blood it has a sec¬ 
ond effect on the remaining renal tissue. It blocks the activa¬ 
tion of the lx-hydroxylase that catalyzes conversion of 
25-dyhydroxyvltamm D to 1,25-dyhydroxyvitamLn D within 
the kidney. 'I’herefore even though PTH should stimulate 
the remaining functional renal tissue to produce 1,25-dyhy- 
dnoxyvilamLn D, this action of Pill is blocked by hyper¬ 
phosphatemia. 

As renal function is lost, the amount of renal tissue avail¬ 
able for production of L,25-dyhydroxyvitamin D decreases, 
and blood concentrations of J ,25-dyhydroxyvLlamin D 
decline. TTils reduces dietary Ca absorption and further 
depresses blood Ca concentration. Itiis in turn stimulates 
Increased PTE I secretion, and reabsorbing bone Ca reserves 
again becomes a major means of maintaining normocalce- 
mia. Fibrous osteodystrophy follows the prolonged secre¬ 
tion of P111. 

As bone Ca Is reabsorbed, more P Is also reabsorbed. 
However, the loss of renal function prevents PTH from hav¬ 
ing its usual phosphaturic effect exacerbating the hyperpho¬ 
sphatemia. A vicious cycle of Increasing blood P, Increasing 
PI E I, and Increased bone resorotlon ensues. 'IThe loss of renal 
function can rarely be reversed. 

Osteoporosis 

Three forms of osteoporosis commonly occur. Of these, 
only Lactational osteoporosis is a common syndrome of 
concern in animals. During Lactation in virtually all species 
there Is an obligatory loss of bone mass from the skeleton. 
In this case the osteoclasts within a bone resorption unit 
reabsorb bone to a 50-mlcron depth if dietary Ca is ade¬ 
quate, or to greater depths If the animal is Ln severe negative 
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Ca balance. However osteoblast movement into the resorp¬ 
tion cavity Is transiently inhibited, and no new bone Is 
deposited, litis occurs to some extent in all females shortly 
after parturition, even when they are In positive Ca balance. 
However, the degree and duration can he magnified greatly 
bv negative Ca balance. Once the animal has undergone the 
obligatory period of lactational osteoporotic bone loss [4 to 
5 weeks In the cow), If the animal Is In positive Ca balance 
the osteoblasts migrate to the resorption cavity and replace 
the lost bone. Lactational osteoporosis can help the female 
meet the Ca demands of lactation by uncoupling bone for¬ 
mation from bone resorption. In high-producing dairy 
cows, dietary Ca Intake Is inadequate to meet lactational 
Ca demands for the first 4 to S weeks of lactation, These 
animals can Lose as much as 13% of their skeletal mass dur¬ 
ing this period, which is replaced in later Lactation when 
dietary Ca intake allotvs the cow to enter a period of posi¬ 
tive Ca balance. 

MAGNESIUM 

Mg is a ma|or Intracellular cation serving as a cofactor for 
enzymatic reactions vital to every major metabolic pathway. 
Extracellular Mg Is vital to normal nerve conduction, muscle 
function, and bone mineral formation. In a 600-kg cow r 
there Is approximately 0.34 g of Mg In the blood, 3 g of 
Mg in the extracellular fluids, 84 g of Mg inside tells* and 
210 g of Mg with In bone mineral. Bone is not a significant 
source of Mg that can be used In times of Mg deficit, as 
bone reabsorptlon occurs in response to Ca homeostasis, 
not Mg status. Maintenance of normal plasma Mg concen¬ 
tration Is nearly totally dependent on continuous dietary 
Mg absorption. 

Hypomagnesemia 

[ lypomagnesemla generally Leads to hyperexcitahlllty, tetany, 
convulsion, and, too often, sudden death. Hypomagnesemia 
is often accompanied by and coin plicated by hypocalcemia. 
Hypomagnesemia Isa common problem Ln ruminants. 

Normal plasma Mg concentration Is l.S to 2.4 mg/dL in 
cows and 2.2 to 2.3 mg/dL in sheep. The kidneys play a key 
role In maintaining Mg homeostasis under conditions of 
hypermagnesemia when they fail to reabsorb Mg from glo¬ 
merular filtrate. Increasing renal Mg excretion to lower blood 
Mg concentration. 'Hie renal threshold for Mg (plasma con¬ 
centration at which all Mg filtered across the glomerulus Is 
reabsorbed) is 1.3 mg/dL in the cow and 2.2 mg^dL Ln sheep. 
Plasma Mg concentrations below these levels indicate dial 
dietary Mg absorption Is not sufficient and little or no Mg 
will be detected In urine. 

Moderate hypomagnesemia (1.1 to l.S mg/dL] is asso¬ 
ciated with reduced feed intake, nervousness, and reduced 
milk fat and total milk production. This can be a chronic 
problem Ln some dairy herds that often goes unnoticed. It 
can also predispose these animals to milk fever as described 
earlier. 

Role of the Rumen in Hypomagnesemia 

Mg is well absorbed from the small Intestine of young 
calves and Lambs. As the rumen and reticulum develop, 
these sites become the main, and perhaps the only, sites 
for net Mg absorption. 361 In adult ruminants the small 
intestine is a site of net secretion of Mg. Mg absorption from 
the rumen Is dependent on the concentration of Mg Ln solu¬ 
tion in the ruminal fluid and the Integrity of the Mg trans¬ 
port mechanism, which is an Na-IInked active transport 
process.' 162 


The soluble concentration of Mg Ln ruminal fluid can be 
low for several reasons. Chief among these are Low Mg con¬ 
tent of forages and Inadequate dietary supplementation. Mg 
solubility also declines sharply as ruminal pH rises above 
6.5. Grazing animals tend to have higher ruminal pi l 
because of the stimulation of salivaiy buffer secretion. 
When high-grain rations are fed, ruminal fluid pi l Is often 
below pEI 6.5, increasing Mg solubility and thus avaliabil¬ 
ity. Forages can also contain organic compounds, such as 
unsalu rated fatly acids, which are converted to tricarbally- 
late, which can form insoluble Mg salts In (he rumen. 

I ligh dietary K can reduce the rumen's ability to absorb 
Mg. High K concentration In the ruminal fluid depolarizes 
the apical membrane of the ruminal epithelium, reducing 
the electromotive potential needed to drive Mg across the 
ruminal wall. 362 Feeding ionopbores [monensln, Lasalocid) 
can improve activity of the Na-linked Mg transport system 
in the rumen, increasing Mg absorption efficiency approxi¬ 
mately 10%. 363 Lush high-moisture pastures Increase the 
rate of passage of material, Including Mg, from the rumen 
so that Mg may Leave the rumen before It can be absorbed. 

Occurrence of Hypomagnesemic Tetany 

Hypomagnesemic tetany occurs most often in beef cows, 
dairy cows, and ewes Ln early Lactation grazing Lush pastures 
higji Ln potassium and nitrogen and low Ln Mg and Na. 
This Is often referred to as tetany, spring feta try, gmss 
stagger&r or frcfrirten feta try Mg deficiency occurs most often 
in spring or fall when pastures are growing at maximal rates 
and Is most common In grazing lactatlng ruminants, as 
milk production removes 0.15 g of Mg from the blood for 
each liter of milk produced. Cool weather seems to play a 
factor as w r ell, probably through its effects on plant Mg 
uptake, although there Is some Indication that the physio¬ 
logic response of the cow to cool weather affects Mg status 
directly. 

When plasma Mg Levels fall below r 1.1 mg/dL, twitching 
is sometimes seen in the muscles of the face, shoulder, 
and flank. As hypomagnesemia progresses, tetanic spasms 
of the muscles become more common, eventually causing 
the cow r or ewe to stagger and fall. Clonic convulsions 
quickly follow, w r Llh chomping of the jaws and frothy sali¬ 
vation. Affected animals Cay with the head arched back 
and the Legs paddling. The heart rale can approach 150 
beats/min, and the heartbeat Is often audible without a 
stethoscope. Respiratory rate approaches 60 breaths/mln, 
and rectal temperature can approach 40.5° C [105° F) as a 
result of the excessive muscular activity. The eyelids flutter, 
and there Is usually marked nystagmus. Animals may get 
up after several minutes and repeat these convulsive epi¬ 
sodes several times before they finally die. 11vpo magnese¬ 
mic tetany in calves Is clinically similar io that Ln adults 
and Is often accompanied by moderate hypocalcemia. 

Ewes are generally hvpocalcemlc and hypomagnesemlc. 
Affected ewes are usually in the second to fourth week of 
lactation and are usually suckling more than one lamb. 
Affected ewes are generally depressed, stand with their 
heads dow r n, and are reluctant to move. As hypomagnese¬ 
mia and hypocalcemia progress, the animals develop tetany 
and clonic convulsions |ust as in cattle. 1*he clinical signs in 
goals are similar to those observed Ln cattle. 

Cerebrospinal fluid (CSF) Mg concentrations below 
1 mg/dL are responsible for the clonic convulsions seen in 
animals w r Lth hypo magnesemic tetany. Blood samples 
obtained during or shonlv after an episode of tetany may 
have near-normal levels of Mg as a result of muscle damage 
and Leakage of Mg from Intracellular pools. CSF Mg concen¬ 
tration ivill remain low during tetany and also can be a 
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reliable indicator of Mg status for up to 12 hours after 
death. Vitreous humor Mg concentrations below I mg/dL 
are also found in animals with tetany and can be a reliable 
indicator for 24 io 48 hours after death, provided that envi¬ 
ronmental temperatures have not exceeded 23‘ C. 3fiJ Aque¬ 
ous humor has not proved a reliable sample. 

II 7'rerrjJjjrenf of Hypomagnesemia. Animals exhibiting 
hypomagnesemLc tetany need Immediate treatment, litis 
will require administering 1.5 to 2.25 gofMg Intravenously 
in the adult cow. Most of the commercially available Intra¬ 
venous solutions used to treat milk fever supply 1.5 to 4 g 
of Mg. usually as the chloride, borogluconale, or bypopho- 
sphite salts of Mg. Response to therapy can be disappoint¬ 
ing, and success Is related to the interval between onset of 
tetany and treatment. Cows should not be stimulated to rise 
for at least 30 minutes after treatment, to avoid Initiating 
tetany and convulsions. Cattle that recover do so approxi¬ 
mately an hour after treatment, which is the time U takes 
CSF Mg concentration to return to normal. Many of these 
cows will relapse and require further treatment w r llhln 12 
hours. 

The rate of relapse can be reduced using orally adminis¬ 
tered Mg salts once the animal has regained good swallow¬ 
ing reflexes [to avoid aspiration pneumonia). Administering 
a slurry of 100 g of Mg oxide Ln water Lnlraru min ally or by 
drenching can be effective, litis provides approximately 
50 g of Mg to the animal. Adding SO g of Ca carbonate, 
LOO g of dicalcium phosphate, and 50 g of sodium chloride 
may enhance the effectiveness of the slurry, especially if 
hypocalcemia and hypophosphatemia accompany '(he 
hypomagnesemia. Alternatively, 200 to 400 mL of a 50% 
Mg sulfate solution can be administered by drench. Mg sul¬ 
fate is more available for absorption than Mg oxide. If 
hypomagnesemLc tetany has occurred Ln one cow or ewe 
in a herd or flock, steps should he taken Immediately to 
increase Mg Intake In other members of the herd to prevent 
further losses. Administering an additional 10 to 15 g of Mg 
per pregnant cow, 20 g of Mg per lactating beef cow, and 
30 g of Mg per lactating dairy cotv dally, usually Ln a grain 
mix, will often prevent further hypomagnesemic tetany 
cases. Ewes and does can be treated with V* of these formu¬ 
las. Hie problem with prevention Is ensuring the extra Mg 
gels Into the animal, especially when w r orklng with animals 
at pasture. 

II PreuFFrifon 1 

USING OTHER TRANSPORT MECHANISMS TO ABSORB 
DIETARY MAGNESIUM/fhe active transport mechanism for 
Mg absorption across the ruminal wall is critical to the 
survival of the animal when dietary Mg concentration is 
less than €.25%. Unfortunately there are several known 
factors, such as dietary K, and several unknown factors that 
prevent this pathway from functioning well. A second 
pathway for absorption of Mg exists and operates only at 
nigh ruminal fluid Mg concentrations. At high ruminal 
Mg concentration the Mg will flow down Its concentration 
gradient into the extracellular fluids of the cow. This pas¬ 
sive transport mechanism is not sub|eet to inhibition by 
K and is subject onlv to the concentration of Mg In solu¬ 
tion in the rumen. 

Hie concentration of Mg in ruminal fluid required to use 
concentration gradient-driven absorption of Mg Is at least 
4 mMol/L The minimum level of Mg required in the diet 
to use this pathway In order to prevent negative Mg balance 
in the face of high K levels In ruminants is approximately 
0.35%. 565 Mg content of the close-up dry cow ration and 
the early lactation ration should be between 0.35% and 


0.4% as insurance against the possibility that the active 
transport processes for Mg absorption are Impaired. 

ASSESSING MAGNESIUM STATUS AT PARTURITION, 
rill causes increased renal tubular reabsoipllon of Mg. 
Itie kidneys excrete less Mg. increasing blood Mg Ln the 
typical milk fever cow. However if dietary Mg is Insuffi¬ 
cient or ruminal absorption of Mg Is Impaired- the blood 
Mg concentration will be below the normal renal threshold 
for Mg (1.85 mg/dL In cattle) and almost no Mg will 
appear in the urine. The animal should be considered 
abnormal for Mg. Sampling the blood of several cows 
within 12 hours of calving Is a simple, effective index of 
Mg status of the periparturlenl cows. If serum Mg concen¬ 
tration Ls not at least 2 mg/dL in 9 of 10 cows sampled, 
It suggests inadequate dietary Mg absorption from either 
Lack of dietary Mg or interferences with absorption. This 
same test can be used in the first weeks of lactation to 
see Lf the lactating cow diet is providing adequate Mg to 
the animal. This can be important, as hypomagnesemia 
may limit productivity of lactating cows as well as contri¬ 
buting to hypocalcemia In the herd. 

PHOSPHORUS 

Traditionally, phosphorus Ln clinical medicine is abbreviated 
as IP, although It should be understood by the reader that 
the biologically relevant form of phosphorus is actually 
Inorganic phosphate, not elemental phosphorus. P is a 
component of phospholipids, phosphoprotelns, nucleic 
acids, and energy-transferring molecules such as ATP. P is 
an essential component of the acid-base buffer system. It 
Ls second only to Ca as a ma|or component of bone min¬ 
eral, with the skeleton of a 600-kg cow containing approxi¬ 
mately 3 .9 kg of P. 

Phosphorus Homeostasis 

Plasma P concentration is normally 4 to 8 mg'dL. Approxi¬ 
mately 1 to 2 g of P are present In the plasma Inorganic 
P pool, and 4 to 7 g of P in the extracellular P pool, of a 
500-kg cow. Intracellular P concentration is approximately 
78 mg/dL, and total body Intracellular P content Is approxi¬ 
mately 155 g. with 5 to 6 g located within erythrocytes. 
Maintaining the extracellular P pool involves replacing P 
removed for bone and muscle growth, endogenous fecal 
Loss, urinary P loss, and milk production tvith P absorbed 
from the diet or reabsorbed from bone. During late gesta¬ 
tion, fetal skeletal development can withdraw up to IO g 
of P per day from the maternal P pools. Approximately 
0.3 g of P is incorporated into each kilogram of body tissue 
(muscle) gained during growth of the animal. Production of 
milk removes from the extracellular pool approximately 
0.9 g of P per kilogram of milk produced. Salivary secretions 
remove between 30 and 90 g of P from the extracellular P 
pool each day. 353 Factors affecting salLvaiy phosphate secre¬ 
tion include the time spent ruminating (chewing activity) 
and the Pi'll status of the animal. PTH stimulates parotid 
salivary P secretion and can increase salivary phosphate 
concentrations twofold to threefold. 366 Salivary phosphate 
secretions help buffer the rumen and supply ruminal 
microbes with a readily available source of P necessary for 
cellulose digestion. Most of the salivary phosphate secreted 
Ls recovered by intestinal absorption. However,, even on 
low r -P diets, a minimum of 5 g or secreted P per day Ls not 
recovered and Is lost to feces. Urinary P loss Is usually 
between 2 and 12g^day. Bones of a 600-kg cow contain 
approximately 4 kg of P^ some of which can oe withdrawn 
and returned to the blood during osteoclastic resorption 
of bone. 
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Ruminal microbes are able to digest phytic add, so most 
of the pbytate-bound F r the form of up'to 70% of P in 
plants, is available for absorption in ruminants. P is primar¬ 
ily absorbed in the small Intestine via an active transport 
process that is responsive to 1,25-dihydroxyvltamin D. 
Intestinal P absorption efficiency can, In theory, be upregu- 
lated durLng periods of P deficiency, as renal production of 
1,25-dlhydroxyvitamin D can be directly stimulated by very 
low plasma P. However, the plasma P level must reach very 
low levels (<] to 2 mg/dl.) to stimulate Increased renal pro¬ 
duction of J,.25klibydroxyvLtamin D. Plasma P concentra¬ 
tions are generally well correlated with dietary P absorption. 
P absorbed in excess of needs Is excreted in urine and saliva. 

PTH, secreted during periods of Ca stress, increases renal 
and salivary excretion of P, which can be detrimental to 
maintenance of normal blood P concentrations. This Is 
one reason that hypoealcemic animals (end to become 
hypophosphalemlc. FTH could conceivably increase blood 
P concentration because it stimulates bone mineral resorp¬ 
tion. Also, because PTE I stimulates the kidney to produce 
],25-dlhydroxyvitamin D, It can Increase the efficiency of 
intestinal phosphate absorption. However it must' be 
remembered that PTE I Is secreted primarily In response to 
hypocalcemia, not hypophosphatemia. 

Hypophosphatemia, Pregnancy Toxemia, 
and Downer Cows 

Beef cows and ewes fed a diet marginal In P will have a 
chronic hypophosphatemia of 2 to 3.5 mg'dL. In late gesta¬ 
tion, plasma P can decline precipitously as (he growth of the 
fetus accelerates and removes substantial amounts of P from 
the maternal circulation. These animals often become 
recumbent and are unable to rise, though they appear fairly 
alert and will often eat feed placed in front of them. Cows 
and ewes carrying twins are most often affected. Plasma P 
concentration In these recumbent animals is often less than 
I mg/dL. The disease Is often referred to as pregnan^ toxe¬ 
mia and is usually complicated by concurrent hypocalce¬ 
mia, hypomagnesemia, and in some cases hypoglycemia. 
Diets that are marginal in P are generally indicative of diets 
that are marginal in energy, because grains are usually very 
good sources of P. 

At the onset of lactation in the dairy cow, the production 
of colostrum and milk draws large amounts of P out of the 
extracellular P pools. This alone often causes an acute 
decline In plasma P levels. In addition, If the animal Is also 
developing hypocalcemia, PHI will be secreted in large 
amounts, increasing urinary and salivary loss of P. In dairy 
cows, plasma P concentrations routinely fall below the nor¬ 
mal range at parturition, and In cows with milk fever 
plasma P concentrations are often 1 to 2 mg/dL. Plasma P 
concentrations usually Increase rapidly after treatment of 
the hypoealcemic cow with Intravenous Ca solutions. This 
rapid' recovery Is caused by reduction in PIT E secretion, 
which reduces urinary and salivary loss of P. Administration 
of Ca generally causes resumption of gastrointestinal motil¬ 
ity, which allows absorption of dietary P and reabsorption 
of salivary P secretions that were sequestered within the 
rumen. 

Some dairy cows that develop acute hypophosphatemia 
do not spontaneously recover normal plasma P concentra¬ 
tion. Itiis Is sometimes the case in cows that are classified 
as downer cows, litis syndrome often begins as milk fever, 
but unlike the typical milk fever cow. In these cows the 
plasma P remains low (<1 mgklL) despite successful treat¬ 
ment of the hypocalcemia. Protracted hypophosphatemia 
in these cows appears to be an important factor In the 
inability of these animals to rise to their feet, but why 


plasma P remains low is unclear. In some cases the Inability 
to absorb the salivary phosphate is secondaiy to poor rum¬ 
inal motility, but not in all cases. Excessive cortisol secretion 
could also drive blood P concentration down, probably bv 
forcing extracellular P Inside cells. Treatment of cows with 
phosphate-containing solutions can effect a recovery in 
some animals. For oral treatment, the dose Is 50 g of P sup¬ 
plied In a 20O-g monosodium phosphate drench. Intrave¬ 
nous treatment consists of 6 g of P supplied by 23 g of 
monosodium phosphate dissolved In I L of saline. Oral 
treatment restores normal blood Pa a little more slowly 
than intravenous treatment, but the effect lasts much lon¬ 
ger. 357 If depletion of intracellular P stores Is also involved 
in the downer syndrome, it seems likely that intravenous 
treatment alone simply does not supply enough P to replen¬ 
ish intracellular stores of P. 

The hypophosphalemlc downer cow syndrome does not 
appear to be caused by low P diets, as affected cows are 
often receiving diets containing 0.4% dietary P. The best 
preventative measure seems to be to avoid development of 
hypocalcemia. 

Chronic Phosphorus Deficiency 

P deficiency is fairly common in grazing ruminants. Plant 

f rowlh in arid climates or on tropical soils is often limited 
y poor soil P content or availability. Although P content 
of the immature plant may be suitable {0.3% P on a DM 
basis! (he mature dry plants often contain less than 0.15% 
P, which can lead to P deficiency in ruminants forced to 
subsist on these forages. With the exception of rickets and 
postparturient hemogjobinurla, the clinical problems asso¬ 
ciated with P deficiency are general and nonspecific. They 
can include an unthrifty appearance, reduced feed Intake, 
pica, reduced rale of gain, and reduced milk production. 

occurrence. The most common of the P deficiency 
syndromes Is the unthrifty cow that grows slowly, milks 
poorly, and Is infertile. En arid areas of the world with infe¬ 
rior soil quality, infertility and poor growth resulting from 
inadequate P intake affects nearly all animals. Beef anLmals 
grow r n in these areas may routinely require 3 or more years 
to reach market weight. Brood cows often calve only every 
other year. In more temperate areas, P deficiency can 
develop In animals grazing overly mature forages or crop 
residues, such as corn stalks. Cows subsisting on forages 
that are low In digestibility are at risk for developing P defi¬ 
ciency Lin less supplemented. Increasing aw r areness of the 
environmental problems associated with P content of ani¬ 
mal wastes and Increasing expense of P supplements may 
encourage producers to feed diets marginally sufficient In P. 

Sheep can, In some instances, be successfully raised on 
pasture (hat has been associated with P deficiency in cattle, 
suggesting that sheep are slightly more resistant to P defi¬ 
ciency syndromes than are cattle. This may simply reflect 
the higher intake per kilogram of body weight of sheep 
and their habit of selecting the less mature plants, which 
are generally higher In P. 

Rickets and Osteomalacia 

Rickets is a disease of young, growing animals in which the 
cartilaginous matrLx at the growth plate and the osteoid 
matrix formed during bone remodeling fail to mineralize. 
In adults (no active growth plates), the term is 

used to describe the failure of osteoid matrix to mineralize. 
Ca and phosphate Ions come together In a ratio of 10 Ca 
ions to 6 phosphate Ions at the point of mineralization of 
the bone cartilage or osteoid matrix. Bone ash content var¬ 
ies somewhat with the bone examined but Is generally 
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57% to 62% of bone dry weight, with 36% Ci and 17% P 
in adult animals. Failure to supply P in the diet will result 
in low plasma P concentrations that will not support the 
mineralization process, and the bone matrices will fall to 
mineralize. Bone ash, as well as total F and Ca content, will 
be below normal. 

Low plasma Ca concentrations [arising from vitamin D 
deficiency or severe Ca deficiency) can also result in failure 
to mineralize bone matrices. Bone ash is reduced, and the 
bones of young animals become ’"'rubbery/ 1 bending with¬ 
out breaking. Joint surfaces are often eroded, contributing 
to lameness in affected animals. 

In principle, Ca deficiency differs from P deficiency in that 
normal osteoid is formed but fails to mineralize in P defi¬ 
ciency. whereas in Ca deficiency the norma! osteoid is either 
not formed at all [osteoporosis) or replaced by fibrous tissue. 
In vitamin D deficiency It Is common to see mixed lesions 
(osteomalacia, osteoporosis, and fibrous osteodystrophy) 
all in the same bone. Vitamin D deficiency also seems to 
reduce secretion of type X coilagen by tbe chondrocytes 
within the growth plate and somehow prevents the pro¬ 
grammed cell death of chondrocytes within the zone of pro¬ 
visional calcification, a requirement for bone formation. 


risk for developing postparturient hemoglobinuria. Many, 
but not all, cows that develop this syndrome are hypopbo- 
sphatemic. Severe hypophosphatemia is postulated to 
depress the ability of erythrocytes to produce ATP> Glycer- 
aidehyde-3-phosphate dehydrogenase,, a key enzyme In gly¬ 
colysis, requires inorganic phosphate as a cofactor. Without 
sufficient AIT to power sodium pumps, the Intracellular 
sodium concentration rises, die cells become more rigid, 
and its a result they rupture as ihey pass through the capil¬ 
lary beds. However, hypophosphatemia alone is rarely suffi¬ 
cient for increased red blood cell fragility. Often these cows 
are on diets that are also deficient In selenium, copper, and 
energy. In light of these observations, ft Is likely naive to 
suggest that the cause of postparturienl hemolysis Is hypo¬ 
phosphatemia alone (Table 4 1-9). 

HYPOKALEMIA SYNDROME IN CATTLE 

UtCOtM SAl'IltR 

llased on reports available in the literature, hypokalemia 
syndrome in cattle can be defined as presence of flaccid 
paralysis, recumbency, abnormal neck position, and serum 
potassium concentration below 2.5 mmol/L. 


Chronic Moderate Hypophosphatemia 

Animals fed diets containing less P than necessary to meet 
physiologic needs will develop hypophosphatemia and ail 
die physiologic consequences of failure Lo grow, in appe¬ 
tence, and unthriftiness. Milk production, but not P con¬ 
tent, will decline. Impaired reproduction has often been 
attributed to ,J P deficiency.'" However, in most cases in 
which cows develop P deficiency the situation is compli¬ 
cated by concurrent energy deftcienn-. likely the direct cause 
of the reproductive failure. 

Unfortunate^ the belief that 1 margin a I"' dietary P con¬ 
tributes to reproductive inefficiency has been used as |usti- 
fication for feeding diets that are much higher in P than Is 
required. Wu and Salter 3 * 3 present convincing evidence 
that high-producing cows perform weil in terms of milk 
production and fertility tvhen fed diets containing D.37% 
to 0.40% P. 

Postparturient Hemoglobinuria 

intravascular hemolysis, anemia, and hemoglobinuria are 
occasionally reported during the first 6 weeks of lactation. 
Cows that have been treated for ketosis seem at greater 


Occurrence. Hypokalemia is a frequent biochemical 
finding in cows presented with anorexia and gaslralntestS- 
nai stasis, 369 It Is often mild (>3 mmoi/L) and not associated 
■with obvious clinical signs in ruminants. Hypokalemia syn¬ 
drome is a rare clinical condition reported in a total of 25 ani¬ 
mals In three studies./ 74 *-* 72 Lictatlng dairy cows appear to be 
at a higher risk- but the syndrom^ has also been described In 
calves and heifers. 

Hfsfory. Lactatlng dairy cows less than 60 days in milk 
(DIM) constitute the majority of cases in the literature. 
Any disease causing significant anorexia for ] week or more, 
particularly infectious disease, is a risk factor.- 171 Repeated 
administration of tsofiupiedone acetate is reported in most 
cases, for treatment of either acetonemia in lactatlng cows 370 
or infectious respiratory disease in calves and heifers/ 71 In 
one case, repealed off-label mtramammary administration 
of isoflupredone acetate preceded hypokalemia syndrome. 
Multiple doses of dextrose and insulin are also reported to 
be risk factors. 370 Intravenous fluid administration for 2 days 
or longer witboul semni biochemistry followup has been 
documented in two cases of calves with severe neonatal 
diarrhea. 



Diagnosing Acute and Chronic Macro mineral Insufficiency or Imbalance In Ruminants' 


Mineral 

Tissues to Use 

Normal 

Subclinical Deficiency' 

Clinical Deficiency 

Calcium (acute ) 

Scrum, plasma [mg/dl_) 

fi-td.5 

5.5-75 

<5.0 

dakinm (chronic) 

Semin, plasma (mg/dL) 

e.o-io.o 

e.o-jLi.o 

6-143 


Rib bone ash (% Ca) 

37-39 

35-37 

<35 


Urine fmg/iiL.] 

>2 

0.5-1.5 

<0.1 

rhosphorus [miic] 

Serum, plasma (mg/dL} 

4-6 

2-4 

<1.2 

Phosphorus (chronic) 

Scmm. Plasma Img/dl-J 

4-6 

3-4 

<3.0 


Etib bone ask (% P) 

17-20 

15-17 

<12 

Magnesium (anite) 

5cm m, plasma Img/dL) 

2 0-2 3 


<1. L 


Vilreous humor fmg/dL) 

t. 9-2.5 

t. 5-1. 85 

<1.5 


Urine (mg/dL) 

10-25 

2-5 

<0 


L'Jercbroapin.Ll HuIlI [mg/di,} 

2-2.5 


<0.5 

Magnesium (chronic] 

Serum, plasma 

2.13-2.3 

t.G-1.9 

<1.5 


■'Hit: Lirsxur nuodrU 10 iurcrLain >aru 4 ir profcLcmx h intended 10 guicLi: Ui.ifpLoUs ul riic iriiti.i] llluvj nd recumbency ici. duwnLT cow*. 
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Jn most cjises recumbency caused by hypokalemia syn¬ 
drome was not the initial event but tamer occurred during 
the evolution of another disease such as acetonemia or 
infectious disease. .Moreover, recumbency was not always 
the presenting complaint. 371 Some animals first manifested 
anorexia, reduced fecal output,, kyphosis, and reluctance to 
move. However, evolution to severe paresis and decubitus 
occurred rapidly in ail these cases. 

i CJfjifoii Signs. In the early stages of the syndrome, 
absence of feces, paretic gait- kyphosis, Inability to stand 
for a long time, and tachycardia are observed. Sometimes 
an abnormal neck posture is evident before recumbency. 
The typical case presentation of hypokalemia syndrome 
includes decubitus, 5-shaped neck ah normal feces and rum¬ 
inal motility, abnormal appetite, and tachycardia with or 
without arrhythmia. Decubitus Ls a result of flaccid paralysis: 
the tall has little to no tonus and Is held Ln an abnormal posi¬ 
tion, resistance to all manipulations is weak, and the cow Is 
unable to raise her head. It is not rare to observe that die ani¬ 
mal eats and drinks willingly if food and water are provided 
near the mouth. Abnormal appetite therefore may be partly 
caused by an inability to move the head to reacH food and 
water. The neck is carried in an S-shaped and twisted fashion 
that differs from that of the hypocalcemlc cow r . The neck Is 
never faxed In this abnormal posit ion. When moved there is 
rto resistance, and if the head Is placed in an anatomically 
correct position there is an odd feeling of luxation. As soon 
as the head Is not held, the neck resumes the abnormal 
S-shaped position, deviating to either direction. This neck 

E osture mav precede decubitus and persist after decubitus 
as resolved. Cardlae arrhythmias (Rg. 4I-J10) also accom¬ 
pany hypokalemia syndrome and may be ventricular (ven¬ 
tricular tachycardia, accelerated escape ventricular rhythm) 
or supraventricular (atrial fibrillation) In origin. 


J lypokalemta syndrome Is most often the consequence 
of a concomitant disease or treatments administered. E : ever 
and acetonemia are the most frequently associated prob¬ 
lems. The identification of the concomitant disease(s) is 
essential for accurate prognosis and treatment. 


Etiology. Hypokalemia may result from an Imbalance 
of the Internal or external potassium balance or both 
(Fig. 4l-21).. 3fi5 " 37D - 373 - 37fi Internal potassium balance Is 
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FIG. 41-M SI librdtJCMrjjdL ngtn nu;. J-diricF I. UcvLrLiraiUacJsrjnts oE i cow with tLypokaLcmi.i syndrome btfJorf Lrcaluwnl tb:i:^L-.L|?LS 25 mm/scr.. I cm - 
] mV). I'otnuuu m scrum cmiccnLrj.Liu’n vv^s. I mirvuL/L A. Ktric Lht’ vcntncular rTiE.ipL 1 rhythm: noinuJ tn'irtb^Jt jnd more 4han Etve Vfcnliindar oum- 
p]nuf*. it, Note iJit flnllpnud i wave^ and ■nm.'aaerd i nHrrvidx. i\md 2 , ]I«ctEouinlio|p > jini lit a cow wiih hypokjiLucnin. ivndm im’ .iFler ticalnwiil (bsur- Jtpni, 
25 mm/sBC, 1 L'm - I rnVJ. J^oLatviuiu kiuiii cuEircnlrntEUEi was -I lEmtul.'l. Note Uif normal I T-v.Trfs .inJ ihIetv.iU. 
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determined by exchanges between extracellular and Intracel¬ 
lular compartments, whereas external balance is a result of 
systemic intake and losses. Currently, except for cases with 
documented repeated Isoflupredone acetate administra¬ 
tions, the exact determinants causing hypokalemia syn¬ 
drome In cows are not known. 

At present, because of the limited data available, It is not 
possible to determine if hypokalemia syndrome cases are 
mainly a result of potassium depletion. Internal imbalance, 
or both, The prolonged in appetence observed before hypo¬ 
kalemia, along with the amount and duration of potassium 
needed for treatment, suggests potassium depletion is sig¬ 
nificant. Serum potassium concentration Is a poor indicator 
of she potassium status of the organism because of 
whole body potassium is located in the intracellular com¬ 
partment. 1 '^ 77 Determination of intracellular potassium 
concentration In erythrocytes or muscle cells coujd be a 
more accurate way to assess potassium depletion. :377 ' 37fl At 
present these data are not available for hypokalemia syn¬ 
drome cases. 

As a result of the potent mineralocortlcoid activity of tso- 
fl up redone acetate, cases associated with Lis administration 
shoiv both Internal and external potassium balance 
abnormalities {see fig. 41-21). 37 * Repeated doses can 
reduce blood potassium concentration by 70%. 37? In a 
small experimental study (N = 9), w r e were able to repro¬ 
duce the syndrome by combining food restriction and mul¬ 
tiple doses of Isoflupredone acetate In lactallng dairy 
lows. 360 The use of this steroid could also complicate the 
treatment of the hypokalemia syndrome by increasing the 
renal losses of potassium. Based on current knowledge, 
use of isoflupredone acetate in the anorectic, acetonemic 
cow r that has received dextrose, with or without Insulin, 
should be restricted to one administration at the labeled 
dosage. 1 lypokalemla syndrome has also been reported 
with dexamethasone administration, although it is a less 
potent mlneralocortieold. 373 

In non la Erogenic cases the relationship between pro¬ 
tracted disease and severe hypokalemLa may be explained 
by a decrease in potassium Intake (anorexia) with 
increased release of catecholamines caused by stress (see 
big. 41-21). Alternatively, renal potassium adaptation 381 
may be responsible for the potassium loss. Animals 
chronically fed a high-potassium diet are able to survive 
the high potassium load due to increased renal losses. 
These increased losses persist when potassium intake is 
suddenly reduced. Renal adaptation {reduction of urinary 
potassium excretion) takes 24 to 4S hours to occur, thus 
creating a potassium depletion. 331 Because of a forage- 
based diet, lactaling dairy cows may eat more than 10 
times their dally potassium requirement, causing high uri¬ 
nary potassium excretion.-* 71 Therefore these cows appear 
to fee at risk for potassium depletion because of delayed 
renal adaptation when potass I urn intake Is abruptly 
reduced. This model cannot explain w r by some cows 
develop the syndrome when exposed to these conditions 
but others do not. 

Other factors known to promote significant hypokalemia 
have not been documented in cows tvith hypokalemia syn¬ 
drome, such as anomaly of the aldosterone system, diuretic 
(partial]arlv furosemlde) abuse, nephropathy (proximal or 
distal tubular renal acidosis), or severe diarrhea. Diarrhea 
with protracted reduced potassium intake, increased Losses, 
and Internal potassium unbalance resulting from acidosis 
has been associated with hypokalemia syndrome In 
calves. 371 Error Ln fluid administration causing Increased 
urinary losses of potassium along with return to a normal 
interna] potassium balance can further exacerbate hypokale¬ 
mia in dlarrhele calves. 


II Fflllicphyswftjgy. Potassium is the most important intra¬ 
cellular cation, 337 The gradient between the potassium 
concentrations of the Intracellular and extracellular com- 
artments is the determinant of the resting cellular mem- 
rane potential and plays a role in the formation and 
transmission of action potentials. 363 Therefore, clinical 
signs reported in cattle and other species w r lth severe hypo¬ 
kalemia are multisystemic. Moreover, structural conse¬ 
quences in the myocardium-* 73 and the muscle cells have 
been reported in cattle. 3 70,3 7] 

Dysrhythmia and electrocardiographic changes were pres¬ 
ent Ln 50% of cases Ln one study. 3 - 1 The anhythmogenlc 
electrical activity changes implicated Ln hypokalemia include 
the follotving: hypeipolarizatlon of the cardiac cell resulting 
In spontaneous automatic activity, slow conduction caused 
by increased difference between resting membrane potential 
and threshold potential, Increased action potential duration 
as a result of slow repolarization, depressed fast responses 
because of higher membrane potential when a slow repolar- 
Lzlng cell is stimulated, slow responses ln fibers normally 
exhibiting fast responses, and conduction block. 3l * J These 
electrical events alone or in combination with structural 
changes such as necrosis can induce the atrial and ventricular 
arrhythmia observed. 

Pathophysiology of cardiac and muscle necrosis caused by 
potassium depletion includes [I) ischemia caused by lack of 
vasodilatation during muscle cell contraction, resulting from 
absence of potassium release into the extracellularspace, and 
[2) glycogen deficiency resulting from impaired glycogen 
synthesis. 376 - 355 .Muscle lesions compatible with hypokalemic 
myopathy have not been consistently documented. 570 - 371 It 
Is presently not knowm if the presence of hypokalemic myop¬ 
athy Is nrcessary to the occurrence of the clinical signs 
observed in the bovine syndrome or If It Is a prognostic 
determinant. 37a - 57L 


Dtagfuufc and Ancillary I test Results. Initial presenta¬ 
tion of hypokalemia syndrome fintestinal Ileus, abnormal 
g^iit) could mimic an Intestinal syndrome. History may 
allow distinction between these conditions. Hypokalemic 
syndrome often follows or Is concomitant with a long 
disease, in contrast with the usual acute evolution of an 
Intestinal syndrome. According to the results of a small 
experimental study, 3K> potassium fractional urinary excre¬ 
tion (FEJ could be a useful tool in the medical management 
of a cow suspected to be developing bovine hypokalemia 
syndrome. In this studv, FE* w r as abnormally high in the 
presence of severe hypokalemia 12 to 24 hours before mani¬ 
festation of din Leal signs. 

According to our experience the clinical signs of a 
twisted, S-shaped neck associated with flaccid paralysis as 
described earlier are almost pathognomonic. Other condi¬ 
tions that could be Included Ln the differential diagnosis 
are hypocalcemia, botulism, lick paralysis, and myelopathy 
[cervical spinal trauma, cervical osteomyelitis). Conditions 
like Listeriosis, vertebral malformations, luxations, fractures, 
and torticollis can be associated with abnormal neck posi¬ 
tion but not flaccid paralysis and absence of pain during 
manipulations. Hypokalemia syndrome, even If rare, 
should be Included Ln the differential diagnosis of hypocal¬ 
cemia, particularly when response to calcium administra¬ 
tion Is not normal. 

Confirmation of the clinical diagnosis requires serum bio¬ 
chemical analysis. To date, all published eases of bovine 
hypokalemLa syndrome have been associated with serum K~ 
concent ratio ns Less than 2.5 mmol/L Aside from hypokale¬ 
mia, moderately devated AST and creatine kinase [CK) activ¬ 
ity (median value of 171 and 1564 IU/L respectively 371 }, 
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severe metabolic hypochloremic alkalosis [median value 
ITCO 1 1 = 41.5mLTiol/l,, [Cl j = 86.9 mmol/L 371 ), and mild 
hyperglycemia (median ] glucose j = tv. 05 mmol/L 371 ) .ire 
observed in the majority of published cases. 

Lumbar muscle biopsy (between L2 and L5) is a way to 
differentiate primary hypokalemic myopathy from second¬ 
ary myopathy caused by decubitus. Determination of the 
serum creatine kinase MB Isoenzyme (CK-ME) activity 
could help to detect myocardium damages. Defection of 
myopathy in epaxLal muscles and/or myocardLum at nec¬ 
ropsy is not diagnostic if potassium depletion or hypokale¬ 
mia ls not documented. 

Some authors have suggested that electrocardiographic 
changes could be used to cfetect a potassium-depleted status. 
Irrespective of the scrum potassium concentration.A 
method of determining both [he internal and external potas¬ 
sium bajantes simultaneously In dairy cows has been pre¬ 
sented. 3 - ft In this study, Ingested potassium, milk potassium 
concentration (LK), and FE k defined the potassium external 
balance. Serum potassium concentration (SK) and red blood 
cell potassium concentration (CIEK) defined the potassium 
internal balance. Significant variations were delected 
throughout the day for CIEK, LK, and FEk. 37 ^ Therefore, in 
order to monitor potassium balances over lime, samples 
should be collected at the same time each day. 


Treatment. Nursing care 3s of primary" importance to 
prevent complications such as mastitis or myopathy caused 
by prolonged decubitus; to maintain alimentation by 
providing I cod and water near the mouth; and to provide 
favorable conditions for the cow to get up. The animal 
should be kept on clean and atraumatic bedding such as 
pasture, sand, or accumulated Jitter. It must be regularly 
milked and turned from one side lo the other at Least every" 
8 hours. Use of a flotation tank [Aquacow Rise System) is of 
great value once the serum potassium concentration has 
returned to normal range. 

All other identified problems must be addressed, includ¬ 
ing dehydration, acetonemia, and infectious disease. Treat¬ 
ments for arrhythmias* other than potassium, were not 
given In the reported cases. 

Specific treatment Is mainly per os potassium chloride 
supplementation. Based on the published data and our 
experience, we recommend a total (per os and Intravenous) 
KCl dose per day of 50 100 kg of body weight of cow". 

Intravenous administration should be reserved for dehy¬ 
drated cows, as overhydration may worsen hypokalemia 
by increasing potassium renal losses'When potassium chlo¬ 
ride is given IV, the rate should not exceed 0.5 mEq of 
K ' /kg/hour, to avoid high risk of cardiac toxicity. Semrn 
potassium should be monitored twice dally to allow adjust¬ 
ment of the treatment regimen. Potassium supplementation 
is needed for an average of 5 day's. 371 

The abnormal neck position can be the first and Last clini¬ 
cal sign In the evolution of the hypokalemia syndrome. 
Other clinical signs usually disappear on average In 3 days, 
the same day" potassium concentration typically 1 returns to 
normal. Some degree of paresis may persist for 2 to 3 days 
after return to normokalemla. We recommend continued 
potassium supplementation for 1 or 2 days after the return 
to normal clinical state and appetite. Increased renal potas¬ 
sium Losses are promoted by the high quantity of potassium 
given during the treatment. In our experience It is important 
to decrease potassium supplementation slowly to avoid 
potassium depletion caused by delayed renal adaptation to 
the low r er potassium diet. For example, 25 g or KCl per 
100 kg of cow may" be given the day after return lo normoka- 
lemla, then 1,2.5 g of KCl per 100 l[g of cow for 2 more days. 


Because potassium depletion is a printary" cause of myop¬ 
athy, It Is important not to try to raise the cow before hypo¬ 
kalemia has resolved. This emphasizes the Importance of 
good nursing care and regular decubitus side changes. Once 
serum potassium concentration reaches the normal range, a 
water flotation tank Is the best system to manage the 
recumbency. 

II tYfigJiorte. The survival rate was very different in the two 
series of cases reported. 2 of 8 37n versus 11 of 14. 371 The 
prognosis may be affected by the age, concomitant disease, 
initial potassium depletion degree, presence and severity of 
hypokalemic myopathy, or treatments received. 3 * 9 The qual¬ 
ity of the supportive care is probably a major determinant of 
the outcome, as for any downer cow. hi the field, because of 
lime and energy needed from the owner, our experience war¬ 
rants a guarded prognosis. The availability of a flotation tank 
appears a significant positive prognostic factor . 371 - 371 


BOVINE SO MATOTROPIN 

V. .UiCUtGL LVM 

AURORA 

Somatotropin, also known as giwtfj hcnnofie (GH). Is a 
peptide hormone produced In the anterior pltuLtajy gland 
of a LI animals and Is an Important endocrine factor for nor¬ 
mal growth of all tissues 3 * 1 and I acta! ion in mammals. It is 
released under the influence of GH-releaslng factor and 
i nh lb tied by somatostatin. High-producing daily cattle have 
naturally elevated circulating levels of endogenous somato¬ 
tropin. 3 * ii - 3M The lactogenic effect of somatotropin was first 
discovered In 1928 after rabbits were Ln|ected with crude 
extracts of anterior pituitary glands, 390 and its effect in lac- 
lating dairy cows w r as first reported in 1937. 351 Since the 
1980s, recombinant DNA manipulations allowed large- 
scale production of purified somatotropin. 353 - 353 Because 
the use of several synonvms of somatotropin throughout 
the literature can be confusing, this chapter will use GH to 
refer to natural somatotropin and nB5T to refer to recombi¬ 
nant BST. It has been shown that rBST has biologic activity 
similar to that of bovine GH. 394 Four variants of bovine 
GH have been reported, according to whether It has 190 or 
191 amino acids (additional phenylalanine in JV-ieiminal) 
and either valine or leucine In position I27. 395 ' 39e The 
genetic determination of the amino acid present in position 
127 seems to be breed-specific. 1 lomozygosUy for leucine Is 
more frequent in larger breeds such as Holstein and Brown 
Swiss (05% and 100%, respectively) compared with smaller 
breeds such as Jersey and Ayrshire (31% and 59%, respec- 
llvelv). 356 This variation may account for differences in milk 
production. 

Four recombinant analogues have been developed 397 - 393 
and differ In 0 to 9 amino acids from GH. Melhlonyl-rBST 

! Leucine variant with 190 amino acids) 355 was approved 
dr use in I aerating dairy cotvs In the United Slates In 
November and is available for commercial use in 

more than 20 countries, including .Mexico, Brazil, South 
Africa, South Korea, and Russia. The release of rBST for 
commercial use provides new opportunities and challenges 
for the dairy herd manager, veterinarian, and nutritionist. 

PHYSIOLOGY OF GROWTH HORMONE 

Physiologic concentrations of GEI in blood are secreted 
in a pulsatile pattern and vary throughout the day, being 
lowest after midnight and highest during the day (diurnal 
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variation) both in humans and In dairy canJe l 3a7|J4IJ Base¬ 
line levels and frequency and Intensity of the sccretoiy 
pulses of GH are highest during the first week of age ana 
then decrease with age. 139 - 402 - 403 Apparently, CM levels In 
neonates are not Influenced by colostrum Intake, as evi¬ 
denced by a study in which calves that received their first 
colostrum 24 hours after birth did not differ in serum GH 
levels from calves that received their first colostrum feeding 
at 1 hours, -6 hours, or 11 hours after birth. 404 Physiologic 
CM levels are heavily influenced by gonadotropin hor¬ 
mones; intact bulls had higher baseline levels and higher 
frequency and intensity of pulses of G11 as compared with 
steers, which In turn bad higher Levels and pulses than 
heifers (intact or ovartectomized). 405 In delating cows, 
CM Levels are highest during the postpartum period and 
gradually decrease as the lactation advances and milk pro- 
id uetion decreases. 3 ^- 413t, “ iad Blood concentrations of GH 
are naturally higher in high-production cows as compared 
with low-production cows, 369 - 406 ' 409 even during the dry 
period. 366 - 406 

CEI must bind to GH receptors located in specific tissues 
lo exert its direct effects, one of which Is the local secretion 
ofsomatomedins throughout many organs. 3fi7 - jDJ - 4lD Of the 
four somatomedin* identified to date, the type I insulin-Like 
growth factor (IGF-1) is the most important. 367 IGF-I is 
found in serum attached to IGF binding proteins. It exerts 
Us action when bound to IGF receptors on target tissues. 


The complete somatotropic axis consists of GH. GH recep¬ 
tors, ]GE r -l, IGF-1 receptors, and IGF-] binding proteins. 
Fig. 4 L-22 depicts the target organs for GH action via direct 
effects of Cl E and indirect effects of IGF-I. 

Overall, GH promotes Increased cell size and mitosis In 
almost ail tissues of the body that are capable of growing 
(directly or indirectly through the action IGF-1) and a shift 
In metabolism io use fat for energy in preference to carbo¬ 
hydrate and proteins, which are spared. 3 **''- 403 The immedi¬ 
ate result of the increased use of fat as energy source for the 
body is a measurable rise in NEFA concentrations in 
blood* 37 - 401 ' 410 .Another direct_effecl of GH on the liver is 
to increase glucose synthesis.- 367 - 402 GIJ stimulates the pan¬ 
creas to secrete Increased amounts of Insulin, although a 
simultaneous IR Is induced that results in a diabetogenic 
effect. 35,7 it has been shown in humans and rats that an 
increase in serum FFAs impairs the action of Lnsuiin on tis¬ 
sue glucose use. 4jJ - 4J2 The effects of GH on liver, pancreas, 
and adipose tissue are direct because of the presence of mul¬ 
tiple GH receptors in these tissues. 

Muscle is affected directly by GH and indirectly by IGF-]. 
Both GEE and IGE"-] act on muscle cells to Increase protein 
synthesis and decrease protein catabolism. 367 - 402 The net 
effects of the changes in muscle and fat metabolism are to 
increase lean body mass. 317 - 402 When rBST is administered 
to growing cattle, it has an anabolic effect 402 - j lj- 4I5 similar 
to that of steroid hormones- 113 Lhat seems to be a result of 
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increased feed intake rather than an increased efficiency of 
feed conversion. 401 Cl l also has an effect on hone growth 
through the action of IGF-], which increases osteoblast pro¬ 
liferation ajid function. 167 - 402 IGF-i also mediates an 
enhanced response to induced infection and endotoKemla 
through lymphocyte blastogenesis, 316 neutrophil prolifera¬ 
tion, 4 J 7 4 i& and decreased levels of TNT. 419 420 

The most obvious outward manifestation of rBST admin¬ 
istration in the Lactating cow is an increase in milk produc¬ 
tion. 5 ^ 42 L - 42i Other manifestations include changes In 
body composition, hoth positive and negative effects on 
reproduction, and proliferation of Immune ceils. These 
changes are achieved ihrough an ''orchestrated control'’ 1 of 
the metabolic functions [bomeorrhesis] to support the new 
physiologic state of higher milk production. Table 41-10 
shows the short-term and long-term effects (after homeor- 
rhesis) of rBST administration in lactating dairy cows. The 
use of rBST in Lactating cows increases milk production 
through its effect on nutrient partitioning, 410 increased 
rale or cell renewal In the mammary gland, 424 and support 
of mammary ceil function. 425 Although receptors for Gil in 
the mammary gland were recently discovered, 426 - 427 bovine 
GH does not appear to have a direct galactopoietic effect 
on mammary tissue 4 2S - 420 The galactopoietic effect of 
rBST has been reported to be indirect, through the action 
of IGF-i 430 - 43J IGF-I is associated with increased mammary 
blood flow and enhanced mammary extraction of sub¬ 
strates. 430 - 432 The heart plays a ma|o:r role in nutrient partition¬ 
ing by increasing contractility and output which increases 
blood flow to the mam man- gland. 450 - 453 ' 454 These actions 


are responsible for a higher persistency of milk production in 
rBST-treated cows (Fig. 41-23J. The ultimate effect is the 
increased use of fat as an energy source to spare glucose and 
acetate for mammary gland lactogeneslsA 30 This avoids 
excessive weight gain during late lactation as measured by 
BCS j22 - i15 but can also can result in weight loss when 
dietary energy Is restrictedThe use or rBST does not 
cause significant changes in blood mineral levels. 43 

Other effects of rBST in cows Include direct and indirect 
effects on reproductive organs. GH receptors (direct effect) 
are found mostly in the ovary, primarily on the corpus 
luteum (CL), with nearly undetectable Levels on folli¬ 
cles. 440 - 44 3 Cows treated with rBST had heavier Cij 442 but 
no difference in blood progesterone levels.- 142 - 444 Other tis¬ 
sues with high expression of G1L receptors, although not as 
abundant as In the CL T Included (Ln decreasing order) myo¬ 
metrium, endometrium, and oviduct. 440 In vitro exposure 
of endometrial cells to rBST attenuated the production of 
horbol ester-induced prostaglandin (PG) F 3l ‘ on the other 
and, IGF-i increased its production. 445 Receptors for IGF-i 
in the reproductive organs were expressed primarily in the 
myometrium and Less In the endometrium, ovary, and ovi¬ 
duct. 440 Although follicles did not show high expression 
of GEI or IGF-1 receptors, treatment with rBST increased 
follicle proliferation and recruitment. 441 - 4144 The dominant 
follicles w r ere larger but contained Lower Levels of estro¬ 
gen. 441 - 446 Pregnant cow's had higher expression of IGF-i 
receptors throughout (he reproductive tract compared with 
non pregnant cows, especially Ln the myometrium. 440 The 
embryo has receptors for both GH and IGF-I, and both 



Short-Term and Long-Term Effects of the Use of Subcutaneous Injections of S00 mg of rBST Every 
14 Days in Lactating Dairy Cows 


] Target 

Short -Term Lffrcls 

Long-Term Effects | 

Milk production 

Increased, with peak on day 7-i ] widi a gradual 
decrease to baseline levels around day 1 -3 

Increased, following a LypiL.il downward trend in 
production as DIM increase, although with higher 
persistency than in untreated cows; no effect on 
production during the next l.iciatLon 

Feed intake 

No change 

Increased, starting 4- tO weeks after the initial treatment 
to provide energy for the increased milk production 

Energy balance 

Decreased because of increased milk production 
And unchanged feed Intake 

Normal, as feed intake accommodases to higher milk 
production 

Milk compobillon 

Initial increase in fat % and decrease in prole in, 
reflecting initial negative energy balance 

Normal or slightly Increased protein percentage 

Reproduction 

Positive influence because- of increase in tGF-l 
levels in blood. 

Negative influence ot higher nnlk production and higher 
clearance rale of steroid hormones because of higher 
liver blood How 

Metabolism 

Changes Lhat reflect ihe state of iniLiat negative 
energy balance: increased plasma levels of 

STEFA, insulin and glucose 

After feed intake increases to adapt to ihe increased milk 
production, metaboll l indices reLum to normal; lower 
NEFA and Bilk plasma levels in the nexr lactation 

Body condition 

Health 

Decrease in far content and therefore in body 
weight, especially if the negatrvE energy balance 
is severe 

Maintenance of bcahhier body condition (leaner body! 
during late 1.relation than in untreated cows 

Mastitis 

Improved response to infection due to a 
proliferation of immune cells 

tendency to increase the crude incidence of lameness, 
although y. can be attributed to the higher risk normal 
for higher production: Incidence by pounds of milk 
produced is decreased 

Lameness 

Ma change 1 

Tendency to Increase ihe crude incidence of masLitis, 
although ii can be attributed to the higher risk normal 
for higher production 

Ketosis 

No change 

Decreased incidence of ketosis in the postpartum period 
that follows the laciailon In which cows were treated, 
attributed to a leaner body composition 


Ki tti, fl-hydiaxy butyric Arid: llTAl.dnyt i:: milk, Kit -f uuuliri-like grcm-lh fnclur: .NT/A naiuisterificd Lilly acid. 
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rBST 7_214 kg 



FIG. 41-13 II Comparison uJ larLatiun curves o( Iwd rirsl-laolaLion. ruws. on,*: NrenNird wiLli rHi'J' rind one untreated^ showing; the cyclic response No rl!S>L 
injerLion every L4 days and the improved, persistency ol' ini lit production.. 'Nib dips in. Lhe Lrtraled cow cucrespond to the ndminislrnNiun id a new injection 
of rJSSJ'(evesy 14 Llays). Dashed lints represent average dally nillk production,. Note the variable le^unse to diHerent Ln pert ions. [From L.ane V'M, VLII^iroeL 
A- unpublished daNaJ 


peptides Increase the rate of embryo maturation.* 147 - 449 GM 
is additive to IFN-lau (produced by the embryo) In its effect 
of attenuating, uterine production of PCF^. 4 " 35 Itierefore 
somatotropin may be an important factor for maternal 
recognition of pregnancy. 

Half-life for important Laclopoietlc hormones is as 
follows 337 : 

■ Somatostatin: 3 minutes 

■ Insulin: 6 minutes 

■ GH: 20 minutes 

■ IGF-l: 20 hours 

IMPACT OF SOMATOTROPIN ON MILK 
PRODUCTION 

Many studies have reported a consistent effect of Increased 
milk'production after short- and long-term administration 
of rBST. Most trials are not directly comparable lo one 
another because of the use of different somatotropin ana¬ 
logues, dosages, lengths of study, and intervals between 
doses used in the studies. These experimental trials have 
been conducted under differing feed conditions and show 
similar responses in milk production to treatment with rBST 
in pasture-based dairy cows, 4M ' 45L stalled cows, 452 - 453 and 
cows fed a total mixed ration (TMR). J?ili4 Studies show a 
wide range of Increase in milk production (8% to 61%) 
over the baseline production before rBST administration. 
This range reflects Individual cow variation in the response 
to rBST, and it has been recognized since the first trial In 
1937 [pituitary extract) that some cows do not respond at 
all 391.455 i n general^ ] arg.ee responses were observed at 
higher doses of rBST r 43 ^ 437 ^ 5G although the dose response 
could be characterized as a negative exponential relation¬ 
ship: milk response per milligram of rBST is diminished at 


higher doses. Larger responses have been observed when 
rBST was administered dally (up to 6l%) 453 ' 457J59 as com¬ 
pared with administration at 14-day Intervals (up to 
3I%]4::,453,4 hm&i or 2S-day intervals (up to ia%). 3 ^ 454 
Most of these studies with large responses reported the 
short-term effects of rBST supplementation, whereas long¬ 
term trials reported milk increases ranging from 11% to 
29%. 422 ' 435 ' 45L - 4&I Consistently higher responses (both In 
kilograms and percentages) occur in adult cows as com¬ 
pared with first-Lactation heifers. 42 M 22 - 463 Furthermore, 
the effect of rBST use on milk production varies according 
to production level before rBST administration and stage 
of Lactation, in that lower-producing cows seem lo respond 
better than higher-producing cows,” 3 - 465 and I ate-lactation 
cows respond better than early-lactatlon cows, 423 ' 4 * 3 both 
In kilograms and percentages. Although Holstein cows have 
a higher response to rBST treatment than Jersey cows 437 - 465 
the effective response (return on rBST investment) may be 
higher in lerseys because of their higher milk solids. 

In February 1994 the rBST named .WNCtriku-ti [zlnc- 
methionyl BST, Monsanto) was first commercialized in the 
United States for use at a dose of 500 mg to be given every 
14 days beginning at 57 to 70 days In milk [DIM) and 
continuing until the end of lactaLlon. 400 Since then, mu Id¬ 
le studies have been reported that are notv comparable 
ecause of (he uniformity of product and application. Pro¬ 
duction responses were reported In 176 control herds and 
164 herds using somelribove in the Northeast United States 
for a period or 4 years before approval and 4 years after 
approvals 23 In this study, cows from herds using rBST pro¬ 
duced an average of B94 kg more milk, 27 kg more fat, and 
31 kg more protein during a 305-dav lactation compared 
with control herds. A metaanalysis of data from 28 studies 
using various analogs of rBST reported a production 
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improvement of 11.3% In piimipaious cows and 15.6% in 
muitiparous cows, equivalent to 3.03 and 4.36 kg/day, respec¬ 
tively, over control cows. 421 In another study 13 - she reported 
average response to sometribove in 15 LI.S. herds was 4.9 kg- 1 
cow/day with a wide range among herds [2.9 to 7.6 kg/ low/ 
day), corresponding to production Increases that ranged from 
I l%to 3 I^Mj. 42 ^ 450 - 453 -™- 461 Some trials conducted over mul¬ 
tiple lactations have reported a lower response of cows treated 
in a second laclation J ' 6 - 46t46? ; however, all these trials used 
dally administration of rEST. Studies conducted using the 
approved 14-day Interval application showed that previous 
treatment with rBST did not diminish milk production in 
subsequent lactations, 423 - 470 even In a study conducted over 
four lactations. 1171 

L-actation graphs ofcoivs responding to rBST administered at 
14-day inlervals show a cyclic response to treatmentr^ 32 ^ 0 - 4 ^ 
in tvhlch milk production started increasing on day 1 after Injec¬ 
tion, peaked on day 7 to 11, and then decreased until the next 
dose (see Fig. 4 L-23). The use of rESr does not practically alter 
milk components, 461 * 470 - 472 although minor changes in milk 
fat and protein have been observed in association with shifts 
in energy balance. 422 ' 471 - 472 Cows with higher somatic cell 
counts [SCCs) before treatment can be expected to have a 
diminished response to rBST compared with cows wllh Lower 
SCCs. J22 

Factors Limiting Response to Recombinant Bovine 
Somatotropin 

Munition is the most Important factor that can limit milk 
production response to rEST. Although short-term treat¬ 
ment with rBST increases milk production without Increas¬ 
ing dry matter Intake {DM I), 437 - 462 long-term treatment 
(4 to 10 weeks) results in increased DM! to compensate 
for the Increased production. 437 - 453 - 462 Current nutritional 
standards for high-producing cows 4 " 3 meet requirements 
for rBST-lreated cows, assuming emphasis Is given to consis¬ 
tency of the ration and feed-bunk management. If ration 
inconsistency leads to Lndlgestlon and '■off-feed'" condi¬ 
tions, or if feed is periodically unavailable to (be cow, 
DM! and therefore milk production will be reduced. These 
off-feed conditions may affect the response to rBST. 
McGuire and colleagues 474 found that after restriction of 
feed Intake to laetallng cows, plasma concentrations of 
IGF-l were markedly decreased, Indicating that the stimula¬ 
tory effects of rBST on Lactation would not be observed in 
underfed cows. In ibis study, underfeeding of cows resulted 
in a marked decrease In milk production despite rBST treat¬ 
ment. Raddlff and co-workers 473 have shown that DM! par¬ 
tially controls expression of GH receptor mRNA and that 
cows on feed restriction bad ]ower receptor activity for at 
least 1 week after ad libitum feed was restored. 

Heat stress is another important factor affecting the 
response of milk production to rBST. Trials conducted 
under hot humid conditions 430 - 476 - 477 suggest that milk 
production response to rBST may be more variable than 
that obtained under temperate conditions and that 
responses to higher doses may be reduced. In one trial the 
use of rBST w r a& associated with reduced DMI in cows 
exposed to heal stress 473 ; this effect was not observed In 
other trials 43S - 470 Collier and co-workers 1 * 3 ^ reported that 
acclimation to heat stress is a two-step bomeorrhetlc pro¬ 
cess that occurs in an acute stage of changes In secretion rate 
of hormones and a chronic stage of receptor population 
adjustments In target tissues. The time frame of acclimation 
is weeks rather than days. Cow's treated with rBST adapt to 
heat stress by increasing water intake, respired vapor, and 
skin vapor. 476 - 473 These adaptations require energy and 
divert cardiac output away from the udder. Several studies 


have shown that the milk response to rBST administration 
is Low r er (up to 35%) In cows exposed to high temperatures 
provided with shade as opposed to shade and an evapora¬ 
tive cooling system. 450 - 4711 Several studies have shown that 
higher rectal temperatures may be experienced In rBST- 
lreated cows under beat stress conditions 43a - 43a - 463 - 477 
Although milk production was increased, the response 
may likely have been depressed because of energy expense 
toward homeostatic thermoregulation. The lower responses 
to rBST’ observed in herds in hot climate conditions may be 
explained In part by the effect of decreased DM! on IGF-I in 
plasma 474 Dietary' rations for beat stressed cows may need 
reformulation for higher nutrient density to offset the 
reduced DMI. No negative effects have been observed dur¬ 
ing rBST use under cold conditions.^ 1 - 433 

IMPACT OF SOMATOTROPIN ON 
REPRODUCTION 

The aspect of rBST use most likely to result in involvement of 
the veterinarian Is Its effects on fertility. The positive effec&s 
of rBST on milk production can be accompanied by both 
positive and negative effects on reproduction. Although a 
study by De la Sota and colleagues 11 - 1 found that Lactational 
status (laetallng vs. nonlaclaling) bad a greater effect on 
reproduction than the use of rBST, the following discussion 
is limited to the reproduction of laetallng cows. 

In general the negative effects of rBST on reproduction in 
laclatingeows have been reported to be an increase in twin¬ 
ning rate and days open. 4 ™ 83 - 484 Ihe increased twinning 
rate Is likely due to better embryo survival because ovula¬ 
tion rale does not appear to be Increased In rBST-treated 
cows. 443,433 There is, however, reason to suspect an Increased 
ovulation rate based on recent studies that reported that 
increased feed Intake results in higher rates of steroid metab¬ 
olism in the liver. 4M - 437 More rapid metabolism of estradiol 
can result In decreased negative feedback on follicle-stimulat¬ 
ing hormone (TS11), allowing additional follicles to undergo 
changes necessary' to proceed to ovulation. 437 The Lncrease in 
days open could be attributable to a prolonged negalLve 
energy' balance associated w'llh the increased milk produc¬ 
tion. The magnitude of the Increase in days open was esti¬ 
mated to be 5 days In a metaanalysls performed on data 
from IS studies. 43J iTie relative risk of nonpregnancy in 
rBST-lreated cows during the same period as control cows 
was 1.33 In a metaanalysis of nine studies. 454 One explana¬ 
tion for nonpregnancy Van be that cows treated with rBST 
do not show' outward signs of estrus wTth the same intensity 
as untreated cows, 444 - 433 and therefore accurate heat detec¬ 
tion is hindered. Eslrous detection rale decreased linearly 
with increasing dose of rEST" 133 despite the finding that 
rBST treatment had no effect on Incidence of cystic 
ovaries 4 5 s.aatj 

A confounding factor In any evaluation of the effect of 
rBST on reproduction is the fact that rBST-treated cows 
maintain profitable milk production longer and therefore 
these cotvs can be rebred, if open, at longer DIM than 
untreated cows. The resuitant pregnancies from these breed¬ 
ings late in lactation will Lncrease the average days open for 
the herd. On the other hand, any additional pregnancies 
under rBST use as a result of longer breeding windows 
could be considered a positive effect of the use of rBST, 
because they'would not be obtainable under the same man¬ 
agement in' untreated cows. The evidence that these two 
effects offset each other comes from a study that evaluated 
the effect of rBST use on culling in 32 herds, which showed 
no difference between aiding rates (overall and cubing 
because of reproductive factors) In herds that used rBST 
and control herds 490 iTae potential negative effects of rEST 
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on estrous behavior may favor the decision to use timed 
artificial Insemination (TAI) programs because l’Al does 
not rely on estrous detection to breed the cow. 

Positive effects of rBST on leprodnctlon have been eluci¬ 
dated in recent studies that showed first-service pregnancy 
rate is Increased in rBST-lreaied cows. 491 - 453 This effect is 
not independent of the liming of the last rBST in|ec- 
llon. 444 - 4 Ji l^e first-sendee pregnancy rate was Increased 
in cows receiving rBST between I and 3 days before the first 
gonadotropin-releasing hormone (GnRHj injection of the 
Ovsynch program, in another study, pregnancy rales were 
increased In Laclaling multiparous cows when a single dose 
of rBST was administered at time of insemination. 49 - 1 Some 
studies have found increased conception rales In cows trea¬ 
ted with lower doses of rBST as compared with cows treated 
with higher doses. 4 * 6 ' 494 Furthermore, rBST has shown a 
positive effect on embryo transfer (ET) programs, both In 
the donor and the recipient animals. 448 ' 495 When rBST 
was given at the Initiation of the superovulalion regimen 
in donor animals, two more transferable embryos were 
obtained—a net increase of 2S% to 37%. llie Increased 
recovery of transferable embiyos can be attributed to a 
direct effect of rBST on the superovulaled ovary and an 
indirect effect of 1GF-L The effect on recipient animals 
when the donor cow was not treated was to Increase preg¬ 
nancy rates by 6fl%, 44S explained by better embryo survival, 
because GEI and IKN-tau have added effects in inhibiting 
uterine PGF?^ production. 443 The effect of rBST on the fetus 
has shown some Inconsistencies. In one study, calves born 
to rBST-lreated cows had a gestation length 2 days shorter 
and weighed 2 kg less compared with contemporary con¬ 
trols, 454 whereas in another study they weighted 3 kg more 
than controls. 472 The effect could be dependent on energy 
balance (similar to the effects on milk production). In sum¬ 
mary, rBST Initially has positive effects on reproduction, 
hut within weeks the metabolic consequence of Increased 
milk production has a negative Impact on reproduction. 
In herds not using rBST for Increased milk production, 
the use of low doses of rBST could be beneficial for individ¬ 
ual cow r conception rates. 

IMPACT OF SOMATOTROPIN ON HEALTH 

Mastitis 

Several studies have reported that rBST use was associated 
with an Increase In clinical cases of mastitis. 4 - 2 - 454 - 459 - 490 - 497 
In these studies no attempt w r as made to differentiate 
between contagious and environmental mastitis cases or 
the effect that Increased milk production has on mastitis 
incidence. Studies on well managed farms w r here contagious 
mastitis was being controlled reported no effect of rBST on 
clinical mastitis. 498 - 499 5CC levels In milk from rBST-trealed 
cow's are not significantly different from those in untreated 
cow's. 422 ' 423 ' 460 ' 484 If rBST supplementation Is used In cows 
with high SCC levels, the response in milk production is 
lower than If rBST is used in cows w r lth lotver SCC levels. 422 
iTte Incidence of clinical mastitis in rBST-treated cows has 
been reported to be similar to the mastitis incidence consis¬ 
tent with the genetic improvement of milk yield per 
cow. 497 - 5 ™ While and colleagues 497 suggested that mastitis 
should be evaluated as Incidence per unit of milk produced. 
Cows of a given production stratum reportedly had similar 
mastitis incidence whether they w r ere treated with rBST or 
not. 497 A meta analysts of II studies found an increase In 
clinical mastitis cases of approximately 19.4% in the rBST- 
treated cow's, without controlling for the increase in milk 
production ( 11% to 15.6%) 444 To further complicate Inter¬ 
pretation ot the effect of rBST, the incidence of mastitis In 


mid and late lactation (31 to 150 DIM and 151 to 365 
DIM] depends on the Incidence early in lactation (0 to 30 
DIM]. 501 llterefore if mastitis Incidence is not measured 
before treatment with rBST (according to Label after 57 to 
70 DIM], mastitis incidence during the treatment period 
should be Interpreted with caution. No differences In 
culling rates as a result of mastitis were observed in a com¬ 
parison of herds that used rBST and control herds (total of 
64 herds In three studies). 459 - 490 - 498 Several trials were 
designed to assess the effect of rBST on experimentally 
Induced mastitis w r Ltb environmental bacteria (Streptococcus 
uteris 41 s ' 502 and jEscherecjiicr cofi 501 ). Clinical signs of masti¬ 
tis, milk composition changes, and bacteria counts in milk 
were all reduced In rB$T-Uealed cows. Therefore overall pro¬ 
duction losses during Induced mastitis episodes w r ere lower 
In rBST-treated cows than In control cows, Indicating a pos¬ 
itive effect of rBST on the Immune response. 41 *- 433 

Lameness 

Preapproval trials for rBST xvere designed as either dose 
titration studies or clinical trials of the effect on milk pro¬ 
duction; the trials did not capture Ln-depth health informa¬ 
tion. A metaanalysis 464 of lfi preapproval studies (hat 
collected data on disease incidence reported negative effects 
of rBST on Lameness and culling of adult cows (second or 
greater lactation). This study reported a risk ratio (RR) of 
1.55 for clinical lameness and 1.36 for culling of older cow's 
treated with rBST compared w'Llb control cows. Ruegg and 
colleagues, 490 however, showed no differences In culling 
rates (overall or because of lameness) between herds that 
used rBST and control herds. Another study showed that 
the higher risk of lameness occurred In the'lactation after 
treatment with rBST but not during treatment. 452 In this 
study, however, the higher risk of lameness was attributed 
to management (tie-stall bousLng), because no changes 
could be found on hislopathology preparations. 

Metabolic Diseases 

Itie effect of rBST on fat mobilization Is a decrease In body 
condition score, 41 *- 437 - 445 which in turn results In low'er 
NEFA and BMB plasma Levels and a lower incidence of post- 
parturient metabolic diseases such as ketosis and milk fever 
(hypocalcemia) In the subsequent lactation. 452 - 469 One 
study w'llhln the previously reported meLaanalysis 484 
showed a fourfold reduction In the Incidence of metabolic 
diseases (RR = 0.25) owing to the carryover effect in the lac¬ 
tation after rBST treatment. Data on the Incidence of other 
diseases commonly reported In daily cattle were either 
Insufficient or not collected In a consistent manner to allow 
objective evaluation. 

Toxicity 

StudLes on the potential toxicity of high doses of rBST In 
dair> r cattle, 457 ' 470 ' 504 even when administered for long per¬ 
iods (six times the approved dose over txvo consecutive lac¬ 
tations), 470 have shown no negative effects. Ihe highest 
tested dose was CO times the approved dose of rBST admi¬ 
nistered weekly for 4 weeks. 504 Apparent negative health 
effects were also not observed in the many experimental 
studies of rBST use.* Although cows treated With rBST tend 
to have lower hematocrit (packed cell volume) and hemo- 
g]obin values, 457 - 504 - 500 both remain w'lthln the normal 
range for dairy cattle. 

‘References 422, 4%. 360. 472, 435, 504. 505. 
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HUMAN AND FOOD SAFETY 

The safety of milk and meal product from rBST-treated 
cows 3s based on three tiers of biologic protection. 

L. Bovine G{ I has no activity Ln humans, even If injected, 

2. CM and 3GF-I have no oral activity and are inactivated 
In the gastrointestinal tract. 

3. GH and IGF-3 concentration In milk and meat are 
essentially unchanged with rBST use. 

Bovine Gif has been studied In deplb as a potential 
source for therapeutic Gl-I for hypophysectomtzcd human 
pat Lents.. 5(17 Bovine and human GE i differ in 69 of 191 amino 
acids Ln their sequences (approximately 36%). 355 The differ¬ 
ence in ihelr structure and the much lower binding affinity 
of bovine GH for human GH receptors (up to 3000 
times) 5as - 5LC renders bovine GH Inactive Ln humans. There¬ 
fore contact with rBST should have no effect on people, even 
ifin|ected. 

The safety of consuming animal products (meat and milk) 
from cows treated with rflST has been extensively studied. 
.Milk naturally contains GH and IGF-1; concentrations of both 
are highest during the first days of lactation 407 - 5 31 - 515 when 
milk cannot be marketed for human consumption (colos¬ 
trum), 5 ^ and decrease as lactation progresses. GEI levels in 
milk were similar in cotvs treated with rBST and untreated 
cows and decreased by 85% to 90% when milk was heat-trea¬ 
ted. 515 [GF-I concentration in cow milk has been reported 
in colostrum to be 233 .& ±26.9 og/rnL, decreasing to S.B ± 
1.5 ng/mLat 2 weeks postpartum. 6 Physiologic concentra¬ 
tions of IGF-i in cow milk vary widely according to parity 
and stage of lactation, ranging between 1.27 and 8.10 ng/ 
mL in bulk tank samples.™- 511 Although treatment with 
rBST slightly elevates [GF-I concentration in mL]k, 5?a - 5|, ° 
levels remain within physiologic range. Therefore, it Is not 
possible to determine whether cows nave been treated with 
rBST based on measurement of IGF-1 and GH in milk. 510 - 520 
The only reliable method to determine whelhercows have 
been treated with rBST Is the measurement of Gi l levels in 
blood several limes over the 14-day Infection interval. 51S - S2D 

Levels of IGF-1 In milk tended lo be higher after pasteuri¬ 
zation than in raw milk (G.2 ± 0.35 ng/mL vs. 5.6 ± 
0.56 ng/mL), 5Ji presumably because 1GF-J is released from 


its binding proteins, infant formulas, which require higher 
pasteurization temperatures, had almost undetectable levels 
of IGF-[ (0.7 ng/ml). 3Ji Muscle of cows treated with rBST 
had Levels of Gil and IGF-1 similar to those of untreated 
cows. 511 [.ike most Ingested proteins, rBST and IGF-1 are 
degraded by the digestive enzymes of the gastrointestinal 
tract, rendering them biologically inactive.™- 1 ’ 15 - 521 ^ 22 
Therefore rBST has been shown to be safe and has been 
approved to be used with zero days withholding of meat 
and milk for human consumption: 400 


RECOMMENDATIONS FOR USE OF 
RECOMBINANT BOVINE SOMATOTROPIN 

As described previously, there is overwhelming evidence that 
rBST has a strong galactopoletic effect and will increase aver¬ 
age herd production when used according to label direc¬ 
tions. When compared with other technologies developed 
over time to increase milk production in the dairy industry, 
the use of rBST and 3x milking are the two methods that 
can make an Immediate and significant impact on herd milk 
production (Table 41-11). Genetic methods 513 - 525 of 
improving milk production do not affect the cow on which 
they are applied. They will improve milk production in the 
female offspring, once they are mature (less than 50% of 
all offspring). In contrast, methods such as cooling cows dur¬ 
ing hot weather, 5I * milking cows 3 times per day (3x) as 
opposed to twice per day (2x), 5i6 ' 5i7 and using rBST 
improve milk production directly in the cows and their 
mature offspring. In fact, use of rBST can further Increase 
milk production in herds that are already benefiting from 
higher production resulting from 3x milking. 525 - 527 

Responses to rBST are highly variable among herds: there¬ 
fore individual dairymen need to determine whether the 
rBST response justifies the cost. Basic costs that need to be 
taken into account Include the cost of the product plus addi¬ 
tional labor and teed costs. Another expense to consider is the 
cost of implementing aTAl program (laborand drugs) to off¬ 
set the negative effect of rBST on estrous expression and preg¬ 
nancy rate, although TA1 may have benefits Independent of 
rBST use, Not all studies have found rBST to he significantly 


TABLE 41-11 






i 

Relative Magnitude of Increased Milk Production Obtained by tlie Use of Different Technologies in Dairy Cows' 





Effect on Milk F 

roduc 

lion 

rcchnofogy and 







Reference Category 

Cost 

Cow 

Dffsprii 

kg/year 


Reference 

Al vs. natural service 

i Semen ■ S/C ‘ % female calves 

— 


3-67-44 1 


523 


■ i 1 - morLaHly) 1 



730 


524 

ET vs. Al 

fc Embryo 1 PR J % females 

— 

i/ 

*372 


525 


J [ 1 - moruliiy] 1 






3x milking va. 

Labor +• energy +- milking hygiene 

V 

/ 

1 r 417 


526 

2x milking 

prod Lids' 



1,573 


527 

Cooling Ln kot weather vs. 

Installation +■ maintenance- + 


if 

769 


526 

nor cooling 

increased feed! Intake 






rEST vs. none 

% rBisI’ -t- Labor -j- increased ieed 

if 

if 

1.29S 


526 


intake -■- facililles (if not In placed 
-«■ -cosi of TAJ program (if not in 
place) 



1,301 


527 


At, Arcillr-LiJ Inieminalian; £T, embryo transfer; pn^juincy laitc, rJiST. momhinaoi bovine inaEintcrinipan; &{£', Mrvkca/miH-Efrficm: 1'At, lined arLiNrinl 
inacmiEialian.. 

' Jlw reference raiL'Korr Jut cacti hri-pki^y n prcividud. When runrpiiri hr idlxpTiniL the reJtTuntv category was I hi: uJiUpriii^ cil cow.t not exposed i<> rtic Icrh 
noLogy. Note Llial the uJJucI on the cowa is.cminedc.ilc,. wherein die elierL on Ihe ulfspnnj; will ware njipEOKiiisnIely 3 years laler mrmLhs of pK.-gis.iisrj 1 plus 
>l arv umil calving) I he cl ki t in a nJJsprmj;. is restrrrli-d lo Female udlxpring 43.ni xiieVivit to fn.-xtu.Tung; lets th.iri 50% or all offspring. 

Mum, lily id Jl-iimIl 1 calves In mil birth until they calve (J years nf ajje). 

’LsSimaled gt-nctir jjniis. 

J'cnl digra, Lawrfs. Li^rkllusJi prLiJiLi'Ls, ;md su on 










CHAPTER 4 1 Endocrine and Metabolic Diseases 



1387 


profitable. 5 JS ' 5:z ^ The use of rBST has minimum facilities and 
management requirements such as a reliable restraint 
method (automatic headlocks, stanchions, or tie-staUsJ r 
visual identification of all cows (eartags or freeze brands), 
herd management computer software, and Lhe ability to 
deliver a consistent, high-quality ration, preferably a TMR. 

I’he labeled use of rBST in the United States Is 500 mg 
administered SC every 14 days starting at 57 to 70 DIM. 
Individual cow identification, restraint, and computerized 
records are important to ensure that cows are treated with 
rBST every 14 days. Because all cows will not show a signifi¬ 
cant Improvement in milk production, individual responses 
may be monitored so that treatment can be limited to 
responsive cows, i lerds that Intend to profit from rBST must 
provide (be husbandry needed to maximize DMI In (he 
cows. Heed quality, pal atab Lilly, and availability are major 
detenuInanis of DMI, along with water availability, cow 
comfort, and heat abatement, and thus will influence suc¬ 
cess of rBST usage. Heed consistency can best be guaranteed 
by a large higJi-qualLty forage base so that minimal ration 
adjustments are necessarv. When cows treated w r ltb rBST 
become sick, they should remain on rBST because of (he 
enhanced response to infection and endoloKemla. 4lt42D 


I’he sick cow diet should not significantly drop in energy, 
or the effect of rBST (through IGF-I) on'milk production 
and immune function will likely be reduced. Because the 
response to rBST in cows Is greater Ln late Lactation than 
In eariy iactatlon, both Ln kilograms and in percentage 
Improvement, delaying the start of rBST use until later In 
Lactation could further benefit the cows, allowing additional 
pregnancies to occur without a large reduction Ln overall 
response in milk production. 

Potential uses of rBST, other than biankel herd use for 
Improved milk production. Include treating repeat breeder 
cows for improved ferliilly, improving fertility in embryo 
transfer programs (In both donor and recipient cows), 446 - 495 
helping fat cow's achieve target BCS, 422 - 415 preventing ketosis 
In (he subsequent postpartum period, J5 and reducing or 
delaying cubing Ln cows that abort and Ln "do not breed" 
cows. Potential uses of rBST Ln the future (If approved) may 
Include production enhancement of cows after lactation 
induction, 1 '- 50 Integration Into programs with no dry peri¬ 
ods, 407 - 53 J - 5;32 and use on young stock to induce more rapid 
growth of lean body mass 475 ™ and In nutrient manage¬ 
ment programs to reduce manure, urine, and methane 
production per pound of milk produced. 534 
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Diseases of Muscles 

STEPHANIE J. VALBERG. Consulting Editor 


EXAMINATION OF THE MUSCULAR 
SYSTEM 

STEPHANIE J. VALAERG 

Clinical evaluation of the muscular system requires a sys¬ 
tematic and routine method of examination. Often a veteri¬ 
narian is asked to examine an animal with a history of a 
relatively nonspecific disease process that may be the result 
of muscular dysfunction. Animals tvith electrolyte imbal¬ 
ances, pkuritis, colic, chronic wasting diseases, poor perfor¬ 
mance, and a number of lameness problems may initially 
have signs similar to those seen with some forms of muscu¬ 
lar dysfunction. 

A thorough history of the animal or animals involved is 
an integral part of characterizing the muscle disorder, par¬ 
ticularly because many disorders are intermittent in nature 
and triggered by certain environmental stimuli. A careful 
description of the animal's muscle tone r muscle mass, gait, 
degree of pain, exercise intolerance, and weakness while 
experiencing clinical signs should be obtained. In addi¬ 
tion, the duration of Illness, Lntermlttency of clinical signs, 
factors precipitating clinical signs-, exercise schedule, diet, 
current medications, vaccination history, and number of 
other animals affected and their familial relationships 
should all be recorded before the muscular system Is 
examined. 

PHYSICAL EXAMINATION 

Initially the animal can be observed from all aspects at a 
distance while the horse Is standing with forelimbs and bind- 
limbs exactly square. The examiner should observe the size, 
shape, and symmetry of all muscle groups and Look for mus¬ 
cle fasclculations. This observation helps provide impres¬ 
sions about tropic changes, alterations In symmetry of 
particular muscle groups, and spontaneous muscle activity. 

The animal can then be walked, trotted, or driven and 
evaluated for g^iit abnormalities. The symmetry of the gall 
and evidence of lameness, weakness, stiffness, and pain 
associated with movement can be noted. Galt abnormalities 
may result from pain, muscle weakness, muscle cramping, 
spasticity, decreased range of joint motion, dysfunction of 
motor neurons, and ataxia. A number of muscular diseases 
may result in one or many of these clinical manifestations. 
For example, horses with exertional rhabdomyolysls (ER) 
may be lame or stiff and demonstrate significant pain when 
encouraged to move. In contrast, horses with flbrotlc myop¬ 
athy may demonstrate a characteristic exaggerated gall 
abnormality with little evidence of pain. 

After Lnitial visual evaluation, muscles should be pal- 
ated. It Is suggested that as many muscle groups as possl- 
le be palpated to obtain an overall Impression of muscle 
tone, consistency, sensitivity, swelling atrophy, and heat. 


Firm, deep palpation of the lumbar, gluteal, and semimem¬ 
branosus and semi lend Inosus muscles may reveal pain, 
cramps, or fibrosis. Comparisons between muscle groups 
and areas of the animal can then be made to identify atro¬ 
phy or swelling. Some animals are tense and demonstrate 
apparent evidence of myalgia when palpation Is first per¬ 
formed. However, given time and patience, many of these 
animals relax, and muscles or muscle groups tKat at first 
examination appeared to be very sensitive or hypertonic 
may in reality be normal. By this stage it can often tie deter¬ 
mined whether individual muscles, muscle groups, a limb 
or Limbs, or the whole body musculature Is Involved. The 
symmetry or absence of symmetry of affected muscles or 
muscle groups is also Important for potential evaluation 
of muscle disorders. Elorses should stand perfectly square 
when bilateral muscle groups are compared. 

Fine muscle tremors can be palpated and auscultated 
with a stethoscope. Concurrent signs of anxiety or pain 
should be noted and the animal reevaluated in calm sur¬ 
roundings if necessary. In animals with spontaneous mus¬ 
cle activity, muscle groups should also be percussed w r lth a 
percussion hammer. The triceps, pectoral, gluteal, and 
semltendlnosus muscles are often easily accessed for per¬ 
cussion. A positive percussion sign occurs when the soft 
tissue overlying the muscle becomes dimpled for several 
seconds (percussion myotonia) (Fig. 42-1). This occurs 
as the result of abnormal mechanical Irritability and sus¬ 
tained contraction of the percussed fibers. Running a 
blunt instrument such as artery forceps, a needle cap, or 
a pen over the lumbar and gluteal muscles should elicit 
extension (sw r ayback) followed by flexion (hogback) In 
healthy animals. Guarding against movement may reflect 
abnormalities in the pelvic or thoracolumbar muscles or 
pain associated with the thoracolumbar spine or sacroiliac 
joints. 

If there Is evidence of weakness, differentiation between 
myasthenia of muscular and neurologic origin is Ideal. This 
requires a detailed neurologic examination. 1 lowever, this 
can often be extremely difficult because a dose junctional 
relationship exists bettveen the nervous and muscular sys¬ 
tems. In general, muscular weakness Is not associated with 
ataxia unfess LI is extremely severe. Weakness is often mani¬ 
fested by muscle fasciculatlons, knuckling at the walk, fre¬ 
quent recumbency with difficulty rising, and shifting of 
weight because of an Inability to fix the stifles. 

If the primary abnormality identified is related to exer- 
iLon, a Lameness evaluation including flexion tests is often 
indicated as part of evaluation of the muscular system. Mus¬ 
cle pain may be secondaiy to changes in movement caused 
by lower limb lameness. The horse should be observed at a 
walk or trot for any gait abnormalities and In some cases 
longed for 15 minutes or ridden until clinical signs are 
elicited. 


I3&8 




FIG. 42- I L'i/j-s n^LLin ■ '! Lhr acmkcndiiiujius iiki^cIl' showing the enuj- 
flc .ic rest (A) nmJ an abnormal jHTsmniiC Firm rcnHr.K~l.iJ re after ihe muzrLe 
has. brim tnpptrd. willii a pmumuci hamcncr (K] in a horse with inycrionin. 


CLINICAL PATHOLOGY 

Serum Enzyme Activities and Myoglobin 
Concentrations 

Serum enzyme activities can be extremely useful In deter¬ 
mining whether muscle ceil necrosis is a predominant 
feature of a suspected muscle disease. Under norma] condi¬ 
tions the serum activities of the enzymes used to assess mus¬ 
cle damage are low. However, leakage of the enzymes from 
myocytes into the bloodstream may occur if the Veil mem¬ 
brane is disrupted through muscle cell necrosis or If ihe per¬ 
meability of the cel] membrane Is increased. A number of 
other factors may influence the activities of enzymes within 
the circulation. These include rate of enzyme production, 
alternative sources of the enzyme, rate of enzyme excretion 
and degradation, and alterations to the pathways involved 
in enzyme removal or inactivation. 1 

Three enzymes are used routinely in the assessment of 
muscular diseases In large animals: creatine kinase (CK), 
aspartate aminotransferase {AST), and lactate dehydroge¬ 
nase (LDH). Carbonic anhydrase III and serum myoglobin 
have also been suggested as markers of equine muscle 
necrosis. 3 ^ 3 

Serum CK offers remarkable sensitivity as an indicator of 
myonecrosis. This enzyme is found predominantly In skele¬ 
tal and heart muscle. It Is intimately involved In energy pro¬ 
duction within the cell, is highly concentrated within the 
cytoplasm, and Is readily liberated into the extracellular 
ffuld when the muscle cell membrane is disrupted.'■ J 

Changes in CK can be used as an Indicator of muscle dys¬ 
function In relation to a variety of insults. Serum activity of 
this enzyme increases within hours In response to a muscle 
insult. Limited elevations in CK may accompany training, 
transport, and strenuous exercise. Elevations of CK to 400 
or 500 1U/L may occur when training commences or In 
response to moderate exercised Extremely fatiguing exercise 
(e.g., endurance rides or the cross-country phase of a 3-day 
event) may result in CK levels being Increased to more than 
1000 IU/L but usually less than 8000 1LI/L These elevations 
usually are not reflective of an extensive myopathy, and 
serum levels ofCK rapidly return to baseline [i.e., less than 
250 [U/L in 24 to 48 hours). Recumbent animals also may 
have slightly elevated CK levels that are usually less than 
3000 lll/L. In contrast, more substantial elevations {from 
several thousand to hundreds of thousands of International 
units per liter) In the activity of this enzyme may occur with 

rhabdomyo lysis. L4 

Several different Lsoforms of CK exist. Electrophoretic 
migration In a field of direct current results in the separa¬ 
tion of three bands: MlU, MB, and BB. Skeletal muscle is 
rich In the MM isoform, cardiac muscle is rich In the MB 
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Lsoform, and neural tissue contains the BB isoform. Rbab- 
domyolysts results in a proportionately greater increase in 
the MM lsoform than the MB isofonn. 1 -' 

Serum AST, previously known as serum ^JjjbTmic-oxtiJcuce- 
lic trdrrsdrrrincii? (SCOT), also has been used as an aid to 
diagnose muscular necrosis In large animals. 1 ; The enzyme 
has high activity in skeletal and cardiac muscle and also In 
Liver, red blood cells [RECs] r and other tissues. Elevations 
In AST are not specific for myonecrosis, and increases can 
be the result of hemolysis or muscle, Liver, or other organ 
damage. Alterations In AST activity are an Integral compo¬ 
nent of many seaim biochemical "pro files." 

AST activity rises more slowly in response to myonecrosis 
than does CK, often peaking 24 hours after the insult, and 
the half-life of AST Is much longer than that of CK. 7 Bv 
comparing serial activities of CK and AST in animals with 
suspected myopathy, information concerning the progres¬ 
sion of myonecrosis may be derived. Elevations in CK and 
AST reflect relatively recent or active myonecrosis; if CK 
remains persistently elevated, myonecrosis Is likely ongoing; 
and elevated AST activities accompanied by decreasing or 
normal CK activities indicate that myonecrosis is not 
continuing. 

Elevations In seium LDH activity occur because of dam¬ 
age to various organs within the tiody. LDEI Is composed 
of muscle {M) and heart (H) subunits. The enzyme Is a tet- 
ramer made up of combinations of the M and H subunits, 
with five isoenzyme forms. Although the distribution of Lso¬ 
forms is genetically determined, electrophoretic separation 
suggests that the Mj (LDH 3 ) and M 3 H (l.DEIj) Lsoforms 
are found predominantly In skeletal muscle. Elevations In 
LDH may be delected In horses with rhabdomyolysls, myo¬ 
cardial necrosis, and/or hepatic necrosis. T herefore in the 
presence of elevations of total LDN activity, electrophoretic 
separation of LDH into its Isoenzyme forms may be neces¬ 
sary If definitive evidence of skeletal myonecrosis Is to be 
obtained. 3 

Whenever possible, consideration should be given to 
providing optimum conditions for collection, handling, 
and storing of serum or plasma samples for subsequent 
determination of enzyme activities. CK Is lablk when stored 
at room temperature. Activity of CK in serum samples 
stored for 24 hours at room temperature falls to approxi¬ 
mately 25% of activity at the time of collection. When kept 
at between O' 7 C and 4° C (32 ,: F and 39 c F), only 32% to 
65% of the activity remains after 24 hours. In contrast, 
freezing of samples'allows maintenance of CK activities for 
several days. However, after 5 days of frozen storage, activity 
falls to approximately 25% of the original value. Despite 
this apparent rapid decline in the serum activity of CK, CK 
determination from samples stored under less than ideal 
conditions may still reveal useful Information. 1 This Ls par¬ 
ticularly true in cases In which ]arge elevations In CK activity 
occur In response to myonecrosis. In these animals, CK 
activity may rise to a peaK value of hundreds of thousands 
of international units per liter. Even if CK activity does fall 
significantly in storage, It remains elevated within the sam¬ 
ple for several days, potentially providing evidence of myo¬ 
necrosis. I he enzvmes AST and LDH are much more stable 
under a variety oi storage conditions, with less than 25% of 
the activities of both enzymes being lost over an 8-day 
period In samples stored at'room temperature, 0* C to 4° C 
[32° F to 39* F], or frozen. Freezing samples for LDH isoen¬ 
zyme determination alters the configuration of the Lsoforms, 
making Interpretation of the results unre]table. However, 
total LDH activity remains unaffected. 1 

Therefore under ideal conditions samples for subsequent 
determination ofCK, AST, and/or LDH should be collected 
Into a glass (serum) or heparinized tube. The serum or 




plasma should he harvested as soon as possible,, because 
anoxia and Lysis of RBCs allows the liberation of AST and 
LDI3. if possible, serum and plasma samples should be 
transported rapidly to the laboratory. Otherwise they 
should be kept chilled {4 C |39 c ' F|) if analysis is to occur 
within 24 hours. When determination of CK activity Is 
required and a delay of more than 12 hours Is anticipated, 
freezing of the samples Is desirable. 3 

Elevations In plasma and serum myoglobin concentra¬ 
tions provide an indication of recent muscle damage. Myo¬ 
globin Isa small protein that Leaks into plasma Immediately 
after muscle damage and Is rapidly cleared In the urine 
by the kidney. It Is particularly useful for determining 
exercise-associated muscle damage, because peak concentra¬ 
tions are reached shortly after exercLse compared with 4 to 6 
hours later for CK.^ Unfortunately, few laboratories can 
routinely measure myoglobin. Normal concentrations in 
resting horses have been determined by nephelometry 
{range 0 to 9 pgT), 3 with measured concentrations with 
rhabdo myolysis ranging from 10,000 to 800,-000 pg/L. ja 

Urinalysis 

Urine can be obtained free catch from horses placed in 
stalls with fresh bedding or via catheterization. The most 
accurate reflection of fractional excretion (FE) of electro¬ 
lytes is obtained from samples obtained without tranqulll- 
zation. Urinalysis Is particularly important in horses with 
myoglobinuria, elevations in creatinine, or suspected elec¬ 
trolyte imbalances. Urine specific gravity, protein content, 
white blood cell {WBC] count RBC count, and evaluation 
of cast formation should be performed to assess the poten¬ 
tial for concurrent renal disease. A positive Memastix test 
{orlbotoluidlnej result in the absence of hemolysis or RBCs 
in urine is highly suggestive of myoglobinuria. Further dif¬ 
ferentiation of myoglobin from hemoglobin Is sometimes 
warranted, and where available electrophoresis, nepbelom- 
etry, or spectroscopy may be used. Spectroscopy does not 
always reliably distinguish between myoglobin and 
hemoglobin. 

Determination of electrolyte, mineral, and creatinine 
concentrations in urine and blood has been used to deter¬ 
mine electrolyte balance In horses with muscle cramping 
or EFL. n Problems often encountered however, are the 
large fluctuations In daily electrolyte excretion that occur 
in the same horse and among horses, the Interference of 
high urinary potassium concentrations with measures of 
sodium concentrations when an 3 on-specific electrode Is 
used, and the presence of calcium crystals In equine urine, 
which arttfactuaily decrease the calcium and magnesium 
measured if urine samples are not acidified. 12 Renal frac¬ 
tional excretion (FEJ can be calculated using the following 
formula: 

S Cr x u x x lot) 

FEy =- 

U& x 5 k 

where U Is urine, S Is serum, x is measured electrolyte, and 
Cr is creatinine. 

If urine calcium Is lo be determined, acidification of 
urine to dissolve ail calcium oxalate crystals Is recom¬ 
mended to provide exact calcium excretion. Determination 
of potassium, chloride, magnesium, and phosphorus con¬ 
centrations can be performed using I on-specific electrodes 
or inductively coupled plasma atomic absorption. 

Normal values for FE of electrolytes depend on a horse's 
diet. Normal values (%) for horses consuming grass, hay, 
and a sweet feed mix with available salt are KE Ni1 0.04 to 
0.08, FE K 35 to 80, FEo 0.4 lo 1.2, FEcn 5.3 lo 14.5, FEp 
0.05 to 4.J, and FE Klfi 14.2 to 21.4. 13 - 13 


Exercise Testing 

Evaluation of muscle disorders that are precipitated by exer¬ 
cise may require an exercise challenge test. An exercise lest 
should not be used in horses with overt signs of rhabdo mv- 
olysls but rather to determine if horses not currently 
showing clinical signs are prone to ER. Tbe goal is lo induce 
subcilnical elevations in serum CK activity. Abnormal 
increases in CK are more likely to occur If slotv trotting is 
performed rather than strenuous exercise. 9 Often 15 min¬ 
utes of exercLse at a walk and trot In unfit horses or at a con ¬ 
stant slow trot In fit horses will elucidate subdin Leal 
elevations on CK. if signs of stiffness develop before this, 
exercise should be concluded. CK activities in blood sam¬ 
ples taken Immediately after exercise do not reflect the 
amount of exercise-induced muscle damage, lor best 
results, blood samples for CK activity should be taken 
before and 4 lo 8 hours after exercise. In healthy horses, 
15 to 30 minutes of light exercise rarelv causes more than 
a threefold Increase in CK activity. 14 ' 1 ^ Elevations greater 
than fivefold are indicative of ER' Standardized treadmill 
exercLse testing can also be used to evaluate muscle 
responses and measure metabolic responses to exercise:. 

E lectromyograp hy 

ElectrodiagnoslLc studies detect spontaneous or evoked po¬ 
tentials of neurogenic or myogenic origin using electrodes 
positioned in the muscle. Electromyography {EMG) Is par¬ 
ticularly useful to evaluate large animals with altered muscle 
lone. EMG of normal skeletal muscle shows a brief burst 
of electrical activity when the needle is Inserted (Lnsertional 
activity) In muscle and then quiescence, unless motor units 
are recruited [motor unit action potentials) or the needle is 
very close to a motor end plate (miniature end plate poten¬ 
tial's). Norma] muscle shows little spontaneous electrical 
actlvlLy unless the muscles contract or she horse moves. 
Horses with abnormalities In the electrical conduction 
system of muscle, or denervation of mo!or units, show 
abnormal spontaneous electrical activity In (he form of 
fibrillation potentials, positive sharp waves, myotonic dis¬ 
charges, or complex repetitive discharges. 1 *- 19 Fibrillation 
potentials and positive sharp w r aves represent spontaneous 
firing of muscle fibers. Myotonic discharges are bursts of 
complex higb-frequency potentials, whereas complex, repet¬ 
itive discharges are similar but have fixed amplitude and fre¬ 
quency. iTsey both represent simultaneous nrlng of groups 
of muscle fibers. Motor unit action potentials can be evalu¬ 
ated to assess their amplitude, duration, phase, and number 
of phases. Myopathic changes Include a decrease in dura¬ 
tion and amplitude of motor unit action potentials. I7 - J9 
More Information about the motor unit could be provided 
by nerve conduction velocities (NCVs); however, the Inac¬ 
cessibility of motor nerves makes measurement difficult in 
large animals. Both EMG and NCVs are used to classify 
the primary disease as neuropathic or myopathic, to deter¬ 
mine the distribution of the disease, and to provide Insight 
into the pathophysiologic mechanisms of the disease.'^ 2Q 
Equipment costs are relatively high, and expertise is 
required in operation and Interpretation of results. Readers 
are advised to consult Chapter 35 before considering the 
use of EMG. 


Nuclear Scintigraphy 

Nuclear scintigraphy Is useful for identification of some 
forms of muscle damage, particularly an area of deep 
muscle damage that w r as not suspected based on clinical 
examination. 21 Technetium -99 m methylene dIpbosphonate 



(MDP) is taken up In some damaged muscle in the horse 
and is best seen In bone phase images (e.g., 3 bouts after 
injection]. Scintigraphy has been used in horses with a 
hisloiy of poor performance, with or without stiffness 
after exercise, to confirm a diagnosis of equine rhabdomy- 
olysis. 22 The mechanism of MDP binding Is unknown, 
but the release of large amounts of calcium from damaged 
muscle or the exposure of calcium binding sites on pro¬ 
tein macromolecules In the damaged muscle may be 
responsible. Scintigraphy may be helpful In some cases 
involving focal damage to either proximal fore!imb or 
hlndllmb muscles 21 


Ultrasonography 

Diagnostic ultrasonography is potentially very useful for 
identification of muscle trauma., crepitus, fibrosis, and atro¬ 
phy. .Muscles have a rather typical striated echogenlc pattern, 
but this varies according to the muscle group, and careful 
comparisons must be made between similar sites In contralat¬ 
eral limbs, In both transverse and longitudinal Images.- 31 The 
appearance of muscle Is also sensitive to the way the animal 
is standing and whether the muscle is under tension, so It is 
important that the animal be standing squarely and bearing 
weight evenly. Muscle fascia appears as well-defined relatively 
echodense bands. 21 Care must be taken In Identifying large 
vessels and artifacts created by them. 

In an acute in|ury, muscle fiber disruption Ls seen as rel¬ 
atively hypoechoic areas within muscle, with loss of the 
normal muscle fiber striatlon. The lagged edge of the mar¬ 
gin of the torn muscle may be increased in echogenicity. 21 
Tears In the muscle fascia may be identified. The defect In 
muscle may be filled by loculaled hematoma that is hypoe- 
cholc. As the muscle repairs, It becomes progressively'more 
echogenic. Relatively hyperecholc regions may be a result of 
increased connective tissue or loss of muscle cell mass. 

1 [yperecbolc shadowing artifacts usually represent minerali¬ 
zation or g^is pockets. 2 ” 


Muscle Biopsy 

Examination of muscle fibers, neuromuscular junctions, nerve 
branches, connective tissue, and blood vessels within a biopsy 
sample can provide additional information necessary to fully 
characterise a neuromuscular disorder. 23 - 25 Routine light and 
electron microscopic examinations, combined with hlsti> 
chemical evaluations, may provide insights Into the particular 
manifestations of neuromuscular diseases and their rate of 
progression. A number of basic pathologic responses of muscle 
can be Identified in paraffin-fixed sections. These include 
inflammatory Infiltrates, muscle fiber necrosis, muscle fiber 
regeneration, increased number of central nuclei, variations 
in muscle fiber sizes and fiber shapes, vacuolar change, and 
proliferation of connective tissue. However, many pathologic 
alterations cannot be detected In fannalin-ftxed tissue but 
can readily be seen In histochemlcal stains of fresh-frozen 
biopsy samples. 23 - 25 These Include muscle fiber types and 
their pattern of distribution, differentiation of neurogenic 
atrophy from disuse atrophy ora primary myopathy, charac¬ 
terization of vacuolar storage material, characterization of 
Inclusion bodies, assessment of mitochondrial density, and 
additional clues that may allow identification of a specific 
dlsorderor category of muscle disorders. Furthermore, forma¬ 
lin fixation results in arllfactual cracking, fiber shrinkage, and 
leakage of substrates such as glycogen, which can affect proper 
Interpretation of muscle pathology. 

When collection of muscle biopsies is under consider¬ 
ation, some general guidelines apply. Preferably samples 
should be collected from what is considered abnormal or 
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diseased muscle. A 6-mm outer diameter* percutaneous 
needle biopsy technique can be used to obtain small muscle 
samples through a Ui-lnch skin incision using a local anes¬ 
thetic subcutaneously, if this technique Is used, enough 
muscle should be obtained to form a L />indi square sample 
at a minimum. These samples do not, however, tolerate 
shipment to an outside laboratory. The optimum biopsy 
sample for shipment of hlstopathology tissues to a labora¬ 
tory is collected using surgical or open techniques, per¬ 
formed under local anesthesia. Care must be exercised Lo 
infiltrate only the subcutaneous tissues, not the muscle, 
with die anesthetic agent. The objective Is to obtain approx¬ 
imately a Vi-Inch cube of tissue; hence a suitably long skin 
Incision is required. Two parallel Incisions Vj Inch apart 
should be made longitudinal to the muscle fibers with a 
scalpel. The muscle should be handled only in one corner, 
using forceps, and crushing should be avoided. The muscle 
sample is then excised by cross-secting Incisions Inch 
apart, and the tissue is fixed appropriately. Routine hlslopa- 
tnology samples can be placed in formalin; fresh samples 
can be placed in a watertight hard container after being 
wrapped In giuze moistened with saline, and shipped 
chilled to laboratories for freezing. On arrival at specialized 
laboratories, fresh samples for hlstochemical analysis are 
fixed In Isopentane [methylbutane) chilled In liquid nitro¬ 
gen to ensure rapid freezing and minimization of freeze arti¬ 
fact. Samples that potentially may be used for biochemical 
analysis should be immediately frozen In liquid nitrogen. 
Other routine histopathologic techniques may also be of 
diagnostic value. A special fixative may be required if such 
practices are to be undertaken. Samples for electron micros¬ 
copy (EM) require appropriate fixation in glutaraldehyde 
preparations. Ideally, thin sections of muscle for EM should 
be clamped in vivo to maintain fibers at a resting length 
before they are excised. E lowever. If pathology other than 
the alignment of thick and thin myofilaments is lo be inves¬ 
tigated, small muscle pieces can be excised and placed 
directly in appropriate EM fixative. 

Responses of strips of fresh muscle lo stimuli such as caf¬ 
feine, halotbane, and a variety of other agents can also be 
ascertained by specialized laboratories, but these are not 
routine diagnostic procedures. 2 *- 23 


CLASSIFICATION OF MUSCLE 
DISORDERS 


/ VALBERC 

A muscle disorder is usually suspected in large animals because 
of (1) Increased, decreased, or abnormal muscle contractions, 
(2) focal or generalized muscle necrosis (ihabdoinyolysis], (3) 
muscle atrophy, or (4) exercise intolerance not associated with 
respiratory, cardiovascular, or skeletal causes. 

ALTERED MUSCLE TONE 

Increased muscle tone may be neural In origin. For example, 
tetanus and strychnine poisoning Increase muscle tone as a 
result of suppressed Inhibition of upper motor neurons by 
Lnlerneurons. Increased motor neuron firing also occurs dur¬ 
ing seizures, with electrolyte imbalances, and with equine ear 
tick infestation. Visual, tactile, or auditory stimuli often pre¬ 
cipitate painful sustained motor unit activity. Other probable 
neural disorders that Intermittently increase muscle lone 
Include periodic spasticity and spastic paresis in cattle, stiff 
botse syndrome, and shivers in draft and warmblood horses. 


qui^cri Kiimse, Marslev, Denmark. 
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PART Fi^E DISORDERS OF THE ORGAN SYSTEMS 


increased muscle tone can also result from myopathic dis¬ 
orders. Persistency enhanced rmisde tone may occur because 
of muscle contractures, which are characterized by fixation of 
myofilaments in a persistently shortened position without 
neural input.Contractures are usually extremely painful 
and associated with rhabdomyolvsts. Contractures occur 
with malignant hyperthermia (MH) and some forms of exer¬ 
tional myopathy, intermittent, abnormal ntuscie contrac¬ 
tions without rtiabdomyolysls occur when sarcolemmal ion 
channels within the muscle cell membrane are dys fu fic¬ 
tional.Caprine myotonia congenita and equine hyperka- 
lemlc periodic paralysis (HYPP) are examples of diseases 
caused by sarcolemmal ion channe] dysfunction. 

Moderate weakness In horses may be caused by central 
spinal cord disorders. More profound weakness may arise 
from neuropathies affecting motor neurons (equine motor 
neuron disease, hypocalcemia), decreased neural input at 
motor end plates" (botulism)/marked muscle atrophy or 
rhabd o myolysis of postural muscles, or severe electrolyte 
imbalances (hypokalemia). The few operative motor units 
fatigue easily, resulting in muscle fascicuUnions, shifting of 
weight, low head posture, difficulty prebend ing grain. Long 
periods of recumbency, and difficulty rising. 

MUSCLE ATROPHY 

Atrophy Is defined as a reduction In muscle size, specifi¬ 
cally a reduction in muscle fiber diameter or cross- 
sectional area. Atrophy may occur In response to a variety 
of stimuli. Denervation removes the normal low-level 
tonic neural stimulus that Is necessary to maintain muscle 
fiber mass. Complete denervation of a muscle results in 
more than a 50% loss of muscle mass within a 2- to 
3-week period. 15 - 12 A good example of this Is "sweeney' -1 
in horses. In which the suprascapular nerve Is damaged 
and muscles over the scapula atrophy. Other denervaling 
conditions such as equine motor neuron disease show a 
slower progression of gross muscle atrophy. Electromyo¬ 
graphic abnormalLties after denervation are apparent 
within 5 day's, and it may take 3 weeks for maximal 
changes to develop. Increased Insertlonal activity, positive 
sharp waves, and bizarre high-frequency discharges and 
fibrillation potentials are seen in denervated muscle. MJ 
Pyknotic nuclear clumps and small angular slew-twitch 
type 1 and fast-twitch type 2 fibers with concave sides 
are characteristic of neurogenic atrophy In muscle biop¬ 
sies. in some eases hypertrophy of remaining motor units 
may occur In neurogenic atrophy, and nen erratic n Is Indi¬ 
cated by target fibers and fiber type grouping. 

Muscle atrophy also may be caused by disuse, malnutri¬ 
tion. cachexia, corticosteroid excess", and Lmmune- 
mediated myositis. Skeletal muscle Is a plastic tissue, with 
approximately 1% to 5% of the contractile mass under- 
oing remodeling on a dally basis. If a negative nitrogen 
alance occurs, net protein withdrawal from the skeletal 
muscle mass begins within 4S to 72 hours. This type of 
atrophy is distinguished from neurogenic atrophy by a 
slower progression of atrophy, normal electromyographic 
findings, and muscle biopsies that are characterized by 
exclusive atrophy of lype 2 muscle fibers. The overall 
response of skeletal muscle is to maintain essenftal 
postural muscle groups, whereas less essential groups 
undergo significant reduction in muscle mass. With mal¬ 
nutrition, 30% to 50% of the muscle mats may be lost in 
the first L to 2 months. 32 Rapid atrophy Is characteristic 
of immune-medlated myopathies in quarter horse-related 
breeds, which can result in the loss of 30% of muscle mass 
within 4S hours because of necrosis and atrophy of 
myo fibers.- 3 3 


MUSCLE NECROSIS 

Muscle necrosis (rhabdomyolysis), as evidenced by eleva¬ 
tions in serum CK, LDtJ, and AST, can be focal or 
generalized. Many infectious, toxic, nutritional, ischemic, 
and idiopathic factors result in muscEe fiber necrosis. When 
attempting to Identify a cause, it is helpful to characterize 
rhabdomyolvsts In horses as associated with exercise or 
not exercise-associated. Specific causes of exertional and 
nonexertional rhabdo myolysis are listed in Box 42-1 

Wecrosls represents injury to organelles wtthin a muscle 
fiber or within a segment of that fiber. Many myopathies 
associated with generalized rhabdomyotysis interrupt nor¬ 
mal muscle metabolism, and cell death results from an 
inability 6o main Lain homeostasis within the myoflber. 
Although various external or internal insults may cause rhab¬ 
do myolysis, they often share a final common pathway lead¬ 
ing to cell death/ 0 Linder normal conditions, considerable 
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Causes of Rhabdo myolysis In the Horse 


MYOPATHIES NOT ASSOCIATED WITH EXERCISE 
Inflammatory Myositis 

Clostridial species 

Equine influenza vims A2 and Liiulne herpes vims J 
SjjrftPQTiii fityerr 

Acute rhabdo myolysis with Sirvptocmvus eijitt infections 
Infanctive hemorrhagic purpura 
I mm une-media It'd myopachy with atrophy 

Nutritional Myodegeneration 

Vitamin E or selenium 

Toxic Myopathy 

White snake root or rayiess golden rod 
lAistur-L 1 myopathy, aLypjc.il myopathy 
lonopJuQrea 
Chemical toxins 

Traumatic Myopathy 

Compartment syndrome and! capture myopathy 

Am esthetic-Related Myopathy 

Malignant hyperthermia 
Focal myonetiiopalhy 

EXERTIONAL RHABDOMYOLYSIS 

Sporadic Causes 

Dietary 

Excess carbohydrate diet 
Low-sodium. Jiei 
Low-potassium diet 
I Ugh-calclum, low-phosphorus diet 
Low vitamin E or selenium status 

lufettfocrj 

Equine herpesvirus ,1 
Overate rtfan 

Excessive exercise relative to training status 
Postendurance ride (hyperthermia electrolyte imbalances) 

Chranfc Cauies 

Polysaccharide storage myopathy 

Recurrent exenJon.it rhahdomyolysis 

Chronic exertional rhabdomyolysis (unknown causes] 









energy is expended by muscle cells to pump the calcium lb at 
accumulates In the sarcoplasm during contraction into she 
sarcoplasmic reticulum. If ceil membrane function is dis¬ 
rupted or If the energy pathways that generate adenosine tri¬ 
phosphate for the calcium pump are impaired, excesstve 
calcium may accumulate in the sarcoplasm. Although some 
calcium can be sequestered by the mitochondria, eventually 
mitochondria become overloaded and oxidative metabolism 
ceases; oxygen free radicals are generated; phospholipases are 
activated, Inducing the arachidonic cascade; caieLum-depen- 
dent proteases are stimulated, and complement is activated. 
The contractile proteins within a necrotic segment are 
destroyed and appear homogenized with no evidence of 
cross-strialions, and mitochondrial and sarcolemmal mem¬ 
branes appear disrupted. When necrosis occurs as a result of 
internal disruption of muscle homeostasis, the basement 
membrane of the cell Is left intact Macrophage infiltration 
and phagocytosis of necrotic debris usually occur within 16 
to 48 hours of the muscle in|urv. Satellite cells migrate along 
the remaining basement membrane and form regenerative 
myotubes within 3 to 4 days of Injun", with mature muscle 
fibers developing within a month of the original damage. 35 

Muscle Ischemia occurs commonly with acute trauma, 
the compartment syndrome In recumbent animals, downer 
syndrome, and vascular occlusion. Compartment syndrome 
often involves die triceps muscle or extensors of the hin- 
dlimb. because they are often compressed in down animals 
or during anesthesia. Hypotension during surgery contri¬ 
butes to the development of this syndrome. Acute muscle 
infarction may occur with purpura hemorrhagica or 
disseminated intravascular coagulation, and on postmortem 
examination characteristic well-demarcated areas of hemor¬ 
rhagic necrosis are evident. Clinically, acute infarctions are 
an extremely painful condition that may resemble colic. 
Chronic occlusive diseases, such as iliac thrombosis, often 
allow collateral circulation to develop, thereby avoiding 
acute signs of Ischemia at rest. Although muscle has an 
impressive ability to regenerate, if a disease process is severe 
enough to disrupt the basement membrane, muscle may be 
replaced by connective tissue and fat. This occurs most fre¬ 
quently after trauma such as tearing of the semimembrano¬ 
sus or tend In osus In horses [flbrollc myopathy). 
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gastrocnemius muscle when standing. Involvement may be 
unilateral or bilateral. The Holsteln-Fiieslan breed is most 
commonly affected, although other breeds have been found 
to have the disorder. M42 Spastic paresis may have a distinct 
familial pattern. but environmental exposure to toxins in uiero 
has also been Implicated as a cause. ’ 11 -- 1I - 43 

Clinical signs similar to those of spastic paresis are seen 
In horses with ‘‘'shivers." Shivers Is most commonly seen 
In draft horse breeds, warmbloods, and warmblood crosses 
>1 year of age, although il may occur in light horse 
breeds,- 3g Suggested causes include genetic, traumatic, infec¬ 
tious, and neurologic diseases, although Its exact basis Is 
unknown. The disease primarily affecls the hindllmbs and 
Is characterized by periodic, involuntary spasms of the mus¬ 
cles in the pelvic region, pelvic limbs, and tall that arc exa¬ 
cerbated by backing or picking up the hindllmbs. The 
affected limb Is elevated and abducted and may actually 
shake and shiver, and the tail head Is usually elevated con¬ 
currently and trembles (lie. 42-2). In more severely affected 
animals, on hacking up the hind Li mb is suddenly raised, 
semiflexed. and abducted with the hoof held In the air for 
several seconds or minutes; the tail is elevated simulta¬ 
neously and trembles. After a variable period of time, the 
spasms subside, the limb Is extended, and the foot Is 
brought slowly to the ground. There are no distinct myo¬ 
tonic discharges on EMC with shivers.. Indicating It Is not 
a true myotonic condition. 


Myotonia 

It Cifrifoif Signs. Myotonia congenita in humans, horses, 
and goats is usually detected In the first year of life. ,i5JB 
Affected animals commonly have conspicuously well- 
developed musculature and display mild pelvic limb stiff¬ 
ness. Gall abnormalities are usually most pronounced when 
exercise begins and frequently diminish as exercise 
continues. Bilateral bulging £ dimpling) of the thigji and 
rump muscles Is often obvious and gives the impression 
that the animal is very well developed (3Tg. 42-3). Stimula¬ 
tion of affected muscles, especially percussion, exacerbates 
the muscle dimpling below a large area of tight contraction 
(fig. 42-4). Affected muscles may remain contracted for up 
to a minute or more, with subsequent slow relaxation.- 17 m ^ 
In goats, myotonia congenita appears to an autosomal 
dominant mutation in the skeletal muscle chloride channel 
that has incomplete penetrance. 31 - 47 - 50 Affected goats are 


MYOTONIC DISORDERS 

slEPWANtH t- VALfiHK? 

Myotonic muscle disorders represent a heterogeneous 
group of diseases that share the feature of delayed relaxa¬ 
tion of muscle after mechanical stimulation or voluntary 
contraction. Abnormal muscle membrane excitability 
appears to be the shared abnormality among myotonic dis¬ 
orders. The nondystrophic myotonias in large animals 
include myotonia congenita in horses and goats and equine 
1IYPP, 33 Sarcolemmal ion channel dysfunction causes these 
nondystrophic myotonias. Dystrophic myotonia, a progres¬ 
sive disease that may also be" associated with abnormalities 
Ln other body systems, lias been reported in horses. 36 - 57 
In addition, it has been noted that some horses with ear 
tick infestations develop percussion myotonia and painful 
muscle cramps.- 33 

A condition that demonstrates myotonic-like signs in cattle 
is spastic paresis 39 - 311 or J, Elso heel/ 1 Commonly calves 2 to 7 
months of age are affected and have an extremely straight angle 
to the hock and stifle. Signs reflect a decreased ability or Inabil¬ 
ity to flex the hock because of continuous tension on the 



FIG. 42-1 (JIjmU’ stance of a hnnr wiLh alnvyrs, in i^kich the led 
hindbii.it;> lx ht'JJ in an abducted ilex^d pusM i-nn Jind like x.iil it lJlv.icliI 
.Mid Lrmibtin^. 
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FIG. 42-3 Normal iivuscLe cnas-:-; in an Appssloasa Ion] {A) and sfM3n.1an.euua lEiycrionic dimpling of SM/mmitniibranOstis; iTtuirk's in n. Ion] svcth mvcMunk 
JyslTLi[riL^ (HJ. 



commonly referred to as "fainting goals. - " Signs are usually 
recognizable by 6 weeks of age and vary from stiffness after 
rest to marked' general rigidity- after visual, tactile, or audi¬ 
tory stimulation. Clinical signs remain throughout the 
animal's life but are not progressive. 51 

Myotonia congenita does not usually show progression 
of clinical signs beyond 6 to 12 months of age in horses.- 57 
To date no abnormalities in sarcolemmal chloride conduc¬ 
tance have been demonstrated In horses, and an inherited 
basis has not been established In horses. 

Myotonia dystropbica appears to be a separate form of 
myotonia In horses .^ 6 -* 7 - 51 Severe clinical signs of myotonia 
that progress to marked muscle atrophy and possibly involve 
a variety of organ systems have been observed in quarter 
horse, Appaloosa, and Italian-bred foal&. Retinal dysplasia, 
lenticular opacities, and gonadal hypoplasia have been 
reported In one such quarter horse foal 34 This condition 
resembles myotonia dystrophies in humans, which Is caused 
by genetic mutations Involving either the DAfPft'gene or the 
ZNF9 gene. S3 - SJ| In both cases a short segment of DNA is 
abnormally repeated many times, forming an unstable region 
in the gene, which alters thRNA processing. The genetic basis 
of myotonic dystrophy in horses is not yet known. 


II Didjpmsls. A tentative diagnosis frequently can be madr¬ 
on the basis of age, clinical signs (stiff gait- particularly at 
the onset of exercise), muscle bulging, and prolonged 
contractions after muscle stimulation. 



















Definitive diagnosis of myotonia is usually based on 
electromyographic examination. Affected muscle manifests 
pathognomonic, crescendo-decrescendo, high-frequency 
repetitive bursts with a characteristic "dive bomber * 1 ' 
sound. 3453 - 55 This sound is produced by the repetitive tiring 
(after contractions) of affected muscle fibers. After a con¬ 
traction diminishes the excitability of muscle fibers is 
decreased, and the action potentials recorded by EMC 
reflect the diminution of electrical activity. 56 

Muscle biopsy samples from foais with myotonia conge¬ 
nita may be normal or may demonstrate extremely variable 
muscle fiber dimensions up to twice those of normal age- 
matched controls. 46 Type I fiber hypertrophy may be seen 
with accompanying signs of fiber splitting. The major 
changes noted with myotonic dystrophy are ringed fibers, 
alterations In the shape and position ot myonucki. sarcoplas¬ 
mic masses, and an increase in endomyslal and perimysial 
connective tissue. 3 *" 37 - 53 - 57 Fiber type grouping and atrophy 
of both type ] and type il muscle fibers may be present. 


Treatment, Considering that the pathophysiologic basis 
of myotonia In horses has not been clearly identified, 
recommendations for specific, effective therapy are almost 
impossible. In affected humans and dogs some relief of 
signs has been provided by drugs such as quinine, procaina¬ 
mide, and phenytoln. However, responses vary among 
patients. Phenytoln has been reported to be efficacious In 
two quarter horses with HYPP and myotonic dystrophy. 55 


Prognosis. Prognosis appears to be variable and depen¬ 
dent on the severity of clinical signs. Mildly affected animals 
may undergo some amelioration of clinical signs with 
increasing age. In animals that exhibit mild clinical signs, 
manifestations of the disorder may abate over a period of 
months to years. The reason(s) for this regression of signs is 
unknown. Other more severely affected horses may have pro- 
gressio n of s i gns, i nclud Lng a trophy a nd fibrosis o r pseudohy- 
perlropby to the point at which the animal Is no longer able 
to move without great pain and difficulty (Fig. 42-5 ). liulha- 
nasia of such animals Is often warranted. 

Although conclusive evidence regarding the genetic basis 
of this disorder in horses Is still not available, owners of 
affected horses sliould be cautioned about the possibility 
that this disease Is heritable. 



FIG. 42-5 MiirknJ progpcsslvL' jir.iphv «[ the; L-pnilal nml -l;! 11 c>/I muj- 
rles of .i ]iditsc with myotonic dystretph)- 
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Hyperkalemic Periodic Paralysis 

SMASH**! r. Sl'tlJi 

Equine HYPP Is caused by an inherited defect in the skeletal 
muscle sodium channel."- 58 -*t 'fills myopathy manifests as 
abnormal skeletal muscle membrane excitability leading to 
episodes of myotonia, or sustained muscle contraction, 
and paralysis. In humans, numerous muscle membrane 
channel defects (so-called "channeloparbles") have been 
characterized, and the molecular basis for disease is well 
described. 46 Other reported disorders with suspected mem¬ 
brane defects in horses include myotonic dystrophy and 
congenita] myotonia.- 3 *- 4 * 1IYPP was the first equine disease 
attributed to a specific genetic mutation and detectable 
through DS : A technology. 1,15 

HYPP Is an autosomal dominant trail affecting quarter 
horses. American Faln£ horses, Appaloosas., and quarter 
horse cross-bred animals worldwide. A '’"syndrome" In 
related horses was first recognized in the 1580s by breeders 
and veterinarians and was first reported to be similar to 
HYPP In humans by Cox at the American Association of 
Equine Practitioners (AAEPJ convention In 1.9S5.* 1 In 
December 2002, this genetic disease was publicly linked to 
a popular quarter horse sire named Impressive. This prolific 
sire, bom In 1969, has 355,000 offspring registered vdtb ibe 
American Quarter Horse Association {AQHA),* and these 
offspring dominate the halter horse Industry. Current esti¬ 
mates indicate thal 4% of the quarter horse breed may be 
affected . 61 Unfortunately, the gene frequency has not 
decreased in the past 14 years since genetic testing has been 
available to breeders, and controversy continues among 
horse breeders whose slock carry this gene. ! Affected horses 
appear to have been preferentially selected as breeding stock 
because of their pronounced muscle development, and 
there is evidence of selection of HYPr-afleeted horses as 
superior baiter horses by show judges. 63 In 1996 AQHA 
officially recognized HYPP as a genetic defect or undesirable 
trait. To Increase public awareness of this genetic defect, 
mandatory testing for HYPP with results designated on the 
registration certificate began for foals descending from 
Impressive horn after Januajy l r 1998. In response to 
requests from the membership, in 2004 the AQHA Stud 
Book and Registration Committee ruled that foals born 
tn 2007 and later leslLng homozygous affected for HYPP 
(H/Hj will not be eligible for registration. Breeders opposed 
to restrictions argue that the disease can be controlled 
through diet and medication and that these horses are 
highly successful In the show ring.* 4 


Cllnfftir Signs. Clinical signs among horses carrying the 
same mutation range from none (horses are asymptomatic) 
to dally muscle fasclcutalions and weakness. In the majority 
of horses, Intermittent clinical signs begin by 2 to 3 years of 
age with no apparent abnormalities between episodes. 35 - 51 * 
Ingestion of diets high In potassium (> 1.1%), such as those 
containing alfalfa hay, molasses, electrolyte supplements, 
and kelp-based supplements or sudden dietary changes 
commonly trigger episodes 65 Fasting anesthesia or heavy 
sedation, trailer rides, and stress may also precipitate clini¬ 
cal signs: however, the onset of signs is often unpredictable 
and without a definable cause. Other possible precipitating 
factors lhat have been noted in humans and horses are 
exposure to cold, fasting, pregnancy, and concurrent disease 
and rest after exercise. Exercise per se does nos, appear to 


'Gilffith G„ AQHA Jte^JSEi.ir. rcnoitsl communication., 2MT 

1 Statistics from UCD Veterinary Genetics Laboratory liYPr Testing 

2D0&. 




1396 



PART Five DISORDERS OF THE ORGAN SYSTEMS 


stimulate clinical signs, and scrum CK shows no change or 
only modest Increases during episodic fasciculations and 
weakness 

In moil cases clinical episodes begin with a brief period 
of myotonia with some horses showing prolapse of the 
third eyelid. Sweating and muscular thsciculations are 
observed commonly In the flanks, neck, and shoulders. 
Fhe muscle fasclculalions become more generalized as addi¬ 
tional muscle groups axe involved, Stimulation and 
attempts to move may exacerbate muscular tremors. Some 
horses may develop severe muscle cramping. Muscular 
weakness during episodes Is a common characteristic of 
IIYPP. Horses remain standing during mild attacks. In more 
severe attacks, clinical signs may progress to apparent weak¬ 
ness with swaying staggering, dog sitting or recumbency 
Within a few minutes. Heart and respiratory rates may be 
elevated, and horses may show manifestations of stress 
(anxious appearance) yet remain relatively bright and alert 
during episodes. Affected horses usually respond to noise 
and painful stimuli during clinical manifestations of the 
disorder. Eiptsodes last for variable periods, usually from 
15 to 60 minutes. Severn! horses have died during acute epi¬ 
sodes. 1 Respiratory distress occurs in some animals as a 
resuit of paralysis of upper respiratory muscles. and a tra¬ 
cheostomy maybe necessary. In addition, young horses thas 
are homozygous for the HVTP trait haw been observed so 
manifest respiratory stridor and periodically may develop 
obstruction of the upper respiratory traci. Elorses homozy¬ 
gous for EIYPP may haw dysphagia or respiratory distress, 
and endoscopic findings include pharyngeal collapse and 
edema, iaryngopaialal dislocation, and laryngeal paraly¬ 
sis. 66 After the episode subsides. horses regain their fees 
and appear normal with no apparent or minimal gals 
abnormalities. Although horses with HYPF appear normal 
between attacks, electromyographic examination of affected 
horses reveals abnormal fibrillation potentials, complex 


repetitive discharges with occasional myotonic potentials, 
and trains of doublets between episodes. 55 - 67 

II £ffttlogy. HYFP results from a point mutation that 
results in a phenylalanine-leucine substitution in a key pari 
of the voltage-dependent skeletal muscle sodium channel 
alpha subunit^ 0 In horses with 1 IYPP, the resting mem¬ 
brane potential is cioser to firing than in norma] horses. 63 
Sodium channels are normally briefly activated during the 
initial phase of the muscle action potential. 'Ihe IJYPr 
mutation results In a failure of a subpopulation of sodium 
channeis to inactivate when serum potassium concentra¬ 
tions are Increased. As a result, an excessive inward flux of 
sodium and outward flux of potassium ensues, resulting in 
persistent depolarization of muscle cells and temporary 
weakness [fig. 42-6). 

II DiVfgiTusrfy, Descent from the stallion Impressive on the 
s I re's or dam's side in a horse with eptsodic muscle tremors, 
weakness, or collapse is strongly suggestive of ] EYPP. Quar¬ 
ter horse foals bom after 199S that are offspring of an 
affected parent have a statement recommending DMA test¬ 
ing for HYPF on the Certificate of Registration, in most 
cases hyperkalemia (6 to 9 mEq/L), hemoccncentration, 
and mild hyponatremia occur during clinical manifesta¬ 
tions of the disease, with normal acid-base balance. 35 
Serum potassium concentration returns to normal after the 
abatemenl of clinical signs. Some affecLed horses may have 
normal serum potassium concentrations during minor epi¬ 
sodes of muscle fasciculaliens. 5-1 Differential diagnoses tor 
hyperkalemia include delay before sample centrifugation, 
hcmolysiSr acidosis, renal failure, severe rhabdomyolysis, 
and high-in tensity exercise. 

Because veterinarians may not be present during acute 
episodes, the definitive test for identifying 1LYPP is the 


[K'l intake or exercise followed by rest 
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Small increase of extracellular [K^ 
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Slight membrane depolarization 
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Opening of Na 4 channels with failure os 
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demonstration of the base-pair sequence substitution in the 
abnormal segment of the DNA encoding for the alpha sub¬ 
unit of the sodium channel. 6 ^ Submission of mane or tail 
hair with hair root should be made to a licensed laboratory 
such as the Veterinary Genetics Laboratory nit the University 
of California, Davis (ivww.vgl.ucdafvis.edu). 


II Treatment* Mild exercise can sometimes abort an 
episode Jn mild cases or If horses are |ust beginning to 
exhibit cilnicai signs, feeding grain or com syrup to simu¬ 
late insulin-mediated movement of potassium across ceil 
membranes may also be helpful. Other treatment options 
that may abort an episode .include Intramuscular adminis¬ 
tration of epinephrine (3 mL of I.IDOO per 5M kg) and 
administration of arelazolamide (3 mg/kg orally [PO| every 
S to 12 hours). Many horses experience spontaneous recov¬ 
ery from episodes of paralysis and appear normal by the 
time a veterinarian arrives. 

In severe cases, ad ml nisi ration of calcium gluconate {0.2 
to 0.4 mL of a 23% solution per kilogram, diluted In 1 L of 
5% dextrose) will often provide Immediate Improvement. 
An increase In extracellular calcium concentration raises 
ihe muscle membrane threshold potential, which decreases 
membrane hyperexcitablllty. To reduce serum potassium, 
intravenous dextrose (6 mL of a 5% solution per kilogram) 
alone or combined with sodium bicarbonate (I to 1 mEq/ 
kg) can be used to enhance in traced ular movement of 
potassium. With severe respiratory obstruction, a tracheos¬ 
tomy may be necessary. 


id CtmlroL Decreasing dietary potassium and Increasing 
renal losses of potassium are the primary steps taken to pre¬ 
vent 1IVPP episodes, heedstuffs to avoid Include high-potas¬ 
sium feeds such as alfalfa hay, orchard grass hay, brome 
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hay, soybean meal, sugar molasses, and beet molasses. 
Optimally, later cuts of timothy or Bermuda grass hay 
and grains such as oats, corn, wheat, and barley, and beet 
pulp should be fed In small meals several Limes a day 
(Table 42-1). Regular exercise and/or frequent access to a 
large paddock or yard are also beneficial. Pasture works 
well for horses with HYPP because the high water content 
of pasture grass makes It unlikely that horses will consume 
large amounts of potassium in a short period of time. Ide¬ 
ally, horses with recurrent episodes of HYPP should be fed 
a balanced diet containing between 0.6% and L.1% to 
1.5% total potassium concentration and meals containing 
less than 33 g of potassium. 6 ^ 69 - 70 Morses will adapt to 
diets higher in potassium over a period of 2 weeks and 
will experience fewer fluctuations Ln potassium in blood 
with subsequent decreased frequency of clinical signs. 65 
Because there is wide variation In potassium concentration 
of forages depending on maturity and soils, It Is advisable 
to have feeds analyzed for potassium concentrations and 
other nutrients. 0 The table below contains examples of 
feeds containing varying concentrations of potassium. 
Supplement with vitamin E, selenium, salt, ana balanced 
minerals where Indicated to meet nutritional require¬ 
ments. Commercially available complete feeds with a 
guaranteed K ■ content may be more convenient for some 
HYPP horses, especially for owners with few horses. 

For horses with recurrent episodes of muscle fascicula- 
tiorss even with dietaiy alterations, acetazolamlde (2 to 
3 mg/kg PO every B to' 12 hours) or hydrochlorothiazide 
[0.5 to I mg/kg PO every 12 hours) may be helpful. These 
agents exert their effects through different mechanisms; 
however, both cause increased renal potassium excretion. 
In addition, acetazolamlde stabilizes blood glucose and 
potassium by stimulating Insulin secretion. Breed registries 
and other associations may have restrictions on the use of 



Hlgh-FotasnJLim FtvJ 


Electrolyte supplement 

30 

13b 

Mol.irii.es 

6 

27 

Kelp supplements 

>4 

>10 

Alfalfa hay {90% DM) 

1.4-2.4 

6.4-10.3 

Canary grass hay 

2 6 

2.6 

Orchard grass hay 

2.4-2.15 

iQ.9-1 i.a 

Soybean meal 

2 

9 1 

Medlum-Potas-slum Feed 

Fescue hay 

J. 7-2.1 

7.7-9.5 

Rice bran 

1.8 

0.1 

Timothy hay 

1.4-2, 1 

6.4-93 

Coastal Bermuda hay 

1.2-1.3 

5.5-S.2 

Kentucky hluegras!* hay 

1.4 

6.4 

Oat hay 

1.4 

6.4 

Low -Pot as tin in Feed 

Pure I'ars and oils 

0 

0 

Reel pulp 

0.2-03 

0.9-1.4 

Com, oaia. or barley 

U.3-U.5 

1.4-2.3 

Pasture grass [23% DMJ 

0.3-Q.8 

L.4-3.6 

Wheat 

0.4 

i.a 

Wheat bran 

12 

5.45 

Soybean hulls 

1.2 

5.45 


{W. Dry mailer. 
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these drugs during competitions, as diuretics may mask pro¬ 
hibited substances. 


II f^FHosfs. ]rt most cases EIYPP is a manageable disorder, 
although recurrent bouts may occur and severe episodes can 
be fatal. Owners of affected horses should be strongly dis¬ 
couraged from breeding these animals for the long-term 
health of the quarter horse and other breeds. As ibis Is a 
dominant trait, breeding an affected horse to a normal 
horse results In a 50% chance of producing a foal with 
HYFP. All affected horses share the same mutation, regard¬ 
less of whether or not owners have witnessed signs In their 
horses/ 1 Affected horses are not suitable for young or Inex¬ 
perienced riders. Owners of affected horses should advise 
veterinarians of H.YPP status before anesthesia or proce¬ 
dures requiring heavy sedation, as these circumstances 
could precipitate an episode of paralysis. 


undergo periodic spasms. In addition, exhausted horses 
are often dull, depressed, and clinically dehydrated with ele¬ 
vated heart and respiratory rates and persistently elevated 
body temperature. Common electrolyte abnormalities 
include hypochloremic metabolic alkalosis with hypokale¬ 
mia, hypomagnesemia, and low serum ionized calcium 
concentrations. 73 - 7477 Synchronous diaphragmatic flutter 
(SDF) may be seen In association w r lth cramping. 73 

AJthough many of the signs of muscular dysfunction are 
similar to those of ER, affected horses do not generally 
develop myoglobinuria. 73 

II Factors contributing to cramping are dehydra¬ 

tion, electrolyte abnormalities, and disturbances in thermo¬ 
regulatory and local circulatory function. Whether this 
disorder is similar to heat cramps seen In human athletes 
is not knotvn. 


MUSCLE CRAMPING 

il CPIL-UVIi ;. VALStAG 

CAStY CAtil&ON 

Muscle cramps are a painful condition that arises from 
hyperactivity of motor units caused by repetitive firing of 
the peripheral and/or central nervous system. The origin 
of the cramp in most cases Is believed to be the intramuscu¬ 
lar portion of the motor nerve term Inals. Most muscle 
cramps are also accompanied by fasciculations in the same 
muscle. Muscle cramps can be induced by forceful contrac¬ 
tion of a shortened muscle, by changes in the electrolyte 
composition of extracellular fluid, and by ear lick Infesta¬ 
tions in horses. 39 - 3a In contrast, muscle contractures are 
painful muscle spasms that represent a state of muscle con¬ 
tracture unaccompanied by depolarization of the muscle 
membrane. 73 Muscle contractures occur with Ml l and some 
forms of exertional myopathies and are Invariably accompa¬ 
nied by markedly increased serum CK activity. 

Dietary Electrolytes 

Some horses develop muscle stiffness and occasional eleva¬ 
tions in serum CK when fed a diet deficient in sodium or 
potassium. I’hese chronic deficiencies are rarely reflected in 
serum electrolyte concentration but may be detected by 
performing renal FE of electro Ivies. 11 Sodium deficiency' is 
particularly common because forage and grain diets are low 
in sodium and chloride and high In potassium. Supplemen¬ 
tation of the equine diet with salt is a necessity. Salt blocks 
may not be adequate in this regard, and loose salt (I to 
2 oz) added directly to the grain is often the best mechanism 
of supplementing horses with salt. Some horses may require 
higher dietary salt supplementation to maintain an adequate 
sodium balance. Balancing dietary electrolytes has been 
reported to decrease muscle cramping and serum CK activity 
in those horses with dietary deficiencies. L L 


II JJjrtgiruff^ A variety of electrolyte abnormalities occur in 
affected animals. 73 ' 77 Mild cases are distinguished by the 
presence of muscle cramps that subside with rest or'light 
exercise in heat-stressed horses. In more severe cases clinical 
signs of dehydration and shock are often present. Horses 
with muscle cramping will not have marked elevations in 
serum CK or AS!', nor will they exhibit myoglobinuria. 
Exhausted horses, however, may progress to develop rhab- 
do myolysis with marked electro hie derangements. These 
horses require Immediate treatment. 

II Treatment Under most circumstances the mild form of 
muscle cramping Is self-limiting, and the signs abate with 
rest or light exercise. However, ifevidence of other metabolic 
derangements exists, treatment for these disorders {e.g., 
plasma volume expansion with oral or intravenous isotonic 
lyIonic fluids, cooling using water and fans) Is frequently 
nefklal to the horse. 7 * Because most horses with this con¬ 
dition are alkalotlc, administration of solutions containing 
sodium bicarbonate is contraindicated. Dietary analysis 
should he performed to determine the extent of salt and 
electrolyte supplementation necessary in affected horses. 
Daily direct addition of 2 oz of sodium chloride and J oz 
of potassium chloride to the feed Is recommended for horses 
with recurrent cramping in addition to electrolyte supple¬ 
mentation before and after endurance rides. 

Synchronous Diaphragmatic Flutter 

SDF, also known as "thumps,"’ usually occurs in horses with 
derangements In fluid and electrolyte balance. Inciting causes 
include endurance exercise, hypocalcemia, hypoparathyroid¬ 
ism, digestive disturbances, and possibly the administration 
of medications. A characteristic clinical ^manifestation of the 
disease occurs when the diaphragm contracts Ln synchrony 
with atrial depolarization. 79 -* 1 


Exhaustion in Endurance Horses 

Muscle cramping in endurance horses occurs commonly 
during prolonged exer_cis_e in hot weather, particularly when 
the humidity is bigb.' 3 - 7t| Under such circumstances rectal 
temperatures reach as high as 4t D C and horses may lose 
up to 15 L/hr of fluids in the form of sweat that Ls rich in 
sodium, potassium, and chloride. 75 - 7 * 

II CJfrffcnJ Sfgns. Affected horses demonstrate stiffness and 
cramping in the muscles of locomotion. Pain Is a character¬ 
istic of the disorder, and affected muscle groups often 


II CJfni'caJ Sfgm, Itie classic sign of SDF is a contraction or 
twitch in the flank region (unilateral or bilateral) as the dia¬ 
phragm contracts synchronously with the heart. In severe 
cases this twitch may produce an audible thumping sound. 

The metabolic derangements leading to SDF also may be 
clinically apparent in some cases. These may Include signs 
of dehydration and volume depletion. Endurance horses 
with SDF In association with the exhausted horse syndrome 
may demonstrate dehydration, inappropriate sweating 
responses, persistently elevated body temperature, depres¬ 
sion, anorexia, and aperistalsls/ 1 ' 74 In some horses, SDF 
may be a chronic, recurring problem. 79 



II Etiology. A variety of stimuli may result in 5DF. These 
Include prolonged exercise, particularly during hot weather 
hypocalcemia resulting from lactation, transit, or stress- 
digestive trad dysfunction; furos_emlde therapy; trauma; 
and prlmaiy hypoparathyroidism. 75 -- 81 The most'consistent 
metabolic derangement reported in horses with SDF is low 
serum ionized calcium concentrations, usually associated 
with hypochloremic metabolic alkaLosls. 75 - 313 Metabolic 
alkalosis may alter the ratio of free to bound calcium 
(Increasing calcium binding to protein and decreasing ion¬ 
ized calcium), which possibly Induces SDK. 

SDK occurs In association with atrial depolarization In 
horses. It has been postulated that fluid, electrolyte, and 
acid-base derangements may disrupt the normal membrane 
potential of the phrenic nerve, which passes directly over 
the atrium, resulting in nerve discharges In response to 
atrial depolarization. 75 - 80 - 3 ' 2 

II Treatment, In most cases SDF is a transient event, usually 
abating when the underlying cause resolves, either spontane¬ 
ously or in response to treatment. 75 Most horses undergo 
rapid remission of signs when given calcium solutions Intra¬ 
venously (IV) as described in the section on hypocalcemia 
in horses. Although hypomagnesemia Is often present with 
SDK, horses do not respond to magnesium supplementation 
unless calcium is administered concurrently. Response to 
therapy Is also reflected by Improved mental status, return 
of appetite, and gut motility. 75 

II ConiroL Electrolyte supplementation and some dielaiy 
manipulations may help reduce Che incidence of SDK In 
some endurance horses that experience recurrent bouts. 
Provision of chloride, potassium, and sodium during pro¬ 
longed exercise may help reduce fluid losses and the meta¬ 
bolic alkalosis that commonly accompanies this form of 
exercise and frequently occurs In association with SDK. Met¬ 
abolic alkalosis decreases the amount of free calcium avail¬ 
able. Supplementation of calcium and magnesium during 
endurance rides has been suggested to be helpful in horses 
prone to SDF. 

Alternative approaches involve reduction of dietary cal¬ 
cium In horses prone to SDF for a few days before an endur¬ 
ance ride. It Is postulated that this reduction In dielaiy 
calcium stimulates the endocrine homeostatic mechanisms 
and Increases osteoclastic activity. In the short term Che 
horse depends less on dletarv calcium and Is able to mobi¬ 
lize substantial amounts oF calcium in response to the 
demands imposed by the exercise: calcium losses in sw r eat 
are overcome by the release of calcium from endogenous 
storage pools (tone). 75 Furthermore, horses routinely fed 
alfalfa hay, which has a relatively high calcium concentra¬ 
tion, may be more prone to development of SDK. Limita¬ 
tion of this feedstuff may be Indicated in chronically 
affected horses. 

Hypocalcemia in Horses 

1 lypocalcemla is a relatively rare disorder in horses that has 
also been referred to as tacbiriOTi tetany, transport tetany, idio¬ 
pathic hypocalcemia, and ettompsia. 


II CffiTittri Signs. Clinical signs are variable and include 
Increased muscle tone; a stiff, stilted gait; rear limb ataxia; 
muscle fasciculations (especially temporal, masseler, and 
triceps muscles); trismus; dysphagia; salivation; anxiety; 
profuse sweating; tachycardia; elevated body temperature; 
cardiac dysrhythmias; SDF; convulsions; coma; and 
death. 35 - 34 Clinical signs may be remarkably similar to 
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some of those seen with tetanus. This disorder may be pro¬ 
gressive (In lactatlng mares In particular) over a 24- to 43- 
nour period, and some animals die. Clinical signs are 
related to the magnitude of the serum calcium concentra¬ 
tion. Increased excitability Is usually the only sign when 
values are below normal but above 8 mg/dL. Values of 
5 to & mg/'dl. usually produce tetanic spasms and Incoordi¬ 
nation. Concentrations below 5 mg/dL usually result In 
recumbency and stupor. 


II Etiology. Loss of calcium In milk, especially In mares 
that produce large amounts of milk, seems to predispose 
to this disorder. 85 - 34 Other factors such as heavily lactatlng 
mares grazing lush pastures, hard work, prolonged trans¬ 
port, and ingestion of blister beetles (cantharidin toxicosis) 
may precipitate attacks. 


H Diagnosis. Clinical signs often are highly suggestive of 
hypocalcemia in affected horses. Historic aspects such as 
Lactation, previous prolonged exercise, or transport also 
may direct the clinician to the suspected diagnosis.* 13 
Definitive diagnosis depends on laboratory demonstra¬ 
tion of hypocalcemia, with total calcium concentrations as 
low as 4 to 6 mg/dL in some cases. In addition, metabolic 
alkalosis, hypomagnesemia or hypermagnesemia, and 
hyperphosphatemia or hypophosphatemia have all been 
found in association with hypocalcemia In horses. 8 - 1 r fbese 
alterations may need correction before a return to normal 
function is seen in some affected anLmals. 


■ Treatment. Although many anLmals with mild cases 
recover without specific treatment, in others this disorder 
may be life-threatening. Itierefore therapy is to be encour¬ 
aged in most cases. Treatment Involves the Intravenous 
administration of calcium solutions such as 20% calcium 
borogluconate or chose recommended for the treatment of 
parturient paresis in cattle. 83 Administration of these solu¬ 
tions at the rale of 250 to 500 ml/500 kg diluted 1:4 with 
saline or dextrose often results In full recovery, although 
In some cases Lt may take several days.* 13 Relapses do occur. 
I’hese preparations should be administered slowly in con- 
|unction with close monitoring of the cardiovascular 
response. Dilution In saline or dextrose before infusion 
decreases the chance of cardlotoxlcity. Normally there Is a 
positive Inotropic effect Ln response to calcium administra¬ 
tion. 35 However, alterations in rate or rhythm provide evi¬ 
dence to suspend the infusion. If no response to an Initial 
Infusion occurs, a second dose may be given 15 to 30 min¬ 
utes later. Most cases respond to this form of therapy, 
although in some cases in which signs persist, repeated 
treatments may be necessary. 

Ear Tick-Associated Muscle Cramping 

Intermittent painful muscle cramps have been described Ln 
a small number of horses with severe Oftnbrus mevnini infes¬ 
tations.- 33 Muscle cramping is not associated with exercise. 
These horses show Intermittent signs of severe muscle 
cramping of pectoral, triceps, abdomLnal, or semllendi no- 
sus or semimembranosus muscles Lasting from minutes to 
a few hours, with severe pain that often resembles colic. 
Elorses may fall over when stimulated. Between muscle 
cramps horses appear to be normal. Percussion of triceps, 
pectoral, or semitendinosus muscles results in a typical 
myotonic cramp. Elorses have elevated serum CK levels 
ranging from 4000 to 170,000 IU/L. Numerous ear licks, 
O. can he Identified in the external ear canal of 

affected horses. Without treatment for ear ticks, the spasms 
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continue; however, local treatment of the ear ticks using 
pyrethrins and pip-crony! buioxtde results in recovery within 
12 to 36 boure. Acepromaztne may be helpful to relieve 
painful cramping. 


NONEXERTIONAL 

RHABDOMYOLYSIS 

INFLAMMATORY MYOPATHIES 

Clostridial Myonecrosis 

Stl-VtJs' kl. I'AM51 i 

STtiPUAUmi. VAL&Ekti 

Various species of clostridial organisms cause acute myone¬ 
crosis in many farm animal species. Infections are character¬ 
ized by a rapid din leal course, fever, systemic toxemia, and 
high mortality. 06 - 15 Clostridia I diseases are Infectious but 
not contagious. Specific bacteria associated with clostridial 
myonecrosis Include Clostridium didwwwi (Clostridium wei- 
chii), Clostridium septiawi f Clostridium sordefti and occasion¬ 
ally GEastridiujn ncE'vr type B, Clostridium pcr/riugtvu' type .-V 
and Clostridium caniis. Mixed infections Involving several 
agents are common. Hfl Synonyms for clostridial diseases 
include blackleg, malignant edema, false hlnrfdeg gas gangrene, 
and gangrene. Although there may at times be distinct differ¬ 
ences among the specific disease syndromes associated with 
the different clostridial agents, the pathophysiology of these 
diseases is similar enough to be covered under the general 
topic of clostridial myonecrosis. 

Ch'pifcaJ Signs. Commonly clostridial myonecrosis Is 
rapidly progressive with the development of tremors, ataxia, 
dyspnea, recumbency, coma, and death within 12 to 24 
hours. Jlterefore many affected animals may be found pros¬ 
tate or dead." 11 * 67 Mortality may approach 10ti%. Affected 
animals that are still alive are usually severely depressed, 
febrile (40° C to 41 C 1104 F (o 106 J : | ], tachypnetc r ano¬ 
rectic. and lame. These signs are associated with a rapidly 
developing muscle Infection and toxemia. There Is usually 
only one primary site of Infection In an affected animal. 
Any skeletal muscle group in the body can be involved, 
but most Infections affect the Limb or trunk muscles. Occa¬ 
sionally muscles such a.s those around the vulva, tongue, 
and diaphragm cart be Involved, or the udder In a cow 
may be the primary site of sepsis. Areas around recent Injec¬ 
tions are common sites of myonecrosis in the horse. 
Initially the skin over the area maybe swollen, hot, and dis¬ 
colored; how r ever, as (he disease progresses the skin over the 
area may become cool and insensitive with progressive 
sloughing. Crepitus may be detectable. Indicating subcuta¬ 
neous gas production, if a wound is present malodorous, 
serosangulneous fluid may discharge [Fig. 42-7). Aspiration 
of the swelling often reveals fluid with similar qualities. 

Clostridial myonecrosis generally has characterise path¬ 
ologic Lesions that are absent In most other conditions, 
making diagnosis relatively straightforward. Differential 
diagnoses may Include other fulminant disease processes 
in which there Is rapid debilitation or death of the animal. 

Clfjifcnl Patiioiogy\ Cllnicopathologic data alone are sel¬ 
dom specific enough to confirm the presence of clostridial 
myonecrosis. Hematology and serum biochemical analyses 
usually reflect a generalized state of debilitation and toxe¬ 
mia (e.g., hemoconcentratlon and a stress or toxic leuko- 
gram may be present). Elevations In the activities of semm 
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CK and serum AST usually occur; however, they often do 
not reflect the toxicity of clostridial myonecrosis. 

Aspirates from the affected tissues can yield diagnostic 
information ll Is preferable to obtain tissue specimens foi 
direct smear examination and fluorescent antibody testing 
and for anaerobic bacterial culture from affected tissues. 

JVrlJrdJph^roftPgy, Clostridial agents are ubiquitous In the 
environment and can frequently be cultured from the feces, 
intestinal tract, and other Internal organs of a variety of 
species/* 6 Spore-forming characteristics allow these organ¬ 
isms to remain In the environment for Jong periods, bul 
the exact mechanisms involved in the pathogenesis of 
clostridial myonecrosis are not fully known. Development 
of clostridial myonecrosis after an Intramuscular injection 
or penetrating wound may be the result of direct spore 
deposition Into the tissue In association with penetration, 
if suitable conditions prevail within the muscle, the spores 
undergo a conversion into die vegetative, toxin-producing 
form of the organism. In contrast, the pathogenesis of 
the disease Is more difficult to explain when a wound does 
not exist. It is postulated that clostridial agents gain 
access lo die body through the alimentary tract and are 
present in liver and muscle In the dormant spore form.'' 51 
Subsequently, when local tissue is devitalized and condi¬ 
tions become appropriate for the spores to germinate, the 
rapid vegetative process ensues, Muscle trauma associated 
with injection, transporting herding, and handling has 
often been Incriminated as creating a suitable envi¬ 
ronment for the development of clostrLdtal myonecrosis. 





The proliferation of Clostridia] agents In devitalized tissues 
is associated with the release of powerful exotoxins respon¬ 
sible for the local necrotizing myositis and systemic toxe¬ 
mia. Toxins are released by multiplying dostrldia; the 
toxins vary, depending on the clostridial species involved. 
Necrotizing (lecithinase) and hemolyzing (hemolysin) tox¬ 
ins as well as neuraminidase appear to be of greatest impor¬ 
tance. iTie toxins act locally and systemically to create 
widespread organ dysfunction. The toxins of C. svrdedi are 
the most potent of all the clostridial species,, and myonecro¬ 
sis caused by this organism is fatal. 


II Epidemiology, Clostridial agents are common In the 
environment, and susceptible animals are constantly 
exposed to them. Areas where previous death Losses from 
clostridial disease have occurred may have a higher Inci¬ 
dence or risk of disease because of increased environmental 
contamination. In cattle clostridial myonecrosis Is generally 
a disease of animals between 4 and 24 months of age. I low- 
even C. sordelH Is a more common problem in older feed]ot 
cattle, In which excessive muscle bruising may occur. Youn¬ 
ger animals are probably protected by colostral immunity 
and older animals by some degree of acquired immunity. 
Animals on high planes of nutrition and in excellent body 
condition are more likely to develop the disease. Infections 
with C. clwuvozi occur most commonly during the warmer 
seasons, with the highest incidence varying from the spring 
to fall, depending on when calves reach the most suscepti¬ 
ble age group. C. sepricrrm, C rzoivyj', and C. pcj^j'rrgenj type 
A infections can occur at any time and are usually associated 
with skin wounds such as' Injection sites, punctures, and 
castration w r ounds. lhe umbilicus may be a site of Invasion. 
Infections In the genital area can occur, usually in associa¬ 
tion with a recent dystocia. 

In sheep and goats, clostridial myonecrosis is most fre¬ 
quently associated with wounds such as those occurring 
after shearing, docking and unsanitary surgical procedures. 
Sheep dipped for parasites after shearing may have an 
Increased risk If the dip becomes contaminated with clos¬ 
tridial spores. 

Most reports of clostridial myonecrosis In horses suggest 
an association with puncture wounds and intramuscular 
Injection sltes.^-^ Intramuscular administration of irritat¬ 
ing drugs (including antihistamines, anthelmintics, and 
phenylbutazone) may enhance the susceptibility to clostrid¬ 
ial myonecrosis. Horses often are presented with or have a 
history of another complaint such as colic, exertional myop¬ 
athy, or lamlnltis for which they have received Injections of 
drugs In the preceding 4& hours . 9:1 Previously administered 
drugs (e.g, phenylbutazone) may mask the fever associated 
with clostridial'myonecrosis, potentially confusing the 
diagnosis. 


II Necropsy Find rugs. Swelling and auloLysls are rapid In 
animals that have died from clostridial myonecrosis. Blood¬ 
stained fluid is often observed discharging from body ori¬ 
fices. Extreme swelling and crepitus may be noted over the 
affected body area. When acting alone, each of the clostrid¬ 
ial agents associated with clostridial myonecrosis produces 
somewhat different postmortem lesions. However, It is 
unw r Lse to assume that in clostridial myonecrosis only a sin¬ 
gle clostridial agent was involved, because mixed infections 
frequently occur. 

C. chauvoei infection is characterized by engorgement 
of the subcutis and adjacent tissues with bloodstaLned fluids 
and gas bubbles. Cut tissue from the affected area reveals 
moist, dark-colored muscle in the periphery of the 
lesion, with Lighter-colored, drier muscle with gas bubbles 
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separating the separate bundles of muscle toward the center. 
Other changes include severe degeneration of parenchyma¬ 
tous tissues caused by the systemic toxemia. The carcass 
usually has a foul odor similar to that of rancLd butter. This 
odor Is a characteristic of most cases of clostridial myone¬ 
crosis. Itie lungs are often congested with edema, and hem¬ 
orrhage and a fibrlnohemorrbagjc pleuritis are common. 
Itie heart may be friable and show evidence of endocardial 
hemorrhages,'particularly on the right side. The spleen may 
be normal or enlarged and friable. The liver is usually pale 
and friable and may be autolytlc and porous. Lesions are 
similar in sheep and cattle, except that there is usually less 
gis and the muscles are not as dry in affected sheep. 

Similar necropsy findings are found with myonecrosis 
caused by C. septicum and C. novyi type B. C. septicum and 
C. perfringens generally occur as part of mixed wound Infec¬ 
tions in which abundant malodorous, serosanguineous 
fluid is found at the wound site. CL perfringens is common 
In horses. 

Myonecrosis resulting from C. sordelii is most often asso¬ 
ciated with Lesions of the neck or brisket area of cattle. 
Death is frequently so rapid that subcutaneous gas accumu¬ 
lation Is rare. In addition to local myonecrosis, these ani¬ 
mals often have massive subendocardial hemorrhages In 
the left ventricle of the heart and hemorrhage In (be trachea, 
bronchi, and thymus. Extensive perirenal edema and hem¬ 
orrhagic renal calyces and severe congestion of the lungs 
are common findings 


II Ttaafttunt. Although clostridial myonecrosis Is often 
fatal, aggressive specific therapy combined with supportive 
care may be successful in Individual cases. A presumptive 
diagnosis of clostridial disease on the basis of history and 
clinical signs Ls usually made before obtaining (he results 
of culture and laboratory determinations such as fluorescent 
antibody tests. In horses, clostridial myonecrosis resulting 
from infections with C. perfringem seems to be most amena¬ 
ble to treatment and has the best prognosis for survival, 
although extensive skin sloughing over the affected area is 
common. 88 

Antibiotic therapy, aggressive surgical debridement 
Including fasclotomy,'and supportive care are the hallmarks 
of successful treatment.** With most clostridial infections 
penicillin is the drug of choice. In horses, penicillin Ls used 
at a dosage of 44,000 U/kg IV every 2 to 4 hours until the ani¬ 
mal is stable (1 to 5 days). Itie'Intravenous dose 1s then 
reduced to four times a day or is replaced by oral metronida¬ 
zole [ 1 5 mg^kg three or four times dallv). In ruminants, sim¬ 
ilar In t ravenous or Lntra muscul a r d rug therapy Ls Lnd Lcaled. 1 n 
all cases, prolonged antimicrobial therapy maybe necessary. 

Surgical intervention at the affected'site by means of 
debridement or fenestration In an attempt to reduce tissue 
swelling aerate the tissues, and remove necrotic tissue Ls con¬ 
sidered imperative for survival In horses (see Fig. 42-7). Inci- 
sionsane made through the skin and Into the affected muscle 
to establish adequate drainage and, It Ls hoped, alter the anaer¬ 
obic conditions. Sufficient fenestrations should be made to 
establish drainage and aeration over the entire affected area. 

LJse of specific antitoxins Ls recommended when possi¬ 
ble. Elow r ever, these are often not available or not used for 
Immediate therapy because the exact species of C3nslridium 
causing the myonecrosis is not known. Cost considerations 
may also preclude their use. 

Supportive fluid therapy and use of analgesics and 
antiinflammatory agents for control of pain and swelling 
are recommended. Short-acting corticosteroids such as 
dexamethasone, prednisolone, or hydrocortisone may be 
used for Initial therapy of systemic and toxic shock, but 
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continued use is contraindicated In the fate of overwhelm¬ 
ing sepsis. 

If required, specific therapy should also be directed 
toward any other underlying problems. 

Prqffunfs. The prognosis for life In all cases of clostridial 
myonecrosis is guarded to poor. The disease process Is often 
rapidly fulminant, making treatment unrewarding. I low- 
ever, some animals have survived because of early diagno¬ 
sis.. aggressive therapy, and long-term supportive care. This 
Is particularly true in cases involving C. peifriitgens In horses, 
['he owner should be aware from the start of treatment that 
extensive skin sloughing may Involve most of a limb and 
may force euthanasia to become a consideration at a later 
stage. 

fYeicrm'tfPL Protection against clostridial myonecrosis is 
based on immunization procedures. Although clostridial 
agents are ubiquitous in the environment and frequently 
appear Ln the body of susceptible animals, rarely does ade¬ 
quate natural protection occur, although some colostral 
and acquired immunity may at Limes occur. Infection in 
unprotected animals usually follows a rapid, degenerative 
clinical course and terminates before the animal is able to 
generate an appropriate protective immune response. At 
present, only ruminants are commonly vaccinated against 
the agents responsible for clostridial myonecrosis. Vaccines 
used Include multivalent bactertn toxoids containing anti¬ 
gens against two or more clostridial species, including 
C. cfiituiwj, C. septkum. C. notyt, C. sardelli, and C. per/rji i - 
A rational program for protection usually involves vac¬ 
cinating at an early age to establish immunity. Vaccination 
age Is partly determined by other management factors, 
including when calves are handled for branding and castra¬ 
tion, but 4 to 6 months of age Is the usual time of Initial 
vaccination. In areas of heavy exposure It may be necessary 
to vaccinate at 3 months and again at 4 months. In all clos¬ 
tridial species except C. cfidjjjtwcr, two doses of vaccine are 
necessary to establish good protection. The duration of 
immunity is not long, and booster vaccinations should be 
administered every 6 to & months if protection Is to be 
maintained. In many herds it Is necessary to vaccinate only 
animals under 3 years of age (i.e. r those animals that are at 
greatest risk), but in some high-risk herds it Is necessary to 
maintain a vaccination program for the life of the animal. 

Animals that die of clostridial diseases should be dis¬ 
posed of by deep burial, burning, or removal from the pre¬ 
mises to avoid further contamination of the environment. 

RHABDOMYOLYSIS ASSOCIATED WITH 
STREPTOCOCCUS EQUI 

\?alA£ru 

Acute Rhabdomyolysis 

Severe acute generalized rhabdo myolysis has been reported 
to occur in quarter horses Less than 7 vears of age. M * M 
Affected horses have evidence of submandibular lymphade- 
nopathy and/or guttural pouch empyema caused by 5. &Jtd. 
Morses develop a stiff gait that progresses rapidly to mark¬ 
edly firm, swollen, painful epaxlal and gluteal muscles. In 
the'majority of reported cases, animals became recumbent 
and unable to rise, and develop unrelenting pain necessitat¬ 
ing euthanasia within 24 to 48 hours of hospitalization 
(Fig. 42-8). Hematologic abnormal tiles include mature neu¬ 
trophilia, hyperfibrlnogenemla, and marked elevations in 
CK (115,000 to 537,000 M/L), and AST levels [600 to 
14,500 U/L). Titers to the M protein of S. etfid are low in 
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affected horses, unless horses are recently vaccinated for 
strangles. Titers to another protein called myosin binding pro¬ 
tein were found to be high Ln a small number of horses that 
were tested.- J 

At postmortem examination large, pale areas of necrotic 
muscle are evident In hindllmb and lumbar muscles. The 
hisiopathologic lesions are characterized by severe acute 
myonecrosis with a degree of macrophage Infiltration. Sub- 
lumbar muscles often show the most severe and chronic 
necrosis, as Indicated by greater macrophage Infiltration of 
myo fibers. 

Two causes have been proposed. The first possibility is a 
toxic shock-Like reaction arising from profound nonspecific 
T cell stimulation by streptococcal superantigens with the 
release of high levels of Inflammatory cytokines. An alterna¬ 
tive explanation for rhabdomyolysls may be a bacteremia 
with local multiplication and production of exotcslns or 
proteases within skeletal muscle. 5. eifui virulence factors 
that may account for muscle necrosis Include an unidenti¬ 
fied cytotoxic protein, several proteases, streptokinase, and 
streptolysin S. 95 Although, S. etfui has not been cultured in 
skeletal muscle from horses with rhabdo myolysis, 5. etftri 
bacteria have been identified in affected muscle using 
immunofluorescenl stains for both Lancefield group C car¬ 
bohydrate and S. erfui M protein.^ There Is currently no evi¬ 
dence that the S. etfiri Involved is an atypical genetic strain 
of 5. fflfuj. 96 

A high mortality rate has been reported in horses receiv¬ 
ing Intravenous penicillin therapy once clinical signs of 
strangles and myopathy were well established. It is possible 
that early recognition of the signs of muscle stiffness in 
horses with 5. infections and prompt aggressive treat¬ 
ment may be required for a successful outcome. Although 
streptococcal species are exquisitely susceptible to pklactam 
antibiotics, a mortality rate of 35% has been reported in 
human group A streptococcal myositis despite penicillin 
treatment. 97 An antimicrobial that Inhibits protein synthe¬ 
sis, such as rifampin, combined with intravenous penicillin 
might enhance survival rates in horses w r lth 5. equi rhabdo- 
myolysls. In addition, flushing infected guttural pouches 
and draining abscessed lymph nodes will diminish the bac¬ 
terial Load. Nonsteroidal antiinflammatory drugs [NSAIDs) 
and possibly high doses of short-acting corticosteroids 
mav assist in diminishing the inflammatory response. Con- 
trof of unrelenting pain Is a major challenge in horses with 
severe rhabdomyolysls. Constant rale Infusion of lidocatne, 
detomidine, or ketamine may provide better anxiety and 
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pain relief than periodic injections of tranquilizers. I Corses 
should be placed In a deeply bedded stall and moved front 
side to side every 4 hours if they are unable to rise. Some 
horses may benefit from a sling If they will bear weight on 
[heir hindfinibs when assisted to stand. 

Infarctive Purpura Hemorrhagica 

yjtm-iNn: i. Vilhihg 

Infarctive purpura hemorrhagica {1FHJ Is a severe form of 
purpura with a high fatality rate. In one study, prevalence 
of IPH w r as 3 of 53 cases of purpura. 06 Exposure to S. erfui 
within 3 weeks of presentation, vaccination for 5. etfui, 
and a concurrent SalmmeUn frr/crnlETPH infection are reported 
melting causes. Tilers for serum enzyme-linked immunosor¬ 
bent assay (ELISA) M protein may be markedly eievaled. 93 
The primary presenting complaint is often painful lameness 
wish limb swelling, muscle stiffness, and/or colic. Careful 
physical examination reveals classic signs of purpura 
hemorrhagica such as petechia, ora] infarctions resembling 
ulcers, and moderate well-demarcated Hmh edema; how¬ 
ever, in addition, horses with I PH have focal firm Intramus¬ 
cular swellings (1'ig. 42-9). Horses with evidence of colic 
may have markedly decreased borborygmi and hemorrhagic 
gastric reflux. 

Hematologic abnormalities Include a leukocytosis char¬ 
acterized by a neutrophilia with a left shift and toxic 
change, hyperproteinemia, hypoalbuminemia, and marked 
elevations in CK (47,000 to 230,000 U/L) and AST (9G0 
to 7000 U/L) levels. 04 03 Peritoneal fluid obtained by abdo- 
minocemesl* maybe normal or may have an increased total 
protein, nucleated cell count, and RBC count if gastrointes¬ 
tinal Infarction is present. Ultrasonographic examination of 
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swollen muscle reveals focal bypoechoic lesions within 
muscle tissue, biopsies of abnormal muscle sbotv diffuse 
acute coagulatlve necrosis, whereas samples from palpably 
normal muscle tissue show no pathologic abnormalities. 

Postmortem findings of horses with IP11 include infarc¬ 
tion of the skeletal musculature (E : lg. 42-10), skin, gastroin¬ 
testinal trad, pancreas, and lungs and S. cefu? abscessation of 
a lymph node. Definitive histopathologic findings include 
leukocytoclastlc vasculitis and acute coagulatlve necrosis 
resembling Infarction in numerous tissues 411 I PH resembles 
Henoch-Schbnleln purpura In humans, which is character¬ 
ized by infarctive vasculitis of the skin, kidneys, and gastro¬ 
intestinal tract resulting from IgA Immune complex 
deposition. Immune complexes are present in the sera of 
horses with Pit that appear to primarily be composed of 
IgM or IgA and streptococcal M protein. 1 ™ Deposition of 
complement near Immune complexes In vessel walls may 
result in cell membrane destruction, cell death, and vascular 
occlusion. The distinctive feature of IFH in horses Is the 
extensive infarction of skeletal muscle and consequently 
marked elevation in serum CK and AST activity 

Early recognition of signs and aggressive antibiotic and 
corticosteroid treatment aFe essential to combat the high 
fatality rale with 11 IP. Treatment of E lenocb-Schbnlein pur¬ 
pura In humans, including cases with Intestinal infarc¬ 
tions, involves htgh-dose intravenous pulse therapy with 
methylprednlsolone followed by oral corticosteroids plus 
Immunosuppressive agents such as cyclophosphamide and 
azathioprlne. One horse with 1PH was successfully treated 
with penicillin, MSAIDs, and 3 w r eeks of dexamethasone 
(0.1 to 0.07 mg/kg) followed by a 10-week tapering course 
of oral prednisolone (2 mg/kg initially). 90 

Immune-Mediated Polymyositis 

I. va lb iso¬ 
immune-mediated polymyositis (1MM) has recently been 
reported i n horses. 311 0 L ■The ma| orl ly of horses are of qu ar- 
ter horse bloodlines and are either <3 years of age or > 16 years 
of age. ht approximately one third ofhoises with I MM, a trig¬ 
gering factor appears to have been exposure to 5. equt or a respi¬ 
ratory disease. The most prominent clinical sign of IMM In 
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quarter horses is rapid onset of muscle atrophy, particularly 
affecting the back and croup muscles (Elg. 42- L I), accompa¬ 
rtied by stiffness and malaise. Atrophy m ay progress to involve 
50% of the horses" muscle mass within a week and may lead to 
generalized weakness, Focal symmetric atrophy of cervical 
muscles has been reported in a pony with IMM. 

Hematologic abnormalities are relatively minor in 
affected horses and are usually restricted to mild to moder¬ 
ate elevations in -serum CK and AST activity. However, in 
some cases scrum muscle enzyme activities arc normal. 
Muscle biopsy of epaxial and gluteal muscles shows lym¬ 
phocyte vasculitis, anguloid atrophy, lymphocyte myohber 
infiltration, fiber necrosis with macrophage infiltration 
and regeneration. Biopsies of scmltcndlnosus or membra- 
nc?us muscles may show some evidence of atrophy and vas¬ 
culitis. but significant Inflammatory Infiltrates may be 
absent In these tissues. The extent of the inflammatory infil¬ 
trates In epaxial muscles is such that a diagnosis can often 
be established from several formal in-fixed Tru-Cut samples. 

The lymphocytic infiltrate seen in muscle samples from 
horses with IMM contains a high CD4:CDfl ratio with no 
evidence of immunoglobulin C (IgC.) binding to myofl- 
bers. 3i The reason why specific muscle groups are affected 
in horses with IMM Is unclear 

Horses with concurrent evidence of streptococcal infec¬ 
tion should be treated with antibiotics. It is likely prudent 
lo avoid intramuscular Injections. Administration of corti¬ 
costeroids appears lo immediately improve signs of malaise 
and in appetence and prevented further progression of mus¬ 
cle atrophy. Recommended dosages are dexamethasone 
0.05 mg/kg for 3 days, followed by prednisolone J mg'kg 
for 7 to 10 days tapered by 100 nig/week over 1 month. 
Serum CK activity often normalizes after 7 to iO days. Mus¬ 
cle mass usually gradually neeovers over 1 lo .3 months. 
Horses that are not treated with corticosteroids may develop 
extensive muscle atrophy, bul In many cases muscle mass 
will gradually recover. Recurrence of atrophy in susceptible 
horses Is common and may require reintroduction of corti¬ 
costeroid therapy. Some horses develop focal residual mus¬ 
cle atrophy. 

VIRUS-ASSOCIATED MYOPATHY 

STLVLN m rAtustt 

Mecrosls of skeletal and cardiac muscle occurs frequently in 
association with some viral diseases. In most situations, 
viral-induced muscle damage represents a component of 
systemic multiple organ system involvement. For example, 
myocarditis occurs in association with foot-and-mouth 
disease, equine influenza, and equine Infectious anemia. 
Other diseases that cause myocarditis or skeletal muscle 
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manifestations include bovine ephemeral fever,, malignant 
catarrhal fever, bovine virus diarrhea, and bluetongue. 
Equine Influenza A2 and equine herpesvirus l have been 
reported to Induce primary muscle stiffness and clinical 
signs resembling those seen in horses with rh abdo myoly¬ 
sis , 1 Q5 -i a* Details concerning specific clinical manifestations 
can be found In other sections of tin is text. 

SARCOCYSTOSIS 

■SVll’TM M. PARISH 

SJl J’lliUNJI: l. tvulfFMC.- 

Cysts of the sporozoan parasite Sarcocyslte are commonly 
seen in routine histologic sections of the heart, esophageal, 
and skeletal muscle of cattle, sheep, goats, and horses. JlH - 11:1,3 
More than 9S>% of horses over 8 years of age havesarcocysls 
in Lhelr esophageal muscles. Cysts may pose no problem, 
but with heavy Infestations multlsj&temlc dysfunction 
occurs.'as.JrD-m Experimentally induced acute disease is 
characterized by fever, mild anemia, chronic myositis, and 
muscle wasting' 

E'pfdemjoipgy The life cycle of the parasite Involves two 
hosts: carnivores as the definitive host and cattle or horses 
as the Intermediate host. Three species of sarcocysts, S/jtcg- 
Lysfis L'rco, Scrrcacysffi fcj'rsufft and Sdreacyjrij frommis, are 
known to infect cattle: canids, felids. and'primates are the 
definitive hosts for these species, 'lhree sarcocysl species 
have been described In horse muscle: Stmocyslis berirami 
Surcorystis e^jji'c^ni.c and SjJ rrcucyst i'i fayeri. Dogs have been 
identified as the definitive host for these equine sarcocysl 
species. In sheep and goats, Sjircmyjtfs oj-u'cri pm'.t and 5<]/myj- 
rfj CfjpracciHj'j have been described, with canids as the defini¬ 
tive host. 

The most common mechanism for natural Infection In 
cattle is by ingestion of feeds contaminated with Infected 
carnivore feces. Iced lot workers using feed bunks as toliets 
may be a source of exposure for feedlot cattle. 

1 t JfiiJfrtJ Signs. Although low-level natural infection is 
common In cattie, when administered experimentally a 
dose of 200,000 sporocysls of S. cruzi Is necessaiy to cause 
severe clinical disease. !irt Within 4 weeks the animal devel¬ 
ops fever (39.4" C [103 F]J. anorexia, salivation, weight 
loss, -weakness, muscle fascidilations, severe depression, 
and sometimes death. E : ever Is the earliest sign and is 
blphasic relative to two periods of parasitemia, one occur¬ 
ring at 15 to 19 days and another at 25 to 42 days after 
Inoculation. During the second febrile episode, affected 
calves frequently develop other clinical signs, particularly 
anemia. Extravascular hemolysis occurs, and hemorrhage 
into many tissues is common. The mechanisms involved 
in the hemolytic and hemorrhagic phases are likely to 
involve Immune mechanisms. MortalLty Is greatest during 
this phase of the disease. Laboratory analysis may reveal ele¬ 
vations in serum urea nitrogen and bilirubin concentra¬ 
tions, sorbitol dehydrogenase, LDH, CK, and AST activity. 
If animals survive, these laboratory values usually return 
to normal in approximately 2 weeks. Animals surviving this 
phase commonly continue lo be Inappetent and have 
decreased weight' gains: muscle atrophy: and hair loss on 
the neck, rump, and taLl. These changes are mediated by 
alterations in a variety of pathways, the net result being a 
partitioning away of nutrients that are used for growth ^ 12 
The anemia is ameliorated by a regenerative process, with 
normal hematologic values obtained Ln 1 to 2 months after 
clinical recovery. Similar clinical findings are seen In sheep 
and goats. Abortion is common. A syndrome similar to that 




described in cattle has been reported in two horses with 
malaise, fever, and muscle atropny. 1 ™- 113 

Diagnosis of sarcocystosls requires history, clinical signs, 
laboratory and serologic evaluation, and ibe demonstration 
of immature cysts In muscle biopsies. It Is important to dif¬ 
ferentiate between the muscle cysts caused by Sdrcmystir and 
those produced by toxoplasmosis because toxoplasmosis 
does not cause clinical disease in catlle. 


II Treatment* Specific treatment Is effective only In the early 
stages of sarcocystosls in food animals. Experimental therapy 
with amprolium or the lonophore antibiotics before the sec¬ 
ond stage of parasitemia frequently prevents development of 
clinical sarcocystosls In cattle . L14 Successful treatment of one 
horse with sarcocystosls using phenylbutazone, trimetho¬ 
prim-sulfa, and pyrimethamine Is reported. 113 

Control involves preventing gross contamination of cat¬ 
tle and equine feeds with carnivore feces. The common 
use of ionopbore antibiotics fe.g., growlh promotants and 
coccldiostats) in cattle is also likely to help reduce the Inci¬ 
dence of sarcocystosls. 

NUTRITIONAL AND TOXIC 
RHABDOMYOLYSIS 

Nutritional Myodegeneration 

JOHN MAAS 

Slti'HANIt /. VJLJ.HKHC 

II Definition and Etiology. Nutritional myodegeneration 
(NMD; white muscle disease, stiff lamb disease, nutritional 
muscular dystrophy) Is a peracute to subacute myodegen¬ 
erative disease of cardiac and skeletal muscle caused by a 
dietary deficiency of selenium or vitamin E. J ,5 - 1 lfl This syn¬ 
drome occurs In most farm animal species but is most com¬ 
monly found in young, rapidly growing calves, Lambs, kids, 
and foals, particularly (hose Born to dams that consumed 
selenium-deficient diets during gestation. The disease has 
also been reported in yearling and adult cattle and has been 
suspected In adult horses. 

Selenium and vitamin E appear to be synergistic In pre¬ 
venting NMD. However on the basis of prophylaxis and 
response to treatment, selenium deficiency appears to be 
more Important. 


II Clinical Signs, Iliere are two distinct syndromes of 
NMD: a cardiac form and a skeletal form. The cardiac form 
is associated with signs, of peracute to acute myocardial 
decompensation, but the skeletal form Is associated with 
skeletal myasthenia and difficulty in ambulation. In both 
forms the most rapidly growing animals In the herd or flock 
are affected commonly. 

Most cases of NMD are diagnosed during the first year of 
life. Evidence also suggests (hat an in utero form of NMD 
may occur, with affected animals born with myodegenera¬ 
tion or developing myodegeneration soon after birth. 

I’he cardiac form of NMD usually has a sudden onset; it 
is usually diagnosed In the animal that Is either In a state of 
severe debilitation or dead. The cardiac form often mani¬ 
fests with lesions Ln the heart, diaphragm, and intercostal 
muscles. In dead animals there may be evidence of sudden 
agonal death. In living animals there Is usually a rapid onset 
of depression and respiratory distress. A foamy nasal dis¬ 
charge, possibly bloodstained, Is seen often, resulting from 
pulmonary edema and dyspnea. Profound weakness, 
recumbency, and a rapid, often Irregular heartbeat may be 
detected. Cardiac murmurs are heard occasionally on aus¬ 
cultation. Rectal temperature is normal usually or may be 
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elevated because of Increased muscular work associated 
with respiratory efforts. Most calves are depressed, with dys¬ 
pnea, tachypnea, and Increased rectal temperature. These 
cases must be differentiated from pneumonia. I’he clinical 
course Is frequently short, with death occurring commonly 
Ln Less than 24 hours despite medical therapy. Occasionally 
an animal responds to therapy, but such animals often fail 
to thrive because of residual myocardial damage. Animals 
with predominantly cardiac signs may also manifest mild 
skeletal muscle problems associated with NMD. 

The skeletal form of NMD frequently has a slower onset 
characterized by muscular weakness or stiffness. Animals 
may be recumbent and unable to stand. Those that are able 
to rise on their own or with assistance show muscle weak¬ 
ness, trembling of limb muscles, or stiffness. Stiffness is 
more pronounced as fibrosis occurs after an acute attack. 
Most affected animals are able to remain standing only for 
short periods. Supporting muscle groups of the nontllmbs 
and hlndllmbs may appear swollen and may be hard and 
painful on palpation. Commonly affected muscle groups 
may Include the gastrocnemius, semitendinosus, semimem¬ 
branosus, and biceps femoris and muscles of the lumbar, 
gluteal, and neck regions. If the diaphragm and intercostal 
muscles are affected, the animal may show respiratory dis¬ 
tress and evidence of increased abdominal effort w r hen 
breathing. Cardiomyopathy occurs often, along with 
changes in the diaphragm and Intercostal muscles. 'I’he 
muscles of the tongue may be Involved, resulting in dyspha¬ 
gia. Dysphagia may be the only sign Ln some affected ani¬ 
mals: foals and lambs are presented Ln this condition 
more often than calves. The rectal temperature is normal 
or moderately elevated, resulting from pain and the release 
of myoglobin associated with myodegeneration. Some ani¬ 
mals exhibit what appears to be abdominal pain with vio¬ 
lent thrashing. Heart sounds are normal usually, although 
the heart rate may be Increased; however, myocardial dam¬ 
age and signs consistent with cardiac dysfunction mav be 
present in cases of skeletal NMD. Animals wLtb skeletal 
NMD often respond favorably to treatment and rest. 
Improvement Is evident after a few r davs, and within 3 to 
5 days animals can often stand and walk. 

Differentiation of NMD from other diseases causing 
sudden death or recumbency is important. Infectious dis¬ 
eases resulting Ln septicemia, pneumonia, and toxemia 
may have similar presenting signs. Acute heart failure 
resulting from cardiac anomalies, cardlotoxlc agents such 
as those found in plants (oleander, cassia, yew, white 
snakeroot, and gossvpol toxicity from cottonseed), and 
the Lonophore antibiotics should also be considered. 
Other diseases that cause stiffness of gait, weakness, and 
recumbency with no change Ln mental status must be dif¬ 
ferentiated from NMD. SpLnal cord compression, cerebel¬ 
lar disease, suppurative and nonsuppurative meningitis 
or myelitis, polyarthritis, neurotoxins such as orga no phos¬ 
phates, tetanus, pelvic fractures, and parasitic myositis all 
can cause recumbency. Clostridial myositis and traumatic 
Injuries to muscles, long bones, and |oinls should be con¬ 
sidered. Diseases characterized by abdominal pain may 
resemble NMD, because they may also cause stiffness of 
gait, weakness, and recumbency. 


El Clinical J'ai Pi (ridgy. Significantly elevated CPC AST, and 
LDH activities occur during the acute phase of myodegen¬ 
eration. in clinical cases CK levels are in the thousands of 
International units per liter. In animals recumbent because 
of a disease other than NMD, CK Is elevated only into 
hundreds of or perhaps a few r thousand international units 
per liter in heavy animals. Progressively decreasing activities 
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of CK can be used as a prognostic Indicator of a reduction 
in the myodegeperalive process. 

Ln foals, other reported abnormal laboratory findings 
include variable hyperkalemia, hyperphosphatemia, hypo¬ 
natremia, and hypochloremic. st ^ Myoglobinuria Is found 
often in foals and yearling cattle with NMD. Myoglobinuria 
is less common in younger calves. Evidence of dehydration,, 
reflected by elevated semm protein concentrations and 
hemoconeenlratlon, is common in non ambulatory animals 
unable to nurse or drink water. 

The selenium status of an animal or members of a group 
can be determined by laboratory analysis of tissue biopsies 
and whole blood (Table 42-2}. Vitamin E status can be deter¬ 
mined on serum or plasma samples. In the clinical setting, 
blood samples are more frequently used. Eilood or plasma 
samples provide information about the circulating levels of 
selenium and vitamin E, respectively, and are satisfactory for 
assessing intermediate to long-term nutritional status; how¬ 
ever, short-term supplementation or injections can confuse 
interpretation of circulating levels of selenium or vitamin E. 
Tissue biopsies and tissue specimens obtained at slaughter 
and necropsy provide an Indication of storage and can also 
be used to assess herd status and success of supplementation. 
Whole blood selenium analysis Is preferred over plasma and 
serum. 119 Whole blood selenium concentrations ranging from 
0.07 to greater than 0.1 ppm (pg/g) are considered normal in 
laige animals. Normal liver concentrations of selenium are 
0.9 lo 1.75 pgte of dry matter i DM], 0.9 to 3.5 pg/g DM, and 
1.05 lo 3.5 jig/g DM for cattle, sheep, and horses, respec¬ 
tively. L 20 Selenium-dependent glutathione peroxidase (GSH- 
Px) formed In the red cells during erythropolesis also provides 
an index of body selenium status. Cross-reacting enzymes, 
such as glutathione reductase, are not found In erythrocytes. 
Adequate GSH-PX activities are greater than 30 Ll/mg of hemo¬ 
globin per minute in cattle, 00 to 130 Ll/mg of hemoglobin 
per minute In sheep, and 20 to 50 U/mg ot hemoglobin per 
minute Ln horses. However, GSH-Px reference values are spe¬ 
cific only to the laboratory where the analysis Is performed 
and must be validated by comparison with blood selenium 
concentration .The activity of GSI l-Px in RBCs of domestic spe¬ 
cies remains constant for 4 lo 6 days when maintained at 39"' i F 



Deficient, Marginal, and Normal Concentrations- of 
Whole Blood Selenium and Glutathione Peroxidase 
Activities In Sheep and Cattle * 7 ' Jt 
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Selenium 

(PPJT'J* 

GSH-Vx 

(U/mg 


Interpretation 



13.0 L-0.04 

0-15 

Deficient 

Selenium 

supplementation 
is always 
beneficial 

0.05-0.06 

15-25 

iVS-i rjunn.1 

Selenium 

supplementation 
is often 
beneficial 

>0.07 

25-500 

NoimaJ 

Selenium 
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is never 
beneficial 
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(4 C); after this time significant decreases occur. The critical 
concentration of vitamin E ( 2 -tocopherol) in plasma is 1.1 to 
2 ppm (pg/g) Ln laige animals. Vitamin E deteriorates rapidly 
in plasma samples. Therefore plasma samples for 2 -tocopherol 
analysis need to be put on ice Immediately, protected front the 
light by wrapping in tin foil, and stored (-21 F J -70 C|) if 
analysis is to be delayed. 

/Vi£hopfr}^YoJo^ r . The effects of selenium and vitamin E 
deficiency have been postulated lo result, at least In part, from 
the destruction of cell membranes and proteins leading to a 
loss of cellular Integrity. 115 Jjl Selenium, which has been 
shown to be an essential component of at least five seleno¬ 
proteins 12 - {three glutathione peroxidase enzymes, adeiodl- 
nase In liver and kidney that converts Tj to and 
selenoprotein-P, a plasma protein of unknown function), 
and vitamin E {^-tocopherol) serve as biologic antioxidants. 
During normal cellular metabolism highly reactive forms of 
oxygen {free radicals) are produced. These Include hydrogen 
peroxide, hydroperoxides, llpoperoxides, superoxide, various 
hydroxy radicals, and singlet oxygen. Vitamin E is active within 
the cell membrane as a lipid-soluble antioxidant that sca¬ 
venges free radicals that otherwise might react with u Matu¬ 
rated fatty acids to form Up Id hydroperoxides. In contrast, 
GSH-Px destroys hydrogen peroxide and llpoperoxides that 
have already been formed and converts them to HjO or rela¬ 
tively harmless alcohols. Other enzymes such as catalase and 
superoxide dlsmutase are also Involved In this protective 
process. 

Apparent! v important Interrelationships exist among the 
selenium and vitamin E status of the animal, the level of poly¬ 
unsaturated fatly acids [PUFAs] in the diet 115 - 111 and NMD, 
particularly in ruminants. 1 J5 PUFAs of dietary origin can 
undergo peroxidation lo hydroperoxides, forming toxic free 
radicals. During active growing periods pasture grasses and 
plants contain high concentrations of Linolenlc add, a PUPA 
Under normal conditions the rumen is thought to be Impor¬ 
tant in saturating dietary unsaturated fatty acids. However, 
concentrations or PUE r As)n the plasma often increase In calves 
recently turned out to pasture, possibly enhancing the chance 
of free radical formation and (Issue damage. This indicates thaL 
the capacity of the various protective mechanisms can be over¬ 
whelmed by dietary factors .such as high levels of PUFAs. It is 
not surprising that selenium- or vitamin E-deficient animals 
may be at a greatly Increased risk of tissue oxidative damage 
when exposed lo such diets. However, the potential for induc¬ 
tion of NMD by this process should not be overemphasized, 
because calves on a milk dtel may be severely affected. 

The precise interrelationships among selenium, vitamin E, 
other metabolic factors, and triggering mechanisms in NMD 
are not fully understood because many animals deficient in 
selenium or vitamin E have no evidence of muscle disease. In 
certain situations deficiencies of both selenium and vitamin 
E are necessary for disease to occur. In other animals NMD 
can occur when a deficiency of oniy one of the agents is present 
and levels of the other are normal in blood and tissues. 


II EpftJcjiriofpgjA NMD occurs in all farm: animals and is 
seen most commonly Ln young, rapidly growing calves, 
lambs, kids, and foals. The occurrence of NMD In very 
young animals usually reflects a deficiency In their dams 
during a substantial portion, If not all, of the gestation 
period. The selenium and GSH-Px values of neonatal calves 
tend to be similar to those of their dams. 12J3< lI * 

Marginally to severely selenium-deficient areas occur 
throughout a large portion of the United States and other 
countries of the world . LL5115 forages and grains produced 
in the northeastern and eastern seaboards and northwestern 
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regions of the Untied Suites are particularly deficient 
because of Low soil Levels of selenium. Acid soils and those 
originating from Igneous (volcanic) rock are often selenium 
deficient, as arc those having high sulfur content or soils 
treated with sulfur-containing fertilizers. Sulfur inhibits sele¬ 
nium uptake by plants and absorption by animals. Different 
forages in a specific area will also vary In their selenium 
content. Legumes take up Less selenium than do grasses. 
Also, forage selenium concentrations are lowest during per¬ 
iods of rapid growth such as In the spring and during times 
of highest rainfall 

Vitamin E deficiency occurs most commonly when ani¬ 
mals are fed poor-quality hay, straw, or root crops. Crain 
treated with propionic acid and having high moisture con¬ 
tent is commonly vitamin E deficient. Storage of grain crops 
for extended periods results In marked decreases In their 
vitamin E content. Calves fed milk replacers lhat contain 
fish oil, linseed oil, soybean oil, or com oil, all of which 
increase the dietary levels of unsaturated fatty acids, require 
increased dietary supplementation of vitamin E to avoid 
deficiency. In contrast, cereal grains, green growing pastures, 
.md properly prepared hay usually have adequate vitamin E. 

In young ruminants the majority of cases of NMD occur 
In calves 2 to 4 months of age during the spring and sum¬ 
mer months in association with exercise when at pasture, 
although congenital and perinatal cases do occur. Histo¬ 
logic lesions consistent w r ith NMD have also been seen In 
late-term aborted fetuses. 1 ^ These findings are suggestive 
of an in utero form of NMD In large animals. Yearling cattle 
housed during the winter, fed diets high in grain with high 
moisture content, and then turned out in the spring may 
also be affected. Lambs bom in confinement and turned 
out to pasture at 1 to 3 weeks of age frequently develop 
signs of NMD. Stresses such as transport, hercllng. and 
driving may also precipitate signs of NMD. In horses, 
NMD generally occurs during the first year of life, with most 
cases observed from birth to weaning. 116 - 114 


Necropsy Findings* Bilaterally symmetric myodegenera¬ 
tion is a consistent finding in NMD. Skeletal muscle degener¬ 
ation is characterized by pale discoloration and a diy 
appearance of affected muscle, white streaks in muscle bun¬ 
dles, calcification, and intramuscular edema jllg. 42-I2J. 
The white streaks seen in muscle bundles represent hands of 
coagulation necrosis or, in chronic cases In which Insults 
may have occurred weeks before, may represent fibrosis and 
calcification. Affected muscle bundles are often ad|acent to 
apparently normal or minimally affected muscle. The color 
of normal muscle In young calves is pale because of reduced 
myoglobin concentrations; therefore close inspection and 
histologic examination are necessary in cases of suspected 
NMD. Cardiac muscle undergoes changes similar to those 
of skeletal muscle. In calves the left ventricle and septum are 
most frequentIv Involved f fig. 42-13). hut in lambs both ven¬ 
tricles are usually involved. .Myocardial degeneration usually 
extends through the full thickness of the ventricular wall. 

Histologically, affected muscle fibers may be hypercon- 
tracied and fragmented w r Lth some mineralization of muscle 
fibers and others undergoing macrophage infiltration. In year¬ 
ling cattle, type! muscle celts are more Frequently affected. 

Vrewfiueni and i Vogwcj/i, In the cardiac form of NMD 
myocardial damage is often extensive and incompatible with 
life. Only rarely Is treatment successful. In contras!, the skeletal 
form of NMD Is more generally amenable to treatment, 
although the prognosis for clinical recovery from the skeletal 
form of NMD is guarded and often depends on whether sec¬ 
ondary complications such as respiralory disease develop. In 



FIG. A1 -1 2. E White ■.■Ji.i.-.:-. wishin dilluM'ly pile 1 ^kjcIvi.iJ mhj:;lLu rjmuit 
by nuiiiliuiLnJ myiiJt'y/.'iisiivicmii. 
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all cases of NM D, therapy shou Id i nvolve specific su pplementa- 
tLon with selenium and vilamln E and general supportive cate. 

Alleviation of selenium-responsive NMD requires Che use 
of Injectable selenium products. Itiese are available with sele¬ 
nium concentrations varying from ] mg of selenium per mil¬ 
liliter to 5 rng/mLr with all products containing 50 mg/mL 
III) of vitamin E as iw.-a-toeopheryl acetate. The label 
dose for selenium is 0.055 lo 0.067 mg/kg (2.5 to 3 mg/ 
45 kg) of body weight given Intramuscularly or subcutane¬ 
ously. Dosage of these Injectable products should not be 
greatly increased above the label dosage Lo prevent an Inad¬ 
vertent selenium toxicosis. However, when using the vitamin 
E and selenium combinations, the amount of vitamin E in 
these combination products is present as a preservative for 
the solution and is therefore Insufficient for vitamin E supple¬ 
mentation. Injectable vitamin E products are now available 
that contain 300 ILJ of vitamin E per milliliter as u-i-tocoph¬ 
erol’ and 500 III of vitamin E per milliliter as u-xtocoph- 
erol.' Administration of these products increases the tissue 
and/or plasma level of vitamin E activity for approximately 
3 weeks In farm animals- 'Hie bloavaliability of vitamin E 
from Injectable products is dependent on the form of vitamin 
E (the alcohol form, u-a-tocopherol, being the most active) 
and the amount and quality of the solution emulsifier used. 
Unavailability data on injectable vitamin E products should 
receive careful clinical consideration. Oral supplementation 
is the general approach to provide additional dietary levels 
of vitamin E. Recommended levels of supplementation for 
calves range from 15 to 60 mg of iM.-a-tocopheryl acetate 
per kilogram of dry feed. 125 Eor horses a dally supplement 
of 600 to I £00 mg of ut.-xlocopheryl acetate has been 
recommended. 126 Oral xtocopherol is now available for all 
species and contains 500 IU of vitamin E per milliliter.* Ihe 
recommended dose of this product Is 1 to 3 lU/lb of body 
weight. Studies with Injectable selenium show that absoip- 
tlon and distribution occur rapidly. 137 It is thought that 
incoiporation of selenium Into heart, skeletal muscle, and 
other tissues may be very rapid and could account for the 
rapid Improvement in clinical signs seen In reversible cases. 
The disco very of four new selenoproteins may help explain 
these clinical observations . 112 This Improvement can occur 
even though blood GSH-Px activity rises slowly because of 
the delay caused by erythropoLesis and release of red cells 
from the bone marrow.' 17 However, platelet GSH-Px activity 
rises within hours and may be a more accurate reflection of 
changes In muscle and other tissues. 

Supportive therapy may Include administration of anti¬ 
biotics to help combat secondaiy pneumonia and infected 
decubital lesions that are common in recumbent patients. 
Provision of adequate energy Intake and attention to the 
fluid and electrolyte balance are of critical importance If 
recovery Is to be successful. 

II aird Control. The prevention and control of 

MMD are achieved through supplementation of selenium 
and vitamin E. Although selenium deficiency is Implicated 
more commonly in most NMD syndromes, attempts to 
ensure adequate provision of selenium and vitamin E 
should be undertaken. Under current U.S. federal regula¬ 
tions, selenium can be Incorporated Into the total ration 
of ruminants and other species to a level of 0.3 parts per 
million (ppm). In salt and mineral mixtures formulated 
for free-choice feeding, selenium can be Incorporated 
at 90 ppm for sheep and 120 ppm for cattle. In certain areas 
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or Ln herds, levels as high as 200 ppm selenium In salt and 
mineral mixtures maybe necessary’ to maintain adequate 
selenium levels In the animals. Federal regulations limit the 
intake of supplemental selenium by sheep to 0.7 mg/head/ 
day and by cattle to 3 mg/head/day. The use Ln ruminants 
of mminoretlcular boluses, which release a precise amount 
of selenium dally, has been commonplace in many countries 
of the world; however, under current U.S. Food and Drug 
Administration [FDA) guidelines these products are not 
available In the Untied States. Iltese slow-release boluses 
can replace supplementation by salt mixtures or by Injections 
and are extremely valuable in extensive grazing systems. Alter¬ 
natively, Individual animals can be supplemented by peri¬ 
odic [30- to 60-day Intervals) injections of selenium and 
vitamin E preparations to help maintain body concentrations 
and assist in transplacental transfer of selenium to the fetus. 

Oral supplementation for horses at 1 mg of selenium per 
day increases blood selenium concentrations above levels 
known to be associated with MiViD. l]fl Supplementation of 
pregnant mares Is advised In areas known to be selenium 
deficient; however, only Limited selenium may cross the pla¬ 
centa. 117 Supplementation during lactation increases the 
levels of selenium in milk and thus provides a potential 
means of selenium supplementation Ln foals; however, evi¬ 
dence Ln cattle indicates that this increased level of selenium 
in mLlk may not meet nutrient requirements. 12 -*- 135 

Regardless of the method of supplementation, periodic 
blood for tissue) sampling of animals at risk is recom¬ 
mended to ensure desired levels of selenium. In high-risk 
areas, samples should be taken every 60 to 90 days to deter¬ 
mine selenium status Ln susceptible animals and every 6 lo 
12 months to monitor supplementation. On the basis of 
these assessments, adjustments to the rate or extent of sele¬ 
nium supplementation may be made. 

Feeding animals properly prepared and stored hay and 
grain or allowing tliem access to high-quality green forage 
should ensure adequate vitamin E Lnlake. 

Toxic Causes of Rhabdomyolysis 

Aucwati mujzphv 

5h7TL'I 3 IJAN'JL' {. VVW.tflVHt,' 

Ingestion of toxic substances Ln feed or forage is a common 
cause of toxic rhabdomyolysls. 

TOXIC PLANTS. Gossypol Is of greatest significance in 
swine. Monogastrics, Including young calves, should not ingest 
feed containing more than 200 ppm of gossypol. Mature rumi¬ 
nants may tolerate 20 g of gossypol per day. Ihis normally 
amounts to 5 lo 6 lb of whole cottonseed per bead per 
day. 129 Two common forage toxins that cause myonecrosis 
are Gussiti species and tremetone-containing plants. GohjVi 
cblusifolta (slcklepod) is prevalent Ln the southeastern United 
Slates, and Ingestion of seeds by swine, ruminants, or hoises 
may cause a degenerative myopathy and cardiomyopathy with 
evidence of myofiber atrophy, segmental necrosis, and mito¬ 
chondrial disruption. 130 White snakeroot (Eupatoriurn 
stmiJ grows in shaded areas of the eastern and central United 
Slates, 111 and rayless golden rod ivrtgktii) Is common 

in the Southwest on open pastures. 'fhesetremeione-contaLn- 
ing plants can cause a fatal cardiomyopathy and severe skeletal 
muscle degeneration Ln horses when ingested at0.5% to 2% of 
body weight. l32 - l3J Other grazing livestock are likely to be 
affected by Ingest Ion of these plants at 2% of body weight. Tre- 
metone remains active ln hay and In (be stalks of the dead 
plants on pasture, so both the fresh and the dried form of the 
plants should be kept from livestock. m Microsomal activation 
of the toxin Ln the liver may be necessary for toxic effects. J 32 

ATYPICAL MYOPATHY. A highly fatal myopathy that 
occurs in Large numbers of horses on pasture during cold 



wet conditions occurs In the fit] I In Europe and the mid wes¬ 
tern United Stales. 1 ■^- | ™ Terms such as thypfYtiJ myopiilhy, 
atypical myoglobinuria, and pasture myopathy have been used 
to describe this syndrome. Affected horses are usually kept 
on pasture for more than 1 2 hours per day without snow 
cover when minimum daily temperatures range from 29 F 
to 56 F and weather Is often inclement. Clinical signs 
develop acutely and include muscular weakness, sweating, 
fasciculaiions, stiffness, tachycardia, tachypnea, recumbency, 
and, rvhen urine is observed, myoglobinuria. The most 
notable change in serum biochemistry Is a marked increase 
in serum CK and AST activity. Scrum troponin I concentra¬ 
tions maybe high, indicating cardiomyopathy. Postmortem 
findings Include extensive necrosis In postural and respira¬ 
tory muscles and. In 50% or more of cases, myocardium 
(Fig. 42-14). Serum vitamin and selenium as well as urine tre- 
metone concentrations are normal. Frozen sections of myo¬ 
cardium, intercostal, diaphragm, or deep postural muscles 
show marked Intracellular lipid accumulation In oxidative 
fibers (oil red O stain). A few horses have survived with 
aggressive fluid therapy, antioxidant, and antiinflammatory 
treatment including dimethyl sulfoxide (DMSG), vitamin E, 
vitamin C, and NSAIDs. J35 The cause of pasture myopathy 
Ls suspected to be an ingested or enterically produced toxin 
(e.g., bacteria] toxin, mycotoxln, or phytotoxin that disrupts 
lipid metabolism). Jia Soil-borne Lonophores or clostridial 
toxins have been suggested as possible causes. 133 

to NOP HO RES. lonophores are commonly added to feeds 
for their growth promotion and coccldlostat properties. Species 
differences in sen&Ulvitv to ionophores and the variety of iono- 
phores on the market have led to several cases of ionopho re- 
induced toxicosis. Rbabdomyolysis and cardiomyopathies are 
common sequelae to Lonophbre toxicosis. Experimental studies 
have indicated that LD 50 values for monensln are 2 to 3 r 12, 17, 
2ti, and 2J to 36, for horses, sheep, pigs, goats, and cattle, 
respectively. Feed concentrations of 100g/ton and 4D0^ton 
have been fatal to sheep and cattle, respectively. Newborn 
calves given 100 mg of lasalocid three times daily for treatment 
of cryptosporidJosis experience muscle necrosis. N L Other iono¬ 
phores Include naradn, sallnomycln, and Laldlomycln. lono¬ 
phores are quickly eliminated from die body after exposure. 
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CHEMICAL TOXINS. Several chemical agents have been 
associated with muscle necrosis on rare occasions. Parenteral 
products, Insecticides, and feed contaminants have been 
Implicated. Muscle necrosis has been reported In cattle and 
nigs that received Injections of lidocaine, diazepam, digoxln, 
levamisole. nitrodofene, pentazocine, thLazinamltim, chlor¬ 
amphenicol. and oxytelracydine and In horses after inject¬ 
able Ivermectin administration. One of 70 horses poisoned 
with blister beetles developed muscle necrosis, 57 ' 14 - Animals 
with organopho&phate toxicosis, particularly from parathion, 
may develop muscle necrosis, 143 ' 1 ^ Several miniature horses 
being fed a complete feed containing telracblorvinphos, a 
feed-through fly control agent, were reported to develop 
chronic myonecrosis involving masseter, longue, neck, respi¬ 
ratory musclesv and postural muscles and occasionally car¬ 
diac muscle. 14 * Affected horses showed signs of lethargy, 
dysphagia, fasclculatlons, tachypnea, and tachycardia. Mus¬ 
cle tissue showed evidence of chronic myonecrosis as well 
as lipid accumulation. Myonecrosis was attributed to acetyl¬ 
choline accumulation at muscarinic and nicotinic sites, pro¬ 
ducing oxidant stress. Low r selenium concentrations may 
contribute to the toxicosis. 


TRAUMATIC RHAB DO MYOLYSIS 

Compartment* Downer, and Muscle Crush 
Syndrome of Cattle 

DAVYD W. IJODCt^GN 

STEPHANIE j. VALHLHt; 

Muscle damage commonly accompanies the downer syn¬ 
drome in large animals. The downer svndrome is discussed 
In greater detail in Chapter 41. Anlmafs weakened by disor¬ 
ders such as hypocalcemia are more prone to tearing adduc¬ 
tor or semitendinosus and membranosus muscles In 
attempts to rise. 33 117 Initial traumatic laceration of muscle 
leads to edema and Inflammation, both of which may exac¬ 
erbate local tissue degenerative changes. In addition, the 
weight of a recumbent animal on dependent muscle groups 
creates significant Increases In Intramuscular pressure, 
resulting in decreased perfusion and Ischemia of muscle 
and nerve. Signs of weakness and peronea] or tlbial nerve 
paralysis most commonly accompany this ivpe of Injury. 
Mild elevations in serum CK can be expected in cows that 
are recumbent, but elevations greater than 5000 U/L usually 
Indicate traumatic muscle damage. Treatment requires cor¬ 
recting the underlying cause of recumbency, fluid therapy 
If renal damage is evident, NSAJDs, good pursing care, ade¬ 
quate footing and bedding, and lifting or rolling the animal 
several times a day. Aqua therapy using float tanks for cattle 
also appears to be beneficial in relieving the pressure on 
muscle groups. 

Post anesthetic Myoneuropathy 

Postanestbetic myoneuropathy is a condition that has 
become much more prevalent since the advent of Inhalation 
general anesthesia. The disorder can be categorized as occur¬ 
ring In two forms: (1) localized myopathy-neuropathy, and 
£2] generalized myopathy somewhat similar to MH. 

Localized Myopathy-Neuropathy 

Cifni'cdif Signs. Localized myopathy usually occurs In 
muscles that are in contact with a hard surface during anes¬ 
thesia or those In which arterial blood supply is compro¬ 
mised through positional occlusion. Commonly affected 
muscles include triceps, deltoid, masseter, bind limb exten¬ 
sors, or, If the horse has been in dorsal recumbency, the 
bind limb adductor and gluteal muscles. I4a - 150 Injury also 
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may occur to nerves in these areas, resulting In temporary 
radial peroneal or femoral nerve paralysis (Elg. 42-15). 
Clinical signs may be apparent on recovery or may be 
delayed for periods of up to 30 to 60 minutes after the 
horse has recovered from anesthesia. Affected muscles may 
be swollen, hot, and painful on deep palpation; and the 
horse Is often reluctant io bear weight on the affected limb. 
Myasthenia (weakness) of atTected muscles is common, par¬ 
ticularly with peripheral nerve Involvement. In some horses 
this condition may limit the animal's ability to stand for 
some time after anesthesia. The loss of muscle strength, par¬ 
ticularly when Involving adductor muscles, can contribute 
to orthopedic Injury during repealed attempts to rise. Many 
horses with mild to moderate muscle injury recover over a 
period of hours to days even If untreated. 34|i 


tlfology. A variety of factors acting alone or in combina¬ 
tion have been suggested to contribute to this disorder. 
The most Important factors include ischemia and hypoper¬ 
fusion as a result of prolonged immobility, muscle com¬ 
pression , systemic hypotension, and hypoxia. us - 152 There 
is Increased lactate efflux from dependent muscles during 
anesthesia In horses that develop a myopathy, supporting 
the contention that these muscles experience compromised 
perfusion. 15 LL 53 Halothane anesthesia has a greater propen¬ 
sity than isofiurane to compromise tissue oxygen delivery 
even in nondependent muscles . y5Q If mean arterial pressure 
is allowed to tall below 55 to 65 mm Mg for several hours 
during Inhalation anesthesia, particularly If mechanical ven¬ 
tilation is not used, ihe Incidence of postanesthetic myopa¬ 
thy Increases substantially. 153 


Diagnosis. Diagnosis is based on a history of anesthesia 
or prolonged recumbency, clinical signs, and possibly clini¬ 
cal pathology examinations. Laboratory findings Include 
elevations in serum CK and subsequently serum AST and 
serum LDH activities. Elevations In CK levels of thousands 
io lens of thousands of international units per liter are com¬ 
monly demonstrated in horses with moderate forms of the 
myopathy. 


Treatment. Morses demonstrating only minor localLzed 
manifestations of the myopathy usually have an uncompli¬ 
cated neeevery with little or no treatment 1,16 Supportive 
care. Including the use of antiinflammatory drugs, DMSO, 
and dantrolene sodium 2 to 4 mg/kg PO, often is sufficient 
in mild to moderate cases. l5 * Significant muscle aljuphv 
may develop over the ensuing 3 to 4 weeks but usually wifi 


resolve within 2 to 3 months. Treatment of more severe 
cases is outlined tinder generalized reactions. 


II Cuirinuf. Correct positioning and |udicious use of 
padding and water- or air-filled mattresses can reduce depen¬ 
dent muscle pressure up to 50% r thereby aldLng In the reduc¬ 
tion of this disorder. In addition, through elevation of the 
upper limb during anesthesia, the pressure on the lower 
limbs is significantly reduced. Pulling the low’er foreltmb for¬ 
ward also markedly reduces pressure In the dependent triceps 
muscle. When the horse Is in dorsal recumbency, padding 
under the shoulders and hips Is absolutely imperative. 

Maintaining anesthesia at the lightest plane possible for 
a specific surgical procedure Is beneficial in prophylaxis 
Similarly, if possible, maintaining systemic mean arterial 
blood pressure above SO to S5 mm Elg during anesthesia 
is advisable. The use of Inotropic agents such as dobuta- 
mlne during anesthesia has been useful in reducing the 
occurrence of anesthetic myopathies. Administration of 
dantrolene sodium {2 to 4 mg/kg PO) I hour before Induc¬ 
tion of anesthesia may result In a reduction In the Incidence 
of this myopathy In some susceptible horses. 


Generalized Anesthetic Reactions 

II CUntait Signs. Poslanesthetic reactions involving multi¬ 
ple muscle groups can result in clinical signs of anxiety, 
tachycardia, tachypnea, profuse sweating, and myoglobi¬ 
nuria. M'LSiLi Horses may not be able lo rise and may strug¬ 
gle violently, resulting in prolonged, traumatic recoveries. In 
some cases a progressive increase In body temperature and 
muscular contractures may develop under anesthesia, and 
a fulminant metabolic and respiratory acidosis may be 
noted. 27 -These animals can die within a matter of 
hours. In some cases, shock and pigmenturla may lead to 
renal failure. 


II i'athogejiests. The generalized form of myopathy cannot 
be explained by the compartmental syndrome alone. Halo- 
thane and sucdnykhollne have been the most frequently 
implicated inciting agents for generalised anesthetic- 
induced myonecrosis In all susceptible species, Including 
the horse. 3fl T5-i-L55 There appear to be several possible 
explanations for generalized anesthetic reactions. In some 
cases, systemic hypotension and hypoxemia may create 
local Ischemic lesions, with the path6logic changes"becom¬ 
ing more generalized as a resull of the stress of anesthesia 
and the sensitivity of muscle cells £□ anesthetic agents or 
muscle reloxantsJ 4 *- 3 ^ 3 En other cases, may 

be responsible for clinical signs of muscle contracture, heat 
production, and systemic acidosis resulting from excessive 
calcium release by the sarcoplasmic reticulum. In swine, 
MU Is caused by a genetic mutation in the ryanodine recep¬ 
tor 1 gene, JS7 - ] 5& and recently a mutation In the same gene 
was identified in two quarter horses that developed fatal 
ME I after direct mask induction with halothane. ,59 jeD A 
further possible cause of generalized anesthetic myopathies 
is the triggering of severe myonecrosis In horses with an 
underlying exertional myopathy. Morses with recurrent ER 
may be at risk for excessive release of calcium from the sar¬ 
coplasmic reticulum during halothane anesthesia, and 
horses with polysaccharide storage myopathy (PSSM) may 
develop rbabdomyolysis because of metabolic changes with 
ane-sthesLa^ 6 ^ 7 - 1 **. l “ 


II DaVigrrtirfs, Diagnosis Is based on clinical signs, particu¬ 
larly in horses undergoing Inhalation anesthesia. Routine 



monitoring of body temperature during anesthesia may aid 
in (he early detection of .Mil. Some animals mav also dem¬ 
onstrate metabolic and respiratory acidosis and hyperkale¬ 
mia. 339 Genetic screening for Ml L or P5SM may be 
warranted before elective procedures. In humans, indivi¬ 
duals suspected of being susceptible to MU may be identi¬ 
fied using a halolhane-caffeine contracture test. Several 
horses showing signs of Mil have had a positive response 
to this lest. 36 -^ However, the test is rather complex to per¬ 
form. and Is neither readily available nor feasible for detec¬ 
tion of ME !-susceptible horses. 


II jf realment Severely affected animals provide a signifi¬ 
cant therapeutic challenge, Alms of iherapv should include 
(lj relief of pain, (2) correction of fluid and electrolyte 
abnormalities, (3j attempts to prevent ongoing necrosis, 
and (4) high-quality nursing care. 

Many of the same principles described for treatment of ER 
can be used for treatment of postanesthetic mycneuropathy 
(see p. 1413). In severely affected recumbent horses, pain 
relief and sedation may help prevent struggling and progres¬ 
sion of the myopathy. |4S - 349 Detomidine combined with 
butorphanol Ls effective in reducing struggling. Violent strug¬ 
gling only exhausts the horse and increases the potential for 
further injury and muscle damage. Constant rate infusions 
of butorphanol, opioids, ordeLomidine may aid In pain con¬ 
trol where practical. Similarly, administration ofWSAIDs may 
help reduce ongoing degenerative changes in muscle. Dan¬ 
trolene sodium 2 to 4 mg/kg PG every 6 to 3 hours decreases 
release of calcium from the sarcoplasmic reticulum, helping 
to break the cycle of muscle damage. Volume expansion 
and diuresis may prevent renal toxicity. 14B 

The most common metabolic derangement with anes¬ 
thetic-related myopathies Ls a metabolic and/or respiratoiy 
acidosis. If specific therapy for metabolic acidosis is neces'- 
sary, intravenous administration of sodium bicarbonate 
can be used, Voi optimum results, doses are calculated 
on the basis of the results of acid-base analysis If facilities 
for acid-base analysis are not available and the horse 
appears severely compromised, intravenous administra¬ 
tion of sodium bicarbonate at a dose of 1 lo 2 mEq/kg 
slowly is recommended If hyperthermia and contracture 
develop during anesthesia, discontinuation of anesthesia 
is advisable. Additional attempts to cool the animal with 
alcohol or cold-water baths may also be indicated. Admin¬ 
istration of a large amount of soluble, tyophilized dantro¬ 
lene sodium for intravenous administration mav alleviate 
clinical signs in these horses. However, availability and 
expense of the agent in this form restrict Us use. A dosage 
rate of 1 mg/kg IV may be appropriate, although more 
controlled studies are required. IJB 

Good nursing care is Important in severely affected 
horses. This Involves providing well-padded areas on which 
horses can lie. Prevention or minimization of trauma around 
the eyes and appropriate care of decubltal sores are Impor¬ 
tant. Recumbent animals may require frequent turning Lo 
allow reperfusion of compressed muscle masses. Continued 
fluid therapy with polyionic fluids and possibly caloric 
supplementation may Lie Indicated. The use of sfings and 
pools to assist recumbent animals to rise also has been 
tried. Na Recovery from the myopathy may occur with no 
apparent residual lesions. In contrast recovery from some 
severe forms of the disorder may be accompanied by muscle 
atrophy, fibrosis, and scarring. 343 


J'rereiilfniT. The principles described for localized myo- 
neuropathies apply to the prevention of generalized anes¬ 
thetic-related myopathies, hi addition, dantrolene sodium 



has been shown to reduce the Incidence of MU in suscepti¬ 
ble humans and pigs. Similar effects might be anticipated in 
horses. Because ot limited controlled .studies, the dosage 
rate for prevention of MJH in the horse ts not clearly 
defined. .Administration at a rate of 4 mg/kg PG 1 to 2 hours 
before anesthesia may be beneficial in reducing the inci¬ 
dence of MHJ 53 - 163 


EXERTIONAL MYOPATHIES IN 
HORSES 

LOCAL MUSCLE STRAIN 

STEWJ AtflE j. valhok; 

Lumbar and Gluteal Muscles 

Strain of lumbar and gluteal muscles is common in lumpers, 
dressage, and harness horses. Several factors may predispose 
horses to muscle strains, such as an Inadequate warmup, pre¬ 
existing Lameness, exercise lo the point of fatigue, and I nsuffi¬ 
cient training. Lameness Ls often mild, and horses usually are 
reluctant lo engage their hindquarters during exercise. Deep 
palpation of epaxlal and gluteal muscles results in pain and 
dorsiflexion of the spine. Horses that show pain but resist 
dorsiflexion, ventiiflexlon, and lateral bending on manipula¬ 
tion may have a myopathy secondary lo an underlying disor¬ 
der of the spine or sacroiliac |oinl. 

Adductor Muscles 

Hhe gracilis muscle can be torn In horses and cause severe 
pain and occasionally recumbency 1 .a careful physical 
examination reveals swelling of the medial thigh and pain 
on palpation. Ultrasonography idenftftes the extent of dis¬ 
rupted muscle fibers. 


fhfrilrneut. Adequate rest and NSAIDs form the basis for 
treatment. Hand walking once the Initial stiffness has 
dissipated may be beneficial. In addition, massage and the 
IntermUlenE application of heat may aid the healing pro¬ 
cess. Exercise should be resumed gradually, preceded by 
an appropriate warmup period in a long and low frame. 
Adequate conditioning should be ensured before strenuous 
exercise is started. Saddles should be checked for proper fit. 


Semitendinosus and Semimembranosus Muscles 

AATOfleW T. JJAfi'J" 


Semi tend inosus and semimembranosus muscles are fre¬ 
quently damaged In working quarter hones and in chronic 
cases result in a fibrotlc myopathy.Tearing of the 
semitendinosus and sometimes the semimembranosus, 
bleeps femoris, and gracilis muscles at the point of a tendi¬ 
nous Insertion is usually associated with work that requires 
abrupt turns and sliding stops. Horses caught In ropes or 
fences may struggle violently enough to induce sufficient 
trauma, allowing subsequent development of the myopa¬ 
thy. In one report, 5 of lfi horses developed this condition 
secondary to intramuscular In lections. iGB A congenital form 
of fibrotlc myopathy has been described. 170 Affected ani¬ 
mals are usually less than 12 months old when clinical signs 
characteristic of flbrotic myopathy arc first evident. Horses 
affected with this form of the disorder frequently have no 


palpable thickening 
history or evidence 


of affected muscles or tendons and no 
of trauma. 


Affected muscles in acute cases are painful on deep palpa¬ 
tion and may appear warm. Chronica I ly, hardened areas 
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within the muscle may represent fibrosis and ossification. The 
lameness in chronic cases is usually most apparent ai the walk 
and is characterized hy an abrupt cessation of the anterior 
phase of the stride of the affected limb, causing the leg to jerk 
suddenly to the ground rather than continue Its forward 
motion. Pain is not a feaiure in chronic ftbrotlc myopathy, 
and manipulative tests have little., if any. effect on the degree 
of dysfunction, '['he stride has a short anterior phase with a 
characteristic hoof-slapping galL The gait reflects a mechanical 
hind! I mb lameness that restricts normal function. Radio¬ 
graphs may Indicate ossification of affected muscles. 1 170 

DiagnosCr, Serum activities of CK and AST are usually 
only mildly elevated. In addition lo palpation, diagnosis 
can be confirmed by ultrasonography, thermography, or 
scintigraphy, light microscopic evaluation of muscle biop¬ 
sies is frequently normal in acute cases. Chronically fibrous 
replacement of'muscle fibers Is apparent. 

II I'wfitrhmL Several surgical procedures for correction of 
fibrollc myopathy have been described. These Involve either 
excision 36 ® or transection 1 * 7 of the flbrotic part of the mus¬ 
cle or tenotomy of the tibia! Insertion of the semimembra¬ 
nosus tendon. ]70 Excision of the fibrotlc part of the 
muscle and tenotomy of the tiblal Insertion of the semi¬ 
membranosus tendon are performed with the animal under 
general anesthesia. Excision or transection appears to pro¬ 
duce more postoperative complications lb an tenotomy. 

I lowever, according to reports, tenotomy has been reported 
in only a limited number of horses, and complete resolu¬ 
tion of the gall abnormality may not occur. 169 In a modifi¬ 
cation of the procedure described by Irwin and Howell 1 * 7 
transection of the fibrollc mass In the standing horse under 
local anesthesia using a bistoury 1 knife may be effective. A 
Penrose drain is Inserted through a second Incision ventral 
to the first, and light exercise is resumed the day after sur¬ 
gery. Healing is allowed to occur by second intention. 



FIG. 42-14 Ljurrtional rh^hdurnyulysis in, .1 lunL r showing Hgns Lit 
pain, JLiflntrsn.. .ind cluviilcd respiratory rati* 


Several factors appear to precipitate episodes of 
ER. Some successful athletic horses may experience one or 
two Isolated episodes of rhabdomyolysis during their Life¬ 
time, suggesting that environmental influences play an 
important role in sporadic cases. 17 -'- 177 Other horses'may 
have chronic episodes of rhabdomyolysis that compromise 
their ability to compete. An inherent muscle dysfunction 
precipitated by certain triggering factors likely contributes 
to rhabdomyolysis In these horses. 14173173 ER is a syn¬ 
drome that has'many causes. To identify the cause In indi¬ 
vidual horses it may be helpful to In trial ly subdivide cases 
into those with no Intrinsic muscle abnormality {extrinsic 
or sporadic form) and those with a suspected Intrinsic 
abnormality of muscle function (intrinsic or chronic form) 
Causes for sporadic and chronic exercise-induced muscle 
damage are Listed in Box 42-1. 


EXERTIONAL RHABDOMYOLYSIS 

VALKkua 

ER is probably the most common muscle disorder In horses. 
It is a frequent cause of poor performance in a variety of 
breeds, including standardbreds, thoroughbreds, warm- 
bloods, Arabians,. Morgans, quarter horses, Appaloosas. and 
American Paint horses. Ell is a complex syndrome that likely 
has numerous causes. Numerous terms such as lying up, 
rjrro#r(c tonirttfem rAubribrnyofysEs, azoiitna, Monday mor?ij'rrg 
disease, puynlylk myoglobinuria' and exmise-assecw ted myas/tu 
have been used for this syndrome. 

CJfji/caJ SigpiJ. Classically, horses develop a stiff, stilted 
gall, with excessive sweating and a high respiratory rate dur¬ 
ing or after exercise {Fig. 42-16). Most commonly', signs are 
seen after only 15 to 30 minutes of light exercise. After exer¬ 
cise, horses may stretch out as If to urinate, become 
extremely reluctant to move their hindquarters, and in 
severe cases show signs of colic or become recumbent. 15 - 171 
Attempts lo move more severely affected animals may result 
in extreme pain, obvious anxiety, and possible exacerbation 
of the condition. Firm painful muscles may be palpated 
over the back and bind Li mbs. Scintigraphic evaluation of 
horses with rhabdomyolysis after exercise shows symmetric 
damage lo the gluteal, semitendinosus, and semimembra¬ 
nosus muscles. 33 Myoglobinuria is a classic feature of more 
severely affected horses. 171 - J7 ^ Endurance horses often show 
other signs of exhaustion including a rapid heart rate, dehy¬ 
dration, hyper therm La, 5DF, and collapse. 73 


Sporadic Exertional Rhabdomyolysis 

Most cases of ER can be diagnosed on the basis of the ani¬ 
mal's history and clinical signs. Confirmation of rhabdomy¬ 
olysis requires determination of abnormally elevated serum 
Ct serum AST, or serum LD1L. Serum CK Is often In the 
tens to hundreds of thousands of international units per 
liter, and AST in the thousands to tens of thousands.' 1 - 171 
The degree of elevation in enzymes reflects the Lime Lapse 
between rhabdomyolysis and obtaining a blood sample, 
as well as the extent of myonecrosis. Myoglobinuria is a 
common finding In severely affected horses. 

OVEREXERT i ON, The most common cause of sporadic 
ER is exercise that exceeds the horse's underlying state of 
training. 1311 This includes both high-Intensity exercise and 
endurance riding. Tears In the junctions between Intracellu¬ 
lar myofilaments [Z Lines) are a common cause of postexer¬ 
cise rnuscle sorenessTABi ER that occurs at the end of 
endurance rides is covered In the section of this chapter that 
discusses exhaustion in endurance horses. 

CONCURRENT ILLNESS. The incidence of muscle stiff¬ 
ness and ER has been observed to Increase during an out¬ 
break of respiratory disease. 103 Both equine herpesvirus 1 
and equine influenza virus have been Implicated as causa¬ 
tive agents* 104 Mild muscle stiffness with concurrent viral 
infections is Likely the result of the release of endogenous 
pyrogens. 

electrolyte imbalances. Electrolyte depletion in 
horses can occur as a result of dietary deficiency and losses 
in sweat with strenuous exercise. ia - JSJ Sodium, potassium. 
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magnesium, and calcium play key roles in muscle fiber con¬ 
tractility. With severe electrolyte depletion after exercise, 
serum electrolytes may be below normal ranges. J 83 These 
problems are common In endurance horses and are covered 
In the section on exhaustion in endurance horses. With 
chronic dietary depletion, however, serum concentrations 
may not reflect total body electrolyte Imbalances. Work by 
I I arris * ] established renal FE as a technique to evaluate elec¬ 
trolyte concentrations In horses ivith chronic ER. Normal 
values are dependant on diet and can vary from day to 
day and horse to horse. 12 In the United Kingdom, horses 
with chronic ER tvere shown to have low FEs of sodium, 
and dally dietary supplementation of 2 oz of NaCl resulted 
in abatement of clinical signs. 11 Other horses had high 
phosphorus excretion, suggesting dietary ealcium:phospho- 
ms imbalance, and decreasing bran while providing a aally 
calcium supplement (2 oz of CaCOi) was helpful in reduc¬ 
ing clinical signs of ER. Hypokalemia has also been sug- 
ested to play a role in chronic ER. Hypokalemia was 
elermlned through low RBC potassium' concentrations, 
which may not reflect total body potassium or low muscle 
potassium concentrations. 11 Supplementation with 
good-qua Litv forage or I oz of KCL per day (Lite salt) is 
recommenced for horses with low renal Ft" of potassium. 
Most horses fed on pasture or xvilh high-quality hay do 
not appear to be potassium depleted. 

vitamin E and selenium deficiency, The Increased 
oxidative metabolism associated with exercise results In the 
generation of free radicals. Selenium, acting via the enzyme 
glutathione peroxidase, and vitamin E, acting within the 
tip Id component of cell membranes, scavenge free radicals 
and prevent lipid peroxidation of cell membranes. Prlmaiy 
selenium deficiency Ls common in young animals living Ln 
areas with selenium-deficient soil' however, it has rarely 
been demonstrated as a cause of ER. Many horses with 
chronic ER have higher concentrations of selenium because 
of zealous dietary supplementation by owners.Vitamin E 
deficiency occurs Ln horses that have limited access to pas¬ 
ture and consume poor-quality hay. It is not known 
whether horses that experience repeated episodes of ER 
may generate more free radicals than normal horses. 
A higher generation of free radicals Ln horses with chronic 
ER may explain the perceived benefit of repeated adminis¬ 
tration of selenium and vitamin E in thoroughbred horses 
with recurrent ER. Adequate values for blooa selenium are 
greater than 0.07 mcg/'mL and for serum vitamin E greater 
than 1.1 mcg/mL 

soluble carbohydrates. Horses consuming a 
high-grain diet appear to be more likely to develop ER than 
horses fed a low-grain fat-supplemented diet. The reason for 
Oils Is unclear and may differ among forms of chronic ER. 
For example. In horses with IPSSM, high-soluhle-carbohy- 
drate diets may enhance glucose uptake and glycogen stor¬ 
age. IS7 In horses with recurrent ER, however, glycogen 
storage does not Increase substantially even though serum 
CK activities are highest on high-grain diets.Dielaiy 
effects in recurrent ER may in part be related to the psycho¬ 
genic effects of grain on excitability. 

HORMONAL IMBALANCES. A contribution of reproduc¬ 
tive hormones to triggering ER has been postulated because 
the incidence of some forms of chronic ER appears to 
be highest in mares. Many owners report that episodes of 
rhabdomyolysls occur most commonly during estrus, hut 
In one study of racehorses no direct correlation was shown 
between progesterone fluctuations and serum CK activ¬ 
ity. 1 It is likely that the estrous cycle is one of many factors 
tKat combine to trigger ER in susceptible horses. In some 
mares In which episodes of ER coincide with estrus, sup¬ 
pression of estrus using progesterone implants or Injections 


may be helpful. This should be done in conjunction with 
dietary and training alterations. HvpothyroldLsm has also 
been suggested as a cause of ER, but this has never truly 
been substantiated. 

LACTIC ACIDOSIS. Although lactic acidosis has been 
postulated as a cause of ER, a significant lactic acidosis 
□ever has been documented. 1L -7- 1 53 Horses are most 
prone to development of ER during submaxlmal exercise. 
Blood lactate and muscle lactate concentrations Ln standard- 
breds, thoroughbreds, and quarter horses that develop 
rhabdomyolysis are substantially lower than those seen Ln 
healthy horses after racing. The most common metabolic 
derangement in horses with severe rhabdomyolysls Ls a 
hypochloremic metabolic alkalosis . w Therefore there 
seems to be little scientific evidence to support this theory. 


II Trcfl (HifNi. Treatment of ER Is directed at relieving anxiety 
and muscle pain and replacing fluid and electrolyte losses. 
Tranquilizers such as acepromazlne (0.04 to 0.07 mg/kg), 
xylazine (0.4 to l mg'kg), or detom id ine (0.02 to 0.04 meg/ 
kg) combined with butorphanol (0.01 to 0.04 mg'kg) pro¬ 
vide excellent sedation and analgesia. Eor horses with 
extreme pain and distress, a constant rate Infusion of deioml- 
dtne, Itdocaine, orbutoiphanol may provide additional pain 
relief. MSA IDs such as ketoprofen (2.2 mg'kg), phenylbuta¬ 
zone (2.2 to 4.4 mg/kg) or rlunlxin meglumine [1.1 mg/kg] 
are frequently used to relieve pain but should be used 
with caution in dehydrated animals. Intravenous or intragas- 
trlc DMSO (as a <20% solution) Ls used as an antioxidant, 
antiinflammatory, and osmotic diuretic for severely affected 
horses. MethyLprednLsolone succinate [2 to 4 mg/kg IV) has 
been advocated Ln the acute stage by some veterinarians Lf 
horses are recumbent. Muscle refaxanls such as methocarba¬ 
mol (5 to 22 mg/kg IV, slowly) seem to produce variable 
results, possibly depending on the dose used. The administra¬ 
tion of Dantrlum (dantrolene sodium) [2 to 4 mg^kg PO) In 
severely affected horses may decrease muscle contractures 
and possibly prevent further muscle necrosis. The dose can 
be repeated eveiy 4 to C hours Lf necessary. Overdosing pro¬ 
duces muscle weakness. 

Severe rhabdomyolysls can lead to renal compromise 
owing to the ischemic and the combined nephrotoxic 
effects of myoglobinuria, dehydration, and MSAlDs. In 
mildly dehydrated horses, provision of free-choice electro¬ 
lytes and water or administration of fluids via a nasogastric 
tube may be adequate. Horses with moderate to severe 
dehydration require Intravenous administration of balanced 
pomonlc electrolyte solutions. Hyperkalemia can occur 
with severe rhabdomyolysls, necessitating the use of Iso¬ 
tonic sodium chloride. If bvpocalcaemla Ls present, then 
supplementing Intravenous fluids with LOO to 200 mL of 
24% calcium borogjuconate Is recommended, but serum 
calcium should not exceed a low r -normal range. Affected 
animals are usually alkalotlc, making bicarbonate therapy 
inappropriate. In severely affected animals, regular monitor¬ 
ing of serum creatinine is advised to assess the extent of 
renal damage. 

Horses with rhabdomyolysls should be stall rested on a 
bay diet for a fetv days. Small paddock turnout In a quiet 
area for a few hours'twice a day Is then helpful. Horses 
may be hand walked at this time, but more than 5 to 10 
minutes at a time may induce another episode of rhabdo¬ 
myolysis. For horses with sporadic forms of tylng-up, rest 
with regular access to a paddock should continue until 
serum muscle enzyme concentrations are normal. For 
chronic cases of tylng-up, this much rest may not be appro¬ 
priate. Training should be resumed gradually, and a regular 
exercise schedule that matches the degree of exertion to the 
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horse's underlying .state of Gaining should be established. 
Endurance horses should be supplemented with electrolytes 
and water during an endurance ride and monitored particu¬ 
larly closely during hot, humid conditions. 

/Yeii'cmton, Because the inciting cause is usually tempo¬ 
rary in sporadic cases, most horses respond to a few weeks 
of rest, dietary adjustments, and a gradual increase in train¬ 
ing. The diet should be adjusted to include high-quaitty 
grass hay {or iess than 50% alfalfa hay) and the minimum 
amount of soluble carbohydrate necessary {grains, sweei 
feed, molasses) . A ration balancer containing protein, vita¬ 
mins, and minerals should be added if necessary. If more 
than 3 lo 5 kg of grain per day Is necessary to maintain 
body weight, the addition of a fat source such as vegetable 
oil, rice bran, ora complete high-fat, low-starch feed should 
be considered. The horse should receive on a daily basis an 
electrolyte supplement that contains at least I oz of sodium 
chloride. A vitamin E and selenium supplement may be 
necessary in areas with low soil selenium. In addition, myr¬ 
iad treatments are commercially available that are guaran¬ 
teed to cure lylng-up in horses. Many of these have yet to 
be scientifically tested for efficacy. Skeletal muscle shotvs 
remarkable ability to regenerate after in|ury. After ER com¬ 
plete repair of muscle tissue is possible within 4 to S iveeks. 

Chronic Exertional Rhabdo myolysis 

Many horses have repeated episodes of rhabdomyolysls 
with minimal exercise, even when the dietaiy and training 
recommendations for sporadic ER are followed. Forms of 
chronic ER are seen In many breeds of horses including 
quarter horses, American Paint horses, Appaloosas, thor¬ 
oughbreds, Arabians, standardbreds, Morgans, draft breeds, 
and warmbloods. Current research suggests that many of 
these horses are susceptible Lo rhabdomyolysls because of 
an inherent disorder in muscle function. 171,1 Rhabdomy¬ 
olysls in such horses occurs as a result of specific environ¬ 
mental circumstances that trigger muscle necrosis in 
genetically susceptible animals. Two heritable causes of 
chronic ER have recently been identified, but there may be 
several others that are yet unidentified. These include a "gly¬ 
cogen storage disorder called po/ywaTatiridt* storage myopathy 
and a disorder of muscle contractility called recurrent c.ut- 
JfivjijJ rihibdamydffats . J1 - 26 - 5:J6 Distinguishing among the vari¬ 
ous forms of chronic ER requires a thorough liistory, dietary 
evaluation, physical examination, determination of serum 
and urine electrolyte concentrations, assessment of serum 
vitamin E and whole blood selenium concentrations, and 
histologic evaluation of muscle biopsies using special slains. 

Polysaccharide Storage Myopathy 

A subset of horses with chronic ER Includes horses found to 
have a glycogen storage disorder characterized fay the accu¬ 
mulation of glycogen and an abnormal polysaccharide in 
their musde. l9S To dale, quarter horses, Paint horses, Appa¬ 
loosas, Morgans, draft horses, draft cross-breds, warm- 
bloods, and a few thoroughbred and Arabian horses have 
been Identified as having PSStfvL ]97 - 1DI 

JJrtigrreLris. A definitive diagnosis of PSSM can be made 
only by evaluation of a muscle biopsy sample. 11>6 Support¬ 
ive evidence of PSSM in quarter horses Includes clinical 
signs of ER, persistent elevations In serum CK and AST activ¬ 
ities, and a minimum threefold elevation in CK activity 4 
hours after an exercise lest consisting of a maximum of 15 
minutes of lunging at a walk and troL. jS3 Supportive 


evidence in draft and warmblood breeds includes exercise 
fntolerance, muscle atrophy, weakness, and some gait 
abnormalities without necessarily finding elevations in 
muscle enzymes. 1151 ' 2n] ' 302 

A muscle biopsy of any locomotor muscle that provides 
a 2-cm *: ]-cm block of tissue for evaluation is often suffi¬ 
cient for analysts. The site most easily sampled In the field 
using an open surgical approach is the semimembranosus 
or semltendinosus muscle. Clinics that can rapidly process 
muscle for frozen sections often use a modified Bergstrom 
biopsy instrument Inserted Into the gluteal muscle through 
a J-cm Incision. A diagnosis can be made Irrespective of diet 
and proximity of sampling to recent episodes of rhabdomy¬ 
olysls. The characteristic features in histologic sections 
include the presence of subsareolemmal vacuoles. Increased 
staining for amylase-sensitive glycogen In periodic aetd- 
Schiff (PAS) stain, and the presence of amylase-resistant 
PAS-positive abnormal polysaccharide inclusions In skeletal 
muscle fibers (Fig. 42 -l 7 ]. I5 S ?t Laboratories that use the 
acronym EF5M process formalin-fixed muscle tissue; the 
diagnostic criteria used Ln such laboratories may be those 
described previously, but Ln addition these Laboratories 
allow the sole criteria for diagnosis to be Increased staining 
for amylase-sensitive glycogen or the presence of PAS-posi- 
llve sarcoplasmic masses.*^ 3 A much wider spectrum of 
breeds is diagnosed with PSSM using these criteria, and 
the specificity for diagnosis is decreased. 

POLYSACCHARIDE STORAGE MYOPATHY IN QUAR¬ 
TER HORSE-RELATED BREEDS. A survey of 164 quarter 
horses used mainly for breeding or ranch work found that 
6% of these horses had PSSM based on identifying amy¬ 
lase-resistant abnormal polysaccharide Ln skeletal muscle 
biopsies.™ 3 These horses were kept on pasture, fed very lit¬ 
tle grain, and showed no clinical signs of a myopathy. In 
contrast. 50% of muscle biopsy samples from quarter 
horse-related breeds submitted to die Meuromuscular Diag¬ 
nostic Laboratory at [he University of Minnesota because of 
signs of a neuromuscular disorder are diagnosed with 
PSSM. J|>7 PSSM appears to be a common cause of neuro¬ 
muscular disease in quarter horse-related breeds, however, 
under certain environmental conditions clinical signs may 
be inapparenL 

tetreifes. Although in general the prevalence of PSSM is 
6% of quarter horses, on some breeding farms the preva¬ 
lence can be as high as 42%.This suggests that PSSM 
may be inherited within particular bloodlines. A familial 
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basis for PSSM has been suggested from pedigree analysis 
and bv limited breeding trials at the University of Minne¬ 
sota.'-"k- 2114 Although pedigree analysis initially supported 
an autosomal recessive pattern of Inheritance, identification 
of PSSM Jn quarter horse crosses indicates that a dominant 
mode of Inheritance is more likely. 

Cfrjikrflf The average age of onset of clinical signs of 

P5SM is 5 years fn quarter horses, and ranges from I to L4 
years of age. l7i ' : There Is no significant temperament, body 
type, or gender predilection for P55M. Approximately 40% 
of owners believe there is a seasonal incidence lo fhe develop¬ 
ment of clinical signs. The most common trigger for clinical 
signs of PSSM is less than 20 minutes of exercise at a walk 
and trot, particularly if the horse has been rested for several 
days before exercise. Signs of ER include firm painful muscles, 
stiffness, fasciculations, sweating, weakness, and reluctance 
to move. The hindquarters are frequently most affected, but 
back muscles, abdomen, and forelimb muscles may also be 
involved. During exercise, horses may stop and posture as if 
so urinate, perhaps as a means to alleviate muscle cramping 
(FLg. 42-IS). Signs of pain can be particularly severe., with 
30% of horses exhibiting muscle pain for more than 2 hours 
and approximately 10% of cases Decoming recumbent. Less 
common signs of PSSM Ln quarter horses Include gait 
abnormalities, mild colic, and muscle wasting. 

Quarter horses frequentlv exhibit elevations of serum CK 
and AST In association with clinical signs. The median CK 
and AST levels for all PSSM quarter horses with muscle 
biopsy samples submitted lo the Neuromuscular Diagnostic 
Laboratory at the University of Minnesota were 2809 and 
1792 U/L respectively. Persistent elevation in CK activity, 
despite an extended period of rest, is a common observation 
in PSSM quarter horses. 15 

POLYSACCHARIDE STORAGE MYOPATHY IN DRAFT 
BREEDS, the prevalence of PSSM among draft breeds with 
biopsy samples submitted to the NDL at the University of 
Minnesota is 54%.The breeds most commonly diag¬ 
nosed with PSSM at the NEh. in Minnesota are Belgians, 
Percherons, and crosses of these breeds with light horses. 
A prospective by Flrshman and co-workers' found a preva¬ 
lence of PSSM of 36% in Belgian draft horses. 

Genetics. Several full- and half-sibling Belgian horses 
have been identified with PSSM, and many Belgian-light 
breed crosses have been Identified with PSSM, Indicating a 
potential genetic basis. 

Chrrj'ccd The average age of draft horses diagnosed 
with PSSM Is approximately S yearn lfl7 - 202 No particular 
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gender predilection has been identified for PSSM in draft 
horses, it is notable that din Leal signs are not consistently 
present with PSSM, as many of the Belgian draft horses that 
were positive for PSSM In the study by Flrshman and collea¬ 
gues had no clinical signs. 202 PSSM in draft horses likely is 
the same disorder described as '‘Monday morning disease 1 ' 
In work horses in the early twentieth centuiy. 1 ^ ER is a 
manifestation of PSSM in draft horses as well as draft 
crosses and can be so severe that It leads lo recumbency 
and death. 101 ' 205 In addition, postanesthetlc myopathy 
may also be a complication of PSSM In draft breeds. Jbl A 
number of draft horses with PSSM show signs of progressive 
weakness and muscle loss resulting Ln difficulty rising. In 
these cases serum CK activity is frequently normal. Gait 
abnormalities, such as excessive limb flexion, fasciculations, 
and trembling are commonly seen with PSSM In draft 
horses. Although the condition ‘'shivers" -was previously 
attributed to PSSM, 206 a recent study found no causal asso¬ 
ciation between these two conditions. 302 The very high 
prevalence of PSSM in draft horses in essence means that 
there is a 36% chance that any clinical sign could be falsely 
associated with the disease PSSM. Therefore clinical judg¬ 
ment is required lo determine whether the muscle biopsy 
results could reasonably be associated with a myopathic 
process or if other possible causes of muscle weakness or 
gait changes should also be Investigated. 

Serum muscle enzyme activities are often normal in draft 
horses w r Llh PSSM. The median serum CK and AST levels Ln 
draft horses from which biopsies w r ere sent to the NDL at 
the University of Minnesota were 455 and 537 U/L 197 
Mean CK and AST activities in the Belgian horse sludv bv 
Flrshman were 326 ± 380 U/L and 355 ± 193 U/L respec¬ 
tively. Serum vitamin E and whole blood selenium concen¬ 
trations are normal in draft horses with PSSM. 202 

POLYSACCHARIDE STORAGE MYOPATHY IN WARM- 
BLOODS. Jhe true prevalence of PSSM in other horse breeds 
remains to be established. Based on the number of horses 
diagnosed with PSSM from muscle biopsy samples submitted 
to the NDL, PSSM appears Lo be a common neuromuscular 
disorder In warmblood horsu?s, with approximately 50% of 
warm blood biopsy samples being diagnosed with PSSM. 197 
This included a wide variety of warmblood breeds, such 
as Dutch warmblood, Hanoverian, Westfallan, Canadian 
warmblood, Irish sport horse, Gerdlander, Hussien, and 
Rhein Larder. No reports on the potential inheritance of PSSM 
In warmbloods have been published. 

Clinical Signs. The mean age of onset of clinical signs Ln 
warmbloods Is reported to be 8 Lo 11 years of age. 397 - 207 
A gender predilection for PSSM has not been Identified. 
The most common clinical signs reported in warmbloods 
with PSSM are painful firm back ana hlndquarter muscles, 
reluctance to collect and engage the hindquarters, poor 
rounding over fences, gall abnormalities, and atrophy. 
Overt signs of ER, such as stiffness, shortness of stride, 
and reluctance to move after exercise were reported in less 
titan 15% of warmbloods with PSSM. 197 The median CK 
and AST levels in warmbloods diagnosed with PSSM at 
the NDL Jn Minnesota are 323 and 331 U/L. respectively. 

POLYSACCHARIDE STORAGE MYOPATHY IN OTHER 
BREEDS. A few horses of other breeds have been reported 
to have PSSM. The prevalence of PSSM within these breeds 
appears to be quite low. For example, although more than 
50% of biopsies of quarter horses, draft horses, and warm- 
bloods resulted in diagnosis of PSSM, fewer than 10% of 
muscle biopsies from 17S thoroughbreds, 40 .Arabians, 
and 32 slandardbreds with neuromuscular disease resulted 
In diagnosis of PSSM. A slightly higher prevalence was 
found for Morgans and Tennessee Walking 1 torses. 197 Previ¬ 
ous published reports of PSSM based nn amylase-resistant 
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polysaccharide Include small numbers of horses of warm- 
blood cross-breeds, Anglo-Arabs, Andalusians, Morgans, 
Arabians, Welsh cross-breeds, and standardbred breeds. 
Some of the controversy regarding the number of breeds 
affected with PSSM may be a result of Inclusion of cases 
with sarcoplasmic masses and increased PAS staining for 
glycogen as positive criteria for PSSM by some laboratories. 

II .Muscle glycogen concentrations in 

PSSM. horses are often one and a half to four times normal, 
and glucose-6-P concentrations are up to 10 limes nor¬ 
mal. 115 Glycogen accumulation in PSSM horses Is not the 
result of an Inability to metabolLze glycogen but rather of 
increased synthesis of glycogen. There appear to be at Least 
two linked biochemical abnormalities associated with 
PSSM. The first abnormality Is expressed as enhanced sensi¬ 
tivity to Insulin in quarter horses with PSSM horses as deter¬ 
mined by intravenous or oral glucose tolerance tests as well 
as euglycemic hyperinsulinemlc damping. 208 - 209 In associa¬ 
tion with high clletary starch Intake, this enhanced insulin 
sensitivity may Increase uptake of glucose Into skeletal 
muscle and (he subsequent formation of glycogen. Draft 
horses have not been found to have heightened insulin sen¬ 
sitivity. The second biochemical abnormality in horses with 
PSSM Is associated with abnormal regulation of glycogen 
synthase, resulting in persistent glycogen synthesis. Abnor¬ 
mal polysaccharide formed In PSSM skeletal muscle is less 
highly branched than normal glycogen and may reflect an 
imbalance in the heightened activity of glycogen synthase 
relative to the less tightly regulated glycogen branching 
enzyme. Abnormal polysaccharide is also occasionally 
found in the heart of PSSM horses but has not been identi¬ 
fied In the liver. 

The development of rhab do myolysis in PSSM horses Is 
not directly associated with heightened insulin sensitiv¬ 
ity. 1L0 If PSSM horses are treated with dexamethasone, their 
insulin sensitivity can be reduced to well within the normal 
range; however, they still develop rhabdomyolysls. Rather, 
muscle necrosis with exercise appears to be associated with 
a separate but potentially linked biochemical abnormality 
in energy metabolism. During submaxlmal exercise, muscle 
fibers In PSSM horses do not generate adequate energy for 
muscle contraction, as evidenced by the degradation of ade¬ 
nine nucleotides in individual muscle fibers. 211 It is likely 
that PSSM Is caused by a defect in a pathway that controls 
both the flux of substrates such as glucose into the cell, as 
well as the flux of substrates such as glycogen and free fatty 
acids through metabolic pathways during aerobic exercise/ 

II 'lYratjpifPit find Pnwjrff&n. Horses diagnosed with 
PSSM will always have an underlying predilection for mus¬ 
cle soreness. The best that can be done Is to manage horses 
to mLnimize clinical signs. With adherence to diet and exer¬ 
cise recommendations, at least 30% of horses show notable 
improvement in clinical signs, and many return to accept¬ 
able levels of performance. I7a - 2J 1 There Is, however, a tvide 
range in the severity of clinical signs shown by horses with 
PSSM; horses with severe or recurrent clinical signs will 
require more stringent adherence to diet and exercise 
recommendations in order to regain muscle function. 

Treatment of horses with acute rhabdomyolysis is similar 
to that described for sporadic BR except that PSSM horses 
should not be confined to a stall for more than 4S hours. 
They should be provided turnout In paddocks of gradually 
increasing sLze once stiffness has subsided, Hana walking 
horses recovering from an episode of PSSM for more than 
5 to 10 minutes at time may trigger another episode of 
rhabdomyatysis 


EXERCISE REGIMES. Morses with PSSM should be given 
2 weeks to adapt to a new diet before commencing exercise. 
Less than 10 minutes of a relaxed trot on a longe line with¬ 
out collection is Initially recommended, with a very gradual 
and consistent Increase In exercise every day If possi¬ 
ble. 15 - 173 Advancing (he horse too quickly often results in 
an episode of rhabdomyolysls and repealed frustration for 
the owner. Work can usually begin under saddle after 3 
weeks of groundwork and can gradually be increased. It is 
very common to have subcllnical elevations in CK activity 
when exercise Is reintroduced, and a return to normal levels 
often requires 4 to 6 weeks of gradual exercise. 38 '' Keeping 
horses with PSSM fit is important for prevention of further 
episodes of rhabdomyolysls. 

DIETARY MANAGEMENT OF POLYSACCHARIDE STOR¬ 
AGE MYOPATHY The dletarv modifications for PSSM 
horses are designed to reduce the glucose load and provide 
fat as an alternate energy source. Anecdotally, owners report 
that this type of diet Improves clinical signs of muscle pain, 
stiffness, and exercise tolerance in draft horses, warrn- 
bloods, quarter horses, and other breeds . l7a - 211 Dietary 
change appears to have less of an Impact on alleviating gait 
changes such as shivers.^ The value of low r -starch, high-fat 
diets In reducing exercise-Induced muscle damage has been 
demonstrated only under controlled experimental condi¬ 
tions in quarter horses. 1 ® 7 In PSSM quarter horses with 
increased sensitivity to insulin, dropping dietary starch to 
less than 10% of dally digestible energy and Increasing die¬ 
tary fat to 13% of daily digestible energy resulted in normal 
serum CK activity 4 hours postexerclse during a (3-week trial. 
Provision of similar fat content and higher starch content 
resulted in increased serum CK activity In the most severely 
clinically affected horses, 'rhe beneficial effect of the Low- 
starch, Hiigb-fat diet In this study (Re-Leve) appears to result 
from decreased glucose uptake into muscle cells and provi¬ 
sion of more plasma free fatty acids In muscle fibers for use 
during aerobic exercise. 1 ® 7 Quarter horses naturally have 
very little lipid stored within muscle fibers, and provision 
of free fatty acids may overcome the disruption In energy 
metabolism that appears to occur In PSSM quarter horses 
during aerobic exercise. LB7 - 2LL Studies clearly show, how¬ 
ever, that these dietary changes alone are not beneficial, 
and an exercise program must be instituted for PSSM horses 
to show clinical Improvement. 173 Further controlled experi¬ 
mental studies of the physiologic effect of Low-starch, high- 
fat diets are necessary in'other breeds of horses with PSSM 
to determine how and If they truly have a beneficial effect. 
Anecdotally, some horses appear to have an increased Inci¬ 
dence of rhabdomyolysls when on Lush pasture. Therefore 
it seems reasonable to limit exposure to lush pastures. Hay 
that has a moderate to low content of soluble sugars and 
non fermentable starch and fewer gluconeogenic amino 
acids would seem the best choice for PSSM horses. 'Jhis 
includes second cutting of grass hay, brome hay, or oat hay. 

"Hie caloric needs of the horse should first be assessed in 
order to determine the amount of hay as well as low-starch, 
high-fat concentrates the horse requites. Provision of exces¬ 
sive calories In the form of fat to overweight horses Ls detri¬ 
mental. For overweight horses, restricting hay to 1% so 
1.5% of body weight and limiting access to pasture grass 
while increasing dally exercise are recommended. In addi¬ 
tion, selection of a low-slarcb, fat-supplemented feed that 
is particularly high In dietary fiber may be the best means 
of providing dietary fat without causing excessive weight 
gain. Many low-starch high-fat diets are available for horses. 
The most Important dietary principle appears to be that of 
the total dally calories required (digestible energy |DE|), 
less than 10% should be supplied by starch and at least 
13% supplied by fat. Some authors recommend that 20% 



of dally caloric intake be supplied by fat (0.5 kg of fat) 
based bn clinical experiences, 212 whereas others report 
Improvement In clinical signs when 10% lo 15% of DE is 
supplied as fai. l7a - lfl7 - 2IJ There Is a great deal of variation 
in individual tolerance to dietary starch, however; horses 
with more severe clinical signs of PSSM appear to require 
the greatest restriction In starch intake. 


Recurrent Exertional Rhabdomyolysis 

Recurrent episodes of muscle stiffness, sweating, muscle 
contractures, and reluctance to move occur commonly In 
racing thoroughbreds, standardbreds, and Arabian horses. 
Many of these horses likely have tying-up as a result of a 
defect In the regulation of muscie contraction termed reciir- 
renf CA-crtJGfrtTJ rhabdomyolysis (RER). 


II Epidemiology am! Genetics. Most studies show that 
approximately 5% of thoroughbred horses develop signs 
of muscle pain and cramping during a racing or polo sea- 
son. l7iJ76j ' 77 ' 214 Approximately 75% of thoroughbred 
racehorses with RER have at least four episodes of rhabdo- 
myolysls and 25% have more than 10 episodes in a 
4-month racing season. 21 " 1 One predisposing factor for 
RER appears to be Inheritance of susceptibility to develop¬ 
ing exercise-Induced episodes of rhabdomyolysls. 179 - 215 
Analysis of pedigrees of thoroughbred horses from across 
the United Stales suggests that RER Is an autosomal domi¬ 
nant trait. Furthermore, subsequent breeding trials confirm 
dial the abnormal contracture test Is Inherited In an autoso¬ 
mal dominant fashion. 179 

Predisposing environmental factors that trigger rhabdo- 
myolysls in susceptible horses include gender, tempera¬ 
ment diet exercise duration and intensity, excitement, 
and lameness. 176 - 314 Females are most commonly affected 
by RER (67% female; 53% male), particularly those that 
are 2 years old and in race training. 3 N Wervous horses are 
five times more ilkely to develop RER, and horses with 
lameness are four times more Ilkely to lie up. Susceptible 
horses receiving more than 5 kg of sweet feed are more 
likely to develop rbabdomyolysis than those receiving 
2.5 kg of sweet feed per day. Jas - 

II DiVjvntisjs. RER affects a specific subset of thoroughbred 
and likely standard bred and Arabian horses with intermittent 
episodes of exercise-Induced rbabdomyolysis. 'these horses 
have increased numbers of centrally located nuclei in muscle 
biopsy samples and normal muscle glycogen staining (see 
Fig. 42-&). 14 In addition, RER is characterized by abnormal 
sensitivity of Intact muscle bundles to contractures induced 
by caffeine or halothane In the muscle bath. 26 - 25 - 316 Although 
studies of muscle contraction indicate similarities to MH In 
swine, biochemical studies of isolated muscle cell mem¬ 
branes have not identified a similar defect In (he function of 
the caictum-release channel In horses with RER. ,5& Many 
thoroughbreds with RER have developed rbabdomyolysis 
under halothane anesthesia. 362 2,7 


II Clinical Signs. Episodes often occur In horses once they 
become fit and are frequently associated with excitement at 
the time of exercise, in thoroughbreds, rbabdomyolysis 
occurs most frequently during training w r ben horses are held 
to a slow gallop. 214 In standardbreds, rbabdomyolysis often 
occurs 15 to JO minutes Into slow logging. 9 A history of 
poor performance and elevated serum AST and CK may be 
the only presenting complaints Ln some horses. Oider thor¬ 
oughbreds used as riding horses may have very intermittent 
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episodes of rbabdomyolysis associated with lay-ups of fit 
horses or with the steeplechase Ln 3-day events. Muscle stiff¬ 
ness and reluctance to collect may be present on a continual 
basis between episodes In some of these older horses. Ara¬ 
bian horses often develop clinical signs with little exertion, 
frequently Ln association with excitement. 


■ FnereTiHort. RER appears to be an Inherited disorder that 
Is expressed when horses are subjected to the stress and rig¬ 
ors of training, particularly at a young age. Prevention of 
further episodes of RER in susceptible horses Includes 
adhering to standardized dally routines and providing an 
environment that minimizes stress. This should include 
desensitLzing horses lo stressful situations, moving the stall 
to a quiet area of the barn, performing regular turnout, 
and so on. Dally exercise is essentia], whether in the form 
of turnout, longing, or riding. 

In the past, horses have been box-stall rested for several 
weeks after an episode of RER. It is my opinion that this is 
counterproductive and increases the Likelihood that the horse 
will develop RER when pul back into training. The Initial 
muscle pain usually subsides within 24 hours of acute RER, 
and daifv turnout Ln a small paddock can be provided at this 
time. Subsequently a gradual return to performance is recom¬ 
mended once serum CK Is close to normal range. 

The diet should be ad|usted lo Include a balanced vita¬ 
min and mineral supplement, high-quality hay, and a min¬ 
imum of carbohydrates [<2.5 kg] such as grain and sweet 
feed. Additional dietary fat supplements are helpful to 
maLntaln weight Ln nervous horses without providing exces¬ 
sive carbohydrates. In hard keepers or horses in heavy work, 
corn oil and rice bran added to the diet may not be ade¬ 
quate to maintain weight. In such cases new r commercial 
reeds that are low Ln starch and high In fiber, designed for 
horses with RER, are helpful to maintain weight but avoid 
rhabdomyolysis. 190 The use of low r doses of acepromazlne 
tranquilizers (e.g., a dosage rate of approximately 0.005 to 
0.01 mg/’kg) 30 minutes before exercise in excitable horses 
Is believed to help some horses. 

Dantrolene 2 to 4 mg/kg PQ given L hour before exercise 
Ln fasted horses is effective In preventing RER. 153 - 21 B Dantro¬ 
lene decreases the release of calcium from the sarcoplasmic 
reticulum during contraction. Phenytoin has also been advo¬ 
cated as a treatment for horses with RER. Doses are adjusted 
Ln horses lo maintain serum levels of 8 to 10 p/ml.. Initial 
dosages begin at 6 to 8 mg^kg PO for 3 lo 5 days. Doses can 
be increased by J-mg/kg increments every 3 days until rhab- 
domyolysts is prevented but should beVut back if horses 
appear drowsy. 2 * 6 If possible, serum phenytoin concentra¬ 
tions should be assessed regularly at the initiation of treat¬ 
ment. Phenytoin acts on a number of Ion channels within 
muscle and nerves including sodium and calcium channels. 
Unfortunately, long-term treatment with dantrolene or phe- 
□ytoLn is expensive, and efficacy has not been established. 

HEREDITARY AND CONGENITAL 
MYOPATHIES 

SSEFHANfJi/. VALHXiHt; 

MITOCHONDRIAL MYOPATHY 

A deficiency of complex 1, the first step Ln the mitochon¬ 
drial respiratory chain, has been LdenlLned Ln a young Ara¬ 
bian fitly that was presented for veterinary attention with 
clinical signs similar to those of ER. 2L ^ In contrast lo cases 
of ER, however, this horse showed no changes In serum 
CK after exercise. A marked lactic acidosis developed even 
with light exercise, and maximum oxygen consumption 
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was drastically reduced, resulting in marked exercise intoler¬ 
ance. Histopathologic evaluation of muscle biopsy samples 
showed an abnormal increase In mitochondrial density, 
and biochemical analyses revealed a complex 1 deficiency. 
The horse has shown slowly progressive signs of muscle 
atrophy but has otherwise remained healthy at rest. 

GLYCOGEN BRANCHING ENZYME 
DEFICIENCY 

Glycogen branching enzyme deficiency (GBED] Is a glycogen 
storage disorder causing abortion, seizures, and muscle weak¬ 
ness in quarter horse-related breeds. 220 - 3 ” it Is a glycogen 
storage disorder separate from FSSM. GELD Is caused by a 
nonsense mutation In exon 1 of the GjB£J gene at codon 
102 that introduces a premature slop codon. 223 Nine percent 
of the breed are carriers of this autosomal recessive mutation, 
and 3% of abortions are attributed to this disease in quarter 
horses. 3 3f> Most foals diagnosed with GBED are presented 
with hypothermia, weakness, and flexural deformities of all 
limbs at 1 day of age. Ventilatory failure may also be a pre¬ 
senting sign, in addition to recurrent hypoglycemia and col¬ 
lapse. All foals have died either from euthanasia because of 
muscle weakness or suddenly because of apparent cardiac 
arrhythmia. Persistent Leukopenia, intermittent hypoglyce¬ 
mia, and high serum CK (1000 to 15,000 U/L), AST, and 
Y-glutamyl transferase (GGT) activities are features of affected 
foals. Gross postmortem changes are not evident, and routine 
hematoxylin and eosln stains of tissues may be normal or 
show basophilic inclusions In skeletal muscle and cardiac tis¬ 
sues. Frozen sections of muscle, heart, and liver show a nota¬ 
ble lack of normal PAS staining for glycogen as well as 
abnormal PAS^ positive globular or crystalline intracellular 
inclusions (Fig. 42-19). Branching enzyme activity is mini¬ 
mal in skeletal and cardiac muscle as well as liver. A diagnosis 
is best obtained by confirming the presence of the genetic 
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mutation in tissue sampies or by Identifying typical PA.5- 
positive Inclusions In muscle or cardiac samples. 320 - 323 

PHOSPHORYLASE DEFICIENCY IN 
CHAROLAIS CATTLE 

A deficiency' of the enzyme phosphorylase {.McArdle's dis¬ 
ease] has been Identified in Gharolais cattle in the United 
States and New Zealand. I33 - 22S Affected animals had exercise 
intolerance and often collapsed when forced to exercise. 
Serum CK was elevated in alt affected animals, and one calf 
had severe rhabdomyolysis clinically resembling white mus¬ 
cle disease. Screening lor ntyophdsphoiylase can be per¬ 
formed by histochemlcal staining for phosphorylase activity 
in frozen sections of muscle biopsies. Confirmation of the 
autosomai recessive disease is obtained by biochemical ana¬ 
lyses or Identification of the C-lo-T substitution, which 
changes an encoded arginine (CGG) to tryptophan (TGG). 
This disease should be considered as a differential diagnosis 
for white muscle disease in Cbarolals cattle that are found 
to have normal vitamin E and selenium status. 

MYOFIBER HYPERPLASIA 

Myoflber hyperplasia Is an inherited condition occurring in 
certain breeds of cattle and rarely Ln sheep, characterized by 
a disproportionate increase in skeletal muscle mass. Syno¬ 
nyms for the_dlsorder Include double mturfing, doppelleiider, 
and cw/tmf. 227 - 230 The condition is well recognized in cattle 
and is most commonly seen Ln the Belgian Blue, Piedmont, 
and South Devon breeds. The term Arable miisdfoig Is mis¬ 
leading because there is no Increase in the number of mus¬ 
cle groups, lire Increase tn muscle mass Is the result of 
hyperplastic type 2B myocytes, with a reduction Ln the num¬ 
ber of types I and 2A myocytes. The degree of myoflber 
hyperplasia varies among affected animals. Increases Ln 
muscle size are most evident in hind limbs, forellmbs, lum¬ 
bar area, and neck; well-defined grooving often separates 
muscle groups (similar to die muscle definition seen In 
human bodybuilders). Muscle/bone ratio Is increased; 
decreased amounts of body fat yield a leaner carcass at 
slaughter. Affected animals show- increased weight gains 
over similarly treated unaffected herd mates. The skin of 
affected animals is thinner than that of normal herd mates. 

Myoflber hyperplasia appears to be inherited as a single 
major autosomal locus with several modifiers of phenotypic 
expression resulting in incomplete penetrance. In Belgian 
Blue and Piedmont cattle an 1 L nucleotide deletion and a 
mlssense mutation, respectively, have been identified in 
the myosSatin gene. Myostatin is a transforming growth fac¬ 
tor that Is a negative regulator of skeletal muscle mass dur¬ 
ing development. Heterozygotes for the gene often show 
some degree of muscle hyperplasia. Clinical problems 
encountered as a result of this disorder include dystocia Ln 
dams producing affected calves and oral anomalies such as 
hypertrophy of the tongue, braebygnathism. and progna¬ 
thism; there is also a very high Incidence of inherited spastic 
paresis [Elso heel) In affected cattle. 

A genetic disorder that results in myoflber hyperplasia 
has also been identified in sheep, 330 
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NONPATHOGENIC INFERTILITY 

THE BREEDING SEASON 

Mares 

1*he mare is a seasonally polyestrous animal, breeding during 
seasons of Long day length. Annual breeding and nonbreecf 
ing seasons are divided by fal] and spring transitional 
periods, which are characterized by erratic reproductive 
behavior and Irregular estrous cycles. 

Cffrrrorf During the breeding season, mares ovu¬ 

late every 2J days (range 10 to 22 days). 1 Estrus (5 to 7 days, 
but variable) is characterized by the presence of an ovarian 
follicle, serum progesterone level of Less than I ng/mL, and 
sexual receptivity. Duringestnis the cervix is palpably relaxed 
and ihe uterus Is edematous. One or two follicular waves 
occur per cycle, and preovulatory follicles are 45 to CO mm 
in diameter, often with a conr-sbaped appearance on ultraso¬ 
nography, 2 Ovulation occurs 24 to 4£ hours before the end of 
estrus and may be accompanied by ovarian sensitivity. 1 The 
ruptured follicle is replaced by a corpus Luteum {CL). Diestrus 
(luteal phase) Is predictable in length because regression of 
die CL, caused by release of endometrial prostaglandin F-. a 
(PGFi-J, occurs 14 to 15 days after ovulation . 1 During dies¬ 
trus and early pregnancy the cervix is tight and the uterus is 
firm and tubular. Dteslrous ovulations occur and maybe fer- 
tlle. q First postpartum estnis ("foal heat") begins in the week 
after foaling, and ovulation occurs Ln most mares 7 to 15 days 
postpartum. 


Ruminants 

COWS, Cows are poly estrous, but seasonal differences in 
fertility may be caused by climate. 'The estrous cycle averages 21 
days (ranee 17 to 25 days), and the duration of estrus averages 
12 to 16 hours (range 6 to 24 hours). Cows are unique among 
domestic animals in that they ovulate spontaneously after the 
end of estrus, 24 to 30 hours after the beginning of esirus.- 5 

In the absence of a bull, estrus can be delected in cows 
by their homosexual (bisexual) activity. Cows that stand 
to be mounted by another cow are in estrus (standing beat). 
Secondary signs that may be helpful in detecting eslrus 


Include restlessness and increased activity, vulvar hyperemia 
and edema, and a dear mucous discharge. Errors In heat 
detection are a common cause of Infertility on large dairy 
farms. 6 The optimum time for Insemination of cows is 
between 16 and 24 hours after the onset of estrus. Insemi¬ 
nation of cows on the basis of standing to be mounted 
results in a higher pregnancy rate than if Lt Ls based on sec¬ 
ondary signs of estrus. 7 Well-managed dairy cow's with 
uncomplicated periparturlent experiences may ovulate 
approximately 20 to 25 days after calving whereas beef 
cows with nursing calves usually do not ovulate until 40 
or more days after calving. The presence of the calf appears 
to be responsible for the difference in return to cyclicity.* 3 

SHEEP. Coarse-wooled breeds of ewes are seasonally 
poly estrous during the autumn and winter {short photope- 
rtod) Ln temperate climates. OvulatLon can be induced In 
seasonally anestrous ewes by artificial simulation of day 
length and temperatures characteristic of autumn (reduced 
photo period and reduced ambient temperature), but the 
long latency period required for response to manipulation 
of light and temperature makes the procedure impractical. 
Ewes of fme-wooied breeds may be polyestrous throughout 
the year if adequately nourished. The estrous cycle of ewes 
averages 17 days {range 14 to 1£ days), and the duration 
of estrus averages 36 hours. Ovulation occurs spontane¬ 
ously 24 hours after the onset of estrus. Ewes display few, 
If any, signs of estrus unless a male Is present. The primary- 
signs of estrus include seeking the rain and standing for 
mating. Secondary signs include restlessness and rapid tail 
switching; vulval edema and discharge of clear cervical 
mucus may be observed occasionally. Lambing ordinarily 
occurs during the anestrous season; therefore ewes do not 
return to estrus until the next breeding season. 5 

GOATS. Does in temperate climates are seasonally polyes- 
trous from late summer until early spring (short photope- 
rtod). Onset of the breeding season Ln yearling does can be 
advanced by exposing them to 19 hours of artificial light 
per day for 70 days beginning Ln mid to late winter. Termina¬ 
tion of artificial Light results in a relative decrease in day 
length and stimulation of estrus and ovulation. 5 Alterna¬ 
tively, the breeding season may be hastened by exposing does 
to 14 lo LS hours of light per day for 3 months, followed by a 
reduction to 6 hours of light per day/ The estrous cycle 
averages 21 days, and estrus lasts IG to 3t3 hours. OvulatLon 
occurs spontaneously 24 hours after the onset of estrus. An 
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intact male or male pheromone is usually necessary for 
estrous detection. The primary signs of estnis are seeking 
the back and standing for service. Secondary signs of estnis 
in does Include rapid tail switching, restlessness, increased 
frequency of urination and vocalization, transient decrease 
in appetite and milk production, and edema and hyperemia 
of the vulva. As in sheep, parturition takes place during the 
aneslrous season, and return to cyclicity In does is delayed 
until the next breeding season. 5 

CAME LIDS. South American camel ids bred in North 
America are nonseasonal. In keeping with management deci¬ 
sions, they are often bred in a seasonal manner to avoid hav¬ 
ing nexvborn crias during the hottest or coldest months of the 
year. Some consider the South American camel Ids to be poly- 
estrous, whereas others argue that they do not have a true 
estrous cycle. 5 These discrepancies arise from the fad that 
camelids are induced ovulalors. Cyclic ovarian activity [e.g., 
transition from estnis to dlestrusj is caused by coital activity. 
Unbred female camelids essentially exhibit estrous behavior 
continually, with perhaps short, occasional, un predictive 
Intervals of 1 to 2 days of decreased receptivity. Follicular 
waves in alpacas and Llamas last around 17 days. Small folli¬ 
cles (<3 mm) are always present on the surface of the ovar¬ 
ies. After recruitment, follicles grow to approximately 5 mm 
In size. Dominance Is established when one of the follicles 
reaches the size of 6 mm, and the female will show signs of 
receptivity to the male as long as a dominant follicle Is pres¬ 
ent. The sizes of p reovul atory follicles are 9 to 13 mm and 
a to 12 mm in the llama and alpaca, respectively. Females 
maintain fertile, dominant follicles for an average of 3 days 
before undergoing regression. Usually the next follicular 
wave has already produced the next dominant follicle before 
the previous preovulatory follicle begins to regress. For this 
reason, the female camel Id usually maintains estrous behav¬ 
ior continually until she is mated. 5 

CYSTIC FOLLICULAR DEGENERATION 

Cows 

Ovarian cysts are folllcle-llke ovarian structures that arise 
because of failure of ovulation. 5 They are usually larger than 
25 mm in diameter and persist In the absence of a CL for 10 
days or more. Follicular cysts have thin walls and may be sin¬ 
gle, multiple, or multilocular structures on one or both ovar¬ 
ies. Partially luteinized cysts tend to be single, unilateral 
structures with thicker walls because of the presence of Luteal 
tissue. 

The mechanism by which ovulation fails and cysts 
develop is not known/Failure of ovulation may result from 
inadequate release of gonadotropins or ovarian dysfunction. 
Increased stress of conditions such as retained placenta, 
metritis, and hypocalcemia around the time of calving and 
postpartum ketosis have been associated with an increased 
prevalence of cystic follicular degeneration {CFDj, as has a 
hereditary predisposition. 10 


II CViPifcaJ Signs and Diagnosis. Approximately 70% to 
£0% of cows affected by CFD are anestrus, whereas 20% 
to 30% display frequent or intense estrus (nymphomania). 
Cystic ovarian disease affects 10% to 30% of dairy cows. 
The condition Is rare In commercial beef cows because of 
rigid culling for reproductive failure. 

The physical appearance of cows with CFD depends on 
the duration of the condition. No changes are apparent after 
a short time, but In long-standing cases relaxation of the 
pelvic Ligaments may result in prominence of the tall head 
and masculine characteristics such as a crested neck. 


Hie diagnosis of CFD Is based on an accurate h Istory and 
clinical examination. A history of constant or frequent 
estrus, short Interestrous Intervals, or anestrus may suggest 
CFD. Examination of the ovaries by palpation per rectum 
reveals the presence of enlarged fluid-filled structures raised 
above the surface of the ovary that greatly Increase total 
ovarian size. Ovarian cysts are larger (>2S mm) than pre¬ 
ovulatory follicles (15 to 25 mm). Differentiation between 
a single Large cyst and several smaller cysts on the same 
ovary may not be possible, nor may be recognition of the 
presence of partially luteinized cysts (based on peripheral 
progesterone concentrations) unless ultrasonography is 
used. Ovarian cysts appear to be dynamic structures; those 
that develop early in the postpartum period may regress 
without treatment, and a normal estrous cycle may follow, 
or another cystic structure may develop. 

During palpation of the ovaries, several normal struc¬ 
tures may complicate the diagnosis of CFD. Normal preovu¬ 
latory follicles may approach 25 mm In dLameter and have 
palpable characteristics similar to those of small cysts. Dur¬ 
ing the follicular phase of the estrous cycle, however, the 
uterus responds to palpation by becoming more turgid, 
whereas the uterus of a cow with CFD is typically flaccid 
and unresponsive. In neglected cases of CFD, mucometra 
may develop and must be differentiated from pregnancy. 
During the first 5 to 7 days of the estrous cycle, the develop¬ 
ing CL may be smooth and soft and is commonly mistaken 
for an ovarian cyst. More mature CLs are solid and liver-like 
in consistency, often feature a palpable ovulatory papilla at 
the apex, and are more easily differentiated from ovarian 
cysts. However, 10% to 20% of mature CLs may lack an 
ovulatory papilla, making them more easily confused with 
ovarian cvsts. Ultrasonography Is generally more accurate 
in Identifying subtle structural differences than transrectal 
palpation. Salpingitis, hydrosalpinx, oophoritis, ovarian 
abscesses, ovarian neoplasms, and cysts of the fimbria are 
other causes of enlargement of the ovary and surrounding 
structures that must be differentiated from ovarian cysts. 11 

Histories that may erroneously suggest CFD Include 
apparently short Interestrous Intervals because of Inaccurate 
detection of estrus. 13 Oxytocin administered to stimulate 
milk letdown may result in short interestrous Intervals and 
suggest CFD. The estrous cycle may be shortened by admin¬ 
istering 100 iU of oxytocin per day on days 2 through 6 15 or 
on days 3 through 7 or S. u Heifers treated with ICQ IU of 
oxytocin per day returned to estrus in an average of 12.5 
days versus 20.3 days In untreated controls. 

II Clinical Pathology, Plasma progesterone concentrations 
are low in cows with follicular cysts. Partial lutelnization 
may occur, and progesterone concentrations may Increase 
over time but remain lower than those of cows w r lth normal 
CLs. Estrogen concentrations In the plasma of cows with 
CFD are variable. 

II Treatment and ftognosis. The goal In treating CFD Is to 
induce luteinIzallon of the cyst and reestablish normal 
estrous cycles. Several methods have been recommended. 

SPONTANEOUS RECOVERY. Spontaneous recovery from 
CFD occurs in up to 60% of cows that develop CFD before 
the first ovulation after calving but in only approximately 
20% of cases that develop after the first postpartum ovula¬ 
tion. Evaluation of therapeutic agents for CFD may be con¬ 
founded by spontaneous recovery. 

LUTEINIZING HORMONE. Recommended doses of 
human chorionic gonadotropin (hCG) range from 5000 IU 
either intravenously [IV) or intramuscularly (1M) to L0,000 IU 
1M. Of coxvs treated with a single dose o/hCG, 65% to £0% 




establish a normal estrouscycle within 3 to 4 weeks: a second oi 
third dose may be required in cows that do not respond after 3 
to 4 weeks or In cases in which nymphomania persists. Anaphy¬ 
laxis after repeated treatments with a larger protein hormone 
such ashCG can occur. Antibodies to hCG may reduce the effec¬ 
tiveness of sequential treatments. 'Fherapeutlc response, both 
endocrlnologlcally and clinically, Is essentially equivalent 
between hCG and. gonadotropin-releasing hormone (GnRH). 
The practical disadvantage of hCG is its higher price. 

GONADOTROPIN RELEASING hormone. Currently the 
most common treatment for ovarian cysts, especially follicu¬ 
lar cysts, Is an Injection of GnRH {100 meg IM). Cows 
responding to this treatment have an average interval to 
estrus of one estrous cycle or 18 to 24 days. The treatment 
to breeding interval can be shortened by administering 
GnRH at the time of diagnosis, followed by a luteolytic dose 
of prostaglandin 10 days to 2 weeks later. With this regimen 
it is not critical whether the cyst Is follicular or luteal or even 
whether IL is a misdiagnosed large, smooth CL with or with¬ 
out a fluid-filled central cavity. Most veterinarians agree that 
accurate differential diagnosis by rectal palpation among fol¬ 
licular cysts, luteal cysts, and some CLs can be a problem. 

PROSTAGLANDIN Fj u . Luteal-type cysts can be treated 
with the luteolytic activity of PGF. lire advantage is the 
quicker return to estrus for those cows able to respond and 
the lower cost of PGF. Cysts that luteinize In response to 
GnRH regress at a time similar to that of normal CLs. Treat¬ 
ment with PGF may be used to reduce the interval from treat¬ 
ment w r llh GnRH to estius from 13 to 24 days to an average 
of 12 to 14 days by administering PGF 9 days after GnRIL 
Most clinicians are only approximately 50% accurate In 
determining the degree of lutein Lzallon of cysts by palpation 
per rectum; therefore measurement of concentrations of pro¬ 
gesterone In milk or of plasma from affected cows allows the 
selection of GnRH or hCG for treatment of follicular cysts 
and PGF for the treatment of luteinized cysts. Ultrasonogra¬ 
phy can also be used to make an accurate diagnosis. 15 

MANUAL RUPTURE, Thin-walled follicular cysts may be 
inadvertently ruptured during examination of the ovaries, 
and some practitioners may Intentionally attempt cyst rup¬ 
ture. Recovery rates after manual rupture have rarely been 
studied in well-designed controlled experiments but are 
generally within the range reported for spontaneous recov¬ 
ery. Deliberate manual rupture of ovarian cysts Is consid¬ 
ered an obsolete form of treatment by some veterinary 
clinicians, but others routinely use the procedure—espe¬ 
cially as an initial treatment for cysts found during the vol¬ 
untary waiting period. Manual rupture of cysts may be 
followed by hemorrhage and adhesions between the ovary 
and surrounding structures. These complications appear to 
be much more common with use of digital pressure to enu¬ 
cleate CLs than with manual rupture of ovarian cysts. 


structures may, however, be anovulatory follicles. They may 
have a negative influence on the emergence of other follicular 
waves, but this influence seems to last for only approximately 
Belays . 1515 

POOR NUTRITION 

As with other species, poor body condition, depressed energy 
Intake, and decreased vitamin and mineral Intake suppress 
reproductive activity In ewes and does. Lowered energy balance 
results In poor or weak signs of estrus, depressed ovulation, 
abnormal cycle, and delayed puberty. Deficiencies in energy, 
protein, vitamins A and E, phosphorus, and many trace miner¬ 
als [iodine, copper) are commonly seen. Ilhese deficiencies are 
most commonly associated with Irregular estrous cydes. 

PLANT TOXICITY 

Ergot Alkaloids 

I4ie consumption of fescue Infected with Neorypfiodejjfli CiM- 
rropliicr/HFtF is associated with decreased reproductive effi¬ 
ciency. The ergot alkaloids have been shown to affect 
prolactin production In ewes and to Increase the Interval 
from Introduction of the ram to conception. 

Estrogen-Producing Plants 

Sheep appear to be sensitive to the effects of phytoestro¬ 
gens. Clinical observations Include Infertility, irregular and 
prolonged heal cycles, lowered conception rates, and early 
embryonic death. 

HEAT STRESS 

Fertility In Laclating caws is decreased during the hoi sea¬ 
sons of the year. E leat stress may cause decreased estrous 
detection, impair follicular development disrupt function 
of the reproductive tract, affect oocyte competence, and lead 
to early embryonic death. Embryos develop resistance to 
heat shock as they age. Bovine morulae to blastocyst stages 
are unaffected by heat shock. Iga 

ANESTRUS 

Anestrus may be defined as ovarian Inactivity. r fhe causes of 
anestrus are multiple and Include diseases of the reproduc¬ 
tive and other systems. In addition, the problem Is compli¬ 
cated by management factors that cause estrus to pass 
undetected, even though the animal's estrous cycles and 
estrous behavior are normal. Common causes of anestrus 
In manes are summarized In Table 43-i. 


Ewes and Does 

Cystic ovaries appear to be more common in goats than 
in sheep, in one study 12% of goats had cystic ovaries when 
examined at a slaughterhouse.'^The condition Is often over- 
diagnosed by owners observing nymphomania. Treatment typ¬ 
ically consists of administering exogenous ovulation-hastening 
drugs (hCG and GnRH). 17 LM suige Is noted usually within 
2 hours of GnRH administration. PGF may be administered 
10 days later to bring die doe Into beat [55 hours after PGF). 

G annelids 

Hemorrhagic follicles are observed in nonbred llamas and 
usually regress within 22 days. La Follicles larger than 12 mm 
are considered by some authors as pathologic cysts, These 


11 MARES 

PUBERTY 

lire mare likely undergoes puberty between the ages of 

12 and 24 months. Because the horse Is not an agricultural, 
production animal, there has been little Interest In studying 
the onset of puberty as in other species, where hastening 
puberty increases production. Most mares are not bred until 
they are at least 3 years old, thus making prepubertal status 
an unlikely differential diagnosis for Infertility. 

SEASONAL ANESTRUS 

II Clinical Signs and Diagnosis, The mare is a seasonally 
polyestrous animal, showing anestrus during the shorter days 



TABLE 43-1 


Differential Diagnosis of Anestrus In Mares 


1 Cause 

U [crus 

Cervix 

Ovaries 

Peripheral 

Progesterone 

Season 

Other Laboratory 

Pregnancy 

Increased tone during 
early pregnancy; 
enlarged: positive 
sLgns of pregnancy by 
palpation or 
ultrasound 

Tightly dosed 

Normal size 
during early 
pregnancy; out 
of reach of 
examiner In 
late stages 

Elevated throughout 
pregnancy until 

Just before term 

Any season; 
may be 
more 

common in 
spring a nd 
summer 

Equine chorionic 
gonadotropin; Ci 

Prol otsged 
dLestrus 

Normal size, Increased 
tone and tubularity., 
may be similar lo early 
pregnancy 

Tightly dosed 

Normal size, 
prolonged 
corpus luteum 
is embedded 
within ovary 

Elevated throughout 
prolonged lifespan 
{30 to 90 days) 

Any season; 
may be 
more 

common in 

summer 


Seasonal 

Normal size; flaccid; 

Varies from 

Roth are small 

Low until first corpus 

LatE autumn.. 


anestrus 

difficult to palpate 

Lightly dosed 
to open 

and firm, may 
or may not 
have small 
follicles 

luteum develops 

winter, 
early spring 


Unobserved 

esltus 

Normal size 

Characteristic 
cyclic 
changes; 
relaxed and 
open during 
estrus 

Development of 
one (or more) 
follicles; 
ovulation 

Elevated for m 1 4 
days; low for -^7 
days 

Spring 

summer, 

autumn 


Pyomclra 

Variable enlargement 

JMay be open, 
dosed, or 
stenotic; 
purulent 
discharge 
may be 
present 

Normal size, 
foil Lcular 
development 
may be present 

Erratic profiles; some 
are elevated for 
prolonged periods, 
others may have 
luteal regression 

.Any season 

EndomcinaJ cytolo 
bacterial culture, 
seusLtmty 

LfndernutritLon 

Normal size 

Varies from 

Lightly dosed 

Lo open; no 
cyclic changes 

Bilaterally small 
and firm 

Low 

Any season 

Hematology; clinic 
chemisLry as Lndi 
fecal flotation 

Granulosa- 
theca cell 
tumor 

Normal size 

Varies 

One enlarged, 
multicystlq 
other small and 
atrophic 

Low 

Any season 

Peripheral snhibin 
concentrations ai 
In ‘-■SORti and tes 
In --50 ll iji of man 
granulosa-lheca 

Coiiadal 

dysgEnesis 

Small 

Varies 

Small, Firm, 
atrophic 

Low 

Any season 

Karyotype 


J'C.J , j : 'TL'!,l,n(il,Lndnii S 
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of the year and cycling regularly during the longer days. 
Length of anestrus varies from one to several months, 
although some mares, particularly in the tropics, may cycle 
year round. 20 In California, Australia, and South Africa 18% 
So 25% of mares cycle year round. '■ 3| - 25 Anestrous mares 
may be Indifferent to teasing and do not show regular estrous 
behavior. Ovaries are small and firm on palpation, and 
the uterus Is flaccid with a thin endometrium. The cervix 
has mild tone and may be indistinct. On speculum examina¬ 
tion of the vagina, the vaginal mucosa is pale and dry, and 
the cervix usually appears closed but is occasionally open or 
may be easily opened. Mares that experience seasonal anes- 
Lrus will go through a transition period in late winter and 
early spring, characterized by the development of waves of 
antral follicles that regress without ovulation because the 
ovulatory surge of luteinizing hormone (LH} Is absent. 25 
Transitional mares exhibit signs of estrus, includingclltoral 
"winking/' tall flagging, and urinating in the presence of 
the stallion. Eventually, Increasing LH concentration coin¬ 
cides w r lth a large follicle, resulting In ovulation. AfleT the 
first ovulation of the season, the mare will continue to ovu¬ 
late on successive estrous cycles. A transition period Ls also 
observed during the fall as the mare changes from a polyes- 
trous condition to the winter anestrus. Differential diag¬ 
noses for seasonal anestrus and transitional mares are 
listed in Table 43-1. 


II Treatment ami l*rognosis. As day length Increases, most 
mares ovulate and begin regular cyclicity without treatment. 
Methods to advance the onset of regular ovulatory periods 
are discussed in the following sections. 

ARTIFICIAL LIGHTING, The vernal transition can be 
moved but not shortened beyond its physiologic length of 6 
to 8 weeks by exposure of mares to artificial light. A common 
artificial lighting regimen is to expose the mares to 16 hours 
of light and 8 hours of dark by extending the photoperiod 
in the evening starting In Late November to Initiate ovulation 
by February [In the Northern Hemisphere). Light should be 
added to the end of the day, or split between the beginning 
and end of the day as opposed to adding light only at the 
beginning of the day. 6 An alternative regimen Is to expose 
mares to 1 hour of artificial light 9.5 to 10.5 hours after the 
onset of darkness. 2,1 Use of one 200-walt Incandescent bulb 
or two 40-walt fluorescent tubes at a height of 7 to 8 feet In 
a 12- by 12-fl box stall has been recommended. 25 Paddock 
lighting has been described A 

GONADOTROPIN RELEASING HORMONE. Treatment 
with GnRH or a GnRFi analogue for mares In anestrus or 
spring transition has been shown to Induce ovulation. 3 *- 30 
Twice-daily injections of a GnRH agonist Induced ovulation 
in a majority of mares vdlhln 2 to 3 weeks. 30 Mares that are 
in deep anestrus (January and February, Northern Hemi¬ 
sphere] can be expected to return to anestrus after treatment. 

DOPAMINE ANTAGONISTS, Domperldone and sulpir¬ 
ide have been reported to stimulate follicular activity and 
advance the first ovulation of the year In seasonally anes- 
Lrous mares. 51 - 32 However, the efficacy of dopamine antago¬ 
nists In advancing follicular growth and ovulation In 
anestrous mares has recently been questioned, and It has 
been suggested that adjustments in light and climactic con¬ 
ditions may influence the efficacy of the treatment. 33 ' 54 

STEROIDS, Exogenous progestins suppress the release of 
LH from the anterior pituitary and may be used for estrous 
regulation during the venial transition. After treatment of 
mares for 10 to 14 days, withdrawal of progestin may result 
in LH release from the plluItaiy and estrus beginning'In 4 to 
5 days, with ovulation within 10 days after cessation of 
treatment. Mares should be in mid to late transition and 


have a follicle at least 25 mm in size to respond to treat¬ 
ment. Progestins will not induce estrus or ovulation in anes- 
trous mares. 55 The recommended dose of progesterone In 
oil Is 150 to 300 mg daily by intramuscular in lection. The 
synthetic progestin, allrenogest, is administered orally (POJ 
,-it 0.044 mg/kg dally. Progestins may be used in combina¬ 
tion with extended pholoperiod and gonadotropins. Prod¬ 
ucts that are Ineffective or unavailable Include reposllol 
progesterone, melengestrol acetate, chlormadinone acetate, 
prollgestone, medroxyprogesterone acetate, hydroxyproges- 
terone acetate, and norgestomel implants. 

Synchronization of the first ovulation [or any ovulation 
during the cyclic season] can be accomplished by the 
administration of a combination of progesterone in oil 
[I50mg/day IM] and estradiol- 17p [10 mg/day IM| once 
daily for 10 days. 50 Treatment Ls most effective if given after 
mares have been under lights for 45 to (SO days. PGF 2a 
should be given on the last day of steroid treatment. Treated 
mares will ovulate within 8 to 10 days after the last 
treatment. 

GONADOTROPINS. At a dose of 2500 ID 3000 IU, hCG 
may Induce ovulation within 48 hours when administered 
to a mare with a follicle larger than 35 mm in diameter 5 ' 
and may reduce time to first ovulation In transitional mares, 
particularly when used in combination with lights and/or 
progesterone treatment. Ovulation response here is less pre¬ 
dictable than that induced with hCG during the breeding 
season. 

FOLLICULAR ASPIRATION. Ultrasound guided transva¬ 
gi nal follicular aspiration of follicles <35 mm has been 
shown to hasten the onset of cyclicity In transitional 
mares. 56 Follicular aspiration resulted in the formation of 
an active CL, and subsequent treatment with PGF?^ resulted 
In estrous behavior and ovulation of a dominant follicle. 


PROLONGED LUTEAL PHASE 
AND PSEUDOPREGNANCY 

Mares that experience embryonic loss in the presence of 
endometrial, cups (days 35 to 150 of gestation) are said to 
be pseudopregnant [pseudopregnancy may also refer to that 
condition In which a conceptus was lost after maternal rec¬ 
ognition of pregnancy and before the development of endo¬ 
metrial cups, resulting in prolonged luteal life). In spile of 
the loss of the fetus and placental tissue, endometrial cups 
remain in place and continue to secrete equine chorionic 
gonadotropin [eCG) for a similar period to that In a preg¬ 
nant mare, to 100 lo 150 days of gestation. 55 The primary 
and secondary CLs occasionally regress after embryonic 
loss 40 but usually remain during eCG secretion, maintain¬ 
ing hLgh levels of peripheral progesterone. 

n Tmatmenf and Prognosis, in untreated mares, cyclic 
activity Ls reestablished after the cessation of eCG secretion. 
Repeated dally in lections of PGF products have been reported 
to cause luteal regression In pseudopregnant mares,- 11 but 
only CLs oldeT than 5 days respond to the treatment, which 
may prevent mares returning to estrus. Pregnancies have 
occurred In the face of high eCG, 43 but fertility of treated 
mares is usually low. 

LACK OF BEHAVIORAL ESTRUS <SILENT 
ESTRUS) 

Behavioral estrus may not be detected In otherwise normal 
mares as a result of Inadequate estrous detection or a failure 
on the part of the mare to show obvious sign& of estrus. 'die 
latter may occur in up to 15% of mares on well-managed 
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farms. 4 - 1 Inadequate esiroLis detection may be a result of 
human apathy or ignorance or a result of using a low-libido 
or inexperienced stallion, Teasing mares as a group may 
make detection of estrus more difficult, especially for ner¬ 
vous mares, mares with foals, and mares of low social rank. 
Use of anabolic steroids may suppress behavioral estrus. 

II Clinical Signs and Diagnosis. The mare fails to show 
estrus on adequate leasing with a stallion. Differential diag¬ 
noses are listed in Table 43-2. 



Irregularities of the Equine Estrous Cycle: Differential 
Diagnosis 




FAILURE TO CYCLE WETH LOW PROGESTERONE 

Winter anestrus 

Season; inactive ovaries 

Gonadal dysgenesis 

Smalt, hard, inactive ovaries; 
ka ryoiype; underdeveloped 
tubular tract.: small body 

Pituitary adenoma 

SysLemic signs; inactive ovaries 

Cranulosa-theca 

See prolonged or irregular 

ceil tumor 

behavioral estrus 

Behavioral 

Intimidated by stallion; recently 
foaled; low social rank 

FAILURE TO CYCLE WETH HIGH PROGESTERONE 

Pregnancy 

Presence of embryonic vesicle 
or fetus 

Persistent CL 

CL fails Lo regress; responds to PCE : 

DLestrous ovulation 

CL Immature at Lime of endogenous 
PGF : ; responds ld exogenous PGP 

Pseudopregnancy 

Conceplus loss after maternal 

recognition of pregnancy; responds 
to exogenous PGF 

iatrogenic 

History of exogenous progestin or 
nonsteroidal antiinflammatory 
drug administration 

Pyometra 

Uterus palpably enlarged 

SHORT LUTEAL PHASE 

Uterine infection 

Fyometra or endometritis causing 
premature endogenous PGF 
secretion 

Systemic 

Systemic signs: endotoxin-mediated 

endo toxemia 

release of endogenous TGF 

Iatrogenic 

History of uterine manipulation, 
Infusion, invasive procedure, or 
exogenous PGF 

PROLONGED OR IRREGULAR BEHAVIORAL ESTRUS 

Transitional period 

Season, variable ovarian activity 

GruiuJosathccfl 

Affected ovary large and mulLicysuc, 

ceil tumor 

contralateral ovary small; elevated 
Inhlhln and/or testosterone; 
anestrus, nymphomaniac or 
stalllon-Ilke behavior 

Gonadal dysgenesis 

Occasionally irregular cyclicity, 
as above 

Behavioral 

nymphomania 

Otherwise normal mare 

Normal mare 

Mares in winter anestrus and 

pregnancy m ay show estrous signs 


Cl, Corpus ink-uni, pMe-sl ngljuidiji If,-, 


II '! Yen! in?nl mul Prognosis. Management should be 
examined to ensure a competent teasing routine. When 
approached by a stallion, mares in estrus stand still with 
ears held forward; they mav elevate the tail, rhythmically 
evert the clitoris ("winking' ) f assume a squatting posture, 
urinate, and lean against the teasing chute toward the stal¬ 
lion. Mares that are not In estrus move about and hold 
their ears back; they may strike, kick, squeal, swish their 
Sails, and forcefully void small amounts of urine. Experi¬ 
enced personnel should handle both stallion and mare. 
Hie teaser stallion should have adequate libido without 
being aggressive. Trans rectal palpation and ultrasonogra¬ 
phy should supplement leasing. Some mares are indiffer¬ 
ent to teasing, and records ot sequential palpation must 
be relied on for breeding, Prostaglandins can be used to 
control estrus. Progesterone concentrations of less than 

I ng/mL are consistent with estrus but may also occur In 
an estrous mares, Mares that fall to show behavioral estrus 
should be bred by artificial Insemination (AJ) (If allowed 
by the breed register) or appropriate restraint used for nat¬ 
ural cover. 

BEHAVIORAL NYMPHOMANIA 

Abnormal estrous behavior and aggression may be demon¬ 
strated by otherwise normal mares at any stage of the 
estrous cycle. Cause Is unknown, although exaggerated 
response to ovarian steroids has been proposed. 1 ' 14 

II Clinical Signs and Diagnosis. Lxageerated signs of estrus 
occur, Initially during estrus and then throughout the cycle. 
Mares may develop behavioral anomalies and become 
aggressive. Differential diagnoses are listed in Table 43-2. It 
is Important to differentiate abnormal estrous behavior from 
unrelated behavioral problems. 

II lYcalmenl tuiif ProgriDiis, Exogenous progestins have 
been used to limited effect. Short-term dexamethasone 
treatment (5 to 10 mg) may alleviate signs for 3 to 4 days. 4 - 1 
Bilateral ovariectomy maybe successful in some cases/ 

II RUMINANTS 

Common causes of a oestrus in cows are summarized in 
Table 43-3. 

UNOBSERVED OR SILENT ESTRUS 

Cow 

Failure of a cow to display, or a manager to observe, the 
signs of estrus contributes significantly to reproductive inef¬ 
ficiency. When the presenting history suggests anestrus (fail¬ 
ure So have a normal estrous cycle), the clinician must 
determine if the cause is failure of the manager to detect 
estrus In normal cows or failure of the cow to cycle because 
of some abnormal process, in dairy herds approximately 
90% of cows presented for exam inatlon because of a history 
of anestrus have evidence of normal cyclic ovarian changes, 
whereas only approximately 10% are affected by an abnor¬ 
mality that suspends the estrous cycle (i.e. r only approxi¬ 
mately 10% are in true anestrus). 

Steady 90% of well-managed dalrv cows have Initiated 
normal-length estrous cycles ny 60 Jays after calving, but 
only approximately 60% are detected correctly to be in 
esttus by that lime . 45 Rales of estrous detection by twlce- 
dallv observation range from 50% to 73% depending on 
the skill of the observer. 
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Differential Diagnosis of Anestrus In Cows 

Cause 

Uterus 

Ovaries 

Peripheral 

Progesterone 

Treatment 

Pregnancy 

Enlarged; positive signs of 

Corpus luteum in ovary 

Elevated throughout 

Usually none required; PGF 


pregnancy 

ipsilater.il to pregnant 


or PCF + dexameth asone 



uterine ham 


If unwanted pregnancy 

Lf nobun'd 

Normal; characteristic tone 

Development and 

Elevated during 

Improve estrous detection; 

estrus 

during estrus: 

regression of corpora 

diestrus and low 

estrous delection aids; 


postavulatorv edema 

lu tea and follicular 

for —3 days before 

synchronize estrus with 



waves diagnosed by 

ovulation and --^4 

ITT; teaser animals 



sequen tial examinations 

days after 





ovulation 


Cystic 

Normal in acute cases; Eater 

Fluid-filled cystfaj greater 

Variable; low in cases 

Spontaneous recovery; 

follicular 

flaccid mucomctra may 

than 25 mm in diameter; 

of follicular cysts; 

GnEtll or hCG to anduce 

degeneration 

develop in chronic cases 

no corpora lutea; 

slight elevation in 

luteinizatlon of follicular 



unilateral or bilateral; 

cases of partially 

cysts; PGF for partially 



single or multiple cysts 

Luteinized cysts 

luteinized cysts; manual 





rupture 

Pyometra 

Variable enlargement; fluid 

Corpus luteum in one 

Elevated throughout 

PGF 


movable from hum tu 

ovary, freqLEently 




hum. normal-io-thick 

contralateral to larger 




uterine wall; nu positive 

uterine hom 




signs of pregnancy 




Mummified 

Leather-like fetus within 

Corpus luteum in 

Elevated throughout 

PGF; usual by slaughter, 

fetus 

involuted uterus, no 

ipsl lateral ovary 


advisable for economic 


positive signs of 



reasons 


pregnancy 




Undemutrillon 

Normal 

Small; stalk, no cyclic 

low until corpus 

Improve quality and 



changes detected on 

luteum forms 

quantity of ration 



sequential examinations 



C Moulds j- 

Normal 

One ovary enlarged: other 

Low 

Surgical removal of 

thciri cell 


low atrophic 


neoplastic ovary 

tumor 





Frectnartinlsm 

Small to nonexistent 

Smalt 1o nonexistent 

Low 

No possible treatment 

Ovarian 

Very small to near normal 

Very small to near normal.: 

Variable; depends on 

No possible treatment 

hypoplasia 


unilateral or bilateral; 

degree of 




partial or complete 

hypoplasia 



(./iJJJj, (.CHi.id-LitFi>pEn-rtk;jiinf; hijnciijne; feLX". human chommic gmtadutropEn, pirusLi^Undin r_- 3 . 


Mounting activity and estrous behavior are reduced by 
hot and cold ambient temperatures and during the times 
of milking and feeding. More mounts are observed when 
cows are kept on din than on concrete. Estrous behavior 
varies with the time of day and may be an Inverse reflection 
of extraneous activity interfering with cow behavior. In one 
study, 43% of cows showed heat between midnight and 
6 am; 22% between 6 am and noon; 3 0% between noon 
and 6 I p ai; and 25% between S riu and mid night. 

Estrus In dairy cows averages 7 to 15 hours in length but 
ranges from 0.5 to 3fi hours. Sixty-five percent of cows are 
in estius for less than s& hours, and 25% are in esims 
for less than a hours. 4- The number of mounts per hour 
ranges from 1 to S r and the total number of mounts during 
estrus ranges from 1 ] to 56. Total number of mounts per 
estrus Increases with the number of cows simultaneously 
in estrus. 


CUtitcai Signs ciricl Diagnosis. Dairy herds In which 
Infertility is caused by Inaccurate esLrou& detection are usu¬ 
ally characterized by prolonged intervals from calving to 
first breeding and between services; Insemination intervals 
of 10 to 3 5 days and 30 to 35 days; records of exam Lnatic ns 
that confirm cyclic ovarian changes, but 3n which observa¬ 
tion of estrus Is not recorded; and finding more than 15% 
of cows presented for pregnancy examination to be non¬ 


pregnant. Insemination during the luteal phase of the 
estrous cycle may occur in i0% to 20% of cows and Is not 
likely to result in conception; insemination of pregnant 
cows may be followed by abortion. 

The diagnosis of unobserved estrus requires sequential 
examination of affected cows and accurate records. Other 
causes of an estrus are eliminated. Conditions such as CFD, 
pyometra, mummified fetuses, granulosa-theca cell tumors, 
and segmental aplasia that cause aneslrus affect Individual 
animals. Aneslrus caused by undernutrltlon Is characterized 
by depressed milk production and low r body condition score. 

Treatment rttid I'rognosis. FGF Is widely used In clinical 
management of unobserved estrus. Mature CLs [approxi¬ 
mately day 6 through day IB of the estrous cycle) are 
responsive to PGF-induced luteolysis. Estrus occurs an aver¬ 
age of 3 days [range 2 to 5 days) after administration of 
PCF, depending on the follicular status of the ovaries at 
the time of injection. The endocrine events surrounding 
the controlled estrus are Indistinguishable from those sur¬ 
rounding spontaneous estrus and ovulation. Treatment with 
PCF shortens the Intervals from treatment to first breeding 
and from treatment to conception but has no effect on 
fertility. The benefits of PCF treatment are limited by in¬ 
accurate palpation of the temporary ovarian stntclures r 
injection during the wrong phase of the cycle, and failure 
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of the manager to observe estrus in treated cows [tinned Al 
can be used to overcome this problem). 

.Measurement of progesterone concentrations in milk 
samples taken on the day of breeding is useful in herds wish 
a history of reduced fertility to confirm that cows being 
inseminated are not in the luteal phase of the estrous cycle. 
If more than an occasional cow presented for Insemination 
has an elevated concentration of progesterone, the methods 
of estrous detection should be reviewed. Enzyme immuno¬ 
assay kits for measuring concentrations of progesterone In 
milk and plasma of com and other female animals have 
been described and are commercially available, 

Various heat detection aids have been developed. Several 
use devices mounted on the tallbead lo record that a cow 
has stood to be ridden. Pressure-sensitive devEces that are 
glued to the tallbead and change color after sustained pres¬ 
sure by the weight of a mounting cow are commonly used. 
Similarly, pressure-sensitive devices glued to the tall head 
can send a record of riding events directly to a computer. 
Chalk, cattle crayon marker, or paint applied to the tail head 
are inexpensive aids that are rubbed off when the animal is 
mounted when she Is In heat. These methods require daily 
maintenance and twice dally evaluation to function effec¬ 
tively. Detection aids that measure changes in activity (ped¬ 
ometers), mucous conductivity, or body temperature can be 
used successfully. Accuracy is enhanced when measure¬ 
ments are related to previous estrous activity and progester¬ 
one concentrations. 4 * 1 


fteueiifton und Control Because unobserved estrus Is 
primarily a problem of management, efforts to reduce time 
lost from delayed breeding are directed at improving effi¬ 
ciency of heat'detection. Accurate records are required to 
identify cows that have not been observed in estrus by 40 
days after calving. Cows not observed in estrus by 40 days 
after calving should be examined, and abnormalities of 
the reproductive organs lhat cause anestius treated as indi¬ 
cated. The lime of estius can be predicted by palpation of 
the temporary ovarian structures, or estrus can be controlled 
with PGF. The most significant benefit of a planned herd 
health program Is stimulation of Improvements in manage¬ 
ment that decrease the interval from calving lo conception 
as a result of improved estrous detection. 

Anestrus after insemination is frequently Interpreted as a 
clinical sign of pregnancy. However, unobserved estrus in 
cows that nave failed to conceive or have experienced early 
embryonic death (postservice anestrus) contributes signifi¬ 
cantly to increased calving Intervals. Clinical management 
of postservice anestrus depends on diligent observation of 
cows 18 to 24 days after breeding and Identification of non- 
pregnant cows as early as possible after the infertile sendee 
so they may be reinseminated with minimum delay. Non- 
pregnant cows may be accurately identified by ovarian pal¬ 
pation or ultrasonography for absence of a mature CL, by 
low milk or plasma progesterone at the time of the first 
expected postservice estrus [approximately 21 days after 
breeding), or by palpation of the uterus per rectum before 
the second expected postservice estrus [30 to 42 days after 
breeding). 

Ewe 

The breeding season of most breeds of sheep maintained al 
temperate latitudes is restricted lo late summer, autumn, 
and early winter, although some breeds cycle all year long. 
There Is almost no homosexual InLeracLlon among ewes; 
therefore a male must be present to stimulate display of 
estrus. 5 


introduction of a ram (either intact orvasectomlaed) Into a 
Hock of ewes advances the breeding season. Most ewes ovulate 
by 3 lo fi days after introduction of rams. The induced ovula¬ 
tion is seldom accompanied by estrus, but the subsequent 
estrus approximately 17 days later is ovulatory and fertile. 
The " ram effect'' is lost when rams are allowed to associate with 
ewes throughout the year. 

Return lo estrus after mating may be detected in a flock of 
ewes by fitting the ram with a brisket device lhat marks ser¬ 
viced ewes. Return of an excessive number of ewes lo service 
after breeding alerts the owner to the possibility of infertility. 

Al of ewes Is rare In the United States but more popular 
in other countries. Detection of estrus for AJ depends on use 
of teaser rams mingled with the ewes or led through the 
flock several times daily. 

Doe 

The breeding season of does Is similar lo that of ewes (i.e., it 
surrounds the autumnal equinox). During periods of short 
daylight, the normal estrous cycle of does is 20 to 21 days. 
Homosexual interaction among estrous does rarely occurs; 
so signs of estrus must be elicited by leasing. Signs of estrus 
may also be evoked by exposure to male pheromones by 
way of a ''buck Jar 1 ' prepared by rubbing a doth over the scent 
lands caudomedial to the horns of a mature buck during the 
reeding season and storing the cloth in a Lightly closed con¬ 
tainer. if estrus is not observed in does exposed So a mature 
buck or to a buck |ar during the physiologic breeding season, 
pregnancy or pseudopregnancy might be considered as possi¬ 
ble causes of anestrus. Severely parasitized or Inadequately 
nourished does do not have normal estrous cycles. Deficien¬ 
cies of phosphorus, iodine, and manganese have been sug¬ 
gested as causes of anest rus in does. 

introduction of bucks Into a flock of does early In the 
breeding season results in Initiation of estrous cycles and 
some degree of synchrony of estrus approximately 10 days 
after introduction of the bucks. 5 In contrast to ewes, how¬ 
ever, the first ovulation after exposure to males Is accompa¬ 
nied by estrus and fertile mating. 

Camelidls 

Most female South American camel ids, although showing 
signs of ovarian cyclicity as early as 5 months of age, have 
decreased fertility until approximately 15 months of age. A 
female camelid should be at least 60% of her expected adult 
weight before she Is bred. Male camellds have a preputial 
attachment of the penis that Is not separated until 2 to 3 
years of age. Some males may actually detach as early as 
15 months of age. Before this time they will show mounting 
behavior but will not be capable of Intromission. 5 


INFERTILITY CAUSED BY 
ABNORMALITIES OF THE FEMALE 
GENITAL ORGANS 

ABNORMALITIES CAUSED BY PROBLEMS 
WITH SEXUAL DIFFERENTIATION 

Sexual differentiation occurs in three stages, each stage 
dependant on the previous one: 

L Chromosomal (genotypic or genetic] sex is deter¬ 
mined at fertilization In mammals by the type of sex 
chromosome contributed by the sperm (X or Y). In 
mammals, females are XX and males are XY. 
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2. Gonadal sec is. regulated by the Sry (sex-determining 
region of the ¥ chromosome) gene, which produces 
a protein termed the HY antigen, as well as other 
sex-linked and autosomal genes downstream of Sry 
activation to Induce testis formation,, or is regulated 
bv the X-linked Dax J to suppress testis formation. 

3. Phenotypic sex Is regulated rw substances produced In 
the male testes to cause regression of the female Lract 
and formation of the male tract or, in the absence 
of a testis, formation of the female tract. 

Chromosomal sex is determined at fertilisation. All nor¬ 
mal mammalian oocytes contribute an X chromosome In 
addition to one of each representative autosomal maternal 
chromosome. Sperm cells contribute either an X or a Y sex 
chromosome in addition to one of each representative auto¬ 
somal paternal chromosome. Abnormalities in chromo¬ 
somal sex occur because of nondisjuncllonal errors during 
either mitosis or meiosls. Hg. 43-1 shows some examples 
of chromosomal sex anomalies. 


Monosomy X (XO) 

Monosomy X is also known as Turner's syndrome. Owing to 
the lack of a Y chromosome and the consequent Sry gene, 
but the presence of the Daxl gene on the present X chromo¬ 
some, the phenotype Is female. Monosomy X Is the most 
commonly reported chromosomal abnormality In mares. 49 
Animals with this syndrome often have a history of poor 
performance and lack of or sporadic reproductive cyclicity. 
Ovaries are typically Inactive, small, smooth,, and firm. 
The uterus ana cervix are usually hypoplastic. Externally 
the mare's genitalia may appear normal or underdeveloped. 

XXY Syndrome 

I’he genotype for XXY syndrome is part of Kllnefellefs syn¬ 
drome. Because of the presence of a V chromosome and the 
consequent Sry gene, affected individuals are phenotyplcally 
male; but probably owing to the presence of two copies of 
the Dftjfj! gene on the two X chromosomes, they generally 
have hypoplastic genitalia and reproductive organs. It is 
thought that some factor (QrtxJ or some other) on the X 
chromosome must escape the inactivation process, which 
happens very early in development (around day 7 or 8 In 
the horse). Testicular development and spermatogenesis 
are Inhibited, resulting in small, flaccid testes and azoosper¬ 
mia. The testes may be retained or descended, but they are 
often small and soft. The penis may be normal or smaller 
than usual. Affected males often show normal libido and 
sexual behavior. Low testosterone concentrations may be 
noted. Infertility always accompanies this syndrome. 
Reports have been made in numerous species. Including 
the horse. M, - 5L 
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More Is not belter. A report of an infertile mare with the 65, 
XXX genotype confirms this. 52 The mare had bilaterally 
small, inactive ovaries, and a hypoplastic ulems and cervix. 

Mosaics 

Mosaics are individuals that have at least two cell lines with 
different karyotypes arising from the same zygote {Fig. 43-2). 

Phenotypes vary In accordance with the degree of mosai¬ 
cism. Varying degrees of hermaphroditism and pseudoher¬ 
maphroditism have been reported In many domestic 
species. Mosaics often have mixed gonadal dysgenesis, with 
an ovary and a teslls, or ovolestes, owing lo sex chromo¬ 
some mosaic cell lines.These are true hermaphrodites. 

Chimeras 

Chimeras are individuals having cell lines from two differ¬ 
ent embryonic sources. iTiis can occur experimentally or 
from the natural fusion of blastocysts In ulero. The possibil¬ 
ity has been reported from a suspected double ovulation 
and fertilization followed by blastomere fusion In the horse 
(64,XX/64,XY and 63 r XO,'64,XY genotypes reported). Free- 
martlnism is a common occurrence In ruminants resulting 
In chimeric twins. 

Freemartms 

Freemarllnism is a phenomenon In ruminants In which an 
Infertile female is twin to a male. The dizygotic occurrence 
happens when the blastodermic vesicles of the two zygotes 
fuse early in development (day IS to 20 In cattle) and share 
embryonic tissue. The placentas fuse (day 30 to 50 In 
bovlnes), and they share blood throughout" gestation. This 
occurs before gonadal differentiation at day 40 lo 50. Both 
Individuals are XX/XY chimeras. The Sry gene of the male 
twin causes the freemartln gonads lo develop at least par¬ 
tially toward the male testis. The degree of differentiation 
varies with each freemartin, and many freemartln gonads 
remain undifferentiated. The shared circulation allows tes¬ 
tosterone and antlmiillerlan hormone (AMH; discussed 
later) from the male twin, and possibly from the chimeric 
freemartln, lo affect the freemartln genitalia, and so she 
lacks a cervix, uterus, uterine tubules, and cranial vagina. 
The vulva is fairly normal, lire yearling freemartin falls to 
exhibit estrus, the udder and tKils remain small, and the 



egg lunm 3 dipLuid zygote. Through the process »f mitosis, diploid tells are 
replicated to aLivays produce the satnc number ul rliTumoaomes. LE. how¬ 
ever, J chroinususne pair don nut separate during anaphase, called a ncvidrs- 
,'iniJ. cell [inn that du not ndlect a correct representation id the 
genuine will be created and potentially -propagated. 11" this happens with 
the sen clrruinoioines in the j^rin crfl ELne, fertility or the individual or its 
offspring may tie aifected. 


FIG, 43-1 Ijttnitples of chromosomal m abnormalities 
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freemartin Externally resembles a sleer (only with a vulva). 
Diagnosis can be made by establishing a blind end to the 
vagina (no cranial vagina, no cervix). Of heifers bom 
co-twin to a male, 92% will be freemarilns. s 5 

The male twin may develop into a fertile adult, but these 
individuals show a higher Incidence of Infertility than bulls 
with a 60,XY genotype. Most male twins to freemarilns 
become steers. 

Freemartinlsm is less common in sheep than in cattle, 
but It does occur. It has also been reported In goats and 
pigs. With increased fecundity In modem animals, we 
observe the phenomenon more often than was reported in 
the past. This is because ovine freemarlLnism Is tare with 
twins or triplets but much more common with quadruplets 
or quintuplets. A notable difference between ovine and 
bovine freemartinlsm Is the marked masculinity of the 
ovine freemartln. Gonads within the inguinal canal resem¬ 
ble normal prepubertal testes, and those within the abdo¬ 
men resemble cryptorchid testes from rams of normal XY 
gonadal sex. Many ovine freemarilns also have epididy¬ 
mides, vasa deferent la, vesicular glands, and even cremaster 
muscles. 


GONADAL SEX 

Chromosomal sex determines gonadal sex. The Y chromo¬ 
some has very few genes, and all of the ones studied play a 
role In sex differentiation. The gene located at the sex-deter- 
mlning region on the V chromosome (S 17 ) has a DMA bind¬ 
ing domain high mobility group (IIMG) box. It produces a 
protein called the HY antigen, and its action appears to be 
regulated by the transcription of other genes. Their actions 
initiate differentiation of bipotential embryonic gonadal tis¬ 
sue into testicular tissue. Other genes act downstream of 5ry 
to support gonadal differentiation, including Sax9, Cata4, 
and VYli andS/J, which actsynergistically to promote testic¬ 
ular differentiation. Soi<$ Is a powerful promoter of testicular 
tissue differentiation, it is hypothesized that Sry upregulales 
Sim 9, but there is currently no direct evidence to support this. 
In the absence of the Sry gene, the dual copies of the Dci.vl 
gene on the X cb romosomes suppress the format Ion of lest Ic- 
ular tissue by antagonizing the Sry gene and the synergy 
between Sfl and VYU. Another gene, Wnt4, has been shown 
to support female development, and the absence of this gene 
in female mice results in mascullnization .- 56 This evidence 
refutes the notion that female development Is strictly a 
default process caused by the absence of Sjy. Further research 
may elucidate other factors that actively promote the forma¬ 
tion of ovarian tissue. Factors affecting Sry or any of the other 
genes downstream of Sry or any factors governing female 
development will affect phenotypic sex. 


Abnormalities of Gonadal Sex: Sex Reversals 

Sex reversals occur when the chromosomal sex and gonadal 
sex do not agree with each other. XX sex-reversed males and 
XY sex-reversed females are reported in many domestic spe¬ 
cies. These Individuals are either XX males [testicular tissue), 
XY females (ovarian tissue), or true hermaphrodites [both 
ovarian and testicular tissue on separate gonads or the same 
gonad | ovotestes]). Sex reversals are relatively common in 
the horse, and all three of the types discussed In the following 
sections are reported. Sex reversal is considered to occur in 
horses both sporadically and with familial inheritance. 

XY SEX REVERSED FEMALES {GONADAL DYSGENE¬ 
SIS). Reported XY sex-reversed females have been reported 
to arise because of an absent or mutated (and nonfunctional) 
Sry gene, it Is believed that the Sry chromosome Is missing 


because of an abnormal melollc exchange with the X chromo¬ 
some. it Is thought that In the sire two crossing-over events 
occurred betiveen X and Y chromosomes during spermato¬ 
genesis. These animals are Infertile and have a normal female 
appearance to their external genitalia. The ovaries and uterus 
lend to be hypoplastic, lire gonads may, in fad be 
completely undifferentiated [''streak gonads' 1 ). These ani¬ 
mals may be true hermaphrodites [ovotestes) or XY females 
(only ovarian tissue). 

Sry-POSITIVE XX SEX REVERSED MALES. Many XX sex 
reversed males conversely arise from a translocation of the 
Sry gene onto the X chromosome, lliese animals may be 
true hermaphrodites or XX males (only testicular tissue). 

Sry-NEGATIVE XX SEX-REVERSED MALES, There are 
reports In horses of Sry-negallve XX sex-reversed males , 57 - 5a 
The exact mechanism of mascullnization is still uncertain. 
Possibilities Include Y-specific sequences other than Sry 
(which would require an XY individual with an Inactivated 
or absent Sjy gene), XX/XY ehlmerism within the testicular 
Llssue, and a mutation in an autosomal or X-l Inked gene far¬ 
ther down the cascade of genes responsible for sex determi¬ 
nation. XX sex-reversed males may have ambiguous sexual 
characteristics and maybe true hermaphrodites or XX males 
(only testicular tissue). 

Goats (especially Alpine, Saanen, and Toggenburg) pre¬ 
sent another classic, common example of Sry-negative XX 
sex-reversed males. r fhe "polled 1 " (hornless) gene Is either 
very closely linked to an Intersex locus, or the polled gene 
itself Is pleomorphic and controls both the hornless and 
intersex trails. This close linkage or pleomorphlsm Is called 
the polled/intersex syfrdmne (PISJ. A partial reason for the sex 
reversal Is the deletion that affects a, noncoding RNA 
(Plsrti) and a transcription factor [FoxL2). The mechanism 
of testis Induction has not been discovered yet. Elucidating 
this mechanism may be a big step In describing autosomal 
sex-determining factors in other species. Including humans. 
The Intersex gene Is currently thought to work by mimicking 
the Sry gene and codes for the HY antigen. 

The polled gene shows a dominant autosomal inheri¬ 
tance pattern, whereas the Inlersex trail shows a recessive 
autosomal inheritance pattern. A single dose of the P polled 
gene Is enough to cause the polled trait, but a double dose 
is required to cause intersexuality in XX individuals. There¬ 
fore PP animals are hornless and infertile (If XX, fertile if 
XY); Pp individuals are hornless [although sometimes have 
hornv bosses) and fertile; and pp individuals are horned 
and fertile. Intersex Individuals are always sterile and have 
a shortened vagina, large clitoris, bucklike head and neck, 
buck odor, and buck Behavior. The gonads are testes or 
ovotestes and may be scrotal, inguinal, or abdominal. Even 
very masculinized intersexes with scrotal tesles are azoos- 
permlc. A PP polled goat that has an XY genotype Is usually 
initially fertile but often develop sperm granulomas laler 
in life. r Phe only way to avoid the Inlersex condition is 
lo always breed a polled Individual to a horned individual 
(Fig. 43-3). 

PHENOTYPIC SEX 

Gonadal sex determines phenotypic sex. Initially each 
embryo has both mullerlan (paramesonephrlc) duels and 
wolffian (mesonephric) duels. Within tesllcular llssue, Sox9 
triggers Sertoli cells to seorele mullerlan inhibiting substance 
(MJS; also known as hormone [AMIl]), which 

initiates ihe irreversible regression of the paramesonephrlc 
ducts. The action of lMIS or AlME I Is further regulated by other 
genes and their proteins (Sf-1, Gata factors, Wt-J, Dax-L, and 
FSH). Wt-I and Sf-1 synerglstically enhance AMH tran¬ 
scriptional activity. Gala-4 enhances AMH promoter activity 
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have external genitalia that an? either female or ambiguous 
Ln appearance, life vagina may be blind-ending, or the 
uterus hypoplastic. The gonads are testicles, although they 
□re usually abdominal or inguinal. Mate behavior may be 
reported In horses. The problem lies In ihe gene for the 
androgen receptor, located on the X chromosome received 
from the dam. This X-lInked recessive Inheritance has been 
demonstrated in both humans and horses. Affected Indivi¬ 
duals are male pseudohermaphrodites; the condition has 
been diagnosed In multiple horse breeds. Serum testoster¬ 
one is often elevated as a baseline because of loss of nega¬ 
tive feedback, or at least In response to an hCG test. 


ABNORMALITIES OF THE OVARIES 

II MAKES 

ABNORMALLY SMALL OVARIES 


PP = Polled and imersex 

fertile XY and infertile XX} 

Pp = Roiled and normal sex 
pp =■ Homed and normal sex 

FtG. JJ-3 I Assuming d-asLikaJ mciMldims jjVJiLitLi, ih« Kfaph iClunrJicn 
L'xjy. iLl'J jjEnncypLS nt puj^riy fxnci dtNcrcnt hreudinips tif polk'd rmd wild 
Lypc 

by directly binding to DNAand by synergisllcally interacting 
with Sf-I, 

Leydtg cells secrete testosterone that is converted by 
5a-reductase to dihydrotestoslerone. These two steroids pro¬ 
mote the differentiation of male genitalia. Testosterone 
influences the differentiation of the wolfilan ducts into the 
Lnternal male genitalia (vasa deferentla and epididymides), 
whereas dihydrolestosterone stimulates the formation of 
the seminal vesicles and male urethra from the urogenital 
sinus, and the penis from the genital tubercle. In the absence 
of these testicular hormones, the wolfftan duds regress and 
the miillerian ducts become the female Internal genitalia. 

In the presence of two X chromosomes, the double dose of 
Dax-l has an Inhibitory effect on the synergistic relationships 
between Sf- ] and Wt-1 and Cala-4, preventing their support 
of AMI l production. 59 The prim hive sex cords [go nadal cord s) 
degenerate in the medulla and remain In the cortex (opposite 
in the horse). Subsequently there Is no communication 
between the gonad and the mesonephros, in the absence of 
AMH, the miillerian ducts persist as the oviducts and fuse to 
form the uterus and cranial vagina, in the absence of testoster¬ 
one, the wotftian ducts regress. Vestigial traces of these are 
located In the mesentery of the ovary, the epoophoron, the 
paroophoron, and Gartners ducts. The tissues that form the 
round ligament of the uterus are analogous to the male 
gubemaculum. 

Abnormalities of Phenotypic Sex 

Abnormal Liles of phenotypic sex occur when the chromo¬ 
somal and gonadal sex agree (XX with ovaries or XY with 
testes] but the external and/or internal genitalia do not cor¬ 
relate or are ambiguous. Affected animals are the male and 
female pseudohermapb rod Lies. The condition can occur 
because of insensitivity of androgen receptors or because 
of any abnormality along the pathway that may affect the 
intervening hormones, such as the conversion of 5a-reduc- 
lase to dibydratestosterone. 

TESTICULAR feminizaticn..T esticular feminization is 
reported in domestic species. Including the horse. 60 Patients 


The most common causes of bilaterally small ovaries In the 
mare are [ J) seasonal aneslrus. (2) immaturity, (3) advanced 
age, (4) use of anabolic steroids, (5) gonadal dysgenesis, 
(6) hypothalamoplluitary dysfunction, and (7) severe malnu¬ 
trition. Clinical signs and treatment of malnutrition, hypo- 
thalamopituitaiy dysfunction, and seasonal anestms are 
discussed elsewhere in this chapter. The average age at which 
fillies reach puberty is IS months, with a wide range of 10 La 
24 months. Many older mares {>20 years of age) are still 
reproductive^ active, but some mares reach ovarian senes¬ 
cence when they grow older. 6l ' 62 In addition, Infertility In 
aged mares may be a result of defects Inherent In ovulated 
oocytes thal result In embryos of lowered viability. 63. Anabolic 
steroids are derivatives from androgens that have been altered 
to provide high anabolic activity with minimal androgenic 
side effects, A suppression of gonadotropin secretion has been 
documented when mares have been treated with these drugs. 6,1 
Aberrations of melosis involving the X and Y chromosomes 
may lead to genotype abnormalities accompanied by gonadal 
dysgenesis. Abnormal genotype Is most commonlv G3X0; but 
63X/64XX. G3X/G4XY, G5XXX. and C4XY sex reversed have 
been reported. 65 

ClMfeaf Si^pis atul Diagnosis 

IMMATURITY, Fillies younger than 2 years of age with 
Inactive ovaries and a flaccid and relaxed reproductive tract 
may be too young to cycle and should be reexamined at a 
later time. The condition should be differentiated from 
gonadal dysgenesis. Karyotyping may be Indicated If 
puberty Is delayed beyond 24 months. 

ADVANCED AGE, Older mares (>20 years) frequently 
begin cycling later in the season than younger mares. 63 Older 
mares that cycle often have a longer follicular phase, and sub¬ 
sequently, a longer Inlerovulaloiy Interval. 61 '* 5 Some aged 
mares develop large, anovulatory follicles. In one study, signif¬ 
icantly more mares aged IS to 20 years developed anovulatory 
follicles than mares aged 6 to 10 years. 67 Alternatively, older 
mares may have fewer follicles on their ovaries and elevated 
serum gonadotropins. It is postulated that mares with these 
reproductive characteristics frequently become reproductlvely 
senescent. 68 Aged, senescent mares typically have small. Inac¬ 
tive ovaries (follicles <5 mm) and a flaccid uterus and cervix. 
Although senescent mares may still show r behavioral signs of 
estrus, si milar to anestrous or ovartectomlzed mares, ovarian 
function is completely absent. 

Oocytes collected from aged donor mares, cultured, and 
transferred to young recipient mares were less likely to result 
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in pregnancy than oocytes from young donor mates. 11J Fur¬ 
thermore, oocytes obtained from old mares and examined 
using transmission electron microscopy had more morpho¬ 
logic abnormalities than oocytes from young mares: 65 
Results from these studies suggest that oocyte quality declines 
as mares age, and (his factor will contribute to poor fertility 
in older manes. 

EXOGENOUS HORMONE treatment. Anabolic ste¬ 
roid administration may affect both eslrous behavior and 
ovarian function. The treatment of mares with low doses 
of anabolic steroids can cause aggressive or slaltion-llke 
behavior, whereas high doses can inhibit ovarian activity 
and result in failure of follicular development and ovula¬ 
tion A 4 Prolonged treatment of prepubertal mares wtih ana¬ 
bolic steroids results Ln hypertrophy of the clitoris. 70 

Progestins are commonly given to cycling mares for the 
suppression of eslrus or synchronization of ovulation. 
.Mares may continue to ovulate during progestin administra¬ 
tion, especially If treatment is started Late in the luteal 
phase. A high Incidence of persistent CL formation has been 
observed Ln mares that ovulate during progestin treat¬ 
ment/ 1 Administration of the potent GnRH agonist deslor- 
elin acetate [Gvuplant, Ft. Dodge) to induce ovulation has 
been associated with delayed follicular development and a 
prolonged Inlerovulatory interval. 73 ' 73 Deslorelin acetate Is 
very effective in inducing ovulation, but treatment appears 
to cause a temporary downregulatlon of follicle stimulating 
hormone (FSH) secretion. The low FSH concentrations have 
been associated with a prolonged period of decreased follicular 
growth. Administration of PCF^ 7 to 3 days after ovulation 
appears to increase the risk of delayed follicular development, 
it has been suggested that PGFj 2 administration ''resets"' the 
timing of the estrous cycle during a period when limited follic¬ 
ular activity is present. 

GONADAL DYSGENESIS. Chromosomal abnormalities 
occur in all breeds of horses. Mares are usually small and 
phenotypicalhy female. The ovaries are small, firm, smooth, 
and Inactive. The tubular tract Is thin and flaccid. Endome¬ 
trial hypoplasia Is a common finding. Diagnosis is con¬ 
firmed bv phvsLcat findings and karyotype. 

EQUINE CUSHING'S disease. Mares w r lth hypertrophy, 
hyperplasia, or adenoma formation In the pars Intermedia of 
the pituitary {equine Cushing’s disease [LCDf) have been 
reported to have abnormal estrous cycles, infertility, or 
both. 7 A 7 ^ The mechanisms by which ECD causes reproductive 
abnormalities have not been determined. Potential cause(s) 
may be destruction of the gonadotrophs of the anterior piluj- 
lary owing to compression by the enlarged pars Intermedia 1 s 
or suppression of gonadotropin secretion owing to elevated 
levelsoj'glucocortleoIds or androgens produced by the adrenal 
cortex 711 in support of the glucocorticoid hypothesis, adminis¬ 
tration of dexamethasone to Intact mares results in reduced 
eslrous behavior, LH concentrations, follicular growth, and 
incidence of ovulation. 77 In addition, administration of dexa- 
methasone to ovariectomized mares results in suppression of 
pituitary LH and FSF3 secretion/ s and treatment of pony mares 
with dexamethasone during the winter eliminates eslrous 
behavior. 711 ' A ma|orlty of horses diagnosed with ECD are 
older, with the average age being approximately 20 years. Con¬ 
sequently the decrease in reproductive efficiency in mares with 
ECD may be partly a result of advanced age. 

Clinical signs of ECD include hirsutism and abnormal hair- 
coat shedding patterns, polyuria, polydipsia, and hyperhidro- 
sls. 80 Diagnostic tests for ECD Include measurements of 
serum glucose. Insulin, adrenocorticotropic hormone (ACTH) 
cortisol levels, dexamethasone suppression, ACTH stimula¬ 
tion, and thyrotropin-releasing hormone response tests.* 1 
The measu remen t of single samples for basal cortisol or ACTH 
concentrations is of limited value In Lbe diagnosis of ECD. 


II Treatment and i^rognosis 

IMMATURITY AND ADVANCED AGE, No treatment Is 
available for age-related ovarian inactivity, because aged mares 
often experience a delayed seasonal onset of ovarian activity, 
they benefit from an artificial light regimen starting 60 to 90 
days before the breeding season. GnRH has been used to stim¬ 
ulate foilIcuLar growth in mares w r lth poor follicular develop¬ 
ment attributable to anestrus or transition. Several studies 
(reviewed by Glnther^) have examined the effects of GnRH 
administered at different doses and Intervals to simulate fol¬ 
licular development In mares, in general, the number of mares 
responding to GnRH therapy increased as the size of follicle or 
time of year at the onset of therapy Increased. 

EXOGENOUS HORMONE TREATMENT. Ovarian Inactiv¬ 
ity In mares treated w r lth anabolic steroids Is reversible, and 
pituitary and ovarian function eventually return to normal in 
most mares after withdrawal of the treatment. Mares Intended 
for breeding should not be treated with anabolic steroids. 

Removal of the deslorelin Implant after ovulation has 
been delected will decrease the incidence of prolonged 
interovulalory intervals 82 

GONADAL DYSGENESIS. Mares diagnosed with gonadal 
dysgenesis are sterile, and there is no treatment. 

EQUINE CUSHING S DISEASE. The medical manage¬ 
ment of ECD Includes the administration of pergollde 
mesylate, a dopamine receptor agonist, at a dose of 0.5 to 
2 mg every' 24 hours in an adult horse. The serotonin antag¬ 
onist cyproheptadine has also been used, but It may not be 
as efficacious as pergollde. The dose of cyproheptadine Is 
0.25 mg^kg every 24 nours, given once In the morning. 

ABNORMALLY ENLARGED OVARIES 

The most common causes of enlarged ovaries Ln the mare 
are (1) tumors, (2) anovulatory follicles, {3) ovarian hema¬ 
tomas, and {4) pregnancy. 

Ovarian Tumors 

The majority of equine ovarian tumors can be categorized 
as sex cord-stromal tumors (granulosa-theca cell tumors), 
epithelial tumors (cys [adenomas), or germ cell tumors (dys- 
gemitnomas and teratomas]. 

GRANULOSA THECA gell tumors. The granulosa - 
theca cell fGCT) tumor is the most common ovarian tumor 
in the mare (Fig. 43-4). It Is usually slow growing, unilat¬ 
eral, and benign. It occurs In mares of all ages and is occa¬ 
sionally found In pregnant mares. The tumor arises from 
the steroidogenic cells of the follicle, resulting in abnormal 
secretion of tnhibin and tesloslerone. 



FIG. 43-4 i luincu nrjEioved from .1 muc. 
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Clinical Signs and Diagnosis. TftnsrecLal sonographic 
examination of the affected ovary often reveals, a multJtyslic 
or honeycombed structure, but the tumor may also occur as 
a solid mass or as a single Large cyst. The contralateral ovary 
is usually small and Inactive, although mares with a GCT on 
one ovary and a functional contralateral ovary have been 
reported.®' 1 ' Granulosa cell tumors are hormonally active, 
and clinical diagnostic assays for the detection of a GCT 
include the measurement of Inhibin, testosterone, and pro- 
gesterone. 1 * -1417 7-Inhibin is ejevaled In approximately 90% 
of the mares with a GCT. SS, - S7 It has been hypothesized that 
inhibin produced by the GCT Is responsible for Inactivity of 
the contralateral ovary through ihe suppression of pituitary 
F5I1 release. However, recent reports on a poor correlation 
between dimeric Inhibin and the presence of GCT raise 
questions about the mechanism by which the contralateral 
ovary is suppressed in affected mares. 67 ' 06 Serum testoster¬ 
one In a single blood sample can be expected to be elevated 
(100 to 200pg/mL) In approximately 50% to 60% of 
affected mares. Daily fluctuations In testosterone concentra¬ 
tions have been reported, and repeated samples may have 
to be obtained on different days in order to delect elevated 
testosterone. 87 Progesterone concentrations in mares with a 
GCT are almost always below 1 ng/mL because normal fol¬ 
licular development, ovulation, and CL formation do not 
occur. As a result of hormone secretion from the tumor, 
mares may show anestrus,. constant estrns, irregular estrus, 
or stallion-!Ike behavior. They are infertile In the presence 
of the tumor. Final diagnosis is histologic. 

Differential diagnoses for abnormal cyclicity are Listed In 
Table 41-2 and for ovarian enlargement in Table 43-4. 

I Treatment and Prognosis. The affected ovary should be 
surgically removed. -Surgical approaches for tumor removal 
include colpolomy, flank and ventral midltne laparotomy, 
and Laparoscopy. The prognoses for both life and reproduc¬ 
tive use are good. Return to cyclicity varies, but most mares 
cycle In the year after ovariectomy. 

CVSTADENOMAS. The most common tumor of the sur¬ 
face epithelium of the equine ovary is the cystadenoma. 
They are rare, benign, hormonally inactive tumors from 
the surface epithelium of the ovulation fossa. The tumor is 
unilateral, and the contralateral ovary Is normal. 

' Clinical Signs and Diagnosis. Mares with cyst adenomas 
cycle normally from the opposite ovary and may even 
become pregnant. Rectal palpation and ultrasonography 
reveal the presence of one enlarged mullicystic ovary, which 
may appear similar to a granulosa-lheca cell tumor, and one 


TABLE 43-4 


Unilaterally Large Ovary: Differential Diagnosis 



CFanuloaa-theca cell 

Sonographically muhilocular, high 

tumor 

inhibin and/or testosterone; small 
contralateral ovary 

Other ovarian tumor 

See text 

Ovarian hematoma 

Ovulation fossa still palpable, cycles 
normal ty 

Ovarian abscess 

Large, hard ovary: aonagraphlcally 
echogenic 

Ovarian follicle 

Normal cycling mare, ovulates 

Arnavuiato ry 

hemorrhigjic follicle 

Free-floating echogenic spots 


normal ovary. Differential diagnoses for ovarian enlarge¬ 
ment appear in Table 43-4. Final diagnosis is histologic 


TreaIrrienf anfl Prognosis. Although cysladencmas are 
benign tumors and do not affect the reproductive perfor¬ 
mance of the mare, they are usually surgically removed If 
diagnosed, The prognoses for both life and reproductive 
performance are excellent, 

GERM CELL TUMORS, Dysgermlnomas and teratomas 
are rare ovarian tumors of germ cell origin. Both tumors 
are unilateral and hormonally inactive. Teratomas are con¬ 
sidered to be benign, whereas dysgermlnomas are poten¬ 
tially malignant. 

Clinical Signs and Diagnosis, Both tumors make the 
affected ovary unilaterally enlarged and multicystle. Dysger- 
minomas are malignant and often metastasize to the perito¬ 
neal and thoracic cavities. Teratomas may arise from all 
three germinal layers, and the neoplastic ovary may contain 
bone, cartilage, teeth, hair, muscle, and nerves. Teratomas 
do not cause clinical signs, interrupt the estrous cycle, or 
alter the behavior of the mare. Dysgermlnomas and terato¬ 
mas are often detected in association with a routine repro¬ 
ductive examination. Differential diagnoses for ovarian 
enlargement are listed In Table 43-4. Final diagnosis for 
germ cell tumors is histologic. 

Treatment arid Prognosis. Surgical removal Is recom¬ 
mended for both dysgermtnomas and teratomas. The prog¬ 
nosis for teratomas is usually good, but poor for mares 
diagnosed w r lth dysgermlnomas. 


Anovulatory Follicles 

II Chrrfedf Signs and Diagnosis. Ovulation failure is a nor¬ 
mal physiologic event for the mare during the spring and 
fall transition periods, but it may also occur occasionally 
during the physiologic breeding season. Persistent anovula¬ 
tory follicles (PAFs) may be qulLe large (5 to 15 cm In diam¬ 
eter), persist for up to 2 months, and result in abnormal 
estrous behavior and prolonged Interavulatory intervals. 0,J| 
The cause of ovulation failure has been suggested to be 
endocrine in nature. Absence of sufficient pituitary gonado¬ 
tropin stimulation to induce ovulation, or insufficient estro¬ 
gen production from the follicle, has been proposed as a 
possible mechanism. PAFs were reported in a recent study 
to occur in approximately S.2% of estrous cycles. 07 The for¬ 
mation of an anovulatory follicle was preceded by develop¬ 
ment of normal endometrial folds or edema In 7S.3% of 
these cases. Initial growth patterns of foltides destined to 
become art ovulatory were usually norma!, and the first Indi¬ 
cation of a problem was the detection of echogenic particles 
within the follicular fluid. The Incidence of PAFs was also 
found to increase with age. 

PAFs may contain blood and have been termed Jiemor- 
rfiagic anovulatory follicles. The hemorrhage can be delected 
ultrasonlcally as scattered free-floating echogenic spots 
within the follicular fluid. The follicular fluid may form a 
gelatinous, hemorrhagic mass within the follicular Lumen. 
Ullrasonographically these structures may contain echogenic 
fibrous bands traversing the follicular lumen (Fig. 43-5). 
A thickening of the follicular wall may he observed in anovu¬ 
latory follicles. This thickening Is "often associated with 
luteihbtaUon of the follicular wall, and S5.7% of PAFs were 
found to be luteal structures based on elevations In plasma 
progesterone concentrations.^ 7 
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FIG. 4J-5 II I .'miurertul uELriUDnugr^ptiic [in,ij.T of a pEruxLvnl onfrvufa- 
tory JitILicIc in a. mrm:. 


J'mifjjienl ami Prognosis. The administration of prosta¬ 
glandins may result in the destruction of the luteal cells in 
mares with luteinized PA ft, A majority of non luteinized 
PAFs spontaneously regress In ] to 4 weeks. Treatment with 
hCC {2500 III IV) or a C.nRl I agonist {Gvuplant 2.1 mg 
subcutaneously [SCI) to Induce ovulation or luteinization 
of the anovulatory follicle is generally not effective. Preg¬ 
nancy does not usually occur If a persistent follicle eventu¬ 
ally spontaneously ovulates or is induced to ovulate. This 
is likely a result of degeneration of the oocyte over time. 
Pregnancy obviously will not occur if the follicle becomes 
hemorrhagic or luteinized without ovulation. 

Ovarian Hematoma 

l lemorrhage into the follicular cavity Is a normal occurrence 
at ovulation. Occasionally hemorrhage is severe, resulting in 
the formation of an ovarian hematoma that may be 10 cm 
in diameter or larger. 

Clinical Signs and Diagnosis. Affected mares continue Jo 
cycle normally. T'ransrectaF palpation and ultrasonography 
reveal an enlarged ovary that is Initially irregularly bypoechoic 
and then echogenlc with organization of the hematoma, The 
ovulation fossa usuallv remains distinguish able on the affected 
ovary, and the contralateral ovary remains active. 


i'mitmerit and Prognosis. Ovarian hematomas regress 
spontaneously over a period of weeks or months The func¬ 
tional lifespan of the luteal tissue In a hematoma is normal, 
and ovarian activity is unaffected.* 1 Because the affected ovary 
is not permanently damaged and the contralateral ovary Is 
unaffectedr the prognosis for fertility Is undiminished. 


Pregnancy 

.Multiple secondary^ CLs form In pregnant mares at 40 to 
ISO days of gestation, resulting In bilaterally enlarged ovar¬ 
ies that may be mistaken for ovarian pathology. 

CJfnioiJ Sfgns mid Diagnosis., Ovarian enlargement Is 
commonly bilateral. Pregnant mares may show stallion-like 
behavior associated with Increased testosterone production 
from the fetus during midgeslalion. Pregnancy should 


SYSTEMS 


always be considered In a mare with stallion-like behavior, 
elevated serum testosterone concentrations, and enlarged 
ovaries. Pregnancy is diagnosed by rectal palpation and 
ultrasonographic examination. 

PERSISTENT CORPUS LUTEUM 

The CL usually regresses J4 to 15 days after ovulation. 5 
Although luteal cells appear to be sensitive to PGft-* almosL 
immediately after ovulation r complete luteolysis and return 
to eslrus in response to endogenous or exogenous PGF 3? will 
not occur until 5 days after ovulation. Because the functional 
CL is lysed by rCF^* horn the endometrium, the CL will 
continue to function in the following situations. 

L In the pregnant mare the equine conceptus produces a 
PCF inhibitor factor, which Is secreted as early as day 11 
to 13 after ovulation.- 2 - 1 The factor prevents PCF from 
being synthesized and secreted from the endometrium. 
This results In a prolonged luteal phase of the prim ary 
CL until the development of endometrial cups and 
secretion of eCG ensure the presence of functional 
luteal tissue in the pregnant mare. 

2. Embryonic loss after the time of maternal recognition 
of pregnancy can result In a persistent CL for a vari¬ 
able period of 35 to 90 days. 1,12 

3. Destruction of the endometrium In infectious and 
Inflammatory conditions such as pyometra may cause 
Insufficient synthesis of PCF and prolonged luteal ltfe, 9J 

4. Late dlestrous ovutallon will result in a CL that is 
Insufficiently mature to respond to endogenous PCF 
release. 1 

5. Nonsteroidal antiinflammatory drugs may Inhibit 
endometrial PCF synthesis, resulting In a prolonged 
luteal phase. 

6. Spontaneous CL persistence has been proposed as a 
clinical entity™ but has not been adequately docu¬ 
mented and Is an area of controversy. 115 

II Clinical Signs mid Diu^nojis, This syndrome may be 
suspected clinically In mares that are not expressing nor¬ 
mal estrous behavior during the physiologic breeding sea¬ 
son. and It must be differentiated from mares with silent 
heat. Diagnosis of a persistent CL Is made by transrectal 
sonographic examination of the ovaries. The CL appears 
as a well-defined hyperechoic structure on the ovary. 
Mares with a persistent CL will have good cervical and 
uterine tone on palpation, and the cervix will appear light 
and dry on vaginal specutum examination because of the 
influence of progesterone. The diagnosis may be con¬ 
firmed by analysis of plasma progesterone concentrations 
or a clinical response to prostaglandin administration. 
Progesterone concentrations >1 ng/mL 1 are Indicative of 
the presence of active luteal tissue. Differential diagnoses 
are fisted in Table 43-2. 


II Treatment and i’retjrrcm, After pregnancy has been 
ruled out with sonographic examination, luteolysis can be 
achieved with administration of 10 mg of the PCF product 
dlnoprosl tromethamine or similar PCF analog. The mare 
must be at least 5 days poslovutallon to respond reliably 
to treatment If the mare is treated with PCF In the presence 
of a mature dlestrous follicle (>35 mm), she may ovulate 
the follicle without signs of estrus in response to declining 
progesterone concentrations that allow LI I to be secreted 
from the anterior pituitary. An ultrasonographic or rectal 
examination of ovarian follicular activity should therefore 
always be performed before PCF is administered lo Induce 
eslrus. 
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SHORTENED LUTEAL PHASE (PREMATURE 
LUTEOLYSIS) 

Premature {<15 days) luteolysis Is associated wllh an early 
onset of eslrus and a decrease In the Interovulatory Interval. 
The most common cause of premature luteolysis in the mare 
is endometritis. Inflammation of the endometrium results In 
an acute activation of inflammatory mediators. One of these 
mediators is PGFj^ which In addition to Its inflammatory 
effect also may cause Luteolysts and return lo eslrus. Conse¬ 
quently a mare that exhibits a shortened diestrus should be 
examined for endometritis. A culture, biopsy, and cytologic 
examination of the uterus may be indicated. 

LUTEAL INSUFFICIENCY 

Primary luteal Insufficiency Implies a deficiency in proges¬ 
terone production. Luteal Insufficiency has been suggested 
lo be a cause of subfertillty In maies. 1 ^ Maintenance of 
pregnanry In some habitually aborting mares after adminis¬ 
tration or exogenous progeslogens offers circumstantial evi¬ 
dence that progesterone Insufficiency may be responsible 
for some cases of pregnancy loss. 

Data are limited and not supported by scientific evidence 
from controlled studies. 

Luteal insufficiency secondary to PGF Ja release In mares 
with endotoxemla has been reported 55 and should be con¬ 
sidered In pregnant mares with gram-negative Infection 
and/or endotoxemia-associated colic. Reports on the effect 
of exogenous administration of PGF^ during the perlovula- 
lory period suggest that PGF J:i can delay the formation of a 
functional CL. Suboptlmal concentrations of progesterone 
were found In mares after treatment with PGF^ during 
the first 2 days after ovulation. 56 -™ Although the CL even¬ 
tually became functional and progesterone concentrations 
had returned to normal levels at day 14, pregnancy rates 
were significantly lower In treated mares. 37 '® 8 


cows. But several conditions affecting the uterus do sus¬ 
pend the luteolytic mechanism, resulting in prolonged 
luteal function, persistently elevated progesterone con¬ 
centrations, and anestrus. Common causes of prolonged 
luteal function in cows Include pregnancy, pyometra, 
mummified fetus, and segmental aplasia, Including 
uterus unicornis. 


Clinical /SiFPis a pad Dfraenosis, Pregnancy resulting from 
an unobserved or unrecorded breeding must always be con¬ 
sidered as a possible cause of anestrus. Examination of the 
uterus by transrectal palpation or ultrasonography for one 
of the positive signs of pregnancy {fetal membrane slip, 
amnionic vesicle, placentomes, or fetus) must precede 
administration of PGF. 

Pyometra is characterized by accumulation of variable 
amounts of mucopurulent exudate with In the uterine 
lumen, failure of luteolysls, and subsequent anestrus. An 
enlarged uterus as a result of fluid, accumulation and a 
thickened uterine wall In the absence of any positive signs 
of pregnancy can be used lo differentiate uterine enlarge¬ 
ment caused by pregnancy from that caused by pvometra. 
Fluid associated with pyometra is more viscous than fetal 
fluid and can be manipulated from horn to horn. Because 
the cervix is nearly always closed, there Is generally no vagi¬ 
nal discharge. 

Fetal mummification is occasionally encountered in 
dairy and beef cows and is characterized by fetal death, 
failure of expulsion, absorption of fetal fluids, and persis¬ 
tence of the CL. Cows with fetal mummification are usu¬ 
ally presented when they do not deliver a calf at the 
expected time. The condition can be differentiated from 
pregnancy by palpation per rectum of a dried, leather-like 
fetus wltnln the involuted uterus. Fetal membranes can¬ 
not be slipped, and fetal fluids and placentomes are 
absent. 


Cf/triad Signs and Diagnosis, like minimum concentra¬ 
tion of progesterone required to maintain pregnancy In the 
mare has been suggested lo be 2 ng/mL.^ Repeated samples 
are necessary to diagnose luteal insufficiency because pro¬ 
gesterone is released episodically. 

II Treatment and I*rognosis. lire most common treatment 
for luteal Insufficiency is supplementation with the syn¬ 
thetic progestogen allrenogest (Regumate) at a dose of 
0.044 mg/kg PO once dally. Options for duration of altre- 
nogest supplementation Include treatment until day 80 to 
120 of pregnancy or greater and measurement of endoge¬ 
nous progesterone level of >2 ng/mL [progesterone and 
allrenogest do not cross-react on radio immunoassay 
jRlA]), or treatment until the end of gestation. it Is Impor¬ 
tant to emphasize the need to monitor fetal well-being 
when mares are kept on progestin supplementation to 
maintain pregnancy. A case of fetal mummification of a 
5-month-old Fetus 'in a pregnant mare at term has been 
reported. 10L Idle mare bad been maintained on aitrenogest 
throughout gestation. 

II RUMiNAftiS 

PROLONGED LUTEAL FUNCTION 

Cow 

Spontaneous prolongation of luteal function in the pres¬ 
ence of a normal, nongravld uterus does not occur In 


II Clinical Pathology. No remarkable changes In hematol¬ 
ogy and clinical chemistry are associated with pregnancy, 
mummified fetus, or pyometra in cows. In all three condi¬ 
tions, peripheral concentrations of progesterone remain ele¬ 
vated above I ng/mL of plasma until spontaneous luteolysis 
occurs or the condition Is treated. 


Treatment and Prognosis. Unwanted pregnancy Is sel¬ 
dom encountered In dairy cows, but when cows or heifers 
are mated by accident or to an undeslred sire, abortion 
may be reliably Induced wllh PGF products [25 mg of dlno- 
prost tromelhamine,* or 500 meg of cloproslenol; + two 
Injections 8 to J.2 hours apart) after 7 days and before 150 
days of geslnllon or with a combination of PGF and dexa- 
methasone {20 mg) beyond 150 days of gestation. The 
PGF products ate also the treatment of choice for pyometra 
In cows. Mummified fetuses are usually expelled 3 to 5 
days after treatment with PGF. The mummy may pass 
through the cervix, but the vagina Is likely to be dry and 
may not dilate sufficiently, so the mummified fetus may 
be retained, [f the mummified fetus is not expelled by 5 
days after treatment, a vaginal examination should be per¬ 
formed, and the mummy delivered by gentle traction If 
necessary, lire prognosis for fertility after delivery of a 
mummified fetus is good. 


•Lutalyse, Pfizer ;Animal Health. 

t l£ si ruinate, rSiobay Corporation.. AnLmai Health Division, Shawnee, KS. 
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OVARIAN HYPOPLASIA 

Ovarian hypoplasia occurs sporadically as an autosomal 
recessive train In the cow. The condition has incomplete 
penetrance; therefore It may be partial or complete and uni¬ 
lateral or bilateral. The affected gonad varies In size from a 
cordllke thickening In the cranial edge of the mesovarium 
to a bean-sLzed structure. The tubular genital organs remain 
Infantile in animals with complete bilateral hypoplasia or 
may develop to near-normal size in heifers with unilateral 
or partial hypoplasia. Individuals affected with complete 
bilateral ovarian hypoplasia are sterile, whereas those 
affected by partial or unilateral hypoplasia may be subfer- 
tlle. With partial hypoplasia the uterine pole of the ovary 
is typically affected On direct observation by laparotomy 
or laparoscopy or on slaughter, the uterine pole Is flat and 
triangular and" shows converging strlatlons. The affected part 
is devoid of follicles. Animals with partial ovarian hypoplasia 
can be expected to have a reduced superovulatory response 
to gonadotropin treatment. Heifers with abnormal karyo¬ 
types are also affected by ovarian hypoplasia. The condition 
should be differentiated from nonfunctional ovaries and 
anestrus associated with malnutrition or debilitating diseases. 
Treatment of ovarian hypoplasia is not successful. 

FREEMARTINISM 

Cow 

A freemartin Is a phenotypic female, born co-twin to a male, 
that is sterile because of arrested development of the repro¬ 
ductive tract. The term "freemarti n " Is said to have originated 
in Engjand, where it referred to a heifer that was not pregnant 
after the summer breeding season and therefore ' free' for 
fattening and slaughter at Martinmas, a fall festival in honor 
of St. Martin. 11 Freemartinism arises as a result of anasto¬ 
moses between the placental circulations of twin fetuses of 
opposite sexes. Sexual differentiation of the male embryo 
occurs earlier than that of the female; therefore the male twin 
may sterilize the female by transfer of HV antigen, tvhich 
inhibits development of the female gonad, lire ovaries of a 
freemartin are underdeveloped and contain seminiferous 
tubules. Abnormalities of the tubular genital organs vary in 
severity, and the structures range from cordlike bands to 
near-normal uterine horns. In most freemartlns there Is no 
cervix; therefore no communication exists between the 
uterus and vagina. The latter Is a short blind pouch. Fre¬ 
quently, sem Inal vesicul a r gl a nds of varying size a re presen t. 

As many as 92% of phenotypic females corn co-twins to 
males are freemartlns , the history suggests a diagnosis in 
most cases. Singleton freemartlns are possible If male and 
female twins are conceived and the male Is lost after 30 days 
of gestation. Palpation per rectum of breeding age freemar- 
tins reveals aplasia or hypoplasia of the tubular genital 
organs and hypoplastic ovaries, if animals loo small for pal¬ 
pation per rectum are presented, examination of the vagina 
with a small glass speculum (or test tube) reveals that the 
vagina of a freemartin Is short (6 to 7 cm in freemartins ver¬ 
sus nearly double that length in normal heifers). A defini¬ 
tive diagnosis may be made by karyotyping the suspected 
individual; varying percentages of male cells are found in 
freemartins.More details on freemartinism are discussed 
elsewhere In this chapter. 

Ewe 

Although freemartinism is possible in sheep, the condition 
is rare, despite the blgfi incidence of multiple births. The 


condition can be confirmed by determination of blood cell 
chlmerism. 

Doe 

Twinning Is also common In goats, but vascular anastomosis 
is either uncommon or occurs after the critical period for 
sexual differentiation. Caprine freemartlns comprise approx¬ 
imately 6% of intersexes.^ 

INTERSEX 

Doe 

inlersexes are common among Saanen, Toggenburg, and 
Alpine goats. 1’he fetal testes appear to be unable to fully 
masculinize the duel system or external genitalia. Parts of 
both the mesonephric and paramesonepnrlc ducts persist; 
therefore the phenotype of affected Individuals may 
approach that of either sex. Intersexes are most frequent 
among polled goats, and the condition is thought to be 
caused by a recessive gene linked to that for polledness; 
however,"inlersexualtty may rarely be seen In horned goats. 
Diagnosis is based on a history of abnormal sexual behav¬ 
ior, and identification of abnormal genital development Is 
by physical examination. There is no satisfactory treatment, 
but the prevalence of the condition may be reduced by pre¬ 
venting mating between two polled animals. 5 More detailed 
information can be found elsewhere in this chapter. 

OVARIAN TUMORS 

Granulosa Cell Tumor 

COW. Although rare, various ovarian neoplasms have 
been described In cows; granulosa cell tumors appear to 
be most common. 31 

II CJfriidffJ Sfgro and Did^piosfs. Granulosa-theca cell 
tumors are characterized by unilateral ovarian enlargement, 
with the affected ovary being greater than 10 cm in diameter. 
The surface may be smooth or coarsely lobulaled. Function 
of the contralateral ovary may be suppressed. 1’he behavior 
of affected cows ranges from anestrus to nymphomania to 
bull-1 Ike behavior. Udder development and lactation may 
occur in affected heifers. Very few bovine granulosa cell 
tumors are malignant and they rarely metastasize. Among 
the other ovarian neoplasms that have been reported in 
cattle are dysgermInomas, Interstitial cell tumors , 1 ' and tera¬ 
tomas. Causes of ovarian enlargement that must be differen¬ 
tiated from ovarian neoplasia Include ovarian cysts, 
oophoritis, ovarian abscesses, and parovarian cysts. 

II Treatment and Prognosis. The treatment for ovarian 
neoplasia In cattle Is surgical removal of the affected ovary; 
however, cows may not be as fertile as mares after removal 
of the tumor. 

EWE. Granulosa-lheca cell tumors have been reported, 
but tumors of the genital organs of ewes appear to be rare. 11 
Animals with ovarian tumors may exhibit all types of 
behavioral and physiologic abnormalities (nymphomania, 
inappropriate lactation). Diagnosis Is based on ultrasono¬ 
graphic evaluation of ovaries per rectum or transabdomin- 
ally. Treatment is ovariectomy. 

DOE, Ovarian neoplasia appears to be rare in does as 
well. Granulosa-theca cell tumors and dysgerminomas have 
been reported. 
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OVARIAN HEMORRHAGE 

Cow 

Ovulation lag£ develop after ovulation, resulting from 
blood loss associated with rupture of the follicle.' 1 Fine 
adhesions may develop between the ovarian surface and 
surrounding structures. Most ovulation lags resolve sponta¬ 
neously and have no effect on fertility. Severe ovarian hem¬ 
orrhage mav follow attempts to manually enucleate the CL 
Adhesions between the ovary and Its bursa Interfere with 
Lheir normal function. Enucleation of CLs for treatment of 
anestrus and pyometra has been superseded by treatment 
with PGF products. 

OOPHORITIS 

Cow 

Inflammation of the ovary may follow traumatic manipula¬ 
tion such as enucleation of GIj and attempts to drain fluid 
from ovarian cysts, and ascending infections from She 
uterus. Oophoritis may also accompany brucellosis, myco¬ 
plasmosis, and tuberculosis, 


INFERTILITY CAUSED BY 
ABNORMALITIES OF THE FEMALE 
TUBULAR GENITALIA 

SALPINGITIS 

inflammation of the oviducts Is characterized by macro¬ 
scopic enlargement. Lesions are frequently bilateral and 
consist of infiltration by lymphocytes, plasma cells, and 
neutrophils, and desquamation of epithelial cells. 33 

Most cases of salpingitis follow Infections of the 
uterus. Necrotizing and granulomatous salpingitis may 
follow Infection by Arcflnofcacferltrnr pyagents, Wyccfwctff- 
ri'Nfli lufieraifrais, and Brucella ^ho-rlus. Mild inflammation 
of the uterine lubes that does not usually result In perma¬ 
nent damage accompanies uterine infection caused by 
Campylobacter fetus subsp. venerealis and Tritritfioiktmas 
foetus. Salpingitis may be a sequela to manipulations 
of the ovaries and uterine tubes by palpation per rectum, 
transvaginal ovum pickup, aggressive Irrigation of an 
infected uterus, and Inappropriate treatment with estro¬ 
genic hormones. Migrating larvae of Sfrengyliuj cdentatus 
have been proposed as a possible cause of nonobstmctive 
infundibulllis In mares, but their role Is speculative. 21 

Pyosalplnx Is characterized by segmental accumulation 
of pus within the lumen of the oviduct after mechanical 
blockage of either end. Pyosalpinx frequently follows severe 
cases of uterine infection and may be complicated by peri¬ 
metritis and localized peritonitis. 

Hydrosalpinx Is characterized by accumulation of thin 
mucus within the lumen of the oviduct. Hydrosalpinx and 
adhesions to perlsalpingtaJ tissues are common sequelae 
to chronic salpingitis. 


CffoicuT Signs mid Dtagncsfo The usual hi&loiy asso¬ 
ciated with diseases of the uterine lubes Is one of infertility. 
Additional history may include uterine infection or trau¬ 
matic therapy such as uterine irrigation, enucleation of 


CLs, or administration of exogenous estrogen during CL 
function. Salpingitis is an uncommon clinical finding In 
the mare. However in one study, up to BS^ of mares were 
found to have macroscopic lesions In the oviduct, Includ¬ 
ing adhesions, fibrous bands, and parovarian cysts, which 
may or may not have affected fertility. 103 Accumulations 
of cells and debris may form intraluminal masses: however, 
their role in Infertility has not been adequately tested. 104 
The pathology of the oviduct has been reviewed. 105 Simi¬ 
larly, moderate lesions of uterine tube disease may escape 
diagnosis by physical examination Ln cows, but the results 
of abattoir studies suggest that lesions of the oviducts are 
not uncommon. 31 In cows, lesions involving adhesions 
among the ovary, ovarian bursa, oviduct, and surrounding 
tissues may be Identified per rectum by inserting two or 
three fingers into the ovarian bursa and rolling the oviduct 
between the fingers and thumb. Easy identification of the 
oviduct by palpation per rectum is sometimes considered 
indicative of abnormalities. Diagnosis of diseases of the 
oviducts in ewes and does is Impossible by physical exami¬ 
nation. Although a history of infertility after one of the 
predisposing causes might suggest oviductal lesions, diag¬ 
nosis is made by exploratory laparotomy, peritoneoscopy, 
or necropsy. 

Lesions of the oviductal or perisalplngtal tissues must be 
differentiated from other causes of abnormal enlargements 
such as ovarian neoplasia, parovarian cysts, cystic ovarian 
disease, and ovarian hematomas. Neoplasia of the oviducts 
in domestic animals is extremely rare. 

- Ciinical Pathology. Several tests that determine ovidtic- 
tal patency of mare 106 and cows J(l " have been described, 
but neither the starch test nor the phenol&uJfonphlhaleJn 
dye test is very reliable or consistently diagnostic. For sus¬ 
pected unilateral blockage, 103 each uterine horn may be 
catheterized individually with a Foley catheter placed at 
the base of the horn on different days. 


Embryo KeiTOJJfry. Embryo recovery after either a single 
ovulation or superovulafton Is objective evidence that one 
or both uterine tubes are patent and functional, improved 
reproductive performance of cows may follow uterine 
lavage; therefore embrvo recovery as a diagnostic lest may 
have therapeutic benefits as well. 109 


'i'recjfjjicnr and IHogiwsis. Treatment of diseases of the 
oviducts is not likely to De successful. Appropriate treatment 
for concurrent uterine Infections should be Instituted. 
A period of sexual rest may be beneficial and is indicated 
invaluable animals. The prognosis for reproduction in cases 
of bilateral obstruction of the oviducts is poor. In vitro fer¬ 
tilization of ova harvested from affected females Is a thera¬ 
peutic option. Affected females can also serve as embryo 
recipients. 


Prevention and Control. Traumatic manipulation of the 
ovaries, irrigation of the endometrial cavity with large 
volumes of fluid (over 100 mL In heifers or 150 ml in 
cows) or irritating chemicals, and administration of estro¬ 
genic hormones to luteal phase females should be 
avoided. 303 Because abnormalities of the oviducts are fre¬ 
quently associated with uterine infections, reduction of the 
prevalence of uterine Infections results in fewer tubal Infec¬ 
tions as well. 
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UTERINE ABNORMALITIES 

Retained Fetal Membranes 

II MARLS 

Retention of the fetal membranes beyond a period of 3 
hours is an abnormal occurrence in ihe mare. The mare 
has an epitheliochorial placenta characterized by diffuse 
microvilli that inlerdigitale with endometrial crypts. After 
deliveiy r blood flow through the placental vessels is 
reduced, and placental microvilli shrink and disengage from 
endometrial crypts. The condition is more common afteT 
abortion, dystocia, cesarean section, and fetotomy. ihe 
pathophysiology of the disease is poorly understood but 
may involve disturbances of normal prepartum endocrine 
events or myometrial contractility. Partial placental reten¬ 
tion may be localized to well-defined areas of continued 
placental attachment. The most common site of partial 
retention is the previously nongravld horn. 

Equine placentas should be spread on a flat surface after 
expulsion and examined to ensure that the complete mem¬ 
brane Is present. Areas of placental necrosis are common 
near the tips of the uterine horns, and the fragile area may 
be incarcerated by the rapidly contracting uterus. 

II Ch'pifftif Signs und Diagnosis. Retained fetal membranes 
(RF.Ms) are usually visible at the vulva. However, small lap 
of placental tissue may remain attached to the uterus with¬ 
out being apparent and may be a nidus for infection, result¬ 
ing In severe metritis, endotoxemla, and la min ills hours to 
days postpartum. 

II Treatment and Prognosis „ I’he severity of sequelae 
makes early intervention essential. Treatment should begin 
if fetal membranes are not passed ivithin 3 hours of foaling. 
.Most instances respond to vigorous early pharmacologic 
treatment. Occasional cases require several days of persis¬ 
tent treatment. 

MANUAL REMOVAL Manual removal is contraindicated 
because trauma Induces placental tearing, leaving microvilli 
in endometrial crypts. 

OXYTOCIN. Oxytocin induces myometrial contractions, 
xvhich may aid placental expulsion. Oxytocin may be admi¬ 
nistered by intravenous injection {5 to 20 iU every 15 to 30 
minutes) or intramuscular in lection (20 to 40 IU every 30 
to 60 minutes), or it may be Infused slowly [30 to SO III 
in 500 mL of warm saline over 30 to 60 minutes). Care 
should be taken to avoid overdosage, which may result in 
signs of abdominal pain and which will cause tetanic rather 
than orchestrated uterine contraction. 

allantochgrionic infusion. If the chorioallan¬ 
tois is intact, the chorioallantoic cavity may be filled to dis¬ 
tention w'Lth 3 to 4 gallons of warm saline or water through 
the cervical star. 111 I'he opening in the placenta is held 
closed until the mare exerts abdominal pressure. Oxytocin 
may be used In con|unction w r lLh this treatment. 

UTERINE LAVAGE. If the chorioallantois is not intact, 
uterine lavage w r lth an isotonic saline solution will dear 
debris, encourage myometrial contractions, and may help 
to free the retained fragment of the fetal membrane. The iso¬ 
tonic saline solution may be infused into the uterus through 
an equine nasogastric lube (dedicated to reproductive use) 
manually held In place. Approximately 5 L may be placed 
in the uterus of a full-grown, postpartum mare at one time, 
but care should be taken to observe the mare for signs of dis¬ 
comfort and to gpuge the amount of fluid felt within the 
uleius. During fluid infusion the operator may carefully 
explore the uterus manually, searching for retained fetal 


membrane remnants. Once the uterus is relatively full of 
fluid, the fluid is siphoned out. Care must be taken to protect 
the fragile endometrium from damage incurred by the strong 
suction force of the siphon. The operator's hand should 
guard ihe end of the tube from direct contact with the endo¬ 
metrium. Th Is process should be repeated until the effluent is 
clear. Uterine lavage should be performed at least once dally 
until 12 to 24 hours after the RFM remnants ate retrieved. 

ADJUNCT THERAPY. Concurrent therapy directed at 
controlling or minimizing common sequelae to retained 
placenta Is often indicated! 

1. Antfbncteriflis. Bacterial infections are commonly asso¬ 
ciated w r llh prolonged (>6 to 8 bouts) retention of 
the fetal membranes. The bacterial population is fre¬ 
quently mixed and likely to Include beta-hemolytic 
streptococci and coliforms. in prolonged cases bacte¬ 
rial culture and sensitivity should be performed. 
Broad-spectrum antibiotics known to be effective 
against commonly isolated organisms are indicated. 
Drug^ that have been recommended for systemic 
administration include amplcillin, gentamicin, kana- 
mycin, penicillin, ticarcillin (with gentamicin for 
PSetfttomtMidJ infection), and trimethoprim-sulfameth¬ 
oxazole. Intrauterine administration of antibiotics 
and antiseptics depresses phagocytic activity of uterine 
neutrophils, and many chemicals irritate the endome¬ 
trium, but drug^ that have been suggested include 
those recommended for systemic administration, as 
well as amikacin and polymyxin B. 

2. Antiinflammatory drugs. Lamlnitis may be a sequela to 
metritis and is commonly associated with RFMs. 
Treatment with administration of antiinflammatory 
drugs such as phenylbutazone or flunixin meglumine 
Is indicated to reduce the likelihood and severity of 
lamlnitis. Polymyxin B may also be indicated in cases 
In which preliminary signs of lamlnitis are noted, 
because of its antiinflammatory and antlendoloxlc 
effects. Additional therapy for lamlnitis should be 
administered as indicated. 

3. Other treatments. Casllck's surgery may be indicated in 
some cases of RFMs to control aspiration of air. Teta¬ 
nus may complicate RFMs, and prophylaxis w r llh teta¬ 
nus antitoxin in unvaccinated animals or tetanus 
toxoid in previously vaccinated animals is indicated. 

Some cases of RFMs are refractory to treatment, and 
membranes may remain firmly attached to the endome¬ 
trium for several days. Aggressive attempts at manual 
removal should be eschewed, because severe endometrial 
damage may follow. Persistent treatment with antibiotics, 
antiinflammatory drugs, and oxytocin is indicated until 
the placenta is expelled and bacterial infection of the uterus 
is controlled. 

The prognosis for RFMs is generally good but is reduced 
if treatment is delayed or if retention is accompanied by 
infection with virulent pathogens. Sequelae to RFMs Include 
metritis, endometrial fibrosis, invagination of a uterine 
horn, uterine prolapse, and Lamlnitis. 

II RUMiNAN fS 

Cow 

Ihe cotyledonary placenta of cows Is usually expelled 
within 3 to S hours after calving and is considered retained 
if not expelled by 12 hours. RFMs are more commonly seen 
in dairy than in beef breeds, in dairy cattle the reported 
prevalence ranges from 8% to 12% after spontaneous deliv¬ 
ery of single calves. RFMs are more llkelv after deliveries of 
male calves or twins and deliveries complicated by dystocia. 
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Parturition after a shorter- or longer-than-normal gestation 
length is accompanied by an increase In the Incidence 
of RFMs. 112 

l’he cause of RKMs in cattle is failure of fetal cotyledons 
to separate from crypts of maternal caruncles; the process 
of separation normally begins during the last months of 
pregnancy. Villi shrink after blood flow Is interrupted by 
rupture of the umbilical vessels. Strong myometrial contrac¬ 
tions continue during the third stage of labor, and changes 
in the size and shape of maternal caruncles contribute to 
separation of the placenta from the endometrium. A num¬ 
ber of factors have been associated with separation failure, 
but the precise reasons for separation failure are unknown. 5 
Deficiencies of selenium, vitamin E, and vitamin A are asso¬ 
ciated with an increased prevalence of RFMs. 5 

II CttnfcaT Signs mu! Diagnosis, 'Hre majority of affected 
cows show no serious clinical signs other than a transient 
decrease in appetite and milk production. However, 20% 
to 25% of cows affected by RKMs develop moderate to 
severe metritis. The most objectionable clinical signs arc 
the malodorous discharge and objectionable tissue hanging 
from the genital tract. RKMs are usually expelled by 4 to 10 
days after calving when the camncular tissue has become 
necrotic and is sloughed. Some affected cows show signs 
of endotoxemla, including depression, fever, ruminal stasis, 
and inappetence, as a result of RFMs. 

II Treatment mid PirgmMfs, A variety of treatments have 
been suggested for RFMs in cows, including aggressive 
attempts at manual removal, myometrial stimulants, Intra¬ 
uterine and systemic antibiotics (alone or in combination 
with other approaches), and no therapy whatsoever. 
Because the processes that culminate in RFMs begin during 
late gestation, it is not unreasonable that treatment initiated 
at calving has little effect on the loosening process. Most 
treatments for RFMs are directed toward controlling the 
intrauterine bacterial population. 

MANUAL REMOVAL Manual removal of the placenta is 
indicated only when gentle traction is sufficient to withdraw 
the membranes in a short time. Attempts at manual 
removal are contraindicated if the patient shows clinical 
signs of septicemia. Trauma caused by manual removal 
inhibits phagocytosis by uterine neutrophils and predis¬ 
poses to severe sequelae, Including septic metritis and 
peritonitis. 

MYOMETRIAL STIMULANTS. Administration of a single 
dose of oxytocin does not reduce the prevalence of RFMs in 
cows that calve spontaneously or in cows that require assis¬ 
tance at delivery. 113 ' L]4 Cows with RKMs have an elevated 
plasma concentration of estrogen during the period of 
retention; therefore administration of additional estrogen 
for treatment of RKMs may be of questionable value, 35 
intravenous calcium solutions are indicated in cases of 
RFMs secondary to hypocalcemia. 

PROSTAGLANDIN. In one trial, treatment with fenpros- 
lalene resulted in a shorter period of retention in treated 
cows, reduced the number of treatments subsequently 
required for metritis, and slightly reduced the intervals 
to first service and conception. 1 Ifi However, other research¬ 
ers found that fenprostalene produced no changes in 
myometrial activity between days 1 and 4 after calving 
and concluded that ulerolonlc agents are unlikely to hasten 
placental expulsion because uterine effort is already 
increased in animals that have RFMs. 117 An imbalance 
between synthesis of PGF 2 and PCI 3 between 30 and 60 min¬ 
utes after parturition has been demonstrated in cows affected 
by RFMs. 118 Prostaglandin at the lime of calving does 


not reduce the incidence of RFMs or improve reproductive 
performance. 115 

ANTIBIOTICS.. Intrauterine tetracycline may reduce fer¬ 
tility, 1210 or the reproductive performance of treated cows 
may be as good as that of untreated herd males. 7 Intrauter¬ 
ine treatment with 4 to 6 g of oxylelracydlne per day until 
the placenta is expelled may reduce the prevalence of metri¬ 
tis associated with RFMs, bul pyometra may develop in trea¬ 
ted cows. 121 Bacterial putrefaction and the disagreeable 
odor of RFMs may be reduced by intrauterine antibiotics, 
but the placenta is released only afteT necrosis of the carun¬ 
cles. Systemic and intrauterine antibiotics are indicated In 
cases of RFMs in which the cow has a fever, is off feed, or 
has a drop In milk production. 

Cows that retain their membranes for more than 12 hours 
after calving are more likely to develop metritis than are cows 
that promptly expel the membranes. However, reproductive 
performance'of cows that rapidly return to normal after 
RKMs is similar to that of their unaffected herd males, indicat¬ 
ing that in the absence of a secondary reproductive abnor¬ 
mality, RKMs have a minimum effect on future fertility. 

COLLAGENASE, An alternative approach to the treat¬ 
ment of RFMs is the injection of collagenase into ihe umbil¬ 
ical arteries of the retained membranes. 122 This treatment is 
aimed directly at the lack of cotyledonary proteolysis. Intra¬ 
uterine infusion of collagenase is not effective. Bacterial 
collagenase from CTmlridium IriJtotyffnmi is used and is com¬ 
mercially available (Type XI, Sigma Chemical, Si. Louis, 
Mo.). However, collagenase Is not currently approved for 
use in food-producing animals in the United States. 

Ewe and Doe 

Fetal membranes are considered retained in ewes and does 
if not expelled within 12 hours after delivery of the last 
fetus. The prevalence in does is approximately 6% after 
spontaneous delivery but may be higher when delivery is 
complicated by dystocia or abortion. Selenium deficiency 
has been suggested as a cause. 

The clinical signs of RFMs in ewes and does are usually 
obvious. 5 Does may ingest their placentas, complicating 
identification of cases of partial retention. RFMs may 
accompany retention of a fetus within the uterus, and does 
and ewes should be carefully examined. 

Other tissues that may be exposed from the vulva In 
association with parturition are a prolapsed uterus, a pro¬ 
lapsed or everted urinary bladder, prolapse of some portion 
of ihe digestive tract through a uterine rupture, prolapsed 
rectum, prolapsed vagina, or a lw r ln fetus. 

Treatment and frognosis. Manual separation of cotyle¬ 
dons from caruncles is impossible in ewes and does; there¬ 
fore manipulative attempts to remove the placenta are 
limited to gentle traction"on exposed membranes at dally 
intervals. Treatments with intrauterine and systemic antibio¬ 
tics, oxytocin (10 to 20 IU) at 12-hour intervals unlll the 
placenta is expelled, and antiinflammatory drugs have been 
suggested. Prophylaxis against tetanus is indicated. 

Came lid s 

llte placenta Ls usually passed within I to 2 hours of parturi¬ 
tion. Camelid placentas resemble equine placentas (diffuse, 
microcotyledonary, epitheliochorial), with the exception that 
the left horn Ls almost always the pregnant hom. RFMs In 
camelids are most commonly seen as sequelae to dystocia 
or other disorders of parturition 9 Treatment Ls similar to that 
described for the mare. 
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UTERINE INFECTIONS 

II MAKE 

Endometritis 

A failure of Lhe uterine defense mechanisms lo effectively 
eliminate an antigen (bacteria or spermatozoa) and Inflam¬ 
matory products from the uterus results In persistent endo¬ 
metritis. which is a ma|or cause of reduced fertility in 
broodmares. I2i In the normal mare the uterus Is well pro¬ 
tected from external contamination by physical barriers con¬ 
sisting of the vulva, the vestibule, the vagina, and the cervix, 
and any compromise of these barriers may predispose the 
mare to a chronic uterine infection. 124 Breeding Is another 
source of uterine contamination. Intrauterine deposition of 
semen causes an Inflammatory reaction resulting from bacte¬ 
ria] contamination of the ejaculate or from spermatozoa. 535 
Approximately 15% of a normal population of thoroughbred 
broodmares developed persistent endometritis after breed¬ 
ing. 136 Natural resistance to experimentally induced bacterial 
contamination has been demonstrated in young mares, 
whereas a population of multiparous and hanen mares 
developed persistent endometritis after bacterial contamina¬ 
tion of the uterus. 127 ' 536 Based on these studies, mates have 
been classified as either susceptible or resistant to persistent 
uterine Infection. 527 Endometritis has severe effects on the 
fertility of affected mares. A persistent Inflammation may 
interfere directly with the survival of an embryo or may cause 
premature luteolysls and embryonic loss because of increased 
PGF concentrations. 123 

Several classes of immunoglobulins have been Isolated 
from the equine uterus. Although antibody-mediated uter¬ 
ine defense may be Important for effective elimination of 
bacteria] contaminants from the uterus in susceptible 
mares, concentrations of immunoglobulins in uterine secre¬ 
tion are similar or even elevated compared with those of 
resistant mares. 130 - 124 Polymorphonuclear neutrophils 
(PMNs) are the first inflammatory cells to enter an Inflamed 
site, ]35 Chemoattracllve properties of uterine fluid have 
been described in vitro in horses, and the uterus responds 
quickly to an antigen with release of PMN-chemolactic 
mediators, which results in a rapid migration of PM Ns Into 
the uterine Lumen. 136 Complement products and leukotrl- 
ene B 4 [LTB 4 ), PGE, and PGF may all serve as chemoattrac¬ 
tants for PMNs In the uterus. 156 -' 40 Studies on the role of 
local uterine factors in PMN function suggested that an 
impaired phagocytosis by uterine PMNs in susceptible 
mares Is the result of Insufficient opsonization in uterine 
secretion rather than a primary dysfunction of the PMNs. LJI 

Mechanical aspects of the uterine defense system are 
currently believed to be a ma|or contributor In uterine clear¬ 
ance of bacteria and inflammatory products. I42 - 144 Through 
use of Intrauterine Inoculations of a combination of radioac¬ 
tive-labeled mlcrospheres and bacteria. Impaired uterine 
clearance was demonstrated In susceptible but not In resistant 
mares. 142 Studies using scintigraphic measurements of intra¬ 
uterine clearance of radioactive colloids further defined a 
delayed physical clearance in susceptible mares. 145 Through 
use of electromyography [EMG) to register myometrial activ¬ 
ity, It was observed that the impaired uterine clearance in sus¬ 
ceptible mares was caused by reduced mvometrial activity in 
response to the inflammation (Fig. 43-6). 544 The dependent 
position of the mare's uterus may also Interfere with effective 
clearance. 

Based on pathogenesis, persistent endometritis can be 
divided Into (1} sexually transmitted diseases [STDs], [2) 
persistent uterine infection, (3) persistent breeding-induced 
endometritis, and (4} chronic degenerative endometritis 
(endomelrosis). 



FIG. 43-6 IK Myodectricot M,i’livily bcloru and rtittrr uterine inocuEatitm iti 
■Mr-^irrereYiij: Ercrcpitffcircfic.zu in marest Kum'plihk' jmJ resistant (A) It? per- 
tixlml endomelTiUi.. Time D inttimta lima of inoculation. Susreptitile icurci 
had iinynired nvyoeIectrtcal activity jCLlt inoculation. (MudilioJ Jrom 
'L'reedsson MU, itiu JK, Ing M, el .iL: Multiple site e]edromysj|;rripl]y rerurd- 
iii|{s o£ uterine CuJLmvmg an intrauterine bacterial rtuLlen^e in snares 

susceptible and resistant to chronic uterine infection, J KtJmcyJ firstii! W:3tl7, 
1993.} 

SEXUALLY TRANSMITTED DISEASES. Few true STDs 
are known In the horse. Contagious equine metritis 
(CEM) is an example of a true STD. 145 ' 146 The disease is 
caused by Taytoretta etfuigenitalis, a highly contagious and 
pathogenic microorganism. A though the present status of 
a mare's uterine defense mechanism is important for the 
manifestation of the disease, ibis bacterium Is highly resls- 
lant and capable of overcoming the mare's normal disease 
barriers. 

PERSISTENT UTERINE INFECTION. Bacteria most com¬ 
monly isolated from the uterus of the mare are beta- 
hemolytlc streptococci [Strep-tamo^ zooepidemiais and 
Srjepfoorcctu e^trisinrifis), Escherichia coli, Pseudomonas aerugi¬ 
nosa, and K/efejVJJfl pneumoniae. Other aerobic bacteria 
isolated from reproductive tracts of mares Include alpha- 
hemolytic streptococci, Corynebacterium species, SJiip?ry/ocor- 
cuj species, Entejobmctar species, Actinobacter species, Proteus 
species. Citrohacter species, Candida species, and Aspergillus 
species are the organisms most commonly associated with 
yeast or fungal endometritis. The role of viruses, mycoplas- 
mas, ureaplasma, and anaerobic bacteria in endometritis is 
poorly understood. P. fleru^rnoja, K. pneumoniae, and possi¬ 
bly S. zooepidemicus and E. coii can be sexually transmitted 
in horses, but the consequences of exposure to these micro¬ 
organisms are determined by the particular strain involved 
and active participation of all facets of the mare's uterine 
defense mechanisms, in contrast to a true STD, persistent 
infectious endometritis Is often the result of contamination 
of the uterus by the mare's fecal and genital flora in combi¬ 
nation with compromised uterine defense. 547 - 1 ^ 

PERSISTENT BREEDING-INDUCED ENDOMETRITIS 

Shjggmtf, Intrauterine deposition of semen causes an 
inflammatory reaction resulting from spermatozoa. 140 ' 150 
The mechanism of the Induced inflammation Is similar to 
endometritis caused by bacteria, involving activation of 
the complement cascade. 150 The role of spermatozoa in 
breeding-Induced endometritis implies that a transient uter¬ 
ine inflammation is a physiologic reaction to semen, and it 
appears lo be a normal process by which excess sperm and 
bacterial contamination are eliminated from the mare's 
reproductive tract. us - 155 Transport of spermatozoa from 
the uterus to the oviduct is completed within 4 hours after 
breeding, and only a small portion of the ejaculated or in¬ 
seminated semen reaches the oviduct. LS2 ' 155 The rapid 
transport of spermatozoa to the oviduct coincides with 
increased uterine activity. 151 Increased myometrial contrac¬ 
tion in response to breeding is also responsible for rapid 
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sperm elimination from the uterus through the cervix. 334 
However, not nil excess spermatozoa are removed from 
the uterus through ibts mechanism. The remaining sperma¬ 
tozoa have to be eliminated by means of other uterine 
clearance mechanisms,, such as PMN-phagocytosts of sper¬ 
matozoa. 146 However, the condition may develop Into a 
persistent Inflammation In mares with impaired uterine 
clearance. if sperm elimination and all physical and 
chemical reactions that are Involved In the Induced Inflam¬ 
mation persist beyond die lime when the embryo enters the 
uterus at 5 days after ovulation, embryonic loss will occur 
because of an Incompatible inflammatory uterine environ¬ 
ment. The Incidence of persistent breeding-induced endo¬ 
metritis has been reported to be approximately 15% of a 
normal population of thoroughbred broodmares, and the 
incidence may be higher for mares bred by arllflcal insemi¬ 
nation with thawed frozen semen. 136 

In contrast to spermatozoa, seminal plasma has a sup¬ 
pressive effect on complement activation, PMN-cbemotaxis, 
and phagocytosis. 155 A function of seminal plasma may be 
to act as an inflammatory Inhibitor or modulator in the 
uterus, which may be of importance with regard to the tran¬ 
sient nature of breeding-induced endometritis. The duration 
of breeding-induced uterine inflammation was shown In a 
study lo be shorter when seminal plasma was Included In 
an Insemination dose, compared with when all seminal 
plasma was removed and replaced by a commercial semen 
extender. 356 Although the peak numbers of PMNs were 
the same for both groups, significantly fewer PM Ns were 
recovered from the uterus at 24 hours compared with 6 
and 12 hours after Insemination when seminal plasma 
was included. In contrast, there w r as no significant differ¬ 
ence in the number of uterine PMNs at 6, 12, and 24 hours 
of inseminalLon In the absence of seminal plasma. Another 
function of seminal plasma in breeding-induced endometri¬ 
tis may be to protect spermatozoa from being phagocvtosed 
and destroyed In an Inflammatory environment PMNs are 
present in the uterine Lumen by 0.5 hours after breeding 
but sperm transport Is not completed umll 3 lo 4 hours 
later.f 52 - 157 in addition, when mares are Inseminated twice 
within a 24-hour period, semen from the second Insemina¬ 
tion Is Introduced Into an Inflammatory environment I’his 
environment is detrimental to sperm motion characteristics, 
and motile sperm cells appear to bind to PMNs, forming 
large dusters of PMN and spermatozoa. Addition of semi¬ 
nal plasma has been shown lo reduce the binding between 
spermatozoa and inflammatory cells in vitro. 153 Recent data 
suggest that equine seminal plasma selectively protects via¬ 
ble but not dead spermatozoa from PMN-binding and 
phagocytosis. J53 ' 1fi0 Selective protection of viable spermato¬ 
zoa from PMN-blnding and phagocytosis Increases their 
survival in a hostile uterine environment and ensures that 
a sufficient number of spermatozoa reach lhe oviduct for 
fertilization, while effective sperm elimination of non viable 
spermatozoa can be maintained. 

CHRONIC DEGENERATIVE ENDOMETRITIS (ENDOME¬ 
TRIOSIS), Degenerat ive changes of the endometrium such as 
periglandular fibrosis and glandular dilation are often seen 
in older multiparous mares. The condition is associated 
with .susceptibility to persistent endometritis 161 and may 
result from repealed uterine inflammation. How r ever, she 
condition has also been observed in older mares without 
any known history of endometritis, suggesting that degenera¬ 
tive fibrosis of the endometrium can oe a process of aging 
rather than Inflammation. 162 Based on the posslbi 13ty of a 
non Infectious cause of the disease. It was suggested that 
the condition should be called mdometmis rather than 
degefttraiUv entforfrecrtlir. 163 It is not clear why mares with 
flbrotlc degenerative changes to the endometrium have an 


Impaired physical uterine clearance mechanism. Sclerotic 
changes in the uterine vascular bed Impair blood flow to both 
the endometrium and the myometrium. 163 

II Diagnostic Approach, History compatible with endome¬ 
tritis Includes infertility after breeding to a fertile stallion. 
Mares with severe endometritis may have shortened Interes- 
trous Intervals and may show vaginal discharge. Physical 
and speculum examination may snow anatomic defects of 
the vulva or cervix. Excessively easy passage of a vaginal spec¬ 
ulum may Indicate loss of integrity of the vestibulovaginal 
sphincter. Discharge from the cervix and vaginal Inflamma¬ 
tion may be apparent. Transrectal palpation and ultrasonog¬ 
raphy may reveal accumulations of luminal fluid {Fig. 43-7). 
Diagnostically, it maybe difficult to identify 1 susceptibility to 
breeding-induced endometritis before breeding. Some mares 
have free fluid present in the uterine Lumen before breeding, 
but most mares are not diagnosed until after they have been 
bred. If susceptibility to persistent breeding-Induced endo¬ 
metritis is suspected, the mare should be monitored closely 
by ultrasonography per rectum at 6 to 12 hours after breed¬ 
ing, If possible, and at a minimum within 24 hours after 
breeding. If free fluid is present In the uterine Lumen, the 
mare should be considered to have persistent mating- 
induced endometritis. Clearance of charcoal particles from 
the uterus within 48 hours of inoculation and the use of scin¬ 
tigraphy to measure uterine clearance have been suggested to 
be useful In identification of mares that are susceptible to 
persistent breeding-induced endometritis. LJ T L6J However, 
these methods may not be practical under field conditions. 

MICROBIOLOGY, Quantitative aerobic bacterial culture of 
the uterine lumen is necessary to Identify potential pathogens 
and for antibiotic sensitivity testing. Samples should be taken 
during estrus, and the swab plated immediately on a solid 
medium or transported in a non nutritive medium to the labo¬ 
ratory. Inadvertent contamination of cultures with bacteria 
from'the lower reproductive tract is common, so the culture 
Instrument should be guarded until It is within (he uterus. lfi5, 
A false-positive bacterial sample result may be obtained as 
the result of contamination (even when double-guarded swabs 
are used), and culture results should always be interpreted 
together with results from endometrial cytology. Culture alone 
Is not diagnostic. False-negative swab sample results are fre¬ 
quently obtained even under optimal circumstances, and labo¬ 
ratory results should always be Interpreted in light of clinical 
findings. Use of culture and histologic interpretation of an 
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endometrial biopsy appears to be the most accurate method to 
diagnose persistent Infectious endometritis. Lfi<s Cultures may 
also be performed on endometrial biopsy samples. Culture 
samples for T. apigenilalis should be taken from the endome- 
trlum r cervix, chloral fossa, and sinuses. Samples should be 
placed in Amies medium with charcoal or Steward's medium 
and be kept refrigerated until delivered to the laboratory. 

ENDOMETRIAL CYTOLOGY. PMNs migrate into the uler 
ine lumen In response to inflammatlon, so endometritis Is rap¬ 
idly and accurately diagnosed by examination of exfoliated 
endometrial cells. A sample may betaken with a guarded swab, 
a qtology brush, or by Infusion and aspiration of a small 
amount of fluid. Air-dried smears are stained with new methy- 
lene blue or modLfled Wrigbt-Glemsa slain. Epithelial cells 
may be shed singly or in rafts. Arbitrary definitions of endome¬ 
tritis have been established on the basis of relative numbers of 
PMNs. Using these criteria, more than one PMN per 10 epithe¬ 
lial cells Is consistent with endometritis. Endometrial cytology 
from normal mares may contain PMNs and spermatozoa ior 
several days after breeding. It has been suggested that eosino¬ 
phils are associated with fungal endometritis and pneumova¬ 
gina. Urine crystals Indicate urovagina. 

ENDOMETRIAL BIOPSY, Endometrial biopsy Is an accu¬ 
rate diagnostic and prognostic tool for endometritis. The 
biopsy sample should be taken during the breeding season, 
should beof adequate size, and should be fixed In Bcuin's solu¬ 
tion for 24 hours and then transferred to 10% formalin. 
Chronic endometritis is characterized by infiltration of the 
endometrium with mononuclear cells and deposition of layers 
of fibrosis around endometrial glands. Fibrosis of the endome¬ 
trium is a degenerative change and Is permanent. The severity 
of endometrial changes Is inversely related to reproductive per¬ 
formance. A system to classify histologic changes has been 
described and Is widely used- 5 (Table 43-5). Special stains such 
as periodic acid -Sch Iff and Comorl's methenamine silver may 
be used to identify the presence of fungi in endometrial 
biopsies. 

TRANS RECTAL ULTRASONOGRAPHY The presence of 
free Intraluminal fluid before breeding strongly suggests sus¬ 
ceptibility to persistent endometritis. L * 7 Ultrasonographic ex¬ 
amination of the uterus Is helpful to assess both the quantify 
and quality of accumulated fluid in the uterine lumen. Normal 
mares may retain fluid up to 6 to 12 hours after mali ng. If fluid is 
present at 12 hours or more after breeding the mare should be 
considered to have a persistent mating-induced endometritis. J&ft 
Increased echogenicity of the fluid is associated with the pres¬ 
ence of inflammatory cells and debris. 

Efyiteroscopy. Examination of the uterine lumen with an 
endoscope provides Information about degree of inflamma¬ 
tion In addition to evidence of foreign bodies, transluminal 
adhesions, InLraluminal masses, and endomelrial cysts. 

II i'mifrrifPit and fTogpiosfs 

SEXUALLY TRANSMITTED DISEASES. Mares with CEM 
should be treated with Intrauterine Infusions of antibiotics 
based on sensitivity tests, in combination with local 


treatments of the clltoral fossa and sinuses. Best results 
can be expected when treatment Is initiated when the mare 
is In estrus and is combined with uterine lavage if inflam¬ 
matory debris or intraluminal fluid is present. Cleansing 
of the vulva and the clitoris dally for 5 days with a 4% 
chlorhexidlne or nltrofurazone ointment has been recom¬ 
mended. LM Slnuseclomy can also be performed. 170 Import 
regulations In countries free from CEM serve to prevent out¬ 
breaks of the disease. The spread of CEM on farms In 
endemic countries Is best prevented by Implementation of 
strict hygiene, screening of breeding stallions before the 
breeding season, and the use of AI, if allowed by the breed 
registry. 

PERSISTENT UTERINE INFECTION, Treatment of mares 
with persistent uterine Infections needs to be directed 
toward the underlying breakdown of the uterine defense 
and against the microbial agent. The first therapeutic con¬ 
cern should be to remove predisposing causes, such as a 
breakdown of external genital barriers. Persistent uterine 
infection frequently follows degenerative or traumatic ana¬ 
tomic changes and loss of Integrity of the barriers of ascend¬ 
ing Infection. Therefore CasllcKs surgery, repair of cervical 
damage and perineal lacerations, ana correction of urova¬ 
gina should precede specific endometrial treatment. All 
potential sources of contamination including Intrauterine 
passage of diagnostic and treatment implements should be 
minimized. In some mares, recovery follows with sexual rest 
and no further treatment. Mares that are susceptible to per¬ 
sistent uterine infections should be bred using minimal con¬ 
tamination techniques to avoid bacterial contamination of 
the uterus. 171 Antibiotics may be administered by either 
local or systemic routes. Intraluminal fluid and Inflamma¬ 
tory debris should be removed by uterine lavage before local 
treatment. Drugjs and doses are summarized in Table 43-6. 
Treatment should be based on sensitivity. Mares should be 
treated during estrus when natural defense Is maximal, and 
strict aseptic technique should be used. The volume of fluid 
used for antibiotic therapy Is dependent on the size of the 
uterus. A total volume of 30 to 60 mL Is usually sufficient. 
Treatment should continue daily for 4 to 6 days during the 
duration of estrus. Bacterial resistance may follow inade¬ 
quate dosage, and follow-up cultures should be performed. 
Repeated contamination may indicate an unsuccessfully 
resolved predisposing cause. Removal of the primacy micro¬ 
organism may result in overgrowth of a second bacteria or 
fungus (superinfection). Critical studies of the efficacy of 
systemic antibiotics are limited, although effective levels 
are produced In the endometrium after systemic administra¬ 
tion. 177 Parenteral administration may be easier, and the 
opportunity to Introduce uterine contamination or cause 
uterine Irritation with treatment is eliminated. Treatment 
of fungal Infections is generally more challenging than treat¬ 
ment of bacterial infections. Culture and sensitivity will 
determine the choice of antifungal drugs (Table 43-6). Fun¬ 
gal endometritis may require dally intrauterine infusions for 
7 to 10 days to effectively resolve the infection. In order to 
avoid Intrauterine Infusions in the presence of high circulat¬ 
ing concentrations of progesterone, treatment can be 
initiated I or 2 days after an in lection of FGF ]3 in diestrual 
manes and continues until 1 or 2 days after ovulation. A sin¬ 
gle dose of a benzyoylphenyl urea (lufenuron) has recently 
Been suggested to effectively treat mares with fungal endo¬ 
metritis. Initial data from four mares were encouraging 
and need to be confirmed by controlled studies using larger 
groups of mares. 

Treatment with Lmmunostlmulatory agents (Propfombitc- 
fermm acrm) has been reported to improve pregnancy rates 
in mares with persistent endometritis, but the mechanism is 
not fully understood. 1 '' 4 
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Antibacterial Drugs Used for Intrauterine Administration for Treatment of Uterine Infections in Mares 


Drug 

Dose (Intrauterine 

Ad m In islraLlu n} 

Comments 

Amikacin sulfate 


Gram-neg.uju? spectrum; buffer wilh equal volume 017.5% bicarbonate 

Amptrtllln 

3& 

Gram-negative spectrum; may Irritate the endometrium 

Caifoenlcillln 

z-st; 

Gram-negative spectrum; may Irritate the endometrium: buffer with 
equal volume of 7.5% bicarbonate 

Gentamicin sulfite 

1-3 E 

Gram-negative spectrum; buffer with equal volume of 7.5% bicarbonate 

Kanamytin sulfate 

1-3 g 

EjeAericfttd osir, sperm at oridal 

I'veomycin sulfate 

3-1 g 

Useful against sensitive IL cnfi 

Potassium penicillin G 

5 million U 

Srrepfvcdjcau z&uepfdemtctjj 

Polymyxin, B 

1 million U 

toeutfcwfimiLU 

TLcarrilSkn 


Broad spectrum 

Ttcaiel 1 lln/'c Lavulan ic icid 

ft g/200 mg 

Broad spectrum 

Ceftlofur 

Anti my cut 1 cs 

lE 

Broad spectmm [S, zoaepuitiniew) 

bry statin 

500,000 U 

Dissolve in B0 mL 0.9% saiJne solution; daily for 7 to 10 days. 

Clalrim azole 

500 mg 

Suspension of cream; daily for t wk 

Miconazole 

500 mg, 

Effective against yeast 

Amphotericin 35 

200-250 mg 

Daily for J wk 

Vinegar 

2<& 

20 ml. wine vinegar to 1 L d.9% saline solution; used as uterine lavage 

Lutcnuron 

540 mg (single dose) 

Suspend In 60 mL sierlle water 


PERSISTENT BREEDING-INDUCED ENDOMETRITIS. 

Management of mares susceptible to persistent breeding- 
induced endometritis should Include limiting uterine 
exposure to semen and bacteria and assisting the uterus to 
physically clear contaminants and inflammatory products 
after breeding. I3 ^ 173 - 175 Preexisting uterine infections 
should be resoLved before the mare is bred. Exposure to 
semen should be limited lo a singje breeding per cycle, if 
possible. This can be accomplished by closely monitoring 
follicular development and hormonal treatment to Induce 
ovulation of mature follicles. Physical clearance can be 
assisted by the use of uterolonlc drugs. Oxytocin or PGF 3a 
treatment 4 to 8 hours after breeding has been shown to 
aid in uterine clearance, resulting in Improved pregnancy 
rates In susceptible mares. Care must be taken 

with regard to the timing of PCF^ treatment. Recent reports 
have demonstrated that PGF 3a can cause a delay In the for¬ 
mation of a functional CL when administered within 2 days 
after ovulation. ?tJQa This was associated with pregnancy 
failure In two of the reports. 97 ' 98 Larae-volume uterine 
lavage 6 to 24 hours after breeding will also effectively assist 
the uterus In clearing fluid and Inflammatory products. 175 
Because sperm transport to the oviduct is completed within 
4 hours after breeding, uterine lavage 6 to 24 hours after 
breeding will not have a negative effect on fertility. 152 .Man¬ 
ual dilation of the cervix In mares with poor cervical dila¬ 
tion mav help these mares to more effectively clear the 
uterus of fluid. 

The use of corticosteroids In mares with excessive Inflam¬ 
mation in response to breeding has been suggested. 177 The 
authors administered acetate Ua-prednlsolone [0.1 mg/kg) 
twice daily during estrus, sEarting when a follicle >35 mm 
was detected and ending when ovulation was confirmed. 
Prelim I nary results are encouraging, and fun her research is 
needed to clarify the mechanism of action forlhls treatment 
alternative. 

Eleclroacupunclure has been used clinically to Increase 
uterine contractility In mates with delayed uterine clearance. 
Anecdotal reports are encouraging, and research Is needed 
lo confirm the efficacy of this treatment alternative. 


it is Important for the clinician to keep In mind that a 
transient Inflammatory response to semen is normal and 
required for normal fertility, Postbreeding treatments of 
these mares will most likely not Improve fertility but may 
cause even further contamination and interfere with preg¬ 
nancy. Only 10% lo 15% of all broodmares develop a path¬ 
ologic persistent form of breeding-induced endometritis. 126 
Attention should be given to identify and manage these 
mares appropriately in order to optimize reproductive 
efficiency. 

CHRONIC DEGENERATIVE ENDOMETRITIS (ENDOME- 
TROSIS). Several treatments have been suggested for degen¬ 
erative fibrosis of the endometrium, but consistent results 
have not been reported. Mechanical or chemical Irritation 
of the endometrium has been used, but concerns that 
trauma to the endometrium may produce more scar tissue 
than repair have limited the popularity of such methods. 
Infusion of dimethyl sulfoxide (DMSG) into the uterine 
lumen has been shown to improve fibrosis in mares with 
chronic degenerative endometritis L7a ; however, other 
researchers were not able to repeat these results. 179 

Prognosis for fertility after endomeLritis varies with the 
severity of Inflammation and fibrosis and the Inciting cause. 
Prognosis should take into account the age of the mare and 
the level of reproductive management. In addition to the 
cause and likely response to treatment. 

Metritis 

Metritis Is classically defined as inflammation of all layers of 
the uterine wall. Metritis occurs in the first 2 weeks after 
foaling and commonly follows abortion, dystocia, and 
RFMs. In mares, metritis Is often accompanied by endotox- 
emla and la min Ills. Transluminal adhesions between endo¬ 
metrial folds may follow severe metritis. 

C.frmVtif Signs mrrf DfagnbiiL Metritis is characterized 
by uterine accumulation of postpartum secretions, bacteria, 
and the products of inflammation, wlEb discharge from the 
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cervix and possibly the vulva. Discharge is usually fluid and 
red-brown and may be fetid. Systemic signs of depression 
accompanied by neutropenia and leukopenia are apparent 
with development of endotoxemia. Differential diagnoses 
include normal lochia and causes of profound depression 
in the postpartum period as a result of uterine tears and 
abdominal catastrophes. 

II Jf-eubFicpif and Prognosis. Treatment is directed toward 
removing contamination and microorganisms from the 
uterus while providing systemic treatment for endotoxemia. 
Broad-spectrum systemic antibiotics, antiinflammatory 
drugs, and fluid therapy are Indicated. Uterine contamina¬ 
tion may be removed by gentle Intraluminal Infusion of 
warm water or saline and siphoning off of uterine contents. 
Vigorous lavage should be avoided, particularly during 
acute systemic disease. Prognosis depends on severity of 
clinical signs. If metritis is diagnosed quickly and treatment 
is Instituted, prognosis for fertility and systemic health Is 
good. Prognosis Is guarded once endotoxemia and laminllls 
develop. 

Pyometra 

Pyometra in mares is an accumulation of purulent exudate 
in the lumen of the uterus. Impedance to mechanical uter¬ 
ine outflow, such as cervical fibrosis and adhesions of cra¬ 
nial parts of the tract venlrally Into the abdomen, may 
contribute to the development of pyometra. If endometrial 
irritation causes release of endogenous endometrial PCF, 
diestrus will be shortened, in some mares, endometrial 
destruction is so severe that PGF release Is inadequate and 
luteal life Is prolonged. 1,2 A variety of bacteria may be 
involved, including E. co ?i, Pseudomonas species, and Sirepro- 
ccceus species. Cultures may be negative. 

II Cfi'pifcaf Sfgns and Diagnosis. A purulent vaginal or cer¬ 
vical discharge may be seen. Ihe mare may demonstrate a 
short diestrus, a normal Inlerestrous interval, or a pro¬ 
longed diestrus. Occasional mares with pyometra have mild 
leukopenia and normocytic-normochromlc anemia, sec¬ 
ond ary to mild suppression of erythropoiesis.^ 2 Transrectal 
palpation and ultrasonography reveal a fluid-filled uterus. 
The uterine wall may be thin and flaccid or thick. 

II 'Jta'abFicpit and I^rognosis. Treatment should Involve cor¬ 
rection of predisposing causes, fluid evacuation, and local 
antibiotic treatment. Evacuation of large amounts of fluid 
from the uterus may result in redistribution of fluid and cir¬ 
culatory shock. The mare should be monitored for signs of 
circulatory shock, and intravenous fluid may be adminis¬ 
tered during evacuation of large amounts of fluid from the 
uterus. The prognosis for life is excellent however, the prog¬ 
nosis for return to normal fertility Is guarded to poor 
because the conditions that predispose to development of 
pyometra in mares {cervical stenosis and adhesions) are dif¬ 
ficult to treat and because severe endometrial destruction 
may develop. Endometrial biopsy should precede vigorous 
treatment. Hysterectomy should be considered if treatment 
is unsuccessful and if discharge is unacceptable or If adhe¬ 
sions Impair athletic ability. 

II RUMINANTS 

Parturition 

Deliveries complicated by dystocia or RFMs may be fol¬ 
lowed by severe bacterial Infections of the uterus. The most 


sanitary environment possible should be provided for calv¬ 
ing, The use of a clean pasture may be most appropriate on 
some farms, whereas the use of roomy, well-bedded. Indoor 
maternity pens that are cleaned after each delivery may be 
appropriate on others. 

Cows with abnormalities around the time of calving 
such as hypocalcemia, dystocia, and RFMs are more likely 
to develop uterine Infections than are cows that calve nor¬ 
mally. Routine treatment of cows with antibacterial drugs 
and chemicals has not been shown to be beneficial and in 
some cases has reduced fertility. Postpartum uterine infec¬ 
tions may be prevented, or the number of such infections 
reduced, by strict attention to sanitation In the calving envi¬ 
ronment and during assistance with delivery, along with 
proper management during the dry period. 550 

Bovine Uterine Infection 

Bovine uteri are normally contaminated by a wide variety of 
microorganisms during the puerperlum. Most of the organ¬ 
isms are transient residents of the reproductive tract ana are 
soon eliminated from the Involuting uteri of normal cows. 
Arcanobucter (Actinomyces) pyogenes can persist in the uteri of 
cows and act with Fusofaic&rfum necropharum and Bacrcroldfi 
species to cause uterine Infections. Coliforms, P. aeruginosa, 
hemolytic streptococci, and gram-positive and gram-negative 
anaerobic bacteria are also frequently Isolated from animals 
wLth postpartum uterine disease. A. pyogenes and Gtostrirffum 
species occasionally colonize the postpartum uterus synergls- 
llcally, causing severe gangrenous metritis. Other organisms 
that appear to have Hide effect on fertility may colonize the 
uterus and produce penicillinase, thus influencing the selec¬ 
tion and route of administration of drugs used to treat uterine 
infections. 121 


II Clinical /Signs tfird Diagnosis. Lochia is normally 
expelled during the first 2 weeks after calving and may range 
from dark red or brown to while to clear. If uterine Involu¬ 
tion Is delayed, discharge of lochia may continue until 30 
days after calving. Discharge of lochia is not abnormal 
unless the fluid is fetid or the cow develops other abnormal 
clinical signs. Abnormalities of uterine Involution cannot be 
diagnosed by palpation per rectum during the first several 
days after calving when both normal and abnormal uteri 
are out of reach and cannot be safely retracted. By 10 to 
15 day's after calving ihe entire uterus can be palpated if 
involution Is normal. Fluid should not be palpable within 
the uterine lumen by 14 to 18 days after calving. Gross 
reduction in size and histologic repair of the endometrium 
are complete in dairy cows by' 40 to 50 days after calving. 

Postpartum metritis In cows Is characterized by the pres¬ 
ence of variable amounts of loch la w'lthln the uterine lumen 
that may be discerned by palpation per rectum. A vagina! 
discharge Is usually present, but it may become obvious 
during palpation. Septic metritis Is characterized by clinical 
signs of toxemia that may include fever, depression, partial 
or complete anorexia, and laminllls. Milk yield is depressed, 
and cows may be unwilling or unable to rise. Some cases 
may be complicated by tenesmus. Vaginitis and cervicitis 
may accompany metritis. Discharges associated with septic 
metritis vary from scanty while mucus to copious amounts 
of red to red-black, w r aleiy, malodorous fluid. In some cases 
inflammation may spread through the uterine wall and 
cause perimetritis and peritonitis.^ 1 Septic metritis in ewes 
and does is characterized by fever, depression, anorexia, and 
Lenesmus. 

Endometritis In cattle Is usually observed between 2 and 
8 weeks after calving. Discharge can range from white pus to 
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estrual mucus. Purulent exudate may be observed only with 
palpation or may be found in the cranial vagina and cervi¬ 
cal canal on examination with a speculum. The history 
may Indicate that the cow has failed to conceive after several 
services but the patient is otherwise healthy. 

Culture of endometrial fluid is not usually done In Indi¬ 
vidual cases of bovine uterine Infection but may be indicated 
to determine the antibiotic susceptibility of microorganisms 
on a particular farm eras a part of the diagnostic plan when 
the Incidence of postpartum metritis or endometritis 
increases suddenly. 

Endometrial biopsies are rarely used In cows but have 
been recommended when complete evaluation Is required 
of the reproductive tract of cows that do not conceive or 
that conceive but do not complete their pregnancies. 5 

II Treatment and Prognosis. To be useful in treating uter¬ 
ine infections in cows, an antibiotic must be active against 
the primary uterine pathogens {A. pyogenes and gram-nega¬ 
tive anaerobes), In the presence of organic debris, and In 
the anaerobic environment of the postpartum bovine 
uterus. 182 Organisms infecting the uteri of cows are usually 
susceptible to penicillin, but during the first month after 
calving, contaminating microorganisms may produce peni¬ 
cillinase. Therefore penicillin is not likely to be effective if 
given locally during the early postpartum period. By 30 days 
after calving organisms that produce penicillinase are usu¬ 
ally eliminated from the uterus, and Intrauterine treatment 
with penicillin may be beneficial. I’he daily intrauterine 
dose of penicillin required to reach the minimum inhlbi- 
loiy concentration of common bacteria such as A. pyogenes 
is 1 x JO 6 IU. 182 Oxytetracydine Is active against manv of 
Lhe microorganisms fhat infect the bovine uterus, and Its 
activity Is only slightly reduced by organic debris and 
absence of oxygen, intrauterine treatment with administra¬ 
tion of 4 to 6 g of oxytetracydine per day has been recom¬ 
mended. Some preparations of oxytetracydine irritate the 
endometrium, cervix, and vagina/ Intrauterine antibiotic 
treatment of dairy cows results in residues In their mllk. ja3 
For example, oxytetracydine has been found in milk from 
44 184 to 96 185 hours after intrauterine administration. 

Penicillin by systemic administration Is effective for treat¬ 
ment of some uterine infections In cows. Dally doses of 
penicillin required to reach the minimum inhibitory con¬ 
centration of A. p}ogenes are 10,000 to 20,000 fU/kg/day. 
Minimum inhibitory concentration of oxytetracydine for 
A. pyogenes In the uterus Is usually higher than the concen¬ 
tration that can be achieved by systemic administration of 
the drug 

Treatment of septic metritis should be directed toward 
controlling septicemia. Large doses of broad-spectrum sys¬ 
temic antibiotics are indicated, along with fluids and other 
supportive therapy. Attempts lo remove RFMs or Irrigate 
the uterus are contraindicated during the acute phase of 
the disease. After the patient has recovered from acute septi¬ 
cemia, intrauterine therapy may be considered. 

ANTISEPTIC CHEMICALS. A variety of antiseptic chemi¬ 
cals have been infused Into the uterine lumen of cows In 
attempts to treat metritis and endometritis, but few con¬ 
trolled trial evaluations are ava liable. These are attractive as 
a way to avoid antibiotic residues in the milk intrauterine 
Infusion. 136 Dilute solutions of povidone-iodine [one part 
ovidone-iodine stock solution to 10 to 20 parts saline) have 
een suggested as being useful in treating fungal endometri¬ 
tis. 44 Povldone-lodlne Is generally available as a 10% solu¬ 
tion w r Llh 1% free Iodine (10,000 ppm of free iodine), so 
that a dilution of 20:1 saline:povidone-iodine yields a Hush 
with 500 ppm of free Iodine, which should be bactericidal. 


UTE RINE LAVAG E . Lavage of the uteri ne lu men with large 
volumes of warm saline [40^ to 45 ' C 1104' lo 11 S -: F]} 
removes accumulated fluid and debris. Uterine lavage has 
been used as an adjunct to antibiotic, antiseptic, and plasma 
treatment. Catheters designed for nonsurglcal embrvo recov¬ 
ery are suitable for uterine lavage. Saline is Infused" into the 
endometrial cavity in 0.5-to I-L Increments, allowed to reflux 
through the catheter, and collected for Inspection. A milk 
hose and larger fluid volumes may be used In cattle with 
larger postpartum uteri, but care must be taken not to enter 
far Into the ulems because it is friable and easily perforated. 
Massage or partial retraction of the uterus by palpation per 
rectum may be necessary to Increase fluid recovery. The uter¬ 
ine lumen is lavaged repeatedly until the fluid returning 
through the catheter is no longer turbid. 

PROSTAGLANDINS, in cows, repeated administration of 
PGF results In shortened e&trous cycles and may mimic the 
shortened luteal phase of patients with acute endometritis. 
PGF therapy may be sufficient in mild cases of endometritis 
or may be used In combination with Intrauterine or sys¬ 
temic therapy, in cases of chronic bovine endometritis, 
treatment with PGF one or two times at 10- to 14-day Inter¬ 
vals decreased the number of days open. 187 

The prognosis in cows for recovery from endometritis is 
usually good if the condition does not progress lo a more 
severe form of uterine disease. Septic metritis after dystocia 
or RFMs may result in permanent Impairment of reproduc¬ 
tive function, laminltis, or death of the patient In spite of 
aggressive therapy. 

Pyometra 

In dairy cows, pyometra Is likely to develop in cows that 
ovulate before microorganisms that Infect the ulems during 
the postpartum period are eliminated. The CL that develops 
after the first postpartum ovulation at approximately 15 to 
IS days after calving persists, possibly because the abnormal 
uteTlne contents suspend release of PGF from the endome¬ 
trium or sequester Ll within the uterine lumen. The uterus 
Is brought under the influence of progesterone, which 
depresses phagocytic activity of uterine neutrophils and 
closes the cervix, allowing the bacterial Infection to per¬ 
sist. 188 Pyometra rarely endangers the general health or life 
of affected cows. Postcoktal pyometra may be caused by 
T. foetus. 

PGF Is the treatment of choice for bovine pyometra. 
Treatment with PGF is followed In 3 lo 6 days by uterine 
evacuation In 85% to 90% of treated cows. Response to 
PGF treatment may be raised with a second Injection of 
PGF In 6 to 12 hours. After endometrial lesions are allowed 
to heal for 30 days, fertility is restored in most patients. 

Treatment of cows with GnRH 2 w r eeks after calving 
Improves fertility In some but not all situations, in herds 
with a high prevalence of postpartum uterine Infections, 
treatment with GnRH may decrease fertility by Inducing 
ovulation and CL development; thus the uterus Is brought 
under the Influence of progesterone before contaminating 
bacteria are removed, leading to pyometra. 

Perimetritis 

Perimetritis may occur In all species as a sequela to severe 
uterine Infections, uterine rupture, penetration of the vagina 
during mating, traumatic Insemination or obstetric proce¬ 
dures, and cesarean section. Perimetritis is character¬ 

ized by Inflammation of the peritoneal surface of the 
uterus and may be accompanied by localized or diffuse peri¬ 
tonitis. Adhesions then develop between the uterus and 
other pelvic and abdominal organs. 
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IB CJi'pifeaJ Stem and Diagnosis. The clinical sijms of peri¬ 
metritis are those of peritonitis and may Include fever, 
depression, partial or complete anorexia, stasis of the gas¬ 
trointestinal trad and evidence of abdominal pain. Abdom¬ 
inal pain Is typified by colic In mares and by grinding the 
teeth {odontoprisis) In cows. In cows the condition should 
be differentLated from traumatic retlculoperltonitls, displa¬ 
cements of parts of the digestive tract, abomasa! ulcers, 
postpartum metritis, and abdominal fat necrosis. Perimetri¬ 
tis In mares must be differentiated from other causes of 
severe abdominal pain. Antemortem diagnosis of perimetri¬ 
tis is difficult In sheep and goats that are presented mainly 
with fever, depression, anorexia, and odontoprisis. 

IB C/fnirai/ Pathology. Cases of acute perimetritis are acc¬ 
ompanied by leukopenia, neutropenia, and a degenerative 
left shift. Further evidence of peritonitis is obtained when 
peritoneal fluid Is obtained by paracentesis and examined 
for Its cellular and mlcroblologic content. 

IB Treatment and Prognosis. lhe cause of perimetritis 
should be treated if possible. Cases of severe metritis should 
be treated appropriately and uLerine ruptures sutured If pos¬ 
sible. Repair of uterine ruptures Inaccessible by flank inci¬ 
sions may be facilitated by Intentional prolapse of the 
ulems after administration of epinephrine, provided the 
tear Is not loo close to the cervix [see next section]. Treat¬ 
ment with broad-spectmm systemic antibiotics Is indicated. 
Lavage to remove peritoneal exudate has been recom¬ 
mended but is difficult to accomplish, especially In cows 
in which the rumen, abomasum, and greater omentum 
make ventral drainage almost impossible and in which 
fibrinous peritonitis with loculation of Infection occurs rap¬ 
idly. Other supportive treatments such as intravenous fluids 
and antiinflammatory drugs should be administered as 
indicated. 

The prognosis depends on the severity of lesions. Fatal¬ 
ities can occur in spite of prompt treatment, and surviving 
animals may be Infertile because of mechanical Interference 
with gamete transport caused by adhesions between the 
genital organs and other pelvic and abdominal tissues. In 
general, Lhe prognosis for fertility in affected animals Is fair 
at best. 

IB Prevention mid Control. Perimetritis occurs sporadically 
in Individual animals; therefore prevention depends on 
avoiding the causes. Immature females, especially heifers 
and fillies, should not be allowed at pasture with adult 
males, to prevent undeslred mating complicated by penetra¬ 
tion of the vagina. Traumatic obstetric, insemination, and 
uterine lavage procedures must be avoided. Uterine tears 
that occur at parturition must be sutured immediately. Post¬ 
partum metritis must be treated promptly and appropriately 
before It progresses to perimetritis. 

IB SMALL KUM1NANTS 

Uterine Infections may follow dystocia and RFMs In sheep 
and goats but are not frequently a cause of Infertility 
because lambing and kidding are followed by a period of 
up to 6 months of sexual rest before the next breeding sea¬ 
son. RFMs and metritis follow abortion in ewes caused by 
Listeria numocytogfflrcj, C. fetus subsp. fetus, and CfitornjvfM 
psitiaci. 

Ewes and does affected with metritis are usually treated 
with systemic antibiotics such as penicillin or sulfametha¬ 
zine. Early and aggressive treatment Is Indicated. 130 


II CAM tuns 

Metritis and Endometritis 

Camelids are induced ovulators, and females are usually 
receptive to males unless they are pregnant. Females do 
not, however, always have a preovulatory follicle present. 
Therefore it is frequently the case that females are bred at 
a time when they do not have a fertile follicle present. When 
camelids breed, the penis is Inserted through the cervix and 
deep Into the uterine horns. Unnecessary matings, or over- 
breeding, is the most important factor causing damage 
and contamination to (he uterus. 131 Other major contribut¬ 
ing factors Include RFMs, rectal vaginal tears, and unsani¬ 
tary obstetric manipulations. 131 

Chronic endometritis will often not cause evident clini¬ 
cal signs, whereas acute, postpartum endometritis may 
cause fever, depression, and signs of toxic shock. 1,1 A thick, 
mucoid lochia] discharge Is normal in the postpartum 
female for up to a week postpartum. Thin, watery, fetid dis¬ 
charge is a sign of endometritis. 131 

Transrectal ultrasonography and vaginoscopy are helpful 
in diagnosing endometritis and metritis, inflamed, thick¬ 
ened uterine walls and hyperecholc, intraluminal fluid 
may be present on ultrasound examination. Vaginoscopy 
may reveal cervical discharge. Transrectal ultrasonography 
may usually be performed In llamas as in horses or cattle, 
in alpacas, because of smaller size, an extension probe will 
be necessary to facilitate transrectal ultrasonographic 
evaluation. 

Uterine culture and cytology samples from the llama 
may be obtained In methods similar to those In Lhe mare 
and cow. A double-guarded swab prevents environmental 
contamination. In the alpaca the swab should be passed 
(hrough the cervix via visualization using a vaginoscope. 
These diagnostics should be performed during the peak 
follicular phase to ensure ease of passage through the 
open cervix and more reliable test results. 131 The most 
common bacteria Isolated from the uteri of camelids with 
endometritis are E. coh, S. zooepidemicus, Ji-hemolytlc 
streptococci, Enterococcus, coagulase-negative Staphylococcus, 
Proteus species, Enlcrohacter uerogenes, K. fmeumonkie f and 
A. pyogenes. J3i 

Uterine biopsy can be a very useful diagnostic tool for 
evaluation of metritis and endometritis In camelids. Endo¬ 
metrial biopsy samples in llamas may be obtained as In 
the mare. The left horn Is perhaps better to target unless a 
particular pathology is suspected In the right horn, because 
camel id pregnancies almost always occur In the left bom. l3J 
Pathologic changes, evaluation, and prognosis are all 
assumed to be similar to those In lhe rnare.^ 31 

lYeatment for endometritis and metritis is also similar to 
that described for the mare. Uterine lavage with a warm, 
isotonic saline solution and oxytocin injection [5 to 
10 iU) are the major components of treatment. Intrauterine 
antibiotic Infusion Is done after uterine lavage. The most 
common antibiotics used are penicillin K {1.5 x 15 fi U), 
gentamicin sulfate (200 to 300 mg), and ceftlofur sodium 
(250 to 500 mg). 1,1 Antibiotics should be diluted in sterile 
water or saline {saline should not be used with ceftlofur) 
and given once daily for 5 to 7 days. Females should be 
evaluated after cessation of treatment and completion of 
2 weeks of sexual rest. 

Prevention of endometritis often requires a "minimum 
contamination breeding technique."' 131 litis entails moni¬ 
toring follicular growth via transrectal ultrasound until the 
follicle is of preovulatory size, breeding only once, follow¬ 
ing breeding with an Injection of hCG {750 IU) or GnRH, 
and administering an intrauterine Infusion of antibiotics 
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24 hours after breeding. Females should be evaluated for 
pregnancy 12 to 14 days after breeding. 

Further preventative measures Include performing pre- 
breeding examinations on all maiden animals to avoid 
breeding animals that are loo young or do not have follicu¬ 
lar activity; breeding only females exhibiting strong recep¬ 
tive behavior [as opposed to mere submissive behavior]; 
performing complete gynecologic examinations of alt 
females with a history of infertility,- obstetric problems, or 
postpartum complications; and observing strict rnles of 
hygiene during breeding and obstetric manipulations.^ 1 

Pyometra 

Pyomelra caused by delayed uterine Involution may be 
observed shortly after parturition. Chronic pyomelra is 
often associated with vaginal or cervical adhesions that 
may be the sequelae to trauma after dystocia or aggressive 
obstetric manipulation. 13J 

ANATOMIC DEFECTS AS A CAUSE 
OF UTERINE INFECTION 

The most common anatomic defect associated with genital 
infections Is pneumovagina Other defects include urova- 
glna and perineal lacerations. These defects should be cor¬ 
rected to prevent contamination with environmental and 
fecal organisms. 

ENDOMETRIAL CYSTS AND LACUNAE 

II MAULS 

Endometrial cysts and lymphatic lacunae are common 
degenerative changes of the endometrium that are more prev¬ 
alent In mares older than 11 years of age than In younger 
mares. 392 Endometrial cysts can originate from endometrial 
glands or obstructed lymphatics. Glandular cysts are small 

10 mm) and are believed to be the result of periglandular 
fibrosis. Lymphatic cysts can reach several centimeters In 
diameter, lire cause of lymphatic cysts is not fully under¬ 
stood, but lacunae are thought to arise after Interference with 
normal lymph drainage from the genital tract.- 5 

II Cltnuul Signs and Diagnosis. Endometrial cysts can be 
visualized by ultrasonography or by hysleroscopy. Cysts 
may mimic pregnancy when mares are examined per rectum 
by palpation or ultrasonography. J33 Sequential examina¬ 
tion reveals that size of endometrial cysts remains static, 
whereas amniotic vesicles enlarge. Laige, discrete, fluid- 
filled cysts may be Identified by palpation of the uterus 
per rectum. Smaller cysts and lacunae may be observed In 
endometrial biopsy sections. Uteri affected by lymphatic 
Lacunae are enlarged and have a thicker wall than normal. 

II Treatment and Prognosis. Endometrial cysts do not 
require treatment unless they are suspected to Interfere with 
pregnancy. Endometrial cysts have been suggested to cause 
embryonic death and abortion If Large or numerous. How¬ 
ever, one study failed to find an association between the 
presence or number of cysts and fertility. 102 Obliteration 
of endometrial cysts using endoscopic guided laser surgery 
removes the cysts permanently, but (he long-term effect on 
fertility has not been critically evaluated. Needle aspiration, 
mechanical rupture of the cyst, utertne curettage, or Intra¬ 
uterine Infusion of hypertonic saline solution have all been 
suggested to effectively remove endometrial cysts. However, 
the cysts often recur after treatment. 


UTERINE PROLAPSE 

Uterine prolapse occurs when the previously gravLd uterine 
hom becomes Lnvaginated after delivery of the fetus [es] 
and protrudes from the vulva. 

II MARLS 

Uterine prolapse is an uncommon sequela to normal foal¬ 
ing, dystocia, or RFMs In the mare. I’he tip of the previously 
gravid horn invaglnates to form uterine eversion. Eversion is 
accompanied by pain and abdominal straining, lhe myo¬ 
metrium may contract around the ring of invaglnated tissue. 
TransrecLal palpation confirms the diagnosis, and the 
everted tissue may be replaced manually. Eversion may 
progress to complete uterine prolapse, accompanied by 
rapid onset of systemic signs. 

II Treatment and l*rognosis, 1’he prolapsed uterus should 
be washed with clean saline and replaced manually in the 
standing mare as rapidly as possible. Replacement Is aided 
by sedating the mare and administering epidural anesthesia. 
The uterus should be supported on a clean sheet held at the 
level of the pelvis. The uterus should be replaced, beginning 
with the uterine body and working gradually, replacing the 
tip of the horns last. Correct positioning of the uterus is 
Important to prevent the prolapse from recurring. Replace¬ 
ment should be followed by treatment with broad-spectrum 
antibiotics, antiinflammatory drugs, and Intravenous Iso¬ 
tonic fluids. Treatment with oxytocin (10 to 20 IU IM) facil¬ 
itates uterine involution. Prognosis Is related to development 
of sequelae such as uterine tears, metritis, and endometrial 
damage. 3 94 

n RUM IN Alyl'S 

In cows most cases of uterine prolapse occur within a fexv 
hours after calving. The condition is invariably associated 
with hypocalcemia, which results in lack of uterine lone 
and delayed cervical Involution. In addition, dystocia fre¬ 
quently precedes uterine prolapse. 

Elective uterine prolapse can be induced w r llhln 6 to 12 
hours after calving by administration of epinephrine to 
relax the uterus for the repair of uterine tears. A 10-mL 
amount of epinephrine (1:1000) Is diluted to 250 mL In 
sterile saline and administered slowly IV. After 100 mL of 
the solution has been given, the operator reaches through 
the cervix, grasps the uterine wall and caruncles, and everts 
the uterine norn toward the cervix. When sufficient uterine 
tissue has entered the cervical canal, the patient responds 
by straining, which assists In completion of the prolapse. 
Epidural anesthesia is administered to abolish further 
straining after the prolapse is complete. 

Uterine prolapse in does has been associated with dysto¬ 
cia, hypocalcemia, and lack of exercise. 3 1’he predisposing 
factors are probably similar for ewes. 

Clinical Signs and Diagnosis. Clinical signs of uterine 
prolapse are obvious. The membranes may remain attached. 
Immediately after prolapse occurs the tissues are nearly nor¬ 
mal, but with In a few hours they become enlarged and 
edematous. The endometrium Is usually contaminated with 
feces and bedding material. In some cases the prolapsed tis¬ 
sue may be lacerated or severely traumatized and may con¬ 
tain loops of intestines. 

Clinical signs that may accompany uterine prolapse 
Include straining abdominal pain, restlessness, anorexia, 
and Increased pulse and respiratory rales. 302 Parturient 
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paresis Ls common Ln affected dairy cows. In most patients 
these signs are transitory, but shock may complicate some 
cases. 

II Clinical Pathology. Uterine prolapse in cows Is fre¬ 
quently accompanied by hypocalcemia and a significant 
increase in the packed cell volume. 155 

II jyenhFifPit and Prognosis. The prolapsed tissue should 
be protected from further damage by wrapping it In wet 
towels or covering It with a plastic bag Beef cows should 
be restrained where they are found, to prevent trauma to 
the uterus or rupture of the large uterine vessels should an 
animal try to escape on arrival of the clinician. Treatment 
of hypocalcemia is usually Indicated before replacement of 
the uterus If the cow 1s recumbent and semlcomatose; oth¬ 
erwise calcium gluconate Is administered after replacement. 
Epidural anesthesia Is frequently {but not always) required. 

The prolapsed tissue Is washed with a mild presurgical 
scrub. The membranes are removed if they can be easily 
separated from the endometrium but are left Ln place If 
removal is difficult. Some clinicians recommend that cows 
stand during replacement, whereas others have found that 
the organ can be replaced Ln recumbent cows If the patient 
is placed on her sternum with the hind legs drawn straight 
out behind. The prolapse is placed between the extended 
limbs. LM In fresh cases, replacement Is relatively easy and 
is begun at the cervical pole of the organ; the dorsal and 
ventral parts are massaged alternately back Into their nor¬ 
mal position. After the ovarian pole has been replaced, the 
previously prolapsed horn must be straightened, and ever¬ 
sion of the uterus corrected. Administration of clenbulerol 
is reported to relax the uterus, facilitate replacement, and 
reduce the need for epidural anesthesia, but its use Is illegal 
in the United States. 197 If the patient has been neglected, 
accumulated fluid must be reduced by lubricating the tissue 
with an emollienL ointment then carefully but vigorously 
massaging the tissue from the ovarian pole toward the cervi¬ 
cal pole. The hygroscopic action of sugar when applied lib¬ 
erally to prolapsed uteri Is of limited value and vastly 
overrated. 

Oxytocin Is frequently administered to stimulate myo- 
metrial contractions after the uterus has been replaced. 
Metritis is a frequent sequela, and appropriate antibiotic 
treatment is indicated in most cases. Temporary closure of 
the vulva with heavy sutures after replacement Ls not neces¬ 
sary 1 but Ls practiced by many clinicians. 5 If replacement 
of the prolapsed uterus is impossible or the tissue Ls severely 
traumatized, amputation may be indicated; in this case It Is 
important that the uterine arteries be double ligated. 193 

The prognosis varies but is generally favorable If there has 
been no serious damage to the uterus. 5 ' L?6 fatalities can 
occur in cases complicated by shock or by rupture of Large 
uterine vessels. The culling rate from infertility of cows with 
uterine prolapse Ls higher than that of their herdmaies, and 
the calving Interval Ls prolonged Ln affected cows. Barring 
hypocalcemia, the risk of uterine prolapse at a subsequent 
calving is no greater than for other cows In the herd. 

II Prevention and Control Because the condition is asso¬ 
ciated w r llb hypocalcemia in cows, provision of a properly 
balanced ration before calving is Indicated. Although uter¬ 
ine prolapse can occur after an apparently normal delivery, 
it Is more commonly associated with dystocia and forced 
extraction; therefore prolapse should be anticipated, and 
the dam observed so affected patients may receive prompt 
treatment. 


II CAMEL1DS 

Uterine prolapse Ln camel Ids usually Is a consequence of 
dystocia, RFMs, or excessive obstetric manipulation. Treat¬ 
ment Is the same as described for other species and includes 
gentle, dean manipulation of the prolapsed uterus, repla¬ 
cing the oigan starting at the cervix. Replacement is easier 
with early cases. Difficulty Increases and prognosis decreases 
greatly with chronLcity. , 

UTERINE TUMORS 

Neoplasia uncommonly affects the uterus of domestic ani¬ 
mals. Tumors may arise from wllbln uterine tissues or 
metastasize from other organs. 11 Leiomyomas are usually 
benign and arise from the outer smooth muscle of the 
uterus without need for a preparatory event. The multi- 
centric form of lymphosarcoma may affect the uterus of cat¬ 
tle. Lymphosarcoma also affects does, but a predilection for 
the uterus is not apparent. Carcinomas, chorionepithel Lo¬ 
mas, fibromas, fibrosarcomas, rhabdomyosarcomas, and 
adenosarcomas are rarely reported. 

Small tumors may escape detection, whereas largeT ones 
may be palpable per rectum in mares and cows. Leiomyo¬ 
mas are not necessarily associated with reproductive failure, 
and tumors and fetuses can coexist. UterLne walls affected 
by lymphosarcoma may contain discrete neoplastic nodules 
or be diffusely infiltrated. Tumor masses must be differen¬ 
tiated from normal fetuses, mummified or macerated 
fetuses, placentomes, abscesses, and fat necrosis. 

Solitary leiomyomas thought to interfere w r lth fertility 
may be removed. Other forms of uterine neoplasia are usu¬ 
ally not treated. The prognosis Is generally poor. 

SEGMENTAL DEFECTS 

Segmental aplasia (white heifer disease) occurs sporadically in 
all breeds of cattle. In most cases the cranial pads of the geni¬ 
tal tract (ovaries, uterine tubes, and cranial part of the uterine 
horns) are normal, and endometrial secretions from the parts 
of the uterLne horns accumulate because normal drainage 
through the cervix is Impeded. Various defects may be found 
in affected animals, ranging from nearly complete absence of 
tubular genital organs to an imperforate hymen that blocks 
secretion drainage from a normal genital tract. 

II Clinical Signs and Diagnosis. Segmental aplasia may be 
associated with a history of aneslrus if fluid accumulation 
within the uterLne horns interferes with release of PGF and 
luteolysls. Other presenting history may Involve infertility 
or difficulty in Al. On palpation per rectum, various degrees 
of aplasia may be recognized. Flu Id-filled parts of the uter¬ 
ine horns may suggest pregnancy, from which they must 
be differentiated. An imperforate hymen may bulge from 
the vulvar cleft and may be confused with vaginal prolapse, 
prolapse or eversion of the urinary bladder, cystic vestibular 
glands, or neoplasia of the vulva or vagina. 

II Treatment und frognosis. The only form of segmental 
aplasia amenable to treatment is that in which an imperfo¬ 
rate hymen occludes an otherwise normal trad. Incision of 
the hymen is followed by drainage of accumulated secre¬ 
tions and may allow the tract to function normally. 

PARAMESONEPHRIC DUCT APLASIA 

Aplasia of one paramesonephrlc duct leads to development 
of one uterine horn (uterus unicornis). The condition is 
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relatively rare but does emeur In cattle. Subfertillty Is the 
result or prolonged periods of anestrus caused by a persis¬ 
tent CL on the ovaiy Lpsllateral to the missing uterine horn 
(no local luteolytic signal]. The condition can be managed 
with exogenous PGF in the hope that ovulation will occur 
on the Intact side. Alternatively, the unaccompanied ovaiy 
can be surgically removed. 


UTERUS UNICORNIS AND UTERUS 
DIDELPHIS 

'I’he caudal parts of the paramesonephrtc ducts may not fuse 
properly In cattle, causing duplication of various parts of 
the caudal tubular tract. Abnormalities of fusion are most 
common In and around the cervix. The entire cervix may 
be duplicated; or the cervix and vagina may be normal, with 
the exception of the presence of a band of tissue extending 
dorsal to ventral across the external os of the cervix. Partial 
failure of fusion may Involve a part of the cervix, and the 
affected animal may possess a single uterine body and Inter¬ 
nal cervical os, duplication of a part of the cervical canal, 
and a doubled external cervical os. Uterus dldelphls results 
when the cervix and uterine body are completely dupli¬ 
cated. Affected cows may conceive after natural service or 
if artificially inseminated through the cervix and uterine 
horn lpsllateral to the ovary about to ovulate. Affected ani¬ 
mals may be unable to carry a pregnancy to term because 
of lack of placental attachment in the nongravld horn. 


HYDROMETRA (PSEUDOPREGNANCY 
IN GOATS) 

Hydrometra occurs sporadically In goats and is character¬ 
ized by accumulation of several liters of clear fluid within 
the uterus, abdominal distention, persistence of a CL, and 
subsequent anestrus. s It is most common In pet and daily 
goals that are housed separately from males and therefore 
experience estrous cycles without the opportunity to con¬ 
ceive. Previous breeding Is not necessary, but the condition 
may develop after mating, and does are frequently assumed 
to be pregnant. It also can occur after early embryonic Loss 
In goals or sheep, l’he cause of hydrometra is unknown, 
but a deficiency In production or release of PGF from the 
endometrium has been postulated, as has exposure to phy¬ 
toestrogens. The clinical signs of hydrometra mimic those of 
pregnancy. The diagnosis is suspected if the goal falls to 
show eslrus when Ll cannot possibly have been bred but is 
In a herd where heal detection is good. Serum progesterone 
concentrations are elevated, and abdominal enlargement 
suggestive of pregnancy may occur. Results of the urinary 
estrone sulfate test for pregnancy are negative. Amplitude- 
depth ultrasound for pregnancy is positive because of fluid 
In the uterus. Recta! Doppler mav indicate increased blood 
flow to the uterus, but no fetal heart sounds are heard. 
Real-time ultrasound reveals fluid but no fetus or caruncles 
In the uterus. The animal should be rechecked if fewer than 
40 days have elapsed since the last possible breeding. In 
advanced hydrometra, large fluid-filled compartments are 
seen separated by undulating tissue walls, which represent 
the uterus colled back on itself. The fluid is cloudy and floc- 
culent If aspirated through the abdominal wall. Spontane¬ 
ous correction Is common and varies from red discharge 
suggestive of early abortion to expulsion of accumulated 
fluid approximately 150 days after an infertile mating, so- 
called ''cloudburst." 1 No fetus or placenta is passed. Treat¬ 
ment of false pregnancy Is with prostaglandin. The clinician 
needs to keep In mind that this will abort the goat If It has a 
true pregnancy. An Initial dose of 5 to 10 mg of dinoprost 


(Lutalyse) or 125 to 250 meg of cloproslenol [Estrumale] 
Is given and repealed in 12 days. Estrus and emptying of 
the uterus occur In 1.5 to 4 days. Oxytocin [50 iU bid for 
4 days) will cause CL regression, but treatment with oxvto- 
cln is normally reserved for goats that still retain fluid In 
the uterus after prostaglandin therapy. The doe frequently 
becomes pregnant within a few days to weeks after termina¬ 
tion of a false pregnancy if a buck Is available. Sometimes 
hydrometra recurs. Suggestions for prevention have In¬ 
cluded selenium supplementation and breeding on the first 
heat of the season, The prevalence is probably increased In 
herds where breeding is delayed in order to obtain winter 
milk and In does manipulated hormonally lo breed out of 
season. Routine pregnancy diagnosis of goats with real-time 
ultrasound should be advised to permit rebreeding during 
the same season. 

CERVICAL ABNORMALITY 

Cervicitis 

Inflammation of the cervix usually accompanies endometri¬ 
tis and vaginitis and is frequently secondary to trauma 
associated w r Llh dystocia and obstetric operations. r fhe 
mucus-secreting epithelium of the cervix Is more resistant 
to bacterial Infection than Is the epithelium of the uterus 
and vagina. 

H MARES 

I’he equine cervix Is a straight lube made up of layered cir¬ 
cular and longitudinal muscle. During estrus It relaxes, 
and the external os lies on the floor of the anterior vagina. 
During dleslrus or pregnancy, under the influence of pro¬ 
gesterone, the cervix is closed and the external os is elevated 
off the vaginal floor. Cervicitis or Inflammation of the cervix 
may be iatrogenic or may occur secondary to trauma asso¬ 
ciated with parturition or dystocia or as an extension of vag¬ 
initis or endometritis. Endometritis and Infertility follow If 
the cervix Lacks anatomic integrity. 

II Clinical Signs and Diagnosis, infertility and history of 
an inciting cause such as urine pooling or dystocia may be 
the only signs of cervicitis in the mare. Cervical hyperemia 
and edema may be apparent on speculum examination In 
acute cervicitis. In more chronic Injuries, direct digital exam¬ 
ination of the cervix of the mare in dlestrus may reveal 
transluminal adhesions or anatomic defects. 

For treatment and prognosis in mares, see discussion 
under Ruminants later In this section. 

H RUMINAMIS 

Similarly, in cows cervicitis is secondary to uterine Infections 
and follows trauma associated with parturition and obstetric 
manipulations. Infection is usually caused by microorgan¬ 
isms normally present in the cranial vagina such as E. coh, 
streptococci, staphylococci, and A. pwgen&s. Occasionally 
Infection with anaerobic bacteria complicates cervicitis and 
results in severe toxemia. 

Cervicitis in does and ewes Is uncommon but may occur 
secondary to vaginal and uterine Infections and obstetric 
trauma. 

II Cf iuirtif ifgns tnrd Diagnosis, Examination of cows with 
a vaginal speculum reveals swelling and edema of the exter¬ 
nal cervical os. lire mucous membrane Is hyperemlc and 
Inflamed. Mucopurulent exudate may be present Ln the 
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cervical canal or In the cranial vagina. Hypertrophy of the 
cervix is common in Bos inrfjcjjs creeds and their crosses 
and may be a normal finding; therefore cervical size as 
detected by palpation per rectum may or may not indicate 
Inflammation. Inflammation of the cervlot without contem¬ 
porary endometritis may not affect fertility. CeTvlcitis may 
occur in pregnant cows. 

The clinical signs of cervicitis in does and ewes are simi¬ 
lar to those in cattle and must be observed with a small vag¬ 
inal speculum. 

II Treatment anti Prognosis, Most cases of cervicitis resolve 
spontaneously wrhen coexisting endometritis and vaginitis 
improve. Exudate can be flushed from the cervical canal 
and cranial vagina with warm saline lavages, and a non Irri¬ 
tating antibiotic ointment applied So the affected tissue. 
Caustic chemicals should not be placed In contact with 
the cervical mucosa. Aggressive treatment with systemic 
antibiotics Is Indicated In cases complicated by infection 
with anaerobic bacteria. 

The prognosis for most cases of simple cervicitis is fair to 
good. However, Inflammation of the cervix in mares may 
progress to more severe cervical abnormalities. Cervical dam¬ 
age Is a serious threat to future reproductive performance in 
mares. Anaerobic Infections of the cervix may be fatal. 

II PnetWRtfott and Control. Obstetric manipulations and 
operations must be temperate. When the cervix does not 
properly dilate during parturition, a cesarean section Is pre¬ 
ferred over forced extraction. 

CERVICAL LACERATIONS 

II MARES 

Cervical lacerations are most often seen after dystocia. Cer¬ 
vical lacerations may result In adhesions and a nonpatent 
cervix or In a failure to seal the uterus during diestrus or 
pregnancy. Cervical adhesions In combination with endo¬ 
metritis are a common cause of pyomelra In the mare. 

II Cffpu'caJ Sivpis flird Diagnosis. Cervical lacerations can 
be diagnosed by vaginoscopy and digital examination of 
the cervix. A digital examination of the cervix is often neces¬ 
sary to evaluate the degree and severity of the laceration. 
Evaluation of the ability of the cervix to close adequately 
is best performed during diestrus. 

II Treatment and fYognosis. If cervical lacerations are diag¬ 
nosed shortly after parturition, antimicrobial ointment 
should be applied frequently to the lesion. Early signs of 
adhesions should be broken down until the tissue Is healed. 
If the laceration results In an Incompetent cervix, it should 
be corrected surgically. Although surgical repair of cervical 
lacerations has resulted in restored fertility In many mares, 
the condition is Likely to recur at the lime of the next partu¬ 
rition. Embryo transfer should be considered If allowed by 
the breed registry. 

VAGINAL ABNORMALITIES 

Pneumovagina 

II MARES 

Pneumovagina is characterized by aspiration of air containing 
feces and microorganisms Into the vagina. Pneumovagina Is 


secondary to changes in perineal conformation, which 
include cranloventral displacement of the reproductive tract, 
loss of integrity of the vestlbulovagjnal sphincter, and Loss of 
integrity of the vulvar labia. These changes occur more com ¬ 
monly In older, multiparous mares and those that have had 
perinea] lacerations. Pneumovagina Isa common antecedent 
to Infertility. 

II CffriiW Signs and Diagnosis, In the normal mare the 
anus is positioned directly dorsal to the vulva; the perineal 
body between the dorsal vulva and the anus Is thick, muscu¬ 
lar, and well formed: the vesllbulovaginal sphincter is well 
formed; the vulva has a vertical alignment; S0% of the vul¬ 
va] labia lies below the floor of the pelvis; and the vulvar 
labia form a seal. Mares in which the vulva tilts horizontally 
at Its dorsal aspect, the perineal body is thin, and the vulval 
labia do not form a sea] are prone to pneumovagina in 
cases In which the anus lies rostral to the vulva. A scoring 
system has been developed to evaluate the perineal confor¬ 
mation in mares. J24 The system uses Casllet's index, which 
equals the distance (cm) between the dorsal commissure 
and the pelvic floor multiplied by the degrees of declination 
of the vulvar lips. Mares w r lth CasLicks Index above ISO 
were found to have subnormal pregnancy rates. Affected 
mares aspirate air on exercise or when the vulval labia are 
parted. Aspirated air may be noted on transrectal palpation 
or vagina] speculum examination. Signs of secondary 
changes such as vaginitis, cervicitis, or endometritis may 
be apparent. 

II Treatment and Prognosis, Treatment of pneumovagina 
should be directed toward correcting defective perineal con¬ 
formation. Cranloventral displacement of the reproductive 
tract In aged mares may be irreversible. Perineal confirma¬ 
tion in thin mares Is often improved by increasing the 
mare's body condition. Pneumovagina Is often successfully 
corrected by surgical closure of the dorsal vagina via 
Casllck's operation. Secondary changes should be treated 
as described elsewhere. Prognosis for correction of pneumo¬ 
vagina is excellent; however, prognosis for fertility depends 
on the extent of secondary changes. 


Urovagina 

II MARES 

In normal, young mares the vagina slopes cranlodorsally 
and is largely contained within the pelvis. With aging and 
repeated pregnancy, the cranial vagina may slope cranioven- 
trally and fall below the Level of the pelvic floor. Under 
these conditions urine collects In the anterior vagina, where 
it is spermicidal and may predispose to cervicitis and 
endometritis. 

II Clinical Signs urirf Diagnosis. In mild cases a history of 
infertility may be the only indicator of urovagina. In more 
severe cases, urine dribbles from the vulva at rest or during 
exercise and may accumulate inside the hind limbs. Specu¬ 
lum examination reveals a cranioventral slope of the vagina, 
variable inflammation of the cranial vagina and cervix, and 
a pool of urine in the ventral vaginal fornix. Urovagina may 
occur Intermittently or only during estius. 

II Treatment and Prognoiis. Surgical procedures to prevent 
the anterior flow of urine Include urethral extension™ and 
vaginoplasty. 201 Prognosis depends on the severity of sec¬ 
ondary endometritis and the success of surgery. 
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Vaginitis 

Vaginitis may occur as a result of ascending infection or 
exposure to irritants, or secondary to pneumovagina, uro- 
vagina, perineal laceration, rectovaginal fistulas, breed¬ 
ing, endometritis, abortion, parturition, or dystocia. 
Occasionally, traumatic wounds may be Infected with 
clostridial or anaerobic organisms; however, most infec¬ 
tion is nonspecific. 

II Cf (triad i’jgrts and Diagnosis, Signs may vary from 
hyperemia evident on speculum examination to mucopuru¬ 
lent exudation from the vulva. Severe trauma and. infection 
may be followed by necrotic vaginitis with tenesmus, fetid 
discharge, elevated tall, swollen vulva, and systemic signs. 
Rapid formation of adhesions follows necrotic vaginitis. 
Metritis, RFMs, and uterine tears also may show systemic 
signs and vaginal discharge. 

II Treatment and l*mgno5is. The Inciting cause should be 
treated. Animals with mild vaginitis may recover spontane¬ 
ously, w r hereas moderate cases require local lavage with 
dilute antiseptic or antibiotic solutions. Fertility is unaf¬ 
fected in mild vaginitis without extension, and prognosis is 
good. Severe, necrotic vaginitis Is treated with systemic anti¬ 
biotics, analgesics, and antiinflammatory agents. Caslick's 
surgery may The necessary to prevent aspiration of air. Local 
application of antibiotic and steroid-impregnated ointments 
may help prevent adhesions. Prognosis for severe vaginitis 
is guarded. Vaginal stenosis and adhesions may follow 
vaginitis. 

II Prevention and Control, Nonspecific vaginitis may be 
prevented bv preventing or reducing trauma to the vagina. 
Clinicians should elect appropriate methods for relief of 
dystocia and apply extractive force to fetuses judiciously. 

Infectious Pustular Vulvovaginitis 

ii ctnvs 

Infectious pustular vulvovaginitis [IFV) affects cattle and is 
caused by bovine herpesvirus I, also the cause of infectious 
bovine minotracheills (IBR),- 02 although the two strains are 
genetically distinct. 203 Therefore the respiratory and genital 
forms of the disease rarely occur concurrently, ana abor¬ 
tions usually do not follow an outbreak of the genital form 
of the disease. IPV Is spread by coitus and mechanical 
means and may affect unbred heifers. The incubation 
period of IPV is short (1 to 3 days), and Che infection 
spreads rapidly through the herd, affecting 60% to 30% of 
the animals. IPV is not common. 


II Clinical Signs and Diagnosis. Early in the course of the 
disease IPV is characterized by a mucopurulent vaginal dis¬ 
charge, inflammation of the vaginal and vulvar mucosa, 
and painful urination. Pustules develop over lymphoid fol¬ 
licles and progress from small f<3 mm) ulcers to coalescing 
erosions. The virus causes Inflammation of the penis and 
prepuce (halanoposthitis) leading to considerable pain. 
Therefore animals of both sexes with IPV are reluctant to 
male. The clinical signs subside in 10 to 30 days, leaving 
the recovered animals writh transient Immunity. Early in 
the course of IPV, Lesions may be similar to those of granu¬ 
lar vulvitis (see later section], but the lesions of IPV rapidly 
become more severe. Vulvovaginitis caused by Haemophilus 
icmnus should be a differential diagnosis. 


Treatment and I*rognosis. Treatment of iPV is usually 
not required, although lavage of the vagina with dilute anti¬ 
septic solutions ana emollients has been recommended. 
Mating among infected animals should be suspended until 
the disease subsides. The prognosis for recovery is excellent. 

II Prevention and Control. Vaccination against IBR Is not 
likely to be beneficial in the face of an outbreak, but cattle 
may be protected if they are vaccinated before exposure. The 
IPV virus may survive Incryopreserved semen used for Al; there¬ 
fore semen donors and semen should be free of the virus. Gen¬ 
ital carriers may be responsible for sporadic outbreaks of IPV. 

Vaginal Varicose Veins 
II MARES 

Vagina] varicose veins are common In older mares, in most 
cases the condition is not associated with clinical signs, but 
affected mares may exhibit vaginal hemonhage. A thorough 
examination of the reproductive trad is necessary to deter¬ 
mine the origin of the bleeding. 

II Clinical Signs and Diagnosis. Clinical signs of varicose 
veins vary from no signs to persistent and profuse vaginal 
hemorrhage. Vaginoscopy or fiber endoscopy of the vagina 
reveals varicose veins in the vagina or the vestibulovaginal 
transverse fold. Vaginal hemorrhage from varicose veins 
should be differentiated from vaginal trauma and prema¬ 
ture separation of the placenta in periparturienl mares. 

II Treatment airrf Prognosis. Most mares with vaginal vari¬ 
cose veins do not require treatment. Surgical ligation, treat¬ 
ment with phenylephrine HCl cream, 2a *or laser surgery of 
the veins may be necessary in cases of severe bleeding The 
short-term prognosis after surgery is good, but the condi¬ 
tion often recurs. 


VESTIBULAR AND VULVAR 
ABNORMALITIES 

Coital Exanthema 

H MARES 

Coital exanthema is caused by equine herpesvirus 3 
(EHV-3) and is a veneieally transmitted dermatitis of the 
genital region of mares and stallions.™ 5 ' 30 * 

II Carried f Signs and Diagnosis. The disease is recurrent, is 
usually mild and transient, and affects the vulva and perineum 
of mares and the penis and prepuce of stallions. Lesions are 
initially small papules that rap id ly p rogress to pustules and 
then ulcers. Lesions may rarely appear on the conjunctiva, 
lips, flares, and mucosa of the upper respiratory trad. Rare sec¬ 
ondary bacteria] Infection and systemic signs occur, intranuc¬ 
lear inclusion bodies are apparent in epithelial cells on 
histologic sections taken from the active edge of ulcers. Coital 
exanthema does not affect fertility in mares, but libido may be 
decreased in affected stallions because of pain during coitus. 

n Treatment and I^rogtwsis. Lesions usually heal sponta¬ 
neously within 14 days, leaving depigmenteci spots. Treat¬ 
ment is unnecessary unless secondary bacterial Infection 
occurs. There Is no available vaccine for EHV-3. Sexual rest 
until the lesions are healed is recommended to prevent fur¬ 
ther spread of the disease. Prognosis is excellent. 
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Granular Vulvitis 

II cows 

Granular vulvitis may occur in females of all domestic species 
but Is most significant Ln cattle. u TTve disease is characterized 
by development of granules or papules In the vulvar mucosa 
accompanied by genital discharge, infertility may or may not 
be a feature of the syndrome. Vulvitis may be secondary to 
nonspecific vagln Ills. 103 H. scmnua 3 ® 7 and MnTopfosmfl to?i/feetr- 
j'JdiJj'jjm 5 have been Isolated from cattle with vulvitis, but their 
role in Infertility Is not well defined, and there may be differ¬ 
ences In pathogenicity among strains of the organisms. Umi- 
plasma jftwejjjjtji has been Isolated from cases of granular 
vulvitis In cows and ewes and may be associated with Infertility 
when the organism Is transferred Into the uterus during Al. 5 

II CJfPifftif Sfgpis and Diagnosis. Granular vulvitis Is char¬ 
acterized by the formation of raised granules or papules in 
the vulvar mucosa and around the clitoris with variable 
amounts of mucopurulent exudate. In the mild form of 
granular vulvitis associated with Lf. diversion, only a few 
granules develop, and the Infection has minimal effect on 
fertility. However, acute severe cases are characterized by 
hyperemia of the vulva, a profuse mucopurulent discharge, 
and depressed fertility. Purulent discharge during the acute 
phase persists for 3 to 10 days, after which the disease 
becomes chronic. In chronic cases the lesions are reduced 
in severity, and there is little or no purulent discharge, l’he 
chronic form may persist for several months, and the dis¬ 
ease may become enzootic in some herds. The clinical signs 
of granular vulvitis may be similar to early signs of JPV. 

II Clinical Radiology. Samples for mlcroblologlc culture 
should be obtained from the vulva, cervrcovagtnal mucus, 
and uterus. Use of a transport medium for submission of 
samples to a laboratory Is mandatory. The organisms may 
be eliminated before the samples are obtained, yielding 
false-negative results. Conversely, microorganisms Incrimi¬ 
nated as causing granular vulvitis may be isolated from 
the genital tracts of normal animals. 

II Treatment and Progtiosis. Most cases of nonspecific vulvi¬ 
tis resolve spontaneously. Infertility associated with Li. diver- 
sum infections is treated bv preventing transfer of organisms 
to the uterus by using double-sheathed At instruments. Natu¬ 
ral breeding should be suspended. In addition, Infusion of 

I g of tetracycline or spectlnomycln in a nonirr llaling vehicle 
i nto the uterus 24 hou rs a fier breeding has been recommended 
to reduce the population of organisms that may have been 
transferred to the uterus. Local treat menl of vulvar lesions with 
tetracycline or spectinomycln has also been suggested. 

II Ptenenffopi and Control, in chronically infected herds, 
fertility rates may approach normal If double-sheathed Al 
instruments are used and affected cows are treated with 
appropriate antibiotics. 

Ulcerative Dermatosis Genital Lesions 

II SMALL RUMINANT 

Ulcerative dermatosis is a venerea l disease of sheep caused by a 
parapoxvirussimilarjto but distinct from the virus that causes 
contagious ecthyma 7 - J0J The disease is characterized by ulcer¬ 
ation of the skin and mucous membranes of the vulva of ewes 
and penis and prepuce of rams. Lesions also occur on the lips, 
nates, feet, and legs. Itie lesions are painful, and affected ani¬ 
mals avoid coitus. The disease subsides In 7 to 10 days. 


Because of its viral cause, no specific treatment is avail¬ 
able for ulcerative dermatosis. 7 Symptomatic treatment with 
local astringent and antiseptic ointments has been sug¬ 
gested. Morbidity of 15% to 20% is expected, although up 
to 60% of a flock may be affected. Mortality Is low if the 
animals are otherwise healthy. 

No vaccine Is available. Males with the disease should 
not be used for breeding. 

Abnormal Labial Approximation 

II MARES AND COWS 

The most common anatomic defect of the vulva of manes 
and cows Is abnormal labial approximation, which leads 
to pneumovagina and subsequently to infertility. 411 The 
defect may be the result of Imperfect conformation or trau¬ 
matic Insult to the vulva. Abnormal labial approximation is 
treated with Casllck's surgery or one of Its modifications. 

Persistent Hymen 

In the developing embryo, failure of cannulatlon of the uro- 

f ;enital sinus by the mesonephric duct system results In abso- 
ute or partial occlusion of the vestibulovagjnal junction. 
Total occlusion causes accumulation of endometrial and cer¬ 
vical secretions cranial to the obstruction, and occasionally 
the membrane may appear al the vulva. Partial occlusion 
may be noted only'as an obstruction to breeding or during 
speculum examination. The membrane may be manually 
ruptured or Incised. Prognosis is excellent. 

Clitoral Hypertrophy 

Chloral hypertrophy may be a feature of Inlersex condi¬ 
tions, may occur in filly foals whose dams received proges- 
llns during pregnancy, or may follow administration of 
anabolic steroids. 1 ^ Hypertrophy may persist after cessation 
of steroid treatment. In cows It may be associated with 
freemarllnism. 

Vulvar wattles In cattle may superficially appear similar, 
but the elongated epithelial structure does no( involve the 
clitoris. 

Neoplasia 

Melanomas and squamous cell carcinomas [SCCs) are the 
most common neoplasms affecting the perineum, anus, and 
vulva of gray- and light-skinned horses, respectively. 2afi 
Lesions are usually proliferative and may have surface ulcera¬ 
tion, hemorrhage, and infection. Lesions should be differen¬ 
tiated from habronemLasts, granulation tissue, and sarcoids. 
Treatment is surgical removal. Sarcomas and melanomas 
may metastasize. Viral flbropapillomas are the most com¬ 
mon tumors affecting the vulva of cattle. 11 SCCs may be seen 
in all species and may be more common in whlte-sklnned 
animals exposed to long periods of solar radiation.- 109 

Vulvar neoplasia Is characterized by variable degrees of 
tissue proliferation. The surface of SCCs and flbropapUle¬ 
mas may be ulcerated, necrotic, and fly-blown. 3n cows 
squamous metaplasia of the non pigmented skin of the 
vulva is frequently a precursor of squamous cell carcinoma 
of the vulva. Vulvar neoplasia must be differentiated from 
other causes of tissue proliferation, habronemLasis Ln mares, 
and ectopic mammary tissue In does. s Neoplasia of the 
vulva and vestibule Is diagnosed by biopsy of the tumor. 

Surgical excision is the treatment for most neoplasms of 
the vulva. 3aa Viral flbropapillomas regress spontaneously 
after a period of several months. Recurrence and metastasis 
may occur. 
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Ectopic Mammary Tissue 

Ectopic mammary tissue has been described In does and is 
characterized by swelling of the vulvar lips. 5 The abnormal 
enlargement begins before each parturition and persists for 
approximately 2 months. The condition Is benign unless 
die tissue enlarges sufficiently to Interfere with evacuation 
of feces or urine. KiJlk may be aspirated from the mammary 
tissue,, and the condition may be confirmed by biopsy. 


ABORTION 


II MARES 

information on the mafor causes of abortion in horses is 
summarized in Table 43-7. 

NON-NONINFECTIOUS CAUSES 

Twin Pregnancy 

The incidence of abortion caused by twin pregnancy has 
decreased greatly because of widespread use of ultrasound 
in diagnosing early pregnancy In mares. Twin pregnancies 
are routinely detected as early as 12 to 14 days, al which 
lime the twins can be manually reduced to a singleton preg¬ 
nancy (discussed later). However, despite the overall 
decrease in the number of twin-related abortions, twinning 
still remains an important noninfeclious cause of abortion 
in the mare. 3113 The mare is unable to successfully support 
two fetuses to term and only in very rare cases {<2%) is 
able to carry' both fetuses to term and deliver without dysto¬ 
cia. 211 it is much more common for the mare to have a nat¬ 
ural reduction to a singleton pregnancy during the 
embryonic stage or lo abort the pregnancy" after the fetal 
stage. 21:3 Some breeds more commonly than others are 
diagnosed with twins during the embryonic stage (e.g., 
thoroughbreds Itave 20*!a lo 30% double ovulations and 
10% lo 15% diagnosed twin pregnancies}. 

C.'JijTi'ajf Signs and Diagnosis . Mares should be evalu¬ 
ated with transrectal ultrasound 12 lo 14 days after docu¬ 
mented ovulation during a breeding cycle. The uterus 
should be carefully scanned from the tip of one horn to 


the other and along the uterine body to the cervix. Equine 
embryos at this stage are highly mobile within the uterus 
and may be localea anywhere within the uterus. Increased 
uterine edema and fluid within the uterine lumen are often 
negative signs of pregnancy, but pregnancy should not be 
ruled out until the entire uterine tract has been scanned 
for the presence of embryos. After one embiyo is found, 
the remainder of the uterus still must be visualized lo 
ensure the absence of a twin. The embiyo proper per se is 
not visible at this stage of pregnancy', but the embryonic 
vesicle is easily visual Lzed, Care must be taken not to" can- 
fuse endometrial cysts with embryos, which sometimes 
can look deceptively similar. It is very helpful to haw 
scanned the mare's uterus with ultrasound before breeding 
to document the size and location of endometrial cysts. 

Treatment find Prognosis. if twins are confirmed before 
16 days of pregnancy, the best way to treat the mare is to 
manually crush one of the vesicles. This is done by visuali¬ 
zation of the twins using transrectal ultrasound and spa¬ 
tially separating them from each other within the uterus. 
One twin is moved aw r ay from the other to the lip of a uter¬ 
ine horn where It is crushed manually. The remaining 
embryo should be evaluated l to 2 days later to determine 
Its status. Survival of the remaining embrvo is greater than 
90% when twin reduction is performed in this manner 
before day 20. 11J 

It is the established practice of some veterinarians to ire-al 
mares with a nonsteroidal antiinflammatory agent (e.g., flu- 
11 bdn) and/or altrenogest after a twin-crush procedure. The 
reasoning behind this practice Is that manual stimulation 
of the uteius may cause a release of oxytocin, signaling a 
prostaglandin cascade that will result in luleolysls and com¬ 
plete pregn;nicy loss. There have been no studies performed 
to support this theory'.; to the contrary, other studies have 
shown that the release of prostaglandin after the routine 
twin-crush procedure does not cause a drop In progesterone 
and that supplementation with antiinflammatory drngs or 
progesterone makes no difference in the outcome. 214 ' 2 ^ 

Other techniques described for reduction of twins to a 
single embryo include transvaglnal, ultrasound-guided fetal 
aspiration 2l!i ; transcutaneoLts, ultrasound-guided fetal intra- 
cardiac Injection of procaine penicillin or potassium chlo¬ 
ride 237 , and craniocervical dislocation. 2 The success of 
these techniques is lower than that of manual crush, and 


TABLE 43-7 




Major Causes of Infectious Equine Abortion 



Cause and 

Common Names 

Usual Stage of 
Gestation 

Major Eclat Lesions 

Diagnostic Tests 

Lquine herpesvirus t 

Seventh month to 

Pulmonary edema, multifocal hepatic nml 

Histopstthology, virus isolation, 

[EHV-i) 

term 

pulmonary necrosis, Intranuclear inclusions 

fluorescent antibody test, fetal 
serology 

Lquine vlr.il arteritis 
(pcstivJ run) 

5-10 months 

Myocardial arteritis 

Histopathology, virus isolation, 

FCR, serology 

Nocard LoEbrm 
addnomycete 

Mid to late gestation 

Characteristic placentitis located vent rally in the 
uterine body and at the base of the uterine 
horns 

Culture 

Sfre^rfccoacKs 

zaoepidemiciis 

Any stage 

Placentitis with or without Inflammation In 
fetal tissues 

l-risiopathology, culture 

Mycotic abortion, 
.•bperjjiMui and 
other species 

Latter half (often 
near term) 

Placentitis, fetal bronchopneumonia 

Histopathology, fungal culture 

Leptospirosis 

Seventh month lo 
term 

Icterus and autolysls 

Culture, immunofluorescence^ 
serol ogy 


fWJ, t'ulyiircrju? rli.sin ji'nnluiL. 
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they are performed Liter in gestation, after the window for 
manual crushing has been missed. These are all specially 
lech cliques and are beyond the scope of this chapter. 

Other Noninfectious Causes of Equine Abortion 

Tn a survey of causes of equine abortion in the United King¬ 
dom from 19SS lo ! 997, nearly 39% were caused by umbil¬ 
ical cord pathology. 319 Most of the cases (35%) resulted 
from torsion of the umbilical cord. Twisting of the umbili¬ 
cal cord is common in equine fetuses and often Is not path¬ 
ologic. A diagnosis of abortion caused by umbilical torsion 
should be made only if localized swelling and discoloration 
accompany the misting, Congenital abnormalities may 
cause abortion. The most common congenital abnormality 
in equine fetuses is contracted tendons, accounting for 5% 
of abortions in a study from the United Stales. 3 Fetuses 
that Implant in the uterine body instead of the base of 
one of the horns develop placental villous atrophy and 
usually abort, accounting for 2% of abortions In the 
same study. 

INFECTIOUS CAUSES 

Placentitis 

Placentitis Is the leading cause of equine late-term preg¬ 
nancy loss in the United States. 210 Bacterial organisms mos! 
commonly cultured from aborted fetuses Include Strepfococ- 
cui species, £. oj?;, Ps^dommitis species, JCleiwiella species, 
Stdpty'faL'vcau species, and Leptospira species. Nocardiofomi 
acllnomycetes are an Important cause of placentitis In cen¬ 
tral Kentucky and have recently heen reported In Florida. 330 
The route of Infection and the'pathophysiology of Nocwdin 
abortions are poorly understood. Asterefflus fttmigplits and 
Mttcor species are the most commonly diagnosed causes of 
mycotic abortion In mares. Fungi cause 5% to 30% of Infec¬ 
tious equine abortions. 5 

The route of placental Infection is most commonly 
ascending via the cervix, which results in loss of chorionic 
villi around the cervical star. In addition to loss of chorionic 
villi, additional allantochorionic lesions may Include nodu¬ 
lar cystic allantoic masses,, edema, necrotic areas of chorion, 
and necrotic mucoid exudate coaling the chorion. Hema¬ 
togenous placentitis shows a more generalized, diffuse loss 
of villi. 310 The distribution of the avlllous chorionic lesion 
classically noted In mares with ascending or hematogenous 
placentitis does not fit the pattern noted with nocardloform 
placentitis. Mares with nocardloform placentitis classically 
show a loss of chorionic microvilli in a focal area around 
the base of the uterine horns. It has been postulated that 
the pathogen is present or Introduced In the mare at the 
time of breeding and settles in the ventral aspect of the 
uterus, where It causes the Infection. This hypothesis Is no! 
proven, though it is very likely tha! the nocaraioform oigan- 
isms are from the environment. Various nocardiofomi 
organisms have been reported in the soil In countries across 
the globe, although the pathogenicity of most of these 
organ Ls ms Is not determined. The pathogenesis of nocardlo¬ 
form placentitis Isslill unresolved. Mocardioform organisms 
Isolated from equine placentas Includespecies 
and CrossteHfl equL 2 ^ 22 * Nocardloform placentitis often 
results In abortion or premature delivery, 210 


ChilianJ Signs aru! OfdVrtdSfs. Mares that abort because 
of placentitis often show clinical signs of pending abortion 
before the actual pregnancy termination. Premature udder 
development and vaginal discharge are common signs of 
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pending abortion caused by placentitis. Transrecta] ultraso¬ 
nography of the allantochorion In an area close to the cervix 
is useful to detect early signs of placentitis and Impending 
abortion (Fig. 43-B). 23 * Ultrasound evaluations may reveal 
hyperechoic fetal fluids, placental separation, Increased or 
decreased fetal heart rates (normal range 75 ± 7 bpm 335 ), 
and thickening of the combined thickness of the uterus 
and placenta [CTUP). Consistently low or high fetal heart 
rates are associated with fetal stress. Foals experiencing fetal 
distress often become bradycardic initially and then become 
lachycaidLc in the terminal phase of life. 326 ' 237 Serial exami¬ 
nations should be performed to verily fetal well-being 
or distress. Mares considered “at risk ,r for pregnancy loss are 
often examined on a daily basis. Fetuses experiencing distress 
are often evaluated several times a day. Normal measure¬ 
ments of CTUP have been established [Fig, 43-9). 326 - 223 
Mares w r lth placentitis may show Increased CTUP, edema of 
the allantochorion, and separation from the endometrium. 
A 5-MHz linear transducer should be used for iransrectal 
ultrasonography. The transducer should be positioned J to 
2 inches cranial to the cervical-placental |unction and then 
moved laterally until a major uterine vessel (possibly the 
middle branch of the uterine artery) is visible at the ventral 
aspect of the uterine body. 23 * The CTUP should then be 
measured between the vessel and the allantoic fluid [see 
Fig. 43-5). it is important to obtain all CTUP measurements 
from the ventFj] aspect of the uterine body, because physio¬ 
logic edema of the dorsal aspect of the allantochorion has 
been noted in normal pregnant mares during the last month 
of gestation. 33 * In addition, care should be exercised to be 
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Month of gestation 


certain that the amnlotic membrane is not adjacent Ed the 
allantocborlon, because this may result In a falsely Increased 
C1UP, To examine the placenta from a transabdominal 
approach, a 3.5-MHz sector transducer Is used most fre¬ 
quently. A 5-MHz linear transducer can be used for transab- 
domlnal evaluation; however, depth penetration can limit 
evaluation of the areas such as the placenta. All four quad¬ 
rants of the placenta should be examined; right cranial, right 
caudal, left cranial, and left caudal. Measurements of the 
CTLJP cm be made with this technique if the fetus is not in 
dose apposition with the uterine wall. Mares with normal 
pregnancies should have a minimum combined thickness 
of the uterus and the placenta (CTUP) of 7.1 ± 1.6 mm, 
and a maximal CTUP or 11.5 ± 2.4 mm. 153 Pregnancies with 
an increased CTUP have been associated with the delivery of 
abnormal foals. 230 

The gross lesions of the fetus are not specific. An 
increased amount of fluid Ln the thoracic and abdominal 
cavities and an enlarged liver are frequently observed In 
aborted fetuses. Placental lesions are most severe on the 
chorionic surface at an area from opposite the cervix ("cervi¬ 
cal star"') to the body of the placenta. The affected area is 
edematous, thickened, and discolored or brown with a 
mucoid or frbronecrotic exudate on the surface. The pla¬ 
centa is characteristically thickened and leathery Ln cases 
of mycotic placentitis, with Lesions well demarcated from 
the rest of the chorionic surface. Microorganisms can be 
isolated from the placenta and several fetal organs, most 
consistently from the stomach. 

Animals with nocard to form placentitis may have prema¬ 
ture mammary development but will not have vulvar dis¬ 
charge, owing to the location of the infection. Placental 
lesions in mares infected with nocardioform acllnomycetes 
are located venlrally in the uterine body and at the base of 
the uterine horns (Fig 43-10). Affected areas are avlllous, 
thickened, and covered by thick brawn or reddish exudate. 
Because of the Locat ion of the lesions away from the cervical 
star, transabdominal ultrasonography is needed to diagnose 
the condition In pregnant mares. Differential diagnoses for 
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this clinical presentation Include twins and CeMoimifcno- 
fcfuffl ratfuldFti placentitis. 22J 

Prevalence of fungal abortions varies greatly with region. 
The most common route of fungal infection Is ascending via 
the cervix, and fungal Infections may be seen with a mixed 
bacterial Infection. Abortions are observed from mid to late 
gestation. Usually no clinical signs in the mare precede the 
abortion. The chorion generally shows marked evidence of 
placentitis with edema, thick plaques, and a thick, mucoid 
exudate. In rare cases, amniotic thickening may be noted. 
The aborted fetus is often small and emaciated owing to 
chronic placental Insufficiency. Culture of the chorion 
may be diagnostic but takes time. Culture of the fetus is 
rarely rewarding. Impression smears of the chorion, and 
sometimes the fetal stomach, may reveal hyphae. 

The equine placenta is pari of an endocrine fetal- 
placental interaction that synthesizes and metabolizes pro¬ 
gestagens. 231 This endocrine function of the placenta is 
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important for maintenance of pregnancy after the endome¬ 
trial cups and the secondary corpora lutea disappear at 
approximately day 120 to 150 of gestation. Fetal-placental 
progesterone Is rapidly metabolised to 53-pregnanes. .Mares 
with placenta] pathology may have Increased plasma concen¬ 
trations of progestagens as a result of stress to the fetal placen¬ 
tal unit. 232 ' 233 Unfortunately, 5a-pregnanes are not readily 
assayed In a commercial setting, so diagnosis of placental dis¬ 
ease using 53-pregnane concentrations Is not possible. I’here 
is cross-reactivity between Bi-pregnanes and progesterone 
using some commercial radioimmunoassays for progester¬ 
one. In recent studles I33 ' 23J using an experimental model to 
induce placentitis. It was found that mares that develop a 
chronic form of placentitis responded with Increased plasma 
progesterone concentrations. Conversely, mares that devel¬ 
oped acute placentitis and abortion soon after infection expe¬ 
rienced a rapid drop in plasma progesterone concentrations. 
It was suggested that measurement of repealed samples of 
plasma progestin concentrations in mares with placentitis 
might be a useful method to Identify mares that may abort 
or deliver prematurely. 335 Furthermore, sensitivity of proges¬ 
terone assays can be improved when they are combined wllh 
evidence of placental thickening as delected using transiectal 
ultrasonography. 234 

RELAX IN. Relaxln Is produced by the equine placenta and 
can be delected In peripheral blood plasma from day SO of 
gestation and throughout the pregnancy. Ifie role of relaxin 
during pregnancy Is not fully understood, but there Is some 
evidence that placental relaxln production Is compromised 
in mares at risk of aborting their fetuses. 33,5 There Is currently 
nol a commercial test available for equine relax]n. 


II iTrafournf and Prognosis. Treatment efforts should be 
directed at combating Infection, reducing Inflammation, 
and controlling myomelrial activity. Pregnant mares wllh 
clinical signs of placentitis should be treated with systemic 
broad-spectrum antimicrobials and antiinflammatories. 
Recent studies have demonstrated that commonly used 
antibiotics such as penicillin G (22,000 lU/kg qSh)/genta¬ 
micin (6.6 mg/kg q24h), and trimethoprim-sulfadiazine 
(30 mg/kg bid) cross the placenta and reach therapeutic 
concentrations In both placental tissues and the allantoic 
fluid.- 36 Flunlxln meglumine (1 mg/kg qi 2h) and pentoxifyl¬ 
line (8.5 nag/kg bid) nave been used to control proinflamma- 
tory cytokines associated wllh placentitis. Treatment wllh 
progestins has long been advocated to promote uterine quies¬ 
cence In mares with uterine pathology. Presumably the anll- 
prostaglandln effect of progestlns contributes to reduced 
myometrlal activity by interfering with upregulallon of 
prostaglandin and oxytocin receptors. 137 Without receptor 
formation, gap junction formation would be Inhibited and 
uterine contractility prevented. Allrenogest at twice the recom¬ 
mended dose (0.088 mg/kg PO q24hj Is commonly used. 

Work, from a large scale clinical trial examined the effi¬ 
cacy of multipronged. Long-term therapy for equine placen¬ 
titis. 236 Investigators examined records of 477 mares over 6 
years. Fifteen mares were diagnosed wllh placentitis. Cri¬ 
teria for treatment included Increased thickness of the uter¬ 
oplacental unit using transreclal ultrasound, placental 
separation, and/or vulvar discharge and udder develop¬ 
ment. The average gestational age at diagnosis was 8.6 
months. Mares were treated with a combination of systemic 
antibiotics [trimethoprim-sulfa, ceftiofur, or penicillin and 
gentimicln), pentoxifylline, altrenogesl, and nonsteroidal 
anlLinflammaloiy agents. Mares were treated until abortion 
or delivery of a foaL Ttoelve of 15 treated mares (80%) car¬ 
ried their foals to term, and 1J of 15 (73%) delivered Live 


foals. ESIrthweights of surviving foals from mares treated 
for placentitis were similar to those of foals from nonaf- 
fected mares. I’he benefit of this treatment strategy is sup¬ 
ported by recent data from a controlled study on 
experimentally Induced placentitis. 236 Data from these stud¬ 
ies suggest that long-term antibiotic, antiinflammatory, and 
progestin treatment may positively affect pregnancy out¬ 
come In manes with placentitis. 

Although most mares are capable of conceiving and suc¬ 
cessfully carrying a foal to term in subsequent breedings, 
reproductive performance may be negatively affected after 
ascending and hematogenous placentitis. Treatments for 
endometritis, such as uterine lavage and intrauterine Infu¬ 
sions of appropriate antibiotics, should also be implemen¬ 
ted after abortion. Most mares affected by nocardioform 
placentitis do nol require subsequent treatment and show' 
no signs of infertility the following breeding season. 

Equine Herpesvirus I Abortion 

I’he most prevalent viral cause of equine pregnancy loss is 
ElIV-1, which causes abortion, paresis, and neonatal foal 
death. EHV-4 causes abortion in rare cases, The primary 
route of transmission of EHV-E is via the respiratory tract. 
I’he virus invades the respiratory epithelium and establishes 
a leukocyte-associated vlremia. EHV-1 establishes a chronic, 
possibly Lifelong, Latent Infection. During ihe initial infec¬ 
tion, placental endothelial cells are infected by the virus 
and transiently present targets to the immune system as 
the cells present viral particles. The virus eventually inacti¬ 
vates the ma|or histocompatibility complex 1 [MHC-1) 
ability of the cells to present viral particles, thus evading 
the Immune system. 23 ® After respiratory Infection, EHV-1 
causes an episode of viremla and Infects the fetus via trans¬ 
placental migration of virus-bearing Leukocytes. Respiratory 
clinical signs In infected manes maybe subdinical. r lbe time 
between Infection and abortion varies greatly from less than 
2 weeks to several months. 240 Abortion occurs as a result of 
a rapid separation of the placenta, causing suffocation of 
the fetus. 2,11 Near-term fetuses may be born alive but will 
die within days. Aborting mares clear the virus quickly from 
the reproductive tract, and subsequent fertility Is often not 
affected by the disease. Clinical signs and fetal lesions of 
abortion caused by EHV-1 and those caused by EHV-4 are 
indistinguishable from each other. 240 

As with all heq^esviruses, EHV-1 establishes a latent 
infection that may recrudesce after stressful events, such as 
weaning, translocation, introduction of a new animal, or 
other illnesses. It is unclear whether or nol a reactivation 
event will cause an abortion, but this Is considered likely. 242 
Recmdescent infections are certainly transmissible. Aborted, 
infected fetal materials are also highly contagious. Both of 
these sources may be responsible for abortion epizootics. 
Although epidemic abortions occur, losses may be confined 
to only a few mares In a herd. 

II CiinicerJ Signs inrd Diagnosis. The primary Lesion of 
EHV-1 is necrotizing vasculitis and thrombosis resulting 
from lytic Infection of the capillary endothelium. The fetus 
may become Infected or remain uninfected, depending on 
whether or nol the vims crosses the uteroplacental barrier. 
If transplacental fetal InfecLlon occurs late in gestation, a 
live, Infected foal may be born but will nol usually survive. 
Stage of pregnancy during which abortions may occur var¬ 
ies, but the vasculitis Is most pronounced from" the fifth to 
ninth months of gestation, and 95% of abortions occur In 
the last trimester of pregnancy. 243 






Abortions occur suddenly without maternal clinical signs. 
I’he aborted fetus Ls fresh with minimal signs of autolysis. 
increased fluid in the thoracic and abdominal cavities; con¬ 
gestion and edema of the lungs; an enlarged liver with small 
(approximately 1 mmj necrotic, yellow-white lesions; sub¬ 
cutaneous edema; and icterus are commonly found gross 
lesions In the fetus. Samples for histopathologic diagnosis 
should be submitted in Bouin's solution. Histologically, the 
most characteristic lesion consists of areas of necrosis In lym¬ 
phoid tissue, liver, adrenal cortex, and (he lung, with large 
intranuclear eosinophilic inclusion bodies. In addition, a 
hyperplastic necrotizing bronchiolitis is often found. Lym¬ 
phoid tissues are most commonly affected (nodes, thymus, 
spleen, and Peyer's patches). Other histopathologic lesions 
may Include mild, multifocal, necrotizing Lesions In the liver 
and adrenal cortex and a hyperplastic, necrotizing bronchiol¬ 
itis. The placenta may be grossly normal or edematous with 
no specific microscopic lesions. 

Available diagnostic methods include serologic tests, 
virus isolation, and polymerase chain reaction (IPCR). Sero¬ 
logic tests are not considered reliable In EHV-1 diagnosis, 
and vims Isolation remains valuable as a method (bat 
allows classification and comparative evaluations. Labora¬ 
tory diagnostics Include fluorescent antibody (FA) staining 
of fetal tissue, virus isolation from aborted fetuses, virus Iso¬ 
lation from maternal whole blood, presence of viral Inclu¬ 
sion bodies In Liver, lung and thymus, and fetal serology. 
Equine fetuses have been found to be capable of producing 
antibodies to EHV-1 at 200 days of gestation. Maternal 
serology is of limited diagnostic value because mares may 
abort several weeks afteT Infection. The rise in serologic tiler 
may have disappeared by the lime of the abortion. 

II 7>mi(nient and J^nosfs. Studies offer conflicting results 
as to ibe efficacy of vaccinations In reducing vlrem la and abor¬ 
tions. Many studies do suggest a beneficial effect of vaccina¬ 
tion, and the current recommendation is to vaccinate during 
(be fifth, seventh, and ninth months of gestation. 3 -^ 245 Both 
killed and modified live vaccines are available. The vaccines 
are not fully protective, and abortion may occur In vaccinated 
mares. However, consistent vaccination of pregnant mares 
should be expected to decrease the Incidence of abortion 
storms and sporadic abortions In a herd. 

For the effectiveness of a vaccination program to be max¬ 
imized, It needs to be combined wTth a management strategy 
that minimizes exposure of mares to the vims and prevents 
activation of a latent viral Infection. All horses, young adult, 
nonpregnant, and pregnant, should be vaccinated to restrict 
shedding of the virus. Unnecessary stress such as transporta¬ 
tion and overcrowding should be avoided. Pregnant mares 
should be kept separate from other horses on the farm. 
Newly arrived horses should be Isolated from the resident 
population for 3 weeks, during which time they should be 
monitored daily for signs of respiratory disease. 

After abortion, the fetus and fetal membranes should be 
transported away from the area without contaminating the 
surrounding environment. The stall In which the mare 
aborted should be disinfected w r Ub a phenolic or iodi no- 
boric compound, and the bedding should be prevented 
om contaminating other areas on the farm. All pregnant 
mares on an infected farm should remain on the farm until 
they have foaled. No hoise should leave the farm until 3 to 
4 weeks after the last abortion. 

Equine Viral Arteritis 

Equine viral arteritis (EVA) is caused by equine arteritis virus 
(EAV). The primary target of EAV is the vasculature. Shortly 


after infection EAV can be found In the macrophages and 
later in the lymph nodes, lire virus Infects circulating mono¬ 
cytes and becomes systemic in distribution by 3 days after the 
primary infection, resulting in a carrier state {important In 
stallions). In about a week's time after the primary infection 
EAV Infects the blood vessel endothelium and causes enough 
damage by 10 days after the primary Infection to cause abor¬ 
tion. Abortion Is likely due to the effects of myometritis and 
vasculitis. Serum progesterone concentrations [produced 
exclusively by the placenta in the last half of equine preg¬ 
nancy) fall to baseline levels before the abortion, because 
of placental hypoxia. The vims is also present in the renal 
tubular epithelium and Is shed In the urine. 244 

EVA Is caused by a pesllvlrus. Infection Is often Inappar- 
enl, and abortion is an occasional occurrence Ln Infected 
animals. 345 Although the pathophysiology is not well estab¬ 
lished, fetal death may occur by fetal anoxia secondary to 
compression of my o met rial vessels by edema and decreased 
progesterone production by the placenta. 34e 

II Hfsfory' and Clinical Signs. Clinical signs may be absent 
or highly variable and may include pyrexia, depression, 
anorexia, leukopenia, limb edema, stiffness of gait, rhlnor- 
rhea and epiphora, conjunctivitis, rhinitis, urticarial ra&b, 
localized or diffuse edema, and abortion. Abortion typically 
occurs at 5 to 10 months of gestation and follows (he onset 
of clinical signs by several days but up to 2 months. Less fre¬ 
quently, severe respiratory distress, ataxia, mucosal papular 
eruptions, submaxlllary lymphadenopathy, and interman- 
dlbular and shoulder edema may be observed. 244 infection 
Is rarely fatal in adults but is more frequently fatal in neo¬ 
nates. The virus may be transmitted in the semen, and 
Infected stallions may serve as Long-term carriers. Clinical 
pathologic findings are variable, Inconsistent, and nonspe¬ 
cific ana Include hypoxia, hypercapnia, respiratory or meta¬ 
bolic acidosis, lymphocytosis or lymphopenia, neutrophilia 
or neutropenia^ thrombocytopenia, and byperflbrlnogen- 
emla. Gross and histologic lesions differ in severity with 
the virulence of the particular viral strain. Edema, conges¬ 
tion, and hemorrhage of the subcutaneous and lymphoid 
tissues and viscera are the most common gross lesions. His¬ 
tologic lesions may be found in (he vasculature, lymphoid 
tissues, lunp, Intestines, adrenal glands, kidneys, and 
skin. 344 Abortion may occur without any clinical signs Ln 
the mare, and the fetus may be fresh or aulolyzed. Fetal 
lesions are uncommon. 


Labora lory Diagnosis. Diagnosis Is bv serologic testing 
In conjunction with complement-dependent virus neutrali¬ 
zation. There are no characteristic features of EVA Infection 
In the fetus, although autolysis and myocardial arteritis 
have been reported. EAV Is readily Isolated or detected by 
PCR techniques In fetal tissues and the placenta. 

Epidemiology and CopilroJ. Transmission may occur 
venerea]Ly from Infected stallions to mares. Reproductive 
erformance of venereally infected mares is not affected, 
ut contact transmission'from venereally infected mares 
to late gestational mares may cause abortion. Outbreaks 
were reported in 1553, .1984, and 200<3 In the United 
States. With the exception of these incidents, occasional 
outbreaks have occurred, with abortion occurring at low 
Incidence. 245 Mares may be Isolated after Infection but 
usually do not become carriers. A proportion of naturally 
Infected stallions become persistently infected with EAV 
and shed the vims constantly In semen. Incidence of sero¬ 
positive animals Is higher In standardbreds than Ln 




thoroughbreds, and regulatory guidelines may govern the 
use of seropositive thoroughbred stallions. Carrier stal¬ 
lions may be the reservoir for the disease between out¬ 
breaks and should be Isolated and bred only to immune 
mares. Mares bred in this way should be isolated for 3 
weeks. A modified live vaccine Is available for mares and 
sLalllons. Control Involves vaccination of seronegative stal¬ 
lions under the guidance of regulatory authorities. There is 
some evidence that prepubertal Infection of colls does not 
result in permanent carrier status. 

Equine Infectious Anemia Abortion 

Equine infectious anemia (ElA) Is a reLroviral infection 
transmitted, by horseflies. 247 After systemic Infection with 
El A, mares abort during the febrile stage of Infection and 
may abort at any stage of gestation. Koals from infected 
but asymptomatic mares and stallions are seronegative (pre- 
colostral) and clinically normal at birth. Mechanism of 
abortion Is unknown but may be secondary to systemic Ill¬ 
ness because El A virus is not found in amniotlc Quid. 247 
Coggins' test will confirm seropositive status but is not a 
definitive diagnosis for abortion. 

Leptospirosis Abortion 

Leptospirosis causes a number of bacterial abortions in 
some areas and was reported to be responsible for 2.2% of 
abortions in a Kentucky study. 210 The serovar responsible 
shows regional variability. Serovar Leptospira Pomona has 
most commonly been associated with leptospirosis abor¬ 
tion In manes, but Leptospira Grlppotyphosa, Leptospira 
Elardjo, Leptospira Bratislava, and Leptospira iclerohemorrha- 
giae have also been Isolated from sporadic abortions. 243 
infected animals shed the spirochete in their urine, which 
contaminates groundwater and serves as a source for further 
infections. Many horses are seropositive for leptosplres but 
are subclin leal. 

II Clinical Signs and Diagnosis. Clinical signs may include 
pyrexia, hemoglobinuria, jaundice, and abortion. Aborted 
chorioallantoic lesions are similar to those of other bacterial 
placentitis cases (nodular cystic allantoic masses, edema, 
necrotic areas of chorion, and necrotic mucoid exudate coat- 
ingthe chorion) but may show a diffuse pattern of distribu¬ 
tion, Indicating a hematogenous source of placental 
infection. Funisitis has been reported in leptospira cases of 
abortion, and examination, both gross and histologic, of the 
umbilical cord should always be a part of every abortion 
investigation. 249 Serologic antibody conversion lasts for 
years, and so serologjc diagnoses are not very helpful. Gross 
lesions are nonspecific. Diagnosis is best done by FA tests or 
Warlhln-Starry silver slain [WS) staining of the allantochor- 
ion and umbilical cord. Demonstration of leptospirosis could 
aid in rapid diagnosis and have Important clinical and thera¬ 
peutic indications In the case of live-born, weak foals. 249 

II Treatment and Control. Morses may shed spirochetes in 
urine for up to 90 days; therefore affected animals should 
be isolated and treated with antibiotics. Aborting mares 
should be isolated, and the stalls should be disinfected, 
infected mares may be treated with streptomycin (10 mg/ 
kg twice dally), penicillin [10 to 15,000 ILT/kg twice daily), 
or oxytetracycllne (5 to 10 mg/kg) for a period of 1 week. 
Because Leptospira Pomona Is the most common Isolate in 
the United States, mares should be separated from other 
leplospLral hosts such as ruminants and pig^. Vaccines for 
cattle are not effective in horses. 


Protozoal Abortion 

Pregnant mares with equine monocytic ehrlichiosis [Poto¬ 
mac horse fever), caused by the protozoa Neorickettsia risti- 
cj'ir may abort. Abortions caused by N. rijrfcfi have been 
documented In both natural and experimental cases. 250 ' 253 
Mares were infected at 90 to 180 day's of gestation and 
aborted at around 217 days of gestation. 

II Clinical Signs and DfagPiosis, Abortions have been 
observed 2 to 3 months after clinical signs of ehrlichio¬ 
sis. 252 Abortions were associated with placentitis and RFMs. 
Fetal histologic Lesions include enterocolitis, periportal hep¬ 
atitis, myocarditis, and Lymphoid hyperplasia with necrosis 
of the mesenteric lymph nodes and spleen. Recovery of 
the protozoan may be from fetal bone marrow, spleen, 
lymph node, colon, or liver. 250251 The diagnosis can be 
confirmed by Identifying a small number of rlckettslae by 
PGR assay. 


II Treatment and Prevention. Treatment with oxytetracy- 
dlne [6.6 mg/kg IV once dally) for 5 days in pregnant mares 
with clinical signs of ehrlichia) colitis may prevent or reduce 
the incidence of abortion. Commercial vaccines against 
equine ehrlichiosis are available, but the protective effect 
or vaccines against abortion is unknown. 

Afeas/wra: caninutn Is a known protozoal abortlfaclent in 
cattle. This protozoan has not been definitively shown to 
cause abortion in the mare, but Its presence has'been docu¬ 
mented In aborted foals, suggesting the need for further 
investigation. 253 

Insect-Related Abortion 

in the equine breeding season of 2001, central Kentucky 
horses experienced pregnancy losses estimated to have 
affected more than 3000 manes (>60% of mares on some 
farms 254 ) and to have resulted Ln over $330 million in 
losses. 2 ^ The syndrome was named mare reproductive Imj 
jyrrdrmnc [MRLS). On a much smaller scale, MRL5 was 
documented In mare abortions in north central Florida dur¬ 
ing the 2006 breeding season. Epidemiologic studies noted 
abnormal weather patterns (sudden freezing Ln mid April 
follotved by unusually warm springtime temperatures) and 
positive correlations with the presence of black cherry trees 
fPmnzzj sewtina) and abnormally large numbers of the east¬ 
ern tent caterpillar (Malacosoma americanum). 2 ^ Pregnancy 
loss was later linked to Ingestion of the caterpillars them¬ 
selves, with the toxic agent related to the Larval exoskeleton. 

II Clinical Signs and Diagnosis. Clinical signs preceding 
abortion and failure to maintain pregnancy are typically 
not observed. Bolh early (40 to 150 days' gestation) and late 
(near term) pregnancies are affected. Myperecbolc amniotlc 
and allantoic fluids can be noted on ultrasonographIc 
examination, along with a dead or dying fetus (slow heart 
rale, <75 beals/min), which would then be expelled within 
several days. 257 - 256 Characteristic histologic lesions are 
noted In the placenta and umbilical cord. In many cases, 
endometrial cultures are positive for non-beta-hemolyllc 
streptococci and acltnobacLllL Aclinobiicf/fus species Identi¬ 
fied In cases of MRLS are Identical to commensal organisms 
found In the oral cavities and alimentary tracts of healthy 
horses. 259 Larval hairs (cetae) are hypothesized to migrate 
through gastrointestinal system and translocate commensal 
organisms from the oral cavity and intestines to other 
sites. 253 
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II Treatment and jPnwntfcui, Because clinical signs are 
absent In the mare before fetal death, treatment is not pos¬ 
sible. Prevention Is aimed at limiting exposure to M. ameri- 
cflnurn larvae. Applying insecticides, physically removing 
caterpillar nests from trees, removing black cherry trees, 
muzzling mares in pasture, and supplementing hay feeding 
in pastures to minimize grazing have all been used. 

So Jjti o n ei 1 Jo Abortion 

SrtbnoncrJii Abortus equi f&ihnoriaMfl crborTj j r'nei or "con¬ 
tagious abortion'"') was a common cause of abortion In the 
early 1300s but Is now rare. Non-hosl-specifk species, 
including .SufrncncJIdi I’ypblmurlum, now cause most equine 
salmonella abortions. Abortion caused by SdibnoneUfl is dis¬ 
cussed under abortions In ruminants. 

Trypanosomiasis (Dourine) 

The protozoan parasite Trypanosoma equiperdum causes a 
venereally transmitted genital Infection that may be fol¬ 
lowed by fatal systemic dissemination in horses. Systemic 
illness may cause abortion. It occurs In tropical and sub¬ 
tropical regions and has been eradicated from North Amer¬ 
ica. 11 Dourine Is diagnosed by isolation of trypanosomes In 
uterine discharge. Exposed animals can be detected by serol¬ 
ogy (complement fixation). Control strategies require Iden¬ 
tification and treatment or slaughter of Infected animals. 

Abortion Caused by Endotoitemia 

Gram-negative septicemia and endoloxemla associated with 
intestinal disorders that alter the integrity of the mucosal 
barrier (eg.. Intestinal obstructions, acute enteritis, colitis, 
grain overload] result In the release of vasoactive metabo¬ 
lites including PGF. Endogenous release of PGF during an 
episode of experimental endotoxemla has been shown to 
cause luteolysis and abortion during the first 2 months of 
pregnancy in mares,The equine pregnancy is dependent 
on ovarian sources of progesterone for the first SO days of 
gestation. After this time the fetoplacental unit takes"over 
progesterone production, which is necessary for mainte¬ 
nance of the pregnancy. 

II CTfnfcaT Signs arid Diagnosis, Abortions follow r a recent 
episode of stress induced by endoloxemlc shock or gram- 
negative endotoxemia. Pregnancy loss at early stages of ges¬ 
tation may go undetected unless fetal membranes or parts 
are found In the stall. Abortions during Later stages of the 
pregnancy may be observed as vaginal discharge or the 
detection of ah expelled fetus. 

II Treatment and Preventtifru Dally administration of a 
progestagen (Allrenogest 0.044 mgJkg PO) has been shown 
to effectively prevent expert mentafendotoxin-Induced abor¬ 
tion. 3 * 0 If the animal is treated while the pregnancy Is sLlll 
Cl dependent (approximately <day 30), analysis of serum 
progesterone concentrations after the acute episode of the 
disease helps in deciding Lf the supplementation needs 
to continue. Serum progesterone concentrations of less 
than 1 ngi'mL indicate the loss of an active CL, and supple¬ 
mental progestagen treatment should continue until the 
fetoplacental unit is known to be capable of maintaining 
the pregnancy, hot practical reasons supplementation until 
day 100 is commonly recommended. Serum progesterone 
concentrations greater than I ng/mL are compatible with 
a functional CL, and the progestagen treatment can gradu¬ 
ally be discontinued. Treatments with flunixin meglumine 


or other prostaglandin inhibitors have not been proven 
to effectively prevent endotoxin-Induced fetal losses 
unless the agents are administered before clinical signs 
appear. 

n RUMiNAfom 

Information on the major causes of abortion in cows, 
sheep, and goats Is summarized In Tables 43-3 and 43-9. 

In large commercial operations a Iow r percentage of Inter¬ 
mittently occurring abortions is considered acceptable' such 
abortions are seen as ''background abortions. 1 ' In beef and 
dairy operations 2% to 3% and 10% are considered accept¬ 
able, respectively. Abortion levels beyond these are consid¬ 
ered abnormal and aFe usually investigated. Only rarely is 
a cause established. When investigating bovine abortions, 
IL Is Important to determine commonalities among abortion 
events Including stagie of pregnancy affected, sire used, hei¬ 
fers versus cows affected, dates of new arrivals to the herd, 
season of year, vaccination protocols, presence of dog£, 
and management practices among different groups. Cows 
and heifers on the farm presumed to be pregnant should 
be evaluated to detect unobserved pregnancy losses. These 
examinations should document apparently normal, open 
animals who had previously been documented as pregnant, 
those with mummified fetuses, and those with pyometra. If 
possible an entire fetus (or more than one) should be sub¬ 
mitted for culture, serology, and hlstopathology. If the pla¬ 
centa is available, this should be submitted as well. If It is 
not practical to submit the entire animal and placenta, tis¬ 
sues Including lung, stomach and contents, liver, spleen, 
and placenta should be collected and appropriately submit¬ 
ted for culture (chilled), viral isolation (frozen), and blsto- 
palhology (formalin fixed], 

NONINFECTIOUS CAUSES 

Non Infectious causes of abortion in ruminants Include the 
following: 

■ 1 leat stress 

■ Other stress 

■ Nitrate toxicity 

■ Malnutrition (rare) 

■ Pine needle toxicity 

■ Drug Induced (corticosteroids) 

■ Physical 

INFECTIOUS CAUSES 

Bovine Herpesvirus I 

Bovine herpesvirus 1 causes IPV and IBR. The latteT disease is 
the major cause of bovine viral abortion. IBR manifests as 
upper respiratory disease and abortion. The virus causes 
clinical signs in both dam and fetus. Immune dams exposed 
to the virus do not experience abortions. In naive animals 
the virus is carried In leukocytes and can become localized 
In placental tissues. Fetuses" exposed to the virus usually 
die with In 24 hours of placental infiltration. Although 
other stages of pregnancy may be affected, 5 to 6 months' 
gestation Is the most susceptible stage. Fetal lesions 
Include renal hemorrhagic edema; acute general necrosis 
In the liveT, spleen, kidneys, lungs, and adrenal glands; 
widespread hemorrhage; petechia; epithelial destruction; 
and hepatic necrosis with intranuclear Inclusion bodies. 
The amnion may be thickened without obvious signs of 
Inflammation. 

Diagnosis of IBR is by virus Isolation from the placenta, 
Identification of intranuclear inclusion bodies in fetal 
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TABLE 43-B 




Major Causes of Bovine Abortion 

Cause and Common 

Usual Stage of 



Names 

Cental ion 

Major Fetal Lesions 

Diagnostic Tests 

Bov Id herpesvirus i, IBR 

fifth to ninth 

Multifocal necrosis with 

ETialopaLhoiogy, virus isolation, FA lest of 


months 

intranuclear inclusions (liver, 
Jung, spleen, kidney] 

frozen fetal kidney 

Bluetongue (orblvirusij 

Any stage 

Anomalies of skeletal and 

Pathology, virus Isolation, fetal aerology 



nervous systems 


BVD virus, pestlvlnus 

Any stage 

Anomalies of skeletal, nervous, 

Pathology, FA tesL on letal tissues, fetal 



cardiovascular, respiratory, or 

serology r (virus neutralization, HIJSA). 



other systems 

serologic survey in herd 

EBAf foothill abortion, 

Third trimester 

E-vmphadenopathv, 

Pathology 

spirochete? 


splenomegaly, hepatopathy 


ffrucelfji ufrcirtus brucellosis,. 

Third trimester 

Placentitis, fibrinous se revs it is. 

Culture, maternal serology (card test, plate, 

Barths disease 


bnonchopneumonJa 

or Lube agglutination) 

Campylobacter fetus aubsp. 

Usually early 

Placentitis, fibrinous serositis. 

Pathology, darkfleld examination, cuhure 

wsnerEafii, 

campylobactehosisi 

vibriosis 

embryonic death 

bronchopneumonia, hepaiilK 


I taemophriiu soMJFrrjs 

Any stage 

Placentitis 

E1 islopalhology, culture 

Leptospira mlerrofttm, 

Fifth to ninth 

Icterus, edema, renal 

Fetai and maternal serology 

Leptospirosis 

months 

degeneration and 

Inflammation 


Lepeosptru intern?#™ 

Highlit or ninth 

Placentitis 

1 Eistopathology, culture 

Listeriosis 

month 



^ru.'NviL'JJiJ Dublin, 

Third trimester 

Ptacen tltis 

Culture 

Hi-jbFKJ-weJiiF TyphimurLum 
.■ApergiilFjc! and all 

Third Lrlmester 

Placentitis, bronchopneumonia. 

1 Eislopathoiogy, ivmg.it culture 

fungal species, mycotic 
abortion 


dermatitis 


Surcocystti cruzi 

Third trimester 

Protozoa In caruncles 

Hlitopathoiogy or FA of caruncles 

Trifrft heiineprjis foetus., 

First half 

Placentitis, bronchopneumonia 

Microscopic dcmonstrailon of organism, 

trichomon lasts 



culture 

Bovine neosporosis 

Mid geslatiDti 

Similar to those found in 

1 Eislopatholagy, aerocpidemiology 



toxoplasma-aborted sheep 
fetuses 



tfV'D, lluvine virus diarrhea; fcSA epiSSHtstic bnvLnp abcrtlnnj J J'J.S'A, ciutynic-iinlfptl, i.mmu.iKHorhimc antsy; iA lluciRRtcent antibody 1 ; JJJH, infectious bovine 
rhinulracheiLix. 


TABLE 43-9 




Major Causes of Abortion In Sheep and Goats 


Cause and Common 

Usual SLage 



Names 

□f Lie slat ion 

Major Fetal Lesions 

Diagnostic Teals 

Biuctoiigue. orbivtrus 

Any stage 

Anomalies of skeletal or 
nervous systems 

Pathology, iFA r serology 

Border disease, 
pesLirvtrus, haLrv 
shaker disease 

Ay stage 

Dysplasia of skeieton, 
CMS, and fleece 

Pathology, virus isolation, serology {cross-reacts wiLh BYD} 

CosseUh humefii, Q 
fever 

Near term 

Necrotizing placentitis 

ElisiopaLbology, microscopic demonstration of rickettsiae, 
complement fixation, LEJ&A 

Cihfa.ipij'diti psittaci, EAE 

Fourth or fifth 
month 

Necrotizing placentitis 

E listopathology, microscopic demonstration of organism, 
fluorescent antibody on fetal tissues or cultures, paired sera 

Gsmpy/o baiter fetus 
subsp. fetus, vibriosis 

List 6 weeks 

Placentitis, serasitis, 
multifocal hepatic 
necrosis 

Pathology, microscopic demonstration of organism, culture 

Tfspipiasma gondii. 

Any stage 

Necrosis and 

Pathology, demonstration of organism, serology (e.g.. 

Loxoptasmosis 


calcification In 
cotyledons 

agglutination, ELISA] 


fll'D. Btivint viras diarrhea, (."MS, ventral nErvmu system; tAf, crueuotk abortion ul cwux; idT-KtuX enzyiin.'-linktd LntmuiiuKUTbtrnL assay: fJ-A inimunuJLuotea- 
Ltinl antibody. 
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tissues, or serum neutralization testing. If the latter Is to be 
used, at least two samples must be taken days apart. The 
first must be negative and the second positive, or the first 
must be positive and the second titer must show a four¬ 
fold increase. Serum testing may not be helpful because 
the dam may have been infected months before the abor¬ 
tion and the titer after the abortion may actually be 
falling. 

Prevention of disease is by vaccination (though infec¬ 
tion and latency may occur despite vaccination), it is 
recommended to vaccinate heifers at 6 months and admin¬ 
ister a booster 3 to 4 weeks before breeding. A modified 
live virus Is commonly used but is unsafe in pregnant cows 
from the third to eighth months of gestation. A Jellied viral 
vaccine Is available for pregnant cow use; a modified live 
virus vaccine labeled for Intranasal administration Is also 
available. 261 


Bovine Virus Diarrhea Virus 

Bovine virus diarrhea virus (BVDV) Is a pesltvlrus that can 
produce early embryonic death, fetal anomalies, or abortion 
(see Chapter 32 for complete discussion), isolates from 
bovine aborted fetuses are usually noncylopalhlc. 262 

II History and Clinical Signs. Although fetal death is most 
common during the first trimester, abortion can occur at 
any stage of gestation. 362 ' 264 Pathogenicity of the disease 
depends on gestational time of Infection, the viral strain, 
viral biclype (eytopalhic or noncytopathlc), and fetal 
Immunocompetence. 265 Often there Is a history of repeat 
breeding and a recent episode of febrile disease In the nerd 
before the onset of abortions.™ 

II Laboratory Diagnosis , Fetal loss generally occurs 10 to 
27 days postexposure, w r llb expulsion of the fetus up to SO 
days later.- 65 As a result the fetus is most often aulolyzed, 
although In some cases it may be mummified or fresh. The 
aborted fetus may have a variety of dysplastic lesions, includ¬ 
ing cerebellar hypoplasia, cerebral malformations (hydren- 
cephaly, porencephaly, mlcroencephaly) and cataracts, 
brachygnathia, arthrogryposis, alopecia, thymic hypoplasia, 
and intrauterine growth restriction. 5 - 363 - 366 - 367 Microscopic 
lesions Include a mild nonsuppurative placentitis. Nonsup¬ 
purative vasculitis may be observed in the placenta, liver, or 
lymph nodes. 266 

Virus Isolation from fetal tissue Is seldom successful, 
likely because of the protracted time before fetal expulsion 
generally occurs after Infection. Viral antigen may be 
delected by HA test on kidney. Lung, or lymph node. 266 
Virus neutralization and enzyme-linked Immunosorbent 
assay are used to detect antibodies in fetal thoracic fluid, 
which Indicate prenatal exposure to the virus but do not 
necessarily Incriminate BVDV as the cause of abortion. 
Maternal tilers are seldom of diagnostic value because a rise 
in titer generally occurs before abortion. 5 

II Pathophysiology. BVDV may be shed Ln most body 
secretions. The effects of exposure to BVDV vary greatly 
depending on the gestational time during w r hlch exposure 
occurred (Fig. 43-llJ. In seronegative cows, exposure to 
BVDV a( the time of breeding prevents conception. 263 
Placental, attachment at approximately 35 days' gestation 
seemingly must precede fetal infection. During the first 4 
months of gestation, infection usually causes fetal death 
and abortion. 1 ' 6 ’ 6 Fetuses that survive infection with noncy- 
lopathlc strains between 18 and 125 days' gestation will 



FIG, 43- 1 I II ftrifiitinl dinks.! rep n>±ur tire uuteumn ji£Llt iiifodtun. mill 
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be persistently Infected (PI), are typically seronegative at 
birth, and subsequently shed BVDV continuously. 265 They 
may develop mucosal disease later in life from superinfec¬ 
tion with cytopathic BVD virus. 269 ' 270 Fetuses infected at 
between 100 and 150 days' gestation, considered congeni¬ 
tally infected [Cl), are at risk for the development of dys- 
plasllc Lesions including teratologic defects In the brain, 
skin, or bronchioles. Fetuses Infected after 150 days usually 
recover without dysplastic lesions. 265 Recent evidence, how¬ 
ever, suggests that those fetuses bom with neutralizing liters 
to BVDV are more likely to develop a serious illness within 
the first 10 months of life and less likely to conceive as hei¬ 
fers than those calves born without neutralizing titers to 
BVDV. 271 ' 272 

H L'pidcppiioJogy. Most cattle have serum antibodies to the 
virus. The abortion rate may approach 25% w r llb new Infec¬ 
tion of a susceptible herd. 5 

II Control. BVDV is not fully controlled with vaccination. 
Herd health plans must focus on elimination of PI animals 
and prevention of new PI animals being Introduced into 
the herd. 


Leptospirosis 

LepLosplnosls Is a spectrum of diseases caused by multiple 
serovars of Leptospira interrogans, Leptospira Hardjo Is the 
major serovar associated w r lth bovine leptosplral abortion, 
although Isolations of Leptospira Pomona, Leptospira Canicola, 
Leptospira Icterohemorrhaglae, Leptospira GrLppotypbosa, and 
Leptospira Szwajizak have also been reported. 5 - 2116 Two sero¬ 
logically indistinguishable but genetically distinct types of 
serovar Hardjo have been identified: L. interrogpins serovar 
Hardjo (type hardjo-prajitno) and Leptospira bergpetersenii 
serovar Hard jo [type hardjo-bovls). Serovar Hardjo type 
hardjo-bovis is cosmopolitan In cattle populations, whereas 
type hard |o-pra| lino is Isolated primarily from cattle in the 
United Kingdom. 265 

II History and Clinical Signs, in cattle, Leptospira Hardjo is 
associated with Infertility, early embryonic death, abortions 
from 4 months' gestation to term, and birth of weak calves. 
Abortion rate Is usually less than 10% but may approach 
50% In some areas. 275 Leptospira Pomona abortion usually 
occurs In the last 3 months of gestation, with an abortion 
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rate as high as 50%. 5 Clinical signs of leptospirosis In the 
cow may include Icterus, hemoglobinuria, anemia, fever, 
and mastic is that is characterized by a flaccid udder and 
thick ropy secretions from all four quarters, but usually 
cows abort without clinical illness. 266 Dead or wealc 
calves may be delivered at term. 3711 ' Abortions caused 
by serovar Hard jo tend to occur sporadically rather than 
in storms (as may be seen with serovars Pomona or 
Crlppotyphosa). 

II Laboratory Diagnosis, l’he aborted fetus Is usually auto- 
lyzed, Icteric, and edematous. Histologically, renal tubular 
necrosis is accompanied by lymphocytic interstitial nephri¬ 
tis, pneumonia, and placentitis. 5 - 266 

Leptospires are rapidly destroyed by aulolysis or freezing. 
Isolation from fetal liver, kidney, or brain Is possible but 
slow and Impractical. Leptospires may be isolated or 
demonstrated by darkfield microscopy, FA staining, or his¬ 
tologic techniques in fetal or placental tissues or In the 
urine of the aborting dam within approximately 2 weeks 
after abortion. 5 ' 266 

Diagnosis Is usually based on serology. A few infected 
fetuses develop microagglutination titers of 1:10 or more. 
It Is difficult to distinguish among vaccinated, acutely 
infected, and recovered animals, but liters to Leptospira 
Pomona greater than 1:12,300 In the dam suggest lepto- 
splral abortion. Maternal titer usually has peaked by the 
time of abortion. Single tilers of 1:300 or more In unvacd- 
naled animals, seroconversion, or fourfold changes In titers 
in paired sera Indicate leptospirosis in the herd. Tilers to 
Leptospira Hard|o are often less than 1:100 In affected cows 
and seldom exceed liIGOQ. 266 


II Pathophysiology. Hematogenously spread leptospires 
colonize the gravid uterus up to 142 days after infection. 
Abortion occurs l to 6 weeks after acule disease with Leptos¬ 
pira Pomona Infection and 1 to 3 months with Leptospira 
Elard]o. 5 Leptospira Elard|o remains in the oviducts of 
infecled cows up to 22 days after calving. 273 

II Epidemiology. Leptospira organisms are ubiquitous and 
an Important cause of abortion in all cattle-producing 
regions. Lq?tospira organisms persist In the genital tract 
and kidneys. I’he organisms localized in the kidneys of 
infected, animals are shed In the urine and serve as a source 
of Infection for other animals. The organisms localized in 
the female reproductLve tract are responsible for abortions. 
Aborted tissues are infectious to other animals and humans 
and should be handled with caution . 274 Vaccination may be 
useful In endemic areas. 


IE Tr&ltm&tt /mi Control, in abortion outbreaks, pregnant 
cows can be vaccinated with killed bacterln and treated with 
Qxyletracycline (antibiotic treatment can be limited to sick 
cows in dairy herds). 275 Aborting cows should be Isolated 
and treated with streptomycin if they are not destined for 
slaughter. Aborted fetuses and placentas should be removed 
from the premises. 276 Preventing exposure to swftne, 
rodents, and contaminated water lessens the opportunities 
for Infection. 3 - 202 Leptospira Pomona usually has no perma¬ 
nent effect on fertility, but infection w r lth Leptospira Elardjo 
has been associatecl with persistent herd infection and 
recurring abortions. 5 

Herd vaccination Is recommended at 6-monlh Intervals 
or more frequently In areas with heavy exposure to leplos- 
pires. Vaccination programs are aimed at reducing urinary 
shedding of leptospires and decreasing fetal loss. However, 


a commercial pentavalenl leptosplral vaccine (serovar Lep¬ 
tospira Hardjo type hardjo-prajitno Is used for the Leptospira 
Hard jo component of U.S. Department of Agriculture 
| USD A]-licensed leptosplral vaccines) did not prevent 
renal colonization, urinary shedding or fetal Infection after 
con|uncllval Instillation of cows with serovar Leptospira 
Hardjo type hardjo-bovts (the only type of Leptospira 
Hardjo Isolated from cattle in the Lin Lied States]. 277 

Epizootic Bovine Abortion (Foothill Abortion) 

Epizootic bovine abortion (EBA) or foothill abortion Is a 
syndrome of Late abortions in cattle in the foothills border¬ 
ing the centra] valley of California. 273 Once thought to be 
caused by C. psfrtficj, studies have demonstrated that EBA 
differs from chlamydial abortion. 273 Currently a spiro¬ 
chete-like agent Isolated from abortuses and from the lick 
vector of EBA Is under investigation as the causative 
agent 275 - 261 

II History and Ch'pifcui Signs. Late abortion or delivery of 
weak calves occurs in affected herds. Many fetuses In the 
sLxth to seventh month of gestation may be aborted, espe¬ 
cially from heifers without premunition Immunity from 
natural exposure to the causative agent. Older native cows 
show no clinical signs of Infection. 


II Laboratory Diagnosis. A 3-month period is required for 
full development of pathologic changes In the fetus. Super¬ 
ficial cervical lymph nodes are enlarged up to I6g, the 
spleen Is enlarged up to 250 g the thymus is slightly smaller 
than normal, and the Liver may be enlarged^ and nodu¬ 
lar. 263273230 Histologically there is loss of thymic cortical 
lymphocytes; remaining lymphocytes are enlarged and 
poorlv differentiated. Follicular hyperplasia, hlstiomosis, 
vasculitis, necrosis, and pyogranulomas occur In lymph 
nodes and spleen. Lymphohistlocytlc proliferation may also 
occur around vessels In the Liver, lung, and meninges." 266 

EBA has been diagnosed mainly by pathologic examina¬ 
tion of the fetus. Recent studies have demonstrated high 
levels of IgC (3 mg/mL or more) in fetal blood. 266 - 273 A spi¬ 
rochete-like agent can be demonstrated In the plasma of 
aborted fetuses but also may occur In plasma of normal 
fetuses. 275 Currently no serologic test for EBA exists because 
the cause Is uncertain. 

II Pathophysiology. Infection is transmitted by the soft- 
shell tick Orriithadoros GoriflcmL 26 ^ 261 The disease also can 
be transmitted with fresh or frozen fetal tissue. 373 Transfor¬ 
mation and proliferation of fetal lymphocytes and macro¬ 
phages occur by 50 days but are not severe enough for 
diagnosis until 100 days after maternal exposure to the ilck 
vector. IgG and IgM are deposited in vascular lesions, but 
increase in fetal serum Immunoglobulin is not delectable 
until as least 80 days after tick exposure. 273 - 231 Repeated 
superlnfection may be necessary to result in feta] death. 330 
Because at least 90 days are required for development of fetal 
lesions, infection after 6 months' 1 gestation is not likely to 
result in abortion. 3266 


II Epidemiology. EBA Is limited lo the range of the Hck vec¬ 
tor In the foothills bordering the central valley of Califor¬ 
nia. 276 Of the annual calf Loss in California, 5% lo 10% is 
attributed to EBA. 231 The prevalence of Infection by the spi¬ 
rochete Is far greater than the prevalence of abortion. a 
Abortion occurs 3 lo 4 months after exposure to ticks but 
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almost always late in gestation, regardless of the lime of tick 
exposure. 23 * Older native cows from enzootic areas usually 
do not abort r and introduced cows and heifers generally 
abort only once. 273 The abortion rate may be 30% to BQ% 
in susceptible animals. 266 - 232 

II Treatment and Control. Cblortetraeycline therapy [2 to 
5 g/day In the feed] reduces the rale of abortion.- 31 Cur¬ 
rently no vaccine exists for EBA, but abortions can be 
controlled by exposing heifers lo the tick vector before 
breeding or by changing from spring to fall calving 5 which 
lakes advantage of limiting exposure to the last trimester of 
gestation in some management systems. Therefore exposure 
of susceptible pregnant cattle to the tick only afteT the sixth 
month of pregnancy is a practical solution for ranchers 
using summer footlilll pastures and fall calving. The tick 
lives in ground duff (e.g., leaves) and is not found on cattle 
that graze in irrigated pastures and most other areas outside 
of brushy foothills. 

finuceJJa abortus Abortion 

B. [tbortiu Infection (Bang's disease) causes abortion In cattle 
and r less commonly, In sheep and goats. Horses may be 
infected with B. iibortus, which has been associated with fistu¬ 
lous withers, but usually experience no Infertility, abortion, 
or other clinical evidence of Infection. Bovine infections are 
caused by eight blovars of B. abort jij, three of which (biovars 
1, 2 r and4) are recognized in the United Slates. 5 


and the gravid uterus. Uterine Infection occurs during the sec¬ 
ond trimester 5 - 235 In the placenta the bacteria appear first In 
phagosomes of erythrophagocytlc trophoblasts. Replication 
occurs in the rough endoplasmic reticulum of chorioallantoic 
trophoblasts. 335 Preferential replication in chorioallantoic 
trophoblasts has been attributed (o their eiylhritol content; 
however, the placentas ofseveral laboratory rodents that lack 
deteclable erythrllol still support B. iiiwmrs replication. 236 
Itie organism also occurs in fetal placental endothelial cells 
and capillary lumlna, where It is associated with vasculitis 
and destruction of chorionic villi. Placental inflammation 
spreads along the allanlochorlon lo Involve additional coty¬ 
ledons with resultant chorioallantoic ulceration, necrosis of 
trophoblasts, and ulcerative endometritis. Kelal death results 
from placental disruption and endoloxemka. 5 - 235 The fetus 
Is frequently retained i to 3 days in ulero. Numerous bacteria 
are expelled from the genital tract at parturition, but shedding 
usually stops by 3 weeks after abortion. 5 

II Epidemiology. Infection with occurs naturally by 

Ingestion. Contaminated materials are infectious for humans 
and should be handled with caution. Infection Is not easily 
transmitted between cattle separated bv fences or roads. 237 
Most calves infected at birth clear the Infection, but persistent 
congenital Infection has been documented. 3 63,239 

Bovine brucellosis has been nearly eradicated in the 
United Slates by test and slaughter of seropositive cattle 
and vaccination. However, a reservoir remains in bison 
and elk, especially In the greater Yellowstone area. 


History and Clinical Signs. Abortion Is the chief clinical 
sign of bovine brucellosis and usually occurs after the fifth 
month of gestation. Lameness, mastitis, epididymitis, and/ 
or orchitis may be present In infected herds. 235 

II Laboratory Diagnosis. Autolysis frequently obscures 
gross lesions In the fetus, but fibrinous serositls may be 
apparent, and abomasal content may be discolored and 
flocoulent. Placentitis is a consistent finding. Cotyledons 
are necrotic; the interootyledonaiy placenta Is thickened 
and opaque with accumulation of odorless, flocoulent, yel¬ 
low-brown exudate between maternal and fetal membranes. 
Histologically there Is suppurative placentitis (and endome¬ 
tritis in the dam). Suppurative bronchopneumonia and 
lymphoreticular hyperplasia are frequent histologic findlnp 
in the fetus. 

Diagnosis depends on culture of B. cibortzu from fetal 
lung, abomasum, or placenta or from maternal uterine or 
mammary secretions. Organisms and Brucella antigen can 
be detected in fetal tissues by avidIn-blotin-peroxidase com¬ 
plex Lmmunostalning. 23,1 

No serologic test is 100% accurate, but a positive card 
lest or titer of 1:J00 or more on plate or lube agglutination 
suggests brucellosis. False-negative serologic reactions occur 
in approximately 15% of Infected cows, particularly just 
before or after parturition. False-positive reactions are a 
problem Ln cows vaccinated with strain 19. Supplemental 
tests such as the Rivanol test, complement fixation, and 
mercaptoethanol sensitivity of agglutination are used in sus¬ 
pect cases. Dairy herds are surveyed by the Brucella ring lest 
on milk. 5 In goats, tube agglutination titers of 1:25 or more 
Indicate infection. 3 - 55 

II Pathophysiology. Initial replication of B. abortus occurs in 
regional lymph nodes. Bacteremia is followed by coloniza¬ 
tion of supramammary lymph nodes, the mammary gland, 


II Treatment and Control. Treatment of brucellosis is usu¬ 
ally not effective. Combination therapy with long-acting oxy- 
tetracvcllne and streptomycin has been shown lo reduce 
shedding Ln most cows and potentially eliminate Infection 
In some, 3 ™ but because of the eradication program used 
Ln many countries, infected cows are rarely treated. In the 
United Slates, infected Individuals are destroyed, and 
exposed herdmates are quarantined to the herd until slaugh¬ 
ter or the herd Is recertified as brucellosis-free (United Slates 
Department of Agriculture, 2003). 

In the past, strain 19 vaccine was used as part of the erad¬ 
ication program. Mow r ever, vaccinated and field strain- 
infected cattle could not be differentiated. A newer vaccine 
for B. ziiwrtjjj, vaccine strain RB51, was developed to wel¬ 
come she serologic problems associated writh she strain 19 
vaccine. 291 Animals vaccinated with RB51 Lack antibodies 
to the O-polysaccharide chain and can thus be distin¬ 
guished from field-infected cattle. Strain RB51 is also less 
abortlfaclent for cattle than strain 19, although vaccination 
of pregnant heifers may result in abortion and subsequent 
zoonotic exposure If obstetric assistance Is necessary (Cen¬ 
ters for Disease Control, Morbidity and Mortality Weekly 
Report, March 13, 199S), and so ihe vaccine is to be admi¬ 
nistered only to young heifers before pregnancy. 26 l - 25Dn,2gj 

Campylobacter fetus subspecies venerealis Abortion 

C. fetus subsp. venerealis Is the main cause of bovine campy- 
Lobacterlosls (vibriosis). 5 lire organism Is an obligate para¬ 
site of the bovine genital tract and Is not known to cause 
disease In other species. 366 


History and Clinical Signs. Infection with C fetus subsp. 
Lwiere'zilj'r mainly causes temporary infertility or early embry¬ 
onic death, but sporadic abortions from the fourth to eighth 
months of gestation are possible. 366 The usual history 
Includes a high percentage of cows exposed for the first lime 
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reluming to eslrus or found nonpregnanl after the breeding 
season, and cows calving late because they returned to 
estrus one or more limes. 

II Laboratory Diagnosis. Autolysls is usually minimal, and 
the lungs of the term fetus may be partially Inflated. Dehy¬ 
dration, fibrinous serositls, and necrotizing placentitis may 
be apparent grossly. Histologically, bronchopneumonia 
and hepatitis may also be evident. Diagnosis is based on 
demonstration or isolation of the organism. By darkfleld 
microscopy the bacterium appears as a curved rod with dart¬ 
ing corkscrew moll! lly. 266 Cows that abort may have seium 
antibody titers; however, they may nol be diagnostic because 
they are not specific for C. fetus subsp. venerealis. Culture 
from placenta or fetal abomasal contents requires at least 
72 hours, The vaginal mucus agglutination lest Is used to sur¬ 
vey herds for i n feet Ion. 5 Alternatively ihe pen is and preputial 
mucosa of infected bulls may be swabbed and cultured, 
although culture is difficult because the organism Is slow- 
growing and often overwhelmed by saprophytes. 

II Pathophysiology. Within a week of vaginal infection the 
organism is established in the uterus, causing mucopurulent 
endometritis, which persists 3 to 4 months. InlrauteTlne 
infection either prevents conception or causes embryonic 
death, and Infected heifers typically return to estrus by 40 
days. Less commonly, abortions occur at up to 3 months' 
gestation. 5256 


II Epidemiology. C. fetus subsp. venerealis is ubiquitous. 
Venereal transmission from Infected bulls to virgin heifers 
approaches 100%. Cows with previous exposure to infected 
bulls develop Immunity and therefore are less likely to expe¬ 
rience Infertility than heifers. Ihe abortion rale seldom 
exceeds J0%. 366 


II iVcabrifPri and Control. Infected cows usually recover 
spontaneously within 5 months and resist reinfection. 
Recovery is hastened by Intrauterine Infusions of streptomy¬ 
cin and penicillin, infertility may be permanent if endome¬ 
tritis or salpingitis Is severe. 5 Heifers should be vaccinated 
with a killed baclerin before breeding. Most vaccines are 
administered J month before breeding and require a 
booster vaccination 2 w r eeks later. M Higher than normal 
doses of vaccine may be needed lo clear the infection from 
bulls. Cows and bulls must be vaccinated annually. Exclu¬ 
sive use of C. fetus subsp. j^nej-aa/jj-negatlve semen via Al 
controls the disease by preventing transmission. 

Haemophilus: somnus Abortion 

hf. Sliij j nil's has been associated with vulvitis, vaginitis, endo¬ 
metritis, weak calf syndrome, stillbirths, and occasional 
abortion In cattle. 

II Laboratory/ Diagnosis , Aborted fetuses have been free of 
gross lesions. Necrotizing placentitis is associated with fibri¬ 
noid necrosis of placental arteries .- 307 Diagnosis is based on 
recovery of large numbers of the organisms in relatively 
pure culture from placenta or fetus, histologic evidence of 
placentitis, and lack of other apparent causes. 

Interpretation of maternal titers to H. somnus Is difficult, 
and it is best lo take paired serum samples. Tlleis between 


♦VLbilci, SmilhKlinc Beechani Animal Health, Elton, FA. 
^rivib-SL, Fait Dodge l.abs, Fort Dodge, ]A. 


1:256 and 1:5J2 in non vaccinated herds may be the result 
of early active or chronic infection. Titers between 1:1040 
and 1:4096 indicate recent active infection. A fourfold 
change in tiler In paired sera is the best indicator of active 
infection. 


II Pathophysiology'. Although H. somritrs can be Isolated 
from the genlLal tract of clinically normal cows, m the rate 
of isolation is higher In cows with endometritis or cervtci- 
Lls lor.ivi Experimentally, H. somnus can adhere to zona pel- 
lucida-Intact embryos and cause degeneration. 295 Vaginitis 
can be induced by Inoculation with ff. jornrcus, 394 and abor¬ 
tion has been induced by intraamniotic, intravenous, or 
intrabroncblal challenge with the organism. 395 Cervical 
infusion with the organism has resulted In colonization of 
the chorioallantois and placentitis, but calves were bom 
alive without culLurable H. sutnrrus. 236 - 237 

II Treatment and Control. Antibiotic treatment and vacci¬ 
nation anecdotally Increase fertility in herds affected with 
H. jornnjjj-induced vulvovaginitis. DT 

Lriterio monocytogenes Abortion 

Listeriosis Is caused by L. monocytogenes. Listerlal abortions 
are of Importance mainly In ruminants. 

II History and Clinical Signs. Bovine abortions usually 
occur in the last 2 months of gestation. 256 Infected ewes 
and does typically abort in the last month/ 5,298 Lever, 
depression, RFMs, or endometritis may occur, 5 - 266 ' 2 ” but 
often the dam shows no clinical signs of Infection. 

II Laboratory Diagnosis. In less severely autolyzed fetuses, 
fibrinous polyserositis may be apparent. Most aborted 
fetuses have gray-white hepatic foci up to 2 mm in diame¬ 
ter. Similar foci may be visible In cotyledons: exudation 
occurs between cotyledons. Abomasal erosions have been 
reported In aborted lambs. 366 Histologically, suppurative 
placentitis and endometritis are consistent findings. 

Listeria is readily cultured from abortuses without cold 
enrichment. SeTovais 1 and 4b are commonly isolated 
from bovine fetuses; serovars 4b and 5 are the usual ovine 
isolates. 366 Listeria appears in Impression smears as gram- 
pas Hive pleomorphic coccobacllli. 266 

II Pathophysiology. Listerlal abortion can be induced 
experimentally In cattle 6 lo fl days after infection and in 
sheep 3 to 11 days after infection. Fetuses die from placen- 
Lltls and septicemia and are often retained in utero several 
days before expulsion. 266 

II Epidemiology , Listerlal abortion is usually sporadic, and 
incidence seldom exceeds 15%. 266 Infection Is most com¬ 
mon in the winter and has been associated w r llh feeding of 
silage. The elevated pH of spoiled silage enhances multipli¬ 
cation of ihe oiganism. Aborted tissues are Infectious for 
humans and should be handled with care. 

II lYeatment and Control , The effect on fertility is usually 
transient and aborting animals tend to resist reinfection. 
Tetracycline may be used In remaining pregnant animals 
in the herd. 5 Aborting animals should be segregated, and 
fetuses and placentas should be removed from the premises. 
The feeding of spoiled silage should be avoided. 
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/Vl^copllormo Abortion 

Mycoplasmal isolations from the bovine genital trad have 
been mainly M. bovigmitaitum and Mycoplasma fwirfr. M. hoots 
is probably the more important cause of abortion.Mrw- 
plasma myrordej subsp. mycoides (see MjCTp/asfua Polyartnri¬ 
lls) and jVfyrojffksma agahictiae have been associated with 
caprine abortions. 5 

II f/j'j/ory and Clinical Signs. M. bovigenitalium is asso¬ 
ciated with granular vulvovaginitis and less commonly with 
endometritis, especially In heifers. Infertility Is more com¬ 
mon than abortion. Al. boors causes mastitis and abor¬ 
tion.In goats, mycoplasmal Infection Is associated with 
septicemia, arthritis, pneumonia, mastitis, and abortion. 5 

II Laboratory Diagnosis. Placentitis and fetal pneumonia 
have been associated with bovine mycoplasmal abortion. 239 
isolation of Mycoplasma from the genital tract, milk, pla¬ 
centa, or fetus indicates Infection. However, mycoplasmosis 
should not be considered the cause of abortion unless pla¬ 
centitis or fetal inflammation Is present and other more 
likely causes of abortion have been eliminated. 

II Pathophysiology. M bovigeniialmm can be Isolated from 
the vagina of as many as 12% of clinically normal cows, 
but AT Iwojj Is isolated from fewer than 1%. Vulvitis can 
be Induced by inoculation with mucosal scarification with 
M. bovigenitafimn; therefore venereal transmission may be 
the natural route of Infection. 5 ' 239 Experimental inoculation 
with M. fwots induces abortion with placentitis and fetal 
pneumonia. 29 ^- 300 M. boingenitalium is rarely Isolated from 
abortuses or normal fetuses. 5 


II LcrlwfltoryDfrjgFrosrs. The fetus Is frequently aulolyzed. 
Placentitis Is usually present. Diagnosis Is based on Isola¬ 
tion of the organism and evidence of placentitis or inflam¬ 
mation of felal tissues. FA techniques can identify the 
bacteria in impression smears or sections of placenta or 
felal tissue. 266 The dam can be tested serologically for 
evidence of recent active Infection, 501 but at present 
many diagnostic laboratories do not perform Salmonella 
serology. 


fl Pathophysiology, infected adult animals are often short¬ 
term carriers and shed salmonellae In the feces or milk. 
True long-term asymptomatic carriers occur mainly with 
the host-adapted serotypes: Salmonella Dublin in cattle, 
Salmonella Abortus ovis'in sheep, and 5. abortivoerfuina [or 
Abortus equl) in horses. Salmonellosis caused 
by Salmonella Abortus equl has been eradicated In the United 
States. Occasionally, long-term carders of other serotypes are 
seen; these are usually intestinal carriers and fecal sbedders. 
Infection usually occurs by Ingestion. There is no evidence of 
venereal transmission. 503 Maternal septicemia Is followed by 
localization of the organism In a variety of tissues, including 
the pregnant uterus, lire bacteria multiply in and cause necro¬ 
sis of connective tissues of the cotyledon 501 l’he incubation 
period between Infection and abortion varies from approxi¬ 
mately 1 week to 1 month. 5 ' 302 Fetal death results from placen¬ 
titis and felal septicemia. 366 - 505 In most cases, maternal 
shedding of the organism In cattle ceases by 5 weeks after 
calving. 30 J 

In a second mechanism of Salmonella-induced abortion, 
5'dibnoneUfl septicemia causes endotoxemia and release of 
endogenous PGF, which causes luteolysis and abortion, in 
this case the fetus and placenta are culture negative for 
salmonellae. 


II Epidemiology. Mycoplasma species are ubiquitous, but 
mycoplasmal abortions are not commonly documented. 

II Treatment and Control Tetracycline or tylosln is the 
recommended antibiotic for mycoplasmal granular vulvo¬ 
vaginitis in heifers. 233 

StrJmoneUo Abortion 

A variety of Salmonella serotypes have been isolated from 
aborted fetuses of cattle, sheep, goats, and horses. A com¬ 
plete discussion of salmonellosis is presented elsewhere. 
Infection is acquired by ingestion of contaminated feed or 
water. Maternal septicemia Is followed by localization of 
salmonellae In tissues, Including the pregnant uterus, where 
placentitis and fetal septicemia occur. Salmonellosis accom¬ 
panied by endotoxemia causes early pregnancy loss without 
colonization of the uterus, because the Infection and endo- 
loxemia cause endogenous prostaglandin release. Endo¬ 
genous PGFj^ initiates luteolysis and abortion in the first 
trimester (< 100 days for cattle], as is the case with exo¬ 
genous administration of PGF products. 

II History and Clinical Signs. The animal may show sys¬ 
temic signs before abortion. Abortion may occur at any 
stage of gestation and Is characterized by placental necrosis, 
edema,, and hemorrhage. RFMs and fetal autolysis may 
occur. Abortion may be accompanied by diarrhea, fever, 
or vaginal discharge, particularly In the ewe, but often 
Infection Is not clinically apparent In the dam 266 - 3a, - 3CJ2 
Fetuses also may be lost as a result of stillbirth or perinatal 
septicemia. 


Eplderti iology. Bovine abortion resulting from salmonel¬ 
losis Is caused mainly by Salmonella Dublin and Salmonella 
Typhlmurium. Abortion Is sporadic and most common In 
the summer and fall. 301 

Ovine abortion is associated with Sn/mcrceUrt Typhlmur- 
lum, 5. Dublin, Salmonella Arizona, and Salmonella Abortus 
ovis. Salmonella Abortus avis (which Infects only sheep) is 
enzootic In parts of England and Europe but Is not reported 
from the United StatesA 2M Young ewes In late gestation are 
most susceptible, and the abortion rale may approach 
SO*!*, 5 " 302 but usually only one or two ewes In a flock 
abort. 3 * 6 


treatment and Control Metritis Is a rare complication 
of salmonellosis that can be fatal . 266 Usually there Is no 
lasting effect on fertility, but animals Infected with host- 
adapted serotypes may become carriers and should be 
cultured and tested serologically and culled If positive. 
Salmonellosis can be controlled try hygiene and by avoiding 
the Introduction of carrier animals. AbortLng animals should 
be isolated; the fetus, placenta, and contaminated material 
should be removed from the premises. Scr/FfTraelldi species 
are infectious for humans; therefore aborted tissues should 
be handled with caution. 


Ureaplosmc Abortion 

Ureaplastna Is a small bacterium without cell walls; Ll differs 
from MyoJpJfflsmtT in Its ability to hydrolyze urea. U. diversum 
has been associated with granular vulvitis and abortion In 
cattle. 
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RAR.T FIVE DISORDERS OF THE ORGAN SYSTEMS 


II History and C’fj'rarcuf Signs. Granular \tj]vULs. appears. as 
reddish nodules in ihe vulvar mucosa, with mucopurulent 
discharge in the early stages. The discharge Is usually more 
copious and protracted than with 1TV induced by herpesvi¬ 
rus. 5 - 31 ™ Affected cows are not systemically ilL 36fi The organ¬ 
ism has been recovered from embryo flushing media and 
can adhere to the zona pelluclda, resisting removal by wash¬ 
ing. it is believed to be responsible for an 1B% reduction in 
pregnancy rate in embryo recipients when the transfer 
medium contains the organism. 

II Laboratory' Diagnosis. Gross lesions include thickening 
of placental membranes with foci of hemorrhage and fibri¬ 
nous exudate. Gross lesions are seldom apparent In the 
fetus. Microscopically the placenta is flbrotic, with heavy 
mononuclear cell infiltration, multifocal necrosis, fibrin 
deposition, and mineralization. Cuffs of lymphocytes sur¬ 
round fetal Intrapulmonaiy airways. 3flfl Diagnosis Is based 
on isolation of the organism from genital mucosa, placenta, 
or fetal stomach or lung and the presence of genital or fetal 
Inflammation. 


II Pathophysiology. Urenplasma can be Isolated from the 
genital trad of normal cows and from normal fetuses 304 
Vulvitis has been induced by Inoculation of virgin heifers 
with LT. dii/rcreuRL 304 Uterine Involvement is considered 
rare but may cause conception failure, early embryonic 
death, or abortion. Abortion presumably results from pla¬ 
centitis. 5 Intraamniotlc Inoculation of L/. diversion caused 
placentitis, abortion, and fetal alveolitis In two of four 
experimental cows. 304 One cow r delivered a weak calf at 
term. Experimental Infection In ewes did not decrease 
fertility. 305 

II Epidemiology. Bovine Infection Is common, but docu¬ 
mented abortions caused by Ureaplasma are rare. 359 Infertil¬ 
ity is more common in heifers than In cows. 

II jyeabrifPit and Control. Non Irritating tetracyclines by 
intrauterine Infusion are recommended for treatment. Pro¬ 
ducts may not be approved for intrauterine use./ 5 Uterine 
contamination can be avoided by use of the double-rod 
technique of AI. 5 

MISCELLANEOUS BACTERIAL 
ABORTIONS 

In addition to the aforementioned bacteria, other bacteria 
occasionally produce maLemal septicemia. Many of these 
bacteria are ubiquitous, frequently contaminate aborted 
fetuses and placentas, and should not be considered the 
cause of abortion unless (1) they are Isolated from the 
placenta and fetus In large numbers and relatively pure 
culture, [2) placentitis or fetal Inflammation is evident, 
and (3) other more likely causes of abortion have been 
eliminated. 3615 

In cows, most bacterial Infections of the uterus result 
from septicemia. Miscellaneous bacterial causes of Infertility 
and abortion Include A. pyogenes, E. coSi , ffricEJJjjj species, 
Paslewrella species, Staphylococcus species, SereptwDtctrj spe¬ 
cies, F. necFophomin, and Baeteroides melaninogenicus. 2 ^ 

A. pyogen as with or without accompanying anaerobes has 
been associated with pyometra and abortion In cat¬ 
tle. lm, 266,306 Abortions are sporadic and may occur at any 
stage of gestation. Clinical signs are seldom apparent in 
the cow. The fetus Is commonly autolyzed, and placentitis 


is typical. Polyserositis may be evident. In fetuses aborted 
in the first half of gestation, I-mm yellow foci {bacterial 
colonies) may be grossly apparent in the lung. 366 

In the ewe or doe, miscellaneous bacterial causes of abor¬ 
tion Include Staphylococcus aureus. Streptococcus species, 
Pasteurella species, E. colL Yersinia pseudolubenculosis, Fran- 
cisellatularensis, Hislophllusovls, Bacillus species, A. pyogenes, 
and Corynebacterlum species, 366 ' 3 ® 7 - 310 

A spirlllum-Ilke organism has been documented as a 
cause of ovine abortion, fetal mummification, stillbirth, 
and birth of weak lambs. Abortion generally occurs in the 
last 2 weeks of gestation. Placentitis Is consistently present; 
many fetuses also have fibrinous peritonitis and focal 
hepatic necrosis that resembles that of campylobaclerlo- 
sls. 311 Abortion can be reproduced experimentally by Inoc¬ 
ulation of pregnant ewes. 312 Diagnosis Is based on 
pathologic lesions and Identification of the splndloid flagel¬ 
lated organism by darkfield microscopy of fetal abomasal 
content or liver or by anaerobic culture on selective 
medium. 313 - 313 


Tritrichomonas foetus 

Trichomoniasis is a venereal Infection of cattle caused by 
the flagellated proLozoan T. foetus. 5 - J ^.3 J s 

II Htelory And Clinical Signs, Infertility characterized by a 
high percentage of cows returning to estrus or found non- 
pregnant after the breeding season and cows calving late 
plus occasional pyometras and abortions are the most com¬ 
mon clinical signs of trichomoniasis. Pyometra in postcoital 
heifers or cows suggests that trlchomoniasLs may be the 
cause. Abortions generally occur In the first half of gestation 
at a rate of 5% to 30%. 31i * r rhe placenta may be expelled or 
retained. 5 ' 3 * 6 


II Laboratory Diagnosis. Diagnosis in the female Is made 
by Identifying or culturing trlcnomonads from cervicovagl- 
nal mucus (approximately 76% sensitivity], uterine exudate, 
placental fluids, or fetal abomasa! contents 5 - IS0 ' 266 ' 314 ' 315 
Preputial smegma collected from bulls by using a plastic 
pipette run against the mucosa can also be cultured for tri- 
chomonads {sensitivity 80% to 90%). Diamond's medium 
(or modified Pastridge medium) Is recommended for cul¬ 
tures from cows, bulls, or aborted fetuses. 315 Samples 
should be transported at ambient temperature, kept out of 
sunlight, not refrigerated, and delivered promptly to the 
diagnostic laboratory. Ihe organisms are Identified micro¬ 
scopically by their size (lOpmx J5pm], the presence of 
three anterior flagellae and an undulating membrane, and 
a characteristic |erky, rolling motion.- 66 

There are no specific gross lesions in aborted fetuses. 
However, placentitis is a consistent microscopic lesion, 
and tricbomonads can frequently be recognized in the pla¬ 
cental stroma in histologic sections. Organisms may also 
be observed In the fetal lung In association with pyogranu- 
lomatous bronchopneumonia. 316 

II Pathophysiology. Trichomoniasis is transmitted venere- 
ally from Infected bulls to cows or vice versa. Ihe organisms 
colonize the vagina, cervix, uterus, and oviducts; yet they do 
not generally Interfere with conception. Embryonic death 
frequently occurs within the first 2 months of Infection, 5 
followed oy a 1- to 6-month period of immunity to reinfec¬ 
tion. 165 Clearance of Infection In cows commonly occurs 
within 95 days; Infection rarely persists as long as 6 
months. 314 Hotvever, Infection in bulls over 4 years of age 



1465 


CHAPTER -U Diseases of the Reproductive System 



is permanent and the main source of caryover from one 
breeding season to the nett in beef cattle. 


II Treatment and Control. Systemic treatment of Infected 
animals with imidazole compounds [Ipronldazole, dlmetri- 
dazole] is effective, but these compounds are prohibited In 
food animals In the United Stales.t tB infected cows 
should be either culled or given at l east 3 months' sexual rest. 
The use of Al with semen from T. /ueJus-negative bulls con¬ 
trols the disease once infected natural service bulls have been 
removed from the herd, in natural breeding situations, vacci¬ 
nation, use ofyoung virgin bulls, and testing and elimination 
of positive bulls older than 3 years of age will allow herd 
owners to gain control over the Incidence of trichomoniasis. 

Neorpora coninum Abortion 

Abortion In cattle caused by N. caninum Is relatively com¬ 
mon and of economic importance especially In dairy cattle. 
Congenital infection tvllh Limb paresis or dysfiancllon at 
birth as a result of encephalomyelitis may also occur. 
Canids are the definitive hosts and shed oocysts In their 
feces after Ingestion of infected tissues from Intermediate 
hosts (Fig 43-12). Both the domestic dog and the coyote 
have been shown to transmit the oocysts In their 
feces. 3 L Mian L Along with cattle, deer have been shown to 
serve as intermediate hosts. 33J The role of birds and w r lld 
rodents as intermediate hosts Is suspected but has not yet 
been definitively demonstrated. 321 Aborted, Infected fetal 
tissues Ingested by canids will also result in massive shed¬ 
ding of oocysts in feces. 322 Transmission may be vertical 
(dam to fetus in utero) or via point-source horizontal trans¬ 
mission (ingestion of feed contaminated with feces contain¬ 
ing oocysts). 323 - 32j Horizontal transmission from cow to 
cow does not occur. Bovine fetal lesions are distinctive 
and may Include nonsuppurative encephalitis with foci of 
necrosis and gliosis, nonsuppurative myositis, hepatitis, 
and, most consistently, myocarditis. 2 ® 1 Most abortions 
occur In the early second trimester, but they may occur 


throughout gestation. Diagnosis is based on characteristic 
lesions In aborted fetuses, and seroepidemiologjc study of 
an equal number of aborting and nonaborting herd mate 
cows If the proportion of seropositives is statistically higher 
In those that have aborted. 325. Finding one aborting cow to 
be seropositive does not confirm N. ftTrumun as the cause, 
and cows that abort once because of N. caninum are not 
protected from future abortion caused by this organism. 
A vaccine based on whole killed tachyzolles (Neoguard I, 
Intervel, Millsboro, Del.) Is available for S. caninum. 


Sarcocyitjj Abortion 

Sarcocystosls may cause abortion In cattle, sheep, and goats. 
Cattle are infected by ScTir&qrsrrs cruzi, sheep oy Scirraqrsrri 
uwaaflES, and goals by SarcocyjJis caprncanis. 


II History and 1 Cffrrfew J Signs. Most cattle are infected with 
SdUOKyjtj'j but do not show clinical signs of infecllonj how¬ 
ever, massive or repeated infections may elicit depression, 
anorexia, weight Loss, lameness, hair loss, emaciation, or 
death. Abortions occur In late gestation, usually In severely 
affected animals. 266 ' 326 ^ 327 


Laboratory Diagnosis. There are no specific gross Lesions 
In the aborted fetus. Histologically protozoa may be 
observed In villi and small arteries of the cotyledon or 
[more likely) the caruncle but are seldom seen in the 
bovine, ovine, or caprine fetus. Parasites are more Likely to 
be observed in the fetal brain than In other tissues. 326 Non¬ 
suppurative Inflammation may occur in the placenta or, less 
commonly, in fetal tissues, particularly the brain, heart, 
lung, liver, or kidney. 266 - 326 ' 3 ^ 7 

FA demonstration of numerous developing protozoa In 
the cotyledon or caruncle is considered diagnostic. Carun¬ 
cles are reported to be atrophied. 326 The protozoa can also 
be Isolated by feeding aborted tissues to canids and 
recovering coccidlan sporocysts from their feces. 266 


Transmission of bovine neosporosis 


FIG. 43-12 II J Lansmis-sion id twvine 
n eta perm; is. Qocysls .in: produced by the 
canine detinilive host, and their aubMiquml 
ingestion hy j susceptible pregnant cow lead], 
to iniertiun of Lhc ieius lixoi^utoux Lninipla- 
renial Ira ns mi is ion). Uvebuen in.lts.-ted hei¬ 
fer calves would tie expertled Lu remain 
directed into adullhood, when they, in turn, 
may pass inlet-lion to theii It;lines ( endu^re-- 
nnu ci .Liispl iIL'L'iiIilI Iranian induct], Spread 
at N. ctminum in ibb second way is Che prin¬ 
cipal couLe whereby the parjiuLc is prop.L- 
u, lI tt3 in a heed. 


Exogenous Endogenous 







II PttthopkyitiAogy. l’he pathogenesis of abortion Ln sar- 
cocystosis is unclear. Generally, numerous spores are 
required lo Induce abortion experimentally. Felal inva¬ 
sion by Saroocystfs Is rare, and aborlion may result from 
maternal fever, anemia, or placental Insufficiency. 52 * 
Pregnant does apparently have diminished immunity 
to SurcocysN's because low doses of S. capracan fj result in 
fetal death without maternal Illness If given in early 
pregnancy. 528 

II Epidemiology. Ruminants are Infected by consumption 
of canid feces that contain oocysts. SflTHKysn'j occurs in the 
skeletal and cardiac muscle of most cows without associated 
lesions or clinical evidence of Illness. 

II Control Effective therapeutic regimens for clinically ill 
animals have not been developed. For the lifecycle of Sctfto- 
cytfis to be broken, feeds should be kepi free of dog or cal 
feces. These carnivores should nol be allowed to eat aborted 
fetuses, placentas, or other ruminant carcasses. 

FUIMGAL ABORTIONS 


II Control. The only means of control of mycotic abortion 
is reduction of exposure to fungal agents. 

II DOtS AND tWtS 

INFECTIOUS CAUSES 

Bluetongue Abortion 

Bluetongue Is an orbivirus Infection that can result In 
embryonic death, abortion, and fetal anomalies In sheep, 
cattle, or other ruminants. Twenty-four serotypes of blue- 
longue virus have been recognized; five of these [serotypes 
2, 10, 11, 13, and 17) occur in the United Slates [see chap¬ 
ter 32 for complete discussion and Chapter 35 for nervous 
system anomalies). 355 

Border Disease (Hairy Shaker Disease) 

Border disease or hairy shaker disease is an ovine pestivirus 
infection that causes embryonic and felal death: stillbirths; 
dysplasia of the central nervous system, skeleton, and fleece; 
and birth of weak Lambs with low viability. 


Mycotic Diseases That Cause Abortion 

Fungal causes of bovine abortion include Aifrerer/hts, 
Absiaia, Muccr, Rhizopus, Candida, and Morttend'la, 2 **^- 310 
Mycotic abortion Is uncommon In sheep and goats. 26 * 

II History dirrf Clin tat I Signs, Mycotic abortions usually 
occur In the latter half of gestation [often near term) and 
seldom are associated with prodromal or postabortion clin¬ 
ical signs in the dam. 


QurreHti burnetii (Q Fever) 

Caxiella burnetii, a ricketlsia. Is the causative agent of Q 
fever, which can cause abortions In sheep and goats. Most 
infections are completely asymptomatic, and the disease is 
of more importance as a zoonosis than as a cause of ovine 
or caprine abortion. 

II Htstcry And Clinical Signs. Late abortions or delivery of 
weak lambs may occur in an affected flock over a period of 
2 to 4 weeks. 5 - 3 ® 2 


II Laboratory Diagnosis. The most consistent lesion Is pla¬ 
centitis with necrosis and thickening of fetal membranes. In 
ruminants, both cotyledons and the InlercotyLedonary pla¬ 
centa are affected. Histologically, necrotizing Inflammation 
of the chorionic villi is associated with vasculitis and throm¬ 
bosis. 266 Gross lesions may nol be apparent in the fetus, but 
granulomatous bronchopneumonia Is frequently observed 
histologically. 266 - 550 - 132 In bovine aspergillosis the fetus Is 
often near term with minimum aulolysis and partially 
inflated lungs. Emaciation and dehydrallon with multifocal 
dry, scaly skin lesions occur in approximately 25% of 
affected fetuses. 2 ** With other fungi the aborted fetus Is 
often autolyzed, placentitis may be more severe, and skin 
lesions. If present, tend to be moisler than those of aspergi l- 
losis. 266 The placenta Is characteristically thickened and 
leathery. 1’he fetus may be emaciated, and granulomatous 
bronchopneumonia has been observed. 111 The fungus can 
be isolated from the fetus and placenta or demonstrated 
on histologic sections with immiinostalning. 

II Ma/fiDpftysfoJogy, The route of fungal Infection in the 
bovine uterus Is thought lo be hematogenous. 11 

II Epidemiology. Mycotic abortion generally affects only 
one or two animals in a herd and Is more common in the win¬ 
ter. 266 Fungi cause 3% lo 10% of bovine abortions. 131 - 114 
Aspergillus accounts for up to B0% of bovine mycotic abor¬ 
tions; MucoraLes account for an additional 10% to 15%. 5 
Mcrtierella Is a common abort Lfacient In Australia and New 
Zealand and has been associated wllb feeding of grass 
silage, 550 - 554 but Mortiereila abortion is rare Ln the United 
States. 


II Laboratory 1’here are no specific gross lesions 

in the fetus, but the placenta Is thickened w r llb while, chalky 
plaques and red-brown exudate, especially In Lntercotyle- 
donary areas. Histologically cotyledonary and Intercotyle- 
donary necrosis is accompanied by heavy neutrophil 
infiltration. 5 - 11 * Diagnosis of Q fever abortion should be 
based on the presence of characteristic placental lesions 
with large numbers of rlckettslae and a rising maternal tiler. 
Ricketlsieae can be Identified In placental Impression 
smears stained with modified Koster's stain, Stamp's modi¬ 
fied Zlehl-Neelsen stain, or Gimenez stain as pleomorphic 
acid-fast coccold or filamentous organisms Ln tropboblasts 
or extracellularly. Complement fixation liters greater lb an 
1:8 In the dam are considered diagnostic. Enzyme-linked 
immunosorbent assay is rapid and sensitive but requires 
specles-speclflc peroxidase conjugate for each host species. 
Laboratory results must be Interpreted carefully because 
C, burnetii also can be Isolated from the placenta of normal 
animals. 5 In one survey of California dairy goats, 24% were 
seropositive by mlcroagglutlnallon. 117 

II Pathophysiolog}’. C. bumerrt infection can be transmitted 
by Lxodid or argasid ticks or by ingestion of Infected mate¬ 
rial. The organism replicates in Lrophoblasts and is often 
of low pathogenicity In sheep and goats but can result in 
placentitis tvith late abortion and shedding of large num¬ 
bers of rlckettslae .* 

II Epidemiology. Q fever Is reported in many countries, 
including the United Stales and Canada. Abortions typically 
occur over a 2- to 4-week period and may affect 5% lo 50% 
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of the flock . 15 The organism also is. infectious for other ani¬ 
mals, including humans. Pregnant women should not han¬ 
dle Q fever-Infected animals or tissues. 

II Treatment and Contrail Aborting does and ewes should 
be segregated, and abortuses and placentas removed from 
the premises to prevent oral transmission. Pregnant animals 
can be treated with tetracycline to reduce the chances of 
abortion. A carrier stale may develop, but abortions do 
not usually occur in subsequent pregnancies in sheep; they 
may be more likely to recur in goats.™*' inactivated vaccines 
(not commercially available) lessen the chances of rickett¬ 
sial abortion in sheep and reduce but do not eliminate 
rickettsial shedding at parturition. 336 

Campylobacter fetus subspecies fetus Abortion 

C. fetus subsp. fetus Is one agent of ovine campylobaderlosis 
(vibriosis) that causes abortion in sheep and sporadic abor¬ 
tion in cattle and goats. 5 ' 2 * 6 - 341,3 

II History and Cfinfftii 5/gns, Infection of ewes causes 
abortion in the last 6 weeks of pregnancy, stillbirths, and 
birth of premature lambs. Infected ewes may have fever, 
diarrhea, depression, and vaginal discharge several days 
before parturition. 34 * 3 En cattle the infection is not associated 
with infertility (unlike infection with C./afwj subsp. venerea- 
lis], but sporadic abortions can occur from the fourth to 
eighth months of gestation. 366 

II Lafwm i or)' Dtogirasfs, Campylobacter causes placentitis 
with cotyledonary necrosis and Lnlercolyledonary edema. 
I’he fetus is edematous and may have fibrinous polyserosi¬ 
tis. Foci of necrosis up to 2 cm in diameter occur in the liver 
of approximately 40% of aborted, ovine fetuses and, 
although not pathognomonic, suggest campylobaderio- 
sls. 5 , 36 ° Histologic changes include suppurative necrotizing 
iacentitis and fetal bronchopneumonia. 366 Diagnosis is 
ased on culture (which usually requires less than 43 
hours) 5 or on microscopic demonstration of the organism. 5 

II Pafbapjfjttiolqgy. C. fetus subsp. fetus Is transmitted by 
ingestion. The organism localizes in the gallbladder but 
may Invade the pregnant uterus, where it replicates in cho¬ 
rioallantoic tropboblasts. The incubation period in the 
ewe varies from 7 to 25 days. 5 in the cow, dissemination 
of the organism to the placenta is less common. 366 In either 
species, localization in the placenta causes placentitis and 
felal bacteremia. 266 Metritis, fetal retention, and maternal 
peritonitis may occur in the ewe. 5 

II Epidemiology. Infection with C. fetus subsp./efur Is impor¬ 
tant in sheep in the United Kingdom, the United States, and 
New Zealand. 5 Fetal infection is most common during the 
last 2 months of gestation. Outbreaks of abortion tend to 
occur in 4- to 5-year cycles. 5 Infection is highly contagious 
in confined ewes, and the abortion rate may approach 70% 
but is more commonly approximately 25%. z, ' 366 ' 3a2 


can be controlled by the use of a killed ad|uvanted bacterin 
at breeding and 60 to 90 days later. 5 

Campylobacter jejuni Abortion 

Campylobacter jejuni is the other agent of ovine CurnpylalMC- 
ter (Vibrio) abortion. C. jejuni Is an enteric pathogen that 
causes enteritis and diarrhea in many species. Only in sheep 
is placental and fetal infection common. This organism has 
been associated occasionally with abortion in cattle and 
gOatS. 1 &-lUGG,a 3 9,340 

II History and Clinical Signs. Ovine infection with C. jejuni 
is clinically indistinguishable from that with C. fetus subsp. 
fetus, 

II Laboratory Diagnosis. Aborted fetuses are autolyzed and 
frequently lack specific gross lesions. Cotyledons are mot¬ 
tled yellow to tan, but the Intercotyiedonary membranes 
are grossly normal. Histologically necrosis occurs in chori¬ 
onic villi with arteriolills and numerous Leukocytes in the 
Lamina propria. Purulent bronchopneumonia is a common 
histologic finding in the fetus. 3 ' 111 

C. jejuni can be distinguished from other Campylobacter 
species by growth at 42' C (107.3' : F), resistance to cepha- 
lolhin, inhibition by nalidixic acid, and the presence of 
heal-labile glycoprotein surface antigen 1, which does not 
occur in C. fetus subsp. venereaiis or C. fetus subsp. fetus. 
Placenta or fetal tissues should be cultured on Campylobac¬ 
ter agar with incorporated cefoperazone, vancomycin, and 
amphotericin B (CVA medium) at 42° C (107.3 > F). 3J4f ' 34L 

II Pathophysiology. Intravenous inoculation of pregnant 
ewes with C. jejuni at 114 and 123 days of pregnancy consis¬ 
tently induced abortion 7 to 12 days later in one study. 341 

n Epidemiology and Controi. C. jejuni is ubiquitous. Cer¬ 
tain strains have been associated tvith an abortion rate as 
high as B0%, but usually fewer than 20% of the animals 
in the flock abort. 341 Aborted tissue is infectious for 
humans and should be handled with caution. Treatment 
and control of ovine infection with C. jejuni are similar to 
those for C. fetus subsp. fetus. 

Brucella metrteniis Abortion 

Brucella melitensis causes abortion in goats and sheep and 
Less commonly in cattle. 5 Infection is associated with Late 
abortion, stillbirth, or birth of weak kids or lambs. 5 - 233 
Necropsy findings include severe placentitis and fetal serosi- 
tj S i.acn Th e disease is diagnosed by culture or demonstra¬ 
tion of the organism in tissue or by maternal serology 
(complement fixation lest). 5 Animals are infected by inges¬ 
tion, and, after bacteremia, replication occurs in chorio¬ 
allantoic trophoblasls. 3 ' 283 Infection with B. melitensis is 
important in Mediterranean countries and in Central and 
South America but is rare In the United States. 233 - 302 
Suspected cases should be reported to state and federal 
authorities. Human infection with B. melitensis can be very 
severe. 


II Treatment and Control. Abortion outbreaks can be trea¬ 
ted with daily intramuscular in lections of procaine penicil¬ 
lin G [22,000 lU/kg) and dihydrostreptomycin (11 to 
22 mg/kg] or with oxyletracycline in the feed (75 mg/ 
head/dayj. 5 Metritis Is rarely fatal in the ewe. Generally, 
affected ewes abort only once and therefore they may be 
retained as breeding stock. 266 Ovine campylobacleriosis 


Brucella avis Abortion 

Brucella ovis infects only sheep. Epididymitis in rams is the 
most common manifestation of Infection. Ewes seldom 
show clinical evidence of Infection; late abortions, still¬ 
births, and delivery of weak lambs are rare. 5 - 366 Fetal and 
placental lesions resemble those induced by B. abortus. 
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Diagnosis Is based on culture or on demonstration of the 
organism in tissue. Serology [complement fixation) can 
Identify Infected animals. However, not all ewes showing a 
rise In complement fixation titer at parturition deliver 
infected lambs. In addition, ewes can maintain elevated 
titers for months or years after exposure to B. oirj'j. Therefore 

B. CEJi'j abortion should not be diagnosed on the basis of 
complement fixation testing alone. 366 

infection Is thought to occur by the conjunctival 
routed 02 The bacterium has low virulence for the ewe but 
may replicate In chorioallantoic tropboblasls, resulting in 
placentitis and fetal bacteremia. 355 B. cuts infection has been 
reported from Europe, Africa, Australia, New Zealand, and 
the western United States. 

CfiJermydra psrttocr Abortion (Enzootic Abortion 
of Ewes) 

C. psittaci is a major cause of abortion in sheep and 
goats.Ovine chlamydial abortion is called enzootic tffrcr- 
twn of eu*es. Clifowiydrii may cause abortion In cattle 266 but Is 
not the cause of epizootic bovine {foothill] abortion. 

II Hfilory and CJirifoil Signs. Cblamydlosls is best charac¬ 
terized in sheep and goats. Abortions or stillbirths with pla¬ 
centitis usually occur In the fourth to fifth months of 
gestation. The dam seldom shows signs of illness but may 
have serosangulneous vaginal discharge several days before 
and after parturition. 5 Other animals in the floclc may be 
affected by arthritis or pneumonia. 543 

II Laboratory Diagnosis. Placentitis is the most consistent 
necropsy finding in chlamydial abortion. Necrosis occurs 
in cotyledons; the Lnlercolyledonary placenta Is thickened 
with accumulation of red exudate. 266 - 342 The fetus has 
no specific gross lesions. 366 ' 343 Histologically, necrotizing 
placentitis Is accompanied by nonsuppurative vasculitis. 
Nonsuppurative meningoencephalitis, necrotizing hepatitis, 
and proliferation of mononuclear cells in spleen and lymph 
nodes are other histologic findings that may occur in the 
fetus. 366 - 343 

Diagnosis of chlamydial abortion should be based on 
identification of the organism and the presence of typical 
placental lesions. Chlamydiae appear In placental impression 
smears stained with Giemsa, Gimenez, or modified Ziehl- 
N eel sen stains as 20Q-nm dark red spheric bodies in the cyto¬ 
plasm of trophoblasts. 5 ' 366 The organism can be positively 
identified by FA tests on cytologic preparations, cryostat sec¬ 
tions of placenta or other fetal tissues, or cultures. Chiamydia 
grows In chick embryos in I to 6 weeks, but cell culture using 
mouse L cells requires only 2 to 10 days. 266 

Abortion or delivery of chlamydial-infected fetuses 
induces a rise in serum titer that peaks In 2 to 3 weeks. 266 
Paired sera should be collected at abortion and 3 weeks 
later. Maternal tilers greater than 1:32 generally indicate 
recent active infection. 344 Complement fixation is the stan¬ 
dard serologic test for the dam; indirect immunofluores¬ 
cence and enzyme-linked, immunosorbent assay are also 
used. 345 Double Immunodiffusion can be performed on 
fetal fluids. 26 * 


II Pathophysiology. Chlamydiae reside in the intestinal 
tract and are also shed from the genital tract of infected ani¬ 
mals before and after parturition. Ingestion is the main 
form of transmission. 5 - 346 In sheep and goats, abortion 
occurs 4 to 8 weeks after experimental Infection, 342 but 
the fetus is not susceptible until the last third of gestation. 5 


High maternal antibody tilers do not prevent abortion or 
stillbirth, but experimental w r ork suggests that cell-mediated 
immunity Is protective. 347 Infection with small numbers of 
Chlamydia organisms seldom stimulates adequate cell- 
mediated immunity and consequently may be more likely 
to cause abortion than infection with numerous organisms. 3 

II Epidemiology. Chlamydial abortion has been reported 
from most major sheep- or goat-producing countries. 
C. psirtacj' also may infect other animals, including human 
beings Pregnant women should not handle Infected ani¬ 
mals or tissues. The abortion rale in sheep Is usually approx¬ 
imately 5% 266 but may be up to 30% or more in goats. 3 ' 343 
Although abortions usually occur 1 to 2 months after infec- 
Llon In sheep, the Incubation period In goals may be as 
short as 2 weeks. 344 

II Treatment and Control. Aborting does or ewes should 
be segregated, and abortuses and placentas should be 
removed from the premises to avoid oral transmission. Gxy- 
letracycline therapy {80 to 450 mg/bead every day In feed or 
water, or long-acting oxytetracydlne Injected subcutane¬ 
ously at a dose of 20 mg/kg twice w r eekly until the last 
month of gestation] 3 reduces the number of abortions and 
stillbirths in sheep 347 and goats, particularly if Instituted 
in the first half of pregnancy. 3 However, short-term treat¬ 
ment does not eradicate infection or prevent chlamydial 
shedding at parturition and should be reserved for abortion 
outbreaks. 34 ® Most ewes develop cell-mediated immunity, 
which eliminates the organism from the genital tract by 3 
months after lambing and protects against abortion for 
approximately 3 years. 5 - 1113 Does are more likely than ewes 
to have placental retention and metritis after abortion. 346 
Killed vaccines' can be used In enzootic areas 4 to 6 weeks 
before breeding but are not 100% effective. Experimentally 
avirulent live vaccines have been used with success. 

Toxoplasmosis Abortion 

Toxoplasma gondii Is a ubiquitous protozoan that Is a major 
abortifacient In sheep and goats but only rarely causes abor¬ 
tion in cattle or horses. 

II History and Clinical Signs, infection does not cause 
clinical Illness in the adult but may result in embryonic 
death, fetal death and abortion, stillbirth, or birth of weak, 
nonvlable lambs or kids. 


II Laboratory Diagnosis. The most characteristic gross Lesion 
of toxoplasmosis Is the presence of while, chalky foci of necrosis 
and calcification up to 2 mm in diameter in cotyledons. 34,0 - 35J 
I’he intercotyledonary areas of the placenta are grossly normal. 
Specific gross Lesions are not observed In the aborted fetus, bu t 
histologically most have nonsuppurative encephalomyelitis 350 
and many also have pneumonia, myocarditis, or hepatitis, 
Tachyzolles may be found In placenta or oilier fetal tissues 
but are not numerous. 331 - 353 The tachyzoltes are oval, 2 to 4 
by 4 to 8 mm, with a central nucleus and appear larger in 
impression smears than In paraffin sections. Several serologic 
tests, including the modified agglutination test, indirect FA test, 
Sabin Feldman dye test, Indirect hemagglutination lest, and 
enzyme-linked Immunosorbent assay, reliably delect toxoplas¬ 
mosis In pleural or amniolLc fluid or presuckling serum from 
nondecomposed fetuses. 366 - 353 - 334 The modified agglutination 


'Animal Henllh Division, Shawnee, KS. 
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teat Is commerdally available, safer, and more sensitive than the 
dye lest, Fetal antibodies to T. gondii can be detected 35 days 
after infection, 349 Absence of fetal antibody does not always 
preclude a diagnosis of toxoplasmosis. 360 High maternal titers 
are not diagnostic of toxoplasmal abortion, but lack of tiler 
eliminates toxoplasmosis as the cause for abortion. 549 The per- 
oxidnse-antiperoxidase method for detecting Taxppk&rna anti¬ 
gen In fetal tissues or placenta Is reliable even in aulolyaed 
fetuses. Fetal heart, lung- brain, spinal cord, skeletal muscle, 
and placenta are the preferred specimens for the peroxidase- 
antlperoxldase method and should not be held in formalin 
more than 1 days before paraffin embedding. 5 * 3 T. gondii can 
be isolated by Intraperitoneal inoculation of placental or fetal 
tissue suspensions into mice. 366 


. Conlro/. infected ewes or does seldom abort from toxo¬ 
plasmosis in subsequent pregnancies.- 15D The prevalence of 
abortion can be reduced by avoiding contamination of feed¬ 
stuff's with feline feces. Cats should not be allowed to eat pla¬ 
centas or carcasses that may contain ladiyzoltes or tissue 
cysts, in endemic areas, exposing replacement ewes to abort¬ 
ing ewes may provide immunity before breeding age. 5 

Mycoplasma Abortion 

Treatment of jWjcopiiSjTW infection In goals Is usually not 
recommended because treated animals may remain carriers. 
The Infection is eliminated from the herd by testing milk 
and slaughtering Infected animals. 5011 


II Placental Infection occurs approxi¬ 

mately 14 days after ingestion of oocysts. 1,53 Infection 
acquired before 50 days 1 ' gestation may result in embryonic 
death and resorption, infection between 60 and 100 days' 
gestation usually causes fetal death or birth of weak lambs, 
infection during the last month of gestation often has no 
apparent effect on the fetus. 349 In experimental infection of 
ewes between G and 14 weeks of pregnancy, aborlLons 
occurred J to 2 months after inoculation. 354 In natural Infec¬ 
tions, most abortions occur 1 month before parturition. 

Epidemiology. Toxoplasmosis is a ma|or cause of ovine 
abortion In many sheep-raising countries, Including the 
United States.^aM'.sss sheep are Infected by ingestion of 
oocysts from feed or grass contaminated with cat feces. Most 
ewes are Infected by 4 years of age. 556 Aborted tissues may be 
infectious for humans and should be bandied with caution, 


Leptosirosis 

Serovar Leptospira Pomona Is the ma|or ovine Isolate, 3 * 16 but 
Ltytospim Bratislava and Leptospira i lardjo have also been 
isolated fFom sbeep. 3l3fl Leptospira Grlppotyphosn is the 
ma|or caprine Isolate. 3 Leplosptral abortion ts less common 
In sheep and goats than in cattle. 

H CAMEUDS 

The incidence of abortion in llamas and alpacas is low. infec¬ 
tious causes in North America Include leptospirosis, toxo¬ 
plasmosis, chlamydlosis, and other nonspecific uterine 
Infections. 1:51 Bovine virus diarrhea Is considered an emerging 
disease in alpaca herds and may be responsible forsonteof the 
early pregjiancy losses and abortions In some herds. Diagnos¬ 
tic workup for abortion In camel ids Ls similar to that described 
tn this chapter for other species. 
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INFERTILITY CAUSED BY DISEASES 
OF THE PE NIS AND PREPUCE 

PENILE INJURY 

II STALLION 

Definition mid Etiology. If the penis Is Injured while 
erect, it may swell rapidly and massively from vascular rup¬ 
ture and hemonhage. Hemorrhage usually originates from 
the superficial penile vessels in the plexus external to the 
tunica albuginea. 337 The stallion may be kicked during mat¬ 
ing, or hematomas may follow breeding a mare with a 
tightly sutured vulva or may be induced if the mare moves 
suddenly during mating. 356 - 359 Injuries can also occur dur¬ 
ing semen collection if proper techniques are not employed. 

t Clin kill Signs mid Differential Diagnoses. Cutaneous 
abrasions, lacerations, and visible hemorrhage may be pres¬ 
ent. Paraphimosis occurs when enlargement Ls sufficient to 


prevent retraction of the penis through the preputial ring.- 357 
Edema may extend to the scrotum and interfere with thermo¬ 
regulation of the testes. 560 Venous thrombosis. Lymphatic 
occlusion, excoriation, and swelling accompany chronic 
inflammation. 557 Hemorrhage from the corpus cavemosum 
penis (CCP) Is uncommon. Rupture of the surrounding 
tunica albuginea, when healed, may develop fibrous adhe¬ 
sions that lead to penile deviation during erection. 

Treatment and Prognosis. Immediate treatment is 
directed toward reducing edema and Inflammation and 
controlling infection. T reatment is similar to that described 
for paraphimosis in a later section. Sexual rest is Indicated 
until the lesions have healed. 351 If treatment is initiated 
early and paraphimosis does not occur, the prognosis for 
recovery is good. 157 - 359 

11 BULL 

Idefinilion and Li te fogy, The penis of bulls Ls susceptible 
to Ln|ury during mating. The vigorous thrust that accompanies 
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copulation predisposes ihe penis and prepuce lo excoria¬ 
tions, lacerations, and bruising Rupture of the tunica albu¬ 
ginea (penile hematoma or f1 broken penis"] occurs if the 
penis Is misdirected during copulation.- 562 Penile hemato¬ 
mas most commonly occur in young, sexually aggressive 
bulls. Injuries occur when these bulls attempt to breed hei¬ 
fers or cows that are not receptive, when females falter or 
collapse under the weight of the bull, or when the bull slips 
because of poor footing. 558 During copulatory thrusting in 
which the penis Is bent, the tun Lea albuginea ruptures on 
the dorsal or dorsolateral surface of the penis opposite the 
attachment of the retractor penis muscle. Presumably, CCP 
pressure rapidly increases as the functionally closed system 
is compressed during bending to rupture the tunica albugi¬ 
nea. Experiments with fresh postmortem specimens indi¬ 
cated that a CCP pressure of I ISO to 1720 psi was 
required to rupture the tunica albuginea. Tearing virtually 
always occurred at the site described in naturally occurring 
cases. Mean peak CCP pressure recorded during normal coi¬ 
tus (275 psl] occurs when cavernous spaces fill with a rela¬ 
tively small volume of blood, perhaps as little as 110 mL. Me 
Blood escapes from the CCP Into the surrounding tissue. 557 
The size of penile hematomas may be related to the number 
of repealed trials made by (he bull before cessation of 
attempts aL mating. Larger hematomas restrict full retraction 
of the penis and result in prolapse of the prepuce from the 
sheath. Secondary preputial injury Is common. 357 


II Cffpifod S/gns urirf Differential Diagnoses. Diagnosis of 
penile hematoma is made based on the presence of a 
swelling immediately cranial to the scrotum. Initially It Ls 
soft, fluctuant, and painful, and becomes firm as clot orga¬ 
nization and fibrin formation progress. 355 The main differ¬ 
ential diagnosis Is extensive preputial laceration. If a 
distance of more than two handbreadths is present between 
the scrotum and the enlargement, the swelling is more 
likely to be a preputial laceration. Other differential diag¬ 
noses Include rupture of the urethra, abdominal bemla, 
and chronic, fibrous adhesions. Dysuria usually does not 
occur In conjunction with penile hematoma. Other signs 
of urethral rupture or blockage, such as extensive preputial 
cellulitis and 'SvateT belly/' elevated blood levels of urea 
nitrogen and creatinine, and tissue necrosis do not occur. 
Abscess formation of penile hematomas sometimes occurs. 
A soft, fluxuant center is characteristic of an abscess. Occa¬ 
sionally, differentiation between blood dot and abscess 
may be difficult. An aseptic tap can be done to determine 
ihe character of the fluid, but the risk of inducing an abscess 
in a sterile hematoma is great and a lap should be used only 
as a last diagnostic resort or |ust before surgery. 

If penile hematoma has been present Tor longer than 
2 weeks, fibrous adhesions may form that prevent penile 
extension. Adhesions are frequent sequelae of abscesses, 
and have also been reported to occur secondary to infiltra¬ 
tion of local anesthetics to block the dorsal nerves of the 
penis. 553 Another sequela Is the development of venous 
shunts that communicate between the CCP and either the 
perlpenile vasculature or the corpus spongiosum penis 
(CSP) 357 ' 3 * 5 Such vascular shunts result in rapid drainage 
of blood from the CCP and Impotence caused by failure 
to achieve or maintain full! erection, if the dorsal nerves of 
the penis are damaged, sensation of the distal penis Is lost 
or deficient and results in failure of the bull to successfully 
seek out the female's vagina and/or ejaculate. Organization 
of the portion of the blood clot (thrombosis) wdlhln the 
body of the CCP may result in functional blockage of 
engorgement of the more distal cavernous spaces, prevent¬ 
ing full erection. 


II Treatment and Prognosis. lYeatmenl of penile hemato¬ 
mas should be aimed not only at restoring the bull to use¬ 
fulness, but also at preventing recurrence. Approximately 
50% of bulls with hematomas that are treated conserva¬ 
tively (l.e., nonsurgically) are reported lo return successfully 

10 breeding. 357 Some therlogenologlsts feel that small 
hematomas (less than football size] do not require sur¬ 
gery. 334 However, Auburn University faculty report that sur¬ 
gical intervention Is required lo optimize chances of full 
recovery. Surgical correction has the advantages of (1) 
removing theolood clot before extensive fibrous adhesions 
develop, [2) permitting removal of blood clot from within 
the body of the CCP itself, thereby reducing Lhe chance of 
blockage of cavernous filling, and (3] suturing the tunica 
albuginea, which should reduce the chance of recurrence 
of the condition after return to service and the Likelihood 
of development of vascular shunts that will prevent com¬ 
plete filling of the CCP. Surgical intervention Is not recom¬ 
mended before coagulation of the exlravasated blood. Once 
significant fibrin formation is present, the prognosis for 
successful correction Ls greatly reduced and should be 
attempted only in valuable bulls. 557 

Additional recommendations before electing surgical 
intervention include extending the penis manually. Cases 
in which the penis can be extended from 6 to fl Inches or 
more beyond the sheath orifice, and in which penile sensa¬ 
tion remains, carry a better prognosis. 3 * 5 If engorgement of 
the distal penis does not occur after careful stimulation with 
the eLectroe|aculator, blockage of the CCP should be sus¬ 
pected and reduces the prognosis. Finally, cases with 
abscesses are poor risks because severe restrictive adhesions 
usually develop. 357 

Regardless of whether surgical or conservative Interven¬ 
tion is selected for a penile hematoma, the bull should be 
treated with high levels of systemic antibiotics In an attempt 
to prevent abscess formation. Penicillin is a good choice 
because abscesses are usually caused by A. pyogenes. Postsur- 
glcal complications are much the same as those thaL may 
occur without surgery, but these adverse consequences are 
reported to occurless frequently after surgery. Bulls should 
not be returned to service for 2 to 3 months after 
treatment. 557 - 553 

11 RAM AND BUCK 

Adhesions of the penis and prepuce caused by trauma are 
uncommon in adult small ruminants. Tine penis does not 
separate from the prepuce until puberty and cannot be 
extended before this time (4 to 5 months of age in 
bucks]. 363 Most traumatic lesions of the penis or prepuce 
in sheep and Angora goats are from shearing inluries. 364 
Blockage of the urethral process by calculi can cause necro¬ 
sis and sloughing of tissue that may extend Into the glans 
penis. 367 Fighting among horned animals may result in 
injury to the external genitalia, including the penis. In dairy 
goats the intersex condition can result in congenital malfor¬ 
mation of the penis and prepuce (hypospadias). 563 

PHIMOSIS AND INJURY TO THE PREPUCE 

II STALLION 

II Definition and Etiology. Stenosis of the preputial ori¬ 
fice prevents extension of the penis. The defect is likely 
lo be a sequela to an in|ury that results In cicatrix forma¬ 
tion, but may rarely be congenital. 357 ' 358 Tumors (such as 
melanoma or SCC) or Habronema granulomas may 
encroach on the preputial cavity, thereby preventing 
penile extension. 3631 
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II ClfnfozT S^ns and Differential Diagnoses. Anile posthi- 
LLs often accompanies Injuries to the prepuce o_r infections 
such as equine coital exanthema and dourine. 357 ' 356 Edema 
Is common with acute poslhltis, particularly after trauma. 
Gravitational effects typically w r orsen the preputial edema, 
wditch may Induce prolapse of the external prepuce, 
trapping the penis In the swollen internal prepuce w r Lth a 
constricting preputial ring. 357 Cicatricial scar formation 
may follow, narrowing the diameter of the preputial orifice. 
Transpreputial ultrasound examination may be of benefit In 
differentiating tumors or abscesses from inflammatory 
edema or hemorrhage. Containment of the penis with In 
the prepuce causes preputial urine accumulation, worsening 
bal a noposthitis and secondary bacterial Infection. The 
extended chronic inflammation leads to cicatrix formation 
with phimosis . 370 

II Treatment curd Prognosis. Preputial edema can be 
relieved by administration of diuretics and exercise. 
Application of crushed Ice In plastic bags or preputial 
immersion in cold water may reduce Inflammatory 
edema If performed soon after ln|uiy. Subsequently r 
emollient antlbioLic preparations and hydrotherapy can 
be used to massage Ln|ured tissues and reduce edema. Sys¬ 
temic antibiotics and nonsteroidal antiinflammatory 
drugs are Indicated to control secondary Infection and 
inflammation. Sexual rest Is Indicated until the lesions 
have healed. 361 

A biopsy can be procured from encroaching tumors to 
identify cell types and improve prognostic capability. 361 
Cicatricial scars can sometimes be successfully removed 
surgically. Once Inflammation and infection are resolved 
with local or systemic antibiotic and antiinflammatory 
drug treatment, incision of the ventral aspect of the prepu¬ 
tial orifice (preputlolomy) may be necessary to enlarge the 
opening sufficiently to permit penile extension. 371 Large 
tumors or granulomas of the prepuce can sometimes be 
successfully removed surgically if sufficient elastic and 
membranous tissue remain to permit normal penile exten¬ 
sion and retraction. 361 The prognosis for return to breed¬ 
ing soundness, however. Is guarded when surgery must 
be performed. Postsurgical adhesions may develop that 
result In continued phimosis or penile deviation. In cases 
of habronemlasls, treatment with systemic insecticides or 
ivermectin may be Indicated to kill remaining parasitic lar¬ 
vae. 369 Congenita] abnormalities can seldom be corrected 
surgically. 

II BULL 

II Definition ernd Efiofogy, Trauma to the prepuce Involv¬ 
ing the elastic lamellar layers may prevent the required flexi¬ 
bility of the prepuce to permit penile extension. Breed 
predisposition to preputial injuries corresponds to genetic 
differences in pendulousness of the sheath and development 
of the muscles responsible for retraction of the prepuce. The 
polled gene is United to weak or failed development of the 
preputial muscles, leading to habitual preputial eversion, 
which predisposes to Injury. Brahman-blooded cattle have 
the added predisposition of a loose, pendulant sheath. With 
their tendency to partially evert the preputial membrane 
through the sheath orifice, they are at greater risk for damag¬ 
ing the prepuce accidentally than those breeds of cattle In 
which the sheath Is held in close apposition to the abdomi¬ 
nal wall 357 - 358 . 375 

Inability of the bull to extend the penis most commonly 
follows injury to the penis and prepuce that culminates 
in strictures or adhesions that restrict normal penile 


movement. 35T - J5a - 173J7& Other causes of phimosis include con¬ 
genital anomalies such as a short penis, a short retractor penis 
muscle, and developmental abnormalities of the reproductive 
tract such as occur In pseudohermaphrodlles. 336 ' 374 

H Clinical Signs and Differential Diagnoses, [he more 
common preputial in|uries are contusions, abrasions, 
lacerations, and frostbite. When the injured prepuce can 
be retracted, the injury may not be suspected unless hemor¬ 
rhage Is noted from the sheath or the bull Is observed hav¬ 
ing difficulty during breeding. Although minor Injuries may 
spontaneous!v resolve, more extensive Injuries commonly 
progress to abscess formation and fibrous stricture forma¬ 
tion 357 ' 3di *' 375 ' 37fi Extension and examination of the penis 
may result In further Injury if the case is complicated by phi¬ 
mosis. In such cases an attempt to extend the penis to facil¬ 
itate examination is contraindicated because forcibly 
stretching the prepuce will extend the laceration and spread 
Infection to uncontaminated areas. 357 

11 Treatment and Prognosis. Treatment of preputial Inju¬ 
ries in the bull may be either medical or surgical. With few 
exceptions, such as fresh avulsive lacerations in the fornix 
area, surgical Intervention carries a better prognosis when 
medical treatment is first carried out to control inflammation 
and Infection. 375 The healing leaves more norma] tissue to be 
Identified and salvaged during surgery. In cases in which the 
Injured prepuce is retracted Into the preputial cavity, digital 
or speculum examination can be done in an attempt to 
locate lesions and determine the extent and depth of tissue 
Involvement. Systemic administration of antibiotic Is neces¬ 
sary to reduce the Incidence of abscess formation preopera- 
tively, and antibiotic should be administered through the 
surgical and postsurgical periods if surgery is elected. When 
the Injured prepuce remains prolapsed In presented bulls, 
the first consideration Is to attempt to return the prepuce to 
the preputial cavity. 337 ' 375 The exposed epithelial covering 
of the prepuce Is easily in|ured and becomes quite edema¬ 
tous and friable because of its pendent location. Hydrother¬ 
apy for 20 to 30 minuses may be helpful In cleansing the 
exposed prepuce and reducing edema. After the prepuce is 
ently cleansed and the degree of patency of the lumen is 
etermlned, a protective emollient preparation is used to 
massage edematous swelling upward out of the prolapse. 375 
Massage for IS to 30 minutes may be requLred to reduce 
swelling sufficiently to permit the prepuce to be returned to 
the preputial cavity. If the prolapsed prepuce can be returned 
to the sheath, a retention technique should be used to pre¬ 
vent reprolapse. W r lth the prepuce In place, a tube can be 
Inserted just beyond the swollen internal portion of the pre¬ 
puce to avoid urine retention. The tube Is taped in place at 
the externa] preputial orifice. Tape should not extend past 
the proximal end of the tube, or urine retention and migra¬ 
tion into peri preputial tissue will occur. 3 f this technique will 
not retain the prepuce, a purse-string suture in the skin of the 
sheath orifice can be used. 357 It should be light enough to 
retain ihe prepuce bul leave sufficient space for urine to pass 
freely. To avoid suture abscesses and stricture formation, the 
sheath should be clipped and prepared aseptically for suture 
placement, and sutures should be removed as soon as 
swelling and inflammation subside. If the prolapsed prepuce 
cannot be returned to the preputial cavlly, the prognosis for 
correction without surgery Is guarded. After cleansing as 
described previously, a portion of stockinette is coated in 
ointment and Is applied over the prepuce. A diaper con¬ 
structed from heavy canvas or burlap wi th straps and cen¬ 
trally located perforations for urine drainage Is applied 
under the prepuce and tied up over the back to hold the 
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prepuce genily next to the abdominal wall lo decrease gravi¬ 
tational edema. It Is changed daily until Infection and 
swelling are controlled and the prepuce is either returned 
to the sheath or surgery is performed. Alternatively, the pro¬ 
lapsed portion of the prepuce can be wrapped in medicated 
gauze followed by application of a gentle but firm pressure 
wrap around a section of tubing. The pressure wrap Is left 
In place temporarily lo reduce edema, at which time the wrap 
Is removed and the prepuce replaced Into the sheath. 375 

Once sufficient healing has occurred the necessity for 
surgery Is determined by extending the penis. 35 ' Adhesions 
most commonly Lake the form of encircling cicatricial stric¬ 
tures that must be removed surgically. Guidelines suggested 
for predicting successful outcome of surgery Include the 
following; 

■ A minimum of 5 cm of normal prepuce should be 
present on either side of the surgical site, or proper 
unfolding may not be possible after surgery 

■ Free prepuce remaining after surgery should be at least 
twice the length of the free portion of the penis, or the 
prepuce may be too short to permit full penile 
extension. 

Presuiglcal and poslsurgical considerations, and surgical 
techniques used lo correct phimosis, are descTlbea by 
Walker and Vaughan.- 557 

Congenital anomalies contributing lo phimosis are diag¬ 
nosed based on physical examination of the entire repro¬ 
ductive tract. Abnormal karyotypes may be helpful in 
determining causes. If the penis cannot be extended with 
the techniques described and if evidence of Injury or adhe¬ 
sions is not present, congenitally short penis or retractor 
penis muscles should be suspected. 356 Accompanying his¬ 
tory may provide information that the bull could copulate 
when young, but as he aged his abdomen progressively 
enlarged, causing the penis to be relatively of insufficient 
length to effect copulation. 356 

II RAM AND BUCK 

Phimosis is uncommon In small ruminants. It may be con¬ 
genital, or acquired as a result of adhesions or preputial 
scarring associated with trauma or balanoposthitis. r fhls 
condition is diagnosed during the physical examination 
and/or by observing the animal during the breeding pro¬ 
cess. If phimosis results from acute inflammation of the pre¬ 
puce (posthitis), it may resolve when the preputial swelling 
reduces. However, the prognosis is guarded until scarring 
can be evaluated. Phimosis may also be congenital in small 
ruminants. 367 

PARAPHIMOSIS 

II STALLION 

II Definition and Etiology* When injury of the penis and 
the laminae of the prepuce Is attended by hemorrhage and 
edema, paraphimosis (the Inability lo retract the penis Into 
the prepuce) Is likely lo occur. 357 Prolonged penile pro¬ 
lapse, caused by debility or paralysis after the use of some 
tranquilizers, usually culminates In extensive penile 
trauma. 377 ' 5 78 Protracted priapism (persistent erection) can 
lead to penile trauma and complications similar to those 
of penile prolapse, 579 Penile paralysis and priapism are 
distinctly different conditions. Penile paralysis develops sec¬ 
ondary to insufficient tone of the retractor penis muscles. 330 
Motor innervation of the retractor penis muscles In stallions 
is believed lo be solely supplied by a-adrenergic fibers. 
When x-adrenergic blocking drugs such as phenothlazine- 
derlvative tranquilizers are administered, paralysis of these 


muscles can cause penile prolapse. 361 The prolapsed penis 
is flaccid and cannot be maintained Ln the retracted posi¬ 
tion. 357 ' 380 Priapism Is a persistent erection without sexual 
arousal and is Initially unassociated with penile paralysis, 
it develops from engorgement of the CCP with blood, 
and although the horse may not achieve a full erection, 
its penis is not flaccid. 58 363 When the penis fails to 
detumesce, CO^ tension in the CCP Increases, resulting 
in increased blood viscosity and subsequent venous occlu¬ 
sion where collecting veins join the cavernous spaces. 
Edematous swelling of corporeal trabeculae further 
reduces venous outflow, thus Increasing the likelihood of 
irreversible venous occlusion, fibrosis of the cavernous 
trabeculae, and arteriolar occlusion. Disruption of the 
arteriovenous supply and fibrosis of the CCP prevent 
subseq uent erect Ions. 361 - 334 


II Clinical Signs and Differential Diagnoses. Penile paral¬ 
ysis has been reported in exhausted or debilitated horses, 
in horses with myelitis or spinal Injury, and Ln horses with 
severe injury to the penis. 357 ' 577 Traumatic Inflammatory 
edema often results in severe swelling of preputial mem¬ 
branes that prevents retraction of the penis into the pre¬ 
puce. The Inability' to retract the penis results Ln further 
gravitationally induced edema, and as the problem wor¬ 
sens, edematous fluid eventually oozes through the 
increasingly fragile penile and preputial Integument. Cellu¬ 
litis develops and the integument becomes thickened, 
inelastic, desiccated, necrotic, and Irreversibly dam¬ 
aged. 357 ' 5 * 1 In cases of long-standing priapism, the distal 
end of the penis becomes cool to the touch, and the clot 
may become palpable in the body of the CCP as fibrin 
organization occurs. The organized clot may be visible on 
ultrasound examination. 379 


II 7Y eatment and frognosis. Prognosis for recovery 
becomes guarded lo grave the more chronic the paraphimo¬ 
sis becomes. Principles of treatment are similar to those 
described for the bull. To maintain the penis within the pre¬ 
puce, a temporary puise-strlng suture of heavy Vetafll can be 
placed near the preputial orifice. Alternatively, a padded 
plastic bottle from which the bottom has been removed 
can be used to support penile hematomas. 335 After the 
injured penis Is dressed, the bottle Is placed over it and 
pushed back into the shea th. The bottle is held In place with 
straps running over the lumbar area and on either side of 
the scrotum up over the tail head. Voiding of urine occurs 
through the bottle. The apparatus shoula be cleaned and 
replaced twice dally until the penis can be retained in the 
retracted position. If the penis cannot be returned into 
the prepuce, an external support for the prolapse should 
be applied. Prolonged penile prolapse may result in excess 
gravitational pull that damages smooth muscle cells, the 
retractor penis muscle, and the pudendal nerves 35 7 - 3ao ; 
such sequelae decrease the prognosis for recovery and 
return to a successful breeding career. Chronic, refractory 
penile prolapse results in severe balanoposthitis that may 
require circumcision or penile amputation. Surgical penile 
retraction (the Bolz technique) Is described by Walker and 
Vaughan. 357 

Medical treatment of horses with priapism has generally 
been unsuccessful. 36L - 3a2 In cases of drug-induced priapism 
seen within 2 to 4 hours of occurrence, slow intravenous 
injection of a mg of benzotroplne mesylate may cause detu¬ 
mescence and penile retraction to occur. 36 * If the animal is 
not seen immediately, treatment is the same as for trau¬ 
matic paraphimosis. Rapid detumescence can be induced 
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by Injecting 10 mg of phenylephrine into the CCP, even In 
long-standing cases. However, the detumescence may be 
only transient. blushing the CCP with heparinized Laclated 
Ringer's solution through 12-gauge needles to remove 
sludged blood has been recommended for horses with pria¬ 
pism of 12 to 24 hours' duration that have not responded 
to medical treatment. 361 If a blood dot forms In the CCP, 
the prognosis Is poor and amputation may be necessary. 
Some stallions, if severe nerve damage does not occur, 
mav regain she ability to breed and ejaculate when assisted 
with pfacemenl of the penis Into either the vagina of the 
mare or an artificial vagina. When the stallion does not 
regain the ability to completely retract the penis Into the 
sheath, continued penile trauma Is likely to result In dam¬ 
age to the sensory nerves to the glans penis. Such horses 
may achieve an erection but may have difficulty both In 
seeking the mare's vulva for Intromission and In ejaculating 
Ultrasonography of the CCF to detect cavernosal fibrosis 
may be useful In assessing prognosis for recovery from pria¬ 
pism. Prognosis For recovery is good once penile retraction 
occurs, but breeding should not be permitted until healing 
Is complete. 

II BULL 

II Definition and Etiology, Paraphimosis is less common 
than phimosis in the bull. The conditions have some com¬ 
mon causes, but for paraphimosis the causes also include 
penile tumors, parasitic invasion, traumatic or spinal dis¬ 
ease affecting innervation of structures responsible for 
penile retraction, inadvertently severed retractor penis mus¬ 
cles, and physical trapping of the penis by a constricted pre¬ 
puce after inlury. Penile paralysis and paraphimosis 
sometimes occur as a result of spinal injury or disease, 
and in rabies cases as well, 357 - 35537 ^ 76 ' 357 


II Clinical Signs and Differential Diagnoses. Persistent 
exposure of the penis results in congestion, inflammation, 
and necrosis of the penile integument. 333 ' 373 - 374 

II Treatment and rnogiroj/s. Management of the prepuce 
has been discussed. Exposed portions of the penis should 
be frequently cleansed and protected by a bandage soaked 
In oily antibiotic preparations. The prolapsed penis should 
be supported dose to the abdomen to reduce edema. The 
penis should be returned to the sheath as soon as possible 
and mechanically restrained if necessary. If the ability to 
retract the penis does not return in a few days, prognosis 
for recovery Is poor. 357 

II KAM AND BUCK 

Paraphimosis Is uncommon In small ruminants, The diag¬ 
nosis Is obvious, although the cause may not be. Treatment 
involves the same principles as In the bull. Prognosis is 
guarded and correlates with the degree of injury and necro¬ 
sis at the time the condition Is discovered. 

URETHRAL INJURY AND URETHRITIS 

II SiALUON 

II Cffiricaf i’fgirs arid Differential Diagnoses. lYaumalic 
injuries to the urethral process are usually obvious and are 
characterized by hemorrhage. Habronemn granulomas are 
firm and friable. Ulcers of the urethral process often become 
secondarily Invaded with bacteria such as Pseudomonas 


species. Parasitic lesions tend to regress during winter, but 
Lr untreated they may mineralize and result In recurrence 
of hemospermia during the following breeding season. 338 

Bacterial urethritis may be associated with hemosper¬ 
mia. 3 ^ Lesions can occur throughout the urethra, including 
the pelvic urethra in the area of the ejaculatory ducts. Diag¬ 
nosis is based on demonstration of the lesions by fiberoptic 
examination. 361 Ultrasonography and fractionation of the 
ejaculate may be helpful in eliminating Involvement of the 
accessory sex glands. 3 ™ 

Urethral Inflammation and lacerations may result in 
fibrous strictures. 363 Strictures are often painful and may 
separate and bleed during urination and ejaculation. Bacte- 
rlologic culture of the urethra, urine, and semen; fiberoptic 
examination; and histologic examination of biopsies of 
lesions are helpful In malting a diagnosis. 5 Strictures In the 
distal urethra may be Identified by contrast radiography of 
the extended penile urethra. 357 - 35,3 

Clinical signs of uroliths include dribbling of urine with 
chronic cystitis, dysuria and stranguria, occasional hematu¬ 
ria, recurrent colic, and a stilled, painful gait In the hind¬ 
quarters. Penile protrusion Is frequent or constant In cases 
of chronic. Involuntary escape of urine. 357 Diagnosis is by 
urinalysis, revealing the characteristic crystals, red and white 
blood cells, and bacteria. Urethral calculi typically restrict 
the passage of urethral catheters. Bladder calculi may be pal¬ 
pated per rectum or visualized by ultrasonography. 337 - 388 

Treatment and Prognosis . Treatment of urethral Injuries 
Involves first removing inciting factors such as a light stal¬ 
lion ring. Sexual rest is Indicated while palliative therapy is 
given. The ability to void urine should also be established. 
Systemic treatment with antibiotics that are eliminated In 
the urine may be useful as a prophylactic measure or In 
ca&es in which secondary bacterial invasion has occurred. 
More severe cases of urethritis may be treated locally either 
by infusion of oily antibiotic preparations through sterile, 
rubber urethral catheters passed to the area of the seminal 
colliculus of the pelvic urethra, or alternatively by Insertion 
of soluble suppositories through a perineal urethrostomy. 
After resolution of the urethritis, the urethrostomy is 
allowed to heal by granulation. 330 Lacerations of the proxi¬ 
mal urethra that result In hemospermia can be treated by 
perineal incision Into the corpus spongiosum urethra 
(CSU) or by perineal corpus sponglolomy In which the 
C5P is Incised but the incision Is not extended Into the ure¬ 
thra. These surgeries are believed to prevent stretching of the 
urethra when engorgement of the corpus spongiosum 
occurs during urination or erection. Repealed stretching is 
thought to prevent urethral lacerations from healing. 301 

Inflammation of the urethral process may respond to 
local antibiotic salves. Treatment of parasitic granulomas 
with Ivermectin speeds resolution of these cases. 360 - 392 ' 393 
Larger, non resolving granulomas with mineralization 
may require surgical removal. 304 The skin of the urethral 
process should be rolled inward when sutured to the 
mucous membrane to prevent eversion that predisposes 
It to reinJury after healing. Remaining hemorrhagic or 
ulcerative lesions are lightly cauterized with sliver 
nitrate. 336 More proxlmally located non resolving urethral 
strictures, prolapsed subepithelial vessels, or ulcers can be 
removed surgically. Leave as much normal urethral 
mucosa as possible to avoid postsurglcal stricture 
formation. 169 

Calculi lodged within the Lumen of the pelvic urethra can 
be removed via perineal urethrostomy. Treatment for ure¬ 
thral calculi is described in the discussion of diseases of 
the urinary system. Chapter 34. 




II HULL susceptible animals. Attending veterinarians may choose to 

t refrain from breeding affected stallions until the lesions 

II Mntttai ami Etiology Urolithiasis is the primary heal G ne method that may be helpful In circumventing 

problem affecting the urinary systern that may interfere transmission of the infection while still breeding the slab 

function of the reproductive tract of the |[ on ^ to sem en In an open-ended artificial vagina 

bull.- 11 Il ls of less importance in bulls than In steers but ^ soon JS ] e ^ ons Jre no longer painful. Collecting the 

occasionally occurs and may result m hematuria or urethral ^ men lt directly urethr a reduces the chance of 

obstruction. , - K Urolithiasis is thoroughly discussed in viral contamination from the penile and preputial lesions. 

Chapter 34. it is imperative, however to adhere to any breed registry 

restriction regarding artificial breeding. 3 ' 61 

BALANOPOSTHITIS 


In the stallion, Inflammation of the glans penis (balanitis) 
and prepuce (posthitis) often occur together (balano- 
posthltisj. Traumatic in|ury resulting In Inflammation of 
the penis and prepuce has been discussed. Bala no posthit Is 
may also he caused by dourine, EHV-3 infection (see 
Equine Coital Exanthema), miscellaneous bacteria, and 
parasites. 35 ^ 73 

EQUINE COITAL EXANTHEMA 

Equine coital exanthema Is caused by EHV-3 396 The occur¬ 
rence of neutralizing antibodies to EHV-3 primarily in 
horses of breeding age suggests that spread of this infection 
may be primarily by genital contact. 5 ' 5 ' 5 Typically an Inap- 
parently Infected mare transmits the virus to a stallion at 
the time of breeding. The stallion then transmits the Infec¬ 
tion to other susceptible mares before developing clinical 
signs of the disease. Clinical signs In the stallion are some¬ 
times more severe than those observed In the mare and 
may Include systemic manifestations such as dullness, 
anorexia, and fever. 355 Vesicles up to 1.5 cm in diameter 
develop first on the penis and then on the prepuce 2 to 5 
day's later. The vesicles progress to circumscribed pustules 
with raised borders and depressed centers, which slough 
and ulcerate. 393 -- 30 * Scabs are seldom noted on penile 
lesions because they are rubbed off by extension and 
retraction of the penis during breeding. 4 ™ Some affected 
sLallLons may refuse to breed mares, whereas others breed 
willingly, even while extensive penile lesions are present. 
Healing occurs in a few weeks, often leaving depigmented 
spots. 4 ™ 

Some Immunity to the virus is acquired after infection, 
because reinfection without recurrence of clinically appar¬ 
ent disease is common. It is probable that the virus remains 
in the genitalia in a latent form. 373 Recurrent coital exan¬ 
thema usually occurs in aged broodmares but may also 
occur in stallions. 400 In stallions, recurrence within the 
same breeding season is uncommon. The relationship 
between viral recrudescence and recurrent coital exanthema 
in the equine is unknown but may mimic that In human 
genital herpes Infections. 

Diagnosis usually can be made on the basis of the char¬ 
acteristic clinical signs. During the acute stage the virus 
can be isolated from swabs or scrapings taken from the edge 
of erosions. Inclusions in lesion specimens can be con¬ 
firmed by using an electron microscope to visualize typical 
herpesvirus particles In fluid or tissue samples. Probably 
the most sensitive, specific, and accurate tool for the detec¬ 
tion of EHV-3 Is the PCR assay. Demonstration of antibody 
titers In serum may be useful in establishing time of expo¬ 
sure to the virus. 401 

Infection with EHV-3 is self-llmltlng. 373 Local treatment 
with antibiotic ointments will not speed healing but may 
minimize secondary bacterial infection and soreness. 4 ® 
Care should be laiten to avoid iatrogenic transmission 
of the Infection (e.g., through contamination of sleeves, 
water, and examination or Insemination equipment) to 


BACTERIAL INFECTIONS 

II S'iALUON 

Ihe external genitals of stallions harbor potentially patho¬ 
genic bacteria, fungi, and yeasts, yet balanoposthitis caused 
by bacterial agents Is uncommon. 4 ® 2404 These organisms 
are usually considered to be surface contaminants, and the 
stallion Is a leslonless caiTler in most Instances in which 
venereal transmission occurs.- 578 Sperm motility, however, 
may sometimes be adversely affected by bacteria and their 
products in semen. 4 * 3 Offensive odors may occasionally 
be associated with heavy colonization of the penis and 
sheath with Pseudemoms species or Proteus species. 330 - Docu¬ 
mentation of a bacteria] Infection is d ependent on serial Iso ¬ 
lation of a pathogen, preferably in large numbers and 
relatively pure culture. 403 A single Isolation of T. erfuigenito- 
Ui is considered diagnostic for CEM. 37t Samples for bacleri- 
ologlc culture should be retrieved from the fossa glandis, 
free portion of the penile body, and folds of the external 
prepuce before washing of the genitals of a stallion pre¬ 
sented to an estrual mare. 404 

If there Is evidence of horizontal transmission of toido- 
menus or Klebsiella to mares, or if longevity of sperm Is 
reduced in association with these organisms, the preferred 
method of management Is to breed mares artificially with 
semen mixed with an antibiotic-containing semen extender. 4 * 5 
Antibiotic selection is based on trials comparing extended 
semen with and without antibiotic. Extenders containing anti¬ 
biotics that control the offending bacteria and permit mainte¬ 
nance of sperm motility are then used to breed mares. 406 
Bacteria are usually not recovered afterS to 30 minutes of incu¬ 
bation at room temperature. 403 - 305 - 406 Penicillin G (1000 to 
1500 U/mL), streptomycin sulfate (1000 to 1500 mcg/'mL), 
polymyxin B [100 to I0O0 U/mL), reagent grade gentamicin 
sulfate [100 to 1000 meg/m L), amikacin sulfate (100 to 
1000 meg/m L), or llcarcillln (iOOto 1000 mcWmL) is usually 
ihe most suitable antibiotic. 561 Gentamicin sulfate and amika¬ 
cin sulfate should be buffered with 3.4% sodium bicarbonate 
solution to adjust pi [ to approximately neutral before they 
are mixed with semen extender. A suitable volume of extender 
can be Infused Into a mare's uterus immediately before cover 
when natural service is necessary 403 

Colonization of the external genitals w r lth P. aeruginosa 
and K. preeumoRfetc can be treated by thoroughly washing 
the penis and prepuce, Including the fossa glandis and 
diverticulum, dally with an iodine-based surgical scrub. 
The genitals are then rinsed with copious quantitles 
of tap water with dilute disinfectants added [10 mL of 
concent rated HCl per gallon of water for Pseudomonas col¬ 
onization, or 40 mL of 5.25% sodium hypochlorite 
bleach per gallon of water for Kfefoaelfa colonization). 407 
Drying of the penis can be followed by generous applica¬ 
tion of 1% silver sulfadiazine cream. The procedure is 
repeated dally for 1 to 2 weeks and followed by serial 
cultures to determine if treatment was successful. 4as The 
clinician should be cognizant that recolonIzatIon with 
these organisms may occur and that routine scrubbing 
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and disinfection may predispose to infection of the gent- 
la Ls with potential pathogens by displacing commensal 
organ Isms. 4012 


II BULL 

Balanoposthitls in the bull Is caused by traumatic Injury 
and infections. Whereas Injury of the prepuce is more com¬ 
mon, penile inflammation often accompanies the traumatic 
posthitis. A multitude of potentially pathogenic organisms 
inhabit the prepuce, and Injuries predLspose to Infection 
particularly when deeper tissues are exposed. Pain and pre¬ 
putial discharge may be evident. Because of the presence of 
the many organisms In the preputial cavity, culture to Iden¬ 
tify a specific offending organism Is likely to be misleading 
When Injury results In Infection of the penis and prepuce, 
sexual rest in conjunction with local antibiotic treatment 
is Indicated. Treatment should be performed as previously 
outlined for the penis and prepuce until inflammation is 
corrected. 

Balanoposthitis unassociated with trauma has been asso¬ 
ciated with Infections resulting from IBR-IPV, by tuber¬ 
culosis and by screwworm infetatlon. 358 ' 375 '- 374 ' 4 ® 3 Acute 
lesions associated with IBR-IPV Infections are numerous 
small pustules that progress to ulcers and erosions In a 
few days. Purulent preputial discharge is present, and 
lesions may become confluent. The prepuce and penis 
may become quite Inflamed and swollen. Healing Is com¬ 
monly spontaneous and rapid, beginning in I week and 
usually complete in 2 weeks. Severe cases may lake longer 
to resolve.Virus is shed from the prepuce for 2 weeks 
or longer, during which time venereal spread is possible. 
Sexual rest for 6 to S weeks has been recommended to pre¬ 
vent spread and to avoid abrasions that may aggravate 
Inflammation. 358 Enlargement of the lymphoid follicles 
may be present, along with a seromucoid exudate for several 
w r eeks. Histologic changes Include the transient appearance 
of eosinophilic Intranuclear inclusions In degenerating 
epithelial cells. 573 Infusion of the preputial cavity dally 
may be of benefit In treatment, particularly In more severe 
cases. Vaccination with attenuated intranasal products has 
been reported as a method to prevent viral shedding into 
semen In bulls from At studs. 3;,a ' jaja The vaccine has been 
Infused Into the prepuce experimentally and did not result 
In viral shedding in the semen. Because persistence of 
herpesvirus In body tissues is a common occurrence, recur¬ 
rence of viral shedding In semen after apparent recovery 
may be possible. 1’ubereulosis of the penis and sheath 
apparently has not been reported in the United Stales for 
some lime. It is characterized by enlarged, granulomatous 
lesions on the glans penis, prepuce, and sigmoid flexure 
that are prone to hemorrhage. Penile lymph glands may 
abscess. 5:,a 

Ram and Buck 

Balanoposthitls (also called pizzle rot, iheath jot, and ulcera¬ 
tive fwidu'tj'jJ commonly affects the penis and prepuce of 
intact and casLrated male small ruminants. 5e7 ' 5ea ' 4Ji ' 4 J2 
life disease Is discussed in Chapter 34. 

PERSISTENT PENILE FRENULUM 
AND PENILE DEVIATIONS 

II BULL 

II Definition find Lttology. Phallocampsis, or deviation of 
the erect penis, Is a relatively common condition in the 
bull, l’he most common cause of penile deviation is 


persistent penile frenulum. 353 Other types of penile 
deviations include spiral, ventral, and S-curved devia¬ 
tions. 557 Less commonly, preputial or penile injury may 
result in scar tissue formallonjhal subsequently leads to 
deviation of the erect penis. 357 

When the penile frenulum persists, It remains connected 
to the ventral surface of the tip of the penis and the prepuce 
and causes the penis to bend venlrally during erection by 
preventing complete extension. 1113 Copulatory ability is 
Interfered with except In some of the Zebu-influenced breeds 
that are endowed with a plentiful prepuce. 55 '' Diagnosis is 
based on physical examination of the extended penis. 

Because spiraling of the penis is thought to he a normal, 
physiologic event that occurs In the vagina during ejacula¬ 
tion,' 3 14 care should be taken In making this diagnosis. Bulls 
affected with penile deviations often have a history of no 
problems in mating cows for some time, occasionally for 
several breeding seasons. If such bulls have been closely 
observed, It may have been noted that the condition did 
not occur on every mating attempt, but the frequency of 
occurrence gradually Increased until bulls might require 
numerous mounts to successfully Intromit and breed a 
cow in estrus. 35B Penile deviations occur at full erection 
when the CCP is maximally distended with blood. Caution 
should be exercised In diagnosing this condition during 
erection stimulated by electroe)aculation. Such erections 
are not considered lo be entirely physiologic and frequently 
result in penile deviations in bulls that have no deviations 
under natural mating conditions. The spiral deviations that 
occur with use of the eleclroejaculafor may be a result of 
tension exerted by the retractor penis muscles. 557 Diagnosis 
Is best based on observing occurrence of the deviation fre¬ 
quently in natural mating situations. 

The ventral or rainbow deviation of the penis is less com¬ 
mon than the spiral deviation and Is a result of the apical 
ligament being too thin to support the engorged, stretched 
distal end of the erect penis. 357 The ventral curvature may 
be quite pronounced, preventing affected bulls from direct¬ 
ing and inserting the penis Info the vagina of the female. 

The least common of the spontaneous penile deviations 
Is the S-shaped curvature. It primarily occurs in older bulls 
with an apical ligament that Is short in relation to an exces¬ 
sively long penis. 254 Penile deviations that result from adhe¬ 
sions that developed from penile or preputial Injury are 
diagnosed based on physical examination. 

II Treatment and l^ognosis. Persistent penile frenulum is 
easily corrected by severing the persistent band. Owners of 
affected bulls should be advised of the probable genetic 
basis and therefore the undesirability of retaining such bulls 
for breeding. 557 Treatment of spiral and ventral deviations 
Is surgical. 557 

TUMORS OF THE PENIS AND PREPUCE 

n mujDN 

II CfruicaJ Signs and Differential Diagnoses. The most 
common neoplasm of stallion genitalia is SCC. Generally, 
ll Is of low malignancy. 357 ' 415 The tumor usually involves 
the glans penis but may also Involve the shaft of the penis 
and prepuce and produce a fetid discharge. 573 - 374 Large 
tumors may ulcerate and bleed, resulting in hemospermia. 
Carcinomas may resemble Hnbrancmn granulomas, which 
are more common and are diagnosed by histologic exami¬ 
nation of affected tissue. 358 ' 3 * 1 Carcinomas are usually well 
differentiated and surrounded by eosinophils. Necrosis and 
calcification may occur, but parasite larvae are usually not 
present 375 unless secondary habronemlasls has occurred 
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from files feeding on the ulcerated tissue. Carcinomas may 
extend into the CCP or may metastasize to the inguinal 
lymph nodes or other abdominal or thoracic organs. 373 
The superficial inguinal lymph nodes lie midway between 
the prepuce and external Inguinal ring; secondary tumors 
in this region often grow rapidly and develop necrotic cen¬ 
ters with purulent sinuses that must be differentiated from 
bastard strangles. 357 

Tumors encountered much less frequently include mela¬ 
noma,. papilloma, angioma, lymphosarcoma, and sarcoid. 
Melanoma is a common equine tumor, especially of grey 
horses, 365 and occasionally involves the penis and pre- 
puce 357 ' 3M - 4J& (see Chapter 40). Genital papillomas are rare 
in stallions but may occur on the glans or snaft of the penis. 
The lesions appear as multiple proliferative cutaneous 
growths and may become friable and result in hemorrhage 
during erection and ejaculation. 361 The Lesions are generally 
thought to be caused by a papilloma virus, 417 - 416 and papil¬ 
loma virus antigens have been found in cutaneous and gen¬ 
ital papillomas. 413 Angiomas and lymphosarcomas have 
occasionally been reported on the genitals of stallions. 355 
Sarcoids may involve the skin of (he prepuce or scro¬ 
tum 35 "'- 416 [ see chapter 40). 


more Likely in bulls approaching 2 years of age and usually 
occurs within 4 months of the appearance on the pen Is 422,425 
Several vaccines, Including auLogenous preparations, have 
been used for treatment, but vaccines may be more suc¬ 
cessful for prophylaxis. 353 Frequently, surgical removal is 
indicated, but the fibropapUlemas may recur. If only 
superficial attachment is present, surgjcal "removal Is easily 
accomplished. Catheterization of the distal urethra before 
surgery is helpful in identifying Its location to avoid 
injury. If attachment has become extensive and sessile, 
amputation of a portion of the distal penis may be neces¬ 
sary. 357 Housing of young replacement bulls In individual 
pens, if possible, is recommended as a method to reduce 
the incidence of penile fibropapllLomas. 

PARASITIC INFESTATIONS OF THE PENIS 
AND PREPUCE IN STALLIONS 

II Definition and Etiology. Habronema muscae, Habronema 
microstoma, and Draschia megastama larvae commonly 
invade the urethral process, glans penis, and preputial ring 
of stallions. 357365 Other terms for this condition aregcmfcd 
buraifti and sumwierimcs. 373 


II IVeabrifPit flPid i^rognosts. When SCCs are relatively 
small and nonlnva&lvely attached to the skin, neoplasms 
may be successfully treated by cryosurgery or hyperther¬ 
mia. 41 ' 3 Hyperthermic treatment (SEP C for 1 to 2 minutes) 
appears to be most successful for 5CC when lesions are 
small [less than approximately 2cm). if the tumor Is exten¬ 
sive but superficial, cryosurgery may be attempted after the 
tumor Is debulked and hemorrhage controlled. The remain¬ 
ing base of the tumor Is then frozen and thawed twice; heal¬ 
ing occurs as necrotic tissue is sloughed. Successful 
treatment of small lesions has been reported with topical 
application of 5-fluorouracil. 430 If removal of tumors Is 
unsuccessful or If neoplasia is extensive, penile amputation 
may be necessary.- 31,7,4 - 1 If superficial Inguinal lymph nodes 
are Involved, euthanasia may be required. 357 

In contrast to nongenital squamous papillomas, genital 
forms generally are quite refractory to treatment. 561 Surgical 
removal and autogenous vaccine administration have been 
tried to treat fibropapLlloma of the penis of two stallions 
but did not effect a cure. 383 


II HULL 

II Of/fiThfon and Etiology. Fibropap Llloma is the only 
tumor that frequently Invades the bovine penis or pre¬ 
puce. 373 - 374 The tumor may be single or multiple and usu¬ 
ally affects young bulls. The cause Is thought to be a 
papilloma virus antigenIcally similar to the virus that causes 
cutaneous papillomatosis in cattle 432 Frequent mounting 
among young bulls is thought to result In dam age to epithe¬ 
lial surfaces of the penis and prepuce that serves as a route 
of entry for the virus. 357,358 

II Clinical Signs, Small papillomas may be discovered 
during routine breeding soundness evaluations, but manv 
become larger before they are discovered. Large flbropapll- 
lomas may prevent withdrawal of the penis into the prepu¬ 
tial cavity. Fibropapillomas are pedunculated and attached 
at a narrow base In early cases. The surface becomes cauli¬ 
flower-like and friable; hemorrhage is easily induced. 

II Treatment and l*rognosis , Many fibropapillomas regress 
spontaneously within a few months. Regression may be 


II CJfriicaJ S’fgiw, Shallow Irritations progress to irregular 
1- to 3-cm granulomatous growlhs that may involve the 
entire circumference of the urethral process. 31,8 Lesions are 
friable and bleed when manipulated. Stretching of the 
infected urethral process during penile engorgement and 
ejaculation may result in hemospermia. 36 ^ Pruritus asso¬ 
ciated with the lesions may be intense. Frequent micturition 
and dysuria may resemble urine spraying that accompanies 
accumulation of smegma In the urethral diverticulum 
(''bean' 1 '). Lesions subside during Lhe colder months In 
northern areas but usually reappear and Increase In size dur¬ 
ing subsequent warm weather. 556 Diagnosis is made by see¬ 
ing yellowish granules (calcified larvae) In the lesion and by 
microscopic Identification of larvae. 56 ^ 

II Treatment and Prognosis. See Chapter 40 for treatment 
and prognosis information. 

HEMOSPERMIA 

Hemospermia refers to contamination of ejaculates with 
blood. Stallions with overt hemorrhage Into e|aculates are 
subfertile. Erythrocytes rather than serum have been impli¬ 
cated for the marked depression of fertility, although the 
precise factors] involved are not known. 383 A small 
amount of sanguineous contamination Is compatible with 
fertility, especially if (he semen is quickly diluted with a 
suitable extender before insemination. A disproportionate 
number of leukocytes to erythrocytes suggests Infection of 
the internal genital organs. Specific causes of hemospermia 
include lacerations of the penis, cutaneous habronemlasis, 
urethritis, urethral lacerations, and Infection or Inflamma¬ 
tion of the accessory genital glands, 361 which are discussed 
elsewhere In this chapter. 

UROSPERMIA (URINATION DURING 
EJACULATION) 

II Definition utu! Etiology. Urospermia Is an uncommon 
but perplexing disorder of breeding stallions. Affected stal¬ 
lions generally' exhibit normal libido and mating ability, 
but semen becomes contaminated with urine during the 
ejaculatory process. The problem may be incessant or 
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un predictably Intermittent; urination can occur at any lime 
or continuously during ejaculation. The amount of urine 
ranges up to 250 mL or more. 361 

The underlying causefs] of urospermia Is speculative. 
Closure of the bladder sphincter and seminal emission are 
controlled by the i-adrenergic sympathetic nervous system,, 
and a disturbance in this pathway might contribute to uras- 
permia, 424 Similarly, neuropathies that result in bladder 
paralysis [e.g., cauJa equina neuritis or nerve damage sec¬ 
ondary to EHV-3 Infection or sorghum or Sudan grass poi¬ 
soning) can create urinary Incontinence that permits 
voiding during ejaculation. Most stallions with urospermia 
do not exhibit signs of a neurologic deficit.™ 1 

Glfnfcuf Signs and Differential Diagnoses. Cross con¬ 
tamination of ejaculated semen with urine is easily delected 
by Its color and odor. Contamination with significant quan¬ 
tities of urine adversely affects sperm motility and fertilizing 
capacity. Elevated concentrations (relative to serum levels] 
of urea nitrogen or creatinine In semen document presence 
of urine in the ejaculate.™ 1 - 425 

. Treiiimeni and Prognosis, Treatment oplions for uro- 
spermia vary can be arduous, and are often unrewarding. 
Delay of semen collection (or breeding) until immediately 
after the stallion has voided urine may be a helpful manage¬ 
ment policy. Urination can be stimulated by administration 
of a diuretic drug (e.g., furosemide). Stallions may also void 
urine when provided access to feces of another stallion. 
Some stallions can be trained to urinate on command. 
Alternatively, the bladder can be catheterized to aid evacua¬ 
tion of urine before breeding, but urethritis or cystitis may 
result from routine use of this procedure. Fractionation of 
ejaculates using an open-ended art!tidal vagina can be used 
alone or In combination with any of the above measures. 
When an open-ended artificial vagina is used, only the first 
three |ets of the ejaculate are collected. These jets contain a 
majority of the spermatozoa In the ejaculate, and urination 
may not occur until the end of the ejaculatory process. 4,26 
Dilution of urlne-contunlnaled semen in extender can 
restore sperm motility. Semen may be centrifuged after Ini¬ 
tial dilution, and the sperm pellet" resuspended in extender 
before Insemination 361 ; however, centrifugation to remove 
urine may not provide a significant advantage over dLlution 
in extender. 426 

Pharmacologic agents such as bethanechol chloride or 
flavoxate hydrochloride have been used in an attempt to 
correct urospermia but usually without success. 361 a-Sympa- 
thomlmeric drugs have sometimes been used successfully to 
revent retrograde ejaculation In men, but their use has not 
een critically studied in stallions. 427 Oral administration of 
Lmlpramine (100 to 500 mg twice daily) has reportedly 
been useful for controlling urospermia In stallions, presum¬ 
ably by enhancing contractility of the bladder neck during 
emission. 424 


INFERTILITY CAUSED BY DISEASES 
OF THE SCROTUM AND TESTES 


SCROTAL INJURY, HYDROCELE, 

AND HEMATOCELE 

Definition and Efiblogy. Trauma to the scrotum 
can result In excoriation, lacerations, hemorrhage, and 


edema. 358 ' 373 Systemic diseases such as hepatic disease and 
□A may result "in scrotal edema, 3Sfl - 37fl Suppurative Inflam¬ 
mation" may develop as an extension of scrotal injury. 356 
Adhesions often develop between the visceral and parietal 
tunics when inflammation, Infection, or hemorrhage 
occurs. 37 ' .Adhesions are usually thin fibrous strands that 
become thickened over time, in such cases the testis and its 
tunics are not freely movable within the scrotum 373 

Hydrocele Is an accumulation of serous fluid within the 
vaginal tunic, 374 Ascites, anasarca, or local lymphedema 
may contribute lo hydrocele because the vaginal tunic com¬ 
municates w r lth the peritoneal cavity, 373 Accumulation of a 
significant volume of fluid around the testis may cause ther¬ 
mal degeneration and a decline in seminal quality. 423 

Hematocele occurs when trauma lo the scrotum resufrs 
in accumulation of blood within the testicular tunics. 3 - 4 
Scrotal damage initially accompanies hematocele. Thermal 
degeneration of the testes follows,, and a thick fibrous cap¬ 
sule encompasses the testis after the blood clot organizes. 42 * 

Clhifrflf 5 (ms arid Diffeicnlial Diagnoses , Diagnosis of 
scrotal injury, hydrocele, and hematocele Is made by physical 
and ultrasonic examination of the scrotum. Testes remain 
freely movable within the scrotum if hydrocele is present. 
Ultrasonographic examination reveals variable amounts of 
aneeholc fluid surrounding the testes and epididymides, 
which are easy to visualize because of their echoic nature 
against the fluid background. With hematocele, evidence of 
trauma Is often present, with thickening of the scrotal skin. 
Blood surrounding the testis and epididymides becomes 
progressively more echogenic over time as the clot orga¬ 
nizes. 36 ^ 430 Extensive edema of the scrotal fascia next lothe 
tunica darios may be difficult to differentiate ultrasonogra- 
phloally from hematocele, Abdominal paracentesis Is helpful 
In eliminating ascites or peritonitis as a cause of hydrocele. 
Palpation per rectum of stallions and bulls may occasionally 
reveal that the internal Inguinal rings are enlarged, readily 
permitting fluid transfer into the vaginal cavity. 

An aseptic lap Is useful to identify the character of this 
fluid and must be performed with care not to contaminate 
or penetrate the testis or its visceral vaginal tunic, 42 - A mod¬ 
ified transudate of low cellularity is typical of fluid drained 
from a hydrocele. 431 Fluid usually returns after drainage 
unless the initialing cause is corrected 3 * 1 

Treatment mid Prognosis. Acute scrotal Injury Is treated 
with cold water or Ice application lo reduce edema (see ear¬ 
lier discussion on penile and preputial injuries), lacerations 
and abrasions should be treated with topical antibiotic oint¬ 
ments. Systemic antiinflammatory drugs and antibiotics may 
reduce swelling, conLrol infection, and prevent abscess 
formation. 361 429 

Scrotal thickening usually results in elevation of testicu¬ 
lar temperature, causing degeneration and atrophy similar 
to that seen w r lth experimental scrotal insulation. 432 - 433 
Semen quality quickly 1 deteriorates, and a rapid reduction 
in numbers and motility of spermatozoa occurs with a con¬ 
current increase In morphologic abnormalities of spermato¬ 
zoa. 33S ’ 37 - 3 - 434 if swelling and edema resolve and adhesions 
do not develop among the testes, tunics, and scrotum, sper¬ 
matozoa may gradually reappear In the ejaculate by 1 to 
I months after injury, but 4 to 5 months may be required 
for testes lo return to normal size and sperm production. 360 
One or both testes may remain atrophic and become firm 
because of fibrosis and loss of tubules. If only one testis is 
atrophied, the normal testis may eventually hypertrophy. 

Ef hemorrhage occurs within the scrotum or testicular 
tunics, the prognosis for return of testicular function Is 
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poor. In unilateral cases, surgical removal of the clot and 
affected testis may minimize damage and speed recovery 
of the remaining testis. 435 - 436 Hydrocele Is managed by cor¬ 
recting the underlying cause of fluid accumulation such as 
peritonitis or ascites. 4 - 9 Exercise may aid In control of fluid 
accumulation in some horses. Some stallions and bulls with 
persistent minor fluid accumulations within the tunics may 
continue to produce sufficient normal spermatozoa. 336 Per¬ 
manent testicular degeneration may result In cases with 
extensive fluid accumulation that are unresponsive to ther¬ 
apy. If the condition Is unilateral removal of the affected 
testis may permit the animal to remain In service. 431 
Because hydrocele and associated Impairment of spermato¬ 
genesis may be transient (2 to 6 months], 426 caution should 
be exercised In recommending castration or culling of 
affected animals until demonstration that the disorder Is 
long-standing. 


Depending on the number of seminiferous tubules 
affected, e|aculates from males with testicular hypoplasia 
may be azoospermlc or may contain a low co ncenlration 
of spermatozoa with numerous morphologic defects. 33 ® 
Round spermalogenlc cells may also appear In e|aculates r 
along with giant and medusa cells. 374 

II 'JVe.tr/nTffn/ and ftognosis. No successful treatment is 
available for severe hypoplasia. The useful breeding life of 
males with testicular hypoplasia may be shortened because 
affected bulls are thought to be predisposed to early testicular 
degeneration 444 Because of the value of some individuals, 
particularly stallions, owners may elect to breed males with 
small testes. Effect Ive management of such stallions is based 
on breeding a book of mares limited by the number of 
normal, motile spermatozoa present In ejaculates. 


SCROTAL DERMATITIS AND ABSCESS 

The scrotal skin Is delicate and vulnerable to dermatitis. 
Causes include nonspecific environmental contaminants, 
bacteria, fungi, parasites, and frostbite. 4 Scrotal abscesses 
are not uncommon In small ruminants and are due to 
shearing injuries and penetrating wounds. 367 Treatment Is 
directed toward removing the affected testis. Bulls affected 
by frostbite should be provided a warm and dry environ¬ 
ment. 437 Systemic and local antibiotics may be Indicated. 
Abscesses should be drained. Thermal degeneration of the 
testes may follow dermatitis and may be temporary or per¬ 
manent. 31 " 5 Semen quality should be evaluated at periodic 
intervals after skin lesions have resolved to gauge prognosis 
for Improvement and return to fertility. 

TESTICULAR APLASIA AND HYPOPLASIA 

IB Definition find Efioiogy. Complete absence (aplasia) of 
one or both testes Is rare and usually occurs In con [unction 
with anomalous development of other organs 33a ' 43 “'Testicu¬ 
lar hypoplasia may be unilateral or bilateral and affects both 
scrotal and abdominal testes. 374 Testicular hypoplasia Is 
thought to result from failure of germ cells to multiply In 
the gonad. 256 Causes of testicular hypoplasia may Include 
transplacental Infections and intoxications, zinc deficiency, 
hormonal Insufficiency, impaired testicular descent, abnor¬ 
mal karyotype, and vascular disturbances. 3 Exogenous 
administration of hormones to prepubertal males can result 
In testicular hypoplasia. Testicular size of adult stallions Is 
reduced after prolonged administration of exogenous ster¬ 
oids. J4 ®- 442 Scrotal circumference is diminished In bulls 
implanLed with zeranol. 443 

II C/fpi/cuf Sf£Pis and Differential Diagnoses. Hypoplastic 
testes are usually smaller than normal, but they occasionally 
are normal in size. 3 73 lhe scrotal circumference of beef 
bulls should be at least 32 cm at 12 months of age. 444 - 446 
Stallions 3 years of age should have a scrotal width greater 
than 8 cm. 376 - 447 Yearling rams with a scrotal circumference 
of less than 30 cm and mature rams with a scrotal circum¬ 
ference of less than 32 cm are not recommended for breed¬ 
ing. 448 The texture of affected testes varies from normal to 
soft in mild or moderate hypoplasia. Severely affected small 
testes are firm because of the relatively Increased amounL of 
stromal connective tissue. 374 


♦References 333, 367, 365. 373, 374, 434, 437. 
References 367, 365. 373, 374, 434, 435. 


CRYPTORCHIDISM 

II Definition nnd Etiology. Incomplete or abnormal testic¬ 
ular descent Is thought to be a genetic abnormality. 338 ' 358 ' 374 
lhe inheritance pattern In horses Is thought to be domi¬ 
nant, 449 although studies of offspring of some cryptorchid 
stallions suggest that Inheritance of the condition may be 
multifactorial. 430 The relative risk for equine cryptorcblsm 
also appears to be Influenced by breed. 451 Other modes of 
inheritance have been suggested from studies of offspring 
of cryptorchid rams, bucks, and bulls. Iliese include a reces¬ 
sive gene with incomplete penetrance In Angora goats, 452 a 
dominant gene with variable expressivity In Hereford cat¬ 
tle, 433 and either an autosomal recessive gene or a dominant 
gene with incomplete penetrance in Inbred sheep. 454 

Testes originate near the kidney and migrate to the super¬ 
ficial inguinal ring^ before descending Into the scrotum; the 
epididymis precedes the testis In descent. Retained testes are 
located at some point along the path of migration. 373 
Ectopic testes not associated with cryptorchidism may be 
found under the skin of the ventral caudal abdomen or else¬ 
where In bulls. 357 - 374 


II Clinical Signs and Differential Diagnoses , The majority 
of cases of cryptorchidism In stallions are unilateral. 433 
Al though testicular descent can occur in horses up to 2 years 
of age, the testes are normally descended at birth In large 
animals. 456 l’estes are readily palpated In the scrotum of 
colts at 30 days of age. 356 - 359 Spermatogenesis Is inhibited 
in the abdominal testLs because of the elevated temperature 
within the abdomen, lhe interstitial cells remain active 
and secrete testosterone, 339 - 373 ' 374 enabling even bilateral 
cryptoichlds to maintain libido and copulatory activity. 
The descended testis may be hypertrophic 373 ; unilateral 
cryptoichlds are fertile but are not considered sound 
brreders. 353 ' 457 

Deep palpation of the superficial Inguinal rings may 
reveal the testis in the canal f'hlgh flankers 1 ''). If the testis 
is not located In the inguinal canal, transreclal palpation 
or ultrasonography can be performed In stallions and bulls 
in an attempt to locate a testis or to detect the vas or epidid¬ 
ymis entering the superficial Inguinal ring thereby 
providing evidence of descent into the inguinal canal. 456 

II Clinical Pathology. Equine cryptorchids have high basal 
concentrations of testosterone (usually >l00pg/mL) and 
respond to hCC administration (10,000 to 12,000 IU IV) 
with a significant elevation of circulating testosterone 
within 30 to 60 minutes If testicular tissue is present. 
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Gelding and "false rigs'" (geldings with maid Ike behavior) 
have low basal concentrations of testosterone {<40 pg/ 
mL) and do not respond to hCG stimulation. Stallion testes 
contain a high concentration of conjugated estrogens* and a 
single measurement of high plasma conjugated estrogens 
(>400 ng/mL) Is reported to be almost as reliable in diag¬ 
nosing cryptorchidism as hCG stimulation. 455 ' 460 In some 
ruminants, measurement of testosterone concentrations 
before and after administration of hCG has also proved 
helpful In Identifying cryptorchidism. 466 

II Treatment and I>rognosis. Stimulation of testicular 
descent with repeated injections of GnRH, sometimes com¬ 
bined with hCG or acupuncture, has been attempted, but 
the success has not been critically evaluated. Surgical 
removal of the abdominal and scrotal testes Is indicated. 357 
Surgical placement of the retained testis Into the scrotum is 
not considered an ethical procedure. 

TESTICULAR DEGENERATION 

II Definition and Etiology, Testicular degeneration Is an 
acquired condition with multiple causes. 4 * 2 infections or 
traumatic orchitis may progress to permanent degeneration. 
Degeneration may be associated ivith thermal factors after 
elevation of body temperature by systemic infections' pro¬ 
longed Increase or decrease in ambient temperature; scrotal 
insulation from edema r dermatitis* scrotal hernias, or hem¬ 
orrhage] or abnormal conformation resulting in an Incom¬ 
petent heat exchange system.* Degeneration results when 
testicular vasculature becomes occluded In torsion of the 
spermatic cord. 466 Obstruction of the proximal epididymis 
and malformation of the efferent tubules results in degenera¬ 
tion caused by pressure within the seminiferous tubules. 434 
Various chemicals and ionizing radiation are capable of 
inducing testicular degeneration. 373 Administration of steroid 
hormones may Induce testicular degeneration by inhibiting 
secretion of gonadotropins. 4 J8 ' 467 ' 4G4) Gradual degeneration 
also occurs with increasing age. 465 


CTfnfcaT Signs and Differential Diagnoses. Diagnosis of 
testicular degeneration Is based on physical examination 
and semen evaluation. Testes are typically thought to be 
small, but they may be normal size. Semen examination 
reveals a low concentration of spermatozoa, a decreased 
number of spermatozoa in (he ejaculate, and a high per¬ 
centage of spermatozoa with morphologic defects, some¬ 
times with premature (round) germ cells. 357 Without a 
history of normal testis size and function before atrophy, 
differentiation from testicular hypoplasia is usually not pos¬ 
sible. 374 - 378 Discrepancies between testicular size (measured 
by scrotal width In stallions and scrotal circumference In 
ruminants) and daily sperm output may Indicate testicular 
degeneration. 443 ' 446 ' 470 ' 471 

II Clinical Pathology. The measurement of plasma hor¬ 
mone concentrations may be helpful In establishing a diag¬ 
nosis of testicular degeneration In large animals. However, 
the relationship between the concentrations of various hor¬ 
mones and the parameters of testicular function appears to 
be quite variable. Measurements of hormone concentrations 
in subfertile stallions have demonstrated that serum gonado¬ 
tropins can be abnormally low or high- 472 Hormonal criteria 
for confirming testicular degeneration In stallions typically 


-References 25S. 259, 272. 422. 434, 427.. 463-462. 47S. 


Include low concentrations of testosterone, with concurrent 
low r Lf I concentrations in early cases of degeneration, or with 
high FSH and low estradiol concentrations in cases of 
chronic (or Irreversible) testicular degeneration.Less is 
known concerning hormone concentrations In other large 
animal species with testicular dysfunction. In one study, 
plasma testosterone concentrations were lower in young beef 
bulls with testicular degeneration than in a similar group of 
normospermic bulls; however, patterns of secretion and 
plasma concentrations of LEI and FSEI tverenot significantly 
different between the two groups. 446 Scrotal Insulation of 
rams resulted in an Increase In plasma FSH concentrations 
and a decrease In plasma testosterone concentrations within 
] to 4 weeks. 473 

Testicular biopsy can confirm degeneration. 474 Excision 
of an amount of tissue sufficient for evaluation often results 
In hemorrhage, pressure degeneration, and necrosis. 356 
lherefore testicular biopsy Is usually undertaken only as a 
final recourse. However, testicular biopsy In the stallion 
appears to be a relatively safe procedure. 475 

II Treatment and Prognosis. Once testicular degeneration 
has occurred, treatment is usually of no benefit. 358 How¬ 
ever, any factors that might contribute to testicular degener¬ 
ation (such as febrile conditions or systemic illness) should 
be corrected. Treatment of Injuries of the scrotum and its 
contents was described earlier In this chapter. 

Recent findings regarding variations in seium hormone 
concentrations In subfertile stallions have stimulated an 
Interest in gonadolropLn replacement therapy, including 
the use of GnRH. Although the hypothalamic-pituitary-tes- 
ticular (HPT) axis of the stallion Is remarkably refractory 
to GnRH-induced downiegulation compared w r llh other 
domestic species, 476 few controlled studies have evaluated 
the effectiveness of GnRH therapy. In one study, pulsatile 
or constant administration of CnREI for 20 weeks did not 
promote testicular growlh or alter spermatozoa output In 
reproductively sound or unsound stallions. 477 

In some cases, degeneration is temporary, and Improved 
semen quality is evident after 2 to 5 months. The prognosis 
for an animal recovering Its fertility and the economic losses 
the client will sustain from treatment and decreased produc¬ 
tion must be considered when deciding whether treatment 
of testicular degeneration is warranted. 


ORCHITIS 

D Definition itnd Etiology. Orchitis Is most commonly 
caused by Infection or trauma. Bacterial Infections may 
develop hematogenously, or occasionally by retrograde move¬ 
ment from infected accessory sex glands. 374 Extension of infec¬ 
tion to the testes from periorchitis or epididymitis also 
occurs. 4 34 Testicular enlargement Is due to edema that accom¬ 
panies the Inflammatory reaction. Contusion and inflamma¬ 
tion of the testes occur in racing stallions, particularly 
standardbreds. 355 S. zooepidemiau is commonly Isolated from 
Infectious orchitis In stallions. 360 In bulls, infectious orchitis is 
caused by B. cibojTtrj, M. tuberculosis, A. pyogenes, Nocardiafarei- 
nifdi, bovine herpesvirus 3 (IUR-IFV), and other miscellaneous 
organ Isms. 358 ' 373 ' 374 ' 434 EpidJdymoorchltis In rams may be 
associated with B. l.'jj- or AcmiL’bcin'H'ui sem irtis and Act j'ncfcttcjl- 
Juj-llke organisms. 368 


I Clinical Signs and Differential Diagnoses. Acutely 
orchlllc testes are hot, swollen, and painful. The swollen 
testis is tureld because of restriction by the tunica albuginea. 
Edema of the testicular parenchyma, and concurrent 
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presence of periorchitis or epididymitis, may be detectable 
by ultrasound examination. Increased testicular tempera¬ 
ture, congestion, and interference with circulation lead 
to Ischemia and infarction. Abscesses sometimes develop, 
occasionally culminating in purulent liquefaction of testicu¬ 
lar parenchyma. Tesltcnlar atrophy and fibrosis follow as 
the condition becomes chronic . 3 '' 3374 

Acutely affected animals may refuse to male. Ejaculates 
may contain numerous while blood cells Variable minerali¬ 
zation of seminiferous tubules can occur as a chronic change. 
Decreased sperm motility and increased sperm morphologic 
abnormalities are evident, Standardbreds affected by acute 
orchitis may switch from a trot to a pace, ivhereas thorough¬ 
breds may suddenly develop a bopping gall. 356 


II I'reuCjncuE and I'Wgtoite. Treatment consists of scrotal 
cryotherapy and systemic administration of arm inflamma¬ 
tory drugs.' Bacterial orchitis is treated with antibiotics cho¬ 
sen by semen culture and in vitro sensitivity. Antibiotic 
therapy should continue for 1 to 2 weeks beyond resolution 
of testicular swelling and pain. 3 * 1 Testicular atrophy and 
sterility are common sequelae to orchitis. 33 " 3 Changes in 
the testes, including precise measurements of In situ teslls 
size, are followed by sequential ultrasound examinations 
or caliper measurements. Serial semen analyses over a 
period of several months allow the dfnlcian to monitor 
response to treatment and return of testes to normal pro¬ 
duction of spermatozoa. 


rteueirffon and Control. Support devices may nLd. in pre¬ 
venting recurrence of traumatic orchitis In racehorses. With 
BruceiS or ArfingtaicrHus orchitis In sheep, the presence of 
subcllnical carriers In the flock must be considered.' 111 


TESTICULAR NEOPLASIA 

Definition and t'tiology. Primary testicular tumors are 
uncommon in large animals but may be slightly more fre¬ 
quent In older bulls than In stallions or rams. Testicular 
tumors originate from the interstitial fLeydigj cells, Sertoli 
cells, and the germinal epithelium. Testicular teratomas 
and lipomas of the testicular surface and lymphosarcoma 
also occur.* Although the Incidence of testicular tumors is 
relatively greater in retained than In scrotal testes In dogs, 
this predisposition has not been confirmed In large ani¬ 
mals, perhaps because most are castrated at an early age 
before the time of usual onset of testicular neoplasia. 
Retained testes In (he horse, however, are thought to be 
more prone to neoplasia. Teratomas in particular are found 
more commonly in cryptorcbld than in scrotal testes, prob¬ 
ably because they are embryonal in origin and their size 
prevents migration of the testis into the scrotum. 373 - 37 * 1 

Seminomas are the most common primary testicular 
tumor in the descended testes of adult stallions, with 
the majority occurring In stallions over 10 years of 
age. 373 - 374 - 461 Seminomas are not hormonally active and 
are usually benign but may be malignant and invade Ingui¬ 
nal and abdominal tissues. 36l - 4ei Seminomas are rare and 
benign In bulls and are rarely seen in aged rams, where they 
are occasionally highly malignant. 373 The tumor arises from 
the germinal epithelium ana occurs in retained and scrotal 
testes; these tumors grow very rapidly, 356 - 373 

InterslltLal (l.eydig) cell tumors have been reported In stal¬ 
lions and bulls 43 * 1 and can have a negative Impact on semen 
quality and fertility. 463 -' 1 * 4 Most do not produce androgenic 
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hormones. 373 'Ittey may be single or multiple in one or both 
testes and are commonly 1 (o 2 cm in diameter. 373 

Sertoli cell tumors are reported in horses, cattle, and 
sheep, but they are rare. Although metastasis Is uncommon, 
extension of neoplastic tissue Into the testicular vein and 
lymphatics can result In hydrocele. 373 Because of the impor¬ 
tance of Sertoli cells In spermatogenesis, these tumors are 
likely to exert an adverse effect on semen quality and fertil¬ 
ity. Tumors in newborn or young calves may be a result of 
impaired embryogenesis. s:73i3aD 

Teratomas are usually benign tumors commonly found 
in cryptorcbid testes of horses. 476 - 46:> They are rare in other 
large domestic species. ']"he tumors are often cystic and vary 
in diameter from 10 to 25 cm or more. Structures present in 
teratomas arise from all three embryonic layers and include 
hair, nervous tissue, salivary glands, adipose tissue, carti¬ 
lage, and bone. 373 - 374 


II CKntcal Signs rind Differential Diagnoses. Neoplastic 
testes are often larger than normal, with an affected scrotal 
testis often twice the size of the unaffected testis, especially 
in cases of seminoma. Abdominally located testicular tumors 
can be quite large. Neoplastic testes, particularly seminomas, 
aFe typically irregular and firm. Swelling may extend Into the 
spermatic cord, and pain may be present that interferes with 
breeding or is evident on palpation. Ultrasonographically, 
testicular tumors tend to appear as discrete, well-circum¬ 
scribed hvpoechoic areas within the usually homogenous 
test icu La r parenchyma. 36 3 - l3D 1 1 ow r ever, semi no mas mav 
involve so much of the test is at (he time of diagnosis that dif¬ 
ferentiation between neoplastic and normal tissue can be 
difficult. 

Swelling of the affected testis may Interfere with thermo¬ 
regulation of the contralateral testis, resulting in decreased 
sperm production. Semen examination, however, may 
reveal seminal parameters to be within normal limits, and 
fertility may be acceptable. A significant amount of normal 
testicular parenchyma may remain covering the tumor, and 
living spermatozoa may or may not be present In the 
epididymis on the same side. 358 - 373 - 374 - 4645 

II lyeatment and /hwnersis. Testicular tumors should be 
surgically removed. Although metastasis is uncommon, 
early identification and removal of unilateral tumors pre¬ 
vents spread to other tissues, if semen quality is satisfactory 
in seasonal breeders, removal may be delayed until the 
breeding season Is completed to avoid the transient decrease 
In semen quality associated with postsurgical swelling. If 
neoplasia is bilateral, surgical removal may be delayed untli 
semen quality deteriorates sufficiently to negate the use of 
the animal for breeding. 161 


INFERTILITY CAUSED BY DISEASES 
OF THE SPE RMATIC CORD 

TORSION OF THE SPERMATIC CORD 

II Definition tend Torsion of the spermatic cord 

occurs more commonly in stallions than In other large ani¬ 
mals because of the horizontal position of the testes within 
the scrotum. Torsions may be transient or permanent and 
typical tv are of ISO to 3-50 degrees, but rotations may be 
greater.^ 83 Abnormal elongation of the caudal ligament of 
the epididymis (scrotal ligament), the proper ligament of 
the testis, or an excessively long mesorchium may encour¬ 
age spermatic cord torsion. 166 * 16 ■ 
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' Clinical Signs and Differential Diagnoses. Torsion of 
the spermatic cord occurs "in degrees that vary front those 
producing no pain or abnormally of semen to those 
involving vascular obstruction and acute colic.™ Torsion 
is often a transient condition that does not interfere with 
testicular function or cause pain. 457 In those cases the tes¬ 
tis is usually rotated 1 -SO degrees or less. If torsion is of suf¬ 
ficient degree to result in vascular compromise, acute pain 
rraults. 35 ^™* 4 ® 7 ' 466 Diagnosis of torsion of the spermatic 
cord is aided when displacement of the tall of the epididy¬ 
mis and scrotal ligament Is evident on palpation. The head 
of the epididymis Is normally located cranlodorsal to the 
testis and the tail lies caudally, where il Is attached to the 
testis hy the proper ligament. Itie tall of the epididymis 
Is most readily palpable, and Us location is helpful In 
determining the degree of rotation. Torsions of 360 
degrees or greater generally cause clinical signs that must 
be differentiated from strangulation of herniated contents 
Into the scrotum. The primary method used to differentiate 
between the two conditions is palpation per rectum of the 
superficial inguinal ring to identify If herniation is 
p resent. 3tL 

Clinical signs of vascular impairment xvith spermatic 
cord torsion include abdominal discomfort, elevated 
heart and respiratory rates, unilateral swelling and edema 
of the scrotum, and increased testicular temperature. J6] 
Affected testes are painful and quickly become soft and 
friable.™-™- 467 ' 466 


Clinical Signs and Differential Diagnoses. Diagnosis of 
varicocele is made by palpating the dilated tortuous veins 
("bag of worms' 1 ) within the spermatic cord.-™- 411 Confir¬ 
mation of the varicocele has been accomplished by ultra¬ 
sonographic examination in stallions. Large echolucenl 
areas in the venous plexus of the spermatic cord, some¬ 
times with concurrent distention of the central vein of 
the testis, are described as the identifying features, 430 The 
ultra so nographic appearance of a suspected varicocele 
can he compared with the structures of an unlnvolved con¬ 
tralateral testis and spermatic cord or those of an unaf¬ 
fected animal. 

Thombosis of the varicocele can occur.™- 37 - 3 The large, 
organizing laminated thrombi can be mistaken as Coryne- 
bueleriitm pseudetu here]] las h abscesses In the scrotal fascia of 
rams.." 57 - 5 Varicoceles might also be mistaken for sperm gran¬ 
ulomas of ihe caput epididymis. Unless thrombosis has 
occurred, varicoceles are typically tluxuanl and soft and fail 
to elicit pain when palpated. 

Itefllmcuf and Prognosis. Surgical removal of varicocele 
has Improved semen quality and fertility of some human 
patients but has not been reported In large animals. Throm¬ 
bosis of a varicocele necessitates unilateral castration, with 
transection of the spermatic cord proximal to the throm¬ 
bus. 357 Castration Is also recommended for rams because 
of potential heri(ability risks. 454 


II Treatment and Prognosis. Manual coircctlon of sper¬ 
matic cord torsion Is sometimes possible, but recurrence is 
likely. To attempt manual correction, the horse is sedated 
and the testis is rotated in the direction opposite the tor¬ 
sion. Both hands are used to reposition the scrotum as the 
testis and Its tunics are rotated.™ Surgical correction is 
Indicated if manual correction is not possible. 36 J Nonsteroi¬ 
dal antiinflammatory drugs and analgesics may be adminis¬ 
tered to control pain. 

The rapidly with which correction must occur is 
unknown; human testes may he salvageable if torsion is 
corrected within £ hours. If hemorrhage or necrosis of the 
testis is evident, removal Is Indicated because the contralat¬ 
eral testis may become permanently damaged. The mecha¬ 
nism of the damage Is probably Immunologic, resulting 
from antibodies to spermatozoa liberated as a result of 
Ischemia.™ 


VARICOCELE 

Definition and Etiology, Varicoceles are abnormally dis¬ 
tended and tortuous veLns of the pampiniform plexus. 411 - 4 ^ 5 
Varicoceles are most often recognized In rams, in which dila¬ 
tions In vessels mav reach 15 cm and discourage movement 
and libido. 451 The Incidence of varicoceles Increases 
significantly with age, reaching approximately 2^ in rams 3 
yeans of age and older. 436 Varicoceles have been reported 
Infrequently in stall Ions. 

Varicoceles may result from insufficiency of veins drain¬ 
ing the testis or a deficiency of the fascia and connective tis¬ 
sue surrounding those veins that allows backflow and stasis 
of blood In the vessels.- 373 Infertility associated with varico¬ 
cele is thought to result from disturbance of the local ther¬ 
moregulatory mechanism, causing Increased testicular 
temperature and subsequent disturbance in spermalogene- 
sls. 3fi] Concomitant atrophy of the testis is common In 
rams.™ Bilateral varicoceles and atrophied testes have been 
reported in the ram. 4?0 


INFERTILITY CAUSED BY DISEASES 
OF THE EPIDIDYMIS AND 
ACCESSOR Y SEX GLANDS 

EPIDIDYMITIS 

Definition find Etiology. Epididymitis Is caused by Infec¬ 
tion or trauma and may occur separately but is commonly 
secondary to orchitis or infection of the accessory sex 
glands.373,37The tail of the epididymis Is commonly 
Involved, but the head and body may be affected. S. zooepi- 
demieas is commonly Isolated from equine epididymitis, 
although a number of oilier miscellaneous organisms, 
Including Profits rutoifrfifs have been Incrlminaled. 356 ' 45 - 
In bulls, B, afeorius, A. seminis, A. pyogenes, and other miscel¬ 
laneous organisms cause epididymitis.- 573 ' 374 ' 4 '' 31 In mature 
rams the disease is commonly associated with B. nw, 
whereas in ram lambs organisms from the Acfi-ncufaflciffui, 
HdemoplufEo:, Hj'jtopftffur, and Coryni^uctfiiSrofr groups are 
prevalent. 411 ' 493 Routes of Infection have been postulated 
to be hematogenous, venereal, or ascending from genitouri¬ 
nary passages, similar to routes of infection proposed for 
orchitis.-™- 373 AIL routes of Infection are likely to occur to 
some degree, depending on the pathogen and species 
involved. In an interesting study performed In yearling 
rams, con|uncttval Inoculation of ft. ovis culminated primar¬ 
ily in localized infections of the reproductive tract, which 
tended to first result In Lesions of the distal tail of the epi¬ 
didymis. 4 ' u lnjuries, such as penetrating wounds, may also 
result In epididymitis. 

Ciinical Signs and Differential Diagnoses. Diagnosis of 
epididymitis is based on detection of clinical signs that 
include pain when Irregular swellLngs of the epididymis 
are palpated, changes In shape and texture of the organ, 
adhesions between the epididymis and scrotal tunics, and 
enlaigement of the tall of the epididymis. 350 ' 3 * 1 ' 411 The 
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course of epididymitis varies from acute swelling and 
edema to chronic abscesses, periorchitis, and fibrosis. 373 - 3 ^ 
Granulomas may develop If sperm escape into surrounding 
tissue. 4 3 ®- 4fll - 4fl3 In rams, epidldymal lesions maybe palpa¬ 
ble along the entire length. Abnormal sperm morphology 
{especially detached heads) and leukocytes in the ejaculate 
may be seen before lesions are palpable. 4 * 6 

Animals affected with the Acn7uihiHtfus r Histophilus, and 
ff<z£7PtijptoJjjs groups of organisms may acquire an epldidy- 
moorchllls syndrome. 411 ' 4 ^ 7 Affected rams are usually less 
than l year of age. They may he subclinlcal carriers or 
acutely ill with pyrexia, depression, pain as evidenced by 
an arched back, and unilateral or bilateral swelling and ten¬ 
derness of the scrotal contents. If these animals recover 
from the acute phase, the disease may become chronic 
and Is characterized hy an enlarged, firm, and often irregu¬ 
lar epididymis; palpable adhesions of portions of the epi¬ 
didymis to the testis and vaginal tunics; atrophic testes; 
abscess formation; and draining fistulas to the scrotal sur¬ 
face. Ultrasonographic examination of the epididymis may 
reveal dilated ducts, fluid accumulation around the tall of 
the epididymis, and cystic areas within the epididymis that 
contain purulent material. 3 * 1430 

II C’JiHfttif IVjlfitffogy. Inflammatory cells may be present 
along with abnormal sperm In the ejaculate of affected ani¬ 
mals. Seminal leukocytes correlate positively with epididy¬ 
mitis lesions and correlate negatively with seminal 
quality 456 Bacteriologic culture of the semen may aid in 
identifying infectious causes. Serologic tests for B. avis and 
H. rwzs are available and are helpful In determining expo¬ 
sure to the organisms. 1 " I - Jflr 

II 'IVftitjrrfPit And I*r\ovnosis, Infectious causes of epididy¬ 
mitis are treated with systemic antibiotics selected by 
in vitro sensitivity. The abilltv of the antibiotic to gain 
access to the epididymis must also be considered. Treatment 
should continue for 1 to 2 weeks after Inflammatory cells 
disappear from the semen. In unilateral cases, removal of 
the testis, epididymis, and spermatic cord on the affected 
side may salvage some valuable animals for breeding. If uni¬ 
lateral castration Is elected, sequential postcastration exami¬ 
nations are indicated to ensure Infection has not spread to 
remaining reproductive organs. 365 

Treatment of ram epididymitis is usually not recom¬ 
mended but might be attempted in valuable"animals with 
minimal clinical signs. Oxyletracycline 10 mg^kg and dlhy- 
drostreptomycin IS mg/kg IM twice dally for 7 days has 
been reported to resolve shedding of B. nzrjj. 4?B 

In cases of moderate or severed lateral epididymitis, the 
prognosis for recovery is poor. Obstructions and granulo¬ 
mas usually develop, resulting in sterility. 43 ® Testicular atro¬ 
phy Is a common sequela to epididymitis. 


SEMINAL VESICULITIS (VESICULAR 
ADENITIS) 

II Dc/fiTi(teJE and Etiology, Inflammation of the vesicular 
glands is uncommon In stallions but more likely in 
bul]s. 373 - i7 M95JO] Bacterial infections including B. fliwrTuj 
and P. Lierugmosa are incriminated In stallions. 35 ^ 390 - 502 - 504 
Various organisms have been Isolated from cases of seminal 
vesiculitis In bulls including A. pyogenes, B. cjfcjjezis, 
.M tutmrailoiiij mvcopl asmas, ureaplasmas, C. psiltaci, and 
H. soiimus. 3 5^ 3 7 

Vesiculitis may affect bulls of all ages but is most com¬ 
mon In young growing bulls fed high-energy rations and 


housed together.The prevalence may reach 20^-ii to 
In small groups of yearling bulls in close confine¬ 
ment. 50 1 Itie role of viral pathogens in outbreaks of the dis¬ 
ease Is not defined. Infections may arise by either ascending 
or descending routes from other areas of the urogenital 
tract, or bematogenously. Frequent homosexual activity 
among young bulls, high nutrition, and fast growth rates 
may be Involved in spread of the infection. 33 ® 

II Clinical Signs and Differential Diagnoses. The seminal 
vesicles of altecled stallions may be of normal size or 
enlarged and painful when palpated per rectum. 502 - 503 Stal¬ 
lions may refuse to cover or may be unable to ejaculate. 330 
Semen contains numerous neutrophils and blood, and fer¬ 
tility of Infected semen is reduced. 3 ™ Bacterial pathogens 
are readily recovered from semen of affected stallions. 361 

I lowever, special culturing techniques are necessary to pin¬ 
point the seminal vesicles as the site of Internal genital 
infection (see under Clinical Pathology). 404 

Bulls affected with vesiculitis may exhibit few clinical 
signs other than deterioration of semen quality. In severe 
cases pelvic Inflammation and peritonitis result in pain 
reflected by reluctance to move, stiff gait, tense abdomen, 
and refusal to mate. 33 ® Other reproductive organs, particu¬ 
larly the ampullae, testes, and epididymides, may be 
inflamed. 4 ™ The vesicular glands may not be significantly 
increased In size during the acute phase. If Inflammation 
becomes chronic, the glands usually enlarge, eventually 
losing their lobularlty and becoming fibrotic. 33 ®- 373 
Abscesses are often associated with A. pyogenes and may rup- 
ture Into the rectum or urinaiy bladder. 33 ®- 374 l\]bercular 
vesicular adenitis results In marked enlargement of the 
glands with caseous nodule formation. B. abortus causes 
suppuration, necrosis, and calcification of the glands. 373 
Purulent exudate is present In the ejaculate, sometimes as 
thick dots. Neutrophils may become less evident in semen 
as the condition becomes chronic. Poor sperm motility, 
increased morphologic defects, and an elevated pH are char¬ 
acteristics of semen from bulls with vesiculitis. 356 

Fertility of mildly affected bulls may remain satisfactory. 
More extensive Involvement in which semen quality is 
markedly affected results In subferllllly or Infertility. 501 
Semen from bulls with vesiculitis freezes poorly, and anti¬ 
biotics used In extenders usually do not control the high 
numbers of bacteria present. 301 

II Clinical PafcJiofdgy, Bacterial pathogens can be recovered 
from the semen of affected stallions. However, without 
other evidence of infection of the accessory sex glands, 
recovery of pathogens from the semen should be interpreted 
with caution because the bacteria could originate from 
another location. Repeated samples for culture should be 
obtained from the sheath, penis, fossa glandis, pree|acula- 
lory fluid, urethra {before and after ejaculation), and semi¬ 
nal vesicle effluent manually expressed through a sterile 
urethral catheter positioned at the colliculus seminails. Pios- 
latic fluids can be collected through a catheter by massage 
per rectum. r fhe first |et of a fractionated e|aculate Includes 
the secretions of the ampullae. 404 Alternatively, a suitable 
fiberoptic endoscope can be passed in the urethra to the level 
of the seminal colliculus and into the seminal vesicles. Puru¬ 
lent material may then be aspirated for culture. 361 

Vesicular secretions from bulls can be collected by exten¬ 
sion and disinfection of the penis followed by Irrigation of 
the distal urethra with sterile saline. A sterile catheter is then 
passed 30 cm Into the urethra, and the accessory sex glands 
are massaged to stimulate their secretion. Fluid is collected 
into sterile containers.™ 
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II Treatment and Prognosis. Accessory sex gland infections 
are treated with antibiotics selected bv culture and In vitro sen¬ 
sitivity. Antibiotics are administered for 2 to 4 weeks, but treat¬ 
ment failures may occur. 300 Negligible amounts of certain 
antibiotics may diffuse across mucosal cell borders into the 
seminal plasma. 507 Properties of antimicrobials suitable for 
parenteral treatment of accessory sex gland Infections include 
high lipid solubility a favorable pKa, and low protein bind¬ 
ing. The antimicrobial should have a pEI that Is basic relative 
to the accessory gjand fluid Into which penetration is 
desired. 508 Vesicular and prostatic fluid have a pi l of 7.3 to 
7.5, whereas bulbourethral gland secretion has a pi l of S to 
B.2 4QIM7 Antimicrobials that may prove suitable for treat¬ 
ment Include the basic macrolides such as erythromycin, 
which Is fat soluble and has a high pKa, and trimethoprim, 
which also has a high pKa and a high percentage of non Io¬ 
nized molecules In plasma, favoring diffusion across the lipid 
membrane of epithelial cells. 506 Because of its antimicrobial 
spectrum and tissue diffusion characteristics, enrofloxacin 
has been found to be very effective for systemic treatment of 
seminal vesiculitis in stallions. Treatment of stallions by 
lavage and Instil I ation of a ntim lerobi als d Irectly i nto the sem - 
Inal vesicles via a flexible videoendoscope can be a room- 
llshed by shilled operators. Removal of the affected gland 
as been performed In stallions and hulls.^ 03 - 509 - 510 A tech¬ 
nique used wish fair success in stallions with Localized vesicu¬ 
lar adenitis Is repeated irrigation through a catheter guided 
Into the vesicles by endoscopy. Antibiotics are instilled Into 
the vesicular gjand Lumen after each irrigation. 361 

The prognosis for correction of seminal vesiculitis is 
only fair to poor. Animals with mild cases may recover 


spontaneously In 2 to 3 months. In chronic cases glands 
that do not abscess become flbrollc and destroyed even 
though purulent material does not persist in the e|acu- 
Late. 353 In stallions with vesicular adenitis, immediate filtra¬ 
tion of the e|aculate In order to remove cellular debris and 
mixing of semen in an appropriate antibiotic-containing 
extender to control bacterial growth may maintain sperm 
motility and fertility. 106 

BLOCKAGE OF THE EFFERENT DUCTS 
(SPERM STASIS) 

Blockage of the efferent ducts between the testes and penLle 
urethra sometimes occurs in stallions. If the condition is 
bilateral azosperm ia results In spite of apparent ejaculation. 
Itie ampullae are frequently tense, and enlargement may be 
demonstrated by ultrasonography. 5 n - 511 Massage of the 
ampullae per rectum followed by prolonged sexual stimula¬ 
tion and semen collection may result in ejaculation of a semen 
sample with a high concentration of spermatozoa, often pres¬ 
ent as "strings" or ' l plugs.""' 5JI Large numbers of detached 
sperm heads, often in dumps* are commonly observed. Col¬ 
lection of semen on a regular schedule may aid in preventing 
recurrence once the blockage is relieved. Empirical treatment 
by blockade of ft-receptors and stimulation of a-receplors has 
been successful In some stallions that fall to ejaculate. 514 

Sperm granulomas caused by accumulation of spermato¬ 
zoa In blind efferent ducts are a common cause of Infertility 
In the buck. 568 Granulomas have also been Identified in the 
stallion, 515 and particularly In rams with sperm extravasa¬ 
tion as a result of chronic epididymitis. 373 - 174 
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Critical Care and Fluid Therapy for Horses 

K. GARY MAGDESIAN 


EQUINE FLUID PHYSIOLOGY 

C. LA*IGX}OH FSEUUNG 

Physiologic fluid compartments consist of tola] body water 
extracellular fluid volume (ECFV), and Intracellular 
olume {1 CF\.- r ). TBW is the most clearly defined com¬ 
partment because It represents the total amount of water 
comprising an Individual. Values for TBW in adult horses 
have been reported to range from 0.623 to 0.6771/kg. 1 - 4 
Values in foals are believed to be larger than In adult 
animals. In human neonates, TBW values up to 0.734 L/!kg 
have been measured.* Acute changes in TBW in clinical 
patients can be detected with serial body tvelght measure¬ 
ments, but this becomes less accurate over long periods of 
time. 

ECFV represents the component of TBW that Is not 
contained within the cells. This Includes plasma volume, 
interstitial volume, and transcellular compartments {gastro¬ 
intestinal tract, |olnt fluid, cerebrospinal fluid |CSF|, body 
cavities, and so on). The ECFV has been measured using a 
number of techniques in horses: reported values in adull 
horses range from 0.214 ± 0.01 to 0.253 ± 0.01 L/kg. LC 
Estimations of ECFV In foals are significantly larger includ¬ 
ing 0.400 L/kg in newborn foals and 0.290 1/kg in foals 24 
weeks of age.' Plasma volume has been determined to be 
0.050 L/kg in_beallby adult horses and 0.090 In foals at 
2 days of age. 7 

ICFV Is the volume of fluid contained within cells. It has 
been estimated as the difference between TBW and ECFV. 
Bioimpedance technology has also been used to estimate 
the volume of intracellular space in borses r whereas stan¬ 
dard indicator dilution techniques cannot be easily applied 
to the ICFV.'■ 2 Reported values for ICFV in adult horses 
range between 0.356 ± 0.01 and 0.453 ± 0.06 L/kg. 1 - 2 

Rapid changes in fluid balance and compartment 
volumes can occur during disease states, especially critical 
illness. The next section discusses the physiologic relation¬ 
ships between these fluid volumes. 

Plasma and Interstitial Balance 

Although both are components of the ECFV, the plasma 
volume Is separated from the interstitial space by blood ves¬ 
sel walls, with constant flow of fluid arid proteins into the 
interstitial space. The plasma and interstitial volume there¬ 
fore are in constant flux, and a single equation (the Starling 
hypothesis) describes the flow between these two spaces: 

Net capillary filtration = K f ( [P ;ip - F*f] - {r[rcp — itjf|) 

where Jy is the capillaiy filtration coefficient, being depen¬ 
dent on capillary surface area and hydraulic conductivity. 
The other five terms In the equation represent the primary 
determinants of fluid balance between plasma and the 
interstitium: 


1. it fnp Is the colloid osmotic pressure {COP) within the 
capillary (capillary oncotic pressure). 

COP is determined by the concentration of plasma 
proteins, primarily albumin, and their abilLty to attract 
Lons. Normal COP In adult horses Is approximately 
20 mm Mg (19 to 26 mm Hg) and in neonatal foals 
Is 18.8 ± 1.9 [15 to 22.6) mm HgA 9 Elypoproteine- 
mia with resultant decreased oncotic pressure can 
occur during a variety of diseases in horses but is most 
often a result of Loss or decreased production. Losses 
most commonly occur through the diseased gastroin¬ 
testinal tract in large animal species (protein-losing 
enteropathies): losses also may occur secondary to glo¬ 
merular diseases or large accumulations of protein- 
rich effusions within body cavities or the interstitial 
space. Decreased production of protein [specifically 
albumin) occurs in response to systemic inflammation 
because albumin is a negative acute-phase protein. ]D 
llypoprotelnemia also occurs uncommonly because 
of liver disease. 11 Improvement of plasma COP is 
one of two primacy means of manipulating Starling 
forces for fluid balance during treatment of clinical 
cases. 

2. rtjf Is the COP within the Interstitium. 

Interstitial COP is more difficult to measure than 
plasma COP, but estimates of this number include 
12 lo 15 mm He in other species under experimental 
conditions. 12 Changes In total plasma protein con¬ 
centration are likely lo also affect the interstitial pro¬ 
tein concentration and therefore alter both oncotic 
pressure components In Starling's equation. This 
may explain why some horses with significant hypo- 
proteinemia do not show clinical signs of interstitial 
fluid accumulation [l.e., edema). That is to say, the 
gradient between capillary ana Interstitial oncotic 
pressure Is only minimally affected when both have 
decreased proportionally, especially with time. It has 
been speculated that acute changes In plasma total 
protein concentration, however, may lead to edema 
formation more often than chronic hypoprotelnemla: 
this is because of a relatively larger decrease in plasma 
protein concentration as compared with that in the 
Interstitium with acute disease. Conversely, adminis¬ 
tration of hyperoncotlc intravenous fluids (fluids with 
a COP >20 cm EhO) can potentially shift the balance 
of oncotic pressure back to the vascular space by rais¬ 
ing plasma COP. However, the colloid molecules 
from these fluids must remain within the vascular 
space to have this effect, which may be negated by sig¬ 
nificant alterations in capillary permeability. 

5. P,- n p Is the hydrostatic pressure wLtbln the capillary 

Vascular hydrostatic pressure represents the pres¬ 
sure of plasma within the vessels pushing out toward 
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the Interstitium. A number of factors influence this 
pressure,, including blood volume, vascular lone, and 
central venous pressure [CVF}. This outward pressure 
on the vessel walls serves as the driving pressure for the 
continuous flux of fluid and protein out of the vessels 
Into the interstitium. Pathologic increases In hydro¬ 
static pressure can be caused by right-sided heart fail¬ 
ure or other obstructive processes, such as venous 
thromboses, which can lead to edema formation. Pul¬ 
monary capillary hydrostatic pressure increases with 
left-sided heart failure and significant pulmonary 
vasoconstriction. 

Administration of intravenous fluids can also 
Increase capillary hydrostatic pressure; this is the sec¬ 
ond means by which therapeutic intervention can 
affect fluid balance between plasma and interstitial 
spaces in clinical patients (the first was altering 
plasma oncotic pressure). Fluid losses resulting from 
diuretic administration and acute blood loss are 
examples of decreased capillary hydrostatic pressure. 

4. F, r Is the hydrostatic pressure within the Interstitium. 

The hydrostatic pressure of the interstitium varies 
In different tissues but often has been overlooked as 
a significant contributor to fluid balance between the 
vascular and interstitial spaces. Newer understanding 
of interstitial fluid balance has recently been re¬ 
viewed. 12 This information suggests that degenera¬ 
tion of the Interstitial collagen network may cause a 
decrease In interstitial hydrostatic pressure/resulting 
in a shift of fluid into the Interstitium. Inflammatory 
cytokines have been implicated as a cause for these 
changes In interstitial hydrostatic pressure. Severe 
burn injury can also result In marked negative pres¬ 
sures within the interstitium, causing a draw of fluid 
Into the Interstitial space and subsequent edema for¬ 
mation. In the future there may be therapeutic 
options to manipulate interstitial hydrostatic pres¬ 
sure and alter fluid balance, but currently there are 
no practical measures to do so. 

5. g Is the capillary reflection coefficient for proteins. 

Changes In capillary permeability can dramatically 
Increase the flux of fluid and protein from the intravas¬ 
cular space into the interstitium. If this increase In flow 
cannot be balanced by a conespondlng increase in 
lymphatic return, edema results. Increased vascular 
permeability has been regarded as a major mechanism 
of edema formation; hotvever, It may be only one 
component of the significant fluid shift that results 
from a systemic Inflammatory response syndrome 
[SIRS). Adult horses and neonatal foals may have 
significant differences in Interstitial composition and 
vascular permeability. It has also been proposed that 
foals have an increased capillary filtration coefficient 
as compared with adults. 1:5 iTtese hypotheses may 
ex pi a In the propensity of neo natal foa I s to form edema 
relatively easily in response to overzealous fluid admin¬ 
istration. Because of this Increased risk, careful moni¬ 
toring and serial assessment of the balance between 
plasma volume and the Interstitium Is warranted w r hen 
treating neonatal foals with fluid therapy. 

Extracellular to Intracellular Fluid Volume 
Relationship 

There are three main determinants of net movement of fluid 
betiveen the ECFV and ICFV: 

1. Tonicity of the ECFV 

Itie tonicity [or effective osmolality) of the ECFV Is 
estimated by the following equation^ 4 : 


Effective extracellular fluid OEm-olility = 
Glucose 
{2 X Ni) + —— 


Under normal circumstances, sodium and chloride 
are the primary determinants of ECFV tonicity; the 
equation doubles the sodium concentration rather 
than including the concentration of specific anions, 
some of which may not be easily measured. It should 
be noted that BUN Is not included in the tonicity for¬ 
mula, because BUN Is an ineffective osmole. 

Other effective osmoles can be added to the ECFV, 
thereby Increasing tonicity and inducing a shift of ivater 
from the ICFV to the ECFV. Ilie tonicity of the ECFV Is 
primarily regulated by vasopressin (ADH). Administra¬ 
tion of fluids tvilh a tonicity greater than or less than 
ECFV tonicity is a means lo manlpulate the balance of 
fluid between the ECFV and ICFV. This explains why 
hypertonic saline causes a shift of water from the ICFV 
to the ECFV. Recent mathematic models have been used 
to predict the Influence of tonicity on the absolute 
volumes of these fluid compartments. J5 Similarly, fluid 
loss that has a tonicity different from the ECFV will also 
alter the ratio of fluid between the ECFV and the ICFV. 

2. Tonicity of the ICFV 

The tonicity of the ICFV Is primarily determined by 
the Intracellular concentration of potassium and Us 
related anions. The tonicity of the ICFV and ECFV are 
the same at any given time point, a homeostatic mech¬ 
anism meant as a safeguard to prevent acute changes in 
cell volume. Any Imbalance in tonicity between the 
two fluid spaces will result in a rapid shift of fluid in 
order to maintain osmolar equality. The tonicity of 
the ICFV can be altered over time by the cells in 
response to changes In ECFV tonicity; an example of 
such a response Is the production of Ldlogenlc osmoles 
during hypernatremia. 16 Significant changes to ICFV 
tonicity during disease (resulting from damaged cell 
membranes) can result in accumulation of intracellular 
potassium, calcium, or cellular debris. 

3. Cellular membrane permeability 

Cell membranes are selectively permeable to water 
and ions. Changes In this permeability usually do not 
cause large alterations in global fluid balance during 
healthy states. However, cell membrane damage dur¬ 
ing disease states can result Ln significant fluiu shifts. 
In fact, a shift of fluid from the ECFV to the ICFV is 
an indicator of cellular membrane damage. 


Effects of Fluid Physiology on Clinical Fluid Therapy 

Specific disease slates dictate individualized fluid plans. 
However, with intravenous therapy the administered fluid 
enters the vascular space. E : rom there, the characteristics of 
the administered fluid wUI determine its movement from 
the vascular space Into the Interstitium and from the ECFV 
to the ICFV'. Hyperoncotic or hypertonic fluids result in 
the greatest relative expansion of plasma volume, with a 
corresponding reduction in ICFV. Hypotonic fluids result 
in the smallest Increase In ECFV but add volume to the ICFV 
owing to a decrease in the tonicltv of the ECFV. Estimates of 
the volumes of the different fluid spaces (whether based on 
clinical or laboratory values) before and during fluid ther¬ 
apy will allow for evaluation of the physiologic response 
in the clinical setting. The standard and universal adminis¬ 
tration of Isotonic and hypooncolic fluids (such as laclated 
Ringer's solution [LR£| or physiologic saline) to all patients 
regardless of disease condition ignores the available 
research and clinical insight to suggest otherwise. 



CHAPTER HH 1 Critical 


GENERAL PRINCIPLES FOR FLUID 
THERAPY IN CRITICAL CARE 

K. MAtityCSJAM 

Current guidelines for JluLd iherapy In human critical care 
emphasize the "fluid challenge'" method, believed to be more 
effective and safer than traditional estimates of percent dehy¬ 
dration. 1 " The author's (KGM) protocol of fluid administra¬ 
tion In horses follows this same algorithm. Considerations 
for the fluid challenge technique incorporate four primary 
decision phases: [ 1) type of fluid. {2] rate and volume. (3) 
goals or endpoints of fluid therapy, and (4) safety limits to 
fluid therapy. 

I Types of fluids include crystalloids (Isotonic hypo¬ 
tonic, and hypertonic) ana natural and synthetic col¬ 
loids. There Is much controversy and no consensus 
as lo whether crystalloids or colloids are more effec¬ 
tive or advantageous in human critical care. 17 Cur¬ 
rently the advantages of both fluids are capitalized 
on by using them together in the treatment of hypo¬ 
volemia. The reader is referred to the section on fluid 
therapy for horses with gastrointestinal disease for 
further information regarding specific fluid types. 
Table 44-1 lists the composition of several commer¬ 
cially available crystalloids that are used In equine 
practice. 

2. The rate of fluid therapy for replacement is based on 
the '"fluid challenge" principles, whereby a 30-minute 
bolus of 10 to 20 mL of Isotonic crystalloid per kilo¬ 
gram is administered with subsequent reassessment 
of perfusion parameters. 17 Alternatively, or in addi¬ 
tion,. hypertonic saline (7% lo 7.5%) can be adminis¬ 
tered at a rate of 4 lo 5 ml/kg. Colloids, because of 
their Limited distribution in the central compartment, 
are bolused at slower rates than Isotonic crystalloids, 
such as 3 to 5 mL/kg for hetastarch. Up to 10 mL of 
hetastarch per kilogram may be administered, being 
iLmlted by development of dose-dependent coagulo¬ 
pathies. If after reassessment of the perfusion para¬ 
meters it Is deemed necessary to provide additional 
resuscitative fluids, then another similar bolus is 
given. This Is repeated until signs of hypoperfusion 
resoive (endpoints are achieved) or safety Limits are 
reached, at which point inotrope and/or vasopressor 
therapy is Indicated. 
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3. The goals or endpoints of fluid therapy include both 
replacement and maintenance of fluid balance, Replace¬ 
ment refers to the replenishment of fluLd deficits, pri¬ 
marily referring to those lit the extracellular fluid 
compartment. Maintenance fluid therapy refers to the 
provision of maintenance fluid requirements to account 
For metabolism, insensible losses, growth, and ongoing 
losses. In general terms, repku-emcnt refers lo replenish¬ 
ment of circulating volume and secondarily of Intersti¬ 
tial fluid deficits, miiijiiprumre refers lo provision of 
fluids after hypovolemia and dehydration have been 
corrected. Maintenance fluid therapy maintains both 
circulating volume and hydration status, Including that 
of the Intracellular compartment. 

The goals of replacement fluid therapy include 
rapid correction of hypovolemia by reversal of the 
signs of shock. Including seven perfusion parameters: 
tachycardia (except in some neonatal foals), pale 
mucous membranes, prolonged capillary refill time, 
cold extremities, poor pulse quality, depressed menta¬ 
tion, and. In horses, reduced Jugular filL. Urine pro¬ 
duction Is another positive sign Indicating correction 
of fluid deficits. Dehydration Is corrected more slowly 
and is marked by reduced skin turgor (increased skin 
lent), dry mucous membranes, and dry corneal sur¬ 
face (reduced tear production). 

Additional goals of volume replacement include cor¬ 
rection of hypotension, tachycardia, oliguria, and blood 
lactate. 17 A"decrease In urine specific gravity (In the 
absence of renal failure), an increase in arterial blood 
pressure and CVP, and improvement in venous oxygen 
saturation are specific endpoints. The goals of mainte¬ 
nance fluid therapy are different; they are to maintain a 
normal degree of hydration by providing for ongoing 
losses, including Insensible losses (respiratory, cutaneous 
evaporative losses) and any abnormal ongoing Losses 
such as diarrhea. Maintenance fluid rates for horses vary 
with ambient temperature, use, diet, and metabolic sta¬ 
ins. In genera], a reasonable starting point for mainte¬ 
nance fluid requirements Includes 2 to 3 mL/kg/hr for 
adult horses and 4 to 6 mL/kg/hx for neonatal foals. LA< 101 

A. The safety limits to fluid therapy are Indicators of 
intravascular volume overload, including supranor- 
mai CVP, a decrease in arterial oxygen saturation (or 


TABLE 44-1 


Composition of Commercial Replacement and Maintenance Fluids 


Crystalloid 

Sodium 

(mEq/L) 

Potass-in m 

Chin-ride 

Calcium 

Magnesium 

Osmolaril? 

[mOsm/L] 

Organic 

Sail 

REPLACEMENT 

Ln'uiixl Ringer's sol Lit ion 

130 

4 

103 

3 

0 

2 7 2-2 73 

23 lactate 

Saline (0.9%) 

154 

0 

151 

0 

0 

303 

0 

Ringer's sol u Lion 

147-143 

4 

156 

15 

0 

390 

0 

Plasma-Lylc t43 

140 

5 

93 

0 

3 

234 

27 acetate 

23 gluconale 

Nonncisol-R 

140 

5 

93 

0 

3 

234 

27 acetate 

23 gluconate 

MAINTENANCE 

Flaama-Lyte 56 

40 

13 

40 

0 

3 

111 

16 

Narmosol-M 

40 

U 

40 

0 

3 

110 

16 

0.45% NaCl -i- 2:5<H> dextrose 

77 

0 

77 

0 

0 

230 

0 

5% dexirose 

0 

0 

0 

0 

0 

252-253 

0 
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Paoi), and clinical indicators of volume overload and 
overhydration. Once maximal CVP is achieved (]Q to 
12 cm EIjO In neonalal foals and IS cm E l 2 0 In adult 
horses), replacement fluid therapy must stop; If 
continued, edema will form as systemic and capillary 
hydrostatic pressures increase in response to test 
boluses. A decrease In oxygen saturation In arterial 
blood In a horse receiving fluid boluses may be con¬ 
sistent with development of pulmonary edema; this 
may precede development of tachypnea or frank 
edema. Although no published reports address fluid 
overload In clinical equine patients, one experimental 
study evaluating hyperhydration before moderate- 
intensity exercise In horses suggested the development 
of arterial hypoxemia during exercise. 30 These animals 
were administered oral fluids equivalent to 6% of 
body weight fapproximately 26 L of Isotonic fluid by 
nasogastric tube). Hyperhydration resulted in arterial 
hypoxemia, suspected to be cause by pulmonary 
edema associated with hyperhydration, during mod¬ 
erate-intensity exercise. 20 Clinical Indicators serving 
as limits to fluid therapy include visible subcutaneous 
edema and tachypnea; with optimal monitoring, fluid 
therapy will not be allowed to continue to this point. 
Another endpoint or limitation to fluid therapy is a 
Lack of further improvement In perfusion parameters 
despite repeated fluid boluses. If safety limits are 
reached before the goals of fluid therapy are achieved, 
the next step Is to turn to inotrope and vasopressor 
therapy. 

'Hie reader Is referred to the section entitled Fluid I’her- 
apy for Elorses with Gastrointestinal Diseases for side effects 
of fluid therapy and principles of oral fluid therapy. 

CRITICAL CARE AND FLUID THERAPY 
MONITORING TECHNIQUES 

It. GARY MAKDkSVlN 

Monitoring tools provide for advanced critical care in the 
large animal intensive care unit. Several of these tools are 
pertinent to fluid therapy and provide guidance, endpoints, 
and safety limits. Many of these allow lor direct monitoring 
of fluid during administration of therapy, whereas others 
provide Indirect Information through hemodynamic data. 
Both of these are Important to overall case management of 
the critically ill equine patient. 

Central Venous Pressure 

CVP is the pressure within the vena cava; the term most com¬ 
monly refers to that within die cranial vena cava. It is deter¬ 
mined by blood volume as well as venous tone and cardiac 
contractility. With serial measurements CVP provides a limit 
to the administered volume of fluid. N'ormaf CVP Is approx¬ 
imately 1 to 12 cm IbG in foals and 5 to 15 cm EI^O in 
adults. 21 - 24 Subnormal to negative CVP values signify hypo¬ 
volemia; however, normal values do not necessarily imply 
euvolemla. Tills is because CVP is affected by compensatory 
responses such as venoconstriction. 

CVP Is easily measured In neonatal foals through the use 
of 20-cm central venous catheters, such as long-term singje- 
to triple-lumen polyurethane catheters. Measurements can 
be obtained in adult horses wish the use of 55-cm commer¬ 
cial CVP catheters. CVP can also be measured by passing a 
smaller gauge polyurediane catheter or polyethylene tubing 
through a 14-gauge, 5 W-Inch standard intravenous catheter. 
CVP can be measured with a disposable water manometer 
{for spot readings) or using a pressure transducer for contin¬ 
uous waveforms. Interpretation of CVP w r aveforms requires 


knowledge of component waves and descents. Including 
the a, c, and v waves and x and y descents. The a wave repre¬ 
sents atrial contraction. The mean of the a w r ave Is the 
appropriate point at which to measure CVP (at expiration). 
Tne c wave is associated with tricuspid valve closure and a 
bulging of the valve Lnto the right atrium, and the v wave 
is caused by atrial filling from venous return. The x descent 
occurs after the a wave and represents the fall in pressure 
associated with atrial relaxation. Itie y descent occurs after 
the v wave, representing a drop In CVP caused bv ventricu¬ 
lar relaxation and reopening of the atrioventricular valves. 

High CVP readings also occur with pericardial tampo¬ 
nade, pleural effusion, or pneumothorax, as well as false 
increases from catheter occlusion and air within the lines. 
For accurate and consistent serial results a aero reference 
point should be selected and used for each measurement. 
The top of the sternal manubrium is a good reference point 
for the level of the pressure transducer or water manometer. 
The pressure transducer or water manometer can be taped 
to a fluid pole, providing a fixed zero point for repeated 
measurements In standing horses. 

It should be noted that adequacy of Lntravascular volume 
cannot be guided by any one CVP Level. Precision and reli¬ 
ability are limited by variable zero reference points, the 
effects of afterload and ventricular compliance, and altera¬ 
tions in intralboracic pressure. 37 There Is no linear relation¬ 
ship between Lntravascular volume and filling pressures, 
and CVP should be regarded as onlv an Indirect estimate 
of volume. Serial measurements and trends over time are 
more useful than single numbers. The way CVP can be used 
on a clinical Level for monitoring fluid therapy is as follows: 
if the patient responds to fluid boluses without Increases or 
with only minor increases (2 to 3 cm EIjO) in CVP, then it 
is appropriate to continue Infusions until signs of hypoper¬ 
fusion are reversed. L " Additional guidelines used in human 
patients are as follows: if the CVP Increases to 3 to 7 cm 
H 2 0 [2 to 5 mm Elg], the Infusion should be paused and 
perfusion reevaluated after a 10-minute wait. If the change 
in CVP was an Increase >7 cm El 2 0 (>5 mm llg) after the 
fluid bolus, the Infusion is stopped. 1 ' 

Arterial Blood Pressure 

Arterial blood pressure measurements provide some 
insight into perfusion status, particularly when used In 
conjunction with clinical signs and Labwork, such as blood 
lactate. It can be measured either directly through the use 
of arterial catheters or Indirectly with a blood pressure cuff 
on the tall head. Arterial lines can be placed In the great 
metatarsal arteiy of recumbent foals and the transverse 
facial artery In standing adult animals for direct measure¬ 
ments. Indirect measurements are best performed with 
osclllometrlc blood pressure monitors that provide sys¬ 
tolic, diastolic, and mean arterial pressure (MAP}. Cuffs 
are provided by the manufacturer and vary in width and 
length with size of the patient. 

Arterial blood pressure In healthy neonatal foals is highly 
variable and depends on breed, gestational age, and size of 
foal. 3n general, normal mean arterial blood pressure 
(direct) Is 84.4 ±3.7 mm Elg at 1 day of age and up to 
101.3 ± 4.4 mm E Ig at 14 days of age. 33 Indirect blood pres¬ 
sure readings in thoroughbred foals has been reported as 
144 ± 15, 74 ± 9 r and 95 ± 13 mm Mg for systolic, dia¬ 
stolic, and mean pressures, respectively. 3 Direct blood pres¬ 
sure has been reported for adult horses: 126 to 163 
(systollc)/S5 to 116 (diastolic) with a range for the mean 
arterial pressure of MO to 133 mm Elg. 3 - 3 Indirect blood 
pressure In adult horses Is L 11.3 ± 13.3 mm Elg for systolic 
pressure and 67.7 ± 13.8 mm Elg for diastolic pressure. 30 
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Blood pressure values should not he regarded as the sole cii- 
terlafor Intervention. Rather, ihev shouldbe used in con|unc- 
ilon with perfusion parameters, blood lactate concentration, 
and urine output In deciding whether there is need for further 
fluid administration or inotrope and vasopressor support. 


Blood or Plasma Lactate 

Blood or plasma lactate concentrations are very useful In 
monitoring fluid support as well as perfusion and meta¬ 
bolic status. Increased blood lactate may he a result of 
hypoperfusion and reduced oxygen delivery [hypovole¬ 
mia, hypotension, anemia, hypoxemia, hears failure). 
Other considerations for hyperlactatemla should include 
SIRS, sepsis, catecholamine surges, liver or renal failure, 
thiamine deficiency, alkalosis, hyperglycemia, exercise, 
seizure activity, and the action of drugs such as salicylates 
and theophylline.- 51 - 34 SIRS may increase circulating lac¬ 
tate concentrations independent of perfusion status; 
Inflammatory mediators and cytokines activate pyruvate 
dehydrogenase kinase, an inactivator of pyruvate dehydro¬ 
genase, resulting in reduced activity of the citric acid cycle. 
Normal lactate concentrations In horses are <2 mmol/L, 
with most horses having levels <! mmol/L. 35 - 37 Neonatal 
foals have decremental values after birth, with reported 
concentrations of 4.9 ± 1.02, 2.25 ± 0.6, and 0.S9 mmol/ 
L at birth, 12 hours of age, and 24 hours of age, respec¬ 
tively. 37 -^ In a study I performed, foals had values ot 2.3 
± 0.9, 1.2 ± 0.3, LI ± 0.3 at 0 to 2, 24, and 43 hours of 
age, respectively, compared with 0.6 ± 0.2 mmol/L in adult 
horses. 40 


Cardiac Output 

Advanced monitoring In equine critical care Includes car¬ 
diac output measurement. A number of methods of cardiac 
output monitoring have bee described in horses. Including 
die Kick principle, indicator dilution methods {such as lith¬ 
ium dilution), Doppler and volumetric echocardiography, 
pulse contour analysis, and partial carbon dioxide nehreath- 
ing. Ihe most practical of these include Lithium dilution 
and ecbocardiogjapblc techniques. 4| - 4 * 

Lithium dilution precludes the need for placement of car¬ 
diac catheters. A small bolus of lithium chloride is in|ected 
into a peripheral vein or the cranial vena cava (via central 
line). Arterial blood is sampled using an arterial catheter 
at a constant rate and passes through a Lithium electrode to 
generate a lithium concentration-time curve. Cardiac output 
is calculated from the area under the curve for Lithium over 
time. Advantages of lithium dilution Include only moderate 
invaslveness, good accuracy, and requirements for only small 
volumes of Lnjectale. Disadvantages Include the need for 
continuous arterial blood and limitations on repetitive 
measurements owing to Lithium accumulation. 44 - 4 * 1 

NonLnvasive cardiac output measurement can be made 
using ihe Bullet method through volumetric echocardiogra¬ 
phy. 43 GLguere and colleagues reported that the Bullet 
method provided an accurate estimate of cardiac output In 
anesthetized foals. 43 Cardiac output Is calculated using 
heart rate and stroke volume {SVJ as follows: 

SV = Q X LVAd X LVlVj Q X LVAg X LVLsj 

where LVAd = left ventricular area In diastole {short 
axis view); LYLd = left ventricular Length in diastole [long 
axis view); LVAs = Left ventricular area in systole [short axis 
view); and LVLs = Left ventricular length In systole [long 
axis view). 


Cardiac output in healthy adult horses [400 to 500 kg) is 
32 to 40L/min. 41 Normal cardiac Index, which is cardiac 
output expressed per unit of body weight, is 72 to 8S mL/ 
kg/min. In the neonatal foal cardiac output has been 
reported to be 7.1 ± 0.4 L/min [cardiac index = 153.3 ± 
3.1 mL/kg/min] In 2-hour-oLd foals. 22 At 24 hours of age 
cardiac output was determined to be 9.0 ± 0.5 L/min [car¬ 
diac Index = 197.3 ± 12.0 mL/kg/mtnJ. This increased to 
15.7 ± 1.5 L/min (cardiac index = 222.1 ± 21.6 mL/kg/ 
min) at 14 days of age. 22 A general guideline for normal 
cardiac Index is 100 to 300 mL/kg/m In. 4 - 1 

Blood Glucose 

blood glucose concentration has been the focus of much 
study in human critical care in recent years. A number of 
studies have demonstrated improved survival and reduced 
complications with tight glucose control using intensive 
Insulin therapy In critically ill humans. 4T - 4S Maintenance 
of euglycemia [80 to 110 mg/dl.) resulted Ln reduced mor¬ 
tality In surgical Intensive care unit patients as compared 
with hyperglycemia {ISO to 200 mg/dL). Hyperglycemia 
may be associated with detrimental effects In pediatric 
Intensive care patients as w r ell. 4!> Now these findings relate 
to critically III horses is unknown, hut prevention of hyper¬ 
glycemia is Likely warranted and its effects in the equine 
Intensive care unit require further study. 

Monitoring Urine Analytes 

Urine Indices are useful for monitoring responses to fluid 
therapy. Successful production of urine output is a prlmaiy 
goal of fluid therapy, and measurement of urine production 
allows determination of "fluid balance 1 " [input - output). 
Another Important means of assessing the response to fluid 
Loading is measurement of urine specific gravity and/or 
osmolarlty. In the absence of renal failure, progressively 
dilute urine Is a positive response to fluid administration. 
Urinalysis should be performed, and fractional excretion 
of electrolytes, particularly sodium, provides Information 
regarding tubular function and can aid in differentiation 
of prerenal from renal azotemia. .Normal fractional excre¬ 
tion Is <1% in adult horses and 0.31 ± 0.18% in neonatal 
foals. 50-53 


FLUID THERAPY FOR SPECIFIC DISEASES 
AND DISORDERS 

Fluid Therapy for Liver Dysfunction 
and Failure (Box 44-1) 

K. HAUY AriACULSYAN 

Acute liver disease may result In hypovolemia owing to lack 
of water Intake, third space losses into the gut and perito¬ 
neal cavity, and possibly pooling of blood Ln the portal cir¬ 
culation. Portal hypertension may result in gu( edema with 
subsequent fluid loss. Considerations of fluid therapy In 
cases with hepatic dysfunction Include reduced metabolic 
capacity as well as compromised synthetic ability of the 
Liver. Because lactate clearance primarily occurs Ln the Liver, 
fluids containing Lactate should be avoided. Isotonic re¬ 
placement fluids, such as Normosol-R (Abbott Laboratories, 
North Chicago, 111.) and Plasma-Lyte 148 {Baxter Health¬ 
care Corporation, Deerfield, ML], and acetated Ringers are 
preferred over LRS. One millimole of acetate yields I mmol 
of bicarbonate during metabolism and is therefore alkall- 
nlzlng. 54 These balanced, polyionLc fluids are optimal as 
compared with physiologic saline because of the propensity 
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BOX 44^1 


Fluid Consideration's for Liver Failure 


1. A fornKln.icion of balanced, polyksnic crystalloids and 
colloids A optima I. 

2 Acetared fluids, jjiIilt than lactate Ringer's solution, 
should be used. 

3 Colloids, particularly plasm.i. can be very benefld.il It 
hypoalbuminemia is present and io minimize third space 
acoinudallon of fluids. 

■i Potassium supplementation [20 to &QmBq/L]l may aid in 
reducing hyperammonemia. 

f Dextrose supplemental ion [1 to 2 , mjt/ k^'m I n) should be 
provided foi energy suppore. 


of the hitler to produce a mild, strong Ion (hyperchloremic) 
acidosis, and many horses with liver dysfunction have a 
propensity toward acidemia . 55 

Provision of dextrose, even in the face of normoglyce- 
mia, should be considered unless enteral nutrition is ade¬ 
quate. The addition of dextrose to fluids will minimize 
gluconcogenesis demands on the liver, as wet] as catabolism 
of endogenous tissues with subsequenl Increases in nitrogen 
turnover (and increased a mmon l agenesis). Risk of hypogly¬ 
cemia from liver dysfunction is also minimized, as patients 
may have Insufficient liver and muscle glycogen reserves 
and Impaired hepatic gluconeogenesis to maintain norma] 
blood glucose concentrations. A dextrose supplementation 
rate for adult horses is L to 1 mg;'kg/min. mis equates 1o 
to fit’ll dextrose in fluids if I L. of crystalloid per hour 
is administered to a 500-kg horse. The addition of R- vita¬ 
mins can be helpful for anorectic hoTses because they are 
required cofactois for oxidative metabolism. Horses that 
remain anorectic for longer than 24 to 72 hours should be 
considered candidates for parenteral nutrition. 

Noises with liver dysfunction should be monitored 
closely for hyperammonemia as a marker of hepatic 
encephalopathy. Fluids can be tailored to minimize the 
risks of hyperammonemia. Provision of potassium provides 
for an electrolyte draw of hydrogen atoms from intracellular 
stores, thereby lowering pi I and promoting ionization of 
ammonia to its less diffusible form, ammonium ion, which 
is not able to cross the blood-brain batrier. S6 Hypokalemia 
also promotes metabolic alkalosis and may compound 
hepaloencephalopathy owing to increased urinary losses 
of hydrogen Ion (H-' j and increased tubular absorption of 
ammonia. For similar reasons, sodium bicarbonate should 
be used judiciously and with caution in horses with a pro¬ 
pensity toward hepatic encephalopathy. Increases in the 
pH of plasma will result in conversion of ammonium ion 
to ammonia; this facilitates the brain uptake of ammonia 
with subsequent Intracerebral trapping of ammonium. 

The rate of fluid administration for"horses with liver dys¬ 
function w r lll vary with the volume and hydration status of 
the individual. In general, rates should exceed maintenance 
requirements to account for hypoperfusion and produce 
diuresis of ammonium and other toxins such as conjugated 
(direct) bilirubin that would otherwise have been metabo¬ 
lized or eliminated by the liver. Volume of fluid administra¬ 
tion should be monitored closely in horses with ascites 
or port a I hypertension resulting from severe Liver disease 
because of the propensity of these patients for third space 
fluid accumulation. Other considerations for horses with 
liver disease include hypoalbuminemia, hyponatremia, 
hypokalemia, coagulopathies, and hyperlactatemia. Mon¬ 
itoring CVP will aid In preventing rises In hydrostatic 
pressure that would contribute to transudates oV ascites. 


Fluid support should be modified In horses with preexist¬ 
ing ascites or edema to reduce the administered sodium Load. 
Commercially available solutions with restricted sodium 
concentrations (maintenance crystalloids), such as Plasma- 
Lyte 56 or Momiosol-M, can be used In foals. Because of thetr 
availability In only small volumes (I-L bags], combinations 
of isotonic crystalloids and sterile water or 5% dextrose in 
water can be used as maintenance fluids in larger patients. If 
sterile water is selected, it should be allowed to mix with 
the Isotonic fluid before entering the patient; administered 
alone, water could cause osmotic hemolysis. Another 
option in such horses Is to restrict the volume of crystalloid 
administered through concurrent administration w r lth col¬ 
loids. Colloids expand the Intravascular volume. Limit, the 
requirement for crystalloids, and may reduce the propensity 
of edema formation by raising oncotic pressure. 

Colloids are Indicated In horses with significant hypoal- 
huminemia (< l .5 g/dJ.). Hetastarch can be used at a dose 
of IO ml/kg/day unless coagulopathies are present. Liver 
Til Lure may result In decreased production of clotting factors 
or antlthrombJn and can initiate disseminated intravascular 
coagulation (DICl. Because betastarch can Induce decreased 
activity of von Wlllebrand's factor and factor VIII, as well as 
Interfere with platelet function, it Is contraindicated in 
horses with bleeding tendencies (after consumption of fac¬ 
tors).^ 7 Plasma Is an alternative colloid that has additional 
benefits for horses with hepatic failure. Coagulopathies 
associated with liver disease can he addressed through pro¬ 
vision of exogenous antithrombin and clotting factors in 
plasma products. Plasma should probably not be adminis¬ 
tered to horses with serum hepatitis [Tbeiler's disease), as 
this disease is poorly understood and associated with prior 
administration of equine-origin biologies. Replacement of 
albumin Ls beneficial not only for oncotic pressure support 
but also for drug and toxin binding and as an endogenous 
buffer. If bypoaTbuminemia is a result of hepatic dysfunc¬ 
tion, and not urinary or gastrointestinal Losses, colloids will 
have a longer retention time in the circulation. 


Fluid Therapy for Diarrhea and Colitis (Box 44-2) 

K. OVWiY MAiSDEMAN 

Horses with acute colitis are often presented In a state of 
severe SIRS with endotoxemla, hypovolemia, and ma I perfu¬ 
sion of tissues. Fluid therapy Is fhe cornerstone of hemody¬ 
namic and therapeutic support for these horses. Mot only Is 
circulating volume an Indication for fluids, but acid-base 
and electrolyte derangements also wanant their use in these 
cases. Specifically, horses with colitis often exhibit hypovole¬ 
mia, both organic and inorganic acidoses, and hyponatremia. 
Organic acidosis primarily Is a result of hyperlactatemia, 


BOX 44-2 


Fluid Considerations for Horses with Diarrhea 
or Colitis 


1 A combination of crystalloids and colloids has many 
benefits in horses with colitis. 

2. Colloids are Indicated when concurrent hypopratelnemia 
and hypovolemia are present. 

3. Potassium, calcium, And magnesium should be 
supplemented a-, necessary. 

-1 Hypertonic saline has several potential benefits fat horses 
with acute colitis including volume expansion, 
iniinunomotiuLaiJon, antiinflammatory effects, anuedema 
effects, and positive Inotropic effects. 
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whereas inorganic acidosis is often a result of relative hyper¬ 
chloremia (or hyponatremia) 

Because of the poor sensitivity of physical examination 
in delecting hypovolemia, estimates of percent dehydration 
and water deficit are not very accurate. 1 ■ A more objective 
means of providing fluids is through the "fluid challenge 
method" described In the previous sections. 1 " In this proto¬ 
col a bolus dose of 10 to 20 mL of isotonic crystalloid per 
kilogram is administered, with subsequent reassessment 
of perfusion parameters. Perfusion parameters consist of 
mentation, peripheral pulse quality, heart rate, mucous 
membrane color., capillary refill time r and extremity temper¬ 
ature. Lactate, arterial blood pressure, and central venous 
oxygen saturation are perfusion monitoring tools that 
should be evaluated serially in patients undergoing fluid 
administration and can provide endpoints to fluid therapy. 
Urine output Ls another clinical indicator of improvement 
in perfusion in response to fluid loading. E : luta challenge 
should continue as repeat boluses until perfusion para¬ 
meters normalLze or plateau in terms of Improvement. Mo 
further improvement of perfusion parameters Ln response 
to boluses of fluids suggests that inotrope or vasopressor 
support may be requires and that further fluid therapy will 
not be of aid. A safety limit to fluid loading Includes mea¬ 
surement of a high CVP value. 

Crystalloid fluid choices for horses with colitis include 
replacement fluids, such as Mormosol-R, LRS, and Plasma- 
Lyte MS. Mormosol-R and Plasma-Lyte 148 are slightly 
advantageous over LRS from the stand point of providing 
a wider strong Ion difference (sodlurrmhloride: difference). 
In contrast, LRS has a chloride concentration greater than 
that of equine plasma (109 vs. approximately IQOmEq/L) 
and can compound an inorganic acidosis. Physiologic 
saline (0.9%) is even greater in its chloride concentration 
and produces a miid strong ion acidosis on administration 
of large volumes. 55 

Colloids are an important adjunct to crystalloid therapy, 
particularly for horses with hypoproteinemla such as those 
with acute col tils. In human critical care medicine there is 
no consensus as to whether crystalloids or colloids provide 
more successful fluid resuscitation. 17 A combination of 
both is likely optimal. 17 Colloids are particularly Impor¬ 
tant for horses with bypoproteinemia, such as those with 
colitis. Concurrent hypovolemia and hypoproteinemla 
warrant administration ofcollolds In die resuscltatlve period, 
because the use of crystalloids alone could result In dilutions! 
hypoproteinemla.- 5 r ' 

Hypertonic saline (7% to 7.5%) is a rapid plasma vol¬ 
ume expander that can be used in the early volume replace¬ 
ment period. Hypertonic saline increases plasma volume by 
three to four limes the volume administered. In compari¬ 
son, crystalloids Increase plasma volume by only 0.25 to 
0.33 mL for each milliliter administered. H>pertonic saline 
has additional advantages beyond volume expansion, par¬ 
ti cularly for the horse with endotoxemia. These include 
Immunomodulatory, antiinflammatory, anliedema (partic¬ 
ularly of the endothelium and erythrocytes), and inotropic 
effects.- 5 *- 1 * 1 ' 1 MLcrovasculature effects enhance microcircula- 
toiy perfusion, which is often disturbed during sepsis and 
endotoxemia. Reduction of endothelial, and erythrocyte 
edema, two processes that contribute to multiple organ dys¬ 
function during sepsis, results in reduced vascular resistance 
and blood viscosity, 59 - 00 The hypenonlcitv created by 
hypertonic saline evokes vasodilation, which also contri¬ 
butes to microperfusion when coupled with an Increase in 
cardiac output caused by contractility-enhancing effects of 
hypertonic saline. The antiinflammatory and Immunomod¬ 
ulatory effects include anti apoptosis, free-radical scavenging 
properties, inhibition of leukoactirvation, and prevention of 


Immunosuppression a tier sepsis. 5 * 1 ' 60 In an experimental 
model of hemorrhagic shock in horses, hypertonic saline 
resulted in Improved cardiac oulpul, stroke volume, cardiac 
contractility and blood pressure as compared with Isotonic 
saline. 63 Eiypertonic saline has demonstrated attenuation 
of cardiovascular derangements in equine endotoxemia 
models as compared with isotonic saline. 6 - 

The dose for hypertonic saline is 4 mL/kg. and it should 
be followed with isotonic crystalloids or water to replace die 
‘■'borrowed' 1 water from the intracellular space. Hypertonic 
saline Is generally safe but should be avoided In horses with 
uncontrolled hemorrhage when hypotensive resuscitation is 
Indicated. In addition, horses with marked sodium derange¬ 
ments should not be administered hypertonic saline. 

Fluid Therapy for Sepsis (Peritonitis, Pleuritis, 
Pneumonia, Internal Abscess) (Box 44-3) 

If. t-AKy MAGDFSMjV 

The optimal fluid for resuscitation of patients with sepsis is 
unknown. 63 - 65 Despite this controversy, a rational approach 
to fluid therapy in patients with sepsis Is to optimize hemo¬ 
dynamics (increase blood pressure and urine output) while 
attempting to limit edema formation. 17 - 63 ' 66 There is no evi¬ 
dence to support the use of either colloids or crystalloids over 
the other. Meta analysis of clinical studies comparing crystal¬ 
loids and colloids in human patient populations showed 
no outcome difference. 6 ^ 6 * Regardless of the lack of consen¬ 
sus recommendations for fluid choices, fluid therapy is a key¬ 
stone in the management of severe sepsis and septic shock. 
This Ls because septic shock Ls associated with both absolute 
and relative hypovolemia. Relative hypovolemia is the result 
of vasodilation and peripheral blood pooling in the face of 
cytoklnemia. Volume repletion alLow's for increases In cardiac 
output and subsequently In systemic oxygen delivery. 67 

E : luid therapy In horses with sepsis is similar to shat 
recommended for horses with acute enterocolitis; both con¬ 
ditions are examples of a slate of SIRS. En fact, enterocolitis 
can be thought of as a form of sepsis. Sepsis incites a host of 
hemodynamic derangements that challenge fluid therapy. It 
causes myriad microperfusion abnormalities; these include 
hypovolemia, myocardial depression, vascular permeability 
derangements, vasodilation, DEC, and cellular changes result¬ 
ing In abnormal membrane potential and membrane pump 
or channel function. 66 ‘iTtese pathophysiologic processes 
must be considered when a fluid plan for horses with sepsis 
Is designed 

Sepsis is defined as concurrent SIRS and documented or 
suspected Infection.'" 0 Many equine cases fall Into this 


BOX 44-3 


Fluid Considerations Tor Horses with Sepsis 


1. A rontblnnllon of crystalloids .and colloads may have 
advantages in pa1ien.es wlLti sepsis. 

2. The presence of concurrent hypopToteanemta and 
hypovolemia may bean indication for initial n»usciiatbn 
with colloids. 

j. Fluid challenge. consisting of SO-to 20-ml/kg botuses, is a 
safe and effective means of determining volume to lac 
administered. 

■i. Monitoring of llmd therapy increases safety, especially In 
those prone to edema. Monitoring should consist of 
measurement of central venous pressure, arterial blood 
pressure. And urine output. 

5. Mesaholk acidosis. is very common among patients with 
sepsis. 










category, including horses with peritonitis, pneumonia, 
pleurttis, enterocolitis, meningitis, and metritis. Sepsis and 
SJRS are slates of cytokine milieu, in which cytokines and 
inflammatory mediators predominate. Aside from antimi¬ 
crobials, the fundamental therapy is hemodynamic support, 
consisting of fluid and vasopressor therapy. 

initial fluid resuscitation is centered on'Isotonic (or near 
isotonic) replacement type fluids, colloids and hypertonic 
saline. Horses with sepsis often are presented with negative 
fluid balance resulting from both hypovolemia and dehy¬ 
dration. Fluid choices are the same as for horses with 
enterocolitis, and a combination of crystalloids and colloids 
may have advantages In sepsis. 17 Such a combination 
would address both blood volume and interstitial deficits, 
with colloids expanding the vascular space and crystalloids 
addressing both fluid spaces. Hypertonic saline may have 
some additional advantages for sepsis, including immuno¬ 
modulatory, anti Inflammatory, antiedema, vascular, and 
inotropic effects.A dose of 2 to 4 mL of hypertonic 
saline per kilogram may be added to the combination of 
crystal I olds and colloids. 

Colloids are intriguing fluids for horses with sepsis. Col¬ 
loids may attenuate capillary leak associated with sepsis and 
SIRS. 71 The exact physiology behind this colloid effect Is 
not exactly worked out; however, theories include reduc¬ 
tion In endotoxin-Induced leukocyte-endothelial cell inter¬ 
actions. 7 - Interactions with endothelial gjycocalyx are also 
hypothesized in the ability of both synthetic colloids and 
albumin to reduce capillary leakiness. 73 Hetastarch exhibits 
antiinflammatory properties by reducing neutrophil adhe¬ 
sion and accumulation in tissues. 74 In addition,hetastarch 
has been suggested to be beneficial for tempering D1C in 
that Li exerts dose-dependent effects on coagulation.. 57 
Hetastarch lowers concentrations of von Wllleb rand's factor 
and factor VI11:C and reduces platelet aggregablllly, which 
may aid during hypercoagulable states such as D3C. 57 - 75 - 75 
Both of these properties warrant further investigation in 
horses with sepsis because vascular derangements and coa¬ 
gulopathies are quite common. It should be kept in mind, 
however, that bleeding may be potentiated by the adminis¬ 
tration of hetastarch to the hemorrhaging patient. 60 In a 
trial comparing concentrated albumin wish crystalloids in 
human patients, there was a trend toward improved survival 
with album In in patients with sepsis. 51 Concentrated 
equine albumin is not currently available; however, one 
study showed that a human albumin product could be used 
safely In horses. 52 

Care should be taken to avoid overexpansion of the 
extracellular fluid compartment with excessive fluid admin¬ 
istration. Horses with sepsis have a predilection for edema 
because of the presence of concurrent bypoalbuminemla 
and increased vascular permeability. Therefore careful mon¬ 
itoring of fluid balance is warranted. Fluid balance refers to 
input and output of fluids, and It can be monitored with 
urinaiy collection systems. CVP is also useful in monitoring 
for safety limits In this group of patients; maximal normal 
CVP (10 cm HjO in foals; 15 cm HjO in adults) should 
not be exceeded. Serial ultrasonography and arterial blood 
gas analysts can be used to detect pulmonary edema from 
relative or absolute fluid overload, before the development 
of gross signs (froth, crackles, tachypnea) of edema. 

Because ot thrombotic risks associated with sepsis- 
induced coagulopathies, these patients should be instru¬ 
mented with minimally thrombogenlc catheters, such as 
long-term polyurethane catheters. Attention to asepsis and 
cleanliness are paramount. 

In human critical care ‘"'early goal-directed therapy" has 
been advocated by some clinical trials. 63 These studies 
have used goal-oriented therapeutic adjustments of preload. 


afterload, and contractility to achieve a balance between 
oxygen delivery and demand. Endpoints have Included nor¬ 
malization of central venous oxygen saturation, blood lac¬ 
tate, CVP, and MAP. The therapy consisted of crystalloids 
and colloids for correction of CAT, vasopressors and vasodi¬ 
lators for MAP, and dobutamine and red cell transfusions 
for central venous oxygen saturation. Patients receiving this 
early goal-directed therapy received a greater volume of 
fluids early {first C hours of treatment) and less later, as 
compared w r Lth patients in the conventional group. The 
treatment group had a lower mortality rale and less severe 
organ dysfunction* highlighting the importance of early 
identification of patients with Insidious or occult malperfu- 
slon, consisting of patients with global hypoxia yet stable 
vital signs. 61 Itiere has been considerable debate over what 
the optimal fluid choices are for human patients with sep¬ 
sis: crystalloids or colloids. The Ideal fluid for volume 
replacement remains equivocal because concrete evidence 
implicating one over the other is lacking.* 464 A current phi¬ 
losophy is to recognize the advantages of both fluids, with 
concurrent or sequential administration of both. Because 
crystalloids distribute approximately 75% of administered 
volume to the InterstIlium, they allow for greater interstitial 
expansion compared with colloids. iTiis property Is advanta¬ 
geous when dehydration Is also present, but a disadvantage 
when edema Is a risk. In fact, crystalloid administration 
further dilutes total protein and albumin concentrations, 
thereby lowering COP and predisposing to edema. Colloids, 
on the other hand, are restricted to the intravascular space 
and are particularly indicated in hypovolemic shock; they 
replace intravascular losses more rapidly than do crystal¬ 
loids. 85 Colloids are associated with a plasma volume expan¬ 
sion between ] 00% and 200% of the infused volume. 56 -* 5 In 
humans and anesthetized horses with colic, cardiac output Is 
better maintained with lower volumes of fluid administra¬ 
tion when colloids are used rather than crystalloids. 6 * 

Marked alterations of the reflection coefficient, as are 
associated with severe capillary leak and acute respiratory 
distress syndrome {ARDS), warrant careful consideration 
and monitoring of pat lent status when colloids are adminis¬ 
tered; because of a theoretic potential for extra vascular leak¬ 
age of colloids with marked endothelial alterations, patients 
with ARDS should be monitored closelv for clinical deterio¬ 


ration. Despite these theoretic concerns, a new form of 
hydroxyeiby] starch (130/0.4) has demonstrated protective 
effects Ln a model of acute lung Injury (ALl).™ r fhe numbers 
after the colloid In the preceding sentence refer to the aver¬ 
age molecular weight and degree of substitution of starch 
molecules with a hydroxy ethyl group, respectively. This 
hydroxyeiby] starch resulted in die best oxygenation and a 
reduced Inflammatory response as compared with a modi¬ 
fied gelatin colloid or Ringer's acetate crystalloid In a rabbit 
model of ALE.™ Standard hetastarch has an average molecu¬ 
lar weight of 450 kDa and a degree of substitution of 0.7; 
the neweT hydroxyethyl starch [Voluven; 130/0.4) has been 
modified to have'more complete renal elimination and less 
tissue storage than the standard product, with fewer side 
effects such as coagulopathies. Ine use of different col¬ 
loids in patients with ARDS needs further study. Except 
for situations that may call into question the use of 
colloids, the concurrent use of crystalloids and colloids 
obviates the need for large volumes of crystalloids; this 
approach minimizes the risk of interstitial edema and 
may restore blood volume more rapidly than crystalloids 
alone. A '"'blending" of crystalloids and colloids should 
therefore be considered for patients with sepsis whenever 
colloids are not contraindicated. 


light gjucose control has been one of the veiy few thera¬ 
peutic modalities to affect outcome in patients with sepsis. 
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Through the use of intensive Insulin Infusions, glucose is 
regulated in the ranee of SO to ! 10 mg/dL as compared with 
traditional approaches that aUow for slight hyperglycemia 
Ihis direction has Led to a reduction in mortality, organ fail¬ 
ure, and septic complications In human patients : u Whether 
dlls approach will have similar results In horses remains to 
be seen. The author (KGM) uses regular Insulin as a contin¬ 
uous rate infusion (CRJ) at a rate of 0.01 to 0.1 IU/kg/hr. 

Fluid Therapy for Renal Failure (Box 44-4) 

C. LANUIOX MODU&t 

K. OAUV MMUMXIAH 

Fluid therapy is the ma|or component of therapy of renal 
failure In horses, regardless of cause. Hemodialysis has been 
reported in horses; however, It Is not widely available, fur¬ 
ther highlighting the importance of fluid diuresLs. Perito¬ 
neal dialysis Is an option to complement fluid therapy, 
particularly if unresponsive anuria Is present. W ' H Develop¬ 
ment of a fluid plan for horses with renal failure begins with 
classification of the disease Into polyuric, anuric, or oliguric 
renal failure. Polyuria and anuria are self-explanatory; oligu¬ 
ric renal failure in this section refers to a normally hydrated 
animal with concurrent azotemia and urine production 
<0.5 mL/kg/hr. 

For both oliguric or anuric and polyuric renal failure, 
there are two primary considerations when beginning fluid 
therapy: fluid type and rate. The total amount of fluid admi¬ 
nistered is usually determined by the response to treatment 
and does not necessarily need to be Identified at Initiation 
of therapy. 

POLYURIC FLENAL FAILURE. The goal of fluid therapy In 
these patients is to induce diuresis, with removal of uremic 
toxins and maintenance of fluid, acid-base, and electrolyte 
balance.,-^ 1 * The degree of renal failure that is reversible 
is often unknown at the onset; tills ts evaluated over time, 
particularly with response to fluid therapy. It should be 
noted that azotemia may not improve for up to 71 hours 
after initiation of fluid therapy when acute renal failure Is 


BOX 44-4 


Fluid Considerations, for Horses with Acute 
Renal Failure 


1. Horses with acute renal failure can ho either polyuric or 
□liguric qt anuric. 

2. Polyuric horses should be (reared with isoiomc crystalloids 
with Lht* goal l*I diuresis. A rale of administration et|ual to 
I.? 1o 2 times a maintenance rate (3.75 to 5 mL/kg'hrl Is n 
reasonable starling, point, but input should match output. 
Balanced, potyionk commercial dectrolyle solutions., such 
as Nomiosol-R or lactated FLIngets solution, can be used 
in most cases. 

If. Physiologic (O.fMfij) saline- is mildly acidifying because ol 
hyperchloremia. Its effects on potassium balance in 
plasm.i are controversial. Hyperkalemia, commonly found 
in renal failure pallents, can be treated wttft sodium 
bicarbonate, deal rase. calcium. .uilI Insulin when Lt does 
not respond to fluid diuresis. 

-t. Anuric or oliguric horses should be treated promptly. 
Adoquin/ of circulating volume- and blood pressure rmisl 
be ensured initially. It fluid Loading, with isotonic 
replacement crystalloids does not correct the lackot urine 
production, I ben furosemlde, mannitol, and dopamine 
can he tried. 

5. Failure lo produce urine after these measures iv a ri m is 
hemodialysis or peritoneal dialysis. 


severe. A kick of initial improvement In plasma creatinine 
or BUN during the first day or two of therapy should not 
necessarily prompt a poor prognosis or discontinuation of 
therapy. 

The rale of fluid administration should facilitate diure¬ 
sis. 1 ^ A rate of two lo three times maintenance fluid rate 
(4 to 6 mL/kg/hr, where maintenance rate is 2 to 3 ml.,'kg' 
hr) is a reasonable starting point; howev r er, there is a paucity 
of literature lo recommend evidence-based rates of fluid 
administration tor treatment of acute renal failure or other 
disorders. Similar fluid rates have been suggested in small 
animal patients with renal failure.’- 1 * ,U Is unknown whether 
Increases in the fluid rate beyond this point are beneficial. 
Certainly, if urine output Is greater than this rale. It should 
be matched with fluid Input. Measurement of CVF has 
become more practical in equine patients and can be used 
to ensure that fluid administration Is not excessive. 7 Ref¬ 
erence ranges of <15 cm b\ 2 0 have been reported for adult 
horses; values exceeding 20 cm IlnO Indicate a need to 
decrease the rale of fluid administration to avoid develop¬ 
ment of edema. 57 

A balanced isotonic crystalloid is suitable for diuresis 
while preventing significant electrolyte alterations.Horses 
should be allowed free access lo water whenever possible 
while Intravenous fluids are administered. This allows for 
some degree of self-regulation of water balance and can pro¬ 
vide free water for renal excretion of the large sodium load 
provided by Isotonic crystalloids. 

Hyperkalemia is a relatively common feature of acute 
renal failure.^' 55 This Is often corrected w r hen renal perfusion 
Is optimized and diuresis Is instituted. When hyperkalemia is 
present, anuria should be ruled out. CandLac dysrhythmias can 
develop during hyperkalemia; potassium free fluids (0.9% 
saline or Isotonic sodium bicarbonate) should be administered 
to patients with dangerous hyperkalemia (>G mmol/L), along 
with calcium, dextrose, and possibly insulin. 

LRS has the benefit of containing a minor amount of free 
water (osmolarlty .273 mOsm/L) and slightly less sodium, 
than other fluids (130 mEq/L). A potential disadvantage, 
however, is chat Lt contains more chloride (109 mEq/L] 
than equine plasma. Horses with renal insufficiency may¬ 
be unable to excrete excess chloride provided by LRS diure¬ 
sis. Mild hyperchloremia may result, causing a minor strong 
Ion acidosis. LR5 also contains potassium (4 mEq/L), which 
Is a consideration in the hyperkalemlc patient. However, 
studies in human renal transplant patients failed to demon¬ 
strate development of hyperkalemia as a result of LRS 
administration. 100 

Isotonic saline (0.9%) solution has an even higher chlo¬ 
ride content (154 mEq/L) than LRS. In fact, neither the 
sodium nor the chloride concentration in this fluid Is simi¬ 
lar to those of equine plasma. Isotonic saline solution has 
been shown lo cause hyperchloremia and a mild acidosis 
during prolonged administration; for these reasons it is 
not the ideal fluid for long-term management of acute 
renal failure: 101 - J 02 Saline does not contain potassium and 
therefore may be warranted In horses with hyperkalemia. 
However, creation of a metabolic acidosis because of hyper¬ 
chloremia may also pose a risk for hyperkalemia by causing 
an extracellular shirt of potassium; this shift occurs as a 
result of acute changes In blood hydrogen concentration, 
which occur In association with hyperchloremic metabolic 
acidosEs. LDi> The effects of saline on potassium balance In 
boTses warrant further study. Metabolic alkalosis, catEsed 
by hypochloremla or relative hypernatremia, is an indica¬ 
tion for saline administration. 

Normasol-R (Abbott Laboratories, North Chicago, III.) and 
Plasma-Lyte 148 (Baxter Healthcare Corporation, Deerfield, 
III.) have a sodium and chloride concentration most similar 
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to equine plasma among (he commercial Isotonic or nearly 
isotonic fluids and are excellent fluids for diuresis of acute 
renal failure cases. It should he noted that these contain the 
highest potassium concentration (5 mEq/L) of all of the com¬ 
mercial fluids described; however, this potassium content Is 
unlikely to contribute to clinically significant hyperkalemia 
in polyuric animals because of urinary excretion of excessive 
potassium (possible exceptions: uroperitoneum, anuria). 

Isotonic sodium bicarbonate solution can be made by 
mixing sterile water and sodium bicarbonate to create a solu¬ 
tion with a sodium concentration of 150 mmol/L Isotonic 
sodium bicarbonate does not contain potassium or chloride 
and can be modified to contain an Increased amount of free 
water as needed by lowering the sodium concentration. It 
exerts an alkallnLzlng effect by increasing strong cation 
{Na*-) concentrations without a corresponding Increase in 
strong anions (J.e_ r strong ion alkalosis). 

blending of fluids with different compositions Is also 
an option In order lo correct or maintain electrolyte and 
free water balance. Over time, horses often develop a 
plasma electrolyte profile similar to that of the adminis¬ 
tered fluid, especially when large volumes are administered 
for prolonged periods; therefore combining or changing 
fluids may be necessary if derangements develop. It is also 
clear that' monitoring of electrolytes (one to four times 
per day] is particularly Important in renal patients. 

anuric OR OLIGURIC renal failure. Anuria and 
oliguria should be considered emergency medical condi¬ 
tions; the longer the duration of Little lo no urine produc¬ 
tion, the Lower the chances of correcting it. Urine output 
in healthy horses is approximately I ml/kg/hr, hut this 
may decrease by SO % (to 0.2 ml/kg/hr) In horses deprived 
of water. LD3 - LClJ In humans without significant fluid deficits, 
a urine flow <0.5 mL/kg/br is one criterion used lo define 
acute renal injury, whereas acute renal failure is associated 
with a urine flow <0.3 mL/kg/hr. IDS Oliguric renal failure 
should be suspected In azotemic horses with urine produc¬ 
tion <0.5 mL/kg/hr despite the administration of Intrave¬ 
nous fluids. Once anuria or oliguria Is suspected, a 
methodic approach to fluid administration and monitoring 
should he instituted Immediately because of the associated 
high mortality rate. A delay in Instituting treatment makes 
reversal of anuria less Likely. 

Treatment of Anuria or Oliguria 
J. Oblai n baseli ne I aboratoiy and bemodyna mlc para meters. 
Ihese should Include serum or plasma electrolyte levels, 
total plasma protein and blood lactate concentrations, 
packed cell volume, and clinical perfusion parameters. 
When possible, CVP, arterial blood pressure, and central 
venous oxygen tension should be measured as well. 

2. If CVP is not already significantly increased and there are 
no clinical signs of fluid overload (Increased respiratory 
rate, peripheral edema, and so on), a fluid challenge 
should be initiated using 10 mL of an isotonic crystalloid 
per kilogram. CVP, clinical pathology, urine output, and 
physical examination status should be reevaluated for 
Improvement after completion of the bolus. 

3. If urine output has not significantly increased, additional 
fluid challenges should be given and the patient reevalu¬ 
ated until urine production begins or until CVP Limita¬ 
tions are reached. A CVP value >15 to 20 cm lljO 
(>10 lo 12 cm El 3 0 In foals) signifies an endpoint to 
fluid administration. 

4. Arterial blood pressure should be monitored. If hypoten¬ 
sion Is present despite fluid Loading. Lnotrope and vaso- 

ressor therapy should be considered. Dobutamlne can 
e used as an Lnotrope (5 to 10 mcg/kg/mln). Norepi¬ 
nephrine, a vasopressor, can be used If dobutamlne does 
not correct hypotension (0.01 to 0.1 mcg/kg/mln). (Ihe 


reader is referred to the section on Lnotrope and pressor 
therapy under Fluid Therapy for Horses with Gastrointes¬ 
tinal Disease.) 

5. Once urine flow has Increased, fluids should be 
continued as described previously for polyuria; careful 
monitoring of CVP and fluid balance (measurement of 
serial body weight and urine output) should be done. 

6. If urine flow does not begin over the next 30 lo 60 min¬ 
utes with fluid challenge, furosemide should be started 
with an inltLal bolus of 0.12 mg/kg Lntravenously (IV) 
followed by a CRI of 0.12 mg/kg/hr. 106 If CRIs are not 
possible, a bolus dose of L mg/kg IV can be administered 
Instead. 

7. If urine production does not begLn with In 30 to 60 min¬ 
utes of instituting furosemide therapy, a dose of manni¬ 
tol should be administered (0.25 to 0.5 g/kg bolus as a 
20% solution). If there is still no urine produced after 
an additional 30 minutes, another dose of mannitol 
can be administered; a total dose of 1 g/kg should not 
be exceeded in the an uric patient to prevent hypervole¬ 
mia and edema formation. 

8. If urine output has not improved after furosemide and 
mannitol, the prognosis Is grave tvithout peritoneal dial¬ 
ysis or hemodialysis. Treatment with low-dose dopamine 
has been controversial in human medicine, and several 
large studies have failed lo demonstrate a benefit. Ia7 - Iafi 
In fact, furosemide, mannitol, and dopamine may Increase 
urine flow but haw not been shown to unequivocally 
Lmprow outcome In humans with acute renal failure. 1 ^ 
When dialysis Is not an option for horses with anuric renal 
failure, dopamine can be tried in an attempt to produce 
urine flow (2 lo 3 mcg/kg/mln); its proposed action Is 
through Increasing renal perfusion with renal afferent arte¬ 
riolar vasodilation. 110 Without urine flow, there Is no 
opportunity lo provide the patient with time to heal if the 
acute renal Injury Is reversible. If dopamine Is successful at 
reversing anuria, ibis time can be provided. 

Hyperkalemia and metabolic acid-base disorders are 

common In horses with anuric or oliguric renal failure. 0 * 5 
As noted earlier, hyperkalemia can be associated with life- 
threatening dysrhythmias. Rapid Initiation of diuresis and 
administration of sodium bicarbonate, dextrose, and Insu¬ 
lin are therapeutic interventions for hyperkalemia. If dys¬ 
rhythmias are present, calcium should he administered to 
raise membrane threshold potential thereby reducing the 
likelihood of abnormal rhythms. 

As mentioned previously, hemodialysis has been 
reported infrequently In horses. 02 More recently, peritoneal 
dialysis has been described as a cost-effective and practical 
approach for horses with acute renal failure.^ These are 
therapeutic options In horses that do not respond to con¬ 
ventional fluid therapy and medical treatments of anuria 
described earlier. 

Fluid Therapy for Horses with Vasculitis 

ti. C,UiV HAODfSlAN 

Horses with vasculitis present a unique challenge to fluid 
therapy in that they have Increased vascular permeability 
and are therefore al increased risk for deve I oping edema. 
Examples of such patients that may require restoration of 
fluid volume include horses with purpura hemorrhagica, 
type I hypersensitivity reactions (such as anaphylaxis or 
anaphylactoid reactions), and Anaplasma phaxocytophiln 
infections. Often horses with systemic vasculitis have 
edema, particularly In the distal limbs and venlrum. In 
the face of concurrent hypovolemia. 

Correction of hypovolemia in these horses Is challeng¬ 
ing, as increasing the extracellular fluid compartment with 
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crystalloid tin ids mav compound edema and lose effi¬ 
ciency in terms of blood volume expansion. Such cases 
may benefit from colloid adminl&lralEon. Depending on 
the decree of vasculitis and the molecular weight of the 
colloid, a portion of the administered colloid may also 
extravasale Into the interstitlum or third space area, com¬ 
pounding edema. Therefore horses receiving colloid fluids 
should be monitored for progression of their overall &ta- 
!us r including increasing edema in response to fluid 
administration. 

Colloids with a molecular weight of 100 to 300 kDa 
and those with narrower ranges, such as penlastanch (aver¬ 
age molecular weight of 26S kDa) and the newer (tblrd- 
generalton) hydroxyeEhyl starches (molecular weight of 
130), may have reduced extravasation compared with 
those with smaller molecular weights and wider molecular 
weight ranges. Colloids with this size molecule may reduce 
endothelial-leukocyte responses and are thought to inter¬ 
act with the endothelial glycocalyx In reducing capillary 
leakiness/ 3 - 73 However these are not yet available In 
the United States. Commercial beta starch is heterogeneous 
In terms of particle size (range, 15 to 3400 kDa), and 
those molecules below 100 kDa could extravasate more 
readily. 

The total amount of colloid administered needs to be 
considered, as doses above 10 mL/kg/day of hetastarch lead 
to coagulopathies. 37 The safe total cumulative dose of hetas¬ 
tarch over time (over days) is unknown. Plasma can be 
administered Instead; however, albumin is relatively small 
(<SS kDa), and much of It can redistribute extravascularly 
because of the altered reflection coefficient. 

Fluid Therapy for Horses with Hypoproteinennia 

K. iiARY MAGOCSUh? 

Similar io horses with systemic vasculitis, those with hypo- 
rotelnemia are at Increased risk for edema formation with 
liI d therapy, making them among the most challenging to 
manage. The presence of concurrent hypovolemia and 
hypoproteinemla is a potential indication for colloids rather 
than crystalloids. Administration of crystalloids alone may 
result In compounding of the hypoproteinemla through 
hemodiludon. 11 With altered Starling's forces, crystalloids 
distribute to the extracellular fluid to a relative greater extent 
than they would otherwise, because of a lack of plasma 
oncotic force for retention. Currently available colloids 
include hetastarch, dextrans, plasma, and concentrated 
human albumin.- 1 ]3 Because of the Increased potential for 
side effects associated with dextrans, there is no clear indica¬ 
tion to use them over hetastarch. -Side effects of dextrans 
reported In horses Include muscle fascLculalions. swaying 
of the hindquarters, tachycardia, and collapse in 8 of 64 
horses. 113 

NLimerous commercial equine plasma products are also 
currently available. .Many Include antibodies to sal monel la, 
endotoxin, and clostridial organisms; these are unlabelled 
claims and are largely unstudied in terms of efficacy. Other 
advantages of plasma, especially for the hypoprotelnemir 
horse. Include provision of albumin, antlthrombln, and 
additional dotting factors. Because albumin has multiple 
functions, including as a carrier protein (drugs, toxins) 
and physiologic buffer, plasma cannot be entire^ 1 2 replaced 
with synthetic colloids. Concentrated albumin has been 
used in rceonasal foals, but its use in adult horses may be 
limited by cost. lL: The potential side effects of human 
plasma products in horses are largely unknown and require 
further study. 

In one study evaluating the response of hypoproteincmlc 
horses with gastrointestinal disease so hetastarch, It was 


determined that [he oncoltc benefit lasted 24 hours; In con¬ 
trast, hetastarch raised the oncotic pressure of healthy 
horses for up to 5 days. 57 - 1 11 Nevertheless, even j short¬ 
term benefit in oncotic pressure may be preferable to the 
dilutions l effects of crystalloids. 

Fluid Therapy for Hemorrhagic Shock (Box 44-5) 

With the exception of prompt hemorrhage control, the key 
component to early trauma care is adequate lluid resuscita¬ 
tion. Traditionally, replacement with isotonic crystalloids of 
three times the' volume of shed blood has been the 
approach In human trauma patients. Up to eight times the 
blood loss volume has been administered In severe shock 
states. 

Despite its importance, high-volume resuscitation is not 
Innocuous; ARDS has been described In patients that 
received massive crystalloid resuscitation after trauma. 114 
Severe trauma patients enter a phase of SIRS, with some 
patients developing multiple organ failure and others 
entering a compensatory antiinflammatory response syn¬ 
drome (CARS). This latter syndrome causes immune sup¬ 
pression and increased susceptibility to Infections. Both 
commercial LRS, which Is a racemic mixture of l- and 
u-lactate, and artificial colloids, namely dextrans and some 
hydroxyethyl starches, have pro Inflammatory effects. 113 It 
appears that the d- lactate (nonmammallan form) is largely 
responsible for the Inflammatory reaction to LRS, because 
removing It from the solution eliminates this effect. 116 
These fluids, both artificial crystalloids and colloids, can 
also cause neutrophil activation and upregulation of adhe¬ 
sion molecules. 11 7 There is currently an i.-isomer form of 
LRS available commercially [Baxter Healthcare Corp., 
Deerfield. IL). Hypertonic saline, on the other hand, has 
been shown to be immunomodulatory and causes 
suppression of neutrophil oxidative burst activity and neu¬ 
trophil-endothelial adhesions. JJS - 12J Hypertonic saline 
counteracts the Inflammatory effects oi dextrans when 
used In combination. 133 Therefore hypertonic saline has 
potential advantages for early fluid resuscitation of patients 
with significant blood loss, afler the source of hemorrhage 
has been controlled. iTtis should be followed with isotonic 


BOX 44-5 


Fluid Considerations for Horses with Acute 

Hemorrhage 

1. For horses with controlled hemorrhage. a combination of 
hypertonic ratine, colloids, and ace Li tod isotonic 

crystal I olds. or physiologic saline cart be used. 

2. Because of experimental evidence of prolnflammatory 
effects of racemic lariated Ringer's solution ^ LRS} In 
severe trauma, use of this solution. should he questioned 
In cases of severe Lrauma until further studies are 
available 

J. Hypertank saline exhibits antiinflammatory effects and 
may have beneflis for horses with sevens trauma, 
especially when LRS or synthetic colloids are used for 
resuscitation. 

-t. For controlled hemorrhage, a volume three to four times 
the estimated blood loss should be administered Ln 
Isotonic crystalloids. 

j. l or uncontrolled hemorrhage, hypotensive resuscitation 
should be employed: small volumes of fluids are 
administered so maintain organ perfusion and a mean 
arterial pressure of tfU mm I Eg until the hernojrh.ige can 
be controlled. 
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crystalloids,, perhaps acetate-containing fluids, such as 
Normosol-R, or physiologic saline rather than racemic lac¬ 
tate, Plasma similarly does not result in Inflammatory cell 
activation, if hetastarch is used, hemorrhage in List he 
controlled before Its administration because of its rapid vol¬ 
ume expansion _as well as dose-dependent induction of 
coagulopathies. 5 - ' 75 - 7fl 

Aggressive fluid resuscitation In the face of uncon¬ 
trolled hemorrhage cannot be justified. Such fluid proto¬ 
cols can exacerbate bleeding as a result of Increases in 
blood pressure, disruption of clots, and hemodiLutiou of 
dotting factors. Instead, a protocol of hypotensive resus¬ 
citation should he followed when bleeding cannot be 
stopped directly. UJ With hypotensive resuscitation, low 
volumes of crystalloids or whole blood should be admi¬ 
nistered to maintain organ vitality without normalizing 
pressures. A goal of maintaining a MAP of 60 mm Hg 
will still allow end organ perfusion while allowing for 
hemostasis. 


Fluid Therapy m Acute Neurologic Injury (Box 44-6) 

l)ARH-:S J. LkAKY 

The approach to fluid therapy In horses and ruminants with 
acute brain or spinal cord injury Is aimed at maintaining 
oxygen delivery and energy supply to meet the metabolic 
demands of the neuronai tissue, and fluid therapy is a 
fundamental pan of preventing or minimizing secondary 
neuronal Injury, Ischemia, and irreversible damage. 

'['he primary goals of fluid therapy for both Drain and 
spinal cord Injury follow similar principles and include pre¬ 
vention and/or prompt recognition and treatment of hypo¬ 
volemia and hypotension, intracranial hypertension (or 
cerebral edema), and giucose and electrolyte abnormalities. 

Although both brain and spinal cord in furies are poten¬ 
tially life-threatening In Large animals, acute brain in|ury Is 
likely to be the most. Influenced, either negatively or posi¬ 
tively, by the particular fluid therapy plan that, is Instituted, 
t his Is mainly because the crania! vault Is a closed space, 
composed of brain (approximately SG%), blood (approxi¬ 
mately E0%) and C5F (approximately 1Q%). An increase 
in one component has to result In a compensatory decrease 
in another. The presence of the blood-brain harrier, Intact 
or not, is another Important factor In the selection of the 
most appropriate fluid for management of acuie brain 
injury. 

The most important consideration in the management 
of cerebral injury 7 is the maintenance of cerebral blood 



FJtiEd Guide lines for Horse 5 with Acute 
Neurologic Injury 


1. The dinted ou(comc of laF^e animat patterns with brain 
and spinal cord Injury may be Improved by die prompt 
recognition and treatment of systemic and central nervous 
system hypoperfusion. 

2. isotonic crystalloid solutions appear to be the most 
appropriate fluids, for rcsuadlathon In acute neiiTo!og,k 
injury, followed by careful administration of 
hyperosmolar therapy with mannitol or hypertonic saline 
if evidence of cerebral edema Is present. 

i Dtligem monitoring of clinical and laboratory measures ol 
perfusion, asm clarity, and electrolyte concentrations Is 
Important for optimizing patient care and the likelihood 
of recovery in these patterns. 


flow (CBF), which Is often reduced postlnjury. The major 
determinant of CBF is cerebral perfusion pressure (CPP), 
which is the difference between MAP and intracranial 
pressure (1CT) as defined by the following equation 
C VP = MAP ICP. In the normal brain, cerebral auto re¬ 
gulation maintains a relatively constant CBF despite wide 
variations In perfusion pressure, within the range of 50 to 
150 mm Hg (In humans), in the ln|ured brain autoregu- 
I a lion may be impaired, often with concurrent traumatic 
shock and hypotension, and CBF becomes directly depen¬ 
dant on CFT. Therefore It becomes critical Lo prevent 
hypotension hy maintaining MAP >80 mm Hg and to 
avoid increases In ICP that result from cerebral edema 
or hemorrhage. ICP Is not routinely measured In large 
animal patients, limiting its use In guiding fluid therapy. 
However, neurologic signs suggestive ot elevated ICP 
(such as obtunded mentation, mydriasis) Indicate the 
need for specific treatment to reduce ICP r with frequent 
reassessment of neurologic status being important In 
determining response to treatment. 

Fluid management In Large animal patients with acute 
neuroiogic Injury is essentially based on the principles and 
guidelines established In human medicine from extensive 
laboratory and clinical studies. The Ideal fluid for these 
human patients remains controversial and Is a topic of 
ongoing research. When presented w r Llh a large animal 
patient with central nervous system in|ury, the clinician 
should formulate a fluid therapy plan tailored to the indi¬ 
vidual animal, based on findings of thorough physical and 
neuroiogic examinations and assessment of laboratory data. 

1 suggest the following goal-directed approach: 

■ Coal 1—Treat hypovolemia and hypotension w r Llb ade¬ 
quate fluid replacement therapy to attain a normovole¬ 
mic and normolenslve stale. 

■ Coal 2 —'t reat signs of cerebral edema or intracranial 
hypertension with hyperosmolar therapy. 

■ Coal 3—Use fluid additives to normalize glucose 
and electrolyte values, and provide thiamine supple¬ 
mentation. 

REPLACEMENT FLUID THERAPY FOR NEUROLOGIC 
TRAUMA CASES, Although fluid restriction historically 
has been advocated for patients with traumatic brain Injury 
(1131) under the premise that Intravenous fluids Increase 
cerebral edema formation, this* practice is no longer recom¬ 
mended. in humans or horses, for two main reasons. First, 
inadequate data supporL the iheory that fluid restriction 
decreases cerebral edema formation, and, second, systemic 
hypotension has been associated with Increased mortality 
and poor neurologic outcome in human patients with 

XBij 124-126 

Therefore prompt restoration of adequate intravascular 
volume with the goal of achieving and maintaining euvote- 
mla and normal blood pressure should be the primary goal 
of fluid management In patients with neurologic Injury 
This Is best achieved and conlrolied via the intravenous 
route in injured horses. Over hydration should be avoided, 
particularly In neonates, which are more susceptible to vol¬ 
ume overload than adult horses. 

Selection of the appropriate fluid for replacement therapy 
requires an understanding of the role of the blood-brain 
barrier. Because of Els unique properties, the development 
of cerebral edema is fundamentally different from edema 
formation in other organs or tissues. 117 Briefly, the normal 
blood-brain barrier functions as a semlp-ermeable mem¬ 
brane, separating the brain from the intravascular space. In 
the normal animal the blood-brain barrier Is Impermeable 
to large molecules (plasma proteins) but Is only minimally 
permeable lo most Lons, ll Is freely permeable lo water, how¬ 
ever. The Loniclly of the intravascular fluid, determined by Us 
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sodium concentration, influences the movement of free 
water across ihe blood-brain barrier by creating an osmotic 
pressure gradient between the brain interstitium and the 
intravascular space. In TBl ihe blood-brain barrier may be 
damaged, often producing heterogeneous regions of varying 
degrees of blood-brain barrier Integrity and permeability. 
Unfortunately, demonstrating and predicting the extent of 
such in|ury in clinical patients Is very difficult; the clinician 
often likely has to assume the presence of normal brain 
and functional blood-brain barrier regions for certain princi¬ 
ples of fluid management, such as osmotherapy., to he 
effective. 128 

Hypotonic crystalloids, such as 5% dextrose In water or 
0.45% saline solutions, are contraindicated in TB1 patients. 
They lower plasma osmolarlty and result In excess freewater 
diffusion Into the brain, with subsequent cerebral edema 
formation. Hypotonic fluids should be avoided for rapid 
volume replacement In patients tvith brain injury. 

Isotonic crystalloids, such as 0.9% saline, LR5, and Nor- 
mosol-R, create a minimal to no osmotic gradient across the 
blood-brain barrier, are readily available and Inexpensive, 
and are therefore she current fluids of choice for replace¬ 
ment and maintenance therapy In brain and spinal cord 
injury patients. 

Hypertonic crystalloids, such as 7.5% saline, create an 
osmotic gradient across the blood-brain barrier In favor of 
free water movement out of the brain, thereby reducing 
ICP. Hypertonic fluids are Indicated cnfy after adequate 
provision of intravascular fluid volume In horses with signs 
of elevated I CP or deteriorating neurologic status and are 
discussed in more detail In the following section on hyper¬ 
osmolar therapy. 

Colloids, such as plasma, human albumin, and the syn¬ 
thetic agents hetastarch, penlaslarch and dextran, exert vari¬ 
able oncotic pressures and are very effective for intravascular 
volume expansion and maintenance, Ihe use of colloid 
solutions in neurologic Injury is debatable, mainly because 
ihe major determinant of fluid flux across the blood-brain 
barrier is plasma osmolarlty, and because colloids contrib¬ 
ute only a small number of particles in plasma, even large 
changes in plasma colloid oncotic pressure only minimally 
influence water movement across the normal blood-brain 
barrier. This Is In contrast to the effectiveness of even small 
changes in plasma osmolarlty. 129 In addition, the relatively 
higher cost of colloid solutions and the greater risk of devel¬ 
opment of hemostatic abnormalities and allergic reactions 
suggest Little benefit of colloid solutions over crystalloids 
in cases of ITU. The exception Is when they are used In com¬ 
bination with crystalloids for fluid volume expansion, 
provided hydrostatic pressures are not Increased excessively 
as a result of the colloid Infusion. 127 

HYPEROSMOLAR THERAPY IN BRAIN AND SPINAL 
CORD INJURY. If clinical evaluation of the equine patient 
with TBl suggests the patient has, or Is at risk for develop¬ 
ing, Intracranial hypertension, then osmotherapy may be 
indicated. Clinical signs such as obtunded mentation, pro¬ 
gressive mydriasis, or any deterioration of neurologic status 
may indicate Increased Intracranial hypertension. Hyperos¬ 
molar solutions exert their effect of reducing ICP by creating 
an osmotic gradient across the blood-brain barrier of at 
least a 10 mOsm/L. Studies In humans suggest that the 
goal of Increasing plasma osmolarlty without exceeding 
320 mOsm/L Is probably a safe and effective approach. 1 
It Is advisable to measure plasma osmolarity in large animal 
patients, at least before administration of hyperosmolar 
solutions, to avoid excessive increases in plasma osmotic 
pressure. Osmotherapy should be Instituted only after resto¬ 
ration of adequate Intravascular volume and blood pressure 
if CPP Is to be optimized. 


The two most commonly used and available hyperosmo¬ 
lar solutions for use In large animals are mannitol (20%) 
and hypertonic (3% to 7.5%) saline. Both agents have been 
shown to be effective in Lowering ICP In human TBl 
patients, and although there has been recent renewed Inter¬ 
est in hypertonic saline, studies comparing the effectiveness 
of the two agents have not yet demonstrated a consistent 
benefit of one solution over the other. 

Mannitol (20%) Is a six-carbon sug^ir with an osmolarlty of 
1098 mOsm/L. The recommended dose Is a 0.25- to L-gMtg 
Intravenous bolus administered over 20 to 30 minutes, eveiy 
6 to S hours. r [he ICP-reducing effects of hyperosmolar solu¬ 
tions are believed to be blphasic in nature. After bolus dose 
administration, there is an Initial plasma-expanding effect that 
reduces blood viscosity and hematocrit and improves rheo¬ 
logic properties of red blood cells, resulting in reduced 
[CP and improved CBF. After this immediate hemodynamic 
effect Is a delayed osmotic diuretic effect resulting from the 
decreased reabsorption of sodium and water by the renal 
tubules, which also contributes to [CP reduction. Onset of 
effect of mannitol therapy Is 15 to 30 minutes after bolus 
administration. Mannltor should not be administered as a 
continuous infusion for the purpose of treating cerebral 
edema, as it loses its plasma-expanding effects and Increases 
the likelihood of development of side effects. 131 

The detrimental effects of mannitol are more likely to 
develop and become clinically significant w r lth excessive or 
prolonged (>2 to 3 days) use. Side effects include hypovole¬ 
mia and hypotension caused by excessive diuresis, electrolyte 
disturbances (hyponatremia, hypochloremla, hypokalemia, 
hypocalcemia), acute renal failure, and a rebound increase 
In ICIP associated with reversal of the osmotic gradient, a 
phenomenon most likely explained by accumulation of the 
osmotic agent In brain tissue after movement across regions 
of damaged blood-brain barrier. I5J There Is insufficient evi¬ 
dence to support the dogma that mannitol is contraindicated 
In the presence of Intracranial hemorrhage. 

ElyperlonLc [7.5%) saline has an osmolarity of 2400 
mOsm/L and, similarly to mannitol, effectively reduces ICP 
primarily through an immediate hemodynamic effect followed 
by a delayed osmotic effect. I lypertonic saline can be adminis¬ 
tered as an Intravenous bolus dose [4 mL/kg) or as a CRI 
Hypertonic saline may have addition beneficial effects over 
mannitol In TBl because of rapid augmentation of cardiac out¬ 
put, contractility, and MAP with administration of smaller 
volumes. In addition, hypertonic saline Is theoretically less 
Likely lo cross the blood-brain barrier Shan mannitol because 
the reflection coefficient of NaCl is 1 (not permeable), com¬ 
pared with 0.9 for mannitol (more permeable). Additional 
benefits of hypertonic saline on the injured brain Include Na-re¬ 
lated stabilization of cell membrane electrochemical gradients 
and modulation of the Inflammatory' response. 112 

Laboratory studies Investigating the effect of hypertonic 
saline In resuscitation after spinal cord Injury have also 
shown promising results, with Increased spinal cord blood 
flow, down regulation of the Inflammatory response, and 
attenuation of spinal cord Injury. 133 Further clinical studies 
are needed. 

Complications of hypertonic saline are uncommon and 
Include hypernatremia and development of central pontine 
mvellnolysls (theoretic, as it has not been reported to occur 
when used in cases of TBl). 130 Hypokalemia can occur 
because of kalturesis In response to reabsorption of large 
amounts of Na in the distal tubule, as well as hyperchlore¬ 
mic acidosis, emphasizing the importance of regular assess¬ 
ment of hemodynamic and plasma electrolyte and acid-base 
status. Coagulopathy and bfeeding complications can occur 
as a result of dllutional effects but are of more concern In 
the actively bleeding patient. Risk of hypovolemia and acute 
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renal failure are not reported for hypertonic saline in TBl, 
although renal insufficiency Is a relative contraindication lo 
all hyperosmolar tberajpy. Rebound elevations in I CP can 
occur with withdrawal of therapy; therefore slow, gradual 
weaning of hypertonic saline Infusions is recommended. LW 

Osmotherapy Is likely to be most effective if initiated 
early (after isotonic fluid replacement) and tvith duration 
determined by response lo therapy,, with dose observation 
and monitoring to minimize development of side effects. 

FLUID ADDITIVES IN NEUROLOGIC INJURY 

Ghicose. It has been widely recognized that hyperglyce¬ 
mia Is a common occurrence in acute brain in|ury in 
humans. 1 Hyperglycemia Is believed to worsen neuronal 
in|ury and Is associated with increased mortality and neuro¬ 
logic outcomes after TQI L3Jl35 Consequently, glucose 
supplementation during large-volume fluid replacement 
should be avoided, unless the patient Ls hypoglycemic. 

It has not been determined whether hyperglycemia after 
TBl is a physiologic reflection of the response and severity 
of injury, or If it contributes to the progression of secondary 
brain Injury. Nevertheless, in ischemic brain tissue aerobic 
metabolism is Impaired and excess glucose leads lo lactate 
accumulation and Intracellular acidosis via anaerobic 
metabolism; this can contribute lo a prolnflammatory and 
prooxidant slate, thereby potentially worsening neurologic 
3n|urv and increasing cell death. 310 A beneficial effect of 
reducing blood glucose with insulin therapy in human 
patients w r lsh TBl has been suggested but has not been clini¬ 
cally proven at this lime. 310 

It Ls prudent to avoid hypoglycemia as well as hypergly¬ 
cemia In neurologic in|ury. Jne brain is dependant on a 
constant supply of glucose for aerobic energy production, 
and glucose use may be increased after TBl, thereby Increas¬ 
ing energy demands. These factors should be considered in 
the monitoring and fluid therapv plan for any large animal 
with neurologic Injury, particularly neonates, as they are 
more susceptible to hypoglycemia. 

Tlitamfne. Thiamine (vitamin E|) is a water-soluble B 
vitamin synthesized only by plants and microorganisms. 
.Most animals have a nutritional requirement for this vita¬ 
min, although adult ruminants and horses normally can 
obtain adequate quantities produced by bacteria in the 
rumen or cecum. 

Thiamine, In Its active form (thiamine pyrophosphate), 
plays a very important role in glucose metabolism and 
energy production, where It functions as a required cofaclor 
for certain enzymes (pyruvate dehydrogenase, i-ketogluta- 
rate dehydrogenase, branched-chaln ketoacid dehydroge¬ 
nase, Iransketolase) involved in glycolysis, the citric acid 
cycle, and die pentose phosphate pathway. Thiamine is also 
important in nerve and muscle function, where U plays a 
role in neurotransmission and excitation. 

Thiamine deficiency is known to be associated with neu¬ 
rologic disease In humans and In ruminants (polioencepha- 
lomalacla). Determination of thiamine status of an anLmal 
requires measurement of red blood cell iransketolase activ¬ 
ity; therefore measurement and documentation of thiamine 
deficiency In clinical cases Ls not routinely reported. 
Whether or not supplementation of thiamine in acute 
traumatic neurologic Injury is indicated Is not currently sup¬ 
ported by published evidence. However, given the increased 
susceptibility of damaged neuronal tissue to inadequate 
energy production and supply, the practice of thiamLne sup¬ 
plementation in neurologic in|ury In large animals appears 
justified. In addition, recent experimental investigation sug¬ 
gests a potential neuroprotective role of thiamine In reactive 
oxygen species-induced neuronal Injury. 117 The author 
(D]F) has used a dose of 5 to 10 mg of thiamine per kilo¬ 
gram diluted In crystalloids. 


Thiamine should be protected from Light. 

Electrolytes, Sodium disturbances can have serious conse¬ 
quences in brain Injury and should be corrected promptly if 
(hey are acute [<24 hours'" duration). Isotonic fluid adminis¬ 
tration is appropriate In the majority of cases. Glucose and 
mannitol cause translocation of ivater into the extracellular 
fluid, and excessive amounts can lead to a clinically signifi¬ 
cant reduction in sodium concentration, as can free water 
administration with hypotonic fluids. If hyponatremia (Na*- 
<J25mEq/L) is believed to have been present for >24 
hours, then slower correction (0.5 mEq/L/nr) is needed to 
avoid development of central pontine myellnolysis. 

Calcium Is essential in maintaining cell membrane 
potentials and promoting neuretransmitter release. Exces¬ 
sive intracellular calcium accumulation Is also well recog¬ 
nized as one of the most Important pathtvays of second a ry 
neuronal damage. During conditions of cerebral or spinal 
cord ischemia, inadequate energy supply In the form of 
adenosine triphosphate (ATP) leads to widespread neuronal 
depolarization and alterations in ion channel permeability, 
ultimately resulting in excessive intracellular calcium con¬ 
centrations and cell death. 

Serum total and ionized calcium concentrations are 
measures of extracellular calcium, and so the goal of target¬ 
ing intracellular calcium homeostasis Ls Limited lo main¬ 
taining normal extracellular fluid concentrations al this 
time. Because of the known toxic effects of excessive calcium 
in neuronal Injury, a conservative approach to calcium sup¬ 
plementation may be justified In the acute fluid manage¬ 
ment of large animal patients. In order to prevent the 
detrimental effects of hypocalcemia, one approach may 
be to avoid the addition of calcium to the intravenous fluids 
over the initial 24 to 4& hours unless the Ionized calcium 
concentration is <1.0 mmol/L or clinical signs of hypocal¬ 
cemia are present. 

Magnesium Is an important cofactor In many enzymatic 
reactions and for the regulation of sodium and potassium 
transport across cell membranes through activation of the 
Na-K ATPase pump. Magnesium Is essential for central ner¬ 
vous system cellular energy metabolism, modulation of 
excitatory amino acid transmission, and calcium channel 
antagonism. After neurologic injury, disruptions in the 
blood-brain barrier may impair regulation of CSF magne¬ 
sium concentrations, and hypomagnesemia Ls commonly 
recognized In human patients with brain Injury. 135 Experi¬ 
mental and clinical evidence suggests that a depletion of 
CSF magnesium concentrations is associated with the 
risk of secondary neurologic injury. 150 Studies also suggest a 
neuroprotective effect of intravenous magnesium administra¬ 
tion after traumatic brain injury, 150 although results of other 
studies are conflicting. 330 Currently the dose of intravenous 
magnesium needed to achieve adequate CSF concentrations 
for neuroprotective benefits Is unknown. 

In large animal patients It would seem Important to 
monitor serum total and ionized magnesium concentra¬ 
tions to prevent and treat hypomagnesemia after neurologic 
in|ury. Selection of Intravenous fluids containing magne¬ 
sium, such as Normosol-R (Mg J + = 5 mmol/L) may be 
beneficial. 

Other electrolyte disturbances identified commonly in 
patients with neurologic Injury include hypokalemia and 
hypophosphatemia. A combination of decreased dietary 
intake and increased renal loss as a result of diuretic therapy 
is a likely explanation. Because of the Important role of 
potassium In establishing normal resting membrane poten¬ 
tial and nerve conduction, among other functions, regular 
monitoring and intravenous fluid supplementation if serum 
potassium concentration decreases to <3.0 to 3.2 mEq/L is 
indicated in large animal patients with neurologic in|ury. 
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Serum phosphate concentrations are not as routinely 
monitored as other electrolytes. In large animal patients, 
and so deficiency is rarely reported. Clinical signs of 
hypophosphatemia usually do not manifest untli serum 
concentrations fall below I mg/dl. In humans and ani¬ 
mals. It is Important Eo recognize phosphate deficiency 
in patients with recent neurologic Injury because it can 
cause or contribute to altered mental status, muscle weak¬ 
ness, seizures, respiratory insufficiency, and ventricular 
dysrhythmias, Because clinical manifestations of hypo¬ 
phosphatemia have not been reported In horses, It is 
difficult to make recommendations for supplementation 
] have used a dose of 0.01 mmoi/kg/hr of sodium phos¬ 
phate when marked hypophosphatemia has been present 
in horses. 

Fluid Therapy for Horses with R Nab do myolysis 
(Box 44-7) 

A'. GARY MAGDESVM 

Horses with severe rhabdomyoiysis are at risk for renal fail¬ 
ure from myoglobinuria and hypovolemia, in addition, they- 
may develop marked electrolyte derangements from cell 
lysis, Including hyponatremia, hypochloremic, hyperkale¬ 
mia, and hyperphosphatemia. 140 - 141 In one study evaluating 
the electrolyte changes in horses with acute rhabdomyoiysis, 
the most consistent abnormality was bypochloremia. 140 
These changes have been reported In foals with rhabdomyol- 
ysis as a consequence of selenium deficiency w r lth or without 
vitamin E deficiency, possibly combined with increased oxi¬ 
dant stress resulting from sepsis or hypoxia and reperfusion 
injury after parturition. 141 Three of four foals developed 
cardiac arrhythmias characterized by spiked T w r ave and 
decreased P wave amplitude on electrocardiographic analy¬ 
sis. Destruction of the major intracellular fluid compartment 
through extensive myonecrosis, combined with myoglobi- 
nuric renal insufficiency, produces major fluid shifts and 
electrolyte derangements. In this report foals with hyperkale¬ 
mia caused y rhabdomyoiysis were effectively treated with 
mineralocorticoids, ioop diuretics, and ion exchange resins 
to enhance elimination of potassium. Intravenous calcium, 
glucose, insulin, and sodium bicarbonate were also adminis¬ 
tered to help redistribute potassium back to the intracellular 
fluid. 14 L 

Metabolic acidosis is not common in horses with acute 
rhabdomyoiysis, and alkalosis associated with hypodiloremia 
may be more of a concern. 140 Therefore the use of sodium 
bicarbonate may not be Indicated in the treatment of all such 
patients. In fact,, fluids with relatively higher chloride concen¬ 
tration as compared with horse plasma may be optimal when 
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Fluid Considerations Tor Horses with Rhabdomyoiysis 

I Horses with acute myopathies often exhibit 

Isypochloreniij and may have concurrent hyponatremia, 
hyperkalemia,, and hyperphos p h a tern L a , especially when 
?he rhabdomyoiysis Ls severe. 

2. Because metabolic acidosis is not a common fiuddnp.. the 
indiscriminate use of sodium bicarbonate should be 
avoided. 

T Lactated. Ringer's solution and. 0.9% sodium chloride are 
fluids wish a physiologic basis for use with 
rhabdomyoiysis. 

3. Horses with acute myopathies should be administered 
fluids at a rate greater than maintenance requirements rin 
order to provide lor diuresis ul myoglobin. 


hypochloremta is present. These include LRS (chloride, 
103-mEq/L) and D.9% saline (chloride, 154 mbq/L). if LRS 
Is used, attention should be paid to serum potassium concen¬ 
trations. because LRS contains potassium chloride in the 
amount of 4 mfiqv'L (see Table 44-1). LRS might be preferable 
over acetate-containing fluids such as Normosol-Ror Flasma- 
Lyle J4ii because the liver Is [be primary organ of lactate 
metabolism, whereas the muscle tissue plays a larger role In 
metabolism of acetate. In addition, the chloride concentration 
of these acetated fluids is lower than that of LRS. Lactate in 
LRS does not preclude its use in hyperlactatemic horses with 
muscle disorders, because hepatic metabolism of lactate 
occurs rapidly once plasma volume is expanded. In addition, 
Lactate is not necessarily markedly elevated In horses with 
rhabdomyoiysis. 142 

Hereditary causes of rhabdomyoiysis in horses include 
polysaccharide storage myopathy, glycogen branching 
enzyme deficiency, and recurrent exertional rhabdomyoiysis 
[RER). 145-145 Because an alteration in muscle cell calcium 
regulation is a primary feature In the pathophysiology 
of REiR, calcium supplementation of fluids administered to 
affected horses should be avoided.- 146 Serum potassium 
concentrations should be monitored frequently in horses 
with rhabdomyoiysis, because of risks associated with 
hyperkalemia. 

Because horses with acute rhabdomyoiysis are at risk for 
renal failure, rales of fluid administration should exceed 
maintenance requirements. Affected horses are usually hypo¬ 
volemic and dehydrated, and In severe cases horses are myo¬ 
globin uric. Myoglobin Is nephrotoxic directly, as well as 
IndlrecLly causing renal arteriolar vasoconstriction and hypo- 
erfusion. Rates of fluid administration vary with individual 
□ id balance and renal function, but 1.5 to 2 times mainte¬ 
nance requirement is a reasonable starling point. The rate 
can be adjusted based on the rale of creatine kinase (CK) 
decline and resolution of myoglobinuria. 

Fluid Therapy for HyperRalemk Periodic Paralysis 
(Box 44-8) 

K. i JLttf AlACTitSl.ltt 

Ihmerkalemic periodic paralysis (HYPP) Is caused by a genetic 
defect in the sodium channel on the sarcolemma, resulting 
In intermittent signs of sweating, muscle fasdculatlons, 
stridor, and weakness. 1 2 ' 3 * 5 " Stressors such as anorexia, anesthe¬ 
sia, concurrent Illness, trallerlng, and cold environmental tem¬ 
peratures can precipitate hyperkalemia and onset of clinical 
signs, fluid therapy for horses with hyperkalemia should be 
low or free of potassium. Physiologic (0.9%) saline and Iso¬ 
tonic sodium bicarbonate (l/3%) aie options. Of note is that 
these two fluid types have potential effects on acid-base physi¬ 
ology, with saline producing a mild strong Jon acidosis and 
sodium bicarbonate a metabolic alkalosis. Another option 
for horses without acid-base disturbances is to combine 


BOX 44-B 


Fluid Guidelines for an Acute Hyperkalemk Periodic 
Paralysis Episode 


j. 1 to 2L> ml. of 0.9% saline per kilogram, depending an 
severity and duration 

2. 2.5% to 5% dextrose- 

'■!. J mLq of sodium bicarbonate per kilogram 

0.2 io 0.5 miiq of calcium per kilogram [0.2 Lu 0.5 rnL of 
23% calcium gluconate per kilogram] 

5. For refractory cases— Insulin can be added to dexirose 
supplementation (regular Insulin, L?.Qt to 0.1 u nlt/kg' hr J 
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commercial balanced polylonic fluids, such as LRS or Narmo- 
sol-R, with one of these fluids. iTris would dilute the potassium 
administered from the LRS or Normosol and would minimize 
the effects of saline or sodium bicarbonate on acid-base 
balance. 

Fluid therapy for horses experiencing stressors such as 
forced withholding of feed before surgery or off feed 
because of concurrent Illness should be administered fluids 
with dextrose and/or calcium supplementation prophylac- 
tically at a maintenance rate. These additives may mini¬ 
mize the development of hyperkalemia and subsequent 
EIYPP episodes. Calcium does not decrease serum potas¬ 
sium concentrations but rather protects the heart from Its 
adverse effects by raising threshold potential. Horses 
experiencing an active episode of hyperkalemia or showing 
clinical signs of I1YPP should be administered 0.9% saline! 
sodium bicarbonate (1 mtq/kg empirically], dextrose 
(2.5% to 5% for provision or 0.5 to 2 mg of dextrose per 
kilogram per minute), and calcium [0.2 to 0.5 mEq of 
23% calcium gluconate per kilogram). Calcium and 
sodium bicarbonate should not be administered concur¬ 
rently in (he same fluid administration set because of a 
potential for precipitation. LR5 also contains calcium, 
and therefore sodium bicarbonate should not be added 
directly to it. Administration of two 5-L bags of saline with 
2.5% to 5% dextrose, with one bag containing calcium 
(250 ml. of 23% calcium gluconate total) and the other 
containing sodium bicarbonate (1 mEq/kg) given sequen¬ 
tially, is a reasonable approach to treating an acute epi¬ 
sode. Some horses may not require this volume of 
crystalloid and can be treated with less.; If less volume is 
desired, 4 to 6 ml of saline per kilogram can be adminis¬ 
tered. Dextrose, calcium, and sodium bicarbonate can be 
added to 1-L bags; the sodium bicarbonate and calcium 
must be kept separate. In this case 5% dextrose, 0.2 mL 
of 23% calcium gluconate per kilogram, and 0.5 to 
I mEq of sodium bicarbonate can be used. ,ls 

Long-term management of horses with EIYPP consists of a 
low-potassium diet, regular exercise, attempts to minimize 
stressors, and medications such as acetazolamlde and phe¬ 
nytoin.1 lorses undergoing chronic acetazolamide therapy 
could theoretically develop hyperchloremia and a tendency 
toward metabolic acidosis because of the effects of long-term 
inhibition of carbonic anhydrase. Administration ot large 
volumes of 0.9% saline can compound hyperchloremia^; 
to minimize acidemia, It can be coadministered with Isotonic 
sodium bicarbonate or other alkallnlzing crystalloid w r hen 
such horses require long-term fluid therapy devoid of or 
low In potassium. Phenytoin can mask the clinical signs of 
EIYPP, even when hyperkalemia Is present; It must be 
emphasized that phenytoin should not be the sole prophy¬ 
lactic medication in these horses, because hyperkalemia 
may be left unchecked. 149 

Fluid Therapy for Competitive Endurance Horses 

C. LANGDGN FtLLLMNU 

Endurance horses are disqualified from rides for a variety of 
metabolic or lameness problems. Veterinarians are responsi¬ 
ble for the emergency treatment of horses with metabolic 
derangements, but there Is a paucity of research available for 
guidance. Fluid therapy Is an essential component of the ther¬ 
apeutic management of critically 111 endurance horses. 

GENERAL APPROACH TO FLUID MANAGEMENT OF 
ENDURANCE HORSES. Endurance horses experience signif¬ 
icant fluid Losses during competition; even horses success¬ 
fully completing rides lose approximately 5% of body 
weight In water. 15a - ]5L I lorses presented for treatment of met¬ 
abolic problems often exhibit clinical signs of hypoperfusion. 


In evaluating sick endurance horses the seven clinical perfu¬ 
sion parameters should be evaluated: 

1. Mentation 

2. Eleart rate 

3. Pulse quality 

4. Mucous membrane color 

5. Capillary refill time 

6. Extremity temperature 

7. Jugular fill 

Urine production, when apparent, can be used as an 
additional perfusion parameter. In the absence of poLyuric 
renal failure, urine output signifies renal perfusion, which 
is one means of assessing organ perfusion. Horses with 
altered mentation, persistent tachycardia [>60 bpm), poor 
peripheral pulse quality, pale mucous membranes, capillary 
refill time >2 seconds/cool extremities, or lack of urine pro¬ 
duction should be considered candidates for fluid therapy. 

The rapid administration of Large volumes of crystalloIds 
is the basts of treatment at many ride events. Volume load¬ 
ing Increases preload, thereby enhancing stroke volume, 
cardiac output, and subsequent oxygen delivery. One sug¬ 
gested protocol for fluid resuscitation of hypovolemic 
endurance horses is (he fluid challenge method described 
earlier; ibis consists of a bolus dose of 20 mL of Isotonic 
crystalloid per kilogram (10 L for an average, 500-kg horse) 
followed by reassessment of the seven perfusion parameters. 
If the parameters have not improved in response so the Ini¬ 
tial bolus, (hen another 20-mL/kg bolus should be adminis¬ 
tered and followed by clinical reassessment. Approximately 
L hour is required to administer a 10-L bolus through a 
14-gauge intravenous catheter and standard administration 
set; multiple catheters or those with large bores [10 gauge) 
can be used for more rapid administration. Affected horses 
may require up to 40 to SOL of ciystallolds to address 
hypovolemia. 

Several types of Intravenous crystalloids are available for 
administration to endurance horses. LRS and .Normosol-R 
are balanced polylonic crystalloids commonly administered 
lo treat hypovolemia In these horses. Specific electrolyte 
abnormalities may dictate the use of Isotonic saline (when 
hypochloremic alkalosis is present) or fluid additives 
(potassLum chloride or calcium gluconate when hypokale¬ 
mia or hypocalcemia Is Identified/ respectively). Itie electro¬ 
lyte and serum blocbemlstiy profiles of endurance horses 
that fail to finish a race are not necessarily markedly abnor¬ 
mal and allow r the use of commercial fluids such as LRS. 151 
Electrolyte monitoring Identified hypokalemia as a common 
derangement in a small group of horses treated for metabolic 
disorders during a 100-mile endurance ride.(Fielding CL 
unpublished data from the Western States 100-mile endurance 
ride, 2005 and 2006). 

Calcium supplementation is common during fluid ther¬ 
apy of pulled endurance horses. However, results of studies 
examining the concentration of tola I and Ionized serum cal¬ 
cium in horses during endurance rides have been equivocal 
as to calcium status. ]5D - 152 If calcium Is used, It can be 
added to fluids through the use of calcium gluconate 
(1 mL of 23% calcium gluconate per kilogram at a rate of 
50 mL of crystal I old per liter). Calcium supplementation is 
required Ln horses with synchronous diaphragmatic flutter 
and should be administered until clinical signs resolve, 152 
Excessive use of calcium Ln endurance horses may not be 
warranted, as it plays a role in cell death and apoptosis, par¬ 
ticularly with reperfusion in|ury; supplementation of cal¬ 
cium In humans with rhabdomyolysis is controversial. 1,54 

Endurance horses with prolonged ileus or anorexia may 
benefit from dextrose supplementation of fluids. A dose of 
L mg of dextrose per kilogram per minute Is well tolerated 
by adult horses and is equivalent to 3% dextrose Ln fluids 
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administered at a rate of I L/hr for a 50-0-kg horse, Ideally, 
blood glucose concentrations should be monitored in 
horses administered dextrose to avoid hyperglycemia. 

Medications commonly used in the treatment of endur¬ 
ance horses with metabolic derangements may affect fluid 
balance and should be considered In horses receiving fluid 
therapy. Sedatives and tranquilizers such as a^-agonists 
(xylazine, detom id Ene, roml fldine) and phenolhiazlnes 
(icepromazine] have deleterious effects on card Lac output 
and/or blood pressure. I55< 155 Drugs such as dimethyl 
sulfoxide (DM SO) and c^-agonlst sedatives also affect 
urine output and can therefore alter fluid balance. 157 - 156 

The following metabolic conditions are common meta¬ 
bolic disorders of endurance horses. 

EXERTIONAL MYOPATHY. Intravenous fluid therapy is 
the most important feature of treatment for rhabdomyoly¬ 
sis. She reader is referred to the section on fluid therapy in 
rhabdomyolysis elsewhere in this chapter. Fluids should 
be administered in 10-L (20-mL/kg) boluses until urine out¬ 
put Is achieved and the urine is grossly clear. Low doses of 
fluntxln meglumine {0.5 mg/kg IV) are indicated for Inflam¬ 
mation once hypovolemia is resolved and diuresis Is 
achieved. Adequate fluid resuscitation is indicated before 
release of affected horses because exertional rhabdo myolysis 
has been associated with severe renal failure In both 
humans and horseymtso Horses with myopathies should 
he monitored closely and reevaluated within 48 hours for 
azotemia and progress of increased muscle enzymes. 

FAILURE TO RECOVERY. Horses that are pulled from 
ride events because of persistent tachycardia warrant close 
monitoring. Such horses often require treatment at a later 
time. The seven clinical perfusion parameters should be 
evaluated thoroughly, and any animal with equivocal circu¬ 
late ry or hydration status should be reevaluated frequently 
to make sure that Lt is improving through voluntary eating 
and drinking, rather than deteriorating further. Those with 
dear hypovolemia or failure to Improve with rest should 
be administered Intravenous fluids as described earlier. 

SYNCHRONOUS DIAPHRAGMATIC FLUTTER (THUMPS). 
Synchronous diaphragmatic flutter Is typically associated 
with hypocalcemia, and concurrent metabolic alkalosis, 
hypochloremic and hypokalemia are often also present 
and have been implicated in its development. 161 Many 
affected horses are otherwise stable hemodynauticalLy and 
meet ail the criteria for adequacy of perfusion. Despite these 
findings, horses with thumps often require treatment 
with intravenous fluids supplemented with calcium for 
resolution of hypocalcemia and clinical signs. Calcium gluco¬ 
nate can be added to 5-Lbags of crystalloid (0.5 mL of 23% 
calcium gluconate per kilogram per 5-L bag), and fluids with 
dilute calcium can be administered as a boms. Adverse effects 
of rapid calcium administration include bradycardia and 
warrant slow administration. Many mildly affected horses 
would likeiv resolve synchronous diaphragmatic flutter with 
oral electrolytes and/or the consumption of feed (particularly 
alfalfa). 

Fluid Therapy for Bum (Thermal) Injury (Box 44-9) 

X. GARY MAK3XSIAM 

Horses with severe burn in|uries develop hypovolemic 
shock and require large volumes of balanced electrolyte 
replacement fluids. 162 Elyperlonlc saline and colloids may 
also be used but should be followed with isotonic crystal¬ 
loids. In humans with burn injuries the guidelines for rale 
of administration of isotonic fluids is 2 to 4 mL/kg for 
each percentage of surface area burned (Parkland for¬ 
mula). 10 Recently a retrospective study found that signifi¬ 
cantly laiger volumes of fluid {5.53 mL/kg per percent 



Fluid Guidelines for Bum Injury Patients 


j. I [j.'ptrreink Milne can be used Let the re.Husekaltw phase rif 
burn pnLtenis but should be followed with isotonic 
crystal I olds. 

2. Colloids can be used in conjunction with or Ln place of 
hypenonk b-aiine during fluid resuscitation. 

3. Isotonic to slightly hypertonic (1.8%) crystalloids are 
often necessary because of iremcndous sodium losses 
through hum wounds. 

-I. riasma Is an Important component of fluid therapy in the 
severely burned patient because of the potential for 
protein Loss. 

5. Ad min islra Lton of excessive volumes of fluids should be 
avoided because edema is a common complication of 
burn injuries. 


total body surface area affected) were administered to 
patients during the first 24 hours of hospitalization than 
w r as predicted by the Parkland formula. 164 if smoke inhala¬ 
tion has occurred, then the affected horse is at risk for pul¬ 
monary edema, in this case, fluid deficits should be 
corrected but noE exceeded. Administration of excess crys¬ 
talloids or high rates of fluids after resolution of hypovole¬ 
mic shock will result in edema, which is detrimental to 
healing of bunted tissues and potentially smoke-3n[ured 
lungs. Once hydration is adequate, fluid therapy should 
be discontinued or administered al a rate necessary oniv 
to maintain hydration status. Ef maintenance rates of fluids 
are required, patients with severe burns may require more 
sodium, than provided for by commercial maintenance 
fluids owing to the tremendous sodium losses through 
wounds. 165 In these cases, isotonic to slightly hypertonic 
[1.8%) crystalloids may be required.^ 6 Excess free water 
should be avoided In these patients, as It can promote 
Intracellular tissue edema. 166 

An important component of fluid therapy of the thermal 
Injury patient is the administration of plasma. Significant 
amounts of plasma proteins are lost through cutaneous 
bums. 165 In addition, burn patients are at risk for coagu¬ 
lopathies, although this has been reported to be rare. 167 
Plasma transfusions are an effective source of albumin, as 
well as antlthrombln 1 11 for coagulopathies. Horses with sig¬ 
nificant burns can require large volumes of plasma In the 
first 2 to 3 days. CR1 of plasma can be provided for as long 
as required w r ben ongoing losses are present. 

Fluid Therapy for Acute Respiratory Distress 
Syndrome (Box 44-10) 

K. GAMY MAGDUSiAN 

ARDS presents a therapeutic challenge; because of altered 
Starling's forces (Increased vascular permeability), affected 
horses and foals often have significant pulmonary edema, 
with protein-rich flu id., 166 Pulmonary capillary hydrostatic 
pressure becomes the main determinant of edema in these 
patients owing to the Increased permeability of pulmonary 
capillaries. I *'° Despite this propensity toward edema forma¬ 
tion, horses and foals with ARDS should not be allowed to 
develop dehydration. Maintenance of normal blood vol¬ 
ume and hydration status is critical to tissue oxygenation, 
Including the diseased pulmonary tissue. The goal in ther¬ 
apy of ARDS patients Is to reduce exLravascular lung water 
while still maintaining hemodynamic stability and perfusion. 
In a human clinical trial, conservative fluid management 
Ln patients with AU improved lung function and shortened 
duration of mechanical ventilation and intensive care as 
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BOX 44 - I 0 


Fluid Guidelines for Acute Respiratory 
Distress Syndrome 


1. the tJ.L-.il initial resusdtatiw fluid choke for acute 
respiratory distress syndrome (ARDS) patterns is 
unknown, but crystalloids should probably be used rather 
than ca-lloLdjd because al the risli. for compound ini' 
pulmonary edema as colloids leak inlo Lungs. The 
exception would be the hypo prole inemte patient, In 
which plasma should he used to corteet albumin deficits 

2. ilypovoletnia and dehydration should bo correclLd, buc 
escesslve fluid volume should be avoided to minimLce 
wensening of edema. A conservative Icnig-ierm fluid plan 
Ls warranted. 

5 fluid balance in patients with ARDS should be assessed 
Frequently, central venous pressure Ls a useful means of 
monitoring fluid balance to prevent large increases In 
capillary hydrostatic pressure 


compared with patients managed with a Liberal fluid strategy, 
although there was no difference In mortality. 1 The conser¬ 
vative management did not Increase nonpulmonaiy-orgara 
failures. |7|) It should be noted that the patients in this study 
were volume replete and relatively stable hemodynamlcally. 
Conservative fluid therapy therefore applies to the poslresus- 
citatlon phase of these "patients, when administration in 
excess of physiologic needs can be detrimental. 

Ltrge swings In pulmonary vascular pressures should be 
avoided Eo minimize increases 1st pulmonary hydrostatic 
ressure To avoid these wide fluctuations, intravenous 
uids should be provided as a continuous infusion rather 
than as Intermittent boluses. J7L The Ideal type of fluid for 
volume replacement at the lime of initial therapy of ARDS 
patients Is unknown; however, colloids should be used judi¬ 
ciously owing to the theoretic risk of potentiating pulmo¬ 
nary edema through extravasation of colloids across the 
leaky pulmonary' vasculature. This concern warrants further 
study; one study demonstrated no Increase in net Increase 
of transmicrovasoiiar flux of radiolabel led colloids when 
COP was raised with albumin administration. 172 Isotonic 
ciystallolds, administered at a modest Tate and only to effec! 
in normoproteincmlc patients, and replacement of plasma 
roteins in hypoproteinemic patients are probably Lbe safest 
uid guidelines for these patienls with the current level of 
understanding. 

Patients with AL.I or ARDS shouLd be monitored closely 
for hypoproldnemla. Correction of hypoprotelnemta in 
human patients with ALI benefits from concurrent adminis¬ 
tration of albumin . J71 Hypoproteinemic patients receiving 
both furosemide (as a CR1) and albumin bad improved 
oxygenation,, increased net fluid ioss r and better mainte¬ 
nance of hemodynamic stability compared with those 
receiving only ftirosemide . 173 In addition, 50% of patients 
in the treatment group achieved resolution of the ALI or 
respiratory distress syndrome, compared with only I L% of 
controls. Consideration shouLd be given to correction of 
hypoproteinemla In foals and horses with ARDS or ALE. 
An additional benefit of albumin Ls its antioxidant proper¬ 
ties. Albumin also can reduce microvascular permeability 
and endothelial cell apoptosis.! 74 - J7G 

Monitoring of fluid therapy in these patients is espe¬ 
cially important in order to avoid marked Increases Jn pul¬ 
monary hydrostatic pressure. This can be accomplished 
through measurement of pulmonary capillary wedge pres¬ 
sure; however, this requires placement of an Lntracardiac 
catheter. Alternatively. CVF can be measured directly. This 


is easily performed through central lines, those placed in 
(he cranial vena cava. In a study comparing the use of pul¬ 
monary artery catheters with that of central venous cathe¬ 
ters in guiding treatment of ALI in humans, it was found 
that pulmonary catheter-guided therapy did not improve 
survival or organ function and was associated with more 
complications than central venous catheter-guided ther¬ 
apy, 177 The predominant catheter-related complication 
was development of arrhythmia. It was concluded Eh.it pul¬ 
monary' catheters should not he routinely used for she 
managem en L o f ALI. 177 

Fluid Therapy for Horses with Metabolic Acidosis 
(Box 44-11) 

ti. CARY StMIDlSIAN 

Doth organic and Inorganic acidoses are found In horses with 
critical Illness. A common cause of organic acidosis In horses 
is lactate (lactic acidosis). ESyperlacLuemii .1 occurs with hypovo¬ 
lemia, sepsis, and SIRSs such as endotoxemia. marked hypox¬ 
emia, heart failure, cyfopalhlc hypoxla r and liver failure.* 1 - 34 
Volume resuscitation can be performed with a combination 
of crystalloids and colloids, and possibly hypertonic saline. Ace- 
LJled crystalloids {such as Nronmosol-k or Plasm a-l.yle 148) 
do not contain lactate; however, even I.R5 will correct byper- 
lactiitemia when It Is caused by hypoperfusion. Hepatic 
perfusion will clear the lactate previously accumulated. The 
exception Is liver failure, where fluids devoid of Lactate 
should be administered. Other less common causes of 
organic (high anion gap) acidosis include ethylene glycol 
and salicylate toxicity and uremic acidosis. Hie treatment of 
lactic acidosis is correction of the underlying pathogenesis 
If the cause Is hypoperfusion, reversal of that state should 
be the goal of therapy'; this is accomplished through restor¬ 
ing blood volume, cardiac output, and finally"systemic 
vascular resistance through the administration of fluids, 
dobulamine, and vasopressors, respectively. Sodium bicar¬ 
bonate Ls therefore not a part of the routine treatment of 
lactic acidosis. Its use in lactic acidosis is in fact con trover- 
si al.- Trt ' 37,! ‘ In a canine model of lactic acidosis, the adminis¬ 
tration of sodlutn bicarbonate actually caused a decrease 
in pH and bicarbonate concentration and an increase in lac¬ 
tate. 130 Similarly, in a model of endotoxemia In ponies, 
administration of sodium bicarbonate actually Increased 
blood lactate concentration. ]S] Despite these controversies 
with sodium bicarbonate and lactic acidosis, when the pi I 
of the patient's blood is below 7.2, administration of sodium 


SOX 44- I 1 


Fluid Guidelines for Metabolic Acidosis 


L I he swcj primary forms of melabolk acidosis in hoists are 
organic, most often resulting, from hyjpeHactafiemla, and 
inorganic,, often resulting from relative or absolute 
hyperchloremia. 

2 Treatment of hyperlactatcmla consist of addressing die 
underlying cause;, in many rases, larllc acidosis is caused 
by hypovolemia. 

3. Commercial acetascd fluids, such as Normosol-R or 

Plasma-Lyte i4S, are good fluid choices for hypovolemia, 
although volume rather than type of fluid is the- most 
imporlani componen t of treatment. 

-1 Fhe use of sodium bicarbonate is contraveisial Ln LaclLc 
acidosis and may be contraindicated, 

5 Sodium bicarbonate is the treatment of choice for 
Inorganic acidosis. 

ti. Sodium bicarbonate can be administered as a fluid Ln the 
form of an isotonic solution. 
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bicarbonate is Iustlfled to prevent the detrimental effects of 
severe acidemia, even when the acidosis is o result of lactate. 
Severe acidosis can lead to Life-lhre.ileninf, cardiovascular 
complications such as Impaired contractility, sensitization 
to ventricular arrhythmias, and Impaired responses to press- 
ors. 132 Small doses of sodium bicarbonate should be admi¬ 
nistered slowly to increase die pi I to 7.2, at which point 
Increasing perfusion should be the goal. 

Inorganic acidoses occur because of strong ion acidosis 
associated with electrolyte derangements. In horses these 
commonly result from hyperchloremia or hyponatremia, 
both of which decrease the strong Lon difference. Common 
diseases associated with these metabolic abnormalities 
Include enteritis,, colitis., renal failure, and renal tubular aci¬ 
dosis (RTA). in these cases the acidosis is often caused by 
renai or gastrointestinal dysfunction of electrolyte homeosta¬ 
sis, and perfusion may be normal (Le., normal lactate). 
Chronic administration of carbonic anbydrase Inhibitors, 
such as acetazolamlde,. is another cause of hyperchloremia. 
The fluid of choke for patients with hyperchloremic meta¬ 
bolic acidosis Is one containing only strong cations without 
strong ions. Because sodium bicarbonate contains only 
strong cations (sodium), It is an Ideal choice for patients with 
normal anion frip (hyperchloremic) acidosis. Sodium bicar¬ 
bonate should he administered slowly to aliow time for dis¬ 
tribution and evaluation of Its effects. As a fluid choice, 
rather than as a supplement, Isotonic (1.3%) sodium bicar¬ 
bonate can be used; this formulation contains 150 mliq each 
ofsodium and bicarbonate ion per Liter. Potential side effects 
ofsodlum bicarbonate therapy Include hypernatremia, hypo¬ 
kalemia, Ionized hypocalcemia, vasodilation, melaboik 
alkalosis [if In excess), and an Increased affinity of hemogjo- 
bln for oxygen (Left shift of the oxygen dissociation curve). J 31 

Fluid Therapy for Heart Failure (Box 44-12) 

K. t jlHV MAGDESIAN 

The cardiac patient represents a unique challenge to fluid 
therapy. Volume expansion poses significant risk to the 
horse with heart failure by raising venous pressures and 


BOX 44 i 2 


Fluid Guidelines for Heart Failure 


J. liarsL’s with licari. failure are intolerant of significant 
rhanges in eerctTjJ venous pressure. 

2. Mu Id boluses should he avoided, and fluids should be 
administered at a slow, continuous rale. 

3. Consideration of I he ji mount oi sodium administered 
should be a priority. 

Conservative fluid rales aFe warranted. 

5. Concurrent ami careful use of diuretics may be Indicated. 


potentiating sodium retention. Administration of sodlum- 
contalningfluids can Lead to or compound edema and body 
cavity effusions. Despite these risks, patients with heart fail¬ 
ure sometimes require fluid therapy, such as when they 
develop anorexia, renal failure, or diarrhea. .Monitoring of 
CVP should be performed In these patients to aid in preven¬ 
tion of edema, initial fluid therapy should consist of conser¬ 
vative rates, tvith frequent reassessment of the effects of 
fluids on the patient. Continuous, slow administration of 
fluids, rather than boluses, should be employed to avoid 
rapid swings In CVP. Any rise In CVP should be avoided 
in horses with heart failure. 

The choice of fluid depends largely on concerns over 
sodium retention In the heart failure patient. Fluids with 
Low r er sodium content may be preferable, such as mainte¬ 
nance fluids {0.45% NaCl/2.5% dextrose, Plasma-Lyte 56, 
or combinations of replacement fluids mixed with sterile 
water). 133 As soon as the patient is able to drink water the 
Intravenous fluids should be discontinued. 

Because of sodium retention In heart failure, these horses 
are often treated with diuretics such as fu rose mid e, which 
aid In minimizing edema formation. 133 A fine balance 
between fluid therapy and diuretics is required. 
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PRINCIPLES OF ANTIMICROBIAL 
THERAPY 


COttDOH W. BRUMBAUGH 

“Rational therapeutics" Is the scientific account of the man¬ 
agement and care of a pallent for the purpose of combating 
a disease or a disorder based on knowledge of the disease 
and the action of the remedies used. It requires clinical judg¬ 
ment, overall medical knowledge, information about a specific 
patient, 1 selection of the proper drug, and the formulation 
of a dosage regj men app ropri ate to the patient after app ra Isa] 
of potential benefits and risks of that therapy. 2 That process 
is not simplified by the vast number of antimicrobial drugs 
available. It Is therefore essential that basic principles be 
applied so that antimicrobial drugs may be appropriately 
selected and used in patients. The purpose of this chapter 
is to explain general principles of rational antimicrobial 
therapy (Box 45-1] rather than to discuss Individualized 
treatment of specific Infectious conditions. Guidelines for 
prudent use of antimicrobial drugs have been published 
by several professional associations and organizations. 
Guidelines are by nature inherently dynamic and can be 
general or very specific but In either case they should follow 
a principled approach. 3 

'['he ultimate expectation of an antimicrobial drug Is to 
inflict an Insult on an infectious organism that Is sufficient 
to kill the organism or to render it susceptible to lethal effects 
of natural host defenses or the microenvironment around 
it, without adversely affecting the patient. 4 - 5 To accomplish 
this goaf antimicrobial drugs must be selectively toxic to 
the Infectious organism. 6 - 7 Different structures, biochemical 
activity, virulence factors, mechanisms of resistance, genera¬ 
tion times, and nutritional requirements of infectious organ¬ 
isms {i.e., bacteria, viruses, fungi, and parasites) form the 
mechanistic basis for selective toxicity of antimicrobial drugs. 
Mo Individual drug Is sufficient to meet all therapeutic needs. 
It is Irrational to treat a viral infection with antibacterial drugs 
or a bacterial Infection with anllparasitic drugs. 1 lowever, 
principles of selection and use of antimicrobial drugs are sim¬ 
ilar regardless of the infectious agent. 

PRINCIPLE I: CONSIDER THE PATIENT 

The patient occupies the paramount position with regard to 
treatment and recovery from infection. Although the organ¬ 
ism is the target of the drug's action, it is the patient w r Lth an 
infection that receives the drug. Before the patient can be 
considered adequately recovered, Infectious agents must be 
controlled and removed from the site of Infection, debris must 
be removed from the site, and the damaged tissue must be 
repaired or replaced.- 9 Inactivation of microbes is the only role 
played by antimicrobial drugfr the patient must participate in 


that aspect and perform the others. Most infections are 
prevented by efficient nonspecific host defense mechan¬ 
isms. 9 When infections occur, many patients recover without 
treatment because of nonspecific and specific host defense 
mechanisms. Ideally, If the host's defenses are functional 
and a pathogen's virulence can be weakened by antimicrobial 
drugs, the host should be able to kill and remove the microbe. 

Many host-related factors must be considered during the 
formulation of a therapeutic plan. L0 - 11 The animal's age, 
sex, breed, use, residence, contacts with other animals, travel, 
diet, exposure to Inclement weather, vaccination status, and 
medical experiences may Influence natural defenses In the 
animal and prevalence of certain Infections. Prevalence of 
an Infectious disease may vary with year, susceptible popula¬ 
tion, and geography. Medical history of the herd may also be 
of value because virulence of some infectious agents may 
change after "passage' 1 ' through several animals. 

Clinical signs must be interpreted carefully because iden¬ 
tification of the agent Is frequently not possible on the basis 
of din Leal signs alone. 30 Clinical manifestations of Infection 
result from aired effects of mLcrobial pathogens, their toxins, 
or the inflammatory response elicited in the host. Similar 
clinical signs may be caused by different microbial agents, 
and one species of microbe may produce a variety of clinical 
signs. 12 Signs of noninfectious conditions can mimic those 
of Infectious conditions. 

Inadequacies In host defense mechanisms are as impor¬ 
tant as the organism's virulence in determining whether 
infection will result from contact wLtb an infectious agent 
and whether recovery will result If infection develops. 9 This 
is exemplified by infections associated with combined 
immunodeficiency syndrome or failure of passive transfer, 
ll is Irrational to expect antimicrobial drugs to resolve those 
conditions because the primary problem is not an "antimi¬ 
crobial deficiency." Reasonable attempts should be made to 
assess weaknesses in a host's defenses that may contribute 
to the disease. Matural defenses of note Include skin, mucous 
membranes, mucociliary escalator activity, cough reflex, 
transit lime through the gastrointestinal tract, blood supply 
at portals of entry of Infectious agents, humoral and cellular 
immunity, and resident microflora. 13 It Is not possible lo 
assess many of these objectively in most clinical situations. 
The attending veterinarian must have astute clinical acumen 
lo subjectively evaluate contributory factors. Attempts 
should be made to replenish temporarily Inadequate host 
defenses. If the host's defensive response contributes to clinical 
signs (e.g., if inflammatory edema compromises breathing), 
the response should be modified to enhance convalescence. 

Antimicrobial drugs can alter the response of the host's 
immune system or the stimulator)' antigen. 14 The outcome 
of complex Interactions among antimicrobial drugs, bacte¬ 
ria, and phagocytic cells depends on the organism, the drug, 
its concentration, and the duration and timing of exposure 
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BOX 4 


Principles of Antimicrobial Therapy 

I Ccmitiler ihe paiit’nL. 

2. Documcm the infection. 

3. Determine mkrobial SLiHcepIlbilily In vlsio. 

4. Use an appropriate dosage regimen. 

5. Monitor results of treatment 

6. investigate c.iust's ol" therapeutic failure. 

7. Restrict coiiL-ornltanL use of anumicrobial drugs. 
a. Appropriately abend adverse reactions Lo drugs-. 


to the phagocyte and microbe. 15 Antimicrobial therapy of 
proven efficacy should not be withheld from a patient to 
potentially enhance that animal's Immunity. Effects of anti¬ 
microbial drugs on chemotaxls, phagocytosis, melaboll&m 
of neutrophils, and the complement system are demonstra¬ 
ble In vitro but have Inconclusive or insignificant clinical 
importance. N Inhibitory effects of chloramphenicol or 
rifampin on cellular and humoral immunity have been 
studied most extensively, but their immunomodulatory 
effects are not sufficient to warrant restricting their clinical 
use. Clinical consequences of effects of antimicrobial drugs 
on Immunity are limited but should be conservatively con¬ 
sidered. For example, florfenicol did not Interfere with 
responses of cattle vaccinated against bovine herpesvirus 
type l. 1 * Tllmicosin had neutrophilic antiinflammatory 
activity in cattle that were experimentally Infected with 
Mannheim in (Pasteurelln) kemalytica* 17 Some antimicrobial 
drugs accumulate in pbagocytes, but Increased bactericidal 
activity is not equally correlated to the degree of that accu¬ 
mulation: likewise, no relationship has been demonstrated 
to clinical response. IS - J3 

Special Considerations 

MATURATIONAL STATUS. An animal's responses to 
pharmacologic agents are significantly Influenced by the 
age or maturity of the animal. ia - ja - jl Physiologic differences 
that alter disposition of drugs In vivo are primarily respon¬ 
sible for that. Pharmacologic effects of xenobiotics (chemi¬ 
cals that are foreign to the biologic system) administered 
lo brood animals before conception, during gestation, or 
at parturition or to neonates are not universally predictable. 
Drugs may distribute into gonads at sufficient concentra¬ 
tions to adversely affect gamelogenesls. Drugs in luminal 
fluids of the oviducts or uterus may be teratogenic. Distribu¬ 
tion of drugs Into the placenta and fetus Is affected by fac¬ 
tors such as placental circulation, placental maturation, 
placental and fetal blolransformallon of drugs, and fetal cir¬ 
culation. Among these variables, species-related differences 
may occur. Therefore drugs should be administered conser¬ 
vatively to brood animals, pregnant animals, and neonates 
and with adequate explanation of pertinent facts lo the cli¬ 
ent. Potentiated sulfonamides administered to gestating 
mares for treatment of equine protozoal myelitis were showm 
by Fenger and colleagues to be associated with Increased 
incidence of anemia, fever, anorexia, depression, and abor¬ 
tion , 13 Stallions treated with potentiated sulfonamides and 
another dlaminopyrtmldine (pyrimethamine) were shown 
to develop signs of neuromuscular weakness and e|acula¬ 
tely dysfunction. 2 - 5 It Ls not clear how each of these signs 
could be attributed to these drugs. Indirect effects such as 
folate deficiency may account for some of the adverse signs 
that have been observed. Some adverse findings with one 
species should be interpreted with care w r hen dealing with 


another species. Anemia Is a good example. An aspirate 
or biopsy of bone marrow Is necessary to adequately eval¬ 
uate anemia in horses, whereas peripheral blood may be 
sufficient with other species. 

Biotransformation of drugs In neonates can be altered by 
administration of medication to the gestating dam. Phenyl¬ 
butazone administered to gestating mares during the final 
days of gestation resulted in substantial amounts of phen¬ 
ylbutazone and of oxyphenylbutazone In plasma of their 
foals . 2 * Although phenylbutazone is not an antimicrobial 
drug and results of similar studies with antimicrobial drugs 
are not known to us, this example serves to emphasize the 
Importance of considering peripheral effects of medication 
administered to gestating animals. 

Fluoroquinolones are known to cause cartilaginous 
arthropathies in weight-bearing joints of young animals of 
several species. The horse may be unique In that adult horses 
have also developed the same syndrome, which was incon¬ 
sistently related to dose and duration of treatment with enro- 
floxacln. 25 ' 26 Tissues peripheral to plasma contained higher 
concentrations of fluoroquinolones than did plasma; there¬ 
fore accumulation from repeated dosage regimens should 
be considered when developing those regimens. 23 '- 27 - 29 
Although arthropathic syndrome nas now been recognized 
and acknowledged as a risk associated with use of fluoroqui¬ 
nolones, nothing is known about the healing and recovery of 
|otnls that are Injured. Therefore the overall assessment of 
risks of treatment w r ltb those drugs remains speculative; 
anecdotal reports suggest that the In lured cartilage may 
repair and not carry prolonged clinical consequences, but 
that needs to be confirmed. 

LACTATION. There are at least three aspects to consider 
regarding distribution of drugs into milk: the laclating ani¬ 
mal, the suckling animal, and the milk-consuming public. 
Distribution of drugs Into milk Is Influenced by the same 
factors that influence distribution of drugs Into other tis¬ 
sues. lD ' ILiD Some antimicrobial drugs are concentrated In 
milk, others equilibrate between milk and circulating 
blood, and still others reach insignificant concentrations 
Ln milk [Table 45-l). 5| - i9 A ratio greater than I indicates 
accumulation of the drug In milk relative to plasma. Results 
often vary with pH of milk. Concentrations of tetracycline 
may be high as a result of chelation with calcium but 
remain blolnactlve. 

Therapeutic Implications of the distribution of dr up into 
milk are clear, but inflammation of the mammary gland 
may alter distribution of drugs. Mastlllc milk may resemble 
an exudate rather than "milk/ 1 thus providing a different 
microenvironment from that of milk. Nearly all drugs admi¬ 
nistered to a laclating animal will be delectable In her milk 
and can thereby expose the suckling animal. 1 lowever, the 
total amount of most drugs received by the suckling animal 
via milk does not pose significant concerns. 30 

Antimicrobial drugs in milk may render that milk unsuit¬ 
able for use as food. 5 ^SubtberapeuC,lc concentrations of drugs 
Ln milk may cause no adverse effect, may cause the milk to be 
condemned as adulterated, may interfere with production of 
cheese or other daily products, or may Induce reactions in an 
allergic person who consumes the milk. For these reasons, 
compliance with and adherence to withdrawal times should 
be considered seriously. 

WITHDRAWAL TIMES. Withdrawal times are Intended 
to allow adequate time for elimination of the drug from 
the animal lo reduce the risk of violative residues or drugs 
Inadvertently entering the food supply. Withdrawal times 
are established for drugs that are licensed for use in animals 
Intended for use as food, and the withdrawal time applies 
only when the drug Is used according to the approved label¬ 
ing. 12 Because of this, It is Important before treatment is 
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Ratio of the Concentration of Drug In Ultrafiltrate of 
Hilk to That In Plasma After Systemic Administration 
of the Drug ir ‘ J * 


Drug 

Ratio (Range) 
(Milk: Plasma} 

Reference 

Ampicilliji 

fl.24-0.3fl 

28 

Benzyl penicillin 

0.13-0.26 

28 

Cephaloridtne 

0.24-0.28 

28 

Erythromycin 

6.00-7/30 

29 

Gentamld ri 

fl.20-0.50 

30 

Kanamydn 

fl.6O-0.B0 

30 

L.lncomycin 

2.50-6.25 

31 

Spectinomycln 

0.37-1.12 

32 

Sulfacetamide 

0.03-0.1 t 

33 

Sulfadiazine 

0.16-0.I9 

33 

Sul tad i methoxi ne 

0.J 3-0.24 

34 

Sulfadimidine 

Q.50-0.IS2 

33 

Sulfanilamide 

0.97-1.04 

33 

SutEalhiizole 

0.37 

33 

Tesucydhie 

t.22-1.9 i 

35 

Trimethoprim 

3.00-4.90 

30 

Tylosdn 

1.00-5.35 

32 


initiated Lo discuss the patient's condition with the client, so 
determine If the animal (regardless of species] Is intended 
for use as food, and to ascertain if extralabel use of the drug 
is needed. Without such a discussion the client cannot make 
a wise decision regarding the risks and benefits of therapy, 
and precautions lo prevent adulteration of food may be 
inadvertently omitted. 

Withdrawal times are not established for drugs that are 
used In an extralabel manner; therefore the most conserva¬ 
tive lime should be allowed when drugs are used In a man¬ 
ner inconsistent with their labellng. J,3l ' JL Aids to determine 
useful withdrawal limes include screening tests for drugs 
in milk* or urine.* Results may not match those of methods 
used by regulatoiy agencies assigned the task of detection of 
residues, and those agencies may lest different tissues. 

EXTRA LAB EL USE OF DRUGS. Veterinarians often 
encounter infectious conditions for which the drug of choice 
is not approved by the U.S. food and Drug Administrations 
Center for Veterinary .Medicine (FDA-CVM}. 13 In these 
situations the veterinarian Is not exempt from professional 
and ethical obligations. Treatment must be based on experi¬ 
ence, established practices, and scientifically substantiated 
facts. Drugs shat are used in any manner other than that 
described on the drug's labeling [e.g., the treatment of dis¬ 
eases, with doses, routes of administration, duration of 
treatment, or species not specified on the approved label¬ 
ing) are said to be used Ln an extmhibei manner. The Animal 
Medicinal Drug Use Clarification Act (AMDLIGA) 40 of 1994 
amended the Federal Food, Drug and Cosmetic Act so that 
a particular use or Intended use of a drug shall not be 
deemed unsafe if such use or Intended use is [I) by or on 
the lawful written or oral order of a licensed veterinarian 
within the context of a veterinarian-client-patient relation¬ 
ship, and (2) in compliance with regulations promulgated 
by the Secretary of the U.S. Department of Health and 
Human Services. In short, the amended act contains 
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statutory allowance of extra label use of drugs, and regu¬ 
latory authority Is retained by the FDA-CVM For veterinar¬ 
ians to discharge their professional duties within the public 
trust and In an ethical manner, a professional approach to 
extralabel use of drugs Is necessary. Some guidelines Include 
the following; 

■ A valid licensed veterinarian-client-patient relationship 

■ A medical diagnosis 

■ A situation in which approved use of a drug has proven 
Ineffective in animals being treated or for which no 
available drug is specifically labeled fas Is often 
encountered with some species) 

■ Carefully maintained identity of treated animals 

■ Observation of extended withdrawal times calculated 
by tlie attending veterinarian" 12 

■ Acceptable labeling of the prescribed drug 11 - 11 -™ 

Regulations specify contents of acceptable labeling. Con¬ 
sultation w r lth a representative of the FDA-CVM is advised 
before treatment is Initiated when particularly perplexing 
therapeutic problems exist and no alternatives to extra label 
use of drugs are apparent. 

HERD TREAT HEN T. Each member of a herd may have 
the same disorder, but one animal cannot receive treat¬ 
ment that Is Intended for another (there are no surrogate 
patients), and treatment of an animal that does not need 
it is wasted treatment. Treatment must be Implemented for 
each affected animal in die herd. The method of treatment 
must be practical and efficacious, or compliance by the 
client will be difficult. Unfortunately, requests by some 
owners and veterinarians for "herd treatment" are really 
requests to Lreal each animal Identically and easily rather 
than according lo its Individual needs. Each animal may 
Indeed require the same treatment, and treating all animals 
In question may be acceptable, but each animal deserves a 
reasonable assessment of Its condition before treatment is 
instituted. Metaphylactic or Lherapeullc medication of all 
animals has benefits and risks, but the cost must be offset 
by savings in areas such as labor of handling of the animals, 
reduced needs for therapeutic medication, or Improved 
production. 45 - 46 

COST OF THERAPY. The cost of appropriate therapy is 
an Important consideration for the client. The client (or 
his or her financial advisor) is the only one who can decide 
whether the value of treatment is ''worth" the "cost." The 
cost of medical care Ls not static, and the veterinarian 
should keep the client Informed of the financial commit¬ 
ment associated with treatment. Naturally, cost-effectLve 
therapy should be sought. This is not to say that the least 
expensive therapy Ls the best therapy or that Ineffective 
drugs should be used |ust because they are Inexpensive. 
Similarly, expensive drugs are not ''better' |ust because they 
cost more. Clients require adequate information to make 
financial and medical decisions regarding their animals. 

PRINCIPLE 2 : DOCUMENT THE INFECTION 

Antimicrobial therapy is predicated on the premise that the 
disease is caused by an Infectious agent and that the patient 
will be unable to effectively eliminate the infection without 
antimicrobial treatment. L -^ The primary purpose of docu¬ 
mentation of Infection Is to help the veterinarian determine 
the necessity of this treatment. Clinical experience and diag¬ 
nostic and Interpretive skills are particularly Important. 
Use of antimicrobial drugs for relatively trivial infections 
exerts selective pressure for resistant organisms.- 5 Contamina¬ 
tion or colon Uallon by microorganisms (l.e., contamination 
of the surface of granulation tissue) does not necessarily con¬ 
stitute infection and is not always a sufficient reason for anti¬ 
microbial treatment. Inoculum size, microbial virulence, 
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concurrent Infection, site of in feet Lon, and resident flora con¬ 
tribute to the significance of infection. Death resulting from 
some bacterial diseases such as botulism {except toxlcolnfec- 
tlous botulism), enteric colLbacillosis, or enterocolitis caused 
by sal monel Lae is not dLrectly caused by vegetative bacterial 
invasion, so antimicrobial drugs are a second a ry component 
of treatment. Without evidence of Involvement of a suscepti¬ 
ble causative agent{&), use of an antimicrobial drug is irratio¬ 
nal and exposes the patient to unnecessary risks. 1 The more 
Information that can be discerned about the infecting agent, 
the more reasonable will be She treatment. 1 ] 1 

Sequential steps necessary to document an infection are 
as follows 1 ^ 7 ] 

■ Development of reasonable suspicion of Infection 
based on the patient's clinical signs and the veterinar¬ 
ian's knowledge of the pathophysiologic and microbio¬ 
logic characteristics of the condition 

■ Careful procurement and submission of a representa¬ 
tive sample of material from the lesion 

■ Initial detection of organisms by microscopic examina¬ 
tion of a stained smear of the sampled material 

■ Demonstration and Identification of the infectious 
agent In vitro, on the basis of its morphologic, immu¬ 
nologic, or biochemical characteristics 

■ Serologic evidence of antibodies produced against a 
particular infectious antigen 

■ Interpretation of the results of all diagnostic procedures 

There are nonspecific and specific methods of documenting 

Infection. 30 .Nonspecific methods include medical history, 
clinical signs, hematologic changes;, and characteristics of 
lesions. The drug(s) used for Initial therapy will most often 
be selected on the basis of the veterinarian's clinical judgment 
and medical knowledge, as well as on nonspecific Indications 
of Lnfectlon. 211 - 47 This Is not a trlal-and-emor approach. 45 
Potential for a particular Infectious cause, most probable caus¬ 
ative agent, status of the patient's natu ral defense mecha n I sms, 
and site of infection must be considered when Interpreting 
clinical signs. 49 "Response to treatment" Is an Inconsistent 
means of revealing the cause of Infection. Although nonspe¬ 
cific methods are the weakest form of documentation, that 
information, coupled with astute clinical judgment, is often 
successfully used in practice. For example, a young horse with 
fever, nasal discharge, and submandibular Ivmphadenltls can 
be assumed (with a relatively high degree ofcertainty) to have 
strangles, and penicillin could be chosen for therapy. 1 low- 
ever, the possibilities for misdiagnosis are numerous in this 
and many other disease conditions, and specific methods of 
documenting infection should be used. An aspirate obtained 
from Involved lymph nodes of the patient In the example 
may reveal chains of gram-positive cocci, and Streptococcus 
zuaepidemiew may be Isolated. iTse immediate treatment may 
not change, but the management of the rest of the animals In 
the herd would differ greatly from that Indicated for strangles. 

Different organisms may be susceptible to and success¬ 
fully treated tvith one antimicrobial drug making treatment 
choice easy. However, a specific causative diagnosis may be 
of considerable relevance for the development of herd- 
health programs. 

Antimicrobial therapy cannot be consistently successful 
if formulated on the basis of nonspecific diagnostic meth¬ 
ods and historical probabilities alone. 10 lYeatment formu¬ 
lated In that manner may cause more harm than good by 
Interfering with the pursuit of a specific diagnosis, by allow¬ 
ing the development of superinfection, or by Inducing reac¬ 
tions to the drugs. 

Specific diagnostic methods should be attempted before 
Initial treatment is instituted. Specific methods of document¬ 
ing infection require proper collection and submission of 
appropriate samples, reliable laboratory procedures, and 


accurate Interpretation of results. Because laboratory facilities 
and personnel can w r ork only with materials submitted to 
them, the veterinarian must properly collect and submit 
appropriate samples to the laboratory and interpret results 
relative to the condition of the Individual patient. Procure¬ 
ment of tissues or bodily fluids for cytologic, histologic, or 
microbio I ogle evalua tio n rem a In s the co rnersto ne of accurate 
documentation of a specific Infection. 30 Inadequate or 
Lmproper sampling and improper submission of samples to 
the diagnostic laboratory are the most frequent and often 
unrecognized reasons for failure of documentation of causa¬ 
tive agents of infectious diseases, 'fhe sample must be repre¬ 
sentative of the site of infection and may be bodily fluid 
(blood, peritoneal fluid, pleural fluid, percutaneous transtra¬ 
cheal aspirate, material draining from a site of infection) or 
tissue (biopsy, scraping, curettage, aspirate). Collection and 
submission procedures differ for aerobic and anaerobic bac¬ 
teria, mycoplasma, protoplasts, viruses, and parasites. Special 
medi a o r pa rt Leu La r const rai n ts of time and temperatu re must 
often be observed to transport fastidious organisms. Because 
each laboratory may use different techniques, it Is wise to¬ 
co ntact laboratory personnel In advance to learn preferred 
collection and submission equipment and procedures. 
Itie veterinarian and laboratory personnel can assist each 
other in reducing Inappropriate collection and submission 
practices. 

The choice of site to be sampled is critical. Isolates front 
drainLng tracts are unreliable and should he evaluated In 
the context of other related information.- 50 Organisms 
Isolated from tvounds are of questionable significance unless 
they are present In pure culture or are clearly predominant. In 
these instances susceptibility testing is probably warranted. 
Any microorganism L&olated from bodily fluids that are nor¬ 
mally sterile [blood, cerebrospinal fluid (CSF), pleural fluid, 
or synovial fluid) in the presence of clinical evidence of Infec¬ 
tion should be evaluated for Lis antimicrobial susceptibility 
In vitro. If dissemination of infection is suspected, isolation 
of the agent from samples obtained from sites distant from 
the primary site of Infection will strengthen confidence In 
the diagnosis. 10 Cultures of blood samples should be per¬ 
formed If dissemination is suspected because of systemic 
signs or If no pri ma ry site of i n feel! on is appa rent. It is I mpor- 
tant to properly prepare the site of venipuncture so that the 
sample does not become contaminated. Results of cultures 
may be difficult to interpret if such details are ignored. iTse 
type of sample to be submitted (biopsy, feces, fluid, aspirate, 
b'lood) is selected on the basis of the disease. Recommended 
sites and materials to be sampled are presented In discussions 
of specific diseases elsewhere In this text. 

If the patient has received antimicrobial drugs, the collec¬ 
tion procedure should be delayed until the drugs are ade- 
uately eliminated from the animal's body so that residual 
rugs will not Interfere with bacterial growth. Because 
approximately 59% of a drug will be eliminated from the 
bodv tvithin seven half-Lives of disappearance, an appropri¬ 
ate delay between treatment and sampling can be estimated 
If pharmacokinetics of the drug are known. However, the 
de lay calculated by this method may not be appropriate 
for severely ill patients. A fairly reliable rule of thumb Is to 
wait IS to 36 hours after the last dose of a drug. If a reposi¬ 
tory form of the drug is used, a Longer delav Is Indicated. 
If the patient's condition does not permit a delay, the prob¬ 
ability of isolating organisms from bodily fluids can be 
Increased if samples are passed through a device designed 
to remove antimicrobial drugs from the sample. 4 Directions 


*BBI. Sepli-Chek, BecLmi DickLns-on and Co., iVtkrabiDlogk Systems, 
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for use of such a device should be closely followed. If sam¬ 
ples are obtained for culture at the time of a necropsy, the 
treatment history may be important for Interpretation of 
results of subsequent antibLogjams. 

Evaluation of stained smears of samples remains the mosl 
rapid and useful method of early recognition of some Infec¬ 
tious agents. 3 - 10 A direct smear sboulobe made from a part 
of the sample, stained, and evaluated microscopically for bac¬ 
teria and to characterize the cytologic response. Gram stain for 
bacteria, Wright stain for cytologic examination, acid-fast staLn 
for mycobacteria, methylene blue and potassium hydroxide 
preparations for fungi, India-Ink preparations for oyptococd, 
darkfietd microscopic examination for spirochetes/ fresh wet 
mounts for motile organisms (Uichomonads), phase-contras! 
microscopy, immunofluorescence, and electron microscopy 
are methods of identification of Infectious agents and Inflam¬ 
matory cells by direct examination. Techniques of DMA typing 
and polymerase chain reaction (PGR) are finding their place 
as modern diagnostic procedures for Identifying some 
organisms. 

Knowledge of morphologic and staining characteristics 
of bacteria is important to predict the Identity of the micro¬ 
organisms observed in the smear {Box 45-2). 1 Gram or 
Wright stain will demonstrate the presence of most microor¬ 
ganisms. If only one stain Is used, Wright stain* is preferred 
because its cytologic staining is superior to that of Gram 
stain. Characteristics of the microorganisms (fungal, bacil¬ 
lary, or coccoid bacteria), the nature of the Inflammatory 
cells, and suspicions of which microorganism[s) might be 
present at the site of infection are especially beneficial for 
deciding Initial treatment. With this Information, treatment 
can be rationally Initiated at Least 24 hours before results of 
cultures are known and within minutes of the time that 
diagnostic samples are obtained. Although the list of those 
organisms is shrinking, some microorganisms respond 



' Cl Myne bacteria: characterirticjl ly arr pkomurplnc; they .iJi.li.15 jci V stuiprs- 
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predictably to certain antimicrobial drugs. Other organisms 
respond unpredictably because of genetically related resis¬ 
tance. which may arise by mutalion r induction, or acquisi¬ 
tion of a plasmid. If gram-negative bacilli are seen in 
samples, at Least one member of the unpredictable class of 
microorganisms should be suspected, if one or more unpre¬ 
dictable species are present. Isolation and antimicrobial sus¬ 
ceptibility procedures must be performed. 

Serologic methods of diagnosing infections may be ben¬ 
eficial^ 11 However, because most patients have recovered 
from infections by the time a convalescent sample Is 
obtained, serologic diagnoses may not be available Ln lime 
to Influence treatment. However, serologic data may be 
beneficial for the development of preventive strategies. The 
class of Immunoglobulin and the timing of its production 
are determined by the previous antigenic experience of the 
host. High concentrations of specific immunoglobulin M 
(IgM) are useful Ln diagnosing certain viral infections and 
toxoplasmosis. Acute and convalescent sera demonstrating 
a fourfold rise Ln the concentration of a specific [gG Indicate 
the presence of infection. Samples of serum should be 
obtained at an interval of 1 to 3 weeks to permit an ade¬ 
quate time lapse for the formation of significant amounts 
of IgG. Although the presence of 3gC in a single serum sam¬ 
ple, regardless of concentration. Indicates exposure to the 
agent, It Is of little assistance in diagnosing a current infec¬ 
tion. There Is no consensus about what constitutes ade¬ 
quately protective concentrations of Immunoglobulins. 
Because serologic response is used to diagnose some condi¬ 
tions, Is the presence of immunoglobulins an Indication of 
infection, protection, vaccination, or passive transfer? 

Documentation of Infection entails more than merely 
listing isolated microorganisms on a laboratory report. The 
veterinarian must decide If the isolated organisms could 
be responsible for the condition in the animal, if they are 
commensal, resident flora, or if ihey are merely contami¬ 
nants resulting from improper sampling technique. For 
example, Fsrftgndriifl coli Isolated from a sample of feces 
from a calf does not indicate that the caifs diarrhea was 
caused by that organism. E lowever, if that isolate was shown 
to possess the K99 pllus antigen and the ability lo produce 
enterotoxln and If die signalmenl and clinical signs are 
compatible with coliform enteritis, the veterinarian can 
establish a cause-effect relationship from the bacterial 
presence. 


PRINCIPLE 3: DETERMINE MICROBIAL 
SUSCEPTIBILITY IN VITRO 


Quantitative assays of a microbe's susceptibility to antimicro¬ 
bial drugs In vitro are necessary for patients with severe or 
complicated In feci Lous processes and for those with infec¬ 
tions caused by organisms with unpredictable susceptibility 


patterns. 1 


- It is important to remember when formulat¬ 


ing a therapeutic strategy that J, 'the bug denotes the drug."' 
A microbe is considered sensitive to a dnig If the concentration 
of the dnig that inhibits growth of the organism Ln the testing 
system in vitro can be achieved In vivo after administration of 
the drug by methods customarily used in clinical situations. 
Two commonly used quantitative assays of susceptibility are 
broth dilution and disc diffusion testsA 10 - 5 ^ 54 Reliability 
and reproducibility of these procedures depend on the organ¬ 
ism examined, standardization of the inoculum, medium 
used, conditions of incubation, and concentrations of the 
drug. The development and promotion of performance 
standards, as well as interpretive criteria, for in vitro antimi¬ 
crobial suscept Lb l i Ley testing of baderla isola ted fro m a n Lm a I s 
is the mission of the Subcommittee on Veterinary Ajiti micro¬ 
bial Susceptibility Testing of the Cl I meal and Laboratory 
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Standards Institute {Oil]].* Results of these procedures can 
be coupled with knowledge of the clinical pharmacology of 
potentially useful drugs and of pathophysiologic changes In 
the patient to design an Individualized dosage regimen for 
the patient. 

Broth dilution procedures involve Inoculation of a 
known number of organisms into tubes or wells holding a 
volume of broth that contains specific concentrations of 
antimicrobial drugs. These Inoculated tubes or wells are 
incubated under standardized microenvironmental condi¬ 
tions. The lowest concentration of antimicrobial drug that 
inhibits visible bacterial growth is defined as the minimum 
inhibitory concentration (MIC) of that drug for that organ¬ 
ism. The lowest concentration of antimicrobial drug that 
prevents bacterial growth, when an aliquot of the Inocu¬ 
lated broth (hat contains no visible growth is subcultured 
onto drug-free agar or Into broth. Is the minimum bacteri¬ 
cidal concentration [„MBC). Therefore the MIC Is a measure 
of the bacteriostatic concentration of the drug and the MB C 
is a measure of the bactericidal concentration of the drug. 
Drugs that are by some conventions classified as bacteri¬ 
cidal have an MBC within one or tivo twofold dilutions of 
the MIC. The ad|eclives baclerimlaHc and hocferfcfid should 
be used to describe concentrations of drugs rather than to 
classify drugs. The disk diffusion susceptibility test involves 
application of antimicrobial drug-impregnated paper disks 
onto Inoculated agar plates. Itie antimicrobial drug diffuses 
from the disk into the agar, and a progressively decreasing 
gradient of concent rations of the drug is developed centrifu¬ 
gal ly around the disk. If the drug is active against the organ¬ 
ism^ a growth-free zone will surround the disk, The size of 
die growth-free zone can be correlated with the MIC deter¬ 
mined by dilution assays. Because multiple factors affect dif¬ 
fusion of drugs in the medium, the size of the growth-free 
zone Induced by one drug cannot be equated to a zone of 
the same size Induced by another drug 

Ihe microdllullon method provides information that 
may be more clinically relevant (nan that offered by die agar 
dilution method for determining therapy for bacteria] infec¬ 
tions of animals. The quantitative endpoint of susceptibility 
can be correlated with concentrations of the drug in bodily 
fluids or tissues. As a result, a more Informed choice of 
treatment can be made than is usually possible when using 
agar dilution methods. 

Standards for susceptibility in vitro do not necessarily 
apply to activity against pathogens that can be found within 
phagocytes In the patient. Results of intracellular antimicro¬ 
bial activity were not predictable based on data from 
standard susceptibility procedures and have generated 
additional questions about the wisdom of generalizing 
susceptibility Information In vitro or as predictable of 

clinical response. 16 -^ 

Laboratory reports of susceptibility of microorganisms to 
antimicrobial drugs provide oniy part of the information 
needed to formulate appropriate therapeutic actions, inter¬ 
pretation and application of that information remain the 
responsibility of the veterinarian. It Is reasonable to assume 
that If the same conditions are present at the site of Infec¬ 
tion as in vitro, the resuits obtained in vll.ro could also be 
expected in vivo. However, standardized microenvironmen¬ 
tal conditions of a system in vitro are seldom present in the 
patient and those conditions in the patient are usually 
unknown to (be attending veterinarian. Temperature, 
humidity, partial pressures of oxygen and carbon dioxide, 
pH, osmotic pressure, presence of debris from damaged 


■Clinical and l.aboraroc^' Standards Institute (CLSl), Wayne, PA. 


tissue, inactivating substances, and nutritional substrates at 
the site of Infection are as Important to therapeutic success 
as Is the concentration of the drug Limitations of suscepti¬ 
bility procedures and difficulties encountered with interpre¬ 
tation and application of results are eclipsed by the benefit 
provided. During recent years the clinical relevance of cate¬ 
gorizing organisms as "susceptible," "Intermediate/ 1 or "resis¬ 
tant" - has been questioned. Although it Is generally agreed 
that patients with "susceptible" - organisms should respond 
successfully to those antimicrobials, classification of organ¬ 
isms as ''Intermediate" or J 'resislant" Is not necessarily asso¬ 
ciated with clinical faiiure. Retrospective and prospective 
studies, as well as studies with modeis—computerized and 
Laboratory animal—have been undertaken to resolve the 
dilemma, but accurate predLctors of clinical outcome remain 
elusive. 555 NI ederman states that the clinical relevance of resis¬ 
tance Is overemphasized. 1 Other Investigators emphasize that 
the outcome of microbe, antimicrobial, and host defenses is 
dependent on time and concentration of medication to 
which the microbe Is exposed, regardless of medication eval¬ 
uated. Lf5 Those limes and concentrations may be clinically rel¬ 
evant but beyond those used by standard procedures in vitro. 
Several reports demonstrate that being a member of a sub- 
population of patients, categorized by disease, organism, 
and concurrent health issues, has significant Influence on 
final clinical outcome. 5 - 56 - 57 Metlay conveys concerns lhal 
changing treatment patterns based on perceptions of clinical 
reievanee of resistance rather than on scientific evidence 
severely Limits the ability to continue to monitor effectiveness 
of available treatments; yet clinical effectiveness continues to 
be the primary factor driving selection of antimicrobial 
medication. 

Although the previously mentioned evidence germinated 
In human medicine to form the basis for development of 
treatment protocols, sLmllar data for veterinary patients are 
severely lacking. 

PRINCIPLE 4: USE AN APPROPRIATE 
DOSAGE REGIMEN 

In most instances there are insignificant differences In clini¬ 
cal response after bactericidal or bacteriostatic therapeutic 
protocols. 1 ' 1 - 5 ’^ Bacteria] meningitis, endocarditis, and gram¬ 
negative bacillary infections in neutropenic human patients 
are conditions In which bactericidal concentrations of active 
drugs at the site of infection were correlated with Improved 
response. Confirmatory data tvith animal patients are lack¬ 
ing but extrapolation may be acceptable when similar caus¬ 
ative organ isms are present. Because of complex interactions 
among microbes, subtherapeutic concentrations of drug£, 
postantimlcrobial effects, host defenses, and microenviron¬ 
ment at the site of infection, dogmatic statements about the 
requirement for bactericidal protocols should be avoided. 

The drug selected for treatment must reach the site of Infec¬ 
tion, at an adequate concentration of the active form(s), 
for a sufficient time that Lis selectively toxic effect can be 
Inflicted on the infectious agent. Astute application of clinical 
judgment and knowledge of pathophysiology and clinical 
pharmacology are important for the development of an 
appropriate dosage regimen so that therapeutic success may 
be expected. 

A dosage regimen has six components: formulation of 
the drug to he used, dose of drug to be administered, route 
of administration, site of administration, dosing interval, 
and duration of treatment. IDi5,ri When (lie appropriate drug 
has been selected, dose, route, site, and interval of adminis¬ 
tration can be formulated using pharmacokinetic values of 
the drug in the targeted species. The drug's bUnavailability, 
Us distribution to the site of infection, the duration of 



1512 



PART ax PREVENTIVE AND THERAPEUTIC STRATEGIES 


therapeutic concentrations at the site of Infection, and its 
clearance from the body must be considered. The following 
are affected by drug- and host-related factors: solubility of 
the drug and its formulation in water and lipids, formation 
of a concentration gradient, blood flow at the site of absorp¬ 
tion and at the site of Infection, ionization of the drug, 
binding of the drug to proteins, blotransformatlon of the 
drug chemical characteristics of the drug, presence of an 
inflammatory response, and microenvironment at the site 
of Infection. 

PostantImicroblal effects of some drug£ may be signifi¬ 
cant. Itiese effects can be considered with pharmacokinetic 
values and mathematically factored Into the calculation of 
a dosage regimen. 60 Few patients have conditions that 
require detailed mathematic calculation of a dosage regi¬ 
men. Patients that may require such attention are those 
with compromised function of organs involved with blo¬ 
transformatlon or elimination (primarily Liver or kidneys), 
those that need treatment with drug£ that are potentially 
toxic and those shat receive two or more drugs that Interact 
in a potentially dangerous manner or that alter biotransfor¬ 
mation or elimination of themselves or other drugs. Dili¬ 
gent monitoring of the high-risk patient for evidence of 
insult or toxic damage to organs is recommended (e.g., rou¬ 
tine urinalysis, blood urea nitrogen, creatinine, sorbitol 
dehydrogenase). 

The ability of an antimicrobial drug to distribute to an 
infected site depends on circulating concentrations of the 
drug molecular size, binding of the drug to proteins in 
plasma and In tissue, w r aler and lipid solubility of the drug 
ionization of the drug inflammation, active transport 
mechanisms, affinity for the particular tissue, and rate of 
elimination. 10 -'S' 51 ® 1 Increased blood flow and capillary 
permeability associated w r Llb inflammation at the site of 
infection allow passage of drugs Into areas that might other¬ 
wise be inaccessible. l"he blood-brain barrier poses such a 
barrier to drug passage. Distribution of penicillins and 
cephalosporins into CSF and other tissues Is inversely pro¬ 
portional to the degree of plasma protein binding of the 
drug and directly varies with she degree of Inflammation 
present. Aminoglycosides enter the C5F poorly, regardless 
of the presence of Inflammation. 1 lotvever, no drug 
completelv equilibrates across the blood-brain barrier; 
therefore high systemic concentrations of drugs are neces¬ 
sary to achieve adequate concentrations in she CSF, unless 
the intrathecal route of administration Is used. 

For reasons and by mechanisms that aren't totally under¬ 
stood, some drugs, particularly macro!Ides, concentrate in 
tissues and remain in those (Issues for expended peri¬ 
ods. 1 - I0 - 5 5 - 17 Those characteristics are at risk of being misin¬ 
terpreted because specLfic contributions to clinical outcome 
are not clear. Also, the time course of those drugs In plasma, 
as described by classical pharmacokinetic methods and as 
used typically for pharmacokinetic and pharmacodynamic 
(PK/PD) modeling, do not adequately apply to the time 
course in the target tissue. Therefore for macro!Ides, typical 
PK/PD modeling does not adequately serve as a predictor 
of clinical outcome. 

Drugs may be concentrated along routes of elimination 
and used advantageously to treat Infections along those 
routes. Elow r ever, when usual pathways of excretion are 
impaired, therapeutic success may fall, and drug-induced 
toxicity becomes more likely. Drugs that concentrate in 
urine can be used to treat "urinary tract Infections, even 
though concentrations of those drugs in blood may be inef¬ 
fective against infection elsewhere (e.g, benzathine penicillin 
C or ampLclllLn tri hydrate In the horse). Itiis Illustrates the 
necessity for relating the susceptibility of the organism to 
the concentration ot drug at the site of Infection. Penicillins, 


cephalosporins, trimethoprim-sulfonamide, and other drugs 
that attain high concentrations in urine may be effective 
against organisms that are otherwise considered resistant. Sim¬ 
ilarly, diug£ that are eliminated by the blliaiy route may be 
used to treat biliary or hepatic Infections. Drugs that undergo 
significant blliaiy elimination or reach beneficial concentra¬ 
tions in the Liver Include erythromycin, chloramphenicol, 
lylosln, and tetracyclines. 

Duration of treatment varies with the disease and individ¬ 
ual patient.- 1 Activity of the host's defenses and ability of 
the organism to resist those defenses, mechanlsm(s) by 
which the organism develops resistance Eo the drug, location 
of the infection, and primary activity of the drug influence 
decisions about the duration of therapy. If antimicrobial 
drugs are trulv necessary for the patient, one dose of the 
drug[s) is seldom sufficient unless the product Is designed 
for prolonged exposure of the pathogen to adequate concen¬ 
trations. Usually, treatment continues beyond resolution 
of the patient's clinical condition. Duration of treatment 
remains a judgment call of the attending veterinarian. 

Microenvironmental conditions at the sLte of Infection 
must be compatible with the selected drug. Supernate of 
fluid from abscesses is acidic, hyperosmotic, and hyperlonlc, 
with relatively low concentrations of sodium and chloride 
and high concentrations of potassium and phosphate. 63 Rel¬ 
ative to the respective concentrations In serum, concentra¬ 
tions of calcium are Lower, those of magnesium are higher, 
and those of albumin and protein are Lower in abscesses. 
Regarding drugs with Intracellular sites of action, only that 
part of the drug that Is nonionized, unbound to proteins or 
other constituents, and escapes Inactivation by enzymes or 
competitive compounds crosses the bacterial plasma mem¬ 
brane to reach (be site of action to be therapeuticalLy active. 
Penicillins and cephalosporins inhibit syn thesis of the bacte¬ 
rial cell wall, but death of bacteria occurs when the bacteria 
rupture as a result of the relatively hyperosmolar interior of 
the bacteria. If the extracellular microenvironment Is isosmo- 
lar relative to (he interior of the organism, a cell-wall variant 
(protoplast or spheroplast) may form and continue to 
survive. 6 - 61 

Aminoglycosides are ineffective in an anaerobic microen¬ 
vironment because the oxygen-dependent transport system 
that is necessary for Intracellular uptake of the drug by sus¬ 
ceptible bacteria is nonfunctional In an anaerobic environ¬ 
ment.^ 11 - 63 Drug^ that are extensively bound to proteins 
in plasma are also extensively bound to proteins In pus. 62 
In addition to binding to proteins, aminoglycosides and 
polymyxins bind to constituents In sediment of pus from 
human patients, binding of gentamicin is reversible and 
does not Inactivate the drug. The antimicrobial activity of 
gentamicin may be Inhibited as much as ItS- to 32-fold by 
the acidic pEI, high ionic content, and osmolality of pus. 
Activity of microbial [J-Lactamase al the site of polymicro¬ 
bial, anaerobic infection can be sufficient to reduce the con¬ 
centration of effective ft-lactam antimicrobial drugs. Debris 
from tissue may provide adequate substrates for bacteria 
to circumvent effects of trimethoprim or sulfonamides. 6 -^ 

Size and purity of the Inoculum also Influence antimi¬ 
crobial activity. A certain number of molecules of aminogly¬ 
cosides Is needed to kill a single bacterium; therefore 
antimicrobial activity is influenced by the amount of active 
drug relative to the size of the Inoculum. 11 Many infections 
are polymicrobic, and antimicrobial activity at the site of 
infection Is Influenced by complex interactions among 
microbes, the host, and antimicrobial diugs (bat are not 
influential in susceptibility lest systems in vitro. 63 

I’he effect of most antimicrobial drug£ is best when the 
pathogen Is actively growing and dividing, because al that 
lime the organism Is most susceptible. 6 When infections 
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mature, bacteria] growth rates are reduced, and bacterial 
population density increases. 55 Mature infections caused 
by gram-positive cocci respond poorly to delayed treatment. 
Effects of delayed treatment against Battawides fragihs 
have been demonstrated with metronidazole, clindamycin, 
cefoxitin., and moxa lactam. Metronidazole was the least 
affected by delay. A group of P-laclam antimicrobial drugs, 
the penems, have good activity against slowly growing bac¬ 
teria. 155 They have been used in animal patients, but their 
applicability in veterinary medicine will be better defined 
by results of well-designed studies. 

A drug formulation administered ta animals of different 
species or to different animals of the same species may have 
different pharmacokinetic characteristics. Pharmacokinetic 
characteristics may be altered by disease and can vary from 
animal to animal. Pharmacokinetic studies are usually per¬ 
formed with healthy animals; pharmacokinetics of drugs 
in diseased animals may be substantially different. Pharma¬ 
cokinetic values are used to describe the time course of a 
drug in the body and to predict what will occur If the drug 
is administered to another animal. If predicted values do 
not accurately describe the time course in diseased animals, 
ihose predicted values are not acceptable, and data from 
appropriately designed studies with diseased animals 
should supersede previous data. A calf with hypovolemic 
shock associated with gram-negative bacteremia and endo- 
toxemla may have inadequate peripheral perfusion with 
subsequent inadequate absorption of drugs administered 
intramuscularly. Because of individual variation, this princi¬ 
ple can be remembered as "the horse directs the course” 4 or 
,J ibe cow dictates how." 

A good example of this is found In the combination of 
trimethoprim and sulfadiazine. The pharmacokinetics of 
both drugs are relatively similar in both horses and cows. 
However, in cattle the time course and circulating concen¬ 
trations of each drug differ significantly. 66 -* 3 Absorption of 
trimethoprim appears to be the Limiting factor affecting cir¬ 
culating concentrations of that drug when tt is administered 
extravascularly. However, this should not be considered as 
an overall impediment to the efficacy of this combination 
of drugs. Efficacy has been demonstrated experimentally 
against salmonellosis In calves*- 5 ; sts efficacy against urinary 
tract Infections. cannot be adequately judged by circulating 
concentrations of these drugs. 

PRINCIPLE 5: MONITOR RESULTS 
OF THERAPY 

It is surprising to note that optimal therapy [drug dose, route, 
dosing interval, duration, and ancillary treatment) against pul¬ 
monary Infections In people is not inflexible or estab¬ 
lished. 1 ■ 57 • 58 'The same is probably true for infections in 
animals. It Is extremely difficult to eiclermlne the minimally 
effective dosage regimen of a drug- therefore the veterinarian 
must monitor., by appropriate means, results of treatment 

Without monitoring the therapeutic response, the veteri¬ 
narian is unable to assess success or failure of treatment. 
Assessment should continue throughout the treatment 
period. 5 - 113 .Nonspecific and specific methods used to docu¬ 
ment Infection can also he used to monitor therapeutic 
response, Intervals at which these procedures should he 
performed depend on the type, severity, and site of the 
infection, Clinical signs, morbidity, mortality, hematologic 
changes, radiologic signs, microbial reduction, and moni¬ 
tored concentrations of drugs are useful In assessing success 
of therapy; but each has Inherent limitations and none Is 
clearly superior, 5 - 5 *' 57 Measurement of concentrations of 
some antimicrobial drugs in serum or plasma Is an aid to 
assessing adequacy of the dosage regimen and reducing risks 


of toxicity. 50 Therapeutic drug monitoring Is most applicable 
when patients are receiving aminoglycosides, have Impaired 
function of organs of elimination or blotransfbrmatlon of 
the drugs, or receive more than one drug, which may result 
In adverse Interactions, 50 - 0 * Therapeutic success against bac¬ 
terial endocarditis is more likely when the patient's serum 
[with drug) will inhibit bacterial growth Ln a 1:B or higher 
dilution and will kill the organisms in a 1:4 or higher dilu¬ 
tion. 50 - 5 ^ Critical concentrations of antimicrobial drug in 
serum for other infections have not been established but are 
generally targeted at concentrations that are severalfold 
higher than the MIC. 

Studies are needed that evaluate the relationship between 
circulating concentrations of the drug and response to ther¬ 
apy. As with documentation of infection, Interpretation of 
these data is Important. Fever, other signs of inflammation, 
and even hematologic abnormalities can result from the 
therapy [drug-Induced fever, leukocytosis) and nonspecific 
factors and may not be caused by Infection. ]0 - 7D Monitoring 
Is the only means of determining clinical applicability of 
results of susceptibility tests In vitro and efficacy of the treat¬ 
ment used. Disparity between results in vitro and those 
In vivo Is not uncommon. 552 ' 53 ' 5 *’' 57 ' 04 

PRINCIPLE 6: INVESTIGATE CAUSES 
OF THERAPEUTIC FAILURE 

Failure of treatment can result from any of several factors 
(Box 45-3], When response to treatment is not as expected, 
the cause should be sought, and the problem should be cor¬ 
rected. Potential for therapeutic failure can be decreased by 
applying principles outlined in this chapter, by considering 
the status of the host's defenses, by initiating appropriate treat¬ 
ment before the condition becomes irreversible, and by 
providing appropriate adjunctive therapy with drugs or by 
lavage, drainage, or removal of foreign bod Ik from the site 
of Infection. Conditions caused by bacteria will not respond 
to anliparasitic dmgfr those caused by viruses, helminths, or 
fungi will not respond to antibacterial drugs; those caused by 
helminths will not respond to antifungal drugs. These exam¬ 
ples serve to demonstrate Inappropriate choke of drug 
but equally Inappropriate is Llie use of drugs to which She 
organisms are resistant, that are Ineffective in the microenvi¬ 
ronment, or that do not distribute to sites of infection. Occa¬ 
sionally an Infection that does not respond may be 
overcome by changing the dose of drug being used, the formu¬ 
lation, the'route of administration, or the administration 
interval or by prolonging the duration of treatment. Compli¬ 
ance with the selected dosage regimen Is necessary before 



Causes of Therapeutic Failure 


in.LppriTpri.LiL- diagrioais 
Inappropriate drug 
Inappropriate dosage regimen 

Inappropriate absorptici n. diBiributient, bio transformation, or 
elimination of the drug 
impaired host's defense mechanisms 
I n appropriate microenviTon mem 
Development of resistance to the drug 
Inadequate compliance with die dosage regimen 
Superirdection 
Interactions of drug; 

Irreversible condition of the patient 
Toxicity of the drug 
Inactive drug 
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therapeutic .success can be expected. Studies have revealed that 
inadequate compliance is commonly encountered A 57 - 71 Dis¬ 
ease can aiter hMl-related factors such as function of organs, 
perfusion, or Inflammatory response, which affect absorption, 
distribution, biotransformatlon, and/or elimination of the 
drug. Because ant Lmicrobtal drugs act in concert with die host's 
defense mechanisms, any defect In these defenses can reduce 
the efficacy of antimicrobial drug?,. A microenvironment that 
is inappropriate for activity of the dmg, organisms that are 
resistant to the selected dmg, or superinfection may also resuil 
in therapeutic failure. Interactions of drugs in vivo or in comix¬ 
tures can alter pharmacokinetic variables of drugs or render 
them chemically Ineffective. Direct toxicity of antimicrobial 
drug£ can be detrimental to the patient, as well as cause thera¬ 
peutic failure. Eflhe patient's condition has advanced to a point 
of irreversibility, any amount of appropriate therapy may be 
ineffective. Therapeutic failure is too frequently blamed on 
an inactive or ''bad" drug. This Is probably the least common 
cause of therapeutic failure If dates of expiration and condi¬ 
tions of storage of the drug are properly observed and If the 
product Ls appropriately used as prescribed. 

PRINCIPLE 7: RESTRICT CONCOMITANT 
USE OF ANTIMICROBIAL DRUGS 

Fixed-drug combinations or concomitant use of two or 
more antimicrobial drugs Ls occasionally appropriate, as 
shown In Box 45-4. ]a - 53 ' 53 However, in most instances one 
drug with a specific antimicrobial spectrum will provide 
adequate therapy and will reduce the potential of adverse 
effects in the patient or the potential for selection of resis¬ 
tant organisms. There are very few, if any, situations in 
which some fixed-drug combinations are superior to indi¬ 
vidual drugs. When used concomitantly against a specific 
organism or organisms, two or more antimicrobial drugs 
may be synergistic, additive, antagonistic, or Indifferent in 
their effect. Selection of two or more antimicrobial drugs 
for concomitant use should not be undertaken without con¬ 
sidering their cumulative effects and the Legitimate need for 
concomitant use of drugs. Too frequently, antimicrobial 
drugs are combined or used concomitantly to provide 
"broad-spectrum coverage" because of the attending veteri¬ 
narian's diagnostic insecurity or to replace diagnostic proce¬ 
dures. Concomitant use of antimicrobial drugs should be 
limited to the following: to provide synergy against infect¬ 
ing organism's, to prevent bacterial resistance to antimicro¬ 
bial drugs, to extend the antimicrobial spectrum as part of 
the Initial therapy against life-threatening conditions, or to 


BOX A 


Concomitant Use of Antimicrobial Drugs. 


POTENTIALLY BENEFICIAL 

PenidllLn ■ amlnoglycosidE 
i ^phalosporin - an^oglymslde 
Erythromycin -+ rifampin 
Uncoinydn + speclinomycLn’ 
Trimethoprim -i lib u.until £■ 

Pciitcilliii - sulfonamide 
Tetracydixw +- sulfonamide 
Penicillin 4- davulanJe acid 

UNDESIRABLE 

Penicillin - lelcacycUne 
Chloramphenicol H- erythromycin 


'I'mcncLilly Il'iJl.iJ comptirjitkma mny UcvL'Jnp tri taonen l^i shoiip I bill 
iwtivE bELcemycin. 


treat mixed-bacterial Infections. Concomitant use of antimi¬ 
crobial drugs beyond these situations Is not justified, unnec¬ 
essarily exposes the patient to risks of adverse reactions to 
druas, and Increases pressure for development of resistance 
to drugs by the Infecting organism or others. 

Synergy results when antimicrobial activity of two drugs 
in combination is greater than would be expected by the 
sum of the activity of the individual drugp. Synergy can result 
if the drugs act at different sites in the same metabolic path¬ 
way [e.g., trimethoprim + sulfonamide) or at different sites 
(e.g., 30S and 505 rtbosomal subunits) in the organism. 
Activity of one drug may Improve the entry of another drug 
into the organism (e.g., penicillin or cephalosporin 4 ami¬ 
noglycoside) or prevent the degradation of another drug by 
the organism (e.g., amoxicillin -r clavulanic acid). Synergis¬ 
tic combinations of antimicrobial drugs may be essentlafln 
some severe infections that are difficult to eradicate or infec¬ 
tions in patients with temporarily impaired defense mechan¬ 
isms. However, concomitant use of antimicrobial drugs is 
not necessary in routine treatment of most Infections. Syn¬ 
ergy does not imply that a "better" clinical response will 
result. Despite evidence of synergy between two drugs 
in vitro, convincing evidence that such synergistic combina¬ 
tions are superior to single drugs in vivo when treating 
defined Infections is sadly lacking in veterinary medicine. 
Controlled, prospective clinical Investigations designed to 
evaluate synergistic responses In vivo are desperately needed. 

Antagonism has been demonstrated between penicillin and 
tetracycline. 30 In some instances, ampiclllln and chloram¬ 
phenicol haw been antagonistic, whereas In other Instances 
they have been therapeutically beneficial. Antimicrobial drugs 
that have the same or an anatomically proximate site of action 
(phen tools, macrolld.es, and llncosamloes) should not be used 
concurrently because of antagonistic competition for those 
sites in bacteria. 

If bacterial resistance to drugs occurs by mutation and 
with separate frequencies for tw r o different antimicrobial 
drugs, the statistical probability that mutational resistance 
against both drugs will develop Js Inversely related to the 
product of the individual frequencies. Following this ratio¬ 
nale, concomitant use of antimicrobial drugs has been most 
successfully applied In the treatment of infections caused by 
organisms in which resistance to single drugs develops rap¬ 
idly. Resistance against multiple drugs that Is encoded by 
plasmids should not be expected to follow tills pattern. 
Data fail to support the popular belief that such a combina¬ 
tion of drugs Is necessary 1 to avoid the development of resis¬ 
tance when there is evidence that resistance forms in face of 
this concomitant use. The popularity of combination treat¬ 
ments does not necessarily mean they are more efficacious 
than single-drug treatments. 

It Is justifiable and recommended to use more than one 
antimicrobial drug as Initial treatment of life-threatening 
infections before results of bacterial cultures are known. 
This treatment should be based on the presumption that 
most, if not all, organisms that cause the infection will be 
susceptible to selected drugs and that withholding treat¬ 
ment will most likely result In death of the patient. Because 
such therapy is Initiated before the causative agent and Us 
susceptibility can be ascertained. It Is Imperative that all 
appropriate diagnostic samples be obtained before initia¬ 
tion of such treatment. It Is important that historical or 
statistical data be taken into account when selecting the 
most probable causative agent(.s). After the infectious agent 
and Its susceptibility are known, treatment should be appro¬ 
priately adjusted. Extended antimicrobial spectrum is too 
often abused as a substitute for collection of diagnostic 
data, because of the veterinarian's diagnostic Insecurity or 
because of the client's Insistence on treatment of the patient. 
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PRINCIPLE B: APPROPRtATELY ATTEND TO 
ADVERSE REACTIONS TO DRUGS 

Adverse reactions to dings can develop In patients as a result of 
drug-related or host-related factors. I(f -~ D - 7 ^ Most can be classi¬ 
fied as side effects of the drug, hypersensitivity to the drug or 
its metaboIttfSr interactions of two or more drugs in vivo or 
incompatibilities in an admixture before administration, 
alterations of indigenous microflora by the drug, and direct 
toxic etfects of the drug on the host's tissues or as Idiosyncratic 
or idiopathic reactions that defy elucidation and classification. 

Adverse effects are not always predictable and may not be 
side effects of the drug. Side effects of a drug are usually pre¬ 
dictable because they result from the pharmacologic activity 
of the drug, for example, tetracycline may be selected pri¬ 
marily for its activity against a respiratory pathogen in a foal. 
Discolored dental enamel on permanent teeth may be an 
acceptable side effect., but altered intestinal microflora and 
huaJ diarrhea are adverse effects. 

All types of hypersensitivity reactions can occur In 
response to drugs. Clinical signs demonstrated by animals 
wlin hypersensitivity reactions to drugs are typical of those 
caused by other allergens. Because the molecular weight of 
most drugs Is too small for the parent drug to serve as an 


allergen, polymers of the drug or its metabolites chemically 
combine with amino acids, polypeptides, or carbohydrates 
to form allergenic complexes Polymers alone may be large 
enough to be allergenic. E : igures regarding the frequency 
and type of hypersensitivity reactions in animal patients 
may not be representative because reports ofiuch reactions 
are'probably not complete. In the United Stales* adverse 
reactions to a drug in animal patients should be reported to 
the manufacturer of the product and to the FDA-CVM. It is 
my opinion that the manufacturer should be the first to be 
contacted. Manufacturers are the primary resource for data 
related to their products and are usually equipped and 
staffed to respond to emergency clinical situations tha! may 
result from adverse reactions. 

Interactions of drugs in vivo and incompatibilities of 
drugs in admixtures are possible when more than one drug 
Is used. 71 - 73 Some Interactions and incompatibilities are well 
known, and references to these data- should be available. 
Pharmacists have considerable reference material to consult, 
and their Input is extremely valuable In these matters. Before 
drugs are mixed or administered concurrently, interactions 
and compatibilities should be determined (Table 45-2). In 
this context, polyionic fluids, vitamins, minerals, and other 
substances should all be considered as '‘drugs. - " 


TABLE 45-2 




Specific Drugs and Additives That Are Incompatible When Co mixed Before Administration J1<T 3 


pH 

ticncr.il Comments 

Incompatibilities ; 

Ainknophyiline 

8-9 

Not stable if pf l :S 

Cephalothln Na. tetracyclines, polylonic fluid soluLions, 

Ammonium chloride 

4.5-6 


penicillin Ci. morphine sulfate, erylhnomyein g luce plate, 
methyipredniaoione Na succinate, mulliple vitamin 
solutions, thiamine 

Chlortetracyditie, siilfadlizlnt, sulfisoxazole 

AmptrlLLin sodium 

8.5-10 

Do not mix wlLh other 


Calcium chloride 

<5-8.2 

medication because of 
pll changes 

Cephalotliln Na, chlorpheniramine, hydrocortisone or 

Calcium liasodJuiTi [1DTA 

6.5-S 


prednisolone phosphate,, kanamyrin sullate, 
tetracyclines. sodium bicarbonate (concentration 
dependent) 

Dextrose sahittons, tetracyclines 

Calcium gluconate 

6-8.2 


Gephalothin Na. tetracyclines, prednisolone phosphate. 

Carbenicittin disodJiun 

6-7 


sodium bicarbonate, phenylbutazone, sulfonamides 
Tetracyd i nes. am itkpglyooskka 

CcphaJothan sodium 

5.2 

pi-1 <4 oi >7 


CjTmocobala ruin 

4-5.5 

Not advised, do not mix 
with other medication 

Alkaline solutions, ascorbic acid vitamin b complex with 

Iv+lamln B u ) 

Dexameihasone phosphate 

6.5-7 


C, vitamin K, warfarin 

Chlqrpromazlnc 

Ergonovinc maleale 

2.7-3.5 


Do not mix with other medications 

Erythromycin Lactoblorale 

6.5-75 

Do not combine with 

AmLnopliyJJlne. multiple vi lam ins. cephololhln Na. 

Furosemide 

s. a^>, 3 

mixtures having a final 
pi l <5 

pentobarbital, sodium iodide, heparin Na penicillin G, 
tetracyclines 

Acid solutions 

Gentamicin sulfite 

1 If pa ran sodaum 

5-7.5 

Do tiol in Lx with other 
medical Iona 

Sodium bicarbonate, multiple vitamins, tetracyclines. 

Hydrocortisone sodium 

7-8 


chlorpromazmc or promazine., erythromycin 
la.ctobJon.ite nr plucepuite, gentamicin S0 4 . 
hydrocortisone sodaum succinate, methylprednisolone 

Na surcjnate, kmamyctn 5G fl , meperidine HCL, 
morphine SO.,. penicillin G (K- ), prolamine 

Cephaloihtn Na. letracyclUies, heparin Na, kanamydn S0 4l 

succinate 



mulLiple vitamins, pentobarbital Na, promazine, 
erythromycin. tyJosin 


Gofi&nued 
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TABLE 45-1 




Specific Drugs and Additives That Are Incompatible When Comixed Before Administration”- 73 — cont'd 

WruK 

pH 

General Com men Is 

Incompatibilities j 

Kanamycln sulfite 

Levamisole 

4.5 


Cephalothin Na. dextrose, heparin Na, hydrocortisone .Nil 
slice male, penicillins, sulfadiazine 

Neomycin., phenylbutazone, sulfonamides, teiracyclines 

Lidocalnc 

6-7 


Alkaline solutions 

Magnesium sulfite- 

5.5-7 


NaHCO,, c atrium-contnintng solutions, tetracyclines 

Mannitol 

4.5-7 


Strongly acidic or alkaline solutions, whole blood. 
penicillin G 

M e L b>1 p r ed n 1 sol o ne 
sodium succinate 

Mu tuple vitamins 

7-B 


AniLnophyttine, heparin Na, tetracyclines. Vitamin E 

.AmuiophylUiie, cyanocobalamln, crythromydn 

lacloblonaie, heparin Na. hydrocortisone Na succinate, 
peuEclIUn G, sodium bicarbonate, tetracyclines 

Nitrofurantoin sodium 

7 7-9.8 


Calcium chloride, insulin, phenol, procaine 

Oxytocin 

.2.5-4.5 

Do not ink wilh ocher 
medications 


Pen Icil 11 n G ( K~ or Na ■ J 

6-7 

Significant Inactivation if 
pH <5.5 or >8 

Jctracyclines. acetylcysteine multiple vitamins, vitamin B 
wiLh C, li neomycin, aminophylline pentobarbital, 
thiopental, cephalnihln Na, erythromycin, sodium 
b-icarbonate, sulfonamides, heparin Na, gentamicin 

Pentobarbital sodium 

10-10.5 


■Acldk solutions, cephalothin Na, erythromycin, tetracyclines, 
sodium hicarboruite. suednylcholine chloride 

Ringer's lactate solution 

6-7.5 


kpinephnne HCl, tciracydinar, sodium bicarbonate, 
sulfadiazine- Na 

Sodium bicarbonate 

7-B 


CaldurTHConLaininE solutions, magnesium sulfate, vitamin 

B with C, tetracyclines, penicillin G fNa oi K). thiopental 
sodium, pentobarbital Na. streptomycin 

Sodium iodide; 

7.5-9 


Vitamin U with C 

Succlndchohne chloride 

3-4 5 


Alkaline solutions,, pentobarbital Na, thiopental Na 

Sulfonamides 

Basic 


Acidic solutions, ammonium chloride, gentamicin SO,, 
kanamycln it? i Lincomycm httl-J, EneihlciJIm, penicitlln 

G r tetracyclines, vitamin B with G. calcium gluconate, 
dextrose, tylosln, procaine 

Tetracyclines 

i e-2.B 


Ammophyltlne, penLdJJlns. magnesium or calcium salts, 
cephalothin Na, erythromycin, UcLohionate, hepirln Na, 
hydrocortisone Na succinate, meihylpiednisoJcine Na 
succinate, multiple vitamins, nitrofurantoin, novobiocin, 
polymyxin 15 La dated Ringer’s or Ringers solution, 
sodium bicarbonate, sulfonamides, barbiturates 

Thiamine (vLiamin B c ] 

3-1 

Neutral or alkaline pJ! 
causes decomposition 

Irmi sails 

Thiopental sodium 

90-1 1 


Acidic solutions, promazine IICl, sodium bicarbonate, 
iuccLnylchoijne Cl, atropine SO.,, penicillins, 
cephalosporins, tetracyclines, hydrocortisone Na 
succinate 

Ticarcillin disodium, 

Tylosln 

fi-a 


Amlnciglycds ides 

Hydrocortisone, Letracyclmc, streptomycin, sulfonamides 

Vitamin Et complex 

10-1 1 


■Alkaline solutions, cephalothin Na, cyanoeobalamin, 
erythromycin lacloblonate, livdcocortisone Na succinate, 
tetracyclines 

Vitamin B complex wilh C 

3-6.5 


■Aminophytline, cephalothin Na. eiylhromyrin 
lactobionate 


J.J.UA liibyBtneLJjankLnrteiTnacEtik; .icilI 


AJ Lera Lions In Indigenous microflora can reduce the effec¬ 
tiveness of natural host defenses, allow superlnfection r or 
alter normal function of some bodily systems. 3-ibri no necro¬ 
tic colitis in horses that receive clindamycin orllncomycin is 
an example. This problem is serious enough that the use of 
these drugs is con!raindicated in horses. Tetracyclines (espe¬ 
cially doxycycltne), macrolides,. or potentiated sulfonamides 
can also alter the Intestinal bacterial flora and thereby may 
precipitate potentially lethal diarrhea/ 4 - 75 these drop may 


b-e drugs of choice for treatment of some patients, and the 
adverse effects considered In context while a strategy lor Ereal- 
mem Is formulated. 

Toxic effects of antimicrobial drugs may not be predict¬ 
able. Some drugs such as aminoglycosides or amphotericin 
B have predictable, dose-related toxicides. The ratio of toxic- 
to-therapeullc concentrations {therapeutic Index) of drugs 
varies with the drug's properties and host-related factors 
that alter the patient s susceptibility to toxicity of the drug 
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]f a drug with a low tmic-lD-lherapeulIc ratio is chosen to 
treat an infection, its toxic and therapeutic effects should be 
closely monitored, [f toxicity of a drug is predictable by its cir¬ 
culating concentrations, total amount of the drug adminis- 
lered, or duration of therapy, careful attention should be 
afforded these values. The greatest difficulty In predicting 
either efficacy or toxicity Is knowing the minimum concentra¬ 
tion of the drug that predictably causes each of these effects In 
the i ndivid ua] pa tient. Mon Ito ri itg ci rcu I ati ng co ncentratio ns 
of aminoglycosides is an essential aspect of therapy with these 
drugs because of their potential for causing toxicity and 
erratic pharmacokinetics in patterns; 6 ^- 7 ® Amphotericin B is 
also predictably toxic, and careful monitoring of Lis effects is 
necessary. Toxicity of drugs that require biolransformation 
for activation or inactivation can be enhanced or reduced by 
alterations in biotransfonnation resulting from disease or con¬ 
comitantly administered drug?. Chondrotoxic effects of fluo¬ 
roquinolones in adult and young horses is supported by 
results of some investigations 15 - 3 ® and refuted by others. 27 - 2 ^ 
Perhaps an equally important question to be answered 
while trying to resolve discussions of occurrence of that 
arthrotoxietly is how tveli the insulted articular cartilage 
heals. Just as with disease, drug-ln|ured tissue may regenerate 
and regain healthy function resulting in indistinguishable 
effects at a later dale. 

Frequently the true pathogenesis of an adverse effect is not 
known. It may not be dearly related to the drug or may not 
have been observed previously. Because drug-related reac¬ 
tions in animals are iatrogenic, reasonable suspicion that a 
reaction could be drug related should be maintained until 
proven otherwise. Observations and thoroughness of investi¬ 
gation by the attending clinician remain the best means of 
establishing the cause-effect relationship of drug-induced 
reactions, inal diagnosis is often arrived at by a process of 
elimination of other potential causes. 


PROPHYLACTIC OR 
METAPHYLACTIC USE OF 
ANTIMIC ROBIAL DRUGS 

GORDON W. BRUMBAUGH 

The medical definition of prophylaxis is the prevention of 
disease. 77 The word is derived from the Greek prefix, 
pro, which signifies before or in front of, and the word 
phylaxiSr which means a guarding or protection from 
infection. Prophylactic use of antimicrobial drugs implies 
that the medication is administered before exposure to 
an infectious organism In order to prevent Infection. 
The term metaphyLuis is also of Greek origin, with the 
prefix fnotci meaning after, beyond, or over. The prefix 
indicates change, transformation, exchange, after, or next. 
Metaphylaotic use of antimicrobial drugs implies timely 
administration of the medication after exposure to an 
infectious organism, during the transformation or devel¬ 
opment of cl in Leal signs of the disease, before clinical dis¬ 
ease is apparent. In previous editions of this text, no 
distinction between prophylactic use and metaphyLactic 
use of antimicrobial drugs was made. That has been cor¬ 
rected in this edition. 

Despite apparently widespread administration of antimi¬ 
crobial drugs to prevent disease, prophylactic use of antimi¬ 
crobial drugs remains controversial and of unproven value 
in many instances. 7711 Far too frequently veterinarians and 
lay personnel use antimicrobial drugs prophylaetLcally 
because of concern over diagnostic accuracy. Although 
indiscriminate use of antimicrobial drugs to prevent disease 


should be condemned, prophylaxis can be useful in certain 
circumstances. 73 Unfortunately these circumstances have 
not been well defined in veterinary medicine, partly because 
of difficulties in assessing response to microbial prophy¬ 
laxis. 0 if a beneficial effect results front prophylactic use 
of drugs, the therapist is encouraged to repeat their admin¬ 
istration when later presented with a similar situation, for 
example, antimicrobial drugs may be administered to 
horses with viral upper respiratory disease to prevent sec¬ 
ondary bacterial pneumonia. If die horse does not develop 
pneumonia, It is assumed that the antimicrobial drug pre¬ 
vented bacterial pneumonia. Therefore the next horse that 
demonstrates signs of upper respiratory disease will receive 
antimicrobial drugs prophyhelically, ibis Is not sound 
reasoning, nor is Ll justification for prophylactic use of anti¬ 
microbial drugs. 1'hat horse may not have developed pneu¬ 
monia if the antimicrobial drugs had been withheld. 
Seldom Is a determination made about whether a result 
Is "because of 1 or "in spite of " the prophylactic use of 
medication. 

in some instances, antimicrobial drugs are used pro¬ 
phylactic ally with guidance by clinical impressions. 
Unfortunately, objective data to support such uses are 
not always available. Controlled, blinded, prospective 
clinical investigations are of paramount importance for 
obtaining that in formation. 73 Proper performance of 
such studies can be difficult. The multitude of factors 
Involved with such studies {e.g., large numbers of 
patients, criteria for selection of patients, confirmatory 
diagnostic procedures, choice of ''appropriate controls," 
variables to be evaluated, dosage regimens, and ancillary 
measures to be used) result in a complexity that dis¬ 
courages most veterinarians who initially desire to 
embark on such studies. An additional factor that compli¬ 
cates studies of the efficacy of antimicrobial drug^ perlo- 
perativeiy is that historical incidences of Infection may 
not be reliable controls because surgical techniques vary 
among surgeons and have changed because of advances 
in surgical materials and procedures. Therefore prophy¬ 
lactic use of antimicrobial drugs in many situations 
remains a matter of opinion, risk, and concern based on 
conditions pertaining to the individual patient rather 
than a matter of fact that is universally applicable. Conse¬ 
quently, recommendations for prophylactic use of anti¬ 
microbial drugs should not be dogmatic. 

EIowever, principles for prophylactic use of antimicrobial 
drugs in each situation aie the same. Antimicrobial drugs 
are occasionally used in animals to prevent coccidlosis, clos¬ 
tridial infection of wounds, bacterial pneumonia, and 
bacterial infections after orthopedic or Lnlraabdominal sur¬ 
gical procedures. Morbidity and mortality associated with 
coccidlosis was reduced in susceptible calves by preexposure 
administration of monetising The incidence of clostridial 
infections in untreated wounds is not accurately known. 
Specific immunity in the host, complicating factors, use of 
biologies, and ancillary procedures influence the incidence 
and severity of such infections. Because clostridial organ¬ 
isms produce severe and often lethal infections, the risk of 
fatal vegetative infection warrants the prophylactic use of 
antimicrobial drugs Ln hig|wisk patients. However, antimi¬ 
crobial drugs should not be considered a substitute for 
active immunization provided by biologic products or for 
proper Local treatment of the wound. 

Antimicrobial drugs used prophylaclically are perhaps 
used most to prevent or control bacterial pneumonia. It has 
been stated that viral respiratory diseases predispose the 
respiratory tract to secondary bacterial infections. Concerns 
that viral infections predispose the entire respiratory Lract to 
bacterial Infection are based on the fact that the former can 
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destroy ciliated epithelium. and InhibIt mucociLiaiy clearance 
mechanisms, reduce production of surfactant, promote viru¬ 
lence of bacteria, and Inhibit phagocytic activity again it some 
bacteria.® 1 - 91 But the efficacy of antibacterial mechanisms in 
preventing bacteria] superlnfecllons appear! to depend on 
the bacteria and the viruses) Involved. 

All viral pneumonias do not result in bacterial superin- 
fections; conditions must be appropriate for that to occur.- 93 
One investigator proposed that the secondary bacteria] 
infection of the upper respiratory tract was probably "bene- 
ficlal In the total infection experience"" of tne young horse 
entering training or racing.® 5 * In spite of these data the true 
incidence and risk-related factors sunoundlng secondary 
bacteria] infections are not known. Several controlled pro¬ 
spective studies have evaluated metaphyLactic use of antimi¬ 
crobial drugs against respiratory disease in cattle. Similar, 
but limited, studies performed with horses have shown that 
some transported horses may benefit from prophylactic use 
of antimicrobial drugs. -96 

Control of bovine respiratory disease complex (BRDC) 
with antimicrobial drugs in cattle at high risk for developing 
the dLsease has been studied intensely for several years.® 7 -™ 
Nevertheless, effects of metaphy lactic use of antimicrobial 
drugs In BRDC and recommendations for such use are far 
from universal. Many factors contribute to the incidence 
of BRDC: vaccination history of the animals, environment, 
dies, duration of shipment, time of Initial medication after 
arrival, number of calves per group, commingling of ani¬ 
mals from different sites of origin, condition of the calves, 
method of administration of medication [by Injection, In 
water, or in feed], duration of administration,'and sequence 
of administration If more than one antimicrobial drug w r as 
used. 

Many factors can complicate assessment of metaphy]actic 
use of antimicrobial drugs against BRDC, but efficacy of 
control of BRDC can be evaluated by several variables that 
include morbidity, mortality, epidemiologic pattern of mor¬ 
bidity and mortality, days of treatment, amount of medical 
attention required (labor and medication), weight gain, 
relapses, and/or economic netum. 87 ' 85 - 91 -' 5 - 3 - 9 '^ 99 

Melaphylacllc use of antimicrobial dmgs can be benefi¬ 
cial, but It is unrealistic to expect total elimination of dis¬ 
ease. Control or management of a disease and Its effects 
ivould be a more realistic expectation. The effect desired 
from prophylactic or metaphy I actic use of drug^ must be 
specifically understood. Reduced morbidity or mortality, 
reduced severity of clinical signs, reduced duration of ther¬ 
apy, Improved growth rate. Improved feed efficiency, and 
improved or maintained production may be benefits of meta- 
phylacllc use of antimicrobial drugs, but false confidence in 
prevention of disease should be avoided. Volatility of costs 
associated with production and the market probably Influ¬ 
ences profit more than does the cost of metaphylacllc use of 
antimicrobial drugs. 

Ambiguity of antimicrobial prophylaxis or metaphy I axis 
in equine medicine Is supported in part by a review of 
reports of experimentally Induced as well as naturally 
occurring equine rbLnopneumonllis and equine Influenza. 
Equine herpesvirus I produces viral bronchopneumo¬ 
nia lw and interstitial pneumonia. 101 Serous to mucopuru¬ 
lent rhinitis was observed commonly and was similar with 
equine influenza.®'.^jao -jog Secondary bacterial Infec¬ 
tions were confined to the upper respiratory tract fl.e., rhi¬ 
nitis, lymphadenopalhv) and did not Include bacterial 
pneu mon la. 102< 11 06 

Perioperative use of antimicrobial drugs prophylactlcally 
is a common practice. In human patients, such use has 
proven to be of benefit In prosthetic cardiac valvular opera¬ 
tions, gynecologic surgical procedures, and gastrointestinal 


operations. 75 Jhe drugs were administered orally, systemi- 
cally, or topically as Indicated by the procedure. A study 
with 122 dogs and seven cats undergoing elective, clean 
surgical procedures revealed no significant difference In 
incidence of infection between a group that received ampi- 
cillln and a group that received a placebo. 107 Similar studies 
with horses are not known to (he author at this time. 
Principles for prophylactic use of antimicrobial drugs 
perloperalively are similar to those outlined here. Principles 
for timely metaphylacllc use of antimicrobial drugs 
have been proposed and are similar to those Listed for 
prophylaxis. 67 

When antimicrobial drugs are used prophylactlcally, sev¬ 
eral principles should be follotved. 77 *-'^ 10 ^ 1 J J 
L. The relative risk of infection must be sufficient to warrant 
the use of antimicrobial drugs prophyhelically. RLsks 
associated with the prophylactic medication must be less 
than risk of devel op ment of the disease and co nsequences 
of that dLsease. Risk of infection Is related to virulence of 
the organism, amount of exposure (size of Inoculum 
and duration), and the host's defense status. All these fac¬ 
tors should be considered before antimicrobial drugs are 
used prophylactlcally. "Sufficient risk" is difficult to clar¬ 
ify because of numerous factors used to assess risk. Mor¬ 
tality or morbidity, severity of the disease, duration of 
the disease, or the effects of the disease on production 
or performance may be considered unacceptable In some 
situations If prophylaxis Is not Implemented. However, 
risks and costs of the prophylactic medication must also 
be considered. There are few epidemiologic data from 
which to accurately predict these risk factors; therefore 
they must be assessed on an Individual ba&Ls. The primary 
potential advantage of prophylactic use of antimicrobial 
drugs is prevention of intecrion, but other advantages 
are also possible and Include decreased morbiditv and/ 
or mortality, decreased duration of treatment if Infection 
subsequently occurs, decreased severity of dLsease, short¬ 
ened convalescence, Improved or maintained production, 
and decreased cost of overall effects of dLsease. Potential 
disadvantages of prophylactic use of antimicrobial diugs 
Include alteration of resident bacterial flora, development 
of resistant organisms, superinfectlon, delayed onset of 
Infection, relaxed attention to diagnostic details, adverse 
reactions to the drug(s), and Increased overall cost of 
therapy. 

2. The organism(s) that is likely to cause Infection and Its anti¬ 
microbial susceptibility should be known or accurately pre¬ 
dicted. lust as biologic products are used prophylactically 
to stimulate specific active or passive Immunity, prophy¬ 
lactic use of antimicrobial drugs should be directed at a 
specific pathogen rather than at all possible organisms. 
It Is difficult (o anticipate all possible Infectious organ¬ 
isms that are likely to be encountered, but agents that 
cause some diseases are reasonably predictable. It Is pre¬ 
posterous to expect sterilization of the site of potential 
Infection. The antimicrobial susceptibility of the pathogen 
should be consistently predictable on the basis of histori¬ 
cal data. Clostridial and streptococcal organisms are not 
as predictably susceptible to penicillin as they were in 
years past. Ine susceptibility of gram-negative, aerobic 
oiganisms is not reliably predictable, and resistance devel¬ 
ops frequently when these bacteria are continuously or 
Intermittently exposed to antimicrobial diugs. Anaerobes 
are predictably susceptible to penicillin C, chlorampheni¬ 
col, metronidazole, or lincosamides. 112 Llncosamldes 
should not be used svslemically In horses; chlorampheni¬ 
col and metronidazole are prohibited In she United States 
for administration to animals that are used for human 
consumption. B. fnigilis produces p-lactamase, rendering 
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those organisms resistant to penicillins. Amlnopenicillins 
and cephalosporins that are classified as greater than 
first-generation have less predictable activity againsi anae¬ 
robes than does penicillin G. L 13 

3. For effective prophylaxis the drug must be administered 
and must distribute lo the site of potential Infection 
before contamination or the onset of infection and 
should at least reach inhib I to ry concentrations. For effec¬ 
tive metaphylaxis, the drug should be administered 
after exposure to the organism, with sufficient lime 
for the medication to act on those organisms before clin¬ 
ical signs develop, in those clinical situations a ralionaL 
basis for use of antimicrobials Is formed by the attending 
veterinarian, who is well acquainted with the production 
system, the profile of the animals, and the diseases 
present or likely to develop that threaten the health of 
the anlma](s). After infection is established and clinical 
signs are apparent, the use of the antimicrobial drug 
becomes therapeutic, not prophylactic or nietaphylacllc. 
Therefore the lime of exposure or contamination with a 
pathogen. Incubation time of the pathogen, and distri¬ 
bution characteristics of the selected drug should be con¬ 
sidered In order to administer an antimicrobial drug 
prophylactic ally or metaphylact Leally and in a timely 
manner. 

4. As much as possible., drugs used prophyl act Leal ly should 
not be those that would be used therapeutically If an 
Infection develops. If Infection develops during the pro¬ 
phylactic regimen, an alternative treatment must be for¬ 
mulated, because Lf the disease is not prevented by an 
appropriate dosage regimen with the drug, it will not 
be cured by the drug. If shat Infection is caused by 
Induced resistance lo the selected drug therapy could 
be compromised Lf that drug is the therapeutic drug of 
choice. The population of resistant organisms poses risks 
of increased incidence of refractory Infections in other 
animals as w r eli. 

5. The duration of antimicrobial prophylaxis should be as 
abbreviated as possible [e.g., 3 lo 6 hours poslopera- 
tivelyj. Generally, little benefit can be gained beyond 
24 to 36 hours postoperatively. [f exposure lo infectious 
organisms Is brief ana host defenses are functional, pro¬ 
longed administration of the drug Is not necessary. 
However, there are a few Indications for prolonged pro¬ 
phylactic therapy, if host defenses are temporarily defi¬ 
cient or Lf exposure is prolonged, administration may 
need to be extended. The duration of administration 
should be directed by the same factors that direct the 
duration of therapeutic use of drugs (Le„ activity of the 
host's defenses, ability of the organism lo resist those 
defenses, mechanisms by which the organism develops 
resistance lo the drug(s), location of the Infection, and 
primary activity of the drug against the organism). 

6. No drug can be used without risk of adverse reactions, but 
antimicrobial drugs used prophylacllcaliy should present 
minimal risk of advene effects. Deleterious reactions may 
occur when drug£ are administered, it is better to abstain 
from using drugs than to use them Inappropriately. 

7. Theoretically the selected dosage regimen should provide 
bactericidal rather than bacteriostatic concentrations of 
the drug at the site of infection. It would be desirabie 
to kill the pathogen rather than to Inhibit Us growth; 
however, no data dearly show this Is necessary in clinical 
situations. 1 * 6 Host defenses, sublberapeutlc concentra¬ 
tions of the drug, and poslantibiotic effects, as well as 
ancillary management, should be used to enhance the 
efficacy'of drugs in vivo. 

Decisions about prophylactic use of antimicrobial drugs are 

not easily made and are usually based on logic and analogous 


situations.' 3 Classification ofclinicai circumstances and dis¬ 
eases of human patients has been proposed as an aid to such 
decisions for that species. That classification considers the risk 
of developing Infection based on function of the patient's nat¬ 
ural defenses, duration of exposure to pathogens, and poten¬ 
tial for infection by either one or multiple organisms. Direct 
application of that classification system to animal patients 
may be difficult 

Assessment of some defense mechanisms in domestic 
animal patients is complicated and beyond routine use in 
many clinical situations. Some pathogens lire noted for their 
ability to temporarily compromise the host's defenses, yet 
effects of others are unknown. .Methods that are applicable 
(e.g.. determination of concentrations of immunoglobulins, 
numbers and function of phagocytes and of lymphocytes) 
should be used when indicated and when appropriate med¬ 
ical management is determined. However, numbers of cells 
do not equate with function, and concentrations of immu¬ 
noglobulins do not equate with specific activity. Animal 
patients must convalesce In an environment that Is less 
hygienic than that of human patients. Animals are con¬ 
stantly exposed lo many primary.' and opportunistic patho¬ 
gens {bacteria, viruses, fungi, parasites) and Intermittently 
exposed to individual pathogens that cause diseases of epi¬ 
zootic proportions. Therefore criteria for classification Dy 
risk of infection and indications for prophylactic use of anti¬ 
microbial drugs in animals need lo be developed from epi¬ 
demiologic studies of diseases of animals and controlled 
clinical investigations. At this time, that Information Is sadly 
lacking. 

Except in specific instances with specific goals in mind, 
the use of antimicrobial agents to prevent infection has 
not been as valuable as the therapeutic use of antimicro¬ 
bials. Prophylactic use of antimicrobial drugs must be tai¬ 
lored So the specific needs of each individual patient, as 
determined by the attending veterinarian and tempered by 
application of the principles outlined here. 


EXTRALABEL USE OF MEDICATIONS 
IN FOOD AN IMALS 

PAYNE 

In 1994 the Animal Medicinal Drug Use Clarification Act 
(AMDUCA) was signed into law, amending the Food, Drug, 
and Cosmetic Act and legalizing most instances of extra] abel 
use of drugs {ELUD) by veterinarians. 314 For food animal 
ractitioners, with this privilege comes the weighty responsi¬ 
bly of protecting the health of consumers of animal pro¬ 
ducts. Veterinarians must meet very specific conditions 
before they may Legally use or prescribe drugs in an extra]abel 
fashion. Extra]abel drug uses include prescribing or adminis¬ 
tering a human or veterinary' drug at a higher dose, fre¬ 
quency, or duration, by a different route of administration, 
In a different species, or for a different Indication than as 
described on the product's label. EI.UD Is limited to cases 
In ivhich the health of the animal Is threatened or when 
suffering or death may result from a lack of treatment. ELUD 
may not be used to enhance production or for reproductive 
cycle manipulation In norma] animals. ELUD may be con¬ 
sidered in food-producing animals only when no approved 
drug Is available that contains the same active Ingredient In 
the required dose, form, and concentration or when the vet¬ 
erinarian finds that there Is no approved drug that Is clini¬ 
cally effective for the Intended use. Extra] abel drug use in or 
on animal feed is also expressly prohibited. Veterinarians' 
obligations regarding extra I abel use are Listed In Box 45-5. 
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BOX 45-5 


Condition! Necessary lor Extralabel Use of Drugs 

I. Ejitratabd ui*. 1 of drugs (ELUD) as pcnnillcd oniv by or 
on the order of a veierinarian. 

1. fbt’ vfterJn.irJAH on-Labd treatments ici be 

unavailable or Ineffective. 

1. ELUD uses only U.8. Food and Drag Administration 
(l 1 DA)-app'roved animal ,ind human drugs, not dru^s 
imported from foreign countries or compounded from 
bulk sources. 

4. A valid veicrlnaraan-dienl-palierit relationship (VCPIIj 
esbts Ln whkh the veterinarian: 

* oversees medical treatment derisions on the farm 

* Li familiar with animal care through appropriate and 
timely visits 

* has sufficient knowledge to initiate a diagnosis 

* Is available lor follow-up care as needed 

5. ELUD Is for therapeutic or humane purposes only, not to 
increase production ot manipulate reproductive eye Its in 
normal animals. 

6. ELUD applies only io administration to individual 
animats and In ivaler, not In feed. 

7. Animal IdentillcaiJon and treatment records are sufficient 
■o identify treated animals and their treatment history 
and are maintained lor 1 years. 

8. The veterinarian establishes an extended drug, withdrawal 
period protective of human health supported by 
scientific -eviiicmcc. ELUD resulting in violative or 
dangerous food residues is not permitted.. 

9. Drug labels lisL Lbe name and address of Lhe prescribing 
veterinarian., animals to he treated, and ihe drug name, 
disease indication, dose, frequency, duration, cautions, 
and withdrawal periods associated with treatment. 

30, Certain estralabel uses specifically prohibited by the FDA 
are not used (Bos 45-6). 


Veterinarians violating slate or federal Laws regulating the 
transport, sale, or use of drugs may face a variety of sanctions 
including warning letters, fines, temporary or permanent rev¬ 
ocation of License, and incarceration. 


DRUGS PROHIBITED FROM EXTRALABEL 
USE IN FOOD ANIMALS 

Certain drugs may not be prescribed or used even under 
the auspices of AMDUCA. 115 Under statutory" authority 
provided in AMDUCA. the FDA's Center for Veterinary" Med¬ 
icine (CVM) has prohibited approximately a dozen drugs or 
drug classes, making their extralabel use in food animals ille¬ 
gal. Other compounds not specifically listed In AMDUCA 
are prohibited by virtue of the fact that no approved animal 
or human products are commercially available. Lastly, 
exlralabel use of treatments Is also regulated by the Pasteur¬ 
ized Milk Ordinance (PMO). The extralabel use in food ani¬ 
mals of the compounds listed in Box 45-6 represents one of 
the FDA's highest priorities for regulatory attention. 

Diethylsti Ibestra 1 

From the 1940s to the 1970s U.5. physicians prescribed 
dielhylstilbestrol (DE5, a potent nonsteroidal synthetic 
estrogen) to pregnant women to prevent miscarriage and 
other reproductive diseases. In 1971 a link between in utero 
exposure to D15S and a rare vaginal cancer (clear cell adeno¬ 
carcinoma) was established. In the same year the FDA pub¬ 
lished an alert advising doctors against the use of DE5 


BOX 45-6 


□mgs or Drug Classes Prohibited from Extralabel 
Use of Drugs 4 


DiclhylBlLlbesirol (DES) 
i'.li.lqramphenkal 

N LtxoimJdazoJes. (including dim Ctrl dazole, metronidazole, 
irid IpronJdazoli:) 

Sulfonamide [other than tful fadkmdhoxdn e) in adult dairy 
caLtSe t 
Clenbuterot 

l1uDroqulnolcKn.es (e.g., enroilaxacin and danoiloxacin) 
Glycopcptides (c.g.. vancomycin) 

NLLtd huins (including nitrofurazone, furazolidone.: iopical 
uic prohibited jjl well) 
rficnylbuSizone ui adult dairy cattle 1 ' 

Adamantidim.- and neuraminidase inhibitors. In poultry 


'l^cr.il.ihd List - cif w: nn- diupp ur drui;. ■: L.iW'.i |nol xptn. iJU.ally adticcracJ jn 
Uip .tniiiul taeUiriruil J)n%; Llxu dardicaUcm AtL) ate ppidiiiNcL-il Ihilmlisl ihcw! 
dmp .ui - mil .iv.iil.ibii.- la apfjruvud .inmi.il or human producta, by 11.5. l^ud 
.irid Drug AdminiaLnition |l : M.\p- polbty ckt in Ibi- I'.iBkujiKKd. WsLik QnJimiicc- 
(ate Lol). 

tlMIfimd by L LJA as dairy caltlci |l.n L.irinu, ut Uivj u-JLlt-r ill .iil 20 iniiri|] l% 
□f ajy: 

during pregnancy". The U.5. Department of Agriculture 
(USDA) banned the use of DES in food animals Ln 1979. 

Chloramphenicol 

An estimated one In 10,000 to 50,000 people exposed to 
chloramphenicol will develop a non-dose-related aplastic 
anemia. Because of concerns that this Idiosyncratic and fre¬ 
quently fatal complication could be triggered by residues, 
chloramphenicol use In food animals was prohibited in 
L 9S4. The prohibition extends to ali formulations of chlor¬ 
amphenicol Including ophthalmic ointments. Florfenlcol, a 
synthetic member of the chloramphenicol family, lacks the 
p-ND2 group thought to be responsible for Inducing the 
aplastic anemia. iTorfenicol may be used, extralabel Ln 
food-producing species. 

Nitro imidazoles 

Historically, dimesridazole and Ipronldazole have been 
approved Vor the treatment of histomoniasb (Infectious 
eivterohepatitis, blackhead! in turkeys. Ipronldazole and 
she human drug metronidazole have been used off-label 
to eliminate the carrier state of trichomoniasis In bulls. Inb¬ 
ora tory studies of members of this drug class demonstrated 
mulagenLcity and carcinogenicity, leading to die prohibition 
of their use In food animals. Because there are no approved 
veterinary nlcroImidazole labels, the use of any member of 
this drug class in food animals Is Illegal. 

Sulfonamide in Adult Dairy Cattle 

The observed carcinogen Icily of sulfonamides in labora¬ 
tory animals, coupled with frequent finding of sulfon¬ 
amide residues in milk, led to the prohibition of 
extralabel use of these compounds Ln adult daily cattle. 
The FDA defines a Lactallng cow as any daily cow" (milking 
or dry) older than 20 months of age. Only one sulfon¬ 
amide has a label for dairy cattle, sulfadimelhoxine 
(SDM). The use of any sulfonamide other than SDM Ln 
adult dairy cattle is Illegal. In addition, extralabel use of 
SDM in lac tali ng, dairy catLle is prohibited. This would 
include use of a higher dose of SDM or using slew-re I ease 
formulation SDM boluses. 
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Nitrofurans 

]n the past nitrofurazone and furazolidone were approved 
for a variety of protozoal and bacterial infections in poultry 
and swine. Topical formulations {sprays and "puffer” pro¬ 
ducts) have also historically been marketed for wounds and 
ocular infections in livestock {"pinkeye”). Based on labora¬ 
tory evidence of carcinogenicity and the absence of a reliable 
detection method, the FDA withdrew approval for systemic 
animal nilrofuran products in 1991 and prohibited all extra- 
label treatment (including topical use) In 2002. Because 
nitrofurans have no approved food animal uses, the use of 
any member of this drug class in food animals Is lllegal. 

Cienbuterol 

Marketed in the United States as an equine bronchodllator, 
tills synthetic sympathomimetic has been used illicitly to 
increase weight gain and lean body mass in food animals, 
particularly show animals. Because muscle depletion and 
fat redeposition commences after drug withdrawal, produ¬ 
cers may be tempted to market animals with little or no 
withdrawal Interval. Cooking temperature only minimally 
denatures the compound, and toxicity from residues has 
resulted in hundreds of emergency hospitalizations in Euro¬ 
pean consumers. 

Fluoroquinolones 

Uncertainly exists related to the magnitude and significance 
of human "pathogen resistance resulting from antibiotic use 
in animals. Fluoroquinolones are mainstay treatments of 
anti biotic-resistant Sairnonelln and anthrax infections in 
humans. Concern that fluoroquinolone use in food animals 
was promoting human pathogen resistance prompted CVM 
in 1997 to prohibit extralabel use of these compounds. Any 
deviation from a fluoroquinolone product label (altering 
species use, dosage, route of administration, or disease indi¬ 
cation) is Illegal. In the case of the approved beef cattle 
formulation of enrcfloxacin and danofloxacin, this prohibi¬ 
tion extends to use in all non-beef-produclion animals 
including 1 acta ting and nonlaclating dairy cows, heifer repla¬ 
cements, bulls, and veal calves. 

Gly copeptides 

Vancomycin, the only glycopeptide antibiotic available in 
she United Stales, is" often the therapy of last resort for 
meth lei I Lin-resistant SUiphyicaxcus nurcus (MRS A) infections 
in humans. Demonstration of vancomycin-resistant Entera- 
coccus in the feces of poultry and swine fed the glycopeptide 
avoparcin led CVM in 1997 to prohibit extralabel use ofgly- 
copeptides in food animals. 

Phenylbutazone an Adult Dairy Cattle 

iTie use of phenylbutazone, a nonsteroidal antiinflamma¬ 
tory agent in humans, has been associated with a variety of 
adverse drug reactions Including fatal blood dyscrasias. After 
US DA reports of a high incidence of phenylbutazone tissue 
residues in cull dairy cows, CVM prohibited its use in female 
dairy cattle older then 20 months of age. Antiinflammatory 
therapy for lactating dairy cattle Is available as flunixln 
meglumine. Flunbiin should be used only on-label (Intrave¬ 
nously) because intramuscular or intravenous administra¬ 
tion can greatly extend withdrawal limes. 116 

Antiviral Drugs in Poultry 

Concern exists that use of antiviral drugs in poultry could 
promote drug resistance in zoonotic pathogens, particularly 


avian influenza EI5NI {"bird flu"). These concerns led CVM 
In 2006 to prohibit extralabel use of tw r o drug classes used 
in treating human influenza. Adam antidine and neuramin¬ 
idase inhibitors may not be used in chickens, turkeys, and 
ducks. 

Dipyrone 

Aside from compounds specifically prohibited through 
AMDUCA, there are several compounds that CVM has 
reminded veterinarians cannot be legally obtained as fin¬ 
ished animal or human products and therefore have no 
Legal extralabel uses. 

DLpyrone, used historically as an antipyretic and antiin¬ 
flammatory, has been associated with teratogenicity and 
agranulocytosis in humans and cannot be used in food 
animals. 

Estradiol Cypionate 

Before 2003 estradiol cypionate (ECP, a synthetic estrogen) 
was commercially marketed as reproductive therapv in food 
animals. ECP had not undergone a formal approval process, 
however, and discretionary marketing was discontinued for 
Lack of food safety and efficacy data. Use In or compound¬ 
ing of ECP for food animals remains Lllegal. 

Hormone Implants in Veal Calves 

Although growth-promoting hormone implants have been 
marketed for ruminating cattle, these products never under¬ 
went regulatory approval for non ruminating veal calves. 
Concern existed in CVM that nonrumLnating calves may 
eliminate the hormone contained in the implants differ¬ 
ently then ruminants, in 2005 a new warning statement 
was added to the label of all growth-promoting hormone 
implants reminding producers and veterinarians that their 
use in veal calves is illegal. 

Dimethyl Sulfoxide and Colloidal Silver 

Besides AMDUCA, the Grade A PMO also directs how drugs 
will be used and stored on daily farms. Dimethyl sulfoxide 
(DMSO) and colloidal silver may not be used In or on daily 
animals and if found during a daily inspection can result lit 
■'debits." 


TREATMENT OF COMPANION OR PACK 
ANIMALS WITH PROHIBITED 
SUBSTANCES 

The prohibitions listed previously pertain to food-producing 
animals only and not companion species such as dogs and 
cats. Veterinarians occasionally treat companion animals 
belonging to a food-producing species [horses, llamas, 
pygmy goals, pot-bellied pigs). As Long as these animals 
are never offered for slaughter, CVM does not normally con¬ 
sider these to be food animals. Practitioners who have used 
a prohibited substance In a companion or pack animal that 
subsequently enters the food supply are subject to enforce¬ 
ment actions under the Food Drug and Cosmetic Act. In 
choosing to use a prohibited drug in a companion or 
pack animal, the practitioner is accepting a certain amount 
of liability because the ultimate fate of such treated ani¬ 
mals is often beyond their control. Practitioners may 
choose to have owners sign an agreement (entered into 
the medical record) not to introduce the animal into the 
human chain. 
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EXTRALABEL USE OF MEDICATED FEEDS 
IN MINOR SPECIES 

AMDUCA. ,ilso prohibits the extmlobeJ use of medications 
in feed. Generated by concern* of antibiotic resistance, 
AMDUCA's Section 530.] I specifically prohibits the "extra- 
label use of an approved new animal drug or human drug 
in or on an animal feed." As a matter of enforcement discre¬ 
tion, CVM generally has nol ob|ecled to mixing a drug with 
an individual animal's feed* but extralabel mass medicalioji 
In feed Is prohibited "without ]Imitation or exception." 

Veterinarians may, however, be called on to treat minor 
food aninia] species such as farmed exotic ruminants, fish, 
or game birds. CYM has found that lor many of these spe¬ 
cies there exist very few approved drugs. In addition CVM 
recognizes ihal some minor food animal species {such as 
fish and game birds) cannot be practically medicated in 
any way other titan through the use of medicated feeds. 
In such situations, a veterinarian may determine that extra- 
label use of medicated feeds (approved for use in other 
species) can prevent suffering and death in these minor 
species. 

Although AVI Dll CA prohibits EI.LJD in feed, in the previ¬ 
ously described circumstances CVM "ordinarily will not con¬ 
sider regulatory action" against the veterinarian or animal 
producer provided that certain criteria listed In Box 45-7 are 
met. 117 The CVM policy being Implemented in these cases 
is akin to that of extralabel drug use by veterinarians before 
the 1994 passing of AMDUCA. The drug use is still illegal. 


BOX 45-7 


Conditions Necessary for Extralabel Use 
of Medicated Feed In Minor Species 

1. Extraiabel use of medicated feed is only for treatment 
of minor species, defined by exclusion as animals oihez 
eh .in c-sllle. horses, swine, chickens, turkeys, dogs, ind 
cats. 

2. Extralabel use of medicated Iced is 11 mi Led to firmed 
or confined minor .species but not unconfined wildlife 

J. Extraiabel use of medicated feed is Limited to situations 
where the health of in in j mil Is threatened and suffering 
or death may result fiom failure [o Lreit. 

4. fhere is no alternative therapeutic dosage form (besides 
feed) that can be practically used under Jegni extralabel 
use. 

5. Only feeds IbrmiiLated ind labeled for use in a major 
species animal are used. 

6. Extralabel use of medicated feed in aquaculture as limited 
to medicated feed products approved for use in aquatic 
species. 

7. The medicated feed is used within 3 months of a, 
veterinarian's written recommendation. 
Recommendations, feed Labels, and Invoices are 
kepi for aL least I year. Adverse reactions are reported 
to the IJ.S. food and Drug Administration within 

10 days. 

d. Alt other Animal Medicinal Drug. Lise Clarification 
Aci requirements ire compiled with. Inc hiding a 
valid veterinarian-clLent-patleni relationship, lark of libel 
alternatives, treatment records., animal identification, and 
exrended withdrawal times (see Box 45-6). 

9. The medicated feed Is used In accordance with 
federal, state, and local environmental regulations 
and approval. This is particularly Important for 
aquaculture uses. 

IQ. The producer has followed worker safety provisions in 
the approved product labeling. 


but CYM will apply regulatory discretion relative to taking 
enforcement action. 

A critical aspectofCVM's regulatory discretion in this prac¬ 
tice is that labeled treatment alternatives are not available 
The best resource to aid practitioners in determining what 
treat merits are approved for minor food animal species Is 
the Minor Species Drug Approval site (www h ni5p-7.org). 

COMPOUNDING IN VETERINARY 
PRACTICE 

Compounding Is defined as a manipulation to produce a 
dosage form of a drug other than that provided for in the 
labeling, such as reconstitution. CVM recognizes the need 
for compounding wtlhIn certain areas of veterinary practice, 
such as mixing or dilution. Because of the absence of safety, 
efficacy, and food safety data for compounded drugs, 
potential exists for adverse reactions in treated animals or 
consumers of their products. Under AMDUCA, It Is legal 
for veterinarians {or pharmacists on the order of a veterinar¬ 
ian) to compound from U.S.-approved animal and human 
drugs if the conditions listed in Box 45-8 are met. n ‘ 1 2 * 4 5 6 7 * 9 - nB 

ANTIDOTES FOR FOOD ANIMALS 

For both regulatory' and economic reasons, there are rela¬ 
tively few antidotes available to treat cases of toxicity in 
food-producing species. In most circumstances practitioners 
treating toxicity In food animals are compelled to use pro¬ 
ducts in an extralabel manner or to compound antidotes 
from bulk sources.From a regulator. 1 standpoint veteri¬ 
nary antidotes can be placed in one of three categories, dis¬ 
cussed in the following paragraphs. 

Unapproved Commercially Marketed Veterinary 
Antidotes 

CVM has applied regulatory discretion to allow commercial 
manufacture and marketing of several compounds that can 
be used as antidotes, even through they have never com¬ 
pleted formal regulatory approval. These are atropine sul¬ 
fate, epinephrine, and vitamin K. 

Antidotes Labeled for Humans Only 

There are additional human-label antidoles that can be used 
off-labei under AMDUCA. These Include pral Id oxime chlo¬ 
ride (2-PAM) and dlmercaprol (British anti-lewisite or BAL). 


BOX 45-fl 


Requirements for Compounding In Veterinary 
Practice 


L. No approved annual or human. idru.^ can be used En its 
available dosage form and concentration. 

2. Only approved animal or human drugs are used Ln the 
compounding, specifically nol foreign or bulk drugs. 

3. Compounding is performed by a Licensed pharmacist or 
veterinarian jn compliance wdlli .slate pharmacy Jaws. 

4. Adequate procedures are in place to ensure [he safety and 
effectiveness of she product. 

5. Withdrawal limes are set by [he veterinarian and not [he 
pharmacist. 

£i. The scale of tire compounding operation Is commensurate 
wiih the established practice needs. 

7. All oLher Animal Medicinal Drug Use CUrificalton Act 
requirements are met (see Eox't.'j-S). 














CHAPTER 45 Principles of Antimicrobial Therapy 



1523 


Antidotes Compounded from Bulk Drug 

Several chemicals commonly recommended as food animal 
antidoles are available only through compounding from 
bulk drug. As described In the previous section, compound¬ 
ing veterinary medications from bulk drugs is illegal. How¬ 
ever, analogous to Its policy concerning ELUD in feed for 
minor species, CVM will not normally consider regulatory 
action against veterinarians compounding certain antidotes 
from bulk sources if certain conditions are met,, essentially 
the same as those listed In Bowes 45-5 and 45-8. CVM has 
listed nine chemical antidotes against which the FDA and 
CVM would presently not ordinarily ob|ect. l’hese include 
ammonium molybdate, ammonium,, telrathiomolybdate, 
ferric ferrocyanide, methylene blue, plcrotoxin, pilocarpine, 
sodium nitrite, sodium thiosulfate, and tannic acid. 117 - 113 
Ibis list should not be construed as containing the only 
drugs for w r hlch the FDA would extend regulatory discre¬ 
tion for compounding, and Inquiries about additional 
compounds can directed to the FDA/CVM, Division of 
Compliance, 301-827-1168. It Is critical that veterinarians 
recognize that In toxicity cases withdrawal periods will 
need to be established not only for the antidotes but the 
toxicants as well. For this reason practitioners are advised 
to consult the Food Animal Residue Avoidance Databank 


(FARAD) when dealing with cases of toxicosis In food 
animals. 

FOOD ANIMAL RESIDUE AVOIDANCE 
DATABANK SUPPORT FOR 
VETERINARIANS 

Consistent regulatory requirements for ELUD (using 
approved drugs, feed, or compounding) are that approved, 
effective veterinary drugs are not available and ibal the attend¬ 
ing veterinarian prescribe scientifically valid withdrawal peri¬ 
ods before marketing of milk,, meat, eggs, or other edible 
products. Commonly the most efficient way for a food animal 
practitioner to meet these requirements is to consult FARAD. 
Veterinarians, producers, students, or regulatory personnel 
may obtain free consultation with specialists by contacting 
J-S8S-US-FARAD or accessing the FARAD website at www. 
farad.org. FARAD maintains a database of all food animal pro- 
duels approved in the United States and more then 9000 
pharmacokinetic citations describing depletion of more then 
2000 chemicals In various species. The FARAD website con¬ 
tains a database of approved food animal drugs searchable 
by dmg. trade name, and species as well as downloadable cop¬ 
ies of past pub! Ished su mmary recommendations. 
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Biosecurity and Infection Control 
for Large Animal Practices 

PAUL S. MOR.LEY and SCOTT WEESE 


Infection control biosecurity, bloconlaLnment, and bio¬ 
safety are essentia] functions at all health care operations, 
including veterinary practices.* All veterinarians at some 
]evel recognize and act to prevent adverse outcomes in 
patients. However, as major outbreaks of nosocomla] 
infections at veterinary hospitals have become more publi¬ 
cized 111 it has become Increasingly apparent that coordi¬ 
nated infection contra] practices are a critical component 
of delivering hieb-quality care at veterinary facilities, espe¬ 
cially those with large case loads and those that specialize 
in Intensive care of patients. The standard of veterinary 
care is changing such that sporadic occurrences and out¬ 
breaks of nosocomial Infections may no longer be Inter¬ 
preted as unavoidable accidents If coordinated measures 
are not routinely used to minimize their likelihood. Our 
understanding about infection control issues In veterinary 
medicine has also advanced significantly during the past 
decade. What may have passed as sufficient for infection 
control In veterinary practices 10 or 20 years ago may 
not be sufficient today. It is also Important to realize the 
important part that infection control and biosecurity must 
play in ambulatory practices and on our clients' premises. 
Inherently, healthy animals with lower contagious disease 
risks represent a smaller proportion of hospital popula¬ 
tions than they do among populations In their home 
environments. However, veterinarians are obviously called 
on to contact those animals most likely to be shedding 
contagious pathogens regardless of whether this Is In hos¬ 
pitals or In the field. In addlLlon, we are aware of several 
examples in which patients discharged from hospitals 
were the Likely source of viral and bacterial infections in 
animals in their home environments. Therefore ll Ls also 
true that the need to apply sound blosecurlly and Infec¬ 
tion control practices extends well beyond the walls of vet¬ 
erinary hospitals. Although the discussions In this chapter 
are mostly framed in the context of hospital settings, the 
concepts and issues applv much more broadly to ambula¬ 
tory practices and animals" home premises. 


’Throughout this chapter the terms fonritJ and footec ifrifp are 

used interchangeably to en.com.pasE, all practices related to the preven- 
lion. of introduction and spread of infectious diseases Ln populations 
of animals or their human caregivers. Some auLhors differencial!." activ¬ 
ities. by using the rcrr.i hiftwrurily Co specifically refer Lo issues related to 
disease introduction and differentiate this- from bttHWTtofnjnnrt r which 
may focus more on control of the spread of agents after introduction. 
]n addition, the term kiefur/ft}' is sometimes used to speclfkillj' relate 
Co matters pertaining to human health. 


HOW MUCH IS ENOUGH? HOW MUCH 
IS TOO LITTLE? 

Just as nobody can lei I someone how much health Insur¬ 
ance or how much fire Insurance for a home Is enough, it 
is not possible to define a correct or best level of risk aver¬ 
sion, and there are no absolute determinants of whether 
one specific blosecurity action is necessity or superfluous. 
Although it may not be possible to |udge whether a veteri¬ 
nary practice Ls employing too much blosecurity, a more 
critical concern must be whether there Ls loo little effort 
being expended Ln Infection control. Exposures to conta¬ 
gious disease threats, nosocomial Infections in patients, 
and zoonotic Infections in care providers are all undeniable 
risks Ln every veterinary practice. Because veterinarians have 
an ethical and legal obligation to take reasonable protective 
actions to prevent their patients and employees from fore¬ 
seeable harm associated with their actions (and Inactions), 
it Ls therefore undeniably possible to not pay enough atten¬ 
tion to infection control. 

Recognition of these risks undoubtedly gives reason for 
pause, but a better motivation regarding infection control 
should be to provide the best veterinary care possible 
(w r llbtn the scope of a veterinary practice's specialization). 
In order to create an environment Ln which patient care 
can be optimized, it Is incumbent on veterinarians to 
actively manage the risk of nosocomial infections in their 
patients. Achieving excellence In patient care and helping 
clients are undoubtedly among the highest priorities for 
all veterinary practices. However, the occurrence of nosoco¬ 
mial infections Ln our patients is an ever-present hazard that 
interferes with our ability lo deliver optimal patient care. 
Good infection control practices are not the only feature defining 
excellence in veterinary care, but ff es impossible to achieve excel¬ 
lent patient care crnpJuyj'frg logical infection control pro¬ 

cedures. The implications of suboptimal infection control 
practices may not alw r ays be readily apparent, but both spo¬ 
radic Infections and outbreaks can have a significant effect 
on patient morbidity, patient mortality, hospital econom¬ 
ics, personnel health, personnel morale, and facility reputa¬ 
tion. There are also potential liability implications for 
nosocomial Infections that occur in the absence of a proper 
infection control program. 

Although nosocomial Infections are an undeniable hazard 
associated with caring for patients, and although It Is possible 
lo reduce the risk of infections through a variety of preven¬ 
tion strategies, it is important to note that not all nosocomial 
infeclLons are preventable using practical and cost-effective 
control programs. For such programs to be most successful, 
it Is Important that over time administrators and personnel 
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responsible for infection control programs strive lo better 
understand and target prevention efforts at the preventable 
fraction of a]] nosocomial infections. 

PRINCIPLES OF INFECTION CONTROL 

]n general, all comprehensive Infection control programs 
center on three major activities: decreasing the likelihood 
of exposing patients to Infectious agents, maximizing partic¬ 
ipation of personnel in Infection control activities,, and opti¬ 
mizing the efficiency of Infection control procedures and 
policies. 

When Initiating an Infection control plan. It is Important 
to take a global assessment of the contagious disease 
hazards In your practice, your level of risk aversion, and 
the resources that can be" expended on Infection control 
efforts. If a veterinary practice predominantly works In pre¬ 
ventive health care under extensive field conditions, the 
contagious disease hazards may be less common and less 
severe than those encountered If a practice concentrates on 
intensive care of patients in a hospital. The specific disease 
hazards wTll also vary with the types of patients being man¬ 
aged {e.g., sick neonates vs. patients with acute gastrointes¬ 
tinal disorders vs. reproduction cases, equine vs. bovine vs. 
camel id, and so on). Risk aversion is a concept that relates 
to how much a person or business is unwilling to accept a 
negative event or allow it lo occur. The Inverse of risk aver¬ 
sion can be thought of as risk tolerance. iTie more risk 
averse a person Is, the more it may be reasonable for him 
or her to initiate and maintain a rigorous Infection control 
program. In contrast, a more risk-tolerant veterinarian may 
recognize the potential for contagious disease hazards In 
the practice but may not believe it is necessary to engage 
in extreme preventive strategies. The third component of 
this internal invenloiy Is lo assess the resources that will 
be available for Infection control activities. Ihe term 
resources In this context is intended to broadly encompass 
monetary resources, personnel lime, and effort. 

Keeping in mind this assessment of mindset and re¬ 
sources, the next step In developing an Infection control pro¬ 
gram Is lo elaborate wbal the specific goals will be. For 
example, published goals for a blosecurtty program might 
include protection of hospital personnel and clients from 
exposure to zoonotic disease agents, creating an environment 
in which patient care can be optimized by minimizing the 
risk of nosocomial Infection, optimizing education of per¬ 
sonnel and clients regarding important Infectious disease 
hazards, and protecting the operational capabilities of the 
practice. Using a comprehensive, systematic process for eval¬ 
uation of disease hazards and design of control systems will 
then allow design of a logical control system that triages 
efforts to optimize efficiency. One systematic approach that 
we have used successfully Is Elazafd Analysis and Critical 
Control Points {] IACCP) methodology.After identification 
of the specific hazards (Infections) are most likely to occur as 
well as when and where In the systems these events might 
occur or be prevented, the next step is to define specific con¬ 
trol measures. As mentioned previously, all of these preven¬ 
tion efforts can be briefly summarized as being effective by 
decreasing the likelihood of exposing patients to infectious 
agents. In general, this Is achieved either by optimizing 
hygiene In the environment personnel, or patients or by 
decreasing direct and indirect contact among patients. To 
understand which control measures are of greatest Impor¬ 
tance and w r here efforts should be targeted. It Is critical to 
consider the life-cycle and methods of transmission for the 
specific agents of concern. Among the questions that should 
be asked are the following; Is the agent most likely transmit¬ 
ted through direct contact, or are respiratory aerosols or 


contaminated surfaces and fomites also important sources 
of exposure? Is there a subcllntcal carrier stale associated with 
agent shedding, or is shedding mostly restricted to clinically 
affected patients? Does the agent persist well In the environ¬ 
ment, and can common disinfection procedures readily Inac¬ 
tivate organisms? 

Each potential infectious disease may be considered Indi¬ 
vidually In this evaluation process, but It Is useful lo remem¬ 
ber that control measures that are effective against one agent 
are usually effective against others, particularly if they share 
common routes of transmission or have common risk fac¬ 
tors In patients. Design of Infection control programs should 
focus on practical control plans for known problems, hut It 
Is important not to ignore the potential for newly recognized 
and reemerging diseases. Infectious diseases continue to 
emerge Internationa I ly, and many are of relevance to large 
animal veterinary medicine. Ihe general strategy used In 
Infection control protocols sbouldbe sufficiently rigorous 
to protect against most emerging Issues, at least at a basic 
Level. However, infection control programs should also be 
adequately fluid that they can be modified to address new 
Issues. 

Another critical aspect In the practice of infection control is 
effective targeting of disease prevention efforts. Taken to a 
hypothetical extreme, the most rigorous Infection control 
methods would prescribe that eveiy patient be handled In 
complete Isolation, using barrier precautions verging on those 
used by ‘hazmat 1 ' 1 personnel. Clearly this Is not practical or 
needed In most situations, and yet in a few rare circumstances 
this level of precaution can be warranted. In many more situa¬ 
tions, some lesser Level of precaution is warranted beyond that 
used in casual encounters wiih animals in ihelr environments. 
By their very nature, extra measures used to decrease infection 
risks inevitably inconvenience caregivers and clients in addi¬ 
tion to Increasing costs associated with care. In addition, these 
measures, particularly taken to the extreme, could affect 
patient care and result In a corresponding in morbid¬ 

ity. The challenge Is to target prevention efforts lo just those 
patients that warrant increased concern and to use the most 
appropriate, albeit Inconvenient, methods for controlling 
risks to personnel and other patients. 

Another side effect of the Inconvenience created by infec¬ 
tion control efforts Is that people by Shelr very nature gravitate 
to the most convenient methods for daily activities. iTie more 
personnel are inconvenienced by Infection control efforts, the 
less likely they are to follow prescribed policies they 
understand and believe that procedures are needed and have 
value. Therefore a critical component of any effective Infection 
control program Is maximizing awareness of personnel and 
educating them about potential hazards and the value of estab¬ 
lished control measures. Presenting nightmarish worst-case 
scenarios without other objective Information may be Initially 
effective In getting people's attention, but continually using 
this approach as justification for infection control Inevitably 
falls to truly motivate all or even most personnel. Establishing 
Interactive communication regarding risks and concerns cou¬ 
pled with Logical, oh|ectlve, evidence-based presentations is 
clearly a better approach for convincing personnel of the need 
to fully participate in infection control efforts. 1 lowever, this is 
also dependant on engaging sufficiently In surveillance and 
Investigation so that useful objective Information will be avail¬ 
able regarding the significance of specific disease risks in a 
practice. 

Informed Consent and Implications for Infection 
Control 

Ihe principle of informed consent, as It applies to veteri¬ 
narians caring for animals, implies that owners have the 
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right Id be provided with ad equate Information before 
treatment so that they can make appropriate decisions for 
their animate and themselves. 11 ^ 4 As professionals with 
specialized training, veterinarians are expected to have 
knowledge about the health and care of animals that goes 
beyond that of someone without this train Lng, One of the 
components that experts generally agree is part of the 
informed consent process Is the disclosure of potential 
risks that may be associated with a veterinarian's manage¬ 
ment of a client's animals, particularly In situations in 
which there is greater than average risk for a particular 
adverse consequence. 5r> It Is reasonable and prudent for 
veterinarians to routinely disclose the potential for noso¬ 
comial infections as part of the informed consent process 
for all patients. This Is especially true for patients with 
an enhanced risk of acquiring a nosocomial infection 
(e.g., because of required invasive procedures or because 
patients are Immunocompromised]. However, It is also 
true that If veterinarians know there Is an increased risk 
of nosocomial Infections at a facility, there is likely an eth¬ 
ical and legal obligation to disclose before admission bow 
this risk pertains to new patients. In situations in which 
there is an increased risk of nosocomial Infection (If not 
in all veterinary care situations], It Is extremely prudent 
to document In writing the Informed consent process with 
clients. 

Paying for Infection Control Activities 

As mentioned previously, procedures used to decrease the 
risk of nosocomial inactions inherently Increase labor 
and materia] costs related to patient care. If infection con¬ 
trol activities are an essential part of delivering veterinary 
care, then It should reasonably be expected that these costs 
will be passed on to clients, and It should not be expected 
that they will be paid forty veterinarians or hospitals, litis 
includes the costs for additional care that Is necessary to 
treat complications associated w r lth nosocomial infections. 
This assumes that prudent and reasonable precautions 
have been employed In an effort to manage nosocomial 
disease risks for patients. In addition. If nosocomial Infec¬ 
tions are an expected risk related to care of any patient, 
then veterinarians and hospitals should develop "plans for 
management of financial Issues related to these risks. It Is 
also Important to differentiate consideration for how 
charges might be presented to the client from how costs 
for Infection control activities are accounted for. These 
costs might be passed on to clients by directly accounting 
for each Item, which is most reasonable when there are 
specific charges that can be attributed to a specific patient 
(e.g., increased costs related to care of a specific patient in 
isolation). However, this is less applicable to costs related 
to care and protection of more than one patient [e.g., costs 
rel ated to clea n Log a n d dis Infect Ion o f the envlro n men l). In 
these cases It may make more sense to compensate for costs 
by aggregating expenses into a general fee category related 
to Infection control (such as a daily biosecurity surcharge) 
or to include these costs In overhead costs that are covered 
by general admission or hospitalization fees. In special 
circumstances, such as when It Is necessary to Investigate 
or mitigate against suspected outbreaks of infections, it Is 
useful to have a contingency fund that has been accrued 
and earmarked to pay for unforeseen expenses such as 
mass testing, additional labor related to cleaning and disin¬ 
fection, and so on. Administrators should ensure that 
the possible need for these monies in case of infection 
control emergencies Is considered and that fee schedules 
are sufficient to allow r development of this type of reserve 
fund. 


ENVIRONMENTAL HYGIENE 

Much attention Is paid to the possible role of the inanimate 
environment in hospital-associated Infections of large ani¬ 
mate. Contamination of the Inanimate environment by 
microorganisms is inevitable and entirely expected, and 
detection of microorganisms in a hospital environment 
does not, by itself, Indicate anything or clinical relevance. 
Various factors are likely involved in the potential clinical 
relevance of contaminants, Including the organism, num¬ 
bers present, likelihood of contact with susceptible hosts, 
degree of susceptibility of potential hosts, environmental 
efiects (temperature, ultraviolet exposure, humidity), and 
routine infection control protocols. Many microorganisms 
grow r w r ell on environmental surfaces, provided there Is ade¬ 
quate moisture and organic debris, and may survive for very 
long periods of time. Even with relatively inhospitable con¬ 
ditions, many organisms persist for extended periods. If 
environmental pathogens are able to contact the appropri¬ 
ate body site of a susceptible individual in adequate num¬ 
bers, disease could result. Environments where patients are 
housed or veterinary care Is delivered can be expected to 
have greater numbers of environmental microorganisms 
than corresponding areas tvith less animal and human 
traffic. 16 

The relevance of environmental contamination is often 
difficult to determine. Even recovery of genetically indistin¬ 
guishable oiganisms from the environment and from a 
patient does not confirm that exposure to an environmental 
reservoir was the source of infection, as it can be difficult to 
distinguish cause versus effect. Environmental contamina¬ 
tion, however, Is of concern for both direct transmission 
(e.g., oral inoculation from a reservoir of microorganisms 
in a stall) and indirect transmission [e.g., transmission of 
an organism from an environmental reservoir to the hands 
of a care provider and then to an animal). Measures should 
be used in all veterinary care environments to reduce the 
environmental pathogen load. This Involves cleaning and 
disinfection of environmental sites. 


Cleaning 

Ctamifnc is defined as the removal of all visible debris . 17 It is 
arguably the most Important step in decontamination of 
anima] environments. Even the best disinfectants will be 
minimally effective when used In the presence of moderate 
volumes of dirt and organic debris such as feces and 
bedding material. Din, and debris hamper disinfection by 
inactivating many chemicals, acting as a physical barrier 
between disinfectants and microorganisms, and providing 
a nutritional source for microorganisms. Not only does 
cleaning enhance efficacy of the disinfection process by 
providing optimal conditions for desired biochemical reac¬ 
tions, cleaning can actually remove a majority of microor¬ 
ganisms so that fewer need to be killed by disinfectants. 
Therefore removal of as much organic debris as possible is 
required for optimal disinfection. iTtis involves manual 
labor consisting of removing all bedding and feces and 
scrubbing all surfaces to remove adherent debris and blo- 
fllms. Detergents should be used to loosen organic debris, 
emulsify fats, and decrease blofilm formation. The disinfec¬ 
tant to E>e used must be considered when choosing a deter¬ 
gent because there can be interaction between chemicals in 
detergents and disinfectants. 

Because of the effort required to clean and scrub a stall, 
less labor-intensive methods are often sought, for example, 
cleaning with high-pressure (>l20psi) power tvashers is 
frequently employed in barns and hospitals. There are theo¬ 
retic advantages that seemingly justify use of high-pressure 
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washes, especially when they are designed to dispense hlgb- 
lemperature water and steam. However, whereas power 
wash Eng is quite helpful In removing organic debris. Infec¬ 
tious agents can easily be aerosolized and dispersed over wide 
areas If pressure washers are used Indiscriminately. The true 
risk related to the use of high-pressure washers is unclear. 
However, the convenience of using high-pressure systems 
must obviously be balanced with more intensive manual 
cleaning methods In order to minimize untoward conse¬ 
quences, Using bigb-pressure systems on surfaces with large 
amounts of gross contamination should clearly be avoided. is 
In areas likely to be contaminated with Important contagious 
pathogens (e.g., isolation facilities), it Is logical to minimize 
use or at least use them only as a secondary cleaning process 
on surfaces that have been previously manually cleaned and 
disinfected. 

Disinfection 

Even with proper cleaning and selection of an appropriate 
disinfectant, disinfection errors can occur. It is critical that 
disinfectants be used at appropriate concentrations allowing 
for adequate contact time. It is also Important to consider 
that microbial responses to disinfectant exposures are not 
uniform. There is tremendous variation In the ability of 
microorganisms to tolerate cleaning and disinfection. Mast 
enveloped viruses are easy to eliminate, whereas protozoal 
oocysts, nonenveloped viruses, and bacterial spores may 
be difficult or Impossible to kill Vi 

For disinfection (o be effectlve r a few key factors must be 
considered: the presence of organic debris, disinfectant con¬ 
centration, temperature, and contact time. Organic debris 
inactivates disinfectants to varying degrees, emphasizing 
the need for careful cleaning. Most disinfectants are available 
as concentrates and must be diluted before use. Excessively 
dilute disinfectant solutions may have little or no effect, 
whereas excessively concentrated solutions can be dangerous 
to use in addition lo being wasteful of resources. Dilution of 
disinfectants Is an Important process and must be performed 
by measurement, not estimation. One solution that makes it 
easier to ensure that disinfectants are appropriately diluted is 
to use metered dispensing units that can be either wall 
mounted or attached to ihe end of a hose. For some disinfec¬ 
tants, different concentrations may be recommended for dif¬ 
ferent situations. Test strips that can commonly be purchased 
from restaurant supply companies can also be used to verify 
appropriate dilution and activity disinfectant solutions. I'his 
is especially important when stock solutions are prepared for 
use over time. Cleaning staff must be Informed of the Impor¬ 
tance of disinfectant dilution and trained In proper methods. 
Contact time Is critical, particularly for certain disinfectanls 
and difficult-lo-kill microorganisms. If disinfectants are 
applied and Immediately rinsed away, there Is little chance 
that they can be effective. Most disinfectants require 10 to 
30 minutes of contact time. Chemical reactions that produce 
disinfection are slowed in cold temperatures, w r blch should 
be considered w r hen determining the amount of contact time 
that Is required. Disinfectants should never be combined 
because of the potential for Inactivation and production of 
toxic gases. 

Disinfection processes can be divided Into three cate¬ 
gories: hlgfi-level, Intermediate, and low-level. Eligh-level 
disinfection Involves elimination of all viruses and vegeta¬ 
tive bacteria but not all bacterial and fungal spores or proto¬ 
zoal oocysts. Eligh-level disinfection is, in reality, difficult to 
attain and is uncommonly used. Intermediate disinfection 
involves eliminating all vegetative bacteria but not necessar¬ 
ily all viruses (especially nonenveloped viruses), spores, or 
oocysts. Low-level disinfection results In elimination of 



most but not all potentially pathogenic bacteria. Items 
requiring disinfection should be classified as to the level 
of disinfection required, examples of which are shown. In 
Box 46-1. 

Disinfectants 

It is critical to be aware that all disinfectants do not have the 
same effectiveness. As with antimicrobial drugs, disinfec¬ 
tants have a spectrum of activity that can be highly variable 
among disinfectant classes (Table 46-1) Choosing the most 
appropriate disinfectant can be complex, Involving a variety 
of factors Including spectrum of activity, relative efficacy In 
the presence of organic debris, toxicity to animals and 
humans, potential damaging effects on certain surfaces, 
cost, and potential environmental effects. There is no stan¬ 
dard disinfectant to be used In all situations In large animal 
facilities, although oxidizing agents such as accelerated sta¬ 
bilized hydrogen peroxide and peroxymonosulfate are 
Increasing in popularity because of their broad spectrum 
of activity, acceptable performance In moderate amounts 
of organic material, relatively rapid action at room temper¬ 
ature, relative safely for personnel, and environmental 
friendliness. Other options may be appropriate in certain 
situations. When disinfectanls with a narrower spectrum 
of activity are used as the primary disinfectant, protocols 
should be in place to use alternate products should certain 
situations be encountered that require a higher level of 
activity. 

Effect of Surface Material on Cleaning 
and Disinfection 

The materia] to be cleaned and disinfected can also have a 
tremendous impact on efficacy. Many surfaces found in 
Large animal clinics and farms are not amenable to thor¬ 
ough cleaning and disinfection. These Include unsealed 
w r ood surfaces, unsealed block, dirt flooring and areas that 
are difficult to clean. 

For stalls, solid w r alls w r lih a sealed surface are optimal for 
disinfection. This may be difficult to achieve; however, there 
are certain procedures that can be performed to facilitate 
disinfection. Lti Cement block walls can be reasonably well 
sealed with at least two coals of good-quality enamel. Wood 
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Disinfectants: Commonly Used In Veterinary Med I cine* 


1 Disinfectant 

Activity in Organic 
Debris 

Spectrum 

Co mmtEi t£ 

Rle.tch (sodium 
hypochlorite) 

Rapidly Inactivated 

Broad, including nonenvelopcd 
viruses and baeierial spores; no 
activity against Cn'ptutfHfiilium 

Used to disinfect clean environmental surfaces. 

Spcirictdal activity Is particularly useful. 

Efficacy decreases with Increasing pH, 
decreasing temperature, and in the presence 
of ammonia and nitrogen. 

Varying concentrations can be used. 1:6*1 
dilution of standard commercial bleach is 
most commonly used. Higher concentrations, 
up to L: 10, can be used but should be 
reserved for Infrequent use in special 
situations. 

Inactivated by cationic soaps or detergents and 
sunlight. 

Chlorine gas can be produced when misted with 
oLhcr chemicals. 

Eleachei fabrics and l:-. corrosive to concrete. 

Qua ternary 
ammonium 

Moderate 

Variable; jii general, dfaclive against 
gram-negative baclcria and 
enveloped viruses, variably effective 
against gratn-positive bacteria, 
limited activity against enveloped 
viruses, and no activity against 
bacterial spores or t-Fjpiizrpim'driujFi 

Ibere are differences between different types of 
quaternary ammonium compounds. 
Commonly used primary environmental 
disinfectant, although the spectrum Is not 
necessarily optimal, 
lit general, low toxicity 

Inactivated by anionic detergents. 

Some residual activity after drying. 

less effective in cold rempeiatures and low pH. 

Stable In storage 

Phenols 

Very good 

Retailvdy broad spectrum, with 
limited activity against 
nonenveloped viruses and no 
activity against bitcteiiaJ spores or 
tJq-pfcupflri'drrjfli 

Main advantage is belier activity in organic 
debris. 

Can be irritating to skin and mucous membrane 
surfaces. 

Reporledly toxic to cats and pigs. 

Some residual activity after drying. 

Nancorrosive. 

Ptroxygen and 
accelerated 
hydiog.cn 
peroxide 

Very good 

Bro.td spectrum, Including b,icteriai 
spores and nonenveloped viruses: 
some activity againsL 
tJqpfniperidrrjfli 

Excellent choice for routine environmental 
disinfection, footbaths, and environmental 
fogging. 

Rapid action makes them a good choice for 
footbaths. 

Low toxicity Except at high concentration*. 

Environmentally friendly. 

Ca n be corrosive to pin i it steel, Iron, 
copper, brass, bronze, vinyl, rubber, and 
concrete. 

More expensive than mosl other disinfectant 
options. 

Alcohols 

Rapidly Inactivated 

Moderate 

No activity against nonenveloped 
viruses, bacterial spores, and 
CVypteuporidiuwi 

Not appropriate for environment!] 
disinfection. Can be used io disinfect certain 
medical and patient care Items, but better 
options are available. 

Flammable. 

Minimally loxic. 

Fast acting. 

Chlorhexidine 

Rapidly Inactivated 

Moderate 

Limited activity against enveloped 
viruses 

No activity against nonenveloped 
viruses, bacterial spores, and 
L"F>ptDSp0ridiU4FI 

Not appropriate for environmental 
disinfection. 

Appropriately diluted solutions are suitable for 
use on tissues or on materials that coniaci 
skin or mucous membranes. 

Minimally loxic. 

KacEcriciilal activity on skin is more rapLd than 
many other compounds, including 
iodopboTS. Residual effect on -skin diminishes 
re growth. 
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waits can bf sealed using two or more coats of marine 
epoxy. Regular maintenance of stalls is required to seal 
defects that occur from kicks or chewing. 

The optimal floor surface, in terms of cleaning and disin¬ 
fection, Is a smooth, so]Id. completely sealed surface. How¬ 
ever, surfaces meeting these criteria are nol ail amenable to 
animal housing, so a compromise may be required, rinding 
the right balance of floor cushion, traction, durability, ease 
of cleaning, and cost is difficult. Regardless, certain key fac¬ 
tors should be considered. The floor should be completely 
sealed so that water (and pathogens) cannot seep under¬ 
neath. as ibis creates an obvious environmental reservoir 
and prevents adequate contact with disinfectants. Damaged 
stall matting has been died as the likely environmental 
reservoir associated with serious outbreaks of nosocomial 
disease. Kf If obtaining a seamless, water-impervious floor 
surface is not possible, floor coverings should be completely 
removable (e.g., rubber mans over sealed concrete floor) and 
must be removed regularly for disinfection. Remember that 
dirt, sand, and other organic materials cannot be disinfected 
and are therefore unsuitable for permanent flooring in hos¬ 
pital stalls or other veterinary care facilities. If sand is 
required for care of orthopedic patients, plans should be 
made to completely remove and discard this material 
between every patient. 

Animal Contact Items 

After use, all Items In a patients stall should be considered 
potentially contaminated with pathogens that the animal 
might be' shedding. Therefore for patients suspected or 
known to have contagious diseases., every item In the stall 
should be treated as a source of infectious material and must 
be appropriately decontaminated or discarded. Many stall 
items may be difficult to disinfect, or It may not be possible 
to be confident In the ability to fully decontaminate them. 
If it Is cost effective, disposal of these items Is Ideal. Other¬ 
wise, standard principles of cleaning and disinfection apply. 
It must be recognized that rough, damaged, and permeable 
surfaces may be very difficult to adequately disinfect. Partic¬ 
ular attention should be paid to disinfection of surfaces 
that patients contact orally, such as feeders and water bowls, 
and surfaces likely to be contacted by hands of personnel. 
Appropriate decontamination of automatic water bowls 
can be problematic. Ideally, the water supply should be 
turned off. the bowl should be drained and cleaned, and dis¬ 
infectant should be applied for an appropriate time before 
the botvl is rinsed and the water Is turned back on. Nets used 
to hold bay have a high likelihood of contamination 
and are difficult to disinfect without use of gas or plasma 


sterilization techniques. Therefore their use should be avoided 
If possible. 

Certain Items may beat particular risk for contamination. 
For example, thermo meters used on animals with salmonello¬ 
sis are almost assuredly contaminated, and complete disinfec¬ 
tion of digital thermometers Is very difficult. It is reasonable to 
dedicate thermometers to Individual patients and discard 
them when thev are no longer required. An alternative Ls the 
use of disposable temperature strips, which are sometimes 
used In human medicine. These have not been specifically vali¬ 
dated but are routinely used In some large animal, hospitals. 20 

Twitches and muzzles have a high potential for contami¬ 
nation with pathogens such as StrepU^-accus equi and melhl- 
ctllin-resistant Staphylococcus aureus (MFtSA). Rope used for 
twitches Is extremely difficult to disinfect, apart from 
removing the rope for autoclaving. Chain twitches are easier 
to disinfect, but many find them less desirable to use. The 
Ideal twitch material is easy to disinfect and atraumatic 
and provides good grip on trie nose. It is debatable whether 
the Ideal material Is available at this lime. Twitches should 
be routinely disinfected to the best of degree possible, con¬ 
sidering the material. Consideration should be given to reg¬ 
ularly changing or autoclaving rope used for twitches and 
routinely decontaminating twitches with the understanding 
that complete disinfection may not be possible. Twitches 
that are used on animals harboring nasal or upper respira¬ 
tory tract pathogens should be considered contaminated 
ana material discarded or disinfected. 

Few areas show a greater difference in approach to 
infection control between human and veterinary medicine 
than the handling of needles after use. In human medi¬ 
cine, recapping of needles Ls strictly forbidden because of 
the potential for needleslick Injuries and subsequent expo¬ 
sure to life-threatening blood-borne pathogens. In veteri¬ 
nary medicine, recapping of needles is very common, and 
needle-stick Injuries are not perceived to be a significant 
health threat to veterinary personnel. Currently there are 
minimal risks to veterinary personnel in almost all situations 
regarding blood-borne transmission of Infectious agents 
from large animals. However, Infectious disease hazards 
clearly are continuing to emerge, and it Is prudent to develop 
safe practices that minimize the potential for exposure to 
blood-borne pathogens that might be transmitted from 
domestic large animals. 

HAND HYGIENE 

Rigorous use of hand-hygiene procedures Is one of the old¬ 
est recognized Infection control measures and Is perhaps the 
most important single Infection control measure that can be 
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BOX 46-1 


Indications for Hand Hygiene fin Medical Practice 


* When tiandi are visibly dirty ar contaminated wish 
prraceinaccous material, blood, or other body fluids 

* Hcfore dircci contact with patterns 

* Jlefore donninp sterile gloves for inv.isive procedural (e.g.. 
yumring wounds) 

* Jlefore inserting an indwelling urinaxy catheter peripheral 
vascular calhetcr, or other Invasive device Lh.it does not 
require a surgical procedure 

* After contact with a patient's intact skin 

* After contact wish body fluids or excretion^ mucous 
mcm.brn.nes, ranlniaci skin, and woLEnd dressings 

* .After contact vridi an knaxiLmate ob|ecl in [ho immediate 
vicinity of a patient 

*■ After removing gloves 

* Refbre eating and after using a restroom 


AUapcLiJ I mm Mtwi't J.Sl, Fittet L>: (.Guideline lur hand Iiv^lcik- in huakti - 
can: Mliin^v rcccsjfci mL'ndntkinK ut Itic [lealll&L.ire liifi/mon Cunlral 
IVjctinS AjdviK.Tiy Cjiinmitlcr acid Urn: 3JIO h AQS31Lt/APEQILXSA E3.;nJ 
] j-y^pune task Amtc. infitl ilsmlml 1 t la.fi'rfji.jJ JZAfSu| 3 pdJ:S 3 . 200 J 


performed Unfortunately- extremely poor compliance with 
good use practices in human and veterinary hospitals as 
well as lit the community negate much of tlie benefit lhat 
car be realized. Centers for Disease Control and Prevention 
JCDC) guidelines suggest lhat health care workers in 
human hospitals should wash hands or use hand-sanitizing 
products before and after every contact with patients, as 
well as before eating, and after using the restroom. It ts hard 
to argue that less stringent procedures are warranted in vet¬ 
erinary hospitals. 

.Numerous indications for band-hygiene procedures in 
health care settings have been identified as part of guide¬ 
lines for human medicine (Box 46-2], As evidenced by this 
box, band hygiene is needed frequently In a clinical situa¬ 
tion, something Lhat may be problematic In typical settings 
where veterinary care Is provided to large animals. .Main¬ 
taining optimal'hand hygiene can be especially important 
for ambulatory clinicians and yet can also be particularly 
difficult to achieve because of logistic difficulties. A variety 
of options exist for decontaminating bands. The most com¬ 
mon practices are hand washing and use of waterless band- 
sanlllzlng solutions. Both are acceptable methods In most 
situations, and each has individual benefits and drawbacks. 

Hand Washing 

Washing with antibacterial soap has been the standard 
method of decontaminating bands of heaith care workers 
for over a century. However, the potential benefits of this 
practice generally are never realised because of failure to 
use appropriate methods or failure to wash hands at all. 31 
Common errors In hand washing include inadequate dura¬ 
tion of hand washing, failure to use soap, use of contami¬ 
nated items to dry hands, and contamination of hands 
immediately after hand washing (e.g., through contact with 
contaminated faucets or door handles). An appropriate 
technique for hand washing Is outlined in Box 46-3. 

The importance of the type of soap used In hand washing 
is also often overlooked. Plain soaps, those without antibac¬ 
terial agenls, have minimal direct antibacterial activity. The 
main benefit of these is assistance with removal of dirt and 
organic debris, although efficacy data are conflicting. The 
use of plain soap can slightly decrease bacterial numbers 
on hands, but studies in human medicine have failed to 



A Recommended Technique for Hand Washing 


* Wet hands first with water, then apply an appropriate 
amount of disinfectant soap (.is. recommended by the 
manufacturer). 

* Vigorously rub hands together fox trt If ait 15 seconds, 
covering alt surfaces of die hands and huger h. Make sure io 
scrub fingexsips and clt-an under fingernails. 

* Rinse hands with water and dry thoroughly with a 
disposable paper lovral. Multiple-use towels of any type are 
not recommended. 

* Use towel to turn off the faucet (and open doors when 
exiting a restroom). 

Avoid uKiiRhcn wider, bstause repraud exposure Uj hm writer nuiy incrensr 
Lhc risk id dermatitis. Ad.ipIcJ (roan Hc<vlt IM. [ h :Lk l L): {initUiliiic tar li.iml 
liYHM.'Eic in titnlLli-care xrkLinfp: rccaminertdnEioni ol the I k ill Mil jjl- I nftTtiou 
ConrmL JYartk'ta Adviinry Carnnuftec ami lb* ] IIO'AQ'Jil 11 .■V./.'i.l 'LC!, * 1 1 
Hand I lysine Task Furor, Jir/mi C'-uutror It asp Lfridcmrot 23(£4jppl]rS3, 2002 


demo nstrate effective removal of significant pathogens from 
the hands of hospital personnel. 22 Also, the routine use of 
plain soap can at limes be associated with j premises lu num¬ 
bers of bacteria carried on hands if use of these products, 
results In skin damage and Irritation through drying. 23. Plain 
soaps are therefore not an optimal choice tor routine use in 
medical settings, but use is certainty preferable io not wash¬ 
ing hands in the absence of suitable alternatives (such as in 
field settings). 

Most soaps used In hospital settings coni a! n biocides such 
as triclo-san or cblorhexidine. Both of these can produce 
greater decreases in skin contamination compared with plain 
soap, and both compounds have antibacterial effects that per¬ 
sist after application, 31 although the duration of activity is 
shorter against gram-negative organisms {especially Pjewdu- 
mnnas species]. 21 iodine and lodophors have been used as 
skin disinfectants and have a broader antibacterial spectrum. 

1 lowever, both (particularly Iodine) can be Irritating to skin 
and are less commonly used for routine hand washing and 
skin disinfection In medical personnel. In addition, some 
people become sensitized to skin contact with these products. 

Compliance with hand washing protocols Is often poor 
for a variety of reasons. The time required is a ma|or factor, 
particularly in situations w r here con tact with a large number 
of patients is likely. Although hand washing requires less 
than a minute to complete, if it is Indicated 100 times In 
a day, cumulatively this represents a significant amount of 
time committed to this activity. Lick of convenient access 
to proper hand-washing facilities is aiso frequently a prob¬ 
lem. [f access to sinks with running water, soap, and dispos¬ 
able towels Is not convenient (J.e., not adjacent to where 
animal contacts occur], then it is less likely that hand¬ 
washing protocols will be rigorously followed. Regardless 
of the type of soap used, frequent hand washing can also 
lead to skin irritation, 23 which compounds compliance 
problems by making people reluctant to wash their bands 
and by making band surfaces more amenable to coloniza¬ 
tion bv bacteria. 

Mail care and jewelry can also be significant impedi¬ 
ments to achieving optimal levels of hand hygiene. 3,1 Colo¬ 
nization with higher bacterial numbers, colonization with 
bacterial pathogens, and outbreaks of Infectious disease 
have been reported In human hospitals In association with 
effects related to long fingernails and artificial nails. 25 Stud¬ 
ies have shown that these hamper effective hand disinfec¬ 
tion, and many health care facilities, particularly Intensive 
care units, prohibit their staff from having Long (>'/4 inch) 
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or artificial nails. The role of these factors in risks to patients 
in veterinary settings Is unclear, but some veterinary facil¬ 
ities have developed similar protocols and restrictions. 

Waterless Hand Sanitizers 

An alternate approach designed to make band hygiene eas¬ 
ier and more accessible involves the use of waterless hand 
sanitizers. Most waterless hand sanitLzers use varying con¬ 
centrations of alcohol [isopropanol, ethanol,, n-propanol,, 
or a combination), whereas a few products contain alcohol 
plus biocides, or biocides alone. Alcohol products are most 
commonly available, with concentrations ranging from 
60% to 95%. Most products are available as gels, nut newer 
products are dispensed as foams, which may Increase 
acceptability of products. Products w r lth alcohol concentra¬ 
tions >95% are less effective because the presence of water 
is important for the bactericidal activity. Alcohols have 
excellent effect against gram-positive and gram-negative 
bacteria but not bacterial spores or protozoal oocysts. 2 J 
Antiviral effects are variable, with Less reliable effects 
against nonenveloped viruses. Alcohol-based products have 
been shown to have good effect on reduction of hand con¬ 
tamination of health care workers and have been shown 
to be more effective than standard hand tvasblng. 26 Fre¬ 
quent contact with alcohol can lead to significant drying 
of skin, so most commercial products contain emollients, 
humectanls, or similar skin-conditioning agents. Alcohol - 
impregnated toweleltes are also commercially available 
but contain a small volume of alcohol and are no more 
effective for hand decontamination than washing with 
plain soap. 27 

One concern that is sometimes expressed about waterless 
hand sanitizers is their activity in the presence of organic 
debris. l"his is a particular concern In large animal practice, 
where the Likelihood of gross contamination Is high and 
access to hand-washing facilities is sometimes limited. 

1 lowever, a study of the efficacy of hand sanitizers on hand 
disinfection after performing physical examinations In 
horses reported that both a I coho f and alcohol-chlorhexidine 
hand sanitizers were more effective for decreasing bacterial 
contamination than washinghands for 15 seconds with anti¬ 
bacterial soap. 1 * This Level of disinfection was noted even 
though the culture fluid collected off the hands was visibly 
dirty. Indicating that there was a reasonable amount of gross 
contamination. I’hus, waterless hand sanitizers are likely 
to be effective In normal large animal practice situations. 
When there is readily apparent contamination of the skin, 
however, debulking ot the hands Is probably required 
for optimal effect. It Is Important to remember that alcohol- 
containing products are flammable. Although very rare, fires 
have been associated with exposure to open flame. Common 
sense, and ensuring that hands are rubbed together until all 
the alcohol has evaporated, should greatly minimize any 
risks. 

Although most available products contain alcohol 
alone, some commercial products contain alcohol plus 
other biocides such as chlorhexidlne. Some of these pro¬ 
ducts have sufficient efficacy such that they are widely used 
for presurgical hand disinfection. The main advantage of 
using this combination of products is the residual antibac¬ 
terial effect that the chlorhexidine confers. Some users 
complain of a "'sticky 1 ' feel to the skin, which is one of 
the reasons that this "combination is less commonly used 
for routine situations. 

One of the main advantages of waterless hand sanitizers 
is their portability. It Is difficult to make water sources for 
hand washing portable or always accessible, but these prod¬ 
ucts can be easily placed in ambulatory vehicles, can be 


carried by individual staff members, and can easily be 
placed throughout hospitals. Therefore there Is a greater 
likelihood of obtaining compliance by facilitating access. 
Unfortunately, regardless of the types of products used, 
compliance with hand hygiene Is often a major prob- 
Lem. JfV3D Infection control programs need to address hand- 
bygiene compliance through a variety of means to increase 
use of this critical infection control tool. 

Surgical Hand Antisepsis 

Scrubbing of the hands and forearms with disinfectant solu¬ 
tions is a standard practice before surgery. Recommended 
techniques vary somewhat but typically involve a 5-mlnute 
scrub with antimicrobial soap. Some studies have reported 
acceptable hand disinfection with 2- or 3-mlnute scrubs. 31 
Other studies have demonstrated that a two-step approach 
using a L- to 2-minute surgical scrub followed by applica¬ 
tion of an alcohol-based hand sanitizer Is as effective as a 
5-minute surgical scrub. 32 One concern with repeated surgi¬ 
cal scrubbing Is the potential for skin irritation and 
subsequent Increases in bacterial contamination. This has 
led to evaluation of brushless techniques, such as direct 
application of waterless hand sanitizers. It has been shown 
that brushless application of a preparation containing 1% 
chlorhexidine gluconate and 61% ethanol reduced hand 
bacterial counts more than did brush application of 4% 
chlorhexidine soap. 33 

There may be some concern about sole use of brushless 
techniques in situations where there may be moderate 
debris contamination, as could be encountered in veterinary 
applications. Various hybrid techniques have been recom¬ 
mended, including performing a hand wash or full surgical 
scrub at the beginning of the day, folloived by application 
of a waterless hand sanitizer product as the sole hand anti¬ 
septic technique for subsequent procedures, or performing a 
brief hand wash before application of a waterless hand sani¬ 
tizer. The main advantage of these may be elimination of 
alcohol-resistant bacterial spores. 3 J One factor to consider, 
however, Ls that alcohol products may work better on dry' 
hands, so hands should be allowed to tlioroughly dry Lf 
hands are washed before application of an alcohol hand 
sanitizer. 34 

BARRIER PROTOCOLS AND PROTECTIVE 
ATTIRE 

Barrier nursing techniques are an Important Infection con¬ 
trol tool. The basic premise for their use is that placing 
some type of barrier between caregivers and patients pre¬ 
vents skin or clothing from being contaminated, and the 
contaminated outer barrier item can be discarded or left In 
the contaminated environment. Prevention of contamina¬ 
tion of people's skin, regular clothing, personal Items, and 
medical instruments can substantially reduce the risk of 
transmission of pathogens between animals, contamination 
of the general environment, and zoonotic transmission. 

Use of Barrier Precautions 

Basic barrier techniques should be used In all veterinary 
hospitals. Standardized, clean protective outerwear should 
be worn over hospital-dedicated attire for any patient con¬ 
tact regardless of the anticipated nature of contact or the 
assumed Infectious disease status of the patient. itie need 
for other barrier items varies with circumstances and is 
often dictated by the type of disease syndrome being man¬ 
aged (e.g., diarrhea or gastrointestinal disease, respiratory 
disease, wound Infection, fever of unknown origin) as 
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opposed to as opposed to specifically documented Infections 
oi diseases (e.g., patients that are culture-positive for conta¬ 
gious pathogens). Other factors that might indicate a need 
for add Itlon a I ba triers i ndude fa rm of orlgl n {e.g., farms with 
endemics, etftri etfiri or rotavims infections) or a patient that 
is considered to have an increased risk of infection (e.g., com¬ 
promised neonates). Gloves,, gowns, and overboots are the 
items most commonly used for additional barrier protection, 
but masks, caps, and eye protection may also be required at 
times. In some facilities, overbools are not used in all areas, 
but personnel are required to wear footwear that can be read¬ 
ily disinfected, and disinfection of this footwear Is required 
after exiting potentially contaminated areas. 

Limitations of Barrier Precautions 

The greatest limiting factors associated with use of barrier 
precautions In infection control are poor compliance and 
improper use. Written protocols should be developed that 
document practical use protocols for barrier precautions. 
These should specifically state when additional barriers are 
required: It Is not possible to achieve consistent results If 
protocols are ambiguous or suggest too much discretionary 
interpretation. In addition, it Is critical to educate personnel 
regarding the need for barrier nursing precautions and on 
proper application. It Is also Important to regularly monitor 
compliance tvith protocols. 

Protective Outerwear 

Standard protective outerwear for large animal veterinary 
personnel should Include dean coveralls, lab coats, scrubs, 
or other dedicated clothing (hospital uniforms). Protective 
outerwear should be w r orn for every animal contact and 
should he changed regularly. This includes any lime outer¬ 
wear becomes visibly soiled or otherwise contaminated 
with body fluids perceived or knoivn to be contaminated 
with potential pathogens (e.g., feces, blood, nasal exudates, 
urine, or uterine fluid). In addition, outerwear should be 
changed frequently (at least daily) because gross contamina¬ 
tion does not need to be present for pathogen contamination 
to have occurred. Hospital personnel should change their 
hospital outerwear before leaving the building to decrease 
the risk of transfer of Infectious agents from the hospital 
to the community. In order to facilitate this control measure, 
it is optimal from an Infection control perspective for vet- 
erinaiy practices to provide laundry services or Laundry 
facilities. Clothing that Is potentially contaminated with 
biohazardous material should be handled appropriately 
so that personnel handling laundry are aware of the 
hazards and how to reduce risk of exposure. 

Gloves 

Gloves are an important component of barrier precautions 
If used properly, lhe CDC recommends glove use by 
health care workers to reduce the risk of transmission of 
infections from patients to personnel, to prevent health 
care workers'" skin flora from being transmitted to patients, 
and to reduce transient contamination of the skin on the 
hands of personnel by microorganisms that can be trans¬ 
mitted from one patient to another. 35 The same concepts 
apply to veterinary medicine. In certain situations glove 
use has been shown to be an effective means of reducing 
pathogen transmission In human medicIne. 3 * However, 
incorrect use can negate these effects, or even be harmful. 
Co mmo n erro rs with glove use include fa Liu re to wear gl oves 
when needed, not changing gloves after contact with Infec¬ 
tious items, touching Items (e.g., pagers, cell phones, pens. 


medical supplies) while wearing contaminated gloves, con- 
La mi n a t Lon of hands or clothi ng whi Le removi n g gloves, a nd 
failure to wash hands after glove removal. - 7 Although gloves 
are used to prevent contamination of hands, the potential 
for Inadvertent contamination through mlcrobrealcs Ln the 
glove surface or contamination during glove removal neces¬ 
sitates use of hand ivashlng or application of hand-sanitlz- 
ing solutions Ln conjunction with their use. 

']here are no widely accepted standards in veterinary med¬ 
icine for when gloves must be used, apart from the use of 
sterile gloves during surgical procedures. Examination gloves 
that are clean but not sterile are often used when handling 
wounds and Infected body sites and during contact with ani¬ 
mals known or suspected to be shedding contagious patho¬ 
gens. Despite relatively widespread use of examination 
gloves In a variety of circumstances in veterinary medicine, 
it Is quite unusual for practices to have formal protocols 
regarding hoiv and when they should be used. 

Gowns 

Whereas protective gowns have traditionally been used only 
during surgery, their use as a harrier garment when contact¬ 
ing high-risk patients Is Increasing in both human and vet¬ 
erinary medicine. The CDC has produced guidelines for 
human medicine stating that IJ gowns should be worn by 
personnel during the care of patients infected with epidemi- 
ologlcally important microorganisms to reduce the oppor¬ 
tunity for transmission of pathogens from patients or 
items In their environment to other patients or environ¬ 
ments/" 35 In general, gowns should be worn whenever 
direct or indirect with patients or their environment may 
result Ln contamination of caregivers' clothing or skin that 
facilitates transmission of pathogens. 

Ihe ideal barrier gown would cover all areas of the body 
that might become contaminated, would prevent penetra¬ 
tion of Liquids, would be of adequate strength to resist tearing 
and puncture under normal activities, would be comfortable 
to wear for long periods, would be available Ln appropriate 
sizes for all personnel, would be easy to put on and remove 
without contamination of regular attire, would be nonabrasive 
to skin, would be unlikely to start le patients, and would be of 
accepta hie cost. Unfo rtu n'ately, a product wi th all of these cha r- 
aeterlsticsdoes not currently exist, and facilities must prioritize 
the relative Importance of different gow r n properties, 'fhis Is 
often difficult because neither the overall effectiveness of 
gowning nor the effectiveness of different gowns Ln veterinary 
situations has been adequately evaluated. The problem most 
likely to be encountered with barrier gowns in veterinary prac¬ 
tice Is poor resistance to liquids, especially under direct contact 
or pressure. In large animal practice, there is a greater likeli¬ 
hood of contact with relatively large volumes of fluids (e.g., 
with diarrhelo animals) or direct contact with patient surfaces 
that tvould have moist secretions or excretions (e.g., animals 
with nasal discharge or laree infected wounds). r fhe types of 
anticipated activities may also affect the required s Ize of gown. 
Gowns (hat do not completely cover the legs and feet may 
be useful Ln some circumstances hut ineffective Ln situations 
with prolonged direct contact such as with assisted neonatal 
nursing. 

In human medicine, there are conflicting data regarding 
the efficacy of gowning for prevention of hospital-associated 
infections. 3a - 3 ^ Gowns may be more effective for reducing 
infection of personnel. It Is possible that the most significant 
advantage Ln some situations Is not the protective effect of 
gowns or other protective outerwear, but rather the raised 
awareness of the potentially Infectious nature of the patient, 
which may In turn encourage concurrent application of other 
important Infection control practices. 
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Eye Protection 

llie use of protective eyewear, Including goggles and face 
shields, is common in human medicine during procedures 
(hat generate aerosols or airborne droplets of blood, body 
fluids, and secretions . 40 Use of these Items Is mandated In 
some Instances by health and safety regulations. 41 Despite 
the current low prevalence of blood-home zoonotic patho¬ 
gens In large animal species, it would be prudent to con¬ 
sider the use of some type of eye protection tvhenever 
generation of aerosols from liquids or secretions that might 
contain contagious pathogens is likely to occur. Situations 
in which eye protection should be seriously considered 
include examination of animals with suspected viral 
encephal Hides. 

Respiratory Protection 

Masks and respirators are often used to reduce the risk of 
exposure to Infectious agents by respiratory and oral routes, 
So reduce the risk of contamination of patient sites with 
organisms from personnel, and In some situations to prevent 
contamination of hands with nasal or oral mtooflora. Stan¬ 
dard suigical masks may be effective against the spread of 
large particle droplets that are transmitted by close contact 
and travel only short distances (up to 3 feet) from Infected 
patients. 42 1 lowever, the overall effectiveness of standard 
masks has come under debate, and some authors have ques¬ 
tioned the overall effectiveness of surgical masks in hospital 
situations 43 

Airborne transmission of zoonotic pathogens Is com¬ 
monly thought to be of minimal concern In most veterinary 
settings, and mask use Is uncommon In veterinary hospitals 
apart from use during surgical procedures. Itie actual reduc¬ 
tion in zoonotic disease risk that might be associated xvith 
the use of suigical masks during routine patient contact is 
unclear. However, Increased aivareness of risks of specific 
zoonotic disease risks, and Infections in Immunocompro¬ 
mised personnel and others with special disease risks, has 
prompted reconsideration of recommendations regarding 
persona] protective equipment In some circumstances. For 
example, although airborne transmission is not considered 
an Important route of exposure for MRS A, hospital person¬ 
nel primarily become colonized In the nasal passages, and 
hand-So-nose contact is frequent. Ilierefore mask use pre¬ 
vents direct contact of hand and nose, thereby decreasing 
hand contamination or decreasing the risk of inoculation 
of the nose after contamination of the hands during animal 
contact. Masks capable of filtering nonolly particulate aero¬ 
sols w r lth 95% capability {ND5 masks) are recommended In 
human medicine for dealing with airborne contagions such 
as the severe acute respiratory syndrome {SARS) coronavi- 
rus. Although there Is currently little Indication that these 
masks are routinely required in Large animal practice, it 
may be reasonable for facilities to at least have a plan In 
place to implement masks If required. A critical aspect 
of the use of N95 masks is fit-testing and training In their 
use, as improperly fitted or used masks may confer little 
or no benefit over surgical masks. 

ANIMAL MOVEMENT AND HOUSING 

1 lousing and movement can have a profound effect on she 
likelihood of exposure of patients to pathogens. Ideal facil¬ 
ities have no contact between inpatients and outpatients, 
allow for grouping and segregation of animals with differ¬ 
ent risks for contagious diseases, prevent direct contact 
between adjacent animals, reduce the potential for indirect 
exposures through contact with contaminated environ¬ 
ments, and have adequate space so that there is lime to 


properly disinfect all housing and handling environments 
between uses with different animals. 

One major problem frequently encountered in large ani¬ 
mal facilities, particularly older facilities, Is that construc¬ 
tion and design factors often hinder Infection control 
activities. Infection control issues were not alw r ays given 
high priority during the design of many older facilities, so 
various problems are often encountered. Itiese include 
patient traffic flow problems, requisite mixing of inpatients 
and outpatients. Inability to segregate different cohorts In 
the population, heavy traffic around Important areas (e.g., 
surgery, Isolation), Inadequate stall numbers, inadequate 
Isolation facilities, poor ventilation, improper drainage, 
use of materials that are difficult to clean and disinfect, 
design issues that hinder adequate cleaning and disinfec¬ 
tion, and so on. A variety of challenges is encountered when 
an optimal facility Is designed. Many measures used to 
enhance infection control Inherently are Inconvenient, and 
designs that optimize Infection control often have a signifi¬ 
cant Impact on building costs and efficiency of use of the 
facility. It can be difficult to reconcile ease of operation with 
the Level of infectious disease risk that is desired. 

Outpatient Areas 

In general, outpatients tend to have a lower contagious dis¬ 
ease risk, in terms of both likelihood of shedding infectious 
agents and their susceptibility to infectious disease. How¬ 
ever, ■‘'lower"' risk does not mean Hl no" risk, and it is Impor¬ 
tant to design holding areas that minimize contact with 
other animals while clinicians obtain histories and conduct 
Initial examinations to more dearly categorize patients rela¬ 
tive to their contagious disease risk. Ideally, outpatients 
should have little or no contact with inpatient animals 
and minimal contact with areas visited by inpatients. How¬ 
ever, this is often not entirely possible. For example. It is 
often impractical to build completely separate areas for 
diagnostic Imaging of inpatients and outpatients. However, 
the genera] principle of separation of Inpatients from outpa¬ 
tients should be adhered to as much as possible. 

Holding stalls In admission and outpatient examination 
areas may need to house a large number of animals eveiy 
day. 1’herefore It is important that a sufficient number of 
stalls is available to allow appropriate cleaning between 
use, that there are established mechanisms to allow admit¬ 
ting clinicians to Identify high-risk cases, and that this infor¬ 
mation is promptly conveyed to relevant personnel so extra 
precautions can be taken with that patient and the environ¬ 
ment with which it has been in contact. Environmental pre¬ 
cautions may range from routine cleaning and disinfection 
to restricting use pending high-level cleaning and disinfec¬ 
tion, stall cultures, or patient cultures. 

Inpatient Areas 

Inpatients pose greater challenges than outpatients because 
they often have significant risk factors for Infectious disease 
acquisition such as comorbidity, dietary changes, antimicro¬ 
bial treatment, disruption of natural defense mechanisms, 
surgery, and placement of invasive devices. Compromised 
Inpatients, particularly certain patient groups {e.g., those 
with gastrointestinal disease) may be more likely to shed 
Infectious agents such as Salmonella enmka. iTius, Infection 
control protocols should emphasize the need to reduce the 
risk of transmission of infectious agents from Inpatients to 
other hospitalized animals and hospital personnel, and to 
minimize risks related to contamination of the hospital 
environment. A variety of methods can be used to manage 
this risk; these need to be balanced with Levels of risk 
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aversion and available resources to support Infection con¬ 
trol efforts. 

One method of reducing the risk of disease transmission 
among Individuals and groups [e.g., between animals in 
different wards or those assigned lo different services] is lo 
assign animals to different cohorls and then create physical 
and procedural separation among the different groups. It Is 
important to group animals based on known or suspected 
infectious disease status or Infectious disease susceptibility, 
as well as lo group and separate animals with different dis¬ 
ease syndroutes {e.g... respiratory disease or gastrointestinal 
disease). It is also Logical to group and segregate animals that 
are managed by different clinical services in order lo decrease 
the probability of transmitting infectious agents through 
indirect contact. As an example, because of the documented 
risk associated with SdihjuWWti shedding among cattle from 
intensively managed populations, several large hospitals 
have found that it Is very important lo bouse and manage cat¬ 
tle separately front other Large animal patients (especially 
horses). In general, managing inpatients as smaller cohorts 
helps contain transmission risk, thereby decreasing the likeli¬ 
hood of a widespread outbreak In the entire patient popula¬ 
tion. Creating smaller cohorts of patients with different risks 
for contagious disease also facilitates the use of varying levels 
of Infection control precautions for different groups. 

The design of some facllLiles does not allow for the sepa¬ 
ration of different cohorts in different buildings or wards. 
When physical separation of inpatient groups (excluding 
isolation cases) Is Impossible or Impractical, animals w r Lth 
different disease risks can still be managed differently in a 
common ward system. One approach Is to designate areas 
within large wards for different cohorts. Another Is lo iden¬ 
tify animals in different risk categories, applying different 
levels of Infection control precautions, but to allow inter¬ 
spersing of animals from different risk categories In the same 
area. Physical separation within a ward can be enhanced by 
use of chain or rope barricades to Identify and minimize 
access lo patients with elevated contagious disease risk status. 
A key for successful Infection control using this type of sys¬ 
tem Is the absolute need for prominent Identification of dif¬ 
ferent groups, having defined protocols for each group, and 
maintaining effective communication about disease status 
of these patients. One system that has been employed is the 
use of color labels to indicate Infection control status, for 
example, colored adhesive dots can be placed on stalls or 
stall cards of all patients; red dots might indicate animals 
with a known highly contagious disease, yellow dots might 
indicate that animals are suspected of having an Infectious 
disease or may have Increased risk of acquiring Infectious 
disease, and green dots might Indicate that animals are con¬ 
sidered to have an average or low risk of carrying or acquiring 
contagious disease agents. This type of system is easy to apply 
and easy to understand. In addition, more prominent signs 
can be used to more dearly indicate to all personnel certain 
concerns {e.g^ Salmonella, MRSA, rabies suspect). One con¬ 
sideration with these more specific labels, ho tv ever. Is 
whether visitors could obtain confidential and sometimes 
prejudicial information from visible notices. 

Isolation of Highest-Risk Patients 

The most rigorous control of contagious disease hazards 
requires that transmission potential be absolutely minimized 
for patients suspected or known to be Infected with highly 
contagious pathogens or pathogens associated w r lth highly 
consequential diseases. In general this means that these 
patients should have no direct or Indirect contact with other 
animals or areas used in routine care of patients via person¬ 
nel, tom Lies, aerosols, or other materials. It also means that 


human access to these patients and cbeir care environment 
should be tightly controlled. In general, in order to achieve 
ibis level of Isolation, these patients will require housing in 
a separate, specially designed unit. 

Most Isolation protocols In laige animal medicine focus 
on a limited number of pathogens. Protocols for laige ani¬ 
mal facilities tend to focus heavily or solely on S. etrferj'ctf. 
Whether these protocols are adequate or excessive for con¬ 
trol of other pathogens Ls debatable, and a broader scope 
is likely required in many facilities. That said, protocols that 
reduce the risk of transmission of one agent generally 
reduce the transmission potential of other agenls, particu¬ 
larly Lf there are similarities regarding transmission routes 
or risk factors for exposure and Infection. 

Large animal isolation protocols need to lake Into consider¬ 
ation a variety of Issues, Including indicators for Isolation, 
cleaning and disinfection protocols, protocols regarding per¬ 
sonnel movement and barrier precautions, protocols for 
patient contact and movement, manure disposal, and supply 
stocking. Defining methods for Identifying animals that need 
to be Isolated and establishing specific criteria for handling 
these animals Is critical, and these methods must he properly 
communicated to all Individuals associated with patient or 
facility care. Developing protocols for rapid identification of 
patients that represent a contagious disease hazard Is critical 
lo the success of any biosecurlly program. The best Isolation 
units are not effective Lf unoccupied. Specific dLsease and 
syndromic criteria for Isolation should be developed to facili¬ 
tate prompt Isolation of appropriate Individuals. Isolated 
animals should be physically separate from the rest of the 
hospital population at all times Lf at all possible. ThIs means 
that isolation units should be designed so that animals will 
rarely if ever have to leave the unit except for those that need 
an emergency procedure such as surgery. Stocks, examination 
areas, and scales should be available. Ideally, there should be 
minimal contact of person net with Isolated animals and their 
stall environment. I’he ability to monitor patients in Isolation 
using viewing windows or by remote electronic means 
(e.g., web cameras, closed circuit video) facilitates the ability 
to deliver excellent patient care while minimizing risks 
associated with direct contact. 

These units must be strictly managed with specific prede¬ 
termined protocols In order "to reliably manage the risk of 
transmission. Isolation protocols should be comprehensive 
and clearly documented In writing. Proper training of all 
staff, particularly Lay staff who may have no background 
in infectious diseases and infection control, is critical. Stan¬ 
dardized protocols for management of Isolation units in 
human health care settings have been published by the 
CDC. 42 However, similarly standardized guidelines have 
not been established for veterinary medicine, and protocols 
used at veterinary facilities are highly variable as thev are tai¬ 
lored to specific operations and different facility and logistic 
resources. It is logical for veterinary facll Liles to consider 
guidelines that have been develop^ at other veterinary 
facilities and in human health care settings when develop¬ 
ing their own isolation protocols. 

In some situations, housing of potentially infectious ani¬ 
mals in an Isolation unit is not possible because of patient 
care Issues or limitations In isolation space. As a result, con¬ 
sideration needs to be given to management of hlgber-risk 
patients within the general hospital environment. Ibis can 
be done in a few different ways. Including grouping of gen¬ 
eral risk, groups and application of Intermediate Isolation 
techniques to patients that are considered at higher risk 
for being infectious but that are not deemed candidates 
for housing in an isolation unit. In-bospital Isolation proto¬ 
cols allow for an increased level of protection but are not a 
replacement for a proper isolation unit and should not be 



CHAPTER 4b Biosecurity and Infection Control for Large Animal Practices 



1535 


used solely for clinician convenience. Protocols should he 
developed' regarding the handling of animals, the stall, 
and the area around the stall. Animals that are Isolated In 
the hospital should not leave stalls unless they are being 
moved tor required procedures. If movement Is necessary, 
feet should be cleaned and disinfected using appropriately 
diluted cblorhexidine solutions. The potential for environ¬ 
mental contamination can be reduced by having a person 
follow the animal with a bucket to collect any feces that 
may be passed during transit. J Yaffle areas should be 
promptly cleaned and disinfected. Protective barrier cloth¬ 
ing such" as hill waterproof coveralls or full-length water¬ 
proof gown, gloves, and dedicated footwear or boot covers 
should he worn for any contact with the patient or Its envi¬ 
ronment. Ilte area around the stall entrance should be con¬ 
sidered potentially contaminated and disinfected routinely 
(at least three or four times per day). Disinfectant footbaths 
or foot mats used at stall doors can reduce bacterial contam¬ 
ination of footwear. 44 ' 4 ^ Attention should be paid to the 
pattern of water drainage from the stall and In the area. If 
water runs from the stall to the breezeway or runs down 
she breezeway past the stalk then housing of potentially or 
known Infectious animals In the stall may be inappropriate. 
Animals should not be allowed contact with neighboring 
animals. Barriers may be required If solid walls are not pres¬ 
ent on all sides. Specific protocols should be developed for 
cleaning in-hospital Isolation stalls. These stalls should be 
cleaned last, personnel cleaning stalls must wear protective 
gear, and items used to clean the stall must be disinfected 
immediately after use. 

Isolation" guidelines for human medicine target the 
prevention of five different types of transmission: contact trans¬ 
mission, droplet transmission, airborne transmission, com¬ 
mon vehicle transmission,, and vector-borne transmission. 42 

■ Contact transmission is typically the most important 
mode of transmission and involves transmission of Infec¬ 
tious agents to patients by caregivers or directly between 
patients. In large anlmaf medicine, this could include 
situations such as transfer of MRS A from a colonized per¬ 
son to an animal under care, transmission of S. e^tri 
between horses by personnel, or direct transmission of 
viral respiratory pathogens between horses in ad|acent 
stalls that can have nose-to-nose contact. 

■ Droplet transmission involves transmission of infectious 
agents in relatively large fluid droplets generated by 
coughing, snorting, or vocalizing. Ihese large droplets 
do not remain suspended in the air for long periods, 
nor are they transmitted long distances; therefore special 
air handling is not required. An example of this Is trans¬ 
mission of bacterial agents from a coughing horse to 
another horse stabled In relative proximity 1 . An extrapola¬ 
tion to veterinary context might also include transmission 
of surface contaminants during environmental cleaning 
processes with water under high pressure. 

■ Airborne transmission Involves agents that can be 
transmitted effectively in small particles (5 pm or smal¬ 
ler) that can remain suspended in air and travel greater 
distances. Special air handling is required to control 
this route of transmission. Equine Influenza can he 
spread through a barn via ibe airborne route over 
extended distances. 

■ Common vehicle transmission involves infection caused 
by contact with contaminated Items such as feed bins, 
muzzles, twitches, thermometers, and other medical 
equipment. 

■ Vector-borne transmission Involves vectors such as 
mosquitoes, file*, and rodents. Ihls may be of particu¬ 
lar concern in some areas with reportable vector-borne 
diseases such as equine Infectious anemia. 


SURVEILLANCE 

All comprehensive LnfeclLon control programs should have 
a surveillance component, as the information collected 
serves as sensorv input to guide ongoing efforts so that they 
are focused and efficient. Without surveillance Information, 
Infection control programs will be guided more by emo¬ 
tions and opinions than by data and evidence. Infection 
control programs will have much greater acceptance and 
utility it in the long term decisions are based on objective 
Information about infection and disease occurrence at a 
specific hospital. Useful surveillance goals for Infection con¬ 
trol programs include developing a system to allow prompt 
Identification of contagious disease threats, evaluating the 
effectiveness of Infection control practices, measuring person¬ 
nel compliance with infection control procedures, providing 
a basis for logical Infection control decisions, and stimulating 
efficient and economical use of resources. 


Surveillance Options and Strategies 

Theoretically, an optimal surveillance system would allow 
real-time detection of every occurrence of nosocomial Infec¬ 
tion. However, pursuing ibis goal would be unrealistic for 
reasons of practicality and would be an inefficient use of 
resources. Although all nosocomial Infections are important 
relative to patient well-being, some are more important than 
others. This is because the Impact on patient health Is much 
more significant for some diseases, and also because highly 
contagious diseases are more likely to affect a larger number 
of patients, focusing surveillance on these high-Impact nos¬ 
ocomial infections is logical, as a greater proportion of these 
occurrences are also likely to be preventable in comparison 
with more sporadic problems. E-'urthermore, experiences 
with Infection control In human health care settings have 
shown that it is possible Id be more efficient w r Ltb Infection 
control and just as effective If special high-risk or high-cost 
problems are targeted. 

Determining which specific nosocomial infections were 
Likely preventable Is a difficult and potentially contentious 
task. Rather than focus on Individual infections. Infection 
control efforts in human hospitals have benefited by focus¬ 
ing on comparing rales of infection and estimating the pro¬ 
portion that might be preventable by referencing some 
accepted standard. During the past 30 years, human bospL- 
tals have made great efforts to characterize rates of nosoco¬ 
mial Infection that can be expected even under the best 
of circumstances. By estimating rates for these "nonpreven- 
table''' infections, It has then been possible lo Identify 
hospitals with higher than average rates for nosocomial 
Infections. Because of the tremendous differences among 
hospitals and among patient populations, it has become 
standard to focus on more restricted, high-risk patient 
groups for w r hlch there Is better comparability [e.g., neona¬ 
tal or cardiac Intensive care patients), h is also far more fea¬ 
sible lo perform surveillance for nosocomial surveillance In 
these high-risk patient subgroups than It Is In the larger gen¬ 
eral population, w r hlch has a much Lower risk of nosoco¬ 
mial Infection. Performing surveillance with standardized 
case definitions over time allows identification of specific 
risk factors, which could then be used to prospectively 
refine management of patients [e.g., a high-risk patient 
could be Identified and be subjected to more aggressive con¬ 
trol measures as a preventive strategy). Unfortunately, there 
Is very limited information available regarding rates of nos¬ 
ocomial disease that can be found at individual hospitals, 
Let alone estimation In multiple hospitals, which would be 
required in order to obtain Lnlerhospltal comparisons that 
would be useful In identifying latent problems at specific 
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facilities. Although making standardized comparisons among 
hospitals would require tremendous cooperative effort. Indi¬ 
vidual facilities could make significant progress in identifying 
important changes in nosocomial Infection rates If efforts were 
made to benchmark their nosocomial infection rates over 
time. 

When designing a formal surveillance effort to aid infec¬ 
tion control programs, it is important to tailor efforts to a 
specific facility or practice. There Is a wide variety of design 
possibilities for hospital surveillance systems, and the spe¬ 
cific focus and methods should be carefully matched (o 
the needs and resources of each establishment" Diseases that 
are the highest priority for surveillance must he specified, 
along with standardized case definitions that will be used 
to Identify these cases. Efforts may target nosocomial dis¬ 
ease related to specific procedures or organ system Involve¬ 
ment, or just as commonly they may target specific 
infectious agents of interest. For earnpIe, systems might 
be established to look for surgical or intravenous catheter 
site infections* methods may target surveillance for respira¬ 
tory trad infections, or efforts may specifically target detec¬ 
tion of Sciffflflrteffd or MRS A infections. It must also be 
determined whether clinical disease will be the outcome 
of interest or whether it is important So look for animals 
with subclinlcal infections. T^his will generally vary by dis¬ 
ease and likely will be determined by the natural history 
or pathophysiology of the disease (e.g., Does shedding 
occur In the absence of clinical signs? Is there a chronic car¬ 
rier stale? What are the risk factors related to the likelihood 
of shedding?), furthermore, if clinical disease is she out¬ 
come of Interest, It is Important to consider whether the 
case definition will include some type of confirmation of 
the cause or whether diagnoses will be more based on clin¬ 
ical signs and syndromic in nature (e.g., surgical site infec¬ 
tions could be defined based on recovery of a bacterial 
agent In the presence of clinical disease, or they could be 
defined solely on the presence of a predetermined combina¬ 
tion of clinical signs such as erythema and drainage). 
As discussed previously, another consideration is whether 
surveillance will target specific subgroups of the population 
or whether It will include all patients. I’he ma|or benefit of 
targeted surveillance is that it decreases the cost and effort of 
data collection, but the tradeoff is the inability’' to detect 
potential problems in the patients that are not being moni¬ 
tored. llow r ever, increasing awareness about infection con¬ 
trol methods for common or more important diseases 
generally has the effect of increasing awareness and compli¬ 
ance with control measures that relate to other potential 
nosocomial problems. It also must be determined whether 
surveillance will be active (i.e. r patients with nosocomial 
problems tvill he actively sought out) or whether passive 
surveillance (i.e., reporting is voluntary) is acceptable and 
appropriate. In general, active surveillance will be used only 
in targeted subpopulations and only to look for more com¬ 
mon and more Important diseases, and syndromic surveil¬ 
lance should be more heavily relied on when the targeted 
population is larger or as a supplement to culture or etiolog¬ 
ical ly based surveillance efforts. 

Another important consideration is how data will be 
gathered for this effort. Significant personnel compliance 
is needed for active culture-based surveillance of large num¬ 
bers of patients. Similarly, any type of chart review system 
for benchmarking expected rates of nosocomial disease 
requires a significant time commitment. Surveillance efforts 
are greatly aided by the ability to use computer-based search 
mechanisms, and it Is strongly recommended that any prac¬ 
tice use electronic medical record systems to maximize the 
ability to perform surveillance. For example, something as 
simple as being able to monitor the number of febrile or 


leukopenic patients on a dally basis could be extremely 
powerful as an aid to Infection control efforts. Even finan¬ 
cial databases can be useful In surveillance efforts. For 
example, financial databases may be very useful for surveil¬ 
lance for benchmarking antimicrobial prescriptions or spe¬ 
cific procedures, such as intravenous catheterization or 
surgeries. 

Monitoring for bacterial contamination of the hospital 
environment has been a useful adjunct to patient monitor¬ 
ing In comprehensive biosecurity programs at veterinary 
hospitals.- 30 - 46 - 47 In addition. In some situations, such as 
when attempting to control ongoing outbreaks, there Is no 
substitute for culturing the hospital environment to detect 
important environmental reservoirs. L0 - 4t Use of electrostatic 
household wipes has been extremely useful for sampling to 
delect S. enterica in routine surveillance as well as in the face 
of outbreaks. 

As an alternative to culturing environmental samples 
for one specific agent, it may be useful to enumerate total 
numbers of bacteria recovered from hospital surfaces using 
either swabs or contact plates (e.g., RODAC). 16iJ7 Contact 
plates are simple to use, require minimal Investment of 
labor, and when used on regular basis can provide valu¬ 
able information regarding cleanliness of hospital surfaces. 
Such data can be used as feedback for the cleaning person¬ 
nel, for monitoring of quality of cleaning, or for pinpoint¬ 
ing problem areas. It is Important to remember that 
bacteria can be recovered from most surfaces, even in 
the cleanest of hospitals. Therefore, in order to be most 
meaningful, if quantitative environmental cultures are to 
be performed they should be repeated on a regular basis 
in order to establish meaningful baseline values for 
comparison. 

I’he use of rapid and sensitive diagnostic tests is particu¬ 
larly important for the management of highly contagious 
diseases. Polymerase chain reaction (PCR) and antigen 
detection tests, which can be much more rapid than tradi¬ 
tional culture systems for bacteria and viruses, have become 
more widely used for both patient and environmental sur¬ 
veillance efforts. 1 iowever, these tests cannot fully replace 
culture-based assays, because analysis of microbes is essen¬ 
tial to fully understand the epidemiologic implications of 
each recovery. For example, if on a single day three patients 
were found "to be shedding Sniflurndto using PCR assay, it 
would not be possible to know whether these were unre¬ 
lated events. In contrast. If shedding were detected using 
culture and the Srt/mcncJJa isolates tvere then shown to be 
from different serogroups, ibis would make it unlikely that 
shedding was related to nosocomial exposures from a single 
source. In some situations it may be logical to use both 
rapid and culture-based assays to maximize both speed 
and ability to perform epidemiologic investigations. Avail¬ 
ability of qualified laboratories* rapidity of testing, and costs 
will all have to be considered and balanced in these 
considerations. 

Monitoring Personnel Compliance 

Su ccess of an infect Lon con t ro L p rogra m i s a bsoi □ tely depen- 
dent on corporate participation that arises from a well- 
developed sense of responsibility among individuals. 
Actively engaging all personnel in biosecurity programs 
becomes Increasingly difficult as organizations become 
larger and more complex. Unfortunately, the most cautious 
actions of a majority of personnel can be for naught if even 
one individual neglects to take appropriate precautions 
under just the right (wrong) circumstances. Although it is 
very Important for administrators to engage in surveillance 
to detect systematic noncompliance with policies, ll Is just 
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as Important to empower all personnel and expect them to 
participate in monitoring for individual acts ot noncompli- 
anee. Remembering that most noncompliance arises from a 
natural tendency for people to revert to the most convenient 
practices (which are not necessarily the most ri safe'' 1 from the 
blosecurlty perspective], Lt Is important to couple surveil¬ 
lance efforts with education so that all personnel fully 
understand ivhy they are being inconvenienced. In addi¬ 
tion,. providing useful feedback and communication about 
issues that arise in the hospital will help to reinforce the 
need for compliance. For example, monitoring and report¬ 
ing of bacterial shedding or environmental contamination 
detected as a part of surveillance programs can help to 
keep hospital personnel aware of the potential hazards 
of reduced biosecurity efforts. 

Measurements Related to Health and Disease 

Although outcomes for individual animals may be the 
most important bottom line for many clinicians. It is 
important to remember that Infection control by its very 
nature often has a larger population-based perspective. 
Therefore, although diagnostic tests results have great 
relevance for an Individual animal, a positive test result 
may not have great value for the entire population unless 
it Is interpreted contextually. As such, it Is critical to 
remember that some type of denominator information is 
needed In addition to numerators to provide relevance 
over time or for different subpopuIallons (e.g., numbers 
of all Infections, numbers of animals tested). Some exam¬ 
ples of relevant denominators Include patient admission 
totals for a given period, patient-days of hospitalization, 
procedure events such as surgeries or catheter placements, 
and culture totals. 

Developing a Comprehensive Surveillance Strategy 

As mentioned, it is unrealistic to expect to detect all occur¬ 
rences of nosocomial Infection or all animals shedding 
agents of Interest through any hospital surveillance system" 
Rather, veterinarians should w r ork toward developing stra¬ 
tegic surveillance programs that will allotv reliable estima¬ 
tion of rales for important events if they occur with any 
significant frequency, as w r ell as rapid detection of "unex- 
pected''' important events. It Is likely that a mix of strategies 
described earlier will he used for the various agents and 
disease problems. For example. If S. enterica shedding 
occurs at some low-level yet regular frequency in a hospital 
(e.g., 3% of all hospitalized equine patients) and Lt Is con¬ 
sidered an Important potential hazard for other patients, it 
is reasonable for an active survellLance program to be 
developed that allows detection of clinical and subcllnical 
shedding of Salmonella as a patient management tool and 
also allows detection of Important trends over time so that 
nosocomial outbreaks could be rapidly identified and 
stopped. In contrast, CftuftTdium and CfrutridiErm 

perfringer rs may not have been delected w r Llb any regularity 
in patients at a particular hospital or may be more difficult 
to actively monitor because of available testing methodol¬ 
ogies, yet they may still be considered Important because 
of their significance as pathogens and their potential for 
contagious spread. For these pathogens, it may be more 
reasonable to use a reliable passive surveillance strategy 
to call attention to patients when clinical signs or culture 
results Indicate that these agents may be present. In addi¬ 
tion, maintaining some level of surveillance for compli¬ 
ance with infection control procedures and policies is 
necessary to ensure that a blosecurlty program is function¬ 
ing properly. 


EDUCATION AND AWARENESS 

Education of all personnel regarding infectious disease 
hazards to themselves, patients, and veterLnary practices is 
essential to the long-term success of any Infection control 
program. Successful programs are critically dependant on 
all personnel knowing and following procedures and poli¬ 
cies used for control of contagious disease transmission In 
a practice. Although this type of information can be 
acquired over time through personal experience, this Is an 
Inefficient and unreliable method for dLsseminallng critical 
Information. 


Written Protocols 

Itie first step to ensuring that necessary Information is 
dlssemlnaLed to all personnel Is to document policies and 
protocols in writing. Ibis effort Is valuable for all veterinary 
practices but is especially critical In Larger and more com¬ 
plex veterinary hospitals. This relatively simple step has 
many benefits. First, documenting procedures requires a 
thorough reviews which by itself is beneficial. Second, doc¬ 
umenting policies and protocols in writing imbues the 
Infection control program with a sense of purpose and com¬ 
mitment. Third, documenting procedures helps to ensure 
consistency In application by all personnel as well as over 
time. As discussed, all infection control procedures are 
Inherently inconvenient, and the natural tendency Is for 
personnel to drift toward more convenient ways performing 
activities, which may not provide an adequate degree of 
protection against nosocomial infections. Fourth, documen¬ 
ted policies demonstrate a degree of due diligence, which is 
useful from a Legal Liability standpoint relative to the occur¬ 
rence of nosocomial or zoonotic Infections. 

Once these protocols have been documented, ll Is Impor¬ 
tant to require their use as a reference and to make a specific 
effort to educate personnel about the policies and proce¬ 
dures. A written document serves no purpose If it is not 
used. Veterinarians and other personnel are busv people, 
and the immediacy of caring for patients and clients can 
easily overwhelm seemingly mundane tasks such as study¬ 
ing written protocols. A valuable aid in tills process is to 
have some type of training program. This does not necessar¬ 
ily mean formal presentations; it Ls valuable to organize a 
meeting of all personnel for the sole purpose of discussing 
Infection control issues. Although this seems Logical, biose- 
curlly training is not a universal occurrence even In teaching 
hospitals. In a survey of Leaching hospitals from American 
Veterinary Medical Association (AVMA)-accredited Institu¬ 
tions, only 15 of 37 responding Institutions reported that 
they required that personnel (students, technical staff, veter¬ 
inarians) participate In some type of formal training pro¬ 
gram regarding infection control and biosecurlty, and only 
seven of these institutions provided more than a single 
training exposure. 49 

Training Programs 

It is also important to consider the differences Ln training 
and experience among personnel. By their nature. Infection 
control programs are dependant on adherence to important 
protocols by all personnel regardless of their position 
description. Monveterinarians are Invaluable members of 
most veterinary practice teams, and even personnel who 
might never touch patients but Instead are employed as 
receptionists or for the single specific task of cleaning are 
absolutely critical for the success of infection control 
programs. Veterinarians sometimes underappreciate how 
their specialized training has provided them a broad 
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appreciation for basic principles of contagious disease 
transmission and control Without the experiences of a vet¬ 
erinary education, many personnel do not have the same 
basic understanding of contagious diseases. Simply telling 
people to follow certain rules leads to inevitable compli¬ 
ance problems. Although It Is important for people to 
know what is expected or them, it Is |ust as critical for them 
to know why these procedures are Important. Without a 
thorough understanding of why Inconvenient infection 
control practices are needed, they will inevitably be dis¬ 
carded over time as seemingly Illogical. To help ensure 
uniformity of exposure among all personnel, some hospi¬ 
tals have developed training documents and require that 
new employees pass a written evaluation before they are 
permitted to begin work. 

Another Important aspect of education and awareness Is 
to instill a need to lead by example and to empower all 
personnel to hold anyone else in the practice accountable 
for his or her actions. The hierarchy In authority that Is 
needed in the delivery of patient care (veterinarians at 
the top of the hierarchy, personnel without formal training 
at (he bottom) can Interfere with optimal infection con¬ 
trol. A common non sequllur related to Infection control 
is that those with the most training can be the persons 
least likely to adhere to important policies. This is true 
both in human and veterinary medicine, as has been 
repeatedly shown relative to hand hygiene. 21 Physicians 
and residents have been shown in numerous studies con¬ 
ducted in a variety of settings to be significantly less likely 
than nurses to adhere to appropriate hand-hygiene proto¬ 
cols. Observations in the veterinary setting suggest that 
the same trends are true for hand hygiene, as well as for 
appropriate use of barrier nursing precautions. All people 
pick up cues for behavioral expectations from their sur¬ 
roundings. If personnel wbo clearly understand the Impor¬ 
tance of preventive measures such as hand washing 
(physicians and veterinarians) fail to routinely follow best 
infection control practices, there Is little hope that trainees 
and laypersons will routinely trouble themselves to habit¬ 
ually use an Important albeit Inconvenient practice. Fur¬ 
thermore, It seems that the more respected the position a 
person holds In a practice, the more likely It is that Indi¬ 
vidual acts of noncomplLance will influence the actions 
of others. Students in teaching hospitals can w r alch class¬ 
mates correctly follow Infection control policies through¬ 
out the day and vet can be more influenced to be 
noncomplLant by observing the single time that a senior 
clinician Ignores a practice guideline. 

One way to improve compliance and counter these Influ¬ 
ences Is to use disseminated enforcement by actively 
encouraging all personnel to call attention to noncompl I- 
ance. Once it has been determined which procedures are 
required for a particular situation and this has been docu¬ 
mented, there Is no reason that nontechnical staff should 
be any Less capable than a veterinarian In determining 
whether a procedure has been correctly followed. It Is 
important that this community enforcement be empowered 
by all In a spirLl of friendly camaraderie and team building. 
Some hospitals have noted significant improvements in 
compliance using this method of enforcement and have 
even used competitions between 'Teams''' with the Incentive 
of agreeing that the loser must pay a reward to the other 
team [e.g., pizza lunch). 

Zoonosis Awareness 

One of the most important objectives for an Infection con¬ 
trol program is to protect personnel and clients from Illness 
associated wLth zoonotic infections. This is another area in 


which veterinarians sometimes forget (hat not all personnel 
have an understanding of hazards or of how to take appro¬ 
priate actions to protect themselves. Without this knowl¬ 
edge, personnel may lake Inappropriate risks or may 
oveneact to perceived hazards In what Is actually a low-risk 
situation. In addition to holding briefings or question-and- 
answer sessions, It is wise to provide a good resource text, 
written summaries, or URL addresses of reliable Internet 
resources so that personnel have tools available to help 
them research answers to their questions. Table 46-2 pro¬ 
vides a brief summary of some zoonotic pathogens that 
might be transmitted from domestic large animals through 
occupational activities of veterinary personnel. 

Personnel with Increased Risk of Infection 

An important area for xvhich there Is not much published 
literature relates to risks for zoonotic infections in personnel 
who have an Increased susceptibility to LnfeclLous diseases 
or those in whom the consequences of clinical Infection 
may be particularly severe. Obviously there is an overall 
increase in risk of Infection for immunocompromised per¬ 
sonnel, but there is very little specific information about 
which disease risks might be of greatest importance to this 
population. In addition, it Is essentially Impossible to pre¬ 
dict which agents are of little risk to people with a healthy 
immune system but may be of much greater risk to Immu¬ 
nocompromised personnel. Individuals being treated orally 
with antimicrobial drug* are generally considered to have 
an increased risk for infections tvith enteropathogens, so it 
is prudent for personnel being treated with antimicrobial 
drugs to be especially attentive to protocols related to per¬ 
sonal protection. Pregnant women have a special risk for 
infections that can result in fetal Infections or abortion 
and should therefore employ practical precautions that 
reduce the likelihood of Infection. In general, paying strict 
attention lo good hand-hygiene protocols, routine use of 
gloves to reduce the Likelihood of contact exposures, regular 
use of protective outer garments or hospital dedicated-attire, 
and avoiding eating and drinking around animals or in 
their environments should help to reduce the Likelihood 
of exposure to potential zoonotic pathogens. 


INTERVENTION AND INVESTIGATION 
OF NOSOCOMIAL OUTBREAKS 

An outbreak Is defined as an increased occurrence of infec¬ 
tions above the expected baseline (endemic) Level. Out¬ 
breaks are an ever-present risk In all health care facilities, 
veterinary or otherwise, and outbreaks will occur despite 
rigorous Infection control protocols. The general principles 
ot outbreak management are to contain the outbreak and 
reduce the overall impact on individual animals and the 
facility. It is critical to note that despite the stigma that 
is often attached to outbreaks, an outbreak of disease 
does not necessarily Indicate poor management or malprac¬ 
tice. By their very nature, most veterinary hospitals will 
always have higher risks for the occurrence of outbreaks 
of infectious disease. However, making no attempt to iden¬ 
tify nosocomial infections, neglecting signs of a developing 
outbreak, or responding inappropriately 1 to the spread of 
nosocomial Infections could all be construed as poor man¬ 
agement or even malpractice. There are numerous reasons 
why plans for a logical, aggressive, organized, and coopera¬ 
tive response should be developed. Consultation with inter¬ 
nal and external experts In epidemiology, Infectious 
diseases, microbiology, and Infection control can be useful. 
It is unlikely (hat the person involved In coordinating the 
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'This » not a complete I si of all aoonotic diseases: less common diseases and those iviih vcclorhome or solely Foodtomc tomes of transmit non are not Included 










outbreak response will be an expert in all areas. Consulting 
others does not Indicate a lack of ability on the part of the 
response team; rather it indicates a logical approach to a 
typically complex problem. It makes sense to consult with 
those who through Interactions at multiple facilities have 
gained experience that cannot usually be obtained while 
concentrating on primary responsibilities as a clinician at 
a single Institution. Ideally, these individuals are consulted 
early In the outbreak, and it may be prudent to develop 
contingent plans and contact consultants in anticipation 
of potential problems. The use of external consultants can 
be particularly useful because they can examine a situation 
and facility without the same degree of Inherent bias that 
develops through experience and habit of regular daily prac¬ 
tice In a facility. 

One of the most important factors in outbreak Interven¬ 
tion Is early recognition of potential problems. Ideally, 
infection control programs should be designed to allow 
early Identification of related clusters of infection or disease 
either through laboratory testing, clinical disease reporting 
or syndromic surveillance. When an Infectious animal is 
exposed to a susceptible population, transmission may 
occur. Hirst generation transmission—that is, transmission 
from the Index case (directly or Indirectly) to other ani¬ 
mals—can be difficult to detect, particularly In situations 
when the Index case is Infectious before developing clinical 
disease. The most important control aspect related to the 
first generation of cases is prompt identification so that an 
outbreak can be recognized early enough to implement 
measures to reduce the risk of further transmission to a sec¬ 
ond generation of cases. Often outbreaks are not identified 
or addressed until multiple generations of transmission 
have occurred, thereby increasing the overall morbidity 
and mortality and complicating the response. 

Genera] principles of outbreak response include Identifi¬ 
cation of the Infectious agent, identification of infectious 
animals, identification of animals that have likely been 
exposed, determination of the mode of transmission, and 
prevention of further transmission by means such as Isola¬ 
tion, implementation of barrier precautions, active surveil¬ 
lance, environmental surveillance. Increased environmental 
disinfection, restriction of animal and personnel movement, 
and under extreme conditions minimization of new expo¬ 
sures through restriction of admission of new patients. 

Although useful, initial intervention measures do not 
require definitive Identification of the causative agent, in 
the absence of a confirmed cause (e.g., diarrhea duster of 
unknown cause], outbreak intervention can still be per¬ 
formed using general Infection control practices combined 
with knowledge of appropriate response to the most likely 
causes. General principles such as isolation of infected or 
affected animals and their direct contacts, use of barrier pre¬ 
cautions, close attention to personal hygiene, restriction of 
animal and human movement, regular examination of ani¬ 
mals, and careful attention to cleaning and disinfection are 
important measures that are useful for most types of infec¬ 
tious disease outbreaks. Indeed, these measures alone will 
often constitute the full response after a causative agent is 
identified. 

Identification of animals likely to be shedding the agent 
responsible for the outbreak Is critical. Definitive confirma¬ 
tion Is not required, and a syndromic response Is often bet¬ 
ter. for example. In the midst of a Safaicrieftz outbreak it is 
wise to consider all animals with diarrhea, depression, or 
fever as likely to be infected and shedding bacteria even if 
culture results have been negative, l’his will result in some 
misdasslfkallon, but erring on the side of being overly sensi¬ 
tive In identifying infectious animals Is the more appropriate 
response when trying to halt the spread of disease. The main 


problem with this type of response is imposing excessive 
strain on available resources (e.g. Isolation stalls, personnel 
time) because of excessive misciasslfkatlon. 

Identification of potentially exposed animals is also criti¬ 
cal. Depending on the pathophysiology of disease, these 
animals may or may not require segregation or isolation. 
For some pathogens, clinical disease precedes development 
of the infectious state, so exposed animals can be moni¬ 
tored and Isolated if required. For example, horses exposed 
to 5. etfui develop fever before shedding the organ ism, SL so 
close monitoring of body temperature of exposed animals 
and prompt isolation of animals developing fever may be 
sufficient to prevent propagation of an outbreak. For many 
pathogens, screening of all potentially exposed animals can 
tie useful. In particular, the use of rapid screening techni¬ 
ques that can provide a turnaround time of a few hours 
(e.g., antigen detection lest for equine influenza, S. etfui 
PCR) can be veiy useful. However, testing strategies should 
also Include some use of culture so that whole organisms 
will be available to aid epidemiologic Investigations. Wide¬ 
spread screening of hospitalized animals will often be 
required to determine the extent of the outbreak and facili¬ 
tate removal of infectious animals from the population. 
Therefore, if screening is Imposed as a response to suspected 
spread of nosocomial Infections, it Is essential that it not be 
an elective procedure. It Is prudent for facilities to have pre¬ 
viously considered how costs for diagnostic testing will be 
distributed In the event of suspected nosocomial Infections. 
Surveillance for shedding of specific contagious agents at 
the time of admission can facilitate prevention of outbreaks 
as well as intervention responses. In situations where 
recently exposed animals do not necessarily develop consis¬ 
tent overt clinical signs or where rapid diagnostic testing is 
not available, ll may be necessary to segregate all potentially 
exposed animals, either in an isolation unit or in the main 
hospital. 

Determination of the likely models) of transmission is 
also required for initiation of an effective response. This 
Is usually relatively clear based on the identity of the known 
or suspected pathogen. However, in general, all agents 
of concern for nosocomial infection will spread through 
contact and common vehicle transmission, and therefore 
controlling all methods of contact exposure to patients will 
be critical In response to suspected outbreaks. Although 
droplet transmission might be most Important for respira¬ 
tory agents, practicalities of cleaning hospital environments 
for large animals usually necessitate use of large volumes of 
water, which can also create hazards related to droplet 
transmission. Therefore the potential for droplet transmis¬ 
sion should also be lightly controlled In response to sus¬ 
pected outbreaks. Generally, only highly contagious viral 
resplratoiy agents pose a hazard through airborne transmis¬ 
sion. However, in situations in which routes of transmission 
are not clear, it Is prudent to assume the worst and manage 
the outbreak as If the pathogen were highly transmissible by 
multiple routes until proven otherwise. 

Prevention of further transmission is obviously one of 
the most Important goals of outbreak response. A variety 
of factors need to be considered to achieve this. In addition 
to Identification of infectious animals, measures need to be 
established to prevent direct and indirect contact of these 
animals with other animals and the general hospital envi¬ 
ronment. Isolation and the use of barrier precautions can 
achieve this. The response lo Implemented infection control 
measures should be closely monitored to determine their 
adequacy, wLth an understanding that there is an Inherent 
lag lime from Implementation of measures to control of 
the outbreak that Is proportional lo the Incubation period 
for infectious diseases. 
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At times, partial or complete closure of the facility may 
be useful or necessary. Restricting new admissions decrease's 
the number of newly susceptible Individuals that might pro¬ 
mote propagation of an outbreak. Furthermore, if new 
infections appear to be occurring despite Implementation 
of best control efforts, It is important to consider whether 
It Is prudent or ethical to continue admitting new patients. 
It is also critical to consider the tremendous burden that 
can be created by the need to deal with infection control 
measures and the possible effects on patient care. During 
outbreaks, stall space, particularly isolation space, may 
become limited, and decreasing the number of admissions 
facilitates depopulation of the facility for proper cleaning 
and disinfection. Clinical personnel are often overworked 
during outbreaks because of the number of 111 animals, 
and excessive workload can contribute to breaches in proto¬ 
cols. 'fhere may be rel uctance among some people to restrict 
hospital admissions because of potential negative impacts 
related to public relations and finances, but early, short¬ 
term closure of a facility to stem a small but developing out¬ 
break Is much belter than a subsequent longer closure 
in response a larger outbreak with more affected animals. 
A key component of facility closure is proper communica¬ 
tion to staff and the public, emphasizing the proactive 
approach that is being taken to protect patients and clients 
and to prevent a ma|or problem from developing. Regard¬ 
less of whether it Is deemed necessary to restrict admission 
of new patients, as described previously, whenever out¬ 
breaks of nosocomial infections are suspected, it is critical 
to consider whether standard Informed consent procedures 
suitably convey the risks associated with hospitalization to 
clients. 

If environ mental conlam Inatlon Is suspected of bei ng wide¬ 
spread, complete depopulation of a ward or even the entire 
hospital may be necessary to allow for thorough cleaning 
and disinfection. The availability of multiple wards can facili¬ 
tate this process, as individual problem wards can be closed 
and disinfected while the hospital remains functioning. 
Assumlngsenslllve culture or other antigen detection methods 
are available, postdislnfecllon environmental screening may 
be indicated for certain pathogens [e.g., S. enterica) before a 
facility Is reopened. 

Although vaccination is often perceived as being a cor¬ 
nerstone of infection control, the indications and limita¬ 
tions of vaccination must be considered. .No vaccine will 
confer 100% protection, and vaccination should never be 
used as a replacement for good Infection control practices. 
A more appropriate perspective is that vaccination Is princi¬ 
pally useful when more useful Infection control methods 
have failed. 

Requiring vaccination before hospital admission Is an area 
that has received limited commentary in large animal prac¬ 
tices. Although vaccination requirements are difficult to 
enforce in animals admitted for emergency procedures, li 
may be reasonable for facilities to consider encouraging or 
requiring vaccination against relevant pathogens before 
admission for elective procedures. For example, requiring 
vaccination before admission for influenza In horses or 
bovine viral diarrhea virus In pregnant cattle or alpacas could 
decrease the risk of infection and transmission In hospitals. 
Problems that might be encountered with such an approach 
include the lack of relevant efficacy data for many vaccines, 
potential concerns regarding adverse effects with some vac¬ 
cines, difficulty ensuring compliance, and competitive issues 
if all competing practices do not have the same standards. 

Vaccination may be a useful intervention measure during 
some outbreaks, but efficacy In these situations has not 
been evaluated. 31 is Important to remember that there are 
three possible outcomes associated with any Intervention: 


it may help, It may have no effect, or it can be harmful. 
For vaccination during an outbreak to be helpful in control 
efforts, the vaccine must be given to susceptible animals 
before exposure, must Initiate a protective response before 
natural exposure, and must not be harmful wnen adminis¬ 
tered to animals that are incubating disease. Ibese criteria 
are often difficult or Impossible to meet In the midst of an 
outbreak. The greatest potential use for vaccination during 
an outbreak Is likely with the use of Intranasal Influenza 
vaccination, as this'type of vaccine can provide a rapid 
and effective immune response and is not contraindicated 
in exposed animals. 


INFECTION CONTROL ISSUES RELATED 
TO SPECIFIC PATHOGENS 

Although all contagious diseases have the potential to be 
important hazards for the health of individual patients, 
there fs more empiric evidence regarding the Importance 
of some diseases. Furthermore, although safeguarding the 
health of veterinary personnel must be a priority for all vet¬ 
erinary practices, some zoonotic diseases have been shown 
to be of greater concern. Information is listed in the follow¬ 
ing sections regarding control of diseases of particular 
importance as nosocomial and zoonotic disease hazards. 

Salmonella 

S. enferiLVi is the agent most commonly reported In associa¬ 
tion with nosocomial disease outbreaks and closure of large 
animal hospitals, lit a recent survey of leaching hospitals 
from AVMA-accredited Institutions, 31 of 33 responding 
institutions [82%) reported documenting outbreaks of noso¬ 
comial disease during the previous 5 yea rs and 65 % of institu¬ 
tions reported S. enterica as being associated with an outbreak 
(20 of 37 ). 49 Additionally, most of these Institutions (17/20) 
had to restrict admissions to reduce patient risk or mitigate 
contamination, and ill of these Institutions closed at least 
part of their facilities completely. All species are susceptible 
So infection, but hospitalized cattle from intensively man¬ 
aged populations generally have the highest prevalence of 
shedding and camel Ids the lowest. The likelihood of shed¬ 
ding In patients while hospitalized is greatly influenced 
by the prevalence of Infection in animals at home premises. 
A notable number of patients shed Salmonella without 
evidence of associated illness, but patients are significantly 
more likely to shed If they are systemically 111. This Is espe¬ 
cially true if animals show r signs of gastrointestinal illness. 
Numbers of oiganLsms shed per gram of feces are generally 
much greater in clinically affected animals. Animals known 
to be Infected with Salmonella should be managed in Isolation 
with strict barrier precautions and hand-hygiene protocols. 
Shedding tends to be more commonly detected in the sum¬ 
mer ana fall and may also be generally more common in 
warmer climates. Although nosocomial outbreaks are usually 
delected in association w r lth the spread of clinical disease, sul> 
clinical infections can be more common than clinical Infec¬ 
tions during outbreaks. Zoonotic Infections In veterinary 
personnel have been commonly delected in association with 
nosocomial outbreaks. There is apparent variability among 
strains with regard to virulence, infecllvtty, and ability to per¬ 
sist In the environ menl, and this strain variabll Ity may be a very 
i import ant determin Ing factor rega rdi ng nosoco mlal outbreaks 
of infection. Environmental contamination near infected 
patients is the rule rather than the exception, and active surveil¬ 
lance has shown that contamination can become disseminated 
to quite distant areas of the hospital from only a single infected 
patlenL. In one study 12% or 452 environmental samples 
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collected over 10 weeks in a nonepidemic period using 
electrostatic household wipes were positive for Str/mth 
Fteila. 46 Experience has shown that environmental contam¬ 
ination Is even greater during outbreaks. In nonepidemic 
situations there tends to be great variability In phenotypic 
markers (serogroup, serotype, and antimicrobial suscepti¬ 
bility] among isolates recovered from patients over lime, 
which often makes It possible to differentiate Isolates In 
epidemiologic investigations. In other situations, especially 
when certain strains are circulating actively in the region 
of a hospital, use of genetic analysis may be necessary In 
order to differentiate strains of SrtJrnanfJJfl for purposes of 
epidemiologic Investigations. Culture methods used In 
diagnostic laboratories are highly variable, which can sig¬ 
nificantly affect assay sensitivity. Veterinarians should seek 
out laboratories that are knowm to have optimized culture 
methods for use In diagnostic situations. PCR. assays for 
Saimonelhi are available commercially at a number of 
laboratories. llow r ever, because of the importance of phe¬ 
notypic and genotypic comparisons of isolates that are 
conducted as part of epidemiological investigations, PCR 
assays are not recommended for regular use In surveil¬ 
lance programs without parallel analysis using culture. 
Active surveillance programs are commonIv used in large 
hospitals as a management tool to detect clinical and sub- 
din leal infections in large animal patients. In addition, 
environmental surveillance Is sometimes used as an 
adjunct to detect environmental contamination. All com¬ 
mon disinfectants are effective against SciJmmiftfdi organ¬ 
isms under optimal conditions. However, its common 
association with fecal material, other organic matter, and 
dirt necessitates careful adherence lo good cleaning (phys¬ 
ical disruption of surface matter using detergents') and dis¬ 
infection procedures In order to minimize the likelihood 
of environmental persistence. Mitigation in response to 
nosocomial outbreaks requires thorough decontamination 
of all environmental surfaces, which may be possible only 
after closure to new admissions, although disinfectant 
misting may be a useful alternative In some situations. 

Clostridium difficile 

Although less commonly Implicated with dlarrhelc disease 
than S. entesica, C. difficile Is a potentially Important noso¬ 
comial pathogen In horses. C. difficile should be considered 
as a differential diagnosis in horses with diarrhea and duo¬ 
denitis-proximal je|unitis. Standard Infection control meth¬ 
ods used for salmonellosis should be adequate to control 
transmission of C. difficile, with the exception of disinfec¬ 
tion. Because C. difficile is a spore-forming bacterium, disin¬ 
fection can be difficult. Clostridial spores are highly 
resistant to environmental degradation, and most disinfec¬ 
tants that kill .SdhMdHeJfdi are ineffective against bacterial 
spores, with the exception of bleach [hypochlorite solu¬ 
tions]. Accelerated stabilized peroxide anrf peroxygen disin¬ 
fectants may also be effective, although less Information is 
currently available. An additional, albeit mostly unsubstan¬ 
tiated concern is the potential for zoonotic transmission of 
C. difficile from horses or cattle lo humans. The strains of 
C. difficile Isolated from animals are often indistinguishable 
from those that cause disease In people. Therefore, animals 
infected with C. difficile should be considered as potential 
sources of zoonotic infections in humans. 


Cryptosporidium parvism 

Animals of all ages in a variety ofhost species have been shown 
lo shed C. pnsvum oocysts, but the shedding prevalence is 
much greater In young animals, and the primary Infection 


control hazard Involves shedding by dianhelc neonates, 
especially calves. This is because of the extraordinary num¬ 
bers of oocysts shed by affected young animals, the small 
Infectious dose, and the hardiness of organisms. Affected 
calves can shed more than ID 7 oocysts per gram of feces 
during peak shedding whereas humans and other animals 
can be clinically Infected with fewer than 100 oocysts, 
although there does appear to be some difference among 
Individuals and also among strains. To further complicate 
control, oocysts are profoundly resistant to all disinfectants 
that can be regularly used In Kospllals. Research has shown 
there are different lineages of C. parvum that relate lo host 
range; genotype 1 appears to infect only humans, whereas 
genotype 2 (sometimes called fiimne genotype) Infects a 
wide variety of otheT species. Including domestic large 
animals and humans. Cryptosporldlosis is an important 
zoonotic disease hazard In veterinary personnel, and there 
are a number of documented outbreaks Involving animal 
caretakers. CjyproipojidJjtrrn is considered to be a relatively 
common nonvlral cause of self-limiting diarrhea in Immu¬ 
nocompetent persons, particularly children. Clinical disease 
can be severe and evert life-threatening in Immunocompro¬ 
mised persons. Diarrheic neonates can be easily and Inex¬ 
pensively screened using direct microscopic examination 
of fecal smears prepared with arid-fast stains. Regardless, 
IL is very prudent lo house diarrheic neonates In isolation 
and handle with strict barrier precautions and hand- 
hygiene protocols. Personnel cleaning these housing areas 
should avoid using high-pressure water, to minimize the 
risk of aerosol and droplet exposure. This Is complicated 
by the resistance of coccidian parasites to disinfectants, 
which necessitates the reliance on vigorous scrubbing with 
soap and rinsing with copious amounts of water in decon¬ 
tamination efforts, like Likelihood of Inadvertent oral expo¬ 
sure while cleaning can be reduced by using face shields or 
N55 disposable masks along with gloves. 


Equine Rotavirus 

Although outbreaks of rotavirus are not uncommon on breed¬ 
ing farms, outbreaks In veterinary clinics are rare. Equine rota¬ 
virus is of most concern in facilities with a large neonatal 
caseload. Rotavirus may be shed in the feces of affected foals, 
clinically normal foals, and adult horses. Therefore prevention 
of exposure is difficult. However, It Is likely that clinically 
affected foals are the most common source of infection, 
through direct contact or common vehicle exposure. As a 
result, isolation of affected animals and the use of barrier pre¬ 
cautions are the most Important infection control measures. 
With the exception of disinfectants, protocols directed at con¬ 
trol of S. etticrial should be adequate for rotavirus control. 
Little specific Information is available regarding the relative 
effectiveness of different disinfectants on equine rotavirus. 
Idowever, as a nonenveloped virus, equine rotavirus should 
be expected to be resistant to environmental degradation 
and many disinfectants commonly used In veterlnarv medi¬ 
cine. The use of phenollcs has been recommended because 
of their belter activity in the presence of organic debris. 
Oxidizing agents probably have similar effectiveness and 
may be preferable because they have a much lower potential 
for toxicity. 


Bovine Viral Diarrhea Virus and Border Disease Virus 

The closely related members of the genus Pesllvlms are not 
commonly considered nosocomial disease hazards, but this 
may be more because of a lack of detection than a lack of 
occurrence, lhe main infection control hazard Is related to 
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exposure of susceptible pregnant cattle, sheep, goats, or 
camelids to persistently infected animals that continuously 
shed large amounts of virus. The long period between infec¬ 
tion of pregnant females and the birth of affected offspring 
complicates the ability to make relevant observations about 
the frequency of nosocomial infections. Therefore It may be 
important to encourage or require vaccination of valuable 
pregnant cattle or alpacas before admission. In addition, 
animals known or suspected to be persistently infected 
should be managed in isolation with barrier precautions 
to minimize transmission. This Includes neonates showing 
signs of congenital infection. Increased bInsecurity precau¬ 
tions should also be used with animals from herds with a 
recent history of disease related to these viruses. Direct con¬ 
tact with persistently Infected animals Is an efficient method 
of transmission, but Limited research shows that calves can 
be Infected through contact with contaminated stalls and 
through droplet or aerosol exposure over a distance of at 
least 1.5 m 53 Appropriate use of cleaning and disinfection 
methods should readily decontaminate the environment. 

Strangles (Streptococcus equi equi) 

An Important aspect of S. equi control Is Identification and 
management of subdtnlcally infected animals. Syndromic 
guidelines for Isolation on admission (e.g., isolation when 
patients are admitted from farms with recent a history of 
clinical S. etfui infections, or isolation of horses with feveT 
of unknowm origin or unexplained nasal discharge) can 
help in managing potentially infectious horses so that they 
can be Isolated pending the results of screening. The ubiqui¬ 
tous nature of S. etfui and the possibility that essentially any 
hospitalized horse could be a subcLinlcal carrier means that 
there Is an ever-present, if Low, likelihood of S. egtft Intro¬ 
duction Into the hospital environment. Experience suggests 
that routine universal screening of horses admitted to veter¬ 
inary hospitals Is not necessary to control nosocomial 
S. equi Infections. However, screening and Isolation of 
horses from farms with endemic 5. equi would be a reason¬ 
able control strategy. Standard Infection control measures, 
including preventing direct contact of hospitalized animals, 
optimizing hand hygiene, and using appropriate cleaning 
and disinfection, should be useful for reducing the risk of 
S. equi transmission should a colonized horse be admitted. 
Vaccination In the face of an outbreak with vaccines that are 
currently available Is not recommended because of a lack of 
proven efficacy and concerns regarding development of pur¬ 
pura hemorrhagica. There Is also no evidence of a need to 
require vaccination of elective cases before hospital admis¬ 
sion. S. equi is susceptible to all routinely used disinfectants, 
when used properly. 

Equine Influenza 

influenza Is one of the most contagious diseases affecting 
horses. Immunity Is transient, and horses can be repeatedly 
affected during their lifetime. There Is no carrier state, and 
maintenance In a population is dependant on transmission 
from one acutely infected horse to another. In horse popu¬ 
lations aggregated at racetracks, shows, or other venues, 
attack rates can reach 15% to 30%.The incubation period 
from exposure to onset of clinical signs is typically about 
2 to 4 days, which commonly coincides with the onset of 
virus sheading. Horses are often febrile and oblunded 
at the onset of disease. Paroxysmal coughing Is a classical 
sign of influenza Infection that develops In some horses 
as disease progresses. Because of Its contagious nature, 
identification of multiple acutely febrile horses can be an 
early indication that influenza virus Is spreading In the 


population. Rapid identification and confirmation of ani¬ 
mals shedding vLrus allow initiation of efforts to minimize 
contagious spread. Antigen detection assays are commer¬ 
cially available and very useful for rapid confirmatory 
testing (e.g., Directlgen Flu A, BD Diagnostic Systems). 
However, these assays have limited sensitivity; virus shed¬ 
ding was detected In only approximately 30% of clinically 
affected horses during outbreaks using this assay, and so 
tests should be performed on multiple horses and Inter¬ 
preted in the aggregate for the population.- 55 Negative lest 
results for Individual samples should be interpreted with 
caution because of the consequences associated with not 
using appropriate control measures during an outbreak of 
a highly contagious disease. PCR tests are available and 
may be more sensitive than antigen detection assays, but 
published validations of these assays are generally unavail¬ 
able. Virus can be transmitted through aerosol, droplet, 
and contact transmission and can easily be transmitted over 
several feet In respiratory aerosols generated by coughing 
horses. Therefore horses confirmed to be infected should 
be managed in complete isolation with full barrier precau¬ 
tions, paying strict attention to hand-hygiene protocols, 
influenza" virus can survive on surfaces at most for a few 
days in a cool, moist environment. As an enveloped virus, 
influenza is susceptible to damage from extreme environ¬ 
mental conditions and Is readily inactivated bv all common 
disinfectants If they are properly applied. Although clini¬ 
cally affected animals are the most likely to shed large 
amounts of virus. In unaffected horses sampled during large 
outbreaks, seroconversion and vims shedding can be found 
in about 30% and 5% of the exposed populations, respec- 
llveiy. 54 ' 55 Therefore It Is prudent to increase Infection con¬ 
trol precautions for all exposed but apparently unaffected 
horses In order to minimize risks of transmission. Early vac¬ 
cination of all horses with Lntranasal vaccine may be of 
value in abbreviating the course of an epidemic. If new 
admissions are allowed when there Ls an elevated risk of 
influenza virus Infection, horses should be required to have 
been recently vaccinated before admission (preferably a 
minimum of 2 weeks before admission] with vaccines Hav¬ 
ing proven efficacy. Regardless of vaccination history. It is 
unwise to admit very young or Immunocompromised 
horses when there Is an increased risk of Infection with 
influenza vims. 


Equine Herpesviruses 

Equine herpesvirus (EHV) types i to 5 are ubiquitous In 
horse populations and are highly contagious. EHV-1 and 
EHV-4 are the most widely recognized as Important causes 
of outbreaks of disease in horses, and nosocomial transmis¬ 
sion of both agents has been noted. EHV-4 infections are 
associated with contagious respiratory disease that princi¬ 
pally affects horses under 3 years of age. EHV-1 infections 
are associated with respiratory disease, neurologic disease, 
acute to peracute pulmonary vasculitis, ana abortion. 
Immunity Ls relatively short-lived, and Infections are Likely 
to occur throughout the life of hoises. Many if not most of 
these Infections are undetected or occur with only mild clini¬ 
cal signs. The most common clinical sequela of Infection Ls 
mild respiratory disease during the first 2 years of life. Infre¬ 
quently, EHV-1 infections can result in more severe compli¬ 
cations such as abortions In pregnant mares or paralysis. 
All EHV-1 and. EHV-4 infections originate in the respiratory 
tract, but epidemiologic evidence suggests that contact and 
droplet transmission Between horses In relative proximity Ls 
much more common than aerosol transmission over greater 
distances. Fever Ls commonly the initial clinical sign exhib¬ 
ited by Infected horses, and Identification of multiple acutely 




febrile patients can be an early Indication of nosocomial 
spread of EHV In the population. Most horses can be shown 
to be latently infected with EilV-1 and EHV-4 by the time 
they reach adulthood, and subsequently any hospitalLzed 
horse might serve as a source of Infection for other patients 
by recrudescing vims In response to stresses of disease, hospi¬ 
talization, ana transport. However, clinical experience sug¬ 
gests that nosocomial spread most commonly originates 
from clinically affected horses. 1 tie re fore, rapid identification 
of animals suspected of being Infected, Isolation of affected 
horses, and use of barrier precautions with appropriate 
hand-hygiene protocols are generally effective for minimiz¬ 
ing the risk of nosocomial transmission. All horses exhibiting 
ascending weakness, paresis, or paralysis should be suspected 
of having EHV-1 Infection and managed In Isolation until 
they can be proven to have slopped shedding or another 
diagnosis Is confirmed. Herpesviruses are enveloped viruses, 
ana routine cleaning and disinfection procedures should be 
adequate for decontamination of surfaces, assuming appro¬ 
priate protocols are followed. PCR testing of nasal secretions 
is the most useful assay for rapid confirmatory testing. Serial 
testing Is useful for establishing that shedding has stopped. 
Without adjunctive testing. Infected horses should be quar¬ 
antined for a minimum of 28 days after cessation of disease. 
Using serial testing as a confirmatory adjunct, this quarantine 
period might be shortened to l A days after cessation of dis¬ 
ease. However, experimental infection studies have shown 
that shedding can be Intermittent, and negative test results 
must be Interpreted with caution. 

EHV-3 Is less commonly regarded as a nosocomial prob¬ 
lem but has been noted to be spread through contact with 
contaminated materials during reproductive procedures as 
well as between horses during coitus. Therefore It Is a nota¬ 
ble hazard for practices that specialize In reproductive ser¬ 
vices. EHV-3 causes coital exanthema, a pustular disease 
affecting the vulva and vagina of mares and the penis and 
prepuce of stallions. Appropriate cleaning and disinfection 
of materials used in reproductive examinations, avoiding 
use of examination sleeves and gloves with multiple horses, 
and rigorous adherence to sound biosecurity precautions 
for breeding populations should control spread of EHV-3. 
The prevalence of latent EHV-3 infections is not well docu¬ 
mented. Recently, evidence associating respiratory disease In 
young horses and EHV-2 or EHV-5 Infection has been pub¬ 
lished,but the significance of these agents In the occur¬ 
rence of nosocomial disease is unknown. 

M ethic ill in-Resistant Staphylococcus aureus 

MRS A Is emerging as an important veterinary and zoonotic 
pathogen. In large animals, MRSA infections have been 
most commonly identified In horses and pigs. Transmission 
of MRSA between these species and attending personnel can 
occur, and MRS A colonization and infection appear to be 
an emerging occupational risk associated with large animal 
veterinary practice. Transmission of MRSA is thought to 
mainly occur through direct or indirect contact between 
infected or colonized people or horses and hospitalized 
horses. Despite the potential for respiratory tract coloniza¬ 
tion, the potential for droplet and airborne transmission is 
minimal. I’he largest nosocomial infection problem related 
to this pathogen In large animals has been associated with 
the infection and colonization of equine patients. Infections 
are principally noted at surgical sites and wounds, whereas 
colonization predominantly occurs in the nasal passages, 
although gastrointestinal colonization has also been noted. 
If not Identified by active surveillance, colonized horses can 
be silent yet prolific reservoirs for Infection of humans and 
horses. Prevention of MRSA transmission requires careful 


attention to practices that prevent contact and common 
vehicle transmission, Including use of good hand-hygiene 
practices, restriction of horse contacts and isolation of 
Infected or colonized, animals, and use of specific measures 
aimed at identifying carriers. All colonized or Infected 
horses should be treated as infectious, housed In isolation, 
and handled with strict attention to contact barrier precau¬ 
tions. Screening by culture of nasal swabs collected at the 
time of admission can help control MRSA in areas where 
LL is endemic In the community or the horse population. 
Screening of personnel may be required periodically If there 
Is epidemiologic evidence of nosocomial transmission or 
zoonotic InfecLlons. Personnel screening can be a difficult 
and contentious area, so it Is wise to develop screening 
guidelines In advance of an outbreak. 57 S. aureus Is suscepti¬ 
ble to most disinfectants, if used properly. 

Coxiella burnetii 

Coxiella burnetii Is the causative agent associated with Q 
fever. Although most Infections in humans are subdlnlcal, 
personnel (bat contact livestock have a greater risk of Infec¬ 
tion, and disease can be severe and even fatal In a small por¬ 
tion of cases. It Is also highly Infectious, has a low infective 
dose, and can be transmitted through contact as well as by 
droplet and airborne routes. C. bumclii can be found in a 
variety of animal species, but zoonotic transmission is most 
commonly associated with peri parturient ruminants {espe¬ 
cially small ruminants]. Serum antibody tests, antigen 
detection assays, and PCR assays can be used to Identify 
Infected animals, but the sensitivity of these assays has been 
questioned. Because of the potential significance of clinical 
Infections In humans, all attending personnel should be 
appropriately aware of the zoonotic potential and risks 
associated with Q fever. I’he risk of serious clinical conse¬ 
quences should noted In particular by pregnant women 
and people with valvular heart disease or immunosuppres¬ 
sion. Medical histories for Individuals and flocks should 
be considered to determine if there is an indication that 
C. bunietii may be a greater than average risk. Biosecurity 
measures that could be used to minimize hazards to people 
with a high risk of clinical Infection include Isolating perl- 
parturient small ruminants, paying strict attention to 
hand-hygiene protocols, and using respiratory protection 
and barrier nursing precautions when handling potentially 
Infected animals. Particular care should be taken during 
parturition and when handling aborted fetuses and new¬ 
born small ruminants. For animals known to infected, care 
should be used when cleaning and disinfecting sLalls or 
other housing environments, and contaminated bedding 
and other materials should be bandied with caution. 

Antimicrobial Resistance and Drug Use 

Although antimicrobials are undoubtedly required for 
proper management of a significant percentage of hospita¬ 
lized large animals, it is reasonable to consider whether anti¬ 
microbial resistance and antimicrobial drug use affect the 
occurrence of or the ability to control nosocomial Infections. 
I’he first relates to outbreaks of nosocomial infections with 
bacteria that are resistant Lo multiple antimicrobial drug£. 
These outbreaks are not extremely common but are a noted 
occurrence In human and veterinary hospitals and often 
occur In association with care In specific hospital units such 
as a critical care or surgery facility. Agents frequently Identi¬ 
fied in association with these outbreaks Include enteric 
organisms such as E. onfi and enterococci, skin commensals 
such as S. mucus, and PieKdrunorrcii and other bacteria. Signif¬ 
icant research Into these organisms has identified specific 
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strains and even specific genes that are commonly Identified 
in association with agents responsible for these outbreaks 
(eg., MRSA r vancomycin-resistant enterococci |VRE|, bacte¬ 
ria w r lth extended spectrum p-lactamase resistance), The role 
of antimicrobial use In specific patients or even in specific 
hospitals In promoting the occurrence of nosocomial out¬ 
breaks is not always conclusive. However, some experimental 
evidence does show that treatment w r Lth a specific antimicro¬ 
bial drug Is associated with an Increased propensity for shed¬ 
ding of bacteria that are resistant to analogous drugs.™ 
Therefore common use of a particular drug within a hospital 
could apply selective pressure that more generally promotes 
colonization w r llh resistant bacteria, 55 or It could enable or 
promote the survival of specific bacterial strains capable of 
causing nosocomial epidemics (e.g., VRE and MR£A). These 
concerns are supported by specific documentation that anti¬ 
microbial drug exposure can be associated with increased 
likelihood of shedding of enteropathogens 60 ' 61 and multi¬ 
drug resistant pathogens. t3 in addition, antimicrobial drug 
exposure Is a recognized risk factor for colitis In horses, which 
can be one of the most Important infection control concerns 
in large animal facilities. Therefore efforts to reduce antimi¬ 
crobial use and ensure logical (prudent] use can be beneficial 
to the individual patient and other hospitalized animals, in 
addition to addressing the more abstract concerns about 
emergence of antimicrobial resistance. 5 ' 1 Surveillance aimed 
at benchmarking the use of antimicrobial drugs over time, 
or to monitor use for specific conditions or In specific circum¬ 


stances (e.g., outside of regular hours), may be useful for 
guiding policy decisions, but it is not useful for identifying 
specific occurrences of "imprudent"' use. Of greatest impor¬ 
tance is education so that all Individuals with prescribing 
power understand the issues and the reasons for careful anti¬ 
microbial use. Measures such as developing selection algo¬ 
rithms for patients with specific types of disease and 
restricting the use of certain drug classes (e.g., gly copeptides) 
have been used by some facilities and may decrease the likeli¬ 
hood of some occurrences of nosocomial Infection. 55 

Management of Donor Animals 

it Is Increasingly common to use animals owned by hospi¬ 
tals or veterlnay personnel as donors for blood and ingesta 
(e.g., ruminal fluid) transfer to patients. Animals used for 
this purpose should be known to have a very low risk of 
contagious diseases, should be boused away from hospita¬ 
lized patients, should be clinically healthy at the time of 
specimen recovery, and should be screened periodically for 
diseases shat could be transmitted by use of transfer prod¬ 
ucts. Diseases of concern that might be transferred by blood 
products from ruminants Include bovine leukemia virus, 
bovine viral diarrhea virus and border disease virus, and ana- 
plasmosis; similarly, horses should be screened for equine 
infectious anemia Infection. Ingesta donors should be 
screened for Johne's disease pflrafjjfiercjjfoiEJ 

avium) and 5. enterica. 
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Prevention, Detection, and Response 
to Foreign Animal Diseases 

PAM HU LUNGER 


Perhaps one of the most critical roles that private veterinary 
ractitloners play on a daily basis is serving as the nation's 
ont line of defense against exotic transboundaiy, and for¬ 
eign animal diseases (FADs)—the important transmissible 
livestock or poultry diseases that are believed absent from 
the United States, but that if introduced would cause signifi¬ 
cant adverse animal health, public health, or economic con¬ 
sequences to the nation. Although many of these disease 
threats are known, new or ''emerging" diseases may also 
enter the United Slates and affect human or animal popula¬ 
tions. The U.S. Department of Agriculture (USDA) Animal 
and Plant Health inspection Service (APHIS) has primary 
responsibility for addressing foreign and emerging diseases 
of livestock, and Ll works closely with state animal health 
officials, private veterinary professionals, and the livestock 
industry to conduct surveillance and detect, control, eradi¬ 
cate, or mitigate the Impacts of these diseases on the industry 
and the public. A list of the diseases successfully eradicated 
from the United States is in Box 47-1. The Code of Federal Reg¬ 
ulations (CFR), Title 9, part 53 1 details the federal govern¬ 
ment's list of reportable diseases of livestock and poultry 
and its policies and procedures for the diagnosis, appraisal, 
euthanasia, and disinfection of livestock and poultry 
infected with these diseases. The list specifically Includes 
foot-and-mouth disease (FMD), rinderpest, contagious pleu¬ 
ropneumonia, exotic Newcastle disease (END), highly path¬ 
ogenic avian Influenza (HPAI), and infectious salmon 
anemia and generically includes ,J any other communicable 
disease of livestock or poultry that In the opinion of the Sec¬ 
retary constitutes an emergency and threatens the livestock 
or poultry of the United Stales." In addition to the federal 
list, many states require the reporting of additional disease 
conditions beyond those specifically listed in the CFR. Addi¬ 
tional diseases specified by states may include diseases of 
public health importance, such as equine encephalomyelitis, 
or other domestic diseases of regulatory Importance or Inter¬ 
est, such as bovine trichomoniasis. Licensed, practicing veter¬ 
inarians are responsible for maintaining a familiarity with 
Lhe federal reportable disease list as well as those of the states 
in which they practice. The reportable disease list for each 
state can be obtained through the stale veterinarian's office. 
States may also have their own more specific policies and 
procedures for the diagnosis, appraisal, euthanasia, and dis¬ 
infection of livestock and poultry infecled with such report- 
able diseases. Box 47-2 lists some reportable diseases of 
horses. 

The Office of International Epizootics [OIE) 2 is an Inter¬ 
national organization, representing more than 167 member 
countries, that seeks to provide leadership and guidelines to 


ensure transparency and solidarity in the management of 
the global anLmal disease situation. The DIE publishes 
health standards for international trade in animals and ani¬ 
mal products as well as criteria for the validation and certi¬ 
fication of diagnostic assays. Policies and procedures that 
the federal government implements to manage the intru¬ 
sion of FADs into the United States are often aligned with 
the GIE health standards and guidelines to help ensure 
the most rapid and efficient recovery of U.S. trading status. 
Another equally Important function of the GEE is to provide 
an early warning system to enable countries to have rapid 
situational awareness and to act quickly to protect them¬ 
selves when outbreaks of GEE reportable diseases are 
confirmed In member countries. More than 130 animal dis¬ 
eases are reportable to the GIE. Et Is Important to remember 
that some of the domestic diseases that are present in the 
United States, such as bluetongue, are reportable to the 
OIE and have Implications on trade tvith countries free of 
those diseases. 

To protect the long-term, overall health and viability of 
U.S. animal agriculture, any incursion of a FAD must be 
rapidly Identified and controlled. In the United States, Ide¬ 
ally control leads to the eradication of the disease and full 
return to the status present before the outbreak. These 
FAD eradication efforts present significant short-term costs 
to affected industries as well as the government and the 
public. In some cases the effects become long term, lasting 
for years, and some industries may never fully recover. Most 
FAD incursions have a significant economic cost, associated 
with disease control and eradication efforts. The costs asso¬ 
ciated with FAD control include the direct costs of disease 
control as well as the potential loss of foreign trade and 
the indirect costs lo the affected industries that result from 
the implemented control measures, such as livestock move¬ 
ment restrictions. Direct costs to the government include 
personnel costs, indemnity costs (cost to buy diseased 
animals from producers for destruction), and the cost of 
necessary supplies and equipment for euthanasia, carcass 
management, and disinfection. In addition lo these direct 
control costs, one of the most immediate consequences of 
a FAD occurrence In the United Slates would be the loss 
of export markets and disruption of normal business conti¬ 
nuity in the United Slates. The Indirect costs to the affected 
livestock sectors and other affected industries that would 
result from the disruption of the normal business continuity 
are likely lo be the most significant economic costs. One 
example of such an indirect cost or loss associated with dis¬ 
ease control may be the reduction or loss of Income for a 
dairyman w r ho is no longer able to ship his milk across state 
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BOX 47-1 


Reportable Diseases of Horses 1, 


African horse sickness 
Contagious equine metrlLis 
QouFlne 

Glanders fSurftfrtfJLfeNLj malleii 
E lendra virus 
[apanese encephalitis 
Plropiasmasls 

Venezuelan equine encephalomyelitis 
Vesicular stomatitis virus 


■ J'he list will vary by state. 


'lines to his customary processor. For -ill FADs, early detec¬ 
tion and rapid application of situational awareness to assess 
the extent of the outbreak and efficiently Implement neces¬ 
sary controls to minimize further spread will minimize the 
overall impact of the outbreak on the affected producers, 
the affected Industries, and the U.S. economy as a whole. 

The risk of a FAD Incursion into the United States today 
is much greater than It was in the past. There are two main 
reasons for this. First, there has been a rapid expansion of 
international trade and travel, and In the ever-expanding 
climate of free trade, this can only be expected to continue. 
With a greater volume of people, animals, and animal 
products entering the United States on a dally basis, the 
opportunity for a FAD to be unintentionally Introduced Is 
greater. Second, In the wake of the World Trade Center 
bombing on September 11, 200 l r there Is heightened 
awareness and concern about the possibility of agroterror- 
Ism, or the deliberate Introduction of a biologic agenl 
targeting livestock for the purposes of causing economic 
damage and societal instability. Whether a FAD Is Inten¬ 
tionally or unintentionally introduced, the detection of 
the first case as soon as possible Is critical to minimizing 
the overall Impact of the resulting outbreak. 

Private veterinary professionals need to be familiar with 
the clinical signs associated with FADs, especially those thal 
can be confused with signs of domestic diseases' When vet¬ 
erinary professionals are concerned about the possibility of 
a FAD, they need to know how to contact their federal or 
stale animal health officials, who will consult with them 


on the history of the herd or flock, examine the affected ani¬ 
mals, and lake and submit necessary samples for testing at 
no expense to the producer or veterinarian. Testing wilt be 
prioritized by disease and level of concern. Both the pro¬ 
ducer and private veterinarian should he contacted with reg¬ 
ular updates as test results become available. Hundreds of 
investigations such as this occur annually in the United 
States, and fortunately most lead to the determination that 
a FAD Is not involved. It is the FAD that goes undetected 
or unreporled for some time because of lack of vigilance 
that will cause ma|or economic harm lo the nation. Veteri¬ 
nary practitioners should not be concerned about reporting 
a suspected FAD and having it confirmed as a domestic dis¬ 
ease problem, as it is important thal the animal disease 
emergency' response system be tested regularly to ensure 
that It Is as efficient and effective as possible. Most impor¬ 
tant, the Impact of a delay in detection of a true FAD could 
be catastrophic. 

U.S. DEPARTMENT OF AGRICULTURE 
NATIONAL VETERINARY ACCREDITATION 
PROGRAM 

The USD A established the veterinary accreditation program 
in lt>07 lo allow private practitioners to assist federal veter¬ 
inarians in certifying animals for Interstate and interna¬ 
tional movement and to assist in controlling animal 
diseases. The current mission of the -National Veterinary' 
Accreditation Program (NVAP) is to ensure the health of 
the nation's Livestock and animal population and lo protect 
the public health and -well-being. NVAF's goal is lo main¬ 
tain the effective cooperation and use of private veterinary' 
practitioners for regulatory work In a manner that Is consis¬ 
tent with International trade requirements and safeguarding 
animal health. APII3S Veterinary' Services (VS) administers 
NVAP. Participation In NVAP is voluntary 1 and Is not man¬ 
dated by the federal government. A list of the requirements 
for a veterinarian wishing to become accredited by the 
USD A Is shown in Box 47-3. Accredited veterinarians parti¬ 
cipating In NVAP must carry out their duties according to 
the Standards for Accredited Veterinarian Duties described 
in CFR Title 9, Part I SI. Box 47-4 lists the standards for 
accredited veterinarians. USDA veterinary accreditation is 
specific to a given state, so one needs to contact the USDA 
APHIS VS office in the state in which he or she Is practicing 
to ensure accreditation in that state. One requirement oF 
USDA accreditation is the reporting of all suspected FADs 
to state or federal animal health officials for evaluation 
and testing If necessary. Box 47-5 lists some of the clinical 
signs that should alert a private veterinarian that a foreign 
animal disease should be considered. 

Accredited veterinarians are the backbone of U.S. regulatory' 
programs for livestock and poultry' diseases. The responsibil¬ 
ities of an accredited veterinarian are extraordinary. In fact. 


SOX 47-3 


U.S. Department of Agriculture Accreditation 
Requirements 


Graduate Emm an AVlVlA-accrediled school. 

■\Ltend an accreditation seminar. 

Submit accreditation application to the appropriate U.5. 
Department of Agriculture [USDA) Veterinary Services (VS) 
office. 

Be licensed and accredited In each slate in which you plan to 
perform ofl"lci.i] wqfL 
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BOX 47-4 


Standards for Accredited Veterinarians (? Code of 
Federal Regulations, 161,1) 


immediately report program diseases. 

Know current regulations. 

Tcrform activities according lo regula Lions. 

Accurately complete ail forms 
Personally inspect all animals. 

Properly Identlly leaden. 

Maintain proper hiosecurity. 

Use regulated, materials according io the regulations. 
Maintain security of official Lags, forms, and certificates. 


BOX 47-5 


Clinical Signs or Observations That indicate a 
Foreign Animal Disease Should Be Considered 


Vesicles in oral cavity or around coronary bands 

Central nervous syste m signs 

Mucosal diseases 

J lemorrhagEC septicemia^ 

lairvac in wounds 

Unusual tom ate} ticks 

High morbidity or mortality 

Uti usual or unexplained illness or symptoms 


the United Stales depends extensively on accredited veterinar¬ 
ians for many official functions (e.g,. Inspecting, testing, and 
certifying animals]. Livestock producers who ship animals 
domestically or export. animals internationally rely on the 
expertise of accredited veterinarians to help ensure that 
exported animals meet the requirements of the receiving loca¬ 
tion and will not introduce diseases Into lhe receiving state or 
country. The accreditation program has served the animal 
industry 1 well for many years and remains integral lo Us 
continued growth. There are currently more than 60,000 
active accredited veterinarians In the national database, and 
these accredited veterinarians are Instrumental in providing 
national capability to perform competent health certifications 
and lo maintain extensive disease surveillance and monitor¬ 
ing. Today, more than 80% of all U.5. veterinarians are accre¬ 
dited and w r ork cooperatively w r ith federal and state animal 
health officials in NVAP. 

The accreditation process has changed dramatically over 
the years. In the 1980s and early 1990s veterinarians were 
required to pass a written examination, but currently accred¬ 
itation requires only attendance at a seminar at which the 
responsibilities and requirements for accreditation are dis¬ 
cussed. Attendance at such a seminar provides for lifetime 
accreditation as long as one does not practice In a new state. 
Concerns have been raised that this process does not enable 
private veterinarians, who are the first line of detection of 
FADs, to keep current on FADs and the world animal dis¬ 
ease status, Many recent efforts have focused on enhancing 
private veterinarians' awareness of their important rote In 
FAD surveillance. In addition, In June 2006 a notice was 
published In the Ftaferal Register proposing changes to the 
existing NVAT program, These Included the implementation 
of two different categories or levels of accreditation. These 
changes are being proposed to help ensure that all accre¬ 
dited veterinarians have the tools needed throughout their 
careers to meet the evolving challenges of FAD prevention 
and preparedness in the United Slates. 


OVERVIEW OF A FOREIGN ANIMAL 
DISEASE INVESTIGATION AND RESPONSE 

Protecting the nation's livestock and poultry Industries from 
FADs Involves four baste principles or phases of emergency 
management. They are prevention, preparedness, response, 
and recovery. To be effective these phases require support, 
cooperation, and communication among Individuals, groups, 
and organizations at the local, state, regional, and national 
levels. Livestock and poultry owners; veterinarians In private 
clinical practice; industry groups; the federal, state, and local 
governments; state universities; veterinary diagnostic labora¬ 
tories; and the public must all be Included In emergency 
response preparation and planning. A response to a FAD out¬ 
break would be carried out in accordance with the guidelines 
established by the National Response Flan (NRP) and using 
the National Incident .Management System (MIMS} and the 
Incident command system (ICS). Veterinarians who are inter¬ 
ested in participating in either animal disease or disaster 
emergency response efforts, either as temporary employees 
or as volunteers, need lo be familiar with these systems before 
an event occurs, in order to effectively integrate Into the 
response effort. There are both online and classroom-based 
training programs offered by federal, slate, and local emer¬ 
gency response agencies. The Federal Emergency Management 
Agency (FEMA) offers several Web-based, self-paced courses. 3 

Aid trough the details of the clinical signs and epidemiology 
of the FADs themselves are discussed in detail in other sec¬ 
tions of this book, there are many additional references and 
resources available to practicing veterinarians to help them 
keep apprised of the clinical presentation and importance of 
these diseases as well as to whom to report suspected cases. 
Two excellent references for disease-specific information are 
Foreign Animal Diseases: J, l7ic Gray Book" revised 1993, 4 avail¬ 
able at www.vet.uga.edu/Ypp/gray_bookG2ji 1 Index,php, and 
the website of the Center for Food Security and Public I lealth 
oflow r a Slate University, 5 www.cfsph.iastale.edu. 

PREVENTION AND PREPAREDNESS 

Early recognition of a FAD can be difficult because many 
domestic diseases seen by veterinarians on a routine basis 
have clinical signs that are similar to those of a FAD (e.g., 
FMDj and because a FAD may have mild clinical signs that 
may allow Ll to spread undetected for some period of lime 
(e.g., low pathogenic form of classical swine fever [CSF]). 
Examples of both domestic and foreign vesicular or ulcera¬ 
tive diseases which may be difficult lo distinguish clinically 
In cattle are presented in Box 47-6. A similar List for small 
ruminants Is provided in Box 47-7. The Increased threat sta¬ 
tus and severe consequences of the Introduction of a FAD 
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into the United Stales require private veterinarians ta be 
continually vigilant for unusual emerging animal health 
conditions. In order to be best prepared to Identify these 
rare disease conditions, veterinary practitioners must under¬ 
stand how they may manifest and what clinical signs they 
may possess. Participation in continuing education pro¬ 
grams aimed at Increasing awareness of the clinical signs 
of FADs can facilitate the necessary awareness. Education 
and awareness should also be extended to producers and 
their employees who will likely be the first individuals to 
recognize a problem in the herd or flock with which they 
work on a dally basis. 

Another important component of the prevention of FAD 
incursions is the implementation by APE IIS of policies and 
procedures related to the Importation of animal species or 
products into the United Slates These rules vaiy by animal 
and product, as well as by country of origin. APHIS moni¬ 
tors the QIE reports of the world animal health status and 
continually updates the Importation requirements accord¬ 
ingly. These requirements may dictate the quarantine and 
possible testing of specified animal species for specific peri¬ 
ods of time before the animals are allowed to enter the 
United Stales. As of 2007 there were four Import centers, 
located in New York, Miami, Los Angeles, and Honolulu, 
through which such animals could enter the country legally. 
11 legal! mporlation of such animals and animal products via 
other channels poses a significant risk to U.S. agriculture. 
APHIS port veterinarians are responsible for the examina¬ 
tion of the animals, their Identification, and evaluation of 
health certificates and permits for accuracy at the importa¬ 
tion stations, if the requirements are not met or ihe animals 
are found to be diseased, then the animals are refused entry. 
Once It has been determined that an animal Is healthy, all 
the lest results are negative, and all the requirements have 
been met, then the animal can be released to its owner 
and the state of destination Is notified of the animal's move¬ 
ment Into that state. 

DETECTION 

Although border controls and import procedures have his¬ 
torically been largely effective In keeping FADs out of the 
United Stales, there Is always the possibility that a FAD 
could appear In this country by either unintentional or 
intentional means. The responsibility for rapidly detecting 
and effectively responding to incursions of FADs is primar¬ 
ily that of APHIS In cooperation with livestock and poultry 
owners, veterinarians in private clinical practice, and state 
animal health officials. An additional challenge for early 
detection of FADs is that there are very few ongoing surveil¬ 
lance programs that routinely test for FADs in targeted, 
high-risk livestock populations or in conjunction with 


screening for clinically indistinguishable domestic diseases 
in state or regional animal diagnostic laboratories. Because 
many of the FADs can mimic domestic diseases, a FAD 
may not be properly identified for some time if the condi¬ 
tion is believed to [>e a domestic disease problem and If ll 
is investigated with that primary differential in mind with¬ 
out initiating testing for a FAD. Even a single day's delay 
in identifying a FAD can result In significantly greater dis¬ 
ease spread owing to the large amount of livestock move¬ 
ment that occurs in the United Slates on a daily basis. 
Prompt reporting Investigation, and diagnosis can prevent 
a FAD from spreading can reduce the overall economic cost 
of the event, and can reduce the likelihood that the disease 
may become endemic in a wildlife or arthropod reservoir. 

The most likely person to Initially suspect a FAD Is the 
producer or private veterinarian called by the producer to 
investigate the unusual disease condition. It is critical that 
any lime a FAD Is suspected It Is reported to state or federal 
animal health officials for expedited investigation and test¬ 
ing as necessary. The state animal health official, usually 
the stale veterinarian, and federal veterinarians working 
for US DA APHIS VS routinely work to Increase awareness 
of such conditions and reporting Information among the 
stale's private veterinarians and livestock producers. These 
activities require the support and assistance of state veteri¬ 
nary diagnostic laboratories, the Cooperative Extension Ser¬ 
vice of the USDA, slate and federal meat and poultry 
inspection services, universities, animal scientists, market 
operators, and livestock and poultry producers and their 
private veterinarians. 

For FAD outbreaks lo be detected quickly, any suspicious 
signs of a FAD must be promptly reported to the stale veter- 
inarian, the USDA VS federal veterinarian, or both so that a 
FAD can be confirmed or ruled out. Private veterinarians are 
knowledgeable regarding the occurrence of various domes¬ 
tic animal diseases in their practice area and the history of 
such diseases on their clients' farms and ranches. This type 
of historical Information and a herd's vaccination and 
animal movement history are critical lo assessing the likeli¬ 
hood of a suspected FAD. Working with the herd veterinar¬ 
ian and the producer, the investigating slate or federal, 
specially trained FAD diagnostician (FADD) will use the 
herd history and clinical investigation lo assess the likeli¬ 
hood that the situation involves a FAD and lo determine 
the appropriate sampLe(s) to collect, the method of sample 
delivery, and whal precautions must be taken at the 
site wtille test results are pending Specimens are submitted 
lo ihe National Veterinary Services Laboratories (NVSL) in 
Ames, Iowa or to the Foreign Animal Disease Diagnostic 
Laboratory [FADDLj in Plum island, New York to confirm 
the presence or absence of a FAD. On the basis of initial 
FAD Investigation findings often before the laboratory has 
completed testing of the samples, state and federal officials 
in the affected slate may take action to quarantine affected 
animals or poultry at the site of the suspected case, Increase 
surveillance in the area, and Initiate steps to gather further 
information to assess the situation and characterize and 
control ihe outbreak if necessary. 

One of ihe disadvantages of the current system is that 
there may be a J- lo 2-day delay In obtaining a diagnosis 
when an affected animal Is located tn a state distant to 
FADDL In New York. An additional disadvantage is that 
FADDL does not do routine testing for domestic diseases. 
Therefore, under the current system, domestic disease test¬ 
ing often cannot be Initiated until the FAD Is ruled oul. This 
delay In domestic disease diagnosis may be a disincentive 
for a private veterinarian to involve a FADD in the process 
when his or her clinical Judgment is that the likelihood of 
a FAD is low. One possible solution lo this situation w r ould 
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be Id allow soled trained, profk len cy- tested state or 
regional veterinary diagnostic Laboratories to run screening 
tests for FADs; positive results could then be confirmed at 
FADDL. This would allow domestic disease testing to occur 
in parallel wllb FAD surveillance. The US DA is currently 
working with the National Animal Health Laboratory 
Network [NAHLN) to proficiency-test and transition some 
of the screening tests for FADs to approved laboratories. 
At present only assays for CSF, HPAI, and END have been 
successfully transitioned to some of the NAHLN labora¬ 
tories for use in national surveillance programs. Although 
there Isa slngleplex polymerase chain reaction (PCR)-based 
FMD assay slated for deployment to proficiency-tested 
NAHLN laboratories, It has not yet been deployed for 
routine use In any of the Laboratories. 

Other diagnostic tools that may be available in the near 
future include deeply multiplexed nucleic acid, antibody, 
or protein assays that could allow the simultaneous screen¬ 
ing for many disease agents in one reaction for a reduced 
cost per agent. Although these types of assays are still under- 
going development and validation In the veterinary com¬ 
munity, similar assays are In use as part of the BLoWatch 
program, which is a human biothreat agent surveillance sys¬ 
tem operated by the Centers for Disease Control and Pre¬ 
vention in Atlanta, Georgia. Once validated, such assays 
could become useful components of targeted surveillance 
programs in the United Stales. 

RESPONSE, MANAGEMENT, AND 
CONTROL 

A FAD response will be conducted according to Lhe guide¬ 
lines set forth In the NRP. This response plan Incorporates 
best practices and procedures from various emergency 
management disciplines and Integrates them into a unified 
structure that forms the basis of how the federal govern¬ 
ment coordinates with stale, tribal, and local governments 
and the private sector during all Incidents, Including animal 
disease outbreaks. Under the NRP the USDA is the lead 
agency coordinating the protection of agriculture and natu¬ 
ral resources. All national responses are conducted in accor¬ 
dance with NIMS, which established a national emergency 
response framework to allow local, slate, tribal, and federal 
agencies to more efficiently and quickly work together in 
an emergency, 'i’he NIMS uses the ICS to organize the 
response. I’he ICS is designed to be expandable and to meet 
the needs associated with Incidents of all sizes, to allow 
individuals from a variety of agencies to meld more effi¬ 
ciently Into a common management structure, to be cost- 
effective by reducing duplication of effort, and to provide 
needed logistic, administrative, and operational staff. 
There are five main management functions in the ICS: 
incident command, operations, planning, logistics, and 
finance and administration. Most veterinarians work in the 
operations or planning sections during a FAD response. 
The operations section Is where the bulk of the tactical field 
work, is conducted, such as diagnosis, surveillance, and 
depopulation. 

Once a FAD has been confirmed by the USDA, the noti¬ 
fication and coordination process for all Involved parlies 
begins. This Includes federal, state. International, local, 
industrial and public stakeholders. Conference calls, elec¬ 
tronic notification, and press conferences may be used to 
communicate key messages, in addition, if agroterrorlsm is 
suspected, the Federal Bureau of Investigation and the 
Department of Homeland Security will be involved in the 
response efforts, if a zoonotic disease Is suspected, then 
the state and federal public health departments will also 
become Involved. Federal officials will notify the DIE of 


the situation so that the International communities will be 
made aware of the change In the nation's animal health sta¬ 
tus. Throughout the response the goal will be to maintain 
accurate, timely communications regarding the status and 
progress of the' eradication efforts. 

When the diagnosis of the initial case Is confirmed, there 
Is still much information to be gathered to determine the 
true magnitude of the situation. lTie species affected, history 
of the diseased herd or flock [Including recent animal 
movements), and stage of disease in the affected animals 
will provide valuable Information regarding the likely extent 
of disease. Outbreaks can be large or small, simple or com¬ 
plex, and localized or widespread. Timely development of 
situational awareness will be critical for mobilizing the nec¬ 
essary resources to effectively respond to the situation. 

Tactical measures or procedures employed to control an 
outbreak may Include quarantine and/or animal movement 
restrictions; biosecurlty epidemiologic Investigations; sur¬ 
veillance for disease in surrounding areas; vaccination, eutha¬ 
nasia, or treatment of affected animals; carcass disposal; 
disinfection; vector control: and education campaigns. r fhe 
exact approach to control will vary by dLsease, affected region, 
and extent of lhe outbreak. In many cases federal and state 
veterinarian resources will be sufficient to respond to and 
control the situation quickly. However, if the outbreak is 
large or widespread it may require the use of additional per¬ 
sonnel resources. 

When APHIS requires temporary personnel to assist with 
disease eradication. It uses (be National Animal Health 
Emergency Response Corps (NAHERC), a roster of private 
veterinarians and animal health technicians, to assLst with 
the control efforts. Private veterinarians may be enlisted to 
examine herds or flocks for clinical disease, vaccinate ani¬ 
mals, collect laboratory samples, perform necropsies, collect 
epidemiologic data, and euthanize infected animals. During 
the United Kingdom's 2001 FMD epidemic, many private 
veterinarians found that their clients stopped using their 
routine services as a precaution to reduce the chances that 
their farms would become infected, and in other cases 
clients' farms were lost to disease control efforts. In many 
cases these veterinarians |olned the FMD task force as 
Temporary Veterinary Inspectors (TVIs) working on behalf 
of the British government to assist in the control of the 
epidemic for some period of time. U.5. veterinarians Inter¬ 
ested in registering for MAH ERG should contact their state 
USDA APE IIS VS office or go to the N AH ERG website for 
details. 

RECOVERY 

The goal of the recovery process is to return the nation to a 
status equal to or belter than what existed before the FAD 
outbreak. Full recovery can be a long and arduous process. 
Recovery activities Include payment for animals and materi¬ 
als destroyed for disease control purposes, successful 
cleanup and restocking of affected premises, renegotiation 
and reestablishment of international trading status, and 
government and Industry's reassurance to the consumers 
and the public that the outbreak has been managed success¬ 
fully. I’he QEE's international animal health code sets the 
standards that determine when a country will be classified 
as disease-free. The 0IE standards, which must be satisfied 
before resumption of International trade, serve to reassure 
the International community that trading with a previously 
affected country is now r safe. 

The ultimate cost of an outbreak for a country, its produ¬ 
cers, affected Industries, and the public can be quite high. 
Many of the costs bevond those to the directly affected 
Industries can be significant yet difficult to quantify. 
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THE FUTURE OF FOREIGN ANIMAL 
DISEASE DETECTION AND RESPONSE 

A comprehensive review of ihe national framework, for addres¬ 
sing animal diseases was conducted by a committee assembled 
by the National Academies and published In 2005. 4 line com¬ 
mittee’s findings and recommendations support the compel¬ 
ling need for significant changes to create a new future for 
animal health in the United States. Some of the key findings 
included the need for new tools for detection, diagnosis, and 
risk analysis and the expansion of the NAHLN's capabilities 
for both routine and emergency diagnostics. The committee 
called for the colleges of veterinary medicine to lead an effort 
to develop a national animal health education plan to educate 
and train individuals from all sectors In disease prevention and 
early detection and to recruit veterinary students Into careers in 
public health, food systems, biomedical research, diagnostic 
laboratory investigation, pathology, epidemiology, ecosystem 
health, and food-animal practice. As animal health has broad 
implications, ranging from the health of Individual animals 


and the well-being of human communities to Issues of global 
security and the adequacy of the global food supply, there 
is significant need to plan carefully for the future. The commit¬ 
tee concluded th at given the changing na tu re of the risks to ani¬ 
mal health In this country. It is unlikely that the current 
philosophy on howto protect animal health will be adequate 
in the future. 

Extraordinary changes Including continued globalization 
will continue to present new threats to U.S. agriculture and 
necessitate the continued vigilance of the veterinary and 
agricultural communities. While state and federal govern¬ 
ments are working to provide more targeted, active surveil¬ 
lance programs, private veterinary practitioners, who on a 
dally basis provide health care to the national herd, will 
remain the core of the nation’s early warning system for 
FAD surveillance. Therefore their awareness of FADs and 
willingness to serve In the critical role of being part of the 
natlorTs early warning system for FADs will continue to be 
a cornerstone of national defense against the Intrusion 
and the devastating Impact of such diseases. 



CHAPTER 


48 


Use of Biologies in the Prevention 
of Infectious Diseases 

W. DAVID WILSON, NANCY EAST, JOAN DEAN ROWE, and 
VICTOR S. C0RTESE, Cdrttufruig Editure 


EQUINE VACCINATION AND 
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GENERAL CONSIDERATIONS 

Programs for controlling infections diseases are Important 
components of management practices directed toward max¬ 
imizing the health, productLvlly r and performance of 
horses. 1 Infectious disease in an individual horse or an out¬ 
break of infection In a group occurs when horses experience 
challenge with an infectious agent at a dose sufficient to 
overcome resistance acquired through previous natural 
exposure to the disease or through vaccination. For this rea¬ 
son, programs for controlling infectious diseases should 
have the following three goals: 

1. To reduce exposure to Infectious agents in the horses' 
environment 

2. To minimize factors that dlmLnish resistance 

3. To enhance resistance through the use of vaccines 
(vaccination alone cannot be expected to prevent dis¬ 
ease; management practices must reduce challenge 
with infectious pathogens) 

The Incidence of Infectious disease in horse populations 
tends to rise with an increased number and stocking density 
of susceptible horses at a faciLity, with movement of horses 
on and off the faciLity, and with favorable external environ¬ 
mental and management Influences. Other factors that 
Influence the risk of acquiring Infection and developing dis¬ 
ease include the age, type, breed, sender, and use of the ani¬ 
mals; geographic, climatic, and other environmental factors; 
facilities' Layout and management practices; and history of 
exposure to or vaccination against individual diseases. 

The conditions on breeding farms, in performance and 
show horse barns, and at racetracks are ideal for the Intro¬ 
duction and transmission of infectious diseases, particularly 
those of the respiratory tract. On breeding farms, the intro¬ 
duction and commingling of horses of various ages and ori¬ 
gins and the high proportion of young, susceptible horses 
and pregnant mares create a situation that poses special pro¬ 
blems and demonstrates some Important considerations in 
the practice of disease control. The risk of acquiring infec¬ 
tion can be reduced by maintaining distinct groups by age 
and function. Resident mares and foals should be kept sep¬ 
arate from weanlings, yearlings, horses in training, and 


visiting mares. Visiting mares and other horses entering 
the farm should have a negative Coggins lest result for 
equine Infectious anemia (ElA) and should be appropriately 
vaccinated and dewormed before arrival. They should be 
received and maintained In barns and paddocks separate 
from the resident farm population. Preferably a specific 
group of caretakers should attend to Incoming horses; and 
footbaths, separate equipment, and a clean change of cover¬ 
alls and boots should be used. 

New arrivals should be quarantined for 30 days and 
monitored for signs of contagious disease. The rectal tem¬ 
perature should be recorded at least once dally, and any 
prophylactic procedures not done before arrivaf should be 
performed. Foaling mares being sent to a distant breeding 
farm for breeding should be transported & to 3 weeks before 
foaling- this permits timely exposure to resident pathogens 
at the destination farm, which allows the mare's Immune 
system to mount a response and concentrate antibodies In 
the colostrum to Improve passive protection of the foal. 
Mares being shipped short distances for breeding can be 
transported during estrus and returned to the farm on the 
same day to reduce the risk of the foal acquiring Infection. 

Regardless of the type of equine facility, any horse that 
becomes 111 with a possibly contagious disease should be 
Isolated, preferably In an airspace separate from the remain¬ 
der of the herd, for at Least 10 days beyond complete abate¬ 
ment of clinical signs. Separate equipment should be used, 
and if a separate group of caretakers Is noL available for these 
animals, workers should always complete their work with 
healthy horses before handling sick horses. Caretakers 
should wash their hands and boots thoroughly between 
horses and wear different outer clothing or coveralls. Stalls 
that have housed sick horses should be cleaned thoroughly, 
disinfected, allowed to dry, and left empty as long as possi¬ 
ble. This approach Is particularly important In dealing with 
organisms such as Sfjcptircrccjjj erfm that can survive in a pro¬ 
tected, moist environment for several weeks. 3 

In most equine enterprises, vaccination is important to 
the overall management program for controlling infectious 
diseases. No "standard'' vaccination program can be recom¬ 
mended for all horses; each situation must be evaluated 
Individually by weighing the risk of acquiring Infection 
and the medical and economic consequences of Infection 
against the cost and expected efficacy of the product or prod¬ 
ucts being considered for Inclusion in the program, and 
their potential for Inducing adverse reactions. Cost should 
include expenses Incurred and money lost during the lime 
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the horses are out of competition, labor and medication 
expense if the animals develop clinical disease and 
require treatment, and the expenses in time. Labor, and 
vaccines required for proper Immunization. The client's 
expectations should be realistic, and (he veterinarian 
should explain the following points carefully: 

■ Vaccination minimizes the risk of Infection but does 
not prevent disease In all circumstances. 

■ The primary series of vaccines and booster doses 
should be administered appropriately before likely 
exposure. 

■ Horses in a population are not all protected equally 
nor for an equal duration after vaccination. 

■ Whenever possible, all horses In a herd should be vac¬ 
cinated on the same schedule; this simplifies record 
keeping, minimizes replication and transmission of 
Infectious agents in the herd, and optimizes herd 
Immunity by protecting those animals that responded 
poorly to vaccination. 

A properly administered, licensed product should not 
be assumed to provide absolute, effective protection dur¬ 
ing any given field epidemic. Copies of the vaccination 
and health maintenance records should accompany each 
horse leaving the facility for sales, training, or breeding. 
Similarly, owners of equine facilities should establish pre¬ 
requisites for vaccination of all horses entering the facility 
and request that copies of the vaccinal records accompany 
those horses. 

Client expectations and the goals of disease control pro¬ 
grams vary considerably, in performance horses, the goal 
generally is to minimize time spent out of training and 
thereby to maximize earning potential, in this case an 
enforced period of rest owing to Infectious disease has 
much more profound economic consequences than a simi¬ 
lar recommendation for a barren broodmare or backyard 
horse. On the other hand, many owners of backyard horses 
diligently vaccinate against even low-risk diseases, despite 
the expense involved, to keep their horses healthy. 

Only federally licensed vaccines should be used, and 
strict attention must be paid to the manufacturer's recom¬ 
mendations for storage, handling, and routes of administra¬ 
tion to maximize the product's efficacy and safely. However, 
research or clinical experience may support alternate proto¬ 
cols for vaccination that will improve the vaccine's efficacy 
without Increasing adverse effects. The length of time 
needed to Induce a protective immune response should be 
considered In relation to expected exposure. For Instance, 
when Inactivated (killed) vaccines are administered by 
intramuscular 3n|ection, optimal protection generally Is 
not achieved until 2 to 3 weeks after completion of the pri¬ 
mary series or 1 or more weeks after administration of a 
booster dose. Inactivated vaccines administered intramuscu¬ 
larly (IM) generally Induce a greater serologic response 
when an in Lila! series of three doses Is given rather than 
the two-dose series recommended by most vaccine 
manufacturers. 

The primary role of authorities charged with licensing 
vaccines In North America traditionally has been to ensure 
the purity and safety of the vaccines, with less emphasis 
placed on documentation of efficacy. 3 - 5 Consequently, 
little published Information was available in the past 
documenting the efficacy of most vaccines licensed in 
North America. Thankfully, the situation has improved 
substantially in recent years, to the extent that published 
efficacy data are available for almost all equine vaccines 
licensed in North America since | 999 .g-h> Field experience 
and some experimental evidence suggest that the efficacy 
of vaccines directed against different diseases varies consid¬ 
erably and that efficacy also varies among the vaccines 


from different manufacturers directed against the same 
disease. ‘ J ' 19 - 30 

Vaccination Is unlikely to confer protection more dura¬ 
ble than that produced by recovery from natural disease, 
especially when the route of vaccination (usually Intramus¬ 
cular) is different from the route of natural infection; this is 
because vaccines frequently do not evoke the full array of 
protective Immune responses Induced by natural infec¬ 
tion. 2 L - J2 For example, the efficacy and durability of protec¬ 
tion Induced by parenteral vaccines against respiratory tract 
pathogens are frequently questioned A- 5 - 22 In part this 
reflects the fact that parenteral ly administered vaccines gen¬ 
erally are poor Inducers of the local mucosal Immune 
responses that are Important for effective protection against 
infection of the respirator tract. 4 - 211 ' 23 In addition. Immu¬ 
nity achieved after natural infection with some respiratory 
tract pathogens Is short-lived. 

Vaccination of Foals and Influence of Maternal 
Antibodies on Vaccine Responses 

Maternally derived antibodies (MDAs) and perhaps other 
immune effectors such as Lymphocytes that are concentrated 
in colostrum and are passively transferred to the foal play a 
crucial role in defense against pathogens encountered dur¬ 
ing the first few months of life while endogenous Immune 
function continues to mature. Passive transfer of MDAs 
should therefore be exploited In immunization programs 
for foals by consistently administering booster doses of 
selected vaccines to mares 4 to 8 weeks before foaling and 
by ensuring that foals Ingest adequate amounts of high- 
quality colostrum within 24 hours of birth, in addition 
to passively protecting the foal, MDAs may also exert a 
profound Inhlbitoiy effect on the active Immune response 
of the foal to antigens, including those contained In vac¬ 
cines. This phenomenon is known as jnflfemdiJ antibody 
interference. 

Several stud les reported during the 19 90s brought this issue 
into Focus by demonstrating lha£ foals less than 6 months of 
age consistently failed to mount serologic responses to inacti¬ 
vated influenza vaccines. 23 " 29 Of potentially greater concern 
was the finding that a high proportion of ioals vaccinated 
under the cover of MDAs not only failed to seroconvert in 
response to the recommended primary series of lw r o or three 
doses of influenza vaccine, but many also failed to respond 
to multLple additional doses administered during the next 
year, suggesting induct Ion of a potentially detrimental "immu- 
notole^ance-[3ke' , ' phenomenon .- 6 - 27 - 30 Our studies confirmed 
an apparent lack of response of foals to multiple doses of 
inactivated Influenza vaccLnes when the hemagglutination 
inhibition (HI) test was used to detect serologic responses, 
but responses were delected when the same samples were 
assayed using sensitive isotype-specLflc enzyme-linked immu¬ 
nosorbent assay (ELISA). Rather than representing tme toler¬ 
ance, it appears that MDAs may cause misdirection of the 
immune response away from the more important virus- 
neutralizing (VN) IgCa and IgGb sublsotypes in favor of the 
less effective [gG(T) subisotype of IgG. 23 Subsequent studies 
in which titers of total rather than antlgen-speclflc IgG subiso- 
lypes were determined documented that the age-related 
increase In concentrations of IgGb lagged significantly behind 
increases in concentrations of other Lsotypes and remained 
below adult levels beyond 6 months of age. 11 

Malernal antibody interference has now been documen¬ 
ted to be a significant issue for many other antigens, includ¬ 
ing tetanus, eastern equine encephalomyelitis (EEE), 
western equine encephalomyelitis (WEE), and equine her¬ 
pesvirus types 1 and 4 (EHV-I and EHV-4), contained In 
vaccines administered to foals. 23 - 32Jfi Even low levels of 
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anlibody, below those detectable by many routine sero¬ 
logic tests and below those thought to be protective., can 
completely block the serologic response to some vaccines, 
resulting In a potentially prolonged period of susceptibil¬ 
ity before the foal Is capable of responding appropriately 
to vaccines. 35 These findings also Indicate that it Is not 
typically feasible to test samples from foals serologically 
to predict whether they will respond to particular vac¬ 
cines. We now recommend that primary immunization 
with most vaccines containing inactivated anligens 
should be delayed until foals are 6 months of age or older 
and that, with the exception of rabies vaccine, three doses 
of vaccine should be included In the primary series rather 
than the two doses routinely recommended by vaccine 
manufacturers. Typically, the third dose stimulates a sero¬ 
logic response of greater magnitude and durability than 
two doses and may also contribute to a higher ,J set poinL ,J 
for the response to subsequent booster doses,is,, 35 , 37 , 3 s ] n 
contrast to the results cited previously, maternal antibo¬ 
dies do not appear to exert a marked inhibitory effect 
on the response of foals to either the Inactivated or 
recombinant live West Nile virus (WNV) vaccines (West 
Nile-Inn ovate r, Fort Dodge; RecombItek, Merial), thereby 
permitting anti body-positive foals as young as 3 months 
of age to be Immunized successfully. 3 * 

Study results should be interpreted with caution because 
only humoral responses are typically assessed and infectious 
challenge Is not performed to confirm that lack of serologic 
response equates to lack of protection. Lack of a serologic 
response may correlate well with lack of protection for 
some diseases and some vaccines, whereas for others this 
may not be the case, in contrast, the presence of a serologic 
response may not correlate well with protection, as Is fre¬ 
quently the case for respiratory tract pathogens. With the 
exception of the intranasally dINI) administered strangles 
and influenza vaccines (Pinnacle IN, Fori Dodge; Flu Avert 
IN, Intervet), the modified live virus EHV-1 vaccine (Rhino- 
mune, Pfizer), the modified Live virus EVA vaccine (Arvac, 
Fort Dodge), and the canarypox-vectored WNV and influ¬ 
enza vaccines (Recombitek, Merial), most commercially 
available vaccines are Inactivated, ad ju van Led, and adminis¬ 
tered by Intramuscular injection (Table 48-1). Because inac¬ 
tivated vaccines administered by injection have limited 
potential to stimulate cellular and mucosal responses, 


serologic responses Eo these vaccines likely correlate well 
with their potential to Induce protection. In turn, MDA 
interference with serologic responses lo inactivated vaccines 
Likely equates to failure to Induce protection, in contrast, 
failure to detect a serologic response to a modified live, vec¬ 
tored, DNA, or mucosa I Ly administered vaccine may not 
equate to lack of protection because vaccines of these types 
Induce a broader array of systemic and local responses dial 
may not be affected by MDAs. 

If maternal antibody Interference were not an Issue, the 
approach to vaccination of foals would be greatly simplified 
because primary vaccination against all important diseases 
could be completed before MDAs had declined to nonpro- 
Lectlve levels In effect, the "window of susceptibility'' would 
be eliminated, in reality, an attainable goal is to maximize 
the beneficial effects of MDAs while minimizing their nega¬ 
tive impact on primary Immunization. In order to best meet 
this goal, one or both of the following should be deter¬ 
mined to be the primary focus: 

1. To protect tne foal and weanling against specific high- 
risk Infectious diseases that affect this age group and 
have the potential to cause significant disease, either 
directly or by predisposing lo other secondary 
infections 

1. To Initiate primary immunization to protect against 
disease Later in life 

Assessing risk takes Into account both the likelihood that 
the foal will become infected as well as the risk of serious 
sequelae or death if the horse does become Infected and 
develop disease. If the disease affects the foal early In life, 
such as is the case with rotavirus [RV) Infection, there is 
usually Insufficient time to Induce a protective Immune 
response by actively immunizing the foal. Under these cir¬ 
cumstances, the approach should be to maximize the degree 
of protection passively transferred from the dam via colos¬ 
trum. Other diseases, such as rabies, affect horses of all ages, 
but the risk of acquiring Infection Is generally low. 

Diseases of Moderate to High Risk to Young Foals 
but Low Risk to Adults 

Diseases of moderate lo high risk to young foals but low 
risk to adults Lnclude RV Infection [on certain breeding 
farms in certain years) and. In geographic areas such as 


TABLE 4fl-t 


Typei of EquEne Vaccines Commercially Available 



Dead Vacci lies 

Live Vaccines 


Disease 

Inactivated Sub-unit 

Modified Live Recombinant 



Tetanus 

Western equine encephalitis X 

Eastern equine encephalitis X 

Equine Venezuela encephalitis X 

West Nik virus X 

Equine Influenza X 

Equine herpesvirus 1 X 

liqulne herpesvirus 4 X 

Strangles 

Equine viral arteritis 

Rabies X 

I'oroTTmc horse lever X 

Botulism 

Equine protozoal myeloencephajliis X 

Rotavirus X 


X, X (chimera) X 

X X 

X 

X 

X 








Kentucky and some other eastern states, type B botulism. 
For these diseases, the following approach is appropriate: 

■ Eooster-vaccinate the dam before Foaling to maximize 
uniformity of passive transfer. 

■ Ensure good passive transfer of maternal antibodies. 

■ Introduce management practices to reduce exposure to 
the Infectious agent. 

■ Vaccinate the foal if risk continues beyond the first few 
months of life. 

Diseases of Moderate to High Risk for Weanlings 
and Older Horses but Lower Risk to Young Foals 
Born to Vaccinated Mares 

Diseases of moderate to high risk for weanlings and older 
horses but lower risk to young foals born to vaccinated 
mares include EHV-4, EHV-I, strangles, influenza, tetanus, 
EEE, and WNV Infection. For these diseases, the following 
approach is appropriate: 

■ Vaccinate the dam before foaling to maximize unifor¬ 
mity of passive transfer. 

■ Ensure good passive transfer of maternal antibodies. 

■ Start foal vaccination after the risk of maternal anti¬ 
body interference Is no longer present In pmcs? foals. 
When several vaccine types are available for a particular 
disease, the vaccine that is least subject to MDA inter¬ 
ference should be used. Introduce management prac¬ 
tices to reduce exposure to the Infectious agent while 
prlmaiy vaccination is being completed. 

■ If a two-dose primary series is recommended for adult 
horses, use three or 'more doses of vaccine In the pri¬ 
mary series to Improve the chances that foals that do 
not respond to earlier doses will respond to additional 
doses administered later. 

Diseases of Low Risk to Foals 

Diseases of Low risk to foals In most circumstances Include 
rabies, Potomac horse fever [PHF} r WEE, and equine viral 
arteritis [EVA). For these diseases, the following approach 
is appropriate: 

■ Vaccinate the dam before foaling if the disease Is a 
significant risk to adult horses and a vaccine shown 
to be safe for use In pregnant mares Is available. If 
the available vaccines are not considered safe for 
use in pregnant manes, administer boosters before 
breeding. 

■ Ensure good passive transfer of maternal antibodies. 

■ Start foal vaccination after the risk of maternal anti¬ 
body interference is no longer present in any foal (typ¬ 
ically 9 months to 1 year of age). 

Adverse Reactions to Vaccines 

Although uncommon, the possibility always exists for 
adverse reactions (Including anaphylaxis) associated w r lth 
administration of a vaccine: therefore vaccines should be 
administered by or under the direct supervision of a veteri¬ 
narian. Adverse reactions should be reported to the vaccine's 
manufacturer and to the U.S. Department of Agriculture 
(USDA) (1-300-752-6255) or the U.S. Pharmacopeia (USP) 
Veterinary Practitioners Reporting Program {forms may 
be obtained or reports submitted by calling the USP at 
1-600-457-7776}. Anaphylaxis constitutes a life-threatening 
emergency requiring prompt treatment with epinephrine 
(3 to 5 mL of a 1:1,000 dilution IM or 5iuL of a 1:10,000 
dilution slowly intravenously |iV| for a 450-kg horse). 
Repealed doses of epinephrine can be administered at 
15-mlnute intervals if necessary. 


Local Irritant tissue reactions occur more frequently, 
particularly when polyvalent combination vaccines and 
injectable strangles vaccines are used. These reactions usu¬ 
ally are self-Limiting, but resolution can be promoted by 
parenteral or oral administration of nonsteroidal antiin¬ 
flammatory drugs (NSAIDs), topical application of tvarm 
compresses or tire cutaneously absorbed NS AID diclofenac 
(Surpass, Idexx Pharmaceuticals, Greensboro, NC}, and 
gentle exercise. Significant reactions in the neck muscles 
may make the horse reluctant to lower or raise its head: 
therefore feed and water buckets should be positioned 
accordingly. The occurrence of externally visible local reac¬ 
tions can be reduced by administration of the vaccine deep 
in the semimembranosus and semitendlnosus muscles of 
the hind leg rather than In the neck and by allowing the 
horse to exercise after vaccination, in addition, horses that 
repeatedly react to polyvalent vaccines may benefit from 
administration of an .NSAID before vaccination, from 
administration of the individual antigenic components sep¬ 
arately in different sites, from use of a different brand of 
vaccine, from use of a vaccine that can be administered by 
a route other than IM, or from use of a vaccine that contains 
a different adjuvant or no adjuvant at all. 

Some horses develop transient, self-limiting systemic 
signs that may Include fever, anorexia, Lethargy, colic, diar¬ 
rhea, tachycardia, and congested mucous membranes after 
intramuscular administration of vaccines. The systemic 
signs are perhaps more common with certain vaccines but 
can be associated with any vaccine.It Is therefore Inad¬ 
visable to give horses any Injectable vaccine wdlbln 2 weeks 
before a snow, performance event, sale, or domestic ship¬ 
ment or with In 3 weeks before International shipment. It 
may also be beneficial to minimize environmental dust 
when vaccinating horses known to have allergic airway dis¬ 
ease or hypersen slllvlly.- 33 

if unacceptable reactions occur repeatedly, the need for 
continued annual or more frequent revaccinalkon against 
individual antigens should be carefully reevaluated, taking 
into account risk of disease, balanced against the risk of an 
adverse reaction. Many of the horses that experience adverse 
reactions have received many doses of many vaccine antigens, 
repeated over many years, in this situation the vaccination 
protocol should be "pared down" so that only the most essen¬ 
tial antigens are administered and the maximum possible 
interval between boosters is employed. For diseases such as 
rabies and tetanus for which resistance can reasonably be cor¬ 
related with circulating antibody titer, one possible approach 
to define the maximum or optimal interval between booster 
doses would be to measure the antibody titer. Unfortunately, 
ibis approach is currently limited by paucity of laboratories 
that oner this type of testing on a routine basis. Inexpensively, 
and with a short turnaround lime. Introduction of commer¬ 
cially available ELISA testing for antibodies to the SeM 
protein of S. afltf! subsp. spur (Equine Elodlagncstlcs-idexx, 
Lexington, Ky.) and neutralizing antibody testing for WNV 
(Cornell University, Colorado Stale University, the Univer¬ 
sity of Florida, and the US DA Animal and Plant Health 
inspection Service | US DA/APHIS] National Veterinary Ser¬ 
vices Laboratory) in recent years has made It possible to 
refine vaccination protocols for these diseases In horses 
that experience adverse reactions to vaccination. In addi¬ 
tion, testing for antibodies to other pathogens may be 
available through Stale Diagnostic Laboratories. 

Safety of Vaccines in Broodmares 

Consideration of vaccine safety In broodmares must take 
into account risks to the pregnancy and safety to the fetus. 
Potential adverse effects of vaccines on pregnancy are 
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difficult Id document, even when laige numbers of manes are 
used, unless obvious problems occur. Because felal organogen¬ 
esis occurs early In gestation and this period Is also cnaracter- 
ized by substantial embryonic loss, even In normal mares, it 
is sound practice to avoid administering vaccines to mares dur¬ 
ing the fi rsl SO days of geslallo n unless cond tllons of Immi nent 
risk prevail. Few vaccines carry specific label recommendations 
for use In pregnant mares, and few published data document 
(he safety of equine vaccines during pregnancy. Ofthe available 
fully licensed vaccines, the two EHV-1 vaccines (Pneumabort- 
K-|-lb, Fort Dodge, and Prodigy, Intervel) marketed for use in 
pregnant mares as an aid to prevention of EHV-1 abortion, 
(be vaccine marketed for prevention oftype B botulism in foals 
(BolVax B, .Neogen), ana the Galvenza tine of Influenza and 
EHV vaccines (Boehringer Ingelheln, St. Joseph, Mo.) include 
directions for use In pregnant mares. In addition, the condi¬ 
tionally licensed vaccine for prevention of RV Infection in foals 
(Equine Rotavirus Vaccine, Fort Dodge) Is similarly labeled for 
use In pregnant mares. Although not specifically labeled for 
administration during pregnancy, widespread use In practice 
over many years has failed to document that any of the inacti¬ 
vated vaccines currently marketed for use in horses pose an 
unacceptable risk to pregnant mares. Therefore pregnant mares 
are routinely vaccinated with Inactivated vaccines directed 
against tetanus, EEE, WEE, WNV, Influenza, EHV-4, strangles, 
and, to a lesser extent, PHF, rabies, and VEE. Similarly, adverse 
impacts on pregnancy have not been documented for modified 
live intranasally administered strangles and influenza vaccines 
or the modlfletl live parenterally administered EHV-1 vaccine 
(Rhlnomune, Pfizer). In addition, safety of the recombinant 
WNV and influenza vaccines (RecombItek, Merial) should 
not be a significant concern because the modified live canaiy- 
pox vector lacks the ability to Infect mammalian cells. In con¬ 
trast, modified live vkius EVA and VEE vaccines and live 
anthrax spore vaccines should not be used in pregnant mares. 
Protection of mares against the potential abortigenic effecls of 
EVA infection is therefore best accomplished by completing 
Lhe primary Immunization series before the maie enters the 
broodmare band and by adminislering subsequent boosters 
during the open period before rebreedlng. 41 

The practice of booster vaccinating mares against multi¬ 
ple diseases to maximize colostral transfer of antibodies to 
the foal, and the fact that mares in broodmare bands are 
generally middle aged or older, result In the typical brood¬ 
mare receiving multiple doses of many vaccine antigens 
and adjuvants during her Lifetime. In addition to stimulat¬ 
ing high levels of antibody against a range of antigens for 
the benefit ofthe foal, ibis practice may also predispose 
these mares to a higher rate of Local and systemic adverse 
reactions, an Issue that not only warrants further Investiga¬ 
tion but may force horse owners and veterinarians to care¬ 
fully consider strategies for revacclnallon. 


AVAILABLE VACCINES AND THE 
CONCEPT OF CORE AND NONCORE 
VACCINES 

Fully licensed vaccines are now available in North America 
as aids to the prevention of tetanus, viral encephalomyelitis 
(EEE, WEE, VEE), WNV infection, influenza, EHV-1 and 
EHV-4 infection, strangles, rabies, EVA, PflF, and type B 
botulism. In addition, conditionally licensed vaccines are 
available to immunize horses against RV infection and 
equine protozoal myeloencephalitls (EP.M). Tetanus and 
viral encephalomyelitis caused by EEE, WEE, and WNV pose 
a threat lo horses In all geographic areas and are therefore 
considered to be core diseases against which all horses In 
North America should be vaccinated. In addition, the public 


health consequences of Infection and the 100% mortality 
rate warrant Inclusion of rabies as a core disease for horses 
residing in or being transported to those many areas 
of North America where rabies is endemic In the wildlife 
population. Ilte abortigenic potential of EHV-1 warrants 
Inclusion of this disease In the core for all pregnant brood¬ 
mares. Although influenza Is not routinely included as a 
core disease, vaccination against this highly contagious 
respiratory tract infection Ls slrongjy recommended for all 
horses that are likely to be colocated w r llh horses from other 
facilities during transportation or at sales, shows, trail rides, 
races, or other events, line remaining diseases for which vac¬ 
cines are available are considered ''noncore/'' Indications 
for use of vaccines against these diseases will be discussed 
in relevant sections that follow later In this chapter. 
Tables 48-2 and 4S-3 provide general guidelines for use of 
the most frequently Indicated equine vaccines in foals, 
weanlings, yearlings, and adult horses under various manage¬ 
ment conditions and In various geographic locations, 
Table 48^1 presents manufacturer recommendations for use 
of singleHiomponent equine Immunizing agents and other 
blologtcals licensed for use in horses. 

VACCINATION RECOMMENDATIONS 
FOR SPECIFIC DISEASES 

Tetanus 

All horses are at risk for developing Letanus, an oflen-faLal 
disease caused by a potent neuroloxln elaborated by the 
anaerobic, spore-forming bacterium Ctasfrfdijjtn letani. 
Infection of tissues typically occurs via puncture wounds 
(particularly those involving the fool or muscle), open 
Lacerations, surgical incisions, exposed tissues such as the 
umbilicus of foals and reproductive tract ofthe postpartum 
mare (especially in the event of trauma or retained pla¬ 
centa). C. teltmi is present in the Intestinal trad and feces 
of horses, other animals, and human beings, and spores 
are abundant as well as ubiquitous in soil. Spores of 
C. tetani survive In the environment for many years, result¬ 
ing in an ever-present risk of exposure of horses and people 
on equine facilities. Tetanus is expensive to treat and has a 
high mortality rale; therefore all horses should be actively 
Immunized using letanus toxoid as part of the core vaccina¬ 
tion program. Active immunization reduces the need to 
administer tetanus antitoxin, (he use of which Is associated 
with risk of inducing potentially fatal semm hepatitis. 

Protection against letanus is mediated by circulating anti¬ 
bodies: toxin oindlng Inhibition (ToBi) antibody liters 
of >0.2IU/mL are considered to be protective In the 
horse. 3 ®' 43 The many available vaccines are formalin inacti¬ 
vated, adjuvanted toxoids that are Inexpensive, safe, and 
potent antigens that induce an excellent serologic response 
and solid, long-lasting immunity when administered accord¬ 
ing to manufacturer recommendations. Primary Immuniza¬ 
tion involves administration of two doses of toxoid at 3- to 
8-w r eek Intervals. Titers of specific antibody Increase to pro¬ 
tective levels ivithin 14 days after administration of the sec¬ 
ond dose in the primary series and, in adult horses, persist 
at detectable levels for 12 months or longer, depending on 
the adjuvant system used in the vaccine. 3 ®- 43 - 44 A recent 
study documented substantial differences between currently 
licensed combination tetanus-encephalomyelitis vaccines 
with regard to the magnitude of the vaccine-induced teta¬ 
nus-specific IgGb and IgG(T) antibody responses. 20 The vac¬ 
cine containing a Carbopol adjuvant induced substantially 
higher antibody tilers than those containing either saponin 
or squaline combined w r Llb surfactants. 30 Revaccination once 
annually Is recommended. 



TABLE 48-1 


Guideline? for Vaccination of Foals, Weanlings and Yearlings Against Coro and Non-Core Diseases 



Foals And Weanlings (12 Months 




of Age) of Mares Vaccinated in the 

Foals And Weanlings (< 12 Months of 



Frepartum Period Against the 

Age) of Mares Nat Vaccinated in the 


Di sease/Vaccine * 

Disease Indicated 

PFepartum Period Yearlings 

Comment 


CORE DISEASES 


Tetanus {toxoid) 

3-dose scries: 

First dose al -3-6 months of age 

Second dose 4-6 weeks after the first dose 
Third dose at 3-5 months after the second 
dose (e.g„, L0-12 monihs of age) 

3-dose series: 

Firsi dose at 1-4 months of age 

Second dose 4-6 weeks alter lhe first dose 

J hard dose 3-5 monihs after lhe second 
dose 

Annual 

Eastern and Western 

3-dose aeries: 

3-dose series: 

Annual in spring, 

equine 

First dose at 4-6 monihs of age 

First dose at 3-4 monLhs of age 

prior lo onseL 

encephalomyelitis 

Second dose 4-6 weeks after the first dose 

Second dose 4-6 weeks after the first dose 

of vector 

(BEE, Wee) 

Third dose at tO-ti months of age, prior 
to onset of next vector season. 

Funis jjz lh£ Southeastern LLSA: The primary 
vaccination series should be Initiated 
wish an additional dose at 3 months of 
age due in early seasonal vector 
presence. 

Third dose 3-5 monihs after ihe second 
dose, prior lo onset of next vector 
season. 

JTmLt hi the SouJltt'risk'FTi tJSA: The pri mary 
vaccination series should be initialed at 

3 months of age or earlier due to early 
seasonal vector presence. 

season 

West Nile virus (WNV) 

Inactivated vaccine: 

3-dose series: 

First dose al 4-6 months of age 

Second dose 4-6 weeks after the first dose 
third dose at 10-12 monihs of age. prior 
lo lhe onset of the next vector season 

Inactivated vaccine: 

3-dose series: 

Fi rsi dose at 3^1 mouths of .age 

Second dose 4 weeks after the first dose 
Third dose al 10-12 months of age, prloF 
to the onset of lhe next vector season 

Annual In spring, 
prior to onset 
of vector 

season 


Month of l 
influence 
vectors a 
schedulh 
series ms 
ad minis! 
id its ji : 
present 


Month of t 
In (luena 
vectors a 
schedulh 
scries m; 
■ad minis! 
a! an ear 


Recombinant canarypox-vectored 
vaccine: 

3-dose series: 

First dose al 4-6 monihs of age 

Second dose 4-6 weeks after Lhe 
first dose 

Third dose at 10-12 months of age, 
prior to die onset of lhe nexl vector 
season 

FlavLvims chimera vaccine: 

2-dose series: 

E : lrst dose at 5-6 ntonlhs of age 

Second dose at 10-1 2 months of age 
prior to the onset of the next vector 
season 

Fwi(i in the Saariiejutem USA: 

lhe primary vaccination series should be 
initiated at 3 months of age due to early 
seasonal vector presence. 


Recombtn a nl canary pox-vectored 
vaccine: 

3-dose series. 

First dose at 3^1 months of age 
Second dose 4-fi weeks after lhe first dose 
Third dose at 10-13 monLhs of age, prior 
to the onset of lhe nest vector season 


Ftavlvirus chimera vaccine: 

2-dose series: 

First dose at 5-6 months of age 
Second dose at 10-12 months of age prior 
to the onset of the next vector season. 
itfiib m tire SoittfienjlerFr USA 
The primary vaccination aeries 

should be initiated at 3 months of age 
due to early seasonal vector presence. 


There Is no 
Flavlviru 
monihs i 
<5 mon 
schedule 
he comp 
dose of i 
older. 
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Rabies 


Annua] 


3-dose series: 

first dose at 6 months of age 

Second dose 4-6 weeks after the first dose 

Third dose at 10-12 months of age 


3-dose series: 

First dose at 3-4 months of age 
Second dose 4-6 weeks after the first dose 
Third dose at 10-12 months of age 


NON-CORE (RISK-BASED) VACCINES 

Anthrax No! applicable because vaccination of 

pregnant mares is not recommended. 


No age specific guidelines are available Annual, spring 
for this vaccine. 

Manufacturer's recommendation is for 
primary series of 2 doses administered 
subcutaneously (in the neck) at a 2-3 
week i nterval. 


Botulism (type B 
toxoid) 


3-dose series: 

f irst dose at 2-3 months of age 
Second dose 4 weeks after the first dose 
Third dose 4 weeks after the second dose 


3-dose series: Annual 

First dose at 1-3 months of age 
Second dose 4 weeks after the first dose 
Third dose 4 weeks after the second dose 


Equine herpesvirus 
(EHV) 


Equine influenza 


Inactivated EHV-1, EHV-1/4, or 
modified live EHV-1 vaccine: 

3-dose series: 

first dose at 4-6 months of age 
Second dose 4-6 weeks after the first dose 
Third dose 3-4 months after the second 
dose 

Revacdnate at 6-month intervals 
Inactivated vaccine: 

3-dose series: 

first dose at 6 months of age 
Second dose 3^1 weeks after the first dose 
Third dose at 10-12 months of age 
Revacdnate at 6-monlh intervals 
Modified live intranasal vaccine: 

2- dose series administered intranasally: 
first dose at 6-7 months of age 
Second dose at 11-12 mon ths of age 
Revacdnate at 6-month intervals 

Canaiypox-vectored recombinant vaedne: 

3- dose series: 

first dose at 5 months of age 
Second dose 5 weeks after the first dose 
Ihird dose at 10-12 months of age 
Revacdnate at 12-month intervals 


Inactivated EHV-1, EI-IV-1/4. or 
modified live EHV-1 vaccine: 

3-dose series: 

First dose at 4-6 months of age 
Second dose 4-6 weeks after first dose 
Third dose 3-4 months after the second 
dose 

Revaccinale at 6-month intervals 
Inactivated vaccine: 

3-dose series: 

First dose at 6 months of age 
Second dose 3-4 weeks after the first dose 
Third dose at 10-12 months of age 
Revaccinate at 6-month intervals 
Modified live intranasal vaccine: 

2- dose series administered Intranasally: 
First dose at 6-7 months of age 
Second dose at 11-12 months of age 
Revaccinate at 6-month intervals 

Canarypox-vectored recombinant vaccine: 

3- dose series: 

First dose at 5 months of age 
Second dose 5 weeks after the first dose 
Third dose at 10-12 months of age 
Revaccinate at 12-month Intervals 


Semiannual 

(6-month 

intervals) 


Semiannual 

(6-month 

Intervals) 


Annual 


Anthrax vac 
only In ft 
Antimlcrobi 
concurrer 
Caution she 
handling 
bacteria] 
Immedial 
exposure 
con|unctl 
Limited in ft 
antibody 
vaccinatk 
risk may 
2 weeks r 


An increase 
vaccinatk 
potential I 
Influenza 
present, i 
should hi 
The modifit 
licensed f 
months c 
given bed 
dose shoi 
months c 
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TABLE 48-2 


Guidelines for Vaccination of Foals, Weanlings and Yearlings Against Core and Non-Core Diseases—cont'd 


Disease/VaocLne * 

Foals And Weanlings {".12 Months 
of Age) of Marcs Vaccinated in the 
FreparLum Feriod Against the 

Disease Indicated 

Foals And Weanlings (< 12 Months of 
Age) of Mares Not Vaccinated in the 
PrEparium I'criod 

Yearlings 

Comment: 

Equine viral arteritis 

Coif [‘miiiej funk: Single dosest fi-12 

rJia/j (main) touts: Single dose at 6-1 2 

Annual for colts 

Prior 2o infti 

(EVA) 

months of age {see comments) 

months of age (see comments) 

intended for 
use as breeding 
stallions 

should irjj 
confi rntei 
EAV. Test 
shortly p. 
time of v 
an tl-EAV 
in the foa 
testing ar 
perform? 

Potomac horse fever 

i-do&c series: 

3-dose series. 

Semiannual to 

if risk warn 

(PI IF) 

FLrst dose at 5-6 months of age 

Second Jose 3-4 weeks after the first Jose 
Third Jose at 10-12 months of age 

First dose at 5-5 mon ths of age 

Second dose 3-4 weeks after the first dose 
Third dose at (0-12 months of age 

annual 

admlnistn 
case subs 
administi 
months c 

Rotovinis 

Not recommended an foals 

Not recommended In foals 

NA 


Strangles 

Inactivated M-proteln subunit vaednes: 
3-dose series: 

FI rat dose at 4-6 months of age 

Second Jose 4-6 weeks after the first Jose 
Third Jose 4-fi weeks after the second 

Jose 

Modified Jive Intrana&al vaccine: 

3-dose series administered Iniranasally: 

FI rat dose at 6-9 months of age 

Second Jose 3-4 weeks after the first Jose 
Third Jose at 11-12 months of age 

Inactivated M-protcln subunit vaccines: 

3-dose series: 

Hist dose at 4-fi months of age 

Second dose 4-fi weeks after die first dose 
Third duse 4-6 weeks alter the second 
dose 

Modified Live inLranasal vaccine: 

3-doae series administered intranasally. 
First dose at 6-9 months of age 

Second dose 3-4 weeks after the firat dose 
Third dose at 11-12 months of age 

Jiemsannu.sL 

Vaccination 
strategy 1: 

Ef warm nlet 
vaccine (. 
administi 
weeks of 
In this lVU 
delennin 
admlmsti 
months c 
should 1> 
prior to t 


Modified,, with penoisHcm, Pro in recommendalionx developed by I he AAtT Infnclinn Jjbeaie Committee and. posted tin the AAJil’ website (aaep.iuft) tn January 2DCM. 
'Core vncdnei pratert nsL diseases I]l,ii are endemic to a region, are virulent or lii^hlv (ontajysjus, pose a riifc of severe or fallal disease, have; potential public health signin' 
vaccines have clearly demonstrable dliracy, and have a sulliricnlly high Level of paLienl benefit and Idvv Level of risk lo juvlify I heir use in all equids in North America. 
+ Non-rtwe (risk-based) vaccines are selected for use based on assessment or risk per Conned by, or in cdnsuiWatLon with, a licensed veterinarian. Lise of ntHi-coie vaccines will 
and/or geographic regions. 
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TABLE 48-3 


Guidelines for Vaccination of Adult Horses Against Core and Mon-Core Diseases 


Di sease/Yacc in e * 

ESroodmarcs 

Other Adult Hones ( -1 
Vear of Age) Previously 
Vaccinated Against the 
Disease Indicated 

Other Adult Horses (>I Year of 
Age) Not Previously Vacci rrxj(ed 
Against the Disease Indicated or 
Lacking a Vaccination History 

Comments 

CORE DISEASES 

Tetanus (toxoid) 

Prei'twisTy wrecmiTteu": Annual. 4-6 

Annual 

2-dose series: Second dose 4-6 weeks 

Booster at time 

Eastern and Western 

weeks prcpanum 

Not previously vaccinated or 
ivnrciPNrJfon history unknown: 
2-dose series: 

Second dose 4-6 weeks after the 
first dose 

Revaccinate 4-6 weeks piepinum 
Previously viie-cinated: Annual, 4-6 

Annual Ln spring, prior to 

after the first dose 

2-dose series: 

if last dose v, 
months prev 

Consider 6-mo 

equine 

weeks prepanum 

onset of vector season 

Second dose 4 weeks after the first 

horses resldli 

encephalomyelitis 

Not previously vaccinated or 


dose: revaccinate prior lo onset of 

a prolonged 

(EEE, WEE) 

wrccfFiiriuffl Jidstorj 1 unfemwen: 


the next vector season. 

Intmunocom 

2-dose series: 





Weal Mile virus fWNV) 


Second dose 4 weeks after the first 
dose 

Rcvaccinale 4-6 weeks picpanum 
Previously vaccinated: Annual, 4-6 
weeks prcportum 
Nat previously vaccinated or 
wnrcin-atum JiiiTiKiy unkrunva: 

I es preferable to vacrinatc naive 
mares when open. 

I n areas of high risk In Itlate 
primary series as described for 
adult horses that have not 
previously been vaccinated. 


Annual in spring, prior Lo 
onset of vector season 


Inactivated vaccine: 

2-dose series: 

Second dose; 4-6 weeks after the first 
dose; revacclnaie prior (a onset of 
the next vector season 

Recombinant c an a ryp ox-vectored 
vacd ne: 

2-dose series 

Second dose: 4-6 weeks after the first 
dose; re vaccinate prior to onset of 
Lbe next vector season 

Ftavlvirus chimera vaccine: 

One dose, revaednale prior lo onset 
of the next vector season. 


Rabies 


Annirat, prior to breeding OR 4-6 
weeks prepa riu m 


Annual 


One dase r annual revaccination 


When using thf 
product, con 
interval for: 
Morses residing 
prolonged ve 
luvenlle horses 
Geriatric horse 
Immunocompr 
For naive horse 
endemic arei 
the preferred 
primary vacc 
imperial ion. 
protect them 
by mosquito 
them with di 
chimera or c; 
most rapid a 
Because booste 
persrslendy c 
antibody, thi 
postfoallng, I 
to reduce tht 
mares prepat 
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TABLE 48-3 


Guidelines for Vaccination of Adult Horses Against Core and Non-Core Diseases—corn'd 




Other Adult Horses [■ 1 

Other Adult Horses [>1 Year of 




Year of Age) Previously 

Age) Not Plm'oiulj' Vatcitmlcd 




Vaccinated Against the 

Against the Disease Indicated or 


[)iscasc,A r atdiic * 

Brood march 

Disease Indicated 

Lacking a Vaccination History 

Comments 


NON-CORE (RISK-BASED} VACCINES 

Anthrax Hoi recommended far use during .Annual 

gestation. 


Rumlrsm 


Equine herpesvirus 
(El-IV) 


Equine influenza 


TVstUdWtily miecinaled: Annual, 4-6 .Annual 
weeks preparlum 

Not prEiuousty iracrinated or 
mcciuNJion history rjjifcnmiot: 

3-dose serlEs: 

FLrat dose during eighth month of 
imitation 

Second dose 4 weeks after Lhe first 
dose 

Third dose 4 weeks after lhe 
second dose 

3-dose series widi product labeled 
for prevention against El IV 
abortion. 

Administer during the fifth, 
seventh, and ninth months of 
gestation. 

Pfivitnisly twrinaledi 

Inactivated vaccines: Semiannual 
with one dose administered 4-6 
weeks prepartum 

Canarypojt-vectored vaccine: 

Semiannual with one dose 
admini-srered 4-6 weeks 
preparlum 

Mat previously iwcciiMled or 
mccmatiau history ujifcntwwi.' 

Enactivaled vaccine: 

3-dose series: 

Second dose 4-6 weeks after the 
fust dose 

Thin! dose 4-6 weeks prepartum 

Ca nary pox-vectored vaccine: 

2-dfise series: 

Second dose 4-6 weeks after first 
dose hut no later than 4 weeks 
preparlum 


Annual (see comments) 


Semiannual for horses 
with ongoing risk of 
exposure 

Annual lor horses al low- 
risk for exposure 


2-doae series: 

Second dose 3-4 weeks after the 
first dose: annual revaccinallon. 


3-doae series: 

Second dose 4 weeks after the first 
dose 

Third dose 4 weeks after Lhe second 
dose 


Use only in en 
outbreak. An 
given concur 
Administer s 
caution dun; 
adminislratlr 
Immediately 
vaccine occu 
Ingestion,, or 
conjunctiva ■ 


3-dose series: 

Second dose: 4-6 weeks after the first 
dose 

Third dase: 4-6 weeks after the 
second dose 


Consider 6-mo 
Horses <5 yeai 
i lorsea on hree 
pregnant ma 
Performance oi 


Modified live inLranasal vaccine: 

O tie dose admin Istered 1N. 

Rcvaceirtaie semiannually to 
a nnually. 

Inactivated vaccines: 3-dose series: 

Second dose: 4-6 weeks after the first 
dose 

Third dose. 3-6 months after the 
second dose 

Revaccinate semiannually Id 
annually. 

Canarypox-veclored recombinant: 

2-dosc series 

Second dose 4-6 weeks after the first 
dose. 

Revacdnate semiannual ly. 


The iMLV intrai 
protect preer 
but its use ft 
recommendt 
stimulate hip 
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Equine viral arteritis 
(EVA) 

Not recommended unless risk of 
exposure Is high 

Annual 

StiEtfuHis and teasers: 
Vaccinate 3-4 weeks 
before the start of the 
breeding season 

JMjrrej: Vaccinate when 
open 

Single dose (see comments) 

Potomac horse fever 
(PHF) 

Frei/JOHsijr' vaccinated: 

Semiannual with one dose 
administered 4-6 weeks 
piepartum 

Not previously vaccinated or 
vaccination history jHiknutwi: 

2-dose series: 

Rial dose £-10 weeks piepartum 

-Second dose 4-6 weeks prepartum 

Semiannual to annual 

2-dose series: 

Second dose: 3-4 weeks after the 
Hist dose 

Revaccinale semiannually to 
annually. 

Rotavirus 

3-dose series: 

linl dose at £ months gestation 
Second dose 4 weeks after the first 
dose 

NA 

NA 


Prior to Initial 
any horses p 
should unde 
confirmed m 
Samples for 
shortly prior 
vaccination. 

A revaccin atior 
considered ii 
risk Is high; ! 
to maximize 
peak challen, 
preferred apf 


Check serum o 
immunogjol: 
adequate pas 


Strangles 


Third dose 4 weeks after the 
second dose 

Previously iMccjHdted: Semiannual to annual 

Inactivated M-proleLn subunit 
vaccines: Semiannual with one 
dose given 4-6 weeks piepartum 

Not previously vaccinated or 
LwocjFEiifiDN fefstory urdfcnottmr 

Inactivated M-proteLn suhunkt 
vaccines: 

3-dose series: 

Second dose 2-4 weeks after the 
first dose 

Third dose 4-6 weeks prepartum 


Vaccination Ls : 
in outbreak i 

2 to 3-dose series: 

Second dose 2-4 weeks after the first 
dose 

Third dose (when recommended by 
manufacturer) 2-4 weeks after the 
second dose 

Revaccinate semiannually. 

Modi fled Jive Lntranasal vaccine: 

2-dose series administered IN: 

Second dose 3-4 weeks after the first 
dose 

Revaccinale semiannually to 
annually. 


InaclJvaled hi-protein subunit 
vaccines: 


Mod ilicd. with pcimiMiori, from rccummendatiucLS developed, by the AiUit’ Itik'i/Lioux Disease Committee rind posted on the AAIP website (anep.org) in ljn.un.ry 2tMJSS. 
"Core vacci nes prut cel against diseases LliaL are endemir to a pqyiun, are virulent ur highly L-un I Jgiirax, puse a risk &r severe or laLa] disease, have potential public health nigriili 
vaccmea hnve clearly demoeislinblc efficacy, and have a sufficiently high levet of patient henetit and low level of riak to justily their use in atl ecuiidi in North America. 
t N'un-core (risk-based) varrinex a if selected lor use based, on assessment uJ risk perfunned by, or in consulLntiun with, n licensed veterinarian. Use ul non-core varrinex will 
and/ur geographic regions. 
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PART SIX PREVENTIVE AND THERAPEUTIC STRATEGIES 


TABLE 48-4 


Manufacturers 7 Recommendations for Use of Single Component Equine Immunizing Agents and Biologies 


t)iS€l5€ 

Eliolugic Agent 

Type of Product 

Available 

Products 

Manufacturer 

Da sc I 

Anthrax 

fiiii ii/rji nttkfinii 

NonencapsuLated Jive 

Anthrax Spore 

Colorado Serum 

1 ml. 



bacterial spores 

Vaccine 

C a. 


Botulism {shaker 

Cftwtrtiftifjgr 

Toxoid 

EotVax-B 

Neogen 

2mL 

foil] syndrome) 

fviu/Jriimr ivpe R 



Corporation 



toxin 





EicfierJrJiirt 

E. oa?r 

E. coli antibody, 

Equine Coll Endolox 

Novartis [hood 

10 mL 

arirsepticemla 


equine origin 


Animal ) 




Si. cofrantisetum, 

E. Colldn-E 

Agrl Labs 

10 mL 



equine origin 




Endotoxemia 

Sdlraopwifa 

inactivated: bacterin 

Endavac-Equi 

immvac 

1 mL 


t}’pliJpt]ji i n'iJ?H 

toxoid 





Endotoxin 

SciSma/H'llit 

Endoserum 

Imtnvat 

1.5 mL/kg. 


produced by 

iyphimurium 



(0.7 mL/tbj 


gram- negative 

antiserum,, equine 





bacteria 

origin 




Equine 

Bivalent vaccines: 

inactivated: chicken 

Ernie vac 

Inti'rver 

1 mL 

encephaEomydi Its 

WEE. EEE 

tissue culture origin 






inactivated: cell 

Encephalomyd i tis 

Colorado Serum 

1 mL 



culture origin 

vaccine, eastern 

Co.; Professional 





and western 

Biological 


Equine viral arteritis 

Equine arteritis 

Modifkd Jive; equine 

Arvac 

Port Dodge Animal 

1 ml. 


virus 

cell Line origin 


1 Eeallh 


Equine influenza 

Equine influenza 

Modi lied live {cold 

HuAverl E.N. 

Inlervet 

Entire con¬ 


A equine 2 

adapted) 



tents of vial 






after recon¬ 






stitution 



Recombinant, 

Recombilek Equine 

Medal 

2 mL 



canatypox-veclorcd 

Influenza Vims 





inactivated; canine 

Hu vac Innovator 

Fort Dodge 

1 ml. 



kidney call line 


Animal Healtli 




origin 






inactivated: cell line 

Flumune A2 KY9S 

Pfizer Animal 

1 ml. 



origin 


Health 




inactivated; cell ]ine 

CaJvermi-03 EiV 

Boeh ringer 

2 mL 



origin 


Ingri helm 



1 1 Normal ion on combination inccinrs ia available in L'-nmpendnrtn ci 1 VeJmriJiry Pmdueii, ed L?. Part ! Eumn, Mirti. 200b, Nanb American Cumpendtuins. 
iJ.L, Liuttern equine enceptutucnyeiilii; JJW, intramuscular, IN, iniranitsal: fV, iu Lravtuiwux; K.\ nut applicable, ft), nx.il: St.', Mibmlancoux: ITJ.’, Vt'iwxiurljin 
equine encephalomyelitis IW:!-', western equine ctucpliaitusiy cltUr. 

■Avoid. aU ministering immediately befmv an athletic event or show, because transient. usually srll.lirrumiH nrLiriltr reapu-jisei may occur after Vaccination. 
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•CHAPTER h3 Use of Biologies in the Prevention of Infectious Diseases 



Route 

Age for Primary 
Series 

Regimen for 

Primary Series 

Regimen for 

Rcvacci nation 

Comments 4 

SC 


Two doses 2-3 weeks 
apart 

Annual 

Vaccinate 4 weeks before possible exposure. 
Light to moderate swelling may occur at 
the injection site. Do not administer 
antibiotics within E week of vaccination. 

IM 

PO 

TO 

Within 12 hours 
of birth 

Within 12 hours 
of birth 

Three doses at least 

4 weeks apart 

Annual 

In pregnant mares, administer booster 4 weeks 
before parturition. Protects only against 
botulism caused by C. irotrdirium type 35. 
Colostrum should be fed to each foal. 

Colostrum should be fed to each foal 

IM 

IV 

6 months or 
older 

Two doses 2-3 
weeks apart 

Annual 

Indicated for prevention of endotoxln- 
medlaled disease caused by S'. typhim uriujfi 
and £.. reJj. Label Includes multiple 
precautions—read thoroughly. 

When Lreating failure of passive transfer in 
foals, administer 500 ml. to a 70-1 b foal. 

IM 

IM 


Two doses 3-t 
weeks apart 

Two doses 3 weeks 
apart 

Annual or at any time 
epidemic conditions 
esJyl or .ire reported 
and exposure is 
imminent or likely. 

Time primary series and boosters to precede 
mosquito season. 

IM 

6 weeks or older 

One dose 

Annual 

Prior authorization by a state veterinarian is 
recommended,, and a permi t may be 
necessary fregulations vary from state to 
state). Vaccinate slalltons as Least 3 weeks 
before breeding season. Vaccinate mares as 
maidens or while open at least 3 weeks before 
breeding Pregnant mares should not be 
vaccinated during the Iasi 2 months of 
gestation. Vaccinated horses may be 
ineligible for export because of 
seroconversion. 

IN 

11 months or 
older 

One dose 

Semiannual. 

Horses at high risk 
may benefit from 
revaccLnallort every 

3 months. 

Contains Ken Lucky/91 {A,) strain. Horses 
vaccinated before l L months of age 
should be given a dose of vaccine at age 11 
monlhs. This vaccine Is WOT Intended for 
IM or SC administration. 

IM 

5 months or 
older 

Two doses, 5 weeks 
apart 

Annual 

Contains Kentucky/94 (AJ and Newmarket/ 
2/93 [AjI strains. 

LM 


Two doses 3-4 
weeks apart 

Annual 

Contains Kentucky/97 {A .) strain. 

IM 


Two doses 2-3 
weeks apart 

Annual or whenever 
epizootic con¬ 
ditions exist and 
exposure Is Likely 

Contains Kentucky/9S {A 2 ) strain. 

LM i'ui J'LesL 

6 months or 

Two doses 3-4 

Annual or prior to 

Contains Ohio/ 2003 (A 3 J r Newmarket 2/93 

two doses; 

IM or 1 NT for 
subsequent 
doses 

older 

weeks apart 

anticipated 

exposure 

(A-), and Kenlucky/35 (A,) strains. The 
first and second doses must be 
administered by the IM route; the third 
and subsequent booster doses may be 
administered by either IM or IV routes. 
Labeled for use in pregnant mares. 


The addrciMM c-l'ihe rnsnufaenm-r^ mencianed m diii ut»k are Limed fcwl uw: 
Hudiirmjfn JnfjtlhL'irir Velniedica, List. Hi. Fostpli. MO. UlMVAfT, 

(jdiv.idD jtriirn On., jJeiLrcr, IX). 

Lqui l-ill um Lucius. Si lujEph, MO. 
l.w- n ■ ..- ■ ' ■ 


l-brl LViI|{l' Anintd I Icutlti, ]'trn I Juliet IA 
Lnrtii LalxMiiHMit'a, bisrhwDixl, 1A. 


IntcrveL, Hh.iwrcr, kS 
ASiri.iL, Iwiisi, M 


Nurvarlis Animal llrilLli ITS.. Liu.. Ore Kras Liu ret, NL 


jTiiu;r. I nc. Lurm. PA 

J'mkMiliii.il EiicirpftjcjJ Lci r Denver, CO. 

iKht , rin^-L 1 luu^li.. kiinlm\!:rli. NJ. 


Csfiiifiued 









TABLE 4B-4 


Manufacturers 1 Recommendations For Use of Enqulne Immunizing Agents and Biologies—cont'd 


Disease 

Eliologic Agent 

Type of Product 

Available 

Products 

Manufacturer 

[Jose | 

Rotavtml diarrhea 

Rotavirus 

tn activated 

Equine rotavirus 

Fort Dodge 

1 mL 




vaccine 

Laboratories 


Equine monocytic ehrlichiosis 

Neoricitettiia itsEkif 

Inactivated 

FHF-Gard 

Pfizer Animal 

t mL 

(Potomac horse fever] 




Health 




Inactivated 

Equine 

Medal 

1 ml. 




Potomavac 





inactivated 

PotomacGuard 

Fart Dodge 

1 mL 





Axilm.il Health 




inactivated 

Equovum FHF 

Eoch ringer 

1 mL 





Engelhelm 




Inactivated 

Mystique 

Interval 

1 mL 

Rabies 

Rabies virus 

Inactivated; cell line 

Imrab 3 

Medal 

2 ml. 



origin 






Inactivated; cell line 

Imrab large 

Merial 

2 mL 



orign 

Animal 





Inactivated; cell line 

Rah vac 3 

Fort Dodge 

2 mL 



origin 


Animal EleaLlh 




Inactivated; cell line 

Rabvac 3TI- 

Fort Dodge 

2 mL 



origin 


Animal Health 


Rhlnapneumonilla 

Equine herpesvirus 

Inactivated 

Pncuin abon- 

Fort Dodge 

2 mL 


type 1 (El-tV-1) 


K+lb 

Laboratories 




Inactivated; tissue 

Prodigy 

] ntervet 

2 ml. 



culture origin. 





Modified live; equine Rhlmoimine 

PflzET 

1 ml. 

celt JLne orign 





Ei IV-1 and LI IV 4 

Inactivated bivalent; 

Prestige 

]ntervet 

1 ml. 



tissue culture origin 






Inactivated bivalent 

Equivac innovator 

Fan Dodge 

1 mL 




EHV-t/4 

Animal Eleallh 


Strangles 

iftepidDscm's equi 

Modified live 

Pinnacle LN. 

Fon Dodge 

2.5 mL 


subsp. ajiti 



Animal E leallli 




Inactivated; bacterial 

Si rcp guard 

l ntervet 

1 mL 



M-pmtein extEad. 






Inactivated; bacterial 

StrepVax II 

Bach ringer 

t ml. 



M-protean extract 


Engeihelm 



Infannatiun an combination Vaccina it avjitabte in (ji/n^rcrdinjm of Vrfcr.nnflr}- IVarfurU. «d 3. Port Uuran, Mich. JOUti. Ncwlh American Coiiipcjidiunis 







Age for 

Regimen for 


1 

1 Route 

Primary Scries 

Primary Scries 

Regimen fo r Elevat'd nation 

Comments" 1 

JM 

Adult 

Three doses. 4 weeks 

Annually, three doses during 

Contains Lhe C3 (I-I2) serotype of equine 


broodmares 

apart during the 

the eighth, ninth, and tenth 

roiavims. Product is conditionally 



eighth, ninth, and 

months of gestation. 

licensed by the USDA, while additional 



tenth months of 


efficacy and potency data are being 



gestation. 


developed, for vaccination of pregnant 
mares to promote passive transfer to foals 
of amibodLes againsl equine roLsvirus. 

m 

1 year or older 

Two doses 2-3 

.Annual 




weeks apart 



1M 

3 months or 

Two Jose's 3-4 

Annua 1 



older 

weeks apart 



im 


Two dose's- 3-4 

.Annua 1 




weeks apart 



!K1 

3 months or 

Two doses 3-4 

.Annual 



older 

weeks apart 



IJVi 

3 months or 

Two doses- 3-4 

Annual, or when epidemic 



oilier 

weeks apart 

conditions exisr or are 
repo tted and exposure is 
imminent. 


JM or 

3 months or 

One dose 

.Annual 

Effectiveness of a single dose of rabies vaccine In 

SC 

older 



lhe primary series for foals has recently been 
questioned (see text). 

im 

3 months or 

One dust' 

Annual 



older 




3M 

3 months or 

One dose 

Annual 



older 




1M 

3 months or 

One dose 

Annual 



older 




LM 


Two doses 3-4 

Presridtru mares for abortion 

Vaccinate open and maiden mares ai the same 



weeks apart 

prevention: Repeat doses 

time as pregnane mares. For mares beyond 




annually during fifth. 

die fifth month of gestation when 




-seventh, and ninth months 

vaccination is initialed, vaodnale on 




of gestation, Yquj^ burses; 6 

presentation and every 2 months thereafter 




months afier primary' senes 
and annually thereafter 

until foaling. 

LM 

6 months or 

Three doses 4-6 

Pregrjdmt rnrim for Lrlwrtron 

Maiden and barren mares housed or 


older 

weeks apart 

pmwnd'on: annually during 

pastured with pregnant manes -should be 




the fifth, seventh, and 

vaccinated on the same schedule. 




ninth months of gestation. 
Ri'jpjriitury dfsuwse prevention: 

Booster 




Annually or at any time 
epidemic conditions exist 
or are reported and 
exposure is imminent 


m 

3 months or 

Two doses 3-4 

3-month intervals 

Vaccine is approved for use in pregnant 


older 

weeks apart 


mares, but no label claim is made for 
prevention of El IV- L abortion. Vaccinate 
pregnant mares after the second month of 
gestation. Foals vaccinated before 3 





months of age should receive a 2-dose 
series after reaching 3 months of age. 

1M 


Two doses 4-6 weeks 

Annual or any lime epidemic 

Approved for use in pregnant mares, but no 



apart 

conditions exist or are 

label claim Is made for prevention of 




reported and exposure is 
imminent. 

LlHV- t abortion 

JW 


Two doses 3-4 

Annual 




weeks apart 



IN 


Two doses at 1-3 

Annual 

For Jntranasal use only. Do not administer 



week intervals 


parentcrally by Infection. 

IM 


Two doses 3-4 

Annual or bdore expected 

Foals vaccinated when Jess ihan 3 months of 



weeks apart 

exposure 

age should receive an additional dose at 6 
months. 

IM 

3 months or 

Three doses at 3-week 

.Annual or before expected 



older 

inserva Is 

expos u re 



tTowtvNred 
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TABLE 4fl-4 






Manufacturers' Recommendations for Use of Enquine Immunizing Agents and Biologies—cont'd 

1 

Eli oi agio 





1 Disease 

Agent 

Type of Product 

Available Products 

Man □ fac tuner 

Dose 1 

Tetanus 

Cipstriilinm 

Inactivated; toxoid 

Tetanus toxoid 

Fort Dodge Animal J leailti 

1 mL. 


i£Ua\i 


Super-'let 

Internet 

1 mL 




Tetguard 

Ekxehrl nger ingelheim 

1 ml 




Tetanus toxoid— 

Colorado Serum Co., 

1 mL 




concentrated 

Professional Biological 





Tetanus loxoid- 

Colorado Serum Co. 

Id mL 




un concert tinted 





Antitoxin 

Tetanus antitoxin 

Fort Dodge Animal i leakh 

1500 □ 





Colorado Serum Co.; 

1500 U 





Professional Biological 






Durvet 

1500 □ 




AnliEox 'Vet 

Novartis [ Farm Animal) 

1500 U 

West N lie virus 

West Nile virus 

Inactivated 

West Nile-Innovator 

Fort Dodge Animal ] leakh 

\ mL 

infection 

(WNV) 

Canarypox-vcctored 

Reoombltek West 

Merial 

1 ml. 



recombinant 

NJie Virus 





FLavavirus Chimera 

PnevcNile 

1 nlervet 

i ml. 



(YF-17D] 






DMA 

Weal Mile-Innovator 

Fort Dodge AnkmaJ i leallh 

2 mL 




DNA 




n rainbi nation I'jcnnci » Avmlibk in l .ivir/vinfcuin v,l Sr'i'tsnnarj JAzuhicti, ed 9. Port J lurun. hiich, J0D6, Nnrlli Amcricjm LuiHpi'mliuiiik 
NcJcv ItiL' iuron l mecidalions contained Ln liii.i tabJir ware ufcLninoJ tram |ja£ka^e uixmx or Iron Lhir L'o/irprjMtir.im af Vedurinary iWarfuirrj., cd 9. In Ihosc Lnxldnrci 
in Which research urexlg nitre Held experience indicate thjil increased elliciKT can be achieved thrnujjh use cri alternative varcinaiinn pratocub, rectmmtend.i- 
ttimr contained in table 4rt-l may dll lei irorn thnse In Lillies 4-S-2 and J-d-J. 


No published challenge studies are available La document, 
the speed of onset or duration of protection induced by teta¬ 
nus toxoid preparations currently licensed in North America; 
conclusions regarding their efficacy are therefore based on 
the serologic response obtained Ln horses and laboratory ani¬ 
mals and on field experience. However, a challenge study con¬ 
ducted In Europe more than 40 years ago found that horses, 
were resistant to challenge fi days after receiving a single injec¬ 
tion of tetanus loxoid r before antibody could oe delected in 
their serum. 4 ’ A second study demonstrated that a series of 
three doses of tetanus toxoid induced protection lasting for 
at least 3 years, and perhaps for life, even when antibodies 
could no longer be delectedIn contrast, tetanus has been 
documented In vaccinated horses in North America , 46 
although survival was strongly associated with previous vacci¬ 
nation. Thus It would not be prudent to recommend exten¬ 
sion of the annual interval for revaccination with tetanus 
toxoid, pending publication of data documenting duration 
of immunity (DOE). Vaccinated horses that sustain a wound 
or undergo surgery more than 6 months after receiving their 
previous tetanus booster should be re vaccinated with tetanus 
toxoid Immediately at the time of Injury or surgery. 

Annual revaccination of pregnant mares should be com¬ 
pleted 4 to 8 weeks before foaling to protect tbemare If she sus¬ 
tains foal lug-induced trauma or retained placenta and to 
enhance concentrations of specific immunoglobulins in colos¬ 
trum. Colostrum-derived antibodies significantly interfere 
with the Immune response of foals vaccinated with tetanus 
toxoid until they are approximately 6 months of age. 22 ' 44 

Primary vaccination of foals that have received appropriate 
transfer of colostra I antibodies from a vaccinated mare should 
include three doses of tetanus toxoid beginning at age 6 
months or older. The Interval between the first two doses of 
vaccine should be approximately 4 weeks, and the interval 


between the second and third doses should be 3 to 16 weeks. 
The three-dose primary series is recommended for foals 
because a high proportion of foals fail to seroconvert in 
response to two doses of tetanus toxoid, regardless of whether 
maternal antibodies are detectable at administration of the 
first dose. 2 -*- 44 For foals born to nonlmmune mares, this initial 
three-dose series can start at I to 4 monLhs of age. 

Tetanus anLltoxin is produced by hyperiimmunization of 
donor horses with tetanus toxoid. Administration of one 
vlalJ of antitoxin (1500 111) to unvaccinated horses induces 
immediate passive protection that lasts not more than 3 
weeks.* 4 More prolonged protection may be accomplished 
with higher doses. In addition to the use of high doses of 
Letanus antitoxin to treat tetanus. Indications frequently 
cited include administration to newborn foals bom to 
unvaccinated mares and to unvaccinated horses that sustain 
an ln]uiy. In these cases the concurrent administration of 
Letanus antitoxin and tetanus toxoid at different sites using 
separate syringes has been advocated, follov/ed by adminis¬ 
tration of additional doses of toxoid at 4- to 6-week Inter¬ 
vals to complete the primary series. 47 Because a small but 
significant number of horses experience serum sickness and 
fatal hepatic failure [serum hepatitis) several weeks after 
receiving tetanus antitoxin, 4849 a preferred approach to the 
unvaccinated horse that sustains a puncture or deep lacera¬ 
tion is to thoroughly clean and debrlde the wound, initiate 
active immunization by administering tetanus toxoid, and 
institute a course of antimicrobial treatment with penicillin 
or alternate antimicrobial that Is active against C. fefrinj. 

Equine Encephalomyelitis (Sleeping Sickness) 

The equine encephalomyelitis viruses (EEE, WEE r and VEE) 
belong to the Alphavirus genus of the family Togaviridae. 
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I m m 

Age for Primary- 


Regimen for 

1 

1 House 

Series 

Regimen for Primary Series 

Revacci nation 

Comments 4, I 

JM 


Two doses 4-d weeks apart 

Annual 

For small horses use 





0.5 mL 

1M 


Two doses 3-4 weeks apart. 

Annual 


IM or SC 


Two doses 4 weeks apart. 

Annual qj prior to 





anticipated exposure 


LM 


At least two doses. 4 weeks 

Annual 




apart 



IM or SC 


Two doses 4 weeks apart 

Annual 


LM, SC, 

NA 

NA 

NA 

■Administer upon exposure to 

IV, IP 




unimniunized animals or 

IM or SC 

NA 

NA 

NA 

those with an unknown 

IM or SC 

NA 

NA 

NA 

vaccination sLatus. Doses of 

IM or SC 

NA 

NA 

NA 

up to H>0,000 LJ have been 
used for treatment of tetanus. 
Fatal serum hepatitis has Ireen 
seen after administration of 
tetanus antitoxin to horses. 

IM 


Two doses 3-6 weeks apart 

Annual 


IM 


Two doses 3-6 weeks apart 

Annual 


tM 

5 months or older 

One dose 

Annual 


IM 


Two doses, 2-4 weeks apart 

Duration of Immunity 

Product Is licensed but not 




{DOJ) not established. 

marketed as of January' 200ft. 


'Fhey are transmitted by mosquitoes, and Infrequently by 
other bloodsucking Insects, to horses from wild birds or 
rodents, which serve as natural reservoirs for these viruses. 
Risk of exposure and geographic distribution of the enceph¬ 
alomyelitis viruses vaiy by season and from year to year 
with changes in distribution of insect vectors and wildlife 
reservoirs. The distribution of EEE has historically been 
restricted to the eastern, southeastern, and some southern 
states with recent northward encroachment. WEE has 
caused minimal disease in horses in North America during 
the last two decades; however, the vims continues to be 
delected In mosquitoes and birds throughout the Western 
states. In the past, outbreaks of WEE have been recorded 
in the western and midweslern slates, with sporadic cases 
in the Northeast and Southeast United Stales. Because 
EEE, WEE, or both are endemic In most areas of North 
America, vaccination against these diseases should be part 
of the core vaccination program for all horses. VEE is a 
reportable foreign animal disease. Epidemics of VEE occur 
when the virus undergoes genetic change and develops 
greater virulence for avian and mammalian hosts. These 
viral variants are able to multiply to high levels in the horse, 
and then the horse becomes a reservoir for infection In 
these outbreaks. VEE occurs in South and Central America 
but has not been diagnosed in the United States or Mexico 
for many years; therefore routine vaccination of horses In 
these regions against VEE is not recommended at this lime, 
unless transportation to endemic areas is planned. 

Available vaccines are formalin inactivated, ad|uvanted, 
bivalent whole-virus products containing EEE and WEE 
(Encevac with Havlogen, Intervet; Encepnaloid Innovator, 
Fort Dodge; Cephalovac EW, Boehringer Ingelhelm), or tri- 
valenl products that also contain VEE {Cephalovac VEW, 
Boehringer Ingelhelm). Veterinarians and horse owners 
often use combination products containing other antigens, 
such as tetanus. Influenza, WNV, or EHV for primary or 
booster immunization of horses agalnsL encephalomyelitis 


viruses. Although correlates for protection ag^iLnst EEE, 
WEE, and VEE are not well established, circulating antibodies 
are assumed to be important because Infection Is acquired by 
vascular injection [mosquito biles) and current Inactivated 
vaccines appear to haw good efficacy.■ 5D ' 5t A study evaluating 
the serologic response of horses to commercial encephalo¬ 
myelitis-tetanus combination vaccines showed that the EEE 
neutralizing antibody responses to Encevac T [Inlervet, Car- 
bopol adjuvant] and Equilold [Fort Dodge, squallne and sur¬ 
factant adjuvant] were of greater magnitude and persistence 
than responses to Cephalovac EWT [Boehringer Ingelheim, 
saponin ad|uvant). 3a However, no comparative randomized 
challenge studies have been performed using these vaccines 
to document whether differences in serologic responses 
equate to differences In efficacy. Early testing of bivalent 
[EEE/WEE) vaccines was performed by intracranial challenge 
with either EEE or WEE; the formalin Inactivated prepara¬ 
tions demonstrated 100% protection. 

Primary Immunization of unvaccinated adult horses Is 
accomplished by administering two doses of in activated 
vaccine 3 to 6 weeks apart. In areas where EEE Is not a 
threat and mosquito vectors are active for less than 6 
months of the year, annual revaccination In the spring 
before the peak InsecL vector season. Is recommended. In 
areas such as the Gulf Stales where EEE is endemic and 
mosquitoes are active virtually year-round, many veterinar¬ 
ians prefer to revaccinate horses semiannually to ensure 
more uniform protection throughout the year. Inactivated 
encephalomyelitis vaccines are considered to be safe for 
use during pregnancy; therefore booster vaccination of 
pregnant mares 4 to 8 weeks before foaling is routinely 
recommended to enhance colosLral concentrations of spe¬ 
cific Immunoglobulins. Neutralizing antibodies to WEE 
and EEE are transferred passively to foals through colos¬ 
trum and decline with an estimated half-life of 33 and 20 
days, respectively. MDAs appear to confer protection and 
are detectable in the serum of many foals from vaccinated 
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mares for al least 3 months and up to 7 months, depend¬ 
ing on the postnursing tLler. 14 -- 5 ^- 5 * 

Several studies have shown that „MDAs exert a profound 
inhibitory effect on the ability of foals to mount serologic 
responses to Inactivated bivalent WEE/EEE vaccines, which 
1 likely accounts for some of the reported cases of vaccine 
failure and resultant clinical EEE in vaccinated horses, par¬ 
ticularly those less than 2 years of age. 30,34,35,5153 studies 
have shown that 3-month-old foals bom to Immune mares 
consistently failed to mount a serologic response to two doses 
of inactivated bivalent WEE/EEE vaccine and the majority had 
not responded even after administration of a third dose. 55 ' 17 
Whereas many 6-month-old foals failed to seroconvert after 
administ ration of two doses of vaccine, most responded after 
administration of a third dose. 55 Based on these data, Inclu¬ 
sion of a third dose in ihe primary series, 8 to 16 weeks after 
administration of the second dose, is strongly recommended 
for primary immunization of foals and yearlings. 

WEE has a lower mortality rate than EEE, and prevalence 
of WEE in many western slates Is sufficiently low that the 
risk of foals acquiring infection during their first year of life 
is also low. Therefore primary vaccination of foals of vacci¬ 
nated mares In areas wnere mosquitoes die off in the winter 
and the risk of infection is low is best completed when foals 
are 5 to 6 months of age or older In order to minimize the 
potential for MDA interference. Because foals born in the 
late spring and summer months are still less than 6 months 
of age by the time the mosquito season comes to an end in 
many regions, primary vaccination of these foals can be 
delayed until the spring of the yearling year. In contrast, 
EEE Is a highly fatal disease that poses a significant risk 
to foals during their first year of life, particularly in the 
Gulf States, where competent vectors are present year- 
round. 30 ' 53 ' 55 Therefore most veterinarians In these regions 
recommend commencing primary vaccination of foals at 3 
to 4 months of age using a three-dose primary series fol¬ 
lowed by a fourth dose before the onset of the next mos¬ 
quito season and semiannual boosters thereafter, to 
maximize the chances of overcoming the inhibitory effects 
of MDAs and Inducing protection.- 53 

West Nile Virus 

in the few years since WNV Infection w r as first diagnosed in 
horses In the northeastern United States In 1999, it has 
spread across the entire North American continent and Is 
now considered to be endemic in all mainland areas of 
North America and Mexico, where it has become an impor¬ 
tant consideration In the differential diagnosis of horses 
with signs of neurologic d Lsease. As of ] u ne 2 007 the d Lsease 
had been confirmed In almost 25,000 horses in the United 
States, approximately 35% of w r hlch had died or been 
euthanized. Approximately 40% of horses that survive acute 
Illness caused by WNV exhibit residual effects, such as gall 
and behavioral abnormalities, 6 months postdlagnosls.^" 
WNV, a member of the family Flavlvlridae, is transmitted 
by mosquitoes and infrequently by other bloodsucking 
insects to horses, human beings, and a number of other 
mammals from avian hosts, which serve as natural reser¬ 
voirs for these viruses. Horses and humans are considered 
to be ''dead-end" hosts of the WNV and therefore do not 
contribute to the transmission cycle. The virus Is not directly 
contagious from horse to horse or from horse to human. 
Similarly, Indirect transmission via mosquitoes from 
infected horses is highly unlikely because horses do not 
experience a significant level of vlnemia. 57 Risk of infection 
and death appears to Increase with increasing age; however, 
the disease has been confirmed in foals as young as 3 weeks 
of age. Although cases have been seen virtually year-round 


in the southeastern United States, the risk of acquiring 
infection Is highest during those months in w r hlch mosquito 
activity peaks, typically July, August, September, and Octo¬ 
ber In most areas of North America. WNV infection is a core 
disease against which all horses residing in the continental 
United States and Canada should be vaccinated. 

As of June 2007, three fully licensed vaccines (West N Lie- 
innovator, Fort Dodge Animal Health; Recombitek, Merlal; 
and PreveNile, Intervet) were marketed for use in horses in 
North America. West Nile-Innovator is an Inactivated whole 
virus vaccine that contains a metabolLiable oil adjuvant. 9 
This vaccine is available as either a monovalent (single 
component) or as a multivalent vaccine containing other 
encephalitis virus antigens (EEE and WEE). Recombitek Is 
a Caibopol-adjuvanted canarypox-veclored recombinant 
modified Uve vaccine, LL - 1 ^ 17 and PreveNile Is a nonadju- 
vanted chimeric yellow fever-vectored vaccine. I5 ' 5a A fourth 
vaccine, a plasmid DNA vaccine with a metabolizable oil 
adjuvant (Fort Dodge Animal Health) w r as licensed in 2005 
but had not been marketed as of June 2007. J 5 All four vac¬ 
cines have met USD A requirements for safety In tests, each 
involving more than 640 horses. 

Needle and mosquito challenge models have shown that 
West NLie-Innovator, Recombitek, and the plasmid DNA 
vaccine all significantly reduce the magnitude of vlremla 
in experimentally Infected, vaccinated horses compared 
with unvaccinated control horses for as long as 12 months 
after primary vaccination with two doses of vaccine. 9 - Ji ' J5 - sg 
Although vlremia was reliably Induced in unvaccinated con¬ 
trol horses In these challenge models, clinical disease was 
not. Therefore West NiLe-innovalor and Recombitek are 
labeled as aids to the prevention of vlremia caused by 
WNV Infection, in contrast, an intrathecal challenge model 
that reliably Induced severe clinical disease was used to lest 
the efficacy of PreveNile In studies for licensure. 15 ' 16 In this 
model a single dose of PreveNile prevented clinical disease 
as well as viremla In 4- to 6-montb-old horses challenged 
1 year after vaccination; therefore PreveNile Is Labeled for 
protection against viremla and as an aid In the prevention 
of disease and encephalitis caused by WNV. 15 - lfi Subse¬ 
quently, Recombitek was shown to induce a high Level of 
clinical protection when tested using this rigorous Intrathe¬ 
cal challenge model in a placebo-controlled study in which 
horses were challenged 14 days after completion of a two- 
dose vaccination series. 37 The comparative efficacy of West 
NiLe-innovator, Recombitek, and PreveNile has now been 
tested In a randomized, blinded, placebo-controlled Intra¬ 
thecal challenge study In which groups of five or six horses 
>6 months of age were challenged Lntrathecally 28 days 
after completion of the two-dose (West Nile-Innovator 
and Recombitek) or one-dose (PreveNile) primary vaccina¬ 
tion series. 13 in this study, all six unvaccinated control 
horses developed grave neurologic signs postchallenge, 
whereas al! vaccinated horses survived and none developed 
delectable vlremia. Clinical disease was prevented in 
100% of PreveNile-vaccinated horses, 80% of Reeombitek- 
vacclnated horses, and 33% of Innovator-vaccinated horses. 
These findings support the results of field studies that provide 
dear evidence that, when used according to manufacturer 
recommendations, both West Nile-Innovator and Recombi- 
lek reduce the risk of disease and death after natural challenge, 
although clinical disease may not be fully prevented. 6Q - 62 

Directions for primary Immunization using West NLie- 
innovator and Recombitek Include administration of two 
doses of vaccine 3 to 6 weeks apart (consult the specific 
label). Optimal protection cannot be expected until 1 weeks 
after administration of the second dose, although Recombi- 
lek has been shown to Induce significant protection as early 
as 26 days after administration of the first dose when tested 





in both ibe mosquito challenge and Intrathecal challenge 
models. IJ - J7 Primary Immunization with PreveNlle requires 
one dose. A challenge study In yearlings showed that S34-& 
(five of sis] were protected when challenged Intrathecally 
10 days after vaccination with one dose. Indicating that 
onset of Immunity is rapid (Vaala W, personal communica¬ 
tion, 2007J. Rapitl onset of immunity Is an Important fea¬ 
ture when faced with the challenge of protecting naive 
horses that are being introduced Into an endemic area, as 
Is the case when horses from Europe and other nonendemic 
countries are imported into North America. 

Vaccine manufacturers recommend revaccinallon of 
previously vaccinated horses on an annual basis, or more 
frequently when local conditions are conducive to a pro¬ 
longed period of potential exposure to infected mosquito 
vectors. Annual revaccinallon Is best completed in the 
spring [late February through early April), before the onset 
of the Insect vector season. In areas such as the southeastern 
states where the mosquito season Is prolonged, revacci na¬ 
tion twice annually, once In the spring and again In the late 
summer or early fall (late July through early September) 
has been advocated In the past to maximize protection, 
although the rationale for semiannual vaccination against 
WNV has not been tested In controlled studies. 

None of the licensed vaccines currently marketed in the 
United Slates cany label recommendations for administration 
to pregnant mares; therefore It is recommended that mares be 
vaccinated before breeding whenever possible, it is well recog¬ 
nized, however, that pregnant mares are at risk for acquiring 
Infection from Infected mosquitoes. Consequently it has 
become accepted practice by many veterinarians to administer 
vaccines to pregnant mares on the reasonable assumption that 
the risk of adverse consequences of WNV Infection far exceeds 
the reported adverse effects of use of vaccines in pregnant 
mares. Thousands of doses of West Nile-Innovator vaccine 
have been administered safely to pregnant mares, and a pub¬ 
lished study failed to document vaccine-associated adverse 
effects in a large population of pregnant mares. 65 Although 
the Recombitek vaccine Is a live vectored vaccine, the canary- 
pox vector Is incapable of replication in mammals and does 
not induce a vlremla that could infect a fetus. In addition, a 
canarypox-vectored influenza vaccine available in Europe is 
licensed for use In horses during pregnancy; therefore the vec¬ 
tored WNV vaccine is unlikely to be associated with an 
increased risk of adverse effects in pregnant mares. Similarly, 
data currently under review by the US DA from studies involv¬ 
ing a large number of pregnant mares suggest that PreveNile 
will likely also be shown to be safe for use in pregnant mares 
(Vaala W, personal communication, 2007). As with other vac¬ 
cines, it is sound practice to avoid administering West Nile 
vaccines to mares during the first 60 days of gestation unless 
conditions of imminent risk prevail. 

Booster vaccination of previously primed pregnant 
mares 4 to & weeks before foaling appears to Induce a 
strong anamnestic serologic response that provides their 
foals with passive colostra! protection lasting at least 3 to 4 
months.- 57 In contrast, a significant proportion of naive preg¬ 
nant mares failed to seroconvert when the primary series of 
WNV - ] n novalor vacci ne was admin Istered during the seco nd 
half of gestation, perhaps reflecting pregnancy-associated 
downregulation of Th2 responses. 37 Ill Is observation adds 
further justification to the recommendation that w r hen inacti¬ 
vated West Nile-Innovator vaccine Is used, the primary series 
is best completed before breeding, in a similar study, preg¬ 
nancy did not appear to suppress the response of mares to pri¬ 
mary immunization with Recomb Heir (Wilson WD and 
colleagues, unpublished observations, 2007). 

In contrast to findings with many other vaccines in the 
foals of immune mares, MDAs do not block the response 


of foals as young as 3 months of age to vaccination 
with either the inactivated or the recombinant vaccine. 57 
Although this finding is somewhat surprising for the inacti¬ 
vated vaccine, it might reasonably have been expected for 
the recombinant vaccine because the canarypox vector system 
accomplishes transfection of cells and expression of the 
ma|or E-pepllde and M-peptlde antigens of WNV on the sur¬ 
face of antigen presenting cells (APCs) In association with 
ma|or hlstocompat lb Lilly complex [MHCj class l and class 
II antigens. These peptide antigens are therefore not free In 
the tissues and circulation to be neutralized by MDAs. 

Primary vaccination of foals from properly vaccinated 
mares can be started by administration of the first dose of 
either West Nile-Innovator or Recombitek as early as 3 to 
4 months of age, followed by a second dose approximately 
1 month later, then a third dose 3 to 16 weeks after the sec¬ 
ond dose. This third dose increases the likelihood that foals 
with high MDA levels, which may have attenuated the 
response to the first dose of vaccine, will become primed 
ana protected. Even In foals that have no maternally derived 
WNV antibodies after nursing, the third dose of Inactivated 
vaccine In the primary series Induces significantly higher 
and more persistent levels of antibody than do two doses. 
A booster should be administered during the spring of the 
yearling year, after which the recommendations for vaccina¬ 
tion of adult horses should be followed. Primary vaccina¬ 
tion of foals from unvaccinated, unexposed mares should 
commence at 3 months of age or younger (as early as ] 
month of age), depending on month of birth and seasonal 
level of activity of mosquito vectors in the area. The three- 
dose primary vaccination protocol previously outlined 
should be followed. RevaccLnation should be performed 
before the onset of the next mosquito season. 

The Influence of MDAs on the response of foals to Preve¬ 
Nlle has not been established, but the product is labeled for 
administration of a single priming dose to foals 5 months of 
age or older. A second dose of vaccine should be administered 
before the onset of the next mosquito season. Considering the 
rapid onset of Lmmunitv Induced by this vaccine, protection 
can likely be accomplished at a similar age to that Induced 
w r hen the primary series wllli the inactivated or canarypox-vec¬ 
tored vaccines is'started at 3 to 4 months of age. Preliminary 
data suggest that the plasmid DNA WNV vaccine may also cir¬ 
cumvent the potentially interfering effects of MDAs. 15 

Horses that have recovered from clinical WNV Infection 
will likely be protected for the remainder of their lives and 
should not need to be revaccinated unless changes In their 
Immune status, as might occur with prolonged corticoste¬ 
roid administration, alter their susceptibility to Infection. 64 

It is remarkable that In little more than 6 years after 
WNV disease was first encountered in the Americas, four 
vaccines w r llb documented efficacy based on challenge stud¬ 
ies have been licensed for the benefit of horses, including 
three that apply the most modern technologies available 
for either animals or humans at this point in time. 

Rabies 

Rabies Is an Infrequently encountered neurologic dLsease of 
equids resulting from inoculation of the rabies virus through 
the bite of Infected (rabid) wildlife. Wildlife species that serve 
as the natural reservoirs for infection with this rhabdovlrus 
differ among regions of North America but Include raccoons, 
foxes, skunks, and bats. Horses most often sustain bites on the 
muzzle, face, or lower limbs. The rabies virus then migrates via 
nerves to the brain, where LL initials rapidly progressive 
encephalitis. Even though the Incidence of rabies in horses 
Is low, the disease is invariably fatal and has considerable 
public health significance. All horses kept in areas where 




rabies is endemic in the wildlife population are al risk and 
should be vaccinated as part of the core vaccination program. 
Therefore it is recommended that hoises be vaccinated against 
rabies by, or under the direct supervision of, a veterinarian 
using one of the three Inactivated, tissue culture-derived 
products currently licensed for use in hoises (Rabvac 3, 
Fort Dodge; RM Imrab 3, Merlalj and Rabguard TC, Pfizer). 
These vaccines are potent immunogens that induce strong 
serologic responses that peak within JZ8 days after Intramuscu¬ 
lar administration of a single dose. 

Although correlates for protection against Infection with 
rabies virus In horses are not well denned. It is logical to 
assume that protection correlates with titers of circulating 
antibody. In humans, postvaccination antibody iLlers are used 
to predict protection, in dogs, however, postvaccinalLon sero¬ 
logic test results were not found to be completely predictive 
of resistance to challenge exposure during tests performed 
with certain Inactivated vaccines. 65 Challenge studies demon¬ 
strating efficacy are required for licensing of all rabies vaccines, 
including those labeled for use In equids In the United States: 
however, published results are not available. The challenge 
studies are conducted by the vaccine manufacturers as out¬ 
lined In the Code of Federal Regulations (CFR) from the 
USD A. These studies Indicate a DO I of 12 months, and a min¬ 
imum of 30% of vaccinated animals must be resistant to 
severe challenge with rabies virus. 

For primary Immunization, label directions on Inacti¬ 
vated rabies vaccLnes licensed for use In horses suggest 
administration of one dose to horses age 3 months or otaeT 
followed by a second dose l year later. 'Thereafter, annual 
revaccination is recommended. Although none of the 
licensed vaccines carries a specific label approval for use in 
pregn ant mares, It Is i mporta lit to acknowledge that o nly a li m- 
i ted number of equine vaccines are sped fkally licensed for use 
i n piegna nt mares, and veterinarians do admi n Lsler i nacllvaled 
rabies vaccines to pregnant mares. Alternatively, veterinarians 
may recommend that mares be vaccinated asiinsl rabies 
before breeding in order to reduce the number and type of vac¬ 
cines given In the period before foaling. Because rabies antibo¬ 
dies persist In serum for a prolonged period, foals born to 
mares that are revaccinated while open acquire substantial 
titers of rabies antibody after ingesting colostrum. 

Documentation of rabies In reportedly vaccinated horses, 
most of which were less than 2 years of age, has brought 
into question the efficacy of label recommendations for pri¬ 
mary vaccination of foals against rabies. 66 Recent studies in 
out laboratory have shown that the serologic response of 
most 3-month-old foals from antibody-positive mares Is 
completely blocked, even when a two-dose primary vaccina¬ 
tion series is used. Although the response (o the first dose of 
vaccine is typically blocked in 6 - month-old foals from anti¬ 
body-positive mates, these foals appear to seroconvert afteT 
administration of a second dose 4 weeks later. Primary vac¬ 
cination of foals from vaccinated mares should therefore be 
delayed until they are 6 months of age or older and should 
include 2 doses of inactivated vaccine administered approx¬ 
imately 4 weeks apart, followed by a third dose at I year 
of age. For foals from unvacclnaled mares the primary vac¬ 
cination series can be started according to manu factu rers' 
recommendations as early as 3 months of age and may con¬ 
sist of only one dose, although a two-dose series will likely 
induce more durable Immunity. 

Equine Influenza 

Infection of the respiratory tract of horses with the ortho¬ 
myxovirus Influenza Ayequine/2 (H3NB), remains one of 
the most common causes of rapidly spreading outbreaks 
of respiratory disease, despite the widespread practice of 


frequently revaccinating horses with Inactivated vaccines by 
intramuscular injection. The Influenza A/equlne/l subtype 
(H7N7) has not been recognized as a cause of clinical disease 
for many years and Is likely extinct In nature, influenza Is 
endemic In the equine populations of the United Stales 
and much of the world, with the notable exceptions of 
New Zealand and Iceland. Rapid national and international 
transportation of horses facilitates spread of the vims. Con¬ 
centrating young horses at racetracks, training facilities, board¬ 
ing stables, breeding farms, shows, or similar athletic events 
increases the risk of infection, as does a low serum concentra¬ 
tion of specific antibody. 67 Older horses are generally less sus¬ 
ceptible to Infection but may become ill when partial 
protection Is overwhelmed by exposure to horses excreting 
large amounts of virus. Explosive outbreaks occur at intervals 
of several years when the Im munity o f the equ Ine population 
wanes and sufficient antigenic drift has occurred to generate 
a new viral strain. In contrast to herpesviruses, equine Influ¬ 
enza virus is not maintained in asymptomatic carrier horses 
and does not circulate constantly, even within large groups 
of horses. Rather, the disease Is introduced sporadically by a 
symptomatic or asymptomatic infected horse, litis epidemio¬ 
logic finding and the rapid elimination of the virus by the 
equine immune response suggest that infection can be 
avoided by preventing entry of the virus Into an equine popu¬ 
lation [e.g., by quarantine of newly arriving horses for at least 
14 days] and by appropriate vaccination. 66 

Equine influenza virus is highly contagious and spreads 
rapidly through groups of horses in aerosolized droplets dis¬ 
persed by coughing. Contaminated buckets, grooming or 
reeding equipment, lack, and transport vehicles may serve 
as fondles because the virus can survive for hours on such 
objects. Severity of clinical signs of Influenza, which Include 
nasal discharge, fever. Lethargy, anorexia, cough, and myalgia, 
depends on the degree of existing Immunity and other fac¬ 
to rs. Infected ho rses shed vi rus for up to 10 days 3 n thei r nasal 
secretions. Inactivated vaccines do not Induce sterile Immu¬ 


nity; therefore recently vaccinated horses can become 
infected, shed virus, and contribute to LnlerepLdemlc persis¬ 
tence of Infection within the equine population and propaga¬ 
tion of infection during outbreaks. ^ 

Immunity to the same (homologous) strain of H3N8 
virus after natural Infection persists for more than a year 
and involves bolb local and systemic humoral and cellular 
mechanisms These Include Induction of large amounts of 
virus-specific neutralizing IgC and secretory igA anlibodv in 
nasal secretions, high Levels of circulating IgG antibodies, 
and genetically restricted antigen-specific cytotoxic T lympho¬ 
cytes (CTLs) that kill infected cells. 65 - 73 Memory CTLs can be 
delected in peripheral blood for al least 6 months after 
infection, and solid immunity persists even when circula¬ 
ting antibody titers have declined to low or undetectable 
level s. 7D - t i.™. 75 Similarly, protection induced by the licensed 


intervetj Ls presumably mediated through Induction of local 
immune responses Ln the respiratory tract, because ibis vac¬ 
cine does not typically induce hlgjt levels of circulating anti¬ 
body. 6 - s With the possible exception of ISCOM vacclneSr 
inactivated vaccines administered by Intramuscular injection 
have Limited potential to Induce CTL or nasal secretory IgA 
responses and induce only low levels of neutralizing anti¬ 
body in nasal secretions. 6375 ^ 6 The degree of protection 
induced by inactivated Influenza vaccines is highly correlated 
with posivacclnation liters of circulating antibody, predomi¬ 
nantly of the IgGa and IgGb subisotypes, as measured by 
HI or single radial hemolysis (5RH) tests. 67 - 77 - 30 SREI levels 
>100 mm J are considered to be at least partially protective; 
however, levels >140 mm 2 are required for successful pre¬ 
vention of disease. 75 Itie partial protection Induced by 
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inactivated vaccines is of limited duration {up to approxi¬ 
mately 7 months* depending cm Lhe vaccine) and Is mani¬ 
fested as a reduction in clinical sign& and attenuation of 
viral shedding in horses exposed to In faction. 

like magnitude of die serologic response to inactivated 
influenza vaccines depends on many factors, the most Impor¬ 
tant of which are the quality and quantity (mass] of the viral 
antigen and the choice of the ad|uvant. ?9 ' a, - B3 Carbaxypoly- 
mer-based compounds (carbomer, Carbopol) and ISCOMs 
are contained in some of the most efficacious Inactivated Influ¬ 
enza vaccines, whereas some commonly used adjuvants such 
as alum have been associated with induction of unproductive 
immune responses, 69 ' 63 History of previous vaccination or 
infection, Interval since the last dose of vaccine, antibody titer 
at the time of vaccination, age, maternal antibody status, and 
relatedness of the vaccine strain lo circulating field strains of 
influenza virus are other important determinants of efficacy, 
at least for Inactivated influenza vaccines. 77 - 63 '® 4 Antigenic 
drift of the A/equine/2 subtype has resulted from point muta¬ 
tions In the genes encoding the amino add sequences of the 
hemagglutinin (El) and neuraminidase fN] glycoprotein anti¬ 
gens on the surface of the viru s, The result is emergence of viral 
strains representing two antigenic lineages, American and Eur¬ 
asian, of the H3NS virus. Further antigenic drift wllhin each 
lineage has generated variants that, as with the prototyplc 
strain A/equine/2/Miami 63, are named according to the loca¬ 
tion ana year Iti which they wiere first Isolated. Antigenic drift, 
by generating antigenically heterologous viruses, reduces the 
degree and duration of protection conferred by previous Infec¬ 
tion or vaccination because of the specificity of Immunoglobu¬ 
lins, and. it allows horses wlLh high titers to become Infected 
and develop dinical signs of disease If the vaccine strain 
is not closely related to the drifted Infectious field strain. 1 ^ 
Although antigenic drift of equine Influenza viruses is 
slower than that of human influenza viruses, it Is recom¬ 
mended that Inactivated equine Influenza vaccines include 
vital antigens from Isolates obtained within the most recent 
5 years and. Ideally, representatives of both lhe American 
and Eurasian lineages. An expert surveillance panel meels 
annually to recommend sLrains that should be Included 
in influenza vaccines In subsequent years (www.equlflunet. 
otg.uk). In order lo comply with federal regulations for licens¬ 
ing and marketing of vaccines, any change of a vaccine, such as 
including the most recently isolated influenza virus, usually 
leads to costly and time-consuming evaluation of the revised 
product. Consequently, viral antigens contained in inactivated 
vaccines typically lag more than the recommended 5 years 
behind the antigenic drift of field viruses, resulting In subopti- 
mal protection. Even though Flu-Avert IN contains only a 
1991 H3N8 strain of North American lineage, Lt has been 
shown to be protective against challenge with Eurasian strains 
and recently Isolated North American strains. 

l’he short-lived Immunity after vaccination with inacti¬ 
vated equine Influenza vaccines was the impetus for past 
recommendations for frequent revaccination, at intervals as 
short as 2 months. However, too short an interval between 
revaccinatlon may compromise efficacy because influenza 
vaccination In a horse with a high antibody titer Inhibits 
development of an optimal anamnestic response. BB An addi¬ 
tional consideration that potentially limits the efficacy of 
influenza vaccines Is the phenomenon termed "original 
antigenic sin," whereby horses exposed to a drifted field 
AL/equine/2 virus will mount an anamnestic immune response 
directed more strongly against the strain with which they were 
vaccinated initially than agqinst the drifted field virus. 63 

A considerable amount of published efficacy data, based 
both on challenge studies ana on field epidemiology stud¬ 
ies, has been available for many years In Europe to support 
Lhe use of influenza vaccines. In contrast, information 


regarding the efficacy of influenza vaccines marketed In 
North America has remained sparse until recently. Further¬ 
more, studies conducted In North America during the Lale 
1990s showed that the inactivated influenza vaccines In 
use at the time failed to provide much benefit In terms of 
reducing the risk of Infection and clinical disease during 
field outbreaks.Serologic testing performed during 
these and other studies Indicated that vaccine failure was 
caused by failure of the Influenza vaccines In use at the lime 
to induce protective antibody titers. 1? - 67 ' a? 

Fortunately, vaccine manufacturers In .North America have 
responded lo the challenge of producing more efficacious 
equine Influenza vaccines during the last few years by incor¬ 
porating more relevant recent viral strains, by Increasing anti¬ 
genic mass of relevant strains, by eliminating the seemingly 
irrelevant H7N7 strain, by modifying adjuvant systems, and 
by introducing novel technologies. An Important advance 
occurred in 1999 when HeskaCorporation marketed an atten¬ 
uated live, cold-adapted influenza vaccine {Flu-Avert IN, Inter- 
vet, Mllisboro, Del.) for Inlranasal administration. This 
vaccine, which contains a Kentucky/1991 strain of North 
American lineage, tvbs found lo be highly efficacious In 
blinded, controlled challenge studies conducted 5 weeks, 6 
months, and I year after administration of a single dose to 
naive horses.® Subsequently Flu-Avert IN was shown to 
cross-protect against European H3NS strains, as well as 
against North American strains Isolated during the lale 
1990s and early 2000s, and lo induce a rapid onset of protec¬ 
tion within 7 days of administration of a single dose to naive 
horses 6 ' sa Although horses challenged I year affeT adminis¬ 
tration of a single dose showed a significant, but only partial, 
reduction In severity of clinical signs and virus shedding, a 
mote marked reduction In clinicaT signs and viral shedding 
was found when the challenge was performed 6 mon ths after 
vaccination.® Eased on lliese results, revaccination at 6-month 
Intervals Is recommended. Field experience Indicates that this 
regimen induces solid clinical protection after natural chal¬ 
lenge. Currently Flu-Avert IN is licensed for use in nonpreg- 
nanl horses 11 months of age or older, primarily because 
this was the youngest age of the horses used In th-e challenge 
studies for licensing. I iorses may shed small amounts of vacci¬ 
nal virus for several days after vaccination with Flu-Avert IN, 
but lhe amount of virus shed is so low that In-conlad horses 
will not generally become infected or Immunized with vacci¬ 
nal virus shed by recently vaccinated horses, and the likeli¬ 
hood of reversion to virulence Is extremely low. 7 

Recently updated inactivated influenza vaccines have 
demonstrated good efficacy in challenge studies. In acti¬ 
vated influenza vaccines containing one or more relevant 
EI3N8 strains are currently marketed by Boehrlnger ingel- 
heim {Calvenza EIV) and Fort Dodge Animal Health (Flu- 
vac Innovator), lliese and other companies also market a 
large number of multicomponent combination vaccines 
that contain the same Inactivated Influenza antigens as 
are In their single-component products but also contain 
tetanus, WEE and EEE virus, EHV, or WNV antigens. 
Calvenza EIV Is adjuvanted with Carbopol and Is the only 
Inactivated vaccine currently licensed In North America 
that contains antigens from H3Nfl viruses of both the 
American and European lineages [Kentucky/93 and 
Newmarket/2/93). 

The Initial iwo doses of this vaccine are administered IM; 
subsequent doses may be administered IM or IntranasaLly. lt 
Is proposed, but not proved, that administration of booster 
doses bv the inlranasal route may provide a stronger local 
mucosal Immune response. Ill Is vaccine is licensed for use 
In horses older than 6 months of age, including pregnant 
mares. Fluvac Innovator contains a KV/97 H3NS strain in 
a metabolizable oil (MetaSllm) adjuvant. 
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]n late 2006, Medal was granted a North American license to 
market an ln|eclable canarypox-vectored recombinant equine 
influenza vaccine that has been used with success In Europe 
for several years. This vaccine, named Recombitek Equ Ine Influ¬ 
enza Virus vaccine h as been shown to Induce strong protection 
in challenge studies and shows great potential lo have a positive 
impact on Influenza prevention In North America.The vac¬ 
cine incorporates the 13A gene from the Kentucky/94 and New- 
market/2/93 II3NS strains into the same vector delivery 
platform as the efficacious WNV virus vaccine (Recombitek) 
and contains a carbomer polymer adjuvant in the diluent. u 
Consequently, this vaccine invokes a broad array of humoral 
and cellular Immune responses. Challenge studies document 
onset of protection as soon as 2 weeks after completion of a 
two-dose primary series and persistence of solid protection 
for at least 5 months. Administration of a booster dose at 5 
months Induced a strong anamnestic response that provided 
solid protection persisting for at least 12 months.Preliminary 
evidence suggests that this canarypox-vectored Influenza vac¬ 
cine will be able to circumvent the inhibitory effect of maternal 
antibodies, an Issue that significantly affects primary' immuni¬ 
zation of foals using Inactivated Influenza vaccines. 8 ^ Recombl- 
lek Equine influenza Virus vaccine is licensed for vaccination of 
healthy horses as young as 5 monlhs of age. 

VACCINATION PROTOCOLS FOR INFLUENZA, 'llte 
following are options for primary vaccination of adult 
horses that have not previously been vaccinated: 

■ Flu-Avert—Administer a single dose intranasallv. A sec¬ 
ond dose administered 3 monlhs later may be benefl- 
clak particularly for horses vaccinated at less than 11 
monlhs of age. 

■ RecombItek Equine Influenza Vims vaccine—Adminis¬ 
ter two doses, 5 weeks apart. 

■ Inactivated IM. administered vaccines—Administer two 
doses, 3 to 6 weeks apart, according to label directions. 
Although not specifically recommended by some man¬ 
ufacturers., administration of a third dose of vaccine, 
2 to 6 months after the second dose, is indicated 
because It significantly enhances the magnitude of the 
primary response and duration of persistence of anti¬ 
bodies at protective levels. 

Routine revacclnation at an Interval of 6 months appears to 
be appropriate for the intramuscularly administered inacti¬ 
vated and intranasallv administered modified hve virus influ¬ 
enza vaccines currently marketed in North America. A 
revacclnation Interval of 12 months is recommended for the 
recombinant vaccine, although this recommendation has 
not yet been tested in the field setting in North America. These 
''routine" revacclnation protocols should be customized, by 
adjusting timing of boosters or inclusion of an additional 
booster, to achieve maximum protection during periods when 
the risk of exposure is high. For example, strategic revaccina- 
tlon I month before being placed at high risk of exposure, 
such as at a show or sale, or being transferred to a training 
or boarding facility Is |usllfied to maximize protection. 

Revacci nation of pregnant mares 4 lo S weeks before 
foaling with a vaccine that stimulates a robust serologic 
response is recommended. Although the intranasally admi¬ 
nistered. Flu Avert IN vaccine Induces good protection, ll 
does not routinely stimulate high levels of circulating anti¬ 
body, at least when used for primary Immunization. An 
inactivated or canarypox-veclored recombinant injectable 
vaccine is therefore recommended at this time for prefoal¬ 
ing booster vaccination of pregnant mares. 37 

VNCfiJwiloii of Foals. The antibody status of a mare at the 
time of foaling Is the main determinant of the postnursing 
circulating antibody titer in her foal and therefore has a pro¬ 
found Impact on the ability of the foal or weanling lo 
respond to influenza vaccines administered during the first 


year of life. Foals born to seronegative, unvaccinated mares 
respond appropriately to influenza vaccines; therefore pri¬ 
mary vaccination can commence at 3 months of age or 
younger If significant risk of exposure to influenza exists. 
In contrast, maternal antibodies have been shown to 
completely block the serologic response of foals to a pri¬ 
mary Immunization series composed of two or more doses 
of Inactivated Influenza vaccines when the first dose is 
administered when the foal is younger than 6 months of 
gge.js-zs.ss interference from MDAs may persist until 9 
months of age or beyond for foals with high antibody titers 
poslnursing therefore primary vaccination of foals from 
immune mares should be delayed as long as possible, and 
preventive measures should focus on preventing introduc¬ 
tion of Infected horses. 4 Studies in Newmarket, United 
Kingdom, have shown that Influenza virus infection is rare 
in thoroughbred yearlings before they enter training, sug¬ 
gesting that the risk of Influenza is low In horses younger 
than 1 year of age born lo mares in herds that are well vac¬ 
cinated. s A 9L3Z Therefore there appears to be little justifica¬ 
tion lo vaccinate young foals from vaccinated mares 
against Influenza, as was recommended in the past. 54 .’ 33 .’ 3 '* 

The intranasal modified live vaccine (Flu-Avert IN) is 
licensed for vaccination of horses 11 months of age or 
older. Whereas this vaccine has been shown to be safe in 
foals as young as 2 monlhs of age, 33 published data regard¬ 
ing the potential for MDAs to interfere with the response are 
lacking. Unpublished observations suggest that MDA inter¬ 
feres with the response of foals aged 3 to 6 months, whereas 
foals w r llh maternal antibody vaccinated at 7 months of age 
were prolecled against virulent challenge (Holland and 
Chambers, personal communication, 2000). Pending publi¬ 
cation of well-controlled studies, it is recommended that if 
the first dose of Flu-Avert IN vaccine is administered before 
11 months of age, a second dose should be administered at 
11 months of age or olderThe European-licensed live 
canarypox-veclored recombinant influenza is labeled for 
use In pregiant mares and foals as young as 4 monlhs of 
age. 75 The North American-licensed Recombltek Equine 
Influenza Virus vaccine has been shown lo be safe In foals 
as young as 4 months, but the minimum age recommended 
for vaccination of foals from Immunized dams Is 5 monlhs. 
Effective priming has been documented after administration 
of the first dose of the vectored vaccine to foals aged 10 to 
20 weeks that had detectable MDAs at the time of vacclna- 
llon.^ If the foal experiences failure of passive transfer of 
maternal antibodies or if the mare Is seronegative for influ¬ 
enza, vaccination can commence at 4 months of age but 
should include an additional dose In the primary series. 

The decision whether to vaccinate in an outbreak is 
dependent on many factors, the most Important of which 
are the age, vaccination status, and size of the population 
of horses at risk: the elapsed time since onset of the outbreak: 
the rapidity with ’which a diagnosis can be confirmed; the 
layout of the physical facilities; and availability of personnel. 
Rapid (same-day) diagnosis of Influenza should be pursued 
during outbreaks of contagious respiratory disease and can 
be accomplished using the nighly sensitive and specific poly¬ 
merase chain reaction [IPCR) test or antigen-capture ELiSA. 
Outbreaks of Influenza at racetracks and similar large facil¬ 
ities typically take 1 month or more to spread through the 
entire population: therefore sufficient lime exists to ennance 
immune protection of many at-risk horses while Implement¬ 
ing ocher management strategies to minimize disease 
spread aa It is prudent to booster vaccinate those horses that 
have been on a regular Influenza vaccination program but 
have not been revaccinated within the previous 3 monlhs. 


-References 13 . 25, 27-29, 25 , 37 , 90. 
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It Ls , 3 1 so import.ml to Induce protection as quickly as possible 
in horses tnat have not previously been vaccinated. Of the 
vaccines currently available, Flu-Avert IN induces protection 
most rapidly, within 7 days of administration of a single 
intranasal dose; therefore this Is currently the product of 
choice for vaccination of naive horses and those of unknown 
vaccl nation status In the face of an outbreak.- 95 There is no evi¬ 
dence to suggest that any adverse effects occur when Flu-Avert 
iN Is administered to horses that are Incubating Infection, 
although vaccination of horses that are already clinically ill 
is not recommended. Preliminary evidence suggests onset of 
immunity wdlhln 14 days of administration of one dose of 
the canaiypox-vectored vaccine; therefore use of this vaccine 
would likely also prove useful In controlling outbreaks. 

FUTURE influenza vaccines, in addition to the 
modified canarypox-virus vector described earlier, 14 a 
recombinant modified vaccinia Ankara (rMVA) vector that 
delivers genetic material encoding for relevant HA antigens 
of an H3NS influenza virus has been developed. 97 ' 99 The 
nUVA system Is designed to focus the CTL response on the 
recombinant antigen and was Initially tested In a prime- 
boost strategy In which the priming dose consisted of a 
DMA plasmid encoding for expression of the HA antigen, 
line intent of this DNA prlme-rMVA boost regimen was to 
invoke both cellular and humoral Immune responses 
involved in protection. 97 A subseqiuenl study showed that 
she rMVA system was capable of inducing virus-specific lym- 
phoprollferallve and interferon gamma (IFN-y) mRNA 
responses; antigen-specific IgGa, IgGb, and 3gA antibodies; 
and protection from challenge, both with and wdlhout a 
prlmLng dose of the DNA vaccine.' 09 These data Indicate that 
vaccination of horses with rMVA alone, or as part of a 
prime-boost regimen, is an effective means of inducing 
protective Immunity to influenza virus Infection. 96 Consitf 
erable research has been performed to document the 
efficacy of the DNA vaccine used In the previously men¬ 
tioned studies against equine influenza. However, the deliv¬ 
ery system used [multiple sublingual, conjunctival, and 
subcutaneous 3n|ections delivered with a gene gun with 
the patient under general anesthesia) is Impractical for use 
in the field.Recent licensing of a naked plasmid DNA 
vaccine that can be conveniently administered to horses 
by Intramuscular Injection to prevent WNV Infection clearly 
documents the potential for development of a DNA vaccine 
to prevent influenza in horses in the future. 

Equine Herpesvirus (Rhinopneumonitis) 

The respiratory tract Is the primary route of Infection for 
both EHV-i and EHV-4, both of which cause respiratory 
tract disease that varies in severity from subdlnlcal to severe 
and is characterized by fever, lethargy, anorexia, nasal dis¬ 
charge, and cough. 1 ™ Seroepldemlologlc studies Indicate 
that the vast majority of foals become Infected with EHV-1 
and EHV-4 during the first few months of life, but the clini¬ 
cal disease syndromes resulting from these infections are 
not always well defined, perhaps reflecting the modulating 
effect of MDAs. t0UJD3 Recurrent or recrudescent clinically 
apparent infections are seen In weanlings, yearlings, and 
young horses entering training, especially when horses from 
different sources are co minded. iWt - 104 In contrast, surveil¬ 
lance studies involving racehorses document that serocon¬ 
version to both EHV-1 and EHV-4 occurs sporadically 
during the course of a racing season, but these seroconver¬ 
sions are often not dearly associated w r lth outbreaks of 
respiratory disease that follow an epidemiologic pattern con¬ 
sistent with an infectious agent. ia ^ 106 EHV-1 and EHV-4 are 
spread by direct and Indirect (fomite) contact with nasal 
secretions, by aerosolIzed secretions from infected horses, 


and, in the case of EHV-1, by aborted fetuses, fetal fluids, 
and placentas associated with abortions. Management prac¬ 
tices are therefore of primary importance for control of clini¬ 
cal disease caused by EHVs. 

Vlremia occurs frequently after infection with EHV-1, 
potentially leading to paralytic neurologic disease (mye- 
toencephalopathyjsecondary to vasculitis of the spinal cord 
and brain, abortion of virus-infected fetuses, or birth of 
Infected non viable foals. In contrast, manifestations of 
Infection with EHV-4 [rhinopneumonitis) are generally 
confined to the respiratory tract because EHV-4 does not 
typically infect endothelial cells or produce a cell-associated 
viremla. 107 As w r lth herpesvirus Infections in other species, 
horses typically fall to clear primary infections with 
either EHV-1 or EHV-4, the result being that most horses 
In the population remain latently infected with both 
viruses. ids Latently infected horses do not show clin¬ 
ical signs but may experience recrudescence of infection, 
with or without clinical signs., an increase In antibody titer, 
and shedding of the virus when stressed. Consequently, 
many horses have delectable levels of virus-neutralizing 
(VN) antibody to both EHV-1 and EHV-4 In their 
serum. 1DL - 106 features of the epidemiology of herpes¬ 
virus Infections seriously compromise efforts to control 
these diseases and explain why outbreaks of EHV-1 or 
EHV-4 can occur in dosed populations of horses. Whereas 
most mature horses have developed some Immunity to 
EHV-1 and EHV-4 through repeated natural exposure and 
do not typically show respiratory signs when they become 
reinfected, horses do not appear to become resistant to the 
aborllgenic or neurologic forms of infection with EHV-1, 
even after repeated exposure. IOT In fact, mature horses pre¬ 
viously exposed are mote likely to develop the neurologic 
form of the disease than are juvenile horses. no - 1,1 

Correlates for protection against EHV-1 and EHV-4 Infec¬ 
tion have been Investigated extensively but are not yet clearly 
defined, infection with EHV-1 induces a strong humoral 
response, but protection from reinfection Ls short-lived and 
Ls not achieved until the horse has experienced multiple 
Infections with homotyplc virus. iaD ' ja7 No clear relationship 
exists between protection from EHV-1 infection and concen¬ 
trations of circulating antibody induced by vaccination or 
Infection, but the duration and amount of virus shedding 
from the nasopharynx Ls reduced In animals with high levels 
of circulating neutralizing antibody. 107 Mucosal immunity 
and cell-mediated responses likely play a role at least as 
Important as circulating neutralizing antibodies in protec¬ 
tion against EHV-1 infWtion, 112 because the presence of 
MHC class I-restricted CTL precursors in peripheral blood 
Ls correlated with protection. 107 Because EHV-4 replication 
Is largely confined to epithelial cells of the upper respiratory 
tract, it Is likely that mucosal immunity Ls Important In pro¬ 
tection. 107 Whereas circulating antibodies alone do not 
prevent EHV-4 Infection, high levels of vaccine-Induced cir¬ 
culating VN antibody markedly reduce virus shedding and 
clinical signs after challenge Infection. 107 - n3 - |J5 

Various killed vaccines are available, Including those 
licensed only for protection against respiratory disease; cur¬ 
rently all contain a low antigen load, and two (Pneuma- 
bort-K+lb, Fort Dodge Animal Health, and Prodigy, 
Intervei) that are licensed for protection against both abor¬ 
tion and respiratory disease contain a high antigen load. Per¬ 
formance of Lhe ki lled low-antigen-load respiratory vaccines 
Ls variable, with some vaccines outperforming others. Perfor¬ 
mance of the killed high-antigen-load abortion and respira¬ 
tory vaccines is superior, resulting In higher antibody 
responses and some evidence of cellular responses to vacci¬ 
nation. This factor may provide good reason to choose the 
hlgh-anllgen-load abortion and respiratory vaccines w r hen 
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the slightly higher cost Is nol a decision factor. A single man¬ 
ufacturer provides a Licensed modified Live EHV-1 vaccine, 
which to date has not been compared directly with high- 
anllgen-load respiratory and abortion vaccines. This modl- 
fiedllve vaccine has been shown to offer superior clinical 
protection and reduce viral shedding in a comparison with 
a single killed Low-anllgen-load respiratory vaccine. 116 Vac¬ 
cination with either EHV-1 or EEIV-4can provide partial pro¬ 
tection against the heterologous virus, and vaccines 
containing EHV-1 may be superior in this regard. 

The principal Indication for use of EHV vaccines is pre¬ 
vention of EHV-1-Induced abortion in pregnant mares 
and reduction of signs and spread of respiratory tract dis¬ 
ease (rhLnopneumonitisJ in foals, weanlings, yearlings, 
and young performance and show horses that are at high 
risk of exposure. Many horses do produce postvaccinal anti¬ 
bodies against EHV r but the presence of those antibodies 
does nol ensure complete protection. Consistent vaccina¬ 
tion appears to reduce the frequency and severity of herpes¬ 
virus-induced disease. Although convincing evidence Is 
lacking, field experience suggests that, whereas the inci¬ 
dence of sporadic EHV-1-induced abortion in individual 
mares has nol changed, the incidence of abortion storms 
caused by EHV-1 has declined significantly since the Intro¬ 
duction and widespread use or EHV-1 vaccines In the 
United States. ID ^ 109 Outbreaks of abortion and associated 
perinatal foal death, however, do continue to occur on 
occasion In herds of vaccinated mares. 

Of the vaccines currently licensed for use in pregnant 
mares In North America, only Inactivated monovalent 
EHV-1 vaccines (Pneumabort-K+lb, Fori Dodge Animal 
Health, and Prodigy, Intervel) containing abortLgenic strains 
of EHV-1 carry a label claim for preventing abortion, whereas 
al least one bivalent EHV-1/4 vaccine Is licensed for preven¬ 
tion of abortion In Europe (Duvaxyn EHV-1/4, Intervel). 
One of the vaccines available in North America, Pneuma- 
borl-K+lb, Incorporates both the lp and lb subtypes of 
EHV-1 to reflect the documented Increase In the proportion 
of EHV-1 abortions caused by the lb subtype that occurred 
during the 1980s as compared with earlier years. 117 Pregnant 
mares should be vaccinated during the fifth, seventh, and 
ninth months of gestation. Many veterinarians also recom¬ 
mend a dose during Lhe third month of gestation. Similarly, 
vaccination of mares with an Inactivated EHV-1/EHV-4 vac¬ 
cine al the time of breeding and again 4 to 6 weeks before 
foaling is commonly practiced to enhance concentrations 
ofcolostral Immunoglobulin for transfer to the foal. How¬ 
ever, no published reports document the effectiveness of Lh Is 
approacn in raising liters of specific antibody in mares that 
have already been vaccinated against EHV-1 three times dur¬ 
ing the previous 5 months. Vaccination of barren mares and 
stallions with either a bivalent EHV-1/4 vaccine or a mono¬ 
valent EHV-1 vaccine before the start of the breeding season, 
and thereafter at 6-month Intervals, is recommended, with 
the goal of increasing herd immunity In an attempt to reduce 
viralsheddingand challenge to pregnant mares on breeding 
farms. LM 

The modified live virus EHV-1 vaccine [Rhlnomune, 
Pfizer) has been used as an aid to prevention of EHV-1 
abortion by some p ractitioners for many years, J13 even 
though this vaccine Is not currently labeled for this use. 
However, several recent developments have created a 
renewed Interest In the potential for use of modified Live 
virus vaccines for protecting horses against manifestations 
of EHV-1 and EH V-4 infection. Sequencing of the EHV- L 
genome has made it possible to document the nature of 
the mutation encoding for attenuation, mediated through 
truncation of the gp2 glycoprotein, of the KyA strain. 115 
Similar studies may soon yield Information regarding the 


mutation underlying attenuation of the RAC-H strain from 
which Rhlnomune was derived. 

Because currently available Inactivated vaccines do not 
block infection tvilh EHV, the most we can hope for 
when using inactivated vaccines Is reduction of severity of 
clinical signs and attenuation of virus shedding to help pro¬ 
tect herdmates. Challenge studies In weanlings aged 5 to 
8 months have clearly demonstrated the efficacy of an inac¬ 
tivated whole vlius EHV-1/4 vaccine In reducing clinical 
manifestations and vims shedding induced by virulent 
EHV-1 challenge administered 2 weeks after completion of 
the two-dose primary series. 114 Efficacy was dearly corre¬ 
lated with vaccine-induced antibody Levels at the time of 
challenge in this study . IJ4 

Specific antibodies againsl both EHV-1 and EHV-4 are 
passed in colostmm. 32 - 3 ^ 36 - 130 '^ 1 Field studies with EHV-1 
modified Live vaccines Indicate that colostra! antibodies 
exert a profound inhibitory effect on serologic responses 
to vaccination up to at Least 5 months of age. 33 ' 133 ' 133 How¬ 
ever, a cytotoxic cellular immune response lo both EHV-1 
and EHV-4 was Induced In a substantial percentage of foals 
vaccinated with an EHV-1 modified live vaccine in the pres¬ 
ence of maternal antibody, even though humoral responses 
were often absent. 124 Et is uncertain whether these responses 
would provide protection against natural challenge. Recent 
studies with two different commercially available inacti¬ 
vated bivalent EHV-1/4 vaccines and one Inactivated EHV- 
4/influenza vaccine showed that the ma|ority of foals from 
EHV-vaccinated mares do not mount a delectable neutraliz¬ 
ing antibody response to vaccines administered at 3 and 4 
months of age, even when Lhree doses are administered in 
the primary series. 3 *" 35 ' 56 An increased proportion of foals 
responded when vaccinated with a ihree-dose series slarting 
at 5 or 6 months of age, but a substantial number still failed 
lo seroconvert. 33:36 Some foals with low or undetectable 
levels of SN antibody at the time of vaccination failed lo 
mount a serologic response, suggesting that low levels of 
antibody, below the lower limit of detection of the SN lest 
based on EHV-1 antigen, are capable of inhibiting lhe sero¬ 
logic response to inaclLvated EHV-1/4 vaccines. 36 Ilte fail¬ 
ure of a large proportion of foals less than 6 months of 
age to mount serologic responses to Inactivated EHV-1/4 
vaccines and the influence of antibody titer at the time of 
vaccination on failure to respond has been confirmed using 
sensitive gD and gC ELISAs in studies on commercial stud 
farms in Australia. 135 In parallel studies, these researchers 
concluded that manes were lhe source of infection for foals 
and that intensive use of inactivated EHV-1/4 vaccines on 
breeding farms In Australia had minimally affected the 
infection rate of young foals and weanlings with EHV-1 
and EHV-4. 101 ■ ioj.Ij* 

Considering the uncertainty regarding the role of EHV-1 
and EHV-4 as causes of clinically important respiratory dis¬ 
ease, the lack of published data regarding the efficacy of 
available vaccines in preventing infection and establishment 
of latency, and results of a recent study documenting the 
poor serologic responses of naive horses to a number of 
killed low-antigen-load EHV respiratory vaccines currently 
marketed in North America, 30 there appears to belittle ratio¬ 
nale to support the common practice of frequent revacclna- 
llon of foals, weanlings, yearlings, and young performance 
horses against EHV-1 ana EHV-4. 3 Furthermore, an obvious 
dilemma In designing a vaccination strategy to prevent 
EHV-1 and EEIV-4 infection in foals and weanlings is that if 
primary immunization is delayed until 6 months of age or 
older Co reduce the Likelihood of MDA interference, foals 
are likely to encounter field Infection before the three-dose 
primary series can be completed. Thus it is unreasonable to 
expect a high degree of efficacy for vaccination programs 
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designed to protect foals and weanlings against EHV infec- 
llon using available vaccines. Despite these uncertainties, 
many practitioners elect to vaccinate against both EHV-1 
and EEIV-4. Under these circumstances, a reasonable com¬ 
promise would be to start foal vaccination at 4 to 6 months 
of age using two doses of an Inactivated bivalent vaccine or 
an EHV-1 modified live vaccine administered 3 to 4 weeks 
apart, followed by administration of a third dose a to 12 
weeks later. Revaccination at 4- to 6 -month Intervals thereaf¬ 
ter using either an Inactivated bivalent vaccine or a modified 
live EHV-1 vaccine appears appropriate for yearlings and 
young performance or show horses that experience contact 
with other horses. Frequent vaccination of non pregnant 
mature horses, except those on breeding farms, with EHV 
vaccines is generally not Indicated. 

Available vaccines make no labeled claim to prevent the 
myeloencephalopathic form of EHV-1 infection (EHM}. 
However, recent outbreaks of EHM In populations of horses 
in several regions of North America have prompted many 
racing jurisdictions and managers of equine facilities ana 
events to Impose EHV-1 vaccination requirements for incom¬ 
ing and resident horses in the hope that EHV-1 infection and 
development of EHM can be prevented. The efficacy of this 
approach remains to be proven. In fact, frequent revacclna- 
llon of mature horses to prevent the neurologic form of 
Ef IV-1 Is not dearly justified in most circumstances because 
EHM is a relatively rare disease from a population stand¬ 
point and most mature horses have previously been 
infected with EHV-1 and are latent carriers. Currently avail¬ 
able vaccines do not reliably block infection, development 
of vlremia, or establishment of latency, and EHM has 
been observed In horses vaccinated against EEIV-1 regularly 
at 3- to 5-month intervals with Inactivated or modified live 
vaccines . 110 ' 11 Furthermore, vaccination has been 

cited by some as a potential risk factor for development of 
neurologic EHV-1, although evidence to support this opinion 
is far from conclusive. 3 ^ 

lhe genetic basis underlying the apparent increased likeli¬ 
hood that some EHV-1 isolates will cause EHM has only 
recently been described and involves a single point mutation 
in the DNA polymerase (DNApol) gene. 3iD This mutation 
results in the presence of either aspartic acid (D) or an aspar¬ 
agine (N] residue at position 752. More than S 0 % of EHV-1 
isolates associated ivith EHM are of the form, whereas 
less than 20 % are of the IM 7 H form. 13 ® Isolates of the D 752 
form have been designated "neuropathogenic strains 1 '' 1 in 
recent publications, lay articles, and laboratory PCR result 
reports, whereas N^j Isolates have been designated as 
'Vtld-lype/' "abortigenlc / 1 or ''nonneuropalbogenlc." The 
latter terminology is unfortunate because both the D 75 : and 
Lhe N 75J isolates are capable of Inducing all syndromes (i.e., 
respiratory disease, abortion, neonatal death, and EHM). 

A challenge study performed almost 30 years ago to test 
the efficacy of Pneumabort K in preventing abortion and a 
recent studiy to test the efficacy of Rhinomune against chal¬ 
lenge with a J 'neuropathogenic" strain of EHV-1 provided 
some evidence that these vaccines may have a place Ln con¬ 
trol of outbreaks of EHM . IJ3 ' I]6 Of interest, the Army lS3 
EHV-1 strain used as the challenge virus in the Pneumabort 
K efficacy study has now been shown to carry the D 7 muta¬ 
tion, as has the Findlay '03 strain used in the Rhinomune 
study. However, the low numbers of horses used In these 
studies, the failure of either vaccine to prevent Infection or 
significantly reduce the level ofviremla, the lack of statistical 
significance of results pertaining to prevention of neurologic 
signs, and the well-known difficulties encountered Ln accom¬ 
plishing a consistent and reproducible challenge model for 
neurologic EEIV-1 infection justify 1 caution in Interpretation. 
However, the significant reduction Ln viral shedding 


observed in vaccinated horses provides reasonable Justifica¬ 
tion for booster vaccination of unexposed horses that are at 
risk for Infection in order to reduce viral shedding Ln the 
event that they do become exposed to EHV-1. Through 
enhancement of herd Immunity, it is hoped that the level 
of infectious virus circulating in the at-risk population will 
be reduced and that, In turn, Lhe risk that individual horses 
In the population will develop disease will be reduced . 3 
litis approach also relies on the assumption that the 
Immune system of most mature horses has already been 
''primed” by prior exposure to EHV-1 antigens through field 
Infection or vaccination and can therefore be ''boosted” 
within 7 to 10 days of ad ministration of a single dose of vac¬ 
cine. Although the validity of this approach has not been crit¬ 
ically evaluated for the prevention of EHV-1 neurologic 
disease, its Implementation seems rational when faced with 
one or more horses with confirmed clinical EHV-1 Infection 
(any form) at a particular facility. Whereas booster vaccina¬ 
tion of hoises that are likely to have been exposed already 
Is not recommended, it Ls rational to booster vaccinate unex¬ 
posed hoises, as w r ell as those that must enter the premises, 
If they have not been vaccinated against EHV-1 during the pre¬ 
vious 90 days. Use of the Rhinomune modified live vaccine or 
one of the inactivated EHV-1 vaccines known to stimulate 
high circulating titers of neutralizing antibody appears justi¬ 
fied for this puipose. Horse owners must develop an under¬ 
standing of the concept of boosting herd Immunity to help 
protect the Individual horse rather than focusing on the as 
yet unattainable expectation that the veterinarian can reliably 
protect an individual horse from developing potentially fatal 
EHM by administering one of the vaccines currently marketed 
as aids to prevention of clinical manifestations of EHV-1 infec¬ 
tion. Ultimately, enforcement of strict biosecurlty measures 
and hygiene practices Is Likely to be more effective than wide¬ 
spread vaccination In reducing the risk of acquiring Infection. 

FUTURE VACCINATION STRATEGIES TO PREVENT 
HERPESVIRUS infection. In order for vaccination to be 
completely effective ln blocking primary Infection and 
establishing a lifelong carrier state with EHV-1 and EHV-4, 
future vaccination strategies should be directed at Inducing 
a strong mucosal immune response in the upper respiratory 
tract during the first few weeks of life, at a time w r hen high 
levels of maternal antibodies are present. Promising prog¬ 
ress toward this goal was reported recently by Patel and col¬ 
leagues, 151 who documented that intranasal administration 
of a single dose of temperature-sensitive modified live EHV-1 
vaccine to maternal antibody-positive foals aged 1.4 to 
3.5 months afforded partial but significant protection 
against febrile respiratory disease, viremLa, and virus shed¬ 
ding after Lnlranasal challenge with virulent EHV-1 per¬ 
formed 8 weeks after vaccination. 133 litis vaccine has also 
been shown to provide significant protection against abor¬ 
tion in challenge studies, and because It is capable of pre¬ 
venting the development of vlremia, shows potential to 
prevent EHM . I]2 ' ]32 Recent studies with vaccinia and canar- 
ypox-veclored recombinant vaccines and DNA vaccines 
have generated promising results, but more research will 
be needed to Identify the immunodominant protective anti¬ 
gens of EHV-1 and their Interaction with the equine 
Immune system before these approaches will be applicable 
for use in the field. 


Streptococcus equr subsp. equr Infection (Strangles) 

Strangles Ls a highly contagious disease caused by the bacte¬ 
rium S. etfui subsp. etfui. Strangles primarily affects young 
horses (weanlings and yearlings), although horses of any 
age can become Infected if not protected by previous expo¬ 
sure to the organism or by vaccination. The organism is 
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transmitted by direct contact with Infected horses or sub- 
clinical carriers or Indirectly by conlact with water troughs, 
feed bunks, pastures, stalls, trailers, tack, or grooming 
equipment contaminated with nasal discharge or pus drain¬ 
ing from lymph nodes of Infected horses. The organism sur¬ 
vives for several weeks in the environment, particularly in 
aquatic locations and when protected from exposure to sun¬ 
light and disinfectants, and can be a source of Infection for 
new additions to the herd. Because S. etfui Is a clonal organ¬ 
ism, there is minimal antigenic variation among different 
Isolates, even though isolates vary In their pathogenicity. 

Most horses develop a solid immunity during recovery 
from strangles, which persists in over 75% of animals for 5 
years or longer, 11 "' indicating that Induction of durable pro¬ 
tection through vaccination Is biologically feasible If the pro¬ 
tective antigens can be identified and presented In an 
appropriate manner. 118 Although the basis for acquired 
resistance to strangles Is not completely understood, the 
finding that recovered horses rapidly clear intranasally 
inoculated S. ctfui despite not making circulating antibody 
to its surface proteins Indicates that to be highly effective a 
st tangles vaccine must stimulate local nasopharyngeal tonsil¬ 
lar immune clearance responses and that serum antibody Is 
of lesser importance. 1351 This conclusion is further supported 
by the finding that ponies with high levels of circulating anti¬ 
body to multiple unique surface-exposed and secreted pro¬ 
teins after systemic vaccination remained suscepLlble to 
challenge with 5. erfui. 139 The cell wall M protein of S. cqui 
(SeM) is recognized In the acquired immune response to 
S. eifui infection, a response that Involves both production 
of Local antibodies In the nasopharynx and circulating opso- 
nophagocytic antibodies. ua '” J The predominant opsono- 
phagocydc antibodies are of the IgGb subisotype but also 
include IgGa and IgA, xvhereas IgGb and later mucosal IgA 
predominate in nasopharyngeal secretions, LJCl - LJ3 

Strangles vaccines licensed for use and marketed in 
North America include two inactivated, adjuvanted M-pro- 
teln cell wall extracts [Strepvax II, Boehringer Ingelhelm, 
and Strepguard with Havlogen, Intervet, prepared by extrac¬ 
tion with hot acid or mutanolysln plus detergent, respec¬ 
tively) and one attenuated live vaccine (Pinnacle IN, Fort 
Dodge) derived from an unencapsulaled mutant of S. equi 
for intranasal administration. 1 ” Infection of horses w r lth 
S. afjtrr continues to cause troublesome outbreaks of stran¬ 
gles throughout North America, despite the availability 
and widespread use of these vaccines, Indicating that their 
efficacy Is suboptlmal. 145 M-proteln vaccines induce a good 
opsonopbagocytic antibody response in serum but a mini¬ 
mal mucosal IgA response, which likely accounts for the 
incomplete protection observed when they are used In the 
field. 1 * 0 - 146 How r ever, data do exist to document that vacci¬ 
nation using Injectable SeM vaccines reduces the attack rate 
and severity of strangles in herds with endemic infec- 
ticn. ,46l4a The live intranasa! vaccine has been shown to 
Induce a relevant mucosal immune response and partial or 
complete protection but may do so without inducing a 
strong serologic response.Because vaccinal organisms 
in the Intranasa! vaccine must reach the inductive sites for 
immunity In the pharyngeal and lingual tonsils, accurate 
vaccine delivery Is critical to vaccine efficacy. 

Vaccination against S. equi is not routinely recommended 
for pleasure or performance horses kept in low-risk situa¬ 
tions, but ll is a consideration for horses that are resident 
on, or being transported to, premises such as breeding farms 
where strangles Is a persistent endemic problem or where a 
high risk of exposure Is anticipated. The bacterial modified 
live vaccine Is generally preferred over inactivated 3n|ectable 
vaccines for primary vaccination of foals and weanlings 
and for routine use in older horses that are at high risk for 


infection. On breeding farms, efforts should be concentrated 
on preventing Infection of foals and w r eanlings by booster- 
vaccinating broodmares 4 to 6 weeks before foaling to maxi¬ 
mize colostra! content of antibodies. Whereas the intranasal 
vaccine has been shown to be safe for use In mares at all 
stages of pregnancy and can be used In mares In the face of 
an outbreak, it does not reliably stimulate high levels of cir¬ 
culating antibody. For this reason, intramuscularly adminis¬ 
tered inactivated SeM products are preferred for prefoaling 
booster immunization of mares. Antibodies of the IgG and 
igA class recognizing the SeM are passively transferred to 
the foal through colostrum and are also present in the milk 
of Immune mares. Ifj0 Antibodies of predominantly the IgGb 
isotype are absorbed from colostrum and redistribute to the 
nasopharyngeal mucosa. |jJ1 These IgGb antibodies, along 
with the SeM-speclflc IgA antibodies that are present in milk 
and passively coat the pharyngeal mucosa of nursing foals, 
provide protection to most nursing foals up to the time of 
weaning. 1143 - 150 Resistance of nursing foals to strangles 
during the first few months of life appears to be mediated 
by IgGb antibodies in nasal secretions and milk and not by 
igA.™ Serologic (ELISA) responses to M-proteln vaccines 
are poor Ln foals, most likely owing to the inhibitory effect 
of maternal antibodies. 

Whereas the intranasa! modified live vaccine may be less 
susceptible than the Inactivated extract vaccines to MDA 
interference, this issue has not been investigated, and the 
manufacturer does not recommend administration of this 
vaccine to horses less than 9 months of age. Considering 
that on farms where strangles is endemic foals often become 
infected around the time of weaning, at 4 to 3 months of 
age, ll is difficult to protect them If vaecinallon Is delayed 
until 9 months of age. Therefore a reasonable compromise 
on breeding farms where the risk of strangles Infection is 
high and mares are on a regular vaccination program w r ould 
be to begin primary vaccination of foals using the intranasal 
live vaccine as early as 4 months of age. The recommended 
lw r o-dose primary series administered 2 to 3 weeks apart 
should be followed by a third dose 3 to 4 months later 
and boosters at 6- to 12-month intervals thereafter, depend¬ 
ing on risk of infection. The intranasal vaccine has been 
administered to foals as young as 5 or 6 w r eeks of age during 
outbreaks. If a vaccine is used In this manner, a third dose 
of the vaccine should be administered 2 to 4 weeks before 
the foal Is weaned to optimize protection during this high- 
risk period. Although there are few reports of adverse effects 
attributable to use of the intranasa! strangles vaccine in 
young foals, the Inability of foals to mount an adequate 
mucosa] IgA response during the first month of life and 
the potential for interference bv maternal antibodies suggest 
Lb at foals are unlikely to fully benefit from Inlranasal stran¬ 
gles vaccine administered before 4 months of age. When an 
inactivated M-proteln vaccine is used for primary vaccina¬ 
tion of foals, ll Is recommended that the initial series begin 
at 4 to S months of age, using three doses administered at 
3- to 6-week Intervals, followed by semiannual boosters 
for as Long as high-risk conditions prevail. 

Sira ngles vaccines shou Id be adm Inistered only to healthy, 
non febrile horses free of nasal discharge and should not be 
administered lo those that are known to have had recent 
direct exposure to clinically ill animals. 138 However, out¬ 
breaks of strangles generally persist for several months lo 
more than i year, partial!arlv on breeding farms where each 
foal crop adds new susceptible animals to the population. 
Therefore strangles vaccines are frequently administered In 
the face of an outbreak as an ad|unct to management prac¬ 
tices designed to bring outbreaks under control, and it is 
not always possible lo accurately determine the exposure sta¬ 
tus of each horse. Linder these circumstances the likelihood 
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of preventing strangles is greatest for horses that have nol yet 
been exposed and can be kept Isolated from Infected horses 
until 2 weeks after the vaccination protocol can be com¬ 
pleted. Horses that have been vaccinated previously wLll gen¬ 
erate a response more rapidly than will naive horses. 
Similarly, the Intranasal modified live vaccine is preferred 
over inactivated vaccines for immunization of naive horses 
in an outbreak because It Is likely to generate a protective 
immune response more rapidly. 

In|ectable strangles vaccines tend to cause local reactions 
at the site of injection more often than do other equine vac¬ 
cines. Injection in the gluteal muscles is not recommended 
because gravitational drainage along fascial planes can prove 
troublesome i n the event that an a bscess develops at the i n j ec- 
llon site. In addition, purpura hemorrhagica, a serious and 
sometimes life-threatening systemic immune complex 
(Arlhus-lype) vasculitis manifested as edema with or without 
petechial hemorrhages on mucosal surfaces, has been 
observed with low frequency In the weeks afteT administra¬ 
tion of strangles vaccines. Inactivated extract vaccines are 
implicated more often than the intranasal modified live vac¬ 
cine, but all strangles vaccines have the potential to Induce 
purpura. The antigen present in immune complexes Is SeM, 
along with antibodies of the IgA class. Because a high serum 
IgC titer against S. ecfui appears to be associated with an 
Increased risk of developing purpura, routine testing for spe¬ 
cific IgC antibodies using a commercially available ELISA test 
has been recommended as a means of preventing vaccine- 
associated purpura. 145 Horses with liters of 1:1600 or greater 
In ihe SeM ELISA and those known lo have had strangles 
during the previous year should not be vaccinated. 145 

lhe bacterial modified live vaccine for intranasal adminis¬ 
tration will cause injection site abscesses if inadvertently 
injected IM. To avoid Inadvertent contamination of other 
vaccines, syringes, and needles, it Is advisable and considered 
good practice to administer all parenteral vaccines before 
handling and administering the intranasal strangles modi¬ 
fied live vaccine. Other reported adverse responses after 
administration of the intranasal modified live vaccine 
include nasal discharge, submandibular or retropharyn¬ 
geal Lymphadenopalby with or without abscessation, limb 
edema. Internal abscesses {bastard strangles], and purpura 
hemorrhagica. The overall frequency of adverse events is 
low but appears to be higher than reported to the manufac¬ 
turer [4.8 per 10,000 doses). On the other hand, the majority 
of reported adverse events. Including the development of 
nasal discharge, lymph node abscesses, and purpura hemor¬ 
rhagica, occur in horses on farms with endemic or epidemic 
strangles. Therefore it is often uncertain whether the adverse 
event was caused by the vaccine or by a wild strain of 5. etfui. 

RECEMT DEVELOPMENTS IN STRANGLES VACCINES. 
The nonspeciflcally attenuated Pinnacle strain of S. equi was 
produced by chemical mutagenesis lo Induce random muta¬ 
tions throughout the bacteria! genome. 4 ljr>1 Because the 
point mutations responsible for attenuation have not been 
defined specifically, the potential exists for back mutation 
and reversion to full virulence. 151 In contrast, the live attenu¬ 
ated vaccine strain TW 928 contained in a strangles vaccine 
(Equllls StrepE, Intervel) recently licensed In Europe was 
stably attenuated by targeted deletion of lhe aroA gene . J52 
This allowed development of a companion PCR test that 
has been used in molecular epidemiologic studies to deter¬ 
mine whether strangles in vaccinated horses was caused by 
the vaccine or by wild-type strains. 153 Although this develop¬ 
ment proves that lareeted gene deletion is a promising route 
for generating stable candidate mutants for Inclusion In 
future vaccines, the high residual virulence, unconventional 
route of administration {submucosal In the upper lip), and 
short DOl Induced by Equllis StrepE will limit its use. 


The Incomplete protection afforded by bacterlns and SeM 
extracts administered parenterally or bv"attenuated live vac¬ 
cines administered Intranasally or submucosally, and lhe 
undesirable side effects associated with some of these pro¬ 
ducts, have prompted research to Investigate other potential 
vaccine antigens and vaccination strategies. Promising results 
have recently been achieved in challenge studies Involving 
horses vaccinated intramuscularly and Intranasally with com¬ 
binations of the recombinant antigens EAG (a protein that 
binds Xj-macroglobulin, albumin, and IgG], CNE {a colla¬ 
gen-binding protein), and SdC [a collagen-like protein). 154 

Equine Monocytic Ehrlichiosis (Potomac Horse 
Fever) 

Equine monocytic ehrlichiosis, also known as Potomac horse 
fever, is caused by Neoriefaeftsici rcrtrcrz (formerly Elirfirfiifl risli- 
cjj). Originally described in 1979 as a sporadic disease affect¬ 
ing horses residing In the northeastern United States near the 
Potomac River, the disease has since occurred In horses In 43 
states In the United States, three provinces in Canada (Nova 
Scotia, Ontario, and Alberta), South America (Uruguay, Bra¬ 
zil), Europe {the Netherlands, France), and India. The dis¬ 
ease does not appear lo be directly contagious, and it now 
appears that accidental ingestion of aquatic insects harboring 
metacercarlae infected with N. ritffcfi Is at least one mode of 
transmission. 155 PHF Is seasonal, occurring between Late 
spring and early fall In temperate areas, with most cases In 
July, August, and September at the onset of hot weather. 
The disease may affecl individual horses sporadically or 
cause outbreaks Involving multiple horses. Foals appear to 
be at low risk for the disease. If PE IF has been confirmed 
on a farm or In a particular geographic area, it is likely Lb at 
cases will occur in future years. Documentation of the 
Involvement of operculate freshwater snails and aquatic 
Insects such as caddisflies and mayflies In the life cycle of 
N, rijJEcij has permitted formulation of focused control mea¬ 
sures directed at minimizing exposure of horses to the habi¬ 
tats occupied by these species during the summer and fall 
months when disease risk Is highest in endemic areas. 155 
Risk reduction Is best accomplished by denying horses access 
to river banks, creek beds, and irrigation ditches, as well as 
pastures that have recently been flooded or flood-irrigated. 

Recovere after natural infection with N. rislfcfe induces a 
strong antibody response and durable protection from rein¬ 
fection lasting 20 months or longer. However, the presence 
of antibodies does not necessarily correlate with protection, 
and cell-mediated responses likely play a crucial role. 156 
A fi-proptoLaclone inactivated host cell-free N. risticii vac¬ 
cine protects mice against homologous challenge. 157 Several 
Inactivated PHF vaccines for intramuscular administration 
[Mystique, Intervel; Polomavac, Merlal; PolomacGuard, 
Fort Dodge; PHF-Gard, Pfizer; and Equovum PHF, Boehrln- 
ger ingelhelm) are licensed for use in horses with the label 
claim that (hey aid in prevention of PHF. Two of these are 
also available combined wllh a rabies vaccine. None carry 
a label claim for prevention of abortion. The high rale of seri¬ 
ous complications and mortality associated with this disease 
has been considered adequate justification for vaccinating 
horses residing In or traveling to endemic areas. En a series of 
studies in which ponies were challenged IV with N, risticii 
approximately 4 weeks after completion of the two-dose 
p rlma ty vacci nation series using a formal in-lnactivated, alumi¬ 
num hydroxlde-ad juvanted vaccine [PHF-Vax, Schering- 
Plough), Rlstic and colleagues (1983) reported that 78% of 
experimentally infected ponies were protected against all clini¬ 
cal manifestations of disease except fever, and 33% were pro¬ 
tected against all signs, Including fever. 156 A published 
noncontrolled field study Involving the same vaccine 
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documented induction of serologic responses in tnosl vacci¬ 
nated horses and a substantial reduction In disease prevalence, 
morbidity, and mortality compared with data collected In a 
previous year when horses were not vaccinated, 156 ' 159 

In contrast to the results of the studies cited above, an 
epidemiologic Investigation Involving a large number of 
horses failed to demonstrate any clinical or economic 
benefit from annual vaccination with currently available 
vaccines in Mew York State. lw - l6L Failure of a substantial 
number of individual horses to mount an immune response 
to inactivated PE IF vaccines, heterogeneity of N. yisticii iso¬ 
lates, the presence of only one N. rtsn'cj'f strain in vaccines, 
and much more rapid waning of Immunity after vaccination 
than after natural Infection likely account for the observed 
failure of vaccines to provide protection against field infec¬ 
tion. 156 - 163 Despite the lack of documented efficacy of 
approved vaccines to prevent infection in the field setting 
many practitioners who work In endemic areas believe that 
severity of disease is attenuated and mortality is reduced in 
vaccinated horses when vaccines are administered at 4- to 6- 
month intervals, with administration of one booster timed 
to precede the anticipated period of peak challenge. 

If vaccination is elected, a primary series of two doses 
should be administered 3 to 4 weeks apart. Manufacturers 
recommend revaccination al 6- to 12-monlh intervals; how¬ 
ever, some veterinarians encourage a revacclnatlon interval 
of 4 months In order to achieve a reasonable likelihood of 
protection. Because the disease has a distinct seasonal pat¬ 
tern, revaccination In the late spring, approximately 1 month 
before the first cases are expected, followed by a second dose 

4 months later appeals to tie a reasonable approach for stra¬ 
tegic Immunization to maximize the chances of protection 
during the period of peak challenge. Available vaccines are 
licensed for use In stallions and pregnant mares and can be 
administered to gestatlng mares 4 to 8 weeks before foaling 
to maximize passive transfer of specific antibodies to foals 
through colostrum. Whereas approximately 67% of foals 
from antibody-positive mares were antibody negative by 12 
weeks of age, antibody was detectable in 33% of foals up to 

5 months of age. On the basis of these findings, die low risk 
of clinical disease In young foals, and the apparent susceptibil¬ 
ity to infection of two foals vaccinated earlier than 12 weeks of 
age, primary vaccination of foals from antibody-positive 
dams should begin with a two-dose primary series starting 
5 months of age or older, followed by administration of 
one subsequent booster dose 8 to 12 weeks later. lw How¬ 
ever, the efficacy of this recommended regimen requires fur¬ 
ther study, if the primary series of two vaccinations Is 
initialed before 5 months of age, additional doses should 
be administered at monthIv intervals up to 5 months of age 
to ensure that an Immunologic response Is achieved. Vacci¬ 
nation of foals in endemic areas is further complicated by 
the distinct seasonal Incidence of disease In July, August, 
and September, a time when most foals are aged between 
2 and 6 months and may be subject to maternal antibody 
interference with vaccination. 

Botulism 

Botulism Is a neuromuscular paralytic disorder caused by 
one of eight distinct neuroloxlns (A, B, Ca r Cb, D, E, F, G) 
producedoy Cfrufj reform fw mini urn, a soil-borne, spore-form¬ 
ing saprophytic, anaerobic, gram-positive bacterium. 143 
Bolu I inum taxi ns a re a mong the most potent biologic toxins 
known and act by blocking transmission of Impulses al 
motor endplates, resulting In weakness progressing to paral¬ 
ysis, Inability to swallow, and frequently death. Of the seven 
semigroups {A through G) of C. botulimim, types A, B, C 
and D have been reported to cause disease in horses, w r lth 


types B and C being responsible for most cases. 1 * 3 Three 
forms of botulism—toxlcolnfectious botulism {shaker foal 
syndrome), forage poisoning and wound botulism—have 
been observed In horses. Forage poisoning results from 
ingestion of preformed toxin produced by decaying plant 
material or animal carcasses present in feed, whereas 
"wound botulism" results from vegetation of spores of C. krt- 
uTinum and subsequent production of toxin In contaminated 
wounds. Shaker foal syndrome results from toxin produced 
by vegetation of ingested spores In the intestinal trad. Cur¬ 
rently loxlcoinfection with C. botfomum type C Is being Inves¬ 
tigated as a cause of equine grass sickness, a largely 1 fatal, 
pasture-associated dysautonomia affecting horses mainly In 
Great Britain, continental Europe, and Australia, with reports 
of Isolated cases in the United Stales. Almost all cases of 
shaker foal syndrome are caused by type B. Shaker foal syn¬ 
drome is a, significant problem In foals aged 2 weeks £o 
8 months In Kentucky and In the mid-Atlantic seaboard 
states and occurs sporadically in other areas. L,6ja - J66 

A toxoid vaccine [BolVax-B, Neogen Corporation, 
Tampa, Fla.) directed against C. botulinum type B Is licensed 
for use in horses In the United States. Its primary indication 
is prevention of the shaker foal syndrome via colostral 
transfer of antibodies induced by vaccination of the mare. 
For primary vaccination, mares should be vaccinated during 
gestation with a series of three doses administered 4 weeks 
apart, scheduled so that the last dose will be administered 
4 to C w r eeks before foaling to enhance concentrations of 
specific immunoglobulin in colostrums (Le„ months S, 9, 
and 10 of gestation). Subsequently, mares should be revac¬ 
cinated annually with a single dose 4 to 6 weeks before foal¬ 
ing A similar type B toxoid is available to protect foals in 
endemic areas in Australia. 167 

Passively derived colostral antibodies appear to protect 
most foals for 8 to 12 weeks, although foals from properly vac¬ 
cinated dams can develop botulism. 165 - 1,67 Insufficient pro¬ 
duction of specific antibody by the dam In response to the 
vaccination, failure of passive transfer of specific immunity lo 
botulinum toxin, overwhelming toxin production, and loss 
of passive immunity by the time exposure lo the toxin occurs 
may be reasons for vaccine failure. The clinician should there¬ 
fore be aware of the status of MDA transfer of each foal. 

Maternal antibodies do not appear to interfere with 
the response of foals to primary immunization against bot¬ 
ulism 163 ; therefore a primary series of three doses of vac¬ 
cine administered 4 weeks apart can be started when 
foals in endemic areas are 2 lo 3 months of age or older. 
Other horses can be immunized using a primary series of 
three doses of vaccine administered al 4-week intervals, 
followed by annual revaccination. Currently there are no 
licensed vaccines available for preventing botulism caused 
by C. bttfuftntcFR type C or other subtypes of toxins, and 
cross-protection between the B and C subtypes does not 
occur therefore routine vaccination against C. botulinum 
type C Is not currently practiced. A type C toxoid approved 
for use In mink was administered to horses under special 
license to protect them during an outbreak of forage poi¬ 
soning caused by contaminated alfalfa cubes In southern 
California In 1389. 

Horses and foals with clinical botulism may be treated 
with botulinum antitoxin administered IV. Antitoxin is not 
effective against toxin that has been translocated to motor 
endplates. Therefore clinical signs may progress for 12 to 
24 hours after administration of the antitoxin or until all 
internalized toxin has attached to motor endplates. The 
dose of botulinum type B antitoxin recommended for treat¬ 
ing a foal is 30,000 III and for an adult Is 70,000 iU. Foals 
of unvacclnated mares born in or being moved to endemic 
areas may benefit from transfusion with plasma from a 





vaccinated horse or from administration of C. boftdfnum 
type B antitoxin. 1’he efficacy of these practices needs further 
study. Vaccination with type E toxoid as described previ¬ 
ously is an alternative to passive immunization. 

Equine Viral Arteritis 

EVA Is a contagious disease of equids caused by equine arteri¬ 
tis virus (EAVj, an FENA virus that is found in the horse popu¬ 
lations of many countries. EAV is the prototype virus in the 
Family A fieri viridae of the genus Arterlvlrus, order Nidovlr- 
ales. Although all horse breeds appear to be equally suscepti¬ 
ble to EAV r the prevalence of infection, as determined by 
seroconversion, is much higher in some breeds, notably slan- 
dardbreds and warmbloods, than in others. Despite the high 
seroprevalence of infection In standardbreds, clinical disease is 
rarely observed in this breed, Indicating that subclinical Infec¬ 
tion Is common. 41 ' 165 Conversely, thoroughbreds and most 
other breeds have a low seroprevalence of infection but are 
more likely to show fulminant clinical signs when they 
become infected. Most primary EAV Infections are subclinical 
or asymptomatic. Clinical signs, Lftbey occur, typically develop 
3 to 7 days postinfectlon and vary In severity, both within and 
between outbreaks, but may include some or all of the follow¬ 
ing: fever; anorexia; depression; dependent edema involving 
the limbs, prepuce, scrotum, mammary glands, or ventrum; 
localized or generalized urticaria; supraorbital or periorbital 
edema; conjunctivitis; lacrimation; and serous or mucoid 
nasal discharge. EAV Is of special concern because abortion is 
a frequent sequela to Infection In the unprotected pregnant 
mare. In addition, EAV can cause life-threatening pneumonia 
or pneumoenterllls In young foals, and Infection of the posl- 
pubertal colt or stall Ion may establish a long-term carrier 
state. 1 * 1 - 170 Transmission most frequently occurs through 
direct or aerosol contact with virus-infective respiratory secre¬ 
tions, leading to widespread dissemination of the virus among 
susceptible horses In close proximity, indirect transmission, 
although less significant, can occur through contact with 
vlrus-lnfected fomites. Venereal transmission from Infected 
carrier stallions to mares via semen during natural breeding 
or artificial insemination with fresh, chilled, or frozen semen 
can play a significant role In introduction and spread of Infec¬ 
tion on or between breeding farms or other equine facilities. 
The virus can persist in the reproductive tract of stallions for 
many years and possibly result in lifelong infection. 

Historically, large-scale outbreaks of EVA have been 
relatively infrequent. However, the number of confirmed occur¬ 
rences appears to be Increasing, likely as a result of increased 
global movement of horses. Increased accessibility of carrier 
stallions, and increased use of shipped cooled or frozen vlrus- 
lnfected semen. Outbreaks can tie associated with serious 
economic consequences, as clearly exemplified by the 2006 
mult I state outbreak In quarter horses that was propagated by 
widespread shipment of semen from the Index cases, two Inap- 
parently infected canler stallions In .New Mexico. Because the 
carrier stallion Is widely accepted as the natural reservoir of 
EAV and the source of diversity among naturally occurring 
strains of the virus, identification of these individuals through 
serologic testing, followed by FCR testing or virus isolation 
from semen, forms the cornerstone of eradication measures. 
Vaccination also constitutes an important means of controlling 
spread and minimizing the consequences of infection. 

A modified live vaccine based on an attenuated strain of 
EVA virus was developed by researchers In Kentucky In 
196U.. m This vaccine (Arvac, Fori Dodge Animal Health, 
Fort Dodge, Iowa) was first used extensively in the field dur¬ 
ing the 1934 outbreak of EVA In Kentucky and proved to be 
safe and effective In bringing the outbreak under control. 43 
Subsequently this vaccine was developed further and 


licensed for use in .North America. Vaccination of stallions, 
nonpregnant mares, and prepubertal colts has been shown 
to be a safe and effective means of controlling EVA. Strategic 
use of the modified live vaccine has formed the cornerstone 
of a highly successful program to control EVA In the Ken¬ 
tucky thoroughbred breeding population for many years. 41 

The indications for vaccination against EVA areas follows: 

■ To protect stallions against Infection and subsequent 
development of the carrier state. 

■ To Immunize seronegative mares before they are bred 
with EAV-lnfective semen. 

■ To curtail outbreaks In nonbreeding populations. Vac¬ 
cination in the face of an EVA outbreak In concentrated 
populations of performance horses at racetracks has 
been successful In controlling horizontal disease dis¬ 
semination within 7 to 10 day's. 

Primary immunization wlLh the modified live vaccine 
Involves Intramuscular administration of a single dose, with 
a booster administered annually thereafter. VN antibodies 
are Induced within 5 to 3 days afteT modified live virus vac¬ 
cination and persist for at least 2 years. 4 u 73 Revaccinallon 
Induces high VN antibody titers that persist for several 
breeding seasons. 172 Although the current modified live 
vaccine Is highly attenuated and has been shown to be safe 
and effective In stallions and non pregnant mares, a small 
proportion of flrst-time-vaccinated horses develop mild 
febrile reactions and transient lymphopenia after vaccina¬ 
tion w r llh the modified live vaccine, and vaccine virus may 
be Isolated sporadically from the nasopharynx and buffy 
coal for 7 days but occasionally up to 32 days after vaccina¬ 
tion. 41 ' 172 - 174 Vaccinated stallions do not shed vaccine virus 
in either semen or urine. 172 

Primary vaccination provides sustained clinical protec¬ 
tion against EVA but does not prevent reinfection and 
subsequent limited replication and shedding of field strains 
of virus. 175 However, In vaccinates the frequency', duration, 
and amount of viral shedding via the respiratory' tract are 
significantly less than observed with natural Infection. Vac¬ 
cinated mares may shed field virus transiently after being 
bred to carrier stallions, therefore isolation of these Indivi¬ 
duals for 21 days after breeding is recommended. 41 

Annual revaccinallon of breeding stallions 23 days before 
the start of breeding season is highly recommended as a 
means of preventing establishment of the carrier stale. 41 
Annual revaccinallon of mares being bred lo carrier stallions 
should occur at least 21 days before breeding. The modified 
live vaccine Is not recommended for use In pregnant mares, 
especially during the last 2 months of gestation, or In foals 
less than 6 weeks of age, except in emergency' situations 
w r hen there Is a high risk of exposure. Apparent fetal Infec¬ 
tions with modified live vaccine after vaccination of preg¬ 
nant mares have been documented, but only rarely. l?3 ^ 7fi 

Foals born to seropositive manes become seropositive after 
Ingesting colostrum. MDAs decay with a mean half-life of 
approximately 32 days, with the result that foals become sero¬ 
negative between 2 and 7 months of age. L77 ' 176 Maternal anti¬ 
bodies are unlikely to interfere with the response lo vaccine 
administered al 7 months of age or older. 177 However, when 
foals less than 6 months of age are vaccinated during condi¬ 
tions of high risk, they slioula be revaccinaled after 6 months 
of age. Establishment of the carrier state appears to depend 
on the high levels of androgens circulating In Intact stallions 
and can be prevented by vaccinating colts, preferably before 
puberty', before they' are used for breeding. 41 Vaccination of 
prepubertal colts at 6 to J2 months of age is therefore central 
to effective control of the spread of EAV infection and should 
be strongly encouraged in breeds such as standardbreds and 
warmbloods in which EVA Is prevalent and on facilities on 
which risk of Infection Is high. Persistent Infection has never 
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been documented In a stallion that was properly vaccinated 
with the licensed modified live vaccine before exposure. 41 

REGULATORY AND EXPORTATION CONSIDERATIONS 
WITH VACCINATION AGAINST EQUINE VIRAL ARTERI¬ 
TIS. In planning a vaccination program against EVA, it Is 
important So consult with slate and/or federal animal 
health officials to ensure that any such program is in com¬ 
pliance with the state's control program for EVA, if one 
exists. Because it is not possible to differentiate a vaccine- 
induced antibody response from that due to natural infec¬ 
tion, it is strongly recommended that before vaccination 
all first-time male vaccinates be tested and confirmed nega¬ 
tive for antibodies to EAV by a USDA-approved laboratory 
{www.aphLs.usda.gov/cvbapps/Labs.jsp). Mares intended 
for export should be similarly tested. When there is uncer¬ 
tainly or concern over whether vaccination against EVA 
could prevent the export of a horse to a particular country, 
it is advisable to consult the federal area veterinarian 
{www.aphis, usda.gov/vs/aiea_offlces,htniflCO) In charge 
in the slate to determine the specific import requirements 
of that country. Several countries bar enLry of any equid that 
is serologically positive for antibodies to EAV, regardless of 
vaccination history. Countries that do accept EVA vacci¬ 
nated horses regardless of gendeT typically require stallions 
or colts to have a certified vaccination history and confirma¬ 
tion of prevaccination negative serologic status. 

FUTURE DIRECTIONS. A killed-virus vaccine [Artervac, 
Fort Dodge Animal Health) Is Licensed for use in the United 
Kingdom, Ireland, France, Denmark, and Hungary, and a 
killed-virus vaccine Is also used in Japan. As with the mod¬ 
ified live vaccine licensed In the United States, serologic 
responses to these Inactivated vaccines cannot be distin¬ 
guished from those resulting from natural infection. Devel¬ 
opment and marketing of a marker vaccine that not only 
affords protection but also allows vaccinated horses to be 
distinguished serologically from Inapparently Infected car¬ 
riers would greatly facilitate control, and even eradication, 
of EAV from horse populations. Several "new generation" 
EAV vaccines that potentially meet these criteria have been 
developed In recent years. These Include a modified live 
virus DIVA vaccine w r llh a deletion in the GF5 eclodo- 
maLn, ir,0 ' LW> a DNA vaccine that Incorporates open reading 
frames [ORFs) 2b, 5, and 7, 14 L ' 142 and a subunit EAV vac¬ 
cine using recombinant replicon particles derived from a 
vaccine strain of VEE virus that includes genes encoding 
both major envelope proteins {GP5 and M) of EAV. ,a3 - ,SJ 

Rotaviral Diarrhea 

Equine RV, a nonenveloped RNA virus, is one of the most 
important causes of Infectious diarrhea In foals during the 
first few w r eeks of life and often causes outbreaks Involving 
the majority of the foal crop on Individual farms. Ia5 - La ' 
Older foals and adult horses are more resistant to infection. 
Equine RV is transmitted via fecal-oral contamination and 
causes diarrhea by damaging the tips of villi in the small 
Intestine, resulting in cellular destruction, maldigestion, 
malabsorption, and diarrhea. The genus Rotavirus Is one 
of five genera of the family Reovirldae and Is divided Into 
seven serogroups (A through G) based on differences in 
the Inner capsid protein, yPG. 147 , i&s All equine RV isolates 
to date are In group A, which Is further subdivided using 
neutralizing antibodies to the VIM and VR7 outer capsid 
proteins into P (protease-sensitive, VP4-positive) and C 
{glycoprotein, VP7-positive) serotypes, respectively . lsa Five 
P serotypes (PI, P6, P7, PI2, and PIS] and eight G sero¬ 
types (Gl, G3, G5, GS, G10, GJ3, G14, and G16) have been 
identified and characterised in horses. ia ^- 1,1 Most equine 
RV Isolates from all parts of the world are, however, of the 


P12 and G3 serotype and Include 2 subtypes {A and B). 132 
A number of RV Isolates remain untvped, so it is possible 
that other equine RV serotypes, and perhaps other semi¬ 
groups, are active In the equine population. 

An inactivated RV A vaccine [Equine Rotavirus Vaccine, 
Fort Dodge Animal Health, Fort Dodge, Iowa) containing 
the G3, P12 serotype [H2 strain) In a metabolizable oil-Jn- 
water emulsion is conditionally licensed in the United States 
and is Indicated for administration to pregnant mares In 
endemic areas as an aid to prevention of diarrhea In their 
foals caused by Infection w r lth RVs ofserogroup A. Foal vacci¬ 
nation is not indicated because there are no data lo suggest 
that vaccination of the newborn foal with inactivated RV A 
vaccine has any benefit in preventing or reducing the severity 
of Infection. Label recommendations call for a three-dose 
series of the vaccine to be administered to mares during each 
pregnancy at 8, 9, and 10 months of gestation. This protocol 
has"been shown to Induce significant increases In serum con¬ 
centrations of neutralizing antibody in vaccinated mares and 
in the concentrations of antibodies of the IgG, but not IgA, 
subclass in the colostrum and milk of vaccinated mares. 
it Is essential that the newborn foal receive an adequate 
amount of good-quality colostrum so that it absorbs sufficient 
anti-RV antibodies. After nursing, the concentration of pas¬ 
sively derived RV-speclflc antibody of the IgG subclass In the 
serum of foals up to 90 days of age from vaccinated manes Is 
significantly higher than that measured In serum of foals bom 
to unvaccinaled mares. ]H ' 194 A field study showed this vac¬ 
cine to be safe wdien administered to pregnant mares and 
provided circumstantial evidence of at least partial efficacy. 
An approximately twofold higher incidence of rotaviral diar¬ 
rhea was found In foals from unvaccinaled mares compared 
wllh those from vaccinated mares, although this difference 
did not prove lo be statistically significant. Similarly, a con¬ 
trolled field study in Argentina In which an Inactivated alumi¬ 
num hydroxlde-ad|uvanted vaccine containing the SA.I1 
(G3P2), H2 (G3P12J, and Lincoln (C6FI) strains was admi¬ 
nistered to 100 maies at 60 days and again at 30 days before 
foaling demonstrated a substantia] reduction In the Incidence 
and severi ty of rotaviral disease In foals from vaccinated mares 
compared with foals from unvaccinated mares. 135 As MDA 
tilers wane at approximately 60 days of age, foals may develop 
rotaviral dianhea. E Jowever, the severity of diarrhea is gener¬ 
ally milder and of shorter duration than occurs in foals that 
become Infected during the first 30 days of life. 

Challenge studies involving two inactivated RV vaccines 
administered In a similar manner to pregnant mares In Japan 
showed that ibeir foals weie not completely protected against 
infection but had a substantial reduction In severity ofclinlcal 
signs after challenge. 1SI> The major correlate for protection 
ag^insl rotaviral infection appears to be mucosal immunity, 
predominantly mucosal IgA, In the gastrointestinal tract. 
Studies of the Immunoglobulin Isotype responses of manes 
and of antibodies passively transferred to their foals after par¬ 
enteral vaccination of their dams with inactivated RV vaccines 
indicate that this approach is unlikely to provide foals with 
intestinal mucosal protection In the form of IgA. 104 Conse¬ 
quently it Is not surprising that current protocols do not 
provide complete protection. In addition, because the condi¬ 
tionally licensed vaccine available in the United Slates con¬ 
tains only the G3 serotype of the A serogroup, it cannot be 
expected lo protect against Infection with all field strains. 

Equine Protozoal Myeloencephalitis 

EP.M is a multifocal neurologic disease caused by the apicom- 
plexan parasites Sarcocystts neurona and, less often, Neosporti 
hughesi. Serologic studies Indicate that exposure to S. neurona 
occurs In most regions of North America, and In some areas 
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seroprevalence exceeds 50%. Prevalence of clinically appar¬ 
ent neurologic disease caused by 5. rceurarcrr and N. hughesi 
is much lower than the prevalence of antibodies, indicating 
dial many horses become infected and mount an immune 
response that is effective in clearing infection before substan¬ 
tia] damage occurs In the central nervous system. It is not 
known whether all seropositive horses have experienced neu¬ 
ral Infection or whether the immune response In these Indivi¬ 
duals Is successful in clearing parasites before neural Invasion 
occurs. The life-cycles of S. neuroncr and N. hughtsi have not 
been determined definitively, although opossums are a defini¬ 
tive host for 5. neernma and horses are likely dead-end hosls 
that Inadvertently become involved in the life cycle. 196 

There Is widespread exposure of horses in North America 
lo S ireurarw and a high level of owner concern {in some 
cases hysteria) within the equine Industry, leading lo the per¬ 
ception that EPM is of high economic Importance. This, cou¬ 
pled wllh Inadequate diagnostic techniques for antemortem 
confirmation of EPM and the subopllmal effectiveness of cur¬ 
rent treatment and control protocols, led the USDA to grant 
a conditional vaccine license to Fort Dodge Laboratories In 
2000. This vaccine Is an inactivated whole-parasite 5. Fiettrcwa 
vaccine with a metabolizable oil adjuvant (EPM Vaccine, Fort 
Dodge Animal Health) lhal has met USDA requirement for 
quality assurance and purity In ibe manufacturing process. 
The criteria for safety were also met In a field study involving 
vaccination of more than 700 horses. The manufacturer met 
the requirement for documenting "a reasonable expectation 
of efficacy" by demonstrating seroconversion in vaccinated 
horses using a plaque reduction assay lo measure neutraliz¬ 
ing antibodies. Subsequent studies in which Indirect fluores¬ 
cent antibody testing (IFATj and Immunoblot [IB] tests were 
used to measure humoral responses, and intradermal skin 
lestLng and peripheral blood mononuclear cell proliferation 
assays were used to assess cell-mediated immunity [CMI) r 
documented seroconversion and sensitization of CM1 in a 
high proportion of vaccinated horses. I37 -i?b 

Development of a clinically relevant experimental model 
for 5. ncjjroHfl infection has proven to be difficult: therefore 
the efficacy of this vaccine has not been determined In 
experimental challenge studies or In prospective controlled 
double-blind field studies. Because antibody to S. ncurona 
is detectable In the cerebrospinal fluid (CSF) as well as 
blood of some horses postvacdnatLon, i?7 prospective field 
efficacy studies will be difficult to complete because one of 
the criteria now used to confirm a diagnosis—the presence 
of antibodies detectable by IB testing or IFAT in CSF not 
contaminated with blood—will be rendered invalid In vac¬ 
cinated horses. This vaccine has not gained widespread 
use, even though it may ultimately prow lo be effective In 
preventing EPM. However, such use has inevitably gener¬ 
ated controversy within the veterinary and scientific com¬ 
munities. In addition, one of the most useful aspects of 
currently available serologic tests, the finding of a negative 
IB test or [FAT result to rule out a diagnosis of EPM r will 
be Invalidated in vaccinated horses. The vaccine manufac¬ 
turer has Indicated that a modified IB procedure currently 
being tested may be effective In differentiating vaccinated 
horses from those that have experienced natural exposure. 
It Is hoped that answers lo these questions and concerns 
will be revealed In the future. 


Anthrax 

Anthrax Is a serious and rapidly fatal septicemic disease 
caused by proliferation and spread of the vegetative form 
of BiTCj'Mws iwr/trdfj"! In the body. B. anihradi is acquired 
through ingestion, inhalation, or skin penetration through 
contamination of wounds by soil-borne spores of the 


organism. Anthrax is encountered only In limited geo¬ 
graphic areas where moist alkaline soils," particularly those 
with high organic content, favor survival, germination, 
and spomlation of the organism. Vaccination is Indicated 
only for horses pastured in endemic areas. 

The only vaccine currently licensed for vaccination of 
livestock, including horses, contains viable live Sterne's 
strain 34F2 nonencapsulated spores In saponin (Anthrax 
Spore Vaccine, Colorado Serum Company, Denver, Colo.). 
A primary series consisting of two doses of that vaccine 
should be administered subcutaneously 1 to 3 weeks apart 
followed by annual revacrination. Mild to moderate 
swelling at the Infection site Ls common, and adverse sys¬ 
temic reactions may occur occasionally, particularly in 
young and miniature horses. Little objective Information is 
available regarding use of this vaccine in horses, but clinical 
evidence suggests that It provides protection; however, vac¬ 
cination of pregnant mares is not recommended.Because 
the vaccine is a live bacterial product, appropriate caution 
should be used during storage, handling, and administra¬ 
tion lo prevent accidental inoculation of people and to 
maintain vaccine potency. Concurrent administration of 
antimicrobial drugs that are effective against B. iiPidtracj's is 
contraindicated if the vaccine Is to function as intended. 


OVINE AND CAPRINE 
VACCINA TION PROGRAMS 

&lAfllCVEA&T 

IUAN UtVViV HCJWC 

Several commercially available vaccines are labeled for sheep or 
goats. Some cattle vaccines are used off label in these ruminants, 
but little critical evaluation is available regarding the efficacy of 
this practice. The same general considerations presented for 
bovine vaccination programs apply to programs for sheep or 
goals. The vaccines available for sheep and goats are listed In 
Table 4S-5. It Is impo riant to compare the cost of vaccination 
with projected losses from the disease, especially In commercial 
sheep operations, because of the low Individual animal value 
and the high cost of vaccines. When considering the use of 
expensive vaccines, such as those for foot rot, the high Labor cost 
associated with the disease must be taken Into account In addi¬ 
tion to the more obvious cost of the disease. Flock health 
records, regional diagnostic laboratories, local veterinarians, 
and county extension agents are good resources for obtaining 
Information about disease prevalence in a particular area. 

The subcutaneous route is the preferred route for sheep 
or goat vaccines. The preferred site is the neck or behind 
the elbow, away from superficial regional Lymph nodes. In 
sheep. Injections should not be given In the loin or hind¬ 
quarters because this area makes up three fourths of the 
prime carcass cuts. Subcutaneous injections over the ribs 
In goals often cause unsightly, persistent granulomas. 

Compliance with a vaccination program Ls best achieved 
If the program Is designed around the times when Livestock 
normally are handled. The major problems and errors that 
occur In vaccination programs are (1] failure to provide 
adequate booster doses of clostridial vaccines, [2) inappro¬ 
priate handling of modified live vims bluetongue vaccines, 
(3) vaccination of ewes in early gestation wllh modified live 
virus bluetongue vaccines, (4) use of contagious ecthyma 
vaccines on uninfected premises, and (5) failure to obtain 
diagnosis of causes of abortion. 

All sheep and goals should be vaccinated against Cfmlrid- 
fwm perfringens types C and D and tetanus with one of the 
available commercial products. Some of the multiway 
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TABLE 48-5 


Vaccines and Antisera Available for Sheep and G-oats' * 1 * * 


Organism 


Enzootic abonion of ewes (EAE, CFiJfjjfijvJapFjjhi irtartiu, formerly Chfjrnijjfia 

pfiWdiii) 

VLbrtosas (Cam pT-'/tifcuirter jW w. 1 ; subsp. ft'tui, CampyWnicler jejuni) 

Biuetongue 
Foot not 


CitMJmfjupfi J£fdFt^/CSM(r(iflimr pt'jfn?rsuFLS combi nation laoooids [many contain 
additional cla&lrltiLn) 


Anthrax (Buritfiis nprcbrarii) 

Coiscig. Lolls ccLhyiTLt lion; mouth, orf) lilvt viral vaccine) 
fJufi'i'J/df ol'ij (ram epididymitis) 

Caseous lymphadenitis (Copypwhiirtmitm pseirdiotufcerLuJojfj) 
Te Linus julilcndn 

C. perfrinfiem antitoxin (A, B, C, D available) 

Rabies 


Vacant' Product Nani' 


C. jtHtttad bactehn 5 ' 

C. JcTU/, bacterln' 1 

Modified live serotypes IO, 1kc t t r r 17 c 
Feiotyax, Bdcfcraiifej fiodazm baciierin d 
Volar, FiLiokTiterfujfi iircrophorwri barterin' 1 
Bar Vac Cl >fP 

L. pcifrmgens types C and D, tetanus toxoid-' 
Covcxin S J 
Vision CD T* 

Caseous DT 1 ' (C. perfrin£cti5 type D, tetanus toxoid, 
and L_ jsisudo fulvre 1 1 !os er) 

Various other combinations and brands are available 
Anthrax spore vaccinc b 

Various combinations and brands are available 

Ovine ecthyma vaccine* 1 

6. outs (ram epididymitis) barterin'* 

Case-Eac (C. pseudorubtTcu im i$ bacterLn toxoid^) 
Tetanus antitoxin 13 

C, per/hrr^ens types C and D antltoxtn h 
Imrab, Imrab 3' 1 
Praiah-1 u 
Rabdomun^ 


'Many additional vaerinu manu Lartunsd lw uae in. caidc ran be used safely in sheep aiul goals when the need, arises. 
h C o I D ruid Smun Lb., LJrnv'fcr, CO. 

■FtKiltry i Ivalth La bo [atones, Lt.Vris. tlA 
■Ibchrriis^-l'louijh Animal llrallJi Jitt., Kansas City, KS. 

1 Internet, ^hiiwnti; Mixudu, Hl!i. 

I tkjehrii]j;LT IngeLbriiti, -St Jovtpti, MO. 

xWideby available. 

h Mafia I, li*c., Alhmi, CA. 


clostridial vaccines are less expensive than the C. perfrimens 
types C and D/tetanus toxoid combination and are usetf for 
this reason rather than because of any real need for protec¬ 
tion from the other diseases. The available clostridial tox¬ 
oids tend to vary both in efficacy and the extent of adverse 
reactions [especially vaccination site granulomas). There Is 
some Indication that €. per/ringeris toxoids may be Less effec¬ 
tive In goats than In sheep. Annual vaccination of pregnant 
ewes and does with a C. per/ri.nge'prjs types C and D/tetanus 
toxoid combination approximately 4 weeks before parturi¬ 
tion confers adult flock immunity and maximizes passive 
transfer of antibody to newborn lambs and kids. These anti¬ 
bodies protect up to 4 to 6 weeks of age, through the high- 
risk period for C. perfringem type C enterotoxemla and for 
tetanus ffom customary 1 husbandry 1 procedures (castration, 
tall docking, and disbudding). 

Adverse reactions to combination clostridial, Ganapy/okae- 
ter, and Chlumy'dopijila vaccines are not unusual, especially 
when these vaccines are given at the same time as fool rot 
vaccine or vitamin E-selenlum Injections. Particularly in 
purebred flocks, owners should be taught the clinical signs 
and treatment of adverse reactions, which can occur 30 
minutes to longer than 12 hours after vaccination. Adverse 
reactions include localized swelling, sllffness, pyrexia, 
anorexia, pulmonary 1 edema and respiratory 1 distress [foam¬ 
ing at the nose and mouth), 1 aminIlls, bloating and groan¬ 
ing, abortion (2 to 7 days after vaccination), and sudden 
death. Vaccination granulomas may persist. 

Gflrfrpylohdcfer species vaccination is recommended in 
sheep annually, whereas ChJfljnydoph&j abortus (formerly 
Chlamydia psirbacj) vaccination is used In affected flocks or 
herds 2 to 4 weeks before the breeding season. C aiwrfjjj 


vaccine is of low efficacy when administered to pregnant ewes 
or does. Rams and bucks should receive annual boosters in 
affected herds. 

The use of baclerlns of Leptospira interrogans, In sheep 
and goats is of questionable value under most circum¬ 
stances. It Is difficult to induce abortion In susceptible 
females with experimental Infection, in endemic areas 
when sheep and cattle are grazed together or are ad|acent 
and drink groundwater from streams or irrigation runoff, 
explosive outbreaks of leptospirosis in young growing 
lambs and occasional abortion storms In'pregnant ewes 
have been described. 

The cattle vaccines most commonly used In sheep are 
those directed against the respiratory disease complex; these 
vaccines are the Lntranasal infectious bovine rhinotracheitis 
(IBR) vaccine, the bovine respiratory 1 syncytial virus (BRSV) 
vaccine, the killed or modified live virus PasisureHn vaccines, 
and the killed bovine virus diarrhea (BVD) vaccines. Justifi¬ 
cation of the use of these vaccines Is based on current 
understanding of the possible potentiating and synergistic 
role of the cattle respiratory virus complex In ovine pneumo¬ 
nia and the prevalence of antibody to these viruses in the 
North American sheep population. Few well-controlled clini¬ 
cal trials using respiratory complex vaccines have been com¬ 
pleted. Many respiratory 1 problems can be best controlled 
by changes in management (see Chapter 31). Various vac¬ 
cines for Afdmrheimjfl JwfrriofyJ'rccT pneumonia are marginally 
efficacious. 

Table 4fl-6 shows a sheep vaccination schedule and 
flock management calendar for ewes and lambs in North 
America, and Table 48-7 shows a schedule and calendar 
for rams. Geographic differences in the distribution of 







TABLE 4B-4 


Ewe and Lamb Vaccination Schedule and Flock Management Calendar for North America 



F re breed I n g 

Breeding 

Tag or Shear 

Lambing 

Lamb (Jrowlh 

Shearing 

Vaccination* 

ILAL 

Vibrio- booster 

Vaccinate bagged 

Fool rot vaccination 

Clostridial 



(CJrJ'drKirTcfripJii’ld 


ewes with 

booster in yearling 

vaccination 



species) ‘YtirriD 


clostridial caseous 

ewes 

(caseous DT) or 



(CtimpyfobtiL-ur) 


DT or eight-way 


elght-wiiy vaccine 



species 


clostridial and 


for 6- to 1 IT week- 



EllueLongue 


Ibotrol vaccine 


old lambs 


Parasite control 

Deworm 


Deworm If Indicated 

Soremouih vaccine 

fiivc dostridi.il 


(sec Chapter 49) 




for lambs on 

booster 4 weeks 






endemic premises 

later; use caseous 

DT for replacement 







ewes 


Treatment 

Vitamin E and 


Vitamin E and 


CoccldioslaL In creep 

Control e 


selenium If 


sdenium if needed 


feed or sail to 

parasite 


needed 




young lambs 
Deworm older lambs 


Reproduction 

Condition score 

20 to 60 days 

Separate ewes in tale 

Dock lamb tails 


Sell tat la 


ewes, separate 

after 

pregnancy, and 

Castrate excess male 




and flush; cheek 

breeding, 

supplement last 4 

Jambs 




udders, cull 

check for 

weeks of gestation 





undesirables 

pregnancy 






Check for 

and cull open 






lameness. Lreat 

ewes 






as needed 

Supplement 







pregnant 
ewes if thin 






lLAtL, limao-tLc aburtiun of rWn. 
■See vaccine 1 list,. Table 4-5-5. 


Jradford. Large Animal Internal Medicine (4th Edition), 
s, MO, USA: Elsevier Health Sciences, 2008. p 1589. 

:e.ebrary.com/lib/michstate/Doc?id=10438697&ppg=1636 
ht©2008. Elsevier Health Sciences. All rights reserved. 

t be reproduced in any form without permission from the publisher, except fair uses permitted under U.S. or applicable copyright law. 









TABLE 48-7 


Ram Vaccination Schedule and Flock Management Calendar for North America 


1 Procedure 

Prebreeding 

Breed! ng 

Tag/Shear 

Lambing 

Shearing 

Vaccination* 

ParasltE control 
(see Chapter 4 9) 

Treatment 

EAE 

Biuetongue 

Deworm 


Loot tot vaccine 

DfWDIJS 

Fool rot vaccine 
booster 

Clostridial vaccines or 
caseous DT vaccinati 

Deworm 

External parasite centre 
Vitamin E and seleniur 
needed 

Reproduction 

Breeding soundness 
examination, including: 
Epididymitis 

Lameness 

Condition scone 
Conformation score 
Semen evaluation 

Rotate rams 
Observe for 
poor libido 
and cull 

Cult for epididymitis 
□r chronic lameness 


fimreJIiJ tn<ii ELISA, cull 
positives Palpate for 
epididymitis; cull (he 
with lesions 

Other 


Remove sick, 
lame. Injured, 
or very thin 
rams 

Check teeth, cult for 
loose or missing 
teeth or molar 
paints 

PUL on good feed for 

69 days 

Cull rams not gaining 
weight 

Condition score, separ.: 
and bring to breedln 
condition 

Check lor lameness, ire 
or cull 


LAE., LjudoHc iiisirrien pi 1 riL'iv: LLISA, rtts^rnt-flnfeetJ jmmjincw'HfvTii asAj . 
•Sue vacdcie tint, Table 


Bradford. Large Animal Internal Medicine (4th Edition), 
s, MO, USA: Elsevier Health Sciences, 2008. p 1590. 

:e.ebrary.com/lib/michstate/Doc?id=10438697&ppg=1637 
ht©2008. Elsevier Health Sciences. All rights reserved. 

t be reproduced in any form without permission from the publisher, except fair uses permitted under U.S. or applicable copyright law. 
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endemic disease dictate which vaccine protocols are most 
economic and efficacious. Vaccines recommended for sheep 
include those that immunize against ihe following diseases 
or pathogens: 

■ Foot rot 

■ C. trLwrnu (enzootic abortion of ewes |EAEJ; formerly 
C. psittaci) 

■ CftFNpj'Jafyriej- species (vibriosis) 

■ Bluelongue virus (endemic areas only) 

« Contagious ecthyma [sore mouth; infected premises or 
outbreak only) 

■ C. perfringem types C and D 

■ C. tetan! (tetanus) 

■ Other clostridial agents as needed 

Foot rot vaccine should be given 4 weeks before the wet 
season. Brucella evis baderin is not recommended to control 
ram epididymitis because vaccination interferes with ELISA 
testing and eradication programs. There are approved rabies 
vaccines for sheep but not for goats (see Table 48-4). The 
use of these vaccines in goats is extralabel. 

A daily goat vaccination schedule and flock management 
calendar is shown In Table 48-8 for does and bucks In 
North America and in Table 48-9 for kids. 

Vaccines recommended for goats Include those that 
Immunize against ihe following pathogens: 

■ C. fwj/rj rroens types C and D 

■ C. telmii [tetanus) 

■ Contagious ecthyma (sore mouth) virus (only if pre¬ 
mises are Infected] 

■ C. citwrfidj [EAE; formerly C. fuiftaci) 

■ Other clostridial agents as needed 

Colostral protection against sore mouth is reported to be 
minimal. 


BOVINE VACCINES AND HERD 
VACCINATIO N PROGRAMS 

Vniicm s. uwrtisi-: 

With the increasing size of today's cattle operations and the 
extensive movement of cattle, disease exposure continues to 
occur at a high rate in cattle. These exposures often pul pres¬ 
sure on die efficacy of the vaccines used and may give field 
experience as to how well they can protect cattle. The wide 
diversity in uses of cattle and management practices make 
a single vaccination protocol impossible for all of cattle pro¬ 
duction. Today it is even more important to scientifically 
choose a vaccine or design a vaccination program based 
on good information. When designing programs, variables 
such as the following must be considered.- 3 ^ 

■ The presence and degree of challenge of the particular 
diseases on the farm or ranch 

■ Management practices on the facility that support or 
hinder vaccination programs 

■ The times or ages at which the disease problems occur 
and If the diseases are associated with any stressors 

■ The immune system components necessary to afford 
protection agaLnst various diseases 

■ Some basic immunologic concepts 

■ The information available on products being consid¬ 
ered and the source and quality of Lhe information 

« Required vaccines for a particular use of the animal 
(e.g., 4-H shows). 

Challenge 

The level of disease challenge and the degree of protection 
continually fluctuate. Because of biologic variability, the 


TABLE 48-8 


Dairy Goat (Does and Bucks} Vaccination Schedule and Herd Management Calendar for North America 


Vaccinations* 

Parasi te control 
(see Chapter 49} 
Treatment 

C/jJifrrJjiiHt per}ntigtvis types C and El- 

Tetanus and other clostridial diseases 

1 f access lo pasture, deworm, may not be 
necessary if drylot only 

VI Lam in F. and selenium Injection to 
does at drying off if in setenium- 
deflcient area 

Booster of vaccines given 
previ ou sly 

Cfjksptn'jilpphifrt Vaccine If needed 

Deworm Lf needed (access to 
pasture} 

Vitamin E and selenium If 
needed; vitamins A and D 


Mastitis contra] 

Culture milk from fresh does for bacteria 

Bulk lank mycoplasma culture; 

Treat dry does as needed with 

(see Chapter 36} 

and mycoplasma; treaL or ruii 

monitor milk quality; culture 
does with mastitis or increased 
CMTT or SCC 

Intrama mmaiy antibiotics 
Monitor milk quality 

Reproduction 

Fregnancy check before dry of!"; cull 

Institute out-of-season breeding 

Flan breeding adult does to 

(see Chapter 43} 

open does 

Institute phoroperiod manipulation for 
dry yearling does and all bucks needed 
for out-of-season breeding 

using hormone therapy on 
lariating, does* 

Fregnancy check 45 days after 
breeding 

Breed 1 Ighi-UcateJ yearling does 

spread out fresh dates and 
begin breeding lo assigned 
bucks; maintain breeding 
records 

Examine short-cycling and 
repeal-breeder does: cull 
non responders; pregnancy 
check does 

Ollier 

Maintain fits! lactation yearling does in 
separate pen; milk first.; feed for both 
gFowtli and production 

Cull low-producing does 
Prebreeding examination on 
bucks, cull abnonuab, bring 
bucks to breeding condition by 
optimizing nuLritlon 

Supplement bucks to 
maintain condition 


(,MJ, tjiLilurnij Mastitis J'cji, P.f.fh'A enzymc-linkc'd EmmunuaurbciiE ;usay: .NC nuEn.1Cic4.rtl count. 

■See vaccine Li:-,'., I ah Jr -lb-5. 

‘22 houri.’d.iy fur 4 wcrkK. u.tu.iLI-y l;mru.sry lo I rbru.iry, iun cycling J lo & weeks .iher hi .in ol light: tin- duet only. 

: (JlE3li-g, .KvorcliiEg to label instructions (Ifuurr. LilLC, S/.; raniming J-UA appmVnl). tlivu FMSC (equine chorionic gpniulatmpin. 500 111 needed in early 
spring, Z.»U LI in May or tunc or l.uu) 4b hours before pulling iinpE.niL: then puLI ijnpEnnt. and .lniinala will cycle 12 Lo 72 Jiuurs laler Ieiiaxuiiliiii number 
in heal at J& hours). 
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TABLE 46-9 


Dairy Kid Vaccination Schedule and Herd Management Calendar for North America 


Vaccina tion * 

ClosU-utiunt perfringpiu types C and D 

Boaster clostridial or caseous 
DT vaccines given 

Before breeding, LMepiijv/icf 
vaccine (or use tetracycline 


Tetanus of caseous DT 

Other clostridial diseases 

previously 

in feed before and during 
breeding season) 

Parasite control 

Coocid lostal in kid starter feed at 

2 weeks of age (Detcox 
recommended) 

Continue cocddiostal 

Deworm if access to pasture 


Treatment 

Vitamins A, D, E 

Vitamin E, selenium if needed 

Vitamin E. selenium if 
needed 


Reproduction 

Castrate excess males; pregnancy check 
kids 


Pregnancy cheek kids 

Cull short-cyding and repeaL- 
breeder kids 

l-Iold small females to breed 
using photoperiod 
manipulation (see 

Table 

Other 

Isolate from docs ai birth, EeeJ cow 

Maintain isolation from 

Croup kids by size and sex 


colostrum or heat-treated goat 

adults 

Start breeding kids over 


colostrum,, followed by cow milk, 
milk replace:, or pasteurized goal 
milk to control mycoplasma and CAE 
Disbud kids 

Tattoo kids 

Do not overcrowd 

Provide ration for 
maximum growth 

Keep male and female 
kids separate 

29 3 kg 


CAfl, Cnpciin: .-irt.l9ri4u-eiirEph.il iiiL 
‘Set: vaccine Lin, J'aliEe 4S..‘i. 

' Licnm'd by the Aiiimnl and I 'Lin I I [rallh Inspection Serricc, US. IVjximucm of Agriculture. 


degree of protection is. different in every vaccinated animal. 
The same is true of the level of exposure to a pathogen. 
Overwhelming challenge can override Immunity and lead 
to disease even In well-vaccinated animals, 201 

Timing of Disease 

On many farms certain diseases occur at consistent times. 
The timing may give some Insight into stresses that occur in 
the management of the cattle. Correcting these stresses can 
have a positive impact on vaccination and lessen animals' 
susceptibility to disease. This type of history also is helpful 
In determining the liming of vaccinations, a concept that 
often Is underused in veterinary medicine. Knowing when a 
problem hislorlcatly has occurred allows vaccinal ions to be 
scheduled when they will induce maximum immune 
responses In preparation for expected challenges. 

Assessing Vaccine Efficacy 

The efficacy of a vaccine can be extremely difficult for the 
practitioner to assess. Traditionally, serologic data showing 
prevaccination and postvacclnatlon tilers have been equated 
with protection. l r or many diseases, however, the correla¬ 
tion is poor between the antibody measured and the protec¬ 
tion generated by the vaccine in the animat. iC32 Recently, 
cell-mediated Immune function tests have been added to 
show a more complete stimulation of the immune response 
after vaccination.- 03 Although these tests provide more 
information about the vaccine, they still do not answer 
the basic question of how well a vaccine really protects. This 
question can be answered only by well-designed challenge 
studies. There are many examples of well-designed studies 
Involving both viral 20 '*- 205 and bacterial 206 - 20 f agents. To 
assess a challenge study, the following Information is 
needed: 

1. The trial design. Including animal characteristics 

2. A statistical analysis of the results 


3. Determination of whether the statistical differences 
are biologically important 

4. The route of administration of the challenge 

5. The characteristics of the challenge organism 

6 . Whether the challenge modet is consistent with the 
desired protection (e.g., respiratory versus reproduc¬ 
tive protection) 

7. The method of clinical score assignment 

S. The level of disease seen in the control unvaccinated cattle 

9. Publication of the results in a peer-reviewed article 

Unfortunately, the challenge model is not well established 
for many diseases. Field trials are even harder to assess but are 
valuable for |udgtngthe effectiveness (i.e., efficacy In a partic¬ 
ular situation) and efficiency (i.e., cost-effectiveness) ofavac- 
cine 20 ^ (Boxes 48-1 and 4S-2J. Several good references on 
field trial analysts are available. 20 ^ 210 Recently the Center 
for Veterinary "Biologies (CVB) began giving vaccines dif¬ 
ferent labels depending on the strength of the efficacy data 
submitted to the Center in the licensing I rials. 


BOX 40 1 


Bovine Vaccines Seldom Needed on Most U.S. 
Ranches and Farms* 


Anthrax vaccine 

t./iyirrd^im sepricirm (malignant edema) bactcrlns 

Upt&spini grippuiiypJriWLi bactcrins 

Eeptayjrnr Li erohoemorrl try tog baoterins 

Leptospira LjjNtcaliT bacterlns 

C.ViMlriifrriijr kifriJjJin nr toxoids 

C/jMfFTifitfNr nocyl bacterins 

Rabies vaccine 

Tetanus toxoids 

Erysipelas bacterins 

CflojfFtdiirjJi zwrtMfii' (malignant edema) bacterins 
■'Llurse vaccines n]*n arc jint (oaE-Effective. 
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BOX 4 8-2 


Bovine Vaccines for Ranch- and Farm-Specific 
(Solt-Borne) Diseases 


Blackleg bacterfm 

Clostridium hmrmoly&ufn (redwaierjl bacterins 
Anthrax vaccine 

CJculjiJjirpji hdi'jt {infectious nEcra-ilc hepatitis) barter) ns 


CATTLE VACCINES 

Bovine vaccines tailored for Lise against eight viral diseases, 
more than 28 bacterial pathogens, two neorickettsial dis¬ 
eases ifanaplasmosisarid Nscsporii Infection), and one proto¬ 
zoal disease (trichomoniasis) currently are marketed in the 
United States (Table 4S-10). These vaccines have been 
designed to aid In the prevention of reproductive, respiratory, 
generalized septicemic, and toxic (endotoxic and exotoxic) 
diseases. The vaccines have demonstrated some degree of 


TABLE 48-10 

Antigens Available In Currently Licensed* 1 Cattle Vaccines 


1 Antigen Type 

Common Name of 

Disease or Vaccine 

Pathogen 1 

Virus 

BRSV 

Bovine respiratory syncytial virus 


Rednose 

Bovine herpesvirus type L, InfrcLious bovtne diirvotracHeltis virus |[BRV| 


BVD-MD 

Bovine vims diarrhea virus (types 1 and 2)-mueosal disease 


PI-3 

Parainfluenza type 3 virus 


Rabies 

LyiMwinu species 


Warts 

Bovine papillomavirus, bovine rotavirus, bovine ccuonavtrus 

Bacteria 

Anthrax 

Bfkj^ur itnlJrriTiU 


Bangs 

BmtutSci abortus 


Vibriosis 

Carapyloturter/etus subsp. Jtt7tCTii?ts 


Blackleg 

t'Jkatriiilum duund 


Redwater disease (bacillary 
hemoglobinuria) 

Cimtr^JhriJi JuicrfiylyJ liuin 


Black disease 

CtistrrJiirm aovyl 


Llnlerotoxemia 

Cfeidfifiirrir peifringens type C 


Hrwmcipfu'Jwj. TEAlE 

UifiopJuiuf wnmiu 


Hemorrhagic bowel 
syndrome 

Ctiifrfi-Jitrnr peifringrm type A 


Overeating 

C^MF^juni perfringens type D 


Ma.Ligna.rn edema 

t .tojtrfjfinrjr supdrum, Clostridium strrdellll 


Mj-'copldspnt] pneumonias and 
mastitis 

Myatphiimu isms 


Tetanus 

Cloitruiiiwi itkmi 


Endotoxin vaccines 

J5 F.srlwrichia tali 

R mutant .'Vni'i'r, 1 n^Ul'U.j vaccine 


Coliform scours 

Escliericti'dT rofi K99 and non-K99 


Foot rot 

TierfltacierJkpja Haemophilia jewtanns, Lepimpiru CanJcola, IcpfaspJFU 

Grippotyphosa, Leptospira IEand|o, JLeptospfrn linerohaemorrhagtae, LepiPrpfrdi 
Pomona 


Pinkeye 

tdonu'trfJd tcLrij 


Leptospirosis 

Leptospira torgfwrerjsmii serovar Ftaidfo-bovls 
leptnrpjrji iuterrog/uis serovar l lardfo-bovls 

Lt'jtifrupjra rjitenagiTtu serovar Canlcola 
leptopjjii interragpns serovar tcterohemorrliagjae 

Lepfuspjru biterrog^m serovar G rippotyphosa 

Lepfflspjru Pomona 


Johne's disease 

MycdMCtmum paraniberculfh u 


Salmonella 

tYrJjfidwrtilti Dublin, Sciimoneife Typhimurlum 

skterophorc vaccines 


Shipping fever 

fAtamheimla J’lriewTjJyU'ctT (Pastcumlta PrJJteMrefJa HaMltociJct 


Endotoxin vaccines 

R Sddjprwjcdiii, 15 Eidfiericti'dr ltjM 


"Staph" mastitis 

Rtaphytacaccm aureus 

Rickettsiae and. 

Neospora-slx 

Neospam species (provisional license) 

protozoa 

J Trich“ 

Tn'XririurmHjncr.'i foetus 


Anapiasmoais 

.AnrjpJujorit rin!rjfjn,i/f 


Muddied from. Lumprntlium of wferin.iry jv«rfjirlX ed 3.. I'MU, Adrian J Biiytey. 

■ Liorjistid Ijy Lhtr Aiumnl and I’ljiril I Ccjllh Intpctitiun Servjctr, LE.S. Deynniiiem of AgFirulLurc. 
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rotection against the pathogen for which they were designed, 
lit Lhey may not have proved protective against all the vari¬ 
ous syndromes known lo be caused by a specific Infectious 
agent. The challenge models for each pathogen and the rel ease 
requirements for each vaccine are monitored by the Veterinary 
Biologies division of USDA/AFHIS and can be found in Book 
9 of the CFR. 

During gestation the bovine reproductive system, with 
its multlfayered placenta, leaves the fetus in a naive envi¬ 
ronment susceptible to Infection. Abortions may occur as 
a result of infection of the placenta. Inflammation of the 
ovary, death of the fetus, or disruption of the cervical 
plug. Reproductive disease therefore is the most difficult 
against which lo achieve protection. Vaccination must 
minimise the amount or duration [or both) of the vire¬ 
in ia or septicemia, or it must prevent the pathogen from 
moving through the cervix or crossing the placenta. Only 
a few of the currently licensed vaccines have proved pro¬ 
tective against the reproductive forms of various diseases. 
Furthermore, the DOl afforded by the various vaccines 
has not been established for most currently licensed 
products. 

Bach manufacturer develops and produces cattle vaccines 
differently: consequently the composition of vaccines varies 
dramatically among the different manufacturers. Outlines 
of production are proprietary for each manufacturer, but 
some information can be found In technical and marketing 
materials. For example, some viral vaccines are grown on 
bovine-derived kidney cell lines, and others are grown on 
porcine-derived kidney cells. Some vaccines are grown only 
on calf serum, whereas others are grown on both calf and 
fetal calf serum. Differences in passages may be found as 
well. The variability Ls seen in the strain or strains chosen 
for the vaccine, the number of passages chosen in the 
growth, the growth medium, and the number of viral or bac¬ 
terial particles in the vaccine. 

The following three types of vaccines represent the basic 
technologies currently available In cattle viral and bacterial 
vaccines. 20 l ' 2llJJ -' 

1. Modified live {attenuated.) vaccines contain living bac¬ 
terial or viral organisms, llhese organisms usually are 
collected from a field disease case and then grown in 
abnormal host cells (viruses) or media (bacteria) to 
change or attenuate the pathogen. Each completion of 
growth through a replication Is known as a passage, 
and the changed pathogen (hen is administered back 
to the ani mal to determi ne if ll is sti II virulent. After sev¬ 
eral passages the pathogen begins to lose virulence fac¬ 
tors because ll cannot cause ''disease' 1 In the unnatural 
host cells. Once the pathogen can no longer cause "dis¬ 
ease" In the target species, it Is tested to see If It can con¬ 
fer protection. Ihe final vaccine usually is passed a 
number of times beyond the passage where virulence 
disappears In order to reduce the risk of reversion to a 
virulent pathogen. lliese vaccLnes usually require good 
quality control lo reduce the risk of a contaminant 
entering the vaccine. 

2. Inactivated {killed.) vaccines are easier to develop 
because virulence after growth Is not a problem. Ihe 
same pathogen is Isolated from a disease outbreak. 
Ihe pathogen is grown and then chemically or physi¬ 
cally killed! The Inactivation usually is achieved either 
by adding a chemical to the pathogen or by using ultra¬ 
violet rays. The major concern with inactivation is the 
potential loss of Important epitopes. An ad|uvanl nor¬ 
mally is added to Inactivated vaccines to heighten the 
Immune response. The vaccine Is then tested for 
efficacy. 


3. Genetically engineered vaccines have been altered 
genetically, usually through a mutation. This muta¬ 
tion may be induced by several different methods, 
but the resulting bacterium or virus has different 
properties that may alter virulence or growth charac¬ 
teristics. Most of these vaccines are modified live 
mutants [e.g., temperature-sensitive viral vaccines or 
streptomycin-dependent Mannheimia or fti5teJjjeJJ.il 
vaccines), but Inactivated marker vaccines are also 
genetically engineered. These vaccines have been engi¬ 
neered to delete a gene and cause an Immune 
response deficient in antibodies lo a certain epitope; 
this allows diagnostic methods to distinguish between 
vaccine and natural exposure responses (e.g., gene- 
deleted IBR vaccines). 

Once Its efficacy has been established, the vaccine is 
pul through a series of experiments to determine the min¬ 
imum dose required to achieve adequate protection, 
called the minimum immunizing dose (MID). The vaccine 
will contain more than the MID in order to obtain at least 
the MID at the expiration dale found on the label. In 
effect, a vaccine's efficacy Is determined not via the final 
product used by the veterinarian but via a reduced level 
of Immunogens from the amount contained in the final 
vaccine. 

Autogenous Vaccines 

In addition to the vaccines licensed by the U5DA, several 
companies will make autogenous vaccines for use by veter¬ 
inarians and cattle owners. These vaccines do not fall 
under any particular USD A/ APHIS guidelines and usually 
are derived from cultures (e.g., viral or bacterial] Isolated 
from specimens submilled by the particular farm. Such 
vaccines can be used only on that particular facility and 
cannot be sold for use on other farms. These vaccines are 
not tested for efficacy or safety, and the components found 
in Ihe vaccines may vary from batch to batch; this adds 
some element of risk when they are used. Nevertheless, 
this type of vaccine may be an option to consider w r hen 
federally licensed vaccines are not available for a specific 
farm problem. 

Maternal Antibody Interference Revisited 

it is an accepted belief that maternal antibodies can block 
immune responses from vaccination, litis belief has been 
based on a procedure of vaccination followed by a liter eval¬ 
uation In the vaccinates. Many studies have shown that vac¬ 
cinated animals may not display Increased antibody levels if 
high levels of maternal antibody to that antigen are present. 
However, recent studies have shown that both the forma¬ 
tion of B cell memory responses and cell-mediated 
responses can be stimulated in spite of high maternal anti¬ 
body for the same antigens. 2 Seropositive calves vacci¬ 
nated at a young age w r Llb modified live bovine herpesvirus 
type I [BEIV-ll, parainfluenza type 3 (PI-3), and/or BRSV 
vaccines have shown higher antibody responses on revacci- 
natlon than control calves vaccinated only at the second 
date. These young vaccinates typically' do not show 
increased antibody responses after the first vaccination In 
Ihe presence of nigh maternal antibody. Cell-mediated 
immune responses, as indicated by antigen-specific T cell 
blastogenesis, have been demonstrated In the face of higji 
maternal antibody levels 219 when attenuated BRSV and 
BHV-I vaccines were used. Similar responses have been 
reported In laboratory animals as well. 22a ' 22J One study 
also demonstrated higher levels of protection at challenge 




if calves were vaccinated with a modified live BRSV vac- 
cine. JIH at is dear from these studies that maternal antibody 
interference with vaccines is not as absolute as once 
thought, llie animal's Immune status, the specific antigen, 
and the presentation of that antigen should be considered 
when designing vaccination programs in which maternal 
antibody may be a factor. 

Impact of Stress 

Stress affects the immune system of all cattle, as can a 
number of other factors. The release of corticosteroid, that 
occurs during the birthing process has a dramatic Impact 
on the newborn's Immune system. Newborns also have 
a higher number of suppressor T cells than do adults. 2 
These factors and others dramatically diminish systemic 
immune responses for the first week of life. 222 Other stres¬ 
sors should be avoided at vacclnalion time to maintain the 
integrity of the immune system. Procedures such as castra¬ 
tion, dehorning, weaning, and movement need, to be con¬ 
sidered as stressors in cattle, and all have the potential to 
diminish immune system functioning temporarily. 223 " 225 

Systemic vaccinations should be avoided during high- 
stress times because of these diminished responses and 
because vaccination at such limes may even have undesired 
effects. 

Booster Importance 

It is important to follow the label directions for adminis¬ 
tering vaccines. Many inactivated vaccines and some mod¬ 
ified live BRSV vaccines require a booster before protection 
is complete, line first time an inactivated vaccine is admi¬ 
nistered, the primary response occurs. This response is 
not very strong. Is fairly snort-lived, and is predominantly 
composed of IgM antibodies (Fig. 48-1). The response seen 
after a booster vaccination Is called the secondary, orarr am¬ 
nestic, response. This response is much stronger. Is of longer 
duration, and Is primarily composed of IgG anti bo¬ 
dies. 301 - 210 If the booster Is given too early, the anamnestic 
response does not occur, and if too much time elapses 
before the booster Is given, Ll acts as an Initial dose, not 
as a booster. 

With most modified live virus vaccines (except for some 
BRSV vaccines), the primary vaccination also stimulates the 
secondary response without the need for a booster because 
the virus or bacterium is replicating in the animal. 

Adverse Reactions 

Adverse reactions are a risk w r llh any vaccination. These 
reactions can be categorized as one of the following two 
primary types of hypersensitivity. 20 



DayG Day 14 Day 21 Day 28 response 


Booster given on day 21 

FIG. 4ft-1 II AnajnnntLc TExpuoiM! jsoi-n after ;l buostEi Jewe is. adminix- 
kti.d Lu vaconaLEX. 


L Type I, or immediate, hypersensitivity Is mediated by 
igE stimulation and the release of granules from baso¬ 
phils and mast cells. This reaction is seen within min¬ 
utes of vaccination and often begins with shaking or 
sweating. Most of these animals respond to intrave¬ 
nous in lection of epinephrine. Every vaccine occasion¬ 
ally can elicit an anaphylactic reaction. Cattle should 
always be kept under observation for at least 30 min¬ 
utes after administration of a vaccine. Epinephrine 
should be administered at a dose of 1 ml. of 1:1000 
solution per 50 kg of body weight, preferably by intra¬ 
venous Injection, at the first sign of weakness, 
staggering, or dyspnea. With most vaccines anaphylac¬ 
tic reactions occur no more often than one case per 
5000 to 10,000 doses administered. The rate of occur¬ 
rence may be much higher after administration of SaJ- 
moneiia, Escherichia cc/i, and some Momxella bovfs 
bacterins, ivhich may have high levels of endotoxin. 

1. Type III, or immune complex, hypersensitivity is 
mediated by the attachment of an antibody-antigen 
complex to complement and the ensuing activation 
of the complement cascade. The resultant reaction 
may occur locally or systemically. The reaction may 
be delayed, as the complexes form and the cascade 
begins, or subsequent, as products begin lo exert their 
effects. The signs are similar to those of an immediate 
hypersensitivity reaction, and the treatment is admin¬ 
istration of epinephrine. 

One of the more common reactions seen In dairy cattle 
has been associated with the endotoxin and other bacterial 
components found in most gram-negative vaccines. 3Ja - 231 
Currently, there are no requirements for monitoring or 
reporting the amount of endoLoxin found in cattle vaccines, 
and the level of endotoxin may vary dramatically among 
vaccines and among serials of the same vaccine. Further¬ 
more, the potency of endotoxin varies among different 
gram-negallve bacteria. This type of reaction is seen primar¬ 
ily in Holsteins because of a genetic predisposition and may 
be seen after administration of any gram-negative baclerln. 
1 ’he signs vary depending on the farm's or the Individual's 
sensitivity to gram-negative bacterial components. The 
number or potency of the gram-negative fractions In vacci¬ 
nations administered simultaneously also are Instrumental 
In causing these reactions. As a general rule, no more than 
two gram-negative vaccines should be administered to dairy 
cattle on the same day because of the possibility of adverse 
reactions, which may include anorexia and transient 
decreases In milk production, early embryonic death, abor¬ 
tion, and gram-n^allve bacterial shock (endotoxlc shock), 
which requires treatment w r llh flunlxln or ketrofen, steroids, 
antihistamines, and fluids. 

Site reactions are common sequelae lo many vaccines, 
l’hese granulomas usually are caused by overreach on to 
the adjuvants, but they may also be directly aimed at the 
antigen or antigens. This has been a major focus of beef 
quality programs and has generated a push to have all vac¬ 
cines labeled and to have them administered subcutane¬ 
ously to avoid damaging the muscle. 

Read the Labels 

1 ’he vaccine label is a wealth of information that is approved 
by the CVB. The CVB evaluates the supportive efflcaty data 
supplied by the vaccine manufacture and decides whether 
the vaccine can be licensed or not. They also determine what 
type of efficacy claim can appear on the vaccine labels and In 
advertising. Included are dosage, route of administration, 
precautions, timing Indications, storage indication, with¬ 
drawal period, and shelf life. As found In Veterinary Services 
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Memorandum &0G.2O2, June 2002, iheCVB also does some 
preliminary raring of vaccine efficacy by granting one of five 
protection statements. According la the memorandum, one 
of five levels of protection may be granted [in order of high¬ 
est efficacy to lowest): Prevention of infection, Prevention of 
disease, Aid In the prevention of infection. Aid in disease 
control. Other miscellaneous claims. The label can be a good 
starting point for comparing vaccines. 


Summary 

Designing a vaccination program requires a good history of 
the Individual fami and a basic understanding of the 
immune system. Vaccines that should be considered for rou¬ 
tine or optional use In various classes of pastured beef cattle, 
feed lot cattle, and dairy cattle are listed In Boxes 48-3 to 
4S-12. The vaccines; chosen should be supported by good. 



Vaccines Recommended for Use in Adult Beef Cows 


VACCINES HIGHLY RECOMMENDED FOR ALL HERDS 

Infectious bovine rhinotrachdlls (IllEt) vaccines 
Bovine virus diarrhea (BVD) vaccines 
Leptopjru iwr^DcitTicn ii var E f.«d|o 
Leptospira pem&na ba.cteri.ns 
Campylobaacriosls bacterins* 

VACCINES THAT MAY BE USEFUL OR NECESSARY IN 
SPECIFIC HERDS OR GEOGRAPHIC LOCATIONS 

Tn'fjitlr.jjFk^iiij /aeries vaccine 
Anaplasmosis vaccine (inactivated) 

Rotavirus-corona virus (calf scours) vaccine (inactivated) 
Ftiicihn'teriiJJFi net-Toplwriiin (foot rot) bideiin 
Esdrerrdiifl ±*?!i bacterins 

Clostridium (MefFidydcitFH (CL uppyi’type □, red water) baclerlru 
i larfriYf f ujfi fer/rinjeui type C (enleroioxe mi a) toxoids 
Anthrax vaccine 
dostridiuni Fretyj bacterins 


'ILij^ilv rccoiHimitJod except in hereix imm vdiUrh thix run he 

reliably excluded (by virtue of Ihc '''closed'' xLitux of the herd and by 
isolation front other potentially infrrtcd herds by distance, terrain, nnil/ut 
"hull pruor perimeteT I'cncin^]!. 


BOX 4B-4 


Vaccines Recommended for Use In Adult Beef Bulls 


VACCINES HIGHLY RECOMMENDED FOR ALL HERDS 

Infectious bovine rhinotrachekis (IBK) vaccines 
BovLne virus diarrhea (KVD) v.tcdnes 
Ijptospmi kirjjpt'ttTJfNjj seravar I iaidjo 
CampylobacteFlosis bactcriTits ■ 

VACCINES THAT MAY BE USEFUL OR NECESSARY IN 
SPECIFIC HERDS OR GEOGRAPHIC LOCATIONS 

WWtApwoFirtS foetus vaccine 
AnapLismosls vaccine (inactivated) 

Ijptospira pomona bacterins 

Fusabacterium Fiecrap^wj'jtFJi (foot rot) bacterid 

Cit?5JriJjjFFJ( fjdL-'iJtelyrrr tJJFi (Cf. noiyi type L>, redwater) hadenns 

Anthrax vaccine 

C^riidj'jtFJi uut'j'f bacterins 


'] Uglily nfu i:m:i:rKji'.l cxrepl in herds, Irom wliidt Ibis disease tun br 
reliably excluded (by virtue ut the "fluxed" status or the her and by 
ixolitlion bum other putaitLil ly inletLed herds by dixtance, Lctmici. and/or 
"hull grauci-l" perimeter fencing}. 


BOX 4& 5 


Vaccines Recommended for Use fn Beef Calves* 


HIGHLY RECOMMENDED VACCINES 

Infectious bovine ibi no tracheitis (IBR) vaccines 

Bovine virus diarrhea (BVD) vaccines 

Bovine respiratory syncytial virus (BRSV) vaccines 

Parainfluenza type 3 [PI-3) vaccines 

Leptospira fcmspeftfrwnir serovar Hardfo 

Leptospira pamanu bacterins 

Bruce! losi s vaccine* 

VACCINES THAT MAY BE USEFUL OR NECESSARY IN 
SPECIFIC HERDS OR GEOGRAPHIC LOCATIONS 

Blackleg bacterins 

VtoFiucefL taras (pinkeye) bacterins 

Hjj toplritus s&mni (ibrmerly HQmjfiliiiuS sctjrFta(u) bacterins 
Anaplasrrtosts vaccine* (modified live) 

Clostridium JrjEt'jpi.LiJvljeJtJN (Cl navyi type D, redwatcr) 
bacterins 
Anthrax vaccine 

FWdiijL-JtTJitrri necropfrontltt (foot rot) b.irterin 
Cfostriiiium jtot^'j bacterins 
AJdJiFrbfffmiti /EiiemaJyriCdT vaccines (new) 


'Undue 12 rnonthi ol a^e. 

'I Il'lIlt iL'pJ.t: emems only. 

: l Iririrr and hull re-plnocnrents only 


BOX 46-4 


Vaccines Recommended for Use In Stocker Cattle 


HIGHLY RECOMMENDED VACCINES 

infectious bovine rhinolrachcilis (IBR) vaccines 
Bovine virus diarrhea (BVD) vaccines 
Bovine respiratory syncytial virus (BRSV) vaccines 
Parainfluenza, type 3 (ri-3) vaccines 
,s i,i fi i iJri'.'.'iUi i hdeFiiulytfeii vaccines (new) 

Lepbuptrn /cifulifni bacterins 

VACCINES THAT MAY BE USEFUL OR NECESSARY IN 
SPECIFIC HERDS OR GEOGRAPHIC LOCATIONS 

Blackleg, bacterins 

HLstophilus sdFUFti (formerly I feFJicip/jjltrs iCFtiFtui) bacterins 
Moy.ixelhi IilK'u (pinkeye) bacterins 

CJflsm'iJiupFJ fiNe'Fdsci’j'rfitJJFi (CT, FiKnyj type D, redwater) bacterins 
Anthrax vaccine 

FttffitofJeri'uPFi FPecreplwj'iiFit (foot roi) bacterin 
CfoririJfiJFFJt ritU'U'd bacterins 



CGFliilKJ«( 
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BOX 4S-7 


Vaccines Recommended for Use in Beef 
Replacement Heifers—confd 


VACCINES THAT MAY BE USEFUL OR NECESSARY 
IN SPECIFIC HERDS OR GEOGRAPHIC LOCATIONS 

Blackleg bacterlns 
TTitridamoma foetus vaccine 
Anaplasmosts vaccine (modified Jive) 

Rotavi jus-corona virus vaccine (inactivaled} 

Esdiericiiia edi bcurliu 

fusekacledsim Fiflrrflp/ranrFi! (loot rot) bacteFin 

iVJtfj'iUcr//ci kons {pinkeye) bacterids 

Hiiivpliilus mfhfu (formerly fJemcipMuj FapjiHutj bocucrins 
Closiiidiiim haemoSylicum {Cl. novyt type D, red water f bactcnns 
CloMidium perfritiscm type C toxoids 
Anlhrax vaccine 
Closl/idium nonyt batten ns 


■ J hj^hly let'LiEmsiL'Eidird except in be ids from which Lhis dixtr-vw; can be 
TcJinbly excluded (by virtue of the "dused" riidus al the herd jm*l Liy 
ixuJalinn I mm nther pcKcnlinlty intccud lurals by lI ixLnricc. I ltt.h ri. or 
'bull fwotri" perimeter fencing]. 


BOX 43-8 


Vaccines Recommended for Routine Administration 
to Cattle Entering Feedlots 


E SS ENT1AL VACCINES 

Infectious bovine rhinoLracheitls (IISR} vaccine (modified live) 
Bovine vims diarrhea (BVD) vaedne (modified live) 

Bovine respiratory syncytial virus {BR5V) 

HIGHLY RECOMMENDED VACCINES 

iViiUiHliffmii'j fuemffifjJlrcii vaccine’ 

JjjfitPSpiFji ptirneFiii bacterlns 

VACCINE THAT MAY BE NEEDED IN SOME GROUPS 
OF CATTLE IN A FEEDLOT 

CiculritfiMFM iiijcnr^iyi i'luffj (redwaler) bacterids 

VACCINES NECESSART ONLY IN SPECIFIC 
■PROBLEM" FEEDLOTS 

Blackly bacterlns 
Bovine respiratory syncytial virus 
(BRSV) vaccines 

Fus&buLteriutn necrypfumim (fool rot) bacteFin 


■Sums ronimerrut mudibi'd. Jive cytupathlc virus HVL> vaccines Irij^er 
seven IjL.i] UVD in cattle that an chrtmiejiily infected with noucylapaLhic 
strains 4 j! HVU vims and, i :r: ir.!.!::-: jlotfii, i!] v tolerant ns a result ui prenatal 
infection. 


so)Id efficacy studies (and by effectiveness and efficiency 
studies If possible) to ensure that the product can fulfill the 
needs of the farm or ranch (Table 4fl- II ). Management deci¬ 
sions may be made that do not maximize the potential of the 
product chosen, and realistic expectations of all products 
should be welt explained to the producer before the vaccines 
are administered. The owner should be Involved In the vac¬ 
cine decision-making process, and all Information on the 
product should be shared. 


Vaccines Recommended for Use In Adult 
Dal ry Cows 


VACCINES HIGHLY RECOMMENDED FOR USE 
IN ALL DAIRY HERDS 

InfcciloLis bovine rhlnotridicitis 
{EER) vaccines 

Bovine virus diarrhea (BVD) vaccines 
Bovine respiratory njrncjllal virus (BRSV) 

Leptospira borgptternfiiii serovar harcllo 
Leptospira pojfiiJHi-d bacterlns 

VACCINE HIGHLY RECOMMENDED FOR COWS 
EN SPECIFIC INFECTED HERDS 

Core endotoxin vaccLnes 

VACCINES HIGHLY RECOMMENDED FOR DAIRY 
COWS GRAZING IN SPECIFIC ENDEMIC AREAS 

Gfotridruifi fiaemofjdiiTrnr bacterins 
Anthrax vaccine 
C/cstridhim fwhi'i bacterins 

VACCINES THAT MAY BE USEFUL IN 
CONTROLLING SPECIFIC DISEASE PROBLEMS 
IN INDIVIDUAL DAIRY HERDS 

EsuWifJiiij cafi (calf scours) baclerkts 
RotiivImi-coranavlFus (calf scours) vaccine [Inactivated) 
Ftjso&iicteriirjjr nenfcpJicrum (foot rot) bacterin 
Cfurtrinirum ieplfcujn {mallgmint edema) b acted ns 
Clostridium s&pdellii (malignant edema) bacteFins 


BOX 4B-I & 


Vaccines Recommended for Use in Adult Dairy Bulls 


VACCINES HIGHLY RECOMMENDED FOR BULLS EN ALL 
COMMERCIAL DAIRY HERDS 

Infectious bovine rblnotracheltis (iBR) vaccines 
Bovine virus diarrhea (BVD) vaccines 
Leptospira boi'spetersenii serovar !lard)o 
Campylobacteriasls bacterins’ 

VACCINES HIGHLY RECOMMENDED FOR BULLS 
GRAZING IN SPECIFIC ENDEMIC AREAS 

Anaplasmosis vaccine {Inactivated) 

daitFiUunt JtMiriiWyfi'cum (Cl. hovyi type D, redwater) bacierins 
Anthrax vaccine 
C^sFTfjiirrFJF hdl^'j bacterlns 

VACCINES THAT MAY BE USEFUL EN SPECIFIC HERDS 
OR GEOGRAPHIC LOCATIONS 

i.^piflt:prrLT ptfi™™ bacteFlni 

i' ji'J'JiIiiJllctjji'fi! neerophtmim {fool roL) bacterin 


* Eighty roiommentUd except in herds Imjn Wbirli Ihi* can be 

irli.ibly < JlI'JclI (by virtue :>l Lhr "cleved" XEntua cf the herd and by 
■iiutarimi Imjm utber ptilmtiaEly Infected heeda by distance, terrain, or 
"bull pronf" perimeter trjtii ns; | 


The establishment of good baseline Immunity of replace¬ 
ment heifers and the foundation vaccination program can 
have dramatic effects on the health and profitability of the 
herd; Lbeiefoie such programs must be well planned, 
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Vaccines Recommended for Use in Dairy Calves* 


VACCINES HIGHLY RECOMMENDED FOR CALVES 

VACCINE HIGHLY RECOMMENDED FOR CALVES EN 

IN ALL DAIRY HERDS 

HERDS WITH ADULT COWS GRAZING EN SPECIFIC 

Infectious bovine chlnolrachellJs (IRR) vaccines 

ENDEMIC AREAS 

Bovine virus diarrhea (BVD) vaccines 

Bovine respiratory syncytial virus {BRSV) vaccines 

Anaplasmosls vaccine [modified live] 

Parainfluenza type 3 [Pl-3) vaccines 

VACCINES THAT MAY BE USEFUL IN CONTROLLING 

Jj'fjtojpirtT torjspctcriewiJ serovar 1 Eardjo 

SPECIFIC DISEASE PROBLEMS IN INDIVIDUAL 

Leptospira pamana bacterina 

DAIRY HERDS 

Brucellosis vaccine 

.VlrjmiJiefFmrJ .Ijiit'mvJrrk-dr vaccines (new) 

HiJCopMus sufjifn [formerEy 0(nnqtmiJju jrwnrjtfj ] bartering 

VACCINES HIGHLY RECOMMENDED FOR CALVES 

MirmSBBlIa fjoiris (pinkeye] bacterina 

GRAZING IN SPECIFIC ENDEMIC AREAS 

Blackleg bacLertna 

CtailridiuFn haemalytitMiA bacterids 

Anthrax vaccine 

Cn\< 1,biJj'ji'F!? uerTf baclerins 

Fusobacteiium ittHEfapfowirm (foot rot] bacterid 


'lip lO J 2 ItKJClillX uf 


BOX 48-12 


Vaccines Recommended for Use in Yearling Replacement Dairy Heifers 


VACCINES HIGHLY RECOMMENDED FOR USE IN HEIFERS 
IN ALL DAIRY HERDS 

Infectious bovine rhlnolracheitis (IBK) vaccines 
Bovine virus diarrhea {BVD) vaccines 
Ravine respiratory syncytial virus (BRSV) vaccines 
Jjftospirdt torjjpetersenj'j seravar I Eardjo 
Leptospira pomtma bacEerins 

VACCINES HIGHLY RECOMMENDED FOR DAIRY HEIFERS 
GRAZING IN SPEC1FEC ENDEMIC AREAS 

Blackleg bacterids 

Anaplasmoais vaccine (Anavac* or Anaplaz) 

L'/fljErixJj'uFJi fwNwh'trnjjn (CL iwuyi type D, redwaur] bacterlns 
Anthrax vaccine 
C^iEnJiiFNi naryf badertns 


VACCINES THAT MAY BE USEFUL FOR CONTROLLING 
SPECIFIC DISEASE PROBLEMS EN INDIVIDUAL GROUPS 
OF DAERY HEEFERS 

r-u.wJwneriu?H ttesrofihorum (fool rot] bactertn 
A-tiWiiyel/ii bonis {pinkeye] hacterins 

VACCINES ADMINISTERED TO SPRINGING HEEFERS THAT 
MAY BE USEFUL FOR CONTROLLING SPECIFIC DISEASE 
PROBLEMS EN SPECIFIC DAIRY HERDS 

Cram-negative core antigen (collform mastitis] vaccines 
Esthertchw Lii/r {calf scours) barter! ns 
Rotavlius-coronavlrus (calf scours] vaccine (inactivated) 
CJnsirldjitHi jrptrrum (malignant edema] barterin') 

■I.li'jJr.'ijjh'N,' jrJrtii-ii'ti [malignant edema] baclerins 


' Ana vac (kinUKUL I aburaiorUri ll.ivis. (IA 'J5A16) b Uir picl cnvJ vamne fur uxr in dairy herds in which Lhe adult cows aw gr.mn|{ in un vndeimr area. 


BOVENE RESPIRATORY DISEASE 
VACCINES 


BOVINE HERPESVIRUS TYPE t: 

INFECTIOUS BOVINE RHINOTRACHEITIS 
VIRUS 

Bovine Herpesvirus I Vaccines 

In 2005 more than 175 vaccines against BHV-1 were avail¬ 
able in the United States for use In canle. 234 Vaccination 
protocols for beef and dairy cattle In Lhe United Slates rou¬ 
tinely incorporate use of one or more vaccines against BE IV-1. 
These vaccines are classified Into five types: (1) modified 
live vims vaccines for parenteral administration {intramus¬ 
cular and/or subcutaneous); (2) modified live vims r intra- 
nasally administered vaccines; (3) chemically altered r live 
virus, temperature-sensitive vaccine for parenteral use; (4) 
Inactivated viral vaccines for parenteral use; and [5) a com¬ 
bination of parenteral modified live virus and inactivated 
viral vaccine. These vaccines may be single-component 


(monovalent) vaccines (e.g., Bi IV-1 alone) or may contain 
several Immunogens, Including various combinations of 
BVD virus (BVDVj types I and 2; bovine Pl-3 vlrus r BRSV, 
Leptospira species, faistophilm somni, M. henwlytica, PasteuTcSlu 
mullactda, and/or Campylobacter species. 2 ^ The characteris¬ 
tics of the BHV-1 vaccines are described in the following 
sections. 

BHV- i modified live virus parenteral vaccines induce both 
B cell (humoral) and T cell (cell-mediated) active Immune 
responses after one dose of modified live vlius vaccine. 335 
Serum antibodies to BIIV-1 along with BIIV-1 specific 
CD 4 -, CD s ~ r and yd T cells were delected after BHV-1 modi¬ 
fied live virus vaccination. 355 Calves born to dams with circu¬ 
lating BHV-1 antibSodies may absorb the colostrally derived 
maternal antibodies to BHV-1 and other viruses. 236 The mean 
half-life of viral antibodies to BHV-1 in calves receiving 
maternal immunity was 21,2 days. 256 Potentially, calves 
receiving passive immunity lo BHV-1 may have reduced 
response to BHV-1. 237 Calves seronegative lo BHV-1 were 
given BHV-1 neutralizing antibody Intramuscularly and sub¬ 
sequently given modified live vaccine BHV-1 intranassally. 
The passive BHV-1 immunity via BHV lg reduced the efficacy 














TABLE 43-1 I 


Recommendations for Use of Some Bovine Disease Vaccines 






Palhog 

en 










Papilloi 


Anaplasmu 

AndipJrisrrid! 

AiordixeiJdi 

Slapfijdiiromis 


IjirohurCerfuFir 

Digital 

Characteristic 

nniT$inti Je J 

rnjTTgf/urJi? 1 ' 

IwE'CS ' 1 '' 1 * 

Species 13 

fbinfiriti nrj (JimcFS rJ 

necroph uni rn J 

Dermal 

Passive antibodies 



¥es 

NA 

j 

NA 

NA 

protective 

Duration of colostral 



4-6 

NA 

7 

NA 

NA 

immunity (monthsJ 








Type of vaccine 

Modified live 

Inactivated 

EacterLn 

Bacierin 

Sleme 

Bacierin 

Baetertn 





nonencapsutoled 
avlndent spore 




Immunizes In the 

Nlo 


No 

NA 

ff 

NA 

NA 

presence of passive 
immunity 








Earliest recommended 

l to 4* 


1--5 

6 

Any 

6 

12 

age for initial 
vaccination 








(months) 

Stic of administration 

IM 

SC 

IM n -T or SC 

IM 

SC 

IM OF SC 

SC 

Doses required for 

I 

2 

1>-2 C 

2 

1-2 

2 

3 

protection 

Interval between 

NA 

3-4 

3 

2 

2-3 

3-4 

3-4 

priming, and 
immunizing doses 
(weeks} 








Interval from first dose 

42 

35 

2LM2 r 

2S 

8 

35 

? 

to protection (days) 
Duration of vaccinal 

Lifelong 

12 

<9 

5-6 

12 

? 

<6 

immunity [months} 
Recommended 

NA 

L2 

12 

5-fi J 

12 f 

12 

4-6 

booster interval 
(months) 








Contraindications 

Do noL use In cattle 

— 

_ 

— 

Avoid simultaneous 

— 

_ 


over 2 years of age 




administration of 




or In the last 4 




antimicrobials, do 




months of 




not use in sick 




pregnancy; da not 

administer 

tetracyclines 




animals 




Bradford. Large Animal Internal Medicine (4th Edition), 
s, MO, USA: Elsevier Health Sciences, 2008. p 1599. 

:e.ebrary.com/lib/michstate/Doc?id=10438697&ppg=1646 
ht©2008. Elsevier Health Sciences. All rights reserved. 

t be reproduced in any form without permission from the publisher, except fair uses permitted under U.S. or applicable copyright law. 
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Recommendations for Use of Some Bovine Disease Vaccines—cont’d 






Pathogen 





Characteristic 

Ajijipirfsppjjj 

jiifErsppi£ile J 

AridipJnrrridi 

jpwF^.trhjftf 7 

Afaraxelln 
bvi'is* 1 * 

5 tapii orcurcui 

Species 1 -' Bacilhus an[limcis 1J 

Jjjrohicterrppppr 
nccroph uru rn j 13 

Papillomatous 

Digital 

Dermatitis l£ --' 7 

Rabies 

Virus 

Bovine 

Papilloma 

Virus 11 

Side effects 

Illness, anemia, 
abortion, death 

.Anaphylaxis 

Anaphylaxis 

Anaphylaxis Mild Illness, fever, 

decreased milk 
production 
production 

■Anaphylaxis 

Anaphylaxis 

Anaphylaxis 

Anaphylaxis 

Withdrawal Lime (days 
before slaughter) 


60 

21, SU*- 7 

21* 42 

21 

23 

21 

21 


F. I .lit known; J"A1, i ntramLLiCLiJar admtmxtraiimi: S.\ not applicable; SC, vubcutancciu:! Ad m i itix trii ion. 

'AnaVoq. HiobUCIC UiboraturLcv iMvix. CA, 

■AimpLisimrais Vaccine, University lYuducLi LLL, Harms LiougL, LA 
J i-JMte,. Agrii^bciratories, lit, fasepti, MO 

^Miixi/CJiubctl Pinkeye line trail, Addiscin Hiolo|pral l-ibui.miTy, Layette, -MO 
’'Ocu-Cunid (Vl 15 and Alpha-7 MB, Bortuinger Ingelhnm, St. luscpb, MU. 

'Tdiguard Pinkeye-1 and Piligu.'iid I'inkeyc +■ 7, JichL'Tmg.-JMoui^k Aniiti.iL llcatth, Union. M. 

Pinkeye Shield XIJ. Novartis- Animal Voccnue*, Lardiwood, LA 
B ZU/JU Vision 7 with Spur ,uid LNli'20 wllli ipur, InleiVft, Mi llsbcuu, L>El. 

'TruitCnrd MB, Vedcu, $L lusepti, MU. 

'dLaUlc Vac Pinkeye 4 ansi Jhligtiard Pinkeye-], IDutvcI, Blue bpringx, MO. 

1 'Pinkeye-3, Aspen, binnui City, MQ. 

l: l.ysighs, HochringEi IngeJlteim Vetmedka, Jit luseph, MO. 

1 ’Anthrax Spore Vaccine, Colorado JseTurn Cb, tJenver, CO. 
l 4 Volar, Endervel, MiLlsboro OIL ItMMsb. 

1 ; liu;ogard, Novartis Animal Vaccines, Larchwood, JA. 

1 '■Serpent species baclerin, I lygieia Biological Laboratories, WoodLind, CA. 

1 7Trep .Shield IJW, Novartis Animal Vaccine*, Larrhwond, JA. 

I K Qefensor 3, l^iiter Animal I [eallh, k'ew York, NY. 

'fUabdomun, Jiche ring-Plough Animal Health, Union, Nf. 

IC 'lincab 3 and Liniab Ijrge Animal, Merial, LJuluth, CIA. 

II Pnpillumune, Hiomunc, Lenexa, KS. 

Tr Wart Shield, Novartis Animal Vacccine, Cuand Laboratories, larch wood, IA, 

I3, Wart vaccine, Agri Laboratories, Lit. Joseph, MO. 

I+, Wart vaccine, Colorado Serum tin., JJenver, CO. 

“Wart Vac, Durvet, Blue Springs, MO. 

'Calves vaccinated before the age at which passive immunity no longer exists should be revaccinated un reaching, that agp. 
tl (Ji3-ndiuvant vaccines. 

Aluminum tiyd ruxideadjuvant vaccinea. 
d CLve booster 3 to & weeks before calving. 

'No milk withdrawal required. 

'Booster can be given sooner in heavily contaminated areas. 

*May be given when exposure is imminent in endemic areas. 
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of the modified live vims. BHV-1- 237 The passively adminis¬ 
tered BHY-I antibodies protected against viral shedding in 
viral challenged calves. 237 

MODIFIED LIVE VIRUS PARENTERAL VACCINES. The 

modified live virus parenteral vaccines were the initial 
vaccines licensed for use In cattle for protection against 
BHV-1. 238 Vaccines are attenuated by multiple passages 
in cell culture and often retain their ability to replicate In 
a susceptible animal, possibly causing a viremia. Modified 
live virus parenteral vaccines are relatively inexpensive, 
offer a convenient route of administration, and stimulate 
a rapid onset of immunity (i.e., within 3 days of adminis¬ 
tration). 2J5 - 241 In general, one dose given to a susceptible 
animal stimulates protective immunity, which varies in 
duration depending on the clinical form of the disease 
challenge. Calves receiving a combination modified live 
virus vaccine with BHV-J w r ere protected for at least 126 
days after vaccination as measured by protection against 
Infection 2,12 The modified live virus parenteral vaccines 
may cross the placenta and infect the fetus, causing abor¬ 
tion. 243 Almost all modified live virus BliV-1 parenteral 
vaccines are not approved for use in pregnant heifers or 
cows nor for nursing calves. 254 Recently two companies 
have received label claim approval for BHV-1 and BVDV 
modified live virus vaccine use in pregnant cows providing 
they vaccinated with that line of vaccines within 12 months 
of being vaccinated during pregnancy and to nursing calves 
provided their dams w r ere vaccinated within 12 months. 234 

MODIFIED LIVE VIRUS INTRANASAL VACCINES, Mod¬ 
ified Live virus intranasal vaccines generally can be 
divided into two types, based on the attenuation process: 
fl) those modified by passage in a cell culture 244,243 and 
f2) those modLfied by treatment such that they become 
"temperature sensitive"' 246 [L.e., they do not replicate at 
internal body temperature). ModLfied live virus intranasal 
vaccines stimulate protection in susceptible animals with 
only one dose, in contrast to the chemically altered mod¬ 
ified live virus parenteral vaccines. The label directions 
for selected, but not all, modified live vims intranasal 
vaccines may indicate that they can be safely used in preg¬ 
nant cattle. 234 These vaccines induce a rapid onset of pro¬ 
tection (within 3 days of administration), possibly 
through IKN in the nasal secretions. 244 One benefit of 
modified live virus intranasal vaccines is that they stimu¬ 
late immunity at the upper respiratory tract, the portal of 
entry of the virus. Another benefit is their potential to 
immunize calves that are already seropositive because of 
maternal (humoral) antibodies passively transferred 
Lhrough the colostrum. 247 Animals vaccinated with mod¬ 
ified live virus intranasal vaccines may transiently shed 
virus in the nasal secretions and therefore might infect 
susceptible contact animals. 243 

CHEMICALLY ALTERED LIVE VIRUS VACCINES, The 
chemically altered EHV-1 vaccine strain was modified by 
nitrous acid treatment, which caused changes in the viral 
genome that resulted in a strain that Is temperature sensi¬ 
tive, meaning that it has Limited replication at internal 
body temperature. 245 Presumably, because of the limited 
viral replication, the vaccine requires two doses to stimu¬ 
late immunity. Because it is temperature sensitive, the vac¬ 
cine can be used in pregnant cattle. 234 ' 245 ' 250 In one study, 
heifers received two doses of the vaccine and were 
challenged with BHV-1 7 months later (at 6 months' gesta¬ 
tion). These heifers showed a significant reduction in the 
number of abortions and sLillbirths compared with 
controls. 230 

INACTIVATED VIRAL VACCINES, inactivated viral vac¬ 
cines are prepared by growing virus in cell cultures and 
then inactivating them with chemicals. An adjuvant is 


added to the inactivated, strain to help stimulate an 
immune response, inactivated BHV-1 vaccines require 
two doses (14 to 28 days apart) when used for the initial 
vaccination of susceptible cattle. Historically it has been 
thought that inactivated vaccines against viruses did not 
induce as long a DOI as the modified live virus vaccines, 
nor did they confer protection against mucosal Infections. 
Controlled studies should he performed to determine the 
DO3 induced by inactivated BHV-1 vaccines and modified 
live virus vaccines, both for respiratory disease and for 
fetal infections. A disadvantage of inactivated vaccines is 
that the onset of protection may not be as rapid as with 
modified live virus parenteral or modified live virus intra- 
nasal vaccines. An advantage of the inactivated vaccines is 
that they can be used in pregnant cows and nursing 
calves. 

Use of Vaccines to Prevent and Control Bovine 
Herpesvirus Type I Diseases 

Many vaccines are available for preventing and controlling 
the different forms of BHV-1 disease, and each vaccine has 
certain characteristics that should be considered w r hen 
designing a vaccination program. Each vaccine also has both 
benefits and limitations. Probably more important is the 
management of the cattle for which the vaccines are used. 

PREGNANT ANIMALS OR ANIMALS NEARING BREED¬ 
ING SEASON. The modified Live virus parenteral vaccines 
may infect the fetus if pregnant susceptible heifers or cows 
are vaccinated. Abortions have been reported subsequent 
to vaccination with modified live virus parenteral vac¬ 
cines. 243 The modified live virus vaccine virus may also 
result in corpus luteum infection or disease. 251 ' 252 Experi¬ 
mental studies have indicated a reduced conception rate in 
susceptible cattle that received, a modified live virus paren¬ 
teral vaccine 3 lo 4 days before or 14 days after breed¬ 
ing. 251 ' 252 It has been reported that pregnant cattle raised 
in contact with calves recently vaccinated with modified live 
virus parenteral vaccines had a greater incidence of BHV-1 
abortion Lhan those that did not have contact with vacci¬ 
nates. 25,3 Consequently, ihe labels of modified live virus 
parenteral vaccines have usually slated that the vaccine 
should not be used in calves nursing pregnant cows. Recent 
studies have shown that calves given a modified live virus 
parenteral vaccine did not shed virus in their nasal secre¬ 
tions, nor dLd contact animals become Infected with the vac¬ 
cine virus. 234 - 25 * One company received label claim of prior 
vaccination for the modified live virus vaccine containing 
BHV-1 and BVDV for pregnant cows, provided the cows 
had received the same line of vaccines with the modified live 
virus BHV-1 and BVDV within 12 months of being vacci¬ 
nated during pregnancy. 234 Likewise, that vaccine could be 
used in nursing calves if the cows had been previously vacci¬ 
nated with that line of vaccines within 12 months of prior 
vaccination. 234 Another concern is that the modified live vac¬ 
cine vims may recrudesce, with resulting shedding of vims In 
cattle either stressed or receiving corticosteroids. 257 Realisti¬ 
cally, concern about transmission of BHV-1 to animals In 
contact with those receiving modified live vims parenteral 
vaccines would be negligible If the contact animals were 
properly immunized and Immune to BHV-1. 

Until the vaccine Labels on most modified Live vims par¬ 
enteral vaccines are changed, modified Live virus Intranasal 
vaccines or the inactivated or chemically altered live vims 
vaccines usually are recommended for pregnant cattle or 
those near breeding. The one exception is the approved vac¬ 
cine cited previously. Vaccine recommendations should be 
weighed using the benefits of vaccination as a guide and 
especially with the realization that properly vaccinated 
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cattle are better protected when exposed to either field (vir¬ 
ulent) or vaccine strains shed by vaccinated animals. 

rapid onset OF IMMUNITY Cattle that are susceptible 
and likely to be exposed to BEIV-1 should receive either a 
modified live virus parenteral vaccine or a modified live 
vims Intranasal vaccine because both types induce Immu¬ 
nity within 3 days of the initial dose. Rapid onset oflmmu- 
nity is desirable in such situations as stoclcer calf and feedlol 
operations. In which calves are transported long distances to 
pastures or feedlols, which stresses the animals and makes 
them more susceptible to infection. Such calves also are 
exposed to infection w r llh BHV-1 from contact cattle in the 
markets. The drawback to Inactivated vaccines is that two 
doses are required to obtain good Immunity. 

duration OF immunity. Controlled studies on the 
DOI are limited. A degree of protection against challenge 
existed at (S to 9 months after vaccination with a modified 
live virus intranasal vaccine or an Inactivated vaccine. 254 ' 255 
A parenteral modified live virus BHV-I vaccine provided 
protection up to 126 days after vaccination. 242 A second 
parental modified live virus BHV-1 vaccine provided protec¬ 
tion against BHV-1-induced abortions for 12 months after 
vaccination. 234 Challenge studies for licensure usually are 
performed on calves within days of vaccination, at the time 
of peak immunity. Also, the challenge may be for only one 
form of disease, usually the respiratory type. Such chal¬ 
lenges may detect only protection against a severe form of 
the respiratory disease. BHV-1 manifests Itself In other 
forms, such as abortions, neonatal disease, genital disease 
(male and female), and con|unctlvllls. Yet little or no data 
are available regarding the efficacy of vaccines against these 
other forms of disease. For example, in one case the genital 
form of BHV-1 disease (Infectious pustular vulvovaginitis) 
occurred in heifers that had received a modified live virus 
parenteral vaccine 5 months earlier. 260 Given the lack of 
DOI studies for all BHV-1 vaccines individually and the cost 
of vaccines, breeding animals usually are vaccinated at least 
annually. In some reed yard situations the animals may be 
revaccinated during the feeding period. It is Industry prac¬ 
tice that feedlot cattle receive a monovalent BHV-Tmodi¬ 
fied live virus parenteral vaccine at reimplant time at 
approximately 100 days after arrival. There have been field 
reports of BHV-1 respiratory disease (IBR) in feedlot cattle a 
few months after entry or processing, at xvhlch time they 
received, modified Ike virus vaccines containing BHV-1. 

VACCINATION OF CALVES WITH MATERNAL ANTI 
BODY, The possibility exists that maternal BHV-1 antibodies 
acquired by the calf through Ingestion and absorption of 
colostrum may Interfere with vaccination. The level of these 
serum BHV-1 antibodies In die calf depend on the amount 
in the colostrum, the amount absorbed, and the half-life of 
the particular antibody; for BHV-1, It Is 21.2 days. 236 Some 
calves receive no BHV-1 antibodies through the colostrum, 
or they may lose them within 1 month. Some calves, how¬ 
ever, may have serum BHV-1 antibodies for up to 6 months 
after birth. 257 

Vaccination recommendations for neonatal calves In¬ 
clude use of multiple doses of a modified live virus paren¬ 
teral, an Inactivated, or a chemically altered live virus 
vaccine or administration of a modified live virus intranasal 
vaccine, lhe maternal antibodies may block the parenlerally 
administered modified live virus or Inactivated vaccine. 
However, the modified live virus intranasal vaccine may 
induce BHV-1 antibody Immunity. 347 Calves often are 
nevaccinated at 6 to B months of age regardless of their prior 
vaccination history. 

ADVANCES IN VACCINES. Molecular techniques of bio¬ 
technology have been applied to the study of vaccines and 
the response to vaccination (vacclnology). I’hese advances 


are especially noted for herpesviruses, including BEIV-i. In 
addition to conventional vaccines manufactured via propa¬ 
gation of modified live virus and Inactivated BHV-1 strains, 
current and future technologies offer opportunities for other 
vaccines. 361 - 262 These Include subunit vaccines with a por¬ 
tion of the virus, deletion mutants with specific viral geno¬ 
mic fragments deleted, Ike vectored strains, DNA vaccines 
using plasmids, and plant-based vaccines. Deletion mutant 
Bi tV-1 vacclnesas marker vaccines with selected glycoprotein 
genes deleted along. w r lth diagnostic tesls for the deleted 
genes permit Identification of vaccinates under control prog¬ 
rams. 2 * 1 Recently, needle-free delivery of vaccines has been 
eveloped and Implemented. 361 By high pressure gas deliv¬ 
ery, vaccines may penetrate the skin and be administered 
intradermally, subcutaneously, or intramuscularly. 261 Such 
delivery is designed to minimize damage resulting from 
Intramuscular in|ecllons. Two studies compared needle-free 
intramuscular Injection of multivalent modified live virus 
vaccine containing BHV-1 with conventional subcutaneous 
injection via syringe in dairy calves and feedlot cattle. In both 
studies, antibody titers to BHV-1 were higher at day 21 post¬ 
vaccination than after conventional needle injection. 265 ' 264 

Vaccination Programs 

The best possible vaccine provides protective Im mu n ity In the 
host against Infection (viral replication) when challenged; 
protects lhe animal against all forms of disease, Including 
multiple organ and systemic forms; and provides lifelong 
mucosa] and systemic immunity. Ideally the vaccine recom¬ 
mendations would incorporate the results of field trials that 
are carefully designed to show the efficacy of the vaccine 
against a pathogen. Unfortunately little Information Is avail¬ 
able, as can be seen by a revieiv of the literature, for evaluating 
the field efficacy of the respiratory disease vaccines. 266 The 
summary of results was mixed for BHV-1 vaccines and for 
other respiratory viral and bacterial vaccines. 

Veterinarians therefore must make recommendations 
based on (1) experimental studies of vaccination followed 
by challenge under controlled laboratory conditions apart 
from the field conditions of normal cattle management 
and (2) clinical experience with vaccines. Data from chal¬ 
lenge studies often are under the control of universities, 
the federal government, or a biologic manufacturer and 
may not be published. Government licensure studies 
require efficacy and safety evaluations, but these studies 
may not be available In scientific publications for review 
by those making recommendations. For these reasons the 
veterinarian may not have access to all the data needed lo 
make a good decision on vaccines. 

The veterinarian's dilemma is confounded by other fac¬ 
tors. First, Licensure may be granted for vaccination efficacy 
that demonstrated protection against one form of disease, 
such as respiratory type. However, the virus may be |ust as 
important a pathogen of other organs, such as the develop¬ 
ing fetus, as is the case with BHV-I. Second, information 
about the DO] Induced by each commercially available 
BHV-1 viral vaccine Is not available or Is limited. Licensure 
studies may use challenge of vaccinated animals within 
2 to 4 weeks of Initial vaccination, yet cattle may be In feed- 
yards (months) or breeding herds (years) after vaccination, 
third, vaccines may induce a strong parenteral immunity, 
yet the surface mucosal defenses at the portal of entry may 
still be susceptible to Infection even in presumably well-vac¬ 
cinated animals. Hius It is entirely possible that natural 
infections could still occur in these vaccinated animals. Eco¬ 
logically Lhls point Is reinforced, because viruses for which 
there are good Immunization products are still circulating 
in cattle populations after years of vaccination. 
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The veterinarian therefore must weigh both the benefits 
provided by vaccines and their limitations. This probably 
is best done by focusing on the real economic effects of cer¬ 
tain disease manifestations, including morbidity, mortality, 
and treatment and prevention costs. Historically this 
approach has been applied to two important forms of 
EHV-J disease: the respiratory form, singularly or In combi¬ 
nation with pneumonic bacterial diseases, and the fetal dis¬ 
ease (abortions). As a result, most vaccine regimens focus 
on preventing respiratory disease in both young or adult 
animate and on protecting the pregnant breeding herd of 
cows and heEfers against abortions. Another fact to be con¬ 
sidered is that many vaccines may have multiple viral or 
bacterial components (or both), which may require multi¬ 
ple doses for an Immunogen mixed with one that requires 
only one dose. 

GUIDELINES 

Calves. Calves may be vaccinated at weaning or 30 days 
before weaning. Calves vaccinated before 6 months of age 
should be revaccinated because the earlier vacci nation may 
have been blocked by maternal antibodies. The modified 
live virus parenteral and intranasal vaccines require only 
one dose in susceptible calves, whereas ihe chemically 
altered live vims or inactivated vaccines require two doses. 
Although the Labels for most modified live virus parenteral 
vaccines state that the vaccine should not be used if the calf 
is nursing a pregnant cow, the likelihood of infection of the 
pregnant cow may be minimal, especially if she is already 
immune. Yet as described earlier, modified live virus paren¬ 
teral vaccines are available for use in pregnant cows and 
nursing calves. 

Breeding Coier and Hetfen. Yearling heifers (12 to 14 
months of age) should be vaccinated at least 1 month 
before breeding Any of the vaccines may be used, but if 
two doses are requited, the second dose should be given 
at least 1 month before breeding. 

Pregnant cows may be vaccinated with a vaccine that has 
a label description warranting such use; these include mod¬ 
ified live virus intranasal vaccines, chemically altered live 
virus vaccines, inactivated vaccines, and approved modified 
live virus parenteral vaccines. Generally one dose Is used, 
primarily because of management considerations. Adminis¬ 
tering booster doses of the BHV-1 vaccines may have two 
conflicting outcomes as a result of booster dose stimulation 
of an increase in coiostral BHV-1 antibodies, which are 
transferred to the newborn calf in the colostrums: (1) it 
maybe beneficial to the calf to have increased BHV-1 serum 
antibodies for protection against BHV-1 disease, or (2) the 
calf may have longer duration of BHV-1 antibodies, which 
mav block REIV-] immunization. There are no published 
multiyear DOI studies in vaccinated cattle challenged with 
virulent BHV-1. Because of the relatively low cost of BHV- 
1 vaccines and the need to vaccinate against other patho¬ 
gens, many breeding cows are given a BHV-1 vaccine 
annually. 

Stacker uud Feeder Cattle. Cattle to be shipped to forage 
pasture after weaning (wheal pasture or native grass) or to 
feedyards should be vaccinated 2 to 3 weeks before ship¬ 
ment. However, management practices and marketing may 
permit vaccination only at initial collection point, market 
site, or sleeker or feedlot delivery. All the ma|or types of 
BHV-1 vaccines may be used, but those that require only 
one dose have two advantages: onset of immunity is rapid, 
and less handling is required (one dose versus two). 

Cattle presented for purchase immediately before ship¬ 
ment, with no known vaccination history, pose a challenge. 
Presumably healthy cattle may be candidates for the one- 
dose modified live virus parenteral or modified live virus 
intranasal vaccines because these calves may benefit from 


rapid immunity. Cattle already infected wEth BHV-1 may 
not be protected by vaccination. 

Cattle entering the feedyard usually receive either the 
modified live virus parenteral or modified live virus inlrana- 
sal vaccine, particularly for the rapid onset of immunity. 
Cattle sometimes are revacdnaled during the feeding period 
to ensure protection against BHV-1 disease later In the 
feedyard. 

Breeding Serv/Gcs. Veterinarians should consult the breed¬ 
ing bull center for vaccination requirements of bulls, espe¬ 
cially relating to export shipment and collection for 
artificial insemination. Modified live virus intranasal vac¬ 
cines have been used in artificial insemination bulls because 
these vaccines are less likely to cause latent infections than 
modified live virus parenteral vaccines. 206 - 267 As mentioned 
previously, modified live virus parenteral vaccines cause 
latent Infections that may recrudesce with stress or the 
administration of corticosteroids, which means the virus 
would be present in the semen. 257 - 267 


BOVINE VIRUS DIARRHEA VIRUS 
VACCINES 


VICTOR S. COfr7£3£ 

Our knowledge of the different vaccines' ability to protect 
against Infection with BVDV l& Increasing rapidly. Currently, 
three kinds of BVDV vaccines are available: modified live 
virus vaccines, temperature-sensitive vaccines (available only 
In Europe), and inactivated virus vaccines (Table 4&-12). 
Modified live virus BVDV vaccines have demonstrated advan¬ 
tages over the newer inactivated vaccines. .Most of these 
advantages are common to all modified live virus vac¬ 
cines 2632 ® 0 : (1) modified live virus vaccines are less expen¬ 
sive; (2) postvaccinalion anaphylactic reactions occur less 
often than after administration of some inactivated vaccines; 
(3) immunity Is achieved more rapidly after administration 
of a single dose (within 7 to 10 days); (4) modified live virus 
vaccines produce much higher levels of serum neutralizing 
antibodies 270 ; (5) immunity lasts longer 271 - 273 ; and (6) mod¬ 
ified live virus vaednes are effective against a broader spec¬ 
trum of viral strains. 27 ’ 0 ' 

On the other hand, modified live BVDV vaccines have 
certain disadvantages compared with Inactivated BVDV vac¬ 
cines; these disadvantages are that (1) some modified live 
virus vaccines can produce mild Immunosuppression for 
brief periods after administration 272 ; [2) some have been 
associated with what is usually a rather low Incidence of a 
highly fatal disease syndrome, postvaccinal mucosal disease 
(MD) 37iin (see later); and (3) until recently, modified live 
virus vaccines were not ordinarily recommended for routine 
use in pregnant cattle. 

Studies have shown that the duration of cross-neutralIz- 
Ing antibodies stimulated by Inactivated BVDV vaccines 
depends on the antigenic similarity between the vaccine 
strain and the wild type virus to which the cow is 
exposed. 275 - 2 76 If there are few common proteins, the ability 
to neutralize can be as short as 4 months; if there are many 
common antigenic sites, neutralization may last a year. 
Modified live BVDV vaccines stimulate cross-neutralizing 
antibodies that can still be detected 18 months after vacci¬ 
nation. 270 This longer duration was further demonstrated 
when a modified live BVDV vaccine received a USD A label 
describing a 1-year duration of immunity against the birth 
of both type 1 and type 2 persistently infected calves. 277 

Recent studies_have demonstrated the ability of both 
modified live 273 - 279 and Inactivated type 1 vaccines 260 to 
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TABLE 48-52 

Currently Licensed 4 ' Vaccines for Bovine Virus Diarrhea Virus 





BVE3 Type 1 

UVD Type I 

1 Product 

Company 

Type of Vaccine 

BVDV" 

■Strain 

2 Strain I 

Arsenal 

Novartis 

MLV 

W 

lb—GL7&13—nCP 


flovl-Shield GOLD FP 

Pfizer 

MLV 

M 

la—NAD L—CP 

2—53637—CP 

Breed-Back I'P 

Roehrkngcr 

MLV 

M 

E a—Singer—CF 

2—296—CP 

CatlicMxscer 

Pfizer 

Hybrid (TS-lHR & PI-3, 

K 

ta—5960—CP 




Killed BVD) 


la—6309—LtCP 


CatlkMitster GOLD 

Pfizer 

Hybrid (.TS-EER & PI-3, 

K 

ta——CF 

2—53637—Cr 



Killed BVD) 




Elite 

Boehringcr 

Killed 

K 

ta—Singer—CF 


Express 

Boehringcr 

MLV 

M 

la—Singer—CF 

2 —296—CP 

H endvxc 

Pfizer 

MLV 

M 

la—NADI.—CP 


Jendne 

Sobering 

MLV 

M 

lb—WRL—nCP 


Master Guard 

In tenret/Agril-Tlis 

Hybrid (Killed IBR, 

K 

la—C24V—CP 

2—125C—CF 



BVD) 




PregCuard GOLD FP 10 

Pfizer 

MLV 

M 

la—NADL— CP 

2—53637—CP 

Prism 

Fort Dodge 

Hybrid (Killed BVD) 

K 

la—NADI.—CP 

2—5912—CP 

Pyramid 4 






Pyramid & 

Fort Dodge 

MLV 

M 

la—Singer—CF 


Pyramid 9 






Pyramid 5 r Pyramid 10 

Fort Dodge 

MLV 

M 

la—Singer-—CF 

2—5912—CP 

Reliant 

McfLiI 

Hybrid lKilled BRSV) 

M 

la—NADL—CP 


Reliant Flus 

MerLal 

Hybrid f Killed BRSV) 

M* 

1 a—Singer—CF 


Re.rpish.1eld 

Medal 

Killed 

K 

la—SingeT—CF 


Resvac 4/Sormjbac 

Pfizer 

MLV 

M 

la—NADL—CP 


Surround 

Novartis 

Killed 

K 

la—Singer—CF 






lb—NY—NCP 


Tiunium 

AgiiLibs 

MLV 

M 

la—C24V—CP 

2—296—CP 

Triangie+Type Jl BVD 

Fort Dodge 

Killed 

K 

la—Singer—CF 

2— 5912—CP 

Vita Shield fi 

Novartis 

Killed 

K 

la—ICV22—CF 

2—TN13-1—nCF 





lb—i?H— nCF 


Vis la 

Entervet 

MLV 

M 

la—Singer—CF 

2a—125 A—CP 


JflVLi, Boviiir virus diarrhea; iiVDV, bovine vitui diarrhea. vims, CP, cytupalhcc; M LV, modified lave virus: nCP, nan-cyi*jpatlti^ /"J-j : . panii nlluenza iyp«r 3.: 
TS-itift, sniperjLuie-M'cn mve. 

'Licensed by tlie Aiiiiai.il and I'laitt I Eeal Ih liupertian Service, ll.S. Mepanmeii; t»f Apiculiuw. 

\M r Muddled live BVIJV doiftpoftertl(Ss]; Jf, killed BVLJV Componetil^i]. 


proside protection agEiinst type 2 RYBV strains, although 
the protection afforded by the modified live virus vaccine 
tvas more complete. USDA/APHIS has established a licens¬ 
ing protocol for EVDV vaccines to obtain .1 type 1 BVDV 
protection claim. .Most of the vaccines licensed'against both 
BVDV type L and type 1 contain BVDV type ] and type 2 Iso¬ 
lates (see Table 48-10). 'lire question of ainenl vaccines' ability 
to crass-protect against BVDV type lb strains has been 
raised. ’ a 1 and further sludies are needed to determine the level 
of protection afforded by current vaccine strains, 

VACCiNATiCN AND MUCOSAL DISEASE 

MD Is seen when an animal that Is persistently Infected Is 
exposed lo another closely related cylopathlc strain of BVDV. 
Also, theoretically a noncytopathlc BVDV strain can mutate 
spontaneously into a cytopatnic strain, resulting In MD with¬ 
out any subsequent exposure. High stress and Immunode- 
presslon may be involved In this mutation. 253 

A major concern with the modified live virus vaccines 
is whether they can cause MD. 273 - 2S4 2&5 For MD to occur, 
the cytopathic strain In the modified live virus vaccine must 
be closely related to the noncytopathlc strain in the persis¬ 
tently Infected animal. With the degree of attenuation of 
modified live virus vaccines today, an animal must be nutri¬ 
tionally deficient or severely stressed, or both, to face an 
increased likelihood of developing MD from the vaccine. 


This suggests that □ specific set of circumstances is required 
and that MD caused by vaccination, when it occurs, is rare. 

BOVINE VIRUS DIARRHEA VIRUS 
VACCINES AND REPRODUCTIVE 
CONTROL 

Control of BVDV centers on prevention of persistent Infection 
and elimination of persistently Infected cattle: this means that 
identifying and removing persistently Infected animals and 
continued vaccination to prevent persistent Infection are nec¬ 
essary for effective control. Persistent infections occur through 
in utero infection of the fetus Tup to approximately 125 day's' 
gestation) with a noncytopathlc strain of EVDV- ,2a2 The 
mechanism of transplacental transfer of BVDV Is unknown; 
however, small amounts of virus In the dam's bloodstream 
appear to be sufficient to produce these immunololerant cat¬ 
tle. Protection of the dam may or may not correlate with pro¬ 
tection of the fetus from subsequent persistent Infection if 
vlremla of the dam occurs. To break the vicious cycle of in 
utero i nfection and persistent Infection, it Is essential that vac¬ 
cination provide fetal protection. 

Several studies have been performed lo assess the ability 
of vaccines to protect the fetus against either natural or 
artificial challenge. The results of these studies showed that 
most inactivated vaccines failed to provide much fetal 
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protection, 275 ' 2S *- 2S1 except for one experimental vaccine, 
which Is reported to gLvc a high Level of fetal protection. 
With the experimental vaccine, the lack of virus Isolation 
from offspring of vaccinated animals indicated good pro¬ 
tection. 3 ^ 2 However, the challenge of controls resulted In 
only approximately a 50% rate of persistent Infection. 
Recently, the new inactivated vaccine has demonstrated a 
high level of fetal protection and was given the appropriate 
Label by the LISDA (see Table 4B-9). Other published 
reports demonstrated that modified live virus BVDV vac¬ 
cines were more effective at protecting the fetus 203 - 293 
and that inclusion of a type 2 vaccine broadened the 
strains against which the vaccine protects. 23 * To date, vac¬ 
cines licensed In the United States have not been required 
to provide fetal protection. However, label Indications are 
now being granted by the USDA to vaccines that have 
demonstrated the ability to prevenL the development of 
persistently infected calves. Several vaccines have achieved 
this label (see Table 40-9). 

Bovine Virus Diarrhea Virus Vaccination Programs 

Because BVDV infections can cause severe death loss and 
immunosuppression, all herds of cattle should be vacci¬ 
nated against BVDV. Although ll was once thought that 
BVDV vaccines would not immunize calves that were pas¬ 
sively immune to BVDV, 357 ' 354 recent studies have shown 
that Immunization can occur with certain Inactivated vac- 
cines 299 and with modified live virus vaccines (when the 
passive antibody liter against BVDV Is 1:64 or below).iva.soo 
When required, BVDV vaccines can be administered to 
young calves, with the possibility of gaining some degree 
of protection, in most calves the maternal antibodies 
against BVDV drop below the 1:64 level by 5 to 6 months 
of age. If an early BVDV problem does not exist, waiting 
to administer the first BVDV vaccine until at least 6 months 
of age increases the number of animals that respond to 
vaccination. 

Among cows given modified live BVDV vaccines in the 
last trimester of pregnancy, 06% of the calves from seroneg¬ 
ative cows 301 and some calves (0%™ to 52% 3D1 ) from 
seropositive dams were actively Immune at birth. In addi¬ 
tion, the calves' level of passive Immunity to BVDV was 
enhanced, in that seronegative cows seroconverted, and 
serum antibody liters were boostered in 52% of the seropos¬ 
itive cows. The rate of occurrence of BVD In neonatal calves 
w r os reduced. 3,03 Administration of a modified Live BVDV 
vaccine to seronegative cows after day 1 IB of gestation did 
not result In adverse effects. 303 -^ However, vaccination 
with a modified live noncytopathic vims vaccine before 
day 110 resulted In fetal resorption, abortion, congenital 
defects, and the birth of undersized, weak, persistently 
infected calves. 305 Several authors have recommended vac¬ 
cination of cows with a modified live BVDV vaccine during 
the Last trimester of pregnancy. 283 Two modified Live BVDV 
vaccines are now Labeled for use in pregnant animals. How¬ 
ever, the label directions must be adhered to in order to 
ensure the safety of these vaccination schedules. 

It Is important to consider the epidemiologic, nonre¬ 
sponse rate to any vaccine when designing a BVDV vaccina¬ 
tion program. Therefore even though modified live BVDV 
vaccines do not require a booster dose, a second dose may 
be advised to stimulate protection in animals that did not 
respond to the initial vaccination. BVDV vaccination pro¬ 
grams should Include the following features: 

1. A virus isolation and culL program should be insti¬ 
tuted, along with a vaccination program that Includes 
administration of at least one dose of a modified live 
BVDV vaccine to all replacement animals. 


2. Vaccination with killed vaccines should be Increased 
to two or three limes a year, or a modified live BVDV 
vaccine should be gtven to open cows 3 weeks before 
breeding or turning in the bull. 

3. The vaccines used should have been proved to stimu¬ 
late protection against BVDV type 1 and type 2. 


BOVINE RESPIRATORY SYNCYTIAL 
VIRUS VACCINES 


taiisi a. felUs 

BRSV Is a prevalent paramyxovirus that can cause disease in 
cattle ofalL ages but that primarily affects calves in recurrent 
seasonal outbreaks. 306 - 3 ™ Clinical disease Is characterized 
by pyrexia, coughing, and tachypnea, which can progress 
rapidly to severe expLratory dyspnea. 3 ® 7 ' 3 ® 5 BRSV is also 
considered one of the viral agents that predisposes animals 
to secondary bacterial Infections In the bovine respiratory 
disease (BRD) complex; however, secondary Infections 
often are absent in fatal BRSV-assoclated respLralory dis¬ 
ease. 310 " 313 As well, subdtnica] BRSV infection or mild 
respiratory disease resulting from BRSV infection In dairy 
cattle may have a negative impact on milk production. 313 

PARENTERAL VACCINES 

Modified live virus and Inactivated parenteral BRSV vaccines 
have been commercially available since the I USDs. Most of 
these vaccines are formulated in combination with other 
viral respiratory pathogens, Including Pl-3, BHV-1, and 
BVDV. 1 * 8 The efficacy of commercial modified live virus 
nonad|uvanted and adjuvanted combination BRSV vaccines 
In protecting calves from severe clinical disease subsequent 
to experimental infection with a virulent field Isolate has 
been demonstrated. 3 ' 3 Most vaccinated calves shed vims, 
but the peak virus titer was suppressed compared with 
unvaccLnated controls. Viral clearance was coincident with 
the simultaneous appearance of mucosal antibody, cyto¬ 
toxic T cells in the lungs, and anamnestic or primary serum 
antibody responses, in contrast, vims clearance in unvaccl- 
nated calves was coincident with the appearance of BRSV- 
speclflc cytotoxic cells before mucosal antibody was 
detected. Although administration of modified live vims 
BRSV vaccines by the intramuscular route to passively 
Immune calves reportedly did not elicit mucosal memory 
IgA or serum antibody responses, or even prime for such 
responses, 304 T cell responses have been demonstrated 
after parenteral vaccination In passively immune calves. 314 
Whether these responses correlate to a protective cell- 
mediated memory response when maternal antibodies 
decLine has not been determined. 

More recent Investigations using the same challenge 
model In BRSV-seronegative calves have documented a sim¬ 
ilar efficacy of at least two combination inactivated vaccines 
containing BRSV formulated with different adjuvants. 313 - 3 ' 6 
Clinical protection was associated with serum concentra¬ 
tions of BRSV-specifk EgG as determined by ELISA 313 - 3 ' 6 
and in one case 413 the presence of IFN-y-secrellng BRSV- 
specLfk CD4+ T lymphocytes In the blood of vaccinated 
calves. There are conflicting data concerning the ability of 
commercial Inactivated BRSV vaccines to override maternal 
antibodies and stimulate protective responses after paren¬ 
teral Immunization, which may be related to the vaccine 
formulation and adjuvant. 3 ]7 ' 3]8 

Most experimental studies concerning the efficacy of 
commercial BRSV vaccines are consistent with previous field 
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trials, demonstrating the safety and efficacy of parenlerally 
administered vaccines. 515 " 320 In addition, one studv sug¬ 
gested the usefulness of combination vaccines in reducing 
the impact of subdinlca! BR5V Infections, 313 

Protection against BR5V infection and disease Is asso¬ 
ciated, at least in part, with an IgA response 3 ® 6 " 308 : however, 
serum 3gG acquired from either passive or active immuniza¬ 
tion can significantly reduce the severity of clinical respira¬ 
tory disease that results from BRSV Infection. Several 
studies have reported that the incidence and severity of dis¬ 
ease in calves were inversely related to the maternal anti¬ 
body titers. 306 - 321 - 322 In the case of herd Immunity, passive 
antibodies were detectable in 50% of the calves for 3 
months after birth and were present in some calves until 7 
months of age. 323 Therefore administration of BRSV vac¬ 
cines to cows in late gestation to booster colostral antibody 
titers is a rational strategy to deal with BRSV-Induced respi¬ 
ratory disease in young calves (1 to 3 months of age) in 
problem herds, without having to be concerned about the 
immunizing potential of particular parenteral vaccines in 
young seropositive calves. 

INTRANASAL VACCINES 

Because BRSV Ls an endemic infection in most cow herds, 
most young calves will have BRSV-specifk maternal antibo¬ 
dies, unless there is failure of passive transfer. As well, given 
the endemic nature of BRSV, it Is likely that many calves are 
exposed to BRSV early in life and will contract BRSV-asso- 
ciated respiratory disease if their passive protection is poor 
or has waned. Considering the mixed results, to date, with 
parenteral administration of BRSV vaccines to young sero¬ 
positive calves, the availability of a safe, effective intranasal 
modified live vims BRSV vaccine may represent the most 
effective means of Immunizing young calves. In fad It 
was demonstrated in the late 1930s that Intranasal Inocula¬ 
tion of tissue-eulture-altenuated BRSV to passively immune 
calves primed for mucosal memory and an anamnestic IgA 
response subsequent to challenge. 324 .More recent similar 
studies with culture-attenuated BRSV confirmed this phe¬ 
nomenon. 325 in addition, two recent studies suggest that 
currently available parenteral combination modified live 
virus vacci_nes can be efficacious if administered intrana- 
sally. 32027 Single Intranasal administration of these vac¬ 
cines to young calves primed for protective responses to 
subsequent experimental challenge. In one of these stud¬ 
ies, 326 results demonstrated that effective priming was 
achieved in BRSV-seroposlIive calves, confirming the previ¬ 
ous observations with experimental single component BRSV 
vaccines. 322 - 323 Recently an Intranasal BRSV vaccine was 
licensed in Europe and the United Kingdom. 


ADVERSE REACTIONS TO BOVINE 
RESPIRATORY SYNCYTIAL VIRUS 
VACCINES 

The ma|or factor hampering the development of a vaccine 
for human respiratory syncytial virus (HRSV) is the dra¬ 
matic HRSV vaccine failure in the 1960s, in which vac¬ 
cination with a formalin-activated (Fl} r alum-adjuvanted 
HRSV predisposed children to more severe disease after 
subsequent EIRSV Infection. 326 Although this same dis¬ 
ease-enhancing phenomenon has been demonstrated in 
some studies of experimental FI-BRSV vaccines in cat- 
tlei 33030 it is unlikely that modem manufacturing practices 
would use formalin inactivation for BRSV or other viral vac¬ 
cines. Nevertheless, there are documented cases of apparent 
enhancement of BRSV-associaled respiratory disease in 


cattle that received either inactivated or modified live virus 
vaccine in the field, Indicating that some commercial vac¬ 
cine formulations may stimulate potentially pathogenic 
immune responses In some cattle, 32 D ' 35fl 'The immunologic 
mechanisms responsible for vaccine-associated disease 
enhancement are not completely understood. The current 
hypothesis Is that some BRSV vaccines, notably FI-BRSV, 
mainly prime Th2-llke responses involving eosinophil 
influx Into the lung and production of high concentrations 
of BRSV-specific IgE. 525 - 530 Several studies have consistently 
documented a disparity In the type of antibody responses 
induced In cattle by modified live vims and Inactivated 
BRSV vaccines. 330 - 333 Parenteral Iv administered modified 
live virus BRSV vaccines generally stimulate moderate to 
high concentrations of VN antibody in the serum, whereas 
inactivated vaccines stimulate high" concentrations of par- 
Lially neutralizing or nonneutralizing antibody. The data 
are conflicting concerning the prophylactic or disease- 
enhancing properties of these different types of vaccine- 
induced antibody responses. 320 - 133 Alternatively, as was 
suggested In the case of disease enhancement after paren¬ 
teral administration of a combination modified live virus 
BRSV vaccine, 531 the timing between vaccination and infec¬ 
tion could he a critical factor This may be related to the 
stage of the immune response—specifically, a predomi¬ 
nance of BRSV-specific IgM. at the time of Infection may 
somehow predispose to enhanced disease. 

Currently there is little Information about the duration 
of the protective response after vaccination: however, cattle 
can be experimentally reinfected by 35 days after initial 
infection with virulent BRSV even in the presence of circu¬ 
lating antibody. 551 Nevertheless, as the epidemiology of 
BRSV-assoclated respiratory disease in the field indicates, 
disease caused by reinfection usually is less severe than that 
after the initial infection. 306 - 308 These observations indicate 
that most cattle do not develop an allergic (IgE) response to 
BRSV from naturally acquired Infections, or to most BRSV 
vaccines, in the vast majority of cases. 


PARAINFLUENZA TYPE 3 VIRUS 
VACCINES 


Jttrr.N A. £LLT5 

Parainfluenza virus type 3 (PI-3V) is a ubiquitous para¬ 
myxovirus In cattle" populations worldwide. 336 - 337 In 
uncomplicated experimental PI-3V infections, clinical signs 
of coughing, tachypnea, and fever have been observed from 
4 to 12 days after Infection. 55 ^ Although respiratory disease 
has been" experimentally reproduced in calves "infected 
with P1-3V, seroconversion has been demonstrated after 
outbreaks of respiratory disease, 333 and PS-3V has been 
identified In the lesions of BRD complex at postmortem 
examination, the importance of this agent in the BRD com¬ 
plex remains controversial. 33 * Generally FI-3V Is viewed as 
a potentiating agent In mixed Infections, predisposing the 
animal to bacterial pneumonia by altering bacterial clear¬ 
ance in the upper and lower airways and by infecting both 
respiratory eplthella and alveolar macrophages. 336 

Currently five types of PI-3V vaccines are available com¬ 
mercially: (1) modified live vims Intramuscular vaccines' 
(2) modified live virus, temperature-sensitive. Intramuscular 
vaccines; (3) modified live virus intranasal vaccines; (4) 
modified live virus, temperature-sensitive, Intranasal vac¬ 
cines; and (5) Inactivated virus vaccines. All PI-3V vaccines 
available in North America are combined at least with a 
BHV-I vaccine. Currently, a single-antigen, modified live 
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virus PI-3V Intranasal vaccine is available in Europe. The 
efficacy of this formulation recently was demonstrated in a 
severe challenge modeL 339 

Opinions are divided as to the relative Importance of 
mucosa] versus systemic Immune responses In achieving 

K rotectlon from Fl-3V-assoctaied respiratory disease and r 
y extension, the comparative effkaq r of intranasal and 
intramuscular vaccines. Some comparative studies 339 - 340 
reported that Lntranasal vaccination resulted In better pro¬ 
tection against experimental challenge; others 341 were 
unable to demonstrate any advaniage to" the use of one vac¬ 
cine or mule of administration over the other. A notable 
exception, however was young calves with maternal antibo¬ 
dies, in which intranasal administration was thought to 
produce a more effective immune response. Passive antibo¬ 
dies may persist In calves until S months of age and may 
interfere with active immunization. 342 Consequently, calves 
vaccinated parenteralLy before 6 months of age should be 
revaccinaled afteT reaching 3 or 9 months of age. 342 

Although not experimentally documented, as in the case 
of BRSV, It is likely that, given the similar biology of PI-3V 
infection, a mucosal [IgA] response is necessary to prevent 
PI-3V Infection but that passively (maternal} or actively 
acquired serum IgG is likely to mediate significant sparing 
of clinical disease subsequent to Infection. The cell-mediated 
(cytotoxic T cell] response in the clearance of PI-3V is a 
poorly documented but probably important effector mecha¬ 
nism stimulated by modified livevlrus vaccines, as Is the case 
with BRSV. 

There Is debate about the overall utility and economic 
benefit of using PI-3V (and BRSV) vaccines In the field. 343344 
Much of the uncertainty undoubtedly is related to the difficul¬ 
ties Involved In determining the relative importance of a partic¬ 
ular agent in a multlfadoria] disease process such as BRD 
complex. Few studies 344 - 343 address the economic impact of 
subclinical paramyxovirus Infections In cattle. No recent stud¬ 
ies (in the last 5 years) directly address the economic impact of 
Inclusion of PI-3Vin combination vaednes. One large study 346 
conducted under commercial feed lot conditions demon¬ 
strated an economic benefit to using a four-way combination 
modified live virus vaccine containing P1-3V together with 
BHV-1, BRSV, and BVDV versus a single component BHV-1 
vaccine; however. It was not possible to determine which anti¬ 
gen (s) were responsible for disease sparing. 


MANNHEJAIfA (PASTEUR EL LA) 
HAEMOLyr/CA, PASTEURELLA 
MULTOODA, AND H/STOPHJLUS 
SOAINffHA^OPHfLUS SOMNUSJ 

ANTHONY W. CONFER 

MANNHEIMIA HAEMOLYTIC A VACCINES 

Al. haemolylica serotype I Is the main species of bacteria 
responsible for the clinical signs and lesions of severe 
bovine fibrinous pleuropneumonia (shipping fever). 347 - 343 
The bacterium Is a gram-negative commensal in the bovine 
nasopharynx, and after stress or viral infections the bacte¬ 
rium proliferates and is inhaled into the lungs where it stim¬ 
ulates a series of pathologic events leading to acute, 
severe fibrinopurulent inflammation and necrosis. The bac¬ 
terium was renamed Matmheimia Jiflemofyliaa because of 
substantial genomic differences between it and other mem¬ 
bers of the PdisrcjjrcWdi genus; however, it Is sfill often 
referred to In commercial vaccines by its previous name, 


Pasteur-eRa in this discussion the organism's 

current and coned scientific name, M. haeinofotka, will be 
used. 


Important A4cnnhermm haemolytica Immunogens 

M UaemotytiCfi has numerous potential Immunogens. Those 
with the greatest potential for stimulating Immunity include 
capsular polysaccharide, lipopolysaccharide (LPS), outer 
membrane proteins (OMPs), iron-regulated OMPs, a secreted 
leukoioxin (LKT), a serotype-specific antigen, and several 
other secreted enzymes Including neuraminidase, a sialogly- 
coprotease, and a bovine IgGl protease. ,S0 - 35i The central 
dogma of AT haemolytica vaccination Is that immunity to 
the organism requires stimulation of antibodies that neutral¬ 
ize LICT and antibodies that bind to surface antigens allowing 
for complement-mediated killing and/or phagocytosis of the 
bacterium. 352 There Is no agreement as to what are the most 
Important surface antigens; OMPs and iron-regulated OMPS 
are Lhe major candidates based on many Ln vitro and in vivo 
studies. 353 - 357 Capsular polysaccharide Is theoretically an 
Important surface antigen because It Is the first surface mole¬ 
cule encountered by cellular and humoral components of the 
Immune system, and Its presence enhances AT hacmolytica 
resistance to phagocytosis and complement-mediated kill¬ 
ing. 354 However, antibody responses to AT haemefyttea capsu¬ 
lar polysaccharide do not always correlate with resistance, 
and vaccination with purified capsular polysaccharide failed 
to protect against challenge. 339 - 360 LPS Is also a surface anti¬ 
gen; however, antibodies to M. haemolytica LPS failed to cor¬ 
relate with resistance to experimental challenge, and passive 
antibodies to AT Aitemplyhcdi LPS were not protective in exper¬ 
imentally challenged calves, 361 - 363 

Commercial Vaccines 

When a vaccination program for prevention of BRD is 
designed, four questions should be addressed: 

■ Should M. hiiemol'jtffai vaccine be used? 

■ What type of AT haemaiytica vaccine should be used? 

■ How many doses of M iiacmolytica vaccine should be 
given? 

■ When should M. htiemotytfoi vaccine be given? 

The practicing veterinarian must answer these questions 
based on the cattle production situation; sleeker, dairy, 
or feedlot management; Interpretation of published liter¬ 
ature; consultations with colleagues; and personal 
experience. 

Numerous commercially available bovine biologies con¬ 
tain M hiemolytiai antigens. 363 AT haemdyliai vaccines are 
often In combination with viral vaccines, H. jso-tn rrr or 
P. muhacida baclerins, and occasionally Cfosfrfcftum species 
biologies. Despite the various licensed M. huemoiyticji biolo¬ 
gies available, formulations of AT hsrmektica vaccines fall 
Into one of eight categories, seven of which are nonliving 
vaccines. These are described by their manufacturers as 
follows; [1) bacterin with aluminum hydroxide adjuvant; 
(2) bacterin with water-] n-oil ad juvant; (3) outer membrane 
extract; (4) bacterin-toxoid [LKT toxoid); (5) toxoid¬ 
cell-associated antigen; (S) adjuvanled toxoid (culture 
supernatant); (7) autogenous (herd-specific) baclerins pro¬ 
duced from Isolates submitted by practicing veterinarians; 
and (8) live streptomycin-dependent mutant. The last 
vaccine is the only currently licensed live AT htfcmchtJui 
biologic. In the past, several live M. hiierratyticfl vaccines 
were commercially available, and those vaccines showed 
potential efficacy; however, untoward side effects such as 
severe local and systemic reactions often occurred after 
vaccination. 
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Experimental Studies 

Conventional formaLin-inactivated, whole-cell, aluminum 
hydroxide-adsorbed M. haemolytica bacterlns were the Indus¬ 
try standard for many years; however, they stimulate low 
antibody titers to surface antigens, do not stimulate antibo¬ 
dies to LKT, and In experimental challenges or field trials 
were either ineffective in substantially enhancing resistance 
to pneumonic pasteuiellosis or associated with increased dis¬ 
ease and/or lesions. 364 in contrast, experimental studies with 
M. hiTcrnchtJCni bacterlns in water-In-oll adjuvants, outer 
membrane extracts, and recombinant iron-regulated OMP 
vaeeLnes significantly enhanced resistance against experimen¬ 
tal challenge even though they did not stimulate antibodies 
to LKT, Indicating that the adjuvant used is probably of 
importance In XL haemolytica Immunity. 365 - 367 The other 
commercial XL haemolytica vaccines stimulate antibodies to 
LKT and to various surface antigens. 36 *- 3,6,0 

Vaccine efficacy has been demonstrated primarily with 
experimental models of pneumonia using one of several 
challenge methods including direct Xi. haemolytica challenge 
via Intratracheal, Intrabronchial, or transthoracic routes or 
using a combination viral [usually BEIV-1) and Xi. haemoly¬ 
tica challenge. 350 1’he ma|ority of published reports of exper¬ 
imental vaccination and challenge studies have used 
experimental vaccines and not commercial ones. There are 
few published reports of efficacy of Individual commercial 
vaccines against experimental Xi. htiemutyffcdi challenge. For 
example, In one experiment, cattle were vaccinated with a 
commercial bacterin toxoid and compared with unvaccl- 
naled controls after a transthoracic Xl. haemolytica chal¬ 
lenge. 366 In a second experiment In the same manuscript, 
cattle were vaccinated with a commercial outer membrane 
extract vaccine and compared with control cattle after exper¬ 
imental challenge. 366 Both vaccines significantly enhanced 
resistance against experimental challenge, in recent years, 
several studies have demonstrated that although vaccination 
with commercial vaccines can enhance resistance against 
experimental XL haemolytica challenge, addition of one of 
several AT haemolytica recombinant proteins. Including LKT, 
slaloglycoprotease, or outer membrane lipoprotein, PlpE, 
enhanced efficacy of the commercial product. 353 - 35J - 3M - 37 ' 0 
Direct comparisons of two or more commercial M faramciy- 
rica vaccines after experimental challenge have rarely been 
published. In one such comparison between a commercial 
.Vi. haemolytica bacterin toxoid and the live streptomycin- 
dependent mutant vaccines, the bacterin toxoid elLcited the 
greatest serologic responses and significantly reduced lung 
lesions after experimental challenge. 367 Calves receiving the 
live mutant vaccine had lesions that were not significantly 
lower than In control cattle. Demonstration of protection 
against experimental challenge, however, may not necessar¬ 
ily indicate that the vaccine will be efficacious against natural 
disease under field conditions. 


Field Studies 

The number of published field studies using commercial 
.Vi. haemolytica vaccines is limited, i am unaware of any pub¬ 
lished studies using autogenous .Vi. haemolytica bacterlns. 
In both dairy and beef cattle, maternal antibodies to Xi. htie- 
molytica and P. multodda decline to undetectable levels 
between 30 and 90 days of age. 360, Most calves subsequently 
spontaneously develop antibodies to these bacteria owing 
to natural exposure. There is substantial evidence that cattle 
entering a feedlot with preexisting serum antibody liters to 
.Vi. haemolytica have less respiratory disease and fewer deaths 
than do tliose without serum antibodies. 371 Therefore vacci¬ 
nation of cattle before shipment so that ibey can develop 


appropriate immunity is ideal, and determination of the 
appropriate time to vaccinate cattle with an M. htiemotyffcdi 
vaccine becomes critical. 573 - 3 ^ Manufacturers of M. haemo¬ 
lytica biologies usually recommend vaccination between J5 
and 21 days before Jf weanlng, shipping or exposure/' 365 
Although many of the currently available Xi. 
biologies are licensed for only one injection, manufacturers 
recommend a booster If possible. However, administration 
of two doses of an XL haemolytica vaccine may not be prac¬ 
tical for beef cattle. Shewen 57 ^ demonstrated that one of the 
reasons that one dose of Ai. haemolytica vaccine often stimu¬ 
lates adequate antibody response is because most cattle 
carry X\. haemolytica in their nasopharynx and have a 
primed Immune system that can produce a rapid anamnes¬ 
tic response to vaccination. 

To determine the best time to vaccinate before shipping 
cattle, several studies have looked at how rapidly vari¬ 
ous commercial Ai. haemolytica vaccines induce antibody 
response and how r Long after vaccination do detectable anti¬ 
bodies remain. Two studies followed antibody responses to 
LKT and surface antigens In beef calves vaccinated with var¬ 
ious commercial .Vi. haemolytica vaccines and found marked 
differences both In rapidity and persistence of antibo¬ 
dies. 354 - 376 With few exceptions, antibody responses 
reached their maximum 14 days after vaccination and had 
markedly waned by day 42. In another study, long-term 
antibody responses of cattle were followed after vaccination 
with three nonliving commercial AI. haemolytica vaccines, a 
bacterin toxoid, outer membrane extract, and adjuvanted 
toxoid. 377 Serum antibody responses to Vi. haemolytica sur¬ 
face antigens (all tested vaccines) and LKT antigens (bac- 
lerin toxoid and adjuvanted toxoid only) were at a 
maximum 2 to 3 weeks after vaccination, but most antibody 
responses had returned to normal by 6 weeks after vaccina¬ 
tion. Revaccination 140 days after the Initial vaccination 
resulted in, rapid anamnestic responses that were usually 
higher than the Initial responses, 'fhese data support manu¬ 
facturer recommendations and indicate that IF cattle are to 
be vaccinated with one of these AI. fkicmnfj.ttai vaccines 
before shipment, vaccines should be given within 2 to 3 
weeks of shipment to maximize antibodies at the time of 
shipment stress. If vaccination was performed before that 
lime, a booster should be given before shipment. 

Vaccination of cattle against pneumonic pasteurellosis 
on arrival at the feedlot Is somewhat controversial because 
it may not allow enough time for development of solid 
protection before the period of highest morbidity. 564 In 
addition. If cattle were vaccinated 1 to 3 weeks before ship¬ 
ment and had adequate antibody responses, antibody titers 
may be adequate, and revacclnation may not be cost-effec¬ 
tive. However, the vaccination history Is not always known 
for beef eatlle, and vaccination on entry to the feedlot is 
often practiced. 3 '' 3 - 574 Results in several field trials Indicate 
that this practice can often afford some protection against 
shipping fever during the first 14 days in the feedlot. 375 
Selective use of M haemolytica vaccines has also been advo¬ 
cated. Some feedlots designate cattle as high risk or Low risk 
for respiratory disease. Managers may be more willing to 
vaccinate low-risk cattle, because high-risk cattle are either 
sick on arrival or can develop disease soon after entry Into 
the feedlot. 374 Therefore there would not be sufficient time 
for vaccination of high-risk cattle to stimulate immunity. 
However, loiv-rlsk cattle are less likely to develop disease 
soon after entry into the feedlot, and when they are vacci¬ 
nated there Is often adequate time for Immunity to develop 
before a respiratory outbreak occurs. 374 

Peri no and Hunsaker 3 '' 6 reviewed 10 published studies 
of several commercial live and subunit XL haemolytica vac¬ 
cines with respect to their efficacies In field studies of feedlot 





cattle. Their report confirms that vaccination of cattle with and to. haemolytica vaccine Is available. Its efficacy Is not 

newer generation to. Jiuemotytiai vaccines does not consls- well documented In the literature. 

lently reduce morbidity or mortality or Increase weight gains. The immune mechanisms Involved in resistance to 
Of those studies, five showed positive outcomes based on P. rrridtncfdrt lung Infections In cattle are poorly understood, 

reduced morbidity, mortality, or Increased weight gain, lTtere Is more published w r ork related to vaccines against 

whereas five studies demonstrated no positive outcome. P. MEdroridu serogroups B and E, which cause hemorrhagic 

Three of those studies demonstrating positive outcomes septicemia In cattle and water buffalo. 353 Recent studies sug- 

involved the same M, fiuemotyTjai baclerin toxoid given at gest that P. multocida GMP& or Iron-regulated OMPs could 

arrival In the feedlot; however, two clinical trials with the Be Important immunogens for protecting cattle against 

same vaccine showed no significant differences when given pneumonia, and vaccination of calves with outer membrane 

at anival and/or 3 weeks before shipment. In several field p reparations substantially enhanced res [stance against exper- 

studies In which a positive outcome was demonstrated using Imental challenge. 350 - 3fl *' 3a 7 Although the P. multocida toxin, 

a new generation .Vi. haemolytica vaccLne, economic benefits which is produced primarily by serogroup D Isolates, is an 

ranged from approximately $i0 to $3 A per head. Morbidity Important virulence factor and Immunogen for P. midtoc-ida 

and mortality rales have been reduced by approximately In atrophic rhinitis of swine, there is no evidence that this 

30% to 45% and S4% to 100%, respectively. 375 toxin is important In pneumonia of cattle, nor would Lt be 

beneficial to include the toxin In a vaccine for cattle. 35 ® 


Dairy and Veal Calves 

Studies of .to. haemolytica vaccinations In dairy and veal 
calves have been published less frequently than those In 
beef calves, in one study, dairy calves vaccinated at around 
10 w r eeks of age with to. Jrcjrnic^tj'ccr toxoid failed to pro¬ 
duce significant antibody responses to LKT or OMPs. 33 ° In 
another study, vaccination of Holstein calves with adju- 
vanted toxoid (culture supernatant) at 2 to 4 weeks of age 
resulted in 50% or less of the calves seroconverllng to 
to. haemolytica surface antigens, and those antibodies were 
in the IgM class. 331 None of those vaccinates developed 
LKT neutralizing antibodies. Furthermore, many unvacci¬ 
nated calves developed anll-to. haemolytica antibodies after 
5 weeks of age, suggesting natural exposure to the organism. 
Low antibody responses in to. foicmctyttaj-vaccinated 
young dairy calves probably Indicate Interference of vacci¬ 
nation by colostral antibodies. 

With respect to protection afforded young calves by 
M haemolytica vaccines, to. haemolytica toxoid- or Jlve-mutant- 
vacdnated calves had incidences of respiratory disease similar 
to those of unvaccinated controls. 33:7333 In another study, 
an to 1 , haemolytica baeterln toxoid was found to be less effec- 
tlve than a commercial streptomycin-dependent mutant 
to. JFifflemoJyhai and P. multocida vaccine in reducing respira¬ 
tory disease in veal calves. 354 However, antibody responses 
to to. haemolytica and the causes of respiratory disease were 
not determined In the veal calf study. Failure of .to. Adiemafy- 
fj'ctf vaccines to provide protection in dairy and veal calves 
could occur because P. multocida is usually the most common 
Isolate from dairy calf pneumonia. 

PAS TEUft ELLA MULTOCJDA VACCINES 

P. multocida, particularly serogroup A, serotype 3 Isolates, is 
the second most common bacterium associated with pneu¬ 
monia In beef cattle and the most common Isolated from 
pneumonia in dairy calves. 347 Although to. iWwici/yfj'ctf has 
traditionally been the major pathogenic bacterium asso¬ 
ciated with shipping fever, recent studies suggest that the 
incidence of P. FNuntocjVfu in this disease has Increased In 
beef cattle. 346 - 372 

The pneumonia produced by P. multocida Is less acute 
and severe than to, hacrndytlca-affiadated pneumonia, 
lhe antigenic makeup of nonliving P. multocida vaccines 
presently available are proprietary and are described In the 
ComfvjMfum of Veterinary Products as bacterial extracts, cell- 
associated antigens, soluble antigens, and/or bacterins. 
Conventional formalin-inactivated, whole-cell, aluminum 
hydroxide-adsorbed bacterins have been the Industry stan¬ 
dard and are not considered highly efficacious. 363 A com¬ 
mercial live streptomycin-dependent mutant P. tnu/fncldfl 


HlSTOPHfLUS SOA1NJ fHAEMOPHJLUS 
SOMNUS) VACCINES 

Haemophilus somnuT name was recently changed to H. somni, 
which we will use In this discussion. H. stmanf Is the cause of 
thrombotic meningoencephalitis (TME), septicemia, and 
reproductive disorders In cattle. In addition, it is the third most 
common bacterial isolate from beef cattle pneumonia in most 
epidemiologic surveys. 347343 cases of H. Jtwnfli-Induced 
pneumonia are often associated with concurrent myocardial 
necrosis. Potential Immunogens have been experimentally 
studied In H. snmni and consist of Lipooltgosaccharlde 
[LOS), 335 several OMPS— Including a surface protein that 
binds the Ec receptor of bovine immunoglobulin and is asso¬ 
ciated with serum resistance of pathogenic strains 339 —and! 
Iron-regulated OMPs. 350 As with most gram-negative bacteria, 
H. jcrrfni LOS Is a dominant antigen that stimulates an anti¬ 
body response to the polysaccharide moiety after natural or 
experimental exposure. It Is interesting to note that H. sewnnf 
LOS has been demonstrated to exhibit phase variation in Its 
epitopes [i.e., antigenic drift), thereby allowing the bacterium 
to escape the immune response. 155 Currently there Is no evi¬ 
dence that those antl-LOS antibodies are protective. 391 Like¬ 
wise, several OMPs and iron-regulated OMPs have been 
shown to be Immunogenic in cattle. The major H. somnf 
OMP is weakly Immunogenic and shows strain antigenic varia¬ 
bility 392 Their role In stimulating Immunity Is not known. 

Several approved H. iomnl biologies are available, often In 
combination with respiratory viruses and ftistauretfa species. 
All of the currently licensed H. jomrri biologies are formalin- 
killed bacterins with aluminum hydroxide as an adjuvant. 
Efficacy of H. bacterins has been generally favorable 

In stimulating protection against experimental pneumonia, 
against intravenous and intracistemal JT. somm challenge as 
a model of TME, and against natural TME. 354 Overall, vac¬ 
cine-induced Immunity has been best against experimental 
and natural TME. 334 - 333 - 393 Using an experimental challenge 
model of H. JMirri-induced pneumonia, significant protec¬ 
tion was afforded calves vaccinated twice with an H.. surrmi 
bacterin. 394 Resistance correlated with a high serum anti¬ 
body response to the bacterium. One study demonstrated 
a reduced risk for respiratory disease In cattle that had high 
antibodies tilers to H. stmmf on arrival in a feedlot, 395 
Therefore the potential exists for stimulating resistance to 
H. JOrtUN-assoclated pneumonia, in addlLlon, commercial 
H. jcnjfli vaccines can stimulate IgE antibodies and thus 
potentially increase the risk for type i hypersensitivity. 396 

Under field conditions, commercial H. somni bacterins 
have had limited success In inducing protection against respi¬ 
ratory disease. Published reports have shown conflicting 
results. Perino and Hunsaker 373 reassessed the results of three 
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published commercial H. sflFtrrcj'bacteTln field trials and reaf¬ 
firmed that this Is the case. In one trial H, jornnj' vaccination 
resulted In a reduced treatment rate when vaccinations were 
given at arrival and 21 days later.** 7 !n another study, vacci¬ 
nation once with a commercial baclerin was associated with 
significantly more animats being treated for respiratory dis¬ 
ease compared with unvaccinated cattle or those vaccinated 
twice at 21 day Intervals.** 630 * In another study r vaccination 
with a commercial H. somir:( bacterin on arrival at the feed to! 
was associated with no significant differences between the 
number of animals treateofor respiratory disease compared 
with unvaccinaled controls. 4 ™ In a recent study, partial 
reduction in feedlot respiratory disease was associated with 
vaccinating for H. rornm', whereas a significant reduction in 
respiratory disease was associated with H. scumf vaccine in 
combination with M hnemolytica or M haemalytica vaccine 
alone. 401 Rlbble and colleagues,- 402 however, demonstrated 
reduced steer mortality after H. romm' vaccination, but not 
heifer mortality. 


BOVINE REPRODUCTIVE DISEASE 
VACCINES 

VUCJUK S. CORTESE 

CAROL a. BOLIN 

As explained earlier r cows have a multilayered placenta, 
xvhich leaves the fetus susceptible to infection, infection of 
the placenta. Inflammation of the ovary, death of the fetus, 
or disruption of the cervical plug all may cause abortion. 
Reproductive disease therefore is the most difficult disorder 
against which to achieve protection. Vaccination must min¬ 
imize the amount or duration (or both) of the vlremia or 
septicemia, or it must prevent the pathogen from moving 
through the cervix or crossing the placenta. 

The reproductive diseases and protection against them 
through vaccination are areas of active research. With current 
research a vaccination program can be designed to aid in the 
control of rep reductive diseases. Unfortunately, there Is little 
or no research on the efficacy of many vaccines currently 
used to prevent reproductive disease. Because the causes of 
reproductive failure are so numerous (infectious agents 
account for only a small percentage), vaccination to prevent 
infectious reproductive losses many not appear to be effec¬ 
tive. This often Is a result of the fad that diagnostic testing 
has not been attempted or has not determined the cause of 
reproductive inefficiencies. A vaccination program may be 
inappropriately instituted when the cause is not Infectious, 
or the current program may unfairly be deemed Ineffective. 
A Neospora vaccine against Neospo. m-induced reproductive 
disease In cattle has been granted a license. Little published 
information is available on this product. Although safety 
has been shown, the efficacy Is questionable. 

The use of viral vaccines to help prevent reproductive dis- 
easesi was discussed earlier in the chapter. 

BRUCELLA ABORTUS VACCINE 

BrjjceHfl vaccination has best shown the effectiveness of vac¬ 
cination In controlling a reproductive disease. The success¬ 
ful control or even eradication of B. iiiwrtJir in many areas 
of North America Is a testament to the ability of a program 
involving testing culling and vaccination to control a 
reproductive disease. Vaccination with either strain 19 or 
strain RB5I BrateWfl has proved to be effective; however, 
many herd owners have slopped vaccinating against Lhls 
disease as stales have been declared BmceMti free. 


Abortions caused by ft. erfrarttrs usually are seen after 5 
months of gestation. Retained placentae and subsequent 
metritis usually follow. The abortion Is caused by severe 
placentitis. ffrwee/ki Infections have also been associated 
with a decrease In conception rates and an Increase In ser¬ 
vices per conception. A higher number of dead and weak 
calves has also been demonstrated in Infected herds. 
Orchitis or seminal vesiculitis or both may characterize 
infections in bulls. 

Only heifer calves can be vaccinated for brucellosis. Both 
of the two licensed B. ciiwrtjjs vaccines are modified live bac- 
lerins, and vaccination of bulls may Lead to orchitis. 403 
Legal use of the vaccines usually is confined to heifer calves 
4 to 12 months of age, because vaccination of older animals 
with the strain 19 vaccine may Lead to false-positive results 
on routine BmceJJti screening'tests. Because the strain 19 
vaccine may cause septicemia, clinical illness, and occasion¬ 
ally death, 404 sick, unhealthy, or stressed cattle should not 
be vaccinated, lire RB51 strain vaccine is an O antigen-defi¬ 
cient mutant of ft. abortus strain 230S.The RB51 vaccine has 
three prlmaiy advantages: 

■ Antibodies Induced by this vaccine do not react with 
the serologic tests routinely done to diagnose ffracWbi 
infections. 

■ The vaccine can be used In adult cattle at a lower dos¬ 
age under special circumstances and with the permis¬ 
sion of the US DA. 

■ The vaccine tends to cause less postvacclnation fever 
and stress than the traditional strain i 9 vaccines. 

The Long-term immunity conferred by Braced vaccina¬ 
tion is the cell-mediated type. 405 ' 4 ™ Calfhood vaccination 
does not prevent a herd of cattle from becoming Infected 
with B. ffiwrtiii. However, it does largely prevent abortions 
and protects S5% to 75% of the cattle In the herd from 
infection while Infected reactors are identified and slaugh¬ 
tered. 407 For these reasons, in addition to vaccination, a 
control program should Include testing and culling of all 
animals that test positive. 

LEPTOSPIRA BACTERINS 

Leptospirosis occurs worldwide and Is caused by infection 
with the spirochete Leptospira. The pathogenic leptosplres 
were formerly classified as members of the species L. inter- 
nrgflTZj; the genus has recently been reorganized, and path¬ 
ogenic leptosplres are now Identified in seven species of 
Lefftojpj'rti. 408 As part of this reclassification the serovar 
names have remained the same, but some of the common 
leplospiral pathogens of cattle have different species 
names than before. The key changes for this discussion 
include the following: (1) L. interrogans serovar Grlppoly- 
phosa is now L. Mrariweri serovar Grippolyphosa, and (2) 
the two types of serovar Hardjo have been formally split 
into two species; serovar Hardjo type hardjc-bavls (found 
in the United Stales and much of the world] is now L. borg- 
petersenii serovar Hardjo, and the less common serovar 
Hardjo type hard|o-pra|itno (found primarily in the 
United Kingdom) is now L. interrogans serovar Hardjo. 

Although traditionally associated with abortions, infec¬ 
tion with various serovars of Leptospira are associated with 
a variety of clinical signs Including severe systemic disease 
most often In young animals, decreased milk production, 
birth of weak calves, and Infertility. In addition. Infected 
cattle are known to present a risk of zoonotic transmission 
of the Infection to humans. Many different serovars of 
Leptospira have been shown to cause reproductive failure 
and abortions In cattle. Of these serovars, Hardjo, Pomona, 
and Grippotyphosa 40 *- 412 are more common, with serovars 
Can kola, Icterohaemorrhagiae, and Bratislava occasionally 
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implicated. The epidemiology of Infedlon of cattle with 
ihese serovars differs, with cattle serving as the reservoir or 
maintenance host for serovar Hard|o and as an Incidental 
host for the other serovars. In general, maintenance host 
infections are associated with a high prevalence of Infection, 
a poor Immune response, and long-term infection and 
shedding, whereas Incidental host infections are character¬ 
ized by low overall prevalence of Infection with epidemics 
recognized, a vigorous Immune response, and short-term 
infection and shedding. I’hese differences In the epidemiol¬ 
ogy of leptospirosis caused by different serovars ofLcptmpira 
require different strategies for prevention. 

Leptospirosis can cause abortion storms In w r hlch a high 
number of cattle may abort within a short period. There 
may also be an increased number of stillbirths and births 
of premature and wreak calves during these periods. 413 
Although serovars Pomona and Crippolyphosa tend to 
cause abortions In the last trimester of pregnancy, serovar 
Hard|o can cause abortions at any stage of pregnancy. Abor¬ 
tions usually are caused by fetal infection and subsequent 
death of the fetus, although placentitis may also occur. 
Serovar i lardjo can also colonize the oviducts and 
uterus, 410414415 diminishing fertility. After an Initial sero¬ 
var Hardjo Infection, cattle mav remain infected and shed 
the spirochete for long periods, 416 - 41 f whereas Infection 
and shedding of the olbeis serovars Is relatively brief 
Current bacterins generally contain combinations of 
leptospiral serovars Pomona, Grlppotypbosa, Can kola, 
icterohaemorrhagiae, and either L. interrogans serovar 
Hard|o fbard|o-prajitno] or L. i?£jj sen fc serovar Hardjo 
(hardjo-bovisj. At the time of this writing a monovalent 
L. ErarvpfJcrseFrij' serovar Hard|o f hardjo-bovisj vaccine is also 
available. Iltere has been considerable debate In recent years 
regarding the efficacy of leptospiral bacterins for cattle. The 
bacterins have label claims that Indicate they are to be used 
as an ''aid In the prevention of disease." Therefore these bac¬ 
terins should be expected to decrease the severity of clinical 
signs, including abortion, associated with such Infection. 
In general, the evidence supports such claims for serovars 
for w r hlch cattle are an Incidental host, that Is, serovars 
Pomona, Crippolyphosa, Can kola, and iclerohaemorrha- 
glae. Protection mediated by these bacterins for these sero¬ 
vars Is thought to occur because of induction of antibodies 
directed against the LP5 on the surface of the Leptospira. 418 
However, vaccination does not always prevent Infection 
and leptospicuria caused by serovar Pomona. 415 - 421 

The efficacy of bacterins for prevention of Infection, 
leptospicuria, and clinical signs associated with serovar 
i lard|o infection Is significantly more controversial. Tbe evi¬ 
dence that the efficacy of traditional serovar [ lardjo vaccines 
is less that optimal includes Induction of a relatively poor 
antibody response In vaccinated animals, the common pres¬ 
ence of Hardjo Infection in herds despite routine vaccina¬ 
tion, and experimental trials that did not demonstrate 
protection afforded by these traditional vaccines for preven¬ 
tion of Infection, colonization of the renal or genital tract, 
or transplacental Infection on challenge with Leptospira iwrv- 
petersenii serovar Hardjo [hardjo-bovi&J. 423 - 424 In these stud¬ 
ies, cattle were not protected from Infection despite the 
induction of antibody directed against serovar Hardjo LPS. 
Further investigation and evaluation of other serovar Hardjo 
bacterins has led to a hypothesis that CM l may play a role In 
protective immunity against serovar Hardjo In cattle. 425 ’ 429 
Newer bacterins for serovar Elard|o have been introduced 
in monovalent and polyvalent formats, and there is evidence 
that these bacterins provide significant protection of cattle 
againsL infection, tissue colonization, shedding, and trans¬ 
placental Infection. 424 - 42 ^ 430 Other new bacterins for serovar 
Hardjo are also entering the marketplace, but as of this 


WTlllng extensive data regarding the performance of these 
products are not available In the Literature. 

Some Leptospira bacterins are labeled as single Initial 
dose products, but a booster dose Is recommended approx¬ 
imately 1 month after the first dose. 418 Leptospira bacterins 
must be administered by Intramuscular or subcutaneous 
Injection. Although some manufacturers specify revaccina¬ 
tion at 12-month Intervals, this DOI has been questioned, 
and more frequent revaccination often Is needed to control 
Leptospira abort lo ns. 4 i9 - 420 - 422 One of the newer serovar 
Hardjo bacterins has documented a 1-year DOI for this 
component, but this DOI has not been documented for 
other Hardjo vaccines or for the other serovars, making vac¬ 
cination every d months a reasonable recommendation In 
many circumstances. Nevertheless, because leptospiral abor¬ 
tions are uncommon during the first half of pregnancy, It 
may be possible to use an annual vaccination schedule {ser¬ 
ovar Hard|o excepted) in seasonally calving herds such as 
beef herds. Cattle in such herds can be vaccinated when 
they are 2 to 4 months pregnant, usually at the lime that 
pregnancy is diagnosed, and protected through the balance 
of tne pregnancy with a single annual dose. 4 

Prevention of leptospirosis caused by serovar Hardjo 
requires a somewhat different approach. Prebreeding vaccina¬ 
tion of heifers that is effective In managing reproductive 
sequelae of other types of Leptospirosis may be too late to pre¬ 
vent the consequences of serovar Hardjo Infection. Heifers 
exposed very early In life may remain Infected well Into the time 
of breeding. Therefore efforts to control serovar Hardjo Infec¬ 
tion should be targeted at preventing the Initial infection and 
Is best done by vaccinating young stock well before the time 
when they are mixed with older animals. In addition, bulls 
can carry serovar E iard|o and transmit the infection quite read¬ 
ily during breeding. 431 Therefore bulls should be hilly Included 
In efforts to control serovar Hardjo infection by vaccination. 

BOVINE GENITAL CAMPYLOBACTERIOSIS 
VACCINES 

Originally classified as Vibrio, Campyidbacter fetus subsp. 
venerate causes a venereal infection of cattle. The bacteria 
are introduced during natural breeding by Infected bulls 
or by artificial Insemination (Alj with infected semen. Bulls 
usually are infected by breeding with infected cows, but 
contact with infected bedding may also be a cause. Older 
bulls [over 4 years of age) are more likely to be Infected. 
After deposition in the vagina, the bacteria rapidly colonize 
the vagina and cervix, and in 25% of these cows the bacteria 
are found In the oviducts. The oiganl&m can persist for 
months after Infection of these sites. It has been showm dial 
fertility never returns to normal In some Infected animals, 
and some animals may be permanently sterile because of 
the damage caused by salpingitis. 

Vaccination with CaBipy/cbacEEr vaccines has been shown 
to be effective In protecting heifers even when vaginal cul¬ 
tures test positive for the bacteria. 43 - It appears that the 
uterus Is very resistant to the bacteria after vaccination. 
Studies have demonstrated Improved breeding efficiency 
In vaccinated herds. 432 Vaccination of bulls with oil-adju- 
vanl vaccines not only prevents Infection of bulls for up to 
1 year 433 but also aids in prevention of mechanical transfer 
of organisms during natural service. 434 Furthermore, vacci¬ 
nation with two doses has been shown to be effective at 
clearing Infections from carrier bulls. 435 ' 436 

Vaccination 

Use of C. fetus bacterins is recommended In all breeding 
herds that use bulls, even if only on selected cows. In heifer 
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herds using virgin bulls or in 100% A]-bred herds, vaccina¬ 
tion against Vitro organisms is not necessary, 

Several different t.‘. fetus vaccines are available, including 
oil-adjuvanted and aluminum hydroside-adsorbed types. 
Oil-adjuvant C. fetus bacterlns have proved to be more effec¬ 
tive 437 and to provide longer lasting protection after a single 
dose.' 1 - 14 * Unfortunately, oil-adjuvant vaccines cause loca¬ 
lized granuloma formation and fibrosis at the site of Injec¬ 
tion. Ibis may cause visible blemishes, which may be 
objectionable in registered stock or show cattle. Administra¬ 
tion no earlier than 4 months before the breeding season Is 

E referred. 438 When aluminum hydroxide-adsorbed C. fetus 
acterins are used, a priming dose should be administered 
at least C weeks before the Immunizing [booster) dose, 
and the booster should be administered 10 days before 
the beginning of the breeding season. 437 After ad ministra¬ 
tion of an aluminum hydroxide-adsorbed bacterin, serum 
antibody concentrations peak rapidly and decline precipi¬ 
tously, falling to susceptible levels by 4 weeks after one dose 
or II w r eeks after two doses. 435 Some aluminum hydrox¬ 
ide-adsorbed bacterins do not require an Initial booster. 

Campylobacteriosls (vibriosis) is most effectively con¬ 
trolled when all breeding-age animals, Including bulls, are 
included In the vaccination program. 434 Vibrln* is the only 
C. fetus bacterin available in the United States that has been 
evaluated in bulls. 432 Two 5-mL doses are administered to 
breeding bulls at 4-week intervals beginning & weeks before 
the start of the breeding season. 432 In subsequent years a 
single booster dose is administered 4 weeks before the start 
of the breeding season 433 This dosage Is 2Vi limes that 
recommended for vaccination of cows. 

BOVINE TRICHOMONIASIS VACCINES 

Bovine trichomoniasis Ls a venereal Infection of cattle 
caused by the protozoal agent Trffrj'chcmoniU foetus. Early 
in the course of the disease, abortions with pyometra may 
be seen in 5% of infected cows. These abortions occur early 
In gestation 440 However, infertility is the most common 
sign, with long Lnterservice Lnnervals. 4411 ' 442 Early embryonic 
death Is followed by a period of conception failure. Some 
naLural resistance develops after infection, but carrier cows 
may be an Important component of the epidemiology of 
this disease. In rare cases a cow may be left sterile after an 
infection because of uterine destruction. 443 

The efficacy ofTrftrichcwnOTMS vaccines Is questionable, 444446 
but the vaccines do appear to reduce actual reproductive 
losses. 447 Heifers, cows, and breeding bulls should be vacci¬ 
nated twice at 1- to 4-week Intervals, the second dose given 
4 weeks before the beginning of the breeding season. 446 Sub¬ 
cutaneous administration is recommended. In subsequent 
years a single annual booster vaccination should be given 
4 weeks before the beginning of the breeding season. 

In a problem herd, trichomoniasis vaccination must be 
coupled with other control measures, such as culturing, cul¬ 
ling, and treatment to effectively control the disease. 


NEONATAL CALF ENTERIC DISEASE 
VACCINES 

CCtfALD t. UUUAMEL 

Neonatal calf enteric diseases [NCEDs) can have a devastat¬ 
ing Impact on the profitability of beef cow-calf and dairy 
operations, in addition to mortality, medical, and labor 


♦Pfizer Animal I lealeh, Exton, PA 


costs. NCED can significantly reduce body weight of beef 
calves at weaning and performance of replacement dairy 
heifers. 445 

Several well-characterized Infectious causes of NCED 
have been described. 450 Some of the more common infec¬ 
tious agents are group A RVs, cononavirus (CV), enterotoxi¬ 
genic E. coll sal monel lae, and Cq’ptasporidium species. 4514 5 7 
Sporadic outbreaks of necrohemorrhagic enteritis affecting 
3- to 10-day-old calves have been associated with Infection 
with C. peifrittgem type C. 4M Other less well-characterized 
viruses (group B RY, ealtcivims, torovlrus, astrovirus), bacte¬ 
ria (enterotoxigenic Haclercides ftagilis, attach Ing-effacing 
enteropathogenlc and enterohemorrnaglc E. arlf, Enterococ¬ 
cus rfunins), and protozoans (Ciarnfirt auodenalis) also have 
been associated with NCED. 

Because of the continuous calving and constant Intro¬ 
duction of replacement heifers on dairy farms and the con¬ 
tinuous flow of susceptible calves on veal calf operations, 
infections caused by more than one agent should be sus¬ 
pected in these types of operations. 45 l-j! 7.459-46I | n addition 
to different infectious agents, mLxed infections with differ¬ 
ent groups and serotypes or genotypes of viruses and bacte¬ 
ria also can occur. As a consequence, the severity, duration, 
and spread of clinical disease associated with complicated 
infections are usually greater than with a single agent, and 
control may be more challenging. When scours occurs in a 
herd that has been vaccinated agqinst enteric diseases, possi¬ 
ble contributing factors should be considered, Including 
concurrent Infection with pathogens not present In the vac¬ 
cine (e.g., CtypCmporidiuffl species, salmonellae, nongroup 
A RVs, other pathogens) and suboptimal management, 
including poor control of environmental contamination. 
Under these conditions, strategic Improvement in hus¬ 
bandry practices might be sufficient to reduce the infectious 
threshold for NCED and obtain the full benefit of patho¬ 
gen-specific vaccination. In any situation, thorough labora¬ 
tory diagnostic investigation is essential In order to 
correctly identify 1 the primary cause of NCED and any other 
possible contributing factors and to serve as a basis for 
appropriate control strategies for the present and future calf 
crops. 

Management practices and risk factors associated with 
the development of NCED are sufficiently different 
between dairy and beef herds that control measures can 
be tailored according to the type of production. For exam¬ 
ple, in dairy herds, high turnover of older cows and con¬ 
tinuous introduction of replacement heifers pose a higher 
risk for Introducing new strains of enteric disease patho¬ 
gens tn a susceptible population than in closed beef herds. 
Similarly, the continuous calving and the proximity of sus¬ 
ceptible calves on dairy farms create an ideal environment 
for recirculation of enteric disease agents back Into the 
adult population. This in turn may increase and broaden 
herd Immunity such that the efficacy of a vaccine in these 
herds might be enhanced, partly because of the booster 
effect vaccine can have on preexisting Immunity. Beef cat¬ 
tle herds, in contrast, are generally relatively closed, and 
a susceptible calf population Ls present only for a relatively 
short period annually during the calving season. Introduc¬ 
tion of new pathogens or new strains of enteric disease 
agents, particularlv during the calving season, can have a 
devastating effect because of the potential for exposure of 
a high number of susceptible animals over a relatively 
short period of time. Conversely, after an outbreak, herd 
immunity might be more stable and the occurrence of 
NCED might be reduced during the following calving 
seasons. 

Linder both types of production systems, vaccination for 
NCED is rarely successful without reasonably good 






management programs and sanitation aimed at providing 
adequate intake of protective colostrum and minimizing 
environmental contamination. General herd health man¬ 
agement steps that can affect the success of a vaccination 
program for NCED should Include a calving cow-calf care 
plan aimed at minimizing exposure of newborn calves to 
infectious agents that can overwhelm innate or passively 
acquired immunity. This is accomplished by eliminating 
all potential means of NCED transmission and by reducing 
the load and duration of exposure to pathogens present 
in the calving environment by following eight simple 
recommendations: 

1. Establish a sound biosecurlly program. Including pur¬ 
chase of replacement animals only from reputable 
sources and a complete ban on the Introduction of 
foster calves, which pose a risk of Introducing new 
NCED agents. 

2. Provide adequate protein and energy feed, Including 
proper concentrations of mlcronulrients (e.g, copper 
and selenium], and abundant clean drinking water 
throughout gestation and calving so that heifers and 
cows are within acceptable body condition score at 
calving and therefore produce an adequate volume 
of high-quality colostrum and milk, and calves are 
healthy and vigorous at birth, -with a fully developed 
and functional immune system. 461 

3. Avoid crowding, and keep calving area and equipment 
clean, dry, and protected from elements, particularly 
winter wind. Separate feeding and bedding grounds 
should be available in the calving area. Slmllarlv, to 
minimize infectious disease transmission, separate feed¬ 
ing and manure handling equipments should he used. 

4. Limit the spread of Infectious disease agents from 
younger, more susceptible, and potentially shedding 
palis to the main herd by segregating first-calf heifer 
pairs from the mature cow herd during the calving 
season until the youngest calf Is at least 4 weeks old. 
Also, because of potential problems associated with 
nursing in first-calf heifers, newborn calves In this 
group should be monitored closely for colostrum 
intake and early detection of failure of passive transfer 
(e.g., total serum protein concentration below 5 at 12 
hours of age) so that rapid intervention can be imple¬ 
mented. 46 ^ 164 Because flisl-calf heifers are at a com¬ 
petitive disadvantage with mature cows, segregation 
of pregnant flisl-calf heifers also ensures free access 
to reed and water at all times. 

5. Ensure that each calf Ingest approximately 10% of Its 
body weight In colostrum within the first 6 hours of 
birth, and if a calf is unable to nurse naturally or is 
at risk for failure of passive transfer of maternal 
immunity, then force-feed fresh or frozen colostrum 
from the calf dam's or from a mature cow in the same 
herd or from a neighboring herd. 

6. Disinfect all equipment used for feeding colostrum and 
treating sick calves routinely; this Includes such Items as 
nipple bottles, esophageal probes, and balling guns. 

7. .Move cow-calf pairs away from the calving area as 
soon as possible after birth in dairy herds, whereas In 
beef herds, segregate calves by age by scheduled move¬ 
ment of dams that have not calved to new calving 
pastures—the so-called "Sandhills Calving System” 
(http://vetext. unl.edu/sto ries/200703050 .sh tm l). 

3. Quickly isolate scouring calves from healthy calves In 
dairy herds, or sick cow-calf pairs from healthy pairs 
in beef herds. 463 

Giving calves a healthy start maximizes their genetic pro¬ 
duction potential while reducing the costs and labor asso¬ 
ciated with treatment of sick animals. 


ROTAVIRUS AND CORONAVIRUS 
VACCINES 

RYs and CVs are ubiquitous in the cattle population' most 
adult cattle have VN serum antibodies. 46 *^ 65 RV Infections 
are widespread in both dairy and beef cow-calf productions, 
whereas infection with CV most often occurs as sporadic 
outbreaks of severe diarrhea in beef cow-calf herds or 
chronic low-grade diarrhea in dairy and veal calf operations. 
In addition to causing NCED, CV has been associated with 
winter dysentery in adult cattle 470 and respiratory tract 
Infections in calves 471 and as a contributing Infectious cause 
of BRD complex In feedlot catlleA 72 Fecal shedding of RV 
and CV Is common among adult cattle, 473 " 476 which pro¬ 
vides an immediate source of virus challenge for naive new¬ 
born calves and allows persistence of these agents at the 
herd level. 

Although only one type of CV is known to cause 
NCED, 477 different subtypes of CVs can be identified on 
the basis of minor genomic and antigenic differences. 477 - 4aL 
On a herd basis, however, affected calves can display a range 
of clinical signs from enteric only to mixed enteric and respi¬ 
ratory signs. A recent molecular epidemiologic Investigation 
based on comparative analyses of the gene encoding the S 
glycoprotein, a ma|or structural protein of bovine CV, 
revealed (1) Identical CV strains In different animals from 
the samelierd and from paired nasal and fecal samples from 
the same animals, suggesting herd outbreaks are associated 
with a single strain circulating among susceptible cattle, (2} 
Identical CV strains in affected cattle from different herds Ln 
the same region, suggesting transmission between herds, 
and (3) different CV strains in cattle affected during different 
outbreaks occurring over several years in the same herd, sug¬ 
gesting herd outbreaks ate associated with the introduction 
of new strains in a recovered herd. J 61 

Currently RVsare classified into at least seven distinct groups, 
A through G. 4E3 Although RVs that belong to groups A, B, and C 
have been found to naturally Infect cattle 476 - 1 ® 3 group A RVs 
are by far the prevalent type. 465 ' 487 Members of the group A RVs 
are further classified according io antigenic and genetic differ¬ 
ences In their outer capsid proteins, G and p_ 46 *"™ Because 
both of these proteins are Involved In neutralization of Infectlv- 
Ity in vitro and protection In vivo, 491 - 4,53 consideration of 
the G-P configuration of RVs Is critical to development of an 
effective vaccination program for prevention of NCED. 

Although a good correlation has been found between the 
antigenicity of the C proteins and their corresponding gene 
sequences, a similar relationship has not been found for the 
P proteins. Therefore 14 different G serotypes, which corre¬ 
spond to 14 G genotypes, have been Identified among 
jyoup A RVs, whereas 10 serotypes identified on the basis 
of the antigenicity of the P proteins have been assigned to 
20 genotypes wthen compared on the basis of the nucleotide 
sequence of the P protein genes. 450 At least eight distinct G 
serotypes or genotypes (Gl, C2, G3, G6, G3, CIO, Gl 1, and 
untypeable] are known to Infect cattle in the United 
Stales 454 ' 453 ; C6 Is the most widespread, and G8 and G10 
account for lower percentages of Infections. 4M ' 45 *- 5DD Con¬ 
versely, RVs with any of four P serotypes or genotypes— 
P6( 1], P7(5], PS( 11), and untypeable—are known to Infect 
catle, with P7(5) being the prevalent type. 495 - 49 ^ 501 

The genome of RVs is composed or 11 gene segments 
that can be exchanged among RV isolates when animals 
are infected by more than one virus tvpe at the same 
time. 4 * 5 Therefore mixed Infections produce virus with a 
genetic makeup derived from either parental strain by a 
mechanism called gene reassortment. Because the G ana P 
proteins independently are Involved In generation of specific 
VN antibodies, reassortment of these genes during mixed 
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infections can generate new progeny viruses that can evade 
what once was a protective Immune response, thus allowing 
persistence of RVs In susceptible populations.™ Therefore 
the potential occurrence of RVs carrying any of 36 possible 
antigenic configurations (4 PS *: S Cs = 32 potential types) 
underscores the limitation of vaccination programs and 
also the importance of sound management practices 
designed to minimize exposure by limiting environmental 
contamination. 

Vaccination Programs 

Two approaches are widely used In an attempt to protect 
calves against RV and CV Infection and diarrhea. The most 
common approach Involves passive protection of the suck¬ 
ling neonate by transfer of high levels of specific VN colostra! 
antibodies induced by parenteral vaccination of the pregnant 
dam.* 67 ' 502 - 510 The mechanism of passive protection wTth 
this approach Is attributable to the continuing presence of 
an amount of specific VN antibodies in the intestinal lumen 
sufficient to neutralize Infectious virus before Infection of the 
intestinal villous enterocyles.-** 5 - 507 - 511 - 515 The continuous 
presence ofVN antibodies In the gut lumen also may reduce 
the severity of the disease if infection has already developed. 
In addition, some of the VN colostral antibodies that are 
absorbed Into the bloodstream are secreted onto mucous 
membranes and may provide local immunity later in life. 516 
However, colostra! transfer of Immunity Is less efficient in 
ruminants than In other species; high" concentrations of 
maternal antibodies are present for less than 3 days postpar¬ 
tum, and these concentrations often fall below protective 
levels within I week of parturition/ 

A delicate balance exists betiveen passive protection 
afforded by lactogenic immunity and development of the 
calfs own innate and adaptive local Immunity to RV and 
CV. Because most calves' level of resistance to" the adverse 
clinical effects of RV and CV infection Increases with age, 
disease caused by these agents can be controlled unaeT 
certain circumstances by continuous hand-feeding of fresh, 
frozen, or fermented colostrum from vaccinated cows 
throughout the first 3 to 4 weeks of life/ The goal with this 
approach is to allow development of subclinlcal infection 
while the milk VN antibody concentration Is partially pro¬ 
tective. 504 ' 5J5 ' 53J Conversely, lactogenic Immunity might 
interfere wTth development of adaptive immunity, or some 
calves might not be exposed to RV and CV infection until 
after milk antibody concentrations have fallen below 
protective levels, leaving the calf fully susceptible to 
Infection™-™.™ 

An RV and CV vaccine for parenteral administration to 

S ant cows (Calf-Guard- 1 ) first became commercially 
ble in 1979. This vaccine contained a single live atte¬ 
nuated G6:P6( 1) strain of group A RV. However, because 
VN antibody concentrations In the colostrum and milk of 
vaccinated cows were low, 467 - 46 ^ 5 ® 4 - 516 this product later 
was replaced by a formulation containing Inactivated RV 
and CV (ScourCuard 3 |K| b J. In early 2000 an inactivated 
RV and CV vaccine (Scour Bos d ), which contains three 
strains of group A RV, was licensed for use in pregnant cattle 
in the United Stales. More recently, in 2005 an inactivated 
RV and CV vaccine (Guardian'J containing two strains of 
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group A RV and two strains of CV was licenced for subcuta¬ 
neous administration in pregnant cattle In ibe United 
Slates. A significant advantage of the later vaccine for dairy 
cattle is the administration schedule, with the second 
booster dose administered before the dry period, in late 
2006 the single G6 RV ScourCuard 3[K|/C b vaccine was 
upgraded to contain GS and CIO strains of group A RV, 
and the window for administration of both formulations 
to pregnant cows was extended [ScourCuard 4[K[/C r ). 

Vaccination of pregnant cows with inactivated RV and 
CV vaccjne can raise the level of VN antibodies in the colos- 
lrum. 467 - 5D2JJ J - 525 Although there are reports of successful 
protection of calves against NCED by parenteral vacci nation 
of pregnant cows with RV and CV,* negative results also 
have been reported. 531 Failures of this vaccination strategy 
generally are attributable to failure of passive transfer of 
colostra! antibodies to die calves or overwhelming infec¬ 
tious vims challenge. An alternative explanation might be 
that the serotypic specificity of the passively transferred 
maternal antibodies may affect the efficacy of the RV 
vaccine. 532 

information on protective Immunity against Infection of 
calves with group A RVs having the same or a different G-P 
serotype configurations as the vaccine strain is incom- 
plete/ 5 *-™'™^ 37 Although Immunity to RV appears lo 
be G-P serotype specific with some strains, 496 - 533 - 533 - 536 
there is some indication that immunity directed against cer¬ 
tain strains can neutralize In vitro 4 M - 537 and protect chal¬ 
lenge-exposed calves In vivo 496 - 536 against RV sixains with 
different G-P configurations. Also, parenteral vaccination 
of seropositive cows with a single strain of RV can elicit 
serum VN antibodies to a broad spectrum of RV serotypes 
and genotypes, suggesting that this strategy may provide a 
means of enhancing passive protection against"a range of 
potential RV serotype and genotype challenges. 524 - 534 - 535 
i lowever, ,1 difference in the P protein between the vaccine 
RV and the infecting RV was suggested as the basis for fail¬ 
ure of the inactivated monovalent RV and CV vaccine In 
beef cow-calf herds/ 36 - 539 

Although antigenic and genotypic variation has been 
documented among bovine CV Infections, 4 77_4aL reduced 
protection of nursing calves after challenge w r llh a strain of 
bovine CV different from the vaccine strain has not been 
demonstrated. Consequently, presence of more than one 
strain of bovine CV in certain vaccine might not be justified 
at this time. 

Another approach for prevention of NCED caused by RV 
and CV Involves oral vaccination of calves with a modified 
live vims vaccine (Calf-Guard n ), which contains an attenu¬ 
ated G6:P6(1) strain of group A RV. 5,41X532 The mechanism 
of disease prevention with this vaccine Is unknown, but 
interference with Infection by virulent virus followed by 
development of secretory IgM and IgA and/or CM I in the 
intestinal mucosa have been proposed. 522 - 543 To achieve 
adequate protection, the manufacturers recommend that 
ibe vaccine be given immediately after birth, before the calf 
has nursed. This regimen might be applicable to calves 
whose dams have not been vaccinated. However, because 
the colostrum of most heifers and cows contains some level 
of VN antibodies arising from natural exposure/ adminis¬ 
tration of colostrum should be delayed for several hours 
after vaccination to avoid inactivation of the vaccine virus. 
Under commercial conditions. It is nearly impossible to 
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administer vaccine within minutes of birth or lo effectively 
regulate the intake of colostrum in relation lo the time of 
vaccination.. Therefore infection before vaccination,, neutral¬ 
ization of the vaccine virus fry colostral antibodies, and 
overwhelming challenge with Infectious virus shed by 
unvaccinated, diseased calves might explain a lack of effi¬ 
cacy of this approach. 505 - 545 - 5451 This Is evident from the 
data obtained In vaccine efficacy evaluation studies In 
which only a portion of the calves on a farm or a ranch were 
vaccinated in double-blind or odd-even-day vaccination 
trials. 517 ' 545 ' 550 When all calves were either vaccinated or 
not vaccinated in sequential comparisons, morbidity and 
mortality rates from NCED were significantly reduced by 
tills vaccination strategy, 5 ^'^^^E 5 * 9 ' 540 but the design 
and statistical validity of the latter kinds of trials have been 
questioned. 531546 

Although not recommended by the manufacturer, the 
oral attenuated vaccine has been administered to calves with 
unknown immune status that were raised as veal calves or 
replacements In heifer development operations. 551 Under 
these clrcumstancesr vaccination might provide active immu- 
nity and protection against potential virus challenge when 
calves from several different sources are commingled. 

ROTAVIRUS AND CORONAVIRUS 
VACCINATION PRODUCTS 

ScourGuard d(K)/C 

ScourGuard 4(K]C r consists of Inactivated bovine G6 and G10 
strains of group A RV and a bovine CV strain combined with 
K99 E. coft bacterln and C. perfi’iiigem lypeC toxoid. Two doses 
of vaccine should be administered by Intramuscular injection 
lo pregnant cows and heifers 6 to 9 weeks precalvlng. A second 
dose should be given 3 lo 6 weeks before the expected calving 
date to first-calf neifers and mature cows not previously vacci¬ 
nated. A single annual booster dose should be administered 3 
to 6 weeks before each subsequent calving. 

ScourGuard 3(K)/C 

ScourGuard SfKjl/C 13 consists of inactivated bovine G6:PS 
(1] strain of group A RV and a bovine CV strain combined 
with K99 £. coli bacterin and C. perfringem type C toxoid. 
Two doses of vaccine should be administered by Intramus¬ 
cular injection to pregnant cows and heifers 6 to 9 weeks 
precalving A second dose should be given 3 to 6 weeks 
before the expected calving date lo first-calf heifers and 
mature cows not previously vaccinated. Cows that have 
not calved within 40 days after administration of the last 
vaccine dose should be revaccinated. A single annual 
booster dose should be administered 3 to 6 weeks before 
each subsequent calving. 

Scour Bos 

Scour Bos 13 consists of Inactivated bovine group A RV strains 
C6:P6[ 1), Gfi, and G10 and a CV strain combined with bac- 
terins from four £. coir K99 serotypes and C. per frit] gem type 
C toxoid. The vaccine should be administered by deep Intra¬ 
muscular injection into the neck of pregnant cows ana heifeis 
up to 10 weeks before the expected calving date. A booster 
dose of Scour Bos RV and CV vaccine must be given approxi¬ 
mately 6 weeks later during the first year. Only one annual 
dose up lo 10 weeks before calving Is required thereafter. 


Guardian 

Guard tan c consists of inactivated bovine group A RV GG and 
G10 strains together with '"type l" and 'Type 3" bovine CV 
strains combined with enriched K99 pill from E. coli and type 
C and D toxoids of C. perp-ingem. The vaccine should oe 
administered by subcutaneous injection of pregnant cow's 
and heifers up to 12 weeks before the expected calving date. 
A booster dose of vaccine must be given approximately 3 to 6 
weeks later during the first year. Only one annual dose up to 
5 to 7 weeks before calving Is required thereafter. 

Calf-Guard 

Calf-Guard- 1 is a modified live bovine G6:P6[1] strain of 
group A RV and bovine CV recommended for oral vaccina¬ 
tion of newborn calves. The vaccine should be administered 
Immediately after blrlb, before the calf has nursed. As Indi¬ 
cated earlier. Interference by maternal antibodies may limit 
the efficacy of the vaccine. 


BACTERIAL SCOURS VACCINES 


Va:'if JR S. 

CUAOLES A. HJEXPE 

ENTEROTOXIGENIC E5CHERICHM COO 
(CALF SCOURS) BACTERIN5 

Most cases of scours caused by £. coli occur within the first 72 
hours of life. More than 90% of these cases are caused by 
£. call containing the K99 pllus attachment fimbriae. 552 - 554 
These strains also may have other fimbriae types, such as 
F41 and FI [type i)_ 552 - 555 villous attachment and coloniza¬ 
tion by strains of enterotoxigenic E. coli having multiple fim¬ 
briae types appear to be effectively prevented by vaccination 
with bacterlns that have only a single pllus antigen In 
common with challenge strains. 552 - 555 How r ever, disease 
occasionally may be caused by non-K99 £. o>?i. 556 The attach¬ 
ing and effacing E. cbJj types, which may cause disease at 7 to 
2i days of age, often do not produce K99 pilus and are not 
protected by current E. coft K99 bacterlns. 557 - 558 This appar¬ 
ent lack of efficacy may be seen with other non-K99 E. edi; 
therefore typing of E. coli Isolates from scours cases may be 
Important in determining which vaccine to use. 

Because E. coli scours occurs so early in life, the new¬ 
born calf does not have enough time to derive protection 
from vaccination. Therefore control of E. coli Infection 
has been aimed at controlling calf exposure to the patho- 
ens and vaccinating the cow to increase the colostra! anll- 
ody levels against this pathogen (i.e., usually against the 
K99 pllus antigen). 554 Cows are vaccinated in late gesta¬ 
tion to ensure high concentrations of anti K99 colostra! 
antibodies. When colostrum from vaccinated cows Is fed 
to newborn calves, the antibodies act in the small intestine 
to block the pill from binding lo specific receptor sites on 
the brush border of small Intestinal villous entero- 
cytes. 553 ' 559 E. ccj?t bacteria that are prevented from attach¬ 
ing to the jejunal and ileal villi are carried into the large 
bowel by peristalsis. In this way, colonization of villi and 
production of enterotoxln are avoided. By the lime they 
are 48 to 98 hours old, most calves are highly resistant to 
Infection. 552 - 560 Thus feeding calves colostrum with a high 
concentration of antibodies against K99 antigen, even 


^ScourGuard 4[K), Pfizer Animal Health, Exton, PA. _ 

h 5cQurCuand 3[K), Pfizer Arilmai Health, Extern, PA. ‘'Guardian, Shcring-PlDiigh Veterinary Goip., Summit, N|. 

d Scour Bos, Novartis Animal Health U.S., Inc., Lanchwood, I A. J Ca]f-Guand, Pfizer .Animal Health, Exion, PA. 
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though restricted to Lhe first day of life, often Is sufficient 
to prevent the disease. 3515 Passive circulating humoral anti¬ 
bodies. which are absorbed into the bloodstream from the 
calf's gut, are thought lo play little or no role In Immunity 
to neonatal enteric disease caused by enterotoxigenic 
E. col/.”* In dairies these vaccines are only as good as the 
colostrum program that is in place. 

Nearly all strains of enterotoxigenic E. coli that have been 
isolated from neonatal calves have K99 pili. 361 Currently 
there i s no evidence that bacte rlns with multip I e pi lus antigen 
types are more effective than those ivith only one pllus anti¬ 
gen type, as long as the vaccine and the challenge strains share 


a common pllus antigen. 35 - However, vaccines w r lth multiple 
pllus antigens are more likely lo have at least one of the anti¬ 
gens found on the virulent challenge strain of EL cole. 

Escherichia cofi Vaccination Programs 

The general recommendations for use of E. coli bartering 
are summarised in Table 4S- ] 3. E. cali bacterlns are offered 
as single-antigen vaccines and in combination with other 
antigens. Oil-adjuvant E. coll bartering are administered 
by Intramuscular injection in a single dose 2 weeks to 6 
months before calving, and administration Is repeated 


TABLE 48-3 3 


Currently Licensed' EicEericrfi ra coli Bactsrin-ToxoIds, Salmonella Bacterins, and Core Endotoxold Vaccines 



^| 

Vaccination Regimen 

Manufacturer j[ 

ESCHERICHIA COLI 

K92 

rilJ Shield 

One Jose 2 weeks before calving 

Grand Lab oratories 
(Ijarchwoad, LA) 

K3% KBB, E4 L M7P 

Prosystem 3 

Wire J: Two doses 5 weeks and 

2 weeks before Calving 
iudhseflutfin yean: One dose 2 weeks 
before calving 

Inlervet (Millsboro, DE) 

K39 

ScourC Liard 3(K) 

VL’jrr J: Two doses 5 weeks and 

2 weeks before calving 

SnbjtfjfuenJ v&rrj: One dose 3 weeks 
before calving 

Pfizer Animal Health 
(New York, NY) 

K08, F4I. D&7P 

E, coll Bac 

y™- J: Two doses 5 weeks and 

2 weeks before calving 

AgriLabs (St Joseph, MO) 


Filiguaid E, call 

One dose 2 weeks before calving 

One dose 1 weeks to ft months 
before calving 

Srhering-rtough Animal 1 Eealth 
(Union, Nf) 

SALMONELLA 

.Sii/piirmefJit Typhimurlujn. 

PolylJaiC B Somnus 

Two doses 2 weeks apart 

Texas Vet Lab (San Angelo, IX) 


Ro-Rac 2X 

Two doses 2 to 4 weeks apart 

Ikschri itger Ingetheim (Sl 
loseph, MOj 

8iWriii5Hd'/jii Dublin and 

JTirJjFJiViL'Mji Typhimurlum 

SaJmo-ShleLd TD 

Two doses 2 to 4 weeks apart 

Novartis, Grand Laboratories 
(latrchwood, LA ) 


SDT-Guard 

I’m™ doses 2 to 4 weeks apart 

Boehrl rtger Ingelheim (St, 
loseph, MOj 


SLifjFM.'jfl/ii; Dublin;' 

Typhl murium 
Bacterin 

Two Joses 2 to 3 sveeks apart 

Colorado Serum Company 
(Denver, CO) 

Sd(FJion?Wj Dublin 

Salmonella Dublin 

Two if oses 2 weeks apart; start at age 

Port Dod^e Laboratories 


Modified live 
Entervene-d 

2 weeks or older 

(Port Dodge, LA) 

SALMONELLA 

SUBUNIT VACCINE 

Stderophore . l urJjpi 0 nrftj vaccine 
(conditional L15DA license) 

SRP 

Two doses 2 to 4 weeks apart 

Agrihbs [St. loseph, MO) 

Internet (MJiisboro, DE) 

CORE ANTIGENS 

Re iNifmendld Typki murium 
mutant (endotoxin core]! 

Endovac-Eovl 

Ymr J; Two doses 5 weeks and 

2 weeks before calving 
i-jiksefluenj years: One dose 2 weeks 
before calving 

Immvac (Columbia, MO) 

T5 E. coli mucanL endoLoxin core 

JVac 

Year J: Three doses 5 weeks and 

2 weeks before calving 
&iibn>quent p&ra: Two doses 

MenaJ (Isetin, W|) 


1-5 

year J: Two doses 5 weeks and 

2 weeks before calving 

Siaaemieai yams: One dose 2 weeks 
before calving 

Pfizer Animal Health 
(New York, NY) 


■Licensed, by Cbr AxiLinaJ and I ’Lull I tevsllh hiipectiun Service, Ll.S. LJi^hiniurni uf Agpiojlttln, Jitit 2(107. 
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annually. 5 * 1 Non-oil-adjuvant E. coli bacterins are recom¬ 
mended for Intramuscular or subcutaneous Injection In 
two doses administered at a 2- to 4-week Interval, with 
the second dose given 3 to 6 weeks before calving. In 
subsequent years a single booster dose should be adminis¬ 
tered 3 to 6 weeks before calving. E. coli baclerins do not 
protect calves that do not Ingest sufficient amounts of 
colostrum sufficiently soon after birth. Also, because this 
protection is based on passive immunity, high challenge 
levels may overwhelm the finite amount of antibodies 
present. 

SALMONELLA VACCINES 

Salmondla outbreaks can be caused by myriad Salmonella 
serotypes and strains {see Chapter 32). These bacteria 
may cause diarrhea or septicemia or both. Most outbreaks 
in cattle have historically Involved either Salmonella 
Dublin or Sfl/mcne/Jfl Typ hi murium; therefore all but 
one of the commercial Salmonella vaccines contain either 
StrlmondJd TyphLmurlum alone or StrlmonelLi Typhlmur¬ 
ium and Dublin. More recently, S. Newport 

and other group C SdifmonriVa have greatly Increased In 
importance. All currently licensed products are formalin- 
inactivated, whole-cell, aluminum hydroxide-absorbed 
baclerins, except for a modified live S. Dublin vaccine,* 
and the newest vaccine against bovine Salmonella, the 
slderophore receptor vaccine.* The gram-negative core 
antigen vaccines may also provide some protection from mor¬ 
bidity and mortality associated with salmonellosis. 

A modified live, genetically altered [via deletion) S. 
Dublin vaccine is marketed as Entervene-d for parenteral 
use in young calves. Research indicates that it Is effective 
in calves 2 weeks of age and provides some cross-protection 
to challenge with virulent S. TyphLmurlum. 515,1 *- 56 ' 15 As with 
many gram-negative vaccines, adverse reactions to this vac¬ 
cine have been reported. Anecdotal reports of effective oral 
use in calves younger than 2 weeks of age Indicate that this 
route may help avoid some adverse reactions associated 
with Injection of an endotoxin-containing product. 

Killed Salmonella baclerins can produce measurable anti¬ 
body responses to bacterial proteins In calves and mature 
cattle. However, calves vaccinated with a killed bacterln 
are not able to produce anti-LPS antibodies until 12 weeks 
of age, 563 and optimum responsiveness does not occur until 
1 year of age. 563 Most controlled studies In w r hich calves were 
vaccinated with a killed SilniurneWd bacterln and orally 
challenged reported lack of protection. 564 - 56 * One small study 
that reported good protection after vaccination of 3- to C-week- 
old calves with two doses of killed bacterLn used Intramuscular 
challenge. 5 * 7 Another study In G-monthcld cattle found that a 
single intradermaL dose of heat-killed SrtJjiioreetfd] Dublin pro¬ 
tected against Intravenous challenge. 5 * 8 Vaccination of cattle 
3 months of age or older with two doses of killed SahntJtrc/ldi 
baclerins is likely to be useful for preventing salmonellosis. 
A newer Salmonella vaccine {SFLP) using subunit technology 
has been conditionally Licensed. Although little has been pub¬ 
lished on this vaccine, the clinical impression Is that it has been 
successful in controlling disease caused by multiple different 
serotypes ofSolnrorwifa in some cases. 

Vaccination of adult cows, with passive transfer of anti¬ 
body to calves through colostrum, frequently Is used in dair¬ 
ies to control calfhood salmonellosis. Controlled trials 
evaluating passive protection have produced mixed results, 
w r llh some indicating Lack of protection 566 ' 569 and others 


’Entervene-d, Fort Dodge Animal I leakh, Fort Dodge,. ]A. 
'Agrilabs Inc., SitF S. Newport vaccine, conditional LI5DA license. 


demonstrating some protection In very young calves (5 days 
old). 570 Vaccination of dry cows may be useful for helping to 
control salmonellosis in calves younger than 3 weeks of age 
but Is probably minimally effective for controlling salmonel¬ 
losis In calves older than 3 or 4 weeks. Anecdotal reports exist 
of protection against salmonellosis from vaccinating young 
calves several times with a gram-negative core antigen vac¬ 
cine {Endovac-Bovl*). Another gram-negative core antigen 
vaccine, a J5 E. coil bacterln [} Vac~, J-5 J ), reduced the mortal¬ 
ity rate from naturally occurring sal monel I os Is in dairy calves 
vaccinated at 3 and 17 days ofage. 57] 


GRAM-NEGATIVE, CORE ANTIGEN 
BACTERINS 

All genera and species of gram-negative bacteria contain a 
common set of gram-negative core antigens, which are pres¬ 
ent in the deeper layers of the bacterial cell wall. 572 Endo¬ 
toxin from gram-negative bacteria Is thought to play an 
Important rode In the production of the clinical signs, bio¬ 
chemical and hematologic alterations, and pathologic 
lesions associated with a wide variety of bovine diseases 
caused by gram-negative bacteria, 5757 including coli form 
mastitis {caused by E. co/t, Klebsiella species, or EntETobader 
aerogenes), Pasteurella bronchopneumonia and fibrinous 
pneumonia, and salmonellosis. Gram-negative core antigen 
vaccines are designed to reduce the severity of clinical signs 
associated with gram-negative sepsis and endoloxemla. 
They offer breadth against all gram-negative Infections. 

General Considerations 

lTtree gram-negative, core antigen, oil-adjuvant vaccines are 
currently marketed. Two use the J5 Rc-mutant strain of 
E coli. iTiis strain of E. coli lacks the serotype-specific 
0-chaln surface antigens that ordinarily prevent deeper cell 
wall antigens from contacting the host immune system and 
stimulating production of antibodies against gram-negative 
core antigens. 573 The third vaccine uses an Re-mutant strain 
of Stri'ffl'iwj'fdi Typhimurium. 

Theoretically, gram-negative core antigen vaccines would 
be expected to reduce the severity of disease manifestations 
but not the rate of occurrence of disease. In fourdlfferent clin¬ 
ical trials, however, the incidence of din leal coliform mastitis 
In dairy cotvs was reduced by 69%, 72%, 80%, and 82%, 
respectively, by vaccination with a J5 E. coil vaccine. 573 - 575 
lTiese data are consistent with the hypothesis that antibodies 
Induced against gram-negative core antigens assist in both 
the destruction and the removal of intact bacteria and in the 
neutralization of endotoxin, in the trial In which clinical con¬ 
form maslllls was reduced by 62%, however, vaccination did 
not reduce the incidence of subdinlcal intramammary coli¬ 
form Infections that were present at the time of calving 575 

Vaccination Programs 

Recommendations for use of these baclerins to prevent coil- 
form mastitis and scours are summarized In Table 48-13. 
Cows should not receive any other vaccine containing 
gram-negative organisms (PaifeurWk, Salmonella, Brucella , 
Campylobacter {Vibrio}, H. smirnii, E. coli, or M. bwfs bacler- 
Lns) within 5 days of vaccination wi th ]5 baclerin. 

A ]5 E. coli baclerin also has successfully reduced morbid¬ 
ity and mortality in experimental Salmonella Typhlmurium 


•Endovac Bavi, Endavac, Inc. 
f J Vac, Merial, iselin, N|. 

'J-5, Bayer Animal I leallh, Shawnee Mission, KS. 
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TABLE 48-14 


General Considerations for Use of Clostridial Seven-Way and Eight-Way Bacterin-Toxolds* 



Coverage Designation" 


Protection, by Species 

Seven-Way 

Eight-Way 

alossridiut ra dinuvoci 

X 

X 

Clo-i\nd\\im SepSmim 

X 

X 

ClosMdium notnfi B 

X 

X 

Clostridium wdeJ/ir 

X 

X 

Clostridium perthn^m type C 

X 

X 

Cioimiium perfYingens type D 

X 

X 

CJosirfiffniH pnTjringwu type B + 

X 

X 

CJojtrjVi'jjjrj ficit?rji[]f]'(r(TJj?i (nnt'yr type D] 


* 

Dose (mL] 

2-5 

5 

Recommended boosters 

After 2-4 weeks for G. sonJc/Jjj and C. perfrhigpn$ C and □ : after 5-6 months for C. novyi ty pe 


E and C. Itiiejndj'ULURH.- calves vaccinated initially at <3 months of age should be 
revaccanated at 4-6 months |or at weaning] 

Comments 

No use <21 days prestaughter 



'Note 1 Iha4 many cumbinalionx arc available commexcuilly, inrluiEing same chat alx> contain immunojjcm aj^iinsL namcIcMlridlial diseaaei. Same ul these 
Himbinnliura also include tccanus (r.mjtd. 

*Nt3 rurrmlly licensed product is produced hv use ul cul lunts Ul Cl. fV7frmjjf7u lypc M, hut prtriottlion ,i|pmxt Ivpc M inJbcUon in implied 1st 1 the inclusion ol 
toxoid prepared .lp-imtiL type C (bela-Kucin) and type [) (cpsilon-KMcm) str.tatcs 


infections Ln calves. 576 However, because of the short half- 
life of passively acquired antibodies stimulated by gram- 
negative core antigen vaccines, 377 vaccination of dry cows 
Js unlikely to be an effective control measure for salmonel¬ 
losis In calves except when calves are exposed to and 
Infected with salmonellosis In the first week or two after 
birth. Salmonellosis Ln daLiy calves often occurs after 
2 weeks of age. However, when vaccinated at 3 and 10 days 
of age with an oll-ad|uvant J5 £. call bacterin, calves do 
develop strong antibody responses by 17 days of age' ihls 
strong antibody response occurs even In the presence of pas¬ 
sively acquired antibodies to gram-negallve core antigens. 57 * 
Consequently, a combined program in which both dry cows 
and neonatal calves are Immunized against gram-negative 
core antigens appears to be a promising approach for reduc¬ 
ing the severity of salmonellosis In neonatal dairy calves. 

In a field study, vaccinallon of healthy daily calves with an 
oil-adjuvant JS E. call bacterin at 3 and 17 days of age reduced 
the mortality rale from salmonellosis. 571 fin this study, the 
dams were not vaccinated.) In addition, the morbidity rate 
from undifferentiated respiratory disease was significantly 
reduced by 3*Mi. 576 In a parallel study In poorly nourished 
calves, however, vaccinallon actually Increased the cumula¬ 
tive 60-day mortality by 113%. 571 These kinds of vaccines 
may prove more effective for reducing the severity of fdutcur- 
eila infections of the lung when used in older calves. 

CLOSTRI DIAL VACCINES 

/. C.'LKiViV SCJN&LH 

Clostridia produce acute and frequently fatal disease, with 
pathogenesis often mediated by toxic proteins. 579 Preven¬ 
tion Ls often based on Immunoprophylactic amelioration 
of the effects of these molecules. However, the ready avail¬ 
ability of Inexpensive, efficacious bacterlns., toxoids, and 
bacterin-toxoids has not eliminated clostridial Infections. 
Accurate diagnosis remains an important component in 
management of clostridial diseases. 5 * 0 - 5 * 1 

immunization against clostridial diseases can be compli¬ 
cated by the development of "'site reactions," leading to 
trimming at slaughter 532 These problems are exacerbated by 
the multivalent nature of many modem products and have sti¬ 
mulated the biologies industry to seek a new paradigm for 
preparation and delivery of immunoprophylactic products. 


Approaches have included concentration of the antigen Into 
a smaller dose and use of alternate adjuvants; recombinant 
proteins, delivered by conventional means, by application 
of f, sJow-release''' media, or by In vivo expression from attenu¬ 
ated bacterial delivery systems, will likely be a major focus of 
effort 

CLOSTRJD/UM CHAU160EJ (BLACKLEG) 
BACTERINS 

Blackleg is not uncommon, in spite of the long-term avail¬ 
ability of generally effective bacterlns. Ingestion Is probably 
the most common route of exposure In cattle, and dormant 
spores seeded to skeletal muscle germinate w r hen muscle 
damage provides appropriate conditions. Affected animals 
have fever, anorexia, depression, and lameness, with exten¬ 
sive dry and emphysematous to edematous, hemorrhagic, 
and necrotic lesions. Diagnostically, it is Important to dis¬ 
tinguish between blackleg and malignant edema. 

As w r lth other histotoxic clostridial infections, vaccina¬ 
tion against blackleg Is universally advocated, especially In 
cattle under the age of 2 years. Dogma is that protection 
arises from the Immune response to a heat-labile soluble 
antigen, but C. chdutwei produces alpha-toxin and several 
other toxic factors, which may be equally Important tar¬ 
gets.- 33 ^* Recommendations for immunization are sum¬ 
marized in Table 48-14. 

CLOSTRIDIUM SEFTiCUM (MALIGNANT 
EDEMA) BACTERINS 

Wound infections caused by G. sepfj'cMm (malignant edema) 5 * 5 
usually follow direct contamination of a traumatic w r ound, 
including genital tract infections after mismanaged deliveries, 
infection spreads along fascial planes, and lesions proceed 
from warm and pitting to crepitant and cold. Death commonly 
occurs in less than 24 hours. Braxy is a form of enteric Infection 
that occurs not uncommonly In calves. 536 Diagnosis Is often 
by use of a fluorescent antibody test. 537 

A single Immunizing dose of C. septicum bacterin yields ade¬ 
quate protection, but annual booster vaccinallon Is recom¬ 
mended in high-risk situations* 1 ** (see Table 4A-I4). Vaccines 
elicit antibody responses to both somatic and toxin antigens, 
and recent findings suggest a central role for alpha-toxln. 5 ® S Ha 
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CLOSTA/DfUM NOVYI TYPES A AND B 
(BIGHEAD AND INFECTIOUS NECROTIC 
HEPATITIS) BACTERINS 

Clostridium htietnoJyticum (Clostridium novyr type D) 
(Bacillary Hemoglobinuria) Bacterins 

C. no\ryi toxigenic types A and B cause myonecrosis In 
humans (gqs gangrene) and domestic animals (bighead of 
sheep) and Infectious necrotic hepatitis [black disease of 
sheep and cattle ). 59S The hallmark lesion Is edema, likely 
resulting from vascular damage caused by alpha-toxin. Dor¬ 
mant spores are often found In KupfTer cells but germinate 
when Liver Injury provides appropriate conditions. Type C 
strains are non toxigenic and therefore non pathogenic. 502 

ClrvlridEum haetiwiyliaim (C. jiovyi type D) beta-toxin med¬ 
iates the pathogenesis of redwater,' usually in well-nourished 
animals at least l year of age. Liver damage caused by migrat¬ 
ing flukes encourages germination of dormant spores In Kupf¬ 
fer cells. Dissemination of beta-toxin via the bloodstream 
results in Jntravascular hemolysis, hemorrhage, and hemoglo¬ 
binuria,™' 594 and death ultimately results from anoxia. 
A vaccination program Ls essential for herds pastured In 
endemic areas. When light exposure to fluke metacencarlae is 
expected, a single annual dose ofbacterin should be adminis¬ 
tered to all cattle over the age of 6 months, before they are pas¬ 
tured In the spring, WLtb heavy exposure to flukes, a booster 
dose should be administered In season. The prominent roles 
of alpha- and beta-toxins suggest that they may find use in sec¬ 
ond-generation Immunoprophylactic products. 

CLOSTRIDIUM BOTUL/NUM (BOTULISM) 

AND CLOSTR/DJUM TETANI (TETANUS) 
TOXOIDS 

Botulism Is caused by C butu/ipumi neurotoxins, which block 
acetylcholine release from cholinergic nerve endings, 595 ' 596 
Type C Is most common in cattle In the United Slates. Direct 
contamination of feeds by the organism sometimes leads to 
intoxication, but it Ls more commonly associated with an 
animal carcass in the feed. Clinical signs Include incoordina¬ 
tion, flaccid paralysis* and difficulty In swallowing- respira¬ 
tory paralysis eventually causes death, 597 '™ 

Toxoids ofbotulinum toxins can be employed for immuno¬ 
prophylaxis, but vacci nation Is usually practiced only In popula¬ 
tions at immediate risk, such as beef catLle grazed on 
phosphorus-deficient range land. 599 Feeding of poultry Utter 
poses as sim liar problem, in that It may contain animal remains. 

Spores of C. tetanl originate in soil and are usually Intro¬ 
duced traumatically lo animal hosts, where they germinate 
and produce tetanus neurotoxin. 6<KI Tetanus can develop 
in dairy cows as a postparturient complication and In calves 
after castration by the elastrator method.™ 1 Toxin moves 
retrograde, binding to presynaplk axonal terminals and 
resulting in muscular tremor and increased stimulus 
response; continued motor neuron hyperactivity causes sus¬ 
tained tetanic spasms in the innervated muscles and then 
permanent rigidity. Death Is due to respiratory failure. 

Acquired resistance to tetanus Ls based on circulating 
antitoxin, and widespread vaccination with toxoid has dra¬ 
matically lessened the impact of tetanus on animal produc¬ 
tion. Neonatal passive immunity is followed by active 
immunization with toxoid after 2 to 3 months. Boosters 
are commonly recommended at 1- lo 5-year intervals. Pas¬ 
sive immunotherapy Ls directed toward neutralization of 
preformed toxin, although It is much more effective when 
used prophylactically than therapeutically. Universal vacci¬ 
nation Is not usually recommended as a cost-effective 
means for control of tetanus. 



Diseases of Cattle Caused by Cfortridluiri ^erfringem 



CLOSTRIDIUM PERFRINGENS TOXOIDS 

C perffingens causes a wide variety of diseases In domestic 
animals, and those of greatest Importance affect the gastro¬ 
intestinal tract 652 (Table 43-15) [see Chapter 32). Type B 
Infections are apparently extraordinarily rare In the United 
States, but It has been speculated that their pathogenesis 
can be explained by add I rive or synergistic effects of beta- and 
epsilon-toxins. Type C strains multiply rapidly In the gut of neo¬ 
nates, and in this relatively Uypstn-free environment, beta-toxin 
produces local hemorrhage and necrosis, as well as systemic 
effects.™ 1 TYpe □ strains fill intestinal niches opened by sudden 
dietary changes, and epsilon-toxin In circulation damages the 
central nervous system and other systems distant from the 
gut.™Type £ causes hemorrhagic enteritis in calves, and its vir¬ 
ulence is based apparently on the action of iota-toxin.™ 5 

The current enigma Ls type A Lnfections. Although long 
accepted as causes of lamb enterotoxemla,™ fowl necrotic 
enteritis, and enteritis in dogs and horses, they are increas¬ 
ingly recognized as causes of enteritis in piglets and calves. 
Little is known about the pathogenesis of type A enteric 
Lnfections, but type A strains are commonly found in cases 
of tympany, abomasltls, and a bo mas a I hemorrhage and 
ulceration in calves. 607 ' 60 ® 

Most agree that routine vaccination against type C entero- 
toxemla Ls required only in herds in which the disease has 
been documented. The usual practice Ls lo vaccinate the 
dam, providing passive Immunity via colostrum, initial 
Immunization should be followed by a booster after 3 lo 4 
weeks, with the second dose (and subsequent annual boos¬ 
ters) administered approximately 2 w r eeks before calving. 
Type D enteroloxemla occurs sufficiently infrequently in cat¬ 
tle that many believe vaccination to not be cost-effective. No 
commercial products are licensed in the United States for use 
against Lnfections by strains of types A and E, and production 
of autogenous toxoids or bactedn-toxoids has become quLle 
common; anecdotal evidence suggests remarkable efficacy In 
many cases. Similar products have been produced from strains 
of type E. These should be used with the awareness that, unlike 
beta- and epsilon-toxin concentrations in commercial pro- 
duels, alpha- and lota-toxin concentrations In autogenous tox¬ 
oids may not be optimal. 

CLOSTRIDIUM SQRDELUl BACTERINS 

C JEwdeJlN is commonly found In feces of domestic animals, as 
well as in the soil, and Is occasionally isolated from fatal myo¬ 
sitis, liver disease, and sudden death In catlle. Edema In the 
subcutaneous tissues and along fascial planes of muscles and 
subendocardial hemorrhage are common signs. The organism 
produces numerous toxic or putatively toxic substances. 
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foremost of which is a toxin that resembles ioxLns A and B of 
CHestridium difficile, 609 Immunization is achieved by adminis¬ 
tration of multiway bacterin-toxolds [see Table 4S-13). 


MISCELLANEOUS BOVINE 
RICKETTSIAL, BACTERIAL, AND 
VIRAL DISEA SE VACCINES 

CfflfeEK A. MCJSi£ft 

ANAPLASMOSIS 

Anaplasmosis is a vector-borne or mechanically transmit¬ 
ted disease caused by the rlckeltsia Andplasma mtfrgfFiiafe, 610 
The disease occurs worldwide and is most prevalent in 
tropical and semitroplcal areas. Anaplasmosis is the only 
ma|or lick-borne disease of cattle In North America, being 
enzootic in the southeastern and some mldwestern and 
western stales and sporadic in the northern states and 
Canada, 610 - 612 In enzootic areas with adequate numbers 
of arthropod vectors, most adult cattle become naturally 
immune through repeated exposure. .Maternal antibodies 
protect calves until they also become subcllnically infected 
and develop immunity. Disease Is more severe in older cat¬ 
tle than in calves, and non Immune older cattle are particu¬ 
larly at risk when they are moved into an endemic area.* * 10 
Susceptibility to disease occurs when there is a lack of 
arthropod vectors to maintain natural infection and 
immunity or when a non Immune adult Ls Introduced into 
an enzootic area. In these situations or when vector or 
environmental conditions suggest an increased risk of dis¬ 
ease, vaccination can be beneficial. 

No widely marketed commercial vaccines against ana- 
plasmosls were available as of 2006 in North America. 
A killed vaccine* is available in some states including 
Florida, Louisiana, Texas, Oklahoma, Arkansas, California, 
Oregon, Nevada, Tennessee, Mississippi, Indiana, Iowa, Illi¬ 
nois, and Kansas and in Puerto Rico. The vaccine employs 
the same A. marglnale antigens and purification procedure 
that was used for the discontinued Plazvax* vaccine. The 
killed vaccine is not USDA licensed, but it is USDA 
approved for use as an experimental vaccine. The vaccine 
has reportedly been used successfully in cows at all stages 
of pregnancy without an episode of neonatal isoeiylhroly- 
sis. In endemic areas the vaccine Is recommended for use 
Just before the onset of the vector season. Vaccine-induced 
immunity does not generally occur until 2 weeks after 
administration of the second dose of an initial series or 
2 weeks after a booster dose in previously immunized cat¬ 
tle. 612 Vaccination does not prevent Infection or clinical dis¬ 
ease and does not eliminate A. margituiie from a herd, but It 
does reduce the severity and incidence of disease. 61 ®' 611 
inactivated vaccines could be used In conjunction with oxy- 
tetracydine tn the face of outbreaks to provide both tempo¬ 
rary and more prolonged protection.* 1 J 

A sheep-passaged, modified Live vaccine^ has been used 
in California and Latin America. 631 Because this vaccine 
causes mild clinical disease, it has limited use for vaccina¬ 
tion of mature susceptible cattle.* 10 ' 612 If the vaccine Is 
administered to cattle over 2 years of age, anemia, severe 
clinical disease, and death may occur, especially In bulls 
and heavily lactatlng cows. 612 The vaccine is recommended 


for use In heal thy cattle between 1 month and 2 years of age 
and is most commonly administered to 7- to 24-monlh-oTd 
cattle in herds in endemic areas. Concurrent use of certain 
antibiotics or other live or modified live virus vaccines Is 
contraindicated. 

A live vaccine* derived from A. margtowle subsp. amtrale, 
a less pathogenic species or subspecies of A magnate,, Is 
used in some countries but not in North America. 63 A* 15 
This vaccine consists of standardized and frozen red blood 
cells from splenectomized cattle that were infected with A. 
pmiFgmiife subsp. centrals. The vaccine Is recommended for 
use in 4- to 9-month-old cattle; older cattle have an 
increased risk of severe vaccine-induced disease. The vaccine 
produces mild disease but protects against subsequent 
severe disease caused by A. tiuirgfndfe. Immunity Is consid¬ 
ered long term, or possibly for life if subsequent natural 
exposure occurs to ensure the development of durable 
immunity. 

Immunity lo A. mdjyfratrj'f is proposed to Involve humoral 
responses to a variety of ma|or surface proteins and enhanced 
macrophage phagocytosis and killing, both mediated by IFN- 
y-producing CD4- T lymphocytes. 6 l0 ' 6J2 - 6L6 " 6Lfl inadequate 
protection from vaccines during field use can result from anti¬ 
genic variability of the organism, geographic differences In the 
organism that result in a lack of cross-reactivity between 
A. rnargfnala strains, and weak Immune responses to protective 
A. PTktr^fmale antigens* 1 °- 635 ' 617 ' 616 Purified native, recombi¬ 
nant, and tick culture-derived A. murgimik Immunogens and 
DNA vaccines are being investigated for possible commercial 
use in the future. 6 

INFECTIOUS BOVINE 
KERATOCONJUNCTIVITIS 

The most common infectious agent associated with infec¬ 
tious bovine keratoconjunctivitis [IBK) is M. fam. 622 Vacci¬ 
nation is most effective w r hen done before fly season In 
herds with a history of problems. Certain breeds, such as 
Herefords and Hereford crosses, are particularly susceptible 
and may benefit from vaccination. 632 Commercial vaccines 
used lo help prevent the disease consist of Inactivated cul¬ 
tures of various strains of M fans. 624 Some products recom¬ 
mend two doses given 3 weeks apart for initial vaccination, 
beginning as early 1 as 3 weeks of age to no earlier than 5 
months of age. Other products recommend a single dose 
administered 3 to 6 weeks before the predicted onset of the 
disease season, with annual vaccination thereafter. M. fan's 
bacterlns are also available In combination with seven-way 
clostridial bacterin-toxolds. 625 Although multivalent M. fans 
bacterlns can provide some protection in field use, efficacy 
varies depending on the M faffs strains present in the 
bacterln and those responsible for disease. 623 ' 626 " 650 Seven 
different disease-producing serogjoups of M. faffs are recog¬ 
nized based on differences In pill, and there is variable cross- 
reactivity between semigroups. 63,3 Furthermore, pllin gene 
rearrangements and pllln-type switching can allow M faffs 
lo switch from expression of one type of pllus antigen lo 
another, making it difficult to predict what serogroup(s) 
may be necessary for protection. 624 ' 627 ' 621 Therefore mono¬ 
valent bacterlns are generally ineffective in field use, and 
multivalent bacterlns provide neither consistent nor reliable 
protection. 624 ' 626 ' 627 ' 625 Vaccines must incorporate pili from 
all major serogroups or conserved, immunogenic portions of 
all serogroups to provide optimum protection. 624 ' 627 " 620 ' 622 
Experimental recombinant vaccines containing cloned pill 


♦Anapl.iEm.G5LE Vaccine,, University Products, LLC, Eaton Rouge, LA. _ 

Ylazvax, Sc tiering-Plough Animal Health, Kenilworth, N r |. "Anaplasmosis vaccine, Onderstepoort Vaccines, Ondersiepoort, South 

*Anavac, BinLOGIC Laboratories, Davis, CA. Africa. 
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of various serogroup have demonstrated some promise for 
future vaccines.Another immunogen considered 
important for protection is iVf, Wj'j hemolysin/cytoly- 
sln. 633 - 634 Experimental vaccines containing hemolysin/ 
cytolysln preparations have shown some efficacy In experi¬ 
mental trials^ 623 - 624 * 633 - 634 Other potential Immunogens 
include Iron-regulated QMPs, proteases, fibrlnolyslns, and 
phospholipases. 623 - 624 Vaccine-induced protection Is corre¬ 
lated predominately with a suitable lacrimal (IgA) mucosal 
immune response and not with serum antibody levels to 
A1 teuis antigens. 623 ' 624 Therefore an antigen delivery system 
that enhances mucosal immunity Is an Important feature of 
an effective vaccine. The presen ce of other agents contribut¬ 
ing to IBK [e.g., Mercurer/a (Branhamcllaj ovis, Mycoplasma 
bovocuH, or BKV-1) should also be considered when there is 
poor M bovis vaccine efficacy. 1635 Autogenous M bovis vac¬ 
cines have not been consistently effective against the dls- 
ease .&23,&a* Use of modified live virus vaccines for IBR is 
contraindicated in the presence of an outbreak of IBK 
because It may exacerbate the IBK. 623 

STAPHYLOCOCCAL MASTITIS 

SfflpftyfLicoccus aureus is considered one of the most Impor¬ 
tant causative agents of bovine mastitis. 637 Vaccination 
againsL S. aurora may be beneficial In dairy herds that have 
an existing mastitis problem. 637 - 636 However, vaccination In 
well-managed dairy herds with a low level of staphylococcal 
mastitis may not provide much economic benefit. 633 Staph¬ 
ylococcal bacterlns contain antigens from multiple strains 
or serotypes of S. aureus. 635 - 640 The recommended vaccina¬ 
tion protocol is two doses given 2 wrecks apart followed by 
revaccinallon at 6-month Intervals. Vaccination can start 
at 6 months of age, and one of the semiannual doses 
should be given 3 to 4 weeks before calving. Vaccination 
with S. aureus bacterLns does not generally eliminate disease 
but can substantially reduce clinical mastitis and the 
Incidence of subelm Leal and chronic staphylococcal Infec¬ 
tion,* 3 ^ 641 - 644 Vaccination may be more effective in heifers 
because of their initial lower basal Immunity compared 
with older ccws. 642: 1’he benefits of Immunity induced early 
In life include the abilities to clear the organism and to 
resist chronic Infection on initial natural exposure. 645 
Vaccination during the diy period may be more effective 
than vaccination during Lactation. 637 in some but not alt 
studies, vaccination has reduced somatic cell counts In 
mi Ik. 642 ' 643 - 645 Vaccination In combination with antimicro¬ 
bial therapy has been successfully used to eliminate chronic 
staphylococcal mastitis. 64 * 

In considering the use of staphylococcal vaccines, the 
prevalence of various pathogens that can cause mastitis must 
be considered. For mastitis caused by S. aureus, differences 
between the S. aureus strains in vaccines and the strains spe¬ 
cifically responsible for the disease may diminish the efficacy 
of the vaccine.* 37 '* 40 '* 44 Experimental trials suggest (hat 
more effective vaccines may be derived by stimulating 
Immune responses to combinations of S. aureus capsular 
polysaccharide. 647 A vaccine based on technologies used 
for human staphylococcal vaccines that Incorporates capsu¬ 
lar polysaccharide from she three 5, aureus serotypes most 
commonly associated with mastitis stimulated Immunologic 
parameters necessary for protection.* 4 * These studies may 
form the basis for more effective vaccines in the future. 

In herds in which other pathogens are a ma|or cause of 
mastitis, S. aureus vaccines may be of minimal benefit. 63 ^* 43 
Other Important causes of bovine mastitis include StrepJmoc- 
cus species (e.g., StrepEircorcui uteris, Shcptococcus dysgaiacliae, 
and Srrepfiaawcuj agalactiae) and collform bacteria (e.g., 
E cofi}.* 37 - 640 Streptococcus agalactitte vaccines generally are 


not protective, but other StrepCDomra species are responsive 
to vaccination. 649 Experimental vaccines composed of bacte¬ 
rial proteins derived from S. uteris and S. reduced 

somatic cell counts compared with controls after chal¬ 
lenge.* 30 ' 651 E. co/e J5 vaccines have also been used to success¬ 
fully reduce the severity of mastitis (reviewed elsewhere In this 
section). 

ANTHRAX 

Anthrax is an acute, highly fatal disease caused by B. antlua- 
cis.* 52 Vaccination has proven to be an effective means of 
controlling the disease In endemic areas and In the face of 
outbreaks* 33 '* 34 Bovine anthrax vaccines are derived from 
the live toxigenic, nonencapsulated spore vaccine developed 
by Sterne and consist of spores suspended in a diluent con¬ 
taining saponin and glycerin. 61,5 Annual vaccination of live¬ 
stock In areas of endemic anthrax Is recommended 4 weeks 
before outbreaks are expected. A single dose generally pro¬ 
vides adequate immunity, but a second dose given 2 to 4 
weeks after the first Is often recommended. 656 Cattle should 
not be vaccinated within 42 days of slaughter. Antibiotics 
should not be administered within 7 days of vaccination 
to avoid interference with In vivo growth of the vaccine 
organism. Vaccination in the face of an outbreak does not 
rotect all cattle, but the spread of infection and the nucn¬ 
ee of new cases generally declines within 10 days. 654 - 657 
Localized subcutaneous edema commonly develops at the 
Injection site within 24 hours; It may Last for several days 
and is sometimes severe.* 53 Since the intentional release 
of B. anthracis via the mail system In 2001, there has been 
Increased interest In technologies for the development of an 
efficacious, Long-acting human vaccine for anthrax. 653 '* 56 - 662 
Although some of these technologies could hold promise to 
reduce some of the localized, side effects of the current bovine 
vaccine. It is unlikely that a new bovine vaccine will match 
the safety and efficacy of the Steme strain vaccine in the fore¬ 
seeable hiture. All anthrax outbreaks should be reported to 
local regulatory and public health officials, and appropriate 
guidelines for vaccination should be followed, Including quar¬ 
antine and vaccination of all susceptible livestock on affected 
and surrounding premises. 

INTERDIGITAL NECROBACILLOSIS 
(FOOT ROT) 

InterdLgltal necrobacillosLs (foot rot) In cattle results from 
lnterdigital Infection with Franhacterium neerophorum w r lth 
Lesser contributions from Prevotella (Bacterioides) meSaninc- 
genicu and sometimes DicteJotecter (Bacterioides) nodcuus 
and other bacteria. 663 - 665 Commercial F. neerophorum bac- 
terins to aid In the prevention of foot rot (and hepatic 
necrobacillosis) are available for use In cattle. Recommen¬ 
dations for Initial vaccination are two doses given 3 to 4 
weeks apart, followed by annual revaccinallon. Vaccina¬ 
tion Is also recommended when endemic conditions 
exist or when exposure Is Imminent. The efficacy of F. necra- 
p/u?jupu vaccines is not clear, but some benefit has been 
demonstrated In experimental studies and field trials. 6 * 6 -^ 7 
Vaccination is especially recommended In herds that have 
a higji incidence of disease.* 66 Protective Immunity most 
closely correlates with the level of anil-LEG’antibodies. 6 **'* 69 
A leukotoxold vaccine composed of cell-free supernatant from 
a high LKT-produclng strain of F. neerophorum was effective In 
reducing experimental hepatic necrobacillosls 669 and presum¬ 
ably would have some benefit against Lnterdigital F. rreerrh 
p/ronuj] Infection. An autogenous vaccine containing 
D. RiMkiiiis reduced the severity of lnterdigital dermatitis but 
not of necrobacillosis.* 70 
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PAPILLOMATOUS DIGITAL DERMATITIS 
(FOOTWARTS) 

Papillomatous digital dermatitis., orfootwarts, can be a seri¬ 
ous problem in dairy cattle. 671 ■ 673 The disease is character¬ 
ized by ulcerative to proliferative digital lesions that most 
often occur In replacement heifers and younger cows after 
introduction Into a milking herd. 67J ' 675 Risk Is greatest in 
larger dairy breeds in herds of greater than 500 nead. The 
cause of the disease Is uncertain, but Treponema species-like 
spirochetes and flexible, gram-negative rods [Serpen spe¬ 
cies] have been Incriminated. 673 - 676 Commercial bacterins 
are available for use as prevenlatives and/or aids to treat¬ 
ment and consist of killed cultures of Serpens species or 
Trefwneiiij] species organisms. The recommendations are 
for three doses administered subcutaneously at 3- to 4-week 
intervals, followed by revacclnation every 4 to 6 months. 
Company field trials report reduced onset of new Infections 
and sometimes more rapid resolution of existing Infections 
in vaccinated cattle. Another study of clinically affected cat¬ 
tle in which vaccination was combined with treatment with 
topical lineomycin showed no significant Improvement in 
vaccinated cows compared with unvacclnaled ones. 677 The 
high recurrence rates of natural Infection suggest that 
immunity to the disease Is shotl-lived or weak. 675 ^ 

RABIES 

Rabies Is a highly fatal, zoonotic neurologic disease caused 
by a rhabdovlrus. 673 Routine vaccination of cattle is not 
common in most situations. However, vaccination may be 
cost-effective in rural areas of Latin America, where vampire 
bats are important sylvatlc vectors, fi79 ' 6aQ In endemic areas 
vaccination of valuable cattle or herds may be a reasonable 
precautionary measure. 676 This is particularly true in situa¬ 
tions in which cattle are In frequent contact with human 
beings. In order to reduce the anxiety of animal workers 
and minimize the likelihood of human exposure. Currently 
licensed rabies vaccines for cattle contain inactivated, cell 
culture-derived virus. 681 The recommended regimen is ini¬ 
tial vaccination at 3 months of age followed by annual vac¬ 
cination thereafter. Ihe duration of protective neutralizing 
antibody levels after Initial vaccination can vary. 661 There¬ 
fore some experts have suggested that a second booster dose 
be given either I month after Initial vaccination or at 6 
months of agje.*«.*« Subsequent annual revacclnation 
induces strong anamnestic responses that persist for 1 year 
or longer. 66 J ' 6S3 In Latin America, modified live vaccines 
are sometimes used. 660 However, these do not stimulate 
the same level of immunity as do the Inactivated virus vac¬ 
cines. A Caprlpoxvlius vector expressing rabies virus glyco¬ 
protein has shown promise in providing long-term 


protection against rabies land lumpy skin disease) and 
may be a cost-effective mechanism for rabies control in cat¬ 
tle in some developing countries. 664 

FIBROPAPILLOMAS (WARTS) 

Fibre papillomas (warts) are manifested in a variety of 
forms and Locations, each caused by a specific bovine 
papillomavirus (EPV)- G65 Mfi Lesions associated with papil¬ 
lomaviruses can occur in the epidermis of the head, face, 
neck, and legs (BPV-I and BPV-2 2), upper alimentary 
and urinary tracts (BFV-4), teals and udder (BPV-1, BPV- 
3, BPV-5, and BPV-6), and genital epithelium [BFV- 
ljfiS5-*aa immunity after infection or vaccination Is virus 
type specific and is induced by viral structural pro¬ 
lei ns. 6b!i - 6S7 - 63C) Therefore the efficacy of both autogenous 
and commercial vaccines depends on which viral antigens 
are incorporated Into the vaccine and which virus type is 
responsible for the disease. Vaccines containing BPV-1 
and BPV-2 are generally effective for prevention nut not 
treatment of disease caused by the homologous virus. 687 
Vaccines usually are ineffective for treatment or prevention 
of disease caused by BPV-3 and BPV-5. 687 Vaccination with 
recombinant capsid proteins of BFV-4 was effective In pre¬ 
venting papillomas after experimental challenge with BFV- 
4 Interpretation of the response to vaccination 

against flbropapilloma can be complicated by spontane¬ 
ous regression of some lesions. 665 Lesions associated with 
BPV-1 and BPV-2 usually spontaneously regress within 1 
to 12 months, whereas lesions caused by BPV-3 and 
BPV-5 do not normally spontaneously regress. 6a7 ' 6H 
Commercial vaccines consist of inactivated, virus-laden 
tissue extracts derived from bovine papillomas. 695 The 
recommended regimen is an initial dose divided and given 
in at least two different sites, followed by a second dose in 
3 to 5 weeks. Vaccination should continue for at least 1 year 
after elimination of disease from ihe herd. Autogenous vac¬ 
cines can be made by homogenization and Inactivation 
(0.3% formalin) of excised wart tissue, followed by dilution 
of the homogenate in physiologic saline and filtration 
through gauze. Three 1- lo 5-mL Intraderma 1 Injections 
given at I-week Intervals are recommended. Vaccination is 
most commonly used with valuable animals desLlned for 
competitive shows or for overseas sale. 687 Vaccination can 
also be helpful as a preventive measure in herds with a high 
incidence of cutaneous ftbropapillomas or to reduce the risk 
of penile flbro papillomas in groups of young bull calves.* 35 
Recombinant BPV proteins have shown promise in experi¬ 
mental studies and could form the basis for a vaccine that 
protects against all BPV types. 69L - 6SJ Vaccination with avian 
Newcastle disease virus vaccine has also enhanced clinical 
recovery from disease. 695 
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Parasite Control Programs 
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The traditional approach to parasite control programs has 
Focused on using the appropriate anthelmintic at appropriate 
intervals. Parasitic disease In domestic animals is assumed to 
be the result of not dosing the animals often enough with 
anthelmintics. Scant attention has been paid to the interac¬ 
tion of the parasite with the host and the environment 
because of the reliance on anthelmintics. These drngs have 
been placed directly Into the hands of the producer, as the 
expertise of a veterinarian did not seem necessary In the con¬ 
trol of parasites. However, reports of resistance to anthelmin¬ 
tics and emergence of new manifestations of parasitism are 
surfacing throughout the world, it has become Increasingly 
apparent over the past 20 years that this approach to parasite 
control Is no longer sustainable. 

Secondary to the notion that parasitism Is under control 
is the decrease In research to develop new anthelmintics. 
Currently there is little in pharmacologic development 
other than variations on the current anthelmintics. Research 
programs in parasitology of domestic animals are facing 
funding reductions as research priorities are shifted to other 
diseases. As producers and owners struggle to deal with the 
realities of anthelmintic resistance, veterinary medicine 
must reassess traditional approaches to parasite control pro¬ 
grams. Veterinarians will nred to reeducate themselves away 
from the traditional tools of dewormLng anthelmintic rota¬ 
tion, and pasture rotation. Integrated management strate¬ 
gies Incorporating selective use of anthelmintic agents, 
enhancement of host Immunity to parasitic Infection, and 
grazing and environmental management have become 
increasingly Important in the design of sustainable parasite 
control programs. 

The Impact of parasitic Infection varies widely w r llh geo¬ 
graphic area and management system. General guidelines 
may be suggested for parasitic control, but it is inadvisable 
to adhere to any rigid anthelmintic schedules or even man¬ 
agement recommendations. The best parasite control pro¬ 
grams are those designed with the goals of the producer In 
mind, as well as the costs and returns of treatment. Other 
factors that must be considered include the animal's envi¬ 
ronment, climatic variations, and geographic location. 
Although many producers and owners would like a "cook¬ 
book" approach to parasite control, these are rarely effective 
across the various management conditions. It is unfortunate 
that an epldemlologlcalTy and economically sound parasite 
control program designed for animals in one geographic 
area may be neither efficient nor effective in another 
location. 

The most Important concept In the design of sound par¬ 
asite control programs Is the Interaction of the parasite with 
the host and the environment. An understanding of the 
life-cycle and epidemiology will suggest the most effective 
methods for parasite control. In this chapter parasite fac¬ 
tors, host factors, and environmental factors affecting 


transmission and disease expression are discussed for each 
ma|or class of parasites in each host species [horses, cattle, 
small ruminants). The methods of monitoring parasite 
Infections and anthelmintic resistance are presented in 
detail. The classes of anthelmintics and their modes of 
action are discussed, and finally, coecldlosls In cattle and 
small ruminants is summarized at the end of the chapter. 

EQUINE PARASITIC DISEASE 

cvpayuniA l. swidebssb 

From the perspective of parasite control, horses should be 
divided into two age groups: adults and young horses under 
the age of 18 months. Small strongyles are, epldemlologl- 
cally speaking, Lhe principal parasite of the adult horse. 1 
The fecundity, rapid generation time, and emergence of 
anthelmintic resistance make control of small strongyles 
the primary focus of adult equine anthelmintic strategies. 
Parasite control In adult horses is also tailored to include 
tapeworms [Atiopioarphaln species], bots (Gastrophilus spe¬ 
cies), large strongyles [SJrongylus species), and the equine 
plnworm [OxywN's erfui). In addition to the parasites that 
affect older horses, horses under 18 months of age are sus¬ 
ceptible to the equine roundworm, Parasoiru ajuarwn. 
Horses under 8 months of age axe also sporadically affected 
by the equine threadworm StmrrgyJ&Jd'fj wester! 

Small Strongyles 

The small strongyles consist of more than 40 species of 
nematode parasites primarily of the genus Cyathostoma. 
Small strongyles have a direct and completely enteral life¬ 
cycle in which adults produce slrongyle type eggs that are 
Indistinguishable from those of large strongyles. 2 ' 3 Egg^ 
passed in the feces develop at a critical temperature range 
of 7..2 15 to 29A* C [45° F to SS* F) to first-stage larvae (Lj), 
which hatch and undergo continued development on pas¬ 
ture, becoming second-stage larvae (L 2 ) then infective 
third-stage larvae [Li]. Transmission is almost totally lim¬ 
ited to pasture, with little infection thought to originate 
from stalls or dry lots. The rate of development Is directly pro¬ 
portional to the environmental temperature; development 
takes as little as 3 days to several weeks at Lower temperatures. 
L| die quickly at higher temperatures, and freezing generally 
kills strongyle eggs. Resilience of the Lnfective L 5 Is dramati¬ 
cal Ly different owing to retention of the L 3 cuticle, wh Lch pro¬ 
tects from desiccation but also prevents continued feeding. 
Warm weather leads to rapid death of L 3 as energy stores are 
depleted by activity In the absence of intake. In contrast, at 
very low temperatures energy depletion does not occur, and 
Li remain viable In freezing conditions. Accordingly, Li dis¬ 
appear quickly in hot, dry climates but remain viable in the 
winter. 
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L 3 are Ingested with herbage and exsheath in the small 
intestine, cecum, and ventral^ colon, where the majority 
enter a period of dormancy as early l 3 (EL 3 ) in the crypts 
and epithelial cells of the cecum and colon. Continued 
development through late L 3 to fourth-stage larvae [L,) 
occurs within the cyst. Development to fifth-stage larvae 
{L 3 ), the sexually mature, egg-producing stage, occurs in 
the gastrointestinal [GI] lumen. At any given lime El 3 
constitute the greatest proportion of cyathostomes. 4 - 5 Cyst 
formation within the wall of the large Intestine conveys 
some degree of protection from the Immune response 
and from anthelmintic therapy.' 6 Practically speaking limita¬ 
tions to drug diffusion may also be a factor In the generation 
of anthelmintic resistance tor drug£ with larvicidal activity. In 
contrast, anthelmintics Lhal Lack larvicidal activity should not 
be expected to exert resistance pressure In encysted forms. 
Therefore encysted stages remain effectively In refugla when 
nonlarvicldal anthelmintic therapies are used. 

Encysted Lj are an Important clinical entity for several 
reasons. There is evidence that seasonal signals as well as 
signals from lumen-dwelling mature forms delay develop¬ 
ment of encysted larvae, creating an Important reserve for 
reinfection of the lumen. When environmental conditions 
are nol favorable to larval development, large numbers of 
ELj can remain dormant. 4 - 3 As seasonal conditions become 
favorable, large numbers of bypobtotlc larvae are signaled 
to exit and complete their life-cycle. 7 In addition, lumen- 
dwelling adult small strongyles remain in balance with 
encysted forms such that anthelmintic killing of luminal 
parasites triggers a reemergence and repopulation of the 
lumen from the intramural reserve. 3 Studies of small stron- 
gyle-parasktized ponies moved to a parasite-free environ¬ 
ment Indicate that the encysted stages can serve to reseed 
the lumen for at least 30 months of confinement under par¬ 
asite-free conditions. Therefore It Is obvious that under 
practical conditions of access to contaminated pastures, via¬ 
ble encysted Larvae are present in the colon for years after 
ingestion, even In the absence of continued exposure. This 
would Indicate that it Is relatively difficult to ''empty 1 ' horses 
of small strongyles. 

Clinical syndromes associated with cyathostome infec¬ 
tions have been extensively reviewed. 1 The larval challenge 
dose, age, prior cyathostome exposure, and immunity of 
the host interact to determine the clinical picture. Most 
infections are asymptomatic with little response to encysted 
larvae. Clinical signs result from larval penetration into or 
emergence from the large intestinal mucosa.* Despite an 
emphasis on diarrhea in most reports, weight loss is the pri¬ 
mary clinical finding In horses with clinical cyathostomla- 
sis. During an initial higji-exposure Infection, local 
irritation can result in decreased reed efficiency, anorexia, 
anemia, weight loss, and diarrhea as a result of Local inflam¬ 
matory reactions In the large intestine. Blood biochemistry 
and hematology may demonstrate neutrophilia, hypcalbu 
mlnemia, and hyperglobulinemla from 2 to 5 weeks after 
infection.*- 11 Prior exposure tends to hasten the onset of 
laboratory abnormalities. 

Larval cyalhoslomiasls is a potentially fatal disease syn¬ 
drome that results from a synchronous emergence of 
encysted larvae that disrupt the mucosal barrier of the 
cecum and ventral colon. 2 - 12 Fluid and protein transudation 
into the Gl lumen and leakage of bacterial toxins into the 
vasculature are facilitated. All animals experience some 
degree of larval reemergence during winter or spring, but 
larval cyathostomiasLs generally affects animals Less than 6 
years of age, when they have not yet acquired significant 
resistance to Infection. l2 - u Classic clinical sign* Includecolic, 
tvhich may be severe, impaired Gl motility, sudden-onset 
diarrhea, and weight loss. Weight loss, feverj and dependent 


edema have also been reported In the absence of diarrhea. 15 
Some affected Individuals may die acutely with few signs, 
whereas others may become emaciated antf die over a period 
of 2 to 3 weeks. 2 ' 12 

Signs consistent with Larval cyathostom lasts have also 
been observed 7 to 10 days after administration of anthel¬ 
mintics. 16 This is presumed to result from a synchronous 
reactivation of hypobiollc larvae lhal is triggered by remov¬ 
ing adult parasites from the GI lumen. 6 It Is conceivable that 
anthelminlLc therapy during the period of seasonal cyathos- 
lome emergence superimposes signals for emergence bn sea¬ 
sonal signals such that clinical disease is worse than either 
signal alone. 

Cyathostome infection may also cause recurrent diarrhea 
in adult animals, 37 a severe weight loss syndrome with asso¬ 
ciated edema and pyrexia in young horses, 13 chronic weight 
loss Leading to diarrhea, iS - 10 cecocolic Intussusception, 20 - 2 - 1 
nonstranguiating infarction, 1 *- 22 cecal tympany. 1 * 

Controlling small strongyle Infection is the primary goal 
of anthelmintic therapy In adult horses. Anthelmintic resis¬ 
tance in small strongyles is a growing problem, and parasLte 
control strategies must be tailored to minimise anthelmintic 
use and maximize the generation of natural Immunity. 

Large Strongyles 

I’hree species of Large strongyles—Sfrtmgyfuj vuJgflrrs, Strongy- 
/hs edenlatu j, and SfrorrgyJjjj Quinns —parasitLze the horse. All 
three species have similar preparasitic phases. However, 
the migratory route of S. cw/gdin'j makes it, on a per-worm 
basis, the most pathogenic of the enteric parasites of the 
adult horse. Both the life-cycle of and pathology caused by 
S. uidgorts have been comprehensively reviewed. 70 infective 
Lj are ingested from pasture. S. vulgam L 3 penetrate the 
mucosa of the small intestine, moll to Li over 7 days, and 
then begin their arterial migration by penetrating the submu¬ 
cosal arteries. Lj travel via the cecal and colic arteries (by J4 
days postinfectlon), reaching the root of the cranial mesen¬ 
teric artery and its main branches by day 21 after infection. 
Larvae mature over a period of 3 to 4 months, then return pri¬ 
marily to the cecum and colon via the arteries. After a short 
period of maturation withi n the wall of the cecu m and colon, 
the young adult parasites are released Into the lumen of the 
intestine, where they mature In another 6 to S weeks. The pre¬ 
patent period Is 6 to 7 months. 

Pathology and accordingly clinical signs of S. ivtdgtfrii 
infection result from the extensive larval migrations through 
the mesenteric arterial system. 23 - 23 Larval migrations result 
in marked cellular infiltration and damage the endothelium 
of the arteries, leading to thrombus formation. The walls of 
all branches of the ileocecal colic artery are affected, and 
with chroniclty the vessels become thickened and dilated 
with aneuiysm formation. Disease results from thrombus 
showering of the bowel. Leading to multifocal avascular 
necrosis in areas of the intestine that are supplied by the 
occluded arteries. Clinically affected horses shotv varying 
degrees of pain depending on the nature of the infarcts. 
Fever and serosangulneous peritoneal fluid with elevated 
protein and red and white blood cell counts are common. 

The life-cycle of S. opurtus was characterized by Slo- 
combe. 26 S. fffumus also Invades the wall of the smal l Intes¬ 
tine, cecum, and colon, causing formation of small cystic 
and hemorrhagic nodules where the organisms molt to I4. 
Twelve to 14 days after Infection larvae exit the nodules, tra¬ 
versing the peritoneal cavity to the Liver by 19 lo 20 days after 
infection. Larvae remain in the liver for at least 12 weeks and 
then return to the large intestine by traversing the abdominal 
cavity directly or passing through the pancreas and then the 
abdominal cavity. By 15 weeks postinfection mature L 5 
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penetrate the lumen of the large Intestine to complete 
she sexual phase of their life-cycle, lire prepatent period of 
S. ftfuinus Is approximately 9 months. 

S. edentatus L 3 Invade the walls ofthe terminal small Intes¬ 
tine, cecum, and right ventral colon, where they penetrate 
the vasculature and then migrate to the liver via the hepatic 
portal vein. 27 - 30 Larvae remain in the liver for approximately 
40 days, during which lime they moll lo Li. 23 Larvae then 
migrate via the hepatic ligament lo the parietal peritoneum 
of the right flank and moll to immature adults between 13 
and IS w r eeks after Infection. 77 S. edentatus organisms then 
return to the large Intestine via the mesentery between 3 
and 5 months after Infection, migrating through the walls 
of the cecum and colon and causing the formation of para¬ 
sitic nodules. Adults emerge into the large intestine to com¬ 
plete the sexual phase of their life-cycle, lire prepatent 
period Is generally acknowledged to he approximately 11 
months, although' some authors suggest It may be as short 
as 6 months. 29 

The pathology of S.. edentalus and S. erfuinus Is fairly 
restricted to hemorrhagic nodules and parasitic cysts of the 
large Intestine. 2 *- 26 Such lesions are generally regarded as 
not severe enough to account for recognizable signs of colic. 
However, these lesions are evidence of poor dewormIng and 
a reasonable indicator that other large and small stnongyle 
burdens are Likely. Larval migrations through the liver may 
produce nodules and formation of fibrous tissue but are 
not considered clinically significant. 

Although Large strongyle Infections are sporadically Identi¬ 
fied, they have been virtually eliminated in most areas 
through the widespread use of macrocydic lactones and larvi- 
cidal fenbendazoLe regimens (10 mg/kg sid x five treat¬ 
ments) that kill both adults and migrating larvae. 31 litis 
reflects the protracted prepatent period (>5 months) of the 
large strongyles, coupled with limited survival of larvae In 
the environment. Simultaneous treatment of all horses on a 
premises with Larvlcidal anthelmintic regimens eradicates 
the parasite because despite continued ingestion of infective 
larvae from the pasture, the larvae never reach sexual maturity 
lo produce eggs that can recontaminate the pasture. There¬ 
fore, given a maximal survival of large strongyle larvae of 12 
months on pasture, larvlcidal anthelmintics administered at 
5-month intervals will effectively eliminate Large strongyles 
from a premises within IS months. 


Tapeworms 

During the Last two decades the equine tapeworm, Attoploce- 
phala perfoliata , has risen from clinical obscurity to be recog¬ 
nized as a significant potentiating factor In certain types of 
abdominal pain. The tapeworm life-cycle is indirect, cycling 
through oriballd mites, which horses swallow while 
grazing. Orlbatid miles feed on organic material in feces 
on pasture, ingesting tapeworm eggs. Eggs develop into 
infective cystIcercoIds within the mite over a 2- to 4-month 
period. Tapeworms are hermaphrodites In that each infec¬ 
tive form, the cystlcercold, contains the sexual organs of 
the male and female. After Ingestion of cysllcercolds by 
the horse, eggs develop In sad Ike body segments, termed 
progbltids, with In 6 (o 10 weeks. 32 Progjottlds then break 
away and pass in the manure. Detection of tapeworm eggs 
in manure Is extremely insensitive for identification of tape¬ 
worm Infestation, and this Is thought to reflect an uneven 
distribution of the eggs within equine feces, associated with 
patchy distribution of the disintegrating proglottids. 33 - 35 
Accordingly, serologic diagnostic methods have proven 
advantages for detection of tapeworm infection. 33 

llrree species of tapeworms have been identified in .North 
America. 3 *' 37 A. perfoliata, the most commonly identified, 
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Inhabits the region of the ileocecal valve. Anoplocephala 
mamiHiana Is the smallest and Amtplocephaia mtrgmi the larg¬ 
est of the tapeworms that Inhabit the small Intestine and 
stomach. Postmortem Investigations In Kentucky have Indi¬ 
cated that the prevalence ot tapeworm infections exceeds 
of the population. 36 - 39 Serologic evalnation of horses 
from J9 LLS. slates representing 10 geographic regions cho¬ 
sen to encompass the entire United States indicated an over¬ 
all prevalence of 54%, with a geographic distribution that 
was lower in the western United Stales, ranging from 1.3% 
In California lo near 100% in Minnesota.™ Lower preva¬ 
lence of tapeworm seropositive status in young animals 
and stallions was attributed to reduced access lo pasture In 
these individuals. 

Tapeworms Infect horses of all ages, although a peak In 
worm burden has been identified in animals between 
6 months and 2 years of age and In animals over the age 
of 15 years. 41 Susceptibility to tapeworms appears to mimic 
susceptibility lo small strongyles in that some horses 
develop immunity, others maintain small burdens, and a 
small percentage (10%J of horses maintain large tapeworm 
loads regardless of dewormLng. 3 *' 39 - 42 - 47 Anoplocephala 
organisms cause severe inflammation, ulceration of the 
mucosa, edema, and scarring at their attachment sites, w r hlch 
can in some cases partially obstruct the lumen. 43 - 30 This 
Inflammation, In coordination with large quantities of ace¬ 
tylcholine found within A. perfoliate, Is believed to Interfere 
with normal peristalsis. Tapeworm burden increases the risk 
of spasmodic colic eightfold, and the risk of ileocecal impac¬ 
tion twenty-eLghl-fo!d. 5LJjd Tapeworms also Increase the risk 
of Ileocecal Intussusception and cecal rupture, 55 - 58 

Effective recommendations for the control of equine 
tapeworms In the United States are compromised because epi¬ 
demiologic studies have been confined to Kentucky and Inves¬ 
tigations of oribatid mites are lacking. Tapeworm infections 
occur year-round throughout the world. 39 ' 47 - 59 - 62 However, 
Investigations In Spain, Switzerland, Sweden, and Kentucky 
have Identified significant seasonal Increases In A. perfoliata 
Infection from late summer through early spring. 30 - 59 -*>,*3-65 
Comprehensive examination of 372 horses from Spanish 
abattoirs also demonstrated that A. rrr agna Infections peaked 
In fall. 60 Of Importance, gravid A. perfoliate organisms were 
not evident In summer and displayed an Increasing seasonal 
prevalence peaking In spring, suggesting that strategic use of 
cestodicldaf drugsTbefore spring may be especially effective In 
Interrupting the life-cycle. 

Praziquantel (1 mg/kg) and double lo triple doses of 
pyrantel pamoate (13.2 to 1 9 .S mg/kg) are efficacious 
In eliminating tapeworms. fifi ' 67 Limited evidence suggests 
that pyrantel tartrate (2.64 mg/kg) for 30 consecutive days 
Is also efficacious. 66 - 69 In the United States praziquantel 
Is available onlv In combination with moxldectin or Iver¬ 
mectin. Annual treatment with an efficacious product is 
recommended for horses beginning at weaning. Available 
epidemiologic findings suggest that annual treatments 
might be of greatest benefit in late fall to minimize burdens 
and prevent the development of gravid forms. However, on 
farms with a confirmed tapeworm burden, based on fecal 
counts, serologic evaluation of the herd, or a history of tape¬ 
worm-related colics, treatments two to three limes per year 
may be lustified, especially during the Late summer through 
early spring. 



Bots 

TWo primary species of bo( larvae Infect horses in North 
America. 39 '* 6 ' 7 ^ 71 Gasterophilus nasal is lays eggs In the Lnler- 
mandlbular region, whereas QiilerapMus j'ntesifrw/ej eggs are 
found attached to the forelegs. By day 5, larvae hatch and 
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migrate to the mouth Ln the case of G. msalis or enter the 
mouth as the horse rubs and scratches the eggs with its 
muzzle and leeth In the case of G. intestinal First-stage 
G. inteitindJis laivae embed deeply In the tongue and 
migrate to the Interdental spaces or the upper molars, where 
they moll to Lj, whereas G. nrrsdJfs larvae reside In the inter¬ 
dental spaces. Lj are swallowed and come to reside In spe¬ 
cies-dependent predilection sites, where they molt to L 3 . 
G. intejnVidJij organisms attach to the nonglandular lining 
of stomach in the region of the maigo plicalus, and G. Hdisct- 
fij organisms attach to the most proximal portions of the 
duodenum, where they remain for up to 12 months. 3n late 
spring, larvae pass in the feces, pupale to adult files over 3 
to 9 weeks, and begin laying egg^ again until fall. Fly activity 
ceases with the onset of cold weather. 

Moderate Gastempfitius species Infestations are asymptom¬ 
atic. 7 1 Large larval bu rdens In the tongue ca n cause i nfl am [na¬ 
tion and perhaps difficulty swallowing. 63 "® 5 However, this 
association is not well recognized. Heavy loads in Lhe stom¬ 
ach may be associated with gastric ulceration r abscessation, 
and rarely stomach rupture and peritonitis. 7 ^ 76 

Gflstejcpilij'/tfs infection Is easily controlled through once- 
yearly administration of boticldal drugs, ivermectin, or 
moxldectln/ 7 -™ Highest numbers of larvae are found in 
the stomach from winter through early spring 71 Accord¬ 
ingly, timing of treatment should be in lale autumn or early 
winter. Dally grooming to remove bot eggs, which are 
yellow and easily visible, minimizes Infection. 

P inworm s 

The parasitic phase of O. equi, the equine pin worm, begins 
with Ingestion of an embryonaled egg containing Infective 
L 3 . Larvae hatch in the small Intestine and come to Inhabit 
the mucosal crypts of the cecum and colon. Maturation to 
gravid adults includes a lengthy maturation phase that 
ranges from 139 to 156 days, creating a prepatent period 
that approximates 5 months. Gravid females lay their eggs 
in clumps in a yellotvish-grey gelatinous material around 
the anus. After completing their egg laying the females pass 
out of the anus and die. 

The primary clinical sign of O. equi infection Is intense 
pruritus of the tall head that Is referable lo drying and crack¬ 
ing of the egg masses in lhe region of Lhe anus. Tall rubbing 
facilitates deposition of the eggs Ln the environment. In 
severe Infections, mild colic can result from Inflammation 
of the cecum and colonic mucosa. 

Benzimidazoles (BZDs) r pyrantel pamoate, pyrantel tar¬ 
trate, and the macrocycllc lactones are all efficacious against 
pinworms. Owing to the prolonged prepatent period, treat¬ 
ment regimens tailored to control ascarid or small strongyle 
infections will control O. equi Infections. Frequent cleansing 
of the perineum will also limit spread. 

Roundworms 

Infection with the equine roundworm, P. equorum , is limited 
to young horses owing to the development or acquired lifelong 
immunLtyby 18 to 24 months of age. 7 ’ The high prevalence, 
size, fecundity, and persistence in Lhe environment make 
P. equorum the most pathogenic parasite of the young horse. 
The life-cycle of P. equorum Is direct, with a hepalotracheal 
migration and a prepatent period of 10 lo 12 weeks.^ 0 -* 1 
Mature ascarlds range in length from 1 to 14 inches, and the 
females are extremely prolific producing hundreds of 
thousands of eggs per day.® 0 These eggs are very sticky, enabling 
them to adhere to pasture and surfaces in the environment 
from which they are Ingested. Ascarid eggs are also extremely 
resistant to chemicals and the environment, remaining viable 


for over 10 years and being capable of withstanding bleach, 
iodine cresol, quaternary ammonium compounds, and steam 
cleaning. 32 Over a period of weeks egg^i mature lo an Infective 
stage Ln the environment characterized by the presence of L 3 , 
which is visible within the egg After Ingestion, larvae emerge 
from the eggs in the small intestine, penetrate the Intestinal 
wall, and travel via blood or lymphatics to the liver. Larvae 
migrate within the liver for approximately a week: they molt 
lo Lj before beLng carried, via the vasculature, to the lung£. Lar¬ 
vae break into the alveoli, ascend the bronchial tree, are swal¬ 
lowed and then mature to L 5 and reproduce. 

Clinical signs referable to adult ascarid infection Include 
weight loss, stunted growth, rough hair coat, a pendulous 
pot-bellied appearance, lethargy,-depression, and abdominal 
pain. 63 " 8 - 5 Migratory stages of the parasite are commonly 
associated with respiratory signs including fever, coughing, 
and nasal discharge, which may be partially responsive to 
antimicrobial therapy but recur when therapy is dlscontin- 
ued. 6L - aj The most Immediately life-threatening effect of 
ascarid Infection Is the ascarid Impaction which Is an obstruc¬ 
tive mass of dead worms occurring shortly after deworming 
in the face of higjr ascarid burdens.- 3 ® Affected animals dis¬ 
play signs of severe abdominal pain referable to small Lnlesti- 
nafobstrudlon. 

High fecundity and egg resistance make elimination of 
Airasciirjj from an infected premises virtually impossible. 
Ascarid burdens Ln weanlings often reach several hundred, 
yielding fecal egg counts (FECs) in the millions of eggs per 
gram feces (epgj 3 ® Pasture Is the primary route of exposure 
lo ascarids, and accordingly clean pastures {see the discus¬ 
sion under Clean Pasture) should be prioritized for young 
animals and mares with foals. Young animals are also com¬ 
monly exposed when they lick the infected stall environ¬ 
ment. Despite the chemical and environmental resistance 
of ascarid eggs, efforts should be made to decrease the envi¬ 
ronmental load by frequently removing manure from stalls 
and pasture (before development of Infective stages]: feed¬ 
ing noises off the ground Ln feeders that can be cleaned; 
washing stall surfaces with detergent and phenol-based dis¬ 
infectant (especially Ln stalls that have held foals and weanl¬ 
ings); and bathing the mare, Including her udder, before 
foaling. Anthelmintic protocols tailored to the control of 
Airosoirif will also adequately control most other intestinal 
parasites of the young horse with the exception of 
tapeworms. 

Threadworms 

S. Hiastej-j' is a sporadic cause of diarrhea Ln foals before 
weaning. S. uvsteri is acquired primarily through lactogenic 
transmission, with infections being acquired during nursing 
in the first few days postpartum. 3 ' Less commonly Infection 
can be acquired from a, wet environment. 88 lhe life-cycle is 
completely enteral, with the parasite infecting the small 
intestine and producing eggs within 6 to 14 days of infec¬ 
tion. 6T - 83 Sources have reported acquired immunity to be 
complete by 6 to 12 months of age. 36 - 30 S. merteri transmis¬ 
sion is significantly reduced, although not eliminated, by 
treating the mare with ivermectin at foaling.' 3 ® Foals can 
be treated empirically with either Ivermectin or oxlbenda- 
zole [15mjrfkg) within the first 2 weeks of life or based 
on positive fecal examination results. 30 - 3 - 2 

A New Paradigm for Equine Parasite Control 

For at least two decades administration of anthelmintics 
has focused on the practice of "rotation'" or deworming of 
all horses with drugs from different anthelmintic classes, 
each separated by a predictable interval. These regimens 
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are nol In the parents' best interest for several reasons. First, 
rotation does nol slow the progression of resistance and 
in fact actually selects for resistance to all drugs in the rota¬ 
tion, Rotational regimens also provide no venue to 
delect anthelmintic resistance, and, because an alternate 
class of dewormer Is used sequentially, resistance may 
be masked by the regular substitution of efficacious products 
in the deworming schedule. Equally, the concept of "slow 
rotation," In which a single anthelmintic is applied for an 
entire year. Is not prudent because of the high prevalence 
of resistance among small strongyles. 6 Slow rotation, with¬ 
out monitoring the effectiveness of the anthelmintic by 
assessing for a reduction In FECs, allows resistant parasites 
to propagate unchecked for a prolonged period. During this 
time, parasites that are sensitive to Lhe anthelmintic are 
selectively killed, allowing the resistant parasites to dominate 
the population. Computer modeling has demonstrated 
that the most effective method of delaying resistance is 
the simultaneous use of two effective and chemically dis¬ 
tinct anthelmintics. 

Investigations focused on anthelmintic resistance have 
Identified a phenomenon of Individual variability in para¬ 
site susceptibility In many species Including Lhe horse. Cer¬ 
tain Individuals that are ,J more susceptible"' or penHj'jjj'fc to 
strongyle Infection maintain higher quantitative FECs then 
their herd mates, despite identical exposures, and account 
for the majority of pasture contamination.’ 38 -' 39 Other Indi¬ 
viduals can be Identified that limit the infection and pass 
few to no eggs In their feces. Calendar-driven deworming 
ultimately translates to anthelmintic overuse In animals 
whose Immune response can limit the Infection, whereas 
suboptimal parasite control may result when the same 
treatment regimen is applied to susceptible individuals. 
Anthelmintic overuse hastens development of anthel¬ 
mintic resistance. L0 °- 101 Therefore the time-honored prin¬ 
ciple of simultaneous anthelmintic treatment or all 
berdmates is being rewritten to be simultaneous reevalua- 
tlon of all herdmates and treatment of horses with moder¬ 
ate and high strongyle susceptibility as documented by 
elevated FEC. 

l^e last two decades of anthelmintic research have deter¬ 
mined that preserving a population of parasites termed 
re/uerd or said to be rrc refugia is critical to controlling 
anthelmintic resistance. The most basic biologic meaning 
of refugla is an isolated population of once widespread 
species. Refugja should be viewed as ’"wild-type'"' parasites 
that have not been selected for anthelmintic resistance. 
Accordingly, the genetics of parasites In refugla are critical 
to preventing dominance of anthelmintic-resistant strains. 
Refugia are protected during anthelmintic treatment of 
the host only when they are on pasture and, in the case 
of nonlarvlcidal anthelmintics, when they are encysted. 
Because refugla are anthelmintic sensitive, a central tenant 
to their preservation is decreasing the frequency of anthel¬ 
mintic use, especially when parasite numbers are low In 
the environment. Balancing a desire for decreased anthel¬ 
mintic treatments with maintaining the health of the horse 
can be achieved only through the rational application of 
routine FECs to differentiate horses that need treatment 
from those that do not. 6 

Factors Influencing Parasite Control Strategies 
for Adult Horses 

The primary goal of parasite control In adult horses is 
to minimise Infective small strongyle larvae on pasture. 
A thorough understanding of three factors is critical to 
the proper liming and selection of anthelmintics. These fac¬ 
tors are the load of Infective larvae in the environment, the 
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residual capacity of the anthelmintic agent, and the horse's 
ability to limit egg excretion via an effective Immune 
response. 

Climactic conditions of a geographic region directly 
affect the lifespan of infective larvae and accordingly the 
load of infective larvae in the environment. This Is exploited 
when developing a parasite control strategy by timing 
anthelmintic administration for the times of peak fecal egg 
production. 103 Ultimately such strategic timing will mini¬ 
mize the number of anthelmintic treatments, which limits 
resistance by decreasing selection pressure. In contrast, 
anthelmintic treatment should be avoided when pasture 
refugja are diminished, because such treatments place the 
greatest selection pressure on the population. 10 * Pasture 
refugja are at their lowest numbers when climactic condi¬ 
tions limit the survival of infective larvae on pasture. 

In warm temperate and subtropical or tropical climates 
such as the southern United States, refugla are at their low¬ 
est during the summer because larvae cannot survive the 
extreme heat of the southern climate, providing a period 
of grazing In the summer that Is relatively free of exposure 
to small strongyles. 1<H - 1<M In this region, peak fecal egg pro¬ 
duction occurs from autumn (September) through spring 
[April). It Is Important to recognize that infective larvae 
are present on pastures In Lhe warm temperate, subtropical, 
and tropical regions of the southern United States through¬ 
out the winter months. In the northern coo] temperate 
regions, refugla are at their low r est during the winter, 
whereas larval development Is favored during spring, sum¬ 
mer, and fall. 103 ' 105 Northern winters [November through 
March) do not support hatching of eggs nor larval develop¬ 
ment, although Ly that have already developed sufficiently 
to be competent for Infection do persist during these 
months. 105 This Is important to recognize because rested 
pastures in northern climates remain infective until early 
summer, when rising temperatures cause the demise of Ly 
E>esplle the fad that infective larvae are present on pasture 
In northern climates during winter, management practices, 
In which the horses are stabled and their manure is 
removed, limit winter exposure to Infective larvae. This 
reflects the requirement for a moist environment in order 
for strongyle larvae to develop to Infective Lj, conditions 
that are not achieved in the stall. Furthermore, ammonia 
from a dirty, wet stall environment Is toxic to nemaLode lar¬ 
vae. 106 Together these factors create a winter period In 
northern climates that Is relatively free from exposure to 
Infective strongyle larvae. 

In addition to climactic factors, the residual ability of a 
gjven class of anthelmintics to suppress egg excretion must 
be considered. This characteristic of each anthelmintic is 
reflected In the egg reappearance period (ERR), w r hlch is 
the lime after treatment that a horse's feces will remain neg¬ 
ative for strongyle eggs. The ERP has generally been reported 
to be on the order of S weeks for ivermectin 1 ° 7 - 110 versus 
12 weeks for moxldectin. 309 However, shortening of the 
ERP for ivermectin to & w*eeks has been demonstrated on 
some farms, raising concerns regarding reduction In efficacy 
and emerging resistance to maciacydic lactones. 9 '- 110 - 132 
For pyrantel the ERP is on the order of 4 to 6 wrecks. Ia &> l0 - 112 
ERP after BZD administration Is on the order of 4 weeks, but 
periods as short as 2 weeks have been reported. 3 LJ - 133 Longer 
ERPs reflect the residual ab ility of an anmelmlntic to prevent 
emergence and sexual reproduction of encysted small stron¬ 
gyle larvae. The clinician must recognize that BZD resistance 
Is widespread In small strongyle populations, making moni¬ 
toring of FEC reduction with these products especially 
important 6 - m From the standpoint of formulating ah 
anthelmintic treatment regimen, the ERP Is a useful interval 
for reevaluating FECs after anthelmintic therapy In order to 





determine If an Individual horse requires subsequent anthel¬ 
mintic therapy. Shortening of the ERP may also be an early 
indicator of reduction in anthelmintic efficiency. 

The ability of a horse's Immune response to limit stron- 
gyle Infections and egg production directly influences the 
intervals between anthelmintic administration. Strongyle 
resistance is reflected In an IndeK termed the Strorigyle Cm- 
tamrnaenm Potential (5CP), which is defined as the FEC 4 
weeks after she ERP of the previous anthelmintic. At this 
time residual anthelmintic effects are exhausted, and the ability 
to limit fecal egg production Is reflective of the Immunity of the 
host. 5CP has been categorized as low (<ISO epgj, medium 
(150 to 500 epg), and high (>500 epg), corresponding to 
approximately 40%, 25%, and 35% of the population, respec¬ 
tively. 112 FECs at the beginning of the parasite season (Septem¬ 
ber in the south, April In the north) are also reflective of the 
relative immunity of the individual to small strongyles, because 
infective larvae are In low numbers on pasture at these limes. 
Accordingly, FECs at these times are proportional to the Indivi¬ 
dual's tendency to ''permit 1 ' the development and sexual repro¬ 
duction of the few larvae that are Ingested, or more significantly, 
hypobiollc strongyle larvae that are emerging to complete their 
life-cycle. 

Parasite Control Strategy for Adult Horses 

To be effective, parasite control strategies must be multifac¬ 
torial and take Into consideration the husbandry and 
dynamics of the premises or owner, ages of the patients, 
and epidemiology of the parasites. Anthelmintic resistance 
issues have highlighted the need lo employ all measures 
that minimize pasture contamination. Strongyles develop 
from eggs to infective outside the host, and simply 
removing feces from the environment before eggs become 
infective has been shown lo provide parasite control that 
is superior to that of anthelmintic administration. 115 Horses 
maintained in environments with fecal removal had loweT 
FECs and grazing area was increased by 50% when com¬ 
pared with cohorts that were given anthelmintics. Fasture 
vacuuming and manual removal of feces from pasture may 
nol always be feasible, and such measures have been dis¬ 
missed in dewormIng schemes of the past. However, with 
anthelmintic resistance rising and with the need to minimize 
reliance on anthelmintics in order to protect refugia, the abil¬ 
ity of manure removal to virtually elIminaLe anthelmintic use 
should cause responsible veterinarians to strongly encourage 
some degree of environmental management. 

When targeted deworm Ing Is applied, the deworming sea¬ 
son begins in September in warm temperate, subtropical, 
and tropical climates of the southern United States and in 
April In the cool temperate climates found In the northern 
regions of North America. Quantitative FECs are performed 
and reflect the small strongyle susceptibility of the individual 
horses because environmental loads are minimal at these 
times. Anthelmintic treatments are administered according 
to treatment thresholds, which range from 100 to 500 stron¬ 
gyle type epg (generally 150 to 200 epg). Evidence-based 
medicine indicates that these thresholds are efficacious in 
decreasing anthelmintic administration while preserving 
health. 57 '™ 1 ' 111 ' 116 Lowering the treatment threshold 
imposes greater selection pressure for resistance and serves 
to Limit immunity to small strongyles. After the Initial evalu¬ 
ation and treatment at the beginning of the parasite season, 
FECs are repeated at Intervals according to the ERF, with 
subsequent anthelmintic treatments being administered to 
only those Individuals whose FECs exceed the treatment 
threshold. Within this program, the fall deworming should 
be with a macrocycllc lactone and praziquantel combination 
to target species and Arwplocephuk species. 


The cost of repeated fecal examinations may be concerning 
initially to owners employing targeted deworming. However, 
such regimens have been shown to be economically viable 
because they decrease anthelmintic use as much as 78%. 57 
Repeated evaluations of FECs Indicate that individuals 
exceeding the treatment threshold at the beginning of the 
parasite season [or 4 weeks after the ERP of the previous 
anthelmintic) are likely to maintain elevated FEC and 
require repealed deworming at intervals consistent with the 
ERP. Animals with FEC below the treatment threshold 
should have FECs monitored according to the appropriate 
ERP and be dewormed when the treatment threshold is 
reached. 

it is proposed that horses whose FEC exceeds 500 after 
the ERP or in the beginning of the parasite season [i.e. r 
those with high SCP) should be singled out for larvlcidal 
anthelmintic therapy. 112 See Table 43-1. Itiis reflects the 
fact that these animals are permissive to the Infection, 
allowing both pasture-derived larvae and emerging encysted 
larvae lo complete their life-cycle and produce eggs that 
contaminate the pasture. r rhese horses are a reservoir for 
contaminating the environment, harboring large numbers 
of hypobiotic larvae that repopulate the Cl lumen when 
adults are removed by deworming. Both moxideclln and 
' J ]arvicldal dose 1 ' fenbendazole (10 mg/kg for 5 days) have 
larvicldal activity against encysted small strongyles, making 
these agents especially useful in managing individuals that 
are highly permissive to strongyle Infections. 117 - 115 How¬ 
ever, it Is important to recognize that neither moxldectln 
nor larvlcidal dose regimens of fenbendazole are 100% effi¬ 
cacious. A report of small strongyle resistance to larvlcidal 
fenbendazole doses in Kentucky yearlings should prompt 
caution In the use of such protocols because they exert 
extreme resistance pressure. 12(1 

A cornerstone of every deworming program is to identify 
anthelmintic resistance. Anthelmintic resistance Is of tre¬ 
mendous concern in small strongyles. In which resistance 
to all commonly used anthelmintics, with the exception of 
the macrocycllc lactones, has been identified. 6 Shortening 
of the ERP is an Important Indicator of anthelmintic resis¬ 
tance In the horse. l2] EEowever, the gold standard for detect¬ 
ing resistance has been the FEC reduction test (FECRT). FEC 
reduction (FECR) is determined by comparing FEC before 
and 10 lo 14 days after anthelmintic administration. The 
percentage of reduction Is calculated using the following 
formula: 

Ptecreatment EPG - Posttreatmert EPG 

-s-==-* 100 

Precneatment EPG 

I’he FECRT has several problems. First, the action levels to 
identify anthelmintic resistance have nol been determined 
for equine parasites, so values are extrapolated from other 
species. Second, the FECRT Is relatively Insensitive, mean¬ 
ing that when anthelmintic resistance Is identifiable by 
FECRT, resistance genes are widely disseminated within 
the parasite population. At this time egg reductions In 
excess of 90% are considered evidence of BZD and telraby- 
dropvrimidlne efficacy. Values of 80% to 90% raise suspi¬ 
cion of resistance, and KBCRs less than 80% indicate that 
resistance Is present. In the case of the macrocycllc lactones 
ivermectin and moxideclln, egg reductions less than 98% 
aFe cause for concern. 6 - J 22 

The primary concern with new additions to the herd is 
their ability to introduce resistant strongyles to a previously 
sensitive population. 6 In this respect It Is especially impor¬ 
tant that farms without anthelmintic resistance take precau¬ 
tions to prevent the Introduction of resistant strongyles. 
FECRT should be performed in conjunction with the Initial 
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TABLE 49-1 





Efllcicjf of Various Anthelmintics Against Strongyles in Horses 






Large Strongyles 

Si 


Drug 

Dose 

Adlibs Larvae 

Lumi 

BENZIMIDAZOLES 4 

FebstM. - ! 

5-6 mg/kg 

4- — 

4 


Fenbendazole 

5 mg/kg 

4 3* 

4 



7,5 -1 0. m&'kg daily:. for 5 days 

-1- — 

zb 

4 

Mebendazole 

45-10 mg/kg 

4- - 

-b 


ruilciLd.L^elo 

L0 mg/kg 

-I- — 

zb 

_ 

Qxi bend azole 

tt) mg/ks 

4 - 

4 

_ 


20 mg/kg daily for 5 days 

+ 4 

4 

4* 


PYRANTEL 

Pyrantel pamoate or embonate 
Pyrantel tartrate* 


G.6 mg/kg 
2.65 mg/’kg daily 


AVERHECTINS AND MJLBEM YC1NS 

Ivermectin 0.2 rrvg/kg; 

Moxidcctin 0.4 mg/kg. 


OTHER 

Piperazine 

Dictilorvos 


tlO-lOOrng/kg 
30-35 mg/kg 


All down arc lur OTnl admin iUr.ilion. 

-. Highly effnclivr; nwdc rifely rJImlive; -, jrictlvriLvu 

■LEuTferlivK Jflainst beii2inSidaixJe--re instant jirongy.lra, exiccpL far larViddaJ regimens. 

"UlHrncy against JiL.i unknown 

: ] h yranid ui trite cmtiniuEly kills .ill riagci or luminal pnHixhes, prophylactic; prevcnla infection by ncwLy acquired infective larvae. 
kLutlenMe Lu hijgh efficacy ng,’iin:-,L pane effitviry n^Hinxt LLj. 


deworming^, and Larvlcidal treatment regimens should be 
selected to kill encysted parasites., which might bear resis¬ 
tance genes. Bolh moxldectin and larvicldaf regimens of 
fenbendazole may be used. However, the widespread preva¬ 
lence of BZD resistance In small strongyles must be consid¬ 
ered because larvlcidal doses of fenbendazole may be 
inferior to moxldectin lo prevent the Lnlroduction of resis¬ 
tant worms In new additions. Accordingly, single-dose 
administration of a macro eye He lactone has neen advocated 
For new arrivals after fenbendazole larvlcidal regimens to 
remove remaining luminal worms. New additions should 
be quarantined until appropriate response to anthelmintic 
therapy, as supported by a reduction In FECs, is available 
lo substantiate tnat resistant parasites will not be introduced 
to the herd. On the other band r horses staying less than 6 
weeks may be efficaciously treated w r llb Ivermectin because 
ivermectin resistance is extremely uncommon and the ERF 
for ivermectin is 6 to 8 weeks. 

PARASITE CONTROL STRATEGIES FOR YOUNG 
HORSES. S, tuesteri Is the earliest maturing nematode of 
foals, passing eggs by 10 to 14 days, followed by small stron- 
gyte eggs which can be detected at 6 weeks. 3 ' 8 '- 65 Hovcever, 
by virtue of its prevalence, size, fecundity, and pathogenicity 
In young horses, management of P. equomm Ls the primary 
focus of deworming strategies for horses under 13 months 
of age. Unfortunately, studies to identity treatment thresh¬ 
olds based on FEC expected ERRs, anti FECRT thresholds 
to Identify resistance are not available. Anthelmintic strate¬ 
gies for controlling P. etfuontin should be expected to change 
as such data become available. In the absence of these data, 
current recommendations focus on Interval administration 
designed to prevent egg production, which is known to exert 
significant anthelmintic resistance pressure in nematodes. 
Accordingly, it is prudent to document the presence of 


P. equorum on a premises by examining the feces for charac¬ 
teristic eggs. Four- lo S-mon lb-old foals have been shown 
to have the highest P. equorum FECs, making them excellent 
sentinels. 123 Parasite control programs In young horses 
on farms that lack P. cquonim should focus on small 
slrongyles. 

Several published reports show poor reductions in asca- 
rid FEC after both Ivermectin and moxidectin, Indicating 
macrocyclic lactone resistance. 1 t0 ' J23 ' 6 Daily exposure 
to low doses of pyrantel tartrate and monthly dewormIng 
with ivermectin are being scrutinized for their role In per¬ 
petuating anthelmintic resistance In equine parasites. 6 ' 121 
Dally administration of pyrantel tartrate has been shown 
to Interfere with the development of acquired immunity 
to small strongyles. 123 Although the effect of daily pyrantel 
administration on immunity to ascarlds Is not known. 
Inhibition of Invasion and migration that are characteristic 
of ibis therapy could also Limit Immunity lo ascarids. This 
Is especially concerning In horses that have been main¬ 
tained on daily dewormer and then Introduced lo heavily 
contaminated premises. In such horses the lower innate 
Immunity lo the parasite could increase morbidity asso¬ 
ciated with Infection. 

Monthly deworming wilh Ivermectin has been advocated 
to decrease Lung pathology in young horses caused by ascarid 
migration. However, ascarid resistance to Ivermectin raises 
concern regarding the selection pressures Imposed by 
monthly Ivermectin administration. Accordingly, practitioners 
should monitor vigilantly for evidence of anthelmintic resis¬ 
tance In young horses where repeated ineffective deworming 
could yield burdens capable of causing an ascarid impaction 
on subsequent deworming with an efficacious product. A link 
between emerging Ivermectin resistance in P. equomtn popula¬ 
tions and surgical ascarid Impactions has been postulated. 126 
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Resistance should be considered a possibility with any anthel¬ 
mintic agent, particularly when a single drug is used repeat¬ 
edly. Guidelines for 3 ; FCRT identification of P. atjunraffl 
resistance are not available. However. FECI? for both BZDs 
and pyrantel have been shown to teach 100% in Ivermec¬ 
tin-resistant P. frj'trtfnmr populations, su^esting that values 
previously described for small stnongyles are reasonable 
choices . 129 

BZDs, teirabydropyrlmLdines [pyrantel pamoate and pyr¬ 
antel tartrate), and the macroeyclic lactones (ivermectin and 
moxidectin) are generally considered efficacious against 
ascarlds. Moxidectin products are not approved for use in 
foals under 6 months of age. Recognise that doses of BZDs 
required to effectively kill ascarlds are double the doses 
recommended to kill parasites of adult horses. ThLs high¬ 
lights the need for accurate weights to ensure proper admin¬ 
istration, which Is a problem In young horses, in which 
body weight Is often estimated. Tftis problem can be alle¬ 
viated by use of weight tapes. 

Although the timing of the Initial anthelmintic treatment 
is Influenced by the environmental load of P. Quorum, 
treatment on endemic farms should begin at 3 to 3 0 weeks 
of age, w r hlch Is the minimal prepatent period after Initial 
exposure .- 90 '-* 11 ' 127 Recognize that In addition to ascarid con¬ 
trol, ivermectin administration should be incorporated at 
5-month intervals if targe strangles are present on the 
farm One of these treatments should be an Ivermectin 
and prazLquantel combination in the fall to kill GjrstaropJii- 
Jus and Anopiocephahi species. Both BZDs and pyrantel 
pamoate have a slightly shorter duration of ascarid egg 
suppression than the macrocycllc lactones because they 
do not kill migrating ascarlds. The treatment Interval with 
these compounds Is 56 days, which Is the minimum time 
required for migrating larvae not killed by BZD or pyrantel 
treatment to reach the Intestine and produce egg^. More fre¬ 
quent administration of BZD or pyrantel maximizes resis¬ 
tance pressure without altering egg production unless 
shortening of the ERF occurs. 

Macrocycllc lactones (restricted to ivermectin administra¬ 
tion In foals) and larvicldal fenbendazole regimens (10 mg;' 
kg x 5 days) have the advantage of killing all ascarids In the 
intestine as well as migrating larvae outside of the Intes¬ 
tine. LJ9 - J 29 See Table 49-2. Therefore treatment Intervals 
shorter than 56 days with larvlcidal drugs are still effica¬ 
cious in the control of ascarid Infections but maximize resis¬ 
tance pressure. On farms with a high P. etfuontm burden, 
ivermectin may be administered as early as 45 days of age. 
Treatment intervals as short as 30 to 45 days with Larvicldal 
drugs have been recommended by some practitioners on 
farms with high ascarid loads to minimize lung pathology. 
These recommendations should be critically evaluated in 
light of the resistance pressure Imposed by the practice. 
Treatment intervals after administration of Larvlcidal agents 
should approximate 70 days because the foal is essentially 
cleared of all ascarlds and begins the cycle of infection anew 
after treatment. Commonly the recommended ivermectin 
Interval is shortened to 60 days for brevity In communica¬ 
tion. Regardless, larvlcidal drug^ should be followed by 
retreatment before 70 days, and nonlarvlcidal agents require 
retreatment In 56 days. Treatments are repeated until the 
horse develops solid acquired Immunity as supported by 
negative ascarid fecal examinations, which generally occurs 
by 18 months of age. Failure to remain within these inter¬ 
vals risks egg contamination of the pasture that persists for 
years. 

Ascarid eggs are extremely resilient, and infection occurs 
from both pasture and fomites In the stall environment. 
Emerging anthelmintic resistance In F. opummi highlights 


TABLE 49-2 

Anthelmintics Effective Against Ascarlds in Horses 



EJTitacy 

Drug 

Dose 

Adults Larvae' 

BENZIMIDAZOLES 

Fen bcndjLiole 

5 mg/ks 

+/- 


10 mg/kg once 

4- - 


L0 mg/ kg daily 

$ 4- 


for 5 days 


Mebendazole 

8.8 mg.'kg 

4- — 

Qxt’endazole 

10 mg/kg 

+ 

Qxibeiid azole 

10 mg/kg 

4-/- 

PYRANTEL 

Pyrantel pamoate 

6.6 mg/ kg 

♦fr 

or embonzle 

Pyrantel tartrate 

2.65 mg/kg dalty 

♦b 4* 

AVERMECTINS AND MJLBEMYCtNS 


ivermectin 

Q.2 mg' kg 

4- 4- 

Ma-xldectln 

0.4 mg/ kg 

4t 4- 

OTHER 

Piperazine* 

i 10-200 mg/kg 

4- 

DJchlarvos* 

20 mg/kg 

4- - 

TtLchiorfonl 

40 mg/kg 

-1- 


AJ3 LbuMLi acc lor oral admin.isLrn.lion 

II Lp.tily effort]**!: moderately el-lKtlw, - . ineffective. 

"Do not hot in heavily [lacxuiKcd lo.ils. 

'I'yrantel pamoate eontinumiily kiiU all M.ignt. 

-j'mpliyljtcLiHV gweverui infection by newly acquired inJrrfiV* Larvae. 


the need to Institute management practices that prevent 
ingestion of parasite eggs. Clean pastures ( see below) should 
be provided for young animals and mares with foals. 
Manure should be removed at least twice weekly from stalls 
and pasture, before Infective Larvae can develop. Horses 
should be fed off of the ground in feeders that can be 
cleaned. Although ascarid eggs already in the environment 
cannot be eliminated, washing stall surfaces, especially those 
that have held foals and weanlings, and bathing the mare 
including her udder before foaling help to minimize egg 
contamination. 

A word of caution: if high ascarid burdens are suspected 
based on a prior poor dewormIng history or high FECs, 
deworming with highly efficacious anthelmintics 3s contra¬ 
indicated because of the risk of ascarid Impaction. In such 
cases young horses should be Initially dewormed with an 
anthelmintic of lower efficacy, such as fenbendazole at a 
dose of 5 mg/kg, followed In ! to 2 weeks with proper 
doses of an anthelmintic known to be efficacious on the 
premises. 

CLEAN PASTURE. Creating a pasture that is entirely 
devoid of parasites Is impossible. However, as part of a 
comprehensive parasite control program the following mea¬ 
sures will reduce the parasite burden on pasture. LJ(> Pastures 
that have been vacant for at least 2 months during the warm 
season, fields that have recently produced hay, and pastures 
grazed by alternate Livestock species can be viewed as having 
a reduced parasite burden. Dragging and harrowing disperse 
parasite Larvae, which Is advantageous only In the summer 
and only if pastures can be Left unoccupied for 2 weeks in 
the south or 4 weeks in the northern climates. Pastures 
should not be harrowed after October I in the United States 
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because parasite larvae dispersed by harrowing will not 
undergo the climate extremes required to kill them. Simi- 
lariy r manure should not be spread on pasture. Reducing 
the stocking density of a pasture will decrease parasite expo¬ 
sure because the horses are not forced to graze as close 
to their feces In order to meet their forage demands. 
Often r decreasing the number of horses on a pasture Is not 
practical but even in such cases useful pasture can be maxi¬ 
mized and larval burdens minimized by removing feces from 
the pasture every few days. This interval exploits the nema¬ 
tode parasite's requirement for a period ofdfevelopment out¬ 
side of the horse In order to become Infective. Removal of 
feces before this maturation prevents Infection. 


Less Common Equine Parasites 

STOMACH WORMS, four species of nematode parasites 
inhabit the equine stomach. l3L - J33 These are HffltroRewjfl 
muscae, Habronema microstoma, Didschitt megasioma, and 
TriofiiKrriwigyJus nixt’j. The first three are collectively termed 
spinaaid species In that they 1 belong to the nematode 
superfamlly Spimroidea. Habnmema and Dmschia cycle 
through intermediate hosts, the flies tAusca domestiai and 
Seomarys cafcftnons. L l exit from embryonaled eggs of 
Infected horses during transit through the IntestInaTtract 
and are ingested by maggots in the environment. Larvae 
mature with In the pupating fly; the life-cycle Is completed 
within 2 weeks, and (he adult files emerge. L 3 migrate to 
Lhe proboscis, and horses become Infected when the flies 
are swallowed or the larvae are released on or around 
the muzzle, eyes, sheath, or open wound as the flies feed. 
I’he prepaten l period for D. megastoma and Habwnema 
species is approximately 2 months. Fourth-stage larvae 
and adults localize In the glandular stomach, predomi¬ 
nantly in the region of the maigo plicatus. 

The most common pathology caused by spirurold nema¬ 
todes Is a result of larvae that do not access the Cl tract 
but are instead deposited in wounds or moist areas of the 
skin, where the parasite is therefore unable to complete Its 
life-cycle. 136 - 13 '' During their migrations within the skin the 
larvae elicit tremendous eosinophilic responses character¬ 
ized by the formation of eosinophilic granulomas. These 
granulomatous lesions, known astutonaom ftditronemfdjfs or 
summer soie, consist of rap Idly proliferating granulation tis¬ 
sue that is refractory to treatment and tremendously pru¬ 
ritic. Accordingly, lesions are generally ulcerated. Within 
theGl tract D. megastoma, the most pathogenic of the spe¬ 
cies, causes submucosal eosinophilic granulomas near the 
marge plicatus that coalesce and later develop Into large 
fibrous masses with purulent cystic cavities. 131 Habrotiema 
species stimulate the secretion of large amounts of thick 
tenacious mucus on theglandular pari ofthestomacb, dose 
to the margo plicatus, with adult worms embedded in the 
mucus. 

The prevalence of splmroid nematodes in horses has not 
been examined in the United Stales since 1985 to 1986, 
when a tremendous decline In prevalence was identified 
and attributed to the introduction of ivermectin In the 
United Slates in 1983. 133 Before Ivermectin's Introduction 
D. megastoma was the most prevalent of the spirurold nema¬ 
todes with a regional prevalence ranging from 24% to 
60 % m.jis.jss.jss However, after Ivermectin Introduction 
D. megfistoNTd prevalence rapidly declined to less than 5% 
of the population of horses examined In Kentucky . 133 At 
this time spirurold parasite infections are sporadic because 
of widespread use of avermectlns. 

Collectively the stomach parasites are controlled with 
she administration of macrocyclLc lactones . 131 SpLruroid 
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transmission wanes In the cold, when the intermediate 
host Is no longer active. Therapy In the fall, which also 
coincides w r lth the timing for treatment of hots, will Inter¬ 
rupt the life-cycle. Elimination of splruroid parasites from 
granulomatous summer sore lesions is more challenging 
owing to limited diffusion of the anthelmintic Into the 
fibrous capsule of the lesions . 136 Accordingly, topical pre¬ 
parations consisting of oiganophosphales (OPs) and corti¬ 
costeroids are commonly used in association w r llb oral 
avermectin administration. Repealed treatments are com¬ 
monly required. 

Equine Infection with the stomach worm T. axei is gener¬ 
ally associated with shared grazing between horses and rumi¬ 
nants. T. iurej also infects pigs. The life-cycle of T. axei closely 
resembles that of the strongyles. Exposure begins in the 
spring when Infective T. Lj that survive winter are 
Ingested during grazing. Pasture contamination wanes dur¬ 
ing the summer. L 3 develop into adults in the lumen of the 
mucosal crypts or deeply in the mucosa of the stomach. 
The prepalent period Is approximately 3 weeks. Light Infec¬ 
tions wllb T. axei are generally asymptomatic, but heavy 
Infections lead to a hyperplastic reaction of the glandular 
tissue, predominantly in the fundus, and production of 
abundant mucus . 132 Raised plaques enlarge, reaching 
several centimeters In diameter, and become eroded in 
the center as the disease progresses, appearing as reddened 
ulcers surrounded by hypertrophied gastric mucosa. In 
large numbers I. curer can trigger a severe watery diarrhea. 

The epidemiology of T. dixel transmission mimics that 
of strongyles in that Infective L 5 die off during hot, dry 
weather, effectively eliminating transmission during the 
summer months, but larvae that reach pasture In late sum¬ 
mer can be infective or overwinter to infect in the spring. 
Accordingly, T. axei infections can be controlled by several 
methods depending on the husbandly of the farm, infected 
horses can be treated w r lth macrocydlc anthelmintics before 
their introduction to pastures that have not been grazed by 
ruminants or Just before they are Introduced to ruminant- 
grazed pastures after the summer drop In L 5 pasture con¬ 
tamination. Horses that cannot be removed from Infected 
pasture will require frequent dewormlng to minimize pas¬ 
ture infection during the spring, fall ana winter, as the pre¬ 
palent period for T. axel Is 3 w r eeks. 

LUNG WO RMS. -See the discussion of lungworm Infec¬ 
tion In large animals. 

onchocerca CERViCALis. Unlike the previously dis¬ 
cussed parasites that Inhabit the Cl tract, Onchocerca ccrvica- 
iis Is a fllarld nematode whose adult organisms are found 
woven within the nuchal ligament . 140 This predilection site, 
which has little blood supply, makes it impossible to elimi¬ 
nate Lhe adult parasite. Ul Microfilariae resulting from sex¬ 
ual reproduction tend to congregate in certain regions of 
the body including the ventral midllne and face where they 
are ingested when Qrf&oftteg feed in these regions. LJ 1 From 
this intermediate host, microfilariae complete their life-cycle 
when they are transferred to another horse. O. cervicalis 
microfilariae cause pruritus, which may be severe in certain 
Individuals and mild in others. UL Such pruritus does not 
appear to be as dependent on microfilarlal burden as on 
the reactivity of the individual. 

OrrcfioccjccT microfilariae are effectively eliminated by the 
macrocytic lactones.Complete resolution of signs 
may require 30 days, and recurrence of signs after treatment 
Is not uncommon. Recurrence has been attributed to death 
of the microfilariae. In the absence of regular administra¬ 
tion of macrocytic lactones, recurrence of signs is predict¬ 
able owing to continued microfilaria production by the 
adult parasite. 
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GASTROINTESTINAL NEMATODE 
INFECTIONS IN CATTLE 

i.£JKA AJCbtAU 

Cattle are hosts to numerous species of nematodes. I45 - L4 7 
Of these, nematodes In the genera Ostertagia, Hacmcnchus, 
Tritfiflsrron^yftts, arid Cooperia are most prevalent and usually 
are considered to be the most important of the nematode 
species. Mixed infections are the nile and even though 
some genera, such as Nematodirus, Qescphngcstmium, and 
TYfchurij, comprise a smaller portion of the total nematode 
population, their presence contributes to the overall assault 
on the animal's health and tvell-being. The various nema¬ 
todes do differ somewhat with respect to their site of Infec¬ 
tion and pathologic effects, but their general life-cycle 
patterns are quite similar. 

II Ufe-Cycle. Adult female nemaLodes produce eggs that are 
passed out of the host with the feces. Under optimal condi¬ 
tions In the external environment, first-stage larvae (L l ) 
can develop and hatch from eggs within 24 hours. L| grow 
and develop to second-stage Larvae (L 2 ), which In turn grow 
and develop Into third-stage larvae (L3J. In general, the third 
stage Is the infectLve Larval stage. After ingestion, L 2 develop 
Into fourth-stage larvae (Lj), which then develop Into imma¬ 
ture adults. Sexually mature adult nematodes develop within 
2 to 4 weeks after ingestion of the unless arrested develop¬ 
ment occurs. The life-cycle of Wmimtrvfilmi Is the same except 
that development to Infective L ? occurs within the egg before 
hatching. borTrj'cftjjris, development to the in feet Lve L 3 occurs 
in the egg. However, rather than hatching in the external envi¬ 
ronment, Lj hatch after Ingestion of the eggs by the animal, 
and approximately S weeks ate required before sexually 
mature adults are present. I47 ' 148 

Climate and management of pastures and animals are 
among the numerous factors that influence the level and 
extent of parasitism. Although temperature is considered 
to be the driving force behind larval development, larval 
development can proceed only In the presence of adequate 
moisture. Larvae of all stages can be killed by extremely 
low temperatures, desiccation, and/or exposure to direct 
sunlight. Larval development and transmission tends to 
occur In predictable seasonal patterns based In part on 
regional climatic differences. 146 - L47 - L4? in the southern 
United States, infective Lj persist Longest when conditions 
are cool and wet (October lo May) but die off quickly during 
the summer after raln-Lnducecf liberation from the fecal 
pgt.isa.jsi Nematodes acquired by grazing cattle during the 
summer months came from eggs recently deposited on pas¬ 
ture. In the northern United Slates, infective L ? may be on 
pasture year-round. Significant numbers of CcofwjM and 
.NtemflrfltJfniJ may be acquired for at least 12 months afteT 
deposition of eggs on pasture, with acquisition of fewer 
numbers for up to 24 months. Acquisition of low levels of 
O-jJerfrrgj'fl can occur for at least 14 months after deposition 
of eggs' In subtropical climates, seasonality may be much less 
marked, and pasture infect]vlly may follow r the rainfall pat¬ 
tern. In arid climates, large numbers of Larvae may be present 
on Lhe pasture whenever Local conditions permit lush grass 
growth. 14? . J 5 154 

Not only can larvae survive on pasture, but some species 
can arrest development within the host. This usually occurs 
during the season when adverse environmental conditions 
would decrease larval survival In the external environment. 
Best known for this phenomenon is Ostertngia aslertagi. In 
northern temperate climates, pasture larval populations 
peak in the summer and early fall, and Lj tend to overwinter 
in the host, resuming development In the spring In warmer 
climates w r llb hot, dry summers, the highest numbers of 


infective larvae may be found In the late spring to early 
summer, and lend to oversummer in the host, resum¬ 
ing development in the fall. t4? - fc55 - l5 * 

II Of all the cattle nematodes, O. twtej- 

(agr has long been considered to be the most pathogenic 
nematode In temperate regions. The pathophysiology of 
ostertaglasls centers around the development of larvae In 
Lhe gastric glands of the abomasum. As the Larvae develop 
within the glands, they cause gland hyperplasia and 
intense eosinophilic Infiltration. Mucosal glandular cells 
lose their differentiation, and cell junctions are weakened. 
Albumin Is lost into the lumen. Parietal cells cease to func¬ 
tion, causing a decrease In MCI production l’he change in 
pH stimulates overproduction of gastrin, which initiates 
cell proliferation and hyperplasia. Alkalinity also decreases 
Lhe bactericidal activity of the abomasum, resulting in bac¬ 
terial overflow from the rumen Into the Intestine. In addi¬ 
tion a pH greater than 5 prevents the conversion of 
pepsinogen to pepsin. As a result, pepsinogen Is released 
into the blood through permeable cell |unctions. Hyper¬ 
plasia and loss of cell differentiation become widespread 
and create the typical "Moroccan leather" appearance 
of the abomasum. In experimental models, OsteTlugin 
infection in calves is associated with elevated peripheral 
eosinophil counts and decreased lymphocyte counts. 
Emergence of the larvae may complete the destruction of 
the glands. If the infection is severe, the proliferated cells 
and abomasa 1 mucosa may slough, producing a. diphtheritic 
membrane, 143 ' 1 57 


II ropulflri'cuEJ at Risk. Although exposure to some Gl 
nematodes [Gil Ns) readily Induces immune responses that 
limit future populations of nematodes within the gut, 
cattle remain susceptible to O. oslsrtagi for many months. 
Protective Immunity Is usually not evident without pro¬ 
longed exposure and may not occur until the animals 
are 2 years of age or older. 145 Consequently, clinical type l 
ostertaglasis occurs primarily In young cattle (up to approx¬ 
imately 18 months of age] during their first grazing season, 
with type M disease present In older animals (2 to 4 years of 
age). After their Initial exposure and Induction of immunity, 
adult cattle rarely show signs of nematode infection or 
require anthelmintic treatment. Although mature cattle 
ingest Infective larvae, fewer larvae establish infections, so 
parasite burdens and the magnitude of fecal egg shedding 
generally are decreased. Most preventive and treatment stra¬ 
tegies therefore are directed at young grazing stock, primar¬ 
ily beef calves and dairy replacement heifers. 

II CJfriidrrJ Manifestations, in young animals, GINs may 
simply cause poor growth and 111 thrift, or they may cause 
serious clinical illness and even death. Inappelence, a com¬ 
mon feature of parasitic gastroenteritis, can result In reduced 
weight gain, growth, ana onset of puberty. 

'lire synchronous development and maturation of inhib¬ 
ited larval O. cstertngi can result in severe clinical disease, 
called type II curcj-CdgetfSES. Usually seen in cattle 2 lo 4 years 
of age, It occurs months after ingestion of Infective larvae. 
Anorexia, 111 thrift, and hypoprotelnemia are consistent 
signs, l’he animals may also show fever, diarrhea, anemia, 
and submandibular edema. The prognosis for recovery is 
guarded owing to the widespread destruction of abomasal 
glands. Conversely, type [ ostertaglasis results from the 
rapid, acquisition of laree numbers of larvae that complete 
development to the adult stage within the usual 3-week 
lime frame. The primary physiologic change Is appetite 
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suppression, which accounts for the reduction In weight 
gains in calves during their first grazing season. Although 
the underlying mechanism for the (wo types Is the same, 
die seasonal occurrence of each ivpe varies in accordance 
with the epidemiologic patterns at the aiea, IJ5 ri46.i5a 
Compounding the effects of O. mtirrtagi Is the presence of 
other Crisis. Larval and adult Hdemancmu organisms are 
blood feeders, producing anemia. 7. axei produces local and 
systemic changes similar to those produced by O, ostcrtagi 
resulting in similar clinical signs. Infection with Oesophagosto- 
mum nuitalum produces structural and functional changes 
including anemia, hypoproteinemia, diarrhea, anorexia, 
and weight loss. 146153 


Control of CnstroinresiiNiil Neimioiles 

ANTHELMINTICS. Adult Osterragici and other GiNs are 
susceptible to most of the commonly used anthelmintics. 
Drugs and doses are listed In Table 45-3. Drug withdrawal 
Limes must be considered when selecting anthelmintics for 
beef cattle and tacialing dairy cows, and the manufacturers' 
recommendallons followed. Eprinomectin and moxidectin, 
In topical formulations, have no withdrawal period for either 
meat or milk. 


TABLE 49-3 

Efficacy of Various Anthelmintics Against 

Castro Intestinal Nematodes in Ruminants 

Drug 

Dose (i 

Sheep* 

Cattle 

Adults 

Hyp abiotic 
larvae 

BENZIMIDAZOLES 




Albendazole 

3 7.5 

7.5-10 

4 

4 

Febantel 

5 

7-5-10 

+ 


Fcnbendazole 

5 

7.5-10 

4 

+/- 

Mebt'nld azole 

15-20 


4 

+/- 

Nfiobj imn 

7.5 

73 

:4 

4 

OxfendazDle 

5 

73 

4 

+ 

Gxibendnzolc 

15 

15 

4 

+■/— 

RJcobendazoie 

5 



- 

LEVAMISOLE AND MORANTEL 



Ijcvamisole 

5-7.55 

5-73* 

4 

+1- 

Moran lei 

5-123 

10 

4 

— 

Pyramid 

25 

123 


- 

AVERMECTINS AND M1LBEMYCINS 


Ivermectin 

0.2 

0.25 

+ 

+ 

Doramectln 

0.2 

0.25 

+ 

4 

Kprlnomcctin 


0.5 1 

4 

4 

Moxidectin 

0.2 

0.25 

4 

4 

OTHER DRUGS 




Clo-santd 

5-10 


4* 

— 

Nitraxynll 

10 


4* 



- , il^lj cfr-ccti-vir; moLteriilcIv eHJecLive ot HTurtivL' according La sumc 

■1 LI ijjLhT/i. —, illElIcCtivir. 

'All dawn are lor oral administration unlai oiJietwUe indicated. 

Cntt rtiList bn jjiviria tii^hnc dom Jar L'qu.d elTiracy 
• JOrn^'k^ lor v:,pk.iL .ldriri ntslratmii. 

niji,i kg lor oral, Mill'. liI.ihl'm Lis-. or inlramuKular ndmirmlT.ilnm: '0.5 nig/ 
kg tnfiLcafclv ("pmar-on"). 

: Av.ilIJiIUl 1 ardy Inr lopinal administration .it 0.5 m^ 1 lig; iiu L rrcommLndad 
Jar shci'p 

1 LI fectiite against {lncmom Jjau i nni'iirtui ojib, r 

iViifj - .■VlmJnLMraLian of smite ul these pmJuLtr, m.iy eonatEtute cxLrididiuJ 
urf in sJtuL'j! and iro.its: luLlaiv mnnidacLurerV' guidt-linen fuw ntual and milk 
withdrawal in e.itLlc. 
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The newer macrocycJic lactones are particularly effective 
against both adult and larval stages of the various GINs In 
cattle, including Inhibited L*. 160 -* 62 In addition, their resid¬ 
ual effect helps minimize pasture Infectivity during the 
grazing season (see later), 1 ® 5 - 16 * Intrarumlhal sustained- 
release devices (SRDs) containing a BZD, levamisole, mor- 
antel. or Ivermectin can also be highly effective at limiting 
both clinical disease and pasture infectlvlly. Ifi7 - 171 Use of 
highly efficacious drugs or SRDs can attenuate the Immune 
response to GENs during the first grazing season in calves. 
However, In most cases immunity is sufficient to prevent 
clinical disease during the following grazing season, and 
weight gains by the end of the second season are similar 
to those of Immune animals. |6 s, lssj, m 

Although the macrocydlc lactones are all highly effective, 
some differences between products in both efficacy and dura¬ 
tion of effect are apparent. Doramectln, eprinomectin, and 
moxidectin are more effective and/or have a longer residual 
effect than ivermectin against Ostmugia and Cooperia. 1 71 - J7B 
Doramectln, eprinomectin, and moxidectin have a residual 
effect against Osterfcrgitr for approximately 5 weeks, whereas 
Ivermectin Is effective for only 2 to 3 weeks 16 * As the pre¬ 
patent period for Ofieri^gfa Is approximately 3 weeks, (he 
treatment Intervals in most management situations are 
8 weeks for doramectln, eprinomectin, and moxidertin and 
5 to 6 weeks for ivermectin. Duration of effect also varies 
somewhat with the parasite and (he level of infection. Persis¬ 
tence of effect against Coaperia appears to be E to 2 weeks 
shorter than for OjJvrid^ru, regardless of the product 
used, 16 ' 1 ’ 165 ' 173 - 180 The residual effect _may be shortened by 
a week or so at high Infection levels . 1 1 ■ 9 

Historically, anthelmintic resistance by GJNsbas been far 
less of a problem In cattle than in sheep or goats. However, 
this situation appears to be changing. Reports of anthelmin¬ 
tic-resistant nematodes of cattle are on the increase in the 
United States and elsewhere around the world. iAq - l6| - 3li ' 
Resistance has been reported In the most frequently used 
anthelmintic classes Including the UZDs, macrocyelic lac¬ 
tones, and imldazoth I azoles. Species of Cooperia are most 
commonly associated with these reports, although resistant 
species of Qstertagla and Haemonchus have also been 
documented. 

TtanriNent fntomjfs. The choice of drug and treatment 
Interval should be made on the basis of an individual herd 
or farm, as pari of an overall control program, factors to 
consider Include the geographic location, lime of year, and 
grazing management. Grazing management Is discussed 
elsewhere. 1 *® There are several options for preventing clini¬ 
cal disease and maximizing gains in first-season grazing 
calves using strategic anthelmintic treatments: 

m Two treatments with an avermectln or moxidectin 
early In the grazing season. The first treatment can 
be given either at turnout or weaning or 3 weeks into 
the grazing period. Depending on the product used, 
the second dose is given 6 weeks (ivermectin) or 
8 weeks (doramectln. eprinomectin, moxidectin) 
later, 'litis strategy can prevent clinical disease, keep 
FECs low, and increase weight gains during the first 
grazing season. 1 S9 '* 90 An alternative when using iver¬ 
mectin in situations in which pasture Infectivity Is high 
is to treat calves at 3, fl, and 13 weeks after turnout or 
weaning. 191 

■ Use of an Intraluminal 3RD, where available, at turnout 
or weaning. This strategy may be most cost-effective on 
farms where pasture JnfectMly is high. 

■ Treatment during peak pasture Infectivity (e.g., sum¬ 
mer and early autumn in temperate climates). Treat¬ 
ment interval depends on the product being used: 
every 3 weeks for aonlvermecttn drugs, every 5 weeks 
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for Ivermectin. For example, Ivermectin can be given 
at 10, 15, and 20 weeks after turnout or weaning. 
Ibis strategy prevents clinical disease In the majority 
of calves while allowing some level of infection, 
which stimulates an immune response In first-season 
calves. However, treatment at the start of the grazing 
season has been shown to result In belter weight 
gplns than tactical treatments given during the 
grazing season. 1 * 7 

■ ''Dose and move" strategy, litis strategy consists of 
treating calves with a single dose of anthelmintic, then 
moving them to a clean pasLure Just before the antici¬ 
pated peak In pasture infectIvlly (e.g., early to mid 
summer In temperate climates). This strategy mini¬ 
mizes the number of anthelmintic treatments during 
the grazing season. However, It Is effective only on 
farms where a clean pasture Is available, furthermore, 
any residual nematodes left behind will likely possess 
resistant genes; therefore contamination of the clean 
pasture will be with resistant nematodes. This must 
Ire taken into account when planning for the future 
use of the pasture (see laler). 

Integrating effectIve pasture management can reduce the 
number of anthelmintic treatments necessary 192 ; however, 
there currently Is no realistic alternative to the continued 
use of available compounds. Therefore it is imperative that 
the efficacy of these compounds be maintained for as long 
as possible. Recommendations designed to promote ibis 
In cattle include the following; (1) do not treat second-year 
and adult cattle to maintain a population of unexposed 
nematodes [refugja] on the farm: (2] do not graze first-year 
calves on the same pasture each year (avoids exposure to 
larvae produced from resistant nematodes); and (3) do 
not use the same family of anthelmintic year after year In 
calves. J 64 

The use of complimentary classes of drugs may be nec¬ 
essary In the situation where a producer is not satisfied 
with the response to treatment. The combination of a 
macrocycllc lactone with a BZD or levamlsole has been 
shown "to be effective against all important nematodes, 
including anthelmintic-resistant forms. Similar combina¬ 
tions may also be used In feed lots to help provide maxi¬ 
mal productivity and enhance response to vaccination 
programs. However, care must be exercised when using 
this recommendation because heavy, indiscriminate use 
of anthelmintics Is a strong selector for resistant geno¬ 
types and will hasten the development and spread of 
drug-res Islam parasite populations . |J9 

Arfuff Catlle. The cattle most at risk for clinical disease 
and production losses are beef calves and dairy replace¬ 
ment heifers in their first season at pasture. Strategic treat¬ 
ment early in the grazing season Is effective In most 
management situations. Development of Immunity should 
protect the animals during their second and subsequent 
grazing seasons. Treatment of adult cattle generally Is 
unnecessary, unless immunity is inadequate or pasture 
infectivlty is high. Anthelmintic treatment is most likely 
to be warranted In first-calf heifers and newly acquired 
cows that may not have been pastured as heifers. In some 
situations It may be beneficial to treat beef cows after 
spring calving. 

EVALUATION OF ANTHELMINTIC FROG RAMS. Because 
of the Importance of arrested larvae in thepathophyslology 
of ostertaglasls, FECs can be misleading. The parasite does 
the most damage to the host as It enters the gastric gland 
and as It leaves; however, the Infection Is unlikely to be pat¬ 
ent during these periods. Consequently, animals w r llh from 
type l or type II ostertaglasls may have low FECs. Therefore 


FECs are most useful as a tool to evaluate pasture contami¬ 
nation and the success of control programs. Detection of 
anthelmintic resistance currently depends on the FECRT. 
Unfortunately, this will only detect clinical resistance, 
which usually occurs only when the frequency of resistant 
alleles in the population reaches 25%. J9G Consequently, 
this test generally does not detect the presence of resistant 
nematodes within a population until clinical resistance 
occurs—that is, a less than expected response to the treat¬ 
ment Is noticed. The FECRT estimates anthelmintic efficacy 
by comparing pretreatment and posltreatment FECs. Fecal 
samples are collected immediately before treatment 
and then 10 to 14 days laler; for cattle, waiting the full 14 
days before collection of the second sample Is currently 
recommended. U9 


II CVfriicaJ Maiutgpment 

DIAGNOSIS. The most reliable method of diagnosis Is 
necropsy. The ''Moroccan leather" abomasal lesion Is patho- 
gnomonlc for Ojtertugjj. It may be difficult to identify para¬ 
sites with a casual macroscopic examination because both 
larvae in gastric glands and adult worms are small and eas¬ 
ily overlooked. Histologic section and abomasal wall diges¬ 
tion techniques can be used lo identify the presence of 
larvae. Antemortem, the history and clinical signs are most 
useful in suggesting a diagnosis of oslertagjasis. FECs are 
not specific for the disease. 

TREATMENT. Animals should be treated with an aver- 
mecltn or moxldectin and moved to a less contaminated 
environment at the first indication of clinical signs. History 
of the animals, time of year, and clinical judgment will 
determine whether all animals in the group should be trea¬ 
ted. Animals with type i ostertaglasls can be expected to 
respond well; however, the prognosis for animals with type 
11 ostertagiasis Is less encouraging. Even though the larvae 
may be killed, the damage to she abomasal mucosa may 
limit complete recovery. Animals with profound hypopro- 
leinemla and dehydration respond poorly compared with 
those showing only mild diarrhea and slight hypoalbumi- 
nemia. Severely affected animals may need treatment with 
fluids, plasma transfusions, and supportive therapy to sur¬ 
vive. Recovered animals often fail lo thrive. 

GASTROINTESTINAL NEMATODE 
INFECTIONS IN SHEEP AND GOATS 

HTLAHJIL A. HJlMJNCT 

GIN infections In sheep and goats are responsible for severe 
clinical syndromes and profound production losses. Young 
animals/perlparturlent ewes and does, and animals on 
substandard planes of nutrition are most susceptible to out¬ 
breaks of parasitic disease. The GIN of small ruminants 
includes Hiisnronrfsus catrrsrrjji, Teladorsagiu circumcincta r 
Trtdwstnmgyhis axei, Nematodirus species, and Cooperia spe¬ 
cies. 197 The proportions of each of these nematodes in 
small ruminant populations vary according to geographic 
location. H. corricirtiij usually Is the most significant patho¬ 
gen in wet, temperate climates. T. circumdncta may be 
the predominant Infection in northern or arid climates. 
H. conlortus and T. circumdncta represent the majority of 
parasite burdens seen in small ruminants, with H. con tortus 
being present In highest numbers. Anthelmintic resistance 
is present In all these parasites, but the prevalence is high¬ 
est for H. contortus, , making it the most economically 
important GEN of sheep and goats. 1 95 

The problem of anthelmintic resistance In GIN of small 
ruminants has been reported in South Africa, Australia, 
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New Zealand, Malaysia, Spain, France, Denmark, ihe 
United Kingdom, Brazil, and ihe United States. IS6 ' J 07 In 
the United Stales, resistance to all classes of anthelmintics 
has been documented, 197198 Recently resistance to lw r o 
and three classes of anthelmintics was found on 14 of 
15 farms and 6 of IS farms, respectively. In a survey of IS 
goal flocks In Georgia and South Carolina . 199 In 2005, the 
ftrst report of total anthelmintic failure was made on a meat 
goal farm In Arkansas.- 300 It is no longer acceptable lo plan 
parasite control programs based solely on the use of anthel¬ 
mintics. Veterinarians and producers must customize pro¬ 
grams to control exposure to Infection and reduce the use 
of anthelmintics. A thorough knowledge of the biology of 
GINs is necessary to plan effective control programs. 


II Life-Cycle. 20l ' 2d2 The life-cycle of GINs is direct and 
consists of a host phase and a free-living phase. Worms 
male In the host, and females lay eggs that pass In the feces. 
Eggs hatch and develop to infective larvae while remaining 
in the fecal mass. Infective larvae then move from ihe fecal 
mass onto the surrounding forage, where they can be con¬ 
sumed during grazing, thus completing the cycle. The time 
from Ingestion of infective larvae to egg-laying adults, the 
prepatent period, Is approximately 3 weeks. The lime for 
development from egg to infective larvae can be as short 
as 4 to 10 days (especially during the summer months); 
therefore transmission (reinfection) and continual pasture 
contamination can be rapid. During the colder months, 
however, development is delayed, and organisms may take 
up to a month or two to reach the infective larvae stage; 
therefore pasture contamination and reinfection are mini¬ 
mized. The infective larvae have a protective sheath that 
makes them relatively resistant lo adverse environmental 
conditions; they can therefore survive for months, thus 
extending transmission potential. As long as the tempera¬ 
ture and moisture conditions remain favorable, develop¬ 
ment and survival continue; conditions that are too hot, 
loo colid, and/or too dry threaten parasite survival. 


II Epizootiology. 101 - 102 The life-cycle of GINs has four 
phases. 

PHASE I—SYMBIOTIC OR PARASITIC PHASE. Phase 1 
is the interaction bettveen host and parasite. During this 
phase the parasite has to develop and survive in the host. 
After Ingestion, infective larvae lose their protective sheath 
and Invade the mucosa of the abomasum, small Intestine, 
or large intestine depending on the GJN species involved. 
While in the mucosa larvae develop to the next larval stage 
and then return to the surface of the gut mucosa, w r here they 
become adult worms. The ma|or host defense mechanism is 
immunity. When an infectious agent enters the body, the 
immune system reacts to mobilise various components 
(antibodies, killer cells, and so on) to inhibit or kill 
the Invaders. These components act on larval stages in Ehe 
mucosa and the adults In the lumen. How strong the 
immune response is depends on the age of the host, nutri¬ 
tional status, and concurrent stressors. iTie Immune system 
matures with age; therefore young animals are relatively 
more susceptible to Infection and become more resistant 
with age. As a result, young animals usually harbor the 
highest GIN populations and experience the most severe 
consequences. Adult animals have developed stronger 
immunity and harbor lower infection levels. Under poor 
nutrition and/or stressful conditions, the Immune system 
is compromised, and cannot respond adequately, ltierefore 
regardless of the age of the animal the effects of Infection 
will be worse. The prepatent period of most worms is 
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approximately 3 weeks, but this period can be extended 
Ear worms that have the capability to enter a period of 
delayed development called liypo^rtRj'j. This occurs during 
the season of the year when the environmental conditions 
are unfavorable for development and survival of the free-liv¬ 
ing larval stages. Depending on the worm, this happens 
during either summer or winter. 

phase 2—contamination phase. Phase 1 results 
from eggs passed In the feces. The magnitude of this phase 
Is affected bv stocking rate, age of the animals, season of 
the year, and hypoblosis. ITie higher the stocking rate, the 
more feces are deposited on the grazing area, and therefore 
more eggs, and the lower the stocking rale, the lower the 
number of eggs deposited. More eggs are also passed from 
young versus older animals. Most worms have a definite 
seasonality, so during their ''season/' more eggs are pro¬ 
duced and passed. Of particular note is a phenomenon, 
called the periparturlgnt yise (PPR) in FEC. This occurs at or 
around parturition and extends through most of the lacta¬ 
tion period. Because parturition and lactation aFe stressful 
conditions, the dam's Immune system Is compromised. This 
allows the existing female worms to Increase the number of 
egg£ deposited In the feces. If a worm species undergoes 
hypoblosis, the development time to the adult stage is 
extended. This will result in fewer adult worms over lime 
and fewer eggs deposited In feces. However, when these 
hypoblotlc larvae resume development, massive numbers 
become mature adults over a short period of time, and 
resultant egg production and deposition In the feces can 
be very high. 

PHASE 3— FREE-LIVING PHASE. Phase 3 Involves larval 
development and survival, which depend on prevailing 
environmental and nutritional conditions, initially, 
development and survival from egg lo first-stage, then to 
second-stage, and finally to third-stage (Infective) larvae 
occur within the fecal mass. The first- and second-stage 
larvae are unprotected and require oxygen and energy 
[feeding on nutrients and microorganisms) to grow. The 
Infective larvae are enclosed in a protective sheath and do 
not feed. Temperatures conducive to normal development 
and survival are 65 1 F to 85° F. With lower or higher tem¬ 
peratures, development and survival are reduced. Moisture 
Is also crucial for development and survival. Because the 
Initial development and survival occur within the fecal 
mass, moisture Is usually adequate to allow r development 
to the Infective stage; how r ever, If the fecal mass dries out 
quickly owing to high temperatures and/or physical dis¬ 
ruption of the fecal mass, the first- and second-stage larvae 
are susceptible to desiccation and will die. Generally, infec¬ 
tive larvae can survive very low temperatures, but sus¬ 
tained temperatures above 95* F are usually lethal. When 
Infective larvae migrate out of the fecal mass, they are rela¬ 
tively resistant to environmental conditions encountered, 
because of their protective sheath. Temperature is usually 
the only factor that may adversely affect infective larvae. 
Again, sustained temperatures above 95 5 F can be lethal. 
The moisture conditions at ground level under forage 
cover usually are adequate for infective larvae to move 
around and survive. Because they do not feed, length of 
survival depends on how fast they use energy reserves. 
The hotter it is, the faster they move and use energy stores, 
and the shorter their survival time. Eventually, infective 
larvae move up and down the forage when there is a mois¬ 
ture medium [e.g., advancing and receding dew). Rain also 
provides a moisture medium for larval movement on for¬ 
age. For the most part, infective larvae do not move much 
past 30 to 50 cm from the fecal mass or 5 to 6 cm up the 
forage. Therefore the Lower the animals graze and the 
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closer to the fecal mass, the greater the consumption of 
infective larvae, and the higher they graze, the lower their 
exposure to larvae. 

phase 4 —INFECTION PHASE. Phase 4 occurs when 
available infective larvae are consumed during grazing. 
This phase is affected again by stocking rate in two ways. 
If the same (phase 2) animals remain on the same pasture, 
the stocking rate determines how many egg^ initially con¬ 
taminated the pasture and consequently now many Infec¬ 
tive larvae wilt be available to consume. If the Initial 
contaminating animals are removed and replaced by new 
animals, the new stocking rate will determine the level of 
exposure of each animal to Infective larvae during 
grazLng—that Is, the higher the stocking rate, the more 
chance of exposure, and the lower the stocking rate, the 
less chance of exposure. It is well known that grazing ani¬ 
mals usually do not graze close to fecal masses, so the 
greater the distance between masses, the less the exposure. 
Eventually fecal masses disintegrate, forage grows well with 
the fertilization, and animals will graze over areas where 
exposure can be high. Natural sources of water, such as 
streams, ponds, or lakes, provide moisture along the banks 
where forage can grow readily. When animals congregate 
to drink and consume the attractive forage, defecation in 
these areas usually leads to increased contamination and 
eventuallv more Infective larvae. Essentially a high stock¬ 
ing rale lias been artificially created in a relatively small 
area. The same can be said for areas where supplements, 
especially hay, are fed If conditions are right for develop¬ 
ment and survival of the free-living stages. Once Infective 
larvae are consumed, phase I is repealed. 

II Pathophysiology of Caslroitilestinul Nematode Parasitci I. 
The damage done by H. rcNicrmj Is ihe result of the blood 
sucking by Lj and adult parasites, The pathogenesis of oster- 
tagfasis in sheep is similar to that described In cattle and Is a 
result of destruction of abomasal mucosa. T. axei causes 
abomasitis, whereas TVfchcifrcrigyJ'jjj colubriformis penetrates 
beneath the Intestinal mucosa and causes blood loss and 
enteritis. 


II Clinical Signs of Castrolntestinal Nematode Parasites. 
Most animals acquire mixed infections of nematodes. 
Clinical signs may therefore reflect the effects of more 
than one species of parasite. There appears to be some 
synergism between O. cirrwmcmcta and T. cohibrtfarmis, 
which makes the effect of the combined infection more 
severe than that of either alone. Although mixed Infec¬ 
tions with GINs are assumed, the actual population of 
parasites In small ruminants will vary depending on the 
geographic location. In general, the majority of clinical ill¬ 
nesses result from fJ. ccntorrjjj Infections. Most parasitic 
infections In small ruminants are associated with altered 
gut function, anorexia, 111 thrift, weight loss, and hypo- 
protelnemla. Diarrhea is a variable sign. Animals may die 
suddenly without overt clinical signs or may exhibit 
chronic wasting. Clinical signs of H. rcnCiTitJjr infection 
can vary from peracute to chronic and result from 
decreased nutrient use and anemia or hypoprotelnemia. 
The most common signs are failure to thrive, weight loss, 
and decreased appetite. Weakness, bottle jaw, pale mucous 
membranes, poor capillary refill lime, and possibly diar¬ 
rhea develop with more severe or long-term infections. 
After sudden exposure to large numbers of Infective larvae, 
animals can die acutely, even before the Infection Is patent. 
Other diseases such as pneumonia and heal stress may 
result secondarily. 


II Anemic Crisis and Patient Management. The anemia 
created by H. conttirTus Is due to blood consumed by the 
parasite and usually Is chronic. Parasitized patients pre¬ 
sented with lethargy and weight loss often have hemato¬ 
crits <10%, yet many are still capable of rising and 
walking. Addressing the anemia by blood transfusion must 
be weighed carefully against stress to the patient caused by 
restraint, |ugular catheterization, and blood administra¬ 
tion as well as by the hemolysis of these same cells several 
days later. Obviously, In life-threatening circumstances 
(the patient that Is unable to stand), administration of 
whole blood can be critical. In the noncrisis situation 
(patient rising and/or eating) treatment with an effective 
anthelmintic should eliminate the parasite and halt blood 
loss. Because H. contortus consumes blood, the affected 
animal actually loses substrates essential to erythrocyte 
production (Iron, cobalt, copper). Providing supplemental 
iron and B-complex vitamins should speed reversal of the 
anemia. Assuming blood Loss has been halted, a 1- to 
1 .5-point rise in the hematocrit per day is expected when 
the bone marrow Is maximally stimulated. In most parasi¬ 
tized patients a rise of one half this value is a more realistic 
expectation.- 3 

if blood Is to be given. It is essential to be certain that the 
donor has a normal packed cell volume. An animal In the 
same environment may be as anemic as the patient, but 
the Individual may be more capable of dealing with the 
anemia. In lambs weighing less than 45 kg, I unit of whole 
blood (approximately 450 mL) is often sufficient to survive 
a crisis, provided H. contortux has been controlled. 

II Populations us Kisfe, Young animals are most susceptible 
to Infection and clinical manifestations of disease. Lambs 
and kids may become heavily infected with parasites and 
shed Large numbers of nematode eggs. In sheep, some 
degree of Immunity develops as the animal approaches 1 
year of age. Adult animals typically have complete Immunity 
against Nfnidtdim and variable resistance to Tricfioja-nPH^y- 
/us species. Some immunity to Haemonchus and Oslerr^sifl 
species develops with age; compared with lambs or kids, 
adults are more resistant to Infection with these species. 
However, even mature animals may succumb to parasitic 
infection when malnourished or challenged with heavily 
contaminated pasture. A PPR in fecal egg production Is seen 
in ewes and does. 

Goats are more susceptible to GIN Infections than are 
sheep, l’he difference lies In part In the host's immunologic 
responses to nematode antigens. Goats prefer to browse on 
brush and trees, and they graze grass only when forced to by 
management. Under natural conditions, goats would have a 
low level of exposure to infective larvae, and this might 
explain their Low r er level of natural immunity compared 
with sheep. 3DJ - 2Cl5 

II Refugio. Biologically, refugla refers to Isolated popula¬ 
tions of once widespread animal or plant, or in this case 
parasite, species. Most parasitologists now r consider levels 
of refugla as the single most Important factor contributing 
to selection for anthelmintic-resistant parasites.M6.za7 
Worms In refugla provide a pool of genes susceptible to 
anthelmintics, thus diluting the frequency of resistant 
genes. For many years parasitologists and veterinarians 
have recommended that all animals should be treated with 
an anthelmintic at the same time. How r ever, this strategy 
has proven problematic, and a selective approach Is now 
recommended. Only those animals In danger of severe par¬ 
asitism should actually receive medication. This selective 
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approach is highly compatible with host-parasite dynam¬ 
ics, as 20% to 30% of animals harbor approximately 
80% of the parasites.™ Animals with low worm burdens 
are an Important source of refugla, are not in danger of 
the negative effects of parasitism, and should not be 
treated. 


of Gustroiniesliiuil Nematodes fir SmnH 
Ruminants, I’he traditional approaches of dewoimlng often, 
rotating classes of anthelmintics, and moving to clean pas¬ 
tures have allowed anthelmintic resistance to all classes 
of drugs to develop and the resistant parasites to dissemi¬ 
nate over a wide area, it Is obvious that drastic changes In 
the management of GINs In sheep and goats are long 
overdue. 

FAMACHA OR SMART DRENCHING METHODS In 

order to maintain adequate levels of refugia, it Is necessary 
!o leave a portion of the herd or flock untreated. FAMA¬ 
CHA Is a selective approach that targets the portion of 
the herd or flock w r llh high worm burdens, Including those 
animals that are poorly resilient to worm Infections. 2 JD 
111 Is approach w r lll successfully control parasites In the 
entire group while significantly reducing drug costs and 
delaying the development of anthelmintic resistance. The 
use of this system is not without risks, as Individuals are 
not routinely treated with anthelmintics. Failure to observe 
animals closely for clinical signs may result in the death of 
some individuals. It Is necessary to know' which anthel¬ 
mintics are effective before beginning this svstem. The dif¬ 
ferences among farms in overall quality of management, 
stocking rates, breeds of animals, preexisting levels and 
spectrum of anthelmintic resistance, presence of nematode 
species other than H. ccntarrju, and production targets 
need to be considered while FAMACHA is Implemented 
on Individual farms. 

FAMACHA Is a novel system developed in South Africa 
for identifying sheep that are anemic; the system has been 
extended to use in goats.- 211 In this method the ocular 
mucous membranes of sheep and goats are categorized by 
comparison with a Laminated color chart bearing pictures 
of sheep conjunctlvae classified Into five categories ranging 
from red [A/l; normal] to practically w r hLie {E^S; severe ane¬ 
mia). Because anemia Is the primary pathologic effect of 
infection with H. cotrtortus, this system can be an effective 
tool for Identifying animals that require treatment {but only 
for H. crmrartus). FAMACHA has been tested extensively and 
validated In both sheep and goats In South Africa and In ihe 
southern United Stales. 312 ' 32 ^ | n a |i studies the number of 
false-negative results was veiy low, suggesting that when 
FAMACHA is used according lo recommended guidelines, 
death from anemia would be rare. 

Based on the results of recent studies In the United 
Slates and numerous studies performed In South Africa, 
guidelines for using FAMACHA have been developed, and 
It Is suggested that these guidelines be read In their entirety 
before FAMACHA Is practiced. 305 It Is recommended that 
treatment be withheld until animals score 4 or 5 as long 
as animals are In good body condition and good overall 
general health, animals are examined frequently [e.g., 
every 2 weeks], and good husbandry is used lo identify 1 
animals In need of treatment (e.g., unthrifty, anorexic, 
lagging behind, bottle |aw) between FAMACHA examina¬ 
tions. When this approach is used, the number of anthel¬ 
mintic treatments administered will be reduced greatly, 
resulting in significantly diminished selection pressure for 
resistance ana therefore a reduction in drug costs. Owing 
lo the Increased handling of animals, labor costs will be 
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Increased. Only adult animals should be managed witi 1 ? this 
system. Lambs and kids have comparatively small blood 
volumes, poor Immunity, and poor resilience and can 
progress rapidly from moderate to severe anemia. This pre¬ 
caution should be extended also to ewes and does during 
the peri parturient and early lactation period, because these 
animals have decreased Immunity to GINs.™' 31 ^ 216 These 
and other animals that may be stressed by disease or In 
poor body condition should always be treated If scored 
as 3. Alternatively, in the northern parts of ihe country 
where H. amtartui Is an Important problem but resistance 
prevalence is much loweT, it may be reasonable to be more 
liberal when making treatment decisions (e.g., treat all 
animals with scores of 3, 4, and 5). Many more treatments 
are given when all animals w r lth scores of 3 and higher are 
dewormed, but a significant number of animals wllfremain 
untreated to supply refugla. These refugla combined w r Llb 
a relatively short transmission and treatment period are 
likely to produce a very slow evolution of resistance, but 
the more 1 n tensive trealmen L protocols wll l imp rove an Lmal 
productivity. 

On farms where Low to moderate Levels of resistance to 
one or more drugs have been diagnosed (60% to 95% 
reduction in FEC), a useful strategy to help gain the full 
benefits of both treatment and res (stance prevention coulld 
be to use these 'less-effective"' drugs either singly or In com¬ 
bination on all animals scored as 3. Using drugs that are 
less effective In this group Is unlikely to lead to clinical prob¬ 
lems because the few 3 scores that are moderately anemic 
and in need of treatment should receive a sufficient reprieve 
from infection until the next FAMACHA examination, and 
the majority of the animals with scores of 3 that are not 
anemic do not need to be treated. This strategy will help 
preserve the efficacy of the drugs that are still fully effective 
by saving them for only the animals in the 4 and 5 cate¬ 
gories and also will help to decrease egg contamination of 
pastures. 

Training of producers l& critical in the use of this 
method. It Is the responsibility of veterinarians and other 
animal health professionals to ensure that standards of 
training are maintained. When FAMACHA Is used, it is 
extremely important that efflcaor of anthelmintics is known 
because animals are not treated until they become anemic. 
Treating anemic animals with a drug that has moderate to 
poor efficacy owing to worm resistance may result in ani¬ 
mal deaths. Other important precautions for using FAMA¬ 
CHA include but are not limited to the following: (1) the 
card Is an aid In the control of HaemonchtiS species only 
(2) the system should be used by producers only where 
technical assistance is available from a veterinarian or other 
animal health professional; (3) other management-based 
worm control practices must be maintained; (4) smart 
drenching principles should be used; (SJ paleness or red¬ 
dening of the conjunctivae may have other causes; (S) ani¬ 
mals should always be scored with the help of the chart, 
not from memory; (7} animals are examined at least every 
2 to 3 w r eeks at the beginning of the expected period of 
Haemonchus species challenge in climates where a seasonal 
Incidence of Infection occurs, and during critical periods 
w r eekly examinations may be needed; (8) the card Is pro¬ 
tected from light w r hen not in use and replaced after 1 year 
of use. L57 - 317 

Maintaining treatment records that are Included with the 
FAMACHA kits gives the owner the ability to rale the genetic 
merits of individuals on the premises. Host resistance to 
Infection with H. contojTws measured on the basis of FEC 
and packed celL volume [PCV) is a moderately heritable 
trait, and it has been demonstrated that the same animals 
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tend to exhibit the highest FEC and lowest PCV on each 
occasion they are measured. 2 Ia - 22D Of importance, data 
from reoenl investigations examining the berl (ability of 
resistance and resilience of merino sheep to Infection with 
H. ojprtcntjjj indicate a high berllability for the clinical esti¬ 
mates of FAMACH.A scores. 312 Removing the most suscepti¬ 
ble animals from the breeding pool each year will have 
the long-term effect of improving the overall Innate gjenetic 
resistance and/or resilience of the herd or flock to 
H. crnTtartus. 

GRAZING STRATEGIES. The goal of pasture manage¬ 
ment Is to provide safe pastures for grazing by reducing 
the exposure of susceptible hosts to infective larvae. 234 - 225 
A safe pasture is one that has had no sheep or goats grazed 
on It for 6 months during cool and cold weather or 3 
months during hot, dry weather. Weaning sheep and goats 
aE 2 months of age and rotating (hem through pastures 
ahead of the adults while forage is longer will minimize 
the exposure of susceptible animals to infective larvae. Pas¬ 
tures snould be subdivided into smaller lots lo allow longer 
rest periods between grazing^. Pastures that are overgrown 
provide a good environment for larval survival, as ultravio¬ 
let light and dry conditions are effective in killing larvae. 
Keeping pastures clipped will assist in weed and parasite 
control. Short-duration grazing carries pasture rotation lo 
a level that maximizes forage production and harvesting 
by controlled animal grazing. It is management intensive 
but can be effective In controlling parasite burdens. Tilling 
and reseeding a heavily contaminated pasture will convert 
it lo a safe pasture and gives an opportunity to Improve 
the forage quality. Taking a cutting of hay from a pasture 
assists In reduction of infective larvae, but one report indi¬ 
cates GINs and tapeworms developing In "worm-free" 
lambs after they were fed hay from heavily Infected pas¬ 
tures. During the most dangerous part of the grazing season 
it may be necessary to drylol the flock and feed hay and 
grain from elevated feeders. 

Stocking rale is an Important consideration In parasite 
control, as it affects the exposure to Infective larvae and 
the contamination of the pasture. It is impossible to make 
a general recommendation on stocking rate, as this will vary 
according to the type of pasture, the time of year, the cur¬ 
rent weather conditions, and the type of animal being 
grazed. Rules of thumb are that five to seven goals or five 
sheep are the equivalent of one cow and suggest five to 
seven goats per acre. Goals prefer to browse brush and trees, 
whereas sheep prefer to graze near the ground. Pasture man¬ 
agement must include monitoring the condition of herbage 
to ensure that overgrazing does not occur and to maintain a 
productive pasture. 

In the early spring or at the onset of the rainy season, 
reduced pasture contamination is ibe most important 
aspect of control. The ewe or doe in the peri parturient relax¬ 
ation of resistance, even if she has the genetic capacity for 
resistance, will be a source of eggs for the environment. Stra¬ 
tegic dewormlng to remove arrested or recently emerged lar¬ 
vae before they contaminate the pasture will have a great 
impact on pasture contamination. Treatment 1 weeks after 
a rain that removes recently acquired worms before they 
can begin passing eggs will also decrease pasture contamina¬ 
tion. Providing sufficient dietary protein is vital during the 
pertpartuiient period and during rapid growth so that ani¬ 
mals will tolerate the worm burden better as their Immu¬ 
nity is strengthened. 223 - 125 A strong link between nutrition 
and parasitism has been illustrated belw r een protein intake 
and resistance to GIN infection. The most dramatic has 
been the abolishment of the perlparturienl egg rise In la mb¬ 
ing ewes by providing protein at 130% of requirements. 
Immunity Is closely related to protein repletion. GINs 


increase the demand for amino acids by the sheep. Lambs 
will voluntarily select a higher protein diet w r hen Infected 
with GINs compared with uninfected lambs. There Is 
conflicting documentation that sheep will decrease feed 
intake when initially infected with GINs. Some authors 
hypothesize that the decrease In Intake may be caused by 
stimulation of the Immune system or that the host is 
becoming selective In its diet. 

Pastures may be used for hay cropping and grazed dur¬ 
ing the last half of the grazing season to effectively reduce 
GIN challenge. When plants high in condensed tannins are 
grazed, there Is evidence that the incoming larvae are 
adversely affected by condensed tannins, which also pro¬ 
vide bypass protein for the host. 236 - 236 There Is growing 
evidence in work from New Zealand and Europe that 
grazing or feeding of plants containing condensed tannins 
can reduce FEC, larval development in feces, and adult 
worm numbers In the abomasum and small Intestine. Pre¬ 
lim Inaiy tests with sericea lespedeza (Lespedeza amenta) r a 
perennial warm-season legume, have shown positive 
effects of reduced FECs In grazing goats, and In sheep 
and goats in confinement when the forage was fed as 
hay. In addition, an effect on reducing worm burden has 
also been reported. Similar results have been observed 
using quebracho extract for small intestinal worms but 
not abomasal worms. 3n addition lo its potential use In 
controlling worms, sericea lespedeza Is a useful crop for 
limited resource producers in the southern United States, 
it Is adapted to hot climatic conditions and drought and 
acidic, infertile soils unsuitable for crop production or 
growth of high-input forages, such as alfalfa. It can be 
oveiseeded on existing pasture or grown In pure stands 
for grazing or hay. In addition to hay, sericea lespedeza is 
being evaluated In the form of meal/pellets, and cubes to 
be fed as a supplement to grazing animals or as a deworm- 
ing method under temperary short-term confinement. The 
physical structure of some plants may challenge larvae to 
ascend vegetation or may provide protection from adverse 
pasture conditions. If animals are allowed lo browse, their 
chances of acquiring larvae diminish as the distance from 
the ground increases. Most infective larvae are found 
within 2 Inches (50 mm) of the soli surface. 

Alternate grazing or co-grazlng with other species of 
livestock may harvest Haemonchui larvae from the pas¬ 
ture. Small ruminants can graze after cattle and this is 
considered to be a safe pasture, assuming adequate para¬ 
site control In the cattle. For the most part, each livestock 
species harbors Its own parasite fauna, with the exception 
of overlap betvveen sheep and goats. Only T. axei, a minor 
abomasa! worm, is found in all livestock species. In gen¬ 
eral, the Haemonchus organisms in sheep and goats do 
not do well in cattle, and vice versa. However, some 
populations of H. contartus may thrive in calves. If practi¬ 
cal, cattle and small ruminants can be grazed together 
where each consumes the parasites of the other, which 
reduces available Infective larvae for the preferred host 
species. 

Anthelmintic administration should be coordinated with 
the weather. During hot, dry weather, there will be little or 
no exposure lo infective larvae. As soon as there is signifi¬ 
cant rainfall (Vi to 1 inch) larvae exposure goes up exponen¬ 
tially, as previously inactive larvae become active and new 
larvae are hatched. The producers should be trained to plan 
deworming within 3 w r eeks of significant rain after a dry 
spell. Similar strategies can be used during cool weather. 
Once ambient temperatures drop below 50^ F, the flock 
can be dewormed and no further treatments are necessary 
until temperatures become favorable to larval development 
and activity. 
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ALTERNATIVE THERAPIES 

1. Copper oxide wire particles (COWPSJ have been mar¬ 
keted for years as a supplement for Livestock being man¬ 
aged In copper-deficient areas. 23g CGWPs come In 
adult cattle, calf, and ewe boluses (25 r 12.5, and 4 g, 
respectively]. Only the cattle boluses are available in 
the United States. Owing to potential toxicity In sheep, 
only one dose per year Is recommended. It Is also well 
known that copper has some anthelmintic activity 
against abomasal worms but not other Cl worms. That 
makes COWPs a very narrow-spectrum product. How¬ 
ever, In view of anthelmintic resistance In H. contortur, 
recent work has revisited the possibility of using 
COWPs to specifically target H. amtartus. Such work 
has shown that as little as 1 g or less and 2 g may remove 
substantial numbers of H. conforms organisms In lambs 
and ewes, respectively. Similar work In goats has not 
been tested adequately to establish what is needed, but 
similar doses may be appropriate. As mentioned, copper 
has to be used cautiously In sheep because toxicity can 
develop as a result of liver accumulation. Toxicity may not 
be an issue 1 n goats, as they haw been reported as not being 
as sensitive to excess copper Intake. Therefore higher doses 
and/or more treatments during haemonchosis season may 
be useful In goals. 

2. Other nutritional considerations Include phosphorus, 
coball and molybdenum. Supplementation with phos¬ 
phorus has been shown to prevent worm establish¬ 
ment. Cobalt deficiency has also been associated with 
reduced immunity to GIN. The addition of molybde¬ 
num at 6 to 10 mg/day to the diet decreased worm bur¬ 
dens In lambs. This effect was not attributable to the 
expected copper deficiency. Molybdenum may have a 
role in Increasing jejunal mast cells and blood eosino¬ 
phil numbers. 

3. The use of nematode-trapping fungi included In feed 
or supplements has demonstrated potential for bio¬ 
logic control of the free-living stages of GIN parasites 
under experimental and, natural conditions. 320 - 232 
These fungi naLurally inhabit soil throughout the 
world where they feed on a variety of free-living soil 
nematodes. These fungi capture nematodes by produc¬ 
ing sticky leaps on their growing byphae. Of the vari¬ 
ous fungi tested, Duddingfonia flagrans possesses the 
greatest potential for survival Ln She GE tract of rumi¬ 
nants. After passing through the Cl tract, spores gemi¬ 
nate and looped hyphae trap the developing larval 
stages In the fecal environment, l’hls technology has 
been applied successfully under field conditions and 
Is an environmentally safe biologic approach for con¬ 
trol of worms under sustainable, forage-based feeding 
systems. The ma]or drawback is that the fungal spores 
must be fed dally. Dally feeding that ensures that all 
anlmaLs consume an equivalent amount of feed Is nec¬ 
essary. For adequate control of larvae during the trans¬ 
mission season, spores must be fed for a minimum of 
60 days. This can be expensive and time-consuming. 
A bolus prototype is being developed and would allow 
a single administration; spores would then be slowly 
released over a 60-day period. This product is not 
available Ln the United States at this time. 

4. Vaccines have been explored for management of the 
negative consequences of parasitism. 222 ^ 335 Successful 
vaccines have been developed for lungworms In cattle 
and tapeworms in sheep, line most promising vaccine 
for small ruminant worms has been what Is called a 
"hidden guf' antigen and specifically targets H. contor- 
Ihj. This antigen Ls derived from the gut of the worm, 
and when the antigen Ls administered to the animal, 
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antibodies are produced. When the worm ingests 
blood during feeding, It also ingests these antibodies. 
The antibodies then attack the target gut cells of the 
worm and disrupt the worm's ability to process the 
nutrients necessary to maintain proper growth and 
maintenance, thereby killing the worms. This vaccine 
has been tested successfully in sheep under experimen¬ 
tal conditions but has had limited success under field 
conditions. Vaccines for other worms that do not feed 
on blood have focused on using antigens found in 
worm secretory and excretory products. Protection 
has been quite variable, and marketing of such prod¬ 
ucts has not been pursued. 

5. Genetic Improvement in resistance to nematode Infec¬ 
tion Is most Likely based on Inheritance of gjenes 
that play a primary role Ln expression of host immu¬ 
nity. 3Jt23a o, n survlval-of-the-futest management 

conditions, several breeds around the globe are Known 
to be relatively resistant to infection. Such breeds include 
Scottish Blackface, Red Maasai, Romanov, St. Croix, Bar¬ 
bados Blackbelly, and the Gulf Coast Native. Katahdln 
sheep have been considered as being more parasite 
resistant, but studies to document this are few and not 
conclusive. Using such breeds exclusively or In cross¬ 
breeding programs would certainly lead to Improved 
resistance to worm infection, but some level of produc¬ 
tion might be sacrificed. Selection of more resistant 
stock can be accelerated by identifying sires that pro¬ 
duce relatively resistant offspring. Computer programs 
have been used In New Zealand and Australia to 
rank sire genetics, but change lakes up to B to 10 years. 
Herltabilitles for FEC, a common measurement for 
assessing parasite burden, range from 0.22 to 0.40, 
which is high. Therefore selection for resistance using 
a measurement such as FEC has been moderately 
successful. 

ANTHELMINTIC USE. Discussion of anthelmintics has 
deliberately been left until the end of this section because 
drugs cannot be considered the most Important aspect of 
a parasite control program. Guidelines for drug doses are 
contained in Table 49-3. At this time, only oral administra¬ 
tion of anthelmintics Ls recommended In small ruminants. 
En general, goats require 1.5 to 2 limes the doses of sheep, 
with the exception of Levamlsole, owing to more rapid G! 
transit times. Et Ls critical that producers accurately assess 
weights of individual animals and determine the dose 
appropriately. 3f an approximate dose Is going to be used 
Ln all animals, that dose should be for ibe Lightest animal 
Ln the group. 

The challenge of anthelmintic resistance is life-threaten¬ 
ing in small ruminants. There is no point In repeatedly 
deworming with expensive drugs If the drugs are no longer 
effective. See the following section on monitoring parasite 
control programs for information on detecting anthelmintic 
resistance. On farms where Low to moderate levels of resis¬ 
tance to one or more drugs have been diagnosed (60% to 
95% reduction in FEC], a useful strategy to help gain the 
full benefits of both treatment and resistance prevention 
could be to use these "Less-effective"' drugs either singly or 
Ln combination. Drugs In the BZD family may be effective 
If multiple-day administration regimens are used. 

LUNGWORM INFECTION IN LARGE 
ANIMALS 

HiJKA RICKAUD HALLWLBLK 

Lungworms traditionally are those nematode parasites that 
reside Ln the lung as adults. In ruminant and equine species, 
most clinical cases of lungworm involves the genus 







Dictyrandus, Species of Dictyocaulus lend to be host specific 
with DirtjWiiiiWJ vwiparns, Decfj'D&itfi'rcs arnfieldi, and Dictyo- 
cauhts filaria found In the bronchi of cattle, equlds {horses, 
ponies, donkeys), and small ruminants, respectively. Sheep 
and goats may also be Infected with PftUtistrcnjyArj: rufescens 
and Afueneriirs capillaris. 2 ™ This section focuses on Dictyo- 
aajjfru Infection, with a brief discussion of other lungworm 
parasites found in small ruminants. 

Because verminous pneumonia requires specific treatment. 
It Is Important to distinguish it from diseases caused by other 
infectious agents. Often the role of Lungworm in the cause of 
respiratory disease may be obscured by a parasite-induced 
hypersensitivity response or by superimposed secondary 
bacteria] Infections. 


II Ufe-Cycle. The life-cycle of D. ivft'ipiij'trj is direct, with no 
intermediate host involved. Adults produce embiyonated 
eggs that hatch shortly afteT ovi position. L| are passed in 
the feces, where they develop to h 2 and L 3 within a week 
under optimal environmental conditions. After the Infective 
L 3 are ingested, they migrate through the wall of the Intes¬ 
tine to the mesenteric lymph nodes and through Lymphatics 
into the bloodstream and finally arrive, as L*, In the lung as 
early as 7 days after ingestion. Larvae may then develop to 
sexually mature adult worms or they may arrest develop¬ 
ment as late U or immature adults. Arrested development 
can prolong the normal prepatent period from 3 to 4 weeks 
to approximately 5 months. 235 

.Most problems w r llh cattle lungworms in Worth America 
occur In areas of moist climates where larvae on pasture are 
protected from desiccation and larval migration away from 
the fecal pat onto herbage Is facilitated. Under favorable 
conditions, infective L 3 can survive on pasture for approxi¬ 
mately 11 months. 240 - 2 * 11 lftese larvae plus the larvae pro¬ 
duced from carrier animals harboring small numbers of 
adults or adults developing from arrested Larvae can result 
in high Levels of contamination on spring pastures, in sub¬ 
tropical climates. Larvae are virtually absent during the hot 
summers] larval contamination of the pasture peaks In the 
autumn as a result of carrier animals.- 242 

The life-cycle of D. fihirm is similar to that of D. mfparus 
including the ability "of the Larvae to arrest development. 
The prepatent period Is approximately 16 days, with peak 
larval output occurring 33 to 57 days postinfection. As with 
D. vivipaniSr D. filmia Is more prevalent In moist climates 
and larvae can survive on pasture throughout the winter. 
Spring pastures contaminated with overwintering larvae 
and larvae produced from adults developing from arrested 
larvae in carrier animals are sources of infection for suscep¬ 
tible lambs or kids. 225 - 243 245 

The life-cycle of D. amfieldi Is similar to that of other spe¬ 
cies of IMctyacau'J'trj except that, in addition to L ir larva ted 
eggs may be passed with the feces, Ilie prepalenl period k 
2 months. 246 

Unlike species of Dictyoaiulus, M Cdipf/lcirij and P. yufescens 
have indirect life-cycles that involve Intermediate molluscan 
hosts. Adults, occurring In the parenchyma {AT oapiNtfrij) or 
small bronchioles (P. rufescens), produce egg^ that develop 
and hatch. Lj are passed with the feces; once on pasture, 
larvae Invade the foot of a susceptible species of snail or 
slug and develop to Infective L 3 . Sheep and goats become 
infected when inadvertently Ingesting the mollusk while 
grazing, llhe Larvae penetrate the Intestine and migrate to 
the lung In much the same manner as DfcTycraidju. Early 
1^, developing Et, and adult At. Cdipffltrrij become embedded 
within a fibrous nodule within the parenchyma. PrutrotFnngy- 
larvae mature In the alveoli and enter the bronchioles 
as adults. The prepatent period is 5 to 6 weeks, although 


arrested development mav prolong the prepatent period of 
At. capitiaris^wm 7 


II Pathophysiology. Although infections with few worms 
may be tnapparent, D. vivipanis often results in parasitic 
pneumonia and bronchitis. The disease process is divided 
into four phases: penetration, prepalent, patent, and postpa- 
lent. in the penetration phase (days 1 to 7), no clinical sign or 
significant respiratory pathology occurs as the Larvae migrate 
to the lung^. During the prepatenl phase (days 7 to 25), clini¬ 
cal signs and lesions become evident. An eosinophilic Infil¬ 
trate olocks bronchioles: excess mucous production and 
alveolar col lapse occurs. The patent phase (days 25 to 55) is 
associated with egg-laying adults In the bronchi and trachea. 
Bronchia] and tracheal epithelial damage occurs, air passages 
are blocked by exudate, and consolidation of lobules results 
from aspiration of eggs and L| Into bronchioles and alveoli. 
Bronchitis, tracheitis and pneumonia follow. During the 
post patent phase (after day approximately day 50), surviving 
anLmals recover and adult worms dieoff. Peribronchial fibro¬ 
sis and eplthellalizatlon of alveoli may remain. Secondary 
bacterial Infections resulting from weakened pulmonary 
defenses may also occur. 235 

Goats tend to be more susceptible to infection with 
D. filaria and more severely affected than sheep, although 
individual susceptibility to infections does occur. Heavy 
infections In both species produce bronchitis, pulmonary 
edema, atelectasis, and emphysema, although death is 
uncommon. 235 - 243 - 244 As with D. vivipams, secondary bacte¬ 
ria] Infections can occur. 

in donkeys, whether D. amfieldi causes pathologic lesions 
on Its own is controversial because of the presence of other 
pathologic agents; however, Ln healthy infected individuals, 
pathologic changes include discrete circular areas of overt n- 
flatlon surrounding affected bronchi. Histologically these 
areas contain a small bronchus packed with nematodes. The 
small airways are often occluded with exudate. Small 
amounts of mucus surround adult w r orms In the main bron¬ 
chi with little cellular reaction. Lj are surrounded by an 
intense mucopurulent reaction. In addition to these types of 
lesions In horses, many immature nematodes are present In 
smaller bronchi, accompaniedby bronchial epithelial hyper¬ 
plasia with large amounts of mucus and pus. Many areas of 
alveolar hemorrhage and edema are also present. 24 fl 

Although morbidity with M capillaris may be high In 
most flocks, massive infections with M, capillaris orP. mfes- 
cerrs are not common. Pathologic changes caused" by 
P. rufescens are similar to chronic, low-grade DrctyfKuurui 
infection. Heavy infections with AT capillaris Infection In 
goals can result in Interstitial pneumonia, bronchopneu¬ 
monia, or fibrinous pleuritis. In sheep and goats, distinct 
subpleura] nodules containing adults and L| are common. 
Secondary bacterial Infections can also occur 


II Populations at Risk. Clinical disease occurs most fre¬ 
quently in pastured calves, lambs, and kids in the first year of 
life. The disease Is also reported Ln housed cattle, related either 
to heavily contaminated beddLng material or to synchronous 
maturation of Large numbers of hypobioLlc larvae. Clinical 
lungworm infestation is more of a problem in cattle than in 
sheep, possibly because lambs are treated for GINs more fre¬ 
quently than are calves under most management systems. 

immunity to lungworm infection occurs after first expo¬ 
sure and can develop before the end of the first grazing sea¬ 
son. However, it is variable in both degree and duration. In 
cattle, exposed anLmals may be immune for 7 to 3 2 months 
after infection. In subsequent infections most larvae are 
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either killed before reaching the lung or are inhibited from 
maturing into adults. Usually the immunity developed dur¬ 
ing the first grazing season Is boosted by exposure In 
subsequent years and prevents manifestations of disease. 
However, without reexposure to Infective larvae, immunity 
wanes and disease can occur In adult cattle. 219 

Occasionally, outbreaks of acute lungworm disease are 
seen In adult cattle on pasture whose immunity Is over¬ 
whelmed by exposure to very large numbers of larvae. This 
condition is called the reinfection syiictrottu.. Although most 
digested larvae are killed or fall to mature, some reach the 
lung and incite an acute, immune-mediated reaction. 

Both sheep and goats develop a strong Immunity to 
D. filarui; disease is more common In young animals. 
As with cattle, continued immunity In sheep depends on 
reexposure. 33 ' 5 - 252 

Individual horse susceptibility to Infection with D. rrnz- 
jwldi is evident, infections can occur during any time in the 
life of the horse. Donkeys apparently do not develop an 
Immunity to infection, with larval excretion increasing with 
“S>. 

Although immunity to M. capillarts appears to be Incom¬ 
plete (adult nematodes can live for up to 4.5 years), 
responses to subsequent exposures do limit the numbers 
of adults that develop and the numbers of larvae shed In 
the feces. However, reexposure may be cumulative, resulting 
in older animals harboring larger "numbers of worms. 21 ' 5 


Clinical ivtanifeslatiani. Clinical disease {''husk") caused 
by lungworm infection In cattle can occur with In I or 2 weeks 
of the introduction of susceptible animals lo contaminated 
pasture. However, clinical disease most often occurs 2 to 4 
months into the grazing season. Affected animals develop 
either an acute or a subacute form of the disease, depending 
on the number of larvae Ingested and the animal's level of 
Immunity. With acute verminous pneumonia In calves, 
dyspnea and cough are prominent signs. Auscultation of 
the lungs initially reveals vesicular murmurs and bronchial 
tones that progress to moist rales as fluid accumulates. The 
animal may expectorate froth. Occasionally, emphysema 
occurs and crackling noises are heard on auscultation. Fever 
maybe as high as 40.5 ‘ C (L05 : - F). Mortality rates are high, 
and animats may die before a patent infection has been estab¬ 
lished 2v ' The similarity between this presentation and that 
of bacteria] pneumonia or shipping fever should be noted. 

The subacute or chronic manifestation of disease is more 
common. In all species the primary signs are coughing* dys¬ 
pnea, and loss of condition. The animals show elevated 
respiratory rates but Initially are afebrile. Bronchial Imitation 
caused by adult worms and fluid accumulations produces 
paroxysmal coughing. Animals with the subacute form of 
lungworm disease are susceptible to bacterial pneumonia. 
In fact, the subacute form Is easily confused with enzootic 
pneumonia in calves. Signs of reinfection syndrome In adult 
cattle Include severe cough, tachypnea, harsh respiratory 
sounds, and, for dairy cattle, a sudden drop in milk produc¬ 
tion approximately 2 weeks after exposure to heavily con¬ 
taminated pastures. 219 

In horses, lungworm Infection typically causes a syn¬ 
drome similar lo chronic obstructive pulmonary disease, 
although asymptomatic infections may also occur. Clinical 
signs Include persistent coughing, nasal discharge, and respi¬ 
ratory distress; death Is uncommon. Donkeys, the source of 
infection in most cases of lungworm disease in horses, lend 
lo remain asymptomatic, although harsh lung sounds may¬ 
be auscultated. 2 ^ 253 

Infections with M. capilfaris are generally asymptomatic; 
however, impaired pulmonary gas exchange, reduced weights 
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and breeding performance, and Increased mortality have 
been reported. 243 ' 249 - 233 



II Control of ^ringworm Infection. Management strategies 
designed to decrease exposure to Infective larvae are most 
effective In preventing dictyocaulosis. Young animals 
should not be overstocked or allowed lo graze in moist, 
low-lying pastures. It is often helpful lo rotate pastures so 
that successive calf crops do not graze the same area. Young 
stock should not be grazed with older, clinically Immune 
animals that may serve as a source of infective larvae. 
Horses should not be grazed with donkeys. If thev are, then 
donkeys should be monitored for L| and treated" to reduce 
larval output and pasture contamination. Limiting contact 
with Intermediate hosts and provision of moltusk-hee hous¬ 
ing will decrease infections with parasites that require these 
Intermediate hosts. 

ANTHELMINTICS. Several anthelmintics are effective 
against lungworm. Drugs for the treatment and control of 
lungworm are presented In Table 49-4 . 23S! ' 246 The avermec- 
11 ns and milbemyclns are particularly effective against both 
adult and larval stages and have prolonged residual activity 
that prevents appearance of larvae in the feces for at least 
60 clays. 151 ' 3 ® 2 Strategic use of these products, such as 
treatment at turnout and again B weeks later, can substan¬ 
tially reduce pasture Infectlvlty with lungworm larvae. 
Concerns that such highly efficacious anthelmintics would 
prevent induction of Immunity in first-season grazing ani¬ 
mals appear to be largely unfounded, with trie possible 
exception of sustained-release intra rum Inal devices (see 
later). The Immune response may be attenuated, but 
exposed animals still develop some degree of immunity 
to lungworm infection despite prophylactic treatment with 
these drugs. 356 ' 257 ' 333 - 265 

Young, susceptible stock may be given a prophylactic treat¬ 
ment in mid-spring or early summer to prevent or limit clini¬ 
cal disease. Housed animals, In particular i- to 2-year-olds 
with subcllnical but potentially patent Infections, should be 


TABLE 49-4 


Drugs Used to Control Lungworm 

1 Drag 

Dose 

AVEftMECTINS AND MILBEMYCIN5 

Ivermectin, ,ib,i mc-atn, 

0.2 mg/kg FO, SC, IkT: 0.5 mg/kg 

doumeetin. 

topically ("pour-an" )j 

cprinam-ectini, 

Iniranj mina 1 susUilnedi-rek.ise 

moxldetlin 

device (Ivermectin) 

OTHERS 

Alteridiznle 

5 mg/kg TO (O, C); 7.5-10 mg/kg 

FO (B) 

Fenbendazak 

5 mgr kg FO (O, C)j 5-10 mg, 1 kg 

FO (BJ: 30 mg/kg FO fE); 
Intraruminal sustained-release 
device (B) 

Mebendazole 

15-20 mg/kg FO fO. C) 

Netobimln 

7.5 mg/kg FO (B. O, C) 

Oxfendazole 

4.5-7.5 mg/kg TO (B, O, CJ 

Lev am Isote 

7,5-10 mg/kg FO, SC; 10 mg/kg 
topically ("pour-on") (B, O, C) 

Dtethylcarbamazine 

22 mg. 1 kg LM daily for 3 days or 

44 mg/kg IM once (E) 


ij, Ikivicir: caprine:; J:, cLjuine; JAI. intnmuxculiirly; O. uvint; JO by 

niuLilh: .VC, xubeuLniKMuJy. 

■Route- duptmLh on Uic product acid spL'rios; tallow mantajmturerV 
TOLcnei i non lIj.I ions. 





I 642 




PAKTUX PREVENTIVE AND THERAPEUTIC STRATEGIES 


treated before being turned out lo pasture in the sprint. All 
early clinical cases should be treated in an effort to limit 
disease severity and decrease pasture contamination. 

Intraluminal SRDs containing ivermectin. Levamisole, or 
a BZD can prevent clinical disease for several weeks or months 
during the grazing season. 3 ®- 271 However, some studies have 
shown that these devices impaired the development of immu¬ 
nity In treated calves, 2 ® 2 * 9 SRDs may Interfere with develop¬ 
ment of natural Immunity by killing ingested larvae before 
they can penetrate the Intestine and thus stimulate an 
immune response. However, other studies using these devices 
have shown that treated calves can develop immunity during 
the grazing season. 2 72 

VACCINES. An effective vaccine has been developed 
against D. viviparns In cattle and Is available In the United 
Kingdom and parts of western Europe. Two doses of Irra¬ 
diated larvae are administered by mouth 4 weeks apart. 
The larvae migrate to mesenteric lymph nodes and provoke 
an Immune response but die before they reach the lung. 
Management considerations associated with the use of the 
vaccine Include the following: (1) calves must be at least 
2 months old] (2) vaccinated calves should not be placed 
on pasture for at least 2 weeks after the second dose; (3) 
vaccinated calves must not be exposed to heavily infected 
pastures, nor should they be mixed with animals showing 
signs of lungworm disease or with unvaccinated calves; [4) 
immunity Is not long-lasting, so animals must continue to 
be exposed to low levels of infective larvae to maintain 
immunity- and [5) the vaccine has a short shelf-life and It 
is relatively expensive. Farms with contaminated grazing 
areas and a history of lungworm disease benefit most from 
vaccination, and it is best used in young nursing calves 
before exposure to pasture. 273 

IB Eivjfufjrion of PreoenthK Programs. The efficacy of pre¬ 
ventive programs Is best assessed by evaluating the number 
of susceptible animals that demonstrate signs of infection. 
Because total eradication of the parasite is difficult and 
low numbers of parasites produce minimum problems, a 
useful goal Is the control of clinical signs such as cough 
and loss of condition. Fecal larval counts are an unreliable 
means of evaluating the severity of lungworm infection in 
an Individual animal. 

IB Clinical Mtinugemcrnl 

DIAGNOSIS. As with many parasitic diseases, lungworm is 
often diagnosed on the basis of farm history, seasonal preva¬ 
lence, dLn Leal presentation, and response to treatment. 235 ' 24 * 1 ' 253 
Verminous pneumonia may mimic respiratory diseases caused 
by other agents that require specific treatment. Although defini¬ 
tive diagnosis is difficult It is Important. 

To document the presence of lungworm infection. It Is 
necessary to demonstrate larvae, adult worms, or eggs. 
In cattle and small ruminants, the presence of in fresh 
feces indicates Lungworm Infection. 335 In horses, L| may be 
present in feces; however, patent Infections In horses do 
not always occur, and antemortem diagnosis may best be 
achieved by examining donkeys co-grazlng with the 
horses. 34 ® 232 The Baermann technique Is the technique of 
choice to detect Lj in the feces. However, in acute outbreaks 
animals may succumb before infections are patent. Transtra¬ 
cheal wash may demonstrate a large number of eosinophils, 
\vhich Is supportive of verminous pneumonia; eggs or larvae 
are occasionally seen with patent Infections. This procedure 
can also help rule out bacterial pneumonia. Finding of 
nematodes at postmortem examination Is definitive. At nec¬ 
ropsy, adult DictyoaBihi5 organisms are usually apparent 
in the bronchi or bronchioles, whereas adult P. wfescens 


organisms lend to be in the bronchioles and adult M. ccipj'J- 
krts organisms are found in subpleural nodules on the 
dorsal aspect of the diaphragmatic lobes. Nematodes and 
the eggs may also be found In histologic section of the lung. 

TREATMENT In subacute or chronic forms of the dis¬ 
ease, removal of the adult parasites with anthelmintics 
may result In recovery. However, if the Infection Is heavy 
and Lung damage is severe, anthelmintic treatment is 
unlikely to result In complete recovery. In some animals, 
anthelmintic treatment worsens the signs, and some 
heavily infected animals die. In severely affected indivi¬ 
duals, antihistamines and antibiotics should be included 
in the therapeutic regimen. 

EVALUATION OF PARASITE CONTROL 
PROGRAMS 

■KfTLflHJrL A. HJLMING 

The efficacy of a given parasite control program should not 
be assumed; it should be assessed on a regular basis. The 
routine performance of quantitative tests for parasite bur¬ 
dens allows veterinarians to identity the development of 
anthelmintic resistance. Although fecal floatation Is useful 
in Identifying the presence of parasites, the use of the 
McMaster technique allows an estimation of the numbers 
of parasites. Both procedures are relatively simple and can 
easily be performed in the practice setting. Other specialized 
laboratory procedures are also discussed. Once resistance 
has been documented It Is important to Identify the species 
involved through larval identification. 

FEC and FEC Reduction Tests 2 ™ ”* (Box 49-1) 

Determining numbers of nematode eggs in feces is the sim¬ 
plest and least Invasive way lo evaluate a parasite control 
program. Fecal examination may be of Limited value in an 
individual animal because animals dying of parasitic infec¬ 
tion may have no eggs in the feces, whereas animals with 
high FECs may be clinically normal. Nevertheless, FECs 
can provide information on the level of Infection present 
in an individual animal, particularly when egg counts are 
repeated over the course of 2 lo 3 weeks. I lerd average FECs 
are more useful and provide an accurate reflection of the 
degree of environmental contamination and rate of infec¬ 
tion. Pretreatment and postlrealment FECs can also be used 
Lo establish the efficacy of an anthelmintic In a particular 
group of animals. A quantitative McMaster or Stolley tech¬ 
nique, rather than simple flotation, is crucial for accurate 
monitoring. 

it Is suggested that guidelines published by the World 
Association for the Advancement of Veterinary ParasLtol- 
ogy [WAAVP] be used to perform and evaluate data from 
an FECRT test, applying practical modifications to fit 
the situation on the farm.- 27 * Briefly, groups of !5 animals 
that have not been treated within the past & weeks are ran¬ 
domly allocated lo treatment groups, and FECs are per¬ 
formed using a modified McMaster technique 10 to 
14 days after treatment. An untreated control group must 
be included, [f fewer than 12 Lo 15 animals per group 
are available, then treatment groups should be balanced 
by performing a prelreatmenl FEC. Animals are then 
stratified by FEC from highest to lowest, blocked by num¬ 
ber of treatment groups, and then within each block are 
randomly assigned to treatment. Alternatively, where 
Haemondws is the primary parasite, animals may be 
scored using the FAMACHA method as they come 
through the chute, blocked by F AM AC HA score, and then 
randomly assigned to treatment within blocks. This 
approach is a bit more complicated but will result In 
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Modified McMaster Technique (Fecal Egg Court) 

This L:. ont’ mtthoij (or performing a JvicAf niter fecal egg eouriL 
Similar protocols arc used routinely in many laboratories, 
so you may sec a slightly different procedure recommended else¬ 
where. The Important point is lo use the same procedure each 
lime. 

The first step is to collect freshly passed feces uncontammated 
by sod or bedding. The best. way Is to wear a rubber glove and 
extract feces directly from the rectum. Alternatively, feces can 
be picked up off the ground if done soon after deposition. The 
collection container should be labeled with the Identification 
of she animal and the date of collection. Fresh samples work 
best, bur accurate results can he obtained If the sample is refri¬ 
gerated during the Interim. If samples are not refrigerated, the 
eggs will hatch within 12 to 24 hours. Once hatched, eggs can¬ 
not he counted. 

MATERIALS 

Compound microscope 
Scale 

Saturated sodium chloride (table salt) 

50-mL centrifuge tube, with screw cap and marked with 
milliliter increments 

Pipette (1-mJ. syringe or eye dropper works well) 

McMastej' egg counting slide’ 

Paper towels 

A fresh fecal sample, refrigerated until tested 

PROCEDURE 

1. Weigh out 2 g of feces into a 50-mL centrifuge tube and 
fill to 30-mL line with salt solution, it is recommended 
to purchase a small scale and weigh feces, but if you do 
not have a scale you tan still get a close estimation by 
putting IS ml. of salt solution Into a 50-mL centrifuge 
tube first and then adding feces until a volume of 30 mi¬ 
ls achieved. 

2. Pour off approximately 25 mi. of the salt solullon Into 
another small container, keeping feces in Lhe Lube [use 
tongue depressor). 

3. Soak feces for a few mimiLes and mix (soft feces] or hreak 
up (fecal pellets) with longue depressor. 

4. Add back approximately one half of Lhe salt solution and 
mix well, breaking up any remaining feces at. well as 
possible 

5. Add back Lhe remaining sail solution and screw the cap 
back onto the Lube. 

ft. Shake iu be vigorously for approximately J minute to 
disrupt any remaining feces as much as possible. 


7. Set tube aside for a lew minutes to let bubbles dissipate. 

S. Wet MrMaster chamber wlLh water and dtv top and 
bottom on paper towels. 

9. Rock (do not shake) Cube several times to thoroughly 
mix solution without causing large air bubbles to 
form. 

10. Immediately pipette (using 1-mL syringe or eye 
dropper) a sample of the suspension and fill both sides 
of counting chamber. Work quickly. If it lakes, more than 
a few seconds to load the first chamber, then mix fecal 
solution again and refill pipette before loading the second 
chamber. 

11. Let stand for l to 2 min utes to allow eggs to fl oar. 

12. Count all eggs inside of grid areas [>Vj of eggs Inside 
grid) using low power [ IQx) objective. Focus on the top 
layer, which contains very small air bubbles (small black 
circles; If numerous large air bubbles are visible, remove 
the fluid and refill). 

13. Count only tricliostrongyle and strongyle eggs [oval 
shaped, approximately 30 lo 30 microns long). Do 
not count Strongyfoidtt species (oval, approximately 

50 microns long), tapeworm eggs (triangular or D-shapcdj. 
or coccldia ( various sizes). Note the presence of other 
species, bui count only Lhe LrichosLrongyle and strongyle 
eggs. 

t4. Once filled, Lhe chambers can sit for no longer than 60 
minutes before counting without causing problems. Afux 
60 minutes, drying and crystal formation may begin. 

15. Total egg count (both chambers) ■ 50 = epg (eggs per 
gram). 

MOTES 

This Is a dilution technique, and theoretically Lhls ratio of 
feces to flotation solution will not delect infections with less 
than 50 eggs per gram of feces fane egg seen on slide), so ft 
h not very accurate for samples with low numbers of eggs. 
On a practical level this Is not important, because from a 
clinical standpoint slight differences In results when egg 
counts are low do not matter. 

Fairly soon after counting Is complete, thoroughly rinse out 
the McMaster chamber with warm running water. Doing so 
will keep the chamber clean and ready It to he used again. If 
fecal solution dries In the chamber do not soak in soapy water 
for long periods, as this will cause Lhe chamber to become 
cloudy. If the chamber gels dirty, soak for only a few minutes 
In water containing dish soap and then rinse completely with 
Lip water. 


'Uial£i: CcjTpo.r aliua, I waif u.ili, WA, r hdlcjcLiirptjit'al i .net: WWW.VElstides.ee 


groups that are balanced, which will result In a more accu¬ 
rate test. Calculations are performed using the following 
Formula; 

FECR' . = IOC (l — — ) 
v Xc * 

where Xl and Xc are lhe arithmetic mean number of eggs 
per gram [epg) in the treated (t) and untreated control 
(c) groups, respectively. Software Is available for free that 
performs all calculations and gives dala interpretation. 277 
If lhe RE50 calculator Is used, the assignment of resistance 
status Is based both on percent reduction and the 95% 
confidence Intervals. If the RESO calculator is not used, 
the following guidelines can be applied: reductions of 
greater than 95% Indicate sensitivity, reductions of 90% 


to 95% Indicate low or suspected resistance, and reduc¬ 
tions of <90% Indicates resistance. FECRT yields reliable 
data only If FECs are sufficiently high to properly measure 
a reduction from treatment. If the control group's mean 
FECs are below 150 epg, then objective assessment of resis¬ 
tance will not be reliable. Group mean FECs of less than 
150 epg can be common In adult sheep; therefore when 
FECRT is performed on a sheep farm It Is preferable to 
use weaned lambs if available. With goats, low FECs are 
usually not a problem. 

Larval Identification 

Ideally, If there Is <90% egg count reduction, the eggs 
should be hatched and the larvae species identified. In 
the majority of cases these will be H. cuFrforfjjj, but 
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olher species, especially TVfcfiosfJcri^yljjj species, readily 
develop resistance as well. One can sometimes be fooled 
Into an Improper Interpretation of egg count reduction 
results if mixed species are present and only one is resistant. 

Egg Hatch Assays and Larval Development Tests 176 

Eggs from feces are Incubated with concentrations of the 
anthelmintic to be tested, and the eggs hatched. A dose- 
response curve Is generated (DrenchRite test from Horizon 
Technology)- 275 The advantage of this test Is that a single 
fecal sample can be tested for all available classes of anthel¬ 
mintics simultaneously. The cost of this test has recently 
increased and may discourage owners from pursuing this 
diagnostic. However, when compared with the cost of using 
anthelmintics that are Ineffective, it is easy to justify' the use 
of this test, it Is Important to read Instructions for submit¬ 
ting this lest and scheduling a testing dale before the sam¬ 
ples are collected. 

Larval Culture 

Larval cultures can be used to distinguish between large and 
small strongyles In horses and to identify 1 the various nema¬ 
tode species in ruminants. Most parasitology laboratories 
can perform ibis examination. It requires submission of 
200 to 400g of fresh feces. Pooled samples from several 
herd members are often used. 

Pasture Larval Counts 

Counts of parasitic larvae on herbage are useful to indicate 
the level of exposure experienced by the grazing animal. 
This examination Is somewhat tedious but can be per¬ 
formed by many university Laboratories. A 2-kg sample of 
forage Is gathered for submission to the laboratory. The 
grass is sampled by walking a V pattern across the acreage 
and stopping every three paces to sample grass. The samples 
are subsequently washed and passed through screening to 
isolate and Identify larvae. 

Necropsy Evaluation 

The nature and magnitude of parasitic Infections can be 
established by necropsv examination. Gross examination 
and an estimate of adult worm population In the gut 
lumen are often sufficient. Many worms detach from the 
mucosa as the carcass cools; however, the damage done 
by the parasites can be seen on gross or histologic exami¬ 
nation. Occasionally it Is necessary lo use digestion techni¬ 
ques or histologic examination to document the presence 
of hypoblollc larvae. 

ANTHELMINTIC USE 

cirfifsiiNC a. UtiLlNGEP 

Anthelmintic drugs are administered to treat, control, and 
prevent parasitic Infections and to minimize the economic 
losses associated with parasitic Infection. Anthelmintics are 
also used for the treatment of an Individual animal exhibit¬ 
ing clinical signs of parasitic disease. 

Drug Action 

To use an anthelmintic properly, It Is necessary lo consider 
its mode of action, spectrum of activity, and duration of 
effect. Efficacy for a given drug may be defined as its ability 
to kill adult or larval parasites, suppress parasitic egg pro¬ 
duction, or promote the expulsion of worms from the Gl 
tract. 


Because of the emergence of drug-resistant strains of 
nematodes, it is difficult to predict how a particular drug 
will perform In a specific animal or herd. Package Inserts 
should be regarded as guidelines rather than gospel. It is 
prudent to run periodic pretreatmenl and postirealment 
fecal examinations to assess the performance of commonly 
used drug^ on a given farm. Readers should refeT to the sec¬ 
tions on horses, cattle, and small ruminants for more spe¬ 
cific recommendations. 

ANTHELMINTIC DRUGS 

Avermectins and Milbemycins 

The avermectins and mlLbemycLns are macrocydlc lactones. 
Iliey act by increasing the permeability of parasite cell 
membranes to chloride Lons, which results In nonspastlc 
paralysis and death of ihe parasite. These drugs may also 
act by potentiating presynaptk release of y-amlnobutyrlc 
acid (GABAJ, an Inhibitory neurotransmitter, although this 
theory has been challenged. 

I’hese products have a high level and broad spectrum of 
activity against adult and larval nematodes. They are also 
effective against various ectoparasites such as miles, lice, 
licks, bols, and caltle grubs; nowever, they are ineffective 
against flukes and tapeworms. These drugs suppress nema¬ 
tode egg production for longer than other anthelmintics. 
Because of Its Long duration of effect, moxldectin suppresses 
fecal egg counts and protects against reinfection for Longer 
than ivermectin. Concern has been expressed about the 
environmental Impact of these long-acting anthelmintics 
in grazing animals. 

Several products have been developed for use In animals. 
The avermectins include ivermectin, abameclln, doramectin, 
and eprlnomectln. The milbemyclns Include nemadectin 
and moxldectin. Oral (drench, sustained-release Intraluminal 
device), topical ["pour-on"], and Injectable formulations are 
available, depending on the drug. Ivermectin is safe to use 
during pregnancy, but currently It Is not approved for use 
in lactatlng dairy animals or females of breeding age. Simi¬ 
larly, dorameclln and moxldectin are not approved for use 
in female dairy cattle of breeding age. Eprinomeclln is 
unique In that LL has no withholding period for milk or 
meat, so there are no restrictions on Its use In catlle. At 
labeled doses, moxldectin Isa safe drug; how r ever, accidental 
overdosage has caused neurologic signs in foals and minia¬ 
ture horses. 


Benzimidazoles 

BZDs comprise a large class of anthelmintics that Interfere 
with parasitic carbohydrate metabolism by inhibiting the 
enzyme fumarate reductase. Many BZDs have been developed 
and marketed. 1’hey include albendazole, fenbendazole, 
mebendazole, oxfendazole, oxibendazole, parbendazole, rlco- 
bend azole, thiabendazole; triclabendazole, and the probenzL- 
mldazole drugs febantel and netobimln. 

BZDs are widely used In horses and ruminants. In general 
they exhibit a high degree of safety and a broad spectjum of 
activity agaLnst GINS and lungworms. Some members of this 
class [e.g., albendazole) are also active against Liver flukes 
and certain ceslodes In ruminants. Albendazole and netobi- 
mln can cause teratogenicity and embryo toxicity in sheep 
when given during early pregnancy. Fenbendazole, oxfenda¬ 
zole, and oxibendazole are considered to be safe for use in 
pregnant animals. 

Resistance to BZDs has been documented in certain 
equine, ovine, and caprine parasites, in general a strain of 
parasite resisLant to one BZD drug quickly develops 
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resistance to other BZDs or pro-BZDs, a phenomenon 
known as side j jCiirror. 


Levamisole 

Levamisole acts by causing neuromuscular depolarization 
and paralysis of the parasite. It has been widely used In 
ruminants to treat GiN and lungworm infections. However, 
levamlsole resistance has become a problem in many areas. 

The dose of levamlsole should be calculated carefully 
because toxic doses are only one to two times therapeutic 
doses. Signs of toxicity may mimic those of OP toxicity, 
including muscle fasciculallons around the lips and eye¬ 
lids, hypersalivation, spastic movements, depression, and 
diarrhea. In ruminants, muzzle foam may develop after 
OFal administration of the drug but usually disappears 
within a few hours after administration. In horses, transi¬ 
tory excitement has been seen after treatment. Levamisole 
is not recommended for use as an anthelmintic in horses. 
Concurrent administration of morantel, pyrantel, diethyl- 
carbamazlne, or OPs could enhance the toxic effects of 
levamisole. 


Morantel and Pyrantel 

The telrahydropyrimidines morantel and pyrantel are 
cholinergic agonists that exert their anthelmintic effect 
by depolarizing neuromuscular junctions and causing 
Irreversible paralysis of susceptible parasites. .Morantel is 
slower In Its onset of action but much more potent than 
pyrantel. These products are effective against many spe¬ 
cies of adult nematodes but do not appear to be active 
against larval stages. Pyrantel is also effective against tape¬ 
worms In horses when given at twice the recommended 
dose. The margin of safely Is relatively wide, and there is 
no contraindication to use with other cholinergic drugs. 
However, It Is recommended that morantel and pyrantel 
not be used concurrently and that neither be given with 
levam Iso] e. Piperazi ne a n lago n izes t h e effects of mo rantel 
and pyrantel, so It should not be used with either of these 
drugs. Resistance to morantel and pyrantel has been 
documented In strains of H. conlanus and in some 
cyalhoslomes (equine small strongyles). 


Organophos phates 

OPs block neurotrans miss Ion by inhibiting acetylcholines¬ 
terase. Various formulations of OP drugs are available for 
Lreatlng Gl nematodlasis. Commonly used OPs include 
haloxon, coumaphos, trlchlorfon, and dlchlorvos. Toxicity 
occurs with these products in a dose-relaled manner, so 
dosages should be calculated with care. In addition, the 
potential danger to humans administering these products 
should not be overlooked. Atropine Is recommended In 
cases of overdose In livestock. 


Phenothiazine 

'Ihe mode of action of phenothiazine [PTH) has not been 
clarified; It Is thought to interfere with anaerobic metabo¬ 
lism of nematodes. The various formulations of PTH differ 
in purity and particle size. The purified product (99% 
PTT I) with small particle size (2 pm) Is the most effective. 

Although PTH is effective against a wide spectrum of GIMs, 
resistant strains of parasites have emerged In several species. 
The drug is synergistic with piperazine; combinations of these 
drugs have effective activity' against FTH -resistant nematodes. 
PT11 used in combination with piperazine can be adminis¬ 
tered at a much low r er dose. 
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PTH toxicity has been reported. Toxic reactions include 
corneal Inflammation, abortion, ataxia, hemolytic anemia, 
photosensitization, and nephrotoxicity. The drug should 
not be administered to debilitated or anemic animals or 
to animals in the last month of pregnancy. 



Piperazine 

Piperazine salts block neuromuscular transmission, result¬ 
ing in paralysis of susceptible GINs. The worms are then 
passively removed from the GI tract by intestinal peristalsis. 
Piperazines have low toxicity and are safe In young or preg¬ 
nant animals. However, their spectrum of activity is limited, 
In practical terms, to ascarlds. Piperazine must be used with 
caution In horses heavily infested with ascarids because the 
paralyzed ascarlds can cause an Impaction that may culmi¬ 
nate in bowel rupture. Dlethylcarbamazine Is a piperazine 
derivative that has been used to control lungworm Infection 
In sheep and catlle. 


Praziquantel 

Praziquantel is a cestlcidal drug that causes spastic paralysis, 
decreased glucose uptake, and disruption of the tapeworm's 
tegument. Although not approved for this use, praziquantel 
Is effective for treating tapeworm Infestation In horses. It 
has also been used to control various cestodes In small 
ruminants. 


COCCIDIOSIS IN FOOD ANIMALS 

rOK/L RlCkAifD BALLWiiHLK 

Goccidlosls causes serious economic losses in a variety of 
food animal species. Regular Infections with a mixture of 
species generally occur throughout the life of the animal. 
Infections lend to be asymptomatic and self-limiting 
unless management or other factors allow the abnormal 
concentration of oocysts in the environment or when host 
defenses are compromised. Kids are especially susceptible 
to coccldiosis and may develop chronic diarrhea as a con¬ 
sequence. In many production operations, coccidlosls is an 
annual event. 


II Lf/e-C)>rfe, Coccldiosis in ruminants is caused by intra¬ 
cellular parasites of the genus Efmerifl. Essentially all of the 
species of Eimeria occurring In ruminants are rigidly host- 
specific. The life-cycle Is complex, Involving both sexual 
and asexual phases with In the same host. Single-cell oocysts 
are passed in the feces and subsequently sporulale in the 
external environment to become infective. Hie sporulaled 
oocysts are ingesled by the host with contaminated food 
or water. Digestive enzymes activate the sporozoites within 
the oocysts, which excyst in the intestine and enter intesti¬ 
nal cells. The asexual phase of development, In which two 
or more cycles of merogony occurs, is then Initiated. Asex¬ 
ual fission results in the production of merozoites. As the 
meronts mature, they rupture, releasing the merozoites, 
which enter other cells and repeal the cycle or progress to 
the sexual phase of development [gamegony). In this phase, 
merozoites enter new cells and produce macrog^imeles and 
microgametes. Microgameles are released by cell rupture 
and fertilize a maciogamete to form a zygote. A cyst wall 
then forms around the zygote, resulting in the next genera¬ 
tion of oocysts. Once again the host cell ruptures, releasing 
oocysts into the lumen of the intestine, where they are then 
passed with the feces. The prepatent period Is approximately 
2 to 3 weeks and varies with the particular species of 
Eimala* 7 * 2 ™ 
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and exposed lo different species of the parasite to which they 


II ftaJJippfrvsfDiojv. Mosl Intestinal Ef maria organisms 
develop In the epithelial ceils of the lamina propria, although 
a few exceptions (e.g., Eimcria bwis) do exist. As a result of the 
developmental ode particularly the sexual phase, infected host 
cells are destroyed. I tow ever, the degree of damage depends on 
the species of Ernie™ involved, the number of oocysls Insisted, 
and various host factors including age, physical condition, 
genetic susceptibility, and immunity from previous expo- 
sure. 2711279 If the nu mber of oocysls ingested Is low, non Im¬ 
mune healthy animals may tolerate Infection and show no 
signs of disease, intestinal cells are destroyed, but because they 
normally are replaced at a rapid rate the damage done lo the 
gut Is minimal. However, if non Immune an Lends are exposed 
to many oocysts, widespread rupture and exfoliation of Intesti¬ 
nal cells alters gut function; causes loss of blood, fluid, albumin, 
and electrolytes Into the gut; and allows secondary bacterial 
invasion. Sections of sloughed intestinal mucosa and fibrin 
casts may be seen In the fees, and the feces may be blood 
tinged. 

Neurologic signs have been reported during eoccldlosls 
outbreaks caused by Emeriti znernii In calves and weaned 
beef cattle. 279 - 240 The pathophysiology of this manifestation 
has not been definitively established, and conflicting the¬ 
ories have been proposed. Including copper Imbalance, 
plasma electrolyte imbalances, a labile neurotoxin, and a 
combination of stressors in which coccidla are only one 
factor. 279 - 231 - 2 * 2 


II Populations at Risk. Infections with mixtures of patho¬ 
genic and nonpathogenlc species of Eimcria occur regularly 
throughout the life of mature animals; hence they provide 
the source of oocyst contamination leading to Infections in 
young animals. After an Initial period of infection the host 
acquires species-specific Immunity. The degree of immu¬ 
nity acquired depends on the quantity of oocysts Ingested 
and Is boosted by continuous exposure to oocysts. It is 
possible that when exposed to few or moderate "numbers 
of oocysts, a non protective immune response may occur; 
however, initial exposure Is generally sufficient and ani¬ 
mals are usually protected against clinical disease on reex¬ 
posure to the same species. 2 74279 Clinical coccldiosls Is 
therefore primarily a disease of young, non Immune ani¬ 
mals crowded, together in areas such as feedlols, small pas¬ 
tures, shady creek bottoms during hot summer weather, or 
areas near feed or water tanks or salt licks. Under these 
conditions the environment is highly contaminated with 
oocysts from the Immune animals, which pose a signifi¬ 
cant threat to other young, immunologically naive animals 
in the same areas. Stress, such as from shipping, weaning, 
dietary changes, and/or adverse weather (e.g., blizzards], 
appears to facilitate outbreaks. 273 - 279 Corticosteroid treat¬ 
ment or concurrent illness can also precipitate a peracute 
form of coccldiosis. 

All bough outbreaks have been reported in range animals, 
coccidlosis is chiefly a disease of confinement. Clinical dis¬ 
ease usually occurs in cattle less than 1 year of age. In dairy 
cattle, coccidlosis is mosl common in calves when they are 
taken from hutches into group calf pens or minl-free-stall 
barns. In beef cattle the disease is most prevalent in feedlol 
calves. In sheep, disease Is usually Limited to lambs less than 
6 months old. Coccidlosis Is most common In Intensively 
reared lambs, although suckling lambs on pasture In con¬ 
stant use at high stocking rates are also at risk. Young kids 
appear particularly susceptible to coccidlosis, wLth clinical 
disease especially prevalent 2 to 3 weeks after weaning. 2 *" 1 
Previously exposed animals may show clinical signs under 
conditions of stress and heavy Infections. Occasionally, adult 
animals develop coccldiosls when moved Into a new herd 


are not yet Immune. 

II Clinical Manifestations. The destruction of epithelial 
cells and subsequent loss of blood, albumin, fluid, and elee- 
trolvtes typically cause a profuse, sometimes bloody, catar- 
rhallc diarrhea. Dehydration may occur, but most animals 
continue to drink water and can meet their fluid require¬ 
ments. Despite the blood loss, anemia is not usually appar¬ 
ent. Typical of infections In dairy cattle, light infections tend 
lo cause watery feces, poor condition, and reduced weight 
gain. Severe infections cause pro|ectile, bloody diarrhea 
with mucus, rectal tenesmus, Lnappetence, dehydration, 
and weight loss. CtinlcaL signs last approximately l week, 
in lambs, clinical signs are similar to those of cattle except 
blood and tenesmus do not usually occur, in kids, clinical 
signs Include pasty, watery diarrhea and dehydration. 284 
Sudden death can occur in both lambs and kids, but the 
case fatality rate is usually low In mosl outbreaks. After 
recovery from the disease the gut does not return to normal 
function for several weeks, and appetite may be suppressed 
concurrently, leading to poor growth and/or stunting. Ani¬ 
mals that develop "nervous" coccldiosls may exhibit muscle 
tremors, hyperesthesia, convulsions, nystagmus, and blind¬ 
ness. The mortality rate is high- 


Control of Coccidlosis 

The spread of coccidiosis depends on the prevalence of 
oocysts In the environment. I’he level of Infection Is directly 
related to the level of fecal contamination. E louses and pens 
used for sequential groups of young animals often become 
highly contaminated and serve as the source of Infection 
for subsequent groups. Therefore minimizing exposure of 
susceptible animals to infective oocysts depends on man¬ 
agement techniques that focus on either sanitation lo avoid 
the buildup of fecal contamination or the elimination of 
environmental conditions conducive to oocyst survival or 
both. Decreased stocking rales, proper manure disposal, 
and elevated feed bunks will help reduce contamination 
and exposure to oocysts. Sunlight, low humidity, and treat¬ 
ment with formaldehyde, ammonia, or methylbromide will 
kill oocysts. Reduction of average temperatures In barns to 
15 1, C and of humidity lo a maximum of 80% has signifi¬ 
cantly decreased clinical coccidlosis in some areas. 278 Pro¬ 
phylactic use of coccldlostats is Inevitable If conditions of 
animal husbandry cannot or do not Improve. 

DRUGS. I’he various drugs that have been used to 
prevent or treat coccldiosis Ln ruminants are listed In 
Table 49-S. 285 - 290 These drug^ are most often administered 
in the feed or water. Therapeutic anticoecidlals are used In 
acute outbreaks.; however, the gamonts are the main target 
of these drugs. Because the life-cycle of the parasite is 
essentially complete and most of the Intestinal damage is 
done by the time anticoccidial therapy Is administered, it 
is of limited value. In acute outbreaks, scouring calves 
should be removed from the group. Supportive therapy, 
including electrolytes, glucose, and anlldiarrheals, may 
help improve survival. 278 - 234 

To prevent losses from coccidlosis. It Is best to treat 
exposed animals prophylactlcally or metaphytactically rather 
than therapeutically. Often outbreaks of coccidlosis can be 
predicted based on farm history. Administration of coccldlo- 
stats during this time does not completely prevent infections; 
rather, they prevent clinical infections without interfering 
with the production of protective immunity. Drugs In this 
categoiy tend to target merogony, preventing multiplication 
and subsequent mucosal damage. 2 - 4 - 279 
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OTHER STRATEGIES FOR MINIMIZING CLINICAL 
INFECTIONS. Use of growth implants containing estradiol 
anti progesterone can attenuate the effects of high oocyst 
challenge in dairy calves. 291 Attempts at developing a conven¬ 
tional vaccine against eoccldiosLs have been disappointing. 
Peptide or recombinant vaccines may prove to be efficacious 
In the future. 252 Iinmunlzatlon with a 'irickle dose 1 ' of 
oocysts 1 weeks before turnout onto Infected pasture may 
attenuate the effects of natural challenge in calves. 25 * Oocysts 
can survive the hay-making process, so pastures known to be 
infected with coccidian oocysts should not be used to make 
hay for susceptible animals. 254 


Evaluation of Preventive frogmms. Oocysts can be 
found using standard flotation techniques. 264 However, the 
presence or absence of oocysts does not necessarily 
correlate with the presence of disease, in any given herd 
or group a baseline level of oocyst shedding Is normal. 
Because Immunity is Incomplete, many Immune animals 
shed oocysts. On the other hand, non Immune animals with 
low-level infections may shed oocysts but have no clinical 
signs or need for treatment. Furthermore, because intestinal 
damage occurs during the prepatent period, animals with 
clinical coccidiosls may not yet be shedding oocysts. Thls var¬ 
iation complicates both evaluation of preventive measures 
and the diagnosis of coccidiosis in clinically affected animals. 
The presence of oocysts In healthy or sick animals does not 
necessarily indicate the need for anticoccidial treatment. 


Nevertheless, microscopic examination of diarrbeic or 
bloody feces from young animals still remains the most 
direct and cost-effective method of diagnosis. 2 7ft273 Exami¬ 
nation of fecal samples from several animals is needed to 
obtain a true estimate of the presence of coccldia within a 
group. Because pathogenicity of the various species of 
Eimerta varies considerably and the clinical picture is not 
specific, ll is imperative that species Identifications be deter¬ 
mined, 27 " This Information is then combined with a good 
history and thorough knowledge of the herd management 
on the farm in question to guide interpretation of clinical 
observations and diagnostics. 

Herds that require preventive strategies have a history of 
prior disease and a large proportion of herd members 
shedding high numbers of oocysts. Efficacy Is evaluated 
on the basis of a decreased prevalence of" clinically ill 
animals. 

Clinical A^rndgemerri! 

DIAGNOSIS. Definitive diagnosis may be made at nec¬ 
ropsy. Antemortem, young, dlarrhelc animals passing large 
numbers of oocysts are not difficult to diagnose. However, 
as discussed earlier, making a diagnosis on (he basis of 
oocyst counts alone can be misleading. 

TREATMENT. Drugs used In the treatment of coecidiosis 
are listed in Table 45-5. Supportive therapy, w r hen Indicated, 
is primarily directed at replacing fluid losses and supporting 
the animal unit! the gut epithelium regenerates. 
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Nutrition of the Sick Animal 

RAYMOND W, SWEENEY and MERI STRATTON-PHELPS 


The Influence of nutrition on the recuperation of veterinary 
patients ]s often overlooked, although the effects of nutri¬ 
tional status on recuperative ability are well known. Many 
patients are In a state of protein calorie malnutrition when 
first presented to the clinician. Early intervention with sup¬ 
plemental calories, protein, and other essential nutrients 
provides the patient w r Llh the dietary resources needed to 
optimize Immune function, promote wound healing, and 
improve the recovery of the animal. 

Multiple research studies have demonstrated that the 
immune response of an animal Is directly related to the 
nutritional slate of the animal. 1 - 4 A deficiency of calories, 
protein, minerals, or vitamins alters the production of 
inflammatory cytokines, adversely affects leukocyte func¬ 
tion, and decreases host resistance to bacterial infections. 1 - 3 
Clinical studies In hospitalized horses have demonstrated 
an improved recovery after gastrointestinal surgery in 
patients supplemented with Intravenous nutrition.* 

Different forms of diet therapy may be employed, 
depending on the clinical condition of the animal and the 
ability of the animal lo tolerate different types of supple¬ 
mental nutrition. Large anLmal patients that have a func¬ 
tional gastrointestinal tract and can tolerate placement of a, 
nasogastric (NG) or esophageal feeding tube are candidates 
for treatment with liquid enteral nutrition. Glucose can be 
added to a patient's Intravenous fluids to provide an energy 
source. Parenteral nutrition (PNJ is ideal for animals that 
have gastrointestinal ileus, that have an obstructive lesion 
in the gastrointestinal tract, or that are recumbent. 

ASSESSMENT OF NUTRITIONAL STATUS 

Before initiation of dietary therapy, the large animal patient 
must be examined lo determine Its nutritional needs. Ani¬ 
mals may be anorectic owing to systemic disease, or they 
may be dysphaglc owing to a mechanical (foreign body, 
abscess, poor dentition) or neurologic (botulism, tetanus, 
viral encephalitis) disease. Assessment of the nutritional sta¬ 
tus of the patienL should include a measurement of the 
body w r etghl {BW) and body condition score [BCSJ of the 
animal. BW measurements should be taken at the lime that 
the large animal patient is presented to the clinician and as 
frequently as possible during hospitalization, if a scale Is 
not available, estimations of BW can be made with a weight 
tape or by using length and girth measurements (see Chap¬ 
ter 9). When a scale or weight tape cannot be used, the ani¬ 
mal’s BCS should be used to evaluate the nutritional status 
of the patient. The BCS system enables the clinician to sub¬ 
jectively assess the endogenous protein and lipid stores in a 
large animal patient. A list of BCS descriptions for different 
species is provided in Chapter 9. Changes in weight or BCS 
are often easily overlooked in day-to-day observations of 
the patient If a concerted effort is not made lo detect them. 


Palpation of the animal [ribs, dorsal vertebral processes) is 
necessary in sheep with a heavy fleece, camelids with long 
fiber, and horses tvith a thick w r lnter hair coat. Animals with 
a low BCS (1 lo 3 of 9; 1 lo 1.5 of 5) have minimal protein 
and lipid stores and are at greater risk for developing pro¬ 
tein calorie malnutrition after a period of anorexia. Large 
animal patients with a high BCS (7 to 9 of 9; 3.5 to 5 of 
5) that are anorectic may have an Increased risk for develop¬ 
ing complications (hyperlipemia, hepatic lipidosis) from 
abnormal lipid metabolism. A clinician should initiate die¬ 
tary therapy In a large animal patient that loses 3% to 5% of 
its Initial BW or whose BCS diminishes by >1 grade. 

Biochemical tests provide another method to evaluate 
the nutritional status of the large animal patient. Endoge¬ 
nous protein catabolism Is a normal physiologic response 
lo anorexia In animals. To date, few biochemical tests are 
available Lo assess protein malnutrition In large animals. 
Although anemia and hypoprotelnemia [hypoalbumLne- 
mla) are occasionally seen in cases of malnutrition, they 
are not specific and frequently are associated with another 
primary disease process such as parasitism or protein-losing 
enteropathy. Severe protein malnutrition can result in 
abnormally low serum urea nitrogen (SUfJ) concentrations 
in horses and ruminants. Liver disease also decreases the 
formation of urea nitrogen and must be ruled out when 
evaluating the animal. Protein malnutrition can result in 
an Increase In the urinary excretion of 3-melhylhistidine, a 
myofibril amino acid that Is not metabolized. Measurement 
of this metabolite in the future may be a useful tool Lo mon¬ 
itor protein catabolism In large animal patients. 

Underfed horses develop a mild hyperbilirubinemia 
(uncon|ugated) that, although not directly related Lo nutri¬ 
tional status, is readily reversed when food intake resumes. 6 - 7 
Animals that are in negative energy balance also use endoge¬ 
nous lipid as an energy source. Serum nonesterlfied fatly 
acids (NEFAs) and/or triglycerides are expected to rise in 
these animals. Once nutritional support or refeeding is 
initiated, these lipid metabolites usually decrease. Patho¬ 
genic elevations in serum triglyceride (>500 mg/dL) develop 
in some equine patients that are anorectic and that have a 
high daily energy requirement (lactation, pregnancy). Insu¬ 
lin resistance (Cushing's syndrome), or renal failure and in 
predisposed breeds (miniature horses, ponies). Ketone bod¬ 
ies have a glucose-sparing effect in the body and are normally 
produced from fatty acids and amino acids In animals that 
are in negative energy balance. Ketonurla develops after the 
excess production of ketones and can be used to indirectly 
monitor the severity of caloric malnutrition in ruminants. 
Hypoglycemia is a common complication in large animal 
neonates that are malnourished but Is an uncommon 
finding In adults. Both adult and neonatal large animals 
may develop glucose intolerance and hyperglycemia during 
periods of systemic illness and may require treatment with 
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a diet that will not exacerbate the hyperglycemia. Electro¬ 
lyte and mineral derangements including hypocalcemia, 
hypomagnesemia, hyponatremia, hypochloremla, hypopho¬ 
sphatemia, and hypokalemia may develop in inappelenl sys- 
temically III large animals or during the refeedIng process. 1 *- 9 


protein requirements, or If the animal loses weight or con¬ 
dition, dietary therapy with a liquid diet by Lntragastrlc 
administration should be considered. Dysphagic animals 
can be managed with a liquid diet that can be fed through 
a tube as the sole source of nutrition. 


NUTRIENT REQUIREMENTS OF LARGE 
ANIMALS DURING CLINICAL ILLNESS 

Although it is generally accepted that sick animals have 
increased nutritional requirements, these requirements 
have not been quantified for specific disease conditions. 
The current trend In critical care nutrition Is to provide 
adequate calories to meet the resting energy requirements 
of the hospitalized patient and sufficient protein to meet 
the maintenance requirements. These values can be calcu¬ 
lated based on the animal's BW (see Chapter 9) or deter¬ 
mined by reference to National Research Council [NRC) 
tables. 30 hot adult horses, the testing digestible energy 
(DE) requirement is calculated as DE„ s1 (Meal) = 0.975 + 
O.021 BW r (kg), and maintenance crude protein [CP) require¬ 
ment is calculated as CP (gj = 1.26 BW(kg). L0 For a 450-kg 
horse, these would equate to a 1Q.4-Mcal resting energy 
requirement and a 567-g crude protein requirement. For 
foals and calves, resting energy requirement is approximated 
as DE (Meal) = 0.07 BW(kg) and digestible protein as DP (g) 
= 3.5 BW(kg), which would equate to 3.50 Meal (3500kcal) 
and 175 g of protein for a 50-kg neonate. These values repre¬ 
sent starling points for formulating dietary therapy, and 
adjustment oased on clinical response or specific medical 
conditions may be necessary. 

Vitamin and mineral requirements, also available from 
NEC tables, can usualIv be met if an enteral diet Is formu¬ 
lated with commercial complete feed pellets or pelleted 
hay. Parenteral solutions can be supplemented with vita¬ 
mins and minerals. Although B vitamin deficiencies do 
not occur naturally in horses and cattle, supplementation 
is probably beneficial in laree animals with gastrointestinal 
diseases that result In the disruption of the normal tract 
flora thal produce B vitamins. 

ORAL SUPPLEMENTATION 

'i’he animal's feed intake should be monitored during treat¬ 
ment. if the animal is losing condition despite consuming 
all feed offered, more or higher-quality feed should be 
provided. If the animal's appetite is poor, ihe patient should 
be offered a variety of highly palatable feeds including fresh 
grass, dried forages, and complete commercial feed pellets. 
Although sweet feeds are palatable, their use should be lim¬ 
ited to a top dressing of other feeds. Ruminants in particular 
may consume small quantities of fresh feed if it is offered 
frequently, whereas if ihe same quantity Is offered In one 
feeding, It may be ignored after a few bites. Many dairy cows 
can be coaxed Into eating hay If it is placed in the back of 
the pharynx by the clinician, and oropharyngeal stimula¬ 
tion may result in Increased voluntary feed consumption. 
Fresh silage and dried brewer's grain frequently appeal to 
the bypopbagic cow. Many sick horses and ruminants 
benefit from grazing if grass is available. 

A hospital feeding chart can be created to facilitate 
monitoring of the feed consumed by a hospitalized 
patienL. Use of an Inexpensive farm scale is the most accu¬ 
rate way to measure the amount of feed offered to a 
patient. Feed that is not consumed within a few hours 
should be weighed and discarded to prevent the accumula¬ 
tion of stale, and possibly fermented malodorous feed. If 
the animal does not voluntarily consume enough feed to 
meet Its resting energy requirements or its maintenance 


LIQUID DIETS FOR HORSES 

Adult Horses 

Assisted enteral feeding (AEF) with a liquid diet should be 
used in horses that require nutritional support to maintain 
their energy and protein Intake during a short period (2 to 
14 days) of partial or complete anorexia. Horses that are 
good candidates for AEF do not have gastrointestinal ileus 
or gastric reflux and are able to tolerate an indwelling NG 
tube, repeated Intubation, or an esophagostomy tube. 
Horses fed using AEF should be standing. Diet choice will 
depend on product availability and on the nutrient require¬ 
ments of the equine patient. Energy, protein, vitamin, and 
mineral requirements should be calculated for each equine 
patient to ensure thal the appropriate concentration of 
nutrients Is administered. Enteral diets maybe administered 
to provide partial or complete nutrient supplementation to 
an adult horse. 

Liquid diets may be classified into three categories: (1} 
complete feed blender diets consisting of liquefied or finely 
ground whole food suspended in water (2) composition 
diets containing highly digestible whole protein (usually 
casein or soy), fats, and carbohydrate; and (3) commercially 
available Liquid enteral diets sold for human use. When 
commercial liquid enteral diets are chosen, the source of 
carbohydrate should be examined, and only diets thal con¬ 
tain a limited amount of sucrose should be used for horses. 

Vital HN* and GsmoLyte HN* are human liquid enteral 
diets that have been administered to adult horses. 31 12 Ross 
Laboratories produces a variety of human liquid enteral 
roducls, including formulations that contain oat and soy 
her. A partial list of formulas that can be administered to 
adult horses is provided in Table 50-1. All human formula¬ 
tions are designed for administration through a small- 
diameter tube and are an option for horses that can tolerate 
only an IS Fr feed Lng tube (Mila NGlfllOO)* Most products 
contain approximately 1 kcal/mL and 4.1 to 4.2 g of protein 
per lOOkcal. Almost 10.5 L of a human enteral product 
would be required to meet the stall resting energy require¬ 
ment of 10.4 Meal for a 450-kg horse, at an approximate 
cost of $120/day. The protein content (approximately 
440 g) in 10.5 L of Osmolyte or Vital HN will not meet 
the requirement of 567 g of protein for a 450-kg horse, 
and supplemental protein (casein, lactalbumln, whey, soy] 
may need to be added to each formulation to ensure ade¬ 
quate protein intake. The nutrient composition of a human 
formulation should be evaluated to ensure that the horse is 
receiving the most appropriate product. Diets that contain a 
high (>15%) proportion of calories as fat are contraindi¬ 
cated In horses with hyperlipemia and hepatic lipidosis. 
The soluble carbohydrates included in a human enteral 
formulation may nol be tolerated by horses thal have a 
compromised gastrointestinal tract or by horses with hyper¬ 
glycemia. Any commercial human product should be fed 
starting at approximately 25% of the final maintenance 
requirement, with the volume gradually Increased over 4 to 
7 days to the target quantity. 


•Foss Products Division, Abbott Laboratories, Columbus, OH. 
'.Villa [ntcnulrminl. Florence, KY. 
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Human Liquid Enteral Products* 


Product 

Caloric Density 
[kcal/mL] 

% Calorics 
Pro lei u 

% Calories Fat 

% Calories 
Carbohydrate 

Carbohydrate Source j 

Gsmolyte 

1.06 

14.0 

29.0 

57.0 

Com malsodexirin 

Osmoiite 

1.20 

1S.5 

29.0 

52.5 

Com maliodcxlrln 

1.2. Cal 

Vital HN 

1.00 

16:7 

9.5 

73.8 

Com mallodexlrin, sucrose 

Promote 

1.00 

25.0 

23.0 

52.0 

Com malladexirln, sucrose 

Promote 

with 

1.00 

25.0 

25.0 

50.0 

Com makodexlrin, sucrose, 
oat fiber, soy fiber 

Fiber 

ferity 1.5 
Cal 

1.50 

17.0 

29.4 

53.6 

Com mallodexlrin, 
ftuaoaileaiaccharEdes, 
soy fiber, oat fiber 

'llocsx Nutrition, Abbott l-riior.ilork*. North Ltikapp JL 






Equine Feeds Suitable for Use In a Liquid Enteral Diet 


1 Feed 

Digestible Energy 
(kcal/kfij 

Crude Protein [%] 

Crude Fat [1] 

Crude Fiber I 

1. Equine Senior’ (I'urina hfiJis} 

2695 

14.0 

4.0 

13.0 

2. Senior’ (Seminole] 

3124 

S4.0 

?.o 

16.a 

3. Senior’ (TDl) 

3146 

13.0 

4.0 

14.0 

4. Senior’ (LMF) 

234) 

14.0 

4.0 

20.0 

5. Senior’ (Triple Crown) 

3401 

14.0 

10.0 

17.0 

6. .dial Li peJJcts* 

2156 

16.7 

2.3 

21 5 

7. Timothy hay pellets* 

1760 

S.5 

2.4 

315 

a. Oai hay pellets* 

1760 

B.S 

2.2 

29,1 


'Ax fed, miinuUi LiiLci analysis. 
f Aa fed. ntimjlcd VaBun. 


Although they may be inconvenient, complete feed 
blender diets have the advantage of being Inexpensive (55 
lo $10,,''day). and the Ingredients are usually available. Most 
products contain 14% to 25% crude fiber (dry matter 
1DM[) and vary in energy density from 2.6 to 3.1 Mcal/kg 
of diet. A list of commercial feeds that can be fed as a liquid 
enterat diet Is provided in Table 50-2. from 3.4 to 6.0 kg of 
diet per day is required to meet the resting energy require¬ 
ments of a 450-kg horse. In some equine patients, protein 
supplementation may be required. Some patients may also 
benefit from vllamln and mineral supplementation. This 
type of a diet may be prepared either by grinding one quar¬ 
ter to one third of the daily requirement of dry pellets In a 
blender and suspending die blended product in water, or 
by soaking the pellets In water before blending to create a 
slurry. The total amount of water that is added to the prep¬ 
aration should be recorded and added to the daily fluid 
administration log for the patient. The preparation should 
be fed three lo six limes dally lo horses that require com¬ 
plete feeding or once or twice daily if only partial supple¬ 
mentation is required. Hay pellets or alfalfa meal can be 
blended Into a liquid enteral diet; however, the nutrient 
content and quality of pelleted forages Is often more vari¬ 
able than those of commercial feeds. 

An ingredient-based composition diet can be designed 
using structural carbohydrate and protein Ingredients that 
are available In the local region. One such diet [Table 50-3) 
composed primarily of dehydrated cottage cheese, dextrose, 
and alfalfa meal requires considerable preparation by 
the clinician. 13 Com, canola, or soy oil (113 lo 227 mL) 


can be added as an energy source. Diets with high concentra¬ 
tions of oil and dextrose should be avoided. Structural carbo¬ 
hydrate should comprise 50% to 75% of the diet DM. The 
approximate cost for complete supplementation with the 
homemade equine diet is 530 lo $40 per day for a 450-kg 
horse. As indicated in Table 50-3, the homemade diet is 
introduced gradually over a period of 7 days. 

The consistency of any formulation can be adjusted by 
blending the Ingredients with water to ensure that the for¬ 
mulation can be delivered through the NG Lube that has 
been selected for administration. Larger diameter MG lubes 
(>0.65 cm Inner diameter) must be used when fiber is 
included in the diet, The diet should be tested using the 
NG lube before the tube is placed in the animal to ensure 
that the tube will not be clogged with the feed. The total 
volume of enteral diet should oe divided into at least three 
feedings per day and should be administered slowly enough 
to ensure that feed does not reflux around the NG tube. No 
more than 6 to 8 L of tola! volume should be administered 
at one time. This volume must be appropriately lowered 
when treating a pony or miniature horse. Before feeding, 
the amount of residual fluid In the stomach should be 
checked. Horses with <2 L can be fed the meal, but If the 
volume of gaslric fluid is >2 L, the feeding should be 
delayed for 2 hours. Horses with persLstenl gastric reflux 
should not be fed enterally, and Instead the clinician should 
consider treatment with FN. After the horse has been fed r 
the tube should be flushed with at least 500 mL of water 
before the lube Is capped. Excessive distention of the stom¬ 
ach must be avoided. If the NG tube will remain in place 
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TABLE 50-3 


Suggested Feeding Regimen for a Liquid Diet for a 450-kg Adult Horse 11 * 


Ingredient 




Day 




1 

2 

3 

4 

5 

6 

7 1 

Water (L) 

it 

21 

21 

21 

21 

21 

24 

Dextrose (g) 

300 

400 

500 

600 

soo 

800 

900 

Dehydrated cuLtage cheese (g)* 

300 

450 

600 

750 

000 

000 

900 

Alfalfa meal (g) 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

Electrolyte mix (g) : 

230 

230 

230 

230 

230 

230 

230 


■Rattcm divided imo Mini' cqjuil rcediciRt daily 

"Mav iuhHJCLi<L eUjbk arid tiiriti —'JO iitusJi, American Casein CuEnpnny, Hui thiRlon, Nl. 

^Uettreilytr mix iiiRTEdicnti. NaU, LU r MjI JCO,. 15 r MCI. 75 r RjI IL’CM. 60 r CjU 2 2HjO, 45 g; M S Q, 25 r 


between feedings, a muzzle may be used to prevent ihe 
horse from removing the tube. During treatment horses 
should be offered palatable feeds to encourage a transition 
lo voluntary food consumption. The equine patient can 
gradually be weaned from AEF once It is consuming 75% 
of its DE^i on a dally basis. 

All liquid enteral diets may result In a mild, self-limiting 
diarrhea when fed as ihe sole source of nutrition, possibly 
because of lack of dietary fiber or because of fermentation 
of the highly soluble ingredients In the large colon. ,L - ,3 - J4 
This may be ameliorated by addition of a fiber source such 
as alfalfa meal. 

Foals 

Mare's milk Is the Ideal supplemental feed for orphan or 
critically ill foals. Neonatal foals with normal gastrointesti¬ 
nal tract motility can initially be fed a volume sufficient to 
meet 10% of BW (100 mL/kg BW) each dav. Ihe volume 
should be Incrementally increased until the foal is consum¬ 
ing 20% of its BW (200 mL/kg/day). Neonatal foals should 
be offered milk every 2 hours as long as the feedings are tol¬ 
erated and should be encouraged lo nurse from their dams 
once they develop a strong suckle reflex. A small-diameter 
NG feeding tube can be used for milk supplementation 
until the foal can nurse voluntarily. Foals have minimal 
endogenous energy stores and require supplemental nutri¬ 
ents within 6 to 12 hours of losing the ability lo nurse. 
Any foal that cannot tolerate enteral feedings should be 
placed on PN to ensure that its dietary requirements are 
met. 

Orphan foals can be fed 20% of their BW per day using a 
commercial foal milk replacer (Mare's Match*, Mare's Milk 
Plus*, Foal Lac*) if a nurse mare or mare's milk is not avail¬ 
able. if a foal milk replacer Is not available, goat's mLlk can 
be fed as a short-term substitute but Is not recommended 
for long-term use because the nutrient profile is different 
from that of mare's milk. Because indigestion occurs rela¬ 
tively commonly when using milk substitutes In foals, die¬ 
tary changes should be instituted gradually over a period of 
1 lo 2 days at a minimum, if indigestion occurs, both the fre¬ 
quency and volume of feeding should be decreased until the 
Indigestion resolves. Foals that are 2 weeks of age or older 
can be fed eveiy 4 to 8 bouts, with a decreased frequency of 
feeding as the foal ages. Orphan foals should be fed from a 
pan or bucket because It forces the foal to actively Ingest 
and swallow the milk and decreases behavioral complications 


■ Lind O' Lakes, Arden. Hills* XlN. 
1 Budteye Nutrition, Dalton, OH. 
J Plet Ag, Hampshire, 1L 


that can develop when an orphan foal is bottle-fed. If a foal will 
be bottle-fed, the nipple should be checked to ensure that milk 
does not freely flow from the nipple. Improper use of a bottle 
can result in aspiration pneumonia If the foal does not have a 
normal swallow response. 

LIQUID DIETS FOR RUMINANTS 

In most cases the most practical and least expensive way to 
force-feed ruminants Is the blender-type or sluny diet. 
Hypophagic adult cattle may be force-fed a suspension of 
alfalfa meal and dried brewer's grain [3 to 5 kg each In 
20 L of water) two or three times daily. If a ruminal fistula 
Is necessary (eg., tetanus), the diet may be directed into 
the rumen. Presumably similar preparations would be suit¬ 
able for sheep and goats, although published reports are 
scarce. Administration of rumlnaL liquor obtained from a 
healthy donor cow provides a good source of mlcroflora 
as well as volatile fatly adds as an energy source in hypo¬ 
phagic cows. 15 

INTRAVENOUS FEEDING 

Intravenous Dextrose 

The simplest and least expensive form of Intravenous feeding 
Is the supplementation of Intravenous crystalloid fluids with 
dextrose. This represents a short-term solution for boosting 
caloric Intake when a rapid return lo normal feed consump¬ 
tion is anticipated. Dextrose can be added to make a final 
solution with a concentration that ranges from 2.5% to 
10%. If the fluids are Infused at a rate to meet maintenance 
fluid requirements (2.2 mL/kg/hr), ibe patient's renal thresh¬ 
old of glucose [10 mmol/L. or 180 mg/dL for adult horses; 
12 mmol/L or 2l6mg/dL for foals) will usually not be 
exceeded. The energy provided may be calculated based on 
3.4 keal/g of dextrose. A 450-kg horse treated with fluids sup¬ 
plement™ with 2.5% dextrose and infused at a maintenance 
rate of I L/hr [24 L/dayl will receive 204O kcal from the dex¬ 
trose (close to 20% of the patient's DE rfa[ ). Although protein 
Is not provided with the dextrose therapy, the supplemental 
energy will blunt the catabolism of endogenous lipid and pro¬ 
tein stores. Dextrose-supplemented fluids can be administered 
as the sole source of nutrition for 24 to 48 hours. If a patient 
consumes <75% of its maintenance protein requirement 
and/or <75% of Its resting energy requirement, supplemental 
nutrition should be administered. Patients that have compli¬ 
cations with glucose regulation may be able lo tolerate therapv 
with a 2.5% solution of dextrose, but if complications with 
glucose regulation persist, alternative methods of nutritional 
supplementation should be initiated. 
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Parenteral Nutrition 

Intravenous feeding or PN Ls a means of providing nutri¬ 
tional support to animals that do not have a functional 
digestive tract or animals that cannot tolerate placement of 
an NG tube. Because of the greater expense (approximately 
SSO/day for foals and J450/day for adult horses), the need 
for special Infusion supplies, and the risk of complications 
ivhen compared with enteral feeding, PN should be 
reserved for cases In which bowel rest Is necessary. Possible 
indications for PN Include neonatal diarrhea in cases in 
which oral feeding exacerbates the diarrhea, postoperative 
feeding after gastrointestinal surgery., nonsuigical intestinal 
obstruction or Ileus (proximal jefunitis, botulism), dietary 
supplementation in a laterally recumbent patient, gastroin¬ 
testinal intolerance In premature neonates r and hypoxic 
ischemic gastrointestinal syndrome. Because enteral nutri¬ 
tion provides nutrients directlv to the enterocytes and pro¬ 
motes both Intestinal barrier (unction and Immune system 
function, a small volume of a liquid enteral diet should be 
administered whenever possible in a patient receiving PM. 

PM formulations are composed of dextrose and lipids as an 
energy source, and amino acids as a protein and nitrogen 
source. Compatible vitamin and mineral supplements can be 
added to the PN formulation. A variety of PN mixtures can 
be designed to meet the nutritional requirements of a clinically 
ill Large animal patient. Sufficient calories in the PM solution 
must be provided In the form of carbohydrates and lipids io 
promote the Incorporation of ami no acids Into protein Instead 
of the catabolism of a mi no acids for energy. The Ideal calorie- 
to-nilrogen ratio for adult horses Is extrapolated from data cal¬ 
culated for critically 111 humans, In whom the ideal ratio Is 
120:1 to 150:1 for "healthy Jndlvidua Is, and SO: I to 90:1 for 
acutely HI humans . 16 (Glucose provides 3.4 kcal/jg, amino 
acids provide 4 ktal/g, and ltplds provide I i kcaf/g; amino 
acids Include 0.16 g of nitrogen per gram.] Animals w r lth sys¬ 
temic Inflammatory diseases or severe protein loss and Large 
animal patients recovering from major surgery will probably 
benefit from a therapeutic enteral or parenteral diet that has 
a calorie-tonitrogen ratio that is between SO and 10Q, as long 
as protein supplementation Is not contraindicated in the 
patient. Although PN solutions can be formulated with dex¬ 
trose alone as the energy source, addition of lipids provides 
many advantages. Because of the larger size of the molecule 
and higher energy density on a per-gram basis, replacement 
of dextrose withTlpid lowers the PN osmolarity and/or infu¬ 
sion volume required to meet the energy needs of the patient 
and reduces the hyperglycemic effect of PN administration. 
The lipid content of the PN solution Ls usually targeted as 
approximately 50% but no more than 80% of the nonprotei n 
calories in the formulation. Animals with hypertriglyceridemia 
(>500 mg/dL) or hepatic lipidosis that require PN should be 
treated with a formulation that is restricted Ln lipid, or that is 
lipid-free, whereas the concentration of dextrose or the PN 
administration rate should be restricted in animals with hyper¬ 
glycemia. if long-term administration (>5 days] Is expected, 
calcium (200 mg/l^g/day), phosphorous (1 JO rng/kg/day), 
and other mlcronutrlent supplementation of the PN solution 
should be considered. Commercial multiple vitamin (e.g., 
MV1-I2* *) and trace mineral (e.g,, MultitraceS*) supplements 
are available for addition to Lhe PN mixture but may add as 
much as $20/day to the cost of the formulation. 

All parenteral solutions must be mixed aseptlcally. A lam¬ 
inar flotv hood should be used to prepare the formulation, 
but if this equipment is not available, the solution can be 
mixed In a clean room with low traffic such as a surgical 


BOX 5 0-1 


Instructions for Compounding a Parenteral 
Nutrition Solution 


1. Compound the solution in a laminar flow hood, if 
available. Use a dean room In the hospital if a Laminar 
flow hood li not available. 

2. Clean the prcparatloEi area well, using alcohol .is a final 
preparation on the counter. 

3. Wear a gown, mask, and sterile gloves, when 
compounding the parenteral nuirilion (TNJ solution. 

■3. Wipe off all injection sires and Infusion pons with 
alcohol before connecting the infusion lines. 

5. Use a new transfer set for each PN Ingredient 

6. Add lhe dextrose and amino acid solution 1o the 
compounding hag or conlairter. 

7. Add ihe lipid solution u/ter the dextrose and amino add 
solutions have been mixed together. 

3. Gently swirl Lhe solution to mix the ingredients. 

9. Add any vitamin or mineral supplements to the solution 
after the macranutrLents (dextrose, amino add. Lipid) 
have been added. 

a. Ensure that there are no incompatibilities with the 
supplemental additives. 

10. The PN formulation can be siored In the refrigerator for 
24 hours, followed by 24 hours of storage at room 
temperature. Shield Lhe solution from sunlight. 


instrument preparation room. Alternate options for PN 
compounding Include hutitan hospitals, human parenteral 
compounding companies, and the commercial compound¬ 
ing pharmacy CAPS (Central Admixture Pharmacy Sendees, 
www.capspharmacy.com]. The formulation can be made in 
a 2- or 3-1. all-in-one infusion bag (VitalmixiJ, in a sterile 
glass container, or In a sterilized carboy. Single-use Infusion 
containers are preferred. Guidelines for PN compounding 
are listed In Box 50-1. 

Parenteral solutions should be administered through a 
dedicated line in a Large-d la meter or central vessel (|ugular, 
vena cava] to reduce complications from phlebitis but can 
be administered in a peripheral vein (lateral thoracic, 
cephalic] If the osmolarity of the solution is <900 mOsm/L 
A mulllfumen polyurethane catheter^ is ideal for PN Infu¬ 
sion because one port can be reserved exclusively for PN 
infusion while the other port(s) can be used for blood sam¬ 
pling and medication or fluid infusion. In many settings, 
when this Is not feasible, dual Infusion ports can be added 
to a singje-lumen .Arrow catheter. Patient medications may 
not be compatible with the PN solutions and should be 
given through a separate line, or the PN line flushed with 
saline before and after administration. Correction of elec¬ 
trolyte abnormalities in separate crystalloid supplemental 
fluids is best because rapid adjustments in the electrolyte 
supplements can be matte without discarding an expensive 
PN solution. 

lire PN solution should first be administered at 25% to 
33% of the total infusion rate, and If the patient tolerates 
the PN the rate should be gradually Increased over 12 to 
36 hours. A fluid administration pump facilitates a constant 
rate of Infusion. During PN theiapy the patient should be 
monitored for hyperglycemia, hypertriglyceridemia, and 
serum elecLrolyle abnormalities. Hyperglycemia and hyper¬ 
triglyceridemia should be managed first py reducing the rate 
of infusion and then by lowering the concentration of dex¬ 
trose or lipid Ln the PN solution, if hyperglycemia is 


♦AstraZeneca, Westbo rough, MA. 
+ American Regent, Shi Hey, NY. 


J, dhurchLll Medical Systems, Horsham, PA. 

*Arnow International, Reading, FA. 
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persistent treat ment with subcutaneous Ultralente Insulin 
(0.2 to 0.3 lll/kg, ql2-24h) or regular Insulin as a continu¬ 
ous rate Infusion (0.005 lo 0.01 Ll/kg/hr) may Improve glu¬ 
cose use and permit increased caloric intake without further 
hyperglycemia. Similarly, heparin (40 ILI/kg ql2h) may be 
administered if hyperlipemia persists. At (he conclusion of 
Lherapy r FfJ should be gradually discontinued over 18 to 
36 hours. 


PARENTERAL NUTRITION IN HORSES 

Adult Horses 

I’he stall resting digestible energy (DE r „J and maintenance 
protein requirements, calculated as shown earlier, should be 
used as guidelines when formulating a PN solution for an 
adult horse. Although the exact energy requirements during 
a clinical illness have not been determined For the equine 


Parenteral Nutrition Worksheet for Adult Horses 


PATIENT INFORMATION 

1. Initial body weight (BW) (kg} _kg 

2. Stall resting energy requirement: DE^ (kcal/day) = 975 -i- 21 (BW in kg) __kcal 

3. Maintenance energy requirement: DE maht (kcal/day) = 33.3 (BW in kg) kcal 

4. Protein requirements: Crude protein (g/day) = 1.26 (BW in kg) _g 

5. Fluid requiremenls for maintenance: 60 ml_/kg/day _mL 


PARENTERAL NUTRITION FORMULATION 

6. Total kcal required per day (estimate between 2 and 3 calculaled above) _kcal 

7. Calculate volume of 10% amino acids required lo meet protein requiremenl (from 4) 

Protein (g) X 1 ml/0.1 g of protein lor a 10% ami no acid solution* _mL 

6. Calorie conlributior from 10% amino acid solution (from 7) 

4 kcal/g protein x grams of protein in solution _kcal 

9. Total kcal required/day (from 6) - tolal kcal provided by amino acids (from 8) _kcal 


Trie calorie contribution from protein can be omitted from trie following calculations, if desired. 

10. Determine amount ol lipid required lo meet 20% to 70% of the remaining energy requirements: 

10% lipid solution conlains 1 kcal/nnL, 20% lipid solution contains 2 kcal/tnL 

Example: If providing 50% ol remaining energy requirements with 10% lipid: 

(kcal [Irom 9] X 0.5) X 1 mUI kcal (substitute 0.5 mUI kcal if using 20% lipid) _mL 

11. Calculate remaining energy requirements to be provided by 50% dextrose ____ 


Example 

Providing 50% ol calories with dextrose: (kcal [from 9] X 0.5) X 1 mL/1.7 kcal __mL 

12. Add 1 to 2 mL ol B vitamin complex per liter _mL 

13. Add up to 5 mL of trace minerals per day _mL 

14. Determine Ihe tolal volume of Ihe PN solution (7+10+11 +12 + 13) _mL 


15. Determine Ihe rate ol PN infusion fora 24 hour period: mL (from 14)/24 mL/hr _ 

16 Calculate the calorie: nitrogen ratio for the PIN solution _ 

Tolal kcal from PN solution (Irom 6)/(total g of protein/6.25) _ 

17. Calculate osmolarily ol Ihe solution 

10% Amino acid__mL (from 7)x 0.640 mOsm/mL = _mOsm 

10% Lipid _mL (from i0)x 0.276 mOsm/m = _mOsm 

50% Dextrose _mL (Irom 11 )X 2.550 mOsm/m = __mOsm 

+_ Total mL 

+_Total mOsm 

PN solution mOsm/L = Total mOsm/Total mL X 1000 mL/L _mOsm/L 

‘An 8.5% amino acid solution wilh electrolytes contains 0.085 g ol protein per milliliter and 1.045 to 1.444 mQsm/mL. 


FIG. SO-1 II FarcnlCTn] nutrition wurkxhraL foraduh hurcin. 
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species, provision of enough nutrLents to meet the stall rest¬ 
ing requirements should provide the adult horse with suffi¬ 
cient energy lo blunt the catabolic effect of anorexia and 
illness. Horses with a limited medical budget can be managed 
with a PN solution that provides a portion of the DE re)t1 
energy. 

The preferred w r ay to formulate a PM solution Is first to 
meet the calculated protein requirements of the horse with 
the amLno acid solution and then lo meet the remaining 
energy requirements with a combination of dextrose and 
Itpia calories. A formula with approximately 50% of non- 
prolein calories as lipid and 50% as dextrose Is recom¬ 
mended. The final composition of the solution can be 
altered to manage patients with hyperglycemia or hypertri¬ 
glyceridemia. An example of a worksheet used to facilitate 
calculations for PN formulation for an adult horse is shown 
in Fig. 50-1. Alternatively, the clinician can calculate the 
dally requirements of dextrose, amino acids, and lipids on 
a dose per BW basis. The formula listed In Table 50-4 pro¬ 
vides 2.B, 1.5, and O.flg of dextrose, amino adds, and 
lipids, respectively, per kilogram per day, providing the rest¬ 
ing stall BE and maintenance protein requirements with a 
calorlemitrogen ratio of 108:3, with 4B% of nonprotein cal¬ 
ories as lipid and an osmolarlty of 1026 mOsm/L. Approxi¬ 
mate cost is J450/day not Including administration sets. Of 
the clinician is willing to forgo the benefits of lipid inclu¬ 
sion, the lipid component In Table 50-5 can be replaced 
with an additional 2.-5 g/kg/day of dextrose, at a savings of 
nearly 5200/day. 

A commercial amino acid and dextrose admixture (Clin- 
imix, 5% Aminosyn II, 25% dextrose*) Is a convenient alter¬ 
native that does not require special preparation. However, 
because these products do not contain lipids, the osmolarlty 
{1539 mOsm/L) is higher than that of the PN solution in 
Table 50-5. The increased cost of these products may be par¬ 
tially offset by the savings In sterile mixing containers and 
time costs ofPN preparation. 

Foals 

The nutrient density of PN solutions for foals is higher than 
that for adult horses. The PN formula In Table 50-5 Is 
designed to provide 10, 3.5, and 2 g of glucose, amino acid, 
and dextrose, respectively, per kilogram per day This for¬ 
mula will provide 70 kcal/kg/day at a calorie:nitrogen ratio 
of 125:1 and an osmolarlty of 1139 mOsm/L, with 40% 


'Hospiia, Lake Forest, IL GQ045. 



' Aval lab k' ax Arninrayn II, UiKipirj. Laky. 1 LoitsL. II, or TiaVaioL 
HlVcl'i I Ll'jIIJle,ul (Clin (ft), [ImrfbcU, IL 

.'■.■■■jiUbk ,rv L.ipoxyu 11, AbbcM.1 I jlioralorLfs. N Cihiragn, LI.: oc IntraljpiJ. 
ti.tc l 1 j I tcallhciur, LJrerfieiil, JL 



Parenteral Nutrition Formulation for Foals 


Ingredient 

Dosage Rate 

Volume per Day | 

(50-kg Foal} i 

50% Dextrose 

10 g/kg/day 

tQOOmL 

10% Amlnci acids 

3.5 R'kg'day 

1750 mL 

1 0% Lipid 

2 g/k&'djiy 

1000 mL 

Jicfiin administration at 0.7 mL/kg/hr and gradually increase 

to Largct of 3.1 mL/kg/tir [3750 midday for a 50-k® fo.itji. 


of the nonprotein calories as lipid. Once the full flow rale is 
achieved, additional caloric density can be achieved by 
increasing the proportion of lipid emulsion, and If fluid vol¬ 
ume restriction is required, 20% or 30% lipid emulsion can 
be used Instead of 10%. Further Increases in caloric intake 
require increased flow rales. 


PARENTERAL NUTRITION IN RUMINANTS 

Because of cost, use of FN Is usually limited to calves, and 
little information exists on the use of PN In the adult 
bovine or the ovine and caprine species. The most common 
indication for the use of PN in calves is diarrhea, particu¬ 
larly in chronic cases accompanied by weight loss. 17 In 
such cases, If sufficient milk is fed to meet the calfs nutri¬ 
tional needs, the diarrhea is exacerbated, and PN allows 
the quantity of milk to be reduced without compromising 
the nutritional status of the patient. The PN regimen 

E frovlded for foals in Table 50-5 would also be suitable 
or calves. However, because amino acids and lipids are 
the most expensive components of PN, a modified formula 
based on a 10:2:1 glucose:amlno aclddipid ratio has been 
used with success. 37 For a 50-kg calf, this would result in 
administration of 1 L of 50% dextrose, I L of 10% amino 
acids, and 500 mL of 10% lipids daily, at an approximate 
cost of %60 per day. Eliminating the lipid emulsion from 
the formula Is an acceptable alternative that will reduce 
the cost approximately 15%. A multiple B vitamin product 
may be added to the formula [approximately 1 mL of sup¬ 
plement per liter of PN), but trace minerals are not usually 
necessary for the short-term administration that Is most 
common In calves. 

Catheter-related complications are rare In calves^ and a 
central venous catheter, although preferred. Is not required. 
I (RWS) have had success with 16-gauge. 3Vi-lnch, Teflon- 
coated, over-the-needle catheters available from several dislrtbu- 
lois. These are placed in the jugular vein, sutured or glued to the 
overlying skin, and left in place for up to 10 days ifno signs of 
phlebitis or sepsis occur. 

SPECIAL DIETS 

Numerous diseases require specific alterations in the therapeu¬ 
tic ration because of metabolic disturbances that accompany 
these conditions. Recommendations are discussed in the 
individual chapters dealing with these diseases and include 
alterations In dietary protein for hepatic disease and restric¬ 
tions In the protein and calcium content of the diet for horses 
with chronic renal failure. A nutritionist can develop therapeu¬ 
tic enteraL and parenteral formulations lo meet the unique 
nutritional requirements ofindivldual patients. 
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Genetic Disorders 

ANGELA M. HUGHES 


INHERITED DISEASES 

Inherited diseases and congenital defects are structural or 
functional abnormalities that may or may not be obvious 
at birth. There are a wide range of possible defects, from a 
single structural change (e.g., leg length] to the involvement 
of multiple organs or systems (e.g., storage diseases, chro¬ 
mosomal abnormal HiesJ, depending on the type and extent 
of toxic exposure during gestation or genetic mutation, it is 
important to identify 1 animals with genetic or congenital 
disorders because of the economic and emotional impact 
on clients, but many disorders can be difficult to recognize 
and trace, particularly if they lead to embryonic or fetal 
death, abortion, dysmalurlty, premature birth, or full-term 
stillbirth. 

It is important to remember that not all congenital 
defects are genetic In origin and making the distinction 
between conditions caused by an environmental factor 
and a genetic cause will help clients make appropriate 
changes to prevent the disorder in the future. To determine 
the cause of a disorder, it is vital that each case be thor¬ 
oughly examined. Each case should be sub|ected to a full, 
careful description of the disorder. Including a complete 
necropsy. The environment and management conditions 
should be investigated for potential causative agents, and 
all available genetic information for the affected animal(s) 
and unaffected herdmates should be collected. Including 
gender, birth date, and breed. Environmental teratogens 
affecLlng large animals Include toxic plants, drugs, viruses, 
and physical agents (e.g., hyperthermia. Irradiation], 
Although it may be difficult, to identify 1 Inciting teratogens, 
analysis of affected herds will reveal patterns that follow 
seasonal or management changes or stressful events. 

This chapter focuses on the essential genetic information 
that veterinarians require to inform their clients about 
genetic diseases and how to find Information on diseases 
and traits with a genetic component. 

GENETIC INFORMATION 

The basic blueprint for life in most organisms, the genetic 
material. Is deoxyribonucleic acid (DNA). DWA Is com¬ 
posed of lw r o strands of bases: adenine (A), thymine (T], 
guanine (C), and cytosine (C). These bases align to form 
complementary base pairings such that A always pairs with 
T and G always pairs with C. These strands can be 
completely separated and replicated Ln preparation for cel¬ 
lular division. Alternatively, these strands can be partially 
separated, transcribed into ribonucleic acid (RNA), and 
translated Into functional proteins. 

The DNA sequence of a mammalian genome Is divided 
into aulosomes and a pair of sex chromosomes, X and Y. 
Each chromosome contains a variety of genes as wdl as 


''filler'' DMA that does not code for proteins, but may deter¬ 
mine where and to what degree each gene is expressed. 
Genes on each chromosome code for the various structural 
and enzymatic proteins required for life. One set of chro¬ 
mosomes, and thus one set of genes, Is inherited from each 
parent. As a result, a mammal generally has two copies, or 
''alleles," of any given gene. Simple traits or diseases involv¬ 
ing these genes can be inherited In dominant or recessive 
patterns and Involve the aulosomes, or sex chromosomes. 
Unfortunately, not all traits or inherited diseases are simple; 
many involve multiple genes and Interactions between 
enes and the environment, which can make It difficult to 
lagnose and understand a complex disease or trait. 

Recessive Inheritance 

Traits or diseases with a recessive mode of Inheritance 
require two affected copies, or alleles, of the gene to express 
that trail or disease. Ihese conditions can be autosomal. 
Involving genes on the autosomes, or nx-Rnk&i caused by 
genes on either the X or Y chromosome. Generally, autoso¬ 
mal recessive traits or diseases are caused by mutations that 
render a protein unable to perform Its original function. 
When an animal Inherits the affected allele from both par¬ 
ents, It Is homozygous for the gene and is unable to make 
functional copies of that specific protein. Heterozygous Indi¬ 
viduals inherit only one copy of the affected allele, and they 
have a "backup' 1 copy of the normal or wlld-lype allele to 
provide the functional protein. These heterozygous Indivi¬ 
duals are carriers of the trail or disease allele and can pro¬ 
duce affected offspring if bred lo another heterozygous or 
homozygous affected Individual. 

The hallmarks of autosomal recessive trails Include that 
all offspring of two affected parents are affected and approx¬ 
imately equal numbers of males and females are affected. 
Unaffected carrier parents can produce affected offspring, 
and thus the trait or disease can skip generations. Addition¬ 
ally, mating an affected individual lo a noncarrier (homozy¬ 
gous nor main produces all offspring that appear normal but 
cany the affected allele. Breeding two carrier individuals 
results in approximately 25% normal, 50% carrier, and 
25% affected offspring. 

An example of an autosomal recessive trait is spider lamb 
syndrome, or hereditary chondrodysplasia. Lambs affected 
with this syndrome display several skeletal abnormalities. 
Including disproportionately long ''spider" legs, curvature 
of the spine, facial deformities, rib and sternum deformities, 
lack of body fat, and muscular atrophy. The causative muta¬ 
tion is a single base-pair substitution, from a T to an A, 
altering a highly conserved amino acid in the fibroblast 
growth factor receptor 3 [FGFR-3] gene, which prevents 
the receptor from functioning to limit endochondral ossifi¬ 
cation and thus bone growth. 1 
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Dominant Inheritance 

Traits or diseases with a dominant mode of Inheritance only 
require one affected allele to express the trait or disease, also 
known as the affected phenotype, and there Is no distinguish¬ 
able difference in the affected phenotype of a heterozygote 
and homozygote. Ag^in, the genes that are responsible for 
these traits or diseases can be on the autosomes or sex chro¬ 
mosomes. Dominant traits or diseases may be caused by 
mutations that enable the mutant protein to have an altered 
function or structure. Alternatively, a single, functional copy 
of a gene may not be enough to achieve normal levels of 
function ("haplotnsufficient'j, resulting in the need for two 
normal copies of the gene to achieve a normal phenotype. 

The main feature or an autosomal dominant trait or disor¬ 
der is that affected 3 ndlvlduals must have at least one affected 
parent (unless It Is a new mutation), and thus the disorder 
does not skip generations. There Is no gender bias with an 
autosomal dominant trait, and approximately half the off¬ 
spring of a heterozygous affected Individual will be affected. 

An example of an autosomal dominant disease is myoto¬ 
nia In goats. When startled or malting sudden, forceful move¬ 
ments, these goals can develop severe, acute muscle stiffness 
causing Immobility and sometimes falling over, resulting in 
descriptions such as "fainting,” "nervous,"' "stiff-legged/' or 
''epileptic" goats. A single nucleotide change was Identified 
that substituted a proltne for a conserved alanine residue in 
a chloride channel in the muscle fibers, litis alteration in 
the chloride channel causes a diminished channel-open 
probability at voltages near the resting membrane potential 
of skeletal muscle, resulting In decreased chloride conduc¬ 
tance and a significantly decreased electrical threshold for fir¬ 
ing action potentials. Ultimately, this altered chloride 
channel allows conduction of repetitive impulses that result 
in sustained muscle fiber contraction and stiffness. 2 


Co-dominant Inheritance 

The co-dominant (or semldominanl) pattern of inheritance 
is distinguished by the fad that homozygotes can be differ¬ 
entiated from helerozygotes based on clinical features. 
A well-known example of a co-do minanl disease is hyperka- 
lemlc periodic paralysis (HYPP) in quarter horses. In HYPP 
the voltage-gated sodium channels in the muscle fibers have 
a mutation that Increases sodium permeability across the 
skeletal muscle cell membrane, resulting In increased mus¬ 
cle mass, but also drooling, prolapse oftne nictitating mem¬ 
brane ["third eyelid"), respiratory stridor, and weakness. 
Homozygous HYPP horses experience more frequent and 
severe clinical signs of disease than heterozygous horses. 3 
Thus, it Is Important to counsel breeders to avoid producing 
homozygous affected horses bv not mating two heterozy¬ 
gous horses, because 25% of their offspring would be 
expected to be homozygous affected, and 50% of the off¬ 
spring would be heterozygotes. Breeding a heterozygous 
horse to an unaffected horse will also result In approxi¬ 
mately 50% of the offspring being heterozygous and no 
possibility of producing a homozygous affectM foal. 


Sex-Linked Traits 

Sex-linked traits and diseases involve genes located on 
either the X or the Y chromosome. Males are particularly 
susceptible to these conditions because they have only one 
each of the X and Y chromosomes. Thus,' if they have a 
mutant allele for one of the genes on either of these chro¬ 
mosomes, they will express the affected phenotype because 
they do not have a "backup' 1 copy. They have only one copy 
of the X and Y chromosomes, so they are hemizygous. 


Females generally are less likely to demonstrate sex-1 Inked 
recessive trails or diseases because they have lw r o copies of 
the X chromosome. However, because of random X inacti¬ 
vation in each cell during fetal development, some females 
may express an affected phenotype. To achieve this, the X 
inactivation must be skewed such that the unaffected chro¬ 
mosome is inactivated more often than the X chromosome 
carrying the affected allele. In rare cases in which the inacti¬ 
vation is significantly skewed, females may be mildly to 
severely affected, depending on the level of expression for 
the affected chromosome. 

Key characteristics of X-l inked recessive trails are that the 
trail appears with much greater frequency in males than 
females, half the sons of carrier females will be affected, 
and half the daughters of carrier females will also be car¬ 
riers. Hemophilia A, characterized by a strong tendency lo 
bleed resulting from mutations in the clotting factor VEff 
gene on the X chromosome, is an example of an X-l Inked 
recessive disorder. 

X-l Inked dominant trails are characterized by the follow¬ 
ing; affected offspring must have at least one affected par¬ 
ent, the disorder does not skip generations, and an 
affected male mated to normal females will transmit the 
mutation to all his daughters hut not to his sons. 

There are very few Y-linked diseases recognized in any 
mammalian species because of the small number of genes 
on the Y chromosome. Additionally, the majority of the 
genes contained on the V chromosome are involved In male 
fertility; thus mutations in these genes generally render the 
animal sterile, resulting In no transmission of the mutations 
lo future generations. 

Polygenic Traits 

In addition to the single-gene traits and diseases, numerous 
conditions are the result of two or more genes and may also 
involve genetic and environmental interactions. Some of 
these polvgenlc (rails are economically important, such as 
milk quality and yield in dairy cows. For milk quality, a 
large number of genes may be contributing a small portion 
to the overall milk production of an animal.- 3 Teasing out 
the details of a complex polygenic system Is difficult; how¬ 
ever, research Is ongoing to Identify the exact genes involved 
and the role each gene plays for many economically impor¬ 
tant trails and diseases. 

Penetrance and Expressivity 

For many simple traits, there is an obvious difference 
between the two phenotypes that can be translated to the 
alleles involved, or gemuype, with 100% certainty. A good 
example of this is albinism, which Is considered to be 
100% penetrant, with penetrance, defined as the percentage 
of individuals with a given genotype who actually show the 
phenotype associated w r llh (hat genotype. Influences such 
as modifying genes or environmental interactions can alter 
the expression of certain genes such that the exact genotype 
is not expressed in the outward phenotype. Alternatively, 
the function of a gene may be subtle, making it difficult lo 
measure distinctions adequately between genotypes. Geno¬ 
types that may not be expressed in every Individual are con¬ 
sidered lo be 'incompletely penetrant. 

Another measure of genetic expression Is the concept of 
expresiivity. Modifier genes and environmental Influences 
can affect the degree to which a genotype Is expressed. For 
example, 'Variable expressivity" may be Involved in pig¬ 
ment intensity when two individuals have the same geno¬ 
type at the gene responsible for red pigmentation, but one 
has clearly darker red hairs than the other. 
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Incomplete penetrance and variable expressivity Gin 
greatly complicate analysis of genetic traits and diseases. 
These factors can also make breeding decisions more diffi¬ 
cult because It may not be possible to classify an animal's 
genotype based solely on a phenotype. In these more 
ambiguous cases, genetic testing will play a vital role In 
the unequivocal determination of genotypes, allowing 
appropriate and Informed breeding decisions. 

POSITIVE AMD NEGATIVE SELECTION 

Breeders can Improve their breeding stock by selecting for or 
against specific traits and diseases. These processes are known 
aspwsMt'g and negative selection, respectively. A breeder may 
choose to breed an animal because it has desirable genes or 
qualities {positive selection). Alternatively, they mav choose 
not to breed an animal that has been shown, either through 
genetic or breeding tests, to carry an undesirable trait or dis¬ 
ease {negative selection). Ultimately, both scenarios will 
achieve the goal of Improved breeding stock. 

CHROMOSOMAL ABNORMALITIES 

Occasionally, problems arise during mitosis, meiosls, or fer¬ 
tilization, resulting in chromosomal, or ffrrryoq-pe, abnor¬ 
malities. Many Karyotypic abnormalities have been 
Identified In all large animal species, but not every chromo¬ 
somal abnormality nas been associated with an overt disease 
phenotype . 5 - c Some examples of common chromosomal 
abnormalities include the absence of an X chromosome, 
called XO Turner's syndrome, which results in female Infer¬ 
tility. An additional X chromosome in XXY Klinefelter's syn¬ 
drome causes underdeveloped males with underdeveloped 
male sexual behavior, in addition to abnormal numbers of 
sex chromosomes, two chromosomes can unite into a single 
chromosome, called a "Robertsonian translocation," leading 
lo reduced reproductive capacity In some species and early 
embryonic death In cattle. Because of possible chromosomal 
abnormalities, several countries have instituted mandatory 
kayotyping of some breeding cattle. Additionally, clinicians 
should consider karyotyping any animal that presents for 
reduced fertility or has multiple abnormalities. 

BREEDING SCHEMES: TEST MATINGS 

As a result of numerous advances in the field of genetics, 
the genetic causes of many diseases and traits are known 
and can be tested before using an animal in a breeding pro¬ 
gram. Additionally, more DNA-based tests are expected as 
research continues. How r ever, clients may be interested In 
testing for a disease or trait that does not have a known 
genetic cause. For these situations, sires can be tested using 
breeding Lrials, as described in Table 51-1. For example, if a 
sire is bred to carrier females for a disease of concern, he 
would have to produce 10 normal offspring to ascertain 
that he is not a carrier with 95% confidence, 16 normal 
offspring to have 99% confidence, and 24 normal offspring 
lo nave 99.9% confidence that he is not a carrier for the 
disease of concern. 

The lime required to complete test matings can be signif¬ 
icantly shortened using superovulated affected females, 
insemination, and embryo transfer (two per recipient) fol¬ 
lowed by early cesarean section at 60 days and examination 
of the offspring for the genetic defect(s) of concern. 

OBTAINING GENETIC INFORMATION 

Because of the ever-Increasing wealth of genetic informa¬ 
tion, the most complete and current Information can be 
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Test Mating Schemes to Examine Males for Genetic 
Traits or Diseases at Various Confidence Levels 



Affected’ 5 7 tU 

Normal carrier; T LO 16 24 

SI re's daughters* 22 35 52 


■ liscta few uitJy mic lr,ul. 

'TciiLi Ini .ill unUc.iir.ihJi: rctrs-me trait*. 
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Recommended Websites for Large Animal Genetics 


OMIA—Online Mendditn Inheritance sn Animals: horse, 
cow, aheep, goat, pig 
http://om Lx.-i ngls.OEg.aLi/ 

MIS—Mentfcllar Inheritance in Sheep 

htlp://www.a ngls.org.ati/Databases/ RtfiX/m Li,' 
VelejinaLy Genetics Laboratory at the University of 
California, Davis, horse 

h[lp://www.vgj .ncdavJs.edu/servke/horse/lnclex.htnal 
htip:, , ', , 'wv,-w.val.iicdavJs.edu/r-esearch/equine/ 


found using online resources. It is recommended that clini¬ 
cians use websites produced by reputable institutions to 
obtain the most accurate and referenced information avail¬ 
able (Box 51-1). 

Alternatively, clinicians are encouraged lo contact the 
Veterinary Genetics services available at many veterinary 
schools if they are unable to locate the Information they 
require. 

RECOMMENDATIONS FOR BREEDING 
PROGRAMS 

When a genetic disease has been Identified, it is recom¬ 
mended that parentage be verified by DMA analysis and 
the extended pedigree be confirmed. Additionally, a 
pathologist should make appropriate examinations of tis¬ 
sues for an accurate diagnosis, and a certified statement 
detailing the condition should be written by a veterinarian 
or other third-party witness. The final decision w r llb regard 
to the status of a particular animal should be withheld 
until all reasonable doubt has been removed, for bulls, 
this Is usually at least two thoroughly documented cases 
or a posLtive genetic test. If available. The artificial insemi¬ 
nation (At) organization and breed registry should be 
Informed of the status of each animal because disease 
information is Important In future breeding decisions. 
Many Al organizations list any undesirable recessive alleles 
In their advertising, and some also remove carrier animals 
from service. 

Depending on the value of the animal in question, a 
breeder may choose to remove the animal from the 
breeding program al the first sign of a potential genetic 
problem. In these cases, documentation of the abnormal 
conditions should still be conducted for completeness 
and for comparison with other cases that may be found 
In the future. 
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Genetic Tests for Large 

DANIKA EANNASCH 


Animals 


Genetic le&llng based on deoKyribonudelc acid (DMA) 
involves the analysis of an animal's DMA to determine the 
individual's genotype for an inherited disorder trait or 
anonymous marker. Genetic testing, can be used for posi¬ 
tive or negative selection in a population, depending on 
whether It Is being used to identify a disease (negative) or 
a trait (positive). Genetic testing can also be used for per¬ 
manent individual identification and parentage determina¬ 
tion. Many breed registries require parentage verification to 
ensure the accuracy of their pedigrees. 

Using genetic testing results for selection requires an 
understanding of the mode of inheritance of the disease 
or trait. Most often, a genetic test will be performed for a 
recessive disorder to determine if an animal Is a carrier. Car¬ 
riers are asymptomatic but have the potential to produce 
diseased progeny. Because they have no outward manifesta¬ 
tion of disease, a genetic lest Is extremely valuable for man¬ 
aging their breeding appropriately. Carrier animals can be 
hrec I to noncarriers if needed to retain valuable characteris¬ 
tics while not producing diseased offspring. In the case of 
ositlve selection for a trail of interest, carrier animals may 
ave higher breeding values because they can produce a 
trait if bred to other carriers or to animals with the trait. 
Genetic tests may ^llso be used for dominant disorders If 
the disease/tralt has a late age of onset or If it Is Inherited 
in a co-dominant manner. DNA test lug for traits that are 
controlled by more than one locus (polygenic) may also 
be used for selection for economically important traits. In 
these cases, one particular genotype may confer a slight 
advantage over another and therefore, tn a large population, 
can have a significant effect on production. 

Box 52-1 defines key genetic terms; see also Chapter 51. 

INDIVIDUAL IDENTIFICATION AND 
PARENTAGE TESTING 

Researchers use genetic markers distributed along all the 
chromosomes as tools to Identify regions associated with 
diseases or traits. The markers are composed of small 
nucleotide repeats and are called m icrosatcIUte markers or 
short tandem repeals (STRs.). These markers have a feature 
that makes them extremely useful to geneticists; the in in¬ 
kers have been chosen to be "polymorphic"' (show differ¬ 
ences) between Individuals. In other words. Individual 
animals will have different lengths of the nucleotide 
repeats for each of these markers. The high level of poly¬ 
morphism of this tvpe of marker makes them useful for 
"mapping''' (Identifying the chromosomal location of 
diseases and traits 

The microsatelllte markers are assayed by polymerase 
chain reaction (TCR) amplification using flu orescent-labeled 
printers. [Timers are short [^20 base pairs), single-strand 
lengths of DNA that are complementary to a specific region 


of the genome. PGR Is the amplification of a section of DNA 
contained between tw r o primers designed to complement 
the unique sequence flanking the 5TR. The PCR products 
are then resolved by electrophoresis based on their length. 
Figure 52- L shows a singje microsatellite marker Ln three dif¬ 
ferent animals. This marker Is polymorphic and would be a 
useful marker for Individual Identification or parentage. 
Because the markers show differences between individuals, 
a collection of these markers can be used as a form of Identi¬ 
fication of an animal. High statistical significance can be 
obtained with as few as 10 markers, depending on the species 
and breed. The DNA type of an animal will not change over 
its lifetime and can therefore be used as a form of permanent 
identification. 

Many purebred registries require parentage verification 
for registration purposes. To accomplish parentage verifica¬ 
tion, a DNA sample must be available from both parents 
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Definitions of Genetic Terms 


Allele One of the variant forms of a gene at a particular 
locus., or location, on a chromosome. 

Base pairs- Two basts tbal form a 'rung of the DNA ladder.' 1 
A DNA nucleotide u made of a molecule oI sugar. .1 
molecule of phosphoric acid, and a molecule called a 
"base.' The bases are die "JeLLers" Lhai spell out the genetic 
code. In DNA the code Sellers are A. T. Cl. and C, which 
itand for the chemicals adenine, thymine, guanine, and 
cytosine, respectively. 

Genotype Genetic makeup, either at a single locus or at all 
loci 

Linked Association of genes and markers that he near each 
other on a chromosome; Linked genes and markers lend 
be Inherited lugelher 

Locus Place on a chromosome where a specific gene Is 
located; a type of''address" for the gene. 

Marker Segment of DNA wuh an identifiable physical 
location on a chromosome, the Inheritance of which can 
be followed. A marker can be a gene or some section of 
DNA with no known function. Also known as a jjen frier 
nmrfcer. 

Mlcrosatell tie Repetitive stretches of short sequences of D NA 
used as genetic markers Lo Pack Inheritance in families. 

Phenotype Observable traits or characteristics of an animal 
(e.g., coat color, weight, presence or absence of a disease) 

Recombination Genetic mansmlssion process by which the 
combinations of alleles observed, at different loci Ln two 
parental Individuals become shuffled in offspring 
Individuals. 

Splicing Ribonucleic add (RNA) splicing removes in Irons 
and joins exons in a primary eransmpi. 
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FIG. 51-1 II .MicrautriLilr mnikent are 
VLM:,iJL,:i.d after ^uJyinerase dhnin rear twin 
(PCKji by ruikcmt^ Nhu J L l i ■: > r l- s l- l- r 1 1- J. l I :■ ■/ J i: -:l 
product (^rr-Liiim in D/ijrJr^ thruu^li capillary 
elertrophomb-, which leparata tins products 
baaed mi sbr reLntive tu< nn internal si™. - stan¬ 
dard (xlmji'ir in js;iin ! J. Lacli panel (A, 13, and. 
t) shuws the n/s-ulLi far a dilTerent animal. 
Site (hate pain or UNA] is it solved alonp 
the x axis, and Lhe y axis ihuws the JLuurtfs- 
rence Lntnuity. 





as well as the offspring. DNA samples are taken in she farm of 
hair, blood or buccal swabs [depending on the species and 
registry) and submitted at the lime registration Is requested. 
Each animal Inherits one copy of each marker from its sire 
and one copy from Its dam, so the markers can also be used 
so verify parentage. The most useful marker has a high poly¬ 
morphism rale because thal type of marker will be most 
likely lo show differences not only between the sire and 
lhe dam, but also bettveen the two copies (alleles) of lhe 


marker. A set of polymorphic markers [--JO to 20) is used 
to verify parentage to ensure a high probability that the par¬ 
entage is correct. Table 52-1 shows the allele sizes for a set of 
markers in a parentage case. For marker A the offspring 
Inherited a 122 and a 126 allele, lhe 122 came from its 
dam, so the 126 came from the sire. Because sire 1 does 
not have a 126 allele, it has been excluded. In this example, 
sire 1 Is excluded as the sire of the offspring and sire 2 is ver¬ 
ified on the basis of the results for all three markers. 
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Parentage Verification Us Eng Microsatellite Markers 


Individuals 

Allc 

:1c Sizca for 1 

■our Markers 

A 

B 

C 


Dam 

i■ 

i 10 

131/133 

3U/H2 

Offspring, 

122/ 3 26 

110/112 

133 

32/36 

Sire J 

12fl 

112/114 

131 

34 

Sire 1 

12fi 

112/114 

131. 

36,' L J0 


DISEASE TESTING 

Clinicians can u&e DIMA te&Llng Ln disease diagnosis or to 
determine an animals potential for producing diseased 
progeny. Generally, disease diagnosis Is based on clinical 
signs and other diagnostic tests., but occasionally DNA test¬ 
ing is used, in particular for later-onset diseases or diseases 
for which diagnosis by traditional methods is difficult or 
invasive. To offer a genetic test, the gene responsible mus( 
be known, idealLv. [he actual mutation that causes the dis¬ 
ease has been identified. Rather than knowing the exacl 
gene or mutation, only a region of a chromosome may have 
Been implicated in a "particular disease. DNA tests can be 
divided into two categories: mutation tests and hoked- 
marker or haplotype tests. AAjJdEion tests are based on an 
actual mutation that causes disease, whereas the hnh&i- 
marker or haplotype Lest is based on the region of the chro¬ 
mosome that is known to cause disease., but not necessarily 
the actual mutation. Usually, haplotype lests are offered 
Instead of a mutation test because the mutation has nol 
yet been identified. 

Mutations that cause disease appear in many different 
forms. A change of a single base pair from one base to 
another can cause a disease either by changing an amino 
acid ("mlssense" 1 mutation), truncating the amino acid 
chain ("nonsense" mutation), or altering expression or 
proper splicing, for example, missense mutations have been 
shown to cause Lethal white foal syndrome In the American 
Paint horsed- 1 Insertions or deletions of a single base pair 
(bp) can cause mutations in the coding sequence by altering 
the translational frame, which ultimately causes protein 
truncation. An ] 1-bp deletion In the myostatln gene causes 
a fra, mesh aft mutation and protein truncation In Belgian 
blue and Peidmontese cattle with the double-muscle phe¬ 
notype.- 1 - 6 Large deletions or Insertions that remove 
hundreds and thousands of base pairs can also cause dis¬ 
ease. For example, the polled anlersexuality mutation in 
goats is caused by an ] 1.7-kilobase deletion that removes 
a regulatory element that controls the expression of two 
genes. 7 ’litis endless array of possible changes In the DNA 
that result in disease makes each individual DNA-based 
genetic test different. 

The basis for DNA testing Is PGR. Primers can be 
designed specifically to amplify either the disease-causing 
allele or the normal allele Alternatively, the PCR product 
can be digested with a restriction enzyme that cleaves the 
[UNA at a particular sequence of bases. A restriction enzyme 
is chosen that shows a different cleavage pattern between 
the mutant and the normal version of the rCR product. 
Direct sequencing of a section of DNA can also he used to 
determine the animal's genotype. Many different methods 
are available to assay changes In DNA that lead to disease. 
Bach company shat offers a test may choose a different type 
of assay for the same mutation. 

If die exact mutation that causes the disease has nol 
been discovered, a I Inked-marker test can be used. A "lin¬ 
ked marker" is a mlcrosateliLEe marker similar to those 


prevlously described for individual Identification and par¬ 
entage analysis. The marker is ’''linked"' along the chromo¬ 
some to the disease gene, it can be used as a proxy for the 
actual mutation, the associated error rate can be decreased 
by using a set of markers that flank the gene causing the dis¬ 
ease. When a set of markers is used, the test is called a "hap¬ 
lotype'" test. Because the test does not directly test for the 
mutation, an error is still possible. Figure 52-2 shows a ped¬ 
igree that is segregating a disease allele and a marker. In 
panel A the disease allele is in linkage phase with the 
marker allele 132. In this family the 132 allele is correlated 
to the disease locus. Panel ft shows a family in which I he 
linkage phase is different. In this family the sire has a 13S 
allele associated with the disease allele. Therefore, his 
affected son would be called a "carrier"’ and one of his 
daughters that is a carrier would be called "'normal'" based 
on this linked marker Linked markers can be used in 
families with affected individuals to test for the presence 
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Qr absence of the disease allele in other family members. 
The problem arises when a Unked-marker test is used to test 
individual animals. The linkage phase is assumed based on 
research done In one family, but may not be true for every 
animal In the breed. 

There are limits to all genetic testing. In mutation tests 
the specific mutation being assayed is the only factor being 
evaluated. An animal may have a different mutation in 
that gene or a mutation in a different gene that causes 
the same phenotype (phenoeopyj. It Is therefore correct 
to state that an animal has been "ONA tested negative" 
for this specific mutation rather than IJ DNA tested clear 1 ' 
of the disease. Linked-marker tests have these same sources 
of error, as well as additional sources. Recombination 
events between the markers and the disease gene can lead 
to false-positive and false-negative results. The use of mul¬ 
tiple markers that flank the gene of Interest (haplotype 
test) can Increase the probability that a recombination 
event will be identified. If one Is identified, the laboratory 
will know Ui.it the test is not valid in this individual. The 


second source of error with either a I Inked-marker or a 
haplotype test occurs when there Is an ancestral recombi¬ 
nation event that changes the linkage phase of the alleles. 
The result is that the laboratory would interpret an ani¬ 
mal's genotype at the disease locus (ncorreclly r based on 
the linked markers. 

No association or committee evaluates quality control of 
DNA tests that are available In animals. Most tests are pub¬ 
lished In the scientific literature not as tests but as articles 
describing the discovery of the mutation. Because some 
cases involve patent issues, some tests are offered before 
publication. Much of the research done Lo Identify the 
mutations Involved In the tests is performed at universities 
and funded by granting agencies (hat have both financial 
and intellectual Interest In patenting the tests. Companies 
then license the rights lo offer the tests. Because the compa¬ 
nies that have a license for each test can change, company 
names are not listed In this chapter. Rather, searching on 
the Internet for the test name will give veterinarians access 
to the companies offering the tests. Tables 52-2, 52-5, and 



TABLE 52-2 
Genetic Tests for Horses 


Discasc/Trait 

Breed 

Mode of Enherilance 

Reference (s) 

Glycogen branching enzyme deficiency 

American ijujitei hors-. 1 
American Faint harse 

Recessive 

3 

1 Eypcikalemic periodic paralysis 

American quarter horse 
American Faint horse 
Appalotua 

Co-damlnfliil 

10 

lunclian.il E1B 

Belgian daft 

Recessive 

11 

lEerlilz |unctional LB 

French draft horses 

Recessive 

12 

Lethal white foil syndrome 

American F.uni harsc 

Finto, American miniature 

Co-dominant 

1-3 

Severe combined unmunodetkiency 

Arabian 

Recessive 

13 

Chestnut 

All 

Recessive 

14 

B Lack/bay 

All 

Recessive 

15 

Toblano 

Many 

Dominant 

US 

Sablno 

Many 

Co-domin.int 

17 

Cream dilution 

Many 

Go-dominant 

18 


i.fi, Li^idcnnuiysiix Liulluaj. 



Generic Tests for Cattle 


Disease/ - fimil 

Mode of Inheritance 

Reference 

Bovine leukocyte adhesion deficiency (BLVP) 

Recessive 

13 

Crownli hormone receptor | milk yield and composition [ 

Polygenic 

20 

Calpdstatin (meat tenderness) 

Polygenic 

21, 22 

p-CalpaLn (meas. tenderness] 

Polygenic 

23, 24 

Cilnjllinemij 

Recessive 

25 

Complex vertebral malformation (CVM) 

Recessive 

26 

□GATI (milk yield and oomposillon) 

Polygenic 

27 

Deficiency of uridine monophosphate synthase- (DUMPS ) 

Recessive 

28 

Leptin (maibling and milk production,) 

Polygon Lc 

23, 30 

Myas Latin 

Recessive 

4-6 

Foiled 

Dominant 

3 1 

Fompe's disease 

Recessive 

32 

Red/hJack. co.it color 

Recessive 

33 

Thyroglobulin ijmarbling) 

Polygenic 

34 
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TABLE S2-4 




Genetic Tests for Sheep and Goats 

Hiscisc/Trail 

Breed 

Mode of Inheritance 

Reference^} 

Mucopolysaccharidosis lilt? 

Nubian 

Recessive 

35 

Scrapie lesisUnoc 

Various 

Polygenic 

36-38 

Spider Lamb syndrom*. 

Suffolk 

Go-domlnam 

39 

increased fertility 

Various 

O'verdontln.tnL 

40-43 

QtlLiipy&e 

American Dorset 

roJar overdo Hainan l 

44 


52-4 list available genetic lesls. for horses, rattle, and sheep 
and goats, respectively. Only tests published in peer- 
reviewed journals are listed. Additional tests available in cat¬ 
tle for various forms of the milk proteins also are not listed 
in Table 52-3. The breeds of cattle are not listed because 
rapid changes in testing mean that tests are always being 
validated for new breeds. 91 is therefore recommended that 
a search be performed for the availability of a lest for a par¬ 
ticular breed each lime the need arises. 

The diseases or traits that are tested can be divided into 
two categories: those that have straightforward Mendel lan 
inheritance patterns [recessive, dominant, and sex-linked) 
and those that are more complicated because many genes 
are Involved with conferring the pbenotvpe (polygenic). 
Quontibitfiis trail Jocj (QTL) are the genes that contribute to 


a polygenic disease. In cattle a vast number of QTL have been 
placed in specific regions of chromosome for quantitative 
traits such as dairy form, milk production, and fertility.® 
Selection for these traits can be done with DNA testing [see 
Table 52-3). Because so many different QTL exist, however r 
selection can be challenging, and trade-offs need to be made. 

Genetic testing relies on advances made In the field of 
genomics. Veterinarians and owners are fortunate that both 
cattle and horses were chosen as economically Important 
species for whole-genome sequencing. A Hereford bull 
and a thoroughbred mare have both been sequenced, and 
studies describing the results should be available soon. 
The number of disease-based or trait-based tests available 
in the future will Increase as the Information in the genome 
sequence Is translated. 
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EQUINE IMMUNODEFICIENCY 
DISEASES 

OESOtA C. 5E1LON 

MEL/S*^ T. WfflS 

iill a. j oumsom 

The environment in whichdomestic animals live with 
regard to exposure to pathogens Is challenging and often Hfe 
threatening Complex defense mechanisms have developed 
to protect the host from outside challenges, particularly 
the pathogenic effects of microorganisms. It is Important 
to understand that diseases, particularly infectious diseases, 
can result from failure of the host's norma] defense mechan¬ 
isms, as well as from overwhelming challenge from the out¬ 
side. When animals are plagued by repeated or chronic 
infections, the clinician should always determine whether 
host factors are Involved. 

The analysis of Immunodeficiency diseases depends on 
an understanding of the norma] immune response. The 
development of protective Immunity is a result of the 
orchestration of numerous cell types and soluble serum fac¬ 
tors (Fig, 53-1). Both pflfMCe (nonspecific) and adaptive (spe¬ 
cific) mechanisms play a role. 

Two major populations of Lymphocytes are involved In 
immune responses, T cells and B cells' Classically, T cells 
are associated with cell-mediated Immune responses that 
protect against fungal, protozoal. Intracellular bacterial, 
and many viral Infections, E cells are associated with 
humoral Immunity. Tcells originate from stem cells, which 
probably develop in the fetal liver. These cells must undergo 
a maturation process In the thymus before becoming fully 
functional. T cells comprise about 70% to 30% of periph¬ 
eral blood lymphocytes and populate the periaiterLolar 
regions of the spleen and the paraeortieal regions of Lymph 
nodes. As w r Lth T cells, E cells originate from stem cells In 
she fetal Liver. The site of B-cell maturation varies with spe¬ 
cies and includes several different organs, such as the bursa 
of FabricLus in birds and the bone marrow and certain 
Fever's patches in mammals. Of peripheral blood lympho¬ 
cytes, 15% to 30% are B cells. B cells populate germinal cen¬ 
sers of spleen and lymph nodes. 1 - 2 

T lymphocytes are important in regulating she immune 
response, and both humoral and cellular immune responses 
depend on Input fromTcebs. Initially characterized as either 
helper T (Th) cells or cylotoxic/suppressor T (Tc) cells based 
on their primary function, T cells have subsequently been 
differentiated on the basis of cell surface antigens, withTh cells 
expressing the CD A antigen and Tc cells expressing CDS. 3 - 4 
Further work has shown that the function of these cells is 
complex, and that the pattern of cytokine expression is Impor¬ 
tant In regulation of the immune response, based on uielr 


cytokine expression, CD4+ cells have been further subdivided 
Into distinct subsets, 'I’hl and Th2 cells (Fig. 53-2). Although 
there Is some species variation, 1’hi cells generally produce 
Interferen-y and Interleukin-2 (IL-2) and are involved primar¬ 
ily in the generation of cell-mediated Immune responses, 
whereas Th2 cells produce 1L-4, IL-5, and IL-I3 and are 
Involved In humoral responses. In mice, either protection 
from disease or development of Lesion scan be associated with 
the particular type of Th cell response, and the clinical rele¬ 
vance of this Is currently being investigated In a number of 
equine diseases. 

The second ma|or class of lymphocytes is E Lymphocytes, 
which produce Immunogjobulins and are the precursors of 
plasma cells. Several classes of immunoglobulins are pro¬ 
duced by B cells. There is some variation among species, but 
the ma|or classes are IgG [IgGI and lgG2), IgM, IgA, IgE, 
and In horses, IgGfT). Immunoglobulins provide a defense 
against extracellular bacterial and certain viral Infections. 

The Innate immune system, which Is nonspecific In 
nature. Includes natural killer cells, phagocytic cells, neu¬ 
trophils, eosinophils, basophils, and non Immunoglobu¬ 
lin seium and cellular factors such as complement and 
Interferon. These components play a distinct role in host 
defenses and work with T and B cells to produce an effective 
protective response. 

A deficiency of functional Teel Is, E cells, nonspecific com¬ 
ponents, or any combination predisposes animals to infec¬ 
tions that may result In death. Immune deficiencies can be 
classified according to (I) the site of defect In the host 
defense system and (2) whether the mechanism Is primaiy 
or secondary. 1 - 5 - 7 In a primary disorder there is an Inherent 
abnormality In the Immune system that has a proven orsus- 
ected genetic basis, whereas In a seootidtay disorder die 
osfs initially normal ability to respond immunologically 
Is altered. Some factors that can produce secondary immuno¬ 
deficiencies include Irradiation, neoplasia, toxlcities, malnu¬ 
trition, and certain microbial infections. ] - 6 - 7 Physiologic 
stress, such as that caused by pregnancy, lactation, and exer¬ 
cise, can also induce transient Immunosuppression A® Eoth 
primary and secondary immunodeficiencies can affect vari¬ 
ous components of the Immune system, and by careful dis¬ 
section of the Immune response, the site of the defect can 
often be Identified. 

General clinical features associated with immunodefi¬ 
ciencies include the following 1 - 5 - 7 : 

■ Onset of Infections during the first 6 weeks of life. 

■ Repeated infections that respond poorly to standard 
therapy. 

■ 1 ncreased suscepllbi I Lly to organisms with low pathogenicity. 

■ Infection with organisms rarely observed In immunocom¬ 
petent individuals. 

■ Systemic illness after administration of attenuated live 
vaccines. 
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■ Failure to respond to vaccination. 

■ Persistent marked abnormalities In leukocyte numbers. 

Laboratory or special in vivo testing is necessary to con¬ 
firm the presence of an Immunodeficiency. Such testing Is 
also Important In differentiating the various Immunodefi¬ 
ciency syndromes because clinically the presenting signs 
are nonspecific, in general, tests to evaluate the immune 
system either quantify the component or measure the func¬ 
tional capacity. 


I’he enumeration of lymphocytes, and in some cases, 
specific lymphocyte types, can be useful In the diagnosis 
of Immunodeficiencies. Currently, specific subsets of lym¬ 
phocytes are most often Identified using antibodies to 
cell surface markers and flow cytometry.In normal 
horses, about 20% of circulating lymphocytes are B cells, 
and about S2%are CD4 + Tcells and 18% CDS - T cells . 9 - 1 a 
B cells can also be enumerated in blood and lymphoid tis¬ 
sue using fluorescent-labeled antibody to detect surface 
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immunoglobulin and erythrocyte-antlgen- lo mplement resel¬ 
ling techniques to deled complement receptors. Erythrocyte 
resetting assays and fluorescelnated peanut agglutinin surface 
labeling tests have been used to enumerate 1’ cells In periph¬ 
eral blood and lymphoid tissue. 

iTte primary clinical tests of E-cell function are quantita¬ 
tion of Immunoglobulins and measurement of specific anti¬ 
body responses. Numerous methods are available to 
quantitate or semiqu anti tale immunoglobulin levels. Semi- 
quant native tests are useful for some conditions, such as fail¬ 
ure of passive transfer (l-TT) after colostrum ingestion; 
however, they do not provide Information on specific immu¬ 
noglobulin classes. Some tests are species specific, whereas 
others can be used to detect Immunoglobulins of several 
species. Precipitation of Immunoglobulins with specific salt 
concentrations tends not lo be species specific, although 
the tests may work better In some species than others. These 
tests include zinc sulfate and sodium sulfite precipitation 
and glutaraldebyde coagulation (see p. lS79). n - 12 Commer¬ 
cial tests based on these principles are available. * Serum elec¬ 
trophoresis can also be used In all species to quantitate 
y-gjobulins, which are primarily Immunoglobulins. Several 
specles-speclflc tests based on antigen-antibody reactions 
that use latex bead agglutination* or enzyme Immunoassay* 
as the marker systems are also commercially available. These 
tests are semiqu anti tallve and are primarily marketed for 
detection of FPT after colost ru m ingestion. 

Radial Immunodiffusion (RID) quantitates Immunoglobu¬ 
lins of specific classes using a precipitation reaction between 
antigen and antibody directed against one species-specific, 
doss-specific immunoglobulin to be quantitated. This is an 
accurate method for quantitating specific classes of immuno¬ 
globulin such as IgG and IgM. RID tits are commercially avail¬ 
able for some immunoglobulin classes for domestic animals.* 
These tests require incubation for IS to 24 hours, which is their 
greatest drawback for clinical use. Test reagents are prepared 
for use in a single species; however, some cross-reactivity does 
exist among species. Test reagents designed for use In another 
species {e.g., human) have been shown to be useful 13 ; how¬ 
ever, they must be standardized and calibrated for the species 
in which they are to be used. 

Production of antibody In response to Immunization 
with specific antigens is another way B-cell function can 
be evaluated, although functioningT cells are also required 
for this response. The only requirement to assess antibody 
production Is an In vitro test to detect specific antibody. 
Serologic measurement of antibody tilers before and after 
vaccination with commercially available vaccines is one 
approach. Killed infectious bovine rhlnotrachellls [IBR) 
and bovine viral diarrhea (BVD) vaccines in cattle and influ¬ 
enza or rhinopneumonltls vaccines In horses are readily 
available, and responses are easily tested. Another approach 
is to look for the presence of naturally occurring antibodies 
that are produced without Immunization [e.g., antibodies 
that cross-react with sheep red blood ceils In horses), 
although the assays for these antibodies may not be readily 
available. Other foreign v nonvacclne"' antigens can also be 
used if an assay is available for the detection of antibody. 

One clinical in vivo test of T-cell function Is intradermal 
skin testing with the plant lectin, phytohemagglutinin 
(PEIA), which identifies delayed-lype hypersensitivity 


'Equi-Z, Bova-S, and Llama-S, VMRD r Inc.. Pall man, WA; Gamma- 
Check. Plaivacc USA, Templeton, CA. 

Toalchek, Gen.ta.Lii, Inc., Overland Park. KS. 

’■STJAP-Foal EgG, 3DDCX Laboratories, ]nc., Westbrook, ME. 

^VMEID, ]nc.. Pullman, WA; FlasVaoq, Templeton, €\ Bothy] Labora¬ 
tories, Montgomery, TX. 



(DTH) responses. PE IA Is capable of elictlinga DTE I response 
without requirement of prior sensitization, which Is required 
with some other antigens, such as dinllrochlorobenzene. To 
perform Lb Is lest, the thickness of a skin fold is measured 
before injection. A 50-pg dose of PllA” Ln 0.5 ml of phos¬ 
phate-buffered saline (PBS) Is injected intraderm ally, and 
the same volume of PBS Is Injected at a control site at least 
] 0 cm (4 inches) away from the site. Twenty-four hours later 
the skin thickness is measured. A 1-mm lo 3-mm Increase In 
skin thickness at the test site should normally occur. An 
Increase of O.G mm or less Indicates a defect in cell-mediated 
Immunity. 14 

Other tests for B- and T-cell function are available primar¬ 
ily on a research basis. In vitro lymphocyte blaslogenesis 
with pokeweed mitogen requires both B- and T-cell function 
for normal responses, whereas Hpopolysaccharlde requires 
predominantly a B-cell response. Blaslogenesis with PEIA 
and conca naval In A assess primarily T-cell function. 

A variety of assays for phagocytosis and killing by neutro¬ 
phils and macrophages have neen developed. 15 -^ 7 Recently, 
flow cytometric analyses of phagocytic function have been 
described, as w r ell as methods for ttie quantitation of com¬ 
plement, interferon, and various lymphoklnes. However, 
these procedures are currently available only in selected 
researen facilities. 

From a practical standpoint, only a limited number of 
tests are available, and most are crude indicators of Immune 
response and therefore delect only severe deviations from 
normal. Nevertheless, a number of immunodeficiency syn¬ 
dromes have been characterized In domestic animals. 
As methods improve, so will veterinarians'" ability to define 
Immune disorders more precisely. 

FAILURE OF PASSIVE TRANSFER 

11 Definition and ttiofog}'. Normal foals are immunocom¬ 
petent at birth (i.e., they are capable of mounting an 
Immune response). However, they are Lmmunologically 
naive In that they have had no exposure to foreign antigens 
and have therefore not yet mounted any type of protective 
Immune response or accumulated significant levels of 
immunoglobulins. Although foals are capable of producing 
antibody- they are essentially devoid of Immunoglobulin at 
birth, with the exception of small amounts of IgM normally 
produced In utero. Because they are ‘"'starting from scratch, 1 ' 1 
foals are Indeed more susceptible to Infectious agents during 
the early neonatal period. Koals begin producing immuno¬ 
globulins immediately on exposure to antigens after birth, 
and Immunoglobulins produced by the foal are detectable 
within I to 2 weeks or life and reach significant levels by 
2 months. 

Under normal circumstances, temporary protection 
against Infection for the first 1 to 2 months is provided to 
tne foal in the form of passively transferred antibody 
(Fig. 53-3). Because of the diffuse epitheliochorial nature 
of the equine placenta, no transplacental transfer of immu¬ 
noglobulins occurs Ln horses. Instead, ingestion and absorp¬ 
tion of Immunoglobulin-rich colostrum are the sole means 
of passive transfer Ln foals. In a properly functioning system, 
maternal antibodies wane as levels of autologous antibodies 
Increase, and thus the neonate Is never left totalLv unpro¬ 
tected (Fig. 53-4). 

Failure of the foal to ingest or absorb sufficient quantities 
of colostrum, primarily as defined by absorption of IgG, is 
termed failure of pdjjj'ir turns for (FFf). Gcpffpfetc FPT is 
defined as a foal with a serum IgG concentration of less 

’PE3A-P, Sigma Chemical Co.. Si. Louis, M.O. 
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than 400 mg/dl, al 24 hours of age. Partial FPT is defined as 
a foal with a serum IgG concentration of 400 to S00 mg/d l 
al 24 hours of age. I’he reported incidence of complete or 
partial FPT in foals varies from 3% to 37.3%. I5 - 25 

Immunoglobulins are not produced locally in the mam¬ 
mary gland, but rather are selectively concentrated from 
the mare's sera into colostrum In response to hormonal 
changes that occur in the last 2 weeks of pregnancy. lMosi 
immunoglobulin in equine colostrum is IgG or lgG[T), 
with smaller quantities of IgM and IgA. At birth the neonate 
has specialized enterocyles In the gastrointestinal (Gl) tract 
that are able to absorb large molecules such as immunoglo¬ 
bulins intact by pinocylosis. Absorbed proteins pass 
through the Intercellular spaces and lacteals into the sys¬ 
temic circulation via the lymph. The window of gut absorp- 
tive capacity for Immunoglobulins is narrow, lasting from 
birth until about LS to 24 hours. iMaKlmal absorptive effi¬ 
ciency occurs Immediately after birth, declining to only 
22% efficiency at 3 hours "after birth and Less than ]% by 
20 hours .- 6 * 2 ' The decline In Immunoglobulin absorption 
is accompanied by transient proteinuria that peaks at 6 to 
12 hours of age and declines by 24 to 36 hours of age. This 
proteinuria most likely reflects absorption and excretion of 
low-molecular-weight milk proteins. 25 



Diminished Immunoglobulin absorption over the first 
12-24 hours of life Is the result of shedding of specialized 
enterocytes capable of pinocylosis and replacement by 
more mature cells that are incapable of absorbing Immuno¬ 
globulins. 26 - 27 - 25 It has been hypothesized that delayed 
ingestion of macromolecules may prolong the duration of 
intestinal permeability to immunoglobulins. In one study, 
however, the type of fluid administered to foals before the 
ingestion of colostrum did not Influence subsequent igG 
absorption, suggesting chat the process of gut closure Is 
not mediated by a finite capacity for the uptake of 
macromo lecules.™ 

I’he half-life for maternal antibodies in the foals circula¬ 
tion varies between 20 and 30 days. 3 ] 33 Concentrations 
decilne as a result of normal protein catabolism, gradual 
dilution In an Increasing plasma volume as the foafgrows, 
and transfer of functional antibody Into the Gl tract. Most 
maternal antibodies are present In only negligible concen¬ 
trations by 6 months of age, although antibodies to some 
infectious agents have been detected for up to 12 months 
after birth. As passive antibody concentrations decline, 
autogenous antibody production begins. There Is a nadir 
in serum immunoglobulin concentrations in colostrum- 
fed foals at approximately l to 2 months of age, followed 
by gradually Increasing concentrations until adult levels 
are reached al 5 to 10 months. 2 - 34 Serum immunoglobulin 
concentrations are similar In colost rum-fed and corostrum- 
deprived foals by 3 to 4 months of age. 

in addition to antibody, other colostra I factors may be 
important for optimal Immune protection of foals. For exam¬ 
ple, colostrum influences cell-mediated Immunity and acti¬ 
vates granulocytes. Colostrum contains many constituents 
of Innate Immunity and immunomodulallng agents, such 
as complement, cytokines, and trace elements, that have a 
local protective effecL In the neonatal digestive tract. 35 - 35 

in foals, FFI may occur because ol Ingestion of poor- 
quality colostrum with a low immunoglobulin content, fail¬ 
ure to ingest a sufficient quantity of colostrum, or failure to 
absorb colostral Immunoglobulins from the Gl tract. 23 - 37 
Colostrum may have an Insufficient quantity of Immuno¬ 
globulin because of prelaclation (lactation before parturi¬ 
tion), premature foaling, a defect In the mare's ability to 
concentrate Immunoglobulin in the colostrum, Ingestion of 
endophyte-contaminated fescue grass or hay, or other factors. 
L Mares most likely to produce colostrum with low Immuno¬ 
globulin content are those older than 15 years of age, those 
that foal early in the year, and standardbred mares. 

Foals that are orphaned or rejected at birth, too weak to 
stand, or unable or lack the desire to suckle are unlikely to 
ingest sufficient colostrum to prevent FFT. Malabsorption 
is occasionally incriminated as a cause of FFT In foals that 
are observed to suckle adequate quantities of good-quality 
colostrum. Ihis most often happens In premature or dysma- 
Lure foals, possibly as a result of immature Gl function, but 
may also occur In otherwise healthv and vigorous full-term 
foals. 38 Glucocorticoids enhance the maturation of small- 
intestinal epithelial cells and thus their loss of absoiptlve 
capacity, ieadlng to speculation that endogenous corticos¬ 
teroids released sccondarv to stress at parturition may 
impair immunoglobulin absorption in foals. 35 - Ji} However, 
administration of adrenocorticotropic hormone [ACTE I) 
failed to affect absorption in experimental foais, and stress 
has not been a consistent historic finding in foals with 
FPT caused by presumptive impaired immunoglobulin 
absorption 23 * 4 ' 


II Clinical Signs and Differential Diagnoses. I’he associa¬ 
tion between FFT and infection has been investigated in 








numerous studies. Although the results have varied 

somewhat, J ; PT is generally considered a risk factor for 
infectious disease. By itse]f r TVY produces no clinical signs 
of disease and cannot be detected by physical examination. 
Clinical presentations that strongly suggest an underlying 
problem with FFT Include onset of bacterial Infections 
within the first 2 weeks of ltfe r particularly septicemia, septic 
arthritis, pneumonia, and enteritis. Other Immunodeficien¬ 
cies or simply exposure to potent pathogens cannot be ruled 
out solely on the basis of she lime of onset; however, even 
with other forms of immunodeficiency, clinical signs of 
infection usually do not shots - Lip for several weeks if passive 
transfer is adequate. 


Clinical Palholog)'. F VT is diagnosed by the demonstra¬ 
tion of low serum concentrations of 3gG in the foal as early 
as 6 to 12 hours after birth and probably for as long as 
several weeks after birth (Table 53-L), The level of IgG con¬ 
sidered adequate for protection against Infectious disease 
is poorly defined and probably varies considerably with 
the environment. A serum IgG concentration greater than 
SOD mgi'di. is considered adequate for most foals. However, 
levels of 400 mg/dL may be sufficient in healthy foals 
housed In clean environments. In contrast, an IgG concen¬ 
tration of 400 to 600 mg/"dl. In a foal at high risk for sepsis 
because of Its environment or other factors Indicates the 
need for treatment. Importantly, these figures only address 
tofoif Immunoglobulin content and not specific "antibody 
tilers, which also play a critical role in determining resis¬ 
tance to particular pathogens. 

In healthy foals that nurse within 2 hours of birth, serum 
IgG concentrations become detectable at approximately 6 
hours of age and peak at approximately Ifl hours. Routine 
detenuInatlon of serum IgG concentrations in apparently 
healthy foals is usually recommended at IS to 24 hours of 
age. Foals considered to be al high risk for FFT and sepsis 
may be assessed as early as 6 to 12 hours of age. 35 - j:3 

Methods available for igG quantitation Include single 
radial immunodiffusion, zinc sulfate turbidity, iatex aggluti¬ 
nation, glutaraldehyde coagulation, turbldometrtc immu¬ 
noassay, and enzyme immunoassay. 1 L 35 ^ 3 -* 7 Single radial 
immunodiffusion is considered the most quantitatively 
accurate diagnostic test of those widely available to practi¬ 
tioners. However, this test is more expensive than some 
other screening tests, and results are not available for at least 
24 hours, making it Impractical when a critically ill foal 
needs rapid diagnosis and treatment. Total serum protein 
is not a reliable indicator of FFT in foals (unlike calves) 
because of the wide variation in total seium protein in cases 
of adequate transfer. 
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No consistent changes In the hemogram and biochem¬ 
ical panel are seen in foals with FPT; however, a range of 
abnormalities related to secondary infection (e.g., neutro¬ 
philia, neutropenia), hyperflbrlnogenemia, and hypogly¬ 
cemia may be present. The presence and severity of 
these changes depend on the organisms and systems 
Involved 


Nctrops}' ftridings. No specific necropsy findings are 
Indicative of FFT. Necropsy findings reflect Lite site and 
severity of secondary infectious problems that have devel¬ 
oped. Lymphoid tissue Is normally developed, unless sec- 
ondary Infections have caused "lymphoid necrosis or 
atrophy. 


freditnent atid Prognosis. Treatment of FPT depends on 
the degree of FFT, the environment In which the foal is 
exposed, the foal's age at diagnosis, and the presence of sec¬ 
ondary infectious problems. Treatment. Is aimed at minimiz¬ 
ing exposure to pathogens, supplying immunoglobulins, 
and managing secondary Infections, if present. 

[f FPT can be anticipated within hours of birth because of 
premature lactation, low-specific gravity colostrum, or a 
weak or orphaned foal, treatment can Include the provision 
of an alternative source of colostrum or antibody orally. 
Foals with complete colostrum deprivation require approxi¬ 
mately 1.5 g IgG/kg body weight to achieve a peak serum 
IgC concentration of more than 600 mgi'dL. In a 45-kg foal, 
administration of 1 to 3 L of colostrum with a specific grav¬ 
ity greater than 1.060, divided into multiple hourly feedings 
over the first 6 to 6 hours of life, is desirable. Mares that 
donate colostrum for feeding should be healthy, checked 
for blood type, negative for anti-red blood cell (RBC) 
alloantibodies (especially anti-A and anll-Q) and appropri¬ 
ately vaccinated during the Last 4 to 6 weeks of gestation. 

[f equine donor colostrum Is not available, bovine colos¬ 
trum, a commercial colostrum substitute, or equine plasma 
may be administered orally to the foal.^- 515 Because bovine 
colostrum Is often more readily available than equine colos¬ 
trum, It may be substituted in emergency situations w r hen 
equine colostrum is not available. Bovine colostrum is rela¬ 
tively welI absorbed In the foal, but bovine Immunoglobu¬ 
lins have a much shorter half-life In foals and do not 
contain antibodies specifically directed against equine 
pathogens. It is certainly better than no colostrum and, on 
the basis of a small experimental study, may be used with¬ 
out creating adverse reactLons. 4S - 5D Approximately 2 to 4 L 
should be administered orally; many foals develop transient 
mild diarrhea. 



Normal Scrum Immunoglobulin Concentrations (mg/dL) in Horses 


Age 

Breed 

IgG 

IbU(T) 

IeM 

Newborn, prenuckJe 

Arabian 

1-10 

ND 

5-15 

1-23 days 

Arabian 

6L4 ±581 

142 ±38 

28 ±11 

2 i -40 days 

Arabian 

460 =203 

126 ±41 

30 ±10 

4 i -60 days 

Arabian 

264 ±103 

9(5 ±33 

41 ±12 

61-30 Jays 

Arabian 

252 ±128 

75 ±17 

3(5 ±12 

SI - HO days 

Arabian 

246 =92 

152 ±126 

33 ±15 

3-5 months 

Mixed 

380 =168 

211 ±148 

61 ±22 

LLM5 months 

Arabian/ thoroughbred 

790 

72S 

48 

Adult 

Shell and 

1334 ±350 

321 ±3LM 

120 ±13 


iwm l?fcp£* XL'.V l.v.ii i i.lI i>::>n or loiiis I lit I mm Line drliojcm-y d Jl-t.i, VVl C ,'Jr.ii (\',vlh Am Cijumr I 'm, i 3:515, 1487. 
NJJ, NliL ckUTNLiiK-<S 








1670 



RAR.T SEVEN CONGENITAL, HEREDITARY, IMMUNOLOGIC, AMD TOXIC DISORDERS 


LyophLlLzed equine IgG* Is available as an equine colos¬ 
tra! substitute. A minimum of 50 to 70 g of IgG Is recom¬ 
mended for treatment of the average 45-kg foal that 
receives no colostrum, but In one study this dose failed to 
increase serum IgG concentration to over 450 mg/dL in 
colostrum-deprived foals. r>r * A concentrated equine seium 
product is also available for use In foals with FIT. 56 Again, 
however, in one study it failed to Increase serum JgG con¬ 
centrations In colostrum-deprived foals to adequate levels* 
probably because of the relatively low total IgG dose admi¬ 
nistered. 51 If the product contains 25 to 30 g of IgG per 
300-ml boitle, approximately three bottles may be required 
to Increase the serum IgG concentration of a 45-kg colos¬ 
trum-deprived foal to greater than 400 mg/dL. 51 

If no other sources of immunoglobulin are available for 
a foal, oral administration of equine plasma or serum may 
be considered. This is an expensive source of oral immuno¬ 
globulin, however, and approximately 2 to 4 L are required 
to treat a colostrum-deprived 45-kg foal. 

If the foal Is over 0 bouts old, the absorption of colostra! 
antibody Is significantly decreased, although a locally pro¬ 
tective effect of the colostrum may still be present In the 
intestinal tract. If the foal Is over 12 hours old, it Is unlikely 
that sufficient colostrum will be absorbed; therefore. Immu¬ 
noglobulin levels should be rechecked at 24 hours and 
intravenous (IV) plasma transfusion given, if indicated by 
persistently low serum immunoglobulin levels. 

Some animals with FIT, particularly partial FPT, do 
tvell without treatment If they are system]cally healthy, 
are not heavily exposed to pathogens, and have no preex¬ 
isting Infections. FPT Itself Is not necessarily fatal. If 
lasma transfusions are not administered, owners should 
e made aware of the risks, and these foals should be 
maintained in an environment with minimal exposure 
to potential pathogens. Foals w r lth other risk factors for 
septicemia [e.g., prematurity, dysmalurily, placentitis) 
should receive IV plasma transfusions if they have blood 
IgG concentrations of less than SOO mg/dL at 12 to 24 
hours of age. 

If the decision Is made to supplement plasma paren- 
terally, equine plasma for transfusions Is commercially 
available^ or can be collected and processed locally. Com¬ 
mercial sources are convenient, save time, have been 
screened for anti-RBC antibody, are free of diseases such 
as equine infectious anemia, and originate from animals 
with known Immunoglobulin levels. 'Hie major disadvan¬ 
tage Is that plasma may not contain antibody specific for 
the pathogens from the particular environment to which 
the foal Is exposed. 

Use of a local donor is desirable In that It presumably 
has antibody specific to the environmental pathogens to 
which the foal has been exposed. If a local donor is to be 
selected, several criteria should be met. First the horse 
should be healthy, and results of agar eel Immunodiffusion 
for equine infectious anemia should be negative. Second, 
no antl-RBC antibody should be detectable In the horse's 
serum. The donor's plasma should be screened for lyslns 
and agglutinins by a blood-typing laboratory against a 
panel of cells representing all known blood groups. If 
plasma evaluated in this way is not available, the presence 
of anti-RBC antibody in donor plasma can be crudely eval¬ 
uated with a minor crossmalch for agglutination using 


♦Lyp-bomune, BIDQUAL. Inc.. Rockville, Mil 
+ Scra.mune. -Sera, ]nc, Shawnee .ViisEion, KS. 

Taalimmurie, I ILGamrn-EquL Lake Immunopcnics. ]nc., OnaJrLo, MY; 
Endo&eTLUTi, Immvac. Inc.. Columbia MO\ Equi-Flas, Polj'mucic. Pbi- 
vicc USA. inc.. Templeton. C.V Sera. Inc.. Shawnee iVUsson. KS. 


donor plasma and recipient blood cells. Lytic antibodies 
require an external source of complement for activity 
in vitro and may not be detected using this test. 

Ideally, a third criterion Is selection of a horse that Is neg¬ 
ative for blood group factors Aa and Qa Even though there 
are dozens of blood group factors, Aa and Qa have been 
associated with the great majority of cases of neonatal iso- 
erythrolysls (Nl) 37 - 5r> If plasma Is collected and separated 
by sedimentation, it is inevitable that some RBC contamina¬ 
tion be present. If Aa-positive (Aa + ) RBCs are given to an 
animal that is Aa negative (Aa - ], or If Qa+ RBCs are given 
to an animal that is Qa-, the recipients could become sen¬ 
sitized to these antigens. This sensitization would probably 
not have any Immediate consequences for the recipient foal, 
because the foals cells would not be affected by the antibo¬ 
dies, but it has potentially sensitized any Aa and Qa~ 
females for production of an Nl foal later (see p. I BBS). 
To avoid these potential complications, the Ideal donor 
should be Aa- and Qa= and possess no antl-RBC antibody 
in Its serum. It is desirable to have Identified this type of 
donor to avoid the need for Immediate crossmatching in 
every case of plasma transfusion. 

Ihe volume of plasma needed to correct the measured 
IgG deficit In a foal can theoretically be calculated on 
the basis of the blood volume of the foal and the concen¬ 
tration of IgG in the foal's serum and In the donor plasma; 
however, these calculations do not reliably predict the 
actual levels of IgG achieved after transfusion. 15 - 6Q A 20- 
mL volume of plasma per kilogram of body weight admi¬ 
nistered Intravenously routinely only raises serum IgG 
levels 200 to 300 mg/dL, and often two to three times this 
amount Is needed to bring serum IgG levels into the range 
considered minimum for protection (e.g,, 400 to BOO mg/ 
dL]. 35 - 61 If the foal Is already clinically ill, additional 
plasma tvill often be required to raise IgG levels an equiv¬ 
alent amount. 35 - 44 In a newborn foal (estimated 50 kg) 
with complete FIT, between 2 and 4 L of plasma Is fre¬ 
quently needed. 

Plasma should be administered through an IV catheter 
placed asepllcally In one jugular vein. Frozen plasma is 
thawed and warmed slowly to room temperature In a warm 
water bath. Microwave thawing or thawing with very high 
temperatures is not recommended because ibis may dena¬ 
ture Important plasma proteins. An appropriate in-line 
blood filter should be used for IV administration of any 
blood product to remove fibrin clumps and other debris. 
Initial Infusion rates should be slow (0.5 mL/kg over 10 to 
20 minutes) to monitor for adverse reactions. Muscle fasci- 
culaltons, plloerection. Increased heart or resplratoiy rate, 
fever, respiratory distress, abdominal pain, blanching of 
mucous membranes, and collapse are indicative of transfu¬ 
sion reactions. In the absence of these or other adverse 
effects, the remainder of the transfusion may be adminis¬ 
tered at rates up to 40 mL/kg/hr. Slower Infusion rales are 
recommended for foals that are system Lea I ly 111. If other IV 
fluid therapy is being administered concurrently, slower 
infusion rates are also Indicated to diminish the likelihood 
of Inadvertent fluid overload. 

Serum IgG concentrations in the foal should be rechecked 
12 to 24 hours after plasma transfusion to confirm that the 
desired Increase has been achieved. The delay from trans¬ 
fusion to IgG assessment Is necessary to allow for distribu¬ 
tion of immunoglobulin into extravascular spaces. ] leallby 
foals transfused with plasma at 1 day of age experienced 
a 30% decrease in serum IgG concentrations by 7 days 
of age. 62 This decline might be even more dramatic in septic 
foals with Increased vascular permeability, increased catab¬ 
olism, and Increased demand for utilization in Immune 
responses. 
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Although several equine serum-derived products are 
marketed for 3V administration In the treatment of foais 
with Frr, Lbese products have been associated ivith signifi¬ 
cant adverse reactions In some foais. Administration of 
high-quality equine plasma Is preferred for treatment of 
foals with KPT. 


II iVet^FiCion and Controi. Evaluation of colostra I immu¬ 
noglobulin content has proved to be valuable In predicting 
the occurrence of FPr and assessing the neonate's risk for 
FFf Colostrum with high Immunoglobulin concentra¬ 
tion tends to be sticky, yellow,, and thick, but these subjec¬ 
tive criteria are unreliable In assessing colostra! quality. 
I’he quantity of immunoglobulin In colostrum mav be 
more accurately estimated by single radial immunodiffu¬ 
sion (RID), refractometiy, glutaraldehyde coagulation, or 
specific gravity. 62 Because 18 hours are required to lead 
the results of RJD, It Is more practical in a field situation 
to assess specific gravity with a refraclometer, glutaralde- 
hyde coagulation test or colostrometer. Sugar refractometiy 
using a hand-held Brix 0-50% sugar refractomeler Is a sim¬ 
ple and cost-efficient stall-side screening test for assessing 
colostral quality. 64 - 65 A Brlx, reading of 20% to 30% corre¬ 
lates with adequate coiostral quality; a reading greater than 
30% indicates good-qualLly colostrum. 66 A commercial kit 
based on glutaraldehyde coagulation of Immunoglobulins* 
is available for screening of colostra] quality. Using a colos¬ 
trometer/ colostra] specific gravity should be a minimum of 
LOGO, corresponding to an IgC. concentration of greater 
than 3000 mg/d-L levels of SOOO mg^dL or higher are desir¬ 
able. Approximately 75% of foals that Ingest colostrum with 
a specific gravity less than 1.060 will have serum IgC. con¬ 
centrations under 400 mg'dL; when colostral specific grav¬ 
ity is greater than 1.060, foals usually attain serum IgG 
concentrations above 500 mg/dL 63 

Some of the causes of FPT can be alleviated or recognized 
for early intervention by careful management. These include 
identification of mares that drip colostrum before parturi¬ 
tion, attendance at foaling to ensure that foals suckle within 
several hours of birth or are supplemented artificially with 
colostrum, and screening of high-risk foals with doubtful 
nursing histories. Routine screening of foals at IS to 24 
hours of age allows early Identification of FPT and poten¬ 
tially allows for therapy before the onset of infections. 
Although signs of septicemia secondary to FFf are often first 
observed on day 3 to 4 of life, a bacteremia may already be 
present at 24 hours of age or earlier. 66 - 67 

A colostrum bank can be established by collecting small 
amounts of colostrum from laclating mares (e.g., 200 to 
250 ml.) within the first 3 to S hours after foaling. This is 
only about 10% of the total colostrum produced by the 
average mare In the first 20 hours after parturition and 
therefore does not adversely affect the foal suckling the 
donor mare. Although the volumes are quite variable, mares 
produce about 300 mLof colostrum per hour and about 5 L 
during the first IS hours. Colostrum can be stored frozen 
for at least I year at standard freezer temperatures, approxi¬ 
mately -20 ' C (-4' F). Although frozen immunoglobulins 
are stable for much longer, the overall qualLty of the colos¬ 
trum may deteriorate. Ideally, banked colostrum should be 
screened for the presence of antl-RBC antibodies as advised 
for plasma. Colostrum typically has low titers of aggluti¬ 
nins, which are probably not of significance unless present 
a dilutions of 1/8 or greater. 


■Gamma-Chcck-C, Veterinary Dynamics, San LliLe Dbijpo, CA. 
't-iquine Cdostromelcr Lane .VianufacLuilns. Company, Denver. CO. 


SEVERE COMBINED IMMUNODEFICIENCY 

Defiiiiiimi iiird Effo/ogjr. Severe combined immunodefi¬ 
ciency (SCID) Is a lethal, inherited condition in which both 
T-eeH and B-cell function Is absent. 66 Affected foals have a 
stem cell defect that prevents maturation of T and B cells, 
resulting In a complete Inability to produce antigen-specific 
Immune responses. The condition primarily affects Arabians 
and part Arabians, although sporadic cases have been 
described In other breeds. 66 - 69 In horses of Arabian breed¬ 
ing, the condition is transmitted as an autosomal recessive 
trait. 70 Carriers of the gene are asymptomatic but can now 
be detected by genetic testing. 7 ® 

II Clinical Sit 'ns cmd Differential Diagnoses. Foals that are 
homozygous tor the defective SCID gene are clinically 
affected. These foals generally appear physically normal at 
birth, but the absence of both specific humoral "and cellular 
Immune responses renders them susceptible to infections 
once colostral protection ivanes. 6 * 1 Affected foals typically 
develop Infectious diseases between birth and 2 months of 
age and die before 5 months of age. I’he age of onset of infec¬ 
tious disease depends to some degree on (he adequacy of 
passive transfer and the environmental challenge by oigan- 
Lsms. The infections In affected animals are nonspecific and 
are caused by a variety of bacterial, viral, parasitic, and fungal 
agents, some of which rarely affect animals (bat are not 
Immunocompromised. 66 - 73 - 73 Many body systems may be 
Involved, but pneumonia Is a particularly common feature. 
Pneumocystis airirui pneumonia and adenoviral pneumonia 
are found often In SCID foals and rarely In other foals. 


H CTrnitdif Pathology. A consistent finding on the hemo¬ 
gram is an absolute lymphopenia, which Is consistently less 
than 1000 LvmphocytesAiL and often much lower. The total 
white blood cell (WBC) count may be low r , normal, or ele¬ 
vated, depending on the neutrophilic response; thus it is 
Imperative that the absolute number of lymphocytes be 
determined. Infected and other compromised foals, as well 
as some normal foals, have Low Lymphocyte counts durLng 
the first few days of Life; therefore, the clinician should 
establish persistent lymphopenia before considering a diag¬ 
nosis of SCID. 6a - 74 

Foals affected with SCID are unable to produce Immunoglo¬ 
bulins. Itierefore, Levels of autologous serum Immunoglobulin 
for age are abnormally low. I lowever, quantitative Immuno¬ 
globulin tests do not'distinguish between autologously pro¬ 
duced and maternal-origin Immunoglobulin. Thus the degree 
of colostral transfer and the age of the foal must be considered 
when Interpreting the serum Immunoglobulin values (see 
Table 53-1). Some IgM is normally produced In utero by the 
foal, and some IgM should be present in presuckle serum 71 
Although not pathognomonic, the absence of IgM in presuckle 
serum is a feature of SCID. I’he presence of colostral antibody of 
maternal origin may mask low levels of autologous IgG and 
IgM, particularly early in life. I’he levels of maternal IgM. In 
colostrum are lower than IgG, and the half-life of IgM. is shorter 
(Table 53-2). Most maternal IgM received from colostrum is 
metabolized by about 3 weeks of age, whereas the age at which 
maternal IgG is gone is much more variable and may actually be 
months, depending on she original amount absorbed. The 
absence of serum lg.M after 3 weeks of age is not pathognomon Lc 
but is consistent with SCID. 

Foals affected with SCID do not respond to intraderma I 
phylohemagglutinln (see p. 1667) by Increasing skin thick¬ 
ness as do normal foals, nor do they respond to DTI l stimu¬ 
lators, such as dlnitrochlorobenzene.In vitro tests such as 
blaslogenesls are depressed with all mitogens. 77 - 76 
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Approximate Half-Life (In Days) of Immunoglobulin 
Classes in Large Animals 


I Species 

IgG 

IgM 

IgA 

JgC(T) 1 

Equine 

[ 1.5-23 

1-5 

NA 

20 

Bovine 

GJ: 17 

G2: 22 

2.8 

4.8 

— 

Sheep 

Cl: 14.5 

G2: EQ.& 

L8 

4.1 

— 

Goal 

Cl: 13.2-1 7.2 

NA 

NA 

— 


l : rinn frrrynuit L: IVriiin.iJ cxHnlitLlftuatiun, k-UH-ft. 
iM.V NoL jvjiLI jlilc 


The definitive diagnosis of SCID in foals of Arabian breed¬ 
ing is based on demonstratinglhat the foal is homozygous 
for the defective SC ID gene. 71 f ' 3 Blood or cheek swabs may 
be submitted to VetC.en for DIM A testing to determine if a 
horse is dear, heterozygous, or homozygous for the gene 
defect. Before the advent of genetic testing the criteria 
required to confirm a diagnosis of SOD included [ i) persis¬ 
tent lymphopenia (< 1M0 /uL), (2) absence of serum IgM in 
presuckle samples or samples collected after 3 weeks of age, 
and (3) thymic hypoplasia and characteristic histopatho¬ 
logic changes in lymphoid tissue. 80 - 81 

II Tnihophysiatogy. foals with SCID lack activity of the 
enzyme DNA-dependent protein kinase (DNA-PK] resulting 
from a mutation in die gene encoding ibe catalytic sub- 
unLt. 7 ’ 1 - 82 ^ The mutation results in a five-base-pair deletion 
in the gene on equine chromosome U. Without functional 
DNA-PK. lymphocyte precursors are unable to complete gene 
rearrangement events that lead to the expression of antigen- 
specific receptors on lymphocyte surfaces. As a result., there Is 
an absence of mature, functional T and B lymphocytes. Inter- 
feron-y fEqlFN-y), which Is produced by lymphocytes, is 
deficient. 144 

Neutrophils, monocytes, and natural killer (NK) cells 
appear to be fully functional. 1a5 - M Complement levels are 
normal. 7 - Although these nonspecific protective mechan¬ 
isms appear to he intact, the absence of both cell-mediated 
and antibody-mediated immunity leaves the foal vulnerable 
to even innocuous infectious agents. 


identification of thymic remnants. Histologically, the thy- 
mus is largely replaced with adipose tissue, with only 
islands of Lymphoid cells and partially formed Hassid's cor¬ 
puscles present. The gross appearance of spleen and lymph 
nodes may nol be dramatically abnormal: however, they 
have very abnormal microscopic appearances. Including 
absence of germinal centers and perl arteriolar lymphocytic 
sheaths in ihe spleen, as well as absence of germinal centers 
with scarcity oflymphocytes in other areas of lymph nodes. 

Bronchopneumonia is a common finding in SCID. infec¬ 
tious lesions In other systems are also Frequently found, 
including colitis and hepatitis. 

Treatment and I^rtfgno&is. Affected foals invariably die 
by about 5 months of age, despite Intensive conventional 
therapy [e.g., antimicrobials, plasma. Isolation). 

There is no piaclical method of curing affected foals aL 
this time. Successful bone marrow transplants have been 
performed between histocompatlble full siblings in a 
research setting, but Eh is option remains impractical, M 

II /*rcivmfo/i and CortroL Production of an affected foal 
identifies bosh sire and dn mas carriers of the SCID gene. Mat¬ 
ing of two carriers of an autosomal recessive trait such as SCiD 
is expected to result In one In four foals affected wtlh SOD, one 
in four completely normal and not a currier, and two in four 
asymptomatic carriers of the SCID trait. Mating of a carrier 
and a normal (noncarrier) does not produce any affected foals, 
but half die offspring would be expected to be carriers. 

The disease can be controlled in horses of Arabian breed¬ 
ing by avoiding the production of affected foals, which has 
been simplified now that carriers can be Identified by 
genetic testing. Mares and stallions intended for breeding 
should be tested to determine whether they are free or het¬ 
erozygous for the defective SCID gene. Under no circum¬ 
stances should two heterozygotes be mated to each oEher 
If an owner decides So continue breeding a heterozygote, 
the breeding partner should be confirmed homozygous 
normal. All foals from such matings should be tested to 
determine If they are clear of or heterozygous for the defec¬ 
tive gene [50/50 probability). Homozygous normal foals 
may be selected for future breeding purposes, whereas het¬ 
erozygous foals should be managed for nonreproduclive 
pursuits. 


bpiVJeiFn'u?ogy. SCID has been reported In Arabians in the 
United States, Canada. Australia, and Great Britain 08 - 87 ' 88 
It is believed that tbe trail originated In a horse in Great 
Britain and was subsequently Imported into the United 
Slates. The distribution of this disease provides a significant 
example of the founder effect tn population genetics. 

The prevalence of SCID at one time was estimated to be 
2% to 3% of Arabian foals born in the United States. From 
this, Lt was predicted that the numbers of SCID carriers at 
that time could be as high as 25% of the U.S. Arabian horse 
population. A I99S study of 2511 randomly selected Arabian 
horses in the United States found the frequency of SCiD 
gene carriers to be 3.4%. 88 Based on this finding, it was pre¬ 
dicted that 0. LS% of .Arabian foals would be affected with 
SCID, assuming a random breeding population. 

Neavpsy I hidings, It is imperative to evaluate Jymphoid 
tissues grossly and histologically in cases of suspected 
immunodeficiencies. In SCID ihe thymus is small and has 
a fatty appearance on gross examination. 80 It is frequently 
difficult to locate, and mediastinal tissue often must be col¬ 
lected "blindly" for subsequent histologic evaluation and 


SELECTIVE IgM DEFICIENCY 

II Definition rrnd bricring)'. Selective IgM deficiency is 
an immunologic disorder characterized bv absent or 
decreased serum IgM levels with normal or elevated levels 
of other immunoglobulin classes. Three presentations of 
tbe disorder have been described In horses.* 003 The most 
common Involves foals that have severe Infectious pneumo¬ 
nia, arthritis, or enteritis, resulting in death before 10 
months of age. The second involves foals with a history of 
repeated episodes of infections that respond to antimicrobial 
therapy bui that recur when treatment is stopped. These foals 
tend to do poorly and are stunted, although they may survive 
for J to 2 years, the third involves older noises that are usu¬ 
ally 2 to 5 years of age at initial diagnosis. These horses do 
not necessarily have problems with recurrent infections, 
bnl about half ultimately have lymphosarcoma. 94 

It is not known whether the igM deficiencies reported 
in foals ore primary or secondary, ihe Levels of igM present 
before the onset of infections have not been measured. The 
occurrence of multiple cases within groups of related horses 
suggests a genetic basts. However, breeding Ertals have 
been inconclusive to date with regard to the fieri [ability of 
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this condition. In humans, both primary and secondary 
selective IgM deficiencies are known. Secondary cases are 
often associated with neoplasia, Immunologic diseases 
such as Wiskott-Aldrich syndrome, and gluten-sensitive 
enteropathies. 

II Clinical Signs uird Differential Diagnoses. Foals with 
selective IgM deficiency tend to have frequent K/efoieJIdi 
Infections of the respiratory tract,, although enteritis and 
septic arthritis may also be complicating Infections. The 
age of onset of clinical signs may be slightly later than In 
foals with 50D and certainly later than in foals with FFT. 

Older horses with IgM deficiency should be carefully 
evaluated tor lymphoid neoplasia, including palpation of 
peripheral and internal lymph nodes. Weight loss, depres¬ 
sion, and other nonspecific signs frequently accompany 
lymphosarcoma (see Chapter 37). 

II Cffmcrt! Pathology. The only significant Immunologic 
abnormality Is a low or absent serum IgM. IgM levels are 
more than 2 standard deviations below the age-specific 
mean IgM level (see Table 53-1). Other classes of Immuno¬ 
globulin are generally within normal limits or elevated for 
age. It is advisable to document that IgM levels are persis¬ 
tently depressed rather than to base a diagnosis on a single 
sample, because IgM levels may sporadically decrease In 
seriously III foals but return to normal with recovery. Lym¬ 
phocyte'counts and other in vitro Immunologic tests'are 
generally normal, and these features serve to differentiate 
selective IgM deficiency from oLher immunodeficiency con¬ 
ditions. In one horse with selective IgM deficiency, however, 
lymphocytes failed to respond to the B-cell mitogen lipopo- 
lysacchar'ide (LPS), whereas response to the T-ceTI mitogens 
concanavalin A (ConA) and phytohema^lutinln (PEIA) 
was normal. 95 me hemogram and biochemical profile 
mav reflect Infection or Inflammation, depending on the 
underlying Infectious process (e.g., neutrophilia, byperflbri- 
nogenemla, anemia) and the organ system involved, but no 
diagnostically specific changes occur' 

II Pd/JiuplijrsfpJogy. Whether IgM is low because of decreased 
production, hypercatabolism, or loss Is not knoivn. In one 
case with lymphosarcoma, suppressor activity was identified 
in the neoplastic cells, suggesting that the low IgM may be a 
result of suppression of B-cell function by neoplastic cells. 
Selective IgM deficiency has been most frequently reported in 
Arabians and quarter horses, although It affects other breeds 
as well. 

II Necropsy findings. Lymphoid tissue In affected foals is 
grossly and histologically normal. Pneumonia is usually 
present and Is frequently caused by Klebsiella Infection. 
Other findings reflect secondaiy infect Lons. 

II Treatment and Prognosis. Selective IgM deficiency has 
an unfavorable prognosis. Most horses eventually succumb 
to infection despite appropriate antimicrobial therapy. 
Plasma therapy may provide short-term benefit, but only 
small amounts of IgM are contained in transfused whole 
plasma, and the half-life of transfused IgM is probably 
quite short. -Vo concentrated IgM preparations are commer¬ 
cially available for parenteral use. Relief at best, can be con¬ 
sidered only temporary. However, the outcome of Lhese 
cases seems'less certain than with SCID foals, and a rare 
case recovers. If persistently low IgM levels can be documen¬ 
ted, a poor to grave prognosis can be expected. 


II Prevention and Control, Because some cases of selective 
IgM deficiency might be heredllaiy, It may be advisable to 
avoid repeating the mating that produced the affected foal. 
13owever, no firm recommendations can be made. 

TRANSIENT HYPOGAMMAGLOBULINEMIA 

Definition and £lio?ogy. Transient hypogammaglobuli¬ 
nemia Is a rare disorder characterized by the delayed onset 
of Immunoglobulin svnthesis by the neonate. Foals 
normally begin to produce significant amounts of immuno- 
g|obul I ns at birth, when they are fi rst exposed to envi ro n men¬ 
tal antigens (see Fig. 53-4). Assuming adequate passive 
transfer, maternal antibody fills the void from birth until 
the foal has produced sufficient autologous antibody for pro¬ 
tection (e.g., first L to 2 months). In transient hypogamma¬ 
globulinemia the onset of autologous production Is delayed 
for unknown reasons and may not begin for as long as 
3 months. As maternal immunoglobulins wane, for a time 
the production of autologous antibody is insufficient to be 
protective, making the foal highly susceptible to Infections. 

The disorder has been described In an Arabian and a 
thoroughbred foal, but the low number of reported cases 
may not accurately reflect the prevalence. To make a diagno¬ 
sis, serial samples are required to document decreasing 
maternal Immunoglobulin and subsequent Increasing auto¬ 
logous immunoglobulin. Many cases probably occur that 
are not followed this closely. 

II CfrniVdf Signs arid Differential Diagnoses. As with 
other Immunodeficiency disorders, recurrent episodes of 
bacterial and viral Infections are characteristic of transient 
hyp ogam magi obul Lnemia. 

iH Clinical Pathology. Itie cardinal feature Is low immuno¬ 
globulin levels At approximately 2 to 4 months of age, 
the concentrations of a LI classes of Immunoglobulin, particu¬ 
larly IgG and IgG(T), are substantially below the means when 
age-matched. At this stage, maternal antibody will have 
waned, hut the foal should have produced significant quanti¬ 
ties of autologous antibody, regardless of whether passive 
transfer occurred. Affected foals have normal cell-mediated 
responses In vitro and In vivo and appear to be able to 
respond to Immunization with some antigens. Normal num¬ 
bers of B cells are present In blood and lymph nodes. 

Differentiation between KPT and transient hypogamma¬ 
globulinemia Is based on the age of the patient at evaluation. 
Transient hypogammaglobulinemia must be differentiated 
from agammaglobulinemia. Both disorders have normal 
Ivmphocyte counts and responses to PI IA skin testing and 
show waning Levels of maternal IgG and IgG(T) if followed 
serially. However, transient hypogammaglobulinemia cases 
usually have low but delectable levels of IgM and IgA, 
whereas agammaglobulinemia cases usually have no detect¬ 
able levels. Differentiation between the two may require 
serial sampling to show that Immunoglobulin production 
does ultimately increase In the patient with transient 
hypogam magi obul Lnemia. 

II Necropsy Findings, .No specific gross or microscopic 
Lymphoid changes have been associated with transient 
hypogam magi obul Lnemia. Necropsy findings reflect the sec¬ 
ondary Infectious processes that have affected the foal. 

■ Treatment and Prognosis. The goal of therapy is to min¬ 
imize Infections until the foal's Immune system begins to 
function properly. Treatment should Include antimicrobial 
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therapy and plasma transfusions. Bacterial Infections may 
be manageable with antibiotics alone, but (be effects of viral 
infections may be more difficult to manage and may be 
helped by plasma transfusions. 

AGAMMAGLOBULINEMIA 

II Definition find L'tfoJugy. Agammaglobulinemia Isa rare 
primary immunodeficiency disorder of horses. It is charac¬ 
terized by complete E-cell dysfunction with an intact cell- 
mediated response. Ill Is condition has been observed only 
in males, suggesting the possibility of an X-linked disorder. 
It has been described in thoroughbreds, quarter horses, and 
standardbreds. 2 -^ 96 - ?& Agammaglobulinemia In a young boy 
was the first Immunodeficiency disorder described In any 
species, and in human patients it Is now known to be Inher¬ 
ited as an X-l Inked trait . 99 

Morses tvith agammaglobulinemia Illustrate the signifi¬ 
cant contribution of T and B lymphocytes to the mainte¬ 
nance of good health. Horses with defects In both B-cell 
and T-cell functions {e.g., SCID) seldom survive to 5 
months of age, whereas the cases with a pure B-cell defect 
such as agammaglobulinemia have survived between L 
and 2 years. Recently, agammaglobulinemia with a lack of 
circulating B cells w r as diagnosed in a Pinto gelding that 
did not exhibit recurrent pyogenic Infections until 3 years 
of age. Although it could not be established whether the 
immunodeficiency was primary or secondary, an underlying 
disease process was not Identified.* 

II Chrifftd Signs and Differentia} Diagnoses. Mo outward 
physical signs suggest agammaglobulinemia other than the 
opportunistic infections that develop. Frequently, recurrent 
infections of the resplratoiy tract or joints with extracellular 
bacteria have been reported. Dermatitis, enteritis, and laml- 
nitls have also been associated with this disease. 

II CJiPifcaJ Pathology, Total peripheral blood lymphocyte 
counts are w r llhin the normal range. However,' there Is a 
lack of circulating B cells ivith normal numbers ofT cells. 
Neutrophil counts may be normal, low, or high, depend¬ 
ing on the response to Infection. No specific changes are 
noted in (be biochemical profile. Serum levels or IgM, 
IgA, IgG(T), and IgG are persistently low or absent. 
Depending on the age at evaluation, maternal antibody 
may be present, but its decline Is evident If sampled seri¬ 
ally. The continued presence of low levels of immunoglob- 
ulLn In these Foals may be explained by the prolonged 
catabolism of antibody or by some residual E-cell activity, 
as in human patients with sex-1 Inked agammagjobulin- 
em]a. H - M - M 

Specific antibody responses are depressed, both for anti¬ 
gens to which horses naturally tend to produce antibodies, 
such as sheep RBCs, and for antigens administered by 
planned immunization, such as vaccines. Cell-mediated tests 
areessentlallv normal, Including blastogenesls and DTE I skin 
testing Total hemolytic complement activity Is also normal. 

II Pathophysiology. 'Hie molecular basis of agammaglobu¬ 
linemia In horses is unknown, but a defect at the stem cell 
level that blocks early B-cell differentiation is suspected 
because all classes of Immunoglobulin are affected. In 
human patients a mutation In BTK, a gene encoding tyrosine 
kinase, accounts for die disease. Assessment of the BTK gene 
in horses may help In understanding ibis disorder. 
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II Necropsy findings. Gross lymphoid changes in lymph 
nodes, spleen, and thymus have been observed. Lymph 
nodes are small. Ilie thymus may be small and difficult (o 
locate. Lymphoid tissue taken from the mediastinal region 
where the thymus should be found lacks the defined lobu¬ 
lar structure of normal thymus. Itie spleen grossly may be 
small and contracted. Microscopically, lymph nodes' are 
devoid of germinal centers and follicles. The spleen has no 
germinal centers, perlarteriolar lymphocytic sheaths, or 
plasma cells. 

The thymus does not show recognizable epithelial struc¬ 
ture and lacks defined nodules. ■Why cel I-mediated 
functions are normal while the architecture of the thymus 
is so abnormal remains unexplained. 

II Treatment and Prognosis. In the absence of production 
of autologous antibody, affected horses respond poorly to 
infections over the long term. Antimicrobial therapy and 
administration of plasma may temporarily control infec¬ 
tions; however, the long-term prognosis Is poor. 


FELL PONY SYNDROME: ANEMIA, 
IMMUNODEFICIENCY, AND PERIPHERAL 
GANGLIONOPATHY 

II Definition fjnd Etiology, A congenital fatal syndrome 
characterized primarily by severe anemia and Immunodefi¬ 
ciency has been identified In Fell Pony foals. mo In addition, 
peripheral ganglionopathy has been reported in some cases. 
Both genders are affected. The exact nature of She defect is as 
yet unknown, but an intrinsic genetic disorder transmitted 
by a single autosomal recessive gene Is suspected. J01 The 
Fell Pony Is considered an endangered breed by the Rare 
Breeds Survival Trust, ivith an estimated 5000 animals 
worldwide. Originally described In Fell Ponies in she United 
Kingdom, Fell Pony syndrome has also been found in the 
Netherlands and North America. 5DD - 102 


II Clinical Signs. Affected Fell Pony foals typically develop 
signs of decreased suckling diarrhea, cough, and chewing 
motions begjnni ng at 2 to 3 w r eeks of age. 3 102 r rhe foals pro¬ 

gressively lose condition and develop pale mucous mem¬ 
branes. p rhe condition is generally fatal by 4 to 12 weeks of 
age. Opportunistic infections such as Cryptosporidia I enteritis, 
adenoviral pancreatitis, and adenoviral bronchopneumonia 
are frequently observed in affected foals and suggest an under¬ 
lying Immunodeficiency. 

II Clinical Pathology. Foals develop severe normocyllc to 
macrocytic anemia associated with small numbers of ery- 
throld precursor cells in the bone marrow r . l0 °- LO2 Myeloid/ 
erylhroid ratios In the bone marrow have ranged from 
21:1 to 62:1. Although total circulating lymphocyte counts 
are variable, lymphopenia is described in some cases. Num¬ 
bers of both CD4 ■ and CD8 f T lymphocytes are normal, 
but numbers of B cells are decreased. Consistent with 
this B-cell lymphopenia, serum immunoglobulin concen¬ 
trations are often decreased once concentrations of mater¬ 
nal antibodies have declined. I{f2 - 1DJ Because maternally 
derived concentrations of IgM and IgA generally do not per¬ 
sist as long as IgG, concentrations of these antibodies are 
more likely to reflect production by the foal. The responses 
of lymphocytes to in vitro stimulation ivith mitogens have 
been variable. 105 

At this time, no definitive test is available for she diagno¬ 
sis of Fell Pony syndrome, and diagnosis is based on the 
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signal ment, bL&tor>' r din Lea l signs, and laboratory findings, 
including anemia, E-cell lymphopenia, and low concentra¬ 
tions of IgM after 4 weeks of age. 

II The precise nature of the immune defect 

Ls unknown, and thus far the characteristics identified do not 
conform to any known immunodeficiencies In other species. 

I n add Ltlo n to the decrease i n clrcu Lati ng B cel Ls, i mmunoh Lslo- 
chemical slai ni ng reveals decreased B cel Is i n the bone marrow, 
Lymph nodes, and primary follicles of the spleen. Although 
analyses of cellular immunity and phagocytic activity have 
not revealed any consistent abnormalities, the severity of dis¬ 
ease has led to speculation that multiple amts of the immune 
system are affected. The anemia is associated with severe ery- 
tfiroid hypoplasia of the bone marrow r . 

II Necropsy Findings. The absence of secondary Lymphoid 
follicles and lack of plasma cells on histologic examination 
is characteristic of the condition. I’here is also marked ery- 
ihrold hypoplasia In the bone marrow. In some cases, 
peripheral ganglionopathy Ls seen, characterized by neuro¬ 
nal chromatolysis and nuclear pyknosis of the trigeminal, 
cranial mesenteric, or dorsal root ganglia. Other common 
necropsy findings Include abnormalities associated with 
infections characteristic of Immunodeficiency, particularly 
infections with Oyptospflridfum parwtm and adenoviral infec¬ 
tions of the pancreas and bronchial tree. 

II Treatment and Pnognraii. Affected foals respond poorly 
to treatment for Infections and anemia. 100403 They gener¬ 
ally die by 12 weeks of age. 

COMMON VARIABLE 
IMMUNODEFICIENCY 

II Definition and Etiology. Common variable immunodefi¬ 
ciency (CVlD), a heterologous syndrome of Immunodefi¬ 
ciency, has been described in four horses. 100 - 107 it has also 
been suspected in additional horses with varying Immunologic 
deficits. 108410 CVlD was initially defined in human patients, 
and although the syndrome is highly variable, recurrent bacte¬ 
rial Infections and hypogammaglobulinemia are common 
characteristics. 11 ■ - CVlD has also been reported in miniature 

dachshunds with Pncu rnccyvij mrinii pneumonia. 1 13 

II Cffm'arf Findings. Information on CVlD In horses is 
limited because of the small number of cases. The syndrome 
has been identified In various breeds and both genders and 
is characterized by a late onset, -with horses ranging In age 
from 6 to 14 years. 106107 in human patients the disorder 
affects both men and women and can develop at any age, 
although the onset Is most frequently seen during the 
second or third decade of life. L] ] -“ 2 

Recurrent bacterial infection is common in CVlD. Itiree 
horses with CVlD diagnosed with presumptive bacterial men¬ 
ingitis were successfully managed medically with antibiotic 
therapy without immunoglobulin replacement therapy. 107 
Another horse with CVlD presented with infection of the gut¬ 
tural pouch and cholanglohepatllls and was ultimately eutha¬ 
nized because of deterioration in the horse's condi tion. 100 The 
clinical spectrum of CVlD in human patients is broad, and as 
expected, clinical disease Is more severe In patients with more 
marked immunologic abnormal it les. 111412 

II /PUHiEurciugic Findings. Common features of CVlD In 
affected people include recurrent bacterial infections and 


agammaglobulinemia or hypogammaglobulinemia, partic¬ 
ularly involving IgiVi and IgG .12 Trie humoral response 
to vaccination is generally impaired. ES-cell maturation may 
be arrested at various stages, and B-cell numbers may be 
normal or decreased. T-cell abnormalities may also be 
present. As in human patients, Immunologic abnormal¬ 
ities identified in affected horses Include hypogammaglo¬ 
bulinemia and failure to respond to immunization. 107 
The type and severity of the hypogammaglobulinemia 
vaiy; IgM deficiency is common. Affected horses have an 
abnormal lymphocyte distribution characterized primarily 
by B-cell lymphopenia. The lymphocyte response to mito¬ 
gens varies but generally is decreased. Phagocytosis, oxida¬ 
tive burst activity, and serum opsonization capacity w r ere 
normal In three horses tested. 

The variable Immunologic abnormalities associated 
with CVlD make it difficult to define cases, and it has 
been suggested that additional cases of recurrent bacterial 
Infections and immune abnormalities may represent var¬ 
iations of CVlD. An adult Paso Hno mare with prolifera¬ 
tive Interstitial pneumonia and Pfieurnocyalis turner 
Infection was found to have a complete lack of IgM, low 
concentrations of IgG, and decreased numbers of immune 
cells expressing major histocompatibility complex (Ml 1C) 
class II cell surface antigens. 108 In another case, a 3-year- 
old quarter horse with chronic diarrhea and bacterial 
pneumonia was diagnosed w r lth an acquired E-Lympho¬ 
cyte deficiency associated with deficiencies In serum IgG, 
IgA, and IgM and a concurrent decrease in T-cell func¬ 
tion. I0,> Additional cases w r lth hypogammaglobulinemia 
and other immunologic abnormalities may fit the descrip¬ 
tion of CVlD.” 1104 M 

UNCLASSIFIED AND SECONDARY 
IMMUNODEFICIENCIES 

Many equine patients with evidence of Immunologic 
defects cannot be placed in a currently recognized Immu¬ 
nodeficiency category. These animals form a diverse group 
that may seem to have Little In common except the propen¬ 
sity to develop infections. Attempts to further classify- these 
cases have been hampered by the lack of specific, practical 
tests that precisely define the immunologic defect. As 
neiver testing methods are developed, this group will even¬ 
tually be defined. Numerous immunodeficiency syn¬ 
dromes are described In humans, the counterparts of 
which can he reasonably assumed to exist In horses. As 
previously discussed, some of the previously unclassified 
Immunodeficiencies characterized primarily by hypogam¬ 
maglobulinemia are now suspected to be a form of 
CV ID njo7.no.iL4 Also, a CD4- and CDS* T-Lymphocyto- 
penia has been described in a filly with Pnffurrweysris carinii 
pneumonia. 135 

Numerous endogenous and exogenous factors can cause 
seco ndary i mm u nodeficLency o r suppression. 7 Itiese i ncl ude 
malnutrition, specific nutrient deficiencies or excesses, 
microbial and parasitic agents, corticosteroids and other hor¬ 
mones or drugs, and neoplasia. In addition, factors such as 
age and pregnancy can influence the immune system. Stress, 
such as that associated with exercise or transport, may also 
have Immunomodulatory effects. To complicate the issue 
many of these factors can induce either suppression or stim¬ 
ulation under appropriate circumstances; thus their presence 
alone is not adequate to confirm immune compromise. 
In general, the effects of these factors on Lire immune system 
can be assessed by the same tests used to classify prlmaiy 
Immunodeficiencies. Distinguishing the role of these factors 
from more subtle types of primary 5 immunodeficiency is 
difficult. 
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Adult Acquired Immunodeficiency 

A 7-year-old Appaloosa gelding with no hislory of prior Ill¬ 
ness became lethargic, anorexic, and dyspnelc. 1 LJ FJindLicriL- 
cus ezftri septicemia was diagnosed on the basis of blood 
cultures. Immunologic evaluation of the patient revealed 
lymphopenia, low [gM and IgA concentrations, marginally 
low [gG concentrations, low R. eqai antibody liter, negligi¬ 
ble response to lymphocyte stimulation, histologic deple¬ 
tion of the lymphoid tissue, and failure to respond to 
antigenic stimulation. Marked thrombocytopenia was also 
resent. These abnormalities suggested suppression of both 
umoral and cell-mediated arms of the immune system. 
The age of the horse, absence of previous history of Illness, 
and histopathologic findings suggestive of atrophy of lym¬ 
phoid tissue Indicated the immunodeficiency was acquired. 
Mo underlying cause w r as identified for the immuno¬ 
deficiency; specifically, no neoplasms were identified at 
necropsy, and there was no history of exposure to immuno¬ 
suppressive toxins. This may represent CVTD. 

Infectious Disease 

Second a ry Immune suppression can result from a variety 
of Infectious or inflammatory diseases. Many viral, fungaf, 
and bacterial Infections transiently suppress specific and 
nonspecific Immune responses, predisposing to secondary 
bacterial infections. 116 Severe endoloxemla or septice¬ 
mia may suppress neutrophil numbers and bactericidal 
function. 

Perinatal Equine Herpesvirus Type I Infection 

Infection of the fetus with equine herpesvirus type 1 
(EHV-lr rhino pneumonitis) late in gestation has been 
associated with postnatal development of Interstitial 
pneumonia, lymphopenia, marked necrosis and atrophy 
of the thymus and splenic lymphoid tissue, and increased 
susceptibility to bacterial infections. 117 Affected foals may 
be either weak or normal at birth. Despite apparently 
adequate passive transfer of maternal antibody, affected 
foals contract a variety of Infectious bacterial diseases, 
including colibaciHosts, streptococcal septicemia, salmo¬ 
nellosis, and Tvzzer's disease. EEIV-1 Is Isolated from 
nasal passages of about of she cases. The spleen 

and thymus are grossly small at necropsy. Bilateral adre¬ 
nocortical hyperplasia Is noted in most foals. Histologi¬ 
cally, splenic periarteriolar lymphocytic sheaths are 
depleted of lymphocytes, and no lymphoid follicles are 
detectable. Thymic alterations vary from extreme diminu¬ 
tions of thymocyte numbers to complete necrosis of thy¬ 
mic lymphocytes w r Uh disappearance of HassalTs 
corpuscles and "disruption of the epithelial matrix. Lymph 
nodes also show lymphoid necrosis. 

An Immunodeficiency secondary to the marked lym¬ 
phoid damage induced by the virus Is credited w r llb allow¬ 
ing secondary bacterial Infections to become established. 
Immunization of broodmares against EHV-1 would seem 
to be the most appropriate approach to prevention. 

Immunodeficiency Associated with Oral Candidiasis 
and Bacterial Septicemia 

II De/riTirioiE rjnd Elfofojy. A group of foals with labora¬ 
tory or histologic evidence of immunodeficiency that did 
not fit Into any recognized category of primary Immunode¬ 
ficiency have been described with oral candidiasis and bac¬ 
terial septicemia. 1 The foals shared no consistent pattern 
of in vitro immunologic abnormalities, but all had the 


clinical features of oral candidiasis and bacterial septice¬ 
mia. This syndrome has some similarities to mucocutane¬ 
ous candidiasis in people, which has been associated 
with several different subtle T-cell defects. Mot all human 
cases are thought to result from a single Immunodeficiency 
disorder. Candidiasis does not occur in the presence of 
B-cell defects alone, or in the absence of T-cell defects. 

II CJtmcflJ Signs. Most affected foals with oral candidiasis 
were about 4 months of age at onset, although several were 
less than 2 weeks old. na Oral lesions ranged from discrete, 
focal, white, plaque! Ike lesions on the margins of the 
longue to a generalised, thick, while, pseudomembranous 
coating covering the tongue and gingival mucosa. Most 
foals exhibited bruxlsm, ptyallsm, fever, and depression. 
Other significant clinical problems included pneumonia, 
septic arthritis, and diarrhea. This syndrome should be dis¬ 
tinguished from the gjossltls caused by Candida Infection 
seen In Inappetent or debilitated neonatal foals* w r hlch is 
fairly common and generally resolves with amelioration of 
the primary disease .^ 9 

II Clinical Pathology. Serum IgG and IgM levels were vari¬ 
able, but most of the older foals also had low or marginal 
IgG or IgM for their age. 1 Ia The younger foals all had EPT 
and low r IgG levels. Some horses showed a transient lym¬ 
phopenia, but lymphocyte counts w r ere generally within 
normal limits. Almost all cases had other abnormalities, 
including depressed blaslogenesls, suggesting a cellular 
defect distinct from previously described Immunodeficiency 
cases that involved only immunoglobulin production. 

II Necropsy findings. Thymic tissue was difficult to locate 
grossly at necropsy. Lia Mediastinal tissue collected in the 
thymic region was confirmed to he thymus microscopically 
in only one of six cases. ElislologicalLy splenic lymphoid 
depletion was present. Evidence of disseminated bacterial 
infections Included pulmonary abscesses* enteritis, septic 
arthritis, and focal hepatitis. Cctrcdj'ddZ species were identified 
in tissues histologically or with culture in all cases, A variety 
of bacterial organisms w r ere associated with the septicemias 
and secondary Infections. Organisms usually considered 
minor pathogens, such as Artnetobacter and adenovirus, 
were Identified In some cases. 


II Treatment and i^iovnosis. Affected foals did not respond 
to extensive parenteral antibiotic, topical antimycotic, or 
plasma transfusion therapy. Because antibiotic administra¬ 
tion can predispose animals to secondary candidiasis, the 
role that antibiotic therapy may have played in the develop¬ 
ment of the oral lesions was considered. In light of the higjt 
frequency of antibiotic use in foals in the general popula¬ 
tion and the uncommon occurrence of oral candidiasis, 
additional factors such as an underlying immune defect 
are deemed likely. Whatever the cause, the prognosis for 
foals with oral candidiasis and associated bacterial septice¬ 
mia Is guarded to poor. 

Neoplasia 

Meoplastlc disease can impair cell-mediated and humoral 
immune responses as a result of an abnormal bone marrow 
environment altered patterns of cytokine production or 
release, or i mpai red p roliferallve responses {a nergy). I n hones, 
immunodeficiency has most often been described in associa¬ 
tion with Lymphosarcoma or plasma cell myeloma. 


LYMPHOSARCOMA. Immunodeficiency has been Identi- 
fkd in some cases of equine lymphosarcoma. The immuno¬ 
logic abnormal I ty most often described is a decrease in the 
concentrations of serum immunoglobulins, especially 
]£\L- IJ ]mm In addition, decreased lymphocyte blast agen¬ 
esis in response lo mitogens lias been reported. Some horses 
with lymphosarcoma have been diagnosed with concurrent 
bacterial Infections, which may be related to Immunosup¬ 
pression. 122421 A horse with myelomonocytic leukemia was 
Found to have pulmonary aspergillosis. J24 

PLASMA CELL MYELOMA. rlasma cell myelomas have 
been diagnosed in horses of several breeds. 125 Although 
reports of the condition are limited,, there appears to be 
no gender predilection. Morses have ranged In age from 3 
months to 22 years [median, 11 years) al diagnosis. Com¬ 
mon clinical signs include weight loss, anorexia, fever, 
pneumonia, and limb edema. As a malignancy of plasma 
cells or lympbocytold plasma cells, plasma cell myelomas 
typically produce large quantities of a homogenous immu¬ 
noglobulin or Immunoglobulin fragment, resulting in a 
monoclonal gammopathy. In both equine and human cases 
of myeloma, the predominant serum globulins are generally 
subclasses of [gG. 135 - 13 * 1 lypeiglobulihemla is a characteris¬ 
tic but not invariable finding. Monoclonal g^immopalhles 
in the horse have also been reported with lymphoma and 
benign disorders. |27 - J Both equine and human patients 
with plasma cell myelomas have an increased susceptibility 
lo bacterial infections, probably as a result of a secondary 
lnunmKKleflrijeiKy. 135126 ' 129 The concentrations of normal 
polyclonal Immunoglobulins are generally decreased In 
myeloma patients as a result of several mechanisms, includ¬ 
ing decreased synthesis and accelerated catabolism of anti¬ 
body and suppressed clonal expansion of B cells. 125 ' 126 ' 123 
Decreased numbers of neutrophils, which may also be dys¬ 
functional, and defective complement activation may also 
contribute to the impaired immune function. 


Cortico stem id-1 n due e d I mmu n os u ppr e ssi on 

Increased concentrations of corticosteroids can result In 
varying degrees of immunosuppression. The increase In 
corticosteroids may be associated with stress or disease, 
most often pituitary pars Intermedia dysfunction. In addi¬ 
tion, corticosteroid treatment Is the most common 
iatrogenic cause of Immunosuppression. Increased concen¬ 
trations of corticosteroids may exacerbate preexisting infec¬ 
tious diseases or decrease resistance to environmental 
pathogens. I3Q ' J31 

Corticosteroids have a number of effects on the Immune 
system, many of which are dose dependent. They may sup¬ 
press macrophage phagocytic function by Impairing she kill¬ 
ing of Ingested microorganisms, decreasing secretion of 
monokines, and inhibiting antigen processing and presenta¬ 
tion. Corticosteroids suppress cell-mediated immunity 
through induction of a T-cell lymphopenia, -suppression of 
proliferation In response lo mitogen stimulation, altered 
cytokine production, and decreased antigen presentation. 
Humoral immunity may be affected through Impaired 
T-cell responses, enhanced catabolism of immunoglobulins, 
and decreased antigen presentation. 1131 * 1 


Exercise 

Exercise can cleariy act as a stressor that may significantly 
alter the Immune response. J14J - ,s However, defining the pre¬ 
cise effects of exercise on the equine Immune system and sus¬ 
ceptibility to disease has been difficult because of the 
complexity of the Immune system., host factors (e.g., age, 
level of fitness), and the variable nature of exercise. 114 J 3Q 
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In general, It appears that exercise may have both positive 
and negative effects on the Immune response. 114 - 140 Sup¬ 
pressive effects, such as a decline In the ratio of CD4 ■ to 
CDS 1 Tceils, decreased lymphoprolIterative responses, and 
suppression of die innate Immune system, have been asso¬ 
ciated with strenuous high-intensity exercise, prolonged 
exhaustive exercise, or overtraining. In contrast, moderate 
exercise tends to have beneficial effects on die host defense 
mechanisms. 

Data In horses directly Unking exercise-induced immuno¬ 
suppression and increased susceptibility to inlectious disease 
are limited. However, the potential Immunosuppressive 
effects of exercise need to be recognised. In one study, uncon¬ 
ditioned ponies vaccinated with a killed Influenza vaccine 
and subjected to 5 days of strenuous exercise had an Increased 
susceptibility to clinical Influenza after challenge exposure 
compared with rested ponies. 341 However, ponies with 
exercise-induced Immunosuppression responded to the 
administration of an InLranasal modified-live equine influ¬ 
enza vaccine and were protected from challenge. 142 In a study 
of influenza infection in trained horses, moderate exercise led 
to increased signs of clinical disease, but the duration of dis¬ 
ease w r as unaffected. 142 


Age 

Age has been shown to affect immune function in multiple 
species. The increased vulnerability of foals to respiratory 
tract infections, especially with specific pathogens such as 
Rhodocncens etfui. Is thought to reflect an innate immuno¬ 
deficiency. 144 Although foals are immunocompetent al 
birth, it is likely that their immune responses differ from 
those of adults. 144 - 146 Recently It has been shown that 
newborn foals have a diminished ability to express the 
interferon-gamma (IFM-y) gene and produce IFM-y pro¬ 
tein. 146 This ability increases steadily, reaching adult levels 
with the first year of life. These findings suggest that foals 
have an inherent inability to mount a Thl Immune 
response, which may contribute to their susceptibility to 
Intracellular pathogens. 

Aging may also be associated with a relative immunode¬ 
ficiency. Data in horses are limited, but older horses have 
been shown to have lower proliferative responses lo mito¬ 
gens and antibody titers than younger horses. 136 - 147 How¬ 
ever, older horses were more resistant to exercise-induced 
immune suppression than younger horses. The high preva¬ 
lence of pituitary pars Intermedia dysfunction In older 
horses Is thought to be a risk factor for Infectious disease, 
possibly because of elevated steroid concentrations. 


RUMINANT IMMUNODEFICIENCY 
DISEASES 


LCOHLC A(. tf.lEHJNi/IHJJV 
SJl-V'JJV M. iWUlSil 

FAILURE OF PASSIVE TRANSFER 

Definition mad £tt'oiogy At birth, ruminants leave the 
sterile uterus and are exposed to an environment laden with 
pathogens. Although capable of mounting a measurable 
immune response at birtn or even earlier, neonates are best 
characterized as being "imniunonalve." A neonate's ability 
to mount a protective Immune response Is hindered by the 
Immaturity of the Immune system and the delay between 
initiation of response and effective protection. Unless 
adequate maternal Immunologic assistance is provided, 
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neonates have an increased likelihood of succumbing lo 
infectious diseases such as septicemia, diarrhea, enteritis, 
omphalitis arthritis, and respiratory conditions. 

.Neonatal ruminants are protected against disease from 
infectious agents through passive transfer of matema] 
3 mmunity by consumption of colostrum. The concept of 
failure of passive transfer [FPT] has Largely been used to 
describe a neonate that does not absorb adequate levels of 
immunoglobulin. Immunoglobulins are a significant com¬ 
ponent of colostrum and have been the most studied 
constituent of colostrum. 1 low ever, colostrum is a complex 
fluid that, In addition to immunoglobulins, contains high 
numbers of immune cells, immunoactive substances such 
as cytokines, and nutritional elements. L4t 

Successful passive transfer of immunity can be defined as 
the timely Ingestion and absorption of an adequate mass of 
colostra I immunoglobulins {primarily IgGl In calves), and 
possibly other colostra! components as well. Successful pas¬ 
sive transfer has been quantitatively defined as calves that 
have attained greater than JOmg/mL serum IgGl by AS 
hours of age. 1 * 9 The levels of serum Immunoglobulins 
defining successful passive transfer are simply guidelines 
derived from statistical analysis of large populations. 
Numerous factors Interact with the Level of passively 
acquired immunoglobulin to determine the occurrence of 
disease, Including management, environment, hygiene, 
infection pressure, virulence of Infectious organisms, and 
antibody specificity. Although neonates with FPT are at 
increased risk for disease, having low serum Immunoglobu¬ 
lin does not necessarily guarantee disease If the neonate 
resides in a clean environment or does not interact with 
highly virulent organisms. Alternatively, neonates with ade¬ 
quate passive transfer can readily develop disease if exposed 
to an environment with a high pathogen load or highly vir¬ 
ulent organisms. 

II Aferiuzntorn of Transfer, Two distinct processes 

must occur for adequate passive transfer of maternal Immu¬ 
noglobulins through colostrum. The first process, eolostro- 
genesj'j, Is the transport of immunoglobulin from maternal 
serum Into colostrum during the last 4 to 6 weeks of gesta¬ 
tion and Is largely controlled by lactogenic hormones. 1 - 50453 
Studies In cattle have demonstrated that the mechanism of 
immunoglobulin transfer Involves an active, IgGl-specific, 
receptor- mediated process. 

'me second process Involves the transport of coLostral 
IgGl from the gut lumen Into the neonate's system. This 
process Is not selective for specific Lmmunogjobulln iso¬ 
types and does not appear to differentiate between most 
macromolecules. Specific receptors for Immunoglobulins 
are absent in the calf's gul rather, transport occurs through 
nonselecllve pinocylosis. Absorption Is Initialed by the pres¬ 
ence of macromolecules but declines over the first 24 hours 
of life 154 ; absorption is finite and decreases regardless of 
macromolecules being present. 155 - 15 * The absorptive pro¬ 
cess also appears to be saturable; efficiency of immunoglob¬ 
ulin absorption decreases with Increasing immunoglobulin 
concentration In the colostium being fed. li7 Presumably, 
because all macromolecules compete for the same absorp¬ 
tive process, the mass of Immunoglobulin absorbed by the 
calf ivould be inversely proportional to the concentration 
of non Immunoglobulin macromolecules present in the gul 
lumen. 

II Epidemtoi&gy. The percentage In calves with FPT at 24 
hours of age varies from 15% to 6B%. 15b Similar findings 
have been recorded in other neonatal ruminants. In one 
report comparing EPf in beef calves and diary calves, rales 


of 5% and 39% were reported, respectively. LS * Several inter¬ 
related factors account for the varying incidence of FPT, 
including the formation of colostrum with an adequate 
immunoglobulin concentration, ingestion of an adequate 
mass of immunoglobulin, and absorption of immunoglob¬ 
ulin In a timely manner. 

ForujdHfln of Colostrum with Adequate IgGl Concentra¬ 
tion. The mass of Lmmunogjobulln presented to the neonate 
for absorption depends on the colostra! immunoglobulin 
concentration and volume of colostrum available. I’he vol¬ 
ume of colostrum produced by the cow is usually not a 
limiting factor. 1 * 0 However, colostrums have varying Immu¬ 
noglobulin concentration; IgGl concentration in beef cow r 
colostrum Is tivo to three limes greater than that of dairy 
cow colostrum. 1 * 1464 Significant differences exist not only 
among different breeds but also among cattle within a 
specific breed. 165 Lactation number also Influences IgGl 
concentration In colostrum, although this variation Is less 
than between cows or breeds. 

Colostrum with low immunoglobulin concentration, 
resulting in Lngesllon of an inadequate mass of Immuno¬ 
globulin, is a primary cause of FPT In daily calves. 161 In 
contrast, FPT In beef calves Is unlikely to result from low 
colostra! IgGl concentration. 

Ingestion of Adequate Muss of IgGl. Depending on the 
environment and pathogen load to which they are exposed, 
calves must ingest an adequate mass of IgGl to obtain 
protective Immunity. AJthough the actual mass of Immu¬ 
noglobulin needed for protection depends on many fac¬ 
tors, studies suggest that for a 45-kg calf to attain a serum 
3gGI concentration greater than lOmg/mL, it must con¬ 
sume approximately 100g of IgGl In the first hours of 
life. 166 Consumption of 100 g colostra! IgGl ultimately 
depends on colostra! volume and IgGl concentration. A calf 
provided colostrum with 35 mg/mL IgGl would need lo 
consume approximately 3 L In the first 12 lo 24 hours, 
whereas a calf provided colostrum with 100 mg'ml. IgGl 
must consume only 1 L. An accepted recommendation 
for attaining adequate passive transfer in diary calves is 
to administer 4 L of colostrum in the first 12 hours of 
life. 160 

Concentration of colostra! immunoglobulin is rarely 
a significant factor leading to FFT in beef calves. Instead, 
factors such as mis mothering, poor udder conformation, 
and environmental stresses are more significant in prevent¬ 
ing beef calves from ingesting the colostrum. Other factors 
(hat may affect passive transfer in beef calves have been 
reviewed. 167 There is Little evidence to suggest a direct effect 
on passive transfer when beef cows are fed prolein- 
or energy-restricted diets. Dystocia does not appear to 
affect passive transfer of immunoglobulins as long as the 
calf receives an appropriate mass of Lmmunogjobulln In a 
timely manner. 

Young age of the dam Is a risk factor for FI7T, Likely 
because of loiver colostral immunoglobulin concentration 
in heifer colostrum {beef and dairy) and poorer mothering 
ability. 

Timely Absorption of IgGl byGajf. Cessation of absorption 
of colostral Immunoglobulins [closure) occurs at approxi¬ 
mately 24 hours of age. 154 - 16 * If colostrum Is completely 
withheld, closure will still occur by 30 hours of age. 155 - 15 * 
Closure Is minimally affected by stresses such as dystocia 
or cold environmental temperatures, although extremely 
high environmental temperature has been associated with 
reduced Immunoglobulin absorption In calves. ISJ - 169 In a 
study comparing three different feeding methods of colos¬ 
trum to dairy calves, FPT w r as more prevalent with sucking 
than artificial feeding methods, presumably because of Inad¬ 
equate colostrum volumes Ingested by calves. 1 ** That is, 
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dairy calves consuming relatively low IgGI concentration 
colostrum did not consume adequate volumes of colostrum, 
lo obtain 100 g of IgGI in a timely manner. When artificial 
feeding methods are used, Inadequate immunoglobulin con¬ 
centration In tbe colostrum is the most Important factor 
resulting in FIT, even when calves are fed in a timely 
manner. 

Mothering, Mothering has been associated with Increased 
efficiency of absorption of colostra! immunoglobulins. 
T’his may simply be a result of the dam's presence or may 
be related to the effect of the neonate physically suckling 
the dam. l5j 


II Cffnicrtf Signs and ijihrtra iory Findings. Although not 
diagnosed by physical examination, FPT is typically sus¬ 
pected based on physical findings. Young ruminants devoid 
of passive immunity are highly susceptible to bacterial sep¬ 
ticemia. Clinical signs of bacteremia Include central 

nervous system (CN5) depression, weakness, injected scleral 
vessels, rapid or labored respiration, diarrhea, and anorexia. 
Fever may or may not be present. Septic arthritis, meningi¬ 
tis, and panophthalmitis frequently develop In many neo¬ 
nates with FIPT that survive the initial challenge of 
bacteremia. Diarrhea can also result from a number of die¬ 
tary and infectious agents Ln neonalaj ruminants with 
normal serum Immunoglobulin levels. 171 Historical Infor¬ 
mation of clinical disease may lead lo a high degree of sus¬ 
picion that FPT is present. 

Inhere are no consistent changes Ln the hemogram or bio¬ 
chemical panel of a neonatal mm Inant with FPT Abnormal 
laboratory findings usually reflect secondary processes 
involving sepsis, stress, or starvation. Laboratory evaluation 
is necessary to assess the degree of passive transfer. 

II Mftafumnenl of Passive I'ransfer. Several methods are 
available to measure passive transfer of Immunity either 
directly or indirectly. The greatest degree of accuracy is 
obtained If the tests are performed during the first week of 
Life, and most tests are optimized when serum samples are 
collected between 24 and 43 hours of age. After this period, 
neonates begin to synthesize significant amounts of immu¬ 
noglobulins, although a tentative decision can still be made 
as to the degree of passive transfer (bat occurred after birth. 
Any question about the status of passive transfer in a new¬ 
born should trigger laboratory evaluation of the animal so 
that corrective measures can be undertaken. 

Single radial immunodiffusion (RID) quantitatively 
measures serum IgGI and is considered (be standard In 
cattle. 'Hie semiquan Illative methods for estimating passive 
transfer (zinc sulfate turbidity, sodium sulfite precipitation, 
glutaraldehyde coagulation, Eotal serum solids) are based 
on the fact that IgGI normally accounts for the majority 
of passively transferred proteins in colostrum. .Measurement 
of seium 7 -glulamyltransferase (GGT) is based on the find¬ 
ings that mammary secretory alveolar epithelial cells can 
secrete large amounts of GGT during colostrogenesis and 
that GGT is readily absorbed by the neonate before gut 
closure. 

SiirgJe Radial immunodiffusion. Quantification of each 
Immunoglobulin class that l.s transferred can be determined 
using specific, commercially available antisera. Forty-elgbt- 
bour serum concentrations of less than 1000, SO, and 
22 mg/dL for IgG, IgM, and IgA, respectively, are consistent 
with FFT 160 

Zitrc Sulfate Tjjrhjdity. Specific concentrations of zinc sul¬ 
fate precipitate Immunoglobulins. |49 - J7J Historically, a 
defined volume of serum (0.1 ml.) is added to zinc sulfate 
solution {6mL) containing 200 mg of ZnS0 4 ■ YH^O per 


Liter, and the solution Is allowed to Incubate at room tem¬ 
perature for 1 hour. The turbidity of the solution Ls then 
evaluated visually or with speclrophotometric methods. ]J? 
A decrease Ln or an absence of turbidity [precipitation) Indi¬ 
cates failure of Immunoglobulin absorption. 

A study by Tyler el al. 173 suggests that the zinc sulfate 
test using a 208-mg/L solution has an inappropriately high 
endpoint, with a specificity of only 0.52. The poor predic¬ 
tive value of this method results Ln a significant mlsclasslfl- 
cation of calves w r Lth adequate passive transfer as having 
FPT. A follow-up study suggests that higher zinc sulfate 
concentrations in the test solution provide a more accurate 
assessment of passLve transfer. As zinc sulfate concentra¬ 
tions are Increased from 200 to 400 mg/L, sensitivity 
decreases from 100 to 82.6, and specificity Increases from 
25.5 to 90.8, respectively, lire concentration of zinc sulfate 
test solution chosen therefore depends on the goal of 
the test. Choosing a test solution with higher sensitivity 
(e.g., 250 mg ; L zinc sulfate) Is likely warranted when test¬ 
ing individual calves with high economic value. In herd¬ 
monitoring programs, however, the choice of a test solu¬ 
tion with higher specificity [e.g., 350 to 400 mg/L zinc 
sulfate) will maximize the' proportion of calves correctly 
classified. 

Sodium Sulfite Precipitation. This test Ls similar to the zinc 
sulfate turbidity test and is also a precipitation test for 
Immunoglobulins, primarily IgGI, with the results recorded 
visua Lly. ] 7J The reagents a re com mercial ly avai I a b le. * 11 Istor- 
Lcally, three concentrations of Na^SO/ anhydrous [14%, 
16%, and 18%) are used Ln the test. Serum (0.1 mL) is added 
to each concentration of sodium sulfite (1.9 mL), and these 
are allowed to incubate for 1 hour. Turbidity in only the 
18% sample indicates transfer of Less than 500 mg/dL 
Immunoglobulin, turbidity Ln both the 16% and the 18% 
sample indicates 500 to 1500 mg/dL of transfer, and tur¬ 
bidity in all samples Indicates greater than 1500 mg/d 1. 
transfer. 

Similar to the zinc sulfate turbidity assay, the endpoint 
for the sodium sulfite precipitation assay Ls Likely set too 
high. 173 The preferred test endpoint appears to be a 1+ test 
result. A 1+ result equates to observing turbidity In the 18% 
test solution, with no turbidity In either the 16% or the 
14% lest solution. I’yler et al. ]73 demonstrated the lowest 
serum IgGI concentration {measured by RID) observed In 
calves with a I +■ lest result was 645 mg/d.L (range, 645 to 
2450 mg/dL], Indicating at least partial successful passLve 
transfer of immunoglobulin. Therefore, It is recommended 
that the sodium sulfite test be used as a single-dilution assay 
procedure xvhereby calves with 1+ lest results (precipitation 
in only the 18% lest solution) are classified as having '“ade- 
quate'^ passLve transfer. 

GliJltfmfdefirde Coagulation Test. This test is based on 
10% glutaraldehyde reagent coagulating serum immuno¬ 
globulins Ln concentrations greater than 600 mg/dL. When 
performed on serum, the glutaraldehyde coagulation test 
Ls an accurate predictor or passive transfer status. 175 - i7t 
How r ever, if whole blood Is used In a similar assay, the sen¬ 
sitivity and specificity of the assay are deemed lo be inade¬ 
quate for routine diagnostic use. J7Sl 

Re/hirtffwjeier fTofuJ Senjprr SoJirfij. Quantification of 
total seium solids as an indicator of passLve transfer of immu¬ 
nity assumes that the increase in serum proteins over that of 
presuckle newborn ruminants Is caused bv the absorption 
of immunoglobulin. MC1 In the absence ofdehydration, serum 
protein concentration greater than 5.0g/dL has historically 
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been associated with successful passive transfer, and values 
less [hail 4.5 g/dL are consistent with FPL Values between 
4.5 and 5 g/dL are deemed questionable. 

In a study of 242 calves, use of a 5.0-j^dL threshold 
resulted in a highly specific (0.96) but insensitive (0.59) test 
tvbereas a 5 5-g/dL threshold resulted in a highly sensitive 
(0.94) but relatively nonspecific (0.76) test. 173 The choice 
of threshold (5.0 or 5.5 g/dL] depends on the prevalence of 
passive transfer In the herd being tested and the costs asso¬ 
ciated with false-positive and false-negative results. Using 
regression analysis to predict serum IgGl concentration as a 
function of serum protein concentrations (with a goal of 
10 mg/mL IgG 1 j, the optimal threshold value for serum con¬ 
centration Is calculated to be 5.2 g/dL 173 

y-GlatarnyUnimfeuise. GGT Is present In colostrum at 
levels about 300 times higher than that normally found 
in serum. GGT Is absorbed by the calf during the period 
of immunoglobulin absorption, and calf serum levels can 
be used as an Indication of immunoglobulin absorption. 
Levels of GGT are maximal in the calf on the first or sec¬ 
ond day after birth. iaijaj Parish et al. 133 used a regression 
formula to set age-ad lusted thresholds for serum GGT 
activity In order to define passive transfer status In dairy 
calves. 133 Using serum IgGl concentration of lOmg/mL 
as an acceptable goal for passive transfer of immuno- 
lobullns, calves at I day, 4 days, and 7 days of age should 
ave serum GGT activities greater than 200, 100, and 
75 IU/L respectlvelv. Calves In the first 2 weeks of life with 
serum GGr levels less than 501U/L can be classified as 
having b'FT. 


II frEuentfon. The Intake and absorption of adequate 
amounts of quality colostrum are key so the survivability 
of young ruminants. Documented natural sucking or 
force-feeding of colostrum in the first ti hours of life helps 
to ensure adequate transfer. It Is generally thought that a 
neonate should consume between 6% and 10% of its body 
weight as colostrum in the first 24 hours of life. Most calves 
consume approximately 2 L (40 to 50 mL/kg) of colostrum 
at the first feeding. In force-feeding practices, 2 L typically 
has been advocated as the proper amount for inltiaf intake. 
However, the variance In colostrum quality suggests that 
a greater volume should be fed at the initial feeding. 154 
As slated earlier, to attain adequate passive transfer in 
dairy calves, the current recommendation Is to administer 
approximately 4 L of colostrum In the first 12 hours of 
life. 366 In herds or flocks where neonatal disease Is a prob¬ 
lem, levels of passive transfer should be determined, and 
force-feeding of all new r bom animals should be instituted 
to ensure adequate transfer. 

Whole-colostrum specific gravity can be reasonably 
measured with a colostrometer. 134 A specific gravity less 
than J.050 is associated with colostrum that has Low r Immu¬ 
noglobulin concentration. This device can eliminate 50% 
of the low-immunoglobulin colostrums and predict high 
immunoglobulin concentrations. 154 At colostrum tempera¬ 
tures other than 20° C (6S‘ F), less accuracy Is achieved. 135 
Colostrum should contain greater than 6000mg^dL total 
immunoglobulin. To ensure that all neonates receive ade¬ 
quate amounts of colostrum, producers should be encour¬ 
aged to maintain a bank of frozen colostrum. Colostrum 
from first milkings Is preferred because immunoglobulin 
concentrations decrease with successive milkings. 

Immunoglobulins are generally unaltered by freezing 
and only small amounts are inactivated by thawing. Thawing 
frozen colostrum in warm w r ater Is quickly accomplished for 
individual calf feeding. Microwave ovens have been used to 
thaw frozen colostrum without adverse effects. 156 


Pooling or mixing colostrum from several cows is a com¬ 
mon practice to ensure adequate immunoglobulin concen¬ 
trations. lTkis practice Is advocated to circumvent the 
problem of low-concentration colostrum from being fed. 

I lowever, calves (hat receive pooled colostrum acquire sub¬ 
stantially low r er serum Immunoglobulin levels than calves 
fed equivalent volumes of homologous colostrum from 
their own dam. 1 iTkis appears to relate to the fact that 
colostrums used in pooling frequently come from cows 
with high volumes of colostrum that lend to have lower 
immunoglobulin levels. 187 

Many commercially available colostrum substitutes can 
be used either to supplement available colostrum or to pro¬ 
vide a source of immunoglobulins for calves when colos¬ 
trum is not available. It Is Important to note the amount 
of immunoglobulin present In these products and adminis¬ 
ter enough product to ensure passive transfer. With some 
products, it may not be possible or practical to administer 
enough colostrum substitute to obtain LOO g IgGl. Further¬ 
more, the antibody specificLly of lbe Immunoglobulins 
present in these products may be unknown. 

Bovine colostium is frequently used to supplement or 
replace homologous sources of "colostrum In nonbovlne 
ruminants. Neonatal Lambs and kids are frequently supple¬ 
mented in ibis way. 133 - 135 The Immunoglobulins are 
absorbed at rates similar to homologous colostrum. The 
half-life of bovine IgGl in lambs Is approximately 14 
days, 1 ** which Is similar to the 13.7 days reported for ovine 
IgGl Ln lambs 190 (see Table 53-2). Occasionally, anemia 
has been reported in lambs and kids fed bovine colostrums 
as a result of Immune complex attachment to erythrocytes, 
causing their removal from circulation. 331-15:5 The effective¬ 
ness or bovine or caprine colostrum in other species is 
unknown, but the practice appears to be widespread and 
has been used In a wild animal park successfully hand- 
raising neonatal exotic ruminants. 

II Treatment FPT In an otherwise normal neonate can be 
treated with plasma administered at 20 to 40 mL/kg Intrave¬ 
nously (or Intraperltoneally if IV administration Is not pos¬ 
sible or practical). Whole blood can also be used, although 
the dose should be Increased to account for the presence of 
RBCs. Similar approaches are Indicated Ln animals with 
clinical disease, but the results are often Less rewarding. 
Continued oral colostrum supplementation of neonates 
wLlh FPT beyond the period of closure may also provide 
some local Immune protection In the gut. 130 Some clini¬ 
cians have advised oral supplementation with plasma after 
gut closure, but this practice Is questionable In light of the 
cost of obtaining plasma, and plasma contains only about 
15 mg/ml IgGl, significantly less than average colostrum. 

LETHAL TRAIT A46 

Lethal trait A46 Is a primary Immunodeficiency that is 
found in black, pled Danish cattle of Krlesian descent. 194 
It Is an autosomal recessive trait in which the calves appear 
normal at birth but develop skin disease at 2 to & weeks 
of age. Skin lesions are characterized by exanthema, alope¬ 
cia, and hyperparakeralosis, w r L(h initial lesions occurring 
around the head, neck, and flexor surfaces of the legs and 
later Involving the entire animal. Death within 4 months 
is often associated with bronchopneumonia and dLarrhea. 
These animals do respond normally to humoral antigens 
but show deficits Ln cellular Immunity. At necropsy the 
calves show marked lymphoid regression involving the thy¬ 
mus, spleen, lymph nodes, and gut-associated lymphoid tis¬ 
sues in the thymic-dependent regions, the condition is 
responsive to oral zinc oxide therapy, which suggests an 
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underlying problem in zinc metabolism. Daily oral dosages 
of up to I g zinc oxide have been used to establish normal 
function.The primary immunologic defect is found In 
1’ Lymphocytes. Because of a defect in a recessive gene, these 
animals apparently have an unusually high metabolic 
requirement for zinc ions to sustain normal T-lymphocyle 
development and function. 

SELECTIVE lgG2 DEFICIENCY 

A primary IgGl deficiency has been described in the red Dan¬ 
ish milk breed of cattle Involving a primary, partial to com¬ 
plete deficit In IgG2. igi - Lfl6 These animals appear to be 
more susceptible to gangrenous mastitis and pyogenic Infec¬ 
tions such as bronchopneumonia, peritonitis, and aboma- 
soenteritis. 137 A transient lgG2 deficiency has also been 
reported In neonatal lambs. 3 * >fl Lambs that Ingested colos¬ 
trum had delayed onset of lgG2 synthesis until 5 to 6 weeks 
of age, with no adverse consequences. 

CHEDIAK-HIGASHI SYNDROME 

Chediak-Higashi syndrome Is an inherited disorder that 
affects neutrophil and monocyte function In Hereford cat¬ 
tle, mink, cats, mice, killer whales, and humans. Ig3 Clin¬ 
ically, these patients are recognized by partial albinism that 
affects the skin and eyes, coagulation difficulties, and an 
increased susceptibility to bacterial infections. Large cyto¬ 
plasmic granules are seen within neutrophils, '['he Increased 
susceptibility to pyogenic infections Is related to decreased 
neutrophil killing ot Ingested organisms caused by a defect 
in hexose monophosphate shunt activity and defective 
degranulation. 

BOVINE LEUKOCYTE ADHESION 
DEFICIENCY 

Bovine leukocyte adhesion deficiency (BLAD) is an auto¬ 
somal recessive disorder of Holstein calves characterized 
clinically by chronic bacterial infections and premature 
death. 200 -- 303 Leukocytes of affected calves lack surface glyco¬ 
proteins, termed p-2 Integrins. A mutation of the gene 
encoding bovine GDIS causes this disorder.The gene defect 
Is termed the D128G allele mutation. 

Heterozygous carriers are clinically normal; however 
bulls and cows w r llb this mutation may produce homozy¬ 
gous calves that manifest the deficiency. All calves with 
BLAD can be traced to a single male ancestor that must he 
present in both the sire and dam pedigree. In the United 
States, approximately 14% of sires and almost (3% of Hol¬ 
stein calves are affected with BLAD. 

Homozygous calves have chronic, recurrent bacterial 
Infections. Consistent clinical findings Include fever, bron¬ 
chopneumonia, stomatitis, gingivitis, recurrent or chronic 
diarrhea, peripheral Lymphadenopalby, vasculitis, and der¬ 
matitis.- 30 ^ 3 ^ Calves appear normal at birth, but clinical 
signs are often present within the first few weeks of life. 
Affected calves usually die within the first year of life. 
Those surviving past I vear of age have persistent ill-thrift. 
Hematologic abnormalities include mature neutrophilia 
(>40,000/pL) without significant left shifts, lymphocytosis, 
and monocytosis. Abnormal serum biochemical findings 
include hypoalbuminemla; byperglohullnemla; and low 
serum creatinine, urea nitrogen, and glucose concentrations. 

Diagnostic tests are available to detect heterozygous car¬ 
riers and Identify homozygous affected calves. Information 
regarding testing Is available from the 1 [cistern Association 
ot America, Brattleboro, VT. 


VIRAL- AND BACTERIAL-INDUCED 
IMMUNODEFICIENCY 

Decreased function of B and T Lymphocytes has been 
associated with bovine viral diarrhea {BVD) infection in 
calves developing chronic BVD syndrome. 205 Depression 
of cellular, hut not humoral, Immunity Is seen in cattle 
Lnfected with Johlie's disease (.Mycuharfertum avium subsp. 
ptimluijemritwis), with failure to develop or delayed-type 
hypersensitivity (DTIlJ reactions in vivo and in vitro. 206 
It Is associated with a humoral-suppressive factor. 

COMBINED IMMUNODEFICIENCY 

Genetic failure of development of both T and B cell lines 
results in a severely compromised, lmmunodefleient animal. 
As passively acquired maternal antibody wanes, Infections 
tend to develop. One possible case of combined immunode¬ 
ficiency was reported in a 6-tveek-old Angus calf that had 
an absence of serum IgM, low seiurn IgG, absolute lympho¬ 
penia, and an absence of lymphoid tissue at necropsy. The 
calf died of bronchopneumonia and disseminated fungal 
Infection. 207 


PREGNANCY-ASSOCIATED 

IMMUNODEFICIENCY 

JASJLS R LY LRMANN 

The areas of Immunology pertaining to pregnancy, fetal 
survival, and postpartum periods have continued to expand 
over the past decade. 2 ™ 203 Additional input from the 
fields of epidemiology- and evidence-based medicine has 
Increased our understanding of the delicate balance that 
occurs at the maternal-fetal interface. 310 In its broadest con¬ 
text, the Immune system of the pregnant animal becomes 
compromised as the fetus matures. 211 Although transitory, 
this immunodefictent stale also apparently extends into 
the postpartum period for up to A weeks. 212 

Mechanisms 

Itie cellular mechanisms responsible for the immunosup¬ 
pression during pregnancy and postpartum Involve [I) a 
shift ofT-helper (Th) cells from a Thl to a Tb2 response 
and (2) a decrease In neutrophil functions. 3 llieT-eell 
populations are affected by progesterone, prostaglandin 
and a-feloprotein. 311 The'lhl cells are important effectors 
of the cel I-mediated immune [CMI) response and Interact 
with T-cylotoxLc (Tc) cells. Te cells are the main defense 
against torelgn antigens, which include viral, Intracellular 
bacterial, and protozoal pathogens. With the onset of preg¬ 
nancy, the hormonal factors cause macrophages to release 
p redo mi nanllv Tb2-stimulatlng cytokines, which contribute 
to the overall dominance of humoral immunity during 
pregnancy and immediately postpartum. This phenomenon 
of the Th-cell populations Is referred to as the ,J Thl-Thl 
shift of pregnancy" and Is generally regarded as a contribut¬ 
ing factor to maternal tolerance of the fetus by suppressing 
the anlifetal CM! response 203 

The second key cell population affected during preg¬ 
nancy and postpartum is the neutrophil. 213 The point of 
maximum immunosuppression occurs when glucocorticoid 
Levels are acutely elevated In iheperiparturlent cow. 315 Keu- 
trophil dysfunction, as well as the effects on the Th-cell pop¬ 
ulation, Is considered temporary during this period. 
Nonetheless, with impaired neutrophil response, the ani¬ 
mal Is then vulnerable to Increased bacterial Infections 
because of compromised bactericidal functions. 312 
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Outcome 

This temporary ImiminocfefkiEnty allows for fetal sur¬ 
vival but may also result In an Increased susceptibility so 
exterior environmental infection with viruses, bacteria, and 
fungi. Intracellular Infections, such as with viruses and 
protozoans, which may have been acquired early during 
postnatal development may become exacerbated during 
pregnancy because of die suppressive effects on the Tti i 
cetls_ JS 1 This results in a decreased CM I response. The CM I 
effector cells (Tc ceils) function normally to control virtually 
all the viral Infections, such as Infectious bovine rhinotra- 
cheltis vims and BVD virus.- 2116 intracellular bacteria] 
infections, such as finuxffa abortus, become more patho¬ 
genic during pregnancy. In addition Eo Lhe effecEs on T-cetl 
functions, macrophage function is also compromised,, 
allowing for opportunistic bacteria and CJjJujnydiophj'Ju 
species (usually confined to external mucosal surfaces) to 
become systemic Concurrent with the immunosuppression 
that accompanies pregnancy, there is an increased shed¬ 
ding of infectious microorganisms 23 ] {Figure 53-5). This Is 
considered to be an extension of Impaired It-cell func¬ 
tion. Aithough the pregnant animal may appear clinically 
normal, her altered immune response results in an increased 
shedding of gastrointestinal fGI) viruses such as corona- 
viius and rotavirus 21 '' 237 and naclerta (Atyooftocteritim 2 Iotju?i 
subsp. paratubercuLosis, Escherichia eoii}, usually during the 
perlparturient period.3 J s.J3 J o phis increased shedding of 
infectious microorganisms is an Important factor In the 
management of animals through this period. The suppres¬ 
sion of neutrophil functions during later stages of preg¬ 
nancy and immediately postpartum are the sub|ect of 
active investigation. 215 ' 220 

The reduced neutrophil function and Its association 
with peri parturient immune suppression are significant 
problems, especially for the transition dairy cow. 215 This 
Immunosuppression is directly associated with increased 
postpartum metritis and Increased susceptibility to masti¬ 
tis. .-Vs noted with the immunosuppression during preg¬ 
nancy, this perl parturient stage can be aggravated by both 
preexisting infections (e.g. r bovine herpesvirus type 4) 221 
and environmental bacterial pathogens (e.g., Sfrip&^ocGcciis 
aureus, Kkbsidtu species). 222 

Management 

Although the immunosuppressive periods during preg¬ 
nancy and up to 4 weeks postpartum are well recognized, 
current understanding of the cellular processes Is still 
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somewhat rudimentary, However, clinicians and owners 
can proceed with control measures that accomplish two 
primary goals: maximize reproductive performance and 
ensure successful neonatal survival. 2312 ' 121 ' 22 - 1 Over the 
years, we have emphasized the importance of effective vac¬ 
cination programs before breeding clean birthing areas, 
and good hygiene for the Isolating animat. 230 ' 22 - These 
measures, m conjuncflon with good colostra! manage¬ 
ment, allow owners to compensate for the temporary 
immunosuppressive states encountered during and Imme¬ 
diately after pregnancy. 


DISEASES CAUSED BY ALLOGENEIC 
INCOMPATIB ILITIES 

fin nmmoH 

4IEV&N M. PARISH 

The surfaces of cells are covered w r lth molecular structures, 
the presence or absence of which Is determined by genes. 
Some of these molecules have limited heterogeneity within 
a species, and all members of the species share identical 
forms (mono morph lie]. In other cases a spectrum of minor 
structural variations or polymorphisms of a particular mol¬ 
ecule occur within the population, so that some members 
of the species w r Lll have one form of the molecule, whereas 
others will have another. If the structural variations are 
such that the immune system of one individual can recog¬ 
nize the differences In the molecules from another individ¬ 
ual, these are known as siWthanJEgem. Antibodies produced 
against these antigens are ulloiintilmiies. Examples of a] Loan- 
tlgens Include red blood cell (RBC. erythrocyte) antigens 
and lymphocyte antigens. 

In nature, because few situations arise In tvhicb tissues 
are exchanged. Ehere are relatively few naturally occurring 
diseases that involve allogeneic Incompatibilities, Neonatal 
isoeiyth rolys is (Nl) and neonatal alioimmune thrombocy¬ 
topenia (NAIT) are two examples of such naturally occur¬ 
ring diseases. Blood transfusion reactions ana organ 
transplant reaction are examples of Iatrogenic diseases asso¬ 
ciated with allogeneic incompatibilities. 

'lire same alloanti bodies that mediate disease are also 
useful In vitro as reagents to detect the presence of alloanti- 
gens and serve as the basis for blood typing. 

SLOOD TYPING AND DNA PROFILING 

The blood type of an Individual Is actually a composite list 
of genetic markets that have been detected In the Indivi¬ 
dual's blood. Several types of genetic markers have been 
used in blood typing including RBC alloantigens. electro¬ 
phoretic markers, and lymphocyte alloantigens. Poly¬ 
morphisms of the DNA LEself have emerged as useful 
genetic markers and have essentially replaced other genetic 
tests for parentage verification. 

Red Blood Cell Antigens 

Seven independent RBC groups or systems have been inter¬ 
nationally defined in horses under lfic auspices of the [liter- 
national Society for Animal Genetics 225 - 21 * [Tables 53-3 
and 53-4). These systems are named A, C. D, K P, Q, and 
LI Additional systems are recognized by Individual labora¬ 
tories. Bach system corresponds to a particular gene for 
which two or more alleles exist. Some blood groups are rel¬ 
atively simple and contain only two alleles, whereas other 
systems may have over two dozen different alleles. 
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TABLE 53-3 
Domestic Animat Blood Croups 


[ Species 


Blood Group. Systems | 

Equine 


A, C, D, K, J 1 . q, IJ 

Bovine 


A. fl. C. F. |.- L. M, R\ S. T r Z 

Ovi riL- 


A. fl. C. D, M, R, ■ X 

Caprine 


A, Ji. C. H l T 

Train Suzuki: 

]'«i>ueljL coillinunicatLan, J I ? , K1 

"Soluble aniii^LTiK. 


TABLE 

53^4 


Blood Group Systems, Factors, and Alleles of the Horse 
Recognized by the International Society for Animal 

Genetics 



System 

Factors 

Recognized Alleles | 

A 

a. * b. + c. d r e, f. & 

Aa, Aadf, Aadf;, Aabdf, 



Aabdg, Ab r AbL:. Abce. 

Abe. Ac P Ace. As, A- 

C 

a 

Ca, C- 

D 

a, b, + cT d. t\ f. g. 1 

Dadf Dadlnr, Dadtr, 


h, i, k. 1. nt, n, o, 

['ibemq. Dccfgmq, 


p. q. r 

Dtcgjmnq, Dcfgkm, 

Dcfmqr. Pcgm, Dcdmp. 
Dtgmq, JJc^mqr, 

Ddeklqr, De-lno, Ddeloq. 
Ddclq, Ddfkir, Hdglimp, 
Ddghmq, Ddghmqr, 

Ddki, Ddlnq. [>dtnqr. 

DdLqr, Ddno. Dq, (D-) 

K 

a 

Kn. K- 

P 

a,* b r c r d 

Pa. Pae. Pacd,, Pad. J’b. Pbd, 



Td. r- 

Q 

a, * b r t + 

Qa. Qab. Qabc, (Jar Qb. 



Qbc, Qc, Q- 

u 

a + 

Ua, LI- 


TABLE 53-5 

Blood Croup Factors of Cattle Recognized 
by the Internationa] Society for Animal Genetics 


system Factors 


vance. The B group is a very complex system, with more 
than SO different antigens. 2 * * * * * * * - 10 This complexity has been 
used to advantage for individual animal Identification and 
parentage studies in the past, but It makes it difficult to 
match donor and recipient blood for transfusions. 

The J antigen Ls a lipid that Is found In body fluid and 
that is adsorbed to erythrocytes; thus it Is not a true erythro¬ 
cyte antigen. .Newborn calves do not have this antigen but 


Aa t 

F* 

r 

L 

M 

Z 

R" 

B 1 


Al r A2, U, Z r a 
F, V 

fr I 

K l 

M. m 
Z, z 
If, S' 

E. Gl, G2, G3 r EL. 13, K. 01.03, OX. Fl P2 r Q. T. 
Y2, .V, 13-. D r . ELL. lU f . E3 f , G\ iV (I * 1 ). □ Il\ U*. 
K 1 . O', Pl r , P3 r . Q\ Y r A". H". C". I" 

Cl r C2 r ELL. R2. W. X r X2. I.'. EiL, C\ O', X'. Fl. F6, 
FiO r 115 

a L, S3, U. If, Li'. s ff r tr 


Irani Licitlnr.uL C... I ! il.ij >itlmili iii i .i~lliii. 

"Murat CEt-nirnEHi fnclors Involved in n.eDiE.i1;il tsocxyihroljpu [Ml}. 
I’n’vrauiily ccpiJik-Ll ;■! 'I.iliai; SI in .il least uric liras' 


The blood group genes produce surface molecules that 
contain antigenic sites known as factors. More than 30 dif- 
ferent factors have been identified bach factor Is associated 
with only one system, although the same factor may be 
associated with more than one alJele within the system. 
'Ibe factors are named ivith an uppercase Letter to denote 
the system and a lowercase Letter to designate the factor 
within that system. Groups of factors that are produced by 
a single allele are called pnenqgraups. 

The presence of RBC antigens is detected primarily by 
either agglutination or complement-mediated Lysis of test 
cells by antibodies directed against specific erythrocyte 
alloantigens. Antigens in some systems are detected with 
antigjobulln tests. 

Eleven blood groups have been Identified in cattle 229 
(Table 53-5); groups B and ] have the greatest clinical rele- 


"Cnn Hi Ei^uELiK.Ll isranrythmEysra iLsicLiL'bnifcdl widi prod rati i chi uJ .ulij- 1L-i 
bkuiJ uuilL jmiihoLlu:t- JfNiinrl faclran tri naponst Lu .icMpliraiiram anut 

I > ■ IJ !h - 11 ■' ViAfl'i IlL'S. 

' AlIlIih.ih:i,i] f.ictorsE nre rcra^ii^L'd by iiidh JLlri.i I [.ihuculunra. 


usually acquire It during the first LV months of Life. After 
acquiring it, some groups of cattle have high amounts of ] 
antigen both in the serum and adsorbed to erythrocytes, 
whereas other groups have very small amounts found only 
on RECs. These latter groups, often referred to as [-negative, 

may actually have anli-J antibodies and develop transfusion 
reactions when transfused with blood from |-positive 
donors 225 

Seven blood groups have been Identified In sheep (see 
Table 53-3). The ft system is analogous to the R system in cat- 

tie and is extremely polymorphic, with more than 52 different 
alleles. The R system is similar to the J system sn cattle In that 
the antigens are soluble and are passively adsorbed to erythro¬ 
cytes. 22 '^ The M-L system is involved in the genetically "deter¬ 
mined RUG potassium polymorphism found in sheep. 11J 

Blood groups of goats appear lo be very similar to those 
of sheep, and many of the reagents Lised for typing sheep 
blood have been used to type goats' blood. Reagents used 
to detect antigens of the | system of cattle have been used 
to delect differences In a similar system in goats. 252 

The biologic function of red blood cell antigens is not 
known for any system in any species with the exception of 
the M-L blood group system In sheep, which is Involved In 
active potassium transport across red blood cell membranes. 

Electrophoretic Markers 

Many plasma and Intracellular proteins have polymorphic 
forms. These variants have subtle biochemical differences, 
which for the most part do not alter the major characteris¬ 
tics of the molecules, but which can be detected using elec¬ 
trophoretic methods. Technically, these are not alloantigens 
because the differences are not detected 1 mmirnologically 
The various forms of the molecules are detected on the basis 
of their different rates of migration in electrophoresis. The 
specific form(s) of any particular protein that an individual 
possesses are determined geneticallVi and those used In 
blood typing are usually expressed co-dominantly. Cur¬ 
rently, no diseases are clearly associated with the presence 
or absence of particular alleles of polymorphic proteins; 
however, they are useful genetic markers for Identification 
and parentage studies and were typically Included In the 
blood type 22 ?- 252 - 224 (Table 53-6). Electrophoretic markers 
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TABLE Sl-fi 


Examples of Polymorphic Proteins Used In Blood Typing 


1 Prolrin 

System 

Source | 

AiB slycoproiein 

AlB 

Serum 

Albumin 

ALE 

Serum 

Transferrin 

TF 

Serum 

Ca rh a xy era w 

ES 

Serum 

Vitamin D-binding protein 

GC 

Serum 

Protease Inhibitor 

ri 

Serum 

Peptidase A 

PUPA 

Serum 

PJai-mfcnogcn 

PLC 

Serum 

Glucose phosphate isomcrase 

GFI 

Red fells 

6- Phosphngluconate dehydrogenase 

PCD 

Red feits 

Phos-phogjiicoinuUse 

PGM 

Red, feIts 

Catalase 

CAT 

Red cells 

CaribonLi: anhydiase 

CA 

Red ceils 

Add phosphalarc 

AP 

Red. eetts 

1 ltritDglob]n-.t 

II BA 

Red cells 

NADL-I dJaphorase 

DLA 

Red cells 


were used expensively In horses because RBC antigens did 
not provide Ehe same degree of discrl nil nation among Indi¬ 
viduals in this species as they do. for example. In cattle. The 
current application Is limited to legacy parentage verifica¬ 
tion when parental DMA Is not available for testing. 

Lymphocyte Antigens 

Three systems of equine lymphocyte alloantlgens have been 
described: ELA, ELY 1, and ELY 2. 13 -‘ i - 239 EL_A is the major 
histocompatibility complex (-Ml 1C] of the horse. ELA is a 
complex system that Includes several genes, each of which 
is polymorphic (e.g., has many different alleles). Because 
the MHC regulates the interactions of many cells in the 
immune response, disease susceptibility or resistance could 
be associated with ELA. An association between a particu¬ 
lar ELA allele and equine sarcoid has been described. 34 ®' 341 
ELY l and ELY 2 have Limited polymorphism and appear to 
be two allele systems. 

The MHC of cattle Is called EoLA, for bovine lymphocyte 
antigen. In sheep the MHC Is called OLA, for ovine Lvmpho- 
cyle antigen, and Is also known as SH-LA. In goats ifie com¬ 
parable system is GILA. 342 

DNA POLYMORPHISMS 

A variety of approaches have been developed for detecting 
genetic variation using DMA. Certainly, DNA sequencing Is 
the most sensitive approach; however, this remains loo 
costly for routine testing outside of research laboratories. 
Giber approaches have been developed to detect DNA var¬ 
iants. Genetic variation of DNA can be detected among 
individuals on the basis of differences In length for a section 
of DNA or even for differences In base composition at spe¬ 
cific sites. DMA Length variants are usually referred to as 
mlnisatelllte or mlcrosatelllte markers. MitrisateUite DNA 
markets are based on sequences, often i 5 to LOO bases Long, 
that may be repeated hundreds of limes on a chromosome. 
The number of repetitions can vary dramatically between 
individuals and can be readLly delectable Ln Southern blot 
assays. These tests were originally referred to as "DNA fin¬ 
gerprinting." Although powerful, these tests are costly and 
time-consuming. 

More recently, another type of DNA length variant has 
been discovered. Micrasatejjfte DMA matters are short 


repetitions of nucleotides, usually ranging from one to nine 
bases long, which may be repeated 15 to 40 times. As with 
ndhisa tel files, the number of repetitions may vary between 
chromosomes. The development of the polymerase chain 
reaction (OCR) has opened the door to easy, Inexpensive 
detection of mlcrosatellite and other types of markers. 
PCR Is a method for amplifying short (<3000 bases) pieces 
of DMA, allowing a pari leu La r gene to be easily studied, rhe 
amplification products can be separated by electrophoresis 
and length variants readily detected. More than J00,000 of 
these markers are thought to exist in each species. These 
markers form an Important core for development of genetic 
maps In diverse species. iLe markers currently form the 
basis for most parentage analysis. 

Variation recognizable as a change Ln a single base of 
DMA Is more subtle but can be detected through a variety 
of techniques. DNA sequence variation Is often detectable 
using rejfT-j'clTMi enzymes, which are Isolated from bacteria 
and will cleave DNA when the sequence is specific for the 
enzyme. For example, the method to detect the gene defect 
causing hyperkalemtc periodic paralysis (EiYfT) in horses 
is based on PCR amplification of the gene and then detec¬ 
tion of sequence differences that occur between the normal 
and mutant gene using restriction enzyme digestion of the 
DMA. Other approaches to Identifying DNA sequence dif¬ 
ferences Include single-strand conformational polymor¬ 
phism (SSCP). allele-specific PCR amplification, and llgase 
chain reaction. 

Testing based on DNA has essentially replaced blood 
typing for purposes of parentage analysis, furthermore, 
DMA-based techniques are also being used to develop gene 
maps for many species of domestic animals. These gene 
maps can be used to identify genes dial play a role In per¬ 
formance, production, and disease. 

BLOOD-TYPING AND DNA-GENOTYPING 
APPLICATIONS 

To determine an animals blood type or DMA genotype, a 
battery of tests are run on the blood or tissue to check for 
the presence or absence of each recognized allele In each 
of several genetic systems. Each system is controlled by a 
separate autosomal gene. These genes are inherited inde¬ 
pendently of one another. 3 3S - 33g Most genetic markers used 
in blood typing are expressed co-dominantly, which means 
that the alleles on both chromosomes are expressed. This 
often allows determination of (the actual genes 

present) from the phenotype {the antigens actualLv detected). 
Some systems have null alleles (with no detectable products) 
that do not directly allow r Inference of genotype (e.g.. C, K, 
and U blood group systems in horses). An Individual can 
have only two of the possible different alleles for any gLven 
gene (one on each chromosome of a pair). 

Blood typing based on RBC antigens and electrophoretic 
markers has been used for animal identification and pedi¬ 
gree analysis, but currently, RBC typing Is used primarily 
for prediction of potential for N1 and crossmatchlng for 
blood transfusion. 

The use of genetic markers for parentage verification is 
based on exclusion (i.e., markers are tested until a discrep¬ 
ancy is found). If no discrepancy is observed after a statisti¬ 
cally acceptable amount of testing, the probability of a 
match Is determined. 

Because genetic testing is a composite mosaic of a large 
number of different, largely Independent genetic markers, 
the odds of two individuals "sharing exactly the same pattern 
of markers, whether RBC antigens, electrophoretic markers, 
or DNA polymorphisms. Is remote. Thus, once an animal's 
genetic type Is on record. It can be a powerful identifier of 





CHAPTER 53 Immunologic Disorders 



1635 



FIG. 53-4 A, Lhc xinr ol thix Jojil caiuiui bn excluded ns lh. 1 ? seit u( Ihtr Ici.ii l;;ixrd cm ihv jlsuELs lur E3NA marker VHUti. Ik Lin. 1 siru «l‘ lEiix lo.il is cxrluLled 
by n lypt 3 exclusion. I he JcmL possessus jn nllule Toe the IJK'A murker VIIL2-U mil presem mi eLthsx p.irrin. Axstiuii ng ihn( the diiiri uJ Lhe JcmL is kciuwri m he 
carrecL and thereto re would. Iijivl - conirihulid llm IU J jllclc Lo Mil* Jojt, the ure must be incorrectly stated. Ci I he sire tiJ :his foal is excluded hy hodt type I 
and type II exttuxitin She tual pussessu, nn .iIJl'Il nul prrxenl on either parrnl nnd alxu dues nut poum* t il her nJlele npceawd by Ihe puLnlavr .lire. 


an LndivjdiiaL animal. [n this sense it is an unalterable form of 
identification that Is present from birth to death. 

Because the presence or absence of markers is genetically 
determined and because the markers contributed by both 
parents are expressed In a co-dominan! fashion (unless 
"blank" alleles exist), these markers can be used to support 
or refute parentage claims. Blood typing and DNA profiling 
cannot prove that one horse Is the parent of another; how¬ 
ever, in certain cases It can exclude with certainty a stated 
parent as the true parent. Two types of parentage exclusions 
can occur, type 1 and type 1I JJ ^ (Fig. 53-6). With type I the 
foal possesses a dominant or co-dominant marker final Is 
not present In either parent. This means that at least one 
of the stated parents Is Incorrect, [f one parent (usually the 
dam) is known with certainty on the basis of circumstances 
other than genetic type, the error lies with the other stated 
parent. With type IE exclusions, the foal does not possess 
either of the dominant or codominant markers of a slated 
parent. Because a foal must inherit one of the two markers 
expressed by each parent, exclusion can be made if neither 
oft he two markers present on the staled parent is delected 
in the foal. In parentage cases, each genetic system is evalu¬ 
ated for type I and type II exclusions. A parent can be 
excluded on the basis of an inconsistency Ln even one sys¬ 
tem. For this reason, the more systems used, the better 
genetic typing becomes as a tool for solution of parentage 
disputes. The calculated effectiveness of blood typing for 
detecting incorrect paternity using 20 internationally 
defined systems in horses is as high as 9fi%. a27 - a3a ' 244 With 
DNA genotyping effectiveness is as high as £>■!?. J1 ■ 

Box 53-1 lists laboratories In North America that provide 
DNA genotyping. 

NEONATAL ISOERYTHROLYSIS 

Equine 

Definition and Lliofogy. Neonatal Isoerythrolysis (Nl) is 
a condition characterized by the destruction of RBCs in the 
circulation of a foal by alJoanlibodles of maternal origin 
absorbed from colostrum. 226<2i|a ' 249 

Production of alloantlbodles can be stimulated In mares 
several ways, including transfusion, exposure lo blood from 
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the foal during parturition, or as a result of placenta] 
pathology during gestation. Incompatibilities of al least 
some blood groups between the dam and foa] are the rule 
rather than (he exception, and yet the incidence of sensitiza¬ 
tion of the dam and occurrence of NI Is relatively low. In 
thoroughbreds the prevalence Is about and In standard - 
breds about 2%. 25< 'The prevalence in mules (donkey sire, 
horse dam) has been repotted to be as high as IO%. J2fi 
Most blood groups are not slrongjy antigenic under the 
conditions of exposure through previous parturition or pla¬ 
cental leakage. Several blood group factors, however, are 
particularly immunogenic, and antibodies against these 
antigens have been reported to cause almost all cases of 
Ml. Iltese include factor Aa In the A system and factor Qa 
in the Q system. In mules a unique donkey RBC antigen 
named donkey farter has been associated with NI. 251 Antibo¬ 
dies to these antigens develop after the exposure of the mare 
to RBCs and are not naturally occurring antibodies. In 
humans the absence of certain RBC antigens results In the 
production of natural antibodies against that antigen, pre¬ 
sumably because of exposure to cross-reacting antigens in 
the diet. This does not occur in horses [with a few excep¬ 
tions) and has not been associated with ML Ca-negative 
(Ca-) horses frequently make anll-Ca antibody of low titer 
xvithout known RBC exposure. However, anti-Ca antibody 
is generally not associated with NI, and mares with antl- 
Ca antibody actually appear Less likely to develop certain 
antibodies responsible for NI. 

For NI to occur, several conditions must be present 
{Figs. 53-7 and 53-3). First, the dam must be negative for 
the antigen In question. Because most cases of NI in horses 
are associated with either anti-Aa or anti-Qa antibodies, 
mares that are Aa- or Qa= or both are considered at risk. 
All horses appear to lack donkey factor; thus all mule preg¬ 
nancies are considered al risk. Second, the mare must 
become sensitized and produce antibody to the offending 
antigen. SensllLzallon can result from exposure during a 
previous pregnancy, blood transfusion, or transplacental 
contamination with fetal RBCs earlier In the current preg¬ 
nancy [rare). Third, the foal from the current pregnancy 
must have Inherited from Us sire the antigen[s) to which 
the mare has been sensitized. When these conditions are 
met, there is a significant potential that maternal antibody 
directed against the foals RBC antigens will appear in the 


colostrum and, if subsequently Ingested and absorbed by 
the foa], could cause loss of RBCs. The higher the anti- 
RBC liter is at foaling, the higher the risk. The highest titers 
are Likely to be produced In a previously sensitized mare 
that Is reexposed to the same RBC antigens shortly before 
parturition. 

<f _ 9 
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FIG. 5J-7 II Lnlniux □( JttKii ol paternal antigen. Ly pc inLu maternal dr- 
mLrriiu-n sI i i. 11 :i1 .1 cchc production ol aUonnLibudy m I hr inarc i serum 



PIG. 5 3-6 II ALIunnLibudy in the mare's serum i:-; con¬ 
centrated in ouLuxtrum. al Itte end ol^rcs-LiLion ’Uncouth 
pawLvo emiixIi't, ll:i - lo;d abacMbx immuno^lubuLim^ 
including lhcic alloantibudin. Jim nnLibudks .math 
tu> Ktftj and cause either their p reinsure removal Jiom 
circulation or imra vascular lysis. 
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Clfmeal Signs find Differential Diagnoses, Foals are 
born heaEthy and usually begin to develop signs af Nl at 
24 lo 36 hours of age, after suckling. Progressive lethargy 
and weakness are early signs. In acute cases, mucous mem¬ 
branes show initial pallor that is Followed by icterus. In 
severe cases, hemogjohlnemla and hemoglobinuria may 
be pronounced, in peracute cases r death may precede the 
development of icterus.. Breathing becomes rapid and shal¬ 
low, followed by labored breathing as the disease pro¬ 
gresses. The foals may yawn repeatedly. Heart rate is 
elevated. Seizure-]Ike activity may occur as the anemia 
becomes more severe. 


IS Gffnir id Puihology. Affected foals are anemic. All Indica¬ 
tors of RBC concentration (packed cell volume [PCV]i 
hemoglobin, RBC count) show significant decreases. PCV 
values often decline to between 10% and 20%, and values 
as low as 5% have been observed, Hemogloblnemia and 
hemoglobinuria may be present Bilirubin (mainly uncon- 
jugated) levels will be increased as a result of accelerated 
RBC destruction. Total bilirubin levels may be close to 
20 mg/dL in severe cases. Affected foals, especially mule 
foals, may also be thrombocytopenic.- 1 

Demonstration of significant amounts of antibody In the 
colostrum (or serum from the mare) that are directed 
against the RBC antigens expressed by the foal provides a 
definitive diagnosis of Nl. These antibodies are most often 
demonstrated by lytic and agglutinating tests., Lytic tests 
are believed to be more reliable indicators of the presence of 
offending antibody. 252 The presence of antibodies attached 
to the foal's RBCs can also be demonstrated with a direct anti- 
globulin test (Coombs 1 lest). The presence of antibodies In 
die mare's serum that attach to RBCs can be demonstrated 
with an Indirect antiglobulin test. 22 * 

FfjjfiupliysfoJtfg)'. In mares sensitized to RBC antigens, 
most often Aa or Qa r alloantibodies are concent rated in the 
colostrum late In gestation. These antibodies are passed to 
the foal through passive transfer. If the foal's RBCs carry the 
antigen that the antibody recognizes, the cells become anti¬ 
body coated. Subsequently, they are removed prematurely 
by the reticuloendothelial system or lysed Intravascularly by 
complement. A distinction has been made between antibo¬ 
dies dial are lyslns as opposed to agglutinins; however, this 
distinction is based on In vitro testing and may be somewhat 
artificial. Linder appropriate laboratory conditions, offending 
antibodies may exhibit both abilities. 250 However, with con¬ 
ventional agglutination tests, some alloantibodies capable of 
producing Nl may go undetected 2u 

II h'p/deinioJtfjjy. The percentages of mares at risk for 
sensitization against the common offending antigens (Aa 
and Qa) vary among breeds, depending on the frequency 
in the population of each gene involved (Table 53-7J 
Increased numbers of mares nil risk in a breed does not 
necessarily translate into higher numbers of Nl cases. 
A corresponding number of stallions lack the factors In 
question and are therefore unable to sire foals with the 
offending antigen, 249 Virtually all mule pregnancies are 
incompatible with regard to donkey factor.--^ 

Although more common in multiparous mares, Nl can 
occur with the first pregnancy. 

NeiTopsy i-intUngs. Pale tissues with or without icterus 
and splenomegaly are characteristic necropsy flndLngs In 
foals dying of NL Lesions associated with RBC destruction 



Estimated Percentage of Mares in Selected Breeds 11 At 
Risk” for Producing Foal with Neonatal l5oerythml/s3s ril 



Thoroughbred 

2** 


SEiindurdbred, p.Kcr 

22% 


Stkndaidbted, Lrotier 

3% 

t 

Spddl^brd 

25% 

as% 

Quarter horse 

25% 


Arabian 

3% 

72% 


rtiiin. from a.iilcy I.. CcHsboy IIS. WcOirthy l'J : : NconnlJiL iwHirylhratyHis iM 
lo.iLi-: an update tut CLMiiLf.; Iliu: .On Asstx I :n‘ I'lirtH 33:341, SyS7 
■hiiurd tin Hit' l.uk liJ Jill alJclEj, im-Ludjiiig l.i-riorx Aa or CJ.i 
All mnru I .it k Liilor <j,L imd .in' Codinically ",u riJ.. " Iml .ill sc.ilLmux in this 
biEeid .ihu J.u'k L3ie J.si Lor 


and anemia, such as nephrosis and centrllobular hepatic 
necrosis, may also be present. 

JYcittmerri ami Prognosis. In most cases, by the time Nl 
Is recognized clinically (e.g., tvhen the foal Is about 24 
bouts of age), the bulk of colostral antibody will have been 
depleted from the mare's milk, and the absorptive ability of 
the foal's gui will have diminished. Withholding milk at 
this point is of questionable benefit. 

Stress should be minimized and exercise restricted. 
Affected foals have decreased exercise tolerance and can col¬ 
lapse and die If forced to follow their dams. Generalized 
supportive care should be administered as Indicated by clin¬ 
ical parameters. Intravenous fluids are frequently Indicated 
to promote diuresis to minimize the effects of the large 
hemoglobin load presented lo the kidneys. Acid-base bal¬ 
ance should be monitored and corrected if indicated. 

If the anemia becomes -severe (e.g., PCV of 10% Lo 15%), 
transfusions that provide RBCs should be considered. Llnless 
the PCV drops below this level, transfusion may not be neces¬ 
sary If rest Is enforced. The ob|ect of transfusion Is to provide 
the' affected foal with RBCs that will not be destroyed by the 
maternal alloantibodies that were absorbed from colostrum. 
The foal Is Immunologically naive and will not have autolo¬ 
gous alloantibody directed against any RBCs that would have 
an Immediate effect on transfused RBCs. Thus the kev is Lo 
select an RBC donor whose cells will not be destroyed by the 
maternal antibody derived from colostrum. Cnossmatchlng, 
with particular attention lo the reaction of mare sera, colos¬ 
trum, and foal sera (all contain the same antibody), with the 
donor RBCs, is important for selecting a ceil that will not be 
destroyed by the maternal antibody. 

Washed "RBCs from the dam are obviously the perfect 
choice In terms of cells that will not react with the alloantl bo¬ 
dies present In the foal. However, to avoid administering 
additional harmful antibody to the foal, the mare's sera \ con¬ 
taining antibody against the foal's cells) must be removed 
by washing before administration. Up lo G to S L of blood 
can be collected from the mare and anticoagulated with acid- 
citrate-dextrose (ACD) or sodium citrate (3.S% Na citrate solu¬ 
tion; 1 part Na citrate,''9 parts blood), although 3 1o4 Lusually 
provides sufficient RBCs. The preparation ot large volumes of 
washed cells is aided by a large-volume centrifuge, but the 
procedure can he accomplished by serial sedimentations. 
Anticoagulated blood from the mare’is allowed to settle for 1 
to 2 hours. The plasma Is aseptically drawn off; a similar or 
greater volume of sterile Isotonic saline (0.9% Na citrate) is 
added to the RBCs and mixed; and the RBCs are ag^iln allowed 
to settle. The saline is then drawn off and discarded. At this 
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point, the RBCs can be resuspended Ln an equal volume of Iso¬ 
tonic saline for ad ministry Ion, or the washing procedure can 
be repealed. The sedimentation method Is less desirable than 
centrifugation because It Is slower and does not remove as 
much or the offending antibody . The aim is to dilute any harm¬ 
ful antibody to Insignificant levels. 

If the dam's RBCs cannot be used, alternative donors can 
be selected. The donor should lack the antigen to which the 
alloantibody is directed. Because It Is generally not possible 
to blood-type donors on short notice, a previously Identified 
horse that"has been determined by blood typing to be Aa 
Qa , and free of alloantibody is a good choice for donor, 
based on most cases of Nl being associated with these two 
antigens. The odds of randomly selecting a donor that lacks 
the offending type (e.g., Aa-, Qa- r or both) and would 
therefore be a suitable donor vary significantly with the breed 
and would mirror the percentage of the population of mares 
at risk. For example, the odds of finding an Aa thorough¬ 
bred to serve as an RBC donor would be about I In 50 
{2%), whereas In quarter horses she odds would be about 
one in four (25%) (see Table 53-7). Ihe sire of the foal Is 
not the donor of choice. He shares the same RBC antigens 
as the foal, and his cells would react with the maternal allo- 
antibody present, adding more of a load to the foals reticulo¬ 
endothelial system as the cells are destroyed. 

With mules the same considerations In the use of washed 
cells would be necessary If the dam's cells were used. How¬ 
ever, because the offending antibody Is generally directed 
against a unique donkey antigen, RBCs from any horse 
apparently would be satisfactory. Elorses do not appear to 
make naturally occurring antibodies against donkey factor; 
therefore, in most cases It Is not necessary 5 to wash the cells 
from horses that would not be likely to have been Immu¬ 
nized by pregnancy against donkey factor. 

Transfusing RBCs that will not read with maternal allo- 
anllbody means Introducing an obviously incompatible cell 
into the foal, a cell that will probably not survive long in the 
circulation. Such transfusions should be considered tempo¬ 
rary stopgap measures. Transfused cells may also sensitize 
the foal to future transfusions, causing reactions [perhaps 
not within hours or a few days, but potentially within a 
week). This must be considered when weighing the poten¬ 
tial good versus potential harm of such transfusions. 

Tiom l to 4 L of washed RBCs or whole blood Is usually 
adequate to produce clinical improvement, although some 
cases may require repeated transfusion if the anemia pro¬ 
gresses. lichange transfusions can be done whereby blood 
is administered through one jugular vein and withdrawn 
simultaneously from the opposite jugular vein and discarded, 
allowing administration of large volumes of blood without 
overloading the vascular system. There is no good evidence 
to suggest that this is more effective than simply providing a 
source of RBCs that are unaffected by the maternal antibody. 

Limited transfusion studies Ln adult horses have suggested 
that transfused RBCs do not survive long Ln circulation [e.g., 
2 to 4 days), whereas in foals, cells survived slightly longer 
(e.g., A to 6 days). 2S1 - 25J PCX's in foals with XI usually 
increase after transfusion and then gradually decline. This 
decline Is probably not a concern if It is gradual, because 
the PCV of the foal generally levels off as the offending 
maternal antibody Is metabolized. However, even short-term 
survival of cells may be of benefit In severely affected foals 
and may allow them to survive until the titer of maternal 
anll-RBC Immunoglobulin has declined Ln the circulation. 

The prognosis varies, depending on the quantity of anti¬ 
body Ingested, the rapidity of onset of signs, and the degree 
of anemia. Foals with peracute Nl may die before the prob¬ 
lem Is recognized, with no chance for administration of 
therapy. Foals that develop the condition more slow r ly 


may respond to supportive care or transfusion if the PCV 
continues to fall. 


11 /Tcivn lion and Control. Several strategies are available 
for prevention of N1. 255 - 2M First, Identify broodmares at risk 
for development of Nl by testing them for the presence of 
Aa and Qa. Mares negative for either antigen, which means 
they could potentially make anlLbodles against them, 
should be considered at risk. One subsequent strategy 
would be to breed at-risk mares to Aa/Qa-negative stallions, 
thus eliminating the possibility of the foal Inheriting the 
offending antigens. However, in breeds in which a relatively 
small part of the population is negative for these antigens, 
identifying a stallion that is negative for these antigens 
and suitable on the basis of other criteria may be difficult. 
The percentage of at-rlsk females based on the presence or 
absence of Aa or Qa is somewhat balanced by the numbers 
of males able to transmit the offending antigen. For exam¬ 
ple, all slandardbred mares would be considered at risk 
based on the absence of Qa; however, because the antigen 
Qa Is not present in the slandardbred population, no stal¬ 
lions have the Qa antigen to pass on to foals. 

In the circumstance of an unknown or incompatible mat¬ 
ings, sera from at-rlsk mares should be screened for the pres¬ 
ence of anti-RBC antibodies within 30 days before foaling. 
This can be done by submitting a serum sample and an anti¬ 
coagulated sample to a screening Laboratory. A panel of 10 to 

12 different RBCs selected to represent all major blood 
groups is adequate to screen for anll-RBC antibody Ln the 
absence of blood from the sire. If results of seium testing 
are equivocal {e.g., low but positive titer, especially If there 
is anti-Aa or antl-Qa activity), the test should be repeated 
closer to the time of parturition because the levels of offend¬ 
ing antibody can rise very quickly late in gestation. 

If anti-RBC antibody Is delected in the mare before par¬ 
turition, the colostrum should be checked for reactivity 
against the foal's RBCs before allowing the foal to Ingest 
colostrum. An alternative source of colostrum should be 
provided to the foal. Most field screening tests of colostrum 
have not proved to be satisfactory for practical use; how¬ 
ever, the jaundiced foal agglutination [JFA) test described 
in Box 53-2 has been shown to correlate well w r Llh the stan¬ 
dard hemolytic assay, and It may detect antibody (hat does 
not react on the standard aggjutination tests. 21 * 7 - 253 

1 torses negative for Ca frequently make antl-Ca anti¬ 
body; however, this antibody Is not known to produce 
adverse effects in the foal. It has clouded the Issue of field 
screening tests for Nl because it causes positive reactions 
in most screening tests at Low dilutions. Because these tests 
do not differentiate between antibody to Aa, Qa, Ca, or 
any other blood group, antl-Ca. antibody, when present in 
lotv dilutions, is responsible for many false-positive reac¬ 
tions. This antibody actually appears to play a protective 
role in the prevention of sensitization of mares to Nl 
through a mechanism of antibody-mediated Immune sup¬ 
pression. Aa /Qa- mares that are also Ca (and thus often 
produce antl-Ca antibody) become sensitized to Aa and Qa 
at a significantly lower rate than mares that are Ca-|-. 2V> This 
is attributed to anti-Ca antibody being produced by Ca 
mares. The antl-Ca antibody may more rapidly remove 
potentially sensitizing cells from th-e circulation before they 
stimulate production of antibody against Aa or Qa. 

Other antigens Infrequently have been associated with 
Nl Ln foals. These Include factors Db, Dc, Dg, Ua, Pa, Qc, 
and Ab. 226 - 223 " 260 - 262 Tw r c other factors. Ft and S, have been 
described to be associated with Nl, but they are not detected 
by routine hemolytic or agglutinating methods and are only 
detected using an antigjobulln test (direct Coombs' test). 24 ^ 
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BOX SJ 2 


jaundiced Foal Agglutination (JFA) Test 


MATERIALS 

1. CenLrifuge capable -of spinning 300 to 600 x gravity 

2. rest Lube rack 

3. Test Lubes: 13 x JlXi-mm disposable or blood reflection 
lubes 

4. Pasture plpccies and rubber bulbs or oilier pipette system 
la deliver l-mL volumes 

5. liotonk (0.346) saline at room iejnpeialLine 

6. Serum or colostrum from die mare, RBCs from mare and 
foal, preferable in LDTA anlkaagjuJant 

METHODS 

I CoJ leer ca Ioslfu in front Lhe ntare. 

2. Collett an EDTA- a nt i coargu E a led blood sample from the 
foal before nursing. 

3. Set up six tubes and add I ml. of sailnc to each lube. Label 
the lubes Control, 1:2, ] :4. L:S, 1:1 ti. and 3:A2. 

4. SAake serial dilutions ol ilie colostrum at l.2 r 1:4. Lift. 

I: S b. and L: 12 In live ol' Lhe tubes. Add 3 mL of colosnum 
for serum) Lo Lhe lube labeled ] :2 and mix. I hen rake 
I mL from ihaL tube and add it lo the second lube labeled 
1:4 and mix. Take l mL from dial Lube and add Lr to the 
ihlrd tube labeled L:6. and so on. until all five dilution 
tubes have been filled. Discard 1 mL from the last tube 
labeled 1:32. 

5. Add L drop of the foul's whole blood to each of Lhe six 
lubes arid mix. 

6. GenLrifuge the tubes for 2 lo 3 minutes at a medium speed 
(300 to 50b ■- gravity). 

7. Invert each tube, pouring our the Liquid contents; 
observe the status of lhe button of RI3Cs nl the bottom 
of the tube. Complete agglutination causes the cells to 
remain Sightly packed in she bus Lon; jernwig agglutination 
causes lhe cells lo remain in large dumps; for weaker 
agglutination the cells are in smaller dumps as they run 
down the side of the tube When there is no agglutination, 
(he cells easily flow down lhe side of the tube. This should 
be the case In lhe control tube. If Lbe cells in the control 
lube are dumped they may be autoaggfudnating and die 
results will have questionable validity. 

If there is a positive reaction wldb Lhe foal's cells, the sesl 
should be run with the dam's own FEECi Lo ensure (har (he 
condailous ot die Lear and the viscosity ol lhe colostrum are 
not causing (lie agglutination. 

Positive reactions ai I: J ti or greater are considered slgnlfi- 
can(. At levels of ]: L6 or grealei. iliis lest correlates well with 
(he standard hemolytic assay. At dlluhons of less than 3 16, 
the correlation is not as good, and more false-positive results 
will he recorded. Alan, other factors (c.g_. viscosity of colos¬ 
trum J make Less diluted samples more difficult to read. 


EJnlji I men JAiLk-y Li. Uonbcry [3K. Met 'heiLy LM : Mevjn.at.rt I isneyyihmdY^LY 
n( knJs: an upitilL un noting, IAtk Am .Lucy. lUrvmiT J'jucf 5.3:341, L?B7; 
nn.d thn.ck.inrr !M, (.Jus La LM.I3, Kc>: Ji C I lie j nLindicc J l ;>.iJ nggiuli.ii .il ion 
Ur*, Vi-J JirrCi 25:577. 2GD2 


Because of the difficulty in testing for these antigens, there 
has never been sufficient agreement between laboratories 
to allow International designation. These anllgens may not 
be detected using the [FA screening tesl. JJ!l Estimates are 
that I in 2000 pregnancies may result in sensitization 
against some other antigen besides Aa or Qa. Because these 
eases occur so Infrequently, It is not practical to consider 
mares without these antigens to be at risk for M. A blood 
type evaluation of mares with a history of production of 
foals with Nl should be done to Identify the offending anti- 
body/anllgen. 


BOX 53-3 


Laboratories In North America Providing Equine 
Neonatal Isoeryth roly 5 Is (Ml) Testing* 


Shdtenvaod Laboratory 
DMA Diagnostics. Inc. 

F.O. Box 455. 626 Bear Drive 
Tlmpson TX 75375 
(336) 254-2223 
www.du id Lignosl lcs.com 
Hematology Lab ora lory 
University of California, Davis 
Veterinary 6tedic.il Teaching Hospital 
Clinical Falhology, Room 1012 

1 Garrod Drive 
Davis, Ca 35616 
(530) 752- L J03 
www.vm th. ucdavl ved u 

Equine Parentage Testing, and Research Laboratory 

11 JI Dlmock .An j ma.1 Pathology Building 

University of Kentucky 

Ijexington, KY 4O546-O076 

(£59) 257-1 165 

www.ca. u ky.edu/ pluck,■' 

Rood and Riddle Equine Hospital 

2 1 5d Lieo rgeiciwn Rood 
Lexington, KY 4051 I 
(653) 233-033] 
hvww.roodand ridd lc.com 
Hagyard Laboratory 

4 250 Iron Works Ro.sd 
IjexingLon, K.Y 4051 l 
(£53)253-3635 
hd ml ab@h .tgyard.com 
www.bagya.rd .com 


■Strum. urea lustrum. from Lire suipcct m.ur u ciuedt'd Uj screen, lor 1 lair 
prtsmre ol nJto:intrbn-Jy , Vc i d ~r i 1 . 1 , 1 L c - dcj: L ro s c (A l U.Ll)-an1icnajj.ul3lfd 
bloiul ix |^4 , n<frj.lJy- prulcrrcJ in srrftning. Jot !4H(. .uaLi^L'EO 

Bos 53-3 lists laboratories providing Nl screening tests 
(e.g., Aa. Qa. and Ca typing and screening of seta for alloan- 
libody). Routine agglutinating oussmaloh tests using mare 
serum or colostrum and foal or site cells can be performed 
by most veterinary or human hematology laboratories. 

Ruminants 

Neonatal isoeiylhroLysls is not a naturally occurring disease 
in cattle, sheep, or goals, its occurrence in cattle has been 
associated with administration of vaccines derived from 
blood, such as certain anapLasmosis and babesiosis vac¬ 
cines. 226 When used on breeding females, these vaccines 
may sensitize the dam lo certain blood groups, most often 
In the A and F systems. Under chance circumstances. If the 
blood types of the sire and offspring reflect these -systems 
and the dam has produced alloanhbodies, an Isoimmune 
hemolytic crisis may appear In the calf associated with suc¬ 
cessful passive transfer. Hemolytic crises are rare in sheep 
and are even difficult to induce experlmentallv. J2 * 

EQUINE NEONATAL ALLOJMMUNE 
THROMBOCYTOPENIA 

Definition and tfiology. Neonatal alio Immune throm¬ 
bocytopenia (NAJT) Is a condition characterized by the 
destruction of platelets in the circulation of a foal by alloan- 
tibodies of maternal origin absorbed from colostrum. 264 
The syndrome has been observed In horse and mule 
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foals, 25 li264i2fi5 The prevalence of WAIT Is not known. Some 
foals may be asymptomatic, and the condition may be self- 
Jim lllng as a I leant lb ody is metabolized. 


II Clinical Signs and Differentia} Diagnoses, E'ew clinical 
signs may appear unless foals are traumatized. Affected foals 
may have prolonged bleeding from venipuncture sites. 
Petechial hemorrhages may not be present. Other condi¬ 
tions often associated with thrombocytopenia In neonates 
include sepsis, disseminated intravascular coagulation, 
equine Infectious anemia, drug-induced thrombocytope¬ 
nias, and angiopathies. The challenge Is to determine 
tvhether the thrombocytopenia is primarily caused by allo¬ 
geneic antibodies or secondary to some other disease 
process. For differential diagnoses of thrombocytopenia in 
neonatal foals, see Chapter 19. 


platelet-associated immunoglobulins are not routinely 
available. 

II I'aJfrophySfotagy. The pathophysiology Is believed to 
mirror that of neonatal isoerylhrolysis. In mares sensitized 
to platelet antigens, alloantitiodiesare concentrated in the 
colostrum late In gestation. These antibodies are passed to 
the foal through passive transfer. If the foal's platelets carry 
the antigen that the antibody recognizes, the platelets 
become antibody coated. Subsequently, they are removed 
prematurely by the reticuloendothelial system. Platelet anti¬ 
gens have not been characterized in horses; however, 
platelet-associated antibodies have been demonstrated in 
affected foals. Circulating antibody Is removed by attach¬ 
ment to platelets and rapid clearance by the reticuloendo¬ 
thelial system. 


II C’JmfctiJ Pntholog}'. Profound thrombocytopenia In the 
absence of other hematologic changes typifies uncompli¬ 
cated WAIT. Evidence of successful passive transfer Is present 
based on quantification of serum IgG. Affected foals are 
thrombocytopenic. I’hrcmbocyle counts less than 10,000/ 
pL have been observed. Prolonged bleeding from venipunc¬ 
ture sites and petechiae may be present. 264 Demonstration 
of significant amounts of antibody In the colostrum (or 
serum from the mare) that are directed against platelet anti¬ 
gens expressed by the foal provides a definitive diagnosis 
of WAIT. However, assays for equine platelet-bindabfe and 


II lYeatnient and Prognosis. Circulating antibody is 
removed relatively quickly, and treatment may not be neces- 
saiy. Platelet-rich plasma may be indicated in cases of serve 
thrombocytopenia accompanied by clinical signs of bleed¬ 
ing problems. As offending antibody is removed, however, 
the problem will tend to be self-limbing. 

II iVrwHri'oir and Control, Currently, there are no screen¬ 
ing tests to predict NA1T. After production of an affected foal 
by a mare, it would be prudent to provide an alternate source 
of colostrum to foals born In subsequent pregnancies. 


CHAPTER 
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Disorders Caused by Toxicants 


FRANCIS D. GALEY, Consulting Editor 


Toxicology cases are not the most common din leal presenta¬ 
tion to the veterinarian,, but they challenge the clinician 
because large numbers of animals may be Involved emotions 
run high, litigation Is frequently suggested, and publicity can 
be intense. This chapter provides tools to approach these 
potentially complex cases with confidence. After a general 
discussion of diagnosis and treatment of poisoning In live¬ 
stock common toxicoses caused by plants and other natural 
toxins, metals, inorganic compounds, and organic-synthetic 
compounds are discussed, bach section contains general com¬ 
ments about a group of poisons, followed by Information on 
specific, commonly recognized toxicants. Each discussion 
begins with Identification of the toxicant, Its sources, likely tar¬ 
gets, and hazardous situations, then describes the mechanism 
of toxicosis, signs and lesions, clinical pathology, diagnostic 
parameters, and approaches to management and prevention, 
including residue avoidance. 

DIAGNOSIS OF POISONING 

When toxicosis Is suspected, possible sources of the toxicant 
should be Identified and exposure to those sources rapidly 
eliminated. Diagnosis of poisoning rarely results from a sin¬ 
gle piece of evidence: rather, historical, clinical, pathologic, 
and analytical findings all need to be considered. 

The investigation negins with tracing of animals, feed- 
stuffs (especially lots and batches), and events that occurred 
up to the onset of signs Lo Identify likely etiologies. Environ¬ 
mental conditions to check Include water sources, sur¬ 
rounding Industry or elements, plants, animals, human 
contact, and availability of these items to the animals. Sam¬ 
ples of possible toxic sources should be obtained, labeled, 
and held for later testing. 

feed (constituents and as-fed) samples should not be 
pooled among lots or storage bins. Composite samples that 
are representative of an entire lot should be obtained with In 
each Jot. Hay and forage are also sampled in a representa¬ 
tive manner and should be examined for weeds. As-fed 
materials can be tested for many toxicants, and then consti¬ 
tuents are tested for any toxicant that Is identified to track 
the original source. Weeds that are abundant in pasture or 
hay are identified (Table 54-1). Diagnosis of plant toxicity 
is aided by finding evidence of consumption of a plant from 
the animal or grazed pasture. 

Water and environmental samples should be obtained. 
Water is sampled at the trough, in transport containers, 
and at the source. Samples of algal blooms are mixed In 
10% neutral-buffered formalin for identification, and with 
a second 2-liter sample of fresh, thick bloom for toxin 
identification. 

Clinical toxicoses may be acute (signs often appear in many 
animals at once; see causes of sudden death, Chapter 14L 
dirmrfc (e.g., poor weight gain In cattle that graze locoweed). 


or dibicnJ' (e.g., food animal residues, antibiotics in milk, 
organochlorines In fat). Signs may be specific (bradycardia 
from cardiac glycosides) or ytigirc (diarrhea caused by many 
syndromes). Samples of blood, serum, urine, body fluids, 
and Ingesla should be obtained for clinical pathologic and 
toxicologic analyses (see Table 54-1], 

Complete necropsies should be performed on dead ani¬ 
mals. The urine should be sampled first, after obtaining 
samples that might become contaminated during the 
examination. Appropriate tissues should be fixed for histo¬ 
logic examination. Separate samples of tissue are frozen 
fresh for toxicologic analyses (see Table 54-1). The Lngesta 
Is completely examined for foreign oh | eels and plants 
and then sampled in representative fashion for chemical 
analyses. 

Pathologic lesions may range from none (residues 
or bLochemlcal toxicants) severe. Lesions may be very 
specific (e.g., nlgropallldal encephalomalacla from yellow 
star thistle poisoning] or nonspecific (e.g., gastroenteritis 
from Infectious, metabolic, and toxicologic causes). Some 
poisonings can be grouped by the type of Lesion produced. 
For example, white snakeroot (Euputorium sele¬ 

nium deficiency, cobalt toxicosis, and monensin toxicosis 
all can cause wnite streaking in an animal's heart. 

Chemical analysis can be useful as part of the diagnostic 
puzzle but rarely stands alone. Unless a specific toxicant is 
suspected, samples are kept frozen or cool (whole blood 
ana some dry feeds) until clinlcopalbologlc, pathologic, 
microbio I oglci and histologic findings are known. Those 
tests help the diagnostician select the most useful toxicology 
tests. Environmental samples also must be available for test¬ 
ing because many toxicants. Including plants, monensin, 
other antibiotics, and most mycotoxlns, may not be detect¬ 
able In animal samples. 

Another diagnostic tool that may be useful is bloassay. 
One type of bioassay is assessment of the response of ani¬ 
mals to therapy (e.g., animals with carbamate Insecticide 
poisoning respond to atropine therapy). A second type Is 
measurement of a relevant bio marker of toxicant exposure 
In an animal sample [e.g., cholinesterase assay Lo Indicate 
exposure to an organophosphorus insecticide). A third 
type of bloassay, important lor new toxicants, Ls adminis¬ 
tration of the suspected toxic material (or an extract) to 
taiget animals or laboratory animals to determine if a 
source is toxic. 

Analytical results are interpreted in light of the history, 
epidemiology, signs, and pathology. A poison is determined 
by the dose received and the animal's response to that com¬ 
pound. 'fhe animal's response to a compound is affected by 
species, age, gender, environment, feed, medication, and 
other diseases. Species differences stem from varying habits 
(eg., foraging), absorption (ruminants, horses, and swine 
have different digestive systems), and pathways for drug 
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TABLE 54-1 



Sampling Guide fo 

r Analytical Toxicology 


Sample 

A mou n L 

Commonly Requested Tests I 

Whole blood 

5-10 ml. (GDTA) 

Lead, arsenic, mercury, molybdenum, manganese, selenium, 
cholinesler.ise, anti coagulants, cyanide, some insecticides, 

Serum 

5-10 ml (from clot] 

Copper, alnr, Iran, magnesium, calcium, sodium, potassium. drugs, 
nitrates, ammonia, alkaloids, tannins, vitamins A and V. 

Urine 

50-100 mL 

Drugs, heavy metals,, plant alkaloids, tannins, cantharidin, fluoride 

Milk 

SO mL 

Organochtorine insecticides, PCBs, antibiotics 

lngesta 

1 kg 

Heavy melals. plants, oleander, alkaloids, tannins, insecticides., drugs, 
nil rates, cyanide, ammonia, other pesticides, cantbaridin, avttrol 

Liver 

300 g 

Heavy metals, insecticides, anticoagulant rodenticides, some plain 
toxins, some cIri^s. vitamins A and E 

Kidney 

300 g 

Heavy metals, calcium, some plant toxins 

Ural n 

1 Lil f of brain 

Sodium, organoeh 1 oriite insecticides, cholinesterase 

Fat 

L00g 

Organochtorlne insecticides, PCEs 

Ocular EluJd 

One eye 

Nitrate, ammonia, potassium, magnesium 

Feeds 

l-kg composite 

Pesticides, Iveavy me Lais, salts, feed additives, antibiotics, iondphores. 
mycoioxins, growth promoters, nitrates, sulfate, chlorates, cyanlde T 
plant toxins (gossypoi, alkaloids, tannins], plants fiend weeds for 
identification), vitamins A, D, H, and K 

Plants 

Entire plant, press and dry, or freeze 

Identification, alkaloids, tannins, glycosides 

WaiCT 

L L in preserving far 

Pesticides, heavy metals, salts, nitrate, suliate, blue-green aLg$e 

Envlrontnenial 

Source material 

Variety of organic, inorganic, and natural toxicants 


l.'l/M, LltiyU'Eiffdianii nc UrtTaacetir acid, pi»lyrliEuTiH.itei] hiphi.’ny.K. 


metabolism. Very young E incl old animals will respond dif¬ 
ferently to tosicanis than typical adults. Neonatal animals 
tend to absorb chemicals more readily than adults [e.g., 
leader are at risk from compounds in milk (white snake- 
roal), have poorly developed blood-brain barriers, (penicil¬ 
lin or ivermectin toxicity), and are Inefficient metabolLzers 
of xenobioties In the liver for up to 30 days after birth (long 
sleeping limes caused by barbiturates]. Elderly animals can 
have deficient liver metabolism, renal function, and 
immune competency. 

TREATMENT OF POISONING 

Once poisoning is suspected, the first ob|ective is to mini¬ 
mise exposure of all animals in the herd to a suspected tox¬ 
icant. Strategies include removal of suspected sources, 
provision of alternative feeds, changing water sources, and 
moving the animals. 

Once life support (airway, circulation) has been 
accomplished, animals are decontaminated. Decontami¬ 
nation includes washing or bathing dermally exposed ani¬ 
mals. Animals exposed to oral toxicants can be given 
activated charcoal, with or without a cathartic, to adsorb 
most organic toxicants. Some treatments can alter absorp¬ 
tion of metals Je.g., sodium sulfate to block lead, molyb¬ 
date for copper) or some organics (changing pEI slows 
ammonia absorption). Nonspecific gastrointestinal dam¬ 
age, such as from nonsteroidal antiinflammatory drugs 
(NSAlDs), benefit from administration of demulcents 
(kaolin). Excretion of some organic acidic drugs or toxi¬ 
cants may be enhanced by making the urine more alkaline 
(ion trapping). 

After decontamination, attention centers on maintenance 
of vita l systems (fluid, elect rolytes, and acid-base correction), 
and therapy depends on treating for specific signs (e.g., cor¬ 
rection or arrhythmias from oleander) and administration 
of specific antidotes. Table 54-2 lists common therapies 
specific for poisoning. 


PLANTS AND OTHER NATURAL 
TOXICANTS 

JTH4NCIS U. C;AT_LV 

TOXIC PLANTS 

Plant toxicity causes both direct and indirect losses to the live¬ 
stock industry. Direct losses (deaths) cost producers approxi¬ 
mately $340 million in 1933. 1 More recent estimates suggest 
annual losses may range 2% to 3% annually. J Indirect losses, 
not included In that estimate, are likely to be much higher. 
Estimates of losses in individual animals from loco weed (Oxy- 
tropis, Astn^alm) in New Mexico ranged from $75 to $232 per 
head, depending on severity of poisoning, using production 
and management costs from the mid-1933s. 3 In addition to 
direct losses, indirect losses can result from reduced weight 
gains, decreased reproductive performance, poor production, 
fencing and management expenses, and effects on land values. 

Plants toxic to herbivores may be in forages (hay, silage), 
grain (seeds), pastures, and water (blue-green algae). Diagno¬ 
sis of plant poisoning uses an approach similar to that 
described In the Introduction, except that few chemical assays 
are available for plant toxins. Thus, diagnosis of a plant poi¬ 
soning relies heavily on identification of the plant in feed, 
pasture, or Lngesla, along w r llb appropriate clinical and path¬ 
ologic findings. The presence of a poisonous plant in the 
environment is insufficient diagnostic evidence of plant poi¬ 
soning ivithout evidence ofconsumpllon by the animal (signs 
of grazing or presence of the plant or its toxin in ingesta). 

Manv toxic plants are not palatable and are avoided by 
livestock unless grazing is forced by other circumstances. 
Conditions favorable to ingestion of toxic plants include 
overgrazing drought, use of some herbicides, and masking 
the plants in hay, silage, or grain. Environmental and har¬ 
vesting conditions that can alter toxin levels in plants 
include soil type and content, herbicide use, J overwatering, 
drought, fertilizer application, and sunlight.^ Conditions 
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TABLE 54-1 

Common Therapeutic Agents for Poisoning 


Agent Action 


Activated charcoal 
Sodium sulfate 
Magnesium sulfate 
Sortiitol 
Atropine 
2-PAM 

Methylene blue 
Sodium nitrite 
Sodium lhioaulfate 
Calcium EDTA 
dh Penicillamine 
OunercapFol | BAL.) 

DMSA 

Ammonium tetrathLomol ybdate 

Baibllu rates 

Diazepam 

Sodiiim bicarbonate 
CalclLim r magnesium, fluids 
Saline, factated Ringers, clectrose 
Dosapram 

DMSO r mannitol, carticDilfcrotds 

Mineral oil 

DSS 

Emergency drugs 
Emergency equipment 


Adsorbs most organic toxicants 

■ atii .in ic with ch.ircoal; hi neb lead.: avoid if dehydrated or diarrhea 
i lathartk; blneta lead: avoid tf dehydrated, dJ.irrhea. or depression 
Cathartic 

AnLichollnergcc (extremely dangerous In horse) 

Reverses organaphosphonas binding 

Treatment for methemoglobinemia 

Used with sodium ihtosuliate for cyanide poisoning 

Treatment for cyanide poisoning 

Chelation therapy for lead 

Chelation therapy lor lead, copper 

Chelation therapy ibr arsenic, lead 

■Chelation therapy for metals (awaiting approval) 

Treaimcnt for copper laxiconis 

Treaiment for convulsanrs 

Treatment for convulsams 

[on trapping for acids, treatment for actckulB 

Treatment for hypocalcemia, hypomagnesemia 

Eieatmcnt for fluid and electrolyte deficits 

Respirumry stimulant 

Treatments for cerebral edema 

Gastrointestinal evacuation 

Treatment for gastrointestinal Impactions 

Drugs for cardiac :ind respiratory emergencies (e.g., epinephrine, lidocaine, oxygen) 
Instruments needed to administer drugs, treat respiratory insufficiency (e.g.. 

endotracheal tubes. Lracheos-lomy sew). | its/ packages/Lubes l° r analytical samples 


JTAAr, 2-J\ndjne aJdcvfcime riiLOdoiiidc ( p i.diduxi mv J: £jD'J.-L. elhy-IcncdMimm; kirnarctir arid. iTAI., Me iii % li anlik-ivivin J.W-iiSL.t iSinwch'vl su Ifiixiik; JJAI.SA 
dltbAttapiaiuccinir .iculr ^JS-S. ■:IirL1 sodium sullusuccinnle. 


related to plant taxidty vary, however, depending on all the 
listed factors. Although overgrazing, and Intensive manage¬ 
ment may Increase risk of poisoning from many plants, 
others such as the larkspurs (DdpfriJiiMJfl species) are present 
In pristine conditions. 6 ' 7 Usually, poisoning occurs when 
the toxic plants become more palatable lhan native forages, 
or when mismanagement has resulted in animals being 
forced to ingest less desirable forages. 

To identify a plant, It should be sampled in Us entirety: 
flower, seed, pod, leaves, and roots. For shipping, the plant 
should he dried In a newspaper under some heavy books. 
Plants or leaves found in Ingesla should be separated from 
lhe ingesta and shipped frozen for Identification. In an 
emergency a plant can be pressed on a high-qualUy office 
copier, and the copy can be faxed to a diagnostic toxicolo¬ 
gist for identification. Although chemistry analysis for most 
plant toxins in biologic specimens is not routinely available, 
recent developmental activity is making that option more 
available. Tests are currently available for toxins such as 
evanide, nitrate, gallolannins, selected alkaloids, and some 
glycosides (e.g, cardiac glycosides ]. 5 - a - 11 

With a few well-documented exceptions, such as nitrate 
and cyanide, specific antidotes are rarely available for plant 
toxins (many have not been characterized). Thus, the primary 
goals w r hen treating plant poisoning include providing sup¬ 
portive care and eliminating exposure of animals to the sus¬ 
pected feed, plant, or pasture. Curtailing exposure can entail 
switching feed sources, moving animals, fencing, mowing 
and providing supplemental feed. Adsorbents such as acti¬ 
vated charcoal may be administered to minimize absoiption 
of organic compounds, including many plant toxins. 13 

Prevention Is the most effective cure for plant toxicosis. 
With a few exceptions, such as larkspur, which Is palatable 


and grows In pristine pastures, 13 many toxic plants are 
unpalatable and grow on overgrazed and disturbed soils. 
Therefore, plant toxicosis often can be preturned by feeding 
adequate amounts of feed that is free of toxic plants, man¬ 
aging grazing areas, u controlling weeds, and using proper 
harvest techniques for feeds. Some management schemes 
use selective spraying of herbicides or biologic control agents 
to help manage the problem. 15 Conditioned aversion of ani¬ 
mals to Ingestion of some plants has also been explored using 
Lithium chloride to create persistent aversions to selected 
plants. 1 *- 17 Averting Laclating cattle to plants using lithium 
chloride apparently does not result In averting calves to milk 
contaminated with low levels of the agent. lH In some cases, 
animals that are Less susceptible to a given plant toxicity 
might be used to graze Infested rangeland.’ 9 Timing of 
grazing can be altered to impact toxicity to a variety of plants, 
such as lupines, locow r eeds, and ponderosa pine. 2 ® 

Some plant toxins may cause potentially hazardous or 
otherwise noxious residues in milk and meal. For example, 
tremetone from white snakeroot, selenium, and several 
alkaloids may be passed in milk. 21 - 22 Thus, care should be 
taken when providing advice about the disposition of 
animals exposed to plant toxicants, especially about the 
disposition of milk from LaetalLng animals. 

Because a discussion of all toxic plants is beyond the 
scope of this chapter, this section discusses general aspects 
of plant toxicology as well as unique aspects of poisoning 
resulting from sefecl, common classes or poisonous plants. 
It is assumed that the plants covered here have been Identi¬ 
fied. Plants can be Identified using many resources, includ¬ 
ing various Local agricultural extension agents or bulletins, 
textbooks 23 diagnostic laboratories, veterinary schools, her¬ 
baria, Internet, and other botany sources. Specific statements 
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about geographic location of plants are not made, because 
modern feed and seed transport have blurred she distinction 
between regions of the United Slates in which certain plants 
may be found. 

Alkaloids 

Alkaloids are compounds chat have nitrogen, usually In a 
heterocyclic ring and are usually basic chemicals. Alkaloids 
are the largest class of secondary plant compounds, present 
in up to 30% of herbaceous species In North America. 24 
Alkaloids are often quite bitter, and many are toxic. 25 

II LOCOWEED 

Astragalus spp.: Locoweeds 

Oxylwpis: Crazyweed 

SuHlnjana; Darling pea 

'Hie locoweeds, and O.iyJ ropis specles, are found 

from the Rocky Mountains and Texas to California. Plants of 
both genera are perennial, herbaceous legumes wllb oppo¬ 
site, pinnately compound leaves. Flowers are purple to white 
racemes. 25 Seeds are borne In pods. Various species of Asim#- 
alus have different toxic chemicals and effects. Some species 
are nontoxic, whereas others have excessive selenium concen¬ 
trations, 3 -nitrocompounds, or swainsonine (the loco weed 
toxin, also found In Siiwimcrw]. 3 ^ 28 Swainsonine (loco- 
tveed) inhibits cellular a-mannosldases, leading to abnormal 
glycoprotein metabolism. 25 - 10 

Locoweed Is unpalatable to livestock and is initially 
ingested when other feed is lacking (during the winter ancl 
spring). 11 In addition, evidence suggests that cattle may learn 
to Ingest locoweed from one another. 52 Once Ingestion Is 
initialed, however, animals apparently acquire a taste for 
the plant. 11 Locow r eed remains toxic when dry, 53 and It affects 
all classes of livestock. Locctveed ingestion (up to 90% of 
body weight of plant material) causes gradual onset of signs 
related to the production, metabolic, central nervous, repro¬ 
ductive, and cardiovascular systems. 3 3 - 33 - M Affected animals 
become emaciated, lethargic, dull, and ataxic, with an 
impaired sense of direction. 55 - 57 Animals are nervous despite 
the depression and, especially horses, may react violently to 
stimulation. Horses do not seem to recover from the ten¬ 
dency to read uncharacteristically to stimuli. Reproductive 
consequences of "locoism” Include abortion, prolonged 
estrus, altered breeding behavior, decreased libido. Inhibi¬ 
tion of normal spermatogenesis, w r eak and docile newborns, 
and deformed limbs with hexed tendons and joint lax- 
ity.3A37.3M0.4i Locoweed ingestion predisposes calves to 
development of right-sided congestive heart failure at high 
altitudes ("high mountain disease"). 55 - 56 

Sheep fed Locoweed had clinical pathologic evidence of 
liver and renal (mild) damage, with Increased serum con¬ 
centrations of alkaline phosphatase (ALP), aspartate trans¬ 
aminase (AS']’), and blood urea nitrogen (BUN). 55 - 42 lhe 
major postmortem finding In Locow r eed intoxication Is 
emaciation. Microscopically, locotveed {and sw r ainsonlne) 
causes widespread neurovisceral cytoplasmic vacuolation 
in animals and the fetus (if present). 43 - 45 lhe brain, liver, 
and kidney are the major affected organs. The vacuoles con¬ 
tain mannose-rlch compounds. 46 Diagnosis of locoweed 
toxicosis Is based on evidence of plant consumption, clin¬ 
ical signs, and lesions. No chemistry lest is available for 
locoism. Netv tests are under development to stain tissues 
for mannose accumulation^ and measure s-mannosldase 
activity In serum to Indicate exposure to locoweed. 4 - 7 

No antidote is available for locoweed poisoning. Expo¬ 
sure to the plant should be stopped and proper nutrition 
provided. Recovery from emaciation frequently occurs, but 


horses that have developed locoism cannot be trusted. 
Proper grazing management of rangeland. Including using 
range when other, more palatable plants are present, Is a 
recommended strategy to minimize losses caused by the 
plant.- 38 Milk from animals exposed to locoweed can be 
toxic, suggesting that swainsonine Is passed In milk. 45 
Clearance studies suggest that poisoned animals should be 
given approximately 2& days to clear swainsonine because 
of an estimated half-life In livestock of 60 hours. 47 - 5 ® 

II PYRROLIZIDlNt; ALKALOIDS 

Seraecrci spp.: Tansy ragwort (S. jacobea) and groundsels 

CrafriJarifl spp.: Ratilebox 

Cynoglossam officinale: I loundstongue 

AflwmrJzj'fl interred jit: Flddleneck 

Heholropium spp.: Heliotrope 

EcJpjjjm plarittiginciim: Patterson's curse, Salvation ]ane 

Losses from pyrrolIzldlne alkaloids occur throughout the 
United States, resulting from Ingestion of various species 
(spp.) of plants from the families of Compositae (SeRecrc 
spp.], Legumlnosae (Cwtalaria spp.), and Boraglnaceae 
[Cynoglossurn and A. fnJerm&fetf). 51 S. jacobea is found in the 
northwestern United States, S. i/tdgtiris (common groundsel) 
can he found throughout the western United States, OlUh- 
toi-M is present in the Midwest, Cyrrogfassum Is primarily in 
the Rocky Mountain region, and Amsfnc&a Is In California. 
Toxin concentrations are high 631 In seeds, flow r ers, and leaves 
and are lower in stems, lhe most toxic pyrrolizidine alkaloids 
are d Lester rings with a 1,2 double bond and a branched ester 
group. 53 lhe compounds are bioacllvated in the liver to reac¬ 
tive pyrroles and mms-4-hydroxy-2-hexenal. 53 - 53 The reactive 
metabolites bind cell molecules and cross-link deoxyribonu¬ 
cleic acid (DNA), Leading to necrosis, alteration of cell divi¬ 
sion, or carcinogenicity. 53 lhe carcinogenicity of these 
compounds, which Isa result of both genoloxlc and promot¬ 
ing properties, Is a reason for food safety concerns related to 
the pyrrolizidine alkaloids. 54 - 55 

Plants with pyrrolizidine alkaloids are unpalatable. Most 
poisonings occur when animals are forced to graze the 
plant, or when the plant Is masked in hay (Senecw spp. 
and A. Intermedia) or grains {Groidkirfd spp.; a major contam¬ 
inant before the availability of herbicides for weed control). 51 
Toxicity Is retained in dry hay and grains. All classes of live¬ 
stock are affected. Small ruminants such as sheep are more 
resistant to the alkaloids than are cattle and horses. For 
example. Ingestion of as little as 5% of their body weight 
of tansy ragwort (S. jacobea) in hay may be lethal to a cow r 
or horse. Conversely, more than 100% of their body weight 
in plant material is needed to cause pyrrolizidine alkaloid 
poisoning In sheep and goats. 53 The resistance of sheep to 
(he alkaloids likely results from differences In liver biotrans¬ 
formation patterns. 51 For example, sheep tend to have 
lower rales of hepatic production of toxic pyrroles plus 
higher levels of glutathione conjugation of toxic metabo¬ 
lites. 56 Interestingly, Ingestion of pyrrolizidine alkaloids will 
enhance the toxicity of copper in sheep. 57 Although cattle 
and horses tend lo have similar sensitivity to Serren'c species, 
it Is apparent that cattle tend to resist the hepatotoxic effects 
of Amsinchia at Levels in hay that would be hazardous to 
horses (although Amsincfeta may still cause nitrate toxicity 
in the cattle instead). 

Animals with pyrrolizidine alkaloid toxicosis are usually 
presented tvith signs and lesions compatible with liver fail¬ 
ure (see Chapter 33 for a complete description of signs 
and lesions]. 51 - 52 - 58 In addition to liver effects, pulmonary 
disease also has been reported for Cratfilaria poisoning.- 51 
Signs may be delayed for months after ingestion of the plant, 
appearing after the Liver damage has had an opportunity lo 
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become chronic. 59 Emaciation and hepatoencephalopathy 
often occur, leading to common names for the disease, such 
as "walking disease, "walkabout," and "hard Liver disease/ 
Diagnosis of pyrrolizidine alkaloid toxicosis depends on 
a history of exposure to the plants, clinical and pathologic 
evidence of Liver faLlure, and classic histologic lesions' 60 - 62 
Antemortem diagnosis, in the absence of an appropriate 
history, can be difficult because of the nonspecific nature 
of signs and the potential for delayed and progressive 
effects. Diagnosis In these cases benefits from histologic 
examination of a surgical liver biopsy. Recent studies sug- 

f ;est that a chemistry test for sulfur-hound pyrrolLc metabo- 
ites of pyrrollzid lne alkaloids in unfixed Liver tissue may be 
useful, but is not yet available for diagnostic use. 61 - 64 
lYeatment for pyrrolLz-LdLne alkaloid toxicosis centers on 
treating the liver failure and eliminating additional expo¬ 
sure to the plant. Although not preventive, evidence sug¬ 
gests that Ingestion of sulfur-containing amino acids In 
high Levels can Influence pyrrollzidLne alkaloid toxicity 
through maintenance of hepatic glutathione Levels/ 15 Mote 
that sheep may be fed added molybdenum to delay accu¬ 
mulation of copper on a chronic basis. 151 Prognosis In 
advanced cases is poor. Very- low levels of pyrrolizidine alka¬ 
loids are transferred Into the milk, but attempts to transfer 
toxicity In the milk have not resulted In clinical or patho¬ 
logic evidence of toxicosis. 52 - 66 

II LARKSIH1R ALKALOIDS 

Delphinium spp.: Tall and low larkspurs 
Accru'cami spp.: Monkshood 

Larkspur (Mphmjjmi) and monkshood fAcwnj'tujMj have 
alternating, palmateiy divided leaves, ivhich In larkspur 
may cluster at the base. Racemous flowers have a variety of 
colors, depending on species, and are characterized by a 
lower spur (larkspur) or an upper hood (monkshood). 67 
Loss ot cattle from larkspur is economically Important In 
the western United Stales. Unlike many toxic plants that pre¬ 
fer disturbed soil, larkspur is found in undisturbed mountain 
ranges. 63 Larkspur species are divided into Ictv and tall vari¬ 
eties based on height [low, <76 cm; tall, >76 cm) and eleva¬ 
tions (tall Larkspurs are found In high mountain altitudes). 63 
Larkspurs contain a variety of complex, diterpenoid alka¬ 
loids, such as methyllycaconltine and della line. 6 *- 70 The 
larkspur alkaloids cause skeletal muscie paralysis by blocking 
nicotinic, acetylcholine receptors at the neuromuscular junc¬ 
tion and in the bra In. 69 - 7 3 - 72 

Larkspurs are hazardous because they are palatable and 
appear early in the spring. 63 - 75 Although dried plants may 
be toxic, the diterpenolds are highest and most hazardous 
In the early-sj>rjng leaf growth, after flowering racemes are 
elongated/ 2 - 174 - 75 During that period, cattle will lend to 
Ingest more Larkspur during or just after a summer storm. 72 
All animals maybe poisoned by larkspur. Cattle are most 
sensitive to the plant (17 g/kg of body weight of early plant 
growth may be Lethal), whereas sheep are four times less 
sensitive. 76 Calves are often affected when they graze with 
"nurse" cows on the edges of meadows [likely area for lark¬ 
spur groxvlh) while dams graze steep hillsides. Clinically, 
larkspur poisoning results in stiffness and weakness, 
abdominal pain, collapse [often with forelegs first), and 
death from aspiration of regurgitated Lngesta or respiratory 
paralysis within 3 to 8 hours after exposure. 69 - 7 *- 74 - 76 - 77 
Death may be sudden (see Chapter 14). Recovery may occur 
in sublelhal cases within 1 to 2 days.- 4 

Postmortem, animals with larkspur poisoning bloat 
rapidly. 74 Clinlcopathologlc findings are nonspecific. Diag¬ 
nosis of larkspur toxicosis depends on a history of sudden 
death with rapid bloating on rangeland In early spring. 


evidence of consumption of the plant, and a lack of other 
diagnostic findings. Chemistry testing is not routinely avail¬ 
able for larkspur alkaloids, although testing of urine or 
serum for the alkaloids may be viable/ 3 

Treatment for larkspur poLsonlng centers on control by 
pregrazing with sheep (less sensitive), delay of grazing until 
alkaloid levels drop to less than 3 mg/g in leaves (after seed 
shatter), 70 spraying larkspur with nonspecific herbicides 
such as tebulhiuron, 30 and attempts to develop in the ani¬ 
mals an aversion to grazing the plant 74 ' 31 Recently, the 
ability of the Larkspur mi rid [HcpforrrdEfius affiguratus Uhler) 
to control larkspur has been suggested as a blocontrol 
measure. 31 

H NICOTINIC-ACTING ALKALOIDS 

Nicotsanagfauca: Tree tobacco: N. Tobacco (pyr¬ 

idine alkaloid; e.g., nicotine) 

Lupimu spp.: Lupines [quinol Lz id Lne alkaloids; e.g., ana- 
gyrine, sparteine) 

Cytfsws scaparus: Scottish broom; Laburnum iinagyrofifo: 
Golden chain; Tfcermopsis munCtinti: Mountain iber- 
mopsis (quinolizldine alkaloids) 

spp.: Indian tobaccos (pyridine alkaloids similar 
to nicotine) 

G?fNJjm JAflortatumj Poison hemiock (plperadine alka¬ 
loids; e.g., coniine) 

The lupines and thermopslsare found in climax and grassy 
habitats, ivhereas poison hemlock and the tree tobacco plants 
are found in disturbed soils. This group has three classes of 
nicotinic toxins: pvridlne alkaloids, qulnol Lzid lne alkaloids, 
and piperadine alkaloids. Nicotinic alkaloids cause toxicity 
by gangjIonic stimulation, followed by blockade and paraly¬ 
sis. 33 - 34 The teratogenic effects of lupines, tree tobacco, and 
poison hemlock may result from paralysis of the fetus during 
the period of joint formation (days 40 to 70 of gestation for 
catlfe; days 30 to 60 for swine and sheep). 35 - 50 Thermopsis 
causes mvo necrosis by an unknown mechanism. 90 - 3 

The pfanls are often bitter and are Ingested when they are 
hidden in hay or forage or when animals are forced to do so 
by drought or hunger. Some Lupines may be toxic when 
Incorporated into feed as a supplement, although the toxin 
and mechanisms remain to be defined. 9J The plants are toxic 
when dry except for Craiuwi, which has quite volatile toxins 
that dissipate with time when plants are dry (fresh hay may 
be toxic). 64 95 A11 c I asses of 1 Lvestock are affected by the plan ts, 
although species variations occur. 33 - 34 - 34 - 35 For example, 
acute toxicosis Is more common In sheep. Conversely, terato- 
genesls is more Likely In cattle/ 1 Despite the lower likelihood 
of acute toxicity, it does occur. For example, deaths occurred 
In yearling E lolsteln dairy cattle pastured on lupine (personal 
observa tio n). Cattle were more sensi t Lve to the acute effects of 
coniine (poison hemlock) than were horses or sheep.Acute 
toxicosis from nicotinic alkaloids Is characterized by ataxia, 
weakness, tremors, initial stimulation of the central nervous 
system (CMS) followed by lethargy, Increased salivation, 
respiratory distress, bloating and death from respiratory 
paralysis/ 3 - 34 - 96 - 97 Teratogenic signs Include cleft palate (ear¬ 
lier in the susceptible period) and if exposed during |olnl 
development, classic arthrogrvposis ["crooked calf syn¬ 
drome) Involving the joints of (he Legs and spine. 35 - 69 - 95 - 96 
Acute T. rrronBanfl toxicosis In cattle Leads to tremors, a stilled 
g^iit, and recumbency, followed by respiratory paralysis and 
death.The animal maybe found dead (seeChapter 14). 90 

Clinlcopathologlc changes are nonspecific for most of the 
nicotinic plants. Themrofraj'i may result in elevations of crea¬ 
tine kinase (CK) and AST, suggesting skeletal muscle dam¬ 
age. 90 Other than bloat and pulmonary edema, acute 
nicotinic alkaloid toxicosis results In few specific Lesions. 93 - 96 
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The congenital malformations are usually obvious on post¬ 
mortem examination. Thcrttwpsis toxicosis is characterized 
by degeneration and necrosis of skeletal muscles. 1 ™- 31 

Diagnosis of acute nicotinic alkaloid toxicosis depends 
on Identification of the plant and appropriate signs. Addi¬ 
tionally, reliable chemical assays have been developed to 
detect some of the alkaloids In urine and serum of exposed 
animals, including those of poison hemlock, tree tobacco, 
and some lupines- 03 - 13 ® 33 Diagnosis of the source of crooked 
calf syndrome requires historical review of plants that may 
have been grazed during the susceptible period of gestation. 

Treatment of acute toxicosis Is nonspecific. Exposure 
should be eliminated. Animals in poor body condition 
may have higher circulating Levels of lupine alkaloids at a 
given dose, suggesting that disposition of the alkaloids Is 
affected by nutritional condition. 100 Many of the potentially 
teratogenic alkaloids of these plants, including some from 
poison hemlock and LupiJirw, are passed into milk and 
muscle tissue. 101102 

II STEROIDAL ALKALOIDS 

Zigadcmts spp.: Deathcamas 

Venrtrum ourtwmja/ni and V. viride: False hellebore, also 
skunk cabbage 

Soknum spp.: Nightshades: Lycopers-iam spp.: Tomatoes 

Deathcamas is a slender, perennial herb (up to SO cm tall) 
with grass! Ike basal leaves that grows from an on Ion Like bulb 
and has yellow-white flowers.™ 3 False hellabore has short, 
hairy, stout stems with broad, prominently veined leaves. 1 ^ 
Sofruicrm species range from annual herbs to woody plants. 
They have four to five Lobed, white to purple flowers. 105 
The fruit Is a berry. The leaves often have two small leaflets 
at the base or Incorporated as small Lobes, Deathcamas 
and Ventfmrn species., both of which are Liliaceae, a re found 
in moist meadows at upper elevations. Solatium species 
are found throughout the United States. Deathcamas {alka¬ 
loid Is zygaclne) and false hellabore contain steroidal 
alkaloids that cause cardiovascular hypotension. 103 Veralnim 
alkaloids include the teratogens jervlne and cyclopamine. LM 
Solanaceous plants such as the nightshades, tomatoes, 
and potatoes have steroidal alkaloids linked to sugars 
{glycosides). 307 Those So/tmujji alkaloids may Inhibit cholin¬ 
esterase, cause gastrointestinal (C»l) Irritation, and induce 
constipation. Some solanaceous plants accumulate nitrate 
{tomato vines) 306 or have other toxic factors such as 
vitamin D, tvhich causes calcinosis [SoLimrm mtfhimjjykri, 
found In South America and Hawaii). 

The steroidal alkaloids are toxic to all classes of livestock. 
Sheep are most frequently poisoned by Vercilnun and Zigadi 7 - 
nttr.™ 3 -™ 9 Zigadctms Is most hazardous In the early spring 
because it is among the first plants present. 10 -* Vend trum is ter¬ 
atogenic when grazed by ewes around days 14 and 30 of ges¬ 
tation. 1 1 1 ] 1 live alkaloids resist drying. 107 Ingestion of as 
1 Itt I e as 0. S% of body weigh t of dealhea mas can cause ataxia, 
stiffness, tremors. Increased salivation, vomltlon, and pros¬ 
tration. Death may occur within l L /-t to S hours of expo¬ 
sure™ 3 {see Chapter 14). Solanum species vary In toxicity 
and effect, causing Gl Irritation, Ileus (in horses). Lethargy, 
increased salivation, dyspnea, tremors, paralysis, diarrhea 
or constipation, and death.™ 3103 -™ 7 Pregnant ewes grazing 
YemrrHm 1 during day 14 of gestation produce lambs with cra¬ 
niofacial deformities, including cyclopia, microphthalmia, 
and cleft palate. 309 - 1 ™ Gestation may be prolonged In 
affected ewes.™ 3 Limb and bone shortening in the metacar¬ 
pal and metatarsal |oints can occur in lambs when ewes 
ingest the plant around day 30 of gestation. 111 

Clinical and pathologic findings are nonspecific, except 
for the teratogenesis from Vemmim. Severe intoxication 


from SoLintr??r species may lead to congestion of ma|or inter¬ 
nal organs. 107 Diagnosis Involves accumulated signs with 
evidence of consumption of the plant. Chemistry testing is 
not routinely available. 

Treatment for poisoning centers on prevention. Deathca¬ 
mas and false hellabore should be avoided In early spring 
The highly variable toxicity of the solanaceous plants makes 
recommendations about prevention difficult, although 
feeding large volumes of the plants is ill-advised. 

II TROPANE ALKALOIDS 

Datura s(j£im 0 Frjjmi, D. mrfakfctas; JLmsonweeds 

Atropa tvUiiii&nna: Belladonna 

Datura and Atropa are also solanaceous plants, limson- 
weeds prefer disturbed soils such as barnyards. 112 The plants 
contain the tropane alkaloids, atropine and scopolamine, 
which block acetylcholine at muscarinic nerve synapses. 
Although Dietjmi is bitter and unpalatable, herbicide applica¬ 
tion or overgrazing may encourage consumption. Grain con¬ 
taminated w r Llb Diilura seeds Ls toxic. 112 Ddtura toxicity 
results in GI atony, anorexia, rapid heart and respiratory 
rates, mydriasis, thirst, diarrhea, excess urination, disturbed 
vision, and delerium. 3L3tJJ5 Death is uncommon, perhaps 
because gut atony and anorexia may limit plant intake. 112 
However, gut atony can be fatal In some species, Including 
the borseJ 13 - 114 Exposure to trace amounts of Datura spe¬ 
cies, such as In the bedding or feed, may result in urinary resi¬ 
dues of tropane alkaloids In the horse's urine. 133 Lesions are 
nonspecific. lYopane alkaloids can be identified In urine, 
ingesta, and plant material. 


II YE W 

TiLciu cuspidaln: Japanese yew 

Tiirjjj bacoata: English yew 

Yews are evergreen shrubs and small trees with flattened 
needles. Ihe plants are found throughout the United States 
in hedges and yards. 136 Yews contain alkaloids called tax- 
ines, which depress myocardial conduction by blocking 
sodium movement through membranes. 117 Some yews also 
contains antimitotic, dlterpenoid taxols, w'blch are of medi¬ 
cal interest as anticancer agents. 1 IS 

Yew Ls extremely toxic; less than 0.1% of body weight of 
dried leaves may kill a horse. 1 ™ Toxicity Ls retained in dry 
plants. All species are sensitive to yew toxicity. As with ole¬ 
ander, yew poisoning often results from accidental Inges¬ 
tion ot hedge clippings. 1 ™-*20 Clinical toxicosis is usually 
manifested by collapse and sudden death (Chapter 14) 
related to heart failure, occasionally preceded by tremors 
a nd weakness. 1 1 L? - 121 

Lesions are uncommon, although focal, nonsuppura¬ 
tive myocarditis Ls possible. 120 Diagnosis of yew toxicosis 
requires a history of exposure to yew clippings and sudden 
death. Finding of Leaf pans In the Ingesta Ls diagnostic. The 
investigator may be confused by needles from Pj/ius and 
the coastal redwood (Sequoia sempervirins). Alkaloids have 
been suggested by mass spectral chemistry in samples from 
poisoneoanimals. 122 


II imFI AMlNE ALKALOIDS 
Phalaris spp.: Canary grass 

PAtikrts species are pasture grasses. Under poorly defined 
conditions, Phalam accumulates Indole and fl-carbollne alka¬ 
loids. 323 - 124 iTiose alkaloids block serotonin in the CNS and 
may Inhibit monoamine oxidases. 12J - 125 Cattle and sheep are 
affected, although sheep are more Likely to be poisoned by 
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Pht^iis. 126 The alkaloids are bitter, resulting In lowered weight 
gains if present at levels exceeding 0.2% of pi ant weight. 124 

Clinically, two syndromes can result from canary grass 
toxicity. Sudden death with cardiac failure Is one possible 
result of poisoning. 134 - 136 Chronic lower-level exposures 
may lead to a staggers syndrome w r l(b ataxia, a hopping g^iit, 
tremors, excitability, head nodding, convulsions, and even¬ 
tually paddiing and death in sheep and horses. 124 - 137 - 129 
Onset of signs may be delayed up to 40 days after ending 
exposure to canary grass. 130 (See later discussion and Chap¬ 
ter 35 for grass staggers.) 

Postmortem examination of sheep with the staggers syn¬ 
drome reveals characteristic gray to bluish discoloration of 
the brainstem. 130131 1*he kidney and liver also may be pig¬ 
mented. Pigment in the cytoplasm of the nerves apparently 
destroys those cells. 131 Clinical signs of sudden death or 
staggers in sheep that have previously grazed canary grass 
pasture, along with characteristic discoloration of brain tis¬ 
sue, are used for diagnosis. Treatment of clinically affected 
animals has not been rewarding, however, supplementation 
with cobalt may help prevent toxicosis. 112 

Glycosides 

Glycosides are ethers that link a sugar to a toxin, called 
agJfarnA Either the glycoside or the agjycone alone may be 
toxic. Most w r ork is based on the properties of the aglycone. 
Absorption of the agjycone Is often enhanced by microbial 
activity causing release of the aglycone from the sugar. 131 The 
agjycone is frequently released by damage to plant tissue. As 
wi th alkaloids, glycosides are often bitter. 134 

II CARDIAC GLYCOSiDtS (CARDENOUDES, 
GRAYANOiOXiKS) 

Nerijjtji oleander Oleander; Tfrm’Cj'it pcrmiantr Yellow 
oleander 

£>f£j'Ctf/ES purpurea: Foxglove 
itfrafadflidrcw spp.: Azaleas 
ifrrfmki spp.: Laurels 
Corej'ttWtfria spp.: Llly-of-the-valley 
PjVris JiJjtwHrca: Japanese plerls 
AjL-Jopitfs spp.: Milkweeds 
Ajwcymtm spp.: Dogbanes 
Bufo marinm: Bufo 'toads 

Many families of plants contain ca rdioloxlc glycosides. 
Many of the plants, including azaleas, oleander, and Japa¬ 
nese pierls, are evergreen shrubs and smah trees. 135 In 
addition to plants, cardiac glycosides may be found in ani¬ 
mals such as the bufo toad. The toxic cardiac glycosides, 
including various cardenolides and bufadenolldes, are ste¬ 
roid-1 ike in structure and have a lactone ring. 136 Common 
cardiac glycosides Include digltoxin and dlgoxin from fox¬ 
gloves, oieandrln {aglycone = oleandrigenin) from clean¬ 
er, and grayanotoxins from rhododendron. Cardiac 
glycosides block cellular sodium-potassium adenosine tri¬ 
phosphatase {ATPase), leading to sodium accumulation 
In excitable cells such as nervous tissue and myocar¬ 
dium. 136 - 136 Grayanotoxins bJock fast sodium inactivation 
in excitable tissues by binding to sodium channels. 139 
Increased cardiac contraction and altered heart rhythms 
result from myocardial effects. The plants also are potent 
Cl irritants. 

Cardiac glycosides are found In most parts of the toxic 
pla n ts. 140 Al though p I a n ts a re bitier, d rled leaves (o I eander] 
and flowers are readily ingested by all classes of livestock, 
causing toxicosis, to, lj*,l 4 1 Discarded lawn dippings that 
contain oleander leaves are a common source of livestock 
poisoning. Some of the plants are extremely toxic, and toxic 



effects are cumulative. For example, 0.005% to 0.015% of 
body weight of oleander (equivalent to a handful of leaves) 
can be lethal In sheep and cattle, and one leaf may kill a 
human. 123 - 142 Azaleas may be toxic when Livestock ingest 
0.2% to 0.6% of body weight of plant material. 142 Clinical 
signs of toxicosis reflect G1 Irritation and damage to the 
heart. The onset of toxicosis may be delayed by several hours 
after Ingestion. Although death may be sudden (see Chapter 
14), it usually occurs within 36 hours after ingestion but may 
take up to 14 days. 143 Signs include abdominal pain, nausea, 
weakness, anorexia, muscle tremors, rumen atony. Increased 
salivation, bradycardia {or tachycardia later in the syn¬ 
drome), heart block, and ventricular arrhythmias [including 
a gallop rhythm for oleander in cattle). 126 - 141 - 147 

Animals with acute cardiac glycoside toxicosis may have 
hypertension, hypoxemia, acidemia, hemoconcentrallon, 
hyperkalemia, hyperchloremia, and elevations of serum cre¬ 
atinine and glucose. 12 * Electrocardiogram {ECG) alterations 
Include widening of the QRS complex, ST segment depres¬ 
sion, enlarged P waves, and a variety of ventricular arrhyth¬ 
mias. Lesions associated with cardiac glycoside toxicosis are 
nonspecific and include hemorrhagic'gastroenteritis and 
pale mottling of the heart with congestion, hemorrhage, 
and histologic evidence of myocardial degeneration and 
necrosis. I23 - 426 - 143 - 144 

Diagnosis of cardiac glycoside toxicosis depends on Iden¬ 
tification of the plant and evidence of Its consumption. 
Two-dimensional thin-layer chromatography [TLCJ and liq¬ 
uid chromatography/mass spectrometry (LC/M5) methods 
have been developed for assay of oleander Ln ingesta and 
body fluids from affected animals. 1D - 143146 LG/MS can be 
used to assess grayanotoxln exposure in urine and feces of 
affected animafs. 147 A serum radioimmunoassay (RIA) can 
be used to assess exposure to Digitalis; ibis test may cross- 
read w r Llh oleander glycosides for some diagnostic utility. 14 * 
Treatment of cardiac glycoside toxicosis begins with 
elimination of exposure to the plant and decontamination 
using cholestyramine resins or activated charcoal (repeated 
applications suggested). 137 Fluids tvith calcium and potas¬ 
sium should be avoided (unless hyperkalemia Is absent). 
Atropine maybe useful If bradycardia or heart block is pres¬ 
ent (use care In horses; it may cause gut stasis), [f-Adrenergic 
blocking agents and anti arrhythmic drugs can be used for 
cardiac dysrhythmias; otherwise, (l-blockers should he 
avoided. 126 - 12 ^ Use of anticardiac glycoside Fab antibodies 
Is an experimental treatment for digitalis and oleander tox¬ 
icoses. |4S - 15 ^ Stress should be avoided In animals exposed 
to cardiac glycosides. Prevention of cardiac glycoside toxico¬ 
sis includes keeping hedge dippings away from animals and 
avoidance of plants when in full flower. Dj^iAihs glycosides 
are w r ldely distributed In the body, including Ln rhllk and 
fetal fluids, and the primary elimination pathway is uri¬ 
nary. 126 Evidence of oieandrln was identified in the milk 
of poisoned cows using two-dimensional TLC Ln the 
author's laboratory. Mo cleandrin was found at 5 days after 
exposure Ln milk from that dairy. 

H PHOTOSENSITIZING 5ArO\f.V5 

Trifrulus IcjtcjCn'j: Puncture vine 
Pdfricum caioralum: Klelngrass 
Ejdidfj'flrj'd] tfecurrrbens: Slgnalgrass 
Nc/uid texam: Sacbulsta 
Agave spp.: Agave 
Nflj-tfiecrum osstfragum: Marthecium 
These grasses and'weeds may contain toxic Levels of hep- 
atotoxlc, steroid a] sapogenins such as dlsogenin. 15 '- l6;| 
Sapogenlns are metabolized in animals to gjucuronide con¬ 
jugates of eplsmllagenln, which crystallize in bile, leading to 
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biliary blockage, cholangitis, and secondaiy photosensitiza- 
tion (chapter 40). 133455 

Plants are most hazardous when grazed during stages of 
early, rapid growth when sapogenin levels are highest. 155 
heed retusa] can occur because the plants can be bitter. 
.Mature plants are often grazed without Incident. All herbi¬ 
vores may be affected. Signs of toxicity Involve liver damage 
with anorexia, weight loss, Icterus, hepatoencepbalopathy, 
and seco ndary pholosensi tizat Ion. 151 - 15 3 - L 5 *- 1 60 

Serum chemistry alterations reflect liver damage. 157453 
Postmortem, affected animals are icteric and have evidence 
of necrosis and sloughing of skin. 159 Lesions in the liver 
include bridging and fibrosing hepalocyte necrosis, cholan¬ 
gitis, and occlusion of small bile ducts. Bile ducts may have 
birefringent crystals, probably related to sapogenln accumu¬ 
lation. 1514554 5sj 53 chapter 40 for skin lesions.) 

Lesions also may be present In the kidneys, heart, and adre¬ 
nals. Narthcciunh as with other lilies, may cause chronic 
renal failure In ruminants, most likely from a furanone, 
not a saponin. 161 Animals should be removed front offend¬ 
ing pastures (at least until the grass matures]. 

II C’VANOCE'N lC GLYCOSIDES 
Linum spp.: Flax 

Frtmjjjspp.: Cherries, chokechenies, apricots, peaches 

Sorghwrji spp.: Sorghum, Sudan grass 

Tnglochin spp.: Arrow grass 

Tn/fl/ejuj] repens: White clover 

Zea rrrdys: Corn 

Many others; see references. 

Many grasses, weeds, and cherry bushes contain cyano- 
genic glycosides. Damage to the plant causes contact 
between [Tgjycosldases and the glvcosides, releasing free 
cyanide. Cyanide blocks a variety of metalloenzymes, most 
notably the terminal oxidase fey loch rome-c oxidase) of 
oxidative transport. 162 - its 7}^ ^ht affinity of cyanide for 
ferric (Fe 5 -) iron in the cytochrome prevents electron 
transfer. Sorghums also can cause peripheral neurologic 
deficits in laboratory animals and horses (from nitriles or 
cyanide}. 165464 

Many of the listed plants may be grazed safely; however, 
cyanide is released when plants are damaged from macera¬ 
tion, drought, frost, willing, and stunting.^ 3 Toxicity wanes 
with drying. All animals are sensitive to cyanide toxicosis. 
Cyanide toxicosis Is very rapid In onset, often resulting in 
sudden death (see Chapter 14). Clinical signs Include dys¬ 
pnea, excitement, tremors, increased salivation, gasping, 
clonic convulsions, and death . L62 - 163 Chronic exposure to 
cyanide in rats can cause paralysis, and cattle, horses, and 
sheep grazing species have developed ataxia, uri¬ 

nary Incontinence, and cystitis. I63 - L66 

Blood from animals with cyanide toxicosis is cherry red 
because hemoglobin cannot release oxygen to tissue. Mon¬ 
specific postmortem findings Include cardiac hemorrhage 
associated with acute death. Chronic exposure to cyanide 
may lead to patchy encephalomalacia and damage to the 
spinal cord, along with secondary thickening ana necrosis 
in the bladder associated with cystitis. 163 - 164 Diagnosis of 
cyanide toxicosis is supported by analytical evidence of cya¬ 
nide In forage and samples from affected animals. Cyanide 
levels In excess of 200 ppm in plant material and l ppm 
in liver or blood are significant. 163 Samples for cyanide 
analysis should be frozen Immediately and held frozen 
until analyzed. 

Treatment of cyanide toxicosis Is based on removal of the 
cyanide from affected cytochrome c. Judicious use of sodium 
nitrite (16 mg/kg Intravenously [IV], to form a small amount 
of methemoglobin, Fe 3 +} can help pull cyanide away from 


the enzymes. Additional use of sodium thiosulfate (30 to 
40 mg/kg IV) will provide substrate for the natural rbodanese 
enzyme that forms thiocyanate, which is readily excreted in 
the urine. 162 - 167 

II NHRCrmXINS 

As&agahis spp.: Milk vetches (A. wfjjer: Timber milk 
vetch: A. emoryantts; Emory milk vetch) 

Conmalia mria: Crown vetch 

Jradj£t>/erii spicata: Indigo 

Some common milk vetches in North America contain 
glucosides of 3-nitropropanol (NPGEI) and 3-nitropropa- 
holc acid (NPA). 26 - 166 - 16 ^ Mlserotoxln Is a common gluco- 
slde of NPOEI. The glucosides are relatively nontoxic until 
hydrolyzed in the rumen to toxic nitrocompounds and 
nitrite, which is also toxic. 171 ® 472 NPOEI is oxidized to the 
more toxic NPA In the liver. 176171 Nevertheless, NPGH 
may appear more toxic than NPA in ruminants because 
the NPOEI Is more thoroughly absorbed from the rumen. 
Nitrocompound toxicity Is distinct from nitrite poisoning 
(see Nitrates). Less than 33% meibemoglobin Is usually 
formed after exposure to nitrocompounds, so nitrite alone 
does not explain acute nitrocompound toxicity. 171 NPA is 
a powerful Inhibitor of succinate dehydrogenase In the 
Krebs cycle, Impairing cellular energy production in the ner¬ 
vous system. 175 

All livestock can be poisoned by nitrocompounds, but 
cattle and sheep are most at risk. Acute or chronic toxicosis 
may develop, depending on she amount Ingested. Acute 
nitro-plant toxicosis has a rapid onset of ataxia, distress, 
dyspnea, cyanosis, weakness, collapse, and death within 4 
So 12 hours. 173 Sheep may be found suddenly dead (see 
Chapter 14). Chronic nllro-plant toxicosis results In resplra- 
toiy distress, weakness (especially In the pelvic limbs), knuck¬ 
ling of fetlocks, goose stepping and knocking together 
of hlndfeet when walking ("cracker heels"). 172 Increased 
salivation, constipation, and diarrhea have all been reported. 
Animals may linger for months, but severely affected Indivi¬ 
duals seldom recover. Affected cattle may die suddenly 
if forced to move quickly. 

Animals exposed to nltro-contalning plants can have up 
to 33% methemoglobin . 171 Although not lethal at this 
level, methemoglobin probably contributes to respiratory 
distress. Lesions of nitrocompound toxicosis include pul¬ 
monary edema with fibrosis (In longer-standing cases) and 
nonspecific cerebral hemorrhages. Ellstologic alterations in 
nervous tissue include wallerian degeneration of the spinal 
cord and peripheral (sciatic) nerves, with variable changes 
repotted In the cerebellum/^ Other neuronal lesions may 
include white matter vacuolatIon, glial edema, and bilateral 
changes of the thalamus and cerebellum. 171 

ITeatmenl of nitrocompound poisoning centers on 
prevention. Cattle native to pastures containing timber 
milk vetch (Astragalus miser) are somewhat tolerant to the 
plant through rumen microflora adaptation, which may be 
enhanced by protein supplementation. 174 

II BRACKEN ttRN 

Pteridium Bracken fern (toxic glycoside + 

thlaminase] 

Chcilantfacs humilis: Rock fern [toxic glycosides) 

Equiseium arvense: Elorsetail (no knoivn glycoside, does 
have thiamlnase) 

Bracken is a perennial fern (up to 2 m high) that arises 
from a black rhizome and Is found in disturbed or cleared 
uplands. The fronds are coarse, triangular, entire at the apex, 
and lobed toward the stalk. Bracken fern contains a variety of 
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glycosides. Including plaqulloside (up lo 1%), which wt]l 
alkylate D.NA, leading to carcinogenicity and bone marrow 
suppression In ruminants and laboratory animals. L75 - J75 
Bracken also contains thlaminase activity, which predomi¬ 
nates i n monogastrlc a n Lmais (horses). 3 73 7S 

Crazing of fresh, young fronds when other forage Is not 
yet avaliable early In the grazing season Is hazardous for cat¬ 
tle and horses, although plowed rhizomes and hay (2Q<% 
bracken for 1 month In horses) also may be toxic 80 
Signs appear suddenly after animals have grazed approxi¬ 
mately their body weigh! in plant material over several 
months. Horses develop characteristic thiamine deficiency, 
with weight loss, ataxia, lethargy, and a braced stance with 
an arched back, tremors, recumbency (with violent attempts 

10 rise), and death within days to w r eeks after onset of 
signs. 3 bD Cattle with bracken' or ptaqniloside toxicosis 
develop widespread hemorrhages and hematuria ("enzootic 
hematuria''’) resulting from severe bone marrow depression 
and cancer In the bladder and other organs. t75 - l7fl - J85 
Reduced fertility may occur in chronic cases. 

Cattle with bracken toxicosis have a normocytic, normo¬ 
chromic anemia, lymphocytosis, and neutropenia. 186 Severe 
thrombocytopenia and hemorrhage are also reported, asso¬ 
ciated with progressive bone marrow failure.! 75 - 178 Urine 
from affected animals is hemorrhagic, tvith high levels of 
calcium and protein. 18 '■ lM Lesions In cattle with bracken 
toxicosis include the hemorrhages, bone marrow bypo- 
lasta, and a variety of tumors in bladders. Including 
emangiomas, hemangiosarcomas, transitional cell car¬ 
cinomas, papillomas, fibromas, and adenomas. 1 3 33 

Other cancers may involve hematopoietic tissues and the 
Gl tract. 333 Horses w r lth bracken toxicosis have low levels 
of thiamine. 

In addition to prevention, horses that have not reached a 
terminal state may respond to large doses of parenteral thi¬ 
amine. No specific treatment is currently recommended for 
ruminants with bracken poisoning. In terms of safety of 
food animal products. Indirect evidence suggests that 
bracken ingestion by milking cows may be linked to stom¬ 
ach cancer In people who have chronicalIv Ingested that 
milk. 187 - 133 

11 PH YICES'! ROCENS 

Medicag) satim: Alfalfa 

Trifolium iubterraneum: Subterranean clover; T. praterue: 

Red clover 

llyperestrogenism caused by feeds and forages (includ¬ 
ing clover and alfalfa hays) has been reported In cattle, 
sheep, and stvine. A variety of glycosides in those forages 
interact with estrogen receptors. ]39 - 3,0 Commonly recog¬ 
nized estrogens include coumestrol, formononetln, blocha- 
nin A, daidzein, genlsteln, equol, and many others. 1?Dm 

Estrogenic compounds vary in potency. Coumestrol 
from alfalfa and Lsoflavones from clovers nave the most 
estrogenic activity, followed by genislein, daidzein, bio¬ 
chan In A, and formononetln. 197 Biochan in A and formono- 
netin are not potent in the laboratory, but ruminants 
metabolize them lo the more estrogenic forms of genlsteln 
and daidzein, respectively. ITO< 152 Signs of hyperestrogen Ism 
from forages Include Infertility, hyperestrogen Ism, and anli- 
estrogenlsm. Elyperestrogenlsm includes nymphomania, 
cystic ovaries, swollen genitalia, and in males'development 
of female characteristics. Antiestrogenic signs include 
gonadal hypoplasia and anestrus. 369 - J,|D Diagnosis of for- 
age-induced hyperestrogenlsm is facilitated by demonstra¬ 
tion of estrogens In forages and samples of plasma or 
urine. 155 - 3 Consumption of highly estrogenic forage types 
should be limited In breeding animals. 



II OTHER TOXIC GLYCOSIDES 

Mdihtia alba; M. cffinalis: White and yellow sw r eet clovers 
The sw r eet clover forages produce the glycoside meliloto- 
side, which contains coumarln. Rmiciftmm 1 species in moldy 
hay can dimerize the aglycone to dicumarol, which Inhibits 
vitamin K epoxide reductase, leading to failure of vitamin 
EC-dependent clotting factors. Dicumarol can be assayed 
In feed and animal-related samples. Concentrations of dicu¬ 
marol In hay as Low as 10 ppm may be hazardous to cattle. 
Moldy sweet clover poisoning in cattle results In wide¬ 
spread, vitamin K-responslve hemorrhage, which Is espe¬ 
cially hazardous during late-term pregnancy (hemorrhagic 
abortions). W ^ 

XfliifJimm spp.: Cocklebur and spiny clotburs (carboxy- 
alractylo&Lde) 

Ingestion of young sprouts, burrs, or adult plant in hay of 
cocklebur can cause massive cenlrilobular liver necrosis In 
stvine and cattle. Signs of toxicosis Include depression, dys¬ 
pnea, weakness, convulsions with opisthotonos, and death. 
Severe hypoglycemia may be observed by the clinician, 

Am mi majus: Bishop’s w r eed 

LWfltwnjf: Spring parsley 

Thamnosa spp.: Dutchman's breeches (furanocou mari ns) 
Cooperia pCilunculata: [unidentified phototoxin), Cooperla 
Furanocou mari ns such as psoralens are primary photo¬ 
sensitizing agents that lead to severe blistering of light- 
skinned areas of exposed Livestock Ingesting the plants 
and poultrv exposed lo seeds from Bishop^s weed (see 
Chapter 40). l5 *- 2Di 

Cesfrxrm diur/ium: Day-blooming jessamine 

Trisefrrm flavesccns: (talcinogenie glycosides) 

These plants contain glycosides of vitamin D {1,25-dihy- 
droxycholecaLciferoL). Ingestion of the plants causes weight 
loss, lameness, stiffness, abnormal posturing and dlnico- 
patbologle Increases in serum calcium and phosphate In 
cattle and horses. Lesions include widespread calcification 
of tissues. Including the cardiovascular system, tendons, 
lungs, and kidney. The vitamin D activity may cross the 
placenta to affect a developing fetus.■ 3a3 - 206 
spp.: Alfalfa 

Sapanaria spp.: Soapwort, cow cockle 
CufjerrezM uirotimw: Broom snakeweed 
Sedwiitf L.'crrcdirjVi: Bladderpod (enterotoxle saponlns) 
Plant saponlns are bitter, foaming detergent-1 ike gjyco- 
sides founa In a variety of important forage crops and 
weeds. Midsummer alfalfa cuttings tend to have the highest 
saponin contents. Saponin toxicosis is characterized by gas¬ 
troenteritis w r Llb diarrhea, poor weight gain, and ill-thrift In 
cattle. Broom snakeweed has an abort Undent factor with an 
effect similar to that in Pinjjj. 207 

Aeseuhis spp.: Buckeye or horse chestnut 
Elorse chestnuts are trees with characteristic palmate 
I eaves and a one- to three-seeded, I ealheiy fiuit capsu I e (I a rge 
seeds with a scar give the tree its name, buckeye). Young 
growth, sprouts, and seeds contain toxic levels of the glyco¬ 
side aescuLin. Aeseulin causes ataxia, twitching and excitabil¬ 
ity or sluggishness In Livestock. Ihe alcoholic extract from 
AejciiJjJi causes incoordination, 

ftinuntufus spp.: Buttercups 
Ceratxephalus lesticulatns: Bur buttercup 
Ranunculln is enzymatically converted lo the toxic pro- 
toanemonln, a potent Gl Irritant that occurs in bur butter¬ 
cup, and it becomes non toxic when the plant Is crushed or 
dried. Thus, bur buttercup In hay is not a hazard. However, 
grazing of this bitter plant by cattle and sheep, which 
occurs when animals are forced to do so, results In watery 
diarrhea, weakness, and dyspnea. Death may occur In 
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severe cases {nonspecific edema and hemorrhage with 
fluid in the largp cavities) 2<M - J 10 

firassicu spp.: Turnips, mustards, cabbages 
'fhese plants have a variety ofglucosinclates and isolbLo- 
cyanates (hat cause Gl irritation and, for some chemicals, 
goitrogenic effects In adults as well as neonates. 

Cycas spp.: Cycads 

MrtcrazLTrnifl spp.: Cycads (azoxygjycosldes) 

Cycads are palmlike plants found In tropical and subtrop¬ 
ical climates. Itiey contain a variety of glycosides. Including 
the hepalogastrointestinal toxin {and carcinogen) cycasin, 
ivhlch is metabolized to the highly toxic methylazoxyme- 
thanol, and the neurotoxic amino acid [1-melhylamino-i.- 
alanlne. Ruminants with hepato-Gl toxicosis from effects of 
the cycasin develop depression, anorexia, and w r elgbt loss. 
Necropsy findings reveal a cirrhotic liver, ascites, and hemor¬ 
rhagic gastroenteritis. Ruminants ivith the neurologic syn¬ 
drome develop "Zamla staggers,"" characterized by weight 
loss, swaving, weakness, ataxia, and hind limb ataxia. Post¬ 
mortem lesions include demyelination and axonal degenera¬ 
tion of the brain, spinal cord, and dorsal root ganglia. In 
addition, recent research suggests that cycad toxins may also 
harm pancreatic jl-cells, contributing to development of 
diabetes mellitus. 211 - 214 


Alcohols and Acids 

II COSSYPOL 

ftusypiujn spp.: Cottonseed 

Gossypol is a yellow, polyphenolic pigment found in 
glands of cottonseed (Cossypium). It is present in free (toxic) 
and bound {to protein, perhaps to the epsilon amino of lysine; 
not directly toxic) forms. 3 J3 -- 16 Both whole cottonseed and 
cottonseed meal can be toxic. Extraction of cottonseed 
using steam and heal will bind gossypol, whereas solvent 
extraction mav leave high levels of free (toxic) pigment. 
Gossypol binds to cell constituents such as lysine and phos¬ 
pholipids, binds Iron, may cause hypokalemia through kidney 
damage. Inhibits a range of dehydrogenases, and uncouples 
phosphorylation. 213 - 218 Gossypol also adversely affects male 
reproduction through a variety of mechanisms, including 
inhibition of lactate dehydrogenase (LDI1) in testicular Leydlg 
cells and Inhibition of acrosomal plasminogen activator in 
the sperm. 218 Cottonseed meal has limitations In protein 
quality, poor Iron availability, and low concentrations of 
vitamin A. 

All species can be poisoned by gossypol. Mature rumi¬ 
nants are more resistant to Us effects (probably a result of 
ruminal degradation) than monogastric animals. 215 - 333 
The toxicity of free gossypol depends on the quality of the 
ration and the amount of stress on the animals. For exam¬ 
ple, although sw r lne may develop toxicity at free gossypol 
levels Ln excess of 0.01% Ln the total ration, 216 - 22D - 3 33 sup¬ 
plementation of rations with iron and high-quality (lysine) 
protein will raise the tolerated level to 0.02% to 0.04%. 31 * 
Although adult ruminants tolerate more than 0.1% to 
0.2% of free gossypol In the total ration, some animals 
may be poisoned at (be lower levels if stressed or on a poor 
ration. 2 f 5 - 2L? - 23D Adult bulls may develop Infertility at these 
levels. Young adult cattle, under conditions of stress and 
marginal rations, may be sensitive to as little as 0.05% free 
gossypol In the total ration (perhaps from binding of pro¬ 
tein as well as direct toxicity) 2J5 

Gossypol effects are cumulative. Low levels of gossypol, if in 
a ration limited in Iron or protein, may cause ill-thrift and poor 
weight gains In swine bahy calves, and young adult cattle {< 1 
year of age). Acute gossypol toxicosis results in dyspnea, violent 
labored respirations (Thumping" In swine), weakness, and 


death [see Chapter I4j 2l5 ' 2lfii22ai221 - 223 Signs may appear sud¬ 
denly after stress, making gossypol toxicosis resemble acute 
shipping fever. 211 ' Adult ruminants may have decreased milk 
production, anorexia, dyspnea, weakness, gastroenteritis, 
decreased humoral Immune response, and reproductive failure 
(Impaired spermatogenesis in bulls). 315 - 3 >*- 324 - 325 Although the 
level in feed required to cause clinical reproductive fiilure 
in cows is not yet known, laboratory evidence suggests 
that high levels of gossypol may also impair reproductive 

rformance In females. 231 ' 1 However, these findings must 

balanced with the benefits to lactation and milk quality 
from feeding a moderate level of cottonseed to dairy cows. 
Lesions of acute gossypol toxicosis include large amounts of 
yellow proteinaceous fluid in all body cavities, myocardial 
degeneration and necrosis (pale streaks in the heart), and liver 
necrosis (centrllobular pattern). 

Analysis of feed for free and bound gossypol levels will 
support a diagnosis of gossypol poisoning. Sperm mor¬ 
phology is adversely affected in bulls, with high levels of 
proximal droplets observed 227 In addition, modern high- 
performance liquid chromatography {1 IPbC) methods can 
detect gossypol in some animal-related samples. 

Ihere Is no specific treatment for acute gossypol toxico¬ 
sis. Some evidence suggests that feeding or vitamin E may 
help control some gossypol effects in young animals, 
although vitamin E will not prevent toxicosis. 228 The total 
ration tor mono gastric animals and sw r lne should contain 
no more than 0.01% of total gpssypol . 215 ' 216 ' 22 '' 223 Slightly 
higher levels may be fed successfully to stvine if dietary pro¬ 
tein and Iron are adequate. 3J5i2l6i22g Cattle that are less 
than 1 year of age should have adequate nutrition and min¬ 
imal stress if being fed more than 0.05% to 0.1% of free 
gossypol. Adult ruminant cattle should have less than 
0.1% to 0.2% of free gossypol in the total ration (avoid cot¬ 
tonseed products in bulls). Lactatlng daIrv cattle should be 
fed no more than 6 to 8 lb (2.7 to 3.ti tig) of cottonseed 
per day. 319 - 320 Infertility in bulls will lake l to 2 months 
on feed that has no gossypol to recover. 337 

II TANNINS 

Quercus spp.: Oak 

Oaks are trees and brushes that have characteristic multi- 
lobed leaves and bear acorns in the autumn. Oaks are com¬ 
mon in the United States, especially In Texas and California 
(80 species in North America). 23,0 They contain variable 
amounts of toxic, complex and hydrolyzable tannins. 221 - 223 
The hydrolyzable tannins are astringents and apparently bind 
the proteins In plasma and organs, which causes coagulation 
and necrosis. 334 Acorn calf syndrome r a deformity in calves 
of cows eating oak, may have a nutritional mechanism and Is 
completely different from the syndrome discussed here. 335 

Ine hazard of oak toxicity parallels the tannin content of 
plant material. 236 Plants tend to have the highest tannin 
content In the spring during the budding stage, and acorns 
may have high tannin Levels in the fall. 23J All livestock 
may be poisoned by oak tannins. Signs generally appear 
after 3 days of initial ingestion of the oak. Losses from 
oak result from gastroenteritis, renal failure, liver damage, 
death, and deformities of calves. 220 - 254 ' 255 - 257 Clinical 
effects in cattle include rumen atony, anorexia, constipation 
with black feces, lethargy, Icterus, hematuria, dehydration, 
and evidence of renal failure. 230 - 234 (See Chapter 32 for 
further discussion of oak toxicosis.) 

II SOLUBLE OXALATES 

thdowtim gjomeratus: llalogelon or barilla 

Sdrcunifus iwm icuInLits: Grease wood 
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Rumex crispus: Curly dock 
Seturia spnacdatia: Seiarla 
Rheum: Rhubarb 
Qxalis: Sorrel or soursob 

iCochi'd sccpdriii: FI reweed, summer cypress (also nitrate, 
secondary photosensitizing agent, and suIfalel 
Many oxalate-bearing plants grow in disturbed or arid 
soils. 33,55 Soluble oxalate in acidic plants such as Oxalis is 
present as the potassium sail. Sodium salts of oxalate are 
present In plants such as halogeton that grow at more neutral 
pH levels.*™ Proposed mechanisms of acute poisoning from 
soluble oxalates Include hypocalcemia,. Cl irritation, and 
inhibition of respiratory enzymes. Subacutely, oxalate is 
deposited as Insoluble, blrefringenl crystals In kidneys, lead¬ 
ing to renal failure. Chronic oxalate poisoning resulting from 
Sefrrrifl may lead to calcium deficiency with relative hyper- 
phosphatemia. 23 ^ 240 Insoluble calcium salts of oxalate are 
present in plants such ns. DieffeTihcichia and PfrffMfcndrcin spe¬ 
cies. Those insoluble calcium oxalates are not absorbed, but 
they do act as potent Local membrane irritants. 

Oxalate-bearing plants are bitter and not digested unless 
grazing Is forcecf All species are poisoned by oxalate, 
although historically sheep have been the most frequent vic¬ 
tims. 2;v> Rumen flora adapt to oxalate in forage if animals 
are gradually acclimated to oxalate over 4 days. 2JL Poison¬ 
ing occurs when hungry animals that are unaccustomed to 
oxalate ingest the plants Ln large quantities. 216 - 240 - 342 Solu¬ 
ble oxalate toxicosis results in labored breathing, ataxia, 
nimen stasis and bloat, depression, weakness, coma, and 
death 259 - 243 Elorses chronically grazing selarLa develop 
"blghead," which is associated with a low calcium/phos- 
phorus ratio. 

Soluble oxalate-related changes in serum parameters 
reflect hypocalcemia or uremia. Postmortem lesions include 
hemorrhage and edema of the rumen wall and kidneys. 
Refractlle crystals are found In the kidneys and rumen 
wall. Renal tubular necrosis and rumen Ills are the major 
lesions, along with the presence of crystals. 2 ™- 2 ^ 242 Analyt¬ 
ical tests are available for oxalate in plant and animal- 
related samples. 

Treatment of oxalate toxicosis is for gastroenteritis, shock, 
and renal failure. Gradual acclimation of ruminants to 
forages containing soluble oxalates and providing adequate 
levels of dean water may help prevent clinical disease. 

II WHITE SNAKEROCrr 

Eupdlorj'Erm nigosum: While snakeroot 
Haplopappm lurigJrtij: Desert haplopappus; perhaps also 
H. heterophyUiu and H. acradenius 
White snakeroot Is a perennial that grows in clumps 
from clusters of snakellke roots in shady, wooded areas Ln 
the midwestem United States. The leaves are opposite and 
have three characteristic veins on the underside. 243 The 
plant tends to remain green when other plants have dried. 
I’he toxin of white snakeroot has not been Identified but 
is extractable with a ketone and sterol-rich fraction, called 
colleclLvely iremetol . 241 The toxins may require microsomal 
activation Ln animals. 244 

White snakeroot {fresh or dried) Is hazardous to all spe¬ 
cies studied, although laclating animals are resistant 
because of rapid excretion of the toxins in milk. 243 - 245 - 243 
The hazard to grazing animals is highest when other forages 
have dried during the winter season or conditions force 
overgrazing. Feeding of 1% and 2% of body weight of (he 
plant to horses resulted Ln toxicity after I to 2 weeks. 245 
White snakeroot toxicosis causes cardiac and skeletal muscle 
damage along with ketosis. 243 Clinical signs include weight 
Loss, tremors and stiffness, aLaxia, depression, cardiac 



arrhythmias (especially ST segment depression), recumbency, 
and death (within hours of reaimbency). 143 - 1245 - 147 - 240 Sud¬ 
den death is possible (see Chapter 14). 

Clinlcopathologlc alterations include ketosis {many have 
breath smelling of acetone) and Increased serum activities 
of CK, LDEI, ALP, and AST. 243 - 245 - 247 Lesions of white 
snakeroot toxicosis include pale streaking Ln the heart 
with multifocal myocardial degeneration, necrosis, and 
mineralization. 2 ^ Skeletal muscle necrosis also may occur, 
especially with the HapLypappus species. The liver may have 
cenlrilobular degeneration and necrosis. Diagnostically, 
white snakeroot poisoning should be differentiated from 
selenium deficiency and lonophore toxicosis. Treatment for 
white snakeroot toxicosis Is supportive. Milk from exposed 
animals Is hazardous and should not be fed or consumed. 

H OTHER TOXIC ALCOHOLS AND ACIDS 

Agropyron desertonan: Crested whea (grass; many rapidly 
growing forages {plant acids such as transaconitlc 
acid) 

Lush, early growth of many forages, including crested 
wheatgrass, can contain acid compounds that sequester 
magnesium. Ingestion of She plants during this lush stage 
can lead to hypomagnesemia Ln cattle, Including tetany 
(see Chapter 41) 230 

Ptaus ptmdemsa: Ponderosa pine 
Pin us radiala : Monterey pine 
}uaipents cntjmiuRj's: Juniper 

Ingestion of pine needles by pregnant cotvs during late 
gestation causes abortions or birth of tveak calves, w r Llh 
digestive upset and lethargy in cows. The abortions are 
characterized by retained placentas and metritis. Many 
cows may die from effects of metritis. The toxins in pon¬ 
derosa pine Include Lsoeupressic acid esters along with a 
unique class of vasoactive lipids. The ma|or lesion of pine 
needle abortion is necrosis in the placental trophoblasl 
region, perhaps also resulting from reduced uterine blood 
flow . 25 !- 253 

Cicula spp.: Water hemlock 
Axiepias fnsiaihiris: Whorled milkweed 
A. kiVj/brprrLv: Labriform milkweed 
A. suiwjN'czJJiZZdi: Narrow-leaved milkweeds 
Water hemlock and some of the more toxic narrow- 
leafed milkweeds contain comm Isa nt resins. Mast of the 
toxicity of water hemlock lies in the resins of the cham¬ 
bered "root. Ingestion of less than 0.2% to 0.5% of an ani¬ 
mals bodv weight of either plant may be lethal. Signs of 
toxicosis (in all species) may appear within 15 minutes 
of ingestion and Include nervousness, excessive salivation, 
weakness, tremors, violent convulsions, and death. Post¬ 
mortem lesions Include skeletal muscle and myocardial 
necrosis, perhaps associated with seizures. Administration 
of sodium pentobarbital at the onset of signs can result 
Ln recovery. 2 ™- 262 

Hypericum perforatum: St. John's wort (hypericin) 
Ftigcp}Tiim acutenLum: Buckwheat (fagopyrin) 

The toxins of SL John's wort (a weed of disturbed areas) 
and buckwheat (an off-season cover crop used for forage) 
are primary photosensitizing toxins [see Chapter 40). 263 
Tetradyma'a spp.: Horsebrush (tetradymol; requires Arte¬ 
misia mm or A. tridentatn: Black or big sages to Induce 
toxicosis) 

Ingestion of horsebiush by sheep, plus black sage (con¬ 
tains a sesquiterpene Lactone), at Levels of 1% of body weight, 
can cause hepatogenous photosensltlzallon (see Chapter 40). 
The tetradymols are bloacllvated In the liver to toxic 
substances that, among other mechanisms, uncouple oxida¬ 
tive phosphorylation. 264 - 265 
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Miscellaneous Tonic Plants 

II NITRATES 

SGi-gJitwi spp.: 5orghum, Sudan grass 

Aiwnn spp.: Oat 

AjnriJ'riJitJuu spp.: Pigweed 

PSl-’CiT spp.: Beets 

Su/dintmi spp_: nightshades 

Zea rrrays: Corn 

Various fertilizers, water runoff 

Toxic levels of nitrate and nitrite are found in forage, 
xvater, and many fertilizers. Sources in water Include blo- 
iogic runoff. Industrial effluents (nitrite In water from 
ponds near oil wells), and fertilizer. Nitrate Is reduced to 
nitrite in the rumen. Nitrite converts hemoglobin (Fe 3! ) 
to methemoglobln (Fe* *), which does not bind or transport 
oxygen, leading to hypoxia 366 

Although many of the listed forages are widely used for 
animals, environmental conditions such as drought, plant 
stress, rapid growth spurts, some herbicide uses, low light, 
and fertilization can lead to nitrate accumulation. 267 All 
animals are sensitive to nitrite. Ruminants are 10 limes 
more sensitive to nitrate than monogastric animals because 
the rumen reduces nitrate to nitrite! 266 - 268 Forage contain¬ 
ing a nitrate concentration of 1% (dry weight) may be lethal 
in cattle not acclimated to It. 366 Acute toxicosis Van result 
from nitrate In water at levels over 0.12%. 266 Levels exceed¬ 
ing 0.5% in forage and 400 ppm in water may be hazardous 
to pregnant cattle.Clinical nitrate toxicosis appears 
within 4 hours of exposure. Signs Include polypnea, dys¬ 
pnea, weakness, tremors, intolerance to exercise, and termi¬ 
nal convulsions; death is possible within hours (see Chapter 
I4]. 266 - 266 Mildly affected cattle may recover spontaneously. 
Abortion may occur in mild, or apparently non cl In leal, 
cases In cattle within 5 days of exposure (half-life of nitrite 
in fetus is greater than three times that of adults). 
Elypoxic stress in the fetus may aggravate other causes of 
abortion. 

Cattle with nitrate poisoning will have chocolate-brown 
blood [>30% methemoglobln). Postmortem findings are 
nonspecific. A diagnosis of nitrate toxicosis Is supported 
by Finding greater than 45 ppm of nitrate in ocular fluid 
or serum, along with Identification of a toxic level of nitrate 
in forage or water. 

Clinical cases respond well to administration of methy¬ 
lene blue (5 to 15 mL of a 1% solution) by Intravenous 
injection. 266 Prevention of nitrate toxicosis requires proper 
harvest of forage and gradual acclimation of ruminants to 
potential high-nitrale-type forages. 

II SELENIUM (INDICATORS LISl'tD) 

SUinleya pj'rcfliiiij: Prince's plume 
AitrugLifui Hjjjfctftjjj: Two-grooved milk vetch 
Xylonhiza spp.: Woody asters 

Most common forages under conditions favorable to 
passive assimilation of selenium 
The listed plants are called "selenium indicator plants" 
because of their requirement for high selenium levels In soil 
for growth. 16 - 370 Although these plants are not palatable 
because of a garlicky odor, they Indicate the presence of 
selenium. In the presence of arid, alkaline soil, selenium 
also may be accumulated in toxic levels In a variety of com¬ 
mon forage plants and consumable weeds {alfalfa, Artera- 
ceae f Ctistillt’Uh Alriplex). Selenium, an essential element 
{see Chapter 40), can cause both peracute toxicosis from 
oversupplemeniation In feed or Inject Ion or chronic 

toxicosis at lower levels. 3 *- 37 ®- 37 ^ itie mechanism of acute 
selenium toxicity is unknown but may involve direct effects 


of oiganoselenium compounds on cell energy produc¬ 
tion. 3 ^ Ihe mechanism of chronic selenium poisoning 
is related to Its replacing or Interacting with sulfur in struc¬ 
tural amino acids needed for cross-linking (cysteine or 
methionine). 370 - 374 

All species may be affected by selenium toxicosis. 
Acute toxicosis Is caused by oversupplementalion of feeds 
containing selenium, Ingestion of Indicator plants 
(10,000 ppm of selenium), or injection of excessive sele¬ 
nium {0.4 mg/kg of body weight was lethal to lambs). 
Signs Include weakness/dyspnea, bloating, abdominal 
pain with diarrhea, paresis in some species, and shock 
and death from respiratory failure. 372 - 2 ™ Animals, espe¬ 
cially horses, with chronic alkali disease from selenium in 
forage (5 to 50 ppm diy weight In forage is toxic) develop 
ill-thrift, anemia, stiffness, lameness, loss of mane and tall, 
and deformation and sloughing of hooves . 36 - 370 - 37i Cattle 
with chronic selenosis may also develop hoof lesions, 
develop Immune Incompetence, and If pregnant, may give 
birth to nonvlable calves. 277 - 376 .Neurologic diseases often 
reported, such as "blind staggers,"" are probably not caused 
by selenosls_and may have resulted from Ingestion of related 
locoweeds. 177 

Lesions of selenium toxicosis vary based on dose and 
duration of disease. Peracute toxicosis leads to widespread 
organ congestion, cardiac damage, and severe pulmonary 
edema. 373 - 27,1 Chronic selenosis results In articular erosions 
and deformed, sloughed hooves in horses with Loss of lon¬ 
ger mane and tall hair. 36 - 371 ' 274 Selenium In feed should not 
exceed 1 to 2 ppm dry weight. Selenium in whole blood 
should range between O.OS and 1.0 ppm and, In liver, from 
0.25 to 1.0 ppm for most normal animals. After exposure to 
excessive selenium Is terminated, tissue levels may return to 
normal well before clinical signs dissipate, leading to a 
false-negative finding {hair testing may be beneficial to 
diagnose chronic selenosis). 

No specific treatment is recommended for chronic sele¬ 
nosis. Reportedly, feeding of proteins that are high In sul¬ 
fur-containing amino acids may be beneficial 270 Food 
animals poisoned with selenium may require at least 60 
days to clear the excess selenium. 179 

II SULtliR-CONTAININC PLAN IS 

Brassica rapus: Turnip 

Kochiii aatparia: ELreweed, summer cypress (also nitrate, 
secondary phoiosensitlzatlon) 

Certain plants, feed mixes, and water can contain high 
levels of sulfur. In general, the total amount of sulfur 
intake for a ruminant should contain no more than 0.4% 
of sulfur overall. 1 Ugh levels of sulfur as sulfate may con¬ 
tribute to copper deficiency (see Chapter 32) and can 
cause polioencephalomalacia In rumLnants, as can other 
forms of sulfur. 

In the ruminant and perhaps the horse, Ingestion of 
excess sulfur In xvater, feed, or from grazing plants such as 
turnips that can accumulate sulfur. Intestinal microbes 
(rumen or laige bowel) may produce excess sulfide. The 
excess sulfides can cause polioencephalomalacia as they 
are rapidly absorbed. Clinical signs of polloencephalomala- 
cia Include characteristic C.NS disease with blindness {see 
Chapter 35). 

Diagnosis of sulfur toxicosis requires testing of all poten¬ 
tial sources of sulfur. Including feed, pasture, and water, in 
addition to finding of signs and lesions characteristic for 
polioencephalomalacia. Ine differential diagnosis for sulfur 
toxicosis includes other causes of polio, salt toxicity, water 
deprivation, lead poisoning, and other Infectious causes of 
neurologic disease in cattle. 380 
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II PNEUMOFOXIC PLANIX 

PeriHii jhttescens: Perl] I a mint {peril] a ketone) 

Rapidly Growing forages accumulate tryptophan. 

Ipomcea Moldy sweet potato (4-ipomeanol) 

Fftosedus yiJ*ufs: .Moldy green beans 
Lush forage (' , foggage , ' , ) and possibly feeds that are high In 
tryptophan, toxic plants {seed and flowering stage of peri I la 
mint), moldy sweet potatoes {infected with ftaartum sufdim 
mold],, and moldy green beans (Fusarium semi'EeclKmJ can 
cause Interstitial pneumonia In animals (see Chapter 
3 \). 2a J - 2S3 The toxins include the listed pneumotoxlc ketones 
and 3-melbyl Indole, a rumen metabolite of excessive trypto- 
phan. 234 - 231 - 233 Despite some diversity of structure, the toxins 
are metabolized by the mixed-function oxidases In pulmo¬ 
nary type 1 pneu mocyles and none 111 ated b ronch tolar epithe- 
lial cells [Clara) to highly cytotoxic free radicals., leading to 
damage to local alveolar and- perhaps most Important, endo¬ 
thelial cells. 1 * 1-293 These oxidant pneumoloxlns also deplete 
cellular antloxldation factors such as glutathione in the liver 
and lung. 239 

Ruminants, especially cattle, are at risk of developing 
3-metbyl Indole toxicosis when moved suddenly from dry 
feed to a lush pasture. 23,1 Unexplained isolated Incidents of 
interstitial pneumonia also occur In feed lot cattle (perhaps 
from a change In flora or feed tryptophan), feeding of 
moldy sweet potatoes or moldy green beans Is also hazard¬ 
ous. 231-2 * 3 Peri I la mint has pneumotoxlc ketones in highest 
concentrations during the flowering and seed stages. 23 * Tox¬ 
icity Is retained in dry plant material. 235 Clinical effects of 
these pen u mo toxins include sudden onset of increased respi¬ 
ration, severe dyspnea with an expiratory grunt, frothing at 
the mouth with the head down, and open-mouth breath¬ 
ing. 2 3J - J3 * Animals may be found dead {see Chapter 14). 

Affected cattle have wet, heavy lungs with variable 
a mou nts of emphysema. 1 1 Istologlcal ly, the lungs h ave severe 
interstitial edema. Ultrastructural studies reveal degeneration 
and necrosis of type I pneumocyles, endothelial cells, and 
Clara cells, with proliferation of tvpe 11 pneumocyles In 
longer-standing cases. 231 - 232 - 234 - 200 - 2 ^ Perhaps a result ofdif- 
ferential bioactivation rates, the major lesion in the horse is 
bro nch loli t Is {not alveol Itis) 2,6 The extremely short b a I f-1 Ife 
of 3-methyl Indole {14 minutes) 233 in cattle has hindered 
development of diagnostic tests. Specific treatment for toxic 
interstitial pneumonia Is not available. 


II OTHER NOTABLE TOXIC PLAN IS 

Atfmrn spp.: Onions, garlic, chives 
Brdjjj'cfi spp.: Kale, beets, rape, cabbage, turnips (hemo¬ 
lytic disulfides) 

Acer nriwTjm: Red maple {unidentified hemolytic toxin) 
'Hie onions and bcassica plants contain S-methylcystelne 
sulfoxide, which is metabolized to dimethyl disulflcle, Which 
attacks red blood cell (RBC) membranes. Onions and Brassi- 
caceae are toxic to a variety of species, whereas red maple 
poisoning is reported in horses. Signs in poisoned animals 
include leihar^ r , anorexia, dyspnea- coffee-oolored urine, 
icterus, hypoxic abortion, and shock. Death results from respi¬ 
ratory failure secondary to anemia. Affected animals have 
hemolytic anemia with hemoglobinuria, Heinz bodies, and 
increased levels of AST, sorbitol dehydrogenase, plasma 
protein, and bilirubin. Postmortem findings may include 
icterus, brownish discoloration of blood, eenlrllobular 
hepatic degeneration, and bemoglobinemic nephrosis. Note 
that ruminants such as sheep may adapt to an onion diet 
because the rumen appears to quickly develop a population 
of sulfide-reducing bacteria to decrease the bemolvtle forms 
of sulfur. 297 -*^ 


AfffttmtrJJitts retroflexas: Pigweed (renal toxin) 

In addition to (he potential to cause high levels of nitrate 
when in bay, red root pigweed also can be toxic to kidneys 
when grazed fresh in the field. Cattle and swine have devel¬ 
oped signs of renal failure. Including weakness, tremors, 
ataxia, recumbency, and death after grazing the plant for 5 
to 10 days. Serum potassium, BUN, and creatinine concen¬ 
trations are Increased, lesions include marked perirenal 
edema [may be bloody), straw-colored fluid In body cav¬ 
ities, and pale kidneys with histologic evidence of degenera¬ 
tion and necrosis of both proximal and distal tubules. 
Tubules have proteinaceous, cellular casts. 3 ° 5 - 307 

Ctissij fSenrwJ flccj'den&aJli C. ahtusifolin C. inoemejj'flpwj Senna 
These annual shrubs of the southeastern United Slates 
contain an unknown myoloxin[s) In all plain parts, but 
the seeds are most hazardous. Signs of toxicosis may occur 
In all livestock grazing the plant and Include anorexia, 
ataxia, tveakness, intense decrease In w r eight gain, and 
recumbency. ClinlcopatbologLc abnormalities may include 
Increased serum levels ofCK and AST and myogjobinuria. 
Postmortem findings include degeneration and necrosis of 
skeletal and cardiac muscle. Goats and cattle given Otssett 
rramerifint! may also have hepatocellular damage. 303 - 313 
Centaurva sofctialis: Yellow star thistle 
C. repens: Russian knapweed 

These plants contain sesquiterpene lactones such as the 
cytotoxic repen, along with aspartic and glutamic acids, all 
of which are potent neuroloxlns. Prolonged Ingestion of 
large amounts (>!.£ kgUOO kg body weight daily) of these 
plants by horses may result In neurotoxicity. I’he principal 
sign of toxicity Is dysphagia, characterized by dystonia of 
the lips and tongue. Lethargy and aimless walking are also 
reported. Lesions Include characteristic foci of necrosis In 
the globus pallidus and substantia nigra (bilateral) of the 
brain (nLgropalIidal encepbalomalacia). Yellow star thistle 
Is an aggressively growing plant that is difficult to control. 
Biologic measures, Including introduction of rust and 
Insects, have been considered^as control measures. Preven¬ 
tion Includes providing adequate alternative feeds. 314 - 357 
Hefenfum spp.: Bneezeweed 

Hjtfjirrrtucyj richardsonii: Bitter rubberweed (sesquiterpene 
lactones) 

These weeds of the Rocky Mountains and southwestern 
United States are unpalatable but may be Ingested bv 
sheep or goats In the winter when other forage is limited. 
Sesquiterpene lactones bind with sulfhydry groups {cyste¬ 
ine), leading to an extreme Irritant effect on the nose, 
eyes, and G1 tract. Affected animals develop severe gastro¬ 
enteritis (sneezeweed toxicosis is called "spewing sickness" 
because of vomiting), often with secondary aspiration 
pneumonia. Affected animals may have increases in serum 
y-glutamyltransferase (GCT), AST, creatinine, and BUN. 
Postmortem lesions include gastroenteritis, congestion of 
liver and kidney, and aspiration pneumonia. Administra¬ 
tion of thiol groups [cysteine, protein, methionine) and 
antioxidants are protective. 313 - 322 
JujfruH rrejjnfi: Black walnut 

Elorses exposed to fresh black walnut (as little as 5% In 
shavings used as bedding: possibly also plant) can cause a tran¬ 
sient drop In leukocytes, limb edema, and lam In Ills. I’he toxin 
of black walnut Is unknowm but Is not the naphthoquinone 
luglone, as originally thought. An unknown qulnone ls sus¬ 
pected. Treatment is removal of offending shavLngs and tradi¬ 
tional therapy for acute laminitis In horses. Rotation of the 
third phalanx is possible In severe cases. 523-325 
Berteroa mama: Eloary alyssum 

Toxicosis with hoary alyssum, a potential weed contami¬ 
nant of alfalfa bay, is characterized by fever, limb edema, 
and laminitis in horses. 323 Itie toxin Is unknown. 
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Kancinskia humboldliana: Coyotillo 

spp.: Buckthorn (neuromuscular toxin 5 ) 

CoyotLllo Is a woody shrub from the southwestern 
United Stales that may cause toxicosis In cattle, sheep, goats, 
hogs, and fowl when other forages are scarce. Ingestion of 
small amounts of the fruit and seeds leads to weakness* 
incoordination, and eventually paralysis. Itie onset of signs 
is delayed for days to weeks after exposure. Lesions Include 
segmental demyel [nation (waller!an degeneration) of nerve 
axons. Ingestion of the green parts of the plant may lead to 
wasting weakness* and death. Lesions associated w r lth the 
extra neural syndrome of coyotillo poisoning include necro¬ 
sis of the myocardium, liver, and kidney, and pulmonary 
hemorrhage. ^ 27J2g 

Hypadweris spp.: I'l a tweed or smooth catsear 

Lathyna spp.: Tea 

Ingestion by horses of plants such as flatweed, especially 
in conditions of overgrazing, is suspected as causing out¬ 
breaks of Australian stringhalt. Srringfiii/l Is a distal axono- 
pathy characterised in horses by an unusual gait w r ltb 
hyperflexed hock during movement, reluctance to back up, 
and In some reports a high incidence of roaring. The etiol¬ 
ogy Is unknown for flatweed. Latfiyrwj neurotoxicity Is well 
described [neurotoxle amino acid derivatives, p-.V-oxalyla- 
m Ino-i.-alan Ine] . 35D 

Pcrsca dmericnruL Avocado (persln) 

Plant matter from avocado trees (primarily the Guatema¬ 
lan varieties, from most reports) has caused aseptic mastitis* 
myocardial necrosis, and skeletal muscle lesions with edema. 
Aseptic mastitis with epithelial necrosis in the mam may 
gland has been reported In cattle* horses, and goats [an Ische¬ 
mic mvotoxin, persin Is toxic to the mammaiy gland). Myo¬ 
cardial necrosis {with widespread edema, Including the 
brisket) has been reported tor goals, sheep, horses, and 
avia ns including rattites (sudden death with fluid accumula¬ 
tion In avlans). I torses develop edema of the lips, tongue, 
mouth, and neck, along with lethargy and colic. Serum fac¬ 
tors Increased with avocado toxicosis Include CK, AST, and 
LDH. 334 - 343 

Rtcinus ccmmunb.: Castor bean 

pseutiocicflcfd: Black locust 

Afrrus precatorim: Rosary pea (the lectins: rlcin, robin, and 
abrin) 

The Lectins in the listed plants are glycoprotein dimers, 
joined by a disulfide bond In ricln and abrin. Seeds, cakes* 
and foliage are poisonous, but not the oil. A portion of 
the dimer, the haptomer, binds the cell, allowing the other 
half to enter and block protein synthesis. All classes of live¬ 
stock are sensitive to the compounds. Rlcin and abrin are 
among the most potent toxins described. Clinical toxicosis 
reflects primary damage to the Gl tract and includes violent 
gastroenteritis followed by weakness and death from shock 
and depression of cardiac function. Other poisonous lec¬ 
tins, although less acutely toxic, are found in legume seeds 
from a variety of unextracted beans. Those factors interfere 
with Intestinal absorption. Inhibit growth, and can Inhibit 
the immune system. 341 - 343 

VMiJ viiiosa: Hairy vetch 

Cattle and horses grazing hairy vetch when it Is green 
may develop a systemic granulomatous disease. Dried seeds 
may cause convulsions [apparently unrelated to the Lmmu- 
notoxic syndrome discussed here) in cattle. Prior sensitiza¬ 
tion may be required for development of clinical signs 
of systemic granulomatous disease In animals exposed 
to green vetch. Initially, animals are presented for listless- 
ness and welts on the skin, with alopecia and peeling 
of skin around the nares. Morses may have lympnaden- 
omegaly and dependent edema. Affected animals may 
develop wasting, diarrhea, and clinlcopathologlc changes 


of lymphocytosis and hyperproleinemLa. Mortality may be 
high In affected animals. Postmortem, skin is thickened 
with scaling and alopecia. Other organs that may be pale 
or may have gross abnormalities Include the heart, kidneys, 
adrenals, ana Lymphoid tissues. Microscopically, the skin 
and other organs, including the liver, have cellular infiltra¬ 
tions of monocytes. Lymphocytes, plasma cells* eosinophils, 
and often, mu]tinucleated giant cells. 'IThe mechanism of 
hairy vetch toxicosis Is not known but may Involve an 
immunotoxlc lectin. 344 - 34 * 1 

Seta rid hitmens: Yellow brisllegrass 

Other foxtails (mechanical trauma) 

Yellow bristlegrass contains sharp, miniature barbs 
below the seed heads that can cause mucosal trauma, 
including oral ulcers, in animals Ingesting contaminated 
hay. Horses and young cattle are most frequently affected. 

Xanthoparmelia: Lichen 

Ingestion of large amounts of lichen growing in the des¬ 
ert during winter has caused paralysis In sheep and Rocky 
Mountain elk. 1*he paralysis resembles a lower motor neu¬ 
ron failure, but the mechanism of toxicity has not yet been 
determined. The toxin Is not well characterized, although 
usnic acid has been Implicated as causing part of the 
syndrome. 

II BLUE-GREEN ALGAE (FRESHWATER) 

Microcystis aeruginosa: (microcyslln, a hepatotoxic cyclic 
peptide) 

N'oidjjJdiriii (nodularln, a hepatotoxic cyclic 

peptide) 

Aflfltenj^3fls-aflcNie: (anatoxin-a, a depolarizing neurotoxin; 
a nalnxi n-a[s (, a cnol Inesterase Lnhlblto r) 

(saxi toxin, neosaxiloxln, blockers 

of neural transmission) 

Potentially toxic blue-green algae (cyanobacteria) may 
form on stagnant bodies of water under conditions of beat, 
eutrophication (high nitrogen and nutrients), low flow 
rates, oxidative stress, and a concentrating wind. 350 - 352 The 
cyclic peptide hepatoloxins cause dissociation of the cyto- 
skelelon of the liver through Inhibition of protein phospha¬ 
tase and induction of apoptosis, leading to disintegration of 
that organ. 333 - 35 '' Anatoxln-a is a bicycllc, secondary amLne 
(bat causes depolarization of nicotinic receptors, leading 
to muscle and respiratory paralysis. 35135 * Anatoxin-a(s) is 
a naturally occurring oiganophosphorus-like compound 
(hat Inhibits peripheral cholinesterase. 331 - 357 Saxltoxin 
and neosaxltoxin cause paralysis by blocking neural sodium 
transport. 131 A variety of cyanophytes cause skin and Gl 
irritation. 

All species are sensitive to the listed algae, which, if 
ingested In sufficient quantities, may cause sudden death 
(see Chapter 14). Animals exposed to high doses of the cyclic 
peptide bepatotoxins may die within 1 hour of exposure 
from hypovolemia and shock secondary to blood loss Into 
the disintegrated liver and embolism of hepatocyles Into 
the |ung. 3M - 33l -^!»3,J!vi Lower doses Lead to characteristic 
signs ot liver failure. Exposure lo a toxic dose of anatoxln-a 
leads to tremor, collapse, exaggerated breathing efforts, con¬ 
vulsions, and death within minutes. 151 - 35 * The paralysis is 
persistent and not responsive to assisted ventilation. 35 * Ana- 
toxin-a(s) also can kill In minutes after exposure. Character¬ 
istic signs of cholinesterase Inhibition in the periphery 
include diarrhea, tremors, hypersalivatlon, dyspnea, paresis, 
opisthotonos, cyanosis, convulsions* and death. 351357 

Animals with hepaiotoxic blue-green algae toxicosis may 
have elevations Ln llver-assoclated serum factors Including 
AST, GGT, ALP, and bilirubin, as well as creatinine, BUM, 
and LDH. Hepatotoxic lesions include enlaiged, red- to 
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blue-colored I]vers with gallbladder edema. Histologic altera¬ 
tions include severe cenlri lobular hepatocellular dissocia¬ 
tion, degeneration, and necrosis. Only a rim of hepatocytes 
around the periportal triads may remain. M0 - 551 ■ 5 - 554 Elepa- 
locyle emboli may be found In the lung. 554 Mild renal tubular 
degeneration may occur. Animals with analoxin-a(s) tox¬ 
icosis will have depression of peripheral cholinesterase, 
although brain cholinesterase may be normal. 355 Otherwise, 
pathologic changes In animals with neuroloxicosls reflect 
hypoxemia and are nonspecific. 

' If blue-green algae toxicosis Is suspected, samples of 
ingesla and bloom can be mixed with 10% neutral-buffered 
formalin for visual Identification. Samples should be 
accompanied by at least 2 L of fresh bloom material (refri¬ 
gerated) for demonstration of the toxin or toxicity. Liquid 
chromatography of bloom material or ingesta maybe useful 
to help diagnose poisoning from the Microcyrlis toxins. 556 

Treatment for blue-green algae poisoning is supportive. 
Artificial ventilation is required for anatoxln-a toxicosis. 
Exposed animals might benefit from oral adsorbents such 
as activated charcoal. 50 Exposure of cattle to Microcystis tox¬ 
ins does not appear to cause a food safely risk when tested 
in liver and blood plasma. 35 ^ 

MYCOTOXINS 

A mycotoxlcosls Is a disease caused by a toxin elaborated 
by a fungus, unlike a mycosis, which is a disease caused 
by fungal growth (not Its toxins). Mycotoxlns may be 
endomycotoxins (mushrooms, not discussed here) or exo- 
mycotoxlns (this discussion). Mycotoxins are of worldwide 
veterinary and public health concern. Diseases caused by 
mycotoxlns include acute and chronic poisoning, immu¬ 
nosuppression, loss of production, carcinogenicity, and 
teratogenicity. 

Many genera and species of fungi are toxigenic. A given 
mycotoxln maybe elaborated by more than one fungal spe¬ 
cies. Some species of fungi may produce more than one 
toxin. Conversely, a given fungus may not always be toxic 
(many are ubiquitous], so finding the fungus alone is rarely 
diagnostic; diagnosis requires chemical Identification of the 
toxins. Colonization and toxin elaboration may occur In the 
field or in storage. Basic requirements for colonization 
include substrate with sufficient nutrients (why fruits and 
seeds are often Infested), moisture content in feed greater 
than 14%, relative humidity over 70%, appropriate tem¬ 
perature (varies with species of fungus), and oxygen. Dam¬ 
age to fruits and plants favors colonization as well. Basic 
requirements for toxin elaboration may vary from those 
needed for colonization. 

Mycotoxlns are found In a variety of matrices. Including 
cereal grains, other crop feeds such as beans, and grass and 
forage. Mycotoxlns cause billions of dollars of losses world¬ 
wide from crop Losses, animal and human sickness, reduced 
production, and costs of control measures. Although many 
toxins have been Identified, many mote, as yet unidentified, 
toxins may still exist. For example, moldy hay has been 
implicated as a cause of many problems, Including Cl distur¬ 
bances, liver disease, and pbotosensLllzation, but many of 
those toxins have not been identified. Little testing Is possi¬ 
ble for mycotoxlns In animal samples. Therefore, testing is 
best performed on suspected source feed. The sampling tech¬ 
nique is critical because toxin levels will vary greatly within a 
lot of feed; samples should be representative of trie lot and 
frozen for storage. Importantly, feed contaminated with 
mycotoxlns may not be visibly moldy. Some mycotoxins 
are discussed earlier with plants (moldy sweet potatoes and 
moldy sweet clover hay). Other Important mycotoxins of 
livestock are discussed here. 56 ^ 1 - 5 * 3 


Aflatoxins 

Many fungal species can produce aflaloxins, including Asper¬ 
gillus pm/us (A + flu + toxin), Aspergillus parasiticus, and 
various species of PeniciUmm, Rhizopin, hAucor, and Streptom}'- 
ces. ColonLzaLlon and toxin production can occur in grains 
such as corn, cottonseed, and peanuts in all phases from 
growth through harvest. Aflaloxins are produced In soybeans 
and other small grains, mainly during storage. Aflatoxin pro¬ 
duction is encouraged when warm, moist ambient condi¬ 
tions are combined with crop damage (drought or storm). 
Although many aflatoxins exist, the major toxins of concern 
Include aflatoxins B L , Gi- Gj (B or G = fluorescence 
color), and the major marker metabolite in milk and meal, 
aflatoxin Mj 36 ]<365 After bloactivatlon In she Liver, aflaloxins 
act by binding of biologic molecules such as essential 
enzymes, blockage of ribonucleic acid (RNA) polymerase 
and ribosomal translocase (inhibiting protein synthesis), 
and formation of DMA adducts. 3 * 3 - 5fi4 

Aflatoxin can cause oncogenesis, chronic toxicity, or 
acute signs, depending on the species and age of animal 
and the dose and duration of aflatoxin exposure. All ani¬ 
mals maybe affected by aflaloxins (birds and trout are more 
sensitive than mammals, possibly because of increased acti¬ 
vation of aflatoxin B L In the liver and deficient detoxifica¬ 
tion mechanisms). 36 - 1. Among mammals, young swine and 
pregnant sows are most sensitive to aflatoxins, followed by 
calves (0.2 ppm In feed for 16 w r eeks caused mild liver dam¬ 
age], horses (0.4 to 0.6 ppm), fat pig£, mature cattle 
[0.66 ppm in feed caused mild liver damage after 20 
weeks), and sheep. 36 J -366 Ljev C | s over [ppm may cause 
severe organ damage and acute deaths In livestock. As Little 
as 0.15 ppm of aflatoxin In the feed may lead to actionable 
residues of aflatoxin M L in meat and milk [action Level is 
0.0005 ppm in meat and_milk and 0.02 ppm for interstate 
transport of grains). 563 - 567 Aflatoxin in the diet of trout at 
0.001 ppm Is carcinogenic. 565 

Signs of peracute toxicosis include hemorrhage, bloody 
diarrhea, and rapid death. 563 Lesions of acute toxicosis 
Include hemorrhages and prolonged prothrombin time 
[FT). Subacute toxicosis may lead to hepatic failure with 
Icterus, anorexia, ataxia, reproductive failure (abortion), 
weakness and tremors, slowed rumen motility, coma, and 
death. 56L - 565 - 566 - 566J75 Impairment of Immune function 
may also occur due to moderate Levels of aflatoxin. 565 - 572 
Animals with aflatoxicosis-Induced liver failure may have 
anemia, ascites, pallor, elevated Liver-associated enzymes 
(ALP, AST, total bilirubin), and decreased albumin levels. 
Lesions include a pale-yellow liver with centrllobular to 
portal fatty degeneration and necrosis (species dependent) 
along with biliary hyperplasia. 561 - 565 - 566 - 566 - 571 CbronLc tox¬ 
icity Is associated with decreased growth rales, decreased 
feed efficiency, rough hair coats, ill-thrift. Increased inci¬ 
dence of disease, and liver damage [fibrosis with regenera¬ 
tive nodules). Carcinogenesis may occur at low levels. 
Spermatogenesis may also be disrupted In animals exposed 
to aflatoxins. 574 Experimental studies also suggest that afla- 
toxlns may be present in grain dust in levels that may be 
bloactivated by pulmonary cytochromes to carcinogenic 
compounds. 37 -' Testing of feed and liver for aflatoxin will 
support a diagnosis. 

Aflatoxin Bt Is one of the most potent known carcino¬ 
gens. 561 - 565 Aflaloxins are distributed to tissues and milk 
of food animals, leading to a significant residue concern 
(aflatoxin M L is the marker residue)A 75 - 5 ™ iTie highest con¬ 
centrations of aflatoxin are in liver. Aflatoxin Is cleared from 
the liver over 7 days of withdrawal, during which aflaloxln- 
free feed is provided. 576 Dairy cows can "’decontaminate"' 
aflatoxin to below the 0.0005-ppm action Level In milk 
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(United Slates; may be as much as 10 times lower for some 
Hading partners, such as the European Union [EU|] If the 
maximum level of aflatoxln In feed Is below 0.1 ppm (up 
to 300:1 dilution in the cow) M 

Beyond providing aflaloxin-free feed and therapy for 
ilver failure, treatment for aflatoxlcosis centers on preven¬ 
tion. Keed has been ammoniated to prevent colonization 
and growth of fungi and to detoxify’ the aflaloxin. In emer¬ 
gencies, farmers may dilute feeds to nontoxic levels 
(risky). 161 Moderate levels of aflatoxins may be fed In com¬ 
bination with hydrated sodium calcium "aluminosilicates 
(clay binders) to prevent aflatoxin absomllon, toxicosis, 
and contamination in milk and meal. 377 - 160 Clay's should 
be carefully selected to avoid health risks from" untested 
clays. 350 I toivever, experimental studies suggest that a com¬ 
mon day binder can be fed to laboratory animals without 
toxicity at levels of up to 2% of the diet. 331 

Trichothecenes 

The trichothecene mycotoxins are tetracyclic sesqulterpenold 
toxins produced in grains (e.g. r com), and some forages, by at 
least six genera of fungi, the most Important of which include 
various Hun rium, Afyj t?J.fijrtrj um], Sftrci'rjYwtrys atra, and TricJiittJte- 
cftrrrr jwetmi. Growth of these fungi and toxin production is 
favored by undulating cool temperatures. 352 - 353 Trichothecenes 
may be present in combination with zearalenone. Toxins of 
major agricultural concern In the United States (in order of 
importance) Include deoxynlvalenol (DON or "vomltaxln"), 
T-2 toxin, stachybotryotoxin (can be In forage), and diaceioxys- 
cirpenol (DAS). 361 - 333 The trichothecenes are potent Inhibitors 
of protein synt bests, blocking initiation, elongation, and termi¬ 
nation of ri bosom a I translation. 152 That mechanism leads to an 
effect that has been called nritomimetic r In which all rapidly 
dividing cells of the body are attacked, leading to severe grstro- 
enlerttls, skin necrosis. Immune Impairment, and Initiation of 
shock 363 - 33 * 334 

All species of animals are sensitive to the trichothecenes. 
The effects of trichothecene mycotoxins depend on the 
toxin present, its concentration, and species exposed; dairy 
cows and other ruminants are much less sensitive than 
monogaslric animals. Toxicity in field cases may be greater 
than that reported for experimental loxlcity studies, proba¬ 
bly because related trichothecenes are often present in the 
field along with the toxin being assayed. 3 : or example, 
10 ppm of nure DON is needed to cause feed refusal In swine 
experimentally, whereas 0.5 ppm in field-contaminated 
grain may Lead to feed refusal 3a2 - 3flJ - 3 ® 5 

Dose-dependent signs of trichothecene loxlcity Include 
feed refusal, reduced weight gains, severe gastroenteritis 
tvith vomit Ion and dlanhea, coagulopathy and shock, 
skin necrosis (from direct contact), decreased reproductive 
performance, and Immunosuppression. 361 - 3 ® 2 - 351 - 3 ® 5 - 357 
Cllnicopathologic alterations for severe trichothecene toxi¬ 
cosis primarily reflect shock or hemorrhagic gastroenteritis 
and Include decreases in hematocrit, hemoglobin, leuko¬ 
cytes, and serum factors of glucose, calcium, and phos¬ 
phate.- 357 - 355 Bilirubin may be increased second a ry to feed 
refusal. 167 Transiently increased llver-assoclated serum 
factors Include AST, LDH, and bromosulphalein (BSP) 
clearance. DON, the most common trichothecene In field 
cases, usually causes feed refusal. Increased Incidence of dis¬ 
ease, and associated weight loss.-* 35-135 Other trichothecenes 
are Likely to cause more severe, acute signs of hemorrhagic 
gastroenteritis, shock, and death. Diagnosis of trichothecene 
mycoioxicosis is facilitated by finding the toxin in feed. 

Toxicosis from DON Is treated by providing mycotoxln- 
free feed. In addition to nonspecific therapy for signs, 
animals with acute trichothecene toxicosis with gastroenteritis 


benefit from administration of oral adsorbents such as acti¬ 
vated charcoal, along with fluid and steroid therapy for the 
acute shock. 365 Broad-spectrum antibiotic therapy Is Indicated 
to minimize complications of skin lesions and pstroenterl- 
tls. M 1 lire trichothecenes are rapidly metabolized and would 
not be expected to be a residue hazard 12 to 24 hours 
post exposure. 35 ^ :IK} - 391 


Fumonisins 


Fumonisins are hepatotoxlc, neurotoxic, and carcinogenic 
mycotoxins produced by Fjjjarmm rnoHj'fijBrme. p rhese toxins 
are responsible for the disease known as "moldy com poison¬ 
ing'" of horses, or equine leukoencephalomalacla. 352 - 303 
F. moniiifoTme Is ubiquitous in the environment, so testing 
feed for the mold Is not diagnostic. FumonLsLns (A and B 
series; fumonism B L most common) act in part by interfering 
with sphlngolipld biosynthesis through Inhibition of cer- 
amide synthetase, among other mechanisms, bv blocking 
protein synthesis and by causing apoptosis and oxidative 
damage in target tissues. 194 Neural tube defects may be 
caused by fumonlsLns through blockade of folic acid trans¬ 
port. 557 Fumonisins may predispose animals to Infectious 
diseases, such as enhancing colonization of pathogenic 
Escherichia coli In the gut.- 3 ' 15 Sphingollplds are critical for cell 
growth, differentiation, and transformation and are present 
in brain and liver tissues at high levels. 

Eumonisins are produced mainly on corn, especially 
screenings. Although other species can be affected, horses 
and swine are most sensitive to fumonisin's effects. Rumi¬ 


nants and poultry are resistant. 300 - 400 Fumonlsln B L at levels 
of 10 ppm or greater may Lead to toxicosis In horses 
(>40ppm for swine). Clinical signs In horses appear sud¬ 
denly after 7 to 90 days of Ingesting toxic corn or screenings 
and may include depression, confusion, ataxia, sweating, 
apparent blindness, head pressing,, recumbency, convul¬ 
sions, and death within 5 days of onset of signs. 352 ' 505 ' 401<402 
Morbidlty Is generally Low, but mortality rates in affected 
animals are higji. 

Cllnicopathologic changes include transient Increases in 
serum enzymes associated with liver damage. The patho¬ 
gnomonic lesion of fumonlsln toxicosis in horses Lsieidiijefl- 
cephalomalacia, characterized by Liquefactlve necrosis of 
white matter of (he brain. Leaving flu Id-filled cavities (often 
grossly visible).■ W2 - 4 ® 3 Acutely affected horses may have 
centrltobular hepatic necrosis, which may be present with 
or without the brain lesion. 392 - 402 Some monogastrlc spe¬ 
cies may develop pulmonary edema.- 303 - 404 Diagnosis of 
fumonlsln toxicosis Is aided by finding 10 ppm or more of 
fumonlsln in a corn-based concentrate or screened feed. Ele¬ 


vation of the sphlnganine/sphlngosine ratio in the urine Is a 
very sensitive Indicator of exposure to fumonisins. Assay for 
spHingollpids in urine may provide a marker for fumonlsln 
exposure. 4015 

Avoiding corn In the diet of horses, or at least eliminat¬ 
ing corn screenings from the equine diet, will help prevent 
fumonisln toxicosis. Not much information Is available 


regarding fumonlsln as a food-animal residue. 1*he com¬ 
pound is of concern, however, because l( Is a potent hepa- 
tocarcinogen. 406 From a food safety standpoint, fumonlsln 
is not apparently present in milk from exposed cows In 
appreclame quantities, possibly because of the low relative 
absorption of the compound by the rumen. 4 ® 7 Although 
fumonisln Eh parent compound has a relatively short 
half-life In most studies (IS mLnutes), some evidence In 
swine suggests (hat accumulation may occur in kidney 
and liver tissue. 407 Studies In swine suggest that fumoni¬ 
sins have little toxicologically significant carryover In 
tissues. J 06 
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Grassland Staggers 


Staggers In livestock Ls caused by Ingestion of forages that 
contain tremorgenlc mycotoxins. Forages causing staggers 
include perennial ryegrass (LoUum peretme) infested with 
Weol^phcMi'urrr (formerly AeremuftiumJ folia in leaf-sheathes, 
ereoilzed dallisgrass (Pastfiilum diiatatum; seed fungus is 
Chmceps paspali), Bermuda grass (Cyntdon dacron; mold 
unknown), Phit/trrjj species (discussed earlier), moldv wal¬ 
nuts (/ughuts spp.; walnut mold Is PenidUium spp.j, and 
although not a forage, Aspergillus species In grain. I - 4W-4J2 
Ihe toxins are alkaloldal, indole-based paxalllnes and 
include iolitrems {perennial ryegrass), paspalitrems {dallis¬ 
grass), Uyptamine alkaloids (Phalaris), penltrems (moldy 
walnuts), and aflatrems {AspeTgilhii)^*'™ 3 -* 13 r rhe mecha¬ 
nism of action of these toxins Is incompletely understood 
but may involve enhanced release of excitatory amino acid 
neurotransmliters. 414 in addition, annual grasses infested 
with a nematode that Is subsequently infected by the bacte¬ 
rium Clavibacter (acrciis may also be toxic from production of 
cotyneloxins. Coryneloxins are gjycolipids with structures 
and effects similar to tunlcamycin compounds. Affected 
grasses Include annual ryegrass (LtfJftfm spp.), blowgrass 
(Agrasfis spp.), and Palypogon, especially In moist stubble and 
floodplains {sometimes called "floodplain staggers" - ). 415 

Ihe toxicity of tremorgenlc forages depends on grazing 
habits and climate. Perennial ryegrass tends to be most haz¬ 
ardous late In the grazing season, when grass is grazed low 
to the ground [Iolitrems are found in lower leaf sheaths, 
so are more of a hazard for sheep). 409 - 416 - 417 Dallisgrass is 
hazardous when ergoCized seed heads are grazed [more of 
a hazard for cattle) J12 All species exposed to the staggers 
toxins may be affected. Dried perennial ryegrass and iye- 
grass seeds may retain toxicity. 4 a 

Signs of staggers appear within 7 days of Initial grazing 
(within hours for penitrems In walnut]. 361 - 405 Animals 
appear normal at rest or may have a fine tremor in the ear 
and head. When stimulated, affected animals have a charac¬ 


teristic stiff, spastic gait, followed by spasms and tetanic sei¬ 
zures {opisthotonos occurs in severe cases) . 361 ' 4a9 ' 416 ' 41 * 
Recovery from an episode may be rapid for perennial rye¬ 


grass, dallisgrass, and Bermuda grass staggers if animals 
are not stressed. Losses occur, however, from misadventure 


(e.g., Injuries, drowning, becoming trapped during seizure 
episodes). 409 Seizure episodes dissipate within 2 weeks 
after animals are removed from the toxic forage. Annual rye¬ 
grass toxicity cases appear after floods or on grazing pastures 
with large amounts of stubble from the previous year. CMS 
signs Include ataxia, convulsions, and other signs consistent 
with grassland staggers. Death often occurs within 24 
hours: 415 


Lesions of staggers are minimal, although degeneration 
of cerebellar Purklnje cells has been reported for longer- 
standing, severe cases of perennial ryegrass staggers. 420 ^ 425 
Postmortem, lesions from annual grass staggers from cory- 
netoxins include a fatty Liver and cerebellar degeneration. 415 
Diagnosis of staggers syndromes is helped by ruling out 
other tremorgenlc syndromes, Identification of the fungus 
(e.g., for perennial ryegrass), and Identification of the toxin 
in the plant (Lolltrem B In perennial ryegrass). 405 If forages 
are not available for analysis, btoassay using an extract of 
the forage in the laboratory can be diagnostic. 4439 - 423 

Alternate forage should be provided for affected ani¬ 
mals until new pasture growth Is available. Some man¬ 
agers move animals away from the toxic pasture during 
the sensitive periods. Affected animals are placed in areas 
where misadventure can be minimized. .Mowing the seed 
heads Is suggested to minimize effects of eigotlzed 
dallls grass. 



Fescue Toxicosis 

Fescue toxicosis Ls common throughout the United States. Tall 
fescue grass (Festwui arunJfruaeu) infested by Neotyphodmm 
(formerly AcrffJMtffiium) menophrjiJztjn and strains of perennial 
ryegrass (Lnlium perenne) infested by Neotyphodtum fAcremo- 
muflij lotia [also produces staggers toxins) produce ergot-type 
alkaloids such as ergovallne and pynrolizldlne-lype alkaloids 
[lollne}. 423-425 The ergot alkaloids act by interacting with 
dopaminergic neu retransmission and blocking prolac¬ 
tin 426 - 427 The presence of endophyte may also he associated 
with lower copper levels In the fescue grass, contributing to 
copper deficiency in areas with margmafeopperin forages. 426 

Toxiclly of ta 11 fescue depends on the am h i cut weather and 
reproductive stage of exposed animals. 424 During warm con¬ 
ditions, cattle, sheep, and horses develop "'summer syn¬ 
drome/ 1 characterized by Increased rectal temperatures, 
lethargy, ill-thrift, failure to gain weight, and Intolerance to 
ambient heal. 429 - 451 The breeds of cattle (Bgj indicus vs. Bos 
Ghetfus} are apparently alike in their sensitivity to ergot alka¬ 
loids from fescue. 43 - This summer syndrome may partly 
result from alterations of hormonal (plasma cortisol, triiodo¬ 
thyronine [T 3 ]] and vascular control of body tempera¬ 
ture. 433 ' 434 During cool conditions, cattle may develop 
typical ergot-type lesions of dry gangrene In the distal extrem¬ 
ities. 435 - 437 The most devastating aspect of tall fescue 
toxicosis may be reproductive failure, characterized by agalac¬ 
tia, prolonged gestation, weak offspring, stillbirths, and 
thickened placentas (horses and cattle). 424 ' 433 ' 434 Ruminants 
of both genders may also have decreased fertility. 44 0j42 

Lesions of fescue toxicosis are nonspecific. Serum pro¬ 
lactin, progesterone, and dopamine concentrations are 
decreased in exposed animals. 4 - 6 - 427 Postmortem, fat necro¬ 
sis with foci of hard nodules In the omental region may be 
present In animals with summer syndrome, and eigotlike 
gangrene Is present in distal extremities of animals with 
fescue fool.' 424 Diagnosis of tall fescue toxicosis is helped 
by demonstration of the endophyte or toxins in grass. 

Pregnant animals should be removed from tall fescue 
pastures by 30 to 60 days before parturition. Some farms 
have successfully used herbicides to kill the tall fescue, 
planted an annual crop the next year, and then followed 
by planting of endophyte-free tail fescue, which is now 
available. 4 - 4 Current work suggests that infesting fescue 
grass with nonergot alkaloid-producing endophyte may 
maintain the fescue while eliminating the negative impact 
of alkaloid exposure. 443 ' 444 Experimental vaccination and 
treatments with dopamine antagonists such as dromperl- 
done are being investigated to treat fescue toxicity. 445 - 446 

Other Mycotoxins 

ERGOT. Classic ergot results from parasitism of develop¬ 
ing grass or grain flowers by Claviceps purpurea leading to 
formation ot a dark sderotium on the seed heads. Several 
wild grasses and grains such as rye, tritlcale, wheat, oats, sor¬ 
ghum, and barley may be affected. Affected grains contain a 
series of alkaloids. Including ergotamine, ergonovlne, and 
ergotaxlne (also found In fescue; see earlier). Ergotism In 
livestock may cause ataxia, convulsions, lameness, dyspnea, 
diarrhea, dry gangrene of the extremities similar to fescue 
foot, abortion, neonatal mortality, reduced lactation (ergot 
alkaloids have been used medicinally for uterotropic 
effects), poor weight gains, lowered production, and low¬ 
ered feed Intake. 4 

ZEARALE NONE. Zearaknone is an estrogenic myco- 
toxln produced In corn and other grains by various Fmar- 
j'um species (especially F. tojcjuji) under similar warm and 
cold climatic cycles as for trlcholhecenes (zearalenone is 
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often found wllb DON; see earlier). Prepubertal swine and 
daily cows are the most sensitive animals to zearalenone. 
Com contaminated w r lth zearalenone may cause toxicosis 
al levels as low as L ppm, a ]eve] well below the toxicity of 
pure toxin, suggesting the presence of other estrogenic 
metabolites In field samples. Zearalenone can be metabo¬ 
lized to the more toxic zearalenol. Species-specific sensitiv¬ 
ity to the mycotoxln Is related to differential metabolism 
of the zearalenone to zearalenol and to differentia] detoxifi¬ 
cation rates In liver. Zearalenone causes chronic hypereslro- 
genism, with vulvar stvelling, prolapsed rectum/ enlarged 
mammary glands, reduced fertility, and feminization of 
sw r lne and cattle. Although zearalenone may be distributed 
to milk and meal, medically significant residues would not 
be expected in products from animals exposed to grain w r lth 
natural zearalenone contamination. 449 - 4 * 1 

SLAFRAMINE, Stoframlne is an Indollzldlne alkaloid 
mycotoxin produced by black batch mold fP/ricnctonj.:! 
nfcLiJtj) contamination in moldy red clover forage {including 
hay, Trifolium Tepens). Slaframlne causes increased salivation, 
diarrhea, and bloat In affected cattle and horses. 45 - 2453 

OCHRATOXIN^ Ochratoxin Is an isocoumarln derivative 
of phenylalanine. Feeding of more than 0.2 to 4.0 ppm in 
grain to livestock can cause nephropathy. Monogaslric 
animals such as swine and horses are more sensitive than 
ruminants, although young ruminants may be susceptible 
to levels of ochratoxin above 2 to 40 ppm In the grain. Liver 
damage, enteritis* reduced growth rates, and abortion also 
have been reported. Cllrinln, another nephrotoxic myco¬ 
toxin, might be found along tvith ochratoxin in a contami¬ 
nated grain sample. 449 

ZOOTOXINS 

A variety of lizards. Insects, arachnids, ticks, and bees may 
cause toxicosis in animals 454 The incidence of such enveno- 
matlons (bites) and poisonings (Ingestion of toxic animals or 
insects) Is generally rare and requires symptomatic treatment 
and removal of the toxic source. Two more common toxic 
and venomous syndromes of livestock are discussed here. 

ii venomous snakes 

Croialus spp.: Rattlesnakes 

Sj'jtnujjj spp.: Pygmy rattlesnakes 

Agftistrodim spp.: Copperhead: A. pisciitonis: Cotton mouth 

Mrcrurus spp.: Coral snakes 

r fhe pit vipers Croficifus {rattlesnakes) and are 

responsible for most of the reported envenomations of ani¬ 
mals in N’orth America. A pit organ and large, hollow r fangs 
through which venom Is passed into the victim characterize 
pit vipers. Envenomation bv Elapldae or the coral snakes Is 
possible in North America, "but rare]y reported. Coral snakes 
chew r their venom into the victim. Crotalid venom largely 
consists of toxic proteins {>90% protein). 454 Itie toxins 
include proteolytic and phospholipase enzymes, coagula¬ 
tion and hemorrhagic toxins {affecting clotting cascade), 
myoloxins, and In the Mo|ave rattlesnake a potent paralytic 
neurotoxin , 455 - 450 Coral snakes produce neuroloxlns. Ihe 
effects of pit viper envenomatlon include anaphylactoid 
reactions with hemolysis and shock in systemIcally affected 
animals, with extensive local edema anci necrosis near the 
bite from the proteolytic and myotoxic proteins [loca] 
effects are more common in large Livestock) 457 

Livestock are usually bitten in She extremities and muzzle 
by snakes. The severity of effects depends on the size of the 
snake {larger snake = larger possible envenom ation), size of 
the victim (smaller animal = more severe effects), severity of 
the strike (one or two punctures, amount of venom Ln|ectkl), 


and location of the bile {central vs. extremities). 454 - 455 
Systemic effects vary depending on the crotalid species. 
For example, Eastern dlamondback rattlesnakes may cause 
more hemolytic effects, the Mojave rattlesnake may be more 
neurotoxic, and the Western dlamondback may cause 
more cardiovascular shock and Local effects. Systemic signs 
include weakness, syncope, and hypotension. Mojave rattle¬ 
snake envenomations may result in respiratory distress and 
other signs of neurologic paralysis. Large livestock are more 
at risk from the local than the systemic effects of rattlesnakes. 
Signs In the bile region Include pitting edema and pain within 
20 minutes. Edema progresses rapidly and may involve an 
entire limb within hours. iTte skin may have ecchymoses 
and can become quite turgid. Untreated, local necrosis and 
effects may not peak until 4 days after envenomation 457 

Common cunlcopalhologlc abnormalities In animals 
with systemic envenomation include reduction of erythro¬ 
cyte numbers (hemolysis}, bypoflbrlnogenemia, echinocylo- 
sls, and thrombocytopenia. The presence of echinocylosis 
may aid in diagnosis of snakebite. 4 - 59 Clotting parameters 
are prolonged. Serum enzyme alterations reflect local tissue 
and muscle damage, especially high CKconcentrations. The 
urine may contain protein, glucose, and blood 454 Patho¬ 
logic alterations in large animals Include local tissue damage. 
Severe Lnsect/bee slings, trauma, abscessation, and in the 
horse, purpura hemorrhagica, should be ruled out in the 
diagnosis of a snakebite. 4 * 4 

Initial treatment of snakebite In horses and large animals 
bitten near the nose requires maintenance of airway 
patency. A hose or tube can be placed In a nostril If treat¬ 
ment is initiated promptly. Otherwise, tracheostomy may 
be indicated. Snakebites are optimal environments for a 
varletv of Infectious organisms, requiring treatment with 
broacf-speetium antibiotics. 1 lowever, for system Ically affected 
human patients, the use of prophylactic antibiotic therapy for 
snakebite Is becoming controversial 400 Morses especially 
should be given tetanus prophylaxis. Anti In El am matory treat¬ 
ment should be initiated using a nonsteroidal antiinflamma¬ 
tory drug (NSAID) such as phenylbutazone. Local wound 
care and debridement should be performed. Corticosteroids 
and fluid therapy are rarely indicated in Large animals unless 
systemic shock develops (unlikely). Expense, marginal effi¬ 
cacy at the Local site, and side effects argue against an liven In 
use In the horse. Systemic treatment of crotalid-induced 
neurotoxicity has been accomplished in human medicine 
using a polyspedfk Fab antibody. 461 Antihistamine therapy 
is controversial and is not recommended for horses. 


II BUSIER BEETLE 

Epicaun spp.: Blister beetles 

Alfalfa and other blooming hays may attract blister bee¬ 
tles. Blister beetles can contain 0.1% to 12% cantharldln 
(dry weight) 453 CdfifJicirj'dtn is a potent vesicant toxin that 
causes necrosis of all mucous membranes chat it contacts. 

Although blister beetles may be found throughout the 
United Slates, conditions favoring swarming and toxicity 
in livestock hay occur In the mldwestern United Slates. 
Cases have been reported in the region bounded by Florida 
to Arizona and north to Colorado, Minnesota, "and Illi¬ 
nois. 403 Beetles lend to swarm w r ben alfalfa (or nearby 
weeds) is In bloom and when conditions favor increases 
in the grasshopper population. 4&3 Harvest techniques that 
use a w r Lndrower type of machine that cuts, crimps or condi¬ 
tions, and piles bay (unlike classic practices that mow hay, 
then rake it without crimping) wilt trap the beetles in the 
hay, leading to possible toxicity. 46 J - 46 * The beetles retain 
toxicity in dried hay; 4 (o fi g. of dried beetles, or about 
100 beetles, may be fatal. 462 - 46 * All classes of herbivorous 
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livestock may be affecLed, although mo&t cases have been 
reported for horses. Animals with blister beetle toxicosis 
develop colic, gastroenteritis, nonspecific neurologic signs, 
increased urination, cystitis, shock, and death. Shock and 
death alone may be reported Ln severely poisoned horses. 

Cllnlcopathologic alterations reflect dehydration,, shock, 
and renal damage. 1 lemoconcentra*Ion occurs despite 
decreased levels of protein, calcium, and magnesium in 
[he serum.The serum has increased levels of CK, 
BUM, and creatinine. Renal damage is also reflected by 
decreases in urine specific gravity despite dehydration and 
shock. Hypocalcemia and hypomagnesemia are also likely 
to occur. 466 Postmortem Lesions Include hemorrhagic gas¬ 
troenteritis (including oral); pale, moist, swollen kidneys; 
and hemorrhagic damage to the urinary trad. In some cases 
that involve sudden death. Lesions may be absent. Histo¬ 
logic alterations include Inflammation and hemorrhage 
with ulceration of the G1 tract, bladder mucosa, ureters, 
and renal pelvis. 4 * 2 ' 4 * 4 Direct myocardial necrosis may 
occur In severe cases. 4 * 4 

Diagnosis of cantharidin toxicosis is facll Hated by Identi¬ 
fication of beetles in hay or Lngesta and chemical analysis 
for cantharidin in beetles, ingest a, blood, and urine [urine 
may have from 0.0005 to 2.0 ppm of cantharidin). 462 - 4 * 6 

Blister beetle toxicosis can be prevented through proper 
harvest of hay by avoiding times when beetles swarm, man¬ 
aging flowering weeds, controlling grasshoppers, avoiding 
full bloom during cutting, and if possible, avoiding use of 
crimpers and conditioning equipment during hazardous 
limes 4fii Insecticides should be avoided when hay is Ln full 
bloom (bees essential for alfalfa crops may be harmed). 
Livestock with blister beetle toxicosis should have toxic 
hay removed from the diet {destroy hay the toxin does 
not dissipate with lime) and treated aggressively for shock 
and renal failure [fluid replacement). 462 - 464 


METALS AND OTHER INORGANIC 
COMPOUNDS 


KONh'U-: If. rLUjULLJ: 

ARSENIC 

Trace levels of arsenic are present in tissues of most animals 
because arsenic is naturally found Ln plants and soil 467 - 46a 
1 lowever, arsenic toxicosis "can be caused by either inorganic 
or organic forms. In general, inorganic arsenic compounds 
are more toxic 46,3 and more likely to cause toxicosis than 
the organic arsenic compounds. 11 *' 

Inorganic arsenic can exist Ln trlvalent [commercial) or 
pentavalent [natural) forms. The trlvalent arsenic com¬ 
pounds [arsenlte) are more soluble and thus 5 to 10 times 
more toxic than pentavalent forms of arsenic [arse¬ 
nate) j 4 * 7 - 469 - 470 Inorganic arsenic compounds are used as 
rodenticldes, insecticides, and herbicides. 465 ' 471 Arsenic pent- 
oxide Is a preservative used in salt-treated or pressure-treated 
wood. However, toxicosis from ingestion or arsenic-treated 
wood has been reported only w r hen the wood had been 
burned first, allowing the arsenic to become bloavariable 46S 
Organic arsenic compounds can be either aliphatic or 
aromatic. A/jplidCk arsenic compounds are used as herbi¬ 
cides and tonics. Aromoffc organic arsenic chemicals are tri- 
valent or pentavalent. The trlvalent form is used as a 
treatment for heart worms in dogs. The pentavalent forms 
(phenylarsenic compounds) are used as feed additives for 
poultry and swLne. 4 * 5 


The different types of arsenic have varying mechanisms of 
action. The phenylarsonic feed additives have an unknown 
mechanism that causes degeneration of myelin sheaths and 
axons Ln monogastrlc animals,The InoTganle and the aliphatic 
organic compounds directly irritate the gastrointestinal (Cl) 
tract, resulting Ln necToltc lesions. ,t6a Arsenic also acts directly 
on capillaries, resulting In transudation of plasma and 
decreased blood volume. The subsequent shock that develops 
Is believed to be responsible for sudden death.- 1 67 - i6 ' ? 

Trjjufenj Inorganic and aliphatic organic arsenic chemi¬ 
cals react with sulfhydryl groups. 4 * 5 - 47 " Two enzyme com- 
l-ext’5 of the citric ackl cycle contain lipoic acid, which 
as two sulfhydryl groups and thus is sensitive to these 
forms of arsenic. Pyruvate dehydrogenase complex is Inhib¬ 
ited, preventing formation of acetyl coenzyme A (CoA) 
from pyruvate. .Also, 3-ketoglularate is Inhibited, thus pre¬ 
venting formation of sucdnyl-CoA The Liver, kidney, gut, 
and heart are the organs, most susceptible to this metabolic 
disorder. Arsenic also Inhibits the amino acids that contain 
sulfur and results in fatty infiltration of the liver. 465 

ftenfflirafenf Inorganic arsenicals affect a different meta¬ 
bolic pathway. Normally, In the glycolytic pathway, an inor¬ 
ganic phosphate is added to glyceraldehyde 3-phosphate, 
which is converted to 1,3-diphosphoglycerate. Arsenate 
can replace the phosphate, resulting in production of 
l-arseno-3-phosphoglycerate. This new intermediate can 
be used in the glycolytic pathway; however, the adenosine 
triphosphate (ATP) that would be produced during for¬ 
mation of 3-phosphoglycerale is lost.. Therefore, arsenate 
uncouples oxidative phosphorylation. 46,0 

Clinical signs and lesions are similar except for the 
phenyl arsonic compounds used as feed additives, which 
cause peripheral nerve degeneration Ln monogastrlc anL- 
mals. All the other arsenic compounds can cause peracute, 
acute, or subacute conditions. Peracute toxicosis results Ln 
cardiovascular collapse and usually presents as sudden 
death. 467 - 469 - 470 Acute toxicosis Is seen 3 to 12 hours after 
Ingestion. The most prominent clinical sign of acute and sub¬ 
acute cases is diarrhea, which frequently is hemorrhagic. 
Other din Leal signs include anorexia, dehydration, tveakness, 
colic, and agalactia 4lS7iid9 - 471 The mosL consistent necropsy 
Lesions are in the Cl tract and may be hemorrhagic, edema¬ 
tous, or eroded. The lesions may be confined to one region 
of, or spread throughout, the Gl tract. 467 - 472 In rumLnants, 
the abomasum Is often the most severely affected area. The 
gut lumens are sometimes filled with necrotic material 
from the sloughed lining of theGI tract. Other Lesions include 
pulmonary' edema and hemorrhage of the cardiac serosa and 
peritoneum 467 - 465 - 47a t llstopathologlc examination may 
reveal multifocal necrosis of the liver and the proximal 
tubules of the kidney. 472 Peracute cases often have no 
abnormal gross findings 

Diagnosis of acute arsenic toxicosis is generally made by 
finding elevated Levels of arsenic in the liver, kidney, and G3 
contents. 4 * 5 ' 472 In cases of peracute death, the tissues may 
have normal levels of arsenic, but the Cl contents will have 
toxic levels. In animals with chronic toxicosis, arsenic depo¬ 
sition Ln hair begins 2 weeks after exposure. Arsenic levels Ln 
hair can be used as a retrospective diagnostic tool. 470 
Chronic arsenic toxicosis is rare because arsenic is rapidly 
excreted Ln the urine. 470 - 471 Urine and whole blood are 
the best samples to collect from live animals suspected of 
having acute arsenic toxicosis. 

Treatment Is dictated by the type and severity of clinical 
signs. Dimercaprol, also known as BAL [British anlllewt- 
site), can be used as a specific antidote If the toxicosis is 
caused by a trivalent Inorganic or an aliphatic organic arse¬ 
nic. Dlmeicaprol contains two sulfhydryl groups and can 
bind to arsenic, forming a chelate that Ls eliminated by the 
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kidney. 4 * 5 Galey 47 -* recommends .a loading dose of 4 to 
Intramuscularly (IM) followed by 2 to 3 mg/kg 
every 4 hours for 24 hours, then 1 mg/kg every 4 hours 
for the next 2 days. Stair et al. 474 recommend a more rigor¬ 
ous protocol of 3 mg/kg IM every 4 hours for the first 2 days, 
every 6 hours on the third day, and every 12 hours for 
another 10 days. Dimercaprol has the side effect of poten¬ 
tially Inhibiting enzymes that contain metallic coenzymes 
needed for cellular respiration. 465 Adverse clinical signs 
associated with dimercaprol Include hypertension,, tremors, 
convulsions, and coma. 4 * 0 

Llpoic acid reportedly is a superior chelating agent to dlmer- 
caprol when administered to calves in a 20°Sq solution at 
50 mg/kg IM (two or three injection sites) every 8 hours. 1 * 1 ' 4 
Sodium thiosulfate has been reported as a safe chelator in large 
animals at 30 to 40 mg^kg IVor fit) to SO mg^kg orally (PO) 
two or three times daily for 3 to 4 days. 463 .Newer chelators 
for humans and small animals. Including 1, 3-dImercaptosuc- 
cinlc acid [DM5A, succlmer), have she benefit of chelating 
toxic metals such as arsenic, lead, and mercury while sparing 
iron, magnesium, and calcium 4 7 J However DMSA Is likely 
cost-prohlbltlve for most large animals. u-Penlcillamine is an 
effective arsenic chelator in humans, but also may be too 
expensive In livestock. 463 Bhylenedlamlne tetraacetic add 
{EDTAj Is not effective for arsenic toxicosis because this chela¬ 
tor removes only extracellular arsenic, not the Intracellular 
arsenic causing the clinical signs. 4 * 3 

COPPER 

Copper toxicosis can be acute or chronic. Acute toxicosis 
results from soluble copper salts. Acute copper toxicosis 
has been reported in adult and juvenile cattle that were 
given Injections of copper disodlum edetate as a treatment 
for copper deficiency. 475 - 477 

Chronic copper toxicosis can be categorized as simple, 
hepatogenous, or phytogenous. SfjnpJe chronic toxicosis Is 
caused by Ingestion of excessive copper relative to the levels 
of molybdenum or sulfate In the diet. Molybdenum and 
sulfate can bind to dietary copper and decrease Its accumu¬ 
lation In the Liver. 473 Copper accumulates in the liver when 
the dietary copper/molybdenum ratio Is greater than 10:1 
for sheep 47 * Many different sources of excess copper have 
been reported. Sheep are often poisoned when ted rations 
intended for cattle or horses, 473 and llamas have developed 
copper toxicosis when fed cattle feed. 4 ™ Cattle develop cop¬ 
per toxicosis when supplemented w r ltb excessive copper* 31 
in their diets or when fields are contaminated with copper 
from industrial pollution, as with copper smelting 
units. 433 - 453 Cattle have become poisoned when fed litter 
from chickens that had been fed copper sulfate, J34 and 
sheep have developed toxicosis after grazing pastures ferti¬ 
lized with manure from sw r lne that were ted copper sul¬ 
fate. 437 Excessive copper Ln calf milk replacers has been 
the source of toxicosis in both calves 43 * 437 and goat kids.- 133 

hfepiircgenurM copper toxicosis occurs when plant toxins 
damage the hepatic parenchyma, causing the liver to have 
an Increased avidity for copper. The plants most often asso¬ 
ciated with hepatogenous copper toxicosis are Senecio 
species and Hd/ofro/rmrn europtaram. 473 PJiyCi^jmtuu copper 
toxicosis occurs when animals graze plants with elevated 
copper/molybdenum ratios for prolonged periods. In gen¬ 
eral, mature pastures have higher levels of molybdenum 
than young, rapidly growing plants. 473 Subterranean clover 
(Tn/c/umi suinterraneuitij Is especially noted for causing this 
type of chronic toxicosis. 473 

Copper is absorbed In the Intestine, bound to proteins, and 
transported to the liver. Copper binds with ceruloplasmin, a 
metalloproteln, Ln the liver. Copper accumulates in hepatic 


I y so semes over several weeks to months during chronic copper 
poisoning. 476435 - 436 During this accumulationr>hase, necrosis 
of hepatic parenchymal cells and swelling or Kupffer's cells 
occur. 473 This phase Is followed by a sudden release of copper 
into the bloodstream from the Liver, either spontaneously or 
after some type of stress to the animal. 47 ^- 464 ^ 35 Ibis acute 
hemolytic phase Includes an increase in erythrocyte fragility 
and a decrease in blood glutathione, followed by hemogjobin 
oxidation and methemoglobln formation. 4 73 - 436 The resulting 
intravascular hemolysis leads to anemia and hemoglobinuric 
nephrosis. 436 

The first noticeable clinical signs of chronic copper toxicosis 
are usually depression, anorexia, and weakness, which often 
have a sudden onset Feces may be watery, dark, or blood 
tinged, especially Ln cattle. Evidence of a hemolytic crisis Ls 
apparent. Animals have anemia, methemoglobinemia, and 
hemoglobinuria. Mucous membranes are icteric or muddy 
brown. 478 - 431 ' 434 - 439 Cattle that develop copper toxicosis after 
injection with copper dlsodlum edetate have dyspnea, head 
pressing, ataxia, and circling rasher than the hemolytic crisis 
that occurs wilh chronic copper toxicosis. 1 * 751477 

Gross necropsy Lesions are found Ln the Liver, kidneys, 
and spleen. The liver Is vellow r and friable and may be Larger 
or smaller than normal. The kidneys are dark red or blue- 
black. The spleen may be enlarged and congested. I listopath- 
ologlc changes In the liver Include centrilohular necrosis, 
pigment-laden Kupffer’s cells, hepatic fibrosis, and bile duct 
hyperplasia 473 - 473 - 434 - 435 Granules Ln she Liver w r lll slain pos¬ 
itive w r Llh rhodamlne or rubeanic acid, lw r o histocbemlcal 
stains that are specific for copper. The degree of staining, 
how r ever, does not always correlate well with the severity of 
lesions or with the amount of copper in the liver. 4 * 6 

Diagnosis of chronic copper toxicosis is made bv measur¬ 
ing copper Levels Ln serum, liver, and kidney. 4 * 5 - 43 * Copper 
levels in serum are not elevated until just before or during 
the hemolytic crises. 476 Animals with toxic levels of copper 
in their livers can have normal or even deficient levels of 
copper In their serum. Itierefore, measuring serum copper 
levels is not a reliable method of monitoring animals for 
excessive copper Ln the liver. 431 

If an animal is suspected to have died from chronLc copper 
toxicosis, copper Levels should be measured Ln both fresh 
liver and kidney, because after the Liver has released Its copper 
load Into the bloodstream, liver copper levels may fall into a 
non toxic range. In these cases the kidney copper levels w r Lll be 
in a toxic range, so the diagnosis will not be missed. Hie diag¬ 
nosis should correlate with histopathologic lesions in forma - 
I Ln-fixed I iver a nd kidney. 466 U nl Ike ch ron Lc copper toxicosis, 
acute toxicosis from copper dlsodium edetate does not neces¬ 
sarily result in elevated copper levels Ln liver or kldney. J75 

Treatment is often unsuccessful once an animal develops 
the acute hemolytic crisis. Ammonium molybdate {50 to 
500 mg PO once dally) and sodium thiosulfate {300 to 
1000 mg PO once dally) for 3 w r eeks has been used for many 
years as a treatment. 476 - 435 The liver copper levels begin to 
decrease within 4 days of beginning this therapy. 435 

A newer treatment Is ammonium letrathlomolybdate, 
1.7 mg^kg IV or 3.4 mg/kg subcutaneously (5C) on alternate 
days for three treatments). 1 * 73 - 45 ** Either route of administra¬ 
tion significantly decreases liver copper levels within 6 days. 
Thlomolybdates decrease copper absorption and Increase 
copper removal from the liver. 1 * 1 ' 3 This change is accompa¬ 
nied by an Increase of copper Ln the blood, bile, feces, and 
urine/ 1 ' 3 Most of this copper is insoluble Ln trichloroacetic 
acid, Indicating that It Ls bound with tetrathlomolybdate 
and albumin In an Inert complex. 496 Interestingly, one report 
indicated that when xylazine Is given with letrathiomolyb¬ 
date, the amount of copper excreted In the urine doubles 
compared with giving tetrathiomolybdate alone. 431 
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□-Penicillamine (26 mg/kg PO twice dally for 6 days) 
results In a 10- to 20-foldincrease In urinary 5 copper excre¬ 
tion In sheep. J 76493 This drug does not seem to Increase 
fecal copper concentration. 492 Unfortunately, this treatment 
is often cost prohibitive for many livestock. 473 - 435 

Trlentine is a cupruretic agent used to treat humans. One 
study reported clinical improvement In sheep given this 
drug at 0.5 mg PO four times daily. 47 ^ Another study, how¬ 
ever, demonstrated no Increase In copper excretion in urine 
when the dosage was 26 mg'kg PO twice daily for 6 days. 452 

FLUORIDE 

Most cases of fluo rosl s are caused by ani mal exposu re to Lndus- 
trlal emissions. Fluorosis has also occurred after volcanicerup- 
tlons, when gaseous fluoride is fixed by foliage. 435 ' 494 Horses 
and sheep tolerate higher levels of fluoride than cattle. 435 
Lesions are similar in all species. J55 

Fluoride primarily affects, and Is Incorporated by, devel¬ 
oping and mineralizing teeth and bones. 455 - 436 The main 
clinical signs are weight loss and lameness, especially of 
the forellmbs. Palpation of the long bones results in Intense 
pain/ 51 Radiographs of animals with osteofluorosis reveal 
sclerosis, porosis, periosteal hyperostosis, endosteal hyper¬ 
ostosis, and osteophytosis. 436 

Characteristic lesions occur on incisors, premolars, and 
molars. Dental hypoplasia, dysplasia, and yellow to brown 
discoloration of the enamel are common. The enamel is 
eroded or pitted and may have a chalky appearance. 436 
'I’he molars may become so abraded and painful that ani¬ 
mals have difficulty with mastication and drinking cold 
water:. 435 Dental abrasion Is reduced If non affected teeth 
are adjacent to affected teeth. 436 

Gross pathology lesions include abnormal bone forma¬ 
tion on the periosteum and thickening of the cortex. The 
first lesions appear on the ribs, mandible, metatarsus, and 
metacarpus. Histologic finding Include abnormal bone 
remodeling, abnormal mineralization, coarse collagenous 
fibers, and increased osteoid. 436 

Only small amounts of fluoride pass the placental bar¬ 
rier. Therefore, teratogenic lesions or congenital malforma¬ 
tions have not been observed In offspring of horses, 
sheep, or cattle w r llb fluorosis. 45 * 

Fluoride has an Intense, dose-dependent osteogenic 
action, and osteofluorosis is associated with increased bone 
alkaline phosphatase (ALP) activities. 43 ^ 496 Urine, serum, 
and bone will have elevated levels of fluoride. 434 - 436 These 
findings. In conjunction with clinical signs, radiography, 
and lesions, are used to make a diagnosis. 

Fluoride toxicosis has no antidote. 436 Animals should be 
removed from the source of the excess fluoride and given 
supportive care. Feeds that are easily masticated should be 
fed to reduce further abrasion of the teeth. 435 Affected ani¬ 
mals will not completely recover. 436 

IODINE 

iodine is used to prevent infectious diseases and as a treatment 
for foot joe. Sources of Iodine Include potassium iodide, 
sodium iodide, kelp, and etbylenedlamine dihydroiodide 
(FDD!). Oversupplementatlon can result in toxicosis. 

Clinical signs include a nonproductive cough, I anima¬ 
tion, serous nasal discharge, scaly hair coats, and hyperther¬ 
mia. Other clinical signs include decreased milk production, 
decreased rate of gain, and decreased feed conversion. 
Young animals seem to be more susceptible. Adults may 
not develop toxicosis unless stress, disease, or other nutri¬ 
tional Imbalances also are present. 497 Fxcess supplementa¬ 
tion In mares has been associated with goiter In foals. 



Serum biochemical changes are inconclusive for iodine 
toxicosis. A diagnosis can be confirmed only with serum or 
milk analysis. Nonlaclating cows have higher serum iodine 
concentrations than lactallng cows because the iodine is 
eliminated in milk, iodine levels In milk are directly related 
to the levels of iodine In the diet. 437 Iodine-based teat dips 
can elevate milk Iodine levels. 

Treatment Is restricted to removal of the dietary source 
of Iodine. Clinical signs associated with the respiratory 
tract disappear 1 to 4 weeks after the iodine source Is 
removed. 437 

IRON 

Hemochromatosis can be classified as either primary (Idio¬ 
pathic) or secondary. Primary hemochromatosis Is an inher¬ 
ited defect resulting In iron deposition in the liver caused by 
Increased Iron absorption. 433 - 433 lit Is discussion Is limited 
to Iron toxicosis associated with excess oral or parenteral 
Iron supplementation. 

Most cases of iron overload have occurred In neonatal 
foals that were given ferrous fumarate orally before 3 days 
of age. 500 - 501 Adult horses, however, have developed Iron 
toxicosis after oral supplementation with ferrous fumarate 
or ferrous sulfate. 503 Iron toxicosis has been reported In 
calves injected with a combination of ferrous gluconate 
and ferric ammonium citrate. 503 Young bulls Injected with 
ferric ammonium citrate also developed iron toxicosis. 505 

Normally, the small intestine absorbs about 3% to 10% 
of dietary iron and stores the iron as ferritin In the mucosal 
cells. The iron Is transferred to the plasma according to the 
body's needs. Excess iron Is stored In the liver as ferritin and 
hemosiderin because the body has limited ability to elimi¬ 
nate Iron. 433 - 500 Foals are born with a high serum Iron level 
and have higher Iron absorption than adults. Therefore, 
foals less than 3 days of age are more susceptible than 
adults to Iron toxicosis.™ 

Clinical signs In neonatal foals Include depression, 
Icterus, head pressing, and disorientation. 503 Adult horses 
develop anorexia, icterus, and sometimes petechial hemor¬ 
rhages/ 500 Calves with iron toxicosis have trembling, voca¬ 
lizing bruxism, colic, and convulsions.™ 

If dlnicopalhologlc findings are abnormal, they will be 
related to cholestatic liver failure. Animals often have elevated 
levels of y-gjutamyltransferase (GGT), ALP, bile acids, and 
uncon|ugated bilirubin. Coagulopathies are demonstrated 
by abnormal coagulation profiles, thrombocytopenia, and 
elevated fibrinogen and fructose diphosphate (FDPJ. M0 - 50L 

Grossly, the fiver lesions are variable. Most livers are fria¬ 
ble and swollen or shrunken. In general the liver is disco¬ 
lored, pale tan or mottled red-brown. Microscopic Lesions 
Include periportal bile ductule proliferation, periportal 
necrosis, lobular necrosis, and fibrosis. Hemorrhages may 
be present in the gastric mucosa, intestines, and urinary 
bladder. 503 - 504 

Diagnosis of Iron toxicosis usually Is based on the pres¬ 
ence of appropriate clinical signs and a history' of recent 
Iron supplementation. 5erum levels of free (unbound) 
Iron may or may not be elevated. Liver iron concentra¬ 
tions range from normal to several thousand parts per 
million. Interpreting iron levels in Liver can be compli¬ 
cated because Iron may be elevated above normal if the 
animal bad hemolysis or If blood congestion occurred 
within the liver. 

Treatment of iron toxicosis Is usually limited to support¬ 
ive care. Repeated phlebotomy or chelation therapy with 
deferoxamine is used to treat Iron overload in humans 
and small animals/ 55 -™ The success rale of these treat¬ 
ments Ln large animals has not been w r ell documented. 
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LEAD 

Ljtad toxicosis Is discussed in Chapter 35. 

MERCURY 

.Mercury toxicosis has been associated with Ingestion of seed 
treated with organic mercurial fungicides. 505 - 507 Topical 
application or ingestion of inorganic mercurials, used as 
counterirritants [blistering agents), also can result In toxico¬ 
sis, If the bllsLering agents are used concurrently 

with dimethyl sulfoxide (DMSQ), the absorption of the 
mercury is enhanced and Is more likely Lo cause 
toxicosis. 5 ^ 

Mercuric ions form covalent bonds with sulfhydiyl 
groups and form mercaptides. 507 The kidney is the primary 
target organ, but mercury also localizes in the Gl mucosa. 
Mercury is excreted by the kidneys, partly by exfoliation of 
renal tubular epithelium. 513 ® Metailothioneln, a metal- 
binding protein f is synthesized within 43 hours of exposure 
to mercury. Metailothioneln initially may protect the kidney 
by sequestering tnerauy; however, as the sequestered mer¬ 
cury is slowly released from the tubular epithelium, renal 
damage continues. 5135 ' 513 ® 

Acute signs of mercury toxicosis are caused by the corro¬ 
sive effect of mercury on mucous membranes. Ulceration of 
the mouth, esophagus, and rest of the Gl tract may be fol¬ 
lowed by diarrhea and anorexia, if the animal survives, 
acute toxic nephrosis occurs. Anorexia, gastroenteritis, 
weight loss, nephritis, and alopecia have been reported in 
animals exposed to chronic, low doses of mercury. 507 

Clinical pathology testing may reveal elevated creatinine 
and blood urea nitrogen [BUN), as w r ell as proteinuria, glu- 
cosuria, and isosthenuria, depending on the acuteness of 
the disease. Necropsy findings include an ulcerated and 
edematous Gl tract, with possible intraluminal hemorrhage. 
The kidney's may be pale and swollen. 505 ' 5 ™ 

Diagnosis of mercury toxicosis is made from history', 
clinical presentation, anti mercury' levels within the animal. 
Mercury concentrations can be measured in liver, kidney', 
brain, whole blood, and urine. Tissue samples and urine 
may be frozen after collection. 

Chelation therapy can be done using BAL or sodium 
thiosulfate as for arsenic toxicosis. Remaining topical mer¬ 
curials should be w'ashed from the animal. Supportive care 
is necessary for the gastroenteritis and kidney failure. Oli¬ 
guria indicates a poor prognosis. 505 ' 50 ® 

MOLYBDENUM 

Excess dietary' molybdenum (copper deficiency') is discussed 
in Chapter 32. 

SELENIUM 

See Toxic Plants. 

SODIUM 

Sodium (salt) toxicosis Is discussed In Chapter 35. 

SULFATE 

Excess dietary' sulfate is discussed with copper deficiency in 
Chapter 32 and with polioencepbalomaiacia in Chapter 35. 

ZINC 

Excess dieLaty zinc is discussed with osteochondrosis in 
Chapter 3S. 


TOXICOLOGY OF ORGANIC 
COMPOUNDS 

KCJNNU; II. Pi it hAl it 

INSECTICIDES 

Antic hoi i nest e rase Insecticides 

The anticholinesterase insecticides include the organopho- 
sphates and the carbamates. .Many organophosphate insec¬ 
ticides are used for insect control in crops. Several 
organophosphales also have been approved for use as insecti¬ 
cides or anthelmintics in domestic animals. Carbamate insec¬ 
ticides are used primarily for crops and other plants. Livestock 
are usually exposed to these Insecticides as a result of drift, 
accidental ingestion, or improper treatment by owmera. 500 

Ihe mechanism of action of these Insecticides is to bind 
with and inhibit acetylcholinesterase [AChE). As a result, 
acetylcholine (ACh) accumulates at nerve junctions, and 
repetitive firing of parasy'mpathetic nerves occurs. Because 
carbamates bind with ACh on a reversible basis, inhibition 
of ACbE is temporary. 509 - 53 * 3 Therefore, carbamates have a 
shorter duration of action than organophosphate insecti¬ 
cides, which bind irreversibly w'Llh AChE. 509 

Clinical signs are predominantly described by' the acro¬ 
nym SLUD: salivation, ^acrimatlon, wrination, and defeca¬ 
tion. In addition, the animals may have miosis, diarrhea, 
muscle tremors, seizures, dyspnea, or bloating. 509 Death 
can occur within minutes, depending on the toxicity of the 
specific compound and the amount of toxicant ingested. 511 
At postmortem examination. Lesions may be minor or 
absent, depending on the acuteness of death. Pulmonary' 
edema is a frequent finding, because death usually results 
from increased pulmonary secretions, bronchial constric¬ 
tion, and respiratory' paralysis. 510 

Measuring the cholinesterase activity' in brain, retina, or 
whole blood can be used lo make a presumptive diagnosis 
of toxicosis. 513 - 514 Some laboratories use serum rather than 
whole blood, depending on the testing method used; therefore 
it Is best to check with the laboratory before submission. 
Whole blood can reliably be used for cholinesterase evaluation 
for up to I week after collection If the sample is refrigerated. 515 
Half the brain should be submitted for homogenization 
because cholinesterase activity' varies among regions of the 
brain 513 Cholinesterase activity' in whole blood or brain that 
is Less than 50% of normal for the species being tested indi¬ 
cates excessive exposure to a cholinesterase inhibitor. Cholin¬ 
esterase activities less than 25% of normal indicates toxicosis, 
as long as appropriate clinical signs are present. 515 

An insecticide screen should be performed on Gl con¬ 
tents or the liver to identify 1 the Insecticide them Leal that is 
involved. These samples should be stored in glass or metal, 
such as foil, and frozen as soon as possible after collection. 
If the sample is stored in plastic, the insecticide may leech 
from the sample into the plastic. 

Because carbamates rapidly dissociate from AChE, a diag¬ 
nosis is often difficult to make based on cholinesterase activ¬ 
ity' in brain or blood. Ihe activities can be normal or near 
normal even though the animal has toxicosis. 509 - 510 Because 
carbamates hydrolyze rapidly, parent compounds may be 
difficult to delect in ingesta and especially in tissue. 509 - 510 
Therefore, when carbamate toxicosis is suspected, multiple 
samples should be collected and tested as soon as possible. 

Treatment for organophosphate toxicosis includes sup¬ 
portive care, activated charcoal, atropine, and oximes. Acti¬ 
vated charcoal (1 to 2 lb |G.45 to 0.90 kg| PG for 500-kg 
animal) should be given even if the route of exposure is 
not oral, because these insecticides can act systemically even 
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when given topically, [f the route of exposure is dermal the 
animal should be washed with soap and water to decrease 
absorption through the skim 513 Atropine competitively Inhi¬ 
bits ACh at muscarinic nerve receptors. Therefore, musca¬ 
rinic effects, but not nicotinic effects, are reduced. Atropine 
should be given at a dose of 0.10 to 0.25 mg/kg. One fourth 
of the initial dose Is given by IV Injection and the rest SC or 
IM. The dose can be repealed If the dlnica] signs reappear. 313 
Gl motility should be monitored carefully because atropine 
can cause Ileus, especially In horses. Oximes such as 2- 
pyrldlne aldoxime meth Iodide [2-PAM) can be used as a 
treatment to release the bond between AChE and an oigano- 
phosphate. However, oximes are of little benefit after the 
AChE-organophosphale bond undergoes "aging,"" meaning 
that the bond cannot be broken. The amount and time of 
"aging - " that occurs vary among the different organophos¬ 
phate compounds. 313 - 51 * Recommended doses for 2-PAM 
are 20 mg/kg IV twice daily 557 or 10 to 15 mg/kg SC. 51 * 

ITeatmenl of carbamate toxicosis is restricted to atropine, 
activated charcoal, and supportive care. Oximes such as 2- 
FAM are contraindicated with carbamate toxicosis because 
she carbamates bind reversibly, and thus oximes are not 
needed to release the carbamate from the AChE. 1509 

Most anLlcholinesterase compounds are rapidly metabo¬ 
lized and excreted. 519 '1’herefore these insecticides do not 
persLst In tissues, and tissue levels are usually low. Animals 
that survive the toxicosis, however, should he analyzed for 
residues before consumption. 520 Animals that have died 
from anticholinesterase insecticLde toxicosis have been pro¬ 
hibited from being rendered. 519 

Chlorpyrifos is a chlorinated organophosphorus insecticide 
used for lice and fly control In cattle. It Is applied as a pour- 
on caudal to the shoulders. I’his product causes a delayed 
toxicosis that occurs primarily in bulls and some exotic 
breeds of cattle. Toxicosis Is associated with the testosterone 
levels in the animal. 531 Larger and older bulls are affected 
more severely. The manufacturer recommends not treating 
bulls over S months old with chloipyrlfos. 517 Clinical signs 
do not occur until at least 2 to 7 days after exposure and 
include depression, weakness, muscle fasclculatlons, anorexia, 
rumen stasis, and rumen dLstentlon. 5J7 - 3l * i32t "Hie clinical 
signs typically seen with acute organophosphale toxicosis are 
usually not present with chloipyrlfos toxicosis. 

Animals with chlorpyrifos toxicosis will have depressed 
cholinesterase activities in brain and blood. After topical 
application, chloipyrlfos will undergo systemic distribution 
and may be detected In blood, rumen contents, fat, and 
hair for weeks. Animals w r lth chlorpyrifos toxicosis should 
be washed with detergent and water as soon as possi- 
tjle_5i7.5ift.52i q tb [ ireatment with activated charcoal reduces 
the signs of toxicosis by adsorption of the chlorpyrifos. The 
manufacturer recommends atropine as an antidote. 517 
Because most cases Involve ruminal stasis and few muscarinic 
signs, however, atropine may be contraindicated. 517 - 51 * Sever¬ 
ity of the rumen stasis often requires removal of rumen con¬ 
tents by a large-bore stomach tube or rumenotomy. 51 * 
Fralldoxlme (2-FAM) has decreased clinical signs in some ani¬ 
mals when given within 4 days of Insecticide exposure. 517 - 51 * 

Haloxon Is an anthelmintic and toxicosis was reported In 
the 1970s In sheep that had a familial absence of a plasma 
A-eslerase. 522 This enzyme rapidly hydrolyzes haloxon. 522 
Clinical signs occur 5 to 90 days after exposure and pre¬ 
dominantly include hind limb ataxia or paresis. 523 Cross 
lesions are not evident on necropsy. Microscopically, the 
while matter of the spinal cord was vacuolated, with 
swollen axons and increased glial cells. 533 Cholinesterase 
activity can be decreased. 521 

Haloxon also has been associated with bilateral laryngeal 
paralysis in Arabian and part-Arabian foals. 524 The foal's w r ere 


23 to 35 days old and had been treated with haloxon every 
2 weeks since 2 days of age. The clinical signs were noticeable 
only when the foals exercised or were stressed. Rhlnolaryngo- 
scopy revealed no abductor movement of the arytenoid carti¬ 
lages. 524 Active wallerlan degeneration and loss of nerve fibers 
were seen In the recurrent laryngeal nerves. 52 ^ Tracheotomy 
relieved the dyspnea, and In foals that survived, function of 
the right aiytenoid cartilage returned before the left 524 

Organochlorine Insecticides 

Chlorinated hydrocarbons are used to control Insects and 
other pests. Examples include DDT, aldrln, heptachlor, and 
Lindane. Although use of several of these products has been 
banned or restricted, toxicosis in domestic animals still 
occurs, either from improper use or from exposure to dis¬ 
carded products. 1 ' 35 

The mechanism of actions of organochlorlnes Is not 
completely understood and seems to vary among com¬ 
pounds. Interference with the kinetics of nerve sodium chan¬ 
nels and inhibition of y-amincbutyrlc acid (CABA) binding 
are two proposed mechanisms. 

Initial clinical signs may Include apprehension, hypersen¬ 
sitivity, and a belligerent attitude. Easciculations of the face 
and cervical muscles are followed by spasms of the eyelids, 
forequarters, and finally hind quarters. 525 Ataxia, bypersallva- 
tlon, and diarrhea also have been reported. 526 Intermittent 
convulsions are the major manifestation in most cases/* 20 
Significant gross lesions usually are not found at necropsy. 527 

Organocnlorines accumulate in fatty tissues. Itierefore, diag¬ 
nostic testing should be performed on samples such as brain, 
fat, milk, and Liver. 525 The compounds also may be found In 
whole blood and Gl contents. Collected samples should be 
put In glass or metal containers 535 and frozen, with the excep¬ 
tion of blood, which should be refrigerated. As with other insec¬ 
ticides, plastic containers should be avoided if possible. 

Treatment is mostly symptomatic because no antidote 
for organochlorlne toxicosis exists. 535 The animal should 
be washed with water and detergent if the exposure was der¬ 
mal. 525 Activated charcoal Is beneficial if given immediately 
after oral exposure. 525 - 526 Convulsing animals require treat¬ 
ment with sedatives and muscle relaxanls. 

Oiganochlorine residues persist In fat and are excreted In 
the milk of lactallng animals. 520 Some of these compounds 
cross the placental barrier and concentrate in fetal fat. 526 
Several strategies have been tried to reduce residues as 
quickly as possible to minimize economic loss. Treatment 
with compounds such as phenobarbital and butylaled 
hydroxyanlsole (EllA) to promote metabolism, cholestyr¬ 
amine to Increase excretion, or thyroproteln to increase 
elimination has not been very successful in livestock. 53 * 

At this time, the only successful method of reducing 
organochlorine residues In livestock is by fat mobllLzatlon 
and removal. One method of accomplishing fat mobiliza¬ 
tion Is by feeding a calorie-restricted diet. 526 As the animal 
loses weight, the fat and organochlorlne are mobilized and 
removed from the body. After removal of the fat, the animal 
should be fed a high-calorie diet that Is free of organochlo¬ 
rlne compounds to regain Us body fat and decrease the 
whole-body concentration of the compound. As the body 
fat decreases, concentration of organochlorlne may increase 
In other tissues as the chemical is mobilized. 525 If the diet 
Is too restrictive, the organochlorine mobllLzatlon may occur 
too rapidly, and (be animal may develop acute toxicosis. 526 
Title fastest method of reducing organochlorine residues is 
through milk secretion. 526 Residue elimination is fastest dur¬ 
ing early lactation. Unfortunately, residue reduction may not 
be economically feasible because of extra costs of feed, labor, 
and I oss of saleable milk. 
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HERBICIDES 

Arsenics 

See Metals and Other Inorganic Compounds. 

Paraquat 

Paraquat is In the class, of toipyridyl herbicides, which ad as 
dessicants by altering enzyme'systems and reducing photo¬ 
synthesis.^ Most concerns about this product occur when 
it Is sprayed on foliage that will later be used for animal 
consumption or when it accidentally drifts from a sprayed 
field onto animals or their pasture. Paraquat quickly 
becomes irreversibly inactivated once it comes Into contact 
with soil. 520 - 550 It is a concern only when the animal ingests 
a concentrated form of the herbicide or grazes a field that Is 
still wet from paraquat application. 

Paraquat is concentrated against a gradient within type I 
alveolar pneumocvtes. The herbicide accepts electrons to 
form free radicals. 52 *- 530 This reaction is catalyzed by nico¬ 
tinamide adenine dinucleotide phosphate fNADP), reduced 
from cytochrome P450 reductase (NADPH}. 519 The result Is 
destruction of cell membranes and subsequent cell death. 

Acute signs generally occur 1 to 3 days after ingestion 
and involve anorexia, depression, and diarrhea. Several days 
later the animal develops respiratory' distress, dyspnea, and 
pneumomediastinum. Death may he delayed until several 
weeks after Ingestion. Gross and Histopathologic lesions pri¬ 
marily consist of progressive Lung fibrosis, but may Include 
renal and liver damage. 53 *- 530 

Treatment shoulcf Include fuller's earth or bentonite 
given orally as soon as possible after exposure and certainly 
within 24 nours of ingestion. 520 ^ 530 iTtese products Inacti¬ 
vate the paraquat on contact and thus are more effective 
than activated charcoal. Oxygen therapy reportedly worsens 
the lung damage. 1 ' 31 Regardless of therapy, the prognosis Is 
poor because of the progressive fibrosis of the lungs. 

C Flora phenoxy Adds 

Chloropbenora- acid herbicides includes the compounds 2,4- 
D; 2,4,5-T; and sllvex. These herbicides are plant growth regu¬ 
lators, so the mechanism of action is to alter the metabolism of 
the plant. Therefore they are relatively nontoxic to mammals 
unless ingested In a concentrated form. 519 - 530 Indirect toxicosis 
may occur, however, because of the altered metabolism of the 
sprayed plants. Toxic plants that are normally untouched by 
grazing animals may become more palatable and result in 
plant toxicosis after application of some herbicides. In addi¬ 
tion, the altered plant metabolism may cause some plants to 
accumulate higher levels of nitrate or cyanide or increase the 
level of their Inherent toxins. 530 Animals should be removed 
from treated pastures for at least 7 day's after application to 
reduce the occurrence of plant toxicosis. 550 

Clinical signs of cblorophenoxy add toxlcosLs Include 
depression, anorexia, abdominal pain, and dLarrhea. 52?> Weak¬ 
ness is especially profound in the bind limbs. Gross findings 
include epicardlal hemorrhage and hydroperlcardium. The 
liver is swollen and friable. The kidneys may be congested. 533 

Clorophenoxy acid herbicides are quickly absorbed from 
the Gl tract, but dermal absorption Is minimal. 533 Treat¬ 
ment consists of activated charcoal and supportive care. 
The major route of elimination Is the urine. 533 Neither par¬ 
ent compounds nor metabolites have been found in the 
milk from orally dosed cattle. 533 

Triazines 

Triazlne herbicides Inhibit photosynthesis by blocking elec¬ 
tron transport. 531 Products in this group of herbicides 


include alrazine, simazine, and propazine. Livestock should 
be held from pastures treated with simazine for 30 days and 
off hay for SO days. 550 

Sheep have been reported to exhibit signs of generalized 
muscle tremors, which progressed to mild tetany and col¬ 
lapse of the hindlegs. Other sheep developed a short, pranc¬ 
ing gait. 555 Cattle nave been reported to develop diarrhea 
after 12 hours, followed by salivation, ataxia, and stiff¬ 
ness. 556 Gross lesions Include myocardial degeneration, 
subcutaneous hemorrhages, and liver congestion. Histo¬ 
pathologic examination demonstrated focal degenerative 
myocardiopathy and mild nonsuppurative encephali- 
H & 535,53s Rumen papillae are edematous and the reticulum, 
rumen, and omasum may contain black pigment. 536 

Trlazine herbicides have no antidote, but treatment with 
activated charcoal once daily for 4 consecutive days after 
exposure has reportedly decreased Lesions and death loss. 556 

RODENTICIDES AND OTHER PESTICIDES 

Anticoagulant Rodenticides 

Toxicosis can result from anticoagulant rodenticides when 
animals ingest baits made w r ltb anticoagulants. These prod¬ 
ucts are often incorporated into grains or pellets that are 
alatable to livestock. Toxicosis also has been reported in 
orses that have been overdosed with warfarin, ivhich has 
been used as a treatment for navicular disease and jugular 
phlebitis, 557 - 538 

First-generation compounds such as warfarin were devel¬ 
oped originally, but rodents developed a resistance io these 
over time. The second-generation compounds, such as brodifa- 
coum and bromadiolone, were created for rats that bad devel¬ 
oped a resistance to the first-generation compounds. 530 - 51 J In 
genera], the second-generation compounds are more toxic 
and have longer half-lives. 

All anticoagulant rodenticides function by interfering 
wLlh vitamin K-epoxlde reductase, the enzyme that converts 
inactive vitamin K to Lis active form. This Interference results 
in a depletion of active vitamin K and subsequently the vita¬ 
min EC-dependent dotting factors (II, VII, IX, and X). Factor 
IX is in the intrinsic coagulation pathway, factor VII Is In the 
extrinsic pathway, and factors 11 and X are in the common 
pathway. Therefore, all three pathways are affected. 535 - 510 

Clinical sign& may not be noticed until 3 to 5 days after 
ingestion. Affected animals may exhibit melena, eplstaxis, 
hematuria, or excessive bleeding from a wound or injection 
site. 510 Often the hemorrhaging occurs in body cavities, and 
the animal may show nondescript clinical signs such as 
depression, weakness, pallor, colic, dyspnea, or fever, 
depending on the location and extent of hemorrhage. 550 - 540 
Sometimes the onset is acute, and the animal dies suddenly 
from extensive hemorrhage and shock. 530 Gross and hislo- 
pathologLc lesions primarily consist of unexplained hemor¬ 
rhage, which may be generalized or localized. 

Warfarin Is almost completely absorbed from the Gl tract 
of horses and has a biologic half-life of 13.3 hours, sLmllar 
to that In other species. 536 Warfarin Is mostly bound to 
plasma protein, and onlv the unbound drug Is toxic. There¬ 
fore, concomitant use of other protein-bound drugs, such as 
benylbulazone, can Increase the risk of w r arfarin-induced 
emorrhage. 537 - 513 

Diagnosis of anticoagulant toxicosis is based on history, 
clinical signs, clinical pathology, and response to treatment. 
The degree of anemia resulting from hemorrhage varies 
with the time since Ingestion or the toxicant ana severity 
of disease. A coagulation panel will reveal prolongation 
of prothrombin time [PT), partial thromboplastin time 
(NT), and activated coagulation time (ACTJ. 510 - 513 The 
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fibrinogen,, fibrinogen degradation products, and platelet 
count are not directly affected by the anticoagulants. 

Determining which anticoagulant rodenlicide was ingested 
is difficult In the live animal. Levels are often too low in blood 
to be detected. Postmortem detection is most promising In the 
liver. Although Cl contents can be tested, the chemical Is often 
completely absorbed before clinical signs appear or death 
occurs. 

Vitamin K L is the treatment for all the anticoagulant roden- 
tlcldes. The duration of treatment however, depends on the 
specific compound because the half-life varies considerably. 
Warfarin has the shortest half-life of the anticoagulants {13.3 
hours in the horse) 556 I'he half-lives of the other compounds 
have not been determined in the horse, but diphaclnone has a 
half-life of 15 to 20 days in humans. Therefore, warfarin toxi¬ 
cosis may require treatment for only a few days, whereas toxi¬ 
cosis from the other compounds may have to be treated for 
several weeks. Vitamin K| treatment for an adult horse has 
been recommended at a dose of 300 to 5(30 mg SC every 4 
to horns. 53,7 llte VI should return to normal within 24 
hours. To monitor duration of treatment after the animal 
has stabilized, vitamin K should be discontinued for 4& hours 
and the FT retested. 539 Intravenous in |ecllon of vita min K has 
been associated with anaphylactoid reactions, and Intramus¬ 
cular injection can aggravate hemorrhage. Oral treatment is 
advocated for small animals but may be cost-prohlbltlve for 
large animals. Vitamin is less expensive but not as effective 
and will cause renal disease in horses. 

Clotting factor synthesis requires C to 12 hours; therefore 
animals may need to be transfused with whole blood if ane¬ 
mic, or with fresh plasma if the anemia is not severe enough 
to warrant blood transfusion. 539 Once the packed cell vol¬ 
ume (PCV) begins to decrease, It can continue to decrease 
at a rapid pace, so It should be monitored regularly. Acti¬ 
vated charcoal can be given orally to decrease absoiption 
of rodenticldes. 

Strychnine 

Strychnine Is used for mammals such as rats, gophers, 
moles, squirrels, and coyotes. Strychnine is sold as a pow¬ 
der, as pellets, or as treated seeds that are usually dyed 
bright green or red. Strychnine poisoning was reported 
in four horses that had eaten mllo treated with It. Use of 
strychnine is restricted In some stales to professionals 
or registered Individuals however, toxicosis in domestic 
animals still occurs. 544 

Strychnine competitively blocks glycine, the transmitter 
for Inhibitory cells (Renshaw cells) of the spinal cord. I’his 
lack of inhibition results In rigidity and tetanic convulsions. 
Clinical signi include sweating,' incoordination, recum¬ 
bency, and tonic clonic seizures that are Inducible by loud 
sounds, touch, or bright light. Signs appear 10 minutes to 
2 hours after ingestion. Gross and histopathologic lesions 
are limited to those attributable to self-induced trauma. 544 

Diagnosis of strychnine toxicosis Is based on clinical 
signs and detection of the toxicant in urine or serum. Urine 
is a good diagnostic sample because strychnine Is absorbed 
from the G1 trad and excreted in the urine. Stomach con¬ 
tents, liver, kidney, and urine should be collected postmor¬ 
tem and analyzed for strychnine. 5 ** 4 

A lethal dose of strychnine can be eliminated in 24 to 43 
hours. Because strychnine is an alkaloid, It becomes ionized 
in the acid of the stomach and Is not absorbed until it 
reaches the Intestine. Activated charcoal Is a good treatment 
to prevent further absorption of the toxicant. Seizures should 
be treated with anticonvulsants and rigidity w r lth muscle 
relaxants. Animals should he protected from excessive light 
and sound to reduce die Incidence of convulsions. 


Zinc Phosphide 

Zinc phosphide Is used to control mice, ground squirrels, 
rats, and moles. Zinc phosphide Is a dark-gray powder that 
Is mixed with grains such as bran, w r heat, and oats. 1’here- 
fore it is palatable to most Livestock. The lethal dose for 
most animals is 20 to 40 mg/kg of body weight. 545 

Zinc phosphide produces phosphine gas under acidic 
conditions. Therefore, toxicosis occurs when the rodentlcide 
comes into contact with an acidic stomach. Gastric acidity is 
an important factor in phosphine gas production. Rumi¬ 
nants should be more resistant because the rumen has a 
higher pH than a monogastric stomach. Studies show a 
higher survival rate In dogs that are dosed with zinc phos¬ 
phide on an empty stomach rather than dosed after a meal 
when the stomach has a lower pi l. 545 

Zinc phosphide affects the CN5, and clinical signs are 
similar to those caused by other toxicants, such as stiych- 
nlneor the anticholinesterase Insecticides. 545 Gross and his¬ 
topathologic lesions are not specific, although the Gl and 
pulmonary systems may be red and irritated. Thus, diagno¬ 
sis is difficult without chemical analysis. 

Diagnosis of zinc phosphide toxicosis is based on detect¬ 
ing phosphine gas in the stomach contents. Because the gas 
dissipates rapidly in air, the collected sample of stomach 
contents should be placed In an airtight container and fro¬ 
zen Immediately. 545 

Treatment is mostly supportive care follctving activated 
charcoal therapy. Food should be withheld until the zinc 
phosphide has been emptied from the stomach. It may be 
helpful to add an antacid to the activated charcoal therapy 
to reduce the amount of phosphine gas produced. 

Metaldehyde 

Metaldehyde is a tasteless ingredient used In slug and snail 
baits and as a solid fuel for some camp stoves. 5J6 Baits may 
be liquid or drv, but most are diy pellets of metaldehyde 
mixed with soybeans, rice, oats, sorghum, or apples. 546 - 547 
Some baits also contain other toxicants, such as arsenate or 
Insecticides, which can cause concurrent disease. Toxicosis 
occurs mostly In coastal and low-lying areas where there is 
a high incidence of snails or slugs.- j47 

me mechanism of metaldehyde toxicosis Is unknown. 546 
It may increase excitatory neurotransmitiers or decrease 
Lnhibi toiy neurotra nsm Liters. 546 - 54 7 

Clinical signs can occur Immediately or can he delayed 
for up to 3 hours after Ingestion. Affected animals will have 
convulsions, which may be continuous or intermittent. The 
animal may have muscle tremors and anxiety and may be 
hyperesthetlc between convulsions. r fhe seizures are not 
necessarily evoked by external stimuli. Elevated body tem¬ 
perature, up to 43' C {110 c F), Is a common finding and 
Is probably caused by the excessive muscle activity. Other 
findings include tachycardia, defective vision, hyperpnea, 
hypersalivation, ataxia, cyanosis, acidosis, diarrhea, and 
dehydration. Death usually results from respiratory failure 
and occurs 4 to 24 hours after ingestion. Gross and histo¬ 
pathologic findings include petecJhiae and ecchymoses of 
various organs and subcutaneous edema. 546 - 550 

A diagnosis Is based on testing for metaldehyde In Gl con¬ 
tents or serum, 551 Milk samples taken within 24 hours from 
two affected cows tested negative for metaldehyde. 552 No anti¬ 
dote is available. 352 - 553 Administration of oral activated char¬ 
coal may prevent further absorption from the Gl tract. If the 
animal is convulsing tranquilizers should be used to control 
seizures. Tranquilizers should be allowed to wear off periodi¬ 
cally and the convulsive condition reevaluated. Norses have 
been treated successfully with tranquilizers and mineral oil. 554 
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INDUSTRIAL TOXICANTS 

Petroleum 

Animals can become exposed to petroleum hydrocarbons 
during crude oil spills, pipeline breaks, or careless dis¬ 
posal of automobile or tractor oil. Most cases of petro¬ 
leum toxicosis occur when the animal's w r ater supply Is 
contaminated. 555 

Clinical signs vary but usually Include anorexia, depres¬ 
sion, Cl stasis, bloat' and diarrhea or constipation. Oil may 
be seen In the feces within days after ingestion. The most 
common cause of death is aspiration pneumonia after regur¬ 
gitation of the hydrocarbons, 'Die petroleum product may be 
seen around the'muzzle of the animal. Oil may be found in 
the Gl tract or the lungs at postmortem examination. 

Diagnosis of petroleum toxicosis can he made based on 
history, clinical findings, and detection of hydrocarbons in 
tissues. The product may be visible on the animal as well 
as In the Gl contents and lungs. A quick method of checking 
for oil Is to place the Gl contents or lung In warm waler the 
oil should float to the Sop of the water. Samples also can be 
checked under a black light because many petroleum pro¬ 
ducts will fluoresce yellow or yellow-green. Liver, kidney, 
lung, and Gl contents can be analyzed for hydrocarbons 
and" matched with available source 'material. 555 Collecting 
suspect source material is especially Important because 
these toxicoses may become legal cases. 

The primary aim of treatment Is to prevent aspiration 
pneumonia, which is best achieved by performing a rume- 
nolomy and removing (he contaminated Ingesla. If surgery 
is nos feasible, activated charcoal should be administered. 
The charcoal should be followed with a cathartic to enhance 
removal of the oil. Supportive care Is needed for the Gl sta¬ 
sis and diarrhea or constipation. Vegetable oil (500 to 
1000 mLj may increase the viscosity of the Ingested petro¬ 
leum within the rumen and reduce the occurrence of aspira¬ 
tion pneumonia. The prognosis Is generally good unless the 
animal aspirates or severely bloats.' ,s ' =: Some petroleum prod¬ 
ucts may contain heavy metals such as lead, and a concurrent 
metal toxicosis can occur. 

Ethylene Glycol 

The most common cause of ethylene glycol toxicosis Is 
ingestion of antifreeze. Although cals and dogs are the spe¬ 
cies most often affected because of their proximity to avail¬ 
able sources, ethylene glycol toxicosis has occurred In cattle 
and goats. 556 Some new brands of antifreeze contain pro¬ 
pylene glycol rather than ethylene glycol. Although much 
less toxic than ethylene glycol, propylene glycol can still 
cause toxicosis. 

Ethyleneglycol is metabolized In the liver to several met¬ 
abolic intermediates, especially glycolic acid. iTils reaction Is 
catalyzed by alcohol dehydrogenase. Glycolic acid results in 
metabolic acidosis and hyperosmolality In the animal, 'fills 
metabolite can be excreted or further metabolized Into oxa¬ 
lic acid, which combines with ionic calcium and causes 
hypocalcemia and calcium oxalate formation, especially In 
kidneys. Ruminants may be more resistant to ethylene gly¬ 
col toxicosis than monogaslrlcs because the rumen microor¬ 
ganisms can metabolize some ethylene glycol before it Is 
absorbed. 556 - 557 

Toxicosis results in an initial inebriation, followed by 
metabolic acidosis and renal damage. 557 Clinical signs in 
ruminants include ataxia, depression, bypersallvalion, and 
absence of a menace response. These signs progressed (o 
recumbency and clonlc-lonlc seizures In a pygmy goat.* 5 * 
Clinical pathology reveals azolemla, metabolic acidosis, 
and hyperosmolallty. Postmortem findings Include swollen 


kidneys and pulmonary edema. Dilated capsular spaces and 
blrefrlngenl crystals are found in renal tubules on histologic 
examination. These crystals may be arranged In sheaves or 
rosettes and are typical of oxalate crystals. 556 

Rumen or stomach contents can be analyzed for ethylene 
glycol. It Is absorbed within 48 hours after ingestion by 
monogaslrlcs; however, ethylene glycol has been detected 
in the mmen contents of a goat 4 days after clinical signs 
began. 5 Urine, serum, and ocular fluid can also be analyzed 
for glycolic add. 

The classic treatment for ethylene glycol toxicosis is 20% 
ethanol given at 5 ml/kg at 4- to 8-hour Intervals. The etha¬ 
nol binds with the alcohol dehydrogenase so that it Is not 
available to convert ethylene glycol to glycolic acid. This 
treatment is effective, however, only if initiated within a 
fetv hours of Ingestion. The effectiveness of ethanol in treat¬ 
ing livestock has not been addressed In the literature. 
Because the ethylene glycol appears to remain in the rumen 
for several days, treatment with activated charcoal may be 
beneficial even after the appearance of clinical signs. 556 

Chlorinated Naphthalene 

Chlorinated naphthalene has been used In wood preserva¬ 
tives, asphalt roofing, insulating waxes, sealing compounds, 
and in condensers. Most toxicoses in cattle, however, have 
been from Ingesting lubricating grease used on farm machin¬ 
ery or feed-pelleting machines. Chlorinated naphthalene Is 
no longer used in lubricants, but toxicosis still occurs when 
animals have access to dumps and salvage yards, 'file toxic 
forms are ietra-, penta-, hexa-, hepta-, and octachloronapbtha- 
lenes, with the bexa and hep(a forms being the most toxic. 558 

Chlorinated naphthalene interferes with the conversion 
of carotene to vitamin A. Serum vitamin A levels decrease 
significantly a few da vs after exposure and remain decreased 
for at Least 4 weeks. 558 

Initial clinical signs include weight loss, anorexia, and 
depression. Excessive salivation and lacrimallon occur 
because of the formation of papular stomatitis and keratin Iza- 
llon of the meibomian glands. Several w r eeks later, nonpruritic 
thickening and fissuring of the skin occur. Hyperkeratosis 
involves the withers, neck, bead, trunk, and medial thighs; 
but usually does not involve she Lower legs. Diarrhea may 
occur late In she disease. Postmortem findings Include epithe¬ 
lial hyperplasia or metaplasia of the gallbladder, bile ducts, 
salIvary glands, pancreas, and genital tract. 558 

Diagnosis is based on clinical signs and a low vitamin A 
level. Suspected source material can be analyzed for chlori¬ 
nated naphthalene. Treatment with vitamin A may mini¬ 
mize some clinical signs, but treatment of this toxicosis is 
usually unsuccessful, especially after the appearance of skin 
lesions.^ 3 

Fentach lo rop hen ol 

Pentachlorophenol (PGP) Is used primarily as a wood pre¬ 
servative. Residues have been found In cattle exposed to 
wood troughs, silos, barns, and fences treated with PGP. 
1 lorses have developed toxicosis when bedded on wood 
shavings that contain PCP. 55fl - 56L 

Ihe primary mechanism of action is uncoupling of oxi¬ 
dative phosphorylation. 55 ^ 561 PCP Is quickly absorbed 
from the Gl tract and excreted in the urine. It is stored 
mainly in the liver and kidney and acts as a mild hepalo- 
loxinA 10 The balf-ltfe in cattle Is 1.5 days. 555 

Acute clinical signs In cattle Include weight loss, depression, 
anorexia, intense thirst, and decreased milk production. 55 - 56 ' 3 
Chronic signs in cattle are dyspnea, hyperkeratosis, Liver dam¬ 
age, and Increased abortion rate.™ Horses have anorexia, 
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dependent edema, weight loss, and alopecia. The skin has 
cracks and Assures that exude serum. Clinical pathology' 
reveals hepatic changes, anemia,, and thrombocytopenia. 

] torses also may develop colic or recurrent hoof problems . 561 

Liver, kidney, and serum can be analyzed for PCP. 
Because of the rapid rate of excretion, serum PCP concentra¬ 
tions may be useful only during acute toxicosis . 5 * 1 No anti¬ 
dote exists, and treatment is usually unsuccessful. Residues 
may be a concern, especially from "dioxin-related contami¬ 
nants In the "penta'-treated wood. 

Phosphatic Fertilizers 

Phosphatic fertilizers selectively promote legume instead of 
grass growth. iTierefore these are popular fertilizers for 
maintaining subterranean clover pastures. The major com¬ 
ponents of phosphatic or superphosphate fertilizers are cal¬ 
cium pyrophosphate, calcium orthophosphate, calcium 
sulfate, and sodium fluoride. Toxicosis is believed to be a 
result of the phosphate and fluoride. It usually occurs after 
a short pasture has been top-dressed recently. 3 The fertil¬ 
izer is not usually palatable, except to ravenous animals. 

Sheep have developed ataxia, bruxism, depression, and 
diarrhea. Animals will be hypocalcemic, probably because 
of renal failure. Hyperphosphatemia does not occur until 
oliguria develops and the animal is near death. Gross 
lesions include hyperemic Gl mucosa, pulmonaiy edema, 
and bloody Intestinal contents. Histopathologic examina¬ 
tion reveals acute proximal renal tubular necrosis . 562 

Diagnosis Is based on history, clinical signs, and lesions. 
Treatment Is limited to supportive care, which Is generally 
successful If the disease Is diagnosed early . 5 * 3 

Boron Fertilizer 

Sodium borate is mildly toxic, and clinical signs may not be 
seen In ruminants until they consume a near-lethal dose. 
Toxicosis usually occurs only if animals eat concentrated 
fertilizer . 563 I’he mechanism of action Is unknown, but 
boron may have a stimulatory effect on serotonergic and 
dopaminergic neurons . 561 

Reported clinical signs In cattle include weakness, 
depression, muscle fasclculallons, seizures, and a spastic 
ait. Most animals develop diarrhea and become dehv- 
rated. Gross and microscopic lesions are not seen . 565 
Goats that were given a sublethal dose of boron developed 
anorexia and depression. Seizu re -1 Ike activity consisted 
mostly of ear flicking and chomping motions; hctvever, tre¬ 
mors, stargazing, head jerking, and extensor rigidity also 
were noled. 56J 

Liver, kidneys, and rumen contents can be analyzed for 
boron content . 5 * 3 I’reatmenl Is limited to supportive care. 

THERAPEUTIC AGENTS 

Vitamin K ? 

Vitamin is the synthetic vitamin menadione sodium 
bisulfite, it has been used as a treatment for anticoagulant 
rodenllcide toxicosis, sweet clover (dicumarol) toxicosis, 
and exercise-induced pulmonary hemorrhage. Its popularity 
stemmed from being much less expensive than vitamin Kj. 
Studies demonstrate, however, (hat vitamin is not 
an effective treatment for sweet clover disease in cattle . 565 
Furthermore, case reports Indicate that vitamin K 3 is toxic 
lo horses, even when used at the manufacturer's recom¬ 
mended dose. 566 - 56 ® 

The mechanism for (he toxicosis Is unknown. Within 4 to 
4£ hours of administration of vitamin K 3 , horses become 



depressed, anorexic, and weak. iTiey may develop muscle 
stiffness, Lammltls, or colic . 566 The horses develop renal fail¬ 
ure as evidenced by Increased BUN and creatinine concentra¬ 
tions. Proteinuria, hematuria, and low specific gravity are 
found on urinalysis. Serum electrolyte Levels are consistent 
with renal tubular disease: hyponatremia, hypochIoremLa, 
and hyperkalemia. Some patients develop hypercalcemia . 565 
Grossly, the kldnevs are enlarged . 566 Microscopically, the 
kidneys have nephrosis with tubular dilation, epithelial 
degeneration, and necrosis . 566 Diagnosis Is based on history, 
clinical signs, and lesions. Treatment should include diuresis 
and maintenance of serum electrolyte concentrations . 567 

Propylene Glycol 

Propylene glycol Is used as a vehicle for drugs with poor 
water solubility, for treatment of bovine ketosis, and In some 
new antifreeze products . 5 * 5 Toxicosis has been reported 
when cows are overdosed or when horses are accidentally 
dosed with propylene glycol . 5 * 3 - 570 

The median toxic dose of propylene glycol In cattle is 
2-6g/kg body weight . 570 Ataxia develops in 2 lo 4 hours 
and resolves by 24 hours after dosing. The cattle also 
become depressed and temporarily recumbent. Serum and 
cerebrospinal fluid osmolality increase . 570 

A horse mistakenly given propylene glycol rather than 
mineral oil developed ataxia a no depression In 10 to 15 
minutes. Ihe horse also developed pain, excessive saliva¬ 
tion, and sweating, but these signs disappeared within 5 
minutes. 'The animal developed rapid, shallow breathing 
and cvanosls and died of respiratory distress the next 
day . 5 * 3 Gross Lesions were not seen. Histopathologic find¬ 
ings included myocardial perivascular edema, pulmonary 
edema, scattered bepalocyte necrosis, and peracute renal 
Infarcts . 563 

Serum and urine can be analyzed to determine the pres¬ 
ence of propylene glycol . 565 - 570 Propylene glycol causes lac¬ 
tic acidosis In humans, w r hlch Is treated with sodium 
bicarbonate. TTiis treatment was unsuccessfully used In 
the horse described here 563 ; If acidosis occurs, however, 
sodium bicarbonate may be beneficial If the disease is 
treated early. 

Isopropyl Alcohol 

Isopropyl alcohol Is used as a topical antibacterial agent. 
When ingested, It Ls quickly absorbed from the Gl trad 
and metabolized Into acetone bv the liver through alcohol 
dehydrogenase. The ma|orlty of"the acetone Ls excreted by 
the kidney and to a lesser extent by the Lungs . 571 

Toxicosis in a horse w r as reported w r hen 2 L of alcohol 
was mistaken for mineral oil and administered by nasogas¬ 
tric tube. Initially the horse was depressed and reluctant to 
move before collapsing and becoming semicomatose. 
A menace response was not detected, and pupillary Light 
reflexes were slotv. ITeatment consisted of repeated gastric 
lavage with 2-l aliquots of warm water, followed by acti¬ 
vated charcoal and Intravenous fluids. Activated charcoal 
was repeated the follotving day, and the horse recovered 
from the Incident. However, the odor of acetone could be 
detected on (be horse's breath for about 4 davs, and acetone 
w'as detectable In the horse's serum during this time . 5 '' 1 

Phenothiazine 

Ihis anthelmintic combined with piperazine_and carbon 
disulfide has been used for horses in the past . 571 - 571 Pheno- 
thiazlne currently Is being manufactured for horses in com¬ 
bination with piperazine and trlchlorfon. Phenotblazine 
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also has been used in mineral blocks and protein supple¬ 
ments for ruminants. 5 ™ Phenothiazlne Is toxic to both 
horses and ruminants but causes different diseases. 

RUMINANTS. Phenotblazine causes primary photosen si¬ 
tuation In ruminants. 'I’he rumen converts phenotblazine to 
a pholotoxln, phenotblazine sulfoxide. I’his toxic metabo¬ 
lite can be converted by the liver to a nontoxic metabolite, 
leukophenothLazine; If the liver Is overwhelmed, however, 
toxicosis can occur. Most cases occur In debilitated or young 
animals that do not have a fully functional liver. 5 ™ 

Clinical signs begin as erythema and edema combined 
with varying degrees of pruritus, photophobia, and pain. 
Vesicles and bullae form and progress to oozing, necrosis, 
and ulceration of the skin. I’hese lesions are usually con¬ 
fined to areas that have white pigmentation or have little 
hair and are exposed to sunlight. The tail, ears, teats, feet, 
or ventral surface of the tongue may slough. Tbe skin of 
black cattle does not usually slough, but these animals can 
develop epiphora, corneal edema, and blindness because 
the phototoxin Is also secreted in tears and aqueous 
humor. 574575 

Diagnosis Is based on the history of phenolhlazine con¬ 
sumption and the skin lesions. A skin biopsv may be help¬ 
ful but usually Is not necessary because the lesions are 
uniquely confined to lightly pigmented skin. 

Mo antidote exists for phenothiazlne toxicosis, and treat¬ 
ment is limited to supportive care. Antibiotics may be 
needed to treat secondary bacterial infections of the skin. 
Anti Inflammatory drug£ may be Indicated for pain. When 
prescribing drugs for ruminants with photosensilization, 
those that can compromise the liver should be avoided. 
Affected animals should be housed and fed In areas out of 
direct sunlight to prevent further damage to the skin. 

HORSES. Phenotblazine acts as an oxidant to produce 
hemolytic anemia in horses. Heinz bodies [precipitated 
denatured hemoglobin) damage the red blood cell mem¬ 
brane, which results primarily In Intravascular hemolysis. 
Toxicosis has been noted primarily In horses that are in 
poor condition before exposure to the phenotblazine. 576 
Primary clinical signs Include anorexia, depression, weak¬ 
ness, Icterus, anemia, and hemoglobinuria. 1,7211,75 Colic, 
diarrhea, fever, and dependent edema are less frequently 
reported clinical signs. 5 ' 1 * Clinical pathology reveals anemia 
and elevated indirect bilirubin levels. 576 

Diagnosis is based on a history of exposure to phenotbl¬ 
azine and ruling out other causes of hemolytic anemia In 
the horse. Treatment is basically supportive. A blood trans¬ 
fusion may be necessary if the anemia reaches a critical 
level, 576 

FEED ADDITIVES 

Urea and Nonprotein Nitrogen 

Monprotein nitrogen (NPN) products are converted by 
ruminal microorganisms to ammonia, which is used to 
form amino acids. Therefore, ruminants can use the nitro¬ 
gen from NPN for pari of their diet rather than the more 
expensive natural proteins. Urea is the best knotvn source 
of NPN, and it is also the most toxic. 577 

Toxicosis can result from overexposure or loss of accli¬ 
mation to NPN. Too much NPN may be fed to animals 
because of a miscalculation or bv contamination. Urea tox¬ 
icosis has been reported in cattfe that drank from a water 
source Shat w r as contaminated with urea fertilizer.^ 78 Rumi¬ 
nants acclimate to NPN in their diets through the ruminal 
microorganisms. Animals that have been acclimated to a 
certain level of NPN In their diets and (hen go without 
MPM for more than l day can develop toxicosis. Ruminants 


quickly lose their adaptation to MPM, and toxicosis can 
occur when urea consumption resumes, even if MPM Is fed 
at the same level as previously. 

Ammonia that is not used by the ruminal microorgan¬ 
isms is absorbed from the rumen and detoxified by the liver 
back into urea for excretion. Toxicosis occurs when the 
microorganisms and the liver are overwhelmed by the level 
of ammonia.' 577 - 57 '* As the ammonia level increases in the 
rumen, die ruminal pll Increases and creates a shift from 
charged ammonium ions to uncharged ammonia. The 
uncharged ammonia Is absorbed readily across the rumen 
wall and Increases the ammonia level In the blood 577 

Clinical signs begin 30 minutes to 4 hours after ingestion 
of NPN and Include weakness, dyspnea, salivation, brux- 
ism, bloat, and convulsions. Because death can occur In a 
few hours, some animals may be found dead tvith no clini¬ 
cal signs observed. The rumen pll will be greater than S.G 
with MPM toxicosis. Rumen pll can decrease with time after 
death, so the pH should be determined on a recentIv dead 
animal. 577 - 5 75 

Diagnosis can be made by analyzing rumen contents, 
whole blood, or an eye for ammonia. Because ammonia is 
volatile, the samples should be frozen Immediately after 
collection. Peed material and rumen contents can be ana¬ 
lyzed for urea. Urea concentration In the rumen may not 
be indicative of the amount that was eaten because the 
microorganisms continue to convert urea to ammonia even 
after the animal has died. Therefore, a diagnosis should not 
be based solely on the urea level in the rumen, but In con¬ 
junction with the ammonia levels in the animal. 

ITeatment focuses on decreasing the amount of ammo¬ 
nia absorbed from (he rumen. Adult cattle should be given 
20 to 30 L of cold water orally to reduce the microorgan¬ 
isms 1 ability to convert urea (o ammonia. These animals 
also should receive 2 to 6 L of 5% acetic acid (vinegar) to 
decrease the pi l in the rumen so that ammonia absorption 
is minimized. 577 Rumenotomles can be used to remove the 
excess NPN source. 

To prevent toxicosis, NPN in feed should not exceed 
40% of the total nitrogen requirement, and the animals 
should be acclimated slowly to NPN. Urea should not be 
fed at a concentration higher than 3% of the grain ration 
or 1% of the total ration. 1 " 1 

Am mo mated Feed 

Molasses, hay, and silage can be treated with aqueous or 
anhydrous ammonia to Increase the dietary qualLtv for 
ruminants. Linder certain conditions, these ammoniated 
feeds can cause ‘‘‘bovine bonkers/ 1 ' a disease characterized 
by hyperexcllabilily. Treatment conditions that predispose 
to (he occurrence of the toxicosis are ammonlallng feed- 
stuffs with more than 2G% moisture, treating feedstuffs that 
contain ample soluble sugars, overapplving the ammonia, 
or treating the forage during high ambient temperatures. 
High-quality hays, such as wheat, Sudan, alfalfa, orchard- 

f ;rass, Bermuda grass, fescue, and sorghum, contain high 
evels of soluble sugars and are more often Incriminated 
in toxicosis than are low-quality hays such as corn stalks, 
corn silage, and most small grain straws. 577 

The mechanism of bovine bonkers Is noE completely 
understood. Pyrazines and imidazoles are the primary 
byproducts formed during ammonlatlon. 'I’he two major 
imidazoles that are formed, 2-methylimidazole (2-me-l) 
and 4- methyli midazole (4-me-l), cause convulsions in 
mice, with 4-me-l being more potent. Administration of 
4-me-l has experimentally reproduced the disease In a 
nursing cow without affecting the calf. 577 Nursing calves 
in field cases have developed the disease, 560 - 56L even though 
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she dams did not. ] lowever, when orally dosed with 4-nfie-l, 
cow's developed the dLsease but the calves did nol despite 
ihe Imidazole being detected in the milk and colostrum. 582 
I’herefore, more work Is needed regarding the mechanism 
of this dLsease. 

The most striking clinical sign Is hyperexcitabLilly r which 
can occur spontaneously or can be induced by excitement. 
Animals will suddenly stampede and run in circles or In a 
straight line while they collide with other animals or with 
buildings and fences. Other clinical signs Include ear twitch¬ 
ing, mydriasis, trembling, salivation, increased urination, 
increased defecation, and bellowing. Gross lesions are not 
significant other than bruising and broken bones shat are 
self-inflicted wvjbuu 

Diagnosis Is based on clinical signs and a history of feed¬ 
ing ammoniated feed. Treatment Ls limited to sedation of 
animals. 531 Thiamine also has been used as a treatment, 
with variable results. 577 It Ls often not possible to approach 
an affected animal to treat It without endangering the han¬ 
dler. Most animals recover spontaneously once the ammo¬ 
niated feed source Ls removed. 

Prevention of ammoniated toxicosis focuses on properly 
treating the feed. Only poor-quality roughages with low 
levels of soluble sugars should be ammoniated. I’he amount 
of ammonia used 3iould not exceed of the diy weight 
of the forage. Ammon late only during cool weather so that 
the processing temperature of the forage is less than 70° C 
(15S C F) 577 - 58a 

lonophores 

lonophore antibiotics are used as coccidtostats and feed 
additives for poultry and cattle, lonophoies alter the rumen 
so that a higher Level of propionic acid is produced for 
improved feed efficiency. They also are used to prevent 
rumen acidosis and emphysema In caltk. 53J - 588 Toxicosis 
can result from calculation or mixing errors or from use In 
inappropriate species. Cattle and sheep have been poisoned 
by Ingesting litter from poultry that had been treated with 
an lonophore. 589 

lonophores form lipid-soluble complexes with cations to 
facilitate transport of the cations across lipid membranes. 
iTie monovalent ionopbores are monensln, salinomycln, 
and narasln. Monensln preferentially complexes with 
sodium Lons, w r hereas salinomycln and narasin preferen¬ 
tially bind w r Lth potassium ions. Lasalocld is a divalent 



Lonophore that binds with divalent cations, such as calcium 
and magnesium ions. 535 - 537 

Elorses are the most sensitive species to the Lonophore 
antibiotics. 536590 The recommended dose of monensln for 
cattle can be lethal to a horse. Acute clinical signs in horses 
Include colic, anorexia, weakness, and ataxia. 585 Creatinine 
phosphoklnase {CPK] significantly increases within 24 
hours; AST and serum ALP activities are increased to a lesser 
degree. 586 Unconjugated serum bilirubin will be slightly but 
consistently Increased. Erythrocyte fragility increases.^ 0 
Serum enzymes can be used diagnostically but are poor 
prognostic indicators.™ 1 If the animal dies peracutely, sig¬ 
nificant gross lesions may not be present. Acutely affected 
horses develop degeneration and necrosis of the cardiac 
muscle and to a lesser degree the skeletal muscles. 567 

If horses survive the acute episode of toxicosis, they often 
experience delayed toxicosis because of permanent damage 
to (be heart. These animals have marked cardiac myopathy 
and fibrosis. 533 I’he most noticeable clinical sign is exercise 
Intolerance, and affected animals may collapse and die dur¬ 
ing exercise, making them hazardous to use as riding horses. 

Whereas the heart Is the most affected organ in horses, 
lonophores damage the cardiac and skeletal muscles more 
equally in ruminants. 587 Clinical signs In feedlol cattle 
Lnclude anorexia, pica, diarrhea, hindfimb ataxia, and dys¬ 
pnea. 'these animals have postmortem lesions of hydrotho¬ 
rax, ascites, and pulmonary edema besides hemorrhages 
and necrosis of the cardiac and skeletal muscles. 59 J Signs of 
weakness, increased respiratory rate, nasal discharge, and 
reddened noses have been reported In dairy calves. Postmor¬ 
tem examination revealed pulmonary edema accompanied 
by pleural and peritoneal effusions. The hearts had myocar¬ 
dial necrosis. 535 Sheep reportedly develop depression, 
anorexia, diarrhea, and stiffness. CPK and AST activities are 
Increased. Necrosis of the heart and diaphragm has been 
reported. 58:3 

Diagnosis relies on finding appropriate clinical signs and 
lesions. Currently, analysis for lonophores in tissue or 
serum is not reliable; however, the feed source can be ana¬ 
lyzed for lonophores. 587 

Antidotes for lonophores are not available. 588 ' 587 Mineral 
oil or activated charcoal may decrease further absorption of 
the toxicant. La tge volumes of Intravenous fluids are needed 
to treat debydratLon and shock. 565 Serum electrolyte levels 
should be monitored frequently and fluid electrolytes 
adjusted accordingly. 
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A 

AAEF. See American Association for Kquine 
Practitioners 

AAVLD. See American Association of 

Veterinary Laboratory Diagnosticians 
Abbott Laboratories, 715 
Abdomen 

area, examination, 667 
balloltement, 6 

blood, presence (sonogram ) r 764/ 
distention/pain, 306 
diagnosis approach, 306-3 10 
left side, palpation, 335 
rectal palpation, problems, 39 
sonogram, 516 f 
ventral, pain assessment, ID 
Abdominal causes, classification, 354/ 
Abdominal cavities 
evaluation, 6 

systematic evaluation, 665 
Abdominal contour, 323/ 
animal stance, relationship, 335 
papplc shape, 325 

Abdominal distenLion, 103-105, 333 
causey 3396 

Abdominal examination, 345 
Abdominal fluid, presence, L 03 
Abdominal lavage, concept, 356-357 
Abdominal pain 

causes. See I lorses- Ruminants 
diagnosis approach, 27-23 
Abdominal palpation, 351 
Abdominal radiography, usefulness, 670-67l 
Abdominal sounds, auscultation, B36 
Abdominal splinting, signs 
(observation), 4-6 

Abdominal ultrasonography, value, 309 
Abdominal ultrasound, patient 
preparation, 606/ 

Abdominal walls, auscultation (usage], 7-3 
Abdomlnocentesis, 663, 343 
performing 351 

materials, usage, 353/ 

Abducent nerve (cranial nerve VI), 131 
funclion, 131 

ABC. Ere Arterial blood gas 
Abnormal body postures, alteration, 25 
Abnormal coat IcngLhydensily. Ere Coat 
length/density 

Abnormal intestinal motility, 56 
Abnormal labial approximation, 1456 


Abnormally enlarged ovaries, 1430-1432 
Abnormally small ovaries, 1429-1430 
advanced age 
impact, 1423- li 430 
treatment, 1430 
clinical signs, 1425-1430 
diagnosis, L 423- L 4343 
equine Cushings disease 
impact, 1430 
treatment, 1430 

exogenous hormone treatment, 1430 
gonadal, dysgenesia 1430 
treatment, 1430 
immaturity, 1423 
treatment, 1430 
treatment/prognosis, 1430 
Abnormal muscle, 1034-1035 
insertion activity, 1034 
motor unit action potentials, 1094 
Abnormal neonate 
foal, nutritional support, 313-323 
supportive cate, 325 
Abnormal, peripheral pulse, 54-35 
diagnosis approach, 35 
mechanisms, 55 

Abnormal pigmenLalion. -5re Pigmentation 
Abnormal respiratory noise (stridor), 71-76 
abnormal sounds. Interpretation, 74-75 
aspiration, 60. 76 
biopsy, 76 

complete blood count, usefulness, 76 
definition, 71 
diagnosis approach, 72-76 
endoscopic examination, 75-76 
performing 75-76 
field exercise testing 73-74 
hearing, 72 
history, 72 

interpretation. Ere Yearlings 
lavage, 66 

pathophysiology, 71-72 
physical examination, 72-73 
radiographic examination, 76 
swabbing/scrapping 76 
thoracocentesis. 60 
ultrasound examination, 76 
Abomasal bloat, problem, 340 
Abomasal dilation, 365-366 
clinical pathology, 365-366 
clinical signs, 365 
definition/ctiology, £65 
differential diagnosis, £65 


and those fallowed by b indicate boxed 

Abomasa] dilation (CbnfmjiftJ) 
epidemiology, 366 
ncappsy findings, 360 
pathophysiology, 366 
preventicn/conlrol, 366 
treatment/prognosis, 366 
Abomasa] displacement, 339, 

£55-366 
etiology, 353 
impact, 1367 
pathophysiology, 360 
prevalence/Lncidcnce, 359 
suigical therapy, £60 
Abomasa] impaction, 367-363 
clinical pathology, £67 
clinical signs, £67 
defmi Lion/etiology, 367 
differential diagnosis, 367 
necropsy findings. 367 
pathophysiology, 367 
preven Lion/control, 363 
prognosis, 367-363 
treatments, E6E 
Abomasa] torsion, usage, 7/ 

Abomasal tympany, 333-344) 
clinical signs, onset, 340 
management, 340 
Abomasa] ulcers, 333, 363-365 
clinical pathology, £64 
clinical signs. £63-364 
defmi Lion,' etiology, 363 
differential diagnosis, 363-664 
epidemiology, 364 
necropsy, £64 
occurrence. See Cattle 
pathophysiology, 364 
preven Lion/control, 365 
Lreatment/prognosis, 364-365 
Abomasa] volvulus (AV), 361-363 
clinical pathology, £62 
clinical signs, £61-362 
differential diagnosis, 361-E62 
necropsy findings, 363 
outcome, surgical assessment, 363 
pathophysiology, 362 
preopciative assessment, 363 
prEventicn/conlrol, 363 
prognosis* 362-363 
serum biochemistry profile, £62 
treatment, 362 

Abomasal volvulus (AV) r schematic 
view, 353/ 
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"m 

Abomasum., SI7-313 

abnormal findings, 3I7-B13 
add receptors, 822 
appearance. 337 
dilations, 7-3 
liquid, movement. 367 
milk reflux., 333 
sonogram, 3 14/ 

ultrasonographic abnormalities, S37-3L3 
.abomasum, left displacement 360-36] 
clinical pathology, 3(50 
clinical signs, 3(50 
diFFerenlial diagnosis. B60 
epidemiology. 360 
preventiorv'control, 3(5 L 
treatmeiil/prognosis, 36] 

Abomasum. light displacement. 866 
clinical signs, 30] 
differential diagnosis, 861 
treacmen (/prognosis, 36] 

Abortion, 204-205, 734, 1451-1469. 

See disc Protozoal abortion 
causes. See Goals; Sheep 
diagnosis, c issue samples 
(submission), 2071 
mycotic diseases, impact, J46C5 
congenital baclzrial/fungal/viral infections, 
impact, 239 

congenital defects, relationship. 

737-738 

diagnosis approach, 205-207 
endoroxemia, impact, 6457 
clinical signs, ]457 
diagnosis, 1457 
sreaiment/pneveniion. 1457 
infectious causes. 1452-1457, 

1457-1464 

non i nfectious causes, 6 4 57 
non-noninfectious causes, 145 6-1452 
occurrence, maternal clinical signs 
(absence), 1455 

■AEPEE. See Acute bovine pulmonary edema 
and emphysema 
Abnrs pnecaCwfics, ]704 
Abscesses, 535-536, 774. See aho Stomach 
clinical signs, 536 
definiliorv'cGiolcgy, 535 
diagnosis, 536 
differential diagnosis. 536 
rrearmen ^prognosis, 59(5 
Absent clinical toxicoses, ]63l 
Absenl reflex, indication. 6263 
Absolute eiylhrocytosis. See Primary absolute 
erythrocytosis 
occurrence, 404 
Absorption tests, 675 
clinical applicability, 675 
Absorptive surface area, decrease'da mage, 93 
Accessory sex glands, impact. See Infertility 
Accreditation 

process, change, L553 
program. See National Veterinary 
Accreditation Program. LI_S. 
Department of Agricullure 
ACE. See Angiotensin-converting enzyme 
Acer nrhruFiT, 1703 
Acetabular fractures, 10 
.■Veerarc tape preparation, usage. See Parasites 
Acetonemia. See Ketosis 


Acetylcholine (ACh) 
excitatory neurolransmittec, 739 
receptor levels (increase), neostigjnine 
(impact), 74] 
release, 1032 

Acetylcholinesterase (AChE), 1712 
Acetylcholinesrecase-i n hibiting agents, 
usage, 23(5-237 

Acetyl coenzyme A (CoA), oxidation, 1367 
Acelylcysieine, 302 

AcetylsalicyLie acid (aspirin), usage, 633 
ACh. See Acetylcholine 
AChE. See .Acetylcholinesterase 
Acid-base abnormalities, correction, 323 
Acid-base balance, 375 
approach. 336 
metabolic changes, 339 
noniradiiional/strong ion 
approach. 333-330 
Acid-base disturbances, 775 
correction, 770 
treatment, 775-773 

Acid-base equilibrium, simplified strong ion 
model, 333 

Acid-base imbalance, 336-330. Srediro .Viixed 
acid-base imbalances 
compensatory responses, 336f 
correction, 473 

Acid-base values, determination, 101 
Acidemia, pulmonary vasculature 
(response), 257 
Acid Indigestion, 323 
Acidosis 

counteraction, ability, 358-360 
severity, 922 

Acids, 1350-135]. See disci Toxic acids 
.Atunitcun spp. (monkshood). 6635 
impact, 237-238 
Acorn poisoning. 327 
rarity, 327 

Acorn toxicosis. See Oak toxicosis 
Acquired erythrocyte5is, I ] 72-1 ] 73 
Acquired flexural deformities, 1245 
Acquired hemostatic disorders, 6143-t 143 
Acquired hypopigmentatlon 
(leukoderma), 192 

Acquired mannosidosis. See Locoivced 
poisoning 

Acquired megaesophagus, 693-632 
Acquired torticollis, 1039 
.Acquired toxic porphyrias, 
development, 6 ] 63 
Acquired valvular head disease, 466 
association, 467 
commonness, 467 
palliative therapy, application, 467 
ireatment/progjiosis, 467 
.Acremwrium coenoph iiji'upjr, 6234 
.AcjcTiw/rfifBi sfrirfum, 532 
A Lin I. See .Adrenocorticotropic hormone; 
Adienocorticolnopin 

Actinobacillosis (woody tongue wooden 
Longue), 783-735 
biopsy findings, 784 
clinical pathology, 734 
clinical signs, 733-784 
definilion/eliology, 783 
differential diagnosis, 733-734 
epidemiology, 734 


AclinobadllosLs ( woody longue // wooden 
tongue) (Qmtinjtftf) 
lesions 

characterization, 784 
soft tissue, involvement 733-784 
necropsy findings, 734 
palhophysiology, 734 
prevention/control, 785 
sodium iodide, therapeutic benefit 
(onset). 735 

treatment/prognosis. 734-735 
ArtmdnufJ/iM etfuzdc, 313, ]07B 
.ActtiwfaicBlfajts I'rgn ierem, 733 
strains, sensitivity, 785 
Aetinobocilhts species, 233, 304 
.Actinomycosis (lumpy jaw), 735-736, 320 
ArCrraPifijm' ku-is. usage, 735 
biopsy findings. 735 
clinical pathology/diagnosis. 785 
clinical signs, 785 
dcfinition/ctiology, 735 
differenlial diagnosis, 735 
epidemiology. 735 
hematologlc/clinlcal chemistry 
findings. 735 

Lsoniaxid, effectiveness, 736 
medical treatment, 736 
necropsy findings, 735 
pathophysiology, 735 
penicillin, usage, 786 
prevention/control, 786 
treatmenl/prognosis, 735-736 
Actinomycotic bone lesions, 
treatment, 785-736 
Activated dotting time (.ACT), 
determination, 101 
Activated macrophages. Infiltration 
(photomicrograph), 531/ 

Activated partial ihromboplasrin lime 
(AF1T), 417 
prolongation, 235 
causes. 419 
usage, 53 

Active AT-lll, increase, 721 
Active chorioretinitis, impact. ]23l 
Active hepatocellular damage, 
occurrence, ] 15 
Active inflammation, swelling 
(Indication), 226 
Active uveitis, hypopyon 

(characterization), 1291/ 

■Acute abdomen, 344 
abdominal examination, 345 
abdominocentesis, 343 
acid,-base Imbalances, correction, 343 
ancillary tests, 347-846 
in Li microbial drugs, usage, 343 
biochemical profile, 347-648 
blood gas analysis, 347 
blood lactate concentration, 347 
clinical signs. 344 
diagnostic Imaging 646 
differential diagnosis list, 343 
electrolytes 

examination, 847 
Imbalances, 343 

exrraabdominal examination, 345 
fibrinogen, increase, 667-332 
fluid therapy, 848-349 





Acute abdomen (Cwrn'rrued) 
follow-up, 650 
history, 344 

inflammation, control, 343 
management. 344 

medical supportive treatments, 646-350 
mcdical/sutgjcal decision. 343-350 

pain 

control, 64 3 

severity,, evaluation, 344-345 
packed cell volume, 347 
physical examination, 644-347 
radiographs. 646 
Ringers solution, usage. 643 
surgery, 343 

LoLal solids, examination, 347 
LreaLmcnts, 343-350 
ultrasonography, 343 
urinalysis. 646 
visoeral/parielal pain. 

differentiation, 344-345 
visual examination, 644-345 
vital parameters, evaluation, 345 
white blood cell (WBC) count/ 
differential, 646 
Acute Artfjuiunlhu sepliccmia. 
development, 343 

Acute arsenic toxicosis, diagnosis, 17-03 
Acute blood Loss, 1144 
erossmateh, process, 1144-1145 
diagnosis, 1133-1137 
supportive care, 942 
treatment. 1 144 

Acute bovine viral diarrhea virus (BVDV) 
infections, 734 

bovine respiratory disease (BRD), 
relationship, 734 
i immunosuppressions. 

relationship, 734-735 
reproductive consequences, 735-73(5 
Acute bovine pulmonary edema. (544 
clinical signs, (544 
dclinition/eliology, 644 
diagnosis, (545 
epidemiology, 644-545 
necropsy findings, 545 
pathophysiology, 644 
treatmeni/pnevention, 645 
Acute bovine pulmonary edema and 
emphysema (ABPEE), 644 
death, 501 

Acute bovine pulmonary emphysema, 544 
clinical signs, 644 
definition/eticlogy, 644 
diagnosis, 645 

dry range forage association, 233-239 
epidemiology. 644-545 
necropsy findings, 545 
pathophysiology, 644 
L re at me n tf p reve n t i o n, 645 
Acute bnonchointerstilial 
pneumonia, 539-540 
Acute bovine viral diarrhea virus (BVDV) 
infection, 793-734 
differential diagnosis, 733-734 
impact, 734 

Acute clinical toxicoses, 1631 
Acute clostridial disease, 233 
Acute colic, presence, LD4 


Acute colitis, fluid administration, 743 
.Acute coughing, 50 
.Acute diarrhea, 742-750 
causes, 747-743 
diagnostic evaluations, 743 
onset, 747 

patients, clinical assessments. 746 
therapy, principles, 743-743 
.Acute diffuse septic peritonitis, 
observations, 355 

■Acute dyspnea syndrome, occurrence, 60 L 
.Acute glomerulopathy, 327 
consideration, 327 

.Acute hemorrhage, fluid considerations. 

See Horses 

.Acute hepatitis. See Serum sickness 
.Acute hyperkalemir periodic paralysis 
episode, fluid guidelines, 150it 
.Acute hypocalcemia (milk fever), 1370-1371. 
See tiko Dairy cows 
etiology, 1371 

metabolic alkalosis, role, 1171-1372 

occurrence, 1170 

prevention 

low-calcium, prepartal diets, usage, 1372 
vitamin D, usage, 1372 
treatment,. 1370-1371 
.Acute inflammatory disease. See CaLLlc 
.Acute interstitial nephritis, 323 
syndrome, rarity, 323 
.Acute interstitial pneumonia (.AIR), 537 
impact, 623 
signs, 503 

.Acute laminilis. See Horses 
.Acute laminilis, signs, 1225 
■Acute lead intoxication, 237 
.Acute leptospirosis, treatment 970 
.Acute leukocytoclastic vasculilis, skin 
biopsy. 1143 

.Acute liver disease, impact 1431-1432 
.Acute lung injury (AL1 // acute 

bronchoinlerstitial pneumonia), 

433, 1494 

antiin flammaLory treatment 533 
clinkal/diagnosfic/postmortem 
findings. 537-533 

definition/pathophysiology, 536-537 
diagnosis, 533 

hypoproteinemia. monitoring. 1504 
pathophysiologic events, division, 537 
resolution, 537 
treatmen^prognosis, 533 
■Acute macromineral insufftriency/imbalance, 
diagnosis. Slv Ruminants 
.Acute mucosal disease, 736 
characterization, 736 
.Acute myocarditis, prevalence, 472 
.Acute neurologic injury 
fluid guidelines, See I lorses 
fluid therapy. 1433-150 L 
.Acute osteomyelitis, 1214 
antimicrobial treatment, response, 1215 
radiographic signs, 1214 
Acute pain, 26 
resolution, 26 
■Acute pancreatitis, 549 
medical management, 323-324 
■Acute pharyngilis, occurrence, 562 
■Acute phase proteins, 35 


Acute renal failure {.ARL-), 325, 326 
cause, 346-343 
development, 326 
diagnosis, 326 

fluid considerations. See 1 lorses 
treatment, principles, 323-930, 343 
Acute respiratory distress syndrome 
(ARDS), 433, 536-533, 641-65 L 
antiinflammatory treatment, 536 
eli ni cal/diagnostic! 1 postmortem 
findings, 537-533 

defmi Lion; pal hophysiology, 536-537 
diagnosis, 536 
fluid guidelines, I504fr 
fluid therapy, L503-L504 
hypoproLcinemia, monitoring 1504 
pathophysiologic events, division, 537 
reflect ion coefficient, alterations, L494 
resolution, 537 
treatment;prognosis. 533 
Acute rhabdomyolysis, 1402-1403 
causes, proposal, 1402 
mortality rate, 1402-1403 
Acute ruminal acidosis, 343 
toxic factors, S3 L 
Acute ruminal impaction, 329 
Acute ruminal lactic acidosis (grain overload 
ff toxic indigestion), 323-631 
Acute superficial digital flexor tendon injury, 
clinical signs. 1243 

Acute suspensory ligament desmiiis, clinical 
signs, 1243 

Acute toxic nephrosis, clinical 
characteristics, 367t 

Acute Lubular necrosis £.ATN), 926, 330 
pathologic lesion, 343-343 
Acute urethral obstruction, 350, 953 
clinical findings, 950-351 
differential diagnosis, 351 
Acute urticaria. See Horses 
ACVlhl See .American College of Veterinary 
Internal Medicine 
Acyclovir, efficacy, 543 
Adaptive immune system, role, 

556-557 

Additives, comixlure incompatibility. L 515d 
Adductor muscles, strain, 14 L1 
A-delia nociceptors, 23-24 
Adenocarcinomas, 533 
Adenomas, 593 
Adenomatosis, 644 
Adenomatous hyperplasia, 263 
Adcnopapillomas, 533 
Adenosine, pain implication, 24 
Adenosine monophosphate (AMP) r 365 
Adenosine triphosphate (.ATP), 365, 701 
depiction, 1023,372-1040, 1077 
metabolism, 24 
usage, 30 
Adenovirus, 345 
Adenoviridae family. 543 
noncnveloped double-stranded DMA 
viruses, 613 
Adhesions, 354 
defmi Lion, 354 
Adiaspiromycosis, 530-531 
Adiaspiromycolic miliary fungal 
pneumonia, 530 

Adipose tissue, energy storage, 1367 
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’Si- 

Adjuvanteti Lexid (culture 
supemalant), 1607 
Administration sets, replacement 
frequent 772-773 
Adnexal tumors, 1304-1305 
Adolescent lymphoma.. M74 
AdriTi.il exhaustion. 1345 
Adrenal glands, 1345 
pairing, 1345 

Adrenal insufficiency, 1345 
Adrenocorticotropic hormone (ACTII), J 63 
administration, 562, 166B 
influence, 234 
receptors, upregulation, 235 
release, 25 

Adrenocorticotrcpin (ACTH),, 
circulation, ] 33D* 

.Adu.lt acquired immunodeficiency, 1676 
Adult beef bulb, vaccines (usage), 1536k 
Adu.ll beef cows, vaccines (usage), 1536k 
Adult cattle 

antimicrobial dr Lie:-;, pharmacokinetic 
parameters, 233i 
bronchopneumonia, 627. (537 
copper poisoning, 1 L(57 
recta] palpalion, 172 
septic arthritis, pathogens, 
involvement, 1201 
.Adult cows 

hydration status. 1 L32 
vaccination, 1617 

.Adult dairy bulls, vaccines (usage), 1537Jr 
.Adult dairy cows, vaccines {usage), 1537b 
.Adult herbivores, intestinal carriage, 5L2 
.Adult horses 

abdomen, sonogram, 764/ 
ancillary diagnostic tests, L(53 
bacterial bronchopneumonia, 

antimicrobial agenls (usage), 5061 
bacterial pneumonia. 500-510 
bladder rupture, 34(5-947 
blood analyses, 1 62 
clostridial enterocolitis, impact. 74(5 
diarrhea, division, 742-743 
diet analysis, 162-163 
diet h istory, 161 

endotoxin, subleLhal dose, 717-713 
feces, examination, 161 
feeding program, improvement, 162-163 
gastric ulcers, treatment, G35t 
history, 160-161 

history, clinical signs, 1036-1033 
hyperthyroidism, 1343 
hypothyroidism, 1346-1351 
treatment, L 350-135 3 
infectious agenls, involvement, 501 
liquid diets, 1643-165 L 
nutrient requirements. 160 
parasite control, goal. 1627 
parasite control, strategies, 1 62 B- L 631 
factors, 162 7-162 B 
parenteral nutrition, 1653-1654 
formulation, 1654( 
worksheet, 1643-1654 
physical examination, 1 6 I 
pleuropneumonia, 500-510 
R. e^ui-speciflc concentrations, 514 
rectal palpation, 172 
thyroid function, assessment, 1 350 


Adult horses (Cbn finite^) 
vaccinations, 1573 

Vap.A-specific IgCa/lgCb antibodies* 514 
ventral sternum, bone marrow collection 
site (preference), 423 
weight loss, diagnosis/managemenl 
approach. 160-1 63 
Adult lymphoma (bovine leukemia 
virus), 1 174 
control, 1176 
diagnosis. 1175-3176 
economic importance, 1 L75 
epidemiology, L174-L175 
physical examination, 1375 
serologic testing, 1 L 75-1 L 76 
transmission, L176 

Adult mare, transabdominal ultrasound 
image, 673/ 

Adult ruminants 
ancillary diagnostic tests, 164 
blood analysis, 163 
diet analysis, 163 
diet history, E63 
feces, examination, 163 
feeding program, improvement, 163 
history, 1 63 

normal resting heart rales, 3 1 
normal resting respiratory rales, 3t 
physical examination, L63 
weight loss, diagnosis/management 
approach. 163-1 64 

Adults 

gastric ulceration, clinical 
syndromes, 697-633 
rib fractures, 552-553 
.Wes L^hopirtiii, 331 
AEDs. See Anticpilcptic drugs 
AEI£C. See Attaching and effacing Esrhm'cJiid 
coFi 

AEK See Assisled enleral feeding 
Aeromask, usage. 561, 566 
Aerosolized antimicrobial agents. 507 
adjunct usage, 507 
Aescuius spp., 1639 
Afferent pathways, proprioceptive 

information (responsibility), 126/ 
AflaLoxin B,, potency, 1705-1706 
Aflaloxins, 1705-1706 
impact, 1705 

African hoofed ungulates, malignant 

catarrhal fever (MCF) clinical signs, 300 
African horse sickness (A1 IS), 390 
Aftosa. See Foot-and-mouth disease 
A/G. See .Album in-lc-gjobulin 
Agalactia, 207, 2 15-2 16 
confusion, 215 
diagnosis approach, 216 
Agammaglobulinemia, 1674 
clinical pathology, 1674 
clinical signs, 1674 
definilion/etiology, 1674 
differential diagnoses, 1674 
necropsy findings, 1674 
pathophysiology, 1674 
treatment, 1 prognosis* 1674 
Agar gel immunodiffusion (AG1D), 336, 
515-516 
status, B3 
test, 656-657 


.Agar gel immunodiffusion (ACID) 
(Cdndriitftf) 

usage, 334, 1175-1 L 76 
US DA recognition, 1206 
spp., 1697 
Age 

determination, teelh (examination). 730 
impact. See Immune functions 
spp., 1705 

Aglycone. See Atethylazoxymerhannl 

Asrvpynm desertantm, 1701 

AJ [R. See Airway hyperreactivity 

.Al IS. Sec African horse sickness 

AHV-1, isolation, 301 

■Al. Set Artificial insemination 

Aino virus infection, 1030 

■AIT. See Acute inlcrslitial pneumonia 

■Airborne transmission, 1535 

Airflow 

extralhoracic obstructions, 3 
reduction, 45 

resistance {increase), dynamic 
compression (impact), 44-45 
.Air resistance, increase, 69-70 
Airway 

abnormalities, 492 
aspiration, performing, 496 
gross obstruction, 75 
hypenesponsiveness. 563 
mediators. 565 

lumen (narrowing), recurrent airway 
obstruction (impact), 45 
nanowing, increase, 72 
obstruction, 574 

Airway hyperreactivity (Al IR), 500 
Airway-oriented neoplasia, 50 
Akabane virus, 275 
infection, 1030 

ALA. See Alpha-aminolevulinic acid 
.Alar folds, collapse, 7B 
.Marinins, 712 
■Albinism, 192, 1332-1333 
lethality, 1333 
.Albumin, 773 
production, 4 L 4, 415 
radioisotope, binding. 434 
AJbumin-lo-globulin (A/G) ratio, 41L 
.Albuterol, 56 I 
usage. 567 

.Alcohols, 1701-L 702. See disc Toxic alcohols 
.Alert downers. See Down cows 
.Algae, sensitivity, 1630 
■All. See .Acute lung injury 
Alimentary lymphoma, 1 L 77-11 173 
.Alimentary tract 
imaging. 669-674 
nuclear medicine procedure, 674 
treatment, 6B2-634 
.Aliphatic arsenic compounds, 1709 
.Aliphatic organic arsenic compounds. 1709 
.Alkaline phosphatase (ALP), 332. 1033 
elevation, 396 
releasq, 332 

serum concentrations, 1062-1063 
increase, 1 634 

.Alkaline ruminal fluid pEl, occurrence, 331 
.Alkalizing agents, usage, 770 
.Alkaloids, 1634-1637 
concentrations, exposure, 1065 




Alkalosis, calcium binding (increase), 1355 
Allanlochorionie infusion, usage. 

See Retained felal membranes 
Allele 

copy, ] 660-1661 
definition, 1 660 

Allergen-specific Immunotherapy 
(ASU) # 1307 

Aileron testing. See Coughing 
Allergic blepharoconjunctivitis, 12B3 
allergen, offense. 1235 
diagnosis, 1239 
Allergic rhinitis, 552 

differential diagnoses, 552 
occurrence, 552 
treatmenl/control, 532 
Allergic urticarias, 1 JOB 
Allicin, usage, 370 
ANium 5pp., 1703 

Allogeneic incompatibilities, impact. 

See Disease 

Alloimmune ihrombocytopeni a. 

See Keunates 

All or nothing response, 1052 
ALP. See Alkaline phosphalase 
Alpha a adrenergic agonists 
inhibitory effects, 733-740 
usage, 315-31(5 

Alpha..-adrenergic antagonists, 742 
Alpha-agonists, sedative 
function, 343 

Alpha-2-antiplasmin (■x-Ar), 1147 
Alpha,-aniipLasmin lest, 42 l 
Alpha-aminolevulinic acid (ALA), 1013 
detiydrase, activity (interference), 1034 
Aipha-gjobulins, division, 414 
Alpha-hemolytic S Hep to comer, 202-263 
Aiphaherpesvirinae subfamily. 

See 1 terpesvicuses 

Alpha-mannosidosis (pseudolipidosis), 14B, 
1053 

clinical signs, appearance. 1056 
concentration, 105 E 
pathology, 1053 

Alpha melanocyte-stimulating hormone 
(cchtSH). 15, 1313 
ALphaviruses, 3B5-33B, 333 
clinical findings. 337 
diagnosis, 337 
epidemiology. 535-3 B6 
etiology, 335 
pathogEnesis, 3B6-337 
pathologic findings. 537 
prevention, 3B3 
treatment, 3B3 

ALS. See Amyotrophic lateral sclerosis 
Altered male sexual function. See Male sexual 
function 

Altered muscle tone, 133 L-] 132 
AfleiThan'd species. 524/ 

Alveolar-arterial (A-a) gradient. 

determination. See Oxygen 
Alveolar capillaries, rupture, 571-572 
Alveolar ffaction, L1L2 
Alveolar gas exchange, estimation, 435 
Alveolar hypoventilation, 63-70 
Alveolar oxygen partial pressure (FAt^). 

calculation, 435 
Alveolar pressure, inn-ease, 572 


Alveolar septa, fibromusrular hyperplasia 
(development), 563 
.Alveolar ventilation 
chronic impairment. 1173 
improvement, 552 
AmardPidflis retrqflexus, 1 703 
AjnizrdFirJnrjs spp., 1752 
Ajrahljiom ffld hehraeum T 1013 
AMDUCA. See Animal Medicinal Drug Use 
Clarification Act 

.American Association for Equine 
Practitioners (.AAEF) 
insurance pamphlet, 15 
report,1135 

.American .Association of Veterinary 
laboratory Diagnosticians 
(.AAVLD), 44 L 

American College of Veterinary internal 
Medicine (ACVLM), 563 
.American Faint horse, while foal 
syndrome, 1662 

.American Veterinary Dental College 
KomenrlaLure and Classification 
Committee, numbering system 
endorsement, 677-67B 
.American Veterinary Medical Association 
(AVMA) 

AVMA-accreditcd institutions, 
survey, 1537 

Position Statement of Disabled 
livestock, L103 

AhiH. Sec Antimiillerian hormone 
.Amino acids 

metabolism, disorders, 273 
sources, 365 
■Aminoglycosides, 325 
administration, 325. See disc High-risk 
paLients 

ineffectiveness. See Anaerobic 
microenvironment 
nephrotoxicity, 325-326 
■Aminonitrik, 1062 
Am mi nur/tif, 1653 
Ammon ialed feed, 1713-1713 
clinical sign, L71D 
diagnosis, 17 L9 
toxicosis, prevention, 1713 
Ammon iated forage toxicosis (cow 
bonkers), L032 

.Ammonium molybdate, dietary 
supplementation, 1 L6S 
.Ammonium tetcathiomolybdate, 
treatment, L637 

.AMP. See Adenosine monophosphate 
Amphoteriein B. 526 
.Amphotericin B deoxvcholate, polyene 
antibiotic, 526 

■AmpiciLlin. ihccapeutic synovial 
concentrations, 363 
AmpLicon, 443 
.Amplitude, reduction, 1535 
.Ampulla, lesions (location), 725 
.Amygdala, ascending pathways 
(activation), 26 
.Amyloidosis, 363-364 
clinical pathology, 563-364 
clinical signs, 363 
differential diagnosis, 364 
necropsy findings,. 564 


Amyloidosis (Ctmtunw^) 
pathophysiology. 564 
prognosis, 364 

Amyotrophic lateral sclerosis (ALS // Lou 
Gehrig’s disease). 1074 
AnizEwar/Tasiufuite, 1513, 1704 
Arwcysfis cytanea, 1 153-1 11 1 
Anaerobic bacteria 
isolation, 501 
presence. See Peritonitis 
Anaerobic micTocnvi ronment, 

aminoglycosides (ineffectiveness), 1512 
Anaerobic pleuropneumonia, 
treatment. 506-507 
Anagcn, 133, 155/ 

Analgesia, 113-140. See aha Focal analgesia 
Analgesics, usage. See Fain 
avoidance, 26-27 

Analytical toxicology, sampling guide. 1632t 
Anamnesis, importance, 315 
Anaphylaxis, 652 
pathogenesis, 652 
treatment, 652 
ArwpJasma mai&mle, 401 
subsp. ffFiinrJf, live vaccine 
(derivation), 1620 
ArwpkiFJta pfui£ocytijphilii r 1456 
microseopic/molecuiar detection 
period, 446/ 

Aniy?IizsFJfie pJiagarytppfti/a infection. 

See 1 torses 

AnqjyJasma species. Ixodidae tick 
transmission, 1156 
Anaplasmosis. 1155, 1620 
clinical sign*. 1155 
commercial vaccines, availability 
(absence). 1620 
deffniLion/eliology, 1155 
differential diagnosis, 1 L55 
epidemiology, 1356 
exception, 451 

immunoprophylaxis, absence, 1 L57 
pathology. 11 56 
pathophysiology. 1156 
prevenlion/conltol, 1156-1157 
tetracyclines, usage, 1156 
trealment, 1156 

Anaplastic malignant melanomas. 1130 
Ancillary diagnostic procedures. See Eyes 
Anemia, 164-365.400, 1674-1675 
clinical sign*, 451 
development. 157 
pathophysiologic mechanisms. 450 
result, 7B 

whole-blood transfusion, 
consideration, 1 144 
Anesthetic-related myopathy, 1332 
Anestrus, 133, 135-201, 1421 
congenital/heredirary anomalies, 225 
corpora luLca, retention/persistence, 205 
diagnosis approach, 201 
differential diagnoses/causes, 133-201 
energy deficiency, impact, 200 
heat detection, inadequacy (impad). 200 
hypoth alamic/piluitaty suppression, 
impact. 200-20 L 
photoperiod, impact, 200 
pregnancy, impact, 353-200 
progesterone levels abnormality, 205 
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Anestnrs (Cbnrbriw.fi!) 

psychologic problems, impact, 200 
sign, 199 

Aneurysms, 473-432 
clinical paLhology, 430-43] 
clinical signs, 4 BO 
definition^'ctiology, 475-430 
differential diagnosis. 430 
epidemiology, 431 
necropsy findings, 43 L 
outcome, 431 
pathophysiology, 4B1 
preventiorp'control, 432 
ireatmenVprognosis, 432 
Angi dc ardiograph>■, 457. See aise N uclear 
angiocardiography 
performing. 453 

Angiotensin-converting enzyme (ACE] 
activity (prevention), cnalapril 
(impact], 574 
inhibitors, 4(57-463, 333 
Angiotrophic lymphoma, 117B 
Angora goals, Eftr/tltM infection 
(susceptibility), 101 B 

Angular limb deformities, 274, LI 53-11 57 
arthropathy, suspicion, J 134 
clinical signs, ] 133 
definition/etiolcgy, E J 53 
evaluation, 1134-] L 35 
geometric evaluation, methods. 1135/ 
pathophysiology, 1133-1134 
radiographic evaluation, I ] 54 
radiographic findings i ] 54-1 ] 55 
surgery, decision, 1137 
Angus calves 

micrognathia; 1 cerebellar hypoplasia, 1056 
neuronal lipodystrophy, LOGO 
Angus cow, fool rot, 1 235/ 

Angus males/fcmales, mean growlh 
curves, 154/ 

Angus steer 

stranguria. 171/ 

urethral obstruction, urolith (cause), 171 / 
Anhidrosis, 33 r 1345 
cause, uncertainty, L345 
clinical paLhology, 134(5 
clinical signs, 134 6 
diagnostic icsts, 1346 
differential diagnoses, 1346 
disease, description, 1345 
endocrine component, 1345 
episodes, recurrence (prevention), 3347 
eLiology, 1345-1346 
medical therapy, 1347 
pathophysiology, 1345-1346 
creacmen 1/prevent ion/ 
prognosis, 1346-1347 

Animal and riant 1 lealth Inspection Service 
(API IIS), 1551 
personnel assistance, 1555 
Animal blood groups. See Domestic animal 
blood groups 

Animal Medicinal Drug Use Clarification Act 
(AMDUCU 1508 
Animal proteins, usage, 369 
Animals 

agent shedding, identification, 1545 
appearance/conformation, 3-4 
chemical restraint, 322 


Animals (Cff^rturueri!) 
chronic persistent coughing. 623 
contact Items, 1529 
dental attrition, examination, 78 L 
evaluation, 344-350 
full necropsy, cost, 623 
hepatic lipidosis, fat metabolism, 91^jf 
housing 1533-1535 
insurance, 15 
movement, 1533-1535 
ownership, duration. 45 
pain, human pain (equivalence), 

26-27 

serous nasal secretions, 50-51 
signal ment, 844 

systematic approach, development, 3 
vital parameters, evaluation, 345 
Anion gap. 335 
acidosis, 3B3 
usefulness, 389 
Anion supplementation, 
guidelines, 1371-1372 
Anisocytosis, 402 

Ankylosed vertebral bodies, fracture 
risk, 1223 

Ankylosing spondylitis, 1073. 

See ititt I lolstein bulls 
Ankylosis, 1212-1213. See izfcu Facilitated 
ankylosis 

clinical sign*;. 1213 
defini Lion,'el iolcgy, 121 2-1 213 
differential diagnosis, 1213 
sites. See 1 torses 
Lnea Lment/prognosis, L 2 L 3 
Annual beard grass. See Folypogon 
monpjjwdrenri'j 

Annual ryegrass staggers, 1064 
clinical signs. 1964 
differential diagnosis, 1015 
pathologic changes, 1064 
pathologic lesions, 1064 
prevention, 1064 
treatment, 1064 
Arwptoaki rfuadTimacuialus, 53 I 
Anorexia. See Domestic species 
definition, 153 
development. 54 B 
occurrence, 156-153 
prolongation, 843 
Anovulatory follicles, 1431 
clinical signs, 1431 
Lransrectal ultrasonographic image, 
1432/ 

Lrea Lment/prognosis, 1432 
Anplorephiala pcifdiata, association, 
313-314 

Anterior enteritis,, 725 
Anterior functional stenosis. See Dmasal 
transport failure 

Anterior ocular opacities, hiomlcroscopy 
(usage), 1265 

Anterior thorax, space-occupying Lesion 
(indication), 3-3 

Anterior uveitis, episodes, 1292/ 
Anthelmintic administration, 
coordination, 1638 

Anthelmintic characteristic, 1627-1623 
Anthelmintic drugs, L 644 -L 645 
Anthelmintic research. 1627 


Anthelmintic use, 1644 
discussion, L633 
drug action, L644 
Anthrax, 1L 80-1L83, I5B7, 1621 
carcass management, 1132 
cause. 1587 

clinical presentation, 1131 
death, 1 18 L 
diagnosis, 1131-1132 
direct smears, examination, 1132 
epidemiology. E1B1 
etiology, 1131 
fatal ily, impact, 1621 
pathogenesis, 1131 
pathology, 1131 
public health, L132- L133 
spores, ingestion. 1131 
treatment, 1 'contral/pnevention, L 3 32 
vaccination, 1 L 82 
worldwide occurrence, 1 L 8 L 
Anli-Aa antibodies, L636 
Anti-iBiztesiVi antibodies, detection, 1E5B 
Antibacterial soap, usage, J 530 
Antibiotics 

alternatives, 370 
mass medication, impad, 631 
Antibodies, production, L667 
Anticholinesterase insecticides, 1712-1713 
clinical signs, 1712 
mechanism, L712 
screen, performing, 1712 
Anticoagulant rodenticides, 1714-1715 
diagnosis, 1714-1 715 
first-generation compounds, 17 L4 
function, L 714 
toxicosis 1714 
Vitamin Ki treatment, 1715 
Anticoagulants, 33 B 
Anticonvulsant treatments, 
initiation, 1042-1043 
Antiedema therapy, 322 
Antiendotoxic drugs, data (review), 719 
Antiepileplic drugs (AMDs), 1042 
Antierythrocyre antibodies, presence 
(documentation), 1 L 63-1 L 64 
Antifreeze poisoning. See Ethylene glycol 
toxicosis 

Antigen-capture KUSA-hased assays, 542 
,Antigen-specific cytotoxic T lymphocytes 
(CXLs) r 1576-1577 
Antiinflammatory drugs, 162 
Antiinflammatory therapy, 922 
■Antimicrobial activity, synergy, 1514 
Antimicrobial- associated dianhea, 

747 

colonic microflora, disruption 
(association), 747 
■Antimicrobial deficiency. 1438 
■Antimicrobial drugs 
concomitant use, I5l!4i 
restriction, 1514 
distribution ability, 1512 
effect. L5L2-I5I3 
expectation, 1506 
infection ability. 1512 
metaphyiactic use, 1517-1 519 
perioperative use, L5L8 
prophylactic use, 1517-1513 
controversy, 15 L7 





Antimicrobial drugs (Cmrn'jiued) 
guida nee, 1517 
principles, 1513-15 13 

Antimicrobin] mctaphylaxis, ambiguity, ]437 
Antimicrobial prophylaxis 
ambiguity. 1513 
dural ion, 15 3 9 
Antimicrobial prcMcins, 1114 
Antimicrobial resistance, drug use 
(relationship), L543-L550 
Antimicrobials 

delivery, inhalation (usage), 507 
role, 3(51-362 
sai'ety, 361 

sensitivity patterns, determination, 63] 
susceptibility, 361 
Lherapeulic targeting, 361 
therapeutic use. determination 
(criteria), 3 522b 

Lherapy, efficacy. See Oral antimicrobial 
Lherapy; Parenteral antimicrobial 
therapy 

usage. See Calves 

Antimicrobial susceptibility testing, 

limitations (understanding). See Clinical 
mastitis 

Antimicrobial therapy 

considerations, 1507-1 SOB 
cost 1503 

patient, consideration, 1 506 
predication, 1503-1503 
principles, 1506 
list L507b 

receiving, 1503-] 510 
success, problems. L509 
Antimiillerian hormone (AMI I), 142B-L423 
Antioxidant therapy, 322 
AntiprosLaglandin drugs 
helpfulness, 555 
LreaLment, 290 
Antiprotozoal drugs, -362 
AntL-Qa antibodies, 1636 
Anti-red blood cell (REC) antibodies, 
detection, 1(533 

Antithrombin III (AT-lll), 420, 1146-1147. 
See izfsv Plasma antithrombin 111 
deficiency, clinical sequela, 420 
downiegulition. 717 
usage, 713-719 
Antiviral drugs, 543 
Anuria, 177 
definition, 177 
evidence, ]77 
LreaLment. 1436 

Anuric renal failure, fluid therapy, L 45(5 

Anxiety, 134 

Aorta 

dextroposition ing/transpusition, 

461-4(53 

pressure curve, shape, 439 
two-dimensional rehocandiogram, 471/ 
Aortic anomalies, 461-463 
Aortic root, enlargement (two-dimensional 
cchoeardiographic image), 466/" 

Aortic valve regurgilalion, 466 
Aortoiliofemoral thrombosis, impact, 79 
Apgar score, 166f 

modification, 265-266 
Ajpjfcurrzflpjwnp.it ^frr-jrtpjae, 103E, 1704 


APHIS. See Animal and Flanl Health 
Inspection Service 

.Aphthous fever. See Foot-and-mouth disease 
Aplasia culis. See Epilheliogenesis imperfecta 
Aplastic anemia, L171-1172 
diagnosis, 1172 
stem cell disorder, ] 17 L-] 172 
treatment-aims, 1172 
.Apnea, 490-491 
Apocytum spp., 1697 
■Appaloosa foal, muscle mass, 1394/ 
■Apparent photophobia, ocular pain 
(sign), L263 

AF-FCR. See .Arbitrarily primed PCK 
APTT. See Activated partial thromboplaslin 
time 

AQUA, registralion, 3332 
.-Arabian fading syndrome. See luvenile 
.Arabian leukoderma 
.Arabian horses 

cerebellar abiotrophy, hypoplasia, 1057 
cutaneous habronemiasis, 1327 
equine degenerative myeloencephalopaLhy 
(EDSl). incidence. 1072 
.Arabian mare, cysloscopic image. 342/ 

.Arab marc, standing lateral radiograph, 670/ 
Arachidonic acid, conversion, 14 
ARA5. See .Ascending reticular activating 
system 

.Arbitrarily primed PCR (AP-PCR), 301 
.Arcades, alignment See Dental arcades 
AnMJwfcfliciercum (Actinonryces) pyogenes, 205, 
463, 535, 593, 616, 660 
involvement, 353 
mastitis pathogen, ] L2S 
secondary ulcer invader, 324 
ARDS. See Acute- respira tory distress 
syndrome 

ARK. See Acute renal failure 
.Argasid tick (OrprftJradmH roTiannjfJ. 205 
.Arginine vasopressin (AVF), 35 
■Arnold-Chiari syndrome. 1033. 

See Liiin Congenita] vertebral anomalies 
.Aromatic organic a rsenic chemicals, 1703 
Arrhythmias 
causes, suspicion, 433 
identification, B6 
Arrivals, quarantine, 1557 
.Arrow International. 7 13-720 
.Arsenic, 1709-L7L0, 1714 
clinical signs,. 1 709 
existence. See Inorganic arsenic 
lesions, 1703 
treatment, 1703-1710 
types, ]7Q9 

.Arterial blood gas (ABC) 
analysis. See Cyanosis 
importance, 512 

usage. See Fulmonary dysfunction 
usefulness, 330 
analyzers, portability, 434 
data, absence, 301 
determinations, 494 
sample, interpretation, 301 
■Arterial blood pressure, ] 430-149 L 
measurements, 3430 
■Arterial pE] values, 495r 
.Arterial pressure pulse, schematic 
illustration, 34/ 


Arterial pulse, palpaLion, 34 
Arteriosclerosis, recognition, 43 l 
Arthrodesis, surgical fixation 
(involvement), 1213 
Arthrogryposis, 1211-1212 
clinical features, 12 12 
diseases, categorization, 1212 
mechanisms, 1212b 
pathogenesis, 3212 
syndromes, defects (association), 

12121 

Arihrogrypotic disease, categorization, 3232 
Articular cartilage damage, 1203 
Articular processes, P]D. 3063 
Artificial insemination (AJ) 
records, indication, L9S 
usage. See Eleifers 
Arytenoid cartilages 
abscessaiion, 533 
movement, 75 
Ascirid impactions, 732 
Piirasraris eej\nmmh occurrence, 732 
Ascarids 

anthelmintics, effectiveness. See Horses 
eggs, resiliency, L63D 
Ascending reticular activating system 
(ARAS), 323 
composition, 323 
diseases, impact, 134 
Ascites, 35. 473 
condition, 357 
diagnosis approach, 35-36 
presence. See Liver 
Ascfepurs /zscrcufcinj, 1701 
.isefepms spp., 3637 
A5D. See Atrial septal defret 
Aseptic mastitis, cause, L 704 
Aseptic tap, usage, 1477 
ASET. See Allergen-specific immunotherapy 
Aspartate aminoLransferase (.AST). 331-392 
activity. 727 
concentration, 393-332 
elevation, 1110 
increase, 1365-3366 
plasma concentrations, increase, 3020 
presence, L35 
serum activity, 173. 393 
serum concentrations, L 062-1063 
increase, 1143, L694 
usage. See Muscular necrosis 
usefulness, 223 
Aspergillosis, 523 
rarity, 653 

.Ai^r^iJi'ifj fumigptui, 1066 
Aspirates, cytology. 1175 
Aspiration pneumonia, 653 
diagnosis, 659 
prognosis, 653 
Assimilalory pathway, 1024 
Assisted enteral feeding (AEF). 1643 
AST. See Aspartate aminolransfcrase 
.Antmgirfur bin do it us, 1 702 
.AsEmgjdtu poisoning. See Eocowced 
poisoning 

.isEruj^rJtu spp.. L037/, L69S 
Astrocytes, 335 
Astro virus.. 345 

Asymmetric loading, occurrence, 1 134 
Asymptomatic carrier cattle, B01 
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Ataxia, L 43. See izfw Limbs 
cause, 1002 
cerebellar disease, impact, 124-125 
diseases, 1055 
inclusion, IOCS 
Atelectasis, 301 

Athletic performance, long-term effect, 521 
AT-IIL See Aniithrombin 111 
AdanioDccipital cistern, cerebrospinal fluid 
collection, 1004 
ATN. See Acuie tubular necrosis 
Atopic dermatitis, 1307-L JOE 
clinical signs, 1 307 
definition/ctiology. 1307 
diagnosis, 1307-L3Q3 
hyposensitization infections, j 303 
therapy, 1303 

ATP. See Adenosine triphosphate 
Atresia ooli, 753 
Atria, coordinated contraction 
(absence), 434 
Atrial fibrillation, 4S3-436 
cardiac rhythm, irregularity, 463 
clinical pathology, 4S3-4S4 
clinical signs, 463 
definition/ctiology, 433 
diagnosis, 463 
differential diagnosis, 433 
epidemiology, 434 
necropsy findings. 434 
pathophysiology, 464 
quinidine, usage, 434-465 
Irealmcnt/prognosis, 434-436 
Atrial septal defect (A5D), 449 
left/right atria, connection, 462 
occurrence, 462 

Atrioventricular dissociation, 437 
Atrioventricular valves, blood flow, 464 
At-risk late pregnant mare, treatment, 255 
Alropit belladonna, 1636 
Atropine, usage, 2 60-261 
Attaching and effacing Ercfterfc/rfd cofi 
(ALEC). 342-343 
disease mediation, 347 
prevalence, 343 

Attenuated live intranasai vaccine, usage, 535 
Atypical Interstitial pneumonia, 644 
Atypical lymphoma, I 174 
.Atypical myoglobinuria, 1403-1409 
Atypical myopathy, 1403-1403 
.Auditory evoked potentials, usage. 

See Brainstem 

Aujeszky's disease. See rseudorabies 
.Aural discharge, presence, 1 E 
.Aural plaques. L317-13I3 
.Auscultation 
findings, 474 
usage, 6 

Autoagglutin alien, 402 
.Autogenous [herd-specific) bacterins. 1607 
.Autogenous vaccines, 1536 
.Autoimmune hcmolylic anemia. 1163 
clinical paLhology, L163 
clinical signs, 1163 
definition/ctiology, L 163 
diagnosis, 1 163-1164 
differential diagnosis. E1 63 
pathophysiology, 1 164 
rarity, 1164 


Auloimmune hemolytic anemia (QwrO'jrued) 
supportive care, 1164 
Autologous white blood ceils, usage, 40 
Aulomaticity, 66-37 
Autonomic drugs, usage. 537 
Autonomous zones, 126 
Aulosomal dominant traits 
example, 1656 
feature, 1653 
Aulosomal recessive traits 
example, 1657 
hallmarks, 1657 
Aulumn forecast index values, 

505t 

AV. See Abo mas a I volvulus 
Avascular cornea, appearance, 1262 
Ai/triiJ spp. r 1702 
Avermectins. 1644 
Avian II5N t viruses, 543 
Avocado trees, impact, 1704 
AVP. See Arginine vasopressin 
Ayrshire calves, cerebellar 
malformations, 1056 
Azoles, 526-526 
Azotemia 

detection, 334-535 
magnitude, 326 
presence, 939 
Azotemic neonates, 324 
Azoluria, 1412 


0 

Babesia cjiinzUL impact, LI 55 
Babesia encephalitis (Rabesiosis// 

riroplasmosis//Texas cattle fever//Tick 
fever// Kedwaler), 6017 
Babesia species, L144- E1 63 
Rabesiosis, 1157- L160. See tiiLrc Bovine 

babesiosis; Cerebral babesiosis; 1 torses 
acute stages, 403 

Hacillary hemoglobinuria (redwater // 

icterohemogjobinuria), 500-501, 1L6L 
clinical signs, 500-301 
definiLion/etiology, 300 
diagnosis, 301 
necropsy diagnosis, 501 
necropsy findings. 901 
pathophysiology, 900 
regionalized disease, 900 
treat ment/prevention, 501 
Hacille Calmette-Guerin (BCG) cell wall 
derivatives, usage, 1323 
Hacrfluj juratfiraris 

detection, molecuiar-based/rapid 
screening tests (usage), 1 k32 
eiiologjc agent. Llfll 
isolates, Identification, 1132 
isolation, 1 132 
susceptibility, 1331 

Harillus Calmette-Guerin (BCG) vaccine, 
usage, 567 

Bartf/tu tltiaminalilicus, 1023-1024 
Rack 

arching, signs (observation), 4-6 
pain 

causes.. See 1 Horses; Ruminants 
diagnosis approach, 23-30 


Backgrounder operations, bovine viral 
diarrhea virus (BVDV) Immunity, 753 
Backward walking, lest, 124 
Bactenccfns, 11E3 
Bacteremia 
frequency, 362 
occurrence, rapidity, 375 
Baeteremic spread, 5 L1 
Bacteria, 316-317 

collection, nasal swabs (usage), 616 
experimental intravenous (IV) 

Injection, 1200 
hematogenous spread. 320 
Impact, 316-317 
Isolation, 623-630 
morphologic characteristics, 
knowledge, 15 10 
presence, 356 

staining characteristics, knowledge, 1530 
Bacterial abortions, 1464-1466 
Bacterial agents, impacl, 613-626 
Bacterial antigens, detection, 630 
Bacterial bronchopneumonia, 501 
contribution, hypothesis. See Fcedlot acute 
Interstitial pneumonia 
Bacterial colonization, mechanisms, 502 
Bacterial contamination 
Increase, 501 
monitoring 1536 
Bacterial culture 
method. 133 
preparation, 630 

tracheobronchial aspiraiion (TEA), 
usage, 503 

Bacterial diseases, 13 12 
Bacterial endocarditis 
clinical signs, 464 
lesions, 466 
echocardiograms, 465f 
Bacterial folliculitis, 1313 
Bacterial-induced immunodeficiency, I63E 
Bacterial Infection, 1474-1475 
etiologic diagnosis, 

establishment,, 346-347 
recurrence, 1 675 
therapy, 265-251 

Bacterial keratitis, 12 75-12 63. See izfsa 
Horses 

clinical pathology, I 230 
clinical signs, 1.273 
definition/ctiology, 1275 
differential diagnosis, 1275 
medical/surgical approaches/goals, 
1232-1233 

pathophysiology, 1230 
subpalpebral lavage system, 
placement, I 230-L232 
treatmenl/prognosis, 1230-1233 
Bacterial I.F5, binding, 1113 
Bacterial meningitis, 95S-1002 
clinical pathology, 535 
clinical signs, 535 
definition/ctiology, 356-535 
necropsy findings, 959 
palhophysiology, 595 
treatment, 535-3002 
Bacterial nasal granuloma, 591-552 
diagnosis, 531-552 
treatment, 532 





Bacterial otitis, treatment, L 050 
Bacterial overgrowth, 355 
Bacterial pathogens, 147-343 
bovine sources, antimicrobial 
susceptibility, 236( 

neonatal calf diarrhea, association, 163 
recovery, 3432 
serologic resting, 610 
Bacterial peritonitis episode, 
outcome, 357 

Bacterial plaque-induced gingivitis, 

periodonlai disease (association], 731 
Bacterial pneumonia. 500-510 
active immunization, 520 
antimicrobial drugs, prophylactic 
use, 1457 

bacleriologic culture, 516 
chemoprophylaxis, 520 
clinical Laboratory tests, 515 
clinical signs, 502 
cytology, 536 

diagnostic approach, 501-505 
differential diagnosis, 503 
epidemiology, 501 
imaging techniques, 515 
specificity, 515 
immunity, 514-515 
infectious agents, involvement, 50 L 
oral doxycyciine, usage, 517 
passive immunization, 513-520 
pathophysiology, 501-502 
PCR amplification, 5 16 
physical examination, 502 
polymicrobial infections, 517 
prognosis., 510 
serology, 515-5 1(5 
treatment, 505-503 
doses, recommendation, 5 16-51 7 
Bacterial proteases, thermal stability, 

1213 

Bacterial pulmonary pathogens, 
immunologic detection, 433 
Bacterial scours vaccines. 1615 
Bacterial sepsis syndrome, initiating 
event, 232 
Bacterial sepLiremia 
clinical pathology, 1676 
clinical signs, 3676 
delinition/eliology, 1(576 
immunodeficiency, association, 1676 
necropsy findings, 1 676 
treatmentprognosis 1676 
Bacterial sinusitis, occurrence, 676-677 
Bacterial translocation, 345 
Bacterial vaccines, 1620 
Bactericidal, term (usage), 151 L 
Bactericidal antibiotic therapy, 
indication.. 521 

Bactericidal antibodies, importance. 1045 
BacLerins 

aluminum hydroside adjuvant, 1607 
components, combinations, 1616 
efficacy, 1611 

incomplete protection, I5B3 
usage. See JLgplaspmz mtempgizus 
water-in-oil adjuvants, 1607 
Bacteriostatic, term (usage), 1511 
Bacterium, hematuria 

(accompaniment), 374 


Buciervides /raji'ilii 
gram-negative anaerobic rod, 
occurrence, 3 16-13 7 
isolation, 501 

BAL See Bronchoalveolar Lavage 
Balanced electrolyte solution, intravenous 
ad ministration, 727 

Balanoposthilis (pizzle rot sheath rot // 
ulcerative posthitis], 3445, 3474, 3475 
trauma, nonassociation, 1475 
BALE. Set Bronchoalveolar lavage fluid 
BaLlottemenl, usage, 336 
Barbados wether, bladder (palpation), 951/ 
Bard Access Systems, 739-720 
Barrel chest, presence, 46 
Barrier gown, ideal design, 1532 
Barrier precautions 
gloves, importance, 1512 
limitations. 3512 
use, 1531-1532 
Barrier protocols, L533- L533 
Barrier techniques, usage, 

1531-1532 

Basal metabolism, nutrient requirements 
(increase],, 160 
Base-apex lead ECG 
recordation, 451. See also I lorses 
schematic representation, 454/ 

Base deficit, 135-350 
representation, 139 
Bare excess, 135-130 
representation, 139 
Basement membrane, 

pholomicrogjaphs, 730/' 

Bare pairs, definition, 1660 
BiEitdfelw/iJS species, phycomycotic 
organisms. 730 
Basopenia, 405 
Basophilia, 403 
Basophilic enterocolitis, 730 
Basophilic stippling, 402 
Basophils, 406-407 
intragranular substances, storage, 406 
Bastard strangles, 534/ 

Eats, rabies virus (virulence levels), 597 
BAV. See Bovine adenovirus 
BBB. See Blood-brain barrier 
B-ceLL function, clinical tests, 3667 
B-ceLL populations, presence. 406 
EGG, Sec Bacille Calmctle-Guerirv Bacillus 
Calmclle-Guerin 
Beclomethasone. 566 
Beddings, change, 566 
Beef calves 

diarrhea, enteropalhogens isolation (age 
incidence), 342/ 
vaccines, usage, I596i 
Beef cattle 

body conditioning scoring sysLem, ] 672 
bronchopneumonia, antimicrobial 
treatment (FDA approval), 606( 
growth 

calrium.i'phosphorus requirements, I56t 
net energy (NE] requirements. L55f 
protein requirements, 1 56t 
mastitis, L 340-L141 
nutrient requirements, 160 
increase, 3 13 

progressive spinal myelinopathy, 3035 


Beef cows 

growth curves, 154/ 
herd management 350-153 
nutrient requirements, 423/ 
pregnancy toxemia, 313-934 
protein-energy malnutrition, 933-514 
Beef herds 

calving area, high stock rates, 350 
pathogen exposure, minimization. 350 
Bcefmaster calves, neuronal 
lipodystrophy, 1060 
Beef replacement heifers, vaccines 
(usage), 3 596b 
Behavior 

abnormality, 314-337 
changes, L39£ 

episodic abnormalities 134 
judging, 6 

relationship. See Mentation 
Behavioral estrus, absence (silent 
estrus), 3423-1424 
clinical signs, 1424 
diagnosis, 1424 
treatment/prognosis, L424 
Behavioral nymphomania, 1424 
clinical signs, 1424 
diagnosis, 1424 

Belgium horse, big head, 1162/ 

Benign arrhythmias, examples, 36 
Benign epilepsy, 1042 
Benign essential hemal uria, 942 
Benign primary hematuria, 542 
Benzimidazole derivatives. 526-527 
Benzimidazoles (EZDs), 1644-3645 
efficacy, 1626, 3630 
resistance. 1623-1623 
Bermuda grass. 5ff Cj'jwdcm dactyion 
Bermuda grass staggers, 3065 
fterterdiZ r norma, 3703 
Beta J .-adrencrgic agonists, 56 L 
Beta^-specific adrenergic drugs. 567 
Beta 2-toxigenic CJortridfimi pw/riFij’fnj 
typhlocolitis. 376 
Beta-atypical receptors, 733 
BeLa-endciphin (J5-endorphin// P-iEND], 3313 
impact, 27 

Beta-gal actosidase, 1062 
alpha-neuraminidase, combination, 1053 
Beta-gal aclosidase deficiency. 

See Generalized glycogenosis 
clinical signs, 1060 
Beta-globulin, 433-414 
Beta-glucosidase, 1062 
Beca-hydroxybulyrate (ECU IE // B3 IB). 177, 

9 IB 

concentration, impact, 13 37 
Beta-man nosidosis, L 053-1053 
diagnosis, 1053 
isoenzymes, absence, 1059 
Beta spp., 3 702 

Bethanechol. See Eeta-hydroxybulyrale 
carbachol methyl derivative, 741 
enhancement, 725 
usage, 316-917 

BE IV-1. See Bovine herpesvirus type 
BE1V-2. See Bovine herpesvirus type 
Bicarbonate. 139. See di'jp Standard 
bicarbonate 
proportion, 139 
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Bicarbonate replacement therapy, 
effect, 32 E 

Bicarbonate requirements, 355 
calculation, See Calves 
Bicarbonate substitutes, 770 
Biceps reflex, I2B 

Bighcad. 1701. SwjtIst CfoitriiJiEun noiyi 
types A? E 

development, 1701 
example, 1362/ 

Bilateral carpal contractors] 
deformity, I 24 6 f 

Bilateral drooped car canLage, 177 
Bilateral laryngeal paralysis, 1712 
Bilaterally symmetric 

myodegeneration, 1407 
Bilateral nephrolithiasis, 329 
Bilateral septic pyelonephritis, 331 
Bilateral upper urinary tract infection 
(im), 334-335 

Bilateral ventral abdominal wall 
distention, S3 5 

Bilateral vestibular lesions, 133 
Biliary-associated enzymes, 725 
Biliary ducLs. gas ascension, 725 
Biliary cracL disease, 320 
Bilirubin, 332-303 
bile pigment, 337 
concentrations, increase, 470-47] 
Biochemical tests, usage. 1043 
Biochemistry profile. See I lemeptysis; 

1 lemorrhagic nasal discharge 
Biomicroscopy, usage. See Anterior ocular 
opacities 

Biopsy, (574. See titan Skin biopsy 
endoscopy, usage, 674 
indications, 422 
obtaining 
decision, 674 
spring-loaded instrument 
usage, 437-493 
preparation, 427 

sample, obtaining. See Core biopsy sample 
specimens, submission, 1 B3 
usage. See Coughing; Immunopathology 
Biosecurily, 354 
amount, decision, 1524 
measurements, 546 
practices, 333-335 
program, establishment. 16 13 
Biotechnology, molecular techniques, I M2 
Bipolar electrographic leads, 453i 
Bipolar leads, description, 453 
Birth asphyxia 

cardiopulmonary effects, 257 
central nervous system, impact, 254-257 
gastrointestinal effect 257-253 
hepatic/endorrine function, impact, 253 
immune dysfunction, 25 B 
postnatal sequelae, 254-253 
renal effects, 257 
Birth cana], integrity, 21 1-2 12 
Birth readiness, concept,. 234 
Black disease (infectious necrotic 
hepatitis), B3 9-300 
clinical signs, 393 
definition/etiology, B39 
diagnosis, 393-300 
necropsy findings 333 


Black disease (infectious necrotic hepatitis] 
(Cgji£ blued) 
pathophysiology, 333 
treatment/prevention, 300 
Blackleg. See CfaseriJimn chdEJKjei 
BLAD. See Bovine leukocyte adhesion 
deficiency; Bovine leukosis adhesion 
deficiency 
Bladder 
atony, 932 

contrast medium, introduction, 355 
distention, presence, L7.2 
dysfunction, 172 
filling 177 
marsupialization, 355 
pelvic enlrapmenL. 960 
clinical findings, 360 
differential diagnosis, 360 
squamous cell carcinoma, cys Iosco pic 
image, 333/ 

Bladder eversion, 353-360 
clinical findings, 353 
differential diagnosis, 353 
treatment/prognosis, 353-360 
Bladder paralysis, 934 
neurologic disorders, impact, 326 
upper motor neuron dysfunction, 
impact, 172 

Bladder prolapse, 353-360 
clinical findings, 353 
differential diagnosis, 353 
treatment/prognosis, 353-360 
Bladder rupture (waler belly], 347, 952. 
See atm Adult horses 
clinical findings, 352 
commonness, 947 
diagnosis, 946 
differential diagnosis, 352 
result, 353 
surgical repair, 347 
treatment, 347 

BJizsrcyujccr tierjrwhhdu, 522-523 
Blastomycosis, 529 
impact, 523 
Bleeding diathesis, 53 
Blepharospasm, 1061 
ocular pain, sign, 1263 
Blindness. 137-136, 139, 12*6-1269 
causes, 1023 

lesions/diseases, impart, 1 266b 
result, 137-136 
Blind splints, 1249 

Blind staggers. See [.eukoencephalomalacia 
Blind wolf teeth, 633 
Blister beetles, 1703-1703 
clinicopaLhologic alterations, 1709 
discovery, 747 

toxicity. See Cantharidin toxicity 
toxicosis 1703. See jrhu Equine 
cantharidiasis 
Blitz-treat process, 1121 
Bloat. See Frothy bloat: Ruminal tympany 
Blood 
agir 

usage, 347-34B 

yeast colonies, appearance, l! 1 23 
biochemical characteristics, dramatic 
alterations, 340 
chemical analyses, 105 


Blood (OmUnuoij) 

chemistry profile, peritonitis (Impact), 356 
collection. See Transfusion 
constituents, alteration, B35 
cultures, usage. 33 
flow. See Atrioventricular valves 
noninvasive evaluation, 436 
l.iminar/streamlined flow, 33 
lead concentrations, 1033 
obtaining 35 
presence. See Feces 
pressure. See Cattle; Elorses 
measurements, 456 
samples 

handling-transportation, 33 B 
obtaining 1350 
tubes, EDTA (presenre), 441 
vims Isolation, 73fl 
volume, expansion. 713 
withdrawal, 393 

Blood-borne bacteria, adherence. 1043 
Blood-brain barrier (BBB). alterations, 1039 
Blood gas 

analysis. 336-3 B7. See jtIjlj Coughing 
Respiratory distress 

values, interpretation. See Venous blood 
Blood glucose, 1491 
concentration 
Impact, 25 
study, 1431 
control, 1366 

Blood groups. See Domestic animal blood 
groups 

factors. See Cattle; Elorses 
Identification, L6fli 
systems. See 1 torses 
Blood lactate, 1431 
concentration 
resulls, 775 
usefulness, 1491 

Blood loss. See Acute blood Loss; Chronic 
blood loss 

association. See Hemothorax: 
diseases, association, 1144 
nonassoclation. Srr Exercise-induced 
pulmonary hemorrhage 
Blood oxygenation 
cardiovascular system, impact, 77 
Inadequacy, 63 

Blood oxygen measurements, 456-457 
taking. 456 

Blood plalclels. interaction, 1150 
Blood progesterone tests, 12 
Bloodstream, neulrophils (entrance), 405 
Blood-to-lumen pressure, increase, 36 
Blood typing, 1632-1634 
applications, I 634-L 635 
electrophoretic markers, basis, L634 
polymorphic proteins, 
examples, L 665-163D 
red blood cell (RBC) antigens, basis, 

1634 

Blood urea nitrogen (BUN'), 334-335 
decrease, causes, 335t 
Increase, 1 165 
causes. 33 5b 
term, usage, 334 
Bloody milk. 1142 
Blow fly strike, 1 324 




Bluegrass. impact, 6413-1413 
Blue-green algae, 1G32, 1704-1705 
intoxication, chronic form, 103S 
Blue-green algae toxicosis, 

I033-IQ39, 1705 
clinical pathology, 1033 
clinical signs, 1033 
clinical syndromes, 1036 
definltlon/etiology, 1013 
epidemiology-. 1033 
necropsy findings, 3036 
pathophysiology, 1033 
prevention, 1033 
treatment, 1039 
Blueslone, dissolving. 3039 
Bluetongue, 737-790 
abortion. 14(56 
cLlnical signs, 733 
definltlon/etiology, 737-733 
diagnosis, 113 
differential diagnosis, 768 
epidemiology. 739 
laboratory diagnosis/ 

immunology, 733-733 
necropsy findings. 763-730 
pathophysiology, 739 
treatmenrt/prevention/control, 790 
virus, 275 

infection, 10 30 

Bl ue tongue con junctivitis, 1 2 73 
Bluetongue-indured rcLinnl dysplasia, 127(5. 

See also Goats; Sheep 
Bluetongue virus (BTY), 7E7 
infection, 733 
orbivirus, 767 

re p ro du cti ve/ te ra to gen i c effects, 763 
BLV. See Bovine leukemia vims; Bovine 
leukosis virus 
B Lymphocytes, 1665 
Body 

calcium distribution, 1355/ 
condition 

physical examination, £530 
scoring system. See 1 lorses; Sheep 
conditioning, scoring system. See Reef 
cattle; Dairy cattle 
conformation, consideration, 632 
surface area, estimation, I960 
Body condition score (RCS) 
achievement, 169 
assignation, 163 
elevation, 167 
Body postures 

alteration. See Abnormal body postures 
changes, 25 

Body temperature. See l-'oals 
control, 12 
decrease, 40-41 
disorders, 32 

increase. 35. See aise Pyrogenic mediated 
fevers 

conditions, 32 
I i mils, 315 
maintenance, 32 
measurement, 6 
regulation, 33/ 

Body weight (B\V), measurement, 

6643 

BOHR. See Bela-hydnraybutyrate 


Bohr effect. Ere Elemoglobin 
Bol TV-1. £cv Rovine herpesvirus type 
Bone marrow, 393 
alr-dricd smears, 193 
analysis, background, 422 
aspirate, 412/ 

KOTA blood tube placement, 411 
stained slide, sample, 43 1/ 
cell Line, progressive maturation 
(assessment), 434 
cell populations, differences. 415 
cellulariLy, interpretation, 433 
collection, 411-412 
background. 422 
sites, 421-427 
supply check list, 423i 
core, preservation, 139 
cytologic examination, 432-411 
damage/dysplasia, 1 670 
eosinophils, production, 40(5 
erythrocytes, malurational stages. 433/ 
evaluation, 412-415 
expertise, requirement, 432 
indications, 4231? 

granulocytes, maiuraiional sLages. 414/ 
interpretation, 411-435 
needles, stylets {separation), 430/ 
parameters, 415 
particles, 412/ 

plasma cells, sparseness. 6160 
sample 

processing, 410-432 
slides, making, 411/ 
spicules 

ceLLularily, 412 
observation, 430/ 

Bone marrow aspiration 
complication rales, rarity, 422 
indications, 422 
preparation, 427 
reasons, 422 

sample, collection, 427-423 
supply table, setup. 429/ 

Bones 

destruction, 764/ 
fluoride accumulation, 1212 
fluoride concentration, 1232 
healing, pathophysiology, 1252 
lysis (detection), high-quality radiographs 
(examination), 363 
Bonkers. See Bovine bonkers 
Bony orbit, radiographic examination. 

Ely Luge animals 
Booster doses, primary series 
(administration). 1553 
Boriborygmi, 2(59 

Border disease (hairy shaker Lambs // 

hypomydogenesis congenita), 377-976, 
14615 

clinical signs, 377 
definiiion/etioLcgy, 977 
diagnosis. 977 
epidemiology, 377 
necropsy findings, 977-373 
pathophysiology, 377 
treatment/control, 373 
Border disease virus, infection 
control, 1547-1546 
B(?nJete?Jja kmiarfoesepticd, isolation, 506 


Rorna disease, 939-930 
etiologic agen t, 939 
virus, shedding, 3-63 
Rorcn fertilizer, 171,7 
clinical signs, 1767 
FlUtci’iVj bur,t>filej/m' 
discovery, 1133 
impact, 463-470 

North American strains, immunochemlral 
analysis, 1132 

RorreLiosis, ocular manifestations. See E lorses 
Rocs. 1625-1626 

larvae, species (infections), 6625-1626 
RoculLnum toxin, L100 
action, 1 600 

RoculLsm (Shaker foals // Forage 

poisoning), 63-70, 105. 1534-1535. 

See izfju C/tJLrfrft?i» m iwfldiniun; Type C 
botulism 

antitoxin, dose (recommendation], 1101 

clinical course, 1039 

clinical pathology, 6093-1100 

clinical signs, 1010 

definilicn/etiology, 103 6 

diagnostic approach, 6093-1 100 

disease, progresslon/signs, 1037-6096 

dysphagia. 109(5-1097 

examination, 1093 

gjain test, 1036 

impact. 304 

jaw movement, 1033-1039 
musrle tone, 1033-1039 
necropsy findings, 1 LOO 
neuromuscular paralytic disorder, 1534 
passively derived roloscral antibodies. 

protection. See l-'oals 
pathophysiology, 1100 
physical examination. 6473 
prevention, 1 101 
Longue Lone, decrease, 1036-1097 
toxoid, 1606 

toxoid vaccine, direction, 1534 
trea tment/prngnosis, L100- L101 
vital signs, 1097 
Bovine abortion, causes, L453J 
RovLne actinomycosis, impact, 735 
RovLne adenovirus (BAV), 611 
RovLne anaplasmosis, acute stages, 401 
RovLne babesiosis, 1157 
clinical pathology, 6153 
clinical signs, 61 53 
etiology, 1157-1153 
natural transmission, 1153 
necropsy findings, 1 153-1159 
prevenlion/conlrol, 3 159 
Lreatment/prognosis. 1153 
RovLne bonkers, mechanisms, 1716-L7L9 
RovLne colostrum supplements, 
avaLlabilLLy. 231 

RovLne coronavirus, 344, 154, 612 
disease association, 154 
BwLne disease vaccines, usage 
(recommendation). 15911 
RovLne enterovirus, 611 
RovLne enterotoxigenic E. rpJi (ETHC), 141 
Rovine familial convulsions/aLaxia, 6956-1057 
clinical signs. 6056-1057 
diagnosis, 6057 
pathology, 1057 
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Bovine fetes, odor, B37 
Bovine gallbladder, clinical disease, 32 I 
Bovine generalized glycogenosis (Type 13 
glycogenosis// Pompe's disease), 1060 
Bovine genital campylobacteriosis 
vaccination, I 6 I L-1 6 I 2 
vaccines, ] & ] 1-1612 
Bovine herpes mammillilis (bovine 
herpesvirus // bovine nIceralive 
mammillitLs), 13113. 

Bovine herpesvirus type t {131IV-1 // 
EoHY-l// Infectious bovine 
rhinotracheitis virus), 602-607, 57B, 

I 53B-] GO6. See aiso Ruminants 
antibody prevalence, studies, 605 
clinical signs, M4 
definition/etiolcgy, 602-604 
diagnosis, M5 

diseases {prevention/control), vaccines 
(usage), t 
epidemiology, 605 
guidelines, I M3 

infection, prevention efforts, 606-607 
modified live virus parenteral 
vaccines, i 53B-] 601 
necropsy findings, 605 
pathogenesis 604-M5 
mechanism, 605 
severity, determinants, 604 
surface glycop rote ins, 604 
rrearmen ^prognosis, 605-607 
vaccines, 1 53 B- L606 

Bovine herpesvirus type 2 (El IV-2), 1313 
Bovine herpesvirus type 4 (131IV-4), 

612-633 

Bovine leukemia vims, 1174. See aho Adult 
lym phoma 

Bovine leukocyte adhesion deficiency 
(E1AD), 3 636 

Bovine leukosis, impact. See l£>es 
Bovine leukosis adhesion deficiency 
(ELAD), 450 

Bovine leukosis vims (ELY), 35 
serology, serum test, 30 
Bovine lung, posl mortem photograph, 603/ 
Bovine lymphoma, 1373-1176, 3 33 6 
Bovine malignant catarrh. See Malignant 
catarrhal fever 

Bovine mastitis, StaphyTcyrorciis cuiretis 
(causative agent), 362 L 
Bovine melanomas, 3 33 6 
Bovine mycoplasma] conjunctivitis, 1273 
Bovine nasopharynx, giam-n?gative 
commensal. L607 
Bovine necrotizing 

encephalomyelopathy, 353 
Bovine necispoiosis, transmission, 3465/ 
Bovine ocular squamous cell 
carcinoma, 1303/ 

cornca/con j u nc t iva„ involvement, 3 301/ 
Bovine papillomavirus (BFV), 3327-3323 
impact. 1622 

Bovine papillomavirus 2 (BPY-2) r 363 
Bovine papular slomatitis (BPS), 7B3, 
667-B32 

cattle disease, 752 

disease, evidence, 752 

histologic lesions, 73*2 

rat tail syndrome, association, 732 


11 ovine periloneal fluid, classification 
(range), S33; 

Flo vine plasma products, usage, 337 
Bovine progressive degenerative 

myeloencephalopathy. See Weaver 
syndrome 

Bovine reovirus, 6 L 3 

Bovine reproductive disease vaccines. 3 630 
Bovine reproductive system, fetal 
susceptibility. L594 

Bovine respiratory disease (BR39). 602, 754 
complex, bovine viral diarrhea virus 
(BVDV) (role), 630 
vaccines, 1553 

Bovine respiratory disease complex (BFDC) 
control, antimicrobial drugs 
(usage), I53B 

Bovine respiratory syncytial virus 
(BRSV) h 537-553 
antibodies, prevalence, 605 
BRSY-seiuncgative calves, 3605 
BRSY-spccific IgE, concern rations, 3 606 
BR5Y-specific IgE production, 60S 
clinical signs, 60B 
disease, severity, 60S 
infection, 605 

feedlot acute interstitial pneumonia 
{AIF), association, 646 
field outbreaks, an Li inflammatory 
therapy, 633 
inlranasal vaccines, 3 606 
parenteral vaccines, 3 605-3 606 
treatment, 6 ID 
vaccines, I5B3, 1605 
adverse reactions, 3606 
experimental studies, 3605-3 606 
Bovine retinal degeneration, 3 264/ 

Bovine rhinovirus, 613 
Bovine rib 30, cross section, 427/ 

Bovine rickettsial vaccines, 3620 
Bovine serum prorein electrophoresis, 413/ 
Bovine skeleton, bone marrow aspiration 
sites, 423/ 

Bovine somatotropin, 3 330 
Bovine-specific ophthalmia, L23*6 
Bovine spinal muscular atrophy, 

10B5-IOS6 

Bovine spongiform encephalopathy {BSE // 
Mad Cow disease), 373-330 
clinical signs, 575 
detection, 373 
control, 930 

definition/etiology, 373-575 
diagnosis, 530 
differential diagnosis, 330 
epidemiology, 930 
gcnelic predisposition. 530 
inactivity, presence, 979 
outbreak, 530 
pathophysiology, 979 
treatment/prognosis, 930 
zoonotic potential, 3B0 
Bovine sternum, bone maiToiv collection 
sites, 424/ 

Bovine longue, enlargement 732/ 

Bovine torovirus (Breda virus), 

345, 343-349 

cytolytic infections. 343-343 
Bovine trichomoniasis vaccines, 3632 


Bovine tuberculosis, 66 L-664 
clinical signs, 663-662 
definition/ctiology, 661 
diagnosis, 662 

differential diagnosis, 66 L-662 
epidemiology, 663 
necropsy lesions, 663-664 
pathophysiology, 662-663 
treatment/prognosis/ prevention/ 
control, 664 

vaccine, development, 664 
zoonolic disease, importance, 663 
Bovine ulcerative mammillitis. See Bovine 
herpes mammillitis 
Bovine urethra, lumen 
(narrowing), 353 
Bovine uterine infection, 1442 
antiseptic chemicals, usage, 1443 
clinical signs, 3442-3443 
diagnosis, 1442-3443 
prostaglandins, usage, 1443 
trcatmenl/prognosis, 3443 
uterine lavage, usage, 1443 
Bovine vaccines. 3 53 1-3 532 
challenge, 1593-1592 
necessity, 1552b 
usage, tailoring 1553-1534 
Bovine viral diarrhea (EVD) 
border disease agenl, 
comparison, 577 
vaccines, 3 667 

Bovine viral diarrhea-induced retinal 
dysplasia, 3278-3 279 

Bovine viral diarrhea/mucosal disease (BYD/ 
MD). 113. 1055 
differentiation, BOO 
Bovine viral diarrhea vims (BVDV). 

6LO-63 I, 3459 
acute disease, 736-757 
antigen detection. 73B 
BVDY-Lnduced 

immunosuppression, 734-735 
pathogenesis, 755 
centers, control, L6Q4 
clinical disease, 793 
clinical reproductive outcomes, 1453/ 
clinical signs, 3455 
co-LnfecLiun, presence, 603 
control, 1459 

definition/etiology, 732-753 
detection, 625 
diagnosis, 753 
diagnostic testing 797t 
differential diagnosis, 733 
diseases. 732-739 
epidemiology, 733, 3455 
history. 1453 
Lmpacl, 610-6 L1 
Importance, 6 L1 
Infection 

control. 1547-1548 
persistence, 735-756 
Introduction, prevention. 73B-753 
Isolation, 73B 
laboralory diagnosis, 1453 
licensed vaccines, 3539£ 
necropsy findings, 736-793 
palhogencsis, 733 
pathophysiology, 1459 






Bovine viral diarrhea virus (BVDV) 

(Con tin irmf) 

PCR usage, 75a 
prevalence, 335 
prevention/control, 793-735 
reproductive outcome. 734/ 
serologic evaluation, 793 
transmission, 733 
rate, 733 

treatmentprognosis 73B 
vaccination programs, 735. 1605 
vaccines, 1603-1604 
efficacy, 753 
reproductive control, 

relationship, ] &CM--] &05 
viral RNA detection, 793 
virus isolation, 753 
Bovine virus diarrhea (BVll),, 275. 346 
co-infection, presence, 605 
vaccines, 3533 

Bovine warts, distribution/appearance, ] 307/ 
Bo we] 

decompression, 703-703 
healing, 711 
irritation, 37 
obstruction, 312 

identification, abdomina] radiographs 
(usage), 312 

BITS, See Bovine papular stomatitis 
BI7V-2. See Bovine papillomavirus 
Brachial intumescence, 144 
Brachial plexus, ] 10* 
lesions. ] 106 
damage, ] 106 
molor deficits, 1 106 
sensory deficits, 1 106 
finM-fjfjrmr dee wnhnti, 1637 
Bracken fern, 1 63 E-1635 
toxicosis, See Cattle; Ruminants 
Brain 

injury, 254 

lesions, viral replication (impact), 3E7 
m icroscopic abnormalities, 104 L -1042 
swelling, 1004 
Brain abscesses, 1002-1003 
Srreptocpcnjs e^ur, impact, 534/ 

Brain injury - , hyperosmolar 
therapy, 1439-3500 
Brainstem 

diseases. I42t, E045 

function (measurement), auditory evoked 
potentials {usage), 143 
Brain trauma. 1003-1005 
clinical pathology, 1004 
clinical signs. 1003 
definltlon/etiology, 1003 
dehorning, impact, 1003 
diagnostic Imaging, 1004 
pathology/ pathogenesis, 1003-1004 
treatment. 1004-1000 
Brain tumors, 1041 
antemortem diagnostic tests, 1041 
clinical signs, 104 L 
LreaLment, 1041 
Bran disease, 1 350 
Branhanwlla (Neisseria} cuts 

keratoconjunctivilis. See Goats; Sheep 
BnasfJcu rciptu. 1702 
Bn u feu a spp., 3700, 1703 


Braunvich calves, spinal 
dysmyelination, 1036 
Braunvieh-cross calves, spinal 
dysmyelination, 1036 
BED. Sec Bovine respiratory disease 
BHDC, See Bovine respiratory disease complex 
Breakover. See Foul 
Breathing, mechanics, 439 
Breath sounds, production (variation), 431 
Breath tests, 675-575 
Breda virus. See Bovine torovlms 
Breeding. See Repeat breeding 
farms, condi Lions, 1557 
programs, recommendations, 

1655-1655 
schemes, 1553 
season, 14 13-1420 
services, 1603 
timing, errors, 203 
Breeding cows/heifers, vaccination 
guidelines, 1503 

Breeding season animals, vaccines 
(usage), 1501-1502 
Breeding stallions, annual 
rev acci nation, 1535 
Breed-related neurologic diseases, 120 
Breeds, laboratory values, 377-375 
Brewer's yeast, supplementation, 1015 
Bridle teeth. 673 
Brisket disease, 463-463 
clinical pathology, 463-463 
clinical signs, 463 
definiiion/ctiology, 45E 
differential diagnosis. 45B 
epidemiology, 463 
necropsy findings, 469 
pathophysiology, 463 
prevcntion/ccntrol, 469 
treatmenl/prognosis, 463 
Broad-spectrum antibiotics, 52 L 
therapy, commencement, 304 
Broad-spectrum antimicrobial 
treatment 522 
institution, 541 

Broad-spectrum bactericidal drugs, 
selection, 721 

Broad-spectrum coverage, 1514 
Broken teeth, 732 

Bronchi, inflam mation/irritacion. 51 
Bronchial pneumonia, 601 
Bronchioles, lesions, 523 
Bronchiolitis obliterans, 652 
Bionctwalveolar lavage (BAL). See Coughing- 
] lemoptysis; I lemorrhagic nasal discharge 
cells, cytokine profiles, 557 
collection/evaluation, 495-436 
culture, 541 
performing. 47-43 
samples. 43 
usage, 554 

Bronchoalveolar lavage fluid (BALF), 541 
cells 

cytokine profiles, 556 
upncgulalion, 555 
consideration, 53 
cytologic alterations. 552 
cytologies, 562 
neutrophilia, 552 
neutrophils, presence, 43 


Bronchoalveolar lavage fluid (BALF) 
(CiwifuitinJ) 

red cell numbers, exercise-induced 
pulmonary hemorrhage (FIHI) 
indication, 570 
usage, 455-436 
Bronchobiliary fistula, 666 
RnonchoconsrrictLon 
association, 541 
cough component, 42 
Bronchodilatoi response testing. 

See Coughing 

Bronchointerstitial pneumonia, 537 
Bronchopleural fistulas, development 510 
Bronchopneumonia, 555, 602 
antimicrobial therapy, 505 
duration, 630-63 I 
ftEsteurefiir pjt uf toe kite. impact, 615 
Bronchoprovoration, 500. See also I listamine 
bronchoprovocaLion 

Bronchoscopic examination, usefulness, 55 
Broodmares 
udder edema, 215 
vaccines, safety, 1560-1561 
virus propagation (serologic 
evidence), 317 

BroLh dilution procedures. Inoculation 
(involvement), 151 ] 

Brown Swiss cattle, 1035-1036 
BR5Y. See Bovine respiratory syncytial virus 
Frucfflii abortus, 205, 405, 1073 
vaccine, 1610 

JJrufFi'Jd abortus abortion. 1461 
clinical signs, 1461 
epidemiology, 1461 
history, 1451 

laboratory diagnosis, 1461 
pathophysiology. 1461 
LreaLment/contnol, 1461 
Brtire/Jrj jraefi'JevrsES abortion. 1467 
Bmre/Jrj dvts abortion. 1467-1463 
Brucellosis, 333. See aisc Ruminants 
ocular manifestations. See 1 torses 
Bruit dc cannon, presence, 436-467 
Bruxism (tooth grinding), 361 
clinical signs, 315 

BSE. See Bovine spongiform encephalopathy 
BSP. See Sulfobromophthalein 
BT5CC. See Bulk tank somatic cell count 
BTV. See Eluetongue virus 
Bubby bush, impact. See Oafivcdn rJi ivs species 
Bucked shins, 1255-1253. See irlra 1 lorses 
clinical signs, 1255-1255 
definition/etiology, 1 25 5 
dilferential diagnosis, 1255-1256 
epidemiology, 1256-1257 
incidence, 1257 
necropsy findings, 1257 
pathophysiology. 1256 
prevention, 1253 
LreaLment/pragnosis, 1257 
Bucks 

bacterial infections, 1475 
balanoposLhilis, 1475 
paraphimosis, 1473 
penile injury, 1470 
prepuce injury, 1472 
vaccination schedule/trend management 
calendar, I599t 
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Buckthorn fruit poisoning. 5et? CoyotLilo 
poisoning 

Eucyrus strain, derivation, 547 
Buffer base. 365-350 
representation, 339 
Bufo maraim, 1697 
Bulbar paralysis. See rscudorabies 
Bulbourethral gland, attention, 11-12 
Bulk tank 

milk, sampling, 1115 
sampling, L 315 
surveys, resulls, 1123 

Bulk tank somatic cell count (ETSOC), 1137, 
1 135-1 136 

Bullet method, usage. See h'oninvasive 
cardiac output measurements 
Bullous pemphigoid. 1307 
Bulls 

bacterial Infections, 3475 
body condition, regaining 365i 
brain abscess, development, 3002/ 
nutrient requirements. 425/ 
paraphimosis, 1473 
penile deviations, 3475 
penile injury, 1465 
penis, tumors. 1475-1476 
persistent penile frenulum, 1475 
pharyngeal trauma, 796/ 
prepuce 
injury. 1473 
tumors, 1476 

scrotal circumference, expected values, I Or 
urethral injury/urethritis, 1474 
definiiion/ctiology, 1474 
vesicular secretions, 14 62 
vesiculitis, 1462 
BUN. Sly Blood urea nitrogen 
Bupblhalmos, 1 265 
Burning bush. See Kodmt scoparin 
Bum injury {thermal injury) 
fluid therapy, 3503 
hypovolemic shock, 3503 
patients, fluid guidelines, 3503k 
Bums, nutrient loss, 360 
Bumi muzzle, 793 
Burrs, ingestion, 3659 
Buss disease. See Sporadic bovine 
encephalomyelitis 
Butorphanol, usage, 3 11 
Butterfly vertebrae. Sec Congenital vertebral 
anomalies 

BVB. See Bovine viral diarrhea; Bovine virus 
d.Lairhea 

BVD/.M □. See Bovine viral diarrhea/muccsal 
disease 

BVDV. See Bovine viral diarrhea virus 
BW. See Body weight 
B7Ds. See Benzimidazoles 

c 

CAAT. See Cross-agglutinin adsorption test 
Cache Valley virus (GW), 275 
infection, 1030 
location, 1.212 
Cachexia, 366 

CAD. Sec Crieoarytcnoideus dorsalis 

CAE. See Caprine arthritis-encephalitis 
CA33V. See Caprine arthritis-encephalitis virus 


Calcitonin gene-related protein 
(CGKP), 703 
Calcitonin peptide, 3353 
Calcium, 777, 3355-3357, 1363-3370 
abundance. 1355 
concentration, monitoring 3360 
deficit, 3360 
disorders. See 3 torses 
dysregulation, relationship. 

See Parathyroid gland 
homeostasis, 1357-1359, 1370 
diagram, 1359/ 
response, 3370/ 
vitamin D, impact. 3357-3353 
metabolism, regulation, 364 
plasma concentration, 3 L09 
requirements. See Norses 
structural/nonstructural functions, 3355 
Calcium carbonate calculi. 557/ 

Calcium carbonate urolithiasis, 357, 556 
Calcium disodium EDTA, 1035 
Calcium oxalate urolithiasis, 957 
Calcium-sensing system, 1359 
Calcium versenate, L035 
Calculogenesis, mechanisms, 356 
Calculogenic crystalloids, solubiliLy. 956 
Calculus, endoscopic view. See Horses 
Calf diphtheria, 557-596 
clinical sigjas, 537 

definiticn/et iology/epidemiology, 53 7 
diagnosis, 537 
differential diagnosis, 597 
neempsy lesions, 555 
pathophysiology, 557-553 
Lrea tment/prognosis/preveniion/ 
control, 553 
Calf-Guard, 163 5 
Calf lymphoma. 1 1 73-1 3 74 

physical examination, L 373- 1 3 74 
Calf pneumonia, nutritional 
problems, 635 
Calf-rearing systems, 353 
Calicivinis. 345, 6 13 
California Mastitis Test (CMT), 10. 13 15 
geometric mean SCC values, 1140 
simplicity. 12 
usage, 3 2 

California serogroup diseases, 350 
California Woo I growers Association, 

modified live virus (availability), 730 
Callosity (hyperkeratosis), 11 L3 
Calmodulin, mediation, 341 
Calorie-to-nitrogen ratio, 3 652 
CALT. See Conjunctival-associated Lymphoid 
tissue 
Calves 

abdominal distention, intestinal atresia 
(impact), 340 
abomasal reflux, 331/ 
acidosis, severity, 3571 
ancillary diagnostics. 336-336 
antimicrobial drugs, pharmacokinetic 
parameters, 299£ 

baderial infections, etiologic diagnosis 
(establishment), 346-347 
batch, cleaning''disinfection, 35 L 
bicarbonate requirements, 
calculation, 357( 
blood gas valuer 337t 


Calves (Cbniiniftfuf) 
body weight, 35 7t 

colostrum ingestion, percentage, 1613 
cerebellar abiolrophy, head poslurc/stance 
(characteristic), 35/ 

cleaned surfaces, materials (usage), 352 
clostridia, 343 

coLosIrum substituLes/milh replacers, 333 
concentrate diets, ruminal 
parakeratosis, 934 
congenital anomaly, 363 
congenital Ne<&spvm infection, 1005/ 
coronavirus, 344 

immunoprophylaxis, approaches, 354 
infection, 344 

cranial nerves, space-occupying 
Lesions, 1050 

CryptciJpmrfLfinm. antiprotozoal drugs 
(efficacy), 362 

Cryptosporidium, impact, 345 
depressed mentation, 333 
diagnostic tests, 347-345 
diarrhea, 340-343 
bases, alkalizing effect 
(comparison), 359/ 
etiology, 342-346 
fluid therapy, 355-363 
Giardia, impact, 346 
glucose supplementation, 359 
heart rate, variation, 355 
metabolic disturbances 

(quantification), Laboralory 
usage (usefulness), 355 
pathogenesis, 343 -342 
physical examination, 354-355 
production. 350/ 
disease, outbreaks, 346 
disinfecting equipment, microbial 

characteristics (consideration), 353 
dysentery, 343 
liisenmengcr's complex, 457 
energy/protein requirements, milk 
diet, 155 1 

environmental risk factors, 333 
examination, 336-333, 354-355 
eye, ringworm lesions. 3339/ 
florfenicol, cerebrospinal fluid 
pharmacokinetic study, 335 
forestomach diseases, 332-944 
growth, nutrient requirements. See 3>airy 
calves 

bead-righting reflex, 274-275 
bousing 

overcrowding, 636 
ventilation, adequacy, 509/ 
hypoglycemia, presence, 335 
hyponatremia, occurrence, 335 
infected milk, feeding (impact), 1135 
infection, protective immunity 
(information), 1614 
intravenous fluids, treatment, 355-356 
intravenous therapy, fluids (usage), 357t 
intussusception, 340 
lumbosacral space, fluid collection, 333 
lungs 

bronchopneumonia, postmortem 
photograph. 623/ 

Lnfarcl, postmortem photogjaph, 616/ 
postmortem photograph, 630/ 





Calves (Contma^J) 

maternal antibody, vacci nation, 1562 
mcningilis (antibiotic treatment), 
cerebrospinal Fluid-ld-bLchod 
concentration ratios 
(penetration), 335t 
metabolic acidosis, 335 
mortality, infectious diarrhea 
(impact), 277 

musculoskeletal disease, 336 
myelogram, 39/" 
neonatal diarrhea 
risk factors, 349-351, 636 
rotavirus, impact, 344 
neuromuscular disease, 336 
nonspecific immunity, 354 
increase, 353-354 
J^inmeNa pjTufrdrftfa infection, 6L3 
peroneal nerve paralysis. 33/ 
polioencephalomalaria, advanced 
signs, 1021/ 

protozoa, impact, 345-345 
nedaL temperature, 276 
respiratory conditions 336 
rotavirus, 344 

immunoprophylaxis, approaches, 354 
salmonella, 343 
Salmonellaf exposure, 343 
scours, antimicrobials (usage.), 361 
selenium/vifiamin E deficiency, nutritional 
myodegeneration (association), 336 
sixth lumbar vertebra, compressive fracture 
(posture), 93/ 

specific immunity, increase, 353-354 
stomach companmenls, size/ 
proportion, 367 
strabismus 1022/ 
thoracic trachea, collapse 
(radiograph), 539/ 

tissues, mean lead concentration, 1033( 
LreaLmcnc, 354-352 
upper respiratory tract disorders, 333 
vaccination guidelines, 1563 
viral enleropaLhogens, 343-349 
viruses, 344-345 
water, oral electrolyte solution 
(composition/usage), 353 
weakness 333 

weaver synd romc, 1035-1036 
Caking 

areas, cleanliness/disinfcction, £31, 1613 
oral calcium treatments, 1373 
paralysis, 1103 
rates, decrease, 207 
usage, 243-243 

Calving paralysis syndrome (obturator 
paralysis syndrome), 1107 
Gafycawdrusspecies (buhby bush), 
impad, 233 
Camels/camdids 
abortion, 1460 
breeding season, 1420 
CorjvretuderiujR psnr^tu&f.rirufflriT 
infection, 1135 

cystic follicular degeneration, 1421 
endometritis. 1444-1445 
metritis, 1444-1445 
perimetritis, 1444 
pyometra, 1445 


Camels/camelids (GnafrnNfflJ) 
retained fetal membranes 1437 
unobserved, 1 silent eslms, 1425 
uterine prolapse, 1446 
cAMF. See Cyclic adenosine monophosphate 
Grmpjtfabartfr/erirj. 197 
Grfflpyfdburtfr/ehtf subspecies felus 
abortion, 1457 
clinical signs, 1457 
epidemiology, 1467 
history, 1467 

laboratory diagnosis, 1467 
pathophysiology, 1457 
treat merit/control, 1457 
Cirmpyfottirtfr/frits subspecies nenerairJu 
abortion, 1451 
clinical signs, 145L-L462 
epidemiology, 1462 
history, 1461-1462 
laboratory diagnosis, 1462 
pathophysiology, 1452 
treatment/conircl, 1452 
Girmpyfdbarter jejuni, ">7 
Gjrmpyfdbflrter jejuni abortion. 1467 
clinical signs, 1457 
control, 1457 
epidemiology, 1467 
history, 6467 

laboratory diagnosis. 1467 
pathophysiology, 1457 
Grmpyfdbarter species 
clinical significance, 343-344 
vaccinations, 1533 

Grmpyibbtirter vaccines, vaccination, 1611 
Campylonhinus (wry nose/face), 263 
Canary grass, toxicity principles, 1055 
Canary grass staggers (PfjiEfcms 
staggers), 1055-1056 
elcd romyographic studies, 1065 
CifnAitfo albicans, 304 
Candidiasis, 532 

Canine distemper virus (CDV), 1013-1014 
Canine teeth, 633-634 
presence, 633-634 
Cantharldin toxicity (blister beetle 
toxicity), 747-743 
acid-bnse status, evaluation, 743 
blood pressure, monitoring, 743 
cell damage/necnosis, 747 
clinical features, 747 
clinical signs,, inclusion, 747 
diagnosis, 747, 1703 
electrolyte balance, maintenance, 747 
fluid therapy, 747 
laboratory tests, 743 
paLhogenesls, 747 
serum chemistry tests, 743 
treatment, 747 

Capillaries, PO.i maintenance, 1 173 
Capillary endothelial permeability, 
increase, 3.27 

Capillary permeability, changes, L4S3 
Capillary refill, 1037 
Capillary refill Lime (CRT), 257-263 
Capillary reflection coefficient. See Proteins 
Caprine arthritis-encephalitis (CAE), 194, 
553 

neurologic form, differential diagnostic 
considerations, 576 


Caprine arthritis-encephalitis (CAE) 
(Cewtruueif) 
presence. See Goats 
Caprine arthritis-encephalitis virus 
(CAEV), 335, 656, 1205-1207 
clinical pathology, 1205 
clinical sign^, 1205 
defi-niUcm/etiology, 1256 
diagnosis, 1205 
disease syndromes, 333 
epidemiology, 1206- L 207 
necropsy findings. 1207 
pathophysiology. 1206 
prevention/conlrol, 3207 
treatment/prognosis, 1207 
Caprine arthritis-encephalitis virus (CAEV) 
infection (infectious 
leukoencephalomyelitis), 576 
clinical signs. 976 
defmiLion, 375 
diagnosis, 976 
pathogenesis, 376 
trealment, 376 

Caprine herpes vims ] (CE1V-1), 355 
Caprine melanomas, 1331 
Caprine nasal adenocarcinoma virus 
(CNAV), 533 

Caprine vaccination programs, 1537-1531 
compliance, 1537 

Carbamate toxicosis, treatment 1713 
Carbocaine. Mepivacaine 
Carbohydrates, digestion. See Newborn 
calves 

Carbon-1 3 bound to odanoic acid breath 
test (C-OABT), 674 
Carbon dioxide (GOj) tension. 

determination, 43 
fCarbon monoxide (CO) 

impact. See Postoperative ileus 
presence, 555 
toxicity, 556 
Cardenolides, L657 
Cardia, obstruction, 327 
sigris, 327 

Cardiac anomalies 457 
Cardiac arrhythmias, 36-33 
abnormalities, B5 
causes. See Horses; Ruminants 
clinical conditions, 37 
control, 473 
detection, 475 
diagnosis approaches. £7-83 
electrocardiogram, usage, 453 
mechanisms, 36-37 

Cardiac auscultation. See Newborn foals 
Cardiac catheterization. See large animals 
performing, 433 
revelaLion, 463-434 
usage, 441, 446 
Cardiac defects, 453 
Cardiac disease 
coughing, feature, 45 
presence, echocardiogram (usage), 463, 
437 

Cardiac filling pressures, 763 
assessment, 765 

Cardiac funcLion, improvement, 260 
Cardiac glycosides, 6597 
toxicosis, diagnosis, L657 
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Cardiac inoLropes, 323 
Cardiac murmur, SB-39 

causes. See I lorscs; Ruminants 
diagnosis approach, 39 
intensity, grading 3B 
point of maxima] intensity, S3 
presence, 37 

Cardiac output, 457 r 1491 
determination, 457 
increase, inotropes {impact), 773 
results, 457 

Cardiac rumois, 47B-479 
clinical paLhology, 473 
clinical signs, 473 
definiiiorv'ciiolcgy, 47B 
differential diagnosis, 47B 
epidemiology, 473 
necropsy findings. 473 
pathophysiology, 473 
prevencior^i'oontiol, 479 
serologic evidence, 473 
treatmenl/prognosis, 473 
Cardiomyopathy, 463-474 
clinical pathology, 470-472 
clinical signs, 470 
definition^'ctiology, 469-470 
differential diagnosis. 470 
epidemiology, 472 
lesions 

microscopic characterization, 472 
recognition, 472 
necropsy findings, 472 
pathophysiology, 472 
preveniiiorv'conlTol, 4(53 
creatmen ^'prognosis, 472-474 
Cardiovascular exercise in to Lera nee;' 
weakness. 30-3 I 
mechanisms, 90-91 
Cardiovascular function 

improvement, fluid resuscitation 
(usage), 230 

parameters, hemodynamic state 
(impact), 733t 

Cardiovascular resuscitation, 713-720 
Cardiovascular system 

compromise, assessment. 307 
evaluation, 79 
Caries, involvement. 6B6 
Carnivore, infected cow flesh ingestion, 1007 
Carotene, destruction, 1029 
Carpal contractures, occurrence. 1246 
Carpus 

angular deformity, geometric 
evaluation, 1 135/ 
external support methods, 1636 
Carpus valgus deviation. 1133/ 

Carrier cattle. Lick-borne transmission. 6156 
Carrier stallions, identifications, 1649 
CARS. Sly Compensatory antiinflammatory 
response syndrome 
Casein-containing liquids, 367 
Caseous lymphadenitis (CLA), 65B-659 
CwyTMturtarium pse i idol u be rcu i 1 cs is, 
impact, 653-653 
localization, 635 
postmortem findings, 653 
spread, 5 B0 

Caslick's surgery, necessity,. 144 9 
Ciissw occvientalis, 469-470, 1703 


Casts, protein;cellular material 
(accumulations), 396 
CAT. See Computed axial tomography; 

Computerized axial tomography 
Gatagen, 1B3, 130/ 

Cataplexy, 1043-1044 
clinica] signs, 6043-6044 
defmi Lion/el iolegy, 1043 
trealment/prevention, 1044 
Cataracts (lens opacities), 1272, 1273-1279 
Catarrhal strangles, 534 
Catastrophic fractures, 6250-6251 
Catheterization. See Guttural pouches; Nasal 
discharge 
preference, 39,5 

Catheter-related complications, 1654 
CatheLers, replacement therapy, 772-773 
Cathode ray oscilloscope (CEO) screen, 
display. 1032-1033 
Cattle 

abomasai ulcers, occurrence, B64 
acute abdomen, decision tree, B46 f 
acute inflammatory disease, 410 
adenoviruses, 613 
allergic rhinilis, occurrence, 592 
.iscjrm suum eggs, exposure, 655 
atrial flbriLLation, 433 
atypical Lesions, 734 
babesiosis 
clinical signs, 11 53 
susceptibility. LI53 
badcrial vaccines, types, 1 534 
benign archythmias, absence, 36 
blood gjoup fadors, 1665-1690 
blood pressure, 456 
botulism, history, 6993 
bovine herpesvirus type 1 (31IV- 6) 
infection, 605-666 

bovine respiratory syncytial virus (BR5V) 
infection, likelihood, 603 
bracken fern toxicosis, 53 
bracken toxicosis, 6693 
briskei/ventral/udder edema, 33/ 
bronchopneumonia, bacLeria 
{association), 602b 
cardiac pressure measurements, 456t 
cardiac tumors, cause, 473 
caudal vena cava thrombosis (CVCT), 47 
cecal dilation, illness onset, 370 
cecal volvulus, presentation, 370 
cerebellar abiotrophy, 1056 
clinical disease, rarity, 733 
clinical signs, 1093-1093 
coccygeal vein, pundure, 393 
compartment syndrome, 6403 
congenital cystic nasal lurbinates, 594 
copper, toxic doses, 1 667 
C&jyneJnacterium pjradohrfom'idojiES 
infection, 11 B5 

c oxo fern oca I joint, luxations (repair], 1211 
cranial abdominal pain, 345 
cerebrospinal fluid, protein 
composition, 975f 
diagnostic rule-outs, 6093 
diaphragms, defects, 327 
dietary fluoride, long-term 
lolerances. L 2334 
digoxin therapy, guidelines, 473b 
diseases, LDS2 


Cattle {CpJitfflUftJ) 

CJastridtuFir perfr i , 1 tget is, impad, L6L3J 
resemblance. See Foot-and-mouth 
disease 

downer syndrome, 6409 
ear mite infestations, 1050 
emphysema. 1703 
encephalitic herpesvirus infections, 
differential diagnoses, 373 
endoscopic/oropharyngeal examination, 
signs, 531 

eperythrozoonosis, 1 660 
exophthalmos, 1052 
feed Lot entry, vaccines 

(administration), 1597b 
feeds. 236-237 

forage quali Ly, DiVll maximum, L4B£ 
gastrointestinal disease, treatment, 436 
gastrointestinal nematode 
infections, 1632-1634 
populations, risk, 1632 
gastrointestinal pain management, 

nonsteroidal antiinflammatory drugs 
(NSAIDs) (usage). B49 
genetic tests, 1663r 

gestation prolongation, genetic causes, 203 
glutathione peroxidase activities, 
concentrations, 1406£ 
hairy vetch, grazing. 1704 
handling, stress, 645 
hypoderma, clinical signs, 1320 
hypokalemia syndrome, 1377-1330 
immune system, stress (impact), 1535 
infection, disease (occurrence). 736 
infectious diseases 
molecular testing, 446-447 
submission, sample, 447 
interdigital necrobacillosis (foot 
rot), 1234-1236 
clinical pnlhology, 1235 
clinical signs, 1235 
definition/ctiology, 6234-1215 
epidemiology, 1215-1216 
melaphylaxis, 1236 
necropsy findings, L236 
pathogenesis, 1235 
result. 1621 
topical therapy, 6216 
treatmenl/preveniion, 1230 
intestinal tumors, rarity, 370 
intestine, obstrudive lesions, 372 
L. inlHrrajpjni serovar ftizrcfye, host 
reservoir, 96B 

Luteri'd monMyiDgETiej. 1276-1277 
liver abscesses, 313/ 
liver biopsy, confinement. 397 
Liver neoplasia, 920 
lungwermi, 653-655 
lymphoma, hemogram, L1 75 
kiannheimiij fiiWBufj-tinz, <5 L 4 
medial retropharyngeal lymph node 
infection/abscessation, clinical 
signs, 573 

mesenteric fat necrosis, B70 
AtdrtitfiHinu encephalomyelilis, 993 
mucosal disease, development, 796 
multiple liver abscesses, 921 
muscle crush syndrome, 1403 
nasal foreign bodies, susceptibility, 532 





Cattle (CwrCuiuf-d) 

Neasponr Infection, 1008-1009 
neurologic Lesions L 043 
nitrate poisoning, 1702 
-uJill Lesions, infectious diseases- 
(association), ] Nr 
csleochondiosis, reports, U9D 
parainfluenza virus 3 (H3), 61J 
parapoxvirus, 1118 

parasitic bronchitis/pnoimonia, (553-654 
pastures, access. 46 
performance, drinking water salt 
concentrations (impact), 1026r 
periodontal disease, report, 791-782 
pharyngeal Irauma, 580 
plague. See llinderpesl 
pncumonLa/arthrilis (Mycoplasma topi's 
impact), antimicrobial therapy 
(pjoblems), 624 

pneumonic paslcurellosis, vaccination 
(controversy), J60B 
potassium balance, 1378/ 
quinldine administration, 473b 
rcEpiiatoTy complex, infectious agents 
(association), 602 

respiratory disease, iVJi'iicipJi ls r bam 
(impact), 300-B0I 
respiratory disease complex, 602 
etiology, (502 

respiiatoTy syncytial viruses, 607~<5 L 3 
right kidney, length/width, B09-SJ0 
SjTrLtPCTirjj infestations-, 1009 
seizures, treatment (anticonvulsant drug. 

regimens), LOOD 
single Liver abscesses, 923 
somatotropin, diiecl/indirect effects. 1331/ 
strabismus, 1052 
Lhoracic/cranial abdominal pain, 
presence, 47 

Lracheal edema syndrome. See I'eedlot 
cattle 

treatment, 1032-1093 
vaccines, 1598, 1593-1597 
antigens, availability, J532E 
viral Infection, 3B4 
viral vaccines, types. 1594 
in vitro minimal inhibitory concentration 
(MIC) data, 302 
weight loss, B70 
whole blood selenium activities, 
concentrations, 1406c 
winter dysentery, 979-879 
Cauda equine diseases, 1032 
Cauda equine neuritis. See Polyneuritis equi 
Caudal molar malocclusions/problems, 673 
Caudal tail fold (CFT), tuberculin 
administration, 6(52 
Caudal vagina, visualization/ 
palpation, 171-172 

Caudal vena cava thrombosis (CVCT // 
pulmonary embolic aneurysm // 
pulmonary thromboembolism), 5B, 660 
Caudoventral lung field, lateral thoracic 
radiogiaph, 505/ 

OCP. See Corpus caver nosum penis 
CCT. See Comparative cervical test 
CD4 + T cells 

percentage, 1666-1(567 
subdivision, 1665-1690 


CD 14. discovery, 714 
CDC. See Centers for Disease Control and 
Prevention 

CDL See Common digital extensor 
CDV. See Canine distemper virus 
CL See Contagious ecthyma 
Cecal dilatation, volvulus 
(relationship), B69-870 
Cecal disorders, diagnosis, 945-B47 
Cecal emptying defecL, 73B-733 
pathophysiology. 733 
physiology, 739-739 
Cecal impaction, 751 
development, 75 I 
prognosis, 751 
Cecum, 313 
abnormal findings, 819 
appearance, 819 
percussion, 7/ 

Cefotaxime, 100 L 
Ceftazidime, 100L 
Ceftiofur, 1001 
usage, 33 L 

C-ELiSA. See Competitive ELI 5A 
Cell-mediated hypersensitivity, impart. 1233 
Cell-mediated immunity (CMI), 5L4-515 
assessment, 1537 
CM! effector cells, 1692 
Cell membrane 
damage, oxygen (impact), 705 
potentials (maintenance), calcium 
(requirement), 1500 

Cells 

necrosis, 705 
range, 336 

Cellular activation, 714 
Cellular defense mechanisms, 1113-11 L4 
Cellular hypoxia, 715 
Cellular injury, 702 
Cellular membrane permeability, 1489 
Cellulitis, 535-596 
clinical signs, 596 
definition/etiology. 535 
development, 694/ 
diagnosis, 536 
differential diagnosis, 536 
treatmenVprognosis, 596 
Cellulolytic microflora, development 
(incompletlon), 834 

C^lilutan'jnscraljfUFJf m’JiiJitru placentitis, 1453 
Cell wall antigens, detection (ELISA 
test), 1186 

CLM. See Contagious equine metri tis 
Centers for Disease Control and Prevention 
(CDC) sanitation guidelines, 1523-15 30 
CenlesLs. See Paranasal sinuses 
usage. See [visaI disrharge 
Central cyanosis, 68-69 
pathophysiologic classification, 69t 
predisposition, 69-71 
Central hyperalgesia, 24 
Cenlral nervous sysLem (CN5) 
acidosis, risk (increase), 32B 
congenital disorders, 120 
degenera tion, mechanism, 99 L 
depression, 1 679 
derangement, characteristic, 1032 
disorders, 33 
impact. L20 


Centra] nervous system (CNS) (Cbnimiiftf) 
dysfunction, treatment, 256 
gross pathologic lesions, 1040 
impact, 254-257, 377 
involvement 966. 1013 
lesions, 665 
localization, 11 9f, 134 
clinical sigps, basis, 134 
postmortem identification, JO 14 
management, 253 
pain transmission, 24-25 
parasites, attack, 1080 
parasitic infection, diagnosis, 1092 
parasitic migration, 389 
pathologic lesions, 1060 
signs, pathogenesis, 1017 
syndrome, 302 
trauma, I 10 

Central venous oxygen saturation 
(8VO ± ), 717 

Central venous pressure (CVr), 1437, 1430 
elevation, cardiac catheterization 
(usage), 476 
explanation, J430 
measurement. See N'eonatal foals 
monitoring, 929 

readings, occurrence (Impacts), J430 
Central vestibular lesions, 133 
head tllL, 138-133 
Ccphaplrin. therapeutic synovial 
concentrations, 363 
CmrlocepJkifiJS rejEttziJafus, J639 
Cerebellar abiotrophy. See Arabian horses; 
Cattle 

diagnosis, 1057 
occurrence, 1057 
signs, 1057 

f Cerebellar disease, 1055 
impact. See Ataxia 

Cerebellar dysfunction, signs, 1055-1056 
Cerebellar hypoplasia 
cause, 1057 

congenita] bovine viral diarrhea virus 
infection, impact, 1055-J056 
Cerebellum, vestibular centers 
(lesions), J33-139 
Cerebral babesiosis, ] 158 
Cerebral cortex 

dysfunction, abnormalities 123 
unilateral lesions, 130 
Cerebral disease 
lateralization, E35 
signs, 134 

Cerebral hypoxia, 1003-1004 
Cerebral thelleriasis (Turning sickness // 
Draaisiekte // East Coast fever // 
Corridor disease // January disease ,'/ 
Tropical fever), 1013-1020 
clinical signs, 1013 
control, 1020 
definition/etiology, 10 J 9 
necropsy findings, 1019 
prevention, 1QJ9-J020 
trealment, 1019 
Cerebral toxicosis, sage toxicity 
(impact), 123/ 

Cerebral trauma, clinical presentation, 1003 
Cerebral trypanosomiasis (Sleeping 
sickness), 1020-1021 
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Cerebral trypanosomiasis (Sleeping sickness) 
(ODfrARud) 

definiSioi^i'ciiolo^'/cLLnica] signs, 1525 
pathedogy, 1020 
ireasment/contrel, 1020-1021 
CerebrocorticaL disease, drug dosages 
(recommendation), 3 73 r 
CerebrocorticaL edema.. lieaUnent (drug 
dosages), 10051 
CerebrocorticaL necrosis. 

See rolioencephalomalacia 
Cerebrospinal fluid (CSK). 372 
abnormality, 337 
amlysis, 13 J, 373-575, 1170 
antibiolics/anLimiaobial drugs, 

penetration (expecLaLion), IQOOfr 
antibodies, location, 3B3 
changes, 1022, 1073 
collection, 372-573 
needle placement, ullrasonography 
(usage), 571 
preparation, 300 
color, 373-574 
CSF/plasma ratio, 075 
derivation, 572 

flow, direction (predominance), 372 
glueos^prclein, concentrations, 374 
Gram-stained smears, 303 
lumbosacral cap. 374f 
magnesium (.Vlg) 

concentrations, 1174-1375 
reference values, 574 
refractive index, 374 
serum concentrations, 1026 
lap, indication, 256 
testing, 375 

viral/protozoa] genomes, detection, 444 
Cerebrospinal nematodiasis, 1010-1313 
Ceroid lipofuscinosis. 1040 
Ceruloplasmin, synthesis 15 
Cervical abnormality,, 1447-1443 
Cervical lacerations, 1441 
clinical signs, 144B 
diagnosis, 144 6 
treatmenl/pnognosis, 1441 
Cervical radiographs, diagnostic 
information, 453 
Cervical reflexes, L 29 

Cervical region, ultrasonography. 635-650 
Cervical spinal cord, 143-145 
Cervical spine 

myelographic examination. 51 f r 53 f 
spinal cord trauma, 1075-1076 
spinal fractures/luxalions. 

1075-1076 

Cervical stenotic myelopathy. See Cervical 
vertebral stenotic myelopathy 
Cervical vertebrae, developmental 
mal formal ions, 1067 
Cervical vertebral interbody fusion, 
improvement 1072 
Cervical vertebral stenotic myelopathy 

(CVS(si // Wobbler syndrome// Cervical 
stenotic myelopathy fj Cervical vertebral 
instability), 1067 
clinical signs, 1067 
CVSM-afEecled horses 
conservative management, L 071 
treatment option, 1071 


Cervical vertebral stenotic myelopathy 

(CVSM // Wobbler syndrome// Cervical 
stenotic myelopathy // Cervical vertebral 
instability) (OwitTnued 1 ) 
developmental orthopedic disease. 

manifestation, 1067 
diagnosis, myelographic criteria, 1070 
suigjca] intervention, 1072 
Cervicitis, 1447 
clinical sigjas. M47-M43 
diagnosis, 1447-1443 
prevention/con Lrol, 1441 
treat ment/prognosis, 1443 
GervicoauricuLar reflex, 125 
Cesarean section 
dam indication, 212 
induction. 241 
performing, 327 
CeilTUPtr JcurjiupjT, 1635 
CE. See Complement fixation 
CKD. See Cystic follicular degeneration 
Cl-'Rs. See Code of E : ederal Regulations 
CFT. See Caudal tall fold 
CFTR. See Cystic fibrosis transmembrane 
conductance regulatoc 
CRfs. See Colony-forming units 
CCn, See Combined glucose-insulin test 
cGMP. See Cyclic guanosine monophosphate 
CGKP. See Calcitonin gene-related protein 
Challenge study, assessment 
(information), 1552 

Chaotic diastolic milral valve flutter, 465 
Charolais bull {left suprasp hiatus/ 
infraspinatus muscles). Sweeney 
(neurogenic atrophy), 31/ 

Charolais calves, progressive ataxia, 1016 
Charolais cattle, phosphorylase 
deficiency, 14 I B 

Ch edi a It- Higashi syndrome, L611 

Cheek pouches, protrusion, 1552 

Cheek teeth, 677-67B 

Cfeeiferntfeer JrunirJu, 163B 

Chemical analysis, usefulness, 163 L 

Chemical injury. See Eyes 

Chemically altered live virus vaccines, 1656 

Chemical nociceptors, 21-24 

Chemical respiratory sLimulants. usage, 231 

Chemical toxins, impact. 

See Rhabdomyolysis 
Chemistry panel. See General chemislry 
panel 

t'Jiemcprophylaxis. 520 
Chemotherapeutic agents, 

complications, 1171-1175 
Chemotherapy, usage. See Lymphoma 
Chert 

palpation/percussion, importance, 71 
percussion, dorsal-to-ventcal 
direction, 3-ID 
radiography, 43 
Chest pain 

causes. See Horses; Ruminants 
development. 23 
diagnosis approach, 2B-23 
Chest wall, palpation, 47 
Chcyne-Siokes respiration. 267 
Cl IF. See Congestive heart failure 
Chiggers, L32I 
Chimeras, 1427 


Chlamydia] agents 

CMjFifjtdtfp fetid species, 626 
impact, 611-626 

Chlamydial keratoconjunctivitis, 1275-1276. 
See also Sheep 
clinical pathology, 1 276 
clinical signs, 1275-1276 
definition/etiology, 1275 
differential diagnoses, 1275-1276 
epidemiology, 1276 
treatmenl/pnognosis. 1276 
C/ri'iJFtryika peccrture infection. See Sporadic 
bovine encephalomyelitis 
CJrfaFJiydfa psilhKi abortion (enzootic 
abortion of ewes), 1461 
clinical signs, 146B 
epidemiology, 1463 
history, N63 

laboratory diagnosis, 1461 
pathophysiology, 1461 
treatment, 1 'control, 1461 
Chloramphenicol 
effectiveness, 723 
nonrecommendation, 1001 
Chloride, 775. See li/jo Ruminal fluid 
Chlorinalcd naphthalene, 1716 
clinical signs, 1716 
diagnosis, 1716 
Chlorine, 650 
necropsy findings, 650 
Chlorophenoxy acids, 1714 
clinical signs, 1714 
herbicides, 1714 
absorption, rapidity, 3714 
ChLorpyrifas, 1713 
toxicosis. 1712 
Choke, 305-B57 
clinical pathology, 306 
clinical signs, 305-656 
definition/etiology, B55 
differenlial diagnosis, 105-306 
esophagus, physical obstruction, 324 
long-term prognosis, 107 
necropsy findings, 106 
trcatmenl/progncsis, 306-107 
Choking, impact, 74-75 
Cholangiocareinoma, 313 
Cholangiocellular carcinoma, 515 
Cbolangiohepatitis, 321 
report, 321 
Cholangitis, 521 

Choleralriferol (]>■.), toxicity, 326 
Choledocholithiasis, 320-52 L 
clinical signs. 325-52 1 
diagnostic test, 520-321 
differential diagnosis, 520-321 
necropsy findings, 521 
treatment, 321 

Cholelithiasis, 320-521. See ufse Elorses 
clinical signs, 325-52 I 
diagnostic test, 520-321 
differenlial diagnosis, 520-321 
necropsy findings, 521 
treatment, 321 
Cholestatic obstruction, 115 
Cholesteatomas, lesions, 1541 
Cholesterol granulomas, J041 
Cholinesterase activity, measurement. L7L2 
Chondrodysplasia, 1 130 






GhoricalLanlcis. Level, 261 
Choricplic mange (leg mange), 1322 
Chorioretinitis, report, 1297 
Choroid plexus paplllc-ma, L 041 
Chromoblaslomycosis, ] 120 
Chromcmycosis, ] 120 
Chromosomal abnormalities 1653 
Chromosomal sex. 
abnormalities, examples, 1427/ 
determination, 1426. 1427 
Chronic active hepatitis, 301 
clinical signs, 303 

definltlon/etiology/epidemiology, 303 
diagnostic tests. 301 
differential diagnosis, 301 
liver-derived serum, hepatitis, 
elevation, 901 
necropsy findings, 301 
pathophysiology. 901 
prognosis* 903 
LreaLment/conlrol, 901 
Chronic anhidrosis, 1346/ 

Chronic blood Loss. I N5-] 136 
Chronic bronchitis, impact, 51 
Chronic calcium deficiencies, 1171-1174 
Chronic clinical toxicoses, 169] 

Chronic copper toxicosis* 17 ID 
clinical signs, 1710 
diagnosis, ]710 
treatment, 1710 

Chronic coughing, conditions, 50 
Chronic degenerative endometritis 
(endometriosis), M33, 1441 
diagnostic approach, 1439-1340 
endometrial biopsy, 1440 
endometrial cytology. 1430 
hystcroscopy, 1440 
microbiology, 1419-1430 
Lransrertal ultrasonography. 1340 
Chronic diarrhea, 96, 749-750 
bismuth subsalicylate. 

administration. 750 
causey 749 

complete blood count, evaluation, 750 
diagnosis, 743-750 
diagnostic approach, basis, 743-750 
diet, changes, 750 
Feces, parasitic ova (presence/ 
examination), 750 
Function/absorption tests, 
performing 101 

inflammatory disorders, impact, 749 
icdochlorhydroxyquin, usage, 750 
oral glucose absorption test, 750 
peritonea] Fluid analysis, 750 
serum chemistry values, variation, 750 
Lola] serum protein, decrease, 750 
LreaLment, 750 

response, evaluation, 102 
Chronic exertional rhabdomyolysis, 1414 
Chronic indigestion. 340 
Chronic intermittent rhabdomyolysis, 1412 
Chronic interstitial nephrilis (ON), 310 
Chronic interstitial pancreatitis (Cl 12), 323 
Chronic interstitial pneumonia. L206 
Chronic laminilis 
signs, 1225 

sLretctied white line, 1241/ 

Chronic leukemia, progression, 1179 


Chronic macmmineral insufficiency/ 

imbalance, diagnosis. See Ruminants 
Chronic mastitis 1206 
Chronic moderate hypophosphatemia, 1377 
Chronic mucosal disease. 736 
Chronic nasal discharges, scalding 53 
Chronic obstructive pulmonary disease 
(COPD), 73-73 
etiopathogcnesis. 556 
mild status, 564 

Chronic oiganophosphate poisoning. 

See Triaryl phosphate poisoning 
Chronic pain. 23 
assessment, 26 

Chronic parasitism, resolution, 750 
Chronic partial obstruction, 954 
Chronic partial urethral obstruct ion, 352 
clinical findings. 352 
differential diagnosis, 952 
Chronic phosphorus deficiency, 1376 
occurrence, 1176 

Chronic placental insufficiency, fetal 
adaptation, 246 

Chronic placentitis* cases* 262-263 
Chronic pneumonia, 652 
Chronic pneumonia and polyarthritis 
syndrome (CFFS), 621-622 
Chronic recurrent bloat, 327 
Chronic renal failure (CFF), 330 
causes, 330-913 
clinical signs, 311-332 
clinicopathologic findings, 911-932 
diagnosis* 932 
fibrosis, impaet, 330 
isoslhenuric range, 332 
laboratory findings, 911-312 
prognosis, 333 
treatment. 932-311 
additional, 311 

Chronic suppurative bronchopneumonia, 
Hihcviocipcirus e^itr (impact), 444, 510 
Chronic suspensory dcsmltis. clinical 
signs, 1 239 
Chronic toxicity, 1705 
Chronic uveitis. 1272 
Chuzan virus infection, 1010 
Cl IV-1. See Caprine herpesvirus 
Chyloabdomen, 711 
Chylomicrons, absorption, 915 
Chymosin (rennln), 167 
Cicuta spp., 1 701 

Ciliary body, hislopathologic lesions, 1292 
Ciliary neurotrophic Factor (CMK), 34 
CLmetidLne, usage, 63B-693 
CIN. See Chronic interstitial nephritis 
CIP. See Chronic interstitial pancreatitis 
Circling 113 
manifestation, 323-323 
Circling disease. See Listeriosis 
Circulating endotoxin, neutralization, 713, 
721-722 

Circulating fluid volume, reduction, 336 
CLrcumvenlricular vascular organs 
(CVVOs), 33-15 
Cisapride, second-generation 
benzamide, 74 L 
Cisternal Fraction, 1112 
CLsterna magna cerebrospinal fluid Lap, 371/ 
CLslerna magna lap, 97,2-371 


Citrullinemia, 1031 
cause, 1041 
diagnosis, 1041 

CK. See Creatine kinase 

CL. See Corpus luieum 
Clihfoiperiwm herbarium, 557 
Clara cells, 644, 643 
(bitmaps pflspffJi, 1064, 1707 

attacks, LD65 

toxicity. See DaLI is grass staggers 
Chmeeps purpurea, J7D7 
infestations, 13 
Cleaning 1526-1527 
definition, 1526 
labor-intensive methods, 
reduction, E 5 26-15.27 
surface material, impact, 1527-1529 
Clean pasture. 1630-1631 
Cleft palate, rarity, 263 
Clenbutcrol, 561 

Clinical and Djihoralury Standards Institute 
(CLSl), 1432 

Clinical chemistry evaluation, anticoagulants 
(recommendation), 3791 
Clinical colifonm mastitis 

episodes, characteristics, 1125-1126 
treatment, InLramammaty/systemic 
antibiotics (usage). 1126 
Clinical fluid therapy, fluid physiology 
(impact). 1433 
Clinical icterus, causes, 333 
Clinical ketosis. See Ruminants 
detection, 1369 
Clinical mastitis 

alternatives, consideration, El31 
antibiotics 

efficacy (determinant), minimal 
inhibitory concentration (MIC) 
lime (impact), 11 32 
selection, 1 El E 
treatment, 1124, 1139-1132 
antiinflammatory agents, 
usage, 1 133-1 114 
antimicrobial susceptibility testing, 
limitations 

(understanding). El31-1132 
cow history, consideration, 1111 
detection, I E16 

diagnosisi 1 treatment, cost, 11 36 
economic Impact, 1116 
electrolyte therapy, 1133 
episodes, gram-positive bacteria 
(impact), 1132-1133 
explanation, absence, 11 33 
fluid/electrolyte therapy, 1132-1 L 33 
inlravenous fluid therapy, 1113 
isosmolic [V fluid therapy, 
alternative, 1 El 3 
milk-out, frequency, L1 34 
milk production/speed, correlation, 1133 
nonanlibiolic supportive measures, E1 34 
nonsteroidal antiinflammatory drugs 
(NSAlDs), usage, 3133-11 34 
oral fluid therapy, L132-1133 
outcome, determination, 1131 
oxytocin, administration, 1134 
pathogens, consideration, I 110- LIIE 
pharmacokinelics/pharmacodynamics, 
consideration, 1 E12 
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Clinical mastitis {Owin'. 1 rued) 

physiologic/pathologic changes, ] 131 
severity, 3 L ] 6 
consideration.. LI.II 
Eii^pTrylocdrcii'i durciir, impact, ] L3S 
steroidal antiinflammatory agents 
efficacy, I ] 11 
usage, I ] 11 

supportive treatment, 1 132-] 634 
measures. 1314 
therapy, 131(3-1314 
treatment, institution,. 11 19 
udder depth/alLachment, correlation, 1313 
Clinical sepsis syndromes, 713 
Clinical signs, Interpretation (care), L5QS 
Cllnicopatholcgir data, variation 
sources, 377 

CL3F. £ec Corticnlrophin-like intermediate 
lobe peptide 

□Litoral winking, 1421-1421 
Closed pneumothorax, 552 
Closed-tube detection, 435 
advantages, 43D r 413, 435. 433, 413, 439- 
440, 440 

□Loslridial diarrhea, 745-746 
clinical features, 746 
diagnosis, 746 
pathogenesis. 746 
supportive care, 74(5-747 
toxin ft. enterotoxigenic (secretory) 
activity, 746 
treatment, 746-747 

Closlridial eight-way baclcrln-toxoids, usage 
(considerations), 66K64 
Clostridial enterocolitis 
impact 

adult horses, 746 
foals, 343 

medical intervention, 316 
Closlridial myonecrosis, 1400 
antibiotic Lhcrapy, 140L 
clinical pathology, 1400 
clinical signs, 1400 
epidemiology, ]40 L 
necropsy findings, 140] 
pathologic lesions, 1400 
pathophysiology, 1400-140 L 
prevention, 1402 
prognosis. 1402 

protection, immunization procedures 
(basis), 3402 

supportive fluid lhcrapy, 1401-6402 
surgical Intervention, 1401 
swelling/aulolysis, 140] 
treatment 1401-1402 

Closlridial seven-way bacterin-toxoids. usage 
(considerations), 1616d 
Closlridial vaccines, 6663 
Cfostrir-ijEwn fcrtuhnum (botulism) 
spores, ] 03 5-] 600 
toxoids, 1613 

CfoitridiEUfi chdtizwr (blackleg) 
bacterlns, 1613 
doitridfiin difficile, 37, 1547 
C. jpcr/ri?igens, similarity, 316 
cultures, performing 300 
infection control, 1547 
s pom I a ted obligate anaerobe, 746 
toxin \ ELISA, 746 


CVctrlrfdi'irm JrjrfifiofyricEip.iT, 300 
monovalent vaccine, 300 
CVetrlrfdi'irm .wpiyf types A/E (blghead) 
bacterins, 1619 
CVctrlrfdi'irm pex/fingens, 3]6 
association, 347 
biotypes, E71 
diagnosis, 1] 6 

mcaningfulness, E71 
isolates, examination, 100-101 
isolation, 373 
strains, classification, 746 
toxins, diseases, 372-373 
toxoids, 1639 
type A, 37. 373 
association, 343 
type B, 57, E74 
types 

C/D. vaccination. 65E7-153S 
Loxlns/dlseases classification, 366( 
CVctrlrfdi'ii'm ptvfringens type C, 37. 

E74-375 ' 
clinical signs, E74 
definition/etiology, 374 
differential diagnosis, 374 
epidemiology, 375 
necropsy findings, 375 
pathophysiology. 374 
treatment/prevention/control, 375 
CVctrUrdi'ii-m perfringens type D. 375-E76 
clinical signs. E75 
definition/etiology, 375 
epidemiology, 375 
necropsy findings, 375 
pathophysiology, 375 
treatmcnt/prevention/control, 375-376 
CVetrtrfdiirm ptHforme, 302 
Closjyuiium sepfl'tujita (malignant edema), 231 
bacterins, 3613 

Ctarlrfdi'irm sardeUii bacterins.. 16 L3-I62D 
C^ffilTfdiirm species, 147 
HCVctrlrfdi'irm sparaserwi. ] 021- ]024 
CVetrlrfdiii'm tetani (tetanus) 
spores, origination, 16 L3 
toxoids, 3619 

Clotting factor deficiencies, cliniral 
signs, 415 

hemonhage, tendency. 3147 
Clotting times, examination, 106 
CL3L. See Clinical and Laboratory Standards 
Institute 

CJub colonics, 734 
Clublike rosettes. 734 
Gkll. See Cell-mediated immunity 
CMS. See California iVlaslitis Test 
GMSCC. See Somalic cell count, milk from 
all four quarters (GMSCC) 
elevation, 6121 

GMT. See California Mastitis Test 
CHAP. See Compound nerve action potential 
CMAV. See Caprine nasal adenocarcinoma 
virus 

CMK. See Ciliary neurotrophic factor 
CMS. See Cenlral nervous system; Coagulase- 
negative staphylococci 
CM5. See Cranial nerves 
GO. See Carbon monoxide 
C-OABT. See Carbon-31 bound to octanoic 
acid breath test 


Coagulase-negatlve slaphylococcal 
mastitis, I 127-3 L23 

CoaguLase-negatLve staphylococci (CNS) 
detection, 6 3 6 3 

Lmpad, 1 323. See also Subclinical mastitis 
Infections, subclinical 
characteristics, L 127 
prevalence, 3 627 

Coagulation, bloodvessel mediation, 6 346 
Coagulation factors, disorders, 1 353 - 6 354 
Coagulation factor X3I (3 lageman 
factor), 715 

Coagulation pathways, 433/ 

Coat length/density, abnormality. 635-131. 
definition, L39 

development, mechanisms, 139-393 
diagnosis approach, 631 
nutritional imbalances, 333 
Coat length/density, decrease 
diagnosis, steps, 393 
differential diagnosis, usage, 393 
Cobalt administration, 3066 
Cobalt deficiency, 3S3-E3 6, 3639. 

See aisv Ruminants 
clinical pathology, 352 
clinical signs, 352 
dcfinition/ctiology, E32 
diagnosis, 352 
differential diagnosis, 332 
epidemiology. 667-332 
pathophysiology, 667-332 
treatment/control, 667-E3 2 
□accidiemycosis, 510 
CoccidiosiE^. 146. See aho Food animals 
anthelmintics 

biologic control. 3621-3647 
products, rotation. 6621-3647 
usage, 1623-6647 
clinical Infections, minimization 
(strategies), 6647 
clinical management, 6647 
clinical manifestation, 3 646 
control. 3646-3647 
daily pyrantel LanraLe, 3621-1647 
diagnosis, 1647 
drugs, usage, 3646 
Ivermectin, usage, 1623-1647 
LarvlckLal fenbendazole 
regimen, 6621-3647 
Life-cycle, 1645 

moxideclin, usage, 1621-6647 
pathophysiology, 3646 
populations at risk. 6646 
prevention, 170 

preventive programs, evaluation. 3647 
treatment 3 647-1623 
Intervals, 1 621-3 647 
□ODD. See Contagious ovine digital 
dermatitis 

Code of Federal Regulations (CFRs), 1553 
standards for accredited 
veterinarians, 6552b 
Co-domLnanl inheritance, 1653 
Coenurosis (Sheep gid // Caenjtna cevebralii 
Infestation // TiwniiJ muf deeps 
Infestation), 1(140 
acute form, 6040 
clinical signs, 1040 
definition/ctiology, 6040 




Gcenurosis {Sheep gid! // Ownirnis cerefcrai'i's 
infestatlon // Titenia midi! jeeps 
infestation) (Cbnimjitfd 1 ) 
diagnosis, ]040 
necropsy findings, 1040 
pathophysiology, 1540 
prevention, 1040 
LrcaLmenr, 1040 
Caenurus cerebrals 1040 
development, 1253 
Coggins's 1est, 403 
Co-grazing 1(533 

Coital exanthema, 1449. See Equine 
coital exanthema 
clinical signs, 3449 
diagnosis, 1449 
LreaLmcnt; prognosis. 1443 
Cold-blooded horses 
bilirubin level, 332-353 
hematologic parameleis.. 
differences, 377-373 

Cold-reacting Coombs' antibodies, presence. 
See 1 lorses 

Coiesioto (Rickettsia) keratoconjunctivitis, 
1277. See itfsa CMrmjv'Jiitf jrgenis 
Colic, 102-10(5 
clinical signs, 315 
definition, 102 
intermittent signs, 535 
intestinal causes, 104-105 
result 362 

symptomatic treatment, 10(5 
treatment, 737 

ullrasound/radiology, usage, 105 
Coliform bacteria 
detection, L1 L3 
impact, 1 12B 
multiplication, 1126 
Coliform inliamnmmary infections, 
development, 1125 

Coliform mastitis. 233-234, L125-1126 
control, 11 27 
measures, 1127 
field trials, results, LI26-1127 
treatment, 1126-1127 
Colieis 

active inflammation, 743 
antimicrobial drugs, usage. 743 
fluid therapy, 1492-1493 
inflammation, limitation, 743 
nutrient loss, 160 
patient, nutritional 
requirements, 743 
Collagen deposition, 560 
Collagen fibers, poor orientation, 

1333-1334 

Collagenolytic activities, 557 
Collagenolytic granuloma. See Eosinophilic 
granuloma 
Collapse 
causes, 233-233 
identification, 232 
sudden death, contrast, 232 
Collateral suspensory ligament (CSL), 

1216 

Colloid osmotic pressure (COT), 1437. 

See itfse Interstitial COr 
Colloids, 771 
indication. See 1 lorses 


Colon, 313 

abnormal findings, 319 
appearance, 319 
atresia, 753 

damage, irreversibility. 754 
displacements. 753 
garland appearance, 3 13 
hydration, oral fluids (usage), 772 
impacL. See Large colon 
nonstrangulating obstruction, 752-753 
Colonic fluid secretion (minimization/ 
cessation), medications (usage), 743 
Colony-forming unit-granulocyte. 405 
Colony-forming units (CPUs). 512, 513, 

1045 

level, 1113 

Colony-stimulating factors (CSl-'s), 1114 
Color flow Doppler echocardiography, 
usage, 435 

Color flow echocardiography, usage. 441 
Colostral antibodies, ingestion, 534 
Colostral IgG concentration 
differences, 1143 
factors, 1 143 

Colostral immunoglobulin 
concentration, factor, 1673 
content, evaluation, 1671 
transport, 1142-1L12 
Colostral intake, ensuring, 353 
Colostrogenesis, 1142-1112 
ColostromeLer, usage. See Whole-colostrum 
specific gravi ty 
Colostrum 

bank, establishment, 1671 
casein protein, 335 
feeding 

equipment, disinfection, 1613 
time, 336 
first feeding, 367 
formation, 1673 

gamma-gluLamyltransferasc (GGT), 
presence. 1630 

management, 350. See jrlio tveonatal calf 
diarrhea 

products, US DA regulation, 363 
substitutes, 363 
supplements 

EscPwrirbiii coJf antibody, inclusion, 363 
usage, 36B 
Colls 

foals, inguinal/scrotal region 
(palpation). 271-273 

gaslric/small intestinal gas distention, 313/ 
lateral tarsus, appearance, 293/ 

VSD. continuous wave Doppler sprctral 
tracing, 436-450 

Combined glucose-insulin lest (CGIT) 
blood glucose concentrations, 1353/ 
usefulness, 1353 

Combined immunodeficiency, 1631 
Combined thickness of the uterus and 
placenta {CTLJF) 
establishment, 247 
Iransrectai imaging, 1452/ 
transrectal ultrasonography measurements, 
monthly recordings, 1453/ 

Comet tail artifacts, 552 
Com mcnci al replacement/mainlcnance 
fluids, composition, L4S3i 


Common digital extensor (CDE) lendon, 
rupture, 1 245 

Common variable immunodeficiency 
(CVID), 1675 
clinical findings, 1675 
dehnition/eliolcgy, 1 675 
immunologic findings, 1675 
Common vehicle transmission, infection 
(involvement), 1535 
Companion ruminants, weight loss 
program, 163 

Comparative cervical test (CCT), 662 
Compartment syndrome. See Cattle 
Compartment volumes, rapid changes, 1437 
Compensatory antiinflammatory response 
syndrome (CARS), 715-716 
Compensatory gain, 143 
Competitive ELISA (C-ELISA), 7B3, 
1153-1160 
usage, 1 162 

Competitive endurance horses, fluid 
therapy. 1502-1503 
Gompicmenl-derived chcmolactlc 
factors, 533-534 

Complement fixation (CF), 73B 
test. See lohne's disease 
Complement receptors (CRs). 513 
Complete albinism, 1332 
Complete blood count (CBC) 
blood, obtaining B3, 10 I 
change, 1052 
data, 400 

performing See Cyanosis 
usage. See Coughing; Respiratory distress 
usefulness, 47. See liAjd Abnormal 
respiratory noise 

Complete necropsies, performing See Dead 
animals 

Complete obstruction, signs, 104 
Complete urethral obstruction,, 94 L 
Complex vertebral malformation 
(CVM), 450 
Compliance 

improvement. See Training programs 
monitoring. See Personnel 
Composite milk 
adturing 111 B-l 115 
samples 

conlrasL. See Quarter milk samples 
media, selection, 1113 
Compound hair follicle, longiludmal 
section, 130/ 

Compound nerve action potential 
(CHAP). 1035 

Compromised neonatal foals, approach, 262 
Compuled axial tomography (CAT), 
usage, 222 

Compuled radiography (CR), 
avail ability. 669-670 
Compuled tomography (CT) 
disadvantages. 67,2 
scanning, usage. Stv Nasal discharge 
usage, 256 

Computerized axial tomography (CAT) 
scanners, usage, 13 
Computers, advantages, 39 
Concanavalin A (ConA), 1673 
Concentration-time curve, shape 
(usage), 453 
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Concurrent percussion, usage, 7-3 
Conduction abnormalities, A? 

Congenital anomalies, 269 
Congenita] bovine viral diarrhea virus 
infection, impact. See Cerebellar 
hypoplasia 

Congenital cardiac defects, cause, 4 57 
Congenital cardiac disorders.. I 171 
Congenital cardiovascular disease, 457-461 
suspicion, 457 

Congenital defects, 735. 362 r 370-371 
genetic origin, 1657 

structural/funcliona] abnormalities, 1657 
Congenital disorders. (532. 

See lIi'jl? Esophagus 
Congenital crylh rocytosis, 1672 
Congenital erythropoietic porphyria. 1163 
description, ] L(53 

Congenital flexural deformities, L245 
Congenital gastrointestinal defects, surgical 
correction, 313 

Congenital hyperbilirubinemia, 3 63 
Congenital hypertensive 
hydrocephalus, 1016 
forms, ] 03 L 

Congenital hypothyroidism, 
syndromes, L153 

Congenitally large inguinal canals. 

See Tennessee Walking horses 
Congenital myoclonus. See Elercditary 
neur.uci.il edema 
neuraxial edema, 273 
Congenital myopathies.. 6417 
Congenital Newpwn infection, 1009/ 
Congenital portosystemic shunts, 
occurrence, 302 

Congenital vertebral anomalies (Spina bifida 
// Butterfly vertebrae /■' ] lemi vertebrae// 
Arnold-Chiari syndrome), 1038 
Congestion, 313 

Congestive heart failure (Cl IF), 61 
development, 453-460 
pericardium, involvement, 47(5-477 
signs, 453, 464. 47(5-477, 431 
Conidiobolomyoosis, 52B 
lesions, treatment, 523 
Qm idicdicdtis species, phycomycoiic 
organisms, 730 
CofiJitif] radcufdJirjn,. 1(535 
Conjugated bilirubin, 192-131 
accumulation, I ] 5 
entry failure, 91B 
Conjunctiva 

appearance, L262 
trauma, 1270 

traumatic puncture wounds, 1270 
Con junclival-associated lymphoid tissue 
(CUT). 6176 
Conjunctival edema, 323/ 

Conjunctival parasitism. 1236-1238 
Conscious pain perceptions, 372-6040 
Conscious proprioception, 625 
Conscious proprioceptive deficits, examples. 
See Horses 

Conscious proprioceptive pathways, 
integrity, L 25 

Consolidated lung, acoustic medium 
quality, 431-434 
Constable, Peter, 139 


Constipation, ] 08-133 
Constitutive COX- i activity, nonsteroidal 
antiinflammatory drug (USAID) 
inhibition, 722 

Contact dermatitis, 1111-6112 
clinical signs, 6162 
definition/etiology, lilt 
diagnosis, 6162 
therapy, 1112 

Contact transmission, L535 
Contagious abortion, 1457 
Contagious diseases, evaluation, 45-46 
Contagious ecthyma (C.E // sore mouth // 
ORF // contagious pustular dermatitis // 
scabby mouth), 1 11, 7B4, 730-792 
acute stage, 791 
clinical signs. 730-791 
definition/etiology, 790 
differential diagnosis, 730-73 6 
epidemiology, 73 L 
infection, self-limitation, 791 
laboratory diagnosis, 73 L 
maculopapular stage, 731 
papillomatous stagE, 791 
pathophysiology, 73 L 
proliferative lesions, 763/ 
regenerative stage, 791 
regressive stage, 731 
scabby lesions, 733/ 
sheep/goat disease, 730 
target stage, 73 L 

tneaLment/prevenLion/control, 731 -732 
Contagious equine metrilis (CEM), 6413 
spread. 1440 

Contagious mastitis, 1116-1117 
control measures, LI L7 
environmental mastitis, 
contrast, 11 IQ-1113 
pathogens, impact, 1 L28 
Contagious ovine digital dermatitis 
(COD'D), 1237 
theory, 1237 

Contagious pustular dermatitis. 

See Contagious ecthyma 
Contamination 

phase. Sly CiasLrointeslinal nematodes 
risk, 1523 

Continuous murmurs, rarity, 39 
Continuous positive airway pressure 
(CPAP), 105 

Continuous rate infusion (CR[), 6495 
Continuous wave Doppler 
echocardiography, 454 
usage, 455-456 

Continuous wave Doppler spectral 
tracing, 456/ 

Qmva flit rid spp., 1637 
Convulsion 

control, diazepam (usage), 100 L, 1006 
manifestation, 621 

Coombs' Lest (positive direct antigiobuiin 
lest). 400, 403 
Cooperia pftfirntEJi^rtd, 1639 
OOP. See Colloid osmotic pressure 
Copper, 1710- L 711 
absorption, 1 710 
ammonium molybdate, dietary 
supplementation, 1163 
availability, estimation, 383/ 


Copper (CnrfJtrued) 
concentration, recommendation, 830 
deficiency, 1170-3171 
dietary deficiency, result, 630 
gross necropsy lesions, 1710 
hepatic concentrations. 1163 
poisoning, hemolytic phase, ] L(57 
toxic dose, variation/depcndcnce, 6 ] 67 
toxicosis. See Chronic copper toxicosis 
Copper deficiency, 120, 837-383, 1256. 

See aise Ruminants 
clinical pathology, 391 
clinical signs. 1 670-1 676 
clinical syndromes, 830 
definition/etiology, 639-390 
diagnosis, 391 
differential diagnosis, 830 
epidemiology, 630-83 L 
occurrence, 383-630 
palhogencsis, 830 
treatment, 1 'control, 331-632 
Copper disodium cdeLalc (copper EDTA) 
solutions, usage, 631-832 
Copper oxide wire particles 
(COVVFs), 1633 
Copper toxicosis, 1 1(56-1 L <57 
clinical pathology, 1 166 
clinical signs. 1157-1166 
diagnosis, 1166 
etiology, 1 167 
palhogencsis, 1167 
pathology, I L6B 
prevention, 1163 
treatment 1 666 
Cbijuriftrftrifl'd perluibatis, 331 
Core biopsy sample, obtaining, 411 
Core endotoxoid vaccines. 66041 
Core vaccines, concept, 1 566 
Core vitrectomy, usage. See Equine recurrent 
uveitis 

Com, avoidance. See I lorses 
Cornea 

blunt 1 rau ma. 1270-1271 
melting, 1232 
trauma, 1270-1272 
Corneal edema. 1 ulceration, cause, 277 
Corneal foreign bodies, 1271 
complications, 1273 
Corneal lacerations, 1271-1272 
surgical repair, prognosis, L272 
Corneal opacities, result, 1262 
Corneal pain, elicitation, 25 
Corneal parasitism, L 236-1233 
Corneal scrapings 

fungal keratitis, presence. See I lorses 
microscopic examination, 6271 
Corneal ulceration, fluorescein dye 
instillation (impact), L262 
Corneal ulcers, 1271 
Cornea conjunctival transposition, 
autologous Ussue/comeal graft 
(usage), L282 

Corneoscleral lacerations, surgical repair 
(prognosis), 1272 

Corollary process, representation, 27 
Coronaiia I'jrrtir, 1693 
Coronavirus (CV), L(513 
diarrheal impact, 167, 340-141 
impact, 344 





Ccionavitus (CV) (Cflnruiued) 
pathology, 244 
vaccination 
products, 16] 5 
programs, I614-1615 
vaccines, 1613-1615 

parenteral administration, 1614 
Goprephagy, observation, 273 
Cot pulmonale, 463-460 
clinical pathology, 463-460 
clinical signs. 463 
definition/eLiclogy, 463 
differential diagnosis, 463 
epidemiology-, 460 
necropsy findings, 463 
pathophysiology, 465 
prevention/control, 463 
Irealment/pnognosit 469 
Coipus cavemosum penis {CCP). 
hemorrhage, 1463 

Coipus luteum (CL). See Persistent corpus 
luleum 

dieslrus control, ] 93 
regression, 1432 

Lkupus spongiosum penis, blowout, 

943 

Coiridor disease. See Cerebral th.eilen.asis- 
Cortical signs, disease production, 075 
Cortical sites, pain processing, 25 
Corticosteroid-induced 

immunosuppression. 1677 
Corticosteroids, 722 
usage. See Equine recurrent uveitis 
Gorticotroph in-like intermediate lobe 
peptide (CUP), 1339 
Corjvrfhacterjujn Jmwi's mastitis, 1123 
control, 11 23 

Co ryt mJmc te ri cj di pseartfcfufereu/oris, 

912, 1002 

endotoxin produciion, ] L35 
impact, 446 

molecular characterization, M35 
retrospective study. ] 136 
soil-bome organism, ] L37 
Corjvretacffriujn pseuchtubercuiasis 
injection, 1134-1133 
cause, 1164-1135 
clinical pathology, ] L36-] L 37 
clinical signs. 1135-1 136 
definition, I 134 

differential, diagnosis, ] 135-] 136 
epidemiology. M3? 
microbiology, IL34-1135 
pathophysiology, I1B7 
prevention/control. 1 LSS 
LneaLmenl/prognosis, t ] B7-11E3 
GnrynAartHrimi rend it, 136 
characteristics, 362 
Gcigv re bar fieri cun species, 333 
Costochondral junctions, enlargement 
(notation), 7 
Cough, 42-50 
character, evaluation, 46 
definition, 42 
Fever, inclusion, 50 
historical Features, 46 
pathophysiology, 93 
reflex 

neural pathways, involvement, 42 


Cough (GwrG'jiued) 

protective mechanism, 42 
stimulation, bionchcconstriclion 
(impact), 45 
stimuli, 45 
Coughing 
allergen testing, 43 
biopsy, usage, 49 
blood gas analysis, 46 
bronchoalveolar lavage, 46 
bronchodilalor response testing 50 
causes. 5nr I lorses: Ruminants 
complete blood count, usage, 47 
diagnosis approach. 45-50 
differential diagnosis, 50 
endoscopic examination, 47-43 
environmental considerations, 46 
fecal examination, impact. 49 
forced expiration, pleural pressure increase 
(transmission), 43-44 
history, components, 45-46 
immunoglobulin determinations, 43 
involuntary reflex, 42 
mechanics, 42-45 
mucus, role, 45 

nasal/nasopharyngeal swabbing, usage, 47 
nuclear scintigraphy, 49 
physical examination, 46-47 
extent, variation, 46 
pleuroscopy, 49 

pulmonary function tesling 43-50 
radiographic examination, usage, 43 
representation, 430-666 
stressors, 46 

thoracocentesis, usage, 43-43 
tracheal aspiration, 46 
ultrasound examination. 43 
Cow bonkers. See Ammoniased forage 
toxicosis 

Cowdria. See Ehrlkhm nunendFdfwn infection 
COWTs. See Copper oxide wire particles 
Cows 

anestrus, differential diagnosis, I425t 
base-apex lead elccliocardiogjam, 
schematic representation, 454/ 
bone marrow aspiration, 423/ 
breeding season, L419 
chronic osteomyelitis, third metacarpal 
bone (lateral radiograph), 1215/ 
cistema magna cerebrospinal Fluid 
tap, 373/ 
clinical mastitis 

acid-base balance/metabolic alkalosis, 
normal Levels, I 132 
percentage, L ] 16 

conjuncLiva, mycoplasmal organisms 
(isolation), 1273 

constrictive pericarditis, postmortem 
phclograph. 477/ 
cotyledonary placenta. 

expulsion. 1416-1417 
cystic follicular degeneration, 1420 
clinical paLhology, L42D 
clinical signs, 1420 
diagnosis, 1420 
tr-eatment/prognosis. 1420 
daily nutrient requirements, 332-324 
diilal mandible, hard swelling, 734/ 
tlunixin meglumine, treatment, 1131 


Cows (Continued] 

Free marl in ism, L414 
gram-negative clinical mastitis* ] 120 
gjanulosa cell Lumor, 1434 
history, consideration. 111! 
homosexual/bisexual activity, 1419 
infectious pustular vulvovaginitis, 1443 
lameness, subsolar abscess. 1239-1240 
leptospirosis uveitis 

(association), 1234-1235 
lymphosarcoma, postmortem 
photograph, 473/ 

milk., subclinical mastitis (impact), L ]36 
modified live bovine viral diarrhea virus 
(BVDV) vaccines, 
administration, 1635 
neonatal diarrhea, incidence, 150/ 
observation. 1 L10-1L1 L 
oophoritis, 1435 
ovarian hemorrhage, 1435 
partial sciatic nerve paralysis, pasture, 39/ 
pharyngeal area, radiograph, 536/ 597/ 
postpartum metritis, L442 
prolonged luteal function, 1433 
pulmonary hypertension/cor pulmonale, 
M-mode cchocardiogiam/pulmonary 
artery pressure curve, 463/ 
recombinant bovine somatotropin (rBST) 
effects, 1332-1333 
response. Lactation graphs. 1334 
retained felal membranes, 1436-1437 
clinical signs, 1417 
diagnosis, 1417 
treatment/prognosis. L437 
sampling, 1 L13 
SCC-, impact, L 3 36 
serum protein values, 4l2r 
silent estrus, 1424-1425 
spinal cords, lymphosarcoma 
(inclusion), 39/ 
traumatic pericarditis, M-mode 
echocardiogram, 476/ 
unobserved estrus, 1424-1425 
Cow-side tests, LPS detection, 1 L 20 
Caw-to-cow contact, VS transmission, 302 
COX. See Cyclooxygenase 
Crxwfk 133 

CaxieUa bjcnreCu (Q fever). 1466, 1549 
clinical signs, 1466 
epidemiology, L 466-L 467 
history, 1466 
infection control, 1549 
laboratory diagnosis, L466 
pathophysiology. L466 
Irealmcnt/controL 1467 
Coxofemoral joint 
dislocation, 10 
luxations, repair. See Cattle 
CoyoLillo plant, ingestion, 1033, 1704 
Coyolillo poisoning (Tullidora toxicity // 
Buckthorn fruit poisoning). 1363 
CPAP. See Continuous positive airway 
pressure 

CPK. See Creatine phosphokinase 
C-poly modal nociceptors, 23-24 
CPFS. See Chronic pneumonia and 
polyarthritis syndrome 
CR. See Computed radiography 
Crackles, 43 L 
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Cranial brainstem (dienccphalon), 
impacL. L030-1 OBI 
Cranial esophageal sphincter, 
formation, 6S3 

Cranial nerve [. See Olfactory nerve 
Cranial nerve ll. See Oplic ntivi 
Cranial nerve [[]. See Ckulomolor nerves 
Cranial nerve IV. See Trochlear nerves 
Cranial nerve V. See Trigeminal nerve 
Cranial nerve VI. See Abducent nerves 
Cranial nerve VII. See Facia] nerve 
Cranial nerve YII], See Vestibulocochlear 
nerve 

Cranial nerve IX. See Glossopharyngeal nerve 
Cranial nerve X. See Vagus nerve 
Cranial nerve XI. -See Spinal accessory nerve 
Cranial nerve XII. See Elypoglossal nerve 
Cranial nerve dysfunction, J 04 5 
Cranial nerves (CMs). 1045-1046 
diseases, 14 2l 

dysfunction, llEJf, 1045-1046 
clinical signs. Hit 
signs, 141 

examination. 130-133 
functions, abnormalities, 135-143 
space-occupying lesions. See Calves 
Cranial ruminal sac,, high-threshold tension 
receptors, £22 

Cranial thorax, sonogjam, 503/ 

Cranial tibia! reflex, 12 B 

Cranial vagosympathetic trunk, 1053 

Crash box, supplies, 253/ 

C-reaciive protein (CR.F), synthesis, 55 
Creatine kinase (CK), 351 
BE isoenzyme, 374-375 
cardiac isoenzyme delermi nations., S3 
changes. 3335 
isoforms, 1333 

muscle damage indicator, 33 I 
serum concentrations, increase, 4 76471 
usefulness, 223 

Creatine phosphokinase {CFK) 
serum activity, 173 
serum concentrations, increase, 1 14 B 
Creatinine, 354 
derivation, 334 
elevation, causes, 354i 
Creep feed, offer, 333 
Creubdeldi-rakob disease. See Variant 
Creu Lxfeld L-pakob disease 
incidence, 932 

CFF. See Chronic renal failure 
CHI. See Continuous rate infusion 
Cricoaiytenoideus dorsalis (CAD) muscle, 
thickness, 72-73 
Critical care monitoring 
techniques, 1450-1451 
Crohn's disease, relationship. 

See Taraluberrulosis 

Cruss-aggjutinin adsorption test (CAAT), 363 
Cro&durspp., L 703 
Crowding, avoidance, 1613 
Crown-to-rump, shortening, 377 
CFs. See Complement receptors 
CFT. See Capillary refill lime 
Crude fiber content, usage, 363-370 
Crusting, I3B-1B9 
definition, 13B 
diagnosis approach, ] S3- L 35 


Crusts 

composition, 133 
formation, mechanisms, 1 B5 
serum/cell composition, 133 
Cryplococcosis, 52B-525 
ocular manifestations. See 1 torses 
Cryplococcus granuloma, endoscopic 
image, 523/ 

CiTpJKDCfirs iw^brmiTJi^ centripetal 
migration. 33 B 
Cryptorchidism, 1473-1475 
clinica! pathology, 1473-1475 
clinical signs. 1473 
definition/eliology, 147B 
differential diagnoses, N73 
trealment/prognosis, 1473 
f jyplosporidia, formaldehyde (usage), 352 
Cryptosporidial infection, risk, 15 I 
CrypdpjjwridiEwn, impart, 345-346 
CrypdpjpdritfiNjra pumwjfl,. 313, 345, 1547 
fecal-oral transmission, 345 
infections 
concentration, 343 
control, L547 
subgcnolypes. 345 
Crystalloids, 770 

therapy, colloids (importance), 1433 
Crystalluria, 175-L 76 
definition, ] 75 
diagnosis approach, 176 
history, 1 76 
medical problem. 175 
physical examination, 176 
Crystals, 356 

presence. See Urine 
CsA_ See Cyclosporin A 
CSV. See Cerebrospinal fluid 
CSFs. See Colony-stimulating farters 
C5L. See Collateral suspensory ligamenl 
Cl'Ls. See Cytotoxic T lymphocytes 
CTUF. See Combined ihickness of the uterus 
and placenta 
Cud-dropping. See Sheep 
CuiIc.t ifJTjrNfTJf, 535-3 B6 
CuJe.r Lpj i.'r^ifcjfrtsci'uJttLi, 531 
Qjile.r tanitiil, 336 
CuifcjEdes hypersensitivity, 1323 
Qifcseta mehmtra, 335-336 
Culture results, interpretation. See Milk 
Cumberland Valley Analytical Services, 

Enc., L52b 

Curd formation, 367 
Cure rates, variability, 1L 22 
Curschmann's spirals. 560 
Curtain image, creation, 552 
Cushings disease, 344, 1340. 5*’ lIiLsd Equine 
Cushing's disease 

Cutaneous amyloidosis. 1315-1316 
rarity, 1335 

Cutaneous burns, 1166 
Cutaneous habronemiasis (equine summer 
sore), 1327 
treatment, 1327 

Cutaneous Lymphoma, 1174, 1173 
Cutaneous Lymphosarcoma, 1131 
Cutaneous melanomas, clinicopathologrc 
characteristics, 1330 
Cutaneous onchocerciasis, 1324-1125 
clinical signs, 1324-1325 


Cutaneous onchocerciasis (Gonlmrift?] 
definition,I'eLinlogy. 1324 
diagnosis, 1125 
histopathology. 1325 
microfilarial preparation, usage, 131 
Oj-irhctemr cerr'inalii, microfilaria 
(impart), 1324 
pathophysiology, 1324 
therapy, 1125 
Cutaneous pain, result, 25 
Cutaneous trunci reflex. See Panniculus reflex 
Cutaneous vasculitis. 111 1 

CV. See Coronavirus 

CVCT. See Caudal vena cava thrombosis 
CVID. See Common variable 
immunodeficiency 

CVM, See Complex verlebral malformation 
CVP. See Central venous pressure 
CV5M. See Cervical vertebral stenotic 
myelopathy 

CW. See Cache Valley virus 
CWOs. See Circumventiicular vascular 

organs 

Cyanide toxicosis, 1653 
Cyanoacrylate adhesive, usage, 453 
Cyanogenic glycosides, 1633 
presence, 23B 
Cyanosis, 63-71, 323, 165 
arterial blood gas analysis, 42-32 
causes. 165, 365fr 

complete blood count, performing, 71 

classification, 63-65 

definition, 63, 323 

development, 42-32 

diagnosis approach, 71 

Eisenmenger's complex, relationship. 441 

endoscopic examination, 7! 

etiology, 323 

examination, 67 

heparinized blood, sample, 71 

history. 71 

pathophysiology, 63. 121 
physical examination, 71 
radiographic examination, 71 
result.. 267-263 
skin discoloration, 63 
spectroscopic examination, 71 
treatment, 323 
ultrasound examination, 71 
Cyanotic mucous membranes, 

537-53 B, 551 

Cyalhostcme infections, clinical 
syndromes, 1624 
Cycad palm poisoning (Zinnia 
jranrJyri'rJ. 10B3-10B9 
Cycads, 1700 
CjYTiStf spp., 1700 

Cyclic adenosine monophosphaLe (cAMF) 
Levels, 192 
mediation, 341 
Cyclic derangements, 153 
Cyclic guanosinc monophosphate 
(cGMP), 35 
mediation, 341 
Cyclic irregularity, 153-195 
clinical evaluation. 159 
definition, 193 
diagnosis approach, 193 
mechanisms, L 93-159 




Cyclooxygenase (COX) 

COX-3, COX-2 (control), 755 
COX-2, 36] 
inhibition, 722 
inhibitors. Impart, 35 
nonselertive Inhibition, 755 
pathway, 33-35 

Cyclosporin A (Ci\) r usage, 1235 
Cyclosporine, usage. See Equine recurrent 
uveitis 

Cpnopfenrs n'ltripreri, 163*3 
QivroJon dactyfon (Bermuda grass), 1064 
Cypress Diagnostics, 653 
Cyproheptadine, ] 044. 3344 
Cysiadenomas, 143 I 
clinical signs, 3431 
diagnosis, 3431 
treatmcnt/diagnosis, 3431 
Cystic calculi, 333-343 
clinical signs, 333-540 
recurrence, risk, 34] 

LreaLmcnt, 34] 

Cystic duct, dilaLion, 3l5f 
Qrafl'cwms fnrurajJfo, 333 
Cyslic fibrosis Iransmembiane conductance 
regulator (CFTR), 537 
Cyslic follicular degeneration 
(CFD), 3420-1421 
clinical pathology, 3420 
clinical signs, 3420 
diagnosis, 3420 

gonadotropin-releasing hormone, 
administration, 1421 
luleinlzing hormone, 

administration, 1420-1423 
manual rupture, 1423 
prostaglandin Fj„ administration, 1421 
spontaneous recoveiy, 3420 
LreaLmcnt/pnognosis, 14 20- 1421 
Cyslilis, 343 
severity, 1103 

CyslolLth, presence (confirmation), 340 
Cyslolithiasis, rarity, 535 
Cysioiomy, 355 
Cysts, 3327, 3331-3332 
Cytisus scopana, 3635 
Cytokines, L 314 
involvement. See Serosal injur}' 
storm, 733-713 
Cytologic examination 
tracheobronchial aspiration (TEA), 
usage, 503 
usage, 675 

Cytologic studies, value, 333-192 
Cytology 

thoracocentesis, usage, 504 
Lracheobronchial aspiration, 
usage, 503-504 

Cytoplasmic inclusion bodies, 543-550 
Cytotoxic agents, complement/liberaiion 
(activation), B3-94 

Cytotoxic T lymphocytes (CTLs), 1576-1577 
susceptibility, 546 

D 

Dj. See 3>opamiue 

D5W. See five-percent dextrose 

Daily sperm output (DSO), 357 


Dairy calves, 3 603 
enLeropathogcns, 341/ 
growth, nutrient requirements, 3551 
Xtitmiteimiii hamwJytfcd vaccinations, 
studies, 1609 
milk replaeers 

nutrient recommendations (NI?C), 37 3 i 
qunlity/fcrmulation, 36B-373 
mortality, pneumonia (impact), 634 
pneumonia, 633-634 
proteins, 335 
vaccines, usage, I593i 
Dairy cattle 

body conditioning scoring system. 363d 
bones, fluoride concentration, 1153/ 

ESE, impact, 330 
health status/productivity, 377 
nutrient requirements, 164( 
papillomatous digital dermatitis, 1622 
udder, physiologic edema 
(development), 1142 
Dairy cows 

acute hypocalcemia, 3370-3371 
acute hypophosphatemia, 
development. 1376 
late-gestation diets, formulation, L371 
metabolic alkalosis, 1371 
milk production, increase, L336d 
pyomelra, 3443 
tongue, ulceration, 903/ 

3>airy goals 
udder edema, 215 

vaccination schedule/herd management 
calendar, I550t 

3>airy heifers, growth curve, 153/ 

Dairy 3 lend Improvement Association 
(Dll I A), 201 

3>airy kid vaccination schedule, 1 herd 
management calendar. L55U 
Dairy lactating cattle, nutrient 
requirements. 160 
Dairy lactating cows, nutrient 
requirements, !64f 

Dallis grass staggers ( ^tLrgiEfji i?i si aggers// 
erdt-'iceps paspali toxicity // Nervous 
ergotism), 1065 
clinical signs, 1065 
ingestion, 1565 

Damage-associated molecular patterns 
(DAMP'S), 732 
binding, 714 
list, 712£ 

Damaged Lissues, sensitivity, 24 
Dam parity, 350 

]>ampening cfieci. appearance. 220 
Danger signals, 712 
Datum rtnern curium, 3636 
DAX-1, 1423-3429 
Days in milk (DIM), level, 1377 
DCAB. See Dietary cation-anion balance 
DDF. See Deep digital flexor 
DDFT. See Deep digital flexor tendon 
DD5l\ See Dorsal displacement of the soft 
palate 

DE. See Digestible energy 
DILA. See Drug Enforcement Administration 
Dead animals, complete necropsies 
(performing). 1653 
Dead-end hosts, 334. 931 


Deafness, 343 
Deathcamas, 3696 

Deciduous dental formulas. See Coats; Sheep 
Deciduous Incisor teeth, wear (excess), 763 
Deciduous teeth, developmental anomalies/ 
retention, 732 
□ecoquinate, 370 
Deep digital flexor (DDF) tendon 
attention, 1240 
impact. See Foot 
involvement, 1243 
Deep digital flexor lenden (DDFT), 
desmilis, 3236 

Deep fungal culture, usage. 3 S3 
Deep somatic pain, 25 
Defecation, frequency, 3S 
Defective endochondral ossification, 
theory, 3131-1192 
□cfensins. 3 133 

Degenerative joint disease (DJD), 3067, 

1207 

radiographic evidence, 1192 
Degenerative left shift, 403 
Degenerative suspensory desmitis, 1249 
Degranulation, occurrence, 455 
Dehydration, 773-774 
clinical sigfis, 412, 763. See jtItj I locses 
correction, 473 
definition, 3BI 
degree, estimation, 773 
development, B69 
rarity, 36 
excess, 637 
impact. See Dry feces 
laboratory signs, 765 
monitoring, importance, 773-774 
oral replacement solutions, 
usage, 773-772 
severity, estimation, 355 
shock, 404 
treatment, 737 

Delactosed whey, protein content 
(increase). 369 
Delayed eruption, 6S4 
Delayed-type hypersensitivity (DTE3), 406 
responses, 3667 
Deliveries, assistance, 253 
Deipiwuum spp., 1655 
DemodectLr mange, 1322-3 323 
clinical sigfis, variation, 3322 
diagnosis, 1322 
treatment, 3322-3323 
[Dental abnormalities, 114-135 
[Dental anatomy, 676-677 
[Dental arcades, alignment, 635 
[Dental attrition, 731 
[Dental caps, 6B4 
[Dental caries, 732 

[Dental corrective procedures, timetable. 6S0b 
[Dental diseases, 635-697, 730 
signs, 679-695 
[Dental dysplasia, 635 
[Dental elongations, 636 
[Dental erosion, 733 
[Dental eruption, abnormality. 695 
[Dental examination, 679-6B2 
timetable, 6S0i 
[Dental floating, 632 

[Dental form, examination findings, 633/ 
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Denial health, importance, 630 
] Jenin I hypoplasia, 6B5 
Denial maintenance, 632-6B4 
Denial overgrowths, 635 
Dental pain, 25 

Denial problems. See .Newborn foals 
Denial radiology, 632 
Denial structures. innervation, 673 
Denial tartar, chronic azotemia 
(impact), 931/ 

Dentigerous cysts, 6(57-392, 1 33 I 
Dentistry. 676 

DeoxynivalenoL (DON // vomltoxin), 1706 
Deo:cyribenucleic acid (DNA) 
components, LG57 
doss-linking, 504-305 
DNA-dependent RNA polymerase, 

nucleotide misinterpretation, 1 162 
DNA polymerase (DNApol) gene, 1531 
DNA tested ntg^live/clcar, I 663 
fingerprinting.. LI20 
genotyping applications, I6B4-16E5 
genotyping services, 

laboratories, 16G5-1630 
polymorphisms, 1634 
profiling, 1632-LG54 
taigct, 443 
target region, 433 
testing 

FCR basis, 16(52 
usage, 1602 
tests, 440 

typing, techniques, L491 
Depression anemia, ] 170 
causes, 1144-1133 
Depression severity 

recovery, decrease (prognosis), 3(52 
reduction, milk withdrawal 
(usage), 360-361 
Derangement, patterns,, 337 
Dermal melanomas, 1330 
Dermatitis. See White- areas 
Dermatologic history form, sample, 179/ 
Dermatologic physical examination form, 
sample, 130/ 

Dermalophllosis (slreplothricosls /V rain 
scald /,' lumpy wool ff strawberry foot 
rot), 1312-1313 
clinical signs, 1312 
definitiorv’ctiolcgy, 1312 
De ntra tinpJrrltj s twip pJfti s r.s, 3332/ 
diagnosis, 1313 
therapy, 1313 
i^nrcizrjjpfcrJLif preparation 
positive result, 132/ 
usage, 131 

Dermatophyte, positive identification, 131 
Dermatophyte culture, 173-131 
positive result 131/ 

Dermatophytosis (ringworm), 

I31B-1315 
clinical signs, 1315 
diagnosis, 1315 

eLlology/palhogenesis, L 3 L 3-13 6 3 
KOI I preparation, usage, 131 
therapy, 1313 

Dermoepidermal junction, vesicles 
(formation), L37 
Dermoid cysts, 1331 


Descending brainstem inhibitory pathways, 
activation, 2(5 

Descending colon (small colon) 
abdominal radiographs, 
usefulness, 753-753 
aganglionosis, 757-75 B 
atresia coli, 757-755 
congenital diseases, 757-753 
disorders 757 
impaction, 755 
diagnosis, 75 B 
intramural hematoma, 760 
ischemic segment, slrangulation, 760/ 
lesions, challenges, 757 
medical/surglcal treatment, prognosis, 755 
medical therapy, 753 
obstruction, occurrence, 755 
simple impaction, 755 
simple obstructions, 75B-760 
causes, 759-760 

slrangulaLlng obstructions, 766-7(51 
causes, 7(51 
prognosis, 761 

strangulation, pedunculated lipoma 
{impact), 760/ 

Descending Lung infections, 52 L 
Detom idine 

inhibitory effects, 739-740 
usage, 321-522 

Developmental orthopedic disease 
(DOD), 1 130 
Dcworming 

ivermectin, usage/advocacy, 1623-1630 
strategies. See Young horses 
Dexamethasone 
administration, 1005 
benefits, 562 

Dexamethasone isonlcoUnatc, 562 
Dexamethasone suppression tesl 
(DST), 1342-1343 
admin isliation, 1343/ 
seasonal variation. See Equine pituitary 
pars inlermedia dysfunction 
usage. See Equine pituitary pars intermedia 
dysfunction 

DI-'A. See Direct fluorescent anlibody 
D-gJucose tests, 675 
Dl I1A. See Dairy 1 lend Improvement 
Association 

Diabeles insipidus (Dl), 544-345, 1344. 

See izIm Nephrogenic diabetes insipidus; 
Neurogenic diabetes insipidus 
treatment, 345 
Diabeles melliius (DM). 945 
chronic hypeiglycemia, 345 
Diagnostic assays, development, 449 
Diagnostic ELI5A, development, 303 
Diagnostic methods, attempt, 1505 
Diagnostic radiology, value, 652 
Diagnostic sheet, esample, 13/ 

Diagnostic tests 
field application, 12 
usage, importance, 1536 
Diaphragmalic hernia, 65-70, 553-554, 
665-666, 736, B27 
clinical signs, 553, 665-666, 736 
definition, 1 el iolcgy, 665 
diagnosis, 553-554, 666 
differential diagnosis, 665-666 


Diaphragmatic hernia (Qinfimred) 
history. 553 
necropsy lesions, 666 
treatmenl/progncsis, 666 
Diaphragmatic lymphatics, cellular defenses 
(combination), 761-762 
Diarrhea, 56-102. See dtee Calves 
bacteria, 342-344 
clinical pathology/diagjaoslic 
Imaging, 31B 

ciyptosporidia. Impact, 346 
definition, 96 
eliology, 342-346 
evidence, 39 
fecal tests, 3 13 
fluid therapy, 1452-1453 
Infectious agents, palhogenicily 
(evaluation), 341 ^ 
mechanisms, 96 
List, 97b 

nonspecific fluid therapy, 39-100 
North .American infectious diseases, 
association, 113 
nutritional causes, 313 
occurrence, 315 
pal biogenesis. See Calves 
physical examination, 354-355 
polassLum, losses (increase), 3 53 
presence. See liver disease 
prevention/control, 3 13 
severity (reduction), milk withdrawal 
(Impact), 360-361 
treatment/prognesis, 313-319 
Diarrhcic calves. See Calves 
DiarrheLc horse, isolation, 744 
Diastemalomyelia, 376 
Diastolic arterial pressure, 1450 
Diastolic murmurs, occurrence, 35 
Diathesis. See I rentable bleeding diathesis 
Diazepam (Vallum), usage, 1001 
DEC. See Disseminated intravascular 
coagulation 

Didielebaeter nodosa^ 1316 
DiLTdfpeJruHT deridritinun, 315, 339 
Di'rtytmiuJiir am/teVtfi', 550 
clinical disease, 550 
direct life-cycle, 550 
Infection, 550-551 
treatment, 551 
Di'rtytmirduj/i'Ajrrriz, 655 
Dictyocauhis injections, study, 654 
Dictyocauhis i , r'i , f i pt3n«. 653 
clinical signs. 653 
dcfiniiion/etiology, 653 
diagnosis, 653 
differential diagnosis, 653 
simplicity, 653 
epidemiology. 653-654 
fenbendazole bolus, usage, 654-655 
Infection, treatment, 654-655 
Ivermectin, usage, 654-655 
Larvae, size, 653 
necropsy findings, 654 
pathophysiology, 653 
prepatent phase, 654 
primary infection, 653 
recovery, late patent phase, 653 
reinfection syndrome, 653 
treatment, anthelmintics (usage), G54i 





DicCjwoiui'iH uTwpnrafj (CdfiJjirrW) 
l re il ineiTl/pit^nDifa/procnliDn/ 
control, 654-655 
ID-iestrus, prolongation, 1 93 
Diet. 354 

microtia] quality. 354 
quality. I (i0 

^ictarTp 1 cation-anion balance (DCAE) r 
impact, 1156 

Dietary changes, microbial flora. 

(adaptation), 828 
Dietary 1 fluoride, analysis, 1232 
Dietary magnesium (absorption), transport 
mechanisms (usage), 3375 
DietKyLenetrfami nepenta acetic acid (DPTA), 
usage, 49 

lliethylstilbeslnol (DES), 356 
Differential diagnosis. See Coughing 
Diffuse lesions, 333 
Diffuse serosal hyperemia, 1015-1036 
Diffuse splenitis, sonogram, SI2/ 

Digestible energy (DH) requiremen t. 

calculation, 1651-1653 
Digestion tests, 675 

Digestive physiology. See PreruminanL calves 
Digit, laLeromcdial lodiograph, 1227/ 

Digital circulation, promotion. See LaminLtis 
[digital derma Li Lis. See Papillomatous digital 
dermatitis 

D^gitalu fnapurea, 1637 
Digital pulses, increase. 1240 
Digital radiography (DR), availability, 

669-670 

Digital tendon sheath, sepsis, 1241 
Digoxin, usage, 472. See also Quinidinc 
therapy 

Dilated cardiomyopathy 
prognosis, 473-474 
Lherapculic strategies, 472 
DIM. See Days in milk 
Dimercapiol, treatment 1035 
Dimethyl sulfoxide (DMSO) 
addition, 101 E 
adminisl ration, 1005 
hydroxyl radical scavenger, 722-723 
i n Lravaseular hemolysis,.'hematuria 
production, 367-372 
intravenous use, IM5-8M6 
pharmacologic actions, benefits, 1006 
LreaLmenc, 1077 
usage, 263, 305, 523 
Dioctyl sodium succinate (D33), 
administration, 700 
DIP. See Distal incerphalangeal 
DIPf. See Distal inlerphalangeal joint 
Dipsticks. See Partial urinalysis 
Dipyrone, usage, 3 l ] 

Direct-fed micnobials, 170-371 
Direct fluorescent antibody (DFA) r 396 
Direct pulmonary injury, inhaled chemicals 
(impact), 540 

Direct-reacting bilirubin, 392-333 
Disc pallor. See Optic disc 
Disease 

allogeneic incompatibilities, impact, 1 632 
control program, goals, 1553 
entities, knowledge, 120 
fluid therapy, usage, 1431-1505 
susceptibility, 120 


Disease (Continued) 
testing, 1662-1660 
timing. 1592 

transmission, risk reduction, 1534 
vaccination recommendations, 

1561-1537 
Disinfectants, 1527 
effectiveness levels, variation, 1527 
efficacy. See Hnleropathogens 
usage. See Veterinary medicine 
Disinfection, 1527 
effectiveness, 1527 
enors, occurrence, 1527 
levels, L 527fc 
processes, division, 1527 
surface material, effect, 1527-1529 
Diskospondylitis, 122 2 
septic condition, 1222 
Diskospondylosis, 1067 
Disorders, fluid therapy (usage), 143 L -1 505 
Disseminated coagulopalhy, 4 L 3 
Disseminated intravascular coagulation 
(DIG). 55, 416, 1151-1151 
accompaniment, 926 
determination, LOl 

digital ischemia, accompaniment, 1152 
initiation, diseases {impact), 1152 
life-threatening hemorrhage, rarity. 

See large animals 
mucosal hemorrhages. 

relationship, 267-263 
paLhcgeiicsls, mononuclear phagocyle 
system (role), 1 L53 
renal involvement, 1152 
triggering mechanism, 1152 
Dissimilatory pathway, i 024 
Distal inlerphalangeal (DIP) joint, 1245 
blocking, 222 

contractual deformity, 1245/ 
intrasyncwial analgesia, 221 
sepsis, 1241 

Distal jejunum, lesions (presence), 729 
Distal limb fractures, 1252 
Distal mcrararpus |l metatarsus, 
fractures, 1252 

Distal phalanx, medial/lateral collateral 
cartilage (chronic infection), 1243 
Distal radius, fractures, 121B 
Distended abdomen. See Abdomen 
Distention, 70B-709 
appearance. See Intestine 
Diuresis, isoionic crystalloid (balance), 

1435 

Diverticula, 695. See jrlw ksophageal 
diverticula 
types, 695 

D|D. See Degenerative point disease 
D-lactk acidosis, 323 
DM. See Diabetes melllLus 
DMB, values. 391 
DMSO. See Dimethyl sulfoxide 
DNA. See Deoxyribonucleic acid 
Dobutaminc, 773 
usage. See 1 [ypotensive horses 
Docusate sodium (DBS) (laxative), 105 
DOD. See Developmental orthopedic disease 
Doddler syndrome (hcredilaiy lelhal 
spasms), IGB7. See izfso- Hereditary 
neuroxial edema 


Does, 1466 

cystic follicular degeneration, 1421 
freemartinism, 1414 
gjanulosa cell tumor, 1434 
infectious causes, 1466-8463 
inlersex, 1434 
pregnancy toxemia, 314 
retained fetal membranes, 1437 
clinical signs, 211 
treatment/prognosis, 1437 
unobserved/silent esirus, 1426 
vaccination schedule/hend management 
calendar, 85901 

Domestic animal blood groups. 

1665-1630 

Domestic species, anorexia, 859- L 60 
Dominant inheritance. 1653 
Domperidone, competitive antagonist, 74 L 
DOM, See Deoxynlvalenol 
Donkeys* D. jrm/j eldi Infection (necropsy 
findings), 55 L 

Donor animals, management, 1550-1524 
Dopamine (D*), 779-730 
effects, 773-730 
receptors, 1139 

recommendation, avoidance, 730 
Dopaminergic neurodegeneration, oxidative 
slress (impact), 1341. 

Doppler echocardiography, performing. 35 
Doppler technique, necessity, 73 
Dorsal column pathway, pain signals- 
conveyance, 25 

[Dorsal displacement of the soft palate 

(DD3P), 302. See it/so Persistent dorsal 
displacement of Lhe soft palate 
[Dorsal laminectomy, 1072 
[Dorsal left flank, dorsal left flank, 335 
[Dorsal lung margin, ventral 
displacement, 552 
[Dorsolateral pontine tegmentum, 
activation, 27 
[Dorsolateral rolling, 25 
DorsomediaL strabismus, 102 L 
[Dosage regimen 
components, 1511-1512 
selection, 1519 
usage, 1511-1513 
[Dot-blots, 447 

[Double lipid bilayer, cross-scclion, 7 L1/ 
[Down cows (Alert downers), 1 809-1 8 1 8 
flotation therapy, 1110 
[Downer cows, 8376 
serum creatine kinase values, 
increase, 8180 

[Downer cow syndrome, recumbency 
(causes), 1370b 
[Downer syndrome. See Cattle 
D-pcnicillamine, administration, 1711 
DFG. Sea 2,3-diphosphogJycerate 
DPI- See Duodenitis-proximal jejunitis 
DFTA. See DiethyleneLriaminepentaocetic acid 
[DR. See Digital radiography 
Draaisiekle. See Cerebral iheileriasis 
[Draft breeds, polysaccharide storage 
myopathy {PSSM), 84 85 
clinical signs, 84 85 
genetics, L 4 L 5 

[Draining Iracts, positive-contrast 
fistulogram, 1244 
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DntfnhJiz pjre£i£rZGmti r 1031 
Dremel tool burr, usage, 1243 
Drench Riff test, L644 
Dribblers, 952 
Droplet transmission. L535 
Dropped jaw. ] 3D-140 
Drotreoogin alfa. sepsis modality 
reduction, 719 

Drug Enforcement Administration (DB\), 
veterinary requirements, ] 5 
Drug eruption, 1311 

oulaneaui manifestations, 131 I 
cutaneous reaction, 1311 
diagnosis, 1311 

Drug-induced neonatal depression, 
importance, 293-239 
Drugs 

adverse reaction^ attention, 15L5-L517 
bacterial resistance, 1514 
comixture incompatibility. 1515/ 
disLribulion, therapeutic 
implications, 1507 

elimination route concentration, 1312 
extralabel use, 1503 
formulation, administration, 1513 
interactions, 149(5 
intracarotid injection, 1039 
metabol ism/excretion, failure, 313 
poslaniimiciobLal effects, 
significance, 1512 
prophylaxis, effectiveness, 1519 
systemic administration, 1503r 
therapy, results (monitoring), 1431-1 505 
treatmen t, duration, L 493- 14 941 
use, relationship. See Antimirrobi.il 
resistance 

in vivo interactions, 1313 
withdrawn] Limes, nonestablishment, 
1430 

Dry cows 

antibiotic LreaLment. 1117 
management, J I 13 
Dry feces, dehydration (impact), 109 
Djy’jnizriiz pci dpphyfld (inkweed), 236 
Dry matter intake {DM!) 
maximum. See Cattle 
reduction, 1367 

Dry-off, antibiotic therapy, 1113 
Dry period, prclein (adequacy), 3 13 
DSD. See Daily sperm output 
DSS. See Dioctyl sodium succinate; 
Docusate sodium 

D5T. See Dexamethasone suppression test 
DTI I. See Delayed-type hypersensitivity 
Dubin-Johnscn syndrome, 313 
DjtfWfj^ionur /Tqgnzns, survival 
potential, 1633 
Dumb rabies, 535 
Duodenal ulceration, 723 
complications, 724 
medical therapy, ineffectiveness. 725 
occurrences/in flammation, 
recognition, 725 
signs, 7.24 
treatment 723 
Duodena] ulcer disease, 

pathophysiology, 723-724 
Duodenitis, 96 
complications, 726 


Duodenitis-proximal jejunitis {DPI), 722, 
725-723 

antimicrobial agents, usage, 727 
causative agents, knowledge, 727 
cause, knowledge {absence), 726 
clinicopathologic findings, 726-727 
differential diagnosis, 726 
medical therapy, 723 
nonsteroidal antiinflammatory drugs 
{.MSAJDs), usage, 727 
pathophysiology, 723-726 
prokinetic agents, usage, 726 
syndrome, description, 725 
treatment. 727-72S 
Duodenogastric reflux, volume 
(increase), 726 
Duodenoscopy. usage, 725 
Dwarfism, L43 
□-xylose 

malabsorpljon, 730 
tests, 675 

□ye dilution, results, 440 
Dying-back axonopathy. 1091. 

See izfjo Triaryl phosphate 
poisoning 

Dynamic compression. LQ67 
impact. See Airflow 

Dynamic Laryngeal obstruction, extent, 73 
Dyschondroplasia, 1130 
Dysentery, 103 
term, usage, 107 
DysmaLure foals 
hypothermia, susceptibility, 297 
treatment, 296-293 
□ysmaturity, 294 
Dysmetiia, 139 
Dysphagia. 111-112, L4L-I43. 

See izifo Botulism 
association. See Saliva 
causes, categories, 111 
clinical evidence, 579 
definition, 1 11 
pain, impact, 1 L1-11 2 
result, 566 
□ysphonia, ML-143 

[Dyspnea, 430. Sec atee Respiratory distress 
roaring. 1103-1104 
Dysrhythmia, presence, 1379 
Dystocia, 210-212 

associations, 232. See also Neonatal calf 
diarrhea 
definition, 210 
management, 292 

rigid flexural deformity, impact, 1212 
Dysuria, 30-31, 170 
definition, 170 
diagnosis approach, ] 70 
occurrence, 932 
signal ment, 170 
signs, 170 

E 

BAA See Extrinsic allergic alveolitis 
BAdVs. -See Equine adenoviruses 
EAE. See Enzootic abortion of ewes 
Early embryonic deaLh (EED), 136-193, 204 
clinical differentiation, 203 
differentiation, 203 


Early embryonic death {EED) (CiwaCuiued) 
impact, 203 
incidence, 204 

Early goal-directed therapy (EGDT). 719 
fluid resuscitation, 721 
goals, 720 
protocol, 720/ 

Ear mite infestations. See Cattle: Ruminants 
Ears 

palpatlon/evalualion, 1L 
skin lesions, presence, 1 I 
temperature, evaluation, 11 
Ear tick-associated muscle 
cramping. 1399-1400 
East Coast fever. See Cerebral theileriasis 
Eastern equine encephalilis {EEE), 935-936, 
1372-1573 

mortality rate, comparison, L574 
perpetuation, 365-936 
Easy keepers, 1352 
EiW. See Equine arteritis virus 
ELI. 5 m Epidermolysis bullosa 
EBA. See Epizootic bovine abortion 
ECD. See Equine Cushing's disease 
ECF_ See Extracellular fluid 
ECFV. See Extracellular fluid volume 
EOG. See Electrocardiogram 
Echocardiogram 
information, 79 
performing, 455 
Echocardiographic examinalion, 
performing, 4155 
Echocardiography 
noninvasivencss, 454 
usage. See l.atg.e animals 
usefulness, 454-455 
Economic losses, low probability. 909 
ECF. See Enzootic calf pneumonia 
Ectopia cordis cervicalis, 463 
Ectopic mammary tissue, 1451 
Ectopic ureters, 337 
consideration, 172 
diagnosis. 337 
rarity, 971 
suspicion, 937 
treatment, 337 

EDDI. See Ethylenediamine dihydroiodide 
Edema, 593-599. SeenSe Peripheral edema 
development, 1 144-1136 
extracellular fluid, accumulation, 33 
formation, pathophysiology, 555 
mechanisms, 33 
pathophysiology, 555 
photomicrograph, 706 f 
presence, 9 

EDA! See Equine degenerative 
myeloencephalopalhy 
ED RE. See Endothelium-derived relaxing 
factor 

EDTA. See ElhylcnediamineteLraaeetic acid 
Education/awareness, 1537-1536. 

See utap Infections 
importance, 1533 

EED. See Early embryonic death 

EEE. See Eastern equine encephalilis 
EF. See Ejection fraction 

Efferent ducts, blockage (sperm sLasis), 

1433 

EGDT. See Early goal-directed therapy 






EGE. See Equine granulocytic ehrlichiosis 
Egg excretion (suppression). anthelmintics 
(residual ability), ]627-162:3. 

Egg hatch assays, 1644 
Egg isolation, sensitivity approaches, 542 
Egg reappearance period (HRP). L<527-1 <523 
ECUS. See Equine gaslrir ulceration 
syndrome 

El I EC. See Enicrohemorrhagic 
E/irTJcfcw n(Bn'prjTiiCfj(Br Infection {Cowdria // 
Rickettsia // I leartwater 
disease), 101 a-1013 
clinical signs, 1013 
definltlon/etiology, 1013 
necropsy findings, J 0 ] E 
pathologic changes, 1013 
pathophysiology, [Old 
prevention/control. 1019 
treatment, 101B-1Q19 
El IV- L. See Equine herpesvirus type 
El IV-2. See Equine herpesvirus type 
El IV-4. See Equine herpesvirus type 
EIA. See Enzyme immunoassay; Equine 
infectious anemia 

El AY. See Equine infectious anemia virus 
Eicosanoids test, 421 
Eikeneila camdera, 107:1 
Einwria iz^^rme^rsu, 346 
Eiptwriit species, 145 
Eipjwriie lomui. 34(5 
EIHI. Sec Exercise-induced pulmonary 
hemorrhage 

Eisenmengers complex, 467-46B. 

See izLw Calves 
Ejaculation, failure, 4B0 
Ejection cardiac murmurs, causes, B3ir 
Ejection fraction (EF) 
calculation, 455 
decrease, 437 
slope, in a ease, 471 
Ejection Lime (ET), decrease, 437 
Elaeophoriasis, 1233. See also QcuLai 
elaeophoriasis 

ELAs. Seif Equine leukocyte antigens 
FJastase activity, biochemical testing 1213. 
Electrical conductivity, 1115-11 IQ 
Electrical silence, L 023 
Electroacupunctuie, J 441 
Electrocardiogram (ECG) 
analysis. 454 
benefit, 73 

performing 30. 453-454 
recordation, 35, 37 
request. 17 
rhythm strip, 47(5/ 
tracings, observation, 79 
usage, 453 

Electrocardiographic changes, presence. ] 173 
Electrocardiography, value, 79 
ElectrodiagnostLc techniques, 1032 
Electroencephalographic (EEC) 
changes, 1022-1013 
Electrolytes 

abnormalities, correction, 473 
balance, 330-350 
importance, 740 

concentrations, determination, 336-397 
disorders, development, ] 12 
disturbances, 1500 


Electrolytes (Con runted) 
needs, determination, 39-100 
replacement, 775-773 
usage. See Neurologic injury 
Electromyographic potentials, 
abnormality, 33/ 

Electromyography (EMG), i 03 2-103 6 
diagnosis, providing 1033 
performing 1093 
usage, 1330 

Electronic medical record (EMR). 

implementation, 13 
Electrophoretic markers, 16E3-16B4 
ElcctroretLnography (ERG). 

indication, 137-13B 
Elemental copper, trace mineral, 1167 
I LP-hydroxysleroid dehydrogenase 

(I lfl-HSD] r 294 

ELISA. See Enzyme-Linked immunosorbent 
assay 

El sc' heel. See Spastic paresis 
EM. See Erythema mulliformc 
Embolic pulmonary aneurysm, <560 
Embolism, 473-432 
clinical pathology, 430-431 
clinical signs, 4 BO 
definilion/ctiology, 473-430 
differentia] diagnosis, 430 
foreign malcrial, 430 
manifestation, 430 

surgical removal, attempt (rarity), 432 
Embryo 

chromosomal/genet ic defects, 204 
loss, 203 

maternal endocrine recognition, 204 
recovery. See Salpingitis 
Emeriti species, impact, 146 
KMND. See Equine molor neuron disease 
Emotional pain, neuroanalomic 
correlates, 25 

EM PE. See Equine multinodular pulmonary 
fibrosis 

Emphysema, iatrogenic causes, 3 
Emptying defect, 365-B66 
clinical pathology, 365-366 
clinical signs, 365 
definirion/ciiology, B65 
differentia] diagnosis. B65 
epidemiology, 366 
necropsy findings, 366 
pathophysiology, 366 
pmeniion/contTol, 366 
treatment/prognosis, 366 

EMR. See Electronic medical record 

EMS. See Equine metabolic syndrome 
Encephalitic herpesvirus infections, 

differential diagnoses* 373 
Encephalitic infectious bovine rbinotracheitis 
(1GR) virus in fed ion, 373 
clinical signs, 373 
epidemiology, 373 
impact, 373 
pathophysiology. 373 
treatment/control, 373 
Encephalopathy. 1033 
Encephalosis, 330 
Encysted ]_,, clinical enLlty 
(importance), 1624 
END. See Exotic Newcastle disease 


End-diastolic measurements, obtaining, 455 
Endocrinopathic laminiLis, L352 
Endogenous coping mechanisms, 
existence, ,27 

Endogenous corticosleroids. release, 330 
Endogenous paagsiekLe rdrovi nises 
(enJSKVs), 657 
Endogenous melabolic/toxic 
conditions, 540-541 
clinical signs, 541 
diagnosis, 541 
pathophysiology. 540-541 
prognosis, 54] 
treatment, 541 

Endogenous opioid peptides, 
consideration, ] B4 
Endogenous pain suppression. 27 
Endometrial biopsy. See Chronic 
degenerative endometritis 
grade, 1412/ 

Endometrial cysts, 1445 
clinical signs, 1445 
diagnosis, E 445 
treatment/prognosis, 1445 
Endometrial cytology. See Chronic 
degenerative endometritis 
Endometriosis. See Chronic degenerative 
endometritis 

Endometritis, 1433-1441. Seeafco- Mares; 
Tenistent breeding-induced 
endometritis 
diagnosis 

transrectal ultrasonography/ 
vaginoscopy, usage, 6444 
uterine biopsy. 1444 
diseases, impact, I3B-L39 
pathogenesis, 1433 
prevention, 1444-1445 
Endometrium, irritalion/i inflammation, 193 
Endopeptidascs, consideration, 134 
Endorphins, plasma concentrations, 27 
Endoscopic equipment, types, 663 
Endoscopic examination. See Coughing 
Hemoptysis; Hemorrhagic nasal 
discharge; Nasal discharge 
Endoscopic observations, predictive value 
(increase), 75 
Endoscopy, 663 

insertion tube length, sufficiency, 66B 
Endoserum, 72 I 
Endothelial cells 
antithrombotic phenotype. 717 
local effectors, research, 795 
membranes, changes, 795 
swelling/contraction, 705 
EndolhelLn. 737 

Endolheliolnophic lymphoma, 1 173 
Endolhelium-derived relaxing factor 
(EDRF), 232 

Endotoxemia, 112, 713-712 
cardiovascular resuscitation, 713-720 
value, 713 

cause, removal, 719, 721 
clinical signs, 717-713 
clinicopathologic signs, 713 
corticosteroids, usage, 722 
disordered hemostasis, evidence, 71 B 
effects, 667-B3 2 
endotoxin, presence, 712 
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Endotoxemia (Cpjztfi-zued) 
inflammatory changes, 317 
intestinal strangulation, impart, 721 
laminilis prevention, 7L3 r 721 
life-threatening forms, 715 
molecular basis, 7 ] 4-715 
occurrence, 763 
sepsis, relationship, 712 
signs, 717-713 

silver bullel treatment, absence, 7 IB-713 
stage assessment, 713 
treatment, 719-720, 737 
considerations, 723 
Endotoxic shock.- treatment, 764 
Endotoxin, 615 
circulation, 714 
concentration, clinical signs 
(noneorrelation), 713 
exclusion, 714 
interaction, 714 
local concentrations, response 

(ability). 712 

neutralisation. Sec Ci.nculati.ng endotoxin 
pattern recognition receptors, 
interaction, 714 

Endotoxin-induced inflammation. 

inhibition. 715, 722-723 
Endotracheal tube, availability, 253 
End-stage kidney disease (E5KD), 530 
Endurance hotses 

calcium supplementation, 1502 
crystalloids, administration, 1502 
exertional myopathy, ] 561 
fluid management, general 
approach, J 502-1503 
fluid therapy. See Competitive endurance 
horses 

metabolic disorders, 1503 
recovery, failure, 1503 
synchronous diaphragmatic flutter 
(thumps), 1503 

Endurance horses, exhaustion, 1 33 E 
clinical signs, 1 33 B 
diagnosis, I33B 
eLiology, 1393 
treatment, L393 
Energy balance, 316/ 
enfSRVs. See Endogenous jaagsiekle 
retroviruses 
Enkephalin, 27 

Enlarged lymph nodes. See Lymph nodes 
Enlargements, 225-227 
mechanisms, 225-226 
Enophthalmos. See Globe 
Ennofloxacin, licensing, 230 
Enteral feeds, volume/fnoquency (cessation/ 
reduction), 312-313 
Enteric clostridiosis, 745-736 
Enteric nervous system 
importance, 733-735 
intestinal distention, responses, 703 
Enteric pylhiosis, 730 
clinkal/laboratory findings, 730 
pathophysiology, 730 
reports, 730 
treatment 730 

Enteritis. See ProlifcraLive enteritis 
infection, 709 
mechanism. 72 B 


EnJevoiiirctex izggibmerwis, 246-247, 262-263 
EnJevoiurcrer species, 300-30 l 
EhlmjQHCia Aurans, diarrheal impact, 317 
Enterocolitis, 312 

Enterohemorrhagic (EHEC) infections, 565 
Entenohemorrhagjc (EHEC) organisms, 565 
Enteroliths, 752, 75B-759 
clinical sigjas, 752 
composition, 752, 753-753 
cut section, 752/ 
radiograph, 671/ 
surgery, requirement, 752 
Enteropathogcns, disinfectants 
(efficacy), 352t 
Enterotoxemi a 
Cleslridiitm perfringetir type 
Ds6630, 372-373 
C. perfringe/u. association. 347 
definition/etiology, 372-B73 
diagnosis, B73 
term, confusion, 373 

Enterotoxigenic E. cdt (ETEC), 340-341, 342 
association, 347 

calf scours (baclerlns). 16 15-16 17 
challenge experiments, evaluation, 362 
concurrent infection, 344 
diarrhea, 353 

Enterotoxlns, detection (tests), 675 
Entbesophytes, 1203 
fracture risk, 1223 
Enveloped RKA virus, 547 
Environment, examination. 121 
Environmental contamination 
cllmi nation, difficulty, 331 
hygiene, relevance. 1526 
Environmental factors, impact, 14B 
Environmental hygiene, 1526-1523 
Environmental mastitis, ] 117-1 11B 
contrast. See Contagious mastitis 
Environmental streptococcal exposure, 
bedding (impart), 1124 
Environmental streptococcal infections, 
subclinical level, 1124 
Environmental streptococcal 
mastitis 1123-1124 
control, 1124-1125 
treatment, 1124 
Environmental streptococci 
antibiotic susceptibility, 1 L24 
detection, 1115 
impact, 1 L2S 
shedding, 1123 

Environmental stress impact, 243 
Enzootic abortion of ewes (EAE). 1551 
Enzuotic balanoposthitis. See Vulvitis 
Enzootic calf pneumonia (ECF). 6 13, 623, 
635-636 
impact, 630 

minimization, management practices, 633 

producer diagnosis, 634 

risk factors, path model. 635/ 

Enzootic hemaluria, 360-361 
clinical findings, 960 
clinical pathology, 560 
differential diagnosis, 360-561 
epidemiology, 961 
necropsy findings, 961 
pathophysiology, 96 L 
treatment/prevention, 36 I 


Enzootic hepatitis, 919. See u/sv Rift 
Valley fever 

Enzootic nasal granuloma, 592 
differential diagnosis. 532 
treatment/control. 592 
Enzootic pneumonia. 602 
Enzymatic reactions, magnesium 
(cofactor), 1 500 

Enzyme immunoassay {EIA) r 629 
Enzyme-linked Immunosorbent assay 
(ELISA). 336, 515-5 L 6 
assays, description, 343 
availability, 526 
development, 243-244 
ELlSA-based test kits, availability, 542 
kits, availability, 100 
sensitivity, 1175-1176 
tests, usage. See Immunoglobulin E 
usage. 47 r 243 
Eosinopenia, 403 
EosinophiLLa, 409 
Eosinophilic enterocolitis, 730 
Eosinophilic granuloma (nodular 
necrobiosis// collagenolytie 
granuloma), 1335 
nodular necrobiosis, 1335/ 

Eosinophilic keratoconjunctivitis, 1233-1290 
clinical signs, 1235 
diagnosis, 1235 
pathophysiology, 3239-1230 
treatmenl/prognosis, 1230 
Eosinophils, 406 

control importance. See Parasitic infections 
production. See Rone marrow 
Epaxial muscles, progressive atrophy, 1335/ 
Ependymoma, 1041 
Eperythrozoonosis. See Cattle; Goats; 

I lemobartoiiellosis; Sheep 
EH {. Sec Equine purpura hemorrhagica 
Epkcutid spp., 1 70B 
E/kMor CjpJmzii, 1214 
Epidermal cysts, 113 I 
Epidermolysis bullosa (EE). 1334-1335 
clinical presentation, 1334 
Epididymides, palpation, 197 
EpididymLdis, impact. See Infertility 
Epididymitis, I4B1-14S2 
clinical pathology, 1432 
clinical signs, 1431 
definition/etiology, 14BI 
differential diagnoses, 14a L-1432 
infeclion/trauma. L 431 
infectious causes, 1432 
treatmenl/prognosis, 1432 
Epiglottic entrapment, 73 
Epiglottis, shortness, 72 
Epilepsy, 135, 1041 
clinical signs, 104 2-1041 
rarity, 1042 

seizures, recurrence, 1041 
Epiphora, 1267 
description, 3267 
occurrence, 533 
ocular pain, sign, 1263 
Epiphysitis. See Physitis 
Epiploic foramen entrapment, 714-735 
diagnosis, 313 

Epistaxis.Elemorrhagk nasal discharge 
episode, experience, 570 




llplsLaxis (CantiFrired) 
nfiri np-inHirwl pulmonary hemorrhage 
(ElPH), Impact, 569 
EipiLhelial celli. L] L4 
StneptoaKciu flgaracfuw r adherence 1121 
Epithdial sodium, channel ENaC, 517 
lipltheliogenesis impofticta (aplasia 
cu Lis). 1335 

Epithelium, plant matter (impact), 127] 
Epitope spreading, concept, 1294 
Epizootic bovine abortion (EEA// foothill 
abortion), 1460 
clinical signs, 1460 
epidemiology-, L 460-1461 
history, 3460 

laboratory diagnosis, L460 
pathophysiology, 1460 
treatment/conlrol. 1461 
Epizootic VEE viruses. occurrence, 956 
EPM.. See Equine protozoa] 
myeloenrephalltls 
EPP. See Equal pressure point 
Epstein-Earr virus, 30] 

Equal pressure point (EPP), 43-44 
peripheral movement, 45 
Equ i -Analytical Laboratoriesi']>aLry 
One, 3 52b 

Equ ids, lyme disease, ] 133 
Equine abortion, nonlnfeclious 
causes, 1452 

Equine adenoviruses (EAdVs), 521, 543-549 
clinical presentation, 543 
control, 549 
epidemiology. 545-543 
etiology, 543 

ocular manifestations, 1235 
Equine alimentary system, examination 
(diagnostic procedures), 667 
Equine arteritis virus (EAV), 546-547, l]49 
clinical presentation, 547 
clinical signs, 1455 
control, 1455-1456 
EAV, impact, 1455 
EAV-negative mares. 547 
epidemiology, 547, 1455-1456 
etiology, 547 
exposure, 137 
laboratory diagnosis, 1455 
pathogenesis, 547 
prevention, 547 

Equine bronchopneumonia, A-ijncipdjrjFifjr 
species (importance), 501 
Equine canrharidiasis {blister beetle 
toxicosis), L 353-L 360 
Equine coital exanthema, 1474 
diagnosis, ]474 

infection, equine herpesvirus Lypc 1 (El IV-3), 
impact, 3474 

Equine colon, inflammatory cells/mediators 
(impact), 743 

Equine ncvyn*Wte.riup,ff pseudetidremdasu 
cellulitis, 1314 
diagnosis, 3334 
LreaLment, 1314 

Equine cryplorchids, testosterone (basal 
concentrations), 1475-1479 
Equine Cushing's disease (ECD). 1340, 1430 
clinical signs, 1430 
impact. See Abnormally small ovaries 


Equine degenerative myeloenrephalopathy 
(EDVl), ] 072-] 074 
clinical pathology, L 073 
clinical signs, ] 072-L 073 
definition/ciiology. 1072 
pathology, ]071 
pathophysiology, 1073 
treatment/control, 1073-L074 
Equine dental developmental 
abnormalities, 634-655 
Equine donor colostrum, 
unavailability, 1663 
Equine dysaulcnomia (grass 
sickness), 1105-1106 
CfasfriiJiEwn perfringens type C, 
association, E306 

histologic examination, I 105-1 106 
treatment M06 

Equine dystocia, tract! on/forced extraction 
(usage), 20B 

Equine cncephalomalacia. 

See [.eukoenccpha lomal acia 
Equine encephalomyelitis (sleeping 
sickness), 1572-1574 
viruses, 1 572-1 573 
Equine eosinophilic granuloma, 
development, 1335 
Equine estrous cycle, Irregularities/ 
differential diagnosis, I424J 
Equine feeds, mineral composition (dry- 
matter basis), ] 356f 
Equine fluid physiology, 3437-143 6 
Equine fundus, characterization, 1263/ 
Equine gastric glandular mucosa, 
photomicrograph, 697/ 

Equine gastric mucosal permeability, sucrose 
(usage), 63 E: 

Equine gastric squamous epilhellal mucosa, 
pholomLcrogjaph, 696/ 

Equine gastric squamous epilhellal mucosal 
epithelium (ulceration), 
pathophysiology (diagrammatic 
representation), 63 B/ 

Equine gastric ulceration syndrome 
(ECUS), 635, 1146 
medications, study, 699 
Equine gastrointestinal pathogens, 
detection. 445 

Equine gastrointestinal tract, endotoxemia 
(impact). 739 

Equine granulocytic ehrlichiosis (E£E), 446, 

I L4B 

clinical pathology, 1350 
clinical signs, ] L 50 
definition/ciiology. 1143 
diagnosis, 1350 
epidemiology, ] 149-1150 
pathogenesis, I ] 50 
pathological findings. E1 50 
t rea Imen t/ p roc n os Ls/' preve nti o n, 

IL5D-1 154 
Equine Elaler, 566 
Equine herpes 

myeloenceph alopat hy, 3B2-954 
clinical signs, 3B2 
diagnosis, 932-953 
epidemiology, 953 
necropsy findings, 933 
pathophysiology, 3B3 


Equine herpes myeloenrephalopathy 
(Dwitmunf) 
rarity. 3-B3 
treatment, 953 

Equine herpesviruses (EHVb), 43B 
infection control, 1 54 B-154 9 
rhlnopneumoni Lis, 1579- L 55 E 
Equine herpesvirus type E {EIIV-1), 204, 
304. See also Perinatal equine 
herpesvirus type l infection 
abortion, E454 
clinical signs, E454-E455 
diagnosis, E454-3455 
treatment/prognosis, 1455 
antibodies, impact, 1530 
diagnostic methods, 1455 
immunity, 546 
infection. 545, 302 
pathogenesis. 545-546 
isolates, equine herpesvirus 

myeloencephalopathy (EHEi) 
impact, 1531 

necrotizing vasculitis. 1 th rombosii, 
lesion, 1454 

neuropalhogenic form, presence 
(establishment), 436 
ocular manifestations, E2B5-12B6 
protection, correlates, 1579 
role, uncertainty, 1550-E 551 
vaccination program, effectiveness, 1455 
viral pathogen importance. 443 
viral slates, differentiation, 4431 
Equine herpesvirus type 2 (EIIV-2) r ocular 
manifestations, E2B5 
Equine herpesvirus type 3 {EIIV-3), 
nosocomial problem. 1549 
Equine herpesvirus type 4 (El IV-4), 304 
antibodies, impact, 3530 
immunity, 546 
protection, correlates, 1579 
role, uncertainty, 1550-1551 
viral pathogen importance, 443 
viral states, differentiation, 4431 
Equine herpesvirus type 5 (EIIV-5), 539 
Equine hospitals, software systems- 
(availability), 13 

Equine hypothalamic-pituitary axis, 
physiology, 1339-1357 
Equine immunizing agenls;biologies, 

manufacturer recommendations, J 565( 
Equine immunodeficiency diseases, 1665 
Equine infection, importance, 936 
Equine infectious anemia {EIA), 3B, ] I4B, 
I143-, 1162 
abortion, E456 
chronic manifestations, 1 E62 
clinical findings, 1162 
clinical pathology, El62 
clinicopathologic abnormalities, 1162 
detection, 1162 
necropsy findings, 1 162 
preveil Lion/control, ] 162-1 163 
regulatory considerations, L 162- 1 163 
retroviral infection, horsefly 
transmission, 1456 
scrosurveillance, E ] 62 
Equine infectious anemia virus 
(EIAV), E ] 62 
replication ability, ] 162 
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Equine influenza, 3576-3579 
diagnosis, 44 2 
infection control, 1543 
outbreaks, 544 

Equine influenza virus. 541-545 
clinical presentation, 544 
contagiousness, 1576 
control, 544-545 
epidemiology, 544 
eLiology, 543-544 
infection, vaccination, 544-545 
pathogenesis. 544 

single-stranded UNA, amplification, 442 
viral detection methods, nasopharyngeal 
secretions {usage), 443i 
Equine insurance, 15 

full mortality contracts, 1 5 
types, 36£ 

Equine intestinal tract clostridial species 
(impact), 746 
Equine leptospirosis, LI L> I 
diagnosis, 1161 
prevention, 13 63 
Great merit, L363 

Equine leukocyte anligens (ELAs), 
monoclonal anLibodies 
(presence), ] 144-3 
Equine lineage NINA viruses, 544 
Equine lungworm, 550-551 
Equine lymphoma, 1331 
Equine lymphosarcoma, 403 
Equine males, canines (presence), 679 
Equine masiocytosis, ] 130 
Equine melanomas. 1310-131] 

Equine metabolic syndrome 
(EMS), ] 152-1355 
clinical pathology, 1352-1353 
clinical signs, ] 152 
definitions, 1352 
diagnostic testing, 1151 
differential diagnoses, ]152 
etiology, 1352 
management. 1354-3355 
pathophysiology, ] 151- ] 354 
Equine monocytic ehrlichiosis (Potomac 
horse fever // PJ IF). 233 r 1531-1534 
iVetfrickirttsiir rif.rii.-fc, impact, 3 531 
Equine morbillivirus, 545 
Equine motor neuron disease 
(EMND), 3074-3075 
chronic form, 3074 
clinical paLhology, L074 
clinical signs, 1074 
diagnosis, 3074-1075 
epidemiology, 3074 
muscle/nervc biopsy, usage, 1075 
paLhology, 3074 
pathophysiology, 3074 
prevention, 1075 
subacute form, 3074 
subclinical form, 1074 
treatment. 1075 

3£quine multinodular pulmonary fibrosis 
(EMPF), 493 
lung, cut section, 519/ 

Equine nasopharyngeal secretions, culture/ 
PGR assay usage (comparison), 444i 
3 : jquine neonatal alloimmune 

thrombocytopenia (NAIT), 3639-3 630 


Equine neonatal alloimmune 

thrombocytopenia (NAIT) (ConJmaiftf) 
clinical pathology, 1690 
clinical sigjas, 1690 
deflni lion/etiology, 1639-163(3 
differential diagnoses, 1690 
pathophysiology, L <590 
preven Lion/con Lrol, 3630 
treatment/prognosis r L69D 
Equine neonatal Isoetylhrolysis, 1635-1639 
clinical pathology. 1667 
clinical signs. 1667 
deflni Lion/eliolcgy, 1635-3 636 
differential diagnoses, 1667 
epidemiology, 1637 
necropsy findings, 1637 
pathophysiology, 1637 
preventicn/eontnol. 3633-3663 
testing, laboratories, 1665-1690 
treatment/prognosis, 1637-1633 
Equine neonates, necrotizing enterocolitis 
(NEC), 334-315 

Equine opt ic nerve atrophy, 3264/ 

Equine oral neoplasms, 667 
rarity, 637 

Equine osteoporosis, 3360 
Equine parasites, 3631 
Equine parasitic control, 
paradigm, I626-LQ27 
Equine parasitic disease, 3 621 
Equine pathogens (molecular detection), 
tissue samples (usage), 442Z 
Equine patients, swallowing problems, 3101 
Equine pelvis, bone marrow sampling 425/ 
Equine physical examination, 36-36 
extent, 3 6 
purpose, 3 5 
record, 15 

Equine piluitairy pars intermedia, 
physiology, 3140/ 

Equine piluitary pats intermedia dysfonclion 
(equine ITID), 1340-1344 
clinical signs, 1343-1342 
dexamethasone suppression test (D3T) 
seasonal variation, 1141 
usage, 3342-3 141 
diagnosis, 1342-3344 
diagnostic tests, 3343 
necropsy findings, 3344 
pathophysiology, 1343, 1343/ 
treatment/prognosis, L344 
Equine pLaccntitis, clinical trial, 3454 
Equine plasma 
products, availability, 3497 
usage, 771 

Equine pleural fluid, appearance, 505 
Equine pneumonia, 520 
Equine problcm-orienled medical record. IS 
Equine protozoal myelitis, potentiated 
sulfonamides {administration), ] 507 
Equine protozoal myeloenccphalitis (EPkl // 
Tejwjpftismcj-like agent // Protozoal 
encephalomyeli Lis // Segmented 
myelitis), 993, 1009-1017. L 536-L 537. 
See izisa I lotses 

bladder paralysis attribution, 516 
causes, 444-445, 1536-1537 
clinical pathology, liOEO-303 L 
clinical signs, 10(39-1010 


Equine prolozoal myeloencephalitis (EPM// 
TnTD^rjpjTjr-like agent// Prolozoal 
encephalomyelitis // Segjnented 
myelitis] (GjnJinittd] 
dcfinition/etiology, 10(39 
development, risk factors. 3035 
diagnosis, 1014 
difficulty, 301 l 

Western blot (WB) analysis. LOLO 
epidemiology. 1014-3035 
incidence. 1014-3035 
inclusion, 3099 
induction, 3035 

multifocal neurologic disease, 1536-1567 
pathogenesLs/palhclogic 
changes, 101 3-3032 
PCR, avail abilily. 1013 
prevention, 1016-1017 
recognition, 3036 
seasonal risk, 1017 
treatment/prognosis, 10 3 5-3036 
liquine purpura hemorrhagica 
(EFH), 3 L43-3 149 
laboratory abnormalities, 3 L4S 
treatment 1149 

Equine red blood cells (RECs), intravascular 
agglutination, 722 

Equine recurrent uveitis (EFll // periodic 
ophthalmia // moon blindness), 3 L6L, 
3290-3 296 

act he inflammation, occurrence, 3294 
antibiotics, usage, L295 
breed, impact, 3 292 
clinical signs, 3 29 1 
cote vitredomy, usage, 1296 
corticosteroids, usage. 3294 
cyclosporine, usage, 3 295-1296 
dcfinition/etiology, 1290-1293 
diagnosis, 1292 

disease, recurrence (prevention), 
3295-3296 

exogenous/endogenous antigens, usage 
(proposal). 1291 
experimental findings, 3293 
leptospiral infection, role, 1293 
mydriatic/cycloplegic agents, 
usage, 1295 

nonsteroidal antiinflammatory drugs 
(NSAIDs), usage, 3 294-1295 
palhogencsis, infectious agents 
(role), 1293-1294 
pathophysiology, 3292-3294 
prognosis, 1296 
serologic testing, 1292 
therapies, alternatives, 1295 
tPA. inLracameral injection, 1295 
treatment, 3 294-1295 
Equine reference values, 11611 
Equine respiratory tract, fungal 
infections, 522-513 
Arremonruztr stridun, impact, 532 
adiaspiromycosis, impart, 530-511 
amphotericin B. usage, 526 
an Li fungal therapeutics, 526-523 
aspergillosis, impact, 529 
azoles, usage, 526-523 
blastomycosis, impact, 529 
candidiasis, impact, 512 
clinical signs, 521 





Equine respiratory trad, fungal infections 
(Confmae^J) 
coccidLomycosis, 510 
tonidiobolomycosis, impart, 523 
cryptococcosis, impact, 526-523 
cytology: 524 

definition/etiology, 522-521 
diagnostic sampling, 521-52(5 
ctiologic agents 526-511 
hislopalhology, 524 
histoplasmosis, 523-530 
immune function lesting. 526 
micnobiclcgic culLure. 524-526 
molecular techniques, 526 
pneumocystosis, impact, 532-511 
pscudallescheriosis, impact, 52? 
scopulariopsis, impact, 510 
systemic iodide therapy. 523 
treatment, 526 

Equine respiratory viruses. 542-541 
antibody detection, 542-541 
antigen detection, 542 
diagnosis, 542-543 
treatment. 541 
virus isolation, 542 
Equine retinal separation, 12(54/ 

Equine rhinilis A vims (ERAV), 547, 543 
infections, 546 

Equine rhinilis E virus (EREV), 547, 546 
Equine rhinovlrus 1 (ERV-1), 547 
Equine rhi novirus 2 (ERV-2), 547 
Equine ribcage/stemum, ventral view, 424/ 
Equine rotavirus, infection control, 1547 
Equities 

abdomen, ultrasound evaluation. 13 
abortions, 204 

catheterized samples, obtaining, 16 
circulatory system, evaluation, 17 
computer-generated medical records, 19 
drinking,'eating, observation, 17 
examination 

procedure, ancillary equipment 
(usage), IB 

room equipmenl/anciliary services, 
recommendations, L6i 
eyes, visual assessment/examination, 13 
gastrointestinal disease, examination 
(systematic approach), 17 
h islory, 15 

individual problems, determination, 16 
integumentary system, evaluation, 16-17 
larynx, appearance, 492/ 
lung sounds, interpretation, 17 
lymphalic system, evaluation, 13 
medical history, clinical problem 
direction, 1 5 
medical record, 13-19 
filing 16-19 

musculoskeletal system, internist 
evaluation, 17 

neurologic system examination, L3 
nutrient requirements, growth/body 
weights, 15k 
patient, evaluation, L6 
penis, swclling/pain (palpation), 171 
percussion, clinical tool (reliability), 37 
placenta, anatomic structure 
(description), 212 

prehension, presence (observation), 17 


Equines (Orntfiaunf) 
recordkeeping 19-15 
respirator} 1 system, circulatory system 
similarity, 17 

thoracic cavity (clinical evaluation), 
ultrasound (impact), 17 
umbilical structures, ultrasound 
evaluation, 272/ 
urine 

appearance. 173/ 
myoglobinuria, presence, 171/ 
urogenital system, examination 
methods. 13 
vital signs, 16 
Equine sarcoid, 1327-1330 
biologic behavior, 1323 
causative agent, epidemiologic 
evidence, 1127-1126 
clinical findings, 1323 
clinical signs, 1104 
definition/etiology, 1104 
diagnosis, 1323 
differentia] diagnoses, 1104 
epidemiology, 1327-1323 
medial eyelid, involvement, 1304/ 
mu I Li pie verrucous sarcoids, 112 9/ 
nodular mass, characteristic, 1104/ 
nonspecific immunotherapy, baciile 

Cal metle-CDerin cell wall derivatives 
(usage), El23 

ocular manifestations, 1104 
paLhogencsis, 1127-1323 
small occult sarcoid, 1329/ 
therapy, 1323- L33D 
treatmenl/prognosis, 1304 
Equine sarcoidosis (generalized 
granulomatous disease), 1316 
Equine seborrhea, 1112 
Equine scrum protein electrophoresis, 413/ 
Equine skeleton, bone marrow aspiration 
sites, 421/ 

Equine skull 

compuled tomographic scan. 679/ 
lateral view, 677/ 

wave mouth illustration, 636/ 

Equine staphylococcal cellulitis. 1314 
treatment 1314 

Equine sternum, lateral view, 421/ 

Equine summer sore. See Cutaneous 
habroncmiasis 
Equine tapeworms, control 
(recommendations), 1625 
Equine thoracic neoplasia, 576-577 
Equine ulerus, immunoglobulins 
(isolation), 1413 
Equine vaccination 
considerations, 1557 
infectious disease control, 
relationship. 1557 

Equine vaccines, types (availability), 1559f 
Equine viral arteritis (EVA). 197, 493, 1143, 
I E49, 1455 
contagiousness, E565 
control, 1535 
history, 1455 

laboratory abnormalities, 1 143 
large-scale outbreaks, 1535 
modified live vaccine, 1535 
ocular manifestations, ] 235 


Equine viral arteritis (EVA) (Confirm ft?) 
primary vaccination, 1535 
RNA vims, L5S5 

vaccination, regulatory/exportation 
considerations. 1536 
EijuuelwN anv nre, 1633 
ER See Exertional rhabdomyolysis 
E-RAV. See Equine rhinitis A virus 
ERBV. See Equine rhinitis E virus 
ERG. See EketroreLinography 
Ergo pep tine alkaloid toxicosis, 33 
Ergoc, 1707 

Ergot alkaloids, imparl, L 42 3 
Erosions, 136 
definition, 166 
diagnosis approach, 166 
formal ion, mechanisms, 166 
EKF. See Egg reappearance period 
ERU. See Equine recurrent uveitis 
Eruption. See TeeLh 
abnormality, lee [Dental eruption 
pattern, 664 
problems, 679 

ERV-1. See Equine rhinovirus I 
ERV-2. Sec Equine rhinovirus 2 
Erylhema multiforme (EM), 1309-13 ID 
Erythrocyte destruction 
impact, ] 165 

increase, diseases (association), 
1154-1155 

Erythrocyte potassium concentration, 332 
Erythrocytes. See Nucleated erythrocytes 
cell lines (hypoplastidiy/hyperplaslicity), 
M:E ratio (usefulness), 414-435 
circulation, 1170 
fragility, increase, 403 
maturational stages. See Bone marrow 
Eryt hrocyte transkelolasc, mean 
values, 1023c 
Erythrocytic parasites, 403 
Erylhrocyto5is (polycythemia), 404, 1172 
definition, 404 
diagnosis, 404 
rarity, 461 
treatment, 1 173 

Erylhmid regeneration. See Reliculocylosis 
peripheral blood response, 415 
Erythromycin 

direct molilin receptor, 741-742 
rifampin, combination, 513 
usage, limitation, 742 
Erylhron, composition, 400 
Erythropoietin, elaboration, 404 
BrJimdrra cofi, 262-261, 100-10 L, 342 
baclerin toxoids, 1604r 
cytokine profiles* 1114 
involvement, 053 
mediator. See Newborn foals 
scouring occurrence, 1635-1G ] 6 
toxins, impact, 927 
vaccination programs, L 6 L 6-1617 
ESKD. See End-sLage kidney disease 
Esophageal abscess, 604/ 

Esophageal balloon, 564-565 
Esophageal dilation 

(megaesophagus). 307-606 
clinical signs, 606 
Esophageal disease, differential 
diagnosis, 636 
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Esophageal disorders, 305-507 
clinical paLhology, 506 
clinical signs, 305-300 
definirion/etiolcgy, 605 
differential diagnosis, 605-306 
necropsy findings, 506 
retrospective study, 633-634 
treatment/prognosis, 306-607 
Esophageal diverticula, 635 
Esophageal duplication cysts, 
impact, 632-653 

Esophageal dysfunction, systemic diseases 
(impact), 506 
Esophageal feeding Lube, 
placement, 1643 

Esophageal groove function (rclicular groove 
function), 532 

Esophageal hypomotility, 601-632 
diagnosis, transit studies 
(requirement), 632 
treatment, 632 
Esophageal impaction 
complications, 630 
resolution. 630 
treatment, goal, 630 
Esophageal inflammation, 652 
Esophageal luminal structure, barium 
contrast esophagram, 633/ 

Esophageal obstruction, 663-630 
clinical signs, 663 
development, 654/ 
dilation, 600 
evaluation, 650 

Esophageal perforation, 653-634 
treatment, 633 

Esophageal stricture, 654-635 
development, 653 
dilation, attempt, 634/ 
episode, 305-606 
occurrence, 654 
study, 654-635 
treatment, success, 634-655 
Esophagitis, 600-63 L 
clinical signs, 650-601 
diagnosis, endoscopic examination. 

(requirement), 63 6 
dietary modification, 651 
term, usage, 630 
Esophagram. standing lateral 
radiograph, 672/ 

Esophagus 

anatomic/physiologic considerations, 653 
congenital disorders, 652 
cranial aspect, location, 635 
diagnostic considerations, 636-663 
disorders, 663 

endoscopic evaluation, 636-630 
motility disorders, 631-652 
muscular wall, thickness (increase), 636 
neoplasia, 605 
physical examination, 663 
physical obstruction, 624 
radiographs, 653 
refractory cases, isotonic fluid 
(IV administration). 630 
ulceration, 651/ 

Estral-related seizures, Lrealment, 1043 
Estrogenic compounds, potency 
(variation), 1603 


Estrogen-producing plants, impact 1421 
Estrone sulfate, marker, 260 
ET_ See Ejection time 
ETEC. See Enterotoxigenic E. caff 
Ethmoidal conchae, formation, 535-550 
Ethmoid hematoma. 535-53 L 
clinical signs, 535 
deftniLion/eliolcgy, 563 
destruction, 53 I 
diagnostic tests, 533-530 
laboratory aids, 530-500 
lateral radiograph. 530/ 
morphologic features, 530 
progression, 531 
radiodensity, recognition. 530 
surgical curettage, disadvantage, 501 
treatment/prognosis, 530-501 
Ethylenediamine dihydroiodide 
(EDDt), 1711 

Ethylenediaminetctraacetic acid (EDTA), 47, 
175, 303 r 1710 
blood tubes, usage, 427 
buffy coat, 333 
chelation, L 035 

Ethylene glycol toxicosis (antifreeze 
poisoning), 1036, 17 L6 
metabolism, 1716 
result, 1716 
treatment, 3716 

Eupirtoriuju n^cstun (while snakerool), L064, 
1701 

impact, 1403 
Eupnea, 430-451 
Eurofins Scientific, [nc., 152b 
Eutrondnrula id/r^ftfirgcsi', 1 32 I 
EVA.. See Equine viral arteritis 
Evaporative heat loss, efficiency 
(redoction), 33 
Ewes, 1466 

coarse-woo Led breeds, seasonally 
polycstrous, 1413 
cystic follicular degeneration, 1421 
enzootic abortion. See CJrftursydEir jpritiocf 
abortion 

freemartinism, 1434 
gjanulosa cell Lumors, 1434 
hypocalcemic/hypomagnraemic 
characteristic, 1374 
infectious causes. L 466-14 63 
pregnancy toxemia, 3 14 
retained fetal membranes, 1437 
clinical signs, 213 
trealment/prognosis, 1437 
unobserved/silenl estrus, 1426 
vaccination schedule/flock management 
calendar. S563t 
Examination, 3-92. 

See izfce Insurance examinations; 
Interstate examinations; repurchase 
heal th examinations; Visual 
examination 
performing, 3 

Excitatory input, decease, 622 
Exercise, 32. 1677 
epislaxis. association, 573 
field tests, 32 

salt crystals, secretion. 1347/ 

slressor impart, 1677 

sustaining heat production (excess), 32 


Exencise (■QjFin'nued) 

testing See Standardized exercise testing 
usage, 133*0 

weakness, diagnosis approach, 31 
Eaendse-associated myositis, 1412 
Exercise-induced pulmonaiy hemorrhage 
(EIPII), 50. 45.1, 563-576 
age, risk factor, 573 
bleeding excess, 575 
blood Loss, nonassociation. 1L45 
bronchial angiogenesis, 574 
bronrhoalveolar lavage (BAL), 570-571 
bronchosccpic examination, 570 
capillary integrity, 575 
causes, proposals, 572 
clinical signs. 563-570 
cost, 575-576 

diagnostic approach, 570-571 
diagnostic tests, 570 
differential diagnosis, 563-570 
epidemiology, 572 
etiology, 563-563 
example, photograph, 563/ 
furosemide administration, direct 
cost, 575 

histologic evidence, 572 
history. 73-73, 563 
incidence, genetics (impact), 573. 
interstitial inflammation, 574 
Lesions, location, 572 
necropsy, 573 
palhogencsis, theories, 572 
pathophysiology, 571-572 
pervasiveness, 563 
physical examination, 563-570 
presenting complaint, 563 
prevention, low allergenic bedding 
(usage), 574 
prognosis, 575 
radiography, usage, 571 
relationship. See Performance 
rest, recommendation. 575 
risk factors, 572-573 
study, 563 
suspicion, 53 
syndrome, impact, 53 
therapy/prevention/control, 573-575 
tracheal aspiration, 570-571 
tracheobronchoscopy, usage, 570 
treatment furosemide 
(efficacy ), 573-574 
treatmenl options, 575 
water vapor treatment, 574 
Exzrdse-induced respiratory trad injury, 
sudden death impact, 233 
Exercise intolerance, 76-32 
cardiovascular system, evaluation, 73 
causes, 61 b 

clinical examination, 77-73 
diagnosis approach. 77-60, 31 
hematologic assessment, 73 
history. 77 

muscular sysiem, evaluation, 30 
presence, 464 

respiratory tract, evaluation, 73-73 
serum biochemical profiles, 73 
skeletal sysiem, evaluation, 73-60 
Exertional myopathies. 14 LI-14 13. 

See aise Endu rance horses; 1 torses 




Exertional rhabdomyolysis {ER), 1412-] 417. 
See izfjtf Chronic exertional 
rhabdomyolysis; Recurrent exertional 
rhabdomyolysis; Sporadic exertional 
rhabdomyolysis 
clLoic.il signs, 1492 
concurrent illness, impact, 1412 
electrolyte Imbalances, impacL. 1412- 1413 
etiology, 9412 
cvereisertion. Impact, 1412 
treatment, 14 I 3-1494 
Exogenous adrenocorticotropic hormone 
(ACT! [), administration 
(repetition), 1345 
Exogenous glucocorticoids, 25 I 
Exogenous hormone treatment. 

See Abnormally small ovaries 
Exophthalmos. See Eyes 
Exotic Newcastle disease (END). 1551 
ExperimenL.il col i form mastitis 
bacteremia occurrence, absence, 192(5 
Lrials, systemic antibiotic therapy usage 
(studies), 1126 

Exploratory celiotomy, necessity, 76fl 
Exploratory surgery, performing, 605-106 
Expressivity, 6653-1(553 
concept, 165E 

Extensor muscles, sciatic nerve 
innervation, 1107 

Extensor tendons, excessive pull, 1037 
External genital organs, 
examination, 134-13(5 
External nares, food/water 
(drainage). 51-54 
Extraabdomlnal examination, 345 
Extracellular fluid (ECF) 
bicarbonate concentration, 3E3 
compartment, overexpansicn 
(avoidance), 1434 
comparlment.il distribution, 336/ 
magnesium, level, 777 
potassium distribution, 3E2 
volume. 325 

Extracellular fluid osmolality, 64B3 
Extracellular fluid volume (ECFV), 1437 
intracellular fluid volume (ICFV) r 
relationship, 143E 
tonicity, 143B 
determinants, 143E 
Extracellular pEl, increase, 2(50 
Extract vaccines, usage, 535 
Extramedullary plasmacytoma, 1130 
Extrathoracic obstructions. See Airflow 
Extravasaled red blood cells (RiKii), 
hemolysis, 605 
Extremities 
dry gangjene. B73 
pain 

causes, .iff I lorses; Ruminants 
diagnosis approach, 23 
radiographic views, 22 2( 

Extrinsic allergic ah-colLLLs (EAA), (55 6 
chronic signs, 65 L 
problem. 65 L 

Eyeballs, ventromedial rotation, 2(53 
Eyelids 

inspection, L262 

laceration, postoperative care, 1270 
movement, Impairment, 1263 


Eyelids (CoHtrnunJ) 
needle, insertion, 1231/ 

open needle holders, usage. ] 231/ 
needle, pushing (preparation), 1231/ 
Silastic tubing 
placement, 1233/ 
securing. 1232/ 
trauma, 1270 

traumatic puncture wounds, 9270 
Eyes 

ancillary diagnostic procedures. 

1263-1265 

chemical injury, 1274 
examination, 1 L 
forward, displacement 

(exophLhalmos). 1265 
bovine Leukosis, impact, 6273 
globe, examination, 2(53 
lepfcHptra-medialed injury. 

consideration, 1233 
protection, L 533 
thermal Injury. 1274 

F 

Face shields, usage, 1533 
Facial expression, changes, 25 
Facial hypoesthesla, 133-140 
Facial nerve (cranial nerve VIS). 132 
lesions. 640-1-11 
moLor nucleus, 132 
paralysis. See Peripheral facial nerve 
paralysis 

superficiality, 1 103 

Facial paralysis, drool/feed (packing), 112 
Facial paresis. 140-64 6 
Facial symmetry/swelling 46 
Facilitated ankylosis, 1293 
Facilities 

closure, nosocomial outbreak 
(impact), 1540 
design. 1534 
Factor assays test, 421 
Factor consumption, increase, 467 
FADs. See Foreign animal diseases 
Fasppi'nim «cjdflrfjip?r r 1701 
Failure of passive transfer (FIT). 253 r 
1677-1 630. See also Immunity- 
Neonates; Partial failure of passive 
transfer (FI7T); Ruminants; Total failure 
of passive transfer {FPT) 
absence, 313 
anticipation, 1603 
causes, 1671 
clinical pathology, 1063 
clinical signs, 166B-L063 
definition/etiolcgy, 6667-1603 
differential diagnoses, 166B-L663 
IgC, low serum concentrations 
(demonstration), L063 
level. 330 

necropsy findings, 1063 
occurrence, 320. See jrfsj Foals 
prevcntion/ccntrol, 1071 
lest, usefulness. 1067 
«rea (men tp ro g n osi s, 1603-1671 
failure of transfer of passive immunity 
(Fin), 1133-1200 
Failure to thrive, 306 


Fainting foal syndrome, 233-300 
False diveriicula. See Pulsion diverticula 
False-negative results, occurrence, 44 E 
FAMACHA method, 6637-1633 
kits, treatment records 

(maintenance). 3637-9633 
usage, guidelines, 6637 
FAMACHA score, 6642-9643 
Familial crylhrocytosis, 9172 
Famotidine, usage, 633-033 
FARAD. See Food Animal Residue Avoidance 
Databank 

Farm buildings (surfaces), bacteria 
(persistence ability), 352d 
Farmer's lung, 659 

Farm-specific diseases (soil-borne diseases), 
bovine vaccines, L533i 
Farriery. 9233 
Fuseioia ftepatka , 365 

transmission, pattern, 303/ 

Fasting, impact. See rlasma bilirubin 
removal 

Fasting laboratory data, 330 
FAT. See Fluorescent antibody Liter 
Fatal air embolism, result, 235 
Fatal fibrinous pneumonia, 634 
Fat cow syndrome {lipid mobilization 
syndrome), 3 62-313 
clinical pathology, 312-313 
clinical signs, 312 

clinicopathologic abnormalities, 393( 
defini Lion/eliology, 3 6 2 
diagnostic tests, 3 L 2-3 9 3 
epidemiology, 313 
necropsy findings. 913 
pathophysiology, 333 
treatment/prognosis, 333 
Fal metabolism, 316/ 

Fat necrosis, 363. See jrlw itesenteric fal 
necrosis 
presence, L1-12 

FBI’s. See Fibrinolytic by-products 
Fc recepLor, 1 M3 
expression, 69 L 

FDA. See D.S. Food and Drug Administration 
FDI’s. See Fibrin degradation products; 

Fibrinogen degradalion products 
FE. See Fractional excretion 
Febrile Illnesses, causes. 36-33 
Febrile response 

physiologic control, 35 
production, vagal nerve (role), 35 
FEC. See Fecal egg counts 
Fecal abnormalities. See Indigestion 
Fecal color, 36 

Fecal culture, Importance, 075 
Fecal egg count reduction (FECR). 1623 
percentage, 1642-1643 
Fecal egg couni reduction lest (FECRT), 1623 
thresholds, 1023 
Fecal egg counts {FECs) 
modified iVtc.VtasLer technique, L643i 
yield, 1626 

Fecal examination, 674-675 
Raermann technique, usage, 43 
impact. See Coughing 
lecaliths, 75E-753 

fecal balls, formalion (problems), 75 E 
Fecal material, particle size, 337 
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Hum'll occult blood 
delcrminatlon, 675 
examination, 101 
Fecal osmolality, 10] 

Focal output, decrease, LD9 
Fecal sample, rotavirus {presence), 675 
Fecal sedimentation methods, 505 
Feces 

absence, 1573 
blood, presence, LG3 
examination, 100- L □ L. 165. 106 
fibrin, presence:, 103 
gross examinalion, 105 
mucus, presence, 103 
passage 
absence. L 03 
failure, 372 
FCR lest, 101 

FFCR. See Fecal egg count reduction 
FECRT. See Fecal erg count reduction tesl 

FFCS. See Fecal egg counts 
Feed 

additives, 3 71B-1715 
analysis, B7, 1700 
companies, I52i 
blender diets, advantage, ] 650 
characteristics, effects, 626 
intake. 1645 

potassium concentrations, 
inclusion. 3357t 
refusal, cause, 1706 
samples, 160] 
substrates, 323 

Feeder cattle, vaccination guidelines, 3663 
Feeding 

program, 644 
straw, avoidance, 166-169 
Feedlot acute interstitial pneumonia (feedlot 
AIT), 645-647 

bacterial bronchopneumonia, 

contribution (hypothesis), 646 
cause, 643 
clinical signs, 647 
definition/etiolcgy, 645-647 
diagnosis, 647 
epidemiology, 647 
gross pathology, 647 
necropsy findings. 647 
pathogenesis. 647 
gender/hormonal influences, 646 
treatmenl/preveniion, 64 E 
Feedlot cattle 

antibiotic IneaLment, decision tree, 632/ 
metaphylaclic antimicrobial 
therapy, 635-640 

pneumonia, risk factors (pal h model), 637/ 
polioencephalomalacia (TFM) cases, 
level. 1024-1025 

Sdi’moneiffa organisms, colonization. 331 
tracheal edema syndrome, 600-60] 

Feedlot managers, survey. 647 
Feedlot operations, bovine viral diarrhea 
virus (BVBV) immunity, 795 
Feedlot pneumonia 
backgrounding. 656-639 
feedlot entry management. 635 
minimization, management 
practices, 65B-64Q 
preconditioning, 633 


I'eedlot rations, salt (addition), 953 
Feedlot risk factors. 637 
Feedlot steer 

lungs, postmortem photograph, 

620/ 661/ 

polioencephalomalacia, clinical 
manifestations, 102]/ 

I'cedstuffs 

characteristics, Impact, 325 
digestion, 620-32] 

FeK. See rolassium fractional excretion 
Fell pony syndrome, 1674-1675 
clinical pathology, 1674-3675 
clinical signs, 1674 
definiticn/etiology, ] 674 
necropsy Findings, 3675 
pathophysiology, 1675 
t rea l m e n t/ p r ogn o s is, 1675 
Female 

examination, 203 
perinea] region, examination, 171 
Female genilnl organs, abnormalities 
(impact). See Infertility 
Femoral nerve, 1 107 
distribution, 1107 
Femur 

fractures, 1254 
head/neck, fractures, 10 
Fenoterol, 56 L 
Fenton's reaction, copper 
(participation), 1167 
Fermentable carbohydrate, 
consumption, 330 
Fermentative disorders, 342-343 
Fermentative indigestions, treatment 
principles, S40b 

Fermented sweet potato cannery waste, 
feeding 733 

Fertility prognosis, 3440c 
Fertilization failure, 201-203 
Fescue foot, 1 254 
clinical signs, 1234 
control, 1234 
defmi Lion/el iolegy, ] 254 
description, history, 3234 
differential diagnosis, 1234 
environmental factors, 1254 
necropsy Findings, 3234 
pathophysiology. 1234 
treatment/prognosis, 1234 
Fescue grass, copper levels, 1707 
Fescue infection, 33 
clinical manifestations, 207-203 
Fescue ingestion, 3 346-3 345 
Fescue toxicosis, 207-203, 3 707 
deFmilive diagnosis, 203 
diagnosis approach, 203 
lesions, 3707 

presumptive diagnosis, 203 
syndrome, 53 

Festucn itrajMlffliiCftqe, 1343-1345 
Fecal disease, organisms (impact), 233 
Fetal echocardiogram, usage, 245 
Fetal heart rale (FE3R) monitoring, 245 
Fetal. hypothaEamus-piLuilary-adrenal (IIPA) 
axis, maturation, 254-255 
acceleration, 255 
Fetal, liver da mage, 5 15 
Fetal loss, association, 250 


Fetal membranes 

examination, 206-207 
retention, 212-213, 3436 
storage, 212-213 
Fetal mummification, 1453 
Fetal tissue, virus isolation. 3459 
Fetal viability 
assessment, 250 
evaluation, rarity, 250 
reduction, 243 
Fetus 

gross lesions. 1453 
nonfatal infection, 1005 
FEV,. See Volume of air expelled in one 
second 

Fever, 53-36, 565 
contrast. Sec I lyperthermlc states 
documentation, 33 
drugs, association, 34b 
effects 

benefits, 35-36 
disadvantages, 56 

Infectious causes. See I lorses; RuminanLs 
manifestations, 36 
palhogenesis, 34/ 
toxins, association. See I lorses; 
Ruminants 

Fever of unknown origin (FLIO), 56-40 
antimicrobials, therapeutic trials 
(usage), 40 
approach, 56/ 
definition, 36-33 
diagnostic aids, 55-40 
diagposLic procedures, 40t 
epidemiology, consideration, 55 
exploratory laparotomy, performance. 

40 

nuclear Imaging, usage, 40 
physical examination, 39 
FFAs. See Free fatty acids 
FI IR. See Fetal hearL rale 
Fibrillation potentials. 1054-3055 
biphasie spikes, 1055 
Fibrin 

dumps, presence, 457 
elevation, 415-420 
formation, 762 
Indication. 307 
presence. See Feces 
3 : lbrin degradation producls (FDPs) 
concentration, 55 
level,, 1347 
Fibrinogen, 646 

concentration, blood (obtaining), 5 l 
sy nthesis, 35 

Fibrinogen degradation products 
(E : l>rs), 417 
elevation, 415-420 
Fibrinolytic by-products (FBPs), L352 
Fibrinolytic system, activation, 1347 
Flbrinopurulent bronchopneumonia, 
postmortem pholograph. 63 5/ 
] : ibrinopurulenl polyarthritis, 625, 1205 
l-lbrinous peritonitis, sonogram, 317/ 
Fibrinous pleurltis, pleural effusion, 

623 

Fibroblasts, migration, 7 L□ 
3 : lbrorar1ilaginous embolization, 1633 
description, 3033 






Eibromuscular hyperplasia, developmenl. 

See Alveolar septa 
Fibroncctin lest, 421 
FibmpapiNomas [wads), 1-622. 

See izfo rapillomas 
Fibrosarcoma, 473 
Fibrosing alveolitis. 652 
FE-BR5V. See Formalin-inactivated bovine 
respiratory syncytial virus (EKSV) 

Fick principle, L493 
Field exercise testing. See Abnormal 
respiratory noise 

Field exercise rests, stand nrdization, 32 
Field iesls, 32 

Fifth cervical vertebra, survey 
radiogiapti, 57/, 93/ 

E : ifLh-sLage larvae (L s ), development, 1624 
E : i I ler DNA, L657 
Finger, snapping (usage), 7-3 
Finnish Landrace lambs, persistent I3VD 
infection, 564 

E : i rat-calf heifers, udder edema development 
(risk). IH2 

Fi rat-lactation cows. Lactation 
(comparison). 1363/ 

Fi rat-parity cows, calves 
(birth), 350 

First premolars, presence, 673 
Fi rat-stage larvae (L,), hatch/ 
development, 1613 

FIS1E. See Fluorescent in situ hybridization 
Fistulous withers, l 244-1245 
clinical signs, 3244 
definition, ] 244 
diagnosis, 1244 
etiology, 3244 
pathophysiology. 1244 
plate agglutination, 3244 
prevent Lon/control, 3245 
313 strain, BmceUa vaccination, L245 
Lraumalic form. 3244 
treatment. 1244-1245 

Fitness (monitoring), resting leukocyte count 
(usage), 76 

5-hydroxyrryplamine 4 (51 IT-4), 74 I 
Five-percent dcxLrose (D5\V), 770 
Five-percent glucose (G5W), 77Q 
Five-point mastitis control plan, 11 22 
E : ixed-drug combinations, 1514 
E : ixed virus, 937 
Flaccid paresis, 146 

Flnlpea intoxication, clinical signs, L03(5 
Flalpea poisoning fLirlJiynis syfuraflTJ // 
Lalkyrut 1036 

Fla tweed, ingestion, 3704 
Flaviviridae, composition, 930 
Flceceworms. 1324 
Flexor reflexes, 126 

E : lcxural deformities (treatment), splinls/casts 
(usage), I246-L247 
Flexural Limb deformities, 3245-1247 
acquired deformities, t! 246 
congenital deformities, 1245 
treatment, 1246-1247 
definition, 1 245 
diagnosis. 3245-3246 
pathogenesis, 1245 
LreaLment, 1246-1247 
Floating 632-664. See izfsa Dental floating 


Floodplain staggers, 1707 
Floor surface, optimum, 1523 
Floppy kid syndrome, 335 
Mow metric s, usage. 43-50 
Flow rate chart. See Fluids 
Fluid 

administration, rate. See 1 Corses 
considerations. See 1 Corses 
resuscitation, isotonic replacement type 
fluids (attention), L494 
support, modification. See Horses 
Fluid challenge 
method, 3463-3430 
principles, 1433 
Fluids 

accumulation, 63 
acidification, 330 
administration. 772 
infusion rales. 773-775 
rate, determination, 323 
balance, 330-336 
rapid changes, 1467 
deficits, calculation, 3271 
delivery, intraosseous infusion 
technique, 327 
flow rate chart, 7711 
losses, LreaLment. 774-775 
maintenance, 775 

movements, capillary level (forces), 63 
ongoing losses, 774-775 
physiology, impacl. See Clinical fluid 
therapy 
types, 770-772 
inclusion, 3439 
volume, rate, 773-775 
Fluid therapy. See foals; Gastrointestinal 
disease; Liver; Liver failure 
aims, 763 
clinical signs, 7B3 
complications, 776-773 
delivery systems, 772-773 
endpoints, 1433 
goals, 326 

monitoring techniques, 1430-3431 
patient identification, 763 
plan, formulation, 763 
rate. 3439 
safely limits. 3431 
usage. See Disease; Disorders 
Flukecidal drugs. availability, 310 
Fluke-related losses, 930 
Flukes, 310. See lafso Liver flukes 
infeetion, evidence, 233-234 
Flumazenil, usage, 233-233 
Flunixin meglumine. 3209 
doses, recommendation. 755 
usage, 311, 633 
Flu OLA assay, 542 
Fluorescein dye instillation, impact. 

See Corneal ulceration 
Fluorescent antibody (F“A), 969 
Fluorescent antibody titer (FAT), 
usage, 1161 

Fluorescent in situ hybridization 
(FISH), 436 
Fluoride, 173 1 

dose-dependent osteogenic action, 373 1 
gross pathology lesions, I 71 L 
impact, L7U 


Fluoride (Cbnimjiftf) 
lesions, 1711 
Fluorosis, L233-123-3 
clinical pathology, 1232 
clinical signs. 1232 
diagnosis, 1232 
differential diagnosis, 3232 
pathophysiology. L232 
treatment/prognosis, 1232 
Fluticasone, usage, 566, 567 
Flying insects, impact. 1323 
FMD. See Foot-and-mouth disease 
FMDV. See Fuol-and-mouth disease virus 
Foal heat diarrhea, 333 
Lcrm. usage, 313 
Foals, 371 

abdominal distention, radiographs/ 
ultrasound (usage), 103 
abdominal radiograph, 303/ 
atresia ani, inclusion, 339/ 
description, 669 
Acfinobacillus, 233 
activity (reduction), severe combined 
immunodeficiency (SC1F3) 

(impact), 3672 

adverse health effects, magnitude, 637 
age, comparative mean umbilical vessel 
diamclera, 2731 

angular deformily, doraopalmar 
radiograph, 11 37/ 
angular limb deformity 
acquisition, 1133 
radiographic evaluation, 1135 
antibiotic therapy, 331 
antimicrobial therapy, 266 
asphyxiation, support/pro gnosis, 253 
atresia. 757-753 
behavior, 264-266 
birth maturity, 233-234 
body temperature,, 266 
bodyweight, 264 
botulism 

clinical signs. 1036 
passively derived colostra! 
antibodies, 1534 
cardiovascular system, 266-267 
failure, 297 

physical assessment. 266-267 
cervical vertebrae, mean/corrected 
minimum sagittal diameters, 94/ 
chiasm. 3273/ 

clinical botulism, 1534-1535 
clostridial enterocolitis, impacl. 746 
colostrum ingestion, failure, 1667-1666 
conditions, 331-315. 

See iti&i I ligh-risk foals 
incidence, 253 

congenital hypothyroidism. 1351 
syndromes, 335 L 
cough reflex; 311 
diarrheal diseases, 3 15-316 
digital extensor tendon, rupture, 320-323 
disease 

clinical progression, 236 
induction. A. equi (nbiliLy), 51 I 
low risk, I 566 

managcmenl/nt.m i festation, laboratory 
assessment, 236 
prognosis, establishment, 296 
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Foals (CottfenumJ) 

dorsopalmar radiograph, 1195/ 
dorsoventral myelogram, 53/ 
duodenal ulcer disease, 724 
duodenitis, nursing prevention, 725 
early radiographic evaluation. 

importance, 1 134 
erupted deciduous teeth, 677 
■EscPwrictoji! cflJr septicemia, 511/ 
failure of passive transfer (FIT), 
occurrence, 1666 
fluid thcFapy, 326-323 
gastric ulceration 
clinical syndromes, 637 
milk, association, ] 10 
gastric ulcers, treatment, 107, 63 Eb 
gastnointesrinal Lesions, 313 
gastrointestinal tract dysfunction, signs 
(rarity), 237 
gestational period, 233 
guttural pouch tympanitis, 5B4/ 
health, urine (indicator), 271 
hepatic failure. 903-902 
result, 501-302 

1 risteplcisjrcrj pneumonia, lateral thoracic 
radiographs, 531/ 

hypoxic ischemic encephalopathy {I HE), 
presence, 254-256 

ileus, metabolic/infectious causes, 312 
iliac crest, bone marrow sampling, 424 
immune protection, oolostral 
factors.. 1 666 

inactivated influenza vaccines, serologic 
responses, 1553 

incomplete ossificaEion. dorsopalmar 
radiograph, 1 136/ 
interferon (1FFJ) producEion, ability 
(deficiency), 514 
intraabdomlnal adhesion, 634/ 
intragastric feeding, 1101 
isolates, large plasmid (nucleotide 
sequencing), 511-512 
laboratory findings, 547 
lateral radiographic view, 93/ 
left lung, pneumonia, 510/ 
liquid diets, 1651 
macrolidcs, toleration, 517 
maturity, 233 
milk replacers 
feeding. See Orphan foals 
feeding recommendations, 372f 
usage, 371 

mother, availability, 329 
myotonia congenita, muscle biopsy- 
samples, 1335 
optic nerves, 1 273/ 
pain, standing abdominal 
radiograph, 314/ 
parenteral nutrition, 1654 
formulation, 3654E 
receiving, 329 

patent ducius arteriosus (PDA), 
presence, 445 

peripartum asphyxia, drugs 
(usage), 25.5( 
physical appearance, 264 
physical examination, 264-274 
norma(i'abnormal parameters, 32 6E 
placental infection, history (factor), 236 


Foals (GonlimW) 

pneumonia, 520-522. See aise Older foals 
premature delivery, prognosis 
{establishment), 256 
prematurity 

glucocorticoid therapy, usage. 23 B 
physical characteristics, 254 
primary vaccination, 1575 
pulmonary disease, R. tYpii (impact), 317 
pycgranulomalous pneumonia, 729 
R. eifiri enteritis, diagnosis, 723 
R. erfiti infections 

antimicrobial agents, doses/oral 
bioavaiLability/setum half- 
lives, 5 L7I 

exLrapulmonary manifestations, 5 L ] 
radiographic examinalion, 1 L94-3 135 
mrtal temperature, 266 
reflux esophagitis, <593 
respiratory conditions, 302-306 
respiratory distress. 303-302 
respiratory support, 330-331 
restraint, 263-264 
rib fractures, 553 

secondary .Asfwr^r'IJtis pneumonia, 531/ 
seizures, 299 

selenium supplementation, 274 
sepsis 

hypoglycemic characteristic, 290 
lactate measurement, importance, 2B5 
pulmonary dysfunction, 
susceptibility, 291 
septic arthritis, computed 
tomography, 3202/ 
septic renal disease, 343 
seropositive mares birth, I5B5-I5B6 
serum, immunoglobulin {presence), 412/ 
serum IgG concern rations, 
detectability, 1663 
severe combined immunodeficiency 
{SCID), 543 
impact, 3671 

severe respiratory distress, 543 
shod-term prognosis, complete blood 
count/fibrinogen estimation 
{importance), 236 
sire, inclusion (DMA 
markers), 1665-1650 
skeleLal muscle, periodic arid-Schiff (PAS) 
stain, 3433/ 

small, intestine, chyloabdomcn, 732/ 
standing abdominal radiograph, 303/ 
stranguria, exhibition, 347/ 
surgical colic, 334 

synovial membrane, IgG staining, 53 L 
tarsus, EateraL-to-medial radiograph, 1156/ 
teat-seeking behavior, 329 
thoracic Aims, evaluation, 302 
toe exlensions, impad, 1246 
transport/referral, 331-332 
treatment. See Dysmalure foals; Premature 
foals 

type 3 septic arthritis, 1201/ 

type E septic arthritis, radiograph, 3200/ 

type P septic arthritis, radiograph, 3200/ 

Tyner's disease, 302 

udder-bumping behavior, 323 

urinary syslcm disorders, 347 

uroperitoneum, development, 947-943 


Foals (CmiEuiiwtf) 

vaccination, 3553-1559, 3573-3579 
ventral colon, sand accumulation, 303/ 
Focal analgesia, 346 
Fog fever, 644 
Folic acid 

deficiency, 1171 
supplementation, 3036 
Folinicacid, supplementation, 3016 
Follicle-stimulating hormone {F5II) 
negative feedback, 1 334 
secretion, downregulation. L43D 
Folliculitis, 13 13-3334 
antibiotics, usage, 1313-1314 
clinical signs, 1313 
deflnition/etiology, 1313 
public heallh considerations, 1313 
therapy, 3 33 3-1 314 

Food and Drug Administration. See LI.3. 

Food and Drug Administration 
Food Animal Residue Avoidance Databank 
(FARAD), 259, 63 L 
Food animals 
cocddiosis, 3645-1647 
clinical management, L647 
clinical manifestations, 3646 
control, 3646-3647 
drugs, 1646 
Life-cycle, 1645 
populations at risk, 1646 
preventive programs, evaluation, 3647 
exposure, 649 

health siatus/productivity, 377 
life-cycle, 1645 
palhophysioiogy, 3646 
Food-borne disease agents, 3 L 30 
Food material regurgitation, 33/ 

Food safety, relationship. Sec Human safety 
Foot 

balhs, usage, 1236 
breakover, 1215 

contrast dye injection, radiograph, 1241/ 
infectious conditions. 1239 
palmar rotation, deep digital flexor (DDF) 
tendon (impact), 1245 
palpation, ID 

rot. See Infectious foot rot; InterdigitaL 
necrobadllosis 
severity, 3235 

vaccine, administralion, 3591 
section, cut, 3231/ 

wares. See Papillomatous digital dermalilis 
Foot-and-mouth disease (FMD ff aftosa// 
aphthous fever), 7B3, 693-304, 1553 
cattle diseases, resemblance, 3553t 
clinical signs, 303 
definition/etiology, B93 
differential diagnosis. 303 
epidemiology. B94 
Laboratory diagnosis, B93-S04 
necropsy findings, 304 
palhophysioiogy, 304 
picoinavirus, 303 
prevcntion/control, 304 
small ruminants 
diseases, resemblance, 3553t 
reportable diseases, resemblance, 1 554fr 
treatmenl/pnogncsis, 304 
Foot-and-mouth disease virus (FM.DV), 543 





Foothill abortion. See Epizootic bovine 
abortion 

Pooling ensuring. 10'.50 
Equate 

alternate, 1707 
poisoning. See Botulism 
sampling instructions, ] 52b 
E'orred expiration, pleura] pressure Increase 
(transmission), 43A4 
Forced expiratory maneuvers, 49-50 
Forced maneuvers. 500 
E'orred oscillation techniques 
(FOT), 493 
usage, 493 

Forced Oscillatory Mechanics (KOM), 459. 

See izfce Monofrequency FOM 
Eorced oscillatory mechanics 
(FOM), 43-50 

Forced vital capacity (FVC). 500 
Eoreigp animal diseases (FADs), 1551 
clinical signs, private veterinary 
professionals' familiarity, 1552 
consideration, clinical signs/observations 
(impact), 1551b 
control, 1555 

tactical measures/procedures, 1555 
dejection, 1554-1555 
diagnosis system, disadvantages, 1554- 
1555 

eradication, year list, 1552b 
incursions, risk, 1552 
invesLigasioni 1 response, overview, 1553 
management, L555 
outbreaks 
cost, L555 
detection, 1554 

prevention/prepa red rvess, 1553-1554 
rccoveiy, 1 55 5 
response, 1555 
future, 1556-L 551 
suspicion, 1 554 
JS DA confirmation, 1555 
Foreign bodies, 75E-753 
Eoreigp-body pneumonia, 653 
Foreign emerging viruses, neurologic 
sigps, 93B-590 
Edreign objects, 593-539 
Edrelimbs 

innervation. See Large animals 
myotactic reflexes, 127-12 B 
pronouncement. 1067 
tone, 130 
idrestomach 
diseases. See Calves 
distention, 341 

disturbances, pathophysiologic 
classification scheme, 310 
in fed ions, B20 

microbial population, 327-323 
microflora, organisms (presence). 333 
overfilling, 326 
primary diseases, 340 
size, increase, B33-334 
true mechanical obstruction, 327 
wall, diseases, 343 
Formaldehyde, usage. 352 
Formalin-inactivated bovine respiratory 
syncytial virus (Fl-BKSY), 1606 
Idrmalin-inactivaled vaccines, 1573 


Formal In-inactivated whole-cell aluminum 
hyd reside-adsorbed Mannheim \a 
hae?HQlytica bacterins, standard, 1603 
KOS. See Fructooligosaccharides 
EOT. See Forced oscillation techniques 
Foul odor (ozena), 5 L 
Founder. See l.aminitis 
Founder effect. See Population genetics 
4-Lpomeanol tosidiy {moldy sweet potato 
toxicity), 643 
clinical signs, 643 
definition/etioLogy, 64 B 
epidemiology, 643 
necropsy findings, 643 
pathogenesis, 64 B 
treatmenl/prevenlion. 64 B 
4 -methyl Lm id azole, ncurotosin, 1032 
Fourth cervical vertebra 
intraoperative radiograph, 39 f 
survey radiograph, 93/ 

Fourth-stage larvae (l_i), 
occurrence. 1624 
Foxtails, 1704 

FFT. See Failure of passive transfer 
Fractional excretion (FE), 356-337, 966 
fluctuation, 397 
values, diet dependence, 1 330 
Fractional shortening (FS) 
calculation, 455 
decrease. 437 

Fractured rib. sagittal view, 554/ 

Fractures, 1250-1254 . See disc Catastrophic 
fractures; Stress fractures 
clinical evaluation, 1 25 I 
clinical signs, 1250-1251 
conservative therapy, 1253 
definiiion/ciiology, 1250 
differential diagnosis. 1250-1251 
emergency splinting techniques. See l.arge 
domestic animals 
emergency treatments. 1251-1252 
goals, 1251 

inflammatory phase, 1252 
multiple radiographic views, 1251 
presence, notation. 7 
remodeling phase, 1252 
reparative phase, 1252 
suspidon, 219 

ireatment/prognosis, 1252-1254 
Fnnzrrsetfiz {J^rstfureJ^rJ CtnWrurs, 1 134 
FKC. See Functional residual capacity 
Free-choice feeding sail/mineral mixtures 
(usage), 8403 
Free fatty acids (FFAs) 
increase, 3 12 
plasma levels. 537/ 
processing 3 15 
Free gas, accumulation, 635 
Free gas bloat, B2 3-324, B4 I 
Free inorganic copper, oxidant 
properties, 1 167 

Free-Living phase. 5ee Gastrointestinal 
nematodes 

Freemartinism, 142 7-142 B, 3434 
Freemartins, 1427-1423 
occurrence, 273 
Fronds, grazing, 1693 
Frontal bones, depression 
fractures, L006 


Frontal cortex, ascending pathways 
(activation), 26 
Frontal sinuses 
percussion, 632 
resonance/response, 46 
trephination, 437 

Front legs, roiaiion/deviation, 1153/ 

Fro nto maxilla tv opening^ patency, 535 
Frostbite, 1332 
frozen tissue, handling, 1332 
Frothy bloat. 357-355 
causes, 353 

clinical pathology, B5B 
clinical signs, B5B 
definition/eliology, 357 
differential diagnosis, 353 
epidemiology, 355 
necropsy findings, 353 
pathophysiology, 353-353 
prevenLion/conlrol, 353 
Lreatment/progxiosis, 355 
Fruciooligosaccharidcs (VOS), 370 
F3. See Fractional shortening 
F3E1. See Follicle-stimulating hormone 
FTPE. -See Failure of transfer of passive 
immunity 

Fuller's earth, usage, 1784 
I'umonisms, 1706 
clinicopathologlc changes, 1706 
production, 8706 

Functional alveoli, number (reduction), 541 
Fundional arrhythmias, examples, 36 
Functional Ileus, mechanical obstruction 
(contrast), 740 
Fundional murmurs, 463 
Functional proteins. 373 
Functional residual capacity (FRO). 439 
gas measure, 453 
FunduscopLc examination, I 265 
Fungal abortions, 1466 
prevalence, 1453 
Fungal diseases, 83 83 
Fungal granulomas, treatment. See Upper 
respiratory trad 
Fungal hyphae, 524 

Fungal keratitis, I263-I2E4. See irfia I torses 
antifungal agents, availability, 1234 
clinical pathology, I2B3 
clinical signs, I2B3 
compounded itraconazolc/DMSO 
ointment, usage, 1234 
definiLion/eLiolcgy, 1233 
differential diagnoses. I2B3 
epidemiology, 1233 
manifestations, 82B3 
pathophysiology. 1233 
Lreatment/prognosis. 1233-1234 
Fungal lesion, chronic infections, 

8054-1055 

Fungal organisms, serologic tests 
(morphologic features/ 
availability). 525( 

Fungal pneumonia, 523 
Fungal pulmonary palhogens, immunologic 
detection, 493 
Fungi, Loxigeniriiy, 1705 
FLJQ. See Fever of unknown origin 
Furanocoumarins, 1653 
Furious rabies, 535 
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Furunculosis, 1313-1314 
antibiotics, usage, 1313-1314 
clinical signs, ] 313 
definition/eiiolcgy, 13 63 
public heal Lh considerations, L3L3 
therapy* 1313-1314 
Firarrium mrmJhfwme T culture, 726 
Firsimum jofianl (jawrrJnrjf]),. 643 
Fusobitcieriim nrcrop/Mran^, 1673 
isolation, 1242 

primaiy/contributocy pathogens. 1316 
secondary ulcer invader, 324 
subspecies, 1235 
virulence factors. 51 I 
FVC. Sec Forced vital capacity 

G 

G5W. See Five-percent glucose 
GABA. See Gamma-aminobutyric acid 
Gait 

abnormalities., comparison. 

See Osteoarthritis 
changes, I19t 

deficits, grading system, E 24 
evaluation, 124-125 
Cakcl's operation, 343 
Galactorrhea, 216 
occurrence, 216 
Galactosyl-lactose, feeding, 370 
Galic acid, presence. See lied maple Leaves 
Gallbladder, £14 

abnormal findings, 310 
appearance. 314 
disease, 926, 621 
sonogram, Si L 1/ 
visualization, £14 
Gallop rhythm, auscultation, 461 
Gamma-aminobutyric acid 
(GABA), £35 

GABA-benzudiazeplne receptor, 1036 
receptors, 279 

Gamma-glutamyllransfcrase (GGT), 725, 
1630 

activities, 141 £ 
presence. See CoLoslium 
testing, 396 

Gamma-glutamyl-transferase (GGT), 257, 
377, 332 

hepatobiliary disorder marker. 332 
increase, 476-471 

GangLiosides, catabolic pathways, £3/ 
Gangrenous pneumonia, 653 
GArDl l. See Giyoeialdehyde-3-phosphaLe 
dehydrogenase 
Gas flow 

rales, increase, 72 
total airway resistance. 72 
Gasoline, toxicity, 1035-1036 
Gas pings 
notation. 3 

percussion, schematic representation, 3, 3/ 
Gastric acidity 
antacids, impact, 639 
feeding practices/managemenl, 
impact, 636 
prolongation, 636 

Gastric acid secreLion, suppression, 725 
Gastric centers, depression, 322 


Gastric emptying, 725 
enhancement, prokinetic drugs 
(usage), 706 

Gastric glandular mucosa, lesions 
(pathophysiology), 637 
Gastric impaction, 700 
diagnosis, 760 

gjass sickness, accompaniment, 700 
occurrence, 760 
treatment, 700 

Gastric lesions, treatment decisions, 693 
Gastric lining, damage, 666 
Gastric rupture, 706 
occurrence, 760 

Gastric squamous cell carcinomas 
endoscopic view, 761 f 
metastasis, 577 
Gastric tumors/masses, 701 
occurrence, infrequency, 701 
Gastric ulceration, 635-700 
chronic blood loss, relationship, 1146 
clinical syndromes, 667-63£ 
diagnosis, 63 E 
occurrence, 724 
pathophysiology, 636-697 
prevalence/incidence, 635-696 
treatment, 663-700 
Gastric ulcers 

acid-suppressing drugs, approval, 63 £ 

E3j antagonists, interference, 633-693 
healings treatment (absence), 693 
incidence, 635-666 

Gastroduodenal ulcer disease (GDUD), 306, 
112 

presence, 326 

Gastrointestinal (Gl) blood Loss. 415 
Gastrointestinal (Gl) disease 
fluid therapy, 763 
panel, 3 £4 

Gastrointestinal (Gl) disorders, 
motility-modifying agents 
(usage), 356 

Gastrointestinal (Gl) dysfunction, 
evidence, 167 

Gastrointestinal (Cl) hemorrhage, 1 146 
Gastrointestinal (Gl) hypomotility, pain/ 
inflammation (impact), £49 
Gastrointestinal (Gl) ileus, 737 
causes, 767 

management, dependence, 740 
mediators, 733-742 
diagnosis, 740 
treatment, 740-742 

Gastrointestinal (Gl) Lesions. See Surgical 
gastrointestinal lesions 
Gastrointestinal (Cl) palhogens, 445^446 
Gastrointestinal (Gl) protein loss, 
evidence, 33 

Gastrointestinal (Gl) ulceration, 315 
Gastrointestinal (Gl) viruses, shedding, 1632 
Gastrointestinal nematodes (ClNs) 
anthelmintics 

programs, efficacy, 1634 
resistance, 1633 
treatment intervals, 1633-L634 
usage, 1633-1634 
contamination phase, 1635 
control, L 633-1634 
free-living phase, 1635-1636 


Gastrointestinal nemalodes (GINs) 
(Qjniimwtf) 
infection phase, 1636 
Life-cycle, phases.. 1635-1636 
parasites 

clinical signs, 1 636 
pathophysiology, 1636 
parasitic phase, 1635 
symbiotic phase, 1635 
Gastrointestinal nemalodes (GINs), 
infections. See Cattle; Goats; Sheep 
clinical management, 1634 
clinical manifestations, 1632-1633 
diagnosis. 1634 
Life-cycle, 1632 
pathophysiology, 1632 
treatment I 634 
Gastrointestinal tract (GIT) 
blood flow. 304-305 
FjcJrerirtjr ceJf, impact, 347 
gas/lluid accumulation, 312-313 
hairballs, accumulation. 1321 
nonsteroidal antiinflammatory drug 
(NSAID) toxicity, 755 
Gastroscopic examination, 663 
GATA-3, 557 
GATA factors, 1423-1423 
Gate Control Theory of Pain, 27 
GBIiD. See Glycogen branching enzyme 
deficiency 

GEkl. Sec Glomerular basemenL membrane 
GDLI D. See Gastroduodenal ulcer disease 
Gelali nolytic activities, 557 
Gclbviech cattle, neuropathy/myopathy/ 
glomerulopathy. 1036 
Gelding 

acute fulminant pulmonary edema, 34/" 
malignant melanoma, 577 
proximal urethra, endoscopic image, 343/ 
Ycntial/prepulial edema. 34/ 

Genechips, 449 

oligonucleotides, presence, 449 
technology, alternative, 443 
General chemistry panel. 376 
Generalized anesthetic reactions, 1410 
clinical signs, 1410 
diagnosis, 1410-1411 
pathogenesis, 1410 
prevention, 14 LI 
treatment, 141 I 

Generalized glycogenosis (GMI 

gangliosidosis // BeLa-galactosidase 
deficiency), 1653-1666 
Generalized granulomatous disease. 

See Fquine sarcoidosis 
Generalized lymphoma, 1177 
Gene reassorlmenl, 1613-1614 
Genetically engineered vaccines, genetic 
alteration, 1594 
Genetic diseases. 450 
impact, L4S 

Genetic information, 1657-1659 
obtaining, L653 
Genetic storage diseases, 105E 
Genetic terms, definitions, 166Q& 

Genetic testing 
DNA basis, 1660 
mosaic, 1634-1635 
usage. 1660 




Genetic tests. See Cattle; Goats; ] torses; 
-Sheep 

Genetic variations (detection.), random 
amplified polymorphic DNA (RAPD) 
(usage), 443-450 
Genitalia, examination, L71 -172 
Genital organs, congenital/acquired 
abnormalities, 194 
Genitals, external condition 
(examination). 10 
Genomic DMA, stabiliiy. 44] 

Genomic material (detection.), molecular 
based diagnostic tests 
(usage), 447 
Genotypes 
definition, I 664 
expectation, 1423/ 

Gentamicin concentrations, usage, 507 
Geophagia. See Pica 
Germ cell tumors, Nil 
clinic,il signs, 1431 
diagnosis, 1431 
L re a L me n l/ p roe n o s i s, 1431 
Gestation 

later stages, bovine viral diarrhea virus 
(EtVDV) infection, 755 
prolongation, 203-2 ]0 
diagnosis approach, 209-210 
Gestational Length, reduction, 1061 
Gestures, changes. 25 
Get ah viruses, 53-2 
GFR. See Glomerular fill ration rate 
GCT. See Gamma-glutamyl-Lransferase 
Gt [. See Growth hormone 
Grandra, 346 
Infection, impact. 345 
Gilbert's sy ndrome, 51B 
Gingival margins, dark/luxic line 
(appeara nee), 717-7 ] 6 
GINs. See Gastrointestinal nematodes 
GJT. See Gasiroinlestinal Lrad 
Glanzmann's thrombasthenia, 1147 
GLD1 {. See Glutamate dehydrogenase 
Glial cells, trtaryl phosphales 
(impact), 1031 
Global tissue hypoxia 
addressing 721 

cardiovascular insufficiency, 717 
development, 717 
Globe 

blunt trauma, 1270-1271 
neoplasia, reports, L305 
posterior malposition 

(enophthalmos), 1265 
Lrauma, 1272 

Globoid cell leukodystrophy (Krabbes 
disease), LOGO 
Gfoertriokiit ec/umrfaEiZ, 1033 
Glomerular basement membrane 
(GEM), 530 

Glomerular fill ration rate (GFR), 

323-324, 330 
adult values, 325 

measure, serum creatinine concentration 
(usage), 354 
measurement, 52 B 

Glomerulonephritis {GN), 930, 364-9(55. 

See rtfsv Proliferative glomerulonephritis 
clinical pathology, 364 


Glomerulonephritis (GN') (Qurdnurd) 
clinical signs, 3 (54 
differential diagnosis, 564 
paLhophysiology, 364-565 
treatmen i! prognosis, 365 
Glomerulopathy, 103(5 
Glossopharyngeal nerve (cranial nerve 
IX), 132-133 
origination. 132-133 
Cloves, 1532 

importance. See Barrier precautions 
Glucometers, usage, 32 B 
Glucose, 333-394 
concentration, 437 
determination, 43-43 
regulation, 333 

control, sepsis impact, 1494-1495 
596 solutions, usage (danger), 1027 
malabsorption, 730 
plasma levels, 917/ 
usage. See Neurologic injury 
Glutamate, pain implication, 24 
Glutamate dehydrogenase (GLDIH), 356 
Glutamic dehydrogenase, 352 
Glutamine synthetase, B35 
Glutaraldehyde coagulation 
lest, 1673 

Gluteal biopsy, glycogen (periodic acid- 
Schiff slain), 1414/ 

Gluteal muscles 
progressive atrophy, 1395/ 
strain, 1411 

symmetric atrophy, 1404/ 

G lyceraldehyde-3 -phosphale 

dehydrogenase (GAFDE1) gene, 
targeting control, 440 
Glycerine phosphate-based products, 
usage, 265-270 

Glycogen branching enzyme deficiency 
(GBt’D), 1413 
impact, 1501 

Glycoprotein receptors, impact, 531 
Glycosaminoglycans (GACs), 1 132. 

See tJihc Polysulfaled GAGs 
Glycosides, 374 r 1637. See also Cardiac 
glycosides;- Gya no genic glycosides; 
Toxic glycosides 

Clycyrrbizin, usage. See Mammary glands 
GML gangliosidosis, 5ee Generalized 
glycogenosis, 
pathologic changes, 1060 
GM-CSF. See Granulocyte-monocyte 
colony-slLmulallng factor 
GN, See Glomerulonephrilis 
Goatpox, 1313 
capripoxviruses, impact, 1313 
Goats 

abortion, causes, 145 BE 
adenoviruses, 613 
antisera, availability, L563E 
beta-mannosidosis, clinical signs, 1055 
blood groups, 1 633 
rErturtarmeffa (Neisseria) ovis 
keratoconjunctivitis, 1276 
breeding season, L 413-14 20 
bronchopneumonia, 627, (537-635 
bacteria, association, 602i 
caprine arihriLis-cncephalicis, 
presence, 625 


Goals [Continued) 

CpjyfitfJrizcreriuptr ps eu da 11 c keir utos u 
abscesses, 530 
clinical mastitis, 1133-1139 
cerebrospinal fluid, observation, 1206 
deciduous dental formulas, 7B0 
diseases, 1031 
ear mile treatment, 1050 
eperythnozQonusis, 1 L60 
gastrointestinal nematode 
injections, 1634-1633 
anemic crisis, 1636 
epLzooliology, 1635-1636 
life-cycle, 1635 
patient management, 1636 
populations at risk, 1636 
refugia, 1636-1637 
genetic tests, 1 664E 
herpesviruses, 607 
infedious bovine rhinolracheilis 
keratoconjunctivitis, 1277 
infectious diseases 
molecular testing 446 
submission, sample, 447 
infedious foot rot, 1236-1239 
left eye, mycoplasmal 

keratoconjunctivitis, 1276/ 
locoweed, impact, L 027 
lungworms, 655-656 
Mannhaimia JiaompfjticjT, 614 
mastitis, L133-1 140 
mycoplasmal keratoconjunctivitis, 
1274-1275 
AJnT'pi'jrjRiLi mycoides 

poLyarthriris, 1204-1205 
clinical pathology. 1205 
clinical signs, 1205 
definition/el iology, 1204-1205 
differential diagnosis, 1205 
epidemiology, 1205 
laboratory aids, 1205 
necropsy findings, 1 193 
pathophysiology, 1205 
prevention/control, 1 L34 
treat ment/prognosis, 1193 
Mycafiiasma pneumonia. 625-626 
myotonia congenita, appearance. 
1353-1394 

nasal neoplasms, identification, 533 
nutrient requirements, J 6ft 
oral lesions, infectious diseases 
(association), 1 141 
permanenl dental formulas. 730 
P13. 6 L1 

pneumonia, prevention (management 
practices), 640-643 
progressive bacterial/viral 
pneumonias, 656 
pseudopregnancy, 1447 
pyrrolizidine alkaloid (FA) toxicosis 
resistance, 504 

respiratory complex, infectious agents 
(association), 642 
respiratory disease complex, 602 
etiology, 602 

respiratory syncytial viruses, 

607-613 

scrapie-jssocialed retinopathy. 1276 
serum protein values* 412r 
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Goats (Ctf/rti/nrari) 

Selaria, ] OS L 
£ry-negative XX sex-reversed males, 142B 
subclunical mastitis, 1133-1140 
vaccination, 617 
vaccines, availability. ] 56Bf 
warts, rarity, 1317 
Goblet eel] hyperplasia, causes, 51 
Goggles, usage, 1533 
Goiter. See Thyroid gland 
Golden chain tree. See Ls rheum tun 
11 1 HI I’.SJ i '. r i:-j IJ L - :-: 233 
Golden G hours, 7 ID 
Golgi mannosldase El, 1062 
Gonadal dysgenesis. See Abnormally 
small ovaries XV sex-reversed 
females 

Gonadal sex 3 42 B 
abnormalities, 1423 
regulation, 1427 
Goose stepping galL, LOBS 
GcusjprifRi spp., 1700 
Gossypol, 1700 
effects, 1700 
impact. 1403 

Gowning (efficacy), dala (conflicts),, 1532 
Gowns, 1 532 

ideal design.. See Harrier gown 
usage. 5ft’ Projective gowns 
GraafF ReincS disease, 656 
Grain bloat, occurrence, 359 
Grain engorgement, 329 
Grain overload., 722. See itfw Acute ruminal 
lactic acidosis 
Grain test. See Bolulism 
abnormality, 93/ 

Gram-negative bacteria, digestive 
resistance, 405 

Gram-negative bacterial enterocolitis, 714 
Gram-negative clinical mastitis, 
presence, ] L20 

Gram-negative coliform bacterium, 962 
Gram-negative core-antigen 
baeterins, 16 17-1613 
considerations, 1617 
vaccination programs, 1617-1613 
Gram-negative endotoxins, direct factor XII 
activation, 1 152 

Gram-negative infection, antimicrobial 
therapy, 72 I 

Gram-negative sepsis, treatments (failure), 
713-719 

Granular cell tumor. reports, 577 
Granular vulvitis, 14 50 
clinical pathology, 1450 
clinical signs, 1450 
diagnosis, 1450 
preventiocv'oontiol, L 430 
treatmen ^prognosis, 1450 
G ranulocyte-mcnocyte colony-stimulating 
factor (GM-C5F), 1113, El77 
Granulocytes, maturational slages. See Hone 
marrov.- 

Granulomas, 595-596 
clinical signs, 596 
definition,tetiology. 535 
diagnosis, 596 
differential diagnosis. 53G 
Irealmenl/prognosig, 596 


Granulomatous bowel disease, 93 
nutrient loss, 160 
Granulomatous enteritis, 730 
Granulosa cell tumor, 1434 
clinical signs, 1434 
diagnosis, E434 
treatment/prognosis, 1434 
Granulosa-theca cell tumors, L430 
clinical signs, 1431 
diagnosis, 1431 
treatment/prognosis, 1431 
Grassland pasture, impact. See Johne's 
disease 

Grassland staggers, 1707 
Grass sicbiess. See Equine dysnutonomia 
Grass staggers, 1063-1066. Seethe- Bermuda 
grass slaggcis 

Gravel, term (usage), 1 240 
Grayanctoxins, 1637 

Gray horses, culaneous babronemiasJs, 1327 
Grazing. See Go-grazing 
alternates, 1633 
strategies, 1633 

Great vessel catheterization, performing, 439 
Groaning, observation, 25 
Groningse Blaarkop calves, epizootic 
disease, 1050 

Gross necropsy lesions. See Copper 
Growth 

acceleration, promotion, IS97 
decrease 

diagnosis approach, 143-153, 1 53-E 54 
mechanisms, 147 
pathogenic mechanisms, E47 
infections, impact, 147 
reduction. 26 
retardation, 1 L97 

Growth-free zone, size (correlation), 1492 
Growth hormone (CE1), 1B3, 1351, L3S0 
cell size/miLosis promotion, 1331 
Gil rcceplors, binding, 133L 
impact. See Muscles 
physiology, L 330-1333 
recombinanl analogues, 
development, S3B0 

Growlh-retarded premature human infants, 
hyaline membrane (incidence 
reduction). 24G 
Guardian, 1615 

Gunshot wounds, sudden death impact, 239 
Gutieirezia sirnyJmw, 1699 
GuLLural pouch empyema, 533/ 
clinical sigjas, 534 
consideration, 5B4-535 
treatment, 535 
GuLLural pouches 
catheterization, 56, 497 
definitions, 533 
diseases. 533 
defmition/eliology, 5 B3 
dorsomedial compartment, mycotic lesion 
(appearance), 33/ 
fluid lines, lateral radiograph, 535/ 
fungal plaques, 523 
irrigation, 535 

lavage fluid, culture/PCR assay usage 
(comparison), 444 
lesions, 523 
mycosis. See 1 torses 


Guttural pouches (Ce/rd'/rued) 
nonsterile environment, 533 
pathologic conditions. See 1 torses 
Guttural pouch mycosis, 535-537, 1145 
clinical pathology, 5B6 
clinical signs, 5B6. 1054 
deilnitionVctiology, E054 
diagnostic aids, 5B6 
differential diagnosis, 536 
epidemiology, 53G 
medical treatment 537 
necropsy findings, 537 
neurologic signs, 1054-L 055 
pathophysiology, 536, 1054- L055 
predisposing factors, 536 
prognosis, 537 
surgical treatment, 5B7 
treatment, 5B7, 1055 
Guttural pouch tympany, 533-5 B4 
alleviation, 533-534 
clinical palhology, 5B3 
clinical signs, 5B3 
diagnostic aids, 5B3 
differential diagnosis, 533 
parenteral antimirrobials, treatment. 535 
treatmenl/prognosis, 533-534 

H 

][^ antagonists, parenteral administration 
(formula!ions), G39 
] tj- blockers, inilial therapy, 315 
H3N3 vims, 1577 
H7N7, 1576 
subtypes, 543-544 
117U7 vi ruses, findings, 545 
] [AACF. See 1 tazard Analysis and Critical 
Control Points 

1 tacking cough, development, 544 
Haemophilus srwnmu. See f-fis tojpJi i'Juj jcvism' 
597, 1G07 

1 tageman factor. See Coagulation factor Xtl 
Hahnentritt. See Stringhalt 
Hair growth* hormonal effects, 139 
1 tair growth cycle 
division, L39 
stages, 190/ 

1 [airy foot warts. See Papillomatous digital 
dermatitis 

1 (airy shaker lambs. -See llorder disease 
Hairy vetch, grazing, 1704 
J IdrcejAiiWjiei jir^iwiis, 993 
Halilosis, 506-507 
Hiiit^eian 1700 

growth, 233 
] laloxon, 1713 
association, 1713 

] laloxon-treated esterase A-deficienl 
animals. 1091-1092 
Halves, 1112 

Hand hygiene, 1523-1531 
approach, alLernale, 1531 
indications. See Medical practice 
jewelry, impact, 1530-1531 
nail care, impart, 1530-1531 
procedures, rigor, 1529-1530 
1 land washing, E 5 30- S 531 
protocols, compliance, 1530 
technique, recommendation, L530& 





I laploiiisufljcieiiL levels. I 
Hdpiqpuppws uv/sjJiru, 1701 
Haptoglobin, synthesis, 35 
I lard bag, 656 

I laid liver disease, 1654-1695 

I laid tissue. swellings/enlargcments, 

125-227 

II aid ware disease, ire Tran malic 

reticulcperitonitis 
I larvest mile. See rrajnbicjdd 
dMhrm/nrJcr 1944 
I lavemeyer Workshop, 563 
11aversian remodeling, requirements. 1252 
I laybelly, Impact, 329 
I lay plants, ingestion, 1699 
I lazard .Analysis and Critical Control Points 
(HACCP) methodology, 1525 
I II3.S. See I lemorrhagic bowel syndrome 
11C. .Tee I lemorrhagic colitis 
HE. See Elcpaloencephalopathy 
ll&E. See Elemaloxylin and eosin 
I lead 

asymmetric movement, recognition, 219 
conformation, consideration, 632 
evaluation. L 0-L I 
lymph nodes, inclusion, 11 
posture, changes, L19t 
pressing, Ml. 1021, 1932 
radiographic examination, 
indications. 632 
shaking, 1044 
etiology 1044 

sympathetic innervaiion, 133 
tilt, 69/ r L3S-139, 141 
presence, L1 

vestibular dysfunction, impact. 

See ] [ones 

Lrauma, ocular examination, 1269 
Lurn. See Steer 
I lead shake device, 97/ 

Health, somatotropin (impact), 1335 
I learl 

auscultation, 46-47 
fai lure 

fluid guidelines, 1505i 
fluid therapy, 1505-L4S5 
rale 

ranges. 36 

relationship.. See Indigestion 
sounds- See Muffled heart sounds 
auscultation, 39-90 
muffling, 99 

I lead murmur, 324-325, 366 
clinical signs, 324 
definition/etiology, 324 
differential diagnosis, 324 
I leartwaler disease. See Iliinkhjii m.'urnijnJiruir 
infection 1013-1019 
I leat detection 
errors, 203 
inaccuracy, 13 6 
I leat loss 

efficiency, reduction. See Evaporative heat 
loss 

occurrence, 32 
I leat production 
excess. See Exercise 
occurrence, 32 

I leat-stable endotoxic activity, 711-712 


] Eeat stress, impact, L42L See jtIki Milk 
] Eeat stroke, 33 
] Eeave line, presence, 46, 54 l 
1 [eaves, characterization, 496 
1 Eeavy metals, 926-927 
accidental ingestion. 926-927 
1 [eel waits. See Papillomatous digital 
dermatitis 
] Eeifers 

acute respiratory distress syndrome 
(ARDS), exhibition, 643/ 
artificial insemination, usage, 243-249 
intramammary infections, coagulase- 
negative staphylococci 
(responsibil ity) r 1134-113 5 
lungs, postmortem pholograph, 644/ 
mammary glands, infection 
mechanism, 11 35 
mastitis, L 334-L135 
treatment. L135 
prepartum antibiotic treatment. 

advantages, 1L35 
puberty delay, 207 
1 [eimlicb chest drainage valve, 552 
1 [einz bodies, 402 
formation, L165 
staining, 409 

1 [einz body formation, poisoning/ 
intoxication, 1165 

1 [einz body hemolytic anemia. 1 L64-1 166, 

I 144-1 136 

clinical pathology, LI65 
clinical signs, ] 165 
definition/etiology, 1164-1165 
differential diagnosis. 1165 
pathophysiology, I 165 
prognosis. 1 L66 
treatment. L165-1166 
Heienium spp., 1703 

Hdidirysum argfnB^iaenaa poisoning, 1036 
paLhologic findings, 1036 
Hefinpinacter pylori 
consideration, 697 
infection, 723-724 
status, assessment, 675-676 
H^/jcffllacter-specific Jfis tRSA gene, 
identification, 697 
Hefiotnppiupjf europneim, 1719 
1 telper T cells flh cells), 1665 
1 Eemagglulination (IIA) 
antlgEnrc properties, 543-544 
inhibition, 934 

1 [emagglulination-inhibition characteristics, 
differences. 354 

1 [emagglulination inhibition (111), 1553 
1 temagglulinin (I IA) glycoprotein, 543 
Hemal lymph node, L374 
1 [emangiosarcoma, pulmonary 
involvement. 577 
Hematocele, 1477-1476 
clinical signs, 1477 
definition/etiology, 1477 
differential diagnoses, 1477 
occurrence, 1477 
treatmenl/prognosis, 1477-1476 
1 [ematochezia, 197 
1 [ematologic chemistry evaluation, 
anticoagulants 
(recommendation), 379 


ElemaLopoietic system (evalunlion), 
complete blood count (usage), 422 
Hematoxylin and eosin (I l&E) stains, 524 
Elematuria. 172-174 
accompaniment. See Eacteriuria; Pyuria 
definition, 172 
diagnosis approach, 173-174 
hemoglobinuria/ myoglob inu ria, 
contrast, L72-173 
history, 173-174 
physical examination, 174 
presence, 933 
production, 962 

systemic diseases, accompaniment. 942 
Hematuria, onset, 942 
Eleme metabolism, interference, 1034 
Eleme oxygenase isoform (1 tO-1), 
induction, 740 
Elemianopsia, I 39 

Elemiparesis, lesions (inclusion], L43 
Hemivertebra^ 1963. See jtJ» Congenital 
vertebral anomalies 
Elemlwalking, 125 
Elemoabdomen, sonogram, 317/ 
Elemobarlonellosis 

(eperylhrozoonosis), 1 160 
Hemochromatosis, 920 
disorder, 920 
suspicion, 929 
Hemodynamics 
derangement, 719-729 
impact, 25 
Hemoglobin 
affinity. See Oxygen 
description, Bohr effect, 63 
Elcmoglobinuria, contrast. See Hematuria 
Hemolymphatic system, diseases, LI SO 
Elemolysis, 491 

Elemolytic anemia, ] 154-1355 
causes, L166-L169, 1 144-LI 36 
characterization, 1 L6 
hemalologic manifestations, 1 654-1 155 
infectious causes, 1155-1163 
systemic disease processes, 
association, 1 L54 
Hemolytic cross-match, 493 
Elemolytic disease processes, 365 
Elemolytic process, speed/persistence, L163 
Elemolytic uremic syndrome (HJ3), 965 
clinical findings, 965 
necropsy findings, 965 
pathophysiology. 965 
Elemolyzing animals, tissues 
(characteristics), 1 L63 
Elemonode enlargement, 1 L74 
Elemoperiloneum, 315. See diLm Horses 
cause, rarity, 3L5 
inlraabdominal hemorrhage, 
impact, 764 
Elemoptysis, 56-69 
biochemistry profile, 59 
blood 

discharge, 431 
presence, 56 

bronchoalvcoLar lavage, 59 
complete blood count, 59 
clotting profile, 59 
definition, 56 
diagnosis approach, 56-60 
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] Eemoptysis (Cipjadfirueiif) 
endoscopic evaluation, 53 
head, evaluation, 53 
history, 53 
occult blood, presence.. 53 
paracentesis, GO 
pathophysiology, 5G-5B 
physical examination, 5B-59 
pleuroscopie examination, GO 
posterior vena cava thrombus, 6GI 
radiographic examination, 53-GO 
respiratory system, evaluation, 50 
thoracocentesis, 50 
tracheal aspiration, 53 
ultrasound examination, GO 
] [emorrha£e. See Uncontrolled hemorrhage 
occurrence, 637-GOB 
] lemorrhagic abomasitis, GTojfridfiiNPjr 
pEifrmge/u {association). 347 
eLlopathogenesis, understanding, 372 
Hemorrhagic ancvuLaiory follicles. Nil 
1 lemorrhagic bowel syndrome (I IBS // 
jejunal hemorrhage 
syndrome). B7I-S72. B73-374 
medical treatment. 372 
pathogeny, 371 
prognosis, 372 

1 lemorrhagic colitis (11C], 0G5 
1 lemorrhagic enteritis, 373 
1 lemorrhagic myelomalacia. 60B3 
1 lemorrhagic nasal discharge 

(sanguineous nasal discharge // 
epistaxis), 51, 56-60. 

See aho Spontaneous epistaxis 
bloehcmlsLry profile, 53 
blood, presence, 56 
bronchoalveolar lavage, 53 
complete blood count, usage. 53 
clotting profile, 53 
definition.. 56 
diagnosis approach, 53-GO 
diseased respiratory tract structures, 
association, 5G 
endoscopic evaluation, 53 
head, evaluation, 53 
history, 53 

occult blood, presence, 53 
paracentesis, GO 
pathophysiology, 5G-5B 
physical examination, 5B-53 
pleuroscopic examination, GO 
radiographic examination, 53-GO 
respiratory system, evaluation, 59 
thoracocentesis. 59 
tracheal aspiration, 53 
ulLrasound examination, GO 
] lemorrhagic nasal polyps, 533 
Hemorrhagic shock, fluid 
therapy, 1437-143 B 
1 lemorrhagic syndrome, 734 

acute bovine viral diarrhea virus (E1VDV) 
infections, impact, 734 
1 lemospermia, 1476 
1 lemostasis 
disorders, I 64G 
laboratory tests, 1152 
physiology, ] 146-1 147 
] lemostatic disorders. See Acquired 
hemostatic disorders 


E lemostatic dysfunction, 114G- L154. 

See iziftj Large animals 
diseases, association, 1 L44 
E lemostatic functions, tests, 421 
usage, 1152 

E lemostatic system, blood samples 

(laboratory examination), 393-339 
Elemolhorax, 305, 551-552 
blood loss, association, 1 645 
observation, 305 
occurrence, 6145 

Elendra virus (HeV), 43 B. 543-550, 390 
clinical presentation, 543-550 
control, 550 
epidemiology, 549 
etiology, 543 
infection, 543 

intermammaban transmission, 543 
necropsy, 543-550 
pathogenesis, 543 
Elennekc body condition scoring 
system, 6B11 
Eleparin, 722 
anticoagulant choice, 434 
EleparinLzed blood, sample. See Cyanosis 
Elepatic abscesses, 310-312 
clinical signs, 31 6 
definition/etiology, 310-311 
diagnosis, 311 
economic Importance, 312 
measurement. 310/ 
pathogenesis, 3 L1 
pathology, 31 I 
prevention, 312 
sequelae. 312 
treatment, 312 

Elepatic copper concentrations, 1035 
Elepatic diseases (diagnosis). 

ultrasonography (usage), 3 L1 
Elepatic encephalopathy, £34-395 
pathophysiology, 335 
signs, £35 

Elepatic Lipidosis, 3 12 
pathophysiology. 935-316 
prevention, 3 17-31 B 
treatment, 3LG-937 
Elepatic parenchyma, hypoechoic/ 
hyperechoic mass lesions 
(representation}, 314 

Elepatic telangiectasia (sawdust Livers), 313 
Elcpatoblastoma, reports,. 939 
E lepatocellu Jar/obstrucl ive cholestasis, 
ultrasound differentiation, £64 
Elepatocyie cellular melabolism, 13G6/ 
Elepatoencephalopathy (HE), 321, 33G 
Elepatogenous copper toxicosis* 
occurrence, 6710 
Elepatolithiasis, 320-32 6 
clinical signs. 320-321 
diagnostic test. 320-32 6 
differential diagnosis, 320-32 6 
necropsy findings, 323 
treatment, 323 
E lepalcmegaly, B14 
Elepatcloxic blue-green algae 
toxicosis, 1704-1705 
Elepatotoxic chemicals, 30Gi 
Elepatotoxic plants, 306J 
Elcpatotoxins, 305 


Herbage, copper availability 
(estimation), £33/ 

Herbicides, 1764 

1 tERDA. See I lereditary equine regional 
dermal asthenia 
1 Eerds 

botulism, outbreak. 603£ 
bovine viral diarrhea virus (BVDV) 
Infections, problems, 739 
hones, vaccination, 155 B 
Foh ne's disease, diagnostic tests. B£G 
management 

calendar, 15SEf. 3539t, 653ft!, 1 53 6c 
plans. SSS-SS9 
variables. 340 

milk, yield loss (estimation), 6135-3136 
treatment, antimicrobial therapy 
(Impact), L503 

vaccination programs. 353 L-3532 
variables. 1593 

Hereditary equine regional dermal aslhenia 
(HERDA // hyperelastosis 
cutis), 1133-1334 
■working hypothesis, 1333-6334 
1 lereditary lethal spasms, See Doddler 
syndrome 

] Eereditary myopathies, 1417 
1 Eereditary neuraxial edema (congenital 

myoclonus/, 1 ' Dodd Lei syndrome), 1063 
1 Eereditary vitiligo. 5ee fuvenlle Arabian 
Leukoderma 

Hereford calves, familial ataxia, 1057 
] Eereford cow, epileptic condition, 6042 
Hereford males/fcmales, mean gcowlh 
curves, 154/ 

1 EerLtable bleeding diathesis, 6143 
1 EerLtable factor deficiencies, differential 
diagnoses, 6147 
] Eerpesvi ruses 

infection, prevention (vaccination 
strategies), 15 BI 

1 Eerpesvi ruses. Alphaherpesvirinae 
subfamily, 545 
Helastarch. hypertonic saline 
(combination), 771 
1 Eelcrogenous thrombus, transverse 
sonogram, 431 f 
1 Eel era zygotes. brain enzyme 
activity. 1053 

HEV infection, exception, 542 
] EGH. See 1 Euman granulocytic ehrlichiosis 
HUM. See Pseudohyperparalhyrcidism 
HE. Sec Elemaggju Li nation inhibition 
lEiaLal hernia, 307-BOB 
Hidden gut antigen, LG33 
1EIE. See 1 Eypoxic ischemic encephalopalhy 
] Elgh-altiludc disease, 4GS 
High dietary phosphorus, impact, 1372 
1 Eighest-risk patients, isolation, 1534-1535 
1 ELghlands P virus (1 E|Y), 3B5 
High limb fractures. 1252 
1 ELghly pathogenic avian influenza 
(IIPAI), 355 1 

1 Ugh-mountain disease, 46B 
1 ELgh-performance liquid chromatography 
(IIPLC), 1022 
usage. 1033 

] ELgh-producing cows, udder edema 
development {risk), 3142 




Higjh-producing dairy cows, fat 
increase, 9 L5-9]6 

I ligh-prctcin Law-fart milk replacers, 
offering, 339 

High-quality maternal colostrum, 363 
I ligh-rlsk cattle, feedlot entry [processing 
protocols), 639i 

High-risk foals, conditions, 24 4d 
High-risk Lale-gestalion marc, 
management,, 147-243 
High-risk neonatal foals, approach. 262 
High-risk neonates, peripartuiieiil 
events, 263Jr 

High-risk palients, aminoglycosides 
(administration), 925 
I ligh-volLage currents, exposure, 235 

I ligh-volLage low-frequency {IIVLF), 1043 
Hip hike/drop, notion, 220 

III plasma, administration, 519-520 

II islamine, consideration, 154 

11 islamine bronchcprovncalion, 500 

I lislopaLhologic examination. .See Skin 

biopsy 

Hislapfulus itpjnjrf. See Haenutplahis sammts 
antimicrobials, susceptibility, 62 L 
clinical signs, 6 19 
conjunctivltls/retinitis, 1273 
definition/etiology, 619 
diagnosis, 621 
epidemiology, 620 
exposure, 620 
features, 61 9 

infection. See Thromboembolic 
meningoencephalitis 
propensity, 620 
lesions, production, 620-62] 
necropsy findings. 620-62 I 
pathogenesis, 613-620 
pathology, 6 19-620 

respiratory.'gen il al mucous membranes, 
impact, 613 

Lrealment/pnevention, 62 L 
vaccines, 1609-1610 
availability, 62 I 

Hi'jrjpJn'fuj jcmjrr (HaejncpMus w-ihfimj) 
abortion 

laboratory diagnosis. 1462 
pathophysiology, E462 
LreaLment/eontrol, E462 
Hi'slapfizspjTjr fjrpsjjJietupjf, 304, 522-523 
Histoplasmosis, 529-530 
cause, 529-530 

ocular manifestations. See I lorses 
rarity, 653 

II istory 
obtaining, 3 
taking, 37 

11 |V. See ] lighlands [ virus 
IIMGBE levels, usage, 723 
IIO. See 1 lypertrophic osteopathy 
IIO-]. See Elcme oxygenase isoform 
I loflund s syndrome. See Vagal indigestion 
syndrome 

I lolosystolic murmurs, 267, 324, 462 
Holstein bulls, ankylosing 
spondylitis, 1073 

Holstein calves, cLtrullinemia, 1041 
Holstein cotv, cardiomyopathy, 470/ 

I lolsiein-Gic calves, myelopathy, L036 


1 Eolstein steer, urelhral rupture. 952/ 

] [oiler monitoring, 453 
] [omeorrhesis, E3B2 
1 lomeosLasis 
disruption, 26 
persistence. 26 
restoration, 26 
] Eomozygous allele, ] 657 
] Eomozygous calves, bacterial infections 
(recurrence), L6S1 
1 Eomozygous IIVIT horses, clinical 
signs, 1 65 B 
1 Eoof 

balance, principles. 1219-1220 
infected collateral cartilage, L2-43/ 
while line disease, 1143/ 

1 Eoof heels 
location, 1 220/ 
trimming, 1220/ 

1 Eoof sloughing, presence. See Laminitis 
1 Cocks, 635 
1 topping. 125 

1 Comer's syndrome, 133, L041, 

1053-1054 
causes, 1053 
clinical signs, 1053 
definision/ctiology, 1053 
diagnosis, 1053-1054 
diseases, impact., 133 
treatment 1053 
dependence, 1054 
] Eom flics, impact, ] L2S 
] torse alyssum, toxicosis, 17D3-] 704 
] Eorsebrush, ingEstion, 170.1 
1 torse chestnuts, 1699 
Horses, 1030 

abdominal abscesses, peritoneal fluid 
(abnormal characteristic), ] L36 
abdominal distention, causes, EOBfr 
abdominal pain, causes. 23i 
abnormal peripheral pulse, causes, 95t 
abortions, 204-205 
causes, 244i 
acceleration, 76-77 
acid-base disturbances, 775 
clinical signs, 775 

activated partial thromboplastin time 
(aPTT), prolongation (causes). 4L9i 
acute dysphagia, cause, L1 2 
acute hemorrhage, fluid 
considerations, L 497b 
acute hepaLitis. 393-399 
acute laminitis, L2 23 
acute neurologic injury, fluid 
guidelines, N93J? 
acute renal failure, fluid 
considerations, L 495b 
acute rhabdomyolysis. pain. L402/ 
acute right facial paralysis, 132/ 
acute urticaria. 1 309/ 
adverse health effects, magnitude. 697 
alimentary tract, discussion. 669 
alleles. L665-L690 

phogpcytDphila infection, 1143 

anemia 

causes, 40 ] b 
diagnosis approach, 403 
anisogpaLhie characteristic, 679 
ankylosis, sites, 1213 


[lorses (C<wrrunted) 

annual vaccination, dinical/economic 
benefit 1534 

antifungal drugs, pharmacokinetic 
studies, 52GJ 

antithrombin HE, causes, 420& 
anuria, causes, 1761? 
ascarids, .inthelminties 
(effectiveness), L630t 
ascending aorta, uniform ventricular 
tachycardia {acute onset). 4 62/ 
atopic dermatitis, L307 
atrial fibrillation 

demonstration, electrocardiogram 
(usage), 434/ 
incidence, 434 

atrial pressures, elevation, 434 
autosomal-dominant trait, 3B3 
babesiosis, ] L59 
clinical pathology, 1153-1160 
clinical signs, 1153 
etiology, 1159 
necropsy findings, 1L6Q 
prevention/control, ] L60 
treat ment/ prognosis. 1160 
back pain, causes, 30k 
bacterial bronchopneumonia, impact, 50] 
bacterial keratitis, 1279-1233 
bacterial lung Infection, 502 
bacterial mastitis, treatment, 11-11 
bactericidal antibiotic therapy, 
indication, 923 

barium contrast studies, usefulness, ] L ] 
base-apex lead electrocardiogram 
recordation, 454/ 
schematic representation, 454/ 
basioccipital fractures, E003 
beta 2-toxigenic Ctartrmfi'jim prr/rmgenj 
typhlocolitis, 376 
bilateral disease, 933 
bilateral purulent nasal discharge, 533/ 
biochemistry, usage. 503 
black walnut, exposure, 1 702 
bladder 

lumen, calculus (endoscopic view), 173/ 
rectal examination, 172 
blood analyses, performing 150 
blood group syslem^factors, E665-1690 
blood lead concentrations, 3 033 f 
blood pressure, 456 
body condition scoring system, 169t 
bone marrow aspiration, 426/ 
borreliosis. ocular manifestations, E2B5 
botulism 

clinical pathology. 1093-1 LOO 
diagnostic approach, E093-] LOO 
brain, malacic lesion (appearance), 1037/ 
brainstem, parasitic lesions, 99/ 
bronchopneumonia, aerobic bacterial 
isolates {in vitro antimicrobial 
susceptibility), 507( 

brucellosis, ocular manifestations, 1236 
calcium 

disorders, E 3 53- E 3 60 
requirements, 1355, 1356t 
cardiac arrhythmias, causes, S6i 
cardiac murmurs, causes, S3i 
cardiac pressure measurements., 4561 
eardiac sphincter, tone, 110 
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] torses (CbniinHftf) 

caudodnrsal Lung, field, radiographic 
jppearan.ee, 539/ 
complete blood couni findings-, 

72S-729 

cecal dysfunction, 751 
central cyanosis causes, 69b 
cerebrospinal fluid, protein 
composition, 975r 
chest pain, causes, 2flb 
cholelithiasis, 27-23 
chronic Lead poisoning, I033( 
chronic mucopurulent nasal 
discharge, 563-53-5 
chronic renal failure {CKF'), 332 
stability, 333 

clinical botulism, 15 64-15 65 
clostridial myonecrosis., reports, 1401 
coat length/density. abnormality 
(causes), I91b 

cold-reactingfkiombs'' antibodies, 
presence, U64 

colic 

diagnosis/management. 104- LD* 
extraintestinal causes, L04b 
gas-1 roinlestinal causes, 163b 
colitis 

crystalloid fluid chokes, 1493 
fluid considerations, 1432b 
hypoproteinemLa, 743 
collapse 

cardiovascular causes, 235b 
infectious causes, 233b 
toxic causes, 236b 
comfort, increase, 663 
conscious proprioceptive deficits, 
examples, 124/ 
constipation, causes, 103b 
core bone marrow biopsy, 423/ 
corneal scraping, fungal keratitis 
(presence), 1233/ 
corneal ulcers 1271 
cortical disease, I37f 
Cmynrfvirtmirm pie ijnic*ti be rmi 1 osis 
infection, 1 135- L1 SC 
paLhogenesis [uncertainty], 1137 
coughing, causes, 43b 
enisling, causes, 136b 
crypto col cal meningitis, treatment, 100 L 
cryptococcosis, ocular 
manifestations, 1235 
crystalluria, causes, 176b 
cutaneous- amyloidosii. 1335/ 
cutaneous- habronemiasis, 1327 
cutaneous- onchocerciaiis, 1325/ 
cutaneous- vasculitis, 1316/ 
dehydration 
clinical signs, 7631 
oral replacement solutions, 
usage, 771-772 
denial cavities, causes, 1 L4b 
dentition, biannual examination, 673 
dev.orming strategies. See Young horses 
diagnostic rule-outs, 1033 
diarrhea 
causes, 37b 
definition, 742 
diagnosis approach, L00-LD2 
fluid considerations, 1432b 


Morses (CrwrnVrited) 

Dh'Ir'ciNTidirs urir/rfJdt infection, necropsy 
findings, 55 L 

diet, com avoidance, 170S 
differential diagnosis, 1039 
digram therapy, guidelines. 473b 
disseminated intravascular coagulation 
{DIC), development. 1152 
drug eruption, 1311/ 
dry-ingesLa-filled cecal Lmpaclions, 
treatment, 75 I 
dull mentation, 123/ 
duodenal stricture, 724/ 
duodenitis-proximal pe^umlis 
{DPI), 725-726 
abdominal pain, history, 726 
eating restrictions, 727 
dysphagia, causes, 11 lb 
dysuria, causes, 17 lb 
ear (pinna), inner surface (aural 
plaques). 1313/ 
eating structures, 676 
endoscopy, usage, 503 
endoloxemia, information, 231 
enlarged lymph nodes, causes, 34b 
enlargements 
causes* 226b 
diagnosis approach, 226 
cosinophilia, causes, 403b 
epislaxls 
causes, 57b 

diflerential diagnosis, 536 
equine multinodular pulmonary fibrosis, 
postmortem histopathologic 
specimen, 533/ 546f 
equine pituitary pars intermedia 
dysfunction (PFID), 1341/ 
fat, abnormal accumulation, 1342 
infection, susceptibility, 1342 
postmortem examination, 1344 
weighs loss, example, I 342/ 
equine protozoal myeloencephaliiis (EFiVL) 
cerebral signs (rarity), 1616 
gluteal muscles (muscle atrophy), 129/ 
equine protozoal myeloencephaliiis, 
gluteal 

equine sarcoidosis, 1336/ 
erosions, causes, 166b 
erythema mulriforme, 1316/ 
erythron data, 401J 
esophageal disease, examination, 633 
esophageal perforation, 633/ 
exercise, eIectroIylc/acid-base 

abnormal ilies (development), 1355 
exercise-induced immunosuppression, 
data, 1677 

exercise-induced pulmonary hemorrhage 

{tin [) 

pervasiveness, 563 

tracheobronchoscopic findings, 571/ 
exercise intolerance, 76-32 
causes, 91b 

diagnosis approach, 76-32 
exercise responses, 76-77 
exercise weakness, causes, 3 lb 
exertional myopathies, 1411 
experimental blood/feces infection, 
Nanridretttha restkii {molecular 
detection period), 446f 


1 [ones (Owituaunf) 

external rhabdomyolosls (1LR). 
signs, 1412/ 

extralhoracic airway, components, 71-72 
extremities, pain (causes), 23b 
eyes. ocular ultrasound, 1 273/ 
face waits, 1317 
facial expression, nigiopallidal 
enoephalomalacia, 31/ 
fasting, 663-663 
feces 

blcod/fibiin/mucus, presence 
(causes), 167b 
examination, 150 

feed, mincrals/vitamins (acceptable 
ranges), 1356b 

fever 

immunologic causes, 37b 
Infectious causes, 36b 
neoplastic causes, 37b 
noninfcctious inflammatory/ 
miscellaneous causes, 33b 
toxins, association, 34b 
first lumbar vertebra, spinal process {bone 
marrow sampling), 424, 425/ 
flank area, ringworm lesions, 1313/ 
fluid support, modification, 1432 
foals, neonatal Lsoerythrolysis. 1164 
foot, midsagjttal section, 1223/ 
frontal (supraorbiLal) nerve 
block, 1230/ 

fungal granulomas, cause, 525t 
fungal infections, treatment, 52 7( 
fungal keralitis, 1233-1234 
galactorrhea, causes, 2 16b 
gastric ulcers, incidence. 635-636 
gastrointestinal diseases, fluid therapy 
(usage), 763 
gEnelic tests, 1663t 
growth decrease 
causes, 146b 

diagnosis approach. 145-153 
gulLuial pouches, 1054 
mycosis, 47, 132/ 
pathologic conditions, 56-53 
hairy vetch, grazing, 1704 
bead shaking, 1044-1045 
examination, 1644 
trcatmenls/medications, 35b 
bead tilt, vestibular dysfunction 
(impact), 125/ 
bead trauma, optic nerve 
(appearance), 1273/ 
hematology, usage, 503 
hematuria, causes, 174b 
hemoperiloneum, 1145 
hemorrhagic diathesis (development), 
warfarin toxicosis (impart). 1153 
hemostatic data, values, 41 6t 
heparin, usage, 722 
hepatic abscesses, 912 
hereditary equine regional dermal asthenia 
(IIERDA), 1334/ 

high-intensity exercise, impact. 561-502 
high radial nerve paralysis, 39/ 
histoplasmosis, ocular 
manifestations, 1271 

holodiaslolir murmur, phonocardiogram/ 
M-mode echocardiogram, 464/ 





I lorscs (Cimtuiued) 
hoof 

infected collateral cartilage, 1243/ 
subsclar abscess,, L 240/ 

Homer's syndrome. clinical signs 
(variation). 1053 

hyperfibrinogenemia, causes. 416b 
hyperkalemic periodic paralysis (IIY3T) 
long-term management, J 502 
triceps (myotonic dimpling), 13541/ 
hypermagnestmic characteristic, 777-773 
hypernatremia, rarity. 776 
hyperprolei nemiar 433b 
hypertrophic osteopathy (I IO). 

prognosis, 1233 
hypoalbumincmLa, colloids 
(indication), M 52 
hypocalcemia, 3350 
hypoderma, clinical signs, 312 & 
hypofibrinogencmia, causes, 420b 
hypoparathyroidism, 

characterization, 3350 
hypoproleinemia, 414b 
fluid therapy, 1407 
responses, 3457 

hypothyroidism, management, 1350-1351 
hypovolemia, 75(5-757 
clinical signs, 76Bi 
resuscitation period, large-gauge 

cathetcr/wide-boie sterile delivery 
system (usage), 772 
icterus, causes, 3 15b 

ileocecal intussusceptions, evaluation, 737 
immune-mediared thrombocytopenia, 53 
immunity, development. I5B2 
infection, susceptibility, 544 
infections diseases 

molecular resting 44]-44 6 
nucleic acid amplification techniques, 
clinical applications, 442-446 
submission, sample, 441 -44 2 
inflammatory airway disease (IAD), 563-567 
diagnosis, forced oscillation technique 
usage, 4153 

inflammatory bowel disease (I3JD), 730 
inilial contact time, preparation, 15 
interstitial pneumonia, causes, 535b 
intestinal diseases. 53 
intestinal injury/healing 702 
intravenous endotoxin, administration 
(clinical signs), 717 
isolation. bee Diarrhcic horse 
jugular venous dislentlon/pulsation, 
causes, 92b 

junctional tachycardia, 

electrocardiogram. 476/ 
lameness 
causes, 233b 
causes, assumption. 22 I 
diagnosis approach, 237 
subsolar abscess, 1235-1240 
laminitis, 1224 

left atrial diameter, two-dimensional 
cchocardiographic Image, 44 B 
left jugu I nr vein, sonogram, 433/ 
left shoulder approach. 632 
leptospirosis 
impact, J 66S 

uveitis, association, 3234-3205 


3 [ones (Conimjietf) 
leukemia. L 375-1 3SO 
diagnosis, 3 175 
initial stages, 1375 
necropsy findings, 1375 
prognosis, 3 3.73-3 130 
leukogram, interpretation, 405-410 
liquid diets, 3 645-3 65 K 
Listeria manocytc^res, 1276-1.277 
liver dysfunction 

fluid administration, rate, 3432 
monitoring, 3432 

liver failure, hemolytic syndrome, I 165 
liver neoplasia. 515 

long-bone fractures, transportation, 3 252 
loose teeth, causes, 314 h 
lumbar cistern puncture, landmarks (close- 
up), 973/ 

lung biopsy, performing, 457-493 
lymphangioma, I 3 B0 
lymph node abscessation, 536 
lymphocytosis, causes, 403b 
lymphoma, 1376-1375 
classification, 3 177 
lymphopenia, causes, 409b 
mammary gland, precocious development 
(causes), 216b 

management changes, 560-561 
mastitis, 1343 

clinical signs, 1 14 E 
mature body weight, weight 
(percentage), E50f 
graph, 150/ 

maxillary cheek teeth, roots, 54 
median age, external abscesses 
(presence), I 136 
melanocytlc skin turnon, 3330 
melena, causes, 1064r 
melting corneal ulcer, Pseiiife-JHLVEirj 
infection (impact), 3 275/ 
metabolic acidosis 

fluid therapy, 3504-3505 
rarity, 1503 

metacarpophalangeal joint, ullrasound 
image, 1213/ 

metacarpus, bucked shins/stress 
fractures, 1255-1253 
muffled bean! sounds, causes. 50b 
multiform ventricular tachycardia, 
lead 31 electrocardiogram 
(obtaining), 436/ 
muscle spasms 
causes, 230b 

diagnosis approach, 230-231 
Mjwbircderrirrji jmjmi, ocular 
manifestations, 1236 
myeloma, 1330 

laboratory features, 3130 
myoclonus 
causes. 230b 

diagnosis approach. 230-231 
nasal discharge, ingesta (causes], 55b 
nasal passage 

CTyplococcus granuloma, endoscopic 
image. 525/ 

mass biopsy, impression smear 
(photomicrographs), 52 B/ 
neck pain, causes, 30b 
necropsy, abnormalities, 573 


E lorscs (Ce^rturiwb!) 
neoplasia. 1450 

nephrosplcnic ligament, laparoscopic 
view, 665/ 

neurologic diseases, differential 
diagnoses, 10 10 
neutropenia, causes. 403b 
neutrophilia, causes, 407b 
nodules, causes, 135b 
nonsteroidal antiinflammatory drugs 
(NSAEDs) 

chronic cases, anemia 
(development), 756 
clinical signs, 756 
nosocomial diseases, 1520b 
nutrient requirements, 5E3 
mature body weight, 162( 
nutritional secondary 

hyperparathyroidism, 
pathogenesis, 1361/ 
obesity, diagnosis, 167 
oliguria, causes, L76b 
oral lesions, infectious diseases 
(association), 1 14,! 

oral vesLcfes^rosions/uloers/growl hs, 
conditions, 3 13b 
papules, causes, L37b 
parn nasal sinuses, 676 
parenteral nutrition, 1653-3 654 
paresis 

causes, 227b, 225b 
diagnosis approach, 223-225 
paroxysmal atrial fibrillation, 
prognosis, 4B6 
pars inlcrmedia, 1 335 
pelvic region, examination, 667 
pemphigus Idliaccus, 3 307/ 
pericardial mesothelioma, postmortem 
photograph, 473/ 

pericardilis, elccUocandLogiam, 476/ 
perinatal death, causes, 244b 
periodontal disease, treatment 635-6B6 
peripheral edema, causes. 34b 
peripheral swellings, causes, 93b 
peripheral vestibular disease, 3050-3051 
peritonitis, 761-763 
endotoxemiVlissue trauma, clinical 
signs, 767 

importance, level, 762 
slabilization/antimicrobi al 

admi nistration/hydration, 763 
therapy, 764 

phenolhiazine, impact, 371B 
phonocardiogram, 463/ 
phosphorus, requirements, L355 r 3 35 6e 
physical examination, 150 
pigmentation, abnormality 
(causes), 153b 
pigmenturia, causes, 374b 
pleural effusion, causes, 34b 
pleuropneumonia 
aerobic bacterial Isolates, in vitro 
antimicrobial susceptibility, 5Q7f 
ancillary treatments, 507-503 
auscultation, 502 
polyuria, causes, 176b 
poor performance. 76-B2 
diagnosis approach, 76-32 
postural deformities, 223 
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causes, 224b 
diagnosis approach, 225 
primary' polydipsia, management, 544 
projection, inequality, 1553 
prothrombin time, prolongation 
(causes), 4 L3b 
proximal duodenum, 724/ 
proximal urethra, recta] examination, 172 
prurilus, causes, l-H4n 
pulmonary hemodynamics, 554-555 
pulmonary hemorrhage, manifestation, 53 
purulent nasal discharge, causes, 53b 
puslules, causes, 1 B7b 
pyuria, causes, ] 75b 
quinidinc administration, 473b 
rabbit hopping gait, 95/ 
rabies, clinical signs (occurrence), 396J 
radiography, 504 
recta] prolapse, 392 
recurrent airway obstruction (KAQ), 
impact,, 45 

recurrent airway obstruction (KAO)- 
affected, bronchial cells, 557 
regurgitation, causes, ]05b 
respiratory distress, causes, 54b 
respiratory rates, generation 
(capability), 72 

respiratory tract, infection, 1576 
retropharyngeal ]ymph node infection/ 
abscessation, clinical signs, 573 
rhabdcmyolysis 
causes, 1552b 
fluid considerations, 1501b 
fluid therapy, 150 L 

fiJiodonKriJj fceryFiebitcleriumJ eefui. ocular 
manifestations, 1235 
right eye, fungal keratitis, 1233/ 
SdfmDneiTfj, carriers (consideration), 743 
salmonellosis 
colonic Lnfarclion, 744/ 
ocular manifestations, 1235 
scaling, causes, 1 B3b 
seizures, treatment (antironvulsanl drug 
regimens), 100 It 
sepsis 

colloids, usage, 1454 
fluid considerations. 1433b 
sepsis, information, 231 
serosal injury, 710-71 6 
serous/mucoid nasal discharge, causes, 5 Lb 
serum concentrations, 1357! 
serum protein values, 4L2t 
shivers, stance, 1353/ 
sinuses, communication, 497 
sinus of Valsalva, rupture, 432/ 
two-dimensional echocardiogram, 43Q/ 
small inlestlnal strangulating obstruction 
(S1SO). survival prognosis, 733-734 
spasticity, diseases, 140J 
spinal cord trauma, 1075 
spinal fractures/luxations, 1075 
spontaneous choke/pharyngeal paresis, 
impact, 110 

spontaneous fractures, causes, 2 63b 
sternum, approach (bone marrow 
aspiration), 425 
stiffness 
causes, 213b 


Morses (Gwrrunred) 

diagnosis approach, 2 67 
stillbirth, causes, 244b 
stomach, endoscopic view, 701/ 
stranguria, causes. 171b 
SrrfplLiLin-LiJi t-jfin' Infection (strangles). 

clinical signs, 535-535 
slressors, fluid therapy, 1502 
stridor, causes, 73b 
Slringhalt, recovery. 534 
str on gyles, anthelmintics (efficacy). 1629d 
Stnwtgylus iTJi'sjijris migration, 1075 
sudden death 

cardiovascular causes. 235, 235b 
infectious causes, 233 
metabolic/nulritional causes, 234 
miscellaneous causes, 233 
physical causes. 235 
toxic causes, 235-236, 236b 
surgery, 1 24 6-1 242 
surgical intervention, 503 
survival, prognosis, 164 6 
sustained uniform ventricular tachycardia, 
lead IE electrocardiogram 
(obtaining), 4B7/ 
swellings 

causes, L35Jr, 226b 
diagnosis approach, 226 
syncope., causes, 5 Lb 
tachypnea, causes, 6 Lb 
tapeworms, infection, 1625 
larsocrora] joint, osteochondrosis, 1151/ 
therapeutic drainage, 436/ 
therapeutic plan, nutritional plan 
(inclusion), 772 
thiamine deficiency, 1026 
thoracic trauma, prognosis, 552 
thoracocentesis, 456/ 
thoracolomy, usage, 503-505 
thorax, caudal dorsal portion (Lateral 
radiographic view), 553/ 
thrombasthenia, 1147-1 L 43 
thrombocytopenia, causes, 4 63b 
thromboembolic disease/aneurysm. 

parasite control (importance), 432 
tooth color, abnormalities, LI4b 
tracheobronchial aspiration, 495-436 
traumatic optic nerve blindness, 1006 
tremors, diseases, 1401 
tumors, causes, 135b 
ulceration, idiosyncratic 
predisposition, 755 
ulcerations, causes, L3&* 
ultrasound evaluation, 673-674 
urethral hemorrhage, examination, 343 
urinary incontinence, causes, L7 Lb 
urinary tract, neoplasia (rarity), 337 
urination, pain (causes), 30b 
urine concentrations, 6033t 
urticaria, causes, 6303b 
vaccination schedule, 1 562f 
vasculitis, fluid therapy, 1436-1437 
vein, catheterization, 772 
ventral mid line dermatitis, 1323 
vesicles, causes, 137b 
viral respiratory infections, 542 
vomiting,, causes, 103b 
weakness 

causes, 227b, 223b 


1 Eoraes (Owitnaunf) 

diagnosis approach, 22B-223 
weight gain, decrease 
causes, 64Bb 

diagnosis approach, 645-1 53 
weight gain, estimation, 150/ 
weight loss 
causes, 657b 

diagnosis/management approach. 

See Adult hones 
program. 66B 
progression, 730 
white blaze, impact, 6337/ 

Horseshoe nails (nail prick), 1233 
clinical signs, 1235 
diagnosis, 1235 
hislory. 1233 
prognosis, 1233 
treatment 1235 
1 Cost defense mechanisms. 

Inadequacies, 1506 
1 [ost-nelaled factors, 

consideration, 1507-6503 
1 Eot-blooded horses 
bilirubin level, 392-333 
hematologic parameters, 
differences, 377-373 
1 Eot-sLart enzymes, usage, 435 
1 loused calves, microclimate 
(evaluation), 633 
1 loused dairy calves, 

bronchopneumonia, 623 
] lowell-Jolly bodies, 400, 402 
] EPA. See 1 Eypothalamus-piLuitary-adrenal 
1EPAI. Sec 1 tighly paLhogenic avian influenza 
1 EPE.C. See 11 Lgh-performance liquid 
chromatography 

1EFSV. See I luman respiratory syncytial virus 
] E5I>. See 3P-hydroxysteroid dehydrogenase 
Human albumin, colloid, 6453 
1 luman cirrhotic patients, KIRI, 335 
Human critical care, early goal-directed 
therapy, 1434 

1 tu man-grade feedsluffs, 367 
Human gfanulocylic ehrlichiosis 
(IIGE), 1143 

Human HIM! virus(A/Ervglan4/33/M), 613 
Human II3N2 virus (A/hngland/427/ 

35), 613 

] Euman liquid enteral products, 

1643-1 654 

Human medicine, isolation 
guidelines, L535 

] luman respiratory syncytial virus 
(HRSV). 607-605, 1606 
1 lumans 

Qjrynefwctmir m pi e iido tu beirtiJen:is 
infection, 1136 

fungal infeciions, treatment, 52 7t 
marrow aplasia, 1172 
pain, equivalence. See Animals 
uveitis, immunogenctic 

predisposition, 6252-1253 
1 luman safely, food safety 
(relationship). 1336 
1 luman toll-like receptors (TERs), 

Ligands, 715c 
Humerus, fractures, 1253 
Humidified oxygen therapy, usage, 41 




I lumoral hypersensitivity, impart, L293 
11 li moral immune competence, 
acquisition, 2B2 

Humoral raportKS, assessment 1559 

I lumpyback disease, 932. 

See iifw Merino welbers 

II LIS. See Elemolytic uremic syndrome 
ITVLF. See ] ligh-vollage low-frequency 
I lyalohyphomycosis, 1220 
HjaimnnM anatolini m, 10 ] 9 

bafiBiianv^ L0L9 
I lybridizalion probes, ] 4417 
I lydranencqphaly. L 030- L 032 
clinical pathology, 1021 
clinical signs. 1031 
definltlon/etiology, L 030- L 03 ] 
necropsy findings, 1031 
treatment, 1031-1032 
Hydration status [assessment), plasma,! 1 
scrum creatinine concentrations 
(usefulness), 7(50 
Hydraulic pressure, in a ease, 93 
Hydrocele, 1477-1473 
clinical signs. 1477 
definltlon/etiology, 1477 
differential diagnoses, 1477 
serous fluid,, accumulation, 1477 
LreaLment/prognosls, 1477-N 73 
I lydrcccphalus, 1030-1032. 

See itfse Congenital hypertensive 
hydrocephalus; Hypertensive 
hydrocephalus 
clinical pathology, 1031 
clinical signs, 1031 
definltlon/etiology, 1030-1031 
nenopsy findings, 1031E 
treatment, 1031-1032 
I lydrocoitlsone. physiologic doses. 722 
Hydrogen sulfide (EljS), absorption; 

eructation, 1022 
I lydrolysis piobes, 436-493 
llydromelra, 1447 

I lydromyelia, 1033. See itf&j Myelodysplasias 
Hydrophobia, 930 
I lydrosiatic pressure, increase, 64 
I lydrcxyelhyl starches, 1497 
I lymen. See Peisistent hymen 
Hyrnnroxys riatanfaHitt 1703 
I lyperalgesia. 24. See jdro CenLral 
hyperalgesia 

nerve growLh factor, impact.. 24 
occurrence, 24 
phenomenon, 24 

prevention. See Secondary hyperalgesia 
Hyperbilirubinemia, development. 

See Underfed horses 
I lypercalcemia, 365. See itfia Malignancy 
adverse effects, 333 
causes, 3S5b 
occurrence, 777 
treatment, 1363 
I lypencelLuJarily, 377-373 
I lyperrhloremia, causes, 3B4b 
I lypenchloremic meLabolic acidosis, 333 
impart, 3B3 

I lyperechoic gas echoes, 
observation, 31(5-617 
I lypereLaslosis cutis. See 11 credit ary equine 
regional dermal asthenia 


1 [yperemlc membranes, scleral injection 
(accompaniment), 276 
1 [ypcicsthesia, 1021 
observation. 1032 
1 [yperestheLic leukotrichia, 1333 
1 Eypeiestrogenism, 1673 
1 Eyperexcltabilify, 122 
1 [yperexlension (joint laxity), 274 
1 [ypcrfibrinogenemla. 415-41(5, 1076 
laboratory findings, consistency, 515 
1 [ypeigammagjobulinemia. 656 
1 lypergjobulinemia, 412-414 
1 Eypeiglycemia, 393-334 
causes. 393b 

Hj^wricimi pejjwiUum, 1701 
Hyperimmune (Ell) equine 
plasma, 514 

Hyperimmune {Ell) plasma/serum, 723 
1 Eyperkalemla, 333 
commonness., 1435 

Hyperkalemlc dlanheic calf, bradycardia; 1 

atrial standstill, 357/ 

1 lyperkalemlc periodic paralysis 
(KYPF), 333, 1392, 1335 
clinical episodes, 1396 
clinical signs, 1335-1390 
co-dominant disease, 1656 
control, 1337-133 B 
diagnosis, 1390-1397 
episodes, recurrence, 1337 
etiology. 1390 
exercise, impart, 1337 
fluid therapy, 150L-1502 
impart, 304 
inclusion. 1099 

long-term management. See 1 torses- 
paralytic attacks, explanation, L390/ 
prognosis, 1333 
results, 1390 
treatment, 1397 
1 lyperkeraLosis. See Callosity 
1 [yperklnetic arterial pulses, 
occurrence, 35 

1 lyperlipemia/hyperlipidemia, 

314-915 

clinical pathology, 915 
clinical signs, 315 
deflnition/etiology, 914-915 
diagnostic tests, 915 
epidemiology, 315 
necropsy findings, 915 
treatment, 915 
1 [yperlipidemla. 332b, 334b 
1 [ypermagnesemia, 3B6 
causes, 3S0b 
1 [ypermetria, 133 

1 lypermotile secondary contractions, 
existence, 325-626 
1 typermotility, rarity, 3 
1 [ypernatremia, 335-336, 332 
causes. 3S2b 
clinical signs, 776 
definition, 335-336 
occurrence, 362 
rarity. See 1 torses 

1 lyperosmolar therapy. See Ream injury; 
Spinal eord 

1 lypcrosiosis, presence, 1232 
1 [yperpbospbatemia, 335-336 


ElyperphosphalcmLa [CbnrinirftJ) 
causes, 336b 
occurrence, 773 
HyperpigmeiiLalion, 192 
melanocyte-stimulating hormone (MSII), 
impact. 192 

Elyperproteinemia, 3B2lr, 3B4lr 
finding, consistency, 1173 
E lypersensitrvity 
disorders, 1307 
reactions, occurrence, 1535 
types, 1595 

E lypersensitrvity pneumonitis 
clinical signs, 65 1 
deflnition/etiology, 65 I 
diagnosis, 651 
epidemiology, 65 1 
necropsy findings, 651 
pathogenesis. 651-652 
treatment;prevention, 651 
Hypertensive hydrocephalus, 1031 
Hyperthermia. See Malignant hypcrl hermia 
Hyperthermic states, fever (contrast), 33-35 
Hyperthyroidism. See Adult horses 
rarity, 1346 

Hypertonic saline, 770-771 
plasma volume expander, 1493 
ElypertrophLr osteopathy (ElO), 1233 
clinical signs, 1233 
deflnition/etiology, 1 23 3 
pathophysiology. 1233 
Lreatment/prognosii. 1233 
Hyperventilation, 430-491 
HypervLtaminosis D r 1362-1363 
clinical signs, 1362 
deflnition/etiology, 1 362 
necropsy findings. 1363 
pathogenesis, 1362 
radiologic findings, 1362 
treatment, 1362-1363 
Elypoalbuminemia, 3B3, 414-415 
clinical signs, 415 
colloids, indication. See Horses 
commonness, 776 
presence, 434 
treatment, 773 

Hypocalcemia, 312, 364-335, 3339. 

See iifjo I torses 
causes, 335b 

hypomagnesemia, impart, 1372-1373 
clinical signs, l353Jr, 1339 
diagnosis, 1393 

equine clinical conditions, 1356b 
etiology, 1339 
example, 3 

occurrence. See Late-gestation beef cows/ 
ewes 

oxalate toxicity, impart., 1353 
pathogenesis, 1360 
presence, 643 

sepsis/endotoxemia, cause. 1359 
treatment, 777, 13649, 1339 
E lypoc alcemic disorders, 13 56-13 69 
Hypocalcemic seizures, 1359 
Elypocalccmic tetany, 1353 
Elypocapnia, 71 
Elypochloremia, 776 
causes, 334 b 
treatment, 776 
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Hypacheens mdicatn, 1104 
H}ywf3P£JTJ spp., 1704 
Hypoderma iW'i'j. 651, 3 OS L, I OB 2 
larvae, batching, 6062 
Hypoderma fmraOtni, 1GS1 
larvae, impact, 652 
Hypoderma (warbles), 1325-L 326 
adult flics, appearance;, 1326 
clinical signs, ] 32 6 
definition/etiology. 1325 
infestation, lesions (observation), 1326 
systemic insecticides, 1326 
therapy, 132Q 
] [ypodermlasis 
clinical sign, L0S2 
cerebrospinal fluid changes, 
variation,. 1032 
1 [ypofibrinogenemia, 4L6 
1 lypogalactia, 207 

1 [ypogammaglobuLincmia. See Transient 
hypogammaglobul i nemi a 
1 lypoglossal nerve (cranial nerve XII), 133 
motor impulses, supply, 133 
Hypoglycemia. 333-333, 333 
causes, 3D*3fc 

infection, accompaniment, 234 
presence. See Calves 

] [ypc'bidrosis, differential diagnosis, 1343 
1 lypohidnotlc horses, prognosis, 1347 
Hypokalemia, 312, 3B2-3S3 
causes, 3fl3i 
presence, 7715, 343 
promotion, factors, 1375 
treatment, 776-777 
Hypokalemia syndrome. 1377-1330. 

See tiiso Cattle 

ancillary iest results, 1 375-L 330 
clinical diagnosis, 

confirmation, 1373-1360 
clinical signs, 137B 
diagnosis, I 375-1330 
electrocardiograms. 1 37B/ 
eLiologic fire at merit, L33D 
etiology, 1373-1373 
history, 1377-1373 
non iatrogenic cases, L373 
occurrence, 1377 
pathophysiology, 1 375 
prognosis, 1330 
treatment. L330 

Hypokinetic pulses, presence, 35 
Hypomagnesemia, 333-335, 3315, 1374 
causes, 3SGi 

impact. See 1 [ypocalcemia 
prevention, 1375 
relapse rate, reduction, 1 375 
rumen, role, 1374 
treatment. L375 
1 [ypomagnescmic tetany. 

occurrence, 1374-1375 
1 lypomelanosis. See Leukoderma 
1 [ypomydinogenesis, 377-573 
1 lypomydogenesis congenita. See Border 
disease 

Hyponatremia, 333, 33I-3B2 
causes, 352b 
clinical signs, 776 
fluid, usage (selection), 77G 
occurrence. See Calves 


E lypDparalhyroidism, characterization. 

See 1 Eorses 

Elypophosphatemia, 3B5, 1376 
causes, 335k 
clinical signs, 77B 
equine reports. 773 
occurrence, 1357 
Elypophosphatemic downer cow 
syndrome, 137G 
Elypopigmentation. L32 
resulfi, 152 

Elypoplasia, L47B. See disc Arabian horses; 
[Rental hypoplasia 
clinical signs, M73 
definition/etiolcgy, 147B 
differential diagnoses, 1473 
treatment, 1 prognosis, 1473 
Elypoplastic anemia. 1 L 50 
Elypopmleinemia, 4 14-415 
fluid therapy. See I lorscs 
treatment, colloids (usage), 771 
Elyposodnnl teeth, (573 
Elypotension (presence), cardiac 
catheterization (usage), 437 
Elypolensive horses, dobul amine 
(usage), 773 
Elypolhalamus, 1335 
ascending pathways, activation, 2(5 
funcLion, 134 

Elypolhalamus-pituilary-adrenal 

(El PA) axis, maturation. See FeLal 
hypoth alamus-pitui La ry-adrenal 
(ElFA) axis 
degree, 254 
Hypothermia, 40-41 
severity, 41 

Hypothyroid ism. See Adult horses 
anhidrosis, association, 134? 
clinical signs, 1343 
infertility, association, 1343-1350 
laminitis, association, 1349 
obesifiy, association, L343 
rhabdomyolysis, association, 1343 
syndromes, association, L 343-1350 
Elypotonic crystalloids, 1453 
Elypolonic dehydration, 
occurrence, 331 

ElypoventiLalion, 337-333, 450-431 
Elypovolemia, 354 
clinical signs, 76B. See ake I lorses 
colitis, relationship, 756-757 
detection, physical examination 
{nonsensifiivity), L453 
reversal, 773 
decision, 773 
Elypoxemia 

development, 434-455 
episodes, repetition, 24(5 
increase, 235 
mechanical ventilation. 

necessity. 331 
predisposition, 63-71 
treatment, 455 
Elypoxia, 465, 3 L3 

development. See Global Lissue hypoxia 
pulmonary vasculature, 
response, 257 
Elypoxlc injury, 366 
Elypoxic-ischcmic bowel injury. 312 


1 Eypoxic ischemic encephalopathy 
(HIE), 253, 305 
diagnosis, 256 
preference, 254 

11VFF. See I lyperkalcmir periodic paralysis 


1AD,. See Inflammatory airway disease 
1AE1D. See IdiopaLhic acute hepatitis disease 
Iatrogenic polyuria. 345 
1BD. See Inflammatory bowel disease 
1BK. See infectious bovine 
keratoconjunctivitis 

1BK, See Infectious bovine rhinotracheitis 
Ibuprofen, usage, 633 
ICCs. See Interstitial cells of Gajal 
Iceberg effect, 332b 
1CK. See Intracellular fluid 
ICFV. See Entraccllular fluid volume 
1CF. See Inlrarranial pressure 
Icteric plasma, 400 
Icterohemogjobinuria. See Bacillary 
hemoglobinuria 

Icterus (jaundice), 1 15-L 1(5, 366 

causes (delcrminaiion). laboratory tests 
(usage), L15 

color, indication, 332-333 
definition, 135 
Ictus, manifestation, 123 
ID. See Inter digital dermatitis 
1DEXX, 534 

Idiopathic acute hepatitis disease 
(IAE3D). 353 
cause, 353 
clinical effects, 333 
diagnosis. 353 
treatment 353-353 
Idiopathic focal eosinophilic enlerilis 
(IEEE), 731 

Idiopathic labyrinthitis. L050 
Idiopathic laryngeal hemiplegia (ELI I). 72 
causes. 74-75 

Idiopathic marrow aplasia, 1 L72 
Idiopathic renal hematuria (IHI I). 342 
diagnosis, 342 

syndrome, characterization, 342 
term, usage, 542 
treatment 342 

Idiopathic lachypnea, diagnosis, 306 
IDT. See Snlradenmal allergen testing 
1EA. See Immunofluorescence assay; 
Immunofluoresceni assay: Indirect 
fluorescent antibody 
IFAT. See Indirect fluorescent antibody- 
testing 

IEEE. See Idiopathic focal eosinophilic 
enteritis 

IFN-a. jiff Interferon-alpha 
IgE. See Immunoglobulin E 
1GF-I. See Type 1 insulin-like growth factor 
IgC. See Emmunoglobulin G 
IgCL. See Immunoglobulin G t 
IHC. See Immunohistochemiscry 
Ileal brake, term (usage), 733-735 
Ileal hypertrophy, 733 
disorder, 733 
Ileal impaction, 732-733 
occurrence, 732-733 




Ileum 

cross-section, 729/ 
lesions, presence, 729 
strangulating Lipoma. 735/ 

Ileus (pseudoobsLruclion), B72 
association, 3 12 
diagnosis, 740 
management. 312-313 
metabclic/infectious causes, 313 
occurrence, 739 

ILH. See Idiopathic Laryngeal hemiplegia 
lilac cresl, approach (bone marrow 
aspiration), 436-427 

Imipramine (tricyclic antidepressant), L 0-4 4 
Immune complex-mediated hypersensitivity 
reaction, 393 
Immune functions 
age. impact, 1677 
impairment., nonsteroidal 

anliinflammarory drugs {.NSAIDsj 
[impart], 633 
tests, Indicalion, 43 
Immunc-medlalcd dermatoses, ocular 
manifestations, E2B9 
Immune-mediaLed hemolytic 

anemia, I L 63-LI 64, 1 144-1 ! 36 
Immune-medialed keratitis, 1290 
Immune-mediaLed ocular diseases, 1 23B 
Immune-medialed polymyositis, 

1403-1404 

hematologic abnormalities. 1404 
Immune-medialed skin disorders, 1306 
Immune-medialed thrombocytopenia 

(liVLTT}, 417, 1150- L154. See jrlso Horses 
definitive diagnosis. L151 
laboratory findings, 1151 
platelet destruction, 1151 
Immune response 
ontogeny, 1665-1690 
regulation, T lymphocytes 
(importance), 1665 
Immune system 

response alteration, antimicrobial drugs 
[impart], 1506-1507 

support. plasma 1 i l co]oEtnim (impact), 330 
Immunity 
duration, 1602 

failure of passive transfer [FIT). 530 
onset, 1603 

Immunodeficiencies, 1674-L 675- 

See izlse Combined immunodeficiency; 
Secondary immunodeficiencies: 
Unclassified immunodeficiencies 
association. See Bacterial septicemia: Oral 
candidiasis 

clinical features, 1665-1666 
Immunodeficiency diseases, analysis, L665 
Immunofluorescence assay (IFA), 101 
usage, 333 

Immunoglobulin E (IgE) 

ELISA tests, usage. 40 
IgIL-based ELISA, 559 
Immunoglobulin Gi (IgGl) 
absorption, 1673-L 679 
abundance, 1143 
concentration, adequacy, 167B 
mass, ingestion, 1 67B 
Immunoglobulin C, (lgG2) deficiency. 

See Selective lgC2 deficiency 


Immunoglobulin C (IgG) 
deficit [correction), plasma volume 
(requirement), 1670 
IgE-medialed disorder, 556 
primary sources, 366 
quantitation methods, 1669 
staining 5 11 

Immunoglobulin iVL (IgM) 
analysis, usefulness, 430 
deficiency. .See Selective IgA* deficiency 
ELISA, 445 

Immunoglobulins, 11 14 
absorplion, diminishment, 1663 
determinations, 101. See itfsa Coughing 
Immunohistochemistry (II 1C) 
diagnosis, 030 
diagnostic tool, 493 
studies, 565 
usefulness, 1014 

Immunopathology. biopsy (usage), 133 
Immunopencuddase, 543 
Immunopeimidase monolayer assay, 101 
Immunoprophylaxis 
absence. See Anaplasmosis 
approaches. See Calves 
Immunostimulalory agents, usage, 1440 
1mmvac Inc., 72 I 
Impaired diffusion, 70 
Impetigo, 1313-1314 
antibiotics, usage, 1313-13 14 
clinical signs, 1313 
definition/etiology, 1313 
public health considerations, L313 
therapy, 1313-1314 

Impulse Oscillometry System (lOS], 490 
IWTP. See immune-medialed 
thrombocytopenia 

Inaclivated bovine herpesvirus type 1 (BliV- 
1 ] vaccines, availability, 607 
Inactivated bovine respiratory syncytial virus 
(BRSV) vaccines, availability, 610 
Inaclivated ElfV-1 vaccines, 546 
Inactivated influenza vaccines, serologic 
response. 15 77 

Inactivated (killed) vaccines, development 
(ease). E594 

Inactivated parenteral bovine respiratory 
syncylial virus (BRSV) vaccines, 
availability, 1605 

Inactivated rabies vaccines, primary 
immunization. 1576 
Inactivated RV A vaccine, components, 

1536 

Inactivated RV vaccines, challenge 
studies, I5B6 
Inaclivated vaccines, IM 
administration, 1553 
Inactivated viral vaccines, 1601 
ih'Ah'C. See Inhibitory nonadrenergic- 
noncholinergic innervation 
Incisive bones [premaxillary bones), 676 
Incisors, 676, 634 
condition, assumption, 763 
malocclusion, 635 
overjei, consideration. 635 
usage, 731 

Incomplete cortical fractures 
detection. 1255-1356 
occurrence, 1255 


Incoordination, 139 

Indigenous microflora, alterations, 1516 
Indigestion, 3I3-B4B. See also Chronic 
indigestion; Simple indigestion; Vagal 
indigestion 

auscullable findings, 336 
biochemical abnormalities. B40 
categories, 320 
clinical pathology, B3B-34Q 
clinical signs, 632-836. See rdmary 
indigestions 

definition;etiology, 320 
differential diagnosis, 835-B38 
fecal abnormalities. B36-337 
feeding. Impact, 342 
heart rate, relationship, 337-B3B 
hematology. 840 
motor activity, 321 
pain elicitation, 636 
palpable findings, 63 5-336 
pathophysiology. 830 
prevention, 643-B44 
primary cycle activity, 321-623 
ruminal fill, decrease, B42 
ruminal lympany, accompaniment, 334 
secondary cycle activity, 322-823 
signs, 632 
aculeness, 637 
supportive treatments. 843 
treatment/prognosis, 84 L 
IndigesLion of late pregnancy. See Late 
pregnancy 

tndigofera spicuta, 1698 
Indirect fluorescent antibody (IFA), 1149 
test, 101 B 
usage, 9B9 

Indirect fluorescent antibody testing 
(IFAT), L587 

Indirect immunofluorescent assay, 
usage, 444-445 
antemortem Lest, 729 
Indirect reacting B9 6-897 
Indirect-reacting bilirubin, 392-393 
Individuals, identification, L660 
Inducible nitric oxide synthase (ih'os), 
inhibition, 723 

Indurative lymphocytic mastitis, 656 
Industrial toxicants, L 716-1717 
I nfardive purpura hemorrhagica. 1403 
hematology abnormalities, 1403 
Infected canids, reexposure, 1007-1003 
Infected cattle, disease (occurrence), 796 
Infected milk, feeding (impact). See Calves 
Infected neonates, antibiotic therapy 
(duration). 235-266 
Infection control 
activities, payment, 1526 
amount, decision, 1524 
informed consent, implicalions. 
1525-1526 

plan, initiation, 1525 
practices, 1524 
principles, 1525-1526 
program, objectives, J53B 
relationship. See Tathogens 
Infections, 709-710 
cause, organism (impact), L5L8-15L9 
definition, 1 E20 

diagnosis, serologic methods 1510 
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Infections (CdFidFiirad) 

documen LaLion, ] 503-1510 
n o ri sp ec Lfic/speci fic methods, 3509 
sequenlial steps, 3 509 
ed u ca li o n / awareness, L537 
impact. See Growth; Weight gain 
persistence, 735-796 
phase. See Gastrointestinal nematodes 
relative risk, 1313 
risk (minimization), vaccinations 
(impact], L 533 
5iie, microenvironmental 
conditions, 3494 

infectious arthritis. See Septic arlhriiis 
infectious bovine keratoconjunctivitis 
(IEK // pinkeye), II. 1236-3233, 
1620-1621 

economic impact. 3236 
epidemiology, 3236 
eLiology, 1236 

experimental vaccination, 3 237-1233 
pathogenic bacteria, isolation, 3236 
risk factors, 3236 
semigroups, cross-reactivity 
(variation), 1620-1623 
Irealment/prevenlion, 62B3 
Infectious bovine rhinotracheitis (IBR), 45, 
46, 594 

conjunctivitis, 3277 
clinical signs, 1277 
diagnostic procedures, 3277 
differential diagnoses, 1277 
etiology, 1277 
pathophysiology, 3277 
prevcntion/control, 1277 
treatment/prognosis, 3277 
diagnosis, 3457- L459 
impact, 62 B 

keratoconjunctivitis, 1277. See u\sa Goats 
vaccines, 3 667 

virus, 1277, 1230'. See irlro Bovine 
herpesvirus type L 
antigens, sharing, 3B4 
Infectious diseases, 1676 

agents, spread (limitation), 3 63 3 

biosecurity, 354 

contra] 

programs, goals, 1557 
relationship. See Equine vaccination 
history, relationship.. See Neurologic 
diseases 

incidence, 3557 

in situ hybridization (1511), 44 B 
molecular assays, results 
(interpretation), 446 
molecular-based diagnostic 
technologies, 447-450 
molecular diagnostics, history. 436 
molecular lesting. See 3 Eorses 
monitoring (qualitative assays), molecular 
results (reporting), 440-443 
PGR assays, usage (indications), 

433-43? 

PGR usage, 44B-449 

Infectious equine abortion, causes, 345 If 
Infectious foot rot. Goats; Sheep 
clinical paLhelogy, L 237- L 23B 
clinical signs, 3237 
definilion/etiology, 1236 


InfecLious foot rot (ConfiniW) 
diagnostic tests, 3237-1233 
epidemiology, 1236-L 237 
medical treatment, 3233 
necropsy findings, 3237-3233 
pathogenesis. 1237 
spread, speed, 1237 
treatment/prevention, 3 23 B-3 239 
InfecLious lameness, 3 13-320 
clinical pathology/radiology, 313-320 
clinical signs, 33 9 
differential diagnosis, 319 
etiology, 319 
pathophysiology, 320 
prognosis, 3,20 
treatment, 320 

InfecLious leukoencephalomyelilis. 

See Caprine arthritis-encephalitis virus 
infection 

InfecLious liver disease, 393 
InfecLious microorganisms, shedding 
(relationships), 3665-1630 
InfecLious necrotic hepatitis, £eie Black 
disease 

bacterins, 3639 

InfecLious ocular diseases, I 274-123B. 

See i eIm Large animals 
InfecLious pathogens, culture, 493 
InfecLious pulmonary disease, 493 
Infectious puslular vulvovaginitis 
(IPV)„ 602-604, L449 
clinical sigjas, 1443 
diagnosis, 6443 
preven Lion/con Lrol, 3449 
Irealment/prognosis, 1449 
Infective larvae, lifespan. 3627 
Infective third-slage Larvae (L^), 1623 
Infertility 

accessory sex glands, impact, I4B3 
early embryonic deaths, impact. 735 
epididymis, impact, 1433 
female genital organs, abnormalities 
{impact), 3426 

female lubular genitalia, abnormalities 
{impact), 3435 

penis/prepiicc diseases, impact, 1469 
scrotum, impacL, 1477 
spermatic cord, impact, 14 B0 
testes, impact, 1477 
Inflammation 
appearance. 564 

mucus production, accompaniment, 37 
neutrophilia, accompaniment, 407 
Inflammatory airway disease (IAD), 493, 
563-567. See irJjo Nonscptic 
inflammatory airway disease (L\D) 
aerosolized ihcrapy, 566-567 
airway responsiveness, 565 
bronchoalveoLar lavage, 564 
bronchceonstriction, 566 
clinical findings, 563-564 
corticosteroid ihcrapy, 566 
definition, 563 
diagnosis, 564-565 
differential diagnoses, 566 
environmental remediation, 566 
etiology, 565 
histopalholcgy, 564 
inflammation, 564 


Inflammalory airway disease (I AD) 
[Continued) 

Liver function testing 564-565 
masl cell inhibitors, 566 
prevalence, 563 
radiography, 565 
therapy, 566-567 
treatment, 566 

Inflammatory bowel disease (tBD), 730 
biopsy specimens, histopathologic 
evaluation, 731 
cases, fatalities, 733 
clinlcal/laboraLory findings, 730-731 
clinLcopathoLogjc abnormalities, 730 
treatment/prognosis, 731 
umbrella term, 742-743 
Inflammalory cascade, rooL and trunk, 723 
Inflammalory disease, anemia, I 170. 3171 
Inflammalory mediators, 557 
Inflammalory myopathies. 1400-1402 
Inflammalory pain, 24 
reduction, nitric oxide- synthase inhibitors 
(Impact), 24 

Inflammatory response, stimulation, 702 
Inflammalory reticuloruminaL lesions. 
Importance, 324 
Inflammalory skin diseases, 139 
Influenza. 613 
contagiousness, 1543 
Intranasal modified live vaccine. 

License, 1573 

killed vaccines, availability. 1573-1530 
outbreak, vaccination decision, 3 573 
vaccination protocols, 6573-1573 
vaccines, future, 1573 
vims infection, clinical signs, 544 
Influenza A viruses, replication, 544 
Informed consent, 3525-1526 
Implications. See Infection control 
Infundibula. 673 
cementum, presence, 6B6 
Infundibular carles, impact, 636 
Ingesta 

causes. See 1 {ones; Ruminants 
flow (reduction), diseases (impact), 337 
Ingredient-based composition diet, 
design. 1650 

Ingress cannula, rule, 76B 
Inguinal hernia, 735-736 
commonness, 735-736 
Inherited cardiomyopathy, 472 
Inherited coagulation disorders, 1347 
Inherited diseases, 1657 
Inherited myoclonus. See Peruvian 
pa so foals 

Inhibitory Input, increase, 322 
Inhibitory neural events, inflammation, 739 
Inhibi Lory nonadrcnergLc-noncholinergic 
innervalion (ih'Ah'C), 560 
Initial encounter history form, example. 

See Ruminants 

Injectable can a lypoi-vectored recombinant 
equine influenza vaccine, marketing 
License. 6573 

Ink weed. See Drymimn gWrrpFim'JiJ 
Innate immune system, 1665 
role, 556 

Innate immunity, 73 2 
Innocent murmurs, 463 





Inoculum, size/puriiy, 1512 
Inorganic acidoses^ L504- L505 
occurrence, 1505 
Endgame arsenic, existence. 1703 
Inorganic compounds. impact. 1703 
Inorganic phosphate (FQ-i) r 1357 
remainder, 390 
I not ropes, 773-730 
impart, 773 

response, monitoring, 773 
Inpatient areas. 15 33-1534 
infectious disease acquisition, risk 
factors, E533-1534 
Insecticides, toxicology, 1712-3713 
Insect Larvae, migration. 1033 
Ensecl-reLated aboitlon. 145G 
clinical signs, 1456 
diagnosis, 1456 
IreaLmeni/pneventLon, 1457 
Insertion activity. See Motor unil 
En situ hybridization (1511), 43 G. 

See izfsv Infectious diseases 
RNA probes, usage. 443 
Inspired osygen concentration, increase. 306 
Insulin 

intravenous doses, 2 id- 
plasma Levels, 317/ 
resistance, 1352 

[nsulin-sensitive tissues, response 
failure, 1352 

Lnsu ranee examinations, 12-1 
Intention Iremor. L33 1 
IntencostaL muscles, partial excision 
(inlercosLal thoracotomy), 503/ 
IntencostaL space, middle ringer (placement;' 
usage), 3-10 

Intendigital dermatitis (ID). 1316 
intendigital necrobaciLlosis 

(foot not), 1234-1236, 1621. 

See izfrv Cattle 

Interferon-alpha {I FN-ot), 333 
therapy. 993-934 
Interferon-gamma, 55 6 
Interferon (1FN), 702 
Interleukin I (11.-1), mediator, 407 
Enterleukin 4 (IL-4), upregulation, 557 
Enterleukin 5 (II.-5), upregulation, 557 
Enterleukin & (II.-G), levels (elevation), 1032 
Enterleukin 13 (IL-L3), uprcgulation, 557 
Enterleukin receptor-associated kinase 
(IRAK), L333-1340 
Interleukins (II.s), 702 
Intermittent fevers, 36 
Entermittenl gas bubbling, sounds, 3 
Internal abscesses 
discovery, E1E5 
fluid therapy, 1493-1495 
Internal medicine problem, nature, 15 
International Association for the Study of I’.iin 
pain definition, 23-24 
pain description, 23 

International units (lUs), conversion, 377( 
International Workshop on Equine Chron ic 
Airway Disease, 563 
Internet-based multiuser systems, 13 
Intersex, 1434 
commonness, 1434 
Interstate examinations, L2-I. 
problems, 12-14 


Interstitial architecture alteration, 555 
Interstitial balance, relationship. See Plasma 
Interstitial cells of Cajal (lOCs), 733 
Interstitial cell tumors (Leydigccll tumors), 
report, 1430 

Interstitial colloid osmotic pressure 
(COP). 1467 

Interstitial fluid colloid osmotic pressure, 63 
Interstitial fluid hydrostatic pressure, 63 
Interstitial pneumonia, 52 L, 533-540, 

601, G43 
chemicals 

ingestion. Impact, 540 
inhalation, impact. 540 
etiology, 533-540 
hypersensitivity reactions, 540 
infectious agents, impact, 530-540 
progression, 540 

Interstitium, hydrostatic pressure, 1463 
Intestinal absorption, vitamin D 
(impact], L353 
Intestinal adenomatosis, 723 
Intestinal atresia (stenosis), 340, 3(53 
impact. See Calves 

Intestinal cells, inflammatory response 
involvement, 703 
participation, 703 
Intestinal compliance, 703 
Intestinal contents, gas 

chromatography, 103G 
Intestinal contraction (enhancement), 
motility-modifying drugs 
(impact). 74 L 
Intestinal dysfunction, 709 
Intestinal i incarceration, 671 
Intestinal infection, R. erjui. (impact), 729 
Intestinal inflammation, 702-703 
Inlestinal injury, cells (Involvement), 702 
Inlcstlnal injury/healing, 702-711. 

See lIi'jl 1 11 orses 

Intestinal lymphoma, 1 177-1173 
Intestinal motility. See Abnormal intestinal 
motility 

neural/hormonal influences, schematic 
representation, 736/ 
opiates, inhibitory effecL, 742 
retardation, drugs (usage), 740 
Intestinal muscularis, inflammation, 733 
Intestinal obstruction, signs, 672 
Inlestinal proLectanls, 3G2 
usage. 313 

Inlestinal smooth muscles, 706-709 
Intestinal strangulation, 721 
Intestinal tract 

distention, abdominal radiographs 
(usage), 307-303 

inflammatory cells, infillration, 731 
Inlestinal transit time, decrease, 33 
Intestinal Lumors, 370 
Intestine 

distention, appearance. 706 
herniation, 736 
irreversible dealh, 70S 
local inflammation, 703 
microscopic changes, 703 
strangulating obstruction, 733 
Intestines 
infection, 709-7 LO 
involvement, 710 


Intoxication, diagnosis, 23 G 
I ntraalveolar pressure, pleural pressure 
excess, 43-44 

Intcaarticular hyalutonan, L203 
Intraalrial block, documentation, 79 
Intracarotid drug injection, 1033 
clinical sign^, 1033 
derini Lion/eliology, 103 3 
necropsy findings, 1039 
pathophysiology. 1033 
prevention, 1039 
Lrealment, 1039 
Intracellular fluid (IGF) 
compartmenLal distribution, 361/ 
potassium, distribution, 332 
volume, 331 

Intracellular fluid volume (1CFV), 1437 
relationship. See Extracellular fluid volume 
tonicity. 1436 
determination, 1463 
Intracranial hemorrhage, 1003-1004 
Intracranial pressure (ECF), increase, 
1003-1004 

Intradermal allergen testing (Iff]'), 43 
I ntradermal sweat lest, 1 34 G. 

See izfjB Ter bu la line intradermal 
sweat test 

Intramammary antibiotics 
Lrealment, duration, 1 121 
usage. See Staphyiocarcus mtreus 
Intramammary infection 

mastitis, relationship, 1 114-11 IG 
prevalence, 1137 
Intramural hematoma, 7(50 
Intramuscular (C.S-i) therapy, 505-506 
Intramuscular vaccination. See Pregnant cows 
Intranasal administration, bacterial modified 
live vaccine. See Strangles 
Intranasal cold-adapted modified live virus 
vaccine, 545 

Intranasal modified live vaccine, 
susceptibility, 1532 

Intranasal vaccines. See Bovine respiratory 
syncytial virus 

Intraocular aspirates, cytologic 
evaluation, 1265 

Intraocular damage, increase. 1231 
Intraocular examination. 12(52 
intraocular parasites, 1233 
Intraocular pressure (EOF), 
measurement, 1265 
Intraoperalive,-postoperative lidocalne 
infusion, combination, 742 
Intraorbiral neurectomy, impart, 1044 
Intraruminal sustained-release devices 
(SRDs), 1G42 
Intrasynovial analgesia 
performing 221 
usage, 2 21 

Intrathoradc choke, 307 
Intrauterine growth restriction, causes, 234 
Intrauterine growth retardation (1UGRJ, 234 
Intravascular colloid oncotic pressure, S3 
Intravascular fluid volume, provision. 1493 
Intravascular hemolysis, 1 L(56 
Intravascular hemolytic syndrome, 
report, 1363 

Intravascular hydroslalie pressure, 83 
Intravascular Ly mphoma, 1 176 
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]miav ascular space/ext ravastular space, 
Ultration, 411 
intravascular volume 

adequacy, nonguidance, 1490 
restoration, E493 
intravenous dextrose. 1651 
intravenous feeding. 365 L-3653 
usage, 1652 

Intravenous fluids, administration, 1437 
intravenous hyaluronan, 3 209 
intravenous therapy, fluids (usage]. 

See Calves 

intraventricular block, documentation, 79 
intussusception, 673, 736. 754, 367. 

See Like Large intestines 
causes, 313-334 
development, 363 
examination. 306 
feces, presence. 306-107 
involvement, 736-737 
Intussuscipiens, 313 
In ulero asphyxia, 304-305 
Invasion, inflammatory response, 730 
Invasive aspergillosis, death, 523 
Invasive fungal pneumonia, prevention 
(difficulty), 526 

Iodides, action mode (uncertainty), 523 
Iodine, 173 E 
clinical signs, 1711 
serum biochemical changes, 1711 
lonophorcs, 3403-3400. 1713-1691 
antibiotics, 1719 
antidotes, L719 
toxicosis, acute episode, 3 73 9 
30 T. Set? intraocular pressure 
303. See impulse Oscillometry System 
Ipemoea. hafitfcu, 64 B. 3703 
JpcMRCvjr toxicides. Jff l.ocoweed 
poisoning 

3 PV_ £«? infectious pustular vulvovaginil is 
IRAK. -See Inleileukin receptor-associated 
kinase 

3 RE 3. See idiopathic renal hematuria 
Iris, inspection, 3 262 
IRMA Blood Analysis System, 326-327 
Iron, 1713 
clinical signs, 1711 
clinkopathologic findings, 1711 
overload. L7I I 
toxicosis 
diagnosis, 1711 
treatment, L7L3 
Iron deficiency anemia, E 3 70 
treatment, L370 
Iron-regulated outer membrane 
proteins, 3 607 

Irritant receptors, stimulation, 42 
Ischemia, 703, 93 9. See also Low-flow 
ischemia 
ceil necrosis, 705 
occurrence, 25. 703-705 
Ischemia-reperfusion, impact 
(difference), 705-706 
Ischemic damage, mucosal healing. 7EI 
Ischemic hepatic infarct, 301 
Ischemic injury. 966 
Ischemic lesions (creation), lime 
(estimation), 703 
IS 11. See in situ hybridization 


Isoflupredone acetate, mineralocortiooid 
activity, 3379 

isolates (obtaining), nasal swabs 
(usage), 630 

isolation. See 1 iighest-risk patienls 
guidelines. See Human medicine 
protocols, b 5 34 
I soleucLne/leucine/vaiLue, ratio 
(measurement), L063 
Isopropyl alcohol. 3737 
toxicosis, 3 717 
Isosthenuria, presence, 333 
Isolhermal amplification, 449 
techniques, 443 
isotonic bicarbonate solution, 
preference, 32 B 
isotonic crystalloids, E493 
isotonic polyionic crystalloid 
solutions, 770 
isotype-specific FL3SA, L 553 
iSTAT, usage. 375 

Itraconaaole (Sporanox solution], 527 
[LICK. See IntrauLerine giowlh retardation 
ivermectin administration, 3033 


J 

faagsiekle sheep reliovirus (fSETV), 593 r 657 
I antigen, E6B3 

fanuary disease. See Cerebral theileriasis 
faun dice. See iderus 

faun diced foal agglutinaiicm (pFA) test, 3665- 
1690 

Paw. See 3>roppcd paw 
opening, assessment, 132 
law movement, 103-3-3 03 9. 

See <ako Botulism 
fejjunal, term (usage), 733-739 
Pejjunal hemorrhage syndrome 

(PE33), 371-372. See ^rLro 3iemorrhagic 
bowel syndrome 

Pejunal mesDdivertkuLar band, 733/ 
fepunal mucosa, histologic appearance. 734/ 
lepunum, ileum (differenliation, 
absence), 313 

lerscy calves, cerebellar malformations, 3056 
fcrscy cow, urination (Lndudion), 173/ 
fewelry, impact. See 3 [and hygiene 
PFA. See Jaundiced foal aggJulLnalion 
[E33. See Tejunal hemorrhage syndrome 
fobne's disease, 4L5, 333-339 
advanced clinical disease stage, B34 
antibody-based diagnostic tests, 334 
antigen/organism detection tests, 335 
cellular immunity tests, B35-3S6 
clinical disease stage, 334 
clinical pathology, B34-SS6 
clinical signs, B33-3B4 
compLemenl fixation test, B35 
composite environmental manure 
samples, analysis, 3B6 
definition/eliology, 763 
diagnostic tests, 336 
E3J3A, usage, 334-B35 
envinonmcntal/pooled fecal samples, 3B6 
fecal culture, 335 
grassland pasture, impact, 3B7 
herd diagnostic tests, 336 
histopathology, 3B5 


johne's disease (ConirFiaftf) 

inappareni carrier adults stage, 334 
infeclLon/disease, stages, B34 
pathophysiology, 336-337 
prevalence, 3B7 
silent infection, B34 
transmission, 337 
treatment, 3B7-333 
vaccination, 339 
Joint fusion, process, 3 23 1 
Joint immobility, mechanisms, 1212b 
Joint Laxity. Sec I lyperextension 
JSRV r . Set- [aagsieklc sheep reliovirus 
Jugfanj nigra, 3703 
Jugular pulses, presence, 436-437 
Jugular vein thrombophlebitis, 43G-431 
Jugular venous distention/pulsaiion. 

See I lorses; Ruminants 
Jugular venous pulse, components, 9 I 
Junctional epidermolysis bullosa (EB), 
report, 3334 
jLurfpenfi Gnmmum's, 1 701 
juvenile-Arabian leukoderma (Arabian fading 
syndrome // pinky syndrome ,'/ 
her edit ary vitiligo], L333 
Juvenile- lymphoma, 3 173-3 174 
physical examination, 1173-3174 
prevalence rate, E173 

K 

Rie/miit spp., 3697 
Kangaroo gait. See Sheep 
occurrence, 3 107 
Kuni-tns^r PjciJREw/LflirJPkJ, 3 754 
KELA. See Etinciks-ELISA 
Keratitis, development, 1232 
Ketogencsis, mastitis risk factor, 3 137 
Ketone bodies, detection, 3 365 
Ketoprofen, doses (recommend alion), 755 
Ketosis (acetonemia). See Ruminants 
blcod/urinc/milk, presence. 3365C 
chloral hydrate, usefulness. 3 36B-3 369 
clinical pal hology, 1365-3 366 
clinical signs, 3 364-3 365 
cobalt deficiency, implication, 3363 
definition, L364 

differential diagnosis, 1364-1365 
epidemiology, 1367 
etiology, I 364 
glucocorticoids, usage, 1363 
glucose (dextrose), intravenous 
injections, 1363 
glucose precursors, oral 
administration, L363 
laboratory aids, 13 65- 3 366 
iipotrophic agents, usage 
(suggestion), 3363 

long-acling insulin, administration, 1363 
necropsy findings, 1367 
nicotinic acid/niootinamide, usage. 3363 
pathophysiology, 3366-3367 
preparium/Lactation diets, usage. 3 36B 
treatment/prognesis, 3367-3369 
Kidneys. B09-S3 l 
abnormal findings, 3EO-B3 E 
appearance, 305-3 10 
nonslcroidal antiinflammalory drug 
(N3AID) toxicity, 755 




Kidneys (GaniNruiffif] 
ultrasonographic examination, 937 
ultrasound examination, L 75 
Kids, milk replacers (usage}, 372 
Kikuyu grass poisoning, 1065 
Killed. Safroonedfa bacterins, 
i mp jo. 1617 
Kinematic studies, 220 
Kinetics-E1J5A (KELA), 3 133-1134 
tflebsiefla pFiL’JiiFiftiiiW. 246-247, 262-263, 
304. 3073 
jc’/Tti species, 233 
Klinefelter's syndrome, 3427 
Knock-kneed appearance, 1307-1393 
Kochiii seoparia (summer cypress // burning 
bush}, 23B, 3 701, 3702 
Krabbc's disease. See Globoid cell 
leukodystrophy 
Bunkers, 730 

Eupffef'a ceI ls r 320. See izfsa Liver 
Eyphosls, observation, 1373 

L 

L3/L6 spinal cord segments, lesions. 144 
Labial approximation. See Abnormal labial 
approximation 

laboratory evaluation, awareness, 375 
Laboratory procedures, field 
performance, 32 

Ijiboralory nesults/inLerpreLalion, 
factors, 373-330 
Laboratory samples 
procedures, selection, 375-377 
submission, 375-377 
Laboratory values, sources 
(variation), 377-330 
Li bcuhite, 656 

Lnbvmum anagyroides (golden chain 
tree), 233 

1-acrimaL secretions, drainage, 5 l 
Lacrimal system examination, 
evaluation, 1262 
l.actate. 775-776 

conceniration, determination, 43-49, 31 
measurements. 775-776 
Lactate dehydrogenase (3.D3 [) 
activity, elevations (occurrence), 1339 
concentrations, 392 
assistance, 105 
determination. 43-49 
increases, 330 
percentage, 79 
serum activity, 173 

l-actated Ringer's soluLion (I.R5). 14B3 
administration, prolongation, 777 
benefit, 1495 
Lactating cotv. energy 

presentation, 1366-3 367 
Lactating dairy cows, recombinant bovine 
somatotropin (rBST), subcutaneous 
injections (short-Lerm/long-term 
effects), 3 332C 
lactation 

alterations, 234-216 
antimiaobial therapy, impact. 1507 
in appropriateness, 216 
onseL, 1376 

Lactic acid, absorpiion, B30 


lactic acidosis (treatment}, polyionic 
aysLalloid solutions (usage), 776 
Lactic dehydrogenase (LDII) 
concentrations, increase, 470-473 
usefulness, 223 
lactoferrins, 13 1.4 
lacunae marcs, 3445 
clinical signs, 3445 
diagnosis, L445 
ireatmentfprognosis, 3445 
3_amb dysentery, 572-373, 374 
definitioni'etiology, B72-S73 
diagnosis, 373 
lambs 

congenital anomaly, B6B 
congenital infection, microscopic 
changes, 977-973 
disease, outbreaks, 346 
head-righting reflex 274-275 
milk replacers, usage, 372 
spinal myelitis, development, 3046 
tetanus, appearance, 99/" 
tracheal collapse, 600 
vaccination schcdule/flcck 
management. 35331 
lameness, 217-223, 324-325, 363-364. 

See dhu Infectious lameness; 

N'oninfectious lameness 
conformation, 233 
definition, 23 7 
description, 992 
effects, 23 7 

evaluaiion. See Navicular disease 
examination, 77-73 
five-grade scheme, 2101 
mechanisms, 217 
severity, grading, 220 
somalotropln, impact, 3 335 
structures (desensltiaaiion), nerve blocks 
(impact], 22 It 

laminae, tension (reduction}, 1229 
lamina 13, components. 24-25 
laminar index measurement, 
development, 3 227 
laimlnitis (founder}, 1224 
cause, elimination, 3 229 
clinical pathology, 1225-1227 
clinical signs, 1225 
control, 123 I 
criteria, 713( 
definition, 1224-1231 
digital circulation, promotion, 3229 
diseases, sequela, 1224-3225 
epidemiology, 1227 
etiology, 1224 

hoof sloughing presence, 274 
lines, 1352 

necropsy findings. L227-1223 
nonsteroidal anliinflammatory drugs 
(h'5A3D)s. administration, 1229 
occurrence, report, 1341-1342 
paLhophysiology, 1224-1225 
peracute cases, 1227 
prevention, 719, 721, 1231 
bundle, 72It 
prognosis. 3231 

proinflammatory cytokine expression, 
increase, 3 225 

radiographic beam, position, 3227 


L.aminitis (founder) (Cdjz£zheil’iJ) 
radiographic examinations, 1225 
radiology, 3 225-1227 
risk factors, 1227 

signs. See Acute laminitis: Chronic 
laminitis 

susceptibility (increase), corticosteroids 
(usage), 722 
treatment, 3229-3231 
LAMP. See Loop-mediated isothermal 
amplification 

Laparoscopic examination, instruments 
(usage), 663 

Laparoscopic procedure, initiation 
(preference), 669 
Laparoscopy, 663-669 
indications, 663 
Large animals 

abortion, noninfectious causes, 205 
acute neurologic injury, fluid 
management, I49B 
aneurysms, rarity, 431 
bony orbit, radiographic 
examination, 3 269 
cardiac catheterization. 456-457 
cardiac tumors, rarity, 473 
cerebrospinal fluid, values, 3741 
clinical chemistry, laboratory range, 3731 
clinical illness, nutrient 
requirements, 3649 

disseminated Intravascular disseminalion 
(DIC), life-threatening hemorrhage 
(rarity), 1153 
dystocia. 23 I 
dysuria. 170 

echocardiography, usage, 454-456 
electrocardiographic lead system, 
acceptance, 453 

feed sampling instructions, 152b 
fibrin elevation, causes, 420b 
fibrinogen degradation products, elevation 
(causes), 420b 
forelimbs, innervation, 1 271 
fractures 

treatment options, 3252-3253 
treatment! 1 prognosis. 1195/ 
genetics, websites, 3659b 
hematologic alterations, description, 400 
hemostatic dysfunction. L 3 5 3 - 1 3 52 
hindlimbs, innervation, L26£ 
immunoglobulin classes, half-life, 3665- 
1690 

infectious ocular diseases, I275t 
liver damage, drugs (usape), 907J 
lungworm infection, 1639-1642 
anthelmintics, usage. 1641-1642 
clinical management 1642 
clinical manifestations, 1641 
life-cycle, 1640 
pathophysiology, 1640 
populations at risk, 3 640-1641 
Lrealment, 1642 
vaccines, usage, 1642 
molecular diagnostics, 436-443 
monocytosis, causes, 409b 
motor end pLale. diseases, 344t 
muscular diseases (assessment), enaymes 
(usage), 3 339 
neonates 
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Large animals (GMrtfiiufli) 
cardiac defect, 276 
hemothorax, observation, 105 
melabolic derangement, 123 
neulropenia, causes, 403 
ocular neoplasms, report. 130 If 
ocuLar signs, causes, ] 26 &r 
pathologic pigmentary disturbances, 131 
pemphigus follaceus, diagnosis, 11 OS 
peripheral nerve, diseases, L44r 
PurLinfe syslem, 453 

serum, gamma-glutamyllransferase (GGiT), 
elevation, 392 

serum protein electrophoresis, range, 1731 
species, botulism, 1035 
spinal cord, diseases, 1441 
stranguria, 170 

synovial fluid, characteristics, L202I 
tear deficiencies, rarity. 1205 
total while blood cell (WEC)/neutrophil 
count, 407-403 
ventricular tachycardia, 43b 
reports, 433 
visual deficits, 1263 
Ijirge colon 

impaction, 751-752 
clinical signs, 751-75.2 
ingesta, Impact, 751 
nephrosplenic entrapment (left dorsal 
displacement). 753 
right dorsal displacement, 753 
sand impaction, 752 
commonness, 752 

transabdomlnal ultrasound images, 674/ 
volvulus, 753-754 
clinical signs, 753-754 
surgery. 754 
survival, prognosis, 754 
1-argc-dLameLer cutaneous low-threshold 
mechanoreteploTS (activation), direct 
current electrical current (usage), 27 
Large domestic animals 

fractures, emergency splinting 
techniques, 125 If 
lice, association, 1321 [ 
zoonotic diseases (transmission ability], 
veterinary personnel (occupational 
exposure), 15391 
Large intesLines 

intussusception, 754 
medical disorders, 742 
mesenteric root, volvulus, 3(59 
simple obstruction, 750-752 
surgical disorders, 750 
Large strongyles, 1624-1625 
clinical signs, 1 624 
pathology, 1 624 
species, parasitism, 1524 
].arge uterine mass, sonogram, B16/ 
Larkspur alkaloids, 163-5 
hazard, 1635 
poisonings 1635 

Larvae, development, 1523, 1624 
Larval culture, 1644 
Larval cyaihoslomiasis 
impact. 1624 
signs, observation, 1624 
Larval development tesls, 1 644 
Larval identification, 1643-1644 


[arvicLdal fcnbcndazolc 
nggimens, 1630 
Laryngeal abscesses, 503 
laryngeal adductor reflex. .See Slap test 
laryngeal closure, rale 

(acceleration), 537-593 
laryngeal function, grading, 75 
laryngeal granulomas, 333 
laryngeal necnobacillosis, 537-503 
clinical sigias, 537 

defmilicn/etiology/epidemiolugy. 53 7 
diagnosis, 537 
differential diagnosis, 507 
necropsy lesions. 533 
pathophysiology, 537-593 
treatment/prognosis/prevention/ 
control, 536 

Laryngeal obstructions, 593-539 
frequency, 533-593 
Laryngeal papillomatosis, 593 
Laryngeal paresis, nutritional 
myodcgeneration.i'boLu lism 
(impact), 333 
laryngeal trauma, 533-593 
laryngoscope, availability, 253 
Larynx 

auscultation, 72, 46-47 
diseases, 535 

endoscopic examination, findings 
{interpretation), 75 
pain, presence. L1 
palpation, 1L 
pathologic conditions, 5B 
Lasalocld, 370 

Late-gestation beef cows/ewes, 
hypocalcemia, 1371-1373 
Late pregnancy, indigestion, 327 
Lateral radiograph, 579/ 

Lateral scinLigram, 1256/' 

Lateral thoracic radiograph, 505/. 

See izIki Gaudovenlral lung field 
Latcromedial radiograph, 1256/ 

Late sepsis. Infection (impact). 233 
[.ale-term maternal diseases, foal malurily 
impact, 295 

Luhyms cotfir poisoning. See Flalpea 
poisoning 
Lathyms spp., 1704 

LdriijTUJ iy/L'KrJrfj poisoning. See E-laLpea 
poisoning 

Lavage kit. See iVliLa eye Lavage kit 
footplate, 1232/ 

Latum raw inirdnetfirJan'i, 97 
genetic predisposition, 72 B 
impact. 723 

LIU*. See [.Lpopolysaccharide-bindlng 
protein 

[.DA. See Left displaced abomasum 
I.DII. See Lactate dehydrogenase: Lactic 
dehydrogenase 

Lead 

acute toxic single doses, 1033-1034 
environmental sources, 1033 
ingestion, 1034 
toxicity, 1033, 1034 
toxicosis, 1712 

lead El electrocardiogram, obtaining. 437/ 
lead poisonings 1032-1035 
clinical pathology, 1012-1033 


Ijead poisoning (CdFitimrej/) 
clinical signs, 1032 
dcfinilion/ctiology, >012 
diagnosis, 1032 
epidemiology. >014-1035 
hematologic abnormalities, 1013 
necropsy findings, 1035 
pathophysiology, 1033-1034 
prevention/oontrol, 1035 
treatment, 1035 
Lectins, >704 

Ijeft adduclor muscles, swelling. 1403/ 

Ijeft atrial diameter, two-dimensional 
echocardiogcaphic image, 455/ 

Ijeft atrial-io-aortic root ratio. Increase, 453- 
459 

Ijeft atrium, Left parasternal 

echocardiographic image, 465/ 
Left-displaced abomasum, schematic 
view, 673/ 

Ijeft displaced abomasum (LD.A), usage, B 
Ijeft ethmolurbinate, endoscopic view, 590/ 
Ijeft fifth intercostal space, pericardial chest 
tube (insertion), 476/ 

Ijeft kidney 

area, sonogram, 913/ 
cut section, 933/ 
hematuria, complaint. 94 >/ 
hydronephrosis, sonogram, 307/ 
removal, 941/ 

Ijeft paralumbar fossa, palpation, 336 
Ijeft parasternal window, two-dimensional 
echocardiographic image, 465/ 

Ijeft thorax, sonogram. 504/ 

]jeft-io-rigfit shunt 
Indication, 456 
turbulence, 459 

Ijeft ventricle, M -mode echocardiogram, 471/ 
Ijeft ventricular ejection time (KT), 
determination, 455 
Ijeft ventricular Internal diameter 
(LVID), 455 

Legs 

mange. See Chorioptic mange 
palpation, 10 
weakness, 1L90 
Legume bloat, 353 
LEM. See Letikoencephalumalacia 
Lens 

inspection, focused light (usage), 1263 
opacities. See Cataracts 
protein, release, 1272 
trauma, 1272 
Lentiviruses, nucleotide 

misinoorporation, 1162 
Lepidogfoplius destructor, 557 
Lepfctfpzra bacterins, lti-liQ-161 I 
Labeling. 1611 

faptasptna mierngizns, bacterins (usage), 1533 
Leptospira interrogans senovar pwnwzru,. 923 
suspicion, L75 

Leptospira inimugianj serovar ponwtra 
Jwjinnvfcfci, 1161 
Leptospira pwiwj^, 992. 9 L59 
Ijeplospires, convalescent phase, 969 
Leptospirosis, 902 ? 92 B. 967-970, 

1 160-1 >61. See also Lquinc 
Leptospirosis; Ruminants 
abortion, 1456 





Leptospirosis (Continued) 
clinical signs, 1456 
diagnosis, 1456 
treatmen if control, 1456 
clinical findirigs. 96B-363 
clinical signs. 1459-1460 
complexity, 367 
diagnosis, 363 
epidemiology. 9(55. 14(50 
history, 1459-1460 

infections, disease production, 1 660-1 666 
laboratory 1 diagnosis, 1460 
observation, 363 
occurrence, 1610 
pathophysiology, 363, 1460 
prevention, 370 
t re at men l/c o nt ro 1, 6460 
trealmcni/prognosis. 370 
uveitis, association. See Cows; Horses 
virulence factors, 363 
lesions 

rostral position, 123 
surgical excision, 1305 
Letha] trait A4G r 1630-1636 
primary immunodeficiency. 1630-6661 
lethal while syndrome, 1332 
leukemia. See Elorses 
Leukocoria, 127B-L279 
leukocytes. 405 
Leukocytosis, presence. 534 
leukoderma (hypomelanosis}, 132. 

See izTso- Acquired hypopigmentation 
leukoencephalomaLacia (LEAi ;! Moldy 
com disease // Equine 
cncephalomalaria // Ptsia de cegait // 
Ten yan disease // Moldy cornstalk 
disease// Blind staggers), 936. 
1037-1033 

clinical pathology, 1037 
clinical signs, 1037 
definitionfeliology, 1037 
diagnosis. 1037 
epidemiology-, 1037 
pathology, 1037-1033 
treatment, I03B 
leu ko gram 
data, values, 4066 

interpretation. See Horses; Ruminants 
principles, 407-403 
usefulness. 405 
leukopenia, 537-533 
appearance, 763 
leukolaxin {LECF), 615 
secretion, 3607 
leukotrichia, 132 
leukotrienes, arachidonic acid 
conversion, 24 
LevamLsole, 6645 
LeydLg cells 

testosterone, secretion, 1423 
tumors, report. See Interstitial 
cell tumors 

libido 

assessment. 137 

breeding performance component. 134 
Lice, association. See Large domestic 
animals 

I.Ldocaine (lignocaine), 742 
infusion, rate, 742 


Life-threatening hemorrhage, 

thrombocylopenia (impact), ] 150 
Ligament, hemorrhage/edema 
(formation), 6210 
Limbs 
ataxia, 143 

conformation, observation. See Kavicular 
disease 

contraclural deformities, 274 
edema. 547 

jerking movement, 1036 
palpation, 219 
paresis, 143 

HiFjrfejj amebocyte lysate assay, usage, 713 
Linear alopecia, 1332 
characterization. 1332 
Linear double-si randed l>NA genome, 545 
Linear keratosis 1332 
characterization, 1332 
Lingua] displacement, 634 
Linked, definition, 1660 
Lirntm spp., 1693 

Lipid membrane, drug diffusion barrier, 507 
Lipid metabolism, role, 315 
Lipid mobilization syndrome. See Fat cow- 
syndrome 

Lipid pneumonia, 659 
Lipid-soluble complexes, 
formation, L7L9 
Lipoic acid, impact. 1710 
Lipooligosaccharide (LOS), 1603 
Lipophilic agents, diffusion, 333-335 
Lipopolysaccharide-binding protein 
(LEP), 7 L 4 
binding, 1 L12 

Lipopolysaceharide {LI'S), 711/ 
binding, 714/ 
doses, increase, 71 B 
hyporesponsivencss, 716-717 
molecules, interaction, 714 
Lipoprotein TF, bloodstream 
access LI46-1147 
Liquid array, 449 
technology. 449 

Liquid diets. See 11 arses: Ruminants 
classification, 1649 
feeding regimen, 6643-1654 
formulation, consistency 

(adjustment), 1650-1651 
liquid enteral diet, equine feeds 
(usage), 1643-6654 
liquid whey, filtralion, 369 
Ussauers trad, information 
integration, 24-25 
Lirie™ fuutwji, 1047 
Lirtemi monoq'tcj^ejrei, 205, 233, 405. 

1276-1277. See also Cattle; Horses, 
Sheep 

infection. See Listeriosis 
isolation, 6047 
survival, 1047 

Lime™ monwyJo^CTrei abortion 
clinical signs, 1462 
epidemiology, 1462 
history, 6462 

laboratory diagnosis, 1462 
pathophysiology, 1462 
Ireatment/conirul, 1462 
listeriolysin-O, 1046 


Listeriosis (Circling disease // Silage disease 
// Lirterfjr nroFiMytogertes 
infection), 1045-1043 
clinical pathology, 6046 
clinical signs. 6045-1046 
definition/etiology, 104 5 
epidemiology, 1047 
lesions, 376 

pathologic lesions, 1047 
pathology. 6046 
pathophysiology, 1046 
prevention, 1047-104 B 
treatment, 1047 

Lithium dilution, cardiac catheters 
(preclusion), 1491 
Liver, 313-364 
abnormal findings, 614 
abnormality, sonogram. 303/ 
abscesses 

economic Importance, 312 
occurrence, rarity, 116 
appearance, 313-314 
biopsy, 397-B3B 
cirrhosis, ascites (presence). 393 
damage, drugs (usage), 3071 
dysfunction 

fluid administration. See 1 torses 
fluid therapy, 1431-1492 
echogenicity, Increase 

(demonstration). 303/ 
enzymes, 335-396 
blood, obtaining, 90 
increase, 727 

function, excretion tests, 636-397 
Kupffer's cells, 406 
lesions, variation, 1716 
neoplasia, 919-3 2D 
pathophysiology. 333 
prognosis, 393 
reserve/regeneration, 393 
ultrasound examination, 333, 92 6 
Liver-derived enzymes, S36£ 

Liver-derived serum enzymes, 395 
activity, 305 
elevation, 901 
Liver disease, 3 L3 
diagnosis, B31 
diarrhea, presence, B31 
evaluation, ALP (usefulness), 132 
laboratory tests, B35 
liver failure, contrast, 393 
panel, 3B3 
signs, B31 
list, 394t 

weight lost presence, 333 
Liver failure 
fluid 

considerations, 1432k 
therapy, 6491-3432 
hemolytic syndrome. See I lorses 
list, 394 r 
therapy, 921-923 
Liver flukes, 305-910 
clinical signs, 309 
diagnosis, 909 
epidemiology, 905-303 
infection, 615 
necropsy findings, 303 
pathophysiology, 909 
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Liver flukes (CanZinjiftf) 
treatment/control, 303-530 
Liver junction tests 
performing. LOL 
upper Urnii5. 356i 
Livestock 

bacterial meningitis. Irealment (drug 
regimens), 15051 
chronic poisoning, 1032-1053 
intoxication, 236 

neurologic disorders, dietary deficiencies 
(association), L20f 
.^Ni'ipkwi'iij, reduction. 353-354 
snakebite^. 1703 
LKT. See Uukoloxin 
Llamas 

pelvis, bone marrow collection, 42 5f 
sternum 

bone marrow collection silc, 424/ 
bone marrow sampling, 426 
subdinical mastitis, prevalence, 1141-1142 
uterine culture/cytology samples, 
obtaining, 1444 
L-UA.ME, impact, 574 
lohoirjT spp., 1(555 

Local donor, usage (desirability), 1670 
Local irritant lissue reactions, 
occurrence, 1560 
Localized Infection, effect.. 1254 
Localized myopathy-neuropathy, 1405 
clinical signs, 1405-14 10 
control, 1410 
diagnosis, 1410 
eLlology, 1410 
treatment, L4L0 
Local muscle strain, L4L1-14L2 
Lockjaw. See Tetanus 
Ijocoine, 1062 

Ijocoism, consequences, 1634 
Loco mol ion 
changes, J I 

metabolic cost, increase. 30 
Locomotor muscle, muscle biopsy. 14 N 
Ijocoweed poisoning (acquired 

mannosidosis // Ajmrgizrai/Oq'Erryjis 
poisoning // Locoism // Swainsonine 
toxicity // J^i?i?iofir/5idd Cizrpr.i-zefoVi'ti 
toxicitics), 1062-10(53, 1654 
clinical paLhology, 530 
clinical signs, 1062 
definiiion/ctiolo^, 1062 
pathology, 360 
prevention, 530 
treatment, 530 
unpalatahiliry, 1634 
Locus, definition, 1 660 
Lofasim perenne r 1063, 1707 
Long endoscopes, usage/value, L7-L3 
Ijongissimus dorsi muscle. 

spasm. 1076-1077 
iopsitdrjicr jiHWmre, 505 
Long stem fiber, diet increase, 374 
Loop-mediated isothermal amplification 
(LAMP), 443 
l.oose molar teeth, 732 
LOS. See Lipooligesaccharide 
Lou Gehrig's disease. See Amyotrophic lateral 
sclerosis 

Looping ill. See Ovine encephalomyelitis 


Low-antigen-load equine herpesvirus (EllVj 
respiratory vaccines, 
marketing, 1530-1531 

Low-dietary cation-anion difference forages, 
production (agronomic 
considerations), 1373 
low-dust feeds, change, 566 
Lower airways 

endoscopic examination, 55 
obstruction, 555 
Lower eyelid, asymmetry, 1265 
Lower motoneuron disease, 1032 
Lower motor neuron (l.iVLN) bladder. 172 
Lower motor neuron (I.MN) input, 
disease, L72 

Lower motor neuron (l.iVtN] Lesions. 126 
lower respiratory tract 
bacterial infection, 304. 500 
diseases, 60 L 
infection, diagnosis, 503 
Low-flow ischemia, 705-757 
changes. 706-707 
occurrence, 757 
reperfusion, occurrence, 705 
Low-grade nonseptic airway 
inflammation, 564 
Low-grade recurrent colic, 104 
Low-molecular weight heparin, 
usage, 722 

Low plasma calcium concentrations, 
result, 1377 

Low resting total triiodothyronine (tT,) 
concentration, 1353 

Low-risk cattle, feed lot entry (processing 
protocols), 6332? 

Low urine specific gravity, 334-535 
Low-voltage high-frequency (L.VI IF). 1543 
LPS. See Lipopolysaccharide 
LR5. See Laclatcd Ringer's solution 
i-tryplophan, 644 

i-Iryplophan-indole intoxication, 1 166 
Lubricants, ingestion, 1551 
Lumbar cistern puncture, landmarks 
(close-up), 373/ 
lumbar muscles 
biopsy, 1330 
strain, 1411 
lumbar spine 

spinal cord trauma, (576-1077 
spinal fraclures/luxaLions, 1076-1077 
Lumbosacral spinal tap, 572 
Lumpy jaw. See .Actinomycosis 
Lumpy wool. See Dermalophilosis 
Lunge test, results, 1347/ 
lung parenchyma] bullae, rupture, 551 
lungs 

adhesions, impact, 503 
aerated portion, ultrasound waves 
{nonpenetralion), 433 
auscultation, 46-47, 72-73 
bacteria, colonization, 501 
biopsies 437-453, 555 
consolidation, indication, 5-10 
direct evaluation, thoracoscopy 
{usage), 503 

elastic recoil, measurements. 435 
A-Jdpuzhrimid JidejnflfjMtfjr, 
cstablishment, 6(4 
mechanical function, 453 


Lungs (Confmcj^J) 

surfactant, deficiency, 236-257 
tumors, 666 

kungworm infection. See Large animals 
anthelmintics, usage, 1641-1642 
clinical manifestations. 1641 
control, 1641-1642 
Life-cycle, 1 640 
pathophysiology, 1640 
populations at risk, (645-1641 
presence, documentation, (642 
vaccines, usage, (642 
Lungworms. (631. See ^rha Cattle; Goals; 
Sheep 

clinical management, (642 
control, drugs (usage), 164If 
diagnosis, 1642 

preventive programs, evaluation, 1642 
treatment 1 642 
lupiizNS spp., 1655 
Lutea] function 

prolongation. See Prolonged luteal 
function 

Luteal insufficiency, 1433 
clinical signs, 1433 
diagnosis, 1433 
treatmenl/progncsis. 1433 
Luteal phase, prolongation, 1423 
Luxations. See Spralns/suHuxalionsj 1 
Luxations 

joint funcLion/mobillLy. loss, 12(5 
representation, 12 ID 
LVI IF. See Low-voltage high-frequency 
LVID. Set? L.eft ventricular internal diameter 
Lyme disease, 61B3-I1B4 
antimicrobials, usage, 1 (34 
clinical signs, 1 (33 
diagnosis, I (33-1 (34 
epizoociology, 11 B3 
molecular biology. L1 S3 
public heallh considerations, I (33 
treatment, 1 634 

Lymph adenopathy, clinical sign, 533 
Lymphangiectasia, 73 ( 

Lymphangioma. See I lorses 
Lymphatic dilatation, 

photomicrograph, 75B/ 

Lymphedema, occurrence, B5 
Lymph nodes 
aspirates, 353 
air-dried smears, 353-335 
enlargement, 33-34 

biopsies, helpfulness, 33 
diagnosis approach, 54 
Lesions, 663-664 
Lymphocytes. 406, 1114 
antigens, (6B4 
classes, 16 65 

morphologic classification, 1177 
populations, immune 
Involvement. 1665 
Lymphocytic plasmacylic cellular 
infiltrate, 554 
Lymphocytosis, 403 
Lymphoid cells, destruction, 532 
Lymphoid damage, 1676 
lymphoid systems, proliferative 
disorders, 1 156 
Lymphokines, 406 






Lymphoma 

commonness, ] 176-1 L77 
generalized form, 1177 
hematologic features* 1177 
i mmunohisiochemica] 
classification, 1177 
mullicentric form, ] L77 
treatment, chemotherapy 
(usage), 117fl-II79 
lymphopenia, 403 
Lymphoreticular system, latency 
(establishment). 546 
lymphosarcoma, 1677 
clinical pathology. 1303. 
clinical sights, 1303 
definltlon/etiology, 1302-1303 
differential diagnoses, 1303 
necropsy findings, 1303 
ocular manifestations, 3302-1304 
prevention/control, 1304 
LreaLmenl/pnognosls, 1303-1304 
lyophilLzed equine IgG, availability. 1570 

M 

MAC-1, mediation, 513 
MacConkey agar, usage, 347-343 
Maceration, 204 
Macnocyclic lactones 
efficacy, 1626. 1630 
regimen, advantage, 1(530 
Macrocytosis. See Kican corpuscular volume 
Macnomincrals, supplementation, 370 
Macrophages, 405, 11 14 
cytokine production, 716-717 
inflammatory cytokine production, 722 
Macroscopic lesions, 1032 
Macroziimia spp., 1700 
Mad tow disease. See Bovine spongiform 
encephalopathy 
Mad itch. See Pseudorabies 
Maedi-visna (MV), (55(5-657 
Maedi-visna virus (MW), (55(5 
Maedi-visna virus (MW) infection, 975-37(5 
clinical pathology, 375 
clinical steps, 975 
delinltlon/eliology, 975 
diagnosis/epldemlology, 976 
pathology, 375-976 
pathophysiology, 975 
trcatmcnt/prevcntlon, 976 
Magnesium, 777-773, I369 r 1374-1375 
cofactor. See Enzymatic reactions 
plasma concentration, 1 109 
renal tubular reabBorplion, TEH 
(impact), 1375 

Magnesium sulphate infusion. 2515-257 
Magnetic resonance imaging (MRI] 
disadvantages, (572 
usage, 1 B. 222, 256 

Maiden mares, confusion/fear/anxiety, 266 
Maintenance fluids, composition, 14B3I 
Major medical equine insurance. L6i 
Major milral valve chordal rupture (major 
chorda tendineae). clinical signs, 464 
AdtiiirctisoraiLi dFjreri'oEnym. larva, 204 
Maldigestion tesls, 675 
Male infertility (diagnosis), breeding 

soundness examination (outline), 137fc 


Males 

evaluation, 203 

genetic trails/dlscases, test mating schemes 
(examination), 1659t 
mobility, 134 

preputial hairs, examination, 171 
Male sexual function, alterations, 134 
diagnosis approach, 194 
mechanism^ 134 
Malignancy, hypercalcemia, 1363 
Malignant catarrhal fever (MCF bovine 
malignant catarrh // malignant head 
catarrh). 37. M3. 594, 733-300. 

See dim Peraculc malignant catarrhal 
fever ( MCF) 

.African form, 612 

clinical p.uhology/serology, BOO-SOl 
clinical signs, 300 
definition/ctiology. BOO 
differential diagnosis. BOO 
differentiation, BOO 
epidemiology, 301 
impact, 733 

keratoconjunctivitis, 1277-3273 
clinical signs, I277-L27B 
serology/PC R, usage, 1273 
necropsy findings.. SO L 
pathophysiology, 301 
prevention/control, SO 1-302 
sheep-associated form, 300 
treatmenl/prognosis, 301 
virus, 612 

inoculation, B01 

Malignant edema. See CJpJtriiJmpir .reptMifni 
Malignant hyperthermia (Mil), 32-33 
contractures, occurrence, 1332 
MALT. See Mucosal-associated lymph tissue 
Mjrhw pizn-'r/Jcviz, 1104 
Mammalian cell membranes, ITS 
binding, 714f 
Mammary glands 
anatomy/physiology, 1112 
collform bacteria, multiplication, 1 126 
cutaneous glandular structures, 
modification, 214 
defense, teat (importance), I M3 
defense mechanisms, 1112 
importance, 1114-1115 
ectodermal origin, 214 
enlargement,. 214-215 
infection. See PnelacLalional heifers 
mechanism. See 11 offers 
inflammatory changes (reduction), 
glycyrrhiiln (usage), 1134 
precocious development, 216 
occurrence, 2 16 
Mandible, 676 
enlargement, postmortem 
findings, 13(50 
lateral excursion, 679 

Mandibular cheek teeth, rostral aspect, 676 
Mandibular prognalhism 
(sow mouLh), 263 
Mange, 1321-1323 
Mania, 1 34 

Mannanoligosaccharides (MGS), 370 
Mamhditiu i|‘PirsC*’wrt-JVjrj iWrckVyfiLiJ, fill, 
613-617, 1607-1609 
antimicrobial therapy, 616 


A-Ji-jfi izfzeini id Jia Cindy! tor 

(GtHitfiacirf) 
bacterial isolate, 615 
clinical signs., 614 
clinical trials 617 
commercial vaccines, 1607 
definiLion/eliology, 613-614 
diagnosis, 616 
epidemiology, 635 
experimental challenge srudics, 617 
experimental studies, 1 60B 
field studies, 1603-1663 
immunogens, 1 607 
infection, 1506-1507 
lipopolysaccharide, 614-615 
necropsy findings, 615-616 
pathogenesis, 614-615 
prophylaetlc/metaphylaccic 
administration, 616-617 
serologic tests, 616 
treatment/prevention, 616-617 
vaccination 

timing, determination, 1603 
usage, 617 
vaccines, 1607-1603 
efficacy, 1 60B 
Mannitol 

administration, 1005 
intravenous administration, 373! 
osmolality, 1493 
usage, 263 

Mannosidosis, lesions (identification], 
1053 

Manure gases, 650 
components, 650 
MAP. See Mean arterial pressure 
Maple syrup urine disease (M5UD // 
spongiform encephalopathy), 
1060-1061 

clinical presentation, 1061 
hercdllary spongiform 

encephalopathy, 1060-106 L 
March's disease virus, B01 
Mare reproductive loss syndrome 
(MRL5), 204 
Mares. Lacunae mares 
abortion, 1451 
reason^ 1452-1453 
agaLactla, causes, 2 L 5ir 
anesLrus 
causes, 200h 

differential diagnosis, 1422c 
booster vaccinating, 
practice, 1561 
breeding season, 1419 
clinical signs, 1413 
cervical lacerations, 1443 
clinical signs, 1443 
diagnosis, 1443 
treatment/prognosis, 1443 
cervicitis, 1447 
clinical signs, 1447 
diagnosis, 1447 
corticosteroids, usage, 1441 
cyclic irregularity, causes. E39fr 
dystocia, causes, 210k 
endocrine alteration!!, 207-203 
endometritis, 1433-1439 
endophyte exposure, management, 203 
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Mares (CanJinuftf) 

endophyte-infected la]I fescue, 
grazing, 207 

esLral-relaled seizures. treatment, 1043 
fescue toxicity. manifestations, 20flt 
fetal membranes, retention, 212-213 
causes, 212b 
diagnosis approach, 111 
history, 2] 3 

physical examination, 213 
gestation, prolongation {causes), 2E0ir 
hypogaladia, causes, 2L5i 
idiopathic acute hepatitis disease 

(iahd), 39 a 

ileus, resnll, 1353 
infertility, 1343-1350 
late gestation, assessment, 243-24 & 
left ventricle, M-mode 

echocardiogram. 47]/ 
mammary glands, enlargement 
(causes), 2 L4i 
milk, examination, 203 
ovaries, abnormalities, 1423 
parturition, induction, 24B 
placenta, noca rdioform p]acentitl&. 1453/ 
pneumovagina, 1446 
pregnancy loss. causes, 205h 
Fseiiilemomis/Kiebsidla, horizontal 
transmission, 1474 
puberty. 142 L 

repeat breeding, causes, 202b 
reproductive Iraet, examination. 253 
retained fetal membranes, 143(3 
retained placenta, result, 1353 
seasonal anestrus, E4 21-1423 
serum alloanLibody, 1(565-1(53-0 
udder, examination, 263 
urovagina, 1443 
uterine infections, E433 
trcatmenl (iiUraulerine administration), 
anLibaderial drugs (usage), 144It 
uterine prolapse, 1445 
treatment/prognosis, 1445 
vaginal varicose veins, 1443 
Marginal sagittal ratio, 10(59 
Marginal zone, 24-25 
Marker, definition, 16(50 
Marsh's progressive pneumonia. (55(5 
iVfjirijJea dramjraemJtr, 1024 
Masks, usage, 1533 
Mass lesions, diagnosis, 43 
Mast cells 
inhibitors, 5(56 
administrators, 567 
intragranular substances, storage, 406 
Mastitis, 214. See itiW Clinical masLitis 
addition, 214 
control, 1137-1I3B 
plan. Set? Five-point mastitis control 
plan 

economic impact, 1135-1137 
economic loss, 1137 
eradication, 1137 
genetics, im pad, 113 B 
housing/husbandry risk factors, 

I 117-111B 

impact. See Reprodudion 
infections, specificity, 1 121-1123 
nutrition, impact, 1137 


Mastitis (CdFririiwd) 
pathogens, 1123-1130 

rCK technology, usage, 1320 
resistance, 1112-El 13 
immune function measures, 
usage. 1135 
result, 3 B1 

somaLolropin, impacL. L335 
stochastic modeling, usage, 1137 
susceptibility 

dietary vitamin/mincral concentrations, 
impact, 1137 

increase, si ness (impact), 1 E3B 
teat control, 1 137 
total cost, 1136-1137 
transmission, modes, 1L40 
treatment program, success factors, 1130 
Mastitis-causing pathogens (elimination), 
neulrophils (usage), 1113 
Mastocytomas, 1330 
Mastocytosis. 1330 

MAT. Sec Microscopic aggl urination titer 
Maternal antibodies 
half-life, 1663 
impact. See Vaccines 
presence, 545 

Maternal antibody interference, 1 55 B 
discussion, 1594-1595 
documentation, 1553-L 559 
issue, 1559 

Maternal behavior, 26(5 
Maternal bovine herpesvirus type i (B1IV-1) 
antibodies, vacrinalion 
interference, 1602 
Maternal bonding, failure, 275 
Maternal immunoglobulins 
protection, duration (variation), 1663/ 
redudion, E 665-1690 

Maternally derived antibodies (MDAs), 1553 
foals' response, nonblockage, 1575 
impact, studies, 1574 
Matrix metalloproteinase-] mRNA 
expression, 124(5 

Matrix metalloproreiliases (MMI’s), 557 
Mafurational status, antimicrobial therapy 
(impact), 1507 

Maxilla, enlargement (postmortem 
findings), 1360 
Maxi llaiy bones, 676 
Maxillary cheek leelh. roots. Elenses 

Maxillary dental arcade, 63^ 

Maxi llaiy sinuses 
access, 595 
percussion, 632 

resonance/response, 46 
MB. See Myocardial bound 
MCI R. See Melanocortin receptor 
MCF. See Malignant catarrhal fever 
MCI 1. See Mean corpuscular hemoglobin 
MCI EG. See Mean corpuscular hemoglobin 
concentration 

MCF. See Metacarpophalangeal joint 

MCFp. See Metacarpophalangeal joint 

MCV. Sk- Mean corpuscular volume 

MD. See Mucosal disease 

MDAs. See Maternally derived antibodies 

MDI. See Metered dose inhaler 

Mean arterial pressure (MAT), 

720, 1490 


Mean corpuscular hemoglobin (MCll) 
alteration, 401 
decrease, 401 
increase, 401 

Mean corpuscular hemoglobin concentration 
(MCE 1C) 
alteration, 401 
decrease, 40 E 
increase, 401 

Mean corpuscular volume (MCV) 
alteration, 400 

decrease (microcytosis), 400-401 
increase (maaocytosis), 400-401 
Mean daily water intake, level, 775 
Mean neck circumference, measurement 
procedure, 1352/ 

Mechanical nociceptors, 23-24 
Mechanical ventilation, necessity. 

See I lypoxemia 
Meckel's diverticulum, 733 
embryonic remnant, 733 
Meclofenamic acid, doses 
(recommendation), 755 
Meconium 

composition, 759 
impadion, 311 
palpation, possibility, 759 
retention. 759 

supportive medical management, 759 
in utero passage, 257 
Meconium aspiration syndrome, 304-305 
Medial retropharyngeal lymph nodes, 
abscessation. 573 

Mediastinal fenestrations, occlusion, 497 
Mediastinal lymphoma. 1173 
Mediastinum, space-occupying lesion 
(indication). 9-10 
Mediators, release, 715 
Medr'cdgfl saritva, 1699 
Medicosp spp., 1699 
Medical pradice, hand hygiene 
(indications), 1530b 
Medical record, 1 2 
Medication pneumonia, 659 
Medication types, description, 15-16 
Medulla (gastric centers), vagal molor 
discharge (factors), B20E 
Medulla oblongata 
lesions. L4L-143 

vestibular renters, lesions, 133-139 
Medullocpithelioma, 1041 
Megachiroptera, suborder, 549 
Megaesophagus. See Esophageal dilation 
Megakaryocyte bone marrow 
hypoplasia. El 71 
Megakaryocyte numbers, criteria 
(determination), 427 
iVfegdJpAaers dsdetrii, 330 
Melanin, E9I 

Melanocortin receptor l (MC1R), 

3339-1340 
Melanocytes, 191 
Melanocyte-stimulating hormone 
(MSI I), 139 

Melanocytic nevi (melanccytoma). L 330 
Melanocytic skin tumors. See I lorses 
Melanoma, 1 330-1 33 L. See also Equine 
melanomas 
Melanosomes, 1 92 
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Mdena, 106-107 
cause, 166-107 

dotting abnormalities, consideration, 107 
dJagncisjs, rules, 107 
evidence, 39 

Mclengestrol acetate (MGA), NO 
Meliiotus alba, 1635 
Melting ulcer, development. 1202 
Membrane-bound smoolh endoplasmic 
reticulum, 1030 

Menace deficit facial nerve paralysis 
(impact), 130 
Menace response, L30 

Menadione sodium bisulfite. See Vitamin Kj. 
Menangle viruses, 543 
Mendelian genetics, assumption, 1423/ 
Mendelian inheritance in sbeep 
(MIS). 1653 

Meningeal vessels, congestion 
(appearance), 333 
Meningitis, 333-335. 331-6002 
antibiotic treatments, 939 
clinical pathology, 393 
clinical signs. 593 
dcfinltlon/eliclogy, 931-393 
Entcrobacleriaeeae, treatment, 1000 
necropsy findings, 333 
pathophysiology, 333 
treatment, 333-1002 
Meningocele, LOSS 
Meningocncephalomyelitides, 930 
Meningomyelocele, 376 
Mental alertness, decrease. 134 
Mentation 

abnormal status, 134-137 
Mentation, behavior (relationship), 122-123 
MepLvacaine (Carbocaine), usage, 222 
MEFPS. See Miniature endplate potentials 
M:E ratio. See Viyeloid-to-erylhroid ratio 
Mercuric ions, covalent bonds. 6712 
Mercury, 6712 
chelation therapy, 1712 
clinical pathology testing, L7L2 
toxicosis, L 712 
acute signs. 1712 
diagnosis, 1712 
Merino sheep 
murturundi disease, 312 
segmental axonopalhy, 312 
Merino wethers, humpybaclt disease 
(impact), 362 

Mesenteric abscessation, 320 
Mesenteric fat necrosis, 670-371 
Mesenteric lymphadenopathy, 620 
Mesenteric lymph node, enlargement 
(sonogram), BIB/ 

Mesenteric pedunculated lipoma 
strangulation, 735 
treatment, 735 
Mesenteric root, 303 
Mesentery, root (pulling), 25 
Me50-2,3,-dimercapiosuccLnic acid, lead 
chelation Impact, 1035 
Mesocolic tears, 760 
Mesothelioma, 473 
Messenger KM A. (niRNA), 550 
upregulation, 295 
Metabolic acid-base disorders, 
development, 11 2 


Metabolic acidosis. 323, 367. jff jMki Calves 
causes, 3176 
compensation, 63 
fluid guidelines, L504& 
fluid therapy. See I lotses 
rarity. See 1 [ones 
recurrence, 940 
severity, prediction, 356/ 

Metabolic alkalosis, 337-333 
causes, 3176 

maintenance, factors, 337-363 
pi 1/bicarbonate, increase, 367 
role. See .Acute hypocalcemia 
Metabolic diseases, somatotropin 
(impacL), 6365 
Metabolic disturbance 
blood lactate concentrations, 
increase, 763 
fluids, usage, 774f 
Metabolic efficiency, reduction, 13 L 
Metabolic profiling, 377 
Metabolism, inborn errors 1053 
Metabolite estrone sulfate, fetal 
derivation, 263 

Metacarpophalangeal Joint (MCP|). 
motion, 2 13-220 

Metacarpophalangeal {MCF) point, L245 
Metacarpus/metatarsus, fractures, 1254 
Metaldehyde, 1715 
clinical signs, occurrence, 1715 
diagnosis, 1715 
Metals, impact, 1703 
Metamyelocytes, 405 
MeLaphyLaxis 
term, usage, L5L7 
usage, 1236 

Metastatic pneumonia. 60 L, 660-66 L 
clinical signs, 666 
definilion/cliolugy, 660 
diagnosis, 66 L 
epidemiology, 660-661 
necropsy diagnoses, percentage, 660-66 l 
necropsy findings, 661 
pathogenesis 660 
paLhognomonir signs. 660 
liealment/prveumonia, 661 
Metalarsopbalangeal (MIT) joint, 1245 
consraclural deformity, 3246/ 

Metered dose inhaler (MDl), 561 
Methicillin-resistant Staphylococcus aureus 
(MRS.A), 1543 
absence, 1313 
infections 
control, 3549 
detection, 1536 
Methylaaocymcthanol 

(Agjycone), 101B-1019 
Methylmalonic acid (MMA), 
secretion, 132-390 

Methylprednisolone, administration, 1005 
Methylsulfonylmcthane (MSM), 1203 
Methyl xanLhine derivatives 722 
cytokine suppression, 722 
MeloclopramLde, partial 

5-hydrocylrypLamine 4-receptor 
agonist, 741 
Metritis, 1441 
clinical signs 1441-1442 
diagnosis, 1441 - L 442 


MetriLis (Cottfcnuftf) 

uterine biopsy, L444 
impact, 1367 

treatment/prognosis, L442 
MGA. See Melengestrol ace late 
Ml I. See Malignant hyperthermia 
Ml 1C-1 expression, down regulation, 546 
MIC. See Minimal inhibitory concentration 
Micro arrays, 449 
oligonucleotides, presence, 443 
Microbes (antimicrobial drug susreplibility), 
quantitative assays, 1516-1511 
Microbial digestive processes, decline. 323 
Microbial fermenLaLion, end products, 323 
Microbial-fermentative foresLomach 
disorders prevention, 143-644 
Microbial flora, adaptation, 121 
Microbial population, feed subsl rate supply 
limit {impact), 323 
Microbial susceptibility, in vitro 
determination, 1510-15II 
Microbiology. See Chronic degenerative 
endometritis 
Microbubbles 
injection, 451-453 
left ventricular injection, 
necessity, 451-459 
Microcystis 1031, 1704 

Microcytosis. See Mean corpuscular volume 
Microdilution method, usage, 151 L 
MicrofiLarial preparation, usage. 

See Cutaneous onchocerciasis 
Microfloral activity, evaluation, 133 
Microhematocrit capillary tube, buffy coal 
zone, 1020 

Microminerals, supplementation, 370 
MicronejNiz defetriv, 1011 

rhabdiiid nematode, access LOU 
Micronulrienls, deficiencies 160 
Microorganisms antimicrobial drugs 

susceptibility (Laboratory reports), 15 11 
Microphthalmia, 1273-1273 
Micro satellite 
definition, 1660 
markers, li666 

usage. Sec Parentage verification 
visua lizalion, 1661/ 

Microscopic agglutination filer (MAT), 
usage, 1 I6E 

Microscopic crystaLLurla. urinary tract 
infection (impact), 176 
Microscopic lesions, 1032 
Microvascular insult, 555 
Micnrrai spp., 1701 
Micturition . See Urinal ion 
Ml□ . See Minimum Immunizing dose 
Midbrain, diseases 131 
impact, 133 

Middiaphysis, dorsal aspect (pain 
localization), 1255 

Middle-aged horses, inflammatory airway 
disease (1AD) (impact), 563 
MidlLmb fractures, 1252 
Midmelacarpus, fractures. 1211 
Mila eye lavage kit, 1210/ 

Milbemycins, 1626 
Milk 

allergy, 1303 

antimicrobial drugs, presence, 1507 
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iVlllk (Cff.'ili.'iiifiJ) 
aspiration, 305 
diagnosis, 305 
casein protein, 335 
dotting ability, 346 
culture results, interpretation, HID 
culturing, 1141 

drugs, distribution (aspects). 1507 
ejection (stimulation], oxytocin 
(administration). 1134 
ELISA, 3B5 

fever. See Acute hypocalcemia 
inoculum size/La bora Son.' 

melhods. L ] ID-HID 
lipopolysaccharide (LT5) 
detection, 1120 

macrophages, predominance, 11 14 
nasal regurgilaiion, differential 
diagnosis, 2 Dili 
production 

heat stress, impact, 63B4 
increase. See Dairy eows 
reduction, ID, ] 206 
somatotropin, impact, 3333-] 334 
progesterone concentrations, 
measurement, 3426 
samples. See Composite milk; Quarter 
milk samples 

colLection/storage/haiidling. HID 
somatic cell count {50C), 3 13 5 
synthesis, nutrients 

(requirement), 13 12 
visible abnormality, 13 36 
withdrawal, 360-363 
Milker's nodules, 7D0 
Milking machine-associated Leat damage, 
minimization, 1 E37 

Milk-out, frequency. See Clinical mastitis 
evaluation, absence, L 3 34 
Milk progesterone tests, 1 2 
Milk re placer s 
additives, 3 70-37! 
energy, 370 

feeding. See Orphan foals 
systems, enhancement, 371 
formulation, 147 
manufacturing, 365 
protein. 367 

fag. order (predominance). 37D 
usage 

increase, convenience/economics, 36D 
reasons, 363 

vegetable proteins, soy origin, 363 
Miller's disease, 336Q 

Mineral supplements, calcium/phosphocus 
content L35GJ 

Miniature endplafe potentials 
(MEPF5), 1053-1054 
electromyography finding. 53/ 

Minima] inhibitory concentration 
(MIC), 1511 
data, determinafion, 63 I 
determination, 136-290 
time, impact See Clinical mastitis 
values, veterinarian usage, L332 
Minimum immunizing dose (MID). L594 
Miosis, 302 L 

MIRG. See Modified insulin-to-glucose ratio 
MIS. ,'itV Mendelian inheritance in sheep 


Misenotoxin, 306I 

Misoprostol, synthetic prostaglandin E T 
analogue, 725 
Missense mutation, 3661 
Mites. See rmiFi^Bcidu durtuNnaffs 
impact, 3321 

Mitochondrial myopathy, 343 7- 143 B 
Mitral regurgitation, echocardiographic 
sigjas, 465 
Mitral valve 

bacterial endocarditis, 467 
left parasternal echocardiographic 
image, 465/ 
regurgitation, 456 
Milral valve dysplasia, 462 
reporting 462 

Mixed acid-base disorders, 3B3-3S3 
Mixed acid-base imbalances, 33S-33D 
Mixed-breed calf, terminal rabies virus 
encephalitis, 535/ 

MLY. See Modified live virus 
MM,A. See Methylmalonic arid 
Mmm. See Mycoplasma mycoida subspecies 
mycoidet 

M-mode echocardiogram, 455, 464/ 

M-mode echocardiography, 
performing, 35 

MNC. See Motor nerve conduction 
Mobile phase, observation, 213 
Modified Kaermann's technique. 550 
Modified insulin-to-glucose ratio 
(MIRG), 3353 

Modified live (attenuated) vaccines, 3 534 
Modified live bovine herpesvirus type 3 
(Bl IV-1) 

seropositive ralf vaccination, I 534- L595 
vaccines, availability, 607 
Modified live bovine respiratory 
syncytial virus (BRSV) vaccines, 
avail ability, 630 

Modified live bovine viral diarrhea virus 
(BVDV) vaccines, disadvantages, 1603 
Modified live virus (MLY) 
equine herpesvirus type 1 {EHY-I) vaceine, 
usage, 3530 

inlranasal vaccines, 1601 
parenteral vaccines, 1601 
vaccines, 640 

Modified McMasLer technique, L643i 
MODS. See Multiple organ dysfunction 
syndrome 

Molarizcd cheek teeth, 673 

Molarizcd dentition, eruplion pattern, 634 

Molar pulp cavities, diagram, 67B/ 

Moldy com disease. 

See l.euhoencephalomalacia 
Moldy cornstalk disease. 

See Leuhocncephalomalacia 
Moldy sweet clover toxicosis, 
pathogenesis, 3 L54 
Moldy sweet potato toxicity. 

See 4-ipomeanol toxicity 
Molecular-based diagnostic 
technologies, 447-450 
availability, 446-447 
Molecular biology, techniques, 439 
Molecular detection, 47 
Molecular diagnostic Laboratories 
examples, 4 37-43 B 


Molecular diagnostic laboratories 
(C^niiniwd) 

pneanalytic variables, 440 
selection, clinician guidelines, 44 3 
Molecular Diagnostic Methods for Infectious 
Diseases, 443 

Molecular laboratories, regulatory 
considerations, 44 L 
Molecular results, reporting, 440-441. 

See dfjse Infectious diseases 
Molecular tests 

technologic superiority, 436-437 
throughput applications. 437 
univetsify/eommercial lab adoption, 
increase, 437 
Molybdenum, 1712 
Monday morning disease, 1412 
Monkshood. See Acorn Ann species 
Monocytes, 406-407 
functionality, 3672 
Monocytopenia, 405 
Monocytosis, 403 

Monofrequcncy forced oscillatory mechanics 
(FOM), 435 

Mononuclear phagocyte system (MI’S), 402, 
407 

role. See Disseminated inLravascular 
coagulation 

Monosomy X (XO // Turner's 
syndrome), 1427 

Monovalent L toj^getersenii serovar hardjv 
vaceine, 370 

Moem blindness. See Equine recurrent uveitis 
Moranlel, 3 645 
MonrxrfJa borif, LD4 

rytotoxin, poreforming paLhogenesis, 

1137 

hemolytic strains. 3136 
immunity, I2B7 
impact 1267 

pathophysiology. 3136-3137 
FOX toxin, 3137 
susceptibility, 3133 
MfljWfit.'im encephalomyelitis, 353 
Morgan foals, hepatic failure, 502 
Morgan gelding esophageal Lear (standing 
Lateral radicgiapti). 670/ 

Morgan horse cross-bred marc, 

equine metabolic syndrome, 3 352/ 
Mortality 

equine insurance, I6t 
risk, fetal variables (impact), 149 
Monel land's disease. See Tapillomatous 
digital dermatitis 

MD5. See Mannanoligosarcharides 
Mosaics, 3427 

occurrence, process, 3427/ 

Mothering 3679 
Motility inhibition, 733 
Motility-modifying drugs 

impact.. Intestinal contraction 
role, importance, 740-741 
Motility patterns, maintenance, 313 
Motility problem, 324 
Motion, lalcromedial range. 677 
Molor end plate, diseases, 144t 
Motor nerve conduction 
(MNC), 1095 

velocities, determination, 1095 
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Motor unit 1092 
components, 55/ 
insertion activity, 1053 
instrumentation, 1032-1003 
neurons, relationship, 1032 
Motor unit action potential (MUAF), 1023. 
See iifw Abnormal muscle 
absence. 1034 
amplitude 1 , 53/ 
quantitative analysis, 1054 
Motor unil diseases. 1052 
electromyogr a p hy/ ncrve conduction 
testing, 6052-1036 

Mouth 

blood supply, 700 
buccal receptors, 322 
odor, 36 
rinsing, 6B2 
speculum, usage,, 033 
MoxalacLam, 1006 

M-protein vaccines, serologic (ELISA) 
response, 1532 

MI7S. See Mononuclear pbagocyle sy&Lem 
MRL See Magnetic resonance imaging 
MRLS. See Mare reproductive loss syndrome 
mRNA. See Messenger RNA 
MRSA. See Mctbicillin-resistant St^TjJtHHMis 
aureus 

MSH. See Mdanocylc-stimuJating hormone 
MSM. See Mechylsulfonylmethanc 
MSLJD. See Maple syrup urine disease 
MTP. See Metatarsophalangeal 
MLJAP. See Motor onit action potenlial 
MLIC5AC, 560 

Mucociliary escalator, protective 
mechanism, 32 
Mucormycosis, 655, 320 
Mucosa 

appearance, 723 
edema, 725-720 
Mucosal-associated lymph tissue 
(MALT), 1176 
Mucosal cells 
damage, 705 
function, delay, 71 6 
reaction, cytokines (release), 

702-703 

Mucosal disease (MD), 706 
recovery, 756 

relationship. See Vaccinations 
Mucosal immune responses, systemic 
immune responses (contrast). 1607 
Mucosal injury, characterization, 733 
Mucous clicks, 553 
Mucous membranes 
congestion, 373 
examination, 07 
Mucus 

membranes, superficial Grndutr species 
infections, 532 
presence. See Feces 
Mire forms fjrptdiirif, 055-656 
anthelmintics, usage, 655-050 
Muffled heart sounds. 33-50 
diagnosis approach, 90 
Mule foals, neonatal Lsoerythrolysis. L 163 
Mullerian ducts (paramesonephrLc 
ducts), 142 B-142 5 
Mullis, Kary, 436 


MullicentrLc lymphoma, 61 77 
Multi Ideal renal abscesses. 940 
Multifocal ulcerative enteritis, 723-725 
Multiparous mares, con fusion/fear/ 
anxiety, 260 

Multiple myeloma, kidney (interaction), 333 
Multiple organ dysfunction syndrome 
(MODS). 713 

Multiple pcriLoncal masses, sonogram, 313/ 
Multiples PCR, 343 
technology, usage, 443 
Multisystem ic eosinophilic epilhcliotropic 
enterocolitis, 730 

Murmurs. -See I lolosystolic murmurs 
Murrurndi disense, 532. Sot Like Merino 
sheep 

Muscle cramping, 1333-1400. See aisv Ear 
tick-associated muscle cramping 
dietary electrolytes, impact, 1353 
Muscle crush syndrome. See Cattle 
Muscle panel, 376 
Muscles 

appearance. 1093-6053 
atrophy. 140, 1332 
biopsy 

collection, consideration, 6351 
usage, 6351 
usefulness, 00 

clinical pathology, 1333-1393 
disorders, classification, 1331 
growth hormone (GE1), impact, 

] 336-1332 
mass, loss, 129 
mass/ione, 123-130 
myoglobin concentrations, I3B3-1330 
necrosis, 1392-1353 
pain, induction, 25 
physical examination, 133B 
pressure damage. 1 L10 
serum enzyme activities, 1335-1330 
spasms. 230-231 
mechanisms, 230 
strain. See Local muscle strain 
tremors, 102 I 
weakness, evidence, 1 33B 
Muscle lone. See Botulism 
alteration, 133 6-1392 
disorders, 1333 
evaluation, 123-130 
increase, 133 I 
reduction, 146 
clinical signs, 146 

Muscular activity, tonic clonic seizures 
(association), 32 

Muscular diseases (assessments), enzymes 
(usage). See Large animals 
Muscular fasciculations, 6032 
Muscular necrosis, aspartate 

aminotransferase (AST) (usage), 1333 
Muscular relaxation, providing, 1030 
Muscular rigidity, 1061 
Muscular spasms elicitation, 1033 
Muscular system 
evaluation, 30 
examination, 1303 
Mutations 

discovery, 1662-1663 
impact, 1662 

Muzzles, contamination polentlal, 1523 


MV. See Macdi-visna 

MW. See MaedL-visna virus 
Myasthenia, 1056 
Mycobacteria 

mastitis pathogen, 1123-1130 
saprophytes, 1129-1130 
Mycobacterial organisms, cell-mediated 
immune response, 662 
A-JjinrtuffcfriciJH ahum, ocular manifestations. 
See 1 lorses 

Ahvnhjrri'iirj.'N iJLmu-j subspecies 
pinafufonruiotii, B33 
adult exposure. 334 

colony-forming units, reduction, 367-333 
inlestinal tract entry, S36-3B7 
AJjrafosrtericun bevis, 666, 1073 
antemortem diagnostics, 662 
clinical signs, 661-662 
infection 

determination, 662 
signs, 666 
inhalation, 663 
occurrence, 663 
pathognomonic Lesion. 663 
testing protocols, 662 
A-JjrtThsrtfriciJN paratubercuhsis, 405 
Aijnrp^rsmd, 563, 626 
clinical signs, 56B 
infection, diagnosis, 563 
species, bacteria group, 563 
Aijropiirsmd abortion. 1463, 6463 
clinical signs, 6463 
epidemiology, 1463 
history, 1463 

laboratory diagnosis, 1463 
treatment/controL, 6463 
Aijtiojpilirsmci dgirkirErtie, 62 L 
Aijinopilirsmci Jroi'fs, 621-622 
clinical signs, 62 1-622 
deflni Lion/etiology, 621 
diagnosis, 624 
disease, confirmation, 624 
epidemiology, 622-625 
isolation, 622, 623 
data, 624 

necropsy findings, 623-624 
pathogenesis, 622 

pneumonia/bronrhiol i Lis, histologir 
presence, 223-224 

primary respiratory pathogen, ability, 622 
Lrea Lment/prevention, 624-62 5 
vaccination, 624 
Aijmc^irsmci Mpricwlum, 625 
Mycoplasmal keratoconjunctivitis, 
6274-1275. jff jrJjci Goats; Sheep 
clinical pathology. 1274 
clinical signs, 1274 
differential diagnoses. 6274 
epidemiology, 1274 
prevenLicn/conlrol, 1275 
Lreatment/prognosis, 1274-1275 
AijTnojjJirjmti mastitis, 1122-3123 
pathogenesis, 1122-1 623 
Irealment/conlroL 6123 
Aijinopiirsmu polyarthritis. 

See Goats 

AijTnopiljrjmti mjcorLfej subspecies 
(Mmm), 625 
infection, field cases, 625 
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Mpafdamu ju;nrtf.i files subspecies mitorLfes 
(Mmm) (C^nitFiMfti 1 ) 
localization, 665 
outbreaks, control, (525-626 
Mycoplasma pneumonia, 625-626 
clinical signs, 625 
definition/ctiology, 625 
diagnosis, 625 
differential diagnosis, 1525 
epidemiology, (525 
necropsy findings. 625 
pathophysiology, 625 
prevention/control, 625-(52(5 
Sreatmenl/prognasis, (525 
iVfycopTasjfM species, impedance, 501 
Mycotic diseases 
clinical signs, 1466 
control, 14(56 
epidemiology, 14(56 
history, 6466 
impact, L 46(5 

laboratory diagnosis, 14(56 
pathophysiology, 1466 
Mycotic encephaliLis, 1003 
Mycotic granulomas, 531-552 
diagnosis, 551-592 
endoscopic view, 523/ 
observation, 523 
treatment. 532 

Mycotic guLLural pooch infection, 
diagnosis, 1054 
Mycotic pneumonias, 655 
Mycoloxins, 1705-6703 
discovery, 1705 
Mydiiasis, moderation, 1093 
MydiiaLici'cydoplegic agents, usage. 

See Equine recurrent uveitis 
Myelinated spinal eond tracts, 143 
Myelodysplasias (Syringomyelia // Spinal 
dysraphism// I lydromyelia), 1033 
Myeloencephalopathy, presentation 
(rarity), 445 

Myelofibrosis, confirmation, 421 
Myelographic examination, 1070 
Myelography, 373 
contrast material, 573 
Myeloid bone marrow hypoplasia, L171 
Myeloid cell lines (hypoplasticity/ 
hyperplasticity), M:E ratio 
(usefulness), 434-435 

Myeloid system, proliferative disorders, L173 
Myeloid-tu-erythroid {M:E) ratio 
derivation, 432 
determination, 433 

usefulness. See Erythrocytes; Myeloid cell 
lines 

Myeloma. See I lorscs 
rarity, IIB0 

Myelopathy, types. 1033 
Myenteric plexuses, 703 
photomicrographs, 705/ 

Myiasis, screwworm flies 
(impact), 1323-1324 
Myocardial bound {ME), 470471 
Myocardial contractility, increase, 775 
Myocardial depression. 717 
occurrence, 2B2-231 
Myocardial disease, 4(59-474 
clinical paLhology, 470-472 


Myocardial disease {Qwrd'j-ziieri) 
clinical signs, 470 
differential diagnosis, 463-470 
epidemiology, 472 
necropsy findings, 472 
pathophysiology. 472 
prevention/control. 474 
treatment/prognosis, 472-474 
Myorardial dysfunction, 267 
Myocardial ischemia. 43B 
Myocarditis, 465-474 
clinical pathology, 470-472 
clinical signs, 470 
definition/etiology, 463470 
differential diagnosis, 470 
epidemiology, 472 
gross lesions, relationship 
{absence), 472 
necropsy findings, 472 
pathophysiology, 472 
preven Lion/control, 463 
treatment/prognosis, 463 
Myocardium, muscle necrosis, 1407/ 
Myoclonic limb jerks, 1061 
Myoclonus, 230-23 6 
definition, 210 
mechanisms, 230 

Myoelectrical activity. See Sfneptocmns 
zoaepidem icm 

Myofiber hyperplasia, 14 IS 
Myoglobin, 136 
concentrations. See Muscles 
Myoglobinuria. conlrasL. See I lematuria 
Myometrial activity {registration), 
electromyography (usage), 14IS 
Myometrial contractions, oxytocin 
(impact), 1436 

Myometrial stimolanls, usage. See Retained 
fetal membranes 

Myopathy, generalized form, 1410 
Myositis, 516 

Myotactic reflexes, 126-127. See o?» Farelimb 
myotactic reflexes; Rear limb myotactic 
reflexes 

recumbenL testing, 127 
testing. 626-127 
Myotonia, 1131 
clinical signs, 1353-1354 
diagnosis, 6354-1335 
pathologic basis, uncertainty, 6355 
prognosis, 1135 
treatment, 1335 

Myotonia congenita, 1134. Seeaho Goats 
muscle biopsy samples. See foals 
Myotonia dystrophica. 1394 
Myotonic disorders. 1131-113B 
clinical sigfis, 1353 
Myotonic muscle disorders, 1393 


N 

N-^j. Isolates, designation, 1531 
NASA. See Kuclcic acid-based amplification 
NADU. See Nicotinamide dlnucleotide 
diaphorase 

NAHLN. See National Animal ElealLh 
Laboratory Network 
NAHMS. See National Animal Health 
Monitoring System 


Nail care, impact. See Hand hygiene 
Kail prick. See Elorseshoc nails 

KAIS. See National Animal Identification 
System 

KAIT. See Equine neonatal alloimmune 
thrombocylopenia 

Kaloxone 

cardiovascular effect, 723 
usage, 230-25 I 

NANG. See Nonadrenergic noncholinerglc 
Naproxen, doses (recommendation), 755 
Kancolepsy, 621. 1043-1044 
clinical signs, 1041-1044 
definition/etiology. 6043 
trcatment/prevcn t i o n, 6044 
Narcoleptic Brahman bull, electrophysiolcgic 
examination, 55/ 

Kardoo fern poisoning, 1036 
Kares 

feed, presence, L1 l-l 62 
milk, presence, 263 
mucous membranes, examination, 16 
iN'jTrtfitTEJtnr 1697 

Kasai adenocarcinoma, enzootic form 
(occurrence), 553 

Kasai bols, ocular manifestations, 6253 
Kasai cavity 
diseases, 591-533 
endoscopic examination, 533 
infectious granulomas. 53 6 
pathologic conditions, 56 
structures, vascular characteristic, 56 
tumor, involvement, 1305 
Kasai discharge, 5D-56 
blood, presence, 5B3 
catheterization, 56 
cenlesis, usage, 56 
characterization, 451 
computed tomography (CT) scanning, 
usage. 55 
definition, 50 
description, 50 
development, 543 
diagnosis approach, 54-56 
diagnostic evaluation, 54-55 
endoscopic examination, 55 
history, collection, 54 
ingesta, causes. Jiff 11 ones; Ruminants 
onset, acuteness, 54 
pathophysiology, 50-54 
percutaneous aspiration, 55 
physical examination, 54-55 
radiography, 55 
ultrasound examination, 55 
unilateral characteristic, 537-533 
volume, increase. 54 
Kasai foreign bodies* 532 
Kasai fractures. 532 
Kasai masses, fseitihUeicheria boy'dii 
(impact), 530/ 

Kasai mucosa, hyperemic/hemorrhagic 
characteristic, 30 L 

Kasal/nasopharyngeaJ swabbing, usage. 

See toughing 

Kasai neoplasia, differential diagnosis, 531 
Kasai neoplasms, identification, 531 
Kasai oxygen insufflation, 323 
Kasai passages 

Larvae, irritation, 533 
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Nasal passages (Cmrtfjaued) 
lesions, 523 

radiogjaphlc projections, 55 
Nasal pharyngeal mucosa, Ad(M.tz/]fi?J7frt 
Jrjrfma^Tjciz (presence). (514 
Nasal polyps, 592-553 
Nasal regurgitation, clinical sign, 2G8 
Nasal secretions, 50-5 I 
abnormality, 51-54 
origin, 54 
volume, 54 

Nasal shedding, document alien, 445 
Nasal trauma, 532 
Nasal rumors. 532-553 
Nasogastric decompression, usage. 

312-313 

Nasogastric intubation, 325 
performing, 322 
usage, 8341 

Nasogastric (h'C) feeding tube, 
placement, 164B 
Nasogastric tube (NOT) 
benefits, 507-508 
passage, 582 

Nasolacrimal duel system, developmental 
dcfects/malformatlons, 1267 
Nasomaxillary opening, patency, 563, 535 
Nasopharynx, lesions, 523 
National Animal 1 lealth Laboratory Network 
(NAHLN), 1554-1555 

National Animal Health Monitoring System 
(NAHMS) 
dairy study, B85 
feedlot survey, 647 
study, 243, 1015 

National Animal Identification System 
(NAIS), program participation. 15 
National Cattlemen’s Association (NCA), 
recommendation, 230 

National Committee for Clinical Laboratory 
Standards (NCCL5), 441 
National Research Council (NRC). diet 
requirements, 3 13 

National Veterinary Accreditation Program 
(NVAP), 1552-1553 

Natural gas condensate, ingestion, 1035 
Natural killer (NEC) cells. 514 
functionality, 1672 

Natural milk products, demand, 1112 
Natural toxicants, 1692 
Navicular disease (palmar foot 
pain). 1216-1222 
clinical findings, 1217-1213 
computed tomography, 1218 
corrective shoe/pad, selection, 1220 
diagnosis, 1216-1217 
diagnostic anesthesia, 3237-12 18 
diagnostic evalu alion, 1217-12 6 3 
etiology, 1230 
historical data, 1237 
i n LraaMicular med ications, 1220- 3 22 L 
isoxsuprine hydrochloride, usage, L 220 
lameness evaluation, 1237 
limb conformation, observation, 1217 
magnetic resonance imaging 3238 
medical therapies. L2 13-1222 
medical treatments, 3222 
musculoskeletal examination, 12 L7 
navicular bursography, 121B 


Navicular disease (palmar foot pain) 

(Con runted) 

nonsleroidal ami inflammatory drugs 
(NSAlDs), usage, 1220 
nuclear scintigraphy, 121B 
pain, localization. 1223 
palmar digital neurectomy, 3222 
phenylbulazone, usage, 1 220 
radiographic evaluation, 
nonsensilivity, 1238 
radiographic examination. 12 18 
rest, usage, 1213 
surgical options, 1222 
systemic jolnt-modulaLing drugs. 1221 
therapeutic trimming/shoeing,. 1215 
treatment 12 ID-1222 
trimming, 1213 
ultrasonography. 12 18 
Navicular suspensory apparatus, 
desmitis, 1216 

Navicular suspensory desmotomy, 1222 
NCA. See National Cattlemen's Association 
NCCL5. See National Commillee for Clinical 
laboratory Standards 
NCED. Srr Neonatal calf enteric disease 
NCT. See Nerve conduction testing 
NEC. See Ncaolizing enterocolitis 
Neck 

asymmetric movement, recognition, 215 
evaluation, 10-11 
lymph nodes, inclusion, 3 l 
position, abnormality, 1380 
skin, palpation, 1 1 
Neck pain 

causes. See I torses: Ruminants 
diagnosis approach. 29-30 
manifestation, 30 

Necropsy evaluation. See Parasitic infections 
Necrotic bone, debridement/curettage, 1 24 1 
Necrotic enteritis. 672-873, B74-875 
definilion/ctiology, B72-S73 
diagnosis, 873 
Necrotic laryngitis, 537-5D3 
clinical signs* 557 

definirion/ctiologyi'epidcmlology. 5D7 
diagnosis, 5D7 
differentia] diagnosis, 537 
necropsy lesions, 553 
pathophysiology, 5 57-53 B 
treatmenVprognosis/prevention,' 
control, 598 

Necrotizing bronchopneumonia, 
postmortem pholograph, 616/" 
Necrotizing enterocolitis (NEC), 253, 
314-315 

clinical signs, 315 
NEFA. See Nonesterified fatty acids 
Negative energy balance 
handling 517-938 
induction, 3 15 
mastitis risk factor, 11 37 
Negative-pressure pulmonary edema 
(NPPE), 554 
Negative selection. 1655 
Nematodes 
infections. See Grille 
larvae, survival, 1632 
life-cycle, 1632 
migration. 1080 


Nematode-trapping fungi, usage, 1639 
Neonatal asphyxia, 1363 

assessment (Apgar score), 26Gi 
Neonatal behavior, abnormality, 275 
Neonatal calf diarrhea 
colostrum management, 359 
dystocia, 349-350 
associations, 349-350 
risk faclois, 349-351 

Neonatal calf enteric disease (NCED), 1612 
causes, IQ 12 

development management practice^'risk 
factors, 1612 
proven Lion. 1614-1 615 
transmission, elimination 

(recommendations), LGL2-LG 13 
vaccination, success (rarity), 1612-1613 
vaccines, 1612-1613 
Neonalal calves 

bovine herpesvirus type 1 (RI1V-L) 
infection. 604 

hematology reference values, 2751 
monensin, ingestion, 888 
physical examination parameters, 264i 
sepsis, depressed mentation (presenting 
sign), 333-335 
slorage diseases, 333 
vaccination, recommendation, 1602 
Neonalal diarrhea 
prevention, herd strategies. 351-354 
protozoa/enteric viruses, impact 34 L-342 
Neonatal disease, infectious agents 
(association), 2B3 
Neonatal encephalopathy. 

appropriateness, 256 
Neonalal foals 

abdominal d islention/depresslon, 
uroperisoneum (impact), 31 L 
arterial blood pressure, 1490 
cenlral venous pressure (CVP) 
measurement. 1490 
characteristics, fluid/drug therapy, 325 
cleft palate, absence, 1 10 
diarrhea, 315-316 
differential diagnoses, 316-313 
equine herpesvirus type 1 (EHV-I] r 
infection. 546 

lever/tachypnea, combination, 305 
fungal infections, observation, 2B3 
hematology reference values. 265i 
hypoxic ischemic encephalopathy (HIE), 
impact, 254-256 
infection, 547 

physical examination parameters, 264t 
,!mi!pjwj refill Infection, 317 
shock dose method, alternative, 773 
standing abdominal radiograph, 310/ 
survival, 522 
thyroid function, 1351 
umbilica] uhrasound, placement, 271 f 
urinalysis results, 943 
weakncssj’depiession, 298-295 
Neonalal hemorrhagic enLeroloxemia, 
B74-375 

Neonalal hypercalcemia, 1363 
Neonalal immunity, 2B1 
Neonatal infection 

acute bovine viral diarrhea vims (KVDV) 
infection, involvement, 793 
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Neonatal Infection (CojiCrnued) 

blood cultures. accuracy (importance), 235 
circuLalory support, 290-231 
clinical signs, 283-254 
etiology, 23 L 

immunologic support, 291 
supportive therapy. 29] 

Neonatal isoetyiihrolyEis (Nt), 403 r 

I 653- ] 637. See also Equine neonatal 
isDcrythrolysis; Elorses; Mule foals; 
Ruminants 

Neonatal respiratory disease {investigation), 
diagnostic tools (usage), 301 
Neonatal ruminanls 

acute septic arthritis, 353 
agnmmaglobulinemic characteristic, L143 
antimicrobial therapy, 136-290 
forestomach function, abnormality. 277 
neurologic examination, 279-230 
nutritional myodegeneration, 364 
Neonatal seizure activity, identification. 
293-300 

Neonatal septicemia, ocular 
manifestations, 1279 
Neonates 

abdominal distress, age (impact), 307 
acquired neurologic disease, 279-260 
acute asphyxia, 253-253 
alio immune thrombocytopenia 1151 
ancillary diagnostics. 336-333 
anemia. 364-365 

arterial blood gas (AEG) values, 30] 
bacterial infection, diagnosis, 2641-235 
behavior. 274-275 
colic, association, L06 
depression, 293-299 
diagnostic tests, 347-343 
drags, biotransformation, 1 507 
enteritis, presence, 307, 369 
environmental risk factors, 335 
examination, 333 r 336-336 
failure of passive transfer (KFT), 300-301 
fever, differential diagnoses. 365 
heart murmurs, 366 
hematologic evaluation, 
application, 294-265 
hypotensive status, 3,27-325 
idiopathic/transient tachypnea, 305-306 
infection, clinical signs (onset lime), 294 
nasal passages. 267-269 
oral cavity, 267-263 
oral feeding, medical contraindication 
(absence), 326-323 

pathophysiologic considerations, 253-254 
pharyngeal/laryngeal function, 
impairment. 302 
postresuscitation care, 261 
respiratory conditions, 336 
respiratory support, 330-33] 
respiratory tract, 267 
resuscitation, 2 53-26 L 
flowchart, 260/ 

sepriccmia, failure of passive transfer (FFT) 
(presence), 333-335 
supportive care. See Abnormal neonate 
upper respiratory tract disorders, 
rarity, 302 

urinalysis/urine culture, 172 
uroperitoncum, presence, 307 


Neonates (Cdntinned) 
vascular accidents, 300 
veterinarian interaction, 15 
weakness, 235-293 

Neoplasia, 635, 731, 337-936, 37], 1674. 
See izIh Esophagus; Horses 
abnormality, inclusion, 920 
central nervous system/diencephalon;' 

occipital cortex, involvement, 1305 
clinical signs, 937-333 
diagnosis, 937-935 
treatment. 339 

Neoplastic cells, observation. 497 
NrericJwJtfj'fl jfjfrcfj 

impact. See Potomac horse fever 
molecular detection period. See I lorses 
natural infection, recovery, 1533-1534 
tiler, paired sera, HOI 
Neuipara camnum f protozoal 
abortifadent, 1456 
Neosjtara camnum abortion, 1465 
Nerajtorci hugfa&i, 444-445 
Neospora infection. ]003-3009 
defini licn/etiology, 1006-1009 
Neosporosis, incidence, 1015 
Neostigmine, impact. See .Acetylcholine 
Nccrmi pi ikirid duftoNFudrs, 3321 
Neotyphodiitm eaenaplmlwtT, impact, 33 
Nephrogenic diabetes insipidus, 344-945 
Nephrolithiasis, 952 
acute urethra] obstruction, 553 
ancillary diagnostic tests, 353-954 
bladder rupture, 353 
clinical findings, 952-353 
clinical pathology. 953-954 
dietary management, 357-953 
differential diagnosis, 353 
epidemiology, 956 
gender, impact. 356 
medical treatment, 330 
necropsy findings, 554 
pathophysiology. 956-357 
postoperative considerations, 355 
preoperative consideration^. 954 
prevention, 357-956 
radiography, 953 
salvage, 954 

surgica] options, 354-955 
surgical treatment, 954 
treatment/prognosis, 954-355 
ultrasonography, 353 
urethral rapture, 953 
NephroLoxic agents* 966i 
Nephrotoxicity, 343 
Nfjfjtppi oleander, 1697 
Nerve conduction 
physiologic alterations, ]035 
slowing, 1095 
Nerve conduction testing 
(NCT), 1032-1036 

computer-based units, usage, L092-1093 
Nerve growlh factor, impact¬ 
's 1 Hyperalgesia 
Nervous coccidiosis, 1006- ] 007 
clinical pathology, 1006 
clinical signs, 1006 
definiticn/etiology, 1006 
epidemiology, L007 
necropsy findings, 1007 


Nervous coccidiosis (Gwitnauflf) 
pathophysiology, ] 006-3007 
treatment/prevention, 1007 
Nervous ergotism. See Dallis grass staggers 
Nervous system 
diseases, 33 
examination, 122- L33 
pain transmission. See Central nervous 
system 

physical examination, ]22 
Nested PCR, 445 
testing, usage, 445 
Net, capillary filtration, 1437 
Net energy (N'E) requirements. See Reef 
cattle; Young lambs 
Neural tissue 

bovine herpesvirus type I (BHV-1 ), latent 
infections, 605 

creatine kinase, RR isoenzyme, 974-375 
N'euraxLal edema. See Congenital myoclonus 
Neurectomy', success rates, 1067 
Neurofibroma.. 1041 

Neurogenic atrophy, L074. See izise CharoLais 
bull 

Neurogenic diabetes insipidus, L344 
N'euroinvasive disease, 

susceptibility, 393-932 
Neurologic abnormalities, result, 256 
Neurologic diseases 
diagnosis, 120-122, 133 
diet, impact, 120 

differential diagnosis, considerations, 120 
environment, relationship, 323- 122 
geographic area, importance, L2L-3 22 
gestational stage, impact, 122 
history. L20 

infectious disease hisrory, 
relationship. 122 

localization, clinical signs (basis), 134-146 
physical examination, aspects, 333 
vaccination, impact, L22 
Neurologic dysfunction, onseL 
(variation), 1030 
Neurologic examination, 172 
abnormalities, 123 
systematic approach, 122 
Neurologic gait deficits, onset, 3067 
Neurologic injury 
electrolytes, usage. 1500-1501 
fluid additives, 1500-1501 
glucose, usage, 1500 
thiamine, usage, 1500 
Neurologic Lesions, caudal Location, 344 
Neurologic pnlhogens, 444-445 
Neurologic signs, poisonous plants 
(impact), L2Lt 

Neurologic trauma cases, replacemen t fluid 
therapy, 1436-343 9 
Neuronal lipodystrophy, 1060 
Neuronal pathways, brainstem location. L23 
Neuroophlhalmologjc lesions, 
location, 1391 
Neutropenia, 403 
causes. 406 

Neutrophil-endothelial conjugates, 
formation, 717 
Neutrophilia, 407-403 
Neuirophi 1/1 ymphocyte (N/L) ratio, 
decrease, 75 
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Neutrophils, 405, II13-1 IN 
activation, 716/ 

activity (impairment). MynppfdSffla Jjpin'j 
(impact), 

n ill i microbial sytli'm, 1113 
apoptosis, 1113-1114 
function, 405 
functionality, 1672 
in fill rate. photomicrograph, 703/ 
interaction, 703 
phagocytosis, 1113 
recruitment, 670/. 1113 
Neutrophil-lo-leukocyte {N/L) mla, 410 
decrease, 405 
increase, 4 10 
Newborn calves 
carbohydrates, digestion, 363 
gastrointestinal physiology, 3(57 
Newborn foals 
cardiac auscultation, 267 
creatinine concentration, 54 B 
dental problems. 263 
cars, 205 

cyes/strucLures, 203-265 
gastrointestinal tract, 263-270 
maintenance fluid requirement, 327 
musculoskeletal system, 274 
neck/back, problems, 265 
respiratory disease, detection, 30 L 
serum creatinine elevations, 343 
systemic sepsis, E. ccii (mediator), 310 
Lhyroid glands, 205 
umbilicus., 270 
urogenital system, 271-274 
Newborn ruminants 
behavior, 274-275 
body temperature. 276 
cardiac arrhythmias, 276 
cardiac defect, 276 
cardiovascular system, 276 
care, 274-275 
congenita] defects, 27B 
congenital disorders, 27(5 
distance examination, 275-276 
dyspnea/coughing, 276 
ears, 277 

eyes/structures, 277 
gastrointestinal tract, 277-276 
intraabdominal umbilical structures, 
ultrasound examination, 273 
legs, examination, 273 
maternal behavior, 275 
musculoskeletal system, 273-273 
navel treatment, efficacy, 27B 
neck/back, 277 

oral cavity/nasal passages, 276 
physical appearanoe/bodyweighl/body 
condition, 276 

physical examination. 274-275, 
275-230 

postpartum assessment, 274-275 
rectal temperature, 27(5 
respiratory tract, 276 
skull, examination, 273 
tail/brachial arteries, peripheral 
pulses, 276 

umbilical hernias. 273 
umbilicus, 273 
urogenital system, 27B 


Newborns 

calves, artcrial/venous blood gas 
values, 253( 

homcothermy, ambient temperalures 
(range], 252-253 
lung disease, 276 

New World camelids. Lymphoma. 1 175 
N'F. See Nuclear factor 
NGT. See Nasogastric Lube 
NhSAGL ELISA, development, 1011 
NX Sly Neonatal isoerylhrolysis 
Nibble reflex. 3 B1 
Niwtiana, toxicity, 233 
iVfcotr'turjr giriifLi, 1655 
Nicotinamide dinucleotide diaphorasc 
(NADU), B0 

Nicotinic-acting alkaloids, 1655-1656 
clinicopalhologjc changes, 1655-1656 
Nictitating membranes, I65B 
examination, 3262 
trauma, 1270 

NLgropaflidal cncephalomalacia (Yellow star 
thistle poisoning // Russian knapweed 
poisoning), L 052-L 053 
clinical signs, 1052 
diagnosis, L052 
epidemiology, ] 052-J 053 
necropsy findings. 1052 
pathophysiology, 1052 
treatmenl/prevention, 1053 
'•" ,c,T Tc hexamcthylpropyleneaminc oxime 
(““"Te-HMFAO), usage, 674, 312 
NLpah viruses, 545, 530 
Nitazoxanide (NTZ), treatment, 3036 
Nitrates, 1702 
toxic levels, 1702 

Nitric acid synlhase (NOS) Inhibitor, 
usage. 71B-7I3 
Nitric oxide (NO), 735 
production, 24 
synthase inhibitors, impact. 

See Inflammatory pain 
Nitrite, toxic levels, 1 702 
NLtro-containlng plants. 1653 
Nitrofurazone toxicosis, 3035 
clinical signs, 1035 
Nitrogen dioxide (NOJ, 643-650 
differential diagnosis, 645-650 
nexropsy findings, 650 
treatment,. 650 
NLtropcussidc, 730 
NLtroioxins, 3633 
Nizatidine, usage, 636-653 
N/L. See Neulrophil-to-Leukocyte ratio 
NMD. See Nutritional myodegeneration 
NMDA. See ^meihyL-n-aspartate 254 
NMDA/AMFA receptors, 24 
w-mcthyl-ii-aspartate (NMDA), 3040 
stimulation, 254 
NO. See Nitric oxide 
iVonzrLfitJ species 

diagnosis/dlfferentiation, milk culture 
usage [requirement], 1123 
mastitis pathogen, 1125-1130 
saprophyte, identification, 3125-1130 
NocardLoform actinomycete, 204 
NocandLoform placentitis, premature 
mam maty development, 14 53 
Nociception, 23-24 


Nociceptive stimulation, 742 
Nociceptors, 23-24 
purpose, 24 
types, 23-24 

Nikiulana sphaeracarpa, 1013 
Noifufurfti jpjitFii^HiZ, 1704 
Nodular necrobiosis. See Eosinophilic 
granuloma 
Nodules, 135-166 
definition, 1B5 
diagnosis approach, 165-336 
formation, mechanisms, 1B5 
No-flow ischemia, reperfusion injury, 705 
NofiFiti lexizniz, 1657 

NonadjusLed chimeric yellow fever-vectored 
vaccine, 1574 

Nonadrenergic nonchollneigic (NANO) 
neuretransmitters, 735 
Noncellular defense mechanisms. 13 14 
Noncore vaccines, concept,. 1561 
Nondissociated volatile fatly adds (VT-'As) 
concentration, Increase, 322 
level, 323 

Noneslerified fatty acids (NEFAj, 

177, 3365 
conversion, 535 

Nonexemonal rhabdomyolysis, 1400 
Nonfatal acute bovine pulmonary edema 
and emphysema (AEFEE), 450-666 
Nongravid ulerus, 313 
abnormal findings, B15 
appearance, 313 

NonhemagglucinatLng paramyxovirus, 353 
Non-hol-start DNA polymerases, 
specificity, 435-440 

Nonhuman animals, pain (sensation), 26 
NonlnfecLious lameness, 320-121, 364 
developmental causes, 32 L 
Nonlnvasive candiac output measurements. 

Bullet method (usage). 1453 
Nonleukocytoclaslic vasculitis, skin 
biopsy, 3 L4S 

Nonneoplaslic masses, observation, 70S 
Non-non infectious causes. See .abortion 
Nonpalhogenic infertility, L413 
Nonpigmenled humans, purpura, 16-17 
Nonpretein nitrogen (NFN), L7L3 
clinical signs, 1713 
products, conversion, 3733 
toxicosis, 17 IE 
diagnosis, 1713 
Lrealment, 1733 
Nonsense mutation, 1662 
Nonseptic inflammatory airway disease 
(IAD), 503 

Nonspasmogcn toxin, 1030 
Nonspecific immunity, increase, 151-354 
Nonspecific lesions, outbreak, 204 
Nonsteroidal antiinflammatory drugs 
(NSAlDs), 435 
admin islration, 543, 756 
adverse effects 
absence, 326 
attribution, 755 
clinical signs. 756 
diagnosis, 637 
equine usage, 754-755 
management. 756-757 
NSAID-induced ulcers, treatmen t, 1204 
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Nonsteroidal antiinflammatory drugs 
(NSAlDs) (GwrDVrued) 
pathophysiology, 755 
toxicity, 747-743, 754-757 
clinical signs, 756 
relationship, 755 
usage 1 , 536. 722 
impart, 7] l. 72 I 

NonsIrangulaLing infarction, 707, 737 
occurrence, 717 
Nonslructural protein (NSP4), 

341-342 

Nonstructural proteins (NSPs), 

350-531 

NontapeLal depigmenlalion, 1232/ 

Non thyroidal illness syndrome, 1343 
Nonulcerative keratitis. 1250 

immune-medialed pathogenesis. 1250 
Nonulcerative keratouveilis, 1130 
pathogenesis, 1250 
iherapy, 1250 

Non visual animals-, compensation, 1263 
Norepinephrine, 27, 773 
formal-Leim posenursing foals, serum 
biochemical reference values, 265t 
Normocapnia, 7] 

Normosul-K, 770 
Normotensive hydrocephalus 
(hydranencephaly), 1030 
North American vaccine manufacturers, 
response, 1577 
Northern blotting, 447 
NOS. See Nitric acid synthase 
Nosocomial infections, 330 

prevention, determination, 1535-3536 
risk reduction, procedures, 1526 
Nosocomial outbreaks 

animal identification. Importance, 1545 
factors, 1545 
impact. See Facilities 
intervention,^ nvesligaiion, L 533- 6 546 
response, principles, 1545 
transmission mode, determination, 1545 
Nostrils 
flare, 537-533 
odor, 46 

NTN. See NonproSein niLrogen 
NPOH. See 3-nilropropanol 
NPFE. See Negative-pressure pulmonary- 
edema 

NRC. See National lie search Council 
NSAlDs. See .Nonsteroidal an Li inflammatory 
drugs 

N5P4. See Nonslructural protein 
NTZ. See Nilazoxanide 
Nuclear angiocardiography, 457 
usage, 455 

Nuclear factor (NF), 715/ 
activation, 35 
Nuclear medicine 

imaging, availability, 434 
procedure, usage, 674 
usage, &74 

Nuclear scintigraphy. See Coughing 
aerosolized technetium-35m, usage. 45 
usage, 1390-1391 
Nucleated erythrocytes, 402 
Nucleic acid-based amplification 
(NAEA), 443 


Nucleic acids 

amplification techniques, clinical 
applications, 442, 442^446 
detection, 630 
extraction, 440 

Nucleic acid sequence analysis, 450 
Nucleus accumbens, ascending pathways 
(activation), 26 

Nucleus ambiguus, lesions, 141 
Nuisance coughs. 50 
Nurse cows, grazing 1635 
Nutrient requirements, environmental 
factors, 160 
NotriLion 

maintenance, 243-250 
poor quality, 1421 
Nutritional considerations, 1(533 
NorrilionaL diarrhea, 346 
NorriLional muscular dystrophy, M05 
Nutritional myodegeneration 

(NMD), 1352, 1405 association. 

See Calves 

candlac form, 1407-140E 
impact, 304 
occurrence, 23 B 

Nutritional rhabdomyolysis, 1405-1403 
clinical pathology, 1405-1406 
clinical signs, 1405 
defmiLion/eLiology, 1405 
epidemiology, 1406-1407 
necropsy findings, 1407 
pathophysiology, 1406 
prevent ion/contnal, 1403 
1 real m e n t/ p r og.n o s is, 1407-1403 
Nutritional secondary 

hyperparathyroidism, 1360-13 62 
clinical signs, 1361 
d e fi n i t i c n/el i o I ogy, 1360 
impact, 3373 
laboratory findings, 1361 
necropsy, 1361 

pathogenesis, 1360-1361. See <sf» Horses 
radiologic findings. 1261 
treatment, 1361-1362 
Nutritional status, assessment, 6, 1623 
NVAF. See Nalional Veterinary Accreditation 
Program 

Nymphomania, 153 

Nystagmus. 133-133. See itfse Spontaneous 
nystagmus 
observation, 1056 

o 

OA. See Osteoarthritis 
OAAM, 235 
Oaks, 1 700 
toxicity, hazard, 1700 
Oak toxicosis (acorn toxicosis), 376-E7E 
clinical pathology, B76-S77 
clinical signs, B76 
defmition/etiology, 376 
differential diagnosis, 376 
epidemiology, 377 
factors, E76 
necropsy findings, 377 
pathophysiology, 377 
prevention/control, 373 
Lreatment/prognosis, 377 


Obesity. 164-165 

diagnosis. See Elorses; Ruminants 
identity, mistake, 167 
IK/laminitis. relationships, 1353-1354 
mechanisms, 164-167 
physical examination, usage. 167 
problem^ 164-167 
total dietary energy, intake 
(prolongation), 167 
treatment, 163-163 
Obstructed urethral process, 
amputation, 354 
Obstructive disease, 53 B 
Obstructive intestinal diseases, B6B 
clinical signs, 363 
definiiion/etiology. B6B 
differential diagnosis, 363 
Obtundation 

dull/mi Id/moderate Level, L34 
severe Level. 134 
Obtu rator nerve, i 103-1103 
mulor impulses, 1 LOB 
Obturator paralysis, 1105 

syndrome. See Calving paralysis 
syndrome 

Occipitoatlantoaxial area, asymmetric 
malformations, 1064 
Occi pitc-atlantoaxial 

malformation, IOB3-I034 
Occult blood. 356 

presence. See 1 lemoptysisr 1 lemorrhagic 
nasal discharge 
Occult wolf teeth, 633 
Occupational infections, 355 
Occupational Safety and 

Health Administration (051IA), 
records, 35 
Ochratuxin, 1703 
Ocular abnormal itics, 137-133 
Ocular aspirates, bacterial cultures, 1265 
Ocular asymmetry, 1265-1267 
Ocular color change, 1267 
Ocular discharge, L 267-12 63 
characterization, 1267 
Ocular disease, signs. 1265 
Ocular elaeophoriasis, 1233 
clinical signs, 123E 
diagnosis, I23B 
treatment, 1 23 E 
Ocular examination. See Head 
Ocular habronemiasis, 1257 
clinical signs, 1237 
diagnosis, 1237 
treatment, 1237-1253 
Ocular immunology, 123B-L2S3 
immunologic reactions, 
occurrence, 1233 

intraocular immune response, I2B3 
type II (cytoloxig'cylolytic) 
hypersensitivity, L2B3 
type III (immune complex) 

hypersensitivity, L2B3-1235 
Ocular irritation, 1274 
Ocular manifestations. See Nasal bols; 

Neonatal septicemia; Tuberculosis 
Ocular mass, presence, 1267 
Ocular media, opacities, 1267 
Ocular morbidity, minimization, 
3235-1236 
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Ocular neoplasia, ] 13?-] 301 
differential lM .ignores, 1 2331 
QcuLaj neoplasms, repent See Large animals 
CkuLar oncbocerc iasis. L256 
clinical signs. 1236-1237 
diagnosis, 1237 
lesions, 1231 
pathogenesis, 1236 

systemic corticosteroids, indication, 1237 
treatment, 1237 
Ocular pain, L268 
result, ] 266 
Ocular parasites. 1236 
Denial paresis, ] 33 

Ocular signs, causes, ,'hv Large animals 
Ocular squamous cell carcinoma 

(OSQC), L 301-1302. See also Bovine 
ocular squamous cell carcinoma 
clinical signs, 1301-1302 
definltion/eliology, 1301 
differential diagnoses, 1301-1302 
epidemiology. 1302 
neaopsy findings, 3 23 B 
pathophysiology, 1302 
prevention/control, 1302 
IreaLmeni/pnognosU. 1302 
DmLai structures, criminal ion, 12S2 
Ocular surface 
bacterial cultures, 1265 
scrapings, cytologic evaluation, 1265 
DcuLar sympathetic system, denervation 
site, 1053-1054 
DmLai thelaziasis, 123 B 
clinical signs, 3238 
diagnosis, 1233 
treatment. 123B 

DmLai tissue, microfilariae (presence}, 1237 
DmLai trauma, 1263 
causes, 1263 

Dculomotor nerve (cranial nerve 111), 131 
function, 131 
ruolor nerve, 131 
Odontogenic neoplasms, 637 
Odynophagia, clinical evidence, 573 
tfcstnyj Pi'fs infestation, 533-534 
clinical signs, 503 
definition/eliology, 533 
diagnosis, 503-534 
epidemiology, 533 
pathogenesis, 533 
treatment/prevention, 534 
Office of International Epizootics 
(OIE), 1551 

Dtiiu Slate University (OSJ), 
studies, 1012-1013 
DID. See Ovine inlerdigiial deimalilis 
OIE. See Office of InternalionaL Epizootics 
Older foals, pneumonia, 521 
Older horses, diseases (moderate/high 
risk), 1550 

Olecranon, fractures. 1254 
Olfactory nerve (cranial nerve t), 
examination, 130 
Oligodontia, 665 
Oliguria, 177, 323-324 
clinical signs, 324 
definition, 177, 323 
etiology, 323 
pathophysiology, 323-324 


Oliguria (CbrUimi-ed] 
physiologic adaptation, 177 
treatment, 324, 1467-1438 
approach, 323 

vasomotor acute renal failure (ARE) 
indicator, 327 

Oliguric renal failure, fluid therapy, 1456 
Omasa! IransporL failure (anterior functional 
stenosis), 625-327 
Omasum, 8 L7 
abnormal findings, 817 
appearance, 817 
Omeprazole 
paste 

feaLuies, 633 

formulation, registration, 635 
proion pump inhibitor, 633 
OMIA. See Online .Vtendelian Inheritance in 
Animals- 

Omphalitis, 321-322, 364 
clinical signs, 322 
definition/ciiology, 321-322 
diagnostic methods, 322 
differential diagnosis, 322 
infection, overt signs, 364 
ireaimenl/prognosis, 322 
Omphalophlebitis, 321-322 
clinical signs, 322 
definition/ciiology, 321-322 
diagnostic methods, 322 
differential diagnosis. 322. 364 
ireatment/prognosis, 322 
QNAV. See Ovine nasal adenocarcinoma 
virus 

OflcftiflCOTZi ceriiiftifji, 1631 
Omnhorennz larval migration, I 267 
Onchocerciasis. 1238. See jrJio Ocular 
onchocerciasis 
Oncogenesis, 1630-1681 
On-farm management practices, 637 
Onions, j-meihyLcyslcine sulfoxide, 1673 
Online Mendelian Inheritance in Animals 
(OAilA), L 653 
Oocysts, recovery, 343 
Oocytes, chromosomal/genetic defects, 204 
Oophoritis, 1435 

OFA. See Ovine pulmonary adenocarcinoma 
Open joint injuries, L 204 
Open-mouth breathing, 656 
Open reading frames (OKFs), 511-512 
Open thoracic wounds, 55 L 
Ophthalmic examination. L253 
form, usage, 1261/ 
inspection, 1253 

instruments/matcrials, usage. L 253-1261 
neuroophthalmic assessment 1253 
procedures, 1253-1263 
restraint 1253 
Ophthalmic history, 1253 
form, example, ] 2G0/ 

Ophthalmoscope, usage. 1263 
Opiates, impact, 26 
Opisthotonos, 102 3 r 1205 
observation, LD56 
Opossums 

access, prevention, 1017 
feces, Starcatysib sporocysts 
(presence), 1012 
numbers, estimation, 1013 


OFF. See Ovine progressive pneumonia 
OrPV. See Ovine progressive pneumonia 
virus 

Ors. See Organophosphates 
Optic disc 

abnormalities, 1263 
fundus, proximity, 123 1/ 
pallor, 1232/ 

Optic nerve (cranial nerve II) 
appearance. See I lorses 
aliophy, 1264/ 
examination, L 30 
trauma. 1273-1274 
Optic nerve fibers, crossing, L37-133 
Optic neurilis, 1 276-L273 
Oral anatomy, 676-677 
Oral antimicrobial iherapy, efficacy, 361 
Oral bleeding exclusion, 107 
Oral candidiasis 

clinical pathology, 1676 
clinical signs, 16-76 
deflnition/etiology, 1676 
immunodeficiency, association, L676 
neaopsy findings. 1676 
tneatment/piognosis, L676 
Oral cavity 

examination, 568 
detail, 662 

pathologic conditions, 56 
secondary neoplasms. 637 
Oral disease, 676 

Oral electrolyte preparations, usage, 356 
Oral electroiylc solutions 

alkalizing abilities, comparison, 360/ 
composition/usage. See Calves- 
energy contents, comparison, 360/ 

Oral examination, inclusion, 54 
Oral fluconazole, usage, 527 
Oral fluid therapy, 773-772 
Oral lesions 

cause, determination, 113 
NorLh American infectious diseases, 
association, 913 
presence, L12-1L3 

Oral mucous membranes, examination, 43L 
Oral sodium chloride (NaCl), acute toxic 
dose, 1026 

Oral supplementation, 1643 
Oral vesiclcs/erosions/uLcer^/ 
growths, 112-113 
Orbit, trauma, 1 263-L 270 
Orbital injuries, 9263 
Orchitis, 1475-1430 
clinical signs, 1473-1460 
deflni Lion/etiology, 1473-1430 
differential diagnoses, 1473-1460 
prevention/conlrol, 1480 
treatment/prognosis, 1480 
ORF. See Contagious ecthyma 
ORFs. See Open reading frames 
Organ dysfunction 
anemia, 1170, 9171 
criteria, 7l3f 

Organic acidoses, 1504-1505 
Organic compounds, toxicology, 1712 
Organochlorine insecticides, 1713 
clinical signs, 1713 
treatment, 9733 

Organochlorine residues, persistence, 1713 
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Organochiorines, fatty tissue 
accumulation, 1713 
Organophosphales (OFs), 1611, L645 
concentrations, L2L 
toxicosis, treatment, ] 7 3 2- ] 713 
Organophosphorus anthelminlhs, 109 L 
Organum vasculosum laminae terminal is 
(OVLT), 34/ 

Ornithine carbamoyllransferase. 331 
OrcrftJradenH nraraciewj. See Argasid lick 
Orophaiynx, examination, 556 
Orphan foals. milk replaces {feeding). 371 
OrthomyxovLridae, genera, 543 
Osborne, Gad, 357b 

QSCC. See Ocular squamous reil carcinoma 
OsriftiZtan'a qjandfiir, 1033 
OS1IA_ See Occupational Safety and 1 lealtb 
Administration 
Osmolality. 333-334 
level, 177 

urine-to-plasma ratio, 334 
Osmoles, addition, 143B 
Osmolyle 1 IK, 1643 
OsmoLically active particles, numbers 
(increase), 36 
Osmotic diarrhea, 07 
association, 57-53 
Osteitis fibrosa, 1360 
Osteoarthritis (OA), L2Q7-I219 
classification schemes. 1203 
clinical signs, 1 20B 
definition, 1207 
diagnosis, I29B-L203 
etiology/classification, 1207-MOB 
gait abnormalities, comparison, 3203 
poinl disorders, 1207 
point involvement, identification, 1200 
pathology/palhogenesis, L 203 
polysul fated giyoosaminogjycan 
(GAG), inlraarticular 
administration, 1203 
prognosis. 1210 
scintigraphy, usefulness, 1200 
therapeutic options, 1 205 
treatment, 1203 

Osteochondritis dissecans, ] L30 
lameness/effusion, observation, ] L30 
Osteochondrosis, L100-1152 
definiiiorv'etiology. I ] 50 
diagnosis, 1 130 
eLiology, L067, 1132 
manifestations, 1131 
pathogenesis, uncertainty, 1151 
pathophysiology, 1131-1132 
treatmen (/prognosis, 1 L32 
Osteodystrophia fibrosa, 732-733, 1360 
Osteomalacia, 1254-i 255 
presence, 1232 
relationship. See Rickets 
Osteomyelilis, 1L 30-1204. 1213-1216, 1254 
acute form, 12 14 
antibiotic-impregnated 

polymeLhylmel hacryiale (PMMA) 
beads. 121(5 
antibiotics, parenteral 
aLlniinistcaiion, 1216 
clinical pathology, L2L5 
clinical signs, 1 214-12 15 
definiiion/ctiology, 1213-1214 


Osteomyelitis (ConJmnftf) 
diagnosis, 1201-1202 
differential diagnosis, 1214-1 21 5 
incidence, LI93-1200 
pain management. 1204 
pathogenesis, 1200-120 L 
pathophysiology, 12 15 
prevention/controL, 1236 
prognosis, 1 204 
risk factors, L193-1200 
septic arthritis. association, 1215 
surgical treatment, goal. 1215 
treatment, 1203-1204, 1215-3216 
Osteophytosis, presence, 1 232 
Qsleoporosis, 1373-1374 
forms, L 373-1374 
presence, L232 

Osteosclerosis, presence, 1212 
Oulec membrane extract, L <507 
Oulec membrane proteins (OAiFs), L <507 
Outpatient areas, 1533 
contagious disease risk, reduction, L531 
Ova, microscopic examination, 190 
Ovarian hematoma, 1412 
clinical signs, 1412 
diagnosis, 1412 
Lreatment/prognosis, 1432 
Ovarian hemorrhage, 1435 
Ovarian hypoplasia, 1434 
Ovarian tumors, 1430, 1434 
clinical signs, 1411 
diagnosis, Nil 
Lreatment/prognosis, 1431 
Ovaries 

abnormalities, 1423-1415. 

See also Abnormally small ovaries 
enlargement. See Abnormally enlarged 
ovaries 

Overconditioning 317-9IS 
Overdispersion, 303 
Overeating disease, B75-S76 
Overgrown teeth, 762 
Overhydraiion, 775 
avoidance, 740 

Overweight/obese horscs/rum inants, weighs 
loss, E6B 

Overwintering virus, location, 739 
Oviducts, inflammation, 1435 
Ovine adenovirus, antigmk types, 613 
epidemiology, 934-395 
Ovine encephalomyelitis 
(loopingill), 394-535 
clinical pathology, 534 
clinical signs, 534 
definiLicn/etiology, 354 
necropsy findings. 995 
pathophysiology. 934 
prevention, 395 

Ovine hereditary chondrodysplasia. 

See Spider lamb syndrome 
Ovine interdigital dermatiLis 
(OID), 1217 

Ovine lenlivlruses (OvLVs), 656 
body access, theory, 657 
transmission, 657 
Ovine lymphoma, 113 I 
Ovine melanomas. 3331 
Ovine nasal adenocarcinoma virus 
(ONAV), 533 


Ovine progressive pneumonia 
(OFF), 656 
clinical signs, 656 
definition/etiology. 656 
diagnosis. 656-657 
differential diagnosis, 656 
epidemiology. 657 
necropsy findings, 657 
pathophysiology, 657 
preventionVconiiul, 657 
seroprevalence, 657 
treatability, impossibility, 657 
treatment/pnognesis. 657 
vims antigen, usage, 1206 
Ovine progressive pneumonia virus 
(DFFV), 656 

eradication, difficulty, 657 
QFrV-infecled sheep, 657 
Ovine progressive pneumonia vims (OrFV) 
infection, 375-576 
clinical pathology, 375 
clinical signs, 327 
definition/etiology. 575 
diagnosis/epidcmiology. 576 
pathology, 375-576 
pathophysiology, 375 
treatment/prevention, 576 
Ovine pulmonary adenocarcinoma 
(DFA), 593, 657-65B 
clinical signs. 657-65 B 
definition/ctiology, 657 
differential diagnosis, 657-653 
necropsy findings, 653 
pnevcntion/ooniiul, 653 
treatment/prognosis. 653 
W1 lO classification, 653 
Ovine vaccination programs, 

1537-1531 
compliance, L5S7 

OVLT. See Organum vasculosum laminae 
terminalis 

OvLVs. See Ovine Lcntiviruses 
Ovulation 
failure, 153 
irregularities, 1 53 

Owner compliance, importance, 163 
Oxalate nephropathy, 93 L 
Oxalate toxicity, impact. See 1 lypocalremia 
O.tizfo, 1701 

Oxidative fast-twitch type 2A fibers, 
proportion (increase), 30 
Oxygen (Qi) 

A-a gradient, determination, 435 
hemoglobin, affinity, 6B 
impact.. Set Cell membrane 
radical generation, importance, 795 
saturation, oximelric data. 460 
tension, determination, 43 
therapy, ineffectiveness, 196 
transport system, evaluation, 32 
Oxygen (Qi) ccnlent 

hemoglobin concentration, impact, 456 
oxlmelric data, 460 
step-up. oxi metric data, 469 
Oxytelracyclinc 

administration, 1913 
Oxytocin, administration. See Clinical 
mastitis; Milk 
evaluation, absence, I 134 
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O.iyt ropis poisoning. See Loco weed 
poisoning 

Oxytrapis species, 91 1 
Ozena. See Foil] odor 

P 

PA. See Pyrralizidine alkaloid 
PAC. See Protected aspiration catheter 
Pachymeninges, vertebral abscesses 
(noninfiltration), 293 
Packed cell volume (PCV), 390 
change, acute blood loss (Impart). 1 144 
detennination, I 101 
elevation, indication, 415 
increase, 4 L1-412, 461. 47 4 
clinical laboratory findings, 726-727 
instability, 400 
measurements, 719 
PAF. See Flalelet-actLvating factor 
PAFs. See Persistent anovulaLory follicles 
PAL See Plasminogen activator inhibitor 
Pain. See Inflammatory pain 
a natomic/physiologic basis, 23-2 & 
autonomic responses, brainstem 
(involvement), 25 
aversive quality, 26 
behaviors, expression, 25 
categorization, 25 
definition, 23 
degree, assessment, 307 
elicitation, notation, 7 
expression, 27 
Gate Control Theory, 27 
origin site identification. 23 
pathophysiologic effects, 26-31 
processing. See Cortical sites 
relief, analgesics (usage), 26 
responses, 24 
shorl duration, 26 

transmission. See Central nervous system 
Lypes. See Physical pain 
Painful abdomen. See Abdomen 
Pain-sensitive neurons, receptors 
(location), 27 
Paint horse 

foal, megaesophagus, 652/ 
gelding standing lateral radiograph, 

67 1/ 

Palmar digital (PD) neurectomy, 1222 
Palmar digital (PD) neurovascular bundles, 
palmar pouch (proximity), 221 
Palmar foot pain. See Navicular disease 
Palpation, usage, 6 
Palpebral reflex. 13 E 

PAW Fa. See Pathogen-associated molecular 
patterns 
Pancreas, 915 
abnormal findings. S15 
appearance, 915 
Pancreatic disease, 521-924 
clinical signs, 523 
laboratory confirmation, 521 
Pancreatitis, causes, 521 
Panhyperproteinemia, 411-412 
Panhypoproteinemia, 413 
Panicum cpJeniEum, 1657 
Pannicuius reflex (cutaneous, trunci reflex), 

129 


Fansystolic murmur, 462 
FanvasculLtii, characterization, E143 
FAe>j. See Alveolar oxygen partial pressure 
FAQ] [. See Polyamine oxidase 
Papillomas (warts // fibropapillcmas), 
1316-1317 
clinical signs, 1117 
definiiion/ctiology, 1316-1317 
tissue, removal, 1317 
Irealment/conlrol, 1317 
Fapillomalous digital dermatitis (FDD// 
digital dermatitis // foot warts // heel 
warts // hairy foot warts >; klorteLLaroa 
disease // strawberry heel warts), 1314- 
1116, 1622 
clinical signs, 1115 
differenlial diagnoses, 1115 
epidemiology, 1115 
footbaths, usage. 1316 
lesions, enlargement, 13 E5 
null Li factorial aspects, 1315 
paLhogeneslt 1315-13 L 6 
pathologic findings, 1116 
spread, speed, 1315 
topical oxytelracyclLne, usage, 1316 
treatmen^prevention, 1316 
Fapple shape. See Abdominal contour 
Fapular lesions, differential diagnoses, 167 
Fapules, 166-1 SB 
definition, 196-167 
diagnosis approach. 157-199 
formation, mechanisms, 397 
Paracentesis, 666. See nhe Hemoptysis; 

1 lemordiagic nasal discharge 
performing, 106 
Paradoxic breathing, 522 
Paradoxic erylhroid hypoplasia, 1172 
Paraffin-embedded tissue (PITT) blot. 590 
Parainfluenza type 3 virus vaccines (Fl- 
3 V). 1606-1607 

vaccines, types {availability), 1606-1607 
Parainfluenza virus 3 (FI3), 537-559, 61 1 
clinical signs, 61 I 
definilion/ctiolcgy, 61 1 
diagnosis, 61 l 
epidemiology 1 , 611 
infection, 61L 
lesions, 61 I 
treatment, 612 
isolation, 61 I 
necropsy findings, 61 L 
paLhogenesig. 61L 
Uealmentv'prevention, 612 
Parainfluenza viruses, 554 
Paralysis, 113, 140-141, 559,595 
Paralytic attacks, explanation, 1356/ 
Paralytic myoglobinuria, 1412 
Paralytic rabies, 355 
clinical sign, 955 

Paramesonephric duels. See Mullerian duds 
aplasia, 1446-1447 

FtmrfflpibtrtcifflWffl eggs, characteristics,, 505 
Paramyxovirlrue, 590 
Paranasal cavity, tumor 
(involvement), 1105 
Paranasal sinuses, 676 
ccntesis, 56 
diseases, 597 
inflammation, 597 


Paranasal sinuses (Cwifinued) 
pathologic conditions, 56 
Paraneoplastic syndromes, 73 1 
Paraphimosis, 1472-1473 
clinical signs, 1472, 1473 
defini Lion/etiology, 1472, 1473 
differential diagnoses, 1472, 1473 
treatment/prognosis, 1472-1473 
Paraplegia, occurrence, 1093 
Paraplegic cow, lymphosarcoma 
(appearance). 59/ 

Paraquat 1714 
acute signs, occurrence, 1714 
concentration, 1714 
treatment, 3734 
Parasite control 

importance. See 1 lorses 
program 

concept, Importance, 1623 
evaluation, 1642-1644 
stacking rate, importance, 1636 
strategies, factors. See Adult horses 
Parasites, 317-319 
acetate tape preparation, usage, 191 
diagnosis, 316 

immune suppression, reports, ID 12 
serologic cross-reactivity, 1010 
Parasitic bronchitis, 652-656 
Parasitic control programs, approach. 1623 
Parasitic infections 
eosinophil control, importance, 406 
impact, 3623 

necropsy evaluation, 1644 
Parasitic liver disease, 959 
Parasitic phase. See Gastrointestinal 
nematodes 

Parasitic pneumonia, 652-656 
Parasitic skin diseases, 1320 
Parasitism, 733 
control, concept, 1623 
impact. 149. See also Weigh t loss 
negative consequences (management), 
vaccines (usage). 1635 
Parathyroid gland, calcium dysregulation 
(relationship), 1355 
Parathyroid gland-dependent 

hypercalcemia, development, 1360 
Parathyroid gland-independent 

hypercalcemia, development, 1360 
Parathyroid hormone (PTE3), 1357 
impact, 1371/ 

PIE 1-relatcd protein (FTHiP), 1357 
production, 1359 
secretion. 1376 
ParatubercuLosis 

Crohn's disease, relationship, 963 
economic Losses, 999 

JAirHlp^iflstrflFtgyfjcs finrwfi, 1091-1092, 1063 
Parentage verification, microsatelllte markers 
(usage), 1 662C 

Parenteral antimicrobial therapy, 
efficacy, 361-362 

Parenteral nutrition (FN), 325-330, 772, 
1652-1653 

admin istration, 1652-1653 
applications, 325-330 
calculations, 329 
clinical/economLc benefit, 74D 
expense, 330 
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Parenteral nutrition (r.N) (OvEtitEned) 
formulations 
composition, 1652 
preference 1654 
solution., compounding 

(instructions), 1643-1654 
usage, 1643, 1652 
worksheet. See Adult horses 
Parenteral oxytelracycLine, 1045 
Parenteral solutions 
administration., 1652 
aseptic mixing, ]652 
rarenteiaJ vaccines. 1605-1606. 

See nJso Bovine respiratory 
syncytia] virus 

Paresis, 227-230. Sec also Flaccid, paresis; 
Limbs 

definition, 227 
diagnosis approach, 223-223 1 
mechanisms, 223 
Paretic gait, observation. 3373 
ParieLaJ bones, depression fractures, 1006 
Pari eta] pain, 154 

Pariela] pleura, innervation/pain, 502 
Parotid gland carcinomas, 731 
Parotid Lymph nodes, enlargement, 46 
Parotid salivary glands, enlargement, 46 
Pars plana vitrectomy, usage, 1256 
Partial albinism, 1312 

Partial failure of passive Iransfei (ITT), 231, 
301 

occurrence, 320 

treatment, necessity (absence), 1670 
Partial pressure of oxygen (F«,), 
maintenance. See Capillaries 
Partial reflex, indication, 1263 
Partial thromboplastin time (ITT) 
determination, 101 
elevation, 353 

Partial urinalysis (dipsticks), 12 
Parturition. 1442 
induction, 243 

magnesium status, assessment. 1375 
manipulation, 250 
stages, division, 21 I 
Parvovirus, 345 
PAS. See Periodic acld-Schiff 
Po^fhahim draJirtatajn, 1065, 1707 
Faspalum distiehum, 1065 
Fasfrahtm staggers. See Dallis grass staggers 
Passive immunization, 510-520 
Passive transfer. See Failure of passive transfer 
measurement, ] 673-1630 
mechanism. 1673 
Pastern baeLcrial infection (pastern 
folliculitis). 1313 

Pastern leukocytocLastic vasculitis, 1311 
Faslatrella Jraemofj'iifjr, 205 
Fatfewrelia multacida, 617-613, 1110, 1607 
bronchopneumonia, production, 633 
clinical signs, 613 
definition/etiology, 617-613 
diagnosis, 551 
epidemiology, 613 

gram-negative aerobic bacteria. 617-613 
isolation, 61 3 
necropsy findings, 613 
pathogenesis, 613 
pneumonia production, L603 


FiUEtwei'i'iE pjfufrwfLfa (OvEdr.iENftJ) 
irealment/prevenlion, 613 
vaccines, 1603 

PiEsfeurerJiE pneumonia, indication, 3-10 
FufetirefiiE spedes, 304 
Pasture. See Clean pasture 
contamination, reduction, 1 63 B 
hay cropping usage, 1633 
larval counts, 1644 
managcmenl, goals. 1636 
myopathy, 1403-1405 
Patellar reflex (quadriceps reflex), 123 
Patellar tendon reflex, pathways, 127/ 

Patent ductus arteriosus (PDA). 440, 
441-442 
aorta entry, 460 
clinical pathology. 460 
clinical signs, 460 

clinicopaLhologic changes, absence. 460 
continuous murmur, 366 
deflni Lion/etiology, 460 
differential diagnosis, 460 
epidemiology, 460 
existence, murmur (absence), 460 
formation. 460 
murmur, 324 
necropsy findings, 460 
occurrence, 460 
pathophysiology. 460 
Lnea Lment; prognosis, 460-461 
Patent urachus, 32 L. 364 
clinical pathology, 32 I 
clinical signs, 32 I 
differential diagnosis, 321 
etiology, 323 
pathophysiology. 32 L 
prevention, 323 
irealment/prognosis, 32 L 
Paternal antigen type, 1 665-1630 
Pathogen-associated molecular patterns 
(PAUFb), 712 
binding, 714 
response, 7 16-71 7 

Pathogenicity island genes, expression 
(absence), 511-512 
Pathogens 

co-infection, presence, 605 
detection, 1 11 B- L120 

methods, alternatives. 1120 
infection control, relationship, 1546-1550 
load, gjazingi'reproductivc management 
(impact), 353 

simultaneous testing, 437-433 
subtyping, restriction fragment length 
polymorphism (FFTP) 

(usagE), 443-450 

Pathologic arrhythmias, examples, B6 
Pathologic fractures, 1254 
Pathologic lesions. 1631 
Pathologic pigmentary disturbances. 

See l.arge animals 
Patient medical records (PiVlRs), 
maintenance, 13 

Patient pathogen exposure (increase), 
housing/movement (impact). 1533 
Pattern recognition receptors, interaction. 

See Endotoxin 

Patiem-reoDgnition receptors (FRKs), 732 
list, 7121 


PCB. See Protected catheter brush 

PCM. See Protein-cal one malnutrition 
Pca 3 values, 455i 

P complex, generation, 453 
PCP. See Pentachlorophenol 
PCV. See Packed cell volume 

PD. See Palmar digital; Polydipsia 
PDA. See Patent ductus arteriosus 

PDD. Sly PapillomaLous digital dermatitis 
PDE inhibitors, bronchodilator 

class, 56 L-562 

PE. See Proliferative enteropathy 
Peak systolic measurements. 455 
Pediculosis. 1320-3321 

clinical infestations. L30S 
treatment, 1321 
Pedigree, example. 3662/ 

PEEP. See Positive end expiratory pressure 
Pelvic entrapment. Sec Bladder 
Pelvic limbs, muscular atrophy, L055 
FE-M. See PolioenrephaLomalacia; Prolein- 
energy malnutrition 
Pemphigus foiiaceus, 1306-1307 
clinical signs, 1356 
definition/etiology. 1306 
diagnosis, 1 356 
pathophysiology, 1306 
prognosis, 1307 
therapy, 1356 
Penetrance, 1653-3653 
Penicillamine, treatment, 3035 
Penicillin 

tetracycline, antagonism- 1514 
therapeutic synovial concentrations, 363 
Ffenffj'lfjinf] Lajn'Jedhrm, L066 
FfeiEEjlfjinti uLnffjtTiJFjr, 6566 
FejircilTiirm cycfoprMFJi intoxication |L re morgen 
Intoxication), 1066 
Pejiffjifjirm cstirwgenjun, 1066 
Ftenffjirjinfi ErfgricaFU,, 6566 
Penile deviations, 1475 
definition/etiology. 6475 
treatmenl/prognosis. 1475 
Penile frenulum, persistence, 6475 
Penile hematoma, aspire Lion, 352 
Penile injury, 1469-1470 
clinical signs, 146?, 3470 
definition/etiology. 6463-6475 
differential diagnoses. 1465. 1470 
treatmenl/prognosis, 3465, 6475 
Penis 

palpation, 171 

parasitic infestations, 1476. 

See also Stallions 
clinirai signs, 1476 
definition/etiology, 6476 
treatmen (/prognosis, 1476 
spiraling, 3475 
tumors, 1475-1476 
clinical signs. 1475-1476 
differential diagnoses, 1475-1476 
treatmenl/prognosis, 6476 
ventral/rainbow deviation, 6475 
Pentachlorophenol (PCP), 1716-1717 
action mechanism, 67 L6 
acu Le cli n ical signs, 6766-1717 
Pentalogy of Fallot, 466 
clinical pathology, 461 
clinical signs, 46 I 
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Pentalogy of Fallot (CbudnaftT 1 ) 
definition/eliclogy, 46 L 
differential diagnosis, 46 \ 
distinction, 46] 
epidemiology. 46 L 
necropsy findings, 46] 462 
pathophysiology, 461 
LreaLment/proe n o s L s. 462 
PentasLarch, 1437 

hypertonic saline, combination, 771 
IfentavalenL inorganic arsenicals, 1709 
Pen yan disease. See Lcukoencephalomalaria 
Pcracute malignant catarrhal fever 
(MCE), 213-2 34 
Peracule toxicosis, signs, 1705 
Percussion, usage, 6 

Percutaneous aspiration. See Nasal discharge 
Percutaneous lung biopsy, 524/ 
Percutaneous sinus centesis, 60S 
Perennial ryegrass, tremorgenic toxins 
(production), 1063 
Perennial ryegrass staggers,, 1063 
Performance 

exercise-induced pulmonary hemorrage, 
relationship, 563 

inflammatory airway disease (IAD), 
impart, 564 

Performance, poor quality, 76-B2 
cardiovascular system, evaluation, 79 
clinical examination, 73 
diagnosis approach, 76-32 
hematologic assessment, 7B 
history, 77 

muscular system, evaluation, 30 
respiratory tract, evaluation, 73-73 
serum biochemical profiles, 73 
skeletal system, evaluation, 73-BO 
Performance horses, right dorsal colitis 
(RDC) (predisposition), 1146 
Perfusion, compensation, 717 
Pcrgolide, 1344 

Periaqueductal gray, command center, 27 
Pericardial sac, bacteria (presence), B51 
Pericardiocentesis 
performing, 351 
site selection, 475-476 
Pericarditis, 474-47B 
classification, 476 
clinical pathology, 474-476 
clinical signs, 474 
dcfinition/etiology, 474 
differential diagnosis, 474 
echocardiography, usage, 475 
epidemiology. 476 
necropsy findings, 476477 
pathophysiology, 476 
prevenlion/control, 477-47B 
radiography, sensitivity, 474-475 
LreaLment, 1 'prognosls„ 477 
Ferillif fmlescens, 1703 
increase, 643 
toxins, 23B-233 
volatile oils, 643 

Perilla ketone toxicity (FenilJiz /nrfe'jrenf 
toxicity), 643-649 
acute respiratory distress syndrome 
(ARDS). 64 B 
clinical signs, 643-649 
dcfinition/etiology, 643 


rerilla ketone t os icily (Period jrutesmrj 
toxicity) (Ccmftnufrf) 
diagnosis, 649 
epidemiology.', 643 
necropsy findings, 649 
paLhogenesis. 643 
treatmenl/conirol, 643 
Perils, equine insurance, ] 6e 
Perimetritis, 1443 
clinical pathology, 1444 
clinical signs, 1444 
p reve n i i o n/co n t r o 1, 1444 
ireatmenl/prognosis, 1444 
Perinatal adaptation, 252 
PerinaLal asphyxia, 251 
episode, 254 

Perinatal equine herpesvirus type l 
infection, 1676 

PerinaLal sudden death, occurrence, 213 
Perineal reflex, 123 
Perineal region, examination, 10 
Perineal urethrotomy, 941 
Periocular asymmelry, 1265-1267 
Periocular hyperesthesia, ocular pain 
(sign), 1263 

Periodic acid-Schiff (PAS). 30 
staining usage, 14 13 

Periodic ophthalmia. See Equine recurrent 
uveitis 

Periodic ultrasonographic evaluation, 
requirement, 513 

Periodontal diseases, 635. 7B0, 73 L -732 
characterization, 73 L 
severity, decrease, 636 
treatment. 732 

Periodontal diseases association 
bacterial plaque-induced gingivitis, 
association, 731 
Peripartum asphyxia 
clinkopathologic conditions, 25 5£ 
drugs, usage. See Foals 
Peripartum ruminant, 243-250 
Peripheral cholinergic neuromuscular 
junction, ] 100 
Peripheral cyanosis, 6B 
Peripheral edema, B3 
diagnosis approach, 35-36 
Peripheral facial nerve paralysis, 1 L 09 
Peripheral ganglionopathy, 1674-1675 
Peripheral nerve 
damage. 1103 
diseases, I44r 
treatment, L103 

injuries, medical management, 3109 
lesions, I2B, 146 
signs, diseases {impact), 1067 
testing, techniques, 1095 
Peripheral nerve disorders, ] 106 
Peripheral pulse. See Abnormal peripheral 
pulse 

Peripheral swellings, 31 
diagnosis approach. 31 
Peripheral vesLibular disease. See Horses 
antibiotic treatment, 1Q5L 
clinical signs, 1050, ] 05 E 
definilion/elioLogy, 1050-105] 
diagnosis/lreatmenl, 105] 
lesions, 1051 

Peripheral vesLibular lesions, ]13 


Peripheral while blood cell (WRC) count, 
initial changes, 1043 
Perirectal edema, 374/ 

Peritoneal cavity, 313-320 
abnormal findings, B13-320 
abnormaliLies, inclusion, B20 
appearance, 313 
histology, 351 
injury response, diseases 

(pathophysiologic mechanism), 354 
review, 353-654 

Peritoneal effusion, sonogram, 317/ 
Peritoneal fluid 

appearance, 353-354 
chemical analyses, 105 
usefulness, 951 
evaluation, 725 
interpretation, 761 
parameters. 761 
produciion/absorpLion, 761 
values. S53-B54 

Peritoneal infection, host defenses, 354 
Peritoneal inflammation, 710-711 
Periloneal injury, palhophysiology, 

761-762 

Peritoneal lymphatics, fluid/solule removal 
(importance), 761 
Peritoneal macrophages, neutrophil 
chemotaxls stimulation, 761 
Peritoneal masses, sonogram. See Multiple 
peritonea] masses 
Peritoneum 

inflammation, 762 
mesolhcllal Lining, 763 
Peritonitis, 112. 351-355. See atse Horses 
adhesion prevention, 763 
aminoglycosides, 764-765 
anaerobic bacteria, presence, 765-767 
anatomy/physiology, 761 
ancillary tests, B5 5-356 
anthelmintics, usage. 767 
antibiotic therapy, 356 
antiinflammatory therapy, 767 
antimicrobial therapy, 764-767 
blood gas analysis.i'serum chemisLry values, 
alterations, 761 

broad-speclrum antimicrobial therapy, 
recommendation. 764 
causes; 1 examples. B52fc 
classification.. 355 
clinical sigps, 762, 355 
clinicopathology. 762-764 
dcfinition/etiology, 355 
diagnosis, 762-764, B55 

abdominocentesis, usage, 761 
drain placement. slte r 763 
example, 3 

fluid therapy, 1491-1495 
gastrointestinal factors. 762k 
heparin, i ill raperi Lonea I;systemic 
administration, 763 
history, 762 

inlermiltent peritoneal lavage/drainage, 
effectiveness, 767-763 
medical treatment, 767 
nutrient loss, Ii6fl 

open peritoneal drainage, usage. 767 
pathophysiology, 355 
illustration, B47/ 
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Peritonitis {CtvzfruuftJ) 

peritoneal cavity/serosal surface, 
involvement, B54-555 
povidone-iodine/nilrofurazone, 
addition, 70S 
prognosis, 763, 357 
supportive therapy, 35(5 
surgical therapy, 356-B57 
surgical treatment, 7(57-763 
IreaUnmt, 7(54-763, 356-357 
urogenital examination, 762 
Permanent dental formulas. See Goats; 
Sheep 

Permanent teeth, eruption (age). 730 
Peroneal nerve, 1 6 OB 
distribution, ] 103 
paralysis. See Calves 
poslaneslhetic myoneuropathy, 1410/" 
Fenea djnencdnd, ] 704 
Persistent anovulatory follieles {TAPs), 1431 
Persistent breeding-induced 

endometritis, 1413-1433, 1441 
Persistent corpus luteum (persistent 
CL). 1432 
clinical signs, 1432 
diagnosis, 1432 
treatmenl/prognosis, 1432 
Persistent dorsal displacement of the soft 
palate (DDSP), 305 
Persistent fetal circulation (PFC), 257 
Peis isle nt bymen, 1450 
Persistently infected cattle. 755-736 
disease, occurrence, 756 
Persistent penile frenulum, 1475 
definitiociv'cliolcgy, 14175 
creatmen [/prognosis, 1475 
Persistent right aortic areh, congenital 
anomaly, 632 

Persistent uterine infection. 143E. 1440 
Personnel 

compliance, monitoring, 1536-1537 
infection risk, increase, 153B 
Peruvian paso foals, inherited 
myoclonus 1061-1562 
Pesta de cc^are. See Leukoencephalomalacia 
Pestc des petlts tuminanls (PPR), 7B3 
clinical signs, 304 
definition/etiolcgy, B54 
differential diagnosis, B54 
epidemiology, 305 
laboratory diagnosis, 304-305 
necropsy findings. 305 
pathophysiology, 305 
pneveniion/conlrol, 305 
Pesticides, 1714-17 15 
PET. See Paraffin-embedded tissue 
Petroleum distillates 
ingestion, 121 
toxicity, 1035-103(5 
Petroleum, toxicosis, L7 L(5 
clinical signs, 1716 
diagnosis, 1716 
treatment. L 7 L (5 
Feyer's patches. 405, 40(5 
PF^. See Platelet factor 3 
PFC. See Persistent feral circulation 
FFT. See Pulmonary function testing 
FGEj. See Prostaglandin E., 

FEE,,. See Prostaglandin 


PGl z . See Prostaglandin ]j 
pit. See Potential hydrogen 
PI [A. See PhjTohemagglutinin; 

PhytohemaggJutLn 
Phaeohyphomycosis, 1320 
zygomycosis, similarity, L32D 
Phalanges, fractures, 1252, 1254 
rVjizfarij stagers. See Canary grass iUiggers 
Pharmacokinelic/pharmacodynamic (FK/ 
PIT) modeling.. L5 L2 
Pharmacologic agents, animal 
response, 1507 

rharyngeal abscesses, 736-737 
clinical parhology, 737 
clinical sign*, 736-767 
defmition/etiology, 7B6 
differential diagnosis, 73(5-737 
drainage, 536 
laboratory aids, 737 
pathophysiology. 737 
prevention/control, 737 
treatment/prognosis, 737 
Pharyngeal bleeding, exclusion, 107 
Pharyngeal-laryngeal paralysis, 356 
Pharyngeal lumen, asymmetry/ 
collapse, 573 

Pharyngeal lymphoid hyperplasia 
nodular appearance, endoscopic 
view, 531/ 
prevention, 532-533 
reports, 532 
treatment, 532 
Pharyngeal paralysis, 33/ 

Pharyngeal secretions, microbial 
culture, 5B1-532 

Pharyngeal trauma, 555-536, 736-737 
clinical signs, 536, 736-737 
defmition/etiology, 555, 736 
diagnosis, 536 

differential diagnosis, 556, 766-7S7 
inclusion, 536 
laboratory aids, 737 
megaesophagus, association. SOS 
pathophysiology. 737 
preven Lion/control, 737 
treatment/prognosis, 536, 737 
Pharyngitis, 73, 530-533 
clinical pathology, 531 
clinical signs. 531 
defmition/etiology, 5 BO-531 
diagnostic tests, 531-532 
differential diagnosis, 531 
epidemiologic daLa, absence, 532 
epidemiology, 532 
laboratory 1 aids, 53 L-5S2 
pathophysiology, 532 
prevention/control, 532-533 
treatment/prognosis, 532 
Pharynx 

airway angulation, 7.2 
diseases, 573, 535 
endoscopic examination, findings 
{interpretation), 75 
guttural pouches, examination, 6054 
lateral radiographs, 573-573 
pathologic conditions, 5B 
rfiizseofji.5 1703 

Phenogroups, L6S3 
Phenolsulfonphthalein, usage, 523 


Phenothiazine (FTH), L645 r 1717-17 L3 
Fhenothiazine-derivaLive tranquilizers, 
usage. 330 
Phenotype 
definition, 1660 
phenocopy, 1663 
Phenotypic sex, 6423-1423 
abnormalities. 1429 
regulation, 6427 
Phenylbutazone. 1203 
doses, recommendation. 755 
toxicity, clinical signs, 293-259 
Pheochromocytoma, 1345 
PE IF. See Equine monocytic ehrlichiosis; 

Potomac horse fever 
Phimosis. L470-1472 
clinical signs, 1476 
definition/etiology. 6470, 1471 
differential diagnosis, L471 
treatment/prognosis, 147 L -1472 
Phonocardiogjam, 464/ 

Phosphalic fertilizers, 1717 
diagnosis, 1717 

Phosphalic uroliLhiasis, 956-557, 957-353 
Phosphocreatinine, cyclic use, 394 
Phospholipase D {PLD), 3135 
Phosphorus, 773, 6357. 1363, 1375-1377 
chronic excess, 1157 
homeostasis, 1357-1353, 6375-6376 
diagram, 1353/ 
vitamin D. impact, 1357-1353 
requirements 1357. See jrlso 1 Eorses 
Phosphorylase deficiency. See Charolais 
cattle 

Photosensitization. 1336 
example, 1337/ 

Photosensitizing saponins, 1637-1633 
Phycomycetes, treatment, 710 
Phyoomycosis, 653 
Phylloerylhrin, conjugation, 394 
Physical condition, assessment, 6 
Physical examination, 6-62 
findings (recording), dala sheel 
(example), 5/ 
importance. See Ituminanls 
information, compilation/correlaticn, 12 
necessity, 62 
performings 35, 37, 102 
progression, 6 
Physical maturity, degree 
(consideration), 264 
Physical pain, types, 25 
Physical urticarias, L 303 
Physiologically appropriate 
erythrocytosis, 1 672-1173 
Physiologically inappropriate 
erythrocytosis, 1 671 
Physiologic leukocytosis, 407 
Physiologic milk fever risk factors, 1172 
Physiologic udder edema, mechanisms 
(uncertainly), L142 
Physitis (epiphysitis), 1 639 
clinical signs, 1639 
definition/etiology. 61B3 
diagnosis, ] 139 
factors, 1139 

treatment/prognesis. 1 L 35-1 L 30 
Phytoeslrogens, 1693 
Phylohemagglulin (FitA), 1671 
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Phytohemagglutinin (PE]A), usage, 1667 
PI3_ See Parainfluenza virus 3 
PI-3V. See Parainfluenza type- 3 virus vaccines 
Rea (geophagia), L69 
definition, ] 63 
Pioobimavirus, 345 
Pirns japonica, 1607 
Rgbel r 374-B75 
Pigmentary changes, Lrau malic 

chorioretinopathy (impacl), 3 264/" 
Pigmentation, abnormality. L 31-393 
definition, ] E? ] - ] U*2 
diagnosis approach, L 02-393 
mechanisms, 152 
Pigment nephropathy, 326 
Pigmeniuria, ] 72-374 
definition, 3 72 
diagnosis approach. 173-374 
history, 3 73-374 
physical examination, 174 
systemic diseases, accompaniment, 342 
Pigs, purpura, 16-17 
Pine needles, Ingestion, 1703 
Pings 

association, 345 
organs, responsibility, 345 
Pinkeye, £ev Infectious bovine 
keratoconjunctivitis 
Pink tooth, 3165 

Pinky syndrome. Sse Juvenile Arabian 
leukoderma 
Fin Hi pwidleraw, 1703 
Firms radiate, 1703 
Pinworms, 1(52(5 
clinical signs, 3626 
parasitic phase, L626 
PIP. See Proximal InLerphalangeal 
Piperazine, 1645 
Pirbuterol, 563 

Piroplasmosis. See Biztejfrt encephalitis 
ocular manifestations, 323S 
PIS. See Folled/inlersex syndrome 
Pituitary abscesses. 1002 
clinical signs, 3002 
Pituitary gland, 1333 
imaging, computed tomography 
(usage), I 343-L344 
Pituitary pars inlermedia dysfunction 

(PFID) r 3 340. See also Equine pituitary 
pars Intermedia dysfunction; I lorscs 
cyprohepLadine. usage, 3 344 
function, pharmaceutical therapies, 3344 
treatment, 3 344 

pergolide, usage, 1344 
Lrilostane, usage, 1344 
Pizzk, 343. See also Urethral process 
Fizzle rot. See Balanoposthitis: Ulcerative 
posthitis Vulvitis 
PK,i'PD. See Pharmaeokinelic/ 
pharmacodynamic 

Placental barrier, lead {crossing), 3034 
Placental disease, organisms (impact). 233 
Placental infection 
history, factor, 236 
route, 1452 

Placental insufficiency, effects, 246 
Placental vascular insufficiency, 246 
Placentitis, 246-247, 1452 
clinical signs, 3452-3454 


Placentitis [Dm(bzurd) 
diagnosis, L 452-1454 
impacL. 246-247 
treatment/prognosis, 3454 
Flailing description, 220 
Plains 

bitterness, 3635 
identification, 1653 
impact, 1652 
oxalates, 3 35 6( 

photodynamic agen Is, examples, 3336 
poisonings, clinical signs (variation), 323 
pyrrclizidine alkaloid (PA) 
examples, 1336 
presence, 304E 
toxicity, L423, 3 632 
toxicosis, prevention, 1633 
toxins, hazard, 1633 
Plain saponins, 3 635 
Plasma 

interstitial balance, 

comparison, 3437-3433 
parenteral supplemenlation, 
decision, 1670 
total calcium, binding, 777 
volume, requirement. 

See Immunoglobulin G 
Plasma administration 
aseptically placed catheter, usage, 330 
average rate, 330 
necessity, 330 
Plasma albumen, 330-300 
Plasma albumin, filtration. 064 
Plasma antithrombi 11 111 
presence, 50 
reduction, 420 

Plasma bilirubin removal (efficiency 
decrease), fasting (impact). 307 
Plasma cell myeloma, 3 677 
Plasma concentration, blood (obtaining). 00 
Plasmacytomas, formation, MflO 
Plasma enzymes, aspariale aminolransferase 
(AST), 330 

Plasma fibrinogen, alteration, 415-436 
Plasma glucomcter measurements, 
usage, 522 

Plasma immunoglobulins, concentration 
(measurement), 3001 
Plasma ionized calcium concentrations, 
level, 777 

Plasma lactate, L 40 3 
concentrations 
resulL, 775 
usefulness, 1431 

Plasma lipopolysaccharide (LPS)-binding 
protein (plasma I.BP), discovery, 734 
Plasma magnesium concentrations, 
level, 777 

Plasma magnesium (Sig) 
concentration, 1374 
decline, 3374 

Plasma P concentration, 1375 
Plasma protein concentration 
decrease. 64-35 
determination, 431 
Plasma sodium concentrations, 
observation, 776 

Plasma total CO^ concentration, 720 
Plasma volume expansion, 323 


rlasmi nogen, fibrin affinity, 3 L47 
Plasminogen activator inhibitor 
(PAJ), 1347 
activity, 537 
expression, 737 
Plasminogen lest, 423 
riatelet-activating factor (PAP), 702 
antagonist, usage, 73 6-713 
inhibitors, antiendotoxic effectiveness, 723 
Platelet aggregalion (promotion), thrombin 
(impact), 3 L46-1 147 
Platelet factor 3 (PF*) lest, 42 I 
Plate] eta 

destruction. See Immune-mediated 
Lh rombocy topenia 

initial hemostatic plug, formation, 417 
lifespan, shortening, 417 
production, decrease, I 150 
TLD. See Phospholipase D 
rfeocylosis, 333-335 
Pleural abscesses, treatment, 503-530 
Pleural disease, clinical/ultrasonogjaphic 
evidence, 43-43 
Pleural drainage. 506 
performing 503 
Pleural effusion, 55, 664-665 
clinical signs, 664 
definition/eliology, 664 
diagnosis, 664-665 
diagnosis approach, 35-36 
presence, 503 
treatment, 665 
Pleural fluid 

biochemical analysis, 505 
malodor, 437 

Pleural fricLion lesions, detection, 47 
Tfeural fricLion rubs, 453-402 
detection, 47 
Pleural lavage, 503 
usefulness 503 
Pleural mesothelioma, 666 
Pfeural space 
evacuation, 665 
inflammation, 502 
Pleuiitis. 664-665 
clinical signs. 664 
definilion/eliology, 664 
diagnosis, 664-665 
fluid therapy, 1493-1495 
mycoplasma, cause (clinical signs), 563 
nutrient loss, 160 
treatment, 665 

Pleuropneumonia. 23, 45, 509-530 
active immunization, 520 
antimicrobial therapy, 506 
hacleriologic culture, 536 
chemoprophylaxis, 520 
clinical laboratory tests 515 
clinical signs, 502 
complications, 503-510 
cytology, 536 

development risk (increase), 501 
diagnostic approach, 503-505 
differential diagnosis, 503 
epidemiology, 50 L 
imaging techniques, 5L5 
specificity, 515 
immunity, 534-5 L 5 
impact, 510 
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Pleuropneumonia {Cwrtrizued) 

infectious a gen Is, involvement, 501 
Mfcopi'iSj.iraiZ species, importance, 501 
oral doxycy cline, usage, 517 
passive immunization, 510-520 
pathophysiology, 501-502 
PCR amplification, 516 
physical examination, 502 
polymicrobial infections, 517 
presence, 493-434 
prognosis, 495 
serology, 515-516 
treatment, 505-503 
doses, recommendation. 516-517 
rlcuroscopic examination. Set Hemoptysis; 

1 temorrhagic nasal discharge 
F Leu res copy. See Coughing 
Fl.iVlS. See FteLaminitic metabolic syndrome 
FMI. See Point of maximal intensity 
FMMA. See Fo 1 ymrl h y 1 m et h a cry La 1c 
PM Ns. See Polymorphonuclear neutrophils 
FMRs. See Patient medical records 
FM5G. -See Fregnanl mare serum 
gonadotropin 
FMXG22 r 721-722 
FN. See Farenteral nutrition 
FneumaborL K, efficacy, 6551 
Pneumoconiosis [silicosis). 567-565 
clinical signs, 565 
diagnosis, 563 

gross pathologic analysis, 565 
reference, 567-563 
reports, absence, 565 
Fj-zetjjnng'srif amnii pneumonia, 252 
discovery. 1671 

PiifTjjfiGcyjJiijmciwr narinii infection, 52 L-522 
Pneumocystosis, 532-533 
reclassification, 532-533 
Pneumonia, 653 

clinical classification, ffl1 
diagnosis, 304, 616 
eLiology, 521 
fluid iherapy, 1435-1435 
outcome. 522 
treatment, 522 

Pneumonic mannhei miosis, behavior, 654 
Pneumoperitoneum, 657 
causcs/examples, 3.55k 
Pneumoinch method, 564-565 
Pneumothorax, 305, 552, 665 
clinical signs, 665 
description, 552 
diagnosis, 552, 665 
pleuropneumonia, importance, 552 
positive pressure ventilation (FrV) 
iatrogenic sequela, 505 
result, 3 

traumatic causes, 552 
treatment, 505 
Fneumoloiric plants, 1703 
Pneumovaginn, 1446 
clinical signs, 1448 
diagnosis, 1446 
treatment/prognosis, 1445 
FG t . See Inorganic phosphate 
PDA! [. See PreopLic area of the anlerior 
hypothalamus 

Podotrochlcar bursa, sepsis, 1 24 6 
POL See Postoperative ileus 


Poikilocylosis, 402 

Point-of-care devices, availability, 375 
PoinL of maximal intensity (FMI), 37. 

See also Cardiac murmur; Tricuspid valve 
location. 464 

Poisoned animals, necropsy findings. 

1035-1056 
Poisoning 
diagnosis, 1631 
therapeutic agents. 1633 r 
treatment, 1632 
Poisonous plants 
impact. See .Neuiologk signs 
problems, 237 

Polioencephalomalacia (PEM // 
Cerebnocortical necrosis), 

6021-1026 
acute form, 1022 
clinical manifestations, 6022 
clinical pathology, 6022-1025 
clinical signs, 6021-1022 
definiticn/etiology, 102 6 
epidemiology, L025 
necropsy findings, 1025 
pathogenesis, 1025-1025 
presence. See Steer 
proven tion/control, 1025-1026 
Lrealment/progjiosis, L025 
Pol Led/m terser syndrome [PIS), 3425 
Polyamine oxidase (FAQ! [), 35 
Polychcomasia. 402 
Polycythemia, See Erythcocylosis 
Polycythemia vera. See Primary absolute 
erythroeylosis 

Polydipsia (PD). 351, 945-345. 

See izIm Psychogenic polydipsia 
diagnosis. See Primary polydipsia 
urine output, 343-344 
Polygenic trails, 1653 
PoLyicnic fluids, availability, 770 
Polymerase chain reaction and reverse 
Lranscriptasc (RX-FCR), 348 
Polymerase chain reaction (PCR) 
assay, 547 

usage, increase, 433 

usage, indications. See Infectious diseases 
closed-lube detection, usage 
{advantage), 439 

PCR-bascd assays, availability, 446 
produces, detection, 439 
target, 433 
techniques, 1431 

technology, usage. See Multiplex PGR 
test. See Feces 

testing. See Ken I-Li me PCR; Real-time 
quantitative PCR tesling Standard 
PCR 

comparison. See Real-time PCR 
disadvantages. 443 
usage. See Nested PCR 
usage, 445443, 1661. 

See also Infectious diseases; 
Kfrodctoccitii ftJUi; StTEptococnu er?ui; 
Veterinary molecular diagnostics, 443, 
439-440 

Polymethylmethacrylate (PM.VlA) anlibiolic- 
impregnated beads, 12 16 
Polymorphonuclear neul rophils (PMNs), 565 
inflamed site entry, 1435 


Polymorphonuclear neutrophils (PMNs) 
[Continued} 

phagocytic/barterial killing function, 
251-252 

Polymyxin B. 721-722 
administration, 23 6 

broad-spectrum cyclic pepLide antibiotic, 
endotoxin-binding activity, 72 L-722 
Polyneuritis equi (Neuritis of cauda 
equina // Cauda equina 
neuritis}, 1032-1053 
clinical pathology, 1 102 
clinical signs. 1 602 
definiiion/etiology. 1101-1102 
differenlial diagnosis. L102 
necropsy findings, LI02 
pathophysiology, 1 102 
signs, 1 602 

treatmenl/prognosis, 1 L02 
Foly-p-dioxanone pins, usage-, 1192 
Polyphasia, 6035-1036 
Foriptgcvz nwranspafrewsis (annual beard 
grass], 6064 

Polysaccharide storage myopathy 
{PSSM) r L4L0, 1414 
appearance, L4L5-L416 
diagnosis, 1414-1416 
dietary management, J416-L4L7 
exercise regimes, 6416 
impart, 1501 
pathophysiology, 1416 
Polyserositis. See Sporadic bovine 
encephalomyelitis 
development, 376 
Polysul fated glycosami ncglycans 
(GAGs). 6132, 6193-6200, 1203 
iniraarticular administration, L203 
Folysynovitis, presence, 51 l 
Polyunsaturated fatty acids (PLIFAs), 1406 
Polyuria/ polydipsia (PU/PD), 344 
clinical presentation, 6344 
Cushing's disease, impacl. 944 
determination, 345 
impart. See Salt consumption 
occurrence, estimates, L342 
Polyuria (PC), L76-177 r 93 6, 343-345. 

See alsc- Eatrogenic polyuria 
definition, L76 
urine output, 343-944 
Folyuric renal failure, fluid 
therapy, 1435-1436 
Polyvinyl chloride (FVC) pipe, usage. 

' 1246-1247 

POMC. See Proopiomelanocortin 
Pcmpes disease. See Bovine generalized 
glycogenosis 
Ponies 

head pressing 1005/ 
hetastarch, safely, 771 
hyperlipemia, 314-915 
treatment, 322 
hyperlipidemia, 914-3 L 5 
mare, Iransvecse/Lhrec-dimensional 
reconstructed CT images, 672/ 
nutrient requirements, 935 
mature body weight, 162t 
right dorsal colitis (RDC) 
predisposition, 6 146 
syndrome. See Fell pony syndrome 
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Pooled milk sampling, 11 13 
Population genetics, founder effect, 1672 
Porcine plasma products, usage, 317 
Positive direct anLiglobulin test. See Coombs' 
Lest 

Positive end expiratory pressure (TEEF). 
usage, 25] 

Positive pressure ventilation (PFV), 305 
Positive selection, 3655 
Positive sharp waves. 6054-1055 
POstanescheLlc myelopathy. 1033 
pathogenesis, 1031 
rare caseg. LD31 

POstanesthelic myoneuropachy, 1405 
example. 1410/ 

Posterior functional stenosis. See ryloric 
outflow failure 
PostmiLking germicidal teal 
disinfection, 1117 

POstmiLking teat disinfection, environmental 
streptococci [reduction), ] 125 
Postnursing foals, serum biochemical 
reference values. See Normal-term 
postnurslng foals 

Postoperative Ileus (FOI). 717-73 B 
prevention, carbon monoxide 
(impact), 740 

Postpartum mare/placed La, examination, 262 
Postpartum uI ctus, 363 
abnormal findings. 313 
appearance, 313 

POstparturieuL hemoglobinuria, 6166. 1377 
hemoglobinuria/anemia, presence, 136(5 
POstresuscLtalion care. See Neonates 
POsttreatment eggs per gram (EPG), 6623 
Postural abnormalities, 10 
mechanisms. 224 
Postural deformities, 221-225 
cxamples/origlns, 224£ 

Postural reactions, 125 
testing, ]25 
Posture 

abnormalities, 125-126 
alterations. See Abnormal body postures 
determination, 3-4 
Potassium, 77G-777 
balance. See Cattle 
concentrations 
examination, 10 L 
inclusion. See Feed 
fractional excretion, calculation, B7 
intracellular ion. 776 
intravenous doses, 216 
losses, increase. See Diarrhea 
plasma concentrations, 1103 
Potassium excretion, blrarbonale delivery 
(proportion), 346 

Potassium fractional excretion (Felt). 1373 
Potassium hydroxide (KOI l) preparation 
positive result, ]fl]/ 
usage, See Dermatophyrosls 
Potential hydrogen (pi I), 356 
Potentially infectious animals, 
housing, 1534-1535 
Potomac horse fever (PI IF), 744-745. 

See Equine monocytic ehrlichiosis 
clinical cares. 745 

confirmation, accuraqr (difficulty), 745 
diagnosis, 745 


Potomac horse fever (PE31) (CoFidmrarf) 
infectious enlerocolonic disorder, 744-745 
laminilis, sequela, 745 
iVforffikettiiijr n'ftictc, impact, 445 
oxylctracycline, usage, 745 
polyionic fluids, intravenous 
administration, 745 
river, proximity, 745 
transmission, mode, 745 
treatment/prevention. 745 
vaccination, impact, 745 
FPR. See Peste des peLits ruminanls 
PPV. See Positive pressure ventilation 
Praziqoantel, 1040. 3645 
efficacy, 6625 
Freanalytic variables, 440 

See also Molecular diagnostic 
laboratories 
Prebicdes, usage, 13 B 
Precocious mammary gland development. 

See Mammary glands 
Preconditioning, value, <533 
Predict-a-Foal, 244-245 
Predicted Iransmitling ability (ETA). 

See Somatic cell score 
Predipping, MIS 
alternative, 3 L 33 

Prefemoral lymph nodes, palpation, 5 
Preganglionic sympathetic fibers, 
impact, L33 
Pregnancy 
loss, 203-207 
reference, 203-204 
ultrasonic determination, 203 
Pregnancy-associated 

immunodeficiency, 66B3-66B2 
management, 3602 
mechanisms, 66B1 
outcome, 3632 

Pregnancy toxemia, 53 3-534, 1376. 

See diLici Docs; Ewes 
clinical pathology, 334 
clinical signs, 313-314 
diagnostic tcslg. 534 
differential diagnosis, 53 1-3 64 
epidemiology, 314 
etiology. 513 
necropsy findings, 534 
pathophysiology, 3 64 
prevention, 53 B 
prognosis/trealment, 314 
treatmenVpro|tiosis, 314 
Pregnant animals 
fescue removal, 3 632 
vaccines, usage, 6601-6602 
Pregnant beef cattle, PCM 53 B 
Pregnant cows, intramuscular vaccination 
(usage), 154 
Pregnant mares 
annual revaccination, 6572 
booster vaccination, 6575 
vaccines, licensing, 3530 
Pregnant mare serum gonadotropin 
(FMSC), 203 

Prekallikrein. inherited deficiencies, 3 647 
PrelactaLional heifers, mammary glands 
(infection), 1334 
Prelaminitic metabolic syndrome 
(FLM5), 1352 


Premature delivery 
appearance, 247-243 
causes, 234 
Premature foals 

caudal abdomen, ullrascund view, 330/ 
cuboldal carpal bones, incomplete 
ossification, 1 133/ 
foreleg, 6 154/ 

Larsus, radiograph, 1201/ 
thyroid function. 3351 
treatment, 25(5-233 
Premature human infants, transient 

hypothyroxlnemia (experience). 315 6 
['Temature lactation, 246 
Premature luLeolysis. See 3hoFLened luleal 
phase 

Premature ventrlcuLar contractions 
(PVCs), 35 

E'remaxillary bones. See Incisive bones 
Premolars 

appearance, <534 
cavities, diagram. 67B/ 
lingua] dispLacemenl/delayed 
eruption, 634 
Prerenal azotemia, 3 B0 
Preoptlc area of the anterior hypothalamus 
(POAE3), pyrogenic cytokines 
(arrival), 13-15 

P^eparlum mammary secretions, electrolyte 
concentrations, 244-245 
Prepubic uneLhrostomy, 355 
Prepuce 

diseases, impact. See Infertility 
lesion examination, L36 
parasitic infestations, 3476. 

See liitt Stallions 
clinical signs, 6476 
deflnition/etiology, 3476 
treatment/prognosis, 147(5 
tumors, 3475-3476 
clinical signs, 6475-6476 
differential diagnoses. 6475-1476 
treatment/ prognosis, 147(5 
Prepuce injury, 1470-1472 
clinical signs, 6473 
deflnition/etiology, 3 470, 3 47 L 
differential diagnosis, 347L 
Lrealment/prognosis, 1473-1472 
Prepurchase health examinations. 12-3 
insurance examination, similarity, 3 2 
Preputial hairs, sediment/stones 
(checking), 106 
Pt-erenal azotemia 
aminoglycoside antibiotics, 
admin istralion, 325 
presence, LOL 
results, 130 
Preruminant calves 
digestive physiology. 167 
monogascric characteristic, 332 
E'rescapular lymph nodes, palpaLion, 3 
Pressors, 773-730 
response, monitoring, 773 
Pressure urticarias, 11QB 
Pressure valves configurations, 54-35 
Pres sure-vo lu me curves, 453 
PretrealmenL eggs per gram (EPG). 3623 
Preventive d ietary/e nvir on men La I 
management, initiation, 355 
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Primary absolute erythrocytosis 
(polycythemia vera), 404 
Primary acquired torticollis, LOSS 
Primary bone neoplasms, 637 
Primary bovine viral diarrhea virus 
(BVDV), 753 

Primary cecal impaction, diagnosis, 75 l 
Primary contraction cycles, secondary 
contraction cycles (contrast), 336 
Primary cycle activity, 621-322 
Primary cycles, factors. 322 
Primary erythrocyte5is, 1172 
Primary gastric adenocarcinoma, 70 I 
Primary hyperparathyroidism, result, 13(50 
Primary indigestions, clinical signs, 333( 
Primary myocardial disease, ventricular 
tachycardia (association], 43£ 

Primary neoplasia, 73 I 
Primary pleural Lumors, rarity, 577 
Primary polydipsia, diagnosis, 944 
Primary pulmonary chondrosarcoma, 
reports, 577 

Primary pulmonary lumors, rarity, 576 
Primary-secondary contractions, 321 
Primary urinary trad infection (IfTI). 
result 551 

Prion hypothesis, 973-573 
Prion tests, 530 
Probiotics, 3(52 

Procoagulant proteins, ci nculation, L146-1147 
Procoagulant tissue factor, expression, 717 
Progesterone radioimmunoassay (RtA). 
usage, 1413 

PrognaLhism, occurrence, (535 
Prognosis, assessment, 82 
Progressive bacterlal/viral pneumonias, (55(5 
Progressive chronic lymphedema, 1337-1333 
clinical signs, 1337-L33B 
pathologic changes, 1337 
Progressive edema, 555 
Progressive ethmoidal hematoma, 539 
Progressive hypoxia, 259 
Progressive neurologic signs, onset, 109 8 
Prohormone converlases, 1335 
Prolactin, impact, ] B9 
Proliferative enteritis, 72 B 
Proliferative enteropathy (PE), 723-729 
clinicaL 1 laboratory findings.- 723^729 
diagnosis, 729 
pathologic findings, 729 
pathophysiology, 723 
supportive therapy, crystalloid fluids 
(usage), 729 
treatment. 725 
objectives, 729 

Proliferative glomerulonephritis, 930 
Proliferative ileitis* 723 
Prolonged gestation. See Gestation 
Prolonged lulcal function, L 433 
clinical paLhology, L 433 
clinical signs, 1433 
diagnosis, 1433 
IreatmenVprognosis, 1433 
Prolonged lulcal phase. See Luteal phase 
Prolonged prothrombin Lime. 

See Prolhromhin lime 
Proopiomelanocortin ( PDiViC) 

PGMC-derived peptides, 1339 
endogenous concentrations, 1343 


Proopiomelanocortin (POMC) (OwiErjiued) 
processing, 1340/ 
transcription, 1339 

Ptophylaetlc broad-spectrum antimicrobial 
therapy, 552 

rtopionalc formation (ratio increase), 
ionophores (usage). 8363 
rrjpionclwrterm m times, 1440 
Ptopionyl coenzyme A (CoA), conversion 
pathway. B9I/ 

Ptoprioceptlon, posilion sense, 824 
Ptqprioceptlve deficits, IG64 
Propulsive bawd activity, inhibition, 737 
Propulsive walking. 822 
Propylene glycol, 1717 
administration, mistake, 1717 
analysis, 1717 

Pro5erondary contractions, 32 l 
Proslaglandin E* (FGEj). 295 
Prostaglandin F 2[I 251 

Proslaglandin l ; (FGL), 717 
Prostaglandins 

arachidonlc acid conversion, 24 
consideration, 1 64 
synthesis, inhibition, 755 
Prostate gland, attention. 11-32 
Protected aspiralion catheter (FAC) 
sampling, 522 

Protected catheter brush (PCB), 522 
Protective attire, 8531-1533 
Protective eyewear, usage, 1533 
Protective gowns, 1532 
Protective Immunity, vaccine (usage), 1602 
Protective outerwear, 1532 
Protein aclivity, identification, 1016 
Ptolein-calorie malnutrition (PGM). 

147 . 154 

problem, persistence. 160 
Protein C test, 421 

Protein-energy malnutrition (PEM), 913-514 
clinical pathology, 914 
clinical signs, 913-914 
diagnostic tests, 9 14 
differential diagnosis, 913-914 
etiology, 9 13 
necropsy findings, 314 
treatment/prognosis, 514 
Protein-losing enteropathies, 4 Mil 
causes, 415 
reference, 415 
Proteins 

capillary reflection coefficient, 143B 
G-P configuration, consideration, 1(513 
importance, 41 8 
loss, excessiveness, 415 
remainder, 390 
sources, expense, 3(55 
urine detection, absence, 396 
Proteinuria, abnormality, 103(5 
Prolhromhin lime (IT). 417 
determination, 101 
level, 393 

prolongation, 235, 4 87 
usage, 59 

FrLi(HHtrM!ji , i!rij- 656 

molluscan inlermediale hosts, usage, (55(5 
Protolheca 

mastitis pathogen, 1 I2B 
species, unicellular algae, 1 123 


Protvi/teorzflp/u, antimicrobial resistance, 

1123 

Protozoa, 345-346 
Importance, 339 
microscopic examination, LOO 
Protozoal abortion, 1006-1005, 1456 
clinical signs, 1456 
definrtion/ctiology. 8003-8003 
diagnosis, 1456 
treatment/prevention, 145(5 
Protozoal encephalomyelitis. Set Equine 
protozoal myeloencephalLtLs 
Protozoal genomes, detection, 444 
Protozoan parasites, kill (difficult), 1017 
ProviraL DNA, protein expression, 975 
Proximal bowel, isotonic fluid (entry). 96 
Proximal enteritis, 725 
Proximal interphalangeal (PIP) jolnL 
contractural deformities, 1246 
contracture, 1247 

Proximal pejunltls (anterior enLerltis], 53 
Proximal metatarsus, fractures, 1252 
Proximal urethra, endoscopic image, 543/ 
PrP. See Sheep 

PRRs. See Pattern-recognition receptors 
Frames spp., 1693 
Pruritus, 133-135, 1323 
appearance, 394 
definition, 133-165 
diagnosis approach, 834-1B5 
evoking, physical/chemical stimuli 
(Impact,), L34 

hislory/physical examination, L34 
mechanisms, L 33-134 
reduction, 1 B4 
sensation, 133 
Pruslncr, Stanley, 573-979 
FjeiidisfiejrtimLi in7|v?u, asexual form, 530/ 
Pseudallescheriosis, 529 
Pseudoaneurysms. 430-4 61 
Pse u do co wp ox, 1 31 B 

Pseudohyperparalhyroidism (titlit), 1363 
Pseudolipidosis. See Alpha-mannosidosis 
Pseudomonas dentin as a, 24(5-247, 262-2(53 
PseuimnotiiTJ aentginosa masLltis, 593 
Fseudfliraai-zirj mastitis 
Lntramammary infusion producls 
(Impact). 1129 
pathogen, 1829 
Fseudmracvziri species 
contamination, 43 
Lntramammary infection, L129 
Pseudoobsttuetion. See Ileus 
Pseudopregnancy, 1423. Seraiso Goats 
Pseudorahies (Aupeszky's disease /,■' ylad ilch /,' 
Bulbar paralysis), 934-935 
clinical pathology, 9B4 
clinical signs, 3B4 
definilion/ctiology, 934 
epidemiology, 934 
necropsy findings, 534-935 
pathophysiology, 934 
prevention, 535 
treatment, 9B5 

Pscudotnmcus arteriosus, 462 
Psoropcic car mite. See Small ruminants 
Psoropitc mange, 1 32 8-1322 
diagnosis, 1 322 
Infestation, 1321 
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PSoroptic mange {Continued) 
topical insecticides, 

recommendation, 1322 
P5S.\4. See Polysaccharide storage myopithy 
Psychogenic polydipsia (TP). 344 
PSychogEnir polydipsia (TP) 
syndrome, 1344 
Pim'cfmjN d^ut/uruRi.. 1024, 1(503 
PTH. See Parathyroid hormone; 

Phenol hlazine 
PTIIrP 

production. See Parathyroid hormone 
PIT. See Partial Lhromboplastin time 
Plyalism. Stv Salivation 
PU. See Polyuria 

PUFAs. See Polyunsaturated falty adds 
Pulmonary artery. pressure curve 
(shape). 456 

Pulmonary aspergillosis, 503 
Pulmonary bleeding., exclusion, 107 
Pulmonary candidiasis, (553 
Pulmonary capillaries 
pressure, increase, 572 r 574 
rupture, 572 

stress failure, prevention, 573-574 
Pulmonary carcinoma, 475 
Pulmonary defense mechanisms. 

compromise, 50 L-502 
Pulmonary dysfunction 
arterial blood gas (ABC) analysis, 
usage, 330-331 
phases,. 555 

Pulmonary edema, 554-555 
diagnosis, 554 
formation, 555 
presence. 53 
treatment, 554-555 

Pulmonary embolic aneurysm. See Caudal 
vena cava thrombosis 

Pulmonary emphysema, consideration, 9-LO 
Pulmonary eosinophilia, 553-553 
Pulmonary epithelial lining fluid, 
concentrations, 557 
Pulmonary fibrosis, progress, 533 
Pulmonary flow/systemic flow ratio 
(QP/QS), 457 

Pulmonary funcLion testing (PET), 403-500. 
See ijfw Cough ing 

Pulmonary funcLion tests, pleural pressure 
(measurements), 550 
Pulmonary fungal infections, impact. 523 
Pulmonary hamartomas, observation, 577 
Pulmonary hypertension, 463-450 
clinical pathology, 463-4(50 
clinical signs, 463 
dcfinition/eliology, 4(53 
development, 257 
differential diagnosis, 463 
epidemiology, 4(50 
necropsy findings. 463 
pathophysiology, 469 
prevention/control. 469 
treatment/prognosis, 469 
Pulmonary parenchymal Lesions, 555 
Pulmonary pathologic conditions, 53 
Pulmonary system, compromise degree 
(assessment), 307 

Pulmonary thromboembolism. See Caudal 
vena cava thrombosis 


Pulmonary tissue, tissue invasion, 523 
Pulmonary vascular pressures, 
fluctuations, 1504 
Pulmonary vascular resistance, 
increase, 453 

Pulmonic stenosis, rrcsrendo-decresccndo 
murmur, 461 

Pulmonic valve stenosis, 443 
rarity, 44 6 

Pulpy kidney disease, 375-376 
Pulsations. See Venous dislention/pulsations 
abnormalities, 9]-92 
Pulsed wave Doppler 
demonstration, 44 L 
echocardiography, usage, 433 
Pulse rate/rhythm, determinal ion, 46 
Pulse wave configurations, 94-35 
Pulsion diverticula {false diverticula), (595. 
See aka Esophagus 

Punch biopsies, convenience, 132-L33 
Ptl/PD. See Polyuria/ polydipsia 
Pupil, opacities (result). L263 
Pupillary angle, abnormality, 1922/ 

Pupillary light reflex 
abnormalities, L39 
usage. See Retina 

Pupillary openings, evaluation, L262- L263 
Pupil size 
abnormalities, L39 
mediation, L33 
Purpura hemorrhagica, 536 
Purulent meningitis, clinical signs, 393 
Purulent vaginal discharge. 246 
Pustules* L 36-133 
cytologic evaluation, 132 
definition, 136-1 E7 
diagnosis approach. ] 37- L 33 
formation, mechanisms, 137 
PVCs. See Premalure ventricular contractions 
Pyelonephritis, 331 

Pygmy goats, atlantoaocipitaL/ailantoaxlaL 
pints (traumatic luxations/ 
fractures), 1075 
Pyloric anttum, postmortem 
pholograph, 791/] 326-E2 7 
Pyloric ouLflow- failure (posterior fundional 
stenosis), B25 

cause, predisposition, 326, 327 
reproduction, 326 
Pyloric stenosis, 791-702 
diagnosis, 702 
occurrence, 701 
treatment, 702 

Pyogenic inflammation, extension, 1051 
Pyometra, 1442, 1443 
characterization, 1433 
clinical signs, 1442 
diagnosis, L442 
treatment/prognosis, 1442 
Pyrantel, 1645 

Pyrantel pamoate, efficacy, L625, 1626 
Pyrantel tartrate 
daily feeding, 1626 
efficacy, 6626 
Pyrexia, development, 543 
Pyrimethamine, demonstration. L0L5- 6966 
Pyrimethamine/sulfadiazine combination, 
recommendations, 10] 5-1016 
Pyrogenic cytokines, production, 34 


Pyrogenic medialed fevers, body temperature 
increase, 35-36 

Pyrrolizidine alkaloid {PA) r 1694-L 63 5 
toxicity, 994-905 
clinical pathology, 994 
clinical signs. 994 
definition/etiology, 304 
diagnostic tests, 304 
differential diagnosis, 304 
epidemiology, 905 
nerropsy findings. 905 
pathophysiology, 904-305 
prevention/control. 305 
prognosis, 305 
Lrealment, 305 
toxicosis 
diagnosis. 6695 
Lrealment, 1635 
Pythiosis, 1 320 

Pytfaupjf species, protista! organisms, 730 
Pyuria, 174-175 
confirmation, 175 
definition, 174 
diagnosis approach, 174-175 
hematuria, accompaniment, 174 
location/origin, determination, 1 75 
origination, L75 

samples, quantitative cultures, 675 

Q 

Q fever. See Garieffa burnetii 
QM5CC See Somatic cell oounL, milk from 
an individual quarter (QM5CC) 

QP/QS. See Pulmonary flcw/systemic flow- 
ratio 

QR5 amplitudes, observation, 324 
QR5 complex, 453 
duration, 437 
generation, 453 
identification, 454 
widening. LG97 
QR5 duration, 79. 467 
comparison, 435 
QTL See Quantitative trait lori 
Quadplaics, usage, 1619 
Quadriceps reflex. See Patellar reflex 
Quadriparesis, 143 
lesions, inclusion, 143 
Quadrupeds, walking (initiation). 624 
Quantitative acnobic/aaraerobic culture, 
indiration, 47-43 

Quantitative trait loci (QTL), 6664 
Quarter hone mare 
coccidiomycosis, 532/ 
standing lateral radiograph, 670/ 

Quarter horse-related breeds, polysaccharide 
storage myopathy (PSS.Vl), 1414-1-415 
clinical signs, 64 65 
genetics, L 4 L 4-14 L 5 
Quarter hones 

congenital encephalomyelppathy, 1062 
filly, standing lateral radiograph, 671/ 
nonfamilial disease, 1034 
Quarter milk samples 
composite milk samples, 
contrast. L1 13- 61 13 
media, selection, 61 13 
selection, I 616-1 119 
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is. 

Querciu spp., 1700 
Quinidine sulfate 
preparation, 4B5 
suspension, 435 
Quinidine therapy, 4B5 
digoxin, usage, 455-436 
Quinoline antibiotic5. 1O0L 
Quittor, 1243-1244 

medical therapy, response, 1244 

R 

Rabbil hopping gait. Sec I lorses 
Rabbils (baderial infections), fever 
(beneficial effects), 3(5 
Rabies, 995-997, 1575-1576, 1622 
clinical pathology, 996 
clinical signs, 395-996 
occurrence, 396t 
definiiiocv'cwology, 935 
documentation, 1576 
epidemiology, 996-937 
fatality, impact, 1622 
livestock cases, 935 
neurologic disease, 1575-1576 
pathology, 396 
pathophysiology, 396 
postmortem diagnosis, 996 
prevention, 937 

vaccines, primary immunization. 

See Inactivated rabies vaccines 

virus 

cell bodies replication- 936 
infection, 395 
protection, correlates, 1576 
Racehorses, exercise-induced pulmonary 
hemorrhage (BIFII) incidence, 575 
Rachischisis, LOSS 
Radial immunodiffusion (RID). 

quantification. 1667 
Radial nerve, 1107 
limb position, M07 
Radioallergosodbent test (PAST), 43 
serum allergy lest, 559 
Radiographic examination. See Hemoptysis; 

] I emorrhagjc nasal discharge 
usage. See Coughing 
Radiographic techniques, usage, 222 
Radiographs 
taking, 632 
usage, B9 

value, limitation, 559 
Radiography. 669-672 

contrast medium administration, 
usage, 671-672 

Radiolabeled substances, usage, 925 
Radius, fractures, 1 254 
Rage/mania, 12 2 
flaffjfetfa tiara, 1050 
Rain, additive effects, 1640 
Rain scald. See DermalophLlosis 
Rales, 491 
Ram 

balanoposlhitis, 1475 
epididymitis, treatment, 1432 
paraphimosis, 1473 
penile injury, 1470 
prepuce injury, 1472 

scrotal circumference, expected values, IQl 


Ramps, 655 
Rams 

bacterial infections, L475 
vaccination schedule/flock management 
calendar. l5B3t 

Ranch-specific diseases (soil-borne diseases). 

bovine vaccines, 1593ib 
Random amplified polymorphic DMA 
(RAPD) r 449, 10403. 1 155 
usage. See Genetic variations 
Ranitidine, usage, 63B-693 
Ranunculin, 1699-1700 
RiuruncuJier spp., 1699 
RAD. See Recurrent airway obstruction 
RAPID. See Random amplified polymorphic 
DMA 

Rapid eye movement (R&M) 

REM-onset sleep, 1043 
sleep, movements (association), 299-300 
sudden onset, 1 23 
RAS'D See Radioallergosorbent lest 
Rathkc's pouch. 1339 
Ralional therapeutics, I4B7 
Ral tail syndrome, association. See Bovine 
papular stomatitis 

Rayless goldenrod (Isocoma imghttfj, 
impact, 1405 

RR5I vaccine, advantages, 1610 
rBST. See Recombinant bovine 
somatotropin 

RDA. See Right displaced abomasum 
RDC. Seie Right dorsal colitis 
Reactive oxygen species (ROS), L112 
scavengers, 6B4 
Real-time PCR 
cycling, completion, 439 
detection, combi nations. 495 
sensitivity, 440 
testing. 449 

liquid-based hybridization 
method, 439 

traditional PCR tesling diagnostic 
applications (comparison), 433 
Real-time quantitative FDR testing 443 
Rear limb myotactic reflexes, 12B 
RebreathLng bag, application, 502 
Recessive inheritance, 1657 
Reciprocal of the square root of insulin 
(RISqi), 1353 

Recombinant bovine somatotropin 
(rfiST), 1330 

administration, manifestation, 1352 
effects. See Cows 
galactopoietic effect, I3B2 
labeled use. 1337 
mastitis, increase (studies), I3B5 
positive effects. See Reproduction 
response, Limitation (factors), 1354 
subcutaneous injections, short-term/long- 
Icrm injections. See Lariating dairy 
ooivs 

usages, recommendations, I3B6-13B7 
Recombinant surface antigen, 1010 
Recombination, definition, 1660 
Recovery, failure. See Endurance horses 
Rectal examination, 172, 667 
help. 932 
impassibility, 536 
Rectal palpation, 11-12, B4 5-547 


Rectal prolapse, 760, 391-592. 

See also Horses; Ruminants 
clinical signs, 392 
definiiion/etiology. B31 
treatment/prognosis, 392 
types, 392^ 

Rectal temperature, determination, 46 
Rectum 

external condition, examination, 10 
palpation, 731 

Rectus capitis, traumatic avulsion. 1053 
Rectus capitis ventralis muscles, 
rupture, 1053 
Recumbency 

melabolic causes, laboratory testing. 

1 LD9-1 L10 
progression, 1021 
Recumbenl cattle, floating. 1073 
Recumbent neonates;animals, central 
nervous system direas-e/illncss, 1269 
Recurrent airway obstruction (RAO). 
556-557 
appearance, 42 
characterization, 496 
definiiion/ctiology. 556-557 
degree, 465 
development, 556 
genetics, assessment. 55 B 
hypersensitivity, 556 
Impact, 51. See dim Airway 
Inflammatory mediators, 557 
Interstitial pattern, 463 
palhogencsis, determination, 50 
RAO-afiecIcd horses. 557 
aerosolized, drags, 561 
cor pulmonale, presence, 560 
evaluation. 562 

excessive mucus formation, 560 
Lnlradermal skin testing 559 
RAO-susreplible horses, 560-561 
severity, clinical scoring system 
(development), 553 
ultrasound evaluation, 559 
Recurrent bloat. 332. See ahe Ruminal 
tympany 

Recurrent exertional rhabdomyolysis 
(RER), 1414, 14 L7 
clinical signs. 1417 
diagnosis, 1417 
epidemiology/gcnetics, 1417 
impact, 1501 
prevention, L417 

Red blood cells (RBts). See Washed RBCs 
accumulation, photomicrograph, 

703/ 

antigens, I6E2-I6B3 
presence. I6B3 
contamination, 300 
entrance, 1665-1690 
hemolysis. See Exlravasated RRCs 
number, increase, 343 
parameters, change. 295 
transfusion, 163B 
Red maple leaves, gallic acid 
(presence). 11 65 

Reduction-axidaLion (redox) potential, 337. 

See take Ruminal fluid 
Redwaler. See & rites i,-a encephalitis; Bacillary 
hemoglobinuria 
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Reflection coefficient. See Proteins 
alterations 6494 
Reflex roughing. 537-553 
Reflexes, changes, 6 ] 9f 
Reflux esophagitis, therapy principles, 631 
Reflux gastritis, 700 
accompaniment, 700 
Refractometer, 1679-1(530 
Refugia. See Coats; Sheep 
term, reference. 1636-1637 
Regeneration, peripheral signs 
(absence), 400 
Regenerative red shift, 407 
Regional adiposity, 1352 
Regional intraosseous perfusion 
(RQP), 1203 

Regional intravenous perfusion (REP). 1203 
Regional lymph nodes, enlargement, 46 
Regurgitant murmurs, AV valve 
closure, 33 

Regurgitant systolic cardiac murmurs, 
causes S9h 

Regurgitation, 103-111 
cause, diagnosis techniques HOt 
complications, 1 E1 
definition, 103 
diagnosis approach, LI0-1 11 
evaluation. 110 
normalcy, 103-110 
Rehydration, saline-based fluids 
(suitability), 357 
Relaxin, production, 1454 
REA! See Rapid eye movement 
Remittent fevers 33 
Renal abnormalities, 310 
Renal calculi, 333-939 
obstruction, production, 333-939 
Renal defects, 370-373 
Renal disease panel, 334 
Renal failure, fluid therapy, 1495-1496 
fluid administration, rate, 6495 
Renal function, loss, 1373 
Renal reabsorption, vitamin D 
(impact), 135B 

Renal secondary hyperparathyroidism, 1373 
Renal tubular acidosis (KTA), 945-346 
differentiation, 946 
metabolic disorder, occurrence, 346 
treatment, 346 
Type I, classification, 946t 
Type II, classification, 94 6J 
types 945-346 

Renal tubular damage, presence, 377 
Rennet coagulation test, usage. 369-370 
Rennin. See Chymosin 
Renshaw cells, 1090 
Repeat breeder, 201-203 
diagnosis approach, 203 
management, 20 l 
Repeat breeding, causes, 201 
Reperfusion, 703-705 
cell necrosis, 705 
injury 

initiation, 704-705 
occurrence, 705 
occurrence, 703-704 
Replacement fluids 
composition, 1439t 
deficits, 327 


Replacement heifers 
introduction, 16 L 2 
purchase, 1122 

Replacemenl therapy, fluid selection. 

I49B-1499 
Repnoduclion 
mastitis, impact, 11 36 
recombinant bovine somatotropin (rBST), 
positive- effects, 1 335 
somatotropin, impart. 1334-1335 
Reproductive diseases, protection, 1610 
Reproductive disturbances 1023 
Reproductive outcome, bovine viral diarrhea 
virus (BVBV) impact, 734 f 
Reproductive performance (reduction), 
mastitis (impart), 1136 
RL--R. See Recurrent exertional 
rhabdomyolysis 

RF5. See Reticuloendothelial system 
Resistance, negative frequency 
dependence, 564-565 
RFSO calculator, usage, 1643 
Respirators, usage, 1533 
Respiratory acidosis, 33B 
causes. 333 b 
characterization, 333 
Respiratory alkalosis. 333 
causes, 3336 
Respiratory diseases 

antimicrobial therapy, direct smear/Gram 
stain (usage), 496 
bovine herpesvirus type L (E1EV-1). 

impact, 604-665 
clinical signs* 626-627 
core navi rus (impact), 612 
evaluation, 490-492 
examples, 70-71 
history, 490 

hosl/cnviron mental rislk. factors, 

635-63B 

immune status, clinical pathology/ 
assessment, 627 
immunologic techniques, 493 
molecular techniques, usage, 493-499 
nucleic acid-based techniques, 493-499 
physical examination, usage, 490-492 
presenting signs/complaints, 490 
examination, details, 49 L 
prevention, vaccination (usage), 560 
undetermined causes 

diagnosis/treatment. 626-623 
necropsy findings, 627-623 
Respiratory dislress (dyspnea). 60-63. 

See aiLra Foals 

abnormal hemoglobin, detection, 63 
alleviation, 5B3-534 
blood gas analysis* 67-63 
causes, 337b 

complete blood count, usage, 67 
definition, 60-63 
diagnosis approach, 63-63 
endoscopic examination, 67 
history, 63-66 
indication, 60 
observation, 63 

oxygen (lOO^ij), insufflation, 63 
pathophysiology, 63 
physical examination. 66-67 
radiographic examination, 63 


Respiratory distress (dyspnea) { Cert tu* tied) 
treatment, 306 
ultrasound examination, 63 
Respiratory Junction 
arterial blood gas {ABC) concentrations, 
usage, 337 

objective assessment, 500 
testing, 495 

Respiratory induced plethysmography 
(RIP). 500 

Respiratory infection, 304 
Respiratory necropsy, 623 
Respiratory pathogens, 442 
diagnosis, 442 
Respiratory protection, 1533 
Respiratory rale, determination, 60 
Respiratory secretions 
colleciion/evaluation, 495-496 
cytologic analysis, 55B-559 
Respiratory sounds, pattern, 75 
Respiratory stridor. L653 
Respiratory support. See Neonates 
Respiratory syncytial virus (RSV), 542, 
607-663 

clinical signs. 60B 
definition/etiology, 607-60B 
diagnosis, 609-610 
epidemiology, 609 
necropsy findings, 609 
pathogenesis, 603-609 
transmission, means, 603 
treatmcnt/prevenlion, 660 
Respiratory system 
spaces, aspiration, 495 
support, 257 
Respiratory tract 
arterial blood gas (ABC) 
analysis, 494-495 
diagnostic evaluation, 492-499 
endoscopy, 492 

scdalion/tranquilization, usage, 492 
evaluation. 73-79 
nuclear medicine imaging 494 
radiography, 492-493 
nespiralory sounds, result, 72 
ultrasonography, 493-494 
viral infections, clinical signs, 627 
Response co treatment, term 
(inconsistency), 1509 
Resting leukocyte count, usage. See Fitness 
Restriction fragment length polymorphism 
(RIT.P). 450-451 
usage. See Pathogens 
EfesuscitaLion, 773 

Resuscitation fluids, alkalizing agenls 
(usage), 770 

Retained caps, lingual displacemcnt/delaycd 
eruption, 634 

Retained fetal membranes (RE : Ms), 1436 
adjunct therapy, 1436 
allantochorLonic Infusion, usage, 1435 
antibacterials* usage. 1436 
antibiotics, usage, 1437 
antiinflammatory drugs, usage. 1436 
clinical signs, 6436, L437 
collagenase, usage. 1437 
diagnosis, 6436, 6437 
manual removal. 1436, 1437 
myometrlal stimulants* usage, 1437 
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Retained fetal membranes (RFMs) 
(Cuntbriwd) 

oxytocin, Impact, 1436 
prostaglandin, usage, 3437 
trealmml/prognasis, 3436. 1437 
uterine lavage, usage, L 43(5 
Reticular groove function. See Fscphagcal 
groove junction 
Reticulated leukotrichia, 3 333 
RctlcuLitiSv 324 

Reticulocylosis (erythroid regeneration], 40 L 
Reticuloendothelial system 
(RES), 407 
failure, 1164-1165 

Retiruloomasal orifice, obstruction, 627 
Reticuloperitonilis, 624 
Reticulo rumen 

abnormal contents, 620 
abnormal motor function, 320 
liquid bypass, 63 2 

RetlruLoiuminaL contraction sequences, 
independent function, 321 
RetlruLoiuminaL fermentative function, 
disorders, 327-B32 

Reticuloruminal milk accumulation (ruminal 
drinking), 632-333 
RetlruLoiuminaL motility, stimuli 
(inclusion), 312 

RetlruLoiuminaL motoi function 
disoiders, 323-327 
motoi activity, 62 t 
primary cycle activity, Ell-621 
secondary cycle activity, B2 2-323 
ReticuLcruminaL wall, inflammatory 
lesions, 625 
Reticulum, 3 L5-B3 6 
abnormal findings, 316 
appearance. 335-316 
high-threshold tension receptors, 322 
low-threshold tension receptors, 322 
radiography/ultrasonography, 351 
sonogram, 313/ 

Retina 

measurement, pupillary light relies 
(usage), 130 
trauma, 1273 

Retinal degeneration. 1264/ 

Retinal parasitism, 1293-1293 
Retinal separation, 1264/ 

Retinitis, L293 

clinical signs, 1 23 B 
diagnosis/fireaiment, L293 
Retroperitoneal abscesses, 357 
Retropharyngeal Lymph node 
absccssation, 573-530 
clinical pathology, 573 
clinical signs, 573 
definirion/ciiology, 57B 
diagnostic tests, 573-573 
diagnostic ultrasound, 573-579 
differential diagnosis, 576 
epidemiology, 530 
laboratory aids, 573-579 
necropsy findings. 530 
pathophysiology, 573 
prevention/conlrol, 530 
Irealmmt/pro gnosis, 530 
Retropharyngeal Lymph nodes, 
enlargement, 3 6 


Retropharyngeal region, swellingi'pain/ 
abnormalities, 46 
Retroviral mastitis, 1140 
Reverse- transcriptase- PCR (RT-PCR). 442 
technology, 337 

RFLP. Restriction fragment Length 
polymorphism. 

RFMs. See Retained fetal membranes 
Rhabdomyolysis (lying up). 

See NonexerLional rhabdomyolysis 
alyplral myopathy, impact, 1403-1403 
chemical toxins. Impact, 1403 
fluid therapy. See I loises 
hereditary causes, 1501 
ionophores, impart, 1496-1499 
severity, 25 

Streptococcicr eifm, association. 

1402-1404 

toxic causes. 1496-1499 
toxic plants, impact, 1403 
Rfuwntrus spp., J 794 
RJwufjt, 1701 

Rhinopneumonitis. See Fquine 
herpesviruses 

Rftfzoctffiirjd leEMnrjrarafta, 1703 
RhodococcaL infections, extra pulmonary 
manifestations (occurrence), 

510-51 ] 

Rhcdacocats e^fui, 107B 
antimicrobial agents, activity, 516 
clearance, 514 
culturing, 5 13 

detection, screening methods, 5L3i 
experimental model, 517 
impact. 101. See also Chronic suppurative 
bronchopneumonia; Foals 
importance, 52 t 

infective challenge, size (decrease), 5 13 

inhalation, 512 

isolates 

classification. 532 
macTolides/rifampln. impact, 517 
isolation, 5 11 
neutrophils, defense, 514 
rCR, usage, 33 

phagocytic cell interactions, 513-514 
positive culture, nasal/ fecal swabs 
{usage), 516 
screening, 51 6-513 
soil organism, 5 12 
survival/replication, 513-514 
virulence plasmid, requirement, 512 
Rlt&dacomts eqlii enteritis, 729-730 
clinical/laboratory findings. 729-739 
complications, 739 
pathologic findings, 730 
pathophysiology, 729 
treatment, 730 
similarities, 739 

Rh&daca ccits equi infections, 510-529 
clinical manifestations, 510-51 I 
control, 533-529 
diagnosis, 515-516 
epLdemiology/pathogencsLs. 512-513 
prognosis, 513 
treatment, 5 16-513 
virulence, 51 L-5 12 
RJwtJftfenrlrdn spp., 1697 
Rhonchi, 491 


Rib 

approach, bone marrow aspiration, 426 
resection, 503/ 

Ribcage, palpation, 7 
Rib fractures, 69-70, 552-553 
second-stage labor complication, 267 
Ribonucleic acid (Rh'A) 

RN'A-envelopod lenlivLtus, 1206 
tests, 449 

transcription, 1657 
Ri bo probes, usage, 44 B 
flicinuf communis, 1794 
Rickets. 3254-1255 

osleomalaria, relationship. 1376-1377 
fliefeatfsia. See EfrrficFiiiz njifinnanfjum 
Infection 

RID. See Radial Immunodiffusion 
Rift Valley fever (enzootic hepalilis), 313 
RighL atrial pressure (elevation), cardiac 
catheterization (usage), 476 
RighL-d Mated abomasum, schematic 
view, 353/ 

RighL displaced abomasum (RDA). 
usage. 7/ 

RighL dorsal colitis (RDC), 1146 
chronic blood loss, relationship, I 146 
RighL femora] nerve, paralysis, 1419/ 

RighL gluleal muscle, clostridial 
myositis, 1409/ 

RighLlng response 

abnormalities, 125-126 
testing, 125-126 

RighL inguinal area. Lransabdominal 
ultrasonographic image, 947/ 

RighL jugular furrow, negative lead 
(attachment), 34 
RighL kidney 

right paralumbar fossa region, 
sonogram, 696/ 307/ 
ultrasound evaluation, 361 
RighL nephrolith, sonogram, 307/ 
RighL-sided congestive heart failure (Cl IF), 
signs, 436 

RighL-sided heart failure, 1060 
RighL thorax 

point of maximal intensity, 463 
sonogram. 515/ 

Right-to-Left cardiac shunt, 
consideration, 457 
Rinderpest (RP // cattle plague), 7B3, 
304-695 

clinical signs, 304 
definiiion/etiology. B94 
differenlia! diagnosis, 304 
epidemiology, B95 
global eradication, 305 
Laboratory diagnosis, B94-S05 
necropsy findings, 305 
pathophysiology, 305 
pnevention/conircl, 305 
Rinderpest virus (RPV). 304 
Ringworm. See Dermatophytosis 
RJP. See Regional intravenous 

perfusion; Respiratory induced 
plethysmography 

RISQl. See Reciprocal of the square root of 
Insulin 

R-muLant endotoxins, immunization, 721 
REvA. Sec Ribonucleic acid 
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Roarers 

laryngeal nerve. Lesions, 129 
sounds., production, 74 
Roaring. £ei? Dyspnea 
Rchinui pseiMioacucia, 1704 
RodenticLdcs, 1714-1715 
Romanovsky stains. usage, 402 
ROP. See Regional intraosseous perfusion 
ROS. See Reactive osyg.cn species 
Ross River viruses, 939 
Roslral molar malocclusions/pnoblcms. 679 
Rolavira] diarrhea, 1 536 
diagnosis, 317 

Rotavirus (RV), 317, 343, 354 
classification, 1612 
impact, 344 
invasion, 3441 
presence, 675 
vaccination 
producis, 1615 
programs, 1614-1615 
vaccines, 1613-1615 

parenteral administration, 1614 
Roughage 
deficiency, 329 
impact, 323 

Rouleau formation, 400 
Roundworms, 1626 
clinical signs, 1626 
RP. See Rinderpest 
RPV. jff Rinderpest virus 
R5V. See Respiratory sy ncytial virus 
RTA. See Renal tubular acidosis 
RT-FCR. See Polymerase chain reaction and 
reverse transcriptase: Reverse- 
Lransrri prase-FCR 

RTlV toxin-producing pathogens, I2B7 
Rumen. B16-317 
abnormal findings, 316-317 
appearance, 316 

examination, ausculiation/palpation 
[usage), 3 

liquids, bypass, 367 
microbes, 1036 

microbial population, development, 363 
neoplastic growths, B24 
sonogram. 613/ 

sulfur, primary metabolic pathways. 1024 
Rumenitis, 324 
exception. 340 
flamer crfjpiH, 170 L 
Ruminal acidosis 
detection, 342 
intermediate degrees, B37 
Ruminal alkalosis, 631-332 
detection, 342 
occurrence, 332 
Ruminal bacteria, anaerobes 
(predominance), 323 
Ruminal bloat, 333 
Ruminal contents, alteration, 342-343 
Ruminal development, problems. B33-334 
Ruminal digestion/heallh, feed 
characteristics {impact), 326i 
Ruminal distention, B4 1-342 
Ruminal drinking. See RetkuLanjminal milk 
accumulation 

Ruminal fermentation, feed material 
(impact), 323 


Ruminal fill, decrease. See Indigestion 
Ruminal fluid 
chloride, 539-340 
color/consistency/odor, 333 
diagnostic analysis, B37f 
hematology, 340 
hemoconcenlraiion, 340 
microscopic examination, 333 
osmotic pressure, increase, 330 
pH, B3B-333 
values, 339 

protozoa, microscopic examination, 339 
redox potential, 333 
saliva contamination, 337 
samples, collection, 333 
sedimentation, B39 
Ruminal hypomoiility, 64 I 
Ruminal impaction, effects, B29 
Ruminal ingesla, putrefaction, 332 
Ruminal microbes, phytic acid 
absorption, 1376 

Ruminal microbial fermentation, 323-B24 
inactivity, 335-336 

Ruminal microbial flora, inactivity, 323 
Ruminal microflora (cessation), antibiotics 
(intraruminal administration), B43 
Ruminal motility 

increase, pro kinetic drug (impact), 650 
reduction, 329 
Ruminal overload, 323 
Ruminal parakeratosis, 324-325 
calf experience, 334 
Ruminal pi l determination, 12 
Ruminal tympany (bloat // recurrent 

bloat), 332. Jrcjrfw Chronic recurrent 
bloat 

causes, 32 H, 341 
indigestion feature, B24 
prominence, 64 I 
signs, 341 

types (differentiation), nasogastric 
intubation (usage), B34t 
Ruminal wall 
disorders, 341-342 
gross overdisiention, 323 
lesions, 641 

overdistention, 342-643 
sonogram, 313/ 
thickening, 316-317 
Ruminant abdominal ultrasonography, 
303-620 

bovine patients, restraint, B0B-3D9 
Ruminant immunodeficiency 
diseases, 1677 

RumLnanl respiratory disease 
bacteria, association, 626 
control, 633-643 
epidemiology, 633-635 
infections agents, clinic a l/gjoss pathologic 
characteristics, 603( 
prevention, 636-643 

vaccines, efficacy, 641-642 
Ruminants 

abdominal distention, causes, IGBb 
abdominal pain, causes, 23k, 346/ 
abnormal peripheral pulse, 95b 
abortion, 1457 
infectious causes, 1457-1464 
noninfedious causes, 1457 


Ruminants (CkndFiHftT 1 ) 
activated partial thromboplastin time 
(am ), prolongation (causes), 419k 
acute abdomen, 344 
acute marromineral insufficiency/ 
imbalance, diagnosis. 1377t 
agalactia, causes, 216k 
anemia 
causes, 402b 

diagnosis approach, 403-404 
anestrus, causey 200b 
aniiihrombin 111. reduction {causes), 420k 
anuria, causes, 176b 
asdics, causes, 35k 
back pain, causes, 30k 
bacterial otitis media-Lnterna, 1049-1050 
barium contrast studies, usefulness, 1L1 
beta 2-toxigenic Clostridium per/ringem 
typhlocolitis, 376 

bovine herpesvirus type 1 (RIIV-L), 
1457-1459 

bracken fern toxicosis, 1172 
breed ing season, 1419- 3 420 
bronchopneumonia, impad, 627 
brucellosis, 36 

cardiac arrhythmias, causes, 57k 
cardiac murmurs, causes, S3k 
case-attack rate, 1047 
cenlral cyanosis, causes, 70k 
cerebrum, diseases, 135 
cervicitis, 1447 
clinical signs, 1447-1443 
diagnosis, 1447-1443 
prevention/conlrol, 1443 
treat ment/prognosis, 1443 
chest pain, causes, 29k 
chronic macromineral Insufficiency/ 
imbalance, diagnosis. 1377( 
clinical ketosis,. 1367 
coat lengthi'densily, abnormality 
(causes), 19 Lb 
cobalt deficiency, 392 
coccldiosis, 1645 
treatment/prevention, drugs 
{usage), 1647c 

colic 

causes, L 03b 

daagnusis/managcmenl, 106 
colic, frequency, 104 
collapse 

infectious/parasitic causes, 233-234, 
234b 

toxic causes, 237k 
constipation, causes, 103k 
copper deficiency, 339-692 
cortical signs, 135c 
coughing, causes, 44b 
crusting, causes, 1 B3k 
crystalluria, causes, 1 76k 
cystic renal disease, ullrasonographic 
appearance, 310 
dehorning, 595 
dental cavities, causes, L14b 
diarrhea 
causes, 99b 

diagnosis approach, 102 
toxic causes, 96b, LOOb 
diseases, L 33d 
dysphagia, causes, 1 E2k 
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Ruminants (Croituiuad) 
dystocia, causes, 2L0k 
dysuria, causes, 171b 
ear mite Infestations. 1050 
enlarged lymph nodes, causes, 94b 
enlargements 
causes, 227b 
diagnosis approach. 227 
enzymes, responsibility, 367 
cosinopbilia, causes, 40% 
episeaxis, causes, 57b 
erosions, causes. 1361? 
eryfhion data, 40 L r 

exercise intoleranoe/weakness, causes, 91b 
extremities, pain (causes), 30b 
failu re of passive transfer 
(ITT), 1677-1630 
clinical signs, I 679 
definition/etiolcgy, 1677-1673 
epidemiology, 1673-1679 
laboratory findings, 1673 
prevention, 1630 
treatment, 1630 

feces, blood/fibiLn/murus presence 
(causes), 103b 

fescue toxicity, manifestations, 203k 
fetal membranes, retention, 213 
causes, 21 3b 
diagnosis approach, 213 
history, 213 

physical examination, 213 
fever 

immunologic causes, 33b 
infectious causes, 37b 
neoplastic causes. 37b 
non infectious inflammatory.! 1 

miscellaneous causes, 33b 
toxins, association, 34b 
foreign objects, inhalation, 600 
fundus, appearance, 1263 f 
galactorrhea, causes, 216b 
gastrointestinal nematodes, anlhelminlics 
(efficacy), I633t 

gestation, prolongation (causes), 203b 
grain overload (toxic ingestion), 93 
growl h decrease 
causes, 143b 

diagnosis approach, 153-154 
hematuria, causes. 374b 
hemoptysis, causes, 55 k 
hemostaLic daLa. values, 4ISJ 
histoplasmosis, rarity, 653 
hydrocephalus/ 

hydrancnrephaly, 6 03(3-1032 
hyperfibrinegenemia, causes, 416b 
hyperproteinemia, 41 3k 
hypofibrinogenemia, causes, 420b 
hypogalactia, causes, 216b 
hypoproieinemla, 414k 
icterus, causes, 116b 
immune status, clinical pathology, 1 ' 
assessment, 555 
indigestion, 320-62 L 
classification, 313b 
initial encounter history form, 
example, 4 f 
intestinal obstruction 
causes, 361J 
occurrence, 37 I 


Ruminants (Cbndinuftf) 
jugular venous distention/pulsation, 
causes, 92b 

ketosis (acetonemia), 1364-1369 
lameness 
causes, 223b 

diagnosis approach, 222-223 
Lfptaspim isolates, 96S( 
leptospirosis. 1453 
leukogram. interpretation, 410 
liver flukes, 905-310 
loose teeth, causes, L14k 
lyme disease. 1 L 33 
lymphocytosis, causes, 403b 
lymphopenia, causes, 409k 
male sexual junction, alteration 
(causes), L 36k 
mammary glands 
enlargement, causes, 214k 
precocious development, causes, 216k 
medial retropharyngeal lymph nodes, 
location, 573 

megaesophagus, rarity. 307-303 
mclena, causes, L07k 
microbial thiamine production, 
dependence, 1023-1024 
microbiologic Lests, 623-643 
muffled head sounds, causes, 30k 
muscle spasms 
causes, 23 Lb 
diagnosis approach, 231 
myoclonus 
causes, 23 Lb 
diagnosis approach, 231 
nasal discharge, Lngcsta (causes). 56k 
neck pain, causes, 30b 
neonatal isoerythrolysis, 1639 
neonates 
septicemia, 234 

weakness/depre55ion r dlfferen Li al 
diagnosis, 334k 
neutropenia, causes, 403k 
neutrophilia, causes, 407k 
nodules, causes. L 35k 
normal resting heart rales. See Adult 
ruminants; Young ruminants 
nosocomial diseases, 1520k 
obesity, diagnosis, 167 
oliguria, causes, L 76k 
oral vesLcles/erosions,'u 1 cers; growlhs, 
conditions, 1 L3b 
oviductal abnormalities, 1433 
papules, causes, L37k 
parenteral nutrition, 1654 
paresis 

causes, 227b, 223b 
diagnosis approach, 230 
parturition, 1442 
induction, 250-241 
perinatal death, causes, 249k 
peripheral edema, causes, 35k 
peripheral swellings, causes, 93b 
peritonitis, 353 
phenothiazine, impact, 1716 
physical examination, importance, 3 
pigmentation, abnormality (causes). L93k 
pigmencuria, causes, 174k 
placenta, anatomic structure, 213 
pleural effusion, causes, S5k 


Ruminants (GwrO'jrued) 
pneumothorax, rarity, 665 
polyuria, causes, L76k 
postural deformities, 223 
causes, 225k 
diagnosis approach, 225 
pregnancy Iqe^ 205 
causes, 206k 

protection, hosL Immunity (usage), 606 
prothrombin Lime, prolongation 
(causes), 41 9k 
pruritus, causes, 134k 
purulent nasal discharge, causes, 53b 
pustules, causes, 137b 
pyuria, causes, 175b 
reclal prolapse. 392 
regurgitation 
causes, ll 10k 
occurrence, 1 10 
repeat breeding, causes, 202k 
respiratory distress, causes, 66k 
respiratory tract disease, viral agents 
(association), 602k 
retained fetal membranes, 1436 
salmonellosis, 379-333 
scaling, causes, 133b 

serous/mucoid nasal discharge, causes, 52b 
spasticity, diseases, I40E 
spinal cord trauma, 1075 
spinal fiactures/luxaiions, 1075 
spontaneous fractures, 1254-1255 
causes, 219k 

sporozoan infections, 1007-1003 
stiffness 
causes, 223k 

diagnosis approach, 222-223 
stillbirth, causes. 249k 
stranguria, causes, 17 Ik 
stridor, causes, 74k 
sudden deaLh 

Lnfectinu^/parasiiic causes, 233-234, 
234b 

melabolic/nutrilional causes, 234 
miscellaneous causes, 239 
physical causes, 235 
toxic causes, 236-233, 237k 
swellings 

causes, 135k, 227k 
diagnosis approach. 227 
syncope, causes. 91b 
tachypnea, causes, 62b 
temperature, normal values. 
thalamic signs, L35r 
3-methyl indole toxicosis, developmenl 
(risk), 1703 

thrombocytopenia, causes, 420 
tooth color, abnormalities, 1 L4b 
tracheobronchial aspiration, 435-496 
tremors, diseases, E40f 
tumors, causes, 165b 
ulceraLions, causes, t36b 
ultrasonographic abnormalities* 310 
undifferentiated respiratory 
disease, 626-623 
diagnostic workup. 627 
necropsy findings, 627-626 
urinary incontinence, causes, 17Ik 
urinary tract infection (C.TTI), 362 
urination, pain (causes), 31b 
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Ruminants (CbniimW) 
urticaria, causes, I3031 j 
uteri lie prolapse, 6445 
clinical pathology, 1446 
clinical signs. 1445-1446 
diagnosis, 1445-1446 
prevent ion/control, 1446 
treatmenl/prognosis,. 144(5 
vasculitis, rarity, ] L43 
vesicles, causes, 137b 
vomiting 
causes, LI Ok 
rarity, 333 
weakness 

causes, 227b, 229 b 
diagnosis approach, 230 
weight gain, decreased 
causes, L49b 

diagnosis approach, 153-154 
weight loss 
causes, L59b 

program. See Companion ruminants 
sporozoan infections, 1007-1003 
Ruplurc of the bladder. See ladder rupture 
Russian knapweed poisoning. 

See Nigropallidal enccphalomalacia 
RV. See Rotavirus 
Ryegrass staggers, 1063-1064. 

See izfcv Annual ryegrass staggers; 
Perennial ryegrass slaggers 

s 

5AA. See Scrum amyloid A 
Staxhanmifixs nm-LisjiEe. 370-371 
Saccule, 133 

Sacral nerve plexus, disease, 172 
Sacral spinal cord, disease, 172 
Sacrococcygeal region, lesions, 144 
Sacrococcygeal spine 
spinal cord Irauma, 1077 
spinal fractures,''luxations, 1077 
Sacroiliac junction, subluxation, Lft 
SACs. jff Soulh American camelids 
Sagittal ratio, 106? 

SAGs. See Surface antigens 
Saliva 

hydral ion. 1 lubrication, 637 
loss, dysphagia (association), 11 2 
Salivary bicarbonate, neutralization, 323-B24 
Salivary ducts, 637 
primary neoplasms, 637 
Salivary glands, 667 
diseases, 733 
inflammation, 763 
primary neoplasms, 637 
Salivary mucocele, 637 
Salivation, excess (ptyalism), 1L1- L12, 733 
clinical signs. 3 L5 
Salmeterol, 56 L 
SrrkiNiHMrJa 
Analum, 743 

bacteria, virulence factors, 743 
bacterins, 1604t 
efficacy, 353 

impart, Killed Sizlmr'ire/i'd bacterins 
challenge experiments, evaluation, 362 
colitis* 717 

cultures, performing. LOO 


Salmonella [Continued] 
disease, impact, 347-343 
Dublin, 37? 

maintenance, SSL-332 
Dublin-challenged calves 

(mortality reduction), amoxicillin 
(intramuscular administration), 362 
hosl-adapLed serotypes, control, 631-362 
immunity, 343 
infection 

control, 331, 1546-1547 
detection, 1536 
infectious disease, control, 363 
isolation, 347 
Krefeld, 743 
Newport, 675 

non-host-adapted serotypes, control, 
361-632 
outbreaks, 743 
reflux, culture. 726 
seregroups, grouping. 675 
serotypes, 405 

equine colitis, association, 743 
identification, 67It 
incidence, change, 377f 
serovars/sirains, virulence plasmids 
(acquisition), 743 
species, 347-343 

detection, 170 assays [usage], 446 
spread, prevention measures. 744 
strains, usage, 353 
Typhimurium, 743, 370 
vaccines, 1617 
availability, 362 

EdiWnedfa abortion. 1457, 1463 
clinical signs, 1463 
epidemiology, 1463 
history, 1463 

laboratory diagnosis, 1463 
pathophysiology, 1463 
treatment,'con ircl, 1463 
Scn’moneJf'ii dbortriwev^Eiind. 1457 
Salmonellac, mucosal cell attachment, 330 
EdiWnedfa ertEerinz., nosocomial disease 
(relationship), 6546-1547 
Salmonellosis, 743-744, 377-33 6 . 

See izi'jci Ruminants 
characterization. 744 
clinical findings. 744 
clinical pathology, 330 
clinical signs, 373-330 
clostridial enterocolitis, comparison. 746 
confirmation, 744 
control, 360-632 
definition/ctiology, 675 
diagnosis, 744 

diarrhea,. 1 metabolic disorders, treatment 
resolution. 744 

differentia] diagnosis. 675-360 
epidemiology 1 , 743, 360-332 
ocular manifestations. 5 ly Elorses 
pathophysiology, 360 
presence, 743 
treatment/prevention. 744 
vaccination, 362 
Salpingitis, 6435 
clinical pathology, 1435 
clinical signs, 1435 
diagnosis, L435 


Salpingitis (CerzErtzued) 
embryo recovery, L435 
preveil Lion/conLrol, 1435 
treatmcnt/progpoEii, L435 
SALT. See Skin-associated lymphoid tissue 
Salt 

concentrations, 121 
consumption, polyu ri^polydipsia 
(impact), 344 
Sah poisoning, 6026-1027 
clinica] signs, 1026-1027 
control, 1027 
definilion/etiology, 102 6 
epidemiology, L027 
necropsy findings, 1027 
pathophysiology, L027 
treatment, 1027 

Samples, stained smears (evaluation), 1510 
Sand, checking, LO i 
Sangjuinous nasal discharge. 

See 1 temorrhagic nasal discharge 
Safiatwria spp., 1653 
S\RA. See Subacute ruminal acidosis 
Sirrccukirtii's zvnifrcifJdtcu, 1 700 
SjTmicytfir abortion, 1465 
clinical signs, 1465 
control, 1466 
epidemiology, L466 
history, 1465 

laboratory diagnosis-, L465 
pathophysiology, L466 
Sirmicyttir infection, 1007-1003 

clinical patholcgy/pathogcnesis, 1007 
clinica] sigfis, 1007 
control, 1003 
defini Lion/eliology, 1007 
epidemiology, 1007-1003 
pathologic lesions, 1003 
pathophysiology, LOO? 
treatment, 1003 
SiTmKytfij nnuwrjr, 444-445 
cenlral nervous syslcm lesion 
recovery, 1012 
DMA, detection, 1011 
identification, problem, 1013 
life cycle, 1012-1014 
sporocy5ts, presence. L0L2 
irrcflcyrtii nfujwur agglutination test 
(SAT), 1010 

Sirn-nroflir parasite, life cycle, 1006/ 
SarcocysLnsis, 1404-1405 
clinical signs, 6404-1405 
epidemiology, 1404 
treatment, 1405 
Sarcoids. See Equine sarcoid 

disease, transmission mode, 1323 
polymorphic appearance, 1323 
Sarcoptic mange, 6322 
clinical signs, 1322 

topical acaricides. recommendation. 1322 
SMIS. See Severe acute respiratory 
syndrome 

SAT. See StarcdcysEis neurona agglutination test 

Sawdust livers. See Telangiectasia 

SBE. See Sporadic bovine encephalomyelitis 

Scabby mouth. See 'Contagious ecthyma 

Scale 

definition, 163 
formation, mechanisms, 163 
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Scaling, L3S-] E3 
definition, I SB 
diagnosis approach, 15S-LS9 
SCC. See Somatic cell count; Squamous cell 
carcinoma 

Schiff-Sherrlngton syndrome, I07G 
Scbmorl's nodes, 1033 
Schwann cells, 3032 
Sciatic nerve, 1107-1 IDS 

innervation. See Extensor muscles 
paralysis, occurrence, 3 LD7 
SCID. See Severe combined 
immunodeficiency 
Scintigraphy, 074 
SnpptjirripjHir, 330 
pneumonia, diagnosis, 530 
Scottish hill sheep, postmortem 
examination, 731 
Scour Bos, 3635 
ScourGuard 3(K)/C, 1615 
ScourGuard 4(K)C, 3 63 5 
Scours. E. cofi {impact), 3035 
SeP. See Strcmgylc Contamination Potential 
Scrapie, 93I-9B2 
breed disposition. 93 L 
clinical signs, 3 EI 
control, 932 
definition/efiiolcgy, 331 
differential diagnosis. 331 
epidemiology, 333 
in vivo diagnostic tests, 333 
pathophysiology, 3 B 3 
postmortem diagnosis. 973 
public health considerations, 932 
treatmenl/prognosis, 333 
Saapie-associated retinopathy.. 1276. 

See disc Goats; Sheep 
Snatch reflex, 3 B 3 
Screw-worm flics 

dormant stage, absence, 1124 
impact. See Myiasis 

Screw-worms. See Secondary screwworms 
infestation, 1223-3324 
Snotal dermatitis/abscess, 347B 
Scrotal injury, 3477-347B 
clinical signs, 1477 
definition/injury, 1477 
differential diagnoses, 1477 
treatmenl/prognosis. 1477-1473 
Snotal thickening, 3477 
SnoLum 

examination. 196-137 
hemorrhage, occurrence, 3477-1473 
SC5. See Somatic cell score 
SDF. See Synchronous diaphragmatic 
flutter 1 

SDII. See Sorbitol dehydrogenase 
SDS. See Sodium dodecyl sulphate 
Seasonal ancstms, 1421-1423. 

See ie/jo Marcs 

artificial lighting, impact, 1423 
clinical signs, 1421-1422 
diagnosis, 1421-1423 
dopamine antagonists, 
administration, 1422 
follicular aspiration, 1423 
gonadotropin-releasi ng hormone, 
administration, 1422 
gonadoLropins, usage, 1422 


Seasonal aneslnis ( Continued) 
steroids, usage, 1423 
Lrcalment/prognosis, 1423 
Season-to-season maintenance, 931 
Secondary contraction cycles, contrast. 

See Primary contraction cycles 
Secondary copper deficiency, 120 
Secondary cycle activity, 322-323 
Secondary epidermal laminae, total 
degeneration, 1227 
Secondary erythrocytosis, I 172-1173 
management, 1373 
Secondary hyperalgesia. 24 
prevention, 24 

Secondary hyperparathyroidism, 
characterization, 3360 
Secondary Immunodeficiencies, 3673-1677 
endogenousi'esogenous factors, 1675 
Secondary neoplasia, 731 
Secondary screwworms, 1324 
Second-degree atrioventricular ( AV) block, 
documentation, 73 

Second-parity cows, calves (birth), 250 
Second-stage larvae (L 2 ), development 
(continuation), 1623 
Second-voiding urine samples. 

collection, 969 
Secretory diarrheas, 3B 
examples, 9B 

Secretory myelomas, li 1 B0 
Sedatives, usagE, 15-16 
Sedimentation. See Ruminal fluid 
activity time, B29 
Sedimentation-flotation test, 339 
Seedy toe. See White line disease 
Segmental axonopathy, 332. 

See iziiii Merino sheep 
Segmental defects, 1446 
clinical signs, 1446 
diagnosis, 6446 
t rea l m c n t/ p r M.n o s ii, 1446 
Segmented myelitis. See Equine prclozoal 
myelcencephalitis 
Seizures. See Foals 
abnormality, 134-137 
activity 

identification, 200 
result, 104 L 

anatomic causes. ullrasonography/CT 
{usage), 300 
collapse, 134-127 
conditions, association, 300-30 L 
control 

pentobarbital anesthesia, usage, 300 
phenyloin, usage, 200 
disorders, electroencephalographk (EEC) 
evaluation, 1042 
manifestation, 123 
physical manifestations, 125 
threshold (increase), phcnobarbilal 
{usage), 300 
treatment, 300 

Selective lgG2 deficiency, 1631 
Selective IgM deficiency, 1672-L 673 
clinical pathology. 1672 
clinical signs, 1672 
definition/etiology, 1672-1673 
differential diagnoses, 1672 
necropsy findings, 1673 


Selective IgM deficiency (Gen turned) 
pathophysiology, 1673 
pnevention/contrcl, 1 673 
treatment/prognosis. 1673 
Selenium, 1702, 1712 
accumulation, 1062 
Indicator plants, 3702 
status, 1406 
toxicosis, 1702 
Lesions, variation, 1702 
SelenLu m-responsive nutritional 
myodegeneration {UMD). 
alleviation, 3403 
.Sl'iVnoipioniH rmnmiznZjEura, 330 
Self-con Lained strip*, usage, 375 
Self-limiting influenza-like illness, 
development. 530 

Self-trauma (prevention), analgesics 
(usage), 33 L 

Sella turcica, infectious agent (entry), 1002 
SeM, See Streptecoecus equi iM protein 
Semen quality, evaluation, 197 
Semen volume, 194 
Semicircular canals. 12B 
Semimembranosus muscle, 
strain, 343 L-3432 
diagnosis, 1412 
treatment, 1412 

Seminal vesicle^ attention, 11-12 
Seminal vesiculitis (vesicular 
adenitis), 1432-14B2 
clinical pathology, 1432 
clinical signs, 1432 
definition/etiology', 14 B2 
differential diagnoses, 1432 
treatmenl/prognosis, 1433 
Seminomas, 1430 

Semiquantitative scoring system. 6063-1069 
SemitcndinoEus muscle 
percussion, 1269/ 
strain, 143 L-3432 
diagnosis, 1412 
treatment, 1412 
Senvoo, toxic dose, 905 
ScFifiTJO-in tested pastures, 905 
Scpitvic 905 

Senecib vulgaris, 905 
Sensitivity tesling isolates (usage), 63 L 
Sensorium, changes, L19f 
Sensory modalities, disruption (absence), 26 
Sensory/molor nerve fibers, ratio, 325 
Sensory nerve conduction {SMC), 1093 
velocities, determination, LD95 
Sepsis 

cause, removal, 72 I 
classification, scheme, 713_f 
differences, 713 
early phase (hot phase), 713 
characterization, 715 
effects, 733-716 
endotoxemia, relationship, 945 
evidence-based medicine, 739 
fluid considerations. See I lorses 
fluid therapy, 1492-3493 
global tissue hypoaia, development 
(Importance), 717 
Inflammatory changes. 227 
Laminitis, development risk.. 72 6 
Late phase (cold phase), 765-716 
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Sepsis (Conrinirraf) 

I i fe-tbreateni ng forms, 719 

molecular basis, 714-715 

molecularpathologies, understanding, 712 

pathogenesis. 2B2-233 

severity, assessment tests, 743 

stage assessment. 7L9 

treatment, 713-723 

Sepsis-induced coagulopathies, thrombolic 
risks, 1434 

Septic arthrilis {infectious arthritis), 363-364 
diagnosis, 363 r 1201-1202 
arthrocentesis, usage, L 202 
incidence, MOD-1200 
inLraarljcular antibiotics, advocacy, 1 201 
joint/synovia] structure, loca] lavage, 1203 
nuclear sci ntigra phy, 1202 
pain management, 1204 
pathogenesis, ] 100-1201 
prognosis, L 204 
regional intravenous perfusion/ 

inlraosseous perfusion {RIP/ROP), 
advocacy, 1203 
risk factors, 11 93-1200 
treatment, 1203-1204 
Septic calves hematologic 
abnormalities, 235 
Septicemia, prognosis/ 

complications, 292-231 
Septi-Chek, 235 

Septic inflammaloiy airway disease (LAD). 

radiographs (usage), 504 
Septic myocardial emboli, 4B3 
Septic pericarditis, treatment, 477 
Septic peritonitis, adhesions, 71L 
Septic rena] disease. See Foals 
Septic shock 

pathophysiology, nuclear factor 
(impact), 715/ 

respiratory failure, com pi ication, 232 
Septic tendinitis, 1 24 t 
Septic thrombi, embolization, L073 
Sequence analysis, 450. See nhe Nucleic acid 
sequence analysis 
Seroconversion, 543 
Serologic assays, usage. 444-445 
Serologic diagnosis, 620 
Serologic EU5A. responses. See M-prole In 
vaccines 
Serosa 

photomicrographs, 71 Of 
small vessels, transmission electron 
photomicrographs, 706/ 

Serosal injury, cytokines (involvement), 710 
Serosal layer, single-cell mesolhelial 
layer, 710 

Serosal mesothelial cells, damage, 705 
Serosal mesotbelium, healing, 711 
Sercsurveil lance. See Equine infectious anemia 
capabili Ly„ L162 
Serotonin, 27 

Serous nasal secretions. See .Animals. 

■SernaQd, mastitis pathogen, 1129 
SerntEid inlramammary infections, 
origination, 11 23 
■SernaPd maFreran5 r 304 
SermP'd mastitis 
associations, 1129 
cause, l! 1 23 


Serum 

activity, elevations, 920 
biochemical profile. See Exercise 
intolerance; Performance 
chemistry, determination. 375 
concentration, determination, 41 li 
enzymes. 390-332 
activities. See Muscles 
elevation, causes, 390i 
fibrin and fibrinogren degradation 
products- (FDPs), measurable 
levels, 419 

hepatic copper concentrations, 
relationship. B3B/ 
testing, 35, 37 

Serum amyloid A (SM) protein, 364 
Serum bilirubin, elevation {causes), 393Jr 
Serum calcium, 334-335 
concentration, increases/decreases, 334 
Serum chloride, 3B3 
concentration, 347 

Serum creatine kinase, elevation, 1036 
Serum creatinine 

concentration, usage. See Glomerular 
filtration rate 

elevations. See Newborn foals 
Serum, glutamic-oxaloacetic transaminase 
(SCOT). 1339 

Serum IgG concentration, level (debate), 
339 

Serum EgC L (measurement), single RID 
(usage), 1673 
Serum magnesium, 336 
Serum neutralization (5N), 377 
Serum neutralizing (SN) titer. Increase, 
302 

Serum phosphale concentrations, 
monitoring, 1591 
Serum phosphorus, 335-336 
concentrations, 335 
age-related differences, 335-3B6 
Serum polassLum, 3B2-333 
concentration, 332 
Serum protein, 395 
concentration 

blood, obtaining 30 
decrease, 1907 

Serum, protein electrophoresis {SPE), 41 L 
Serum sickness (acute hepatitis). 233 
Serum sodium, 331-362 
concentration, 33 L 

Serum thyroid hormone concentrations, 
alterations, 1349 
Seitania vesicaria, 1639 
Sesquiterpene lactones, 1703 
Srtarfa, 1031 
parasites, 1031 
species, I9B3 
Selaria digituta, I9B2 
Seiaria futeaenrs, 1704 
Selan'a sphaceiala, 1701 
Severe acute bovine viral diarrhea virus 
(BVBV) infection, 734 
viral isolates, obtaining, 794 
Severe acute respiratory syndrome 
(S.ARS), 449, 1533 
Severe combined immunodeficiency 
(SC1D), 521, 1671-1672 
clinical pathology, L671-L672 


Severe combined immunodeficiency {SCUD) 
[CmtOlUed) 
clinical sigfis, 1671 
defmi tion/etiology, 1671 
differential diagnoses. 1671 
epidemiology, 1672 
necropsy findings. 1672 
pathophysiology, 1672 
prevalence, 1672 
prevention/control, 1672 
spotocysts, receiving, 1912 
syndrome, 304 
treatment/prognosis, 1672 
Sex-linked traits, 165B 
Sex reversals, 142B 
Sexual differentiation, 1426-1427 
Sexual functions, alteration. 134 
Sexually transmitted diseases (STDs), 1433, 
1449 

SCOT. See Serum glutamic-oxaloacetic 
transaminase 

Shaker calf sy ndrome, 11969 
neunodegenerative disorder, 
inheritance, 1969 
Shaker foals. See Botulism 
Shaker foal syndrome, 1036, 1 100 
Sheath rot. See BalanoposthLtLs; Vulvitis 
Sheep 

abortion, causes, L453i 
adenoviruses, 613 
antisera, availability, 15 631 
blood groups, I6B3 
body condition scoring system, 163; 
Etomhamdla (Neisseria) mris 
keratoconjunctivitis, 1 276 
breed ing season, 1419 
bronchopneumonia, 627, 637-633 
bacteria, association, 602b 
central nervous system disorders, 
development. 934 
chlamydia] 

kcraLoconju nctlvitis, 1 275-1276 
chronic pneumonias, 656 
clinical mastitis, 1133-3 139 
cobalt deficiency, determination 
(criteria), SSOi 
Colesiota (Rkkeltsia) 

keratoconjunctivitis, 1277 
copper, toxic doses, I S67 
GmynBbac Cerium ps ctj dorirIwcu Ids lt 
infection, 530 
cud-dropping 7B4 
daily nulrienl requirements* 1651* 
deciduous dental formulas, 7B9 
diseases. 1031 
eperythrozoonosis, 1 L 60 
gastrointestinal nematode 
infection^ 1634-1633 
anemic crisis. 1 636 
cpizooliology, 1635-1636 
life-cycle, 1635 
patient management, 1636 
population at risk, 1636 
refugja, 1636-1637 
genetic tests, 1 664t 
glutathione peroxidase activities, 
concentrations, 14061 
growth, nutrient requirements 
(mature body weight), 156i 
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Sheep (Gun rbrired) 
herpesviruses, 607 
ileum, bone marrow aspirate, 425/ 
infectious diseases 
molecular testing, 446-447 
submission, sample. 447 
infectious foot rot, 123(5-1239 
antimicrobial drugs, nonexistence, 1233 
concern, 1237 
kangaroo gaii, ] 107 
Itedsy ] 3215-1327 
infestation. clinical signs. 1326 
therapy, 1326-1327 
lesions, 734 

Lirtma JiMiMjflDgntfiff, ] 276-1 277 
locoweed, feeding, 1694 
lung»orms, 563 
iVflminJi®.uniiT haenwfytioa. 6 L 4 
mastitis, 1133-1140 
mycoplasma] 

keratoconjunctivitis, 1274-1275 
nasal neoplasms, identification, 55*3 
nutrient requirements. 164 
ovine progressive pneumonia (OFF), 
hematologic changes, 656-657 
ovine pulmonary adenocarcinoma (DPA) 
impart, 657-653 
lungs, observation, 653 
oral lesions, infectious diseases 
(association), I14f 

osleomyelLti^'diskospondylitis. cervical 
radiograph, 39/ 

parainflucnaa virus 3 (FIS), 61 E 
periodontal diseases (pathogenesis). 

bacteria (implicaiion), 731 
permanent denial formulas, 730 
pneumonia (prevention}, management 
practices, 640-643 

prion protein (PrP) gene allele, nucleie 
acid sequencing, 430 
progressive bacterial/viral 
pneumonias. 650 
protection, moLybdenum/sulfur 
(usage), El 63 

pyrrolizidine alkaloid (PA) toxicosis 
resistance, 304 

respiratory complex, infectious agents 
(association), 602 
respiratory disease complex. 602 
etiology, 602 

respiratory syncytial viruses, 607-613 
scrapie-associated retinopathy, 1276 
serum protein values, 4L2( 

Setaria, 103L 

somatic cell score (SCS/ 
hcriLability, 1140 
sternum, cross-section, 424/ 
subclinical mastitis, 1139-1140 
vaccination, 617 
schedule, 1533-1551 
vaccines, availability, I 56 Sr 
warts, rarity, 1337 
wasting disease, 365 
weight Loss, 370 
whole blood selenium activities, 
concentrations, I406t 
Sheep gid. jff Gocnurosis 
Sheep-passaged modified live vaccine, 
usage, 1620 


Sheeppox, 7B3, 13IS 
capripoxvirusc^ impact, 1313 
SE4L See Synergistic hemolysis inhibition 
Shiga toxin, 365 
Shiga toxin 2. 965 
Shiga toxin-producing E. coii 
(STEC), 342-143 
disease mediation, 347 
prevalence, 343 
serotypes, 343 

Shipping fever, 602, 613-634 
pneumonia, 623, 637 
Shivers, 1393 
Shock, evidence, 104 
Shock dose, 773 

Shock palients (circulating volume 
restoration), hypertonic saline 
(usage). 770-771 

Shortened luteal phase (premalure 
luteolysis], E413 
Shorthorn cattle, hereditary 
hypeTmelria, 1056 
Short-lived immunity, proof, 1105 
Short tandem repeats (STRs), 1660 
Shunt calculations, 457 
Shunting, 71 
SialoadcniLis, 637, 733 
Sialocele, 733 
development. 731 
SI conversion factors, L363i 
SID. See Strong ion difference 
Si'tfa carpi m/xTu toxicides. See Locowced 
poisoning 
Siderohlasts, 3171 
Signalment. 120. 5e® rrlra Animals 
disease risk idenLification, 344 
Silage disease. See Listeriosis 
Silage-making process, 1033 
Silent estrus, 14 24-14 26. See ulse llehavioral 
estrus 

clinical signs, 1425 
diagnosis, 1425 
prevent ion/control, 1426 
trcatment/prognosis r L 425-1426 
Silica urolithiasis, 556-957, 353 
Silicosis. See Pneumoconiosis 
Silo-filler's disease, 645-650 
Silo gas, 649-650 
Silver 24 hours, 713 
Silver bullet treatments, promise. 712 
5Lmmental calf, leukocorla, 1273/ 

Simple indigestion, B29 
Simple intestinal obstruction, 732 
Simple obstruction, 732-733 
Simple postoperative Ileus, 737 
Simple-stomached animals, serum bile arid 
(postprandial increase), 397 
Simplified strong ion model. See Acid-base 
equilibrium 

Single nucleic acid polymorphism (5NF) 
analysis, 443 

Single-nucleotide polymorphism (SNF), 436 
Single radial immunodiffusion (RID). 1673 
usage. See Serum IgGl 
Single-stranded Rh'A genome, 545 
Sinuses 
diseases, 594 
larvae, irritation, 553 
percussion, 533 


Sinusitis, 537-535, 554-595 
clinical pathology, 5B3 
clinical signs, 5B7-53B, 554 
definiiion/etiology. 537, 554 
dehorning, association, 594 
diagnosis, 594 
diagnostic tests, 533 
differential diagnosis, 537-533, 594 
incidence, 537 
irritation, 594 
laboratory aids, 53B 
necropsy findings, 533 
parenteral antibiotics; 1 nonsteroidal 
an Li inflammatory drugs 
(NSAIDs), 535 
pnevention/control, 5B3, 595 
radiographic projections, 533 
secondary factors, 535 
treatment/prognosis, 533-535, 534-595 
trephine sites, 594-595 
Sinus of Valsalva 
aneurysm, rupture. See I lorses 
congenital aneurysms, 475 
Sinusotomy, trephine sites, 535/ 

Sinus tachycardia (demonstration). 

electrocardiogram (usage), 471 
Sinus trephination, 437 
performing, 497 

SIRS. See Systemic inflammatory response 
syndrome 

SISG. See Small intestinal strangulating 
obstruction 
SuinrnHJ spp., 1703 
1 6s KKA gene, sequence analysis, 

449-450 

1 6s RNA typing. 445-450 
Sixth cervical vertebra, survey 
radiograph, 97/ 93/ 

Skeletal muscle 
infarctions, E403/ 
myopathy, differential diagnosis 
(importance), 279 
while streaks, nutritional 
myodegeneration 
(impart), 1407/ 

Skeletal system, evaluation, 75-30 
Skin alteration 
diagnostic techniques, ] 73 
diseases, I7B 
history, L7S 

physical examination, usage, L73 
Skin-associated lymphoid tissue 
(SALT), 1176 

cutaneous tumors, confinement, E173 
Skin biopsy 

histopathologic examination, 132-131 
local anesthesia, usage, 1 B2 
Skin disorders, unknown/gcnetic 
origin, L332 

Skin lesions (sampling), biopsy punch 
(usage), 132 

Skin puncture, liver biopsy site, 397 
Skin scrapings, usage, 173 
Skin tenting, prevention. 1231/ 

SkuLL bony malformatio^curvature, 6B5 
Skull radiographs, diagnostic 
information. 491 
Skunks, rabies virus 

(virulence level), 957 
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Slaframine, 1703 

Sl ap lest (laryngeal adductor rdla) ] 23 
Sleeper calves. See Thromboembolic 
meningoencephali Lis 
Sleeping, sickness. See Cerebral 
trypanosomiasis; Equine 
encephalomyelitis 
Sleep-wake cycles, disrupt ion, 26 
Sloshing fluid, sounds. 6 
SLV. See Small, ruminant Lenrivinrs 
SMA. See Spinal muscular atrophy 
Small airways, inflammation 
histologic evidence, 572 
role, 574 

Small colon. See Descending colon 
Small-grain forage, 1100 
Small intestinal fibrosis, (5S7 
Small intestinal intussusception, 363-9L9 
Small intestinal postoperative ileus (POl), 
development, 73? 

Small intestinal strangulating obstruction 
(SISO), 727 

survival, prognosis. See Horses 
Small intestinal slrangulaLions, 737 
Small intestinal volvulus, 735 
Small intestine, 9 L9-B1 ? 
abnormal findings, 919-315 
appearance, 313 
bull's eye appearance. BIB-313 
chyloabdomen, 732/ 
distention, degree (assessment), 72(5 
entrapment,. 737 
inflammation, 725 
intraluminal obstruction, S13-9L3 
intussusception, 737 
lesions, 72:3-723 
medical disorders, 723 
mesenteric root, volvulus. 963 
neoplasms, impact. 731 
sonogram. 615/ 
surgical deflation, 722-723 
surgical disorders, 732 
Largel sign appearance, 919-313* 
villus, photomicrographs, 704/ 

Small ruminant lenLivkus (SLV), 1205 
Small ruminants 
cervical diskospondyliLis, 1073 
cervical fractures/luxations, 107B 
diseases, resemblance. See foot-and- 
mouth disease 
gastrointestinal nematodes, 
managcmenl. 1(537-1(533 
mastitis control measures, 1140 
perimetritis. 1444 
psocoptic ear mite, 6050 
renal size, variation, B10 
subclinical mastitis, 1 640 
treatment decisions, economics 
[relationship), 1633 
urinalysis/urine culture, 172 
Small strongyles, 1623 
components. 1623 
Small vessels, transmission electron 
photomicrographs. See Serosa 
Smart drenching method, 1(537-1533 
Smell, sense (testing reliability), 130 
S-methylcysteinc sulfoxide, 1703 
Smoke inhalation, 555-556, 650-65 L 
diagnosis, 55(5 


Smoke inhalation (ContmueiJ) 
injury, 555, (550 
pathophysiology, 555-65 6 
secondary complications, 556 
treatment, 556 
involvement, 651 
Smooth muscle cel Is, inherent 
excitability, 733 

StW See Serum neutralization,' Serum 
neutralizing 

Snail habitat, presence. 356-505 

Sh'C. See Sensory nerve conduction 

Sh'P. See Single nucleic acid polymorphism; 

Single-nucleotide polymorphism 
SOAP. See Subject ive Objective Assessment 
FLan 

Soaps, biocide components, 1 530 
Sodium. 775, 171.2. See also Serum sodium 
amount, requirement. 335 
concentration, change, 39 L 
disturbances, 6505 
fractional clearance. 356 
fractional excretion [FE) increase, 337 
Sodium bicarbonate 

administration (rationale), lactic acidosis 
(pretence), 260 
usage, advocacy, 770 
Sodium bicarbonate-containing milk 
shakes, 367-336 
Sodium borate, toxicity. 6767 
Sodium concentrations, examination, 101 
Sodium-containing fluid,, accumulation, 3B1 
Sodium dodccyl sulphate (5DS), 545 
Sodium molybdate, feeding, L169 
Sodium nitroprusside, dilution, 730 
Sodium polyanethole sulfonate (SF5), 
usage, 313-325 

Sodium sulfanilate, usage, 329 
Sodium sulfate, feeding, LI63 
Sodium sulfite precipitation, 1673 
Soft bone, debridemcnt/curettage, ] 24 L 
Soft palate, dorsal displacement, 537 
Soft-palate displacement, occurrence, 269 
Soft tissue, swcLLinga/enlargements. 

225-227 

Soft-tissue density, distortion, 573/ 

Software systems, types, 15 

Soil-borne diseases, bovine vaccines. 

See Farm-specific diseases; 
Ranch-specific diseases 
Soil saprophyte, 530 
SoldFiiri?! dimidbrnrm, L064 
Soranjun L064 

Sofdmrm niahrccrqhNr, 6533 
SoidFiifiFi spp.. 165S, 1752 
Sole, deep penetrating injuries, 1240-1242 
clinical signs, 1 240 
diagnosis, 1240-1246 
history, 6245 
radiographs, I 24 6 
treatment. 1241-1242 
Sole, deep penetrating wounds. 1241 
Solid food consumption, 336 
Soluble oxalate-related changes. 1701 
Soluble oxalates, 1700-1701 
Somalic cell count (5CC), 11 L3 r 1615 
increase, 1 135 
milk from all four quarters 
(CM. 5CC), 1615 


Somatic cell count (SCC) (CwEtfra^i) 
milk, from an individual quarter 
(QMSCC), 1 L15 
monitoring, 1133 
predictive value, L115 
udder depth/atrachmenl, correlation, 3 L33 
Somatic cell score {SGS) 
heritability. See Sheep 
predicted transmitting ability (TFA), 
relationship, 1L3S 

Somatotropin, L330. See disc Bovine 
somatotropin 

direct/indinect effects. See Cattle 
impact. See Health; Xiilk Reproduction 
SomeLribove, commercialiaalion, 

I3B3-63B4 

Sorbitol dehydrogenase (SDE1), 331 
examination, 336 
increase. 331, 475476 
possibility, 1365-1365 
Sorghum spp., 1659, 1752 
Sorghn m toxicity, 6103 
clinical pathology, 6103 
clinical signs, 6103 
control, 1103 
definition/etiology, 1 653 
epidemiology, 1103 
necropsy findings, 1L03 
pathophysiology. LI03 
tneatment/prognosis, 1103 
SOS. See Sucrose octasulfate 
South .American camelids {SACs), 1112 
mastitis, 6141 -1 L 42 
Southdown sheep, impact, 31 B 
Southern blots, 447 

Sow mouth. See Stand ibular prognathism 
occurrence. 635 
Soy-based replacsrs. 365 
Soy isoLale/concentrale, 375 
Space-occupying brain lesion, 1040 
Space-occupying masses, 536 
Space-io-iidal volume ratio (V r ,/V T ). 453 
SrAOrD. See Summer pasture-associated 
obstructive pulmonary disease 
SrAEtAO. See Summer pasture-associated 
recu rrent airway obstruction 
Spastic paresis (Elso heel), 6565-1097, 1333 
characterization, 1097 
clinical signs, I5B7 
treatment, 1097 

SrE. See Serum protein electrophoresis 
Species, clinicopalhologic parameters 
(variation), 377 

Species-related differences, occurrence. 6507 
Specific diets, usage, 3654-1643 
Specific gravity. 355-336 
Specific immunity, increase, 353-354 
Sperm, chromoEomal/gcnetic defects, 204 
Spermatic cords 

examination, L 36-157 
impact. See Infertility 
torsion, 1430-1436 
clinical signs, 6461 
definition/etiology, 1430 
differential diagnoses. 6461 
Lrealment/prognosis. L4S1 
Spermatozoa, concentration. 154 
Sperm stasis. See Efferent ducts 
Spider lambs, maintenance (attempts), 6133 
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Spider Lamb syndrome (ovine hereditary 
chondrodysplasia), 1157-1133 
cause, 1135/ 
clinical signs, 1137-1I9£ 
definirion/etiology, 1157 
diagnosis, 1 I3B- L130 
differential diagnosis, 11 53 
epidemiology, ] 139 
gross postmortem examliialion 
findings. 1139 
necropsy findings. 1193 
prevention,'control, 1193 
Spina bifida, 10B3. See also Congenital 
vertebral anomalies 
Spina bifida cystica, 60B3 
Spinal abnormalities, characterization, 352 
Spinal abscesses, 1973-1073 
broad-spectrum antimicrobial, 
selection, 1973 

clinical pathology, 1073-1075 
clinical signs, 107B 

complete blood count, inclusion, 107B 
definiiiion/ctiolcgy, 6073 
necropsy findings. 1073 
pathophysiology, 1075 
radiographic findings. 1073-1073 
treafmenl/pneveniion, 6073 
Spinal accessor^ 1 nerve (cranial nerve 
SI), 132-133 
origination, 132-133 
Spinal column, palpation, 7 
Spinal cord 

cervical region, incomplete section, 
143-N4 

compression, 6067 

paraplegia/telraplegia. association, 293, 
336 

demyelination, L 20 
diseases, 14 4t 
injury 

hyperosmolar therapy, 1435-1500 
hy pertonic saline, effects (laboratory 
studies], 6453 
lesions, I2B 

lumbosacral region, components. 144 
signs, diseases (impact). 1067 
white matter, damage (neurologic 
signs], 3B2 

Spinal cord trauma, 6075-1073 
clinical pathology, L077 
clinical signs, 1075-1077 
definition/etiology, 6075 
pathclogy/palhophysiology, 1077 
radiographic findings. 1077 
treatmenl/prognosis, 1077-107B 
Spinal dysraphism, 103B 
See aha Myelodysplasias 
Spinal fractures/luxations, 1075-1073 
clinical pathology, 1077 
definirion/etiology, 6075 
pathology/palhophysiolngy, 1077 
radiographic findings. 1077 
t rea t m e n 1 / p ro g n osi s, 1077-107B 
Spinal injuries, treatment, 6077 
Spinal muscular atrophy (SMA). 

1035-1036 See if/sd Bovine spinal 
muscular atrophy 
Spinal reflexes, 126-12B 
examples, I2B-123 


Spinal reflexes (Coniinuttf) 
stereotyped responses, 1 26 
Spinal tumors, L 073-60B0 
clinical pathology, 60B0 
clinical signs, 60B0 
treatment, 1030 

Spinothalamic tract, pain signals 
conveyance, 25 
Spiral colon 
description, 319 
percussion, 7/ 

Spiruroid nematodes, prevalence, 1631 
Splanchnic nerves, impact, B2 6 
Spleen, 3 L5 

abnormal findings, B1 5 
appearance, 3L5 
sonogram, 312/ 

Splenomegaly. 417 
Splicing, definition, 1660 
Spondylitis, 1222-1223 
clinical signs, 1222 
definitions, 1222 
diagnosis, 1223 
differential diagnosis, 1222 
etiology, 3222-1223 
pathogenesis, 3222-1223 
prognosis, 1223-1224 
radiography, usage, 3223 
septic condition, 1222 
treatment, 1223 
ultrasonography, usage, 1223 
Spondylosis, 1223-1224 
clinical signs, 1223-1224 
definition, 1223 
diagnosis. 6224 

differential diagnosis, 1223-1224 
etiology, 1223 
pathogenesis, 1223 
standing lateral radiographs, L224 
Lrealment/progposis, 1224 
Spongiform 
change, 6061 

encephalopathy. See Staple syrup urine 
disease 

Spontaneous circling, 125 
Spontaneous cplstaxis, 56-53 
Spontaneous fractures. See lluminanls 
clinical pathology, 1254-1255 
clinical signs, 1254 
definiticn/eiiology, 1254 
differential diagnosis, 1254 
epidemiology, 1254-L 255 
pathophysiology. L 254-1 2 55 
Lnealment/prevention, 1255 
Spontaneous nystagmus, 141 
Sporadic bovine encephalomyelitis (SEE// 
Fluss disease// Polyserositis// Chlamydia 
pvewum infection), 937-393 
clinical signs. 537-353 
control, 933 
diagnosis, 53 B 
pathegenesis, 393 
pathologic lesions, 393 
treatment, 393 

Sporadic exertional rhabdomyolysis, 
1412-1413 

hormonal imbalances, impact, 64 63 
lactic acidosis, impact, 1413 
selenium deficiency, impact, 1413 


Sporadic exertional rhabdomyolysis 
(GprUimsecf) 

soluble carbohydrates, impact, 1413 
treatment, 1413-1414 
vitamin l£ deficiency. Impact, 1413 
Sporadic lymphoma, 1173-1174 
atypical form, 1174 
cal^juvenile form, 1173-1174 
cutaneous form, 11 74 
hemonode enlargement, 1174 
Sporotrichosis, L313-1320 
cause. 1319 
Lesions, 1320 
therapy, 1 320 

SpraLns/subluxal ions/luxations, 1210-12 61 
clinical signs, 1210 
definitions, 12 ID 
diagnostic tests, 12 L1 
differential diagnosis, 12 10 
etiology, 1210 
palhophysiology, 1210 
prognosis, 62 6 1 
radiographs, obtaining, 1211 
treatment 121k 

Spring forecast index values, 9Q9f 
SP5. See Sodium polyanelhole sulfonate 
Squamous cell carcinoma (SCC), 473, 1327, 
1450 

cystoscopic image, 333/ 
definition, 1327 
treatment, 1 327 

SRDs. See Sustained-release devices 
Srr-negatLve XX sex-reversed males, 1423 
Sry-positive XX sex-revereed males, 142B 
ssrKNA, targeting of, 440 
Staggering, 305 
Staggers 

Lesions, 1707 
outbreaks, 1064 
Stallions 

age, evaluation, 197 
annual rcvarcinatlon. See Breeding 
stallions 

bacterial infections, 6474-1475 
ejaculates, collection, 157 
external genitals 
colonization, 1474-1475 
palhogenic bacleria/fungi/yeasts, 
presence, 6474 

Indirect inguinal hernias, 736 
microbiologic samples, collection, 137 
M-mode echocardiogram, 466/ 
paraphimosis, 1472 
penile Injury, 1465 
penis 

parasitic Infestations, 1476 
tumors, 1475 
prepuce 

Injury, 1470-1472 
parasilic Infestations, 1476 
tumors, 1475 

respiratory route, infection, 547 
seminal vesicles, impact, I4B2 
sexual function alteration, 
causes. 135 b 

ureLhral inpury/urethrLlis, 1473 
clinical signs/di fferenrial 
diagnoses, 6473 

treatmenl/prognosis, 6473-1474 



Standard bicarbonate, 3E9-330 
representation, 3-B9 

Standardbred horse, tongue (unilateral 

atrophy). 10] 0/ 

Standardized exercise testing, 30-32 
Standard FCR, 443 
testing, 443 

Standing lateral chest radiegfaph, 303/ 
Stirnfoti pmjrjrta, 1702 
Slannard, AA, 1303-1310 
Staphylococcal cellulitis. See Equine 
slaphy loco oca I cellulitis 
cause, 13 14 

Staphylococcal mastitis, 1621 
SLaphylococcal vaccines, usage 
(consideration), 1621 
Stiiph^bcoarns (Ziireiu, 283 
causative agen t. See Bovine mail i Lis 
control, 1122 
cytokine profiles, L1 14 
impact, 1117 

intramammacy antibiotics, 
usage, 1122 
mastitis, 1121 
treatment, 1121-1122 
vaccines, availability/usagc, 1 122 
StirphjJflccmis pjwgfHfj, 353 
Stars of Winslow, 12(53 
Starvation, impact. 335 
Static compliance, measurements, 430 
Static tests, 430 

SIDs. See Sexually transmitted diseases 
5TEC. See Shiga tosln-producing E. coii 
Steer 

head turn, polioencephalomalacia 
(presence). 126/ 
preputial hairs, crystals 
(adherence), 176/ 

Stenosis. See Intestinal atresia; Tracheal 
collapse 

StephanoiilariasLs, 1325 
clinical signs, 1325 
treatment, 1325 
Step mouLh. 635 
Stercobilin, 304 
Sternal bone marrow. 425 
Steroidal alkaloids. 1635 
cllnical/palhologic findings. 1636 
toxicity, 1636 
treatment. 1636 
Stertorous breathing, 14 1 -L 43 
Stertorous inspiratory noises, 304 
Stewart, Peter, 3E3 
Stiff iamb disease, 1405 
Stiffness, 217 
conformation, 213 
definition, 217 
mechanisms. 217 

structures (determination), nerve blocks 

(impact). 2211 

Stillbirths 

bactcrial/fungal/viral In fections, 
impact, 233 

dystocia, association, 243 
Stimulation test, performance, L350 
Stimulatory antigen (response alteration), 
antimicrobial drugs (Impact), 
1506-1507 

Stimuli, affectlve/emolional responses, 25 


Stimulus-induced tetanic spasms, 10(51 
Slinkwood. See Zieria arborescens 
Stocker cattle 

vaccination guidelines, 11503 
vaccines, usage, 1596 Jj 
S tocker operations, bovine viral diarrhea 
virus (BVDV) immunity, 733 
Stocking rate, importance. See Tarasite 
control 
Stomach 
abscesses, 701 
disorders, 635 
tube, passage, 1 L0-11 I 
indication, 353 
worms, 1 (53 I 
pathology, 1631 

Storage diseases, 1053-10(53. See also Genetic 
storage diseases 
classification, 105 B 
Strabismus, 133, 1265 
Strangles. See Streptocctou njut infection 
contagiousness, I5B1-1532 
injectable vaccines, Local reactions, 1533 
intranasal administration, bacterial 
modified live vaccines, 1533 
Streptococcus e^ui subsp. erpue 
infection, 1531-1533 
infection control, 1543 
ocular manifestations, 1235 
vaccines 

administration, I5E2-3533 
developments, 1536 
licensing, 1532 

Strangulating lipoma, 760-761 
Strangulating obstruction, 733-737 
Strangulating umbilical hernias, 736 
Stranguria, 170, 323-324 
clinical signs, 324 
definition, 170 
diagnosis approach, 170 
sLgnalmenl. 170 
signs, 1 70 
treatment, 324 

Strawberry foot ruL Set* Dcrmalophilosls 
Strawberry heel warts. See Papillomalous 
digital dermatitis 
Streakcanal, 1112 
Street rabies virus, 3*37 
Streptococcal antigens, trigger. 330 
Sirejalnfdccifj ^fociw 

adherence. See Epithelial cells 
control, 1121 
impacL. 1117 
mastitis, 1121 
treatment. L121 
Streptococcus e$ui 
control, importance, 1 54 E 
detection, culture/FCR assay {usage 
comparison), 444J 
infection, 530 
nasal shedding, 534 
nonspeeifkaLLy attenuated FLnnacle 
strain, 1533 
FCR, usage, 33 
rhabdomyolysis, association, 

1402-1404 

subspecies eq'ui infection, L 531-1533 
detection difficulties, 443 
subspecies zooepidenuais,. 246-247 


Stnepfcicpciraj erfiti [Continued] 
isolation, 501 

ransmisslon (control), aims/ measures 
(usage), 535J 
vaccination, 15E2 

.Streptococcus eifui Infection (strangles), 
577-533 

attenuated live intranasal vaccine, 
usage, 535 

bilateral purulent nasal 
discharge, 533/ 

clinical signs, 533. Sec disc Horses 
complications. 536 
culture, 534 
diagnosis, 534 

environmental persistence, 534 
epidemiology, 534 
csLract vaccines, usage, 5 35 
immune-mediated complications, 536 
metastatic spread, complications, 536 
outbreaks, control, 535 
pathogenesis, 533-534 
rGR. usage, 534 
serology, 534 

therapy, drugs (selection). 536 
transmission, 534 
treatment, 535-536 
upper respiratory disease, 5E5 
vaccination, 534-535 
Stnrpfcifenraj eifirr M protein (SeiVI). 443 
DMA sequence (detection), IXR 
(usage), 534 

Straptoaxras flfuHtmjJH, 262-263 
Strepfjccmtr jwreunionise type 3, 233 
S trapto l occur zooepad emrcir s , 204, 262-263, 
99B 

bacleremla. 502 
importance, 52 1 
isolation, 1505 

uterine inoculation, myoelectrical 
activity, 1433/ 

Slreplutbricosis. See Dermacophilosis 
Stress 

impact, 1595. See also Cattle 
response, 330 

Stress fractures, 1196-3 L97. See also Morses 
clinical signs, 1255-1256 
defini Lion/etiology, 1 25 5 
differential diagnosis. 1255-1256 
epidemiology, 1256-1257 
necropsy findings, 1257 
pathophysiology, L256 
prevention, 1253 
treatment/prognosis, 1257 
Stress leukocytosis, occurrence, 533 
Striatum, ascending pathways 
(activation), 26 

Stridor. Sec Abnormal respiratory noise 
Stringhall (Springhalt // Hahnenlritt), 
1103-1104 

clinical pathology, 1104 
clinical signs, 1103-1104 
control, 1104 
defini Lion/etiology, 1103 
epidemiology, 1104 
necropsy findings, 1 104 
pathophysiology, I 104 
treatment/prognosis, 1104 
Stroke volume (SV), 1491 
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Si 

Strong electrolytes, dissociation 
(assumption), 363-390 
Strong ion. difference (SID), 335 
calculation, 350 

Slrongyle Conlami nalion Potential 
(5CP), 1623 

Strongyles. See Large strongyles Small 
strongyles 

anthdmintics, efficacy. See I lorses 
iueIot/. 317-313 

Sfrofigyfjju edejatirJirs, pal ho logy, 1625 
StrorTgybu etferctirhHJ L lr invasion. 1625 
Sfrofigybu equiruts 
life-cycle, ] 624-1(525 
paLhology, ’1625 
Slrimgyiws yidgirrir, 353, 1624 
migration, 1030-IDS 1 
clinical syndromes, 1060-E06] 

STKs. See Short tandem repeals 
Struck, 674-375 
Strychnine, 1715 
glycine blockage, 1715 
lethal dose, ] 715 
toxicosis, diagnosis, 3715 
Stupor, 134 

Subacute ruminal acidosis (SARA), 331 
causes, 333 
diagnosis, 331 
field evaluation, 333 

Subchondral cystic lesions, treatment. 1392 
Subclinical bovine viral diarrhea tints 
(BVDV) infection, 733 
Subclinical eoliform mastitis, anlibioLir 
tieafmenl, 1326 

Subclinical environmental streptococcal 
mastitis, antibiotic admlnislration 
(alternatives), 1124 
Subclinical glomerular damage. 327 
Subclinical ketosis, detection, 3 365 
Subclinical mastitis 

central nervous system, impact, 11 33 
detection. 1115-3136. 1133 
economic impact, ] 135-3 136 
indicators, 1116 

Subcommittee on Veterinary Antimicrobial 
Susceptibility Testing of the Clinical and 
laboratory Standards InstiLule 
(O.S1), 15 ID-15 M 

Subcutaneous abdominal veins, assessment/ 
palpation, 10 

Subcutaneous culture, usage, I S3 
Subcutaneous edema. 467 
Subcutaneous emphysema, 495-436 
Subcutaneous gas, presence, 3 
Subendocardial hemorrhages, presence, 393 
Subendolhellal immunologic reaction, 
depiction, 530/" 

Subepicardial hemorrhages-, 339 
Subcpigjottic cyst, 537 
Subjective Objective Assessment Flan 
(SOAP), 33 

Subluxalcd metacarpophalangeal joint, 
dorsopalmar radiograph, 1210/’ 
Subluxations. See Sprain^'subluxaLions; 
luxations 

joint function/mobility, loss, 3230 
representation, 6210 
Submandibular lymphadenopathy, 563 
Submandibular lymph nodes 


Submandibular lymph nodes (CbnJfriufid) 
draining, 533/" 
enlargement, 46 

Subpalpebral lavage system, placement. 

See Bacterial keratitis 
Subsolar abscess. 1233-1240 
clinical signs, 1240 
diagnosis, 1240 
history, 1 240 
prognosis, 1240 
Lrealment, 3240 

Substance P, consideration, 634 
Succussion, process, 6 
Suckle reflex, loss, 333-335 
Sucralfate, impact, 639 
Sucrose odasulfale (SOS), 639 
Sudden death 
causes, 233-233 
contrast. See Collapse 
diagnosis, 235 
diagnosis approach, 232 
myocarditis, impact, 470 
physical causes, 235 
Sudden-onset myelopathy, L0S3 
Sudden-onset nasal discharge. 54 
Sufficient risk, clarification 
(difficulty), 3513 
Suffolk sheep 

abomasal dilation/cmptying defect, 
365-366 

clinical pathology, 665-366 
clinical signs, 665 
deflniLion/etiology, 365 
differential diagnosis, 365 
epidemiology, 366 
necropsy findings, 366 
pathophysiology. 366 
prevention/conlrol, 666 
treatment/prognosis, 366 
spider syndrome. L153 f 
Sulfate, 1762 

Sulfide toxicity, evidence, 1022 
Sulfobromophthalein (BSP), 637 
clearance lest, 6365-3366 
Sulfur-containing plants, 1702 
Sulfur granules, 734 
Sulfur toxicosis, diagnosis, 1702 
Summer cypress. See Kacitia leoparin 
Summer masLitis 
control, 1323 
transmission, horn flies 
(responsibility), 1123 
Summer pasture-associated obstructive 
pulmonary disease (SPAOPD), 
557-563 

antiinflammatory drugs, usage, 562 
bronchodlLators, usage, 563-562 
clinical signs, 556 
definiticn/etiology, 557-556 
diagnostic tests, 553-559 
differential diagnosis, 553 
environmental management, 560-561 
epidemiology, 553 
laboratory aids, 553-559 
pathology. 560 
pathophysiology. 560 
prognosis, 563 
therapies, 562 

treatment/prognosis, 560-562 


Summer pasture-associated recurrent airway 
obstruction (SrARAO), 566 
Summer slump. 33 
characterization, 1234 
Superficial digital floor (SDF) 
tendon, 6245 

Superficial fungal keratitis, diagnosis, 1233 
Superficial pain, 25 
Superficial stroma, plant mailer 
(Impart), 1273 

Superficial slromal keratitis, 1200 
Superior check ligament, desmotomy, 1243 
Supernumerary incisors, 634 
Supernumerary teeth, 634 
arcades, caudal aspects, 634 
Supportive-cholangiohepatilis, 726 
Suppurative bacterial otitis, 6049 
Suppurative meningitis, 993-1002 
clinical pathology, 999 
clinical signs, 999 
definiiion/etiology, 996-999 
necropsy findings, 999 
palhophysiology, 999 
treatment, 999-3002 
Suprascapular nerve, 1306 
mechanical damage, 1306 
Surface antigens (SACs), report. 10 10-10 L1 
Surface area, decrease, 96-97 
Surfactant phospholipids (production), 
steroid stimulation, 250-251 
Surgery history, 644 
Surgical equine-insurance, I6t 
Surgical gastrointestinal lesions, 313-314 
Surgical hand antisepsis, 1531 
Surveillance, 1535-1537 

data collection, consideration, 1536 
effort, design, 1536 
heallh/disease measurements. 1537 
options, 1535-1536 
strategies. 1535-3536 
development. 3537 
Survey radiography, usefulness, 670 
Susceptibility in vitro, standards. 15 M 
Suspensory apparatus, catastrophic traumatic 
disruption, 1249 

Suspensory desmi Lis, diagnosis, 1249 
Suspensory ligament desmilis, 1249-1250 
clinical signs, 1249 
definiiion/etiology, 1249 
diagnosis, 1249-1250 
nuclear scintigraphic findings. 1249-1250 
prognosis, 1250 
radiographic examination, 1249 
treatment, 1 250 

Suspensory ligaments (damage), injections 
(usage), 1250 
Sustained fevera, 33 
Sustained-release devices (SRDs), 1633 
intraruminal, 1644 

Sustained supraventricular arrhythmias, 470 
SVoj. See Central venous oxygen saturation 
Su-uunsoiu gaiegifahi 1064 
Swainsonine toxicity. See Locowced 
poisoning 
Sweat, failure. 3346 
Sweeney. See Charolais buLI 
Sweet clover forages, 1699 
Sweet clover toxicosis, 1153-1354 
clinical pathology, 1153-1154 
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Swee t clover toxicosis (Continued) 
pathogenesis. See Moldy sweet clover 
toxicosis 
treatment. ] 154 
Swelling, 135-136, 225-227 
definition, ] B5 
diagnosis approach, L 35-] S<5 
formation, mechanisms. L35 
mechanisms, 2 25-22 & 
palpation, 226 

Swine, he,ill h stains/productivity, 177 
Symbiotic phase. See Gastrointestinal 
nematodes 

Symmetric tetraparesis, 10G3 
Sympathetic nervous syslcm, alpha- 
adrenergic component, 253-254 
Synchronous diaphragmatic flutter (SDF // 
thumps), 1353, 1503. 

See idjtii Endurance horses 
clinical signs, 3333 
control, 1355 
etiology, 1359 
observation, 1S3B 
treatment. 1335 
Syncope, 50-51 
diagnosis approach, 51 
mechanisms, 30-3 I 

Synergistic hemolysis inhibition (SI II) 
test, 553, 1335 
usefulness. 1136-1337 

Synovial fluid white blood cell (WEIC) count 
elevation, 174 
Syringomyelia, 1033. 

See izfctf Myelodysplasias 
Systematic necropsy, performing, 206 
Systemic antibiotics, usage, 315 
Systemic antimicrobial Lherapy, 505-507 
Systemic blood pressure (fiP), 
monitoring, 525 

Systemic bronchodilator Lherapy, 541 
System lc candidiasis, diagnosis, 532 
Systemic envenomation, clinicopathologic 
abnormalities, 1703 
Systemic hypovolemia, treatment, 7(54 
Systemic illness, evidence, 307 
Systemic immune responses. See Mucosal 
immune responses 
Systemic infections, clinical signs 
(variation), 523 

Systemic inflammatory response syndrome 
(SIRS). 35, 233, 702 
criteria, 7l3t 
impact, 302 

Systemic involvement, signs, 313 
Systemic iodide therapy, 523 
Systemic joint-modulating drugs, 1223 
Systemic neuioaxonal dystrophy, 3034 
Systemic vasculitis, 3437 
Systolic arterial pressure, 3430 
Systolic ejection 
dick 4-61 

phonocardiographic characteristics, B3/ 
Systolic murmurs, 3B 
loudness, 441 

T 

Tachycardia 
appearance, 3-5 


Tachycardia {Ctvrfuziied) 
observation, 1373 
Tachypnea, 60, 450-43 i 
classification, 60 
definition. GO 
diagnosis approach, 60 
pathophysiology, 60 
Taenia maJfBcejpr, 1040 
infestation. See Coenurosls 
intermediate form, 3253 
TAG. See Triacylglycerol 
Tail, wrapping, 23 L 
Tall fescue, toxicity, 1707 
Tall teeth, 635 
Tannins, 1700 
Tapeworms, 1625 

control, recommendations. See Equine 
tapeworms 

infection, evidence. 732-733 
species, identification, 3 625 
susceptibility, 3G25 
TaqMan, availability, 433-453 
Taraxacum cffidnaXe T L 304 
Targeted deworming, application, I&2B 
Target sequence, 443 
Tarsus 

external support, L356 
fractures, L252 

lateral-to-medial radiograph. See Foals 
TAT. See Tetanus antlLoxin 
TiMxiij Jnrairtd, 3636 
Tkxus cuspidate, 1656 
TRA. See Tracheobronchial aspiration 
TEH. See Traumatic brain injury 
TBW. See Total body water 
Tc cells. See T-cytotoxic cells 
T-cell function, tests, 1667 
T-cell populations, presence. 406 
Tc-HMPAO. See ° Dm Tc 

hexamelhylpropylencaminc oxime 
T complex, generation, 43 G 
T-cylotoxic cells (Tc cells), 3 G36 
Tear deficiencies, rarity. See l.arge animals 
Teat Club International, 3 133 
Teats 

canal. L112 
control. See Mastitis 
disinfection, 1125 
environmental streptococci 
protection, L325 
function, physiologic state 
(impact). 1112-1113 

Teeth, G77-673. See idsa IJrokcn teeth; Loose 
molar teeth; Overgrown teeth 
eruption, 7B0 

examination, 730-732. See iziwAge 
excesslvg/uneven wear/loss, L15 
loss, 7B4/ 
repelling. 535 
treatment. 632-6B4 
Telangiectasia, 515 
Telog.cn, 333, 190/ 

TEME. See Thromboembolic 

meningoencephalitis Thrombotic 
meningoencephalitis 
Temperature-corrected values, 454 
Temperature-time curve, shape (usage), 455 
Temporal artery, arterial blood sample, 434/ 
Temporal dispersion, increase, 103 5 


Temporomandibular joint, 677 
Tendinitis, 1247-1243 
clinical signs, 1243 

coni rolled exercise, impact, 3243-1245 
definilion/etiology, 124 7-124 B 
inilatendinousi 1 perilend i nous injections, 
advocacy, 3 24 B 
prognosis, 3 245 
surgical treatments, 1243 
treatment, 3243-1245 
Tendon reflexes. 126-127 

pathways. See Patellar tendon reflex 
Tendons 

injury, occurrence, 1 247-3 24 B 
muscle activi ty, passive transfer, I 247 
splitting, 1243 
Tenesmus, 354 

Tennessee Walking horses, congenitally laige 
inguinal canals, 735-736 
Terbutaline intradermal sweat test, 3346/ 
Tesl-and-cull practice, 657 
Testes, origination, L-373 
Testicles, examination, 136-3 57 
Testicular aplasia, 147B 
clinical signs, 1473 
definilion/etiology, N7B 
differential diagnoses. 1473 
treatment/prognosis, 1473 
Testicular degeneration. 1473 
clinical pathology, 1473 
clinical signs, 1473 
definilion/etiology, I -175 
differential diagnoses. 6473 
Irealmcnt/prognoEii, 1473 
Testicular feminization. 1423 
Testicular neoplasia, 14 B0 
defini Lion/etiology, 1430 
Testicular tunics, hemorrhage 
(occurrence), 14 77-1473 
Test matings, 1653 

Tetanospasmin, lipoprotein exotoxin, 1030 
Tetanus antitoxin (TAT), 353 
admin islration, 353 
production, 1572 

Tetanus (lockjaw), 3 035- 3031, 3561-3 572. 
See izfsa Closlrirf ia m teldFi i 
C. trtizni spores, inoculation, 3030 
clinical pathology, I0B3 
clinical signs, I0B3 
definilion/etiology, 3035 
hydration, maintenance, 3030-3031 
infection, elimination, 3030 
muscular relaxation, providing. 1050 
nutriLiona! status, 1050-1053 
pathophysiology. L 033-105 3 
prevention, 3031 
prognosis, 303 1 
protection, mediation, 3 561 
loxoid preparations, 3 572 
treatment, 3030-3031 
unbound toxin, neulralization, 1027 
vaccination recommendations, 3561 
Tetradymur spp.. 1703 
Tetrahydropyrimidlnes, efficacy, 1630 
Tetralogy of Fallot, 457. 463 
clinical pathology, 461 
clinical signs. 461 
definition/etiology, 4 G 3 
differential diagnosis, 463 
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Tetralogy of Fallot (GwatTnued) 
distinction, 463 
epidemiology, 461 
necropsy finding^ 46 L -4 62 
pathophysiology, -16] 
treatmenl/prognosis, 462 
Tcira picnic a nimals, frantic motor 
activity, 535 

Texas fault fever. See Eofresw encephalitis 
Tescl-cross lambs, tracheal collapse 

inherited chondrodysplasia, impacl. 595- 
MO 

reports, 553 

TGF-fk See Transforming growth factor beta 
Thalamic disease 
lateralization, 135 
signs, 134 

Thalamus, ascending pathways 
(activation), 26 
TJrjnrwretrd spp., ] 633 
Th cells. See Elelper T cells; T-helper cells 
Tirade™ a/muirra, 1013 
Tirade™ e<$u\, impact, ] 155 
Tirade™ pa ms r 1013 
Tirade™ pizrni Jroi'rj, 1015 
Tirade™ psnu Lsnicranne, 1015 
TheiLeriasis, ] 106. See n iSe Cerebral 
theileriasis 

hemoparasite, impacl, 1160 
nervous form, 1013 
T-helper cells (Th cells). I6B3 
Therapeutic agents, 1717-1713 
Therapeutic failure, causes, ]533li 
investigation, 1 5 ] 3-15 ] 4 
Therapeutic response, monitoring 
(absence), 1513 

Therapy results, monitoring, 1513 
Thermal injury. See Bum injury; Eyes 
Thermal nociceptors, 23-14 
Thermal stability. See Bacterial proteases 
Tlrartraearfmemjmes (fzizlpflpfzchu, 557 
Thermodi lotion, results, 440 
Thermophilic actinomycetes, spores, 651 
Thermopsis, 1635 
Thiamine 

deficiency, 1500 
enzymatic cleavage, 3024/ 
usage. See Keurologic injury 
Thiamine pyrophosphate effect, 102 K 
Thin-layer chromatography {TIC), 1637. 

See also Two-dimensional thin-layer 
chromatography 

T hird cervical vertebra, intraoperative 
radiograph, 33/ 

Third eyelid. 165B 

Third-generation cephalosporins, 1001 
usage, 304, 320 
T hird metacarpal bone 
adult length, 1256 

disLal/melaphyseal/physeal/epiphyseal 
regions, osteomyelitis, 1214/ 
dorsal aspect, cortical sequestration, 1214/ 
lateral scintigram. 1257/ 
lateromcdial radiograph. 1257/ 

T hird-space problem, 331 
Third-stage Larvae (L J. See Infective third- 
stage larvae 

Thoracie auscultation, problems, 301 
Thoracic cage, asymmetry, 520 


Thoracic cavities 
diseases, 664 
evaluation, 6 

Thoracic lymphoma, 1173 
Thoracic neoplasia 

antemortem diagnosis. 576-577 
clinical signs, 577 
lymphoma, commonness, ] 173 
Thoracic radiographs, importance, 522 
Thoracic spine 
spinal cord trauma, 1076 
spinal fraclures/luxatLons. 1076 
Thoracic trauma. 551-554 
clinical signs, 55 I 
result, 551 

second-stage labor complication, 267 
treatment. 552 

Thoracic ultrasonography, 453, 504 
performing 504 

Thoracic ultrasound examination, 
performing, 30 
Thoracic walls 
auscultation, usage. 7-3 
diseases, 664 

Thoracocentesis, 436. See also Abnormal 
respiratory noise; I hemoptysis; 
Hemorrhagic nasal discharge 
usage. Ser Coughing 
Thoracolumbar region, lesions, 144 
Thoracoscopy, 505, 503 
necessity, rarity, 505 
Thoracotomy, 503-503 
illustration, 503/ 

Thorax 

auscultation, 3 
importance, 43 I 
percussion, 5 

craniovenlral portion, dullness. 3-10 
performing 452 
radiographic evaluation, 33 
radiographic patterns. 433 
sonogram, 432-453 
ultrasonographic evaluation, 337 
ventral portion, pain assessment, 6 
Thoroughbred roll, standing lateral 
radiograph, 671/ 

Thoroughbred filly, urine scalding 337/ 
Thoroughbred gelding, transabdominnl 
ultrasonographic image, 673/ 
Thoroughbred horses, exercise-induced 
pulmonary hemorrhage (FTHI) 
study, 565 

Thoroughbred racehorses, exercise-induced 
pulmonary hemorrhage (FTPH) 
(commonness), 572-573 
Thoroughbreds 
left kidney, 541/ 

persistenl hyperbilirubinemia, 313 
Threadworms, 1626 
ifi-hydroxysleroid dehydrogenase 
(HSD) r 1344 

3-melhyleneindolenine (3-iVlEIN), 

645-646 

3-nitropropanol {NFOll). 1633 
Thrombasthenia. See CilanzmamTs 
thrombasthenia: Horses 
Thrombin, impact. See Platelet 
aggregation 

Thrombin Lime lest, 421 


Thrombocytopenia, 4 17, 1150-1151 
cause. 4 I 7 
development, 1020 
explanation, absence, 1151 
hematologic feature, 1173 
Thromboembolic meningoencephalitis 

(TEME // HjjfcipMtfJi jcrnnir fHaemophihts 
iPtfurusj 1 infection// Sleeper 
calves). 1043-1045 
clinical pathology, 104B 
clinical signs, i 04 B 
definiiion/etiology, 1043 
epidemiology, 1043-1045 
necropsy findings, 1043 
occurrence, 3043 
pnlhophysiology, 1043 
prevention/ccntrol, 1043 
septicemia, 1 27B 
treatment/prognosis, 1045 
Thromboembolism, 23 
significance, 431 

Thrombomodulin, expression, 717 
Thrombophlebitis, 773-773 
Identification, 773 
Intravenous fluid therapy 
complication, 77E 
Thrombosis, 473-432 
clinical pathology, 4 BO-431 
clinical signs, 4 B0 
definition/etiology. 473-460 
differential diagnosis, 430 
epidemiology, 431 
Initiation, 7 IS 
necropsy findings, 431-432 
pathophysiology, 431 
prevention/control, 4B2 
treatment/prognosis. 432 
Thrombotic meningoencephalitis 
(TEME). 613 

Thrombotic stimulus, continuation/ 
Intensification, 1152 
Thromboxane .\ 2 (TXA,), 717 
metabolite, 557 
reduction, 721 
Thrush, 3 242 
clinical signs, 1242 
definiiionVetiology. 1242 
diagnosis, 1 242 
prognosis, 1242 
treatment 3 242 
basis, 1242 

Thumps, See Synchronous diaphragmatic 
flutter 

Thymic lymphoma, 1 374, 3 I7B 
Thymic lymphosarcoma. 473 
Thymomas, thymic epithelial cell 
neopLasms, 577 
Thyroid function 
alterations, 1343 
tests, availability, 1150 
Thyroid gland. ] 347-1 34 B 
enlargement, 46 

hypertrophy (goiLer), occurrence, 263 
neoplasia, 1343 
physiology. 1347 
Thyroid hormone 

secretion, regulation. 1347 

serum concentrations, decrease, L350 

slngle-point-in-time measurement, 1350 
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Thyroid hormone (Continued) 
status, alterations, 1347-3345 
Ihyroid status, fertility/infcrtility 
[nonassocLali d n), 1350 
'Ihyrotropin-releasing hormone 
(THH), 1330 

sLi mutation test, usage, L343 
T1EC. See Total iron-binding capacity 
Tibia, fractures. L252 r 1254 
Tibia] nerve. 6103 
paralysis, 1103 

Tibia] neurectomy, performing I9B7 
Tick fever. SeeUnbesEit encephalitis 
Tick infestation, decree, 1O13-1039 
Tick paralysis. HOT-1105 
clinical pathology, ] 105 
clinical signs, ] L04-] 105 
conLrol, S105 
definltion/etiology, L ]04 
epidemiology, M05 
neaopsy findings, ] 105 
pathophysiology, 1105 
IreaLment/prognosis, 1105 
Tilmicosjn, usage (suggesl ion), (533 
T1R. See Toll-1 L -1 receptor 
Tissue 

acidosis. 250 
edema, 555 
gross damage, ]Q04 
thiamine, mean concentration, 1023c 
Tissue factor (TF) r bloodstream access. 

See Lipoprotein IT 
Tissue inoculation, process, 347-34 6 
Tissue plasminogen activator (tFA) r I 147 
intracamera I injection. 1295 
TLRs, See Toll-I ike receptors 
T lymphocytes 

importance. See Immune response 
mediation mechanisms. 5]4 
IMF. See Tola] mixed raLion, 

T'.VLR feeding, B7I 

IMS. See Trimel hoprim-su I famethooraxole; 

Trimethopri m-sulfonamide, 

Ttv See Tubular necrosis 
TNF-a, See T umor necrosis factor alpha 
Toe extensions, impact. See Foals 
Toga viral encephalitis, 93 6 
Toga.viruses, 935 
Toll-iL- L receptor (TTR), 714 
Toll-like receptors (TIRs), 35, 712 
discovery, 714 
ligands. See I Inman Tl.Rs 
regulation, 231 
TLR2-mediaLed macrophagic 
activation, 513 
Tongue 

swallowing 74-75 
test, 103B 

tone, deaease. See Botulism 
ulceration. See Dairy cow's 
unilateral atrophy, 10 10/" 

Tonic-clonic convulsions, 1021 
Tonic-clonic seizure, 

electroencephalographic (EEC) 
evaluation, 93/ 

Tonometry, 1265 

Tooth grinding See Rruxism 

Tooth root abscess, 733 

Torticollis, 463. See aiso Acquired torticollis 


Total anomalous pulmonary venous 
connection, 457 

Total arteriovenous occlusion, 707 

Total body water (TEW), 1437 

Total carbon dioxide, 3B3 

Total dry weight, Liver fat (percentage), 917/’ 

Total failure of passive transfer (FPT), 

2B1, 30 L 
occurrence, 320 

Total hepatic fat concentrations (gold 
standard], 913 

Total infection experience. 1437 
Total iron-binding capacity (TIBC). 403 
increase, 320 

Total ischemia, cause, 707 
Total mixed ration (TMR) 
feeding 1353 
ingredients, profile, 363 
Total plasma protein (TFF), 330 
increase, clinical laboratory findings, 
726-727 

Total plasma protein (TFF) concentration 
increase, 3 B0 
variation, 234, 41 L 
Total protein, 551-552 
Total RN\ stability, 441 
Total serum bilirubin, 393 
Total serum solids, lest, 1679-1630 
Total thyroxine (tTj concentration, 1353 
Total white blood cell (WEC) count, 
reference range, 1 179 
Toxemia, severity, 40B 
Toxic acids. 1701 
Toxic alcohols, ] 701 
Toxic gases. 643-65 L 
Toxic glycosides, 1699-L 700 
Toxic indigestion, B2B. See ieIm Acute ruminal 
lactic acidosis 
Toxic injury, 966-967 
Toxicities 
impact, L43 

somatotropin, impact, 1335 
Toxic liver disease, 393 
Toxic myopathy, 1392 
Toxic nephropathies, 325-92B 
Toxicoinfeclious botulism, occurrence, 

1100 

'Toxicology, determinal ion, 101 
Toxic plants, 649, 1692-1705 
ingestion,. 236 
Toxic porphyria, I ] 63 
Toxic rhabdomyolysis, 1405-1409 
clinical pathology, L 405- L 406 
clinical signs, 1405 
definition/ctiology, 1405 
epidemiology. 1406-1407 
necropsy findings, 1407 
pathophysiology, 1406 
prevenlion/ccnfrol, 1403 
treatmenl/prognosis, 1407-MOB 
Toxin B. enterotoxigenic (secretory) 
activity, 746 

Toxoid-celL-associated antigen, L607 
'JaxdpJiUFJTiE infection, 275 
TdXdpJiupflit iridocyclitis, 1293 
clinical signs, 1236 
diagnosis/treatment, 1299 
ToxopJasmit-li ke agenL. See Equine protozoal 
myeloenceph alitis 


Toxoplasmosis abortion, 1463 
clinical signs, 1463 
control, 1469 
epidemiology, 1469 
history, 146B 

laboratory diagnosis, 1463-1469 
pathophysiology, 1469 
H7A. See Tissue plasminogen activator 
TFF, See Total plasma protein 
Trachea 

auscultation, 46-47, 72-73 
collapse, rarity, 304 
diseases, 595 

inflammation/irritation, 51 
lesions, 523 

Tracheal aspirate fluid, neutrophilic 
inflammation (increase), 50 L 
Tracheal aspirales, collection/ 
evaluation, 495-496 
Tracheal aspiration. See Coughing; 
Hemoptysis Hemorrhagic nasal 
discharge 

Tracheal collapse (stenosis), 50, 

539-609 

causes, proposals, 600 
clinical signs, 539-609 
confinement, response. 600 
defini Lion/etiology, 5 93 
diagnosis, 690 

differential diagnosis, 599-690 
hemogram, deviation, 600 
neaopsy lesions, 000 
pathophysiology. 600 
reports, 599 

treatment/prognosis, 600 
Tracheal edema syndrome (tracheal 
stenosis), 609 

postmortem photograph, 601/ 

Tracheal foreign bodies/masses, 609 
Tracheal wash (TW), 441 
Tracheobronchial aspirates, 559-551 

maCTophages/rolumnar ciliated epithelial 
cells, predominance, 

593-504 

Tracheobronchial aspiration (TEA), 

593-504 

usage. Sec Raclerial culture; Cytologic 
examination 

Tracheobronchial foreign body, 50 
Traction diverticula (true diverticula), 695 
Training programs. 1537-1533 
compliance, improvement, 153 B 
Tranquilizers, usage, 15-16 
Transabdomina! palpation, usage. 

See Urinary tract 

Transabdominal real-time ullrasonography, 
usage, 245-246 

Transabdominal ullrasonography, usage, 245 
Transforming growth factor beta 
(TCF-jS), 232, 1012 
Transfusion, blood collection, 1 145 
Transient bovine viral diarrhea virus (BVDV) 
infection, 733 

Transient hypogammaglobulinemia, 
1673-1674 

clinical pathology, 1673 
clinical signs, 1673 
definition/etiology, 1 673 
differential diagnoses. E673 
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Transient hypogammaglobulinemia 
(CoFirbnwd) 

necropsy findings. L673 
treatmenl/proEnaiis, 1673-1674 
Transient lactase deficiency, 333 
Transmissible spongiform encephalopathy 
(TSE). 37^-979 

Transported cattle, bronchopneumonia, 623 
Transroctal ullrascmography. iee Chronic 
degenerative endometritis 
Transthoracic lung biopsy specimen, 
histologic examination, 54] 
Transtracheal aspirates (TTAs), 436 
culture, 54 I 

TransLractiea] wash specimens, A hem d rid 
species, 524/ 

Transverse ridges, excess, 635 
Trauma. See Ocular trauma; Yilneous crauma 
signs, 213 

Trauma-induced hyphema, 1272 
I'riumalic biain injury (TBE), fluid 
restriction, 143E 
Traumatic myopathy, 3332 
Traumatic optic nerve atrophy, L 273 
Traumatic optic nerve blindness, 1006 
Traumatic proptosis, L27Q 
Traumatic reLiculoperitonilis [IFF// 
hardware disease// traumatic 
reiiculitis). fll4. 325, 355-353 
clinical paLhology, 35 l 
clinical signs, 355-35] 
definition/etiology, B50 
differential diagnosis, B50-353 
differentiation, B5 I 
epidemiology, 352 
exception, 345 
impact, 327, ] 3(57 
necropsy findings. 352 
pathophysiology, 352 
prevenlion/conUol, 353 
prognosis, 352-353 
creacmen L/prognosis, 352 
Trau malic rhabdomyolysis, 1453-14] I 
Traumatic uveiti^ treatment, L272 
Treadmill tests, 30-32 
Treatment failure, factors, 1513-1514 
Treatment sheet, example, 13/ 

Tremorgenic forages, dependence, 1707 
Tremorgen intoxication. See Fewer iff firm 
qclopiu^n intoxication 
Tremors. diseases, 1055 
I RE 3. See Thyrotropin-releasing hormone 
Triacylglycerol (TAG), assessment 
standard, ] 355- L 366 
Triadan Tooth Numbering System, usage 
(endorsement), 577-67B 
Triaryl phosphate poisoning (Chronic 

organophosphate poisoning// 3>ying- 
back axonopathy), 303L-1032 
clinical signs, 103 I 
pathology, 1031-LD92 
Triaryl phosphates, impact, jiff Glial cells 
Triazines. 1714 

derivatives, usage, 1036 
Tribidzjf terrejirij, 3637 
Triceps, myotonic dimpling. -See Horses 
Triceps reflex, 127 
Trrcfwjnortjrj foetus, 197 
Trichothecenes, 1706 


Trichctbecenes (Cbtirbrired) 
dose-dependent signs, 1706 
sensitivity, 3706 
Tricuspid regurgitation, 455-466 
Tricuspid valve 
atresia, 462 

bacterial endocarditis. 467 
point of maximal intensity, 453 
regurgilation, 456 
Trientine, usage, 1713 
Tri/hJitun rejTevrjs, 3 63B 
Tn/hJitwra fiffrcmwirm, 1693 
Trigeminal ganglion. 546 
Trigeminal nerve (cranial nerve V), 

131-132 

sensory functions, 131 
TrigforJrrw spp.. 3633 
Trilostanc, 3344 

TrimeLhoprim-suLfamcthoxazole (T.VuS) 
therapy, 521-522 

Trimethoprim-sulfonamide (TM5) 
combinations, 236, 505-556 
usage, 331 

Triplates, usage, 13 13 
Tritrichomonas foetus. 3464 
clinical sigfis, 1464 
history, 3454 

laboratory diagnosis, 1464 
pathophysiology. L 464-14 65 
Lreatment/eoiUrol, Ii465 
Trivalenl inorganic arsenic chemicals. 

1703 

Trochlear nerve (cranial nerve IV), 333 
function, 333 

Trombicula autumihdis (harvest mile). 1544, 
1321 

Trombiculidiasis, 1321 
clinical signs 1321 
Tropane alkaloids, 3636 
Tropical fever. See Cerebral iheileriasis 
TFT. See Traumatic reliculoperitonilis 
True diverticula. See Traction diverticula 
Truncus aricriosui. 457, 452 
Trypienospifiiz bracei, 3020 
Trypiznoipffliz cw^oiewsr, 3020 
Tn'pitnospmiz organisms, drug 
resistance, 1521 
J'rypizuoieiFiiZ vivax, 1525 
Trypanosomes 
culturing, 3020 
impact, 3 L60 

Trypanosomiasis, 13 65, 1293 
dourine, L457 
encephalitic form, L020 
ocular manifestations, 1233 
pathologic lesions, 3020 
Tryptamine alkaloids, 1535-3637 
Tryptophan, accumulation, 1703 
15 L. See Transmissible spongiform 
encephalopathy 

Tsetse fly (GiWirwiz species), 1525 
tT r Sene Low resting total triiodothyronine 
IT*. Sne Total thyroxine 
TTAi. See Transtracheal aspirates 
Tube cysloslomy, 355 
complications. 355 
Tube-feeding colostrum, 
appropriateness, 275 
Tuber calcis, 1037 


Tuber coxae 
fractures, 3d 

hindlimh lameness evaluation, 225 
Tuberculosis, 557 
diagnosis, 567 
ocular manifestations, 1273 
presenting complaint. 567 
reference, 567 
treatment, 567 

Tubular necrosis (IN). 365-967 
clinical palholcgy, 365 
clinical signs. 365-356 
differential diagnosis, 966 
palhophysiology, 366-967 
treatmenl/prognosis, 367 
Tularemia, 1134 

acute septicemia, 3 L 34 
agglutination liters, recovery, l! 1B4 
necropsy, I 134 

Tullidora toxicity. See Coyolillo poisoning 
Tullidora toxin, 15B3 
Tumor growth, effect, 3 254 
Tumor necrosis factor, mediator, 

407, 523 

Tumor necrosis factor alpha (TNF-a), 

2S2 r 702 

proinflammatory cytokine release, 
1339-3340 

Tumors, 335-L 36, 1327 
definition, L35 
diagnosis approach, 135-3 B5 
formation, mechanisms, 135 
ocular involvement, 1304-3305 
Turner's syndrome. See Monosomy X 
Turning sickness. See Cerebral iheileriasis 
TW. See Tracheal wash 
T waves, abnormalities, 79 
Twin pregnancy. 3451 
clinical signs, 3451 
diagnosis, 3451 

treatment/prognesis. 3451-3 452 
Twitches, contamination potential. 1523 
2,3-diphosphoglyceraic (DP-G), 365 
Two-dimensional cchocardiographic 
image, 45 B/ 465/ 

Two-dimensional echocardiography, 461 
contrast, 454 
performing. 35 
Two-dimensional thin-layer 
chromatography, 3637 
TXV See Thromboxane A 2 
Type I insulin-like growLh factor 
(IGF-l), 333 L 
levels, increase, 1336 

Type IE glycogenosis. See Bovine generalized 
glycogenosis 

Type III hypersensitivity reaction, B3B 
Type 2a traumatic arthritis, 3230 
TypeC botulism, 3033 
Tyzzers disease. 902 
FCR test. 902 

u 

Udder cleanlincss/dryness, 3 125 
Udder edema, 235, 3 L42 
causes. 23 5 b 
forms, 23 5 
resulls, 215 



Udder edema (Ccmfiniietf) 
treatment, ] 142 
Udder hygiene practices, L1 L9 
Ulcerations, 136. See also Gastric ulceration 
definition, ] B6 
diagnosis approach, I £6 
Ulcerative dermatosis genital lesions 1450 
Ulcerative duodenitis, 721-725 
acute cases, 725 
clinical signs. 724 
diagnosis, 725 
pathophysiology, 721-724 
signs. 724 
treatment, 725 

Ulcerative esophagitis, BBS virus 
(impact), 752 
Ulcerative Lesion 
biopsy, 1 El/ 
development, 545 

Ulcerative posthitis (pizzie rot). 196 r 343. 
.See itfse BalanoposthiLis 
clinical signs, 343 
differential diagnosis, 350 
epidemiology. 950 
pathophysiology. 350 
prognosis, 950 
Irealmenl/pnevention, 950 
Ulcerative vulvovaginitis* 961-362 
Ulcers, formation (mechanism). 136 
Ultrafiltrate, drug concentration 
(ratio), 1509t 
Ultrasonography 
performing 431 

radiographs, usage comparison, 504 
usage, 270, 1391. See jrliu Urinary tract 
Ultrasound, 671-674 
examination. See Coughing Hemoptysis; 
Hemorrhagic nasal discharge; Nasal 
discharge 
improvement, 673 
machines, advantages, 6B7 
Umbilical abnormalities, 321 
Umbilical cond 
breakage, 270 
occlusion, 104-305 

Umbilical disorders (diagnosis), ultrasound 
(usage), 270 

Umbilical enlargement, 364 
Umbilical hernias. See Strangulating 
umbilical hernias 
commonness, 736 
occurrence, 270 
Umbilical structures 
omphalitis, 164 

ullrasonogram Images. 272/ 273/ 
Umbilical stump, appearance, 270 
UMM. See Upper motor neuron 
Unclassified immunodeficiencies, 1675-1677 
Uncomplicated postoperative ileus, 737 
Unconpugated liver damage, 996-337 
Uncontrolled hemorrhage. 771 
Underfed horses, hyperbilirubinemia 
(development), 1643-1649 
Undershot jaw, occurrence, 635 
Undifferentiated bronchopneumonia 
anliinflammalory ihcrapy, 633 
antimicrobial therapy, 610-631 
antiviral/immunomodulating therapy, 631 
supportive therapy, 611 


11 ndifferentiated bronchopneumonia 
(Qinrijrired) 
treatment, 630-611 

Undifferentiated respiratory disease, lerm 
(application), 626 
Unilaterally large ovary, differential 
diagnosis, 141 It 
Unilateral nasal dischaige, 54 
Unilateral nephroliths, 327 
Unilateral pyelonephritis, poslmorlem 
specimen, 963/ 

University of California Veterinary Medical 
Teaching I lospital, values, 377 
Unobserved eslrus, 1424-1426 
clinical signs, 1425 
diagnosis, 1425 
i rea i m e n t/ p ro g n osi s, 1426 
Unvaccinated adult horses, primary 
immunization, 1573-1574 
Upper airways 
disorders, diagnosis, 364 
endoscopic examination, 55, 75 
examination, 492 

inspiratory pressures, recordation, 59 L 
Upper arcade, outward curve, 631 
Upper eyelid, asymmetry, 1265 
Upper limb 
fractures, 1252 
palpation. 219 
Upper motor neuron (UMN) 
dysfunction, impact. See Bladder 
lesions, 126 

Upper respiratory disease, 573 
Upper respiratory tract 
diseases, 593 

disorders, 102. See ieTso- Calves 
rarity. See N'eonates 
fungal granulomas, treatment, 526 
necrosis 555 
Upper urinary tract 
obstruction, 939 
pyuria, origination, 175 
Urachal disorders, 353-353 
clinical findings, 359-353 
differential diagnosis, 353 
paLhogenesis, 35 E 
prognosis, 353 
treatmenl, 959 

Urachal stalk, infection {spontaneous 
rupture), 359-959 
Urachal urine Leakage, 947-349 
Urea nitrogen, I71E 
concentrations, 1020 
toxicosis, 1713 
clinical signs, .1 71E 
diagnosis, 1 71 E 
treatmenl, 1719 
Um^iESPmr abortion, 1463 
clinical signs, 1464 
history, 1464 

laboratory diagnosis, 1464 
pathophysiology, 1464 
treatment/contra I, 1464 
Urea production, occurrence, 395 
Urea toxicosis, 237 
Uremia, 177 
cause, 1 77 

Ureteral calculi, 935-333 
obstruction, production, 933-333 


Index 
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Ureteral calculi (CmrtfnufiJ) 
removal, 955 
Ureteral defects, 943 
Ureteral stones, 313-313 
Urelerolith, endoscopic images. 340/ 
Ureterolithiasis, 333, 952 
ancillary diagnostic tests. 353-954 
clinical findings, 952-351 
clinical pathology, 353-954 
dieLary management. 357-953 
differential diagnosis, 353 
epidemiology, 956 
gender, relationship, 356 
medical LreaLmcnt, 354 
necropsy findings, 554 
pathophysiology, 956-357 
preoperalive considerations, 554 
radiography, 953 
salvage, 354 

surgical options, 354-355 
surgical trealment, 354 
irea Iment/prognosis, 954-355 
ultrasonography, 353 
Ureteroliths, observation, 912 
Ureterotomy, 955 
Ureters, 311-El2 

abnormal findings, 61 1-312 
appearance, 9 i 1 
involvement, 943 
ultrasound examination, L75 
Urethra 

endoscopic examination, 374 
lesions, 174 
palpation, 171 

Urethral hemonhage, 942-341 
Urethral injury, 1471-1474 
Urethral obstruction, 341 
spontaneous resolution, 355 
treatment, 341 

Urethral orifice, visualization/ 
palpation. 171-172 
Urethral process (pizzie) 
calculus impaction, 351 
sediment/stones, checking 106 
Urethral rupture, 95 L, Ureterolithiasis, 351 
clinical findings, 951-352 
differential diagnosis, 352 
Urethral rupLure/blockage, 1470 
Urethritis, 1473-1474 
clinical signs, 1471 
differential diagnoses, 1471 
treatmcnt/contnoL, 1471-1474 
Urethrotomy, 355 
Urinalysis, 172, 135-137, E4S 
findings, 932 
performing 102 
usage, 1130 

Urinary bladder. 31L-312 
abnormal findings, Ell-332 
appearance, 9 i 1 
denervation, clinical signs. 146 
left inguinal region, sonogram, BOB/ 
righL tenth intercostal, sonogram, 903/ 
rupture, occurrence, 912 
Llri nary electrolyte exaction, 
impact, 396-337 

Urinary incontinence, 146, 335-937 
definition, 170 
syndrome, 316 
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Urinary incontinence (GHitcnuad) 
treatment, 936-937 
Urinary reagent E-Lr ips-. usage, 300 
Urinary Sion? Analysis laboratory, 957f> 
Urinary system disorders,. 947 
Urinary U.irt 
bLood Loss, 415 
neoplasia, rarity, 937 
ulLrasonography/lransabdominal 
palpation, usage. 172 
Urinary trad infection (L3T1), 93], 934, 
963-963 

antimicrobial agents, usage. 935 
causes (confirmation), redal esamuialion 
(usage), 934 

cephalosporins, usage, 935 
chloramphenicol, usage, 935 
clinical findings, 934, 9(51-962 
clinical paLhclogy, 962 
diagnosis, 334-935 
differential diagnosis, 962 
epidemiology, 962-9(53 
genlamlcin/amikarin, usage. 935 
impact. See Microscopic aystalluda 
initiation, 962 
necropsy findings 9(53 
pathophysiology, 962 
penirillin/amplrilliii. usage. 935 
prevention/control, 9(53 
risk 

factors/causes, 934-935 
increase, 934 
tetracyclines, usage, 935 
treatment, 935 
treatment/prognosis. 963 
trlmethoprlm/sulfonamldc 
combinations, 935 
Urination (micturition), L70-173 
pain, causes. See Horses; Ruminants 
pain, diagnosis approach, 30-31 
straining 31 
U line 

accumulation, localization, 943 
analytes, monitoring. 6493 
calcium, determination, 1390 
concentration, production 
(failure). 395-396 
crystals, presence, 396 
culture, 171 

elect nolytg/m incral/cieatlni ne 

concentrations, determination, 1390 
glucose, discovery, 396 
hemoglobin, presence, 173 
myoglobin, presence, 173 
retention, 146 

sediment white blood cell (WBC) 
casts, 934-935 
specific gravity, level, 377 
lest, B7 
voiding 170 
volume, production, 177 
Urine creatinine clearance ratio. 396-397 
Urine dipstick, usage, 922 
Urine-to-plasma ratio. See Osmolality 
Uroabdomen, chemical peritonitis 
(association), 953 
UroliLh analysis Laboratories, 9571? 
Urolithiasis, 933, 959. See idw Calcium 
carbonate urolithiasis 


Urolithiasis (ContmuevJ) 
clinical firidings, 950-953 
clinical signs, 950 
differential diagnosis, 953 
historical Findings, 950 
occurrence, 31 
presumptive diagnosis, 953 
seasons, relationship, 956 
Urolithiasis Laboratory, 957li 
Uroperiloneum. 311-312, 947-943 
clinical signs, 31 I 
diagnosis, 31 1-332 
laboratory abnormalities, 943 
laboratory findings, 3 11 
LreaLment/surgical repair. 332 
Uroporphyrinogen 111 cosynthelase, 
hereditary deficiency. 3 L6S 
UrospermLa (urination during 
ejaculation), 1476-3477 
clinical signs, 1477 
definition/etiology, 1476-3477 
differential diagnoses, 1477 
treatment/prognosis, 1477 
Urovagina, 344B 
clinical signs. 6443 
diagnosis, 6443 
treatment/prognosis, 1443 
Urticaria, 6303-3309 
causes. See Horses; Ruminants 
clinical signs, 6309 
deflniticn/etiology, 139E 
development pathophysiologic events 
(flow), 1309/ 
diagnosis, 6309 
differential diagnosis, 3309 
pathophysiology. L309 
therapy, 1309 

U.5. animal agriculture, healih/viability 
(protection), 3551-3552 
U.3. Department of Agriculture (USDA) 
accreditation requirements. 1552b 
National Veterinary Accreditation Program 
{NVAP), 3 552-] 553 

U.5. Food and Drug Administration (FDA), 
veterinary molecular diagnostics 
guidelines, 441 

U.3. Pharmacopeia (U3rj Veterinary 

Practitioners Importing Program, L569 
Uterine abnormalities, 3436-3437 
Uterine horn, enlargement 
(sonogram), B3 6/ 

Uterine infections 1433. See abo Bovine 
uterine infection,' Persistent uterine 
infection 

causes, anatomic defects (impact), 6445 
treatment/prognosis, L 440-L 445 
Uterine intraluminal fluid accumulation, 
Lransrectal ultrasonographic 
image, 3439/ 

Uterine Lavage, usage. See Retained fetal 
membranes 

Uterine mechanical aspects, 3 43 E 
Uterine prolapse, 1445-6446 
clinical pathology, 6446 
clinical signs. 6445-6446 
diagnosis, 6445-3446 
prevention/contnol, 3446 
treatment/prognosis, 1445, 3446 
Uterine tumors. L446 


Uteroplacental blood flow, decrease, 246 
Uteroplacental vascular insufficiency, 
effects, 246 

Uterus. See Non gravid ulerus; Postparlum 
uterus 

didelphis, 3447 
unicornis, L447 

UT1. See Urinary trad infection 
Utricle, 636 

Uveal parasitism, 6293-3299 
Uveal trad, Irauma, 3272 
topical corticosteroid, 1272 
Uveitis, association. See Cows; 1 torses 

V 

Vaccinated horses, revaceination 
(recommendation), 3575 
Vaccinations 

adverse reactions, L595 
efficacy data, 3 577 
election, 65E4 

impad. jet- Neurologic diseases 
mucosal disease, relationship, 66434 
programs. L 602-1603 
design, L 596-1597 
response, maternal antibody 
(impad), 64 L 

short-lived immunity, 3577 
success, factors, 640-643 
usefulness, 6546 
Vacdnes 

advances, 1602 
adverse reactions, 1560 
availability, 3561 
benefits, limitations (veterinarian 
decision), 1603 

booster dose administration, anamnestic 
response, 1595/ 
efficacy 

assessment, 3592 
reports, evaluation, 645 
failure, reasons, 640b 
Labels, reading 1595-1596 
primary series, administration, 3553 
responses, maternal anybodies 
(Lmpad), 1553-1559 
safety. -Sec Brood mares 
Vaccinia-vectored gene vacrine, BOS 
Vagal indigestion, B22. 325-B27 
blood biochemical abnormalities, 
absence, 340 
prolongation, 327 
treatment, principles, 340b 
Vagal indigestion syndrome (vagus 

Indigestion // Uoflund's syndrome), 325 
causes, B4 I 

Vagal innervation, defediveness, B22 
Vagal nerve, role. See Febrile response 
Vaginal abnormalities, 1443-6449 
Vaginal discharge, samples, 247 
Vaginal varicose veins, 6449 
clinical signs, 1449 
diagnosis, 3449 
treatment/prognosis, 3449 
Vaginilis, 1449 
clinical signs. 3449 
diagnosis, 3449 
treatment/prognosis, 3449 
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Vagus indigestion. £ei? Vagal indigestion 
syndrome 

Lerm, introduction, 315 
Vagus nerve (cranial nerve X), 112-] 13 
origination, 132-133 
Vagus nerves, sectioning, 315 
Valvular heart disease, 463-463 
acuteness, 466-467 
clinical pathology, 464-466 
clinical signs, 463-464 
definition/etiology, 463-463 
differental diagnosis, 463-464 
epidemiology, 467 
exercise intolerance, presence. 464 
hemodynamic consequences. 467-463 
holosyslolic murmur, 463 
laboratory evidence, 466 
necropsy findings. 467 
pathophysiology, 466-467 
prevenlion/control, 463 
L re at me n t/ p rcg. n o s i s. 467-463 
Valvular regurgitation, 464 
Vancomydn-iesistant enterococci 
(VRE) r L 549-1550 
van den Bergh reaction, 392-393 
Variant Creulzfcldl-fakob disease 
(vCJD) r 3 BO 

Varicellovinis genus, 545 
Varicocele, 1431 
clinical signs, 143 L 
definition/etiology, 1431 
differential diagnoses, 14B1 
treatment/pnognosis, 14BI 
Vascular damage, appearance, 713 
Vascular disease. 473-432 
clinical parhology, 430-43 L 
clinical signs, 430 
definition/etiology, 479-430 
differential diagnosis, 4BO 
epidemiology. 43L 
necropsy findings. 4B1-432 
pathophysiology, 436 
prevent Lon/control. 432 
treatment/prognosis, 432 
Vascular hydros la tic pressure, 64B7 
Vascular lesions, 760, 6QB6 
Vascular permeability, 33 
Vascular surface area, fluid transport, 33 
Vascular tone, endotoxemia {effects), 717 
Vasculature 

alpha-adrenergic agonisls, action, 1343 
diseases, 573 

Vasculitis, 1143-1L49, 63 10-13 6 1 
clinical manifestations, 6143 
definitive diagnosis, L143 
differential diagnosis, 131 L 
fluid therapy. See Horses 
hematologic/serum biochemical 
Findings. 1143 

inflammatory changes, Implication, 13 10 
inner lip, mucous membranes 
[involvement], 1310/ 
rarity. See Ruminants 
treatment, 1316 

Vasoactive intestinal peptide [VIP), 730 
Vasoactive peptide (VIP), 703 
Vasodilators. 773-760 
nitric oxide, usage, 574 
response, monitoring, 773 


Vasodilators (Continued) 
usage, 473 

Vasodilatory phase, 602-104 
Vasomotor acute renal failure (AKK), 327 
Vasomotor nephropathy. 327 
clinical signs, 327 
Vasopressin, activation, 25 
vC|D. See Variant Creutzfeldt-Jakob disease 
Veal calves, 6663 

WjuinJcfunta ftienjwJyfrcts vaccinations, 
studies, 1663 
risk, 636 

Vector-borne transmission, 1535 
VEE. See Venezuelan equine encephalitis 
Vehicle transmission, infection 
(involvement), 1535 
Vena cava! thrombosis, 660-663 
clinical signs, 660 
definition/etiology, 666 
diagnosis, 66 L 
epidemiology, 660-661 
necropsy findings, 661 
pathogenesis, G66 
paLhognomonir signs. 666 
treatment/prevention, 661 
Venereal infections, 735 
Venezuelan equine encephalitis (VEE), 335, 
3B6, 1572-1573 

epidemiology, understanding, 336 
virus, epidemic strains, 3B6 
Venipuncture siie/lecbniquc, 333 
Venomous snakes, impact, 1703-1709 
Venous id mixture, usage, 71 
Venous blood, blood gas values 
(interpretation), 30L-302, 317 
Venous blood gas analyzers, portability, 494 
Venous dLstenrioni'pulsalions, 91-93 
diagnosis approach. 92-93 
mechanisms, 91-92 

Venous obstruction, arterial obstruction 
(absence), 707-763 
Venous occlusion, 767-70B 
Venous pressure curve, schematic 
illustration, 32/ 

Ventilation-perfusion mismatch, 70-71 
Ventilation-perfusion regions, 560 
Ventilation-perfusion (VjQ) mismalch. 537 
Ventilation/perfusion (V/Q) ratio, 404 
Ventral edema, presence, 723 
Ventral hippocampus, ascending pathways 
(activation), 26 

Ventral midline dermatitis. See Horses 
Ventral thorax, sonogram, 504/ 

Ventricles, pressure curve (shape), 456 
Ventricular arrhythmias, 470 
Ventricular end-diastolic pressure, 
increase, 476 

Ventricular function, assessment, 457 
Ventricular hypoplasia, 462 
VenLricular pressure curves, schematic 
representation, 456 
Ventricular septal defects (VSDs). 324 r 
166, 457 

clinical pathology, 453-459 
clinical signs, 453 
definition/etiology, 457-453 
differential diagnosis. 45 B 
epidemiology, 459 
holosystolic murmur, 124, 166 


Ventricular septal defects (VSDs) (Con turned) 
incidence, 450 
location, 459 
necropsy findings, 459 
pathophysiology. 450 
problems, absence. 324-125 
prognosis, 453-460 
suspicion, 453 
treatment, 459-460 
absence, 459 

Ventricular tachycardia, 436-4B3 
antiarrhylhmics 
choices, 439 
treatment, 433 
cardiac arrhylhmia, 470 
clinical pathology, 437 
clinical signs. 436-437 
defmi Licn/eliology, 4 B6 
differential diagnosis, 436-437 
drug iherapy, 471( 

electrocardiographic Findings, 433-439 
electrolyte causes. 437 
epidemiology, 433 
initiation, 437-4 B3 
metabolic causes, 437 
necropsy findings, 433 
pathophysiology. 437-4B3 
toxic causes, 4B7 
treatment/prognosis, 433-451 
Veratmm cdk/sjntrcifm, 1696 
Verminous arteritis, suspicion, 767 
Veroloxigcnic Esr herieh \a call infections, 965 
Vertebra] column, alignment, 263 
Very-low-denaity lipoprotein (VLDL), 914 
formation/release, 915 
production, 915 
Vesicles, 136-133 

cytologic evaluation, 1B2 
definition, 1B6-I37 
diagnosis approach, 167-136 
formation, mechanisms, 1B7 
Vesicular adenitis. Sec Seminal vesiculitis 
Vesicular lesions (blisters), BQ1 
Vesicular stomatitis (VS). L11. 7B3, 302-303 
clinical pathology, 602 
clinical signs, B02 
defmi Lion/etiology, 362 
differential diagnosis, 302 
epidemiology, 302-303 
laboratory diagnosis, 302 
necropsy findings, 303 
pathophysiology, 302 
prevention/controI, 303 
treatment/prognosis, 303 
Vestibular abnormalities, 1449-1451 
Vestibular disease 

ancillary diagnostic measures, 105 L 
results, 1049-1050 
Vestibular system, 112 
Function, 132 

Vcstibulooorblear apparatus, integrity 
(examination), L43 
Vestibulocochlear nerve (cranial nerve 
VIII), 132 
lesions, 141 

Veterinary diagnostic services, 375 
Veterinary Genetics Laboratory, University of 
California, 1653 

Veterinary genetics services, availability, 1659 
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Index 


Si 

Veterinary medicine, disinfectant 
(usage). 15234 

Veterinary molecular diagnostics, PCR 
(usage). 433 

Veterinar>’ Services Memorandum 
8)00.202, L5-D-5-155(5 
VFAs. See Volatile fatty acids 
Vibrio cholera?, heal -slnble endoloxic 
activity„ 711-712 
View Lif/psir, 1704 

Villous epiLhelial degeneration, 725-726 
VIT. See Vasoactive intestinal peptide: 

Vasoactive peptide 
Vira] antigens, detection, 542, 623 
Viral detection methods, nasopharyngeal, 
secretions (usage), 443 
Viral diagnosis, laboratory requirement, 623 
Vira] diseases. 1316 
vaccines, I 620 

Vira] entenopalhogens, 343-34? 

Vira] genomes, detection, 444 
Vira]-induced immunodeficiency, 16SL 
Vira] infection, latency, 334 
Vira] nucleic acids, detection, 623 
Vira] pneumonias, result, 6437 
Vira] pulmonary pathogens, immunologic 
detection, 436 
Vira] RNA detection, 736 
Viral strains, emergence, 1577 
Viremia 

documentation, 445 
magnitude (reduction), 1574 
occurrence, ] 57? 

Virus-associated myopathy, L454 
Viruses, 317 

disease, appearance. 317 
isolation, 62? 

diagnosis, 3-E3 
transmission, 317 
sylvatic cycles, 354-335 
Virus-induced thrombocytopenia, 7?4 
Virus neutralising (VN) antibody, 

546, 533 
presence, 1614 

Virus neutralising (VN) lgGa,i'lgGb 
subisolypes. 1553 
V r irus-specific fluorochtome-]abe]ed 
anLibodies, employment, 542 
Visceral pain, 25 
Vision, optic nerve control. 130 
Visual deficits. See Large animals 
lesion^diseascs, impact, I263J? 

Visual examination, 3-6 
Visua] stimuli, response, ] 34 
Vital HN. 1643 
Vitamin A 

prophylactic dietary 

supplementation, 1025-1030 
responsibility, 102 E 
secondary deficiencies, 1523 
Vitamin A deficiency, ] 026-1030 
clinical pathology, LD23 
clinical signs, 1026 
definiiion/etiology, 1523 
epidemiology, 1023-1025 
necropsy findings. 1023 
ocular changes, 1026 
pathophysiology, 1026 
treatment/control, 102?-1030 


Vitamin E u deficiency, 1171 
Vitamin D, 326 

abnormal laboratory findings, 526 
intoxication, 326 
clinical signs, 326 
Vitamin \. deficiency, 1407 
Vitamin K* (menadione sodium 
bisulfite), 1717 
impact, 326 

toxicosis, mechanism. 1717 
Vitiligo, 1333 

Vitreous trauma, 1272-1273 
VLDL. See Very-low-density lipoprotein 
VN antibody. See Virus neutralizing antibody 
Volatile- faLLy acids (VFAs) 
blood levels, 1365 
concentration, increase, 323. 

See iflso .NondissociaLcd viral fatty 
acids (VFAs) 
processing, 515 

Volume deficits, restoration, 323-330 
Volume of air expelled in one second 
(FEV,). 505 

Volume replacement, goals, 1435 
Volumetric echocardiography, 1431 
Volvulus, 357. See jrlsu Large colon 
definition, 735 
etiology, 353 

inlestlnal involvement, 314 
occurrence, 735 
pathophysiology, 360 
prevalence/incidcnce, S55 
relationship. See Cecal dilatation 
suigcry, 754 
surgical therapy, 660 
Vomiting, 153-111,333 
complications, 1 11 
definition, 103 
diagnosis approach, 115-111 
evaluation, 110 

Vcmiioxin, See Deoxynivalenol 
von Willrfjrand (vW) factor, 
concentrations, 1147 
Voriconazole, usage, 523 
V/Q. See Ventilation/perfusion 
VRL See Vancomycin-resistant enterococci 
VS. See Vesicular stomatitis 
VSDs. See Ventricular septal defects 
Vulva, visual ization/palpation, 171-172 
Vulvar abnormalities. 1445-1451 
Vulvar edema, 374/ 

Vulvar neoplasia, L 45D 
Vulvitis (enzootic balanoposthitis // pizzle 
rot // sheath rot), 545-350 
clinical signs, 343 
differential diagnosis, 350 
epidemiology, 550 
pathophysiology. 550 
prognosis, 355 
treatment, 1 prevention, 355 
vW factor. See von WJIebrand factor 

w 

WAAVF. See World Association for the 

Advancement of Veterinary Parasitology 
Walkabout, L 654-1635 
Walking, reluctance, 315, 363 
Walki ng disease, L 654-1635 


Warble flies, 1031 
Warbles. See I lypoderma 
Warfarin 

action mechanism, 1153 
gastrointestinal tract absorption. 1714 
Warfarin toxicosis, 11 53 
impact. See Horses 
prevention, 1353 
treatment, 1153 

Warm-bloods, polysaccharide storage 
myopathy £PS5M) r 1415 
clinical signs, 1415 

Warts. See Fibropapi llornas; Papillomas 
distributioni 1 appearance. See Bovine wants 
rarity. See Goats; Sheep 
Washed red blood cells (KECs), 6667-1663, 
163fl 
Water 

draining/fencing off. 570 
intoxication, LI66 

Water belly. 1470. See Bladder rupture 
Water channel aquaporin-5, expression 
(reduction), 1346 

Water deprivation-salt toxicosis, 1022 
Water deprivation test, 676-177 
alternative, 177 
Water hemlock, 1701 
Waterless hand sanitizers, 1531 
concern, 1531 

Water losses, replacement, 775 
Water-soluble carbohydrate (WSC) r 
1352 

Wattle cysts, 1331-1332 
Waves, 635 
WE. See Western blot 
WBCs. See White blood cells 
Weak calf syndrome, 366 
Weak/depressed ruminant neonate, 
differential diagnoses, 334 b 
Weakness, 227-235 
definition, 227 
diagnosis approach, 226-223 
mechanisms, 22fl 

Weanlings, diseases (moderate/high 
risk), I 560 

Weather vane attitude, 1073, 6564 
Weaver syndrome (bovine progressive 
degenerative 

myelocncephalopathy), 1034-1035 
WEE. See Western equine encephalitis 
Weed, Lawrence, IS 

WEEV. See Western equine encephalitis virus 
Weight bearing, alterations, 25 
Weighl-beaiing joints (cartilaginous 
anhropathics), fluoroquinolones 
(impact), L507 
Weight gain, decrease 
diagnosis approach, 643-153, 153-154 
infections, impact, L47 
mechanisms, 147 
palhogenic mechanisms, 147 
Weight loss, 156. See also Adult horses; Adult 
ruminants 
association, 156 
clinical problem. 156 
mechanisms, L 55-160 
muscle mass atrophy, impart, 1342 
parasitism, impart, 160 
presence, 464, 333. See jrlsa Liver disease 
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Western Hal (WB), ->30 
analysis, 5 ly Equine protozoal 
myelocnrephalitLs 

Western equine encephalitis virus (WEEY), 935 
Western equine encephalitis (WEE). 935, 
936. 1572-1573 

mortality rate, comparison, ] 574 
Western immunobloL, usage, 444 
West Nile virus (WNV), 990-934, 

1574-1575 

eel] infection process, 091 

central nervous system invasion process. 

uncertainty, 902 
clinical findings, 932 
compleLc blond count, 392-933 
diagnosis, 902-093 
differential diagnosis, 393 
encephalitis, diagnosis, 445 
epidemiology. 091-392 
histopathologic changes, 903 
infection, confirmation, 093 
licensed vaccines, marketing, 1574 
pathogenesis, 392 
pathologic findings,, 093 
prevention, 394 

primary immunization, directions, 
1574-1575 

serum biochemistry profilcE, 932-393 
serum liters, 093 
suspicions, 393 
syndrome, 092 
transmission, 1574 
treatment, 393-994 
vaccines, needle. 1 mosquito challenge 
models. 3574 

vaccines, response, 1 556-L 559 
zoonotic, 094 
Wheals. 1303 

Wheezes, representation, 491-402 
Whip, application (impact], 25 
White areas, dermatitis, 304 
White blood cells (WB€s) 

accumulation, photomicrograph, 703/ 
count, 405 
decrease, 403 
elevation, 600 
level, 1671 

parameters, change, 235 
presence, L 05 

White cell counts, variation, 1356 
White eye calf syndrome, 733 
White line disease (seedy toe), 1242-1243 
clinical sig^s, 1242-1243 
diagnosis, 1243 
history, 1242-L243 
prognosis, L 243 
treatment. 1243 
White muscle disease, 1405 
White snafceroot, 170 L. See lifw Eujtatorjwn 
rugosimi 

clinicopathologic alterations, L 701 
hazard, 1701 

Whole-colostrum specific gravity 
(measurement), coloscromeler 
(usage], 1630 
Wind, additive effects, L 60 


Window of susceptibility, elimination. 1559 
Winter dysentery, 375. See itfsa Cattle 
clinical pathology, 373 
clinical signs, 373 
definition/clioLogy, 676 
differential diagnosis, 676 
epidemiology, 373-679 
pathophysiology, 373 
treatmen ^'prognosis, 379 
Withdrawal Limes, antimicrobial therapy 
(impact), 1507-1503 
WNV. See West Nile virus 
Wobbler heels, 1007 

Wobbler syndrome. See Cervical vertebral 
stenotic myelopathy 
Wolf teeth, Gsi 
extraction, 033 
presence, 679 

Woody Longue (wooden tongue). 

See Aciinobacillosis 
Woolmaggols, 1324 

World Association fori he Advancement of 
Veterinary Parasitology (WAAVr), 
1642-1643 

World Organization for .Animal Health, 303 
Wounds, treatment 1324 
Written protocols, 1537 
Wry nose/face. See Campylorrhinus 
W5C. See Water-soluble carbohydrate 

X 

AoFilJii'juta spp., 1 639 
Xanthochromia, 333-335 
XdFiiJidjpwnifJ&r, 6704 
Xiphoid process, 617 
X-linked recessive traits, 
characterization, 1653 
XO. See Monosomy X 
XO Turner's syndrome, 1659 
XXX genotype, 6427 

XXV Klinefelter's syndrome, impact, 1659 

XXV syndrome, 1427 

Xylazine 

administralion, 330 
inhibitory effects, 733-740 
problems, 316 
usage/side effects, 300 
XjJon-Jiiaa spp., J 702 
XV sex-reversed females (gonadal 
dysgenesis), 1423 

r 

Yearling replacement dairy heifers, vaccines 
(usage), 6593t 
Yearlings 

nose, waits, 1317/ 
steers, malignant catarrhal fever 
(MCF). 739/ 
stridor, interpretation, 75 
Yearling thoroughbred, chronic renal 
failure, 931/ 

Yeast 

mastitis pathogen, 1123-3129 
usage, 370-371 


Yellow bristlegrass, 1704 
Yellow Umb disease, 372-373 
defini Licn/etiology, 372-673 
diagnosis, 673 

Yellow Etar thistk poisoning. 

See Kigropallidal encephalomalaria 
Yew. 1635 

lesions, rarity, 1696 
toxicity, 1595 
Young calves 
dry forage, feeding, 334 
liquids, movement, 367 
Young foals, diseases 
lower risk, 1550 
risk, 1559-1560 

Young goats, growth curves, 154/ 

Young horses, deworming strategies, 
1523-1530 

Young lambs, net energy (NE) requirements 
(milk-replacer diets), L55( 

Young ruminants 

normal resting hear! rates, 3 i 
normal resling respiratory rates, 9t 
Young sprouts, ingestion, 1699 
Y-shaped sutures, 263 

z 

Zainiii paralysis. See Cycad palm poisoning 
Zen majs, 1593, L702 
Zearalenone, 1707-6703 
Zenker's dtgeneration, 304 
Ziernr jrriwrescens (stinkwond), 549 
Zi^uienm spp., 1696 
Zinc, 1712 
Zinc oxide, 550 
clinical signs, 650 

fumes, association wiLh acute respiratory 
distress syndrome (ARDS), 550 
Zinc phosphide, 6715 

central nervous system impact, 1715 
diagnosis, 6715 
treatment, 1715 
Zinc sulfate turbidity, 1679 
assay, 1679 
Zonal lesions, 696 
Zoonosis, awareness, 1533 
Zoonotic diseases (transmission ability), 
veterinary personnel (occupational 
exposures). See Large domestic animals 
Zoonotic Infections, 330 
Zoonotic pathogens, airborne 
transmission, 1533 
Zootoxins, 6703-3709 
Zwoegerziekte, 656, 975-976 
clinical pathology. 975 
clinical sigjis, 975 
definition/etiology, 3 75 
diagnosis/epidemiology, 976 
pathology, 975-975 
pathophysiology, 975 
Lrealmcnt/prevenlion, 375 
Zygomycosis, 659, 1320 
similarity. See Thaeohyphomycosis 
Zymogens, 6145-1147 



MANIFESTATIONS 
of DISEASE 


Abdomi nal distention, I OH 
Abdominal pain. 27. I 07 
Abortion, 204 

Agalactia (fescue toxicosis), 207 

Anestrus, 199 

Anuria, 177 

Ascites, S3 

Ataxia, 124 

Behavior, abnormal, 122, 134 
Blindness, hemianopsia. 137, 139 
Body condition, poor, 156 
Bruxism, 2H, I 04 
Cardiac arrhythmia, 66 
Circling, 125, I 3H 
Colic {abdominal pain), 23, 102 
Collapse or sudden death, 233 
Coma, semicoma, 134 
Conscious proprioceptive 
deficit, 123 
Constipation, I OB 
Cough, 42 
Crusting, skin, I 3H 
Crystal luria, 175 
Cyanosis, 6H 
Cyclic irregularity, 196 
Deafness, S4I 
Dental abnormalities, I 14 
Depressed mentation, 122 
Diarrhea, 109 
Dysentery, 107 
Dysphagia, III, 141 
Dyspnea. 60 

Dysrhythmia, cardiac, 66 
Dystocia, 210 
Dysuria, 170 

Early embryonic death, 204 
Edema, peripheral, E3 
Elbows, abduction of, 29 
Epistaxis, 56 
Erosions, oral, I I 2 
Estrus, irregular, I9H 
Exercise intolerance, poor performance, 
76 

Exercise intolerance, weakness, syncope, 
90 

Facial anesthesia, analgesia, 140 
Facial paralysis. 144 
Feces; blood, fibrin, mucus in, 107 
Fetal membranes, retained. 212 
Fever, 33 

Flaccid tail and anus, 144 
Gait, abnormal, 29, 124 
Galactorrhea, 2 I 6 
Gestation, prolonged, 2 I H 


Growth, decreased, 147 
Grunting, 29, 104 

Hair coat, length and density, abnormal, 
IE9 

Head pressing, I 22, I 34 
Head tilt, 123, 138, 141 
Heart rate, elevated, 90 
Heart sounds, muffled. B9 
Hematuria, 172 

Hemianopsia, blindness, 130, 134, 137 
Hemoptysis, 56 
Hypermetria, I 39 
Hyperreflexia, I2B, 144 
Hyporefiexia, 12E. 144 
Hypothermia, 40 
Icterus (jaundice), 113 
Incontinence, urinary, 146 
Jaw weakness, I 39 
Lactation, alterations in, 214 
Lameness, stiffness, 217 
Lymph nodes, enlarged, 93 
Mammary gland, enlarged. 214 
Melena, I 36 

Menace, loss, of, 130, 131, 137 
Murmurs, cardiac, 3B 
Muscle spasms and myoclonus, 230 
Muscular rigidity or flaccidity, 146 
Myoclonus and muscle spasms, 230 
Narcolepsy, 123, I 34 
Nasal discharge, 30 
Neck, reluctance to bend, 30 
Nodules, tumors, and swellings, IH5 
Nystagmus. 133, 141 
Obesity, 166 
Oliguria, 177 
Opisthotonos, I 3E 
Pain in abdomen, 27 
Pain in back or neck, 29 
Pain in chest, 2fi 
Pain in extremities, 29 
Pain on urination, 30 
Papules, pustules, and vesicles, 
skin, IE6 

Paralysis, 134, 143,. 146 
Paresis and ataxia. 143, 227 
Performance reduced, HI 
Pica. 169 

Pigmentation, abnormal, 191 

Pigmenturia, 172 

Pleural effijsion, H3 

Polydipsia, I 76 

Polyuria, 176 

Postural deformities, 223 

Pregnancy loss, 203 


Prolonged gestation, 209 
Fruribus, IE3 

Pulse, abnormal peripheral, 94 
Fustules, papules, and vesicles. 

skin, IB6 
Fyuria P I 74 

Reflexes, abnormal, 126 
Regurgitation or vomiting (feed returning 
to mouth or names], 109, 133 
Repeat breeder. 20 I 
Respiratory distress {dyspnea), 64 
Respiratory noise, abnormal, 71 
Respiratory rate, elevated, 60 
Retained fetal membranes, 212 
Roaring, snoring, dysphonia, 132, 141 
Scaling, crusting skin, IE3 
Seizures {convulsions), I 23, I 34 
Sensorium, abnormal, 122, 134 
Sexual functions, male, alterations in, 194 
Spasticity, 126, 146 
Strabismus, 139 
Straining to urinate, 31, 170 
Stranguria, I 70 
Stridor, 71 

Sudden death, collapse, 233 
Sweating, absence of. 33 
Swelling in limb. 93 

Swellings, enlargements, musculoskeletal, 
225 

Swellings, painful peripheral, 93 
Syncope, weakness, exercise intolerance, 
90 

Tachypnea. 60 

Teeth grinding (bruxism), 23, 104 
Temperatu re. elevated, 33 
Temperature, subnormal, 40 
Thorax, splinting, 29 
Treading, 104 
Tremors, intention, I 39 
Udder edema. 215 
Ulcerations and erosions, skin, I 36 
Ulcers or growths, oral, I 12 
Urachal leakage of urine, 177 
Uremia, 177 

Urinary incontinence, 170 
Vdnous distention or pulsations, 91 
Vesicles, pustules, and papules, 
skin, 1B6 

Vocalization, abnormal. 122 
Vomiting, 109 

Weight gain, decreased, 147 
Weight loss, 156 



MANIFESTATIONS 
of DISEASE in the NEONATE 


Anemia, 322(f), 364(r) 

Apgar score, low, 266(f) 

Asphyxia, 253 

Assessment of fecal viability, 250 
Assessment of the mane during late 
gestation, 243 

Bacterial infection, treatment, 330 
Basic fluid therapy, 326 
Cyanosis, 323(f), 365 £r) 

Diarrhea in foals, 315 

Diarrhea in neonatal ruminants, 34fl 

Distended or painful abdomen, 

306(f), 339(r) 

Effects of placental insufficiency, 246 
Failure to thrive—cachexia and weak calf 
syndrome, 366 


Fever, 322(f), 365{r) 

Fluid and drug therapy, 326 
Heart murmur, 324(f), 366(r) 

High-risk neonatal foal, 243, 262 
Icterus, 322(f), 366{r) 

Induction of parturition, 

247(f), 250{r) 

Lameness and reluctance to walk, 319(f). 
363(r) 

Management of the high-risk, late- 
gestation mare, 247 
Nutritional support, 323 
Oliguria and stranguria, 323 
Patent urachus, omphalitis, and other 
umbilical abnormalities, 

321(f), 364(r) 


Perinatal adaptation, 252 
Peripartum ruminant, 243 
Physical examination, 264(fj, 275(r) 
Postpartum care, 274{r) 

Prematurity, 247(f), 250(r) 

Prevention of infections, 32? 

Respiratory distress. 301(f), 336(r) 
Respiratory support, 330 
Resuscitation. 253 
Seizures, 299(f) 

Sepsis. 262 

Sepsis score, positive, 2B4 
Supportive care, 325 

Umbilicus abnormal on ultrasound, 270(f) 
Weakness (paresis) and/or depression, 
2?6(f), 366(r) 




Normal Values for EryBhron Data In Ruminants and the Horse 



Cattle 

Sheep 

Goals 

Horses 1 

PCV {%) 

24-4D 

27-45 

22-33 

32-53 

Erythrocytes | > LO h /L|i 

5-10 

5-1 5 

3-L3 

6.7-E 2.9 

Hemoglobin (g/dL) 

fi-15 

5-15 

EM, 2 

11-19 

MCV (fl) 

41V60 

2-6-40 

16-25 

37-53.5 

MCH (pgj 

11-17 

0-12 

5.2-3 

] 2.3-19.7 

MCE 1C* (g/dL) 

*0-3 G 

31-34 

30-36 

31-33.6 

Reticulocytes 

0 

<0.5% 

0 

0 

Erythrocyte d la meLer { jn ) 

4-s 

3.2-6 

23-3.5 

5-6 

Erythrocyte fragility (percent NaCl) 

Minimum (beginning hemolysis | 

0.52-0.66 

0.50-0.76 

0.74 

0.54 

Maximum {complete hemolysis) 

0.44-0.52 

0.40-0.55 

0.44 

0.34 

Erythrocyte sedimentation rate (mrvt / L hour) 

0 

1-2.5 

0 

50-60 

ErythrocytE life span (days) 

160 

L 40-150 

125 

140-150 


Mf.VJ. Mem WEpuiKiiljir hmio^lulitn, Alf.'l ft!. menn LEirpuxLuldx hti n< f^lob in ranorri1x.itiDEi.: \lf V mrjci l urpuhLuE.ii sulunLL*; ItV, fmeiked itJI vulunw 


Normal Values for Leukogram Data {Adult Animals) 



White blood cells £x IO-y|iL) 

4-12 

4-12 

4-13 

5.4-14.3 

Neutroph Us | ■■ L 0 3 /|il) 

0.6-1 

0.7-6 

t.2-7.2 

2.3-B.6 

Bands ( * lO’/pL) 

0-0.12 

Rare 

Rare 

0-1 

Lymphocytes ( > ] 0 4 /p L) 

2.5-7.5 

2-5 

2-9 

I.5-7.7 

Monocytes ( ■ LO'/pL) 

0.025-0.34 

0-0.75 

0-0.55 

0-1 

Eosinophil s { x LQ’/mL) 

0-2.4 

0-1 

0.05-0.65 

0-t 

Basophils (x 10^/pL) 

0^0.2 

0-0.3 

0-0.12 

0-0.29 

Neutrophil/lymphocyte (N:L) ratio 

0.34J.6 

0.3-Q.7 

0.6-33 

0.3-2.3 



Normal Values for Hemostatic Data in Ruminants and the Horse 



Cattle 

Sl u.- ■. |i 

Goals. 

Horses | 

rlatdet count £x 111 h /L) 

100-300 

250-750 

300-600 

100-600 

Plbnnugen [ mg/dl-J 

200-500 

100-500 

100^00 

200-400 

Prothrombin Lime ( ) 

22-55 

— * 

55-12.5 

7-9 

Activated partial ihromboplastlEi time {:-il 

44-64 

— 

26-52 

37-54 

l : ibrin/flbri nogen degradation products {p^mL} 

<a 

<3 

— 

<32 


Modified Jnim IJuiH'nn II? *’L jI: I'ofnfiMiy liabDitiftlry mfrimne, ed 2. hmtx.. low;i, 1936, Iowa -knit; llnivurHty IVrss; and ttimulso f|: OjViii.dE HodmidMlr oj 
■ lr= 11 i'h ■.■- 1 :i iIi'i.t.Mu'Li, l'lI y New Vci.rk 1930. .At-wlLnik 
' I ri.ii.kqi i.'.l-i: lLiL.i Available 

















Clinical Chemistry: Normal Range for Large Animals 


1 Component 

Unit 

Equine 

Bovine 

Ovine 

Caprine | 

CHEMISTHT 






Toial bilirubin 

mgi'dl. 

0-2 

0.01-0.47 

0.1-0.42 

OO.I 

Direct reading 

mg/dL 

D-D.4 

0.04-0.44 

0-0.27 


Indirect reacting 

mgi'dl. 

0.2-2 

0-0.3 

0-0.12 


Cholesterol 

mg/dL 

75450 

B0-120 

52-76 

30-130 

Creatinine 

mg/dl. 

1.2-1.9 

1-2 

1.2-1.9 

1-1.6 

Glucose 

mg/dl. 

75-115 

45-75 

50-30 

50-75 

Fibrinogen 

mg/dl. 

J00-400 

100-600 

100-500 

100-400 

Protein: total sc ruin 

eMl 

5.7-13 

6.7-7.5 

6.0-7.9 

6.4-7 

Albumin 

S i>dL 

2333 

3-3.6 

2.4-3 

2.7-3.9 

AfG ratio 


0.6-1.5 

O.B-O.9 

0.4-0.3 

0.6-1.3 

Urea nitrogen 

mg/dL 

10-24 

20-30 

0-20 

10-20 

ENZYME 






Alkaline phosphatase 

IU/L 

86-235 

27-107 

50-300 

27-210 

Aspartate amlnotransferaae 

IU/L 

133-409 

43-E27 

60-2 SO 

46-161 

Creatine phospho kinase 

IU/L 

t 19-237 

105-409 

100-547 

104-219 

y-Gluta my Itr ans fera sc 

1U/L 

3-22 

15-39 

40-94 

34-65 

LDH 

IU/L 

162-412 

697-1445 

233-440 

123-392 

LDH-1 


6.3-13.5 

39.6-63.5 

45.7-63.6 

29 3-51.3 

LDI1-2 


8.4-20.5 

19.7-34.3 

0-3 

0-5.4 

LDH-3 

W 

4 1.0-65.9 

11.7-IB. 1 

16.4-29.9 

24J-39.9 

LDI t-4 

W 

■3.5-20.9 

0-3.3 

4.3-7.3 

0-5.5 

J.Dif-5 


1.7-16.5 

0-12.4 

10.5-29.1 

14.1-36.8 

Sorbitol dehydrogtinaic 

IU/L 

0-fl 

12-53 

IB-77 

2-57 

ELECTROLYTE 






Sodium 

mEq/L 

[32-146 

132-152 

139-152 

142-155 

Potassium 

mEq/1 

.2.4-4.7 

3.9-5.3 

3.9-5.4 

3.5-6.7 

Chloride 

mEq/L 

99-109 

97-1 11 

95-103 

99-110 

Calcium 

mg/dl. 

i 1.2-13.5 

9.7-12.4 

1 ].5-12.3 

3 9-1 i.7 

fliosphonas 

mg/dL 

3.1-5.6 

5 6-6.5 

5-7.3 

6.5 

Magnesium 

mg/dl. 

2.2-2.S 

i.e-2.3 

2.2-2.8 

2.0-3.6 

Osmolality 

mOsm/kg 

270-300 

270-300 



Anian gap 

mEq/L 

6-15 

14-20 



ACID-BASE {VENOUS BLOOD) 






pH 


7.32-7.44 

7.31-7.53 

7.32-7.54 


PCD-, 

mm lEg 

33-46 

35-44 

37-16 


Bicarbonate 

mEq/L 

20-23 

17-29 

20-25 


Total CG, 

mEq/L 

24-32 

21-32 

2 1-23 

26-30 

SPECIAL 






Acetylchol inestcr ase 






Red cell 

IU/L 

450-790 

J 4 70-2430 

640 

270 

Ammonia 

pg/dL 

13-103 




BSP T/,, 

min 

2-3.7 

2.5-4 

1.6-2.7 

11 

Iron/serum 

pg/dL 

73-140 

57-162 

1,66-222 


iron-binding capacity 

pg/dE. 

200-262 

63-106 



Lactic acid 

mg/dl. 

10-16 

5-20 

9-12 


Ketones 






Acetone 

mg/dl. 


0-10 

0-10 


Aceioacecaie 

mg/dL 


0-1.1 



p-OI E-b uly r.u-j 

mg/dL 


0-9 




J 1.11.1 I rum kjincku li LYi?ia.vif liicMihcniurry of JftnivjJrr draimnh, ud -1, Kch Yntfk, ] 'JUtT, Ac.jde.mic, 3lsj.nca.ii III, E'fjkic bCW ■•'j.'lLTiFJiriy tofairjrjjrr nix'.itimv, vd S, 
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